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Dpa acnonb30BaHHH aKcnpeccHoro ra3o-au.cop6uaoHHoro MeTou.a /1,
2

,31 

BbiU.eneHHSI KOpOTKO)I(HBYWHX HYKnHU.OB H3 CM9CH npOtlYKTOB Sll19pHblX peaKllHH 

He06XOtlHMO HM9Tb B03M0)1(HOCTb npeu.aapHTenbHO Oll8HHB8Tb BpeMSI yu.ep)I(H

BSHHSI ( t J H3Y'I88MbiX CoetlHH9HHH H8 XpOM8TOrpa$H'I9CKOH KOnOHKe, 

B au.eanbHOA naHeAHoA ra3oaoA xpoMaTorpa$Ha npa npo'laX paBHhlX 

ycnOBHSIX apeMSI yu.ep)I(HB8HHSI MHKPOKOMnOHeHT8 onpeu.enSieTCSI TennOTOH 
/4/ 

au.cop6UHH, KOTOp8S1 He 38BHCHT OT napaMeTpOB KOnOHKH H CKOpOCTH UOTOKa: 

t 
R 

f(Qa). 

B HSCTOSIWeA pa6oTe U.nSI Oll9HKH a4J¢eKTHBHOA TennOTbl au.cop6llHH Xno

pHtlOB HH06HSI, ra$HHSI H HHtlHSI H8 CTeKne, MOtlH$HllHpOB8HHOM napaMH THOHan

xnopatla, 6binO H3MepeHO apeMSI yu.ep)I(HBSHHSI XnOpHtlOB H8 KananngpHOH KO

nOHK9 C HCUOnb30B8HH9M patlHOSKTHBHbiX H30TOUOB, 

l13B9CTHbl UOUbiTKH H8X0)1(tl9HHSI' 38BHCHMOCTH M9)1(tlY TennOTOH 8tlCOp6-

llHH a TennoToA acnapeHHSI ( L) aewecTaa. TaK, HanpaMep, cor nacHo O,illMHll

Ty /S/, B H9KOTOpbiX Cny'laSIX cnpaaeU.nHBO COOTHOIII9HH9: 
-.-

Q = I{ vL. 
a 

HaMH paccMoTpeH~ xoppenSillHSI aenH'IHH Q a , nony'leHHbiX B u.aHHOA 

paeioTe, a TSK)I(e a t:tpyrax sKcnepaMeHTax 
11 •

2
•
61

, co 3Ha'leHHSIMH L 

U.nSI XnOpHtlOB HeKOTOpbiX nepeXOtlHbiX MeTannoa, 

3 



8KcnepHMeHTanbHag qacTb 

CxeMa xpoMaTorpa~HqecKoll: ycTaHOBKH rrpencTaBneHa Ha pHC, 1. OcHoB

HOH qaCTbiO yCTaHOBKH SIBnslnCSI CTeK.TISIHHb!ll: K8ITH.Tl.TIS1p 6 (CT9K.TIO 3C-8) C 

BHyTpeHHHM AH8MeTpOM OKO.TIO OAHOPO MH.Tl.TIHM9Tpa, C OAHOPO KOHU8 K8ITH.TI

.TIS1p8 HM9.110Cb paCWHp9HH9 A.TISI BBOA8 .TIOAOqKH C BewecTBOM, COA9P*8WHM 

paAH08KTHBHbiH H30TO.n. CaM K8ITH.TI.TIS1p ITOM9Wa.TICSI B TO.TICTOCT9HHYIO M9AHYIO 

Tpy6Ky 5 H o6orpesancg sneKTPOHarpeBaTe.TISIMH 4. KoHTponb aa TeMrrepaTy

poll: ocywecTBnSincg c noMOWbiO TepMonap 7. H a pHc, 1 noKaaaH THnH'IHbill: 

XOA H3.M9H9HHSI TeMnepaTyphl BAO.Tlb KanH.TI.TISipa, Ha nocneAH9M Y'I8CTK9 raao

BOPO TpaKTa TeMnepaTypa yMeHbwanacb no xony raaa Ha 3-10°/cM, 

B Ka'leCTBe pa6o'lero raaa npHMeHSI.TICSI aaoT '(99,9%) npH pacxone 

0,3-0,4 CM3/ceK (npHB9A9HO K HopMa.TlbHhiM yc.TIOBHSIM), H8ChiW9HHhlll: napaMH 

&lCJ. 
2 

, ,U.ng STOPO raa nponyCKa.TICH qepe3 TepMOCTaTHpOBaHHhlll: 6ap60Tep 1 

C *HAKHM THOHH.TIX.TIOpHAOM, .UaB.TI9HH9 napOB THOHH.TIX.TIOpHAa p H TeMnepa

Typa Ha H30TepMHqecKOM yqacTKe Kan~:~:n.nHpa yKaaaHhi B Ta6.n~:~:ue 1. KoHTpo.nb 

38 Be.TIH'IHHOll: r ocywecTB.TIH.TICSI no H3MeHeHHIO pH paCTBOpa, qepe3 KO

TOpblH npoxonH.na onpeneneHHaH nopUHH pa6oqero raaa. nonyqeHHhie aHaqeHI:IH 

AOCTaTO'IHO XOpOWO COBn8A810T C .TIHTepaTypHbiMH A8HHh!MH no ynpyroCTH 

napa SOCI 
2 

• OnpeneneHo speMSI, Heo6xoAHMOe A.TIH HaChi!lleHHH nosepxHoc

TH K8ni:I.TI.11Hpa npH 200C H pa3Hh!X p ( CM, pHC, 2), .UnH H8XO*A9HHSI qJiiC

na M~eKyn THOHI:I.TIX.TIOpi:IAa, cop6Hp0B8HHh!X H8 9AHHHUy noBepXHOCTH KaiTH.TI

ngpa (N ) , KaiTI:I.Tl.TISip rrocne YCT8HOB.TI9HHSI paBHOBeCI:ISI H3B.Tl9K8.1ICSI H3 ye-
s ' 

TaHOBKH H rrpOMh!B8.1ICSI AHCTI:I.TI.TIHpOB8HHOH BOAOH, Oo H3M9H9HHIO pH rrpo-

MhlBHOPO paCTBOpa orrpeAe.TISI.TIOCb qHC.TIO 8ACOp6HpOB8HHhiX MO.TI9KYJI THOHH.TI

X.110pi:IA8, 

Bee KaiTH.TIJISiphl HerrocpeACTB9HHO nepeA OIThiTOM B TeqeHHe 0,5-1 qaca 

o6pa68Tb!B8J!I:I:Cb napaMH THOHH.TIXJIOpHA8 rrpH llOBbiWeHHOJl: T9MllepaType. 

B onhiTax Hcrronhaosa.nHCb H30TOIThi 
95 Nb , 181 Hf H 

114 In • PacT-

sop, conep*aWHll: paAI:I08KTHBHhl9 aTOMhi, BhiCYWHBa.TICSI B KBapueBOH J!OAO'I

Ke 2 j OCTaTOK H9CK0.1IhKO pa3 o6pa6aTh!B8.1ICSI *HAKHM THOHH.TIX.TIOPHAOM, 3a

T9M nonoqKa rroMewanach B KaMepy A.TIH x.nopHpoBaHHSI, X.nopHpoBaHHe aenocb 

npl:l 450-500°C t6t B TeqeHHH 30 C9KYHA, 0TPOHH.TIOCb OKO.TIO 50-70% BK-

TI:IBHOCTH, 
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KoHTponb aa H3MeHeHHeM ypoBHH aKTHBHOCTH ( N) a TO'IKax "A", "B ", 

H "8" ( CM, pHC, 1 ) OCyWeCTBnHnCH y -CUHHTHnnHUHOHHbiM nepellBH:lKHbiM 

C'leT'IHKOM 3 c KpHCTannoM NaJ(Tl) H. aanac&IO noKaaaHHA Ha caMonacue. 

B onbiTax H3MepMoc& apeMH nepeMeweHHH MSKCHMyMa HHTeHCHBHOCTH aany- • 

'leHHSI Me)l(llY TO'IK8MH "B" H "B", ORbiT npeKpawancg qepe3 "'1 MHH nocne 

MOMeHTa npOXO)I(JleHHSI M8KCHMyMOM DHK8 TO'IKH 'B", MecTononO)I(eHHe H cJ!op

M8 8JlCOp6UHOHHOro RHK8 H8 y'ISCTKe C rpa)lHeHTOM TeMrrepaTypbi Orrpe)lenH

nHCb nocne on&ITa. 

Pe3ym.TaTbi H o6cy:lKJleHHSI 

B Ta6naue 1 npeJlCTaaneHbi peayn&TaT&I on&ITOB. 

B nepaoM cTon6ue llSHbi aepoHTH&Ie cJ!opMyn&I coe.nHHeHHA, llnH racJ!HHH 

H HH06HSI cJ!opMa H8X0)1(.£l9HHSI B ra30BOM ROTOKe B rrpHCYTCTBHH H36biTK8 xno

payiOWero areH'ra 6hma onpe.neneHa a pa6oTe 111• l1aaecTHO 11 I TSK)I(e, 'ITO 

npa H36biTKe xnopHpyiOwero areHTa npeHMywecTaeHHO o6paayiOTeH Bbiewae 

xnopa.n&I MHKposneMeHTOB, K TOMY )l(e .npyrae eoe.naHeHHH e xnopoM y aay

'leHHhiX MeTannoa (Nb, Hf, In) eyweeTaeHHO MeHee neTy'IH, Cpe.nHee ape

MH Yllep:lKHBSHHH (t R) MoneKyn xnopa.noa 
95 Nb , 11410 , 

181 Hf Ha 

yqaeTKe .nnHHOft 30 eM H THOHHnHXnOpH.ll8 H8 y'laeTKe 100 eM .ll8HO B OSITOM 

eTon6ue Ta6nHUhi 1. On&ITbi e NbCl 
5 

B&monHeH&I npH llByx . 3Ha'leHHSIX 

06JIIero 'IRena 8TOMOB HH06HH, OTnH'l8IOWHXeSI Me)l(.ny eo6oft B 106( pa3 ( 1012 

H }Q18 Monesyna ) H .nnH t R nony'l9Hbi eOBIT8ll8IOWHe 3H8'19HHSI, 
eM 

. ( N s 
KpoMe apeMeHH y.nep)I(HBSHHH onpe.nenHnac& a.ncop6UHH N) .nnH MoneKyn 

9. 
THOHHnXnOpH.na H MHKpOKOnH'leeTBa ITSITHxnOpHeTOrO HH06HH, 3Ha'le-

HHSI N 8 .nnH THOHHnxnopH.na npH 290°K nony'leHbi no paBHOBecHOMY 

KOnH'leCTBy a.neop6HpOB8HHOrO THOHHnXnopH.na (eM, Bhlwe), a T8K:lKe ITO ITnO

W8.llH, 38KniO'leHHOft MeM.ny H8'18nbHbiM y'laeTKOM BbiXO.llHOft KpHBOH H I"OpH-

30HT8nbHOft aeeHMITTOToA K Heft (eM. pHe. 2). 3Ha'leHHe N ITPH 390 H 
g 

450° onpe.neneHo nHWb no 'IHeny a.ncop6apoaaHHbiX MoneKyn SOCI 
2 

• CIToco6 

onpe.neneHHH aenH'IHHbi N s .nnH MHKpoKonH'leeTs 
9 5 NbQ 

5 
ITO aAcop6UHOH

HOA 30He Ha y'laCTKe c rpa.nHeHTOM TeMITepaTyp&I OITHCaH paHee !61, BenH-

'IHH8 N 
q 

.nnH xnon" .. - · JinOB B OITbiT8X Bbi<IHensmaeb rrpH6nH>K9HHO 

7 



no ot5weMy 'IHeny aToMoa a aaeopt5uHOHHoil: aoae H no o6'beMy raaa, npowea

wero 'lepea xanHnngp aa apeMa MHrpauRH 30Hbi, T,K, aaeopt5uHOHHbiA nHx 

(eM, pHe. 1 ~ liMen pa3MbiTYJO $opMy, 

TennoTbi aaeopt5uHH xnopHaoa MeTannoa 11 THOHHnxnopHaa paee'IHTbiBa

nHeb xax no aaHHbiM nepeHoea (Ta6n,1)13/, Tax H no aaHHbiM aaeop6uHH, Ten-

noTa aaeop6uHH ana SOCI 2 paee'IHTbiBanaeb no ypaaHeHHJO H30TepMbi B3T, 
a anH MHKpOKOIIH'IeeTaa 

llHH 110! 
NbCI 5 - no $opMyne rrHHeAaoA H30TepMbi aaeop6-

BenH'IHHbi Q , nony'leHHbie HaMH, Heo6xoaHMo paeeMaTpHBaTb xax a 

HeKoTopbie a$1jleKTHBHbie 3Ha'leHH Sl TennoTbi aaeop6uHH, YnpoweHHSI, ne)KSWHe 

B OeHOBe ypaBHeHHSI 53T ( H ero 'laeTHOI'O BHaa: neHeil:Hoil: H30TepMbi), a 

TaK)Ke 38BHeHMOeTH t R = f( 0 J , KOTOpbie npHMeHSIIIHeb anSI 

MoryT BbmOnHSITbeSI !ia npaKTHKe nHwb npH6nH)KeHHo, Oeo6eHHo 

eSI K npeanono)KeHHJO 0 ~OMOI'eHHOeTH MOaH!jJHUHpOBSHHOil: /l,S/ 

OlleHKH Q 
a 

STO OTHOeHT-

no~epXHOeTH, 

DpH6nH)KeHHbiMH SIBIISIJOTeSI TSK)Ke 3Ha'leHHSI nnowaaH noaepXHOeTH eTeKnSIHH0-

1:'0 KanHrrnSipa H HeKOTOpbiX apyl:'HX napaMeTpoa, BXOaSIWHX B HenOnb3yeMbie 
ypaBHeHHSI, 

0aHSKO Mbl He eTaBHnH CBoeil: uenbJO norry'leHHe aoeonJOTHhiX 3Ha'leHHil: 

TenrrOT aaeopOUHH, a eTpeMHrrHeb npe)Kae Beero yeTSHOBHTb eOOTHOilleHHe 

STHX BenH'IHH anSI XnopHaOB sneMeH'rOB, anH KOTOpb!X H3BeeTHO eOOTHOIUeHHe 
TennoT KOHaeHeaUHH, 

B TO'Ixax "B .. H "B* (p-lfc. 1) H3MepSinHeb nonymepHHbi "X" aaeop6-

ueoH'ilbiX nexoa. DonoBHHa paaaoeTe STHX aenH'IHH ( ~X;2) anSI aaeop6ueoH

HhiX nHKOB XnOpHaOB HHOOHSI H I'Bij!Hij:SI Ha H30TepMH'IeeKOM y'laeTKe KanennSI

pa npeaeaeHa a Ta6nHue 1. Oueaxa S'bieOThi sxaeaaneHTHoil: TeopeTH'Ieexoil: 

TapenKH ( H ) anSI xnopeaoa ralj!HHSI H HHOOHSI a eenonbayeMoM xanennSipe 

no ljlopMyne foneSI rtl; aaeT aenH'IHHy "'0,5 eM, 11exoaSI H3 sToro 3Ha'le

HHSI H , aenH'IHHbi ~X I 2 ObinH TO)Ke paee'IHTSHhi no ypaaHeHHJO fayeea 

(eM, Ta6neuy 1 ) • Beaao, 'ITO paane'lee Me)KJ:tY pae'leTHbiMH H sxenepHMeH

TanbHbiMH 3Ha'leHHSIMH ne)KHT B npeaenax SKenepHMeHTanbHb!X norpeiUHOeTeil: 

( "'15%), 3To YK83b!B89T ija TO, 'ITO yenOBHSI HalUHX OnhiTOB 6nH3KH K Tpe-

OQBSHHSIM HaeanhHo'l; ma:Heil:Hoil: xpoMaTorpaljJHH, B Taoneue 2 eo6paHhi anSI 

epaaHeHHSI Hame aaHHhie H aaHHbie, nony'leHHhie paHee. BHaHo, 'ITO anSI raljl

HHSI, HHOOHSI H HHllHSI nony'leHHbie B pa3Hb!X Ollb!TSX 3HB'I9HHSI Q a eorna-

8 

eyJOTeSI M9)KAY eo6oil:. KpoMe TOI'O SAeOpOUHSI H apeMSI y.nep)KHBSHHSI AnSI 

xnopHAS I'S$HHSI OnpeAenSinHeb npH LlBYX TeMnepaTypax, nOSTOMY 3Ha'I9HHSI 

Q a AnSI Monexyn HfQ 4 oueHHBaneeb TSK)Ke no TepMO.IlHHSMH'Ieexoil: ljlop-

Myne, B KOTOpyJO He BXOLlSIT rrapaMeTpbl annapaTypbi H HeH3B9eTHbie KOHeTaH

Tbi, Pe3ynbT8Tbi TSKHX OU9HOK eOBll8Ll8lOT e LlSHHbiMH TSOnHUbl 2 (ynOMSIHy

Tbl9 Bbllll9 eny'ISH OTM9'19Hbl 3Be3l{O'IKOil:), Bee eK838HHOe eBH.IleTenbeTayeT 

00 HAeHTH'IHOeTH eaoil:eTB liOBepXHOeTH eTeKna BO aeex paeeMOTpeHHbiX SK

enepHMeHTBX, 3Ha'leHHSI Q a AnSI H3Y''I9HHbiX XnOpHAOB nO)KSTeSI Ha npSIMYJO 

nHHHlO B KOOp.llHHaTaX TennoTa aaeOpOIIHH - TennOTa HenapeHHSI, KOTopaSI OliH

ebiBaeTeSI ypaaHeHHeM: 

Q =A+ O,SL M. a 

A-L M - TennoTa HenapeHHSI (xoHaeaeaiiHH) xnopHaa MHKpoaneMeHTa 11 

noeTOSIHHBSI, 0Tp8)K8J01UBSI, BepOHTHO, llpHpoay eopoeHTa H XnopHaa - HOeHTe

nSI 
1121

• B aanbHeil:mHx paooTax 6yaeT npoaon)KeHo H3y'l:eHHe xoppenaUHH 
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6. T.C. 3BapoBa, 10, T. l.Jy6ypKoB, 11. 3Bapa. llperrpHHT 011H11 P6-4130, 

fly6Ha ( 1 968). 

7, J,Merinis, Theses Universite de Paris, Orsay, 1.966, 

B. IO.IP. Eepe3KHHa, M.M. lly6HHHH, 
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TadJIHUI\ 2 

Te~~OTa ~cop6UHH XJIOpH~OB nepexo~HHX MeTSHJIOB Ha MO~H~HUHPOBaHHOH 

rrosepxHOCTH cTeRJia 
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