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U111Y111 JIOepHI>IX UCCIIeOoeaHUU ,4y6Ha 

BBEJ(EHHE 

~eTo~ Henocpe~cTBeHHoro a~eneHHH At H3 o6nyqeH
HbiX MHWeHeii nyTeM npOCTOrO HarpeBaHHS BeD.teCTBa MHWeHH 
npHMeHsncs B TeqeHHe 30 neT H cTan o6LiqHoii XHMHqecKoii 
npone~ypoii lt-7 ~ 06nyqeHHaJI MHWeHi. qacTo co~ep)I(HT H 
.u;pyrue neTyque npo~yKTLI s~epHLIX peaKI{Hii, HanpHMep, 
J H Hg, Dpu TepMoxpoMaTorpaliJuqecKoM paJ~eneHHH neTyqux 
npo~yKTOB B · noToKe ao~opo~a ranoreHLI ocam~aroTcs,, 
BepOSTHO, B 4JopMe rH~pH~OB 'BMeCTe CO PTYTLIO npH KOM· 
HaTHoii. TeMiiepaType 19 I, Dpu TepMoxpoMaTorpaliJupoaaHHH
B noToKe KHcnopo~a ~epuuuc IBI nonyqun cne~yrowue ~aH
HLie o TeMnepaTypax oca)l(~eHHH! 

llg = 45°C; J :... 100 oc; ·· At- l00°C, 
T. e. B 3TH X· ycnoausx TepMoxpoMa TorpaliJuqe cKoe pa3~ene-
HHe J H At HeocywecTBHMo. .. 

l(enLIO HaCTOSII{eii pa60Tbi SBHnCS no~6op TaKHX CBOHCTB 
pa3~enHTenLHOH KOnOHKH, KOTOpLie o6ecneqHnH 6LI TepMO·. 
rpoMaTorpaliJuqecKoe paJ~eneHHe HaJBaHHbiX 3neMeHTOB. 

B pa6oTe 19 I 6Lino Haii~eHo, qyo cy~~.tecTayeT Koppensnus 
Me)l(~y CTaH~apTHOH 3HTanLnHeii ra3006pa3HbiX·3neMeHTOB 
B MOH<YaTOMapHOM COCTOSHHH/CTaH~apTHOH TennOTOH cy6-
nHMai{HH/ H HX TeMnepaTypoii OCa)I(,D;eHHS Ha TeMnepaTypHOM 
rpa~HeHTe. 

Ha OCHOBaHHH ~aHHbiX ma6A. ·J ~g ~H29a( I') MOHOBT 
TepMoxpoMaTorpaliJuqecKoe paJ~eneHHe ~aHHLIX 3neMeHTOB 
Ka)l(eTcs B03MO)I(HbiM. DpaKTuqecKHe Tpy~ilocTH npu 3TOM 
COCTOST B y~ep)I(HBaHHH KOMllOHeHTOB B 3neMeHTapHOM 
COCTOSHHH. KpoMe TOro, TaKaS MeTOMKa ~OnmHa npHBeCTH 

. K Manoii 34J4leKTHBHOCTH pa3~eneHHS. 
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Ta6JIH~a 1 
TepMo~HHaMH'Iecxag xapaKTepHCTHKa ranoreHoB H Hg 

H HX: coe~HHeHHii c Ag H o. 

X AH;.xJAH;,..~~,AH;,.A.,X<tJ AH~::A9Xcr.J AH;,.A,x,J-. 
RKa.n/MO.lll> 

t +19[12) ·-- -' -- '- - --
ce +29[!2]- .;.so. 37 (Is] - +23,2 [12] -73,8 [121 +53,6 

Bl" +27[I2] -23,99[I3] +29,0 [12] -66,0 [12) +53,0 

3' +25,5[12) -I4,78Cl3] +33,0 [!2] -60,5 [12)' --, ,+47,8 

Jll +22,5[12] ' (;..2,0) (+4!) __ (-49) (+43) 

Hg +14,7[!2] -Q,081(I4] - - -
500<1< -

AH;_X~ _ Af\AOh} AH;,,xo,~1 -
--.,.$ .·~-

X RKa.n/MOJU, 

ce - +24,2(13] -64,33[!6] 

e,,.. - +30,1(!3] -56,2 [16] 
' . -~ . 

:::J - +40,0[I5l_ -45,0 [~6] 

.A f. - (+52,5 ) (-29,5) . 

Hg -21,7[!3 . - -

:;\ 
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; 
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3~eKTHBHOCTL pa3~eneHHB ~OIDKHayBeJIH'IHTLCB, eCJIH 
B Ka'leCTBe CTa~HOHapHOH 4!a3LIHCITOJIL30B~TL KaKoii-JIH60 
MaTepHaJI, o6pa3YIOIIUIH onpe~eJieHHLie coe~HHeHHB C MHKpo-
3JieMeHTOM, TepMH'IecKaB ycTOii'IHBOCTL KOTopLI'x MeHBeTcB 
c H3MeHeHHeM ·TeMnepa Typw. HaH6onee no~xo~g~eii cTaiUIO
HapHOH 4la3oii B ~aHHOM CJiyqae BWUeTCB, no-_BH~HMOMy,: 
cepe~po. fipH HCITOJIL30BaHHH B Ka'leCTBe ra3a·HOCHTeJig 
B03~yxa o6pa30BaHHe JieTy'IHX rH6pH~OB HCKJIIO'IeHO. 

3KCIIEPHMEHT AJihHAJI tJACTh 
IlpuzomoeAeHue o6paaija • 

300 MZ U 3 o8 
o6nyqaJIHCL Ha~y6HeHcKoM-cHHXPOIUIKJio

TpoHe npo-roHaMH c 3HeprHeii 560 MaB /¢~=2x10 14 
/. 

Bw~eneHHe - cyMMLI neTy~Hx npo~yKTOB g~epHLIJ( pea~Hii 
H3 OKHCH ypaHa npOBO~HJIOCL nocpe~CTBOM OKHCJIHTeJILHO
BOCCTaHOBHTeJILHLIX ~HKJIOB /15~ 

llpH TepMOXpOMaTOrpa4!H'IeCKOM pa3~eJieHHH 3TOH CMeCH 
B llOTOKe BO~Opo~a 3JieMeHTLI C ITOpH~KOBLIMH HOMepaMH 
Z =30-84 cop6HpoBanHcL Ha KBap~eBoii xonoHKe/9 I B .To 

. - ' 
BpeMB KaK J , At H Hg ynaBJIHBaJIHCL Ha Bwxo~e H3 KOJIOHKH, 
Ky~a npe~BapHTeJILHO BCTaBJIBJiaCL. cepe6pBHaB 4!0JILra. 

TepMoxpoMamozpa(fiu'lecKaJI KOAOHKa c Ag - HacaoKoii _ 

B KaqecTBe KOJIOHKH ~JIB pa3~eneHHB J , At H Hg. Hc
noJIL3oBanacL KBap~e:Bag Tpy6Ka cne~YIDIIUIX pa3MepoB: 

£ = 60 CM, d = 2,5 MM. Haca~Ka COCTOBJia,JI3 KBap~eBoro 
nopOWKa /rJ =200 MKM/ C HaHeceHHLIM Ha ero llOBepXHOC~L 
cepe6poM. Cepe6po HaHOCHJIOCL nyTeM cMa'IHBaHHB noBepx
HOCTH KBap~eBoro nopOWKa paCTBOpOM AgN03H ITOCJie~yiO
~HM llO~CYIIIHBaHHeM H npoKaJIHBaHHeM nopoWKa Ha B03~yxe 
npu t = 800°C. KoJIH'IeCTBO AgN03 ~JIB o~oii KOJIOHKH 
paBHO ""100 MZ. 

Ilpoijecc paaoeAeHUJI 

Pa3~eJIBeMLie 3neMeHTLI 6LIJIH BHeCeHLI B KOJIOHKY Ha 
- Ag ""41.onLre. Ha puc. 1 npe~cTaBJieHo pacnpe~eneHHe TeM-
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nepaTypLI BAOJIL· KOnOHKH; BCTaBJieHHOH. B 3neKTpH'ieCKyiD 
Tpy6'!-laTyro ne'iL. B Ka'ieCTBe ra3a:HOCHTens HcnonL3oaancH 
ocyweHHLI!i- a H 2S04 ao3Ayx; pacX()A ..: 20 M.li/MUH. Pa3Ae
neHHe npOAOn)l(aJIOCL B Te'ieHHe 1 t~aca. 

Pe3yAbmamM u o6cyxoeHuil 

,D;m1 onpeAeneHHH pacnpeAeneHHH aKTHBHOCTH KOnOHKa 
pa3AeJIHnaCL · Ha OTpe3KH AnHHOH 1 CM H H3MepHnHCL y -
cneKTPLI oT.IienLHLIX o6pa3~oa. lianaHc cocT~mnsncs no H3o-
TOnaM J-123,At-210 H Hg-193 m. 

.. 0AHH H3 DpHMepOB pacnpeAeneHHH aKTHBHOCTH npeACTaB-
neH Ha puc. J, H3 KOTOporo BHAHa 3r!ldJe~THBHOCTL pa3AeneHHH' 
no 3TOMY MeTOAY. 

Pe3ynLTaTLI H3MepeHHH npeACTaaneHLI a ma611. 2. · 

Ta6nH~a2 
TeMnepaTypLI oca)I(AeHHH · .J ,· At H · II g Ha KonoHKe c 

Ag-HacaAKOH 

3neMeHT TeMnepaTypa · llonylllHpHHa 
OCa)I(AeHHH [° C ] llHKOB r 0 ,C 1 

J 930±20 ., 30±5. 
At 360±30 20±5 
llg 190±20 20±5 ,,. 

~, .. 

B Ta6n. 1 npeACTaBJieHLI OTHOCHmHeCH CJOAa 3Ha'ieHHH 
TepMOAHHaMH'ieCKHX aeJIH'iHH. 3ila'ieHHH L\ 11298 Ag At (r) , 
L\11°298 AgAt (Ts) H 611'298 AgAt (r) ·jcTaHAapTHaH 
TennoTa o6pa3oBaHHH_ ra3oo6pa3Horo AgAt H3 ra3oo6pl)-3:-
HbiX MOHOaTOMHhiX .3JieMeHTOB/ HaHAeHhl nyTeM 3KCTpano~ 
ns~HH ·· 3THX aenH'iHH AJIH ranoreiioa I puc. 2;. 3Ha'ieHHe 
6H 0

298 A gAt ( c~6n.) pacc>iHTaHo TaK)I(eH3 3KCTpanons~HoH-
HbiX .. BeJIR'lHH. 3Ha'ieHHe 6H 0

298 _ ~Bbl'iHCJIHJIOCb H3 COOTHO-
WeHHH: · 

MI298 AgAt(r)=6H298 Ag(r)+6H298 At(r) +6H*298 ~gAt(r), 
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a 3KCTpanomn~ux f1H298 AgAt (cy6n~) no.u;Taep)K)J;aeTxore
peuTHOCTL 3KCTpanonHpOBaHHLIX ,IJ;aHHLIX~ 

H3 'PHC. 2 H Ta6n. 1 MO)KJIO c.u;enaTL cne.u;yrolllHe xa-. 
'leCTBeHHLie OU:eHKH: . 

1. JleTy'leCTL 3neMeHTOB yBenH'IHBaeTCJI B pg,ny J , 
At , Hg / H0298 X(2) MOHOaTOM/; 

2. YcToii'IHBOCTL coe.nuueuuii. c Ag(f!lJ0298 AgX TB. ) B 
TBep,noM cocTOJIHHH yMeHLmaeTcx B .PMY J , At , Hg • 

·· 3. YcToii'IHBOCTL ranoreuu.noa · B ra3oBoii 41it3e 
(t1H2

98 
AgX r.) H t1H*z98 AgXr(2) - /B cnyqae MOHOaTo-

MapHLIX HCXO,IJ;HLIX -npo,nyKTOB/ yMeHLmaeTCJI. 
4. JleTy'leCTL ra:noreuu,noB cepe6pa c yaenuqeuueM 

nopx.nxoaoro uoMepa ranoreua yaenuquaaeTCJI. 
5. 3neMeHTLI JIBnJIIOTCJI 6onee neTy'IHMH,. 'leM HX coe

,IJ;HHeHHJI c cepe6poM. 
6. YcTOH'IHBOCT:b xucnopo.noco.nep)l{B.lllHX coe.nuueuuii · 

Tuna XO B ra3oaoii !lla3e (f1H 0
298 XO r ) - B cnyqae 

MonexynxpHLix ucxo,nliLix 3neMeHTOB H t1 H ~98 XO ( r) 
B cnyqae MOHOaTOMapHLIX HCXO,IJ;HLIX 3neMeHTOB, C yaenuqe
uueM nopx.nxoaoro uoMepa-ranoreua yMeHLmaeTcx. Coe.nu- · 
ueuux XO xanxroTcx Menee ycToii'IHBLIMH, 'leM cooTBeT-
CTBYIOIU:He coe.nunenux Ag. . 

7. B o6nacTH TeMnepaTypLI oca>K,nenux Hg; aepoJITHo, 
pearupyeT c xucnopo,noM. 

. Ou:enHTL B3aHMo.neiicTBHe coe.nunenuii MHKpoxoMnoneuTa 
C H36LITKOM cepe6pa H3- 3a He,IJ;OCTaTKa ,naHHLIX HeB03MO)I(
HO. H3 npuae.ziennLix aLime yTaep)l(,nenuii au.nuo, 'ITO pa3-
.nenenue xanxeTcx cyMMapHLIM 3!ll!lleKTOM necxonLKHX pa3-
.nenuTenLHLIX !lJaKTOpOB. 

BhiBOAhl 

1. Pa3,nenenue J , At H Hg B03MO)KJIO npu ucnonL30Ba
HHH cepe6pa B xaqecTae_naca.nxu nyTeM ux TepMoxpoMa-· 
TOrpa!lJHpOBaHHJI B fiOTOKe B03,nyxa. IlpH 3TOM ,IJ;OCTHraeTCJI 
KOllH'IeCTBeHHOe pa3,neneHHe. 6e 3HOCHTenLHLIX KOnH'IeCTB 
J u At, 'ITO IIaxo.i:uiT~JI a cooTBeTCTBHH c TepMo.nuJiaMH'Iec
KHMH napaMeTpaMH, naii,neHHLIMH .u;nx At nyTeM 3KCTpano
nxu:uu. 
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2. 3~eKT pa3~eneHHg, oqeB~HO,_ OCHOBMBaeTcg Ha 
pa3nHqHOH TepMHqecKOH ycTOHqHBOCTH coe~HHeHHHMHKpo
KOMllOHeHTa CO CTaW{OHapHOH cila30H ( Ag).MHKpOKOMllOHeHTLI 
B TeqeHHe TpaucnopTa ra30BOH cila3LI HaXO~JITCg, BepogTHO, 
B 3neMeHTapHOM COCTOgHHH. 

3. Pa3~eneHHe nerKHX ranoreHH~ouno onHcaHHOHMeTo
~HKe, no-BH~HMOMy, HeB03MO:lKHO. IlOBbiDieHHe TeMnepaTy
pLI CTapTOBOrO yqaCTKa npHBO~T K nogBneHHIO CTaUHOHap-

HOH clla3LI. 
4. IIonyqeuuLie ~aHHLie yxa3LIBaroT ua npHHW~nHanLHyro 

B03MO>KHOCTL pa3p;eneuHg J , At H Hg B pe>KHMe "ou-naiu" 
ua nyqxe ycxopHTeng. 

ABTOpLI 6naro~apHLI axa~eMHKY r .H.4>nepoBy 3a HH
Tepec K pa6oTe, qneuy-xoppecnou~eHTY AH liCCP H.3sa
pe 3a ueuuLie 3aMeqauHg npH npocMoTpe pyxonHCH, a 1-aK>Ke 
r .liaHepy 3a npoBe~eHHe o6nyqeHHH. 
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