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flpoaua.rrn:upoBaHa reKcryptrpoBaHHocrb 6opugHsIx, HIrrptIAHbtx [I cI{JlL{qltAHbIx rIJteHoK rlepexoAHblx

MeraJrJroB, rronyqeHHbrx pa3HbrMrr MeroAaMri I{oHHoro oca)KAeHfiq. YcraHosreHo, vro QoptrlltpoBaulle
TeKcryp B rrJreHKax o6ycnonleno B nepByro oqepeAl eHeprueri KoHAeHcupyeMblx aroMoB, crpyKTypHbIM

cocrorHr,teM noAJrox<Klt r.r reMfieparypofi HanrrleH[q. BbtxnreHbl opl{eHTaL(}toHHble coorHolrreHI4t Me>rqy

peurerKaMrr noAJIo>KeK I.I Hapacrarctqrax Qa:.

BBEUEHI,IE

fl;reHxu 6opugoe, HVTpLrloB L{ cLIJTIII-pIAoB nepe-
ro;IHbrx MeTaJIJIOB BbI3bIBaIOT IIOBbIITIeHHIIft nurepec
drarogapr ptAy rlx IIeHHbIx MexaHl,IrrecKzx Ia Su:uxo-
sDrrrqecKrrx cBofisrB [I-12]. ]rr.r csoftsrtsa cyu{ecrBeH-
EO 3aBrrctT oT srerleHn crpyKTypHoro coBepneHsfBa
rL'reHoK. B TOM qI{CJre OT CTe[eHI{ COBepIXeHCTBa QOp-
urrpveMr,rx reKcryp pocra. B tl3l, ucxoAs Ir3 aHaJIIr-
3:r rroqBJreHl4q [peI4Myu{ecTBeHHOR OpUeHTUpOBKIT
riprrcrarrJrllKoB HapacranilIrlx TIJIeHoK $a: nHegpe-
HIlJr. cAenaH BbrBoA o roM, rrro onpeAerqloruyrc porb
B o6pa3oBaHl,Iu reKcryp Irrpaer paluaqrloHnbllr

Qaxrop.
B naruux pa6orax |l4-l9l u3ytrarocb BJruflHile

leSeKTHoft crpyKTypbl Ha[bIJIseMbIx nJIeHoK Ha I,Ix
cBoricrBa. OqHaro cocroqH[e reKcrypl{poBaHHocr[
rl're HoK He paccMarplrBaJlocb.

Ile;rs gaunoft pa6orrt - uccJreAoBaHIIe reKcryp

Focra. Koropbre $opruIapyrcTcq B nreHKax 6opngoe,
ErrTprrAoB LI CITJIITqLTAOB nepeXOAHbIX MeTaJIJIOB, IIO-
.r\A{CHHbIX PA3HbIMI,I METOAAMI{ ITOHHOfO OCilKAEHII'.

3 KCIIEPI4M EHTAJIb HA' TIACTb

.].ra noryveHnq [reHoK Inc[oJIb3oBaJILI cJreAyrc-
rnfie IteToAbI I{oHHofo oca)KleHuq:

- rroHHo-nJIa3MeHHoe pac[bIJIeHI,Ie (]IrIP);
- BbrcoKoqagToTHoe peaKTr4BHoe rr HepeaKTItBHoe

vafirerpoHHoe pacnblrleurae (BTIPMP, B[{HPMP);
- rroHHyn uMrJlaHTaquro (lI[),
- KoH,qeHcaqurc u noHHyro 6ou6apgupoery (KIIE).

MrrurenqN{n cJIy)KI4JIIT AItcKIt VBz, 7t82, CrSi2, TaB2,
[3roToBJIeHHbIe U3 [OpOIXKa XrrMI4r{eCKIlX COeAI{He-
Hnrr rueroAoM c[eKaHut, Ir rlJlacrrrHru Ti. Pearrrae-
Hbr\r ra3oM 6blr a3or, a pa6ovuu - aproH. B raqe-

crBe floAJlo>rex 6stlr.r B3srbl MouoKplrcrannst (111),
(100) Si, (100) NaCl, a raKxe rorII{KpIrcraJIJrIrqecKI4e
nJracrnHKII Ta, Ti, Mo, Ni, W tt Cr. 3.

Crpyxrypy, reKcrypy, Qaronslfi u eleuenrntrli
cocTaB Hapaql{BaeMblx nJIeHoK LrccJIeAoBzuIIr MeTo-
AoM penrrenoscroft gn$parqnu ([POH-4), erex-
rpounoft MrrKpocKonnu (Y3MB-100 AK) LI Bropuq-
nofi uonnoii Macc-creKTpocKonuu (MC-7201).

PE3yJIbTATbI pI l{X OBCy)KIEHI4E

Pe:yrrrarrl llccJleAoBauuli cnegenrt n ra6luqy, e
xoropofi orMeqeHbr JII{IrI; ocHoBnr,te Qa:u, o6pa:y-
eMbre rlpr4 HanbIJIeHIIIT TIJIeHOK Lr rpaHl'r{aqlle c rIoA-
loxxofi. ,flaHuue cBlrAereJlbcrByror o roM, tITo

Kpr.rcraJrJrrrrbr HapaqllBaeMbtx Qas nueror onpeAe-
JreHHyro crerreHb npeIIMyIqecrBeHHopI opIreHTIrpoB-
Kr.r, Koropas He 3aBI,IcrIT or MaTepIraJIa IoAJIo)KKLI
(oco6enno B MeroAe KIIE), Ho Ha Koropyrc cyqe-
CTBeHHO BrI{qeT KpUCTaIT[qecKoe cocTotHlre rIoA-
JroxKrr Ir ee reM[eparypa. B qacrnocu{, c noBbIIIre-
HrreM crpyKTypHofo coBepIIIeHcrBa nOAJIO)KKI,I u ee
TeM[eparypu (go uexoropofi Kpnrl,IqecKofi, ua:sl-
eaeN{or? 3rrI{TaKcIlaJIrHoIi) sa6lroAaerct noBbIIrIe-
Hr.re Kpr.rcTaJrJllrqecKoro coBeplxeHcTBa Hapaql4Bae -

Mbrx rrJreHox (Qa:): B BI{Ae [oJIIrKpIrcraJIJIa co cJra-
6ofi rercrypola, nonnrpllcraJlJla c coeepureuHott
rexcrypou fi MoHoKpHcrarJIa (conepxaulero [Bot4-
:nrrKtr r^ Apyrlre ge$exru).

MonorpucraJIJII{qecKLIe Ia cItJIbHo reKcrypupo-
BaHHbre n;reuxH o6pa3yrcTct (puc. l) Ha MoHoKprrcraJl-
Jrt{qecKrrx [oAJIOx(KaX KpeMHLrt Ir KaMeHHOLT COIII
npra He6olsrrroM HecoorBercrBlrrr co[pflraeMblx pe-
rrreroK (r npegerax 3.4-ll.lVo) II TeMrleparypax Hanbl-
JreHr{s 30o_600oc, KorAa MaKcI{MzuIF'Ho srII,ITaKcuuuIb-
Hoe Brr,rqHue roAJIox(KLI (uerogrt KI4E, I,I|IP). llpu



Pex<lruu Hanr,rJreHrrr, $a:onrtfi cograB I{ TeKcrypt't B rIJIeHKax

Pexr.rurr HarrbrJreHI{t

W = 2O0 Br, U = 300 B, 1 = 0.3 A,
p = 0.15-,0.65 fla, U.", = -100=0 B, / = 20-100"C

Ar + N2, W = 2ff)4(frBr, U= 300 B, I = 0.4A, p = 0.4 |Ia,
U., = -50-50 B, t =20"C

Ar + N2, W = 2OO Br, U = 400 B, 1 = O.4 A, p = 0.3 [la, U "* = -{$_Q fi , 1 =

U = 3OO B, 1= 80 A, p = 0.4 fla, t = 40(H00"C

Ha ra:osol.{ pa3ptAe U = 400 B. 1 = 0.5 A; Ha rr,tnurenu U = l-3 rB,
1 = 60 r'aA; Ha ro,[JloxKe U = 20 rB. 1 = 8-15 uA,
ro3a r.roHoB 5-300 x 1016 uon/cr',r2, t = 20-200"C

W = 3OOBI. U =3-5 rB, I = l-3A, p = 0.1-0.5 fla, r= 150-300oC

406 I,I|HATEHKO r{ Ap.

MeroA
HAIIbIJICHI,I '

BI{HPMP

BLIPMP
KI4E
vlt4

I,IfIP

STOM BbrrBJreHbr CJrelyrcque oprreHTaul{oHHble co-
OTHOIIIEHI4g:

(111)  Si  l l  (001)VB2,  (111)Si  l l  (100)ZrBrz,

(111 )S i  l l ( 100 )  Z rB2 ,  (111 )S i  l l ( 001 )TaB2 ,
(111 )S i  l l  ( 111 )  r iN ,  (111 )s i  l l  ( 100 )Crs i ,

(111 )S i  l l  ( 110 )  N is i2 ,  (111 )s i  l l ( 100 )s i3N4
(100)NaCl l l  (110)V2N, (100)NaCl l l  (001) ZrB2,

(100)NaCl l l  (001)VB2, (01l)NaCl l l  (11l)TiN,

(100)NaCl l l  (001) TaB2, (100)NaCl l l  (110)Si3N1.

3ru coorno[reHltfl cBllAerenbcrBytor o 6o-r surolr
poJrr{ crpyKTypHofo cocToqHnq nOAJIO)KKII It re\lnepa-
rypbr HanbrJreHuq B flpouecc:x rexcrypooSpa]oB:lHtu{
HaparqrrBaeMbrx rrJreHoK. CnmxeHue srpvKT\pHoro co-
BeprxeHcrBa [oAJrox(Krr rrJrrr ee reMrreparvpbr npIIBo-
ArrT K yMeHb[reHlrK) cTe[eHIr coBeprxe HsrBa Te Kc-I-\'p bI
B [JreHKe. 3ro lrr;rrccrpr.rpyer pr.rc. 2. Ha KoropoM
noKa3aHo ocra6nenue re KcrypnpoBaHHocrlI tr-'Ie H KI{
NiSi2 npu ylaJreHllu reMrleparvpbl rIol.-Io,KXII or
s[rrraKcrraJrsHofi (- 450"C). IrI:r'.reHeHIre re \{nepary-
pbl HaIIbIJIeHUT{ U Kp[cTaJIJrrrqeCKOf o cOBepUe HCTBa
rroAJro>KKr.r BeAeT K u3MeHeHlrlo nepecblrueHnc \laTe-
puHcxoft sa:sr rr, KaK cJleAcrBrre. K rr3\reHeHIK) \re-

Texcrypa

vBz
ZrB2

TaB2

VN

TiN

w2N, Ti.N

NijTi. TiN. NirN

Ta2N. Ti,N

Mo2N. TirN

TiN

si3N1,  T i .N.  T i - {s i :

s i3Nl

CrSi2

Nisi2

(m l )
(rf[)())
(001)

( r  l 0 )
( l  l 1 )

( o l 1 ) ' k

( l l 0 )

( l m )
( 1 1 0 )

f lp r l r r levauue.W-noquocrbpa3prga,U-uanprxeu l re ,  1 - rox ,p-AaBreHI repa6overorara , [ / . * -cMeu leHl {eHanof . ' Ioxxe . / -
TeMflepaTypa pacllbureHr4q.
* Cra6aq.

Puc. l. MnrposJreKrpoHorpaNrMbr nJreHKrr (010) CrSi2, no,ry.teHnofi MeroAoM I,I[P (a), It nJIe]IKn (010) ZrB.. r(r-r\ rreHH'-ti \tc-
'rolornr B9HPMP (6).
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TEKCTYPA IIJIEHOK BOPI,IAOB, HIITP},IAOB 14 CI4NI4I-II'IAOB

Puc. 2. Mnrpo3reKTpoHorpaMMbr nleHKr{ (1 10) NiSi2, noryveHuofi MeroAoM HfIP npu reMreparypax 150 (a) tr 400'C (6).
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xaHrr3Ma HapacraH[q $a:. IIpn sroM B rlpoqecce Ha-
pacraHllr rrJreHoK Ha rpaHlrqe TIJIeHKa/IOAJIO)KKa
BO3HITKaIOT 3HaqIITeJrF,HbIe, qanle BCerO, cxlrMalo-
ulrre MaKpoHalpt)KeHl{q, BbI3bIBaIOq[e CMeIqeHLIe
guSparqnoHHbrx Jrr{Hl,rfi e cropoHy rr.reHturux 6per-
roBcKrrx yfJroB KaK MaTepI{aJIa rIoAJro>KeK, TaK Ir Ha-
paqrrBaeMbrx Qaa (puc. 3). 3rra nanpa)KeHl,Is cy-
UIecTBeHHO CHr{)KarOT a[fe3UIO [JreHOK Ha IOAJIOX-
Kax. Cuerqeuue rv}Jkrfr MHHITMaJIbHO B cryqae
rrolJroxeK ro.rrs$paua r1 TaHTaJIa, KpIrcraJIJIl{qecKue
pelxeTKrr KoTopbIX I{MeIOT Or{eHb BbICOKI{e 3HaqeHI{q
3Heprrru cBg3I,I.

flouulao geftcrnut 3rrr.rraKclnaJlbHoro Saxropa
TeKcrypa B [JreHKe Mo)Ker 6strs estteaHa geiicranent
TepMopaAr4aqrroHHoro Qarropa [13]. Hau6orlee 3a-
MerHo sro npotrBrflercs. B Merogax KIIE u Bt{HP-
MP (eneprrr I4oHoB B KoropoM n 3 pa:a 6oJItute,
IIeM B MeTOAE BTIPMP VD U E N,{EHNUIEIi CTETIEHII B
MeroA:x I4|TP u BTIPMP. B "qrsroM" nrge eror Qax-
TOp npoqBrseTcfl, rrpv r4crroJlb3oBaHlru IloJlltKpvcran-
Jrr{qecKrrx noAJro)KeK. B pe:ynlra're qeficrnnq 3Toro

Sarropa B rJreHKax Qopuupytorct HaHoKpIrcraJIJII{-
qecKne $a:rr co crol6.rarol? crpyxrypofi.

Hanpnuep, B Meroge Br{HPMP Ha Cr. 3 npu uc-
IIOJIb3OBaHrrrr MrrrrreHr{ TaB2 rpncraJrJllrrbl Hapacraro-
rqefi Sasrr TaB2 Sopuupyrorcq B BrrAe BoJIoKoH AIIa-
MerpoM 5-10 Hrrr r ssrcorol? 200-600 HM, pacnoJlo-
xeHHbIx [ep[eHAl4KyrqpHo noBepxHocTl{ rIoAJIo)KKrr
B HanpaBJrenulr [001] (pnc. 3), cBrrAereJlbcrByq o
6orsmofi cKopocrll pocra :apoquureli napacraroulez

Sa:sr B yKa3aHHoM Ha[paBJreHulr. llpn 3ToM, KaK rlo-
Ka3aJr 3JIeMe HTHbr fr. anta]truz IIo roJI lIII4He IIJI eHKI{, aro-
Mbr rrrTaHa rr a3ora fipr4cyrcrByrcT rlpt{MepHo B paB-
HbIX KOJIHqECTBAX.

Bo:nr.rxnoeenue crol6.{aroli crpyKTypbl, Ha Harrl
B3rIqA, CBq3aHO C HanpaBJreHIIeM OTBOAa renJra IIJII{
IOTOKa KOHAeHCIIpyeMbIX aTOMOB I{3 3OHLI peaKqI'I-
oHuorZ gnQQy:z[ s6 nuzv noBepxHocru [oAJIo)KKt{.

Ecrn nanpaBJleHne sroro rloroKa HopMaJIr'Ho K no-
BepxHogfl [oAJIoxKLI. ro sanOo,ree pe3Ko rIoBbIIIraer-
cs nepecbrrueHl{e MarepnHcxoft Qaeur quSSyHAIIpyrc-

rrlr.rM KoM[oHeHToM, qro co3Aae'r 6laronpulrHble
ycJroBrffr AJI' peaJln3al{[Ir HOpMUUIbHOTO MeXaHIt3Ma
pocra rrJreHoK u Qopvupo Banus flpeltMylqecrBe HHo
cron6.raroft crpyKrypbl Hapacraloqrax Sa:. B cly-
IIAE MOHOKPUCTAIIHI{ECKI,IX TIOAJIO)KEK TEKCTYPA B

rrJreHKe Mo)Ker Qoptr,tllporarbcq KaK :a cver geil-

crBrrfl TepMopaAIlarIIIoHHoro $arropa, TaK lr BcJIeA-
crBrre 3 [I{TaKcLIaJI bHof o Blrlrsnv:s no[ JI o)KKIr. B sarr-
uogeficrnne arzx SaxropoB Mo)Ker rIpIrBolI,ITb K
ycureHnrc n:ru oc.rra6reHl{rc pe3yJturupyrouretl rer-
cTypbr rrJrlr K ee ycJIoxHeHI{to.

B cnyvae nJIeHoK, rloJlyr{aeMblx c rIoMo[IbIo Me-
rogaVlZ, o6pa:oeaHut reKcryp B nJIeHKax [paKTLI-
qecKlr He na6lroqaeTcq, qTo, flo HaueMy MHeHITIO,
cBs3aHo c flpoqeccaMll I{HTeHCI{BHOTO BHeApeHLIq B
rroAJroxKy I{oHoB TIITaHa Ir a3oTa LI UX [OCJIeAyOqe-
ro finepeMerrrvBanns. 6narogapx lrx ssrcorofr cKoposru
ocilKAeHr.rt u TIoABIIx(Hocru. B raKrrx ycnoBl,Iqx Ha-
rrbrJreHrnr o6a Saxropa (repuopaluaqnoHHrtft lr 3rlrl-
TAKCI'IAJIbHbU1) CACgCHU K MIIHITMYMY, qTO II NPI'BOAIIT

x o6pa:oeauulo B Hapaql{BaeMblx [JIeHKax lruoroQa:-
Hbrx MeJTKoAI{c[epcHbIx I{ HereKcrypuponaHHttx (uuo-

rqa auopQHo-KplrcraJlJll{vecrux) crpyKTyp, cogepxa-
rqux onpeAeJreHHoe KoJII{qecrBo geQexron.

Cau laerog pacflbuleHuq Moxer oKa3blBarb 3Ha-
r{IITeJIbHoe BJII,I{HI,Ie He roJIbKo Ha Qa:onttri cocran,
Ho r{ Ha cTpyKTypHoe coBeplxeHcTBo HapaqlrBae-
uux $a:. 3ro noAreepx(naercq, B rlacrHocrrl, cpaB-
Hr.rreJIbHbIM aHaJIII3OM nJIeHOK, [OryqeHHbIX MerO-

aawukll4 u KI,IE Ha oAI{HaKoBbIX noAJro)KKax LI c nc-
noJrr,3oBaHuena ogHoti u roti )Ke MLtIIeHH (rnraHa).
Kax lr:eecruo [4], srlr MeroAbI orJll{qalorcq gHeprfi-

eri (Ha nopagox) I{ rlJlorHocrblo noroKa LIoHoB a3ora
r.r rr,rraHa, a raKxe reMneparypoft Ha[buleulrx. flpn
HapaunBaHr4r4 nJIeHoK MeroAoM I4Yl cnnsr,oe BHeA-

2{W

(1 l  l )  (003)(1 r0)

HEOPIAHI4IIECKI,IE MATEPI4AJIbI ror'r 43 J\& 4



408

20. rpag

Puc. 3.,fluSpar:rorpaMMbl TIJIeHKII TaB2, noJl]' leHlroii

MeroIIoM Bt{HPMP (a), u nneurtl TiN, nolyueuuotl lte-
'rolorrr BHPMP (6); raurrpuxoBaHHL'Ie nI'{KI{ orHocrrct K

MaccIIBHt IM o6pa:qarrl rex xe Qas.

peHrre rroHoB B IOAJIOXKy Lr 'rX IIHTeHCI{BHOe [epe-

MerrrrIBaHlre co3AaeT HepaBHoBecHoe cocToqHI'{e,

oco6enno npu 6olsurlrx Ao3ax ltoHHoro o6ryqeHilr.

PapnpeAereHlae aroMoB TlrraHa r{ a3ora no ToJIUIITHe

I4IHATEHKO II Ap.

nJIeHKIr, KaK [oKa3aJI gJIeMeHTHI'Iii aHaJII{3, oKa3bl-
Baercr HeoAHopogHslu. Bce 3To u BeAer r o6pa:ona-
Hr{ro B HapaqlrBaeM[,Ix rIJIeHKax uHoroQa3HbIX He-

TeKcryprapoBaHHblx crpyKTyp c clrlsnoll aAresuefr
na uogtro>xre. llpra [cnoJIb3oBaHIrIr )Ke laerona KI4E
B OCHOBHOM npOTeKaIOT rlpoqeccbl KoH,qeHcaqrr[I, rI

rureHKrr oKa3bIBaIOTCt CITJTbHO TeKCrypnpoBaHHbIMI{ I{

oquo$a:nslMlr, COCTOqIqI'ML He3aBIrCrrMo oT MaTepua-
Jra noAJro)KKI{ ToJrbKo u3 HlrrpnAa ruralra TiN.

Ha rr.rn reKcrypbl u crerleHb ee coBeprxeHcrBa cy-
IIIeCTBeHHO B,IrIdseT pe)KI'IM ToIo IIJIII LIHOTO MeTOAa
pacnF,rJreHr{x. Hanpuuep, B TIJIeHKaX, noJIyr{eHHbIx
MeroAoM BqHPMP ilpl.t AaBJIeHuu pa6overo ra3a
-0.4 lla u roBblrreHltlr MourHocur or 200 lo 500 Br,

Ha HapyxHoii nonepxuocrn crol6'{aroft crpyKTypbl
Bo3nuKaer cJlolrcrat crpyKTypa (c vepegonaHlreM
MeTaIIIlIqeCKIIX II H9MeTaJIJIIIqeCKIIX aTOMOB C CIIJII'-

nori roeareHTHO-MeTaJIrU'IeCxOft CeX:lro), Koropat
noJrHocrblo 3aMeHter c'rol6varyro crpyKTypy, ecJIrI
BMeCTO [OJIO)KnTeJrbHoro cMeqeHl{t Ha IOAJIO)KKe
lpr{Jrox(I{Tb orplrl(areJlbnoe (cnurue -50 B). Orplt-
rIaTeJIbHOe CMeU{eHIre 3aTopMilKI4BaeT ABIIXeHITe
oTpr.rqaTeJlbHblx IroHoB B HanpaBJreHrrlr K noAJIOXKe
rr TeM CaMbIM CyIqecTBeHHO CHpI)Kaer rlepecbluleHl{e.
IIpu erou B [JIeHKe [paKTLIqecKr{ Hcqe3aror MaKpo-
Hanp{xeHr{fl Ir oHa [potlHo cqeilIqeTcs c noAJIo)K-
roft. B cnousrorl crpyKType KpIrsraJIJII4rbI MoI-)"r pac-

fioflafaTbcq KaK xaoTltqHo, TaK Ir c npellMylqecTBeH-
Hofi opneHrupoexofi B rIJIocKocrIl, fiapanJlelsnofi
fioBepxHocrll rIoAJIo)KKlr. fia>xe B [JIeHKax, fionyqeH-
Hbrx MeroAou I4I4, rtpn 3Haq[TeJIbHoM IroBbIIrIeHrII{
HanpnKeHuq n AaBreHI4q pa6ouero ra3a Mo)KHo co-
:gars cra6oreKsrypl4poBaHlryrc crpyKTypy.

IrIr esrmensJlo>KeHHoro cJleAyer, qro cyqecrBeH-
unu'.r QarropoM B $oprtanponaHl{I4 TeKcryp B Hapaqu-
BaeMbIx rIJreHKax B KoHeqHoM cr{eTe qBrfleTcq SHep-
rll KoHneHc[pytoqnxcq aToMoB, nocKoJlbKy oHa B
3Haqr{TeJrbHofi rr.lepe npelo[peAerqer I\{exaHII3M Ha-
pacraHuq rIJIeHoK. 3ro uo>rno npol{JrJrrocrpnpoBqlb
Ha [pl{Mepe nJIeHoK, floryrraeMblx MeroAoM B{{HP-
MP. B cryr{ae 

"xoJloAHblx" KoHAeHcupveMblx aro-
uon (corlacHo MoleJIIrpoBaHIrrc c aHeprlrell 1-3 eB,
6ilasxofi K Te[JIoBoIi 3Heprl{ll arouoe pa6oqero ra-
3a, T.e. coorBercrByloqeu KoMHarHoIr reMnepaTy-
pe) nocregnue o6la,qator Manoli noABnxHocrbto I{

I{Meror 6om,urue flepecr,ruleHnx. o6ycloBJII{BiuI [pe-
rrMyulecrBeHHo HopMzrJI sn sl fr ne xaun3M pocra nJreHKIr.
B pe:yrsrare co3Aalorctt 6laronplrrnr bl e vcJIoBIrtr [JIfl

Sopruuponannq gror6.Iarblx srpyKT-yp. Koropble ll3-3a
3HaqIITeJIbHt IX C)KI'IMaIOUITX HanpffKeHUH OKa3bIBa-
rorcq cra6o cBq3aHHbIMu c rIoAJIo)KKolr. ffpu yBerl'Iqe-
Hnr.r AoJrrr 

"ropflr{nx" aroMoB (c aHeprneu. 6rtlsxofi r
renrosoll sHeprl{t{ $opullpver'lr'tx $a:. T.e. coor-
BeTcTByroruefi rerr.rneparype Itx [JIABJreHtrq). o6ra-

[arounx 6olee BbIcoKoIi TIoABH)KHocrbIo B agcop6-
qrroHHoM cJroe H MeHbIIIIIM rlepecbluleHueu, o6ecne-
qnBaercr cMeIuaHHbI fi ( Hopr*la,r su stlr lt [ocJlofr HbIft )
MexaHrr3M pocra nreHKII. Haroseq. ecJII{ AoJIs 

"ropfl-

.lllx" arorr,roB npeBbllrraer 50c/r . To IIo[Br{)KHocTb Ta-

30405060
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TEKCTYPA NJIEHOK EOPI4trOB.

Krrx aroMoB craHoBlrrcfl sstcoxofi, rar ra graQ$y3lroH-
Hbre flpoqeccbr B nJrocKocTrr, [apaJrrerbHon rroBepx-
HOCTII nOAJIO)KKII, r{TO BeAeT K 3aMeTHOMy CH[)KeHrIrO
[rlepecbrrrleHsl u, KaK cJreAcTBr.re, K rrpel{MyrqecTBeHHo
nocJroriHoMy MexaHr43My HapacraHr.rr rrJreHKrr.

3AKJIOt{EHI4E

lkesxu HrrrprrgoB, 6opugon x cLIJII{IIIIAoB Ha oc-
HOBe rrepexoAHbrx MeTaJIJIoB, [oIyqeHHbIX pa3HbIMIr
MeTOAaMrr r{oHHofo oca)KleHr.rq, rrMeIoT He ToJrbKo
HaHoKprrcrarr[qecKyro crpyKTypy, Ho u tuoryr o6-
JraAaTb pa:rnvuou crerleHblo TeKcTypIrpoBaHHocTLI
KAK 3A CqET SNI,ITAKCI4AJIbHOTO BJIItflHIlIfl IIOtrJIO)KKI4,

TaK r4 BcJreAcrBr{e repMopal[aquoHHoro Saxropa.
Peryrupya pe)Kr{Mbr rroHHoro ocaxneHuq, Mo)KHo

MrrHr.rMr{3rrpoBarb o6pa:onanue reKcryp B Haflburqe-
Mbrx rrJreHKax rn6o MaKcIaMaJIbHo pa3BLITb 6raro-
[pr.rqrHy]o reKcrypy. flrtenxu, [oryqeHHble Mero-
govtVIVI, KaK npaBrrJro, He co[ep)<ar reKcryp.

CILICOK JIIITEPATYPbI
l. Andpueacrcuu P.A. Cltrreg u ceoficrna [neHoK BHeA-

pewutllYcnexu xurwLtrr. l99l .T.66. Nb 1. C.51J6.

2. Illmaucrcurt n.8., KyLtunuv C.A., "Ueeawoe E.A.,
More J.J . Oco6eHHocrra crpyKTypbr ra $n:raxo-uexaura-
rrecKr{x csoricrs HaHocrpyKTypHL'rx roHKr.rx nreHox //
oTT. 2003. T. 45. Nb 6. C. l r22-rr29.

3. Pierson J.F., Belmonte 7., Michel H. Low Temperature
Growth Mechanism of Zirconium Diboride Films Synthe-
sised in Flowing Microwave Ar-BCl3 Post-discharges //
Surf. Coat. Techn. 1999. V. l16-119. P. 1049-10-54.

4. Mayrhofer P.H., Kunc F., Musil J., Mitterer C. A Com-
parative Study on Reactive and Non-Reactive Unbalanced
Magnetron Sputter Deposition of TiN Coatings ll Thin
Sol id  F i lms.  2f f i2 .V.415.  P.  151-159.

5. Tnuen4oa A.H.,Ilwucun [O.il., Kopomaee A.[,. u dp.
Blr.rxulre reMfleparypbr Ha 3aKoHoMepHocrrr crpyK-
rypno-Saaonofi uogn$uxarlr4r,r roBepxnoqru uoan6-
AeHa trpr{ r{MrrnaHTarlrru rroHoB qrrpKoHr,rr n azota ll
oMM.  1997 .T .83 .Nb2 .  C .  109 -115 .

6. Nie H.B.,XuS.Y.,Wang S.J. etal. Structural andElectri-
cal Properties of Tantalum Nitride Films Fabricated by Us-
ing Reactive Radio-Frequency Magnetron Sputtenng //
Appl. Phys. A.2001. V. 73. P. 229-236.

7 . C heru G.5., Lee P .Y., C hern S.T. Phase Formation Behavior
and Diffusion Barrier Property of Reactively Sputtered
Tantalum-Based Thin Films Used in Semiconductor Met-

Hr,rTPr4AOB Vr CrAIrr4UI,I[OB 409

allization ll Thin Solid Filrns. 1999. V.353. Jllb 1-2.
P.264-273.

8. Bacunuee A.f ., 3axapoe ,t(,.H., Jlededea O.I'L u dp.
Qoprr,rnponaHlle roHKltx TIJIeHoK TiN laerogoM peaK-
TrrBHoro MarHerpoHHoro ocaxAeHnr // M[rposnex-
rpoHrrKa. 1996. T. 25. J\b 1. C.354-362.

9. I.Ieenea B.M. KounaKTHL'Ie rtreHoqnr,Ie HaHocrpyK-
Typbr: crpyKTypHblti acnerr npo6leurt // Xaprron-
cKar Hayq. accaNr6neq ISTFE-15. 2$2. C.82*96.

lO. Shaginyan L.R., Misina M., Zemek J. er a/. Composition,
Structure, Microhardness and Residual Stress of W-Ti-N
Films Deposited by Reactive Magnetron Sputtering /i
Thin Solid Films. 2002. V. 408. P. 136-141.

ll. Kopomaee A.n,., Oe.ruuuurcoe C.8., Tnuent4ee A.H. u
dp. O nruaHtrlt ycloeufi uouuoti LtMnnaHTaIII{u Ha IIpl.I-
poAy crpyKTypHo-Sasonoro cocrotnl{t t4oHHo-Jlenlpo-
BaHHoro croq B MeraJIJIax I4 cnrlaBax // flonepxnocru.
PeHrrenoncrlte, cl,IHxporpoHHble lr HetitpoHnue uc-
crretroBaHr{r. 2004. Nb l. C.46-55.

12. Audpeee A.A., Illy'taee 8.M., lpuzopuee C.H. Ocax4e-
nue PVD-r'reroAaMLr HaxogrpyKTypHblx norputrutt c est-
coKrrMr4 MexaH[qecKIrMIr napaMerpar'.rn // Marep. Mex-
AyHap. rcon$. OTTOM-6. Xaprron, 2fi)5. C. | 44-153.

13. CoSonu O.B. Btrwsm{e paAnaqrouuoro $arropa Ha

Soprnrr.rponauue crpyKT)?bl tl HanpDKeHHoro cogrot-
Hlrr rroHHo-[Jra3MeHHbIx KoHAeHcaroB // Marep. Mex-
AyHap. xoHS. OTTOM-6. Xapr'ron, 2005. C. 209112.

14. Azuameurco II.LI., Tepnuir !,.H., Ilemyxoa 8.8., fou'
4apo6 A.A. BruqHlre pex<I{Ma BY-varuerpoHHoro
pac[F,rJreHrrr MI,IureHI4 vB2 na cocTaB LI crpyKTypy Ha-
rrbrJr{eMbrx rrrreHoK // Heopran. ua'replralrr. 2001.
T. 37. NU rO. C. l20r-12m.

15. I,Iznamenrco II.LI.. Knaxunn H.A., Eadercuu M.IO.
Crpyxrypa r.r csollqrsa ITJIeHoK HIrrpI4noB pa3rllqHblx
MeTaJIJIOB, rIOnyqeHHbIX MeToAoM IroHHoI4 ItM[]raHTa-

tluu llHeopraH. Marepniulbr.2005. T.41. NU 1.C.4M5.

16. I,Izuameurco II.A., fonuapoe A.A., Ilpu*tuu C.C.
Crpyrrypa n cnoftqrna roHKLIx noKpbnnfi Si3Na, Ni2Si //
Me'ranno$u3wKa tr Honefiurux rexHolorr.rn. 1998.
T. 20. Nb 6. C.10-13.

lJ. I,Izuameurco II.LI., Mysa M.A., louvapoe A.A.flrcs-
KI'I CPINI4IIIIAA CTSi2, NOIYIICHHbIC IIPU PACNbIJIEHI,II{
r'fl,rrueneri pa3Horo cocraBa // Heoprau. MarepI{aJIr,I.
1991.  T.27.  Nb 8.  C.  1628-1631.

18. I.Izuamenrco II.LI., Tepnurt !.H.,louuapoa A.A. Qa-
:osrrri cocraB [JIeHoK, [oryqeHHbtx B9-uanrerpoH-
HF,rM pacrrbrJreHl,IeM ZrB2 ll Heopran. Mareplranbl.
2003. T. 39. Ns 5. C. 560-565.

19. fouvapoe A.A., Ilemyxoa 8.8., Tepnurt !.H. u dp.
HaHocrpyrrypuie nnennr 6opragor Banailrrfl ll Heop-
raH. Marepr{aru. 2(X)5. T. 41. Nb 1 . C.799-802.

HEOPfAHI{TIECKI4E MATEPI4AJIbI rorra 43 Np 4 2OOj


