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VI HnyKUHOHHbril Me ron ycKopeHH $1 3apHlKeHHbiX '!acrnu. 
Yacrb III 

OpennolKeH Meron aaroMarn'!ecKoA KOMneHcaunK orKnoHeHnA yacrhu B 
MBI'HHI'HhlX UOH$1X yCKOp$1~WHX BHeMBHI'OB HOBOI'O I'HUB - HHllYKI'OpOB 6erywe 
ro MarHni'Horo non~ OpeanolKeHhl raKlKe naa aapnaHra Hoaoro ycKopnren$1 -
UHKHn'leCKOI'O HHllYKUHOHHOI'O yCKOpnTeH$1 C 6eryWHM noneM. 00K33BH0 1 'II'O 
B npouecce ycKopeHn$1 crycTKa HOHOB B npennaraeMoM ycKopnrene pa6oraer 
MeXBHH3M BBI'OMBTH'!BCKOA KOppeKUilH BHepi'Hil HOHOB 1 BHBHOI'H'IHblll H:3P·'CI'­
HOii aaro<jla:~npoaKe '!aCTnU B ycKopnrenHx. OnncaHbi npenMywecTB'l uoBoro 
YCKOpHTeH$1 nepea H3BeCI'HhlMH UHKHH'IeCKilMH yCKODnTeHHMHo 

Pa6ora Bb!llOHHeHa B Jlafioparopnn BbiCOKHX BHeprnii 0[·1 HH. 

llpenpBHT 061oeJl&HeHHOrO BHCTBTyTa aJlepHWI BCcneJlOB&HRI. lJ.y6Ha 1977 

© 1977 061>eOUHeHHWU UHC8U•Y• JIOepHWX UCCJie006QHUU){y6Ha 

B npe;Uoi.A}'IIUIX pa6oTax aaTopa I 1' 21 npe~no:>KeHbl Me To~ 
ycKopeHBS qacTBU B HOBbiB YCKOpBTenL - BH.AYKUBOHHbiB 
ycKOPBTenL c 6eryUUIM noneM. 

B .ztaHHOB CTaTLe o6cy~aeTCS MeTO~ KOMneacaUBB OT· 
KnOHeHBB qacTBU B MarHBTHbiX nonsx BH~YKTOpOB - HOBbiX 
yCKOpSIOUUIX 3neMeHTOB - B OnBCbiBaiOTCS ~Ba BapBaHTa HO­
BOrO UBKnBqecKoro BH.AYKUBOHHOrO YCKOpBTens C 6eryiUBM 
noneM. 

1. ABTOMATHqECKAJI KOMIIEHCAIQIJI 
OTKJIOHEHHR tJACT~ B MAFHHTHhlX 
IIOJIJIX HH,4YKTOPOB 

B pa6oqax 3a3opax BH~YKTOpoa 6ery~ero MarHBTHoro 
nons - HOBbiX ycKopSIOUUIX 3neMeHTOB I 21 - ycKopseMble 
qaCTBUbl ,ABB:>KYTCS B CJ<pe~eHHbiX 3neKTpBqecJ<OM yCI<OpSJO· 
~eM B MarHBTHOM OTJ<nOHSIO~eM nonsx. llpB MHOrOKpaTHOM 
npoxo~eHBB BH~YKTOpOB /no Mepe pOCTa BMnynLCa YCJ<OpJJ• 
eMbiX qaCTBn/ yrnbl OTJ<nOHeHBS qacTBU B MarHBTHbiX nonsx 
BH.AYI<Topoa 6y.AyT B3MeHSTLcs. H3Meaeaae aanpaaneaas 
BbiXO~a qaCTBU B3 YCKOpSIO~ei CBCTeMbl He:>KenaTenLHO, 
n03TOMy He06XO,ABMO CKOMneHCBpOBaTL OTJ<nOHeHBS qaCTBU. 

CJ<oMneacapoaaTL OTJ<noaeaae qacTBU a BH~YI<Topax 
MO:>KHo cpaBHBTenLHO npocTo, aanpBMep nyTeM pacnono:>Ke­
HBB BH.AYKTOpOB, CXeMaTBqecJ<B noJ<a3aHHOrO Ha puc. 1. 
llyqoJ< YCI<OpSeMbiX qaCTBU e+ BXO~BT no aanpaaneHBIO, na­

pannenLHOMY OCB Y, B 1-i BH.AYKTOp, B HeM qacTBUbl YCJ<O· 
~siOTcs a none ~ B OTI<noasiOTcs anpaao aa yron ¢

1 
a none 

B BH.AYI<Topa. 3aTeM qacTBUbl nocne~oaaTenL~o npoxo,AJJT 
2-i, 3-i B 4-i BH.AYKTOpbl, yci<opsscL a nonsx E B OTJ<noaa­
JJCL aa yrnbl ¢

2
,¢3 B ¢

4
a nonax B 3TBX BH~YJ<Topoa. H3 4-ro 

BH~YKTOpa qacTBUbl BbiXO,AJIT no TOMY :>Ke aanpaaneHBIO, 
no KOTOPOMY OHB BOWJIB B 1-i BH.AYKTOp. 
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Puc. 1. CxeMa pacnoAoxeHU.R 'ielleepKu UHOYKJJopoe 6ezy­
~ezo MQZHUIIHOZO nOA.R C Q6JIOMQJIU'ieCKOU KOMneHCQijUeu 
OIIKIIOHeHUU 'iQCIIIUij 6 MQZHUIIIHf>IX noA.RX 311UX UHOYKIIOP06. 

.... 
MarHHTH~e non.11 B B KpaiiHHX /1-M H 4-M/ HH~YKTopax 

OpHeHTHpOBaHbl no /npOTHB/ OCH Z , a B cpe~Hx/2-w H 

3-w/ - npOTHB /no/ OCH Z. B KpaBHHX HH.L\YKTOpax JneKT-
-+ 

poMarHHTH~e BOnH~ pacnpOCTpaHJIIOTCJI CO CKOpOCTbiO U B 

nono>KHTenbHOM HanpaaneHHH ocH X , a B cpe.D;HHX - npoTHB 

ocH X. YcKopJIJOIUHe Jnei<TPH'IeCKHe nonJI E so acex 'leT~­
pex HH~YKTOpax HMeiOT O~HaKOBble HanpaBJieHHJI no /npo­

THB/ OCH Y. 
HaH6onee COBepmeHHaJI KOMneHCaUHJI OTKnOHeHHB 6y~eT 

HMeTb MeCTO B cnyqae, KOr~a npHpOCT L\p HMnynbCa p 'Ia· 

4 

CTHU npH O,L\HOM npoxmK,LleHHH 'leTBepKH HH.L\YKTOpOB CO­

CTaBnJieT Manyro aenH'IHHY OT p /HanpHMep, Ap/p:::;lO - 3 I. 
BCJI COBOKynHOCTb HH.L\YKTOpOB pa36HTa Ha rpynn~ no qe­

T~pe HH.L\YKTOpa. Cne,LlyeT OTMeTHTb, 'ITO KOMneHCaUBJI 

OTKnOHeHHB MO>KeT 6~Tb OCYIUeCTBneHa TaK>Ke ,LlpyrHMH 

cnoco6aMH, npH 3TOM 'IHCnO HH.L\YKTOpOB B rpynne MO>KeT 
OTnH'IaTbCJI OT 'leT~pex. 

2. ~HKJIHqECKHH HH,l(YK~HOHH.blH YCKOPHTEJlh 
C EEFYJJ!HM llOJIEM 

Ha puc. 2 H 3 npe,LlcTaaneH~ cxeM~ .LlBYX aapHaHTOB 

npe~naraeMoro UHKnH'IecKoro ycKopHTenJI c 6eryiUHM no­

neM. JionbWHHCTBO JneMeHTOB HOBOrO YCKOpHTenJI H3BeCTHO 

H WHpOKO HCnOnbJyeTCJI B yCKOpHTenbHOB TeXHHKe /3/,3TO 
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Puc. 2. CxeMa rJUKAU'iecKozo UHOYKIJUOHHozo ycKopu•eA.R 
c 6ezy~uM noAeM /1-u eapuaH•/. 
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RORRWi ReTO'IRRK 1 ,BMDYJIJ.eRWi Mai'RRT 2,.Qy6JieTW KBa.Qpy­

DOJIJ.RWX Mai'RRTRWX JIBR3 4, OTKJIORJIIOIIUie MarRRTW 5 
I puc. 2/ R uarRRTRwe 3epxana 5 I puc. 3/, KRKep-uarRRT 

6, eenTyu-uarRRT 7 R MarRRTHwe JIBH3W 8. MarHRTHWe 

3epKaJia 5 I puc. 3/ no.Qo6aw MaraRTHWM 3epxanau, npR­

ueaJIIOIIUIMeJI B :meKTpoaaoi onTRKe I 4/,nRH3W 8 I puc. 3/ 
RMeiOT meneBRAHOe BXO}l.HOe OKHO /5~HOBiale 3neMeHTial YCKO· 

pRTenJI - RHAYKTOplal 6erymero M&I'HRTHOI'O DOnJI 31 ReDOnJ.· 

3yeMwe B Ka'leeTBe yexopJIIOIIUIX ycTpoieTB/ 2~COBOKyn­
HOeTJ. RHAYKTOpOB pa36RTa Ha rpyDDW, HaDpRMep DO 'leTwpe 

RHAYKTOpa, K&K 3TO ODRC&HO BbiWe /eM. D.1/. 
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Puc. 3. CxeMa l#UKAU'Iec~eozo UHOYKliUOHHozo ycKopu•eAJi 
c 6ezyr~~uM noAeM /2- u aapuaH•/. 
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B pa60'IRX 3a3opax RHA}'KTopoB B036y>K.QaiOTeJI 6er}'IIUie 

3neKTpOM&I'RRTHiale BOnHW/ 2/, Mai'HBTHiale R 3neKTpR'IeeKRe 

KOMDOReHTial KOTOplaiX ODRCWB&IOTeJI R3BeCTHWMR eOOTHO· 

WeHRJIMR: 

.... .... 
B.=B .·sin(wt±ax.), 

l IDl 1 
/1/ 

.... .... ... 
E.=-u.xR., 

1 1 1 
/2/ 

r}l.e i = 1,2.3,4. 

qaeTOTa f=w/2rr DepeMeHHOI'O TOKa, DRTaiOmero 06MOT· 

KR RHAYKTOpOB, MOlKeT 6WTJ. HR3KOi R eocTaBnJITJ. e.QRHRIU>l -

.QeeJITKR rep~(. Ilo3TOMY 3a.Qa'la clla3RPOBKR RHAYKTopoB/ 2/ B 

.Qaaaou eny11ae MaKeRMaJIJ.Ho yupomaeTCJI. HHAYKTopw xalK­

AOii rpyuuw paenonararoTCJI TaK, 'ITO aa11ana OTC'IeToB RX 

MHOI'Oclla3HiaiX 06MOTOK HaXOAJITCJI Ha OCR yCKOpJIIOJlleH 

CRCTeMW - Ha OCR ·y /CM. puc. 1/: BenR'IRHial x. B /1/ 

paBHial HyJIIO. B MOMeHT BpeMeHR t =0 DOne Ha OCR Y paBHO 

HyJIIO, a B DOCne.QyiOIIUie MOMeHTial BpeMeHR B 1-M R 4- M 

RHAYKTOpax eneBa, a BO 2-M R 3-M RH}l.YKTOpax eupa:aa 

K OCR Y DO.QXO.QJIT COOTBeTCTBeHHO DOnOlKRTenJ.Hiale R OTpR­

l(aTenJ.Hiale DOnyBOnHW Mai'HRTHOI'O DOnJI /eM. puc. 1/. 
B uoueaT t= T/ 4, r.Qe T = 1/f, none aa ocR ycKopJiromeii cR­

cTeuw MaKCRM&nJ.HO, DpR t='l/2none Ha OCR Y OTCYTCTByeT, 

R npR t~'f/2 none ueaJieT esoii 3HaK. 

HHAYKTopw l(enecoo6pa3HO Bw6paTJ. RAeHTR'IHWMR. B 
COOTBeTCTBRR C R3nOlKeHHiaiM BbiWe KOMDOHeHTial DOnJI Ha 

OCR Y B 3a3opax RHAYKTOpOB ODpe.QenJIIOTCJI eOOTHOWeHRJIMR 

E = 2r t13 sinwt, /3/ 
m 

B= B sinwt, 
m 

/4/ 

r.Qe 2r f= u, a r - noJIIOeaoe .QeneaRe RHAYKTopa. 

B MOMeHT BpeMeHR t =0 ROHW e+ R3 RCTO'IHRKa 1 
I cu. puc. 2 R 3/ e DOMOJllJ.IO RMnyn~tcaoro MarHRTa 2 
BBO}l.JITCJI B B&KYYMHYJO KaMepy R aaupaBnJIIOTCJI DO paBHO­

BeCHOB op6RTe /RBlKeKI(RJI 'laCTRI( BWDOnH.ReTCJI TalC lKe, 

KaK B R3BeeTawx yeKopRTen.ax/. B Te'le&Re uonynepRo.Qa 

ROHial YCKOp.RIOTCJI noneM /3/ R B MOMeHT t=T/2 C DOMOJllJ.IO 
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KBKep- B cenTyM-MarHBTOB 6 B 7 BbiBO)l..JITC.Jl 83 KaMepbl 

YCKOpBTen.Jl /BbiBO)l. 1.faCTB.U - KaK B B3BeCTHbiX YCKOPBTe­

n11xj. qaCTOTa cne)l.OBaHB.Jl BMnynhCOB yCKOpeHHbiX BOHOB 

pasHa qacToTe f nepeMeHHoro TOKa B BH.D.YKTopax. Beny­

~ee MarHBTHoe none B 1-M aapaaHTe I puc. 2/ - nepeMeH­

HOe: MarHBTHOe none B 3a3opax OTKnOH.JIIO~X MarHBTOB 5 
B3MeHJieTCJI BO BpeMeHB B COOTBeTCTBBB C pOCTOM BMnynL­

ca YCKOpJieMbiX BOHOB. A BO 2-M BapBaHTe Be)l.y~ee none -

MarHBTHOe none B 3epKanax 5 - nOCTO.JIHHO. <I>OKyCBpOBKa 

"'aCTBU OCy~eCTBnJieTCJI C nOMO~biO )l.y6neTOB KBa)l.pynonL­

HbiX nBH3 3 B nBH3 8 C meneBbiM OKHOM. 

3. ABTOMATH"C/ECKA.H KOPPEK~H.R 3HEPFHH 
"C/ACTH!f B IJ.HKJIH"C/ECKOM YCKOPHTEJIE 
C EEFYH(HM IIOJIEM 

HOHbl 83 BCTO'IHBKa nepe)l. BBO)l.OM B KaMepy YCKOpB­

TenJI pa3rOHJIIDTC.Jl B 3neKTPB1.feCKOM none, npOXO)l..Jl pa3-

HOCTb noTeH.uaanoa U oKono 1 MB. HoHbl c KBHeTB1.fecKo8 

3Heprae8 qU BMeiDT )l.OCTaTO"'HO 60nhW08 BMIIynhC, "'T06bl 

MO)KHO 6blnO npeHe6pe'lb ManbiMB OTKnOHeHBHMB BX Tpaei<­

TOpB8 OT OCB YCKOPJIID~e8 CBCTeMbl. 

)J.nBTenbHOCTb t 0 cryCTKa BH)KeKTBpOBaHHbiX 1.faCTH.U 

npuMeM paaHo8 to~ L/v 0 , rne L- nnuHa op6BTbl, a v0 - cKo­

pocTb HOHOB. PaccMOTpBM noseneHBe 3Toro cryc1Ka qacTHU. 

B npou;ecce YCKOpeHBJI. llOCKOnhKY 1.faCTH.Ubl YCKOpJIIDTCJI 

pacT~M BO BpeMeHH IIOneM /3/, TO IIOBe)l.em!e 'ib.CTH.U, 

nepBbiMH BOWe)l.WBX B KaMepy /B MOMeHT Bp~MeHH t '1 /, 

6y)l.eT OTnH1.faTbCJi Of DOBe)l.eHHJi 1.faCTH.U B KOHJ.J;e cryCTKa 

/Hz;)KeKTHpoaaHHbiX B MOMeHT apeMeHH t 2'' t] , t 0 - t 2 - t '1 I. 
Ha3oaeM qacTH.Ubl, aae.~eHHble B MOMeHT t~~lt; + t'2), 1 2 , 
paBHOBeCHbiMB, a 1.faCTHUbl C MOMeHTaMH HH)KeKJJ;HH (t:-ct(;i H 

, , , ' I 
(tO c t 2 i ~ COOTBeTC1B(;HHO orrepe)KaiDUU!MH H 3aiia3llblBaf<)-

~MB CTHOCHTeJibHO paBHOBeCHbiX '-l.aCTBU H:l BpeMeHa 

-:\t1=07 1 't'1- q)) a t\t 2 =07+(t'2 -t 0 ~(-·\tr:o, \t ~ ·- o). 

H3MeHeHHe 1\E ycKopJiro~ero non11, o6ycnoaneHHoe pa3-

6pOCOM f1t MOMeHTOB BH)KeK.UBH 1.faCTHU, MO)KeT ObiTb OIIB­

CaHO B COOTBeTCTBBB C /3/ Bblpa)KeHB.HMB 

8 

J 
I 

J 
1 

tlE = 2rfwB coswt• tlt, 

L\E 
E 

rr/2 
tgwt 

m 

tlt 
T/4' 

/5/ 

/6/ 

rne T=lif. )J.nJI paBHOBeCHbiX qacTHU npHMeM \E=O, Tor;~a 
.D.JIJI onepe)KaiD~x qacTBU 

\E =-2r fcdH · cosc:Jt· \t , 
1 m l 

/7/ 

a .D.nJI Jarra3llb1Baro~ax qacTHU 

\E.,=2rfci!B COSuJt· \t,,. 
.... !l ... 

/8/ 

T .e. onepe)KaiDmue /3anaJ.D.b1BaiO~Be/ qacTH.Ubl rronanaroT 

B 6onee cna6ble /cunLHble/ ycKopJIID~He non11, 1.feM paaHo­

aecuble 1.faCTBJJ;bl. fio 3T08 IIpB"'BHe TeMII Ha6opa 3HeprBB 

orrepe)l(aiD~Hx /Jana3JJ.b1BaiOIUHX/ qacTBU a npou;ecce ycKo­

peHHJI 6y)l.eT MeHbWe /60nbWe/ CKOpOCTB Ha6opa 3HeprBH 

paBHOBeCHbiX 1.faCTHJ.J;. 3TO IIpBBe)l.eT K TOMY, "'TO onepe)KaJO­

IUHe /Jana3.D.b1BaiD~e/ qacTHU.b16y.n;yT c6nH)KaTLCJI c paaHo­

aecHbiMB B 3TO c6nH)KeHBe /C)KaTHe cryCTKa 'laCTHU./ 6y,n;eT 

IIpOHCXO,II;HTb TeM 6biCTpee, '!eM 6onbWe BenH'IBHa :\tt\t
2

) 

1.faCTHIJ,bl /CM. /7/ H /8//. llpB 3TOM 3HeprHH 'laCTH.U 6y,n;yT 

IIpBfinH)KaTbCJI K 3HeprBB paBHOBeCH08 'laCTHIJ,bl. IlpBnl06biX 

cny'laHHbiX B3MeHeHBJIX IIOnO)KeHBJI 'laCTHUbl B cryCTKe 

H OTKJIOHeHHJIX 3HeprBB 1.faCTHIJ,bl OT paBHOBeCH08 3HeprHH 

aBTOMaTH"'eCKH BKJII01.faeTCJI OIIBCaHHbi8 BbiWe MeXaHB3M 

C)KaTHJI crycTKa qacTBU. H KoppeKIJ,BB ux 3HeprHH. B .D.aHHOM 

cnyqae Mbl BMeeM neno c HBneHHeM, aHanorH"'HbiM B3BecT­

Ho8 aBT04>a3BpOBKe 1.faCTBU B YCKOpHTenJIX. 

11pou,ecc C)KaTBJI ·cryCTKa 6y)l.eT BMeTb MeCTO B Teqe­

HHe 1-8 nonoBBHbl IJ,HKna ycKopeHHJI /npH O<wt< rr/2 /. 
CTyaU.HJI MeHJieTcJI so 2-8 nonoauHe .UHKna ycKopeHBJI 

(1{/2 S. cot S.. TT) : <i>YHKIJ,HH cos cut B tgcot B /5/, /6/, /7/ 
B /8/ H3MeHJIIOT CBOB 3HaKB, "'TO IIpBBO)l.BT K Me)l.neHHOMY 

pacrrnbiBaHHIO cryCTKa 1.faCTHU ITO op6HTe H HeKOTOpOMY 

yaena1.feHBID 3HepreTH1.fecKoro pa36poca qacTB.U. Ecnu a 

IIpo.uecce yCKOpeHHJI CKOpOCTb 1.faCTH.U IIpaKTB"'eCKH He Me-

9 



HBeTCB, TOJlbKO pacTeT HMnyJlbC qacTHU /HH~eKTHpyffiTCS 
B KaMepy YCKOPHTens peJIBTHBHCTCKHe qaCTHUW/, TO, KaK 
JierKO B 3TOM y6e,IUITbCS, pacnJIWBaHHe cryCTKa yCKOpse· 
MWX qaCTHU BeJIHKO H B KOHD;e UHKJia yCKOpeHHS cryCTOK 
qacTHD; YO~eT 3aHHMaTb no AJIHHe BCffi KaMepy YCKOpHTeJIJI. 
CaTyau;as &Has B cnyqae ycKopeHBB aepeJIJITHBHCTCKHX 
qacTHD;: CKOpOCTb qacTBD; HaH6onee 3HaqHTeJibHO B3MeHs­
eTCS B 1-i noJIOBHHe UHKJia YCKOpeHBB, KOr~a npOHCXO,IUIT 
C~aTBe cryCTKa, a BO 2-i nOJIOBHHe • B3MeHeHBB CKOpo­
CTB CyiD;eCTBeHHO MeHLWe B COOTBeTCTBeHHO 3TOMY 3cWleKT 
pacnnwBaHBS cryCTKa qacTBD; He nOJIHOCTbffi KOMneHCBpyeT 
3«WleKT c~aTHs 3Toro crycTKa. KpoMe Toro, aensqaHw 
i\t 1 B i\t2 B /7 I B /8/ no yepe poeT a cKopocTB qacTau; 
yyeHLWaffiTCB /MaKCBMaJILHwe 3HaqeHBB At 1 B L\t 2 paBHW 
t 0 /2, r~e t 0 - apeMs nonHoro o6opoTa qacTau; no op6BTe/. 

llo3TOMY "~el}loKycapyffiiD;ee" ~eicTaae ycKopJiffiiD;ero nons 
/cu. /7/ , a /8/ I ao 2-i nonoaaHe UBKna ycKopeHBB 
CyiD;eCTBeHHO MeHbWe "I}IOKyCBpyffiiD;ero" ~eHCTBBS 3TOrO 
nons B 1- B nOJIOBBHe D;BKJia ycKOpeHBS. 

4. OCHOBHhlE nAPAMETPhli.!HKJIHqECKOFO 
YCKOPHTEJI.R C EEFYII{HM HOJIEM 

H3MeHeHae BMnynLca qacTau; B npou;ecce ycKopeHBs 
onBCWBaeTCS B3BeCTHWM ypaBHeHBeM 

~ =qE, 
dt 

/9/ 

r~e q - laps~ qacTHUW B e~HHHu;ax 3aps~a 3JieKTPOHa. 
Y CKOPJiffiiD;ee none E cocpe~oToqeHo B pa6oqax 3a3opax 

BH~YKTopoB. Ans y~o6CTBa ase~eM 3«WleKTBBHoe ycKopsffi· 
ID;ee none E ,paBHOMepHo pacnpe~eneHHoe no scei op6aTe. 
none E e. oifpe~eJIBM 83 ycnoBBS qE ·A to= qE e·At, r~e A to -
BpeMB npoJieTa qaCTHD;aMB HH~YKTOpOB /BpeMs, B TeqeHBe 
KoToporo ~eicTayeT none E I, a L\ t - nonHoe apeMJI o6o­
poT a. CKopocTL qacTBu; B TeqeHHe o,IU~oro o6opoTa B3Me­
HJieTCS He3HaqaTeJibHO, n03TOMY L\tu/L\t=f 0 /f =g, r~e fo -
~Ha qacTB op6BTW, Haxo~JIID;eics B pa6oqax 3a3opax 
HH~YKTOpOB, a f - nOJIHas ~Ha op6BTW. 3cWleKTBBHOe 

10 

T 

l 

# 

1 

none E paBHo: E =gE=2grfB sinwt /eM. /3//. llo~cTaB-e e 
JIBS BeJiaqBHy Ee BMeCTO noJIJI E B /9/ H BWnOJIHSJI BHTe-
rpBpoBaHBe, noJiyqBM 

1 
p=p +-qgrB <1-coswU, 

0 rr m 
/10/ 

r~e Po- HaqaJILHWi BMnynLc qacTau;/npH wt=O/. KoHeq­
Hwi BMnynLc qacTBU paaeH /npa wt = rr /: 

2 p = p + -qgrB 
m 0 TT m 

/11/ 

B He 3aBBCBT OT qacTOTbl f nepeMeHHOrO TOKa B HH~yKTO­
pax. AHanoraqHaJI CBTyaD;BB BMeeT MeCTO B 6eTaTpOHe. 
Ecna p B p 0 awpa~eHbl B M3B/c, r - B MeTpax, a B -m m 
B Teena, TO l}lopMyna I 11/ npBHBMaeT BB~ 

p = p 0 + agq r B , 
m m 

r~e a =1,91·102 M3B 
B.c 

3HeprBS ~ e cryCTKa /BMnynbca/ qaCTBD; pasHa 

w = qN'I ' 
e m 

/lla/ 

/12/ 

r~e N - qacJIO qacTBD; B BMDYJILce, a T m· KHHeTaqecKaJI 
3HeprHJI qacTBD; C BMDYJibCOM Pm· C ~pyroi CTOpOHbl, 3Hep-
1BJI BMnyJibCa qacTBU MO~eT 6b1Tb 3anBcaHa B BB~e 

ryP 
w 0 = --' /13/ 

e 2f 

r~e 1] • ~OJIJI MOID;HOCTB BOJIHbl B BH~YKTOpe, nepe~aHHOB 
cryCTKY qacTHD;, p • CYMMapHaJI MOID;HOCTb BCeX HH~YKTO· 
poB. llpapaBHBBaJI npaawe qacTB awpa~eHBi /12/ B /13/, 
nonyqaM l}lopMyny AJIJI qacna qacTBU B BMnynLce: 

k r1P 
N=-·---, 

2 qfT m 
/14/ 

r~e k = 0,624-1013 M3B/J{x, P - a Bm, T - B M 3B. 
m 

3HaJI qacno N qacTBU B BMnynLce, ax 3apJI~ B qacToTy 
nOBTOpeHBS BMnyJibCOB, MO~O BblqBCJIBTb cpe~HBB TOK 
nyqKa: 
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ak ryP 
I =-. --, 

e 2 T m 
1151 

r,JJ,e a = 1,6 .1o-19 KA, I e - B aMnepax. 

B Ta6na:ue npase,JJ,eHbl ,JJ,n.ll anmocTpaTBBHbiX :ueneii: o:uea­

KB OCHOBHbiX napaMeTpOB :UBKnB'IeCKOrO YCKOpBTen.ll C 6ery­

UUIM non eM. O:ueHKB BbiDOnHeHbl ,JJ,n.ll BOHOB BO,JJ,OpO,JJ,a B ,JJ,eii:­

TepBJI 12- B BapaaHT YCKOpBTen.lll, ,JJ,BYX3ap.II)J.HbiX BOHOB 

renB.II B WeCTB3ap.II)J.HbiX BOHOB yrnepo,JJ,a 11-ii: BapBaHT 

YCKOpBTen.ll - CM. n. 21. 

IJapaMeTpbl BH,JJ,YKTOpOB BO BCeX cny'la.IIX Bb16paHbl O,JJ,B­

HaKOBbiMB: DOniOCHOe ,JJ,eneHBe T =6 M, aMOnBTy,JJ,a BH,JJ,YK:UBB 

B 3a3ope B m = 1 ,8 T, BbiCOTa 3a3opa h =0 ,05 M, 71 =0 ,01; 

reoMeTpB'IeCKBB clJaKTOp g YCKOpBTen.ll B3.11T paBHbiM 0,3. 

tlaCTOTa nepeMeHHOrO TOKa B BH,JJ,YKTOpax )J.n.ll 1- ro BapBaHTa 

YCKOPBTen.ll Bb16paaa paBHOB 1 rt~. a )J.n.ll 2- ro - 50 Ft~. 

KBHeTH'IeCKa.ll 3HeprB.II Tm YCKOpeHHbiX BOHOB COCTaBnJieT 

coTHB M3B, 3HeprB.II aa ayKnoa Tm/ A = 60 M3B, 'IBcno 

N BOHOB B BMOynLCe - 1015, cpe,JJ,HBB TOK DY'IKa - e)J.BHB­

:ubl c- ,JJ,eC.IITKB MA, 3HeprB.II We BMnynLca - ,JJ,eC.IITKB K,4x, 
)J.nBTenbHOCTb T BMnynLca npa o,JJ,aoo6opoTHOM BbiBO,JJ,e -

,JJ,eC.IITble ,JJ,ona MBKpoceKyH)J.bl. B nocne)J.BeM cTon6:ue Ta6ns­

:ubl OpBBe,JJ,eHbl OpBeHTBpOBO'IBble pa3Mepbl yCKOpBTen.ll. 

OpaeaTapoBO'IHble 3Ha'leHB.II cyMMapaoii: MOUUIOCTB Paa­

,JJ,YKTopos )J.n.ll 1- ro BapBaHTa yCKOpBTenJI COCTaBn.IIIOT 

0,78.10 
7 B• (He~) B 1,88.10 

7 B• (C 1
6
2

) , a ,JJ,n.ll 2-ro 

sapaaaTa - 0, 78 ·10 9 B•l II~ a H b2 I. lips HB3KBX 3Ha'leHB.IIX 

napaMeTpa 7! BH,JJ,YKTOpOB lry =0, 11 ORB pa6oTaiOT 

B pe>KBMe XOnOCTOro XO,JJ,a. Il03TOMY MOUUIOCTb BH,JJ,YKTOPOB 

B ,JJ,aBBOM cnyqae - 3TO peaKTBBHa.ll MOUUIOCTb, a OT BCTO'I­

HBKa DBTaHBJI DOTpe6n.lleTC.II MOUUIOCTb, B)J.}'l:u8..11 Ha YCKOpe­

HBe crycTKa BOHOB I 1 ~ OT MOUUIOCTB P I, B MOUUIOCTL 

lsecKonLKO npo:ueHTOB OT P I, seo6xo,JJ,BMaJI ,JJ,n.ll noKpbiTBJI 

DOTepb Ha nepeMarHB'IBBaHBe clJeppowarHeTBKa BH)J.YKTOpOB 

B Ha OOKpbiTBe TennOBbiX OOTepb B BX 06MOTJCaX. 

Ha,JJ,yKTOPbl ycKop&TenJI aaanorB'IHbl BH,JJ,YKTopaw 6ery­

a:uero MarHBTHOrO DOnJI, npBMeHJieMbiM B BH,JJ,YK:UUOHHbiX Ha­

COCaX lKB)J.KBX MeTannoB B Ha TpaHCOOpTe /2,6,7/, K.O.)J,. 

KOTOpbiX COCTaBnJieT ry0=25~. IJpe,JJ,CTaBn.lleTCJI ecTeCTBeH-
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HLIM oonaraTL, 'ITO oapaMeTp Tf BHAYKTOpOB YCICOpBTenJI 

lauanor IC.D.,II;. BH,D;YICTOpal MO:>KeT ,IJ;OCTBraTL BenB'IBH Tf O; 
OpB 3TOM BHTeHCBBHOCTB DY'IICOB yCICOpeHHLIX BOHOB 6y,u;yT 

npeswmaTL 3Ha'leHBJI, npuse.u;euuwe B Ta6nu:ue, B _25 pa3. 

HueeTCJI TaJC:>Ke pe3epB DOBLIWeHBJI 3HeprBB HOHOB Ha 

swxo.u;e ycJCopBTenJI. KaJC su.u;uo H3 swpa:>KeHBJI I 111, 3TOT 

pe3epB - B ysenB'IeHBB DOniOCHOrO ,u;eneHBJI r BH,IJ;YICTOpOB. 

HeT HBJCaJCBX npBH:UBDBanLHLIX orpauuqeuu:ii ,u;nJI ysenu'leHBJI 

napaueTpa r uu,u;yJCTopa /7 I. Ilpe,u;cTaBnJieTCJI snonue :uene­

coo6pa3HLIM ysenB'IBTL nomocuoe .u;eneuue B uecJConLJCO 

pa3, uanpuuep B TPB pa3a: r =18 ..w. Ilpu 3TOM uunynLcw 

ycJCopeuuwx uouos uoryT .u;ocTBraTL senB'IBH - 2 F3B I H ~ 
uH 1

21, -4F3BIHe~lu _12F3B<c~2>. 

5. HPEHMYJllECTBA ~HKJIHqECKOFO 
YCKOPHTEJIJI C EEFYJllHM HOJIEM 

Ilpe.u;naraeuw:ii ycJCopBTenL JIBnJieTcJI ycJCopuTeneu 

TpaucrbopuaTopuoro TBna: ero yciCopJIIOII{aJI cBCTeua cocTo­

BT H3 Ha6opa BH,IJ;YICTOpoB-TpauccllopMaTOpOB C 6eryUUIM 
MarBHTHLIM ooneM /8/, oepBB'IHLle 06MOTICB ICOTOpLIX IMHOro­

clla3HLle 06MOTICH BH,IJ;YICTOpoBI BH,IJ;BBB.u;yanLHLle, a BTOpH'I­

uaJI o6uoTJCa o611{aJI - ny'IOJC ycJCopJieuwx qacTB:U. C 3Toii 

TO'IICB 3peHBJI o6cyQaeMLIB YCICOpHTenL DOXO:>K Ha JIBHeBHLIB 

BH,D;YJC:UBOHHLIB YCICOpBTenL IJIH'YI /:3/, HO OTnB'IaeTCJI OT 

uero TeM, 'ITO y :UBJCnB'IeCJCoro ycJCopuTenJI-TpauccllopuaTopa 

BTOpB'IHaJI 06MOTJCa MHOrOBBTICOBaJI lny'IOIC HOHOB B opo:uec­

Ce yCICOpeHBJI MHOrOJCpa THO OpOXO,IJ;BT BH,IJ;YJCTOPLII, a y JIHY -

BTOpB'IHaJI 06MOTJCa O,IJ;HOBBTICOBaJI lny'IOIC 'laCTB:U DpOXO,IJ;BT 

BH,IJ;YICTOpLI O,IJ;BH pall. 0TCIO,IJ;a DpOBCXO,D;JIT B opeBMyll{eCTBa 

ope.u;naraeuoro ycJCopBTenJI nepe.u; H3BecTHLIMB :UBJCnB'IeCJCH­

MB YCICOpHTenJIMB: OpOCTOTa ICOHCTPYK:UBB, BLICOJCHe BHTeH­
CBBHOCTB DY'IKOB, DpOCTOTa CHCTeMLI DBTaHBJI B 31COHOMH'I­

HOCTL IBLICOICHB IC.O.,D;. YCICOpHTenJII. 

QBJCnB'IeCJCHB BH,D;YK:UBOHHLIB YCICOpHTenL C 6eryUUIM oo­
neu MO:>KeT o6ecne'IBTL Dy'IJCB HOHOB C ~Heprue:ii OT e,D;BHB:U 

M3B .u;o uecJConLJCBX F3B, T.e. nonuocTLIO nepeiCpwsaeT 

3HepreTB'IeCICYJO o6naCTL I{BICJIOTpOHa, H30XpOHHOrO I{BJCno­
TpOHa B CHHXPOclla30TpOHa / 3/ B Dpll .3TOM Cyll{eCTBeHHO 
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lua 1-3 OOpJI,IJ;JCal opeBOCXO,D;BT B3BeCTHLle :UHJCnB'IeCJCHe 

YCICOpHTenB DO HHTeHCBBHOCTB DY'IJCa. 

6. KPATKHE B.b/B0,4.bl 

fipe,u;no:>KeH MeTO,II; aBTOMa TB'IeCJCOB ICOMDeHCa:UBB OTJCnO­

ueuui qacTB:U B uarHBTHLIX nonJix yciCopJIIOUUIX 3neueHTOB 

HOBOrO THOa - BH,D;YICTOP,OB 6eryll{ero MarHBTHOrO DOnJI. 

Ilpe,u;no:>KeHO TaJC:>Ke ,II;Ba BapBaHTa HOBOrO YCJCOpHTenJI- UBJC­

nH'IeCJCOrO HHAYKUBOHHoro ycJCopuTenJI c 6eryUUIM noneM. 

IloKa3aHo, 'ITO B npouecce ycKopeHBJI crycTKa uouos B npe.u;­

naraeuou ycKopuTene pa6oTaeT uexaHB3M aBTOMaTH'IecKoii 

KOppeKUBB 3HeprHH HOHOB, aHanorB'IHLIB H3BeCTHOB aBTO­

clla3BpOBKe 'laCTBU B ycKopuTenJix. Onucauw npeBMyll{ecTsa 

HOBOrO YCKOpHTen.R oepe,u; H3BeCTHLIMB 1.\HKnB'IeCKBMB YCKO­

pBTenJIMH. 

As Top 6naro.u;apeu B .Il.)J.MBTpBeBCKOMY, H.H.CeueuiO­

mKBHY, M .)).. WacllpaHOBY, A. r .liOH'I- 0CMOnOBCKOMY, 

C.li.Py6uuy u A.li.Ky3ueuosy 3a none3HLie o6cy:>K,~J;eHHJI. 
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