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Co~oKyriaocTi:. ycKopsieMhlX, B lf30XpOHHOM UHKnoTpoHe '18CTUU MO)KHO 

npeacTaBHTb B BH.qe, c.rycTKa,• HMeIOmero KOH0'!IHYIO npoTSl)K0HHOCTh J!O ,aan­

. MyTy .c nerrpepbIBHbIM pacnpeaenenneM 'rrno'.l'IIOCTH aapSIJlOB B OKpeCTHOCTH 

· M0JlH8HHOil: nnoCKOCTll oT'..Ha'IanhHOro JlQ·.KOH0'IHOro pannycoB. TaK KaK pa­

J:{Ham,Hhlil: /J. r H aanMyranbHbiil: /J. cf, paaMepbi TaKoro crycTKa o5bI'IHO MHO­

ro 5onhl1Ie BepTHKanhnoro paaMepa /J. z , ero MO)KHO aII!JpOKCH_MHpoBaTh 

JlOCTaTO'IHO .TOHKHM'38PSUK0HHblM cnoeM. B npearronO)K0HHH paBHOMepnoro 

pacnpeneneHH.11 nnoTHOCTH aapsina coanaBaeMoe HM aneKTpH,ecKo~_none_1:3nyT­

pn: aToro cnog 5yaeT nanpaBneHO BJlOllb BepTn:KanbHOil: OCH z n: paBHO 

f (1) 
r 

rne e -aapsin aneKTpona, c0 -ananeKTpn:qecKaH nocToS1HHaS1, K '-rrnoTnocTb 

qacTn:u B JJ:BH)Kyme~csi cn:cTeMe Koopnn:naT. B na5opaTopnoil: cn:cTeMe none, 

.. onp~nenSl~Moe J ,1) • aeil:C'J'.BY~T na r OT/lenhHYl() '18CT~UY C CH no.ii: 

F 
r 

z ( 2) 

E 
rae y = -Fa- -penSITHBHCTCKHH <paKTop._ ~'IeT co5cTB0HHOro noirn ny'IKa 

npHBO/lHT K nosiBneHHIO. B .ypaBHeHH_H,. Bep,THKanbHblX Kone5aHHil: norronHHTenb­

HOfi CHnhI ( 2),'. 



TipH STOM ypaBHeHHe npnoopeTaeT BHJl 

2 e 2 
K mo y _g_z_ + mo y w2 z = z 

dt2 z Eo y2 
( 3) 

HnH 

__!!,!,_;_ + ( Q 2 -
4 1T K r;r e 

)z = 0 , 
dcp2 zo y3 

(4) 

rne Q zo -'lacToTa BepTHKanhHhIX KoneoaHnii, onpenenHeMaH napaMeTpaMH 

MarHHTHOH CHCTeMbI, roo C 

WO 

Wo = 21r fo -'laCTOTa oopameHHH 'laCTHU 

B naoxpoHHOM MarHHTHOM none, 
2 

re = ----1t---.
2 

- KnacCH'leCKHfi pannyc sneK-
41r Eo m0 c 

Tpoua. l1a ypaBHeHHH ., ( 4) cnenyeT, 'ITO COOCTBeHHOe none ny'l:Ka . yMeHbIIIaeT 

q>oKycnpyromyro cnny, neiicTBYIOIIIYIO Ha oTnenbHyIO 'laCTHUY, • 'ITO npHBOJlHT 

K•yMeHbIIIeHHIO 'laCTOTbl BepTHKanbHbIX KoneoaHHH. YMeHbIIIeHHe'laCTOTbl Qz .JlO 

6nm1mfiIIIero napaMeTpH'lecKoro peaoHaHca MO)KeT npHBeCTH K noTepe HHTeH­

cHBHOCTH' nyqKa~ 

ToK ycKopeHHblX B UHKnOTpOHe 'laCTHU 

HOCTH COOTHOIIIeHHeM / 2/ 

' ·• . dr 
i = e K r Ii¢ Ii z -- , 

dt 

KOTopoe MO)KHO npeoopaaoBaTb K BHJlY 

4.1r.r2;reK ___ __,..gc.. ___ _ 

,y3 
E

0 
f
0 

V Ii¢ ·fi z 

CBHSaH C BenH'IIIHOH HX nnoT-

( 5) 

( 6) 

rne eV - Haoop · sHeprHH qacTH uefi aa OJlHH ooopoT.; C y'leToM ( ~) onpe,!le­

nHM cnanr 'ISCTOThl BepTHKanhHhIX KoneoaHHH npn HaBeCTHOA aemi:''IHHe 'i'o -

-Ka i: 

/i Qz 
( 7) 

2Qzo Eo fo Vii¢ /iz 

llonycTHMbIH C:JlBHr 'laCTOTbl B"epTHKanhHbIX KoneoaHHH cinpenemreTCSI ycno­

BHeM HenorranaHHH B nonocy napaMeTpH'lecKoro peaoHaHca. l1a· Bbrpa)KeHHH ( 7) 

llpH IIOJlCTaHOBKe HSBeCTHbIX BenH'I~H Q zo I fo I V I Ii¢ II /iz orrpeneneH rrpenenb­

HbIH TOK sneKTpOHHOH MonenH, KOTOpb!H OKaaancH paBHblM - 1 Ma. 8Ta Benn-

'IHHa npenenhHOro TOKa nony'leHa 8KCnepHMeHT8llbHO Ha neiicTByIOIUeit 

MO)lenH /31. 
4 

HeooxOJlHMO non'lepKHyTb, 'ITO' cnna'·npocTp£1HCTBeHHOrc{ aapsi:ita''oKa·..: 

3bIBaeT BnHSIHHe Ha JlBH)KeHHe OT)lenhHOH 'laCTllUbI, HO He Ha JlBll)K0HH'e yc­

KOpHeMoro crycTKa KaK uenoro, rrosToMy 'lac-roTa ~~pTHKanh"iihrx- K~n:k~aHHH 

U8HTpa· TSJ)KeCTH·: CrJCTKa: •('KOr8peliTHaH' tiaCTOTa xoneoa}rnii)'' OCT89TCH'' Hens-· 

MeHHOH, B TO BpeMSJ:;KaK ·c'laCT!>Ta: KOneoaHHit 'OT)lenbHblX 'laCTHU· ••{ HeKore--.· 

peHTHaSI 'laCTOTa) lIOJl B03)leHCTBHeM rrpocTpaHCTBeHHOro aapHJla yMeHhIIIaeT­

~i.i ho Mepe Toro;··~aK '18CTOTa'.·Kone6a:anii OTJlEfobHbI:ic'qacf~u' aoq-HraeT pe­

ao~aHCHoro aaa'leHHa, aMrrnHTyna HX KoneoaHHii aapacTaeT, ~cnencTBHe 'l:ero 
'\,. ·.;. ·, ,;,-~< '-(•:;;.• . ~ '·,.:: ~':·.~~--'.";~ , .... · .• · '· ~• . ..- •;, ::. ·~~ ;:_~-~,~ ... '. -'. ...:::, . ..,·, ,·~ :~. ~') : 

llpOHCXOJlHT-HX noTepH npH ycTOH'IHBOCTH OCTaBIIIeHCH 'laCTH ny'l:Ka. 0TCIOJla 
•' -,:: 1·· I' 

cnenyeT, 'ITO JlnH o6aapy)KeHHSI CJlBHra 'laCTOTbl BepTHKanbHbIX KoneoaHHH 

rroti \ioaneiicTBHeM rrp9cTpaHCTBe1111oro aapHna 11eo6xoi:i.HMD.Boa6y:iKnaTh' rrapa­

MeTpH'leCKHfi• pe30HaHc., lleiicTBHTeJibHO/ HaMepemtsr' HaCT!>Tbl:•KOrepeHTHblX. 

BepTnKanbHhIX Koneoaunil: rryTeM·irnaoy)l{JleHH.Sr BHeIIIaero peaoaaacal:4/. rroKaaann,• 

'ITO OH8 •He aaBHCHT QT.BenH'IHHI;>l• npoc,TpaHCTBeHHoro aapHJla: npII · II3MeHeHHH' 

TOKa •YCKOp9FUIOro., Ily'IKa-'OT 10 JlO, 600JMKa~, .. , 

Boa6y)KJleHIIe' 'rrapaMeTpHtiecKoro tpeaoaaHda 

: .. 'cinnu· HS B03M'o'xdi:'i~rx cncicoociB Bosoy)Kiie!iH~; rrapaMef
0

pliqe6Koro''peao'..:.· 

HaHca COCTOHT B HCIIOnb30B8IUiii ·nnsf 9TOH 'he1111·' s.iieKTpnqecioii:· KBai:lpyir.orih~ 

Ii:ott' llHHs'~1·/5;;· rron"ii{ih-r'cipofi''nH'aeiiitb'''aannc'n-i''oT 'KO'opmrna.T. Tipn STOM 

ypi:i:iia:eaiie" 13i,;pTHKanbHbIX Krin~oaaiid' rip~HititaeT' B'IIii 
C "'2 :. t; :,. : .·,' • - . l--'•• •• •. I-~ ~ f ·,; ·• '·~ ; 

_j_,._L ;+_w2 z .. , : "". -.+-: ._F(x )rz,, Cosw t 
d ,2 'z m0 y 

(~_); 

:\·, ,-;· -~"•i •~s,,> ,;-, ·:·~ t_;:•~·l , - ;. - : )·!- ~, 

3necb F ( X) -qiyHKUIISJ rpaaIIeHTa nonsi:, paBHaSI F Ha JlllIIHe nHH3bl ,f II 
·~ '•-.:,•: .:...;·•;·· · .. : . .-·~---~-~ -,~·. ' . .-r.1.~~~-··::-1.~· :.~~~::-,,_· -:.·-~.:-..•_:.'.'.;,c..:;; ;,,. ;';;-:, ~--,,;r-~ ' ·-:•'t'" 

Hynro Ha OCTanbHOH 'laCTH OpOHTbl L - f I Cu - 'laCTOTa HaIIpH)KeHHH1 

IIOJlBOJlHMOro K KBanpynonro. Paanarasi: F < x) B PSIJl <t>ypbe BJlOnb -~;6~T;I n 

Y,'IJITbIBaH CBH3b Me)KJly npononhHOH K~OPJl,Hl18,T!lH X H_ Bpe"1eHeM, :rrony'IHM: 

d2 
--~ 2 'c/fr: ... t ~z.z z -;7 J:._,,., ~-:'. Cos, ( <!' t~~ ~o) t, ·/; •; i (.g) 

/ __ ,~ ._ 

rne a ,• __ ,n· _2f/L .F. 
,., -;- _ .. 

EcnII 'l:ac:roTa ~ : nonanae-i: .. B, nonocy ,'la~'.1'.oT~ ,~npef~1Iea,11y10 ycno,13IIeM 

2w 
z 

.,hw·· . . ·: .·. hw ... 
·--~ < w + nwo<2w + :,___~ ; 

2 - - - z 2 

5 
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rne nonywnpnua peaouaucuoii nonocb1 

hCtJ~ 
T 

e 

Illa y 

e 
F 2L 

(11) 
CtJz 

To pewenne ypaBHeHHSI ( 9) HMeeT BH/l Kone6annfi, aMnnnTyna KOTOphIX 

ysenntin:BaeTCSI no aKcnoueuunanhHOMy aaKoHy a = a0 e s ' 

1 hCtJ 2 
S = - . I ( _z_ ) - ( 2 

2 V 2 1 f= /(c,_, ± nCtJo) /-2CtJz· ( 12) 

IToKaaaTenh pocTa aMnnnTyllhI s HMeeT MaKCHManhHYIO senntiHHy npn c = 0 , 

B aT0M cny'Iae 

rr/2Qzhlt, 
· a = a0 e ( 13) 

rne k -tincno o6opoTos. Benntinua h , KoTopaH MO}KeT 6hITb nonytieua nnH 

nneanhH0ro KBanpynonH •npn onTnManbHOM Bb16ope napaMeTpOB soa6y}Knaro­

mero aneMeuTa B aneKTpOHH0fi Monenn, ue npesocxonnT 10-2, noaT0My nnH 

ysenn'IeHHSI nepsoHa'IanbIIOii aMnnnTynhI B e paa, 'ITO }KenaTenhHO nnH 

nane}KHOii perncTpaunn peaoaaaca; ueo6xonnMo 6onhwoe ( k = 50 ~ 100) 

'IHCno o6opoTOB. BbinOnHHTb 3TO Tpe6oBaHHe B UHKnOTp0He 6ea npnMeHeHHSI 

cneunanhHhIX MeTonoB npaKTH'IeCKH HeB03M0}KHO. 

llpyroii MeTon soa6y}KJleunH napaMeTpntiecKoro peaouauca, 

npnMeHeHHhlll s HaCT0SIIIIeii pa6oTe BnepBbI.e, C0CTOHT B MonynSIUHH npononb­

Horo HMnynbca ycKOpSieMbIX 'IaCTHU C 'IaCTOTOii, paBH0ii ynsoeHHOii 'IaCTOTe 

riepTHKanhHbIX Kone6aHnii. ITono6Hhiii Meion 6bm ncnonhaosaH: paHee 'nnH soa-

6y}KJleHHSI BHewHero peaoHaHca pannanhHhIX Kone6aunii B cnHxpoQJaaoT­

poHe/6/. IT~n ;TOM ypas~emrn sepTµKanhHhIX Kone6aHnii npHHHMaeT. cneny-
" 

romnii sun: 

Jlz 

dt2 
+ (.t)2 

z 

/ti. -( 1 - __ P Cos CtJ t ) z 0 , (15) 
Po 

rne !'.. p -aMnnn-ryria ocunnnnpyromeii c. tiacToToii w tiacTH HMnynhca. 

ilnH MonynHUHH HMnynhca MO}KHO ncnonb3oBaTh cneunanhHhiii "'Mony­

nnpyromnii"' aneKTpon, nMe10mnii He6onhwy10 npoTg}KeHHOCTh no a'am.iyTy- lI 

n~ pannycy. Ec:ii11 • aM·n·n~Tyna' npnno*eHHoro K aneKTpony HanpS1}KeHHS1 pas Ha 

u. n Mano MeHSieTcSI aa speMsr -i:- T -·, rne. £ - nnnHa aneKTpona, L_. -nnnHa 

op6HTbI, a T -nepnon o6pameHHSI 'IaCTHUbl B MarHHTHOM none ycKopHTensr, 

6 

'i 

TO npn 3TOM MonynSIUlISI aueprHH Tpe6yeMOfi peaoHaHCHOii rapMOHHKH OKa-

3bIBaeTCSI paBHOii: E - u£/ L, a cnna peaoHaHca h 

/ti. - 1'. _!!_ 
L = :...E_ = -2 -

1 
Eo 

n Po y -
e -.,_- (16) 

rne Eo -aHeprHSI noKOSI aneKTpOHa. ITposeneHHbie oueHKH noKa3b!BaIOT, 'ITO 

npaKTH'IeCKH nocTH}KHMaSI cnna h B 3TOM MeTone B036y}KneHHSI npnMepHO 

Ha nsa nopSinKa MeHhrne no cpasHeHnro c so36y*neHneM peaoHaHca KBanpy­

noneM. IlpeHMymecTBO MeTona MonynSIUHH HMnynbca 38KnIO'IaeTCSI B TOM, 

'ITO anecb He Tpe6yeTCSI Bb!IlOnHeHHSI oco6bIX Tpe6oBaHHfi, npen'hSIBnSieMblX 

K aaBHCHMOCTH soaMymaromero nonH oT nonepe'l:Hofi KoopnnHaTb1. O'IesnnHo, 

'ITO 3TO npenMymeCTBO nnSI UHKnoTpOHa SIBnSieTCSI cymecTBeHHbIM, TaK KaK 

B OTnH'IH9 OT ycKOpHTeneii C Q)HKCHpOBaHHOii B npocTpaHCTBe op6HTOii (cnH­

xpoTpOHbl) B UHKn0TpoHe Henb3SI ncnonb30BaTb KBanpynom,' B "'IHCTOM" BHne. 

lleiicTBHTenhHo, nnsr Toro, 'IT06b1 nosecTH ny'IOK no ocn KBanpynonSI, anecb 

B onHoii na ero cTeHoK (aneKTponos) Heo6xonHMo ocTaBnSITh menb nnH sxo­

na ny'l:Ka, K0TopaSI aHa'IHTenbHO ncKa}KaeT HneanbHOe none. PactieT rronSI 

MeTonoM npSIMoyronhHOii ceTKH nnSI HeCKOnbKHX npaKTH'I9CKH ocymecTBHMhIX 

KOHQ)nrypaunii aneKTponos noKaaan, 'ITO nnHeiiHaSI 'IaCTb nonH Ha ocn soa-

6y*naromeii cHcTeMhI ocna6nS1eTcS1 no cpasHeHHro c nneanhHhIM KBanpynoneM 

no KpafiHeii Mepe Ha nopHnoK. KpoMe Toro, B o6nacTH menn nnH sxona 

ny'l:Ka noHBnHeTcH pacceSIHHoe none o6paTHoro aHaKa, nertcTBHe KoToporo Ha 

'IaCTHUbl TpynHo y'IeCTb paC'I9THbIM nyTeM. 

ilnH soa6y*neHHSI napaMeTpH'IecKoro peaoHaHca KaK nepBbIM MeTonoM, 

TaK H BTOpb!M Tpe6yeTCSI nocTaTO'IHO 6onbrnoe 'IHcno o6opoTOB 'IaCTHU B 30-

He neiicTBHSI B036y}Knaromero nong. B pe}KHMe ycKopeHHSI 'IaCTHU B UHKn0T­

poHe 3TO ycnosne npaKTH'I9CKH HeBb!IlOnHHMO. 

Ecnn, onHaKo, npeKpaTHTh ycKopeHne ny'l:Ka, noseng ero no pannyca 

pacnono}KeHHSI Boa6y}KnaroIIIHX aneKTponoB, H aacTaBHTb ero UHpKynnpoBaTb 

Ha aToM pannyce l11, MO)KHO nony'IHTb TaKoe tincno o6opoToB, KOTopoe 

6yneT orpaHH'I9HO TOnhKO BpeMeHeM }KH3HH UHpKynHpy10mero ny'IKa. OueHKH, 

nposeneHHbie nnSI aneKTpOHHOii MO/lenH, noK83bIBaIOT, 'ITO IlOTepn 'ISCTHU 

B UHPKYJIHPYIOllleM ny'IKe, o6ycnosneHH'bie pacceSIHHeM Ha raae, orpaHH'Ill­

BaIOT BpeMSI )KH3HH ny'IKa senn'IHH0ii B HeCKOnbKO COTeH MKCeK. TaK KaK 

7 



nepllOJl o6pameHllH 'IaCTllU B sneKTpOHHOii: MO)lenn COCTaBnsieT - 25 HCeK, 
. 3 

qaCTllUbl B pe)KllMe unpKynmmn c0Bep111a10T ( 10 .. 20) .10 o6opOTOB. 

ITpaKTll'IeCKll unpKynnpyromnii: ny'IOK MO)KHO nony'IHTb, MOJlynnpyH yCKO­

pH101llee HanpmKeHne 181 • 0 BennqnHe ToKa unpKynnpyromero nyqKa MO)KHO 

nony'IllTh nHCpopMaunro, Ha6n10nasi Ha sKpaHe ocunnnorpacpa cnrHan, KOTOpbiii: 

CHllMaeTCH C llHJlyKUllOHHOI'O )laT'InKa ny'IKa. CnenyeT OTMeTllTb, 'ITO HaBe­

neHHblll Ha llHJlYKUllOHHblll naT'IHK cnraan nponopunoHaneH nepeMeHHOll KOMno­

HenTe aMnnHTYJlHOI'O 3Ha'IeHHH TOKa unpKynnpyromero ny'IKa H II08TOMY sa­

BHCHT He TOnbKO OT qncna qacTHU B crycTKe, HOH OT ero a3HMyTanbHOfi 

npoTH)KeHHocTn. ITosToMy yMeHhUieHne naBOJlnMoro cnrnana MO)KeT 6b1Tb 

o6ycnosneHO He TOnhKO noTepefi 'IaCTHU npn pacceHHHH Ha OCTaTO'IHOM rase, 

HOH ysenn~eHneM a3HMyTanbHOll npoTSI)KeHHOCTH crycTKa. TaK KaK, OJlHaKo, 

o6a 8TH acpcpeKTa OAHHaKOBbIM o6pasoM sosneHCTByIOT Ha senH'IHHy nnoTHoc­

Tll qacTnu, ocunnnorpaMMa MO)KeT ncnonbsoBaTbCSI nnSI orrpeneneHnH nnoT­

HocTn 'IaCTHU B unpKynnpyromeM ny'IKe, ecnn ll3BeCTHa nnoTHOCTb qacTnu 

ycKopeHHOI'O nyqKa. 

3KcrrepnMeHTbI no sos6y)KneHn10 napaMeTpnqecKoro pesoHaHca noKasann, 

'ITO MllHllManhHOe speMSI neHCTBllSI B036y)Knaromero napaMeTpnqecKHll peso­

naHC nom1, Heo6xonnMoe nnSI saMeTHoro yMeHbUieHnsi unpKynnpyroUiero nyq­

Ka, COCTaBnSino -10 MKCeK, 'ITO COOTBeTCTByeT 400 o6opoTaM qacTHU s 06-

naCTll nonH. 3a 8TO speMSI CllI'Han C llHJlyKUHOHHblX sneKTponoB B cpenHeM 

yMeHbUiaeTCH JlO 0,8 no cpaBHeirnro c CllI'HanoM OT ycKopeHHOI'O ny'IKa. 

IlnSI sos6y)KJleHnsi B03Mymaromero · nonH 'ncnonbsosancSI nMnvnhCHhiu 

BbICOKO'IaCTOTHblll renepaTop, onncaHHblll B /4/. MaKCHManbHOe HanpSI)KeHne, 

passnsaeMoe nM Ha cornacosaHHOH HarpysKe, nocTnraeT 150s. 

8KcnepnMeHT 

3oaa pannycos, KO.TopaH Bb!OllpaeTCH nnsi pa3MemeHHH B030y)Knaromnx 

sneKTponoB ll llHJlYKUllOHHbIX naT'IllKOB nyqKa, Jl0n)KH8 ynosneTBOpHTb TpeM 

Tpe6osaHHSIM. Bo-rrepBbIX, pa6oqaSI TO'IKa Ha nnarpaMMe pesoHaHcos, cooT­

BeTcTByromasi qacToTe sepTnKanhHbIX Kone6aann,npn CBOeM JlBll)KeHnn ne 

8 

i 

tl 
I 

}11 

non)!{Ha nepeceKaTb nHHllll no6o'IHbIX pe3oHancos. Bo-BTOpbIX, qacTOTa sep-

TllKBnbl!bIX ·Kone6annn Q z ' na6nronaeMaH Ha KpaTHb!X qacToTax Q z 

- _J_-1 _!_L_ + K 
- 2 f 0 

• rne K -HOMep KpaTHOCTll B036y)KJl8IOllleii 'IaCTOTbl 

reHepaTopa, npn CMemeHnn He non)!{Ha HaxonnThCSI B soHe rrepeceqeHHSI qac­

TOT C pa3nH'IHOll KpaTHOCTblO. B HaUieM cnyqae 8TO HaKnanbmano orpaHH'Ie­

HHe Ha Bb!OOp 30Hb! pannycos no OTHOUieHHIO K napHbIM 'IaCTOTaM C HOMepa­

Mll KpaTHOCTH K = 1 + -4 n K = 0 r -5. B-TpeThnx, cnrHan unpKynnpy10Uiero 

nyqKa c, HHAYKUllOHHb!X naT'IllKOB B Bb!6paHHOll .30He pannycoB nomi{eH 6bITb 

ycTOll'IllBbIM 6es npnsHaKOB nynhcaunn, B npoTllBHOM cnyqae !pHKCaUHH napa­

MeTpnqecKOI'O pe3oHaHCa 3aTpynHnTenbHa. BceM TpeM Tpe6oBaHHSIM B 3Ha'IH­

TenhHOll Mepe ynoBneTBOpSieT 30Ha pannycoB r = 75 .. 80 CM, B STOll sone 

6bmll npoBeneHbl Bee. SKcnepnMeHTbl, 

l13MepeHHSI 'IaCTOTb! neKorepeHTHbIX BepTHKanbHblX Kone6aHHfi B sasn -

CllMOCTll OT TOKa ycKopeHHOI'O nyqKa nposonnnncb nnSI Tpex pe)KHMOB HaCT­

pOHKll MaI'HllTHOI'O nonSI ycKopnTensi. B nepBOM pe)KllMe BHeUIHHH 'IaCTOTa 

BepTnKanhHhrx· Kone6annn B soae pasMem~HnH Bos6y)Kna10mero sneKTpona 

paBHa:Q;
0
= 1,290 ±_0,002, BO.BTOpOM Q;~ = 1,460 :!:_0,002 ll B TpeTbeM -

.Q '"= 1,244 + 0,002. Bb16op TaKHX 3Ha'IeHHfi Q no3BOnHn cnennTh aa zo - zo 
CMemeaneM pa6oqeii: TO'IKH Ha Jlli8I'paMMe pe30H8HCOB JlO nepece'Iel!llH C 

6nn)KaftrnnM pesoHaHCOM B · cpenHeM Ha BenH'IHHY t,,. Qz = 0,04, T.e. O)KnnaeMoe 

CMemeHne IIpHMepHO B 20 pas npeBOCXOAHT Ty TO'IHOCTh, C KOTOpOll OIIpenenSieT­

CH Qz
0 

.·c uenhro 6onbrnen nocTosepHocTn nony'IeHHoro pesynhTaTa cnBnr 

qacTOTbl OT BenH'Illllbl TOKa nyqKa Ha6nionancsi no KpaTHbIM qacTOTaM C 

HOMepaMH K = 0 .. -5, 1 .. -4 ' KOTOpb!e sos6y)Knanncb OT OAHOI'O reHepa­

TOpa, rrepecTpanBaeMoro B nnanasoHe 45 -+ 105 Mru. 

Ha pnc • . 1 npnBeneHbl nmr rrpnMepa 3aBllCHMOCTll. B030Y)KJl8IOllIHX qac­

TOT_ C KpaTHOCTbIO K = O; _1 n 6 OT TOKa unpKynnpyromero ny'IKa, CHSITbie 

npn B030Y)KJ:l9Hllll napaMeTpnqecKOI'O pe3oHaHca MOJlynnpy10mnM sneKTponoM. 

ITo opnnHaTe OTnO)KeHbl T8K)Ke "nonOCbI" 'I8CTOT, B 30He KOTOpblX npoSIBnSI­

eTCH napaMeTpll'IeCKllll pe30H8HC. MaKCHManbHblll cnsnr 'I8CTOTbl C yqeTOM 

pacUinpeHHH nonOCbl pe30H8HC8 npn yBenn'IeHHll TOKa ny'IKa OT 60 no 400MKa 

COCTaBnSieT 3 Mru, 'ITO COOTBeTCTByeT OJlBllI'Y 'IaCTOTbi BepTHKanbHblX KO-

ne6aHnfi /'ti.0 - 0.03, 
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Ha plIC. 2 noKa3aHbl aaBIICIIMOCTII CJlBIIra qacTOT BepTIIKanbHbIX KOne-

6aHIIH /),. Q z OT TOKa UIIpKyn1Ipy10mero nyqKa JlmI JlBYX pe)KIIMOB HaCTPOHKII 

rrom1. YcKOpHIOII1ee HaIIpH)KeHIIe Ha ayaHTe nplI 3TOM He II3MeHHnOCb II 6bmO 

Bb!6paHO paBHb!M Va = 1,3 KB. Ha plIC. 2a cpaBHIIBaIOTCH peaynbTaTbI, nony­

qeHHbie npn IICIIOnb30BaHIIII paanlI'IHbIX MeTOJlOB BOa6y)KJleHIIH napaMeTpnqec­

KOI'O peaoHaHca, KPY*KaMII HaHeceHbl CJlBHI'H qacTOT, H3MepeHHbie Boa6y)K­

JleH1IeM peaoHaHca MOJlym1py101I11IM aneKTpOJlOM, II KpeCTIIKaMH - CJlBIII'II 

qacTOT, II3MepeHHbie Boa6y)KJleH1IeM peaoHaHca KBaJlpynonbHbIM aneMeHTOM. 

Ha rpa¢1IKa plic. 2 cneayeT, 'ITO BenH'IHHa cMemeHIIH qacTOTbI a rrpeaenax 

yKaaaHHOH TO'IHOCTII He 38BIICIIT OT MeTOJla B036y)KneHIIH napaMeTpH'IeCKOI'O 

peaoHaHca. 

LlnH cpaBHeHHH nony'IeHHblX peaynbTaTOB C rrpencKa3aHIIeM TeOpHH He­

o6xonlIMO 6bmO yTO'IHHTb HeKOTOpbre rrapaMeTpbl ycKopeHHOI'O nyqKa II HCC­

nenoBaTb IIX noBeneHHe IIplI II3MeHeHIIH TOKa. B 30He paaMemeHHH B036y)Kna­

l01Ilero aneKTpona H HHnyKUIIOHHOI'O naT'IIIKa, n:Me10mn:x MeHbllIYIO a#eKTIIBHYIO 

anepTypy no cpaBHeHHIO c anepTypoti nyaHTa, orrpenenHnacb nporrycKHaH cno­

co6HocTb B aaBHCHMOCTII OT Ben H'IHHbl TOK a B nyqKe, On Ha II3 TaKHX aaBn -

CIIMOCTeH no part1Iycy noKaaaHa Ha plic. 3a. LlnH acex KplIBblX ; = f( r) 

C TOKaMII no 340-400MKa nponycKHaH cnoco6HOCTb qepea 30HY B036y)KJleHIIH 

peaoHaHca 6bma 5nn:aKa K 80%. Ha pHc. 35 nplIBeneHbl 38BIICIIMOCTH Bb!CO-

Tb! rryqKa /),. Z OT pai::myca nnH Tpex aHa'IeHHH TOKa B nyqKe: i 40, 180 

II 340 MKa. KaK BHnHo H3 npHBeneHHb!X rpa¢n:KOB, BbICOTa ny'IKa He aaBHCHT 

OT BenlI'IIIHbl TOKa B npeaenax TO'IHOCTII :!:.. 10%. Ha OCUIInnorpa¢H'I0CKIIX 

H3Mepe!IHH IIMnynbca TOKa 
181 

IIaBeCTHO, 'ITO nonHaH nmITenbHOCTb ycKopeH­

HOI'O HMIIynbca 6nn:aKa K 3 HCeK, 'ITO COOTBeTCTByeT IIpOTH)K0HHOCTH crycTKa 

/),. ¢ = 0, 75 pan, IIplI'I0M C H3MeHeHII0M TOKa B llIIIpOKIIX npenenax npoTH)KeH­

HOCTb crycTKa OCTaeTCH H01IaM0HHOH C TO'IHOCTblO 10-15%. KpoMe Toro, BXOnSI­

II11Ie B ¢opMyny ( 7) BenlI'IHHbl Qzo ' fo II V 1IaBeCTHbl C TO'IHO.CTblO 2. 10-3, 

2,5 • 10-5 H 5% COOTBeTCTBeHHO. ITepeq1IcneHHb!8 rrapaMeTpbI, 1IaMepeHHbie 

3KCrrepn:MeHTanbHO C yKaaaHHOH TO'IHOCTblO, noaBonSIIOT onpenenHTb TeopeTH­

'10CKHH cnBHI' qacT.OTbl HeKorepeHTHb!X BepTIIKanbHb!X KOne6aHHH non BoanelicT­

BHeM co6CTBeHHOI'O aapHna rry'IKa. C yqeTOM OWII60K rrapaMeTpOB rryqKa 

10 

nony'IIIM nonocy BOaMO)KHbIX cMemeHHH qacTOTbl Kone6aHHH B aaBHCHMOCTH 

OT TOKa nyqKa. TaKIIe nonOCbl· HaHeceHbl Ha pHc. 1, 2 H 4. 

Ha ( 7) cnenyeT, 'ITO Ha6n10naeMblH cnBHI' qacTOTbl npH ¢HKCHpoBaHHOM 

TOKe aon)KeH 6b~b o6paTHO nponopulioHaneH Ha6opy aHeprHn eV, qacToTe 

KorepeHTHbIX KOne6aHHH Q zn I a3HMyTanbHOH npoTH)KeHHOCTH crycTKa /),. cf, 

II ero BbICOTe /),. Z o ITpencTaBnHno H0COMH0HHbIH HHTepec npoBepHTb 3KCIIe­

plIMeHTanbHO 3TII 3aBHCIIMOCTH. KaK y)Ke OTMeqanocb BbIWe, KynoHOBCKIIH 

cnBHI' qacTOTbl orrpenenHnCSI npH Tpex pe)KIIMax·. MarHIITHOI'O nonH, COOTBeTCT­

BYIOIIllIX paanII'IHb~M BenlI'IIIHa~ Qzo· o AHanlI3 ~OKa3bIBaeT, 'ITO nonyqeHHb10 

peaynbT8TbI rrplI rrepecTpOiiKe Qzo HaXOJlHTCH B xopoweM COOTB0TCTBHH C 

TeopeTII'IeCKIIMII oueHK8MII no ¢opMyne ( 7) • 

Ha pHc. 4 IIOKa38Hbl rpa1jm KII, nonyqeHHbie rrplI paanlI'IHbIX 3H8'10HHSIX 

yCKOPHIOIIlero HailpH)KeHHH. Ha rrp1IB8Jl8HHOI'O pHCYHKa OT'JeTnlIBO BIIJlHO, 

'ITO npH yMeHbllleHHH ycKopH10II1ero HarrpH)KeHHH CMeIUeHHe qacTOTbl aaMeT­

HO yBenH'iHBaeTcsi:. HenHHeHHOCTb aaBHCHMOCTH /),. Qz oT eV Ha6monaeTcH no­

ToMy, 'ITO rrpH nepecTpOHKe eV onHoBpeMeHHO•"H3M9HSieTC51 /),. ¢ • fpa¢mr 3a -

BIICIIMOCTH /),. ¢ OT HarrpH)KeHHH Ha nyaHTe noKaaaH Ha puc. 5. Ecnn: y'iHTbl­

BaTb H3MeHeHHe /),. cf, II eV ' BXOJlHIUIIX B ( 7)' TO cornac1Ie npOB0Jl8HHOI'O 

aKcrreplIMeHTa C pa3BIITOH K HaCTOHIIleMy apeMeHH TeopHeH O MeXaHII3Me 

KynoHOBCKOI'O CJlBHra rronyqaeTCH BrronHe yaonneTBOplITenbHbIMo 

nn:TepaTypa 

1. L.J. Laslett. Proc. 1963 Summer Study on Storage Rings 
Accel. and Experim. at.Super..;,high Energies, BNL-7534, 
324-64. 

2. B.n. LlMnTpneBcKnfi, E.H. 3aMonon'lnKoB, B.B. Konbra. MaTepnanb1. pa-
6oqero COBemaHHSI no 061irnny onhITOM H no Hay'IHbIM nccnenoBaHHSIM Ha 
unxnoTpoaax, Kp.axoa, 1961, HH<l>, KpaxoB, 1961. 

3. A.A. fna30B, B.B •. Konbra, . n.n. HoBHltOB, n.M; OanmeHKO •. OHHH . 
P9-5453, Lly6Ha, 1970. · 

4. B.A. Ko-.ixmi, n:n: HoBHKOB, n.M. Oanmenxo. OHHH, P9-5677, Lly6Ra, 
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