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TIpM llCnOnbSOBaHHM cBepxnpoBo~~X n~eHOK ns Nb3gn, Nb)Ge 
H8 ~eHTOtIHOH oCHODe B pa3~lltIHHX 3~eKTpOTeXHllqeCKHX YCTpO~CTBax B03HE

KaeT sa~atIa 0~60T~ ee nOBepxaocTM c ~e~ID CHHReHllR MrnKpOHepOBHOC-
Te~. B pa60Te nOK8saHO, qTO npn npOTeKaHllH nepeMeHHoro TOKa B DO-

BepXHOCTHOM c~oe cBepxnpoBo~~en nneHKH - TOKoHecyme! qaCTn CBepxrrp~ 

BO~Qero Ka6eAR Ha6~ID~aIDTCR nOTepH 3HeptYlM Ms-sa ~e~eKTOB II Y~KpOHe

OAHOpO~OCTe~ B 3TOM nOBepXHOCTHOM ç~oe. B ~yro~ pa60Te /2/ oupe~é
nes nonycx ~IA mepoxosaroc'rs nonepxaoora 8TOH naeuxa , KOTOpffi! COCTaB

MeT 0..15 M1<M. XPYUKOCTb caepxnpononmueã n~eHKH co CTPYKTYPO:aA,J 

A ~eJlaeT npaRTlltIeCKH HeB03Mo~0~ MeX8HllQeCKYID 06pa60TKY - nOJlMpOBKY
I 5 

nOBepxHocTH. TI08TOMY npllMeHReTcR 3JleRTpOXill~QeCKaR H X~MHqeCKaR 06pa
60TKa Nb)Sn, Nb)Ge • O~HaKO oc06eHHOCTH pe~llMOB 3~eKTpOXllMHtIeCROn H 

~,XHMllQeCKOH 06pa6oTKll nOKpHTll2 Nb)Sn mNb)Ge np~BO~T K HX CJlO~OC


TB /3/. l108TOMY nOllCK HOBHX MeTOAOB 06pa60TKH nOEepXHocTH cBepxupoEOA


HHKOB RBnReTCR BecbMa aKTyaADHHM.
 
B ~aHHo~ pa60Te npe;V)O~eH MeTO~ 06pe60TKH nonepxHocTH TOHKHX 

DJleHOIt OnJl8an8HHeM ero nosepxuocra llMITYJlbCHW.1 aJleltTpOHHHM UyqRor."t. IIp:u
BO~TOfl PSSYJlLT8TH npHMeH8HHH aToro MeTOA8 ;VIR nJl8HOQHOrO 06p83ua 113 

csepxnpoaonnane 00 CTPY1tTYPO.t1 ( Nb)Ge).AI 5 
AH8~l1S 00Dp8MeHHUX BOnpaB.1leHH~ D TeXHO~OrHH oõpaõcrxa M8TOpHDJ10n, 

CBR38HHI:iX C, HCnO~bS,OBaHHeM HMlIY~bCHblX 3~eltTpOHH!:lX nyqKOB4iDOK83lmaeT,'tlTO a.718RTpoHHl:.IR nyqOK MOJlteT 6HTb MOmHUM aHeprOHOCl1T8~erl • lLnR npa
Mepa, npn ~Te~bBOCTn HMTIY~C8 TOKa nyqKa 8JleKTpOHOB ~u = 300 HC 
Kl~HeTHtIeCKOR aaepraa 100 K3B H nJlOTHOCTH TOKa fiY1IKa j = 500 A/ct,~. 

5.500 7BT/cNf.
nJlOTHOCTb MOmaOCTi'I B nyqKe COCTBB.JJ.ReT'l-= u ] = 10 = 5·I0

aToro SH3tIeH~R ilJlOT80CT~ MOmHOCT~ AOCTaTO~HO ~ npaKTMqeCKOrO npI'iMe
o. I 6 BTI ? /4/HesMR, T.R. ~ » -YO = O • ctC • 

M3BeCTHB TaKXe ~asepHaR 06pa60TK8 nOBepxHocT~ M8TepHaJlOB /4/. 
rrp~ 3TOM pe3Y~bTaTH.JlaSepAOn li SijeKTpOHHOH 06pa60TKIIl aH8JlOrHqHH, a 

npeHMYmeCTB8 8JleKTpOHHOH 06pa60TRH COCTORT 'B CJle~~meM: a) OHa ae 

SaBHCl1T OT OllTMtIeCKllX xapaKTepHCTIIlK nOBepXHOCTH, KOTopaR 06pa6aTHBa
eTCR; 6) nMeeT 60Jlee umpvRMe B03MOEEOCTH IIlSMeHeH~fl nap8McTpOB 8Hepro
BOCHTeJJ.R: ( nyqKa 3JleKTpOHoB no cpassenan c JI83epmm 113JlYtI8HM8M). 

3KcnepHMeHTH no nOBepxHocTH02 06pa60TKe roxoncovucro 0.710& ~~H
TOtIROrO cnepxnpoaonaaxe l1MllYJlbCHl1M 3Jl81tTpOHHWM ny'1HOM npoaonaaacs HB 
YOTlllionI~8, OIH1CBHliOn B /5/. YCTOIIODItO BIUlIO'1ll C'1' Il oocn nJIlI3M8HH!:dt 1'IC

TO~HMK 3JleKTpOHOB R npOMHlillleHHIDf reHepaTOp HMDYJlbCHOrO HanpJDKeHHR 

ApKa~l>eBa-MapKca TRna rnH-5DO. B HCTOtIHllKe 8JleKTpOHoB IIlCnOJlbSOBaJlCR 

MHorooc~pMMHHH KaTO~ co BSpHBHO~ 3Ml1CCMeH, a aHO~ 6un BHnOJlHeH H3 

ceTKH Hep~aBeIDmeH CTa~ c K03~llllMeHToM npo3pa~HocTH ~0,7 M ~aMeT
pOM npOBOJlO~eK"'" 0,05 MM. TOK nYtI:Ka 8JleKTpOHoB ii3~epRJlCR MHTerpMpYlOmBM 

nORCOM PoroBcKoro.·PerY.71MpOBKa llJlOTHOQTH TOKa nyqK8 ocy,meCTBAHJlaCb 
llSMeHeHlleM 3wweKTllBHoro sasopa Me~ aHO~OM H KaTo~6M 76/. 

B 3KCnepHMeHTaX llCnOJlb30BaJlCH 3JleKTpOHHIDf nyqOK co CJle~ID~~ 

napaMeTpaMH: 

I) KHHeTH~eCKaR 8HeprMR•••••••••••••••••••••••••• 100 KaB; 

2) nJlOTHOCTb TOKa nY~Ka.......................... 400 + 1000 A/ crio; 
3) ~JlllTeJThUOCTl> 1-1MIIYJlbCa TOKa nyqK8 •••••••••••••• 300 HC; 

4) nonepe~HaH\Heo~Hopo~OCTbnJlOTHOCTH 
TOKa •••••••••••••••••••••••••••••••• He 60Jlee 5%; 

5) ~MaMeTp ny~Ka 3~eKTpOHOB•••••••••••••••••••••• 5 MM. 

Ha pllQ.I npHBe~eHa TllnM~HaH ocun~orpaMMa llMITYJlbCa TOKa ny~a 

3JleKTpOHOB, a Ha pIllc.2 - 3HepreTll~ecKIIlH cneKTp nyqKa 3JleKTpoHoB. 
~R WOTorpaWIllpoB8HIIlR nOBepXHOCTll n~eHOK llCnOJlbSOBaJlCR MMKpocKorr 

MapIrn BS-350(lICCP). KpMTIIlqeCKaJÍ reaneparypa TK cnepxnpoaonmueã nnea
KM llsMepRAacb llHAYKTllBHHM MeTO~OM. 

OópasllH 06J1Y~aJl2Cb nyqKOM 3JleKTpOHOB B BaKYYMHOH KaMepe npH ~aB
JleHllH OCTaTO~Horo rasa p~ 10-5 Topp.06pasllH 6HJlH nO~rOTOBJIeHH B 3M 
ll3~M CM! ( r. EpaTMCJlaBa, ~CCP) MeTO~OM oca~eHllR llS napoBo:Li Wa3H 
CJlOR Nb)Ge cBepxnpoBo~HllKa TOJlmllHOH OKOJlO 5 MKM /7/. CBeXllpoBo~~H 
CJlO~ COCTOllT B OCHOBHOM R3 AI 5 ~asH Nb)Ge c npellMYmeCTBeHHofi oplleH
TalllleH <002 > nepneH~MKYJlJIpHO nosepxaocra nonnoxxa. KpOMe Toro, B 

c~oe MMeeTCR reKCarOHaJlbHaH wasa Nb~Ge) , ~OTopaH pacnOJlO~eHa B6AM

3ll nOBepXHOCTH. illepOXOBaTOCTl> nOBepXHOCTll nOKpHTHH sHa~llTeJlbH8 (CM. 
~OTorpaWMID Ha pMc.3a). a cpe~HHR BHCOTa OCTpMn ~ 5 ~ 6 MKM. C yqeTOM 
nocaenae ro cpezmaa TOJlmllHa C~OR Nb)Ge { C06C'l'BeHHO TOJlIlU1Ha 11 BHCOTa 
OCTpIll:Li) COCTaB~ReT '" 10 + 11 MKM. Ms npasenennoã sa pao , 2 P9CqeTHOll 
saBllCMMOCTM ~J1llHH npo6era 3JleKTpOHoB B Nb)Ge OT KIIlHeT11qeCKOH 3Hep~ 

rlllll nyqKa 3JleKTpOHoB no MeTO~lIlKe /8/ DU,W10, ~TO 8JleKTpOHH c KllHeTM

~ecKo:Li 8HeprlleH 20 + 90 K3B'YGaCTBYIOT B WopMMpoBaHMll nOBepxHocTHoro 
CJlOR npH ero 06J1Y~eHllH. 

KpMT11QeCKaR TeMllepaTypa nepexo~8 B cBepXDpOBO~Rmee COCTOHHIlIe 

TK = 20,95 K; ill~pllHa nepexo~a ~TK = 350 MK. TeMilepaTypa nJlaBJleH11H 
Nb)Ge panH8 19IOoC, a TeMilepaTypa nJlaBJleH~R nO~~O~K~ - 1425°0. 

llpoBe~eHHHe 3Kcnep~MeHTH nOKaSaJlH, QTO B saBHCllMOCT11 OT 'nJlOTHOC
TH TOKa Ha6~ID~aIDTcR paSHHe CTeneHll 06pa6oTKM nOBepXHOCT~, Ha~MB8H c 

OnA8BJleHllR caMHX BHCOKllX HepoBHocTe:ti M KOHQaR núJIROM 
peKpllcTa~llsallMeH CBepxnpOBO~HmerO nOKpHTMR ( pllc.36,B.r). 
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~OTorpa~~~ nOBepXHocTH NbJGe cooTBeTcTBY~T OABOKp8THUM OÓ~YlleHMRM 2§~ 
5=~oópaSUOB s~eKTpOHHHM DYllROM. PeHTreHo~wpaKUMOHHHH aHa~~s pe~pMCTa~
8~AllSOBaHHoro C~OH nOKaSUBaeT, ~TO npM TaKon oópaÓOTRe MCllesaeT rrpeEMY


mecTBeHH8H opueHTaUHHNbJGe nOKpuTllR. Ha ~~p8KTorpaMMe He rrOHB~H~TCR
 ~~ 
5:: oAHwpaKUHOHHHe nMKH OT reKcaroHa~bHoH wa3H H rrOBHlliaeTCR WOH o oNb5GeJ P.i{,()
E-<AHWpaKTorpaMM. Ms SToro CAeAYeT, llTO rrpHnOBepXHOCTHHH C~OH ( c ÓO~b
;x: 11 
Q)illMM KOAHlleCTBoM Wa3U) pacrr~aBHACR M Bc~e~CTBMe OUCTporo OX
~ .-....Nb 5Ge] 
(1) 

~a~AeHHR CTa~ aMopwHHM. 8KcrrepHMeHTH YKa3a~H H8 lie~eCOOOpa3HOCTb O~
0::..-... 

.--.,HOKpaTHHX oó~yqeH11~ oópa3ll0B 8~eKTpOHHUM rrYllKOM, T.K. orr~aB~eHHe ero .--., SI -o 
~ ::r: ....... 

nOBepXHOCTH npOHCXO~HT c oópa30B8HHeM aMopwHoro C~OH. AHa~orHllHHe 
m 

Q) 

g,~ 
peSY~bTaT/ nOAyqeHH B 8KcnepMMeHTax no ~a3epHOMY oó~eHll~ MaTeplla~ ~ o 

'8~~OB /9,10 H no s~eKTpoHHOMY oÓ~lleHMm KpeMHHR 14/ . llPH 8TOM He COB

ceM nOHRTeH MeX8HHSM B3aHMo~eMCTBHR 3~eKTpOHHoro lly~a c M8TepHaAOM
 ~8 

~ 

oópaSli8 11 n08TOMy npOBe~eHHHe 8Kcnep11MeHTH paClieHHBa~TCR KaK rrpe~ (l) "o"'.-.... 
BapHTe~bHHe. ~ ~ 

o~ Bcex Mcc~e~eMHX oópa3liOB H3MepRAaCb KpHTHlleCR8R TeMITepaTypa :s; :r.:: 
E-< o 
o.P.iPe3Y~bTaTH HSMepeHHfi rrOKaSaAll, llTO TO~bKO Y no~HOCTb~ peKpHCTa~Tx• o I:-< 
::r: ;x:~ll30BaHHoro C~OR Haó~~~a~OCb YBe~HqeHHe IDHpHHH nepexo~a aTx B CBepx >4 (1) 
o, ~ 
Q) CI)rrpoBo~ee COCTOHHHe. rrO-BH~llMOMY,8TO oóyc~o~eHO peaKuneH NbJGe 
o 
~ 

m; nOMOJKKoM. : ~.. B SaKAmlleHHe MO~O c~e~aTb c~e~~~e BHBO~H: 
;~< c:B paÓOTe npO,I{eMOHCTpnpOB8H MeTo~ OOpaóoTKll nOBepXHOCTH cBepxnpo Cí3 cu 
~;x: 

BO~HHKa Qn~aB~eHHeM ero nOBepXHOCTH c coxpaHeHHeM CBepxnpOBO~~X H o o 8 
E-<napaaerpoa HMIIY~bCHUM 8~eKTpOHHHM rrJ"1m.OM. t 
o :s: 
iGl E-<

Bc.1Ie,I{CTffi1e Tel\llIepaTypHl:lX YCJIOBIDí OTJKHra: reaneparypa n~aMeHHR ~ 
U

NbJGe (I9IOOC) 3HallHTe~bHO BHIDe TeMrrepaTypH rrAaMeHHH nOMOJKKM ~ cC 

PEc.2. SHepreT~~ecK~H cneKTp 
nyqKa anenrpoaos (E) H sana
C~MOCTb A~HH npoóera s~eK
TpOHOB h OT K~HeT~llecKoH 

sHeprMM s~eKTpoHoB E. 
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I, 
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(14250C) , paCCMOTpeHH~ B AaHHOH pa60Te MeTOA ~MITY~bCHOfi 06pa60TKM 
a~eKTpOHHUM ny~OM OTKp~aeT HOBUe B03M~HOCTn B TOHKon~eHO~HOH Tex
soaoraa, OAH'l.KO MR nOJlHOMaClliTa6HOJ;'Q npHMeHeHl1R ororo MeTo.n;a aeooxc
Al1M11 AOnOJlHl1TeJlI:>HUe axcnepaaearu ,IJ;JIH nOIDIMamtR MeXaH113M8 B3811MO
AenCTBl1H aJleKTpOHHoro n~a c MaTepl1E~OM Ó6pa3lla. 
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BaBpa H., KopeHeB C.A.	 P13-86-860 
Oõpaõorx a nOBepXHOCTH TOHKHX IUleHOK HMnyn.bCHbIM 
3neKTpOHH~K nyqKOM 

TIpeAno*eH li npo,o;eMOHCTpHpOBaH MeTO,o; oõpaõoTKH nOBepXHOCTH 
TOHKHX MeHOR onnaaneuaea er'o nOBepXHOCTH HMnynbcHblM 3neKTpOH
HhlH ny-ncon , TIpHBeAeHhl peavnsr a'ru npHMeHeIlHH a-ror-o MCTOAa ,o;J1H. 
nne novaor-o oõp aa na 113 c aepxnpo aoruutxa co CTPYKTypOlt AIS/Nb3Ge/. 
Iloxa aano t 41'0 pe3ynbTaTbl oõpaÕOTKH t cvuie cr aeuao ynyqLUan CTPYK
TYPY nonepXHOCTH, He YXYAUlôlOT CBepxnponogHmux napaMeTpoB nneH
KH. TIpHBeAeHbl p eayrnrr a'ret AHcllpaK~HoHlloro ananas a oõpaanou , 

PaÕOTa 'BbmonHeHa B O'rrrene HOBbIX MeTo,o;oB YCKopeHHH OI·um. 

nperrpaarü6'bCAHHCHHoro HHcTHTyra JlACpHblX HccnCAOBaHHH. JlyGHa 1986 

TIepeBoA aBTopOB 

Vavra I., Korenev S.A. PI3-86-860 
Thin Films Surfaces Treatment by the Pulse 
Electron Beam 

A method of thin film surface treatment by the pulce elect
ron beam fusioo is proposed and demonstrated in the paper. The 
results of the rnethod for the filrn model of the supe~conouctor 

structure AlS,(Nb3Ge) are given. It is shown that the treatment 
results, sufficiently improviug the surface structure, donPt 
make worse the film superconductor parameters. The results of 
the film diffraction analysis are given too. 

The investigation has been performed at the Departnlent 
of New Acceleration Methods, J1NR. 
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