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Azum6sw M. B Ap. P12 - 10584 
Yneryq&saHBe H3 pacnnasa aonora B repMoxpoMarorpa~&qecKoe 
p83AeneH&e OKHCnOB YnbTp8MHKpOKonHqeCTB peHHH H OCMHH DpH 
HH3KHX ,~:~asneHHHX KHcnopo,~:~co,~:~ep~amax raaos 

HayqeHO yneryqHB8HHe ynbTp8MHKpOKOnHqeCTB peHHH H OCMHH B3 
pacnnasa Merann&qec&oro aonora, o6nyqeHaoro nporoHaMH c saeprsei 
660 MsB, H nocne.QyJOwee ax raaorepMoxpoMarorpatpBqec&oe paa.QeneH&e.Hccne· 
.QOB8HO BnBHHBe M8Tep&ana KOHTeiHepa .QnH MHWeHB H TepMOXpOM8TOrpa-
41aqeCKOi KOnOHKH (KB8~1l, ~p+op), COCT8B8 H .Q8Bn9HBH r.a30B ( 0 2 , 
napbl BOAbl; 10-2

- 10- Top), speMeHB yneryqHsaH&H. 
Ha OCHOB8HHH nonyqeHRblX .Q8HHhlX npe.QnaraeTCH HCDOnb30B8Tb 

repMoxpoMarorpa~aqecKyJO KOnOHKy, coe.QHHHJOWYJO MRWeHb (pacnnas 
aonora) c nnaaMeHHbiMH &croqHHK8MH Macc-cenaparopa .Qn!l HenpepbiBHoro 
nonyqeHH!I KOpOTKO~HBYlllHX &aoronos Re an& Os Ha ISOL -ycraHOBKax. 

Pa6ora B.biDOnHeHa B na6oparopHH !I.QepHblX npo6neM OH.RH. 

Opeapaar Otn.e.llllaeaaoro aacraryra ••epaw.ll acc.lle.loll&881. Jly6aa 1977 

Adilbish M. et al. Pl2 - 10584 
Evaporation from the Gold Melt and 
Thermochromatographic Separation of Oxides of Re 
and Os Ultra-Micro A•ount at Low Pressure 
of Oxygen-Containing Gases •\·\ 

The processes of evaporation of Re and Osultra-micro 
amount from the melt of metallic gold, bombarded with the 
660 MeV protons, and of the gas-thermochromatographic se
paration of these oxides are studied. There were studied 
also the effects of the target container material and that 
of thermochromatographic column (quartz, porcelain) as 
well as of the composition and the pressure of gases (0 2 , 
water vapours, lo-2 - lo-3Torr) and of the evaporation time. 

Basing on the data obtained it is suggested to use the 
thermochromatographic column that connects the target 
(gold melt) with plasma sources of mass-separator for 
continuous production of short-lived Re or Os isotopes in 
ISOL-facilities. 

Preprint of tbe Joint Institute for Nuclear Research. Dubaa lt'l'l 
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Hccne~osaHBB kopoTKO*BB~Bx HyknB~OB, 3HaqaTenL
HO y~aneHHWX OT nonocw ~-cTa6anLHOCTB, Haa6onee yc
newHo npOBO~BTCB B HaCTOB~~tee BpeMB Ha Tak Ha3WBaeMWX 
ISOL* -ycTaHOBkax, o6ecneqasaiOIItBX pa3~eneuae cno*
HWX cMeceii npo~ykTOB B~epHwx peaKnaii no Z a A. He
nonL3YB TakBe yCTaHOBkB, B3yqanB rnaBHLIM o6pa30M 
B30TOnW OTHOCBTenLHO nerkoneTyqBx 3neMeHTOB /6naro
pO~HWe ra3w, ranoreHw, ~~tenoqHwe 3neMeHTLI, Zn , Cd , 
Hg B ~p./, B3BneqeHBe kOTOpWX B3 MBWeHB B TpaHcnop
TBPOBka ~0 BOHHOrO BCTOqHBka B BakyyMe npoBCXO~BT 

cpaBHBTenLHO 6wcTpo B cenekTBBHO npa TeMnepaTypax 
~o -1000° C. CenekTBBHOCTL a 3TBX cnyqaBx ~ocTHranacL 
3a cqeT pa3nBqBB B TeMnepaTypaX MBWeHB, TpaucnopTHWX 
Tpy60k B BOHHOrO BCTOqHBka, TO eCTL HeBOnLHO C03~asa
nBCL ycnoBBB TepMoxpoMaTorpacllaqeckoro /TX/ pa3~ene
HHB HyknB~os no Z. Bo3MO*HOCTB npaMeHeHBB MeTo~a 
TX-pa3~eneHBii B saKyyMe Ha ISOL -ycTaHOBkax ~ocTa
Toqao nonHo accne~osanacL noka qTo nawL a pa6oTax /1-4/. 

~nB nonyqeHBB B B3yqeHBB kOpOTkO*BBYIItBX B30TOnOB 
6onee TPY~HoneTyqax 3neMeHTOB /HanpaMep, ~~tenoq~o-
3eMenLHLIX B pe~k03eMenLHwx/ Tpe6yeTcB Y*e cy~~tecT
seHHoe ysenaqeHBe TeMnepaTypw, qTo o~HospeMeHHO npa
so~BT k CHB*eHBIO cenekTHBHOCTH BLI~eneHBB 3neMeHTOB. 
B pa6oTe 13/ 6wno noKa3aHo, qTo ~a>Ke npa 3kCTpeManLHO 
BWCOkBX TeMnepaTypax BOHHOrO BCTOqHBka nosepXHOCTHO
BOHB3anBOHHOrO TBna C 3aknroqeHHOB B HeM MBWeHLIO /5/ 
HenL3B nonyqa TL c xopowBM swxo~oM B30Tonw Gd B Lu c 
T ~ 1 MUH, a B30Tonw Zr B Hf c T*.5 30 MUH. BwcokaB 

*ISOL - Isotope Separator On-Line. 
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3HeprHR a~cop6UHH 14-6 3BI nepeXO~HMX 3neMeHTOB loT 
Zr ~o Pd H HX aHanorosl Ha nosepxHOCTH TyronnaBKHX 
MeTannoB, RBnRIOIUHXCR OCHOBHMMH KOHCTPYKUHOHHMMH Ma
TepHanaMH CHCTeMbl MHWeHb - HOHHbiH HCTO"'HHK, He no-
3BOnReT Ha~eRTbCR Ha 6biCTpoe nony"'eHHe KOpOTKO~HBy
mHX H30TOnOB 3THX 3neMeHTOB. ll03TOMY y>Ke ~aBHO H3yqa
eTCR noBe~eHHe MHOrO"'HCneHHMX nerKoneTy"'HX XHMH"'eCKHX 
COe~HHeHHH ynbTpaMHKpOKOnH"'eCTB 3THX 3neMeHTOB lra
noreHH~OB, OKHCeH, OKCHranoreHHAOB H T.n.l. K HaCTOR
meMy BpeMeHH npose~eHM HCCne~OBaHHR yneTy"'HBaHHR B 
BaKyyMe HeKOTOpbiX TaKHX COe~HHeHHH H3 MHWeHeH HnH 

ynasnHBaTenei (catcher) pa3nH"'Horo XHMH"'ecKoro co
cTasa/6-9/, lloKa3aHO, O~HaKO, "'TO TpaHcnopTHpOBKa HX 
B saKyyMe KpaiHe 3aMe~neHa H ~ns ee ycKopeHHX Tpe-
6yeTcx He 3Ha"'HTenLHoe ~o6asneHHe ra3a- HOCHTenR HnH 

ra3a-peareHTa/IO/,B CBR3H C 3THM Ka>KeTCB pa3yMHbiM 
TmaTenLHoe Hccne~oBaHHe nepcneKTHBHoro H xopowo H3-
secTHoro B pa~HOXHMH"'eCKOH npaKTHKe MeTo~a ra30BOH 
TepMOXpOMaTorpacllHH lrTXI /Il1JpH noHH>KeHHMX ~aBne
HHRX, TO eCTb B ycnOBHRX, n03BOnXIDmHX 06'Le~HHHTb 

~OCTOHHCTBa MeTO~OB rTX H Macc-cenapHpOB8HHR Ha 
ISOL -ycTaHoBKax. 

B npe~bi~YmHx HaUIBX pa6oTax 6blno noKa3aHo, "'TO 
B aTMOCcllepe KHCnopo~a, napoB BO~bl H BX CMeCH npOHCXO~HT 
o6pa30BaHHe H yneTy"'HBaHHe OKHCHbiX COe~HHeHHH pa~HO
aKTHBHbiX cnanoreHHbiX npo~yKTOB - W , Re , Os , Ir a 

Hg - H3 pacnnasa o6ny"'eHHoro 3onoTa, a TaK>Ke nocne~yiO
mee 3cWleKTHBHOe rTX- pa3~eneHHe 3THX 3neMeHTOB / 12/. 

llony"'eHHble pe3ynLTaTbl H aHanH3 senH"'HH H3o6apHo
H30TepMH"'ecKHX noTeHUHanoB o6pa30BaHHR KHCnopo~HbiX 

coe~HHeHHi W , Re , Os H Ir /13/ no3sons10T c~enaTL 
BbiBO~ 0 TOM, "'TO yneTy"'HBaHHe ynLTpaMHKpOKOnH"'eCTB 
oT~enLHbiX 3neMeHTOB H3 pacnnasa o6ny"'eHHoro 3onoTa 
~On>KHO CHnbHO 3aBHCeTb KaK OT napnHanLHOrO ~asneHHR, 
TaK H OT COCTaBa ra3a. 

HacToRmas pa6oTa nocsxmeHa H3y"'eHHID yneTy"'HBaHHB 
ynLTpaMHKpoKonH"'eCTB Re H Os H3 pacnnasa o6nyqeHHoro 
30nOTa H rTX-pa3~eneHHR HX npH HH3KHX ~asneHHBX 
KHcnopo~co~ep~amHx ra3oB. llpose~eHHoe Hccne~oBaHHe 
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npe~cTasnxeT co6oi nepBbiH 3Tan B nnaHe pa3pa6oTKH 
nO~XO~smei MHWeHH An.H nonyqeHHR KOpOTKO>KHBYmHX H30-
TODOB Re H Os Ha ISOL -ycTaHOBKax . .liblno Hccne~o
BaHo BnHXHHe pg~a cllaKTOpOB, a HMeHHO: MaTepHana KOH
TeBHepa ~nR MHWeHH H TepMOXpOMaTorpacllH"'eCKOH KOnOH
KH ITXKI, COCTaBa H ~aBneHHB ra30B - Ha H3Bne"'eHHe H3 
pacnnasa 3onoTa OKHcnos Re H Os H nepeHoc HX no TXK. 

3KcnepuMeHmaAbHa.R -.acmb 

MeTannH"'eCKoe 3onoTo 199,9990/ol B BH~e cllonLrH Ton
mHHOH 0,1 MM o6nyqanocL Ha CHHXPOUHKnoTpoHe OH.HH 
BHyTpeHHHM ny"'KOM npoTOHOB c 3Hepraei 660 M3B B 
Te"'eHHe o~Horo-~syx qacos. llocne o6ny"'eHHB 3onoTo 
Bbl~ep>KHBanOCb OKOnO MeCBUa, H H~eHTHcllHKaUHS noBe~eHHR 
cnanoreHHbiX npo~yKTOB - peHHR H OCMHB - npOBO~HnaCb 

no noBeAeHHIO Hx ~onro>KHBYmHx H3oTonos 183 Re I T lh = 
= 71 OH , E y = 162 K3BI H 

1850s I T,lh = 94 OH, 
Ey = 646 K3BI. 

YneTy"'HBaHBe pa~HoaKTHBHbiX npo~yKTOB H3 pacnnasa 
o6ny"'eHHoro 3onoTa npH HH3KOM ~asneHHB ra30B H3y"'anocb 
Ha ycTaHOBKe I puc. 11, KOHCTPYKUHB KOTopoi no3Bon.ana 
TO"'HO cllHKCHpOBaTb BpeMB npe6biBaHHB 30nOTa B 30He 
Harpesa npH BbiCOKOH TeMnepaType. CMeHBeMble OT OnbiTa 
K onbiTY TXK 11 I npe~cTaBnRnB co6oi xsapnesble HnH 

cllapcllopOBble Tpy6KH C BHyTpeHHHM ,IJ;HaMeTpOM -4 MM H 
~nHHoi- 400 MM. MaTepHan TBrnR 1101 ~ns nnasneHHB 
30JIOTa C pa3MepaMH dBHyTp.= 2 MM, h = 8 MM 6bln 
TaKHM ~e, KaK H MaTepHan KOnOHKH B Ka)I(AOM OT~enbHOM 
3KCnepHMeHTe. JIBnBJCb yCTOH"'HBbiMH OKHCHbiMH coe~HHe
HHBMH, 3TH MaTepHanbl He B3aBMO~eHCTBOBanH HH C HC
nonL3yeMbiMH ra3aMH-peareHTaMH, HH c semecTBOM MHwe
HH - 30nOTOM. 

,lJ;nR y~aneHHB B03MO~HbiX llOBepXHOCTHbiX 3arpB3HeHHH 
THrJIB H KOnOHKH Bbl~ep>KHBanHCb B Te"'eHHe CYTOK B 
KOHU. HNO 3 , npoMbiBanHcb ~BCTHmmposaHHOH so~oi H 
BbiCYWHBanHcb npB 500° C. Pacnpe~eneHHe TeMnepaTypw 
B,IJ,Onb TXK, noKa3aHHoe Ha puc. 3 H 4 H H3MepeHHOe 
Pt-Pt <Rh) -TepMonapoi:, co3~asanocL c noMomLID 3neKT-
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Puc. 1. CxeMa ycmaHoaKu OA.R u3y'ieHu.R npo11ecca 603ZOH
KU Aemy'iUX OKUCA06 Re u Os U3 pacnAaaa o6Ay'ieHHOZo 
30A01ila. 1 - o6Ay'ieHHa.R Au- fPOAbza; 2 - JKeAe3Hbui wapuK-
3amaop; 3 - Ha6U6KQ U3 C1/leKA.RHHOU 6Q1/Iblj 4 - CijUH111UAA.R
IIUOHHbiU oemeKmop; 5 - caUHII06a.R 3UUIU111a; 6 - aHeWH.R.R 
f.Papf.Popoaa.R mpy6Ka; 7 - acmaaHa.R TXK; 8 u 9 - :JAeKmpo
ne'iu; 10 - muzeAb; 11 - wmoK; 12 - JICeAe3HbiU ynop; 
13 - MUZHU111; 14 - aa111a; 15 - UZOAb'iQ111biU 6eH111UAb. 
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puqecxux neqeii: 18,91. HcnapeHHe neryqux npo.nyxros 
H3 pacnnasa o6ny'leHHoro 3onora H3y'lanocL npu .nasneHHJIX 
ra3a-peareHTa lxucnopo.n HJIH napbl BO.Ilbll 10-3- 1o-2 Top , 
.IlJIJI qero nocne npe.nsapureJibHOro .nocTH)I(eHHJI B ycra
HOBKe saKyyMa nopJI.nxa 10-4 Top 11epe3 uroJib'laTbiB 
BeHTHJib I 151 HanycxancJI cooTBeTCTBYIOII.\HB ra3. 

3KcnepHMeHTbl npOBO,IlHJIHCb CJie,IlyiOil{HM o6pa30M. 06-
pa3el{ o6ny'leHHoro 30JioTa I 11 IS- 20 M zl noMell{aJICJI 
B BepXHIOIO 'laCTb ycTaHOBKH - y3eJI c6poca MHWeHH. IlOCJie 
ycTaHOBJieHHJI HY)I(Horo pe)I(HMa TeMneparypbl u .nasneHHJI 
30JIOTO c6paCbiBaJIOCb B THreJib 1101, ,IlJIJI 'lero MeTaJIJIH
'IeCKHH wapHK 121, 3aKpbiBaiOII.{HH BXO.Il B Tpy6'1aTyJO 'laCTb 
ycTaHOBKH, nepeMell{aJICJI BBepx C llOMOII.{biO MarHHTa, llO,Il
BO,IlHMOrO C BHeWHeB CTOpOHbl. Ilona,IlaJI B THreJib 
I 1330±20° Cl, pacnono)l(eHHbiB B 30He Harpe sa, 30JIOTO 
nnasunocL, H o6pa3yiOII.{HeCJI neryque coe.nuHeHHJI ucna
PJIJIHCb H nocrynanu B TXK. BpeMJI so3rOHKH MeHJIJIOCb 
OT 0,5 ,IlO 10 MUH. Ilocne OKOH'IaHHJI B03rOHKH MarHHT 
1131, y.nep)I(HBaiOil{HB THreJib B 30He HarpeBa C llOMOII.{blO 

)l(eJie3Horo ynopa 1121 H ~ap~oposoro wroxa 1111, orso
.nuncJI B CTOPOHY, H THreJib na.nan BHH3, B XOJIO.IlHYIO 'laCTb 
ycraHOBKH. O.nHospeMeHHO BbiKJIJO'IaJIHCb ne'IH H 3aKpb1Ban
CJI uroJIL'IaTbiB BeHTHJib no.na'IH ra3a. TaKaJI KOHCTPYKUHJI 
ycTaHOBKH ll03BOJIJIJia H3BJieKaTb 30JIOTO H3 BbiCOKOTeMne
paTypHOH 'laCTH 3a ,IlOJIH ceKyH,Ilbl H onpe.neJIJITb BpeMJI 
llJiaBJieHHJI 30JIOTOB ~OJibrH, KOTOpoe OKa3aJIOCb MeHbWe 
.nsyx cexyH.n ,IlJIJI 10 MZ. qacTb sepxHero y3na c6poca 
MHWeHH, 3allOJIHeHHaJI CTeKJIJIHHOB BaTOR 131 C HaHeCeH
HOH Ha Hee BaKYYMHOH CMa3KOB, CJIY)I(HJia ,IlJIJI yJiaBJIHBa
HHJI TeX JieTy'IHX llpO.IlYKTOB, KOTOpble He OCa)I(,IlaJIHCb Ha 
creHKax TXK. HaxannusaJOil{aJICJI 3.necb pa.nuoaKTHBHOCTb 
perHCTpHpOBaJiaCb Cl{HHTHJIJIJII.{HOHHbiM ,IleTeKTOpOM 141, 
COe,IlHHeHHbiM C CaMOllHCI.{eM. IlocJie OKOH'IaHHJI B03rOHKH 
ycraHOBKa oxJia)l(.nanacb .no -100° C ,IlJIJI roro, 'IT06bl 
npu ee pa36opxe c u;enLJO H3BJie'leHHJI TXK He npoucxo
.nuno CMell{eHHe a.ncop6u;HOHHbiX 30H llOTOKOM HanycKae

MOrO B03,Ilyxa. 
IloJIO)I(eHue 30H oca)l(.neHHJI Re H Os Ha nosepxHoCTH 

TXK onpe.nenJIJIOCb raMMa- cnexrpoMeTpuqecKH. )J;nJI :noro 
pa,IlHOaKTHBHOCTb OT,IleJibHbiX 'laCTeB KOJIOHKH I.IlJIHHOB no 
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1 CMI, CTeKJIJIHHOH BaTLI H o6pa3UOB o6ny"'eHHOrO 30JIOTa 

,D;O H ITOCJie B03rOHKH H3MepJIJiaCL Ha y ·cneKTpOMeTpe 

C <:£ (Li)- ,D;eTeKTOpOM 136 CM,3 pa3peweHHe 2,0-2,5 K3BI. 
B HeKOTOpLIX OITLITaX o6pa3ULI 30JIOTa ITOCJie B03rOHKH 

no,D;aepranacL TpaaJieHHIO KOHU. HCl H pa,D;aoaKTHBHOCTL 

ITOJiy"'eHHLIX paCTBOpOB TaK:>Ke H3MepJIJiaCL Ha y·cneKTpO· 

MeTpe. AHaJIH3 nony"'eHHLIX raMMa-cneKTpoB npoBO,D;HJICJI 

Ha 3BM "MHHCK·2" C ITOMOillLIO nporpaMMLI aBTOMaTH· 

qecKOH o6pa6oTKH 3I10C -1/ 14/. 0wH6Ka onpe,D;eJieHHJI HH· 

TeHCHBHOCTH raMMa • JIHHHH COCTaBJIJIJia ±15%. IJony"'eHHLie 

3Ha"'eHHJI HHTeHCHBHOCTeH COOTBeTCTBYIOillHX JIHHHH C yqe • 

TOM nonpaaoK ua caMonornomeuue B o6pa3uax, MepTaoe 

BpeMJI H reOMeTpHIO H3MepeHHH HCllOJIL30BaJIHCL ,D;JIJI on

pe,D;eJieHHJI CTeneHH yneTy"'HBaHHJI peHHJI H OCMHJI H ,IJ;JIJI 

nocTpoeHHJI rHcTorpaMM pacnpe,D;eneHHJI ax B.D;OJIL TXK. 

Pe3ynLTaTLI noKa3aJIH, "'TO 6anaHc pa,D;HOaKTHBHOCTH Re H 

Os, H3MepeuuoB: B o6pa3:uax .D;O H nocne B03rOHKH, coana

,D;an B npe.D;enax OUJH6KH ±200/o. 

Pe3yAbmambt u o6cyJKOeHue 

Ha puc. 2 npe,D;cTaaneHLI pe3yJILTaTLI, xapaKTepH3yro

mue yneTyquaauue ' Re H Os H3 pacnnaaa o6nyqeuuoro 

30JIOTa npH llOHH:lKeHHOM ,IJ.aBJieHHH KHCJIOpO,D;a HJIH BO,!J;JIHbiX 

napoB I 1 o-3 ' 3x 1 o-3 H 1 o-2 Top I B 3aBHCHMOCTH OT 

apeMeHH. KaK H cne,D;oaano o:lKHJJ.aTL, cKopocTL yneTyqu

aaHHJI yJihTpaMHKpOKOJIH"'eCTB 3THX 3JieMeHTOB paCTeT C 

yaenuqeuueM ,D;aBneHHJI ra30B. BH.D;HO TaK:lKe, "'TO npH acex 

3KcnepaMeHTaJILHLIX ycnoBHJIX cKopocTL H3BJie"'eHHJI Os H3 

pacnnaaa 30JIOTa B ra30BYIO 4Ja3y MeHbUJe CKOpOCTH H3 • 

ane"'eHHJI Re. 3TH pe3yJILTaTLI cooTBeTCTBYIOT o6meB: Teu

,D;eHUHH llOCTeneHHOrO yBeJIH"'eHHJI H306apHO·H30TepMH· 

qecKoro noTeuuuana <'lG~ la3 pacqeTa ua O.D;HH rpaMM· 

aTOM KHCJIOpO,D;al B PJI.D.Y OKHCJIOB TJI:lKeJILIX MeTaJIJIOB OT 

Hf .D;O Pt1 13! 3Ta :lKe TeH,D;eHUHJI npoJIBJIJieTcJI B cne.D;yromeM. 

bOJILUJaJI "'aCTL 1>60%1 pa,D;HOaKTHBHLIX H30TOllOB pe,D;KO· 

JeMeJILHLIX 3JieMeHTOB H Hf o6uapy:>KHBaeTcJI B MaTepaaJie 

THrJIJI H B paCTBOpe llOCJie TpaBJieHHJI o6pa3UOB 30JIOTa. 
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B TO :>Ke apeMJI He Ha6mo,D;aJIOCL o6orameHHJI MaTepHaJia 

THrJIJI H pacTBopa pa,D;HOaKTHBHLIMH H3oTonaMH Ir a Pt . 
Haa6oJiee aepoJITHo, "'TO ynLTpaMHKpoxoJiaqecTBa pe.D;xo-
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Puc. 3. PacnpeOeAeHue Re u Os no OAUHe TXK 6 3a6ucu
Mocmu om 6peMeHu 603ZOHKU u Oa6AeHU.R napo6 600br. 
T= J330+20°C· o - Re · • - Os · JI - A06YWKa· 
:Au - ociiamoK Re u Os 6 3o_;ome nocAe '6o3ZOHKu; Mame: 
puaA TXK u muzA.R - ¢ap¢op /OA.R K6apija noAy~eHbJ aHa
AOZU~H&re pe3yA&mam&r/. 

3eMeJibHblX 3JieMeHTOB H raclJHHjl, o6pa3yjl OKHCH, KOHUeH· 

TPHPYIOTCjl Ha noaepxHoCTH pa3,nena pacnnaa-THrenL, Tor.na 

KaK Jr H Pt He OKHCJI.JIIOTC.JI H OCTaiOTCjl rOMOreHHOpac • 
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.. 

• 

npe.nerreHHLIMH B 30JIOTe. K co)KaJieHHIO, noae,neHHe yrrLTpa

MHKpOKOJIH'IeCTB BOJibclJpaMa, o6pa3y10mero JieTy'IHe KHCJIO· 

po,nHbie coe,nHHeHHjl, B HaCTOjlmeB: pa6oTe He H3y'laJIOCb 

H3·3a OTCYTCTBHjl B HCCJie,nyeMLIX o6pa3UaX 06Jiy'leHHOrO 

3orroTa no.nxo.njlmHx .nrrjl raMMa- cneKTpoMeTpH'IecKoro aHa

JIH3a pa,nHOaKTHBHblX H30TOnOB 3TOrO 3JieMeHTa. 

Ha puc. 3 H 4 noKa3aHo pacnpe.nerreHHe yrrLTpaMHKpo

KOJIH'IeCTB Re H Os no ,nrrHHe TXK npH oca)K,neHHH HX H3 

ra3oaoB: clJa3bi B HanpaarreHHH ,nBH)KeHHjl HanycKaeMoro ra-

3a. KpoMe HeKoTopoB: .norrH pa,nHoaKTHBHOCTH, o6Hapy)KH· 

aaeMoB: B rroaywKe I 11/, MO)KHO Bbl,neJIHTb TPH 30Hbl a.n

cop6UHH rreTy'IHX coe,nHHeHHB Re H Os Ha noaepxHOCTH TXK, 

UeHTpbl Tjl>KeCTH KOTOpbiX HaXO,nj}TCjl B npe,nerrax TeMnepa· 

Typ: 30Ha I -1150-900°C, 3oHa II - 650-450° C H 3o

Ha I I I - 150-50° C. B HanpaarreHHH npoTHB ,nBH)KeHHjl 

ra3a TaK>Ke npOHCXO,nHJI 'laCTH'IHblB nepeHOC JieTy'IHX coe

,nHHeHHB Re H Os, HO HX KOJIH'IeCTBO He npeaLiwarro 20~ 
oT yrreTy'IHBweB:cjl H3 30JIOTa .norrH 3THX 3JieMeHTOB. Pac

npe.nerreHHe Re H Os B 3TOB qacTH TXK Ha pHcyHKax He 

noKa3aHO, KOJIH'IeCTBO HX, O,nHaKO, Y'IHTblBaJIOCb B o6meM 

6arraHce. 

MHrpauHjl HeKoTopLix 30H oca)K,neHHjl B 3aBHCHMOCTH 

oT apeMeHH B03rOHKH noKa3aHa Ha puc. 5. Crre.nyeT OTMe

THTL, 'ITO HeKOTOpoe KOJIH'IeCTBO HCnapjiJOmerOCjl 30JIOTa 

KOH,neHCHpOBaJIOCb Y3KOB 30HOB npH TeMnepaType 925±75°C. 

Hcxo.njl H3 norry'leHHblX pe3ynLTaToB MO)KHO c.nenaTb 

BbiBO,n 0 TOM, 'ITO npH OKHCJieHHH H KHCJIOpO,nOM, H napaMH 

BO,nbl o6pa3yeTCjl HeCKOJibKO coe,nHHeHHB, B clJopMe KOTOpbiX 

Re H Os yneTy'IHBaJOTCji H3 pacnnaaa 3onoTa, nepeHOCj}TCji 

no TXK H nornomaJOTCjl B noaywKe. )J;njl Toro, 'IT06bl cy

,nHTb 0 XHMH'IeCKOM COCTaBe 3THX neTy'IHX clJopM, Heo6· 

xo.nHMO y'IHTLIBaTL crre,ny10mee. 

a/ KOHUeHTpaUHji OCMHjl H peHHjl Ha noaepXHOCTH 30JIO· 

Ta, THrJijl H TXK HJIH a ra3oaoB: c1Ja3e KpaB:He Mana. OueHKH, 

npoae,neHHble HCXO,njl H3 Ce'leHHB o6pa30BaHHjl H30TOnOB 

3THX 3JieMeHTOB /15/ H YCJIOBHB 06Jiy'leHHjl 30JIOTa, a TaK)Ke 

H3 HHTeHCHBHOCTeB y • Jiy'leB npH cneKTpOMeTpH'IeCKHX H3-

MepeHHj}X, noKa3aJIH, 'ITO KOJIH'IeCTBa 183 Re H 18 50s, o6· 

pa3yJOmHeC.JI B 10 MZ o6ny'leHHOrO 30JIOTa, COCTaBJI.JIIOT 

- 5x1o-1 ~. OTc10.na cne.nyeT, 'ITO cTeneHb noKpbiTHji aH-
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Puc. 4. Pacnpeoe/leHue Re u Os no o/IUHe TXK 6 3a6u
cuMocmu om 6peMeHu 603ZOHKU u oa611€HU.R 0 2 I ycii06U.R -
CM. puc. 3/. 

AHMOH noBepXHOCTH pacnnaBa 30llOTa I - 3x 1 o-2cM 
2 I KHC

nopoAHLIMH coeAHHeHHJIMH cnanoreHHLIX Re H Os o'leHb 
AaneKa OT MOHOCllOJI ((} ,..lQ-5

). E~e 6onee HH3KHe noBepx

HOCTHble KOH~eHTpa~HH 6YAYT Ha6moAaTbCJI Ha llOBepxuo
CTH THrnJI H TXK. Ha ocuoBaHHH 3Toro MO)KHO yTBep)I(AaTL, 

12 

J 

' 

\ 
0 

't 

'ITO B Hly'leHHbiX HaMH ycnoBHJIX HeBOlMO)KHbl HH peaK~HH, 

npHBOAJI~He K o6pa30BaHHIO llOllHJIAepHbiX COeAHHeHHB lua

npHMep, Re 20 71, HH peaK~HH AHCnponop~HOHHpoBaHHJI lua

npuMep, 20s0 -+ Os 2+ Os041. 

61 PaJMepLI TXK, TeMnepaTypa H AaBneHHJI uanycKae

MLIX raJoB o6ecne'IHBaiOT MoneKynJipHLIH xapaKTep Te'le

HHJI raJoBoro noToKa. Ta611. 1 noKalLIBaeT peJynLTaTbi 

pacqeTa COOTHOWeHHH 'IHCna COyAapeHHB MOneKynneTy'IHX 

oKHcnoB BHAa MeO x co cTeHKaMH TXK H c MoneKynaMH 
raJa-peareHTaf16-1B/. BHAHO, 'ITO xapaKTep Te'leHHJI CTa

HOBHTCJI nepeXOAHbiM lcOOTHOWeHHe "'11 TOllbKO B o6naCTH 
HH3KHX TeMnepaTyp ITS 100 °CI H MaKCHMallbHOrO AaBne

HHJI ucnonLJyeMblX raJoB 110-2 Top 1. TaKHM o6pa3oM, 
MO)KHO npeAnonaraTb, 'ITO 6onbWHHCTBO peaK~HH C o6pa3o-

01+02 R•+Hp 

lot) \ ·, . '"'-·-- ·---- . ~~-L---------
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Puc. 5. MuzpaijU.Ji fl€H111pa 111.JIJIC€C111U aocop6upo6aHHbiX 30H 
Re u Os 600/lb TXK 6 3a6UCUMOC111U om 6peMeHu 603ZOHKU. 
P /Top 1 = !Jr., o, o - 1o-3 ; ' , • , • - 10 - 2

• 
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Ta6AUf#a 1 

CooTHoweHHe coy~apeHHH MoneKyn ra3oo6pa3HMX OKHcnoa 
MeO x (Me= Re, Os) co CTeHKaMH TXK H c MoneKynaMH ra3a
peareHTa B 3aBHCHMOCTH OT TeMnepaTyphl, ra3a H~aBneHHJI 

raa..pearen Kac.1opo.- IJapw ao.-w 
•·Dx ~. Topp I0-2 3.!0-3 Io-3 I0-2 3.10-3 I0-3 

IOO 1,1 3,6 II 1,3 4,4 IJ 

leO 500 1,2 4,1 12 1,9 6,5 19 
IIOO 1,3 4,4 IJ 2,3 7,6 2J 
1330 1,J 4,4 IJ 2,4 6,1 24 

100 1,0 J,J 10 1,2 4,0 12 
500 1,1 J,6 II 1,6 5,9 Itl 

1802-4 
IIOO I,2 4,0 12 2,1 7,0 21 
IJOO 1,2 4,0 I2 2,2 7,3 22 

--

BaHHeM neTyqHx OKHcnoa Re H Os npoHcxo~HT He a ra-
3oaou ~a3e, a Ha noaepxHOCTJIX pacnnaaa 3onoTa, THrnJI 
H TXK. 

B/ HH3KHe ~aBneHHJI ra3a ll03BOn.IIIOT HCKnJOqHTh H3 
paCCMOTpeHHJI 'TpHMOneKynJipHhle peaK~HH /HanpHMep,Re+ 
+ 2H 20 .... ReO 2 I H npHHHMaTL, TaKHM o6pa3oM, ao BHH
MaHHe TOnhKO 6HMOneKyn.llpHhle peaK~HH, UpOXO~JI~He Ha 
pa3nHqHhlX llOBepXHOCTJIX. 

r/ HcnonL3yeMax HaMH npoToqHax CHCTeMa, o6ecne
qHaaro~aJI UOCTOJIHHOe 06HOBneHHe ra30BOH ~a3hl, a TaK:>Ke 
BhlCOKOe COOTHOWeHHe KOH~eHTpa~HH ra3a-peareHTa H H3y
qaeMhlX coe~HHeHHH o6ecneqHaaroT npoTeKaHHe TepMO~H
HaMHqecKH HeBhlrO~HhlX peaK~HH, xapaKT~pH3YIO~XC.H 6onL
WHMH nonO:>KHTenLHhlMH 3HaqeHH.HMH ~·G ~ , 

Bee 3TO ~enaeT B03MO:>KHhlM o6pa3oBaHHe, a B HeKo
TOphlx cnyqaxx H ~ocTaToqHo ~onroe cy~eCTBOBaHHe acero 
Ha6opa coe~HHeHHH npocTeuwero BH~a MeO x· CTyneHqa
TOCTh o6pa30BaHHJI OKHCnOB TaKoro BH~a oqeBH~a B 
cnyqae napoa BO~M KaK ra3a-peareHTa. B cnyqae KHcno
po~a HaqanLHoe o6pa3oBaHHe MOHOOKHceu Re H Os o6ner
qaeTcx OTHOCHTenLHO BhlCOKHMH KOH~eHTpa~HJIMH aTOMap-
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Horo I<Hcnopo~a. I<oTopLie cocTaamnoT npu 1600 K ~nJI 

~aaneHuii raJa 10-2 , 3xlo-3 u 10-3Top cooTBeTCTBeHHO 
0,4, 0,73 H 1,26~ / 19/, 

Tpy~HOCTL HHTepnpeTauuu nonyqeHHLIX HaMH peJynL
TaToB COCTOHT B TOM, qTo CBOH.CTBa o6pa3yiOUUIXCJI, Be
pOJITHO, cy60I<HCeH peHHJI H OCMHJI ~OCTaTOqHo XOpOWO He 
HJyqeHLI. B ma6A. 2 npuae~eHLI Hei<oTopLie TepMo~HHaMu
qeci<ue H 4JH3HqeCI<He CBOHCTBa npOCTLIX OI<HCnOB 3THX 
JneMeHTOB. O~Ho Hl Hau6onee neTyqux npocTLIX coe~HHe
HHii peHHJI - HReO 4 - He BI<nroqeHo B ma6A. 2, Tai< I<ai< ero 
o6pa3oBaHue MO)I(eT npoucxo~HTL nu6o qepe3 Re 1J 7 , nu6o 
Ja cqeT TPHMonei<ynJipHoii peai<UHH <ReO 3 + 2H20>. HeBo3-
MO)I(HOCTL npoTei<aHHJI nocne~ueii peai<UHH noi<aJaHa B pa-
6oTe /31/, r~e 6Lino ycTaHoBneHo, qTo BnnoTL ~o 1750 K 
npucyTCTByromue B raJoBoii ~bale Monei<ynLI ReO 3 He 
B3aHMO~eHCTBYIOT C napaMH BO~LI npH HX ~aBneHHH ~0 
0,7 Top . 

Jf3 ~aHHLIX ma6A. 2 MO)I(HO BH~eTL, qTo O~HOH H3 HaH-
6onee TepMO~HHaMuqeci<H HeBLirO~HLIX peai<UHH OI<HCneHHJI 
JIBnJieTCJI peai<UHJI 

Os + H20r113 .... Os0r113 + H 2 i'a3 . /1/ 

OueHHM B03MO)I(HOCTL npoTei<aHHJI ee B Hawux ycnoBHJix. 
ITpe~nonaraJI, qTo peai<UHJI npoucxo~HT B JaMI<HyToii cuc
TeMe 06'LeMOM B 1 CM 3, noBepXHOCTHaJI I<OHUeHTpaUHJI OC
MHJI B o6pa3Ue 30nOTa /CTeneHL noi<pLITHJI noBepXHOCTH/ 
-lo-

5
, a ~aBneHue napoB ao~LI -10-6a111M., HMeeM ~nJI 

50~ oi<ucneHHJI ocMHJI ~o · OsO I<OHCTaHTY paBHOBecuJI 

K P =:: 10-
17

• PacqeT HlMeHeHHJI H3o6apHo-H30TepMuqeci<oro 
noTeHuuana ~nJI peai<UHH /1/, BLinonHeHHLIH B nepBoM npu-
6nu)l(eHHH C HCnOnL30BaHHeM ~aHHLIX 111a6A. 2, npHBO~HT 
I< 3HaqeHHIO ~'GY60~ = 118 KIWA/MOAb, H3 I<OTOporo 
cne~yeT, qTo K p == 10- 6

• ITonyqeHHLie 3HaqeHHJI I<OHCTaHT 
paBHOBecuJI 6nH3I<H no nopJI~I<Y BenuquH. KpoMe Toro, 
cne~yeT HMeTL B BH~Y. qTo Ha:Mu ucnonLJoaanacL npoToq
HaJI CHCTeMa H, Cne~OBaTenLHO, I<OHUeHTpaUBJI npo~yi<

TOB peai<UHH /1/ B ra30BOH 4Ja3e MO)I(eT 6LITL MHOrO MeHL· 
we, qeM npHHJITaJI B ~aHHoii oueHI<e I -lo-14 tzmM/, TO ecTL 

16 

npoTei<aHHe paCCMaTpHBaeMOH peai<UHH CTaHOBHTCJI ei.Qe 
6onee BepOJITHLIM. 

Ha OCHOBaHHH HlnO)I(eHHLIX BLIWe coo6pa)l(eHHH MLI 
npe~nonaraeM, qTo coe~HHeHHJI, a~cop6upoBaHHLie B Jo
Hax I /1150-900°C/, II /650-450° C/ HIll /150-50°C/, 
HMeJOT cne~yromuii cocTaB: ReO (Os 0), ReO 

2
<0s 0 2 ) H 

ReO 3<0s0 3> cooTBeTCTBeHHO. PaccquTaHHLie no ci<opoc
TJIM MHrpauuu/11/lTHX JOH /puc. 5/ 3HTanLnHH a~cop6-
UHH (~Ha,QC) npe~nonaraeMLIX HaMH coe~HHeHHH npH6,JIH· 
3HTenLHO paBHLI: > 60 KKaA/MOAb ~nB ReO, > 50 - ~nB 
OsO , > 30 - ~n'i ReO 2 H OsO 2 H -20 - inB HeO 3 H 
Os 0 3 • ITpuBe~eHHLie HH)I(HHe rpaHHULI ~H HAC o6ycnoBne.HLI 
yqacTHeM XHMHqeCI<HX CTa~HHHLIX peai<UHH B TpaHCOOpTH· 
poBI<e npe~nonaraeMLIX coe~uHeHHii B~onL TXK /eM. HH
)I(e peaKUHH 2-5/. ITonyqeHHLie JHaqeHHJI npJIMO nponop
uuouanLHLI 3HTanLnHJIM cy6nuMauuu I ma6A. 2/, o~uaKo 
nonyqHTb 6onee CTporyJO 3aBHCHMOCTb, CBJ13biBaiOLUYJO, 
KaK B pa6oTe 1321, 3TH ~Be BenuquHLI, ue npe~cTaBnJieTcJI 
B03M0)1(HLIM H3- 3a 6onLWHX OWH60I< B OUeHKe H !\H cy6JI 
u 1\Ha.Qc • Cne~yeT yKaJaTL, qTo 3HaqeHue 1\lla.Qc Re0 3 "' 
=::20 KKaA/MOAb, Hail~eHHOe B ~aHHOH pa6oTe, 6nH3KO K 
nonyqeHHOMY HaMH paHee ~nJI ynLTpaMHI<poKonuqecTB ReO 3 
npu Po 2 = 1 amM I 17,9 KKaA/ MOA &/ I I 2/ITepeHoc neTyqux 
coe~uHeHHil Re u Os B noBywKy MO)I(eT 6LITL o6'LJICHeH 
TpaHcnopTupoBKoil neri<oneTyqeil OsO 4 , a TaK)I(e TeM, qTo 
pe)I(HM TeqeHHJI raJoB npu ~aBneHHH 10-2 Top cTaHOBHTCJI 
nepexo~HbiM /ma6A. 1/ npu TeMnepaTypax -100° C, TO 
ecTL B 30He a~cop6uuu ReO 3 u Os03. CnpaBe~nHBOCTL 
npe~nono)l(eHHJI o cocTaBe coe~uHeHHJI ocMHJI, a6cop6u
pooauuoro B Joue I, no~TBep)l(~aJOT cne~yroi.Que ua6nro
~eHHJI. B onLITax c ucnonLJOBaHHeM napoB BO~bl B J<aqecT
Be raJa-peareuTa o6pa3yeTcJI nuwL o~Ho neTyqee coe~u
ueuue OCMHJI. 0TCYTCTBHe 3aMeTHLIX KOnuqecTB 3TOrO 
JneMeuTa ua noBepxHOCTH THrnJI H TXK ~o 30HLI I B 3THX 
ycnoBHJIX, a TaK)I(e TOT lbai<T, qTo B Bai<yyMe I ..10-4 Top I 
ocMuil nonuocTLJO ocTaeTcJI B pacnnade JonoTa, roBopJIT 
B nonblY o6pa3oBaHHJI MOHOOI<HCH no peaKUHH /1/. 

Tai<HM o6pa3oM, Bee B03MO)I(HLJe peai<UHH oi<ucneHHJI 
Re u Os, npoTei<aJOUUie B HJyqeHHLIX HaMH ycnoBHJIX, 
MO)I(HO npe~cTaBHTL B BH~e cne~yromux cxeM: 
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-H -H -H 
2 2 2 

Re+H
2
0-.Re0+Hp &0

2
+H

2
0 --.Re0

3 
/2/ 

-H2 
Os+Hp OsO /3/ 

Re+ 0 ReO+ 0 2 Re0 3 
~ \'o ?j 

Re+ 0
2 

~ ReO +0 
2 2 

/4/ 

Os + 0 OsO + 0 2 Os0 3 + 0 2 

;/~ \-o ?/ ')\ /5/ 

Os + G 2 -. Os 0 2 + 0 2 OsO 4 • 

CKOpOCTH o6pa30BaHHH TOrO HnH HHOro npo~yKTa B ~BYX 
nocne~HHX cxeMax cno:>KHbiM o6pa3oM JaBHCHT oT napu;HanL
HOrO ~aBneHHH KHCnopo~a H He MOryT 6LITL KOnH'IeCTBeH
HO ODHCaHbi B paMKaX npe~CTaBneHHOH pa60Tbi. 06paiJ.J;aeT 
Ha ce6H BHHMaHHe TOT ~aKT, 'ITO B aTMOC~epe KHCnopo~a 
OKHCneHHe peHHH npOHCXO~HT B 6onLllleH Mepe ~0 ReO 2 H 
OCMHH - ~o OsO 3 H OsO 4 , a B aTMOC~epe ao~1IHoro na
pa - ~o ReO 2 H OsO. Y'IHTbiBaH, 'ITO TeMnepaTypbi JOH 
a~cop6~HH 3THX coe~HHeHHH JaMeTHo oTnH'IaiOTCH I puc.3,4/, 
MO:>KHO OCy~eCTBnHTL ceneKTHBHOe BLI~eneHHe O~Horo H3 
paccMa TPHBaeMLIX 3neMeHTOB. 

B ma6A. 3 npHBe~eHbi apeMeHHble JaBHCHMOCTH OTHO
llleHHH KonH'IeCTB Os H Re /KHcnopo~/ HnH Re H Os /napLI 
BO~bi/, a~cop6HpoaaHHbiX B TXK npH TeMnepaTypax HH:>Ke 
250, 500, 750 H 1120° C. B CK06KaX TaK:>Ke yKaJaH o6IJ.J;HH 
BbiXO~ OCMHH /KHCnopo~/ HnH peHHH jnapbi BO~bi/. Ha 
OCHOBaHHH 3THX ~aHHbiX MO:>KHO COJ~aTL He06XO~HMble yc
nOBHH B ISOL -ycTaHoBKe c uenLro o6ecne'leHHH HaH6o
nee nonHoro H ceneKTHBHoro nepeHoca neTy'IHX coe~HHe
HHH Re HnH Os B HOHHbiH HCTO'IHHK. KoHe'IHO, cne~yeT 

HMeTL B BH~y, 'ITO O~HOBpeMeHHO B HOHHbiH HCTO'IHHK 6y~yT 
TpaHCDOpTHpOBaTLCH TaK:>Ke HJOTODbi ~pyrHX 3neMeHTOB, 
o6pa3yiOIJ.J;HXCH DpH o6nyqeHHH JOnOTa DpOTOHaMH BbiCOKOH 
3HeprHH, TaKHX, KaK Hg, Mo, Tc, Ru, H, BOJMO:>KHO, He-
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Ta6AUfla 3 

0THomeHHe Bblxo~oa Re H Os a JOHax c TeMnepaTypaMH 
HH:>Ke 250, 500, 750 H 1120°8 JaBHCHMOCTH OT raJa
peareHTa, ~aaneHHH H apeMeHH BOJroHKH. B cKo6Kax 
yKaJaH BbiXO~ Os HnH Re B 3THX JOHax 

ltiiC.IOpO.l, Os /~ (BIIIXO.l Os .~) 

~ <250 <500 <.'/50 <II20 
P,'!opp H 

0,5 5,6(67,0) 4,6(78,5) 2,4(78,5) 1,4(76,5) 
10-2 3,0 4,6(66,0) 1,6(87,5) 1,~(87,5) 1,0(87,5) 

5,0 5,'1(62,5) 1,6(85,0) 1,2(65,0) 1,1(85,0) 
10,0 7,2(95,0) 2,3(98,0) 1,7(96,0) 1,4(98,0) 

0,5 400(20,0) 400(20,0) 2,3(25,0) 2,1(2Y,O) 
10-'3 3,0 450(23,5) 2,6(23,5) 0,8(30,5) 1,2(58,0) 

5,0 800(36,5) 24(36,5) 0,7(50,5) 0,9(56,5) 
10,0 1200(61,0) 7,6(61,0) 0,9(66,0) 0,9(66,0) 

Dapll BO,I;W, ie/C\, (BIIXO.l ie, ~) 

0,5 60(4,0) 80(4,0) 300(16,0) 1,2(49,0) 
I 

w-2 3,0 100(6,0) 150(7,0) 850(43,0) 0,9(71,0) I 

5,0 150(9,0) 200(10,5) l300(6'i,O) 0,9(BI,O) 
10,0 200(10,5) 750(38,5) 1300(65,0) 0,9(77,0) 

0,5 - - 100(4,0) 100(4,0) 

I0-3 3,0 - - 250(11,5) 300(II,5) 
5,0 - 25(1,0) 450(22,0) 500(26,0) I 

10,0 - 250(IJ,5) 900(44,5) 6,9(48,0) i 
~ - - - ~ ----~--· 

HJy'leHHOrO B HalliHX 3KCDepHMeHTaX W • llOCKOnLKY 3~eK
THBHaH H ycTOH'IHBaH pa6oTa DO~XO~HIJ.J;ero B 3TOM cnyqae 
nnaJMeHHOrO HCTO'IHHKa JaBHCHT He TOnLKO OT ~aBneHHH 
HanycKaeMoro raJa, HO H ero pacxo~a. 6LmH onpe~eneHbi 
paCXO~bi H CKOpOCTH raJoa-peareHTOB B ycnOBHHX HalliHX 
3I<cnepHMeHTOB I ma6A. 4/. C~enaHa TaK:>Ke ou;eHKa Hcna
peHHH MaTepHana MHllleHH - JOnOTa npH npo~On:>KHTenLHOH 
pa6(ne ISOL -ycTaHOBKH. Hcxo~H HJ ~aHHbiX, npHBe~eH
HbiX a /33/, cKopoCTL HcnapeHHH JonoTa npH 1600 K co-

-4 6 CTaBnHeT 2,05.10 2/CM C, 'ITO COOTBeTCTByeT OnLlliO-
MY 3Ha'leHHIO 0,72 2/CM 'l. 0AHaKO DpH CHH:>KeHHH TeM-
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nepaTypbi pacnJiaBa ~o-1200° C /HJIH 1100 °C/, 'ITO DO'ITH 
He CKa)l(eTCJI Ha CKOpOCTH ~HclMIIY3HH CDaJioreHHLIX npo.IJ;yK

TOB B MaTepHaJie MHWeHH, HCDapeHHe 30JIOTa yMeHLWHTCJI 

.IJ;O -0,07 z/cM2'1 /HJIH -0,01 z/cM 2'1/. KpoMe Toro, 

KOHTeHHep ~JIJI paCDJiaBa 30JIOTa MO)I(eT 6biTL BbiDOJIHeH 

TaKHM o6pa30M, 'ITO KOH,IJ;eHCaUHJI 30JIOTa 6y.IJ;eT DpOHCXO· 

~HTL .IJ;o TXK, se~YIUeii K HOHHOMY HCTO'IHHKY. 

Ta6Auija 4 

Pacxo.IJ;bl raJos-peareHTOB H HX cKopocTH B JaBHCHMOCTH 
OT ,IJ;aBJieHHJI 

ru-pearaH! UC.IOpOJt napw BO.DI 

P, Topp 10-2 3.1o-3 10-3 10-2 3.10-3 10-3 

c&opocn,w/c 12,8 12,2 15,6 0,097 0,063 -
paCXOJt,IIJI/C 0,128 0,0)65 0,0156 0,0009o 0,00025 -

--- ~·- -- - --

BbJaoObl 

1. Hly'leHo yneTy'IHBaHHe yJILTpaMHKpoKOJIH'IeCTB pe

HHJI H OCMHJI DpH HH3KHX ,IJ;aBJieHHJIX KHCJIOpO.IJ;CO.IJ;ep)l(ai.QHX 

raJoB H3 pacnnasa MeTaJIJIH'IecKoro 30JIOTa, o6Jiy'leHHoro 

DpOTOHaMH C :meprHeii 660 M 3B Ha CHHXPOUHKJIOTpOHe 

OHJIH, H nocne.IJ;yroi.Qee Hx ra3oTepMoxpoMaTorpaciJHqecKoe 

pa3,IJ;eneHHe. Hccne~osaHo BJIHJIHHe MaTepHaJia KOHTeiiHepa 

.IJ;JIJI MHWeHH H TepMOXpOMaTorpaciJH'IeCKOH KOJIOHKH /KBapu, 

ciJapciJop/, cocTasa H .IJ;aBJieHHJI ra30B I 0 2 , napbl H20 ; 
10-2- 10-3 Top /, speMeHH yneTy'IHBaHHJI. 

2. IIoJiy'leHHble pe3yJILTaTbl DOKa3aJIH, 'ITO CKOpOCTL 

yJieTy'IHBaHHJI pacTeT C yBeJIH'IeHHeM ~aBJieHHJI KHCJIOpO.IJ;a 

HJIH napos BO.IJ;LI H 'ITO MJI Os oHa MeHLwe, 'I eM .IJ;JIJI Re. 

Oca)I(.IJ;eHHe yJILTpaMHKPOKOJIH'IeCTB Re H Os H3 raJosoii 

ciJalbl Ha DOBepXHOCTH KOJIOHKH npOHCXO.IJ;HT B TpeX 30HaX, 
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Haxo.IJ;JII.QHXCJI B npe~enax TeMnepaTyp: 1150-900°C /Jo

Ha 1/, 650-450°C /loHa II/, 150-50°C /JoHa III/. 

3. IIpe,D;naraeTcJI MexaHH3M o6pa3oBaHHJI H nepeHoca 

no TXK oKHCJIOB Os H Re THna MeO , MeO 2, MeO 3 / Me= Re, 

Os /,Me0 4 /TOJILKO Os /. 

4. Ha ocHoBaHHH nonyqeHHbiX .IJ;aHHbiX npe.IJ;JiaraeTCJI 

HCDOJIL30BaTL TepMOXpOMa TOrpaciJH'IeCKYIO KOJIOHKY, coe

.IJ;HHJIIOI.QYIO MHWeHL jpacnJiaB 30JIOTa/ C DJia3MeHHbiM HC.

TO'IHHKOM Macc-cenapaTopa .IJ;JIJI HenpepbiBHoro nony'leHHJI 

KopoTKO)I(HBYIUHX H30Tonos Re HJIH Os Ha ISOL -ycTa

HOBKax. 
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