
05 'bE.OHH EHHbl tf 
HHCTHTYT 
$1.0EPHbJX 

HCCnE.OOBAHHYl 

.0y6Ha 

PB - 6855 

HJ1.BaJiaJibiKHH, IO.B .MypaTOB, H.B .Py6HH 

YCTAHOBKA 

~RH HAHECEHHH CBEPXITPOBO~HmMX 
TOHKJ1X OREHOK 

1972 



...................... ~~-

s. __ 

P8 - 6855 

HJ1.BaJiaJibiKHH, IO.B.MypaToB, H.B.Py6HH 

YCTAHOBKA 
~~H HAHECEHHH CBEPXTIPOBO~ 

TOHKMX n~EHOK 

Ha.npaHat•Ho B HT:J 

8:-c.,_~l-'""''-'c>I''-'H": ur~ I 111•\#J:.'""·~,...,...l.U~~-o>&.i.I# ... Ji li ·ILo~~·~· 

Jm~a.D::I u~;]:J/!'jl!~Di 

• blr'~;.,;m1UTEt\A 



IlpH cOJ,ll;aHHH KonneKTHBHoro JIHHeiiHoro ycKopuTeJIJI I II c ucrronL­

JoBaHHeM caepxrrpoBO,li;Jl"IUHX /CIT/ ycKopJIIO"IUHX :meMeHTOB - pe JOHa­

TOpOB O,li;HOH H3 OCHOBHbiX TeXHH'IeCKHX rrpo6JieM JIBJIJleTCJI IIOJiy'leHHe 

Heo6XO,li;HMOH CIT- IIOBepXHOC·ru. 

OrrHCLIBaeMaJI HH)I(e ycTaHOBKa HMeeT n;eneaoe HaJHa'leHHe -

rronyqeHHe err ,!J;BYXKOMIIOHeHTHOH Nb Ti nneHKH Ha pa6oqe:ii IIOBepxHo­

CTH pe JOHa Topoa. O,!J;HaKo ee B03MO)I(HOCTH ropaJ,li;O wupe. 0Ha 

1103BOJIJleT IIOJiy'laTb TOHKHe 'IHCTble IIJieHKH pa3JIH'IHbiX MeTaJIJIOB 

H BCMeTannoa. Ha ycTaHOBKe 6LIJIH rrony'leHhi rrneHKH N ~ , Ti , Zr , 
Mo , U , Nb Ti , Nb Zr , Ta , Sn , Ag , Al , Cr , KepaMHKH. MaTepuan 

IIO,li;JIO)I(KH - MeTaJIJibl, CTeKJIO, opraHH'IeCKOe CTeKJIO, 3IIOKCH,li;HaJI 

CMOJia, KHHOIIJieHKa, JiaBCaHOBaJI IIJieHKa. QqeBH)J;HO, Kpyr HCXO,li;HbiX 

MaTepkaJIOB, HX KOMII03HUHH H MaTepHaJIOB IIO,li;JIO)I(KH MO)I(_eT 6biTb 

npu Heo6xo,li;HMOCTH 3Ha'IHTeJILHO pacwupeH. IllupoKHe nepcrreKTHBbi 

TOHKOIIJieHO'IHaJI TeXHOJIOrHJI OTKpbiBaeT B03MO)I(HOCTbiO peryJIHpOBaHHJI 

XHMCOCTaBa IIJieHKH KaK 110 rny6HHe, TaK H 110 IIJIO"IUa,!J;H. 

IloJiy'leHHe CIT- IIJieHOK C BKJIIO'IeHHeM HeMeTaJIJIOB /HMHTaD;HJI 

IIyCTOT/ 1103BOJIHT ,ll;aTb OTBeT Ha HeKOTOpble BOIIpOCbl TeopeTH'IeCKOrO 

'30· xapaKTepa. 

OnucaHue ycmaHOBKU 

YcTaHOBKa COCTOHT H3 BaKyyMHOH KaMepbi, CHCTeMbl OTKa'IKH, 

6JIOKa IIHTaHHJI,3JieKTpOHHOJIY'IeBOrO IIJia3MeHHOrOHCIIapHTeJIJI,IIYJibTa 

ynpaaJieHHJI. 06IUHH BH)J; ycTaHOBKH rrpe,!J;CTaBJieH Ha pHC. 1. 
BaKyyMHaJI KaMepa BhiiiOJIHeHa H3 Hep)l(aBero-me:ii cTanH. Koprryc, 

CTeHKa, KpbiWKa, OTKa'IHOH naTpy60K H pa:iiOH HCnapHTeJIJI OXJia)l(,ll;aiOTCH 

IIpOTO'IHOH BO,li;OH. YnJIOTHeHHe KpblWKH, HJIJIIOMHHaTopa, 4JnaHn;eB HCIIa­

PHTeJIJI H OTKa'IHOrO IIaTpy6Ka - BaKyyMHaJI pe3HHa. 3JieKTpOBBO,ll;bl 
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PHc. I. 06ll{Hii BH.l{ YCTaHOBI<H. 

PHc. 2. I - nnaHwaA6a, 2 - 030THLrli 3KpaH, 3 - 6nox HcnapHTeneli, 
4 • DOJlOBHHKa PC30HaTopa C HaDLlJlCHHOJi HH06HA·THTaHooolj DJlCHKOli. 
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H BaJihl Bpaw;eHH.H nJiaHWaH6hi HMeiOT KOM6HHHpOBaHHOe pe 3HHO- qlTOpo­

nnacToaoe ynnoTueuue. Bee ocTaJILHhle ynnoTHeHH.H - MeTann. 

BHYTPH KaMepLI /puc. 2/ pacnoJIO)KeHLI: nnauwaii6a H3 uep)KaBero­

w;eii cTanu, cny)KaLQa.H ,IJ;JI.H 3aKpenneHH.H H apaLQeHH.H H3.n;enu.H /pe3oua To­

pa/ B BepTHKaJILHOH HJIH ropH30HTaJILHOH nJIOCKOCTH; a30THhiH 3KpaH; 

XK-TepMonapLI ,n;n.H KOHTpon.H TeMnepaTypLI no,n;JIO)KKH; KBapn:eBLIH 

.n;aTqHK KOHTPOJI.H CKOpOCTH HaHeCeHH.H nJieHKH; qeThipexn03HU:HOHHhiH 

3JieKTPOHHOJiyqeBOH nJia3MeHHhiH HCnapHTeJih. 

CHCTeMa OTKaqKH BKJIJOqaeT B ce6.H ~OpBaKyyMHYIO MarHCTpaJIL, 

IPopaaKYYMHLIH uacoc BH-4, aaKyyMHLIH arperaT BA-5-4 c 3aJIHBHoii 

"! a30THOH JIOBYWKOH H a30THhiH 3KpaH. 

JiJIOK nHTaHH.H COCTOHT H3 peryJIHpyeMLIX BhiCOKOBOJihTHhiX 

/0.:-10 KB, 075a/ H HH3KOBOJihTHhiX /0750a, 12 B/ HCTOqHHKOB 

J· nOCTO.HHHOrO TOKa ,IJ;JI.H aBTOHOMHOrO nHTaHH.H 3JieKTpOHHOJiyqeBLIX 

nyweK ucnapuTeJI.H. OT,n;enLHLIH perynupyeMLIH BLICOKOBOJILTHLIH He­

TOqHHK /0720 KB/ nOCTO.HHHOrO TOKa CJiy)KHT ,IJ;JI.H no,n;aqH OTpHU:aTeJIL­

HOrO noTeun:uana ua H3,n;enue. 

BhlCOKOBOJILTHLie HCToqHHKH nHTaHH.H nyweK H3rOTOBJieHhl ua 6a3e 

Tp"ltHc~opMaTopoa THna TM - 50/10. BLmp.HMHTeJIH BLIHOJIHeHLI no 

CXeMe JlapHOHOBa Ha ,IJ;HO,IJ;aX THna ,I:(- 248 H BCTpOeHhl B 6aKH TpaHC~op­

MaTOpOB. PerynupoaKa uanp.H)KeHH.H ocYLQeCTBJI.HeTc.H no nepauquoii 

o6MoTKe THpHcTopaMH BK,D;Y- 150, BKJIIOqeHHLIMH no BCTpequo- napan­

nenLHOii CXeMe. 0TpHU:aTeJILHhiH nOJIIOC HCTOqHHKOB 3a3eMJieH. C n:eJILIO 

CTa6HJIH3aU:HH pe)KHMOB npu nepexo.n;e 3JieKTpouuonyqeaoro npon:ecca 

B 3JieKTpOHHOJiyqeBOH nna3MeHHhiH B n:enb nHTaHH.H BBe,neHa HH.IJ;YKTHB­

HOCTh. Pa6oTa ucnapuTeneii onucaua HH)Ke. 

B nyJILTe ynpaBJieHH.H ycTaHOBKH CMOHTHpOBaHhl KOMMYTHpyrow;a.H 

annapaTypa, KHOnKH ynpaBJieHH.H, CHrHaJIH3aU:H.H, H3MepHTeJILHhiH H 

6JIOKHPOBOqHhiH BaKyyMe Tphl. 

KoHTpOJih napn:HaJILHhiX ,n;aBJieHHH OCT a TOqHhiX ra30B B KaMepe 

ocYLQeCTBJI.HeTc.H c noMOIU;LJO H3MepuTeJI.H THna HII,D;O- 2. · 

KoHcmpyKI.IUJl u pa6oma 3/JeKmpoHHOAy<~eeozo nAa3MeHHozo 
ucnapumeAJl 

Oco6eHHOCTH KOHCTPYKU:HH ucnapuTeJI.H o6ycnoaneHhl, ao-nepahlx, 

~H3HKO-XHMHqecKHMH CBOHCTBaMH HCXO.IJ;HhiX MaTepHaJIOB, BO-BTOphiX, 

TexuonoruqecKHMH Tpe6oaaHH.HMH npon:ecca nonyqeHH.H nneHKH Ha 

HHTepecyroLQeii no,nJIO)I(Ke. 
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Cy~ecTayeT n;eJILIH p.JI,n; 'IHCTLIX 3JieMeHTOB H pa3JIH'IHLIX cnnaaoa, 

o6na,n;aro~HX CBOHCTBOM err npH onpe,n;eJieHHhiX TeMnepaTypax. Cpe,n;H 

3TOrO WHpOKOrO Kpyra MaTepHaJIOB Ba~HOe npaKTH'IeCKOe 3Ha'leHHe 

B HaCTO.JI~ee BpeM.JI HMeeT 'IHCThiH HH06HH H ero CllJiaBhl C THTaHOM, 

UHPKOHHeM H OJIOBOM. B Ka'leCTBe HCXO,I1;HOrO MaTepHaJia llpH pa3pa· 

60TKe 3JieKTPOHHOJiy'leBOH nyllii<H HCnapHTeJI.JI 6LIJI Bhi6paH HH06HH. 

HecMoTp.JI Ha TO, 'ITO a p.JI,n;e TyronnaaKHX MeTaJIJIOB I W, Mo , 
Re, Ta , Nb ·I HH06Hii: JaHHMaeT nocne,n;Hee MecTo no aeJIH'IHHe 

TeMnepaTypLI nnaaneHH.JI I Tnn."" 2500 °CI, HcnapeHHe ero conp.JI~eHo 
C 60JihWHMH 3aTpaTaMH y,n;eJILHOH MO~HOCTH, 'leM ,11;JI.JI ,n;pyrHX yKa3aH· 

HhiX MeTaJIJIOB. ITo ,n;aHHhiM / 2 • 3 /, cpaBHeHHe CKOpOCTH HCnapeHH.JI 

HH06H.JI C BOJIL4JpaMOM H MOJIH6,n;eHOM llOKa3LIBaeT, 'ITO HH06HH HCna· 

p.JieTc.JI B 1507200 pa3 Me,n;neHHee. 

HHo6Hii: xapaKTepHJyeTc.JI 3Ha'IHTeJILHoii: XHMH'IecKoii: aKTHBHOCTLIO. 

B OTJIH'IHe OT MOJIH6,n;eHa H BOJIL4JpaMa HH06HH B3aHMO,I1;eHCTByeT 

C B0,11;0p0,11;0M y~e npH TeMnepa Type 300 ° C /4/ H CTaHOBHTC.JI BeCLMa 

xpynKHM. 

B npHCYTCTBHH OKHCH yrnepo,n;a npH TeMnepaType BhiWe 600°C /
4

/ 

~ npOHCXO,I1;HT o6pa3oBaHHe Kap6H,n;a HH06H.JI. 

0KHCJI.JIThC.JI HH06HH Ha'IHHaeT npH cpaBHHT6JlhHO HH3KHX TeMnepa­

Typa)' • OT ;00 ° C ,11;0 500 ° C no pa3JIH'IHhiM JIHTepaTypHhiM ,n;aH· 

HhiM 
2

' 3 • 4 • 5 . llpH ,n;aaJieHHH KHCJIOpo,n;a OKOJIO 10-3 TOp Ha llOBepx­

HOCTH llJIOTHO cn;enJieHHOrO OKHCJia N b0 2 o6pa3yeTC.JI llOpHCThiH OKHCen 

Nb 2 0 5 H Ha6JIIO,n;aeTC.JI JIHHeHHa.JI 3aBHCHMOCTh OKHCJieHH.JI OT BpeMe· 

HH 

EcTeCTBeHHO no3TOMy, 'ITO npouecc nony'leHH.JI nneHOK HH06Hg, 

a paaHo H Nb Ti , Nb Zr , Nb 3 Sn He cne,n;yeT aecTH npH ,n;aaneHHH 

BhiWe 10-6 TOp. 

Pa3pa6oTaHHLIH HcnapHTeJIL noJBOn.JieT aecTH npon;ecc npH ,n;aane-: 

HHH B KaMepe He Xy)l(e 5x10 -? TOp H HHTeHCHBHO HCnap.JITh He TOJihKO 

HH06HH, HO H ,n;pyrHe KaK 6onee, TaK H MeHee TyronnaBKHe MaTepHaJihl. 

3neKTPOHHOJiy'leBa.JI KOpOTK04JOKYCHa.JI KaTyWKa HCnapHTen.JI o6ec-

ne'IHBaeT: 

11 nJIOTHOCTL 3HeprHH He HH)I(e 0,5x10 5 BTl eM 
2

; 

21 4JoKyCHOe paCCTO.JIHHe He 6onee 13 MM; 

31 BhiBO,I1; HOHOB H HeHTpaJILHhiX aTOMOB HCllap.JieMoro MaTepHana 

B pa6o'IHH 06'heM KaMephl. 

CxeMa nymKH npe,n;cTaaneHa Ha pHc. 3. 

B CB.JI3H C OTCYTCTBHeM ,n;aHHhiX ,11;JI.JI Henocpe,n;CTBeHHOrO pac'leTa 

TaKHX CHCTeM paCC'IHTLIBanach nymKa CO CXO,I1;.JI~HMCJI TIOTOKOM, 
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PHc. 3. CxeMa 3neKTPOHHonyqeaoB: nyrnKH HcnapHTemL 1 - KOnLueaoB: 
KaTO,l]., 2 aHo,l].- THrenh, 3 - 3lleKTpOCTaTH'IeCKa.H llHH3a: a -

!l>oKyCHpyro~a.H qaCTh, 6 KOHUeHTpHpyro~aH 'laCTh, 4 - ITOTOK 
3lleKTpOHOB, 5 - ITOTOK HOHOB H HeHTpanhHhlX aTOMOB HCnap.HeMOrO 
Ma TepHana, 6 - HCTO'IHHK ITHTaHHH HaKana Ka TO,l].a, 7 - BbiCOKOBOllbTHhlH 

HCTO'IHHK. 
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PH c. 4. Cao.n;HhiH rpa<IJHK .n;mr onpe.n;eneHHH napaMeTpos :meKTpOHHonyqe­
BOB llYIIIKH. 
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HMeiOll(a.H CITJIOlliHOH KaTO,D; H OCHOBaHHa.H Ha HCITOJlb30BaHHH l.faCTH 

c<l>epH"'eCKoro ,D;HO,D;a. 3aTeM cne,D;osana 3KcnepHMeHTaJibHa.H nposepKa 

H ,IJ;Opa60TKa KOHCTpyKIJ;HH ITYlliKH. 

PacqeT npoHJBO,D;HJIC.H no MeTo,D;y Mronnepa16<noJBOJI.HIOll(eMy npu-

6JIH*eHHO onpe,D;eJIHTb reoMeTpHl.feCKHe pa3MepM 3JieKTpO,D;OB llylliKH 

c nepaeaHCOM ,D;o 6 /npaB,D;a, c secLMa yMepeHHOH KOMnpeccueii/ 

H yrJIOM CXO,D;HMOCTH llOTOKa ,D;O 40 ° , "'TO Cyll(eCTBeHHO paClliHp.HeT 

pacqeTHbie B03MO*HOCTH. 

Cso,D;HhiH rpa<l>HK ,D;JI.H onpe,D;eJieHH.H napaMeTpos nyrnKH npe,D;CTaBJieH 

Ha pHC. 4. 

06oJHa1.feHH.H: R"- pa,D;uyc KpHBH3Hhl KaTO,D;a; Ra- pa,D;Hyc KpHBHJ­

Hhi aHo,D;a; r" - pa,D;Hyc KaTo,D;a B nnaHe; r a - pa,D;Hyc aHO,D;Horo OTBep­

CTH.H; (} - yroJI CXO,D;HMOCTH ITOTOKa; z 0 - <i>oKyCHOe paCCTO.HHHe; 

Zmin- pa,D;Hyc Kpoccosepa. 

3a,D;a,D;HMC.H:P 11 = 2; pa,D;HYC KaTo,D;a rlr. = 11 MM; JIHHeHHa.H KOMnpec­

r . 
CH.H ~ = 0,1. ITo cpe,D;HeMy rpa<i>HKY Haii,D;eM, "'TO nyrnKa ,D;OJI*Ha r 

max R 
a 

HMeTh OTHOllleHHe -rr:-"' 0,43, a ITO HH*HeMy, "'TO: 
~ Jr. 

OTCIO,D;a: 

1 -cos(} 
-.....,p~-"' 0,93 

11 

1 - cos (} = 0, 2 ; (} = 3 7° ; 

rlr. 
Rlr. = 18,4 MM; R~r.= 

sin (} 

Ra = Rlr. X 0,43; R a = 7,9 MM; 

r a= R ax sin(}; ra = 4,8 MM. 

Y"'HTMBa.H, "'TO no,D; ,D;eiicTBHeM TennoBMX cKopocTeii 3JieKTpOHOB 

pa,D;uyc nyqKa B paiioHe aHo,D;a nonyqaeTC.H 6oJibllle pacqeTHoro, a TaK*e 

eme H TO, "'TO pacceHBaiOIU;ee ,D;eHC\BHe aHO,D;HOrO OTBepcTH.ll 

CKa3hiBaeTC.H Y*e B npOCTpaHCTBe nepe,D; aHO,D;OM / 9 /, BBO,D;HM no­

npaBKY Ha R a ITO <l>opMyJie: 

R' 
Ra 

a cos (} 
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R' "" 10 MM; 
a 

r' R ' • sin () ; 
a 

r 5, 7 MM · 
a 

cl>oi<ycHoe paccTOJIHHe z 0 onpe,IJ,enJieTCJI no aepxHeMy rpa$HI<Y. 
zo 
-- = 1,25; z0 = 23 MM. 
R,. 

YcTaHoBO'IHoe paccTOJIHHe Me)J(.IJ.Y aHO.IJ.OM H $oi<ycapyromeii: I<aTO.IJ.HOii: 

nHH3oii: onpe,IJ,enJieTCJI BLipa)J(eHHeM: 

r 1t. r a 
z ---- - -----

t g (J tg () 

Z = 7,5 MM. 

IlpH Bb160pe pa3MepOB H I<OH$HrypaiJ.HH peanbHbiX :meJ<TpO,II,OB ,IJ,nJI 

3I<cnepHMeHTanLHOii: npoaepi<H nymi<H Y'IHTLIBanocL cne,IJ,yromee: 

1/ OTCYTCTBHe U.eHTpanLHOB 'laCTH I<aTO,IJ,a; 

2/ BnHJIHHe HOHHOB $oi<yCHPOBI<H; 

3/ BnHJIHHe I<OHU.eHTpHpyromeif 'laCTH 3nei<TpOCTaTH'IeCI<OB nHH3bl. 

Ilo ,IJ,aHHLIM I 7 I npa accne,IJ,oBaHHH anHJIHHJI HOHHoro nJITHa Ha 

4JopMHpOBaHHe nyqJ<a y,IJ,aneHHe H3 I<aTO,IJ,a B6nH3H ero U.eHTpa 'laCTH 

OI<CH,IJ,a a BH,IJ,e I<pyra, nnoma.IJ.L I<OToporo cocTaanJina 7Cfo oT o6meii 

3MHTHpyromeB: noaepxHOCTH I<aTo,IJ,a, npaaeno I< pe3I<OMY H3MeHeHHIO 

nonepe'IHbiX CI<OpOCTeB 3nei<TpOHOB. 3Ha'IHTenbHaJI 'laCTb nocne,IJ,HHX 

YCTpeMHnaCb I< OCH UO,II, 6onLWHMH yrnaMH, C03,IJ,aB B6nH3H OCH UHK 

nnOTHOCTH TOI<a. 

B cnyqae acnonL30BaHHJI I<OnLu.eaoro I<aTo,IJ,a 3TOT 3$$ei<T eme 

6onee ycanaaaeTCJI, Tai< I<ai< y,IJ,anJieTCJI He 7% ai<THBHOB qacTH I<aTO,II,a. 

a ero 3Ha'IHTenbHaJI qacTL - 70780'1o. 
Y CHneHHlO $oi<ycHpOBI<H 3nei<TpOHHOrO UOTOI<a CllOC06CTByeT H 

OCo6eHHOCTb pa60Tbl nyWI<H - HCnapeHHe H HOHH3aU.HJI HCXO,II,HOrC 

MaTepaana. IlonO)J(HTenbHbiB HOHHbiB WHYP y,II,ep)KHBaeT 3Ha'IHTenbHOE 

'IHCnO 3nei<TpOHOB, 'ITO npOJIBnJieTCJI B llOJIBneHHH Mai<CHMyMa nnOTHO­

CTH TOI<a a6nH3H reoMeTpJI'IeCI<OB OCH nyWI<H. 
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Onpe~eneHHOe BnHHHHe Ha ~opMHposaHHe 3neKTPOHHoro noToKa 
OKa3biBaeT KOHIJ,eHTpHpyro~aH 'laCTb 3neKTpOCTaTH'IeCKOH nHH3bl /36 
Ha pHC. 3/. 

llapannenbHO 3KCnepHMeHTanbHOH ~OBO~Ke 3neKTpOHHOny'leBOH 
nywKH 6bm npoH3Be~eH pac'leT pacnpe~eneHHH noTeHIJ,Hanos s o6nacTH 
3neKTpocTaTH'IecKoii nHH3bl Ha 3BM. PeJynbTaTbl pac'leTa npHse~eHbi 
Ha pHC. 5. Xo~ KpHBbiX B paiioHe KOHIJ,eHTpHpyro~eH 'laCTH nHH3bl 
rOBOpHT 0 BnHHHHH nocne~HeH Ha CXO~HMOCTb 3neKTpOHHOrO noTOKa. 

KpoMe Toro, KOHII.eHTpHpyiO~aH 'laCTb 3neKTpocTaTH'IecKoii nHH3bi 
Heo6xo~HMa no TexHonorH'IeCKHM coo6pa>KeHHHM - oHa npe~oxpaHHeT 
OT 3anblneHHH BBO~HOH H30nHTOp aHO~a. B npOTHBHOM cnyqae wyH· 
THpoBaHHe H30nHTOpa HaHOCHMOH B npoii,eCCe pa60Tbl MeTannH'IeCKOH 
nneHKOH npHBO~HT K npeKpa~eHHIO HOpManbHOH pa60Tbl 3neKTpOHHO· 
nyqesoii nywKH. 

llpHHHMaH BO BHHMaHHe ~OKyCHpyiO~ee ~eHCTBHe OnHCaHHbiX liJaK· 
TOpOB, 3KCnepHMeHTanbHbiH aHO~ H3rOTOBHnH C r a = 8 MM, a He 
r'a = 5,7 MM no paC'IeTy H ~nHHOH f = 11 MM, a He Zo = 23 MM no 
pait'leTHOMY nono)l(eHHIO liJoKyca /pHc. 46/. BlaHMHoe pacnono>KeHHe 
KaTO~a H aHO~a, reoMeTpHH liJoKyCHpyro~eH 'laCTH 3neKTpOCTaTH'IeCKOH 
nHH3bi cooTseTcTsosanH pac'leTHbiM. CxeMa 3KcnepHMeHTanbHOH nyw­
KH npe~CTaBneHa Ha PHC. 6. 

BenH'IHHa a oTC'IHTblsanacb OT sepxHeii nnocKOCTH aHo~a. B npo­
uecce 3KcnepHMeHTa MeHHnacb senH'IHHa pa3rOHHIO~ero HanpH:>KeHHH, 
npHnO:>KeHHOrO Me:>K~y KaTO~OM H aHO~OM,H nono:>KeHHe MHWeHH B aHO~e 
no OCH z. 

TOK nyWKH onpe~enHnCH HaKanOM KaTO~a H nOMep:>KHBanCH BO 
scex cny'laHx paBHbiM 125 Ma. 

PeJynbTaTbi 3KcnepHMeHTa npHse~eHbl B Ta6nHue. 
KaK cne~yeT H3 Ta6nHII.bl /cTpoKa 14/ ,npH U = 5KB H a = 5 MM 

06ecne'IHBaeTCH nnOTHOCTb 3HeprHH 0,5x10 5 BT/CM 2 . 

llposepo'IHbiH 3KCnepHMeHT C HH06HeBOH MHWeHbiO noKa3an B03· 
MO:>KHOCTb pacnnasneHHH ee npH U = 5 KB H I = 200 Ma. 

B peanbHbiX ycnoBHHX aHo~-THrenb nywKH H3roTosneH H3 Me~H 
H oxna:>K~aeTCH BO~OH. KoMneHcaiJ,HH OTBO~a MO~HOCTH BO~OH ~OCTH· 
raeTCH npHMeHeHHeM KaTo~a 6onee cno>KHOH llJopMbi. TaK, npH Hcna­
peHHH HH06HH HcnonbJyeTcH KaTo~ B ~opMe ~soiiHoro, nH6o TpoiiHoro 
KonbiJ,a. 

llpouecc 3neKTpOHHonyqesoro nnaJMeHHoro HcnapeHHH npoHcxo­
~HT cne~yro~HM o6pa3-oM. 

II ........... ____________ _ 



.... 

PHc. 5. Pacnpe~eneHHe noTeHUHanoB B o6nacTH JneKTpocTaTHqecKoii: 
nHH3hl. 1 - aHO~, 2 - JneKTpOCTaTHqecKaH nHH3a: a - !boKyCHPYIOIUaH 

qaCTh, 6 - KOHUeHTpHpyiOIUaH qaCTh. 

PHc. 6. CxeMa JKcnepHMeHTanhHOH nyrnKH. 1 - KaTo~, 2 - aHO)l:, 
3 - JneKTpOCTa THqecKaH nHH3a, 4 - MHllleHh /Me)l:HhiH ~HCK TOniUHHOH 
0,5 MM/, a - ycTaHOBOqHhiH pa3Mep nono)l(eHHH MHllleHH B aHO)l:e. 
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' 

ilk Pa3rOBID~~tee ilOJIOZeBKe .UKa.JieTp YJteJIJ.Ral 
n/n aanp1zeaxe, omeax, ~Poxyca, KODUIOCTit 2 

[! t EB a, IOl IOl p t BT/CK 

I IO I6 0,2·I03 

2 2,5 5 7 3 o,s.ro 
3 2 IO 0,4·I03 

4 IO I4 3 0,3.IO 
5 3 5 5 o,2·ro4 

6 2 7 0,8•I03 

w 
7 IO I2 0,4•!03 

8 4 5 3,5 4 o,5.ro 
9 2 6 o,2•I04 

IO IO · IO 0,7•I03 

II 4,5 5 2 5 0,3•IO 
I2 2 3,5 0,5•I04 

I3 IO 9 I,O•IO-' 
I4 5 5 I,5 o,5·I05 

I5 2 2,5 I,O•I04 



.. 

B nepBOHa'lanbHbiH MOMeHT /eM. pHC. 3/ HCXO,IJ,HbiH MaTepHan, 

nOMell.(eHHblH B aHo,IJ,-THrellb, pacnnaBn.HeTC.H 3lleKTpOHHOH 6oM6ap,IJ,H· 

posKoii. YsenH'IeHHe 3HeprHH nyqa Bbi3biBaeT HcnapeHHe MaTepHana. 

npH ,IJ,OCTH:>KeHHH onpe,IJ,eneHHOH nnOTHOCTH napa H ero 'laCTH'IHOH 

HOHH3aUHH B pe3yllbTaTe HeHTpanH3aUHH 06'beMHOrO 3ap.H,IJ,a y KaTO,IJ,a 

B03HHKaeT HecaMOCTO.HTenhHblH pa3p.H.IJ. B napax MaTepuana I sl. 3TOT 

nepeXO,IJ, xapaKTepH3yeTC.H pe3KHM ysenH'IeHHeM TOKa, CHH:>KeHHeM 

Hanp.H:>KeHH.H H no.HsneHHeM cBe'leHHH, xapaKTepHoro .IJ.n.H Ka:>K,IJ,oro 

MaTepuana. 

npu ,IJ,anbHeiweM ysenH'IeHHH pa3rOHHIOIUero Hanp.H:>KeHH.H 6oM6ap­

.IJ.HPOBKa KaTO,IJ,a HOHaMH HCnap.HeMOrO MaTepHana CTaHOBHTC.H HaCTOllbKO 

3Ha'IHTellbHOH, 'ITO OTna,IJ,aeT He06XO,IJ,HMOCTb B HCnOllb30BaHHH ClleUH· 

anbHOrO HCTO'IHHKa ,IJ,ll.H HaKana KaTO,IJ,a. XapaKTep pa60Tbl KaTO,IJ,a 

H3MeH.HeTC.H C TepM03MHCCHOHHOrO Ha BTOpH'IHbiH HOHHO- 3neKTPOHHbiH, 

a pa3p.H,IJ, nepeXO,IJ,HT B caMOCTO.HTenbHbiH. npH 3TOM 3Ha'IHTenbHO 

B03pacTaeT HOHH3aUH.H HCnapHeMoro MaTepHana H npOH3BO,IJ,HTenbHOCTb 

npouecca, 'ITO cnoco6cTsyeT nony'leHHIO 6onee 'IHCTbiX no XHMH'IeCKOMY 

COCTaBy nneHOK H yny'IWeHHIO a,IJ,re3HH nocne,IJ,HHX C nO,IJ,llO:>KKOH. 

Cne,IJ,yeT oTMeTHTb, 'ITO onucaHHbiH caMOCTOHTenbHbiH pa3pH.IJ. 

ynpasnHeM. YnpaBnHIOIUHM $aKTopoM HBnHeTCH paJroHHIOIUee Hanpg­

:>KeHHe. 

TexHOAozu~ecKuu npoijecc 

TeXHOnOrHH nony'leHH.H TOHKHX nneHOK Ha YCTaHOBKe CKna,IJ,biBaeTCH 

H3 cne,IJ,yromHx 3Tanos: _ 
-7 

1/ OTKa'IKa KaMepbi .IJ.O ,IJ,asneHHH He xy:>Ke 5x10 rt>p; 

2/ HanycK HeiiTpanbHoro raJa ( Ar, Fie) H 'IHCTKa KaMepbi TneromHM 

pa3p.H,IJ,OM npH ,IJ,aBneHHH 10-1 710-2 TOp; j = 5 7 10 Ma/cM 2
; 

3/ 'IHCTKa no,IJ,nO:>KKH /pa6o'laH nosepxHoCTb pe30HaTopa, o6pa3ua 

H T .n./ TneromHM pa3p.H.IJ.OM B cpe,IJ,e HeiiTpanbHoro ra3a npH ,IJ,asneHHH 

10-1 7 10-2 Top; j = 5 7 10 Ma/cM 

4/ nporpes H o6e3ra:>KHBaHHe HCXO,IJ,Horo MaTepHana; 

5/ BblXO,IJ, Ha pa60'IHH pe:>KHM H HaHeCeHHe nneHKH; 

6/ Bbi,IJ,ep:>KKa no.IJ. BaKyyMoM He xy:>Ke 5x10 - 7 Top B Te'leHHe 

578 qac; 

1/ HanyCK HeHTpanbHOrO ra3a H pa3BaKyyMHpOBaHHe KaMepbl. 

no OllHCaHHOMy TeXHOllOrH'IeCKOMY npoueccy Ha YCTaHOBKe 6binO 

npoH3Be,IJ,eHO HaHeceHHe .IJ.BYXKOMllOHeHTHOH en nneHKH N b Ti Ha pa6o-
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qyiD noaepXHOCTL pe30HaTOpOB /nonOBHHKa pe30HaTopa C HaHeCeHHOH 
nneHKOH xopowo BHJJ;Ha Ha nepe.n;HeM nnaHe pac. 2/, 6onLmoe xonHqecTao 
en o6pa3:QOB Nb ' Nb Ti' NbZr' Nb3 Sn, nneHoqHLJe MHWeHH H3 THTaHa, 
BaHa,AH.Il, ypaHa JJ;n.ll pa3nHqHLIX lf>H3HqecKHX 3KCnepHMeHTOB H BLI­
nonHeHLI .n;pyrae pa6oTLI no nonyqeHHIO TOHKHX nneHoK MeTannoa 
C pa3nHqHOH CTeneHLIO OfiTHqecKOH nnOTHOCTH. 
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