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1 AHanHo peoyn&TaTOB pa6o~ no nony-:-. 
-qe~uro cBepxnpoBo~Jt~ux nneHoK Nb 

Op;HnM n:J H~6onee nepcnexTna~x MaTepnaJioB p;n.s: co:Jp;aHKs: npn6o­

poa KpH091IeKTpOHHKH cpep;n aneMeHTapHhiX CBepxnpOBO;JJ;HHKOB .S:B1I.S:­

eTC.S: HH06HH, nocK01ILKY nneHKH 3Toro MaTepnana o6nap;a.IOT CpaBHH-
u ' u .- • 

'i'eJILHO BhiC~Kon TeMnepaTypon nepexop;a B caepxnpoaop;.s:~ee cocTo-

.s:Hne (Tc=9,2 K) n xopoweii CTa6nnLHOCTLIO caonx aneKTpo<l>n:Jn'le­

cxnx CBOHCTB [I]. Cimco6 H peJKHMhl ~caJKp;eHH.S: TOHKHX nneHOK OKa:Jhi­

Ba.IOT cy~ecTBeHHoe BJIH.S:Hne Ha CTPYKTYPY n cTeneHL 'IHCTOThl KOH­

p;eHcaTa; B :JHa'lnTeJILH~H cTeneHn onpep;eJIH.R caoiicTBa caepxnpo:Bop;.s:­

~~x cnoea (CIIC). Heriocpep;cTBeHHoe ann.s:Hne Ha ocHOBHhle caepx­

npoaop;.s:~ne napaMeTphl nneHoK (Tc, .6.Tc - uinpnHa caepxnpoaop;.s:­

~ero nepexop;a) oKa:JhlaaeT .~<I><Pex'rnaHa.s: p;nnHa cao6op;Horo npo6era~ 
aneKTpOHOB At, KOTOpaJI y 'lliCThiX MeTaJiliOB B 001IaCTll reJIUeBhiX TeM~ 
nepaTyp o6ycJio8neHa, B ocHOBHo~, HMli'IUeM cTpyxTypHhiX Hecoaep­

weHCTB n npuMeceii B MaTepuaJie nneHKH [2,3]'.: Hno6nii ~pnHap;neJKHT 
K nepexop;HOH rpynne MeTaJI1IOB H o6nap;aeT BhiCOKHMH reTTepupyiO-. 

~uMn caoiiC'r:SaMu,npn'leM no npO'IHOCTll ap;cop6QUOHHOii.ca.s::Jn 8 no-. 

p.s:p;xe y6hiBaHn.s: ra:Jhl pacnonaraiOTc.s: B CJiep;yiO~eii imcnep;o~aTeJILHO­
cTn: 02, C2H2, C2H4, co, H2, c62; N2. MaJihle npuMecn KHCJiopop;a 

cHnJKaiOTTc Nb, K~Topas B 6oJILWUHCTBe cny'laea o6paTHo nponop~-·\, 
OHaJI:bHa yp;eJILHOMY OCTaTO'IHOMY conpOTIIBJieHUIO (PlOK) (4]. 

K 'IHCJIY OCHOBHhiX <t>aKTOpoB, BJIUIIIO~HX Ha napaMeTphl CIIC,cne:. 
• I • • ., '' , - . 

p;yeT OTHeCTH CTeneH:b 'lliCTOThl .IICXOp;Horo MaTepnana, YCJIOBHH KC?H­

p;eHCaQUll, onpep;eJI.S:IO~Ue CTeneH:b. p;ncnepCHOCTU nneHKH H BepO.S:T­

HOCT:b nonap;aHn.s: .B Hee aKTIIBHhiX ra:JOBhiX npnMeceii, ·a· TaKJKe Ha-

JIH'Ine B nneHKe ~exaHH'IeC~HX H~pJnKeHHH (2]. . 

B paHHnx. pa6oTax no nony'leHniO CBepxripoBop;.ll~nx nneHoK Hno-

6H.R aneKTpOHHo-ny'leBhiM :HanhlneHneM [5,6] OTKa'IKapa6o'leii KaMephl 

nppn:Jaop;nnacL p;Ii4>4>Y:JHOHHhiM napo:Macn.s:HhiM HacocoM', cHa6~eHHLiM 
a:JOTHoii noaywxoii p;nH ynaBnnaaHnH.napoa Macna. R pa6oTe [5] npep;­

uapnTen~Ho pa3pHJKeline'p;ocTnraJio 10-5 ITa, TeMnepaTypa nop;nOJKKH 

700 K, cxopocTL ocaJKp;eHn.ll cocTaB1I.ll1Ia 0,6-2 HM/c. Bhlnn riony'le~hl 
KOHp;eHcaThl c p;ocTaTo~Iio BhiCOKHMH napaMeTpaMn. Tax, npn TOJI~nHe 
40 HM Tc = 8,81(, a npn TOJI~UHe 230 HM Tc = 9,31(. B pa6oTe 
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[6] TeMnepaTypa nop;no)KKU cocTaBn.s:na 700 K, cxopocTL ocaJKp;eHH.R. 

3 uM.fc it'B:hlwe: B aToii pa6oTeo6Hapy)KeHo, -9:To. Tc nneH~K Nb yMeHb-: 
wa~TC.S: o6pa:rHO nponopxinoHaJibHO 'p;irum! CB06o~Horo npo6era aneK-

' TpOHOB. li xapaKTep :lTOrO liOMeHeHH.S: KoppennpyeT c'poCTOM KOHQeH­
TpaQHli. cop;ep~aizie~oc.s: .B: nne~~e 'xncnopop;a. ~Bonee 'no3p;H:ne pa6~Thl·. 
[7 ,8] xapaKTepHOJIOTC.S: p;aJib:He~win.i· yBeiiH'IeH~eivl ia~ CKOpOCTH oca.: 

~p;eHmi err c. N b, TaK: H TeMnepa 'ryp:hl nop;JIOJKKH.' Tax; B pa6i:>Te [7] . 

cxopocTL ocaJKp;eHni. p;ocTnr~a)O HM/ c,. ·a TeMnepaTypa. nop;noJKKn 

900+-1100 K. 'IIpnw!H:H:nocb ~ononHfiTen:bH:oe pacllhlne:Hne.TJITaHa ~JIH. 
cHu~eHnH napcin~:b:Horo p;a:B~eH:llii xucnopop;a. · .. · 

B pa6oTe [8] CKOpOCTh. oca)K~eHH.S:. COCTaB1I.S:Jia. 15. HM/c, .Ha· 

pnc.1(a,6) npnaep;eHa naancnM:o~Th Tc oT TonwnHhl nne~Kn n Te~ne-
. • . . ·'·:' ; .. ' •• ' ' • i 

paTyphl. 

a. 6 
10 9.S 

'· 

h,lLEll Toe, K 

Puc.L3a6ucu.~owcmb Tc om moA-:l~U'H.bl,n.aeu?Cu Nb (a) ,u·me.M.nepamypbl. 
iwa.aa:HC?Cu (6) {Bj 

Pa6o'ia [9] p;ocTaTO'IHO nonHo p;eMoHcTpnpyeT BOOMOJKHOCTH nony.,­

'leHH.R BhiCOKOKa'leCTBeHHhiX CIIC Nb B ycnoan.s:x 6enMaCJIHHoro caepx:-. 

BhiCOKoro BaKyyMa (2+ 3)10-7 ITa. CxopoCTb ocaJKp;eHn.s:. COCTaBJIH1Ia .. 
0, 3-0, 5HM/ c, TeMnepaTypa nop;noJKKn :_550 K, ;o;nana:JoH nccnep;oBaH­

lihlx TOJI~HH 30- 750 HM. :IJony'leHhl nneHKH Nb TOJILQnHoii 30 HM c . ' . . -· " 
TeMnepaTypoii nepexo~~ B cuepxnpoBop;H~ee coc'!'o.s:Hue Tc = 6, 2 J(. B. 
pa6oTe [10] ncCJiep;oaanacb :JaBHCHMOCTL TeMnepaTyphl nepexop;a nne-·. 
H?K Nb B. cBepxnpoaop;.s:~ee cocTo.s:Hne oT Ton~mll,r CJio.s:. HneHKn no-

.t"J 



Jiy'IaJIII aJieKTpOHHO-JiyqeBbiMHaiibiJieHIIeM, p;aBJieHUe B KaMepe 10:....~ 
Topp,B Ka'!eCTBe IIO/];JIO:tl<eK IICIIOJibtlOBaJICJI camimp, TeMrrepaTypa II 

cKopocTb iiarrbm<:HUJI cocTaBJIJIJIII 700°C,II q, 3 HM/c· . cooTBeTcTBeHHo .. , 

B pa6oTe noJiyqe:Hbi nJieHKII TOJIII.~imoil 3 HM, 5 HM.C TeMnepaTypoil ne­

pexop;a B cBep~np~Bop;JI~ee cocTo.Haue 3, 9 K, 6,25 K ~ooTBeT~TBe~ao. 
B pa6oTe [11) B'tJ-pac~~ImiHneMnpu~a~nemiHB~aMepe5·10~6 llano-. 

Jiyqe~bl MOHOKpiicTaJIJI~qec~~~ -dneH~,uNb TOir~UHOH 3, 5 HM Hacarr-;­

<JlupoBbiX nop;nmKKax. TeMnepaTypa nepexop;a·Tc ~ocTaBnJina 3, 4 K. 
Ilop;:Bop;H nTor pa6oTaM no nony"leHIIIO rrneHOK Nb;cJiep;yeT.o~eHUTb, 

'ITO BbiCOKOCKopocTHble ~eTop;bi oca)K~e:iu~'5! Bo6bi'IHOM Ba~yyMe ~o­
nBoJIJI~T imJly'IaTb BbiC~Kue nHa'!eHUJI Tc p;nH TOJI~UH ;.__ 1 . MKM u 

Bblllie, CHII)KeHne A~Bnemifi B pa6oqe}.i'o6'beMe.np~Bo~VIT 'K ynyqweHnro . . . 

CBOHCTB KOHp;eHcaToB, B qacTHOCTU, no3BOJIJieT nony'-IaTb cBepxTOHKIIe · 

cBepxnpoBop;H~ne cnou Nb T<'m~nHoi'x "' 3 HM' c p;?cTaTo'Iiw BbicoKoii 

TeMnepaTypoii nepexop;a. · 

2 .. IIony"l:feHHe cBepxTOHKHX .. nne:H:oK. Nb B 

CBepxnpOBOAJI~eM COCTOJIHHH 

Hamil:· aKc'rrepll:M~HTbl no nonyqeHHIO cBepXT()HKHX nneHOK HHO 6nJI · 113 

apo3HOHHoii nanepHoii nna3Mbl IIIICcnep;oBaHuroycnoBIIH pacTa Ha cBoii-

CTBa nonyqeHHbiX.KOH/];CHCaTOB IIpOBO/];IIJIHCb ua ycTaHOBKe, onncaHHOH 

B (12) c. np~p;enhHE>IM panpe)KCHIIeM -10-10 MM pT. ~T. Jlanep Ha Heo­

p;IIMOBOM CTeKJIC pa60TaJI B pe)KIIMe Mop;ynnpoBaiiHOII p;o6poTHOCTII: 

/];JIUTCJihHOCTb UMllYJibCa II3JiyqeniiJI Tu'= 3 · 10-1° C ··, nnoTHOCTb;no~ 
To~a II3ny-qeunJI Ha Mnweun q "' · 109 .. BT / cM2

, paccToJIHIIe MnweHb~ · 
nop;JIO)KKa [ = 4 + 5 CM, TCMnepaTypa IIO/];JIO)KKII MOrna BapbiipoBaTbCJI 

Tn = 20 -;-.500°C; B Ka'IeCTBe Mnweueil ncrronb30BaJIIIcl> rrnacTnHbi 

HII06UJI aneKTpOHHO-ny-.:JeBOH nnaBKU: IJoAJIO)I{KaMU CJIY)KIIJIII IIJiaCTIIHbl 

rroniiKopa II carr¢upa, ·KOTopbie nepep; ycT.aHOBKoii B BaKyyMHbiH o6'beM · , 

TIIJ.aTeJibHO o6en:tKIIpiiBaJliiCb B napax.:u3onpommoBoro • cniipTa II a~e­

TOHa; • 

ll;enbiO Hawux aKcnepiiMeHTOB no rronyqeHII!J cirnowHbiX cBepxToH­

Knx nneHoK Nb nn.nanepHoii nnan:Mbl JIBJIJinocb Bbll:t;CHeHne MIIHIIMaJib~~ 

HbiX TOJI~MH CJIOeB;'._npii KOTOpbiX Ha6nrop;aeTCJI 'cBepxnpOBOp;IIMOCTb 
. ' -,· . 

/ *'t":t:i"i7~Y. ~S.5~~~:}'~~~?~_f:p); 

:~t:·t~-i!f-:~ -·~~" 4?.:;:. ;f~-;~-~?;:~:-t 
¢:~,· 'fi~~; t~~--~~1 ~~;~~~~t 
~~.;_!!~- ''>J<' / •• _,_,_._ ..... --~, 

~~ 
1,: 

! 
I 

I 

\' 
~ 

~ 
' ! 

I 

·.· ., 

npu Tc · 6onbwe · 4, 2 . K II BJIUliHne pe)KIIMOB aanblneHIIH Ha aTn nHa-. 

'IeHUli .. Orrpep;eJIJIIO~IIM npii pocTe cnnowHbl~ rrneHOK JIBnHeTcJI cooT­

HOilieHire Me)Kp;y_ cKopocTJi:Mix nocTynneHIIJI KoHp;eHcaTa n p;n¢¢Y3Horo 

' paCTCKaHIIJI a;OMC>B no rioBepXHOCT~ nop;hO)KKU:. CKopo~T_b nocTynne- . 

HHH onpep;eJIJieTC.li COOTHOilieHIIeM MC)Kp;y nJIOTHOCTbiO nap_OB y IIOBep­

XHOCTU IIO/];JIO:tKKU U ee TeMn~paTypoil, KOTOprui BJIUJICT Ha Koa<fl<flu­

~IIeHT 1IpiiJIUIIaHIIJI. IJpii ·TeMnepaTypax ITO/];JIO)KKII,_ /];aJI~KII?C OT COOT­

BeTCTBYIO~UX UHTeHCIIBHOMy'pencrrapeHIIIO, Koacf>cf>n~IIeHT npumma- . 

HUH MO)I{Ho C'IHTaTb 6nn3KUM K ep;nHun;e. B aToM cnyqae cKopocTb K~H­
p;eHca~uu 6yp;eT naBuceTb TOJibKo oT KOHp;eHcaTa II BpeM:eHn npo~ecca. 
B ycnoBII.liX Hawero aKcnepnMeHTa cKopocTbKo.Hp;eHcaiuxixcocTaBnHna 

· Vx "' (1-;- 5) A/ c KaK y.iKe ci<anaHOj,Bhime rrpu p;iu~HbDc c:Kopo~THX 
KOHp;eHCa~nii, Korp;a KpUTU'IeCKUMU napO/];bllliaMU CTaHOBJITCH .OTp;eJib-

/ . ' . . " . . . 
. Hbie aTOMbr, nneHKll cTaHOBJITCH cnnowHbiMll; iia'IIIHM c TOJI~IIH:bl no-· 
'pR:p;Ka Mo:Hocim1i. · · · '· , ' ., . · · ' . . ... • ' ' 

. B 'aKcm!pnMeHTax BapbiipoBanadb CKOpOCTb noci'y~meHUJI KOHgeH-

CaTa :Ha rrogll.o)KKY' T~Mriepa~ypa poc.:ra II ~OHe'IHaJI TOJI~~ma CJIO~B N b~. 
Ha puc.2noKanaHa naBixcu:MocTb TeMn~paTyp_bl nepexcip;a ~·~Bepxnpo­
Bop;JI~ee COCTOHHUe Tc OT KO~e'IHOH TOJI~llHbl CJIOJI HU06UH npii p;ByX 

TeMnepaTypax pOCTa 400°0.11 450°C npu IIOCTOJIHHOH CKOpOCTU KOH­

p;eHca~UU Vx -~ 2, lA/ c. I{aK BUp;Ho U3 puc:2, npu yBenu-q~~ml: TeM­

rrepaTypbr IIO/];JIO)KKII (Tu) yp;aeTCH YJIY'IIliUTb xapaKTepncTUKII IIJieHOK 

Nb. 3Ha'IIITeJibHoe yBeJIII'IeHue Tc c B03pacTami:eM.Tn MO)KeT, Ha Haw 

B3rJIH/];,6biTb CBH3aHO C )l;BYMJI <flaKTopaMll. C JBeJIII'IeHIIe},f TeMiiepa­

Typbl nop;JIO)KKU yMeHblliaeTcJI BpeMJI )Kn3HII ap;cop6IIpoBaHHbiX aTo­

MOB OCTaTO'IHbiX ranoB Ha IIOBepXHOCTII pacTa, a TaKJKe Oa C'IeT p;ncp­

cpyouu u3 rny6nHbl nop;no)KKU ocyuiecTBJIJieTcH ny'Iwrui o~mcTKa npune­

raro~ux K IIJieHKe o6nacTe:if II~/];JIO)KKU. ):(pyroil B~3MO:lKHblH M~aHU3M 
yBeJin'IeHUJI Tc c pocToM TeMnepaTypbl nogJIO)KKU CBJI3aH c yBemi'Ie­

HIIeM panMepoB. KpncTannuToB B nneHKe. KaK OTMe'Ianocb paHee, He-
. ' 

IIOCpep;CTBeHHOe BJIIIHHUe Ha OCHOBHble CBepxnpOBO/];JI~IIe napaMeTpbl 

IIJieHOK (Tc II LiTe) OKa3blBaeT a<Jl<fleKTIII~HaJI /];JIUHa CBo6op;Horo npo- / 

6era aneKTpoHoB, KOTopM npu HHtlKIIX TeMnepaTypax o6paTHo npo~·· 
nop~IIOliaJibHa BeJIU'IUHe OCTa~O'IHoro corrpOTIIBJieHU.li IIJICHKII Pio'K. 
Ha pu~.3 ~oKanaHa nas.ucuMoCTb TeMnepaTypbi nepexop;a B cBepxnpo­

Bop;H~ee cocTOHHne Tc oT ocTaTO'IHoro corrpoTnBneHII.li PwK· 'rlony-. 
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Puc.2. 3a6ucu.uocmb me.unepamypbl Tc nepexoJa- 6 c6epxnpo6oJJlw,ee 
cocmoJluue om mo.ltW,UUbl n~teu'ICu Nb. C1Copocmb 'ICo~Jeuca'ijUU - ·0,21 

u.u u.un-1 •. 1 - .Te.unepamypa, noJ~to:JIC'ICU - 4~0" C. 2.- Te.unepamypa 
noJ.ItO:JIC'ICU ~· 400° C · · 
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Puc:9. 3a61f.cu.uoctnb. me.unepamyp?l. Tc nepexoJa 6 c6epxnpo6dJJlw,ee 
cocmoJluue Nb n~teu'ICu om ocmamo"'.uozo conpomu6.1teUUJl p,u3.«.epeu-. 

uo2o npu 10 K ' 
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~eHHasi naBIICIIMOCTh He MO:a{eT 6biTb o6ycJIOBJieHa naxBaTOM KIICJIOI>Op;a 

nrremoii HR06HH. 3iia~e1uie:8Tc/ 8ptrik:B~ aT'b!l ~ny~a~,:Ka~ ii~:KanaHO B 
p~a6oTe :[4], p;oi£Jimo 6hlTh o'Korro: o, 18 rpaA/MKOM· CM~ '•t3' TO.BpeMfl 

KaK B . HallleM crry~ae 3TOT, napaMeTp HMeeT Bell. II:;,IHHY. nopHp;Ka) 
. .. - - . " 

6 . 10-4 rpa,z:U MK0M. CM •·. : OcTaeTCH ripe~nOIT()2KIITb; ~TO ;Ha6JIIOA~UO~H-
ecH panrrii~IIH :B riapaMeTpax ri:rreHox; norry~eHHblX npii·TeM:nepaTypax 

nop;JIO)KK1I40_0°C II 450°~' CB.fl3a~bl co CTPYKTYPHbU.ii£ oco6eHHm:TH~II 
· II::lrOTOBJieHHblX CJIOeB, B ~aCTHOCTII C IIX p;IICnep CHOCTbiO. ' 

YBeiTII~eHIIe c:KopoCTII KOHp;eHcan;IIII npii norry-.ieHIIII i!if rranepHOH 

nrranMbl crroeB Nb · npiiBOAiiT K yrry~rneHIIIO 'rlx · ~irexTpo<J>1n3Ii~ecxiix 
cBoiicTB. Ha piic.4 noKanaHa naBIICIIMOCTb TeMnepaTypbr nepexop;a B 

CBepxnpOBOp;HIJJ;ee COCTOHHIIe OT TOJIIJJ;IIHbl ITJieHOK npii TeMnepaType 

pacTa 330°C II CKOpO~TII KOHp;eHcan;IIII v" = 2, 4A/nMn. STo;Ha Halll 
BnrnHp;, MO)KeT 6biTh CBHnaHo co crrep;yiOIJJ;IIMII <J>axTopaMII. Kax y)Ke. 

6b1JIO cxanaHO Bblllle, yBeJIII~eHHe CKOpOCTll pacTa onpep;eJijJeTCH CKOpo­

CTbiO nocTynrreHHH KOHp;eHcaTa · Ha nop;JIO)KKY. · YBeJin~eHIIe KpiicTaJIJIII­

TOB npii ITOCTynrreHIIII Ha llOp;JIO)KKY 60liblllero KOJIH'IeCTBa qaCTIIIJ; npo­

IICXOp;IIT IIn-na yBeJIII'IeHHH IIMITYJibCHoro .HarpeBa noBepxHOCTII pacTy­

IJJ;eii ITJieHKII, a TaK)Ke MO)I(eT 6b1Tb CBH3aHO C pap;IIaiJ;IIOHiibl~ OT)KIIrOM.' 
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-, 'Ha. p~c.5 n~~anaH~· oa~Ii~li~o~Tb T~M~e~~~yp~I riepe~o~~ -~ CBepx­

np~B~~H~~e coeToiHne ~1ieHoKNb Tom~~rmoil-39. A.oT TeMrrep~~YP~ 
poeT~.' Cy~e~TBeHHM. oaBnenMoeTb Ka~eeT~a eBepx;oHKHX cnoeB_,:r1b . 
OT TeMnepaTyphl no~nmKKH; nonHOCTbK> nnnK>eTpHpyeT Bb!WeeKanaH­
HOe .. TeM:nepaTypa nepexo~aTc ny"'~H~ cno~B NbTon~nHoii 30 A e~-

• •' ' ' '" •' e • • ••' 

· eTaBnHna 6· K,. "9:To ey~eeTBeHHo oTnn"'aeTeH OT cBoileTB nneHoK, no-
. ny"'~HHhl~ ~pa6oT~ [10,1n Bee ~To no~TBep,:JK~aeT nepeneKTHB~oeTb 
ncnonbOOBaHHH nanepHOH nnruJMbl ~~ nony"!eHHH CBepXTOHKHX nneHCiK 
CBepxnpOBO~HHKOB li npn6opOB Kpno';)neKTpOHHKH, Ha HX OCHOB_e. 

-:: = ·.~ _,_;· 

z 

340 360 380 400 420 440 460 480 
T 

Puc.5. 3aBucuM.ocmb meM.nepamypbl Tc(K) nepexoJa 6 CBepxnpoBoJJl­

tqee COC.,;OJlUUe n4eU01C Nb m04'll{.UUOU 3,9 'H,M, om meM.nepamypbl noa­
,/1,0:JIC1CU T(°C) 

' B OaKnK>"!eHne Heo6xo~nMo OTMeTHTb, "!To nony"'eHHK> cBepxnpo- · 
BO~H~nx cBepxTOHKHX ennow:H:hlx nneHoK Nb cnoco6cTByeT nx oea­
-:.a(~eHne m3 BbieOKO~HepreTH"'HOH nnaOMb! B eBepXBb!eOKOM BaKyyMe Ha 
no~no::JKKy, HarpeTy~ ~o ~eMrrep~TYPhl "' 400°C. Il ~Tnx yenoBHHX 
H~eT npeHMy~eeTBeHHbiH ~ByMepHb!H poeT rrneHoK, He Ha6nro~aeTCH 
OaMeTHOH Koaiiee~eH~HII oapo~b!IIJeH Ha IIOBepXHOeTH, ey~eCTBeHHO 
Rapywaro~eil crrnolli:HoeTb rrneHo:K. IIne:HKa: B ~ToM eny"!ae no c~oiiM-

·, 

8 

"' 

aneKTpo<f>II::UI"!eCKIU.~. xapaKTepneTHKaM. np~I6nU:lK(ieTCH K l.HiecJIBHOMJ. · 

· rronnKpneTannii"'ecKoMy o6pan~y. - . . - . 
- ABTOpbi 6rraro~apHT ,Il;.A:l{opReeBa na liHTep~c K pa~oTe II rronen­

Hble oaMe"!aHim, a· TaK:JKe. H.B. "'epHeHKO oa rroMo~b rrpn rro~roToBKe - . . ' ; . ' . . . ' ·-

' pyKonnen. 
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KmoeaKOB E.B., qypHH C.A., qepHeHKo JI.II. 
JlOJIYlleHHe H3 3po3HOHHOH Jia3epHOH IDI33MH 
cBepxTOHKHX CJIOeB Nb H HCCJieAOBaHHe liX CBOH( 

ITpHBOAHTc51 KpaTKHH aHaJIH3 pa6oT, 'CoAej: 
rroJiy'leHH51 nJielioK Nb H BJIIDIHHH aa HX CBOHCTJ 
mHaJibHa5111aCTb pa6oTH COAep)KHT OIIHcaHHe Te~ 
Jiaaepaoro HaiiHJie~ IDieHOK Nb H peayJibTaTH 
CTHK B 3aBHCHMOCTH OT TOJIID;HHH H pe:lKHMOB pD( 

· Pa6oTa BHrioJiaeaiu HIT <I> PAH <H.HoBropc 
HOH <PH3HKH OHSIH. 

Coo6w.emte 06'1.eJ~HHeHHOro HHCnnyra liJ~epHbiX J.! 
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Kluenkov E.B., Churin S.A., Chernenko L.P. 
Nb Superthing Films ·Preparation by Laser Sputtc 
and Properties Investiga~ion 

The paper analyses information on methods 1 

as the influence of the sputtering condition on 
Description of the Nb films technology by laser s 
of investigation of films characteristics dependi1 
growth condition are presented in the original pa1 
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