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XaacTyHOB M.C. P9·80·152 

MoH03HCpreTH4HOCTb ny4K8 ~HKnH4eCKOrO 
HHAYK~HOHHOrO YCKOPHTenR 

0nHCWB8eTCA npo~eCC yCKOpeHHR 3J1eKTpoHOB H HOHOB B ~HK
J1H4eCKOM HHAYK~HOHHOM yCKOPHTene /UHY/. UHY noAo6eH 6eTa
TPOHY C nOCTORHH~M noneM, HO OTJ1H48eTCR TeM, 4TO BCA~Ce 
none a HeM nepeMeHHO ao apeMeHH. MarHHTHaA cHcTeMa UHY no
Ao6Ha CHCTCMC cna6o¢oKYCHPY~CrO CHHXPOTPOH8; 8 npAMOJ1HHe~
HWX npOMe*YTK8X pa3M~a~TCA YCKOPR~e ~ep~arHHTHWe cep
Ae4HHKH H YCTPOHCTBa BBOAa H B~BOAa. YcKOpeHHe npoHCXOAHT 
B KB83HnOCTORHHOM BHXPeBOM 3J1eKTpH4eCKOM none C~PAC4HHKOB 
H M8rHHTOB. __ ~-----------

noKa34 
yCKOpeHHA ~ 
reTH4HOCTb 
KOH. 

Pa5oTa 

i19e npM H T 0\ 

Khvomo~ 
11on 
Ace 

2758/2- 80 np. 
X _30'2.. XBacTyHOB , H.C. 

'_.} MoH03HepreTitit! -
HOCTh Tiyt!Ka UitiKRitit!€C
KOf0 •• • P9- 00- I52 . I900 

" 

. 

npo~ecce 

iH HOH03Hep
!~a3HPOB-

HH OH.RH. 

)St<a 1980 
I 
~ 

C t 

8 HaCTOA~eH pa6oTe o6CY*AaeTCA npo~ecc YCKOpeHMA B ~MKnM-
4eCKOM MHAYK~MOHHOM YCKOPMTene /UHY/ 13 ~ KOTO~H nOAo6eH 6eTa
TPOHy C nOCTOAHH~M noneM / l, 2/ , HO 0TJ1M4aeTCA TeM , 4TO BeAy

~ee none B HeM nepeMeHHO BO epeMeHM . HarHMTHaA CMCTeMa YCKO
PMTenA nOAo6Ha CMCTeMe cna6o~OKyCMpy~erO CHHXPOTpOHa - B npA
MOnMHeHH~X npoMe*YTKaX pa3Me~a~TCA yCKOpA~Me ~eppOMarHMTH~e 
cepAe4HMKM - MHAYKTOp~ M yCTpOHCTBa BBOAa H B~BOAa. HarHHT~ 

C-o6pa3H~e, eepTMKanbHaA CTOHKa ApMa pacnono*eHa cHaPY*M H 
He OXBaT~BaeTCA op6MTOH. HHAYKTOp~ nepeMarHM4M Ba~TCA OT MCT04-
HMKa nepeMeHHOrO HanpA*eHHA HM3KOH 4aCTOT~, HanpMMep, 50 r~. 

YcKOPA~ee none MMeeT ~PMY nonyeonH~ CMHYCOMA~. AnMTenbHOCTb 
MMnynbca ycKOPA~ero nonA paeHa 10 MC. YcKopeHMe 4aCTM~ npoMc
XOAMT B KBa3MnOCTOAHHOM YCKOPA~eM none, nOCKOnbKy 3a BpeMA 
OAHOrO 060pOTa OHO MeHAeTCA He3Ha4MTenbHO. no3TOMY nOHRTMe 
¢a3~ 4aCTM~~ e UHY TepAeT CM~cn, M e 3TOM ycKOpMTene OTcyTcTey
eT ¢a30BOe ABM*eHMe H CBA3aHH~e C HHM KOne6aHMR HMnynbCa YCKO
pAeM~X 4aCTM~. 0AHaKO OCTaeTCR BOnpoc - KaK BeAYT ce6R B npo~ec
ce YCKOpeHHA 4aCTH~~. BBeAeHH~e B KaMepy YCKOpMTenA C pa3H~MH 
MMnynbcaMM. Ha3oeeM paeHoeecHOH TaKy~ 4aCTM~y. paAMYC p

8 
Ko

TOPOH B npo~ecce yCKOpeHMR OCTaeTCR nOCTORHH~M, a HepaBHOBec
HOH - 4aCTM~Y c M3MeHR~~MMCR paAMyCOM p. Ha4anbH~e MMnynbc~ 
3THX 4aCTM~ pa3H~e . 

YcKopeHMe 4acTM~ e UHY npoMCXOAHT e BMxpeeoM 3neKTPM4eCKOM 
none HHAYKTOPOB H MarHMTOB. 8 nepB~X Tpex nyHKTax ~ He 6yAeM 
Y4HT~BaTb 6eTaTpOHH~e KOne6aHMR, B nyHKTe 4eTBepTOM 06CYAHM 
MX BnMAHMe Ha MOHOXpOMaTM4HOCTb ny4Ka. 

1. YCKOPEHHE B BHXPEBOM 
nOilE HH.l\YKTOPOB 

3aKOH pOCTa MMnynbCa paBHOBeCHOH 
H HepaBHOBeCHOH 4aCTH~ OnMC~Ba
eTCR H3BeCTH~MH B~pa*eHMAMM: 

P al =QEs p i R qE, /1/ 

rAe HHAeKC us·~THOCMTCR K paBHOBeCHOR 4aCTM~e. Es H E - HanpR
*eHHOCTH YCKOPA~~MX noneR, ycpeAHeHH~e no paBHOBeCHOH M HepaBHO
BeCHOH op6MTaM: 

E s U / L 
s 8 

E = U/ L. 

06'M!n., ~· ~~n!! :.:~;CT1J'TYT I 
!"~. ~.'1 1 :! ~:t:-~· .1onld 

G;.tt;Jt.-:0 fEKA 

/ 2/ 



An11H~ op611r L8 11 L paeH~ 

L s. 2 "P s + N f = 2" R s 11 L • 2" P + N r • 131 

rAe N - 411cno 3neMeHT08 nepi10AI14HOCTI1, f =const - AI111Ha npA MO
ni1He~Horo npoMe~yrKa. B 811XPB80M 3neKTPI14BCKOM none 11HAYKTOpoe 
pa3HOCTb noreH411ano8 np11 nonHOM o6opore He 3aBI1C11T or paAI1y ca : 
U = U8 , n03TOMy 0THOWeHI1e CKOpOCTe~ POCTa 11MnynbCOB paBHO 

Pst iP i = LIL 8 • 141 

nycTb p =ps+.\p . TOrAa L = Ls+2TT·~p l1 c T04HOCTb~ AO 1-ro 411eHa 
pa3110>KBHI1R no '\p i R 8 8~pa~eH11e 141 3an11WeTCR 8 BI1Ae 

Pi I P si = 1 - ·~p / R 5 . 151 

Or paA11yca p nepe.:iAeM K 11Mnynbcy p , AnR 3Toro eocnonb3ye•·ICR 
113BeCTH~MI1 COOTHOWeHI1AMI1 

p = 300Z B p s 8 s p = 300ZBp , 161 

rAe Z -3aPRA 4aCTI14~ e eA11H114ax 3aPAAa 3neKTPOHa, p
5 

11 p-pae
HoeecH~.:i 11 Hepa eHoeecH~H 11Mnynbc~. Y4TeM raK~e 3aKOH 113MeHeHI1A 
BeAy~ero nonR 

B 2 B 
5 

(p 
8 
I p ) n , 171 

rAe n - noKa3arenb cnaAa nonR. B~pa~eHI1e AnR HepaeH08ecHoro 11M
nynbca npeACTaBnAeTCA B B11Ae; 

p = p 
5 

(p 1 p 
8

) I - n 181 

111111, C Y4CTOM TOrO, 4TO p ~ P s + \p , C T04HOCTb~ AO 1-ro 4118Ha 
pa3110~8HI1R nO \11 1

(1 ~ BbiPa>KeHI1e 181 3ani1Cb1BaeTCR B 811Ae 

p s ~ ~P - p s [ 1 + ( 1 - n) . . \ p; I' 
5
1. 191 

1-13 191 nony4aeM 

~p = Ps .~. 
1 - n 1101 

P s 

noACTaBilRR 1101 8 151, nony411M OTHOWBH11e CKOpOCTeH pOCTa 11M
ny1lbCOB 

p i 
1 

P - 1- -~-
SI - 1 - 0 

.!!...L. _2p_ 
R 5 P s 

I 11 I 

2 

~3 1111 cneAyer: 11 4eM 6onbwe 11Mnynbc HepaBH08eCHO~ 4aCT114bl 
npee~waeT pa8H08eCH~~ 11MnynbC (\p ~. TeM MeHbWe CKOpOCTb 
pocra 11Mnynbca HepaeHo8eCHO~ 4aCTI14~ no cpaeHeHI1~ c reMnOM 
POCTa 11Mnynbca paBHOBeCHO~ 4aCTI14~; 21 4eM MeHbWe Hepa8H08eCH~~ 
11Mnynbc paeHoeecHoro (\p < 0), reM 8~we CKOPOCTb ero pocra no 
cpaeHeHI1~ co CKopocrb~ pocra paeH08ecHoro 11Mnynbca. B o6o11x 
cny4aRX 11MnynbC HepaBHOBBCHO~ 4aCT114~ 8 np04ecce YCKOpeH11R 
6YABT np116n11~aTbCR K paBHOBCCHOMy 11Mnynbcy, T.e. 11MnynbCH~~ 
pa36poc 4aCTI14 8 np04BCCe YCKOpeHI1R 6yAeT YMBHbWaTbCR, a Op-
611Ta HepaBHOBeCHO~ 4aCTI14~ - np116n11~aTbCR K pa8H08eCHO~ Op611Te. 

2. YCKOPEH~E B BHXPEBOH 
nonE MArHHTOB 

TeMn pocra 11Mnynbca paeH08ecHo~ 
11 HepaBH08eCHO~ 4aCT114 Oni1C~8a
BTCR B~pa~eHI1AMI1 , nOA06H~MI1 111: 

P,fl.qEr. P 1,~qE, 112/ 

rAe ycpeAHBHH~e no paBHOBeCHO~ 11 HepaBHOBeCHO~ op611TaM HanpA
~eHHOCTI1 YCKOPR~I1X noneH paBH~ 

E s = U ~ L s 11 E - U ' L , 1131 

a 

u ~ - (/> s s 11 u = -c/J 1141 

11 An11HW op611r Ls 11 L onpeAeneHw ewpa>KeHI1 AMI1 131. MarH11THwe no
TOKI1 ~s 11 ¢ , OX8aTWBaeMwe paBHOBeCHO~ 11 Hepa8H08BCHO~ op611TaMI1

1 
on11cw8a~TCA ewpa>KeH11RMI1 ' 9 : 

~ ,., ,,, 0 + d, (1 - COS wt) 11 </J • ¢ 
0 

' <1> (1 - cos ((It) . s ~ s rrn(' .,- m 

AMni111 TYAbl norOK08 paBHbl: 

9 mp = 2rr p~ B rnp (p ~- n _1, g-n ) 1(2 _ n) , 

6m ~2"Pnssmp(P2-n_,,5-n)l(2-n), 

1151 

1161 

rAe p 0 - BHyTpeHHI1H paAI1YC MarHI1Ta, OrpaHI1411Ba~I1H 06naCTb 
Ma rHI1THOro nonA. 

~cnOJlb3YR B~pa>KeHI1A 112 ~ 161, HaXOAI1M OTHOWe~e CKOPOCTBH 
pocTa 11MnynbCOB C T04HOCTb~ AO 1-ro 4neHa pa3nO>KeHI1A 

1171 p p I p sp = 1 + _1 -[ 2 - n - ..fL l ~ . 
1 - n 1 ( 1 )2- n R p 

-pO'ps s s 
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Ha 1171 MO~HO aaKn~4HTb, 4TO HMnynbcH~~ paa6poc \p 4aCTH~ e 
npouecce yCKOpeHHR B BHXpeBOM 3neKTP~4eCKOM none MarH~TOB ~Me
eT TeHAeHUH~ K POCTy. 

3. YCKOPEHHE B UHY Bo epeMR ycKopeHMR KOHKYPHPY~T 
ABa npouecca: c~aTMe HMnynbCHoro 

cneKTpa 1111 H ywHpeHHe cneKTpa 1171. Ha 1111 ~ 1171 nony4aeM 

dp 1 =a 1 ·dp 81 H dpp " ap ·dpsp' 1181 

rAea. H a,- npaa~e 4dCTH 1111 ~ 1171, HHAeKC 11 i 11 OTHOC~TCR l ) 

K HHAYKTopaM, a 11 I' 11 
- K MarHHTaM. CKopocTH pocTa HMnynbc.a 

paBHOBeCHOH 4dCT~~~ B YCKOPR~HX nOnRX HHAYKTOpOB H MarH~TOB 
CBR3dH~ COOTHOWeHMeM 

Psi lp sp = ¢m/ tP mp = k • 1191 

rAe ¢mi - aMnllHTyAa MarHHTHOro noToKa MHAYKTOpo8. Hcnonb3YR 
1181 H 1191, nony4MM 

k 1 
dp =--(a 1 + -up)dp 

8
, 1201 

k + 1 k 

rAe dp = dp 
1 

+dp p H dp 
8 
= dp si + dpsp· 113 1201 ClleAyeT 

• • k 1 
p i p =--(a 1 ~ -ap). 

8 k ~ 1 k 
121/ 

noAcTa811RR 8 121 I 8~pameHHR A11R a. H a I 11 I M I 17 I, nonyqaeM 
l p 

. . 1 k p s i\p 
PI P = 1 + --l-- r- --J--, 

8 1-n k~1 Rs Ps 
1221 

rAe f "' ~"P 2 
B I cb 1 • .Qanee He non b3yeM coorHOWeHHe 

s mp "' 

rooz 
p "' ¢ . (1 + llk) = 300Z B !Tl(' • p , 12 31 

ms 2 n R Ill! s 
8 

rAe 2pm5 - npHpOcT MMnynbca paBHOBeCHO~ 4dCTHU~ a UHY aa see 
BpeMR Ae~CTBHR yCKOpR~erO 11011R. 113 1231 ClleAYeT 

(k+ l ) k =2"f' R B lcf> • 1241 
~ s mp m1 

noACTaBJ1RR /24/ B /221, nOJ1y4HM 

P P
8

-c 1, /25/ 

4 

• 

r.e. ~MnynbcH~~ paa6poc \p - p -p~ e npouecce ycKopeHHR e UHY 
He M3MeHReTCR. noA06H~R C~Tyau~R MMCeT MeCTO B 6eTaTpOHe C 
HenOABM~HO~ paBHOBeCHO~ op5MTO~ I. 

0THOCMTefibH~G MMnynbC•I~A paa5poc 8 KOH~e YCKOpeHMR paBeH 

1~\ = ~·~ 
P 0 P Po 1261 

rAe \p0 p 0 - MMnynbCHbl.;; p;nopoc npH HH~CKUHM. 

4. 5ETATPOHH~E KOnE5AHHR 
~ MOHOXPOMATH4HOCTb 
nY4KA 

¢lOPMYI1d AMl 
cnoeneHHOro 

5eraTpOHH~e KOJ1e6aHHR B~3~Ba~T 
AOnOnHMTCilbHOe K 1261 paaM~THe 
HMnynbCHOrO cneKTpa YCKOpReM~X 
4dCTM~. B pa5oTe 1 npMBeAeHa 

o~eHK~ 3HepreTM4ecKoro paa6poca 3neKTPOHoe, o6y-
KOne6aHMRMH B 5eTaTpOHe: 

\T T ~ 1- \ 1- A R. 1271 

rAe A - aMnllMTYAa 6eraTpOHH~x Kone6aHHH, R - paA~yc op5HT~. 
~opMyna /271 11PHMeHHMa e cny4ae, KOrAa noKa3aTenb cnaAa nonR 
6!1M30K K 0' 5. npH A R 12 7 I nepeXOAHT B 

\T.·T = 1 '2 ·A R. /281 

~OpMyn~ /27/ H 1281 CMilbHO 3dB~Wd~T BKilaA 6eTaTpOHH~X KOne-
6aHHA B 3HepreTM4eCKH~ pa36poc ny4Kd. noKa~eM 3TO. nycTb ABe 
4aCTMU~. paaH08ecHaR H HepaBHOBecHaR, c HMnynbcaMH p

8 
M P • Ps ~ 

•\pycKODR~TCR 8 6eraTpOHe; aMnnHTYA~ 6eraTp0HH~X KOne6aHH~ 
o6e~x 4dCTHU paeH~ Hyn~; PdAMYC~ op6HT 3THX 4aCTHU P

8 
M p =p

5
+ 

1 \p. TorAa cnpaaeA11MBO paaeHCTBO 

\p p = ( 1 - n) · \p p s s 1291 

- CM. 110/. npH n=0.5' \p =p- Ps = A H Ps"' R' a TaK~e 
Hd OCHOBdHMM TOrO, 4TO A11.A pei1RTHBMCTCKHX 3!1eKTPOHOB \p p 
=.\T T, ~OpMylla 1291, He HMe~aR OTHOWeHHR K 6eTaTpOHH~M K0-

11e6dHHRM, nepeXOAHT B ¢lOPMYI1Y /281, RKo6~ y4MT~Ba~y~ BllHRHHe 
6eTaTpOHH~X KOJ1e6aHHH Hd 3HepreTH4eCKM~ pa36poc 3!1eKTPOHOB, 
YCKOpeHH~X B 6eraTpOHe. ~CHO, 4TO HH /271, HH 1281 K Aeny He 
OTHOCRTCR. 

PaccMOTPHM Aanee no8eAeHHe AByx 4aCTHU, HH*eKTHP08aHH~x 
8 KaMepy UHY c OAHHM M reM ~e HMnynbCOM Po Ha OAHH H TOT ~e 

5 



PaA~YC p , HO ~MC~~X pa3H~e aMnn~TYA~ 6eTaTPOHH~X KOne6a
H~H; OAHa c aMnn~TYAOH A, APYraR - c Hyneso~ aMnn~TYAO~. OT
HOWeH~e C KOPOCTe~ POCTa ~MnynbCOS 3T~X 4aCT~~ paSHO 

· · Ua L 
p / p =-·--, /30/ 

a U La 

rAe HHAeKC 11 a 11 OTHOCHTCR K 4aCT~~e C aMnnHTYAO~ KOne6aH~R A 
np~pOCTbl 3HeprHH a a o6opOT AnR o6e~x 4aCTH~ OAHHaKOS~: u a ,.. u' 
·r.K. OCHOSHaR 4aCTb yCKOpR~erO nOTOKa /nOTOK ~HAYKTOPOS/ He 
3aS~C~T OT paA~yc a , a cneAOSaTen bHO, He 3aS~CHT OT aMnn~TYAbl 

6eTaTpOHH~X KOne6nHH~, H S nHHe~HOM np~6nH~eHHH nOTOK MarHH
TOS, OXSaT~saeM~H Op6HTO~, He 3aBHCHT OT aMnnHTYA~ 6eTaTpOH
H~X KOnefiaHH~. 

AnHHa op6~T~ HeKone6n~e~cR 4aCTH~~ pasHa: L = •' x · A , rAe 
A - AnHHa eonH~ ceTaTpoHH~x Konef.aHH~, "x- 4Hcno paAHanb-
H~x 6eTaTpOHH~X KOne~aH~H 3a OnOpOT. AnHHa Op6HT~ KOne6n~e~CR 
4aCTH~~ B~4HCnRnaCb KaK AnHHa OTpe3Ka CHHYCOHA~: 

2A £ L ~ " · - \ 1 + r. • E( rr l 2 k \ a x n ~ ' 1 ' /31/ 

rAe (= A I(A/ 2rr), A- aMnnHTYAa 6eTaTpOHH~X KOne6aHHH,K =~/y 1 +~2 

H E(rr/ 2,k) - nOnH~H HOpManbH~~ 3nnHnTH4eCKHH ~HTerpan ne)!(aHAPa 

' 5 ' 2 ( 11 STOpOro POAa . 8 HHTepeCyKJIIIeM Hac cny4ae ~ « 1 H -;;- E 2 ., k) d, 
a S~pa~eH~e /30 / np~HHMaeT S~A 

. . 1 
P,/P .- 1 - 2 ( 2

. /32/ 

B Bblpa)!(eHH~ AnR ~ aaMeH~M A= 2rrR 3 / vx H AEA 0 y'p0 / p, r·Ae 
Ao - aMnn~TYAa paAHanbH~X 6eTaTpOHH~X KOne6aH~~ np~ HH~CK~HH, 
p 0 - ~Mnynbc HH>KCK~H~, p - KOHC4Hbl~ ~Mny,'1 bC. CooTHOWeHHe /32/ 
npeo6paayeTcR K BHAY 

Pa / p .. 1 - _!_ ( l 'xAo 2 
2 R ) 

b 

Po 
p /33/ 

PewaR 3TO ypasHeH~e, nony4HM ¢opMyny AnR o~eHK~ ~MnynbcHoro 
paa6poca YCKOpeHH~X s UHY 4aCT~~. ooycno sneHHOro 6eTaTPOHH~MH 
Kone6aHHRMH: 

(~) 
p a 

6 

1 ~ · xA o 2 
--(---) 

2 R s 

Po 
p 

ln {p Po) · 13~1 

... 

.I 

I 

AMnnHTYAY A 0 np~MeM paeHOH: A0 = d ' 2, rAe d - AHaMeTp KaMep~ 
YCKOpHTenR. 

CyMMapH~H HMnynbCH~~ paa6poc ny4Ka ycKopeHH~X s UHY 4acT~~ 
nony4~M KSaApaTH4H~M CYMM~posaHHeM /26/ H /34/: 

2 112 i\p/ p = (p 0/ p) (6p 0 / p 0 )(1 + 11 > /35/ 

rAe 
(vxAo / Rs)2 

TJ = • ln (p I p 0 ) . 
2(6p 0/p 0 ) 

nerKO B~nOnHHTb ycnOS~R, npH KOTOp~x r1 2 << 1 , npH 3TOM /35/ 
npHHHMacT SHA 

Ap/ p "'(po / p) · {.\p o / p o ). /36/ 

8 yCKOPHTenRX C aeT~a3HPOBKOH 3aKOH 3aTyXaHHR AnR HMnynbca 
~MeeT S~A -'S / : 

1\p _ E 114 
' /37/ 

rAe E - 3Hepr~R 4aCT~~~. Hcnonb3YR /37/, MO>KHO nony4HTb ¢opMy
n~ AnR o~eHKH HMnynbcHoro pa36poca ny4Ka ycKop~TenR c asTo~a-

3~poeKOH: 

3/ 4 (6p/ p) 1=(p 0 / p) (6po / Po) 

- S penRT~SHCTCKOM cny4ae H 

Y: (1\p/p) 2 = (p o / p) (L.\p o / p o> 

/3R/ 

/39/ 

- s HepenRTHSHCTCKOM cny4ae. B 138/ H /39/ i\p 0 H ,\p - Ha4anb
H~H H KOHe4H~~ ~MnynbCH~e pa30POC~ , o6ycnosneHH~e ¢a30SWM ASH
>KeHHCM. 113 CpasHeHHR /38/ H /39/ C /36/ cneAYCT, 4TO MOH03Hep
re TH4HOCTb ny4Ka UHY s~we, 4CM s yCKOPHTene c asTo¢a3HposKOH. 

5. nPHME PW PEAnH3AUHH 
11 CPA8HEHI1Jl 

8 pafoTe 3 onHcaH~ sap~aHT~ 
~~KnH4eCKOrO HHAYK~HOHHOrO yc-
KOp~TenR . npHBeAeM O~eHKH ~M

nyn bCHOrO paa6poca ny4Ka AnR 3neKTPOHHOrO H npOTOHHOrO sap~aH

TOD UHY ~a 3HeprHH 50,100 H 200 M3B . aHaMeTp saKyyMHOH KaMep~ 
S3RT paBH~M d = 7 CM, Ha4anbHuR aMnnHTYAa 6eTaTPOHH~X KOne6a-
4~~ pasHa A0 = 3,5 CM. 4acTOTa paAHanbH~x 6eTvTpoHH~x Kone6a-



8 

10 
:::s 
:s: 
~ 
ro ..... 

>. 
~ 
:=I 

10 
-:.:: 
'j 

» c 
.D 
1-
u 
0 
l: 
:r 
:s: 
1-
<11 
L 
Q. 
<11 
l: 
(') 
0 
l: 
0 
X: 

a! 

= 

ill 
0 
f< 

~ 

1, b 
-< H 

N "1 I ~ 1 3 1 ~ ~~ } I :q ~ ~ " · 1~ I t I 
N 
~ 

a L~'?O.I: o_i_ _2 L_:.i_ ..., 

") 

'-=> 
'-1 ..... 
_:) 

~; ...... 
~ 
.") 

::) 

b ... 

..... 
(') 

:-J 

<:' 

b 
l5j 

:>' 

l5j 

~ ~ ~ 
V 0 N 

~ T T 
:;) 0 

A 

f< 

Q) 

:a 

"' A 
al 

r::: 

I § 

5I 
8. 
ti 
Q) 

c'iJ 

H H 

g 
~ 

3 ..... 

5S 

0 

(') ' (') 
0 ~ 

(') 

0 

(') 

0 

II) .... 
...... 

C'-
11) 

0 

:;) 

:1> 
N 

tO 

""' H 

II) 

<D 

N 

b ...... 

"'l 

b 
-< 

N 

b ..... 

H 
:::> 
0 

(') .... 
0 

H 
<D 

...... 

. 
~ 
0 

b .... 
to 
:;) 

b ...... 

C5 
N 

• ~ ~ 1 & • t<IQ 
<0 :II 00 0 al 

m ' C'l "" r::a• 8. ~ 
~ X: a e~ ~ Ill 8. 

· o o j ! !;1 '2 
~ i 0 ~ ~ a. · 
~ ~ I If 1 = ~ 1l "' i:i ~ ~ 11 i! Cl~ 
~ ~ a m: r s ~ ~~ 
v ., g 88. • " ; I S 
= = 0 I! I ~0 6' ~ .s· ~ • • 0 "o • ~iii 

• 0 .... • ~ :1 .._ ~-
e-<e-< .ll ~ ~ 

. ..... c-i CO') ..;. .n . 
<D 

. 
1:'-

~ 
..... 

t ...... 
.... 
~J 

N 

t ..... 
<D 
C'-

C") 

0 

8. 
'0 
I') 

a. 
~ i 
0 .. 
~ 0 

~~ 
p., 

~g 
cO 

..... 

H~~ pasHa t ' x = 1 ,24. OcranbH~e HCXOAH~e AaHH~e H pe3ynbrar~ 
o~eHOK npHseAeH~ s ra6n~~e. ~MnynbCH~~ pa36poc ny4Ka, o~eHeH
H~~ no ¢opMyne /35/ , cocrasnAeT 10-4. ~A cpasHeH~A s socbMO~ 
crpoKe ra6nH~~ npHseAeH~ o~eHKH HMnynbCHoro pa36poca ny4Ka 
c~HxporpoHa, s~nonHeHH~e npH rex ~e Ha4aflbH~x ycnosHAX A11A 
3JleKTpOHOS nO ¢OpMyJle /39/ H AnA npOTOHOS no ¢QpMyne /39/. ~3 
ra6nH~~ SHAHO, 4TO MOH03HepreTH4HOCTb ny4Ka U~Y 3aMeTHO s~we, 
4CM S yCKOPHTene C asTO¢a3HPOSKOH. 

KPATK~E BhiBOAbl HMnynbcH~~ pa36poc ny4Ka U~Y \p 
e npo~ecce ycKopeHHA ocraercA npH

MepHO nOCTOAHH~M, nOA06HO CHTya~HH S 6eTaTpOHe C HenOASH~HO~ 
pasHosecHo~ op6Hro~ . KaK cneACTBHe 3Toro - e~coKaA MOH03Hepre 
TH4HOCTb ny4Ka UHY, 6onee e~coKaA, 4eM e ycKOpHrene c aero¢a-
3HPOBKO~ . 

Asr op 6naroAapeH A.6.Ky3He~oey, 3.A.nepenbWTeHHY H A.A.Kosa
neHKO 3a none3H~e o6cy~AeHHA . 
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