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B s e a e H H e 

npo6neMa yaep)f{8HHSI paJIH8JlbHOro pa3Mepa yCKOpSieMoro S flJ.1Y 

MomHoro aneKTpOHHoro nyqKa npno6peTaeT ~ce 6onblliYID aKTyanbHOCTb 

S CSSI3H C HaMeTHBllie~CSI TeHJieHuHe~ K 3HaqHTeJibHOMY ITOSbillieHHID KOHeqHQ~ 

/1,2/ 
aHeprnH aneKTpoHos H qaCTOThi cneaosaHHSI nMnynhcos. TaK, 

/2,3/ 
S flHY-30 aHeprHSI aneKTpOHOS H8 SbiXOJle COCT8SHT 30 Mas, qaCTOTa 

cneJlOB8HHSI HMrryJibCOS - 50 ru H JlJIHTeJibHOCTb HMITYJibC8 - 0,5 MKCeK, 

qTo COOTSeTCTSyeT cpeane~ MOWHOCTH rryqKa H8 SbiXO)le 200 KST, 8 CSSI3H 

C aTHM He)lOITYCTHMbl ITOTepH rryqKa S aTOM yCKOpHTene )l8)f{e H8 ypoSHe 

OJlHOrO HJIH HeCKOJlbKHX npOUeHTOS, 

Ynep*aHne paananbHoro paaMepa nyqKa s flHY-30 6yJieT ocymecTSJISITb-

CSI 8KCH8JlbHbiM MarHHTHbiM ITOJieM, 0JIH8KO X8p8KTep pacnpeaeneHHSI aTOf"O 

ITOJISI S HaH60Jiee TpyllHO~ JlJISI yaep)f{8HHSI T8K H83biS8eMO~ HH)f{eKTOpHOft 

qaCTH yCKOpHTeJISI CyWeCTSeHHO OTJIHqaeTCSI OT xapaKTepa pacnpe)leJieHHSI S OC

T8JlbHOA ero qacTH, none S HH)f{eKTOpHO~ qacTH JIO JlOCTH)f{eHHSI aneKTpOH8MH 

141 
aHeprnn 2,5of3,5 Mas cywecTsyeT Ha seeM ee npoTSI*eHHH , HCKJIIDqaH He6onb-

lliHe pa3pb1Sbl 1 npeJIH83HaqeHHbie llJlSI OTKaqKH K8Mepbl H paCITOJIO)f{eHHSI cpeJlCTS 

Ha6niDaeHHH aa nyqKoM. Ynep*aHHe npH aanbHeAmeM ycKopeHHH B03MO)f{HO c no-

MOWbiD KOpOTKHX MarHHTHbiX COJieHOHJlOB 1 paCITOJIO)f{eHHbiX HJIH Me)f{)ly CeK

UHSIMH1 HJIH S npeaenax HHJlYKTOpHbiX CeKuHft, 
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B naaaoft pa6oTe Hsnara~TCH pesynbTaTbi pacq~TOB ynep*aHHH pa-

,~:),{ '. 
1!,\1, 

.~· 
nHanhHoro pasMepa nyqKa B ni1Y -30 so speMSI cnenosaHHH pa6oqeft qacTH 

PaccMoTpeHHe sonpoca o6 ynep*aHHH nyqKa so 

:il:,, 

BpeMH cnenoB8HHH <jJpoH- ,':, 

ycKOpH~Wero HMnynhC8 B npennono*eHHH naMHHapHOCTH noTOK8 aneKTpOHOBe 

/5/ 
Ta H cnana HMnynbca naao B 

YpaBHeHHSI 

CTporo rosopH 1 6bm nponenaH pacq~T rpaaHqHbiX TpaeKTopHft cTauHo-

aapaoro naMHHapaoro aneKTpOHHoro noT~a B ni1Y B napaKCH8TibHOM 

npH6nH*emm. KpaeBbie a¢¢eKTbi1 HMe~mHe MecTo aa <jJpoHTe H cnane HM

nynhca ToKa
1 

B pa6oTe HrHopHposanHch. B yKasaHHhlX npennono*eHHHX ypas

aeaHe rpaH!fqHOft TpaeKTOpHH nyqKa B UHnHHllpHqecKOH CHCTeMe KOOpllHH8T 
/6/ 

C OCh~ z 
1 
COBnana~melt C OCh~ nyqK8 1 MO*eT 6biTb 38nHC8HO HnH 

B BHne 

, YY , r [ 2 , ( e H )2] 2 e _I l 0 r + r + yy + -- - -- = , 
y2 -l 4(y 2 -l) E 0 cE0 (y 2-l) 3

/
2 

r 
(1) 

HnH B BHne ( /5/) 
CM. 

2 2 2 
.,P , + .,P [ Y + y , 2 + (~) 1- 2 e I _1 __ __!!__ = O, 

4(y 2-l) y2-l E 
0 

cE 0 (y 2-l) .,p .,P 8 
( 2) 

rne 

-- 4-- E 1 v ... 
.,P = V {3 y r = y y2 - l r , y = -- = --=-• {3 = -, (! v I = v z = v ) , 

E 0 yl-{32 c 

I - nonHhllt TOK nyqKa B HMnynbce 1 
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Yo r2¢ __ e __ r2H 

o o 2E o o 
0 c 

WTpHX 0603HaqaeT nH<I>¢epeHUHpoBaHHe no z • qHcneHHO HHTe 

Ha 38M K8K ypaBHeHHe ( 1) 1 B KOTOpOM HaqanhHOe 38MarHHq, 

OTCyTCTBOBano 1 T8K H ypaBHeHHe ( 2) 1 9KBHBaneHTHOe ( 1) 1 HO 

cMaTpHBaeTCH H cnyqatt M .fo 0 o 

.Qng ( 1) 6binH BSHTbi cneny~ume aaqanbHbie naHHbie: E 

r = 11 5 CM H r =- -0 10028o flocnenagg UH¢pa cooTBeTc 
BX / 6/ BX 

HOMY peweHH~ ( 1) nng cnyqag onaoponaoro H o 

PeweaHe (2) BhlnonHSinOCb npH y = 1 Go r 
BX 1 1 BX 

115 

r = D. 
BX 

B KaqecTBe KpHTepHH npHeMneMDCTH Bhl6paaaoro pacnpe 

.liuma~wero MarHHTHoro nonH H (z ) 6bmo npHHHTO ycnoaHe 1 qT 

HHe rp8HifqHOH TpaeKTOpHH DT OCH HHrne He npeBOCXOllHnO 2,: 

HHU8 Me:>Kny r max H r min' 6bma ManoA. 

PesynbT8Thl pacqATOB 

PeweaHe ( 1) H ( 2) c yKasaHHbiMH aaqanhHbiMH naHHbiM 

yK838HHOrO Bb!We Tpe60B8HHH r ( Z ) $. 2, 2 CM npHBOllHT K HeO 

pacnpeneneHH~ H ( z ), KOTopoe Hso6pa*eHo aa pHCo lo 

KoacTpyKTHBHO ynep*HBa~wee none B HH*eKTopaoa qac~ 
/4/ 

K8K H B n11Y -3000 
1 

6yneT C03ll8B8TbCH K8TyWK8MH 1 ycTaHB 

BHyTpH Ka*noro HHllYKTopa, 

0K838nOCh1 qTO npoMe*yTKH Me:>Kny CeKUHHMH 9TOH qac 

B KOTOpbiX H=O, nyqoK npoxonHT, aenonycTHMo pacumpggch. 

C 9THM B npoMe*yTK8X npHWnOCh yCT8HOBHTh KOpOTKHe cone~ 

cnenHHe cywecTBeHHO o6nerqHnH npoaeneaHe nyqKa. 
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( 3) 
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r 2 ¢ - __ e_ r 2 H 
o o 2E o o 

0 

IUTpHX o603HaqaeT AH¢¢epeHUHpOBaHHe no Z • qHCneHHO HHTerpHpOBanHCb 

Ha 3BM K8K ypaBHeHHe ( 1) 1 B KOTOpOM HaqanbHOe 38M8rHHqOfB8HHe nyqKa 

OTCyTCTBOB8nO, T8K H ypaBHeHHe (2), SKBHBaneHTHOe (1), HO 3AeCb pac

cMaTpHBaeTCSI H cnyqaft M .J, 0 • 

,UnH ( 1) 6bmH B3HTbi cneayJOIIlHe HaqanbHbie aaHHbie: E = 809 KSB, 
BX 

r = 1,5 CM H r = -0,0028. nocneAHSISI UH~pa COOTBeTCTByeT qacT-
BX /B/ BX 

HOMY perueHHIO ( 1) anH cnyqaH oaHopoaHoro H . 

PemeHHe ( 2) Bb!llOnHHnocb npH Y = 1 G • r 
BX ~ I • BX 

1,5 CM H 

r = O. 
BX 

B KaqecTBe KpHTepHH npHeMneMoCTH Bbi6paHHoro pacrrpeaeneHHSI yaep-

JKHBBJOIUero MarHHTHoro nonR H (z ) 6bino npHHSITO ycnoBHe, qTo6hi OTKnoHe

HHe rp8HHqHOH TpaeKTOpHH OT OCH HHrae He npeBOCXOAHnO 2,2 CM 1 a pa3-

HHU8 MeJKAY r max H r min' 6bin8 Manoii:. 

Pe3ynhT8Thl pacqATOB 

PemeHHe ( 1) H ( 2) c yKa3aHHhiMH HaqanbHhiMH aaHHhiMH H c yqeToM 

YK838HHOrO Bb!llie Tpe60B8HHSI r ( Z ) :S 2,2 CM npHBOAHT K He06XOAHMOMy 

pacnpeaeneHHJO H ( z ), KOTopoe H3o6paJKeHo Ha pHc. 1. 

KoHcTpyKTHBHO yaep:IKHBaJOIUee none B HHMeKTopHoil qacTH TaK Me, 
/4/ 

K8K H B fll1Y-3000 
1 

6yaeT C03A8B8TbCSI KaTylliK8MH1 ycTaHaBnHBaeMb!MH 

BHyTpH K8:1KAOrO HHAYKTOpa, 

0Ka3anOCb
1 

qTO npoMe:IKyTKH Me:IKAY CeKUHS!MH STOll qaCTH yCKOpHTenH 1 

B KOTOpbiX H =0, nyqoK npoxoAHT, HeaonycTHMO pacruHpSISICb, B CBSI3H 

C STHM B npoMe:IKyTK8X npHIDnOCb ycTaHOBHTb KOpOTKHe coneHOHAbl, no

cneaHHe cymecTBeHHO o6nerqHnH rrpoBeneHHe nyqKa. 
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floJl6op orrTHManbHOro paerrpeJleneHHH none« H ( z ) Kall rrpH peweHHH 

(1), T8K If (2) 6bin CJlenaH JlnH cnyqaH OTeyTeTBHH HaqanbHOr'O 38M8r'HH-

'llf B8HHH ITY'IK8o 

floene 9TOI'O rryTeM B8pbHpOB8HHH *enaeMOr'O 9JlHHeTB9HHOr'O rrapa

MeTpa HeenenoeanHeb norryeTHMble oTKnoHeHHH napaMeTpoe ycKopHTens, 

eoBMeeTHMbl9 e B03MO*HOeTbiO npOB9J19HHH naMHH8pHOr'O ny'IK8 6e3 noTepb 

Ha pa6oqeA qaeTH HMnynbea yeKOpHIOwero HanpH*9HHHo 

nnH o60HX B8pH8HTOB paeq~T8 If 060HX nonyqeHHbiX BapH8HTOB 

H (z ) nonyeKH Ha napaMeTpbl oKaaanHeb 6nH3KHMH1 'ITO HnniOeTpH-
HOM 

pyeTeH T86JIHUeA. 

Ta6nHua 

ciiHHHU8 flpeneJibl H3MeHeHHSI OJlHOr'O napaMeTpa npH 

H3MepeHHH HOMHH8JlbHbiX 3H8'1eHHSIX oeT8JlbHbiX 

BapHaHT A BapHaHT 5 

H % (-7) .. (8) !,5 
y , % ( -6) .. ( ] 6) (-10) .. (-12) 

E BX % (-11)-+ (9) ±.10 .,. % !,28 ±.28 

r BX % !,7 ±.5 

r ~X paJ1H8H ±.0,025 ;t.0,025 

41aKTH'I9eKH9 *e JlOnyeKH 1 KOTOpb19 enenyeT o15eene'IHB8Tb JlJlH 

napaMeTpOB (HMeg B BBJlY 1 'ITO pa60T8 yexopBTenK 15yneT eonpOBO*Jl8TbeH 

OJlHOBpeMeHHO npoBeXOJlHWRMH H3MeHeHHHMB He OJlHOr'01 8 HeCKOJlbKBX RJIB 

na*e acex napaMeTpOB epaay) 1 6yJlyT 6onee *eeTKBMR. l.fTo5bl oueHRTh 

Hx, npoc'IBThiBanea npoueee ycxopeHRK npa aaal5onee eepoKTHOM nponopuao-
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H8JlbHOM H3MeHeHBH I18p8MeTpOB yCKOpHTeJIH1 CBH38HHbiX nHHe 

CHMOeTbiO C H8ITPH*eHReM nBTaiOweA ceTH ( H8ITPH*eHHOCTb M, 

I10nH1 aHeprHH HH*9KUHH B npennono*eHHH OJlHOBpeMeHHOr'O C 

HeHHH TOK8 ny'IK8 no 38KOHY 3/2, H8ITpH*9HHOeTb BHXpeeoro 

rronH). B aTOM enyqae H3MeHeHHe yxaaaHHhiX rrapaMeTpoe ua 

rrpoeo*JlaeTCH B03HHKHOB9HHeM rroTepb. B neAcTBHTenbuoeTH 1 

H ITpOH3BOnbHOe H3M9HeHHe rrapaMeTpOB1 BeJI9J1CTBHe qero JlOIT 

6binH B3HTbl npHMepHO H8 ITOpHJlOK 6onee JKeeTKHMH 1 '19M aTe 

B Ta6nHU9o nHaMeTp ITy'IK8 H8 BepWHHe pa6oqeft '18CTH HMITynJ 

OK83biB89TeH Ha seeM ITpOTH*eHHH yeKOpHTens M8nbiM ( < 5 1 

C ITOMOWbiO peweHHH ( 2) 6bln paceMOTpeH BOITpoe 0 B03 

paaMeweHHH K8T0Jl8 B o6naeTH He p8BHOI'O HyniO 8KeHanbHO-el ... 
MarHHTHoro nons H ( H , 0 

r 
H ). 

" 
Oxaaanoeb, 'ITO rrpH orrTHManbHOM pacnpeneneHHH ynep*: 

H (z ) , rronyqeuuoro B enyqae M .0 , nonyeTHMO H ycxopeHHe n 

nanbHeAwee IlOBbiWeHHe noenenuero H3-38 B03paeT8HHH neHTp 

~eKT8 Tpe6yeT pe3KOI'O yBeJIH'I9HHSI H8ITpH*9HHOCTH yJlep*HI 

H01 K8K noK838Jllf p8C'I~Tbl 1 YJlOBneTBOpHTenbHOe ITpOXO*J19HHe 

ewe B03MO*HO rrpH eoOTBeTeTBYIOllieA KOppeKUHH rroneA 8 JIHH:: 

H 
0 

.. 50 a. 

Bbln Tax*e paeeMoTpeH eonpoe o norryeTHMhiX nponont:.HI 

yJlep*HB8IOWHX eoneHOHJ10B. Oxaaanoeb, 'ITO cMeweHHH B o'leH 

npenenax (oT ;t,10 eM B Raqane H ;t,4 M B KOHUe YCKOpHTena) 

aaMeTHbiX noTept:. nyqxa. 

Paeq~T noxaaan, 'ITO ynep*aRHe TOKOB nyqxa, eywecTae 

HOMHH8JlhHOr'01 He Bbi3biB8eT 38TpyJlH9HBA1 ecnH OJlHOBpeMeHHC 

Bee yJlepJKHB810WBe M8r'RHTHble DOJIH H3MeHHTh DO 38KOHY 

I 
H.H v--, HOMo 

I HoM. 

KOTOpbiA BbiTeKaeT H3 ypaBHeHHA ( 1) H ( 2) o 
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aanbHOM H3MeHeHHH napaMeTpOB yCKOpHTenH 1 CBSI38HHblX nHaeAaol!: 38BH

CHMOCTbiO C H8IlpSI)!{eHHeM IIHT8IOilleA ceTH ( aanpH)!{eHHOCTb MarHHTHOrO 

rronH, aaeprHH HH)!{eKUHH B npe.nrrono*eaHH o.naospeMeaaoro c aeA HaMe

aeHHH TOK8 IIy~K8 IIO 38KOHY 3/2, HanpH)!{eHHOCTb BHXpesoro YCKOpSIIOillero 

nonH). B aTOM cny~ae H3MeaeaHe yKaaaRHbiX rrapaMeTpos aa :!;_5% ae co

rrpoeo)!{llaeTcH soaaHKHOBeaHeM rroTep&. B .neAcTBHTenbHOCTH eoaMO)!{HO 

H npoHaeon&aoe HaMeaeaHe rrapaMeTpos, ecne.ncTsHe ~ero .norrycKH aaMH 

6binH B3S!Tbl npHM9pHO H8 IIOpS!llOK 6onee JKeCTKHMH, ~eM aTO yK838HO 

B Ta6nHue. nHaMeTp ny~Ka H8 BepWHHe pa6o~eA ~8CTH HMIIynbC8 IIpH aTOM 

OK83biB8eTCSI H8 BCeM IIpOTH)!{eHHH yCKOpHTenH ManbiM ( < 5 CM) • 

C flOMOWbiO peweHHSI ( 2) 6bin paCCMOTpeH BOil poe 0 B03MO)!{HOCTH 

paaMemeHHH KaTo.na B o6nacTH ae pasaoro ayn10 aKcHan&ao-cHMMeTpH~Horo 
... 

MarHHTHoro nonH H H r 1 0 H ). ., 
0Kaaanoc&, ~To npH onTHMan&HOM pacnpe.neneHHH y.nep)!{HBBIOWero 

H (z ) , nony~eaaoro B cny~ae M .0 , .nonycTHMO H ycKopeHHe npH H 0 ~ 30 a. 

nan&HeAwee IIOBbJWeRHe nocne,naero H3-38 B03paCT8HHSI ueHTpo6e)!{HOrO 

a4JcpeKTa Tpe6yeT peaKoro ysenH~eMHH aanpH)!{eaaocTH y.nep)!{HBaiOwero nonH, 

ao, KaK noKaaanH pac~~Tbi1 y.nosneTBOpHTen&aoe npoxo*.neaHe ny~Ka ace 

ewe B03MO)!{H0 npH COOTBeTCTBYIOlllel!: KOppeKUHH nonel!: B nHH38X H npH 

H 
0 

.. 50 a. 

Obin TBK*e paccMoTpeH sonpoc o .nonycTHMbiX npo.non&HbiX cMeweaHHX 

y,nep)!{HB810WHX coneHOHllOBo 0KaaanOCb1 ~TO CMeWeHHSI B o~eHb WHpOKHX 

npe,nenax ( OT :!;_10 CM B H8~ane H :!:_4 M B KOHUe ycKOpHTensl) He Bbl3b!B810T 

aaMeTHbiX noTepb ny~Ka. 

Pac~~T IIOKa3an
1 
~TO y,nep)!{8HHe TOKOB ny~K81 cymeCTBeHHO MeHbWHX 

HOMHH8nbHOr0
1 

He Bbl3biB8eT 38Tpy,nHeHHA1 ecnH OllHOBpeMeHHO C TOKOM 

Bee y,nep)!{HB8101llHe MarHHTHhle nonS! H3MeHSITb no 38KOHY 

I 
H-H v--, HOM. 

IaoM. 

KOTOpbiA BbiTeKaeT H3 ypaBH9HBA ( 1) H ( 2) • 

7 
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3 a K n ro q e H H e 

OcHOBHOH pe3ynhTBT OITHCaHHhlX BhllliB pacq~TOB COCTOHT B TOM, 

0
, ecnn rryqoK B JHIY naMHHapeH, TO ero ynep:lKaHHe so apeMH cnenoaa

SI: pa6oqeA qaCTH HMDynhCB C ITOMOT.UhiD BKCHBnhHO-CHMMBTpHqHblX MBr

THb!X rroneA nPrKO OCYlliBCTBHMO, llonyCKH HB napaMeTpbl yCKOpHTenH 
/5/ 

a
3

hmaroTCSI: HB :lKBCTKHMH. B noKa3aHo, qTo noTepH naMHHBpHoro 

qKB HB ¢pOHTB H cnane HMDynhCa TBK:lKB MO:lKHO CBBCTH no nonyCTHMOrO 

oBHSI:o non:lKHbiM o6pa30M c¢opMHpoBaB HMnynbC HH:lKBKTHpyeMb!X nyrnKOH 

eKTpOHOBo 

B neACTBHTeryhHOCTH nyqoK MO:lKBT OKB3aTbCSI: He naMHHapHbiM, 

9
ToM cnyqae B03HHKHYT noTe pH 6onbrnHe, qeM 3necb ~ npencKa3hiBaeTcH, 

09TOMY B ycKOpHTene npenycMaTpHBaiDTCSI: Mepbl nnH nonyqeHHSI: ITOTOKa 

eKTpOHOB B rryqKe, 6nH3KOrO K naMnHapHOMy, 
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