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BeeoeHue 

He~onycTHMOCTh noTe ph yci<op.lleMwx 'laCTH~ B CHJihHO

TO'IHOM JIHY ua 3HeprHIO B ~ec.IITI<H M3BH 6oJI&UIHe 'laCTOTW 

CJIC~OBaHH.II UOCWJIOI< npo~HI<TOBaHa onaCHOCThiO aKTHBa

~OHHOrO 3apa)I(CHH.II H TCpMH'ICCI<OrO llOBpe~CHH.II 3JICMCH · 

TOB YCI<OpHTCJIJI. 

0~HOB H3 OCHOBHDIX npH'IHH, BW3WBaiO~HX llOTCpH 3JICI<T

pOHOB, yci<op.lleMwx B JIBHeiHoM HH~YI<~HOHHOM yci<opHTeJie, 

.IIBJI.IICTC.II HCMOHOXpOMaTH'IHOCTh HH)I(CI<THpyeMWX 3JICI<TpoH

HOB nymi<oii 'laCTH~. Ha l}lpoHTe H cna~e HMnyJI&ca HH)I(ei<

THPYIOTCJI :mei<TpOHW C 3HeprHei OT HYJICBOB ~0 HOMHHaJih

Hoi . 3Jiei<TpoHw c 3Hepruei s 0,9E HOM. B yci<opuTeJie no'ITH 

noJIHOCThiO TepliiOTC.II . YMeCTHO JaMeCTHTh, 'ITO yMeH&WeHHe 

npo~eHTa HCUOJIHO~CHHDIX 'laCTH~ 3a C'ICT YJIY'IWCHH.II napa

MCTpOB 3JICI<TpH'ICCI<HX ~enei H COOTBCTCTBYIO~ero COI<pa~e 

HH.II ~JIHTCJihHOCTH l}lpOHTa H cna~a yCI<OpliiO~X HMUYJihCOB 

B BWCOI<OBOJihTHWX CHJihHOTO'IHbiX yCTaHOBI<aX B03M0)1(H0 

TOJihi<O ~0 HCI<OToporo npe~eJia, npH I<OTOpOM yi<a3aHHWe 

~TCJihHOCTH COCTaBJI.IIIOT 100 7 500 HCeK, T .e. llOTCpH 

'laCTH~ HCH36C)I(HDI . 

O~HHM H3 B03MO)I(HDIX peweHH i Ja~a'IH JIHI<BH~a~HH n o

Teph YCI<OpliCMWX 3JICI<TpOHOB B JIHY MO)I(CT 6WTh MOHO

xpoMaTHJa~H.II ny'II<a B cne~an&HOM ycTpoicTBe - ~ei}>Jiei< 
Tope 3Jiei<TpOHHoi nywi<H I I / , npe~cTaBJI.IIIO~eM co6oi noJiwi, 

pa3pe3aHHDIB B OCCBOM HanpaBJICHHH Ha HCI<OTOpOB ~JIHHC 

~JIHH~P I puc. 1/. 3Jiei<TpoHw, cJie~YJO~e Ha l}lpoHTe 

H cna:ne yci<op.IIIO~ero HMnyJI&ca, OTI<JIOHJIIOTC.II I<opoTI<HMH 

HMITYJihCaMH MarHHTHOrO ITOJI.II, C03~asaeMoro B ITOJIOCTH 

~HJIHH~pa HMITYJihCaMH TOI<a C HaHOCCI<YH~HWM l}lpOHTOM H 

cna~oM /puc. 2/, H norno~aiOTC.II MaTepuanoM ~ei}>Jiei<Topa. 
Uen1.10 HaCTOJI~ei pa6oTw .IIBJIJICTC.II TeopeTH'ICCI<oe H 

3I<CllCpHMCHTaJihHOC HCCJIC~OBaHHC YCJIOBHB MOHOXpOMaTH· 

3a~HH 3JICI<TpOHHOrO ITY'II<a HMITYJIJ.CaMH MarHHTHOrO llOJI.II 

~e4Jnei<Topa. 
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I. 

3~KTBBHOCTL pa60TW MarHBTHOrO ~e~eKTOpa B Ha· 
mew cny11ae onpe~em1eTCJ1 seJIH'IBHoi BMnynLcHoro war
HBTHoro non11 B cxopoCTLIO ero HapacTaHBJl B cna~aHBJl. 
Onpe~eJIHM Tpe6osaHBJl x warHBTHOMY noJIJO, ~Jl 11ero pac
CMOTpBM nonwi IUIJIHH~p C pa3pe30M, ~OCTaTO'IHO Y3KBM no 
cpasHeHBIO c ero ~aMeTpow. ,D;se nonoBBHLI ~elllnexTopa 
3aMLIKaiOTCJl Ha ~OCTaTO'IHO 60JILWOM y~aJieHBB OT Ha'lana 
pa3pe3a, cosna~aJOUUIM c Ha'lanow IUIJIBH~PB'IecxHx xoop~
HaT r, ¢, z I puc. 1/, Tax 'ITO no o~Hoii nonoBBHe TOK Te'leT 
B O~Hy CTOpOHy, a no ~pyroii B03BpalllaeTCJl o6paTHO. 

Puc. 1. ,[fe(JAeKIIOP - oeyxnpoeoOHaJI CUCIJieMa. 

H3 ypasHeHBii Maxcsenna ~JIJI nposo~HBxa B xsa3BCTa
IUIOHapHOM npB6JIB*eHBB 

[ E (R) = E (R + o)] [2] /1/ 
z z 
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Puc. 2. MoHoxpoMa•u3afiUJI ny'IKQ 6 oe(JAeK•ope. 
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.... .... 

rotE _ aH --p.-at 
.... 

.... 
rotH =yE + ( !_!. at 

/2/ 

/3/ 

rpaHH'IHOe ycnOBHe Ha BHyTpeHHeH DOBepXHOCTH DpH DOCTO
JIHHOM TOKe 

I a 
H = ---, 

0¢ lr=R 2 TT R /4/ 

rAe I a - aMDnBTYAa HMnym.ca TOICa, y - DpOBOAHMOCTL CTe
BOX, 8 - TOJJI~V~Ha CTeHOK, R - BHyTpeHHHH paAHyC Ae!lmex
Topa. 

Do BHyTpeuueii nonocTH cucTew:a ypaBueuuii /2,3/ CBo
AHTCJI IC ypaBHeHHIO Jlannaca, ICOTOpoe B IUinBHAPH'IeCICHX 
ICOOPAHHaTax 3aDHCLIBaeTCJI B BRAe 

i E 1 a E 1 a 2 i a 2E 
---+- -+- --+ --=-
ar 2 r a r r 2 a ¢ 2 a z 2 

2 .... 
+ w p.£ E = 0. /5/ 

Pemeuue ypaBHeHHJI /5/ B 6ecceneBwx cllyuxna.xx An.H 
cny'laJI E = const z 

E m = J m ( wy p. £ r) [ A exp (im ¢ ) + B exp (- im ¢)] . /6/ 

T.x. 

E (¢) = -E (¢ +rr ), /7/ 

TO H3 /2/ H /6/ TpHBHanLHO DOny'laeTC.H BLipa)l(eHHe An.H E , z 
a, cneAoBaTenLHO, H An.H Hr H H ¢ ·: 

E =z 

6 

2p.w l(t) 

TT 

oo hk+I ( w v' p:-;- r) exp [ i (2k +1)¢ ] 
I 

k-I ( -- 2k+1)J~+I(w v' wR) 
/8/ 

1 -+ 1 1 liiEz 
H = f - - (rot E) dt = f - - - -- dt = 

r I' r t f.l r a¢ 

= + 
2i f.lW I ( t) 

TT 

00 

I 
k= I 

hk+I (w Yf.l£ r)exp[ti (2k+1)¢] 

J ;k+fw v;;7R ) 

H¢ =f- _!_(rotE) dt=f- .!_(- aEz)dt= 
t f.l ¢ t f.l ar 

12k+I (w v;; r) exp [ i (2k + 1)¢] 2t-twl{t) 00 

I 
J ' ( w v;;- R ) 

2k+I 

k= I TT 

/9/ 

/10/ 

OTxnoH.HIOIIJ;a.H cnoco6uocTL AecllnexTopa pacc'IHTWBanacL 
H3 ypaBHeHH.H: 

d .... .... 
--P= eE+!_[v x H], 
dt c 

/11/ 

/rayccoBa cucTew:a eAHHHu;/, xoTopoe nocne o6w'IHWX ope
o6pa3oBaHHii npHBOAHTCJI x BRAY: 

2 
d 21 a (1- f3 ) .... e .... .... 

- p .... = e 2 ( r- R h ) + -- [ v X H ] , I 12/ 
dt f3 c R c 

HnH B DpOeKIJ;H.HX: 

.. 
m

0 
yx = e 

2Ia(1- f3
2
) 

f3c .R'2 (x-xh)- ~ vo(HY -y'Hz ), /13/ 

.. 
n0 y y = e 

2Ia<1-f3
2

) 

f3
cR2 (y-yh)+~V (H -x1-l ) C 0 X Z ' 

/14/ 

rAe H z - clloxycHpYIOmee none, 3pc•eo; ecna 
2 ,, •• 

Vz •Xz =X, TO: 
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2Ia(l- f32) 
(x-x t) e 

(H -y'H ) /15/ x"=e - 2 y z 3 3 2 
m 

0
c f3 y f3 c m0 R y 

, 2Ia (1-{32) ( -y )+ e (H -x'H ) /16/ Y = e 3 3 2 y b m c2 {3y X z f3 c m0 R y o 

x" 
b 

(H -yll ) 
y z 

/17/ 

y~' = + (H -x 11 ) 
X z • 

/18/ 

3.11.eCb 

H = H cos¢ - H ...~,. sin¢ , 
y r '+' 

/19/ 

H H rsin¢ + H¢cos¢, /20/ 
X 

I a- aMDJIHTY,IJ.a TOKa B ,IJ.e41JleKTOpe, R - pa,ll.ayc .ll.etliJieKTOpa, 
x b a Yb - Koop,II.HHaTw neaTpa TJDKeCTH ny'IKa. 

OneHKH, BblDOJIHeHHble DO tilopMyJiaM /9,10,15-20/ Ha 
3BM, noKa3wBaiOT, 'ITO npa .IJ.JIHHe pa3pe3a Eo = 16 eM, 
pa,IJ.Byce DY'IKa 1 CM, pa,II.Hyce ,IJ.etllneKTOpa 2 CM, DOCTORH
BOM tlloKyCHPYIOJUeM none H z = 500 3, TOKe ny'IKa 250 A, 
3HeprHH 3JieKTpOHOB 500 K3B (y=2,0),0TKJIOHReMble 3JieKTpo
Hbl DOJIHOCTbiO BblCa)I(HBaiOTCR B ,IJ.etllneKTOpe Ha ,IJ.JIHHe l OT 
Ba'laJia pa3pe 3a npH TOKe I a 

Ia 

8 

1000 A- L = 8 CM 

800 A - L = 10 CM 

400 A - L = 13 CM. 

.~ 

' 

'1 

' 

IlpB TOKe I a = 200 A 3JieKTPOBbl nponeTaiOT 50 CM 

.11.0 Kacaaas cTeBKH KaMepw JIHY. Pe3yJibTaTw pac'leTOB 
npaBe,IJ.eHw aa puc. 3. TaKHM o6pa3oM, MHHHMaJibaoe 3aa
'leaae aMDJIHTY.IJ.bl TOKa HMDYJibCOB MOBOXpOMaTH3aUHH ,IJ.JIR 

L 
20 
f8 

16 
14 

12 
10 
8 

6 
~ 

2 

A 

0 
200 f@ 6/JO lfJO flltJP 3 

Puc. 3. 0•K.IIOHJIIOJIIQJI cnoco6HoC•b oe,PAeK•opa lE lE )( 0.11.11 
3Hepzuu 500 K3B, • - • 0.11.11 3Hepzuu 600 K3B, 11 - 11-110A.R 
3Hepzuu 700 K3B. 

,11.aaao:i ,IJ.JIHBW pa3pe3a cocTaBnseT 700 A, a .II.JIR 3Hepraa 
700 K3B ( y:.2 ,4) - oKono 950 A. Ecna .11.e4lneKTop pa3Me
anea BHe tiloKyCHpYJOJUero DOJIR, TO Tpe6yeTCR MeHbWaR 
aMDJIHTy,IJ.a TOKa. 
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II . 

YKa3aHHWe TOKB B ~e~neKTOpe ~OH*HW e~eeTBOBaTL 
so apeMJI ene~oaaaa.11 ~poaTa B ena~a Bhlllle~ero H3 nywxa 
:mexTpoaaoro Toxa I puc. 2/. 

OeTaHOBHMeJI aa oeo6eaaoeTJIX 6wcTporo pe)KJIMa npepw
BaHHJI OTKJIOHJIJOI.Qero TOKa. B 3TOM enyqae He06XO~MO 
paecMoTpeTL aonuoawe nponeccw B ~e~nexTope a oneaBTL 
BnHJIHHe 3JieMeHTOB ero KOHCTPYKUBH Ha npOXO)I(,AeHHe eneKT
pa qacToT, aeo6xo~Mwx ~n.11 nony'leHHJI 3a~aaaoro apeMeaa 
aapacTaHHJI a cna~a OTKJIOHJIJOI.Qero nonJI. 3~eeL Ba)KJIO 
OTMeTHTL B03MO:>KHOe aeeOOTBeTeTBHe Me)I(,Ay eneKTpaMH 
OTKJIOHJIIOII{ero TOKa H nOJIJI, noeKOJILKY OT~eJILHWe KOMno
HeHTW TOKa MOryT npoTeKaTL no KOHTypaM, OTHH'IHWM OT 
3a~aaaoro. 

PeweaHeM ypaaaeaaJI /5/ B TpexMepaoM enyqae 6y~eT 
BLipa>Keaae: 

cos cos 
m¢ J ( w y"'ji( r ) nz . 

. m . 
E /21/ mn 

s tn stn 

Aaana3 ero no3aonun aw~enHTL aa6op 3aaqeaaii: qaeToT, npa 
KOTOpWX B03MO>KHLI He>KenaTeJILHWe 34xl>eKTLI yeaneHHJI HJIH 
oena6neHHJI aMnJIHTY~ rapMOHHK, npHBO~JILQBe K HeKa>KeHHJO 
~pOHTOB HMnynLea nOJIJI. 

1. PeweHae no "z " JIBnJieTeJI ~YHKnaeii: 
n rr 

cos -- z 
eo 

r~e e 0 - ~Ha pa3pe3a ~e~neKTopa. 0HO onpe~enJieT MHHH
MaJILHYJO 'laeTOTY eneKTpa HMnynLea MarHHTHOrO nOJIJI, 

paBHYIO 470 MT11 /nepHO~ 2 HC/, npH KOTOpoii: 6y~eT HMeTL 
MeeTO pe30HaHC HanpJI>KeHHJI. qaCTOTLI, ne>KaLQBe B OKpeeT
HOeTH 3Toro pe3oHaHea, 6y~yT 3aMeTHO oena6neHLI B enexT-
pe HMnynLea TOKa a MarHHTHoro nonJI. 

2. qaeToTa rapMOHHKH, onpe~enJieMaJI nepBLIM, Hepaa-
HWM HyniO, KOpHeM 6eeceneBOH ~YHKI{HH J0 ( w V/J.( r ), eo-

eTaBJIJieT 3200 MT11. 

3. IIoroHawe napaMeTpLI caeTeMLI /aH~YKTHBHOeTL L a 
eMKOCTL C I no3BOJIJIIOT HaRTH ei.Qe ~Be qaeTOTLI: 

a/ rpaHH'IHaJI qaeToTa epe3a, onpe~enJieMaJI nonepeq-
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HWMH pa3MepaMH pa3pe3a ~e<!JneKTOpa, eOOTBeTeTByeT 
4100 MT11; 

6/ 3aMLIKaHae aa xopnye ~e~nexTopHoii: eexnaa e ~aa
MeTpoM, aanpaMep, paBHWM 80 MM I R = 20 MM/, B03MO>K
Ho Ha qacToTe 2400 MT11. 

H3 aeex nepeqaeneHHwx qaeTOT Haa6onee e~eeTBeHHYIO 
ponL arpaeT qaeToTa 470 MT11, T.K. OHa onpe~enJieT MH
HHManLHYIO ~JIHTeJILHOeTL ~pOHTa HMllYJILCa llOJIJI B Beene
~yeMOH KOHeTpyKU:HH. IlOBLIWeHHe 3TOH 'laeTOTLI 3a e'leT 
yxopoqeaaJI ~e~neKTopa noTpe6oaano 6LI yaena'leHHJI OTKno
HJIIOII{ero TOKa, a 3TO, K eo>KaJieHHIO, Tpy~HO oeyi.QeeTBHMO. 
Jionee ~OCTynHOH MO>KeT OKa3aTLeJI npH He06XO~HMOeTH 
~anLHeii:wero yxopo'leHHJI ~POHTa a ena~a nonJI cacTeMa 
e pa3HeCeHHLIM DO "z " OTKJIOHJIIOI.QBM 3JieMeHTOM H KOJIJieK
TOpOM. 3~eCL HY>KHO OTMeTHTL, 'ITO BBO~ HMllYJILCa ~OH>KeH 
6WTL MaJIOHH~YKTHBHLIM /HanpHMep, B BH~e llOJIOeHOH JIB
HHH/. 

~JIJI 3KenepHMeHTaJILHOH npoaepKH ~OpMLI HMnynLea 
MarHHTHOrO llOJIJI B ~e~neKTOpe * 6wn HCllOJIL30BaH 3JieKT
pOHHLiii: nyqox e 3Hepraeii: 9 K3B, HanpaanJieMwii: a~onL ero 
oea. Ha puc. 4 H3o6pa>KeHa JnexTpOHHo-nyqeaaJI Tpy6xa 

/3JIT/ e y.n;naHeHHLIM ~o 20 c.w Ty6yeoM, enenaanLHo H3ro
ToaneHHaJI ~JIJI 3TOrO 3KenepHMeHTa. Jlyq OTKJIOHJIJICJI no 
BepTHKaJIB Heene~yeMLIM MarHHTHLIM llOJieM ~e~neKTOpa 

a no ropH30HTanu - OTKJIOHJIJOI.Qeii: eaeTeMoii:. OcnannorpaM
Ma HMnynLea MarHHTHoro nonJI /puc. 5/ noKa3LIBaeT, 'ITO 
~TeJILHOCTL ~pOHTa 8 HC BOCllpOH3BO~HTCJI ~OeTaTO'IHO 
XOpOWO, aMllnHTy~a HMllYJILea TaK>Ke COOTBeTeTByeT pae
'leTHOH /10 .w.w= 5 3 ~nJI 9 K3B/. Ha puc. 56npaae~eHa 
oenannorpaMMa HMnynLca TOKa B ~e~neKTope, eHJITax Ha 
caHxpocxone. CpaaHeHae oenannorpaMM nonJI a TOKa 
noKa3WBaeT, 'ITO ~OpMa HMnyJILCOB COBna~aeT. 

"' C 6onee eTporoii: TO'IKH 3peHHJI, acene~oaaneJI xoaeq
HWii: pe3yJILTaT B03~eii:eTBHJI BMnynLCHOro MarHHTHOrO llOJIJI 
~e~neKTopa Ha JneKTpOHLI e 3Hepraeii: Eno;m= 9 K3B + EnoKo51 ) , 

TpaeKTOpHJI KOTOpLIX B Ha'laJILHOH 'laeTH ~e~neKTOpa /Ha 
axo~e B Hero/ eoana~ana B HanpaaneHHeM ero npo~onLHoii: 
oea. 
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Puc. 4. 3AeK•poHHQJI MOOeAb oe(JAeK•opa . 

TaKHM o6pa30M, aMnnHTyAa TOKa HMnynbCOB MOHOXpo
MaTH3aUHH onpeAenseTCR AnHHOB pa3pe3a Ae~neKTOpa, KO· 
TOpWB B CBOffi oqepeAb llOKa3WBaeT, KaKas MaKCHMan&HaR 
qaCTOTa Mo:>KeT 6WTb B ClleKTpe HMITyn&Ca TOKa. 

B 3aKnffiqeHHe aarop 6naroAapHT B .A .CaBBHHa 3a KOH
cyn&rauaa no pacqeraM H P.B.Xap&I030Ba 3a ueHHwe 3aMe
qaHHs. 
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Puc. 5. Ocr~uAAozpaMMbl uMnyAbcoe: a/ MazHUIIIHozo noAJI 
6Hympu Oe(JAeKTTIOpa; 6/ IIIOKQ 6 Oe(JAeKIIIOpe. 
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