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OEIWI XAPAKTEPHCTilliA PAEOTl:J 

ARTya,tr,HOCTI,, npo6neMll. Paspa60TKa KORReKTHBHoro MeTOM ycxope
HHSI qacT~,OCHOBH KOToporo 6wm: 38JIOZ8Hll r.H.Ey,D;ItepOM,B.H.BexcnepoM 
H rr.E.~6eproM B pa6oTax I956 r., HHTeHCHBHO Be,n;eTCSI Ha npOTile
mm ]I;Byx nocne,n;Hi!X ,n;ec.irrMeTd. 

B nocne,n;H:ae ro.n;H oco6mi: RHTepec K KonneKTHBHHM ycxopHTenHM 
C sneKTpOHIWMl! KOJll,~ npOSIBnSieTCSI B CBll3H C C03,ItaHHeM KOJlJieKTHB
Hl:lX ycKOpHTMeA Tmr;e.ma: HOHOB. IlpaKTK'leCKH Ha KORR8KTHBHOM YCKOpH
Tene TJmenwc HOHOB (YTH) MOlmO YCKOpSITI,, lIOHll aneMeHTOB Beel nepHo~
qeCKOI Ta6.1JHU!l MeH.n;eneeoo 6ea RaKHX-JlH6o cep:r,,esHWt nepe,n;enoK ycxopz
Tensr :a,qTO oqeH:r,, CYllteCTBeHHO, nonyqaTI,, 60JU,ll1He HBT8HCHBHOCTlI lIOHHl:lX 
tly'lltOB Tue.ma: aneMeHTOB BMOTI,, ,n;o ypaHa. 

Ilyqrur YCKOpeHHliX TSIZ0RHX HOHOB HaxO,ItlIT CaMl,le pa3Jmtnllle npHMeHe-
HHJI Kalt B ibHBK'leCKmC lICcne,n;oBaHHSIX,TaR H npH pemeHHH npaRTH'l:eCKHX 
BSMq. B n,n;ePffol ~zamce ycKopzTenz TJD'.enHx HOHOB npHMeH.RJ>TCH B aRTY
am,HHX zccne.n;o:ea.HHHX no cRHTesy .n;aJieIUDC TpaHCypaHOBHX sneMeHTOB; no 
:aayqeHm> rny6oKOHeynpyrzx nponeccoB, B aKcnepHMeHTax no nonyqemm 
CBepxnnoTHOI .li,I(8pHOI MaTepHH H T.n. PacmHpSillTCSI HCCne,n;oBaHWI no npH
MeHeHm> TWRHX HOHOB B npoMlilllJleHHOCTH, XRMlllll, 6:aono!'IDI, Me.n;mtime. 

nHccepTaQHOHHaSI pa6oTa nOCBm118Ha paapa60TKe KOMeKTRBHOro MeTO
M ycKopeHHSI HOHOB aneKTPOHHHMH KOJll,~ H cos.n;amm KOJlJieKTHBHOro 
ycxopHTeJUI Tile.ma: lIOHOB. 

Uem, pa6oT&. HcCJie.n;oBaT:r,, OCHOBHlle ~all'iecKHe BqJPeKTli npz Kon
neKTHBHOM ycKopeHJIH lIOHOB aneKTPOHHl:lMH KOJII,nru.m, paapa60TSTI,, MeTo,n; 
pacqeTa z paccq:aTaT:r,, KanneKTHBHlll ycKopzTen:r,, TJUtenHx HOHOB OIDIH. 

ffar!HaH HOB:H3Ha. HOBHSHa np:ime.n;eHHHX B ~ccepTanmJ Hayq!lllX pe-
3YnbTaTOB onpe,n;eJUleTCSI npellUl;e Boero HX CBSISI,,D C pa3BHTHeM HOBoro 
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Hanpa.wreHIDI B @H3Ime ycKOpHTeHeA - KOJIJieKTHBHOro MeTo,n;a ycKopeHHII 
TmteJLWC HOHOB. 

B ,ItHCcepTaumt co.n;epDTCJI TeopeTJiitieCKOe o60CHOBaHHe H pacqeT 
IlpHH!UlilHa.JU,HO HOBOI YCTaHOBKH - K~eKTHBHoro ycKop:irreJI/1 THJEeJI!iX HO
HOB OHffiI, OTKpHBal!lllett_HOBUe B03MOJCHOCTH pa3BHTIDI KOJIJieKTHBH!lX ycKO
pHTeHett. 

B ~ccepTawJH no~eHU Trua:e cHe.ItYJ(lltHe HOBUe pesyJU,TaTu:Teope
THtrecRH 060CHOBaHO ycxopeaHe CaM$ItyCHp~CH 8HeKTpOHHO-HOHHUX 
KMert; o60CHOBaHa ~eyCHpOBRa aHeKTpOHHOro KOJU,Qa npH ycKopemm CHC
TCMott Tlma "6eJIZ'U,e KMeco" ;noKaSaHa BOSMOlKHOCTI:, CYI118CTBOBaHR!l He
RHaettliux CTartHOHapHUX BMH B 3H8KTpOHH!lX KORI:,Itax H nonepetmUX BOJIH 
B 3H8KTpOHHO-HOHHUX KMLrtax; o6aapyzeaa HemmettHaH CTa6HJ_IHSartlill He
ycTOfftJJIBOCTH ~IlOJU,HUX KOrepeHTHUX KMe6aHmt; npe.lr,IIOXeHa HOBaH M8TO
~a pacqeTa H BU6Opa MaI'HHTHOff CHCT8.Ml:l KOJIJieKTHBHOrO yCKOpHTeJI/1; 
npe.lr,IIOllteH MeTO,n; pacqeTa llMIIYJU,CHUX MaI'HHTHUX IlOHeff, 8RpaHHpOBaHHUX 
TOHKOCTeHHOI MeTaJIJIH'lecxoa RaMepol; .lr,llH pacqeTa ~aLfflKR nyqKOB sa
pnemwx qacTHrt (H ,B qaCTHOCTH,KOJU,J.teBia:) npe.lr,IIOJEeH MeTO.It. IlOJlHHX 
MOMeHTOB ~H pacnpe,n;eJieHHJI qacTHrt. . • . . 

IlpB.RTlflreCKaH yeHHOCTI:,. }lalraoe B pa6oTe @HSR'IeCKOe o60CHOBaHHe 
H npe.lr,IIOllteHHUe MeTO.ltbl'pacqeTa npHMeH&/IHCI:, llpH npoeKTHpOBaHim,COS~-
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aim H @HSll'iecRoM sanycKe YTH OHRH. · 
PesyJU,TaTU ~ccepTaQHH MoryT 6HTI:, HCilML30BaBli B' paspa60TKaX 

ROJLII8KTHBHUX ycKOpHTeHef-1,If Ma3M8HHHX YCTWIOBOK C HMlJYJU,C~ Mar-

HHTHliMH IlOJI/IMH H TOHKOCT8HJilllm'M8TaJI)ll{q8CKl!Mli KaMepru.m. 
Anpo6aµHH pa6oTU. Pa60TU,nMOlKeHBI,1e B OCHOBY ,ItHCCepTaIUIB, ,ll;OK-• 

Ha.ltblBaJIHCI:, Ha MeJK,IzyHapO~ KOHqiepemumx no YCKOpHTeJIIIM sapalltellHUX 
qaCTHrt B EpeBaHe (I969 r.), CTaH@Qp,n;e ( CIIIA, !974 r. r H depnyxOBe 
(!977 r.), Ha IY·H YI BcecoJOSHUX coBeiqaHIDIX no ycxopHTemiM_saJ)IIllteH
HHX qacTHrt (MocKBa,!974 r.,Jly-6Ha;I978r.), Ha I,II H 11I'CHMnosey14ax 
no ~OJIII8KTl!BHliMM8TO.naMYCKOpeHIDI (.IT,y6aa,I972,I976 rr.,.llaryHa'.""Elfl, 
ClllA,I978 r.) ,Ha Mei:myHapo~oM c0Be111amn1 no nporpru.!MllPoBainno H MaTeMa-
TH"CieCKHM MeTO.ItaM pemeHHH qmsmecroIX sa,n;a-q ()T.y6aa, I977). . 

Qy6HimarµtH. 0cHOBHUe pesyJU,TaTU,BOW8.zttI!He B ,ItHCcepTartm),OTpa.llte
HU B !7 'neqaTHUX pa6o-rax,ony6JmKOB8HHUX B "lKypHaJ.re TexmI'ISCROll qm
SIDUI~B JKY!llla.rrax.Particle Accelerators" H "Nuclear Instruments and 

Methods~ Tpy,n;ax ROHqiepeHIUltt,_H CHMIIOSeyMOB,B BH.Ite npenpHHTOB 
H coo6meHHff OHRH /I-!7~ a TaruJte B 2tJPHaJII,HoM'o6sope /IB/ B·"~sime 
MaSM!:l" H B MOHorpa@m /I9/. 

06'l>EiM pa6OTU. ,lufccepTa.rtHOHHM pa6oTa HSHOlteHa Ha I83 CTpaHHrtax: 
MBllIHHOnHCHOrO TeKCTa H HJIJIDCTpHpyeTCH 4! pHCyHKOM Ha 28 CTpamlllax H 
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6 Ta6JIRI.(aMH Ha 4 -CTpaHHrtax. ,llHcce_pTauim COCTOIIT HS BBe,IteHIDI, Tpex 
rJiaB, saKJilO'IeHIDI, JJ:,Byx npWIOllteHHI H CnHCKa HCnOJU,SOBaHHOii HHTepaTY-

pu H3 !74 HaHMeHOBaHHI. 
K SamHTe npencTaBJilil[)TCH CHeJiyllI@e Te3HCH: 
r. KOJIJieKTHBHOe ycKOpeHHe TJllEeJIWt HOHOB aneKTpOHHHMli KMLrtaMH 

aqq,eKTHBHO, T.e. OHO o6ecneqmiaeT 60JII,WH8 ajq>eKTHBH!le ycKopJIDl1He IIO
JIII, He Tpe6yeT ,ItOnOHHHTeJII,HUX HCTQqHHKOB HOHOB, ,Ita8T BOSMOlKHOCTI:, no
~aTL HOHU c 60HI:,WOI sapH.ItHOCTLJO. KoJIJieKTHBHUff ycxopHTeHL o6JUU(aeT 
60JlI:,lllOI YHHBepcMI,HOCTI:,D no OTHOW8HHJO K THny ycKOpHe.Ml:lX HOHOB - yc
xopeHHe paSJIH'IHHX 8HeMeHTOB He Tpe6yeT nepeCTpOihcH ycKOpHTeHJI. 

2. BosMOltHO .XOJIJieKTHBHOe ycxopeHHe CaM$RyCHpyil!IHXCH aHeKTpOH:
HO-HOHHUX KMert. Jio~eHHUe TeopeTH"i8CKHe 3HaqeHHH npe,IteJU,HO ,n;onyCTH
MWC ycxopeHml COOTBeTCTBnn' nOJISipH3artllH KOHen,coCTailJilllOOlea I/4+I/3 
OT aKCHaJII:,HOro llOHJPaSMepa ceqeHHH KOHLI.ta. YcKOpeaHe Ca.Mo@Oeyc:epy»
lllZXCH aHeKTpOHHO-MOHHHX KMert BU6paHO B KaqecTBe pa6oqero peJmMa B 
ycxopHTMe TJDteJI!iX HOHOB;Orufil,H ero pa6oTocnoco6HOCTb no,ItTBepJIUteHa 

8KcnepHMeHTBJibHO. 
J. IlpH ycxopeHHH aHeKTpOHHHX KMert C MaJiol HOHHOI sarpysKott 

BOSMOJ1tHa ~eyc:epoBKa CHCTeMOtt THna "6em;,:q:r,e KMeco" - paspesaHHOi no 

o6pasymea MeTaJIJIHtiecxoi Tpy6H. 
4. Jvm no,ItaBJieHHH HaHc5Mee onacHUX npn ~pMHJ)O.l3Wllm aneKTpOHHWC 

xonen asmayTaJII:,HliX HeycToitqHBOCTett CJJtaTHe KMert MOltHO IIpOBO,ItHTI:, B 
IlHJIHH,IqlH1i8CltHX ysroa: MeTaJIJIH'leCIWX KaMepax.AnepTypa KaMepu B MeCTe 
HaxOlf,D;eHM KOJII,rta YMem,maeTCH np~epHO nponopUHOHaJU,HO ero paJtHYcy. 
KaMepa TB.ROI ~p.Ml:l,CO CTeHKBMH H3 HepXEWemtel CTaJIH Tomnmiol 0,5 MM, 

pexoMeH,n;oBaHa .lr,llH YTH OHffi!. 
5. BosMOJCHO CYilleCTBO:eamie HeHHHeimHX CTa.rtHOHapmoc BOHR B UHPKY

JIZpynIIIDC aieKTpOHHUX nyqKax,npe,n;cTaBJIJUllllHX 00601 nocne.ztOBaTeHLHOCTI:, 
BpamaDltiJXCH llJIOTHUX 8H8KTpoHIWX cryCTROB. IlpH ncnom,sOBaHHH TB.KHX 
crycTKOB B KOJIJieKTHBHHX ycKOpHTeJI.flX YBe~miaeTCH aqq>eKTHBHOe ycKO-

~ee HOHU nMe. 
6. )u3HllteHHe KOJU,Qa, K8.K IJ;eJIOl'O, npH CMemeHW! ero OT Me~aHHoii 

MOCKOCTH·KaMepli a,n;resaTOpa B o6meM c.nyqae HeycTolttnrao. Ilo,ItaBJieHHe 
HeycTOiqHBOCTH npH Sa,Ita.HHWC napaMeTpax KOHLIJ;a H KaMepu ~OCTHraeTCH 
npH yBeJIH'leHHH xecTKOCTH BHemHel ~eyCHpOBKH. 

7. EJI.aro~PH He.mffieiHO!q cnamr IIOJillpHSanHOHHUX CWI B03MOJ!Ha He
HHHettliaH cTa6HHHS8.rtHH HeycToitqHBoCTH ~nOJtE,HWC xorepeHTHHX RMe6aad 
B 8H8KTpoHHO-HOHHUX KOJU,Qax. B6HHSH rpaHHll,li OOHaCTH ycTo!<IHBOCTH na
paMeTpu KMert MeWUlTCH H8SHa'IHT8HLHO. C HemmettaocTLD CHH CBHSaHO 
TaKlle CYilleCTBOBaHHe HeHHHettmlx CTanHOHapmu: BOHR B ycHOBHSIX, Kor~ 

3 



I 

.mrnei1Hrui: TeOJ)IDI npe.n:cKa311BaeT HeycTOll'lllBOCTI, .n;liIIOJII,HNX KOJiy6amrn:. 
8. C yqeTOM Tpe60BaHmi YCTOffliHBOCTH ROJII,ua llpH C')iaTHH B ysxoii 

MeTaJI.imqecKofl TOHKOCTeHHott RaMepe 8,IU'esaTopa c. Hapy~ pacno.noxemi

eM TORoBHx BHTKOB MOJKHO cipopMllpOBaTI, aJie~TpOHHl:le ~om,~a c -qHcJioM 

8JI6RTpOHOB Ne ~ rnI
3 

• cpe~l!M pa.miy'COM KOJU,I.{a B ClliaTOM COCTOJ:IHHH 

Y-o ~ 3. 5 -t 4 CM ll ROHeqHUMII IlOJiyp83Mepruim Ce'Ie:mm a;~ 2 MM. Truwe 

napaMeTpH COOTBeTCTBYJOT MaRCHMaJU,Hoff'HanP,/llteHHOCTH 8JieRTpITTeCKOro 
ITOJLII B ROJII,ue·nopJI.ItKa 50 MB/M. 

9. PacqeT CHCTeMU BliBo.n:a n·ycxopeHIDI ROJieu C JK83aHH!lMH B.n.8 

napaMeTpar.m noruisuBaeT,qTo ycxopJIKIIIWI cncTeM~-YTH OIDIH nosBOJIJieT no

.nyqHT1> Ha6op aHeprmi: ~ 4 MaB/HyxR.M. no asoTy ' ( ~ I MaB/HJM.M. .zi,m -
TJillteRUX HOHOB). . . . . ' 

IO.Ilpn pacqeTe HMnyJILCHOro Mal'HHTHOro noM BHyTpH TOHKOCTeHHOtt 

-MeTaJI.JmqeCKOfl RaMepu 8,IU'eSaTopa HaH6oJiee SqxpeKTHBeH ·llpe,IJ)IO.l!teHHl:lff B 

.nnccepTauni MeTo.n: paMol!teHHJI ITO CO6CTBeHHliM %7H~ HHTerpo.znyqxpepeH

UllaJILHOro YPaBHeHrui .!WI BeKTOpHoro ITOTeHUHMa MarHHTHOro noM Ha no
BepxHOCTH .RaMepu S~aHHOfl reOMeTpHH. 

II. IlpeMOlteHHl:lii B ~ccepTaumi: MeTo.n: nOJIHl:lX MOM6HTO_B cpy1mrurn: 
pacnpe.n:eJiemm qacTnu noSBoMeT nsyqaT1, npaKTHqecKH B 6esMo.n;eJI1>HOM 
no.n;xo,tie .D;nHaMHKy 8JieKTpCJHHOrO KOJil>Ua. ' -. -

12. Ilo.nyqeHHUe 'ieopeTnqecKHe H pacie·THl:le pesyJII,TB.TH xoporno c·or

JiacymcJI c pesyJI1,TaTar.m sKcnepHMeHTOB.no KOMeK~HBHOMY yciopeHHID no-
HOB Ha YTif OIDlli. . , , 

COJ!E:P]{AHME P .AEOTU 
Bo BBe.nemur HSJIOJKe1m OCHOBHl:le llpHHUHnH KOJIJieKJHB:irnro M6TO.D;a 

. . . 0 • 
ycKopeHHJI HOHOB SJieKTpOHH.llMl! KOJU,UaM:if,llpHBe.n:eHli xapaKTepHl:le napaMeT-

pu SJieKTpOHHO-llOHHUX KOJieu B KOJIJieKTZBHHX YCKOpHTeJIJIXf omici:um npo

ueccu cpopMHpOBaHIDI aJieKTpoHHO-HoHHHx RoJieu n :nx ycKope1hm;o6cyli.n;aeT

cJI npo6JieMa ycToffqnBOCTH SJieRTPOHHQ-ZOHHl:lX KOJieU;BllJIBMIDTCJI OCHOBlrue 

J!OCTOHHCTBa ROJIJieKTHBHOrO JCROpemm llOHOB SJieRTpOHHllMH KOJII,U&m,·cpop-' . ·, .. . 

MJJIJ,IpJIJTCJI OCHOBHl:le BOllpOCli, HCCJie.nyeMJ.ie B .n;ncceptaumi:._. . 

IIepBaJI rJiaBa noCBJillleHa BOllpOCaM ycRopeHHJI 3JI6KTpOHHO-HOHHllX 

KOJieu. PaCCMaT!)HBalOTCJI cnoco6u YCKOpeHIDI SJieKTpOHHO-HOHHUX KOJieu,;rc-' 

RopeHne CaMOgl()KyCHpy.l!lllHXCJI KOJieu, cp()KyCHpOBKa SJieKTpomnix R9.h:eu llpH 
YCKOpeHHH CllCTeMo.A TI.ma "6eJIHqr,e KOJieco". 

illIOTHlie aJieKTpOHHlie KOJII,tia cpopMHpYfilTCJI_llpH ClltaTHII rue B 8,IU'esa-

Topax .Bo BpeMJI Cllta.TIIJI KOJII,u,a Ha.XOMTCJI · B noTeHtillaJu,iro:ii 

RMe, . 003.D;aBaeMOH BHelllHHM - Mal'HlIT!illM IlOJieM. - B 60JI:bJJilmcTBe 

CYllleCTBY.ICIIIHX a.nresaTOpOB ITOTeHUHaJII,HaJI JIMa pacnOJIOllteHa B6JIHSH M6,ztHaH

HOff nJIOCKOCTH KaMepu. IloCJie sarpysKH KOJieu HOH&m BHernaee Mal'HllTHOe 

noJie MeHJieTCJI TaKHM o6pasoM,qTo cHMMeTpIDI eroaapyriiaeTca H npoacxo.n;nT 
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.D;Bl!EeHirn noTeHUHaJILHOtt JIMH (a BMecTe C uen ll ROJieu) B aKCllaJILHOM 

HanpaBJiemni:, B KOTopoM rrpOBo.n;n·rc.1I ycttopemie. BcJie,n sa cHJinieM rroTeH

UHaJI1>Hott m.ru BHemHero Marmnuoro IJO.11.lI B KOJIJieRTllBHhlX ycKOpllTeJIJIX 

ocymecTBJIHeTc.fl ycttopemrn ROJieU B cna;llanneM no .n;mrne MarHHTHOM rroJie. 

Kom,uo RaK MarHHTHUll .D;HITOJII, ycROpJieTCJI B rpa.D;nCIITHOM MarHl!THOM noJie. 

r.ne OCYil!eCTBMeTCJI nepeBOJl BpamaTeJII,HOtt . aueprHil SJieKTpOHOB B rrocTy

rraTeJII,HOe .D;BIDKeHHe ROJI1>Ua Katt ueJioro: YcRopeuue TmKeJihlx uouoB .no 

saeprHtt "' 5 + IO MaB/HyKJI. MOl!tHO ocymeCTBUTI, KOJIJICRT.IIBHUM cnoco6oM 

B CIT~8XlllleM MarHE:THOM noJie 6es .D;OIJOJIHUTeJILHOro .n:oycttopeHH.fl. 

B nepBOM naparpaqie npOBO.D;HTC.fl SJieMeHTapHhlii aHaJIH3 MeXaHH3Ma 

KOJIJieKTE:BHOro ycttopeHllJI HOHOB SJieKTPOHHI™11 ROJILUaMH B rpa,nHCHTHOM 

MarHZTHOM H aJieKTpH'IeCKOM noJIJIX. PaccMaTpHBaeTCJI .D;BHllteHne ueHTpOB 

MaCC SJieRTPOHHOro u UOHHOro KOJieu B pelltHMe CllMo:poKyCHpOBKll ll npH Ha

JillqHH BHernuett q>OKyCHpOBKH SJieRTpOHOB B aKCHaJibHOM uanpaBJieHHH. 

IlpH KOJIJieKTHBHOM ycttopeHHH T.fI.JKeJihlX HOHOB C 60JII,IBOii lll!TeHcrumo

CTI,IO ycKopeHHUX nyqKOB CyMMapHM Macca ROJibUa onpe.n;eJifleTCJI HOHaMH,a 

npocTpaHCTBeHHhlll sapJill .HOHOB CTaHOBHTCJI J!OCTaToqHQ 60JII,lUUM ,nJUI Bli

IlOJIHemm YCJIOBHtt CaMOglOKyCHpOBirn KOJILUa. 3JieRTpOHl!O-HOHHOe I<OJII,UO 

BO BHernHeM ycKOpJIKllleM ITOJie nOJIJipHayeTcJI: UeHTphl MaCC 3JieRTpOHHO11 J,I 

llOmIOtt KOMilOHeHT paCXOMTCJI B HanpaBJieHHll: ycKopemm TaR, qTo 3JieKTpO

CTaTH'IeCKOe B3aE:MO.JJ:ettcTBHe KOMllOHeHT ROMneHcnpyeT .n;eiiCTBHe ycKOPJ!Br 

~ea Cll.111,CTpeMJilllettcJI pasopBaTb KOJILUO. IlpH onpe.n;eJieHHl:lX_YCJIOBllJIX B 

llO.lllipH30BaHHOM aJieKTpO!!HO-ZOHHOM KOJII,Qe o6ecnequBaeTC.fl CaMocpoKycu-H 

pOBKa, .HSBeCTHM llJIJl HeIJO.D;Blll!tHliX KOJieU ( W.H.Bennett* ,r.M.Ey.nKep ). 

C yBeJIHqeaneM ycKopJiromero no.7Ill noMpnsauIDI KOJILI~a pacTeT n,muwueu, 

IlOJie .D;OCTllraeT npe.neJILHoro saaqeHIDI,KOr.na.HapymaeTC.II KOMllaKTHOe yc

KOpeHne: llpOHCXO.D;nT pas.neJiemie SJieKTpOHHOii H HOHlfOll KOMllOHeHT. 

Ha6op SHeprE:H Ha HyKJIOH Ha MIIHHUe llJII!Hhl ycRopeHHJI B cn~anneM 

Mfil'HHTHOM noJie paBeH 

l:lE== K 4 Ve mc 2 ~ 
Or-t- O;i /I 

r.ne rn - Macca SJieKTpoua; C - CROpOCTI, CBeTa B Ba.I,yyMe; 

(I) 

z. JJJ 

11 - sapJill :0 Ma_CCOBOe qHCJIO ycKOpJieMoro HO!m; Or u a~ - pa.n;n

aJII,Hhltt ll aKCHa.Jll,JIUtt. llOJIYPaSMepu ceqemm SJieKTf OlIHOro I<OJibUa; 

Ve=r.cJ\ 2~ .... - napaMeTp Ey.nKepa; r""= 2,B·ro- 3
cM - KJiacmi:qecRHfi pa-

,, IO 

l\Hyc aJieKTpoHa; Ne - qncJio SJieRTpOHOB. Ko3!MillUHeHT K~ I saBHCnT 

OT cnoco6a cp()RJCHpOBKH KOJILUa npH ycttopeHHn.Ilpll xapaRTepl!hlX .nmr YTH 

3HaqeHHJIX rrapaMeTpon Ye !::::: 0, I .E!::.:!:...Ei ::::: 02 CM L = L K = ::f:.. 
M 1 2 ' •A ..3, .., 

ua6op suepriui: .6. £::::: 4 _filL • 
HYEJI.M. 

B KOJIJieRTHBHOM ycl:topJJJTeJie TID!eJihlX }IOHOB MOlKHO no.nyqHTb SHaqn-

T6JII,HHtt BHHrpwu B TeMne ycRopeHHJI no cpaBHeHHID c npJIMhlM ycKopenneM 

*Bennett ~.H. Phys.Rev., 1934, 45, p.890. 
~y;II;Rep T.H. Proc. Symp. CERN, 1956, I, p.68. 
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HOHOB. KpoMe Toro,ycKopeHHe HOHOB pa3Jm'IHHX 8JieMeHTOB MOl!!HO npOBO
)tHTI, npH HeH3Memmx YCKOJlSil(ll1mt IlOJiliX H napa.Me-rpax 8JieKTpOHHWC KOJieU, 

,! AMN.· • 
H3MeHruI J!HllJI, qiaKTOp aarpyaM } == md"/4 , r,ne M - Macca HJRJI.O-
na; N,· - .'IHCJIO IWHOB l3 ICOJU,Ue; 'fo - peJillTHBHCTC:Kmi <paKTOp Bpaille
HlifI 8JieKTPOHOB. aw)eKT.llllHOCTI, .KOJIJieKTliBHOro ycKopnTeJill nommiaeTCJI H 
aa ctJeT yBeJm'lemm OTHomeHH.H aap,ma HoHa K ero Macce. Bli,nepXHBaJI uo
uu BHYTPH KOJU,I.{a ~TeJU,HOe BpeWI,MOl!tHO rro~aTL HOHU C BUCOKOii aa
p.fUUIOCTI,ID,He·.nocTIDJtHMOli B cynieCTBJIOlllIDC llOHHWC HCTO'IlmRaX.B yrrpomeu
HOM no.n:x:o.ne nepBoro rraparpaipa HeJII:,3JI pemHTI, aonpoc o 'IHcJiemrux aHa
qemmx KO~HeHTa K ' 3HaTI, KOTOpue He06XO,ItlIMO npll' npoeKTI!pOBa
HHH H C03.ll:aHHH KOJIJieKTHBHOro YCKOpHTeJUI. IlpH aHaJm3e Hcnom,ayeTC.II 
npe.n:noJIOJlteHHe O CYJ!leCTBOBaHHH ycKopemmx CaMO<pOICYCHPYJOOIHXC.II aJieKT
pOHHO-llOHHUX KOJiel{. Bo BTOpOM H TpeTI,eM naparpa(f>e npllBO,ItlITCJI ,n:oKaaa
TeJII,CTBO 8TOro ipaRTa H onpe,n:e.lllIIOTCfl rrpe,n:eJ1I:,HO .n:onyCTl!:Ml:le 3Ha'IeHM 
ycKopeHM CaMoq>ORyCHPY:!CmHXCJI KOJieu. 

Bo BTOpOM naparpaq,e noKa3aHO,'lTO B ycKopeHHOfi CHCTeMe KOop.n:HHaT 
CYJlleCTByIDT CTaullOHapHUe COCTO.FJHRll CaMcxpc>KyCI!pynI!l!XCJI KOJieu ll nocTpoe
Ha rue MaTeMaT.lft.Iecmm :1110,n:eJIL III. B Mo,n:eJIH 11cnoJ1I:,ayXJTcJI.,n:aa HHTerpa
Jia ,!V3IDJteHM qaCTHI.(, 0,n.lfH ll3 HHTerpaJIOB - o606IIteHJIHit MOMeHT KOJIH'!eCT
Ba .ll:BRllteH.HJI qacTHI.(. BTopofi HHTerpaJI CBR3aH co cTauHOHapHOCTI,ID 3a.z{a
'IH. EcJIH BHeWHHe 3JieKTpOMaI'HHTHUe IlOJLII,B KOTOpWC npOBO,nHTCJI ycKope
HHe KOJll,Wi,CTaTJNeCKHe,aJieKTpWiecKoe UOJie 0,n:HOpO,n:HOe,a MaI'HHTHOe o.n:
HOpO,n:HOe nm mmeffuo-cna.n:armtee B Hanprumemm ycKopeHM (ruuc . npn Mar

HHTHOM crroco6e ycKopeHIDI),TO 8JieKTpOHHO-HOHHOe KOJll,I.{0 6y.n:eT YCKOpHTI,
CJI paBHOMepHO. B COOTBeTCTBJ:K:meit paBHOJCKOpeHH0.11: CHCTeMe KOOp,lUlliaT, 
Bee 3JieKTPOMfil'HHTHUe IlOJIII He 3aBHCJIT OT BpeMeHH. B TaKOi CHCTeMe 
B03MOJKHO CTauHOHapHoe pemeHHe CaMOCOrJiaCOBaHHOtt_3a,n:aq.1J 06 YCKOpeHHH 
8JieKTpOHHO-HOHHOro KOJII,I.{a. PaaMepu KOJII,Ua no.n:.neplKllllalOT_CJI IlOCTOJIHHUMH 
aa C'leT CHJI CaMoqioeycl!pOBKH. B 8TOM c.nyqae HHTerpaJI )V3WlteHIDt B paB

noycKopennott CHCTeMe - raMHJII,TOHHaH qacT~. GTauHOHapHaa: qJyHKU.l!'.H 
pacnpe,neJieHWI qacTHI.( BU6paHa B BR.I(e,cooTBeTCTByJ:lllleM OTCyTCTBHID pa3-
6poca no o6o6IIteHHOMY MOMeHTY KOJIH'leCTBa ,nBIDKeHIDI H no noJIHott 8HepI'ID!: 
qacTHI.(. Tru<oii cflYHKUHH OTBetJam orpaHH'leHime B IlpOCTpaHCTBe pacnpe.I{~ 
JieHM nJIOTHOCTH aaprr$1 H TOKa B ce'leHHH KOJII,Ua.I'paa~ cetJeHM onpe
,n:eJIIIIDTCJI H3 qlli3H'leCKH O'leBH,n:HOro Tpe6oBaHIDI paaeHCTBa HYJIID nonepeq
Horo RMnyJI:r,ca qacTHU Ha rpaaHl.(e.ITo~eHHaa: cHcTeMa HeJIHHettaux HHTer
paJII,HUX ypaBHeHHit pemaeTCJI npH CJie.n:ynnmc ynpOll!8J'JIIlHX npe,n:nOJIOXeHwtX: 
a) llJIOTHOCTI, qacTRU n CKOpOCTI, rue BpaIIteHrut C'lHTaIDTCJI npH6JIHXeHHO 
nocTOilHHUMR; 6) paaMepu cetJeH.1151 KOJII,u,a HaMHoro MeH1,llle ero cpe,n:Hero 
pa,n:nyca; B) ce'leHM 8JI8KTpOHHOro H HOHHOro KOJieu 6Jm3KH K 3JIJillllTWieC
Kl!M; r) ,pa,n:nam,aue H aKCHaJII,Hlie IlOJiyOCH 8JIJIHIITll'leCKHX rp8.HHU ceqe
mrn ,JµI.SI 3~eKTJ:)OHIIOro li llOHIIOro ROJieU COOTBeTCTBeHHO paBH!,I. 

6 •. •· 

BeJIH'IHHU K H s = 0;{, ItaK q)yHiuum OTHOCllTeJII,HOii no.mrpHaawm 
KOJieu t = d/az ( d - pacc\omme Me'JFJJY uenTpaMH aJieRTpOHHoro u HOH
Horo aJIJIHncoB) .npe,ncTaBJieHH Ha PHO. I. [Ipn6JIHJKeHHe rpaHHI.( 3JIJlllncru.m 

.I{OCTaTO'IHO xopomee BnJIOT!, ,!{0 t ~ 0,5 

t 
0.8 

0.6 

DA 
0.2 

S.K 

0.2' 0.4 ,0.6 t 

Pnc.I. 3aBHCHMOCTH OTHOWeHBf! 
no.eyoceli s== 1E; - Kpl!BM I 
H KOajxpmu-teHTa K - KpliBM 2 
OT OTHOCHT€JII,HOll no.TUq)H3auHH 
aJieKTpOHHO-HOHHblX KOJieU t 

0CHOBllBaJIC1, Ha noJiytteHHOM qacTHOM·pemeHHH,npHXO.JU™ K BllBO,n:y: 
npll ycKopeHllH Ca.MO<pOKYCHI)yJO!llerocJI aJieKTpOHHO-llOHHOrO KOJI1,Il,a HMeeTCR 
CTa,uIIOHapaoe B co6CTBeHHOll CllCTeMe COCTOHHHe,ecJil'I ~ K8.l!i,l(oro BR.I(a 
qacTRU CYII!eCTByeT noTeHUllaJILHall .iIMa C Y'leTOM HeIDiepUJiaJII,HblX CHJI. 

B pa6oTe /2/ aTOT BUBO.I{ no,u.TBeplli,!{eH wm paccMaTpn'ooeMo'1 Mo,neJIH 
B qncJieHHOM pactJeTe Ha 3BM c Y'leTOM HemmellHOCTH co6cTBeHHWC IlOJieii 

H KpHBH3Hll KOJII,IJ,a. 
Ha peayJILTaTOB §2 cJie,n:yeT,'lTO ycKopenne CaMO<pOKYCHpyl!ll(IDCCJI 

3JieKTpOHHO-HOHHllX KOJieU B03MOlKHO,nOJUipH38UIDl TaKHX KOJieU npHMepHO 
nponopIU10HaJII,Ha KoajxplluHeHTY K , paaMepll ce'leHHtt KOJieU He MeH.IUIT
ca: CYII!eCTBeHHO BnJIOT,I, ,U.0 3HatJeHHll I{ = '%3' , KOTOpUe JIBJIIIRJTC.II npe-

,neJILHO ,nonycTHMUMH. 
B TJ)eTI,eM naparpacpe paCCMOTpeHHe ycKopeHlUI CaM(lq)OltJCHPYIOOIIDCCJI 

KOJieu o6o6maeTCR Ha HecTaUJIOHapHHtt CJIY'lail: H npH6.JIIDm8TCJI K 3KCrrepH
MeHT8Jll,HOii CHTy8.UIIH npH MO,neJmpOBamm npouecca C HCnOJI1,30BaHHeM Me
TO,n:a YKPYhHeHHHX qacTtm Ha 3BM 131. HccJie,n:yeTCR H3MeHeHHe pa3MepoB 
aJieKTJ)OHHO-llOHHllX KOJieu B peJKHMaX aarro.lllleHll/l HOHaMH,CaMOif,oKYCHPOBKH 
(6e3 ycKopearur) H ycKopeHBf!. IlpH 'lliCJieHHOM MO,IteJII!pOBaHHH KOJII,I.{O cqH
TMOC,I, a3RM.YTMbHO OAJ{Opo,n;HHM: ll3MeHeHll/l paaMepoB ceqeHWI, KOTOpl:le 
MOryT BU311BaT,I,C.II paaJrnllHllMR aeycTOi1'lHBOCT.RMH aaRM,yTM!,HO-Hecm&eT
pll'IHUX MO.Jt KOJie6rurntt, ne Y'lllTUBaJIHCL. B KatJecTBe YKPYilHeHHUX qacTRU 
B npeae6peJKeHHH KpHBH3HOii KOJII,Ua BU6HpaJIHC1, 6ecKOHe'lHlle aaproiteHHll8 
uwnm.npu .KpyrJioro ce'lemur. "YKpynaemme" 11on1:1 BBO.I{HJIHCI, B aJieKTPOH
HUii nyqoK nop!J,MMl,I paBHOMepHO no apeMeHH C HyJieBw.ru naqaJII,HllMll CKO-
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pOCTHMll. IllrOTHOCTb pOllf,JtaKl!JlHXCR HOHOB. nponopD;HOHaJIE,Ha IIJIOTHOCTH 3ReRT
POHOB.Ta.KHe YCROBHR HHXeHD;HH COOTBeTCTBYJOT 3RCnepRMeHTaJil,HO! CHTya
D;Hll.IlOCRe Ha.KOMeHIDI HOHOB BHemHWI q>QRyCHpOmta BI.IlCJill'lMacb,H "iHCReH
HO MO.zte:7WpOBaRCR CaMoqioRycupynnmicR 3ReKTpOHHO-HOHHl:lff ny<IOK. 3aTeM 
a.IOfa6aTH'!eCRH Me.I(JieHHO no OT~omeHmo K_HOHHl:lM KORe6aHHHM BKml'IMOCb 
YCROpeHHe, RHHeilHo HapacTamiee BO BpeMeHH. 

IlpH qucReHHOM MO.zteRHpOBaHHH napaMeTpu 3ReRTpOHHOro KCRbna, BH6H
PMHCb. 6RH3IG!Mll R pacqeTHHM .ltJlli a.nreaaTopa YTH arum B KOHD;e CJKa
Trul4• 0ttmMo aReKTpOHOB Bm5pauo paBHIJM tie =I013,cpe.ztHIIii pcwcyc 
r., = 4 CM, noJJypaaMepu ceqemm c:mToro RCRbn;a a,,. ~a,?~ 0,2 CM, 

peJlliTHBHCTCKHil qiaRTOp BpameHHlI 3ReKTpOHOB 'to= 40. B KOHD;e HanyCKa 
llOHOB qiaRTOp HeilTpMHaarmn f = 0,2. . 

0cHOBHUe peayRbTaTH qllcReHHOro MO.zteRHpOBaHH.II CRe.IzylOIIIHe: 
I) paaMepu KORbD;a B npoD;ecce HanoRHeHIDI'ero ll0H8Mlf BnORHe .ItOCTOBep
HO onpe.zte.1UIJOTCR a.I01a6aTmecKHMH HHBapllaHTaMH nonepeqHoro .ztBIIJKeHIDI 
3ReRTpOHOB, nORJqemruMH B npe.ztnOROXeHHH O TOM, qTo rpaH:mm ceqeHmi 
o6eux ROMnOHeHT COBna.ztaIOT, a IIJIOTHOCTH aapR.ztOB - nOCTORHHUe no ceqe
mno. CypieCTBeHHO, qTo paaMepu onpe.zteJlJlKJTCR HMeHHO 3ReKTpOH8MH KaK 

6oRee RerKHMH qaCTllD;aMMi 2) MO.zteRHpOBaHHe llO.ItTBepx.naeT peayfilTaT 
npe.ztlmYilllll naparpaq>oB O npllHD;HnllafilHOil B03MOXHOCTll YCKOpHTb CaMoqio
RYCHpYJOUmeCH 3R6RTpOHHO-llOHHl:le ROfilD;a; 3) pa.3Mepu CaMOq>oKyCHpYilllillCCH 
ny<IKOB He M6HHIOTCR CYJ!l6CTB6HHO npH CHHTHH BHenrnen qJC)KYCHpOBKH H llX 
YCKOpeHHH; 4) .nonycTliMUe YCKOpeHIDI RORbD;a 6ea noTePJ, HOHOB COCTaBRH
IOT npHMepHO I/6 OT npe.zteRbHO .ztOnyCTHMOrO,CRe;zymmero H3 YCROBHH y.nep
XaliHH 0.ztHOro HOHa B RORbD;e ( Kc: t ) . 0TRHqne ROajq)HqueHTa aanaca ~ 
qncReHHOM MO.zteRHpOBaHHH B .ItBa paaa no CpaBHeHHD c no~eHHUM B §2 
CBR3aHO C oc~ pa3MepoB nyqKa H, rRaBHUM o6pa30M,C 60Rbmon 
OCquRJlliD;Hett llORRpHSaD;HH d npu MO.zteRHpoBaHHH. TaRHM 06Qaso17.no
nycnn.we aHaqeHHH KOajq)HqueHTa K on;emmamcH KaK K = : + ~ . 

B qeTBepTOM naparpaipe nepBoff rRaBH .naeTCH TeopeTnqecxoe o6ocHo
BaHHe qJORycHpOBRH 3ReKTpOHOB CHCTeMoil THna "6eRH'!Le KOReco" C HCnORb-
30BaHHeM OTpaxeHHoro 3ReRTpmecKoro nOM 3ReRTpOHHOro ROJffiD;a 161. 
ClICTeMa Tima "6e.JIH%e RMeco" llp~CTaBJIJieT co6oii MeTM-
JmqeCicyIO Tpy6y c RpyroBHM CC'IeIIHeM, ltoaICCliaJffiHyIO 

ROJII,n;y H pa.apesa.HHyIO no o6pa.aYJOl!l0M. Enaro.napn: pa.apesaM 
TOROBOe H306paxeHHe KORbD;a B Tpy6e npa.KTHtiecKH OTCJTCTByeT, a Ha sa
PR.ltOBOe H306pazeHHe paapesu BRHHIOT CRa6o. 3apR.ztOBOe H306pazeHHe RORb
D;a .ztaeT aRCllaJIE,HylO q>QltYCHpOBltY 3R6RTpOHOB,ROMIIeHCHpynnyD ltYROHOBCKOe 
rue pacTMRHBaJIHe, ecRH BUilORHReTCR yCROBHe 

_g_ < _g_ ~1 (2) ao H I 
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r.ne a :- nQRYpasMep ceqeHHH KCRbD;a; H=ll-rol: 8 - pa.nuyc Tpy6u. 
aixlieKTHBHOCTb ql()ltYCHpOBitli CHCTeMoil BMmta.npH MBJIOM KORH'IeCTBe 

TJJlt8JIUX HOHOB B KOfilD;e ii: npH ycxopemm RerKHX 3ReMeHTOB (npoTOHOB, 
c;,G - 'iaCTHD; H T.n.). ifie.KTOp HeilTpMHSaD;Hll Orpa.HlI'lHBaeTCH llpH 3TOM 

1~ j {-ff)~ 
HepaBeHCTBOM 

(3) 

B naparpaipe BWIC~DT~,Bonpocu O Sa.BHCHMOCTH qioeycupynneA CHJ!li B nn
JilIH,lij)HtieCKOff reoMeTpHH OT paCCTOJiHHR Meir,ey- KOfilUOM.H 6eJllNLHM KORe
COM~ o BU6ope eeo6xo,ItHMoro _!tHc.na paspeaoB .I(JI.lI xopomero npoxollf,Jtemm 
MaI'HHTHOro nOM qepes 3KpaH,O B8JllRHHe aMIIJUITY.It 83:iwyTMLHl:lX rapMO-
HHK BOSMYilleHHH noxasaTCRR llOJill. ' 

B TeopeTmec~ pa6oTax H.roquaHa* n H.IO • .Kaaapllllo:sa H aBTo-. 
pa&. IIORa.Salia B03MODOCT1> JBeJmlielDIB TeMITa yCKOpe.!ilUI 3ReKTp0HHO
liOHHUX KOJien B pemIMe qioeyCHpOBKH 6eJll11ll,lIM ROJI6COM. Pa60TO
cnoco6HOCTL 6e~ero KMeca npoBepmmcb B aKcnepHMeHTax no KOJL/IeK
THBHOMY MeT<;>.ztY ycxopeHHH B Topwmtre3BBE,r.ne OHO liCllOJll,30BaJIOCb Ta!Qlte 
.I(JI.lI CTa6W3810lli pa.ztllaJILHOl . .ztHnOJibHOfi KorepeHTHOii HeJCTOftqHBOCTH. 

BTopag rJUU38 .ItHCCepTaD;HH noc:wmteHa BOllpOCaM ycTOil"ill:BOCTH 8ReKT
pOHHO-HOHHUX ItOJien • .IlJul ycnenmon peMH3aD;HH KOJL1I8KTHBHOro MeTO,JtaJC~ 
KOpeHIDI HOHOB 3ReKTpOHHW.m KORbna,MH He06XO,ItHMO IlO.It.zt8plmB8Tb Tpe6ye
MU8 3HaqeHM OCHOBHWC napaMeTpoB KORCD;. K TaKHM napaMeTpaM OTHOCHTCR 
"ill:CRO 3ReKTpOHOB H paSMepu nonepeqHJilltOB, KOTOpue MOryT CYllleCTBCHHO 
MeHHTbCH us-sa pa3JllAHllX eeycToil-cnmocTel.B rRa.BepaccuaTpHBallTcJI pe-
30HaHCHHe HeycTOil"ill:BOCTH, CBH38HHli8 C B03MYilt8HllJIMH BHemHero Mal'HHT
Horo nOJlli B YCKOpHTMe,H HaH6Mee onaceue KorepeHTHHe HeycTOil"ill:BOCTH 
B 8ReKTpOHHWC H 3ReKTpOHHO-HOHHllX KCRbD;aX. 

B nepBoM naparpaqie BTopott rRa.Bu aHaJIHSHpyDTCH n;eRHH H napaMeT-, 
pmecm peSOHaHCU B a.nresaTopax C yqeTOM llpOCTpaHCTBeHHOro sapima 
aJieKTpoHHo-'HOHHllX K01IeD;. .IlJul HHXCKD;lffl . 3JI8KTpOHHOro· .eyqRS. C 60RLWHM 

llpOCTpaHCTBeHHUM ~apll.ltOM-B a,nresaTopax qJOpMIIpyeTCH aSHMYTaJILHO-C~ 
MeTp~oe, cJia6Qf>OKyc:wpynnee MarHHTHoe noRe c .nocTaToqeo·60JILmm.m 
3Hat1emtaMH noKasaTeRR nOJI/l n Ha eaqafilHl:lX pa.ztHYcax KMeD;. C YJr18H1>
mem1eM pa.ztHYca KORen; conyTCTBYJIIIHe HM seaqeimJI n · YJrfCHLmaJJTCH 
TaK,qTo B·KoHD;e ciraTM o6Re!"IamCH ycRoBrur BUBO.zta RMen us Ma!'HHTHOI 
noTeHD;HMLeol HMH. IlpH npoxollf,JteHHH 6oRbmoro HHTepBaJIB. seaqem n 

· rlof'mann I., :Proc. IX Internat. Conf'. on High Energy •Accelerat., Stan
ford, Calif., 1974, p.245. 

H KaSaplilloB H.10. ,IIep8Jil,IIJTeiiH a.A. owm, P9-I244I, )]y6Ha., 1979. 
HHKAndelfinger c. et al. :Proc. Internat. Conf', on High Energy Accele

rat. Stan:rord, Cali~, 1974, p.218. 
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B03HmtaeT orraCHOCTI, yxy,mnemm xatJeCTBa KOJien, OBJi3a.HHaH C .D;eitcTBl'IeM 
pe30HaHCOB 6eTaTpOHHWC KOJie6amut. Tpy,ItHOCTI> peaimsa:cnra 6liCTporo rrpo
XOlll;IteH:wr pe30HaHCOB Ha YTH OHffif OBJi3aHa C HCIIOJII,30BaHReM MeTaJIJmtJec
KOit ItaMepu a.ztresaTopa, 8KpaHHpYlllll8A 6uCTplie MaI'HRTHlie IIOJISI, KOTOplie 
003.D;all'l'CJ'l TOKOBHMH BHTKaMH, paCIIOJIOlltemn.u.m CHapyim KaMepli. IlOSTOMY 
IIpH npoeKTHpOBaHlm YTH arum IIOCTaBJieHo Tpe6oBaHHe He IIpOXO.IJ;HTI, mm-
60Jiee onacliliit - napmieTpHtiecruut pe30HaHC aRcHam.HHx KoJie6aHd~Bnml
HHe 60JI!,1110rO IIpOCTpaHCTBeHHOrO 8ap.!!.D;a KOJII,QQ Ha IIpOXO~eHH8 napaMeT
pMtieCKOI'O pe30H8.HCa o6CYl!Ut8,8TCR C U8JII,D ,naJII,Heihnero ipopMHpOBruIHSI n 
- Tpa8KTOpHH B YTH OIDfil /?f.PesyJII,TaTH aHaJm3a IIO,ItTBe~eHli B cepHH 
8RCnepHMeHTOB O 8JI8RTpOHHliMR KOJIE,QaMH H HCIIOJII,80:BaJIHCI, IIpH KOppeR
UHH MB.I'HHTHHX nOJieA a.D;resaTopa ycKopHTeJIJI TJUte.ma: uoaoB OIDIH. 

Borrpoc O npoXOl!Ut8HHH neJioro peSOHaHCa pa,ztHa.Jll,HliX ROJI~6all:d CTa~ 
HOBHTCR BaJniliM B KOHUe cnTHR: ~OJII,US IIpH sarpy3Ke ero HOHaMH H nepe
XO,Ite R peJmMY ycxopemm I8,I9 • )lpu nepeceqemm pesoaaHca npoHcx~
.D:HT H.7IH KOrepeHTHOe CMelJlSHHe UBHTpa KOJII>rr.a OT OCH 8,ItI'88aTOpa_. HJll'I 

yBeJIHtJeHHe pa.D;HaJII,HOrO pa3Mepa MMOro CetJeHmr .KOJII>Qa,cBi!saHHOe C He
KOrepeHTHliM IIpOXOlll;IteHHeM pesoaaaca .3Ha.tJIITeJII>l!!le OTRJIOHeIOOI ll;eHTpa 

KOJII>IJ,a oT OCH a.ztrEi'saTopa MoryT ~ecTH .i cp:imy ycxopemia: HO.HOB. YBe
Jm1IeH1Ie. Ma.mrx: pasMepoB HeI!OCpe,n;CTB8HHO yxy.rorraeT. YCROPJilO!eyIO 6noco6-
HOCTI> 8JleRTpOHHOI'O KOJIJ:,IJ,a. 

3KcrrepHM6HTli C ROJIIill;aME B ROHUe CEaTHR: Ha YTH OIDIH IIORa3aJIH,tJ'tO 
. "if :" 

B6JIH3H neJioro pesOHaHca·KOJIIill;O .D;BH:EeTCJI RorepeHTHO. IlpH Me,ItJISHHOM. 
KorepeHTHOM .D;BmteHHH aJieKTpOHHoro KOJII>rr,a HOHli cJie"JJ:fJJT i~ s~eRTPOH&m 
H, TSIWM o6pa3oM, neJIWl pesoHaHc He npoxo,ItHTCR ( s. van:..der-Meer* ) • 
CJie,ItOBaTe.JU,HO,Ue.7Ilili pe30HaHC .D;OJISeH 'rrpoxO.D;HTI>CR IIpH nepecetJeH.HH

0

3Ha
tJ8HHJI n = 0 • IJpH BliBO,Ite ROJIIill;a HS a,ItI'838TOpa Ha6Jii>,ItaJICR yxo.zt ero . 
USHTpa OT OCH YCROPHTSJIJI, BeJIHtJHHa CMelJleHKfl ueHTpa ROJII>Ua COCTaBJIJJJia 
npRMepHO I,5 CM WH OTHOcre.JU,HOit B.MIJJIHTY.zte nepBOA rapMOHHKH Mal'HHT
Horo n~JIII ~ ro- /IB,I9 • YMeHI>meHHeM aMIIJIRTY.tii,i nepBoA raPMOHHKH B 
sKc11epRMeHTB,X y.ztairocI> .zto6nnc.iI Toro, tJTO .cMelJleHHe neHTpa He npemnnaJio 
I,5 MM. B IIOCJie,n;yllllHX SKcnepRMeHTax 06ec11etJHBaJIOCI> 6ucTpoe IIpOX0.111',Ite-
HJ,Ie neJioro pesoHaaca. , 

IleJII, aHamrna 83HMYTaJII,HOA YCTOittJHBOCTH SJieKTpOHHliX KOJien, rrpo
B8,It8HHOro B §2 BTOpoA rJiaBH, - C,lt8Jia.Ti 060CHOBSHHHit BH6op reOM8TpHH 
H MB.TepHaJia ItaMepu 8,ItI'83aTOpa, 06ec11etJHBanI!Hii ClmTHe 8JI8RTpOHHWC KO
.Jieu. B CJIYtiae,xor.zta KaMepa a.ztresaTopa He-SRpaHHpyeT·BHcoxoqacToTHHX 
IIOJieff B03MYIJleHd B KOJII>Qe, pa8B.B:Ba8TCR pa.D;H8Ul'!OHHM aeycTOAt!HBoCTI>, 

Hv"an dev Meers. Preprint CERlf, ISR-P0-169-57, Geneva, 1969. 
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o6HapyxeHHan: TeopeTHtJeCRH A.r.EoHtJ-OCMOJIOBCKHM ll aBTOPOM* .3Ta Heyc
TOittJHBOCTI> OBJiSaHa C RorepeHTIWM CmDq)OTpOHHliM HS.nyqeHHeM a3HMYTaJII,
HO HeO,ItHOpO.D;Horo KOJU,[(a. Pa,IlHa.IUJOHHM HeycTO:li~HBOCTI> npHBO.D;HT K yBe
JIHtJ8HHD p~Ha.lll,HOro pa3Mepa KOJII>Ua ll,COOTBeTCTBeHHO, R y-MeHI>memm 
HanpHJ1:eHHoCTH ero co6cTBeHHoro aJieKTpHtiecKoro no.ml • .Ii,IlI no.D;aBJiemm 
pa.D;HauHOHHoff HeycToittJHBocnt cJie.ztYeT axpaHHpOBaTI> BHcoKotJacToTHHe no
M B03MYillem. HMeHHo sTo o6cTOJITem,cTBo SIBJilleTCJI rJiaBao:li npntJHaoff 
TOrO,tJTO B IIOCJie,ItHmc sxcnepHMeHTax HCIIOJII,30BaJIHCI, M8Ta.JIJmtJecRHe Ka

Mepll a.ztresaTopoB (JlY6aa, YTH OIDIH} /I8,I9/ lilJill RaMepu c MeTaJIJIHtJec1m
MII BCTaBKa.MH (EepRJill, Tuprmmr). 

.UonyCT:HMl:le napaMeTpH 8JI8KTpOHHliX KOJien OrpaHHtJHBaDTCR YCJIOBHSM 
a3RMyTaJibHOI YCTOfftJHBOCTH: 

Ne~ ~ m,n{]~ }-'} (AE).2 rl(J\ nz. E , (4) 
r.zte ~£ - OTHOCHTe.JU,HHH SHepreTHtJecxmt pa36poc B ROJU,Qe; 

z. - RMIIe,ItaHC CB060.D;Horo IIpOCTpaHCTBa, paBHWi 377 OM. 
0 . 

\1>ypI>e-o6pas RMIIe.ztaHca KaMepH C nytraOM Ha tJQCTOTe B03MYIJleHIDt n. .ItWI 
n -:ii raPMOHHKH l_ S2 n XapaKT8pR3JeT CBJi3b HQIIpSillteHHOCTH SJieKTplltieC-
KOrO IIOJIII e n,n C JlltHeitHott IIJIOTHOCTI>D TORa B08MYIJl8Hllll 1.n," : 

t_ =- 2p;nln.n B qx>p?zyJIY (4) IIapa.MeTpII SJieRTpOHHHX 
.n,n 2" r,, 

KOJieIJ; BXO,nJIT 
O 

B- KOM6HH8.IJ;llJDC '(oro H AE/E , COxpa'.'" 
HlilllllHXCJI B KOJIJieKTHBHOM ycxopHTeJie npH CllaTHH, BliBO,Ite H ycxopeau/I9{ 
IlosTOMy OUeHKa. noporoBoro SHatJeHIDI HMIIe~aHca IIpOBO.D;HTC.II C llC-
llOJII>SOBaHHeM HatJaJII,HWC SHatJead YRa3aHH!:lX napaMeTpOB, .zi,tlI YTH OIDIH 
no.nytmeM Tpe6oBamie Ha-BeJIRtJHHy HMIIe.zta.Hca: 

(5) 1~3/ 1~ 0,25. LI 
)VI.II cBo6o,ItHoro npocTpaHd'TBa tna>< {I ~5}:"J.r-z• C IIpH6.1IIWlmi:eM MeTaJIJIH-
qecKHX CT8HOK KaMSpli R KOJIIill;y MO.ztYJII> HMII~.Ita.HCa y-MeHI>maeTca. )VI.II nyq
Ra, pacnOJIOZBHHOrO _11ocpe.D;HHe Melr,Iij' .D;BYMJ{ 6ecKOH6'1HliMii H,IteaJII,HQ npOBO
.nsmtm,m IIJIOCKOCTRMH,H3JIYtI8HHe OTCYTCTBYBT ,ItWI rapMOHHK C HOMepa.MH 
n< ~ , r11,e H - paccTomrae Me;Jf,lzy' IIJIOCKOCTRMH, a MO.ztYJII> m.me

.ztaaca YM8HI>maeTca c YMeHI>meHReM napaMeTpa % . Bl:l6upaa paccTO.<IHHe 
Mex.n:y cTeHRaMH xru,iepu H - TSR, tJTO BHIIOJIIDieTCJI ycJIOBHe ~ « i 
(.ItWI YTH OIDIH !! ~-ro-1), Moimo o6ecnetJHTI> ycTo:litJHBOCTI> sJieKTPOHHliX "~ . KOJien B .D;Hana30H8 pa6oqn napa.MeTpOB ROJIJI8RTHBHOro YCKOPHTeJIII.B COOT-
BeTCTBlm C 8THM YCJIOBlleM RaMepli a.ztresaTOpOB CJI8.ztY6T KOHCTpYHpOBaTI> 
TaR,trro6u anepzypa HX j'MSHl>llla.JiaCI, C yMeHI,UJ8HH6M Pa.ztHYCa. EoROBHe Me
TaJIJmqecRHe cTeHRH a.ztresaTopa YTH OIDm HMeIOT cq,epmeceyIO ipopMY, pac-

* EoHtJ-0CMOJIOBCHUli A.r.' IIepem,mTeiiH 'd.A. HsBeCTHR BY3oB. Pa,mroqiusu
Ka, 1970, !3, c.IOBO. 
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CTOJIJme Meir.ztY CTeHKaMH Ha pa.zteycax, 6JmSKHX K pa.zteycy muteroom, 20CM, 
Ha pa,wce 6 CM ariepTfPa Ra.Mepu ~ 5 CM. Tup140Hmat c HOMep&m n ~ 4 
B TaROI KaMepe He BOS6yl!.I{aDTCJI,~ HSMeje~e SHati:emm IDdlle,Ir.aHc_a B He
peSOHaHCH!iX yCJIOBHJDC C::1 50 OM. /9,IB, 9/ . . 

MaTepnaJI H TOJilllllllS CTeHOK Ra.Mepu BU6paHl:l TaK,tJ:T06li a) BliCOKO
ti:aCTOTHlie llOJIR: BOSM,YllleHirll 8RpaIU~:pOBBJIHCI, CTe~; 6) KaMepa 6wra. 
n:pospa'!Ha .ltJill BMIIym,cHoro Mlll'HHTHOro nOJill, KOTopoe cos.ztam pacno.no
xemwe BHe ee TOKOBUe KaTYJIIKH; r) He BOSHmtaJia peSHCTmlliaJI aSm.tyTaJI!,
HaJI HeycTofftJ:HBOCT1>. B Tepwmax con:poTHBJieHM Rw= ~(BSJIToro B 
e~mnmax wme~a.Hca cBo6o~oro n:pocTpaHCTBa) , r.zte cl - r n:poBo~ocT1> 
CTeHOK C TOJilllIDiO! /2 , yCJIOBHe 8IqlaIDlpOBSHl!Jl eCTI, f< Wo « 3/ro,..,.,f • 
JviiI CTeHOK. C TOJilllm{O:ll 0, 5 MM lI ro,.,,./::35 CM (napaMeTpbl a.ttreSSTOpa 
YTH 0IDil1) :HMeeM ~ ~ I , 5 • I0-3 ( tJ:TO COOTBeTCTByeT O, 5 CM) • ,IvtfI CTeHOK 
1rn· HepJEaBe~ett c~ cl.~ I.I· Iol6 c-I II f R,.,J:::.D,I OM. 3Kprom
poBaHJie .MaI'HHTHoro IlOJIII OI'paHHtJ:HBaeT ,ItOIJYCTm.iym tJ:SCTOTY m.mynca 
BH8mHero CJIHYCOH,Ita.11I,Horo M8.I'IDITHOro n°71 w . 3TOT BOil:pOC paccMaT
pJIBa8TCJI B ~ccepTauIIJI B nplIJIOJKemm: I IO/ ,r.zte no.nyti:eHo orpaHRtJ:eIDie 
Ha "!acTOTy,cBJisaHHoe c Tpe6o~neM MaJIOCTII qiasoma: JICRaJ!teHml M!U'HIIT-
Horo no.nJI B ItaMepe: . . . , 

c,J~«d, · . cs> 
r.zte 't= 2 ~~RK - :xape.KTepaoe BpeMR: nepexo,ItHWC n:poQeCCOB B CTeI!KaX 
KaMepbl; R,. - pa,neyc KaMepu.,Ivt!I ImMepbl YTH OHmi ns HepJtaBe~el cTa
JIJI 1: ~ 60 MRc pa6oti:Jie sHatJeHJIJI w ~ 2 • Ia3 c -I II w.'i:' ~ o, I. IlpJI 
BU6paHHOM con:poTJIBJieHIIH cTeHoK Rw f 0, I OM B pa6otJeM ~asoae napa
MeTpoB aJieKTpOHHHX Ko.neQ B YTH pe;IICTIIBHUe asHMyTaJII,HUe HeycToltumo
CTII He n:pe~CTaBJIJil)T onacHOCTM. 

B COOTB8TCTBmt c Tpe6oBaHHeM ( 5) llJifl cTa6MlISauIIJI peSOHaHCHOI 
as:m&yTaJII,Hol HeycToltJJIBOCTH KOJieQ Tpe6ymcJI otJeH1> HHSKHe .zto6pornocTn 
co6CTB8HHUX MO.It SJieKTpOMal'HllTH!iX KOJie6aHd B KaMepe.B 8Kcnep:BM8HTax 
no cimTID') KOJieQ B a.u;resaTope He Ha6.1IJ!WlJioc1,JBeBJ1eHWI pa.nRaJII,Horo 
paSMepa ceti:eHHJI n:pn n:pOXOJr,I(8Hllll pesOHaHCOB ,IO .B.Jraron:pMTHOe n~ 
Be~eHJie KOJII,Ull CBJI3a.HO C TeM,tJTO pesoHaHCli n:poxo~CJI Ha KOHetJ:HOff 
CTe.nBH C&a'l'HJI KOJII,IJ,a, r~e 3HatJemm .zto6pOTHOCTH HHSRHe. (KaMepa npe.zt-'· 
CT8llJill8T co6off OTKpllTliff peSOHSTOp ns-sa naTpy6KOB ~ ycKopetraii KOJU,
Qa H BBO~ HeiiTpaJll,HWC tJ:aCTRQ) • 

SKcnepHMeHTU no 4JOPMHJlO:aaHHD aJieKTpommx KOJieQ B YTH OIDIH no~
TBep.l(JIJilt npaBRllI,HOCTI, BU6opa ysKol M8TaJIJilltJeCROff KaMepbl c yrulSammMH 
OCHOBHW.m napaMeTpru.m llJifl llO~aBJiemm aSHM;yTaJU,HliX HeycToittnmocTel 
aJieRTpOHHoro ROJII,Ua /I8,I9/. 

B TpeTLeM naparpaqie BTOpOI rJiaBli YCTaHaJ3JIHBaeTCJI BOSMOJICHOCTI, cy
lll8CTBOBlllOO! He.mmeimwc CTanROHapHUXaSHMyTWII,HliX BOJlH B UH:pRy.impylllle.M 
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aJieRT:pOHHOM ny'IKe - Bp8JJ¥JJJJtHXCJI crycTKOB IIJt Bonpoc o cK/I&HOI HeJIH
HefulocTn 6WI nocTaBJiea.yxe B nepBOI TeopeTW1ecxol.pa6oTe no a<MeKTY 
0TpKUaTeJ1I>Hol .MaCCH (A.A.Ko.noueHcm, A.H.Jie6e~eB JE ). · 

. B ,lOICCepTanmt noxasauo. 'iTO B c.nyqae ,KOrM J.ImiclbtWI TeOpKII npe,It
CKaSliBaeT nOJmJieHKe HeycroittnmOCTH TJina OTp~aTeJI&HOI MaCCH,BOSMOXHO 
CY1118CTBOBalIB8 ae.mmeibm:x·cTanzOHapmIX BOJllt B BlT,1(8 noCJie,ItOBaTeJII,HOCTH 
CaMDqlOicyCHpyJI!tHXCJl crycTKOB,)tBmr:yDtHXCJI co CKOpOCTI,I}, paBiIOI cpe,ItReA 
CKOpOCTH,06Pant8IllllI 'JaCTBQ. EcJm: aaepreTJIIlleCKlllt pas6poc tJ:aCTBQ SHa'IB
TeJlI>HO MeHI,me noporoBOI'O pas6poca, CJieJt1l1118rO HS mmelmoff T80pllH a<p
~ItTa OTpli[WiTeJII,HOI MaCCil, ro yrJlOBol pa311ep crycTKOB, Ta.It, xe KB.It H pa
,10I8.Jll>mrll,MBJ1. IIonyqemm:e BUBO'A!l .wm tJHCTO peaKTIIBHOl'O m.me.nanca, no
BBJtBJ,tOIIY', B OCHOBHOM Coxpawrl'CII B:Wl)I BMIIe.ztaHca c He60JWllol aitTIIIBBol 
cOCT8Bmlllltel. Hedo.Jn,maJI .Jtl(~Cmranmt aHepI'BB ,Ito.u:Ha npIIBeCTH R M8JQI8H-

HOl(Y' B3118Hemtll napBMeTpOB Cl'JC'fROB. · 
PacCMaTpimaetme crycTD, BOSMOZHO, o6pasymCJI npz · onpe.zte.nemmx 

yCJIOBllSX B peSfJU,TaTe pasmmm 83:mryTaJII,HOI aeycTol1ilmocTB Ji!Lllll npH 
BMIJ'lemtll uedo.JII,moro no 811Il11BT1.Ite BH8111H81'0 BHCOROtJ:aCTOTHOro nO.JIII. 
KaR BSB8CTHO, npoeueUlle BHCORO'W.CTOTHSX;nOJiel ll03BOJUI8T ycnemHO yn
paBllJITI, pas~eJI IJY'IROllYX ueycTOhlmocTel (.11.E. WB6epr lBE). 

. lioJII,maa MOTHOCTI, s&pllJ{OB B crycTKaX ~eT B03110&0CT!, HCDOJ1I,SO
:ea~1,. lllX ,1\Jlll ltOJLJI8R'fHBHOl'O ycxopeHHJI HOBOB B CHIITI, OrpaHB'18HB8 ea Be
Jm'IBHY. aqq>eRTBBHOI'O ycxop!Dlll8l'O nWlll, c:Bll3amIOe C Tp860:eaBJleJI asn,y- .· 
Ta7lI>Bol ycTolimBoCff a3JDIYT8Jll>HO-O.I(Jlop0.I(HOl'O xom.na. . 

i 
: B,. 1i8'J.'B8PTOII, na~ BTOpOI rJJBBH npHBe,IteHH OCHOBBJie p8SfJII,Ta-

TH JIBBelBol TeOJ)D ycTCJl,umocTK·nonepel!HHX xorepeHTHHX xOJie6aud B 
aJI8RTJlOHHilX JI UeltTJ)OBHO-JIOBHIIX KOJIJ,IJ.ElX,B806xO.lt)IIIHe ,wIR BH6opa pa6o
tJ:BX napBMeTpOB ycxopBTeJUI TsmeJIHX BOBOB. Oco6oe BJilll8HJ!8 1].teJili8TCJl 
xorepeHTHOI Hey'CTOl'DIBOCTB. 8J[eKTp0HHOI'O Rom,n!l, cma:nqel'OCJI B ysxol 
TOBROCTeHHOI Jl8T8Jl1DN8CROI K8118pe,npB C1181ll8HBJll·ero OT Me]tBSHHOI 
JJJIOCR<>CTB • KallepH, /J.2./ •. PacCIIBTpnaeMSI[ Heycrol1ilmocT1> orpammmaeT 
npH6.mm8Hll8 60KOBllX K8TaJJJDl'l8CJD!X cTeHOR K KOJII,Izy', llTO seJIB.TeJII,HO WIii 
non,aBJie!DII{. asBMy:T8J[I,BHX xorepeirrma:: ueycTohHB<>cTel. 

, . OraTnecoe ~ ax:paBB:pOBSHHfl nOJiel KOJil>I{a 6Jms10DIH cTemca
MH · Rallep,t BCCJl8,ItOllaJJBCI, :pall88 .ll.JtLJraCJ1eTTOMJBBE.Qco6emtOCT!, ·npoBe,IteH
HOl'O B ,ItllCCe~ 8H8.lll38 CBliS8B8 C yqeTOM ,1ti1H8111A8Cltll BCppeRTOB 
8xp8BJilpOBSDll llOJI81 Jtou,nEl. Hs 8H8JDIS8 ,I(IICnepcHOHHOl'O· ypaBHeHBll J:tJ1ll 

JE . . • . . . ••· . 
KoJroMeHCKBit A.A. , Jle6e,IteB A~H. AS, I959, 7, c. 549. 

H ..... , . , . . 
\Wim6epr H.E: /Jim3mta WJaSMil,1977, 3, c.442. 

iBEIEr.aaslett L!J.Proc. of' 1963 Slllil!ller Study on Storage Rings etc. ,:mrr 
7534, 1963, p.324. 
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mtCBa.lll,HHX ROrepeBTHHX ROJie6amrll ltOJir.Qa B TOBltOCTeBBol K811epe a.itre-
3aTOpa CJieJzy"eT, qro .lt1lll ycTOlmocTH CJleJQeB]II ltOJir.Qa" OT JleJtlfBBBol 
IIJIOCltOCTH TpedyeTCJI,'ITo6H noltaSaTe.m. BHemuero lfal'BBTHOro nOJlll ··n~,, 
npeBHl!laJl BeJDAJIBY ~ ( 1f j . .nm napaueTpOB KaMeJ.)H II· WleltTpOB:.. . 

HHX ROJlelt Y'.l'H OHBH .lt~O BWIOJIHa:ncs:: ycJIOBBe n1,, )- 0,15 U11 JiplDDI

MaTI>CH Cllmtll8,11l,BJ,[e .11ep1,1 no CTadJUll38Itll]I ,JtBDeBll8: ItOJII,Qa B Me,JtBaBHol 
IIJIOC:K0CTII KalleJ.lH. B 8ltCne,PlDleBTax Ba ffi ()Hfil( BM-DJWl.DCI, IIOTepll 
MeltTpOHOB,CBll3aHHHe c·pacCMaTpltBae.llol HeyC'fOl1DmocTI.l:-np11 HeCOBJia
;teHBH .11emramwx WIOCKOCTeii ltalrePH B .lllll'HJITHol CBCTeJiH /I2/. IIOCJie 
COBMe~emtJ1.11e1tHBmmx IJJIOCROCTel IIOTePJI 11cqe3JD1~ 

PacC.IIOTpeHlle JtmIOJir,Bl,[X RorepeHTHYX ROJie<Samd 8.1:eKTpOHHOro Ro.m.

Ita c OTJllil'IBWIJI OT eyu u0.11epwm raJ;ll<)mm, IIPOBe.iteHHoe .lt1lll Ym OHHH 
( 'tleTBepTHH naparpaqi) , noxasaJJ'.O, 'tJTO COOTBeTCTByDlllle YCJIOBJU[ ycToi'q]I
BOCTH odecne'DIB8m'CJI IIPII BHIIOJIHeHD yc.n:oul JCTOl'uBocTII aamqTa.m.
HOro .JtBDeBHII. B aKCnep&eHTaX no CMTlll> Wienpomna: K9J.[ett B YTH 
OHHH ueycTOlu:Bocnr nonepetmKX ROJ1edamdl ue uad-m)t8JIB'nI>. 

. B IUlTOII naparpaq,e BTOpol rJJaBH pasBBTa semmebaa TeopBH .Itll

nOJII,HOI ueycTol:'ll[BocTH a.n:eltTpOHHO-BOHma lt0.1[8J:t,IIOCTpoeHB811 C yqeTOM 
He.mmeboro OCJiadJiemm II0JmpJl3anHOHHHX CDC yireJIB'leJIJle.11 pacC1'0JIHHII 
Mea'Jtf It8HTpalll[ ce11emd nyqROB II~!. Ocodmt BHTepec lt )tl[IIOJlldlol uey
cToitrmBocm 8JI8K'fPOHH0--.HOHHHlC ROJieit B CBli3H 0 pa8Bl1Tl18M It0.IJI8ltTKBHOro 
M8TO)f,a yCRopeHJ!R: 1IpOJIBJJJ!CII noc.n:e JIOIIBJie!Dlll padoTH·Il.P.3eHReBJNa II 
J(.r.Ifamrape:ea* ,B ROTOpoii BWlcmtmlCI. OCBOBBJ,[e orpaBl!'leBU Ba .JtODyCTJI
.IIOe 'Dl0.n:O HOHOB H TeMII BX· ycxopemm (sadop 8Bepl'lDI Ha eJt]llllley' JtJIBBli) , 
B8lt1WJV{B8P.Mlle TpedoBaHB8M CTadBJILHOCTII RO.lert. -Pesy.m.TaTH rnelHol ' 
TeopD ,1tlln0JII,BHX ltOJiedamdl·BCllOJII,syl)'rofl B ,1tllCCeJ)TSitD )tJ1ll aBaJDlsa 

ycrol'DIBOCTH MeltTJ)OHHO-BOHHHX ROJieit B Ym Omni. 
Ilpa dOJILlllU 811IlJIBTy)f,aX ,1tlln0JU,HHX ROJiedamd CmHOllllTCSf CYJl(eCT

BemlHJOI ue.mme!BJ,[e a@eRTH,CBII3aHHHe C OCJUl.6JreHlleM IIOJiapllsanBOmmJC 
Cltlle.!Ilmelmil p0CT IIOJDipBSaQ]IOHHOI CBJUl npel(p8¥eTCH Ba paccTOl!lDIHX, 
Cpa.Bmomx C no.n:ypa3.11eprum ceqemm: ltOJIL:Qa. Jtim yqeTa oc.imdJJ:eBJm llOJJ!i
pBsaQHOBHOI ClIJlH B BHpBZeHBe .lt1lll CHJIH B IUIT0.11 na~ BB0,1tllTCJI .lla

JIWI eydnecRaJiae.mme1HocT1>. B pacc.110Tp8BHHX npllNepax YJlemmeHlle ca-: 
JIU B38JDIO)telCTBU 8JleRTpOHHOro. BOHHOro ltOJiett npBBe.JIO RYJIY11111eHllll 
yc.n:omi:I ycTOl'DIBocTH ,1t11n0JII,BHX RorepeHTBHX ROJiedamd~ He.mmelHocTI> 
IIOJiapl138IlHOBBHX CJIJI npHB0,1tllT .N1B c~c.wpy.llJ(lw;JI ltOJ[eJ:t R . cyr,qeCT
BOBaHlDl ue.mmelma CTSitBOBapma BOJJB. ltJIJI .1tOCTaTO'tJBO 60.lILlllBX SIIIJJm

TY~ ,1t11n0JII,ma: xorepeHTma: ROJiedaud noxammaeTCH,'ITO ae.n:BHeiBJ,[e CTa
IUIOHapBJ,[e BOJIHH cyr,qecT.Bj'll'l' ~ B TOIi c.Jy'me,1tor,tta_ JIBBeluaa Teop:u -

"zenkevich P.R., Koahkarev D.G. Particle Accelerators, 1972, J, p.1. 
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npe'AcRasllBaeT ueycTomnocTL. IlOJlYtle:mmn pesyJU,TaT OTHOCHTcs He TOJII,
xo K CltlISM c MMOti KydJNeCKOA aeJIBHeimOCTLD, HOH K CWlS.M 6o.n:ee od

mero B:iuta. 
B Il/ITOM naparpaipe HCCJie.I(y'eTCS TaJOlte paSBHTHe ,ItHllOJII,HOff KorepeHT-

HOI HeycTollmBOCTH B CaMClq)ORy'CHPYlll:!llXCH ROJII,Qax npH MaJIOI ue.mmeima:
CTB llOJIR:pHSrun!OHHWC Cl!JI. PacCMOTpeHHe DpOBO.ItHTCJI B peDMe MaJIOI ua.n:
Iq)HTH'IHOCTH, KOr'Aa BOs6y~CTCJl JmlIIL·o,ItHa rapMOHHI<a Ko.n:e6rum! B mt
IqleM8HT mmelHoi Teopmi: 'AOCTSTO'llIO MM no cpaBHeHllll C ,ttelCTBHTeJII,HOJ 
qaCTLD qacTOTH KOJie6aud. rroxasauo,qTO BOSMOlma ue.mmelHast CTa6:wm
~ HeyCTOi'lllBOCTH, npllNeM npe'Aem,Hl:le 8.MILJIHTY.ItH KOJie6aud .MaJI!l no 
cprumeHHll c paSMepou nytma. HeycToittlmme Ko.n:e6aHWI B pelltlWe HacWite
mm nepexO.ItHT B 6HeHM c HedOJll,lllm.m MaKCHMaJll,m.lMB aMil1IBTY.ztaMPI•B ita
qeCTBe Dpl!Mepa Ha pHc.2 noxasauo HSMeHeHHe BO BpeMeHH pacqeTHWC sHa
qeHd CMemeHd .1:0K8Jll,HWC neHTpOB MaCC 8JieRTp0HHOrO x~ H HOHHOI'O 
d ~ KOJien Nl!I mtcHaJILHWC .ztmIOJII,HWC xoJie6amrtt, nOJIY'lemna: c yqeTOM 

HeJJJmelHOCTH llOJilij)HS&UIOHHWC Cltllo KpHBasr X1 COOTBeTCTByeT BKCllO
HeHUHaJILUO HapaCTaDIO!M ROJie68.HRflM JIO::ta.lll,HOI'O QeHTpa MaCC e.n:eRTp0HOB 

B .mmeil:Ho:ll TeOplm. 

0.4 

PHc.2. PacqeTHoe HSMeHeHHe BO BpeMeHH CMemeud .1:0R8Jll,HllX neHTpOB 
-Mace 8JieKTpOHHoro x~. H ROHHOro J~ KOJien C yqeTOM He.mmeimoCTH 

llOMpHSalU{OijHWC cwr. I{pHBM x~ COOTBeTCTByeT KOJiedWI:118:M JIOKaJII,HO
ro neaTpa MaCC 8JieRTp0HOB B mmeimott TeOpHH. 

PacqeT np0BO.ItHJICS ]I)IR KOJien C THI1H'IHW4H ]!)IR YTH napw4eTpwm. IlpoBe
'AeHHl:ll B ,ItHCCepTauHH aH8.JIH3 OTHOCHTCS TOJILKO R MOHOBHepreTINecrum 
nytma.M,H B HSM He Y'tJHTHBaeTCJI B03MOlmWI nepexatma BHeprmi: BSROrepeHT~ 
Horo ,ItBHJteHWt B HeRorepeHTHOe. TaRalI nepexatma TaKJte npRBO,ItHT R 
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CTa6:wrasruum HeycToltmBOCTH, O.Itlia.RO napaMeTPJ.,I KOJleu ~OJlXIIU CMelllaTbCJI 
B 06JiaCTb YCTollumocTH mmelHol TeOpIDI • .ltJul OKQHqaTeJU,HOI'O BWICHemm: 
BO!lpOCa O HemmelHol CTa6BJil'ISaumI Tl)e6yeTCH paCCMOTl)eHBe HeJDmelmil 
ajxfleKTOB .IVIR: llyqKOB C OTJIHtlHHM OT HYJIH 8HepreTH'ieCKlW pas6pOCOM H 
coBMecTHoro ~elcTBKII ~BYX CTa6.wmsHpYDJlHXCJI q>aKTopoB. 

OCHOBHHe BblBO,Itli HemmelHol Teop:im .ltl!llOJII,HHX xorepeHTH!il KOJie6a
Hlirlt,co~ePzaJIIHeCJI B pa6oTe /I4/ lit .1t2ccepTaqn,no~Bep~eHH nocJie.ItYD
lltHMH TeopeTH'ieCKmm pa60T8Ml'I (r. II. EepMB.H * , B.J(OMalllK B lI 8KCIIe
pm4eHTBJI1,H!OO! HC.CJie,I(OBamI.RMH (B.IllyMaxep lI .IU>•388£). 

B TpeTLel rJiaBe paspa60TaH MeTO~ pacqeTa ROJJJieKTHBHOro YCKOpll
TeJIH C TOHKOCTeHHOI MeTaJIJIHqeCKOI RaMepol B paCC'DITaH YCROpKTeJII, Ta-
ae.mu: BOHOB mum /I8,I9/. . . . . 

B nepBOM naparpaqie rJiaBH o60CHOBWIH OCHOBHHe napaMeTpH. a.itresa
TOpa H CglOPMYJmpOBEUIH Tl)e60BaHHJi K mmeRT.HpY8MOMY 3JleKTpOHHOJ,fj" nyqey 
TaR, ~o6u B KOJIJieKTHBHOM yCimpnTe.ne o6ecne'llIB8JICJI Ha6op aHepru :Uo
HOB rv I+ IO MaB/uyKJI.M. 3JieKTl)OHHHe ROJll,~·g,opMHpyil'rca B a.in"esa
TOpe npu 3WCBaTe ClitJibHOTOqHOro peJlllTlitBBCTCKOro llyqRa Ha HaqaJII,HYJ) 
paBHOBecHyD op6BTY• B YTH OIDIH npmmT O.Itli006opoTHHI cnoco6 11HZe1tUBB. 
Cpe~ pa,ItllYC u paa11epu ceqemtJI 1tOJieu B YTH OHHH yMeHJ,MaDTCJI npu 
0ZaTD npBMepHO BIO pas, npoepHO Tmc:le pacTeT· &HepI'l!SI 3JI8KTpOHOB. 
KoHetmHe 8Haqemm OCHOBHHX napaMeTpOB KOJieu B CXSTOM COCTOJllODI Bl:l6-
paHH CJie.eyil:ltBM o6paaOM: cpe.Itlid pa.ztHYC ROJieU r.,~ 4 CM; IIOJlYpaSMepH 
ceqeHJilJI ctr~ OS!~ 0,2 CM~ peJIIITBBBCTCKBI <fwtTop BpallleHlim 8J181t~O
BOB ro = 30 + 50. IIpB 'DICJie 8JieKTpOHOB B ltOJibqe A{, = I + 5• IO S 
Taitlle napaMeTl)H ll03BOJIJlllT IIOJJY'IBTb TeMn aa6opa 8Hepru TsmeJIWC BOHOB 
I + IO MaB/HyRJI.M~ OrpaHH'ieHue 'DICJia a.11eKTpOHOB B 1tOJII,ue no "Jg

JIOHOBc1touy npe~eJIY npx · aHeprn Bmte1tUBB £ ~ 2 MaB .ztaeT ~~ 2· Io!3 • 
EJmsxoe sHaqeHKe npe~eJII,Horo qHCJia a.11eKTpOHOB CJie.izy-eT lit HS TPe6oBa
BBJI aKCBaJibHOI xorepeHTHOI yCTOl'DIBoCTH KO~ B !lpHCyTCTBl!H 6Jm8KJIX 
60KOBHX MeTaJIJDAecKBX CTeHOK Ka.MepH. IIpH O.ItliOo6opoTHOI l!lm8Itql!H H 
100% SaXBa.Te B YTH OIDilf qHCJIY 8JieKTPOHOB B KOJibUe ~ = IOIS COOTBeT
CTBY8T TOK muteKUBB 200 A. YcJIOBHe asm,yTaJII,Hol ycTOlqBBOCTB KOJII,
ua B KaMepe a.in"esaTopa YTH OIDIH npu ~ ~ ra13 06ecneqJitBaeTCJ1 npu oT-' 
HOCBT8JII,HOM pas6poce B muteKT.HpY8MOM ny:,me ~£ = 6 + IO%.· 1IT06H . 
DeTb llOJJypaS.MepH ceqeHlUI KOJibua B HaqaJie CZSTM Or;i!.fe 2 CM,8.MBTTEIHC 

J£ EepMaH r.rr. lli.W, 1974, 44, c.2II6. 

EIDonimaschk W~ Olliill, J(9-I0500, ,Ify6Ha, 1976, c.63. 

mmSchumacher v. et al.Proo. Internat. Conf. on Electron Beam Research 
and Technology. Albuequerk, 1976, 1, p.38~. 
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EHZeltTKpyeMoro nytma ~OlleH COCTaBJlllTb € ~- 25 iT Mpa,It.CM. OI>oPMYJm
po:aaHHWl s~ecL·yCJioBwna y~oBJieTBopJteT SJieKTpOHHHff nyqox muteKTopa 
YTH orum - .mmelHoro KH,IzyKUBOHHoro ycxopKTMli CRJIYHJl. · · 

MarHBTHM CHCT8Mll ~esaTopa YTH arum, npe~asHa'l8HHM ,JµIli cxa
TKII aJieRTPOHHHX KOJieu, BRJIIRaeT B ce6a TPH napu TOROBllX KaTYJlleK...: 111)4-

nyJII,CHWC CTYIIeHel cmTK11,pacnOJicmemna: cmapyim Ka.Mepu, H napu KaTymeK 
MeNJ:eHHO MeHJDt111erOCS1 sa BpeWI C:EaTHfI llOJIII /pHC.3/. . 

PHc.3. CxeMaTmi:ecKRI B~ a.itre
saTopa YTH: K8M8PH, CTyneHeff 
ClfaTJlli B COJI8HOH.na. 

HMnyJlbCH TOita B TP8X CTyn8WIX HMeDT B~ IIOJIYCJitHYCO~ c·xapaxTepHHM 
nepBO,ItOM ~ :i; MC. .AMnlmTY.It!i TOltOB B CTyneHIIX CXSTHH YTH OIDIH onpe~e
JI1L1Il1Cb BOSMOXBOCTSDIH CHCTeMY llKTaHIIJI B 38,ItaBaJIHCb HO.lllm8JIOM 5 + 6 KA. 
BpeMJI cmTBR: KOJibUa,onpe,IteJIH8.MOe .ltJI]IT8JlI,HOCTJIMH B mmJIHTY.lUIMH TOROB 
B CTyneHJIX,OKa3HB88TCJi IIO~ l MC. EOJiee 6HCTpOe Cll8T118 Orp8HFDI
Ba8TCH napaMeTpaMH CHCTeJIH llKTSHllll KaTymeK H 8HepreTJitq8CKmlB noTepa
MH B CTeH~ ItaMepH. jlJmTeJibHOCTb cmTM Orp8HH'l8Ha CHH3Y Tmtxe yc
JIOBHe.M MBJIOCTH cpasoma: HCitaZ8HHI BHeIDHero mmyJibCHOro M8I'HHTH01'0 no
mt MeT8JIJlJA8CKOI ItaMepol. · 

. IIpH pacqeTe YTH OIDIH napaMeTpH 8JI8ltTpOHHOro 1t0Jll,ua 38JtlTB,It!iB8.J[JitCb 
B cxewy pacqeTOB c 60Jibllll'IM pas6poCOM no 'll'ICJJY SJI8KTpOHOB /{= I + 5· roI3 

H H8qaJ!bHOI 8HeprHH 8JI8RTpOHOB ( £ = I,5 + 3 MaB),qTo6H m.teTb BOSMOZ
HOCT~ pa6oTaTb C Mal'BBTHOI CBCTeMOA B IIIBpOROM .Jtl!8ll830H8 napeMeT:pOB. 
IlOJIYpas6poc no 8HepI'Bml 8JieRT:pOHOB Bll6HpaJICS:[ PaBHHM 3 -t 5% ,aKCBSJU,

HHI cpasoBHI o6~e• - 0,07 ~.cM. 
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. PacqeT CJitaTRll,8JleKTpoHHWC xo.nen B YTH H Bll60p MaI'HlITROI CHCTeMl:l 
OllHCaH BO BTOpOM naparpaq,e rJiaBH 3 /4,S/._Marm!THOe llOJie 8,ItI'e3aTOpa 
YTH paCC'lllTllBanOCh Ta.ItBM o6pasOM, l!T06ll B36emTh npox~eHWI napaa4eT
pH'l:eCKOro pe30HaHCa aKCBaJII,HWC 6~T8TpoHHHX xo.ne6rum:tt B OilJ8.Hli'Il!Th 
~HBSY Be~ llaCTOTll aKCRaJlbH_WC xo.ne6rum:I B COOTBeTCTBBH c Tpe6o
BaimeM O:rpa.HlNeHHOCTH aKCHaJII,HOro paSMepa KOJll,UEl anepTypott Rrulepu. 
Hs 8THX TPe6oBaHd C yqeTOM C06CTBeHHoro H OTpalleHHoro B 6JIHSRHX 
CTeHKaX KaMepH 8Jl8KTPOMBl'HHTHOro llOJIJI.K~ onpe'AeJmJICSI KOp~op 'AO
nyCTl!MWC sHaqeHd noruisaTeJIJI BHemaero Mal'IDITHoro nOM. Ha nepBOM 
8Tane pacqeTa HH.DYKTHBIWe CBJISH M8l!Qzy' KaTymKaMH paSJIH'IHWC CTfll8Hett 
ClltaTHll ll lICKallteHWI MaI'HHTHOrO llOJill KaMepol He npmmMaJIHCh BO BHBMa
HHe,H B!l6Ilp8Jll{Ch reoMeTPl'l'leCKB'e H TOKOBUe napaMeTpll CTflleHelcxa.THJI, 
a Ta.IOKe BpeueHa me nocJ1e~oBaTen1>Horo BKJJJJ<IeHHR:,TaK qTo6u saaqeHRII 
noxasaTeJIJI nOM B MecTe aaxoJQtemm xonua ( n - TPaexTop:rui) Jie,m;m 
B xop:D'Aope 'AOIJYCTHMUX saaqeHd. IlocJie npe,IU3apuTem,Horo HSXOx.IteHRII . 
napaMeTPOB MaI'HHTHOI CHCTeMU a.ztre3aTopa YTH B pacqeT BKJlll'laJIHCh a:})
(peKTll 8KpaHHpOBaHWI BHemHHX MB.I'Hl!THUX llOJiel KaMepol H HH.DYKTHBHUX 
CBJI3el MeJr,Izy' KaTymKaMH pa3JllRHWC CTyneHel QxaTHR:. qT06ll onepaTHBHO 
HaxO,ItHTh c noMonu,n 3BM Heo6xo,ItHM1,Ie xapaxTepucTm aKpaHHpoBaHHoro 
Mal'HHTHOro nOJia: B M8,ItHaHHOi llJlOCKOCTH ItaMepH (llJlOCKOCTH ClmTIDI KOJil,
ua), npHMeHllJICJI npe,ItJIOlltElHH!ill aBTOpOM MeTO'A,HSJlOltemmft B ·llpHJIO:ntemm 
r/I~,I9(.u.,m TOHKOCTeHlWX M~TaJt7IKt18CKIDC 8ltp8HOB 3118.l{eHKJI BeKTOp-ll~ 
Te~ Ha aKpaHe meyTCJI KaK pemeHWI HHTerpo~epeHIOiaJII,Horo ypaB
HeH:im,oTpaimD!lero qia.KT paBeHCTBa cywmpHOro BeKTOp-noTe~aJia CfMMe 
BeKTop-noTe~oB n~~ero nOJm.H nOM,reHepupyeMoro TOKa.MH ~o. 
.u.,m pemeHRII aToro ypaBHeHRII npu sa,tamwx reoMeTP:im H Ma.Tepuan:e KaMe
pu ucnQJil,syeTca.pasJio:EeHHe no co6cTBeHHWI ~ coOTBeTCTBj'lW!ero 
O.ltHOpO.n;HOro HHTerpam,Horo ypaBH8HW!. MlmHMaJU,HOe C06CTBeHHoe_sHaqe
HH8 ypaBHeHua:·xapaKTepusyeT BpeWI np0Hl!IRHOB8HIDI mmym,cma: MaI'HHTHll.X 
nOJiett B KaMepy • .u.,m CHHYCO~Horo HMllYJII,CHOrO WU'HBTHOro nOJiil BlIRSl:

HHe ·8KpaHHI)OBaHHJI CBOJµITCH K aMIIJIRTY.zt!lllM H <pa30BUM HCitalltemmr, :HM

nym,ca. Il~lleHHOe ycJIOBHe.MaJIOCTH qiasom,oc HCRal!teHd CBO,n;IITCH K He
paBeHCTBY (6), npu 8TOM a.MilJlHTY,n;HUe HCitallteHKII HMnyJII,Ca HeCYllleCTBeH
Hll. B npmro:ntemm I npOBO,nHTCH oneHKa·'Il4CJla•C06CTBeHHUX·q>ymtIJ;d,Heo6-
XO,ItHMOro .zvm 'AOCTaToqHo Tol!Hoi annpoKCll'.MaUHH pemelld. IIpu pacqeTe 
Mal'HHTHOI CHCTeMU a.ztresaTopa YTH 6UJIO BSHTO 25 co6CTBeHH!lX q>yHltlUrl!:, 
l!TO o6ecneq:wxo OTHOCHTeJII,eyD TOllHOCTh ~llllHCJleHHH HH.llYK10IH Mal'HllTHOro 
noM BHYTPH KaMepu OKOJIO O,I%. 

CymeCTBeHHOI oco6eHHO~ThD MaI'HHTHOro nOJiil B TOHROCTeHHOtt MeTaJI
JnNeCKOI KaMepe,C:WU.HO saTpy,ItBJDlllel pacqeT H BU60p MaI'HHTHOI CHCTeMU, 
SlBJISieTCSI 3aBHCHMOCTh noxasaTe.na llOJl!i OT BpeMeHH. 8Ta_3aBHCRMOCTh CBJI-
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3aHa C pa3JDl'IHeM q>aSOBllXC.I(BBrOB :im.ztYKnmI Ha pa3JIHlmlil ·~cax.,nim 
Toro, llT06H 3HS.llemm llOKaSaTeJVI nOJl!i B Ka.Mepe MSJIO OTJm'iaJIHCh OT 
nOKa3aTe.n:a nOJlll·B CB060JtHO.M npOC'i'p8HCTBe,Bu6op reoMeTPHH'TOKOBUXKa
Tymex YTH OHHH llpOBO,ItHJICH TaK,llT06u'o6ecne'lll:Th BHnOJIHeHHe yCJIOBIDI 
paBeHCTBaq>a30BliX C'ABUrOB nOJis: Bera llpOHSBO.n;HOff·no ~Cy Ha pa:. 
.ztHYCSX: KOJien,cooTBeTCTBYJIIIHX BpeMeHH BKJilllleHl!JI CTyneHel cxaTHil.Bpe
.lleHa BltlIIReH:m CTflleHell czaT:m, HaibieHIWe B OIIHCWIHOM BBllle npe,IU3apH
TeJll,HOII pacqeTe Mal'HllTHOI CHCTeMU,KOppeKTlilpOBaJIHCh C yqeTOM q>ElSOBUX 
HCKS.&emdt BMIIyJII,CHOro Mal'HHTHOro IlOJIJI. . 

Ilp• pa6oTe c 1moro.BHTxomam KaTyDIKaMH BW1cmt1Ioc1>,qTo TOKH, HH
JO'UBPOBaHHHe B paSOIIKHYTUX KaTymxaJ:,CY111eCTBeHHO BJIHJDlT Ha cmue KO
Jie!l, llpllBO,JVI K HalleHeHHD IlOKaSaTeJVI llOJm /14/ H ero DpolilSBO.n;HOI no· 
pa,!tllyCY (R.T.Avery, L.J.Laslett*).YMeH:bmeHl!le noxasaTe.na: DOM, BI:lS
BaHHOe IIH,lzyIU!pOBSHHWOI TOKaMII, MOlleT npHBeCTH K HapymeHHD YCJIOBd 
O,n;HoqacTllllHOI YCTOWBOCTH a~eKTpOHOB, a j'MeH:bmeHHe MOJIYJIJI llpOHSBO~
HOI noxasaTeJIJt no.ns: no ~cy - K BOSMoxuoa pacxaqxe nonepel!HWC xo
repeHTHHX ItOJie6amd It~. IlpB pacqe'i'e MaI'HHTHOI CHCTeMii YTH HCKa
zemi:e Mal'lDITHOro nOJIJI paSOMimyTWm KaTynntaMl! yqHTHBaJIOCh C HCllOJlhSO
BaHJleM MeTOJtllD,1)83.BHTOI 13 pa60Te /I4/. I{aTylllRH CO Cllenuan:hHOI q>OP
MOI ceqem, BI:l6paHHol Wl!I ;yMeH:bW8Him HCitallteIUil,npl!MeHJJJmCh B OllUTax 
no CmiTJII) 8JleKTpoHHUX KOJien. IIpH cos.namm DOJIHOI MaI'HHTBOit CHCTeMU 
YTH (BMecTe C CHCTeMol BUBOM B ycxopeHH.11 KOJlhna) npHMeHHJiaCh BaMOT
Ka KaTymelt MHOr~HWI llpOBO,n;HHltOII. 

3KcnepliDleHTH no qiopMHpo:eamm MaI'BlilTHoro IlOJl!i B TOHltOCT8HHO.ll Me
TaJIJDAeCROM a.itresaTope YTH noxasaJIH npaBRIIhHOCTh cnoco6a BH6opa reo
MeTPD CTflleHel CmlTli!.11 H xopomee COBn~eHHe .pacqeTHWC H H3MepeHHUX 
xapaxTepHCTHlt /I9/. 3HalleBM us11epemmx Mal'WITHUX nOJiel · OTJDAaJIHCJ. 
OT paclleTHUX Ha BeJil'l'IHBY rv I% , OTKJIOHeHHR: ll0Ka38TeJ.Ili llOJl!i OT pac
lleTHOro COCTaBJIIIJIO ~ 20 + 30%, l!TO 06'!,l!CHILJIOC:b .BJDll!Hl!eM .lleTaJIJlllqeC
ltHX 'AeTuea B ROHCTPymunl KpellJleHHJI 8,ltl'e3aTopa,ROTOpoe He ytll{TllBa
JIOCI, B pa~'lleTax. 

IloCJie OIDICaHHOro BH6opa napaueTPOB MaI'HHTBOI CBCTe.MH B pac11eT 
a8TBH Blt1Ill'l8JDIC:b S(ppeKTll llpOCTPWfCTBeHlioro 3aJ)H.M ROJU,na,:a B Mal'

HJ!TByD CBCTeM;Y' BHOCJIJDIC:b ~onOJIHHTeJII,HI:le KOppexnim. 

•Avery R.T., Laslett L.J. l'roc. VIII Internat. Con:f. on High Energy 
Accelerat., Geneva, 1971, p.465. 
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B pac~eTe_y<mTllBWmCI>_CJie,eynitHe ajxpeRTH npocTpaHCTBeHHoro sa
pJUta nyqxa: _:esMeHeHHe MarrurrHoro nOJill Hero noxasaTeJlfl cna,Ita;,_BJIWI
HHe Ha ~o~-- TOROB B CTeHR8X Ra.MepH, · BOSHm<aDIIHX npB HHZE!KIOD!; 8Rpa
HllpOBaIJHe 8JleRTplReCI<oro H .Mal'HE:THOro llOJIII K~ • .I{M pac'leTa 8Rpa
HZ!)OBaHHHX IlOJle.ff ROJlI,D;a npH paC'l8T6 Yffl IlpHM6HIIJICJl·MeTO.lt·~ 

\' \, .. ,,. . . - . . 

BaHHllX SSPR.ItOB H TOKop,c KCllOJlI,SOBalmeM MeTO,ItHRH Haxo,r,ttemm nOJieff, 
np:e~e.ne~HO.I _B nplJJIOJKeHm! I. ' 

,· 

HsMeHeHHe pasMepoB a.11eRTpoHHHX xOJieti B a.ztresaTope YTH npoCJie
imBMOCI> C IlOMOIIU,D npe,IVIOJ!emtoro. aBTOpOM MeTo,na nOJIHYX MOM6HTOB 
qij'HKIUm pacnpe.nMemm qacT:HI~. B M6TO.zte, llOJilillX MOM6HTOB /I5( HCilOJlI,-_ 
syeTciJi O!'paHH'!eHHOCTI, ~ ceqemm nyqKOB,'iaCTKil B KOH<l>lll1Paii:eomroM 
npocTpaHCTBe, 'lTO IIOSBOMeT· BriecTH MOMeHTH qiymanm pacnpe.neneHlm: 'ISC
Tm:t no BCeft coii6xyrmocr:e'coorBeTcTBYJlltRX xoop.ItRHaT B qiasoBOM,npocT
paHCTBe (B oTmHe OT MOMeHTOB B raso.ItRHru.oote)'. IlOJIHUe MOMeHTH ims-:

mmc IiopJDtKOB EMellTnpocTol.!pl!SH'!ecKd c.MHCJI, npe,n:cTaBJllm,TaKlle ye~ 
pe,n:HeHH!le_xapaKTepl!CT:mtH ny'IIKOB, KaK norOHlJYl) MOTHOCT1, 0 Cpe,n:H))I) CRO
pOCTI> i cpe,n:HeRBa,lij_)STF.IHll8 i;>aSMepH ceqerum, TeMnepaTYPY H .T .,n:. B npH.11°'7 
zemnt ff noJIY1ieHll · ypai3HeHM .lVlfl MOMeHTOB ':e"roporo nopll,ItKa, onpe,n:8Jllllllti[e 
E:SMeHeime cpe,ItHe.RB8,lijlaTH'IHllX pasMepOB c~qemm ROJlI,D;CBOro nyqxa~l!T06U 
o6oj>BaT:r, 6ecxoli:e,myi, heno'!KY saneilJlRl:llllBXcn: ypa,BHemrli ,IPrH 110MeuTOB,:ac
nOJI1>~yerCJI 'npe~oJioxeHHe o !oM,'iT<> ~_pacnpe,nMeBll!ll.saBHCHT OT 
MOMeHTOB TO.iu,Ro BTOporo nopg,n:xa K IlOCTO/IBHa Ha nmep8JIJIImCCH,ItaX B 
qiaSOBOM npOCTpaHCTBe • .I{M TaKoro Macca ~ pacnpe,n:MElHHsl IlOJIY-,. 
'leHH CWdOCOrJlaCOBaHHlle ypa:eHeHHII MlI MOM8BTOB, B ItOTOpHX yqT8HO ' 
.B.11MH118 C06CTB6HIJOro 8JlCKTpOMarHHTHOrO llOJIR: nytma HS ero.riJmSMHRy. 
4)yHKIUm pacnpe,n:eJieHIDI Bu6prumoro BJ4.1(8. ',na11T TO'lHOe peme1me CaMOc9rm-, 
coBaHHWCypaBHemd BJiacoBa WIS .mme:lbmxno oTMoHeBBJDli cu :e npu:6Jm
zeHBoe pemeHHe ,n:JIR: CK.iI C Ma/IO.ff H8Jllllle.ffBocT:&J>. IlpKBC.11;6HHHe B )IpBJIOll[~ 

HHH II ypaBH6HWI Nifl MOM6HTOB ll03BOMIIT np:e pacqere CX8.Tl!H 8Jl8RTp0H
mcc ROJieD; 0,n:HOBpei.!eHHO yqHTllBaTI, BJIKIIHJ,'Ie·:e 8HepreTH'leCROrO pas6poca, 
H pa,in!aJII,HHX 6eTaTpOHHllX. K0.1le6immt, qero HM:r.SH 6:wro', c~eJI,aTI, B . npe,n:..: ·. 
meCTBYJWtl!X Mo,n:e.lilll Cl!aTHlI ROJie~. 

·B pesym,TaTe pac'leTa ,Itil1Ul1,4mU!_c.mTHR I<<>JII,D;a npo11sBo.ItBTCH oxoH
qarem;HUff'Bil6op napruaeTpOB Ma!'HE:T~oa·clfCTeMll. PacqeTHUenapaMeTpll 
Mal'Hl!THOI c110TeMbl a.ztresaropa riH yxasrum B Ta6.1lKn;e. · , B sa.It1I1ReH1Ie 
BTOporo naparpaifs IIpHBe,IteH!l OCHOBHHe pesyJll>TaTU 8RCII8pm4eHTOBno 
cxa.THIO xo.11en; B a.ztresaTope ffi. B axonepmaeHTax H3M6JllL1IBCI> cpe,n:Hd 
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pa.we II pa3MepH YB.Jioro·ceqemm xoJien;, a TaKlle per:eoTp:apo.BaJll!c1,·no
Tep:e 8JleRTpOHOB~ Ha pllc.4 npe,n:cTaBJiemi: pac'leTHSJI SaBHOHMOCTI, cpe,n:
Bero p~ca OT BpeMeHH WlSI 8HeprHK :imzeKUHH 8JleKTpOHOB I,8 MaB -
- CMOmHaH JIHHBiI H K3MepeHHUe 3Ha'leHltll'. cpe,n:Heropa.wca. «icTO:rpaqill
poBaHHe Ce'ieHM OJEaTOrO ROJlI,D;a B BJmll!MOM CB8Te (c HCllOJlI,30BaHHeM 
ClJHXPOTpOHHOrO HSJIY'leRllli SJleRTpOHOB) IlpK ope,ItHeM pa,IJ.l!YOe rc, = 4 OM 
CBK,n:eTeJll,CTBOBaJlO o llOJlYP8SMepax oeqemm Or~~ ~2 ¼ 3 MM, 'iTO cor
.11aoyeT~ C pac'ieTHHMK paSMepa.MH B I<OHUC OllaTHfl. 

35 
30 
25 

-20 
~ 15 
'-... 

\..0 !O 

5 
0 

0.2 OA 0.6 0.8 1.0 1.2 1A 
t (CM) 

Pllo.4. Pac'ieTHaH sa:BHCJIDIOCTI, cpe~ero pa.ItHYOa OT BpeMeHH - OMOlllHaH 
JIHHHR: H :es11epeHmi:e sHa'ieHIDI r0 (t) 

«icpMHpoBaHHe ROJlen; c tmMOM a.11exTpoHOB Ne :;:: roI3 , ope,n:HHM pa.ItHYCOM 
r.. ~ 4 CM ll yxasaHHliWJ nOJ1Ypas11epwm ceqerum o6eonequo oos.namte 

MaRClUlaJlbHOI HanpJD!EiHHOCTH 8J1eKTp1AeC1tOro nOJUl B ItOJil,D;e IIOPJmRS 
50 MaB/11, 'lTO COOTBeTCTBO:eaJIO Tpe6yeMllM SH81l8HHJIM BCJlH'IKHll Ha6opa 
aHepro Ha HYKJIOH ua e,ll;HHKD;e ,WlJ!Hl:l ycxopeHu. 

B Tp8TD6M naparp• TpeT:r.el rJmBH OIIllCSH pac1i8T MIU'IDITHOI ycxo
pJDlllel OllCTeM!i YTH ll npoBeJJ;eHO cpa:eHeHll'.8 OCHOBHHX peSyJll,TaTOB 81tcne
pH11eHTOB no yoxopeBim _ 8J18RTpOHBO-llOHHHX ROJleD; B YTH C pacqeTHHMH. 
B ROJfJI8RTKBHOII YCK0pll'.Te.1l8 TstS8JlliX llOHOB OlUIH Ha Ha'laJlI,HOM 8TallC npll
WlT ~- cnoco6 ycitopemtH. 3JiexTpOHH08 KOJll,D;O,sarpyzeHHOe HOHa
llll,BHBO.ll;ll'l'CJI llS KaMepH a.nresaTOpa B aROJlaJll>HOM HanpaBJiemm B mmelBo
-cna.itaDitee no Jl,1ll!He i.tarHHTHoe nOJie oOJieHoima. 
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Ta6JIBQa. PactzeTHl,le napaMeTpH MaI'Hl'ITHol cncTew a.itresaTopa YTH. 

HOMepa CTYlleHe! I n m IY. 
Cpe,n:mrlt pa,IteyC ita'cyllleR , cu 67 38 26 I4,3 
PaccTomrae OT Me.w,;rurnol 
DJIOCROCTH KaMepH, CM 3I 48 24t29 8 -t IO 
ROJmli8CTBO BRTROB B Ra.TYIIIKSX 2x80 2x28 2x48 2 X 7I 
.zi,mTeJU,HOCTL TOROBoro m.mym;ca,MC II I,2 I,7 I,8 
AMIIJmTy,Ita TOKa,KA (£,._;= I,8 MaB) 0,20 5,6 3,3 3 
MOMeHT BRJilllleHH!I OTHOCBTeJII,HO 
MOMeHTa muteRQim, MC -5,5 -0,025 0,35 0,8 

SarpysRa HOHOB B 8JI8RTpOHHOe ROJU,qO B Yffl DpOHSBO.W,:TCH npn ClltaTHR 
ROJll,U8. B aTMOC<pepe onpe.I{eJI6HHOro rasa {B tJSCTHOCTH, OCTSTOqffOro ra
sa, Ror.zta npe~eCTBeHHO B ROJll,qe HaRaIIJmBae'l'CH asoT) n.,m C noMO!llI>D 
m,myJibcHoit CTPYM HeHTpaJII,Horo rasa. Hs pactzeTOB HrutODJieHM noHoB B 
ROJU,I{e HS OCTSTOtJHOro rasa B YTif OHHH,npoBe.zteHHWC r.J{.IIIBplcoBHM H 
aBTOpoM*,cJieJtYeT,tJTO .zt,7IlI HOHOB asoTa xaprutTepHHe 8HatzellllJI OTHOmemm 
cpe.ItHeit SSPH.I{HOCTH ~ · R uaccoBOMY tmCJIY A npHM,HO pa.mm 
$ ~ 13 • .zt,7IlI TIDteJ!llX HOHOB pactzeTHlie SHa.tJeHKH f !:::" 7o . Ifs 8THX ze 
pactzeTOB CJieJtYeT, tJTO .w,;cnepCMII HOHOB no sapll.ItaM MaJia. 1Io3TOM,Y .zt,7DI 

ynpo~eHWI pactzeTa BHBO.Ita n ycxopeHZH ROJU,t(a pacnpe.zteJieWie HOHOB no 
Sapg.ztHOCT.fIM He yqHTHB8JIOCL. B xatzeCTBe padotzero peXHMB. B YTH OHHH . 
nplDilITO YCROpeHl'le ROHOB B pelltBMe cru,,:oqioxycnpOBltH aJieRTpOHHO-HOHBOro 
ROJU,na,. B COOTBeTCTBlm C pesym;TaT8Ml1£ nepBoff rJUlBH KOScppJmHeHT saria
ca :BH6Hpa7ICH paBHUM K = t . XaprutTepHHe 3HatJ8HRII MrutCJD48.Jl!>HO .ztonyc-
THMOro Hadopa aHeprmt t::r.E KaK lpYHlUUm napa.MeTpa Ey.ztKepa Ye npH 
J ::: 1 , ~r;a~ =. 0,2 CM npmie)(eHli Ha pnc.5. Ha BTOM Jlte pRCYffK,e 

npe.I{CTaBJieHH SaBHCHMOCTH Hadopa.aHepnm B rpa.w,:eHTHOM Mal'BRTHOM no
.Ile A £3/',0T qiaRTopa sarpysrui: f : . KPHBSSI I COOTBeTCTByeT OTHOCH'l'eJib
HOMY rprneHry 14'£U'HB'l'HOrO no.lill, paBHO~ 5 • !0-,~;. ICpHBaH 2 -:- paBHOM;Y' 
2,5•I£r. llpH Sa.I{amIHX xaprutTepRCTmtaX 8Jl8RTpOHHOrO }tOJILna R MaI'HRT
HOro ll()Jif{ ycJiomre ROWiaKTHOCTJI 8JI8RTpOHHO-HOHHOro xom,na ,A£'¥' ~A£ 
odecnetraBaeTCH BHdOpOM He06XO.ztKMOtt BeJm'IDWH ~Topa sarpysu.Ha DJIOC
ROCTH AE, ( (pHC. 5} rpaHmta pa6otzett 06JiaCTH pacnOJIOJteHa B6Jm3H CO
OTBeTCTBj'lOUleff rpaHHUH rutCHa.Jll>HOro .W,:llOJll,HOl'O pesOHa.HCa,cJie.nymett HS 
JWHeimott Teop:im. 

~epem,mTcim a.A., illlq)KoB r.)l. 0Hfil1, P9-II4I2, )lydHa, 1977. 
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PHc. 5. 3m3MCl!MOCTI, .• Hadopa aHeprml Ha Hfl(JIOH Ba e.ttimime · WDJHH yCRO- '· 

pelmH oT napaMeTpOBSJieKTpOHHO-HOHHoro ROJILna: I,2 - saBHCll...;· 
'MOCTH Ha6opa 8HeprHH A E ?p OT qia.RTOpa sarpysKH f ; . 
- - - ;:;. -·cooTBeTCTBB8 M~ MB.ItCitIMaJll,HO .ztOIJYCTRM!ill Ha6opOM 
H napru4eTpOM By.ztKepa Ve • · ' 

}&irliHTHasi cxcTeMa BHBo.zta ~ yc1topemm xoJILqa B YTH /I? ,W/ ~c
C'lllT!il!8JI8.CL. Trut, tzTodu odecne'lll!TL BHBO.It KOJibUS B 06JiaCTL JIJmelHo-cna
)t8Dllero MarHRTHoro noM H ycitopeHHe noHOB .zto aHeprd I+5 MaB/ayKJI. 
CEcTeMa Bl:IBO~ H ycxopemm R~ BKJD1'l:88T B ce6H nocJieP TOitOByl) 
CTyneHL an;resaTopa H COJl8HOH.zt. B!iBO.It ItOJII,qa BS an;resaTOpa ocymeCTBJ'Ifl
eTCJI npn myBTnpOBite o,ItHol HS mrymeIC llOCJie.I{Hel c-ryneHH. ,)VIR: aqxpeRTBB
Horo HCllOJII,SOBSHJllll WDJHH ycRopeHJlll (npH .ztmme naTpy6Ka rv IM aqxpeR
Tl!BHaH .nmma ycRopeHl'IJI COCTaBJlfleT B YTH ~60 CM) 6WI paCC'iliTaH co.ne
HOB,lt, cos.ztaDIIBI no.ne c rpa.mteHTBMH,.6mtsKW4li It /; npn saatzemm 
~ 8~ -:::-zr. PeDM BHBO.ita :11 ycxopeHHli pacc'UITHBSJICJl Ba 3BM c 
yqeTOM lDUJ3KTl!BHliX cBRsel M8'SJJ3 KaTYJ!IK8MK H ncittmemrlt MarHHTHOro no
JlJJ, BHoamwx RaMepol an;resaTopa. B pesyJII,TaTe pactzeToB BHdpaH peznt 
ycRopeHJiUI: aJieICTpOHHO-llOHHOro· JCOJII,qa B YTH,axcnepl!MeHTaJII,HO npoBepeH
HHI np:a: sanycxe ycRop:HTeJIR. PactzeTHM ROHetJHaa: aHeprWI ycxopeHHHX na
THsapJJ.D;BHX HOHOB asoTa COCTaBJIHeT I,9 -t 2,3 MaB/ffYRJI. 

B pesynTaTe. axcnepDMeHTOB Ha YTH owrn 6HJIO npoBe.zteHO ycxopemre 
HOHOB·asoTa H .Iij>yrl!X 8JieMeHTOB 1191. IIapru«eTpH SJieRTpOHHHX ROJien B 
axcneplill4eHT8X no ycR~eHl!Xl HOHOB 6wm CJie.ItYJll!He: 'iliCJIO aJieRTPOHOB 

Ne = (I ± 0,3)•IO ; pa.we CllaTOro RO~ ro c:::. 3,2 CM ; llOJIY-
paSMepH cetzeHl!ll Gr ~ 0~ ~ 0, !5 -t O, 2 CM ; peJIHTHBHCTCRml ipaKTOP 
SJieltTpOHOB B. ROime CllaTHJI 'lo~ 35. 3JieRTpOHHO-li![0HHli8 ROJII,US ycxopg
JllfCL B peDMe Ca.MC>qlOityCl!pOBltlll B Mal'HBTHOJI nOJie COlleHOH.lt8. C J!H.DYKllHe:I 
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81,..,~I,5 T H ~eHTOM -~ = 0,5 + 0,75T/M.3arpyaRa HOH&m IIpOBO

.zt]ILIIaCI, IIpH HOHH3ane:R H6RT!)8JII,lllDC "iaCTm.t H3 OCTaTO,moro rasa B Ka.Mepe 
8JI8RTPOH8.MH KOJU,Qa. YcKopeHRe HOHOB He Ha6Jlll,ItaJIOCb DpH ,ltOCTaTOtrnO 
lll:lCOKOM Ba.RyyMe - .wm ROJIJieRTHBHOI'O YCKopeHH8 HOHOB.qaRTOp 3al'py3Rll 
.ItOJDteH 6UTb S;;, '45_ C YBeJIKtieHHeM .l(B.MeHHJi B o6JracTH mmie • noporo
Boro 3HaqeHl!J{ B COOTB8TCTBBH C TeopeTiftl801GlMB npe.ztCTaBJieHIDtMB ROHeq
HM aHepI'Kll ycxopemrux HOHOB n~rura. KorM·BaRYYM yxy,I1;11IaJica HaCTOJIIr
xo,qTo HacTyna.na sapJJ,ItoBM ROMIIeHcamm B ROJU,Qe, ycxopeHHe npexp~
JIOCh. YcxopeHHue ROHU Ha6.mQI{wmch B ys~M HHTep~e sHaqeBd ~e
H:im ocTaTotrnoro rasa. fupaMeTpu yoxopeHHoro HOHHoro nyqxa B axcnepH
MeHTe onpe.zte.1Ilt1mCh C HCllOJIDSOBaHJleM M6TOM aRTHBartHOHHoro aua;msa 
Dpl! o6nyqeHlJH Mml!eHea 113 pa3.Jmq}WX MaTepHMOB. PerHCTpaIV,m HaBe.zteH
HOff aRTHBHOCTH H ~eHTH~ cneRTPOB aRTlIBHOCTHC~eTeJU,CTBOBa
~ o TOM,qTo aueprllll ycKopeHlili.X HOHOB E ~ I,5 + 2 MaB/HyltlI. OQeu-
ltl! JIIHT6HCHBHOCTll nyqRa ycxopeHHWt JIIOHOB no aKTHBHOCTll pasJill'IHHX IIH
meuel DpllIMepHO COB~ H .n:aBaJIH ( 5 ,± 2) • roII HOHOB/IUfKJ,I DpH .zta»
JI6HHH B KaMepe2 + 3~ro-8 MM pT.CT. TaKHM o6pasOM,nOJiyqeHHl:le napa
M6TPH YCROp6HHOrO JIIOHHOro nyqRa COOTB6TCTBOB~ pacqeTHUM. 3Itcnepl!
MeHTSJIDHM OQeHRa Ha6opa aHeprmr B YTH llpJII qHcJie JIIOHOB asoTa B ROJU,
Qe N,·!!: s· roI1 Mth AE~ 4 MaB/HyltlI.M , qTo- cor~cyeTcsr c pacqeT
HHM suaqeHJIIeM np111 YR83aHHHX B!mle ·. napaMeTpaX aJieRTpOHHoro ROJU,Qa H 
suaqeHHH R08tpp111QHeHTa sanaca K = ¾ . . ' ·' _ 

3ItcnepBMeHTU IIO yc:Rqpemm HOHOB SSOTa llO,ItTBep,ItHJm npa:BFIJII,HOCT,E, 
TeopeTHTi8CRHX npe.ztnocWIOR, DpHHJn'HX llpH npoeRT.l!pOBaHHH YTH. T8.IODl 
o6pasOM, B HSCTOJmiee Bpem ,ltORasaua BOSl!IOZHOCTh 003Mffl11sr ROJIJI8RTKB-;
Hlil: ycxopnTeJiefl Tmte~ HOHOB, npnro.ItHHX wm pemeumt pasJIJAHllX sa.ztaq 
~epHoff !pHSHRll H TeXHHRH. . 

OcHOBHHe pesyJU,TaTu pa60TH · 
I. Paspa60TaHa TeOpl'!II KOJIJieRTHBHOrO yCKOpeHIDI TR&~ HOHOB 

aJieKTPOHHHMH KOJIDQaMH. BwicHeHa 'aqqjeRTHBHOCTi ycKopeHHB: TJl.l:~X HO

HOB ROJ.t118RTHBHHM·MeTo,ItOM: a) lll:lHl'pLII!I B ajxf,eKTBBHOM yCROPJIDJl8M nOJie 
B ROJ.t1l8RTHBHOM YCROpHTeJie B HeCROJll,RO pas mmie, qeM B TP~OHHOM: , .. 
6) ROJ.t1IeRTHB1Wfl ycxopnTeJ.U, He TPe6yeT .ztonOJIHHTeJIJ,Horo HOTO'llDIRS•H~"· 
HOB; B) B'KOJ.t/leRTHBHOM ycxopHTMe B03MOJmO llOJ.tyll8HJ/Ie HOHOBC 6om.mcil 
SaPJJ.ltHOCThll; r) ROJIJieRTHBHHI YCKOpHTeJIJ, o~eT 6om,mol ymmepcSJU,
HOCTbll no OTHOllleHJW R THny ycxopsreMWC HOHOB - ycxopeHl'!e HOHOB paSJIHq
mix 8JleJ(8HTOB llpOBO.!tHTCSI 6es nepecTpom YCROpHTeJlfl. TeopeTHTieCRll 
HCMe,ItOBaHH OCHOBHUe npotieccu B ROJ.t1l8RTHBHOltl YCKOpHTeJie TJD'.~ HO
HOB C 8Jl8RTPOHHWm ROJII,QaMR: YCTOfflBOCTh aJieRTPOHHWt H MeRTPQHHO
-HOHlWX ROJieQ; _ ycxopeHHe aJieRTPOHHO-HOHHWC ROJieQ. ' 

2. Ba:eplll:le .1tauo TeopeTnqecxoe o6ocHo:samre noSMom100TH ycxopeHH8 
~ ... 
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CaMoqx:>eyCHpymtmrCn aJieRTpOHHO-HOHHliX ROJieQ. IlOKasaHO,qTo npH BHITOJI
HeHHH yc~OBHJI CaMoqx:>eyCBpOBRH C yqeTOM He:eHep!U!aJihHllX CHJI B paBHoyc
KOpeHHOtt CHCTeM8'KOOP.ItHHST CYIIleCTBYJOT CT13UHOHapHHe COCTomnm: ROJlhQa. 
IlocTpoeHa W1TeW1THq8CR8Ji MO,IteJID CaMoqx:>Kycupyll'.Jllerocsr _ROJU,Qa. IlpoBe,IteH
HOe qucJieHHOe MO.zte.n:e:po:eauHe ycRopemm ca.Moqioeycupyll'.Jllerocn ROJU,Qa c 
llOMOIIU>Jl MeTO,Ita yxpynHeHHUX qacTHU Ha SBM C yqeTOM H8CTSUHOHapHWC 
nponeccoB (BKJIJ)qeHHe ycRopmx!lero noJiii:) no.ztTBepJmaeT pea.7.IHsyeMOCTh 
TaKoro.pelltHMa ycRopeHIDI. Hatt.zteHHHe npe,neJibHO ,nonycTUMHe ycKopeHIDI B 
peJKHMe CaMoqx:>eyCBpOBRH COOTBeTCTBYJOT ll0Jlll:PH313UHH aJieKTpOHHO-HOHHHX 
KOJien, COCTaBJIRDlllel. ! + ~ OT aRCHaJibHoro llOJIYPaSMepa ceqeHl!JI 
ROJieQ. YCKOpeHHe CaMoqx:>eycupynnmccn aJieKTpOHHO-HOHHHX KOJl8Q BU6paHO 
B xaqecTBe pa6oqero pelltHMa B yCKopHTeJie TSlllteJruX noHOB OIDm (YTM OIDm). 
PesyJU,TaTH axcnepEMeHTOB Ha YTH OIDm no.ztTBep.ItHJIH pa60Tocnoco6Ho0Th 
npe,nJioxeHHoro peJIWMa. 

3. TeopeTH'!eCKH,o6ocHOBaHa cpoeyCBpOBRa 8Jl8KTpOHHOro KOJII,Ua npH 
ycxopeHmi: cncTeMol THna "6e.1lll'Ihe Ko~eco" - paspesaHHHfl no o6pa3Ylllllett 

-M8TaJ.t/lif'ieCKOfl Tpy6u. Hatt.zteHH ycJIOBM,KOr.zta OTpruKeHHOe CHCTeMol SJieKT
pHqecxoe noJie KOJU,Qa KOMII8HCllpY8T eyJIOHOBCKOe paCTaJIRHBaHHe aJieRTpO
HOB. IloRasaHo,qTo ;rI)IH. CJia6oro 3RpaHBpOBaHIDI co6CTB8HHOro MarHHTHoro 
noM ROJU,Qa 68Jlll'IbllM KOJieCOM H ,ItOCTaToqHoff MaJIOCTH aMIIJIHTY.It asm.,y
TaJihHHX raPMOHHK BOSMY1118HWI noxasaTeJllI nOJIII He06XO.ItHMO Ha Tpy6e HM8Th 
HeCKOJU,RO .ztecaTKOB paspeson. ~eycuponxa aJieRTpOHHoro ROJU,Qa cncTe
Mol THna "6e;mqbe xo~eco" BCnOJIDsoBaJiach B ·onuTruc no KOJ.t/leKTHBHOMy 
MeTO.rtY ycxopeHWI B rapuumre (~PI'). 

4. IlpoBe,IteH TeopeTJAeC:itmi aHaJIHS ycTOftlnmOCTH aJieRTPOHHllX H 
8Jl8RTPOHHO-BOHHHX ROJI8Q B ROJ.t/leRTHBHOM ycxopHTMe TJllte~ HOHOB. ,lvrJi 

no)tal3JI8HHII HaH60Jiee onacHUX DpH qiopMBpOBaHlm aJieRTpOHHHX KOJI8Q asm.,y
TaJihHHX H8YQTOftlnmocTel npe,nJioaeHO DpOBO.Itl!Tb ClltaTHe ROJieU B D;HJIHH.Iij)H
qecKol,ysKol,TOHROCTeHHOl,MeTa.JIJmqeCKOA KaMepe. Anepzypa RW1ep!:l'B. 
MeCTe HWCOllfJt8Hlm: KOJ!DQa YJ,48!U,llla8TCSI DpHMepHO nponopUHOHaJU,HO ero pa
lI,Hycy. IlpoBO,ItHMOCTh B TOJill!BHS cTeHOR RaMepH BU6paim TaK,qTo6u: 
a) B ROJIDQe He B03HHRaJIS. peSHCTKBHaJI asm,yTaJIDHaJI HeycTolqHBOCTh; 
6) CT8HIGI RaMep!:l SRpaH.l!pO~ lll:lCORoqacTOTHHe IlOJIII BOSMYl!leHml:; 
B) cTeHRH ruwepH 6WIH npospa~ wm Me,nJieHHo MeHSIIOlllel'OCJi BHeumero Mar

HHTHoro noJlfl,BCTO'IHJIIKH ROTOporo - TOROlll:le RaTYJIIRll pacnOJIOX6HH CHapy
im RaMepH. ,lvrJi ycxopHTeJlfl TJU:eJillX HOHOB OIDm peKOM8H.ItOBaHa KaMepa 
YRa3aHHOI BHllle qiopMhl CO CT8HRaMH HS H8J)lml3811'.JI181 CTaJIH TOJllllHHOI 0,5MM. 
KaMepa o6ecnetnmaeT ycTo~oe 0Jlt8.TH8 ROJI8Q C qJ!CJIOM 3JI8RTpOHOB 
Ni?::;:;: ro13 npn aHepreTJAecxoM nonypas6poce B n:yqxe .£)f-~ 5% .zto xo

He'Dforo cpe,ItHero pa,IJ;llyCa r;,~3,5 + 4 CM H ROH8'DfOI ~TenHOI 
SHepro 8Jl8RTpOHOB "' I5 + 20 MaB. 3TOT pe3yJU,TaT corJiacyeTCJI C pe-
3Y.1IhTaT&m aKcnel)HMeHTOB Ha YCKOpHTeJie. 
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5. IlOKa3aHa B03MO.l!IHOCT.b CYill8CTBOBaHIUI Hemmefumx CTailJ!OHapHHX 
BOJil{ B inxpey.7mpynnruc nyqRa.X 38p!Dlt8HHHX qacnn~,npe.n:cTaB.lllDWIID( cooott 
noc.11e.n:0BaTe.1I.bHOCT.b Bpammrut}IXCR IIJIOTHWC 3.II€KTPOHHHX crycTROB. Ilpn 
aHepreTll'IecKOM pas6poce,Hru.moro MeHldlleM noporoBoro paa6poca,c.11e.IlY]O
mero ns mrne.lmott Teopnn ajxpeRTa OTp~aTe.lI.bHott Maccu,yr.110Bott n pa.n:n
MI,HHit pasMepu cryCTROB MaJI!l. IIepCIIBKTlllla HCIIO.II.b30Ballll/l pa36HTOro Ha 

crycTRH 3.II8KTpOHHoro ROJI.bll;a B RO.IIJI8KTllBHUX ycxopUTeJIRX CMSaHa C yBe
Jm'IeH.reM agxpeRTHBHOro YCKOplillllero ITOJifI RO.II.bna. 

6. IIpoaHaJmSHpO.BaHa RorepeHTHaa HeyCTO~OCT.b 3.II8RTpOHHoro 
RO.II.bna npn CMemeHim ero OT Me,ItllaHHOll II.IIOCROCTH YSROH M8TaJIJm'IeCKOit 
RaMepu a.n:resaTopa. Onpe.n:e.11eHo MHimMaJII,Hoe SHa'!eHne noruisaTeJIH BHem
Hero MarHHTHoro noJI1I,06ecne'Il!Ba100lee npn Sa.rtaHHHX napaMeTpax-Ro.lI.bna 
H RaMepu ycToitq~IBOCT.b RO.II.bI!a. 

7. Hcc.11e,ItOBaH HeJIHHeHHHH peJmM HaH60.11ee OIIaCHOll B 3.II8KTPOHHO
-HOHHHX KO.II.bI!aX - KOrepeHTHOll .n:nnO.II.bHOfi HeycTOll'IUBOCTll. IIpoBe,IteHO 
rrepBoe paccMoTpeHne IIeycTo:litumocTn c yqeTOM Hemme:irnoro cna.n:a nomr
pHSaill!OHHHX CH.II C YB8.IIH'IeHHeM paCXOJ!Ut8HHR .IIOKa.lI.bHHX neHTpOB MaCC 

. l).II8KTpOHHOro ll llOHIIOro KOJien. 06uapyxeHU Hemmetmue CTailJ!OHapHHe BO.II
HU. B6JIH3H rprurnllU 06.JiaCTH YCTOit'IHBOCTll .IIHHetbl:oii Teopnn (pelmM CJia-
6ott Ha.ztKPUTM'IHOCTH) BWJB.IIeHa Hemme:li:HaH cTa6Itmf3aIWII ,Itl!llO.II.bHUX K0.1Ie-
6aHHi1 MOH03HepreTKtieCRoro nytma,06yC.1IOB.1IeHHaa c.11a60! Hemme:liHOCT.bID 
nOJIHpH3anHOHHUX cwr. 3IrnnepHMeHTa.lI.blllle Ha6~eIDIR ,ItRllO.II.bHOtt HeycTott
'IllBOCTH B 3.II8RTpOHH0-HOHiillX KO.II.bI!8X B TapmlIHI'e ( ~PI') llO,ItTBep,ItH.IIH B03-
M0JKHOCT.b Hemme.lmott cTa6n.1msanun,paocMOTpeHHott B .n:nccepTanun. 

8. IIpe,It.lIOlltEma M8TO,ItHRa pacqeTa n BU6opa Ma.I'HHTHOi1 CHCTeMl:l a.n:re
saTopa C TOHROCT8HHOi1 M8TaJIJmlJ8CKott Ka.Mepott npH HapYJKHOM pacnO.IIOJlte
HHH TOKOBUX RaTymeR,C03,ItaIO!llRX BHemHee Mal'IDITHOe no.11e, - CTJll8Hefi CJKa
TIDI • PaCC'IHTaH a.n:resaTOp,rrosBO.IIRlaI!lifi IlpOBO,ItHT.b CJKaTHe 8JI8RTpOHHUX 
KOJien C 'lHC.IIOM 3.IISRTPOHOB Ne~Io13 ;:to KOHS'IBOro cpe,ItH~ro pa,ItRyCa 

l'"o ~ 3, 5 -t 4 CM n ROHe'!HUX ITOJIYPUSMepoB ceqeHHR a ~ 2 MM. Tarure 
napaMeTpU COOTBeTCTBYfilT MaRCDMaJil,HOi1 HanpRJlteHHOCTH a.11eKTPll'I8CKOro no
mr B ROJU,Qe nOPR.ItRa 50 MB/M. Qpop.r.iy.7mpoBaHU Tpe60BaHIDI R rry<ncy,HH! 

JltSRTHpyeMOMY B a.n:resaTop. B pacqeTe CZtaTHJI Y'ITSHU agxpeRTU co6CTBSH
Horo n OTpal!teHHoro B CTeHKaX Ra.Mepu a.11eRTpOMa!'lillTHoro ITOJIII ROJII,na: 
BJIHJIHHe Ha ROJI.bll;O TOROB,HH.ItYI!HpOBaHHWC•Ha CTeHKax Kauepu npn :mmeR
I!Hll I'JY'IRa; C.ItBlII' qacTOT HexorepeHTHUX 6eTaTpOHHUX R0.1Ie6aHnil,o6yc.1IOB
.1IeHIDii1 3RpaHHpOBaHHHMH nOJI/IMH RO.II.bna; HSMeHeHne paBHOBeCHOro pa.n:nyca 
ns-sa B.IIWIHIDI IlpOCTpaHCTB8HHOro sapima ROJII,Ita. Ilpn pacqeTe MaI'IUITHOi1 
CllCTeMU yqTenu:aRpaHHpOBaHRe BHemHero Mal'HlITHoro nOJill MSTWI.7IH'lecitmm 
CTeHR!lWI Ra.Mepu; HH,eyltTllBHM CB!I3.b M8l!UlY CTYIIeH.R:MH CJltaTIDI;B03MJm8H.re 
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MaI'HllTHoro no.lIR B a.n:resaTope TORB.Mll, HH.ltYI!Hl)OBaHHUMM B paSOMRHYTUX 
RaTymRaX pa6oTBJOIUllMll cTyneHRMH CJKaTIDI. IIocTaBJieHa H pemeHa sa.n:aqa 
(p()pMHpOBaHHR ·n - TpaeRTOpHH (sHaqeHmi noRaSaTeJIII MarHHTHOro llOM, 

conyTCTBYI<lI!HX RO.III>Izy) B sa.n:aHHOM ROPHJJ:Ope 3Ha'!SHHH. fpaHll'!HUe SHa
tJ:eHHR n onpe.n:e.11eHU TaR' 'ITO yqTeHa. Mal.lOCTI; anepTypll mIMepu ll He 
npoxo.ItHTCR Han6oRee onacHutt.pesoHaHC 6eTaTpoHHUX 1to.11e6aHmi - napa
MeTpnqecRHil. 

9. Bu6paHU cnoco6u n npoBe.n:eH pacqeT BUBo.n:a H ycRopeHHR aReRT
poHHo-noHHoro RO.III>Qa YTH OIDm. YKasruru pellUlMhl BUBO,Ita H JCROpeHIDI RO
Ren. Onpe,IteReHU pa6oqne 06RaCTll napaMeTpOB, npn ROTOpUX B03MOJKHO 
KOJIJieRTHBHOe ycRopeHRe HOHOB. IIoRasaHo, 'ITO YCROPRI<l!1rul CHCTeMa YTH 
Olliill npn n0.7IY'!eHHUX Ha ycRopHTe.11e napaMeTpax S.II8RTPOHHIIX ROJieU nos
BOJIHeT no.11yqHT.b Ha6op aHeprnH ~ 4 MaB/HYR.7I.M. no. asoTy (~I 1~.M. 

,ItJilI TR~e.lIUX llOHOB). PeayJII,TaTU pacqeTOB nO,ItTB8PJ!UteHH OilUTB.Mll'IIO yc
KopeHmo noHOB asoTa n .n:pyrmc aReMeHTOB Ha YTH OIDm. 

IO. IIpe,It.lIOXeH MeTO.It pacqeTa lfMilYJI!,CHUX MarHHTHUX IIORett,aRpaHHpO
BaHHUX TOHROCT8HHOH M8Ta.7IJillq8CROil RaMepon. C ncnO.II.bSOBaHneM MeTO,Ita 

. Hai!:.r(eHa 06.JiaCTI, pa6oqux qacTOT,B ROTOpon o6ecneqJIDaeTCR Ma.JIOCT.b rum
.lIHTY.ItHHX H qiaSOBUX llCKa.llteHmi BHemHero llMIIy.lI.bCHOro MarHllTHOro IIOJI/I B 
TOHROCT8HHOtt M8TaJIJllfCleCROll KaMepe a.n:resaTopa. MeTO.It nOSBOJIII8T C no
MO~ID 3BM npH Sa.rtaHHOli reoMeTpllll Ra.Mepu orrepaTRBHO HaxO,ItRT.b OCHOBHUe 
xapaRTSpHCTHIW MaI'HlITHOro noJIFI: ~ID, noRasaTeJII, ITOJIII ll T.n. 
MeTO.It npHMeHRJICR R Bu6opy MarHHTHOtt cncTeMU YTH OIDill.PesyJII,TaTu pac
'IeTOB xopomo cor.JiaCymTCR C pesy.lI.bTaTaMH Mal'HHTHUX ll3MepeHHll. 

II. Ilpe,It.lIOJlteH MeTO,It no.mrux MOMeHTOB cpyl!Rn.lm pacnpe;:teReHIDI qac
T~ B qiaSOBOM npocTpaHCTBe, Ha OCHOBe ROToporo o6o6~aJOTCR ll3BSCTHUe 
MO,IteJW CEaTllR 8.IIeRTpOHHUX R0.11en B a.n:resaTope. IlpaRTKtieCRll B 6e3MO
,It0.II.bHOM rro~o.n:e (.ItJIR mHpoRoro Macca qJYHlC[Uill pacnpe.n:e.11eHHR) yqnTUBa
eTCR BJIWIHHe aHepreTHtieCKOro pas6poca ll 6eTaTpOHHUX RO.IIe6aHH~ 3.II8KT
pOHOB Ha pasMepu ceqeHHR ROJII,na,qero He.II.baa 6u.110 c.n:e.11aT.b B npe.n:mecT
BYBll\IDC Mo.n:e.rurx. 

I2. IlpoBe,IteHHOe CpaBHeHHe pesyJII,TaTOB pacqeTOB no CJltaTHID H yc
RopeHmo Ro.11en C 8RCnepHMeHTaJI.bHllMll pesy.lI.bTaT&m, IIO.IIyqSHHllMB Ha YTH 
0:IDM,noKasHBaeT nx xopomee ROJill'leCTBeHHoe cor.11acne. YcnemHoe ycRope
Hne-HOHOB asoTa C IDITeHCHBHOCT.bID IIY'!Ra, COQTB8TCTBYJX!l8ff KOHe'!HOff 
8Hepr:im llOHOB,IIO,ItTBepJIUtaeT IlpaBllJII,HOCTI, HSROXeHHUX B ,ItRCCepTannH oc
HOBHUX no.11oxeHnfi, Ha OCHOBe KOTOpUX iipoBe~eHO npoeRTllpOBaHHe ycROpll
TeJIR:. 

OcHOBHUe pesy.lI.bTa:ll, ll3ROllteHHUe B ,ItRCCepTamm, ony6mmoBaHU B 
c.11e~ pa6oTax: 
I. 3.A.Ilepem,mTe.lm, O.H.HpROBOff. 0 CTanHOHapHOM COCTORHHH ITOJifipll30-
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