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1. BaeOeHue 

B ps~e cnyqaes npe~cTasnseT BHTepec pacqey Tpex
wepuoro nons, co3~asaeworo npswoyroiTbHWMB 3neKTpo
~awa. Peweuae ~auaoii 3~aqa npoanmocTpaposauo ua 
npawepe ycKopsiOIQero nons cauxpocj)a3oTpoua OHJIH. 

YcKop .. IOIQas cacTewa cauxpocj)a3oTpoua npe~cTasnseT 
co6oii ~peiiciiOBYIO Tpy6Ky ~nBHOR 610 CM. Y KOHI.{OB Tpy6KB 
HMeiOTCS 3&3eMneHHWe p&MKB, coe~BHeHHWe C BaKyYHOR 
Kawepoii ycKopaTens I puc. 1/. H3.weueuae Koucllarypai.taB 
3TBX p&MOK npBBO~BT K B3MeHeHHIO pacnpe~eneHBS B npo· 
cTpaucTse KownoueHT ycKopsiOIQero 3neKTpaqecKoro non.a, 
Ex, E Y , Ez , B qacTHOCTB, 3TO Bn&JieT ua senaqauy none
pequwx COCT&Bn.aiOUUIX BX nons F:y, I·~~ . 

Pa3pa6oTauaa .. weTO~BKa qacneuuoro pacqeTa no3so
n .. eT BWqBCJUITit KOMnOHeHTW nons, a TaJOKe Ol.{eHBTit BnBJI" 
HHe HeToqaoCTB ycT&HOBKB ~peiiciiOBOH Tpy6KB Ha BX Ben&· 
qauy. 

Puc. 1. YcKOPJIIOJIIUii 3AeK•poo cuHxpo(Jaao•poHa/1/,_uaoAJI· 
•opbl /2,3/, aaKyyMHaJI KaMepa /4/. 
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2. Ma•e.wa•ut~ecKa.R noclllaH06Ka 3aoat~u 

~ns pacqeTOB ~BH*eHSS qacTSI.{ B pe*SMe yCKOpeHSS 
aeo6xo~uo sueT& pacnpe~enease scex Tpex KOMnoaeHT 
aanps*eaaocTs :meKTpsqecKoro nons E= (El' E2, E 3 ) B 
npOCTpaHCTBe nepBOB ll(ens, BHYTPS 3neKTpo~a S BO BTOpoi 
ll(ens. lips 3TOM KOMnOHeHTW nons ~O~HW 6WT& paccqs
TaHW C yqeTOM pean&HOB reoMeTpSS 3neKTpO,Jla. 

3neKTpsqecKoe none E(x)=(E 1(x), E 2(x), ~~ 2 (x)), x=(x 1,x2>x3) 
Sll(eTCS B BS,Jle rpa~seHTa OT noTeansana {l(x), KOTOpWi 
B o6nacTs G .noKaJaaaoi aa puc. 2, ecT& pewease cne,JlYJO
II(ei Ja,Jlaqs: ~ 

MJ 

u 

u 

a a2u 
l -

a= l a X 2 
a 

0' 

1 ' 

fim U = 0, 

0 ' X f; G' 

X f; ~~' 

x <;. r
1

, 

/1/ 

/2/ 

/3/ 

/4/ 

r~e 1~1 - nosepxaocT& 3neKTpo~a, a I~ - nosepxaocT& Ja
JeMneaaoi BaKyyMHOH KOp06KS. 

OpToroaan&HYJO KOOPJlSHaTHYJO cscTeMy BBe,Jlew cne
~YJOII(BM o6pa3oM: aanpassM oc& Ox 1 no aanpasneHBJO 
npo,Jlon&aoii: ocs KaMepw, a aaqano ycTaaossw B aaqane 

Puc. 2. 06AaCIIIb, 6 KOIIIOpOU onpeOeAJIIOIIICJI KOMnOHeHIIIbl 
3AeKIIIpU'ieCKOZO nOAJI. 

4 

x. 
X: 

0 e, x1 

Puc. 3. DoHa aocb.wa.R t~aclllb o6Aac•u, npuaeoeHHou Ha 
puc. 2. 

nepBOH mens; OCS Ox 2 S Ox 3 HanpaBSM nepneH~SKynspHO 
60KOBWM noBepXHOCTSM KOp06KS. 

Mw paccMaTpssaeM Ja,Jlaqy nps csuueTpsqaou pacno
no*eass JneKTPOJla. IlonoMy pewease Ja,Jlaqs /1/-/4/ 
B o6nacTs G MO*HO scKaT& B 1/8 o6nacTs, npsqeM aa 
noBepXHOCTSX CSMMeTpSH noTpe6yeM BWnOnHeHSS rpaasq
HOrO ycnOBSS: 

~ =c 0 0 X <;; 1 ',) ' an -
n - HOpMan& K 3TOH noBepXHOCTS /CM. puc. 3/. 

IloMeCTSM o6nacT& G B napannenensne)l I x~-a(l ::;;x(l::;; r a' 
a~-1,2,3!, r.ne BBe)leM aepaBHOMepHYJO, cor,.nacoBaHHYJO c rpa

asneii: o6nacTs G p~3~0CTHYIO ceTKY wh cne,JlYJOII(BM o6-
pa30M. IlycT& wa =I x ~a<x~al< •..• ~:dl- HeKoTo:goe pa36sease 
0Tpe3Ka [-a a, raj Ha no~WHTepsanw. Tor~a wh =(d l >-:uJ2 X uJ 3, 

Bse~ease aepaBHOMepaoi ceTKs aeo6xo~Mo, qyo6w 
cryll(aT& ceTKY B o6nacTsx, r,Jle anpsops S3BeCTHO, qyo 
pewease 6wcTpo MeaseTcs /aanpsMep, B npocTpaacTBe 
nepsoii: mens/. s paJpe*aT& ee TaM, r,Jle pewease MeaseTcs 
Me~neaao /aanpauep, K cepe~sae JneKTPOJla/. HanoMHSM, 
qyo rpaasna o6nacTs G nona,JlaeT B yJnw ceTKS li h . War 
ceTKH B aanpasneasa xa ecT& ceyoqaas ~YHKI.{Hs, KOTopas 
onpe~enseTcs TaK: 

_ ( ia) ( ia) ( ia -1) 
ha = ha = xa - xa - neswii: war, 
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! . 

+ ( i + 1) ( i +ll ( i a) 
h c~ h a = X a - X - npaBhiR war. 

a a a a 

Uycn. Yj =lj n ~h,j=-O,l,2.Ecna x ~~h o6o3Ha'IBM 
(±lal ± (±lal (±lal 
x =(x1 , ••• ,xa±ha,•····,3 ),lJ =U(xa ),a=l,2,3. 

6yAeM acnon&3oBaT& annpoKCBMan~ onepaTopa llan-
naca Ha ceMBTO'Ie'IHOM wa6noHe/I/ c y'leTOM HepaBHOMep
HOCTB CeTKB. 

,\ lJ "' a 

(+I) 
_1_

1 
lJ a_ U 

h- h + 

(-I ) 
U - {] a 
----l, 

,. 
x ~ wh' 

h-
a a a 

+ -h = (h -h )/2, a= 1,2,3, 
a a a 

(-II) 
2 • (I) A l u - u ' X ~ y 2 "' w h fll X l = f I ' 

hi hi 

( +I2) 
_L U -U 
h+ 

2 

2 

0 3 

h+ 
2 

(+I3) 
u - u 

h+ 
3 

3 
.\U = I ,\ U. 

a=I a 

xc;y< 2l=o; fllx =-a l 
2 h 2 2 ' 

x~ y< 3l, ~nix =-a l 
3 h 3 3 ' 

TorAa pa3HOCTHaJI 3aAa'la, annpoKCBMBPYJO~Jl acxoA
HYIO 3aAa'ly I 11-I 41, cllopuynapyeTcJI B sue 

,. 
Ay=O, x~ wh uy2 , 151 

y = 0, x~ Yo' 161 

y. = l' X~ YI • 171 
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3TO B03MOlKHO, TaK KaK y3nhl CeTKB nonaAaiOT Ha rpaHHUY 
o6nacTB G. · 

3aAa'la 151-17 I JanacwsaeTCJI KaK cacTeMa naaeAHhiX 
anre6paB'IeCKBX ypaBHeHBR 

y=Ay+f, 181 

rAe uaTpana A BhlpalKaeTCJl 11epe3 A. 
)J;nJI pemeHBJI CBCTeMhl 181 HCnOnh30B&nB MeTOA Bepx

Hei penaxcanaa /2/. 

n + I n n 
y =0-f1)y +(:HAy +0, 191 

y 0 - npOB3BOnhHOe. 
TaK KaK TO'IHoe JHa'leHBe MaKCBMan&Horo co6cTBeHHo

ro 3Ha'leHBJI MaTpBUhl HeB3BeCTHO, KOrAa CeTKa HepaBHO
uepHaJI, TO OnTBManhHOe 3Ha'leHHe penaKCaUBOHHOro na
paMeTpa (3 aw6apanoc& a nponecce c'leTa no MeTOAY 
Caree /J/ . 3Ba'leHBe (:3 oopeAenana B nepaou 'IBcneHHOM 
3JCCDep&MeHTe, a Jlan&We npB C'leTe BCnOnh30BanB TOnhKO 
3TO 3Ha'leH&e. B Haweu cnyqae a2=a1 = 0, f 1 = 3100 MM, 

f 2 = 1250 MM, e 3 = 400 MM. 

)J;n• ycTaHoaneHBJI 3Ha'leHBJI napaMeTpa a 1 6wn npo
BeJleH PJIJl 'IBCneHHhiX 3KCDepBMeHTOB . B COOTBeTCTBHB 
c ycnoaaeu 141 An• a 1 = 100, 500, 750, 1000 MM. IJ,en& 
3TBX 3KCDep&MeHTOB - ycTaHOBBTh BnBJIHBe 3aMeHhl yc
nOBBJI 141 Ha rpaaaqaoe ycnoBHe ll=O opa x1 =-a 1 • 

H3 pac'leTOB Bll.llHO, 'ITO peweHBJI 3&Aa'IB 151-17 I, 
oonyqaeuwe opa a 1 = 500 B a 1 = 7 50 , OT nB'IaiOTCJI Ha 
eABHB'IKY 'leTBepToro 3HaKa nocne JanJITOR. 

CBCTeMa 181, COAeplKaUlaJI OKOnO 40 000 ypaBHeHBR, 
pewanac& no MeTOAY 191, npB'IeM nponecc ocTaHaanaaan
CJI, KOrAa 

max I yn + I - rn I ::;. £ -4 
Ha 3BM C,ZJ;C-6200 npa £ = 10 npa KalKAOM pac'leTe 

BhlnOnHJinOCh OKOnO 56-58 BTep&UBR, 'ITO 3aHBMano OKOnO 
7 MUH C'leTHOrO BpeMeHB. 
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3. Pe3yAuraJrbl pac<~ema 

C DOMO~LIO BLIWenpHBe,neHHOB MeTO,nHJ<H 6blnH BLinon
HeHbl pacqeTbl .nn.a: ,nByx KOH~HrypauHii 3neKTpo,noB, noJ<a-
3aHHLIX ua puc. 4 B pa3pe3e, npHqeM J<OH~HrypauH.a: 2 co
OTBeTCTByeT peanLHOMY 3neKTpo,ny /CM. puc. 1/. 

U•O 

~ U=l 

U=O 

kOHIPUtypat.~ullf 

U=O r 
u·O 

l.i=l 

IJ::O 

kOH(/JurypOl,lf.l/1 2 
Puc. 4. Cxe..wamu<~ecKoe u3o6paxeHue ce'leHuii 3AeKmpoooe 
OAJI oeyx 8b16paHHbiX KOHfPUZYpafiUU. 

0.4 

0,3 

Ex 

·7,5 -5 -2,5 0 2.5 5 -1,5 f0 f2,5 iS 17.5 ~CM. 
Puc. 5. PacnpeoeAeHue npoooAbHoii coc111aeA.R10U1eii noA.R 
F,x ( x) OAJI y = 0 U z = 0 OAJI KOHfPUZypafiUU 3AeK•po()a 1 
/Kpuea.R 1/ u KOH,PuzypafiUU 2 /Kpuea.R 2/. 

8 

HH>Ke npHBe,neHbl KpHBble pacnpe.neneHH.a: B 3a3ope H ero 
OJ<peCTHOCTH J<OMDOHeHT non.a: Ex(x)' Ex (y), Ey(x) H Ez (x) 
jpuc. 5·8/. H3 puc. 5 BH.nHO, qyo ycxopJilOIUBe xownoHeH
T bl non .a: Ex ( x) .nn.a: KOHWHrypauaii 1 a 2 I KPHBble 1 H 2/ 
oTnaqaiOTCJI uec~ecTBeHHO (y=O,z=O). Pacnpe,neneHHe xow
noHeHTbl Ex (y) ue 3aBHCHT OT y .nn• xoHcllarypauaa 1 a 
cna6o uapacTaeT c y .nn.a: xoHcllarypauaa 2 I puc. 6/. Kow
noHeHTa EY (x) .nn.a: KOHWHrypauaH 2 ua TpH nop.a:,nJ<a 6onLwe 
no senaqaHe, qeM .nn.a: xoucllarypauaa 1, H aweeT JIBHO 
Bblpa>KeHHblB MaXCHMYM Ha pacCTOJIHHH 17,5 CM BJJeBO 
oT ueuTpa 3a3opa I puc. 7/. 

·Ex('j)-10 

O.JS 

Q3 3 

l_ ________ ===::im, 

02sl --
1--' 

D 
I 

2 

02L--=--~~~~~=-~~~~ 
10 20 30 ~0 50 60 70 !1. ,,., 

Puc. 6. PacnpeoeAeHue npoooAbHOii cocJraeA.R~Uieii ycKo
p.R~Uiezo noA.R Ex(y) OAJI x= 5,z=2,4,6; OAJI KOHfPUZYJXlfiUU 
3AeKJrpooa 1 /KpU61.1e 1 ,2,3/ U KOHfPUZYJXlfiUU 2 /KpU81.1e 
I, I I, I II/. 
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Puc. 7. PacnpeoeAeHue nonepe'lHou cocmaBAJIIOUiei1 yc
Kop.RIOUiezo noAJI F~ (x) OAJI KOHfPUZYJXlliUU 1 /KPU8ble 1,2,3,4/ 
U KOHfPUZYJXlliUU 2 /KpU8ble J,JJ,JJJ,JY/ npu z = 0 U 
y = 5,J5,25,40CM. ~,) 

0
.2 ~ ,_

1 
,,-s 

cy1:c ,I cy( •• ,,/v 

KOHtp.; I KOH(/)1. 

JO 

~ 

£z(X) 

I 

X,tM 
-fO 20 

n 

Puc. 8. PacnpeoeAeHue KOMnoHeHIIIbl Ez (x) OAJI KOHfPUZYJXlliUU 
2 npu y=O U z = 2,4,6,8 CM. 

10 

Pac~eTW uoxa3anB, ~To pacupe~eneHB• Ez(x) upaKTB
~ecKB COBDM&IOT M• o6eBX KORcllRryp~Bi /puc. 8/ B D03· 
TOMY DpBBe~eRW TOJJioKO M• BTOporo cny'la.. ,lJ;e:ICTBBe 
KOMDOReRTW Ez(x)Ra 'I&CTIUlY KOMDeRCBpyeTc•, T.K. E z :we
R.eT 3H&K ups uepexo~e 'lepe3 :ueHTP 3&3opa. 
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