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1. BaeneHMe 

Henpep~BHOe pa3BHTHe YCKOPHTe~bHOrO KOMn~eKca JB3 npw OAHOBpe
M8HHO~ ero 3KCn~yaTaUHH Ha ~H3H48CKH~ 3KCnepHM8HT HB~HeTCH r~aBHO~ 
3aAa4e~ na6opaTopMM. 3asepma~~wM sTanoM pea~wsauww npoeKTa HyKnoTpo
Ha111HB~HeTcH ero MOHTaz B 1991 r. ITyCKOHan~04HHe pa60T~ W 3KCn~ya
TaUMH YCKOPMTe~H Ha nepBOM 3Tane 6YAYT B~no~HHTbCH Ha 6ase A8HCTBY~
mero MHZ8KTOpa. MHTeHCWBHO MCnO~b3yeWM~e B HaCTOH~ee BP8MH ny4KW CMH
xpo~a30TPOHa o6~aAa~T PHAOM cneUW~W48CKMX W peKOPAH~X napaMeTpOB, 4T0 
n03BO~HeT npOBOAHTb Ha HWX .MHOrMe aKTya~bH~e MCC~eAOBaHWH B 06~aCTW 
Hl8PHOH ~M3MKW. C sanyCKOM HyKnOTPOHa npocTpaHCTB8HHO-BpeMeHH~e xa
paKT8PMCTWKM ny4KOB cy~eCTBeHHO ynyqmaTCH, 6YAYT C03AaH~ HOB~e ny4KW 
(Ta6~wua 1). ~a~bHeAmee sHa4wTe~bHoe passwTwe coopyzaeMoro ycKopw
Te~bHOro KOMn~eKca, B OC06eHHOCTM HHT8HCWBHOCTM ero ny4KOB, MOZ8T 
AaTb 6ycTep12•3•41. 

CoopyzeHwe npoMezyT04Horo KO~bUa - Ten~oro 6ycTepa-HaKonwTe~H 

Ha 3Heprw~ 200 MsB/HYK~OH no HApaM M 650MsB no npOTOHaM C wcno~b30-
BaHHeM cy~eCTBY~~ero WHZ8KTOpa JY-20 n03BO~MT cy~eCTBeHHO pacmH~Tb 
B03MOZHOCTW npOB8A8HMH 3KCnepWM8HTOB Ha HyKnOTpOH8 KaK B 06~aCTW B~
COKWX, TaK W cpeAHMX 3HeprWH, Y~Y4mWT xapaKT8PMCTHKW ny4KOB W OC~a6MT 
Tpe6oBaHWH K 3KCn~yaTaUWOHH~M napaMeTpaM OCHOBHOrO KO~bUa. llpw 3TOM 
HMeeTCH B03MOZHOCTb pasMeCTWTb 6ycTep nepWM8TPOM 50 M B UOKO~bHOM 
sTaze cy~ecTBY~~ero SAaHwH, pacno~ozeHHoro B HenocpeACTBeHHOH 6~wsoc
TW OT ~WH8HHOro YCKOPHTe~H JY-20 W HJKnOTpOHa. HaCTOH~ee npeA~OZeHMe 

HB~HeTCH HOB~M BapWaHTOM· MMeBmerOCH paHee npoeKTa 6ycTepa, cy~eCTB8H
HO y~y4meHHOrO no CBOMM napaMeTpaM M OnTMMW3HpoBaHHOrO no TeXHH4eCKHM 
pemeHMHM. IToc~eAHee n03BO~HeT HaMHOrO COKpaTHTb CPOKW H CTOHMOCTb ero 
coopyzeHWH. 

3a C48T HaKon~eHHH 4aCTMU B 6ycTepe W nHTH UWK~OB HHZ8KUHH B OC
HOBHOe KO~bUO He MeHee 48M Ha nOPHAOK nOBYCWTCH HMny~bCHaH HHTeHCHB
HOCTb KOMn~eKCa,H l~H ~erKHX MOHOB (npoTOHOB H A8HTPQHOB) OHa COCTa
BMT ~ 1013 4aCTHU B HMny~bCe. 3TO no3BO~HT no~yqaTb B ~Y6He, nOMWMO 
ny4KOB pe~HTMBHCTCKHX Hlep H no~HPW30BaHHYX leHTPOHOB, KOHKypeHTO
cnoco6HYe ny4KH X-Me30HOB, aHTHnpOTOHOB, K-Me30HOB. 

0AHH M3 60~bWHX npHMO~HHeHHYX npoMeZYTKOB 6ycTepa-HaKOnHTe~H 

npelHa3HaqaeTCH l~H YCTaHOBKH B HeM CHCTeMY 3~eKTPOHHOrO OX~aZleHHH, 
n03BO~H~~eH YMeHbWHTb 3MMTTaHC nyqKa Ha OlHH - lBa nopHlKa H AOBeCTH 
MMny~bCHYH pas6poc lO 10-4 - 10-5 . llpH 3TOM, COOTBeTCTBeHHO, YMeHb-
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maTCH pa3Mep~ nyqKa Ha MHWeHHX H ITPHM8PHO B 2 pa3a COKpaTHTCH rrOT8PH 
npH M8l~8HHOM B~BOl8 qacTHU H3 HYK~OTpOHa B AHana30H8 SHeprHM OT CO
T8H MsB Ha HYK~OH AO MaKCHMa~bHOM. 

llpH nepeBOAe nyqKa H3 OAHOro YCKOPHTe~H B ApyrOM npOXOZA8HH8 ne
pesapHAHOM MMW8HH rrOB~CHT 3apHAHOCTb, qTo, B CBO~ oqepelb. rr03BO~HT 
ITOB~CMTb KOHeqHy~ SHeprM~ THZ8~~X HOHOB Ha B~X0l8 HyK~OTpOHa. 

KpoMe STOre, 6ycTep-HaKOITMT8~b MOZ8T 6~Tb HCrrO~b30BaH KaK OT
l8~bH~M YCKOPMT8~b A~H npOB8l8HHH MCC~8lOBaHMM Ha BHYTP8HHMX H BHem
HMX MMW8HHX B WHPQKOM AMarra30H8 SHeprHM, HaqHHaH OT A8CHTKOB MsB Ha 
HYK~OH. A~HT8~bHOCTb B~BOAa npM MaKCHMa~bHOM SHeprHM COCTaB~HeT OK0-
~0 300 HC. "Me~~aHCH CMCT8Ma rrHTaHMH IT03BO~HeT o6ecrre4MTb qacTOTY 
ITOBTOP8HMH UMK~OB 1 ru. llpH YB8~Mq8HMM MO~HOCTH CMCT8M~ rrMTaHHH UMK
~MqHOCTb pa6oT~ 6ycTepa MOZ8T 6~Tb, COOTB8TCTB8HHO, rrOB~WeHa. 

A~H oueHKM saTpaT Ha coopyzeHHe 6ycTepa-HaKonHTe~H c~eAyeT npM

HHTb BO BHHMaHM8: 
- ero riepMM8TP B 5 pa3 M8HbW8 nepHMeTpa OCHOBHOrO KO~bUa; 
- He Tpe6y~TCH re~H8BO-pe~pMZ8paTOpHaH CHCTeMa H CBepxnpoBOAH~He 

s~eMeHT~; 

- B CBH3H C noc~eAOBaTe~bHOM BO BpeM8HM pa60TOM OCHOBHOrO H 
npoMezyToqHoro K0~8U 6YA8T HCrrO~b30BaHa CHCT8Ma S~8KTporrMTa
HMH CBepxnpoBOAH~ero KO~bUa; 

- l~H pa3M8.8HMH 6ycTepa MOZ8T 6~Tb npMcnoco6~8HO HM8~~88CH 
noMe~eHHe. 

HeMa~OBaZH~M HB~HeTCH HMe~~HMCH on~T H T8XHO~OrHqecKaH 6asa npo
M3BOACTBa MarHMTOB B on~THOM npoH3BOACTBe. TaKHM o6pasoM, o6~eM 
TPYl03aTpaT AaHHOrO npoeKTa MOZ8T 6~Tb. no KpaMH8M Mepe, B rrHTb 
pa3 M8Hbme TPYl03aTpaT Ha coopyzeHH8 HYK~OTpoHa. 

2. CI8Ma pa6oTW M OCHOBHW8 napaMeTpW 6JCTepa 

~aCTOTa IT0BTOP8HMH HMny~bCOB 6yCT8pa B HaCTOH~ee BpeMH 0ITP8l8~H-
8TCH B03MOZHOCTHMM CHCT8M rrHTaHHH ~Y-20 H HYK~OTpOHa H npHHHTa · paB
HOM 1 ru. llpM yae~HqeHHH MO~HOCTM B~-reHepaTopa ~HH8MHOro YCKOPHT8~H 
H CHCT8M~ S~8KTPQITHTaHHH OCHOBHOrO KO~bUa STa qacTOTa MOZ8T 6~Tb 

YB8~HqeHa. "3 ~HH8MHOro YCKOPHT8~H npoH3BOAMTCH HaKon~eHM8 nyqKa ny
TeM Mijoroo6opOTHOM MHZ8KUMM B 6ycTep, OTKYAa noc~e YCKOP8HHH nyqoK 
nepeBOAHTCH B OCHOBH08 KO~bUO, B KOTOPOM ITPOHCXOlHT HaKon~eHH8 rrHTM 
cryCTKOB. A~MHa Op6HT~ 6ycTepa COCTaB~HeT 1/5 op6HT~ OCHOBHOro KO~b-
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~a, YTO COOTB8TCTBY8T 5 ~MK~aM sanO~HeHMH nOC~8AHero. 3TO TI03BO~H8T 

B8CTM HaKOTI~8HMH MOHOB B HYK~OTp0H8 B T848HM8 4 C8KYHA, noc~e Yero 1 ~ 

TIYYOK YCKOpHeTCH M BbiBOAMTCH lr13 OCHOBHOrO KO~b~a. BpeMeHHaH AMarpaMa f 
COBM8CTHOM pa60Tbl 6ycTepa M HYK~OTpoHa TIP8ACTaB~eHa Ha pMC.l. 

A~H HaKon~eHMH MOHOB B 6ycTepe B03MO:XHo npMMeHeHMe c~eAy~mMx 
CTIOC060B MHOr0060poTHOM MH:X8K~MM: 

- MHOroo6opOTHaH MH:XeK~MH C 3aTIO~H8HM8M ropM30H-

Ta~bHOrO aKcenTaHCa YCKOPMT8~H 3a C48T CMemeHMH ~OKa~bHOrO 

MCKa:XeHMH rop!r130HTa~bHOM npoeK~MM 3aMKHYTOM Op6MTbl; 

- BbiCOKOYaCTOTHoe HaKOn~eHMe MOHHOro TIYYKa; 

- MHoroo6opoTHaH MH:XeK~MH c sano~HeHMeM 4-MepHoro nonepeYHoro 

~a30BOro npocTpaHCTBa YCKOPir1T8~H C TIOMOmb~ ~MH8MHOrO pa3HOCT
HOro P830HaHCa CBH3M 6eTaTpOHHbiX KO~e6aHMM: 

- lr1H:X8K~Ir1H MOHOB C nepesapHAKOM. 

Ha1r16o~ee npocTbiM 1r1 pacnpocTpaHeHHhlM cnoco6oM HaKon~eHMH MOHOB 

HB~HeTCH sano~HeHMe paAMa~I>Horo aKcenTaHca ycKOPMTe~H. A~MTe~I>HOCTI> 

MH:XeK~MM, ee S~KTMBHOCTb M, COOTB8TCTB8HHO. KO~M48CTBO lr1H:X8KTM

PY8Mb1X YaCTM~ MO:XeT 6b1Tb cymeCTB8HHO YB8~M48HO. ec~M A~H HaKOn~eHMH 
MCTIO~b30BaTb TaK:Xe M B8PTMKa~bHbiM aKcenTaHC KO~b~a/5/. llpeABapM

T8~bHbiM aHa~M3 noKa3a~, YTO npM no~HOCTb~ cor~acoBaHHOM OlH006opoT

HOM MH:X8K~MM MOHOB B HyK~OTpOH (l~H paBHbiX ropM30HTa~bHOro lr1 B8PTM

Ka~bHOrO aKcenTaHCOB MarHMTHOM CTPYKTYPbl OCHOBHOro KO~b~a. Ax = 
Az = 40TI MM.Mpall TIP8lTIOYTMT8~bHOM HB~H8TCH MHOroo6opOTHaH lr1H:X8K~Ir1H 

MOHQB B 6ycTep c sano~HeHMeM nonepeYHoro 4-MepHoro ~sosoro npocT

paHCTBa C TIOMOmi>~ ~lr1H8MHOro pa3HOCTHOrO P830HaHca CBH31r1 Q - Q = 0. 

llpM B030Y:Xl8Hir11r1 STOrO p830HaHca TIPOlO~bHbiM MarHMTHbiM no~eM CO~eHOMAa 
B8pTMKa~bHbl8 lr1 rop!r130HTa~bHbl8 6eTaTpOHHble KO~e6aHMH npoTeKa~T Clr1H

~3H0/6/: B MOM8HT HaM60~I>mero OTK~OH8Hir1H no ropM30HTa~lr1 Ha a3MMYT8 

lr1H~~8KTOpa MX B8PTir1Ka~bHOe OTK~OH8HM8 TaK:Xe CTaHOBMTCH MaKCMMa~b
HbiM. 3TO TI03BO~H8T YaCTM~aM B C~yyae npMM8H8Hir1H MH~~eKTOpa C orpa

HM48HHbiM BepTMKa~I>HbiM pasMepoM ocymecTB~HTI> ero o6xol Ha Ha1r16o~ee 
onacHbiX o6opoTax c 6o~I:.mel1 sepoHTHOCTI>ID. 

0~8Hir1M BpeMH HaKon~eHMH MOHOB TaKMM cnoco6oM npMM8HMT8~bHO K 

6ycTepy HYK~OTpOHa.3Mir1TTaHC ~lr1H8MHoro YCKOPMT8~H lY-20 .40TI MM.Mpal 

COr~aCOBaH C aKcenTaHCOM OCHOBHOrO KO~b~a. 3TO 03HayaeT, YTO SMMT

TaHC BbiB8l8HHOrO M3 6ycTepa TIYYKa TaK:xe lO~:XeH 6b1Tb paseH M~M M8Hb

me 8MHTTaHca ~MH8MHOrO YCKOpMT8~H. YYMTbiBaH aAMa6aTM48CKOe YM8Hbme
Hir1e SMMTTaHCa npM ero YCKOP8HMM B CMHXPOTpoHe B k pas, rAe 
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k = (Bp) /(Bp) .. - OTHOW8HM8 MaKCMMa~I>HOM MarHMTHOM :X8CTKOCTM K max lnJ 
MarHMTHOM :l8CTKOCTM npM MH:X8KUMM, aKcenTaHC 6ycTepa, 3anO~HH8MbiM 

npM MHOroo6opOTHOM MH.8KUMM,6YA8T COCTaB~HTb 

A = kE A = kE 
X X z z 

)lJJH 3HeprMM MH:X8K~Ir1M 5 M3B/HYK~OH M MaKCMMa~bHOJi 200 M3B/HYK~OH 

B8~M4MHbl MarHMTHOM :X8CTKOCTM. COOTB8TCTB8HHO. paBHbl 0.647 T~.M M 

4,3 TJJ.M, YTO AaeT sHaYeHMe k = 6,65. TorAa nonepe4HHM aKcenTaHc 

6y~Tepa paBeH Ax= A ~ 260n MM.MpaA. TaKMM 06pa30M, TIPM sano~H8Hir11r1 

aKC8TITaHca CMHXPOTPOHa TIOHB~H8TCH B03MO:XHOCTb HaKOTI~8Hir1H 4aCTir1~ B 

npeAe~e sa speMH k2 = 44 o6opoTa. Jl~H nepMoAa o6pameHMH HAeP B 

6ycTepe np1r1 lr1H:X8K~Ir11r1 T =1, 6 MKC ( J3 = 0, 103 l BP8MH lr1H:X8KU!r11r1 COCTa

BMT 70 MKC (35 MKC A~H npOTOHOB). 

B la6opaTOPMM BHCOKMX sHeprMM ycnemHo sKcn~yaTMPYIDTCH YeTHpe 

TMna MOHHHX lr1CT04Hir1KOB: gyon~a3MOTpOH, 3~8KTPOHHO-JJY48BOM 1r1 ~asep

HbiM lr1CTOYH!r1Kir1, MCTOYHMK TIOJJHPir130BaHHbiX l8MTPOHOB. ~X ycoBepmeHCT

BOBaHHbl8 BapMaHTbl/?/ TaK:le OYAYT lr1CTIOJJb30BaHbl B HOBOM lr1H:X8KUMOHHOM 

KOMn~eKce. 

)lJJMT8JibHOCTb MMTIYJII>Ca HA8P lr13 ~lr1H8MHoro YCKOPMT8JJH C lr1CTIOJJb30Ba

HM8M JJasepHoro lr1 3JJ8KTPOHHO-~YY8BOro MCTOYHMKOB JJ8:XIr1T B npeAe~aX 

10 - 25 MKC. YTO TI03BOJJH8T HaKan~MBaTh lr10Hbl B 6ycTepe npaKTM48CKir1 

6e3 TIOTeph. MaKCMMa~hHbiM BHMrpHm B lr1HT8HC!r1BHOCTM B c~yqae lr1CTIOJib30-

BaHMH 6ycTepa TIOJJYYaeTCH npM 3KCn~yaTaUMM MOHHbiX lr1CT04Hir1KOB TMna 

gyon~a3MOTpOH lr1 "IlO~HPMC", l~lr1T8~bHOCTb MMTIYJJhCa TOKOB KOTOpbiX 

paBHa 400 - 500 MKC. 

B Ta6~1r1ue 1 npMBeAeHH MMTIYJJbCHHe MHTeHCMBHOCTM HYK~oTpoHa c Ael1-

CTBymmMM ~lr1H8MHbiM YCKOPMTe~eM ]Y-20 . 6ycTepOM M MOA8PHir131r1POBaHHHMir1 

lr10HHb1Mir1 lr1CT04Hir1KaM!r1. 

CXeMa pa3MemeHMH YCKOPir1T8~hHOro KOMTI~8KCa TIOKa3aHa Ha p~C.2. 

3~~eKTir1BHOM TIPOU8AYPOM, cymeCTB8HHO YJJYYmaromel1 napaMeTpbl 

MOHHOrO TIY4Ka,HBJIH8TCH 3JI8KTPOHH08 OXJJa:XA8HMe. B TIPir1HUir1TI8 Clr1CT8Mbl 

3JJ8KTpOHHOro OX~a:XA8HMH MOryT ObiTb yCTaHOBJJ8Hbl KaK B 6ycTepe. 

TaK lr1 B OCHOBHOM KOJJI>Ue KOMn~eKCa, YTO no npeABapMT8~bHHM OU8HKaM 

TI03BOJJ!r1T: 

- YM8HhWir1Th TIPMM8pHO Ha TIOPHAOK MMTIYJJbCHHM pa36poc lr1 3Mir1TTaHC 

UMPKY~MPYIDmMX lr1 BbiB8A8HHbiX nyYKOB; 

- CH!r131r1Tb TIOT8plr1 YaCTMU B npouecce lr1H:X8KUMM lr1 YCKOpeHMH B 6yc-
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Tepe M HYK~OTPOH8; 
- nOBHCMTb AO 98 - 99 % S~KTMBHOCTb M8A~8HHOrO BHBOAa ny4KOB 

M3 HJK~OTpOHa B AMana3oHe SH8PrMH OT HeCKO~bKMX COT8H MsB Ha 
HYK~OH AO 6 fSB/HYK~OH. 

Oco6o C~8AY8T paCCMOTpeTb B03MOZHOCTb S~8KTPOHHOro OX~aZA8HMH 
A~H HaKOn~eHMH MOHOB B 6ycTepe M HJK~OTpOH8. 0AHaKO yze cerOAHH 
HCHO, 4TO COBMeCTHaH pa6oTa ABYX CMHXPOTpOHOB cymecTBeHHO paCWMPMT 
B03MOZHOCTM npoBeAeHMH SKcnepMMeHTOB M Y~Y4WMT xapaKTepMCTMKM ny4KOB 
3a C4eT C~8AY~~MX npoueAyp: HaKOn~eHMH MOHOB B 6ycTepe, noc~eAOBa
T~bHOro YCKOpeHMH (a B03MOZH01 3aMeA~eHMH) 4aCTMU B o60MX KO~bUaX, 
OX~azAeHMH MOHHHX ny4KOB, nOBHWeHMH 3aPHAHOCTeM npM nepeBOA8 MOHOB 

M3 OAHOro KO~bUa B Apyroe. 
CpaBHMTe~bHO npocTo 6yAeT pemeHa B 6ycTepe npo6~eMa ycKopeHMH 

no~HPM30BaHHHX AeMTPOHOB, TaK KaK Aeno~HpM3aUMOHHH8 pe30HaHCH AO 
48TBepToro nopHAKa BK~~4MTe~bHO npM 4aCTOTaX 6eTaTpOHHHX KO~e6aHMM 

Qx= Qz= 2,25 B AaHHOM MHTepBa~e SHeprMM OTCYTCTBY~T. 
llepcneKTMBa YCKopeHMH MOHOB ypaHa onpeAe~HeT Tpe6oBaHMH K 

AaB~eHM~ OCTaT04HOro ra3a B BaKYYMHOM KaMepe 6ycTepa, KOTOpoe 
npM noTePRX MOHOB ypaHa, COCTaB~H~~MX HeCKO~bKO eAMHMU npoueHTOB, 
M3-3a nepe3aPHAKM AO~ZHO 6HTb ~ l0-10 Topp. 

3. MarHMTH8R CTPYKTypa 6ycTepa 

A~H pea~M3aUHH MHoroKpaTHOM HHZeKUHH ny4Ka H3 llKY B HYK~oTpoH 
OTHOWeHM8 MX nepHMeTpOB He AO~ZHO 6HTb T04HO paBHO Ue~OMy 4HC~y. 
MaJoe OT~H4He OT ue~oro 4HC~a 06ecne4HBaeT CKO~bZ8HHe ~3H 

UHPKY~Hpy~mero B ITKY ny4Ka OTHOCHTe~bHO ~a3 HaKon~eHHHX B HYK~OT
poHe cryCTKOB. 3TO n03BO~HeT ocy~eCTB~HTb nepeBOA ny4Ka B OKpeCT
HOCTH MaKCHMa~bHOM SHeprHH B npouecce YCKOpeHHH B npOM8ZYT04HOM 
KO~bUe. B HameM c~y4ae OTHOmeHHe nepHMeTpOB 6H~O BH6paHO paBHHM 
4,979, 4TO COOTBeTCTByeT nepHMeTpy llKY 50,52 M H HaKOn~eHHID B 

HYK~OTpOH8 nHTM cryCTKOB, pa36poc paBHOBeCHHX HMny~bCOB KOTOPHX He 
npeBHmaeT < ~PIP) = 3 10-4 . 

MarHHTHaH CTPYKTypa 6ycTepa COCTOHT H3 6 nepHOAOB, B KaZAHM 
H3 KOTOPHX BXOAHT KBapTeT KBaApynO~bHHX ~HH3 ~~AOA H ABa CeKTOp
HHX AHnO~bHHX MarHHTa. 06pa3y~~MeCH npH STOM B KaZAOM nepHOAe ABa 
npHMO~HHeMHHX npoMezyTKa A~HHOM 2,6 M MeZAY AHnO~bHHMH MarHHTaMH 
H 0,9 M MeZAY ~MH3aMH A npeAHa3Ha4eHH A~H pa3Me~eHHH CHCTeM BBOAa, 
BHBOAa, YCKOpeHHH, KOppeKUHH, HHAHKaUHH H OX~aZAeHHH HOHHOrO ny4Ka. 

6 

'fi 

PHC.3. Pa3Me~eHHe OCHOBHOrO 060PYAOBaHHH B KO~bUe 6ycTepa. 
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CHCTeMa BBOAa B~~qaeT B ce6H HHZeKUHOHHHM cenTYM-MarHHT. qeTHpe 
6aMn-MarHHTa, C03Aa~mHe ~OKa~bHOe HCKaZeHHe 3aMKHYTOM op6HTY Ha 
yqacTKe BBOAa, H CO~eHOHA, npoAO~bHOe no~e KOTOporo B036YZAeT 
~HHeMHHM pa3HOCTHHM pe3oHaHC CBH3H. CHCTeMa OAH006opOTHOrO 6HC
Tporo BHBOAa COCTOMT M3 2-MeTpOBOPO YAapHoro MarHHTa M BHBOA-

HOrO CenTyM-MarHMTa. • 
Pa3Me~eHHe o60PYAOBaHHH B KO~bUe 6ycTepa noKa3aHO Ha PHC.3. 

CXeMa nepHOAa H ero AMHaMHqeCKHe xapaKTepHCTHKH A~H qacTOT 6eTa
TpoHHHX KO~e6aHMM Qx = Qz = 2,25 npMBeAeHY Ha pHC. 4 H B Ta6~H

ue 2. 

ITpH 3aAaHHHX napaMeTpaX MHZeKTMpyeMoro nyqKa BH6op anepTyp 

·CTPYKTYPHHX S~eMeHTOB npoH3BOAHTCH M3 YC~OBHH yBe~HqeHMH HMnY~bCHOM 
HHTeHCMBHOCTH HOHHOrO nyqKa sa cqeT HaKon~eHHH, npHMepHO, Ha nopH

AOK. 
0CHOBHHe napaMeTpH MarHMTHOM CTPYKTYPH HyKnoTpOHa AaHY B 

Ta6~Mue 3. 

4. Anep~ypu CTPYKTYPHWI sJewea~oB 

AnepTypH CTPYKTYPHHX AHnO~bHHX H KBaApyno~bHYX MarHMTOB AO~ZHH 
BK~~4aTb B ce6H c~eAY~~Me o6~aCTH. 

a) HaKon~eHHHM,a 3aTeM ycKopHeMHM nyqoK. 
Be~HqHHa aKcenTaHca sToA o6~acTM 6H~a onpeAe~eHa B npeAHAy~eM 

pasAe~e ( A =A = 260~ MM.MpaA ). K STOMY AO~ZHO 6HTb A06aB~eHO 
•. X Z 

npocTpaHCTBO A~H paAMa~bHHX CMHXpoTpoHHHX KO~e6aHMM, aMn~MTYAa 
KOTOPHX npH aAMa6aTM4eCKOM saxsaTe B peZHM ycKopeHHH cocTaB~HeT 
flp;p ~ 4.10 -~ 

HCKazeHHH H HeCTa6M~bHOCTb BO BpeMeHH paBHOBeCHOM op6HTH 
nyqKa OUeHeHH B 5 - 6 MM. Ha HeyqTeHHHe norpemHOCTH OCTaB~eH 3a30P 
MeZAY ny4KOM H CTeHKOM BaKyyMHOM KaMepH 5 - 7 MM. 

To~~HHa CTeHOK KaMepH H ee S~eMeHTOB, pacno~ozeHHYX B Mez
no~~CHOM npocTpaHCTBe MarHMTOB,~eZHT B npeAe~aX OT 3 AO 18 MM. 

ITocKo~bKY AHnO~bHHe MarHMTH MMe~T ceKTOPHY~ WOPMY, carHTTa 
B HHX OTCYTCTBYeT. CXeMaTHqeCKOe H306pazeHMe MarHMTa AaHO Ha 
PMC.5. 

6) HH~~eKTOpHoe YCTpoMCTBO H MHZeKTMpyeMHM nyqoK. 
HH~~eKTOpHoe YCTpoMCTBO pacno~araeTCH Ha Kpa~ OrM6a~~eM Ha

KOn~eHHOrO ny4Ka. HHzeKTHpyeMHM ny40K HMeeT nonepe4HOe ceqeHMe B 
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HH~~eKTOPHOM MarHHTe X*Z = 40*35 MM2 . Ha KO~e6aHHH 4aCTHU, 06XO
AH~HX HH~~eKTOP no BepTHKa~H OTB8A8HO TaKOe ze npocTpaHCTBO, KaK 
H A~H HaKon~eHHoro ny4Ka. nonepe4Hoe ce4eHHe HH~~eKTopHoro cenTYM- ' 1 

MarHHTa noKa3aHO Ha PHC.6. 
B) BUB8A8HHHH ny40K H BHBOAHHe YCTpOHCTBa. 
llOCKO~bKY BHBOA, KaK H HHZ8KUHH, OCy~eCTB~H~TCH Ha HapyZHOM 

paAHYC8 YCKOPHTe~H (HO 3aHHMa~T pa3HH8 a3HMYTa~bHH8 y4aCTKH), a 
SMHTTaHCH STHX ny4KOB HM8~T OAHHaKOBY~ Be~H4HHY (40~ MM.MPaA), 
npocTaHCTBO OTB8A8HH08 A~H HHZ8KUHH HCnO~b3Y8TCH H A~H TpaHcnopTH
pOBKH BHBOAHMOrO ny4Ka OT YAapkoro MarHHTa AO BHBOAHOrO cenTYM
MarHHTa . 

C~araeMUe anepTyp CTPYKTYPHHX S~8M8HTOB H HX KOH84HH8 3Ha48HHH 
npeACTaB~eHH B Ta6~HU8 4. 

KpoMe BHmeyKa3aHHOrO anepTypa MarHHTHHX S~8M8HTOB 3aBHCHT OT 
pa3MepOB CTaHAapTHOrO npoBOAHHKa, HCnO~b3Y8MOrO A~H o6MOTOK, xa
paKTepHCTHK CHCT8M nHTaHHH H AP-

B HTOre 6U~H npHHHTH C~8AY~~He 3Ha48HHH anepTyp CTPYKTYPHHX 
S~8M8HTOB: 

AHnO~bHHH MarHHT X*Z = 192*104 MM2, 
KBaApyno~bHaH ~HH3a- AHaMeTp BnHcaHHOH OKPYZHOCTH 0 = 180 MM, 

napaMeTp rHnep6o~H48CKHX no~~COB X*Z = 4050 MM2 . 
llonepe4HH8 C848HHH AHnO~bHHX MarHHTOB H KBaApyno~bHHX ~HH3 npHBe
A8HH, COOTB8TCTB8HHO, Ha pHC.7 H B. 

5. CMcTeMa s~eKTPQDMTaHMR. 

~~H nHTaHHH CTPYKTYPHHX S~8M8HTOB 6ycTepa-HaKOnHT8~H MOZ8T 
6UTb HCnO~b30BaHa CHCT8Ma nHTaHHH HyKnOTpOHa. 3TO B03MOZHO 6~aro
AaPH TOMY, 4TO HX pa6oTa 6YA8T ocy~eCTB~HTbCH BO BP8M8HH noc~eAO
BaTe~bHO (CM. PHC.1). C Y48TOM SToro ~aKTOpa,a TaKze APYrHX napa
M8TpOB YCKOPHT8~H (CM. Ta6~.3l MaKCHMa~bHHH TOK B AHnO~HX npH 
16 BHTKaX B 06MOTK8 COCTaB~HeT 9,5 KA H B KBaApyno~HX 8,4 KA npH 

3 BHTKaX Ha no~~C. 
CpelHHH 3a BP8MH HHZ8KUHH MO~HOCTb, noTpe6~HeMaH KO~bUOM,COCTa

BHT OKO~O 1,2 MBT, CP8lH8CYT04HaH - B 2 - 3 pasa M8Hbme. CpeAHHH 
S~KTHBHaH n~OTHOCTb TOKa B 06MOTKaX A8ZHT B npele~aX 12 - 13 A, 
4TO COOTB8TCTBY8T n~OTHOCTH TOKa, peKOM8HAY8MOH no SKOHOMH48CKHM 
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coo6pazeHMRM. 

BpeMR ycTaHOB~8HMR MaKCMMa~hHOro TOKa npM cymecTBY~mei1 CMCTeMe 

nMTaHMR, MMe~eH HanpHK8HMe U = 450 B, onpeAe~HeTCR ~enh~ noc~e

AOBaTe~hHO BK~~48HHYX 06MOTOK AMnO~hHYX MarHMTOB M COCTaB~ReT 

T /2 = 
~ 

L 

R 

RI 
ln[1/(1- --~~~)) = 0,433 c. 

u 

3A8Ch L =0,0013 rH - o6maR MHAYKTMBHOCTh AMno~eH, R = 0,3 OM - MX 

o6mee OMM48CK08 conpOTMB~eHMe. ITpMB8A8HHYe napaMeTpY COOTB8TCTBY~T 

4aCTOT8 nOBTOpeHMR ~MK~OB 6ycTepa 1,2 r~. 

6. 3aKn•qeawe 

ITP8A~OK8H HOBYH BapMaHT 6ycTepa-HaKOnMTe~H, HaMHOro y~yqma~mero 

napaMeTpY YCKOpMTe~hHOro KOMn~eKca ]B8. ITpeA~araeMYe T8XHM48CKMe pe

meHMH n03BO~H~T B 3Ha4MT8~hHOH Mepe MCnO~h30BaTh MMeiD~eecH 060PYAOBa

HMe, coopyzeHMH M 3AaHMR, 4TO COKpamaeT CTOMMOCTh npoeKTa M BP8MH ero 

coopyzeHMH. 

ABTOPY npMHOCHT MCKP8HH~~ 6~aroAaPHOCTh BCeM COTPYAHMKaM na6o

paTOpMM, C KOTOPYMM 06CYKAa~MCh 3aTpOHYTYe B AaHOH pa6oTe npo6~eMY. 
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PyKOITMCb ITOCTyrrMna B M3~aTenhCKMH OT~en 

3 HHBapH !991 ro~a. 
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DPHJIOIKHMK. 

Ta6~M~a 1. 

~MnY~hCHY8 MHT8HCMBHOCTM HyKnoTpOHa C A8HCTBY~mMM ~MH8HHYM 

YCKOPMTe~eM ]Y-20 . ]Y-20 M 6ycTepoM . .nY-20, 6ycTepOM M 

MOA8PHM3MPOBaHHYMM MOHHYMM MCT04HMKaMM/7/. 

8~8M8HT TMn ]Y-20 .nY-20 + 6ycTep .nY-20 + 6ycTep 

MCT04HMKa + M0,!!,8J:1H.MCT04H. 

4aCTM~Y/MMnY~hC 

11 13 13 
p ~orrnasMo- 2.10 2.10 > 2.10 

TPOH 

1+ 11 13 13 
H ~orrnasMo- 1.10 1.10 > 1.10 

2 TPOH 

2+ 10 11 11 
He ~OMa3MO- 1.10 7.10 > 7.10 

4 TPOH 

8 10 11 
dt no~HpMC 5.10 1.10 (1-2).10 . 

10 11 12 
c ~a3epHYH 1.10 2.10 2.10 

12 

8 10 11 
Ms ~a38PHYH 6.10 1.10 1.10 

24 .~ 

5 6 8 
Ar s~-~Y48BOH 1.10 1.10 5.10 

40 

4 5 8 
Kr s~-~yqeao\1 1.10 2.10 2.10 

84 

4 5 8 
Xe s~-~yqeao\1 1.10 1.10 1.10 

131 

7 
u - - ~ 10 

238 
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~HHaMH4eCKHe xapaKTepHCTHKH nepHOAa MarHHTHOH 

CTPYKTYPH 6ycTepa-HaKOnHTe~H 

N/N 3JIEMEHT ~Jli1HA 

M 

0 0.00 

1 npoMezyToK 1.30 

2 MarHHT 1.30 

3 npoMezyTOK 0.24 

4 1/2~HH3H ~ 0.20 

5 1/2~HH3H ~ 0.20 

6 npoMezyToK 0.12 

7 1/2~HH3H ~ 0.20 

8 1/2~HH3H ~ 0.20 

9 npoMezyToK 0.45 

10 npoMezyToK 0.45 

11 1/2~HH3H ~ 0.20 

12 1/2~HH3H ~ 0.20 

13 npoMezyToK 0.12 

14 1/2~HH3H ~ 0.20 

15 1/2~HH3H ~ 0.20 

16 npoMezyToK 0.24 

17 MarHHT 1.30 

18 npoMezyTOK 1.30 

IlOJIE 

T~, T~/M 

0.000 

0.000 

1.500 

0.000 

5.072 

5.072 

0.000 

-5.623 

-5.623 

0.000 

0.000 

-5.623 

-5.623 

0.000 

5.072 

5.072 

0.000 

1.500 

0.000 

BET AX 

M 

4.4939 

4.8700 

4.6176 

4.4094 

4.0288 

3.2786 

2.7727 

2.1845 

1.9402 

1.8296 

1.9402 

2.1845 

2.7727 

3.278i 

4.0288 

4.4094 

4.6176 

4.8700 

4.4939 

14 

ALPHAX 

0.00000 

-0.28928 

0.46535 

0.40212 

1. 46613 

2.21644 

2.00004 

0.99979 

0.24596 

0.00000 

-0.24596 

-0.99979 

-2.00003 

-2.21644 

-1.46613 

-0.40212 

-0.46535 

0.28928 

0.00000 

BETAZ 

M 

1. 6740 

2.6835 

5.7123 

6.4922 

7.5802 

9.6785 

11.3911 

13.7649 

14.6154 

14.6015 

14.6154 

13.7649 

11.3911 

9.6785 

7.5802 

6.4922 

5.7123 

2.6836 

1.6740 

Ta6~Hu,a 2. 

ALPHAZ 

0.00000 

-0.77660 

-1.55320 

-1.69657 

-3.84181 

-6.83947 

-7.43186 

-4.19737 

0.03082 

0.00000 

-0.03082 

4.19737 

7.43186 

6.83947 

3.84181 

1.69657 

1.55319 

0.77659 

-0.00001 

N/N 3JIEMEHT PSI DPSI MUX MUZ HIX HIZ 

M 

0 1.9540 

1 npoMezyTOK 1.9540 

2 MarHHT 2.0248 

3 npoMeZYTOK 2.0504 

0.00000 0.0000 0.0000 0.0000 0.0000 

0.00000 0.2816 0.6603 -0.0774 0.3013 

0.10652 0.5465 0.9988 -0.1716 0.2808 

0.10652 0.5997 1.0382 -0.1847 0.2540 

4 1/2~HH3H ~ 2.0159 -0.44976 0.6467 

5 1/2~HH3H ~ 1.8721 -0.98166 0.7013 

6 npoMezyTOK 1.7543 -0.98166 0.7411 

7 1/2~HH3H ~ 1.6092 -0.47637 0.8233 

8 1/2~HH3H ~ 1.5618 0.00000 0.9215 

9 npoMezyToK 1.5618 o.ooooo 1.1627 

10 npoMezyTOK 1.5618 

11 1/2~HH3U ~ 1.6092 

0.00000 

0.47637 

1.4039 

1.5022 

1.0670 -0.1929 0.2275 

1.0905 -0.1936 0.1958 

1.1020 -0.1869 0.1741 

1.1178 -0.1599 0.1347 

1.1317 -0.1169 0.0935 

1.1625 0.0000 0.0000 

1.1933 0.1169 -0.0934 

1.2073 0.1599 -0.1347 

12 1/2~HH3U ~ 1.7543 0.98166 1.5844 1.2231 0.1869 -0.1741 

13 npoMezyTOK 1.8721 0.98166 1.6242 1.2345 0.1936 -0.1958 

14 1/2~HH3U ~ 2.0159 0.44976 1.6787 1.2581 0.1929 -0.2275 

15 1/2~HH3U ~ 2.0504 -0.10652 1.7258 1.2869 0.1847 -0.2540 

16 npoMezyTOK 2.0248 -0.10652 1.7790 1.3263 0.1716 -0.2808 

17 MarHHT 1.9540 0.00000 2.0438 1.6648 0.0774 -0.3013 

18 npoMezyTOK 1.9540 0.00000 2.3254 2.3251 0.0000 0.0000 

Ta6~Mu,a 3. 

0CHOBHUe napaMeTpU MarHMTHOH CTPYKTYPU 6ycTepa-HaKOnHTe~~-

1. 0611lMe ,llaHHUe. 

3HeprHH MHZeK!J,MH H,llep c q/A=0,5 

npoTOHOB 

MaKCMMa~»HaH sHeprHH HJlep c q/A=0,5 

npOTOHOB 

MarHHTHaH zeCTKOCTb npM MHZeK!J,HH 

MaKCHMaJibHaH 

llepHMeTp 

KYJIOHOBCKHH npe,lleJI no HHTeHCHBHOCTH 

~JIHTeJibHOCTb. HHZeK!J,HH 

15 

5 M3B/HYKJIOH 

20 MsB 

200 M3B/HYKJIOH 

650 MsB 

0,647 TJI.M 

4,3 TJI.M 

50,52 M 
2.1012 A/q2 4aCT/ll,HKJI 

70 MKC 
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~~HT8~bHOCTb yCKOpeHHR 

YCKOPR~~ee HanpRZ8HH8, MaKCHMa~bH08 

KpHTHqecKaR SHeprHR 

2. CTPYKTypa H MarHHTHH8 s~eM8HTH 

Ko~HqecTBO nepHo~oB THna ~~~0~ 

~HnO~bHHX MarHHTOB 

KBa~pyno~bHHX ~HH3 

~H~YKUHR B ~HnO~bHHX MarHHTaX 

npH HHZ8KUHH 

MaKCHMa~bHaR 

rpa~H8HT B ~HH3aX ~ npH HHZ8KUHH 

MaKCHMa~bHHH 

rpa~H8HT B ~HH3aX ~ npH HHZ8KUHH 

MaKCHMa~bHHH 

Pa~HYC KPHBH3HH B ~HnO~bHHX MarHHTaX 

0,5 c 

1,5 KB 

5,6 raB 

6 

12 

24 

0.261 T~ 

1. 73 T~ 

1,12 T~/M 

7,74 T~/M 

-1.06 T~IM 

-7,06 T~/M 

2,483 M 

3. ~HHaMHqecKHe xapaKTepHCTHKH CTPYKTYPH H nyqKa. 

YaCTOTH 6eTaTpOHHHX KO~e6aHHH Q . 2,25 x,z 
Kos~~HUHeHT yn~oTHeHHR op6HT 

AMn~HTY~a CKOPP8KTHPOBaHHOH op6HTH 

AKcenTaHc ropH30HTa~bHHH 

BepTHKa~bHbiH 

3MHTTaHC nyqKa npH HHZ8KUHH Ex,z 

B KOHU8 ycKOpeHHR Ex*) 
Ez*l 

~Mny~bCHHH pas6poc npH HHZ8KUHH 

MaKCHMa~bHbiH 

B KOHU8 YCKOp8HHR*) 

0,0231 

4 MM 

260X MM.Mpa~ 

260X MM.Mpa~ 

40X MM.Mpa~ 

40X MM.Mpa~ 

40X MM.Mpa~ 

± 2.10-3 

± 4.10-3 

± 2.10-3 

*lc yqeTOM s~eKTPOHHOro ox~az~eHHR STH 3HaqeHHR yMeHbmaTcR npHMepHo 

Ha nopR,nOK 

16 

Ta6~Hua 4. 

C~araeMHe anepTypbl ~HnO~bHOro MarHHTa. 

3ano~HeHHe 

EeTaTpOHHHe KO~e6aHHR 

(MM.Mpa,nl 

~HcnepCHR op6HT 

~CKazeHHe H H8CTa6H~b-

HOCTb op6HTbl 

K~HpeHc 

BBO~ H BHBO~ 

ropH30HT. ropH30HT. 

napaMeTp 

A = 260X 
X 

pasMep 
MM 

70 

llP/P=±4.10- 3 16 

ll.x = ±6 12 

8 kx= ±7 14 

E 
X 

= 40X 42 

BaKYYMHaR KaMepa, pe6po 18 MM 36 
--
~Tore 190 

BepT. BepT. 

napaMeTp pasMep 
Ml"' 

A = 260X 74 z 

a.z = ±6 12 

8 kz= ±6 12 

3 MM 6 

104 

C~araeMb18 anepTypH KB~pyno~bHOH ~HH3bl. 

KBa~pyno~b ~ KBa,npynO~b ~ 

3ano~HeHHe llapaMeTp ropH30HT. BepT. ropH30HT. BepT. 

pasMep pa3Mep pa3Mep pasMep 

EeTaTpOHHHe KO~e6aHHR 

(MM.Mpa~) 

A = 260X 
X 

i'.PIP=±4.10-3 
~HCnepCHR Op6HT 

~CKaZ8HH8 H H8CTa6H~b- a. = ±5 
X 

HOCTb op6HTH 

K~HP8HC a.kx= ±5 

BBO~ H BHBO,n Ex = 40X 

BaKYYMHaR KaMepa, CT8HKa 5 MM 

~Toro 

17 

MM 

72 

16 

10 

10 

42 

10 

160 

MM 

96 

10 

10 

10 

126 

MM 

54 

14 

10 

10 

40 

10 

138 

MM 

14d' 

10 

10 

10 

170 


