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OElllAH XAPAKTEP~CTHKA PAEOT~ 

AKTyBn!iHOCT!, T8Mbl 

Paa:BHTHe COBP8M8HHOH H.,lteprioli q>H3HKH T8CHO CBH38HO C ycneX8MH ~ 
paapa60TK8 YCKOPHTenen 38PHEeHHblX qacTHU. 

SKcnepHMeHT8llbHbl8 HCCJie,ltOB8HHH ~ THE8Jlb1MH HOH8MH 03H8M8HOB8JIHC!, 
KpynHWH HayqHl,IMH ,ltOCTHE8HHHMH. B la6opaTOPHH H,lt8PffblX peaKUHR OfliiH 
BblnOnHeH PM B8EH8HWHX pa6oT no CHHTeay HOBblX 3Jl8M8HTOB, nonyqeHHID H 
HsyqeffHID'CBOHCTB H8:itTpOHHO-R36blTO'DIHX ~errutX ~ep H HCM8~0BaHHIO sana-
3,ltblB8IDll!HX npoTOHOB, aana3,ltb1B8D~ero AeneHHli H cnOHT8HHO ,lteHHlllHXCH H30-
wepoB B 06JI8CTH THEeJiblX aneMeHTOB, no 3KCnepHM8HT8llbHOMY H3M8p8HHID 
ynbTPSKOpOTKHX BpeweH XH3HH H,ltep, HayqeHHID M8X8HH3M8 B38HM0,1teliCTBHH 
CJIOlltHblX H,lt8p (peSKUHH, n~OT8K8ID~HX C o6p830B8HH8M COCT8BHOrO H,ltpa), 
MHoroHyKJIOHHblX'nepe,1taq, .iteneHHH H PH.lt8 ,ltpyrHX. 

8TH p860Tbl 6blJIH BblnOJIHCHbl HS nyqKax ycKopeHHblX ,ltO 3HeprHH 5+ 
+IO MsB/ffYltlI. HOHOB c Macco:it A<lOO.)J.aJI1,HeW1Iee npo,IUmllteHHe K ycKoperuno 
TfiE8JiblX HOHOB BilJIOTb ,ltO ypaHa, CYll!8CTB8HH08 Il0Bblill8HHe aHeprHH qacTHU 
,ltO 100♦200 MaB/H, HHT8HCHBHOCTH nyqKOB·,lt8CT HOBbltt CKaqoK B HCCne,1tOB8-
HHH npo6neu ~H3HKH STOMHOro li,ltpa, OTKpblB8eT mHpOKH8 B03MOXHOCTH B pe
meHHH uenoro pa.its q>YH.itauettTan!iHblX aa,1taq. 

~eneHHe THEeJiblX 8TOMOB no.it ~eliCTBH8M ycKopeHHblX HOHOB C Maccon 
A~ 100 Il03BOlIHT nonyqan H30TOnbl 3JI8M8HTOB BnJIOTl, ,ltO 'l =80 C H36b1TKOM 
H8iTPOHOB 6oJiee 10-12 8,ltHHHU. Ha nyqKax HOHOB c A>200 woryT 6b1Tb noc
T8BH8Hbl KaqecTB8HHO HOBb18 3KcnepHMeHTbl no npoBepKe ~YH.it8M8HT8llbHblX 
38KOHOB KB8HTOBOR aneKTpO,ltHHSMHKH, H3yqeHHID KB83H8TOMHblX COCTOHHHM 
TH~ellblX 8TOMOB. IlyqKH THE8llb1X HOHOB Il03BOJIHIDT npoBO,ltHT!, HCcne~OBBHHe 
CTpyKTYP H HayqeHHe XHMHqeCKHX npoueccoB C CHJlbHO HOHH30B8HH~MH 8TO
M8MH, CBOMCTB HyKJIH,ltOB Ha rpaHHUe H,ltepHOH CT80HJibHOCTH, qTo B8llHO ,ltJili 
P83BHTHH TeOpHH H,ltp8 H HeKOTOp~x HanpaBneHHH B 8CTPO~H3HKe. B03MOllHO 
HCCJie,ltOBaHHe HOBblX HBH8HHH B pe8KUHHX C TliE8llblMH HOHSMH, KOr,1ta peanH
syeTCH COCTOHHHe H,ltepHOH MSTepHH C 8HOM8ll!iHO BblCOKOH IlHOTHOCTbID H 
TeMnepaTypon. EOJibmon HHTepec npOHBHH8TCH K HayqeHH~ nponeccoB KYMY
JIHTHBHOro-polt,lteHHR M830HOB npH 3HeprHHX 6on1,me 80 MaB/HYltlI- a reHepa
UHR BHCOK08H8preTR"mlilX HYJCJIOHOB H ~erxnx ~ep. 

llOCKOJlbKY HCilOJib30B8HH8 ycKopeHHblX THlleJiblX HOHOB cy~eCTB8HHO yBe
nHqHB88T ~CHO K8H8110B peSKUHli, ~ ceqeHHe o6~830B8HHH 60JI!,WHHCTB8 HC
cne,1tyeMblX H30TOilOB He npeBblill88T 3HaqeHHli 10- 2-10-33 cw2 TO HHT8H
CHBHOCTH nyqKoB aoHoB .it01DIHbl cooTBeTCTBOBST!i BenH~He 1012-1013tracT./c 
,llnH 60HbWHHCTB8 3KCnepHMeHTOB BenHqHHY paa6poca no 3HeprHH qaCTHU B 
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nyqKe BI% cne,D,yeT cqHT8Tb ,ll,OCT8TOqHOH, T.e. 8TOT napaMeTp nyqKa B 
HaweM cnyqae He !lBnfleTCfl OCl!OBHblM. 0,D,H8KO ,ll,llfl OT,D,enbHblX npBL\H3HOHHblX 
OllblTOB cne,D,yeT npe,ZJ,yCI.IOTpeTb peJKHM pa6oThl yCKOpHTB Jlil, ,ll,OllOnl!HTenbHOB 
oe5opy,D,OB8HHe, o6ecneqHB810lllHe MOHOXp01.18THqHoCTb ny1IBa H8 ypOBHe.O,I

-0,2%. 
Allfl 8WWBKTHBHOrO HCllOJib30B8HHfl yCKOpeHHblX nyqKOB Tfl~eJiblX HOHOB, 

C03,ll,8HHfl ,ll,OCT8TOqHo 8KOHOMHqHOH CHCTeMhl p83BO,ll,KH BHeWHHX nyqKoB 8W'.lf
T8HC nyqKa ,ll,OJllKeH 6b1Tb nopfl,ll,K8 20+30IT•MI.I.Mpa,D,. 

B Jia6opaTOPHH MePHhlX pe8KL\HH 06~e,D,HHeHHOro HHCTHTyTa fl,D,ep!!blX HC
cne,D,OB8HHH no,D, PYKOBOACTBOM 8K8,D,el.lHK8 r.H.~nepoBa H npo~eccopa 
hl.~.OraHeCHH8 B TeqeHH8 nOCJI8AHHX 25 neT B8AYTCfl HCCneAOB8HHfl H8HC5o
nee nepcneKTHBHoro All!l peweHHfl·YK838HHblX BhlWe 38A8q - L\HKllOTPOHHOro 
MeTOA8 ycKopeHHfl TflJKenblX HOHOB. 

~HCCepT81.\Hfl flBnfl8TCfl 0606Ul8HHel.l pa6oT, Bblll0llH8HHblX B COOTBeTCTBHH 
C HayqHo-TeXHHqeCKll!MH nnaH81.!H JlhP O~h~ no P83BHTHIO yCKOpHTenbHOH 6831,1 

J1a6opaTOpHH. 
Paapa60TK8 HOBblX ycKOPHTeneli o6yCJIOBJIHB8eT npoBeA8HH8 6onbworo 

KOl.lnneKC8 HCcne,D,OB8HHH, paa6HBae1.1oro H8 8T8llbl qHCJI8HHOrO I.IO,D,enHpOBa
HHfl ,ll,HH81.!HKH qacTHL\, M8rHHTHblX CHCTeM Ha SBM, C03,ll,8HHfl MO,D,enen ,ll,M 
3KCll8pHM8HT8nbHblX HCCJie,ll,OB8HHH. 

Ueno pewepHpye1.1on AHCC8pT8UHH 38KnIOqaeTCfl B HCcne,D,OB8HHH npOL\eC
COB ycKOP8HHfl H BblBO,ll,8 qaCTHL\ B L\HKROTPOH8X H 060CHOB81!HH TeXHHqecKHX 
peweHHH, oe5ycnoBnHB810lllHX nonyqeaHe HHT8HCHBHblX nyllKOB TfllitenblX HOHOB 
H8 H30XPOHHblX L\HKnoTpOH8X C 8HeprHHMH ,ll,O COTHH MaB H8 HyKnOH, 8 HMeH

HO: 
a) B paapa60TKe L\8HTpanbHOiti HOHHOH OllTHKH L\HKnOTpOHOB ,ll,llfl ycKope-

l!Hfl HOHOB B mHpoK01.1 AHanaaoHe oTHoweHHiti A/I ; 
6) B paapa60TKe 1.1arHHTl!blX CTPYKTYP H30XPOHHblX L\HKnOTpOHOB Tflllt8llblX 

HOHOBi 
B) B HCcneAOB8l!HflX 8qlq)eKTHBHblX cnoco60B BblBO,ll,8 nyqKOB Tfllit8nblX HO

HOBi 
r) B HCCne,D,OB8HHHX K8CK8,ll,HblX cnoco60B yCKOP8HHfl THllt8nblX HOHOB. 

Hayqaaa HOBH3H8 HCCJI8,ll,OB8HHH, OTHOCHillHXCH K npo6neue yCKOP8HHH
THllt8n~x HOHOB B L\HKROTPOH8X, onpe,D,8nH8TCfl Tel.I, qTo 8T8 38,D,aqa 6blJI8' 
nonHOCTblO peweHa BnepBble H8 L\HKJIOTpOH8X JlflP H nocny:m'na OCHOBOH ,ll,Rfl 
pa3BHT.11H 3THX pa6oT BO MHOrHX ,D,pyriix naC5opaTOPHHX. PeweHHe 8TOH npo6-
n8Mbl BKnIOqaeT B ce6H PM nonollteirnn, o6na,D,8IOl!lHX HayqHott HOBH3Hoil. 

Ilpe,D,nOllteHbl H HCCR8,ll,OB8Hbl Ll8rHHTHble CTPYKTypu H30XpOHHblX L\HKROTpo'-. ' . 
HOB THllt8nblX HOHOB Y-400 H Y-400M, OC5R8,ll,810lllH6 BblCOKOH 8~W6KTHBHOCTblO B 
YCKOp8HHH qa_CTHL\ lllHpOKoro ,ll,H8ll830H8 uacc H 8HeprHH npH 1!63H8qHT6JlbHO.ll 
TOKOBOH KoppeKL\HH pacnpe,D,eneHHH cpe,D,Hero 1.1arHHTHoro nonH no pa,D,Hycy. 
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TeopeTHqecKH H 8KCnepH1.1eHT8JlbHO p83BHT 8qlq)8KTHBH!,IH BblBO,ll, ny1IBOB 
Tflllt6nblX HOHOB H3 H30XpOHH!,IX L\HKnOTpOHOB M6TO,ll,OM nepeaapHAKH 1!8 TOHKOH 
MHWeHH, no3BOJifl!OlllHH nonyqaTb 3H8qHTenbHOe P8,ll,H8Rbl!Oe paa,D,eneHHe op6HT 
HOHOB C 6nH3KHLIH 38pH,lJ,8MH (nocne npoXOlK,1leHHH MHWeHH); npoBO,ll,HTb nnaB
H08 perynHpOBSHHe 8HeprHH BblBOAHl.lblX C p83Hb1X P8AHYCOB YCKOpeHHH qac
THL\i C08,ll,8B8Tb, 6narOA8Pfl P83KOMY YM8HbW8HHIO 1.1arHHTHOH llt6CTKOCTH HO
HOB, KOMll8KTHble BKOHOMHqH!,18 CHCTel.lbl p88BOAKH BHemHHX nyqKoB. 

IlpOB6A8H TeopeTHqecKHH H 8KCnepHMeHT8JlbH!,IH 81!8IDl3 T8HAeMa L\HKno
TPOHOB C 06lllHM MSrHHTHhlM IlOTOKOM. 

PeaynbT8T!,1 HCCJI8AOB8HHH, npeACTSBneHHble B AHCCepT81.\HH, HBHJIHCb 
OCHOBOH ,ll,Jlfl pemeHHfl KpynHUX HayqHo-TeXHHqecKHX 38,D,aq - C03A8HHH H30-
XPOHHOro L\HKJIOTPOH8 Tflllt8nblX HOHOB Y-400 H paapa60TKH npoeKT8 L\HKno
TpOHHoro KownneKca JJHP Y-400+Y-40DM. 

IlpaKTHqecKSH' U8HHOCTL pa60T!,1 

Peaym,TaTbl HCCJI8,D,OB8HHH, npoBe,D,eHHhlX B ,D,HccepTal\HH, HamnH wHpoKoe 
npaKTHqecKoe npHMeHeHHe npH paapae50TKe H aanycKe B !968 ro,D,y nepBoro 
B CCCP H80XpOHHoro L\HKJIOTPOH8 Tflllt8nb1X_HOHOB c ,ll,HSMeTpOM nOJIIOCOB 200CM· 
- Y-200; nepBoro T8H,ll,8M8 L\HKROTPOHOB (Y-300+Y-200), aanylll8HHoro B 
!97! ro,D,y; O,D,Horo HS C8MblX MOilU!hlX H30XpOHHblX L\HKJIOTpOHOB TflllteJiblX HO
HOB - Y-400, BB8,ll,8HHOro B CTpon ,ll,8HCTBYIOillHX B !978 ro,D,y. 

Anpo6aum, p860Tbl 

OCHOBl!!,16 peaynbT8T!,1 ,ll,HCC8pT81.\HOHHOH pa60Tbl ,ll,OKJI8,ll,blB8nHCb HS I+X 
BC8COI08H!,IX COB8iJl8HHHX no YCKOPHT6JIHM 88pflllt8HHblX qacTHL\, 1!8 Mellt,D,yHa
pO,ll,HblX KoHwepeHL\HHX no HaoxpoHHhlM L\HKJIOTpoHau (!969 r. - OKCWOPA, 
!972 r. - B8HKYB8P, 1969 r. - BamHHrTOH, !984 r. - liCTB8HCHHr), HS 
YIT MewHapo,ZJ,Hott KoHwepeHL\HH no ycKopHTeJIHw BhlCOKHx aHeprHil (EpeBaH, 
!969 r.), 1!8 Mell,ll,yHBpO,D,HOM CO.B8ill

0

8HHH no L\HKJIOTPOH8M H HX npMMeHeHHK>, 
EeXHH8, qccp, 1!8 Hayql!!,IX C8MHH8pax B OrlHH H ,D,pyrHx HayqHblX L\81!Tpax 
CCCP. 

Ily6JIHK8UHH 

Ilo Tel.le ,ll,HCcepT81.\HH ony6JIHKOB8HO 53 p860T!,1; OCHOBHble peaym.T8Tbl 
CO,ll,8pllt8TCfl B 27 neqaTH!,IX paC5oTax, npMBe,D,81!HblX B cnHCK8 JIHTepaTyphl. 

CTpyKTypa AHCcepTBUHH 

Pa60T8 COCTOHT HS BBe,D,81!Hfl, qeTupex rnaB H 38KJIK)q8l!Hfl. 06IllHH 06~
ew ,ll,HCC8PT81.\HH COCT8BJIH6T 302 CTp8HHL\hl, BKJIK)q8fl IOO PHCYHKOB H cnHCOK 
JIHTepaTypHblX CCblJIOK HS 282 H8Hl.18HOB8HHi. 

BB8,ll,8HH8 CO,ll,8PlltHT nOCTSHOBKY 38,D,SqH, nepeqeHb p8CCMOTpeHHblX npoC5-
new, ,lJ,81!!,1 nepcneKTHBbl p88BHTHfl YCKOPHTenett Tflllt6ll!,IX HOHOB, o6aop paa
JIHqHhlx M6TO,ll,OB YCKOp8HHfl H OllHC8HH8 CTpyKTypu ,ll,HCC8pT81.\HH. IlepB8fl 
rnaBa ,ll,HCC8pT81.\HH nOCBfllll81!8 HCCJI8,ll,OB8HHIO ,ll,HH8MHKH nyqKOB Tflllt6Jlb1X HO-
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HOBB U8HTpanbHOH o6naCTH UHKnOTpOHa, Bbl6opy napaMeTpOB ueHTpanbHO
OflTHqecKOH CHCT8Mbl, 003BOnHD~en aqiqieKT.HBHO ycKOpHTb HOHbl B mHpOKOM 

,lll180830H8 OTHOmeHl-lH flh_ • ·'· 
.Bo BTOpon rnaBe npHB8,ll8Hbl pesynbT8Tbl HCCne,llOB8Hl1ll ycKopeHHH nyq

·KoB ,llO KOHeqHoro pa.zt11yca l130XpOHHOro Ul1KnOTPOH8 Y-400, BlUlD'laJlllRX 

paspa6oTKY 6blCTpo.ztellcTBYID~en M8TO,llHKl1 l13MepeHHH MarHHTHOro nona, qiop

MHPOB8Hl18 uarHHTHOrO nona, H3J"l8Im8 ,llHH8Ml-lKH nyqKOB THlK8 JINX HO HOB. 
TpeTbH rnaBa nOCBH~eHa paspa60TKe l1 HCCll8,llOB8Hl1ID BblBO,ll8 nyqKOB 

THlK8JINX HOHOB H3 KaMepbI ycKOPHTenen Y-200 H Y-400 148TO,llOM nepesapH,llKH 

qaCTHU Ha TOHKOli MHill8HH. 
B qeTBepToii rnaBe ,llHCCepT8UHH npe.ztCT8Bn8Hbl pesynbT8Tbl 8H8nH38 

UHKnoTpOHHOro cnoco6a ycKopeHHH TH~eJINX HOHOB, npOB8,ll8HHOro C uenbID 

pacw11peHHH ,llH8n830H8 M8CC ycKopaeMbIX B Jla6opaTOpHH HOHOB ,llO ypaHa H 

aHeprHH qaCTHU ,llO 100+120 MaB/HyKnOH. Ilpe,llCT8Bn8Hbl pesynbT8Tbl HCCne

,llOB8HHii C03,ll8B88MOro B JlnP UHKnOTPOHHOro KOMnneKC8 Y-40DtY-400M. 
b 38KnIDqemrn KOpOTKO cyMMHpymca OCHOBHble HayqHble pe3ynbT8Tbl ,llHC

cepT8Ul1l1. 

COJ.lEPi.AHHE PAEOTb! 
liepBaH rnaBa AHccepTau1111 
HaqanbHbl8 op6l1Tbl HOHOB B Ul1KllOTPOH8 CYlll8CTB8HHblM o6p830M onpe.zte

nHIDT KaqecTBO nyqKa qaCTHU, ycKopeHHblX ,llO KOHeqHOH 8Hepr1111. OnT11qec

Kl18 CBOliCTB8 reoMeTpHH U8HTp8nbHOH o6naCTl1 UHKnOTpOHa AOnlKHbl 06ecne
q11Tb 38XB8T HOHOB B ycKopeHHe B TOH o6naCTH qiaa BblCOKOqacTOTHOro H8-
npHM8HHH, r.zte cymeCTBYBT H8H6onee aM>eKTHBH8H 8KCl18nbH8H qJOKYCHpOBK8 
Ha HaqanbHblX o6opoTax, 1rnH11ManbHblli pa36poc SJ!epr1111 qacTHU B nyqKe no 
cp8BH8HHID C HaqanbHblM npHpOCTOM aHeprHH, U8HTPHPOB8Hl18 op6HT l10HOB C 

pasnHqHbJMH OTHoweHHHMH Ah . 
Hccne,llOB8HHe ABl1lK8HHH l10HOB B U8HTpanbHOH oonaCTH UHKnOTPOH8 

CTanKl1B88TCH co 3HaqHTenbHbIMH TPYAHOCTHMH, B03HHK8ID~HMl1 H3-38 H806Xo
Al1MOCTl1 yqeTa ,ll8iiCTBHH Ha qaCTHUY CllOlKHOro pacnpSA8n8Hl1H aneKTp11qec

Kl1X l1 MarHHTHblX nonen. 
YcKOPHIDlll8H Cl1CT8M8 UHKnOTpOHOB Y-200 H Y-400 COCTOHT H3 .ztBYX AY-

8HTOB C yrnOBOH npoTHlK8HHOCTbID 40° H p83M8lll8HllblX B npoTHBononOiKHblX 

,llOnl1H8X. Ilpl1pOCT aHepr1111 HOHa 38 o6opoT np11 3TOM COCT8BnHeT 

ti.W=!/1.e~-Sin!lf • Ilp11 c11HitiasHoM B036yllt,l{eHHl1 AYBHTOB HOHbl ycKopHIDT
ca Ha qeTHblX rapMOHl1K8X BblCOKoqacTOTHOro H8npHJK8Hl1H n , B npOTHBOqJ83-
HOM - H8 HeqeTHblX. TaKHM o6pa30M, npl1M8HH8M8H Cl1CT8M8 n03BOnH8T yCKO

PHTb HOHbl B m11pOKOM ,llH8fl830He OTHOW8HHH ft/2 C COOTB8TCTBYD~HM Ha6o~ 
poM aHepr1111 3a oe5opoT: l,5le~ (n=l), 2,83lel\ (l'\-=2) H T • .zt. 
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IlonyqeHHe 3KCnepHM8HT8nbHblX pacnp8A8n8HHH M8rHHTHblX B('C,,0) H 

aneKTp.11qecKHX noneit (V('i,y.1.) ~ V('L,9,zl) B ueHTpanbHOll o6nacTH ycKo

PHTena H3 M8rHHTHblX .113M8p8HHit .11 MO,ll8nHPOB8Hl1H Ha 3118KTpon.11T11qeCKOit 
BaHR8 llOCJiyZWIO OCHOBOit ,llnH CTporon noCT8HOBKl1 38.ztaq11 qHcneHHOro MO
,ll8nHpOB8HHH ,lll1H8Ml1KH l10HOB H8 HaqanbHblX o6opOT8X nyTeM HHTerp11poBa

HHH Il011HblX YP8BH8HHit ,llBl1lK8HHH qaCTHU B 3118KTPOM8rHHTHblX nonax~ 
B-pa6oTe npe.ztCT8BneHa M8TO~l1K8'l1CCne,ItOB8H.11H ,llB.11JK8Hl1H HOHOB, H8 

OCHOB6 KOTOpon yCT8HOBneHbl onpe.zteneHHbl~ KPHTep.1111 ,llnH Bb16opa onTl114811b

HblX nap8M8TpOB U8HTP811bHOit HOHHOH onTHKH H pacnpe.zteneHHH 3118KTp.11qec
KHX .Ii MarHHTHblX nonen, 06ecneq.11B8IDUUfX BbICOKOe KaqecTBO nyqKOB ycKo-· 
peHHblX HOHOB B m11poKoM .zt11anas0He OTHoweH11ll R/1 . 

Haxoli!,It8HHe OnTHM811bHOit reOMeTpHH nepBoro yCKOpHID~ero ripoMelltyTK8 

(HOHHIDI: HCTOi:nllll( - ny~ep) CBJl3aHO KaK C llOJzyqeHHeM nyqKa BHCOKOH .11H

T8HCHBHOCTH, onpe.zt8nH8MOli AH8n830HOM qJ83 HOHOB /i~ , 38XBaqeHHOro B 

YCKOpeHH_e, T8K H pas6pocoM ueHTpOB op6HT • .B pesynbT8T8 .11ccneAOB8HHit 
paCCTOHHl16 l1CTOqHl1K - BblTHrHB8ID~HH aneKTpO.zt Bbl6paHO p8BHbll4 5 MM ,ll11H 

HanpaJ1eH.11a Ha .llY8HTax UHKnoTpOHOB Y-200 H Y-400 \:tg =BDtIOO KB. Yron 

nponeTa ('Crip.> qaCTHU qepes 3TOT npoMeJKyTOK H3M8HH8TCH OT 0,5 pa,ll 
.ztnan=l ,llO 3 pa,ll ,llnHt\.=4. . 

.l{HanasoH qiaa HOH OB il f , K8K cne,llyeT H3 pacqeTOB, 116UT B OTPHU8-
T811bHOU 0611aCTH qiaa BbICOKoqacTOTHoro HanpHJK8HHH. TaK, 3HaqeHHe 11U6HT

0 t 2 -, J.:.. 1 n 

' ',~ 

]}-; 

)811bHOit11 qJ83bl cryCTK8 HOHOB ( 'f~ ) t 
,llnH KOTopon np11pOCT 3HeprHH qaCTHUbl 
M8KCHM8118H, M8HH6TCH OT -180 ,ll11H n =I 

.llO -70° ,ll11H n. =4 (p1r1c. 1) • .Una aq>q>eK
THBHoro Ha6opa 3HeprHH HOH8Ml1 H8 no-

P1rn. I 
TpaeKTOpHH ,llBHllt6HHH HOHOBC Haqa11bHbl

llH qJ888MH ( 'fo ) B nepBOM YCKOpJrn~eM 
npoMeEyTKe UHK110TpOHa, 38BHCHMOCTH 
,llH8Il830H8 q>83 HOHOB ( A'f') 1 3H8118H.Hlt 

U8HTp811!,HOlt qJ83H ( '114) 1 BpeM8HH npo-

116T8 118CTHU (CC'np.) H yrnOBOro D0110-
Z8HHH HOHHoro HCTOIIHHK8 H ny~e_pa OT
HOCHT811bHO KPOIIKH ,lly8HT8 (/ix) B 38-
BHCHMOCTH or HOMepa rapMOHHKH ycKopa
lll!lero H8IlpHZ8HHH (n ). 
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cne,11y10IJU1X ycKOPH!OIJUiX npoMexyTK8X ueHTpaniHaH waaa crycTK8 I/IOHOB ,1lOllllt
H8 OliTb cornacOB8H8 C COOTBeTCTBY~UU1M MOMeHTOM BliCOKoqaCTOTHOrO H8-
npfiiKeHIIIH, qTo ,11ocT111raeTCH BH6opou onpe,11eneHHoro yrnoBoro nonoxeHIIIH 
I/IOHHOro IIICTOqHIIIK8 ll nyJiepa ~Y.. OTHOCI/IT6llbHO KpOMKIII ,11yaHT8 UHKllOTpo

H8, oOycnoBneHHoro aHaqeHHHMIII l'P.J , ~ np., nonyqeHH!iMIII ,11na ,11aHHoro 
pexm,a ycKopeHHH qacTIIIU (Ah, n.) - pile. I. TaKHM oOpaaou, a(j)qleKTIIIB
HliM aaxBaT 1110HOB m111po1<oro ,11111anaa0Ha OTHoweHHH AII. B ycKopeHHe npe,11-
nonaraeT aHaq111Ten»Hoe peryn111poBaH111e yrnoBoro nonoxeHHH HCTO~HKB 111 
nyJiepa. ~anee BCTBeT CllOliCHlili BOnpoc U6HTPIIIPOB8HIIIH op6111T ycKOpHeMliX 

1110HoB c paaHliMH OTHOWeHIIIHMIII Ah.. Pex111M pa6oTu UHKnoTpoHa np111 nocTo
HHCTBe op6HT ycKopHCMliX IIIOHOB, KOr,118 pa,11111an»Hoe nonoxeHH6 IIIOHHOro IIIC
TQqHIIIK8 38WIIIKCllpOB8HO, MOliCCT OliTb peanlll30B8H COOTB6TCTBYIOUU1M 1113MeHe
HlleM 8MillllllTY.1lli HanpaxeHllfi H8 'AY8HT8X Ill ypoBHH M8rHIIITHOrO nonH cornac-

HO cooTHoweH11110 B27(~ flk):::.c.onst • , 
0,1tH8KO, B o6~eM cnyqae, 3,1leCb npe,11nonaraeTCfi yCKOPCHllle IIIOHOB He 

npll M8KCllM8llbHOi1 Ben111quHe ~i , qTQ, B KOHeqHOM cqeTe, np111B6,1l6T K yBe
n111qeHlll!O ,1\llllH!i nyTIII IIIOHOB B UllKllOTPOHe, 8 3H8qHT, Ill K yBen111qeHHIO no
Tepb THliCenNX q8CTIIIU H8 OCT8TQqHOM raae B npouecce ycKopeHIIIH, 8TO EeC
TKOe Tpe60B8Hllle K no,11,11eplil:8HIIIIO M8KCIIIM8llbHOro HanpaxeHllfi H8 .1lY8HT8X Be
,1l6T K He06X0,1lllMOCTIII nepeMe~eHIIIH IIICToqHIIIK8 ll nyJiepa no patHycy C 
uenblO ,1lOCTIIIEeHHfi y,110BneTBOpHTen»HOro ueHTPIIIPOB8HIIIH op6111T I/IOHOB C paa
HliMll AII. XapaKTepHoli oco6eHHOCT»ro M8rHHTH!iX CTPYKTYP UIIIKnorpoHoB 
Y-200 111 Y-400 HBnHeTCH TO o6CTOHTen»CTBO, qTO HOHN c 6on»IIIIIIMIII 3Haqe
HIIIHMIII OTHOrueHHil Alz a~weKTllBHO ycKOPHIOTCH H8 BliCOKOM ypOBH6 cpe,11Hero 
uarHIIITHoro nonH, 8 C Hlll3KIIIMIII ~ H8 noHlllliC6HHOM ypoBHe {rn. IT). 3TO H6-
CKOnbKO YM6HblIIB6T Tpe6yeMlii1 ,1llll8Il830H peryn111pOB8HI/IH p8,1llll8llbHOrO nono-

. ECHIIIH IIIOHHoro HCTOqHIIIK8 { 'tuu "'V ll!i/ 8 ) , HO. He CH1111o1aeT Bcex Tpy,11Ho-

CTei1. 

Xpo 

P111c. 2 
' T,~aeKTOPIIIIII ,1\BIIIEeHIIIH IIIOHOB C OTHOIIIeHllleM 

fi/l =3 Ill HaqanbHliMIII ~838Mlll lf'o =-20°' 
-50°.B ueHTpanbHOH o6naCTIII 11130XpOHHOrO 
u111Kn0Tp0Ha Y-200 { B =19.6 1trc, 
l\ =65 KB 1 0 =34 o 1 0 =Il9o) • . 

TaK, H8 pHC. 2 npe,11CT8BneH8 U8HTpBllbH8fi o6naCTb UHKROTPOH8 Y-200 
{ 't.uu. =3 CM, ~"' =45°. "i =65 KB t n. =2). YCKOPHIO~ero IIIOHli B OTHOCIIIT8nb
HO y3KOM ,1llll8naaoHe OTHOIII8HIIIH ~/z {3+4). nna 11130XpOHHOrO UIIIKROTpOH8 
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Y-400, npe,1lH83H8qeHHOro ,1\RH nonyqeHlllfi yCKOP6HHNX IIIOHOB B IIIlllpOKOH 06-
naCTIII u.acc H aaepr111il ( A/1:=4+25, W =1+35 MaB/H, n.=1+4), Tpe6yeuoe 
,1\llfl uenea a~~8KTHBHOro YCKOP6HIIIH Ill U6HTPHPOB8HHH op6HT 1113M8H8Hllil yrJIO
BOrO nonolil:eHIIIH 111cToqH111Ka iI nyJiepa ( llv. ) neuT B npe,11enax 90°, pa,1llll
an»Horo - 50 MM, qTo HBllH8TCH Tpy,1lHOBlinOnHIIIMOH aa,11aqett, noCKOllbKY He
o6X0,1lHM8 paapa60TK8 cnoEHOro M8X8Hlll3M8 nepeMe~eHIIIH BepTIIIK8RbHOro IIIOH
aoro HCTOqHHK8 Ill BliTfirHB8l0~6rO aneKTP0,118. IloaTOMY 3,1l6Cb np111HHT8 KOH
U8IlUHfi CM8HH6MOH OilTIIIKIII ,1\nH U8HTplllpOB8HIIIH op6111T,IIIOHOB ,1lOCT8TOqHQ yaKO
ro ,11111anaa0Ha OTHOIII8Hlllil Rh ycKopaeMNX qacTIIIU { Air. =8-tIO, 'Luu =50 MM, 
b.1 =45o, \ti =80 KB, rt =2). . 

PeaynbT8T!i 111ccne,1tOB8HIIIH ,1lBlllliC8HIIIH nyqKa B B8pTIIIK8llbHOH nnOCKOCTIII 
UIIIKROTpOHOB OTP8E8IOT B!iCOKllle ~0Kyc111py10~111e CBOHCTB8 paapa60T8HH!iX U8HT
panbHHX llOHHO-OilTli'i8CKHX CllOTSM.TaK, qaOTOT8 8KClll8nbH!iX KOneOaHllltt qac
TIIIU ~l yge HS nepBNX o6opOT8X ny11Ka COCT8Bllfi8T Ben111q111ay 0,1-0,2, qro 
,1lOCTIIII'8ROCb Tp8Mfl nyTHMlllo IlepeB0,11 ,1llll8n830H8 W83 IIIOHOB, 38XB8q6HI!!iX B 
ycKopeH111e, B nonoEIIIT6llbHYIO o6naCTb waa B!iCOKOqacTOTHOI'O H8IlPflliC6HIIIH 
CM6~6Hlll8M IIICTOqHIIIK8 li nyJiepa OTHOCIIIT8nbHO, OCIII peaOH8HCH!iX lllllHIIIH UIIIK
noTpOH8 I!8 yron ii /9n, ' noaBon111n yBenHqlllTb 8KClll8llbHYIO ~OKYClllpOBKY 
nyqKa aneKTp111qeCKIIIM noneM AY8HTOB. Ilp111·aTOM ze M8I'HIIITH!ie CTPYKTypli 
uHKnoTpoHOB 06ecneq111Ba10T aaaq111rennHYJO aaiuyranbHYIO B8p111au11110 uarHIIITHO
ro nona H8 HaqanbHliX o6oporax (rn. Il). KpOM8 TOI'O, ,1lnH UIIIKllOTpOH8 
Y-400 pacnpe.1teneH111e cpe,1\Hero M8I'HIIITHoro nonfl no pa,1llllycy 6uno BunonHe
HO cna,11810~IIIM OT U6HTP8 ( (oB/'tJ'L' ==40 re/cu) ll BHOCJmtl[M, TaKEM 06pa-•)n1111 
aou, ,11ononHIIIT6llbH!ili BKll8,1l B BepTIIIK8llbHYIO WOKYClllpOBKY nyqKa. Bee STD 
n03BOllfl6T 38XB8TliB8Tb B ycKopea111e Ill y,11epliCIIIB8Tb BliCOKOIIIHTeHCIIIBHli6 nyq

Klll llOHOB •. 
3Kcnep111Mel!T8llbHlie 111ccne,110B8Hlllfl yxaaaJIH Ha y,110BneTBOPIIIT8llbHOe K8-

qeCTBO nyqKOB IIIOHOB B pa,11111anbHOM Ill 8KC1118llbHOLI HanpaBn8HHHX. 
BTopaH rnaBa noCB!illl6H8 (WpMIIIPOB8HIIIIO MBI'HIIITil!iX nonen 11130XPOHH!iX 

UIIIKllOTPOHOB TflliCenux IIIOHOB Ill 111ccne,110B8Hllll0 ycrottqlllBOCTIII ,1lBlllliC6HIIIH nyqKa 
,110 KOHeqHoro pa,11111yca. 3Hepr111a qacTIIIUH c aapa,1101,1 '2. 111 uaccott A Ha KO
HeqHoM pa,11111yce YCKOpeHIIIH RK B UIIIKllOTpOHe C ypOBHeM cpe,11Hero L18rHIIIT
Horo nonH B onpe,11enaeTCH cooTHowea111e1o1 

w~ 0.5·(BRK)~l1/ p.1 = K 1..1/ )1 1 
{MaB/HyKnOH) ' 

r,11e K - aaeprer111qecK111i ~aKTOp ycKop111rena 1 noaBonHIOUU1H Ha1116onee y,1106-
H!iM cnoco6oM npOB0,1\IIITb cp8BH6Hlll8 B03LIOliCHOCT6H p83H!iX Ll81Ill11H. 

Pa6oTa H8,1l COBepmeHCTBOB8Hlll6M MBrHHTOB YCKOPIIIT6nea JIBP C .uenblO 
nonyqe~H BHCOKOI'O 3HaqeHIIIH aHeprer111qeCKOI'O ~8KTOp8 K Benacb KBK B 
CTOPOHY yBen111qeH111H KOHeqHQI'O pa,11111yca YCKOP8HIIIH qacTIIIU (nepecTpOHK8 
nonyTopaMeTpOBOI'O UHKllOTPOH8 B ,1lByxM6TPOBHtt, C03,1l8Hlll6 qeTupeXMeTpOBO
I'O Y-400), TBK Ill no nyTIII yBen111qeH111fi YPOBHH cpe,1lH6I'O MBI'HIIITHOI'O nonfl 
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Il0Bhlill8HH8M aMnepBHTKOB KaTymeK B036Y*A8HHH 3Jl8KTpOMarHHTOB, yMeHbme
HHeM paCCTOHHHH M8EAY KBTymKaMH, yBe1rnqeHH8M ceqeHHH HpMa, xeCTKHM 

orpaHHqeHHeM B6 mtllllilhl cpeAHero B03,1tymaoro aaaopa • . .liOCTHrHyThlll Bh!COKHll 
ypoBeHb cpeAHHX MarHHTHux nonen UHKJIOTpoHoB JlliP Y-200 (20 Krc.:'°K ISO) 
H Y-400 (2I,3 Krc - K=625) OTKPhlll mHpOKHe B03MOlKHOCTH B nonyqeHHH yc
KOpeHHh!X HHT6HCHBHh!X nyqKoB TH*enux HOHOB. 

C03ABHHe ycnOBHH AJIH ycTottqnBoro ycKopeHHH HOHOB AO KOHe~on 
sHeprHH CBH3BHO C ~OpMHPOBBHHeM Tpe6yeMWC pacnµ!A8ll8HHH MarHHTHOro 
nOJIH. 3TO HBJIHeTCR OAHHM H3 B~Hettmnx H HaH6onee TPYA08MKHX_STanoB 
C03AaHHH J.130XpOHHOro UHKJIOTpOHa. IlonyqeHHe He06XOAHMOro pacnpeAeJieHHH 
MarHHTHOrO nonH C Bh!COKOH TO~OCTbID Tpe6yeT 3Haq.11TellbHOro (~Ic?) ~HC
Jia ToqeK H3MepeHHH. IlOSTOMY C03AaHHe 6h!CTPOAeilcTBYIDlll8H M8,TOAHKH H3Me
peHHH MarHHTHOrO nOJIH, IlpHM8H8HH8 3WW8KTHBHh!X CnOC060B WOPMHpOBaHHH, 
paapa60TKa KOMnneKca BhlqHCJIHT8JlbHWC nporpaMM o6pa60TKH AaHHh!X MarHHT
Hh!X H3MepeHllH .11 HCCJI8AOBaHHH BpeMeHHOH H npocTpaHCTBeHHOH ycToilqHBOC
TH ABHE8HHH nyqKa HBJIHIDTCH HeOC5XOAHMhlM, YCJIOBHeM AJIH ycnemHoro WQPMH
poBaHHR TpeoyeMbllC pacnpeAe~eHHH MarHHTHOro nOJIH H30XpOHHWC UHKJIOTpo
HOB. ~JIH UHKJIOTpOHa Y-400 6hlJia paapa6oTaHa IlOJIHOCTbID aBTOMaTJ.13HpOBaH
HaH M8TOAHKa H3MepeHHH MarHHTHoro nonH B nonapHOH CHCTeMe KOOPAHHaT, 
oe5naAaromaH Bh!COKHM C5h!CTPOA8HCTBHeM (0,6 c /ToqKy) 6naroAapH npHMeHe
HHID 6noKa Ha AeCHTH AaTqHKOB Xonna, paaMell(eHHNX Ha mTaare c maroM no 
paAHYCY 200 MM. HcnoJib30BaHHe AaTqHKOB Xonna 1.13 aHTHMOHHAa HHAHH, 
HM8IDll(HX HH3KHli K03Wip.HUH8HT TeMnepaTypHoli qyBCTBHT8llbHOCTH, Il03BOJIHJIO 
HCKJIIDqHTb npHHYMT8JlhHOe TepMOCTaTHPOBaHHe AaTqHKOB Xonna. Ilorpem
HOCTh H3MepeHHH nonH B TOqKe COCTaBHJia 2•IQ-4. PerHCTpaUHH AaHHh!X 
MarHHTHh!X na1.1epem1i.l ocyiuecTBJIHnacb Ha nepwoneHTe, 06pa6aTh!Bae1.1on aa
TeM Ha 3BM. 

~JIR npOB8A8HHH a~am1aa MarHHTHOrO IlOJIH paapae5oTaH KOMnneKC npor
paMM AJIH BhlqHcneHHR nona B ToqKax nawepeHHR, aHaqeHHil cpeAHero nona, 
WllBTTepa, 8MnllHTYA H waa rapMOHHK paanoxeHHH B PHA ~yphe pacnpeAelle
HHH MarHHTHoro noJIH Ha AaHHOM paAHYCe no a3HMYTY, pacqeTa waaoBoro 
ABHE8HHH HOHOB B npouecce ycKopeHHR, qacTOT aKCHallhHh!X H P8AHaJibHh!X 
6eTaTpOHHh!X Konee5aHHH, HCCJ18AOB8HHH AHHaMHKH qaCTHU C yqeTOM ycKopeHHH 
H PM ,ltpyrHx. 

MarHHTHaH CTPYKTypa UHKJIOTPOHa Y-400 BKJIJOqaeT qeTh!pe naph! ceKTO
poB, C03,Jt8IDlllHX aaHMyTallhHYID BapHaunro M8rHHTHoro IlOJIH, C npRMh!MH rpaHH
U8MH H yrnoBOR npOTRE8HHOCThJO 450 (pHC. 3). CeKTOpa HM8KlT paCTYlllYkl no 
paMycy TOlllllHHY (9CttIIO MM) H no.itHHThl Ha.it noBepxHOCTbJO nonooa. B·o6pa-
30BaBlllHXCH aaaopax YCT8HOBJ18Hhl IO nap ,KOllbUeBh!X TOKOBh!X KOppeKTHPYKlll!HX 
K8TymeK. MarHHTHh!B CTPYKTYPhl H30XpOHHh!X UHKJIOTPOHOB JIHP OTJlHqaeT Bh!CO
K8H swweKTHBHOCTb H TexaolorHqHOCTb. IlOAHHTh!e H8.Jt noBepXHOCThID nonrooB 

8 

,, 

-~ 
PHc. 3 

UeHTpaJibH8H 1.1arHHTHaH CTPYKTypa H30-
xpoaaoro UHKJIOTPOHB Y-400! I - KphlmKa 
«a1.1ep1,1, 2 - KOJibUeBue KoppeKTHpy101UHe 
KaTymKH, 3 - ceKTopa, 4 - ueHTpanaHHil 
filHMM, 5 - B3HMYT8JlbHh!e KBTymKH, 
6 - AYBHT, 7 - 60KOBOH ceKTOPHhlH WHMM. 

ce«Topa UHKJIOTPOHOB, Kpowe Y.it06CTB8 . pa awe UleHHH· KOppeKTHPYkllllHX KBTy
meK, 1(81( noK838JIH SKCnepHMBHThl, ,Jt8JOT yBeJIHqeHHe WllBTTepa MarHHTHoro 
nona aa 15+20% H cpe,JtHero nona Ha I+I,5% Ha Koaeqa1,1x pa,JtHycax. 

~op1.1HpoBaHHe pacnpe.iteneHHH cpe.itaero MarHHTHoro nona no pa,JtHycy 
OCJll(eCTBllHJIOCb C nOMOll(bJO xene3Hh!X Mace: lllHMMaMH, yCT8HaBJ1HBaeMh!MH Ha 
noBepXHOCTH CBKTOpoB,qTo .mmano OTJlll'W8 OT H30XpOHHoro B npe~8JISX 
100+2oq rc,H 60K0Bh!MH CBKTOpHWH H8KJiaAKaMH - .JtO ±20 re. Ilocne,JtHHH 
cnoco6 illHMMHpOBaHHH HBJIHeTCH B8CbMa 3W~8KTHBHh!M. 0KoaqaTellbHaH KOp
peKUHH cpe,JtHero MarHHTHoro noJIH ocyll(eCTBJIHeTCH KOllbUBBh!MH TOKOBh!MH 
KaTyWKaMH, pacnpe,JteneHHe none!t KOTOPh!X np.e,JtBapHT611bHO onpe,JteneHo • Ma
wepeHHe pacnpe,JteJieHHil MBrHHTHh!X nonen npoBe,JteHO H8 nHTH OCHOBHh!X 
YPOBHHX nOJIH. 

licc11e,JtOB8HHH noKa38llH, qTo Bh!COKHH ypOB6Hb_M8rHHTHh!X nonett UHK110-
TPOHOB JIHP ll03B011H8T HCn011b30B8Tb HBJieHHe HepaBHOMepaoro H8Chlll(8HHij 
Il011JOCOB 3ll6KTPOMarHHTOB no PBAHYCY )tllH nonyqeHHH, npH B8pbHpOBaHHH 
TOKB B036yx,JteHHH, pacnpe,JteJieHHH cpe,ltHHX warHHTHh!X nonen no paA.Hycy 
(pHC.· 4), YAOB118TBOpHJOll(HX YC110BHHM H30XpOHHOro ycKopeHHH HOHOB' B lllH
POKOM ,JtHanaaoae·OTHOill6HHH ~/1: npH cp8BHHT611bHO HH3KOH , ... so KBT) MOl!I
HOCTH IlHTaHHH KOppeKTHPYkllllHX 06MOTOK. TaK,npH C8MOM Bh!COKOM YPOBHe 
MBrHHTHoro Il011H H8 UHKJIOTPOHe Y-400 woryT 6h!Tb 'ycKopeHh! HOHhl c OTHO
ill8HHHMH P.h =15+25 AO saeprHH 1+2 MsB/a., npH HH3KOM xe (B=I6+I7 «re) 
- HOHH c Ali =4+6 .ito aaeprHH 15+30 MsB/a. IlpHqey B aameM cnyqae Ha
weaeaHe Wll8TTepa M8rHHTHoro IlOJlH OT TOK8 B036yll,l:leHHH.M8rHHT8 (PHC. 4) 
cornacyeTCH C Tpe60B8HHHMH yBenuqeJUtH WOKYCHPYJOlllHX CBOHCTB MBrHHTHoro 

9 



~ 21P 

:illS· 

___ BIil 

B,-

19.021)1,Q 60 a, IX) l20 

~ril t2'85A . I,,•t= 

oosj.~ 

20i.lii,{} 8) • m 120 

\ 

~-

R,ol 
1'0 160 ro 

. __........._ PHC. 4 

PacnpeAeneHHH cpeAHero MarHHTHOro-_____,..--
nonH H wnaTTepa no paAHYCY H30XpOH-
Horo UHKHOTpOHa Y-400 AHR paaHNX 

ff.CM TOKOB B030YJKAeHHH aneKTpouarHHTa. 
1'0 160 IIO 

nonH npH yBenHqeHHH aHeprHH ycKOpHeMNx qaCTHUo IloaTOMY 3HaqeHHH qac
TOT aKCHanLHNX H P8AHanLHNX KoneoaHHll npH YCKOpeHHH HOHOB B IDHPOKOM 
AHanaaoHe A/I H aHeprHil ocTaK>TCH npaKTHqeCKH HeHaMeHHhlMH 
( \/1(. =I ,OI+I ,02; V-i =0,li-0,2). 'cMell(eHHe qacTHL( no waae B1I-HaIIp.IDK8Hl1Ji 
B npouecce y'cKopeHHH H8XOAHTCH .B npeAenax ±15°. -

0THOCHTenLHble aMnnHTYAhl HH3IDHX.a3HMyTanLHNX rapMOHHK MarHHTHOro 
nonH He npeBJ:,wam BenHq.HHY ,,6·10-4' qTo CBH.l{eTenLCTByeT 00 YAO.BneTBO
PHTenLHOll coopKe aneMeHTOB MarHHTHOro aaaopa UHKnOTpOHa Y-400, rAe 
aa~HKCHPOBaHN cneAyK>ll(He OTKllOHeHHH: TOqHOCTL yCT8HOBKH ceKTOpOB no 
BNCOTe - 0,05 MM, no aaHM~Ty - I MM, no paAHYCY - 0,5 MM. HecooCHOCTL 
AHCKOB nonK>ca - o,r MM, irnnapannenLHOCTL - O,I MM. ,linH OKOHqaTenbitOH 
KOppeKUHH HH3IDHX rapMOHHK HCnonr,ayeTCH CHCTeMa H3 BOCLMH nap aaHMy
TanLHNX KaTyweK (PHC. 3), noaBOnHK>I118H HeaaBHCHMO BapLHPOB8 TL aMnnHTy-
AY H waay nepBOH rapMOHHKH. , 

·oTKnoHeHHe M8AHaHHOll nnOCKOCTH OT cpeAHeil reoMeTpHqecKoil aaaopa 
UHKnOTPOHa Bb13NBaeT'noHBneHHe BblHYEAeHHblX BepTHKanLHblX Kone68HHH nyq
K8 OTHOCHTenLHO cpeAHeil reoMeTpHqecKoil, qTo B8A8T K CHH~eHHKl aKCHanr,
Horo aKcenTaHca YCKOpHTenH. llo H3MepeHHHM nono~eHHH M8AH8HHOH nnOCKO
CTH, BblilOnHeHHNM paanHqHNMH M8TOA8MH, ycTaHOBneHo, qTo ee OTKnoHeHHe 
He npeBNmaeT BenHqHHbl ±5 MM BO Been oonaCTH ycKopeHHH nyqKa. PerynHpo
BaHHe nonoEeHHH MeAHaHHOll nnoCKOCTH B l.(HKHOTpOHe Y-400 OCYlll8CTBnHeTCH 
T pe1,rn na pa1m KOllLI.leBNX TOK OBNX KaTymeK, HMe KlillHX pa 3Ae nr.Hoe -. IlHTaHHe 
BepxH~X H HHJtHHx_qacTeil OOMOTOK. 
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8KcnepHM8HT8HLHble HCCneAOBBHHH H8 l.(HKHOTpOHe Y-400 noKaaanH, qTo 
8KCHBnbHblll paauep ycKopeHHblX nyqKOB HOHOB MeHee IO MM, CMell(eHHe nylll(a 
OT cpeAHBH reoMeTpHqecKOll nnOCKOCTH HaXO'AHTCH B npeAenax ±5 MM, C'ABH
rH l.(8HTPOB op6HT H8 npeBuUiaK>T 2t-3 CM. MOi':HO aaKnK>qHTL, qTo napaueTpu 
nyqKoB HOHOB COOTBBTCTBYK>T peaynr.TaTaM, nonyqeHHblM npH aHanHae pac
npeAeneHHil MBrHHTHNX nonen. 

Ha6nK>A88Mbl8 YM8HLW8HHH HHTeHCHBHOCTH nyllliOB THEenux HOHOB no pa
ARYCY B 2t-3 paaa B npouecce YCKOPBHHH Bb13blBaK>TCH, KBK CH8'AY8T H3 8KC
nepHM8HTO~ nepeaapHAKOll qacTHU H8 OCTBTOqHOM raae KSMepu l.(HKHOTPOHa 
(P=It-2•10 Topp). 8TO OTHOCHTCH K OAHOH H3 cepr,eaHUX npo6neu, B03HH
K8KlillHX npH ycKopeHHH nyqKoB TruKenux HOHOB. IlonyqeHHbl6 aKcnepHMeHTSnL
HblB A8HHb16 ceqeHHH nepeaapHAKH THJtenux HOHOB HS raae Il03BOHHK>T C xo
pomen HBABXHOCTLK) 01.lBHHBBTb YPOB8Hb Tpe6yeMoro pa6oqero ABBH6HHH B 
KSMepax 'A6HCTBYJOillHX H npo~KTHpyeMblX I.lRKnOTpOHOB. 

B,Krc - . .... .. ... ... .... - '" ,.. ""' ..,.., -.u ·•,r~r 
2d !I! l! !l !! !: !! ! ! !1 :I /!/ I :I I 

191·+ I-A, }'{i-Yirl ii/ii-,,- IJ l ... 1 I.""'! I)"" ! 1.• ! 

18 I H H H U1 / I A I }I ~ I /U !I ! fl I 

13 l5 2 2S 3 I. 5 6 7 8 f. Mry 

n=6--+- n=I. --+--- n=2 --+- n=l 
-n=3 -----4 

o-- n=S -------1 

PHC. 5 • .liHSrpSIUla HSCTpOilKH H30XpOHHoro l.(HKHOTPOHS TlllltBHNX 
HOHOB Y-400, 

BoaMOi':HOCTH l.(HKllOTpOHS Y-400 HlllllOCTPHPYK>TCH AHSrpBMMOll (PHC. 5), 
CBll3UB81lill8'1 AHSilS30Hbl qsCTOT, rapMOHHKH ycKOPHlllllero HSnpa:zemrn, ypoB
HH cpeAHero MSrHHTHOro nona, 8HeprHH HOHOB C psanHqHUMH OTHOIDBHHllWl 
Ah. K HSCTOHlllBMY BpeweHH HS I.lRKnOT~oHe Y-400 ycKopeHo oKQno AByx Ae

CHTKOB psanHIIHblX HOHOB OT saoTs (N 14) AO KpHnToHs ( KIL~) c HHTBHCHB
HOCTHMH ro14t-ro11 'laCT./C. 

B Tp6Tb8ll rnSB8 AHCcepTSI.lRH HS OCHOB8 IIHCllBHHOro MOABllHPOBSHHH 
ABRZ6HHH HOHOB B_LlHKllOTPOHe HS SBM H o6mHpHblX 8KCil8PHM8HTSllLHblX HCCne
AOBSHHll npoB6'A8H BC8CTOpOHHHll 8H8nH8 IlP8AllOX8HHOro B JIHP BNBOAB Tllllt8-, 
llblX HOHOB H3 H30XPOHHblX I.lRKnOTPOHOB MBTOAOM nepeaapHAKH qaCTHL( HS TOH-
KOll MHmeHlt").' . 

x) BHnOB r.H., OrBH8CHH D.u., ~nepOB r.H., MeTO'A BblBOAB nyllKOB TllEBHblX 
HOHOB HS I.lRKllOTPOHOB C 88HMYTBllLHOlt BBPHBL(HBi MBrHHTHOrO non11, 
OHHH 1884, ,liy6aa, 1964. 
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OCHOBHaH oco6eHHOCTb BLIBOAa qacTHU nepeaapHAKOn COCTOHT B TOM, 

qTo nyqoK ycKopeaaux HOHOB c aapH,ZtOM i~ nponycKaeTcH qepea TBep'AYD 
MHmeHb, qacTHULI noBbllllaDT caon 38pfi'A AO Zit KPHBH3H8 TpaeKTOPHH peaKO 
yaenHqHB88TCH, 8 ABill!CeHHe HOHOB B MarHHTHOM none C8KTOPHOro UHKnOTpO
Ha CTaHOBHTCH paAHanbHO HeycTollqHBLIM. B 38BHCHMOCTH OT COOTHOW8HHH 
21/Zi t rny6HHLI BapH8UHH uarHHTHoro nonH, nonoxeHHH nepeaapHAHOn MH

W8HH nyqoK, COBepmHB 1+2 o6opoTa BAOnb KPOMKH C8KTopa, BLIBOAHTCH H3 
KaMepLI yCKOpHTenH (pHC. 6). 

Y-200 

a) 

PHC. 6. CxeMLI BLIBOAa nyqKoB THJKenux HOHOB Ha H30XPOHHLIX 
UHKnOTpoaax Y-200 H Y-400 MeTOAOM, nepeaapHAKH 
qacTHU Ha TOHKOll MHW8HH. 

6) 

B peaynbTaTe npOXOl!AeHHH nyqKa TH~enux HOHOB qepea MHW8Hb COOT
BeTCTBYIOmen TonmHHLI ycTaHaBnHBaeTCH paBHOBeCHOe pacnpeAeneHH8 qaCTHU 
no aapHAaM F(z), aaBHCRIIl88 OT aapHAa HApa HOHa't., CKOpOCTH qaCTHU• 
B AHCCepTaUHH npeACTaBneH o6aop pa6oT no aqxpeKTaM, conpoBOlKAa~HM 
npoxOlKA8HH8 nyqKa THl!enux HOHOB qepea TB8PAYD MHW8Hb, a TaKxe aaBHCH
MOCTb cpoKa cnylK6LI npHM8HH8MLIX AnH nepeaapHAKH HOHOB Ha UHKnOTpoHax 
AHP yrnepOAHhlX (J)Onbr OT napaweTpOB nyqKoB. 

,llnH HCCn8AOBaHHH npouecca BLIBOAa·qacTHU Ha H30XPOHHLIX UHKnOTPOHaX 
Y-200 H Y-400 npOBO~HnOCb qHcneHHOe MOA8nHpoaaHHe ABHJK8HHH HOHOB B 
H3M8p8HHLIX warHHTHLIX nonHX yCKOPHTenen. TpaeKTOpHH nyqKoB auqacnHnHCb 
'Anfi HeCKOHbKHX HaH6onee HHT8HCHBHLIX aaPHAOB rpynn HOHOB • .llnH H30XPOH
Horo UHKnOTpoHa Y-200 OCHOBHOi-t AHanaaoH ycKOpH8MUX qaCTHU.COCTaBnHDT 
nerKHe HOHLI (He!1+N~~), KOTopue npa nepeaapHAKe c BLICOKon a(J)W8KTHB
HOCTbD yaenH~BalOT CBOll aapHA BABOe r.1/~=0,5, _KOrA8 npHpOCT pa,llHyca 
A'l aa O,llHH o6opoT uaKCHManeH. lj cnyqae BLIBOAa nyqKOB l'Hl!8nllX HOHOB H3 
UHKnOTPOHa Y-400 H3M8H8HH8 aapn,lla cauoi-t HHT8HCHBH0'1 rpynnu HOHOB 60-
nee aHa~TenbHO (3+4 paaa):/lk~5-+9 ,Jh,+4 -+16 H T.,ll~·. T.8, OTHOW8-
HH8 11/Zi CHHxaeTCH, qTo npHBO,llHT K yweHbWeHHD paAHanbHOro aa6poca 
HOHOB npH HCnonb30BaHHH O,llHOOClOPOTHOro BLIBO,lla. YcT8HOBn8HO, qTo npH · 
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aapbHPOBaHHH aaHMyTanbHOro nonOlK8HHH nepeaapH,llHOH MHW6HH MOl!HO nony
qHTb aHaqaTenLHO 6onbmHn aa6poc nyqKa, coaepwaDmero nocne nepeaapH,llKH 
,llB8 o6opoTa B uarHHTHOM none UHKnOTPOHa (pHc. 6). ,llBHlKeHH8 BLinycKaeMo
ro nyqKa HOHOB B aKCH8nbHOn nnOCKOCTH, onpe,llenHeM08 ,lleWOKYCHpyD~ill& 
,ll8HCTBH8M Kpaeaoro nonH C8KTOpOB H WOKYCHPYIOmHM paCC8HHHOro MarHHTHO
ro nonH YCKOPHTenH aa KOHeqHLIM pa,llHYCOM, B uenow OKa3LIBa6TCH ycTonqH
BLIM, 

IlOCKOnbKY B nyqKax THlKenux HOHOB nocne npOXOlK,ll8HHH MHWeHH oopaay
eTCH PH,ll rpynn qacTHU C 6nH3KHMH HHTeHCHBHOCTHMH, HO OTnHqaD~MHCH no 
aapHAY aa O.llHY-.llBe e,llHHHULI Z ±1, l ±2, To B npouecce pacqeToB auqHcnH
nHCb Tpa8KTOPHH H 3THX HOHOB. TaK KaK 8WW8KTHBHOCTb nepeaapHAKH HOHOB 
(flt,+ K't.), cocTaBnHD~x ocHOBHon ,llHanaaoH qacTnu, ycKopHewux aa Y-400, 
noHHxaeTCH ,llO 30% H ,llnH yaenHqeHHH HHT8HCHBHOCTH BLIBe,ll8HHLIX nyqKOB 
xenaTenbHO acnonba,oaan ~yq}rn HOHOB C aapHAaMH 6nH3KHMH K paBHOB8CHO
uy. 0,llHaKO 3,ll8Cb B03HHKaeT npo6neua npOCTpaHCTB8HHOro paa,lleneHHH nyq
KOB Ha BLIXO,ll8 YCKOpHTenH (pHC, 6). ~ccne,lloBaHHH noKaaanH, qTo BLIBO,ll 
nyqKoB HOHOB C aapHAaMH, OTnnqaIOmHMHCH Ha 8,llHHHUY .llBYMH o6opoTaMH, 
noaaonHeT nonyqaTb paCCTOHHHe M8lK,llY U8HTpanbHLIMH TpaeKTOPHHMH noqTH 
Ha nopH,llOK 60nbme, qeu npH BLIBO,ll8 O,llHHM ooopoTOM (pHC, 6), TeM caMLIM 
MOlKHO IlOBLICHTb 3qJW8KTHBHOCTb BLIBO,lla, pacwnpHTb 3KCnepHM8HTanbHhl8 B03-
MOlKHOCTH YCKOPHTenH B uenow. 

IlpHM8H6HH6 BLIBO,lla nyqKOB,M8TO,llOM nepeaapHAKH npe,llCT8BnHeT B03MOlK
HOCTb nnaBHOro perynHpOB8HHH aaeprHH qaCTHU Ha BLIXO,lle YCKOpHTenen ny
T6M H3M8H8HHH pa,llaanbHOro (H·83HMYT8nbHOro nonolKeHHH) nepeaapH,llHOn 
M1lW6HH (pHC, 6) H, liTO OC006HHO B8llCHO, npa coxpaHeHHH H8CTpon1rn napa
MeTpOB UHKnOTPOH8, T8K3H8 Y-200 ,llH8Il830H B8PbHPOB8HHH aaeprHH qaC1'HU 
cocTaBHn oKono 30%: Ch-(76+II2) MaB, He41-(24+35) MaB, Ha Y-400 BLI
BO.ll nyqKoB HOHOB ocy~eCTBnHeTCH c p8,llHyCOB R =145+172 CM, ,llnfi qero 
paapa6oraHo ycrponcrao nepeue~eHHH MHweHH no paAHycy H aaHwyry 
(A0~o0), ynpaanHewoe c nynbra ycKoparenH, 

~OKYCHPOBK8 nyqKQB HOHOB B pacceHHHOM none UHKnOTPOHOB ocymecTBnH-
61'CH·c nowomoD naCCHBHLIX rpexaneweH1'HLIX warHHTHLIX KaHanoB. Koa~HUH-
8H1' BLIBOAa nyqKoB HOHOB H3 UHKnorpoHOB Y-200 H Y-400 COCT8BnHeT 30+ 
+90%,qTO 6JIB3KO K ajxp8KT.lll3HOCTH nOJiyqeHHR MHHl:lX HOHOB C paBHOB8CHLIM· 
aap.imoM.llii1'8HCHBHOC1'D IIy'IKOB cocraBJIJleT 1011+ro14 qacT./C H H8 orpa
HHqHaaeTCH l!8C1'KHMH rpe60B8HHHMH K KaqeCTBY BHyrpeHHero nyqKa. 3aaqe
llHH 3MH1'1'aHCOB nyqKOB nexar B npeAenax 20+40ii MM•Mp8,ll, 3Hepre1'Hli8CKHn 
paa6poc - oKOno 1%. 

3HaqarenbH08 (B 2+4 paaa) CHHlK8HHe warHHTHOll lKeC1'KOC1'H qaC1'HU npH 
HCnOnb30B8HHH BLIBO,ll8 HOHOB nepeaapH,llKon Ha 1'0HKOH MHW8HH HBnH61'CH He
COMH8HHLIM npeHwymecraow aroro uero,lla nepe,ll aneKrpocTarHqecKHM, no-
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CKOnbKY fi03BOIDI6T C03'A8B8Tb lliHPOKO p83B6TBneHHbl6 CHCT6Mbl p83BO~H 
BH6lliHHX nyqKoB HOHOB, nonb3YHCb uarHHTHblMH aneMeHT8MH OTHOCHTenbHO 
HeClonbmOi-1 MO!llHOCTH. flpm.iepoM MOliteT ClIYlitRTD CHCTeMa, paapa60T8HH8H ,!{lIH 
UHKlIOTPOH8 Y-400, BKlI10qa1011l8H 9 (J.lH3HqecKHX OTBO'AOB, p83M811l8HHblX.LB 3KC

nepHMeHT8llbHOU sane filIOlllB'AblO 140 w2 • 
TaKHM o6pa30M, B Iia6opaTOpHH H'A6PHblX peaKUHH O~H~ npH Henocpe'ACT

B8HHOM yqacTHH 8BTopa paapa60T8H H30XPOHHblii UHKlIOTpOH THJK8llblX HOHOB 
Y-400, OTlIHq81011lHHCH_BblCOKHM ypoBHeM cpe'AHBro warHHTHOrO nonH ('AO 
21,3 Krc), YHHK8llbHblMrl B03MOlitHOCTHMH ycKopeHHH HOHOB B lliHPOKOU 'AHana-
30He OTHOllieHHii R/1 oea HCilOllb30B8HHH MO!llHblX CHCTeM TOKOBOH KoppeKUHH 
warHHTHOrO nonH, 3(J.l~8KTHBHblM ueTO'AOM Bb1BO'A8 qaCTHU - nepeaapH'AKOil H8 
TOHKOH UHlli8HHi KOUU8KTHOH CHCTeuon p83BO'AKH BH8lliHHX nyqKOB HOHOB, Bbl

COKHMH ('AO ~0 4 '!8.CT./C) WlT0HCHBHOCTSIMll nytmOB TID!t0JIHX KOHOB. 
qeTB80T8H rnaBa 

0

'AHCCepT8UHH IlOCBH~eHa npo6ne1o1e pacmHp8HHH uacc 
ycKopeHHblX H8 UHKlIOTpOH8X HOHOB BlllIOTb 'AO ypaHa H yBenaqeHHH aHeprHH 
qacTHU 'AO 100 MaB/H. 3TO UOJKeT OblTD 'AOCTHrHyTO llOBHlli6HHeM npoH3B8'A6-
HHH BR~ ycKopHTeIDI nRoo aHaqaTenhHblM yBenuqeHHeu aapHAB ycKopHelWX 
HOHOB. flpHM8HH6Mbl6 H8 UHKlIOTPOH8X l!HP HCTOqHHKH AYrOBOro THna o6ecne
qaB810T nonyqeHH8 nyqKOB THJK6l!UX HOHOB C npaeuneuon HHT8HCHBHOCTblO C 
M8KCHM8llbHblMH 38PHA8MH lD-tl2. To 8CTb npeAenbHOH qaCTHU8H 'AlIH UHKlIO
TpOH8 Y-:400, iwe1011lei-1 aHeprHIO nopHAKB 6 MaB/H, ·HBlIH!OTCH HOHU Xe. B no
cneAHHe rO'Abl npo6newa ycKopeHHH THlit8lIUX'HOHOB CTHMYlIHPOB8lI8 pa3BHTH8 
HCTOqffHKOB MHOr038PHAHblX HOHOB. K HHM MOJKHO OTH8CTH 3Jl0KTpOHHO--JIY'i8BOii 
H H8H6onee nepcneKTHBHblii AlIH HCllOllb30B8HHH B UHKlIOTpOHHblX yCT8HOBK8X 
aneKTPOHHO-UHKJIOTpOHHO-p830H8HCHUH (ECR)~~O H8 KOTOpOM, H8llpHMep, no-
nyqeHbl HOHbl xe+26 c HHTeHcKBHOCTblO ~ 4•I01 1:1acT./c. · 

IlpeACT8BlIH6TCH, qTo 'A8libHeilmee COBepmeHCTBOB8HHe H30XPOHHoro URK
lIOTPOH8 Y-400 MOJK6T 6b1Tb CBH38HO C paapa60TKOil HCTOqHHK8 THil8 ECR , 
HCll0llb30B8HHe KOTOporo llOAP83YM6B86T C08A8HHe CHCT8Mbl 8KCH8llbHOil HH
ll6KUHH•nyqKa. 

AH8nH8 B08MOlEHOCTeii UHKlIOTpOHHOrO cnoco6a yCKOpeHHH-. HHT6HCHBHblX 
ny~OB THE6llblX HOHOB, BKn10qaH HCllOllb30B8HHe CBepxnpOBOAHIIll!X K8TymeK 
B036Yll.lt8HHH UHKlIOTPOH8, noKaaan, qTo H8H6onee npHewneMblM 'Alifi pemeHHH 
aToro BOnpoca B Ka6opaTOPHH c TeXHHqecKOH H aKOHOMHqecKOil_ToqeK ape
HHH HBHH8TCH npHM6H8HH8·K8CK8AHOrO cnoco6a ycKopeHHH THJK6llblX HOHOB, 
KOrAB HCllOnbayeTCH noaT8IlHOe llOBblW6HH6 88PHA8 HOHOB H8 TOHKHX MHW8HHX 
B npouecce ycKOpeHHH. 3ToT cnoco6 nonyqHn B HaCTOHl!lee BpeuH WHpoKoe 

p88BHTH8,H 6onbWHHCTBO npoeKTHpyeublX H C08A8B86MblX YCKOpHTenen Tfill6-
n1,1x HOHOB fiBlIH!OTCH MHOrOCT8AHHHblUH ycT8HOBK8MH. 

xJoeller R., IEEE Trans. on Nucl. Sci., NS-26, 2, p. 2120, 1979. 
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PHc. 7 

Cxeua T8H'A8M8 UHKlIOTpOHOB THJK6l!UX 
HOHOB C 0611lHM uarHHTHblM llOTOKOM. 

B pa6oTe np8AlIOJK6H H p8CCMOTpeH B8pH8HT T8ff'A8M8 UHKlIOTPOHOB, HMe
!OlllHX 0611lHil warHHTHblil IlOTOK, COBM811l8HHblX B OAHOM lli-o6paaHOM aneKTP?
uarHHTe, y KOTOporo BblilOlIH8Hbl pa6oqHe aaaopbl B CTOHK8X B OAHOH nnoc
KOCTH C OCHOBHW (PRC. 7) H r,11e p88M81!l88TCH UHKlIOTPOH-HHll6KTOp. Hpo
B6,116HHble qHcneHHble H aKcnepHU6HT8libHbl8 (Ha uo,11enH) HCcne'AOBBHHH uar
HKTHOii ~0IIH _IUIKJ.IOTpOHa, ,Itillia.MWW. '!8.CTKU IlOKa3aJm Ha BOSMOilt
HOCTh C03MHWI Ha OCHOB0 Mal'HHTa C ,JUl:8M0TpOM IlOJIIOCOB ~8Tl:ij)8 M0Tpa 

YCT8HOBKH 'Alifi nonyqeHHH ycKopeHHblX HOHOB BillIOTb 'AO ypaHa C 3HeprHeH 
6¼7 MaB/H. XOTH ABHHblH cnoco6 BblrO'AHO OTnaqaeTCfi OT paHee npe,11naraB
WHXCH no,1106Horo PO'A8 YCT8HOBOK, O'AH8KO H. euy npHCYlllH onpeAeneHHble 
TPYAHOCTH B pe8nH88UHH. 

Eonee npaKTHqHblM fiBlIH8TCfi'HCnOnb80B8HHe p88A8libHO ABiiCTBYIOIIll!X-HH
geKTOpa Tfilit6l!UX HOHOB H nocTyCKOpHTenH. Cyl!l8CTB8HHblM BKlIB'AOM B coa,11a
HHe YCKOpHTenbHblX YCT8HOBOK AHR nonyqeHHH oqeHb THJ16llb1X HOHOB HBlIH8T
Cfi on1,1T paapa60TKH B Ka6opaTopHH TBff'Aeua UHKnOTPOHOB Y-30D-tY-200, no
nyqHBmHii B H8CTOHl!l68 Bpeua llll'lpOKOe paaBH_THe • 3A6Cb BnepBb16 B MHpe (51,1-
nH YCKOP6Hbl HOHbl Xe ),tO 3HeprHH 5¼7 MaB/H. B ,IIHCCepT8UHH npHB6'A6HO 
Kp8TK08 OllHC8HH6 KOMllneKC8 HCClI8'AOB8HHii, CBH88HHNX C nepeBO'AOM UHKlIO
TpOH8-HHJK6KTOp8 Y-300 Bpeuu yCKOP6HHH HOHOB H8 TpeTDCii rapMOHHK6 Bbl
COKoqacTOTHoro H8llPllX8HHH (U8HTP8llbH8H HOHH8fi OllTHKB, CHCT6M8 Bb1BO'A8 
nyqKa),,c paapaooTKOil CHCTeM Tp8HCilOpTHpOBKH H HHJK6KUHH qaCTHU B UHK-
noTpOH Y~200. 3Ta p860T8 noKaaana WHPOKH8 B08MOlltHOCTH ~a6opaTOPHH 
B nonyqeHHH yCKOp8HHblX oqeHb THJKen~X HOHOB, 8~8 60Jll,fil0 B03pocnrn:e 
c BBO~OM B.cTpoft ~eiicTBYJl'.IllliX IUIKJIOTpoHa Y-400. 

.l(anbH8HW88 p8CWHP8HH6 AH8ll88_0H8 M8CC H 3HeprHil YCKOPH6MblX HOHOB B 
~ac5opaTOpHH H'ABPHblX peaKUH£i. c~aaNBaeTc:a c paapa6oTKoil HaoxpoHHoro UHK
noTpoHa Y-400M HB_\JCHOBe aJieKTpouarHHTa ycKop.11Temi Y-300. K HBCTOHl!le

uy i.ipeuemt- B JlaoopaTop.11.11 Bi:inonHeH wapoKHii Kpyr TeopeTHqecKwc 
H aKcnepHM8HT8libH~X HCClI8,IIOB8HHii, COCT8BHBWHX OCHOBY T8XHHqecKoro npo-
6KT8 UHKlIOTPOHHOro KO_wnneKca MP Y-400¼Y-400M, C08A8B86MOro AnH nony
qeHHH 1cKopeHHUX HOHOB OT KHCnopO'A8 AO yp8H8 C aHeprHeil 15¼120 MaB/H. 
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IlpH HCn01ll>30B8HHH l\HKnOTPOH8 Y-400 B HHJK8KTOPHOLI pexHMe YCKOpHm
CH nyqKH HOHOB c Af:t. =16+25 aa qeTBepToil rapMOHHKe BliCOKoqacToTaoro 
aanpHJK8HHH ,JtO aaeprHil I+2 MaB/a. IlpH STOLi H806XOAHMO BH8CTH COOTB8T
CTBYDIJIYD KOpp8Kl\HD B l\8HTp8nbHYE HOHHOOnTHqeCKYD CHCTeMy l\HKHOTPOH8. 
Yron YCT8HOBKH ~enH HOHHoro HCTQqHHK8 R ny~epa no OTHOID8HHD KOCH 
pe30H8HCHliX nHHHil l\HKnOTpOH8 .itonxeH COCTaBnHTb 12°, a P8AHYC - 70 MM 
npH HanpHlK8HHH H8 .JtY8HT8X 80 KB. BNBO'A HOHOB H3 Y-400 6y,u;eT ocy~ecT
BnHTbCH aneKTPOCT8THqecKHM noneM .itewneKTopa yrnOBOil npOTHlK8HHOCTbD 
38°· H anepTypon IO MMC Ll8KCHM8nbHNM aanpHllt8HH8M 60 KB H p8AH8nbHO
~OKYCHPYDlllHM MarHHTHliLI KaaanoM C rpa,u;H8HTOLI MarHHTHoro nonH OKOnO 
I,5 Krc/CM. CHCT8M8 Tp8HCnopTHpOBKH HOHOB ,u;nHHOil OKono 100 M paaMe~a-
8TCH_B ranepee, CBH3blB8D~eil 38nli YCKOPHTeneil Y-400 H Y-400M {pHC. 8), 
COCTOHT Ha nHTH noBopOTHliX M8rHHTOB H 16 nap KBSApynonbHNX nHH3. 

&Js ... 4_~□~ 
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PHC. 8 
UHKnOTPOHHNil KOMnneKC THlK8nliX 

HOHOB Y-40D+Y-400M, 

IlOCTYCKOPHTenb - H30XpOHHNll l\HKnOTPOH Y-400M npe.u;Haaaaqea K8K AnH 
ycKopeaHH cBepxTHllenux HOHOB, TBKHX KaK Xe.;. U .ito aaeprHH 2Dt40 MaB/a, 
TaK H nerKHX { He+Ne) ,u;o aaepnil 80+120 i.!aB/a. ,IlHanaaoa oTaomeHHilJl/z 
HOHOB, npome,u;mHX nepeaapH,u;HyD MHID8Hb, COCT8BHT 2+5. JlnH ,Il;OCTHJK8HHH 
yK838HHNX aaeprHil qacTHL\ Tpe0y6TCH nonyqeHHe M8KCHM8nbHOro cpeAHero 
nonH H8 YPOBHe 20 Krc. 

,IlnH Y-400M npHHHTa ~oKycHpyD~aH CTPYKTypa c qeTNPbMH ceKropaMH 
yrnOBOll npoTH3:8HHOCTbD 450 H yrnoM cnHpanbHOCTH H8 KOHeqaow j)a,u;Hyce. 
ycKopeHHH 40° {pHc. 9). ,IlnH o6ecneqeffHH ycnOBHil ~OKYCHPOBKH qaCTHL\ . 
BenHqHH8 ~n8TTepa Ll8rHHTHoro nonH ,JtOJIXH8 COCT8BnHTb 6onee a.I. qTo 
R ,Il;OCTRI'!l8TC.fl, K8K noKaaano qHcneHHOe MO,Jte~pOB8HHe Ll8rH.HTHOH uenH 
ycKOpHTenH, npH aaaope B XOnMe_yCKOpHT8nH,p8BHOM IO CM,H ,Il;OnHHe 50 CM. 
3To coa,u;aeT onpe.iteneHHue aaTpy,1tH8HHH B nonyqeHHH aeo6xo~HMOro ypoBHH 
cpe.itaero MarHHTHoro nonH Ha-aa yBenHqeHHH (no.cpaBaeHHD c Y-400) cpe.zr 
aero B03.JtYWHOro aaaopa. JlnH .JtOCTHllteHHH aeo6XOAHLIOro YPOBHH nonH YM8Hb
maeTCH p8CCTOHHH8 M8llt.JtY K8TYIIIK8MH B036Y:1.Jt8HHH H8 30 CM, YB8nHqHB88TCH 
qHcno BHTKOB B o6MOTK8X c"448 .JtO 50lf: 38 cqeT ycT8HOBKH .itononaHT8nbHNX 
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PHC. 9 

MarHHTHOH CTpyKTypa l130XpOHHOrO l\11K
noTpOH8 THJK8nliX HOHOB Y-400M. 

C8Kl\Hil H TOK8 BOa6yiK,ll8HHH C 1900 ,JtO 2300 A, yBenHqHB88TCH ceqeHH8 
Ll8rHHTOnpOBO,Jt8 H8 5% C nOLIO~bm CT81ll>HNX OnOKOB. 

~OPMHpOB8HH8 H30XpOHHOro pacnpe,u;eneHHH M8rHHTHoro nonH BNnOnHHeT
·CH pacTy~en no pa,JtHycy TOn~HHOll ceKTOPOB H CHCTeMolt TOKOBblX KOppeKTH
PYD~HX ~aTymeK, YCT8HOBneHHliX HO nnoCKOlt qacTH CeKTOpOB, oOpa~eHHOll K 
paOoqeMy aaaopy {pHc, 9). 

3KcnepHLl8HT8nbHli8 HCCn8.itOB8HHH pacnpe,u;eneHHil M8rHHTHOrO nonH H8 
MO,JtenH aneKTPOLl8rHHT8 l\HKnOTpOH8 Y-400M {MI :3) noK838nH xopomyD 
cornaCOB8HHOCTb C peay1ll>T8T8LIH qHcneHHoro MO,JtenHpOB8HHH. CneAyeT OT
M8THTb, qTQ .itnH YCKOpHT8nH Y-400M cy~eCTByeT T8 xapaKT8pH8H 38BHCH
MOCTb pacnpe.iteneHHlt cpeAHero uarHHTHOro nonH no pa.itHycy, HMeD~aH MeC7 
TOH .itnH Y-200 H Y-400, KOr.ita npH H3Ll8H8HHH ypOBHH M8rHHTHOro nona H8-
Knoa KPHBblX B(~) HaMeHHeTCH TaK, qro BD3MOJKHO ycKopeaHe HOHOB B mH
poKoLI ,JtHanaaoae 3HeprHil npH aeOonbmOll KOpp8Kl\HH-IlOlIH TOKOBOM CHCTeMoil. 
Pacnpe,u;8Jl8HIDI ~pe,JtHHX MarHHTHliX noneil H wnaTTepa Y.JtDBneTBOPHET ycnoBH
HM yCTOilqHBOro ycKOpSHHH qaCTHL\ C OTHDmeHHHLIH Jt/I =2+5, 

CHCT8M8 HHJK8Kl\HH BHeWHHX nyqKoB THllt8nliX HOHOB B l\HKnOTPOH Y-400M 
BKnDqaeT B ceOH .itYOneT KB8,JtpynonbHliX nHH3, M8rHHT KDPP8Kl\HH IlOlIOJK8HHH 
ny,nta B ropR30HTaJibHOil WIOCKOCTH, pa.u;HaJibHO--qJOKYCRpyunmi Mal'

HllTHlili KaHaJI H YCTpOHCTBO nepeM8~8HR.fl nepepaap.fl,Il;HOH Mlilll8Hll (pHc.IO). 
qHcneHH08 LIO,Jt8nHpOB8HH8 AHH8MHKH nyqKa.noaBOnHJIO onpe,JtenHTb OCHOBHli8 

napaMeTpu aneMeHTOB CHCT8Mli HHllt8Kl\HH, yron no.itxo,u;a HOHonpoBo,u;a K non~ 
cy ycKOpHTenH, p8,JtH8nbHNe H 83HMYT8llbHli8 nonoJKeHHH MHW8HH, Y.JtOBneTBO
PHDlllH8 BHll~8Hm> ycnoBHil cornacoBaHHH ny~a, npome.itmero nepeaapa.itaym 
MHW8Hb, C ero p8BHOB8CHOil opOHTOil. 
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Pim. IO • 
CxeMhl CHCTeM HHX6KUHH H BhlBOAa nyqKOB 
THX6llhlX HOHOB UHKllOTpOHa Y-400M. 

YcKopeHHe HOHOB B Y-400M ClyAeT npOH3BOAHTI,CH qeThlpbMH AYaHT8MH, 
pacnono~eHHhlMH B AOllHH8X UHKllOTpOH8, C H8np~8HH8M AO 120 KB B AH8na-
30H8 qaCTOT 15¼25 Mru. 

IlpH HCnonb30B8HHH UHKllOTpOH8 Y-400M·B KaqeCTB8 nocTyCKOp1iT8HH B8-
KYYMHhl8 ycnoBHH AllH 3qlq)8KTHBHOro ycKopeHHH THE8HblX HOHOB AOCT8TOqHo 
ClnaronpmlTHhl, nOCKOllI>KY npH OTCYTCTBHH H8T8K8HHH pa6oqero raaa HOHHO
ro HCTOqHHKa A8Bll8HH6 B KaMepe UHKllOTPOHa 6YA8T, nOAA8PXHB8TI>CH Ha 
ypoBH8 (2¼3)•10-7 Topp C ·nOMO~I,D napoMaCHHHhlX HaCOCOB C 830THhlMH no
ByWKaMH. ABTOHOMHhlll peEHM pa60Thl UHKllOTpOH8 Y-400M np8AYCMaTpHnaeT 
ycKopeHHe ne rKHX HO HOB ( He+ Ne ) , no Te pa KOTOPhlX He sHaqaTenI>Hhl BBHAY 
wanoro ceqeHHH nepeaapHAKH nerKHX qacTHU Ha ocTaTOllHOM rase Kawephl 
ycKOPHTenH. 

BhlBOA nyqKOB ycKopeHHhlX HOHOB HS UHKll0TpOH8 ClyAeT ocy~eCTBllHTI>CH 
ABYMH aneKTPO~T8THqecKHMH AB~neKTopaMH, pacnono~eHHhlMH B AY8HT8X yc
KOpHTena. PacqeTbl noKaaanH, qTo AnH BhlnycKa qaCTHU C M8KCHManI>HOll 
aaepraen 120 MsB/H.noTpe6yeTca HanpHEeHHOCTI> aneKTpHqecKoro nona AO 
120 KB/cu. ~OKYCHpOBK8 nyqK8 B pacceHHHOM none UHKnOTPOH8 o6ecneqaBa-
8TCH M8rHHTHhlM K8H8llOM. lnH ynenHq8HHH P8AH8lll>HOrO p83AeneHHH op6HT 
H8 KOHeqHblX paAHycax ycKopeHHH, HCCn8AOB8H npeuecCHOHHhln cnoco6 pacKaq
KH paAH8llLHhlX KOne6aHHn BB8A8HH8M KOHTponHpyeuon nepnon,rapMOHHKH 83H
MyTan1,aon H80AH0pOAHOCTH uarHHTHoro nona. no OU8HKBM, K03~WHUH6HT Bhl
BOAB COCTBBHT Clonee 50% AllH ncero AH8n830H8 OTHOWeHHn .A/1. ycKopae
MhlX, HOHOB. 

IlP6AYCM8TPHB88Kblll npoeKTOM 8BTOHOKHhlll pexHK pa60Thl H30XpOHHOro 
UHKllOTPOHB i-400M, c co6CTB8HHhlM HCTOllHHKOK HOHOB, nosnonaeT acnonLao-

H +l n+3 0+4 •l..+5 BBTI, BhlBOA qacTHU 84 , \;i2, 16, /vt: 20 M8TOAOK nepeaap_HAKH Ha TOHKOtt · 
MHW8HH. 

Ilonaaa 3qlq)8KTHBHOCTI, YCKOp8HHH qacTHU T8HA8MOM UHKllOTPOHOB Y-400+ 
¼Y-400M COCTBBnHeT OKOllO 10-4! ~o o6ecneqaT nonyqeHH8 nyqKoB HOHOB c 
HHT8HCHBHOCTHMH Ha YPOBH8 101 'iaCT./C. -
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B Ta6nHue npHB8A8Hhl OCHOBHhl8 napaMeTphl YCKOPHTeneil UHKnOTpOHHOrO 
KOMnneKC8 JIBP. 

' IlapaMeTphl 
SneKTPOMarHHT 

lHaMeTp nonooon, CM 
KoHeqabln PBAHYC ycKopeHHH, CM 
Bee warHHTa, TH 
CpeAHHi B03AYWHhln sasop, MM 
qHcno BHTKOB OCHOBHOi KaTyWKH B036Y~A6HHH 
Pa6oqHn TOK B o6MOTK8 aneKTPOMBrHHTa, A 
MaKCHMBnbHOe cp8AH88 MarHHTHOe none, Krc 
qacno C8KTOpOB 
Yron cnHpanbHOCTH, rpaA, 
~naTTep uarHHTHoro nona 
qHcno KoppeKTHpyD~x o6MOTOK 

BhlCOKoqacTOTH8H CHCT8M8 
qacno AYBHTOB 
A3HMYT8llbH8H npoT~8HHOCTb, rpaA. 
HanpHE8HH8 H8 AY8HT8, KB 
nHanaSOH qaCTOT 1 Mru 
AnepTypa AYBHTe, MM 
8aaop AY8HT-38MnH, MM 

BaKyyMH8H CHCT8M8 
06b8M BBKYYMHOi K8M6phl, M3 

nanneHHe B Kauepe, Topp 
KonaqeCTBO HaCOCOB 
CKOpOCTI, OTK8qKH, n/c 

Y-400 

400 
175 

2200 
200 

2x252 
2500 
21.3 
4 

0.07 
IO 

2 
40 
80 

6-12 
120 

50 

25 
l•I0-6 

5 
1~105 

CHCT8148 BhlBOA8 H TpaacnopTHPOBKH nyqKa 
A3HMYT8llbH8H npoTHE8HHOCTI, AB~neKTOpOB, rpBA 
BXOAHOti saaop, MM 

38 
IO 
60 HanpHXeHHe H8 A8~neKTOpe, KB 

AaHMyTan1,aaa npoTHxeHHOCTb ~oKycHpyD~ero 
M8rMTHOrp-nonH, rpBA, 
rpa;llHeHT nona n KaHane, re/cu 
:3\W)8KTHBHOCT~ BhlBOAB, % 
qHcno KaHanoB BH8111H.HX nyqKOB 

IlytiKH 
SaeprHH ycKopeHHhlX HOHOB, MaB/H 
0THOW8HH8 K8CChl K aasopy, 
Pas6poc aHeprHH, % 
liHT8HCHBHOCTI, nyqKoB, qaCTHU/C 
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20 
1000 

50 
9 

1¼20 
.4-t25 

l 
roB.rol4 

Ta6n!fil8 
Y-400M 

400 
175 

2300 
300 

2x252 
2300 
19.5 
4 

40 
0.13 

17 

4 
40 

120 
15-25 

100 
150 

35 
5•10-7 

6 
I,2•!05 

2x38 
5 

60 

25 
IO0O-tl300 

50 
8 

15-tl20 
2¼5 
0.5 

10n.1012 
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B aaKlllOqeHHH ewopMynHpoBattu oettoBHUe peaynLTaTu ,JU1eeepT8UHH. 

OeHOBHN8 peaynr,TaTN imeeepTaUHOHHOll pa60Tll 

. 1. IlpoBe,lleHo qneneHHoe 110,llenHpoBaHHe npoueeea yeKoperurn T
0
Hllt81INX 

HOHOB.B U8HTpanLHOH oonaeTH UHKIIOTpOHOB JIHP C HellOIIL30B8HH81l H3MepeH
HUX 31I8KTpHqeeKHX H M8rHHTHUX noneil; onpe,lleneHU napa11eTpll HOHHOll on
THKH, 06eeneqHB8D~ell 3WW8KTHBHNll 38XB8T B yeKopeHHe qaeTHU C paanHq
HNMH OTHomeHHHMH ~h Ha KpaTHNX rapMOHHKax BucoKoqaeTOTHoro HanpHxe
HHH. 

2. PemaHa 3aAB,'!a i])OpMllpOBaimJl H 0liCCJl8,IJ;OBaH.Wl MarHHTHOro IIOJIJl H30-
xpoHHoro ~KJIOTpoHa Y-400, o6eCII8'lliBalClll8ro YCTOll'llU308 YCK0p8HH8 HJI
T8HellBHWC IIylIKOB TJDK8JIUX: liOHOB B m:apoROM ,IJ;HaIIa30H8 Mace H 3Heprmi. 

Paapa60T8HU ONeTpO,llelleTBYD~e 148TO,llHKH H3148P8HHH H s~eKTHBHUe 
enoeoou illHMMHPOB8HHH MarHHTHOro llOIIH H30XpOHHUX UHKnOTPOHOB, eoeTBB
neH.KOMnneKC BuqnenHT81ILHUX nporpaMM o6pa60TKH peaynLT8TOB M8rHHTHUX 
HaMepeHHll H Heene,lloBaHHll ,llHHaMHKH qaeTHU. 

IlonyqeHHe Ha H30XPOHHOM UHKIIOTpoHe Y-400 yeKopeHHNX niqKoB Tflllte
nux HOHOB e SHeprHen 5+20 MsB/HYKIIOH H peKOp,llHUMH (.l!O 101 qaeT./C)liH
TeHeHBHOeTHMH xapaKTepHayeT BUeOKOe KaqeeTBO napaMeTpOB U8HTP81ILHOil 
HOHHOil OllTHKH H paenpe,lleneHHil M8rHHTHOro'no1UJ yeKOPHT81IH. 

3. BlffiOJIH8HH T80p8Tli'l8eKH8 li 3KeII8pHM8HT8Jll,Hli8 HeCJl8,IJ;OBaHHJI ,ItllHa
MHKll BHBO,IJ;a TJllK8JIWC HOHOB li3 ~OTpOHOB Y-200 H Y-400 M8TO,ll;OM nep_e
aapsm:rra qaeT~ Ha TOHKOli Mlim8Hli. 

PeannaOB8HO nnaBHOe perynHpOB8HHe 3HeprHH BUBO,llHMUX C p83HUX.p8,llH
yeoB yeKopeHHH HOHOB, llOK838H8 B03MOllHOeTL nonyqeHHH 3H8qffT8nLHOro pa
,llH8nLHOro p83,ll81IeHHH op6HT.qaeTHU e OIIH3KHMH aapH,ll8MH noene npoXOllt,7:\e
HHH MHill8HHo 

S~eKTHBHOeTL BNBO,ll8 HOHOB OT He ,llO Fe H8 UHKnoTpOH8X Y-200 H 
Y-400 eoeTBBnHeT 90+30%. 

4. PemeH KOMnneKe 38,llaq no paapa60TK8 yeKopeHH0H THll8nNX HOHOB Kae-
K8,llHUM enoeo6011 H8 UHKIIOTpoHax: '· 

- npoBe,lleHU Heene,llOB8HHH ,llHHBMHKH HHJEeKUHH H BNBO,ll8 qaeTHU Ha T8H
,ll8148 UHKIIOTpOHOB J!HP Y-300tY-200; 

- BUllOIIH8HN TeopeTHqeeKHe H 3KenepHM8HT81ILHN8 Heene,llDBBHHH T8H,lle-
118 UHKIIOTPOHOB TH~enNX HOHOB e OO~HM_MarHHTHllM llOTOKOM; 

- pemeH mHpOKHll Kpyr BOnpoeOB no paapa6oT_Ke 11arHH'l'HOil eTpyKTYPN, 
Heene,llOB8HHHM ,ll.11H8MHKH qaeTHU, eoeT8BHBmHil oeHOBY npoeKTB;UHKIIOTPOHHO
ro KOMnneKea JIHP Y-400+Y-400M, eoa,ll8B88MOro ,lllIH yeKopeH~ HOHOB. OT He 
,llO'tr ,llO SHeprHH 15+120 MsB/HyKnOH •. 

Bee pa60TU BNllOnH8HN B la6opaTOpHH H,llepHUX peaKUHil 06b8'AffH8HHOro' 
liHe'l'HTyTa fl'A8PHUX oeexe,llOB8HHll. OeHOBHUe peay1ILT8Tll ,llHeeepTBUHH ony6-

. nir1KOB8Hll B - ene,llyD~X paooTax: 
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