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MeTaJIJIOB paCnbIJIeHrIeM JTUTbIX KOMnO3[ITHbIX MnmeHeII

E. ,4. rrrrxaor, B. I. he6orcrcrfi, B. H. Moryaenrco

lloraaaxa ao3toxHocrb [3rotoBneHrt nlrux M]ruexel ns crntqrAoB ryronnaaKnx uorantog c
nouolqbro ileroAoB earyynxoi rerannyprxr. B raqecf,se npxilepa npelcraBneHbr pe3yrbraru
xccneAoaaHrn noryqeHxr xrugxgi , ToHr(rx nneHox AxctrnnqttAos oonuSpana n ronr6gena.
Pacnunexre npoxgBqAt,tnf, c noiloulbp ragepHoro ilcnapeHxt I rarHcrponHoro pacnunexln uruexe&
xs Axc$nrqrfioB, nonlH€HHHx rsroAor BH@roqacrotnof, 6eczrcnunoft nealraqrr x gnerrpoHxo-
nycsol gorxofi nneBtat B Baryyile. l4syreuu ycnoBlr o6ou arAoe pacnHneHxi, o6ecneqrsanqxe
Ha]rocoHxe Axcxnxq]|AHux nreHol( c orHocxTerbHo HhsKlfir yAerbHbrr gn€xrpoconpoTrBneH[eil.
Crpyrrypa roxrlrx nneHot< ,rccneAoBala ueroAaurt perTreHocrpyrrypnoro aHan[3a r oxe-
onerrponxoi cnerrpoo(onnl.

Brerenre

Cwungpr ryroruraBrl{x MeraruroB ncnoJrb3yrorcr B
KaqeclSe Mzn€prlaJra,u'Jrr HIaKope3[cTHBHf,D( IoHTaKIOB

u Mexco€.u,nHerurfi r unrpognexTpoHnu( rpu6opax.
O4ropa:uepuar npnpoaa uacrum6nporannr raKra(
rpndopoa o6ycnournaar narepanbHrJe n Beprr{r(anb-
mre xonQnryparsm cJroeB.,{ononrurrclrmu rpe6ora-
HIIeM K TztKuM rpu6opru mrnetcr ncxmo.rerure eQ$ex-
ToB MexcnoeBofi uexrpouurpaqrur, rrro flpegnonamer
r{cnoJlb3oBaur{€ rynonnaBruD( cunru{AoB. 3to glraqu-
TenBHo pacutrprer npeAcraBrleme o 6aprepuLD( c.nofrx
u roxonpoBoAttrtrD( coeAldrreuuf,x. O,qHro{ us Hau6oree
rracTo Hctlorb3yeMLlx MeroAoB noJD reHr{f, cr{nltruAHbD(
cnoeB tBJIreTct na3epHoe Ir MarHeTpoHHoe HamureHr{e
nneHKr{ qr{crom Mcrzuula Ha norepuocn Si c nrcnery-
rcIIIHM BhrcoxoneMflepalyprsrM noMoFeHr{3rrpyKrulr.rM
orxl{roM nonyveruofi fipyrcrypH. Alrrepnarunnuu
MeTOAOM TBJlf,eTCT MarHeTpOHHOe l'nn na3epnoe pac-

IIrueHHe crurrrqrr.qlrblx uumeneft, notyqenrrrx Mgro-
,{aMIr noporuxosofi lrnn aaryyuxofi ueraruyprnu. K
co)KaleHl{n, nopot[IcoBaf, TexHoJlorur ge o6ecneqtoaer
Ha.[IexauD/Io uroTHocTb cnpeccoBaHHono Marepr{aJla,
BcneAcrBfi€ qem npoHcxo.urr "par6yxanne" uuruerrt
npr{ Harp€Be B npoqecce MarHETpoHHoro pacnHreH[r.
C upyroilclopouht, floryrlexne MaccHBIIbIx clrl{Tr<oB cH-
NHU}IITOB TYNOTUI�TBKTD( METANNOB f,BII'ETCf; 3ATPYAHII.

TeJrbHhrM rnt-3a rroBElmennoft xpyruocrn crrJrrtrslAoB,
pacTp€cro|Bal|I|t IPr{ 3aTBepAeBaHHrr Il HeBo3Mo)l(IIocrrI
ux MexaHuqecrofi o6pa6orxn. I{cnolrsyr Mero,u
BhtcoKoqacrorHof, lerrrrarurr, HaM JAaJrocb fiorryrrarb
xe6ortnrue cmtrKlr cnJrr{rs{AoB, xrmnsecxfift cocraB
Korcplrx 6un rouorexerq a rrnoflrocrb - 6rrcrofi r
Teopsill.recttofi . CluecraerluM .[ocrouncrBoM Jrnrbrx
cruInqH,qoB rBJIreTcr HH3KOe COAepXaHtre r4tOBLrX
npnuecefi. flalrxefiurar npoqeAypa [3roroBJreHr{t
cnJrnr[lnrrD( MamsrpoHrilD( umrenefi rno6ono pa3M€,pa
orcBaJracb oftHocmercno npofiofi: uosauwsrc MurueHr{
rn6nparorcr lrs rurocKnr( cJrrrrxoB crurrugr4or. Baxy-
WHat neBnrat[toHnar nraBxa ll rnrf,e Mrueneft nosso-
rter Bf,rrrorHuTb ADa ocHoBHLrx rpe6orannr, npeAE B-
JrreMb[x K MaTHeTpoHHLIM MHrrreHrM Ir HaIIbIJI€rIHLilM
rrJIeHXaM: noryrreHne .q,rlcHnulIrAa 3aAaHHoro XHMH-
rrecKono cocraoa (axcrrrtru&g; n AocrrDrcnr{e sblcor<ofi
qrrcrorH. Tarq trs WSi2 6rurn urnoroBJreHbr cocraBnhre
Mr{meHr{ ArnaMerpou 152 MM Arrr MarHerporHoFo pac-
nrurerurr.,ll,nr narepuoft a6ruqulr ucnoJlx]oBarln npa*{o-
yFoJrbHHe cJmrKH .[rrcungqlrAon o6tevou 1,5 - 2 cu3.
3aAaqa xacronulero rlccneAomlrrrr oocrotra B lryqeHrur
BqlMo)KHOCTTi noJryqeHr{r ToHKr.D( IllrerroK ctexgoMsrpk
TT€CKID( ANCruUtr&AOE TYrcIUIABKI{X MCIANNOB IA3EPHbTM
r.r MarHeTpoHHbrM pacnhuleHr.IeM JrHThrx uumenef,
noJryqeHHbrx MeroraMu BhrcoKoqacrorHofi nesHTaIIHrr
r,r gJrercrpoHHo-.nyqesoft sorfiofi nnasxn.
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flonytexue maHKrix flnevoK cunu4udoe myeonfiaenux Memannoe pacnbnreHueM...

9ncnepx*rerr

llnenrs cunr{ruuoB HaHocrlnr{ rpeur cnoco6aux:
(1) na:epxuM xcnapexueM JIt{T6rx curuuu4oa, (2)
MaTHeTPOHHLTM pac[blneHrreM COCTaBHbTX Jrr{T6rX

MnrueHeft, (3) uaruerpoHnhrM co-pacnErJreHreM
MeranmqecKlm H r(peMuueBofi uuuresefi.

B raqecrse ncxoAHED( MarepuaroB,4rt [oryrreH{t
cntruqr{AoB r{cnoJrb3oBaHbl MeTaJIJIrI n rpeunufi
sElcortofi lrncrorbr (5N). Bncoxoqr{crgre ueraJsnr (W
Mo, Nb, T4 V Co,Nir4p.), [peAHa3HaqeHHhIe xaKA,rt
noJD reHut MarHeTpoHHErx JILrThrx Aacunl{qn,qHbrx
uuruenefi, Tar( r{ 4:tr co-pacnLrneHur Merarurqecrofi x
xpeuuuenoft unmeuefi , noJryqafft paQuuupoaaxueu
MsroroM gnelopoHHo-nyrerofi rur:tBKn c nnasaroqefi
gonof, a slrcoxoM Bar(ype [1]. Co.uepxame rpnaecefi
r<ornpoJrrrpoBaJrll MsroAaMu Rcxponofi cnerqpoMErprrr4
aKTr{BarIm 6ucrpuuu Heftrpoaaun ll arorasoft a6-
cop6run. Crrrru Heo6xoAuuofi Qopuu u pa3MepoB
[oryq:u[ c noMorqbxl raryyuuofi nr,rcoxogacrotnofi
neBr{Taqur{ [2]. Cyrr uemAa cocrolrr B no.ryeul{B:rurm
rBepAoFo o6pasqa B gnerqpoMarulrrrroM noJre H pac-
rrJmBneHIIIl eno HaB€AeHHhrME treKrprfi ecKllMr{ ToKaMr.{.

B crryvae nolyueHxr roHKlo( meuor MeroAoM aarepxoft
a6rrqnu Jrlrrhre MnrrreHu pa3MepoM 10xl5x5 uu
u$:a;pxrru c rroMosro BepAoreJrxoro Nd-nasepa c
soruofi 1,06 naxu, nrnyrrcnofi sxeprueft 0,8 AX r.r
qacrorofi 10 - 20 fq [3].Jlarepuoe rr,flrrro cocraBJlruro
2 - 3 uu B AuaMerpe. B xaqectse no.qJroxer Art
HaHeceHr{r rurenoK cr,rJrr,rr&AoB r,rcnoJrb3oBaJru Si(l 00),
Si( I 1 1 ), MgO, 7fr 2 u Al2O3. Teuneparypy roArroxer
rlriueutrrna lpmna3one 100 - 750'C; npeMr HarrBlrreHurr
5 - 20 urnr, rorqmra rurenox 15 -200 mr.

CocrasHl'Ie MHrueHu .4JUI Mamerporrnono pacnH-
JreHr{fi noroBrrlu Hs GloKos pa3MepoM 20 x 15 x 5 MM,
3ar<pen reHHbIx Ha MeAHoM ocHoBaHr{H ueo6xoAnroro
pa3Mepa. Hapuc. I u2 npeacraareHhr MarHerpouHrre
cocraBHhre Mr{rrreHu u3 Jrr{Tbrx WSi2 n MoSi2, coor-
BersrBeuHo. flocrcmxy r Hacroaqefi pa6ore s xarecrae
ocHosHoro o6b€rra rrr6parnr ruremu WSi2, npoue,qpa
r{x HeceH}rt H nx trccJreJloBaHr{e onncaHbr 6onee
no4po6uo. Marrerpounoe pac[brneune BK,rroqaflo
oqxcrrqy nurlrx uumeuefi r uoAtroxeK paclHneHrneM B
Ar. B upoqecce MarHerpoxnoro pacnu.ilenux WSi,
ffreHKn rrauocr{Jru rm rroArroxqcu Si(100) c roHKnM cfioeM
SiO2 (orolo 0,3 urrra). Furmrame rpoBeAenbr orrbrrbr
Iro HaHeceHrao cr{Jrur$Aa sa r<peurod 6er crcx SiO2.
flnenru floJryrlar14 pacllblnegtreM cocTttBHhlx JIuTbIx
uuurenefi B npoMlrrrrJremrofi ymanorxe Jlaga-35 nprl
[ocrotl{HoM Barg/yMe 2'102 tlt gr. cr. r{ MoulHocrr{
nocrosHnoro roKa 0,26 rBr [4, 5]. llapauenruo
nonyrail{ AHoI'IHULTALI pa3IErIHhIx MeTanJIoB coB-

MecrHbIM MarueryorusrM pacrrrnrer{EeM .f}4( ullruenef

Puc. 1. Cocrasnarr MarHerponrrarr Mr,luenb na.nrnoro WSi2. -
rroBar r,r orpa6oraana.a. .{,rauerp uraueneft 152 uu.

Puc.2. Cocrantarr MarnerpoxHar MxureHb us ruroro MoSi1.
flr.larrrerp nuurenu 76 uu.

(uerarunruecxn< u KpeMHlreBoft), 6narogapx veuy 6ruu
flonyseHhr Lr trccJleAoBaHhr crexuoMerpr{lrecKr{e .[u-
cu.rua+rmr Ti, Zr, Hi Y Nb, Ta, Mo, W, Co, Ni.

Heuocpegcreeruro nepeA HaHeceHr{eM nnexor WSi,
[oArroxKr.r oql'rtqanfi c lroMotrFK, ctaugaprnofi rrpoqe-
Ayphr rpaBnenrag. 3areu Hauocrfurr{ crofi uo.nn-Si
rorulnnoft 0,11 uxu, Hanbr;rtnu crofi cnnuquAa



E. A. Wmuuoe, B. f. Fnedoecxuil, B. H. Mornyeeuxo

ronuusofi 0,25 uxu (coruecruo co cnyrHlrxou) u
HaHoclrlrr{ €utroMr{Hl{eBylo loMuyrauno. Cnofi cruntuAa
noABepftrnu peaKTHBHOMy I{OHHOMy TPaBneHup H
rurrBMoxrrMrilrecxofi o6pa6orre. flepe4 KaxAEIM or-
xuroM KaMepy npoAyBaJM tlloroM Breqeulte I 0 ururyq
a omror(eHHHerroAJroxKlloxJla)KAan[| B a3ore fiepe.q ID(
yAaneHI{eM rn KaMepbI. TonuHua IUIeHoK cocraBrltta
200 - 250 tnr. 3relcrpocorponrurcrue nrrtx urnuenefi,
a rarorc npoBoAE@( cruud{l$Itlx Aoporcx H IoIITaKmB
x noru-Si, rcMepf,Jll{ rlerElpexroqerlHf,ilM MeroAoM.
PeurenoQa:r+rf, anamrs mtrbx o6parqor nurIoJIHt tr,r c
rroMoulbrc anQpalcrorrlerpa Siernens D-500 (ty = 25o,
Fe-07), a loramrrrfi penreuocnempanrrntfi aHarIH3
o6paruor trpoBoAl{nn c noMotrIblo JXA-5. Peaxqnr
Mex.ry naenxofi n nnactrHofi (noaloxrofi), a raKxe
pacflpeAeJleHr{e 3JreMeHToB l{3yq:rnH C nOMOIIIbK)
HoHHoFo pacrrrLJIeHLIt u oxe-SJlelcTponnofi cuelffpo-
cKonuu na npu6ope JAMP-I0S npu eneprrur nep-
Bnrrnoro r{oHHoro nyqxa l0 xeB nmre 5'10{A. Ilrnro
cneqr{alrbHo yBeJrHrrr{BaJII{ Ao Al{aMerpa 100 trlxu qnt

[peAoBpalqeHl{t HapyIIIeHufl xfiMl{qecKoro cocraBa
HCCJTe.TeMOFO Marepl{ana H rIoHHxeHI,If, IuoTHocTI,I
3JreKrporrHono tora. A;rr noruroro paclrhlrleHurl ttcrIoJIF-
3oB:rJrr{ nol$r I roB rpn necra6n IbHocrI{ I{oIIHof, nyurua
se 6onee l0Yo n nrarl,rctpe nol{Horc fiyqxa I 0 utrl. @aso-
nufi cocras nneuoK HccneAoBalrrr c rroMolrlrlo gu(DpaK-

ToMerpmectono rcoMIUIeKca D/max-RC Rigaktr n reouer-
pnu Eporra c ac[MMeTpIFIHbIM yrnoM uaAenut peHT-
reHoBcKrD( ryuen (CuK) 0,1 - 5o [3]. 3lerrponuo-
MI,tKp O GKOrrI{q e C KUe I{CCJIe.IOBaHII' BbIIOJIH'JII'I C

roMorrllro Mr{reocronos JSM-35S u Stereoscan 240. Kax
sreMeHTHbIfi cocraB, Tar H pacnpeAeneHue gJIeMeHToB
no nryfune rurenox WSi2 mlqrutofi 100 mr rporoarun
c noMorrlbrc o6parnoro peepQopuoac(oro paccetHut
HolroB renut c oueprneft 1,5 MeB.

Perynrrarrr n o6c)rycqexne

flocle orxl{ra roxKrtx ruIeHor( TyfoIuaBKID( Me-
TaJrJroB, HaHeceHl$rx B BaKyyMe MarHerpoHlthlM
MeroAoM Ha no,uroxrcl Si run Igervturx-m-canQnpe rIpt,r
650 - 700'C, rloryrreHH mHKue.qncrrnnqhAHble ruIeHKI{
cTexsoMeTpHqecKono cocfirBa, qTo IIoATBepx.{eHo oxe-
anerrpomrof, clreKTpocronnefi. Bnepaxe [oryqeuhr
cTexr{oMeTpr{qecK}re Ar{cru[rur.rAbr pr,qa ryronnaBKrD(
MeTilUTOB n H3MepeHO r{X yAenbHoe 9neKTpOCOIIpO-
TI{BneHne KaK Ha flIrTbIX MI{IIIeHfiX, TaK }I Ha nJIeHK,lx,
[onyqeHHLrx MarHeTpoHHbIM r{ na3epHblM pacnbr-

reHneM errD( MruueHefi (ta6n. l). Ynenrnoe oneKrpoco-
rrporlrBneHr{e rureHoK TiSi2, WSi2 nZrSi2 HecKoJlbxo
HrEKe yAenbHono 3neKrpocoqpoTHBIleHHt MaccI,lBHbIx
Jrr{rbrx o6pasuor. Yaenrsoe 3JIeKTpoco[porI{BJIeHIIe
Jilrrbrx uu[renefi WSi2 cocraarmo 50 rr,ffiOu'cM, qro

Ta6nrua I

VAeablroe gneKTpoconporHBJreHne (rvrOrrr'cu) AHcl,lr14ru.tAoB
TytonJlaBKnx MeT:ul.rloB

cyqecrBeHHo Hru(e BeJI[qsHbI AJIx MuIIIeHefi, npo-
r{3BeAeHHbrx Mero.qaM[ nopouxoroil Merantryprnn
70 - l2O uxou'cu [6]. Kpoue nnorxofi crpyrrlpu, rro

6rrno norraepxaelro pBynbrdIaMII MLfi Eoclom{qecKoro
uccteAoBaHl{t, no:lyqeHnue ue6olrtIrue cJr}trKI{

ALICr{JIItrMAOB pa3rntlH6D( MeTaJnIOB r{MeJIIr,q(rraTorlHo
xopouyro norepxnocrr ra Qoplry, BcneAcrBrre qen) npn
H3roroBleHI{H cocraBxblx tuuruenefi npaKTmecKI,I He
rpe6orarocr AonoJlH[renrnofi uexo6pa6oxu. JIo-
ramnufi peurreuoncrrd cnerrpanrmlfi asarrc mffi'lx
uumegefi [oKa3a[, .rro o6par4u f,BJltKrrct roMo-
rerrHLIMH. (Dasosufi aHaJIu3 IUIeHoI(, noJryqeuHhlx B
pe3yn6rare na3epxoro pacnurreHr{f, (a6nxqmt) JII{rbIx
uumeseft WSi2 na ro.trroxKl{ rpeMHlrf, (100) n (l I l),
noKanaJr, rrro npu reMneparypil( Ao 400'C o6paryercr

arrrop$nnfi WSi2. Bume srofi reMneparypbl npo-
HcxoArrr xpucraJuu3alu4 B pesyrbftITe rlero o6pasyetcx
cMecb rerpanoH,urbnofi r[aru c ue6olrmm IoJIIrIecr-
BoM noJrynposoAxlqefi reKcaroHilJlbnofi Qasu. IIpn

Aturnefuireu noBhIIueHI{I{ TeM[eparypbl KoJII,FIecrBo
reri:aronamsofi Qasu yr'lerouraercx. flpu 700"C nnelxa
cranoBrrrct uoJlHocrblo rerparonalrnofi c M€Tiu.lrrfi e-
cKr{M r}rnoM flpono4mocm. flpu 750oC sxosl notBJIt-
ercr ne6onrruoe KoJII{tIecrBo nropofi Sasu (W5Si3).

3xcnepnrenrarrrsre pe3yJrbrarbr noxa3aJlu, qm no
Mepe ytrrelrbrueHnt qacrorbl HM[yJrbca rutexxu WSi2
crauoBlrJrucb uHoroQa:rurun. B rrou cnyrae ocHoBHat
TETparonanbxar r[ara cocyutrecrBoBara c ne6onrnnna
Konr{qecrloM neKcaroH€nrbHofi Qa.:sr n W5Si3. IIom-
nenue $a:u, o6eauenxoft Si no cpanxeruto c cocraBoM
WSi2, uoxer 6rrrr orneceHo 3a cqer ucuapennr Si.
@asosHe cocraBbr rIJIeHoK, nonyqeHlslx orxuroM u
HaIrhrJreHHHx nr mrro urnneru WSi2 nenocpeAcrBeHHo
Ha Foprqyo noAloxKy, rIoJIHocTbro aHaIIorHqIrbI-

Cpannenue MexrrJlocxocrHhrx paccrotvuft Als
nulanil. na anQparqnoHnblx KapruHax cneqeHHhlx tI
JII{TrIX Mnluenefi, ataxxe gr.t ruIeHoK, HanbLIIeHHhIx H3
Jrrrrhx Ml,[ueHefi narepl+u"r n MarHerpoHIsIM Mero.qal{&
npr{BeAeHo s ra6r.2. Kar nu,4xo, Qasorue cocraBLl
IUTeHOK COOTtseTCTByIOT COCftlBaM MarepH:UIa MHUreUe[.
He6onruoe orKJroHeHHe HrrrencrmHocrefi I,I3IuepeHIIbrx

Tisi2 16,9
Zt.f i2 75,8
Hfsi2 62,0
vsi2 66,5
Nbsi2 50,4
TaSi2 46,1
MoSi2 46,1
wsi2 80,0

1 3 - 1 7
4 0 - 4 3

t50 - 260
6 7 - 8 0
5 5 - 6 3

60
6 7 - 8 0
5 0 - 7 0
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flonyqeuue mouxux nnenor cunuqudoe myeonnaexux uemannoe pacnunenueu...

Ta6,rnUa 2

Mex nnoc xocrnbae paccTor H r,rr d 6g l.j|ttt AHcHJtl,t UhAa
e<u@pava B nopourroBbrx rr Jrxrbrx Ml{[renrx, a rarxe.

Arfi nJreHoK, H:rnbureHnux Ha nogoxKr.r S(100) narcpnbtM
H MarHerpoHHbm pircnbureHxeM aurux unutenefi

002 3 ,908 3 ,91 l  3 ,901
l0 l  2 ,970 2 ,970 2 ,970
l l0 2,270 2,270 2,268
103 2,020 2,025 2,026

3,928 3,927
2,962 2,970
2,263 2,269
2,025 2,025
I ,965
I ,965 r ,964
I ,601 I  ,60E
I ,483 t ,484

I , 4 t 0
| ,409
l ,308
r,rrr |  2:7

004 I  ,961
r t2 1,961
200 1,603
l  l 4  1 ,485
105 |  ,4 t2
2t  |  |  ,407
006 1,304
2r3 I ,25E
204 t,241

I ,963 t,964
I ,963 t,964
l  ,606 1,606
r ,4E5 t ,4E4
|  ,4r2 I  ,41 3
1,407 t,407
l  ,305 I ,304
l  ,258 I ,258
|,24t L,240

*(r.x.) - na3epxoe Hatrlur€Brro, *t(v.p.) - MarHeToHHoe
pacnHneHxc.

nur.lrlt or ra6rilrrHbrx yKa3brBaer Ha nplrcyrcrBl{e
reKcrypbr r o6parqax. HsMeHeHne rry6rnu [poHr{K-
HoBeHr{rr p€r{TreHoBcKlN rryvefi Aocrr{ralocb 3a cqET
Ir3MeneHlrt yrna naA€nr{x. KaprnHu noJryqanr{ B
6perrorcrofi reouerprru c ynraMu naAeultr cl Ha
o6paseq, paBnhrMn 0,1o, lo n 5o. f l leurn 6urn
oAHoQa3HLIMH rro ncefi rny6uHe ri cocrorJrr{ r{3
relparoH:lJtbxofi WSi, Qaru.

PesepQopaorcroe o6parnoe pacceuBaulle noKa-
3nJro, qro ulemcr WSi, ronu[rsofi 100 ma (orxourenre
Si/W parno 2) yauocs no.lryrrnrb na no.qloxrcax Si.
AHarus AaHrcrx pacnpe,qeneHff 3JreMeHft)B no rrry6lure
noKa3alJr, qTo 3m oTHouIeHHe ocTaeTct nocTotHHEIM nO
ncefi uy6nne rureHxu. flepexo4noro cnor MexAy
ruerrofi n nog;roxcofi (Si rum Hefi'rparrmre uareprnru)
se xa6rnolann

Auaronuqrue Sxcnepr.rMeHTilnbHbre pe3ynbrarbr
6nnn nony.reHbr Ha [JreHXax WSi2, naneceuHhrx
MarHeTpoHIIhIM pacflhureHlleM cocTaBHblx JII{TbIX
unrneRefi . Oxe-onerrpoHHoe LrccJreAoBaHlre ruIeHoK
WSir rrrrnulo HtlrKHe coAepxanr.rr nprrueceft KncJro-
poAa r'r yrnepo[a. flpoQmrnufi anaans rurerroqHlrx
o6pa:uoa, BorepMnqecKn omxxeHHhrx npu l 000oC n
BaK)6/Me B Teqetne I vaca, uoxa3,u! qro rI{rugHhIM Atrt
STHX nJreHor 6ulo ro, qro npoucxoruno pe3roe
cHuxeHHe KlrclopoAa u yraepo.4a Bo BpeMr Hormono
rpaBneHr{n o6pasqon u ynry6rrenur analusllpyeuofi
roru- floseAeHue Kr{cJropoAa HynrepoAaB rurerxe WSi2
6ulo asaaorr{qHbrM, KpHBbre AJIx grnx npnuecefi
qacrr,rrrHo coBnararsr. BoruQpru u r<peumai muorernro
pacnpeAeneHLl B ruIeHKe, rrTo CKopee BCeFO rBJtrgTCf
cJreAcrBHeM rnnepAlrQ$yrnn, Bbrunu rpamtr&r pa3AeJra
SiOr/IVSir nreercfl AoBoJrbno y:rufr cloft, rAe Kucropo.E

pe3Ko Bo3pacraer tl rolrSpar*l pe3xo rraAae! oAHaKo
colepxaHr{e KpeMHr{r fiocJre KopoTroro cHllxeHr.rf
ocraercr Ha npexHeM ypoBHe. Colepxasue yrJrepoAa
ocraercr Ha oAHoM ypoBHe Kfi B cJloe WSi2, rar u ua
rpaHr{qe pa3Aela. 3ro uoxet 6urr ctrgano c orpaHn-
.rexHofi pacrBopnMocrbn yrrepoAa n pa3nnq[eM
rooQQnquenron auQQyar{H yrn€poAa s ncxoffrofi
rrJrexKe WSi2, nepexo,qnoM cJroe H noacroe SiOr.

He sa6noaanocb Bn.lltrMhrx usueHeHrrfi B 3Tr{x
rureHKo( nocne xl{MlfrecKoro TpttBrreHll', a Taro(e [ocJre
crpaBnla.rHl{rr cnoen n 6opQocQopcnnrmarnoe creKllo
(EOCC). OAxaro flocJre xuMnqecroro rpaBneHrrr u
peaKnlBHoro HoHHorc TpaBJleuur Ha6noAalacr cla6aa
3po3r{r noBepxHocrn WSi2. O6uapyxeHo, qro qpu-
uepuo l5olo cnoa 6ruo crpaaneHo, rr noBepKrocTb HMeJra
ne6oaruryo nrepoxoBarocrb.

Harforee saMef,rsre r{tueHeuuf, B rconTaKrar( c rrutrt-
Si nno.4noxraurn uyvae o6pa3rloB, oro)roreHHbD( npn
900oC, cocrotlru B norBJreHun {BHbrx Hcxaxexflfi s
xontarrnofi o6nacru Ha noA;roxxax 6eg noAcnot
nonn-Si. flnacrnxrr c notrcJloeM nolu-Si He uMeJrlr
HuKaKrD( rcuenenrft. }mr eQQelcr nporBJrf,rrcf, 3Ha-
IIHTEJIbHO CI,IJIbHEC NA O6PATUAX, OTOXXEHHbIX NPH

100trc.
Cpe4xee 3rraqeHue gnerffpoconporr'rBneHrlr upo-

Boryqlrx AopoxeK u: WSir nepeA orxurou 6ulo
33 xOu. Cpeguee 3uaqerrue gneropoconpotnnlreHut
npoBoAtIIpD( [opoxeK I{3 WSi, c noqcnoeu noma-Si -
632 OMn n4,7 Ou/A nosre orxRra npu 900 n 1000"C,
cooraercrBeHuo. Cpe4ree 3naqeHrre 3neropocoflpo-
Tr{Brrexr.rr npoBoArqrD( Aopoxer rls WSi, 6es noAcnor
nonn-Si - 6,65 Ou/U u 5,6 Oru/[ noclte orxura npu
900 n l000oC, coorBsrcrB€rilro.

Srerrpurecxne Korrrarcrbr K cJrorM p-T[na orcyr-
crBoB,uil{, [ocKonbr(y glon n6rmn xonrarcros 6urr.r
cnrrbHo JrerrpoBaHbr r$ocQopou m E@CC, Ar{Q$yH-
Aupyroqero vepes caofi crrJrnqr.raa mn nonu-Si.
9rerrpoconporr{BJreHfie KonTarcroB K npoBoArquu
cJrof,M n-Tlrna na o6pasuax 6e: noAcrox nonu-Si no.q
cJrorMn WSi2 6uno HeBocnpor{3BoAHMhrM H r{Meno
pas6poc ao 20 uOu anr 50 KoHraKroB. O6pasqhr c
non'cnoeM norn-Si uMeJrH 3HaqHTeJrbHo ueurnrlfi
pas6poc rro BeJr]rrHHe 3neKrpoconponureunx. Tar,
R eL,,* : 360 - 400 rOu Anx 50 rcrralnos na o6pasqe,
oroxxeuHoM npn 900"C, o.qualo gner$poconporuB-
rerme Ang 50 KoHTtlKToB Ha o6pa:qe, omxxeHHoM npu
l000oc, 6ruo 1,4 - 1,8 xOu. R^_*16, = 600 - 700 xOu
.qm l00 KoHTarroB na o6paruax, oroxxeuHbrx qpn
900'C; oAHaKo anaronrqsnfi mpaMerp ruu 100 ros-
TaKToB na o6pasqarc, oroxxeHrrbrx npx l000oC, 6rur
3,3-3,5 xOu.

Bce z* -p-coeAfiHeHur no nepr4Mcrpy noBepxnocrn
oxono 16000 mcrrrz n2120 ronrarroB uMeJrr{roKrryreqKn
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HaiKe, r{eM 0,04 HA npt HanpffKeuuu 15 B. C nogu-
rueHHeM HanprxeHr,Ig ToKu yreqKfi yBenl{llr{Bzurl{cb
MoHoroHHo Ao 0,1 HAnpu 20 B; oxuaxo npuZl -22 B
coealrHeHr{rr HMeJII npo6on.

Auams excnepnMenTarrbHbrx Aannlrx norftt3brBaex,
rrro B fipoqecce Jra3epgoro rlcrrapeHlnt Jlrtofi ur,rmexll
lorysaercr crexuoMerpr,rqecxrfr WSi2, rar vro o6pa-
3OBaHue sTOrC) COe,4HHeHLI' He fi3JI'etgfi. pe3)4lbTamM

anSQysux Si ng noAloxxu. 9to noArBepxAaerct
3Kcnepr,rMeHTaMu rro HaueceHrrro IrJreHoK sa xefi-
rpanbHlreno4noxrn(MgO,AL2O3,7,rO2),narompnx

AoMr{ril{pyrcqefr. $tzoft. 6rrr WSi2. Eonrrmu ryenvry-
rrlecrBoM na3epHoro HcnapeH�vc, rl MarHerpoHHoro
pacrrHireHlrt trpr{ HaHeceH}rn IIneHoK, IIo cpaBHerlmo c
rexxuxoft "Bx{HraHuf,", fir;tnerct ro, rrro o4lo$aruue
[rreHKr{ HaHocrr npr{ reMneparype rrogJroxrlr 700"C,
TorAa KaK npu "BxuraHuu" teM[eparypa .qocruraer
1000"C. C.ne.ryer oruerrrrb, qro rgrparoxaarHae $asa
WSi2 6um noJryqeHa [pI{ TeMleparype noAro)KKu
600oC, a no A,THHLTM [7] era Qasa mwcner 3apoxAarrct
'r pacrlr [pr,r reMrrepar]?aJ( Buue 620oC.

fipe4cmuxor urrr€pec pe3yJrbrartl ffrr mHKrD(
rutesoK (30 xu), HarrbrJreHnhrx Ha rloArroxKr{ Si npu
xougamofi TeMleparype I,I 3areM omxxeuHrrx npll
750oC n reqem€ I uml I,k ipasosrrfi cosraB arralorrreH
cocraBy rrIIeHoK, HarlbrJreHHhrx HenocpeAcTBeHHo Ha
ropf;rrr,Ie rroAJroxKl{. 3ro npeAcraB''gerct. BecEMa
IIEDCNEI(TNBHbIM B IrJlafie. ,I[amue
o6paruoro perepQopgoncKoro nccJreAoBaur{r r{ no-
cnolaroro pexrrenoQasoBofo arraJru3a Aaror Bo3Mox-
r{ocrL npeltrIoJlo)Kl{Tb, rrlo Me)K.q/ Iuerucofi u noAloxacoft
orcyrcrByer raroft-nu6o nepexoAnrrfi cnofi. 3ro
frBnfreTcs, TaKxe [peIiMyIIIecTBoM no cpaBHeHI{Io c

uercgotu "nxmamat". Ihelxu c rerparouarnrum,r WSi2,
HaHeceHHbIe Jra3epHLrM HarlbureHneM, IirMeroT yAenbHoe
3neKTpoco[poTrilBJrerrr{e 50 urou crrl, qm coBtraAaeT c
BeJIIFIHHaMH,4II.f, ruIeIIoK, noryqeHlcrx "BxHraHueM",

co-pacrrbrfleHfieM wrn MailreTltoHrrHM pacrrbueHueM
cosr:rBHlrx Mnulexeft, ognaxo yIeJIbHoe 3nercfpocorpo-
TrBJreHUe rureHorg HarrbrneHHbD( Man{crpoHrsM pacnbr-
JreHHeM MeTaJIJIOKepaM[CeCrD( UUIIIenefi, Kar( npaBI4rIO,
oKiltbrBaeTcfl cyrqecTBeHHo BhIIue (70 - 120 rrfiOrr,r'crrl)

tq.

Brrgoru

flo;ry'renrae lurhD( clrnrar[,rAor 6o:unru< pasuepor
- raBecrHarr MErarfiypmqecxa.x npo6reua, nocIoJIBIry
Bce cr{JII,rqryFI Tyro[IIaBKID( Mera[[oB .rperrrrvafino
xpynx[ r,r rBepAhL Toauo JII{rbIe cvsfirwwr, npoureA-
rrrfie BbrcoroBalyylrnpo o6pa6orry B pacIIJIaBJIeHHoM
cocrorHllu, Moryr yAoBnerBopxrr rpe6oaaHuxu,
npeAbsBrteMLrM K pacflbrJrfleMsrM MarepLlaJIaM B

Mr{Kp@nermpoHr{Ke. onrnuanrHuu peuenxeu orofi
npo6leuu fiBnrf,.ercs. MeroA [onyqeHllr cocraBHElx
Jrlrrhrx MarHErpoHHhrx uroenefi rlr cI{;IHrv.qoB Tyro-
IUIaBKTIx MeralJIoB. Murrerrn u3 JIIlrrbIx ctIJItIqHAoB
no3BoJurrcT pe[Ir{Tb IFe ocr{oBrrBre upo6neuu: nony-
r{eHue crex[Merpl4rl€cKoro x]IMuqecKoro cocraBa

'tveilnurryua u AocrrDrerile rrtcorofi vuctoru. flpo-
BeAeHHOe r{ccnegoBanr{e BbIrBrLlo rpeuMyqecTBo
rraHecenurl rrJrenor WSi2 rnarusrponHllM paclbmeHueM
Jrurrbrx WSi2 umeuefi. MarnerpoHl{oe pacnLuenl{e
JrHThrx uumenefi ooecue.rnBalor [oJI)AeHI{e MoHo-

Qaruux WSi2 meHoK c onrHMaJIbHhIM yAen;HbIM
gJrer$poco[poruB]IeHl{eM Ha yponue -50 trrxOu'ctu.
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Illmanoa Eczeaail,Qnumpaeeu.t - I4v6tnvtnym Qusur<u meepdozo meru PAH,
rcaadudam msuuuecKw HqyK, cmapwuil uayrtuuil compydnurc. Cnequanucn e o6racmu
ilemuuryp"uu SwcoKovucmdx rtqmepucuoa.

lnefioecrufr Badun feopzueouq - nHcmumym Quarru meepdozo mata PAH, doxrnop
mexvuuecKux uayx, eedyu4uil uayuuatil compyduurc. Cnequanucm e o6nacmu
Memannypzuu SbtcoKovucmdx MamepualoS.

Motnysenxo Bnaduuup llaenoeuq - OAO "Anecmpea", uaaanauurc omdena,
cnequcaucm e o6racmu uuKposneKmpovuKu.
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