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B HaCTOSIIU99 Bp9MSI B MHpe pa6oTa9T HBCKOnbltO ycltOpHTBneJI npoTOHOB THna' 

CHHXpo.pasoTpOHa, .Lln>l ycneWHOrO HCUOnb30BaHHSI STHX ycTaHOBOK .PH3HKaMH Tpe6y-: 

eTCSI. C OllHOI CTOp0Hbl
1 

ROBbllll8RH8 HRTBHCHBHOCTH yCKOpH9MbiX tty'IXOB '18~TBit, 8 C 

Jlpyrol CTOp0Hbl
1 

C03.Q8HH9 .ll0CT8TO'IHO 'IRCTbiX ny'IKOB BTOpH'lRblX '18CTBU Ll8HHOrO 

COpTS. nepsoe, B 1J.8CTHOCTH 1 CBSJ.38H0 C o6ecne'l9HPAM .QOCT8TO'IHO XOpOlllBX ycno-

BHA aam.exuuu. 

Pe.pepHpye!-(aSI .llHCC9pTa UHH UOCBliUlBHa HBKOTOpbiM BOllpOCaM, OTHOCHWHMCH· ~ 

yK838HHbiM Bbllll9 !IP051teM8M • 

.LlnH o6eCU9'19HHH y.ooaneTBOpHTBnbHOJI HH>KBKllHH npOTOitoB B CHHXpo<t>asoTpOH 

if:~ 06bPIHO aeo6XO.ll.HMO HM8Tb .ll.OCT8TO~HO MOHOSHepreTBqHbiA H XOpOWO CKOJIJIBMllpOB8H" 

HblJI ny'IOK npOTOHOB/l,2 /, ·lllHpOKHJI sHepreTH'IBCKHJI CUBKTp BBO.llHMOrO ny'IKa npOTO~ 

aoa aemenaTenea, TaK xaK, ao-nepsblx, npu sToM yMeHblll&eTCst .aonSI qacTHU:, aaxsa-
/1 2/. . 

'18HHbiX B pe>KHM ·ycKOpe~HSI ' 1
, I R 1 BQ-BTOpbl~t YXY.lll:ll810TCSI yCJIOBHSI BBO.ll8 B, 

Te~ cnyqagx, xor.aa npu_ sao.ne Tpe5yeTcst nosopaqusaTb nyqoK aa aaaqu:,:renhHbtA 

yron. 

B CBH3H C STHM B na6opaTOpHH BbiCOKHX sHeprHJI 0115111 npH HBllOCpe.oqTBBH

HOM y'<aCTHH aBTOpa 6bln8 UpOB9,ll9Hbl COOTB9TCTBYlOWH9 TeopeTH'I9CKH9 H 9KCll9pH

M9HT8llbHbi9 uccne.o.osaaas, aanpaaneaahie aa ynyqweaue ycnoauA HH>KeKUHH. Ha oc-
. . . /3 4/ 

HOB9 STHX. HCCll9.0.0B8HRI 6bill8 ycoaepweHCTBOBSHS CyiU9CTBYIOUl8B CBCT9M8 BBO.ll8' ~ 
'ITO noasonuno c&oMneacupoaaTb .a.ncnepcKJO tiyqxa npoTo~os. Bbin TaK>Ke cnpoeKTHpo-

. ffll . 
BaH HOBblll naueliHbiJI ycltOpHT9nb-HH>K9KTOp I KOTOpbiJI .oon>KeH ,ll8B8Tb ny'IOK npo-

TOHOB C O'l9Hb MSllhiM 9H9pr9TlttleC.KRM paa6pOCOMe 

Teopaa _sTHX aonpocoa cacTeMaTH3Hpoaaua a o6o6weua a nepBbiX .uayx rnaaax 

r 
.uaccepTaUHH. 

B nepaoll rnaae paccMaTpaaaeTca TaK uasblaaeMaa o.uuo'iaCTH'IHaH TeopaH 

I ' 
UpOTOHHOrO llHHBliHOrO yCKOpljTBnrHH>KBKTOpa B OCHOBHOM llO.ll yrnOM 3p9HHH npe.o'b-

51BliR9MbiX K ~SKHM YC1t0pRT9liRM OC06biX Tpe6<?B8HH:A:, B itacTHocTH 1 BbiCOJ:tOA MOH0-

9H9preTB'lHOCTB BbiXO.O.Rmero H~ liHH9:A:HOrO yCK0pBT9liH Uy'IK8 qa~TRn • 

J§ 2 H 3 STOll rnaBbl HOCSIT 'I~CTH'IHO o630pHb1R xapaKTep
16

•
71

, 

B ___ § __ 2 ___ UO~ll-~z:l_?_~~!9llbH~--~a'ccMO~~~_:abl OCHOBbl pacqe:Ta ,llBH>KBHHH 

'laCTHUhl·H'napa-MeTiJo5·-c·HcTeMbl-.opeJI.paablx·Tpy6oK.- .Llau~ BhlBOLl: auanHTH'IecKoro 
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pa:m.eHHH ·~aKTOpa apeMe~u nt>oneTa_ . ., !/ 1 H npoaen.eu aaanHa .ero npHMSHHMOCTH. 

noKS38H0 1 qTO DpHpOCT OTHOCHT9llbHOA CKOpOCTH paBHOBSCHOft_.qaci'HIIhl .fls DpH 

onpe.a.eneHHbl~ ycnoBHSIX Ol:JBHb· cna5o 3aBHCHT oT HOMepa ycxopsuomero nepuon.an, 

B p"eaynbTSTe 'lero pac'leTHble 4JopMynbl OpH_IIO.QHTCH K O'leHb y .QOOHOMY BH.QY, He • 

Tpe6y10IU9MY HCDOllb30B8HHSI M9TOJl8 DOCll9llOBST9llbHhiX DpHfillH>KBHHA: ·: 

AJn,s 
et • .Acost/>, G(£,.), 

£ 

a =A .,..A A 
j-n~l ;-n·t,S rn,S 1 

l. =.A (a ~ · .,.· Afl,.,s)· · · 
n rn·/,S .2· 1 • 

tn ·::: .AJ,.,s (1 -ol) 1 

. ~ (.t .. ) 
r.Qe- G {.!,.) = ft-i:{ff 

£. =A fA . + ~.j$"·1,$) 
n. (J-n-t,.S 2 1 

eo 

C0 -cpe.QHHH SMOnHTY .QHSH H80pH>KeHHOCTb 

Hbl BblcoxoqacToTHoro ycxopsuomero nang, 

snexTpuqecxoro nonH, · ).. ·-.ruiHHa aon

t;tlr -paBHOBeCHBII. 4Jaaa, e 0 ;_9HeprHII 

noxoH npoToua, L~ -.nnuaa· n -ro ycxopsnowero nepHo.na, fi~,·S -oTHOCHTenhHSSI 

CKOpOCTb p8BHOB8CHOA · tiSCTRUbl HS BbiXO.ne H3 N -ro- nepHOtlB 1 . -tn -llnHHa n -ott. 

npell¢oaoll TpyoKH, <I(_· -oTHOWeHHe" .QnHHbl YCKOpllrOwero 3830pa K l..n . 

B § 3 HanaraeTcll T"OPHII HeCB!I3BHHbiX npo.QOnbHo-¢aaoaoro H pa.QHanbHoro 

.D.BH>KBHIIA qaCTKU, K llBBTCH 060CHOB8HHB DpFIMBHHMOCTH oiiKCBHltst fiJ'0.0.01IbHO-¢a-

30BOI"O .a.aameaRH .a.acP¢epeauaanbHbiM ypaaaeaaeM. KpoMe Taro, paccMo;peao _enuH

HHe pa.Qr<anbHhiX Kone5aHr<ll Ha Manh!e n-po.QOnbHo-q,aaos&re KoneoaHHII. 8Ta ·aa.Qa'la 

"cee.neaa x aeo.a.aopoLJ.H~MY ypaaaeaaJO, p~.acTseaaoMy ypasaeHHJO Eecc~nH, 'lacTaoe 

pBW9HH9 KOTOporo HMBBT BRll , · 

'f, • Jfh [Ji (2fiii1" (2'10)~:{2'/iiil)clN .. '4 (zWNJ(J,(2Wl/J:(zVai1) d/'1 J ' 

:rJ 
h =--}\-.;;: -oTKnoHeH!Ie ¢aah! OT paaHoaecaoll, )/=-:.;~· , J~ "y_,_ rLJ.e. 'I 

I 

l 

\l 
i\ ;. 

) 
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¢YHKUIIH Eeccen11 1-ro " 2-ro po.Qa, ;(.1..: o6wee peweHHe· ypaBHeHHII pa.QHanb-

aoro .llBH>Kean:H qacTHn, coeepwaroruax Manbie ¢aaoebie Kon€JIIIiaaast. 

!=-2JT~<f>s 1 

cas f'Pr.Tol) .. ~ 
a = 2cos<~>s<G(t.)> ' Y = v(1-J-) -9~ , 

I' :;r )z 'l~ . . 

d=26.1J.,3 ("jf); 

7- -pail_HanbH09 OTK1IOHeHH8 qacTHilPI OT OCR. npH onpe,lleneHHbiX yC1IOBHHX 

y.o.aeTCH OilBHHTb BBnHqHHY Y'.t H DOK838Tb 1 qTo npH p83yMHbiX 3HaqeHKRX napa-

MBTpOB 8MD1IKTy'LJ.bi BbiHY>KllBHHbiX ¢a30~~IX KOnefiaaH:R He np~BbiWBIOT 5°. 

B § 4 paccMoTpeHbl aonpoc&r nony'leHHII Ha Bh!XO.Qe nHHeliHoro ycKopHTenH

HH>KeKTopa nyqxa qacTan c ManblM aaePreTaqecKHM paa6PocoM. _noni"::eHbt Tpe6oea~ 

HHH. _a a cTa5unhHO_CTb aeKoTopbix nap~MeTpoa sToro ycxopuTen.s:. Yl:J:Teao enHHHHe 

p8llH81IbHbiX K011Bfi8HHA HS 9HBpi"BTKqec.KHA CDBKTp, B DOKB?SH0 1 qTo DpH onpB.lle-

1I9HHbiX YC1IOBHSIX B HOBOM 1IHHBA'HOM YCKOpHTene-HH>KeKTope CHHXpo_cflaaoTpoHa 

0 l-1.SJI-1 MO>KHO HMeTb 50% BbiXO.QIIllfHX 'IBCTHU C OTHOCHTen":HbiM 9HepreTH'IeCKHM 

paa6pocoM nop!I.QKa! 0,2%. 

Bo BTopoll rnaae · paccMaTpaaaeTcll cnenr<anbHall noaopo'rao-¢oKycr<pyrowaH 
nt . . . · ·· · 

CHCT9M8 1 O.D.HHM H3 OCHOBHblX an~M9HTOB KOTOpoA SB1ISBTCH CBKTOpHbiA: MBrHHT 
• . . . x/ . . 

c .o~bJqaoA •rpa.o,ueHTHoA:"', .a Tax>Ke ·•xpaeao:A"' cPoxycupoexoA ,. npKl:IeM nocne.n-

HHB .HM:eeT IIpHHilHIIH81lb~OE!! .3H8'19HHe • ..Qeno D TOM,. qTo 6ea HCD01lb30B8HHSI •xpae-

80~,. cfloKyCHpOBKB1_ IIOBOpOT ny'IK8 B. OJl~HQqHQM MarHHTe T01IbKO C •rp8llHBHTHOA• 

¢oxycupoeicoa. co~poeo>K.llaeTcs, aoo6me roeopu, noueneaueM LtOD01IHHTenbHO~ yrno· 

BOll paCXO.QHMOCTH H pa3MbiBBHHeM ny'IKB. 3TO OoycnoaneHO 9HepreTH'IeCKHM ·pa3opo

_COM '18CTHU 1 BbiXOllSlllHX ~3 HH>K8KTOp8 1 H B Jl81IbHeAweM B .YC1IOBHHX CHHXpociJa-

30TpOH8 OJ.-!.Hl-1 He Mo>KeT o&ITb HH'IeM cKoMneHcaposaHo. PaccMaTpHsaeMa!l _cHcTe

Ma HB1IH8TCH CYIUBCTBSHHJ:IM Y?OB9PWE(HCTBOB8HH8M npe>KHeft 1 rrte RCD01lb30Ba"Ji:acb 

TOnbK/o •rpanueHTaaH• Q:>oxycupoexa. ~poMe noeopoTa alta o6ecneqaeaeT .LX-ocTaToq-
. . 

Hyro ¢oKycHpoaKy ny'IKa no o5oHM · itanpaaneHHIIM " .QaeT o'leHb Manyro .QHcnepcHro. 

B ocywecTaneHHOM aapllaHTe _HH>KeKnHOHHOil CHCTeMbl cHHXpo¢aaoTpoHa Ol-1.Hl-1 

noeopOTHblA MBrHHT CKOHCTpyHpO-BSH T8K, ,qTQ ITOK838TB1lb D01IH n, H. TBK HB3biBa-

8MbiB 'KpaeBble yrnbl• fj B 7: MOryT MBHHTbCSI B lllHpOKHX npe,llenax, 'qTQ no-

3B01ISI9T ocymecTBJIHTb paanH'IHhie eapHaHTbi. enycxa qacTun H o6ner'laeT 

HBCTpOl!Ky CHCTBMhl HB OOTHMyM. 

X/ . • _., 
Bnepewe p~cqeT •g7a~ao:A ~oxycn:poexu H ee coqeTaaue c •rpanueaTaoa• 

ohlnH npoae.QeHbl B paooTe/ • 
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06uiaSI nocTaHOBKa aana'IH, PaccMaTpBBaeMoA s naauoA- rnaae, cocToHT a 

ciJ.enyromeM. ny'IO!t_ '18CTHU
1 

BblXO.O.SII.llBA .H3 H8KOTOpOA 'H81:J8JlbHOA• nnoCKOCTH.1 ae

o.6XO.QHMO noaepHfTb H8 onpeLJ.8J18HHbl~ yron H ,nepeBeCTB~ B. •.KOH8'1HYIO• UJ10CKOCTb 1 

COOTBeTCTByiOUlYIO BXOllY B KaMepy CHHXPOcPtsOTpOHS, npllqeM 9TO HY>KHO CllenaTh 

TSK, 'IT06bl xapaKTepHCTBKH llY'IKS Yll.OBJ18TBOpSIJ1H onpen.eneHHblM lKSCTKHM Tpe6oaa-

HHSIM. 

B §2 HSCTOHuteil rnaBhl paCCMOTpeHbl o6utHe OllTHqeCKIIe CBOliCTBS II npose

lleH aHanll3 pa3nllqHbiX pe>KIIMOB HSCTpoiiKH llOBOpOTHO-cPOKYCIIpyiOUlHX CIICTeM, a B 

§ 3 nony;eHa MaTpBUS npeo6pa30BSHHH xapaKTepiiCTHK nyqKa llnll C9KTOpHOI'O Mar

HHTS C •rpSlllleHTHOil• H •Kpaesoil• cPOKYCIIpOBKOil,- .Llanee n_poB~eH LleTanhHhlil 

auanH3 paanllqHbJX pe>KIIMOB HSCTpOiiKII llnH cnyqaH-OllHOI'O C9KTOpHOI'O MSI'HIITS C 

•rpallHeHTHOil~ H •Kpaesoil• cPOKyCHpOBKOil I§ 41 II llnH cnyqaH CeKTOpHOI'O Mar

HilTS. II KOpOTKOI'O UHnHHLlpHqBCKOI'O KOHlleHCSTOpa I§ 51 II llOK939H0 0 qTO T_SKHB 

CHCT9Mbl 003BOJ15UOT ycTpaHKTb BJ1HSIHH9 .O.HCnepCHH H ·06ecne'IHTb, npH onpe.a.eneH

HhiX ycnoBHHX, Tpe6yeMhle xapaKTepiiCTHKH nyqKa B- •Koneqnoil• nnocKOCTH, B § 6 

na ocnose nonyqeHHhiX B npellhlllYUlHX naparpaq,ax peaynhTaToB paccMoTpeua. yco

sepweucTBOBaHHaH CBCTeMa BBOllS _qacTHU B CHHXPOcP830TpOH 0J.1.HJ.1. 
• - . . HI 

OnbiT uananKH R aKcnnyaTanHH ycoaepweucTaoaaaaoA .cHcT.eMbi aaona no-

Kaaan, 'ITO p83BHT8SI BO BTOpoA rnaae T90pHSI XOpOWO OTpa>KaeT .aeACTBHT91lbHOCTh. 

B rn. 3 ,lluccepTauHH npoBOllHTCH TeopeTuqecKoe o6ocuosanae u auan11a Oil

nora H3 M9TO.llOB C03.ll~HRSI. HS BbiXO.O.e H3 CHHXpo<fla30TpOH8 .'I.HCThiX DY'IKOB BTO

pH'IHblX qacTHU llSHHOI'O copTa, npellno>KeHHOI'O B.H. BeKcnepoM H B.A. neTyxo-
19 101 - . 

BhiM ' • 3TOT M8TO.ll npR saeprHSIX BbiLL9 H9CKOnbKRX r Esa SIBnaeTCSI aaa6onee 

068tU810WHM. 

CyTb ocaosaoA aneu MeTOllS aaKniO'IaeTcH a cnenytomeM. O.oaospeMeaao 

BblneTesi.uue R3 MHWSHH B OJlHOM R TOM >Ke H8UpaaneHHH H C ~JlHH8KOBbiMK, HM-

nynhCSMH aHTHllpOTOH p H jr--Me30H, nponeTeB HeKOTOpoe paCCTOHHH~ {. 

H3-38 HM910llj9iiCH y HHX pa3HOCTH OTHOCHTenhHhiX CKOpOCTeil ll' p83llenHTCH / p 
OTCTaneT OT ;r- I Ha HeKOTopoe paccTOS!HHe e:: L.t.ft. Ecnu Tenepb Ha HX nyTH 

UOMSCTHTb ycTpOitCTBO, B KOTOpOM OTKnOHRlOU198 none 38 Bp9MH : CMSHHT Q:Jaay 

HS llpOTHBOUOnO>KHYIO, TO MO>Kn'o UOBepHyTh f- HS yron Y B OllHY CTOpOHy, a 

'P - Ha yron - j' B llPYI'YIO CTOpOHY H H~ HeKOTOpOM paCCTOHHHH ~onyqHTh 
npocTpaucTseunoe paallenenHe p H !J/-. 
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0.oHHM H3 OCHOBHhiX BOUpOCOB, BO~HBK8IOlURX ·npH OCYIU8CTBneHRH ll8IJHOrO 

M ~T0Jl8, HBnsu:iTCSI. C03ll8HHe :ax oil ~hiCOK0'18CTOTHOl1 _ CTpfKTypbi BTOpB'I.HblX 'ISCTHit, 

BbineT8lOlllHX H3 MHW8HH, HnH, 'ITO TO )KS C8M09 1 HMIIynbCOB YCKOp9HHbiX npOTOHOB, 

UOII8.ll810lllHX H8 MHlll9Hb, 'IT06bt OT.oenbHbie uyru '18CTRU UOHBflSinliiCb: _'l.epea onpe

llEOeHHble HHTepsanhr BpeMeuu T , a speMH o6paaoeanHH uyros "t 6hrno cy--

1U9CTB9HHO M9HbW9 T 

B § 2 rn. 3 Ha OCHOBe 3SKOHOMepHOCTeil llBH>KeHIIH qacTHU BH-yTpll YCKOpHTe

nst p8CCMOTp8Hbl .llBS B03MO>KHOCTR C03.ll8HIHI BbiCOKO'ISCTOTHOit .cTpyKTypbi nonana

HHR UpOTOHOB H8 BHyTp8HHIOIO MHUJ9Hb /MeTOD. •o6.oHpKH .. H MeTOll .. UpOC8liHBa-· 

HHH .. /. -B ··§ 3 nony'l.eHbl ycnOBHSI 1 npH KOTOpbiX o6ecnequJ3aeTCH Tpe5yeM8H CKBam

aoCTb HMnfnbc0a BTOpi.PIHbiX 'ISCTHU. B ttaCTHOCTH, UOK838H0 1 1JTO o6a M9TO.ll8 Mo

ryT a¢¢eKTHBHO HCUOnb30B8TbCSI TOnbKO B TOM cnyttae, ecnH 8MIInHTY.llbi CB050.0HhiX 

pallllanhHhlX Kone6auuil He npeBbllllSIOT pallHanbuoil nonywapHHhl cenapaTpHChl, B §4 
. -

p8CCMOTp9HO B03MO>KHOe 38Ma3hiB8IOIU99 ll efiCTBHe meneabl~ KOn~68HHA H IIOK838.H0
1 

qTO B ycnOBHHX SHTHllpOTOHHOI'O KaHana CkHXp0cPS30TpOHS 0J.1.f!J.1 OHH He HI'pS!OT cy

IU9CTB8HHOit ponH. 

Ylano>KeHHhie a rn. 3 .OHccepTe.uHa ~eopeTaqecxHe coo6pa>KeaHsr nocny>KHnH 

ocHosoll npu paapa6oTKe aHTHnpoTOHHoro Kan~na cuuxpocl>~aoTpoua 011.f!l1. 
! ' 

OcaoBuble peaynhTSThl llHccepTauxu ony6nuKoBaHhl- B pa6oTax138•36 •5 •81• 

nuTepaTypa 

1. M.C. PA6auosuq. Ocuoehr TeopHH cuuxpoq,aaoTpoaa. Tpyllhl ct>HAH X, 23 

11958/. -

2. H.B. Py6au, 0~11. Rpxolloil. Oco6eaHOCTK.aaxsaT!l qacTnu B cuuxpoq,aaoTpou
Hhlil pe>KHM ycxopeHIIS!. npenpHHT 011RI1, P-649, .Llr6ua ./19601. 

3.a A.A. KonoMeHCKHil. A.B. KysHeuoB, H.B. Py6HH, noaopOTHO-cPOKYCHPYiowaH 
CHCTeMa llnH BBOlla qacTHU B CliHXPOcP930TpOH, npenpliHT 0J.1.frJ.1 P-250, 

.Lly6Ha 119581. 

3,6 A.A. Konol'JeHCKHll, A.B. KyaHenos, H.B; Py6xH. 0 nosopo·rHo-<PoKycHpyiO
- me.ll cacTeMe llnsr BBOlla qacTun 'a CHHxpoq,aaoTpou, )KST<l> 1!!. 981 

/19591. 
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EcRR, n.n. 3RR0Bb9B, K.n. Mb13RRKOB, B.n. Capaauea, HacTpOJ!Ka 
. HOBBhlX napaMeTpOB DY'IKS DPOTOROB., BXO.OSintero B CRHXpo¢aaoTPoa. 

upRRT OH.HH P-555, Lly6aa /1960/, 

oc
npe-

3Raoabea, A.E. Kysaeuoa, H.E. Py6Ra, B.n. Capaauea. <t>Haa.,ecx•e 
060CHOB8RilH.UpOTOHHOrO UllH9J!HOrO YCKOpllT8UH-HHlK8KTOpa CllRXpOop830_: 
TpORa, npenpRRT OH.HH P-519,' Lly6aa /1960/, 

6. L.:V.Alvarez et al. Berkley Proton Linear Accelerator, Rev. Sci. Instr.,12, ill ( 1955) . 

. 7. W.K.H.Panofsky. University of California Radiation Laboratory Report, N UCRL-1~16 (February 1951) 

8. ·R.M. Ste~hWru>r. Double Focusing of Change Particles with a Wedge-Shaped, Non-Uniform Magnetic 
Field, Rey.·Sci. Instr., 23, 629 ( 1952 ). 

9, B.H. Bexcnep~ 0 sanycxe· caaxpocjJaaoTpoaa aa 10 Eaa a r:epBbiX peaynbT&Tax 
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