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1 Auan:H3_ pe3yJILTaToB pa6oir .no n~ny':". 

'!eHHIO CBepxnpoBO~.H~HX nneHOK Nb 

O;a;HHM H:J Han6onee nepcneKTHB~x MaTepn~oa ;a;ru~ coo;a;aHIDI npn6o

poa KpHoaneKTpOHHKH cpe;D;H aneMeHTapHbtX CBepxnpOBO;D;HHKOB _JIBnJI

CTCJI HH06HH7 noCKOnhKY nneHKH BToro MaTepnaria o61Ja;a;ruoT cpaBHH

'i'enhHO BhiC~KOH TCMIIepaTypoH rrepexo;a;a B CBepxnpoBO;D;JI~ee COCT~ 

JIHHe (Tc=9,2 K) H xopoweii cTa6nnhHOCThiO caonx aneKTp01pH:lH'!e
cKHX CBOHCTB [I]. Cnoco6 H pe:lKHMhl o'ca:lK;D;CHHJI TOHKHX nneHOK OKa:lhi

Ba.IOT cy~ecTBeHHoe BnHJIHHe Ha CTPYKTYPY H cTeneHh 'IHCTOThi KOH
;a;eHcaTa,· B :JHa'!HTenhHoii cTeneHH onpe;a;eru1J1 caoiicTBa caepxnpoao;a;JI

~~x cnoeB (CIIC). Henocpe;a;cTBCHHOe BnHJIHHe Ha OCHOBHhle CBepx-. 

npoao;a;~~He napaMeTphi nneHoK (Tc, ~Tc - -WHpHHa caepxnpoBO;D;JI

~ero nepex~;a;a) oKa:JhiBaeT a¢¢ex'rHBHaJI ;a;nnHa cao6o;a;Horo npo6era
1

. 

aneKTpoHoB .At, KoTopaJI y 'IHCThiX MeTannoa a o6nacTH renneshlx TeM

nepaTyp o6ycJio8neHa, B OCHOBHOM, HinH'IHCM CTPYKTYPHhiX Hecoaep

weHCTB H npnMeceii B MaTepnane rineHKH [2,3]':: Hno6nii ~pHHa;a;ne:lKHT 
K nepexo;a;Hoii rpynne MeTannoa H o6na;a;aeT BhiCOKHMH reTTepnpyiO-. 

~HMH caoiicTBaMH, npn'l~M no npo'!HOCTHa;a;~op6~HOHHoii CBJI:JH a no

PJI;D;Ke y6hiB~HJI ra:Jhl p~cnonaraiO~CJI.B. cne;a;yiO~eii nocne;a;m~aTenhHO
CTH: 02, C2H2, G2H4, CO, H2, C02; N2. Manhle npnMecn KHcnopo;a;a 

CHH:lKaiOT Tc Nb, K~Toprur B 6onhWHHtTBe cny~aea o6paTHO nponop~- \ · 

OHMhHa y;a;enhHOMY OCTaT~'IHOMY conpOTHBneHUIO (PtoK) [4]. 

K 'ln:cny ocHoBHhiX ¢aKTopoa, ann:JIIO~n:xHa napaMeTphi CIIC,cne:. 
1 . , - ~ . ' ' ~ ' - ' • ·" . 

;a;yeT OTHCCTII CTeneHh 'lliCTOThi ,IICXO;D;HOro MaTepllaixa, ycnOBJIJI KOH-
, . . . 

;D;CHC~Hll7 onpe;a;enJIIO~Ue CTeneHh. ;D;llCnepCHOCTU nneHKH H. BepOJIT-

HOCTh noria;D;aHJIJI B Hee aKTllBH~ ra:JOBhiX npuMeceii, ·a· TaK:lKe Ha-

nl:l'IJie B rineHKe ~exaHH'!eC~HX H~npu(eHHH (2]. . 

· B paHHJIX pa6oTax no nony'!eHuiO caepxnpoBO;D;JI~Hx nneHoK HJio-

6nJI aneKTpOHHo-ny'leBhiM :HanhlneHneM [5,6) OTKa'!Ka pa6o'!eii KaMephi 

n~oJI:JBo;a;unach ;a;ri¢¢Y:lHOHHhiM napoMacnJIHhiM HacocoM', clla6~e:Hm.iM 
a:JOTHoii noaywKoii ;a;nJI ynaBnn:BaHJIJI.napoB Macna. B pa6oTe [5) npe;a;

BapnTen~Ho pa:lpJI:lKeHne';a;ocTurano io-s lla, TeMnepaTyp~ no;a;no:lKKJI 

700 K, cKopocTL oca:lK;a;eHJIJI cocTaBnJina 0,6-2 nM/c. Bhlnu riony'!e~hl 
KOH;D;eHcaThl c ;a;ocTaTo'!Iio BhiCOKJIMH napaMeTpaMu. TaK, npu Ton~nHe 
40 HM Tc = 8, 8]{, a npn Ton~nHe 230 HM Tc = 9, 3K. B pa6oTe 
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. [6) TeMrrepaTypa no;a;no:lii';KU COCTaBnJina 700 K, CKopocTh oca:lK;a;eHJIJI. 

3 m.i.fc it' BhiWe. B :l.J.oii pa6oTe o6Iiapy:lKeHo, 'liCl Tc nneH~K Nb y:MeHh- ' 
wa~TCll o6paTI_IO rrponoprtHoHanhHO ';a;1IIme cao6ogHoro ripo6era 'aneK-

. TpOHOB. JIXapaKTep aToro ll::3MeHeHIDI KOppenupyeT c'pocTOM KOH~eH
Tpa~Hll COAep~aW:eroCJI 1B: nne~Ke KH~n~pOIJ;~. ·Borree 'rro:3~J;illle pa6riThi 

[7,8) xapaKTeprillyiO~CJI ~ani:.HeiiwH:M·y:BerrJI'!emieM i~ c~opocTH oca-· 

~/];eHmi CIIC :Nb, Takii TeMn~pa'ryphi no;a;no:lKKJI.' T~K; -~. pa6che [7] . 
cKopocTh oca:lK;D;~HH.li~J;ocTHrana 10 HM/c, a TeMrrepaTypa.no~no:lKKJI 

. 900+1100 K. 'IIpiiMeiiJinoc~:. ~~rronHnTen~:.Hoe pacni:.IneH:He.~nTaHagru~. 
CHH:lKeH:Im· nap~u'a.n:b:Horo ~J;aaneH:IDI Kucnopo~J;a. · 

B pa6oTe [8] CKOpOCTb . oca:lK~J;eHHJI . coc~aBnJina 15 HM/ c. Ha . 

pHc.1(a,6) npuae~J;eHa·:JaBHCH!.m~Th 'i'c oT TC,mQ~Hhi n~e~IKHH Te~ne--
, ~ • •< • '. • • • 

paTyphi. 
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Puc.1.3aBucu.uocmb Tc om mo.n.tqU'Kbl.n.n.eu?Cu Nb (a),u-me.unepamypbl_·-
noa.n.o;HC'/CU (6){8} . 

Pa6oia [9) gocTaTO'IHO rronHo ;a;eMOHCTpupyeT.BO:lMO:lKHOCTJI rrony

'!eHJIJI BhiCOKoKa'!ecTBeHHblX CIIC Nb a ycnoBUJIX 6roMacnJIHoro caepx:

Bb!co:Koro BaKyyMa (2 + 3)10-7 lla. CKopocTh oca:lK~J;eHJIJI cocTaBIDina,: 

0, 3-0, 5HM/ c, TeMrrepaTypa rro;o;no:lKKH :.._550 K, ;o;nana:JoH Hccne;a;oaaH

iihi:x Ton~HH 30- 750 HM. 'IIony'!eHhi nneHKH Nb Tomi~uHoii 30,HM c 

TeMliepaTypoii nepexoA~ a cBepxnpoBOIJ;JI~eecoc"''oJIHJie Tc = 6, 2 ](. B 
pa6oTe [10] uccne~J;oaanach :JaBHCHMOCTL. TeMnepaT_ yphl rrepexo;a;a nne-. . 

H?K Nb B caepxnpoBOIJ;JI~ee cocioJIHlle OT Ton~HHhl cnoJI. IlneHKJI no- . 

.!;" 



llY'::IaJlll tll'ICKTpOHllO-llY'::ICBbiM HallbinCHIICM, p;aBIJCHIIC B KaMepe 10-S 
TOpp, .B Ka'::leCTBe nop;nmKeK IICIIOITbOO~aJIC.!I ;camfmp, TCMIIepaTypa U 

cKopocTbHallbiH~HIUI C\)CTaBll.Hnii700°CII q, 3 mJ./c· .; cooTBCTCTB~Him. 
B pa6oTe nony'::leHbi rrneHKII Ton~iiH:oii3 HM, .5 HM c ;e}.mepaTypoir rre

pexop;aB cBepxiipoBo~~Ill.ee cocTo~HIIe3, 9 K, 6, 25 K ~oo'I'BeT~TBeHHo. · 
B pa6oTe [11] B"'l-:-p~crr~meHIICMnpii ga~IJCHIIIIB ~aMepe !5·10::._6 rra:n<?-. 

lly:<~e~bi ~oHoKpiicTarrnii'::Iec~~~ n.neH~n Nb Ton~IIH~ii 3, 5 m.1 Ha cci.rr~ 
· qmpoBhlX nop;l'IO)I{Kax. TeMrrepaTypa ~epexop;a ·Tc eocTaBm1na 3, 4 K. 

Ilop;Bop;.H :IITor pa6oTaM no nony'::leHIIIO rmeHOK Nb;cnep;yeT o:u;eHIITb, 

'::ITO· Bb!COKOCKOpOCTHbiC ~eTO)l;bi oca~~eJUI.H B o6bi'::IHm,! Ba~yyMe IIO

OBOII.!IIOT nony-qaTh BhlCOKIIe oHa•IeHII.H Tc p;n'a :r<)n~HH ,...., 1 .MKM II 

BbiUie. CHII)I{CHIIC p;aBrieHII.!I :B pa6o'::leM o6'beMe ·rrpiiBOWIT ':K yny'::IIII~HI1IO 
cBoiicTBKOHp;eHcaToB, B -qacTHOCTII, nooBOII.HeT rrony"IaTb cBepxToHKIIe 

cBepxrrpoBop;H~IIe cnoii Nb Ton~Imoii ,...., 3 H:M c p;ocTaTo'::IHo BbicoKoii 

TeMnepaTypoii nepexop;a. -

2 IIonyqeHHe CBepXTOHKHX nneHOK Nb B 

CBepxnpOBO~.Hll.\eM ·coCTO.HHHH 
. . 

HaUIM tlKCIICpiiMCHTbl no llOIIJ'::ICHIIID CBepXTOHKIIX IIIICHOK HII06II.H IIO 

apoOIIOHHoii naoepHoii rrnaoMbi II IIccnep;oBaHHIO ycnoBuii pacTa Ha cBoii

CTBa nony'::ICHHbiX.KOH)l;CHCaTOB rrpoBO}J;HIIHCb Ha ycTaHOBKC, onucaHHOll 

B [12] c. np~p;em,;HbiM paope)l{e"HueM 10-10 MM pT ... cT. Jlaoep :Ha :Heo

)l;IIMOBOM CTCKIIC pa60TaJI B pe)I{HMC Mop;ynupoBaHHOii p;o6pOTHOCTH: 

AlliiTen:bHocTb IIMriynbca uony'::leHHH r;.•= 3 · 10-10 c ·,· rrnoTHOCTb·no~ . 

· · TaKa nnny'::leHIIH Ha MIIIIICHH q ,...., l09. BT f cM2, paccTo.HHIIe :MniiieHb~ 
nop;IJO)I{Ka [ = 4 7, 5 CM, TCMIIepaTypa nop;IIO)I{KH MOrlla BapbiipOBaTbCH 

Tn = 20 -;-. 500°C. B Ka'::leCTBe MHIIIeHeii IIcrronbooBarruch nnacTHIIbi 

iiii06IUI tliiCKTpOHHO-ey..JeBOll rrnaBKH: IloiJ;IJo)I{KaMH CllY)I{IIIIH rriiaCTHHbl 

nonuKopa II camfmpa, ·KOTopbie nepep; yciaHOBKoii :B BaKyyMHbiH o6'beM ' 

T~aTellbHO o6e:J)I{IIpirnarrucb B napax :n3onpommoBoro • cnupTa n au;e

TOHa~ •. 

Il;enbiO Hall!IIX :3KCIICpHMCHTOB. ITO IIOIIY"ICHIII9 ClliiOlliHbiX CBCpXTOH

KIIX IIIICHOK Nb II3 naoepHOII IIIIa:JMbi .HBII.HIIOCb Bbl.HCHCHHC MIIHIIMaJib-:.. 

HbiX TOll~UH CIIOCB;'rrpii 'KOTOpbiX Ha~II!Op;aeTC.H CBepXIIpOBO)l;UMOCTb 

~t~~~V(~iCt ~3·~~ }"_~ ~~:w;-v) 
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npu Tc 6oiJbllie 4,2 .K u BIIIIHHHe pe)I{JIMOB HarrbiiiCHHH Ha tlTII 3Ha

'::ICHII.ll. Onpep;enHID~HM npu pocTe crrnoiiiHbiX rrneHoK HBIIHeTcH cooT- · 

. HOlliCHUe MC)K)l;J CKOpOCTHMII llOCTynneHUH KOH)l;CHCaTa II p;ucpcpynHoro 

pacTeKaHuH a;oMoB no rioaepxnocTII nop;~o)I{KII. CI.:opocT.b nocTynne- · 

HIIH onpep;CllHCTCH COOTHOlliCHIICM Me)I{AY lliiOTHOCTbiO napoB y llOBep

XHOCTU llO}J;IIO)I{KU l1 ee TCM~epaTypoii:, KOTOpaH Bl'IIIHCT Ha Koacpcpu

~UCHT npullurraHUH. Ilpu TeMnepaTypax rio,D;llO)I{~II, p;<illeKux oT cooT

BeTCTBYID~ux IIHTCHCIIBHOMy. pencnapeHHIO, Koacp¢u:u;H~HT . IIpiimma- . 

HUH MO)I{HO C'::IRTaTb 6mmKIIM K ep;IIHIII~e. B aTOM cny7ae CKOpOCTb K~H
p;eHca:u;uu 6Y,D;eT naauceTb TOIIbKo oT KoH:p;encaTa u ape:MeHu npo:u;ecca. 

· B ycnoBuHx Haiiiero aKcnepnMeHTa cE:opocTbKmip;eHcaQnncocTaBnHna 

· V.C ':"' (1 -;- 5) A/ c-.· KaK y)l{e cKao~HOjBhlllie npn p;a~Hbl* cKopo~THX 
KOHp;~HCaD;UH, KOrp;a KpiiTII'::ICCKHMII 3apop;billiaMII CTaHOBHTCH. OT}J;Cl'Ib

Hb!C aTOMhl,·nneHKII c'I'a:HoBHTCH cnnoiiiHbiMn, iJa'::IIIHaH c Ton~UHbl no-
pHp;Ka MoH:ocim'H. ' ' . . · ·.· . . , · · · · > • , ;';/ 

B aKcnepHMCHTax aapb,HpoBMac:b cKopocTb' nocTy~meHIIH KoHp;e~_. 
caTa Ha llO~l'IO)I{Ky, TeMriepaTypa p~CTa II KOHC'::I~aH ;Olll.lr~ma Cl'IOCB Nb .. 
Ha puc.2 noKaoaHa naaucu:MocTb TeMrrepaTyphl nepexoga B caepxrrpo

aop;H~ee COCTO.liHUC Tc OT KO~C'::IHOH TOllll~iiHbl Cl'IOH HU06Im rrpii p;ByX 

TCMrrepaTypax pOCTa 40Q°C II 450°C rrpii ITOCTOHHHOH CKOpOCTU KOH- .· 

p;eHca:u;uu V.C ,;, 2, L4/ c. KaK Bllp;Ho un puc:2, npn yaemi'I~Him TeM

nepaTyphl IIO,i:J;l'IO)KKU (Tn) Y,D;aCTCH yny~UIIITb xapaKTepUCTliKH lll'ICHOK 
. ' . . 

Nb. 3Ha'IuTenbHOe yaenu'::leHne Tc c BonpacTaHHeM Tn MO)I{CT, Ha HaUl 

anrnHp;,6biTb CBHnaHo c p;ayMH cpaKTopaMu. C.yBenn'!eHHeM TeMhepa

Typhl !JO}J;l'IO)KKU yMeHblliaCTCH BpCMH )Ku3HII agcopfiupoB~HHbiX aTo

MOB OCTaTO'::IHbiX ra:JOB Ha llOBepXHOCTH pacTa, a TaK:>Ke oa C'::ICT p;ncp

cpymm IIO. rlly6HHhl nop;l'IO)I{KII ocyuiecTBl'I.HCTC.!I l'IY"IlllaH O'::IIICTKa rrpune

raiO~IIX K Ill'ICHKC o6naCTCll rr~gl'IO)I{KU: .IJ:pyroii B0:3~10)KHblll MexaHII:JM . . . 
ya'emi'::ICHHH Tc c pocToM TeMnepaTypbi nogno)I{KII CBH:JaH c yaenii'::Ie-

HUeM paoMepoB J<pHcTannuToB B nneHKe. KaK OTMe'::larrocb. paHee, He;

nocpegcTBeHHoe Bl'IUHHHC Ha OCHOBHbiC CBepxrrpOBO)l;H~Ue rrapaMeTpbi 

nneHOK (Tc II LlTc) OKa:JbiBaeT acpcpeKTHBHaH ,D;l'IUHa CB06op;Horo rrpo- ' 

6era aneKTpoHoB, KoTopaH npn HH3KIIX ·Te1mepaTypax o6paTHo npo:

nop:u;noHanbHa BenH'::IliHe ocTaTO'::IHoro conpoTnBneHIIH. nneHKII PwK. 

Ha pn~.3 imKaoaHa :JaBHCIIMocTb TeMnepaTypbi nepexop;a B caepxnpo

B~gHuiee 'cocTO.HHUe Tc OT OCTaTO'::IHoro corrpoTIIBl'ICHliH PwK.; ';Iiony- . 
',,· 
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Puc.2. 3a6ucuMocmb meM.nepamypbJ Tc 'nepexoda 6 c6epxnpo6oJ.Jiw,ee 

cocmo.Jinue om mo.11:r.qunbJ n.11.e1£'1CU Nb.. C~opocmb ?Co;,Jenca?tuu - 0,21 

nM uMn-1 • · 1 • TeMnepamypa nod.t£D_J~C'ICU ~ 450° C. 2 - TeMnepamypa 

nod.II.OJ~C'ICU , 400° C . · · 
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10 

9 

B 

,...... 
61 
u 
1-

6 

5 

" •. 

411 i11 1 ;, 1 ijil 1-11111.1 ji 1 II 1.1 II ijl 1 I iil,ii-1 ji•i II;; I I l.ji I II iii I I j i I II I ill II 

0.0 0.1 0.2 0.3 .0.4_ 
r(MK0M•CM) 

Puc_:3. 3a6ucuMocmb meMnepamypbJ. Tc nepexoJa 6 C6epxnpo6o·J.Jiw,ee 

cocmoznue Nb n.t£e1£'1CU om ocmamo'l/.1£020 conpomu6.11.enuz p,u3Mepen-. 

no2o npu 10 K ' 
/ " 

6 

'J 

r) 
!l 1l 

I 

·' 

I 

ll· ., ~.; . ,. 
•:. 

~e:~mrur naan:cn:MOCTh He Mo~eT 6hiTh o6ycrroarreHa naxaaToM xn:cn:o{>Op;a 

nneHKOII Hn:o6M11. 3Ha~eHni:8Tc/ 8pi~k.a~ :lTO:iJ ~rry~ae,KaK ~~:K~aHO B 
pa6oTe :[4], p;omimo 6hlTh o'xOno~ . 0,18 rpa,o;/M~OM•CM~ :"B ':ro BpeMH 
:KaK B Harne~ crry~ae :lTOT, napaueTp n:ueeT aerrn:~imy nopHp;Ka 

6 ·10'""4 rpa,i:UM:KOM·cr.t. :0cTaeTc11 npe~nonmKHTbj ~To"H:a6rrrop;aioiJin:
ec11 panrrn:~H11 B napaMeTpax nrreHoK; norry'l:eHHhiX npn: TeM:nepaTypax 

riop;rrmKKH 400°C ii 450°C' CBR3aHbl co CTpy:KTypHhn.iil:' oco6eHHOCT1IMn:. 

H3rOTOBITeHIIhiX crroeB1' B ~aCTHOCTH C HX p;ncnepCHOC;bJO .. ' 

Yaerrn:~em!e cxopocTn: :KoHp;eHcan;:mi npn: · norry~eHn:H :ii3 rranepHoii 

.nrranMhl crroeB Nb npn::Bop;IIT K yrry~rneHn:IO :Hx · :lrreKTpocpn:ci:H~ecxlix 
caoiicTB. Ha pn:c.4 noKanaHa naan:cn:uocTh TeMnepaTyphl nepexop;a B · 

CBepxnpOBOp;HIJJ;ee COCTOliHHe OT TOITIJJ;HHbl nrreHOK npn: TeMnepaType 

pocTa 330°C n: CKOpO~TH KOHp;eHcan;n:n: K = 2, 4A/n:un. cho;Ha Ham 

anrrr11p;, MO:IKeT 6biTh CBHnaHo co crrep;yrorn;n:un: cpaKTopaM:n. KaK y:IKe. 

6hlrro cKanaHo Bhrrne, yaerrn:~eHn:e cKopocTii pacTa onpep;errieTCll cxopo

CTbiO nocTyrmeHn:H KOHp;eHcaTa Ha nop;rro:IKKJ. Yaerrn:~eHn:e KpricTarrrrn:

TOB npn: nocTynrreHn:n: Ha nop;rro:IKKY 6orrbrnero Korrn:~ecTBa <iacTn:n; npo

n:cxop;n:T n:n-na yaerrn:~eHn:H n:unyrrhcHoro Harpeaa noaepxHocTn:-pacTy

rn;eil nrreHKH
1 

a TaK:IKe MO:IKeT 6h!Tb CB113aHO C pap;n:an;n:OHHbii-1 OT:IKHrOM.' 

10 

9 

B 

50. 10. -20·. . 30 .. 
d(HM). 

'40 

Puc:4· 3a6ucuMocmbm,eM:nepa~ypbJ Tc nepexoJa 6. C6epxnpo6od.Jiw,ee 

~(J~_mo;wue··~.t£e~?Cu Nb om 'mo.t£w,unbJ_np.u meMnepamype.pocma 330.°C 
u ~,C~pocm~ 'ICO'nJ~nca?tUU V.:: = o;24 HM·~ c_;1 .. ... . •. . . ..·. .. . .. 
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) 

- . Haimc.5 n~Kaoau~ nas:ricnMocTb TeMnepaTyp~I nepexp;o;a ·B cB~P~.
~poB<>J:vr~ee cocTmmne ~rreH<JK Nb. Torr~nu~ii ·39 A .oT TeMnep~~YP~ 
poeT~.' Cy~e~;BeHHrur aaBncnMoCTb Ka~eCTBa cB~pXTOHKnx cnoeB.Nb 

' . ' . . . . . . " . . ··- ~ 

OT TeMnepaTypbi nop;JIOJKKU TIOJIHOCTbiO. UJIJIIOCTpnpyeT BbiiUeCKa:JaH
HOe. Te~nepaTypa nep~op;a Tc ny'I~nx cnoesNb Ton~nuoii 30 A co

. CTaB~Jl~ 6·.K,.'ITO cy~eCT~eHHO OTJIU'IaeTC.H OT:C~OUCTB n~~HOK, no

. ny'IeHHhi~ B pa6oT~ [10,1n Bee :no nop;Tsep)Kp;aeT nepmeKTIIB~ocTb 
ucnOJib:JOBaHIDI Jla:JepfiOH nJia:JMbi p;JI.H ,nony'IeHII.H CBepXTOHKUX nneHOK 
cBepxnpoBop;HIIKOB n npu6opoB KpuoaiieKTpomrKn Ha nx ocuose. 
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Puc.5. 3aBucu.Mocmb me.Mnepamypbl Tc(K) nepexoaa 6 cBepxnpoBoaJl

t.qee COC.,;,OJlUUe n.lteUO'IC Nb mo.ltt.qUUOU 3,9 '/I,.M, om me.Mnepamypbl noa
'.~tO:JIC'ICU T(°C) 

· B naKJIIO'IeHne ueo6xop;nMo OTMeTUTh, 'ITo nony'IeHnro cBepxnpo
Bop;.H~nx csepxTaHKnx cnnoiiiHhiX nneHOK Nb cnoco6cTByeT nx oca-
2Kp;eune 11:3 BbiCOK03HepreTU'IHOU nJia:JMbi B CBepXBhiCOKOM BaKyyMe Ha . 
nop;JIO)KKy, HarpeTyiO p;o TeMnepaTypbi "' 400°C. :8' ~TUX YCllOBII.HX 
np;eT npenMy~ecTBeHHb!u p;ByMepub!u poeT nneuoK, He ua6nrop;aeTC.H 
:JaMeTHOU KOMecn;eHD;UII napop;b!IUeU Ha noBepXHOCTII, cy~eCTBeHHO 
Hapymaro~eii cnm)IUHOCTh nneHoK: IIneHKa · B aToM cny.fae ·no · CBOIIM · 
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. ~,· .. - !"· 

aJieKTpa<fl~:JU'IeC~U:l\; xapaKTepli~TUKaM npn6ITU)KaeTC.H K MacciiBHOMY- · 
· nonnKpncTamrir'IecKoMy o6paon;y. . . · . -

AsTopb! 6narop;ap.HT ,IJ;.AJ(opu~eBa na nuTepec -~ pa6~Te u'nonen-· 
Hb!e naMe'IaHn.H, a Ta~)Ke H.B. "tJ:epHeHKO ~a noMo.~h npi~ nop;roToBKe · 

: pyKonncH . 
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~HKOB E~B., llypHH C.A., llepHeHKo JI.II. 
floJIY'IeHHe H3 3po3HOHHOH Jia3epHOH IIJia3MH 
.CBepXTOHKHX CJIOeB Nb H HCCJieAOBaHHe HX CBO: 

IlpHBOAHTc51 KpaTKHH clHaJIH3 pa60'r, 'cOA 
llOJiylleHH51llJieHOK Nb H BJIH51HHH Ha HX CBO~C 
mHaJihHa51 llaCTh pa6oTH COAep)KHT onHcaHHe T• 
Jia3epHoro HaiiHJieHH51nJieHoK Nb H pe3yJibTaT 
CTHK B 3aBHCHMOCTH OT TOJI~H H pe:ICHMOB p 

· Pa60'ra BHnOJIHeHa B 11II«b PAH (H.HoBi-o 
HOH 4>H3HKH 0115111. 

Coo6m.eHHe 061.e~HHeHHoro HHCTHTYTa ll~epHbl 

. IJepeBOA aBTOpoB 

Kluenkov E.B., Churin S.A., Chernenko L.P. 
Nb Superthing Films ·Preparation by Laser Sptl 
and Properties Investigation 

The paper analyses information on methoc 
as the influence of· the sputtering condition ' 
Description of the Nb films technology by lase 
of investigation of films characteristics depen 

. growth condition are presented in the original 

The investigation has been performed at lA 
Laboratory of Neutron Physics,JINR. \•< 
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