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B B e .u e H H e 

: .H,1tepHocneupocxomrqec1t:irn HCCJ16,JJ;OBamm IWPOTROR<HBYil\l!X 1!30TO

IlOB, npoBO,Il,1-!Mhle no nporpaMMe .fICHAIITI (.R,I(epHaR cneKTPOCROnH.fI Ha nyq

Ke npOTOHOB) B OT.nenc smepHon cneKTPOCKOnHH I! pa,JJ;l!OXI-IMl!l! fla6opaTo

p1!1! smepHhlX npo6Jl6M 06~e.nHH6HHOro liHCTHTyTa .fI,JJ;6PH!:IX HCCJl6,JJ;OBaHlif1 

Bhl,JJ;Bl!HynH 3a.natnt no 003,JJ;amuo 3KcnpeccHh1X M6TO,ll;OB nonyqeHl!fl Het!TpOH0-

.1!8!lJHmrTH!lX IWPOTROlllliBYil\liX 1!30TOilOR pa3Jllil!Hh1X aneMeHTOB. 

HanHqne Cl!HXPOI.Ull<nOTPOHa Jlilil 01,1.ffi!, B ROTOPOM MOlKHO llOJlyqnTI> 

nyqKli npOTOHOB C liHT6HCHBHOCTbID IoII-ISp/cM2 •c6K li C aHeprHefl OT 

120 .no 660 Mal3' n03BOJUreT npoBO,ll;l!Tb yHHRanI>Hh!e HCCJl6,ll;OBaHI1.fI KOPOT

KOlKHBYil\liX, KaR npaBH~O, l!6llTPOHO.neqiHUl!THh1X H30TOnOB noqTI! BC6X 3Jle

M6HTOB nep110.nHqecKOll Cl!CT6Mh1. Ilp!! o6nyqeHHli ne:riecTB nyq1rnM Bl1COKO

aHepreTH'i6CKliX npOTOHOB B peaynI>TaTe smepHh1X peaRUHi~ odpa8y6TCR 

cnomHaR cMecI> R,D;ep c nopJI.nKOB!:lM HoMepoM, paBHhlM ZMllilleHb +II! 

M6Hbme. nJUI l!CCJl6,ll;OBaHHR R.1tepHOCil81tTpor.1tonHqer.1tHX CBOVJCTB KOpOT

I<Ol!tl!BYil\liX R,JJ;ep Tpe6yeTCR 61:lcTpoe (npH He06XO,JJ;ID!,OCTH, Henpep!lBHOe) . 
Bl:l,ll;6Jl6Hli6 pa,JJ;HOaRTl!BHh1X H30TOnOB C Bh!CORl!M Bl:lXO,ll;OM,B PM6 cnyqaen 

B cocTORHHR 6ea HOCHT6JUI I! B Xl!MHqecKon qiop;.e, y.nodHoil .nM .nanI>

Hei1lllero pa3.neneHHR 11aoTonoB B Macc-cenaparope. Vi3B6CTHl:le .no no

cne.nHero BpeMeHI! Knacc11qecK11e MeTo.n1,1 paa.neneHaR aneMeHTOB He y.noB

ner.BopmoT 3Tl!M Tpe6o:saHH.fIM I noaTOMy B03Hmtna He06XO,ll;HMOCTb B 003,JJ;a

HHH HOB!lX MeTO.Il,OB. 3Ta 3a.naqa MOl!t6T 6UTI, pemeHa, ecnH HCnOnI>30BaTI, 

M6TO.!Ul, OCHOBaHHh!e Ha npl!HUliflaJC raaonoi1 Xl™Hli. 

0.Il,Ill!M H3 nepcneKTl!BHh!X H OTHOCHTenI>HO npocTh!X M6TO,JJ;OB paa.ne

JleHH.fI MHOrOKOMnOH6HTHh!X CMecei1 RBJIJI6TCR M6TO,ll; ra30BOi1 TeI)MOXPOMa

TorpacpHH (I'TX) , OCHOBaHHh!H Ha Bl1HOC6 neryqHx coe.nanel!Hfl li3 30Hhl 

Bh1COKOTeMneparypHoro narpe:sa, r.ne nponcxo,ll;l!T ax o6paaoBrurne., raaoM-
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-HOCllTeneM, RBJl.lIIO!I1llMCH B pz,ne cnyqaeB o,nHOBpeMeHHO ll rasoM-peareH

TOM' B Tpy6Ry, 11MeIDlllYIO 3a,naHHHli OTPimaTeJlI,Hmj TeMnepaTypHlili rpa

,nlieHT. Ilo Mepe npoxo~,neHnH B,nom, Tpy6Rn neTyqne coe,nnHeHM cop6n

pyroTcH HRH ROH,neHCHPYIDTCH Ha ee CTeHRax B onpe,neneHHliX TeMnepa

TypHliX 30Hax. 

rasoB11ii TepMoxpoMaTorpa~nqecRnii MeTo,n nosBonzeT Ba,neMTL ane

MeHTl:l npn oqeHL Hll3ROM HX co,nepJJtaHIIB B llCXO,ItHOM oelpasue crn-14 -

ro-II MOJll,). IT03TOMy TaROH MeTO,n ~axo,nnT Bee 6onee lllliPORO~ llCilOJll,-

30BaHlle B pa,nnoxm,rnn (HanpnMep, MR ~eHTllqJllRaUIIB 3JI~MeHTa 105, 

.nnz pas~eneHM npo.nyRTOB ~eneHM ypaHa n nsyqeHHH HX XHMnqecRoro 

IlOBe,neHHH, ,ItJL<i pas,neneHllH pa,nHOaI(TllBHblX JI,IJ,ep B Bll,ne JieTyqnx XJIO

pn,noB H WTOp~oB). 

Cpe.nn BemecTB, ROTOpl:le MOryT ,ClliTL pas,neneHli MeTO,ItOM rasoBOli 

Tep.a.oxpoMaTorpaqin11, sacJlj'lKllBaeT 6om,moro BHHMaHHH rpynna cpaBHll

;em,Ho nerRo neTyq.0:x oK11cH11x coe,nnHeHd (omrnJil:l ·n · r~ooKlilcliI) ,no-· 

nyqaroU\liIXCH B pesym,'l'aTe pasRHqHblX Te:pJoxm.rnqecKl'lX peaRJ:tl'(ii (pasno

lKeHne, oelpasoBaHne oRncnon npn ClKlilraHlill1 BemecTBa B aTMoc~epe Klilc

nopo,na liI T.~.). 

Uem, Hamei1 paeloTH sarrnmanacL B cos,naHliIII 6110Tp11x, BliCOR03~ 

~eRTllDHliX rTX-MeTO~OB BI1,neJieHM pa,nHOXHMllqecRll qncTblX npenapaTOB 

W , &, , Os , .Jr , /{j , TI .nmr H,ItepHOH cneRTPOCKOilIIB C llCilOJlJ,30-

BaI!lleM JieTyqflX . ORTTCHblX ll rn,npoORllCHblX coe,n,rneHllH .::JTllX aJieMeHTOB. 

AnaRH3 g)ll3llICO-XllMllqecRllX CBOliCTB JieTyqnx coe,nHHel!llil TJIJKeJI!:,!X 

IlJiaTllHOBl:lX ll nepexo,nHblX MeTaJIJIOB IlORa3aJI, qTo BI16op neTyqnx ORllC

JIOB ll r~OORncei1 3TllX aJieMeHTOB MOlKeT OI(a3aTLCH BeCLMa.nepcneR

·THBHb!M npn HCilOJll,30BaHID1 3TOro. RJiacca coe,nnHeHHH ,ItJlJI BliCOROTeMne

paTypHoro Ba,nenemm as o6nyqeHHliX MHmeneil 11 nocne.nyromero pas,nene-
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HHH pa)tliOaRTHBHliX· npo.nyRTOB JI,IJ,epHliX peaI(Ullli B Bn,ne 3TllX coe.nn

HeHHH. 

CneURqlHqHOCTL o6pa30BaHM ll BliCORaJI TepMoycTofiqnBOCTL neTy

qnx ORllCJIOB ll r~OORRC8H HHTepecyIOIJlI!X HB.C 3JI8M8HTOB, a TaI(Bt8 

sHaq11Tem,uoe pasRHqHe ynpyrocTH napoB aTHX coe,nnHeHnil cos,naeT 

6naronpHHTH11e ycnoBHH MR ceneRTHBHoro pas.nenemrn nx pa,nnoaRTnn

HllX ll30TOilOB MeTO,ItOM BliCOIWTeMnepaTypHOH TepMOXpOMaTorpaqJIIll. BH-

6op neTyqllX ORllCJIOB ll r~pOOKllC8H TaKBte oelyCJIOBJl8H TeM, qTo MR 

RllCJiopo,nHIDC CllCTeM MO)KHO HaHTll TaKYIO MllmeHL, BemecTBO ROTOPOH He 

no,nBepraeTCH XllMllqecRllM ll3MeHeHHRM HRH, Hao6opoT, CaMll XllMHqecRlle 

llRH CTPYKTYPH!le ll3MeHemrn nemecTBa MllilleHH 6y'J]JJT CJJylKllTL OCHOBOii 

,nM 6HCTporo ll3BJieqeHM ll3 Hee neTyqllX npo.nyRTOB. 

KaR noRasuBaJOT RHTepaTypHue ,naHHHe, oelpasoronne neTyqnx 

OKllCJlOB llp~H, TaJIJillH, peHM ll r~OOK1!C8H BOJll,qJpru.la ll -peHHH 

6HJ10 nccne,nOBaHO TOJlJ,I(O ,nM BeCOMliX KOJillqeCTB,11 K Haqany HalllliX 

llccne,nOBaHllH Haqero He 611JIO ll3BeCTHO O noBe,neHllll llX ym,TpaMllRPO

KoRHqecTB •. IloaTOMY npeBt,ne Bcero ueo6xo,nm~o 6uno npoBecTn Hoene.no-

BaHlle o6pasoBaHHH n TepMOXPOMaTorpaqinqecKoro noBe,neHHH MllRPO- n 

ym,TpaMllRPOKOJlllqeciB 3THX coe,nHHeHHH. 

B ,nHccepTaJ:tl'lll ,naH KpaTKHil RHTepaTypHHil o6sop nMerolllIDCCR 611cT

pux M8TO~OB B11,neJieHM pa.nnoaKTllBHHX ll30TOilOB C llCil0Jll,30BaHlleM ne

Tyqnx BemecTB ll npe,ncTaBJieHH 3KCnepllM8HTaJlI,Hlie pesyJll,TaTH,Ha OCHO

BaHllll KOTOPHX paspa60TaHH 6HcTpHe rrx-MeTO,ItH Bli,neneHHH pa,nliOaRTllB

HliX ,R30TOilOB HeKOTOpHX TmKeJlliX nepexo,nHHX ll IlJiaTllHOBHX aneMeHTOB 

C llCil0Jll,30BaHlleM RX JleTyqnx OKllCJlOB ll rn,npOOKRC8H (Ta6n.I). 

MeTonm<a aKcnepnMeHTa 

IlpHHUllllllaJll,HM cxeMa aKcnepllMeHTaJll,HOH ycTaHOBKll npe~cTaBJie

Ha Ha pnc.I. YcTaHOBKa COCTOllT ll3 KBa!meBOH Tpy6Kll c mnpOKOil peaR-
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IJ~OHHOil qacTbID (I) n 6onee ysKofi:n .IVIIlHHOii qacTI,ID (2), B KOTOPYID 

BCTaBJlJIJiaCI, cMeHReMaR KBapD;eBaR Tep.1oxpoMaTorpawnqecKM KOJlOHKa (3), 

reµ.rnTnqecKn coe,nnHeHHM c KOHD;OM Tpy6Kn (2) npn noMOl!lil ynpyroro 

MamxeTa I!Jlil mJlilwa (4). KoHeD; KOJlOHKil coe,nnHRJlCR C JlOByll!KOH (5), 

CJ!Ylltal!leli .nJiJr norJ10U1emm BHXO.I(RU1IlX Il3 KOJ!OHKil JieTyqnx pa,nnoaKT.IlBHIDC 

npo.nyKTOB. 

TeMnepaTypHHli rpa,n.neHT MOJlb°KBapn;eBoii TPY6Kn cos,naBaJlcR·aneK

TponeqaMn .(6) .n MeTaJ1Jlilqec1mil Tpy61<0ii (?) c saKpenneHHI,IM Ha KOHI~e 

XOJ!O,nllJlbHilI(OM (8). TeMnepaTypa Il3MepRMCb C IlOMOUU,ID TepMonap C Toq

HOCTbID ±5 OC • 

ICnapn;eBaR aMnyna (9) c o6nyqeHHI,IM o6pasnoM (IO), 3aRPl1TM c 

o6e.nx KOHD;OB TaMilOHa.Mn n3 KBapn;eBoii BaTu (II), noMeU1aJiacr, :a peaRun

OHHYID qacTr, ycTaHOBKn c nouo~Lll'.l npo6Kn (12), 0KaHqilBaIDU1eiicR mJlilWOM 

(13). 0,nHOBpeMeHHO npn sarpysI<e o6pasua B peaI<UROHHYID tiaCTI, YCTaHOB

Kil, npe,nBapHTeJlbHO narpeTyID .no COOTBeTCTBYIDU1eil TeMnepaTypll, npony

CKaJICR ra3-HOCilTeJlb C onpe,neneHHOii CI<opocTI,ID. 

rasoo6pasHue npo.nynTu, nsBneKaeMHe ns narpeToro o6pasna rasoM

HocnTeneu, nocTynann B Tep.1oxpoMaTorpaqintiec1<yID ROJIOHKy, r.ne pas,neM

JlilCI, ocaJK,neHneM B oT,neJlbHllX TeMnepaTypHHX sonax. OneHRa.cTeneHn yne

TY"lilBaHIDI pa,nnOaI{TilBlillX npo.nyRT_OB H3 o6nyqeHHWC MHmeHei'i B saBilCilMO

CTil OT pa3Jlil"lllllX YCJ!OBHH :mcnep1iirnHTa (BpeMR B03rOHRil, Ter,mepaTypa, 

COCTaB H CROpOCTl> rasa-HOCilTeJIR) npOBO,nnJiacr, pa,nHoMeTpntieCirnM MeTO

,nOM Ha OCHOBe H3MepeHHf;! OTHOCilTeJlbHOii llHTeHCIIBHOCTil Ha.n6onee ceneK

THDHHX n CHJlbHHX rruma-JlilHH~ COOTBeTCTBYIDl!lilX H30TOllOB,.Ha6JIID,naeMwc 

B OT,neJlbHllX ytiaCTRax I<OJ!OllI{Il H B ocTaTRe nocne nponecca B03rOHHn. 

AHTnBHOCT!, o6pa3D;OB ll3MepRMCI, c IlOMOUU,ID Ge {Li) - ,neTeRTOpa (I0cM3, 

paspemeHne 2 ,5 11a:B Ha J!IlHlin 1332 RaB 60co) JI 4096-HaHaJlbHoro aHaJ!ll

saTopa TRna AH-4096 • 
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EucTpoe BwteneHne pa.nnorutTilBHHX npenapa.ToB 
peHIIRj npwR. OCMHR'll pTyTn B Bn.ne nezyqnx OKHCJloB· 
Ila -o6n;,ytieHHoro 30J!OTa MeTO,AOM ra30BOi1 TepMoxpolt.aTO--

~ 
B RaqecTBe MaTepnana MnmeHn.ncnoJlbsoBaJlocr, MeTaJlJ!HqecHoe so-

JIOTO (99,999%), npe,nBapnTeJlb~O nponnaBJieHHO~ B TOKe COOTBeTCTBYJO

U1ero rasa-HocnTeJIR ,nM y,naneHHR ~03MOlKHIDC neTytinx npW.1eceii. 06ny-, 

qenne npOBO.I(IlJ!OC!, Ha BHBe,neHHOM ny"lKe npoTOHOB CHHXPOUHKJ!OTpoHa 

JlRlI Ollilli c Ei=660 M·aB. SonoTo, ~eIDU1ee OTHOcn-renH_o HilsKyID Te;Ane

paTypy IlmiBJieHnR (1063°) n BllCOKY!l'.l TQqKy . KntteHHR (2600°), He 06;_ 

pasyeT JieTyqax OI<HCJlOB np~ B~COKOll TeMnepaType (I000°), H Il03TOMY 

Bll,nenenne.ns nero neTyqnx coe,nnnennii ;_ npO.J!YKTOB R.J!epHllX pea111nn -

MOlltHO npoBeCTH MHOrOKpaTHO, HCll0Jlb3YR o,nny n Ty lite MililleHI,, 6e3 no

Tep!, BeU1eCTBa Mnmenn. 

Hccne,noBaHHe raso-Tep.1oxpoMaTorpaqinqecRoro Bll,neJieHHR neTyqnx 

npo.nyRTOB npoBo.nii:nocr, npll.T=II60 ± 20°c, B RaqeCTBe rasa-nocnTeJIR· 

npHM~MJ!HCI, cy~oii RHCJIOpO,n (99, ?%) , B03.nyX HJ!Il reJ!llii ( 99 ,'995%) • . 

. 3RcnepHMeHTaJII,Hlle pesyJlbTaTH IlORasaJIH, "lTO pa,nnoaRTHBHUe pe

Hnii, npn,nni'i, OCMHH H pTyTI, 6HCTpo B03rOHRIDTCR H3 o6ny"leHHOrO pacnna-
. . 

Ba 30J!OTa Il pas,neJlRIDT~R, oca1maRCI> B OT,neJlI,HUX TeMnepaTypHbIX 30Hax 

RBapD;eBott ROJlOHKH B TaROM nopJW{e C yMenr,menneM TeMnepaTypH: peHHtl

(500-3500c), npn,nnii (I80-80°c), pryu-<~ 30°C) . H OCMHii norJIOU1~JlCR 
B 11oeyll!Ke. Co,1;epmHne npn1rncen BO 11cex npenaparax <111.110 11eHLme O, I%. 

C11e.nyeT O™eTHTI,, qTo ,nJlJI xopomeli oocnponsoo,nnMocTn pe-

3y1II,TaTOB noBepxHocTr, I<Bapn;eBoii ROJioHRn ,noJllKHa dHTI, npe,nBapnTeJlI,

HO o6pa60TaHa cooTBeTCTBy!Ol!IHM o6pa30M (y,naJieHne IlUJlil, npoMUBKa RO

JIOHRH, Tep.1utiecRM odpa6oTRa) • 
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Kax noxasaJlli nonyqeHHH:e pesyliTaTu, cxopocTb rasa-HocnTeJUI 

li BpeMR B03rOHKH He OR&3UBaJm cymecTBeHHoro BJlWlHRR Ha pacnpe]J,e

JleHHe nonyqaeMIDC ~oaRTHBHUX npO.zcyKTOB. 

BHXO]J, Bcex 3TliX 3JleMeHTOB B03paCTaeT co BpeMeHeM, ]J,OCT.lll'aJI 

70-60-;1. 3a 5-20 MliH. B 3aBHCZMOCTli OT aJleMeHTa H O'l' npia:po~ rasa

HOCHTeJUI. Hp~il nyqme Boero BosroHReTCR B TOKe RHCJlOpo]J,a H noq

Tli He B03roHReTCR B TORe renRR, PTYTb RonuqecTB8HHO HSBJlexaeTCH 

3a 3-5 MliH. nesaBHCRMO OT npHpO]J,ll rasa-HOCRTeJUI. PeIDifi, OCMHil li3-

BJleRWOTCH HS pacnnaro SOJlOTa 6ucTpee B TOKe renRR, qeM B TOKe Rll

CJlopo]J,a HJlli B03.zzyxa. IlOCROJ!&KY 8TH aJleMeHTli He MOryT BOSrOHRTbCH 

npu TeMnepaTYpe 1160° .B aneMeHTapHoil ~Op.!e, 'l'O HaH60J1ee B8POHTH~, 

qTo OHli li B reJllili HcnapmoTCH B ~Op.!e ORHCJlOB, a HCToqHJmQM KliCJlO

po]J,a B 3TOM cnyqae MOryT 6uu: KllCJlOpo]J,, BH,I1;8.i'lm)mlifiCH HS KBaPWl 

npH BUCOKOfi TeMnepaTYpe sa cqeT ero Tep~Hqecxofi AHCCOIJ,lIB.IUW; KHC

JlOpO]J,, npomrnruoII!Hil qepes cTeHKH ROJlOHRH HS BHemHefi cpe~; KHCJ10-

po]J,, ocTaBIDHilcR B reJlliH nocne ero oqHcTRH. 3TH He60J1DIDHe KOJ1Hq8CT

:sa KliCJlOPO]J.a, BH,IUIMO, BnOJlHe ]J,OCTaTO'lHH ]I.JUI o6pa30BaHHH nerKO ne

Tyqux OKliCJlOB YJ1DTpaMliKPOK9JlliqecTB OCMWI ll peHWI, HO liX H8]1,0CTa

TOqHo ]1,JlH o6pa30BaHrut JleTYqHX OKHCJlOB Hpll]I,llJI, qTo xaqecTBeHHO IlO]J,

TBepJKAaeTCR TePMOAHHaMHqecK!4Mli ]J,aHHHMH. 

Bonee Me]J,JleHHOe yneTyqzBaHae peHHR H OCMRH B TOKe KRCJlOpo]J,a, 

no cpaBHeHmo c TOKOM reJlliR sacTaBJ1HeT Hae npeMo.naraTb, qTo y]J,a- . 

JleHHe ORHCJlOB peHrut H OCMHR C noBepXHOCTll SOJlOTa B cpe]J,e RliCJlOpo

]J,a 3aMe]J,JlHeTCH H3-sa o6pasoBaHrut ORRCHOil nneHKR Ha nonepXHOCTR 30-

JlOTa. 

HcXO]J,H HS axcnepHMeHTaJlDHO nonyqeHHIDC BeJlllqRH "xapaxTepHCTR

qecxon TeMnepaTYPH ocrumeHRR", a Taxxe Ha ocHoBe aHaimsa cBoffcTB 

ne~n ox.11:cnoB, c]J,eJlB.llo saKJIR)qeHRe, qTo B ycnoBHHX Ramero axcne-

I 

pHMeHTa YJlbTpaMliKPOKOJlliqecTBa peHruI, RPIIARH, OCMHR li PTYTli B03rO

HID'.lTCH B Bll]I,8 JleTYqHx OKRCJIOB: ~'?J • :Jr03 ' 0s04 li H90(IIJ). 

, BOJU,filaH(l(OPOCTb .acnapeIDIH YJU,TpaMliKpOKOJlliqecTB apH]I,RH B KRC-
. . 

JIOpo.n;e R.ero cpaBHHTeJlbHO Hll3KaJI TeMnepaTYpa ocaJKAeHrut Ha CTeHKax 

KOJIOHKR RBJlJIIOTCH_ ~TOM, yxa3UBalOmHM Ha pasHoe IlOBe.n;eHlie YJ1DTpa- .. 

MRKP?- li MaKPOKOJlliqecTB liPHAHJI, a HMeHHo, li3 JlliTepaTypmvc ]1.aHHIDC' . 

li3B8CTHO HeBUCOKOe 3HaqeHHe ynpynocTH napOB MaKpOKOJlllqecTB ORliC

JlOB. RPllARH Pf;8!0 
= 0,8166 MM pT.cT., a HaJUR, axcnep1meHTaJ1DHH:e pe-

sy JlbTaTu, ,KoTopue 6uJ1R nonyqeHu B OIWTax · no usyqemno TepMoxpoMaTo

r~nqecxoro_ noBe,n;eHruI MaxpoxoJIRqecTB HP~H, noxasaJIR, qTo·npo

.zzyKTu B03rOHKH.OCaJKAaJIRCb Ha BliCOKOTeMnepaTYPHOM, -,ll;JlllliHOM yqacTKe 

TX-ROJIOHKH C MaKCHMyMOM npH 900-IOOo0• Ham.Ii ]J,aHHUe O IlOBe.n;eRRH 
- ~ • e 

YliTpaMHKPOKOJIKtl8CTB HPliAHJIMOlKHO cqnTaTb.HOBliMli B paAHOXRMIDI 

Rpll]I,llJI. 

Ha OCHOBe_ TeOplili RcnapeHHJI MOlKHO npeAfiOJlOlltllTb, qTo IlOBe]J,eHRe. 

YliTpaM~POKOJlHqeCTB neTyq.11:x OKRCJIOB MO~eT 6UTb CBJI3aHO li C HH3K0tt 

KOHneHT~ea 3THX SJleMeHTOB B 06.nyqeHHOM 30JIOTe, H_C ~aUHOHHli

MH RBJieHRJJMa, npOHCXO~R B 06.nyqeHHOM BemecTBe MRmeHH. 

Bll.IleJieHHe pa.!Uf08.RTRBHOro peHrut npH C~HraHHH 
o6JIVqeHHoro MeTarnqecxoro ocMRH B Toxe KHCJiopona 

Kax HSBeCTHO, HefiTpOHO]J,e~HnRTHlie HSO.Tonu peHHJI C 60J1DlllliM BU:

XO,ll;OM o6pasymTcJI B peaxUHJIX rny~oxoro pacmenJieHHH ocMHJI npoTOHaMH 

BliCOKOfi aHeprlili {Ep=660 MaB). C neliD liCOOJlD30BaHRH MHmeRR HS oc-. 

MHJI ,ll;JUI nonyqerum paAHOaKTHBHIDC npenapaTOB peHHJI MU npoBeJlli liCCJle-. 

,ll;O:saHHe 61-lCTporo !'TX Bl-l,JJ.8JleHHJI HSOTOOOB pe_HIDI li3 06.nyqeHHoro BliCO

KOSHepreTHqecKHMR npOTOHaMR Os MeT npR ero CXHraHHH B TOKe Kli~JlO

po]J,a. OcMHil MOJteT JieI'KO, B03rOHHTbCH B. Bll]I,e OJ04 li TeM CaMUM OT]J,e

JIHTbCJI OT npo]J.yKTOB s:mep.!WX peaxumt, B TOM qucne li_peHHH. 
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YcTaFIOBJieHo, qTo npH croprutnn 06.nyqeHHoro MeTaJUmqecKoro oc

MllJI C,-,20 Mr OsMeT IlOnHOCTI,I) cropa.JJT sa 3 MllH npn 850°c) pa,nnoxn

MUqecKll qncreil peHml: 6e3 HOCUTeJIB OT.IJ,eJUIJICR OT MaKpOKOnnqecTB oc

MHII, ocaJK,ll;aRCI, Ha rop~eM yqacTKe KOJIOHKH ( 590-340°c), a OCHOBHaR 

Macca Os04 KOH.IJ,eHCllPOBaMCI, Ha XOJIO.IJ,HOM yqacTKe n OCTaTKll - B JlO

BYll!Ke. Buno taKJKe noKasano, qTo npn cimraFinn oCMHR, co.IJ,epm111ero 

pasnnqaoe· KonnqecTBO peHHR (oT 4 MRr .IJ.O I Mr), Meqeanoro 186Re, 

MllKPOKOnHqeCTBa peHHR (+ IO MKr) OCaJK,ll;aJIRcI, npe.my111ecTB8HHO B -BH- · 

COKOTeMnepaTypHoff o6nacTll KOJIOHRH, a c yBennqeHReM RonuqecTBa pe

HM M8CTO ocaJK,ll;eHIIJI ero nepeMellla.JlOCI, B HR3ROTeMnepaTypHyro 30HY 

BCJl8.IJ,CTBlle ll3MeHeHM XHMHqecKoff <pOp.!li peHM (Re03-+Rez07)•. 

Ilo.7l,Yqea0:e npenapaTOB-paitHOaRTHBHWC ll30TOilQ:a 
peHM.ll3 06.7lVqeHHoro neppeH~Ta BMMOHllR 

Bu6op neppeHaTa aMMOHllR B RaqecTBe BellleCTBa M.l!llleHH .IJ,JI.FI no.ny

qeHM pa.Il,llOaI<TllBHHX ll30TOilOB peHM 6HJI C.IJ,eJIB.H no P.fUCY npnqnH: BH

COKllff BHXO.IJ, pa.IJ,llOaKTllBHIDC ll30TOilOB peHHJI IlPll 06.nyqeHllll peHllR BHCO

K03HepreT!AeCR.l!Mll npoTOHa.MH ll JierKOCTI, JrnMnqecRoro BHAeJlemIJI. H3-

B8CTHO, qTO neppeHaT aMMOHM pasJiaraeTCR npn IlOBHllleHHOff TeMnepaTy-

pe cornacao peaKURR N~ReO+ ➔½lf.tO -+N~ + ~ Re.zO,t • 06pasyromHe-

CR B pesyJII,TaTe Te!l,liqecioro IJ8.3JlOJKeHM K~ReO.s, JleTyqlle ORllCJlli 

(nJlll rUAPOOKliCR) peHM JierKO MOryT OT.IJ,eJIRTLCR OT ArorRX HeJleTyqnx 

pa.IJ,llOaKTRBIWX npo.nyKTOB npn B03roHKe. C IlOMO[!li>ll ~OaKTllBIWX llH

AURaTopoB npe.IJ,BaPHTenLHO 6HJlll llCCJle.IJ,OBaFIH KUHeTRRa Tep.1aqecKoro 

pa3JIOllt8HUR "RpllCTaJlJIOB HHt, lt04 H TepMoxpoMaTor_paq>nqec1we IlOBe.IJ,e

Hlle MaKPOKOnuqecTB peHllR npll TeMnepaType B llHTepBaJie 500-800°c n 

CKOPOCTH IlOTORa KHCJiopo.D,a OT 6 .IJ,0 50 MJJ/MllH. 

·· ·YcTaHOBJleHo, qTo nonHoe pasJ10JKeHne 200 Mr A'f4Ke0.s, nponcxo

.IJ.llT npn T=600°c H npn CKOPOCTH KllCJlOPO~ 25 MJJ/MllH sa 3 MllH c no-

10 

CJ1e.ny1ontHM ocaxmeHneM peHM Ha IlOBepXHOCTll TX-KOJlOHKll B 30He npn 

,-,zoo0c. Ilpll T > 60o0c ll )6 > 25 M.n/MHH pa3JIOlK8H.l'le .¥H,,He0y npo-
:i 

TeRaeT oqeHI, llHTeHCllDHO, npn 3TOM o6pasyeTCR 06llnLHHH 6emrn .IJ,RM, . 
60J1I,1118.Jl qacTL ROTOporo, He ocaJK,ll;aJICI, Ha cTeHKax ROJIOHKH, npOXOMT 

B JlOBYlllKY• 

Tep~oxpoMaTor_paq>:aqecKoe no.nyqeHHe pa,nnoaKTllBHHX npenapaToB 

peHM ll3 06.nyqeHHmc BHCOK03HepreTaqecKllMll npoTOHaMll (Ep=660 M:m) 

RPllCTaJIJlOB NHt,lleO,, npoBO.IJ,llJlOCL npll T=60o0c M Vo~ = 12 M.n/Mlm. 

IIpenapaTH 6HJlll pa.IJ,HOXlll-,\llqecKH q0:cTWvlll ll llCilOJ1I,30BaJIUCI, .IJ,JUI n3yqe

HWI .fI'APa 179Re. 

B!llleJleHlle panMOaKTHBHIDC ll30TOilOB TaJIJlllR, 
·ocMllR ll OTyTll ll3 06.ll,YqeHHWC OKllCJlOB CBIDIUa 

OcHOBHHMll RPHTepURMll npll BH6ope OKllCJlOB CBllHUa B R~qecTBe Ma-
, .. -, ...... '·"' _. .• ,-_:-·<. -~ ~ 

TepllaJla MllWeHR, KPOMe CaMOJ:1 xmm:qecKOH cpop.m, 6hl]_1H 60JII,IIIOV. BHXO.IJ, 

HeffTPOHO.IJ,ElqlllURTHHX H30TOilOB TaJlJIHR, a TaKJKe OTCYTCTBlle BHlHMOro 

BSaHKOlelCTBHa C MaTepHaJlOM annapaTypH B npOTHBOilOJlOlltHOCTh, nanpn

Mep, ~TOpHlY CBHHIVl. 

B pa.Il,llOXIDi\H11eCROff npaKTUEe JieTyqecTL OKliCJlOB TaJlJIM .IJ,0 IlOCJle.IJ,- . 

Hero BpeMeHH He HaXO.IJ,llM IlPaKTUqecKoro npm.ieHeHM, O.Il,HaKO 3TO 

CBOffCTBO MOXeT 6HTL HCilOJIL30BaHO .IJ,JlJI 6HCTporo BHAeJleHHR pa.IJ,HOaK

TllBHHX H30TOilOB TaJlJIM HS o6nyqeHHHX OKliCJlOB CBHHna • 

H3BeCTHO, qTo BHCWlle OKliCJlli cmrnna paanaraDTCR npn HarpeBaHHH 

corJiacHo cxeMe: 

..tPbO 300°c ~PbO 330°c • Pb n.. 400°c, Pb n.. 460°9. 
2 · 2 D~9 U~7 

. Pb304 600oC, PbO. 

JRcnepHMeHTH no nsyqellllll yJ1eTyqnBaHRR a TepMoxpoMaTorpaqiaqecKoro 
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IlOBe.n;emrn: yJU,TpaMIIBpORQJlliqecTB Ta111m.fI, a TB.Rl!te OCMli.fI li PTyTH npo

BO,nH./lliCI, c ncnoJU,so:srumeM B KaqecTBe MIDI!eHe:li noponntoB OKHCJ!OB 

PbO , Pb3 0't . n PbO.z • _ . _ 

·oanyqeHHufi npoTOHaMn c Ep=660 MaB MenHo,nncnepcHu:li nopomoK . 

o.n;Horo li3 ORliCJlOB CBHHiia (tvI rpaMM) BBO,nHJlC.fI B npe.n;ropnTeJII,HI). Ha

rpeTyro .no sa.n;aHHo:li TeMnepaTypu ycTaHOBKy. B KaqecTBe rasa-HocnTe

M icnoJU,scmamrcx, oqm!leHHI;e KncJ1opo.n HRH ·reJlll:li, B oT,neJU,Hmc onu

Tax Olll!! CileUHa)1~~0 HaCbllllaJll!CI>. nap8.l.lH. BO.n;H (i\
120 

·;,;_ 300 MM pT.cT.f. 

HsyqeHne pacnpe.n;eJleHM Jlerj,qnx IlPO.IJYKTOB no,niume Te~oxpoMa:.. 

TOrpaqmqecKoil KOJlOHKll np.i nx ocal!t,ll;emm H3 ra30BOH ipa3U,ll;1I.II MHmeiie:li 

PhO.z , Pb3 04 .i PbO noKasaJ10, qro TaMH:li ocruit.naeTc.fI B aoHe npH 

220 ± 20°C i PTYTI> .~PH ~ 30°C, _a. OCMH:li, norJlO!llaeTC.f! 8.KTHBHPOBaH!il,JM 

yrJleM. Co~epxaHHe npHMer.eff B nperrapaTe 0Hno M8Hnme, qeu·0,1%: 

BHJ!O YCTaHOBJieHO, 'ITO KPHBM TeMneparj,pHOH sa:i:mcm.lOCTH 'yJJ.eTy

'lHBaHIDI. TaJ!JlI'I.fI ns .. o6Jiy'leHHHX o:imcJibB c:rumua HMeeT. xopomo BHpal!teH- · 

HHH MaKCHMYM npH TeMnepaType, COBna.naroU1e:li C TeMnepaTypo:lin11B.BJ18HH.fI" 

PbO • TaKo:li xapaRTep KPHBHX noSB011/IeT c.ne11a.TI> npe.n;noJio~eHHe,'qro 

ncnapeHHe TaJ!JlM nponcxo.n;nT 60J1ee HHTeHcnBHO Hs·TBep.n;oil ipasu ·B npo-: 

uecce ee nepecTpoilKH. llocJ1e.nyro[Jlee (nocJie Il11B.BJieHM) sBMe.n;JieHHe npo

uecca ncnapeHIDI MOl!teT 6HTI> 06ycJIOBJ1eHo·psmOM npn'lRH:·yMelibmeaneM · 

pasBHTOH IlOBepXHOCTli OKHCJ!OB CBHHWl npn.nnaBJ1eH:w1; yMelibmeHHeM 

CKOPOCTH ,nHqxiiy3HH Ta)1JIH.fI qepes rpaHmzy pas.ne11a ipa3 c·yB8JlH'leHHeM · 

IlOBepxHOCTHoro HaT.fil!t8HlliI pacn11a.Ba, KOTOpoe BOspacTaeT C POCTOM 
TeMnepaTypH. 

IlpII 830°c ns o6Jiy'leHHoro. Pb3 0~ . _ sa BpeMH Tep,m'!ecKoro pas-.' 

JIOl!teHll.fI cypHKa (I r~· Pb30" npH aToff TeMnepaType pasJiaraeTc.fI 

sa 3-5 MHH) , y JieTytJllBaJIOCI, .no 75% TI II c y~~Jll!tJe~eM BPeMeHII BOS

roHRa ,no I0-15 MRH BUXO,It Tl ,ItOCTHraJI ;85%, a H3 Il0p011IKE1 PbO y1i.eTy;_ 
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tJIIBaJIOCI> .no 55% TI sa,..,20 MRH. Ilp.a 550°G. Kormi cypHK e[Jle He pas-

11araeTcJI, ns Hero yJ1eTy'lIIB8Jloc1, J1H11II, N35% TI sa 40 MHH. 

BHJio sBMeqeHo, 'ITO npe.nmpHTeJU,HOe nepe.n o6Jiy'leHneM npoKaJlli

BaHne nopomKa B Te'leHne 2-3-x t1acoB npnBo.n;aT K yMeHI>meHIIID· nuxo.na 

Ta111WJI B 2 pasa,n nocJ1e.nyID[Jlee yBeJllitJeHne BpeMeHn npe.n;mpaTeJ1I,Horo 

OTlltHI'a He BJ!Il.fieT Ha ncnapeHIIe TaJ!JlI'I.fI. 3TOT ipaKT CJle.nyeT Y'lliTHBaTI, 

npll HCll0JlI,30BaHHH PbD B KatJeCTBe MHmeHII .D;JIJI ,IJ,JlliTeJII,HOro BH,IJ,eJle

HlliI TaJIJlH.fI MeTo,noM rasoooil Te:ruoxpoMaTorpa(pHH. 

TaKae pa,naoaKTHBH&e npo.nyKTU mm pemtli H npll,na:li He Bosromr

JlliCI> HS OKHCJ!OB CBHHUa, 'ITO MOJKHO 06~.fICHHTI, o6pasOBaHHeM HeJleTy

qIIX coe.n;aHeHHil THllB. Pb.z Me.zoo (Me= Re, :fr) • BHJ!O 06Hapy11te1.10, qTQ Y Jie-

TY'lHBaHHe panoauHBHoro TMJ!H.fI ns o6JiytteHHoro nopo11IKa 

PhD B Jill pacnpe~eJlellil:e B ROJlOBRe saBHC.fIT OT cKopocTli rasa-HocII

TeJI.fI (02). Ilpn He6011I>mol cKopocTH rasa-HocnTeJIJI BHXO.n; TaJ!Jlli.fI 6uJ1 

HeBUCOK, n OH ocal!t,ll;aJlC.fI npa TeMnepaType 600-700°c; Ha'lHHM c' \6 ~IZ . ~ 

MJJ/MHH, yJleTytIIIBaHHe TaJlJIHJI B03pacTaJio, .nocTHraSI IlJlaTO npH ~ =20 
. . ~ 

MJJ/MRH, npH aTott CROPOCTli rasa 008.lltJJ;eHHe TaJlJIH.fI npoHCXO.n;HJlO.npn 

6oJiee HH3Rott TeMnepaType (,v225°C). TaKoe noBe~eHHe yJ1I,TpaM1IKpo

K011HtJecTB TaJ!JlH.fI, llO-Bli.n;m.lOMy. CB.fI3aHO C onpe,IJ,eJleHHUM MeXaHli3MOM 

yJieTy'lBBaHH.fl Ta1VWJI li3 OKHCJIOB CBRHUa, a .l!MeHHo, npa Hll3K0ll CKO

POCTH rasa-HocaTeJIJl onpe,zteJl.fIID[JlHM npoueccOM .fIBJIJieTC.fI .n.ecopdUH.fI ero 

c IlOBepxHOCTK PbO , a npa 6onmol CKOPOCTH ~ .ztnqxliy3H.fl K IlOBepxHo

CTK ns Boero o6~eMa. 

HaJIH'lRe napoB BO.n;H B rase-HOCKTene He BJ!H.fI8T Ha CKOPOCTI, B03-
• rOHRll H uecTo ocaJ;JteHWi TI B TI-KOJIOHRe. Ha OCHOB8 iaHHHX no Tep-

MOXHMB'l8CIO!M CBOICTB8M OKHCJIOB TaJIJlil.fI c.n;eJiaHo npe.n;noJio~eHll:e, 'ITO 

B ycnoBWDC H8Jlll!X OIWTOB Ta111Il!fl BOSroH.fleTCSI B Bli,IJ;e TI20. 06pasoBa

Hlle rasoo6pasaoro TI20 B paccaaaTp.mam.tol HaMB cncTeMe no.nTBep~a

eTcSI B T8IJ,IOJtHH8J,IH'leCKl!MH pacqeTaJIII. 
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AHaJIBSllPYR Il0JlY'l6Hlllle pesym,TaTH, MOlltHO CKasaTb, 'ITO ncnom,so

BaHlle OKllCJlOB PbO:z li Pb304 B KaqecTB6 Mll.lileHeil RBJlR6TCR 9@ieKTllB

HHM .ll:JlR 6HcTporo BH.D:6Jl6HM ~oaKTRBHHX RSOTOilOB TaJlJlllR B COCTOR

Hllll des HOCllT6JlR. Ho OKRCJlH CBllHUa MeHee 6JJarOilPHJITHH ,ItJlR .D:JlllTe]II,

Horo BH,neJieHllR TaJlJlllR, IlOCKO]II,Ry 3qql€KTRBHOCTI, IISBJI6'l6HM Ta}l]lllR 

CHIDKaeTCR co BpeMeHeM B pesym,TaTe' npeBpalllemm BHCIIIllX OKRCJIOB B PbO. 

BgneJ1eHHe pa,unoaKTHBHoro Bom,wp&1a MeTonoM ra

~oBQR T6J)MOXpoMaTorpa.c'fMII B B.lll6 Jl6TytmX nmpOOKlIC6H 

IfaBeCTHO, 'ITO MaKpOKOJlli'leCTBa BOJlbq>paMa npR BHCOKOfi TeMnepaTy

pe B aTMocqiepe BJ1anm·oro KllcJiopo,na MoryT BosroHRTDCR B i,{Jop,1e rn~o

OKIICll W~{oHJ_z , a B cyxoM RllcJlopo,ne - B Bll):te TpllMepa (wo3h. Yn

pyrocTi napoB r~OORllCll BOJlbi,{Jpa.Ma paBHa 11~0
~gH) = 2,6 MM pT.CT. 

. 2 2 
npu P 

820
=234 MM PT. cT. , 'ITO Ha 2-3 nop.R;IU<a 6oJlbme .naBJleHM napoB 

ero ORllCJlOB B 3TliX YCJlOBllJDC. 3Tll ,naHHHe IlOCJlYlltllJlli npe.nnocr:VIROH .D:JlR 

pa.nnoxm.mqecKoro BH,neJieHHa BOJlbqipaMa MeTo,nOM rrx B Bll,ne wo
2

(0H)
2 

• 

B pa,nllOXllMll'l€CKOH IlpaKTllKe aTo.coe,nHHeHlle He llCilOJlbSOBaJlOCI,. 

.UM noJiy'leHllR pa,nROOKTllBHOro BOJlbq>paMa B Ka'leCTBe MllJileHeR cJiy

UJlli MeTaJlJlll'leCKlle q>OJlbrR SOJlOTa (99,999%) ll TaHTaJia (99,97%),·B 
. .) -f 

KOTOPHX BOJlbqJPaM o6paSOBHBMCR B smepHHX peaKUIDIX Tlllla J/u.(p,6pxn/W . . 

(Ep=660 M9B) ~ Ta.(p,xn)w (Ep=I20 MaB) ,c .nocTaTO'lHO BHCOKRM BHXO-

,noM. 

0 IlOBe,neHRR YJlbTpaMllKPOKOJUI'leCTB JleTy'lllX pa,nuoaKTIIBHHX npo.nyR

TOB npR RX BOSroHI<e RS pacnJiaBJl€HHoro SOJlOTa B TOKe cyxoro RRCJlopo

ia MH yllte roBopnmr (cTp. S' ), npa.aTOM 6HJ10 oTMeqeHo, 'lTO ·peHRff, 

HPH.D:Hff, OCMRH ll pTyTI, 6HCTPO liSBJleRaxJTCR RS pacn.naoo ·soJ10Ta, a pa

.nnoaKTRBHHff BOJU,qJpaM He BOSrOHSieTCRo 0,nHaRO BBe,neHRe BO,nJIHHX napOB 

n o2 ~JlllReT Ha soHy ·ocallt.D:eHHR perum, oaa cMe!Jl8.eTc~ .no I7o0c ~ a· B 

J1eTyt00e ripo.nyKTax noRBJtiieTcR pa.nnoaK.TllDHUfi BOJlbq>paM. · l!To KacaeTcJI 

14 

., 
i 
\. 
l 
t 

l 
/; 
,1 

~ 
( 

'.( 

>\ 

j 
1. 
( 
i: 
,' 
i 

MllJileHR MeTa}l]lllqecKoro TaHTa.na, TO OH IlPII cnrnraHmI B aTMOccpepe 1rnc

J10po.na aHeprlI'lHO OKIICJ1R€TCR, npeBpamaRCI, B HeJleTy'lllll orrnceJl, lI 

MOlltHO Olltll,naTb, 'ITO npOllCXO.IVIlllaR B npouecce peaHUHll Ta+02 - T¾Os 

nepecTpOilRa CTPYKTyPH DellleCTM. dy,n~T cnoco6cTBOBaTb .nrr<IXJJYsllll Hs 

o6~eMa R ncnapeHIIlO C noBepXHOCTll Jl8Ty'lllX C08,nllH6Hllll BOJlI,WpaMa. 

3KcnepllMeHTH no nsyqeHIIJO o6pasoM.HIIR n TepMOXpOlt.aTOrpa<liH'leCRO- _ 

ro IlOBe,neHHR MlIBPO- ll YliTpaMllRPOROJlll'l€CTB JIBTyqmc OKllCJlOB ll rn.npo

ORHcen BOJIL~pava npOBO~llJIHCL npH Teunep~Type 1060° R II6o0c. 
rasoM-peareHTOM II O.D:HOBpeMeHHO HOCllT€Jl€M CJlY}lllJl IU!CJlOpo.n, Ha

cumeHHHH napaMll BO,nH. B"psi;ne HOHTpOliHllX OilUTOB llCilOJlI,SOBaJlCH T~a

TeJlI,HO BHCymeHHHH HllCJlopo,n. 

MsyqeHRe cTeneH.ll yJI€Ty'lllBaHM MllKPOKOJlli'lBCTB BOJlI,Q1paMa (~ 50 
/S'S', 

MKr MeTaJIJlllqecRoro nopollll(a, Me'leHHoro 'kl ) IlOKasaJlll, 'ITO C JiSMe-

H€HReM p820 B llHTepBaJie OT O .no 60 MM PT.CT. BOJ1I,4ipaM llJlll COBCBM 

He B03rOHSI8TCR (T=I06o0c) HJUI BOSrOHReTCH B O'l8HI, He60J1I,ill0M CTene

H.ll (.no~6% np.0: T=II60°c). IIpn ,naJ1I,HetlweM lKe yBeJin'leHl'IH P
820 

JieTy-
1ss-,., . · 

qeCTI, rv PB3KO B03paCTaeT. 

IIpo.nyRTH B03rOHI<ll MHHpOKOJlll'l€CTB BOJlbq1Jl.'.lMa oca;.maIOTCR Ha CT€H

Kax KOJIOHRll ~ .nnyx SOHax C Te":nepaTypoif 900-800°c II 600-500°c. 

Mcxo,n.R li3 sHaqeHl'Ifi "xapaKT€pllCTl'I'l€CHOn TeMnepaTypH 0CaJ!m€HllR11 

H H€KOTOPHX .npyrl'IX 9IWnepID.1€HTaJlbHl:lX q\aKTOB, Mb! noRasaJI.ll, 'ITO XH

Ml'I'lec'Rl'Ie qJOp,!H or:air,J1;aeirax B 3THX 301IaX MllRPOROJlli'l€CTB BOJlbcppruAa 

COOTBBTCTBYDT (WOS)B ,H W02(0H)2. 

Mccne.no:erume raSOT6PMOXl)OMaTorpaqi1I'l€CKOrO IlOBe,neHHR pa,nHOaR

Tl'IBliciroBOJll,qJpaMa'BCOCTOIIH~ 6ea-HOCRT€JlR: oosroHSieMOro IIS 06;zy

'l€HHoro M€TaJIJlllqecKoro SOJIOTa l'I TaHTaJia B TOH€ BJialltJ.lOrO Kl'ICJIOpona 

(PH20-,;, 4I4 MM pT.CT.), IlOKasa~o, 'ITO w-r- a.ncop6npoBB.JICR B O.D:HOH 

TeMnepaTypHoii soHe npII 520,t50°c B Bn,ne W02 (0H)2 HesaBl'ICHMO OT -npu

po.nu MllmeHR II BBJlli'll'IHbl rpa.n!IeHTa TeMnepaTypu B.D:O]lI, 'IX-KOJIOHKII. 
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Buxo~ BOJII,qipaMa n3 06.nyqennoro pacn11a:sa 3onOTa pacTeT 6ucTpo 

H .nocTnraeT n11aTo {82;t5%J qepe3 15-20 MnH nocne 3arpy3KR O6pa3ua B 

peaK~OHHyIO qacTI, ycTaHOBKR. YneTyqaBaHne BOJII,ippaMa ll3 O6.nyqeHHo

ro TaHTana co BpeMeHeM pacTeT OTHOCHTenI>HO Me.n.neHHO H ,ll,OXO,D;RT ,ll,O 

42;t5% D Teqeane 30-40 MHH B03roHiin n MOlKHO nonaraTI,, qTo CKOPOCTI, 

Bll,ll,eJieHIDI pa,lJ,ROaKTHBHOro BOJll,tppaMa H3 Tl\1eT. c:rurnaaa C oco6eHHOCTJI

Mil MexaHH3Ma OKRCJieffim TaHTana.. 

M3MepeHRJI raMMa-cneKTPOB no~qemmx npenapaToB pa.n.HoaKTHBHO

ro BOJII,qipru.ia noKa3amr, qTo co.itepxaHJie np1n.recelt <lHJIO uem,me O, I%. 

3Kcnepm.1enTan.r.HHe pe3yJII,TaTu noKa3UBaIOT, qTo yneTyqn:BaHHe 

ynI>TpaMilKPOKOJ!HqecTB BOJII,qipaMa Il3 o6nyqeHHoro MeTaJIJ!HqecKoro TaH

Tana npn ero clltnI'aHRR B TOKe Bna~noro Kncnopo.n.a JIRHenHo BO3pacTa

eT C ynemrqeHReM P1120• qTo, IlO-Bll,D;RMOMY, CBJI38.HO C oco6eHHOCT.flMH 

o6pa3onaann: neTyqefi rn.n.pooK11cn wo2,(,0H}2 B pesym,TaTe cne.n.yIO!llRX 

peaK~fi: 

I. W{Ta) + o2 -➔ W02 (Ta2o5 ) 

2. W02 (Ta2o5 ) + 1/2 o2 -➔ W03(Ta2o5 ) 

3. W(Ta) + 3/2 02 -➔ W03 (Ta2o5 ) 

4. wo2 (Ta2o5 ) + 2 H2o(ra.J) -► wo2 co~➔2cra3) + H2(ra.., 

5. W03(Ta205) + H20{fd3 ) ➔ W02(0H)2(ra3) 

6, 3 wo3 (Ta2o5 ) -➔ (wo3 )3(raJ ), 

. r.n.e W(Ta) , WO~(Tc1..zOj") H W03(Tc1_iO.,) O3.HaqaBJT xm.1uqecRyD ~lldY 
* 11- • W , W 4 , W 03 B TBep.n.on tpa.3e. 

B ycnoBRJIX ::mcnepm.1eHTa llaJIOBeponuoll xa~eTcJI peaKUIDI 4, no

cxon.r.Ky cymecTBOBaHHe W~(Ta.zO.,) orpanaqeHO BO BpeMeHR, ROTOpoe, 

BepOJITHO, He 6on.r.me BpeMeHH noJIHoro ORHCJle~IDI TaHTana (5 MHH), a 
• y neTyqaBaHHe W , RaK noRa3HBaIOT nonyqeHHHe pe3y JII,TaTu, nponcxo-

.n.nT sHaqnTenI>HO Me,nneHHee. TOT tpa.RT, qTo B TORe cyxono RRCJIOpo.n.a 
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BOJlI,~pau He B08rOHfleTCH,H8 TBHTB:JIOBOtt wmeHH, HCKJinqaeT peaK~D 6~ 

Ta~)I o6p~80JI, UOJKHO noxaraTa, qTo HBR6oxee BepOHTHWIH 6y.n.yT peaK

~H 3 II 5~ 
• ll' 

Yono CllllTBTa, qTo Y:JI6TY'l{HBBHH_e W ll8 o6xyqeHHOro TBHTB:718 

onpe.zteXHeTcll .ztH~yszett napoB BO.ztu BO. Bcett uacce TBep.ztorc>· Be11tecT- , 

Ba, ;D;H~Y8K8ff rH,ll,pOOKHCJI W02(0H)2 K noBepxHOCTH Ta205 11 y;zi;axe

HHeM C Hee. 

Yexaunsi, o6pasoBaHHH raaoo6pasuoro uro2(0H) 2 B so:JioTe MOJKHO 

Cql{TBTa.BHS:JIOI'HqHuu,. OTJIH'lll!:e 38KJI~aeTCII_JIHWI, B TOM, qTo H8 ao-
ll' • 

:JIOTS Uf yxeTj'llHBaeTCH 6ucTpee aa cqeT 6o~amett CKOpOCTH ;D;lll~YSHH' • 

11s pacnxaBa. no cpaBHeHlln c ·n~jl,1tol Ta2o5• 

1J TO K~c_a 6fCH ll0B8)1;8HHH ym:.fp811KKPOKOJIHqecTB Re, Ir , Os Ill H3-

np111 cr6JIH".f8~R • HX'~S p8CIIJI8B8 . 06JiyqeHHOrO. 30:JIOT'!I B' TOK6 B:JISJKHOrO . 

KHC:Jiopo;zi;a 1 . TO ilODO OT11e;Ha' cne;D;YJ)lll86:. 80HU OC8llr,lt81llrn It , Os' , " 

H3 He 118HHDT·CBOero noJIOS6HHII B 88BHCHIIOCTH'OT CO)t8pllt8HRH B raae

HOCIIT6JIII napOB BO)l;H, UOSTOUY IIODO roBOplfTI, 06 H)teHTHqHOCTR XRIIR;:. 

qecnx ~OPII IIPII Cy(SJillll8ItJIH yn~pa1111KpOK()JIHqecTB STHX 8:JielleHTOB BB 

80:JIOTa B C)'X~lf K __ BO BnlSHOII -Oz~ Ile1>e11e111euxe "xapaKTeJ)BCTR'leCKOI ·• 

TeJ11Iep8!1'YpJ,1 OCS~ODH• Re npa. HIJIHH II8p0B, BO)l;U 06f>IICHJIHCll ~OU, 

uo peHBtt :a s,011 CJIJllH. 1IOpe11ocuc11 B n;zi;e Jief1'1el I'H,?tpooKilc•~ 

O<Spa80B8JDl6 HUJIX ·oX.0'1101 • l'JlllDO~po8't peaxa 
ic1ct1uo pegJ.::,ondlpfM I ·u rasoTepuoxpouno-· 

rpadlaqecKO! nopeJeDI 
lsy-q1~11 ~~pas~B~~1(xe!~ ·oJ?C:IIOB ~eHXH 11ocBHuteH'o op~:a~-

·. ,en110· He6ou11oe 1111cx~ p~6ot; ·xapane11•'s111Dtll 110Be;zi;eoe'ii1Kpo~o

uuc,B pens: B ycJioB.,~~- npaJi.oliill!U IC oCSpaBOB8HXD raipoouc~: 8~

, Baca11oon o6pasounH · xe~ aoxopo.11:mx: · coeJtBHemil pen11· _o, yu-
~ ~,t• 
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pyrocTn napoB BO.nH B ra3e-HocnTene n KO}meHTpa~H caMoro MeTaJUia 

B c.nyqae MHKPOKOJW'!eCTB perum He n3yqanaCI,. Il03TOMy Mll nccne,ItOB8-

Jlli CTX-noBe,IteHne MHKpokonaqecTB pelll:.fI B npncyTCTBRH B ra3e-HOCH

Tene BO,It.fIHWC napOB C nem,ro Bll60pa OllTliMaJU,HblX ycnOBHfi Bl:l,IJ;eJieHrui 

pelll:.fI ll3 06.nyqeHHIDC MmneHeff WMeT •• KOTopue B IlpaKTHRe qacTO liC

ll0Jll,3YIOTC.fI .Itllfr no.nyqeHM pa,!tHOaKTRBHllX npenapaTOB Re. 

Hccne).I.OBaHM B03rOHKli peHH.fI lrn MO.n;ellHOfi CMeCH MeTaJlnH'!eCirn:x 

* Il0p0llll{OB BOllqipaMa li peHR.fI (50 MKr w + IO MRr Re. ) B liHTepBaJie 

TetmepaTyp OT ??O .n;o II60°c B TOKe He, co.n;epJKal!lero napu J¼O c yn

pyrocT1>10 OTO ).1.0 430 MM pT.CT., noKa3ann, '!TO peHHR Ha'!RHa.eT B03-

roHJinCJJ npli T=870°c li P¾o= 430 MM pT.CT. R ero KOnH'!eCTBO pacTeT 

c ).l.allHeffmHM yBenRqeHneM KaR TeMnepaTypu HarpeBa CMeca, TaK a yn

pyrocTH napoB BO,nH B renHH. KonnqecTBeHHa.JI B03rOHKa MliKPOKOJW'!ecTB 

peHHJI Ha6JI10.n;anac1, npa T=I060 li II60°c li P¾o~30 HI?? MM pT.cT., 

cooTBeTcTBeHHo. Oca~.n;eHne peHWI npoacxo.n;ano B '!eTKO orpanmenHofi 

TeMnepaTypHOH 30He. 

Ha OCHOBe pacqeTOB li3MeHeHHJI 3H8.'!eHM li306ap-H30Tep.1nqecKoro 

IlOTeH~ana peaR~li MelltJJY RE;,.eT. H napaMH BO,nH, Mll IlOKa3a1llf, '!TO B 

HHepTHOM ra3e, co).l.ep~~eM napH BO.D,ll, pend, Bepomnee Bcero,6y.rteT 

ncnapRTLCR.H TpaHcnopTHpOBaT»Cft B BHJeRe03(0H), T.K. o6pa3yD!iReCJI 

OKHCJ.W Re03 li Re207 nerKO npeBP8lllaDTCJI B Re03(0H). Tep.1oxpOMaTo

rpawaqecKoe pacnpe.n;enenae peHM npa ero B03roHKe H3 o6pasna, co

.I1ep~al!lero MHKporpaMMOBHe KOnli'leCTB8 peHM (~ 5 MRr R~eT. Ha KB8p

neBoff BBTe), asyqanoc1, B RHTepBane TeMnep~Typ oT Ei40°c .IIO 84o0c n 

B TOKe KHCJIOPO.Ila, cop;eplltalllero napH.BO,nH c_F¾O OTO ,IIO 300 MM'pT.CT. 

YcTaHOBJI8HO, '!TO B cyxOM RRCJiopo.n;e MHRPOKOM'!eCTB8 peHH.fI OCW!t-,. ' ' ~ 

JJ;aIOTCJI B .ItBYX 30Hax: MeHbmaJI '!aCTl, :- npn 510°c li 60Jll>lll8JI qacTL -

npa I5o0c. C yBenmeHHeM co.I(ep~Hli.fI napoB.BO.nH B rase-nocnTene,Ha-

II· 

'IRHM OT p H20 = 120 MM pT.CT., BliCOKOTeMnepaTypHM 30Ha oc~e

HRJI He HC'!e388T li HaOJIIO,I(aeTCJI TOJlI,RO O,I(Ha 30Ha OC8JK,I18Hli.fI - npa. 

N8o0c. lHMnqecRne ~Op.\ll peHH.fI B 30HaX,oc~eHRJI COOTBeTcT:syIOT 

~p.18M: Re03 , Re2o7, Re03(0H), 

C.IteJiaHo npe,I(1lOJIOXeHRe 06 a,ItCOp6~0HHOM MeXaHR3Me B3aliMO,I(ea

CTBRJI 8TIDC coe,ItHHeHRH C IlOBepXHOCTl,IO ROJIOHKH li Ha OCHOBe pe3yJII,Ta

TOB, non:yqeHHHX H3 BpeMeHHoff 38BRCm.lOCTR nepenoca peHRJI, 8,ItCOp6n

poBaHHoro nepBOHa'iaJlI,HO B BHCOROTeMnepaTypHoff 30He J(OJIQHKR, Mll one

HHJm T8IlJIOTy a.ztCOp6I¥IH· Re03 Ha IlOBepXHOCTli RBapna. 3TB. B8nli'IHHa 

6HJIB. paBHa a= 17,5 KR8JI/MOJ.II,. 

lM BliJICHeHRJI B03MOlltHOCTR xm1nqecKoro B38liMO,I(eficTBli.fI MaJIHX_ 

R01.[llfq8CTB peHRJI C ORRC1>D BOJII,WpaMa, Mll H3y'!anR nepeHOC JieTy'IIDC C0-

8,I(RHeHml peawr, 06pasyD111KXCJI npn ClUI'aHRH MliRPOKOJm'!eCTB peHRJI 

(IO MRI' Re, MeqeHH~l'O 186Re) B cyXOM a BJlBltHOM RRCJIOpo,I(e, B :irnap

neBOR TX-ROJIOHKe, sanoJllleHHOff nopolllKOM W03• 

B peaym,TaTe 8THX OilllTOB 6uno ycTaHOBJieHo, 'ITO CROPOCTl, nepe

Hoca peHM B TOKe cyxoro RRCJiopo.n;a 38MeTHO OTM'1anac1, OT CKOPOCTR 

nepenoca ero BO BnruitHOM RHCJIOpo.I(e, B o6omc c.nyqaJIX Ha6JI10.I(anac1, 

o~, j'8RM 30Ha OC8l!t,11;8HRJI, HO npR pa3HllX TeMnepaTypax:. B TeqeHRe 

zsyqeHHoro HHTepBWia BpeMeHK (20-40 MHHyT) nono~enne aTnx soH ne 

M8HJUIOCL. 3TH )tB.Hlllie o6~JICHJIDTCH TeM, 'ITO peHHff TpaHcnopTRpyeTCJI 

B pasma Xl!MMeCKHX wop.\ax, OTJIH'18DlllRXCJI TennoToff a.rtcop6nn:a nano

BepXHoCTH W03• Haa6oJiee BepoJITHHe ~p.lH: R820? a Re03(0H), 06pa30-

BSHRe OTHOCHT8Jll,HO CTa6wn,HHX (no TeMnepaType) 30H OCBJK,I(eHRJI (npH 

sro0c ~JI.fI Re207 H 455°c ,I(M Re03(0H) ) , OTJlll'laIO!IlRXCJI OT TeMnepaTy

Pl:I oc8JK.I(eHRJI aHanormnwx coe.n;aHeHml Ha noBepxHocTn KBapneBott Tpy6-

RH crso0 H so0c, COOTBeTCTBeHHo), MOXHO 06~.fICilll:Tl, 6onee BHCOKRM 

snaqeHReM sneprHR 8,IJ;COp6UHR 8TliX IlPO.IJYKTOB Ha pa3BHTOtt IlOBepXHOCTH 

nopoIDKa W03• 
\ 
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I· 
Mu onemrnn TenJlOTY a,ncop6uim Re2o7 n Re03 ( OH) Ha noBepxHocTH 

W03 n nonyqnJlll sHaqeHrur 24,2 KKaJJ/MOli H 16,6 KKa.n/Moli, cooT

BBTCTBeHHO. 

.Visy-qeHne- KHHBTliKH BOsromrn y JU,TpaMHKPOROJlll'iBCTB peHIDI; npn 

ClKllraHllll 06JJY'i8HHOro MeTaJlJlllqecRoro BOliWpaMa (Ep = 120-MaB) B 

amocrpepe cyxoro n BJlB.lKHOfo KllCJlopcma (PH o· =' 414 MM pT.CT.) npH 
0 • . 2 

II60 IlORaSaJlo, 'iTO 6oJlee 70% Re B03rOHJIJlOCJ, sa 5-IO MHH ll BHXO,It 

ero .nocTfil'aJl 87±5% sa 20-30'MnH •. Co'.itepxaHH8 npHMeceR B npenapaTax 

peHHR duno MeH1,me, qeJl 0,1%. 

,. Petnii! B COCTO.lllillll'' 6es HOCllT8JlH ' ocaamaJ1CJI · B aTMocwepe' BJJaJK

Horo R11cJ1opo.na npr.i: T=I00±20°c B Bli'Ae Re03'(0H), B ToRe iite cyxoro · 

RllCJIOpo,na cnaqaJla o6pa30BllB':lJl.llC!, ,I\BB SOHR OC8.JK,I\8HllJI: 400±20°c ll 

I70±20°c, O,I\HaI{O qepes 20-25-MllH B03rOHRH BblCOROTeMneparypHM 30-

Ha ncqesana n nec1, peHnn nepeMeuiaJ1cs B soHy c Te~nepaTYpoil I70±20°c • 

!1cxo,ItJI us sHaqemrn "xapaRTepncTMecRot! TeMnepaTypu ocaiK,neHll.lI" pe.:..

HHJI 61:lJlO llORasaHo, 'iTO pa,nllOaETHBHllll peHllH BosroHJieTCJI ll3 o6nyqeH

HOro M8TaJlJlll'i8CROro BOliqipaMa B TOR_e cyxoro RllCJlOpo,JJ;a B Bli'AB Re03 

H Re207. 3RcnepHM8HTaliHO IIORa3aHO, 'fITO o6pasoBaHne Re20;r BOSMOlK-

HO He TOJlbRO B CaMOH MI1I118Hll B nponecce ORHCJleHll.lI, HO TaRlKe H npiI 

Bsam.w,nefiCTffi!ll cop6npoBaHHoro Ha noiiepxHOCTH RBapna B BllCOROTBMile-, 
paTypHOM soHe peHrur (Re03)- c RllcJ1opo,1toM no peam.nrn: 

2 Re03 + 1/2 o2 --+ Re2o7·• 

T .o. llCil0Jlb30BaHHe HaMll npmuuma MBTO,I\a raSOBOH TepMOXpoMaTo-

. rpaqlllH Il03BOJlllJlO IlOJJytJllT!, HOBlle ,naHHRe O IlOB8,I\8Hll0 JlBTYtJHX yliTpa

MI1RPOIWJlll'i8CTB OitHCnOB H rli'ApOOKHCei! HeROTO!)llX TJilKBJlHX nepexO,ItHllX 

H llJlaTllHOBllX MBTaJlJlOB ll cos,naT.0 PJm HOBllX 6llCTpllX MeTO,ItO.B Bll,I\8Jle

HHJI pa,I\!10aETllBHllX npenapaTOB C sa,naHHHMH CBOHCTBaMH, tJaCT!, ll3 RO

TOp11x ylKe namJla IlpaRTll'i8CKOe npHMeHeHne (Ta6JI.I). 
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: 9Jl8118HT!il 
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Re 

. 

Os 

-
Ir 

Hg 

Tl 
I 

'?l 

To~pI 

CBO;!!Hll8 ;!l8HHll8 no 6HCTPOJlY BllCOKOTeJlnepacypHOMY 

raaoTepMOXPOMBTOrpa~zqecKOMY Bll,I\8Jl8HHD PS'AH0-

8KTllBHllX H80TOITOB THJ:8JlllX nepexo;!!Hb!X H nnaTHHOBllX 

Jl8T8Jlll0Be 

JlH8HL JiecyqHe Bwco;!l (%) H BllJIH 
npo;!lyK.'l'll Bp8Mll Blil;!l8Jl8HHll HayqeHH 

(MHH) H80TOilll 

A~ .wo;<oH)2 60-80 (5-15) 

TaMET W02(0H)2 30-10 (10-30) 

AuMET Re03 60-80 (3-10) 

WMET Re2o7 ,Be03 (o } 60-80 (5-10) 

0eMET Re03 . 100 (3-5) 

NH4Re04 IRe2o7 ,Re03(0H 100 (5) 179Re 

A'ia;-r Os04 60-90 (2-10) 

Pb3o4 ,Pb02 0e04 50-90 (5-10) 

Pbb 0e04 40-70 (5-20) ' 

Allm:r Ir03 60-85 (3-10) 178 1180-182Ir 

_A'\mr Hg 100 ( 5) 

Pb3o4 ,Pbo2 Hg 100 ( 5) 

PbO Hg 80-100 (5-20) 

Pb3041Pb02 '?120 65-80 (3-10) 

PbO Tl20 3o-50 (3-10} 
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Pac.I. IlpBHnHIIB8JII,H8H cxeua YCTBHOBKH ~llll llll;zt8XeHHH pa,zut08KTHBHHX 
npo~KTOB H BX TepuoxpoKaTorpa~ecKoro pa8,D;exemm 

(onncamre B ·TeKcTe). 



B ll B O 11 ll 

HaytieHO raaoTepMOXpOMBTOrpa~wqecKoe nOB6'A6HH8 YJILTP8M8JIWC 

KomtqecTB JieTyqHx OKHCJIOB H rH'APOOKJ,Wett H6KOTOPWC THllt6JihlX nepe

XO'AHWC H IlJI8THH~BhlX M6T8JillOB (BOJI~paMa, peHHH_ t OCMHH t HPH'AHH, 

PTYTH H TSJIJIHH)~ 06Cyll['A86TCH uexa,mau npOHCXO'Allll\HX nponecco», 

CBHBBHH!itt C o6paSOB8HH6M JieTYqHx OKHCJIOB H rH'APOOKHCett. Ha OCHOB6 

nonytieHHhlX 'ABHHbDC paspa6oTaH& 6&cTpue ueTO'A& BimeneHHa: pa'AHOBKTHB

HhlX HSOTOilOB 8THX 8JI8U6HTOB HS Cl!OlltHhlX cuecett IlPO'AYKTOB M6PHUX 

peaKI.tHtt. 

I. HsyqeH& YCJIOBHH 6blCTpOro Bli]l6JI6HHH B raso»on ~ase PB'AH0-

8KTHBHOro peHHH, HPH'AHH, OCMHH H PTYTH B COCTOHHHH des HOCHT6JIH 

HS o6nyqeHuoro pacnnaBa sonoTa H TepuoxpouaTorpa~HqecKoe noeeieHHe 

3THX npo~yKTOB B 3aBHCHMOCTH OT BpeMeHH B03rOHKH,npHp0lH H . 

CKOPOCTH rasa-HOCHTeJIH •. 06uapyxeHO HOBOe B P8'AHOXHMD HPH'AHH CBO~

CTBO - BHCOKaH JI6Tytl6CTL YJILTPWIHKPOKOJIHqecTB OKHCJIOB HPH'AHH. 

IlonyqeHH HOBl,16 ~8HHH8_0 BOBrOHKe JI8TytlHX npO'AYKTOB OCMHH H peHHH 

B TOK8 HH8pTHoro rasa. 

Paspa60T8H HOBbltt, BHCOK08~8KTHBHHtt H 6&CTpwt (npH Heo6xo~H

UOCTIII Henpep&BH!irlt) U8TO'A Bli]l6JI6HHH P8'AH08KTHBHhlX HBOTOnOB Re, Ir , 
Os H H3 B XHMHqecKott wopue, y~o6Hott ~JIH ~8JILHe£1mero p83'A6JI6HHH 

no uaccau. MeTO'A IlOBBOJIH8T HCCJI6'AOB8TL CBOi1CTB8 KOpOTKODBymHX H30-

TOilOB ,' 8THX 8JI8U8HTOB C T!/2 IlOPMit~ 0,5 MHHYT H BblWe. 

,2. HaytieHo TepuoxpouaTorpa~Hqecxoe none~eHHe YJILTpauaJililX KOJIH

qecTB peHHH H uaKpOKQJIHqecTB OCUHH npH cimraHHH o6Jiytl6HHOrO M6T8JI

mtqecKoro OCUHH ~ TOK8 cyxoro KHCJIOPO'AB. 06Hapyxeua S8BHCHMOCTL 

TeunepaTyp1,1 OC8ll['A8HHH JI8TytlHX OKHCJIOB peHHH OT ero KOHU6HTP8LtHH B 

HCXO'AHOU o6pasne B 06JiaCTH .(. IO MKr ReM8T BCJI6'ACTBH6 HcnapeHHH pe

HHH B P88Hb1X XHMHqecKHx ~opuax. 
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Co3,na.H 6HCTPID1 MeTo,n BH.nSJleHruI pa~08.l{TllBHHX ll30TOilOB peHIDJ 

H3 o6nyqeaaoro MeTaJUmtiecRoro ocMM. 

3. H3yqsaa RHHeTRKa TepMnqecKoro pa3komeHIDJ RpncTaJUmtiecKo

ro A'H4 Re04 n o6pa30B8.HM JISTY'lllX ORRCJIOB peHllil. Ha OCHOBe :mcne

pRMeHTB.Jll,HHX pe3ym,TaTOB Hail,nSHH OilTRMaJll>HHe ycJIOBM ,nJlJI 6&CTPO

ro nonyqeHnH ~oXRMnqscRn 'lllCT.HX pa~oaRTRBH.HX npenapaToB ps

HHH R3 o6nyqsHHHX RpncTa)l)lOB NH4 Re04. 

4. H3yqeHo ra3oTepMoxpoMaTorpaqinqecRoe noBe,neHHe TaJlJlRH, 

.OCMIDI n PTYTR npn J?03l'OHRe l!X_ ll3 o6ny'leHH.HX nopOIIlROB ORRCJIOB 

CBHHna B 3a~nCRMOCTll OT TeMnepaTypH, npo,noJI.lKRTeJU,HOCTll npe,nBapR

TeJll,HOro 06l!WI'a ORRCJlOB CBRHUa, BpeMeHn B03rOHRR n CROPOCTll ra-

3a-HOCHTeM. 

Pa3pa60T8.H 6HCTPHH BHCOR034)l)SKTRBlllnf•MeTO,n BH,neJieHIDI ~0-

aKTRBHHX R30TOilOB TI, Os R Hj B COCTOHHilli 6ea HOCRTSJlJI. 

5. Hay~eHa BHCOROTeMnspaTYPHaH cy6JIHMarutH n TSpMOXPOMaTO

rpaqinqsc~os noBe,nsHHe y.1I1,TpaMaJIHX n MRKPOROJlli'lecTB BOJll,WpaMa, 

B03roMeMoro n3 06.nyqeHHoro MeTaJlJlRqecRoro 3on0Ta, TaHTana n Mo

,nsm,HoH CMSCR T¾07 + 185w- B TORS RRCJiopo,na, B 3aBRCl!MOCTll OT 

ynpyrocTR napoB BO~ B ra3e-HOCRTens, CROPOCTll ra3a-HOCllTeM ll 

BpsMeHH BoaroHRn. 

06HapymeHa BHCOKM JieTYqecTb y.1I1,TpaMP.RpOROJIRqecTB BOJll,Wpa

Ma ll3 06.nyqeHHOI'O pacnnaBa 30JlOTa B TORe BJlaJltHOro KRCJIOpo,na. 

Ha OCHOBe 3Kcnspm.!eHTa.1ll,HHX ,na.HHHX paapa60TaH 6HCTPmi, aqi--. . 

~eRTRBHHH MeTO,n BH,ll;SJieHIDJ npsnapaTOB ~OaKTRBHoro BOJII,WpaMa B 

COCTOHHRR 6sa HOCllTeM na o6ny'leHHHX MnmeHell 30JlOTa n TaHTaJia. 

6. Hccne,noBaHH npouecc ncnapeHIDJ n TepMoxpoMaTorpaq>n'lSCKos 

noBe,neHHS yJll,TpaMaJIHX n MliKPOKOJIRqSCTB peHnH npn Clltlll'aHllR 06.ny

qeHHoro BOJll>~paMa ll MO,nSJU,HOH CMecR li03+Rs•MeT' COOTBSTCTB8HHO, 

B TORS BJial!tHoro remi:H n RRCJIOpo,na B 3aBRCRMOCTR OT co,nspmaHIDI 
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napoB BO,nH B raas-HOCRTeJie, BpeMeHn ll TeMnepaTypH B03rOHRn. 

Ha OCHOBaHllll 3RCllSpRMeHTB.Jll,HHX ll pac'leTHHX ,naHHHX IlORa3aHO, 

'ITO ym,TpaMliKpOROJIRqecTBa peHHH B03rOH.fIIOTCH B TORe BJlalKHOro 

ra3a, npe~oqTRTeJU,Hes B Bn,ne JI8TY'leii. r~pooKncn Rs03 (OH) •• 

C,nenaaa oueHRa TenJIOT ~cop6URR R9207, Re03(0H) n_ Reo3 Ha no- · 

BepXHOCTll OKRCll BOJll,~paMa n KBapua. 

Co3,naH 6HCTJlll:H BHCOK034)l)eRTRBHHH MeTO,n llOJJY'leHIDJ ll3 06.ny

qeHHHX_MnmeHeft BOJll,WpaMa p~oXRMnqecRn qncTHX npenapaToB pe

HM B COCTOHHRR 6e3 HOCRTSJlJI. 

7. IloRa3aHO, qTO XRMntiecRne ~oµ.m cy6JinMaURR YJIDTpaMllRpO-

ROJIR'lecTB J1eTYqnx npo~RTOB 6HJIR: Beo3, ·1ro3, Oso4 , H90(H3 J, 

TI20, W02(0H)2 n Re03(0H). MnRpOKOJlntl6CTBa BO~paMa (...., 50 MRr) 

n peHWJ (5-10 MRr) MOryT B03rOIDrrbCH BO BJia~HOM raae-HocnTeJis 

B B~e (W03)3, W02(0H)2 n Re207, Re03(0H) COOTBeTCTB8HHO, 

8. Paapa6oTaHHHs MeTo~ qacTnqao yms 6HJin ncnollb30BaHu ,nJlJI 

H~epHOCTI8KTpOCKOTIRQ8CKHX llCCJle,noBa.Hnll ROPOTRODBY!I!HX ll30TOllOB, 

OHR npe,ncTaBllm'.lT 6oJlbmne B03MOl!tHOCTll B ,naJU,H8HmRX 3RcnepRMeH

TaX ,nM 6ucTporo npoBe,neHIDJ xHMnqecRoro BH.neJieHM Heo6xo,nRMmc 

npo~TOB 11 oH-JiaHH" C 06JIYqeHneM B·,nanHellmnx 3KCnepnMeHTaX. 

Co~epxaHne npnueceR BO Bcex npenapaTax duno Mea~me O,I%. 
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