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nnH Hccne.noBaHHH MID-aTOMHUX H MID-MoneKynHpHUX npoueccoB 

B CMeCH H30TOilOB Bo.nopo.na npH BUCOK08 TeMnepaType H BUCOK08 

nnoTHOCTH cpe.nu Heo6xo,nHMU MHllieHH, Il03BOnHIDmHe npoBO,nHTb 3TH 

HCCne.noBaHHH npH TeMnepaType .no 1050 K H npH .naBneHHH 

Bo.nopo.na .no 100 Mna/ 1 • 2 • 3 /. c 3T08 uenbID HaMH 6un BunonHeH 

UHKn pa60T/ 4 , 5 ,G/ no HCCne.noBaHHID B3aHMo.ne8CTBHH H30TOilOB 

BO.nopo.na C PH.I!OM MeTannoB H cnnaBOB. B pe3ynbTaTe npoBe.neHHUX 

H3MepeHH8 ycTaHOBneHo, qTo npoHHKHOBeHHe BO.nopo.na qepe3 

cTeHKY MHHllieHH CTaHOBHTCH He.nonycTHMO 6onblliHM npH TeMnepaType 

BUllie -800 K H npH .naBneHHH ~ 10 Mila. Il03TOMY .nnH yMeHbllieHHH 

npOHHKHOBeHHH BO,nopo.na npOBO.nHnOCb anHTHpOBaHHe BHyTpeHHe8 

IlOBepXHOCTH MHllieHH. 

0,nHaKO 

npOHHKHOBeHHe 

Hccne,noBaHHe BnHHHHH 

Bo.nopo.na/ 7 / noKa3ano, qTo 

anHTHpoBaHHH Ha 

OJ!HHM H3 rnaBHUX 

BOilpOCOB npH C03,naHHH MHllieHH HBnHeTCH BOilpoc O .nnHTenbH08 

CT08KOCTH 3amHTHoro IlOKpUTHH npH MaKCHManbH08 TeMnepaType. 

Heo6xo.nHMO TaKJKe pacCMOTpeTb B03MOlKHOCTb HCilOnb30BaHHH H 

,npyrHX 11 3amHTHUX 11 IlOKpUTH8, Il03B OnHIDmHX yMeHblliHTb 

npOHHKHOBeHHe Bo.nopo.na qepe3 CTeHKH MHllieHH H coe,nHHHTenbHUX 

KOMMYHHKaUH8. 

HanpHMep, cymecTBeHHOe BnHHHHe Ha npouecc npOHHKHOBeHHH 

Bo.nopo.na qepe3 Me Tann oKa3uBaeT OKHCHaH nneHKa Ha 

MeTannHqecK08 IlOBepXHOCTH/8 - 9 1. CneuHanbHO C03,naBaH nneHKY 

OKHCH, MOJKHO 3HaqHT~nbHO yMeHblliHTb npoHHKaIDmna IlOTOK Bo,nopo.na. 

HeManoBaJKHUM HBnHeTCH TaKJKe B03MOlKHOCTb OKHcneHHH MeTanna B 

ra3006pa3H08 OKHCnHTenbH08 aTMOC¢epe, qTo Il03BOnHeT 

o6pa6aTUBaTb .neTanH cnoJKH08 KOH¢nrypaUHH. 

npyroa B03MOJKHOCTbID Co3.naHHH 3amHTHoro noKpUTHH HBnHeTCH 

HaHeceHHe TeMnepaTypoycTo8qnBo8 3Mann/lO/_ 

UenbID HaCTOHmero HCcne.noBaHHH HBnHeTCH H3yqeHHe BnHHHHH 

HeKoTopux noKpUTH8 JKaponpoqnoro cnnaBa 3H698 (xpoMo-HHKeneBu8 

cnnan XH73METIO) Ha npOHHKHOBeHHe no.nopo.na npH BUCOKHX 

TeMnepaTypax (.no 1050 K) H BUCOKOM ,naBneHHH (98 Mila). 

Heo6xo.nHMOCTb .nanHoro HCcne.noBaHHH npo.nHKTODaHa TeM, qTo 

3KCnepHMeHTU no onpe.neneHHID napaMeTpOB MID-aTOMHUX H 

MID-MoneKynHpHUX npoueccoB 6y.nyT npOBOJ!HTbCH C HCnOnb30BaHneM 

pa.nHoaKTHBHOro H30TOna 

IlOBUllieHHUe Tpe6oBaHHH 

BO,nopo.na - TPHTHH. 3TO 

K 3KCnepnMeHTanbH08 

,,.~~-·--
j tJ 1J ~t rJ, dr 1.; ·: .. ii~\·~ t.: ifcrtrr~fi 

I 

naKna.nuBaeT 

annapaType. 



Bo-nepBUX, Hano yqHTblBaTb·onacHOCTb noTepH npoqHOCTH MeTaJIJia 

B pe3yJibTaTe BonoponHoro oxpynqHBaHHH. Bo-BTopux, Heo6xonHMO 

CBeCTH K MHHHMYMY noTepH TPHTHH npH BblCOKOfi TeMnepaType 3a 

cqeT ero npoHHKHOBeHHH qepe3 MeTaJIJIHqecKHe CTeHKH H 

paCTBOpeHHH B HCilOJib3yeMOM nJIH H3rOTOBJieHHH annapaTypu 

MaTepHaJie. KpoMe 3TOro, HCCJie,noBaHHe BJIHHHH.H noBepXHOCTH Ha 

npouecc npoHHKHOBeHHH Bo.nopona npencTaBJIHeT TaKXCe H 

caMOCTOHTeJibHh!H HHTepec/ 11 1. 
\ 

EblJIH HCCJienoBaHbl cnenyJOmHe; IlOKph!TH.H: OKCHnHpoBaHHe, 

aJIHTHpOBaHHe (onHOCTOpOHHee H nBYXCTOpOHHee), 3MaJIHpoBaHHe H 

nByxcJIOHHOe noKph!THe 3MaJib+aJIHTHpoBaHHe. HccnenoBaHHH 

npoBonHJIHCb Ha 3KCnepHMeHTaJibHOH ycTaHOBKe, 

pa6oTe 14 /. 

H3MEPHTERbHYE HqEAKH 

OilHCaHHOH B 

)lJI.H npoBeneHH.H Hccne,IJ;OBaHml: 11 3amHTHh!X 11 CBOfiCTB IlOKph!THH 

6UJIH H3rOTOBJieHbl H3 cnnaaa 3H698 H3MepHTeJibHLJe HqefiKH nayx 

THilOB. KOHCTPYKUHH HqeeK nepBoro THna npHBeneHa Ha pHC .1. 

TaKne .HqellKH HCilOJib30B aJIHCb paHee/ 4 ' 5 ' 6 '? / H Il03BOJI.HJIH 

npoaonHTb HccnenoaaHHH npH naaneHHH aonopona -100 Mrra H npn 

TeMnepaType no 1050 K. C IlOMOmbJO CHCTeMbl c6opa ra3a 

onpeneJI.HJIOCb KOJIHqecTBo Bonopo.na, nponmpejlyHnHpoaaarnero qepe3 

CTeHKY o6pa3ua 2 (CM.pnc.1) Bera BHyTpeHHIOIO IlOJIOCTb 

(Hapy:)ICHbllt nHaMeTp o6pa3ua - 6, 6 MM, BHyTpeHHHfi - 3, 0 MM) • 

HqefiKH BToporo THna (pHC.2) 6h!JIH Bh!IlOJIHeHbl B BHne 

UHJIHHnpHqeCKHX o6pa3UOB c BHyTpeHHHM nnaMeTpOM 13, 2 MM H c 

HapyxcHh!M nHaMeTpOM 20 MM. Bonopon H3 KOMnpeccopa IlOCTynaJI BO 

BHyTpeHHIOIO nonocTb .HqeiiKH. )laHHble HqellKH paccqHTLJBaJIHCb nJIH 

pa60Thl B HHepTHOH cpene npH TeMnepaType 1050 K H naBJieHHH no 

100 Mrra. rrponHCjlejlyHnHpoBaBrnHfi qepe3 cTeHKY 06pa3ua aonopon 

co6HpaJICH C HapyXHOfi (BblXOnHoll) noaepxHOCTH, orpaHHqeHH08 

KOJibUeBblMH BLICTynaMH, H nocTynaJI B CHCTeMy c6opa ra3a. 

B H3MepHTeJibHLIX HqefiKaX nepBoro THna HapyXHble (BxonHue) 

IlOBepXHOCTH HCCJienyeMLJX o6pa3UOB HMeJIH 3amHTHble IlOKphlTHH 

qeTblpex BH.UOB: OKCHnHpOBaHne, aJIHTHpOBaHHe C OTXHrOM no 

HCilOJib3yeM08 paHee TeXHOJIOrHH/ 7 /, aJIHTHpOBaHHe C nocnenyJOmHM 

OTXCHrOM npH neejJHUHTe OKHCJIHTeJibH08 cpenu H .UBYXCJI08Hoe 
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K CL,1CTEME 

C60PA fA3A 

4 

PHC.1. H3MepHTeJibHa.H HqefiKa 

rrepaoro THna. 1 - Koprryc, 

2-06pa3eu, 3-ynopHoe KOJibUO, 

4 - MenHaH npoKJianKa, 

5 - HaKH.UHa.H ra8Ka. 

PHC.2. H3MepHTeJibHa.H .Hqe8Ka 

BToporo THna. 1 - o6pa3eu, 

2 - Koxyx, 3 - MenHa.H 

rrpoKJia,nKa, 4-HaKHnHa.H rafiKa. 

noKph!THe - aJIHTHpoBaHHe c nocnenyJOmHM 3MaJIHpoaaHHeM. 

OKcHnHpOBaHHe o6pa3UOB H3 cnJiaBa 3H698 ocymecTBJIHJIOCb B 

OKHCJIHTeJibHOH aTMOCCjlepe npH TeMnepaType -1320 K. ToJimHHa CJIO.H 

OKHCeH (NiO, NiCr204 1 Cr203) He KOHTpOJIHpoBaJiaCb. ITOCJie 

aJIHTHpoaaHH.H Ha noaepXHOCTH cnJiaBa o6pa30Bh!BaJIC.H 3amHTHbl8 

CJIOH o6me8 TOJimHH08 20+25 MKM. 3MaJieaoe IlOKph!THe C03,UaBaJIOCb 

nyTeM Hailh!JieHHH 3MaJIH 3B27-1M Ha 3amHmaeMyJO noaepXHOCTb C 

nocJienyJOmHM onJiaBJieHHeM 3MaJin npH TeMnepaType -1320 KI 10 
/. 

IToKph!THe COCTO.HJIO H3 nByx CJIOeB 3MaJIH, o6ma.H TOJimHHa noKph!THH 

-o, 5 MM, qTQ COOTBeTCTByeT HaHJiyqrnHM ycJIOBH.HM nJIH co3naHHH 

ITJIOTHoro H xoporno cuerrJieHHoro c rroBepxHOCTblO cnJiaaa 

ITOKph!TH.H/lO/_ 

06pa3Uhl BTOporo THna HMeJIH 3amHTHble noKpblTH.H Tpex BHnoB: 

aJIHTHPOBaHHe BHyTpeHHe8 (BxonHo8) ITOBepXHOCTH, nBYXCTOpOHHee 

aJIHTHpOBaHHe rroaepXHOCTe8 o6pa3Ua (TeXHOJIOrH.H aJIHTHpOBaHH.H 

aHaJIOrHqHa TeXHOJIOrHH, OITHCaHH08 B pa6oTe/ 7 /) H 3MaJIHpOBaHHe 

BHyTpeHHefi (BxonHo8) noaepXHOCTH. ITpH HaHeCeHHH ITOKpb!TH.H Ha 

O.UHY BHyTpeHHIOIO rroBepXHOCTb HapyxHa.H ITOBepXHOCTb Mexny 

KOJibUeBh!MH BhlCTyrraMH 6uJia 3amHmeHa UHJIHHnpHqecKHM KOXYXOM, 

repMeTHqHo rrpHBapeHHh!M K Bh!CTynaM. 

OnHoBpeMeHHO C HaHeceHHeM 

nonBepraJIHCb TepMoo6pa6oTKe, 

cnJiaBa 3H698. 

3amnTHoro 

Heo6xonHM08 

:1 

IlOKpblTHH o6pa3Uhl 

nJIH yrrpoqHemrn 



METOnHKA 3KCilEPHMEHTA 

HccJJe.noBaHH.H npoBO.llHJIHCh no HCnOJJh3yeMO8 paHee 

MeTO.llHKe/ 4 /, OCHOBaHHO8 Ha H3MepeHHH nOTOKa Bo.nopo.na, 

npoHHKa10mero qepe3 cTeHKY 06pa3ua. B HacTo.HmeM 3KcnepHMeHTe 

nocTyna10mH8 B H3MepHTeJJhHYJO .H<!e8Ky Bo.nopo.n no.nBepraJJc.H 

.nonoJJHHTeJJhHO8 O<!HCTKe B ueoJJHTOBHX a.ncop6epax, norpyll<eHHHX B 

lKH.1lKH8 a3OT. HCTTOJJh3OBaHHe ueoJJHTOBHX a.ncop6epoB TTO3BOJJ.HeT 

yMeHhlliHTh cyMMapHoe KOJJH<!eCTBO 

npeB1,1rna10mero -2.10-7 06 . .n.1 12 /. 

rrpHMece8 .no 

Kall<.na.H H3MepHTeJJbHa.H .H<!e8Ka nepe.n 

TpeHHpOBKe rrpH 

ypoBH.H, He 

H3MepeHHeM 

TeMncpaType no.nBepraJJaCh BaKyyM-TepMH<!eCKO8 

1050 K B Te<!eHHe -1 q. Jlqe8Ka C<!HTaJJacb no.nr6TOBJleHHO8 K 

H3MepeHH.HM, ecJJH CKOpOCTh ra3OB1,1.neJJeHH.H C HCCJJe.nyeMO8 

noBepXHOCTH H ITOBepXHOCTH coe.nHHHTeJJhHHX KOMMYHHKaQH8 He 
-7 -1 

npeBl,llliaJJa 10 MOJ!h. c co CTOpOHl,I Bl,ICOKoro .naBJJeHH.H, a co 
-7 

CTOpOHl,I CHCTeMH c6opa npo.nH<p<pYH.!lHPOBaBrnero ra3a - MeHee 10 
-2 -1 MOJ!h.M .c (npHBe.neHO K TIJIO!lla.UH · HCCJJe.nyeMO8 noBepXHOCTH 

o6pa3ua). nocJJe 3Toro H3MepHTeJJhHa.H .H<ie8Ka oxJJalK.naJJach .no 

Te~mepaTyp1,1 -750 K H 3aTIOJIH.HJJaCh Bo.nopo.noM .no .naBJJeHH.H 98 

MITa. 

YCJJOBH.H HCCJJe.1lOBUHH8 npHBe.neHl,I B Ta6JJHUe, H3MepeHH.H 

TeMnepaTypHo8 3aBHCHMOCTH TTOTOKa npo.nH~~YH.llHpOBaBrnero 

Bo.nopo.na npOBO.!lHJIHCh npH TIOBUllieHHH TeMrrepaTyp1,1 H3MepHTeJJhHO8 

.H<!e8KH .no 1050 Kc rnaroM 50 K. B Kall<.UO8 TeMrrepaTypHO8 TO<!Ke 

H3MepHTeJJbHa.H .H<ie8Ka Bl,l,1leplKHBaJJaCh HeKoTopoe BpeM.H .no 

.llOCTHll<eHH.H ycTaHOBHBrneroc.H TIOTOKa BO.!lOpo.na, nocJJe 3Toro 

npOH3BO.1lHJIOCh H3MepeHHe. 

TeMnepaTypHO8 TO<!Ke -10 '{. 

06pa3ua He npeBHrnaJJ 5 K. 

PE3YRbTAT~ 3KCilEPHMEHTA 

Bpe,rn H3MepeHH.H B Kall<.UO8 

rpa.nHeHT TeMnepaTyp1,1 no .UJJHHe 

Ha pHC.3 npHBe.neHH 3KcnepHMeHTaJJhHO noJJyqeHHUe 3Ha<!eHH.H 

npOHHKaJOmero TIOTOKa Bo.nopo.na npH .naBJJeHHH 98 MITa B .nHana30He 

TeMnepaTyp OT 800 .no 1050 K .llJI.H pa3JJHqHl,IX o6pa3UOB 

(3Ha<!eHH.H noTOKa npHBe.neHH K e.nHHHUe TIJIO!lla.UH BXO.1lHO8, no 

OTHOllieHHIO K TTOTOKY so.nopo.na, nosepXHOCTH). Ann~OKCHMHPY.H 
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II 
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II 

103 

HCCJJe.nyeMoe noKpHTHe 

OKCH.UHpoBaHHe 

aJJHTHpOBaHHe 

aJJHTHpOBaHHe co cneuHaJJ.OTll<HrOM 

3MaJJHpOBaHHe nocJJe aJJHTHpOBaHH.H 

.!lBYXCTOpOHHee aJJHTHpOBaHHe 

OKCH.!lHPOBaHHe 

aJJHTHpOBaHHe . 

3MaJJHpOBaHHe nocne aJJHTHpOBaHH.H 

aJJHTHpOBaHHe 

.llBYXCTOpOHHee aJJHTHpOBaHHe 

3MaJJHpOBaHHe 

aJJHTHpOBaHHe 

.!lBYXCTOpOHHee aJJHTHpOBaHHe 

Hz 
98Mna 

Ta6Jrnua 

TeMnepaTypa, 
K 

800 - 1050 

800 - 1050 

800 - 1050 

800 - 1050 

850 - 1050 

1050 

1050 

1050 

1050 

1050 

1050 

1000 

1000 

-; 10-4 
~ 

'l':z: 
~- ~---31-1698 PHC. 3. 3aBHCHMOCTh npoHHKa10mero 

.0 

~ 
1:.10·5 
0 

10·6 ~~~ 
~fil y 

1.0 1,2 1,4 
103-T-~K-1 

noTOKa Bo.nopo.na OT TeMnepaTypH 

o6pa3ua C 3a!llHTHl,IM noKpHTHeM: 

I -OKCH.llHPOBaHHe, II -aJJHTHPOBaHHe, 

III -aJJHTHpOBaHHe C nocJJe.ny10mHM 

OTll<HroM npH .ne~HUHTe OKHCJJHTeJJhHO8 

cpe.nu, IV -3MaJJHpOBaHHe TIOCJJe 

aJJHTHpoBaHH.H, V -.UBYXCTOpOHHee 

aJJHTHpoBaHHe. 

5 



nonyqeHHble 3KcnepHMeHTanbHble naHHble 3aBHCHMOCTbD BHna: 

Q Q .e-EP/2RT 
0 , ( 1 ) 

-z -1 
rne Qo - KOHCTaHTa (MOnb. M . C ) , Ep- 3Heprm1 aKTHBaUHH 

-1 
npouecca npOHHKHOBeHHH (Kan. MOnb ) ' R - YHHBepcanbHaH 

-1 -1 
ra3oBaH nocTOHHHaH (R =1, 987 Kan. MOnb . K ) , T - TeMnepaTypa 

(K), MOl!CHO 

npoHHKHOBeHHH 

noKpblTHeM. ,llnH 

onpenenHTb 3HeprHD 

Bonopona qepe3 cTeHKY 

o6pa3UOB nepBoro THna 

aKTHBaUHH 

06pa3ua c 

nonyqeHbl 

npouecca 

3aIUHTHblM 

cnenyDmHe 

3HaqeHHH Ep: OKCHnHpOBaHHaH noBepXHOCTb (KpHBaH I Ha pHC.3) -
-1 

37 KKan. MOnb ; anHTHpoBaHHaH noBepXHOCTb (KpHBaH II) - 48 
-1 

KKan.Monb ; anHTHpOBaHHaH C nocnenyDIUHM OTl!CHrOM npH ne¢HUHTe 
-1 

OKHCnHTenbH08 cpenbl (KpHBaH III) - 54 KKan.MOnb ; 

3ManHpOBaHHe nocne anHTHpOBaHHH (KpHBaH IV) - 48 KKan.Monb 
-1 

,llnH o6pa3UOB BTOporo THna C nByXCTOpOHHHM anHTHpOBaHHeM 

(KpHBaH V) - 58 KKan. MOnb -l. OmH6Ka HaRneHHblX 3HaqeHH8 He 

npeBblmaeT 15 % • Ha pHc. 3 TaKl!Ce npHBeneHa nonyqeHHaH HaMH B 

pa60Te/4 / TeMnepaTypHaH 3BBHCHMOCTb noTOKa Bonopon~ 

nponH¢¢yHnHpoBaBmero qepe3 CTeHKY 06pa3ua nepBoro THna 6e3 
-1 

3aIUHTHOro noKpblTHH (Ep= 32 KKan. MOnb ) . 

H3 npHBeneHHblX naHHblX BHnHo, qTQ nocne OKcHnHpOBaHHH 

noBepxHOCTH cnnaBa 3H698 npoHHUaeMOCTb CTeHKH o6pa3ua no 

OTHOmeHHD K Bonopony yMeHbmHnacb B HeCKOnbKO pa3 (B -7 pa3 

npH 1050 K). AnHTHpoBaHHe noBepXHOCTH 06pa3ua no3BOnHno 

yMeHbillHTb npoHHKaDIUH8 nOTOK Bonopona B -50 pa3 (npH 1050 K). 

ITpHMepHO TaKo8 l!Ce 3¢¢eKT nonyqeH Ha 06pa2ue C nononHHTenbHblM 

3ManeBblM noKpblTHeM. ITpH nByXCTOpOHHeM anHTHpoBaHHH nOTOK 

Bonopona yMeHbillHnCH B -100 pa3 npH TeMnepaType 1050 K HnH B 

-2 pa3a no cpaBHeHHD co cnyqaeM, Karna anHTHpoaanacb TOnbKO 

onHa, BXOnHaH, CTOpOHa o6pa3ua. 

HcnblTaHHH Ha CT08KOCTb 3aIUHTHblX noKpblTH8 npOBOnHnHCb npH 

TeMnepaType 1050 K (oT.nenbHble o6pa3Ubl HCnblTblBanHCb npH 1000 

K) H npH .naBneHHH Bonopo.na 98 Mrra. .llnHTenbHOCTb HCnblTaHHH 

-140 q. 3HaqeHHH npoHHKaDmero qepe3 CTeHKY o6pa3ua nOTOKa 

Bo,nopona B 3aBHCHMOCTH OT npononl!CHTenbHOCTH 3KCnOHHpoBaHHH 

npHBe.neHbl Ha pHC. 4. EblnH HCcne.noBaHbl cnenyDIJlHe noKpblTHH Ha 

o6pa3uax nepBoro THna: OKCHnHpOBaHHe (I), anHTHpOBaHHe (II), 
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PHC.4. 3aBHCHMOCTH npOHHKaDIUero 
H2 

15 98Mna nOTOKa aonopona OT npo.nonlKHTenbHO-
■ 

. 
CTH 3KCnOHHpOBaHHH 06pa3ua C 3aIUH--0 ■ . 

':' I THblM nOKpblTHeM npH TeMnepaType :(: 

iI 1050 K (I -oKcHnHpoBaHHe, II -anH;-N . 
~-sl THPOBaHHe, III -3ManHpoBaHHe nocne 

y anHTHpOBaHHH, IV -anHTHpOBaHHe, 
/ ill V -nayXCTOpOHHee anHTHpOBaHHe, 
i!i 

VI -3ManHpoBaHHe) H npH TeMnepa-
'i!!! Type 1000 K (VII -anHTHpoaaHHe, 0 --·-• 

40 80,,. 
L,1. 

120 VIII -nByXCTOpOHHee anHTHpoBaHHe). 

3ManHpOBaHHe nocne aJlHTHpOBaHHH (III). Ha o6pa3uax BTOporo 

THna HCcne.noBanHCb noxpblTHH: anHTHpOBaHHe BXOnHo8 noBepXHOCTH 

(IV), nBYXCTOpOHHee anHTHpoBaHHe (V), 3ManHpOBaHHe BXO.LtH08 

noBepXHOCTH (VI). Ha pHCYHKe npHBeneHbl TaKl!Ce BpeMeHHble 

3aBHCHMOCTH noToKa' Bonopona, npo.nH¢¢YH.LtHPOBaBmero npH 

TeMnepaType 1000 K qepe3 CTeHKY o6pa3Ua BToporo THna c 

anHTHpOBaHH08 BXO.LtH08 noaepxHOCTbD (VII) H o6pa3ua C 

.LtBYXCTOpOHHHM anHTHpOBaHHeM (VIII). 

H3 npe.ncTaBneHHblX Ha pHC.4 pe3ynbTaTOB HccnenoBaHH8 

BHnHo, qTQ npH OKCHnHpoaaHH08 noaepxHOCTH npoHHuaeMOCTb 

CTeHKH o6pa3ua no OTHomeHHD K Bonopony npaKTHqeCKH He 

MeHHeTCH B TeqeHHe B cero B peMeHH SKCilOHHPOBaHml. 

nOTOK nponH¢¢YHnJipoBaBmero qepe3 CTeHKY o6pa3Ua 

coxpaHHeTCH Ha OTHOCHTenbHO BblCOKOM ypoBHe Q 

ITpH 3TOM 

Bo,nopo.na 
-s 

"' 14.10 

MOnb. M -z. C -l' B TO BpeM.R KaK .nnH o6pa3UOB C anHTHpOBaHH08 

noaepxHOCTbD qepe3 -10 q C O.LtHOCTOPOHHHM noKpblTHeM (KpHBble II 

HIV) H qepe3 -20 q c .LtBYXCTOpOHH~M noKpblTHeM (KpHBaH V) npH 

TeMnepaType 1050 K Ha6nD,naeTCH pe3Koe yaenHqeHHe npOHHKaDmero 
-s -z -1 nOTOKa BO,nopo.na no 3HaqeHHH Q "'8. 10 MOnb M c . 0,nHaKO. 

npH TeMnepaType 1000 K noToK ao.nopo.na qepe3 cTeHKy 06pa3ua c 
-s O.LlHOCTOpOHHHM anHTHpOBaHHeM coxpaHHnCH Ha YPOBHe Q "'0,6.10 

-z -1 
MOnb. M . C B TeqeHHe Bcero BpeMeHH . 3KCnOHHpoBaHHH, a npH 

.LtB yxcTOpOHHeM anHTHpOBaHHH Ha6nD.nancH HenpepblBHbl8 Me.nneHHbl8 

pocT OT aenHqHHbl 0,2.10-5 MOnb.M-2.c-1 .no 0,3.10-s 
-z -1 

MOnb. M . C . 

Pe3ynbTaTbl H3MepeHH8 nOTOKa ao.nopo.na npH 1050 K qepe3 

7 



I 

CTeHKY 06pa3ua BTOpo,o THna C 3ManHpoBaHH08 BXO.UH08 

nosepxHOCTbIO H t:iepe3 cTeHKY 06pa3ua nepso,o THna c 3ManbIO 

nosepx anHTHpoBaHHO,O CBOH (KpHBHe VI H III, COOTBeTCTBeHHO) 
-5 -2 -1 

yKa3HBaIOT Ha BeBHt:!HHY Q "'2,3.10 MOBb.M .c , t:!TO B -4 pa3a 

MeHbWe 3Hat:ieHHH noTOKa BO,nopo.na t:iepe3 anHTHpOBaHHYIO 

noBepXHOCTb npH TeMnepaType 1050 K no HCTet:ieHHH -60 t:{. 

IlpH 3TOM Ha.no OTMeTHTb cne.nyIOmee. reoMeTpHH o6pa3UOB 

BH6paHa TaKHM o6pa30M, t:!TO HeCMOTpH Ha 3Hat:iHTeBbHOe pa3BHt:iHe 

TOB!llHH HX CTeHOK 3Hat:ieHHH ycTaHOBHBWHXCH IlOTOKOB so.nopo.na 

t:iepe3 CTeHKH o6pa3UOB (npH T = 1050 K BpeMH ycTaHOBBeHHH -5 

MHH/ 4 /) .nonl!CHH 6HTb npHMepHO paBHli (3Hat:ieHHH nOTOKOB BCe,.na 

npHBe.neHH K e.n. nnoma.nH BXO,UH08, no OTHOWeHHIO K noToKy 

Bo.nopo.na, nosepXHOCTH CTeHKH 06pa3ua nepBo,o HBH BTOpo,o 

THna), a HX pa3BHt:!He npaKTHt:ieCKH IlOBHOCTbIO o6bHCHHeTCH 

COCTOHHHeM H Kat:ieCTBOM nosepXHOCTH. .Ue8CTBHTeBbHO, co, nae HO 

ypasHeHHIO PHt:iap.ncoHa, nOTOK so.nopo.na, npo.nH¢¢YH.UHPOBaBwe,o 

t:iepe3 MeTannHt:iecKyIO CTeHKy UHBHH,npHt:ieCKO,o cocy.na, 

onpe.nenHeTCH cne.nyIO!llHM COOTHOWeHHeM/ 13 /: 

Q=Pvp/d, 
eff (2) 

,.ne p - npoHHUaeMOCTb MaTepHana no OTHOWeHHIO K ao.nopo.ny 

(MOBb.M-1.c-1 .na-1
/
2), p - .nasne1rne so.nopo.na (Ila), d -

eff 

3¢~eKTHBHaH TOBlllHHa CTeHKH o6pa3ua (M) . .UnH 06pa3ua nepBo,o 

THna derr= r 2ln(r2/r
1
), a .nnH 06pa3ua BTopo,o THna d

0
rr 

r,ln(r2/r,). 3.necb r, H r2 - BHyTpeHHH8 H Hapyl!CHH8 pa.nHycu 

COOTBeTCTBYIOlllHX o6pa3UOB (M). TaKHM o6pa30M, HMeeM .nnH 

o6pa3UOB nepao,o THna d = 5' 2. 10-3 M H .nnH o6pa3UOB BTOpo,o 
eff 

-3 
THna - d.rr= 5,5.10 M, T.e. pa3BHt:iHe B 3qi¢eKTHBHOfl TOBlllHHe 

CTeHOK Hccne.nyeMliX o6pa3UOB HecymecTBeHHO .nnH HHTepnpeTaUHH 
pe3yBbTaTOB H3MepeHHJ:I, onpe.nenHeMlix 3KCnepHMeHTaBhHOJ:I 
TOt:!HOCTbIO ± 15%. 

OBCY~.UEHHE PI3YRbTAT0B HCCRE.UOBAHHH 

H3 npHBe.neHHliX BHWe .naHHUX 

noBepXHOCTH 

npOHHKHOBeHHe 

o6pa3UOB 

ao.nopo.na, 

no3BOBHBO 

npHt:ieM 

8 

BH.UHO, t:!TO OKCH.UHpOBaHHe 

cymecTBeHHo yMellblllHTb 
11 3BlllHTHlie 11 CBOJ:ICTBa He 

! 
! 

I, 

j 
I 

) 

H3MeHHBHCb B Tet:ieHHe Bce,o BpeMeHH 3KCn03HUHH (-140 t:i) npH 

MaKCHMaBbH08 TeMnepaType 1050 K. OTCIO,na MOl!CHO c.nenaTb BHBO,n, 

t:{TO 06pa3y10maHCH npH OKCH,nHpOBaHHH nosepXHOCTH cnnasa 9H698, 

co.nepl!Came,o -75% HHKeBH H -15% xpoMa, nneHKa OKHCBOB ( B 

OCHOBHOM NiO, NiCr204, Cr20) npaKTHt:ieCKH He H3MeHHeTCH B cpe.ne 

Mone Ky mipHo,o so.nopo.na, npenHTCTB y H pacTsopeHHIO so.nopo.na B 

cnnaae . 

xapaKTep BpeMeHHOJ:I 3aBHCHMOCTH noToKa ao.nopo.na, 

npo.nH¢¢YH.UHPOBaBwe,o t:iepe3 o6pa3Uli C anHTHpOBaHHOJ:I 

noBepxHOCTblO npH TeMnepaType 1050 K (KpHBHe II, IV, V Ha pHc. 

4), CBH,neTenbCTByeT 06 H3MeHeHHH Kat:ieCTBeHHliX HBH 

KOBHt:ieCTBeHHHX xapaKTepHCTHK noaepXHOCTH o6pa3UOB. HanoMHHM, 

t:!TO anHTHpOBaHHe o6pa3UOB npOH3B0.UHBOCb B cneuHanbH08 

nopOWKOB08 CMeCH npH TE:MnepaType 1173 K B Tet:ieHHe 4 t:{. IlpH 

3TOM Ha noaepxHOCTH cnnaBa 9H698 o6pa30BliBancH .nH¢¢Y3HOHHH8 

cno8, COCTOHlllH8 npeHMymecTBeHHO H3 HHKeBH H anIOMHHHH, o6me8 

TOBlllHH08 20 + 25 MKM. MaccosaH .nonH anIOMHHHH B cnoe 

H3MeHHnacb QT, 45% Ha nosepXIIOCTH (B OCHOBHOM B DH,ne 

coe.nHHeHHH NiAl) .no HYBH Ha ,paHHUe c MaTpHue8. 3aTeM o6pa3UH 

OTl!CH,aBHCb npH TeMnepaType 1223 K Ha B03,nyxe B Tet:ieHHe -1 q 

.nnH C03,UaHHH Ha noBepxHOCTH NiAl OKHCH08 nneHKH (,naBHHM 

o6pa3oM A120/ 14 ' 15 
I) , onpe.nenHKllue8 no HaWHM npe.ncTasneHHHM 

11 3a!llHTHlie 11 Kat:ieCTBa anHTHPOBaHH08 nosepXHOCTH. Ha pHC. 5a 

cxeMaTHt:iecKH H3o6pal!CeHa cTpyKTypa 06pa3osaawe,ocH 

anHTHpoBaHHO,O CBOH. nocne -140 q HCnliTaHHH npH 1050 K B 

so.nopo.ne no.n .naaneHHeM 98 Mila Ha o6pa3uax coxpaHHncH 

anHTHpoBaHHli8 cno8. He Ha6nIO.nanocb TaKl!Ce H3MeHeHHH era 

:i: 
:,: 

M .,. 
N 

J; 

" J: 

"' N 
+ 
0 
N 

a 
Al203 

Ni-Al 

3~698 

6 PHC.5. cxeMaTHt:ieCKOe 

NlO H3o6pal!CeHHe cTpyKTypu 

pil\\111 < anHTHpOBaHH08 noBepXHOCTH 

••. ····---~~~~;04 ::::;: ~::98:Te:n:p:~:;: 

1/,. 

Ni·Al 1223 K Ha ao3.nyxe B Tet:ie
HHe -1 t:i; 6 -t:iepe3 -140 t:i 

3KCn03HUHH npH TeMnepaTy-

0066l!Y 3~698 pe 1050 K B so.nopo.ne npH 

.nasneHHH 98 Mna. 
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CTPYKTypu H cnnoillHOCTH noKpUTHH. 0,llHOil. H3 B03MOXHUX npHqHH, 

npHBO.llHmHX K pe3KOMY ysenHqeHHKl npoHHKaKJmero noTOKa BO,llopo.na, 

MOXeT 6UTb H3MeHeHHe COCTaBa caMOR OKHCHOR nneHKH Ha 

noBepXHOCTH NiAl, Ha6BKJ,llaBilleecH B pa60Te/
15

/_ ABTOpU 

Hccne.noBanH noBepxHOCTb cnnaBa NiAl nocne OKHcneHHH era Ha 

B03.llyxe B ,llHana30He TeMnepaTyp OT 1073 .no 1573 K. OHH 

npHillBH K BUBO.llY. qTQ o6pa3oBaBillHil.CH Ha noBepXHOCTH cnnaBa 

OKHCHUR cnoil. HMeeT CBOXHYKl CTPYKTYPY· Henocpe,llCTBeHHO K 

cnnaBy NiAl npHMUKaeT cnoil. OKHCH Al203, 3aTeM HaXO,llHTCH cnoil., 

COOTBeTCTBYKlmHR no COCTaBy wnHHeBH NiA1204, nepexo.nHmHil. B 

HapyxHUil. cnoil. NiO. npHqeM TonmHHa CBOH OKHCH NiO HenpepUBHO 

pacTeT. TaKHM o6pa30M. 

1050 K B onpe.neneHHUil. 

BnonHe B03MOXHO, qTo npH TeMnepa Type 
(' 

MOMeHT npoHCXO,llHT H3MeHeHHe COCTaBa 

OKHCHoro CBOH, CBH3aHHoro C o6pa30BaHHeM noBepXHOCTHOR nneHKH 

NiO BMecTo Al
2
0

3
. Ha pHc. 56 H306paxeHa npe.nnonaraeMaH 

CTPYKTypa anHTHpOBaHHOR noBepXHOCTH, o6pa30BaBmeil.CH nocne 

.llBHTenbHOR 3KCn03HUHH npH TeMnepaType 1050 K B BO.llOPO.llHOil. 

cpe.ne. 9TO npHBO,llHT K pe3KOMY yBenHqeHHKl npOHHUaeMOCTH CTeHOK 

o6pa3Ua no OTHOilleHHKl K BO,llOpo.ny. 

cne.nyeT OTMeTHTb, qTo aHanorHqHaH cnoxHaH CTPYKTypa 

noBepXHOCTHOro CBOH OKHCH Ha6nKJ.nanacb H ,llBH Ni-Cr cnnaBa/
111 

. 

TaK, .llBH cnnaBa Ni + 4,6% Cr ycTaHOBBeH cne.nyKJmHil. nopH,llOK 

pacnonoxeHHH cnoeB OKHCeil., HaqHHaH C noBepXHOCTH H KQHqag 

co6CTBeHHO cnnaBOM: NiO, NiCr204, Ni+ Cr203, Ni+ 4,6% Cr. 

.uanee, T. K. HaMH HCnOBb30BancH BO.llOPO.ll BUCOKOR CTeneHH 

qHCTOTU, TO He06XO.llHMO yqHTUBaTb B03MOXHOCTb BOCCTaHOBneHHH 

OKHCBOB MeTannoB BO,llOpO.llOM. BoccTaHOBHTenbHOil. cpe.noil. HBB8eTCH 

TaKaH cpe.na, B KOTOpoil. .naBneHHe KHcnopo.na no.n.nepXHBaeTCH HHXe 

.naBneHHH .llHCCOUHaUHH OKHcna. npH BOCCTaHOBneHHH OKHCBOB 

MeTannoB BO.llOPO.llOM o6pa3yKJTCH 

He06XO,llHMO yqHTUBaTb napuHaBbHOe 

ecnH napuHanhHoe .naBneHHe 

TepMHqecKoR .llHCCOUHaUHeil. napoB 

napu BO,llU HZO, n03TOMY 

.naBneHHe HZO. B TOM cnyqae' 

KHcnopo.na, o6ycnoBneHHOe 

BO.llU, HHXe napuHaBbHOro 

.naBneHHH npH .llHCCOUHaUHH COOTBeTCTBYKlIUero OKHCna, TO B03MOXHO 

BOCCTaHOBBeHHe 3TOro OKHCna Bo.nopo.noM. Ha pHC. 6 npHBe.neHU 

3aBHCHMOCTH napuHanbHOro .naBneHHH KHCnopo.na npH .llHCCOUHaUHH 

OKHCBOB NiO, Cr O , H Al O no .naHHUM/8 / B Hccne.nyeMOM 
2 3 2 3 

,llHana30He TeMnepaTyp. nyHKTHpHOil. BHHHeil. H306paxeHU KpHBUe 

10 . 
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c::. 0'"10 
o1 
co g_ 
0 

5 
~1020 
QI 
::, 
:c 
QI 
< 

-g -~ 
co,o 
QI 
0 

1i 
< 
g,040 
[ 
0 

C 

.... , NiO 

.... ',I.?-,/\ ' .... ,.,.,,,, 
........ ✓< ',o/ 

,l>o'J , .... 
'<: ..... ...... .... 

',~20', ..... 
..... 

.......... 
..... 

~3 

1.0 1.2 1,4 

103-T1,K.1 

PHC.6. 3aBHCHMOCTb OT TeMnepa

Typu napuHan&Horo .naBneHHH KHC-

' nopo.na BCBe,llCTBHe .llHCCOUHaUHH 

OKHCBOB NiO, Cr203 , Al203 H 

napoB BO.llU, co.nepxamHXCH B BO

.nopo.ne npH napuHanbHUX .naBne

HHHX 2.10
3 

na H 2 na. 

TeMnepaTypHOR 3aBHCHMOCTH napuHanbHOrO ,llaBneHHH KHcnopo.na, 

o6pa30BaBmerocH npH .llHCCOUHaUHH napoB BO,llu/
8
/' HaXO.llHmeil.CH 

no.n napuHan&HUM .naBneHHeM 2.10
3 

na H 2 na • .llaBneHHe -2.10
3 

na 

HBBHeTCH BepXHHM npe.nenoM napuHaBbHOro .naBneHHH HZO H 

onpe.nenHeTcH ynpyrocTbKl napoB Bo.nu npH TeMnepaType -20°c. 

(DpH napuHaBbHOM .naBneHHH BO.llU Burne -2.10
3 

na H36UTOK BnarH 

6y.neT KOH,neHCHpOBaTbCH B CHCTeMe ra3006ecneqeHHH 

3KCnepHMeHTaBbHOil. ycTaHOBKH.) MHHHMaBbHOe napuHaBbHOe 

.naBneHHe napoB BO.ll~ paBHOe -2 na,COOTBeTCTByeT ycnoBHKl, Kor.na 

Beeb KHcnopo.n, OCTaBillHRCH B BO,llopd.ne nocne oqHCTKH, BcTynHT B 
·, 

coe,llHHeHHe C BO.llOPO.llOM. T.e. B 3TOM cnyqae ,llOCTHraKJTCH 

MHHHMaBbHUe 3HaqeHHH napuHaBbHOro .naBneHHR KHcnopo.na. H3 pHC. 

6 BH,llHO, qTQ npH HaillHX 3KcnepHMeHTanbHUX ycnOBHHX B03MOXHO 

BOCCTaHOBneHHe OKHCH HHKenH NiO. 

.llBH npoBepKH 

cne,nyKJmyKJ npoue.nypy . 

3Toro 

nocne 

npe.nnonoxeHHH MU 

pe3Koro 

nOTOKa Bo.nopo.na .no 3HaqeHHH Q 

yaenHqeHHH 

<><8, 10-5 

npo.nenuaanH 

npoHHKaKJmero 
-z -1 

MOBb. M . C 

H3MepHTen&HaH gqeil.Ka Bu.nepxHBanac& -20 q npH TeMnepaType 1050 

K H .naBneHHH ao.nopo.na 98 Mna. 3aTeM MU OTKaqHBanH BO,llopo.n H3 

H3MepHTenbH08 gqeil.KH .no ,naBneHHH HeCKOnbKO MM pT.CT, H 

HanycKanH B03.llYX .no aTMOC¢epHoro .naaneHHH. no HCTeqeHHH 

au.nepXKH -1 q npH TeMnepaType 1050 K B03.llYX OTKaqHBanH H 

HanycKanH qHCTUil. BO.llOPO.ll .no nepBOHaqanbHOrO .naaneHHH 98 Mna. 

1,1 



npo,neJiaHHaH npouenypa npaKTHqecKH He oTpaJKaJiacb Ha BeJIHqH~e 

npOHHKaDmero nOTOKa Bo.nopo,na. T.e., no BCe8 BH,UHMOCTH, 

o6pa30BaBrnH8CH Ha noBepXHOCTH CJI08 NiO He ycrreBaeT 

BOCCTaHOBHTbCH B cpe.ne MOJieKyJIHpHoro BO,nopo.na rrpH 1050 K 3a 

speMH 3KCII03HUHH -140 q, qTo MOlKHO o6'bHCHHTb cymecTBOBaHHeM 

Ha IIOBepXHOCTH OKHCH CJIOH xeMocop6HpOBaHHoro KHCJIOpo.na/ 9 • 181. 

liHTepecHaH oco6eHHOCTb ceJieKTHBHOro OKHCJieHHH 6HHapm,1x 

cnJiaBOB Ha6JID,nanacb B pa6oTe1191. B 3T08 pa6oTe HCCJie,noBaJIOCb 

OKHCJieHHe JKeJie3o-xpoMOBhlX cnJiaBOB B6JIH3H paBHOBeCHH 

.UHCCOUHaUHH CrZ03. YcTaHOBJieHO, qTo ,UJIH cnJiaBOB C co.nepl!CaHHeM 

Cr OT 2,6% .no 45% npH OKHCJieHHH B BO,nopo.nHo8 cpe.ne c 

OTHOCHTeJibH08 KOHUeHTpauHe8 napoB BO)lhl OT 1, 5. 10-4 06. ,n. .no 

2,5.10-z 06.,n. B .nHana3one TeMnepaTyp OT 1323 .no 1573 K na 

noBepXHOCTH o6pa30BUBaJICH nJIOTHhl8 CJI08 OKHCH xpoMa Cr203. 

YqHTUBall 3TOT cf)aKT, Mhl npHrOTOBHJIH o6pa3Uhl C aJIHTHpOBaHH08 

noBepxHOCTbD, OTlKHr KOTOphlX rrpOBO)lHJICH npH TeMrrepaType 1223 K 

B ycJIOBHHX .necf)HUHTa OKHCJIHTeJibH08 cpe.nu . .llJIH 3Toro CKOpOCTb 

HaTeKaHHH B03,nyxa B OTlKHraeMhl8 061,eM rro.n.neplKHBaJiaCb Ha ypoBHe 

-1000 JI.MK pT.CT./C. Pe3yJibTaThl HCCJie.noBa~HH TeMnepaTypH08 

(CM. KPHBYD III Ha pHc. 3) H BpeMeHH08 (npH 1050 K) 

Bo.nopo.na, npoHHKaDmero qepe3 CTeHKY 3aBHCHMOCTe8 noToKa 

TaKoro 06pa3ua, · He n03BOJIHDT c.nenaTb BhlBO.U O cymecTBeHHOM 

pa3JIHqHH COOTBeTCTByDmHx napaMeTpOB nonyqeHHhlX 3aBHCHMOCTe8 H 

napaMeTpOB aHanorHqHhlX 3aBHCHMOCTe8 .nnsi o6pa3UO~ 

aJIHTHpOBaHHhlX H OKHCJieHHhlX o6uqHhlM cnoco6oM. 

11:CCJie,noBaHHe, npoBe.neHHOe C o6pa3UaMH, aJIHTHpOBaHHhlMH C 

.nByx CTOpOH, noKa3aJio, qTo B paCCMOTpeHHOM TeMnepaTypHOM 

.nHana30He (CM. KPHBYD V Ha pHC. 3) npom1KaDmH8 noTOK Bo.nopo.na 

npHMepHo B 2 + 3 pa3a MeHbllie no cpaBHeHHD C nOTOKOM BO,nopo.na 

qepe3 CTeHKY 06pa3ua C O,UHOCTOpOHHHM aJIHTHpOBaHHeM. ,llaJiee. 

KaK BH)lHO H3 BpeMeHHhlX 3aBHCHMOCTe8, rrpe,ncTaBJieHHhlX Ha pHC.4 

(KpHBhle II, IV,V), no HCTeqeHHH .nocTaToqHo 60Jiblli08 3KCn03HUHH 

(-60 q npH TeMnepa Type 1050 K) npOHHKaDmHR nOTOK Bo.nopo.na 

qepe3 CTeHKY 06pa3ua C .nByXCTOpOHHHM aJIHTHpOBaHHeM .nocTHraeT 

3HaqeHHH nOTOKa, xapaKTepHoro .nJIH o6pa3UOB C O,UHOCTOpOHHHM 
-s -z -1 aJIHTHpOBaHHeM, T. e. BeJIHqHHhl -8. 10 MOJib. M . c . npH 3TOM 

Ha6JID,naeTCH 6onee Me.nneHHhl8 H 3a,neplKaHHhl8 Ha -20 q pOCT 

IIOTOKa BO,nopo.na no cpaBHeHHD C H3MepeHHHMH IIOTOKa BO,nopo.na 

qepe3 CTeHKY 06pa3ua C 0,UHOCTOpOHHHM aJIHTHpoBaHHeM. 

12 

3a.neplKKY BO BpeMeHH .nocTHlK8HHH 3HaqeHH8 noTOKOB BO,nopo.na, 

xapaKTepHUX ,UJIH cnyqaH O,UHOCTOpOHHero aJIHTHpOBaHHH, MOlKHO 

o6'bHCHHTb HaKonJieirneM paCTBOpeHHOro B MaTepHaJie CTeHOK 

o6pa3Ua Bo,nopo.na H3-3a HaJIHqHH 6apbepa Ha BUXO,UH08 (BHernHe8) 

noBepxnocTH 06pa3ua. ,lle8cTBHTeJibHO, npHHHMaH 061,eM 06pa3ua 

BTOporo THIIa (Ha 3THX o6pa3uax HCCJie,noBaJIHCb CB08CTBa 
2 Z 

.UBYXCTOpOHHero aJIHTHpOBaHHH) paBHhlM V = rr (rz- rl) 1, r.ne rl= 

1,32 CM H rz= 2,00 CM - BHyTpeHHH8 H HapylKHhlfi pa.nHycu 

o6pa3ua, a 1 = 3, 00 CM - .nmrna HCCJie.nyeM08 UHJIHH,npHqeCK08 

noBepXHOCTH, HMeeM V m 21 CM
3

. Tor.na rrpH cpe,nHeM noToKe 
-s -2 -1 

ao,nopo.na Q m 5. 10 MOJib. M . c ,UJIH .nocTHJKeHHH KOHUeHTpaUHH 

Bo.nopo.na, pacTBopeHHoro.B cnnaBe 311:698 npH .naBJieHHH 98 Mna H 
-3 /4/ 

rrpH TeMrrepaType 1050 K, paBH08 C m 560 MOJib.M , 

Heo6xo.nHMO BpeMH L - VC/QS, r.ne S = rrlr m 12,5 CM
2 

- nnoma.nb 
1 

BHyTpeHHe8 UHJIHH.UpHqecK08 noBepXHOCTH. OTCD,na BpeMH 3a,neplKKH 

- T - 50 q, qTQ cornacyeTCll c pe3yJibTaTaMH H3MepeHH8. 

TaKHM o6pa30M, H3 pe3yJibTaToB HCCJie.noBaHHH npoHHuaeMOCTH 

cTeHOK o6pa3UOB C .nByXCTOpOHHHM aJIHTHpOBaHHeM BH)lHO, qTo npH 

TeMnepaType 1050 K H npH .nocTaToqllQ 60Jiblli08 Bhl.neplKKe (~10 + 

20 q) Ha6JID.naeTCH .nerpa.naUHH aJIHTHpoBaHHOro CJIOH KaK Ha 

BXO)lH08, TaK H Ha BhlXO.UH08 noBepXHOCTHX o6pa3ua. 

Ha pHc.4 npHBe.neHhl TaKJKe pe3yJibTaThl H3MepeHHH 

npomIKaDmero noToKa Bo.nopo.na npH TeMnepaType 1 ooo K qepe3 

cTeHKH o6pa3UOB C O,UHOCTOpOHHHM (VII) H .nayxcTOpOHHHM (VIII) 

aJIHTHpoBaHHeM. IlOTOK ao.nopo.na 
-s 

aJIHTHpOBaHHH 61,1n paaeH 0,6. 10 

a cnyqae 
-z -1 

MOJib.M .C H 

o.nHOCTOpOHHero 

coxpaHHJICH B 

TeqeHHe Bcero BpeMeHH 3KCnOHHpoBaHHH, a npH ,nayxcTOpOHHeM 
-s -z -1 

aJIHTHpoBaHHH B03 pacTaJI OT BeJIHqHHhl O, 2. 10 MOJ!b. M . c .no 
-s -2 -1 BeJIHqHHhl O, 3. 10 MOJib. M . c TaKyD apeMeHHYD 3aBHCHMOCTb 

noTOKa ao.nopo.na npH .nayxcTopOHHeM aJIHTHpoBaHHH (CM. KPHBYD 

VIII Ha pHC. 4) MOJICHO 061,HCHHTb HaKOnJieHHeM pacTBOpeHHoro B 

061,eMe CTeHox o6pa3ua ao.nopo.na H3-3a HaJIHqHH 6apbepa Ha 

BhlXO.UH08 noBepXHOCTH. Hcxo.nH H3 npe.ncTaBJieHHhlX ,naHHhlX, MOJl!:HO 

YTBepJK,naTb, qTQ npH TeMrrepaType 1000 K "3amHTHhle" CB08CTBa 

aJIHTHpoBaHH08 nosepXHOCTH npaKTHqecKH He H3MeHHJIHCb B TeqeuHe 

,nJIHTeJibHOro BpeMeHH (~140 q), 

Pe3DMHPYH pe3yJibTaThl HCCJie.noaaHHH aJIHTHpOBaHHUX o6pa3UO~ 
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MOlKHO caenaTb auioa, qTQ npH HCnonb30BaHHH anHTHpOBaHHH anH 
co3aaHHH 6apbepa Ha nyTH npoHHKaDmero noToKa aoaopoaa 

Heo6xoaHMO yqHTRBaTb npH TeMnepaType Burne 1000 K B03MOlKHOCTb 

pe3KOro yaenHqeHHH noTOKa aoaopoaa, npHqeM B MOMeH~ 3aBHCHIUH8 

KaK OT ycnoBH8 C03aaHHH anHTHpOBaHHoro cnoH, TaK H OT 

ero npero,JCTOPHH. 

B OTnHtrne OT anHTHpOBaHHH npH Hcnonb30BaHHH 3Maneaoro 

noKpllTHH npOHHKaDIUH8 noTOK aoaopoaa coxpaHHeTCH npaKTHqecKH 

HeH3MeHHRM Ha npoTHl!CeHHH Bcero BpeMeHH 3KCnOHHpOBaHHH aaxe 

npH MaKCHManbH08 TeMnepaTyp~ paBH08 1050 K. npHqeM, KaK 

npoCTO 3Maneaoe noKpRTHe, TaK H noaepXHOCTHR8 6apbep, 

co3aaHHR8 H3 HaHeceHH08 Ha anHTHpOBaHHYD noaepXHOCTb 3ManH, 

no3BOnHDT yMeHblliHTb nOTOK aoaopoaa npH TeMnepaType 1050 K H 
-5 -2 -1 

aaaneHHH 98 Mna ao 3HaqeHHH Q"' 2,3.10 Monb.M .c 113 

pe3ynbTaTOB H3MepeHHH TeMnepaTypH08 (KpHBaH IV Ha pHc, 3) H 

BpeMeHH08 (KpHBRe III,VI Ha pHC.4) 3aBHCHMOCTe8 noTOKa 

aoaopoaa, npoaH~~yHaHpoaaarnero qepe3 cTeHKY 06pa3ua, cneayeT, 

qTo 3~~eKT OT 3ManHpOBaHHH noaepxHOCTH B HccneaoaaHHOM 

aHana3oHe TeMnepaTyp 

auaepxKe caurne -10 

anHTHpOBaHHH. npH 3TOM 

KpOMe TeMnepatypu 1050 K H npH 

q) npHMepHO TaKOB xe, KaK H npH 

"3aIUHTHHe" CB08CTBa aao8Horo noKpRTHH 

onpeaenHDTCH HapylKHRM 3ManeBRM cnoeM. TaKHM o6pa30M, BHaHo' 

qTQ TaKoe aao8Hoe noKpllTHe He o6naaaeT aaaHTHBHRM CB08CTBOM. 

OaHaKO Bonpoc 06 Hcnonb30BaHHH 3ManH OCTaeTCH OTKpRTRM. 

Bo-nepBRX, no HCTeqeHHH -140 q 3KCn03HUHH npH 1050 K 

noaepXHOCTb 3ManH 6una noKpRTa BH3yanbHO pa3nHqHM08 ceTbD 

TpeIUHH, qTo roaopHT O Heo6xoaHMOCTH HCCneaoBaHHH UHKnHqecK08 

CT08KOCTH 3Maneaoro noKpRTHH npH MHoroKpaTHOM noaurneHHH H 

noHHl!CeHHH TeMnepaTypu 06pa3ua H aaaneHHH aoaopoaa. 

(IlpHMeHHeMoe HaMH aayxcno8Hoe 3ManHpOBaHHe, no ace8 BHaHMOCTH, 

cnoco6cTDOBano coxpaHeHHD.repMeTHqHQCTH noKpRTHH.) BO-BTOpRX, 

3HaqHTenbHaH TOnIUHHa cnoH (-0,5 MM) H npaKTHqecKH 

rapaHTHpOBaHHaH HepaBHOMepHOCTb noKpRTHH 3aTpyaHHDT 

Hcnonb30BaHHe 3Mane8 anH 3aIUHTll OT B03ae8CTBHH aoaopoaa 

nnoTHO conpHraeMRX aeTane8 H y3noa annapaTypu. TeM He MeHee 

Hcnonb30BaHHe 3Maneaoro noKpHTHH HMeeT CBOH npeHMymecTBa, 

CBH3aHHRe C OTHOCHTenbH08 npOCTOT08 TeXHOnorHH HaHeceHHH 

noKpRTHH H 6onee BRCOK08 TeMnepaTypoycTo8qHBOCTbD 

cpaBHeHHD C anHTHpOBaHH08 noaepXHOCTbD. 
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3AKJIIOLIEH11E 

113MepeHa npoHHKaDmHe noToKH aoaopoaa H onpeaeneHu 

3HeprHH aKTHBaUHH npouecca npoHHKHOBeHHH aoaopoaa npH 

aaaneHHH 98 Mna B mrnna3oHe TeMnepaTyp 800 + 1050 K qepe3 

cTeHKH o6pa3UOB, aunonHeHHRX H3 l!CaponpoqHoro cnnaaa 911698 c 

pa3nHqHHMH 3aIUHTHRMH noKpHTHHMH. 11ccneaoaaHa CTa6HnbHOCTb 

"3aIUHTHHX" CB08CTD noKpHTHil npH aaaneHHH noaopoaa 98 Mna H 

npH BHCOKOH TeMnepaType (1000 K H 1050 K). 

1. noKa3aHo, qTo anHTHpoaaHHe noaepxttocTH cnnaaa 911698 

no3BOnHeT yMeHblliHTb npoHHKHOBeHHe aoaopoaa B -50 pa3, a 

aayxcTopottttee anHTHpoaattHe - B -100 pa3. 

2. YcTaHOBneHO, qTQ npH TeMnepaType 1050 K H aaaneHHH 

aoaopoaa 98 Mna anHT.HpoaauHaH noaepxHoCTb coxpaHHeT yKa3aHHRe 

BHllie CB08CTBa B TeqeHHe -10 + 20 q_ nocne BHpa60TKH 3Toro 

pecypca npoHHKaDIUH8 noTOK aoaopoaa yaenHqHaaeTCH B HeCKOnbKO 

pa3. TTpH TeMnepaType 1000 K npoHHKaDIUH8 nOTOK aoaopoaa 

coxpaHHnCH HeH3MeHHRM B TeqeHHe acero BpeMeHH 3KCnOHHpoBaHHH 

(-140 q). 

3. nocne OKCHaHpOBaHHH noaepXHOCTH o6pa3UOB, B&nonHeHHRX 

H3 cnnaaa 911698, npoHHKHoBeHHe aoaopoaa npH aaaneHHH 98 

Mna yMeHblliHnocb B -7 pa3 B HccneaoaaHHOM aHana3oHe TeMnepaTyp 

800 + 1050 K. 

4. HaHeCeHHe TeMnepaTypoycToHqHBOH 3ManH 9B27-1M Ha 

noaepXHOCTb o6pa3UOB n03BOnHnO yMeHblliHTb npOHHKHOBeHHe 

aoaopoaa B ycnoBHHX 3KcnepHMeHTa B -40 pa3. Bonpoc 06 

Hcnonb30BaHHH 3ManH B KaqecTBe 3aIUHTHOro noKpRTHH MOl!CeT 6RTb 

perneH nocne npoaepKH UHKnHqecK08 CT08KOCTH noKpRTHH. 

YcTaHOBneHHHe HaMH 3aKOHOMepHOCTH no3BOnHDT HaaeHTbCH Ha 

co3aaHHe ycnoaH8, o6ecneqHBaDIUHX 3HaqHTenbHOe yMeHbllieHHe 

npoHHKHOBeHHH aoaopoaa · qepe3 CTeHKH MHllieHH. Pe3ynbTaTR 

aaHHOro HCCneaoaaHHH 6unH HCnonb30BaHR npH pa3pa6oTKe H 

co3aaHHH ra3oHanonHeHHo8 MHrneHH/ 20 /, npeaHa3HaqeHH08 anH 
pa60TR C THl!CenHMH H30TOnaMH aoaopoaa npH BRCOKHX aaaneHHHX H 

TeMnepaTypax. 

ABTOpR Bllpal!CaDT 6naroaapHOCTb ApxHnoay A. n., KynarHHY 

E.M., MepKynoay .u.r., COKOBHHHY 11.C., IllaMcyTaHHOBY III.r. 3a 

nOMOIUb B npoaeaeHHH H3MepeHHH H AHTOHOBY B. H. 3a noaroTOBKY 

o6pa3UOB. 
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6~CTPl11.\K11iii8.M.·H AP-
HccneAOBaH11e BOAOPOAOnpOHl11.\aeMOCTl1 3at!ll1THblX noKpblTl1iii 
maponpoY~oro cnnaea 3H698 

Pl3-91-128 

. . HJMepeHbl npoHl1KaKllJll1e noToK11 . H . onpeAeneHbl sHeprn11 aKTMBal.\1111 npo4ecca 
npOHl1KHOBeHl1R BOAOPOAa npH AaeneHl,111 98 Mila B AHanaJOHe TeMnepaTyp OT 800 
AO 1050 K Yepe3 cTeHKH _o6pa31.\0B, eblnonH.eHHblX 1,13 maponpoYHoro cnnaea 
3H698 c· paJnHYHblMH 3a~HTHblMl1 noKpblTHRMH: OKCHAHPOBaH11e, an11r11poeaH11e 
1,1 sMan11poeaH11e. noKa3aHo,· YTO nocne OKCHAHpoeaHHR noeepxHocr11 o6pa31.\a 
npOHHKalOUIHii noTOK BOAOPOAa yMe_HbUMflCR B - 7 pa3.' An11T11poeaHi1e ,no3eon11no 
yMeHbWHTb npOHHKHOBeHHE! BOAOPOAa B - 50 pa3, . a ABYXCTOPOHttee anHTHpoeaHHe -
e -100 'pa3. nocne. HaileceHHR sMan1,1 iia noeepxHoCTb · o6pa31.\a npoH111<HoeeH11e 
BOAOPOAa yMeHbUMflOCb B - 40 pa3. HccneAOBaHa CTa6HflbHOCTb 3a~l1THblX noKpbl- , 
Tl1ii npHAaeneH1,111 BOAOPOAa 98 Mila ., np1,1 nMnepaTypax 1000. 11 1050 K. 

Pa6oTa BblnonHeHa e fla6opaTop1111 RAepHblX npo6neM'OHHH:· 

. Coo6~e1m~ 061,eJl11H~oro' l!Hcnrryra ~epHLIX uccne,no11aHuii. ,lly6~a 1991 

nepeeoA aeTOpoe 

Bystritsky V.M. et al.·· . . 
·Investigation of Hydrogen Permeability of Protective 
Coating for High-Temperature Alloy EI698 

' . 

R13-91-128 

Permeating fluxes 'are' measured and activati'on energies are determi
ned for the process o~ hydrogen permeation at the pressure of 98 MPa in, 
the temperature range from 800 K to 1050 K through the wa 11 s of. the samp- ' 
les made ofhigh-;-temperature alloy EI698 with different types of protec., 
tive coating (oxide coating, enameling, aluminizing). Oxide coating is 
shown to reduce· the hydrogen flux permeatin by a factor of -7. Aluminiz- •' 
d ng a 11 owed a. decre~se in hydrogen permeation by a factor of - 50, and 
double-sided aluminizing :.decreased it by a factor of-100. After ena.:. 
meling hydrogen permeation decreased by a factor of -40. Stability of 
protective coating at the hydrogen pressure of 98 MPa and at temperatu-

\res 1000 K and.1Q50 K inv,estigated., · 

The investigation has' been performed at the Laboratory.of Nuclear· 
Problems, JINR.' , 

Communication of the JoinUnstitute for Nuclear iw'search. Dubn~ 1991 


