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Kolrnner<cHhre rexHoJrornu coaAaHnfl

KOMfTOHeHTOB eHAOrrpOTeSOB Kp)rrrHhrx cycTaBoB
H3 TIITAHOBbIX CNJIABOB'

rrsHococTorixux BbrcoKoHa{py}KerrHbrx

,qnt ycneuJHoro npfiMeHeHIt T[TaHoBhtX CnnaBOB B npo-
l.l3BoAcrBe h3Aen[i [4eAhq HcKoi TexHhKt4 Heo6xoAt4[4bl
KoMnrer(cHbre noAXoAbr K Bbr6opy Marepl4anoB, npoeKrrlpo-
BaHxrc KoHcrpyKqui !a rexHoflorufi npox3BoAcrBa rcAen14fi,
MeToAaM qx LlcnbraHui, TexHoflo[4rM nphMeHeHhq T. A.
flpIMeH[TenbHo K l4MnnaHT{pyeMbltv t43AeItutM, B gacrHo-
cTl4 oHAOnpoTe3aN4 KpynHbx cycTaBoB, TaKule noAxoabl ar4-
HaM149HO pa3BhBarcTCq B XHXeHepHO-[4eA{LIXHCKOM LleHTpe
"MATI4-MeArex" "MAT|I" - Pmy {M. K. 3. UronKoBcKofo.
BaxHeiur!4rv pe3ynbraral,fl,1 hx pearru3aqufi rBneloTcq:

- l4CnOIlb3oBaH e TOnhKO ThTaHOBbX CnraBOB trnq Me-
Tatfll.lqecxrx KoMnoHeHToB oHAonpore3oB (B ToM qficne
KO[,4nOHeHTOB, l.lonbrbtBalou.lt4x 3HayfiTenbHble LuKn qecKlle
14 QpfiKqhoHHbre Harpy3Kl4), 9To nGBonrer Hatooree nonHo
pea.|rr3oBarb B l43Aerhr4 BaxHeiluhe nperMyqecrBa rhra-
HoBbrx cnnaBoB - Halny'-lutyto 6[onornLtecKylo coBMecrt4-
MocTh, cpaBHuTenbHo Hl43Kr4i r\4oAyr6 ynpyrocr!4, BhtcoKylo
yAenbHyrc nposHocTb x Ap.;

- npIMeHeHue xoeutx aurcoxoe$$eKTlBHbx rexHoJ]o-
r i 06pa6orxl4, no3Bonflror4l4x ynpaBnrrb o6reMHoi l,t no-
BepxHocrHoi crpylfiypoi trcAenui, u co3AaBarb Heo6xoAt4-
Mbri KoMnnexc + 3uKo-MexaH{qecK X x QyHKql4oHanbHbtx
cBotcTB;

- pa3pa6orKa !4 BHeApeH e B npo gBoAcrBo KoHcrpyK-
r.I4i gHAonpore3oB Ta3obeApeHHoro cycraBa, He ycrynarc-
u.ll,1x, a no HeKoropbrM BaxHetuilM SyHKq[oHarbH6lM napa,
MerpaM npe BocxoAg r.ql4x 3apy6exHbte aHanorLl.

MarepIafl oBeA,.{ecxhe acneKTbr Bbt6opa [,4eranrl4qecK|4x
MaTep[anoB Aflr BbrcoKoHafp]4KeHHbtx KoMnoHeHToB sHAO-
npoTe3oB KpynHbx cycTaBoB 14 npex[4yr4ecrBa ThTaHosbtx
cnnaBoB paccMorpeHbr I pa6orax [1-3]. AaHHae paoora
nocBqr4eHa pa3pa6orKe KoMnreKcHoi TexHonofffi o6pa-
6orK!,r KoMnoHeHToB oH,qonpor$oB r43 TrraHoBbx cnnaBoB,

QyHKquoHr4pylou.{4x B ycnoBqtx TpeH 9 npfi BbtcoKfix KoH-
TaKrHbtx Harpy3Kax. B KaqecrBe MarepuaroBArt raKrx Kot!t-
noHeHToB B Pocct4ll npt4MeHFnr B ocHoBHotvl r[TaHoBbte
cnnaBhr 8T6 Li 8T20, pa3peLueHHbre no 6uoxt4[,4l,1qecK4M
cBotcTBaM Anr IMnnaHTaqIh. B vacrHocl4, B t!apHhpHoNl
coeAt/tHeHAV r4cKyccrBeHHo[o ra3o6eApeHHoro cycraBa Me-
TaIInhvecKat tonoBKa 6eApeHHoro KoMnoHeHTa pa6oraer
B nape TpeHH9 c KoMnoHeHTorv t€ cBepxBblcoKoMoneKynrp-
Hofo nont4sr neHa (CBMnO). HoxK[ 6eApeHHbtx Kot\,4noHeH-
ToB HaxoArTcr B noABr4xHor\,4 xoHTaKre nh6o c qe[4eHTHoi
(norfiMerxflMeraKp nar) [4aHrrefr (qeuenrrar + Kcaqur),
nh6o c rBepAofi Koprr4KanbHoi (oclbto (becqeMeHTHag S[Kca-
r.Ur). nepeMeuleHxe3a oAt4H qltKn Harp!4t(eH r HeBerr!4Ko-
or AecfiTKoB MrlKpoMerpoB B chcreMe Hox(a - KocrHbti !le-

'Pa6o1a BbhonHeHa npl{ QrHaHcoBoi noAAepxKe rpaHToB
POOI4 07-03-010'l2a u 06-04-908'1 2 Mon_a.

MeHr 4n{ HOXKa 
- 

KOCTb AO HeCKOnhK X MLlnJltMeTpOB
e uapnrpuoi nape cycraBa. OAHaxo orh nepe[4eqeH r no-
BTopqprcq MHoroKparHo 

- 
Ml,|nfltroHbt tll.1K'IoB. BBl4,qy MHo-

rouhKnoBoro xapafiepa Harpy3KI npoqeccbt x3Hoca u +per-
TXHI'-KOppO3|4t4 [MnflaHTaTOA U3 ThTaHOBbIX CnnaBOB. CBg-
3aHHhte c norepei MexaHhqecKoi cBF3l.4 oKc!4AHoi flreHKr
c noBepxHocrbro, craHoaqrcg ocHoBHbtMt4 nphqhHaMx 6oflb-
L!t4HCTBa HeyAaq, CBr3aHHbX C np N4eHeHl4eM [MnnaHTaTOB
t13 TtlraHoBbtx cntaaoB. B .lacrHocl4, orl4v o6ycnoanen lts-
Hoc 060 x KoMnoHeHroB B ct4creMe rorosKa cnnaB (8T6) 

-BKflaAbrltl (CBMnO) uJapHLlpHoro coeAr4HeHu9 t4cKyccrBeH-
Horo cycraBa [4] unq rHTeHc|,lBHoe pa3pyuleHxe noBepxHo-
cr4 TITaHoBoi HoxK!4 6eApeHHoio xot4noHeHTa np qeMeHT-
Hoi S Kcaquh [5]. KpoMe roro, HapyureH!4e qenocrHocl4 oK-
cl4AHot nneHKx Ha noBepxHocTl.t t4MrraHTaTa nph ero
nocTo9HHoM TpeHl4h o KopTfiKanbHylo KocTb tBngeTcg npl4-
tlt4Hoti boflee fi HTeHo[BHoto BbtgeIIeHrt [oHoB ToKct4gHblx
fierupyrorJ.{4x oneMeHToB B opraH!,13[4 venoBexa 16].

TaKIM o6pa3o[4, cnoco6Hocrb K caMonacctA9aqttn rnra-
Ha 14 ero cnIaBoB B b!4onorl4qecKlx cpeAax, cAenaBuat x
oAHl4t\,114 t43 CaMbtx nepcneKTllBHbrxAng hMnnaHTaql4h, He !]c-
Krloqaer cepbe3Hbtx npobneM npLl l,{x np[MeHeHlh B KoHcT-
pyKrlnqx, pa6orapu.|4x B ycnoB sx rpeHxr x +perr[Hr-Kop-
po3wi.

AHanfi 3 ycnoBni gKcrnyaraqt4u KoMnoHeHToB oHAonpo-
Te3oB 

'|3 
ThraHoBbrx cnflaBoB, pa6orarcu]hx B ycnoBtrx t4H-

TeHorBHoro TpeHl4t x Qpe]-rfiHr-Koppo3t4l4, no3aonqeT
cQopMyrl4poBarb cneAyor{fle rpe6oBaH r K l,1x KoHcrpyK-
T!rBHbrM napaMerpaM, crpyKrype cBo;crBaM noaepxHocTl4
!4 o6r,eMa MareDxana.

C qenbp Ml4Hl4M[3aq x Kog++[qlaeHTa rpeH s x, coor-
BercrBeHHo, paborbr SpLiKql4oHHbrx cl4n Heo6xoAuMa MaK-
crMallbHat q!4crora noBepxHocrt4 KoMnoHeHTa (ronoBK u
qacrr{ HoxKr4, ucnbrrbtBaouleF Ll[KnrqecK!4e cMeqeHl4t
bonbuoi aMnfl TyAbr). OAHaKo MexaH[qec(as non[poBKa
n3aen\v' n3 TnTallo3brx cnltaBoB BecbMa TpyAoeMKa BcneA-
crB e BbrcoKoi Bs3Kocrfi Marep!4aJra, npuBoAqqefr K "Hanx-
naHrrc" T|4TaHa Ha qacTkgK4 a6pa3hBa r "HaBorraKl4BaHr4to"
ero Ha nonhpyeMyo noBepxHocrb. no AaHHbtM aBTopoB, Ha
npyrKax u3 TUTaHoBbx cnnaBoB BT20 |4 BTO c xopouo npo-
pa6oraHHofr rno6ynspHofr crpyKrypoi He yAaercr Aocrr4,lb
napaMerpa uepoxoBarocr[ Ra < 0,05 MK[lAaxe npl4 oseHb
AnurenbHot non!4poBKe arrMa3HblMI nacraMq. HeAocraroli-
HaF gl4crora noaepxHocrx cnoco6crByer 6onee 6btcrpoMy
pa3pyuJeHxrc oKcl4AHofi nneHKx B npoqecce rpeHhq, ee
$parueHTatlhra 11 orpbrBy or noBepxHocl4 Meranna. Llacrfi-
qbr oKcxAa, BHeap9rcb B noBepxHocTb noflHMepHoro MaTe-
pl4ata napH TpeH!4q, Haqr4Halor IrpaTh ponb a6pa3hsa, qro
nphBoAl4T K pe3KoMy yBefl14qeHrrc cKopocr!4 !43Hoca. TaKoe
tBneHhe Ha6nrcAaerca, a qacrHocr[, nph ficnbtraHutx napbt
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Pnc. 1. l43Hoc KoMnoHeHToB napht tpeHxr ro.noBKa ti3 cnnasa
BT20- BKnaAbrur tl3 CBMng nph HcnbrraHrsx no MeroAhKe pa"
60rr,r [7]: a - noBepxHocrb rorroBKr4. x20; 6- BmaAHUl

TpeH 9 fonoBXa Ll3It4TaHOBOrO CnnaBa BT20-BKnaAbtLU h3
CBMnO no MeroAraKe paoorbl [7] (pxc. 1).

lnr AocrhxeH r rpe6yeMoi l,l3HococroiKocl4 cocraB
!4 CrpyKrypa noBepxHocl4 !4MnflaHTaTa AonxHH o6ecneqfi-
BaTb BbrcoKyro TEepaocTrr. oAHaKo 3Haq renbHbri tpaAleHT
TBepaocTt4, Bo3HxKalou.lxi npLl HaHeceHhh BbtcoKonpo!Hblx
noKpbrTr4i Ha Br3Kyro x "MqrKylo" MaTp|,lrly, He cnoco6crByeT
ynygueH to Tpx6oTexH 'recKllx cBotcTB. TaK, nonb[Ka Ha-
HeceHl4t noKpbrTl,lt 1,13 Ht4TphAa TnTaHa Ha noBepxHocTb Tl4-
raHoBot 6eApeHHoi rorroBKr4, r43ToToBneHHot q3 npyTKa
cnrraBa 8T6, He npllHecna xeflaeMoro p$ynbTaTa: B npo-
rlecce sKcnnyaTaq[ Habn|oaarfl oTcrauBaH e noKpbtTt4e
B BrAe "rl,1qHoi cKopnynbf' [6],

l/l3BeCTHbre TeXHOrrOrhr HaHeceHrq noKphtTt4t 1,1 [,40A14-

Ql,lLlt4poBaHtt noaepxHocTx ThTaHoBbtx cutaBoB c To9Kt4

3peHfig npxMeHhMocTfi Anq KoMnoHeHToB nap TpeHfiq npo-
aHan[3,4poBaHbr B paooTax [8, 9], B KoTopbrx noKa3aHa rx
H 3Kaq oSSeKT!4BHocTb Art o6ecneleHhr pa6oTocnoco6-
HOCTt4 BbtCOKOHarpyxeHHblx t4tVnnaHTaIOB.

B nocaeAHee BpeMe pa3BxBaorcr rBepAo$a3Hhte rex-
Horrorhu co3AaH a rpaA eHTHbrx noBepxHocTHbtx cTpyKryp
B TITaHOB6IX CnnaBaX n!'re[4 neflpo8aHf19 a3oloM npu Ht43-

KoTe[,lnepaTypHoM l,loHHot\,4 a3oThpoBaH B ra3oBoi cpeAe
(cMec6 a3oTa I aproHa) c HanoxeHl4eN1 oneKrpq\ecKoro no-
nr c HH3xoBoIbTHot pa3Hocr bn noTeHqr,lanoB. flp t4eHeHIe
aaHHErx rexHoflotui no3Borl T npoBoAr,lTb pernaMeHTLlpo-
BaHHOe rer poBaHtle a3oToM noaepxHocTt4 toToBr,tx AeTa-
nei np Te[4nepaType 55H00'C fi He6orbLllotv Bpei,4eHrl
BbrAepxK!4 (Ao 1 Lr), KoTopoe He Bn reT Hu Ha [,4l,1KporeoMeT-
p rc noBepxHocfr4, Hx Ha cTpyKrypy, cQopMl4poBaBu.lytoct
B Ob-beMe AeTant4 Ha npeAuJecTBylou.ll4x TexHonor !lecK!1x

cTaa FX nonygeHrF !1 o6pa6oTKfi nony$a6prrKaToB. 3To oT-
(puBaeT nepcneKr Bbr co3AaH!-rr Ha 6a3e ThTaHoBbtx cnra-
BOB HOBbtX MaTeprlaIOB C rpaA[eHTHOi nOBepXHOCTHOi
cTpyKrypoi, o6ecne'jrBaoqei peanrcaqh|o B roToBr,tx !43-

aenl4ax BhtcoKoro KoMnneKca SKcnnyaTal{lloHHbrx cBoicTB,
B TOI\,4 q!4cfle CTOiKOCTb npOTl4B t43HOCa npvt rpe14 VnV

SperrhHr-Kopp03x14.

B paoorax [8-10] fl3rroxeHbr oKcnep rveHTanbHbte pe-
3ynbTaTbl, Kacarculuecq clpyKTypHbtx acnefioB Hl,l3KoTeM-
nepaTypHoro |4oHHoro a3oTrlpoBaH|49 T TaHoBbtx cnnaBoB,
nphMeHclou-ll4xcg Ang rcAen!4i MealltltlHcKoi TexHnK . B 9a-
crHocTr4, ycTaHoBneHo, rTo B cnnaBax BT20 8T6, coAep-
xaq x 7-10 % B-Sa3u, npfi !4oHHot\{ a3oT!4poBaH Aocrl4-
raeTcr MaKc[r\,1arbHaq ny6vtHa a doy3hoHHoro cnofl no
cpaBHeHLlro c d-cnllaBatv 14 6onee nerhpoBaHHb vlll 0-cTa-
6 nt43aropaM (o + p)- 11 nceBAo-p-cnnaBaM[. 3To cBF3aHo
c oco6eHHocTrMt4 B3ahMoAeicrBqt a3oTa c cr- I p-Sa3aMl4,
BArgHl4eM sa3OBOfO COCTaBa, CTeneH[ rerhpoBaH g Sa3,( HeThK[ Sa3oBbrx npeBpau{eH(i Ha A SQy3l'loHHyrc noA-
BT.IXHOCTb a3OTa. ,qaHHa9 TeXHOnOr t O6ecnegfiBaeT He
TonbKo SopMxpoBaH14e nporfl xeHHoi Al,1+Qy3hoHHoi 3oHbt
TBepAOTO pacTBopa a3ora B TlTaHe, Ho 1..1 06pa3oBaHxe Tep-
MOAI4HaM qecKh yCTOtt{t4Bhtx noBepxHocTHbtx cnoeB 6-(TiN)
h E-(T|2N) Ht1rpr,1AoB. nonyqeHle raKoi noBepxHocrHofi rpa-
A eHTHOE M KpooTpyKrypbt cyqecTBeHHo yBenxL .4BaeT fi
aHT[KOppO3rlOHHytO CnOCO6HOCTb nOBepXHOCTt4, Aenag ee
npaKTh\recKh HepTHoi B 6rlOnorl4qecxhx cpeaax [8].

Tny6hHa AxSOy3 oHHoi 3oHL,t 3aBhct4T He ronbKo or
Oa3oBoro cocraBa, Ho x or crpyfiypH cnnaBoB. Ane oqeHK
olofo BIII,1tHl,19 npOBeIlh l,lOHHOe a3OT!4pOBaH e 06pa3qoB l43

cnnaBa BT20 c pa3HbtMl4 TrnaMrl L1 napai\,4eTpaMfi cTpyKrypbl
(pxc. 2): c nnacTtaHgaToi c.-Sa3oi ronul4Hoi hd = 2+3 MKt\.4

n Ant Hoi' lo = 25+40 MKM (no3. a), mo6ynrpHofr cc-Sa3oi c
pa3Mepa[4 i]acT qds = 3-.5 N.4KM (no3,6) 11cy6M KpOKpt4CTan-
n qecKoi d.-Qa3oi c pa3MepaMh qacrxq dd = 0,5+0,9 MKM

{n03.61.
CrpyKrypa nepBoro rrna (cM. pt4c. 2, a) no napaMerpaM

6rrt13Ka crpyKrype 3ar"oroBoK HoxeK sHAonpore3oB t43 cnna-
Ba BT20n, nonyLtaeMbtx MeToAoM $acoHHoro rrTbq c no-
cneay|or{r4M ra3ocraT[poBaHue[,4. crpy(rypy BToporo Tfina
(cM. pxc. 2, 6) {Mepr roprqeKaraHhle npyrK !13 cnnaBa
8T20, |a3 Koropbtx x3roroEnrrcT u]apoBbre ronoBK|a 6eApeH-

10 MKMB)H
Pnc. 2. MhkpocrpyKrypa o6pa3qoB H3 cnflaBa BT20 c pa3nxq.
Hot cTeneHt'|o Ar4cnepcHocTx qaclt.ltl c[-Oa3t,l
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Hbrx KoMnoHeHToB sHAOnpOTe3OB Ta3OOeApeHHOl'O CyCTaBa.
CTpyKrypa rperbero rhna (cM. pl.1c. 2, 6) Moxer 6btTb nony-
qeHa KaK B aeQopMr4poBaHHbrx, TaK nllTbrx nony+aopxKa-
rax rep[4oBoAopoAHofr o6pa6orKoi [1 1].

14oHHoe a3oT14poBaH e npoBoA!4n E MoAu{+14qtpoBaH-
Hoi ycraHoBKe "6yflar" B crvecll aploHa h a3ora np!4 TeN4-

neparype 550 u 600'C; npfi gTotv BpeMr Bapb[poBarr[
or 30.so 60 Mr4H.

Pe3ynbrarbl xccneAoBaH!4ri noKa3anh, qro cocrotH e no-
BepxHocTl,l 3aBl4ct4T KaK OT TeMnepaTypbr a3oTllpoBaHhr, TaK
I napaMeTpoa cTpyfiypbr. flocl|e a3oTrlpoBaHt49 np|4 550 'c
SopMr4pyercr nnorHbri flpaKr eecKl 6ecnopficrbti cnoi
HVlpVAa rqraHa, np|...ge[,l qeM AtlCnepCHee d.-(pa3a, TeNt abt-
Llle xaqecTBo noBepxHocTHoro cJloq. yBeIMteHl4e leMnepa-
rypH a3oTr4poBaH F,qo 600 'C npqBoAt4T K nogB'leHhto Ha
noBepxHocTr4 nop pa3MepoM 1-2 [aK[a, h qeM KpynHee
cTpyKrypHbre cocTaBnrlollhe ct-*a3bt B l4cxoAHoM MaTepha-
IIe, TeM 6OJIbL.tlee KOfly\leCTaO TaKUX nOp O6Hap]r(hBaeTct
B NOBEDXHOCTHOM CNOE.

PeHTreHocrpyKrypHbri aHanrc noBepxHocrr4 o6pa3qoB
noxa3an, qTo TeMnepaTypa a3oTt4poBaHhr 14 A[cnepcHocTb
cTpyKrypbr Ta|o{e BrxetoT Ha oa3oBbti cocraB KonrqecTBo
Hl4rphAoB B np noBepxHocTHot\4 cnoe. TaK, nocne a3oTl,.lpo-
BaHVs npv 550 'C SopMl4pyeTcs B ocHoBHoM €-Hl.1Tpt4A
(Ti2N), a nocne obpa6orK!4 npr 600'C noM!1tvro €-HxrpxAa
HabnpAaerca rapKe 6-HhrpxA (TiN).

y8enuqeHhe pa3Mepos c[-qacrl4|] c0,H,7Ao 3---5 MKNI

npaKThLrecxrl He Bflflqer Ha oa3oBbti cocTaB MoAhs[q!4po-
BaHHofo cnorr !4 Kon LtecrBo Hr4rpr4AoB (Ti2N) (TiN). Ha -
60ree 3aNterHbre r3MeHeHrq npoucxoAsr np{ a3ol4poBa-
Hhr obpa3qoB c KpynHonflacThHqaroi cTpyKrypoi: pe3Ko
yBen quBaeTcg KonLlqecTBo 06pa3ypult4xcr B noBepxHocTlr
HT4TpXAOB. yBerrhqeH e pa3Mepa qacTfiq cr-sa3u c 0,5 ao
3-5 MK[r cHfixaer nporrxeHHocrb Au+$y3hoHHoi 3oHbt,
a nepexoA K KpynHonnacT!4HqaToi [4opsofloru nphBoAhr
K AanbHett!eMy yN4eHbu.ieHflro fny6tlHH a3oT!4poBaHHoro
cnos (cM. Ta6n{qy). npx 9Torr4 ypoBeHb [,rt4KpoTBepAocn4 KaK

Ha noBepxHocTl4, TaK h no Bcei rny6hHe A osy3xoHHoi 30-
Hhr npt cy6Mt4KpoKpl,lcranfl 14']ecKoi cTpyK.ype ocHoBbr ocTa-
eTcrr 60ree Bbrcoxl4r\4 npx o6eux Te[4nepaTypax a3oTt4poBa-
HLle (p c.3).

TaKxM 06pa3oM, pe3ynbrarbr r4ccrreAoaaHfli noKa3anr,
rtTo AvcnepcHocTb cTpyKrypbt cyulecTBeHHo B-frhreT Ha +op-
M poBaH{e MoAxsr4rlr4poBaHHoi noBepxHocT[ npx l4oH-
HO-BaKyyMHOM a3OTtApOBaHAV: !re[4 6Onbrlle pa3Mep CrpyK-

Pnc. 3. 3aBl,|chMocrl, MuKporBepAocrH or creneH!t AHcnepclio-
crx crpyr(4rpLt rhTaHoBoro cnnaBa BT20 h rny6kHEt au+sy3n-
oHHofi 30Hr,t rt np',l xoHHo-Ba(yyMHoM a3oTr.tpoBaHrr: a, 6- fl p1,

550 u 600 'C cooTBeTcTBeHHo; t---3 -cM. nos. a--4 Ha phc.2 co-
OTBETCTBEHHO

TypHbrx cocTaBnroul!4x, TeM MeHb|rte rfly6uHa At4Q+y3!4oH-
Hoi 30Hbr h TeM 6orbuJee Kofl t4qecTao H!4Tpl4AoB o6pa3yeTct
Ha noBepxHocT!,1. flo-Bt4At4MoMy, oTo cBF3aHO C TeM, qro
yMeHbueH e npoTexeHHocTl4 [4exsa3Hbtx rpaH!4q 3aMeA-
nteT AtlQSy3 ro a3oTa B[ry6b MaTepxana h TeM caMblM
cnoco6cTByeT efo cKonneHfito B noBepxHocTHbtx cnogx 11

HrlTpfiAOO6pa3OBaHU|o.

npn npoefihpoBaH|,1|4 KoMnreKcHbtx rexHoflorhi 06pa-
6orKl4 KoMnoHeHToB gHAonpoTe3oB Heo6xoAl4[/to yqhrbtBarb
xapafiep I Benxqr4Hy QyHKqHoHanbHbtx Harpy3oK. fonoBKa
gHAOnpOre3a Ta306eApeHHOrO CyCTaBa pa6OTaeT B yCnOBX-
tx TpeHqg c BbtcoK4Mtl KoHTaKTHblMl,l Hafpy3Ka[4l B arpee
cl,lBHoi 6|4oflorhvecKot cpeAe. Ee cTpyKrypHoe cocrorHle
AOnXHO O6ecneqhBaTb Ht43K!4i KogssrlqreHT TpeHU! B na-
pe c CBNy'ng fi BbtcoKyto croiKocrb npoTrlB x3Hoca h Sper-
T!4Hr-KOpO33r4X. n@TOMy nepeA [oHHbtM a3oTl4poBaH[eM B

ronoBKe Ao.nxHa 6b[b c$opMxpoBaHa cy6MxxpoKp!{cTan-
nl4qecKa9 cTpyfiypa c pa3MepoM cTpylsypHbtx cocTaBlglo-
uI4X d.-C0a3bt MeHee 1 [,4KM.

HoxKa 0HAonpore3a Kpo[1e TpeHhg t4cnbtTbtBaeT QyHK-
r.ll,loHaJrbHhre Harpy3Krl! nprlBoArr4xe K +opMt4poBaHlto Ha-
nprxeHHo-AeQopMr,lpoBaHHoro cocTogHt4q c pacrrrrlBarc-
lr.|4r\,4r1 KoMnoHeHTaMfi HopManbHhlx HanpgxeHhi ( 3rh6)
q KIt4qecKoro xapaKrepa. TaK M o6pa3oM, ee cTpytsypa
AonxHa o6ecneqrBaTb He ronhKo r43HococToliKocTb, Ho 14

Heo6xoA!4Mbte conporuBneHlle ycTanocTl4, nnacTrrlHocTb
14 B93KOCTb pa3pyuleH!4r. [lo3To[,ly Hahoonee npeAnoqT Tenh-
Ha AnF HOXKTI OHAOnpOT$a rpaAXeHTHa9 CTpyKTypa C Cy6-
Mr4KpOKpr4CTann'lecKoi a-sa3ofi B noBepxHocTHot\,4 cnoe,
oOecnegIBalor4ei BhrcoKyrc pa6ory 3apox(AeH{F ycraflocr-

20 40 60 h, M(M
6)

H9,s5, Mfla

Ho,os, Mfla

l,a = 2-=3 MKM, L : 25140 MkM
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Puc.4. fonoBka h Hoxka 6eApeHHoro KoMnoHeHTa qeMeHTHoi

4)[Kcaqhh "l,lMnnaHr-U" (a) n pe3yrbrarLr pecypcHoro cnBF
raHhe ronoBkr4 B nape c cBMfl3 no MeroauKe pa6orbt [4 (6)

Hoi ipeu.{l.4Hr,r. l,1 nnacrllHqaroi q-Sa3oil B cepAqeBrlHe,
o6ecneLr14Barculefi BhrcoKqe Br3Kocrb pa3pyueHur r pa6ory
pacnpocTpaHeH t TpeUlhH. O6a Thna crpyfiyp [4or].r 6btrb
cQopM,/poBaHbr B 3afoToBKax 3Aenhi repMoBoaopopHoi
o6pa6orKoi [11] (cM. pr4c. 2, 6) He3aB[q4[,to or crpyKrypbl
rlcxoAHoro noryoaophKaTa (npyrKa, nntT6t, sacoHHoi oT-
n!lBKr4). np,1 oroM crpyfiypa cepAqeBfiHbr HoxKu 6yAeT
vaeHrv!'Ha unv 6nk3Ka xcxoaHoi.

CneAyer orMerrlrb, sro cy6[rr'rKpoKp14cranrhqecKat
crpyfiypa, +opi,,lhpyroularcr np repMoBoAopoAHoi 06pa-
6orKe (TBO) o6ecneq[Baoulaq BbtcoKyto rBepAocrh no-
BepxHocTHoro cnor, 3Hagl'lTenbHo ynyqL!aeT non14pyeNtocTb
noBepxHocTl.l HoxeK Ll ronoBoK. 3To flo3Bon9eT AocTIraTb
np [4exaHl1']ecKot4 noff poBKe anMa3Hh[\,1r4 nacTaMtl napa-
Merp MpoxoBarocr Ra = 0,02+0,03 MK 4 Ha fonoBKax !.1

Ra = 0,05+0,08 MKM Ha HoxKax. flpu oToNt npoAonx renb-
HOCTb nOIr4pOAaHhq TOIIOBKq He npeBbtuiaeT 15 N4[H, a HOX-
(v 

- 25 MVH.

AHan|43 npoBeAeHHbrx r,rccfleAoBaHhi t1 yL]er oco6eHHo-
cTei sKcnnyaTaq14h n03BorgroT c+opMynl,1poBaTb 06qht
noAXoA K nocTpoeHl,1rc TexHorofqgecKux npoqeccoB l43io-
TOBIeHhg 14 O6pa6OTKfi KOMnOHeHTOB OHAOnpOTe3OB. STOT
noAXoA 3aK,rr|oLraeTcr Bo BBeAeH { B TexHoflor LlecKqi npo-
qecc npox3BoAcTBa TBO nepeA +fiHtauHbrMl.4 onepaqhrMl4
nolltlpoBaHtlt t4 t4oHHo-Bat9yt\4Horo a30rrlpoBaH t. 3tol npqH-
qfin pealIr3oBaH a TexHonoMgx npoh3BoAcTBa Koi,4noHeHToB
oHAonpore3oB, pa3pa6oraHHbtx B "lVATl4-MeArex" BHe-

ApeHHL,rX B cepriHoe npo[3BoAcTBo B 3AO "l4[4nraHT MT"
(MocKBa).

PaquoHanbHbri Bbr6op KoHqeHrpaq|aoHHbtx, TeMneparyp-
Hbtx t1 Kl,lHeThqecKhx napaMeTpoB TBO no3BoflteT cSopMH-
poBaTb a ToroBKax o,qHopoAHyro cy6M kpoKpt4cTanJ.ll'1Llec(yro

crpyKrypy c pa3MepaMh cr-Qa3br 0,H,9 MKM. B HoxKax

OopMhpyercff f paAr4eHTHaF crpyKrypa: MenKoArcr]epcHaq
c pa3MepaMrl LracTkq c,-sa3bt0,7-1,0 MKM B noBepxHocTHoM
cnoe rny6[Holi Ao 3 MN,4 14 nlacTuHqaTat c pa3MepaMl4 nna-
cTr4H ct'-Sa3brh = 2+ MKM, /= 25+50 MKM B cepAqeB He.

BaKyyMHoe oHHo-rrra3MeHHoe a3or!4poBaHqe ocyule-
cTBnseTcF np|,4 TeMnepaType 500-600'c uoHa[4fi c nep-
Br4LrHoi oHepfl,1ei oT 60 Ao 200 oB, lTo o6ecneLl[BaeT kx
rny6oKoe npoHr,lKHoBeHl,le B i,laTeprla'l !4 t4cKnrcqaeT 06pa3o-
BaHhe Ha noBepxHocrh cnltot!Horo cnot Hl4TpHAHbtx sa3 Ha
paHHtlx cTaA 9x npoqecca. llpl4 sToM 3Heprqr oHoB He
nptlBoAl,1r K 'pacnbtneHl|o" MaTepfiarla noBepxHocTh u npaK-
T qecKu He yxyqulaet \hcroTy nonlnpoBaHHot noaepxiloct 1,1.

TaK, napaMerp uepoxoBarocrr4 Ha roToBbtx t43Aen qx co-
cTaB,rreT: Ha roroBKax - 0,03-0,04 MKM, Ha HOX(aX -0,08-0,1 MKM, qro coorBercrByer ycraHoBneHHb[!1 Tpe6o-
BaHl4rM. B pe3ynbTaTe a3oT|,lpoBaHfi9 Ha u3Aenhrx 06pa3y-
ercr y rpoL]HeHHb i noBepxHocrHbtt cfloi. coctoFull,li t43

cnor Hr,lTpqAoB T TaHa cocTaBa oTTi2N AoTiN fi noAnoBepx-
HOCTHOTO CnOt TBepArrtX paCTBOpOB a3OTa B Cr- X 9-Sa3aX 06-
u.{ei rny6riHoi He MeHee 50 

^,tKtv. 
MrlKporBepAocTb noBepx-

HOCTl,l COCTaBnteT He MeHee 6000 Mna.
l,43Aen q, q3foToBneHHbte flo pa3pa6oraHHbtM TexHoIo-

rtlq[.4 (pr1c.4), ycneLuHo npou]I14 llhKn TexHl4!]eckhx l.4cnhtTa-
Hhi, KBanqShKaqhoHHUe !lcnbtraHhr no lS O 7206-4, u.itt\Ht/,-
gecKhe !lcnbrTaH4t h BHeApeHbt I cep troe npofi3BoAcTBo.
3a ce[4l4nerHl4fr nep oA oKcnnyaraqrlrl He 3aperl4crpt4poBa-
HO Hl,1 OAHOTO C]]ygaq OTKa3a OHAOnpOTe3OB.
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