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OEIUAH XAPAKTEP11CT11KA PAEOTu 

AKTYBJll>HOCTb TeMH. ~.ll3.llKa .ll TeXH.llKB reaepali.ll.ll HMIIYJll>CHIDC aJieKT
poHHIDC IIY~OB B HaCTOmrtee BpeMSI - o,nHO .113 OCHOBHl:lX HBIIpaBJieHHH pa3BH
T.llH YCKOp.llT8Jl!,HOtt TeXHHK.ll. C.llJl!,HOTOqHHe .llMIIYJlbCHHe 8Jl8KTPOHHHe IIyqK.ll 
liCIIOJI!,3Y])TCJi ;rr,JIJi pememm pa3Jllf'Il!HX ~&rnHTaJII,HHX .Ii rrpIIKJia,n
HHX sa,naq, TaKfilC KaK KOJL7I8KTRBHH8 M8TO.IU,l yc1rnpeHID1 3apJDK8H-: 
HIDC qaCT.llll, .llHepU.ll8JlLHhfil T8pMOH,IJ;8pHHtt Cl1HT83, ip.ll3.llK8 nJIO3MH, pas_pH,nOB, 
Jl03epH8H T8XH.llK8, qi.ll3.llKa TBep,noro TeJla, IIOJlynpoBO,nH.llKOB8H. T8XHOJIOr.llR, 
MaTep.11aJ1J1OBe,neH.lle .ll .np • 

.IinJI reHepaU.ll.ll 8Jl8KTPOHHHX nyqKOB np.llM8HRIDTCR ,n.llO,nH C IIJ183M8HH!lM.ll 
pasp.a:,nH!lM.11 .ll B3PHBO8M.llCCl10HHHMH KaTO,naMH. 3KCII8pl!MeTaJlLHOe .llCCJle,noBa
HHe BonpoCOB TOKOOT6Opa IIOTOKOB.8Jl8KTpOHOB C rpaH.llUH ,nBHJKYmeRcH K8-
TO,nHOH IlJla3MH YCTaHOBllJlO .PH.n He .no KOHlia perueHHIDC BOIIpOCOB, CBR3aH
HHX C pa60TOH IlJ1a8M8HHHX .IUIO,nOB np.ll OTHOC.llTeJlbHO HH3KHX IIHTaIDW.llX 
HaIIpruiteHHHX U~IOO + 300 KB, no~eHHR ny~oB 60J1bruoro noIIepeqaoro 
ceqeHHH. EypHoe pa3BHT.lle HOBUX HaIIpaBJieHHtt B qiH3HKe TBep,noro TeJia ll 
TeXHOJIOrHHX, CBSI38HHUX C .11cnoJ1I,3OBaH.lleM 8Jl8KTPOHHIDC nyqKOB, BH3B8JlO 
Heo6xo,n.llMOCTL paspa60TOK .llCTOqH.llKOB 8Jl8KTPOHOB ;rr,JIJi npHKJlB,nHHX sa,naq. 

UeJIL pa6oTH. ,n;iccepTallHOHHBR pa6oTa IIOCBRmeaa ,paspa6OTKe .ll llC
CJI8AOB8IDIIO cxeM naccHBHl:lX IIJla3MeHHHX ,nIJO,nOB .ll cos,naH.llID Ha .llX OCHOBe 
.llCTOqHmtOB 3Jl8KTPOHOB ;rr,JIJi npHKJ18,nHHX sa,naq: noBepxHOCTHOH o6pa6oTKe 
MaTepHaJlOB. 

Hayqaa.a: HOBH3H8. B pa6oTax /I-II/, COCT8BHBW.llX OdHOBY ,nllCCepTa~ 

UH.ll, H3JlOE8HH IIpHHU.llIIH TIOCTpoeH~R ~~CC.llBHHX cxeM ,nIJO,nOB C IIJla3MeH
HHM.ll KaTo,naMH Ha ocHoBe HesaBepweHHoro H CKOJ1l>3mrtero pasp.a:.noB IIO no-· 
BepXHOCT.ll ,nll3Jl8KTpHKa; IIpe,nJioxea .ll 3KCII8PHM8HTaJlLHO ,noKa3aH cnoco6 
CTa6HJ1.ll3BllliH BBKYYMHOrO CKOJ1L3mrtero pasp.a:,na IIO IlOBepXHOCT.ll ,nll8Jl8KT
P.llKa M81UIY .nBYMR KO8KCH8JlbHHM.ll 8Jl8KTPOA8MH 6e3 o6paTHOro TOKonpoBo,na; 
YCTPBHeHH"OCU.ll~H Ha HMnYJlLCe TOKa IIY~a 8Jl8KTPOHOB B ,nllO,ne C Ka
TO,nOM Ha OCHOBe CKOJ1L3RW8rO pa3pH,na no IlOBepXHOCT.ll ,nll8Jl8~TP.llKa; npe,n
JlOXeH H HCCJle,noBaH HOB!itt THII rpaqiHTOBoro B3pHBHoro KaTo.na; npe,nJIO
xeH H HCCJle,noBaH KaTo,n co B3pHBHOR 8MHCCHett Ha OCHOBe yrJiepo,naoa TKa
HH I IlO3BOJ1HDll!Hil qiopMHpOBaTL 8Jl8KTpOHHHe IIY~ B WiaHapHHX H KOaK
CHaJlbHHX ,ItHO,nax C peryJIHpyeMol HHT8HCHBHOCTl>D; IlpHBe.neaH pesyJll>TaTH 
paspa6oTOK H XCCJie,noBasd HCTO11BHROB 8Jl8KTPOHOB ;rr,JIJi IIPHKJla,nHHX ::ia,naq 
( IIOBepXHOCTHaR o6pa6OTK8 MaTepHaJlOB 3Jl8KTpOHH!lM ~OM). 

I' llt~Cjhut'~ii!wiJ GHCnrryT I 
U~~BMX HCC~eJOBIIIII 

· 6115£11-•:;TEHA 



IlpaKTnqecK□R sHaqnMocTh. I.Ilpe.zr,noxeHHl:le cxeMl:l naccnBHl:lX .nno,noB 
C KSTOASMH Ha OCHOB8 He3aBepweHHOro Il CK0Ab3Jlll18ro pa3pffAOB no noBepx
HOCTil .lUiaA8KTpmta, a Ta~e AHO.Im co B3Pllll08l\UICCI!OHHl:llllll KaTo,nal\lll MOryT 
61:lTb I!CnOAbSOBaHl:l npn paspa6oTKe 1™llYAbCHl:lX I!CTOqHilROB 8A8KTpOHOB 
,nAR YOKOPilT8AbHOH T8XHI!KI!, CI!AbHOToqHoil 8A8KTPOHI!KI!~ AasepHOH TeXHI!
Kil, BaKYYMHOH TeXHOAOrI!Il no o6pa60TK8 MaTepI!aAOB. 

2. Paspa6oTaHo TPII BapHaHTa 8A8KTpOHHl:lX IlCTOqHlfKOB AM llPHMa.n
Hl:lX sa,naq: a) no I!CCAe,noBaHI!ID s:qqieKTOB ynpoqHeHHR MeTaAAOB npH 06AY
~eHHI! 8A8KTPOHHNM nylffioM; 6) no liCCAe,noBSHilV CBOHCTB noAJnpoBO,nHI!KO
Bl:lX II CBepxnpOBO,!UilllnX CTPYKTYP npI! IlX o6~eHHli sneKTpOHHNM llY'JROM. 

Anpo6aUI!R pa6oT H ny6nI!K8llHil. OCHOBHl:le. pesyAhTaTl:l JtliCCepTallI!Il 
,nORna,nuBaAI!Cb H 06CYlK,ItaAI!Cb Ha HaY'!HO-MeTOJtliqecROM ceMI!Hape OHMY 
( IlHXeHepHO--qiHSHqecKaR ceKUHR)( I9?8-I986 rr.), Ha IlaTeHTHOM COBeTe 
Ollilli (I9?9 - 1986 rr.), Ha KOHqiepeHUI!H MOAo.nm: yqeaux KWIB · ( KlieH, 
I98I r.), Ha COB8Ill8HI!Il no KOHH8KTI!BHOMY MeTo.ny YCKOpeHI!R ( ,lly6Ha, 
I982 r.), Hay BcecoID3HOM CI!Mll03I!YMe no CHHbHOToqaon sneKTPOHI!Ke· 
( HoBOCil6npcK, I984 r.), Ha Mex.nyaapO,nHOH KOHqiepeHIIHH no aneKTPOHHO
HY'J8BNM TeXHOAOrllRM ( Bapaa, HPE, !985 r.) II.nasMeHHUH liCToqHliK 8A8K
TPOHOB, paspa60TaHHNH Ha OCHOBe npoBe,neHHl:lX I!CCAe,nOBSHliH, y,nocTOeH 
cepe6pRHOH Me,nanli ailHX CCCP. no MaTepHanaM BNllOAHeHHHX nccne,noBaHHH 
ony6nHKOBaHO IO neqaTHl:lX pa6oT B xypHanax :JKN?, IIT3, Tpy,nax KOHqiepeH
L!liH, COBemaHHR, CliMllOSHYMa, npenpI!HTax li coo6meHHRX Ollilli, no~eHO I 
aBTopcKoe CBI!,neTenncTBo CCCP. 

06~eM pa6oTu. ,l!l!ccepTaIIHOHHan pa6oTa nsnoxeHa Ha !04 cTpaHHnax 
MSlllllHOllHCHoro TeKCTS, liMIDCTPilPOBaHa 65 PliCYHKal\lll, COCTOI!T H3 BBe.ne
HliR, qeTupex rnaB, saMIDqeHilR, co.nepxnT 6I!OAnorpaqinID I!3 64 HaI!MeHOBa
HHH, meCTli Ta6Ann. 

I{ 38UU!Te npegCTSBARIDTCR CA8.uYIDIIU1e T83HCl:l: 
I. EMKocTHl:le CBR3li KaTo,nHoro ysna ll aHo,na B ·.ItHo.nax C K8TOAOM Ha 

OCHOBe He3aBepmeHHoro H CKOAb8Jlll18rO pa3pffAOB no noBepXHOCTli AH8A8KT
pHKa Il03BOJIBIOT noAJqaTb. Ha KaTO,nHOM ysne Hallp.RllteHHR ( 8 cne.noBaTenn
HO,H Hanp.Rllt8HHOCTH 8A8KTPHqecKHX nonett), }tOCTaToqHl:le',!J,)!R.(pOPWIPOBa
HHR KSTOAHOH nnasMl:l, qTo HCMDqaeT li3 cxeMl:l I!CTOqHHKa 8A8KTPOHOB 
Cll8ijH8AbHNH reHepaTop liMllYAhCHOro HanpaxeHHR ,nAR sauraHHR paspa,na. 

2. IloKpl:lTHe JtliSJleKTPHKa TOHKHM cnoeM BemecTBa C Manon pa60TOH Bl:l

xo.na CTa6linH3IIPY8T CKOAb3Rlllliil paSPffA no llOB8PXHOCTI! .Itli8A8KTPHKa Mex
.ny KOaKCHainHl:llllll 8A8KTPOASMI! 6es o6paTHoro TOKOllpoBo,na li npI!BO.ItHT K 
ycTpaHeHHD OCIIHJl.71JmI!H B I!MllYAnCe TOKa llYlffia SAeKTpOHOB. 

3. KaTo,n co B3pllllHOH Sl\lllCCHeH, co,nepxalllliH liHI!llI!aTop KaTO,nHOH llAas
Ml:l liS-llPOBO.nJilllero MaTepHana C Bl:lCOKHM KOS~HeHTOM rasoBl:l,neneHHH 
( HanpHMep,rpa(pHT), C YAOXeHHOH Ha Hero co CTOPOHl:l aHo.na MeT8JlJ1Uqec-
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KOH ceTKOH, ll08BOMeT yBenH~Tb TOK aneKTPOHHoro llY'lK8 B 2 + 3 pasa 
no cpaBHeHHID C nnocKHM KaTO}tOM npH HanpaxeHlili H8 .ItHo.ne IOO + 300 KB 
li pacCTOHHlili Mex.ny 8HO.ItOM H KaTO,nOM I CM, 8 TaKJte cpop.mpOB8Tb aneK
TpOHHl:le llYlffili Tpe6yeMoro nonepeqaoro ceqeHHR. 

4. llcnonb30BaHHe yrnepo,naon TKaHH B KaqeCTBe I!Hlilill8TOPa K8TO,nHOH 
llA83Ml:l noSBOMeT qiOpMI!pOBBTb SAeKTPOHHl:le IlYlffiH C nonepeqaofi Heo,nao
po,nHOCTbD nnoTHOCTH TOKa He 6oiee~I5% B nnaHapHl:lX H KOaKCH8nhHl:lX 
}tliO,nax li ocymecTBMTb peryAnpOBKY ll~OTHOCTli TOKa B lllliPOKOM }tlianasoHe 
HanpJDKeHHH Ha .nHo.ne. 

CO.IlEPJKAH11E P ABJTH 

Bo BBe8eHHH oTpaxeaa aKTyannHOCTh nccne.noBaHHH H paspa60TKH HC
ToqanKoB 8A8KTpOHOB C llA83M8HHl:ll\lll KaTO,naMI! ,nAR reHepaIIHH aneKTpOHHl:lX. 
llY'JKOB. OTMeqeHo, qTo OTKPl:lTHe B3pllllHOH Sl\lllCCI!li sneKTpOHOB llPOH3Beno' 
KopeHHOH nepenoM B TeXHHKe .reHepaIIHn sneKTpOHHl:lX llY'JKOB. 3neKTPOH
Hl:le llY'JKli KpOMe YCKOpHTeAbHOH TeXHHKli CTall llllipOKO npHMeHRTbCR B na
sepHOH TeXHHKe, T8XHI!Ke CW!, liCTOqHHKaX peHTreHOBCKoro li3~8HHR, B 
npoMl:llllJleHHOH TeXHonornn, B COBpeMeHHOH MI!KposneKTpOHHKe li .np. Cqiop
MYAHPOBaHl:l neAn pa60Tl:l, OTMeqeHa ee HOBHSHa li npaKTHqecKaa LieHHOCTb, 
npnBe,neHl:l TeSHCl:l, npe,ncTaBJlneMl:le K SalllliTe. 

B nepBOH rnaBe llPI!Be,neH oOsop nnasMeHHl:lX liCTOqffHKOB aneKTpOHOB 
npI!MeHHTeHnHO K npnMa.ItHNM sa,naqaM. PaCCMOTp8Hl:l npHHlllinl:l pa60Tl:l H 
cxeMHl:le pemeHliR rasopaSPRAfil:lX HCToqHHKOB SAeKTPOHOB, HCTQqHHKOB sneK
TPOHOB C paspffAHNMH KBTO}taMH ( aKTHBHl:le .ItliOAl:l C reHepaTopaMH SaJWra
HI!R paSpffA8) H I!CToqHliK.OB sneKTpOHOB co BSPllllHOH SMliCCHeH. IlpnBe,neHl:l 
HX OCHOBHl:le xapaKTepHCTHKH, npeHMyllleCTBa H He.nocTaTKH. OcHOBHl:le npo-
6neMl:l B3pllll081\ll1COliOHHl:lX KBTO}tOB COCTORT B yBenHqeHHli TOKOOTOOpa llY'!
Ka sneKTpOHOB li B. (pOPMHPOB8HHli o,naopO,nHl:lX aneKTpOHHl:lX ll:yl:JKOB 6onnmo
ro nonepeqaoro oeqeHHR npli aanpSlllteHHH-"' IOO + 300 KB. B aK~HBHl:lX 
,nHo.nax C paspH,nHl:llllll KSTO,nSMH ( H8 OCHOBe HesaBepmeHBoro li CKOAn3Rlll8-
ro paspn,nOB no noBepxHOCTI! Jtli8AeKTPHKa co cnelll18HbHl:ll\lll reaepaTopaMH 
sauraHHR paspffAa) CTORT npo6neMl:l Bl:lCOKOBOAbTHOH paSBRSKH OTHOOli
TeAbHO .npyr .npyra .nBYX reHepaTopoB HMn:ynncHoro aanpm,;eHHa ( I reHe
paTop ~.srumraHHR paspn,na H 2 reaepaTop ~ TOKOOT6opa aneKTpoHoB 
C rpaHI!Lll:l ABlillYilleica KBTO.nHOi llR83Ml:l). B }tliO,nax C KBTO.ItaMH Ha OCHOBe 
OKOAhSRillero p88PM8 no llOBepxHOCTH }tli8H8KTPHK8 Ha6nD,na~TR HexenaTenn
HHe OCllliMRUHH B HMIIYAnOe TORS n:yqKa aneKTPOHOB. 

CqioPMYRHPOBaHl:l OCHOBHl:le Bonpoca, Hccne.nyeMl:le B ,nHCCepTalll1H. 
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BTopaR rnaBa llOCBJlll4eHa OllliCBHHD SKOUepl'!MeHTBJ.U,HOff YOTBHOBIDI 
MR HOOJle,noBaHliR reaepalll'lli aneKTPOHHliX nrntOB li KOMIIJleKoa ~arHOOTH
qecKo! annapaTYPH. YcTaHo:sita OOOTOHT MS ,reHepaTopa l,lMilyJU,CHoro_HanpR
xeHHR O BHCOKOBOJll,THblM BlllIP.a:MHTeneM, ~o,na C BaJtYY1,!HOff CliCTeMott, 
CHOTeMoff ynpaBneHHR H ~arHOOTMRM, PHO. Ia, 6. B RSqeoTBe resepaTopa 
liMIJYJU,OHoro HanpmiteHMR HCllOJU,8YDTCR npoMl:lllL1leHHHe reHepaTOPH ApKa,IU,e
Ba-MapKCB Tlilla Illli-400, Illli-500. ltHo.n MMeeT TPH BBPMSHTa TeXHHqeoKott 
peanHSBlll'lli B 38BliOHMOOTli OT sa,naq llPOBO,IO!MliX 8KOnepBMeHTOB. BaieyyM-

I 
BbCOKOBOIN· 
HblH B>nPA· -MHTEllb BC-70 

I 
CMCTEMA 

YnPABII: HMA 

I 

I 
rEHEPATOP 

IMMlbCHOl"O - ,llMOll i--- Jll,1ArHCX:Tl1KA 

HAllPA>KEHMA 

I 
BAKYYMHAA 
CMCTEMA 

PMc.Ia. CTpYRTYPHBR OXeMB YOTBHOBKH MR 
resepaxmH aneKTPOHHWC ~OB. 

PHc.I6. 061Jld BH,n 
yOTBHOBKli ( 6es nyJU,
Ta ynpaBneHHR). 

HBR OHCTeMa BMDqaeT napoMac.mumll: arperaT BA-0,5. ~aBneHHe OCTaToq
HOro rasa B BBeyyMHOil KaMepe 'AHO.na COCTSBJISleT ""I0:.::3 Ila. 
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B KOMIIJ10KC ~arHOCTHqecKoff annapaTypH BXOMT YCTpottCTBa )VlR li3Me
pemm OCHOBHHX napBM0TPOB aJleKTpOHHOro llyqK8: TORS IIY'IK8 - Inl.lillH'APH 
~apa,neR, noaca PoroncKoro, aanpruiteHHR - BucoKooMHue ,neJ1HTeJ1H Hanpa
~eHHR, pacnpe,neJleHHR llJlOTHOCTH TOKa - ceKUHOHHPOBaHHUe KOJlJleKTOpH, 
llOJlHMepHHe nneHKH, aHepreTHqecKoro cneKTpa - cneKTPOM8TPU C qacTHq
HUM norJ1omeaneM aneKTpoHoB B MeTaJ1J1HqecKoli wonbre • .ILna W()Torpa~po
BaHHR CBeqeHHR KBTO,nHoil llJ183MU HCll0Jlb3Y8TCR W()TOperHCTPHPYDmBR CHC
TeMa. 

TpeTbR rnaBa llOCBm118H8 HCCJle,noBaHHD li paspa6oTKe IlJ188M8HHIDC 
HCTOqffllKOB aneKTPOHOB llilO'AffOro TH~a C K8TO,naMH Ha OCHOBe HesaBepmeH
Horc/1,2,3,4,5/li CKOJlbSRmero / 4 ,G/ pasp,r,nOB no noBepXHOCTH AH8Jl8KT
PliK8 C IlBCCliBHOH reHepauHeil KBTO'AHOil llJ188MU. B 8TOH rJlaBe pewaDTCR 
sa,na~: BUCOKOBOJlbTHOH pa8BR8Kli K8TO'Aff0-8HO,nHoro ysna nyTeM YCTpaHe
HHR cneunanbHOro reaepaTopa sa~Hraana paspRAa, Hccne,noBaHHR ycnoBnil 
qiopMHpoBaHHR KaTO'AffOil rrnasMU n TOKOOT6opa ny~a aneKTpoaoB. ,llJui pe
meHHR nepBoli sa,naqu npe~o~eHa naccHBHaR cxeMB AHO.na, KoTopan nosBo
MeT pacCMaTPHB8Tb AHO.n KBR eMKOCTHIDi ~8JlliT8Jlb H8IlpruiteHHR,,PliC.2a,6. 
Ms ID'IX BZJmO, qTO M8M8HTH KaTO~oro ysJla oopasyDT KO~eHca-
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PHc.2a. CxeMa naccHBHoro 
~o,na C K8TO,nOM Ha OCHOBe He
saBepweHHoro pasp,r,na no noBep
xHocTH ~8Jl8KTPHKa: l - M8T8Jl
JlliqecKan CeTKa; 2 - ~8Jl8KTPH
'l8CK8R npoMa~a; 3 - MeTaMH
qecKan ceTKa; 4 - aHo,n. 
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PHc.26. CxeMa naccnBao
Horo. ~o,na C ItaTO,nOM Ha OCHOBe 
CKOJlbSRlllero paspn,na no rronepXHo
CTH ~8Jl8KTPHKa: I - KaTO'AHIID 
8J18KTpo,n; 2 - li80MTOP ( ~aJleK
TpHqecKan BCTaBKa); 3 - UliJlllH,n
PH'lecm SJleKTpo,n; 4 - BBKYYM
HBR K8Mepa; 5 - CJlOil OKHCH 6apHn; 
6 - aao,n. 



TOP Cr• 8HO.It H MeTaJJJlHqecKaH C8TK8 - C2 ( PH~.2a). a aHO.I( H IIHJll!H'APH
qecKMfi aneKTPO.It - Cr ( puc.26). IlpH pa6oqeM 'AaBJ1eHHH ocTaToqHoro ra

.sa P~ro-3 Ila B nepBOM THne .I(HO'Aa noporOBBH Hanpm!teHHOCTJ, aneKTPH- . 
qecKoro noRH B sasope MeJK,Jzy 'AH8R8KTpHKOM H·MeTaJJJlHqecKott C8TKOtt .IVlJl 

~opMHpoBaHHH paspJt,IJ;a COCTaERHeT E::::r,2·ro6 B/cM, a BO BTOpOM .I(HO.I(e 
noporoBaH Hanp.fD!teHHOCTJ, Me~ KaTO'AfflilM aneKTPO'AOM H IIHnHH'APHqecKHM 
aneKTPO'AOM COCTaERHeT E=IO B/CM. Bepx1rntt npe'Aen E BO BTOpOM THne 
'AHO'Aa onpe'AeneH aReKTpHqecKott npoqgocTl>IO 'AUSneKTpHKa. CqiopopoBaH
Hml pasp_sm ~eTCH'8MHTTepoM aneKTPOHOB, H3 KOToporo aneKTpHqecKHM 
llOReM BHTHI'HBaerca aneKTPOHHIDl nytlOK. Ha OCHOBe o6pa60TKH o~o
rpaMM TOKa ~HaIIpJlllt6HWI llOCTp06Hli BOJIJ,T8MII6plille xapaKTepHCTHKll 8THX 
.I(HO.I(OB, pHc.3. Hs HHX cne,mreT, 'ITO llROTHOCTJ, aneKTPOHHOro TOKa j, 
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Puc.3. BonnTaMUep-
Haa xapaKTepHCTHKa 'AHO~OB 
c KaTo~aMH Ha ocHoBe:} -
HesaBepmeHHoro paap.sma; J
CKon1,am.uero paap_sma. 

OT6HpaeMoro c KaTO.I(a Ha OCHOBe HesaBepmeH
Horo pasp_sma no llOBepxHOCTH .I(H3R6KTPHKa, 
cocTaERHeT j -;: IOO + 400 A;c~ npH Han
pSDKeHHH Ha 'AHO.I(e 100 + 300 KB. a c Ka
TO.I(a Ha OCHOBe CKORl>3Hlll8rO pasp_sma no no
BepxHOCTH .I(HaneKTPHKa npH TeX .lite HanpSDKe
HHSDC paBHa j ::: 400 + IOOO A/cM2• AHanus 
BOnl>TaMUepHHX xapaKrepHCTHK (. B.a.x.) no
KasHBaeT OTMOHeHH6 TOKOT6opa OT .3aKOHa 
l!a:ttJl,ll.a-JleHrM!Opa ~ ·I4% .IVlJl .I(H0.1(8,C KaTo
.I(OM Ha OCHOBe He3aBepmeHHoro paspJt,IJ;a no 
llOBepXHOCTH 'AH8R6KTpHKa H ~ 8% .IVlJl .ItH-
0.I(a C K8TO.I(OM Ha OCHOB6 CKORl,3ffi!lero pas
p_sma no noBepxHOCTH 'AU8ReKTPHKa. 

.lI,lm HH.llteHepHoro pacqera naccHBHoro 
'AUO.I(a C K8TO.I(OM Ha OCHOBe HesaBepmeHHoro · 
pasp_sma no noBepxHOCTH .I(HaneKTPHKa Heo6-
XO'AUMO non1,soBaTnCH cne,mr!OII!HMH OCHOBHa
MH qJOPMYRaMH: 

UycK = U- U C1 , (I) 

Uc1 = U ( Eg h2 + h 1) 
Uc1E~Rg h2 + EgD +h1) , 

(Eg h2+ h1 l ~1,2-106 [c~J 
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( 3) 

I 
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r'Ae: UycK- ycKopsro~ee aanPSDKeHHe; U - HanpmiteHHe Ha .ItHO.tte; 
Uc1. - HanpmteHHe Ha KaTO'AHOM ysne; E g,h1 - 'AUaneKTpHqecKaH npoHH

uaeMocr1, H TOnII!HHa 'AUSReKTpHqecKofi BcTaBKH; D - paccromiue M6JK,Jzy 
aHO.ItOM H KaTO.ItOM (· MeTaJIJWqecKo:tt cerKofi); h2 - BenH'l{l!Ha aaaopa Me.llt
m' MeTaJJJlH'l8CKOil CeTKOil"H-.I(HaneKTpHqecKott BCTaBKott; npH eCT6CTB8HHOM 
npn.lltHMe C8TKH K BCTaBKe h2~0.r MM; K - K08(P,PHUH8HT ycuneHHH aneKT-· 
puqecKoro nona, o6ycnoBJleHHIDl reoMeTpHefi M8TaJJJlH'l8CKOH C8TKH, o6aqHo 
K = 2 ~ 15 .IVlJl ceTKH o aqellKoll I,Ox~,o MMXMM H 'AUaMerpoM npoBonoqeK 
~ O,I + 0,3 MM. . . 

.lI,lm ~PMHPOBaHHH O'AffOPO'AffOro CKOnl>3ffi!l8ro paap_sma ( cra6HRH38-
llHH paap.sma) no noBepXHOCTH .I(H3R8KTPHKa MeJK,Jzy .ItBYMJi aneKTPO.ttaMH 6es 
o6paTHoro TOKonpoBO.I(a npe.ttnoxeHO noKpHBaTJ, IlOBePXHOCTl> .I(HaneKTPHKa 
TOHKHM cnoeM Be~ecrBa c Manon pa6orott BaXO.tta ( 'I'~ 2 aB). IIpoBe.tteHHae 
aKcnepHMeHTH no.ttTB8P'AHiH pa6orocnoco6HOCTl> npe.I(nO.llteHHOro M8TO.I(a qiop
MHpoBaHHH O'AffOPO'AffOro CKOll3Hlll8rO paap_sma. 

.ltnJi HH.llteHepHHX Ja3pa60TOK 'AHO~OB, pa60Tal0111HX IlpH .I(aBJ18HHH OCTa
TOqHoro rasa P~ IO Ila c Karo.ttaMH Ha ocHoBe cKon1,sm.uero paapH.I(a 

·no noBepXHOCT~'AH8R8KTPHKa,He06XO'AUMO HCllORJ,30BaTJ, cne,mrlOO!ee ycnoBHe: 

6~ B ~ U . 5 [ 8 j · 3·10 - ~--,--~-----~10 - , ,. 
CM ro(Een r2/ +en r11. ) CM (4), 

1 r1 yro 
r.tte: U - HanpH.llteHHe Ha .ttHo.tte;r0 - pa'Aayc KBTO'Afforo aneKrpo.tta; 

E- .I(H8ReKTpHqecKaH npOHHUaeMOCTJ, 'AH8R8KTPHKa; r1 - pa.I(HYC llliRHH
'APH'l8CKOro aneKTPo.tta; r2 - pa.ttHYC LmJIBH'APH'iec1mtt BaKYYMHoii KaM~pa. 
3TO ycnoBHe Il03BOM8T Ba6paTl> reoMeTpH!O 'AUO'Affl,IX aneMeHTOB, IlPH KOTO
pax llPOHCXO'AHT nacCHBHOe qiopMHpoBaHHe KBTO'AHOH nnaaM!I. 
IloaepeqaaH HeO.I(HOpO.I(HOCTl> MOTHOCTH_TOK8 nyqKa

0

8R8KTpOHOB He npeBa
maeT ~ I5% B 'AUO.ttax C KaTO.I(OM Ha OCHOBe HesaBepmeHHoro paap_sma no 
noBepXHOCTH 'AH8R8KTpH~a H ~ 20% B .I(HO.I(aX C KBTO.I(OM Ha OCHOB8 CK0Rn-
3Hlllero paap_sma no llOBepxHOCTH .I(HaneKTPHKa. ·-

1IeTBepraa rnaBa nocBm.ueHa HCM8.I(OB8HHIO H paapa6oTKe HcroqHHKOB 
aneKTpOHOB co B3PHB08MHCCHOHHW.W KaTO.I(BMH npH HanpH.llteHHH Ha .I(HO.I(e 
u ::: IOO + 300 KB. Ha OCHOB8 aHanHaa (pll3HqecKHx HBJteimtt BO 'ap_ro-

8MHCCHOHHOM 'AHO.tte 6an npe.ttnO.lltBH 'aro.tt co B3PHBHOil aMHccueii 7 , 
puc. 4, KOTOpatt 6an HCCR8'AOB8H /a. B HeM .I(O Haqana ~PMHPOBaHBH Ka
TO.I(HOtt nna3M!l Ha KaTo.tte qiopMHpyerca 0.I(HOpO.I(HOe aneKTp.0qecKoe noRe C 
noMOll{I,IO M8nKOCTPYKTYPHOll MeTaJJJlHqecKOll ceTKH, a BanonaeHHe BHMUHaro
pa KaTO'AffOtt Ma3Mll H3 npoBO.Itffillero !daTepuana C BHCOKHM 3HaqeHH8M K0-
8qxpEI.Ill8HTa ra30Ba.tteneHHll ( HanpHMep,rpaqiHTa) B COBOeynHOCTH IlPHBO'AHT 
K qiopr.mpoBaHBIO O.I(HOpO.I(HOtt KBTO.I(HOll nnaaMa, H3 KOTOpOH IlPOH3BO'AHTCH 
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Pnc.4. KoHCTPYRUHa H 06llll!tt BH~ KaTo~a: 
I - MeTaJlJlzqecKaa llO,IUIOEKa; 2 - rpaqinTOBaa BCTaBKa ( Be
mecTBO c BHCO:KHM K08g$1ImeHTOM rasOB~eReHntt); 3 -.MeTaR
RnqecKaa Me~OCTPYRTYPHaH CeTKa; 4 - ,IU!SReKTpHqecKaH 
KPli!IIKa. 

TOKOOT6op nyqxa aReKTp0HOB. Ha pHc.5 npnBe~eHH BORhTaMllepHHe xapaKTe
pnCTHKH .IU!O'Aa, a Ha PHC.6 HHTerpaRhHHe ~Torpa~H CBeqeHHH KaTO,!UfOtt 
llRaSMH B ,IU!O,!UfOM npoMeJeyTKe. 3TOT KaTO~ llOSBOJIR8T ~OPMHPOBaTh 'AOBORh
HO O.IUfOPO.IUfue MeKTPOHHue rryqKH no nonepeqHoMY·ceqeHHJO ( nonepeqHan , 
HeO'AHOpO.IUfOCTb IlROTHOCTH TOKa He npeBH!llaeT ~ I5%) 6oRhmoro ceqeHHa. 

IlpHMeHeHHe yrRepo,!Ufott TKaHH B xaqecTBe HHHllHaTopa KaTO,!UfOtt 
llR8SMH llOSBO~RO paspa6oTaTh aReKTpOHHHe riymKH ,rviH BaeyyMHott TeXHORO
rHH C nepecTpaH~8MHMHr,apaMeTpaMH ( peryJIHpOBKa llROTHOCTH TOKa nyq
Ka aReKTPOHOB) 9,ro,I 6Raro'Aapa BHCOKOMy KoaipplinHeHTY YCHReHHa · 
aReKTpHqecxoro llORa K ~ IOO Ha BOROKHax TKaHH ( Ha MHKP~H6pHJlJlaX). 
Ha PHO. 7 llPHBe~eH o6mztt BH'A llRaHapHoro KaTO'Aa, a Ha PHO, 8 - KOHC
TPYKllHH KOBKCHaRhHOtt aReKTPOHHOtt nymKH •. lliaHapHlitt KaTO~ npHMeHaeTca 
B HCTOqHHKe aReKTPOHOB llA8HapHoro THlla ~ o6pa60TKH llAOCKHX_llOBepx
HOCTeH MaT8pH8AOB, a KOaKCH8AhHW .IU!O'A - ,JtJlH o6pa60TKH BHYTP8HHHX no
B8PXHOCTett llHRHH.JU)HqecKHX 'A8TaAett ( Tpy6) •. 3aBHCHMOCTH llROTHOCTH TOKa 
j oT paccToaHza Mellt.IlY aHO'AOM H KaTO'AOMd ( pnc.8) noacHaroT BOS-

Mo~HocTH paspa6oTaHHHX 8A8KTPOHHHX HCTOqHHKOB. 
B_saKAroqeHHH CqJOPMYAHPOBaHH OCHOBHHe peSYAhTBTH ,IU!CCepTallliH. 

OCHOBHliE PE3Y~nTATH PABOTbl 

I. Paspa6oTaHa ycTaHOBKa H KOMllAeKC ~arHOCTHqecKOtt annapaTYPH 
MH axcnepHMeHT8AhHOro HCCAe~OBBHHa reHepallliH aAeKTPOHHHX ny~oB. 
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PHc~5. BoAhTaMnepHHe xa-
paKTepHCTHKH ~O'Aa npH sasope Mex
~ aHO'AOM.H KaTO'AOM I CM ( RpHBue 
I,2,3,4) H 0,5 CM ( Rpm~ue 5,6): 
I - KaTO'A HS rpaqiHTa C MeTaJIJmqec
KOtt 08TKott; 2 - KaTO'A HS rpalpllTa; 
.3- RaTO'A HS OTOllOKeHHOrO rpa~Ta; 
4 - KaTO'A HS OTCUeHoro rpaqiHTa C 
MeTaJlJlHqecKott ceTROtt; 5 - KaTO'A 
HS rpa~Ta; 6- KaTO'A HS OTOD~H
HOI'O rpa~Ta. 

r> 'A) e) 

Pnc. 6. ~TorpaqiHH KaTO,!UfOtt llAaSMH
B npoMe,eyTKe Mellt,IlY aHO'AOM H K8TO'AOM ( nepneH~KY
AAPHO OCH ,IU!O'Aa) npn sasope Mellt,IlY 8HO~OM H KaTO'AOM 
I CM ( ~OTOI'paqinH a,6,B,I') H 0,5 CM ( ~Torpa~Hli 
'A,e): a) - KBTO'A HS rpaqiHTa C MeTaRAHqeCKOli ceT
KOlij 6 - KaTO'A HS rpa~HTa; B) - KaTO'A HS oToDeH
Horo rpa~HTa; r) - KaTO'A HS OTOJIOKeHHOro rpa~Ta C 
MeTaRAHqecKOH ceTKOH; 'A) ~-: iaTO'A HS rpaqiHTa; 

e) - KaTO~ HS OTOUeHOI'O rpa~Ta. 
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Pnc.?. 061llHil BH,n; KaTo,n;a 
Ha OCHOBe yrnepO,IUJOil TKaHH nna
HapHoro· THna. 

Pnc.8. SneKTPOHH!ill 

HCTO'lHHK KOaKCHan1,aoro THna: ► 
I - BaKYYMHaa KaMepa; 2 -
H30MT0Pi 3 - KaTO,IUJ!ill 8Jl8K

Tp0.D;i 4 - KaTO.D;i 5 - aHO.D; 
( o6JIY'laeMaa Tpy6a). 

~ 
f 
0 
5,1 

"' " 
0 

"' 

~, 1 7:::::::::::,- ,~ 
10 15 20 d(MM) 

2 3 

350 

Pnc.9. 3aBHCHMOCTl, MOTHOCTH TOKa 
nyl{Ka 8Jl8KTpoHOB j OT paCCTOHHHH Mezm, aHO.D;OM 

H KaTo.n;oMd np.0 Hanp,11JKeHHH Ha .nno.ne: o - IOO KB; 
• - I50 Kil .ItJlR ,D;Ho,n;a nJiaHapHoro THna A; .& - IOO KB 
.ItJlR .D;HO.D;a KOaKCHan1,Horo THna B. 
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2. Ilpe.D;JJo~eHH H llCCne.n;oBaHH cxeMH naccHBHHX .D;HO.D;OB ( llCTO'lHHKOB 
8Jl8KTPOHOB) C nJ1a8M8HHHMH KaTo.D;aMH Ha OCHOBe He3aBepweHHoro l1 CK0Jlo-
3amero paapa,n;oB no noBepxHOCTH .D;HSJ18KTPHK8, IlpH HanpmKeHHH Ha .D;HO,D;e 

LJ ~ 100+ 300 KB nJIOTHOCTl, ~JlBKTPOHHOro TOKa, OT6HpaeMoro c KaTo,n;a 

Ha OCHOBe HeaaBepweHHoro paa_p.q,n;a no noBepxHOCTH .ll;H8J18KTpl1Ka, j=lOO + 
400 A/cM2 , a c KaTo.n;a Ha OCHOBB CKOJ1J,3Hmero paapa.n;a no noBepXHOCTH 
.ll;H8J18KTPHK8 j:::: 400 + 1000 A /cM2 • B ,D;Ho,n;e C nOCJlB,IUJHM THnOM KBTO,n;a 
YCTpaHeHH OClli!JlJL'Wllll Ha HMnYJlJ,08 TOKa ny~Ka 8Jl8KTPOHOB, IlpHBe,n;eHH 
He06XO,D;HMHe WOPMYJIH MR HHXeHepHoro pac'leTa 8THX .D;HO.D;OB. 

3. Ilpe.D;JJo~eH l1 3KCnepm~eHTaJlbHO npoBepeH cnoco6 ~opMHpOB8HHR 
O,IU!OpO,IUIOro CKOJlb3Hmero paapa,n;a no IlOBepXHOCTH ,D;HaneKTpHKa Me~,ny .D;BY

KOaKCH8Jll,HHMll 8Jl8KTpo.n;aMH 6ea o6faTHOro TOKOilpoBo,n;a npll ,n;aBJieHHH oc
TaTO"IHOro raaa P ~ m-3 + m- Ila nyTeM HaHeCeHHII Ha IlOBepXHOCTl, 
.D;H8Jl8KTPHKa TOHKOro CJlOH BemecTBa C MaJioil -pa6oToil BHXO,D;a ('l'~ 2 aB). 

. 4, Ilpe.D;JJOlKBH l1 HCCJ18.D;OB8H rpaWHTOBHH.K8TO.D; CO B3pHBHOil SMHCCHeil, 
ycoBepweHCTBOB8HHblit nyTeM BBe,n;eHHa B Hero MBTaJlJlH'lBCKOil MBJlKOCTpyK
TYPHOil ceTKH, Ilpe,n;JlOXeHHblit KaTO.D; Il03BOMBT YBBJlll'lHTl, TOKOOT6op nyl{Ka 

B 2 + 3 paaa .no 3H8'l8HHil j ~ 130 + 380 A;c~ (. LJ = IOO + 300 KB, 
D = l CM). . 

5. Ilpe.D;JJOXBHH H HCCJ18.D;OB8HH IlJlOCRHB H llHJlHH.D;Pll'lBCRHe B3pUBHHe 
KaTO.D;H Ha OCHOBe yrJiepo,n;Hoil TK8Hll, OHH tl03BOJ1RIOT ocymecTBJlHTl, peryJlll
pOBKY IlJlOTHOCTll TOKa IlPH HailpRJKBHHll Ha IlJlaHapHOM .nno.ne LJ Zl50 KB OT 

j = 200 A;c~ .no j = 1600 A/cM2 ,a Ha KOaKCJi18Jll,HOM .D;HO.D;S npli1 
LJ = 160 KB j = 25 + 120 A;c~ nyTeM l13M8HBHHH pacCTORHHH MBlK;_ 

,llY 8HO.D;OM H K8TO.D;OM, 
6. Paapa6oTaHO Tpll BapH8HTa nJia3MeHHHX HCTO'lHHKOB 8Jl8KTpOHOB co 

CMBHHHMH K8TO.D;8Mll .D;JIH peweHHR npHKJla,IUJHX aa,n;a-q, Coa,n;aHHHB HCTO'lHHKll 

8Jl8KTPOHOB B HaCToamee BpeMJI ncnOJlb3YIDTCR B SKcnepHMBHTax no 06J!Y'le
HHID CJlOlKHHX noJIYnpOBO,IUJHKOBO-MeTaJlJlH'lBCKHX CTPYKTyp. 
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