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Hcnon&aosaHHe pa3JIH"'HH B neTy"ieCTH 6easonHblX xnopHnos noasonsreT 

paapa6a TbiB8Th MeTOilHKH paaneneHHSI HeKOTOpb!X aneMeHTOB, o6JI8118IOIIIHe pSI-

110M npeHMyiiieCTB, T8KHX KaK 6biCTpOTa, B03MO)KHOCTh OCyiiieCTBJieHHSI He-

npepb!BHOI'O pe)KHMa 8H8JIH38 H OTCYTCTBHe 6annaCTHblX BeiiieCTB. 3TH npeH-

MyiiieCTBa O"ieHb B8)!(Hbl llJlSI MHOI'HX pallHOXHMH"ieCKHX 38118"1, OC06eHHO npH 

XHMH"ieCKOM Bbi/leJieHHH KOpOTKO)KHBYIIIHX H30TODOB. B pa6oTaX11-31 6blJlO 

DOKa3aHO, 'ITO llJlSI paaneneHHSI MO)KHO HCD0Jlh30B8Th ancop6UHIO HJIH KOHileH-

C8UHIO XJIOpHilOB H3 -I'830BOI'O DOTOKa, COCT8BHblMH "i8CTSIMH KOTOpOI'O SIBJISI

IOTCSI aaoT H napbi "xnopHpYIOII.l.ero HOCHTensr". B Ka"ieCTBe nocnenaero ac-

DOJih30B8JlHCh HJIH XJIOpHpyiDIIIHe BeiiieCTBa , TaKHe KaK THOHHJIXJIOpH/l, HJIH 

HeKOTOpbie neTy"iHe XJIOPHilbl nepeXOilHblX MeTaJIJIOB, 3TH XJil.M.H"ieCKH 8KTHB-

Hble areHTbl BO-nepBbiX, llOCTOSIHHO ll01lllep)KHB8IOT MHKpOKOMllOHeHT B Onpe ,. 

neneHHOH XHMH"ieCKOH <lJopMe, BO-BTOpbiX, 81lCOp6HpyHCb Ha llOBepXHOCTH I'830-

BOI'O TpaKTa, MOAH$HUHpyiDT ee, T.e. yMeHhlll8IDT H Bb!paBHHB8IDT 8/lCOp6UH

OHHYID CllOC06HOCTh I 1 •2 I. 

Uen&IO HacTosrmeii: pa6oTbi 6bino aay"ieHHe B03MO*HOCTH nepaOilH"iecKoro 

paaneneHHH HeKOTophlx cMeceii: aneMeHTOB nyTeM xnopaposaHHH npenapaTa ra-

aoo6paaHbiMH areHTaMH c nocnenyiDmeA ancop6uaeA H KOHAeHcauaeA napos aa 

DOTOKa- raaa B Tpy6Ke C rpanHeHTOM TeMnepaTypb!, TaK KaK llJl.st pa60Thi C 

XJIOpHI18MH He06XOilHMO H3I'OT8BJIHB8Tb annapaTypy H3 CTeKna HJIH KBapua 

(xnopaposaHHe npOBOilHTCH npH > 300 ° , semecTsa o6nanaiOT KopponapyiOIIIHM 

lleitCTBHeM), Y KOTOpbiX cnenyeT O)KHI18Tb CJIO)!(Hble ancop6UHOHHbie CBOliCTBa, 

TO 60JibiiiOe BHHM8HHe ynenSIJIOCh nanbHeii:IIIeMy H3y"ieHHID MOAH$HUHPYIOIIIero 

neitCTBHSI HOCHTeneA. 
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OrrHCBHHe ycraHOBKH 

OrrbiTbi rrpoBOllHJlHCb aa ycTaHOBKe, rroKaaaaaoif pHCYHKOM 1. CTeKm!H

HaSI TpyOKa 1 ( IIHpeKC) C BHyTpeHHHM .QHaMeTpOM 7 MM H IJ.JlHHOil: 1600 MM 

IIOMemanaCb B Tpyo'laTbiX rreqaX 2-8, C IIOMO!Ub!O KOTOpbiX ycTaHaBJlHBaJlCSI 

Hy)KHbiil: TeMrrepaTypHbJ:it pe)KHM, 0e'IH 5-8 Ob!JlH IIOCa)KeHbl aa MellHyJO Tpy6Ky 

H coaaaBanH rraaeaHe TeMrrepaTypbi B aarrpaBneHHH .QBH)i{eHHSI rasa. TeMrre

paTypa B IIe'laX 2-4 BbiOHpanaCb B 3aBHCHMOCTH OT HCIIOJlb3yeMoro B 3K

crrepHMeaTe xnopHpy10mero BemecTBa, TeMrrepaTypHbiif pe)KHM KOHTponHposan

CSI TepMO!IapaMHo 

qepea ycTaHCBKY rrporrycKanH TeXHH'IeCKHil: aaoT, pacxoa KOToporo H3-

MepS1nCSI peOMeTpOM 9 H H3MeHSI1ICSI B O!IbJTaX OT 26 .QO 10 MJl/MHH, faa 

ocymanCSI B JlOBYillKe 10, OXJla)K.QaeMOil: )KH.QKHM a30TOM qepea XJla.QOIIpOBOIJ.. 

DoToK rasa HaCbimanCSI rrapaMH xixopcoaep)KaJUHX BemecTB • .llnSI sToro B 

cny:qae, ecnH ObinH SO CI 2 , Ti CI 4 , aaoT 6ap60THPOBan qepea )KHJlKOCTb B 

cocyae 11 !IpH KOMHaTHOil: HJlH IIOBblllleHHOil: TeMrrepaType. 0pH HCII01lb30BaHHH 

TBep.tlbiX BemeCTB - Nb Cl 6 

1ISIHHYIO Tpy6Ky 12, KOTOpaSI 

Zr C! 4 , AI CJ 3 - OHH 3arpy)KaJlHCb B CTeK

BCTaBJlSIJlaCb B OCHOBHYIO Tpy6Ky 1, BemecT-

BOM 3a!I01IHSI1ICSI T01IbKO yqaCTOK TpyOKH, HaXO.tlSIIUHil:CSI B IIe'IH 2, OCTaJlbHaSI 

'laCTb Tpy6KH 12 ocTaBanacb CBOOO.tlHOA, B rre'IH 2 ycTaHaBnHBanacb TeM

rrepaTypa, !IpH KOTOpoil: )laBneaHe HaCMIUeHHOrO rrapa )laHHOrO BellleCTBa B 

2-3 paaa rrpeBbiillano Tpe6yeMoe B orrbiTe, B rre'IH 3 TeMrrepaTypa cooTBeT

CTBOBana Heo6xo.tlHMoil: yrrpyrocTH rrapa. BoaHHKillee aa aTOM y'laCTKe rrepe

CbiWeHHe CHHManocb KOHaeHcauHeil: 'IBCTH rrapos H aanee raa rrocTyrran c 

H3BeCTHbiM coaep)KaaHeM xnopHpyiOmero semeC'I1Ba - HOCHTenSI. 

CTeK1ISIHHaSI Tpy6xa 1 rrepea OIIbiTOM rrpOMbiBanacb rrocneaoBa TenhHO 

COJlSIHOil: KHCJlOTOll:, BO.tlOil:, CIIHpTOM H 3aTeM Bb!CYillHBaJlaCb B rre'laX B Te'le

HHe 1-2 'laCOB. 

KBapueBaSI noao'l:Ka 13 c paaHoaKTHBHbiM BemecTBOM BCTaBnSinacb B 

Tpy6xy 1 H rroMemanacb B rre'lb 4. TeMrrepaTypa xnopHpOBaHHSI 6bma B rrpe-

o 
aenaX 350-450 B 3aBHCHMOCTH OT !IpHMeaSieMoro XJlOpHpy!Omero BeiUeCTBa. 

AKTHBHOCTb rrperrapaTOB He rrpeBb!lllana 5-7 MKK!OpH. Do Mepe XJlOpHpOBaHHSI 

COe.tlHHeHHe yneTano H3 JlOIJ.O'IKH H IIOCTyrrano C IIOTOKOM rasa Ha y'laCTOK 

c TeMrrepaTypabiM rpaaHeHTOM.. YMeHbllleHHEi! ypoBHH aKTHBHOCTH, oTpa)KaJO

mee CKOpOCTb XJlOpHpOBaHHSI, H3MepHnOCb C IIOMO!Ub!O CUHHTHJlJ;ISIUHOHHOro 
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OrrncaHne ycraHOBKH 

rrposouanacb Ha ycTBHOBKe, rroKaaaHHOH pacyHKOM 1. CTeKnga-

1 ( rrapeKC) C BHyTp8HHHM UHBMeTpOM 7 MM K UJIHHOA 1600 MM 

B Tpy6"18Tb!X rreqaX 2-8, C ITOMOIIIbiO KOTOpbiX ycTaHaBJIHBBJICg 

epaTypHbiH pelKKM. Deqa 5-8 6hinK rrocalKeHbi Ha MemyJO Tpy6Ky 

rraueHae TeMrrepaTypb! s HarrpasneHKH usalKeHag raaa. TeMrre

ax 2-4 Bbi6HpaJiaCb B 3aBHCHMOCTH OT HCITOJib3yeMoro B 3K

JIOpHpyiOIIIero semecTsa. TeMrrepaTypHbiA pelKHM KOHTponHposan-

MHo 

ycTaHOBKY rrporryCKBJIH T8XHH"'9CKHH aaoT, paCXOU KOTOporo H3-

MeTpOM 9 K K3MeHgJICg B OITbiTBX OT 26 UO 10 M.ll/MHH • faa 

nosymKe 10, oxnalKnaeMoil lKHnKHM aaoTOM "'epea xnanorrposon. 

HBCbiillaJicg rrapaMH xnopconeplKaiiiHX semecTs. llnSJ: sToro s 

6biJIK SO Ci 2 , Ti Ci 4 , aaoT 6ap60THposan qepea lKHUKOCTb s 

H KOMHBTHOH HJIK ITOBbllll9HHOil. TeMrrepaType. DpH KCITOJib30BaHHK 

eCTB - NbC! 0 ZrCI 4 AI Ci 3 - OHH aarpy:>KaJIHCb B CTeK-

y 12, KOTOpag BCTBBngnaCb B OCHOBHYIO Tpy6Ky 1. BemecT-

cg TOJibKO Y"'BCTOK Tpy6KH, HaxonglllHHCSI B IT8"1H 2, OCTaJibHag 

12 ocTasanacb cso6onao~. B ne"l:H 2 YCTaHaBnHsanacb TeM

H KOTopoA nasneHHe aacbiiiieHHoro napa naHHoro sewecTsa s 

Bbiiiiano Tpe6yeMoe B OllbiTe. 8 ll8"1H 3 TeMnepaTypa COOTBeT-

6XOUKMOH ynpyrocTH napa. BoaHHKIIIee Ha sTOM y"'aCTKe nepe

Manocb KoaneHcauHeft "'BCTH napos H nanee raa nocTynan c 

onep:>KaHHeM xnopHpyiOwero sewecTsa - HOCHTeng. 

HHag Tpy6Ka 1 nepen onbiTOM npOMbiBanacb nocnenoAaTenbHO 

OTOH, BOUOH, CllHpTOM H 3aTeM BbiCYIIIHBanacb B neqax B Te"l:e-

B. 

sag nono"l:Ka 13 c panHoaKTHB"HbiM sewecTBOM BCTasngnacb s 

OMemanacb s ne"l:b 4. TeMnepaTypa xnopHposaHHg 6biJia s npe-
o 

0 B 38BKCHMOCTH OT npHM9HSI9Moro XJIOpHpy!Oill8rO B91ll9CTBa. 

perrapaTOB He npeBbllliBJia 5-7 MKK!OpH. Do Mepe XJIOpHpOB8HHg 

Jl9T8JIO H3 JIOUO'iKH H llOCTynano C llOTOKOM raaa Ha Y"'BCTOK 

HbiM rpanHeHTOM. YMeHbllleHHe yposHg aKTHBHOCTH, oTpalKaJO

b XJIOpHpOB8HHg, H3MepgJIQCb C llOMO!UblO CUHHTHJIJ;lgUHOHHOro 

4 

..,. '
:\ 

,..,. ' 

":~ . 
~!1'1 L • 

:.!1 

a) 
!< 
(.) 
II: 
(]) 
!< 

lQ 

(]) 

= = (]) 

= ~ 
~ 

~ I jl It I 
0. 

I = II: 
lQ 
0 

= \J•l I •II II• I ., <U 
!< 
(.) 
:>. 

-= 0 

= .1l 
~ 
<U 
!< 

= (]) 

~ 
= 0. 
(]) 
r:: 
(.) 
II: 
<'> 

<U 
~ 
(]) 
~ 
u 
.... 
d = 0.. 

5 

···--------·-----



C'leT'IHKa 14 C KpHCTannoM NaJ , HMnyn&chl c KOT8poro nocTynana aa 

HHTeHCHMeTp, 0oxasaHH5I nocneAHero sanHCbiBaJIHCb DOTeHUHOMeTpH'IeCKHM 

CaMODHCUeM ('KpHBaSI XnOpHpOB8HH5I"), 

0ocne OKOH'I8HH5I Ollb!T8 Tpy6Ka BbiHHMaJI8Cb H3 neqeiJ: H H3Mep5IJIOCb 

pacnpeaeneHHe p8AH08KTHBHOCTH BAOnb Hee nyTeM rrpOT5IrHB8HH5I OKOnO CUHH-

THnnSIUHOHHOro C'leT'IHKa C KpHCTanJIOM NaJ , OKpy.lKeHHOrO CBHHUOBOM 

samaToii c menbJO mapaaoii 4 MM, CKopoCTb cqera peracrpaposanac& caMo

rracueM. TaKHM o6pasoM orrpeJJenHnocb rrono.lKeHHe a ljlopMa soHhi paJlHOH30To

rra H8 rpaJJHeHTHOM y'laCTKe Tpy6KH, 

Kax npasano, xnopaposaHae senoc~ ao oTrOHKH ~ 50% aKTHBHOCTH a 

ORbiT npeKpamanCSI, KOrAa peaKUHSI XJIOpHpOBaHHSI H8'1HHana 38Me)J.n5ITbC5I, 

Oo CKOpOCTII XnOpHpOB8HII5I H paCXOAY 830T8 paCC'IIITbiB8naCb ::I8pUH8JlbH851 

ynpyrocTb napa xnopaAOB pasnens!EJMhiX sneMeHTOB a rasoaoM rroToKe. Pa6o-

Ta rrpoaonanacb c asoTorraMH 
181 

Hf B K8'1eCTBe 
9~ 

N 
182 114m I 

b , Ta , n 

OTMeT'IHKOB COOTBeTCTBy!OIUHX sJieMeHTOB H C HCITOnb30BaHHeM Zr CJ 4 , NbC I 5 , 

AICI
8 

,TiCI 4 
TaCI 5 , SOCI 2 KBK xnopapy!OIUHX CoenaHeHHM-HOCHTeneii, 

\ t 
{i\<' 

!,~ 
i> 

XnopHpOBBHHe 

Bbmo aail:neao, 'ITO rrpenapaThl asy'laeMblX sneMeHTOB xnopapy!OTCSI c 
' • 0 

saMeTHoii CKopoCTb!O npa 500 , ecn~ yrrpyrocTb napa THOHHnxnopana rrpeBb~ 
0 

lllaeT 15 MM pT,CT, (TeMnepaTypa HaChiiUeHHSI- 16 C). 

CTaAHSI xnopapoaaHHSI o6pasuos so MHoroM onpeAenSieT sljlljleKTHBHOCTb 

pas~eneHHSI BeiUeCTB, TaK KaK BnHSieT Ha ITOnO.lKeHHe DHKOB Ha rpanaeHTHOM 

y'laCTKe Tpy6KH, PasHaSI CKopocTb xnopaposaHkSI cosnaeT B rase pasHyJO 

ynpyrOCTb napa MHKpOKOMITOHeHTa, 0pH MHKpOrpaMMOBbiX H MeHbiUHX KOnH-

• 'leCTBaX BeiUeCTBa ancop6UH5I Ha riOI;IepXHOCTH Tpy6KH He MO::-KeT AOCTHraTb 

HaCbJIUeHHSI. TorAa c pocTOM cKopoCTH peaKUHH xnopapoBaHHSI npH OAHHBKOBOM 

06IUeM KOnH'IeCTBe OTOrHaHHOro BeiUeCTBa ni!K AOn.lKeH CMeiU8TbC5I B CTOpOHy 

Bb!COKHX TeMnepaTyp, 3TO Ha6nJOnanoCb npH XJIOpHpOBaHHH THOHHJIXJIOPHAOM 
181 

Hf , Korna o6paseu coAep.lKan "' 7 MKr cTa6an&aoro asoTona raqJHHSI, 

Ysenaqeaae ynpyroCTH napa xnopana raljJHHSI B 3 pasa npasonano K CMeme-
o . 0 

HHIO nHKa npHMepHO Ha 25 ( DpH TeMnepaTypaX B 06JiaCTH 200 ) , 
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KpHCTBJIJIOM N a J r lfMIIyJihCb! C KOT:JpOI'O IIOCTYIIBJIH HB 

OK838HHR IIOCJieAHero 38IIHCbiB8JIHCb IIOTeHUHOMeTpH~eCKHM 

HBBR XJIOpHpOBBHHR"), 

H~aHH 51 Ollb!Ta Tpy6Ka BbiHHMaJiaCb H3 rre~eii H H3MepR110Ch 

IBAHOBKTHBHOCTH BJlOJih Hee rryTeM IIpOTHrHBBHHH OKOJIO CUHH-

~eT~HKa C Kp!!CTBJIJIOM NaJ , 0Kpy)!(9HHOI'O CBHHUOBOH 

10 wHpHHOii 4 MM, CKopoCTh c~eTa perHCTpHpoaanach caMo-

6paaoM orrpe/leJIHJIOCb IIOJIO)!(eHHe H !jlopMa 30Hbl pa/lHOH30TO

M yqacTKe Tpy5KH, 

0, XJIOp!!pOBBHHe BeJioc• AO OTI'OHKH ~ 50% BKTHBHOCTH H 

CR, Korna peaKUHH XJIOpHpOB8HHH HB~HHana 38MeAJIRThCH, 

XJIOp!ipOB8HHH H paCXOAY 830Ta paCC'IHTb!B8JI8Ch ~apUH8JibH8H 

JIOpHJlOB p83/leJIH8MbiX 9JieMeHTOB B ra30BOM IIOTOKe. Pa6o-
18 I 

H30TOIIBMH Hf 95 182 114m I 
Nb , Ta , n B KB'IeCTBe 

eTCTBY!OIUHX aneMeHTOB H C HCIIOJih30B8HHeM Zr C) 
4 

, NbC) 
5 

, 

TaCJ 5 , SOCJ 2 KBK XJIOPHPY!OIUHX COeAHHeHHH-HOCHTeneii, 

XnopHpOBBHHe 

~TO IIperrapaTbl H3yqaeMbiX 9JieMeHTOB XJIOpHpy!OTCH C 
0 

IIpH 5QQ , eCJIH yrrpyrOCTh IIapa THOHHJIXJIOpH/la IIpeBb~ 
0 

T, (TeMrrepaTypa aacbiiUeHH51- 16 C). 

Hp0B8HH51 o6pa3UOB BO MHOI'OM OIIpe/leJIHeT 9!jl!jleKTHBHOCTh 

TB, TBK KBK BJIHHeT Ha IIOJIO)!(eHHe IIHKOB Ha rpa/lHeHTHOM 

PaaaaH CKOpOCTh XJIOpHpOB8HHH C03/laeT B raae pa~Hy!O 

HKpOKOMIIOHeHTa, TipH MHKporpaMMOBb!X H MeHhlUHX KOJIH-

4 
8ACOp6UHH Ha rro~epXHOCTH Tpy6KH He MO)!(eT ll0CTHI'8Th 

C pOCTOM CKOpOCTH peaKUHH XJ10pHpOB8HH51 IIpH OllHHBKOBOM 

OTOI'H8HHOI'O BeiUeCTBa IIHK /lOJI)!(eH CMeiUaThCR B CTOpOHy 

Typ, 3To Ha6JIIO/l8J10Ch IIpH XJIOpHpOBaHHH THOHHJIXJIOPHilOM 

aaeu conep)!(aJI '" 7 MKr cTa6HJihHoro H30Torra ra<jJHHR, 

napa XJIOpH/la ra<jJHHR B 3 paaa I!pHBO/lHJIO K CMeiUe-
0 . 0 

0 Ha 25 ( IIpH TeMrrepaTypax B o6naCTH 200 ) , 
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Ha nOJIO~eHHe nHK8 no TeMnepaType BJIHSieT T8K~e paBHOMepHOCTb CKO

pOCTH peaKUHH H BpeMSI OT Ha~aJia IIOA8~H X1IOpHA8-HOCHTeJISI AO Ha~ana XJIO~ 

pHpoaaHHSI ("Ha~anbHWA nepHon"). PaBHOMepHOCTb xnopHpoaaHHH 6~na nocTHr

HyTa ITOCJie TOI'O, KBK HCXOAHblll paCTBOp BMeCTO IIpOCTOI'O 13biCYlliHB8HHSI B KBap

UeBOll JIO.AO~Ke CTan H8HOCHTbCH Ha nopOlliOK 8KTHBHpOB8HHOI'O yrJIH H nocne 

BbiCY'IIHBaHHSI o6pa6aTbiBancH ~HAKHM SO CJ 2 • Dpouecc xnopHpOBaHHH npH 

3TOM 3aMenmwcH. OnHaKo Ha~anbHbiH rrepHOA ocTaaancH aeperynHpyeMbiM, a 

CJie.AOBaTeJibHO, MOJieKyJibl nony~eHHOI'O X110pH.A8 BCTpe~aJIHCb B OT,A91lbHbiX 

Onbl'f8X C noBepXHOCTb!O, B pa3HOH CTeiieHH IIOKpbiTOll !iOCHTeJieM, 'ITO ,AOJI~HO 

BJIHHTb Ha ancop6UHOHHbie rrpoueccbi, Ha pHc,2 rroKa3aHhi KpHBbie xnopHpoaaHHH 

H nono~eHHe nHKOB Ha rpa.AHeHTe B OnbiTaX, KOI'.Aa X1IOpHpOB81lCH 
95 

Nb THO

HHJIXJIO[JH.AOM, B orrbiTe 2 H3-3a Manoro Ha~anbHoro nepHona rrpouecca xnopHA 

HHOOHH 8ACOp0HpOB81lCH Ha CTeKne, He Ob!Bl!IeM npaKTH~eCKH B KOHT8KTe C 

MOJieKyJiaMH THOHH1IX1IOpH,A8, BH.AHO, ~TO 8.ACOpOUHH Ha~HHaeTCH rrpH 6onee 

Bb!COKHX TeMrreparypax. 

8 .A81lbHeHl!IeM, ~TOObl HCKJI!O~HTb B1IHHHH9 Ha~aJibHOI'O rreplW.Aa, CHCTe

Ma nepe.A OIIbiTOM 11p0AYB<l118Cb 10-15 MHHYT 830TOM 0 CO,ll9p)l{8l!IHM Il8pbl HO

CHT91IH. Ebino ycTaHOBJieHo, ~To 3Toro apeMeHH .llOCTaTO~Ho .QJIH HBCbil!IeHHH 

noBepXHOCTH, H .A81lbHefiwee yseJIH~eHHe BpeMeHH rrpe,AB8pHTe1lbHOH IlpO.llYKUHH 

He rrpHBO.QHT K H3MeHeHH!O nOJI0)1{9HHH nHKa, 

BnHHHHe noBepxnocrn 

CTeKno HBJIHeTCH HaH5onee no.QXO.AHl!IHM MaTepHanoM rrpH pa6oTe c xno

pH.naMH. 3KCrrepHMeHl'81lbHO nOK838HO, ~TO CTetJIO pa3Hb!X COpTOB OOJI8.Q8eT 

pa3HOH 8.ACOpOUHOH~OH CnOCOOHOCTb!O no OTHOllleHH!O K X1IOPH.ll8M (pHc.3) H 

,A8)1{9 CTeKJIO O.AHOI'O COpTa HMeeT nJIOXOBOCrrpOH3BO.QHl!IH9CH CBOHCTBa, ll1IH 

OUeHKH B03MO)I{HOCTH MO.AII!jll:IK8UHH IIOBepXHOCTH CTeKJia ObiJIH rrpOBe,AeHbi OIIbi

Tbl no 8,ACOpOUHH X110pH.A8 HHOOHH B npHCyTCTBHH napOB pa31IH'iHbiX HOCH

Tenefi, HBJIH!Ol!IHXCH O.AHOBpeMeHHO H xnopHpy!Ol!IHM BemecTBOM. XnopupoaanCH 

npenapaT, nonyqeHHblll BbiCYWHB8HHeM B JIO.AO~Ke lli8Be1leBOKHCJIOI'O paCTBOpa 

HHOOHH-95 (6es HOCHTeJIH) 6e3 yrnH. npe.AB8pHTe1lbHOI'O rrpO.AYBSHHH pa6o

'iefi rasoBOH CMeCH He 6bmo. Pesy1lbT8Tbi npHBe.QeHhi Ha pHc. 4, 
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g 

~------------------------------



HHB TIHK8 TIO TBMITepaType BJIHRBT TSK*B paBHOMepHOCTb CKO

H Bp8MH OT H8'18Jl8 l10A8'1H XJIOpHA8-HOCHT8JlR AO H8'18Jl8 Xno~ 

'JaJILHblii rrepuon"). PaBHoMepaoCTb xnopupoBaHHH 6biJJa AOCTHr

' K8K HCXOAHblH p8CTBOp BMBCTO !1pOCTOf'O BbiCYlliHB8HHH B KB8p

CT8Jl HaHOCHTbCH H8 ITOpO!llOK 8KTHBHpOB8HHOf'O yrng H TIOCJie 

6pa6aTbiBaJICH mHAKHM SOCJ 2 • ITpouecc xnopHpoBaHHR rrpH 

>~. OaaaKo Ha'laJibHbiii rrepHOA ocTasancH aeperynHpyeMbiM, a 

MOJIBKYJlbl TIOJIY'IBHHOf'O XJIOpHA8 BCTpeqSJIHCb B OTABJibHb!X 

pa3HOH CT8!1BHH IlOKpb!TOH HOCI1T8J18M
1 

'ITO AOJl*HO 

6uuoHHNe npouecchl, Ha pHc~ rroKasaahl KpHBhle xnopHpOBaHHH 

KOB Ha rpaAHBI!Te B 0!1b!T8X, K0f'A8 XJIOpHpOB811CH 95 Nb THO-

OITbiT€ 2 H3-3a Manoro Ha'laJibHoro nepHona rrpouecca xnopHLl 

pOBaJICH Ha CTBKJl€ 1 He 6hiB!ll8M !1p8KTH'I8CKH B KOHTSKTe C 

OHI1JlXJIOpHLl8. BHLlHO, 'ITO ancop6UHH H8'1HH88TCH !1pH 6onee 

paTypax. 

IllBM, 'IT06bi HCKJIIO'IHTb BJlHHHHB H8'18JlbHOf'O rrepBOLl8
1 

CHCTe

M !1pO,'\YB'illl8Cb 10-15 MHHyT 830TOM 1 COL{epM8lUHM rrapbl HO

CTDHOBJlBHO, 'ITO 9TOf'O BpeMeHH Ll0CT8TO'IHO L{JlR H8Cbl!ll8HHH 

A8JlbHBHillee YBBJJH'IBHHe BpeMeHH rrpe):{B8pHT8JlbHOH rrpOLlYKUHH 

3MBHBH1110 !10Jl0M8HHH ITHKa. 

BnnHHHe rroBepxnocrn 

>IBTC>I HaH5onee IlOLlXOLlRIIlHM MaTepHaJJOM I1pH pa6oTe C XJIO

pHMBHl'allbHO !10K838HO, 'ITO CTeKJIO pa3Hb!X COpTOB 06~anaeT 

OH~OH CITOC06HOCTb!O ITO OTHOillBHHIO K XJIOpHQBM (pHC,3) H 

HOI'O COpTa HMeeT !1JlOXOBOCI1pOH3BOLlRIIlHBCH CBOikTBa, nnsi 

CTH MOAH!jJHK8UHH IlOBepXHOCTH CT8KJ18 6b!JJH !1p0B8Ll8Hbl Oilbi-

11 XJIOPHAa HH06HH B rrpHCyTCTBHH rrapOB pa3JIH'IHbiX HOCH

CH OAHOBpeMeHHO H XJIOpHpyiOIIlHM B8IIl8CTBOM. XnopHpOBaJICH 

BHHbiH BbiCYillHBBHHBM B JlOLlO'IKe IUBB8J18BOKHCJIOI"O paCTBOpa 

HOCHTeng) 6es yrnR. ITpeasapHTenhaoro nponysaaHH pa6o-

CH He 6bmo. PesynhTBTbi rrpHseneabi aa pHc. 4. 
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Ha p83HbiX ROBepXHOCTilX. } - nupeKc, 2 - M011K6AeHOBOe CTeKnO, 

3 - KBtpU, 4 - CT9KIIO No 23, 
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flaK npa 190° nony'IeH npa O'IeHb 6biCTpoM xnopapoBaHRH TJ 

)lOM 1i H8'18JlbHOM rrep!iO)le, 6JIH3KOM K HyJI:o, flo3TOMY MO)KHO C 

XJIOpli!l HH061iH 8)lCOp6!ipOB8JICH Ha npaKTH'I9CKii 'IHCTOM CT9KJIHHI 

HOCTH. 

8HAHO, 'ITO scpcpeKTHBHOCTb HOCHT9JIH K8K MOAH<jJHK8TOpa [ 

CBH3aHa c ero neTy'IeCTbiO. MeHee neTy'Iae xnopiiAbi 6onee 8<jJ¢eK' 

'I9CTB9 HOCHTeJieii, Yil9p)KHB81011\IiX MHKpOKOMnOHeHT B I'830BOM cpa3 

'!liT, 'ITO '19M Bbllll9 TeMnepaTypa KHn9HHH HOCHT9JIH, T9M HH)K9 I 

Type pacnonaraeTCH 30Ha a)lcop6UHH Ha rpa!lH9HTHOM yqacTKe 

CM9IU9HHH nRKOB ilO O!lHOM H TOll JK9 TeMnepaTypbl B CJiy'Iae, ec 

Hli3KOKHnHil\H9 HOCHT9JIH, He06XO)lliMO npHM9HHTb yrrpyi'OCTb napOI 

pa3 npeBOCXO,QHlllYIO ynpyroCTb rrapOB 6onee BbiCOKOKiinHil\HX C09)ll! 

Ha p!iC. 4 ITiiK p8Jlii08KTiiBHOI'O Hii06HH pacnoJiaraeTCH B o6JiaCTH 

pa6oTe c SO C! 2, Zr C! 4 H Al 2Cl 6 • YnpyroCTh napa THOR~ 

pa60'i9M CM9Cii B 8TOM cnyqae 6onee '19M B }QQ pa3 npeBOCXO)lli 

napa ZrCI 4 • K TOMY )1<9 napuaanhHOe )lasneHHe ZrC! 4 B 01 

npH 90° pasao scero "' 0,001 MM P'r.cT.). 

XnopaCTbiii aniOMHHHM T8K)K9 aMeeT 6onee BbiCOKoe CO!l9P*8 

sa B pa6o'leii cMeca, '19M 'leTbipexxnopRCTbiii llHpKOHRM. Coam: 

XJIOpH)la H!i06HH C H8'18JIOM 30Hbl KOH)l9HCaUHH Al 2Cl 6 MO)KHC 

TeM, 'ITO Nb Cl 5 o6paayeT c A 12 C! 6 Taep!lbie pacTBOpbi 141. E 

'IHTb ynpyroCTb napa Ti C! 4 , TO MO)KHO 1i B 8TOM CJiy'lae O)KiiJ: 

HH9 naKa K 6onee HH3K0ll TeMnepaType. 

flony'I9HHbl9 pe3yJih'(8Tbl noJIHOCTblO COI'JI8CYIOTCH C BbiBO)lall 

Hb!MH B pa60T9 Ill npH H3y'IeHHH CKOpOCTH TpaHCITOpTHpOBKH MHM 

XJIOpH)lOB no TpaKTy, H8XO)lHil\9MYCH npH noCTOHHHOM TeMnepaType 

Pa3aeneHHe CMeceR 9neMeHTOB 

flHK pa)lHOH30TOna, a)lCOp6HpOBaHHOI'O H8 y'IaCTK9 C I'p8!ll! 

nepaTypbi, MO)KHO pa3Jl9JIHTb Ha BblCOKOT9MiiepaTypHylO ( IIOAHHI 

HanpaBJI9HiiH nOHH>K9HHH TeMnepaTypb!) li HH3KOT9MII9paTypHylO 

B9TBH. KaK BliJlHO H3 ITOCT8HOBKH 8KCnepHM9HTa, B CJiy'lae IIOCTC 
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flHK npH 190° noJiy'leH npH 0'19Hh 6b!CTpOM XJIOpHpOBaHHH THOHHJlXJIOpH

AOM H Ha'laJlbHOM rrepHOAe, 6JIH3KOM K HyJI:o. f1o9TOMy MOlKHO C'IHT8Th, 'ITO 

XJIOpi!:A HH06H~ ancop6HpOBaJicg Ha npaKTH'I9CKH 'IHCTOH CTeKJigHHOH noBepX

HOCTH, 

BHAHO, 'ITO 9~~9KTHBHOCTh HOCHTeJig KaK MOAH~HKaTopa nosepXHOCTH 

csg.saHa c ero neTy'!eCThJO, Meaee nery'!He xnopH.l\bi 6onee scp!jleKTHBHbi B Ka

'leCTBe HOCHTeJieil:, yneplKHB810WHX MHKpOKOMIIOHeHT B I'a30BOH cpa3e, 3TO 3Ha

'IHT, 'ITO '19M BbiW9 TeMnepaTypa KHneHHg HOCHTeJig, T9M HHlKe no TeMnepa

Type pacnonaraeTCg 30Ha ancop6UHH Ha rpanHeHTHOM y'laCTKe Tpy6KH, nng 

CM9W9HHg nHKOB AO OAHOH H TOH JKe TeMnepaTypbl B CJly'lae, eCJIH HM910TCg 

HH3KOKHngmne HOCHT9JIH, He06XOAHMO IIpliMeHgTh ynpyi'OCTh napOB, BO MHOI'O 

pa.s npesocxo.~gmyJO ynpyroCTh napos 6onee BbiCOKOKHngwHx coenHHeHHil:, TaK, 

Ha pHC, 4 nHK paAHOaKTHBHOI'O HH06Hg pacnOJ1araeTCg B o6JiaCTH 90° npl!: 

pa6oTe C SOC! 2, Zr Cl 4 H Al 2C! 6 • YnpyroCTh napa THOHHJIXJIOpHAa B 

pa6oqeil: CM9CH B 9TOM CJiy'!ae 6oJiee '19M B 100 pa3 npeBOCXOAHT ynpyrOCTb 

napa ZrCI 4 • K TOMY lKe napuliaJihHOe nasneHHe ZrCI 4 B o6JiaCTH nHKa 

ripH 90° paBHO BC9I'O "' 0,001 MM pT,CT,), 

XnopHCTbiH aJIIOMHHHH TBKlKe HMeeT 6onee BbiCOKOe coneplKaHHe Be!1.(eCT-

sa B pa6o'leil: cMecH, '!eM 'leThipexxnopHCTbiH llHPKOHHil:. CoBnaaeHHe rrHKa 

XJIOpi!:L(a HH06Hg C Ha'laJIOM 30Hbl KOH.QeHCaUHH Al
2 

C! 
6 MOlKHO 06'bgCHHTh 

TeM, 'ITO Nb CI 5 o6pa.syeT c A 12 Cl 6 TBepabie paCTBOpbi I 41. EcnH yBeJIH

'IHTh ynpyi'OCTh napa Ti Cl 4 , TO MOlKHO H B 9TOM CJiy'lae OlKHAaTh CMewe

HHe nHKa K 6onee HH3KOH TeMnepaType, 

ITony'leHHhie pe.synhTaTbi nonaocTbJO corn&eyiOTCg c BbisoaaMH, caenaa

HbiMH B pa6oTe /
1/ npH H3Y'I9HHH CKOpOCTH TpaHCnopTHpOBKH MliKpOKOJ1H'I9CTB 

XJIOpHL(OB no TpaKTy, HaXongmeMycg npl!: noCTOgHHOH TeMnepaType, 

Pa3aeneHHe CMeceu 9neMeHTOB 

ITHK paL(HOH30Tona, aacop6!!:pOBaHHoro Ha y'laCTKe c rpanHeHTOM TeM

nepaTypbi, MOlKHO pa3L(9Jli!:Th Ha BbiCOKOT9MiiepaTypHy!O ( ITOAHHMa!OlllYJOCg B 

HanpaB119HHH ITOHHlK9HHg TeMnepaTypb!) H HH3KOT9MrrepaTypHyJO (naaaJOllly!O) 

B9TBH. KaK BHAHO H3 IIOCTBHOBKH 9KCnepHM9HTa, B CJiy'lae IIOCTQgHCTBa CKQ-

~ 
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I. 

• 

pOCTH XnOpHpOFI8HH.II Ha IIpOT.II)K9HHH OIIbiTa cneJJ.yeT 0)KHJJ.8Tb, 'iTO BbiCOKO- . 

TeMIIepaTypHa.ll B9TBb OyJJ.eT OT06pa)K9HH9M H30oapbl aJJ.COpOUHH, flpH HJJ.eanb

HOil: JJ.HHaMHKe COpOUHH, T,e, IIPH MI'HOB9HHOM ycTaHOBneHHH. paBHOB9CH.II H B 

OTCyTCTBHe IIpOJJ.OnbHOil: JJ.H<IJ!f>y3HH JJ.On)KeH HaOnJOJJ.aTbC.II pe3KHil: OOpb!B 30Hbl 

H IIHK JJ.On)KeH ObiTb HeCHMMeTpH'iHbiM, B peanbHbiX ycnoau.11x IIHK scerJJ.a 

HeCKOnbKO pa3Mb!T B HH3KOT9MIIepaTypHylO CTOpOHy H HMeeT CpaBHHTenbHO 

CHMMeTpH'iHYIO <jJopMy, B H3nO)K9HHbiX HH)Ke paC'ieTaX, KaK rrpaBHno, OIIpe.ue

n.llnHCb 3H8'i9HH.II TeiinOTbi 8/].COpOUHH H3 y'iaCTKa BbiCOKOTeMIIepaTypHOil: BeT

BH IIpHMepHO Ha IIOnOBHHe BbiCOTbl IIHK8, 

TerrnoTa a.ucop6uuu .IIBn.lleTC.II ocaosaoil: xapaKTepnCTHKoil: a.ucopeiuuu H _ee 

3H8'i9HHe II03BOn.lleT OU9HHTb B03MO)KHOCTb paa.ueneHH.II B91U9CTB a,llCOpol{Heil: Ha 

rpa.uneHTe H rryTeM raaosoil: xpoMaTorpa<jJuu • .Lln.11 pac'ieTa TerrnoTbi a.ucop6-

UHH ITO 3KCII9pHM9HTanbHb1M 

uao6aobr B dJooMe /5/: 

N. s RT 
-=<--l 
N r 2 17 M 

.USHHbiM Y.UOOHO BOCITOnb30BaTbC.II ypaBH9HH9M 

e 
~ -18 Q/RT 

10 

r.ue N 
R KOHUeHTpaUR.II xnopu.ua Ha IIOBepXHOCTH IIpH JJ.SHHOil: TeMnepaType, 

N r - KOHUeHTpaUH.II xnopR.ua B raae, M - MoneKynsq>Hbril: sec xnopu.ua, 

Q - TennoTa a.ucop6unR. 

flpHMeHeHHe 3TOI'O ypaBH9HH.II JJ.n.ll OU9HKH TeiinOTbl a,llCOpOUHH, HeCOMH9HHQ, 

orrpaB.UaHO B Cny'iae a,llCOpOUHH MR~pOKOnR'ieCTB BeiUeCTBa ( T,e, UpR ManOM 

38IIOnHeHRH IIOBepXHOCTH) Ha MO.UR<iJRURpOBSHHOil: (T.e. IIO'iTH I'OMOI'9HHOil:) 

IIOBepXHOCTH, 

.Lln.11 TeMrrepaTyp B npe.uenax BbiCOKOTe~epaTypuoil: BeTBR 30Hbi N 
8 

H N I' MO)KHO paCC'iRTaTb, HCXO.U.II H3 TOI'O, 'iTO rrnOIUa.Ub IIO.ll IIHKOM COOT-

B9TCTBY9T OOIUeMy KOnR'i9CTBY BB9.ll9HHOI'O MHKpOKOMIIOHeHTa, 

N S rrpor,opUHOHanbHO OTHOCHTenbHOil: aKTHBHOCTH Ha .UaHHOM aneMea-

TapHOM y'iaCTKe Tpy6KH. N I' paCC'IHTbiBaeTCSI no BpeMeHH XnOpHpOBSHHSI H 

pacxo.uy 830Ta, flpH IIOMOIUH rrpHBe.UeHHOI'O BbiiUe ypaBHeHHSI MO)KHO Bbl'iHC

nHTb HeKOTOpOe a<jJ<!JeKTHBHOe 3Ha'leHHe TerrnOThl 8.llCOp6UHH 0 TSK KaK B TaKOM 

MeTo.ue pac'ieTa co.uep)KHTC.II PSI.ll ynpomaiOIUHX .uonymeauil:. TeM He MeHee, 

BenH'iHHbl Q , IIony'ieHHbie rrpH B8pbHpOB8HHH no60'iHbiX <jJaKTOpOB 3KCrre

pHM9HTa (rrpO.UOn)KHTenbHOCTb OIIbiTa, .UH8M9Tp TpyOOK, CKOpOCTb 1'838
0 

BenH

'iHHa rpa.[WieHTa H T.II.), XOpOIUO BOCrrpOH3BO.USITCSI, 

12 

.;a 
'1~lt'J\,~·-~j •. ill'fi8IIMI twuriiJ-''+m&e• ~~...__._ ..................... ____ . ______ , __ -··-

.LlaHHbie 0 TeiinOT8X 8/].COpOUHH pa3nH'iHbiX xnopH.UOB Ha CTf 

CyTCTBHH HOCHTeneil:, rrony'ieHHbie B H8CTO.IIIUeti paOOTe, IIpHBeJJ.eH 

Ta6nuua 1 

3neMeHTbi MoJJ.ncfHiKaTop TeMrrepaTypa Q 
ITOBepXHOCTH oc 

Nb 4ucToe CTeKno 1) 2000 23, 

Nb SOCJ 
2 100° 18, 

Hf SOCJ 2 190° 22, 

Hf SOCJ
2 

+ NbCJ 
5 

2) 
225° 23, 

Ta SOCJ 2 120° 20, 

In SOCJ 2 330° 29, 

Th SOCJ
2 

+ NbCJ 
5 430° 36, 

Th SOCJ
2 

+ ZrCI 
4 

2) 
4000 32, 

u SOCJ
2 +ZrCI 

4 380° 31' 

Pa SO CJ
2 

3) 300° 29, 

Pa SOCJ 
2 

+NbCJ 
5 

3000 29, 

1 ) 
XnopupOB8HHe rrpOBOJJ.HnOCb THOHHnXnOpHJJ.OM, HO HaqanbHbiA rrep~ 

THqecKH 6bin paBeH Hymo, II09TOMY nonyqeHHOe Q MO)KHO OTHeCTH 

TOil: CTeKn.IIHHOA IIOBepXHOCTH. 

2) 
YnpyrocTu napoa Nb CJ 5 ·' u Zr CJ 4 paBHbi cooTBeTCTBeHHO 2 Ml 

H 0,1 MM pT, CT. 

3) 
TeMrrepaTypa HaCbillleHH.II napaMH SO CJ 2 6brna pasHa 50°C. 

llaHHbie T80nJiUbl OTHOC.IITC.II K IIOBepXHOCTH CTeKna, npeJJ.B8pHTenbH 

HOH II8p8MH HOCHTeneli:, 

flony'leHHbie 3H8'i9HHSI TeiinOT 8/].COpOUHH JJ.n.ll xnopH.UOB ra<jJf 

H HHJJ.H.II COI'nacyJOTC.II C peaynbT8T8MH, rrony'ieHHbiMH JJ.PYI'HMH Mf 

KaK BHJJ.HO ua rrpuae.ueHHOI'O ypaBHeHH.II, rrpu TeMrrepaTypa: 

p83HHU8 B TerrnOT0 8.llCOpOUHH B 2-3 KKan/Monb IIpHBO.UHT K rrp 
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HHSI Ha IIpOTSI)KeHHH OIIbiTa cneayeT 0)KHJ:l8Tb, 'iTO BbiCOKO

eTBb 6yaeT oTo6pa)KeHHeM Haot5aphi aacop6uuu. Opu HJleanb

p6UHH, T.e. IIpH MI"HOBeHHOM YCT8HOBneHHH. paBHOBeCHH H B 

OnbHOH llHQJQJY3HH l{On)KeH H80nJOll8TbCSI pe3KHH OOpb!B 30Hbl 

ITh aecuMMeTpH'iHhiM. B peanbHhiX ycnosHSIX IIHK sceraa 

,JT B HH3KOTeMIIepaTypHyJO CTOpOHy H HMeeT CpaBHHTenbHO 

pMy. B H3nO)KeHHhiX HH)Ke paC'ieTaX, KBK rrpaBHno, OIIpe}le

TerrnOTbi aacop6UHH H3 y'iaCTKa BbiCOKOTeMIIepaTypHOH BeT-

OnOBHHe BbJCOTbl IIHKa. 

op6UHH SIBnSieTCSI OCHOBHOH XapaKTepHCTHKOH 8JlCOp6UHH H _ee 

ieT OUeH!fTb B03MO)KH0CTb paaaeneHHSI BemeCTB 8JlCOp6Itll:eH Ha 

M raaosoH: xpoMaTorpaljJHif • .Qng pac'ieTa TerrnoTbi aJlcop6-

eHTanbHh1M JlBHHblM YJl06HO BOCIIOnb30B8TbCH ypasHeHHeM 

/5/. 

RT 
=<-> 

2 17 M 

li 
10 

-13 Q/RT 
e 

TpaUHSI xnopH}la Ha IIOBepXHOCTH IIpH llBHHOH TeMnepaType, 

UHSI xnopHaa s raae, M - MonexyngpHhiA sec xnopuJla, 

COpOUHH. 

TOI"O ypasHeHHH anH OUeHKH TeiinOTb! 8}lCOpOUHH, HeCOMHeHHQ, 

e a}lCOpOUHH MHKpOKOnH'ieCTB BemeCTBa ( T.e. IIpH ManOM 

HOCTH) Ha MOJlHQJHUHpOBSHHOH ( T.e. IIO'iTH I"OMOI"eHHOt!:) 

Typ B npeJlenax BbiCOKOTeMnepaTypHOH BeTBH 30Hbl \ N S 

C'iHTBTb, HCXOJlH H3 TOI"O, 'iTO rrnoma)lb IIO}l IIHKOM COOT

KOnH'ieCTBy BBe}leHHOI"O MHKpOKOMIIOHeHTa. 

OHanbHO OTHOCHTenbHOH BKTHBHOCTH Ha JlBHHOM aneMea

N r paCC'iHThiBaeTcH no speMeHH xnopuposaHHH H 

H IIOMOII{H IIPHBel{eHBOI"O BbiiUe ypaaHeHHH MO)KHO Bbi'iHC

eKTHBHOe 3Ha'ieHHe TerrnOTbl 8JlCOp6UHH
0 

TaK KaK B TBKOM 

OJlep)KuTcg PHil ynpowaiOIUHx JlOrrymeaHA. TeM ae Meaee, 

ony'ieHHbie IIpH BapbHpOBBHHH II060'iHbiX QJBKTOpos SKCIIe

TenbHOCTb OIIbiTa, JlHBMeTp Tpy60K 0 CKOpOCTb 1"838
0 

Benu

.n.), XOpOIUO BOCIIpOH3BOl{HTCH. 

12 .. 

.UaHHhie o TennoTax aacop6uuu paanH'iHhiX xnopHaoa Ha CTeKne a rrpu

cyTCTBHH HOCHTeneft, IIOny'ieHHbie B HBCTOSIII{ei! pa60Te, IIpHBel{eHbl B Ta6n.l. 

Ta6n!fua 1 

3neMeHTbi Mot:mQJHKaTop Te Mrrepa Typa Q 
IIOBepXHOCTH oc KKan 

--
Nb qHCTOe CTeKnO 1) 20QO 23,5 
Nb SOCJ

2 100° 18,0 
Hf SOC! 2 )900 22,3 
Hf SOCJ

2 
+ Nb CJ 

5 

2) 
225° 23,0 

Ta SOCJ 2 120° 20,0 
In SOCJ 2 330° 29,0 
Th SOCJ

2 
+NbC! 

5 430° 36,7 
Th SO CJ

2 
+ Zr CJ 

4 
2) 

4000 32,6 
u SOCJ

2 +ZrCJ 
4 380° 31,8 

Pa SO CJ
2 

3) 3000 29,5 
Pa SO CJ 

2 
+NbC! 

0 3000 29,1 

1 
) XnopHpOBaHHe IIpOBOt:UinOCb THOHHnXnOpH.UOM, HO H8"18nbHbii! rrepHO.U rrpaK-

TH"'eCKH 6hJn paBeH Hymo, IIOSTOMY rrony"'eHHOe Q 

TOil CTeKnSIHHOi! IIOBepXHOCTH. 

MO)KHO OTHeCTH K "'HC-

2) 
YrrpyrocTH rrapoa Nb CJ 

5 H Zr CJ 4 paBHbl COOTBeTCTBeHHO 2 MM pT. CT. 

H 0,1 MM pT. CT. 

3) 
TeMrrepaTypa HaCbiUleHHSI rrapaMH SO CJ 2 6hma paaaa 50°C. 

llaHHhle Ta6nHUbi OTHOCSITCSI K IIOBepXHOCTH CTeKna, npeasapHTenbHO HSCbiii{eH

HOi! IIapaMH HOCHTenei!. 

nony'ieHHbie aaa'ieHRSI TennoT aacop5uHH anSI xnopHJlOB raljJHHH, HH05HH 

H HHllHSI cornacyJOTCSI c peaynhTaTaMH, rrony'ieHHhiMH apyrRMH MeToaaMH/6 I. 

KaK BHllHO H3 rrpHseaeaaoro ypaBHeHHSI, rrpH TeMrrepaTypax 200-3000 

p83HHUa B TeiinOTe 8JlCOpOUHH B 2-3 KKan/Monb IIpHBOJlHT K IIpHMepHO }le~ 

• 
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PHc.5r Paa)leneHHe aneMeHTOB npH xnopHpoaaHHH CMecell: THOHHnxnopHJlOM. 
a) Nb -' 6ea HOCHTenH, Ta - 500 MKI'; 6) HI - 70 MKI'1 Nb - 6ea 
HOCHTenH; B) In - 400 MKI'1 HI - 35 MKI'1 Ta - 500 MKI'. 

14 ,. 
/:!· 

C~THKpaTHOMY H3MQH9HHIO aJlCOp6UHH npH npo•mX paBHblX YCllOB 

llH'IHHY MO>KHO B3SITb B Ka"'eCTBQ rpy6oro KpHT9plHI B03MO>KHOC'I 

Ha rpaJlH9HTe CMeceA aneMeHTOB B MHKpOKOllH"'eCTBax. KorJla , 

nOHeHTOB CMeCH HMeeTCSI B MaKpOKOllH"19CTBe H OCa>KJlaeTCSI B OCJ 

KOHJleHCaUHH napa, a He aJlCOp6UHH, KOHJleHCaUHSI B Tpy6Ke C rpaJll 

nepaTypbl Ha'IHHaeTCSI B TO"'Ke, r.ne nap CTaHOBHTCSI HaCbiiUeHHbiM• 

Hy yMeHbiUeHHSI TeMnepaTypbl KOllH'I9CTBO CKOHJl9HCHpOBaHHOrO Be 

,naeT B COOTB9TCTBHH C TeMnepaTypHoll: 3aBHCHMOCTbiO JlaBlleHHSI 

MY ¢opMa HJleanbHoro "KoH.neHcaUHOHHoro" nHKa xapaKTepHsyeTc 

CTOpOHbl BbiCOKO:fl: TeMnepaTypbl H 6llH3Ka K 39pKa1IbHOMy OT06p 

COp6UHOHHOro" nHKa. 

BblllleOnHcaHHaSI MeTOJlHKa 6bma npHMeHeHa JlllSI pasJlenE 

pbiX CMece:ll: aneMeHTOB III , IV H V rpynn. OnbiTbi npoeo.nH 

Ke, HMeiOIUe:fl: B rpa,nHeHTHO:fl: 'laCTH BHyTpeHHH:fl: .UHaMeTp 1 MM. 

npeJleapHTeJibHoe npo.nyeaHHe asoTa c THOHHnxnopH.UOM. BpeMl 

HHSI COCTaBllSillO BO BCQX OnbiTBX < 30 MHHyT. Pe3yllbTBTbl HeK 

TOB noKa3aHbi Ha pHc. 5. B onbiTe 6) B3BHMHOe sarpS13HeHHe t 

MeHTOB He npeBbiiiiaeT· 1% no H3MepeHHSIM CneKTpOB y - H3ny"'E 

TaK KaK 'lacTo Bbx.neneHHe paJlHOXHMH'IeCKHX npo.nyKTOB r 

C. npHMeHeHHeM naHTaHa 1 npOBO.UHllHCb OnbiTbl no XllOpHpOBaHHIO 

.,ttep>KaiUHX 2 Mr La • Bbmo noKasaHo, 'ITO TaKoe KOllH'IeCTBO n 

XOAHOM o6pa~ue Ha XllOpHpOBaHHe H pa3,ttelleHHe He.BllHS19To 

nony'leHHble pe3yllbTaTbl nOK83biBaiOT 3HB'IHTellbHbiQ nepc 

noJibsoeaHHSI aToro npHHUI!nHallbHO npoc'l'oro, ae 'I'pe6yiOIUero cno: 

TYPbi1 MeTOAa, oco6eHHO JlllSI rpynnoeoro pasJleneHHSI aneMeHTOB. 

I.· H. 

8, 

nHTepaTypa 

3aapa, T. C. 3aapoaa. M. KrnK«BaHeK. 10. T. tfr6yp,roa. 
77 (1966). 

3aapa, 10. T. tfy6ypKoB, T. C. 3aapoaa, P. llaneTKa. J1pe 

Jl6-3;!81, ,ay6Ha ( 1 968). 

,J.Merinis Theses. Universite de Paris (1.966). 
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HHe sneMeHTOB npH XnOpHpOBSHHH CMeceA THOHHnXnOpHAOM, 

HOCHTenll, Ta - 500 MK!'j 5) Hf - 70 MKI', Nb - Oe3 
ll; B) In - 400 MKI', H! - 35 MKI', Ta - 500 MK!', 

14 

...,. 

C~THKpaTHOMy H3MeHeHHIO a.ocop6UHH npH npO'IHX paBHbiX YCJIOBHSIX, 3Ty Be

JlH'IHHy MO~HO B3SITb B Ka'IeCTBe rpy6oro KpHTepHSI B03MO~HOCTH pas.oeneHHSI 

Ha rpaJlH9HTe CMeceA 3Jl9M9HTOB B MHKpOKOJIH'I9CTBax. Kor.oa OJlHH H3 KOM

nOHeHTOB CMeCH HMeeTCSI B MaKpOKOJIH'I9CTBe H oca~.oaeTCSI B OCHOBHOM nyTeM 

KOHJl9HCaUHH napa, a He a.ocop6UHH, KOHJl9HCaUHSI B Tpy6Ke C rpaJlH9HTOM TeM

nepaTypbi Ha'IHH89TCSI B TO'IKe, I'Jle nap CTaHOBHTCSI HaCbiiU9HHbiM~, 8 CTOpo

Hy YM9HbW9HHSI TeMnepaTypbi KOJlH'IeCTBO CKOHJl9HCHpOBaHHOI'O BeiUeCTBa na 

JlaeT B COOTBeTCTBHH C TeMnepaTypHoA SaBHCHMOCTbiO JlaBJieHHSI napa. DoaTo

My tjlopMa HJleaJibHOI'O "KOHJleHCaUHOHHOro" nHKa xapaKTepHsyeTCSI 06pbiBOM CO 

CTOpOHbl BbiCOKOA TeMnepaTypbi H 6JIH3Ka K sepKaJlbHOMy OT06pa~eHHIO "a.o

COp6uHOHHoro" nHKa, 

BbrllleonHcaaaag MeTOJlHKa 6brna npHMeaeaa JlJISI pas.oeneaag HeKoTo

PbiX CMeceA aneMeaToa HI , IV H V rpynn. OnbiTbr npoao.oHnHcb B Tpy6-

Ke, HMeiOIUeA B rpaJlHeHTHOA 'IaCTH BHyTpeHHHA JlHaMeTp 1 MM, DpHMeHSIJIOCb 

npe.oaapHTenbaoe npo.oysaaue asoTa c THoaunxnopHJlOM. BpeMSI xnopaposa

HHSI COCTaBJISIJIO BO BCeX OnbiTaX < 30 MHHyT. PesyJibTaThi HeKOTOpbiX Onbi

TOB noKaSaHbi Ha PHC, 5, 8 OnbiTe 6) B38HMHOe sarpSI3H9HHe <f>paKUHA 3Jie-

MeHTOB He npeBbiWaeT· 1% no H3MepeHHSIM cneKTpOB y - H3Jiy'IaHHSI
0 

TaK KaK 'IacTo Sbr.oeneaae pa.oHOXHMH'IeCKHX npo.oyKTOB npoHSBOJlHTCSI 

c npHMeaeaaeM naHTaaa, nposo.oHJIHCb onbrTbi no xnopuposaaHIO CMeceA, co

·Aep~amHx 2 Mr La • BbiJIO noKasaao, 'ITO TaKoe KOJIH'I9CTBO JiaHTaaa B HC

XO)lHOM o6pa~ue aa xnopHposaaue H pas.oeneaue ae.anHSieT. 

Dony'IeHHb!e pesyJibTaTbl noKa3biBaiOT 3Ha,HT9JlbHhie nepcneKTHBbi HC

nOnb30BaHHSI aToro npuauunuanbao npocToro, ae Tpe6yiOIUero cno~ao:lt annapa

Typbr1 MeTo.oa, oco6eaao .on.H rpynnosoro pas.oeneHHSI aneMeHToa. 
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