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B cssau c paasHTHeM saepaocneKTpOCKonaqecKHX accnet:~osaHHA KopoT

/1 2/ 
KO~Hsymax H30Tonos ' see 6onbmee aaaqeaue npuo6peTa~T paanuqawe 

/2-4/ 
MeTOQbi aKcnpeccaoro BbiQeneHHSI paQHOaKTHBHbiX saep • Oco6eHHO 6onb-

moe BHHMBHHe yt:~enSieTCSI B HaCTOSIW99 speMSI M9T~QBM1 OCHOBBHHbiM Ha ceneK

THBHOM BbiQeneHHH I"83006pa3Hb1X C09AHH9HHA, fiOCKOnbKY STH M9TOQbl noaso

nSI~T 3HaqHT9nhHO COKpaTHTb Bp9MSI nonyqeHHSI paQHOBKTHBHb!X aneMeHTOB 

H3 CnO~HOA CM9CH o6paay~WHXCSI B RQepHbiX peaKUHSIX npoQyKTOBo 

D.nSI paaAeneHHSI . aneMeHTos, o6paay~max neTyqae coeQHHBHHSI, oqeJih 

nepcneKTHBHbiM SIBnSieTCSI MeTOA raaosoA TepMoxpoMaTorpacjlHH. MeTOA ocao

saH HB BbiHOCe C09AHH9HHA I"830M-HOCHTeneM, SIBn~WHMCSI B pgae cnyqaes 

OAHOBp9M9HHO H I"830M-p98I"9HTOM1 H3 30Hbl BbiCOKOTBMnepaTypHOI"O Harpesa, 

rAe npca,cxOQHT HX o6pa30BBHH9 1 B Tpy6Ky, HMe~my~ OTpHUaTenbHhlA TeMne

paTypHbiA rpaQH9HT 38A8HHOI"O BHA8o Oo Mepe npOXO~A9HHSI raaa BQOnb Tpy6-

KH neTyqae C09AHH9HHSI paanaqHbiX aneMeHTOB cop6apy~TCSI HnH KOHQ9HCHpy;.. 

~TCSI Ha ee cTeHKax s onpet:~eneHHbiX TeMnepaTypHbiX aoaax. 

raaosbiA TepMoxpoMaTorpacjlHqecKHA MeToQ noasonSieT Bbit:~enSITb aneMeH-

-14 -11 ) 
Tbl npH oqeJih HH3KOM HX COQep~8HHH B HCXOAHOM o6pa3U9 (10 .-10 MOnb • 

OoaTOMy TaKOA M9TOA ycnemHO HCfiOnb30sanCSI B paQHOXHMHH AnSI HQBHTBcjlH-

/5/ /6/ 
KSUHH aneMeHTa 105 , QnSI paat:~eneHHSI npot:~yKTOB t:~eneHHSI ypaaa H H3y-

17/ 
qeHHSI HX XHMHqeCKOI"O fi0B9Q9HBSI 1 AnSI pa3A9n9HHSI paQH08KTBBHhlX gaep, 

/8/ 
o.6paay~WHXCSI npH o6nyqeHHH 30nOTa BbiCOKOSH9pi"9THqHbiMH npOTOH8MH 

/9/ 
QnSI paa.tteneHHSI HeKoTOpbiX ApyrHx coeAHHeHBA • 
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CpeAH aemecTa, KOTOphie MoryT 6bJTb paaAeneHhi MeTOAOM raaoaon 

TepMOXpOM8TOrpa~HH, 38CIIY~HB89T BHHM8HHR rpynna Cp8BHHT9llbHO nerKO 

neTy"'HX OKHCHbiX C09AHH9HHit, IIOIIY"'810111HXC51 B oeayllbT8Te pa311H"'HblX 

TepMOXHMH"19CKHX peaKUHit (pa31IO>KeHHR1 06pa30B8HHR OKHCIIOB npH C~Hra

HHH B91119C TB8 B 8TMOC!jlepe KHCIIOpOA8 H T,Jl,), K HHM OTHOCRTCR "19Tblpex

OKHCb OCMHR H C9MHOKHCb peHHR, Tep:.!OXHMH"'9CKHe CBOitCTB8 STHX OKHC-

/10/ • • 
IIOB II03BOIIRJOT AOBOllbHO nerKO OTAeliRTb peHHII H OCMHII OT MHOrHX 

-3 
sneMeHTOB. TaK, HanpuMep, AIIR oueHKH cneAOB peHHR (Ao 10 %) B MHHe-

panax eemecTao C~HranH B TOKe 0 2 c nocneAyJOlllHM OTAeneHHeM o6paayJ0-

/11,12/ 
IIiell:cR Re 2 0 7 AHCTHllliRUHeit H KOliH"'eCTBeHHhiM onpeJleneHHeM • 

Ha OCHOBe TepMOXHMH"'eCKHX CBOitCTB STHX OKHCliOB pa3pa60T8H 

6hiCTpbJil: ra30Bblit TepM<?XHMH"'eCKHil: M9TOA a:I'Jlelle!fH5l peHH5l H3 CliO~HOit 

CMeCH npOJlYKTOB, o6pa3yJOlllHXCR npH o6ny"'eHHH MHllleHeit Bb!COKOHespreTH"'

HhiMH npoToHaMH, Oa noaaonReT nony"'aTb paAHOaKTHBHhie npenapaThi peHHR 

Jlll5l H3Y"'9HHR RAepHOCneKTpOCKOIIH"'eCKHX CBOil:CTB KOpOTKO~HBYlllHX H30TOIIOB 

9lleMeHTa C nepHOAOM nonypacna)la IIOPRAKa HeCKOllbKHX MHHyT, 

l13B9CTHO,"'TO paAH08KTHBHble H30TOI!hl peHHR MoryT 6b!Tb nony"'eHbl 

C XOpOlliHM BblXOJlOM B RAepHb!X pe8KUHRX rny6oKoro pacmenlleHHR, npoTeKa

IOlllHX npH o6ny"'eHH:1 C09JlHH9HHit C8MOrO peHHR H 6onee T\~ellhiX MeTall.riOB, 
~,-~ 

009TOMY B K8'19CTBe MHllleHeil: HaM MOrliH Clly~HTb T8KHe C09AHHeHHR STHX 

9119M9HTOB, KOT0pble
1 

IIOABepraHCb pa311H"'HblM TepMH"'eCKHM peaKUH5lM, Jl8B8-

IIH 6hl OTHOCHT9llbHO llerKO lleTy"'H9 C09AHH9HHR peHH5l, B "18CTHOCTH, 

Re 2 0 7 • K HHM, B nepayJO o"'epeAb, MO~Ho OTHeCTH MeTallliH'IecKHit peHHll:, 

Re 2 0 7 , NH4 Re04 , MeTallliH"'ecKHil: OCMHil: H Os 0.- • Ha nepe"'HCneHHhiX 

COe)lHH9HHil: Mbl OCT8HOBHIIHCb Ha MHllleHRX H3 neppeHaTa 8MMOHHR H MeTali

IIH'IeCKOrO OCMHR, 0CT8llbHhle BellleCTBa 6binH OTKIIOH9Hbl no PRAY npH"'HH! 

MeTallliH'IeCKHit peHHH HeAOCTaTO"'HO 6bJCTpO (AIIR H8111HX uenell:) cropaeT 

B KHCnopoAe, Re2 0 7 - O"'eHb rHrpocKOIIH"'eCKOe aemecTB01 a Os 0 4 

'1p93Bbl"'ail:HO li9TY"'8 Aa~e npH KOMH8THOil: TeMnepaType. 
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.llnR Bhi6paHHbiX MHllleHeil: M9pHbl9 peaKUHH o6pa30BaHHR 

B9TCTB9HH01 TaKHe: 

Re(p,pxn)Re* 

Os ( p,2pxn )Re*. 

CneAyeT OTMeTHTb, "'TO a nepaoM cny"'ae paAHOaKTHBHhill: peHH 

C HOCHT9119M1 a BO BTOpOM - B COCTORHHH 6ea HOCHTeng, 

OoaegeHHe peHHSI OpH IepMH"'9CKOM paano?Ket 

Kpucrannoa NH4 Re04 

T epMH"'eCKoe paano?KeHHe KpHCTannoa NH4 Re 04 H aoarc 

OKHC110B peHHSI H3Y"'81IHCb HaMH C IIOMOlllbJO ycTaHOBKH
1 

npeACl 

·. 186, 188 
puc. 1. HaaecKa NH4 Re04 1 Me'leHHoro Re , B KBapuea 

AIIHHOA 15 MM H AHaMeTpOM 3 MM1 3aKpbiTOA C o60HX KOHUOB 

B8TOil:, IIOM9lllallaCb B HarpeTyJO peaKUHOHHylO KBapueBylO Tpy61 

peHHHM AHaMeTpOM 4 MM H JlllHHOA 500 MM1 HM9l0111Yl0 pa311H"'J 

Typy no AIIHH9 B 3aBHCHMOCTH OT TeMnepaTypbi B CaMOA rop: 

Ipy6KH ( CM, KpHBhl9) • .llns C03)laHH Sl He06XOAHMOrO rpa4J19HTa 

HCIIOllb30BaliHCb Il9"1H 2 H 3 1 M9AHaSI Tpy6Ka 5 H XOIIOgHllbHHK, 

H2Bli9HHR o6pa3Ua B 3a)laHHOM IIOIIO?KeHHH "'epea Tpy6Ky npony 

"'eHHe onpe)lelleHHOrO Bp9M9HH ra3-HOCHT9llb C KOHTp011HpyeMO 

Oocne OKOH"'8HHSI B03rOHKH KBapUeBaSI Tpy6Ka 4 6bJCTpo OTK;I!I< 

CHCT9Mbl BBOAa H BhiBOAa raaa-HOCHTeliS11 BbiHHMallaCb H3 H81 

paape3ali8Cb Ha Y"'8CTKH Bbi6paHHOil: JlliHHbl1 8KTHBHOCTb KOTOJ 

3 
nacb c noMOlllblO Ge(LO-AeTeKTopa (10 15CM 1 paapellleHHe 3,5 

/13/ 
MepuTellbHOM ueHTpe ORC H PX • TaKHM o6paaoM onpeAI 

?KeHHe 30H OC8?K)l9HHSI npOAYKTOB peHHSI1 B03HHKaJOlllHX npH pa: 

'NH4 Re04 • KpoMe Toro, ux nono?KeHHe onpe)lensnocb TaK?Ke 
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.QnSI Bbi6paHHblX MHWeHeA Slt:tepHble pe8KUHH 06pa30B8HHSI peHHSI1 COOT-

aeTCTBeHH01 TSKHe: 

Re ( p, p x n ) Re * 
Os(p,2pxn)Re*. 

Cnet:tyeT OTMeTHTb, 'iTO a nepaoM cnyqae pat:tHOSKTHBHbiA peHHA nony'iaeTCSI 

C HOCHTeneM1 8 BO BTOpOM - B COCTOSIHHH 6es HOCHTOnSI. 

noaeaeaHe peHHSI npH repMH'ieCKOM pasno*eHHH 

KpHcrannoa HH4Re04 

TepMH'iecKoe pasno*eHHe KpHCTannoa HH4 Re04 H B03I'OHKa neTy'iHX 

OKHCnOB peHHSI H3y'ianHCb HSMH C fiOMOWb~ YCT8HOBKH 1 npetlCTaaneHHOA Ha 
. 186, 188 

pHc. 1. HaaecKa HH4 Re04 , Me'ieHHOI'o Re , a KaapueaoA Tpy6o'IKe 1, 

t:tnHHOA 15 MM H tlHSMeTpOM 3 MM, 38KpbiTOA C o60HX KOHUOB KBapueaoA 

BSTOA, fiOMewanacb B HSI'peTy~ peSKUHOHHy~ Kaapueay~ Tpy6Ky 4 C BHyT

peHHHM tlHSMeTpOM 4 MM H t:tnHHOA 500 MM 0 HMe~wy~ pasnH'iHY~ TeMnepa

Typy fiO t:tnHHe B 38BHCHMOCTH OT TeMnepaTypbl B CSMOA I'OpSI'ieA '18CTH 

Tpy6KH (eM. KpHBble) • .QnSI C03tl8HHSI He06XOtlHMOI'O I'pat:tHeHTa TeMnepaTypbi 

HCfiOnb30B8nHCb ne'IH 2 H 3, MetlHSSI Tpy6Ka 5 H XOnO~HnbHHK. nocne ycTa

HOBneHHSI o6pa3U8 B 38tl8HHOM nono*eHHH 'iepe3 Tpy6Ky nponycKanCSI B Te

'ieHHe onpet:teneHHOI'O BpeMeHH £'83-HOCHTenb C IOHTpOnHpyeMOA CKOpOCTb~. 

nocne OKOH'i8HHSI B03I'OHKH KB8pUeB8SI Tpy6Ka 4 6biCTpO OTKn~'lanaCb OT 

CHCTeMbl BB0tl8 H BbiBOtl8 £'838-HOCHTenSI, BblHHManaCb H3 HSI'peaaTens H 

paspesanaCb Ha y'iaCTKH Bbi6paHHOA t:tnHHb1 1 8KTHBHOCTb KOTOpblX H3MepS1-

naCb c noMowb~ Ge(L;J-t:teTeKTopa (10,5cM
3

, paspeweHHe 3,5-4 Kaa) a H3-

/13/ 
MepHTenbHOM uearpe OHC H PX • TaKHM o6paaoM onpeaenSinocb nono-

*eHHe 30H OCS*tleHHSI npOtlyKTOB peHHSI, B03HHK8~WHX npH paano*eHHH 

'HH4 Re04 • KpoMe TOI'01 HX nono*eHHe onpet:tenSinOCb TSK*e BH3yanbHO no 
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Puc. 1. CxeMa 9KcnepHMeHTanbHOH ycTaHOBKH 1 ucnonbayeMOH ang nony'leHH51 
npenapJTOB peHH51 npH T9pMH'19CKOM paano*eHHH KpHCTannH'I9CKOH COnH 

HH 4Re0 
4 

unu C*HraHHH o6ny'leHHoro - Os MeT .• KpHBhie TeMnepaTypHblX 
rpaJJ.H9HTOB: 1-5000C; 2-600°C; 3-700°C; 4-8000C, 
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0Kp8CK9· 30H, 0CHOBH851 '18CTb peHU51 KOHJJ.eHCUpoaanacb B BUJJ.e 
0 

aeneHoil: MaCChi npu ... 200 C 1 H ua6moaancSI ue6onhwoil: 'lepHbiil: 
0 

cTeHKax Tpy6Ku a 6onee ropSI'Ieil: o6nacTu npu .. 300 C. 

C uenbJO ycTaHoBneHHSI onTHManbHbiX ycnoauil: paano*eHUSI 

'HH4 R.04 H 6biCTporo nony'leHH51 npenapaToa peHHSI uayqanocb 

TeMnepaTypbi 1 npupoJJ.bl raaa-uocuTenSI ( ·H 
2 1 aooayx 1 0 2 ) u 

ero nOTOK8 1 BpeMeHH B03rOHKH, 5binO nOK838H01 'ITO npH npo'IU 
0 ( 

ycnoaHSIX a uccneaoaaHHOM HHTepaane TeMnepaTyp (500 -800 

paano*euue HH 4Re04 0 
npOHCXOJlHT npH 600 C H BbiWe B TOI 

(puc. 2). Ha puc. 3 u 4 noKa3aHO pacnpeaeneHue peHHSI no am 

BOil: Tpy6KH B 38BHCHMOCTH OT Bp9M9HH T9pMH'19CKOrO paano*ef 

H CKOpOCTH TOK8 0 2 1 COOTB9TCTB9HH01 npH npO'IUX paBHbiX Y' 

qepea TpH MHHYTbl nocne Ha'lana Harpeaa Y*e npoHcXOJJ.HT nom 
0 

Hue conu. llpH 500 C 200 Mr HH4Re04 paanaraJOTC51 nonHOCTb 

HyT npu V 
02 

= 25 MnfMHH, llpH CKOpOCTSIX TOK8 0 2 60nbwe 
0 

H TeMnepaType Bbiwe 600 C paano*eHHe HH4 Re04 npoTeKaeT 

T9HCHBH01 npH 9TOM o6paayeTCSI 06HnbHblil: 6enblil: JlhiM 1 COJl~p:liU 

6onbwaSI 'IBCTb KOToporo npoxoauT a noBywKy c HaOH. 

nonueHue PaAH08KTUBHOro peHHH U3 o6nneHHb!X 

KpucTa.nnoa HH4 Re04 

Ha OCHOB9 nony'leHHblX pe3ynbT8TOB 6binH Bbi6paHbi ycnoa 

BeJJ.eHH51 OnbiTOB no 6biCTpOMy BbiJJ.eneHHIO paJJ.U08KTHBHbiX H30TC 

ua MHWeHu HH 4Re 0 4 I o6ny'leHHoil: BbiCOK09HepreTH'IHbiMU npt 

BbiJJ.eneHHbiil: TBKUM MeTOJJ.OM npenapaT paauoaKTUBHoro peHUSI 
l7'-

'18CTHOCTUI HCTO'IHUKOM ana uay'leHua caoii:CTB SIJJ.pa Ke ( T ~ 

150-200 Mr HH4 ReO 4 a Kaapueaoil: Tpy6o'IKe o6ny'lan&cb 

10-20 MHHyT BbiBeJJ.eHHbiM ny'IKOM npoTOHOB c 9Heprueil: 660 M: 
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OKp8CKe· 30H. 0CHOBH8SI ~aCTb peHHSI KOHaeHCHpOBanacb B BRae 
0 

3eneHoil: Macchi npH .. 200 C, H Ha6moaancg ae6onbmoil: 'lepHbiil: 
0 

rpy6xH a 6onee I"'Opg'l{eil: o6nacTH npu .. 300 C. cTeHK8X 

>KenTOB8TO-

Haner Ha 

C uenbiO yCT8HOBneHHSI onTHM8nbHbiX ycnOBHil: pa3nO>KeHUSI KpUCTannoB 

'HH
4 

Re04 u 6biCTpOI"'O nony'leHHH npenaparoa peHUH u3y'lanocb anuHHHe 

TeMnepaTypbi, npHpOahi I"'838-HOCHTeng ( 'H 2 , aooayx , 0 2 ) H CKOpOCTH 

ei"'o noroxa, apeMeHH B03I"'OHKH. Bbmo noxa3aHo, 'ITO npu npo'IHX paBHbiX 
0 0 

ycnoaugx a uccneaoaaHHOM UHTepaane TeMneparyp (500 -800 C) nonaoe 

pa3nO>KeHHe HH 4 ReO.. 
0 

npoucxoaHT npu 600 C u Bbiilie B Toxe 0 2 

(puc. 2). Ha puc. 3 u 4 noxa3aHo pacnpeaeneaue peHHH no anuae xaapue

aoil: rpy6KH a 3aaucuMocru oT apeMeHu repMII'Iecxoi"'o pa3no>KeHHH 'HH4 Re04 

U CKOpOCTH TOKa 0 2 , COOTBeTCTBeHH00 npu npO'IUX p8BHhiX ycnOBH.RXo 

4epe3 Tpu MHHYTbi nocne Ha'lana Hai"'peaa y>Ke npoucxoaHT nonaoe pa3no>Ke-
o 

HHe conu. llpu 500 C 200 MI"' HH
4

Re04 pa3nai"'aiOTCH nonHOCTbiO 38 5 MH-

HYT npu V 
02 

= 25 MniMuH. llpu cxopocT.RX roxa 0 2 60nbme 25 MniMHH 
0 

u TeMneparype Bbiilie 600 C pa3no>KeHHe HH4 Re04 nporexaeT O'leHb HH-

TeHcuaao, npH 9TOM o6pa3yeTcH o6unbHbiil: 6enbiA abiM, coaep>KamuA peHHA, 

6onbmag 'laCTb xoropoi"'o npoxoaHT B noaymxy c HaOH. 

llony,aaue p8AH08KTUBHOI"'O peHHSI U3 06nyqeHHbiX 

xpucra.nnoa HH4 Re04 

Ha OCHOBe nony'leHHbiX pe3ynbT8TOB 6binH Bbi6p8Hbl ycnOBHSI llnSI npo

aeaeHUSI onbiTOB no 6biCTPOMY BbiaeneHHIO pallHOaKTHBHbiX H30Tonoa peHBH 

U3 MumeHH HH 4Re 0 4 , o6ny'leHHoA BhiCoxosaepi"'eTU'IHbiMU nporoHaMB. 

8hiaeneHHbiil: TSKHM MeToaoM npenapaT pallBOaKTUBHOI"'O peHUH cny>Kun, B 
179- /14/ 

'18CTHOCTU, UCTO'IHUKOM ang U3y'leHUSI CBOACTB gapa Ke ( T ~ =20 MHH) • 

150-200 MI"' HH4 ReO 4 a xaapueaoA Tpy6o'lxe o6ny'lanucb a Te'leHHe 

10-20 MHHyT BbiBelleHHbiM ny'IKOM npOTOHOB C 9Hepi"'HeA 660 M9B H8 CHH-
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PRe. 2. PacnpelleneHHe peHHSI npH 
. B 38BHCHMOCTH OT TeMnepaTypbi: .I 

IV - soooc (200 Mr 'HH 4Re* 04 
nonmKeHHe aMnynhi c eemecTBOM B 
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TepMH'IeCKOM paano)KeHHH HH 4 Re * 0 4 

- 500°C; .II - 600°C; Ill - 7000C; 
, V 

0 
= 12 Mn/MHH, epeMSI 5 MHH). A 

ycTaJoeKe. 
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PRe. 3. PacnpeJleneHHe peHHSI npH TepMH'IeCKOM paano)KeHHH H 
aaeHCHMOCTH oT epeMeHH: I - 1 MHHi II - 2 MHH; Ill - 8 MJ 
5 MHH ( t = 500°C, 200 Mr HH 4 Re*04 , V02 = 25 Mn/MHH). 
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Puc. 3, PacnpeaeneHHe peHHH npu TepMH'IeCKOM pasnmKeHHH HH 4Re*04 a 
saaHCHMOCTH oT apeMeHu: I - 1 MHHi II - 2 MHHi Ill - 8 MHHi IV 
5 MHH ( t = 500°C, 200 MI' HH 4 Re*04 , V 

02 
= 25 MniMuH). 
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P11c. 4. PacnpeJleneaHe peHHSI np11 TepMH"'eCKOM paano>KeHHH HH 4 Re*04 B 

aaBHCHMOCTH OT CKopocTH 0 2 ': J -6 MniMHH, II - 12 MniMHH, Ill 
25 MniMHJi; IV - 50 MniMIIH ( t = 500°C, 200 Mr HH4 Re*0 4 , 5 MHayT). 
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XpOUIIKnOTpOHe Jia6opaTOPHH SIJlepHbiX npo6neM Ol1fll1. nocne Ol 

llleHb 6biCTpO ( ,.1Q CeK) JlOCT8BnSin8Cb C IIOMOlUb!O IIH9BMOIIO"'1 

KyiO KOMHaTy, Kaapueaag Tpy60"'K8 BBOJlHn8Cb B yCT8HOBKy, B l 

BOJlHnocb paano>KeHHe HH 4 Re 0 4 11 aoaroHKa neTy"'IIX npoJlyK· 

0 . 
t = 600 C, V 

02 
=12 Mn/MHHo Uocne OKOH"'8HHSI B03f'OHKH H3 

(pile. 1) Bbipeaancg y"'aCTOK, Ha KoTopoM KOHJleHCHpoaancg R~ 

BOJlHnHCb 113MepeHIISI ero raMMa-crreKTpOB, Ha p11c. 5 npeJlCTaB 

CIIeKTp B o6naCTH 9Hepr'IIH JlO 300 K9B JlnSI OJlHOf'O H3 npenapa1 

THBHOI'O peHHSI, nony"'eHHOI'O T8KIIM MeTOJlOM, faMMa-cneKTp 61 

c noMOIUbiO Ge(LiJ-JleTeKTopa ( 1,8 cM
3

) H 4096-KaHanhHoro a1 

c Cd -cpHnbTpoM (0,5 MM), paapeuieHIIa aa n11HHH 290 K9B coct 

1,9 K9B, PeaynhTBTbi H3MepeHHH noKaaanH xoporuyiO "'IICTOTy III 

KpOMe raMMa-niiHHH, IIp11HaJlne>K81UIIX H30TOII8M peHHSI 11n11 JlO"'e 

naM aonbcppaMa, aa IICKniO"'eHHeM raMMa-nHHIIH c 9HeprHei1 130 

JlpyriiX H911Jl9HTIIcpHUIIpOB8HHbiX niiHIIll He 6bJnO 06Hapy>KeHO, 

Dony,eHHe p8AH08KTHBHOI'O peHHH IIpH ClKHf'8HHH 

o6ny,eaaoro MeTannH"'ecKoro OCMIISI B TOKe Kncnopop 

llpyrnM aerueCTBOM MHrneHH JlnH nony"'eHHSI paJlHOaKTHBHOI 

KaK ynoMIIHanocb Bbillle, cny>KIIn MeTannH"'eCKIIH OCMHH. B aTOll 

JlHOaKTIIBHbiH peHHH MO>KeT 6b!Tb BbiJleneH B COCTOSIHHH 6ea HOC 

B8lKHO JlnSI IIOCne)lyiOruero rrony"'eHHSI MOHOH30TOIIHbiX HCTO"'HHKC 

Horo peHHH B Macc-cenapaTope. DpeJlBapHTenbHO 6bmo ycTaHOE 

rronaoe cropaHHe Os B aTMoccpepe 0 2 rrpoiiCXOJlHT np11 t = 

BHCIIT OT KOnH"'eCTBa BeWeCTBa II BpeMeHH ClKHf'8HHH. CneJlyeT 

'ITO HerronHoe ClKHI'8HHe OCMHH MOlK9T 6biTb npii"'HHOH 38I'pS13HE 

JlHOaKTHBHoro peHHH. OcHOBHaH Mace a Os 0 4 KOHJleHcHpoaanac 

HOM y"'aCTKe Tpy6KH 11 rrornoruanacb B noaywKe c HaOH. 
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xpouuKnoTpoHe fla6opaTopuu sraepHbiX rrpo6neM Ol1fll1. nocne o6nyqeHusr MU

weHb 6biCTpO ( ,10 CeK) JlOCTaBnSinSCb C IIOMOIUbiO IIHeBMOIIOqTbl B XUMUqec

KYIO KOMHaTy, KBapueBaSI Tpy6oqKa BBOJlUnaCb B ycTaHOBKy, B KOTOpofi rrpo-

BO)lUnOCb pasnmKeHue NH 4 Re 0 4 u B03rOHKa neTyqux rrpoayKTOB rrpH 

0 . 
t = 600 C, V 

02 
=12 Mn/MHH, Oocne OKOHqaHHSl B03I'OHKH U3 Tpy6KH 4 

(puc. 1) Bbipesancsr yqacToK, Ha KoTopoM KOHJleHCHpoBancsr Re * , u rrpo

BOJlHnuch usMepeHusr ero raMMa-crreKTpOB, Ha puc. 5 rrpeacTaBneH raMMa

crreKTP B o6naCTH 9Heprufi JlO 300 K9B ansr O)lHOI'O H3 IIperrapaTOB p8JlH08K

TUBHOI'O peHHSI 1 IIOnyqeHHOI'O TSKUM MeTOJlOM, faMMS-CIIeKTp 6bJn H3MepeH 

c rroMOIUhiO Ge(Li)-aeTeKTopa (1 ,8 cM
3

) u 4096-KaHanbHoro aHanusaTopa 

c CJ -<PunbTpoM ( 0,5 MM), paspeuieHue Ha 11UHHH 290 K9B cocTaBnsrno 

1 ,9 K9B, PesynhTSTbi usMepeHufi rroKasanu xopowy10 qucToTy rrperrapaTa, T,K, 

KpOMe I'8MMa-nuHUH 1 rrpuHa)lne)KSIUUX U30TOIIaM peHHSl unu JlOqepHUM U30TO

II8M BOnb<flpaMa, 38 UCKniOqeHUeM I'SMMa-nUHUH C 9HeprHeH 130 U 207 K9B 1 

Jlpyrux HeUJleHTU$UUUpOB8HHbiX nUHUH He 6bJnO o6Hapy)KeHO, 

OonyqeHUe paAHOSKTUBHOI'O peHHSl UQH C)KHI'SHHH -. 
o6ny,eHHOI'O MeTannuqeCKOI'O OCMHSI B TOKe KHCnopoga 

llpyrHM BeiUeCTBOM MHllleHH )lnSI nonyqeHUSl paJlHOSKTHBHOI'O peHHSl1 

KSK YIIOMUHanOCb Bbillle, cny)!(Un MeTannuqeCKHH OCMUH, B 9TOM cnyqae pa-

JlHOSKTHBHbiH peHUH MO)KeT 6biTb BbJ)leneH B COCTOSIHHH 6es HOCUTensr, qTo 

B8)KH0 )lnSI IIOCne)lyiOlllei'O nonyqeHHSl MOHOH30TOllHbiX HCTOqHHKOB p8JlH08KTHB

HOI'O peHusr a Macc-cenapaTope. DpeaaapuTenhHO 6binO ycTaHoaneHo, qTo 

rronHoe cropaHue Os a aTMoc<flepe 0 2 rrpoucxoauT rrpH t = 850°C u sa

BHCHT OT KOnHqeCTBa BeiUeCTBa H BpeMeHH C)KHI'SHHSI, CneayeT yqHTbiBSTb, 

qTo HenonHOe C)KUI'SHHe OCMHSI MO)KeT 6biTb rrpuqUHOH 38I'pSI3HeHHSl HM pa

JlHOSKTHBHOI'O peHHSI. OcHOBHasr Macca Os 0 4 KOHJleHcupoaanacb Ha xonoa

HOM yqacTKe Tpy6Ku u nornomanach B noaywKe c NaOH. 
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PHC, 5. faMMa-cneKTp B 06JlaCTH 9HeprHA: AO 300 K9B AJISI OAHOI"O H3 rrre

napaTOB paAH08KTHB1IOI"O peHHSI, no.ny'leHHOI'O I'830-TepMOXpOM8TOI"pa¢H'leCKHM 

MeTOAOM H3 MHIIIeHH HH 4 Re04 , o6ny'leaaoA: npoToHaMH c 9HepPHeit 

. 660 M9B. BpeMSI o6ny'leHHSI 10 MHHyT, speMSI soaroHKH 10 MHHyT, Ha'lano 

H3MepeHHSI 'lepea 11-12 MHH, noc.ne KOHil8 o6.nyqeHHSI, 
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PHc. 6. PacnpeAeneHHe paAHOaKTHBHOI"O peHHSI, no.nyqaeMOI"O I 

B TOKe 0
2 

MeTaJIJIH'leCKOI"O OCMHSI0 o6.ny'leHHOi:'O npOTOH8MII 

660 M9B, B aaBHCHMOCTH oT speMeHH peaKitHH: .I - 2 MHH; II 
Ill - 10 MHH; ( t = 850°C; 20 Mr Os MeT. V 02 = 25 Mn!M 

1: ,. } 7. I . . 
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PHc. 6. PacnpeAeneHHe paAHOaKTHBHOI"O peHHSI, nony'laeMoro npH C:lKHI"aHIIH 

B TOKe 0
2 

MeTannH'leCKOI"O OCMHSI1 o6ny'leHHOI"O npOTOHSMH C aHeprHeil: 

660 Mas, B aaBHCHMOCTH oT speMeHH peaKUHH: I - 2 MHH; II - 3 MHH; 

Ill - 10 MHH; ( t = 850°C; 20 MI" Os MeT. V 02 = 25 MniMHH)~ 

1 
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Ha puc. 6 noKa3aHo pacnpeaeneHHe no anuHe Tpy6xu paauoaKTUBHoro 

peHHH 6e3 HOCUTenH, nony~aeMOI'O DpU C~UraHHH B TOKe KUCnopoaa npH 

t = 850°C 20 MI' MeTannH~eCKOI'O OCMUH, o6ny~eHHOI'O npOTOHSMU C SHep

rue:ll 660 Mas. 

PaauoaKTUBHbi:ll peHH:ll 6e3 HOCUTenH B STOM cny~ae OCa~aanCH Ha 6o

nee rop~eM y~acTKe Tpy6Ku ( Ha~uHaH c 600°C), ~eM Maxpoxonu~ecTsa 

peHuH, nony~aeMoro npu pa3no~eHHH KPHCTannos HH 4 Re 0 4 • C ysenu-

~eHueM speMeHH nponycxaHHH xucnopoaa 30Ha oca~aeHHH MHKpoxonu~ecTs 

peHHH C.llBUI'aeTCH B 6onee XOnO.QHYID ~SCTb • 

Pa3nH~He s TeMnepaTypax xoaaeHcauuu paauoaKTUBHhiX U30Tonos Re , 

nony~eHfl:hiX U3 'HH 4 ReO 4 u MeTannuqecxorq., Os , MO~eT 6biTb cneacT

sueM Heo6paTUMO:ll aacop6UUU MUKpoKonu~eCTB peHHH Ha nosepXHOCTU KBap

ua, KOTOpaH B cny~ae MSKpOKOnH~eCTB peHHH U3-38 HU3KO:ll y.QenhHO:ll SKTHB-
/9/ 

HOCTU CTSHOBUTCH H938M9THO:ll • anH nposepKU STOI'O npeanono~eHUH HSMH 

6bin8 npose.QeHa CepUH OnbiTOB no C~UI'SHUID U B03I'OHKe B STMOC«jlepe KUC-
0 

nopoaa npu 850 C MeTannu~ecxoro OCMUH, coaep~amero pa3nu~Hble xonu-

~ecTsa paauoaKTUBHOro peHUH. CMecu roTosunucb U3 MeTannu~ecxux nopow-
186 188 

KOB OCMHH u peHHH, Me~eHHoro ' Re . Konu'lecTso peHHH H3MeHHnocb 

o~.4 MKI' ao 1 Mr. Pe3ynbTSTbi npeacTasneHbi Ha puc. 7, U3 KOToporo 

BU.QH01 ~TO MUKpOKOnU'IeCTBa peHHH OC8~.1l8IDTCH npeHMyiUeCTBeHHO B BbiCOKo

TeMnepaTypHO:ll o6naCTU KBapueso:ll Tpy6KU, HO C ysenU'I9HUeM KOnU'IeCTBa 

peHUH MecTo oca~aeHHH ero nepeMemaeTCH s HU3KOTeMnepaTypa:yiD o6nacTb. 

EcTecTseHHO, pacnpeaeneHue paauoaKTUBHoro peHUH He oauHaxoso s Mexa

Huqecxo:ll CMeCU nopOWKOB MeTannOBlH B OCMUU, o6ny'leHHOM npOTOHSMU, 

DOSTOMy B03MO~HO HeKOTOpoe OTnU~Ue KaK B TeMnepaType OC8~.QeHHH1 TaK 

U B pacnpeaeneHHH pa.QHOSKTUBHOI'O peHHH no anUHe Tpy6KU. 

Mo~HO nonaraTb, ~TO B o6ny~eHHOM MeTannH~eCKOM OCMHH paauoax

THBHbi:ll peHH:ll 6y.QeT CTa6UnU3UpOBaH, B OCHOBHOM, B aneMeHTapHO:ll cjlopMe, 

a npH cropaHUH semecTsa s so3ayxe unu xucnopoae oxucneHHe peHHH oT 

14 

... 

.. 
• .. 

~: .. 
A 

1: I • ~ =-=~ 
1 .. 

I l: 
A IO> 

.. 

""' 
.. . . 

l;t 
• - - liD - -

Puc. 7. Pacnpeneneaue paauoaKTHBHoro peHUH, cropaiDmero B T 
MeCTHO C MeTannH'IeCKHM OCMUeM,B 38BHCHMOCTH OT KonU'I9CTBf 
~ecxoro peHHH: I - 4 MKr; II - 10 Mxr; Ill - 50 MKr; IV 

V - 1000 MKI'j ( t =850°C j V
0 

=25 Mn/MHHj 4 MUHYTblj 50 Mr 
2 
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Puc, 7, PacnpelleneHHe pallHOBKTHBHoro peHHH, cropa10wero B TOKe 0 2 coa

MeCTHO C MeTannuqeCKHM OCMHeM,B 38BHCHMOCTH OT KOnuqeCTBB MeTannH

qeCKOI'O peHHSI: I - 4 MKr; II - 10 MKr; Ill - 50 MKr; IV - 500 MKI'i 

V - 1000 MKr; ( t =850°C; V
0 

=25 Mn/Mua; 4 MHHYThi; 50 MI' Os MeT). 
2 
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sneMeHTapHOI"O COCTOSIHHSI .QO BbiCWei"O OKHCna npOHCXO.QHT 'lepea npoMe>Ky-
/15/ 

TO'IHh18 CTeneHH OKHCneHHSI , llOSTOMy nOSIBn8HHe pa.QHOaKTHBHOI"O peHHSI 

B 30He C 6onee BbiCOKOA: TeMnepaTypoA: MO>KHO 06'bSICHHTh o6pa30BaHHeM 

H nocne.QyiOUleA: KOH.QeHCaUHeA: 6onee HH3KHX OKHCnOB, HanpHMep, Re0
3 

, KHn,= 614°C). 

TepMH'Iecxoe paano>KeHHe HH4Re04 
npoTexaeT no cxeMaM: 

/16/ B aTMOC~epe HH8pTHOI"O I"a3a 

HH4 Re04 .... H 20 +HH3 + Re 20 1 HnH 

HH 4Re04 .... H 20 + H 
2 

+ R.02 

B npHCyTCTBHH 0 2 paano>KeHHe HH4 Re 04 , e,..epoSITHo, 6yaeT npoxo.QHTh 

npeano'ITHTenbHee no nepeoA: cxeMe, CoeMeCTHoe npucyTCTBHe B raaoeoA 

~ae Re 20 7 H H2 0 npHBO.QHT x o6paaoeaHHIO neTy'leA: neppeaaeeoA xacno-
/17/ 

Tbi Re03 (OH} , TeMnepaTypa KHneHHSI KOTOpoA, nony'leHHaSI SKCTpanonSI-
/18/ 0 

uaeA .llaHHhiX pa6oTbi , paeaa 229 C. TeMnepaTypa xoaaeacauaa peHHSI, 

nony'laeMoro npH paano>KeHHH HH4Re04 , 6nHaxa x STOMY aaa'leHHIO 

( "' 200°C), 'ITO MO>KeT cny>KHTh no.QTBep>K,!l81fJ!eM o6pa3oBaHHSI H KOHJl8HCa

UHH neppeHHeBOH KHCnOTbJ, llpH o6ny'leHHH OCMHSI H neppeHaTa aMMOHHSI ~p

Mhl.a.,PTa6HnH3aUHH paAHOaKTHBHbJX H30TOnOB peHHSI pa3nH'IHbi, B Cny'lae 

/18/ HH 4Re 0 4 sTo ;.. KHcnopoAHbie coeAHHeHHSI , B cny'lae MeTannH'Iecxo-

I"O OCMHSI - peHHA:, CKOpee BC8I"O , CTa6HnH3HpyeTCSI B sneMeHTapHOA: 

~OpMe, llOSTOMy npH C>KHI"aHHH MeTannH'IeCKOI"O OCMHSI 6onee BepOSITHO, '18M 

B cny'lae HH4 Re 04 , o6paaoeaHHe HH3WHX OKHCnOB peHHSI, KOHAeHCHPYIOIIlHX

cg fipH 6onee BbiCOKHX TeMnepaTypax, 'ITO TaK>Ke COI"nacyeTCSI C HaWHMH pe ... 

3ynbTaTaMH, 

Ha npouecc AanbaeA:wero oxHcneHHSI, nepeaoca H KOHAeHCaUHH peHHSI 

. BnHSIIOT, xax noxaaaao HaMH, xoaueHTpauHSI ero B raaoeoA ~aae H npHcyTCT

BHe BnarH, Pa6oTa B STOM HanpaBneHHH npOAOn>KaeTCSI, 

16 

BbiBOflbl 

C nOMOWblO MeTOAa pa,!lHOaKTHBHbiX HH.QHKaTOpOB H3y'leH• 

XpOM8TOI"pa~H'IeCK08 noBeAeHHe peHHSI npH TepMH'IeCKOM pa3nO)K• 

nH'Iecxoii conHHH4 ReO 4 B aaBHCHMOCTH OT paanH'IHbiX ycnOBHi 

nepaTypbi, BpeMeHH, CKOpOCTH raaa-HOCHTenH), 

2, Ha ocaoae nony'leHHbiX. peaynLTaTOB paapa6oTaH 6bJC 

nony'leHHSI npenapaTOB pa,!lHOaKTHBHOI"O peHHSI H3 MHWeHeA ·~ 

o6ny'leHHbiX npoToHaMH c saeprHeii 660 M9a, 

3. noxaaaaa aoaMO)KHOCTb raao-TepMoxpoMaTorpa~H'IeCK< 

neTy'IHX OKHCnOB M8KpOKOnH'I8CTB OCMHSI H MHKpOKOnH'IeCTB pe 

.HCnOnb30B8HHSI MeTannH'I8CKOI"O OCMHSI B Ka'I8CTB8 MHW8H8H A 

pa,!lHOaKTHBHOI"O peHHSI B COCTOSIHHH 6ea HOCHTenSI, 

4, 06Hapy>KeHa 3aBHCHMOCTb TeMnepaTypbi OCa>K.Q8HHSI 1 

JlHH8HHA: peHHSI OT KOHU8HTpaUHH peHHSI H napOB BO,!lbJ, 

B 3aKniO'I8HHe aBTOpbi Bb!pa>KaiOT CBOIO 6naroAapHOCTb :Y 

11. Bouanxe aa noMOIUb B npoeeAeHHH axcnepHMeHTa H lli. Ka 

BY aa H3MepeHHe raMMa-cneKTpOB npenapaTOB paaRoaKTHBHOr• 

n H T 8 p a T y p a 

1. r. MyaRonL, npenpHHT mum E2-6-4825, .D.y6aa (1969), 

2, The ISOLDE Isotope Separator On-Line Facility at C 

70-3, Geneva (1970), 

3. G, Herrmann, H,P, Denschlag, Ann.Rev,Nucl,Sci.Ann,F 

Palo Alto, USA, 19, 1 (1969), 

4. H.r. 3aA:ueea, llpenpHHT mum 6-3596, .D.y6Ha (1967). 

5, 11. 3eapa, 8,3, Eenoe, IO,C. KopoTKHH, M.P. llianaeBCKHA:, E 

M. IOccoaaayac, E.A. 3arep. llperrpHHT Ol1.RI1, P12-5120, , 

17 



BbiBOL!bl 

C llOMOIUb!O MeTOlla pallHOaKTHBHblX HHllHKaTOpOB H3y'l:9HO ra30TepMO

XpOM8TorpaljlH'I9CKOe 110B9ll9HH9 peHHSI llpH TepMH'i9CKOM pa3n0)[{9HHH KpHCTan

nH'i9CKOH conH NH 
4 

Re 0 4 B aaBHCHMOCTH OT paanH'l:HbiX ycnoBHH OllbiTa ( TeM

rrepaTypbi, BpeMeHH, CKOpOCTH raaa-HOCHTenSI), 

2. Ha ocaoBe rronyqeHHbiX. peaynhTaTOB paapaooTaH ObiCTpbiA' MeTOll 

rrony'ieHHSI rrperrapaToB pallHOaKTHBHoro peHHSI H3 MHIUeHeA NH 4 Re 0 4 

o6ny'l:eHHbiX rrpoToHaMH c aaeprHeA 660 MaB. 

3. DoKaaaaa B03MO)[{HOCTb raao-TepMoxpoMaTorpaljlH'ieCKoro paa)leneHHSI 

neTy'iHX OKHCnOB MaKpOKOnH'i9CTB OCMHSI H MHKpOKOnH'i9CTB peHHSI C U9nb!O 

HCI10nb30BaHHSI MeTannH'i9CKOrO OCMHSI B Ka'ieCTBe MHIUeHeA llnSI rrony'l:eHHSI 

pallH08KTHBHOrO peHHSI B COCTOSIHHH 093 HeCHTenSI, 

4, 06Hapy)[{eHa 3aBHCHMOCTb T9MilepaTypbl OCa)KJl9HHSI neTy'IHX COe

llHH9HHA peHHSI OT KOHU9HTpaUHH peHHSI H rrapOB BOllbl, 

B saKnJO'ieHHe aBTOpbi Bbipa)KaJOT CBOJO 6narollapHOCTb Y. BHOHKe H 

l1. BouHnKe sa rroMOIUb B rrpoBelleHHH aKcrrepRMeHTa H lli. KaMonXOJl)Kae

BY aa H3MepeHRe raMMa-crreKTpOB rrpenapaTOB pallHOaKTHBHoro peHHSI. 
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