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BaeoeHue 

HaAe)I(HaH pa6oTa nuueH:HhiX HHAYKU.HOHHhiX ycKopuTeneH: 

I JUlY I ua HMnynhCHhie T<lKH B COTHH aMnep, 3HeprHIO :JneKT

pouos B AeC.liTKH M3B H I.JacToTy cneAOBaHH.!l HMnynhcoo 

50 Tt~ HeB03MO)I(Ha 6e3 3neKTpOHHblX nymeK - HH)I(eKTOpOB, 

KOTOpbie, C OAHOH CTOpOHbl, o6naAaiOT Heo6XOAHMOH HaAe)I(

HOCTbiO HJ C ApyroH CTOpOHbl, HMeiOT MHHHManbHbiH 3MHT
Tauc/l,2,.1!, 

Tpe6oaaHH.!l 3TH TPYAHO cooMecTHMhi, T .K. ,I.JT06bl o6ecne

lJHTh HaAe)I(HOCTb, nyqme BCero OTKa3aTbC.!l OT CeTOK BO 

ocex oapuauTax, Ho 3TO cpa3y cTaBHT TPYAHYIO npo6neMy 

KOMTieHCaU.HH HenHHeHHblX 3neKTpOHHO- OTITHI.JeCKHX 3$$eKTOB 

B o6naCTH aHOAHOro OTBepCTH.!l. 

~nHTenbHOe TeopeTHI.JeCKOe HCCneAOBaHHe B03MO)I(HOC

TeH tjJopMHpOBaHH.!l naMHHapHoro llOTOKa B yKa3aHHbiX ycno

BH.!IX ll03BOnHno Bblpa6oTaTb OTIHCaHHYIO HH)I(e npou.eAypy 

pellleHH.!l TOI.JHblX ypaBHeHHH CaMOCOrnacoBaHHOrO ABH)I(eHH.ll 

3neKTpOHOB B nymKe, ll03BOn.!IIOILJ.YIO CAenaTb TIOTOK B HeH 

BeCbMa 6nH3KHM K naMHHapHOMy. ' 

11Ae.!l perneHH.!l COC.TOHT B TOM, lJT06bi 3BM aBTOMaTHI.Je

CKH nocne Ka)I(AOro npo6uoro paci.JeTa oeepa TpaeKTopuH: B 

nymKe KOppeKTHpOBana $opMy 3MHTTHPYJOILJ.eH TIOBepXHOCTH 

KaToAa, B pe3ynhTaTe I.Jero B KOHU.e npou.eAYPhi nony'lanacb 

6bi TaKa.!l OKOHI.JaTenbHa.ll $opMa 3TOH llOBepXHOCTH, KOTOpa.!l 

o6ecnelJHBaeT Ha BbiXOAe H3 llYlllKH naMHHapHbiH llOTOK 

3neKTpOHOB. 
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TeopuJf 

B paccMaTpHaaeMoii ocecHMMeTpHl.fHO'H nyrnKe I puc. 1/ 
3neKTpOHhl 3MHTTHpYIQTCH C BOrHyTOH llOBepXHOCTH KaTO~a 
H YCKOpHIOTCH npHllO)I(eHHhiM Me)l(~y Ka TO~OM H aHO~OM 
3neKTPH1.feCKHM norxeM E <E r '0, E z) c llOTeHJ . .J.HanoM \' . 
MarHHTHoe none H <Hr, 0, Hz) c aeKTOpHhiM noTeHn;HanoM 
A Heo6xo~HMO ~nH <boKycHpOBKH noToKa. CyrnecTaeHHO TaK)I(e 
~eiicTaHe CHn 3neKTpoMarHHTHoro nonH caMoro nyl.fKa 3neKT-

poHoa. 
)l(enaH nonyl.fHTh KOH$Hrypan;HIO noaepxHocTeii 3neKTpo

~oa llYlllKH, o6ecne1.fHaaiOI.I.J.YIO naMHHapHhiH /a oroaopeHHOM 
ahJllle CMhiCne/ llOTOK 3neKTpOHOB, ao acex npoMe)l(yTOl.fHhiX 
cTa~HHX pacl.feTa npe~nonaraeM, l.fTO noTOK TaK)I(e JiaMH

HapHhiH. 
Hcnonh3oaaHHe 3Toro npe~nono)l(eHHH Ha acex cTa~HHX 

pacl.feTa He 6y~eT npoTHaopel.fHahiM npH ycnoaHH, ecnu npo
uecc OKa)l(eTCH CXO~HI.I.J.HMCH H HCKOMaH KOH$HrypaD;HH 6y~eT 
Haii~eHa. llpH 3TOM OTMeTHM, l.fTO ace pe3yllhTaThl pacq"eTa 
TpaeKTOpHH Ha npoMe)l(yTOl.fHhiX CTa~HHX HY)I(HO paCCMaTpH
aaTh llHlllh KaK Kal.feCTBeHHhie, H TOllhKO pe3ynhTaThl HX 
pacl.feTa nocne HaXO)I(~eHHH HY)I(HOH <lJopMhi noaepxHocTeii 
3neKTpO~OB cne~y~T CY:HTaTh KOllHY:eCTaeHHhiMH. 

'l 
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0 II 8 12 16 20 211 28 32 36 110 qq 118 

Puc. 1. 3/leKmpoHHo- onmu~ecKaJf cucmeMa 3KcnepuMeHmaA&
HOU 3/leKmpoHHou nywKu 33II-2 jpa3Mepbl OaHbl 6 cM/: 
1 - 3MUmmep, 2 - KamoO, 3- aHOO, 4 - CO/IeHOUO, 5 - KO/Ibt#O. 
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Pacl.feT Y~06HO BeCTH B IJ;HllHH~pHl.feCKOH CHCTeMe KOOp
~HHaT. WyHKUHH JlarpaiDKa HMeeT BH~ /cHcTeMa e~HHHU 
rayccoaa/: 

2 2 e_._, 
ff = -m 0e y/1- f3 + eV- -(A. v), 

e /1/ 

r~e f3 v 
e ~ = (~,r¢, ~) ; e > 0; -e,m

0
- 3apH~ H Macca 

ITOKOH 3lleKTpOHa; e - CKOpOCTh caeTa. TpaeKTOpHH a 
UOTOKe Cyi.I.J.eCTaeHHO He napaKCHanhHhl, BCne~CTaHe Y:ero 

v lc z. 
B cooTaeTcTBHH c I 1/ ypaaHeHHH ~BH)I(eHHH 3neKTpoHa 

eCTh 

d . • 2 a y a A r • a A¢ . . a Az. · 
-(yrl-ry¢ -l]e--+ r/(--r+-.-r¢ +A,¢ +--:--z)=l), 
dt rJr ar dr ';' dr 

d ( 2 • e ) --myr¢--Ar=O 
dt 0 e </) ' 

d · ay rli\r • dA¢ · iJAz • 
-- ( y z ) - 1J e -- + 'I(-- r t -- r ¢ + -- z ) = 0 
dt a z a z a z a z 

/2/ 

r~e 'I 
e 

m
0

e 
y c (I - {i '2 )-l /'2 

EcnH Ha KaTo~e npH t = 0 HMeeM r = r
0

, ¢ = 0, A = A
0

, 

TO H3 nepaoro HHTerpana aToporo ypaaHeHHH /2/ nolyl.fHM 

¢ 
1] ll 

-<Ar~.- --)' 
yr '~" r 

/3/ 

r~e a = r 0 A 0 - Hal.fanhHoe 3aMarHH1.fHaaHHe Ha KaTo~e. 

av 
Jr 

B ypaaHeHHnx /2/ 3Ha1.feHHH noTeHn;Hana V , a TaK)I(e 

H 
av 
az nonyY:HM, pernHa ypaaHeHHe llyaccoHa 
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_!_ .!}_ [r av~~] + a2 v<z, r) 

r ar ar az 2 
= 4TTp(z,r> .• 141 

YpaBHeHHH 121 H 141 .L{OIDKHhi 6hiTh caMocornacoBaHHhi

MH. llnOTHOCTh npOCTpaHCTBeHHOrO 3apH.L{a p B 141 .L{Oll)I(Ha 

COOTBeTCTBOBaTh He TOllhKO ycnOBHIO HOpMHpOBKH Ha BhiXO.L{e 

H3 nyliiKH 

2 I 

I = 7T R p v I Bb[X • 0 lSI 

B KOTOpOM I 0 - nonHhiH TOK, 3aKniO'-IeHHhiH BHYTPH OKpy)f(

HOCTH pa,ll,Hyca R I R - pa.L{uyc oru6aiOI.Qeil: ny'-IKa, p He 

3aBHCHT OT r I, HO BHYTPH nyliiKH ,ll,OIDKHa onpe.L{enHTbC H 

ypaBHeHHCM Hepa3phiBHOCTH 

--> -> 

J ~· pv, 161 

B KOTOpOM V HaXO.L{HTCH H3 121, npH'-ICM p y)l(e eCTb tPYHK

U:HH H pa,ll,Hyca. Cyi.QeCTByeT, Bnpo'-leM, e,ll,HHCTBeHHaH nnoc

KOCTb paBHOrO noTeHIJ;Hana Me)l(,ll,y KaTO)J,OM H aHO,ll,OM, Ha 

KOTOpOH p OT pa.L{Hyca He 3aBHCHT. 

BeKTOpHbiH noreHu:uan A BKniO'-Iaer B ce6H $oKycupyiO-_. 
I.QHH nOTCHIJ;Han A ql, C03,ll,aB_iiCMbiH cneu;uanbHbiMH coneHOH-

)J,aMH, H noreHu;Han ny'-IKa A
0 

, TaK '-ITO 

--> --> --> 

A = Acj:J + A 11 • 171 

CocTaBnHIOI.QHe noneil: .L{llH OCeCHMMeTpH'-IHOrO cny'-laH 

3anHllleM B BH,ll,e 

Hrcp 
a A¢¢ 

- ---, 
az 

H¢¢= 0, 181 

1 a 
Hz¢ = ~ ar- (rA¢¢), 

6 

.. 

"' 

Hrn 
aA¢n 

- -;;:;:--

191 

aA aA 
H ¢ = __ ill__ - _--.31L 

n az ar 

H 
Z[[ 

1 a - -(rA ). 
r ar ¢n 

<l>oKycupyiOI.Qee none co3.L{aeTcH He3KpaHupoBaHHhiMH co

neHOH,L{aMH C npHMoyrOllbHbiM Ce'-leHHeM KaTyllleK, H ero 

BeKTOpHbiH noTeHIJ;Han OT Ka)f(,L{OH KaTyliiKH Bbi'-IHCllHCTCH no 

H3BCCTHOH $opMyne 

A <,bql ( z: r) = ; II ( z, ()) 
r3 

16 
cJ 2 H(z, 0) 
----- + 

rh 2 
... ' 

II (z, 0) 
2TTJ [( r2 + yr22+ (z2- z)2 
--- z -zHn---c 2 ------

~~------

rl + '/r2-t (z -z)2 
I 2 

- ( z - z Hn ~2+ V r i+ (z I- z) 2 
I --=-----1 

r I+ yr f +~- z) 2 ' 

llOI 

r )J,C ,J - nnOTHOCTb TOKa nHTaHHH tPOKYCHpyiOI.QeH Ka TYIIIKH; 

r 1 , r 2 , Z I , Z 2 - KOOp,ll,HHaTbl yrnOB MCpHJ],HOHanbHOrO ce

'-leHHH KaTyliiKH. Y'-leT nepBbiX ,ll,Byx '-lneHoB B nepBOM Bbipa

)f(CHHH 1101 ,ll,OCTaTO'-IeH. 

Y'-IHTbiBaH 181 H 191, CHCTeMy ypaBHeHHH 121 MO)I(HO 

npHBCCTH K BH,ll,y 

d • •2 • av a A r~-. • • • 
--(yr)- ryr~, - TJC- + n(__:_:_r....i. +A r~, - zH ) = 0 
dt 'f' clr . ar ''f' ¢'~-' ¢n ' 

1111 
d . av aA¢ • • 
-- ( y z ) - TJ c- + TJ <-- r¢ + r H ) = 0 . 
dt az az ¢n 
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Pewan COBMeCTHO 3TY CHCTeMy ypaBHeHH~ C yqeTOM 

131, nonyqHM oKoHqayenLHOeToqHoeypaBHeHHepa~HanLHoro 
HenapaKCHallLHOrO ~BIDKeHHB 3lleKTpOHa ~ OCeCHMMeTpHqHo~ 

3lleKTpOHHO~ nywKe: 

Dl + D2 g; ir 0. 1121 
dz2 y·/32 

z 

3~eCL 

I 

JA 
DI =a[ av + f3z. H ¢rr- !!....(A¢- !!:... )(~ + _a_)]; 

ar y r ar r 2 

JV m a a JA¢ 
D =-a[- -{3 ·H¢ ----(A¢--)--]· 

2 az z n dz y r a z • , 

21 
Hr~,n (z,r)=- -; y =aV+ 1; a 

'~-' cr 

{3 = 
z 

~) 2 (;2 _ 1 - a 2 (A¢- r 

1 I 
"Yv 

1 + (~)2 
dz 

TJ 

c 

- TOK nyqKa, 3aKmoqeHHLI~ BHYTPH OKPY:lKHOCTH pa~Hyca r . 

PeweHHe caMocornacoBaHHOH cTa:u;HoHapHo~ 3a~aqH npo

BO~HTCB nyTeM nocne~OBaTellLHLIX npH6llH:>KeHH~ no 06'LeM

HOMY 3apn~y npH COBMeCTHOM peweHHH ypaBHeHHB ~BH:>KeHHB 

I 121, ypaBHeHHB Jlannaca ~nn o6nacTH BHe nyqKa H ypaBHeHHB 

IlyaccoHa 141 ~nn o6nacTH BHYTPH nyqKa. CHcTeMa 3neKTpo

~oB 3lleKTpOHHO~ nyWKH C npHllO:>KeHHLIMH K HHM noTeHu;Ha

naMH onpe~enneT 3a~aHHLie rpaHHqHwe ycnoBHB H rpaHHqHLI~ 

KOHTyp o6naCTH, BHyTpH KOTOpOH HI.I.\eTCB peweHHe. Ha TO~ 

qaCTH rpaHHqHoro KOHTypa o6naCTH, KOTOpaB COe~HHBeT 

KaTo.n 2 c aHo~oM 3 lnyHKTHP Ha puc. II, npe.nnonaranocL 

pacnpe~eneHHe noTeHu;Hana, 6nH3Koe K peanLHOMy. Yqey 

HenOCTOBHCTBa HanpB:>KeHHOCTH nonB B~Ollh 3TOrO 0Tpe3Ka 
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·I 

B paMKax Hawe~ nporpaMMLI ocyi.I.\eCTBnneTcB no pe3ynLTa

TaM cneu;HanLHO npo~enaHHOro pacqeya none:H. Ero MO:>KHO 

TaK:>Ke BLinOllHHTL C nOMOiu;LIO H3MepeHH~ pacnpe~eneHHB 

nonB B 3lleKTpOllHTHqecKO~ BaHHe. 

YqacToK 2 He 3MHTTHPYIOI.I.\e:H noBepxHOCTH TepMoKaTo~a 

OCTaeTCB HeH3MeHHLIM BO BpeMB OTLICKaHHB He06XO~HMO~ 

<lJopMLI 3MHTTHPYIOIUe~ noBepxHOCTH. KoHTYP MepH,IJ,HoHanL

Horo ceqeHHB 3MHTTepa npH pacqeye BLipa:>KaeTcn B B~e 

nonHHOMa 

z 
N 
~ a.r i +I 

I 
i=l 

1131 

H Ha6op HaH6onee no~XO~BI.I.\HX K03<lJ<lJHu;HeHTOB ai BBllBeT

CB KOHeqHLIM npo~yKTOM pacqeTa. 

Tpe6oBaHHe naMHHapHOCTH cne~yeT cqHTaTL 6onee cTpo

rHM, qeM Tpe6oBaHHe HyneBOrO 3MHTTaHCa Ha BLIXO~e H3 

nywKH, T.K. ~nn y.noBneTBopeHHB nocne.nHero ~ocTaToqHo 

O~H03HaqHO~, npHqeM He 06H3aTenLHO nHHe~HOH, CBB3H 

Me:>K.ny BLIXO~HLIMH nonepeqHLIMH Koop~HHa TaMH I r BbiX I H 

Hx npoH3BO~HLIMH lr~biX. I, Tor.na KaK naMHHapHOCTL 

HMeeT MeCTO npH llHHe~HO~ HX CBB3H. Ilo 3TO~ npHqHHe, 

OTLICKaB Ha6op HaHnyqiiiHX a. , o6ecneqHBaiOIUHX paBHO-
~ I 

nnOTHLIH nyqoK Ha BLIXO~e H3 nyiiiKH, B0061.1.\e rOBOpB, MLI He 

BnpaBe O:>KH~aTL nOllHO~ naMHHapHOCTH nOTOKa: CBB3L 

r~biX (rBbiX ) MO:>KeT 3~ecL oKa3aTLCB He nHHe~Ho~. O~HaKo 
Henocpe~CTBeHHLie pacqeTLI noKa3LIBaiOT IKpHBaB 1 Ha 

puc. 3a H COOTBeTCTBYIOI.I.\H~ e~ puc. 361, qyo 3Ta He BnOnHe 

KOppeKTHaB B yKa3aHHOM CMLIClle npou;e~ypa TeM He MeHee 

n03BOllBeT pa~HKallLHO npH6llH3HTL xapaKTep nOTOKaK na

MHHapHOMy. 

MLI npeiie6peraeM TaK:>Ke HenaMHHapHOCTLIO, BLI3BaHHO~ 

TepMHqeCKHM pa36pOCOM CKOpOCTe~ 3lleKTpOHOB, 3MHTTH

poBaHHLIX ropnqe~ noBepxHOCTLIO KaTo.na, qyo B cnyqae 

npHMeHeHHB BLITBrHBaiOiu;HX HanpB:>KeHH~ B COTHH KHllOBOnLT 

BnonHe onpaB~aHo, a: TaK:>Ke 3<l><l>eKTaMH paccenHHB Ha MHKpo

qacTHu;ax H He~TpanH3aUHH npocTpaHCTBeHHoro 3apn~a. 

0TMeTHM eiu;e, qyo B nyqKe, KpOMe j z , HMeeTCB TaK:>Ke 

H COCTaBllBIOI.I.\aB nnOTHOCTH TOKa j cp lo 0. 0,IJ,HaKO B nyiiiKe 

Ha COTHH aMnep npH <lJoKyCHpyiOiu;HX nonBX COTHH 3pCTe~ 

COCTaBllBIOiu;aB A cprr He3HaqHTellLHa H e10 MO:>KHO npeHe6peqL. 
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MemoouKa pact.tema 

Bbil.fHCJIHTeJibHa.R nporpaMMa 6biJia sanucaHa Ha .R3h1Ke 

U.EPH-<I>OPTPAH .li.JI.R MaUIHHbi C.D;C-6400. Ha puc. 2 .n.aHa 

6JioK- cxeMa pa6oTbi nporpaMMbi. 

llepoa.R cTa,li,H.R pacl.feTa Hal.fHHaeTc.R c 3a.n.aHH.R no.n.xo

.n.»mux C TOl.fKH 3peHH.R llOJib30BaTeJI.R d>opMbl rpaHHl.fHOH Tpa

eKTOpHH nyl.fKa R (z) , d>opMbi nooepxHocTu KaTo.n.a u nJioT

HOCTH TOKa B d>oKycupyiOLUHX COJieHOH,ll,aX. 0cTaJibHbie reo

MeTpHl.feCKHe napaMeTphl nylllKH H 3HeprH.R 3JieKTpOHOB Ha 

Bbixo.n.e nocTO.RHHbi Ha ocex CTa.n.u»x pacl.feTa. B Hal.faJibHbiH 

MOMeHT B Tel.feHue nepooro npu6JIH)I(eHH.R npu pacl.feTe oru-

6aiOmeu llYl.fKa llJIOTHOCTb 06beMHOrO 3ap.R,ll,a 3JieKTpOHOB B 

ny'-!Ke npu Ka)l(,li,OM 3Ha'-leHHH Z llpHHHMaeTC.R He 3aBHC.RLUeu 

OT r . B llOCJie,ll,yiOLUeM OHa nepeMeHHa, a TOK B,li,OJib Tpy6oK 

TOKa Beer .n.a llOCTO.RHeH ,li,JI.R ,ll,aHHOH d>opMbl 3MHTTHPYIOLUeH 

llOBepXHOCTH KaTO,ll,a. 3aaepUieHHe pacl.feTa rpaHH'-IHOH Tpa

e KTOpHH B npe,ll,llOJIO)I(eHHH JiaMHHapHOCTH nyl.fKa llpOHCXO,li,HT, 

Kor.n.a npou.ecc cou.n.eTc.R, T .e. rpaHHl.fHa.R TpaeKTopu.R noc11e.n.

Hero npH6JIH)I(eHH.R C 3a,ll,aHHOH TOl.fHOCTbiO COBlla,ll,eT C Tpa

eKTOpHeH npe.n.bl.li.Ymero npu6JIH)I(eHH.R. llepe.n. uenocpe.n.cT

BeHHbiM pacqeTOM TpaeKTOpHH Ka)l(,ll,biH pa3 BblllOJIH.ReTC.R 

pacl.feT 3JieKTPHl.fecKoro noJIH c yl.feToM o6beMHoro 3ap.R.n.a 

no /4/ B COOTBeTCTBYIOLUCM llpH6JIH)I(eHHH, llpHl.feM Ha BCeU 

nepBOH CTa,li,HH Cl.feTa d>opMa KaTO,ll,a OCTaeTCH HeH3MeHHOU,' 

Puc. 2. EAoK- cxeMa pa6ombl 8blt.tUc/lumeAbHOU npozpaMMbl: 
1 - 8800 Hat.ta/lbHbiX oaHHbiX, 2 - 8blt.tUcAeHue 3/leKmput.te
cKozo noA.R nywKu, 3 - 8blt.tucAeHue ozu6a1011#ell ny'tKa, 
4 - KOHmpO/Ib CXOOUMOCmU 02U6U101J#eU ny'IKQ, 5 - 8bi'IUC/Ie
HUe 8eepa mpaeKmopuu, 6 - KoHmpoAb AQMUHapHocmu, 7 -
ne'lamb, nep¢opaf.IU.R, 8 - 8bi'IUCAeHue H08ozo noAUHOMa OA.R 
Kamooo. 
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a )l(eJiaeMbie H3MeHeHH.R d>opMbl OKOHl.faTeJibHOU rpaHHl.fHOH 

TpaeKTOpHH BblllOJIH.RIOTC.R llO,li,60p_OM TOKa B d>oKyCupyiOLUHX 

COJieHOH,ll,aX. llocJie llOJiyl.feHH.R HTOl.fHOHH B 3TOM CMbiCJie 

rpaHHl.fHOU TpaeKTOpHH BblllOJIH.IleTC.R paCl.feT aeepa BCeX 

ueo6XO,li,HMbiX BHyTpeHHHX TpaeKTOpHH, H nepaa.R CTa,li,H.R 

cl.feTa 3THM 3aKaHl.fHBaeTC.Il. Pa3yMeeTc.R, pe3yJibTaT npaK

THl.feCKH acer.n.a oKa3hlaaeTC.R npoTuaopel.faLUHM npe.n.noJio

)l(eHHIO 0 JiaMHHapHOCTH llOTOKa, KOTOpoe 6biJIO CyLUeCTBeHHO 

HCllOJib30BaHO Ha BCeH nepBOH CTa,li,HH, a paCCl.fHTaHHbie 

TpaeKTopuu - HeaepHbiMH. O.n.HaKo paccl.fuTaHHbiH seep .n.aeT 

Kal.feCTBeHHYJO HHd>opMaU.HIO o xapaKTepe Heo6xo.n.uMbiX H3Me

HeHHH d>opMbl Ka TO,ll,a ,li,JI.R o6ecnel.feHH.R JiaMHHapHOCTH flO

TOKa, '-ITO HCllOJib3yeTC.R ,li,JI.R aBTOMaTHl.feCKOrO BBO,ll,a H3-

MeHeHHU d>opMbi KaTo.n.a B nporpaMMY BTOpoH: u, aHaJioruq

HO, llOCJie,ll,yiOLUHX CTa,li,HH Cl.feTa. 

TeXHHKa H KpHTepHH, KOTOpbie ,li,JI.R 3TOrO HCllOJib3YJOTC.R, 

3Jie;.teHTapHbl H 3,ll,eCb He OllHCbiBaiOTC.R. 

llpu peUieHHH ypaBHeHH.R /4/ HCllOJib3yeTC.R l.fHCJieHHhiH 

HTepaU.HOHHbiU MeTO,ll,, Ha3biBaeMbiU MeTO,li,OM peJiaKCaiJ.HH. 

CyTb MeTo.n.a 3aKJIIOl.faeTc.R a nocTpoeHHH HY)I(HOH ceTKH 

H 3aMeHe .II.Hd>d>epeHU.HaJibHOrO ypaBHeHH.R B l.faCTHbiX npOH3-

BO,li,HbiX llpH6JIH)I(eHHbiM pa3HOCTHbiM ypaBHeHHeM B Ka)l(,li,OU 

Y3JIOBOU TOl.fKe CeTKH. 

flporpaMMa peUieHH.R /4/ COCTaBJieHa Ha OCHOBe H3BecT

HOU pa6oTbl J.S.llornsby/4/. 

Pe3yAbmamblpac'tema 

Pacl.feTHble 3Hal.feHH.R napaMeTpoa 3KcnepuMeHTaJibHOH 

3JieKTpOHHOH nyUIKH 330-2 6biJIH npHH.RTbl CJie,ll,yiOLUHMH: 

TOK I 0 = 250 A, 3Hepru.R 3JieKTpoHoa Ha Bbixo.n.e W 
= 500 K3B, MHHHMaJibHOe paCCTO.RHHe Me)l(,ll,y KaTO,li,OM H 

aHO.li.OM L = 5,5 cM, .n.uaMeTp 3MHTTHPYIOLUero CJIO.R·KaTo.n.a 

Dk = 7 CM. <l>oKycupyiOIIJ.HH 6e3)1(eJie3HbiH COJieHOH,ll, HMeeT 

Rmin = 5,1 CM, Rmax=. 8,1 CM H npoT.R)I(eHHOCTb B,li,OJib OCH 

Z - 10 CM. MHHHMaJibHbiH ,li,HaMeTp aHO,li,HOrO OTBepCTH.R, 

noJiyl.feHHhiH B pe3yJibTaTe pacl.feTa, Da = 5,9 CM. 
Paccl.fuTaHHa.R .II.JI.R 3Toro cJiyl.fa.R KoHd>urypau.u» KOHTypa 

MepH,li,HOHaJibHOrO Cel.feHH.R 31IeKTPO.li.OB llYUIKH H306pa)l(eHa 

Ha pUC. 1. 3Hal.feHH.R CeMHa,li,U.aTH K03ti>ti>HU.HeHTOB llOJIHHOMa 

/13/ He npHBO,li,JITC.R. flpe,li,CTaBJieHHe 06 3MHTTaHce H pac-
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npe)1.eneHHH nnOTHOCTH B nOTOKe )1.aeT puc. 3. )J;aHHhle 

3TOro pHCYHKa COOTBeTCTBYIOT Ce"!eHHIO llY"'Ka Ha paCCTOB

HHH 48 CM OT KaT0)1.a. JaBHCHMOCTh r' (r)' Ha puc. 3a noKa

JaHa JJ.nB "'eTLipex cnyqaeB. KpuBaB I cooTBeTCTByeT 

cnyqa10 OTCYTCTBHB JaJeMneHHoro MeTannuqecKoro KOnLu;a, 

H306pa:>KeHHOrO B BhiXOJJ.HOH Tpy6e nywKH, 2 - cnyqaro, KOr)1.a 

3a3CMilCHHOe KOilhli;O HMeeTCB, 3 - Ha KOilhli;O no)1.aH llOTeH

JJ;Han +50 KB, 4 - noTeHu;HanHa KOnLu;e+IOO KB. Hauny"'WHM 

cne.11.yeT C"'HTaTL cnyqaii I. Ha puc. 36 pacnpeJJ.eneHHe TOKa 

JJ.aHo JJ.nH Hero. Ha puc. 1 ycnoBHo HJo6pmKeHhl TaK:>Ke pa

JJ.HanLHhle TpaeKTOpHH 3ileKTpOHOB, Hcny~eHHhiX KaTOJJ.OM 

Ha paJnH"'HhiX paccTOJIHHJIX OT ocu CHMMeTpHH / JJ.eiicTBHTenL

Hhle TpaeKTOpHH - npocTpaHCTBeHHhle BHHT006pa3Hhle KpH

Bhie/. 

Pac"'eT npoBeJJ.eH TaKHM o6paJoM, "'T06hl OJJ.HOBpeMeHHo 

C Heo6X0)1.HMOH naMHHapHOCThiO nOTOKa o6ecne"'HBanaCL 

MHHHManLHaJI HeOJJ.HOpOJJ.HOCTh HanpH:>KeHHOCTH 3ileKTpHqe

CKOrO nonH Ha noBepxHoCTH 3MHTTepa KaTOJJ.a c y"'eToM 

7' j 
30 lq 

20 12 

7. a 

6 

(0) 

7. 
0 0.8 16 1ij 32 

Puc. 3. IlpoeKLIWI rjja3oeozo o6oeMa nyttKa /a/ u nAomHocmb 
moKa no cetteHUIO /6/ Ha ebzxooe U3 33II-2 /r e eM, r' e 
Mpao u j e A/eM 2 /. 
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j, 

o6beMHorp JapHJJ.a. BenH"'HHY OTHOWeHHJI !; = Ema/Emin Ha 

3MHTTepe KaTOJJ.a y)1.anocL CHHJHTh .11.0 I, I3. ,D;anLHeiirnee ee 

CHH)f(eHHe OKaJanOCh HeB03MO:>KHhiM. 

KonuqecTBO 3KcnepHMeHTOB, B KOTOPLIX npoBe.D.eHLI HJ

MepeHHJI pacnpe)1.eneHHJI llilOTHOCTH TOKa H 3MHTTaHCa ny"!Ka 

aHanorH"'HhiX 3neKTPOHHhiX nyrneK, HeBenHKO 15,6 I, OJJ.HaKo 

HX pe JynLTaThl noKa3biBaiOT, "'TO peanLHhle 3neKTpOHHLie 

nywKH B npOTHBOnOilO)f(HOCTh paCC"'HTaHHOH 3)1.eCh nymKe 

C HyneBhiM /B yKaJaHHOM llpH6llH)f(eHHH/ 3MHTTaHCOM HMeiOT 

qpe JMepHo 6onLmHe ero JHa"'eHHJI. TaK, Bl 51 JJ.a)l(e nocne 

npuo6peTeHHJI JneKTpoHaMH JHeprHH 3,4M3B 90t1ooTnonHo

ro ToKa nyqKa 250 A HMeiOT JMHTTaHc 0,2I5 cM.pao, a 
;6 I 

B.·· '' 70t1o OT nonHoro TOKa I40 A HMeiOT 3MHTTaHC 

0,3 CM.paO npH 3HeprHH 3ilCKTpOHOB Ha BhiXOJJ.e H3 nyWKH 

-·100 KB. B 3Toii CBJIJH 6onLrnoii HHTepec npeJJ.cTaBnHeT 

3KCllepHMeHTanLHaJI npoBepKa npaBHilhHOCTH nony"'eHHhlX 

JJJ.CCh peJynLTaTOB. ABTOphi HaJJ.eiOTCJI TaKyiO npoBepKy 

ocywecTBHTh B 6nu)f(aiirnee BpeMH. 

0TMeTHM ewe, "'TO G.R.Brewer 17 I B 3KcnepHMeHTe no

nyqun HeKoTopoe ynyqrneHHe pacnpeJJ.eneHHJI nnoTHOCTH TOKa 

B ny"!Ke Ja C"'eT no.11.60pa tlJopMhl 3MHTTHpyiO~eii noBepXHOCTH 

KaTOJJ.a, KOTOpaJI apriori 6Lina HM Bhi6paHa C MOHOTOHHO 

y6LIBaiO~eii OT OCH KpHBH3HOH, XOTJI B CBeTe H3ilO:>KeHHhiX 

HaMH pacqeTOB 3TO ynyqmeHHe cKopee cne.D.oBano 6LI cqu

TaTL cnyqaiiHhiM. 3aBHCHMOCTh KpHBH3Hhl OT pa)1.Hyca BCeX 

HaH)1.eHHhiX HaMH MepHJJ.HOHanhHhiX ceqeHHH 3MHTTHpyiO~eii 
llOBepXHOCTH, npH KOTOphiX ny"'OK 6Lin naMHHapHhiM, HH

KOr)1.a He 6Lma MOHOTOHHOH. 

l1ccne)1.yJI KOHtPHrypaJJ;HH JneKTpOJJ.OB, npHBOJJ.Jill.IHe K CHH

:>KeHHIO !j Ha KaT0)1.e, nonyTHO Mhl TaK)f(e nOllhiTanHCh HaHTH 

TaKHe He)f(ena TeilhHLie KOHtPHrypaiJHH 3MHTTHPYIOI.l.IHX no

BepxHocTeii, KOTOphle o6naJJ.aiOT pe JKO HeOJJ.HOPOJJ.HLIM I c yqe

TOM o6beMHoro JapHJJ.a nyqKa/ BhiTHrHBaiOI.l.IHM noneM, 

BllilOTh )1.0 B03HHKHOBeHHJI yqacTKOB C HyneBOH ero HanpH

)f(eHHOCThlO, T. e. )1.0 o6pa30BaHHJI BHpTyanLHOrO Ka T0)1.a BHe 

3MHTTHPYIOI.l.leH noBepXHOCTH. 

bhinO B3JITO CeMeHCTBO OCeCHMMeTpH"'HhiX KaTOJJ.OB C 

nOCTOJIHHhiM )1.HaMeTpOM ctlJepH"'eCKOH 3MHTTHPYIOI.l.leH DO

BepXHOCTH, paBHhiM 8 CM,H pa3ilH"'HhiMH pa)1.HyCaMH KpHBHJ

Hhl RKp./ puc. 4/. OT KpaH c¢epuqecKoii noBepxHoCTH .11.0 

OJJ.Horo H Toro )f(e BO Be ex cnyqaJix JJ.HaMeTpa 9 eM noBepx-

13 
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Puc. 4. cPopMbJ noeepxHocmu Kamooa 011.11 uccAeooeaHU.R 
ycAoeuu eo3HUKHoeeHu.R eupmyaAbHozo Kamooa /pa3MepbJ 
~aHbl 6 CM /. 1. ~Ku.= 400 M, 2. RKp.= 10,8 CM, 3. HKp. = 
- 6,4 CM. 4. RKp. - 5,2 CM. 

HOCTb KaTO,ll;a fihiJia KOHH'ICCKOH, C o6pa3yJOIJ..{CH, KaCaTeJJb

HOH K c$epHl.fecKoH: noaepxHocTH Ha ee KpaJO. OcTaJJhHaH 

/HCH3MeHHaH/, He 3MHTTHpyJOIJ..{aH l.JaCTb KOHTypa noaepXHOCTH 

KaTO,ll;a BH,ll;Ha Ha puc. 4. MHHHMaJlbHOe paCCTOHHHe OT 

noCTOHHHoro aHo,ll;a ,ll;O KaTo,ll;a L = 3,8 CM ocTaBanocb 

HeHJMeHHbiM. HeH3MeHHbl TaK)I(e fihiJJH noJIHbiH TOK /200Aj 
H aHO,ll;Hoe HanpH)I(eHHe /290 KB/. 

Ha puc. 5 npe,lJ;cTaBJJeHhi pacnpe,ll;eJJeHHH no pa)J;Hycy 

HanpH)I(CHHOCTH 3JleKTpH'ICCKOrO nOJJH H nOTCHI.(HaJJa Ha no

BCpXHOCTHX, y,ll;aJICHHbiX Ha 0,01 CM OT COOTBCTCTBYIOIJ..{HX 

3MHTTepoB KaTO.LJ.OB B l.JCTblpex CJJyl.faHX, yKa3aHHhiX Ha pUC. 4. 
Y)l(e npH RKp. = 5,2 CM BfiJ1H3H OCH CHMMCTpHH Ha KaTO,ll;C 

HanpH)I(eHHOCTh noJJH Ol.fCHh 6JJH3Ka K Hymo. Puc. 5 o6Hapy

)I(HBaer TaiOKe cepbe 3HYJO HCO,ll;HOpO,ll;HOCTb BhiT HrHBaJOIJ..{ero 

nonH ,ll;a)l(e npu RKp.- 10 cM .. Bo3MO)I(HO, 'ITO H3MepeHHoe 

3KCnepHMeHTaJlbHO J.E.Boers/8/ B03pacTaHHe nJIOTHOCTH 

TOKa B nyWKC Ha KpaiO nOTOKa, 3a$HKCHpOBaHHOe B Heno

cpe,ll;CTBCHHOH 6JIH30CTH OT 3MHTTHpYJOI.l.{eH noaepXHOCTH 

KaTO.LJ.a, HBJIHeTCH CJie,ll;CTBHeM 3$4leKTa HCO,ll;HOpO,ll;HOCTH Bhi

THrHBaJOII.(ero noJJH Ha Karo.n.e. 
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Puc. 5. PacnpeoeAeHue Hanp.RJKeHHocmu :JAeKmpu<~ecKozo no
A.R /a/ u nomeHt~UaAa /6/ Ha noeepxHocmu :JMummepa. I r e 
cM, E e KB/cM u V e KB/. 1. ~ = 1,141. 2. ~ = 1,867. 
3. ~ = 3,433. 4. ~ = 24,882. 

3a)J;al.fa noJJyl.fHTb MaKCHMaJihHhie 3Hal.JeHHH KOMnpeCCHH 

nOTOKa HaMH He CTaBHJlaCb, O,ll;HaKO nOCJie TOrO, KaK KOH$H

rypai.(HH 3JlCKTpO,ll;OB nyWKH, H306pa)l(eHHaH Ha pUC. 1, fihiJla 

noJJyl.JeHa, Mbl paCCl.JHTaJIH, ,ll;O KaKOrO MHHHMaJlhHOrO 3Hal.fe

HHH MO)I(HO yMeHbWHTh .LJ.HaMeTp nyl.fKa, yaeJIHl.JHBaH HanpH

)I(eHHOCTb nOJJH $oKyCHpyiOIJ..{ero COJleHOH.LJ.a npH OCTaJlbHhiX 

HOMHHaJlbHhiX napaMerpax. 0Ka3aJJOCh, 'ITO npH Hcp max = 
= 1045,5 3 /BMeCTO HOMHHaJlbHbiX 348,5 3/ ,ll;HaMeTp ny'IKa 

B TOl.JKe Z = 25,3 CM COCTaBHJl 0,29 CM. CJJe,ll;yeT OTMeTHTb, 

'ITO nocne cy)l(eHHH nyqKa pacnpe,ll;eJJeHHe nnoTHOCTH TOKa 

no pa,ll;HYCY pe3KO CTaHOBHTCH HeO,ll;HOpO,ll;HbiM. 
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