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1 • BBEAEHHE 

HHTeHC~BH~e ny4K~ ycKopeHH~X T~*en~x ~OHOB MOryT Ha~T~ np~Me

HeH~e An~ peweH~~ w~poKoro Kpyra $~3~4ecK~x 3aAa4, KaK $YHAa
MeHTanbH~x /c~HTe3 csepxT~~en~x 3neMeHTOB, ~3y4eH~e YAaPH~x 

BOnH B ~Apax, nO~CK HOB~X $a30B~X COCTO~H~~ ~AepHO~ MaTep~~/, 
TaK ~ np~KnaAH~X /~HepU~OHH~~ TepMO~AePH~~ C~HTe3, ~3rOTOBne
H~e ~AePH~X $~nbTPOB, paA~OTepan~~ 3nOKa4eCTBeHH~X onyxone~ 

~ AP./. 
0AH~M ~3 Ha~6onee nepcneKT~BH~x cnoco6os ycKopeH~~ T~~en~x 

~OHOB ~Bn~eTCfl KOnneKT~BH~~ MeTOA YCKOpeH~~ 3neKTPOHH~M~ KOnb
UaM~ 111 . Pa6oTocnoco6HoCTb MeTOAa AOKa3aHa B 3Kcnep~MeHTax Ha 
npoTOT~ne KYTH OHRI-1 121 , B XOAe KoTop~x Ha6n~Aanocb ycKopeH~e 
~OHOB a KOnbuax c 4~cnoM 3neKTPOHOB Ne~10 13 . TeMn ycKopeH~~ 
cocTas~n "'1 OZ/A M3B/ MjHyKn , rAe Z ~ A- cpeAHflH 3aPHAHOCTb 
~ Maccosoe 4~cno ~oHoB. Konbua c on~3K~M~ napaMeTHaM~ $OPM~po
san~c b Ha yc T aHOBKax cep~~ ''KoMnpeccop'' a 5epKn~ ' 3 1

• 

1-iHTeHC~BHOCTb ~OHHOro ny4Ka Ha B~XOAe YCKOp~Ten~ nponupu~o

HanbHa 4aCTOTe nOBTOpeH~H U~KnOB YCKOpeH~~. KOTOpaH BPHA n~ 
MOMeT npeB~C~Tb 50+ 1QQ ru B Henpep~BHOM pe~~Me BCneACTB~e 
6onbWO~ pacce~BaeMO~ MO~HOCT~ B ~H~eKTOpe 3neKTPOHOB - c~nbHO

T04HOM nHY ~ aAre3aTope. 
1-iOHH~~ TOK Ha B~XOAe KonneKT~BHOrO YCKOp~Tenfl MO*HO cy~eCTBeH

HO ysen~4~Tb, ecn~ KaMAOe 3neKTPOHHOe KOnbUO ~cnonb3yeTC~ 
MHoroKpaTHO. Bo3MO~HOCTb 4enH04Horo pe~~Ma ycKopeH~~ ~OHOB 
Ha~6onee nerK~x 3neMeHTOB paccMoTpeHa a pa6oTe 14 1• YcKopeH~e 
TH~en~x ~OHOB 3neKTPOHH~M~ KOnbUaM~ ~MeeT CBO~ cneu~$~Ky, 

CBH3aHHy~ C He06XOA~MOCTb~ OCTaHOBK~ KOnbUa AnH 3arpy3K~ ero 
~oHaM~ ~ c nepeAa4e~ 3Ha4~TenbHO~ AOn~ 3Hepr~~ 3neKTPOHOB 
ycKop~eMbiM ~OHaM. CooTBeTCTBY~~aR MOA~$~KaU~R ycKop~TenR npeA
nmxeHa ~ ~ccneAOBaHa B pa6oTe 151• nposeAeHHbl~ a 3To~ pa6oTe 
aHan~3 BCKp~n np~HU~n~anbHble TPYAHOCT~ B pean~3aU~~ paCCMOTpeH
HO~ cxeMbl, cs~3aHHble, a nepsy~ 04epeAb, c ''pa3orpesoM'' 3neKT
poHHoro KOnbua scneAcTs~e HeaA~a6aT~4HOCT~ npouecca ero nepex
saTa. 

B Ha~TOR~e~ pa6oTe aHan~3~pyeTcR cxeMa 4enH04Horo ycKopeH~R 
TRmen~x ~OHOB 3neKTPOHH~M~ KOnbUaM~, n03BOnR~~aR o6o~T~ yKa3aH-
Hble TPYAHOCT~. r--~---
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II. nPHHUHnHAflbHA~ CXEMA YCKOPHTEfl~ 

HanoMHHM BKpaT~e cyTb npeAno~eHHoro s 14,5/ cnoco6a ycKopeHHH. 
C$opMHposaHHOe B aAre3aTope 3neKTPOHHoe KOnb~o 3arpy~aeTCH 
HOHaMH H YCKOpHeTCH B CTaTHueCKOM cnaAa~eM MarHHTHOM none 
B ~) . rpaAHeHT MarHHTHOrO nonH B~6HpaeTCH c yueTOM Tpe6o8aHHH 
y~ep~aHHH HOH08/2/: 

ro 
2 

aBz<k~+lf 2leiNe 
az ~ 11{3(} r (a + a ) ' o r z 

- /1 I 

rAe r 0 - paAHYC KOnb~a, ar, z - nonyocH ero nonepeuHoro ceueHHH, 
f = ZN 1;N e - ¢aKTOP 3aPHA08oi1 H:i1TpanH3a~HH, ~ = mn ANi /me yN 6 -

¢aKTOp 3arpy3KH, xapaKTepH3Y~~HH OTHOCHTenbHOe YTH~eneHHe KOnb
~a, f3 (} H y - a3HMYTanbHdH CKOPOCTb /8 eAHHH~aX CKOpOCTH C8eTa 
c I H penHTM8HCTCKHi1 ¢aKTOP A8H~eHHH 3neKTPOH08, m 8,n- Mace~ 

3neKTPOHa M HyKnOHa, k = 0, 25 -7 0, 33 - K03¢¢H~MeHT 3anaca, N i -

4HCnO HOH08 8 KOnb~e. 

npoi1AH yuaCTOK ycKopeHHH, 3neKTPOH-HOHHOe KOnb~O nonaAaeT 
8 o6nacTb 6~cTpo HapacTa~~ero MarHHTHoro nonH /MarHHTHoe 3ep
Kano/, rAe ycn08He YAep~aHMH /1 I HapyweHo. HoHbl 11 8biTPHXH8a~TCH 11 

H3 3neKTPOHHOrO KOnb~a, KOTOpOe, OTpa3H8WHCb OT 11 3epKana 11
, 

8038pa~aeTCH 8 T04KY CTapTa, rAe 8H08b 3arpy~aeTCH HOHdMM. 
3HeprHH 3neKTPOH08, 3aTpaueHHaH Ha yCKOpeHMe ~OH08, nononHHeTCH 
npH nepHOJlH4eCKOM nDOXO~lleHMH KOilh llrl UPnP~ nP"'nl-l-"'Tn~ /4/. lA noA wo 

8HXpe80i1 3. A. C. , C03Aa8aeMOi1 pacTy~HM MarHHTHbiM noneM 8 11MdHH
nynHTOpe11/5/, KOTOp~i1 OAH08peMeHHO Cny~HT AnH OCTdH08KM KOnb~a 
c ~enb~ 3arpy3KH ero HOHaMH. 

noMHMO TPYAHOCTei1, C8H3dHH~X C nepeX8aTOM KOnb~a MdHMnynHTO
poM, AaHHaH cxeMa o6naAaeT HeAOCTaTKaMH, Aena~~HMH ee ManonpH
rOAHOi1 AnH ycKopeHHH TH~enbiX HOH08: AOnH 3HeprHH 3neKTPOH08, 
nepeAaHHaH HOHaM, AOn~Ha 6~Tb Mana, 4TO orpaHH4H8deT 4MCnO 
HOH08 8 KOnb~e 3HaueHHHMH $ 10 11 /A; AnH KOHKypeHTOCnOC06HOCTM 
c OAHopa3o8oi1 cxeMoi1 ycKopeHMH uacToTa "KauaHHi1" KOnb~a AOn~Ha 
6~Tb 8enHKa I -100 Kr~/, uTo He no380nHeT AOCTHub 8~COKHX 3a
PHAHOcTei1 HOH08 H 8~HY~AaeT pe3KO y8enH4H8dTb AnHHY YCKOPHTenH. 

CHTya~HH 3Ha4HTenbHO o6neruaeTCH, ecnH OTKa3aTbCH OT Tpe-
608aHHH ManOCTH nepeAaHHOi1 HOHaM 3HeprHH H AOnyCTHTb 60nbWHe 
3HaueHHH ¢aKTopa 3arpy3KH ~ » 1 • YMeHbWeHHe uacTOTbl KauaHHi1 
KOMneHCHpyeTCH npH 3TOM y8enH4eHHeM 4HCna HOH08 8 KOnb~e.0TAd8 

3Hd4HTenbHY~ AOn~ 3HeprHH HOHaM, 3neKTPOHHOe KOnb~O 6yAeT 
co8epwaTb Kone6aHHH c Manoi1 /no cpa8HeHH~ c AnHHoi1 ycKopeHHH/ 
aMnnHTYAOi1 Ha AHe MarHMTHoi1 noTeH~HanbHoi1 HMbl. BepHyTb ero 
8 T04KY CTapTa MO~HO C nOMO~b~ HCKYCCT8eHHOi1 3aMeAnH~~ei1 nMHHH, 
no aHanorHH c pa6oToi1 8~CoKO~HKnHuHoro KOMnpeccopa 161 • BHxpe-
8aH 3.A.C., C03Ad8aeMaH pacnpOCTpaHH~~HMCH no nHHHM HMnynbCOM 
TOKa, y8enH4H8aeT 3HeprM~ 3neKTpOH08, nonHOCTb~ KOMneHCHPYH 

2 

PHc.l. CxeMaTH~ecKHli BH~ ycKo
PHTenH /rrOHCHeHHH B TeKCTe/. 

3aTpaTbl Ha YCKOpeHHe HOH08 - 8 3TOM Hecno~HO y6eAHTbCH, HCXOAH 
H3 3aKOHa COXpaHeHHH o6o6~eHHOrO MOMeHTa KOnH4eCT8a A8H~eHHH. 
B8HAY Manoi1 CKopocTH 80nHbl 8 nHHHH I v ¢/ c ::; 1 0 -s I o6ecneueHHe 
aAHa6aTH4HOCTH nepeX8dTd KOnb~a 8 o6naCTH CTapTa He H8nHeTCH 
npo6neMoi1. 

CooT8eTCT8Y~~aH cxeMa ycTaH08KH npeAcTa8neHa Ha pHc. 1. 
3neKTPOHHoe KOnb~o, c¢opMHP08aHHoe 8 aAre3aTope 1 IAHHaMHuecKoro 
HnH CTdTH4eCKOrO THna/ 3arpy~aeTCH HOHdMH H 8biAeP~H8deTCH 8 113a
ne O~HAdHHH 11 2 8 TeueHHe 8peMeHH, He06XOAHMOrO AnH AOCTH~eHHH 
Tpe6yeMoi1 3dPHAHOCTH HOH08. 3aTeM cpa6aT~8a~T 8CTpe4H0-8Kn~
ueHH~e CTdPT08~e 8HTKH 3, CHHMa~~He MarHHTH~i1 noTeH~HanbH~i1 
6apbep H 8~TanKH8a~~He 3neKTpOHHO-HOHHOe KOnb~O 8 o6naCTb cna
Ad~ero MarHHTHoro nonH, C03Aa8aeMoro /c8epxnpo80AH~HM/ cone
HOHAOM 4. BHyTpb COneHOHAd noMe~eH~ 8HTKH 5 H eMKOCTH 6 HCKyc
CT8eHHOi1 3aMeAnH~~ei1 nHHHH, 8038pa~a~~ei1 KOnb~O 8 HCXOAHOe 
COCTOHHHe nocne Cenapa~HH 3neKTpOH08 H HOH08 8 none OTpa~a~~HX 
BHTK08 7 · Pa3pe3aHHble 3KPdHbl 8 THna 116enH4be KOneco 11 /7/ cny~aT 
~-~~ ::::::::~·::::;::~;:;;~~; ;:,,-,._" • fJUMUt> IIUL.Jlt:: cenapa~HH H yMeHbWeHHH 3Hep
rHH C8H3H 3neKTPOHHOi1 H HOHHO~ KOMnOHeHT KOnb~a. no8TOpHaH 
3arpy3Ka KOnb~a HOHaMH MO~eT OCy~eCT8nHTbCH KaK cpa3y.nocne 
cenapa~HH, TaK H 8 ''3ane o~HAaHHH 11 • B nocneAHeM cnyuae 3neKT
poHHoe KOnb~o, AnH ycHneHHH ¢oKyCHPY~~ero Aei1CT8HH H3o6pa~~HHi1, 
AOn~HO pacnonaraTbCH AOCTaT04HO 6nH3KO K AH3neKTpHueCKOi1 8dKyyM
HOi1 Tpy6e 9 C dHH30TpOnHo-npOBOAH~HM noKp~THeM. 

HHMe 6YAYT pacCMOTpeH~ CneAY~~He 80npoc~, OTHOCH~HeCH K AaH
HOi1 CXeMe 3neKTpOHHO-KOnb~e80rO uenH04HOrO YCKOpHTenH TH~enbiX 
HOH08 /3K4YC/: Tpe6o8aHHH Ha reoMeTpH~ CTdTH4eCKOrO MarHHT
HOro nonH; H3MeHeHHe nonepeuHoro ¢a3o8oro o6oeMa KOnb~a npH 
OTpa~eHHH; Tpe608dHHH Hd napaMeTp~ HMnynbCHOi1 nHHHH; yCTOi1uH-
80CTb 3neKTPOH-HOHHOrO KOnb~a; npHH~HnHanbHO AOCTH~HM~e napa
MeTp~ HOHHOro nyuKa Ha 8~XOAe yCKOPHTenH. 

III. YCKOPEHHE H CEnAPAUHR 3flEKTPOHHOn H HOHHO~ KOMnOHEHT 
KOflbUA 

1. YcKopeHHe 3neKTpoH-HOHHoro KOnb~a s cnaAa~eM MarHHTHOM 
none paccMaTpH8anocb 8 pa6oTe 1B1.HcXOAH H3 coxpaHeHHH o6o6~eH
Horo MOMeHTa, dAHa6aTH4HOCTH paAHdnbHOrO A8M~eHHH 8 none C Man~M 
rpaAHeHTOM H COXpaHeHHH nOnHOi1 3HeprHH 6~n Hai1AeH 3aKOH H3Me
HeHHH paAHYCd KOilb~a 

.3 



................... -------------------------------
r 0 ( z) = r in. v B z in I B z(z) 

~ nPOAOnbHO~ 3Hepr~~ 

/2/ 

e + 1 ;3; 
Yz = ' g + v B z(z) /Bz in 

(1 {3 2)-1/2 V - c{3 - eKopoeTb aKe~anbHOro AB~>KeH~R rAe Yz = - z ' z- z , 
KOnb~a KaK ~enoro, e - $aKTOP 3arpy3K~, eoOTBeTeTBY~~e~ Ha4anb-
HOMY 3Ha4eH~~ 3Hepr~~ 3neKTPOHOB. np~ e>>1 AB~>KeH~e KOnb~a ey

~eeTBeHHO HepenRT~B~eTeKoe: 

~'~ 2 = .!(1- Ja (z)/B ·n) 
1-'z e Z Z I . 

/4/ 

no Mepe yeKopeH~R paA~Ye KOnb~a ~ era Man~e pa3Mep~ ysen~-
4~Ba~TeR, TaK 4To YAeP>K~Ba~~aR ~oH~ e~na naAaeT nponop~~oHanb
HO r -2 (z) . Tpe6yR eoOTBeTe T BY~~ero yMeHbWeH~R B r =- 0,5 ro aBZ I az. 
~ 3 /~/ nony 4~M onT~ManbHY~ 3aB~e~MOCTb HanpR>KeHHOeT~ MarH~THOrO 
nonR OT paeeTORH~R: 

) -2 
B z (z) = Bz in (1 + K z . 

PaA~Ye KOnb~a B 3TOM eny4ae RBnReTeR n~He~HO~ $YHK~~e~ 
4~HY K onpeAen~M ~3 yenos~R YAep>KaH~R /1/: 

K = kf 2v 

f3;y ain 

/5/ 

z. Ben~-

/6/ 

rAe 11 = el:! N 1277 r m c i! - napaMeTp oyAKepa. A.n~Ha yeKopeH~R, 
He06XOA~MaR e AnR ~OeeT~>KeH~R 3aAaHHO~ eKopoeT~ V z = cf3z • cor naCHO 

/4,5/, pasHa 

f ace 

CQ2Z 1=(32 .,,_.. __ "'_z )-1 
--·(1 
2K 2 

171 

N 0 e ~R eTpeM~TeR K no-HeTPYAHO B~AeTb, 4TO np~ 1 -> An~Ha yeKop H 
eTORHHOMY npeAeny /nponop~~OHanbHOMY OTHOWeH~~ 3Hepr~~S~OHOB 
K YAeP>K~Ba~~e~ e~ne/. A.nR T~n~4HbiX napaMeTpos Ne = 1 0 , r o = 
= 4 eM, ain = 0,2 eM, Z/A = 0,08, nonaraR k = 0,25 ~3 /6,7/ 
nony4~M, 4TO np~ Man~x e AnR AOeT~>KeH~R 3Hepr~~ ~OHOB 
10 M3B/HyKnoH lf3z= 0,15/ Tpe6yeTeR An~Ha face~ 8 M. AonyeKaR 
YABOeH~e paA~yea KOnb~a np~ yeKopeH~~. nony4~M $aKTOP 3arpy3K~ 
e = 50 ~ f = 15 M. 4~eno ~OHOB ypaHa B KOnb~e np~ Yin = 25 
pasHo N i = 3c.c1 0 10 , $aKTOP He~Tpan~3a~~~ f = 0, 06. 

2. npo6neMa OTAeneH~R yeKopeHH~X ~OHOB OT 3ne~TPOHHOrO KOnb
~a 6e 3 YXYAWeH~R ero napaMeTpos RBnReTeR Kn~4eso~ AnR exeM~ 
4enH04HOro ycKopeH~R. Pe3KOe ~3MeHeH~e >KeeTKOeT~ $oKye~posK~ 
np~ e6poce ~OHOB s~3oseT nynbea~~~ Man~x pa3Mepos Konb~a ~. 

/5/ 
B KOHe4HOM e4eTe, ysen~4eH~e 3M~TTaHea 

4 

J 

np~ MrHOBeHHOM ~3MeHeH~~ 4aeTOT~ OT 3Ha4eH~R 11
1 

AO 112 poeT 
3M~TTaHea, onpeAenReMoro 4epe3 epeAHeKBaAPaT~4H~e pa3Mep~ 
KOnb~a, AaeTeR eoOTHOWeH~eM 191 : 

F2 1 111 112 
- =-(- +-), 
F1 2 v2 v1 

/8/ 

noKa3~Ba~~~M, 4TO eKa40K 4aCTOT AOn>KeH 6b1Tb no B03MO>KHOeT~ M~-
H~ManbHbiM. 

BHewHee MarH~THoe none o6eene4~BaeT 3$$eKT~BHY~ $oKye~posKy 
3neKTPOHOB no paA~yey, n03TOMy OeHOBHO~ npo6neMO~ RBnReTeR 
ysen~4eH~e 4aeTOTbl aKe~anbHbiX KOne6aH~~ 3neKTPOHOB B OTeyTeTB~e 
~OHOB. Ee MO>KHO peW~Tb, ~enonb3YR $OKye~py~~~e eso~eTBa 3KpaHa 
"6en~4be Koneeo 11 171. Een~ OTHoweH~e paA~yeos 3KpaHa (r

8
c) ~ KOnb

~a (r 0 ) 6n~3KO K eA~H~~e, TO OTHOe~TenbH~e 4aeTOT~ KOne6aH~~ 
noene e6poea ~oHos np~6n~>KeHHo pasH~ 

2 11 z2 
2 

11
r2 

lrsc -rol 
g=2---- /9/ 

4aeTOT~ Kone6aH~~ AO eenapa~~~ s eny4ae KOnb~a Kpyrosoro ce4e
H~R paA~yea a 0 ~Me~T TOrAa B~A 

11 2 = 11 2 + Q2 
1 9 <>i 

1 
n • a 

a· 
11 n 1 

PaccToRH~e AO 3KpaHa cneAyer s~6~paTb so3MO>KHO MeHbW~M /He Ha
pywaR np~ 3TOM yenOB~R KOrepeHTHO~ paA~anbHO~ yeT0~4~BOCT~ 
211~ < 1 /. 

B peanbH~x yenos~Rx poeT 3M~TTaHea Mo~eT 6~Tb KaK MeHbwe, 
raK ~ 6onbwe, 4eM cneAyeT ~3 /8/. ReHo, 4TO AnR yMeHbWeH~R 
HeaA~a6aT~4HOeT~ KpyT~3Ha MarH~THO~ 11 ropK~ 11 He AOnlKHa 6b1Tb 
cn~wKOM 6onbwo~. C APYro~ eropoH~, np~ ManoM rpaA~eHTe npo~eee 
pa3AeneH~R 3aTRr~saeTeR, 3neKrpoH~ AOnbwe eneAY~T 3a ~oHaM~, 
~en~T~BaR ~x Ae$oKye~py~~ee /noene pa3AeneH~R/ sn~RH~e. KpoMe 
TOrO, ~OH~ ycnesa~T OTAaTb 4acTb 3Hepr~~ 3neKTPOHaM, 4TO 
ysen~4~BaeT aMnn~TYAY aKe~anbH~x Kone6aH~~ KOnb~a noene eenapa
~~~. 04eB~AHO, 4TO Cy~eeTByer OnT~ManbHOe 3Ha4eH~e rpaA~eHTa 
MarH~THoro nonR 1 13epKana 1 1

, np~o~ KOTOPOM ysen~4eH~e aKe~anbHoro 
3M~TTaHea 3neKTpOHOB np~ OTPa>KeH~~ M~H~ManbHO. 

npo~eee pa3AeneH~R KOMnOHeHT MOAen~posaneR Ha 38M e ~enonb-
30BaH~eM np~6n~>KeHH~x ypasHeH~o~~, nony4eHH~x s npeAnono>KeH~~ 

nOeTORHeTBa pa3MepOB ~OHHOrO KOnb~a ~ eKOpOeT~ ero AB~>KeH~R: 

5 
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2 
Yzl 

+--' 
~3 

/11/ 

rAe BBeAeHbl 6espa3MepHble nepeMeHHble ( = (z - z min ) I r o , z min 

T04Ka MI-1HI-1MYMa MarHI-'ITHoro nonH, Bo=-m 8 c 2,B0 yler 0 , r = votlr 0 , 

~ = azla
0

,0AHOBpeMeHHO KOHTP0111-1POBaJlOeb I-13MeHeHI-1e paA1-1aJlbHOro 
pa3Mepa 1-1 60JlbWOro paA1-1yea 3JleKTPOHHOrO KOJ1b4a. 

0nTI-1MaJlbH~e yeJlOBHH OTpameHI-'Ifl HeKaJlHeb AJlfl ene41-1aJ1bHOA KOH$1-1-
rypa41-11-1 MarHI-1THoro nonH: 

Bz = B 0 (1 + ~316- nt;'x), Br =-B 0nt;'
2
12. 1121 

rAe x = (r- r 
0

) I r 
0

, HaAAeHHble np1-1 ,B z= 0,15 3Ha4eHHH 1-1HAeKea no
Jlfl n, eOOTBeTeTBY~~i-'le MHHHMaJlbHOMY poeTy aKel-1aJlbHOrO 3MHTTaHea, 
xopowo annpoKei-1MI-1PY~Tefl $OPMY110A 

6/2 
vw 

nopt = --- · 
3v'-;;-

/13/ 

Yeenl-14eHI-1e epeAHeKBaApaTI-14Horo pasMepa np1-1 n = nopt onpeAeJlHeTeH 
3Ha4eH!-1eM OTHOWeHI-1fl p = Q2 ./v 2 =fg 2la 2 1-1 ena60 3aBI-1ei-1T OT APYrHX 

e1 w 
napaMeTpoe. PesyJlbTaT~ pae4eTa, npeAeTaeneHH~e Ha p1-1e.2, no-
Kas~ea~T, 4TO np1-1 n =nopt poeT aKeHaJlbHOro pa3Mepa np1-1 oTpameHI-11-1 
K01lb4a e MarHI-'ITHOM none paeeMaTp!-leaeMoA reoMeTpl-11-1 B 2 -7- 3 pasa 
HHme, 4eM npl-1 MrHOBeHHOM I-13MeHeHI-1~ 4aeTOT~ lenJlOWHafl KPI-1BaHI. 
YBeJlH4eHH~ epeAHeKBaApaTI-14HOrO pa3Mepa Ha 1/o eOOTBeTeTByeT 
p= 1, AJlfl 3TOrO npl-1 f = 0, 06 Tpe6yeTefl g ~ 4a, TO eeTb paeeTOHHHe 
AO 3KpaHa He AOJlmHo npeeoeXOAHTb YABOeHHoro Manoro pasMepa 

KOJ1b4a. 
HeeMOTpfl Ha MaJlOeTb OTHOei-1TeJlbHOro I-13MeHeHI-1fl MarHI-1THOrO nOJlfl, 

2 -2 
AeAeTBY~~ero Ha 3JleKTpOHbl I L1B / Bz = ,Bz 12 = 1 0 I, aAHa6aTI-14HOeTb 

_I_ 
•-F•O.OS 
•- F' 0,10 
o-F•0.15 

0,08 

I 
I 

I •/ 

0,06 

0.04 

j_ ·' I 

j/ 
I 

y• 
0,02 

0 

6 

I 
• I 

'I 

' i 

2 

I 
I 

)I 
I 

/ 
I 

/0 

-~ 

3 p 

paAI-1a1lbHoro ABHmeHHH 3JleKTPOHOB 
npl-1 OTpameHI-11-1 HapywaeTCH, 4TO 
npHBOAI-1T K B036ymAeHH~ KOrepeHT
H~X KOJle6aHHA epeAHero paA1-1yea 
K01lb4a e aMnJli-1TYAOA 

PHc. 2. Heo6paTHMoe YBeJIW'IeHHe 
aKcHanhHoro cpegHeKBagpaTHqHoro 
pa3Mepa 3neKTpOHHOrO KOnb~a ITpH 
cerrapa~HH. CrrnomHaH KPHBaH cooT
BeTCTByeT CKaqKoo6pa3HOMY H3Me
H8HHID MarHHTHOrO ITOnH, ITYHKTHp
HaH - MarHHTHOMY rroniD OITTHManb
HOH reoMeTpHH. 

/14/ 

3a epeMH, o6paTHO nponOP41-10Ha1lbHoe pasGpoey 4aeTOT o6pa~eHHH 
3JleKTPOHOB, 3HeprHH KOrepeHTH~X KOJle6aHI-1A nepeKa4HBaeTefl B He
KOrepeHTHOe ABI-1meHI-1e 3JleKTPOHOB, B~3~Bafl poeT epeAHeKBaAPaTI-14-
HOrO paAI-1aJlbHOrO pa3Mepa ee4eHI-1H KOJlb4a/9/ Ha BeJll-141-lHY 

11ar j L1r 2 
- = l +(-) -l. 
ao ao 

/15/ 

,[\Jlfl Tl-1ni-14H~X napaMeTpoe ye KOPHTeJlH n opt = 0, 2 1-1 £1r I a 0 - 1 , 4TO 
noKa3~BaeT HeOUXOAI-1MOeTb BBeAeHI-1fl AOnOJlHHTeJlbH~X BI-1TKOB 1-1111-1 
e~eoKOBOJlbTH~x 3JleKTPOAOB AJlfl KOMneHea41-11-1 H3MeHeHHH Bz' 

npl-1 60JlbWOM TOKe B 3JleKTpOHHOM KOJlb4e B Ka4eeTBe OTpama~~ero 
MOmHO !-1enOJlb30BaTb naeei-'IBH~A 3JleKTPH4eeKH I-130JlHPOBaHH~A BHTOK 
1-1111-1, A11H yMeHbWeHHH £1Bz,eHeTeMy naee1-1sH~x BHTKOB /pHc.1/. ToK, 
B036ymAaeM~A B BHTKe npH6JlHma~~HMCH K0Jlb40M, B COOTBeTCTBI-11-1 
C npaBI-1JlOM neH4a TOPM031-1T KOJlb40, H npH 

/16/ 

rAe rm- PaAHYe BHTKa, AOeTaT04eH AJlfl OTpameHHfl. 
Oc:HORHOP nnPLAMYIIIPrTRf"'\ n;:arrtAcuL.ev DIATLJ'C'!? - ~~~":':.'~~.:::~ 

a31-1MyTaJlbHOA eHMMeTpl-11-1 e03AaBaeMoro HMI-1 nOJlfl H3-3a OTCyTeTBHfl 
nOABOAOB. 

3HeprHH aKeHaJlbHOrO ABHmeHHH 3JleKTPOHHOrO KOJlb4a yBeJli-141-1-
BaeTefl np1-1 eenapa41-11-1, KaK noKa3~Ba~T pae4eT~, He3Ha4HTeJlbHO 
/10~ 20%/. C6poe1-1e HOH~, K01lb40 eoeepwaeT Kone6aHI-1H e aMnni-1-
TYAOA £1z = raccf.;,KoTOPble raeHTefl BeJleAeTBI-'Ie OMH4eeKHX noTepb 
B JlHHI-11-1 1-1 3KpaHaX. nepeKa4Ka 3HeprHH B HeKorepeHTH~e KOJle6a
HHH He npoHeXOAHT, TaK KaK eOOTBeTCTBy~~l-1e 4aeTOT~ eHJlbHO 
pa3HeeeHbl. 

IV. HMnYnbCHAH nHHHH 

Bo3Bpa~eHHe 3JleKTPOHHOrO KOJlb4a B HeXOAHOe COeTOHHI-1e npOI-13-
BOAHTCfl 6ery~ei1 MarHI-'ITHOA "npo6Koi1 11

, e03AaBaeMOi1 TOKaMH B Bi-'IT
KaX HeKyCeTBeHHOA JlHHI-11-1 /lO/. 3KBHBaJleHTHilfl exeMa OAHOrO 3JleMeH
Ta JlHHHH noKa3aHa Ha p1-1c.3. 

B~6op OeHOBHbiX napaMeTpOB AOJlmeH o6eene4HBaTb He06XOAHMY~ 
Hanpflm~HHOeTb paAHaJlbHOi1 KOMnOHeHTbl HMnyJlbCHOrO MarHI-1THOro 
nonfl (Br) B KOH4e nHHHI-1 /Ha4ane y4aeTKa ycKopeHI-1H, rAe 
rPilAHeHT CTaTH4eeKOrO nOJlfl MaKeHManeH/, AJlfl 4ero HymHa 3$$eKTHB
Hafl eBH3b Bi-'ITKOB Jli-'IHI-11-1 e K0Jlb40M 1-1 MaJlOCTb OMI-14eeKHX noTepb 
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h PHc.3. 3KBHsaneHTHaH cxeMa H B03Mo~

HOe HCllOJ1HeHHe O,IJ;HOI'O MO,!l;YJ1H 3aMep;nmo

~eH J1HHHH! I - BHTOK HMllYJlhCHOI'O 

Mai'HHTHOI'O llOJ1H; 2 - OCHOBHOH KOH,IJ;eH

caTOp CO ; 3 - WYHTHPYIO~H KOHp;eHCaTOp 

C1; 4,5- llOBepXHOCTH 3J1eKTpHqecKOI'O 

KOHTaKTa M~Y MO,IJ;YJ1HMH; 6 - ~HJ1HHp;pH
qeCKHfl oopaTHhiH TOKOllpOBOp;, 

~ ~aso8~x ~cKameH~~ ~Mnynbca. B cny4ae rapMOH~4ecKoro c~r

Hana 

Br(z,t) 
c 

a 
az Re 

if; ( z - v <Pt) + 2rrmz 
l exp[i ]g(l¢ + 2rrml), 

m=-oo h 
/17/ 

rp;e h - war n~H~~. ¢- ~a308~~ cp;8~r TOK08 8 cocep;H~x 8~TKax, 
Tn- !lMnniAT\/nUf""\0 ~U~IJOUIAO Tr"\U''"'I .,1- m...,...,,....n ..... ,.., ,..,, .......... ,.....,..,..., 

.... --, '\.f-1 ..,..------· -·~-r---·-

Ko3¢~~~~eHT ca~a~ g onpep;en~eTc~ 8~paMeH~eM 

4rrr c I (..!.. r /h) K 1 (rf;b/h) 
g(¢) =-h-I1(¢ro/h)[K1(¢rc/h)- 1'+' ], 

c I 1(¢b/h) 
/18/ 

rp;e r c ~ b - pap;~yCbl a~TK08 ~ Komyxa /p~c. 3/, 11 (x) ~ K1 (x) -
MOA~~~~~po8aHHan ~YHK~~~ 6eccen~ ~ ~YHK~~~ MaKp;oHanbp;a. 

HaMepeH~~ H pac4eT~,8~nonHeHHWe 8 C8~3~ C paapa60TKO~ BWCOKO
~HKn~4HOrO ap;reaaTopa 1111, 8W~8~n~ cy~ecT8eHHo He6naronpH~THOe 
Bn~~HHe OMH4eCK~X noTepb H C06CTBeHHO~ HH,IJ;YKTH8HOCTH KOH,IJ;eHca
TOp08 Ha pacnpocTpaHeH~e HMnynbca. ManOCTb napa3~THWX HH,IJ;yKTHB
HOCTe~ H conpoT~aneHH~ n~HH~ MOmHo o6ecne4HTb, ecn~ n~H~~ co6-
paHa ~3 Mop;yne~, cxeMaTH4ecK~~ 8HA op;Horo H3 KOTop~x npep;cTa8-
neH Ha pHc.3. Torp;a ~cKameH~~ HMnynbca onpep;en~~Tc~, 8 ocHo8-
HOM, 4aCTOTHO~ p;HcnepcHe~ acnep;CTBHe ~HAYKTHBHO~ CB~3~ Memp;y 
BHTKaM~. CTeneHb HCKameHH~ yep;~HeHHOrO ~Mnynbca XapaKTePH3yeTC~ 
napaMeTpOM 

4¢ 3 face 
TJ = K(-Q-) 

1T h 
/19/ 
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rp;e cP O - ¢a308bl~ C,!l;8Hr Ha OCHOBHO~ 4aCTOTe, K - K03~~~~~eHT 

,!l;HCnepC~H, 8en~4~Ha KOTOporo 3aB~CHT OT reoMeTp~4eCK~X COOTHO
weH~~ 8 n~H~~ ~ MOmeT 6b1Tb yMeH!!_WeHa eMKOCTHO~ WYHT~p08KO~ /10/. 
nap;eH~e MaKC~ManbHoro 3Ha4eH~~ Br p;n~ ~Mnynbca raycC080~ ~opMbl 
cocTa8n~eT np~ TJ = 2 np~6n~3~TenbHO 1101 17%. 

An~ y8en~4eH~~ Br np~ ~~Kc~po8aHHOM TOKe cnep;yeT, cornacHo 
/17,18/, y8en~4~8aTb ~a3o8~~ cp;8~r ~ yMeHbWaTb war n~H~~ h, 
op;HaKo np~ 3TOM 80apacTa~T <)>a308ble ~cKameH~~. C~Tya~~~ e~e 

6onee ocnomH~eTc~ np~ y4eTe TOPM03~~ero p;e~CT8~~ TOK08, 8oa-
6ymp;aeM~x KOnb~OM. MarH~THOe none 3T~X TOK08 8 YCTaH08~8WeMC~ 
pem~Me p;aeTC~ COOTHOWeH~eM 

rP 4 r (¢) r (¢) d¢ 

4sin 2¢/2. [(vz/v<P(¢))2-1]2+ ,2(¢) 
/20/ 

rp;e lr - TOK B 3neKTPOHHOM KOflb~e, r = ¢vzRC0/(4h Sin 2¢/2) ,R-
3~QeKT~aHoe conpoT~aneH~e 1101 op;Horo Mop;yn~ n~H~~ Ha 4aCTOTe 
w = ¢vz/h, L - ~HAYKT~BHOCTb Mop;yn~ c y4eTOM Mem8~TK080~ C8~3~ 
~ 3KpaH~po8aH~~ KomyxoM 1101. Y8en~4eH~e K03<!>~~~~eHTa c8~3~ g 
~ CH~meH~e OM~4eCK~X noTepb ~ p;~cnepc~~ <)>a3080~ ~KOPOCT~ np~-

80,!l;~T, cornacHo /20/, K 803pacTaH~~ noTepb Ha 8oa6ymp;eH~e n~H~~. 
Bw6op onT~ManbHWX napaMeTpo8 n~H~~ c y4eTOM 8cex Tpe6o8aH~~ 

~8n~eTc~ cnomHo~ sap;a4e~, He 8XOA~~e~ 8 Haw~ ~en~. np~H~~n~anb

Hy~ pean~3yeMOCTb TaKoro 8W6opa npop;eMOHCTp~pyeM Ha KOHKpeTHOM 
nniAMPnP n~/rTL. n::~~=:auOT~~~ n ~'.:.'~-~~~ -~~~~~~~~~ "':'".:::~:;=:_,:: !: ': ,:;.~, 

r c = 1 0 eM, b = 14 eM, c0 = 0, 14 MKct>. CooT8eTcTay~~~e 3Ha4eH~~ 
c)Ja3080~ CKOPOCT~ Vcpo /c =h/yLCo=5·10-4 ~ 80nH080rO conpOT~8-
JleH~~ Z w = 2 OM. A~cnepc~~ ~a3080~ CKOpOCT~ np~ paan~4HbiX 3Ha-
4eH~~X OTHOWeH~~ C1 /C 0 noKa3aHa Ha p~c. 4. 3Ha4eH~~ Cr/C o= 0, 22 
COOTBeTCT8yeT K = 0, 33. 3a8~C~MOCTb ~HAYK~~~ MarH~THO-

:€:. 
1,2 

ro non~ Ha8ep;eHHWX TOK08 OT CKO
pOCT~ p;8~meH~~ Konb~a np~ r 0 = 
= 4 eM, Ir = 1,9 KA noKa3aHa Ha 
p~c.S. Ha rpact>~K08 cnep;yeT, 4TO 
B~et MomeT Ha nop~p;oK npe8ocxo
A~Tb pap;~anbHY~ KOMnOHeHTy CTa
T~4eCKOro non~ /pa8Hy~ 8 Ha4ane 
y4aCTKa YCKopeH~~ 30 lc/. 

PHc,4, 3aBHCHMOCTh OTHOCHTeJlbHOH 

¢a30BOH CKOpOCTH BOJ1Hbl B J1HHHH 
OT ¢a30B0£0 C,IJ;BHI'a llpH pa3J1Hq

Hh!X OTHOmeHHHX K E = c
1
1c

0
: I -

K E = 0; 2 - K E = 0, 22; 3 - K E 
=0,44; 4 - KE = 0,66; 5 - KE = 

= 0,88. 
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PHc.S. 3aBHCHMOCTb TOpM03fl~ero MarHHT
Horo llOnfl HaBeAeHHb~ B nHHHH TOKOB 
eretoT CKOpOCTH ABH~eHHfl KOnbna V r ..., z· 

npH TeX ~e, ~TO H Ha pHc,4, 3Ha~eHHflX 

K E' ' - Vz = Vcp(¢),npH ¢ 0,2, e -
vz = v <Po (0,2) - o,oJ. v <Po. 

AMnnHTYAHOe 3Ha4eHHe HMnynbcHoro 
TOKa, He06XOAHMOe AnH KOMneHCa4HH 
3~~eKTa Harpy3KH, MOmHO cy~eCTBeHHO 
YMeHbWHTb, ecnH OTKa3aTbCH OT Tpe6o
BaHHH T04HOH CHHXPOHHOCTH ABHmeHHH 
KOnb4a H TOKoeoro HMnynbca, 4TO AOnyc-

0' '"'~,I;,, THMO BBHAY KOHe4HOrO BpeMeHH B3aHMO-
AeHCTBHH, noaeonHH HMnynbCy 11 npo

CKanb3biBaTb11 OTHOCHTenbHO KOnb4a Ha ~a3y IT/4, npH ¢o = 0,2 
nony4HM (Vz,:-Vq)/Vcp=-1Th/(4<f>ofacc)"' -10-2 • Ha pHc.5 COOTBeTCT
BYIOIJIHe TaKOH CKOPOCTH T04KH OTMe4eHbl KpymKaMH. npH C /C = 0 22 
sret=15 rc. 1 2 ' 

r 
Tenepb MOmHO 04eHHTb Heo6XOAHMble 3Ha4eHHR TOKa H HanpHmeHHH 

B nHHHH, nonaraH ~r B T04Ke KOnb4a paBH~M 0,71 OT MaKCHManbHQ
ro, e cny4ae CHHycOHAanbHoro cHrHana nony4HM cneAYIOIIIHe aMnnHTyA
Hble aHa4eHHH e KOH4e nHHHH lor = 3, 5 KA, Dor = 7 KB. 

npH OnpeAeneHHH COOTBeTCTBy~~HX 3Ha4eHHH Ha BXOAe nHHHH 
~~~Ho Y4eCTb CHHmeHHe rpaAHeHTa TOKa, onpeAenH~~ero Br ,ecneA-
"' .,.,_, VM~'"""''-'""" r IU I t'IJb 1'1 A1'1CnepcHH' a TaK>Ke H3MeHeHHe BOnHOBoro 
ConpOTHBneHHH. ,£VlH napat1eTpOB Ha BXOAe nHHHH h = 4 CM, r c = 15 CM, 
b = 19 eM, Co = 0, 09 MK<I> I Z w = 3 OM/ nony4HM I 

01 
= 4 KA, 

Dol =12 KB. 4acToTa cHrHana npH e~GpaHH~x napaMeTpax pasHa 
120 Kr4, anHTenbHOCTb nonyeonHbl TOKa r = 4 MKC, MaKCHManbHOe 
3Ha4eHHe Br AnH yeAHHeHHoro HMnynbca npHMepHo BABoe HH>Ke, 
lleM AnH rapMOHH4ecKoro npH TOH me aMnnHTYAe TOKa. B peaynbTaTe 
nony4HM I 01 = 8 KA, D01 = 24 KB, 3HeprHH, aanaceHHaR e HMnynbce 
W 0 = 0, 5 K/,l>K. 

npHBeAeHH~e napaMeTpW THnH4H~ AnH HMnynbCHWX CHCTeM yCKOpH
TeneH, HX AOCTH>KHMOCTb He BW3WBaeT COMHeHHH. noA4epKHeM e~e 
pas, 4TO OHH He HBnH~TCH, KPOMe TOrO, OnTMManbH~MM. 

V. YCT0~4HBOCTb 3nEKTPOH-HOHHOrO KOnbUA 

B 3KcnepMMeHTax no ~OPMMpoeaHM~ M ycKopeHM~ 3neKTPOHHo-
M /2,8,12/ 6 OHHWX KOne4 ~n 3a~MKCMpOBaH PHA HeyCTOH4MBOCTeH, 
npMBOAH~Mx K YXYAWeHH~ napaMeTpoe Kone4. HaM6onee >KeCTKMe orpa
HH4eHMH Ha napaMeTp~ C>KaTOrO KOnb4a CBH3aH~ C·B03MO>KHOCTb~ 
pa3BHTMH HeYCTOH4MBOCTH OTPM4aTenbHOH Mace~ /8/ /caMo6aH4MpOBKH 
KOnb4a/ M AHnOnbH~X 3neKTPOH-HOHH~X Kone6aHHH/l2 / /paAHanbHOA 
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PHc.6. llonepe~Hbili paspes MOAH~H~H
poBaHHoro "6enH~bero Koneca". 

H aKCHanbHOH npe4eCCHH KOnb4a/. 
OnpeAeneHHY~ onacHOCTb npeAcTaenH
eT TaK>Ke 4enWH pe30HaHC paAHanbHWX 
KOne6aHHH 3neKTPOHOB B T04Ke CTap
Ta /2/, npHBOAH~HH K paAManbHOMY 
cMe~eHH~ Konb4a KaK 4enoro. 

1. HeycTOH4HBOCTb OTPH4aTenbHOH 
MaCCbl MO>KeT 6b1Tb nOAaBneHa 3KpaHH
poBaHHeM 3neKTPOHHOrO KOnb4a 6nH3-
KHM 4HnHHAPH4eCKHM KO>KYXOM 121• 

Tpe6oeaHMe ManocTH noTepb 3HeprMM 
MMnynbcHoro nonH MCKn~4aeT eoa

MO>KHOCTb npMMeHeHHH cnnOWHOro npOBOAH~ero 3KpaHa, n03TOMy 
nepcneKTMBHO McnonbaoeaHMe ABOHHoro 116enM4bero Koneca 11 

- 3KpaHa, 
o6pa30BaHHOro ABYMH KOaKCManbH~MH 4HnHHAPaMM 0 paape3aHHWMM 
BAOnb o6paay~~MX TaK, 4TO nonocbl OAHOrO 4MnHHAPa npOM3BOAHT 
eMKOCTHY~ WYHTMPOBKY paape30B APYroro/18/, 

nonepe4Hoe ce4eHMe 3KpaHa noKaaaHo cxeMaTM4ecKM Ha pHc.6. 
3KpaHHpy~~Me CBOHCTBa Ha AnHHaX BOnH, 60nbWHX B cpaBHeHHH C WH
pHHOH nonce h,xapaKTepH3Y~TCH napaMeTpOM 

0 
~N-

IT 2 r sc 
/21/ 

rAe N - 4Hcno paape30B KamAoro 4HnHHAPa, f 80 - paAHYC BHyTpeHHeH 
noeepXHOCTH,~ H E - TOn~MHa H AH3neKTPH4eCKaH npOHH4aeMOCTb 
HaonHPY~~ero cnoH. 

BnHHHHe 3KpaHa Ha yCTOH4HBOCTb KOnb4a OTHOCHTenbHO 6aH4Hpoe
KH OnHC~BaeTCH B TepMMHaX MMneAaHca CBH3H 1141 .AHanH3 0 npoBeAeH
H~H B pa6oTe/lGI, noKa3an, 4TO BCneACTBHe B036ymAeHHH KOnb40M 
TEt1- eonHbl, pacnpocT paHH~~eHcH BAOnb paapeaoe, HMneAaHc CBH3H 
C OAHH04HbiM 116enH4bHM KOneCOM11 MO>KeT 3aMeTHO npeBWWaTb MMneAaHC 
CB060AHOrO npocTpaHCTBa • BKrtaA B HMneAaHC noTepb Ha B036ymAeHHe 
TEM-eonHw Mo>KeT paccMaTpHBaTbCH e Ka4eCTBe Mepw 3KpaHHpoeaHHH 
B~COK04aCTOTHOro nonH KOnb4a; B cny4ae ABOHHOrO 3KpaHa 
C 2a ::: y"'E:T OH npH6nH>KeHHO paBeH 

Z 
TEM = ITa ro 1-::- r sc 

·~ Z
0 

exp[-2nvE-l (-- -1)], 
n - r VE·f60 0 

rAe n- HOMep a3HMyTanbHOH rapMOHHKH B036ymAaeMoro nonH, 
Z 0 = 41T/C /1201T OM e eAHHH4aX CH/. 

/22/ 

CTeneHb 3KpaHHpoeaHHH HMnynbcHoro MarHHTHoro nonH onpeAenHeT-
CH, B CBO~ 04epeAb, K03$¢H4HeHTOM 
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/23/ 

rAe x = \kz I r sc , k z- nocTOHHHaH pacnpocTpaHeHII1H sonHbl s nii1H111111. 
YAOBneTBOpii1Tb OAHOBpeMeHHO Tpe6oBaH111HM ManOCTII1 111MneAaHca /22/ 
111 K03$$111~111eHTa 3KpaHII1POBaHII1H /23/ ner4e np111 60nbWII1X f: BOnHOBOe 
conpOTII1BneHII1e 11111HII1i1, o6pa30BaHHbiX nepeKpbiBai0~111M111CH 4aCTHMII1 no-

~ -1/2 
JlOC,nponop~II10HaJlbHO f , B TO BPeMH KaK A11H a3111MyTaJlbH~X TOKOB, 
111HAY~II1poaaHH~x B 3KpaHe MarHII1TH~M noneM, pa3pe3~·3KBII1BaneHTH~ 

He 3aBII1CH~II1M OT f 111HAYKTII1BHOCTHM, 
PacCMOTP111M KOHKpeTH~i1 npii1Mep. nycTb ro/rsc = 0,7 /TaK 4TO 

KOnb~~ He 1113ny4aeT H- eonHbl Ha rapMOHII1Kax n < 2/ 111 ( = 5. TorAa 
AnH z 1 E~60 OM HY>KHO a s 0 '9. np~ Bbl6paHHbiX napaMeTpax Jlii1HII1111 
x = 0,14 7?, 28 111 3KpaHII1POBaH111e Br cocTaBnHeT, cor nacHo /23/, 
He 6onee 8/o. 3Ha4eHII1e a= 0,9 B Ha4ane y4aCTKa ycKopeHII1H MO>KeT 
6~Tb peanii130BaHO, Hanpii1Mep, np111 tl= 0,4 MM 111 N=36 /h .,1 CM/. 

2. HeyCTOi14111BOCTb 3JleKTPOH-1110HH~X KOne6aHII1i1 HOCII1T pe30HaHCH~i1 
xapaKTep 111 npoHBnHeTCH B onpeAeneHHbiX 111HTepsanax 4aCTOT Kone6a
H111i1 3JleKTPOHOB 111 1110Hosl161, Ha p111c.7 noKa3aH~ rpaHII1~~ o6nacTII1 
HeyCTOi14111BOCTII1 paAII1a1lbHbiX KOJle6aHII1i1 Ha nJlOCKOCTII1 (Q 2 n ) rAe 

2 el' err • 
ne!f = n + 2vw' n - noKa3aTenb cnaAa BHewHero MarHII1THoro nonH, 
Ha111AeHH~e np111 e = 50 B npeHe6pe~eHII1111 pa36pOCOM no 4aCTOTaM He
KOrepeHTH~X Kone6aHII1i1. AnH onpeAeneHII1A rpaHII1~ o6nacTII1 HeycToi1-
4111BOCTII1 aKCII1aJlbH~X KOne6aHII1i1 CJleAyeT nonO>K111T b n err = l - n. ~3 

PII1C,] BMAHO, 4TO 3JleKTPOH-1110HHOe KOnbUO C nDII1BeneHH~M~ O~HPP 
napaMerpaMII1 /Q~e·l = 0,2/ cTa6111JlbHo, ec11111 n rr>0,5 11116o n <0 018 

e - err - • • 
TaKII1M o6pa30M, noKa3aTenb cnaAa MarHII1THoro nonH s "3ane O>K111Aa-
HII1H11 AOJl>KeH 6b1Tb 6Jl11130K K n = 0, 5. PaccTOAHII1e Me>KAY Konbl.IOM 
111 A1113JleKTP114eCKOi1 Tpy6oi1 Ha Y4aCTKe YCKOpeHII1A CJleAyeT B~6111paTb 

TaK, 4T06~ II~ 5; 1 Q - 2 , 0TMeTII1M, 4TO Hey4TeHHOe HaMII1 3aTyXaHII1e 

~ 
0.60 

0.40 

0.20 

0,10 

0.05 

0.02 

0.01 
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PHc,7. 06naCTh HeycT0~4HBOCTH 

pa,!UiaJihHbiX ,T:UinOnhHbiX 3neKTpoH

HOHHbiX Kone6aHHH Ha nnOCKOCTH 

(Q2el' nerr ) npH 3Ha4eHHH clJaKTopa 
3arpy3KH e =50, ilyHKTHpOM nOKa-

3aHbl nHHHH paBHOrO HHKpeMeHTa 

s"=lmw/w0 , rp;e w 0 - qacToTa 

06pa~eHHH 3neKTpOHOB, 

naHAaY, CBH3aHHoe C Henii1Hei1HbiM pa36pOCOM 4aCTOT HeKorepeHTHbiX 
KOne6aHII1i1, AOJl>KHO Cy3~Tb o6naCTb HeycTOi14111BOCTI1, 

3. np111 B~BOAe Konb~a s y4acToK ycKopeHII1H, a TaK>t<e np111 ero sne
Te B o6naCTb cenapa~111111, npoii1CXOA11T pe3KOe 1113MeHeHII1e 4aCTOTbl KO
repeHTHbl~ PaA11anbHbiX KOJle6aHII1i1 3neKTPOHOB Q r = yl- n err , oJlarOAaPH 
CTeH04H011 $OKYCII1POBKe pe30HaHC Qr =1 He npOXOA111T, OAHaKO 61111130CTb 
Qr K pe30HaHCHOMY 3Ha4eHII110 Ha y4aCTKe YCKOpeHII1H MO>KeT npii1BeCTII1 
K 6onbW111M CMe~eH111HM KOJlbl.la KaK 4e110ro, OTHOCI1TenbHO OCII1 YCKOpii1-
Te11H 121 · 

/24/ 

rAe 8Bz- aMnnii1TYAa a3111MyTa1lbHOi1 MOAY11H~I1111 CTaTII14eCKoro MarHII1T
HOro nonH. Pe3Koe 113MeHeHII1e neff np111 sneTe KOnb~a B o6naCTb cena
Pal.lll1111 B~30BeT paA111anbHYIO npe~eCCMIO 111 ysenll14eHII1e, B KOHe4HOM C4e
Te, Manoro paA111a1lbHoro pa3Mepa Konbl.la. Tpe6yH tlr/a

0 
S 0, 15, 4TO 

COOTBeTCTByeT OAHOnPOI..IeHTHOMY ysenll14eHII110 pa3Mepa, np111 n
8

rr= 
= 2·10-2 111 a

0
/r

0 
= 5.10-2 1113 /24/ nony4MM AOnycK Ha aMn11111TYAY 

nepsoi1 rapMOHHKH MarHHTHOrO nonH, o6~4HWi1 AnH yCKOPII1TeJlbHOi1 Tex
HMKH: 88z/8z < 1 ,5·10-4 .AonycK Ha COOCHOCTb AOnOJlH111TeJlbHWX 3Kpa
HOB H coneHOHAa onpeAenHeTcH TeM >t<e Tpe6osaHHeM tlr/a0 s 0,15 
H npH a 0 = 4 MM COCTa8nAeT /).r < 0, 5 MM, 

VI. B03MOIH~E nAPAMETPW YCKOP~TEfln 

AnA 4HcneHHbiX 04eHoK B pa6oTe Mcnonb308anll1cb cneAYIO~He 3Ha4e
HMA napaMeTpOB 3neKTPOHHOrO t<OJlbl.la: N e = 1 0 13 , r in = 4 CM, a in = 

= 0,2 CM, Yin =25. 3arpy3Ke e=50 COOT8eTCT8yeT 4111CnO MOHOB ypaHa 
8 OAHOM KOJlbl.le N i = 3 .1 0 10 , ¢aKTOP Hei1TpanH3a~MM npM Z/A = 0, 08 
f = 0, 06. BpeMH, Heo6xoAHMoe AnH AOCTM>t<eHII1H 3aPHAHOCTM Z = 19 
Tlon ::: 1 MC, TaK 4TO 4aCTOTa Ka4aHHi1 3JleKTPOHHOrO KOnb~a orpaHM-
4eHa 8enH4HHoi1 1 Kru. AnH ycKopeHMH HOHOB AO 3Heprll1111 10 M3B/HyKnoH 
npH K03$$HuHeHTe 3anaca k = 0, 25 Tpe6yeTcH An111Ha race= 15 M. 

BpeMH >KII13HII1 OAHOrO KOnbl.la orpaHM4H8aeTCH, 8 OCHOBHOM, TpeMH 
¢aKTOpaMH: noTepei1 3Heprii1H 3JleKTpOH08 Ha CMHXPOTPOHHOe 1113ny4eHHe, 
MHOrOKpaTHWM pacceHHHeM 3JleKTPOH08 Ha HaKOnneHH~X MOHaX M pOCTOM 
3MHTTaHca 1113-aa HeaA111a6aTH4HOCTH npouecca cenapa4111M. PaccMOTPMM 
3TH 3$$eKT~ no OTAenbHOCTII1, 

noTepM 3HeprMII1 3neKTPOHOB Ha 1113ny4eHHe npl1 AaHHWX napaMeTpax 
COCTa8nHIOT ~10% 3a 20 MC. AJ1H CTa6MnM3a~II1H KOHe4HOi1 3HeprMII1 
1110H08 HY}KHO nponop~HOHaJlbHO yMeHbWaTb HX 4111CnO, nocKOnbKY OAH0-
8peMeHHO yMeHbWanTcH paaMepbl Konb~a, ycno8111e YAep>t<aHII1H 1110HOB 
/1/ He HapywaeTCH. YMeHbWeHII1e paAII1YCa KOnb~a npii180A111T K OTAaJleHII110 
era oT 3KpaHa 8 o6nacTH cenapa~111111. AnA KOMneHca~ll111 npoll1cxoAH~ero 

npH 3TOM ocna6neHII1H $OKYCII1PYIO~ero Aei1CT8111H H3o6pa}KeHII1i1 cneAYeT 
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BBeCT~ AQnOnH~TenbH~~. BHyTpeHH~~ no OTHOWeH~~ K KOnb4Y, pa3-
pe3aHHbl~ 3KpaH. 

Yeen~4eH~e Man~x pa3Mepoe 3neKTPOHHoro KOnb4a ecneACTB~e 

MHoroKpaTHoro pacceRH~R AaeTcR np~6n~~eHHO~ ¢opMyno~ 1 171: 

/25/ 

rAe ZA - aTOMHW~ HOMep 3neMeHTa, V- OTHOC~TenbHaR 4aCTOTa 6e
TaTpOHHWX KonefiaH~~ 3neKTpOHOB, np~ noKa3aTene cnaAa MarH~THOrO 
nonR B 113ane O»<~AaH~R 11 n =0,5 ~ Q:i = 0,2 vr2 =vz2 =0,7. noACTaBnRR 
B /25/ np~BeAeHHble BbiWe napaMeTpbl, np~ t = 20 Me nony4~M 
~a/a 0 = 20%. 

np~6n~3~TenbHO TaKOe ~e yeen~4eH~e pa3MepOB npo~CXOA~T np~ 
ABaA4aT~KpaTHOM OTpa~eH~~ 3neKTPOHHOro KOnb4a OT MarH~THOro 
113epKana••. CneAyeT OTMeT~Tb, 4TO Ka>KAblill ~3 3T~x ABYX ¢aKTopoa 
pe3KO ocna6nReT en~RH~e APYroro, no3TOMY MO~Ho o~~AaTb, 4TO 
pe3ynbT~PY~~ee yeen~4eH~e Manwx pa3Mepoe KOnb4a 6yAeT 3Ha4~Tenb
HO H~~e, 4eM np~ ~X He3aB~C~MOM npORBneH~~. 

BpeMR ~~3H~ OAHoro KOnb4a, TaK~M o6pa3oM, MO~Ho np~HRTb pae
H~M 20 MC, 4TO n03BOnReT ero 20-KpaTHOe ~CnOnb30BaH~e. np~ 
4acToTe cpa6aT~BaH~R reHepaTopa 3neKTPOHH~x Kone4 50 r4, nony4~M 
4aCTOTY nOBTOpeH~R 4~KnOB ycKOpeH~R 1 Kr4 ~ ~HTeHC~BHOCTb ny4Ka 
~OHOB ypaHa Ha BWXOAe YCKOP~TenR 3.10 13 RAep/c. 

Hcnonb3oeaHHwe HaM~ np~ 04eHKax napaMeTp~ He RBnR~TCR onT~-
Ma.nbHbiMVI a~tnL.oo~ M.:.wrtAM::ana..l-ln .n.nr:TIA\1/I..u.~~~~~!~. Y~~.~~~·::~::::;: ·-:~:~ .. -:c :. .. -;.:.;~-;-;,.:, 

HOB ~ pa3Mep~ KOnb4a nponOP4~0HanbHO N!13 ,4TO OCTaBnReT Tpe6oea
H~R ycToiii4~BOcT~ He~3MeHHWM~, MO~Ho cy~ecTeeHHO noe~c~Tb ~oH

H~ill TOK Ha BWXOAe ytKOp~TenR. TaK, np~ BnOnHe peanbHOill 4~¢pe 
N =3·10 13 nony4~M ~HTeHc~BHOCTb ny4Ka ~oHoB ypaHa -10 14 RAep/c, 

e 
a B cny4ae nerK~x 3neMeHTOBA BB~AY MeHbwero epeMeH~, Tpe6yeMo-
ro AnR ~X ~OH~3a4~~. AD 10 1 RAep/c. 

B 3aKn~4eH~e aeTopw e~pa~a~T np~3HaTenbHOCTb H.~.Ka3ap~Hoey, 
A.6.Ky3He40BY, 3.A.nepenbwTeiiiHy ~ 6.r.~~Hoey 3a none3H~e 
3aMe4aH~R. 
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