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BBEilEHHE 

8 KOHCTpyK~~~ n~6oH coapeMeHHOH 3neKTpo¢~3~4eCKOH YCTBHOB

K~ /B 4BCTHOCT~, B Il~HeHHOM HHAYK~HOHHOM YCKOpHTene/ MO~HO 

H8~TJ.'I 60J1bWOe pa3H006p831-1€ H€m1H€HHblX onn44€CKHX a.fleMeHTOB 

/yCKOPR~~HH HHAYKTOp, $OKYCHPY~~HH COJleHOHA, 3JleKTpOCTaTH4eC

I01e I1HH3bl, MarHio1THbl~ KOppeKTOp lo1 T.A./, npl-1 npOX0}1(A€HHJ..1 KOTO

pbiX BnO.nHe aepORTHO B03HIIIKHOB€Hio1€ pe3KOrO H3MeHeH\11fl pacnpeAe

neHHR nllOTHOCTH 06beMHOrO 3BPRA8 p no C€4eHH~ ny4Ka. 

( 8HBI10rH4HbiM ¢H3H4eCKHM RBJ1€HH€M npHXOAHTCR CT811KH8BTbCR 

H B 3I1eKTpOHI-1K€ lo1HTeHCJ.IIBHbiX 3IleKTPOHHbiX nOTOKOB, I-1CnO!lb3yeMbiX 

a coapeMeHHbiX np1-16opax CB4 0-nma /Km1cTpOHbl, naMnbl c 6ery
w.eH aonHoH, naMnbl c o6paTHOH aonHoH "' T. n. I. 

~OKYCHpy~W,aR CHI1a B TBKHX OnTH4eCK~X 3neMeHTax 3Ha4~Tenb

HO, np~4eM Hen~He~HO, ~3MeH~eTCR B nonepe4HOM Ce4eH~~ ny4Ka, 

raK 4TO ny4oK, npeAnonaraeM~~ naM~HapH~M Ha exoAe, npeepa~aer
c~ a HenaM~HapH~~ np~ AanbHe~weM npOXQ)KAeH~~ c~cTeMbl /1/. 

KaK ~3BeCTHO, naM~HapH~~ ny40K C OAHOPOAHbiM pacnpeAeneH~eM 
nnoTHOCT~ aapRAa no ce4eH~IO ~MeeT Hyneeo~ ¢laaoebl~ o6beM ~ Ha 

¢la3080~ nnoCKOCT~ 8 KOOPA~HaTaX (r,r') npeACTasneH npRMO~, 

npoxoAR~e~ 4epea Ha4ano KOOPA~HaT. Hen~He~H~e nonR onT~4ecK~x 

aneMeHTOa npeo6paay10r npRMon~He~H~~ orpeaoK Ha ¢laaoeo~ nnoc

KOCT~ B Kp~ayiO, COXpaH~R Hyneeo~ $a30B~~ 06beM/2(MHOrOKpaTHOe 

npOXO}!(AeHio'le ny4Ka 4epe3 TaK~e 3fleMeHTbl yCKOpf!eT npOL\eCC lo'ICKp~e

neHHR, npHBOAR K HeflaMHHapHOCTH. 
HaeecrHo/3~4TO TOnbKO rpaeKTOPHH naM~HapHoro napaKcHanbHOro 

ny4Ka nonepe4HO-nOA06H~ OTHOCHTenbHO OCH ny4Ka, a nflOTHOCTb 

3apRAa nOCTORHHa B fli060M HOpMaflbHOM Ce4eHHH. npH 3TOM pac

CMaTp~aaeTCR ABH}!(eHHe 3neKTpOHOB, HaXOAR~HXCR HaCTOflbKO 6nH3-

KO K OC~ ny4Ka, 4TO MO}!(HO npeAnOnOmHTb, 4TO COCTaBn~IO~He CKO

pOCTH 311eKTpOHOB, HanpaaneHHble no HOpMa!lH K OCH ny4Ka, MaJlbl 

nO cpaBHeHHIO C COCTaBJlRIO~HM~, HanpaBJleHH~MH napanneilbHO OCH 

ny4Ka. TaK KaK paCCTOf!HHR no HOpMailH K OCH ny4Ka npeAnOnaraiOT

C~ Ma!l~M~, TO orpaHH4HBaiOTCR TOJlbKO 4!1eHaMH nepeOrO nOpRAKa 
MailOCTH. 

B o6~eM }!(e cny4ae, 4TO H 6yAeT paccMorpeHo a pa6ore, napa

Merpbl ny4Ka COH3MepHM~ C pa3MepaMH ¢lOKYCHPYIOute~ CHCTeMbl, 4TO 
HeH36e}!(HO npHBeAeT K HeilHHe~HOMy xapaKTepy B3aHMOAe~CTBHR BCeX 

cHn a o6nacr~ ny4Ka. 
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KaK yme OTMe4anocb/~Hen~He~H~e a~eKT~, ca~aaHH~e c HeoA
HOPOAH~M pacnpeAeDeHHeM npOCTP8HCTBeHHOrO 38P~Aa B HHTeHCHB
HMX ny4K8X, Hrpa~T AOMHHHPY~~y~ pOnb. 

B pa6oTe/5/ npH_BeAeH npHMep, rAe nHHeHHaR annpoKCHMa'-'HR acex 
Ae~CTBY~~HX CHD npeACKa3~saeT M8KCHM8DbH~H AHaMeTp ny4K8, 
KOTOp~H COAep~HT TODbKO 39% 06~ero 3apRA8 TOrO CDy4aR pac4eTa, 
KOrAa y4TeH~ see HenHHe~H~e 3~eKT~, a caM npeACKa3~aaeM~H 
M8KCHM8DbH~H AH8MeTp COCTaBDReT TODbKO ]Q% AHaMeTpa, nony4ae
MOro npH HCnODb30B8HHH HeDHHeHHOH MeTOAHKH pac4eTa. 

Heo6xoAHMO aaMeTHTb, 4TO H a cny4ae TpaHcnopTHpoaKH aneKT
POHHOro ny4Ka C 6onbWHM 38PRAOM npH paCCTORHHH APeH$a B Hec
KODbKO AeCRTKOB MeTpOB yme O~y~aeTCR pacnn~B8HHe A8me 3!1eKTpOH
HOro ny4K8 BblCOKOH 3HeprHl1 /2/, 

no3TOMY WHpOKOe P83BHTHe H npHMeHeHHe yCTPO~CTB, HMe~~HX 
B H8m14HH 3!1eKTpOHHble ny4KH C fiO!lbWHM 38PRA0M, Tpe6yiOT H 6onee 
COBepWeHHbiX H T04HbiX MeTOAOB paC4eTa, KOTOpble 6bl Y4HTbiB8!1H K8K 
He!lHHeHH~H XapaKTep BHeWHHX 3!1eKTPH4eCK~X H MarHHTHbiX noneH, 
TaK H HeOAHOPOAHY~ CTPYKTYPY ny4Ka no Ce4eHHIO. 

TEOPHR H METOAHKA PAC4ETA 

To4HOe ypaeHeHHe rpaeKTOPHH 3neKTPOHa a aKcHa!lbHO-CHMMer
PH4HOM naMHHapHoM noroKe penRTHBHCTCKHX 3neKTPOHOB a ocecHM
MeTPH4HbiX CT8~HOHapHbiX 3JleKTpH4eCKHX H M8rHHTHbiX nO!lRX, KaK 
H3BeCTH0/6,7/, 38nHCb1BaeTCR B BHA8 /rayccoea CHCTeMa eAHHH~/: 

ctll: u , 17 a a'A¢ a -=--[r E -.E --(Acp--)( · +--dz 2 y{32 z r y r a r r 2 
z 

_,,aA~ _ 
az 

2f3zl(r) 2 ----(l+r' )]. 
cr 

/1/ 

H npeAnonaraercR onpeAeneHHO~ Ha HeKoropoH noaepXHOCTH Karo
Aa, RBilR~eHCR HCT04HHKOM npOHCXOmAeHH.A HCC!leAyeMoro ny4Ka; 

r' = ~~ ; a = ~0 -; e >Q;e H .E 0- aap.AA H 3HeprHR nOKO.A 3JleKTpOHa; 

{3= ~ ·; ·y=(l-{3 2)-lf~ V H C- CKOPOCTb 311eKTpOHa H CKOPOCTb CBera; 

{3 =J..[i~-_1-.:-._~(A¢ -a/r):_ 
z Y l+r"-2 

l(r) - TOK ny4Ka npoH3BOJlbHOH BHYTPeHHeH TpaeKTOPHH B 8KCHallbHO
CHMMeTpH4HOM !18MHHapHOM nOTOKe, 38KJll04eHHbl~ BHyTpH OKpymHOCTH 
paAHyca r; Ern•Ezn- paAH8JlbHa.A H npOAOilbHa.A cocraBil.AIO~He 
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aneKTPH4ecKoro nom~, Bbi3B8HHble o6oeMHbiM aapRAOM ny4Ka; E rB 

CYMM8PH6fl P8AH611bH6R COCT6BI1R~8R BHeWHHX 311eKTpH4eCKHX none~; 

EzB- CyMM8PH8R npOA011bH6R COCT6BI1R~~aR BHeWHHX 311eKTPH4eCKHX 

none!~~; ~A¢- cyMM6PH8A 63lriMyT611bH6A COCT6BI1RIOU\6A aeKTOPHOrO 

nOTeH~I-16118 BHeWHHX ~OKYCHPYIOU\HX noneH. 
~OKYCHPOBKa OCyll\eCTBI1ReTCA pacnonomeHHbiMH nocneAOBaTenbHO 

BAOI1b HCCI1eAyeMOrO Y46CTKa He3Kp6HHPOB6HHbiMH COI1eHOHA6MH C 

npAMOyronbHbiM Ce4eHHeM KaTyWeK, T6K 4TO CYMM6PH6A 63HMYT611b

H6A C0CT6BI1AIOU\6A BeKTOpHOrO noTeH4H6116 OT M K6TyWeK onpeAe

I1ReTCR Bblpa>KeHHeM 

M r ra 
'A¢(r,z)= }; [-H. (O,z)- -

16 i=l 2 1 

2 a Hi (O,z) 
+ •••• ] f 

rAe 1 2 2 j 2 2 

/2/ 

21TJi r2.tVr2i+(Z2i-z) r2t r2i+(z1i-z) 
H.(O,z)=--[(z. -z)!n--1----(z .-z)ln--------1. 

1 c 2l 2 2 11 .j2 2 
r tfV'r li+ (z 2i-z) rli + r 1i + (zti- 7.) 

Ji - nilOTHOCTb TOKa m1TaHI-1R i -Toi:1 <$)OKYCI-1pyiOU\eH KaTyWKI-1; r ti , 

F 21 , Z li , Z 2i - KOOPAI-1HaTbl y3110B ce4eHI-1R i -TOH KaTyWKI-1 B Me

P~A~aHHOH nnocKOCTI-1. 

B ypaeHeHHH /1/ ~cnonbay~TcR noTeH~~anV, a TaKme eeili-141-1Hbl 

E r 1-1 Ez. nOilY4aeMble npH peweHHH ypaeHeHHR nyacCOHa 

2 
1 a a V(r,z\ a V(r z\ 

- ·-[r~-1+ --'"'---= hpfr(z)]. 
rar ar az2 . 131 

YpaeHeH~R /1/ ~ /3/ AOilmHbl 6b1Tb caMocornacoaaHHbiM~. TaK KaK 

Ez""'Ezn+EzB, TO, pewafl /3/, nOilY4~M B Ka)!(AOH T04Ke Ce4eH~~ 

ny4Ka 

hl 
E (r,z) =-- f 

l r o p
0 

[ r(z)] rdr, 

Xo4eTcR OTMeT~Tb, 4TO a o6~eM BHAe 3Ha4eHHe noTeH~~ana 

V {r,z) a ce4eH~"' ny4Ka nerKo MO>KHO onpeAeili-1Tb H3 /4/: 

R r R 

/4/ 

V(r,z)=V(R.,z)-4.[lnRa· f p rdr-lnr. fp rdr- finr·p rdr]. /5/ 
oO oO r o 

CooTeeTcTseHHO 
R 

E,(r,z)=<II(R.,Z)+4•[lnRa· f r'(p
0 

+ 
0 

R~ R 
+- r p rdr

Ra 0 0 

r' r 
-fp0 rdr-lnr. 
r o 

fr'( p
0 

+.!J:Enr)dr-
o a r 

!61 
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R 
- r r'[p + lnr·(p +..:.!J)aap r)] drl. 

r 0 0 r 

TaK KaK a .QanbHeHweM ycnoBHe coxpaHeHH~ naMHHapHOCTH npeAno
naraeTcA paccMOTpeTb H8 nPHMepax, B KOTOp~X OTCYTCTBY~T BHeW
HJ.1e CHJlbl ycKopeH~t~R, TO a ypaBHeHHH I 1 I BblpameHHe (r.l~ E z- E r ) 

r' E 
6y.QeT TO>K.QeCTBeHHO COOTHOWeHHIO -Ern (1- --E!.). Y4HTbiBaR CJlQ)f(

Ern 
HOCTb Bbi4J.1CJ16HJ.1A Ezn no /6/, Ol..leHio1M Ha npOCTbiX xapaKTepHbiX 

k -- r"'E zn pacnpe.QeneHHRX nnoTHOCTH aapR.Qa senH4HHY nonpaeKH c 
Ern 

~eilbiO onpe.QeneHHR B03MO)f(H0CTH npeHe5pe4b 3TOH ee!lH4HHOH no 
cpaeHeHHIO c.E~ .QilR COKpa~eHHR epeMeHH C4eTa 6e3 y~ep6a .QilR KO
He4HbiX peaynbTBTOB. 

npJ.1 paCCMOTpeHHI-1 npOH3B011bHbiX pacnpe.Qe!leHH~1 n/lOTHOCTI-1 aapA.Qa 
BJ.1AB p=p 1ear J.1 p=p 1 e-ar

2 , r!:. R(z), r.Qe 3Ha4eH""R b==p/pl'R 
w R' sapbHpoeanldCb a w~-tpoKoM .Qio1anaaoHe /0, 1 ~ b S. 1 0; 
0,012M:> R s: 0,024 M; O<R'.<: 0,2/, c noMOIJlbiO /6/ 6~na o~eHe
Ha BeflH4HHa nonpaBKH k ADR TOKa B 250 A, KOTOpaR ADR TeX xa
ptlKTepHbiX napaMeTP08 nyt.~Ka a HawHx np&.-~Mepax I cpeAHHH paA&.-~YC 
R- 0,02M, cna6o paasHToe paAHanbHOe ABH~eHHe c MaKCHManbHbiM 
R'- 0,1 &.1 Ha 60!1bWei1 48CT&.1 ny4Ka 1 ~b .:S:. 2,5/ COCT8B!1ReT He 
6onbwe 1%. 3To AaeT nonHoe npa9o a A811bHeHwHx H8WHX 4HCneH
H~X pact.~eTax npeHe6pe4b aen&.-~4HHOH EznnPH paccMoTpeH&.-~H KOHKpeT
HbiX np&.-~Mepoa. 

3aMeTHM, 4TO B npo~ecce yCKOpeHHR /Oc06eHHO KOrAa HanpRmeH
HOCTb YCKOpRIOW.ero nOJlR He3H84HTe11bHa/ npeHe6peraTb E zn HeJ1b3R, 
TaK KaK no a6contoTHoH aenH4HHe E zn H E zB npaKT-&.14eCKH MOryT 
6b1T.b O~HOrO nOPRAK8. 3HepntR 3JleKTpOHa B npOJ.II3BOI1bHOi1 T04Ke 
ce4eHHR onpeAenReTCR 3Ha4eHJ.IIeM noTeH~Hana V (r,z) 8 3TOi1 me 
T04Ke, T8K 4TO H3 ypaaHeHHR /4/ C Y4eTOM HepaaHOMepHoro pac
npeAeileHHR nnOTHOCTH o6~eMHOro 38PRA8 no Ce4eHHIO J.ll npOBHC8HHR 
noTeHU,Hana BHYTPH ny4Ka MO)I(HO nOJ1Y4111Tb Bblpa)l(eHHe 

R(z) 
·Y (r,z)=y(R,z) + <1 ( E,(r,z)dz, 

r 171 
rAe ·y (R,z) - BeJ11.14HHa 3HeprHH Kpa~Hero 3JleKTpOH8, ABH)I(yW.eroCR 
no orH6ato~eH ny4Ka. YpaaHeHHe /7/ TaK)I(e noaaon.AeT ou,eHHTb paa-
6poc 3J1eKTPOHOB no 3HeprHH B 111060M Ce4eHIIIH nOTOKa. 

PacnpeAeneHHe noTeHu,lllana 8 npocTpaHCT8e Me)I(AY rpaHHu,eH ny4-
Ka H MeT811111114eCKOH CTeHKOi1 aaKyyMHOH KaMepbl P8AHYC8 Ra,cornac
HO/s/,TaK)I(e onpeAeJ1ReTCR 143 Bblpa>t<eHHR /4/, TaK 4TO Ha rpaHHU,e 
ny4Ka HMeeM 

V 
. Ra 

(R,z)= V(R a• Z)+E r (R,z)"R.Jn -. 
R 

4 
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V (R a•Z) - 3Ha4eHHe HanpR>KeHHR Ha CTeHKe aaKyyMHOH KaMepbl, 

3KBHBaneHTHOe aen~t~4HH6 np~t~o6peT6HHOi:1 3HeprHH 3116KTPOHa B AaH-

HOM C646HHH nyl.IKa H, 

V(Ra ,Z)= V(Ra, zH )-

rAe 

COOTB6TCTB6HHO, onpeAei1R6MOe KaK 
z 
{ <I>(Ra, z)dz, 
ZH 

<I>(R •• z)= EzB (R,,z)+R~(z).E,8 (Ra ,z), 

191 

HaH,qeHHOe 3Hal.leHHe V (R,z) H3 /8/ cny>KHT ocHoaoH AI1R onpeAe.ne

HHR y (R, Z) H3 BblpameHHfl 

y(R,z)u 1+ u V(R,z), /10/ 

Pac4eT ypaaHeHHR /1/ AnR Ka>KAO~ TpaeKTOPHH npoH3BOAHTCR 

MeTOAOM PyHre-KyTTa l.leTaepToro nOPRAKa c nepeMeHHbiM waroM H 

C 3aAaHHO~ a6con~THOi:1 T04HOCTb~. 

noArOTOBKa K paC46TY Ha4HHaeTCR C 3aAaHHR HCCI16AY6MOrO 

y4aCTKa TpaKTa /KOOPAHHaTbl zH"' zk I c cooTaeTCTBY~t.qHMH ~oKy

CHPYIOU\HMH H yCKOPRIOW,HMH 311eMeHTaMH, Ha4anbHOrO paAHyca ny.4Ka 

Ro H 3aKnl04eHHOro BHYTPH Hero TOKal0 , aenHl.IHHbl Ha4anbHoro 

3aMarHH4HBaHHR a0 AnR or~t~6aiOU\eH ny4Ka H Ha4anbHOH npOH3BOAHOH 

or~t~6a10w,ei:1 ny4Ka RQ • 
npeAnOnaraeTCR, 4TO K Ha4any pacCMOTpeHHR 3aAaHHbla7i ny40K 

6bln nony46H C nOMOU\biO KaKOrO-TO YCKOpRIOU\ero ycTpOHCTBa H 3Hep

rHR ero Ha BXOA6 y4aCTKa 0AH03Ha4HO OnPeAenReTCR 3aAaHHeM 

aenH4HHbl HanpR>K6HHR V (R a• Z H). 

B Ka4eCTBe Ha4anbHOrO ycnoBHR Ha BXOAe HCCI16AY6MOro y4aCTKa 

npeAn04THT6nbHee paCCMaTpHBaTb ny40K C OOCTORHHOH nnOTHOCTbiO 

06D6MHOrO aapRAa nO C646HHIO, 4TO, B npHH~Hne, anonHe AOCTH>KH

Mo/6~TaK KaK HM6HHO B 3TOM cny4ae HaH6onee T04HO MO>KHO onpe

A6nHTb pacnpeA6116HHR KaK nOTeH~Hana, TaK H Bei1H4HHbl TOKa 8 aa

BHCHMOCTH OT paAHyca BHYTPH ny4Ka. 

YcnoaHR naMHHapHOCTH noTOKa "' nocTORHCTBa nnoTHOCTH o6ceM

Horo aapRAa nO C646HHIO /TOI1bKO Ha BXOAe/ n038011RIOT OAH03Ha4HO 

OnpeAei1HTb 8 Ka46CTB6 Ha4ai1bHOrO YCI108HR KaK BeJ1H4HHY TOKa, 

3aKI11046HHOrO B npOH3BOI1bHOH OKPY>KHOCTH paAHYCa r, TaK H 8611H4H

HY Ha4anbHOH 3HeprHH 3116KTP0Ha 8 3TOH T04Ke: 

c 
l(r)! z-(A 1 -A 2 + arctgA2 ZH a 

/11 I 

rAe 

'At =J y 2(r,zH )-1, 

5 



BenH4HHa -p 04eHb ner_KO onpeAenReTcR H3 ycnoBHR 

I(R0 )1 =10 • 
ZH 

PeweHHe caMocornacosaHHO~ cTa4HOHaPHO~ aaAa4H npOBOAHTCR 
nyTeM nOCJl6AOBaTeJ1bHbiX npH6J1H)I{6HJ.1~ no 05'beMHOMY 38pRAY npH 
COBM6CTHOM peWeHHH ypaaHeHHR ABH~eHHR /1/ H 8~TeKa~~HX H3 
ypaBHeHHR nyaccoHa /3/ ypaBHeHHH /4/+ /9/. PacnpeAeneHHe 
nnoTHOCTH 06b6MHOrO 3apRAa nO C646HH~ ny4Ka 8 J1~6oH T04K6 
8AOI1b paccMaTpHsaeMoro y4aCTKa MO>KHO onpeAeni-1Tb, ecnH H3sec
TeH Ha6op TpaeKTOpHJ1 BHyTpH ny4Ka, 6epy~HX C806 Ha4ano Ha paa
J1H4H~X paAHycax nepeAHero ¢poHTa ny4Ka e T04Ke zl-f,llnR 3Toro Ha 
BXOA6 y4aCTKa Ha4allbH~H PSAHYC orH6a~e~ ny4K8 R0 pa36HsaeTCR 
Ha N paBHbiX oTpeaKos. To4KH paa6HeHHR R811RIOTCR OAH08PeMeHHO Ha-
4anbHbiMH KOOPAHHSTaMH /p8AHYCOB H npOH3BOAHbiX/ Ha6opa J.13 N 
TpaeKTOPH~ 3Jl6KTpOHOB C COOTB6TCTBYIO~HMH 3HS46HHRMH ~OT6H4Ha
JlOB J.1 C COOTBeTCTBYIO~HMH 3Ha46HHRMH TOKOB B KS)I{AO~ 3J16M6HTap
HO~ Tpy6Ke TOKa,onpeA611R6MbiX C nOMO~biO /11/.KS)I{AaR paCC41-1TaHHSR 
TpaeKTOPHR J.13 3TOrO Ha6opa COA6P~HT HH¢OpMS4HIO, BKJ1104810~YIO 
a ce6R nocneAOBaTeilbHOCTb 3Ha4eHHH f z il. I ri I. f rj l 1-1 t.yi I. 

HallH4He 3THX CB6A6HHH, a T8K)I{6 OCHOBOnOnaraiO~ee YCllOBHe 
Jl8MHHapHOCTH n03BOllRIOT onpeAellHTb C A0CT8T04HO XOpOWe~ T04-
HOCTbiO B OKP6CTHOCTH T04KH nepeCe46HHR K8)1{AO~ TP86KTOPHH 
C paCCM8TpH886MbiM C646HI-16M ny4K8 COOTB6TCTByiO~He B6JlH4HHbl nJlOT
HOCTH TOKa 

J
. = __!_ [ I(rn+l)-1( In) + _I(rn)-l(r n-l) J · 

, n = 1 , ..• ,N-1, 
n 4rrrn r n+l -rn r n -r n-1 

OTKYAa yme C nOMO~biO KB8APaTH4HOH I-1HTepnOJ1R4HH MO)f(HO 3aTeM 
nony41-1Tb H HenpepbiBHYIO 3aBJ.1CHMOCTb p= ·p ( r ,z). 

/12/ 

nepaaR CTaAHR paC4eTa /i =1/ H84HH86TCR C Bbi4HCJ16HHR BCeX 
N TpaeKTOPHH Ha 38A8HHOM Y48CTKe TpaKTa. npH 3TOM npeAnonara
eTCR, 4TO nnOTHOCTb TOKa no C646HHIO ny4KS nOCTORHHa, a nony-
46HHbfe npJ..t 3TOM TP86KTOpHH fiBJlfiiOTCfl 6a30BbiMH AJlfl BT0pOJ1 CTSAHH 
pac4eTa. HenHHeHHbiH xapaKTep 3neKTPH4ecKoro H MarHHTHoro no
neH npORBHTCR 8 H6JlHHeHHOH aaaHCHMOCTH KDOPAHHST rk,i (n) acex 
TpaeKTOpH~ /n =l, •.• ,N I Ha BbiXOAe y4aCTKa a T04Ke ~.nony4eH
Hble 6a30Bbl6 TpaeKTOPHH fiBJlRIOTCR OCHOBOC1 AnR OnpeAeneHt.1R pacnpe
AeneHHR nOT6H4Hana J.1 AeHCTBY~~HX 3JleKTPH46CKt.1X CHn npH Bb14HCJ1e
HHJ.1 N BHYTP6HHHX TpaeKTOpHH BO BTOpO~ CT8AHH paC4eTa. nocne 
cpaBH6HHfl 3Ha4eH~~t~ KOOPA1-1H8T r k ,i+ l (n) BC6X TpaeKTOpt.1~ BTOpOH 
CT8AHH Ha BbiXOA6 Y4SCTKa C COOTB6TCTBY~~HMt.1 6a30BbfMt.1 BbiXOAHbt
MH napaMeTpaM~~t r k,i (n) TpaeKTOPH~ nepsoH cTaAHH 1-1 8 cny4ae 
HX H6COBnaAeHHR, 4TO RBJ1R6TCR BHS4SJle 06b14HbfM, nepeXOAHM K 
Tp6Tb6~ CTSAHH pac4eTa, AJlR KOTOpoH ace TpaeKTOPHH BTOpOJ1 CTa
AHH cTaHoaRTCR 6a30BbiMt.1. CaMocornacosaHHbf~ pac4eT nY4Ka Ha 
3SASHHOM y4SCTKe TpaKTa 3SKSH4HBS6TCR, KOrAa paCC41-1TaHHbiJ1 Beep 
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TpaeKTOpHH H8 HeKOTopoH CTBAHH pac~eTa coenaAaeT C 38A8HHO~ 

TO~HOCTbiO 0 C 6830Bb1M XOAOM eeepa TpaeKTOpHH npeAbiAY~eH cra

AHH, T.e. KOrAa 

r k . 1 
(n)- r k . (n) 

I __::: ____ •'--! .< a . n = l, .... N. 
r k . (n) -

/13/ 
,1 

Bbl~HCilHTeilbHaR nporpaMMa npeAYCMBTPHeaer onpeAeneHitle ecex 

napaMerpoe caMocornacoaaHHoro ycKOPReMoro naMitlHBpHoro ny4Ka 

B 3!1eKTPOHOBOAe C 38A8HHOH reOMeTpHeH, npH~eM C MOMeHT8 38Aa

HI-1fl H848IlbHbiX yc!lOB\IIH H AO KOHL-'8 c~eTa \IICKill04eHa He06XOAH

MOCTb KBKHx-nH6o npeAnonomeHH~. 

K onpeAenReMbiM napaMeTpaM a n106oH T04Ke paccMarpHaaeMoro 

Y48CTKa OTHOCRTCfl PBAHYC npOH380IlbHO~ BHyTpeHHeH TpaeKTOpHH 

H eeili-14HH8 ee npOH3BOAHOH, pacnpeAeneHHe n!lOTHOCTH TOKB /o6DeM

HOrO 38PRAB/ no Ce4ei-IHIO H 3HeprHR 3IleKTpOHOB C COOTBeTCTBylO

~HM paa6pOCOM B ABHHOM Ce4eHHH ny4Ka. 

nporpBMM8 pa60Tocnoc06Ha H C XOpoweH T04HOCTbiO OTpamaeT 

xapaKTep npOHCXOAR~HX npOL-'eCCOB AO MOMeHT8 803H\IIKHOBeHHR 

He!18MHH8PHOCTH. 603HHKW811 He!18MHH8PHOCTb B T04Ke z 0 B npoMe

myTKe paccMaTpHaaeMoro y4acrKa aaToMaTH4eCKH orpaHH4Heaer 

AilHHY 3TOro Y48CTKa AO K00pAHH8Tbl z 0 .AailbHe~WH~ C4eT npeKpa

~aeTCR. 

PE3YilbTATbl 4HCilEHHOrO PAC4ETA 

6 Ka4ecrae nPoaepKH BbiBOAa 0 HeH36emHOM B03HHKHOBeHHH Hena

MHHBPHOCTH, Bbi3B8HHOH HeilHHeHHbiMH CHI18MH 3IleKTPH4eCKOrO H Mar

HHTHOrO xapaKTepa, paCCMOTPHM ABa npHMepa, CBR38HHbiX C npo

XO>;<AeHHeM 3IleKTp0HHOrO ny4Ka C Ha48!1bHbiM PBAHYCOM R0 =0, 014 M 

H TOKOM 10 =250 A Ltepea paanH4Hble ¢OKYCHPYIO~He CHCTeMbl. B o6o

HX CI1Y48RX nonaraeM, 4TO Ra =0, 04 M, V (R a , z 8 ) =300 K6 H a O = 

=95•1Q-S MfT, 

1/ Cny4a~ OAHOPOAHOro MBrHHTHOrO nOilR 

PacnpeAe!leHHe npaKTH4eCKH OAHOPOAHOro MarHHTHoro nonR, coa

aaaaeMoro nRTbiO nocneaoaarenbHO annorHYIO pacnonomeHHbiMH He3Kpa

HV1pOBaHHbiMH COileHOHABMH C pa3MepaMH r li ,;0, 051 M, r 2i =0, 081 M, 

z 2i-zli =0,36 M I i =1, •.. ,5/ H aaaopoM Memay eceMH coneHOI-1ABMH 

0,02 M, H306pameHO nyHKTHPOM HB pHc.1, npH 3TOM KamaaR KaTyWKa 

a oraenbHOCTH coaAaer a ~eHrpe ce6R Ha ocH MarHHTHOe none 

B; =0,04 T. . 

npeanonaraeM, 4TO B HeKOTOpoH H848IlbHO~ nnOCKOCT~ ZH Haxo

AR~H~CA BHYTPH 3TO~ ¢0KYCHPY~~e~ CHCTeM~· 3neKTPOHH~~ ny40K 

C B~WeyKB38HH~MH napaMerpaMH HMeeT H848nbHY~ npOH3BOAHYIO RQ = 

=0,02 H 0AHOP0AHOe pacnpeAe!leHHe nilbTHOCT~ 06DeMHOrO 38PRA8 
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E2= 
•.o 
'·' 
'·' 
'·' 

>: '·' 
~ 

2,0 

,.::, 1,6 

1,2 

0,8 

o.• 
0 

= 0,6 
c.! 
ci':..... o.s 

o •• 
0,3 

'·' 
0,1 

-------

0,05 

PHc.l. 
cnyq:aR 

'·' '·' 

I I ~34 

'·' --------- '·' -- 1-' ' -- •.o 
' ' ' ';'2 ' ' ' ' ' '·' ,;, 

' ' , __ 
' '·' s, s, s, s. s, s, s, 

c1 '·' I I I I 

. ' 
'' 
'I 

0_10 0,15 ~20 0,25 0,.30 0,35 0,110 ZM 

CxeMa sneKTPOHHo-orrTH~ecKoro TpaKTa AJIH 
rrpaKTH't!eCKH O)l;HOpO,n;HOro MarHHTHOrO nona. 

1,2 1,0 

PHc.2. 0THOCHTeJibHoe pacnpe.n;ene
HHe IIJIOTHOCTH 3apH,n;a B OT.D;enb
HblX cet~eHHRx. 

J. Zgl =0,1 M, 
2. Z·g2 =0,2 M, 

3. Zg
3 

=0,25 M, 

4. Zg
4 =0,3 M, 

5. Zg
5 

=0,35 M, 

6. z 86 =0,38M, 
7. z

57
=0,388M. 

no Ce4eHH~. noaeAeHHe BCeX BHYTPeHHHX TpaeKTOpHH ny4K8 H306-
pa~eHO Ha PHC.l /cnnOWHYe KPHBMe/, a OTHOCHTenbHOe pacnpeAene
HHe nnOTHOCTH OfiDeMHOrO aapRAa 8 ny4Ke 8 OTAenbH~X Ce4eHHRX 
S1 7S7 ,T.e. TaM, rAe ny40K noKa e~e naMHHapHMH, Hao5pameHO Ha 
pHc.2. 

BHAHO, 4TO Aame a ~oKyCHPY~~HX MarHHTH~X nonRx c He3H84H
Te~bHOH He~HHeHHOCTb~ MO*HO OmHAaTb B03HHKHOBeHHR HenaMHHap
HOCTH B CH~bHOT04HOM 3~eKTPOHHOM ny4Ke. 
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2/ Cny4aH HenwHeHHoro MarHWTHoro nonR 

6 AaHHOM npHMepe Mbl o6oHAeMCR TOilbKO ¢OKY01pyiOUJ,eH CYICTCMOH, 

COCTOR~eH H3 ABYX OAHHaKOB~X He3KpaHHpOBBHH~X COileHOYIAOB Yl OT

CTOR~YIX APYr OT APYra Ha pacCTORHYIYI 0,29 M. npRMoyrOilbHOe ce

'-leHHe 3TH X KaTyWeK lr!MeCT pa3Mepbl r 1i =Q, 051 M; r 2i =0, 081 M 

I i =1 , 2/, z 2i - z 1i =0, 05 M "' c03AaaaeMoe ~r~MH none Ha ocw a 

ueHTpe Ka~AoH KaTYWKH pasHa Bi=0,051 T. 
npeAnOilOmHM, 4TO nepaaR ¢OKYCHpy~UJ,aR K8TYWKa OTCTOHT OT 

H848l1bHOH nJ10CKOCTYI ZH Ha paCCTORHHe 0,16 M, a H848J1bH8R npo

H3BOAH8R 3J1eKTpOHHOrO ny4K8 C TCMI-1 ·Y.Ce BbiWeyKa38HHbiMIII napaMeT

PBMH HMeeT Be!H14HHY RQ =-0,03. 
Ha pHC. 3a H3o6p8>!(6Hbl KPHBble Ha6opa BHYTPeHHHX TpaeKTOpHI::t 

ny4K8 AO MOMeHT8 B03HHKHOBeHHR HeJ18MHH8pHOCTH, B TO BpeMR 

KaK Ha p~c.36 MomHo B~AeTb KaK pacnpeAe~eH~e ¢oKyc~py~~ero 

MarH~THOrO nOJlR /nYHKT~p/, TaK ~ Kp~Bble OTHOC~TellbHbiX 3Ha4e-

H~H ~(~= Rr(;L acero Ha6opa TpaeKTop~H. TpaHc¢opMa~~R pacnpe-
(z) 

AeneH~R nllOTHOCT~ o6ceMHOrO 3aPRAa no paA~YCY B OTHOCHTellbHbiX 

eAY1H~~aX OT Hat.lallbHOH nnOCKOC_T~ ZH, rAe OHO 0AHOP0AHO, AO MO

MeHTa B03H~KHOBeHHR HenaM~HapHOCT~ npocnem~BaeTCR HS p~c.4, 

rAe Kp~Bble np~HaAnemaT OTAellbHbiM Ce4eH~RM S l + S 7 • ---

HOlKHO 3aMeT~Tb, 4TO B 060HX npii!Mepax KOHe4Hbla:i 3¢¢eKT Hena

M~HapHOCT~ AOCT~raeTCR OA~H ~ TOT lKe, 4TO Il~WH~~ pa3 nOA4ep

K~BaeT BalKHOCTb y4eTa 3TOrO RBileH~R np~ KOHKpeTHbiX pac4eTaX 

peanbHbiX cno>KHbiX KaHanoa. 

" 
" ,, 
" '· 

" " " 
,. 

,<; '·' 

,. '·' " 
... 
" t:;-1 ••• 

•.• 
'·' ' ' '· 

•• '·' '·' 

u 

•.. '·' 

• f-
' 'o ,;, 

•.. 

Z H 

0 

ZM 

PeaynbTaT nposep04Horo 
C4eTa, B OCHOBy KOTOporO 6bl11 
nOilQ>I(eH KOHe4HO-pa3HOCTHbl~ 

MeTOA, noKa3blaaeT YAOBJleTBOp~

TellbHOe Ka4eCTBeHHOe coanaAe
H~e KpHBbiX pacnpeAelleH~R 
npocTpaHCTBeHHoro aapRAa no 
ce4eH~-tiO c aHanor~4HbiM~ KP~Bbi

M~, nony4eHHbiM~ cnoco6oM, 
on~caHHbiM a AaHHOH pa6oTe. 

B aaK11104eH~e aaTop C4~TaeT 

CBO~M np~RTHbiM AOilrOM no6na
rOAapHTb A.r.6oH4-0cMonoacKo

ro H 3.A.nepenbwTeHHa aa PRA 
none3HbiX aaMe4aH~H . 

PHc.3. CxeMa 3neKTPOHHo-onTH
qecKoro TpaKTa AflH cnyqax 
HenHHeHHoro MarHHTHoro nona. 
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PHc.4. 0THOCHTeJlbHOe pacnpe,o;ene-
HHe IIJIOTHOCTH 3aPRAa B oT,n;eJJo-

'·' ' ' . ' ' HbiX CelJeHHRX, •.. 
I. z sl =0, I M, ,. 

" 2. z 82 =0, 15 M, JO,I 3. Z Sg =0,2 M, 
;;;:;,.. ~5 

4. zs =0,25 M, ,. 
z 4 =0,3 .. 5. ss M, 

" 6. zsa =0,35 M, .. 
7 0 zs7 =0,38 M, 

'·' .. •> ,, '·' . .• 7.·r6" M 
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