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B pa6oTa:x/l-
5/ OIIUCa.H M8TO,It K0~8HTpHpOBa.HHH UHKpoKOJIH'I8CTB H8-

KOTOpYX 6Jiaropo,ruwx M8TaJIJIOB ( Pt , Ir , Au II JUl.) 113 nopO,It II npo

~8HHYX KO~eHTpaToB .ItAff RX noc~e~ero a.HaARSa pa3JIH'IHHMl'l HHCTPY

MBHTaJtl>HW.m M8TO,l(aMH (HeiiTpOHHaH aKTRB~, MaCC-Qll8KTpoU8Tp.HH, 

peHTreHo<lJ.I!yopecueHWU~). MBTO,It XHMH'I8CKOro KOHUBHTp:apoBa.HBJI OCHOBHBa-

8TCH Ha B03rOHK8 6Jiaropo,ItHYX M8TaJIJIOB B TOKe BO~ npll T8Mn8paTyp8 

OKO~O l200°C C o6pa30Ba.HH8M OKC~OB II ,ItpyrHX rasoo6pa3HYX npo,ItyKTOB 

( Rt.02 , Ir03 t Au, AuCl ) • KpoMe TOro, RCIIOJII>3YJOTCH ,It06aBKl'l pa3JIH'IHYX 

TB8p,ItYX B8~8CTB, pearapy~HX C KOMnOHBHTaMH 8HaAU3Hpyeuoft rropo~, 

CIIOC06CTB~ BH,IteAeHHID orrpe,ItSAfieMHX 3~8M8HTOB B rasOByD ~3y H1 Ha

KOH8U, rrpHM8HHroTCH XHMR'I8CKR8 ~RJU>TpU R3 He~eTy'IRX OKC~OB, Ce~eK

THBHO rrorAo~a~e uewa~ae HAR onpe,IteAReMHe a~eMeHTU HS rasoBoa ~3H. 

Taxoii rro.roco.It o6Aa,ItaeT P.MOM rrpeBMylllecTB rro cpaBHeHRro c TPB,IJ;JIIUROHHH

MH U8TO,ItaMR K0~8HTpHpOBa.HHH. 3TO IIp~e Bcero IIpOCTOTa rrepepa60TKH, 

BUCOKII8 KO~JIUHBHTH OqHCTKH Jl KOHUBHTpl'lpOBa.HHH, ,It0CTHXHMH8 sa O.ItHJ 

CTa,lUDO, a Ta.KJ!t8 B03MOlKHOCTb ~3a TaKRX rropo,It (XpOWITH, C~ l'l 

T.rr.), KOTopue TPY.ItHO nepepa6aTUBaTb ,ItpyrHMH MeTO.ItaMH. 

C ,ItpyrOH CTOpOHU, B HCIIOJII>30BaBW8HCfi pa.H88 M8TO,ItHKe RM8IOTCH 

H8KOTOpHe orpaHH'I8HHH. Ilpll yB8Jm'I8HRR MaCCH HaBSCK.I!I (,Ito HBCKOJII>KHX 

rpaMMOH a H~~J ~ttAuA ~05AU ~~~1t 1~C Cd~~cHge~~E ~R~R~ ~R~ARMAM 

HaC~BHHYX napoB C~8CTBY~ B ra3e ~opM 6JiarOpO,ItHYX M8TaJIJIOB 1 

a Ta.KJ!te yXY.ItJIIenaeM .n;ocTyna ra3a-peareHTa K sepHaM rropo~. A~orH'I

ao, CHRX8Hft8 BYXO,Ita Ha6~,ItaAOCb H IIpH yB8JIH'I8HRR K0~8HTPauRR 6JiarO

po,IUiwe M8TaMOB B rrpo6e ( Bllllle H8CKOJII>KHX r /T) • 

U~nro HacTo~eu pa6oTu HB~ocz, accAe,n;oBa.HRie BOSMo&nocTH .ItOCTH

&eHHH OTHOCHT8JII>HO BHCOKRX CT8II8H8H B03rOHKH H3 HaB8COK 3HaqaTeJII>HO 

60JII>Weiii MaCCU 3a cqe•r rrpeCCOBaHHH Be~eCTBa B IIOpHCTiie Ta6~8TKH l'l 

rrpRM8H8HIUI al_{xlleKTHBHHX TB8p,ItYX peareHTOB FeC12 , Ti02 , Nb20
5 

, 

KOTopue CIIOC06CT~YIOT 06pa30Ba.HHIO ABTY'IRX C08,ItllH8Haa 6Jia.rOpo,ItHYX 

ueTaJIJIOB l'l pa3pymeHHIO CTPYKTYPii acxo,ItHoro uaTepa~. Kpoue Toro, 

6~0 H3Y'I8HO KOHU8HTpHpOBa.HH8 IIAaTHHOBHX M8TaJIJIOB, peHHH, 30~0Ta 

H3 rrpHpO,ItHYX uaTepHaAOB, He onpo6apoBa.HHYX pa.Hee H zue~ 6o~ee 

ll!RpOKHH .ItHaiiaSOH KOHU8HTP!lUHK :3TRX :3~8M8HTOB. 11, HaKOH8U, Hap.fi,ey' 

C ae!TpOHHO-aKTRBSUHOHHHM(HAA) H peHTreH~~Op8CU8HTHUM (~) HHCT

pyMeHTaJII>HHMH MeTO,ItaM/11 onpe,n;e~8Hl'lfi rrpe,n;npHKRTa IIOIIHTKa HCIIOJII>SOBaTb 

r -aKTRBaUHOHHWi M8TO,It aHa.JIPI3a (rAA) C IIOMO~IO TOpM03HOrO H3JIY'I8-

Hl'lfi MHKpOTpOHa. 
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.. 

... 

.. 

i<I8TO,l(IDta 3RCII8pi1M8HTa 

I. TIMJ'Iemm rrperrapaToB .ItAff a.HaAHsa 

B Ta6.JJJme I npe,n;CTaBAeHH CBe,JJ;emm o6 n3yqaet..lbi.X rropo,Itax 11 rrpoM!IDI

AeHHIDC KOHI{8HTpaTax. 06pa3Ubl I'!3M8JII>'Ia.Jm (200 M8mJ 11 38,T8M CMa'IID3a..JI:Vr 

RX a30THOKRCJIHM paCTBOpOM, CO,It8plltal!IMM pa,!Ul:OaKTlrBHH8 H30TOIIU aHaAH-

3HpyeMHX 3JI8M8HTOB, .ItAff 068CII8'18mUI KOHTpOJIR 3a llX IIOB8.ll;8Hl!l:8M B rrpo

Il;8CC8 Ko~eHTpHpOBaHHH. IIocJie BUCymRBaHIUI "Me'leHuH rropomoR" MaccoH 

50 r R 60JI88 OTXKraAH IIpH T = 800 f !200 °C B IIOTORe Ar (I A/'1 ), 

O'IID!leHHoro OT 02 • UeADro oTura 6wro JB8JIR'I8H:Ie CKopocTu li30TOTIHOl'O 

OclMeHa pa,ll;HOaKT:lfBHUX ii CTaclUJibHilX R30TOIIOB, a 'i'ill"~'i\8 rrpe,nBapwreJ~I>HaJI 
OTroHKa A8TyqRX KOMIIOH8HTOB, M8waKIIIRX aHaiDI3Y ( S , Sb IT .n;p.). 1IT06H 

CHn3l'!Tb B03MOEHH8 TIOT8pR 6naropo~ M8TaJIJIOB R 'laCTR'IHO pa3pymHTb 

MaTpmzy TIOpo~, IIepe,JJ; OTXUITOM IIOpOillOK CM8lillffia.JIH C rpa0HTOM (I: 0, 2) 
H C ,ItpyrHMJ..i peareHTaMH (Ti02 ,Nb20 5 ) 1 CU. Ta6JI. 2. 

3aT8M CM8C:& rrepeHOCil.Jill B KBapD;8BYJO AO,TI;O'IKY '1 HarpeBa.Jil! B TOKe 

B03,JJ;yXa ( I5 JI/'1 ) rrp11 700°C ,JJ;O rroJnioro cJKuramm rpa)MTa. IIoTepH 

6JiaropO,ItHHX M8TaJIJIOB IIpM 3THX OII8.IJ8.WI.llX 6wr:: I!3M8p8Hb!. 

0TT01it8HHHH rropomoK rrepeMeiirnBa.Jnr c (NH
4

>2 co
3 

I1.lll! NH
4

Cl (B Be

COBOM COOTHOW8HHR I: 0, 5) I'! H3 CM8CU IIp8CC0BaJTI{ Ta6Jie•rKVI TOJIIJlMHO;i 

2 - 3 MM, ,JJ;Ha.MeTpoM 20 MM u Ma.CCOM OT I ,no :1 r. Ta6JieTKl'l HarpeBa.JIH 

B ITO TOKe Ar IIpH 60;}C H 340vC, COOTB8TCTB8HHO, ,nJIR paMOJK8HHJf COASt! 

a.MMOHHH. 06pa30BaBmHecH rrpH aToM rropu crroco6CTBOBa.Jrn: ,nocTyrry ra3a 

K BemeCTBY Ta6JI8TOR. 

.If.IDI H3Y'I8HHH BJll'I!llUUI ,no6aBKR FeCI 2 rrp>1 B03l'OHR8 B TOKe B03,Ity

xa IIOpRCTHe Ta6JI8TKR CMa'IRBaAH paCTBOpOM, CO,I1;8p~HM 3TOT XJIOpH.n;, BH

CymHBaJm RX rrpH I50 ~ 200 °C. Co~epJKaHHe FeC~ B Ta6JieTR8 COCTaBJmJIO 
OKO~O 20% ITO MaCCe. 

.If.IDI H3]'18mUI 3aBHCHMOCTH CT8II8HM B03rOHKH Au OT KOHU8HTpaD;HR 

M8TaJIJIR118CKOro AU K TIOpHCT!iM Ta6JI8TRaM M8,ItHOrO ROHU8HTpaTa ,no6aBJI.ff.lm 

paCTBOp KOJIJIOH,JJ;HOrO 30AOTa. 

HarpeBaH:He Ta6JieTOK rrpoBo~ B KBapu;eBofi arrrrapaType, Mo,JJ;wDHKa

IJ;RH KOTOpoif H306~eHU Ha pRe. I. 
V!crroJib30BaAH Tpy6'1aTHe rreq:H corrpoTHMeHIDI BHYTPBHHHM ,JJ;Ra.MeTpoM 

d = 35 + 50 MM H )VI1ffiOH 250 MM. Tpy6Ka, B ROTOpoif OTEHra.Jm CM8Cb 

HCXO.ItHHX MaTep:HaJIOB H peareHTOB ~ noToKe Ar , 6UJia WYTBPOBaHa xecTbro 

H3 H8pzaBe~efi CTaJm ,ItAff rrpe,ll;OTBpam8HIDI pa3pym8HIDI peaKTOpa. TaclJieT

KR - 5 TIOMe~ B ,ll;9~T8Jlb - 7. Ero H3rOTOBAHJIR H3 H8~B8~8H CTa

Jm H rroKp.llBa.JIIII CJioeM KBapu;eBCif IIY.ItPH, cuoqeHHolii BO,JJ;olii (ny.n;pa rrpH BH

cHXaHKH TBep,JJ;eeT). 3Ta orrepau;HH Heo6xo,JJ;RMa ~ rrpe,JJ;OTBpameHIDI BaaR-
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PHc. I. Mo,I(Rij?m<a.n;>m: ycTa.HOBKH ,IVIll KOH
~eHTp:apoBa.HHH 6~ropO~HX MeT~OB. 

I - ,IVIll oT~:ara nopo~ B Ar, IT :a ill - ~a 
B03POHKH 6~rop0~ MeT~OB B TOKe 
B03~ :as 6o~moro :a Manoro que~ Ta6-
JieToK COOTBeTCTBeiiHO. I - KBap~eBaE 

Tpy6Ka C HCXO~ o6pa3~aMH; 2 - Tpy6-
Ka ,IVIll y~BJIHBaHHH 3JieMeHTOB H3 ra30BO
ro llOTOKa Ha XHMH'!eCKRX cpRJILTpax; 3 -
x~mqecK:ae ~HJ!bTpH; 4 - Tpy6'laTa.H ne'ln; 
5 - o6pas~ a.HaJIHs:apyeMoro BellleCTBa 
(nopomoK HJIR Ta6JieTK:a); 6- BBO~ rasa; 
7 - ~e~aTe~ Ta6JieTOK H3 Hep~BeiDIIleM 
CTaJIH; 8 - rpacpHTOBHe JIO~O~H; 9 - yn
JIOTH9HHH; IO - TYTepoBKa :as He~eiDIIleM 
CTaJIM; II' - Me~a.H Tpy6Ka, o~aeMa.H 
c o~oro Ko~a BO~ott. 

MO~etl:CTBUH OKCH~OB Pt II Ir C ~eJie30M. 
B03POHKY 6JiarOpO~HHX MeT~OB H3 Ta6JI9TOK npOBO~ B TOKe B03-

~Xa c pacxo~oM v = I 7 5 JI/q B Te'!eiDie t = 0, 5 7 
3, 0 qacoB np:a TeMIIepaType 800 -:- I200°C. B HeCKO~KRX oooTax ~M yBe-
Jll1'ie.tH1..ti jj.tiJI..U.U,a UJJ.Cll·VJ:JVAfiiiA lv'iC":~:...~~~ ~~~ .. "!('!'!'!~!! !!('~}!'? 0. 5 t!~~~ lU~"P!'A"RR-

HUH llOBTOpHO CMa'U1BaJIH paCTBOpOM FeCl2 H CHOBa HarpeBaJIH. 
Ha BI~O'e H3 ne~H ITOM91IlaJIM cpRJILTpH H3 HeJieTyqRX OKC~OB Mg , 

Al , Nb 5 , u npif 6oJiee Hll3KOfi TeMITepaType - rpa.ip:aT ,IVIll yJiaBmiBa
mm JieTyqRX npo~TOB !'!3 ra30BOll g)a3H. Nb205 , llgO l'l Al203 HCITOJin30-
BaJIH B B~e rpa.JfYJI pa3MepOM 2 - 3 MM. ll3 llgO H3POTOBJIJ1Jilf TIOpHCTH8 
Ta6JI9TKU C ITOMOIIlbiD BH8C8HHH B nopOWOK 50% ITO MaCC9 COJiefi aMMOHHH 
(eM. BHille). Macca ilJHJibTpoB rrs Nb2o5 :a Ti02 coCTa.BJIJt1Ia 0,5 .;. 2 r 
KalK,IU:lit, A~03 :a llgO - 2 ..;. 5 r. B MecTe pa3MellleHHH rpacp11Ta ycTaHOB-

Ka O~~Cn BO~Ofi. 
2. AHaJIHs 
C ne~ID Oll~9~9JI8HRH XIfMRqeCKOrO BHXO~a 11Cll0~30BaJili ~OaKT11B

HH9 OTMeTqm<11: I88,I89Ir • I88pt • I03Ru • I02Rh • I83,I84Re • 
185 Oa , KOTOpHe noJIYqaJIH np11 6oM6ap~HpoBKe if]o~r 113 Ta 11 Nb HOHaMH 
yrJiepo~a. ycKopeHHHMH Ha UHKJIOTpoHax Y-300 11 Y-400 liffP OMRH; P~o= ~eMJIH 113 06JIY'!eHHHX @Q~r DTPOHKOH B ITOTOK9 BOx,nyxa np11 
I200°C 6/. BosroH C06HpaJIR Ha KBapUeByro Tpy6Ky, CMHBaJIR K roTOBHJIR 

CJia60KKCJIHfi a30THOKRCJIHfi paCTBOp, CO~e~ Ha6op ~OaKTKBHHX 
~OB. PacTBOpoM CMa'llf13aJm BCID R3Me~qeHHyro nopo~. llcno~soBaJIH 
Ta.Kllte ROMMepqecxmt .a3oTon I95 A14• 

4 

I I 

H ~ 
~ 

m ill 

~ ;; 
X) :s: 
tl~J,~ 

l\1 :E §' 
p, I I=( 
8 Q) 
:>:: ill p, 
Q) 0 1=: 

~ ~ ~ 
~Q)P, 

~ 0 

8 p, § i ~ 
s. ,g 
8 o m 
:>:: p, ~ 
Q) 0 
§I Iii ill 
0 ~ t;i 
:.: -o ca 
1i1 ~ ~ 
1:1 I=( a; 
a> m ::;; 

li~ 
0 p., :>:: 
§'~~ 
~ ~ ~ 
I=( 8 m 
0 Q) 8 
p, ::;; 0 

g ~ :s: 
1i1:>::~ 
~m~ 
0 :>:: <>! 
~ Ill ::r: 
:s: Q) :s: 

I=( 
ma>~ 
:.: p, <1! 
15:1=: ....... 
8 0 

gill~ 
P,OP., 
Q) 8 

~ ; ~ 
P.l1JI=( 

~ "'~ 

I 
8 8 :>:: o:S: ro 
Q) :.1 p, :.: ::r ill8 0 

0 ~ Q) :>:: Q) :r: ~ 
:.: Q) §I 

~~ g. 

I 
S.m ~ 
~i;5 Q) 
~ p, 

:.Ia> !:1 
~l<l 0 
o:s: ~ 
:.: 

0 

~ g. 
1=: 

I 
·~ 
>. 

0 

:.1 
18 
l1j;g 
(!)::E 

@ 
Q) 
:.: 
0 

~ 

~ 

1:'
(J) <D 

H 0 

LD <D 

H 0 
H 

C:OC\1 
00 

(") 

0 

LD 

'<:!' 

l0 

!:'-

"';)' 
co 
:::::> 
0 

Q) 0 
H 

'<:1'0(") 

M 

H 

(\? 
H 

C\? 0 
C0 

:s~ 
(") ill 

I ~ 
:::JC") 
HI 

• 0 
tO H 

H(") 

~ 

·ro 
~ 

6 
H 

tO 

m 
~ 

• • H [-

'fo HO •OJCY)....--~"CJ 
N N H GJ L0 C.::J 0 

I I I • • • • 
00('10:::J:::JO - -(") tO '<:I' 
H H 0 

1:'
C\l 
H LD 

OM 
H 

C\1 
'<:!' 

t.r; 
H 

(') 
01 

<J> :::::> 
Q) 0 

li1 
,(')' 

b 
0) H 

C0 I • --:r J c...--.. 
HC00HLO 
0 :::J H 

H 0 
0 0 rY) U) +I 

•!:'
('") 

b ~~ 0-J 
0 CJ 0 

CJ 
,.,~ (Y) 

OCJ:::J 
("') 

'<:!' 

H 

(") 

~ 
1 
0 
H 

<D 

O(J)N'<:!' 
(")C"JC\lL()(") .. .. .. .. .. 
HOODOO 

>< 
~ 

<D 
0 ...... 

- X) 
0 ....... 
+I 
LDLD 
Ml 
•0 

C\lH 
....... I>< 

CU·""f.<f;;.JJO·""::tS::.0'1:1110f.< 
t>e-tt>lii""OlZ:ONP..P..<H 

5 

3:6 
'11 

0 C> 
H H .. 
'<:!' <D - . 
'<:!'CD 

ill 

t 
H 

...... 
1:'-

H 
+I 
(") 

'<:!' 

ill 

t 
H 

~ ~ 

~ 

~ 
g} 

~ 
IQ 

~ 
l=f 

IQ 
0 

fi1 
~ 
Ill 
ro 

I 
I 

I 

* 



3J
ieM

eH
TH

 

Ta
6J

m
U

a 
2 

C
T
e
n
e
H
~
 

B
os

ro
H

K
R

 C
%)

 s
~
e
M
e
H
T
O
B
 
B

 rr
oT

oK
e 

A
r 

rrp
n 

H
ar

pe
Ba

H
H

M
 I

O
 r

 
p
a
~
~
~
 

no
po

.n
; 

B
 rr

pR
Cy

TC
TB

HM
 r

pa
4J

nT
a 

H
 T

i<
1 2 

(1
:0

,2
:0

,2
),

 T
 =

 I
00

0t
i2

00
°C

, 
d 

=
 3

5 
M

M
 

V
 =

 I 
~
/
q
 

, 
q
n
c
~
o
 ~

TI
HT

OB
, 

n 
=

 2
-4

 

Tn
xo

oK
ea

H
cK

ne
 M

e.n
;H

Hf
i 

+
 

R
 O

TM
eT

'IB
KR

 
ra
p~
OY
J?
rR
T+
 

Xp
oM

RT
 

ct
:'w

u.
m

rn
e 

rrW
oo

.n;
H+

+ 
( 

fi
R

M
) 

( 
o
~
a
p
M
)
 

K
O
H
K
E
e
~
+
+
 

~6
2~

 
l 

K
O
~
B
H
T
p
a
T
 

A
6f

i 
S

b
 

I0
3R

u 
6±

2 
I0

2R
h 

o,
7±

o,
3 

I8
3,

I8
4 

Re
 

0,
2±

o,
I 

I8
5 0

8
 

o,
a±

o,
3 

I8
8x

r 
o,

s±
o,

4 
I9

2
rr

 
I8

8 
Pt

. 
o,

a±
o,

5 
I9

5 
Au

 
2±

1 

* 
-A

g
 
o
n
p
e
.
n
;
e
~
 
C

 ll
OM

Om
PD

 ~
A
 

+
 -

12
00

°C
 

++
 -

1o
oo

0
c 

O
,I

±
0,

05
 

55
±9

 

n
±

2
 

s±
2 

3±
I 

I,
5±

o,
3 

0,
7±

0,
3 

I,
o±

o,
5 

o,
5±

o,
r 

0,
7±

o,
2 

o,
s±

o,
5 

I,
o±

o,
2 

I,
4±

o,
2 

I,
5

±
o

,8
 

0,
9±

o,
5 

I,
a±

0
,6

 
1,

6±
0,

8 

I,
4±

o,
2 

I,
o±

0,
2 

r,
o±

o,
6 

s±
I 

6±
2 

8
4

 l 

C
'!8

D
8U

 B
O

S
I'O

B
R

II
 

(%
) 

l!I
SO

TO
llO

B 
p

aS
JJ

lA
H

H
X

 
s~
eM
eH
TO
B 

B
 T

OK
e 

B
03

.n
;y

JC
a 

(H
a.

B
eC

K
R

 
no

 1
5 

r,
 

d 
=

 35
 M

M
, 

v 
=

 5
 M

q 
, 

n 
=

 2
-4

) 

Tm
r 

r
a
p
~
6
y
p
r
m
 

Xp
oM

RT
 

Cy
 .7I

!>J
ln.

n;H
He

 p
y.n

;H
 

no
po

.n;
H 

t:J
eB

. E
ai

liK
M

 
:
s
o
~
a
p
M
 

99
,5

 

0,
2o

±
0,

07
 

Ta
6J

n!
ItE

l 
3 

· K
o
H
K
p
e
~
H
M
 

( c
pe

.n
;w

m
 r

rp
oo

a)
 

0
8

3
 

Pe
ar

eH
T

 
oe

a 
T

'O
 

p
ea

r.
 

1 
2 

P
e
e
~
 

T
i0

2 
F
e
e
~
 

oe
s 

T1
02

 T
~
~
o
e
s
 

pe
ar

. F
eC

~F
eC

~F
e 

p
ea

r.
 T

io
2 
F
e
e
~
 

T
i0

2 
F
e
C
~
p
e
a
r
.
 

Fe
C

la
 

I°
C

 
12

00
 

12
00

 1
00

0 
IO

OO
 1

20
0 

12
00

 
12

00
 

IO
OO

 
IO

OO
 

Ilp
o.

n;
oJ

m
i-

T
e
J
I
I
o
H
O
C
T
~
 

H
ar

pe
B

a.
H

M
, 

3 
2 

0,
5x

3*
 

3 
3 

3 
0,

5x
3*

 
c 

I0
3R

u 
II±

6 
2

2
4

 
49

±2
 

6s
±3

 
I9

±2
 

23
±5

 
55

±7
 

25
±3

 
54

±5
 

I0
2R

h 
62

±5
 

54
±3

 
6o

±3
 

n
±

n
 4

9±
ro

 
I8

3,
I8

4R
e 

86
±I

 
9o

±3
 

95
±3

 
9s

±2
 

so
±

s 
9I

±5
 

94
±9

 
18

5 0
8 

61
±6

 
72

±6
 

9
2

4
 

66
±4

 
7

I4
 

9I
±

Io
 

I8
8

,I
8

9
Ir

 
22

±9
 

51
±7

 
65

±3
 

30
±7

 4
0±

7 
~5
±8
 

79
±8

 
25

±5
 

53
±6

 
65

:!:
5 

45
:!:

8 
82

±7
 2

0±
5 

59
±1

0 
19

2r
r 

28
±6

 4
I±

9 
E9

±5
 8

9±
9 

I8
8p

t 
5z

.ii
O

 5
6±

12
 8

6±
Io

 7
I±

5 
76

±7
 6

2±
8 

E9
±8

 9
I±

8 
49

±5
 

55
±4

 
7s

±5
 

4
8

4
 

93
±5

 
4I

::!
:s 

68
±7

 
19

5A
u 

59
± 

I 
99

±5
 

45
±3

 
6o

±3
 

97
±1

0 
64

±3
 

9s
±3

 

3f
qe

pe
s 
~
e
 

0,
5 

qa
ca

 .
n
;
o
6
a
~
 F
e
e
~
 

, 
B

ce
ro

 T
pn

 p
as

a.
 



'<;j< 

! 
-g !'z1 
E-< A 

0 :>' 

~'?? :.: 
Q)L() 

:>: 
tQ 

::s> 
< ·- ~ 
~0 
-'i< ,. 

H II 

'Sa 'tl 

[ -
E-o 
:r: 
Q) :>' 

!;JL() ........ 

0 - 'f 
:.lHJ:, 

Q II 
~ II 
:r: .. 
~ .._, s:: 
Q) 

~ ~ ~ 
§' E-o &1 
oa2t 
0 E-o '0 
~ :r: 0 

Q) 

~ !a 2 
E-o 0 0 
E! :.: 5 
o !'z1 a 

~ I i 
a~ 
'" 0 
~§' 
~ ~ 

~ ~ 
0 0 
~ A 
~ g 

1!1 

~ 
E-o 

~ 

I 
~ 

i 
0 
~ 

tQ 
0 

~ 
v 

~ 
~ 
~ 

........ 
H 

i 
~~ 
2t:i 
'00 
o ....... 

::s 
< 

7 
0 
H 

L() 

" 
~ N N 

N 

6 
CTlH 

('lj ('f) .. ..-.. 

66-Rco-
HHOH 

• • -+I 
LOLO'i<H 
v v a) 

6 
~16 6 6 

H H H 

HH 
I I 
00 
HH ............... 
NH 

H 
('J.-.. 
-H 

H -tJ..j:ji . . . 
L() C')'<;j< 

"' Vt VI H 
I 
0 
H 
.-..N N 
tD I I 

tbt!- -H 
l() -

L() 

"'I -oo 
H -R~~ 

'<;j<C')'<;j< 

N 

0000 
010000 0 N N N N 
E-l HHHH 

00 0 0 0 
00 0 L() L() 
00 0 0 0 
HH H H H 

H ....... 
1':: 
:.: 
0 

§,OOOLO 
:Il NHLOC') 

00 0 0 0 
C') C') H H l() 

al 
0 
0 

~ ........ 

! ........ 
>:S: g; 

~ g ~~ 
8l ~ 
~~ 

a~ 
~ ~ L()L() ~ ~ [ 
0 0 r:-w A CD 
A A NC0 E-o 1:1' 
0 0 tDtD :Il t:ll CD 
~ ~ CD 0 I=( 

-- t:r :.: 0 
E-o CD Q) \ C0CO :Il 0 
:S: ~ :21 C0'i< 0 ~ I H iJ:L <:0<:0 :.l :21 ... 

~ E-o ~ CD tDtD ~ Ill I'< 
'0 :S: >~<>fl A - - ~ g ~ ~ ~ ffi ~~ CD 

~ ~ !3 !3 :2 ~~ ~ ~ if 

8 

~ 

i 
0 

~ 
<D 
@ 
Q) 

:.: 
0 

~ 

~ 
1!1 

I 
0 
:.: 
,q 

! 
'0 

""' 0 

i 
E-o 

~ E:l 
gJ 2 

0 
-r:-

'1~ 
E-o = 0 ,q 

(Y) 

al !>: 
g.f§i 
::SiXl 
0 = 
:X: 

~! 
'" 0 

Jtll 

] 

I 

C ~9JI:&IO IIpOB9pKH ITOJlliOTH H30TOIIHOrO Oc5MeHa y p.RJJ;a 3JI9M9HTOB HX 
BHXO~ B ITp0~6CC9 K0~9HTpHpOBaHHH orrpe~eJIHJIH ITO BH6C6HHHM OTM9TqHKaM 

H o~oBpeMeHHo KaKHMII-JIH6o ~yrHMH IJYTRMH. IIpz pa6oTe c xEoMHTOM 
CTeiTeH:& BoaroHKH H yJiaBJmBaHHH oiTpe~eJIHJIH no BHeceHHOMY 18 • 189rr , 
a TaKOCe ITO 1921r , ITOJIYqeHHOMY B peay~TaTe H9~TpOHHO~ aKT~HH 
RCXO~Oro o6pa~a XpOMRTa. PerHCT~HIO 192rr H6ITOCpe~CTB6HHO B oc5-
~qeHHOM oc5pa3~9 XpOMHTa OCY.rn6CTBJIRJIH C ITOMOmPIO Ge(Li) -~eTeKTOpa 

MeTo~oM ¥- '( -coB~eH:a.i¥7 I, IT03BOJIJliiliiHM 3Ha~Te~Ho CHR3RT:& ifloH 
OT M9llla100lHX '( -JIHH~ ( p:ac. 2) • 

..,. 
·i I 
·t~JL~ • ' I 

': ~ r----i ~1~-- ~~ ~ _..,.,. ... ' 
'. ! ~ ~~~ ~~~; ~§ ~ j 

:~a •~ • ''" ~~·· •• o • '1illil ~~ """ " l • 

IT~ " 
, I i j Hf'l"illl,dll 

PRe. 2. CITeKTPH ?{ -R~emm xpoMRTa, 
o6~eHHoro HeilTpoHroAH (Bepx: ITpocToli 

'( -CIT9KTp, H:H3: CIT9KTp 3'- t -COBITM9-
HH~). 

Peay~TaTH,rrpe~CTaBJieHHHe B Ta6JI. 3 ITOKa3HBaiOT, qTo B rrpe~eJiaX 
Hecxo~KHX ITpo~eHTOB BHXO~ 192 Ir H IB8 Ir H3 xpoMRTa paBHH, IIoJIY
qeHHHe 3HaqeHHH Pt H Au B HeKoTopHX MaTepRaJIB.X c HCIT0~30BaHR9M 
pa~OaKTHBHHX OTM9T~OB (Will OITpe~eJI9HHH llX BHXO~OB) 3HaUTEIJUoHO H6 
OTJmqaiOTCH OT K0~6HT~,paaee Ollp9~9JI9HHHX CT~apTHHM:H M9TO~a
MH (cp. Ta6JI. I R 4). 3To IT03BOJIH6T cqHTaT:&, qTo H30TOIIHH~ o6MeH 
3a Bp6MH OIIHTa IIpOXO~WI ~OCTaTO~O ITOJlliO, H ITO IIOB6~6HHIO ~06aBJieH

HHX ~OH30TOITOB MOXHO cy~T:& 0 BHX0~9 6JiarOpO~HX M9TaJIJIOB, 
A6COJIIOTHoe KoJmqecTBO Pt H Au Ha xHMHqecxrnc @HJI:&Tpax H3 Al2o3 

OITpe~eJIHJIH '( -aKT~OHHHM M9TO~OM Ha MHKpOTpOHe .IDlP ( HHT9HCHB
HOC'r:& rryqKa 3JI9KT¥0HOB 1014 - 1015 c-1 , aHeprHH 23 MaB) ITpH ciJ,moeH-
09 t -KBaHTOB 10 7 cM-2 • IIocJie aToro per:acTpRpoBaJIH o6paaoBaBmHecH 
197Pt (Et = 77,4 KaB), 196Au (66,8 H 356 KaB) H ~06aBJieHHHe ~o
H30TOIIH 6JiarOpO~ M9TaJIJIOB C ITOMOm:&IO Ge -~9T9KTOpa 06~9MOM 
2 CM3 H paapemeHHeM 0,6 KaB H Ge(Li) -~eTeKTOpa o6~9MOM 50 CM3 H 
paapemeHHeM OKOJIO 3 KaB. 

JVm Orrpe~9JI6HHH Ir H Au B KOJIJI6KTOpe H3 lf80 ero 06JIY'I8Jlll: 
H6HTp0HaMH (~HC 1013 CM-2),ITOJIYq9HHHM:H TaKZ9 Ha MHKpOTpOHe/7/, 
c neJI:&KJ perRCT~ 192Ir (317 H 468 KaB) H 198Au (412 KaB). IIpo
~OJ!lU'IT9JI:&HOCT:& 06~eHHH IIpH '( R n -aKT~ COCT8.BiiJI8 5 f 
10 qacoB, o~eHHH - Hecxo~Ko qacoB, :a3MepaHHH - .5 + ·30 MHHYT· 
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BH60p HaH60.1I88 OIITllM&JlbHOrO KOJLJieKTOpa ( IIPH '( -aKTHBamm 

Al2 03 , IIpH n -aKTI1~lU1 - MgO ) orrpe;u;eJIHJIC.f! H806XO;IJ;HMOCTJJIO OHH-

lK8HH.f! llJOH8. OT 24Na , o6pa3yromeroc.f! IIpH ~ -aKTU~HU llg ITO 

pea~n ( '6 1 p ) n U3 rrpnMeceil rrprrpo;IJ;Horo Na B Al2o3rrpn n -aKTH-

~Mn. 

PeHTreHo~yopec~eHTHHM aHaHM3 rrpHMeH~ ~ orrpe;u;e~eHH.f! Pt n 

Au B ITOJJYqeHHHX KOH~eHTpaTaX - Ta6~eTKax MS MgO IIpH pa6oTe C 06-
pa3l:~a.MU C BHCOKHM CO;IJ;eplK8.HI18M aH&JII1SUpyeMHX a~eMeHTOB, 

1IcnoJID3oBa~ I 09cd -McTo~MK Bos6yxmeHH.f! WTMBHocT:oiO IO -
20 MK.R u s i ( Li) -IIOJJYIIPOBO;IJ;HHKOBH:il: ;u;eTeKTop/8 • BpeM.f! M3MepeHH.f! 

IO 7 30 MIDfYT. 

Pesy~:oTaTH M o6cyxmeHne 

I. CTerreH:o B03roHKn a~eMeHTOB Ms o6pa~oB 

B T8.6~. 2 TIOK8.38.HH CTeiieHM B03rOHKH a~eMeHTOB IIpU npe;IJ;BaiJUTeJTh

HOM OTlKMre B TOKe aproHa B TIIJHCYTCTBHU rpa@HT8., BM;IJ;HO, qTo Pt, Ir, 

Au , Ru, Rh, Oa M Re npa.KTH'i8CKH He BOsrOH.ffJlliC:O BBH,IIY HHSKOM ~e

TyqecTH aTHX MeT~OB, O;IJ;Ha.KO 6o~ee no~OBHHH cepe6pa, o~aromero 

sHaqnTe~:OHOM ~eTyqeCT:OIO, yHOC~~:r, rasOBHM ITOTOKOM, Cyp:OM8. KO~qeCT

BeHHO BOSrOH~C:O HS Me;IJ;HO-M0~6;IJ;eHOBOrO KO~eHTIJ8.T8. rrpu rrpe~pu

TeJThHOM OTlKMre, qTO 6JrarOllpWITCTBY9T IIOC~e,n;yKI!leMY aH~sy, T, K, 

TK"ln'l'nrnl Sb JTaiOT 60JThliiOfi CiJOH ITPM ft• H '( -aKT~UU H8. MMKpOTpo-

He ITOJJYqaeMHX B ;IJ;aJIDHeilllieM KO~eHTpaTOB, Taxxe OTrOH~ac:r, 60JIDma.f! 

qacT:o ceps. 

KaK BM;IJ;HO US ;IJ;a.HHHX T8.6~. 31 B TOKe BOS;IJ;YXa 6~0pO;IJ;HHe MeT~ 

U Re BOSrOH.f!IOTC.f! US orrpo6HpOBaHHHX 06pasnoB CaMHX pa3RH~ TMIIOB, 

Ilpu aTOM TaKUe a~eMeHTH,KaK ea , Mg, Ti, Fe, Si 1 lin 1 Al , cocTaBJIRJO

~que OCHOBY Ma.TpnnH IIOIJO;IJ;, H MHOr:ile ;u;pyrHe 8~9MeHTH, HMeromne He~eTy

que OKC~, He BOSrOH.f!IOTC.f!, 

no6a~eHHe Ti02 SaM9THO IIOBHmaeT BHXO;IJ; BCeX nsyqeHBHX 6~opo;u;

HHX M9T~OB, 0co6eHHO Sl!aquTe~:OHO, B 2 pasa, yBSJWqHBaeTC.f! BHXO;IJ; 

UIJU;IJ;U.f!, IlO-BU;IJ;UMOMY, Ti02 peariipyeT C KOMIIOHeHTaMU Ma.TIJlin ITOpO;IJ; 

( Fe203 , eaO, llgO, OKC~ 3-fi rpym.IH 8~6M6HTOB H ,lij),), KOTOpHe B 

OTCYTCTBHU peareHTa npeTIHTCTBYJOT BOSrOHKe 6~opo;IJ;HHX MeT~OB 

BC~6;IJ;CTBUe o6pasOBaHlffi ;IJ;BOfu.IHX COe;IJ;UHeHHft, H8.rrpHMep, ea4 Pto6 / 9/, 
Ilp:U6.JII13HT6~:0HO TaKUe JKe pesyJIDTaTH, Ka.K H C Ti02 , IIOJ.IY'ClWmC:O 

rrpH HarpeBaHnn o6pa~oB c Nb2 o 5 • 

HCM9;IJ;OBaHO TaKllte BJIWIHli9 Ha BOSroiiKy ll1IaTDOIII,ItOB Re R Au 

XJIOp~~~,~tco;u;ePJtBIIIero peareHTa - Fee~ • OH o6ecrreqHBaeT 6o~ee BHCOKH:il: 

BHXO;IJ; BCex HsyqeHHHX a~eMeHTOB, KpoMe Rh , IlpH I2Q0°C KX BHXO;IJ; 

HS o6pa~OB pa3RH~ TMIIOB (CM,Ta6~. 3) COCTa~ (%): Ir- 7s±II, 

10 

Pt - 84±9, 
~0 50. 

Re- 96±2, ;IJ;M Oa - OKO~O 90 U ~ Ru U Rh - ORO-

Oco6eHHo aqxpeKTHBeH Fee~ rrpn Bosrorme Au : rrpn HHSKOM co;u;eplKa

HHH Au CTeiTeH:O BOSrOHKH ;IJ;OCTMraeT 97 ~ 99% (Ta6~. 3) H rrpH K0~9HT

Pa.nHH 300 r/T B Me;IJ;HOM KO~eHTpaTe .ero BHXO;IJ; BCe lK9 OKO~O 90%, qTo 

BO MHOro pas npeBHma9T CTerreH:O BOSrOHKH B OTCYTCTBUe XJIOpH;IJ;a (puc. 3), 

D 

05 

; 

! ' l 

I I 

~ • 
-lgC,..,rr-1 

PHC, 3. CTeiTeH:O BOSrOHKH ( D ) B TOKe 

Bos;u;yxa so~oTa us Me;IJ;Horo Ko~eHTpaTa 

B 38.B:UCUMOCTU OT CO;IJ;epJKaHU.f! M9T~qec-

KOrO Au rrpn ;u;o6~eHHH Nb2o5 • TeM-

rrepaTypa - I200°C, v = 5 Mq ; 
t = I,5 q; d = 35 MM; m = 15 r. 

I - 6es XJiopupyromero areHTa, 2 - B 

rrpHCYTCTBHH Fee~ • 

~~~~. 
QSJ ~ 

Puc. 4. CTerreH:o BosroHKu ( D ·) so~oTa 
Hs Me;IJ;Horo Ko~eHTpaTa ( c ;u;o6a.BKaMU 
Nb2o 5 H Fee12 ) , HarpeBa.eMoro B rro-

'!':!~c ~~~~~ !!~!! ;'~-~~ '!'~MlTPru='"';TAY. 

~--~ Ko~eHTpanU.f! so~oTa 300 r/T, m = 2 r; 

t = I. 5 q • v = 3 Mq • d = 35 MM. 
1100 

T,K 

Ha pHC, 4 IIOK8.38.Ha 38.BHCHMOCT:O CT9IT9HU BOSrOHKU Au US Me;IJ;Horo 

KOHneHTpaTa B IIpUCYTCTBUH Fee~ OT TeMIIepaTypH, 

nei!:CTBl/!9 ;IJ;06a.BOK Fee~ MOltHO o6T.SICHHT:O C~9.lJYIIlllHM o6pasoM, 

IlpH HarpeBaHUU Fee!2 B BOS,ItVXe BOSMO.lltHO IIpOT9Ka.HH9 p9rutnm! 
Fee~ (T )+i 02 = FeOCl(T) + i e12 (r t 

(~~9g= -64 K.lf;ll MOJil>-I H AS 0 = 30,1 ,IUit MOJTh- rpa;u;";"I/IO/), KOTOpa.f! 

yae rrpH TeMIIepaType SHaq:I!TaJI:bHO HJIJJite I200°C rrpuBo;IJ;KT K zcqesHoBeH:rm . 

Fee~. B ,ItaJILHeaD!eM, Bepo.f!THO, l'!MeeT Mec.To peaxnru:t 

FeOCl(T)+ i 02 = Fe20S(T)+ i e~(r). 
KaK CJI9,Jty'9T HS .• T9pMO,ItBHBMlN9CKHX ;u;amoor: {IO], KOHCTaHTa STOii 

pe~ H9BeJnJKS. lii CJJ860 88.BHCHT OT TeMII9paTypH, BoSMO&Ha TaKEe 

peaKIV!JI o o6pasoBaHHeM Feel3 B rasoBoii ~se. TaKHM o6pasoM, o6pa
so:saHJle OKCHD:OplJ,ll;a &eJiesa, Blii';IJ;HMO, IIpO~T· IIpHCYTCTBHe TBep;u;oro 

:uopJq>yDJtero areHTa B o6pasqe. 

B ,lt&lllJHebew rrpo:a:oxo)tiiT :uop:a:poBaHlle H BosroHI<a M9T8JJJ[OB, H8.Il

pl'Diep, 110 pe~ 

II 



Au(T) + i; e12 = Auel(l') 

(A~98 = I9615 R)J)lt MO.Jr:o-\ 4S 0 = I88,I ,1l)K MO.Jib-Irpa,n;:-I R 

AQO I273 = -43,I R,[I,JK MQ.JII,- ). 

Ta.KHM o6pasoM, rrpR rrpHMelieHHI~ peareHTOB Tio2, Nt>2o5,.~r oco6eHHo 
Feel2 • 3Ha'lHT8.JibHO IIOBIDIJa8TCJI CT8II8H:O B03rQHKH aHa.JIH3UpyeMHX 3JI8-

M8HTOB B TOR8 B03~a. 0~a.KO CJI8~8T OTM8TUT:O, t[TO B IIpHCYTCTBHH 
Fee~ yBe.JIH'lHBaeTcJI JieTyqecT:o n ~yrnx 3JieMeHTOB, Mewa~x aHa
Jnrsy, B03~0HKa ROTOpHX Tpe6yeT BB8~8HRJI ~0IIOJIHHT8.JibHOH Ot[HCTRH C 
ITOMOIJlb!O XHMH'l8CRHX <DHJinTpoB. 

2. Oca.JI(,ll;eHne ::JJieMeHTOB Ha xHMRqecK:nx ~lHJibTQax 

Ha pnc. 5 IIOKa3aHH pesyJI:oTaTH rrorJIOI!IeHIDI 6Jiaropo~Hax MeTa.JI-
JioB Ha ~IH.!IbTpe ll3 Nb205 , l1:CIIOJib30BaBW8MCJI ~ Ot[HCTRH OT M81Jlal0-
IJFfX 3JI8M8HTOB, H Ha l)H.!IbTpax ll3 llgO UJill A~03 , ROTOp!:le CJIYlKH.Jll'l 
KOJLII8KTOpaM1r 6JiaropO~HX 3JI8M8HTOB. 

T "C I MgO 

10~'tj' ~ =~:·~'~,, 
A\203 

······ c Ft"Clz 

- -6eJ Fe-02 

soo·c 

0 T r-~5Au 
~=~ 

o.s" nn 1BBpt 
..L-iM [.':1--:-h;__ 

o.s, ~-; ,-,, IBS[r 
r·· 

i ·I 

osj ~r~~R=-

05~ lL -- 9~~ 
I 

os1 n '0 'Rh 
i L'l__ 

as] 9'Tc 
~-~~ 
1231.56CM 

~nl-- ~D_ ___ --i C 
'"'2'-'51 AlzOJ 

PHC.5. Pacrrpe~eAeHHe aneMeHTOB B TepMO
XpGMaTorp~H'leCKHX KOJIOHKax, 38IIOJIHeHHHX 

Nb205 , MgO, A1 20
3 

H rp~HTOM, IlOCJie B03-
rOHKH B TOKe aoa~a H3 o6paaua rapn6yprHTa 
B OTCYTCTmie B B llpBCYTCTBBB Fee1 2 (d = 7 MM, 

t = I q, v = 5 '1/JI). 

Pacrrpe~eJieHne 3JI8M8HTOB no WRnDTpaM HeaHa~ex&Ho OT~oc~ 
rrpz aoaroHKe H3 o6pasnoB paaHHX THTIOB. 

@wu,Tp za In>2o5 rrp11 IOOO - I200°C B OTCYTCTmiei5/ n B rrpHCYTCT
BHH XJiopnpymmero areHTa B o6paane rrorJiomaeT HeKoTop!:le Mema~e aHa.JIII
sy 3JI8M8HT!:l ( Ae, W , Sb, ed, Pb Ji! Zn ) , B03rOHJI!OO{lf8CJI H3 o6paana. 

12 

K03•I(1l~ll8HT!:l Ot[HCTKH, Harrpml!ep, OT w. 11 Pb ~OCTJU'a.JIH Iot'. iis 
I13Y'l8HHHX cJJiarOpO~HHX M8TaJLIIOB TO.JibKO Rh COP,cJHpyeTCJI Ha Nb205 , 
BepOJITHO, BCJI8~CTBH8 o6pasoBaHHJI RhNb04 /II/. 

B rrpHCYTCTBHH XJIOp~a ~8JI83a B HCXO~!OM o6pasue Re , Ir, pt H Au 

B KOJioHKe 1 sarro.JIHeHHoil: llgO HJll'l Al
2
o

3 
, cop6npyroTcJI rrpH 6oJiee 

HH3KHX T8Mll8paTypax1 t[8M B OTCYTCTBHe XJIOpHpyromero ar8HT~. KaR B~O 
H3 puc. 5, B OIIpe.~eJieHHhiX yCJIOBHJIX ~OCTnraeTCJI OT~8JI8HH8 pt U Ir 

OT Re H Au M8TO;D;OM TepMOXpOMaTorpaG)Im Ha )(gO U Al
2
o

3 
, 

t[TO ~0 ~ ITOCJie~ero peHTr8HOqmyopeCU8HTHOrO aHa.JIH3a KOJLII8RTO

pa. 
3. BosMOlmOCTU orrpe~eJieHirn Au , Ir u Ft 

ITpe~eJII:l o6HapyxteHHJI Au U Ir B ROJLII8RTOpe US llgO rrpu HX aKTHBa
UHU HeftTpOHaMH Ha MUKpOTpoHe COCTaB.JIJIJIR OKOJIO O,I II I MRr COOTB8TCT

B8HHO. ~CTBHT8.JibHOCTb ~ Pt IIpH H8HTpOHHOH aRTHBaUHU 6llJia BO 
MHoro pas xy!te. B TO ~e BpeMJI rrpu aKTuaanun pt TOp!II03HHMU raMMa
KBaHTaMH MUKpOTpOHa B KOJLII9KTope HS Al203 rrpe;n;eJI ee 06Hapyxt8HUJI 

.n;ocTHra.JI I MRr 1 Au - 0, I MRr. 

llpe~BapiiTe.JibH09 KOHn8HTpHpOBaHU8 6JiarOpO~ M8TaJLIIOB H3 HaB9-
COR ITOpO,n;H MaKCHMa.JI:OHOfi MaCC!:l 50 r IT03BOJIJI9T ITOJiyqHTb npe~eJII:l 06Ha
pyxt8HHJ! ~ Ir - 3.ro-2 , Au - 4.10-3 u Ft - 3.ro-2 r/T. 

C HCITOJibSOBaHH8M M8TO)l;a peHTr8HO~Op8CU8HTHOrO aHa.Jll'lsa MO~O 
orrpe~e~T:o OROJIO 20 MRr, T.e. 0,4 r/T B ucxo~ofi rropo.n;e • 

B Ta6Jll'!Ue 4 noRaaaHo co;n;e~ne 6Jiaropo~illX MeTaJLIIOB 1 onpe;n;eJieH
Hoe HaMH B nsyqeHHHX rropo~ax. XH!IIH'leCRHH BllXO~ M8TaJIJIOB orrpe;n;e.JIRnH 
HCXO~ liS ITOB9;D;8Hlffi ~OaKTHBHHX OTM8Tt[HROB. KaR CJI8~8T HS Ta6~. 4, 
sr Haxo;n;nTcJI B rrpe;n;eJiaX 01I4 + 0,25 rrpH n = 3 - 4. 

06~ llpO;D;O~Te.JibHOCTb aHaJIIIsa, BRJl!Ot(aJI XHMH'l8CRYIO nepepa60TKy, 
OcJJIYt(9HH9 Ha MHKpOTpOHe H r -U3M8p8HIIJI COCTaBJIH8T OKOJIO 30 qacoB. 

CT9ll8Hb BOSrOHKH 6Jiaropo~ 8JI9M9HTOB Ma.JIO OTJnrt[aeTCJI ~ 06-
pa3~0B pa3HHX TIDIOB, XOTSi II He BCer;n;a 6~3Ka K IOO%. Il08TOMY B 
pH,l{OBHX OJIY'I8SiX MOlmO aHa.JIHSHpOBaTb ITOpO,n;H H 683 rrpHM8H9HHJI ~0-
aRTKBHI:lX OTM8Tt[HROB, BBO;D;Si ITOllpaBKH Ha cpe;D;HHH XU!IIUt[8CRHfi BHXO~. 
llpii 3TOM TO'lHOCTb orrpe;n;e~eHIIJI, O,n;aaR0 1 BpH,l{ JIU 6y~eT JIY'llli8 3Q%, HO 
rrpoH3BO;n;HT8.JibHOCTb aHaJnisa BOSpaCT8T. 

TaKRM o6pa30M, ,ll;aHHaJI M9TO,ItKKa C HCIIO.Jib30BaHH8M XJIOPRPYI<Jl{ero 
peareHTa Fee~ ITOSBOJIJI8T acMieRTHBHO B~8JIJIT:O 6Jxa'ropo~e M8TaJIJIH I! pe
HHi 11S o6pa~OB CBMHX pa3J[}l'IUIHX TJIIIOB MB.CCOI ~0 50 r 11 onpe,n;ElJIJiTI> IIIX. 

B aaKXID'leHne aBTOpH ~ 6Jiaro~apHOCTb ~eMHKy r.H.O~epoBy' 
n qneHY-KOppecrro~eHTY AH qccp M.M.3sape sa rrocToJIHHI:lH UHTepec 11 
rro~esHI:le COB9T!:l 1 ID.C.KopOTRHHY H C.H.~TpReBy sa rrpe~OCTaBneHHe 
HeKOTOpllX o6pa3n0B H 06C~8HII8 pesy.JibTaTOB. 
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4y6ypKOB ~.T. HAP· 
fa30XHMH4eCKOe KOH~eHTpHpOBaHHe 6naropOAH~X MeTannoB 
AflR onpeAeneHHR HX COAeP*aHHR B npHpOAH~X MaTepHanax 

18-88-616 

H3y4eHO KOH~eHTpHpoaaHHe 6narOPOAH~X MeTannoa H3 nopOA pa3flH4H~X THnOB 
/cynb~HAH~e PYA~, XPOMHT~, rap~6yprHT~, *ene30MapraH~eB~e KOHKpe~HH H AP./ 
nyTeM XHMH4eCKOH B03rOHKH B noTOK~ B03AYXa npH TeMnepaType 1000 712QQ°C. 
HaHAeHo, 4To cTeneHb aoaroHKH Au, Pt, Jr, Ru, Os H Re cy~ecTaeHHo yaenH4HBa
eTCR npH aHeceHHH e o6paa~~ A06aaoK FeCI 2 , Ti02 H Nb205 , Mano 3aBHCHT aT THna 
nOPOA~ H COCTaBnReT OT 60 AO 98%. Pa3pa6oTaHHaR MeTOAHKa no3BOflReT onpeAeflRTb 
coAeP*aHHe 6naropoAH~x MeTannoa a o6pa3~ax 6onbWOH Mace~ lAo 50 r/, HMe~HX 
WHPOKHH AHana30H KOH~eHTpa~HH onpeAenReM~X· 3fleMeHTOB. npeABapHTeflbHOe KOH~eH
TPHPOBaHHe C HCnOnb30BaHHeM y- H n-aKTHBa~~iH Ha MHKPOTPOHe n03BOflReT A0CTH4b 
npeAenna o6Hapy*eHHR AflR Pt H lr - 3·10-~, a AnR Au - 4·10- 3 r/T. npH Hcnonb-
3oaaHHH peHTreH~nyopec~eHTHoro aHanH3a npeAen o6Hapy*eHHR 3THX aneMeHTOB 
COCTaBnReT 0,4 r/T. 

Pa6o~ a~nonHeHa a fla6opaTopHH RAepH~x peaK~HH OH~H. 

IlpenpHHT 061oeAHHeHHOr'O IDICTHTyTB ftAepHbiX HCcne,nosBHIIA . .lly6Ha.1988 

nepeaoA aaTopoe 

Chuburkov Yu.T. et al. 
The Gas-Chemical Concentration of Noble Metals 
for Their Determination in Terrestrial Samples 

18-88-616 

The possibility of concentrating noble metals from terrestrial samples 
of various composition /e.g. sulfide ores, chromites, garzburgites, ferro
ma~ganese nodules, etc./ by chemical sublimation in an air stream at a tem
perature of 1000-1200°C was investigated. It was found that the chemical 
yields of Au, Pt, lr, Ru, Os andRe for all samples were increased introdu
cing the solid additives FeCI 2 , Ti0 2 and Nb2 05 • The present technique of 
concentration provides the possibility of determining some noble metals in 
massive sample~/up to,SO g/ with the videly ranging contents of these 
elements. By using gamma and neutrQP activation on a microtron, the detec
tion 1 imits for Pt and lr were set at 3·10- 2 ppm and 4·10- 3 ppm for Au. 
In the case of using X-ray fluorescence analysis the detec~ion 1 imit for 
these elements is 0.4 ppm. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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