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B paapa6oTaHHblX OKOno 10 neT TOMY Haaaa npoeKTaX 

nepBblX M83OHHblX cpa6pliK 1 ITOCTeITeHHO BBOllllMblX C9ll'I8C B 

B aeiiCTBtte,· M8KCHManhHbie HHTeHCHBHOCTH ycKopeHHblX 

ny'IKOB npoToHoB · c sa~pr1rnMtt 500➔ 800 MsB orpa11011ttBanttch 

aua'leHttSIMtt 0, 1 · ➔ 1,0 MA. B nocneaHue roab1, oaHaKo, ue 

TOnbKO 6onee '18TKO BblSIBttnttCh 8KTyanhHble cptt3ll'I0CK!Ie 

nporpaMMbI (uccneaoBaHttSI c ueiiTpttHo, uayqeHtte peaKux 

siaepHblX npouecCOB C M03OH8MH, urpa10umx npttHUHITttanhHYIO 

ponh B !pll3l1Ke sneMeHTapHblX '18CTHU ll T.a.) 1 Ho, 'ITO, no

Bllll!IMOMY 6onee _Ba)l<HO, BblKp!ICTannuaupoBanttCh o6umpHbie 

KOMnneKCbl O'18Hh KPYITHblX aaaaq npIIKnaaaoro xapaKTepa, 

ansi ycneti:IHOI'O ocymeCTBneHHSI KOTOpblX He06XOllllMbl HHTeH

C!IBHOCTH nepB!I'IHblX ny'IKOB npOTOHOB "' 10 ➔ 100. MA nptt 

8HeprttSIX '18CTHU B HeCKOnhKO COT MsB (nonyqeaue B Kpyn

HblX npOMbl11IneHHblX M8CJIITa6ax paantt'IHblX paauoaKTHBHblX 

H3OTOITOB, coaaauue BblCOKOHHTeHCHBHblX nopTaTttBHblX cpOTO

HeiiTPOHHhlX HCTO'IHHKOB, Hapa60TKa siaepHO~O rop0qer~ 
2asu 232 Th ) · ll3 !I !I T.ll. • 

B CBSI3ll C 8THM nepea Cil8UttanttCT8Mll B o6naCTH 

ycKopuTeneii BCTana npo6neMa KaK tt3bICKaHe:sr ·Bo3MO:>KHbIX 

MeTOllOB nony11eHHSI T8KHX ny'IKOB, TaK II paapa60TKH 

npoeKTOB_ ycKOpttTenhHblX ycTaHOBOK C MOIUHOCThlO B aecSITKH 

MeraBaTT. 

Ecntt onyCTHTh paCCMOTpeHtte MeTOllOB yCKOpeHttg, 38pSI

:>K8HHblX '18CTHU C ITOMOIUhJO. ~rneKTpOMaf'HHTHblX noneii crycT

KOB 8THX me· unir apyrux '18CTHU, KOTOpbie, ITO-BllllllMOMY 1 

B 6nI1:>K8ll11I~e ~peMSI BpSill nll yaacTCSI HCITOnh3OB8Tb ana 
nony'leHHSI CBepXMOIUHblX ny'IKOB, TO OCTaeTCSI npoBeCTll 

.-'' 
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aHaml:3 B03M0)KH0CTeH .llBYX 0CH0BHbIX TIIII0B ycKOpIITene:ii 

penSITIIBIICTCK0ro II30Xp0HH0ro UIIKno-rpoHa II nIIH8HHoro 

ycK0PIITeng. 

Heo6xomIMO c .uocTaT0'lH0 6onbllIOH BepoSITH0CTblO onpe

.uenIITb, KaKOH TIIII ycKopIITeng HaII6onee II0.UX0.UIIT KaK 

C IIpIIHUIIIIIIanbH0H, TaK II C npaKTII'leCK0H ( K.n • .u., 

9KCIInyaT8UII0HHaSI Ha,ll8)KH0CTb II .up.) T0'leK 3peHIISI nng 

.uanbH8Hlllero pa3BIITHSI Me30HHbIX ¢a6pIIK B HanpaaneHIIII 

nony11eHIISI CBepxcIInbH0T0'lHbIX IIy'lK0B aapg)KeHHbIX 'laCTIIU 

HenpepbIBHoro ne:iiCTBIISI. 

Jla6opaTopIISI SI.UepHbIX npo6neM Ol1Hl1 B Te'leHIIe nocnen

Hero .ll8CSITIIneTIISI aeneT Hay'lH0-IICCnenoBaTenbCKYIO pa6oTy 

no CIInbH0T0'lHblM UIIKnII'leCKIIM yCKOpIITenSIM Ha 9HeprIIIO 

700 f- 900 M9B. 

B HaCTOSIUieM coo6meHIIH Kp8TKO nepe11IIcneHbl OCHOBHbie 

TeopeTII'leCKIIe II 9KCIIepIIM8HTanbHbie peaynbTaTbl H Bb!BO.llbl 

II3 9TIIX IICCne.uoBaHIIH. DaIOTCSI TaK)Ke HeKOTOpbie cpaBHe

HIISI c peaynbTaTaMII _pgna pa6oT c o6naCTII nIIH8HHbIX 

ycKopIITene:ii. 

OcHOBHbIM peaynbTaTOM Bb!IlOnHeHHbIX K HaCTOSIUieMy 

BpeMeHII B Jla6opaTOPIIII Hay'lH0-IICCne.uOBaTenbCKHX pa6oT. 

SIBnSieTCSI BblB0.ll 06 0TCyTCTBIIH npHHUHIIHanbHbIX orpaHH'le

HIIH nng C03,llaHIISI Ha OCH0Be penSITHBIICTCKOro KOnbueaoro 

UIIKn0TpOHa C )KeCTKOH ¢oKyCIIpOBCKOH ycK0PIITenbHOH ycTa

HOBKH nnn ycKopeHIISI npoTOHOB no 9HeprIIII 700 ➔ 800 M9B 

c IIHTeHCIIBHOCTblO BbIBe.UeHHoro ny'lKa BIIn0Tb no 100 MA. 

flpIIBeneHbl 0CHOBHbie npoeKTHbie napaMeTpbl TaKoro 

ycKOpIITeng - cynepUIIKnoTpoHa. 

l13B8CTHO, 'ITO HaII60nbllIIIe TOKII ycKopeHHbIX rry'lK0B 

rrony11eHbI Ha ycKopIITennx c HenpepbIJ3HbIM pe)KIIMOM 

pa60Tbl - UIIKnoTpoHaX II C0CTaBnHIOT npII ManbIX 9HeprIIHX 

oKono 2 ➔ 5 MA. DanbHettUiee yaenII11eHIIe IIHTeHCIIBHOCTII 

B UIIKnoTpoHe C lll-o6pa3Hb!M MarHIITOM HaTanKHBaeTCSI Ha 

IIpIIHUIIIIIIanbHbie orpaHII'leHIIH, K0TOpbie CBH3aHbl C 9¢¢eKTa

MII npocTpaHCTBeHHoro aapgna ny11Ka, a yaenII11eHne 9Hep

rIIH npu coxpaHeHIIII H30Xp0HII3Ma - Ha Heo6XO.UHMOCTb 

BB8.llBHIIH napaMeTpII'leCKO~ yCTOH'lHBOCTH aKCIIanbHhIX 

Kone6aHIItt. 

DnSI ocna6neHHSI 9THX orpaHH'leHIIH B Jia6opaTopnII 

MepHhIX rrpo6neM Ol1.Hl1 B 1962 rony 6hm rrpenno)KeH HOBhIH 
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THII YCK0PHTeng ~ K0nbUeBOH UHKn0Tp0H C )KeCTKOH ¢oKy

CHp0BKOH /l/ , nng K0T0poro TeopeTH'leCKH, a 3aTeM. 

9KCIIepHMeHTanbH0/2/ 6bma .llOKa3aHa B03M0)KH0CTb COBMe

meHHSI H30XpOHH0CTH 3aMKHYTbIX op6HT H )K8CTKOH ¢oKyCH

p0BKH B llIHp0KOM · .unanaaoae 9HeprHH, a' TBK)Ke B03MO)KHOCTb 

.U0CTH)KeHHH Heo6XOllHMOH _nnoTH0CTH qaCTHU a ycKopSieMOM 

crycTKe. 

OcHOBHhie peaynbTaTbl TeopeTH'leCKHX nccne.uoaaHHH 

CBOllSITCSI K cne.tiy10meMy / 3/ • B MarHHTHbIX nonSIX Bll.llff 

Bz = B(r) [1 + f F (r, ¢)} , (1) 

(rne f -rny6IIHa BapnauIIH nonSI, F(r, ¢) - nepII0.llII:qecKaSI 

¢yHKlmSI r II ¢ ) , .UIIHaMIIKa .llBII)KeHHH qacTHU cymecTBeHHO 

0TnII11aeTCg OT .llBH)KeHIISI B a3HMyTallbH0-CIIMMeTpII'lHblX 

nonSix. OCHOBHblMII 0Tnii'lIISIMII HBnSIIOTCSI: 

a) yaenII'leHne nonycTIIMott 9HeprIIII nonepe'lHbIX KOne-
6aHIIH IIpH ¢HKCIIpOBaHHOH aMnnIITyne (yaenII'leHHe )KeCTKO

CTH) ; 

6) ynnoTHeHIIe liMIIynbC0B YCK0pSieMhIX 'laCTIIU, K0Topoe 

CB0llIITCSI K yaenH'leHHIO .UIIana30Ha 3Ha'l8Hlill liMIIynbca 

a aanaHHOM o6beMe MarHIITHoro nong; 

a) ocna6neaire can3II Me)K.uy nepironoM o6pameairn 11acTiru 

Ha 3aMKHyThIX op6irTaX H ycn0BIISIMH yCT0H'lHBOCTH. 

3TH TeopeTII'leCKIIe BhlBO.llhl 6binH II0llTBep)KJleHbl Ha ABYX 

MO.llengx H30Xp0HHoro UHKnOTp0Ha co CIIHpanhHOH CTPYKTypou 

MarH!iTH0ro nongX/, IIOCTp0eHHblX B J1a6opaTOplrn. 

Ha nepaou MonenII, HMe10me:ii aepaape3HhIH non10ca Mar"." 

HIITa C yno)KeHHhlMH Ha HIIX CIIHpanbHhIMH UIIIMM8Mli 6hma 

9KCIIepirMeHTanbHO 110.llTBep)K,lleHa B03MO)KH0CTb UHKn0TPOH

H0ro ycKopeHHH 'laCTIIU 6e3 IIOTepb B Te'leHire 6onee 'leM 

2000 o6opoToa. 

xi 
B o60IIX cnyqagx HCIIOnb30Banacb CIIIIpanbHaSI CTpyK-

Typa MarHirTHoro nong, coa.uaaaeMaSI nII6o CIIIIpanbHOH ¢op

MhI )Kene3HhlMII llIHMMBMII,yn0)KBHHhlMH Ha non10ca, nII6o 

T0KOBhIMll 06MOTK8MII, . HO Bcerna IIMeIOUIHMH cpopMy cnirpa

nH ApxHMena r=Nrf}{, Bz<r,¢)=B(r)[l+E:sin(r/i\'.'-N¢)], (r 
panHyc, N - 'lIIcno cnirpane:ii, 21rJc - ·war cnIIpanH; r_ , ¢ , z -

K0op.u1rnaTbl B UIInHHllPir'leCK0H CHCTeMe) • 
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BTopaSI MO]lenb - CeKTOpHblll KOnbuesoil: aneKTpOHHhlll 
UHKnOTpOH C meCTKOil: ¢oKyCHpOBKOll npeJlHB3Haqanacb ]lnSI 
8KCnepHMeHTanbHOll nposepKH BnHSIHHSI a¢¢eKTOB nonepeq
Horo npocTpaHCTBeHHoro aapSIJla, KOTophie no cospeMeHHhIM 
npeJlCTasneHHSIM SIBnSIIOTCSI OCHOBHhlM ¢aKTOpOM, orpaHH
qusaJOWHM nnoTHOCTb aapSimeHHhlX qacTHU B yCKOpSieMOM 
crycTKe. 

CooTseTCTsy10maSI 38Jl8HHOMY cpeJlH8MY TOKY J B UH-
KnOTPOHe nnoTHOCTb npocTpaHCTBeHHoro aapSIJla (K) npu 
annunTuqecKOM nonepeqHoM ceqeHHH crycTKa u paBHOMep

HOM pacnpeJlenemrn nnoTHOCTH onpeJlenSieTcSI ua Bhipame
HHSI / 4 / 

SJ 
K = 

ec/\r /\z A¢• /3 
(2} 

r]le !\ r , A z , A¢ - paJluanbHhlil:, aKcuanbHhiil: u aauMyTanb
Hhiil: pa3Mepbl cryCTKf.l npu npocTpaHCTB8HHO paa]leneHHhlX 

no paJlttycy crycTKax, qTo B KOnbUeBbIX npOTOHHhlX UHKno-
TpoHaX o6bJqHo HMeeT MeCTO npu HHXmKUHH, f3 -OTHOCH-
Ten~HaSI CKOpOCTb qacTHU. Ecnu JlnSI oueHKH BenuqHHhl K. 

I 
npu aHepruu HHmeKUHH_ B03bMeM 

!\ = !\ = l 4 CM" f Z I I /). ¢ = 1 pall (t. 30 ° ) ; 

J = 100 MA; /3i= 0,314 (Wi = 50 MaB), 

TO Hail:aeM, qTo Ki = 2,7-10 8 CM-3 s MOMeHT HHmeKUHH. 
YMeHhllieHue qacTOTbl aKcttanbHhIX Kone6aHufi ua-aa 

a¢¢eKTa "nonepeqHoro" npocTpaHCTBeHHoro aapSilla MOJKHO 
Hail:TH H3 BhlpameHHH 

Q !o.:. <t; = 
2 417•fp• foo• K 

y3 

!\r 

!\r+!\z 
(3) 

rae rp -KnaccuqecKuil: paauyc ycKopSieMoil: qacTHUhl, 
C . 

r 
00 

= -·--, f0 -qacToTa o6pameHHSI crycTKa. 
211° f 0 

Ecnu llnSI oueHKH aonyCTHMOll senuqHHhl nnoTHOCTH 

(K.o.on. ) npuHSITb Qz0 = 1,4; Qz = 1,1; fo = 6,2 Mfu; 
Yi = r,05; r p = I ,535.10 -lG CM ( npOTOH), TO Hail:l{eM 
K JI.OU = 1,52•10 9 CM -3 
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Ecnu pamrnnbHble 9MHTTaHCbI, COOTBeTCTByJOmHe 
nocneaosaTenbHhIM o6opoTaM crycTKOB, nepeKphrna10TcSI, To 
s ¢opMyne (2) B KaqecTse !\r 6epeTCSI pa.rlllanbHhlii 111ar 

-. roo eVP . 
aa o6opoT (!\r = --· E , yMHomeHHhIH Ha 4/rr, as ¢op-

{3y3 0 !\ r· 
Myne ( 3) COMHOmHTenb !\r + !\ z = 1 • _B 9TOM cnyqae 

lWSI KOHeqHoil: 9HeprHH npoTOHOB 800 MaB npu Ha6ope aa 
o6opoT 2 MaB ua (2), (3) nony11uM KK = 3,62•10 8 cM·-3 ; 
K JI.OTT = 4, 17 • 10 g CM - 3 • . . 

3TH oueHKH ·noKa3bIB8IOT, 'ITO TOKH npoTOHOB B COTHH 
MunnuaMnep aocTura10T npu aHa11eHHSIX Qz s JlHanaaoHe 
1,4 ➔ 1,8' KOTOpble 06ecne11usa10TCSI CeKTOpHOii . CTpyKTypoil: 
KOnbuesoil: MarHHTHOll CHCTeMhI, H B JlanbHeil:meM ysenu11e
HHH meCTKOCTH CHCTeMbl HeT He06XOJlHMOCTH. Y11e:r a¢¢eK
TOB OTpameHHll H BnHSIHHe coce]lHHX cryCTKOB ny11Ka H3Me

HSIIOT 9TH peaynbTaTbl HecymecTseHHO. 
KpuTepHeM no]lo6HSI JlnSI a¢¢eKTa 'nonepe11aoro" npo

CTpacTseaHoro aapSIJla npu ero uccneJlOBaHHH Ha aneKTpoH
HOM uuKnoTpoHe Ha KOHe'IHhIX paJlnycax, rae oTcy:rcTsyeT 
paa]leneHue · op6uT, 6yJleT sb1pameHue 

JP VP· f P 
(4) -- = , 

Je v. 
e fe 

r]le JP, • J e - cpellHHll TOK npoTOHOB H aneKTpoaos; VP • 
f P H Ve , f e - Ha6op aHeprHH aa o6opoT H 11acT0Ta o6pa

meausi ]lnSI npoTOHOB H aneKTpOHOB, COOTBeTCTBeHHO. 
Ha aneKTpOHHOM UHKnoTpOHe C meCTKOll ¢oKycupOBKOll. 

6hin JlOCTHrHyT TOK. 1 MA npu eV~ = 1,8 K9B, fe = 40 Mru 
H nnoTHOCTH K = 4•10 7 CM-3 15/ • B npoTOHHbIX ycKo-

puTensix, ecnu npHHSITb fp = 6 Mfu, eVp = 2 MaB, To, 
KaK 9TO cneayeT us (4), soaMomao nonyqeHHe TOKOB 
snnOTb JlO 200 to 300 MA 6es orpaHH'leHHSI no a¢¢eKTY 
"nonepe11aoro" npocTpaHCTBeHHoro aapSIJla. 

TipeJlenhHaSI HHTeHCHBHOCTb ny11Ka Macm:ra6a 100 MA 
npu 9HeprHH llO 1 raB npHBOJlHT K nosisneHHIO PSIJla npo-
6neM cneun¢u11ecKoro xapaKTepa. K qucny TaKHX npo6neM 
s nepsy10 oqepeJlb OTHOCHTCSI sa]la11a cTonpoueHTHoro BhIBO
Jla ycKopeHHOI'O ny'IKa H3 KaMepbl UHKnOTpoaa, TaK KaK 
MOWHOCTb TIY'IKa JlOCTttraeT COTHH MerasaTT. 
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BcneACTBHe Toro, 'ITO HH OAHa HS npHMeHSieMbIX Ha UH

KnOTpOHaX B HBCTOSilllee apeMSI CHCTeM BblBOAa ny'IKa He 

Morna o6ecne'IHTb 100%-HbIH BbIBOA YCKOpeHHbIX qaCTHU, 

aonpoc 06 HCnOnbSOBBHHH TaKHX UHKnH'leCKHX ycKOPHTenefi 

Aonroe apeMSI ocTaaancsi npo5neMaTH'IHhlM H npeA-

notITeHHe OTAaaanocb nHHeHHbIM ycKOPHTensiM. B 1963 rOAY 

B Ka'leCT~e OAHOrO HS aapuaHTOB peweHHSI npo6neMbl Bbl

BOAa 5bmo npeAno)Ke/o cosAaHHe cneuuanhHOro Tuna 

UHKnoTpoHa (EOC) /G , B KOTopoM coceAHHe op5HTbI ao 

BCeM ycKOpHTene pasAeneHbl no paAHYCY Ha TaKoe. paCCTOSI

HHe, 'ITO Me)KAY HHMH MO)KHQ nocTaBHTb o6bI'IHylO OTKnOHSIIO

lllYIO BbIBOAHylO CHCTeMy. TaKoe pasAeneHHe op6HT AOCTH

ranocb yaenuqeHHeM Ha6opa aHeprHH aa o5opoT AO 

30 ➔ 60 MaB H, COOTBeTCTBeHHO, cymecTBeHHbIM yaenH'le

HH8M BhlCOKO'laCTOTHOH MOlllHOCTH YCKOpHTenSI AO 40~60 MrBT. 

HccneAOBaHHSI no aTOMy npeAnO)KeHHIO npOBOAHnHCb B 

HeCKOnbKHX na6opaTopHSIX CIIIA, KaHaAbI .. H AHrnHH B Teqe

HHe PSlll8 neT, HO KOHKpeTHoro npoeKTa He nOSIBHnOCb. 

B 1972 rOAY B na5opaTopHH SIAepHbIX npo6neM 6binO 

o6Hapy)KeHO HOBOe <pHSH'IeCKOe sraneHHe - a¢¢eKT paCWHpe

HHSI SaMKHyToii op6HTbl, KOTOpblH nposransieTcsr TOnbKO Sa 

cqeT onpeAeneHHoro HSMeHeHHsr (BAOnb paAHyca UHKnoTpo

Ha) <pOpMbl MarHHTHoro nonsr CnHpanbHO-C8KTOpHOH CTpyK

Typbl / 7 / • AiianHTH'leCKHe H 'IHCneHHbie pac'leTbl noKa

sanH, 'ITO npH THnH'IHblX napaMeTpax CeKTOpHoro HSOXpOH

Horo UHKnOTpOHa B pesynhTaTe A8HCTBHSI AOnonHHTenbHOro, 

npocTpaHCTBeHHO HSM8HSIIOlllerocsr MarHHTHOro nonsr B 06-

naCTH BbIBOAa coceAHHe op5HTbl. qacTHU pasAensrlOTCSI TOnh

KO B 3TOH o6naCTH Ha Heo6XOAHMYIO aenH'IHHY (HeCKOnhKO 

caHTHMeTpOB BMeCTO AOneft MHnnHMeTpa a o6naCTH ycKo

peHHsr). 3qi¢8KT OCHOBaH Ha cymeCTBeHHOH SaBHCHMOCTH 

· p dL 
KOa<pq>HUHeHTa pacwupeHHSI SaMKHyTbIX op5HT (- --) 

L dp 
OT HSMeHeHHSI aMnnHTYAbl OCHOBHOH rapMOHHKH MarHHTHoro 

nonsr, rAe L -AnHHa saMKHyTofi op6HTbI. B MarHHTHbIX 

nonsix THna ( 1 ) cpeAHHH paAHYC SaMKHyTOH op6H.Tbl (r) 
Ansr 'laCTHUbl HMnynhca p HaXOAHTCSI HS Bbipa)KeHHSI 

p,;,eB•r•.\. (5) 

·a 

I 
:, 

TTapaMeTp A 

2rr 
onpeAensreTcsr nepHOAH'lecKofi (c nepHo

AOM N ) 'laCThlO cTpyKTypbI MarHHTHoro nonsr (1) H B 

nepBOM IIpH5nH)K8HHH HMeeT BHA/ 7 / • 

1 J 1 3 BN 2 r ~ dBN 
A=~+. --'+ -(--=-) + --· - 2 --1 , 

~ 4 ·4N2 B 2N 2 B dr r= r 
(6) 

rAe N -'IHCno ceKTOpOB MarHHTHOH CHCT8MbI, B -cpeAHee 

MarHHTHOe none, BN-aMnnHTyAa OCHOBHOH rapMOHHKH. 

Hs ( 6) cneAyeT, 'ITO npH BbmonHeHHH HepaaeHCTBa 
F dBN . . 

1, 5+ ~ 7;- ~ 0 HMeeT MeCTO yMeHbWeHHe n~paMeTpa 

A H acne,llCTBHe aToro paCWHp8HH8 S8MKHyTOH op5HTbl 

IIPH HeSHa'IHTenhHOM HS~eHeHHH rny6HHbl B8PH8UHH, no-

CKOnbKY KOa<p<pHUHeHT pacwHpeHHSI a o6meM cnyqae HMeeT 

BHA 

p dL r dB r dA _, 
a=--=[1+--+--J 

L dp B dr A dr 
(7) 

Hs Bbipa)KeHHH (6), (7) cneAyeT, 'ITO npH THnH'IHbIX 

napaMeTpax ceKTOpHbIX HSOXpOHHbIX UHKnOTpOHOB, B CTa

THCTH'leCKOM pe)KHMe aHepreTH'leCKOe pasneneHHe S8MKHy

TbIX op6HT yaenH~maaeTcsr a 20➔50 pas. C rioMOlllhlO. 'IHC_: 

ne-HHbIX. paC'leTOB 6bm HCCneAOBaH AHHaMH'JeCKHH pe)KHM 

aToro aqiqieKTa. Bbmo noKaSaHO, 'ITO npH onpeAeneHHbIX 

AonycKax Ha saKOH HSMeHeHHsr aapHaUHH, aMHTTaHCbI ny'IKa 

He IicKa)KalOTCSI H coxpaHsreTcsi yaenH'leHHe aHepreTH'lec~o

ro wara op6HTbI a 20t-50 pas. PasAeneHHe aa HeCKonhKO 

caHTHMeTpoa op6HTbI a o6nacTH ·:ai,rnoAa noaaonsiroT Hcnonb

soaaTb o6bI'IHbIH MarHHTHbIH KaHan c qieppoMarHHTHOH ne

pe,llHeH CTeHKOH An.SI OTKnOHeHHSI 100% qaCTIIU c· n:ocneAH8lf 
op6HTbI. . . . , 

Cneu11anhHbIH SaKOH YM8HbW8H~.SI rny6HHbI aapHaUHH 

MarHHTHoro nonsr a o6nacTH B:bIBOAa BOSMO)KHO peanHSOBSTb 
. . . -,_;' .. , .. ' 

c noMOlllblO AOnonHHTenbHbIX TOKOBbIX o6MOTOK . a nro60M 

HSOXPOHHOM UHKnOTpOHe C ceKTOpHofi·cTpyKTypoft OCHOBHOro 

MarHHTHoro noi.SI. · 
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PHc. 1. O6lllHH BHA &neKTP0HH0I'0 K0llbU8B0I'0 UHKn0Tp0Ha 

C )K8CTKOH q>OKyCHpOBKOH. 

LlnH 3KCnepHM8HTallbH0H npoeepKH cymecTB0BaHHH 3q>

q>8KTa paCWHp8HHH op6HT 6bm HCnonb30BaH aneKTp0HHblH 

K0nbU8BOH UHKnoTp0H C )K8CTKOH q>OKYCHpOBKOH, A8HCTByro

lllHH c 1967 I'0Aa a na6opaTOpHH MepHbIX npo6neM. O6lllHH 

BHA ycTaH0BKH noKa3aH Ha pHC. 1. Bb1n npoeei:teH qHcneH

HblH pacqeT 3q>q>eKTa paCWHpeHHH op6HT npH napaMeTpax 

aneKTP0HH0I'0 UHKnoTp0Ha. Ha pHC. 2 npHB8A8Hbl pesym,

TaTbl 3T0I'0 pacqeTa. B BepxHeH qaCTH pHCYHKa H306pa)Ke

Ha op6HTa B o6naCTH YM8HbW8HHH rny6HHbl eapHaUHH. 

BHAHO, qTo B reqeHHe o6opoTa cpeAHHH paAHYC 3aMKHYTOH 

op6HTbl yeenHqHeaeTCH npHMepH0 Ha 3 CM. B Hff)KH8H 

qaCTH noKa3aHbl aKCHanbHbie KOne6aHHH. KaK BRAH0, qac

T0Ta aKCHallbHbIX KOne6aHHH yeenHqHeaeTCH H83HaqHTenbH0, 

6naro.napH cneuHanbH0 BbI6paHHOMY 3aK0Hy H3M8H8HHH q>a3bl 

BapHaUHH B o6naCTH paCWHp8HHH. 

Ha aneKTP0HH0M URKn0Tp0He 6bma ycTaHoeneaa B 30He 

KOH8'1HbIX pai:tHYCOB .nononH0:TenbHaH T0K0Ba£1 o6MOTKa, 
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Puc. 3. Ilomoca aneKTpoMarHHTa aneKTpoHHofi Moaenu 
C o6MOTKOH ang yMeHbweang BapnaUHH BJlOnb paanyca. 

06ecne'IHBa10mag He06XOJlHMblH aaKOH BapnaUHH Mal"HHTHOI"O 
nong, a He ncKa)l{aromag cpeaHee none. Ha pnc. 3 npnaeaeH 
o6mnfi BHJl aneKTpOHHOI"O UHKnOTpoaa a paao6paHHOM 
COCTOgHHH. Ha OJlHOH H3 KpbIWeK KaMepbI BHJlHbl Ha KOHe'I
HblX paanycax aononHHTenhHbie o6MOTKH. Ha pnc. 4 nao-
6pa)l{eHbI cxeMaTH'leCKH 9TH o6MOTKH, a TaK)l{e aaBHCHMOCTH 
cpeaHero nong H(r) H rny6HHbI aapnaunn H8 (r) OT panny
ca npn JleHCTBHH aononHHTenhHbIX o6MOTOK (cnnoWHOH 

nHHHefi). 
Ilocne aanycKa ycKopnTeng B cepennae 1974 rona 

9KcnepnMeHTanbHO aa6nroaanocb pacwnpeane op6HTbI /s/ . 
Oaaa op6nTa aneKTPOHOB npH BKnIO'l8HHH aononHHTenhHOH 
o6MOTKH OT,llengnacb OT ocTanhHOI"O cnnoWHOI"O crycTKa 
npHMepHO Ha 3 CM. Ha pnc. 5 noKaSaHa SaBHCHMOCTb TOKa 
oT paauyca npn pacwnpeHHOH op6nTe, a TaK)l{e aepTHKanb
Hbiii paaMep ny'IKa ao H nocne pacwnpeaug op6HTbl. TaK 
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KaK paCIIIHpeHHe npOHCXOAHT B Te'!eHHe OAHOro o6opoTa, 

TO CABHr cpaShI, HeHs6e)KffblH B 3TOM npouecce, He Hapyllla

eT ycKopeHHH. TaKHM o6paSOM,nHKBHAHpOBaHO nocnenHee 

npHHUHilHanhHOe orpaHHqeHHe HCnonhSOB8HHH ycKOpHTeneii 

C HenpepblBHblM pe)KHMOM pa60Tbl (pengTHBHCTCKHX KOflb

ueBhIX UHKnOTpOJIOB) nng nony<JeHHH CBepXCHnbHOTO'!HbIX 

ny'IKOB npoToHoB c aaeprHeii 700 t- 800 MaB. 

Cnenyromeii BeCbMa Ba*Hoii npo6neMofi nng TaKIIX cHnh

HOTO'!HhIX ycKOpHTeneii 6yneT HBnHTbCH nonyqeime MaKCH

ManbHoro K03lplpHUHeHTa nonesaoro neiiCTBIIH. TTpH MOIUHO

CTHX B ycKopeHHOM ny'!Ke, COCTaBnHIOIUHX 50 ➔ 80 MrBT, 

3TOT K03lplpHUIIeHT 6yneT uenHKOM onpenenHTbCH BbICOKO

'laCTOTHOH _MOIUHOCTbIO, BKnaAhl )Ke Bcex OCTanhHbIX 

aHepreTn'leCKHX cncTeM (MarHnT, BaKyyMHaH cncTeMa n 

np.) npeae6pe*HMO ManhI. Koacpcpnu1IeHT nonesHoro 

neiiCTBIIH COBpeMeHHblX naMilOBbIX reHepaTopoB B IIHTe

pecyromeM Hae AHanasoHe qacToT cocTaBnHeT 70➔75% / 9 I • 
Bb1coKo<JaCTOTHhie noTepn B pesoaaTopax npH aMnn1ITyne 

ycKopHIOIUero Hanpg)KeHIIH 250¼500 KB He npeBhllllaIOT 

75 t- 300 KBT, T.e. OHH naroT OTHOCHTenhHO ManhIH. BKnan 

B o6IUHH K.n.n. TaKHM o6paSOM, K.n.n. KOnbUeBoro 

II30XpOHHOro UHKnOTpoaa C )KeCTKOH cpOKYCHpOBKOH non)KeH 

6hITb 6nHSOK K K.n.n. BbICOKO'l8CTOTHOrO reHepaTopa 

H COCTaBnHTb 60 t- 70%. 
PaCCMOTplIM Tenepb KpaTKO BOSMO)KHOCTH ncnonbS_OBa

HHH nng nonyqeHHH aHanorn'IHhIX napaMeTpoB ycKopeHHoro 

nyqKa npoTOHOB nnaeiiHbIX yCKOPIITeneii HenpepbIBHoro 

neiiCTBirn. 11sBeCTHO, qTo ny'IllIJie n1IHeHHbie npoTOHHhle 

YCKOpHTenn y)Ke B HaCTOHIUee BpeMH HMeIOT HMnynbCHble 

TOKH no 200 MA /lO / • OnHaKO np1IHUIIIl1IanbHOH oco6eH

HOCTblO n1IHeiiaoro ycKopnTeng HBnHeTCH TO, 'ITO ycKopgro

IUaH CIICTeMa ncnonbsyeTcg nng ycKopeHIIH naHHoro crycTKa 

OAHH pas, a He COTHII pas, KaK B UHKnn'!eCK0M ycKopnTene. 

3To HeHS6e)KHO npHBOAHT K peSKOMY yBenn'leHHIO MOIUHO

CTH noTepb, KOTOpbie y TaKHX ycKOpHTeneii COCTaBnHIOT 

40 - 50 'MrBT B 1IMnynhce /11/ . TTpn HenpephIBHOM pe

*IIMe · pa6oThI TaKne MOIUHOCTH noTeph cymecTBeHHO cKa

*YTCH Ha K.TT.ll. BCeii ycTaHOBKIIo 

KpoMe Toro, Heo6XOAIIMO HMeTb O'leHb KOpOTKHe HMilyllbCbl 

( == 0,07 HC) B MIIKpOCTpyKType, nng B03MO)KHOCTH nepexo-
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na B npouecce ycKopeHIISI C OAHOH YCKOpSIIOIUeii qacTOTbl 

(200 Mfu) Ha npyryro (800 Mfu), qro np1IBOAIIT K cpaB

HIITenbHo 6onbllIIIM nnoTHOCTSIM ycKOpHeMhIX qacTIIU B MII

KpocrycTKe. 3Ta nnOTHOCTb npHMepHO B 5 ➔ 7 pas 6onbllle 

nnoTHOCTH crycTKa B UHKnHqecKOM ycKOplITene npII OAII-

HaKOBOM cpenHeM TOKe II npH TOKe 100 MA COCTaBIIT B 

lo 9 -3 
nHHefiHOM yCKOplITene - OKOno 1,5. CM • noaTOMY 

CIICTeMa, 06ecne<J1IBa10mag ycTofiqIIBOCTb ycKOpHeMbIX 

crycTKOB, non)KHa o6nanaTb 6onhlll0ll meCTKOCTbIO, qro6hI 

KOMileHCIIpOBaTb BilHHHHe npocTpaHCTBeHHoro sapsina 

cryCTKOB. 

KaK nng UIIKilIIqeCKIIX, TaK II nng ilIIHefiHblX ycKOpIITe

nefi BOSHIIKaeT npo6neMa cpasIIpOBKII ycKOpSIIOIIIIIX pesoHaTo

pOB npII 6onhllIHX HarpysKaX TOKOM nyqKa. 3Ta npo6neMa, 

no aaweMy MHeHIIIO, TaKme pewaeTCH cymecTBeHHo nerqe 

nnsi UIIKnIIqeCKIIX MallIIIH"Il0 PHAY npHqHH: a) KOnHqecTBO 

pesoHaTopoB B 50 t- 100 pas MeHhwe; 6) aMnnIIryna 

ycKopmomero aanpgmeHHH B aecKonhKO pas HHme;_ 

B) co6cTBeHHag qacTqTa pe3oHaTopoB HHme. KpoMe Toro, 

B cnyqae ilIIHeilHhlX yCKOpIITenefi cymeCTByeT IlOKa eme 

0TKphlTaSI npo6neMa pa3pa60TKII AOCTaroqao MOIUHhlX 

reaepaTOpHhlX naMn HilII KilIICTpOHOB, pa6oTaIOIIIHX B Henpe-

pb!BHOM pemIIMe, B AIIanaaoae qacToT 700 f- 800 Mfu. 

Bee BhIWErn3nomeHHhie coo6pa)l<eHIISI 6hinII nono)KeHhI 

B OCHOBY Bb16opa B KaqecTBe yCKOpIITeng AilSI nonyqeHIISI 

nyqK0B np0TOHOB C 3Hepr1IeA 800 MaB II HHTeHCIIBHOCTblO 

10 t- 100 MA UIIKnHqecKoro KOilbUeBoro ycKOpIITeng 

c )KeCTKOA QlOKYCHpOBKOii: II HenpepblBHblM pe)KIIMOM pa6o

Thl - cynepUIIKnoTpoHah2/. 

B Ta6n. 1 np1IBeAeHbl OCHOBHbie napaMeTpbl cynepUII

KnoTpoHa, a Ha pIIc. 6 npIIBeAeHa ero cxeMa. OrMeTIIM 

cneAyIOIUIIe oco6eHHOCTII ycTaH0BKII. 

KaK BIIAH0 II3 pIIc. 6 'yCK0pSIIOIUaSI CIICTeMa cynepUIIKno

TpoHa C0CT0IIT IIS qeTblpex pe30HaTop0B TaKorp )Ke THna, 

KaK II B Me30HHofi qia6pHKe SIN, , o6ecneqnBaromnx ycKo

pgromee HanpgmeHIIe Ha aaaope AO 500 KB. 4To6h1 yMeHb

llIIITh AO MIIHIIMyMa B03MO:lKH0CTb B036y)KAeHIISI He:>Kena

TenbHblX Kone6aHIIll B ny'!Ke OT. BbIC0KoqacT0THoro nong, 

pe30H8TOpbl pacnono)l{effhl BA0ilb pan1IyC0B, npoBeAeHHhIX 

HS UeHTpa M8ll11fHhio 
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Ta6nHua 1 

3 Heprns1 ycKopeHHbIX npoTOHOB ( MaB) 
ToK ycKopeHHbIX npoToHOB ( MA) 
3Hepl"llSI HH:lKeKTHpyeMbIX npoTOHOB (MaB) 
l.JacToTa aKC!IanhHbIX Kone6aHHH 
l.JacTOTa pa.r:manbHbIX Kone6aHHH 
PaAHYC HH:lKeKUHH (cM) 
CpeAHee none Ha paAHyce HH:lKeKUHH (re) 
K OHe'!HbIH paAHYC (CM) 
CpeAHee none Ha KOHe'!HOM paAHyce {re) 
Ha6op aHepI"HH aa o6opoT (MaB) 
l.J acToTa o6pameHHH HOHOB ( Mru) 

l.JacToTa ycKopmomero HanpH:lKeHHSI ( Mru) 
l.J Hcno ycKopHIOlllHX npOMe:lKyTKOB 

HanpH:lKeHHe Ha pe30HaTope (KB) 
BbICOKo'!aCTOTHaH MOlllHOCTh (MBT) 
l.JHcno ceKTopoB 

D.HaMeTp MaI"HHTa no HpMy (cM) 
BbICOTa MaI'HHTa (cM) . 

Bee MaI"HHTa ( T) 

MomHOCTh nHTaHHH MaI"HHTa (KBT) 
M omHoCTh B l.J noTeph B peaoHaTopax 
MoruHoCTh ny'!Ka (MBr) 

(KBT) 

KoacpcjmuHeHT BbIBOAa ny'!Ka H3 KaMepbI (%) 
TToTeprr HHTeHCHBHOCTH ny'!Ka 
B npouecce ycKopeHHH 

800 
10 +- 100 
50 · 
1,3 +- 1,4 
l,9>Qr>l,1 
240 
4270 
650 
7500 
2,0 
6,2 
49,6 
4 
400 +- 500 
9 +- 81 
8 
2200 
720 
5800 
1750 
1000 
8 +- 80 
100 

10-4 

TaKoe Harr6onee onTHManhHOe pacnonO)l{eHHe YCKOpHIOIUeii: 
CHCTeMbI npHBeno 'K cnenrrcprrqecKOMY nono)KeHHIO CeKTOpOB 
MaI"HHTHOH CHCTeMbI. l.JTo6bI o6ecne'IHTh Heo6XOAHMYI0 
cnrrpanbHOCTb (a= 41°) Ha KOHe'!HbIX paAHYCax H no
MeCTHTb ceKUHIO Me:lKAY peaoHaTopaMH, qiopMa ceKUHH M8I"
HHTHOH CHCTeMbI BbI6paHa TaKou; 'ITO Ha r = 400 CM 
(W = 160 MaB) KacaTenhHbxe K 06paayl01UHM ceKTopoa Ha
rrpaaneHbI no paAHycaM ( cTpyKTypa ToMaca}, Ha 6onbllIHX 
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Puc. 6. CxeMa cynepUHKnorpoHa. 

paAHycax yron cnHpanH UMeeT nonO:lKHTellhHYIO BenH'!HHY, 
a Ha MeHhllIHX - oTprruaTenhHYIO ( a = -62° Ha paArryce 
HHllieKurrrr). YrnoBaH npoTHllieHHOCTh ceKUHH H3MeHHeTC5I 
OT 13,7 ° Ha pa.aHyce HHllieKUHH ( rj = 240 CM) AO 10 ° 
Ha r = 400 CM H AO 18,5° Ha KOHe'!HOM pa.tmyce rK = 
= 650 CM. MaI"HHTHOe none a MeAHBHHOH nnoCKOCTll BAOnb 
cpeAHeii: nHHHH CeKUHH H3MeHHeTC5I OT 10700 re Ha pa-
AHyce HHllieKUHH AO 16800 re Ha r = 400 CM rr aaTeM 

OCTaeTCH HerraMeHHbIM AO KOHe'!HOI"O paAHYCa. TaKHe napa-
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MeTpbI Mar'HHTHO:ii CHCTeMhI o6ecne•rnBaIOT Ha BCex pai:mycax 
aemI'IHHY '18CTOTbI 8KCH8ITbHbIX Kone6aHHM B AH8Il830He 
Q z = 1,34 r 1,4. 

B 30He KOHe'IHbIX panuycoB Ha pHC. 6 ycnOBHO H306pa
)KeHhI o6MOTKH, coanaIOIIlHe Heo6xonHMOe nmI paCWHpeHHSI 
op6HTbI yMeHbWeHHe BapHaUHH M8I'HHTHOI'O nomI. 

TpaKT HH)KeKUHH nyqKa c aHeprHe:ii 50 ,MaB npoxonHT 
OT ITHHeMHOI'O YCKOpHTemI HH)Ke ( HITH .BbIWe) 3830pa Mar'HH
Ta KOITbUeBOI'O ycKopuTenSI, 3aHSITOI'O ycKopeHHblM ny'IKOM, 
3aTeM ny'IOK ABYMSI IlOBOpOTHblMH MaI'HHT8MH nepeBOAHTCSI 
B MeJ:IHaHHYIO nnoCKOCTb. H Aanee BBOAHTCSI .B KOITbUO Mar
HllTHblM " aneKTpuqeCKHM HHCpneKTOp8MH. War 38 o6opoT 
npu HH)KeKUHH COCTaBnSieT OKOITO 1,5 CM (Ha Ha6ope 9Hep
I'HH 3a o6opoT - 2 MaB). 'ITO AOCTaTO'IHO AITSI o6xona 
nnacTHHbl HH<pneKTOpa. 

B KB'leCTBe HH)KeKTOpa·Heo6~onuM nuHeAHhlM ycKopuTenb 
ua aueprHIO 50 M9B, pa60Ta10muA Ha qacToTe = 50 Mfu. 
H au6onee IlOAXOASIIIIHM, ITO-BHAHMOMY, SIBITSieTCSI ITHHeAHblll 
ycKopuTenb Ha OCHOBe ff ..:.pe3oHaTopa C BblCOKO'laCTOTHO:ii 
KBanpyn/JnbHOA !pOKYCHpOBKO:ii " uenpepblBHblM pe)KHMOM . 
pa60Thl 13/. TipH TOM )Ke nonepe'IHOM pa3Mepe ll OAHH8KO
BOM TeMne ycKopeHHSI H -pe30H8TOp pa6oTaeT Ha BOnHe 
B 3 r 4 paaa nnnHHee, 'leM o6bI'IHhIA peaoHaTop Anbsapeua. 
HecKonbKO MOAH!pHUHPYH Ha'laITbHYIO '18CTb TaKoro nuHeA-
uoro ycKOpHTenSI (npHMeHSISI ABOAHoA ff -pe30H8Top), 
MO)KHO H8'18Tb ycKopenue C 9Hep

0

I'HH. 100 K9B, T.e. 
HenocpencTseHHo OT nyonnaaMoTpoua 6ea cpopttH)KeKTopa. 
PeaynbTaTbl TeopeTH'leCKHX pacqeTOB H MonenbHhIX 9KCne
PHMeHTOB C ITHHeAHhIMH YCKOpHTenSIMH Ha H-sonHe Il03B0-
ITSIIOT HaAeSITbCSI, 'ITO Ha 9TOH OCHOBe MO)KeT 6hITb paapa-
6oTaH HH)KeKTOp .J:\ITSI cynepUHKnoTpona c Heo6XOAHMblMH 
napaMeTpaMu. 

TaKHM o6pa30M, npeACT8BITSieTCSI BilOnHe peaITbHbIM 
H8'18Tb y)Ke B 6JIH)K8HWee BpeMH He06XOAHMbie npoeKTHhie 
HCCnenosaHHH ( 'IHCJieHHbie pacqeTbI KOHKpeTHoro BapuaH
Ta, Mone_nupoBaHHe oTnenbHblX CHCT~M H yanoB H T.A.) 
nns coanaHHH.TeXHH'leCKoro npoeKTa cynepuuKnoTpoaa. 

3necb. af>conIOTHO He 38TpoHyT 6onb~o:ii H BB)KHbIH 
Kpyr aonpocoB, Kaca_IOIIIHXCH pa3BOAKH ny'IKOB, 38IIIHTbI 
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H ynpaBneHHH ycKOpHTeneM, T8K KaK OCHOBH8H Uenb 
naaaoro coo6meHHH - noKa3aTb,.'ITO Ha nyTH coanaHHH 
TaKO:ii ycTaHOBKH npHHUHilHanbHbie !pH3H'leCKH8 aanpeTbl 
OTCyTCTByIOT, a B 9KOHOMH'18CKOM OTHOW8HHH cynepUHKITO
TpOH BhlronHO OTJlH'laeTCH OT nuHe:iiHo;o·ycKopuTenSI 
C TOH )Ke MOIIlHOCTbIO ny'IKa. 
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