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YCKopeHUe UOHOO C p83nU4Hh/MU ydenbHDJMU 38PRdaMU 6 mRJKeflOUOHHOM 

yCKopume.ne c nOK4>· daem B03MO)l(H(JC#7Ib onpeiienUfflb pHd 
3KCnepuMeHm8l1bHbJX X8p8K111epucmtIK YCKOpumenR U m8KUe n8pBMempb1 

ny4IKB UOH06 Ha eeo SDlXooe. KomO{Jble fJpyauMU MemooaMU ~ 

He80~O. TBKUe K8JC 388UCUMocmh K03lfX:PUtlUeHm8 38XS8ma UOH08 6 

peJKUM yCKopeHUR om eeJ7U4lUHbl ydel1bHQro 3aPRda; :JKCf1ept/M6HfT18111::tHOe 

:I-IENeHUe npedeJ7bH020 moK8 YCI<OpeHH020 nyllK8 U 388UCUMOCmb eeo om 

yiJenbHoao 3apRoa B ",acmHocmu. UMeemCR 603MOJKHOCmb onpetJe.nurnb 

H8l1t.NUe cyu..tecmSeHHbJX HenuHeUHocmeD s pacnpeOeneHtJU B4 nonR 
8HYmpu CfT1PYK/T1YPbI. MemoiJuKa npuMeHUM8 6 nlO6oM ~CTT18YlOU.(eM 

yCKopumene C nOK<J>. 

Fmc. - 5, CnECOK ~T. - 2 HaMM. 



nepBa~ Cel<I..{HSI yCl<OpUTeIDI THTIp-l. pa60TaIOma~ H3 qaCTOTe 6,19 Mn.t. 
npe.o;Ha3Hat leHa ,nIDI yCKopeHuH )];Bj'x3apHJ(Hhlx 1I0HOB BHCMyr3 no npoipaMMe 

HHepUHoHHoro TepMoSI.o;epHoro CHHTe3a [I}. OHa paCCQllTaHa Ha :mepniIO 

36 K3B/H}"'KJIOH. Ee 3anyClc H nepBble HCCJIe.n;OBaHHSI pe:>I(UMa yCKopeHlul 

npoH3BO,D;lfJIHCb c nCnOJIb30BaHHeM nnyx3apSlro-IhiX nOHaB :KCeHOHa, 

nOJIyllaeMbIx H3 HCTOQHHKa ;JJy0nJIa3MaTpoHHoro THna. B HaCTOHmee BpeMSI }J;.illI 

yCKOplITeIDI THTIp-l pa3pa60TaH H HCnOlIh3yercSI BaK)')'MHO-,nyrOBOn 

HCTOQHHK HOHOB MeTaJDIOB (B,L{HI1M). KOTOphlH C03,lJ;aJI B03MO>l<HOCTh 

nonyqaTh H yCKOpHTb B THIIpe-l Ha60p HCHOB pa3Hhix MeTaJIJIOB H, B 

l.laCTHOCTH, B nepBj'ID oqepe.zu" HOHOB Me,l:(H (Cu+, Cu2+, Cu3+), raHTana (Ta2+. 

Ta3+ , Ta4+ •Ta5+ ) , BOJIh«ppaMa (V/3+ • -:"'V4 + • \\,5+). CBHHua (PB2+, PB3+ ) H 

ypaHa (U3+ ~. U4+ ) (1-13 noHOB CBHHL{a YC}~OPAAlfCh TOJIbKO BOHhl PB3+) [2]. IIpH 

3TOM aHamf3 HH>Kelcrlfpyet.mro B TI1ITp-l nyqKa no j'p;eJIhHoMY 3apSIIJY H 

HCCJIenOBaHHe pe)I(HMa YCKopeHHH B HeM npOH3BOAHJICH Bpet.nmpOJIeTHblM 

MeTOnOM C HCn0JIb30BaHHeM ,r.r.ruI npoJIeTa HOHOB BceH )lJUfHbl nepBoM CeKI.{HlI 

(12-13 M). KpoMe .n;aJIhHeHlliero H3YQemfSl y>Ke OCBoeHHoro (Ha lfOHax Xe2+ ) 

p~HMa yCKopeHHSI ,D;ITSI HOHOB C yneJIhHbIM 3ap~nOM nopSlJl;Ka 1l60~ 

JfCCJIe.o;OBaJIaCh B03MO>KHOCTh yCKopeHHH HOHOB C .u;pyrHMH 3HaQeHHSlMH 

yp,;eJIbHOrO 3apH.n;a. 

HIDKe MbI paCCMOTpHM oco6eHHoCTH yCKopeHlHI 1I0HOB C pa3JIlfQHbIMH 

yP;eJIhHbIMH 3apSlJ];aMH B CTpYIcrYPe nOKe:t> H 3KcnepHMeHTaJIhHbie Pe3YJIbT3Thl 

nonyqeHHbIe Ha Tl1l1p-l. 
OCHOBHOH QeJIblO pa60Tbl SIBJ1}IeTCSI nOJ'IY'leHlIe ,lJ;aHHbIX ° 3aBliCHMOCTH 

Koocll<lmUHeHTa 3aXBaTa no nOnepeqHoMy ,l:(BIDKeHIfIO If MaKCHM3JIbHOrO TOKa Ha 

BbIXO,lJ;e yCKOpJITeJISI OT BeJIlf1-IHHbl yneJIhHOrO 3apSI.o;a HOHOB. OAHaKo. JJ;IDI Toro 

llT06bl "MeTh B03MOiIG-IOCTb HCKJllOQHTh BJIHSlHue Ha pe3)1JIbT3Tbl OCHOBHhLX 

H3MepeHHH nOTOKa Hepe30HaHcHbIX (HeycKopeHHbIx) HOHOB Ha BblXOne 



2
 

YC]C0plrreIDI~ paCCMOTpHM CHaqana npOXOil<;ll;eHUe Hepe30HaHCHbLX IWHOB tIepe3 

KaHan c IIOKc:D. B qaCTHOCTH, ~BOmoUHJO B03,n;eHCTBHSI, KOTopoe oKa3hIBaeT 

KaHan Ha nYlJOI<: HOHOB no Mepe yBem-flleHIDI aMruufIy.ubI Bq nOIDI B HeM. L(lliI 
Hepe30HaHCHblX l-IOHOB (HOHhI, nona;u;alOlllHe npH npOJICTC CTpy:KI)1'hl fIOK<D B 

pa3JU-ltlHble 4Ja3hl npoJJ;OJIhHOrO YCl.::opSIIOI..qero nOM, Ta:I( lITO cpe,D;H~HI 

Ilp0;UOJIhHaSl CKOpOCTh nyl.fl(a qaCTHU He MeIDleTC5I, <pc> = const), cTpyh.1Ypa 

TIOK<I> npCJJ;CTaBllileT C060H KaHaJI C KBa.u;pynOnI.HoH Bt.} epOl<:ycHpOBlWH. 

Iv!o>KHO )'TBep)K}laTb, liTO npop;onbHaSi COCTaBillIlOl.l.\aH BLI nom, KOTopaH 

HMeeTC5I B KaHane IIOKc.1>. OIT..lB..lliUI cpe,nmolO npo,n;OJIhHyro CKOpOCTh nYlL1(a 

lIaCTlU~ HeH3MeHHoH. MO>KeT yBeJIWUmaTb pa36poc npOp;OJIbHbIX cKopoCTeli B 

ny4:Ke. Tax ]Cal( npH H3Mepemi5lX c nOM0I.1.1hIO BpeM5mpOJIeTHOH MeTO,UUKH 

npHMeHSIIOTCSI KOpOTIme (nop~a 2 ,u c) HMnYJIhChI TOKa TIylIKa, pa36poc 

npo,nOJIhHbIX CKOpOCTel1 HOHOB B 3TOM cnyllae npmlBHT ce651, KaK yBeJIW-IeHlie 

AJIHTe..ThHOCTllIHl,myJIhCa TOKa nytl](a. 

t{ -r Knp / -:::'-au ~_=-1--------~ ,.
 
-~----_._.---~ ...-.•.
 

(::!~~ll--~---_-_---~_~-/ ~~_~--~SJ-'{'- 0 

-----_.....--- .,_.-/~ 

,/1--//~::..~~ ----- <c." ~1
 

lL---/
 

Puc. j ,UHarpaMMa CMIITa-rmoKCTepHa. A- pa6olJa.H Tolffia )])lSI THDp-l. 

o6paTHMCSI I<: ]:{HarpaMMe CMHTa-fmoKCTepHa, ycrOfl1.JHBOCTH 

nonepelJHOrO llBlDKeHHSl, rrpep;CTaBJIeHHOH Ha pHc.I, rAe !1 - Ha6er $a3bI 

rrOnepelJHbIX Kone6amdi, K - >KecncoCTh KaHana, r - 4laJ...""TOp ~ecPOKYCl1pOBKH. 

COS j.J = COS fJ.p + rf (K), me cos,u $ BemillUHa I KOTopaSi 

Xapak7epu3yer $OKyCHpyIOIl{HH KaHan 6e3 YCXOPCHHSI, T.e. npH, r =: O. ECIDI 

B yCKOplITeJIe c rrOK<D cpe,IlHee 3H3lJeHHe 4>ak'TOpa ;o;e4>O}(ycHpOBlOi ,nIDI 

Hepe30HaHCHhIX tIaCTIIU paRHO Hymo, TO no Mepe YBeJIJllIeHWI aMnm-ITY;J;bI Btl 
nOAA, T.e. 3Ha'leHHSI K Ha p:uarpaMMe C-f(pHc.l) 1 HepC30HaHCHblC qaCTHQbI 

y)J:ep>KHBaIOTC$l B KaHane JI.O P;OCTIflKCHHH 3Ha qeHHH (Knp)o (rrOKa leas l' 1<1). 
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TIPH 60nbllJltX 3HalleHHSlX K, nonepe4Hoe gBlf>KCHl1e craHOBIITCSI 

HeYCToHlHlBblM. $OKYClipOBlca B KaHaJIe npeKpautaeTC$l H TOK nylIKa Ha BbIXO,I.J;e 

KaHana HC4e3aeT. 

UJU{max} 
1,0 )i 

PHc.2 .3am-fcHMOCTb TOKa HeycKopeHHbIX MOHOB 01' aMruruT'yJ.~bl Bq nom 

Ha onblTe, B yCKopuTene THTIp-l Ha6mo,naeTCSI KapnfHa B 3Ha4HTeJIbHOH 

CTeITeHH nOn06HaSl OTMcqeHHOH BbUliC. Ha pHC. 2 nOKa3aHa 3aBHCHMOCTb TOKa 

nY4Ka Hepe'30HaHCHblx O,l];H03apSl):(HblX HOHOB KCCHOHa (Xe+) H HOHOB W 2+ , U 2+ 

01' aMnmny,rn,I Bq nOAA. OTMeTHM. lITO KpHTIIlJCCKOe 3HaqeHHe aMnJIHTy,I.J;bl ,ll)BJ 

lweHOHa OKa3aJIOCb He AOCTHrHyrhlM (TOK nyqKa He ynarr n.o HYJISl), T3K I<aJ<: BO 

BpCM.SI H3MepCHHH 3nCk"TpHqeCKa.Sl np04HOCTb Bt.I CHCTCMbl 6bma HC,I.J;OCTaTOlJHO 

BbICOIWH. ,l(JI.SI HOHOB W2+ , U2+ ,n;aHHhle pHc.2 p;aIOT B03MO:>KHOCTb onpe,D;CJIHTb 

3HaQCHHC (Knp) )J,illI HOHOB C 06paTHbIM y,neJIbHbIM 3apMOM 90 H 119. 
lf3MepeHHSI noxa.'3aJIH, '-lTO WIHTenbHOCTb HMnyJIbCa TOKa nytIKa HeycKopeHHblx 

liCHOB y'BeJIH4HBaeTCg no Mepe YBeJIn4eHIDl aMillUilYAbI Bt.I nOAA 01' 2 J.1S npH 

UB4=O 11.0 nopSI,lJ;k:a 6 fJ.S npn MaKCHMaJIbHOii aMmn·nyne B"tl nOAA, a ~TO 

03HalJ.aeT, Y:TO COOTBeTCTBeHHO paCTeT H pa36poc npOp;OJIhHbD( CKOpOCTeH. 

TaKHM o6pa30M, B OTJIHlIHe 01' B03,neikI'BIUl yCKopSlIOI.lleH cOCTaBllillOlUclt Bq 

nOAA Ha pe30HaHcH)'lO qaCTHQY, KOTopoe UpH }'BenH4eHHH ee aMnmiTyJJ:bl 

A01DKHO npuBo.u;HTb K yBem-IlJ.emflO 4>ak'TOpa ,ner!>orycHpOBJm (paCTeT r puc. I ), 

TO eCTh K CMCmeHIUO T04KH u306pa>KalOmeli CHHXpOHHyIO lIaCTIiQY Ha 

}J;HarpaMMe (TOlJ.Ka A Ha pHc.I.1 BnpaBO , H3 ,D;aHHbIX OnblTa cne,nyCT, lITO ,I:J)UI 

Hepe30HaHCHbIX qaCTHQ cymeCTByeT JIHllJh cpe.rIHee 3Hat.IeHHe epaKTopa 

}l;e.pOKycHpOBKH }l)I.SI Bcero nylJ.Ka, KOTopoe OCTaeTCSI npaKTH4eCKH HeH3MeHHbIM. 

<:: r :> = O. ITPH ~TOM pacnpocrpaHeHue nyllKa cOnpOBO>K,D.aeTCSI YBemf4eHueM 

pa36poca npO,ZJ;OJIhHbIX CKopOCTeH HOHOB B HeM. 
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TaXJiM 06pa30M, npli yBemilJemHf ypOBHSI Bq nOIDI nOJIO)KeHUe fUfl<a 

coomeTCTByrolllero TOky' nytlK3 Hepe30H3HCHhL"{ HOHOB BO BpeMJolnpOJIeTHOM 

cneKTpe Ha BhLxo.u;e yCl<opHTeIDI OCTaCTCSI HeJf3MeHHhlM BO BpeMeHH. H3MeHHSICh 

JIHI.I1h no n.'IHTCJIhHOCTH, LITO n03BOJUleT JIe:n.::o OTm-IQHTh ero OT nHKOB 

pe30H3HCHbLX. yCKopmolUHXC.fl HOHOB. 

PaCCMOTpHM rcneph Ka:K .n;OIDKeH BeCTH ce6S1 TOK nyqKa pe30HaHCHbiX 

HOHOB npu yBeJIW-IeHHH aMnJIH1:Y~bI Bq nom B eTPyk'"1)"pe TIOK<D. ,[(lliI 
pe30HaHCHhlX tIaCTI1Q YBem-flJeHHe Bq nOIDI C OAHOH crOpORhl BegeT K 

YBem-ftIeHJfiO p3BHOBeCHOH 4>a3bl, T.e. K YBemilJeHJUO pa~Maxa cenapaTpHCbl no 

<!>a3e II no HMnyJlhcaM. a c ,n;pyrOll CTOPOHhI yBe.mt:lJHBaeT :>KeCTKOCTh ,
epOJ<ycHpyromero KaHana H, }J;IDI HeKOToporo onpe,n;C-ileHHOro 3HaQeHJUl 

3 MnJUIT.y;nhI Bq nOIDI (UB'i = U!':p ), a 3HaQlIT H lJlHI :>KeCTKOCTH KaHaJIa Kil:p l 

rrplffiOWfT K nOTepe YCTOHl..IHBOCTH B nOnepelJHOM ]lBH>KeHHI1 H, cnen:OBaTenbHo, 

K ;D;ClPOKycHpoBKe nyliKa HOROB. Ha rpaqnu{e 3aBHCHMOCTH TOKa nytIKa HOHOB C 

AaHHhlM OTHOllieHueM Ze/M OT aMrrmiIYAhI Bq noJISI B yCKopluene. TOK rrytIK3 

)J.OJDKeH CHaqarra B03pacraTh (OT 3HaQemUI noporOBoro ypOBH~ Bq noJ'ui) AO 

MaKcliMyMa. a 3aTeM rraAaTh npalCTUqeCI<H 1J.0 HyIDl npH .n;OCTH:>i<eHHU 

aMrunrry):(hI rrOJLq paBHoli }..'"PHTHlJeCKOMY 3HaQeHHIO) UKp 

O-t--+--+--+----IlIF--+----l..--+---+---+-----i 

0.5 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

{ "".U rt/U(max) 

Pnc.3 YcKopeHHe HOHOB MeAH 

Ha OnhITe 6blJll1 rrOJI)"IeHbl 3aBHCHMOCTH, npHBe,ueHHble Ha pHC.3 H 

nono6Hhle ,uaHHble nIDI HOHOB Ta3+,4+ ,V,!3+,4+. U3+,4+ . Ha rpaq,m<e pHcA 
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nOK33aHa nonyqeHHa.si H3 AaHHhIX pnc.3 Ii n3HHhIX A,.lUf HOHOB T3HTarra, 

BOJIh<ppaMa Ii ypaHa 33BHCHMOCTh OTHOCHTeJIhHOrO K034?4mQUeHT3 3aXB3Ta no 

nonepelIHoMy ABU>KeHHIO (OTHOllIeHue :K034liPuUHeHT.l 33XBaTa WJSI p;3HHoro 

.3HaQCmUJ Ze(1v1, K K03cP<ln-II-lHeHlY 33XBaTa WUl Ze/I\1 = 1i60) OT yp;eJIhHOrO 

3ap}fp;a HOHOB. OCHoBHble 3Kcnepl1MeHT.lJIbHhle A3HHhle pHc.3 n0JI)'qeHhl B 

pe3ynbTaTe cne,n;Y'lOllleH npouep;,yphl IDMepeHHiL Y CKOpSlIOll\ee H3npSl)l(eHHe Ha 

lIH>KeKTOpC YCTaH3BJUtBaIIOCb H nOLOJ;ep)l(liBaJIOCh B npeuenax 70-80 KB (lITO 

coomeTClByeT paBHOBeCHOH 'JHepnm HH)l(CKQl-fH ):ti'Ut yp;eJIhHOrO 3ap5l;n;a 

pam-Ioro I i60 ). TIPH 3TOM TOK nytIK3 H3 Bxone B CTp)'k'""I)'PY 6bIJI Oilll1MaJIbHhlM 

H HaHJI}'t!IlIHM o6pa30M corrraCOBaH c nOMolllblO J(Byx 3JIeKTpocraTl-llJeCKHX 

.1IliH3 B cornacyrollleM KaHane. Bonpoc 06 OIITHM3nbHOll H3CTpOHKC yCKOpUTCJUI 

HMCeT oco6oe 3H3QCHHe npn CTpeMJIeHHH nOJl)'lHlTh M3KCHM3JIhHO B03MO>KHhIH 

TOK yCKopeHHoro nYlIK3 H3 Bhlxo,n:e yCKOpHTeJ1}i, a T3IOKe npH H3MepeHHH 

J(03!pqmUHCHTa nOnepetIHOrO 3aXBaTa. TIOOTOMy .n:rr.$f nonyqeHHSl K3:>K;D.;OH H3 

TOtIeK .33BHCHMOCTH plicA Tpe6yeTC.si cneW-farrhHa51 pa60Ta no OnTl-fMln3QIUf 

pe)l(HM3 pa60ThI yCKopHTellii. 

1,~ !
0,8
 

~/1I(/60) 1l,I!
 

0,4 

0,: !---+---f----t-----il~---II 
~o ~o fflO ~5 ~o no 

ZlM 

plicA .3aBHcHMoCTh K03cp<pHQl-feHT3 3aXBar.l OT Y,IJ;eJIhHOrO sapSI,lJ;a 

,[lJl5l qaCTIfU c Z8 / j"'f =a (1/60), r.n:e a = 2, 3 , npH OI1THMaJIbHOM 

yCKopmomeM HanpIDKeHHH Ha HH>KcJ.trOpe HalJarrbHas;I CKOpOCTb HOHOB (flc)o , 

npeBblwana paBHOBeCH)'1O CKOpOCTh lIH>KeKW-fH. Op;HaKo B 60JIhIlIHHCTBf 

onblTOB yCKopsuOlllee HarrpIDKeHHC He CHIDKarrOCb C QeJIhIO coxpaHeHHH 

BC.1IHQHHbl TOKa oyqKa 1-1 ycrroBHH corrraCOBam·ISI. TIpeAflorraraJIOCb, lITO npH 

ypoBHe Bt{ rroIDI 3Ha4l1TeJIbHO IlpeBbl1ll3lOmeM noporOBhIll. IlpeBhIWeHHe 

::mepnm HIDKeKQHH KOMrreHcHpyeTcSI WHpHHOH 06rraCTH 3aXB3Ta. BMecre C TeM 

P~P; T04eK )J.)lH KpUBOH pHcA 6bIJIH nonytIeHhI raK)I(e npH CHHiKeHHH :~HepnH-i 
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HH)KeXQlUi, tITOObl IIpH6mi3HTb ee l< paBHOBeCHOH B COOTBeTCTBHe C BelIl1'nmOU 
ZeJJ.J. 

113 rpatP~iKa pHcA BlfJnW, tITO ,WISI Han60JIbUUlX AOCTIiIl-IYfhIX 3HatIeHHH 

TOKa nytIKa Kooq,qlHl.lHeHT 3axBam no nOnepetIH0My ,nBl-nKeHliIO B CTp)'lCIYPe 

nOKCD yCKOpHTemI TUnpa I YMeHblllaeTCJ.I C YBemil.JeHHeM )?l;em"Horo 3apJol,n;a. 

l(mA);25 • paC'feT
.-"" 

../.~ Ta 
/ .....~+ 

_.__.-...~~ C u 
...---- ••-.....,.__r~-...-"-~ +'/ ..,
 

3+...~+
0+----1-------_---.---.......
 
o .4(1 00 so 

pHc.5 :3aBHCHMOCTb MaKCHMa1IbHO ,UOCTHrHyroro Ha OnbITe TOKa nylfl<a 

HOHOB Ta H Cu OT MIZ 

Pe3YJIbTaT 3TOT }lIDI ToKa nY1fl<a. KOTOpblH HH'ACe paCLJernoro .3HaLJemUI 

MaKCHMaJIhHO B03MO>KHOrO (npeneJIbHoro) TOKa, I < I max, 51BllileTC>I 

HemKlmaHHbIM H Tpe6yeT 06b5lCHeHIDl, TaK Ka:K BeJIH'iHHbl K H 't 3aBHcm OT 

napaMeTpa UZe / M ,KOroPbIH wm KaJKZJ:OH J-f3 TOLJeK rpa4JHKa plicA ocraeTC$I 

HeH3MeHHbIM, H CJIenOBaTeJIbHO ll;J'ISl HH.X. pa6oLJa>l TOtIKa Ha nnarpaMMe c-r He 

nOKH.UaeT CBoero Mecra up» H3MeHeHHH Ze! M . 

PaCCMOTpHM Tenepb B03MOJKHble ~q,q,eKrbI (npoueCCbl), KOTOpbJe MO/KHO 

npHBJIeQb lI.IDI 06'b$lCHeHillI nOJI}"IJ:eHHhIX pe3yJIbTaTOB. 

I) OJJ;HOH U3 npwmH CHIDKeHH$I Kooq,qmUUeHTa nonepeLJHOrO 3aXBaTa C 

YBcmtLJeHHeM Yll.eJIhHOrO 3ap».na .lI.IDI nyqKa LJaCTI1U C nOBbJllIeHHOH 3Heprnei1 

HIDKeKUHH MOJKeT 6hITb TO, LJTO npe)J(Jle, LJeM nonaCTb B npouecc pe30HaHCHoro 

ycxopeHHSI, LJaCTHUbl C nOBblweHHOH 3Heprneii HH)KeKUHH npOXOlJ,SlT LJaCTb 

'KaHana C nOKCI>. xaK IlYLJOK Hepe30HaHCHblX HOHOB II, crre.n;OBaTeJIbHO. Y HHX 

npH ~OM He MemIeTC$I cpeLU-l>l$l Haqa.m.Ha$l Cl<:0POCTb. < pc > = const, HO paCTeT 

Pa36poc no IIpOnOJIbHbIM CKOpOCTRM. 3TOT npouecc MO)f(eT npl-WeCTIl K norepe 

LJaCTH~. OKa'JaBllIHXC>I 3a npeneJIaMH cenapaTpHChI. OTMeTHM. LITO 3TOT 3<p!peKT 

MOJKHO OueHHTb H HCKJIIOtIHTh. )lllil 'JToro Heo6xo,llJ1MO BOCnOJTh30BaTbC>I 

3KcnepHMeHTam,.HbIM~1 .lJ:aHHbIMH 0 3aBHCJ-1MOCTH nOnepe1JHOrO 3aXBaTa OT 
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:mepnm HmKeK~HH, lWTOpble MO)I(HO norryllHTb nyreM ,IJ;OnOJIHHTeJIhHbIX 

H3MepeHlu1. 

2) Bm,ISiHHe co6CTBeHHoro npOCTpaHCTBeHHoro 3ap5l)];a nyliKa TO)l{e MO>KeT 

BhI3BaTb ~"<p<pelCT naJJ;eHlHI KOOcPqnU-lHeHTa 3aXB3.Ta C )"Bem-p-IeHUeM YAeJIhHOrO 

3ap~;(a. B qaCTHOCTH, npe)J;eJIbHblH T01-: nyl.IKa B yCKopuTene. KOTOpblH 

onpeAe.rrneTC5l ero co6cmeHHhlM oObeMHbIM 3ap5l,uoM, 06P3.THO 

nponopuuoHaneH BeJIH'HiHe Ze/lvi. 
3

npe,n;eJIhHhlfI TOK Iill ~ 10 ,me 10 == 41Z"Eoc Alo !Ze > a Alo ­

Macra nOKOSl, mmeHHO 3aBHCHT OT M/Ze. TaKHM 06pa30M orpaHl.f4eHH>I no 

npe,lJ;eJIhHoMy TOK,Y HaC1)'nalOT AJI9. HOHOB C 60JIhllIHM 3Ha4eHHeM Zel'M 
paHhllIe, 4eM ,II.llil MaJIhLX er03H3.QeHuit TIorrylIeHH3.5I H3. OilhITe3aBHCHMOCTb, 

lWTopaH nOKa33.H3. Ha puc.5, naeT ID-IHeHHyro 3aBHCHMOCTh MaKCHMaJIbHO 

,lJ;OCTHrnyToro TOKa OT BeJIH4HHbl MIZe, TalOKe KaK H 3aBHCHMOCTb 

1m := !Uw i Ze). 3TO nO-BlfAHMOMY 03HaliaeT, tlTO p;ml ,1J;aHHhIX pHc.5 

M3.KCHMaJIhHO nOCTIIrHyrbIH TOK nytlKa 6nu30K K npe.u.eJIbHoMy ero 3H3.l.IeHl.f.IO. 

3) 3Mi-rrraHC ny4Ka C .a;aHHhIM 3Ha4eHl-leM Zei1\.1 H3. BbIXOAe HmKeKTopa He 

06513aTeJIhHO paBeH 3MHU3.HCY nytIKa C .a;pyrHM 3Ha4eHHeM Ze/tvL TIOOTOMy 

nOTepn tJaCTl-U-l B03MO)i(HbI B pe3YJIbTaTe xy)lllIero COrn3.COBaHH5I nytIKa HOHOB C 

60JIhll1HM, 4eM I i60 y.n.enbHbIM 3ap5l.n;oM. TIpHMbie H3MepeHH5l, onpe.n;erunol.I{ue 

KalleCTBO COrJIaCOBaHHH1JJI$I K3.>K;l:l;OH H3 COCTaB...1J5l1OLUHX nytU<a HIDKeKllHH.MOryr 

n3.Th OTBeT H3. 3TOT Bonpoc. 

4) CHH>KeHHe KoocpqHillHeHTa 3aXBaTa MO)KeT 6bITb BbI3BaHO 3aBHCH1.l.{liMU 

OT ypOBH:H Btl nOIDI HeJIHHeHHOCUlMH B $Ok'"YCHpyromeM BtI none I-Ull-f B 

pacnpe,2lerreHHH ero no OCH crpyl..'"'IYPb1 (a T"aIOKe H3-3a Apynlx OTllHlIHH OT 

paCqeTHOrO pacnpep,eJIemrn), KOTopble nyreM B036,Y)K.lJ;eHlrn lWrepeHTHhlX 

nOnepetIHhlX H np0,lJ;OJIbHbIX KOJIe6aHHll MOI)'T npHBeCTH K nOTepe 4aCTHU. T .0. 

eCJIH yqeCTh H HCKID04HTb ,lJ;pyrHe epaKTOphl CHH>KeHHH nonepellHoro 3aXBaTa, 

-HemmeltHble HCKaiKeHH:H B pacnpe,n;e.i'IeHHH B"ll nom no OCB CTpYk'TYPbI MOI)'T 

6bllb 06Hapy>KeHbI no CHIDKeHHlO Koo~!pHUHeHTa nOnepeqHOrO 3aXBaTa 

OTHOCHTeJIbHO paClleTHorO ero 3HalleHHH. I1cK3>KeHHH B pacnpe.n;enemtH B4 
nOIDI HMeJIO MeCTO B TUnp-I Ha CTblKe nayx 4aCTeH CTpYk'iYPbI H BbI3BanH 

CHH>KeHHe K03¢iepHllHeHT3. 3axBaTa npB MaTIbIX TOKax YCKop~eMoro nytJKa, 

Kor.n;a k'")'JIOHOBCKoe orpaHH4eHHe TOKa He MonIO BJIIDITh Ha BeITH4HHY 

K034>4>HllueHTa 3axBaTa. 
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TaI<lIM 06pa30M pa60ThI no yCKopeHlflO HOHOB C pa3JmlJHhlMH 

YAeJIhHLlMH 3apMaMH B IDfHeHHOM yCKOplITeJIe c nOK<I> Aaror B03MO>KHOCTh 

onpe,D;eJlliTh p~ XapaKTepHCTlfI< yCKOpUTCJIA Ii nyqxa HOHOB Ha BhlXo.n;e 

HIDKeKTOpa. KOTophle ,Iq)ynIMH MeT0AaMI-I onpep;emITb HeB03MO>KHO. T3Kue xaK: 

3aBnCHMOCTh K03tP~HQHeHT33aXBaTa OT yp;eJIhHOr03ap.Hlla nOHOB; 

3I<CnCpHMeHTalIbHOC 3HaqeHHe npe.n;eHbHoro (MaJ<CHMaJIbHOro) TOKa B THITp-1 
H 3aBHCHMOCTb ero OT Y1J;eJIbHOrO 3apSl.n;a HOHOB t a TaJ...~e B npHHQline .n;alOT 

B03MO>KHOCTh 06Hapy>KHTh HamrllHe CYl.1lecmeHHhIX HemmeiiHOCTell B 

pacnpe,nenemfH Bq-noIDI no OCH CTpJKlYPhi H lIX BJTIUlHlIe Ha npoxo~eHHe 

nyllKa HOHOB. 

KpoMe BblllleCKa3aHHoro pe3}'ilhTaThI :nOH pa60Thl A3lOT OCHOBaHH5I 

BhlCXa3aTh cnepyroI.1.lnc npeWlOnO>KeHH5l: 

A) KOHQenQHSI nOJIHoro BXOAHOrO TOKa nyqKa AIDI Hepa3,l.l;erreHHOro 

nytIKa. 

Ecmi Ha Bxo,o;e yCKOpHTeIDI nOJIHblll TOJ( Hep3.3.n;eneHHoro HOHHoro fI)'lfl<a 

npeBhIlllaeT paCqeTHhIll AOnycrnMhlH MaKCHMaJIbHblH TOK, np" 3TOM pa3neneHHe 

no y,D;eJIbHhIM 3apSl,IlaM npoHcxoAHT YJKe BHYIPH KaHana YCKOplITeruI Ha 

3RMeTHOM paCCTOHHHe OT ero BXO}];a. TO C06CTBCHHhill 3ap~ nOIDiOro 

Hepa3AeneHHoro nyllKa OKa3hIBaeT BJIHSlHHe Ha ,IDfH.aMHJ...'j' pesoHaHcHhIX qaCUm I 

cymeCT.BeHHOe BpeM.R nponern HX BHyrpH KaHana H cne.u;OBaTeJIhHO ,J:l)DI 

onpeA,e.neHHH KynoHoBCKoro orpaHHqeHIDI TOKa nyqxa Ha BhtXOn;e yCKOpHTeIDl 

cnepyeT yqHThffiaTb ne.JIHtJHHY co6CTBeHHoro 3ap51na Hepa3ll;eneHHoro nyqKa. 

HHLlMH CJIOBaMH KynOHOBCKHn npeAeJI TOKa yCKopeHHoro nytJKa onpeneJISleTCH 

cOOC1BeHHblM 06'beMHbIM 3ap.RAOM Hepa3,D;eJICHHOrO nyllKa Ha BXOn;e B 

yClCOpHTeJIb. a He co6CTBeHHLIM 06bCMHbiM 3apR)l;OM yCKopSieMOn KOMnOHeHTbl 

nyqKa. nO-BHJJ;HMOMY ~TO Ii RBJlSIeTC51 rnaBHOH npHt.IHHOH OTIDflJHH 

MaKCliMaJIhHO AOCTHrHyroro TOKa B HalIIeM c.rryqae OT pactJeTHoro 

npe~eJIbHOro. 

B) B03MO>KHOCTb KOMneHcaQHH co6CTBeHHoro 3apst.n,a nylll<a ny'-IXOM 

lJaCTHl{ npOTIfBOnOnO>KHoro 3HaKa. 

Ecmf BMeCTe C OCHOBHhIM nyqKOM nOJI:3.BaTh Ha BXOA YCKOpHTeJISI nj-"llOK 

nOHOB nponmOnOnmlGiOH nOIDIpHOCTH, TO Ha npOTIDKeHHH 3aMeTHOrO yqaCTKa 

xaHana qaC'ml.lbl C 3apMoM npOTIlBOnOnO>KHOrO 3Haxa pacnpocrpaHSUOTC51 

BMeCTe C OCHOBHbIM nyllKOM Ii KOMneHcnpylOT co6CTBeHHhIH 3ap51,U OCHOBHoro 

nytIKa. C ~TOH TO'lXH 3peHIDl B cTPYlOYPe nOKc:I> nOJIe3HO yCKopSITh 



OAHOBpeMeHHO nyqKH qaCTHQ pa3HOH nOJIHpHOCTH. 3TO CHHMaeT KynoHoBcKOe 

OrpaHHqeHHe TOKa nytuca Ha BXOAe B yCKopmeJIb 11 n03BOmreT nonyqaTh Ha 

BhIXO)l;e yCKopmeIDI npep;eJIhHO P;OnyCTHMbIH TOI( nYI.IKa. 
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