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B KonneKTHBHOM MeTo,n;e ycKopeHHJI 3neKTpuqecKoe none, ycKo

pJIIO~ee HOHLI, onpe,n;enJieTCJI 'IHCllOM 3lleKTpOHOB B KOllLUe H ero pa3-

MepaMH. C u;enLIO nony'leHHJI JJ;OCTaTO'IHO BLICOKOH nnOTHOCTH 3apJI,n;a 

B KOllLUe npHMeHJIIOT pa3llH'IHLie CnOC06LI KOMnpeCCHH /1.2/ , B pe-

3YllLTaTe JJ;eHCTBHJI KOTOpLIX pa3MepLI KOllLD;a yMeHLWaiOTCJI, a 34J4JeK

THBHOe YCKOPJIIOID;ee none yaenH'IHBaeTCJI npH HeH3MeHHOM 'IHCne 3lleKT· 

pOHOB B KOllLD;e. 

H3BecTHO, 'ITO ,n;nJI c>KaTHJI KonLu;a no ManoMy pa.n;uycy Heo6xo.n;u

MO C03JJ;aTL noTeHu;l!allLHYIO JIMy, o6ecne'IHBaiOID;YIO yCTOH'IBBOe, 3aTy· 

XaiO~ee no aMnnHTy,n;e JJ;BH>KeHHe 'laCTHD; KOllLD;a OTHOCHTenLHO u;eHTpa 

ce'leHHJI. YpaBHeHHe ,n;nJI OTKnoneHHJI Koop,n;HHaT qacTHD;LI OT u;eHTpanL

uoii B npe.n;nono>KeHHH KBa3Hynpyroro xapaKTepa BHewHeii cunLI H paa

HOMepHoii nnOTHOCTH 3lleKTpOHOB no Ce'leHHIO KOllLD;a HMeeT BHJJ;: 

/1/ 

r .n;e w = w ( t, x, .X) - qacToTa Kone6aHHH no BHewHeM none c yqe-

TOM nonpaBKH Ha KYllOHOBCKOe pacTanKHBaHHe 3lleKTpOHOB B KOllLD;e. 

YMeHLWeHHe Manoro pa3Mepa KonLu;a npu KOMnpeccuu onpe.n;e

nJieTCH 3aTyXaHHeM aMnnHTYJJ;LI KOne6aHHH JJ;llJI peweHHJI ypaBHeHHJI /1/. 
~nJI cnyqaJI Me,n;neHHoro H3MeHeHHJI co apeMeHeM napaMeTpoa 

CHCTeMLI HHTerpan ,n;eHCTBHJI .f = ( P d q JIBllJieTCJI a,n;Ha6a TH'IeCKHM 

HHBapHaHTOM: 

2 
a w y Const , /2/ 

r,n;e a - aMnllHTy,n;a KOne6aHHH, y - penJITHBHCTCKHH 4JaKTOp 'laCTH· 

ULI. 113 /2/ BH,li;HO, 'ITO C pOCTOM 'laCTOTLI H 3HeprHH aMnnHTy,n;a KOne-

6aHHH na,n;aeT, T.e. KOllLD;O C>KHMaeTCJI. 
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O~HaKo KoMnpeccHH, onpe~enHeMaH ycnoBHeM /2/, He~ocTaToq
HO 31}ll}leKTHBHa H3" 3a Me~neHHOrO H3MeHeHHH aMnnHTY~bl npH 3Ha'IH" 

TenbHOM H3MeHeHHH qacTOTbi. TaK, npH KOMnpeccHH 3neKTPOHHoro 

KOnbUa B H3MeHBID~eMCH BO BpeMeHH HnH npOCTpaHCTBe MarHHTHOM 

none Manbiii pa3Mep KOnhua MeHHeTcH KaK a "" H-~, r~e H ·Mar-

HHTHoe none. I 
Me)K~y TeM H3BeCTHhl CHCTeMbl 

3
" 

4
/ , r~e HHTerpan ~eiiCTBHH 

He HBnHeTCH a~Ha6aTH'IeCKHM HHBapHaHTOM H aMnnHTy~a H3MeHHeTCB 

3Ha'IHTenhHO 6biCTpee, 'leM npH ycnOBHH /2/. 
PaCCMOTpHM CHCTeMy BH~a: 

X + W X 0, 

£ 

• 211 
X 

L 211 w 211- 2 

0 

/3/ 

r~e t << 1, w L - xapaKTepHhiii pa3Mep cHCTeMhi, w
0 

'laCTOTa KOne6aHHH npH 0 · 
Cnyqaii n = 1 paccMoTpeH B pa6oTe 141 . Hcnonh3YH pa3BHTyro 

TaM MeTO~HKy, Haii~eM ~nH CHCTeMhl /3/ cne~yiDIUYID CBH3h aMnnHTy· 

~hi H qaCTOTbi: 

2n + 1 

aw 
2 (n + 1) 

Const, /4/ 

r~e a, w - Me~neHHhie cocTaBnHro~He a , w . 
KaK cne~yeT H3 /4/, npH n >> 1 aMnnHTy~a H3MeHHeTCH IIO'ITH 

o6paTHO IIpOIIOpUHOHanhHO H3MeHeHHID 'laCTOThl. 

IlpH n=] H3 /4/ HMeeM: 

--3/4 a w = Const . /5/ 
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HHTerpaJI .neiiCTBBJI I = a 2 ;;; 
( ux I,;: 

I = 

MeHHeTCJI B nepBOM npB6JIH~~HHB no 

Io 
(i) t 

1+£ _o __ 
4 

r.ne I0 , w 0 - 3HaqeHBJI cooTBeTCTBYIOD.lBX senaqaH npa t ~o . Me.n

JieHHaJI COCTaBJIJIIOD.laJI aMllJIBTY.ULI 3aBHCBT OT BpeMeHH CJie.D;}IOD.lHM 

o6pa3oM: 

a 

(1 + f 

(i) t 372 
_o_) 

4 

3aKOH B3MeHeHHJI qaCTOTbl B 3aBHCHMOCTH OT BpeMeHH C yqeTOM .D;BYX 

nepBbiX qJieHOB pH,na B pa3JIO~eHHH w MO~HO JanHCaTb B BH.D;e: 

w t 2 

( 1 + f ~) [1 -
<i.Lo 4 

f 

(i) t 3 
4(1 +£ ~) 

4 

w t 2 

sin 2w (1 + f -
0
-) t]./6/ 

0 4 

KaK cne.n.yeT H3 perneHHH CHCTeMLI /3/, c poCT{)M n ysena-

qasaeTCH HOMep rapMOHHKB B Bbipa~eHHH .LJ.JIH qacTOTbl. 3TO npHBO.D;HT 

K onpe.n;eneHHLIM TPY.LJ.HOCTHM B npaKTaqecKoM ocymecTBneHHH cnyqaH 

n>>1.qTO ~e KacaeTCH peaJIH3aUHH BapHaHTOB n = 1,2,3 .D;JIH ypaBHe

HHH /3/, TO HaH6onee llO.D;XO.D;HD.leH CHCTeMOH 3.D;eCb OKa3biBaeTCH BOJI· 

HOBO)];, r.n;e C03.n;aeTCH 3aMe.n;neHHaH 3JieKTPOMarHHTHaH BOJIHa. 

KaK BH.n;Ho B3 /6/, .n.nH cnyqaJI n = 1 qacToTa nepao.n.aqecKH Ko

ne6neTCH H MOHOTOHHO yBeJIHqHBaeTCH CO BpeMeHeM. 

Me~.n;y TeM H3BeCTHbl CHCTeMbl, OllHCLIBaeMLie ypaBHeHHeM 

MaTLe, .n.nH KOTOpLIX qacToTa, B cpe.n;HeM, ocTaeTcH nocTOHHHoii. B TO 

~e BpeMH HHTerpan .n;eHCTBHH H aMllJIHTy.n;a KOJie6aHHH npH BblllOJIHe

HHH onpe.n.eneHHLIX ycnosaii 6y.n.yT yMeHLliiaiOmBMHCH <l>YHKUHHMH ape

MeHH. B 3TOH CBH3H HaH60JibliiHH HHTepec .LJ.JIH ueneii KOMnpeCCHH KOJib· 

ua npe.n;cTaBnHeT cnyqaii napaMeTpaqecKoro pe3oHaHca: 

2 
x + w ( 1 - f sin v t ) x 

0 
0 ' /7/ 

r.ne f << 1 , v 2w . Ilpa £=0 perneHHe /7/: x = a cos ( w 
11 

t +h) . . 
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YpaaHeHHH rrepaoro rrpH6nH~eHHH ~nH aMrrnHTY~hl H ~a~hl cne~yro

mHe 

w2 
0 acos2h, a -( 

2v 

2 

h 
v wo 

sin 2h. w + ( 
0 2 2v 

06naCTH yCTOH'IHBOCTH orrpe~enHIDTCH ycnOBHeM: 

w 
4 0 

< lw 
0 

~1-
2 

/8/ 

/9/ 

CHcTeMa ypaaHeHHH /8/ pernanach 'IHcneHHO Ha 3BM. Haii.n;eHo, 'ITO 
a o6nacTHX ycTOH'IHBOCTH cymecTayeT orrpe~eneHHbiH HHTepaan Ha'lanL
HbiX 3Ha'leHHH a 

0 
H h o , ~nH KOTOphlX aMITnHTy~a KOne6aHHH 3aTy

xaeT co apeMeHeM. Ha pHc. 1 rrpe~cTaaneHLI ~nH HnmocTpauHH ~Be 
a 

KPHBbie, 

(r="(;;t) 

rroKa3hiBaromHe yMeHbUieHHe aenH'IHHbi 

rrpH f = 0,1 H 

lw -~1 
0 2 

wo 
= 3" 

co apeMeHeM 

McrronL30BaHHe HBneHHH napaMeTpH'IecKoro pe3oHaHca ~nH ycH
neHHH 3~~eKTa rpyrrrrHpOBKH B BOnHOBO~e rrpe~cTaBnHeT orrpe~eneHHbiH 

HHTepec. 
11MeH B BH~Y BbiUieH3no~eHHOe, paCCMOTpHM rro~po6Hee BOITpOC 

0 rrpo~OnbHOH KOMDpeCCHH 3nei<TpOHHOrO KOnbUa B none 3aMe~neHHOH 
3neKTpOMarHHTHOH BOnHbl. 

l13BeCTHO, 'ITO 3neKTpOMarHHTHaH BOnHa, ~a30BaH CKOpOCTb KO
TOpOH COBITa~aeT CO CKOpOCTbiO HeKOTOpOH paBHOBeCHOH 'laCTHUbl, 
co3~aeT ~BH~ymyrocH rroTeHUHanLHYIO HMY, o6ecrre'IHBaromyro ycToii
'IHBOe ~BH~eHHe 'laCTHU cryCTKa OTHOCHTenbHO paBHOBeCHOH. 

YpaBHeHHe npo~onhHbiX Kone6aHHH ~nH KOnLua B 6erymeii E z 

ka 
BOnHe HMeeT BH~ ypaBHeHHH /1/ rrpH ycnOBHH << 1 , r.n:e a - Ma-

2rr 
nhiH pa~Hyc KonLua; k = T , 

6 

- ~nHHa aonHLI a cao6o~HOM rrpo-

~~ ............................ ..._ 



CTpaHCTBe, l3 <fJ = ...:.! , v ~ - !l>aJOBaH CKOpOCTh BOnHhl. IlpH 3TOM 

2 2 2 
(J) = (J) - (J) 

B l 

c 
, r)J.e 

eEk 2 
(J) 

B 

2 
)J.eHCTB}'lOIQero Ha l.J:aCTHIJ.y; w l = 

e2 Y_/a2 
no 3neKTpOHOB B KOnhiJ.e, r =--

2
-. 

e mo c 

E - HanpH:lKeHHOCTh non», 

r N 
N - l.J:HC-

t! t! 

' v 
t! t! 

~nH o6ecne'IeHHH ycTOH'IHBoro .LJ.BH:lKeHHH KOnLu.a B none 6ery

IQeii CHHXpOHHO C KOnhiJ.OM BOnHhl, Heo6XO)J.HMO BhiiiOnHHTh ycnOBHH 

!l>OKYCHpOBKH .. IlpHBe)J.eM HeKOTOPhie OIJ.eHKH. 0THOIIIeHHe 'IaCTOThl npo

)J.OnhHhlX KOne6aHHii K KynOHOBCKOH 'IaCTOTe KOnhiJ.a: 

TTk r E 

eN 
t! 

a 2 2 
Y..t. 

/10/ 

IlpH- E = 20 KB/CM, A= 10 CM, 13¢ = 0,2, a = 0,15 CM, r = 5 CM, 

N., = 10 l3 , y -l. = 30 3To OTHOIIIeHHe paBHo 12. CooTBeTCTBeHHO npH 
(1)2 

B 
A = 100 CM - -- = ], 2. 

w2 
l 

IlpO)J.OnhHaH CKOpOCTh KOnhiJ.a npH BneTe B BOnHOBO)J. npHHHTa 

paBHOH v z = 0,2c . 
HaqanLHhiH pa36poc cKopocTeii, KOTOPLIH He npeBLIIIIaeT rny6H

Hhi noTeHu.HanLHOH HMLI, npH A = 10 CM cocTaBnHeT - 5~, npH A. = 
= 100 CM- 1,5~. 

<I>OKYCHpOBKa B r -HanpaBJieHHH OCYIIJ.eCTBnHeTCH, KaK 06hll.J:HO, 

DOCTOJIHHhiM MM.rHHTHLIM DOJictM, BeJIHl.J:HHa K<>TOporo )J.On:lKHa 6:W:Tb ,llO

CTa TO'iHOH }l,nJI JCOMDeHCaiJ.HH JCaK JCYJIO.IIOBCICOrO pacunKBJia}J~U ~1fe1<T
pOHOB B KOnhiJ.e, TaK H JJ.e!l>OKYCHPYIOIQero )J.eHCTBHH pa)J.HanLHbiX CHn 

B 80JIHOBO)J.e. IlpH Yl_ = 30 B r =_ 5 CM, r )J.e r - 60JIJoliiOH pa,D;IIYC l<OJIIo

u.a, senH'IHHa MarHHTHoro nons H > 10660 3pcTe.LJ.. 
z-
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~--------'''· 

PHc. 1. 3aBHCHMOCT& aMnJIHTY.D.bi xone6aHHi OT apeMeHH .D.DJI cnyqaJI 
napaMeTpHqeCKOrO pe30HaHCa /1 • ,D,DJI ho = 0,3; 2 - ,IJ,nJI ho = 0,5/. 

B CBJI3H C ManoR npO,D,ODbHOH CKOpOCTbiO KOH&Ua paCCMOTpHM 

CllHpan& B I(HnHH,D,pHqecKOM BOnHOBO,D,e, ll03BOnJIIOII(eH o6ecneqHTb 

6on&rnoe 3aMe,D,neHHe ~meKTpoMarHHTHOH aonHbl./ I 
IlonH B CllHpan&HOM BODHOBO,D,e H3BeCTHbl 

6 
• B o6naCTI~ r ~ b1 , 

r,D,e b
1 

- pa,D,HYC cnHpanH: 

E 
r 

H = 
¢ 

k 
i_!.E I (k r) 

k 0 1 1 

k 

k 
H · 1 

Ul %=-,-;;-tgy 

k 
H = k 3 tg 'I' 

r 

,_ E I (k r) E = - tg 'I' 
kl 0 1 1 ¢ 

8 

I (k b ) 
0 11

El kr 
I. (k b ) o o ( 1 ) 

1 1 1 

I (k b ) 
0 1 I • E I (k r) 

I (k b ) 0 1 I ill/ 
l I 1 

I (k b ) 
0 1 1 

E
0

·1
1 

(k 1 r) 
I (k

1
b

1
) 

l 



B o6nacTH b < r < b , r,IJ,e b 
1 

- pa,IJ,Hyc u;HnHH,IJ,pa: 
1 2 

E 
% 

l(kb) 
0 1 1 

E F (k r), 
F(kb) oo 1 

0 1 1 

k 
E 

. 3 
r = -£-

I (k b ) 
0 1 1 k3 

E F (.k r J , H = - tg 'I' 
0 1 1 , k k 

1 F (k b ) 
0 1 1 

I (k b ) _ 
0 1 1 

-:=--- E • F (k r) 
F(kb)OOI 

I I 1 

k I (k b ) I (k b ) 
0 1 1 E F (k ) E = - t» 'I' 0 1 1 E · F ( k r). 

H¢= -i k F (k b ) 0. 1 I' ' ¢ "' F (k b) 0 l 1 
1 

0 1 1 1 I 1 1121 
w k k2 2 "' 3,IJ,eCh k =- , k =- , k = y - k , w - qacTOTa BOnHhl. 
c 3 jjcp 1 3 

F (k r) 
0 

F (k r) 
1 1 

F (k r) 
0 1 

-
F (k r) 

1 1 

I (k b )K (k r)-K (k b~ )I (k r) 
0 12 0 1 01.:0 l 

I ( k b ) 
0 1 2 

I 
0 

( lr 
1 

b 
2 

)K
1 

( k 
1 

r) + K 
0 

( k 
1 

b 
2 

) I I ( k
1 

r) 

lo(kl b2) 

I (k b
2

) 
1 . 1 

I ( k b ) 
1 1 2 

' 

e 
i (W t-lt.

3 
%) 

B <l>opMynax /11/ H /12/ aeJ,IJ,e onyiD;eH MHO:>KHTenh 

Pa3Mephl CllHpanbHOrO BOnHOBO,IJ,a npH 3a,IJ,aHHOB <i>aJOBOH CKOpOCTH 

BOnHhl HaXO,IJ,.HTC.H H3 H3BeCTHOrO ,IJ,HCllepCHOHHOrO COOTHOWeHH.H: 

k2 I (k1bi)·Ko(klbl) 
ctg 2.., = _I o -· T/' /13/ 

"2 I (klbl)KI(klbl) 
1 

9 



~------------·~=---------------

r.ne 

I -

I -

lo(klbl JKo(k1b2) 

lo(k1b2)Ko(kl bi) 

J/k
1
b

1
) K 1 (k 1 b2 ) 

l/k
1

b
2

)K1 (k 1 b1 ) 

fiOTOK MOIQHOCTH qepe3 ceqeHHe BOllHOBO,na C yqeTOM /11/ H /12/ pa· 

p 
2 2 2 K /o 

E \b(I-ll)(l+---J\ 
0 1 1 02 Kl r=b 

0 111 1 

+ 

2 2 
[b(F-FFJ 

2 1 0 2 

2 2 
- b 1 ( F 1 - F 0 F 2 ) I 1 + I 14/ 

r= b
2 

r= b 1 

+----
F F 

0 1 

3,neCb apryMeHT $YHKUHB Jieccemi paBeH k 1 b 1 HllH k 1 b 2 , COOTBeT· 

CTBeHHO yKa3aHHIO. 
fioTepH MOIQHOCTH Ha e,nHHHUY ,nnHHbl B CllJlpanbHOM BOllHOBO,ne 

Bbi'IHCll.HIOTC.ft llO $opMyne: 

D 
8 

/15/ 
+ 

+ I 
r= b 1 

1 l 
> • ' 

10 
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) 
I 

I 
J .. 

r)l;e a • y)l;eJU.Ha.ll npOBO)l;HMOCTL MaTepHaJia CflHpaJIH H CTeHKH BOJIHO· 
BO,I(a, y 

2 = ( 1 - ~ ~ )- ~ • fipH It l b l » 1 BLipa:>KeHHH /14/ H /15/ 
3Ha'IHTeJILIJO ynpOIIthJOTCH: 

p 
/16/ 

D 
c rc 2 2 

8 
y --:-- y ( 4 b 

1 
+ b ) E

1 
• 

a A «jl 2 
/17/ 

3,necL E1 = E 0 10 (k 1 b
1

). 

OueHHM TaK:>Ke JJ:JIHHY 3aTyxaHHH noJIH. H3MeHeHHe noToKa Mom
HOCTH onpe,neJIHeTCH flOTep.IIMH B CflHpaJIH H CTeHKe BOJIHOBOJ];a: 

aP 
+ D = 0. /18/ 

Ho, KaK CJie)l;yeT H3 /14/ H /15/, 

p 2 
a E , D 

1 0 
/19/ 

fiO)l;CTaBJIHH /19/ B /18/, flOJIY'IHM: 

r.IJ:e f = , E 08 - Hanp.II:>KeHHOCTL nonH ua ocu npu z = 0 . llpu 

"1 bl » 1 ,I(JI.H BeJIH'IHHLI f HMeeM: 

8 
Abl 

~ 2 u. f /20/ 
1T (4h 1 +b2 ) «jl y cb c 

KaK cne,nyeT Hl /20/, C yMeHoD.IeHHeM 4Ja30BOH CKOpOCTH BOJIHLI ,I(JIH· 
ua 3aTyxaHHH noJIH 6LICTPO na.naeT. TaK, uanpuMep, npu A = 10 eM, 
a= 6.10 11cgse , b1 = 6 CM, b2 = 7 CM, ~ «jl = 0,05- f =2M; 

II 

-~---

-- ~-



ti! 

npu {3 <jJ = 0,02 - f = 30 CM. C pOCTOM .[lnHHbl BOnHbl .[lnHHa 3aTyxa

HHH rronH yaenuquaaeTcH 17/. 
3TO 06CTOHTenbCTBO He06XO.[IHMO npHHHMaTb BO BHHMaHHe npH 

Bhl6ope B03MO*HOrO .[IHana30Ha H3MeHeHHH <jla30BO~ CKOpOCTH BOnHhl 

npu 3a.naHHO~ ,\ . 

BLI6op *e .nnnHbi aonHbi onpe.nenHeTcH ycJioaneM npo.nonhHO~ <bo-

KycupoaKn 1101 npu H3BeCTHO~ HanpH*eHHOCTH nonH Ha pa.nuyce 
KOnbUa. 

PaccMoTpnM .nau*eHne JneKTPOHHoro Konbua a none JaMe.nneH

HO~ JneKTpOMarHHTHO~ BOnHhl, C03.[1aHHO~ B cnupanbHOM BOnHOBO.[Ie, 

C yqeTOM KynOHOBCKOrO pacTanKHBaHHH JneKTpOHOB B KOnbUe. 

YpaaHeHHH .LJ:BH*eHHH J.[le Cb cne.nyiOIUHe: 

d(m
0

ry) 

dt 

2 • 
d(rno' ¢y) 

dt 

ri(m
0 

z y) 

dt 

2 
m 1'

0
y _ (k) 

__ o __ . -- + e [ E + /Q ¢ (fl + fl ) - {3 H_.~.] + e E 
r - r fJ z z z'P r 

er [£¢ + f3z If,- (3, (Hz+ liz) I, 1211 

(kj 
e [ E + {3 II -.L - /)¢ II J + e E , 

z r w r z 

r.ne Hz - BHemHee nOCTOHHHOe MarHHTHOe none; KOMnOHeHThl nonH 

aonHbi E, If orrpe.nenHIOTCH I 111; E ( k)- KynoH:oacKoe none JneKTpoH

HOrO KOJibU:a C y'leTOM MarHHTHOrO CTHrHBaHHH TOKOB. 

K ypaaHeHHHM 1211 Heo6xo.nnMo .no6aBHTb ypaaHeHHH .nnH H3Me

HeHHH <ba3bl BOnHbl tjJ = ~ t - k 3 i H <ba30BOH CKOpOCTH: 

\{J ~ ( 1 -

{3 ¢ [( t). 

{3% 
--) 

f3¢ 
1221 

1231 

IJpH 3a,IJ,aHHO~ MOIUHOCTH reHepaTopa. BenH'IIfHa JneKTpH'"IeCKOrO nonH 

Ha ocu aonHoao,n,a £0 Haxo,n,unacb c yqe TOM 1231 H3 I 161. 

12 

CucTeMa ypaaHeHH~ 1211-1231 npu pa3nH'IHbi: 

manach qucneHHO Ha 3BM. Ilpu JTOM 6biJia Bbi6paHa 

KOHe'IHO TOHKHX 3apH*eHHhlX KOneu C 'IHCnOM Jne 
KOnbU:e N e = zo13 Ha'laJibHbie napaMeTpbl Koneu cnt 

HUe Me*.r:IY KOnbUaMH no OCH Z " a 0 = 0,1 CM, r 
;. = 0, z'

0 
= 0, 2 c. P a,n,uyc crrupanu 6biJI Bbi6paH b 

0 I 
nuH,n,pa • b2 = 7 CM; A = 10 CM, f3¢ 0= 0,2. 

KaK noKaJanu pacqeThi, J<b<beKTHBHOCTb KOMnJ: 

3aaHCHT OT JaKOHa H3MeHeHHH <ba30BO~ CKOpOCTH Bl 
IJpH MOHOTOHHOM yMeHbmeHHH CO BpeMeHeM 

ll, COOTBeTCTBeHHO, yBeJIH'IeHHH 'laCTOTbl npo,n,onbl 

nnuTy,IJ,a Kone6aHH~ H3MeHHeTCH COrnaCHO HHBapuaJ 

ITpu Bbi6ope JaKoHa H3MeHeHHH <baJoao~ < 
ycnOBHIO 161, KOr,IJ,a 'laCTOTa KOne6neTCH B TaKT C 

TeMbl, aMnnHTy,IJ,a yMeHbmaeTCH B COOTBeTCTBHH ( 

npH ycnOBHH 121. )l;nH HJiniOCTpaU:HH Ha puc. 2 IIpHl 

a 
CHMOCTH aenH'IHHbl a B <bYHKUHH TJ = k Z IIpH £ 

0 

r .[le {3 <jJ O , {3 <jJ • 3Ha'leHHH <ba30BO~ CKOpOCTH B H 

HOBO,IJ,a. B 3TOM cnyqae aMnnHTy,n,a KOne6aHH~ yMei 

npu yaenu'leHHH 'laCTOTbl IIpO,li,OJibHbiX KOne6aHH~ "' 

ITpuae,n,eM rrpuMep 6onee pe3Koro HJMeHeHHH 

HH~ npu TOM *e nepena,n,e <ba30BO~ CKOpOCTH BOJ 

H3MeHeHHH <baJOBO~ CKOpOCTH CO BpeMeHeM cne,n,yK 

r,n,e 

{3¢0 r-~ 
{3 = ---~--- • 

<jJ ¢ (l}[1 +£I sind • ¢(t)) CO'S lJI0 

2 
¢(t)= (1 +£ w t) 

2 0 
d 2 

~ 
cos IJI 

0 

{3 ¢0 
B ,n,aHHOM cnyqae £ I = 0,05, £ = 0,025, '1'0 
KaK an,n,Ho H3 xo,n,a Kpnao~ lll, 2

aMrrnuTy,n,a yMeJ 

f3 <Po 
--~-- 4- KpuaaH 121 noKa3biBaeT JaTyxaHH 

{3 ¢ 
npu 

6aHH~ npH HanH'IHH Ha'lanbHOrO pa36poca CKOpOCT€ 

MeHeHue mara cnupanu a,n,onb ,n,nHHbi aonuoao.na 

npe,n,cTaaneHo Ha puc. 4 lnyHKTnpl; cnnomHaH nnHll 

YaiO f 1 = 0 Bn,n,Ho, 'ITO aenn'IHHa mara cnupanu, 
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= 0,02 - e = 30 CM. C pOCTOM ~nUHbl BOnHbl ~nUHa 3aTyxa
H yaenuquaaeTCH 17( 
0 06CTOHTenbCTBO He06XO~UMO npUHUMaTb BO BHUMaHUe npu 
B03MO)f(HOrO ~Uaiia30Ha U3MeHeHUH $a30BOH CKOpOCTU BOnHbl 

HOH ,.\. 

bi6op )f(e ~nUHbl BOnHbl OIIpe~enHeTCH YCJIOBUeM IlpO~OnbHOH $o
KH I 10/ rrpu uJaecTnoii: uanp»)f(eHHocTu rronH ua pa~uyce 

CCMOTpHM ~BU)f(eHUe :meKTpOHHOrO KOnbi..J;a B none 3aMe~neH· 
KTpOMarHUTHOH BOnHhl, C03~aHHOH B cnupanbHOM aonHOBO~e, 

M KynoHOBCKOro paCTanKUBaHUH 3neKTpOHOB B KOnbu;e. 
BHeHUH ~BU)f(eHUH 3~eCb cne~yiOI.QUe: 

2 
m 1' c6 y 

0 --- + 
r 

(k) 
e [ E + r.J ,~.. (II 1- f1 ) - r.J H,~.. ] + e E 

r fJ\fJ z z fJz'P r 

err E ¢ I /3z II, - /3, (Hz +if z) I' /21/ 

(kj 
e [ E + {3 II .L - /) ,~.. H j . + e E , 

z r w \.f.J r z 

BHemuee nOCTOHHHOe MarHUTHOe none; KOMnoHeHThl IIOnH 
II onpe~enHIOTCH I 11/; E ( k J- KynoH:oacKoe none 3neKTpou

I..J;a C yqeTOM MarHUTHOrO CTHrUBaHUH TOKOB. 
paBHeHUHM /21/ He06XO,!J;UMO .D;06aBUTb ypaBHeHUH .D;nH 

bl BOnHbl tjJ = ~ t - k 3 Z U $a30BOH CKOpOCTU: 

{3 
~ z 
(1)(1- --) 

13¢ 

U3Me-

/22/ 

tP- [(t). 
/23/ 

HHOH MOI.QHOCTH reuepa Topa . aenUq_lfHa 3neKTpU'-IeCKOrO IIOnH 
noao~a E0 uaxo~Hnacb c yqeToM /23/ U3 /16/. 
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CucTeMa ypaaneHuii: /21/-/23/ npu pa3nuqubiX ¢yuKU:UHX f(t} pe
manacb qucneuuo ua 3BM. llpu 3TOM 6hwa Bbi6paua MO~enb ~ayx 6ec
KOHequo TOHKUX 3apH)f(eHHbiX KOneu; C qucnOM 3neKTpOHOB B Ka)f(~OM 
Konbu:e N e = zo13 HaqanbHbie napaMeTpbi Koneu: cne.n;yiOI.Que: paccToH
HUe Me)f(~y KOnbi..J;aMU no OCU Z - a 0 = 0,1 CM, r

0 
= 5 CM, y = 30, 

i-
0 

= 0, z"0 = 0,2c.Pa~uyc cnupanu 6biJ1 Bbi6paH bi = 6 CM, pa.n;Jyc u:u
nuu~pa - b2 = 7 cM; A = 10 CM, /3rp

0
= 0,2. 

KaK rroKa3anu pacqeTbi, 3¢$eKTUBHOCTb KOMnpeccuu cymecTaeuuo 
3aBUCUT OT 3aKOHa U3MeHeHUH $a30BOH CKOpOCTU BOnHbl. 

llpu MOHOTOHHOM yMeHbmeHUU CO BpeMeHeM $a30BOH CKOpOCTU 
H, COOTBeTCTBeHHO, yaenuqeHUU qacTOTbl npO~OnbHbiX KOne6aHHH aM
IInUTy.D;a KOne6aUUH H3MeHHeTCH cor naCHO HHBapuaHTY /2/. 

llpu Bbi60pe 3aKOHa H3MeHeHUH $a30BOH CKOpOCTH cornaCHO 
ycnOBUIO /6/, KOr~a qacTOTa KOne6neTCH B TaKT C KOne6aHUHMU CUC
TeMbl, aMrrnuTy~a yMeHbmaeTCH B COOTBeTCTBUU C /5/ 6biCTpee, qeM 
rrpu ycnoauu /2/. )];nH uJIJIIOCTpau:uu ua puc. 2 npuae.n;eu rpa¢uK Jaau-

a ~o 
CUMOCTU aenuqUHbl - B $yHKU:UU Tf = k Z npu t = 0,3 U -

ao {3 
cp 

= 4, 

r~e {3 cp 0 , {3 cp - 3HaqeHUH $a30BOH CKOpOCTU B HaqaJie U KOHU:e BOJI
HOBO~a. B 3TOM cnyqae aMnnuTy.D;a KOJie6aHUH yMeHbmaeTCH "" B 3 pa3a 
npu yaenuqeuuu qacTOTbi npo~OJibHbiX Kone6auuii: "" a 4 pa3a. 

llpuae~eM npuMep 6onee pe3Koro uJMeHeHuH aMnJiuTy~bi Kone6a
uuii: npu TOM )l(e nepena.n;e $a30BOH CKOpOCTU BOJIHbl /puc. 3/. 3aKOH 
U3MeHeHUH $a30BOH CKOpOCTU CO BpeMeHeM CJie.D;yiOI.QUH: 

{3 <P 0 

{3 <P ¢ (l) [1 +<I sind·¢ (t)] 

. j_-;;-:w 
CO'S 'I' 

0 

' ~ 
2 cos 'I' 

r~e ¢ (t) = ( 1 + < w t) , d = 2 ° 
2 o l3¢o 

/25/ 

B ~aHHOM cnyqae <I = 0,05, < = 0,025, '1'
0 

=-5°, A = 10 CM. 
KaK au~uo u3 xo~a Kpuaoii: /1/, 2 aMnnuTy~a yMeHbmaeTCH "" a 6 pa3 

~ cfJo 
--=4. KpuaaH /2/ noKa3hiaaeT JaTyxauue aMnnuTy~bi Kone-

{3 rP /).~ 
npu 

6aHuii: npu Hanuquu uaqanbHoro pa36poca cKopocTeii: -.- :o=4%. 113-
z 

MeHeHue mara cnupanu a.n;onb .n;nuHbi aonuoao.n;a .n;nH 3Toro cnyqaH 
npe,!J;CTaaneHO Ha puc. 4 jnyHKTUp/; cnnOmHaH nUHUH OTHOCUTCH K cny
qaiO f 1 = 0 Bu.n;uo, qTo aenuquua mara cnupanu, nponopu;uouaJibHoro 
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I! 

)" 

{1 

{i() 

1 
09 

0 J I 
0/ 

-~ 

06 

OS 

0~ 

0~ 

01 

01 

5 6 I II '} K5 l 

Puc. 2. 3aaucuMoCTb aMrrnuTy.n;bi Kone6auuil: OT .n;nUHbl .n;mr 8 <P, orrpe
,n;enReMOH U3 /6/. 

g_ 
a.. 

05 

u~l 

Ill 
0 

(0 20 j() 0 'l 

Puc. 3. 3aaucHMOCTb aMrrnuTy,n;br Kone6auuii: oT .n;nuHbl .n;nR f3 cP, orrpe.n:e
nReMOH ypaBHeHUeM /25/. 

14 

I ~- ... - ~ . .. ~ _ __. 

clJa30BOH CKOpOCTU BOnHbl, Kone6neTCR 110 ,n;nuue 1 
rrapaMeTpbi Mo.n;ynxuuu ne)l(aT B rrpaKTnuecKu ocy1 
nax. 

h ... 

6 

5 

+ 

3 

z 

IIJ If :1/) l5 !10 

" ' " 
~ 
~ 

Puc. 4. H3Meueuue wara crrupanu a.n;onb .n;nHHbi 

IS 



{I 

(i.., 

1 
(.'9 

0~ 

01 

06 

05 

o• 
Ol 
01 

01 

~~,~ 

5 b /0 'l 

aBHCHMOCTb aMllJIHTY.D;hl KOJie6aHHH OT .D;JIHHbl ,IJ;ml 8 <J:>, onpe • 
H3 /6/. 

Q.. 
'4 

05 

~~! 

ct 
0 

10 20 Jo 'l 

aBHCHMOCTb aMllJIHTy.D;hl KOJie6aHHH OT .D;JIHHbl ,n;mr f34J, onpe,rr;e
aaHeHHeM /25/. 
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4Ja30BOH CKOpOCTH BOJIHhl, KOJie6JieTCB llO .D;JIHHe BOJIHOBO.D;a, npHqeM 

napaMeTphl MO.D;YJIBU:HH Jie)KaT a npaKTnuecKH ocymecTBHMhiX npe.n;e

nax. 

h ... 

7 

6 

+ 

J 

l 

Ill IS 2/) l5 jtJ ljC) 1 

PHc. 4. W3MeHeHHe wara cnHpanH a.n;onh .n;JIHHhl aonHoao.n;a. 

IS 



~ ' 

PaccMOTpeH sapuaHT 3aBHCHMOCTH Y:aCTOThi npo).l.OnhHhiX Kone6a
HHH oT speMeHH, 6nH3KHH K ycnosuro napaMeTpuY:ecKoro pe3oHaHca. 
<l>a30BaH CKOpOCTh B 3TOM cnyqae onpe).l.enHeTCH H3 COOTHOllieHHJI: 

f3 s 

{3¢ 
l 

. f3 so J 
I - E 1 sm ( 2 + € 2 ) -~ w 0 t 

v cos 'P 

cas '11
0 

/26/ 

r).l.e {3 s - CKOpOCTh UeHTpanhHOH Y:aCTHUhl KOllhUa . XO).l. aMllllHTY).l.hl 
KOne6aHHH H <lJa30BOH CKOpOCTH /MOHOTOHHaH Y:aCTh/ llOKa3aH Ha pHC.5. 
B 3TOM cnyqae ( 1 = 0,005, t 2 =_0,003, '1'0 = -5° , npu t= o ua pa
).l.Hyce KonLua E = 100 KB/CM, H2 = 12000 3pcTe).l.. KaK BH).l.HO H3 

f3 cp 0 
rpa¢uKa, aMnnuTy).l.a yMeHhrnaeTCH "'B 3 pa3a npu --- "' 2 . qTO 

f3cp 
KacaeTCH pa).l.uanhHhlX Kone6aHHH, To ux aMnnuTy).l.a ue npeswrnaeT 

0,1 CM. 

" " ~ a. 

02 1 I 
~ 09 

OS 
0/ 

06 

01 05 fir, 
0~ 

O> 
Ol a a;, 
01 

--~--r-r---;---s~-7,- --, ~ fO z 

PHC. 5. 3aBHCHMOCTh aMllllHTY).l.hl KOne6aHHH OT ).l.llHHhl ).l.llH 3aKOHa H3-
MeHeHHH {3 cp H3 /26/. 
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fipHBe).l.eHHhle npHMepbl DOKa3hiBaiDT, 'ITO e1 

38poBKH B 6ery~eH CHHXpOHHO C KOllLUOM 3neKT 
ycunHTL HeKOTOphiMH pe30HaHCHLIMH HBneHHHMH 1 
KOrO pe30HaHca, TO MO>KHO OCy~eCTBHTL ).l.OBOllLHO ~ 

peCCHID KOllLUa B npO).l.OllhHOM HanpasneHHH. 
B JaKnroqeuue aBTOPLI 6naro).l.apJIT B. M. B< 

K pa6oTe H ueHHhle yKa3aHHH. 

Humepamypa 

1. V.I.Veksler et al.Collective Lineal 
of Ions. Proc. of Sixth Intern. Col 
Energy Acelerators. Cambridge, p.2l 

2.N.C.Christofilos. Static Compessior 
tic Electron Rings. Phys.Rev.Lett., 

3. H.H.Iioronro6os, IO.A.MuTpononLCKHH. AcuMn 
s TeopHH uenuueHHLIX I<one6aHHH. M., 1955. 

4. B.M.Bonocos. Ypasueuue Kone6aHHH c Me).l.neJ 
napaMeTpaMH. ,D;AH 121 N!!l, 1958 r., cTp. 22-2 

5. B.M.Bonocos, li.H.MopryHOB. MeTO).l. ocpe).l.HE 
HeHHLIX KOne6aTenLHhiX CHCTeM. 113).1.. MrY 19) 

6. A.H.Axue3ep, R.li.<l>a&u6epr. Me).l.neuuwe 3ne1 
Hhi. Y<I>H, T. XLIV , s. 3, 1951 r., cTp. 322-36< 

7. W.Muller, J.Rembser.Uberlegungen Z' 

Wendellinearoeschleunigers fur Pro· 
Jnstruments and Methods. 4 (1959), 

PyKonucL nocTynuna B 
21 asrycTa 19 
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MOTpeH aapHaHT JaBHCHMOCTH '!aCTOTbl Ilp0)1.0JlbHbiX KOJie6a

MCHH, 6JIH3KHH K ycJIOBHW napaMeTpH'leCKOrO pe30HaHca. 
KOpOCTb B 3TOM CJiyqae 0IIpe)1.eJIHeTCH H3 COOTHOllieHH11: 

{-3 s 

. so J 
I - ( 1 Stn ( 2 + E 2 ) -~ (() 0 t 

v 
cos 'V 

cas 'V 
0 

/26/ 

cKopocTh ueHTpaJibHOH qacTHUbi KOJibua . Xo.11. aMTIJIHTY.II.bi 

H dJa30BOH CKOpOCTH /MOHOTOHHaH '!aCTb/ IIOKa3aH Ha pHc.5. 
E 1 = 0,005, ( 2 =_0,003, '1'0 = -5° , npH t= o Ha pa-

E = 100 Ka/cM, H2 = 12000 3pcTe)1.. KaK BH.II.HO H3 

13 ¢0 
aMIIJIHTY.II.a yMeHblllaeTCH "' B 3 pa3a IIPH --- c" 2 . qTO 

13¢ 
pa)1.HaJibHbiX KOJie6aHHH, TO HX aMIIJIHTY.II.a He npeBbilllaeT 

~:0~~-~~· 
" ~ ~--.__ ______ h 0/ 

o~
1 

• "" '• o~ a. 03 

Dl - - --~~ g 9 IO l ot _. ~~~- 5 
-~~~--r 3 ~~ 6 7 

BHCHMOCTb aMIIJIHTY.II.bl KOJie6aHHH OT )1.JIHHbl )1.JIH 3aKOHa H3-
(3 tP H3 /26/. 
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llpHBe)1.eHHbie IlpHMepbl IIOKa3biBaroT, 'ITO eCJIH 3tP4JeKT aBTodJa

JHpOBKH B 6ery~eH CHHXpOHHO C KOJibUOM 3J1eKTpOMarHHTHOH BOJIHe 
ycHJIHTb HeKOTOpblMH pe30HaHCHbiMH HBJieHHJIMH THIIa napaMeTpH'Iec

KOrO pe 30HaHca, TO MO:>KHO OCyiUeCTBHTb )1.0BOJibHO 3Ha'IHTeJibHYW KOMII

pecCHW KOJibUa B IIPO.II.OJibHOM HanpaaJieHHH. 
B JaKnro'leHHe aaTopbi 6naro.11.apJIT B. M. Bonocoaa Ja HHTepec 

K pa6oTe H ueHHble yKaJaHHJI. 
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