
• 1 

C006Ul8HMR 
06118AMH8HHOrO 

MHCTMTYT8 
RABPHbiX 

MCC~8AOB8HMM 

AY6Ha 

+ 

tt ; - fo 

P9-80-368 

B.C.AneKC3HApoa, ID .~ . AneKcaxHH , H.ID .Ka3apHHOB, 
3 . A . nepen~Te~H , B . ~ . rnea~OB , s .r .WH HOB 

tU1CJIEHHOE MO,li,EJI~POBAHHE 

BbiBO,ll,A 3JIEKTPOHHO-~OHHbiX KOJIEU 

YCKOPHTEJibHbl~ TPAKT KYT~ 

, 

..... 



8 KOnneKTHBHOM ycKopHTene T~*enwx HOHOB OH~H An~ B~BOAa 
KOnb~a B o6naCTb yCKOp~~ero MarHHTHOrO nOnA HCnOnb3yeTC~ 
CXeMa C WYHTHpOBKO~ OAHO~ H3 KaTyweK nocneAHe~ CTyneHH C*a
THA / l / , npH TaKOM CnOC06e B~BOAa C Te4eHHeM BpeMeHH rny6HHa 

noTeH~HanbHO~ MarHHTHO~ AMW, B KOTOpO~ HaXOAHTC~ KOnb~O, 
yMeHbWaeTC~, a ee ~eHTP CMe~aeTC~ OT MeAHaHH~ nnOCKOCTH Ka
Mepw aAre3aTOpa B CTOPOHY YCKOpHTenbHOro TpaKTa. 8 nocneAHHX 
3KCnepHMeHTaX no yCKOpeHH~ sneKTPOHHO-HOHHWX KOne~ / 2/ 3Ta 
CXeMa AOnOnHeHa cne~HanbHO~ OAHOBHTKOBO~ KaTywKO~, pacnonO*eH
HO~ e6nH3H MeAHaHHO~ nnOCKOCTH, n03 BOnA~e~ CHHXPOHH3HPOBaTb 
ABH*eHHe KOnb~a C HMnynbCOM 3neKTPH4eCKOrO non~ B yCKOPA~e~ 
ceK~HH KYTH. HMnynbc TOKa 8 BHTKe ¢oPMHpyeTc~ c noMo~b~ A8YX 
reHepaTOpOB TOKa, OAHH H3 KOTOPWX AaeT AnHTenbH~~ HMnynbC, 
C03Aa~~H~ MarHHTHWH nOTeH~HanbH~H 6apbep An~ KOnb~a, a APYrOH, 
C03A8~HH TOK O~paTHOrO HanpaaneHH~, 6WCTPO CHHMaeT 3TOT 6apb
ep. KpoMe TOrO, 3TOT BHTOK C03A8eT 8 o6naCTH KOnb~a MarHHTHOe 
none c noKasaTeneM n , OTnH4H~M OT HynA, 4TO o6ecne4H&aeT 
YCTOH4HBOCTb KOrepeHTHWX paAHBnbHWX KOne6aHHH 3neKTpQHOB. 

8 AaHHO~ pa6oTe npo~ecc e~BOAa 3neKTPOHHO-HOHH~x Kone~ pac
CMOTpeH HB 38M C nOMOUib~ MOAenH yKpynHeHHWX 4aCTHI{, OCHOBH~e 
nonO*eHHA KOTOpOH H3nO*eHW B pa6oTe / 31 . 

8 OTCYTCTBHe BHTK8 X8p8KTepHOe &peMA ~BOA8 COCTaBnAeT 
HeCKOnbKO COTeH MHKpOCeKYHA, 38 KOTOpOe HOH~ ycneea~T COBep
WHTb - 104 KOne68HH~ B none 3neKTpQHOB. npH 4HCneHHOM MOAenH
pOBaHHH BW60p wara HHTerpHpOBaHHA ypaBHeHHH ABH*eHHA OrpaHH4eH 
ceepxy eenH4HHOH 6 T :0,1·217/w ~:w -11 c , rAe w es- 4aCTOTa 
paAHanbH~X 6eTaTpOHHWX Kone68HH~ 3neKTPOHOB. nocKOnbKY OTHOWe
HHe 48CTOT KOne68HH~ 3neKTPOHOB H HOHOB KaK MHHHMYM COCT8Bn~eT 
w ~ / w ~ ~ 10 , TO MOAenHp08aHHe npo~ecca 8~BOAa a peanbHOM Macw
Tafe epeMeHH noTpe6o8ano 6~ 3Ha4HTenbH~x saTpaT epeMeHH Ha 
38M. no3TOMY epeMA CH~THA MarHHTHOH noTeH~HanbHO~ ~M~ B pac-
4eTaX orpaHH4H88nOCb TpeM~-nATb~ nepHOA8MH HOHHWX KOne6aHH~, 
4TO o6ecne4HBano aAHa6aTH4HOCTb npo~ecca. 

npH 4HCneHHOM MOAenHpOB8HHH 6WnH HCnOnb3088H~ paCC4HT8HHWe 
B pa60Te / l / BenH4HH~ HHAYK~HH MarHHTHOrO non~, C03A8BaeMOrO 
YCKOPA~~HM coneHOHAOM. PacnpeAeneHHe paAH8nbHOH KOMnOHeHT~ 
3Toro nonA B r BAOnb ocH z Ha pasnH4H~x paAHycax noKa3aHo Ha 
pHC. 1. 8enH4HH~ paAHYC08 YK838H~ pAAOM C COOTBeTCTBY~~HMH KpH
~ MarHHTH~H noTeH~HanbH~H 6apbep a MeCTe pacnono*eHHA 
KOnb~a C0 3AaBanCA BHTKOM C TOKOM, HanpaeneHH~M npOTHBOnOnO*HO 
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PHc. 1. PacnpeAeneHHe paAH
anbHOH KOMnOHeHT~ MarHHTHO
ro non~ B, BAOnb OCH Z B 
o6naCTH B~BOAa Ha pa3nH4H~X 
paAHycax . 

TOKy B COneHOHAe. 3TOT BH
TOK noMe~anc~ Ha paCCTO~HHH 
] CM OT MeAHaHHoH nnocKoc-

cocTa an~na 400 A. 

TH, HMen paAHyC 2,5 CM, H 
aMnnHTYAa TOKa B HeM lo 

3neKTPOHHO- HOHHOe KOnb~O HaXOAHnOCb B CyM-
MapHOM none, C03AaBaeMOM YCKOp~~~HM coneHOHAOM H 3THM BHTKOM. 
CH~THe MarHHTHOH noTeH~HanbHOH ~MW npoHcXOAHno npH nHHeHHOM 
cnaAe TOKa B BHTKe: 

I -= Io b 

rAe mT I - epeM~ m nepHOAOB 
noTeHUHanbHOH ~M~ Ha pa3H~X 
OT~eTHM HenHHeHH~H xapaKTep 
TH~ ~Mbl. 

/1/ 

HOHHWX Kone6aHHH. AHHaMHKa CH~TH~ 
paAHycax noKa3aHa Ha pHc.2a-2e. 
MarHHTHOrO non~ e6nH3H T04KH-cH~-

Ha4anbHa~ aKcHanbHa~ KOOPAHHaTa ~eHTpa Mace KOnb~a paAHyca 
R 2 3,8 CM 3aAaBanacb TaK , 4T06~ 3Ha4eHHe CYMMapHOH paAHanb

HOH KOMnOHeHT~ HHAYKUHH MarHHTHOro non~ Brs = 0. npH Man~x 
OTKnOHeHH~X OT 3TOH T04KH ~eHTp Mace KOnbUa COBepwaeT paAHanb
HWe H aKCHanbHWe 6eTaTpOHH~e Kone6aHHR C 4aCTOTaMH V r = yl- n 
H Vz -= Vn COOTBeTCTBeHHO . H3 pHC.2a-2e BHAHO, 4TO C Te4eHHeM 
a peMeHH rny6HHa noTeHuHanbHOH MarHHTHOH ~M~ YMeHbwaeTc~, a 
aKcHanbH~e KOOPAHHaT~, cooTeeTC1BY~He 8,

8 
= 0, nepeMe~a~Tc~ 

B CTOpOHy BWBOAa. nocne CH~TH~ MarHHTHOH noTeH~HanbHOH AMW 
3neKTPOHHO-HOHHOe KOnb~O nonaAaeT B o6naCTb YCKOpA~ero Mar
HHTHOrO nOnA. 

BenH4HH~ KOMnOHeHT HHAYKUHH MarHHTHOrO nonA H BeKTOpHoro 
noTeHUHana aaAaBanHCb e nporpaMMe pac4eTa e BHAe ABYMepHwx 
Ta6nHU, a AnA onpeAeneHHA HX 3Ha4eHHH B T04Ke HaXOlkACHHA 4ac
THU HCnOnb30Ban acb nHHCHHaA HHTepnOnAUHA ABYMepHOro MaCCHBa. 

KaK BHAHO H3 PHC.2a-Ze, B npo~ecce CHATHA AMW nOKa3aTenb 

R as , 
cnaAa n "'- -8-- -a- 1 _ _ o6pa~aeTcA e Hynb, 3AeCb 

zO z r - r 0 , z - z 0 

ro , z 0 - KOOPAHHaTw paeHoaecHoH 4acTHUw KOnbua. BHeWHAA ¢o
KYCHpoeKa B aKCHanbHOM Han paaneHHH HC4C3aeT, H, 4T06~ B~AeplkaTb 
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PHc.Z. PacnpeAeneHHe paAHanbHOH KOMnOHeHTW MarHHT
~nonA 8, e6nH3H T04KH CHATHA AMW B pa3nH4HWe 
MOMeHTW BpeMCHH Ha paAHycax: KPHBaA 1 - R"' 3,5 CM, 
2 - R = 4 CM. 3 - R = 4, 5 CM, 4 - R = 3, 8 CM, 
5 - R = 5 CM. 

ACHCTBHC BHCWHHX CHn, npHBOAR~HX K non~pH3aUHH ny4Ka H CTpeM~
~HXCA paaopBaTb ero Ha KOMnoHeHTW, Tpe6yeTCA AOCTaT04HO CHnb
HaA caMO~OKYCHPOBKa KOnbua . 3TO HaKnaAWBaeT OrpaHH4CHHR Ha 
npOH3BOAHble paAHanbHOH COCTaBnA~~eH MarHHTHOrO nonR B, Ha KO
HC4HOM 3Tane BWBOAa KOnb~a. B pa6oTax / 4 ,f>/ noKa3aHO, 4TO AnA 
MOH03HepreTH4CCKOrO ny4Ka ycnOBHe ero KOMnaKTHOCTH B T04Ke 
CHATHA AMW HMeeT BHA 

a2R r 
az 2 

Q2 > ~ 1 
s 2 8 

z z = r. sp 121 

rAe Qs - 4aCTOTa aKCHanbHWX 6eTaTpOHHWX KOne6aHHH 3neKTpOHOB, 
OTHCCCHHa~ K 4aCTOTe w0 HX o6pa~eHHA B KOnb~e paAHYCa R : 
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P~c.3. BpeMeHHOe ~3Me
HeH~e aKc~anbH~x AHC
nepc~H 3neKrpoHOB Dze 
/1/ H HOHOB Dzi /2/ np~ 
N = 1 0 13 N . = 1 8x 

8 , 1 ' 
x1012, a8 = ai = 
= 0,2 CM. 

" ~ .10 

0 2 J 
T/fo uc 

Q = [ 4e2 R2 
8 . -

my 8 b (a +b) c 2 ~ z aN a + n ] ~ 131 

B. ~opMynax /2/,/3/ e , m - aapAA 311eKTPOHa H ero Macca; a H 
b - pa3Mep~ Manoro 31111HnTH4ecKoro ce4eHHA K011b~a; Z a H N a -
3apAAHOCTb H JlHHeHHaA nJlOTHOCT b HOHHOH KOMnOHeHT~ COpT a a ; 
y 0 - pei1ATHBHCTCKHH ~aKTOp o6pa~eHHA 311eKTpOHOB; C- CKO
poCTb c e era e eaKyyMe; Bz - HHAYK~HA aKcHal1bHOI1 KOMnOHeHT~ 
MarHHTHOrO nonA; Z 6 p - KOOPAHHaTa T04KH CHATHA AM~. 8 MOAellH
pyeMOM HaMH npo~ecce CHATHA AMbl MaKCHMaJlbHaA BeJ1H4HHa 

i a2s, -s -2 - --1 ::: 3 , 5·10 CM . 
Bz az 2 z= z sp 

Pac4eT~ npo~ecca HaKonneHHA HOHOB aaoTa H3 ocraT04Horo raaa 
e KaMepe aAreaaTopa KYTH OHRH 161 noKaa~ea~T, 4TO aa epeMA c~a 
THA KOJ1b~a B HeM B OCHOBHOM o6pa3y~TCA nATH3apAAH~e HOH~ H B 
3a BHCHMOCTH OT AaBneHHA OCTaT04HOrO raaa p B KaMepe ~aKTOp 

HeHTpanHaa~HH 3aPAAa fa a I Za Na;N 0 H3MeHAeTCl'l OT f a = 0' 2 
~ a ~ 

np;.., p = 10 Top AO f a= 1 ~H p = 10 Top. AnA KOnb~a 
c 4HCJ10M 311eKTPOHOB N 8 = 211RN~ a= b = 0,2 e M, R= 3,8 CM, 
Y e ~ 39, fa= 0,2, aeJ1H4HHa Q 8 a -30 paa 6onbwe, 4eM npa 
eaA 4aCTb HepaeeHCTBa /2/ . Y4e T KOHe4Horo nonypaa6poca no 
3HeprHAM ~E/E npHBOAHT K CJleAY~~eMy YCJ10BH~ KOMnaKTHOCTH 
KOJ1b~a B T04Ke CHATI-1A AMbl / 51 : 

R 1 a2s 2 A as Q2 > ___.! _____ r I + ~ w.E _1 ___ r I . 141 
s 2 Sz az 2 z= zsp a -r Sz iJr z = z 8 P 

AnA ny4Ka c ~wenpHBeAeHH~MH napaMeTpaMH , L\E/E = 0 , 2, e Mar-

l as a t 
HHTHOM none c -- __ r 1 = 3, 5 · 10 - e M- eenH4HHa Q2 

Bz iJr z~ z 8P s 
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PHc.4. 3aeHCHMOCTb aK
CHanbH~x A~cnepCHH 

3neKTPOHOB Dz8 /1/ ~ 
~OHOB Dzl /2/ or epe
MeHH np~ N 8 = 5 • 10 12 , 

',r-------------~~~-------.~-----~ 
t S i ~·SIO, II. =25·!0 

N - = 2 5·10 11 , a = 
I ' 8 

= 3 I = 0, 2 CM. 

npHMepHO Ha nOPAAOK 
npe BOCXOAHT 3Ha4eHHe 

.. . 
it 3 .. ~ 
~ -
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npaeoH 4aCTH HepaeeHCTea /4/. TaKHM o6paaoM, Hen~HeHHOCTb 
BHewHero nOnA B OKpeCTHOCTH T04K~ B~BOAa He OKa3~BaeT Cy~eCT
BeHHOrO BnHAHHR Ha KOMnaKTHOCTb KOne~ C napaMeTpaM.H, nonyl.4ae
M~MH Ha KYTH OHRH. 

B~BOB KOnb~a H3y4ancA Ha 38M C noMO~b~ yKpynHeHH~X 4aCTH~ -
Kone~ 1 3 

• Ha4anbHOe pacnpeAeneHHe 4acrH~-3neKTPOHOB H 4ac
TH~-~OHOB B ~a30BOM npOCTpaHCTBe B~6HpaJ10Cb MHKpOKaHOHH4eC
KHM. 8 paC4eTax 311eKTpOHHO-HOHHOe KOJ1b~O HMHTHpoBaJlOCb 132 
4aCT~~aMH-3J1eKTpOHaMH H TaKHM ~e 4HCJ10M 4aCTH~-~OHOB, 

H3y4aJ10Cb H3MeHeHHe BO epeMeHH Man~X pa3Mepoe 3J1eKTPOHHOH H 
HOHHOH KOMnOHeHT npH pa3J1H4H~X KOJ1H4eCTBaX 3J1eKTPOHOB H HOHOB 
e K011b~e H paaH~x Ha4aJ1bH~x pasMepax Manoro nonepe4Horo ce4e
HHA KOMnOHeHT. ~HHaMHKa yKpynHeHH~X 4aCTH~ npOCJle~HBanaC b B 
npo~ecce CHATHA AMbl C noMO~b~ ypaBHeHHH /2/ pa60T~ / 3 / , 

Ha p~c.3-6 noKaaaHo H3MCHeH~e eo epeMeHH aKcHallb H~x AHcnep
CHH 311eKTPQHOB Dz 8 H ~OHOB Dzl npH paanH4H~X na paMeTpax.M~ pac
CMaTpH eanH KOJ1b~a, 3arpy~eHH~e HOHaMH a30Ta C MaCCOB~M 4HCJ10M 
A= 14 H cpeAHeH aapAAHOCTb~ Za = 5. Ha pHc.3 BHAHO , 

4TO B~COKaA CTeneHb HeHTpaJ1H3a~HH 3apAAa npHBOAHT K TOMy, 4TO 
C Te4eHHeM BpeMeHH paaMep~ MaJ10rO Ce4eHHA HOHHOH KOMnOHeHT~ 

CTaHOBAT CA 3Ha4HTeJ1bHO fiOJlbWe pa3Mepoe COOTBeTCTBy~~ero Ce4e
HHA KOMnoHeHT~ 3J1eKTPOHOB. KOJ1b~a C TaK~M~ pacnpeAeneHHAMH He 
~pHrOAH~ AllA AanbHeHwero YCKOpeHHR, T . K. CHna, AeHCTBy~~aA Ha 
HOH~ CO CTOPOH~ 3J1eKTPOHOB, CHJ1bHO YMeHbWaeTCA C pOCTOM nOnA
PH3a~HH KOMnOHeHT KOJ1b~a. 3 TOT B~BOA nOATBeP*AaeTCA pe3yJ1 bTa
TaMH pa6oT~ 171, rAe noKaaaHo, 4TO K034l$1~HeHT aanaca k y6~aa
eT C pOCTOM OTHOWeHHA pa3MepOB 3J1eKTPOHHOH H HOHHOH KOMnOHeHT 
v = a efa 1 KaK (1 + v 2)- ~ . 

Ha pHC. 4 noKa3aHO HSMeHeHHe BO BpeMeHH aKCHaJlbH~X AHCnepCHH 
311eKTp'O'HOEi"'""H HOHOB n pH N 8 = 5·10 12 , N 1 ::: 2,5·1011 H a

8
= 

a 1 = 0,2 CM. BHAHO, 4TO npH CHATHH noTeH~HaJlbHOH AM~ een H-
4HH~ AHcnepcHH cy~ecraeHHO He H3MeHA~TCA H npHMepHo paeH~ APYr 
APYry. Pe3KHH poeT paaMepoe KOMnoHeHT npoHCXOAHT JlHWb nocne 
TOrO, KaK KOJ1b~O nonaAaeT B 06J1aCTb none !1 C OTHOCHTellbHO B~
COKHMH 3Ha4eHHAMH yCKOpA~HX rpaAHeHTO B. H3MeHeHHe BO BpeMeH~ 

5 



n1n. 

~:~ ~~:: 
t'2'; ' ~ · .f ' 7 

T/ 10 HC 

P~c.5 . H3MeHeH~e eo e pe 
~PaA~anbHO~ KOMno 
HeHTbl MarH~THoro nonA Br 
~ AOnA ocraew~xcA B 
KOnb~e ~OHOB n / n0 . 

paA~anbHO~ KOMnOHeHTbl 
MarH~ THOro nonA Br, Bbl-
4~cneHHO~ e ~eHTpe Mace 
3neKTpoHos, ~ norep~ 

3neKrpoHos H3 KOllb~a MO~Ho npocneAHTb Ha p~c.5. MoAen~posaH~e 

npo~ecca CHAT~A AMbl H BbiBOAa KOn b~a B CTOpOHy yCKOPHTellbHOrO 
Tp8KTa n pH Te X ~e KOnH4eCTB8X 3neKTPOHOB H HOHOB, HO C pa3Me
paMH: 1 I a e = a 1 = 0, 15 CM, 21 a e = 0, 15 CM , a 1 = 0 , 1 CM 
noKa3ano , 4TO KOMnaKTHoe ycKopeHHe npeKpa~aercA , KaK H e cny-
4ae a 8 ,. a i = 0,2 CM, H3-a a norepb 3neKTpoHos. PaanH4~e 
COCTOHT llHWb B TOM , 4TO pa3pbiB KOMnOHeHT HaCTynaeT n pH 3Ha4e
HHAX HHAYK~H~ YCKOPA~e~ KOMnOHeHTbl Ma r HHTHOrO nonA Br , 6 on b
W~X, 4eM B nepBOM cny4ae . np~4HHa 3TOrO COCTO~T B 
TOM, 4TO KOnb~O nonaAae T B o6n aCTb rpaAHeHTOB, senH4HHbl KOTO
PWX BWWe np eAellbHO AOnyCTHMbiX AnA KOMnaKTHOrO yCKOpeH~A KOnb
~a. TaK, a npHBeAeHHOM n pH Me pe eenH4HHa c Hnw, Ae~crey~e~ Ha 
3n e KTPOHbl CO CTOpOHW BHeWHero MarHHTHOrO nOnA B OKpeCTHOCTH 
CHATHA AMW' I z = 11 c MI , npHMepHo BABOe npeaocxoA~T CHllY , 
Ae~CTBY~O Ha HHX CO CTOPOHW HOHOB H YAep~H Ba~yO HX B KOllb
~e. 

YaenH4eHHe 3 a rpy 3 KH KOll b~a HOHaMH noaao nAeT ocy~ecrenRTb 
BWBOA KOllb~a B 06naCTb C nOCTORHHWM rpaAHeHTOM YCKOpR~ero 
0011A 6e3 HapyweHHR KOMn8KTHOCTH . PHC,6 ~llllOCTpH pyeT ~3MeHeH~e 
ao a peMe HH aKcHallbHbiX AHCnep cH~ 3'ii'ei<'TPoHo s npH N e = 7 · 1 0 12 , 
N

1
,. 7•10 11 , a "' a

1 
.. 0 ,1 5 CM, KOrAa BWBOA 3 neKTpOHHO-

e w 
HOHHOrO KOllb~a B YCKOpHTe llbHWH TpaKT 

]-~·-------------------~ ~~~ 
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He conpoao~AaercA no re
pe~ 48CTH~ I KpHBaR 11 . 
Bpe MeHHOe H3Me HeHHe pa
AHanbHO~ KOMOOHeHTW Ma r 
HHTHOrO nonR Br , Bb14HC
neHHO~ e ~eHr pe Mace 
KOllb~a , noKa 3aHO Ha 3TOM 
*e pHCYHKe I KpHsaR 21 . 

PHc.6. BpeMeHHaR aa eHc~
MOCTb aKCHallbHO~ AHCnep
CHH 311eKTPOHOB D ze I 1 I 
H noAA B r /2 I . 

:l 

d 
\) 

MarHHT HWe nonR, Hcnonb30BaHHWe s pac4eTe pa cnpeAeneHHA Mar
HHTHbiX none~ , COOTBeTCTByOT C¢opMH pOB8 HHbiM B nOClleAHHX 3KCne
pHMeHTaX Ha KYTH OH~H. 

Ha OCHOBe pac4eTOB MO*HO 3aKn04HT~, 4TO np~ ~~ KCHPOBaHHOM 
4HC11e 311eKTp0HOB ~ HOHOB cy~eCTSyeT npeAell bHbl~ YCKOpR~H~ 

rpaAHe HT , npH npeSbiWeHHH KOTOpOr O KOMnaKTHOe YCKOpeHHe npe
Kpa~aeTCR H3-3a pa3pblsa KOMnOHe HT. B cny4ae Kone~ c na pa Mer
paM~ , 6nH3KHM~ K nony4eHHWM Ha KYTH OH~ H, e ro s enH4HHa c o -

aBz 
CTa BnReT ---- :: 60-70 rclcM. 

az 
Bee pa CCMOTpeHHble BbiWe Clly4aH OTHOCATCA K ABH~eH HO KOll b~a 

s a3HMyranbHO- cHMMeTpH4HOM Ma rHHTHOM none . Ecn~ e Ma rHHTHOM 
none, C nOMO~bO KOTOporo OC~eCT BllAeTCA BbiBOA KOllb~a, n pH
CYTCT ByeT nepBaR rapMOHHKa ero a KC~allbHO~ COCTasnR~e~ ~B (0), z 
TO npH CHATHH RMbl B03MO~HO npoXO~AeHHe ~enoro pe30Ha HCa KO-
repeHTHbiX paAHallbHbiX KOne6aHH~ 1 npH BOAR~ero K CMe~eH~O KOnb 
~a KaK ~enoro or oc~ ycKOPHTenA Ha senH4~Hy, onpeAe n Ae My o co
OTHOWeHHeM / S / 

- t\B d v -\.l 
X= R I - Z- 1(-f) 

B zO dN 
151 

rAe dvr l dN - CKOpOCTb npOXO~AeHHR pe30HaHc a , N "" (Llo t/ 2" • 
n pH nOACTaHOBKe B 151 napaMeTpoe 6 8 zi Bzo- 10 - 8, dvr I dN - 10 - 6 

H R = 4 CM nony4aeM OTKnOHeHHe ~eHTpa KOll b~a OT OCH X • 
= 1,5 e M, Koropo e 3KCne pHMeHr a n bHO Ha6noAanoc b Ha KYTH OH~H 18( 

3Ha4~Tell bHWe OTKnOHeHHR KOllb~a npHBOART K TOMy, 4TO 311e KT
pOHbl 1 H8XOAR~HeCR B pa3Hb1X 83HMYT811b HbiX Ce4eHHRX1 HCnbiTWBaOT 
Ae~CTBHe a KcHallbHbiX CH11 1 Bel1H4HHW KOTOpbiX MOryT OT11~ 4aTbCR 

APYr OT APy ra B 1,5-2 paaa . H3 PHC. 1 8HAH0 1 HanpHMep , 4TO 
n pH Z = 1 1 CM Bel1H4HHbl Br Ha PiAH:Ycax 3 , 5 H 5 CM OT11H4aOTCR 
a 1,6 pa3a . 

B Ha4ane yc Kope HHR e o6n acTH , rAe senH4HHbl ycKopR~HX rpa
AHeHTOB Aalle KH OT npeAellbHWX, HOHW B cpeAHeM ClleAYOT 3a 311eK
TPOHaMH , OOCKOllb Ky BpeMR nepec e4eHHR p e30Ha Hca v r = 1 co 
CTaBn ReT HeCKOllb KO nep HOAOB HOHHWX KOne6aHH~. Ypa&HeHHR KOre
peHTHOrO aKCHallbHOrO ABH*eHHR 311e KTpoHOB H HOHOB B KOllb~e npH 
Hal1H4HH paAHallbHoH KOMnoHe HTW M8 rHHTHO r O non A br H ero rpa
AHeHTa abr l iJr HMeiOT BHA 

a 2z e a2 z e a2z e R a b r Rbr 
--2- + 2-- + --2 + {3 1 (z -z 1 ) = - - - - x+ -- , 161 

ar CJraO ae e B zO dr B zO 

a2z I 
-- + {3

2 
(z 

1 
- z ) ~ 0 , ar2 e 171 
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PHc.7. 3aeHCHMOCTH OTHeceHH~x K ne
PHOAY o6pallleHH.A 3neKTPOHOB T0 ne
PHO~oe HOHH~X KOne6aHH~ T1 /cnnow
H~e KpHB~e/ H Bpe~eHH npoXO*~eHHA 
Konb40M o6nacTH peaKoro pocTa ycKo
PAOIIIHX rpa~HeHTOB ~nHH~ S /nyHK
THPH~ KPHB~e/ OT BenH4HH~ ~aKTOpa 
He~TpanH3a4HH ( N • 

r~e Z 6 H Z I - aKCHanbH~e KOOP~HHa

T~ 3neKTPOHOB H HOHOB COOTBeTCTBeH
HO, 8 - a3H~yTanbHaA KOOP~HHaTa 
4aCTH4~, r = ().) 0 t - 6eapaaMepHoe 
epeMA, {3 1 H ~2 -6eapaaMepH~e KBa~
paT~ 4aCTOT KOne6aHH~ 3neKTpoHOB B 
none HOHOB H HOHOB B none 3neKTpOHOB 
COOT BeTCTBeHHO, X = XCOS8 - pa-

" ~HanbHOe OTKSlOHeHHe 4aCTH4~ npH Me~eHHOM npOXO*~eHHH pe30HaH
Ca : v, = 1. npH Me~neHHOM ~pe~~e KOnbua B o6naCTH CHATHA AM~, 
r~e br = 0, npOH3BO~H~MH KOOp~HHaT no BpeMeHH MO*HO npe
He6pe4 b H pacCMOTpeTb CTaUHOHapH~e peWeHHA CHCTeM~ /6/,/7/. Ha 
nocne~Hero ypaBHeHHA cneAYeT, 4TO aKCHanbHaA nOnAp1!13a4HA KOM-
nOHeHT Zp = Z 8 - Z i = 0, a MaKCHManbHaA eenH4HHa aKCHanbHO-
ro CMellleHHA 3neKTPOHOB onpe~enAeTCA COOTHOWeHHeM 

R 
z e • B zO 

abr ---ar- X. /8/ 

ab 
1 r -3 -1 -2 

B 06/laCTH CHATHA AMbl -
8 

-a- .:: 3, 5 • 1 0 CM H z 
8 

.:: 2 · 1 0 CM, 
zO r 

4TO ropaa~o MeHbwe paaMepa ny4Ka. Cne~oeaTenbHO, a 3TO~ o6nac-
TH pa~HanbH~~ ~pe~~ He np11180~HT K HapyWeHHIO KOMnaKTHOCTH KOJlb
ua . 

npH ~aJlbHe~WeM nepeM~eHHH B CTOpOHy B~BO~a CMellleHHOe OT 
OCH yCKOPII1Te11A KOnbUO npOXO~HT o6naCTb, r~e BeJ1H4HHa HH~YK4HH 
ycKOPAIOlllero MarHHTHoro nonA B, pe3KO eoapa cTaeT I z = 13718 CM 
Ha p1!1c.1/. Ae~CTBHe 3TOro nonA e~a~eaeT ycKopeHHoe ABH*eHHe 
KOJ1~npH4eM BpeMA npOXO*AeHHA 3TOH 06J1aCTH tp MeHbWe HJ1H 
cpaBHHMO c nepHOAOM HOHH~x Kone6aHHH T1 . CooTHOWeHHe ~eneHH~x 
Ha nepHo~ o6pa111eHHA 3neKTPOHOB T0 epeMeH T 1 111 tp e aaeHCH
MOCTH OT ~aKTOpa He~TpaJ1H3a4HH fa HJlniOCTpHpyeT pHc.7 . KpHB~e 

1,2,3 noKa3biBaiOT H3MeHeHHe T 1/ To np111 N8 = 10 13-:-7:5·10 12 11 
5·1012 COOTBeTCTBeHHO ~A KOneu C pa3MepOM ManorO Ce4eHHA 
a = 0,15 eM; KPHBble 1 ',2' ,3' - npH Tex *e 3Ha4eHHRX N 6 , HOc 
& = 0,2 CM. nyHKTHPHble KpHBble nOKa3~BaiOT , KaK B 3aBHCHMOCTH 

8 

I 
} 

OT fa H3MeHReTCA 6eapa3MepHOe BpeM.A t p/T 0 , He06XOAHMOe ~A 
npoxo*AeHHA o6nacTH 6~cTporo H3MeHeHHA B r AnHHOH S = 5, 1 0 H 
15 CM. B paccMaTpHeaeMbiX HaMH cny4a.Ax fa= 0,25, H 113 pHc.7 
BHAHO, 4TO tp ~ T 1 , n03TOMY e ypaeHeHHH /7/ aaeHCHMOCTbiO 
KOOPAHHaT HOHOB OT BpeMeHH npeHe6pe4b HeJ1b3A. 

PeweHHe CHCTeMbl ypaeHeHH~ /6/,/7/ 6yAeM HCKaTb B BHAe 

00 

z = z (O) + ~ (a<n~ cosnO+ b (n_>sinn8). 
e,\ e,l n= l e ,1 e,1 /9/ 

noACTaBnRR /9/ B /6/ H /7/, nony4aeM ypaeHeHHA, onpeAe11AIO
liiHe H3MeHeHHe 80 BpeMeHH nOnAp1!13a4HH KOMnOHeHT p (~) = Z (0) -

- z\0 ) H eenii14HH a0) , b0~ : 
81 8 

e ,! e,1 

d 2p~~) (O) R b r (r) 
-2- +(~ 1 +~2 ) pei = -,.8.----
dr zO 

2 (1) db (1) 
R (1 ) f3 (aO>- a<O) = --~-2 e 

-a 8 + 1 e I B zO dr 2 dr 

d2b (1) d (1) 

o> f3 (bOLb O>) = o. ae __ e_ + 2 
-b 6 + 1 e I 

dr 2 dr 

d2 a (1) 
I 

dr2 +f32(a<~>-aO>) 
I 8 

0, 

d2 b (1) 
I 

dr 2 + f3 2 (b(/)-b~l)) 0. 

/10/ 

abr -
--X 
ar 

/11/ 

/12/ 

/13/ 

/14/ 

HaMeHeHHA K03tl¢1114HeHTOB a <:~i , b ~~l (n > 1) onpeAeJl.AIOTCA 
CHCTeMO~ ypaBHeHH~, aHaJ10rH4HOH /10/-/14/, HOC HyneBbiMH npa
B~MH 4aCTAMH. HHTeP.ecyACb 11HWb K03~H4HeHTaMH npH nepBOH rap-
MOHHKe a 0 >. , b (1)1 , nono*HM ace eenH4HH~ a (n)1 = b <n>1 = 
= 0 (n > 1) ~·I e. e, e, 

YBeJ1H4eHHe HHAYKUHH yCKOPRIOUiero MarHHTHOrO nOJl.A br OT Hy
nA AO ~aKCHManbHOrO 3Ha4eHHA npOHCXOAHT 3a BpeMeHa, MHOr~ 

6onbwHe nepHOAa Kone6aHH~ nonAPH3a4HH T = 2rr/(f3 1+ {32 ) , 
4TO n03BOn.AeT npeHe6pe4b B ypaBHeHHH /10/ npOH3 BOAHO~ nonApH-
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j{) - -r-
25 

J-~- 5 ' 
T/10 IIC 

I 
~-r-J 

PHc . 8. HsMeHeHHe so a pe
MeHH aKCHa nbHOH AHCnep
CHH 3neKTpOHOB 0 ze np H 
Ne =lots, N ! = 5 ·1 011, 
a = 0, 2 CM, 

sa~H H no s peMe HH . B 3TOM cny4ae cTa~HOHapHaR nonRPH3a~HR 
KOnb~a o npe AenRe TCR COOTHOWeHHeM 

Rbr 
p (O)= -

el B zO 

1 

/3 1+/32 
1151 

n pHCTynaR K peweHH~ CHCTeM~ ypasHe HHH llll -t\41, 3aMeTHM
1 

4TO H3MeHeHH e YC KOpR~e ro nonR npoHCXOAHT MeAne HHO nO OTHowe
HH~ K 3neKTPOHa M (t p» T 0 ) , nooTo My a ypa s He HHRX I 11 I,/ 121 
6yAeM npeHe6peraTb npOH3BOAH~MH no BpeMeHH H nOnO)I(HM b (l )l = 

e. = 0 . PeweHHe CH CTe~ 1 1 11 , 11 31 c Ha 4anbH~MH ycnosHAMH 
da (1) 

a e(l)l = 0 , --1- = 0 HMeeT cneAYIOOIHH BHA : 
· dr 

a(l) = _R_ abr x[ (1 - COSAr )+ COSAr ) , 
e Bzo ar 1-{31 

a(l) 
I 

R ab -
= -- __ r_ x (1- COSAr ), 

B zO ar 

1161 

1171 

'A 
rAe A .. [ {3 ef (1 - {3 1 )] . Hs 3TH X COOTHoweHHH cneAYe T, 4TO 
CMe~eHHe KOnb~a OT OC H yCKOpHTenA npHBOAHT K AOnOnHHTenbHOH 
nonAPH3a~HH KOMnOHeHT! 

ab -
( l ) R r X COsA r C O p ~ -- -- OS • 
et Bzo ar 1 - f3 1 

1181 

npH napaMeTpax Kone~. nony4ae~x Ha KYTH OH~H 191 , senH4HHa {3
1 

6nH3Ka K eAHHH~e. HanpHMep , npH N 8 = 10 13 , N 1 = 4·10 11 , 
a= 0 ,15 CM, R = 3 , 8 eM, Ye::: 39 {3 1 =0 , 8. HaKCHManbHaA 
BenH4HHa p ~p B 3TOM cny4ae COCTaBnReT - Q , 1 CM H cpaBHHMa 
c Man~M pasMepoM ny4Ka. Y4HT~BaR, 4TO senH4HHa nonRPHSa~HH 
p <~l 1151 MOllleT AOCTHraTb 116 7 114 nonypaaMepa ny4Ka, 
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PHc.9. KonH4ecTso yKpynHeHH~x 
4aCTH~ De , OCTaBWHXCA B KOnb
~e, KaK ~YHK~HA speMeHH npH na
paMeTpax, COOTBeTCTBYIOOIHX pHc.8. 

npHXOAHM K B~BOAy, 4TO ABH)I(eHHe 
CMe~eHHOiO OT OCH YCKOpHTenR 
KOnb~a MO)I(eT COnpOBO)I(AaTbCA no
TepeH 3neKTpOHOB, a speMA, B 
Te4eHHe KOTOpoiO 3TH nOTepH 
npOHCXOAAT, cpaBHHM~ C tp, 

Ka4eCTBeHHO Ta KHe )l(e pesynb-

1111 

• . 
~ liO 

.. 
~ 

• J ~ 

T / lO .c 

TaT~ nony4anHCb B HeKOTOp~X 3KCnepHMeHTaX no YCKOpeHH~ HOHOB 
Ha KYTH. B cny4aAx, KOrAa Ha6n~Aanocb cMe~eHHe ~eHTpa Konb~a 
OT OCH YCKOpHTenA, AaT4HKH y -H3ny4eHHA Ha BWXOAe yCKOPA~eH 
CeK~HH perHCTpHposanH CHiHan , AnHTenbHOCT b KOTOpOiO B 3aBHCH
MOCTH OT BaKyyMHWX ycnOBHH COCTaBnAna HeCKOnbKO AeCATKOB H 
Aallle coTeH HaHoceKyHA, 4To 3Ha4HTenbHO npeswwaeT xapaKTepHoe 
speMA y - cHrHana npH KOMna KT HOM YCI<OpeHWH KOnb~a It e .::'(), 1 HCI. 
3TH pesynbTaT~ MOliiHO, nO-BHAHMOMy , 06DACHHTb C noM~b~ pac
CMOTpeHHOiO B~We MeXaHH3Ma noTepH 3neKTpOHOB, 

PeaynbTaT~ nposeAeHHOro paccMOTpeHHA nposepRnHcb a 4HcneH
HOM 3KCnepHMeHTe Ha 38M C HCnOnb308aHHeM MOAenH yKpynHeHHWX 
4aCTH~. H3y4anacb AHHaMHKa 4aCTH~ B OAHOM H3 a3HMyTanbHWX ce-
4eHHH KOnb~a. C4HTaA KOnb~o aaHMyTanbHO-cHMMeTPH4H~M, ~ y4H
T~sanH paAHanbHOe CMe~eHHe e ro ~eHTpa, A06aanRA K YCKOPAIOtlleMy 
l3aAaHHOMy ABYMepH~M MaccHBOMI MarHHTHOMY non~ Br aasHc~y~ 
OT BpeMeHH nonpaBKy cornaCHO COOTHOWeHH~ 

Br = Br + br sin w 0 t. 1 191 

npH MOAenHpOBaHHH Ha 38M pewanHCb nHWb ypaBHeHHA ABHllleHHA 
4aCTH~-3neKTPOHOB 1 a KOOPAHHaT~ HOHOB C4HTanHCb HeH3MeHH~MH 
B HHTepsane, paBHOM ABYM nepHOAaM 06pa~eHHR 3neKTpoHOB B 
KOnb~e. 4epe3 3TOT npOMe)l(yTOK speMeHH aKCHanbHwe KOOPAHHaT~ 
HOHOB CABHranHCb Ha BenH 4HHy, paBHy~ pa3HOCTH ycpeAHeHHWX no 
ABYM nepHOAaM 3neKTpOHH~X 06opOTOB KOOPAHH~T ~eHTpa MaCe 
3neKTpOHHoH KOMnOHeHT~ cze H nonRpHaa~HH Pet : 

z = Z eO + c ze - P el • 1201 

BenH4HHa aMnnHTYA~ nepBOH rapMOHHKH YCKOPRIOtllero nonR BW6Hpa
naCb paBHOH br= 60 rc. KaK H B cny4ae a3HMyTanbHO- CHMMeT
PH4HOro nOnR , 3neKTP0HHOe KOnb~O HMHTHposanOCb 132 yl<pynHeH
HW MH 4aCTH~aMH-KOnb~aMH, noTepH HOHOB 8 paCCMOTpeHHe He BBO
AHnHCb, HX pacnpeAeneHHe no Ce4eHH~ KOnb~a C4HTanOCb HeHSMeHH~M . 
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Ha pHc.8,1 noKasaH~ H3MeHeHH~ 90 9peMeHH aKcHanbHO~ AHC
nepCHH 3neKTpOHOB H 4HCen OCTa9WHXC~ 9 KOnb~e yKpynHeHH~X 
4aCTH~. Ha pHc.S BHAHO yaenH4eHHe aKcHanbHOro pa3Mepa 3neKT
poHHOH KOMnOHeHT~, COnpOBO*~a~~eec~ OOTepeH 4aCTH~-3neKTPOH09, 
XOT~ MaKCHManbHOe 3Ha4eHHe Br MeHbWe npeAenbHO AOnyCTHMOrO. 
B oTnH4He OT cny4aR A9H*eHHR 9 a3HMyTanbHO-CHMMeTPH4HOM none 
HanH4He nep90H rapMOHHKH YCKOpR~~ero nonA npH90AHT K cp~By 
KOMnaKTHOrO yCKOpeHHR. 

TaKHM o6pa30M, 4HCneHHOe MOAenHP09aHHe 9~90Aa 3neKTPOHHO
HOHHOro KOnb~a B MarHHTH~X non~X, 6nH3KHX K C¢QpMHpOBaHH~M Ha 
KYTH OH.IlH, noKa3~aaeT, 4TO KOM~~ KTHbl~ B~BOA B03MO*eH: 1 I npH 
HanH4HH 9 KOnb~e He MeHee 7·10 3neKTpOHOB; 2/ nPH BaKyyMe, 
o6ecne4H9a~eM ~aKTOP HeHTpanH3a~HH 3ap~Aa a npeAenax 0 ,25 < 
S fa < 0,9 H 3/ npH aenH4HHax nepao~ rapMOHHKH ycKOPR~ero 
MarHHTHOrO nonA, B~3~Ba~HX He3Ha4HTenbHOe CMe~eHHe ~eHTpa 
KOnb~a OT OCH YCKOPHTenR I ~Bz/ B zO < 10-8/. Ha KYTH OHRH B pe-
3ynbTaTe yMeHbWeHHR aMnnHTYA~ nep90H rapMOHHKH 9 3KCnepHMeH
TaX YAanocb A06HTbCR cMe~eHHR ~eHTpa, He npea~wa~ero 1,5 MM18 ~ 
4TO COOTBeTCT9yeT ~Bz I B zO.::.- 10 -•. B 3Ha4HTenbHOH Mepe ynyl.llle
HH~ CTa6HnbHOCTH B~BOAa CnOC06CTByeT B8eAeHHe cne~HanbHOrO 
AOnOnHHTenbHOrO CHHXPOHH3Hpy~erO BHTKa, n03BOnR~ero yMeHb
WHTb paAHanbHOe CM~eHHe ~eHTpa KOnb~a 3a C4eT CHnbHOrO yae
nH4eHHR CKOPOCTH npoXO*AeHHR pe30HaHCa vr = 1. 
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