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MrHoseHHOe 3Ha'!eHue yrnoaoii qacTOTbi o6pameHuH uoHa, .aau:»<ymerocH B cpe.u-

Heft M8r'HUTHO.it rrnOCKOCTU UUKnOTpO!I8 1 eCTb 

(l) 

3,aecb V - CKOpOCTb1 W - KHHeTu'!ecKaH auepruH Ha HyKnoH, !l - pa,auyc KpHBH3" 

Hbl TpaeKTOpHu, 'le - 38pH.a, Am Mace a, wL - flapMopoaa qacToTa o6pameHHSl 

uoHa B MarHJfTHOM none H IlpOeKUHSl B9KTOpa H8IIpSl)KeHHOCTH aneKTpHqe-

CKOJ:'O IIOliSl H8 HOpManb K TpaeKTOplfU, 

B H8'l8nbHblll rrepuo,a JCKOpeHHSl IIpU WHpOKOH menu Me:»<,ay .UJ8HT8MH KOMIIO!I9HT8 

En aneKTpU'ieCKOf'O IIOnll CTOllb BenuKa, 'ITO, K8K nerKO IIOK838Tb, 3!I8'leHH9 Q MO

:»<eT H8 He~OTOpblX J'l8CTK8X CIIUp8llbHOll TpaeKTOpUH 6onee '!eM B.UBOe OTliH'i8TbCSl 

OT 'l8CTOTbl Jf3MeHeHU51 JCKOplliOmero aneKTpU'leCKOf'O IIOnll W , KOTOp851 6.riU::IK8 

K W L • 3TO llBlllleTCSl IIpH'lUHOlt T.H. cp830BOH rpyiiiiHpOBKU B H8'i8llbHblH rrepuo,a JCKo-

peHUSl, 0co6eHHO p93KH9 C,lJ.BUJ:'U cpa3 UMeiOT MeCTO, KOJ:',U8 yCKOpll!OTCSl UOHbl IIpH WlfpOKOH 

wenu H8 Kp8THbiX rapMOHJfK8X BbiCOKO'l8CTOTHOJ:'O IIOnSl. ~.UeCb JCKOpeHJfe Ka"'!eCTBeH

HO 0TliU'l8eTC51 OT JCKOpeuug rrepaolt rapMOHHKOH TeM, 'ITO rrpe,aenbHO y ,aaneHHbl9 OT 

cepe,UHHbi JCKOplllometi menu U 1 cne,aoaa'i'enbH0 1 npaKTH'leCKH rreprreH,UUKynllp!Ibie K 

fi9KTOpy J<:: J'l8CTKH TpaeKTOpUH IIpOXO.UilTC.Sl HOH8MU B TO BpeMI!
1 

KOJ:',U8 Haiipl!:»<eH-

HOCTb aneKTpuqecKoro rron11 MaKCHManbHa ( E'! ~Em ). B cnyqae :»<e ycKopeHuH 1-u 
rapMOHHKolt yrroMHHYTbie yqacTKH uoHbi rrpoxo.allT rrpn Harrpll:»<euuocTu aneKTpuqecKoro 

/2/ 
II 0n11, 6.riJf3KOi!: K HyniO. 3TUM 06bllCH51eTCSl OTMe•IeHH8Sl B HeB03MO:>KHOCTb JCKO-

peHHSl Ha "cy6rctpMOHUK8X" IIpU 6eCKOH9'iHO' WUpOKOll menu. 

B nHH30BOM pe)KUMe ycKopenuH rrpu rrpHMoii u~enu Me:»<.ay .ayaHTaMu E/~::··o, 

T.e. BnUSlHHeM aneKTpH'ieCKOJ:'O IIOnll H8 C,UBUJ:'U cpa3 MO:>KHO rrpene6pe'lbo 

O,anaKo, ecnu menb ucKpuaneHa unu rrpoxo.auT a cTopoHe oT. ueHTpa, En ,;, 0 , u a 

cooTaeTcTsuu c ( 1 ), aTo cne.ayeT y'lUTbiBaTb B pac'!eTax. MuoroqucneHHbie own6oq-
/3-4/ . 

Hbie rrpe.ano:»<enuH, narrpuMep1 , B KOTopbiX Bbipa:»<anacb Ha.ae:»<.aa KoMrreucupo-

BBTb cp830Bbl9 C,UBUJ:'H C IIOMOI.Ub!O CHMMeTpU'il!Of'O OTHOCHTenbHO U9HTpa K8Mepbl 

UHKli0TpOH8 UCKpHBn9HHSl yCKOplllOI.Ueii menu, Bbl.lJ.BUf'anucb 8BT0p8MU, 6e30CHOB8Tenb

HO uruopupoaaawuMu cpa3upyiOmee .aeiicTsue ycKopHIOI.Uero rron11 38 C'leT . En f 0 

Pac'!eT scpcpeKTOB, nbi3brsaeMbiX En f · 0 , MO:»<Ho ·npOlf3BO.UUTb pa3nH'!HbiMH 

MeTO,U8MU 0 ' 
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PacqeTbi <PasoBhiX Ct:IBHI"'OB B Haqane ycKopeHHSI o6hJqHo BhmonHSIIOTCSI c noMo

lUhJO 8H8nH38 pelUeHHSI ypBBHeHHfi tlBIDKeHHSI HOHOB B CKpelU9HHb!X M8l"'HHTHOM H aneK

TpaqecKOM non Six .anSI o6nacTeli; B KOTOpbiX OHH il:pa6na:lKeHHO o.aHopo.aHhi ( fi II 0 z , 

~ II Ox , Ex= Em cos w t , H = const, Em= const. ) 

¢0 

x= kcuy + c:u2A cos (cut+¢.) 
0 

I ' y =-kc:ux 

Z H 
kc:u=wL, w= _o_ec o = const. , 

A m c2+ W 
0 0 0 

E 
A= Z e m 

T Iii ""W'2 

- HaqanhHaSI <Pasa HOHa. 

( ) /1-2/ x) 
06mee peweHHe 2 HMeeT BH.!l 

• • A 
x=x + ~ sinkcut+...lQ_(l -coskcut)+ --- [cos(c:ut+¢ )+ 

o k c:u kw 1<2- 1 o 

+2- sin kwt sin¢ -coskwt cos .p ] 
"' 0 0 

(2) 

y =r. +~sinkwt::...-k~{l-coskwt)+~[-ksin(wt+<p )+ (3) 
0 I(()) (U K2- 1 0 

... .;_coskwtsin•p +sinkrutcoscp +(k- _l )sin¢] 
K 0 0 ~ 0 

Em He 38BHCHT OT x - ) • 

PeweHae ( 3) cnpaae.anHBO npH nJ06biX qacneHHhiX sHaqeHHSIX 

qacne H . .anSI cnyqaSI ToqHol"'o pesoHaHca 

x/k=1 mUm X 

k-+1 
H 

I k I =1, npaqeM 

y /k=1 =Limy 
k-+1 

COBfl8tl810T C H3B9CTHbiMH 3U p8:lK9HHSIMH t:InSI pe30H8H~Hb!X IIOHOB0 

k 0 B TOM 

x) /2/ . 
B peweHuH, npaae.aeHHOM B , liMeJOTCSI owH6KH B o6osHaqeHHSIX. Bbipa:lKe-

.HHSI ( 3) H ( 9) ( cM.HH:lKe) 6hmH .aaHbi T8K:lKe B Heony6nHKoaaHHoli pa6oTe.C. T. EenSieBa·1 
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npK 9TOM 6e3p831IH'IH0 0 OT1IH'I8eTCH 1IH ~L ~T pe30H8HCHOrO 3H8'1eHKH 

sa cqeT paaHHUhi Me)K.ay Z I A H 

MarHHTHoro nonH H H 9HeprHH Ha HYK1IOH W , H1IK 1{3-38 pa3HHUhl 
0 

B M8CC8X aneKTpOH8 H HOHa. Tpa.eKTOplflf aneKTpOHOB B II01IHX 1 He06XO,llHMhiX .ll1Ill 

yCKOpeHHH B UHK110TpOHe HOHOD 0 6y .llYT npe,llCT8B1IHTb C060ii: B COOTBeTCT5HH C ( 3) 

HeCK01IbKO HCK8)KeHHbie TpOXOH.llhle 

Via KOHKpeTHhiX peaynhT8TOB 0 nonyqeHHhiX 9THM MeTO.llOM 0 IIPHBe,lleM 11Hlllb Bb!pa

)KeHHe .ll1Ill cpa30BhiX C.llBHrOB IIO'ITH pe30H8HCHhiX HOHOB npH yCKOpeHHH HX B cnyqae 

;l; 
lllHpOKOii: rnenH, nonyqeHHOe B nonO)KHM 

k"'l+o' 8<<1' o-=const. X "'~ "'Y ,Q. (5) 
0 0 0 

npe.anonaraH lllHpHHY ruenH 6eCKOHe'IHOii: 1 HMeeM H3 ( 3) BCIO.llY 

x !:' _1._[ cos (~t+¢ )+__!_sin (1+8) ~t· sin¢ -cos¢ cos (l +8) ~ t]. (6) 
8 0 1 +8 0 0 

nonb3YHCb H3BeCTHhiM onpe.aeneHHeM cpa3hl HOH8 

nonyqaeM H3 (6) npM 

t =4>o +~t-vrrlx=OJ 
X= 0 

¢v =- ~8vrr, , 

~=- ~~ 8rr 
dv • 

(7) 

(8) 

(dv = 1) (9) 

CpaBHHBaH C.llBKr cpa3hi sa nonyo6opoT ( 9) c ee C.llBMroM B UHKnOTpoHe c yGKOii: 

menhiO 
dA.. . 
~=-orr, 

dv 

Mhl BH.llHM 1 'ITO 6eCKOHe'iHO lllHpOK8H ruenb IlpH 

(10) 

k I 61!H3KOM K e,llHHHUe. B.llBOe 

yMeHblll8eT cpa30Bhie C.llBHrH HOHOB IIO Cp8BHeHHIO C 06hi'IHhiM CIIOC060M ycKopeHHH C 

yaKoii: menhiO. 

0.llH8KO He1!b3H HCII01Ib30B8Tb 9TO CBOii:CTBO IIpMHy.llHTenbHOii: cpaartpOBKH HOHOB 

.ll1IH C03.ll8HHSI yCKOpHTenSJ C 6eCKOHe'IHO lllHpOKOii: yCKOpS!IOlUeli o6naCT
1

bl0 1 T8K K8K1 

HeCMOTpS! Ha B.llBOe MeHblUYIO Be1IH'IHHY C.llBHrOB cpa3 38 nonyo60pOT1 9HeprHH1 H86H-: 

paeM8SI HOHOM 38 9TO BpeMSJ 1 COCT8B1!HeT B Haqane K cepe.llHHe yCKOpeHHSI 1!Hlllb Ma

nyiO .ll01110 9HeprHH 1 npao6peTaeMOli B 06b!'IHOM UHK1!0TpOHe. 

Bo3MO)KeH H .apyroli 1 MeHee cpopMMbHhiii: IIO.llXO.ll K K01IK'IeCTBeHHOMY Bh!p8)Ke

HHIO cp830Bh!X C.llBHrOB yCKOpS!eMbiX '18CTHU. 

BocnonhayeMCH nepBhiM HHTerpanoM (2) 



6 

}·-}c,=-kw(x-x,), 
(11) 

BCIIe.llCTBHe KOToporo .lliiH III06b!X k 
If III06b!X 38BHCHMOCTe.li 

Ha K8)K,llOlt KOOp.llHH8THO.li IIHHHH 
E ( x,t) 

llpH Ell 0~ 
X = const. COCT8BIIHIOLU8SJ CKOpOCTH y HMeeT 

<PKKCHposauuoe aua<wune, B '18CTHOCTH
1 

rrpn 

Y = 0 • Bc10.oy BbiWe y Hac 6biiio Bb!6pauo 
x="o' Yo=O 6y .oeT seer .oa 

Xo=O 1 BBH.lly '19!'0 OCb vy BCer.oa 
HOpM811bH8 KO BC9M Tp89KTOpMSIM

1 
9CIIH .lliiSJ BC9X HOHOB 

npe,llCT8BMM ( 11) B BH,lle , 

_Y_+ x =· const. 
kw 

Yo =0. 

(11') 
nerKO BM.ll9Tb, 'ITO 119B8SJ 'i8CTb ( 11 1 ) paBHa KOOp.llHH8Te XC 

Hbi TpaeKTOpliH Koua s O.llHopo.oHoM MarHHTHOM none H npu 
ueuTpa Kpnsna-

B M8f'HHTHOM none E = 0, B caMoM .oene,, 

. v = w R = kwR, 
L 

. T,e. - __r__ eCTb npoeKUMSJ pa.ouyca KpMBII3Hb! TpaeKTOpHH fi k~ 

My KOOp,lliiH8T8 U9HTpa KpiiBH3Hbl TpaeKTOPIIII KOHa X c II pH 
Ha OCb Ox • nosTo· 

o6nacTSJX 1 r.oe E =0, OCTaeTcSJ nocTOHHHo.li 

X = 
c 

X+ y 
JZ;;) = const 

E II Ox BO BCex 

(scJO.oy, r.oe E =0), (12) 

Onpe.oennM nonyo6opoT IIOHa .KaK Y'i8CTOK cnHpanhHO.li TpaeKTOpHH,Ha KOHuax 

KOTOporo y=O 1 a yron nosopoTa KacaTenhHO.li ua nonyo6opoTe paaeu " • B cny-
qae Xo= 0, 

. 
Yo= 0 E II Ox 

nonyo6opoT 9CTb 0Tp930K Tp89KT0pHII 
Me)K.lly nOCII9.llOB8T911hHb!MI! nepeceqeHHSJMH OC!i ') y , 

Ha nonyo6opoTe c HOMepoM II .lliiSJ cna6o penSJTHBHCTCKHx IIOHOB , , 

rr=J

11 

<l\t;Jt=wL(t11 -t11 
)-_"f.e __ J_F~)s)~s , (13) 

, "
1 

2 A · W (s) 11-1 
T.e, BBH.lly (7) 

d ¢ . ( ) ( w I ) w 'l.e ( 8n (s) ds (14) ...::,.!:11_ = w t - t -1 -" = " -- + - --C\- ~-~rr~--- • 
d II II II WL WL 2 ~ tr \8 I 

( HHTerpHpOB8HIIe npOH3BO.llMTCSJ B.llOIIb Tp89KTOpHM
1 ds · = v d t , d 11 "' I ). ( 14) .na· 

eT TO'l:HOe Bb!p8)1{9HHe <j:JaaOBb!X C.llBMf'OB Ha Bcex STanax YCKOpeHHSJ HOHOB, EcnH onpe

.lleneune ( 7) BH.llOH-f!MennTh cne.oyJOLU.HM o6paaoM 

) ,. ' I 
t:) ~ (tJ t -·· V TT / }· ·-:.- ') 

( 14) 

I 
l 
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(nprr E II t'Jx ono coana.naeT- c (7)), To (14) cnpaae.nnrrBa nprr mo6oM pacnpe.nene-

Hrrrr aneKTprrqecKoro nonn. 

J.13 ( 14) cne.nyeT 1 'ITO cpa30Bble C,llBHrli HOHOB MOryT 6b!Tb Bb!3BaHbl nHill b 

cocTaanmoillefi aneKTprrqecKoro nonn En , KOTopan He MO:>KeT H3MeHHTb aneprrr10 
/5/ 

HOHOB0 8 CBH3li C 9THM nonbiTKY 06'bHCHeHHH cpa30Bb!X C.llBHrOB B ueHTpe UHKno-

TpOHa aciJcpeKTaMH 1 CBSI3aHHb!Mli C ycJ<opeHHeM HnH 3aMe.nneHHeM MOHOB aneKTprr'leCKHM 

noneM 1 Hy:>KHO C'<J:HTaTb Hey.na'<J:HOfio 

nepaoe cnaraeMoe B npaaott qacTrr ( 14) cooTBeTcTaye.T cpa30BbiM C.llBHraM 3a 

C'<J:eT OTnH'IHfi napMOpOBOfi '<J:aCTOTbl 06pa!l1eHHSI HOHOB OT '<J:aCTOTbl H3MeHeHHH yCKOpHIO

iuero nong. Pac'<J:eT ,llBH:>KeHHSI cPa3 HOHOB B UHKnOTpOHe npOH3BOi:J.HTCSI 06bi'<J:HO C yqe

TOM TOnbKO 9TOrO qnena 1 a .nefiCTBHeM HOpManbHOfi COCTaBnHIOUlefi aneKTpH'IeCKOrO 

nomi npene6peraiOT. KaK npaarrno1 aTo cnpaae.nnrrao, TaK KaK B nrrn30BOM pe:>KrrMe 

ycKopenrrn B KnacCH'<J:eCKOM urrKnoTpone En ::::0 1 a aneprHH W aenHKa. 

PaccMoTpHM anrrsiHrre En na .OBH:>Kenrre cila3 B cny'l:ae cMetqennott na paccTog-

nrre ,\ OTHOCHTenbHO uenTpa 0 npHMOti Y3KOfi memr ( Pac. 1). 

B cooTBeTCTBHH c ( 12)1 npoxo:>K.nenae menrr He conpoao:>K.naeTcH H3MenenrreM 

KOOp,llHI!aTbl x
0

=0 uenTpa KpHBH3Hhl TpaeKTOpHH H na nonyo6opoTe A!lCD 

cnpaae.nnHBO (14). 

\.cp = TT ( ~ -1) + ~ 'le r En (s)ds (15) 
wL wL 2 ~ n,c W(s) 

( HI!TerpHpOBaHHe H,lleT no CTSirHBaiOUlHMCSI B TO'<J:KH 8 II C 0Tpe3KaM TpaeKTOpHH) • 

Pac. 1. 
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I lpeHe6peraSI B ( 15) lfSMeHeHfieM W If pa.oHyca KpHBH3Hbi TpaeKTOpHH 

paccMaTp!faaeMoM nonyo6opoTe, nonyqaeM (.omi .. \ <<R ): 
R Ha 

\rp ~ir( ~..:1)- ~~ ~ ~eWV ~ sin <P , 
QJL QJL .n. n3 (16) 

I'.lle V - aMnJIHTy,lla Hanp.H)!{eHlf.H Me)!{.lly .llyaHTaMH
1 

a MHO)!{HTeJib l/2 BO .BTOpOM 

CJiaraeMOM npaaofi 'laCTH UO.HBHJIC.H B CB.II3lf C OTCyTCTB!feM BJIH.IIH!f.H 3JieKTpH'IeCKOI'O 

non.SI Ha cne.oyromeM nonyo6opoTe. 

vb ( 16) CJie.oyeT 3aKJIIO'IHTb1 'ITO acpcpeKTOM
1 

CB.II38.HHbiM C HeueHTptl.JibHbiM 

pacnOJIO)!{eHHeM C":pe,llHHbl YCKOp.IIIOlUefi lUeJIH OTHOCHTeJibHO CnHpaJibHbiX TpaeKTOpHil 

noaoa1 MO)!{HO npH pac'leTax cpasosoro .llBH)!{eHH.H rrpeHe.6pe'lb
1 

ecnH CMemeHH.H .t1 He-

BeJIHKHo 

BJIH.IIHHe pa.oHaJibHblX 6eTaTpOHHb!X KOJie6a_HHfi Ha cpasoBbie C.llBHI'H MO)!{HO OUeHHTlb 

TaK)!{e C UOMO.lUb!O ( lB), paCCM . .lTpHBaSJ t.\ KaK rrpoeKUHIO Ha OCb 'Jx pa.onyca npe-

UeCCHH UeHTpa KpHBH3Hbl,TpaeKTOpHH 1 Toe. B YCJIOBH.IIX ycKopeHH.H B UHKJIOTpOHe KaK 

rapMOHH'IeCKH MeH.H!OlUYIOC.H BeJIH'IHHy C 60JibWHM rrepHO.llOM. 0'1eBH.llH0
1 

'ITO 3TOT 

acpcpeKT eme MeHbWe, '!eM acpcpeKT CMemeang menH Ha BeJIH'IHHy pa.oHyca npeueccHH. 

nyCTb Tenepb YCKopeHHe OCylUeCTBJI.HeTC.II Y3KO.fl lUeJib!0
1 

KOTOpag .CHMMeTpH'IHO 

OTHOCHTeJibHO UeHTpa 0 HCKpHBJieHa (ppc. 2). 

• """' '"-V ~c JC' 
"'"«..<:::: 

Pnc. 2 • 

. . -
---·- ----. 
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B 
13- 41 npe,t~;non8r8nocb, 'ITO ecnH HoH, .D;BHr8IOIUHil:cs 6ea ycKopeHHH a TO'!Ke B 

no ,t~;yre oKpymHOCTH BC.ll c ueHTpoM a O, nonyq8eT npHpocT cP83hi 

A¢=rr(~-1)>01 
WL 

TO HOH 1 YCKOpeHHbiil: B TO.'!Ke 8 1 38 C'ieT HCKpHBneHilH menH npHXO.tlHT no ,t~;yre 

B TO'IKY D' CKOpee, '19M He yCKOp9Hllbiil: HOH . B TO'IKY D 

BC'D' 

0,t~;H8KO a ,t~;eil:cTBHTenbHOCTH npH ycKopeHHH HOH8 a TO'iKe B ueHTp 0 ,t~;yra BC'D' 

a cooTBeTCTBHH c ( 12) 8BTOM8TH'ieCKH p8cnon8raeTcH na npHMoil: AC, npa'ieM H3 -a8 

n8p8nnenbHOCTH AC c K8C8Tenbnoil: K memr a TO 'IKe D H BO = 0 D uenTpoM 0' . 

OK83hiB8eTCH TO'IK8 nepeceqenHH npHMhiX AC u BD' Ho nocne.D;Hee 03H8'18eT, 'ITO 

omH.D;8eMbiil: C.D;BHr cP83hi 38 cqeT T8Koro HCKpHaneHKH menH acer,t~;8 p8BeH nynro, 

T.e. /).. rp HH nonHOCTb!O, HH 'i8CTH'{HO He KOMneHCHpyeTCH 0 rpoMOS,D;KOe ,D;OKa38Tenb-
/6/ . . /7/ 

CTBO 9TOrO cP8KT8 CO,D;epmllTCH B • anepBbie OHO 6hin0 .,D;8HO M.3.Poae • 
. I 

TeM He Menee, a ueHTpe uuKnoTpona MomHo nony'iHTb uenecoo6p83Hhre cP830Bhre 

C,D;BHrH C nOMOIUb!O nOBOpOT8 H8np8aneHHH yCKOpeHilH HOHOBo .lJ.eno B TOM, 'ITO B U9HT· 

pe nocne.D;OB8TenbHbie BHTKH CnHp8nbHbiX Tp8eKTOpHil: HOHOB npOCTp8HCTBeHHO p83.D;ene

Hbi T8KHM o6p830M,. 'ITO nOBOpOT H8np8Bn9HHH BbiTHrHB8HHH HX H3 HCTO'IHHK8 MO)I{HO 

ocymecTBHTb, He yaenH'iHB8H En • P8C'ieT no"K83hiB8eT, '!To'a ycnoausx p860Thi uuK

noTpon8 MHOr038pH.tlHbiX HOHOB n860p8TOpHH H,D;epHbiX pe8KUHil: OVIHVI B03MO)I{eH noao

pOT H8np8BneHHH BbiTHrHB8HHH HOHOB H3 HCTO'IHHK8 npOTHB nanp8BneHHH HX o6p8IU9HHH 

2 0 . 
H8 5 , npu'ieM H8'18nbHbie cP83hi nunaoaoro pemHM8 ycKopenHH aoap8CT8IOT 6n8ro,t~;8pH 

. 0 
9TOMY H8 20-25 , 

181 
CMHTOM nonyqeno CyiUeCTBeHHOe ynyqruenue cPOKyCHpOBKH HOHOB B ueHTpe 

0 
uuKnoTpOH8, a KOTopoM H8np8aneHHe nepaoro ycKopeHHH 6hrno noaepHyTo 118 20 • 

B 38KniO'ieHHe 38MeTHM, 'ITO aoaMomeH eme O.D;HH cnoco6 yaenH'i9HHH H8'18nb

HhiX cP83 nHHaoaoro pemHM8 ycKopeHHH a UHKnoTpoHe. VIa ( 10) cne,t~;yeT, 'ITO ecnH 

B H8'18ne yCKOpeHHH 0 <'0 1 T.e. n8pMOpOB8 'i8CTOT8 C'UL <w 1 TO· C,D;BHrH cP83 

HOHOB B H8'18ne nHH30BOrO pemHM8 6y,t~;yT nonomHTenbHbiMHo npe,t~;CT8BnHeTCH pe8nb-

HbiM B ueHTpe UHKnOTpOH8 C03,D;8Tb1 H8npHMep1 C nOMOIUb!O TOKOBbiX BHTKOB nOK8nb

H09 noHHmeHHe aenH'IHHbi H8npRmeHHOCTH M8rHHTHoro nonH H a HeCKOnbKO npol!eH

Toa, npH'ieM CBSI38HH8H C 9THM M8rHHTH8H .D;ecPOKYCHpOBK8 · 6y ,D;eT1 KaK IlOK83biB8!0T 

OUeHKH 1 Manoil: no Cp8BHeHH!O C sneKTpH'ieCKOil: cPOKyCHpOBKOil:. 
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05a CIIOC05a IIOMHMO ynytiweHHSI cfJOKYCHpOBKH HOHOB 6y.oyT IIpHBOLlHTb K CHH)!(e

HHIO ueo5xo.oHMhiX .onSI ycKopeHHSI aMrrnHTYLl Em B.'l. rronSI. 
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