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8 nocne)],I!He ro)],hl Bee B03pacTalpu.uiu HIITCpcc npOHBJIH
eTCH K ycKopc1i1110 )J.,0 pcJJHTHBH·cTcKH~ :rneprnu 60J1cc T~)Kc
JJhIX qacnm,, 4eM npoTOllhl. Bo3MO)KHOCTh yc;KOPCHH.H,nCitTpo
HOB,_·. a -4a~~ill.( H ~pyrnx~' 6o~ec '-r~')Kd~hlX H)J.Cp JlO pc.11.HT'n
BH,CTCKHX '311cp'r«ii C0'.3)].aeT 1ieq6XO)],HMhlC YCJJOBH~ )J.Jl.!I' npone- ' 

. ,( . ' . . ' . , . ' . . - .. . . .•" . . 
)],eHirn HCCJJC)J.OBaHHtt B ci6JJaCTH pcJJHTIIBIICTCKOH .H)],epnoii 
qiH3HKH /l/. . .. . -, .. , , .. . . . . 

· · TTpo(foc~a · noJ1y~c/11rn pc~HTHBH CTCKHX H)J.ep na c1111;poqia-
30Tponax TCC~~O CBH3alla c'pcll.lCIIH~M UC.110~0 p.H)],a qJH3114C-

. ;: . ' . \ ' . , 

CKHX H )lll)KCJICPllhIX. 3a)J.a4, Kacamui.nxc» B nepnyw 04epe)J.b 
co3)].ami~ 3qiqie1<niu,1·b1x 11011HL1x. nc'ro4HHKOB 1 c·ncTeM HH)KeK
UHH II c11c1·cM, 06ecIIe'lnBa10ruttx c1rnxp0Tponn~1u pe*«·M ycKo-

. : .. ~ . ' 

pCHHH HOHOB.. . 
• B 1970 ro)J.y ~a. c1i11xpocfia301po11e OHRH 6bIJ1 pcaJJH30BaH' 

MCTO.)J. Y~.1<ope1rnH )J.~ii1po110B rr . a -4acT~U. nye)J.1.o·*eifHLiii_, 
B 1968 ro)J.y He3aBHCHMoBClllA / 2/ n0CCCP 3 •.4 , nenep
Bhie, B M~pe 6bIJ1 no,JJy4Clf TTY40_K I)C?sTi1ejcTCKHX ~eii:Tp911on, 
YCKOpCHHhIX )],0 3HC_pnrn - 10 I'38 
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• PeaJJH3aUHH :noro 
'•'. . ' • ' • •·•• . ·. • '! 

M,fTO)J.a YCKOpCHH,H. ~.BIIJ13:~h no. cy_TH )],eJJ,a I-Ja'laJJOM,_HOBOro . 
HanpaBJJCHff!f. B Y_CKOpHTCJlhHOH. TeXH:1fl<e /s, 9

/_ , . , ,. ., 

· O'c1100Iio'e· ··co)J.ep*a·Hue peqiepupyeMoii: )J.nccepTauun co-
., j •.,,_ • _. • ' ,·. ' • , ' • • • • i ~ ~ 

CTaBJJHIOT BonpOChl, CBH3aHHble C ,_peIIIeHHC¥ 3a)],a'I no ocy- , 
IUCCTBJJCHHIO <;;HHXpOTPOHHOro pe)KHMa yc1<opeHHH ,aTOMHhlX 
H)J.,ep H~. CffH~poqia~o'rpoue· OHJIH .. - . , ' .-, : C. . ; , . 

B n_'epaoii rm1,ee )],IICCepTal.(HII npoBeAeH auann3 c_OCTOH~IIH 
TCXHHKH ycKopeHHH MHOro3apH)J.HhIX HOHOB ua COBpeMeHHOM 
3Tane H TCHJ.(CHUHH' ee pa3BHTH'1; ?iap.!i')],y C yCKOpHTCJlhHbIM 
-KOMTIJJCKCOM. Tn'na "OMHiI'rpou" IO ·,coopy)KaeMhIM B Jloypeu
COBCKOH irnuHoHaJJhHOH naoopaTopn'n '/liepKJJH, CIIIA/ H npe)],-
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Ha3HalJeHHOM ,n;mI YCKOpeHHH mo6hlx HOHOB ,n;o 3HeprHH 
~ SQQ Af3e/1ty1Ul011, nOHBHJIHCb npe,D;JIO)KeHHH no HCnOJihJO

BaHHIO cytQeCTBYIOlQHX npoTOHHhlX CHHXpoc}la3oTpOHOB ,Il;}IH 

ycKopeHHH 'H,D;ep ,n;o peJIHTHBHCTCKHX 3HeprHH. B 3TOM cnyqae 
Tpe6oBaHHH, npe,n;'hHBJIHeMbie K BhICOKOlJaCTOTHOH ycKopHIO
lQeH CHCTeMe, o6ecnelJHBaIOlQeii CHHXpoTpOHHbIH pe)KHM yc
KOpeHHH, B HeManoii CTeneHH JaBHCHT OT napaMeTpOB ~H
)KeKTHPYIOlQHX ycTpoiiCTB. B qacruoCTH, lJeM BhIIIIe 3HeprHH 
HH)KeKTHpyeMbIX HOHOB,. TeM MeHbIIIe lJaCTOTHblH ,n;Hana30H 
yCKOpHIOlQeii CHCTeMbl. B CBOIO O'lepe,n;b, noBhIIIIeHHe 3HeprHH 
HH)KeKTHpyeMbIX B CHHXpoc}la3oTpou HOHOB TeCHO CBH3aHO 
c peIIIeHHeM npo6neMhI HOHH3al.(HH aTOMOB. 

IllHpOKO HCnOJih3yeMhle B. uaCTOHiijee BpeMH HCKpOBbie 
HCT0 1IHHKH, . ,n;yanna3Ma TPOHhI , H . HCTOlJHHKH .. PIG ·· -Tnna ue 
Mor}'T B ,n;on~uoii Mepe o6ecnelJHTh nonyqeune BhICO.K03apH,ii
Hhix· HOHOB, B TOM lJHCJie H H.n;ep ,ita)Ke nerKHX 3JieMeHTOB. 
OTcyTcTnHe TaKiix HCTO'IHHKOB Bhrnym,n;aeT npH6eraTb K Hc·
nonhJOBaHHIO 06,n;npO'IHblX MHIIIeHeii KaK K uan6onee 3cpc}l~K
THBHOMY MeTo,n;y nony'leHHH BbICOK03apH,D;HblX HOHOB. 0,n;HaKO 
TaKoii Me.To,n; 3c}lc}leKTHBeH JIHIIIh B .TOM cny'lae, ecnH nepe,n; 
06,n;npKOH HOHhI YCKopeuhI ,n;o ueo6xo,n;HMOH 3HeprHH. TaKHM 
o6pa30M, ycKopenHe no MnorocTynenlJaToii cxeMe, .cocToH
tQeii H3 ,n;nyx HJIH 6onee ycKopHTeneii /n KalJecrne oT.n;enhHhIX 
YCKOpHTeneii MoryT HCnOJib30BaThCH JIHHeHHhle Y,CKOPHTeJIH, 
reuepaTophI Bau ,n;e rpaac}la H l.(HKJI0Tponh1/ c pa3MelQeuHeM 
Me)K,n;y HHMH 06,n;HpOlJHbIX ycTpoiiCTB, HBJIHeTCH B HaCTOH.lQee 
apeMH HaH6onee pal.(HOHaJibHbIM rryTeM ycKopeHHH HOHOB ,n;o 
3HeprHii - 10 Af3e/11y101011. 

MuorocryneH'laThle yCKOPHTeJibHhie CHCTeMhI, npe,n;Ha3 -
ua<IeHHhie, rnaBHhIM o6pa3oM, ,n;nH nony'leHHH MHoro3apH,n;-. 
HhIX HOHOB, HcnonhJyeMhIX rrpH rrpone,n;eHHH uccnehonanHii 
n H.n;epuoii c}lH~HKe, XHMHH, 6HOJIOrHH H Me,D;Hl.(HHe, MoryT 
CJIY)KHTb B KalJeCTBe HaH6onee 3c}lc}leKTHBHblX ffH)KeKTHPYIOlQHX 
ycTpOHCTB CHHXpoc}la30TpOHOB. . . . 

lfcIIOJih30BaHHe npOTOHHOro JIHHeHHOro YCKOPHTenH ,D;JIH 

ycKopeHHH ,n;eiiTPOHOB H ,npyrHX il,n;ep C TaKHM )Ke OTHOIIIeHHeM 
JapH,n;a HOHa K ero Macce (ZJ A) B pe)KHMe ,nayKpaTuoro 

,n;peiic}la /3 I npnno,n;HT K CHH)KeHHIO cKopocTH qacTHI.( ua Bhixo,n;e 
H3 JIY B ,n;na pa3a, BCJie,D;CTBHe 'lero BO CTOJibKO )Ke pa3 
Tpe6yeTCH yneJIHlJeHHe lJaCTOTHOro ,D;Hana3oHa ycK~PHIOlQeii 
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CHCTeMbl CHHXpoc}la30TPOHa. Ilpe,n;JIO)KeHHblH ,Il;BYX3TanHbIH 
pe)KHM CHHXpOTPOHHOro yqrnpeHHH ,n;a)Ke npH HaJIHlJHH,.JIHIIlb 
O,D;HOH ycKOpHIOlQeii CTaHl.(HH n03BOJIHeT cpaBHHTCJlbHO IIPOCTO 
o6oiirn npo6neMy pacIIIHpenHH lJacTOTHoro ,n;nanaJoHa ycKo
pHIOlQeii CHCTeMhl; ' 

Bo emopou rnane npone,n;eu auanH3 ,n;nyx3Tarrnoro pe)KHMa 
CHIIXPOTPOHHOro ycKopeHHH C B03MO)KHOCTblO HaH6onee 3c}l
c}leKTHBHOro nepexo,n;a OT nepBor•o 3Tana KO BTOpOMy. IJony
lJeHO COOTHOIIIeHHe Me)K,n;y lJaCTOTOH YCKOPHIOlQero HanpH)Ke
H.HH " I

O
" u Hanp.H)KeHHOCThIO MarHHTHoro non.H "H " 

qc H 
IO = --- -=:==========- , /1/ 

2 1T Ro+ L ·. I EoA ' 2 A 2, .· 2 
v(eRo·)(-z-) +H 

a TaK)Ke Bb1pa)KeHne ,n;JIH, onpe,n;eneHHH 3HalJeHHH MarHHTHoro' 
nOJIH HI KOH , npH KOTOpOM Heo6xo,n;HMO ocytQeCTBH'I'b nepe
xo,n; c nep~oro 3Tana Ha BTopoii 

·fmax EOA A 1 
H = --(--) - ~=====-

{KoH loo eRo z _,·2 r·lmax)2 
yq - --' . I oo 

/2/ 

3,n;ech q . - KpaTHOCTb ycKopeHHH; . EoA - nonHaH 3HeprHH 
qacTH:UhI ua . uyKnoH; • R0 - pa,n;nyc ueuTpanhHoii op6HTL1; 
L. - CYMMapHaH ,D;JIHHa ·npHMOJIHHeHHblX npoMe)KyTKOB; 
f max - nepxHHH qacTOTa .nnana30Ha YCKOPHIOII{eii CHCTeMbI; 
I 00 - 3HalJeHHe lJaCTOThI no c}lopMyne /1/ npH H ➔ 00 H q;,1 ·. 

Ha pnc. ,I:npe.n;cTaBJieHa 3aBHCHMOCTh I O = <I> (H) npH pa.3 -
JIHlJHblX KpaTHOCTHX Ha nepBOM 3Tane H npn q =1 Ha ino
pOM. 

IlpH HaJIHlJHH o,nHOH YCKOpHIOlQeii cTaHl.(HH, .llJIH KOTOpoii 
Tpe6yeTcH onpe.neneuuoe npeMH ua nepecTpriiiKy c o.nuoii 
qacToThI · Ha .npyryro, ycJIO)KHHeTcH npouecc nepexo,na OT 
nepnoro 3Tana KO BTOpoMy. Mccne.nonauHhiii pe)KHM nepexo -
.na npn BblKJIIOlJeHHOM ycKOpHIOlQeM uanpH)KeHHH H nOCTOHH
HOM BO npeMeHH MilSHHTHOM none OKa3aJICH Han6onee npH
ro,nHblM ,nJIJI ,naHHOr_o KOHKpeTHoro CJiytiaH 111•12/. 

Ilpone.neHHL!H auaJIH3 noTepb ycKQpHeMl>IX lJRCTHl.( HJ- 3a 
pacceHHHH H H3MeHeHHH 3ap11,n;a B pe3yJILTaTe B3aHMO,neiicT-

:5 



BHR HX C aTOMaMH OCTaToqHoro ra3a B npouecce CHHXpo

TPOHHOro ycKopeHHH IlOKa3aJI, qyo IlOTepH qacTHIJ. H3 - 3a pac

ceHHHH O.D.HHaKOBhI npn o,IJ,nHaKoBhIX ZIA H He nrpaIOT cy

ll.(ecTBeHHoro 3HaqeHHH no cpaBHeHHIO C IlOTepHMH H3 -'3a 

H3MeHeHHH 3apH,D,a, KOTOpbie CJie,IJ,yeT O)KH,IJ,aTb Ha HaqaJibHOM 

yqacTKe ycKopeHHH. 

Ha 

IlOTeph 

OCHOBaHHH nonyqeHHOro COOTHbIIIeHHH ,IJ,JIH oue17in 

YCKOpHeMhIX H,D,ep H3 - 3a 3axaa Ta HMH 3JieKTPOHOB .13 / 

30 p ' HJ 3 
-0,77°_10 a , • [1-(-)] 

N · i,Z,,Z.-1 H W 3/2 H1 
-

1
=e M 

N; 
/3/ 

/3JJ.CCh Ni , NI - COOTBeTCTBeHHO, qncJIO H,D,ep, 3axaaqeHHhlX 

B C
0

llHXpOTPOHHhIH pe)KHM npn H=H i H ycKopeHHhIX )].O 3Ha

qemrn MarHHTHOro IlOJIH HI ; ai,Z,Z-1 -- ceqeHne 3aXBaTa 

mrn..:eKTHpyeMbIM H.D.POM O)].HOro 3JieKTpoHa; Wu(Kaa/HyKnoH) 

• KHHeTnqecKaH 3HeprHH Ha HYKJIOH HH)KeKTHpyeMhIX- H,D,ep; 

il (KalceK) - CKOpOCTh HapacTaHHH MarHHTHoro IlOJIH; p -

,IJ,aBJieHHe B BaKyyMHOH KaMepe B Topax/ H 3aBHCHMOCTH 

IlOKa3aTeJIH CTeneHH 3KCilOHeHThl B <PYHKIJ.Hil HanpH)KeHHOCTH 

MarHHTHoro IlOJIH /cM.pnc.2/ npe,IJ,JIO)KeH MeTO,IJ, ycKopeHHH 

HJJ.ep, OCHOBaHHhIH Ha COBMell.(eHHH yqacTKa HaH60JihIIIHX 

IlOTeph C nepBbIM 3TanoM ycKopeHHSI H cpopcnpoBaHHH CI<O· 

POCTH HapacTaHHH MarHIITHOro IlOJIH Ha 3TOM yqacTKe. 

B 3TOH )Ke rnaae HCCJie,IJ,oBaH pe)KHM IlOBTOpHoro 3axBaTa 

qacTHIJ. npn ycKopeHHH / 14/, H Ha OCHOBaHHH aHaJIH3a cpa30-

Boro JJ.BH)KeHHH qacTHIJ., nepBOHaqaJibHO OKa3aBIIIHXCH 3a 

rrpe,IJ,eJiaMIJ o6m;tCTH ycToiiqHBOCTH, a COOTBeTCTBHH c ypaa
HeHHHMH /l5,l 6 f 

¢ . . . . Q2 
Q=------ = ysm¢ -sm¢Haq + Haq 

w V eYc,KF z 
.0 rrE ..,.. 

A A 

fPr 
f 

d<p fr eJv KF 
-_:-_:-_:-_:-_-_-_-_-_-_-_-_-_--:._--:._--:._-:..,~---= w v----

,1.. - 's · r1.. • r1.. 2 · o o "E '/J . v m'/J -·sm '/J + Q A 
Haq Haq· Haq 

6 

/4/ 

/5/ 

.!_ dt 
A 

/3.n.ech: w 0 = 2" !
0

; v
0 

- aMIIJIHTY.D.a ycKOpHIOll.(ero Hanp.sr-

. n 1 ' L 
)KeHnH; K =1 + -- - ; F = 1- _____ ...;.. ___ ...;.. ___ l 

· 1-n f3 2 
(21TRo+L)U+/3 2(1-n)] · 

n - rroKa3aTeJih crra.n.a. MarHHTHoro IIOJIH no pa.n.nycy; 

f3 = .2'.. - OTHOCHTeJihHaSI CKOpOCTh qacTHIJ.; EA - IlOJUJaH 
. C 

3HeprHH qacTHIJ,hl Ha HYKJIOH; <p H efJ - cpa3a H CKOpOCTh 

ee H3MeHeHH.H; T - HHTepaan apeMeHH IIOCJie Haqana BTOpo-

ro 3Tarra; ¢aaq , Q Haq - HaqanhHhie 3HaqeHH.sr ¢ H Q / 
rrpe,IJ,JIO:>KCH MeTO,!I, IIOBhIIIIeHHSI 3cpcpeKTHBHOCTH 3aXBaTa Ha 

BTopoM 3Tarre rrocpe.n.ciaoM cKaqKoo6pa3Horo yaennqeuH.sr 

aMIIJIHTYJJ.hl ycKOp.HHlll.(Cro uarrpHiKeHHSI qepc 3 1/4-, 1/ 2 -
rrepHo.u,a CHHXpOTPOHHhlX KOJie6aunii /cM.pHc.3/. 

Hc~O.D.H HJ oco6cHuocTeii rrpouecca nepexoJJ.a.MarHHTuoro 

IIOJJSI OT ITOCTO.Hlfl!Oro K pacTyll.(eMy, xapaKTepH3yeMoro 

IIOHBJJCJfllCM rrynhcaUHH H HCKOTOpoii "rrpoca)].KH" B none, 

C,BHJaJIHOH C rrepcxoJJ.Ill.,IMH rrpoueccaMH B CHCTCMC IIHTalmH 

3JJCKTpoMarUHTa, IIPOBC,!l,CH a11aJJH3° H3MeiieHHH 06.JiaCTH yc

TOHqHB9CTH /cM.pnc.4/ H B pe3yJJhTaTe rronyqclJHbIX COOTIIO· 
IIICHHii / lB/ 

if,k 
Ii 

=a-. 
Vo /6/ 

---------- ., 
V . a 1T • . V oc a 1T • 2 a 2 • 2 

Yo = 2oc + -.4- I HI + V (-2- + -4-IH I) - 2 H /7 / 

/rJJ.e: efJ k • KOMIIeHCHpyIOll.(HH cpa30BhlH CJ].BHr YCKOPHIOll.(C· 

ro HanpH)KCHHH; a =300Ro 21TRo+L ; 
C 

V oc - aMilJIHTy.u,a 

YCKOpS!IOll.(er9 uarrpH)KCIJHH, COOTBeTCTBYIOll.(aSI . 3a,IJ,aHHOMY 

pa3Mepy o6nac:rn YCTOH
0

'IHBOCTH rrpH H =0 / npeftJio)KeH Me

TO,IJ, YMCHbIIICHHSI IlOTCpb qacTHll, B rrepe:x;o,IJ,HOM pe)KHMe 

MarHnTuoro n:OJIH, JaKnroqaJOll.(HHCH B MO.D.YJISIIJ.HH cpa3hI ycKo

PHIOll.(ero HanpH)KCHHH rrporiopll,HOHaJJhHO CKOPOCTH H3MeHeHHH 
. - _-.' . ,, . ,, - . ~ .- ' 

MarHHTHOro IIOJIH H , a aMIIJIHTY)].hl YCKOpS!IOll.(ero HarrpH)Ke-

HHSI nporrOJ)UHOHa.rihHO a6COJIIDTH0My 3HaqeHHIO l Ii 1-
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B 3TOH rnane pacCMOTpeH nonpoc O B03MO)KHOCTHX ycKo
PHIOll.\eH CHCTeMhl C TO'-IKH 3peHHH o6ecne'-leHHH Heo6xo.n;HMOH 
aMnmny.n;oii ycKopHrow;ero uanpH)KeHHH n ycnoBHHX .n;ayxJTan- · ,,_ 
Horo YCKOpemrn npH pa3nH'-IHhIX 3Ha'-leHHHX CKOPOCTH Hapa
CTaHHH· MarHHTHOro nonH Ha· pa3HhlX .3Tanax. IloKa3aHO, '-ITO 
npH Cyll.\eCTBYJOll.\eM ycKOpHIOll.\eM 3neKTpo.n;e H cpopcnponaH
HOH CKOpOCTH HapacTaHH.H MarHHTHoro nonH Heo6xo.n;HMhlH• 
npHpOCT 3HeprHH '-laCTHU: 3a O.D;HH o6opoT MO)KeT 6hITh o6ec -
ne'-leH Bh16opo:&!: COOTBeTCTBYIOll.\eH Kpa THOCTH YCKOpeHHH Ha 
nepBOM 3Tane. 

B mpembeU rnane paCCMOTpeHhl nonpoChI, CBH3aHHhie 
c npaKTH'-leCKoii peannJau;neii CHHxpoTpOHHoro pe)KHMa ycKo

pe'mrn ,neiiTPO~OB- Ha CHHXp.ocp,102nre OHRll._ C irnM?W:h.IO 
pa3pa60TaHHOH annapaTyphI 7 o6ecne'-leHo nporpaM
MHoe ynpanneHne 1I8;~TOToii, aMnnHTy.n;oii H cpa3on·ycKopH10-
w;ero Han·pH)KeHHH n pe)KHMe .n;nyx3TanHoro ycKopeHHH npn 
q= 2 Ha nepBOM n q;;,1. Ha BTOpoM. . 

Iiccne.n;on'a:1m 3~BHCHMOCTh 3cpcpei<THBHOCTH Jax:naTa OT 
napaMeTpoB MarHHTHoro nonH H aMnnHTY.D;hl YCKOPHIOw;ero 
uanpH)KeHHH, H 3KCn,epHMeHninhHO nonyqeH - 1OO-npou;eHT
HhIH 3axnaT ny'-IKa Ha BTOJJOM 3Tane: Bne.n;euneM n ycKopHIO
w;ee HanpH)KeHHe ynpannHeMoro cpaJonoro c.n;nnra, nponop~ 
l.l;HOHanhHOro CKOpOCTH HJMeHeHHH MarHHTHOrO nonH, yMeHh
rneHhl He Menee '-leM B 2 pa3a noTepH HHTeHCHBHOCTH npH 
nepexo.n;e MarHHTHoro nonH H3 pe)KHMa "cTona". Ha pnc. ·s 
npe.n;cTanneHa ocu;nnnorpaMMa cnrHana HHTelicHBHOCTH 
C CHrHanhHhlX. 3neKTpo.n;on B pe)KHMe .D;BYX3TanHoro ycKope-
HHH .n;eiiTpoHOB. · 

.Upone.n;eHHhie nccne.n;onaHHH no3nonnnn ycneumo ocy
w;ecTBHTh ycKopeHHe . .n;eiiTpOHOB H a -'-laCTHU: .n;o ._3HeprHH 
~ 10 H .,. 20 I'38 COOTBeTCTBeHHO H Ha'-laTh nJiaHOBOe 
npone.n;eHHe $H3H'-leCKHX 3KcnepiiMeHTOB ~ ny'-IKOM penHTH
BHCTCKHX H.D;ep. 

Ilo.n;BO.D;H HTOrpe3ynhTaTaM uccne.n;onaHHH, BhIIIonm!HHhlX 
B .n;uccepTal.l;HH, MO)KHO JaKnIO'-IHTh cne.n;yIOll.\ee: 

1. Pernelia npo6iieMa ycKopeHHH .n;eiiTpoHoB, a - -qacTHu; 
n .n;pyrnx, 6onee TH)i(enhIX H.n;ep B CHHXpOTpOHHOM pe)KHMe·. 
6e3 pacrnupeHHH '-laCTOTHoro .n;uanaJoHa ycKopHIOw;eii cnc
TeMhI n npu; HanH'-IHH O.D;HOH YCKOPHIOll.\eH CTaHu;HH. 3TOT 
pe)KHM npe.n;cTannHeT co6oii ycKopeHne n .n;na 3Tana Ha 
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pa3HhlX KpaTHOCTHX C nepexo.n;oM OT o.n;uoii KpaTHOCTH K .n;py
roii npH noCTOHHHOM BO npeMeHH MarHHTHOM none; 

2. IIony'-leH ueo6xo.n;HMhlH 3aKOH CBH3H Me:>K.n;y '-laCTOTOH 
YCKOpHIOlll;ero HanpH)KeHHH H HanpH)KeHHOCThIO MarHHTHoro 
nonH npu pa3nH'-1HhlX Kpa TH OCT HX ycKopeHHH Ha nepBOM 3Tane 
u q = 1 - ua BT<>POM. · . 

3. Pa3pa60TaHa annapaTypa nporpaMMHoro ynpanneHHH 
'-laCTOTOH ycKOpHIOlll;ero HanpH)KeHHH B pe)KHMe .D;BYX3TanHoro 
ycKopeHHH u ocyw;ecTnneHo ycKopeHue .n;eiiTpoHOB u a -qac
THU: .n;o 3Hepruii .,. 10 H ... 20 I'38 COOTBeTCTBeHHO. 

4. IIpe.n;no:a<eH u peanuJonaH Ha npaKT~Ke pe)KHM 3axnaTa 
. ny'-IKa Ha BTOp0M 3Tane ycKopeHHH nocpe.n;CTBOM CKa'-IKoo6-

pa3HOro ynenu'-leHHH aMnnHTY.D;hl ycKOpHIOlll;ero HanpH)KeHHH 
'-lepe3 1/4- H 1/2 -rrepHO~a CHHXpoTpOHHhlX KOne6aHHH, '-ITO 
n03Bonuno OCYll.\eCTBHTh ._ 1OO-npou;eHTHhlH 3axnaT ny'-IKa 
Ha BTOpOM 3Tane. 

5; 3KcnepHMeHTanhHO HCCne.n;oBaHO BnHHHHe xapaKTepa 
HJMeHeHHH .aMnnHTY.D;h!' ycKopmow;ero HanpmKeHHH H nynhca:
u;nii B MarHHTHOM none Ha 3cpcpeKTHBHOCTh 3axna Ta Ha BTOpOM 
3Tane. 

6. llccne.n;onaH noqpoc o nnHHHHH nepexo.n;Horo npou;ecca 
u_ nynhcau;uii B MarHHTHOM none Ha noTepu '-lacTnu; B _Ha'-lane 
BTOporo 3Tana H Haii.n;eH MeTO.D; yMeHhllleHHH 3THx'noTeph. 
C IIOMOll.\hIO pa3pa6oTaHHOH annapaTyphI ynpanneHHH cpaJoii: 
ycKopmow;ero HanpH)KeHHH 3KcnepnMeHTanhHO nonyqeuo, '-ITO 
KOMileHcau;HH. KOne6aHHH paBHOBeCHOH cpa3hl C ucnonhJOBa
HHeM IIHcpopMau;un O CKOpOCTH H3MeHeHirn MarHHTHoro nonH 
n03BOnHeT cyw;ecTBeHHO. CHH3HTh 3TH IlOTepH. 

7. Ilpone,D;eH aHanH3 noTeph yCKOpHeMhlX H,D;ep HJ- 3a 
ynpyroro pacceHHHH aTOMaMH ocTaTO'-IHOro raJa u n3-3a 
HJMeHeHHH 3apH.n;a ncne.n;CTBHe 3aXBaTa ycKOpHeMhIMH H.n;pa
MH 3neKTpOHOB.:Ha OCHOBaHHH 3TOro aHannJa npe.n;no)KeH 
MeTO.D; ycKopeHHH H.n;ep, B KOTOPOM 3Ha'-IHTe.iJhHOe yMeHhllle -
HHe noTeph '-laCTHU: M0)KeT 6h1Th .D;OCTHrHyTo ynenn'-leHHeM 
CKOpOCTH HapacTaHHH MarHHTHOro nonH .Ha O.D;HOM nHlllh 
nepnoM 3Tane. 

8. Haii.n;eHo npaKTH'-lecKoe perneHHe .n;nH o6cne'-leHHH uop
ManhHOro pe)KHMa CHHXPOTPOHHoro yci<opeHHH H.n;ep B ycno -
BHHX nOBhillleHHOH CK0p0CTH Hapac·TaHHH MarHHTHoro nonH, 
K0TOpoe 3aKnIO'-laeTCH B Heo6xo.n;HMOCTH ynenH'-leHHH KpaT-

·9 



HOCTH ycKopeHHH Ha nepBOM . 3Tane BO CTOnhKO· pa3, BO 
CKOnhKO yBenutteHa CKOpOCTb HapacTaHHH nonH no cpaBHeHHIO 
C HOMHHanhHbIM 3HatteHHeM. 

OcHOBHoe conep:lKaHne nnccepTaUHH H3no:1KeHo B pa6o
Tax / 3 - 7, 14- 201, ony6nnKOB8.HHhIX B BHne npenpHHTOB, CTa
Teii H. noKnanoB Ha, BCeCOI03HblX H Me:lKnymi.ponHhIX KOHlpe

peHUHHX no ycKOpHTenHM. 
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Pnc. 1. 3aBHCHMOCTb ttaCTOThl ycKOPHIOI.Qero HanpH,KeHHH 
B qJYHKUHH HanpH:lKeHHOCTH MarHHTHOro nonH nnn nnep C OT
HOIIIeHHeM AIZ=2 npn pa3nHttHhIX KpaTHOCTHX ycKopeHHH 
Ha rrepBOM 3Tarre H npn q= 1 Ha BTopoM. fop - aHanornttHaH 
3aBncnMocTh nnn rrpoTOHOB (AIZ=l). 
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II - 5 M3B/HYKAOH; Ill - 12,5 M3e/HYKAOH. ... 
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Puc. 3. rr~:O)KeHii'e ~a-~Tku c Ha'I~nh~~iM~ ycncie~'HM~ 1,2 ,3 ... 
13 B qJa30BOH IlllOCKOCTH: a/ B MOMeirr. BKnIO'leHHH YCKOPHIO· 
rnero HanpH)KeHHH / Vo =1;8 Ke/; 6/qepe3 'leTaepTh nepuo
,na CHHXpOTpOHHhlX KOne6aHHII '/ VO B03pacTaeT OT, 1,8 KB 
,!:(O 3,6 Ke/; B/qepe3 IIOnrrepHO,!:(a CHHXpOTIJOHHhlX KonefiaHHH 
I V0 ao3pacraer or 3,6 Ke .n;o 5,4 Ke/: 3amrpnxoaaHHLie 
o6nacTH - o6nacrn, 3aHHMaeMble nepaoHa'lanLHo He3axaa
'leHHhlMH 'laCTHUaMH. 
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PHc. 4. XapaKTep H3Mc11e1mii 0611a¢TH ycTOH'IHBoCTH npH 
y_cKopc11m1 n 11aiJ:a11c·1noporo 3Ta!1a·/ V0 =4,2 1<a/: I - JIPH 
H=+l-10 3 3/ce1<; 2 -··npHH =0,· 3 . npH H = 
=-1. 10-J 3/ce1<.- · ·• · · 
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Pnc. · 5 '. Oc1.ut4~6~p~M~a .·cu;11~:U~ HHTe~cnn~ocTn~~iiT~o11110 ~ 
ro nyqKa a. UHKne· ycKope111111: l.- MOMCHT nepexo.na Mar11nT-
11oro ··non.ii:· B pe>kiIM "cTO./Ia"; 2 -, Ko11eu nepnoro 3Tana; · 
3 ~ Ha.1-IaJIO BTOpciro 3Tana; 4 - MOMCHT_nepexo.na. MarHHTHOr,o 
noirn H3 pe)KHMa "cTOJia" Ha paCTYII.{YIO BCTBh. HHTCHCHB-. 
HOC Th B KOHUe UHKJia ycKopeHHJI 1010 ,neHTPOHOB. 

14 

0 


