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nocTPOeH~e nonHb~ MftTP~U n~He~Hb~ 

nPeo6Pa3oBaH~~ nPoMe>KYTKa Y 8KOPeH~>1 C3aMet{neH~>1) 

~ COneHO~t{anbHO~ MarH~THO~ .n~H3bl 

B. B. AH,apee8,H. n. ~.llMH 

~aHHa~ pa6oTa noC8~meHa oaHoMy M~ 8a~H~x 80npoco8 , 

paoOT~ npOM3BOnbHOM YCKOP~IDmeM YCTcH08KM, a MMeHHO, 80npocy 0 

¢0PHMPOBaHMM He06XO,llMf.1blX napat1eTp08 J.-H· ~eKTMpyeHOr'O B YCTaH08KY ny'1Ka. 

B cymHOCTH, pa6oTa npO,llOJ1~aeT UMKJ: MCCJ1e,ll08aHHM, C8~3aHH~X c 

npo6neMO~ HH~eKUMM ny'1Ka B YCKOPHTenb, ,aonroe speM~ np080,llMM~e B nB3 

OH51H [l-3
J. KaK noKa3ana amnenbHa~ npaKTMKa, cymecT8eHHoe Y J1V ..... lllleHHe 

napaMeTP08 ny'-IKa 8 npouecce ycJ<OPE~HH~ ,llOCTaTO'-iHO CJ10~Ha~ 

Tpy,aoeHKa~ pa6oTa. 

1.06utee YCTPO~CTBO Cl>OP~H>KeKTOPa. 

A~He~Hblil MOt{enbHblil noreHu~an. 

[ 1 • 2) 
~080J1bHO ..._!aCTO , B J<a'1eCT8e YCTPOMCTBa, ¢0PHMPY!Omero ny'10K, 

HCnOnb3YIDT MOHHbll1 HCTO'-!HMK nma ".ayonna3MOTPOH", KOTOP~~1 MO~eT 

06ecne'1Y!Tb nony'-ieHHe ny'-11<08 T~~eJ1biX H JH08 HnH 3J1eKTPOH08 C 3ap~,llOM 

2=1-7 M TOJ<OH 10-50 rnA npM HOPf1aJ1J.130BaHH01'1 3MHTTaHCe £ =1 · rr · mm · mr· ad 
n 

[ 4] 

B paHJ<ax ,aaHHOM pa60T~ M~ He 6y,lleH no,ap06HO OCTaHa8nH8aTbC~ Ha 

onHCaHHH J<OHCTPYI<UHH HCTO'-iHHKa yJ<a3aHHOr'O nma, OTHeTHH J1J.1lllb, ..._!TO 

06bl'-1HO OH COCTOHT Yl3 J<aTO,lla, 8biT~r'M8aiDmero H ¢OJ<YCHPYIDmero ( aHo,aa) 

C¢0PMYIP08aHHbiM CHCTeH0~1 ny'-ioJ< 



2 

npe,asapHTeJlbHD YCKOp>=IeTC>=l, HanpHMep, Jll.-HeMHbiM YCKDPHTeJieM ,[{0 3Hepf'HJ...1 

~ OZ M38, r.ae 1!1- pa6o'-!H~1 noTeHIJ,HaJI '" 0,5-0,7 l'bBO 
0 0 

l'"Io.aen bHoe pac n pe .aeneH!r1e n oTeHu,!r1aJia t!JC s) B6Jllr13lr1 oc 1.1 ¢OPlr1Hi'KeK Top a 

6y,aeT cne,ayiOtnv1Mo 

'-1aCTlr1U. ~C s) na.aaeT OT 3Ha .... IeHH>=I ~ Ha Ka·:-o.ae .ao 3Ha'-1eH!r1>=I ~ =~e~ C ~e<1) 
0 k 0 

Ha BbiT>=lf'lr1BaiOtneM 3JleKTPO,[le, nJlaBHO 3<:!Tet•I B03pacTa>=I ,[{0 ~ Ha 
0 

¢DKYCHPYIOtneM 3JleKTpo,aeo .llanee, B JlHHe~1HOf.1 YCKDPHTeJie ~( s) na,aaeT .[{0 

KDTDPOe 3aB!r1Clr1T OT Tlr1na HCTD .... lHHKa Y1 He npeBbilllaeT 

seJIH'-1HHbi N100 B [ 
5 J 0 np!r1MepHoe pacnpe.aeneH!r1e noTeHU,lr1ana ~ s) 

Ha PHC o 1 ( n YHI< Tlr1P) o 

(d) 

v 
1s/.,u _ 

SOD 

~00 

300 

200 

100 

PHCo1. 

lio,aeJibHbi~I noTeHU,HaJl Bbl,[leJleH CnJlOlliHO~I JlliH!r1eMo 

OTPlr1I~a TeJl bHD 3aP>=Ii'KeHHb!X 

pacnpe,aeneH!r1e ~C s) 6y,aeT nponiBononoi'KHh!Ho rl>C s) so3pacTaeT 

noKa3aHo 

s 

'-1aCTlr1U. 

OT £l! 
lr1 

Ha 

KaTO,[le ,ao ~ =~l!J ( ~) 1) Ha Bb!T>=lf'lr1BaiOtneM 3JleKTPO.aeo Ha'-1HHa>=I CO 3Ha'-!eHlr1>=l 
k H 

B yCKDP>=IIO!lle~I TPY6I<e 

J1HHeMHOf'O yCKOP!r1TeJ1>=I ,[{0 3Ha'-1eHH>=l ~ o TaKoe pacnpe,aeJieH!r1e l!>(s) CMo B 
0 

[ 6) Mo.aenbHOe pacnpe.aeneH!r1e noTeH:.J.Hana HeTPY.LlHD nocTPOlr1Tb .an>=I 

¢OPlr1Hi'KeKTOpa c !r10HHbiM !r1CT0'-1HHKOH J11060f'IJ nmao 0HO 6y,aeT COCTO>=!Tb !.13 

HeKOTOPOf'O '-1!.1CJ1a J1!.1HeMHblX y'-1aCTKOB 1t( s) =const, coe,a!r1HeHHblX Hei'K,ay 



t!J(s)=cD ·(1 + 
0 

-----·s) 
l 

rae tD H tD - Ha~anbHhl~ H KOHe~Hhl~ noreHuwanhl, l 
0 k 

aeACTBHR noTeHuHana. 

( 1. 1) 

am1Ha 

2.Pact..teT naPaMeTPOB nYt..tKa t..taCTHU nPH ero llBH>KeHHH 

B MOlleJlbHOM noJle <l>OPHH>KeKTOPa. 

YpasHeHHe anr~ nnocKo~ TpaeKTOpHH r-C s) 'w!aCTHUbl 

3 

Y'--IacTKa 

( ) q B 

3neKTPOCTaTH~eCKOM none C noTeHUHanoM t!J(s) B6nH3H OCH 8 nHHeHHOM 

npH6nH)KeHHH 3anHWeTCR TaK 
[ 7] 

---
11 

Sign' (q) · r -
I tt.'' !!>' , 'I' 0 !if" · r- W . r = (2. 1) 

[ 8] 
88eaet--1 no aHanorHH c onTHKOH noKa3aTeJib npeJIOMJieHHR cpe,abi 

anR npoTOH08 n=-h /t!J ' c anR 
0 k 

ypa8HeHHR C2.1) c noTeHuHanoM C1.1): 

t Cs) 2r 
l 

[ /1 +C n 
2 

-1 ) · s / l = t + 
1 0 0 2 

-1 n 

i 

C s) 
0 

i = 
1 

-1 1 +Cn 
2 
-1) ·s/l 

HaHaet--1 

1 J -
' C2. 2) 

(2. 3) 

r .ae r- = t C s =0) , r = r C s =0), Ha~aJit:.Hbie napaHeTPbi ny'-IKa. 
0 0 

peweHHe 

PeweHHrl 

( 2. 2) -( 2. 3) OT8e~a!OT 3Ha~eHH!O n ) 1. nJ:H n < 1 peweHHR ( 2. 1) CJieaY!OIUHe: 

l I 2 
i C s) = i + 2r [ 1 - -1 1 -C 1 -n ) · s/l ) 

' 
C2. 4) 

2 0 0 
1-n 

2 

t 
Cs) 0 

t = (2. 5) 
2 

-1 2 
1 -C 1 -n ) · s/ l 

3aMeTHM, ~To peweHHe "1" CT. e. r H ·· ) OT8e~aeT ycKopeHH!O C n> 1) 
1 1 

npOTOH08 8 naaa!OIUet--1 none ( 3Jlel<TPOHOB- B pacTymet.O, a P9W9HJ.-1e "2" - HX 

3aMeaneHH!O ( n< 1). 51CHO, '-ITO npH 3TOM TpaeKTOPHR ~aCTHUbl He 3a8HCHT OT 

OTHOWeHHR 
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q 

m 
Ecm1 s/ l « 1. To pe!lleHHri "1-2" aaay~~ s pa3.noii<eHHH 

r C s) = 1~ + 1~ · s 
1,2 0 0 

(2. 6) 

'-ITO cosnaaaeT c pe!lleHHriMH B c.ny'-lae o~~cyTCTBHri rpaaHeHTa noTeHu,Ha.na 

c n =1 ) . npH s =l 

2l 
r + ---:---· r 

o n+1 o 

r /n 
0 

C2. 7) 

C2. 8) 

Ec.nH rpaaHeHT noTeHLI,Ha.na se.nHK C 11»l) , TO r- C s) ... r- C npH r C s) ... 0) , a 
1 0 1 

r C s) ... oo C r' C s) ... -
2
rr) , '-ITO roBOPHT o BI::Ixoae 3a npeae.nbi npH6.nHii<eHHri. 

2 2 

06mar~ KaPTHHa noseaeHHri pe!lleHHI-1 "1" H "2" npeacTas.neHa Ha pHc.2. 

r(S) 

0 

\ 
I 
I 

I 
I 

PHC. 2. 

I 
---·~-·-·-

3aMeTHM, '-ITO TaKoe paCCMOTPeHHe 6yaeT Heno.nHb!M, 

s 

cymecTByeT H806XOIJ.Y1MOCTb y'-leTa KpaeBb!X 3¢¢81<TOB B TO'-!Kax H3.nOMa 

n OT8Hl.I,Ma.na. tinr~ 3Toro cae.naetv1 o'-!eBHIJ.Hoe npeano.noii<eHMe 
[ 7] 

B 

Hei<OTOPOH !:J.s - OKP8CTHOCTH T0'-11<1-1 H3.nCMa S ( !:J.s-+0) noTeHU,Ha.n t!J( S) Y1 
0 

I<OOPIJ.HHaTa r·( s) '-!aCTHLI,bl noCTOr!HHbl. Tor aa Bbl'·iYIC.nMM HHTerpa.n ( 

anr~ signCq)<O) 
s + !:.s 

0 

r I 
II 

s - !:.s 
0 

s + !:.s 
0 II 

ds= I [ _!_r· 
4tll 

s - !:.s 
0 

- ~r J ds 
2tll 

CM. (2.1) 
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~HTe~PMPOB3HMe aaeT: 

~ Cs -As) - ~ Cs +bs) 
r Cs +bs)- r Cs -bs) = 

0 0 

0 0 

4~Cs ) . (2. 9) 
0 

4n~ He OYeHb 60nbWMX n onpeaenMM ¢oKYCMPYIDmMM M ae¢oKYCMPYIDmMH 

:J¢ct-eKTbl s TOYKax M3not-ta noTeHUMana C n> 1) 

{ 

r 1 = r o. -

I I 

r = r + 
3 2 

r 
C 2 1") 0 n - . 4.C-

(
n

2 -1J -~-
2 4t 

n 

(2. 10) 

( 2. 11) 

TOYKe s=l C r =rC D, r = r·C D). npM 3aMEaneHMM '--!acTMU C n< 1), 
2 2 

B TO'-IK3X 0 H l 
r 

{ 
2 c 

(2. 12) r = r + C1-n) ·--
1 0 4~ 

r = r e -n2). ~:__ ( 2. 13) 
3 2 2 4-e 

n 

YYMTb!Ba~ 

EcnM JKe n»1, TO onpeaeneHHe :JTHX :J•tJ¢eKTOB C8~33HO C npHtv1eHeHMeM 

onepaLJ.MH al~ctg s C 2. 10) -C 2. 13), HanpMM9P: 

{

rl=ro-

1 I 

r = r + 
3 2 

r 
2 0 

arctg[ C n .. 1) · --J 
4l 

arctg( ( ~1 ) :~ l 
n 

c 2. 14) 

( 2. 15) 

51CHO, YTO npaBbiM YneH ypasHeHM~ ( 2. 9) paseH OTHOWeHMID M306paJKeHI-m 

H3 nHH3e ( s=s ) K ¢OKYCHOMY paCCTO~HM 0 f T31<0M nMH3bl, OUeHMSaeMOMY 
0 

[9,10) 
o6b!YHO no ¢opMyne 

f=~ 
E 

( 2. 16) 

~ae W - Ha'--!anbHa~ :JHepn1ri '-IacTMUbl, E - ycKOPriiDmee none. 

J..-13 ( 2. 10) -( 2. 15) BMaHO, '--ITO ¢01<YCMPYIDmMM :-t¢¢ei<T SCe~aa 6onbwe, 

'--!eH ae¢OI<YCHPYIDmH~1. 3TO noaTsepJKaaeT TOT ¢3KT, '-ITO Henb3r! C03aaTb 

[ 7] 
pacceMBaiDmeM HHHepCMOHHOM m1H3bl 3¢¢ei<Tbl CP3BH11Hbl npM n ~ 1. 

tlJopMynbl C 2. 10) -C 2. 11) onpeaenriJOT TOHKMe nMH3bl c ¢0KYCHblHM 
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4l 
pacCTOs.:!HHs.:!HH f =---

1 2 

4l·n2 

H f = Cn>l), a H3 C2. 12) -C2. 13) cne.ayeT, 
2 2 

II -1 II -1 
4l 

YTO f 
1 

4l· 11
2 

J.1 f =--- C n< 1) , pacno:m;;KeHHbiX B nnOCKOCTs.:!X s=O 

s=l. 

2 
1-n 2 1-n2 

[ 11 J 
no aHanOr'J.1J.1 C OnTHKOM H8H.Qel'i P8AHYCbl KPJ.1BJ.13Hbl :)TJ.1X nHH3 

CT. e. P8AHYC~ KPHBJ.13H~ ::31 K Bvm OTeHUJ.1an bl-b!X n osepx HOC TeH) 

C 
n-1 ·f 

1 n 1 

=C 1-n) · f 
1 1 

, R =C n -1) · f C n> 1) 
2 2 

, R 1 -n · f C n< 1) 
2 n 2 

c 2. 17) 

c 2. 18) 

KpoMe TOr'O, J.13 OYeBJ.1AH~X C006pa;;KeHJ.1H, P8AJ.1YC KPHBJ.13H~ 3KBJ.1nOTeHUHaneM 

CB5-138H C npoJ.13BO.QH~MH noTeHUHana t!J(s) 1<81< 

R= 21D 
II 

c 2. 19) 
tD 

3TH COOTHOWeHHs.:! 6y,ayT He06XO.QHMbl npH COCTaBneHJ.1H nonHOH M8TPHU~ 

nHHeHHOr'O npeo6pa30B8HJ.1>1, C03,Q8B8eMClr'O 

npoMe;;KyTKOM anHHbi l c noKa3aTeneM nper.m.meHH>1 n. S1cHo, '-ITO noao6Hbie 

l'-18TPJ.1Ubl MO;;KHO nOCTPOHTb nHWb ans:~ T8KJ.1): napaMeTPOB n H l, ans.:~ KOTOPbiX 

Bbipa;;KeHHs.:~ noa 3HaKoM arctg B C2.14)-C2.15) He 6onbwe 1. 

3.no.nHa$l Ma TPHUa .nHHeVIHOrO nPe06Pa30BaHH$l 

YCKOP$liOU1ero (3aMe.ll.n$liOmero) nPoMe>KYTKa. 

npi,IB8tl8HHH8 B n. 2 COOTHOW8HHS1 llP8KTH'·f8CKI1 pewa!OT 

COCTaBneHHH nonHox HaTPJ.1Ubl 

C3aMeaneHJ.1>1). PaccHOTPJ.1M nHWb AJ.1cnepc110 bp 
p 

B pe3ynbTaTe 

sonpoc o 

YCKOPeHJ.1>1 

YCKOPeHJ.1>1 

( 3aMeaneHJ.1S1) Yit-•mynbC '-laCTHUbl MeHs:!eTCs.:! B n pa3. no3TOHY COOTHOWeHJ.1e bp 
p 

-+ 
T810t:e J.13MeHJ.1TC:M B n pa3, T. K. ~p , OC rasas.:~c b see BPeMs:! OPTOr'OHanbHblt.-1 

E. He MeHs:~eTcr~ C 3a HCKniO'·feHHeH T:)'-feK H.3noHa noTeHUHana tll( s)). 

Y'-IJ.1T~Ba:n. ( 2-.1-) · -U. _ (2. • 8) ' 
/ 

nony·-1aeM MaTPHUY nHHeHHOr'O 
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npeo6pa308aHl17i YCKOPri!OIUer'O ( 3aMe,[IJiri!OIUE~r'O) f1POI,le)l(yTKa 8 8H,[Ie: 

1 
2l 

0 
n+1 

1'1 =JvJ =1'1 0 
1 0 (3. 1) = 

2 2X 2y n 

0 0 
1 
n 

1 
c detll 1"1 II=- . 

2 2 
n 

COCTaBJiri!Oll(He Hanpri)K9HHOCTH :)J19KTPH ... f9Cf(Or'O ITOJ!s:I 8 napaKCHaJibHOH 

[ 7] 
n PH6JII.-DKeHHJ.-l 

" 

{ 

E =- r!J C s) 
$ 

r· " 
E = ::;-·r!J (s) 

!' c.... 

r!J Cs)~ 0 80 8Cex TO~Kax npoMe*YTKa CO;D. 

(3. 2) 

c 3. 3) 

Perna:;:; ypa8HeHHe ,[18V!)I(eHHR ~aCTHU,bl ( q) 8 none E CmV =-qE) 
r r 

nony~HH ,[IJIR nonepe~HO~ CKOPOCTVI V CJie,[ly!OIUee 8~pa)l(eHHe: 
r 

(3. 4) 

AHaJIOr'Vl~HO f10Jiy~l11'-1 8bipa;t;eHHe ,[IJI:M npO,[IOJ1bHO~ CKOPOCTVI 

V= /21ql·r!J· 
>3; -{ m 

Yl3M9H9HHe ,[IHCnepCHJ.-1 8 TO~KaX Vl3J10M08 r!OTeHU,HaJia 06R33HO CyiUeCT8083HVIIO 

8 HvlX nonepe~HO~l COCT38JIR!OLUe~ CKOPOCTJ..I V 

!1p -
p 

Y'-IHTbl8aR aanee C 2. 12) -C 2. 19) onpe1leJIHM H3MeHeHHR 

Kpae8b!X TO~KaX ( ,[IJI:M JII06b1X He O'-feHb 60JibWHX n) 
r· 

{

!1 = C n +1 ) · -Y 2n · 1 n -1 1 · -
1
-

1 4l 

n+1 / ' r 2 
!1

2
= 

2 
· 2ln-11·-v 

n 

TaKHM o6pa3oM, noJIHaR MaTPHU.a M JIHHe~HOr'O 

C3. 5) 

,[IV!Cf18PCHVI 8 

(3. 6) 

c 3. 7) 

npeo6pa3o8aHHR 

YCKOPR!OlU8r'O C n>1) JlJIHHbl l onpe,aen>=~eTc>=~ Yl3 



r 
0 

nocneaosaTenbHoro YMHo~eHM~ seKTop-cTcn6ua r, Ha 

M CM=M ®M ®M ) , rae 
3 3 2 1 

M = 
1 

1 
2 

n -1 
---:rr 

n+1 .yl nC n-1) 
2l 2 

aM Cl'tC3.D. 
2 

3-n 
2 

0 0 

1 0 

0 1 

n+1 I n-1' _3C n-1) _/ n-1' 
1"'1 = !1 = -;:-; Y _:;.-.:::...(._ 

2 
r-~- ) 

X y 2~ 21"1 1"1 ~1"1 

3-n 
) 

2n 

M = 
3 

0 

flp 
p 

1 
2 

-1 n --
4l'n 

2 

n+1 I n-1' 
:=q-2Y-.-,-

'"c. . n c. 

2l 
n+1 

8 

M3TPMUbl M , M M 
1 2 

0 0 

1 0 ' 
(3. 8) 

0 1 

(3. 9) 

51CHO, .._ITO DPM n=1 HaJ.1aeHH3~ M3TPMLJa ~Bn~eTC~ M3TPMUeJ.1 nepexo.aa 

npoMe~yTKa apeJ.1ci;la .anHHbl l: 

r 1 l 

M=l'1 =11 = 0 1 
X y 

0 0 

B cny~ae 3aMeaneHH~ ~acTHU Cn<1), MaT~MU~ M H M TaKas~: 
1 3 

1 0 0 1 0 0 

1-n 
2 

M = "4T 1 0 
1 

1-n 
2 

M = 1 
3 

4ln 
2 

0 • ( 3. 10) 

n+1 .yl nC 1-n)' 
2l 2 

0 1 
· n+1 .yll-n' 
--2--
2l·n 2 

0 1 

Toraa 

3-n 
2 

2{ 
0 

n+l 

n +1_/ 1 -n'. 3C 1 -n) /1 -n' ) 
M =1"1 = r 

x y 2l 2n ~ · 2n 2n 
~ 1 - 1-n) 0 . (3.11) 
n 2n 

n+1 .y11-n' :In'+ 3-n ) 
n.··::> l ·:> - . 

c:.. · c: 2n 

~2/1-n' 1 
n 2 n 
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4.4>0PMI-1POBaHI-ie nYYKa YaCTI-iU. 3~11-iTTaHC VI TOK nYYKa. 

Ha'-lanbHbiX napaMeTPOB ¢OPMHpyeMOI"'O ny'-!K3. 06bi'-!HO, nna3MeHH311 I"'P3HHU.3 

¢OPMHpyeTC11 s TaK Ha3bisaet·lOM ::JKcnaH,aepe. 8 npe,aenax paccMaTpHsaeMoH 

Mo,aenH C'-lHTanocb, '-!TO oHa Haxo.avtTCrl 86nvt3H rpaHHU.bi 3KcnaH,aepa. KpoMe 

TOI"'O, VI3BeCTHO, '-ITO nna3MeHHa11 rpaHvtU.a 

nosepxHoCTb. npeHe6pera11 KOne6aHVI11MVI 80KPYI"' n OJ10)KeHVI11 

pa8H08eCvt11, nerKo onpe,aenHM pa,aMyc ee KPVIBH3H~ 

R 
~. 

R = . ~ . • 
p s1nC.o. .1 

m 

R 
rae a =arctg(Cn

2
-1) · 4 ~ J ,R~- pa,aHyc 3<cnaH,aepa, l 

m ~ ~ 

C4.D 

pacCTOrlHHe OT 

3KCnaH,aepa ,ClO 8biT11I"'VIB310IUer'O 3neKTPO.Cl3, n noKa3aTenb npeno~TmeHvtrl 

8TOI"'O npOl1e)KyTK3. JlCHO, '-ITO a ( yron 8bineTa KpaHHeH '-l3CTVIU.bl ) 
m 

118nrleTc11 yrnm1 no8opoTa ¢a3o8oro nopTJ:eTa ny'-!Ka. TaK KaK o6bi'-'!HO a He 
m 

8em·lK, l10)KH0 C'-!HT3Tb, '-ITO 

R ~ 
p 

4{ 
C4. 2) 

J.1CXO,Cl11 Vl3 H38eCTHOrO COOTHOWeHVIrl, onpE,aenvtM 3H3'-leHHe 3MHTT3HCa ny'-!Ka 

(4. 3) 

2 

rae E =m c
2

, W = m~ 
C• q T C 

- cpe,aHrlrl 8envt'-lV!Ha KHH8TH'-!8CKOH 8H8PI"'HH 

[ 12] 
Cneay11 , nna3Mbl. HOpManvt3083HHblH :; MHTT3HC ctlOPMHPYeMoro ny'-!Ka npvt 

TePMH'-leCKOM pa8H08ecHH nna3M~ c TeMne~aTypor1 T cne,ayiOWHH 

( 8] 
HnH y'-IHTbiBarl 

no,aCT3BHM (4.5), 

c:· = 2 R ./ kT/E ' 
n p o 

...., 

. .:;) 
TO, '-ITO W = -kT 

T 2 

e = 2 R -/2w /3 ~ 
n p T o 

C4.2) 8 C4.3) H nony'-IHM 

Sl · i~ -3kT/E 

i3c n 
2 
-1) 

0 

C4. 4) 

(4. 5) 

(4. 6) 
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KpoHe TOr'O, :•Hepn•UO W HO:-KHO npe.QCTaBMTb B BH.Qe W = qr!1 , TOr'.Qa 
T T l-1 

4i2l r-1 -··., T •'E ----· i 1 -2 .:p ... i .. · 
2 H o 

n -1 
(4. 7) 

npH onpe,qeneHHl-1 HaYanbHhlX napaHeTJOB ~aCTHU 8 ny~ke ( E ¢830BOA 

nnOCKOCTH ) H806XOAHHO y~eCTb kPHBH3HY nna3H8HHO~ r'PaHHLI,hl. 

nnoTHOCTb TOka '-!CTJ.-lU 8 ny~ke OJ:"'p,:tHI-I'-lHB3eTCs:l Y13B8CTHbiH 33kOH0!-1 

l..i n [ 12 ]_ ~~A -
aAn,qa-J~Hr'H~pa (CHCTeHa L·1 ): 

J = 1. 67. 1 o -2
. M-. (4. 8) 

<) 

P83HOCTb noTeHLI,J.-13 lOB He;t:.Qy ')I<CnaH.Q8POt·1 ( 3) l-1 

BbiTs:lr'HBa~IUHH 3neKTPOAOf'.1 ( 83) ( BbiTs:lr'J.-lBaiOIUee Hanps:l1K8HHe). npe.QCTaSHH U 

B BJ.-l.Qe ( Cl-1. n. 1) 

2 
n -1 

U= t!J ·--- ( 4. 9) 
:_, 2 

n 

Tor'aa npeaenbHoe 3Ha~eHHe TOJ<a 

J.1HT8r' Pl-1POB8HI--1s:l n 0 n na3t18HHOA n osepx HOC TJ.-1 Bbipa;r-:eHl1s:l ( 4. 8) , 

nocpe.QCTEOH 

[ 12] 
T8!<0BO 

- -2 r--' . 2 3/2 
I= o. 5t::: ·1 o iq/E · c R /[) · u 

0 p 

Y~HThl88s:l (4.2) H (4.9), TOk ny~ka 

q .., r!?/2 
I 3 

I :::: 0. 083·-( ----
E Ct/-1) 

3 
n 

C4. 10) 

c4.1D 



5. nocrPoeHHe MaTPHUbl nePe)o~a coneHoH~anbHO~ 

MarHHTHO~ ni1H3bL 

.llBvDKeHHe 33P>1:KeHHOH '-i3CTVIU,bl C 3ap~q,aoM q VI M3CCOH m B M3f'HHTHOM 

noJle c VIHt:lYKU.VIeH B onpe,aeJlrleTc>i, 1<a1< vnsecTHO, CHJloH nopeHu,a 

d t' .-+. [ -+ ~ ., 
~rmvJ =-q· v®b .i (5. 1) 

f' ,ae ;; - CI<OPOCTb '-13CTVIU,bl, y = ( 1 -v
2 
/c 

2
) -1/

2
, c - CKOPOCTb CBeTa. 

8bl6epeH npasy~j CVICTeMy KOOPt:lVIHaT ;(YZ TaK, '-IT06bi ocb OY yKa3biBaJla 

8 Hanpa8JleHVIVI ,l:l8VI)KeHVI>1 '-!aCTVIU,bl. Tor,aa, pacnVICbi8a51 ( 1) 8 ~TOH CHCTeMe, 

. . I 13J 
nocJle HeCJlO)KHblx npeo6pa3o8aHVIVI HaH.aeH 

C .. q 1 2 2 . [ C1+x12)B - X
1 Z'B - z' B =--· 1 +x' +z' 

yp z X y 

z" 
q 1 2 2 . [ X 1 Z 1 B - C 1-~z 1 2

) B + X
1 B =--· 1+x 1 +z' 

yp z X y 

(5. 2) 

r,ae p = m(Jc, (3 = v/c. 3,aecb Y'-!TeHO, '-ITO MOt:lYJlb CI<OPOCTVI '-!aCTVIU,bl 8 

Haf'HVITHOM noJle coxpaH>1eTC>1. 

8 JlVIHeHHOt-1 npV16JlH:KeHHVI noJle COJleHOH,aa HO:KHO C'-IVIT3Tb CJle,ay!O!llVIH 

B = c 0, B. 0) (5. 3) 

-7 
r.ae B = ~ N I, ~ =4rr·10 rH/H, N- '-IVICno BHTI<OB Ha e,aVIHVIU.Y ,l:{JlVIHbi,I 

0 0 

TOK. 0o,aCT38Jl>1>1 (3) 8 (2), nOJlY'-IVIH 

qB ,- 2 2 
= - --• .y 1 +:(I +z I • z I 

yp 

qB I ., 2 
= --· 1 +x' "+z 1 

• X
1 

yp 
{ 

x" 

z" 
(5. 4) 

Y'-!VITbiBa>i TO, '-ITO v=v » v Jlef'I<O npVIXO,l:lHM I< ,l:{HcpcpepeHU,VIaJlbHbiM 
y x,z 

ypa8HeHVI>1H TpaeKTOPVIH napaKcVIaJlbHbix '-laCTVIU. s nJlOCKOCT>ix XY VI YX 

{ 
x" 

2 =0 + k X 

z" + k
2z =0 

C5. 5) 

w 
r .ae k 

2 
=C (3~ ) 

2
, w

1 
= 

2
rm - JlapMOP08a '-lac TOTa. 

qB 

Tor.aa MaTPVIU.a nepexo.aa M coJleHo.aa ,aJlVIHbl l TaKo8a 



M = M =M = 
X Z 

cos kl 

-k·sin kl 

0 

1/k ·sin kl 0 

cos kl 0 . C5. 6) 

0 1 

!l>OKYCHOe paCCTOs:IHYie TaKOM nHH3bl HeTP'/.QHO onpe,aemtTb, OHO paBHO 

-1 
f = k ·sin kl (5. 7) 

'12 

B OTnW1He OT KBa,apynonbHbl:X: JlYIH3, coneHOYI.Q s:IBns:IeTCs:I ¢0KYCYIPYIOII.leM 

nHH30M 8 06eH:x: nnOCKOCTs:I:X:. 

[14] 
PeanbHOe none Ha OCYI coneHOH,aa Y.MeeT "KOnOKOJl006pa3Hb!M" BYI.Q 

B 
B = BCy) 

y 1 +C2y/D 2 

0 
C5. 8) 

onpe.aenHM .ans:~ B paMKa:x: 
(15] 

"nps:IMOYr'OJlbHOM" MO,aenH 

pacnpe,aeneHHs:I nons:~ 3$¢eKTYIBHYIO ,QJlYIHY coneHOH,aa Yl3 Bb!pa:>~<eHHs:I 

00 

OTKy,aa 

leffBo= J BCy) dy 
-00 

l rr l 
eff-2 

C5. 9) 

(5. 10) 

TaKara 

Do.acTasns:I~ ( 5. 10) B ( 5. 6), OKOHYaTenbHO nony'·U1M M3TPYIUY pepe:x:o,aa 

cos ~kl 
2 

1 /k ·sin ~kl 
2 

0 

'IT 

:~kl M = M =M = -k·sin ~kl cos 0 c 5. 11) 
X z 2 ') 

'· 
0 0 1 
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