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M3BECTHS TOMCKOT'O OPJEHA TPY/J10OBOIO KPACHOI'O 3HAMEHH
[NOJIMTEXHHUYECKOI'O HMHCTHUTYTA um. C. M. KHUPOBA

Tom 156 1969

YCKOPHUTEJIH

A. A. BOPOBbLEB
§ 1. BBenenue

B pasubie 3m0XH 4eJ0BeYeCTBO NMPOSIBJ/ISIO HHTEpeC K Pas3jnuHBIM KPyTi-
HbIM coopyzKeHHsAM. CTpPOHMTeNbCTBO YCKOpHTEJell B Hall BeK CPaBHUBAIOT
C COOpYKeHHeM NHpaMHJ APEBHHMH H cOOOpPOB B CpelHHE BeKa.

YcTaHOBKH, B 3JIEKTPUYECKOM T0JI€ KOTOPBIX 3apsKeHHble YaCTHIbI:
3J€KTPOHBI, TMO3UTPOHBI, siApa HJIH HOHBbI YBEeJHYHBAIOT CBOIO SHEPrHIO, Ha-
3bIBAIOT YCKOPHUTEISIMH 3apsizKeHHBIX YaCTHIL.

B pesyabrate TOpMOXKEHHS YCKOPEHHBIX 3apsiKeHHbIX YACTHI[ MPOUCXO-
JAUT M3JlyueHHe CIJIOLIHOrO CIeKTpa 3/JeKTPOMArHHTHHIX KosieGanuil. Takum
MyTeM TMOJy4aloT PEHTTeHOBCKHE JY4YH M 3JeKTPOMArHUTHOE H3JyueHHe,
SHEPTUsi KOTOPOrO 3HAYHTEJIbHO MPEBOCXOAUT y-H3JyyeHHe MPH pagHOaKTiHB-
HOM pacrnaje HEKOTOpPbIX siep aTOMOB.

BsaumomeiicTBie 4acTHIl BBICOKOH 3HEPrHH HJH TOPMO3HOTO H3Jy4YeHHs
OT YCKOpHUTEeJeil ¢ aTOMHBIMH SIAPAaMH MOJKET NPHUMEHSITbCS AJS TOJydYeHHsI
HEeHTPOHOB, Me30HOB, AHTHIIPOTOHOB M JAPYTHX 3JeMEeHTAaPHBbIX YaCTHIL.

B 1919 ropy 3. Pesepdopa, 6omb6apaipys a-4acTHIAMH BeLLeCTBO, OCY-
11eCTBHJI HCKYCCTBEHHYIO SIAEPHYIO peakllMio M NMOCTaBMJ TeM CAMBIM 3ajauy
noJiydeHHsi OBICTPLIX YACTHIL AJ5 SIAEPHBIX NpEBpalleHHH,

Cpenu ¢usnueckux npobsem, KOoTopbie MOTYT pa3pabaTbiBaThCsl C MO-
MOIILbIO YCKOPHUTENEH Ha BbICOKHE SHEPTHH, HAa3bIBAIOT CHEKTPOCKONUIO sA1ep,
paccesinie MPOTOHOB Ha NMPOTOHAX M 3JEKTPOHAX, 3JIEKTPOHOB Ha IPOTOHAX
¥ TO3WTpPOHAX, (hoTopaccesHHe, KOMNTOH3(p(EKT, npob/eMbl 3JeKTPOAHHA-
MHKH, peakiii 3JEeKTPOHOB C Me30HAMH U ApyTHE.

. T'1aBHBIM apryMeHTOM 3a COOpY:KeHHe YCKOpHTeJeHd BbICOKHX 3HEpTHil
sBJAsSIeTCd HaJMude YacTHIL BBICOKMX 3Hepruili B mpupoje. B KocMHuecKHX
JAyuax oGHApy:KeHbl MPOTOHbI ¢ 3Heprueii 10'>—10' 3B u naxke ykasbiBasn
10 7 ya npotoH. CrekTp KOCMHUYECKHX NPOTOHOB HMEET MakCHMyM B obJac-
1 500 M3B.

B HHUKIHYECKHX YCKOPUTEJNSX 3JEKTPOHbI M IPOTOHbI NPOJETAIOT 3a
BpeMsi YCKOpDEeHHsI KOCMHYeCKHe PacCTOsAHHs C KOCMHYECKHMH CKOPOCTSIMH.
D710 6bLIIM MepBble COOPYJKEHHsSI YeJOBeKa, B KOTOPbIX MOCTHTHYTbI KOCMH-
yeckHe MacuTaobl.

DJIeKTPOHbl H TMPOTOHBI B YCKODHTENAX Ha 3HEPrHi0 HECKoJbko MsB
H BBIIIE JBHAKYTCS CO CKOPOCTAMH, OJHM3KUMH K CBETOBOJ. .

Jlna ynpaBJeHHsl JBHKEHHEM YCKODPSIeMbIX YacTHIL HeoOXOAHMO MpH-
MEHSITb CpeACTBa aBTOMATHKH, JeHCTBYIOIlHe C COOTBETCTBYIOUUMYK GOJb-
IIHMH CKOPOCTSIMH.
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Panee ycKOpeHHIO 3/1EKTPOHOB [0 BBICOKHX 3HEpPrHil yAes/ioCh MEHbIle
BHHMaHHS MO CPAaBHEHHIO C YCKOpEeHHEM MmpoTOHOB. MexK1y TeM yCKOpeHHbie
3J€KTPOHbI 00/1aaI0T HHTEPECHLIMH MPHCYIIHMH MM CBOHCTBAMH H MOLYT
MMeTb CBOe MpuMeHeHHe. Bbicokas npoHHKamlash crnocoOHOCTb OBICTPbIX
3/I€KTPOHOB ¥ (POTOHOB, BO3HHMKAIOLLAs MPH MX TOPMOKEHUH, HalJa Mpu-
MeHeHHe B Tepanuu, aedpexrockonuu. [Tox meiictBuem (OTOHOB mpu GOTO-
SIIEPHBIX peakUHAX BbICOKHX 3HepPruil HabJogaercs POKAEHHE Me30HOB.
C nomoubio GLICTPHIX 3JEKTPOHOB BO3MOZKHA CIIEKTPOCKONHS siIep, H3yue-
HHe CTPYKTYypbl HYKJ/JIOHOB. HemasnoBa:kHbiM 31ech siBjsieTcsi TOT (akT, 4To
pasmepamMu caMOro 3/JeKTpOHAa MOKHO IpeHeOpeub M CUHTATh €ro TOUEUHBIM.

Bonpocbl cTPYKTYypbl 3/€MEHTapHBIX UYACTHIL CTajJd PacCMaTpHBATHCS
TOT/Jla, KOrZla C NMOMOLLbIO YCKOPEHHBIX YACTHIL MPOHUKJIN B 00JaCTH C JHHEI-
HbiMH pasmepamu 1—0,1 depmu (1 depmu==10 ~'3 cm). [ToBblureHHe 3HEP-
THH 9JIEKTPOHOB I103BOJIMT NPOHHKHYTb B 00JaCTH C ellle MEHbUIUMH pas-
mepamu mnopsigka 10=2— 103 ¢epmu, yto mpuBeAeT K OTKPBITHIO HOBbIA
(hU3HUECKHX FIBJAEHHH M CO34aCT BO3MOKHOCTb H3YUYEHHSI CTPYKTYpPbl CaMOTO
3/7€KTpOHa, Nnpo6J/eM I'paBUTAIMH, MACChl, SHEPTHH H AP.

[Toayuenue 371€KTPOHOB OueHb OOJbILHX IHEPTHIl — NOKA €JIMHCTBEHHbI
crnoco® 3IKCMepHMEHTAJbHOrO NPOHHKHOBEHHsI B 00/1aCThb MaJibiX JIMHEHHbIX
paaMepoB H TJyOOKOro H3yueHHs] MHKpomHpa. [l 3Hepruu 3/eKTPOHOB
MOKa BepxHero mnpejpesna He Has3BaHo. l[IpuBeaeHHble Bbllle pacCyKIeHHs
MOKa3blBAIOT HHTepeC (PH3HKOB K MOJYYEHHIO 3J€KTPOHOB BLICOKHX 3HEPIHi.

Yckopurean obecrneyuBaloT INPOrpecc COBPEMEHHOH siepHOHl (PH3MKH,
¢usnku TBepaoro tena. OHM NPUMEHSIOTCS AJ5 H3YYeHHS CTPYKTYpbl aTOM-
HBIX s1lep M BHYTPHSIJEPHBIX CHJ, TOJYUYEHHS HOBBIX 3J€MEHTOB M 3JIeMEeH-
TapHbIX YaCTHI, B PaAMAllHOHHON XUMHH U (DU3HKE.

VCKOpUTENH 3JEKTPOHOB MPUMEHSIIOTCS JUIs CTePUIH3ALHH MPOLYKTOB
MUTaHUST U MEIMIMHCKHX TNpenapaTtoB TKaHell MpPH XHPYpPrHUECKHX ofepa-
UHUSX U Ap.

JInst yBesiMUeHHs] SHEPTrHH M HHTEHCHBHOCTH YCKOPEHHBIX MYYKOB YaCTHIL
CO3Jal0TCsl HAKOMHMTE/NbHble YCTAHOBKH, YCOBEPILIEHCTBYIOTCH YCKOPHTENH
nast  GoJiee MOJIHOTO MCMOJIb30BaHHA BO3MOKHOCTEH H3BECTHBIX METOAOB
YCKOpPEHHs, a TaKzKe MNpeasaralTcss M pa3pabarblBalOTCs NPUHIHIHAIbHO
HOBbIE METO/bl YCKOpEeHHSI.

Bo Bcex 006sacTsix, CBSI3aHHBIX C COOpPYKEHHEM YCKOpPHTEJEH, BbICKA3bl-
Ba/JHCh pa3/JHuYHble HayuyHble M TexXxHu4yeckue uaed. 151 ocyllecTBIeHHs
HEKOTOPbIX M3 HUX OKa3blBaJHCb MOJAXOASLIME YCJAOBHSA, OblJM HEOOXOAHMbIe
TeXHUUYeCKHe CpPeACTBA, MaTepuaJbl, annaparypa, H OHH TMOJydya/au CBOe
nMpakTHUYeCKoe ocyliecTBaeHue. Jlpyrue npeanozKeHHble MEeTO[Abl YCKOPEeHH:
OTKJIa[bIBAJUCh OO0 TMOAXOASAIIEro c/aydyas HJIH [0 Pa3BHUTHA HEOOXOAHMBIX
TeXHHYECKHUX CpPeACTB A0 HYKHOTO YpPOBHSA.

MHorga «npexaeBpeMeHHO» BbiCKa3aHHbie, (H3HUYECKH BO3MOKHbIE
crnocoObl yCKOpeHHsi 3a0bIBaMUCh H CIYCTS HEKOTOPOE BpeMs BbICKa3blBaJHCh
APYTHUMH HCCJEI0BAaTEeNsIMH BHOBb. ABTOPCTBO IOTOM BOCCTaHABJHBAJOCDH
TOJIBKO TMOCJ/Ie CHelHaTbHbIX HCTOPHYECKHX H3bICKaHHH.

Kaxaplit pas, Korjaa npeanarajcs HOBBIH c1OcOO yCKOPEHHsI, HEKOTOPbIM
Ka3a/10Ch, UTO HailJleHo abCOoJIIOTHOE pelieHHe MpoOaeMbl YCKOPeHHs 3apsioB
JI0 CKOJIb yrOAHO OGOJIBIINX SHEPTHIl M YTO TOJbKO HHKEHEPHO-9KOHOMHUYEC
KHe npo0JieMbl 3al€pPKUBAIOT COOPYZKEHHe yCKOpHTe/ sl Ha JioObie KeaaeMbie
napameTphl.

3atreMm 10 Mepe pa3paboOTKH KaxKJAOro MeTofa OOHapyKHBAJHCh
NPOTHBOpEUHs U, HAKOHEL, MOSIBJISJIOCH rMaBHOe npotuBopeune. OHo ompene-
510 (pU3HYECKHH Tpees AOCTHKHUMOH YacTHILAMH MAaKCHMaJbHOH SHEPTHH.
B cayuae UMK/IHYECKHX YCKOPHTENeH TIJIaBHBIM MPOTHBOpEUHEM SBJIACTC:



U3JyUeHHE 3JeKTPOMATHUTHOI 3IHEPTUU 3apsaaoM, ABMKYIIHMCS MO KPHBO-
JUHeHHOH opoure. '

JIs1 TMHEHHOro M IIMKJAHYECKOTO YCKOpPEeHHH HeoOXoAuMa yCTOHUHMBOCTH
JBHJKEHHS] YaCTHLl, a MPAKTHUECKH BO3HUKAIOT MPHU JABUKEHHH HEYCTOHYHBOC-
TH, B TOM UHCJie U 3a cueT u3JjyueHus. PazpaboTka KaxI0ro Merojaa Mpouc-
xoausaa B 60pbOe nMpoTHBOpeuHil npouecca. JOCTUrHYTHIH YPOBEeHb pPa3BHUTHS
Ha Ka)KJ0M 3Tale onpenesas/cs YpOBHEM pPa3BUTHs CONMpedEJNbHbIX OTpacJefl
HAayKH U TeXHMKH M 3KOHOMHYECKHMH (paKTOpamHu.

HMuTepecHo mnoKas3aTb OCHOBHYIO TEHAEHUHIO pa3BUTHA MeTOJ0B
M CPeACTB YCKOpPEHMS B pe3ysabTaTe 60pbObl IVIABHBIX NPOTHBOPEUHi, a HMEH -
HO TpeOyeMOH yCTOHYHBOCTH M BO3HHMKAIOUIEH HEYCTONYMBOCTHU IPH JBHIKe-
HUM 4YaCTHI[ M MyTel NpPeoj0JieHHS HeyCTOHUHMBOCTH. YCKOpHTeNbHAs MNpak-
THKA 3a MPOLIeALINI NMepHOJ XOPOLIO HJJIOCTPUPYeT O0lIHe 3aKOHbl TeOpHH
MO3HaAHUs, MOKa3biBasi pa3BHTHE MeTOAa YCKOPEeHHMs] B pe3y/abTate OOpbLbOH
NMPOTHBOPEUHIl C yYETOM 3IKOHOMHUECKOro (pakropa IpH 3TOM.

JlocTuraeMblii ypOBeHb Ha KaxJIOM 9Tane pas3BUTHA YCKOpHUTeJ/ek
onpenesisics MaTepHaJbHbIMH pecypcamMH CTpPaHbl, COCTOIHHEM ee 3KOHO-
MHKH, TEXHUKH H HaYKH.

- Ocrpple HayyHble OHMCKYCCHH MNpOOJieMbl BepXHeH TIpaHHLbl 3HEprHH,
JIOCTUTAaeMOH B YCKOPHTeJSX, COLeHCTBOBAaJM TOMY, UTO cedyac HMeEKTCs
BecbMa JeTajbHble TEOPHH Pa3MUYHBIX METOAOB YCKOpPEHHS.

BpeMsi, Korga yCKOpHTeNM CTPOHMJIMCH HAa OCHOBaHMM rpyboro pacuera,
y2Ke MHHOBAJo.

B Hacrosiliee BpeM$sl TeOpUsS YCKOPEHHSI M BBIUHCJAHTENbHAS TeXHHKA
MO3BOJIAIOT, O HaydaJja CTPOUTEJIbCTBA, AETaJbHO PACCMOTpPeTb JHHEHHble
1 HeJMHeHHble 3aJaud M NPOMOJEJHPOBATb MHOTHE HHTEpPECHbIe SIBJCHHSI
B OyAYIIEM YCKOpHTe/]e Ha aHaJOroBbIX YCTPOHCTBAX.

OnbiT, NOJyYEHHbIH HA y:Ke padOTAIOUMX MalIMHAX, MOKAa3blBAaeT, UTO
TeopeTHYeCKHe MCCaeJOBaHHS MAl0T AOCTAaTOYHO TOYHbIe pe3dy abTaTbl. Ma-
IIMHBL W YCKOPUTEJH, TOCTPOEHHBIE B COOTBETCTBHHM C TeOpPeTHUECKHMHU
pacyeTaMM, 3amycKaloTCs Jerko, ux pabora sBJdeTCSl HAJeKHOH M YyIOB-
JIETBOPUTE/IbHO PeryaHpyeMoil.

B cocraBjeéHun 3TOro ouepka aBTOp H3beras OmnMcaHHS MHOTHX OCY-
[IIeCTBJIEHHBIX COBEpPIUIEHHbIX CXeM H KOHCTPYKUHH YCKOpHUTeJeH, HMes
B BHJY, UTO OHH OYAYT 3aMeHeHbl B O/uzkaliliee BpeMs elle 6o/ee CoBeplleH-
HbIMH. DTH MaTepHasbl yMECTHbHl A4 6oJiee creluaJbHblX H Y3KHX HayuHbIX
uccaenoBaHuil. BaxkHo u TpyaHo OblI0 HANTH CYLIECTBEHHO He0OXOAHMOe,
onpejeJsiBiiee HamnpaBJeHHe Pa3BUTHS YCKOpHTeJell.

C napyroii CTOpPOHBI CJA€A0BAJIO TakxkKe NaTb (pakTHUYECKHe MaTepHaJbi,
yToObl B M3JIOKEHHH He TMoJyuyusach aOCTpakTHas cxema, JuIIeHHas Opak-
THYECKOro HHTepeca.

B 3roii pa6ore uHTEpecHO ObIJIO H3J0KHTb HCTOPHIO METOLOB YCKOPEHHS
1 yCKOpHTeJeill He KaK CYMMY OTAe/JbHbIX (PaKTOB, CAYUAHHBIX OTKPbLITHH
1 coObITHIH, a KaK MMEBIIHH CBOIO JOTHKY NpOLEecC pa3BUTHA B pe3yJbTare
60pb6bl TPOTHBOPEUHI.

[Ipu TakoM MeTOle H3/0XKEHHsl NpeAMeTa HCCJAEJ0BaHHsl yAa/jaoCh OLl
MOJIYUYUTh CTPOMHOE €JMHCTBO, NMOKAa3aTh 3aKOHbI pPa3BHUTHS B IPOILLIOM
U cleaTb HayuHble NPOTHO3LI.

[TocraBnennasi 3ajaua Oyaer pacCMOTpeHa Ha INpHMepe LHKJIHYECKHX
yckopuresnei, pasauuynble THIb KOoTopbix A. A. Kosomencknit u A. H. Jlede- -
1eB 00beAMHSIOT B caelylolleil tabauie.
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Tabauma
Buabl UMKIHYECKHX YCKOPUTENEN

Ynpasasiouee Tun ¢oxycuposku
TpaeKTopuei
MAarHUTHOE IoJe crabas CHIbHAsA
|
[Toctosinoe BO LukaoTpoH, dhaszorpon Koabuesoit ¢hasoTpon panualibHOro
BpeMeHH (CHHXPOLMKIOTPOH), MHKPO- | M CIIMPANBHOTO THIIA € pPE30HAHCHBIM
TPOH, CTaxaTpPoH, (co caaboii | M HMHIYKIMOHHBIM YCKOPEeHHEeM, H30-
(hOKYCHPOBKOH) XPOHHBIH IHKJIOTPOH C a3HMYTaJAbHOMH
WJIH CNHPANbHOH Bapuanved MarHuT-
HOTO TI10JI5l.
[lepemennoe BO Cunxpotpon, cuaxpogasor- | Cuxporpon, cuuxpodasorpon u Oe-
BpeMeHHU poH u Oerarpon TaTPOH

§ 2. LLUKJOTPOHBI

Coopy:KeHHe JHHEHHbIX YCKOpHUTesaeid OO0JbIIOH AJHHbBI MMeeT 3HaYH-
TeJbHble TPYAHOCTH, MO3TOMY Obiid pas3paboTaHbl CNOCOOLI CBOPAYMBAHH'I
TPAEKTOPUH YACTHIL B 3aMKHYTBHIH KPYT, 3JJHMIC HJAH Pa3BepThiBAIOILYIOCH
CnHpaJsb. YnpaBjeHHe TpaeKTopHeHd Torga OCyLIeCTBJASeTCA C I[TOMOUIbIO
MIOCTOSIHHOrO HJIM HapacTalollero BO BPEMEHH YNPAaBJSAOUIEr0 MarHMTHOIO
TOJIs. :

[TepBbIM yCKOpUTEJNEM CO CHHPAJbHON TpaekTopHeil Obli HUKJIOTPOH
Jloypenca, coopyxeunslit B 1931 r. B Kaaudopuuiickom YHHBEDCUTETE.
B EBpomne nepBblil HHKJOTPOH Obl1 nyuied B 1937 r. B Jlenunrpajie, 5 paau-
€BOM HHCTHTYTe. ;

B LHKJOTPOHE CHHXPOHHOE YCKOpEHHe MpPOMCXOAHT B INPOMENKYTKE
mexay aByms U-o6pasHbIMH 3JeKTPOAaMH, Ha KOTOpble NOJAercs mnepe-
MeHHOe Hanpsikenue. HacTHIBl I1epecekaioT 3TOT JIPOMEXKYTOK ABaZKAbl
3a OJIMH II€PHOJ TepeMeHHoro Hanpszxenus. [Toxa no/soBuHy nepuoga Toka
YaCTHILA JABUIKETCHA MO JAyTre OKPYKHOCTH BHYTPH MYCTOTE/IOTO JVaHTa HaMps-
JKeHHe Ha NPOMEKYTKe MeHsieTCst Ha NPOTHBOIMNOJO0XKHOE, MO3TOMY uacTHIld
Ka:KAblil pa3 NMpPOXOAA MPOMEXKYTOK y3eJHUYHBAET CBOIO 3HEPTHIO.

B wnauaje cyuTaJsoch HEOOXOAMMbBIM, UYTO YCKOpEHHEe B IHKJOTPOHE
JIOJIZKHO NPOHCXOAHTh B yCJIOBHAX TOYHOrO pe3onanca. 3artem craju AOmyc-
KaTh BO3MOKHBIM, HAacCTpauBaThb LHMKJIOTPOH Ha paboTy B YCJIOBHAX He
TOYHOrO Pe3cHaHCa, a ¢ HEKOTOPbLIMH AONYyCKaMH M0 (asam MexkLy MOMEeH-
TOM NOSIBJEHUS YaCTHIbl B YCKOPHTEJILHOM IPOMeRKyTKe W (pas3oii Hampsizke-
HHSI HAa YCKOPHTEJbHOM TMpoMe:xyTke. B ycaoBusix CTpPOroro pesoHaHca
MMeeTcsl CTaTHYeCKas NpojiOJbHAs H ronepeuHas ycroiuuBoctb. Heobxoau-
MOCTb COOJIIOJEHHS CTPOrOro pe3oHaHca OrpaHuyMBasa MaKCHMaJabHYIO,
JOCTHIKHMYIO HEPTHIO M UHC/IO0 YACTHL, YCKOPEHHBIX B HHKJIOTPOHAX.

YacTuibl ¢ MOCTOSIHHOH Maccoil m H 3apsijioM e B OJHOPOAHOM Mar-
HUTHOM MOJIe JABHXKYTCS MO OKPYKHOCTH pamnyca

e @L,U ’ (1)
eB
rje ¢ U v — CKOpPOCTb CBeTa M YaCTHILBI,

B — MarHuTHast MHYKILHS.

C ycKOopeHHEM 4YaCTHLBI pacTeT paauyc R opOHTLI.

[Tepuon oOpauleHus 4YacTHILbI

T me
T 2=R _ 2=m

v eB

(2)
He 3aBHCHT OT CKOPOCTH.
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MakcumanbHasi 3Heprus NPOTOHOB, JOCTUTHYTasi B ULHKJIOTPOHE Mpu
HanpsaxKeHud Ha AyaHTax 440 ks cocraBjser 22 Ms3B.

PenaTuBucTCKOe BO3pacTaHHe MacChl YacTHLbI C YBeJHUYEHHeM ee
CKOPOCTH NPHBOJAKT K OTCTAaBaHHIO MO (a3e ¥ HapyLIeHHIO pe3oHaHca. Pe3o-
HaHC MOXHO COXPaHHTb, €CJH C POCTOM pajauyca Oyaer pacTH HHIYKIUS

m
Tak, yToObl B (2) OTHOLIEHHE —EOCTaBaJIOCb Obl IOCTOSTHHBIM M COXPaHsach

nzoxponnocts T = const. Taxoe pemenve npoOJeMbl YCTOHUHBOCTH JBH-
JKEHUSI HEBO3MOXKHO, TaK KakK JJs MarHHTHOH (DOKyCHPOBKH, oOecrneuyuBaio-
Lled TONEPeYHYI0 YCTOHYMBOCTb J[ABHIXKEHHS YacCTHIL HeoOXOAUMO, 4YTOOHI
MarHuTHasi HHAYKIHS yMeHblIaJgacb Obl C yBeJHUeHHEM pajauyca, a He
pocaa. Takum o6pas3oM, BO3HHKAeT NPOTHBOpeYHe, a MMEHHO, Mepbl, 00ec-
neunBapoliie (pasoByio NPOAOJbHYIO YCTOHUHBOCTb, HAPYLIAIOT MOMNEPEYHYIO
YCTOHYHBOCTb.

B 1938 r. Tomac npeasoxu/ LHUKJIOTPOH C BapHalleidl MarHUTHOIO
MoJisl M0 a3UMyTy, B KOTOPOM MOXKHO IpPe0A0JeTh NPOAOJbHYIO HeyCTOHYH-
BOCTb, CBOHCTBEHHYIO LHKJOTPOHY CO CTPOrHM pe3oHaHcoM. [isi coxpane-
HUSl pe30HaHca INpPEeNJOXKEeHO INepHOAHYecKOe H3MeHEHHe HamnpsiKeHHOCTH
NoJis M0 a3uMyTy. 3aKOH H3MEHEHHs MM0J51 B COCEJHHX CEKTOpax 3aldaercs
Taxko#i, 4ToObl HAa HMX CMEKHOH TpaHHlle BO3HHKAJH Obl JOMOJHHUTEJNbHbIC
cjaramooiine CKOpoCTH, HalnpaBJ/eHHble N0 pPajMyCy K IeHTPYy U K MeIHaHHOU
MIJTIOCKOCTH.

Ilpennoxena Ttakxke cucTeMa CO CHMpPaJbHOH BapHallMedl MarHHTHBIX
noJsielr, obecrneuynBamUlas H30XPOHHOCTh, B 3TOil cucTeMe MarHuTHOe MoJe
NepHOAHYECKH H3MEeHseTCsd OKOJO CpeJHeH BeJHUYHMHbl HE TOJILKO MO asu-
MYTY, HO U [0 paauycy. :

IIMKJIOTPOHBI C BapHalMeidl MArHUTHOIO MOJS HJIH C CEKTOPHOH (OKy-
cupoBkoit (LIC®) nmociaeanue roapl npuB/aexkaloT GOJbLIOE BHUMaHHE H yiKe
paboTaloT BO MHOrMX Jaboparopusix. Teopus mos3Bosisier HaleATbCsl Ha CO-
Opy:KeHHe yCTOMYMBO paboTalouUX YCKOpUTeJed MNPOTOHOB Ha 3HEPrHIo
800—900 Mss. ;

B KOJbIIEBOM H30XPOHHOM LHMKJOTPOHE LleHTpaJ/bHass 00/1acTb MOJI0COB
OoTCyTCTBYeT. YacTULbI HMHXKEKTHPYIOTCH B KOJAbLO npu sHepruu 70 Mss
or o6wsiunoro LIC® u xoHeuHnasi sHeprusi paBHa 500 MsB, orpaHnunBaercs
pesonancom v, =1,5. Ilpeumyiiecrtsa KoJbLEBOH MaUIMHBI MO0 CPaBHEHHUIO
¢ OOGLIYHOH 3aKAUYAIOTCS B BO3MOXKHOCTH HCHOJb30BATb HECKOJBKO CXEM
BbIBOZA M OO0J/ierdyeHHs] BBeJEHHs MUILEHEH B KaMepy.

A. A. Tnasos, 0. H. Jenuucos u np. pazpaborajy H30XPOHHBIH IMpO-
TOHHbIH LHUKJIOTPOH Ha sHepruio 700 Ma2B.

Cefiyac mnpeacraBJsieTcs,, YTO HauboJsiee NEPCHEKTHBHBIM YCKOPHTEIEM
JIIsT TOJIyU4eHHsl NMYUYKOB 4acTHI ¢ 3Heprueir go 1 I'sB npu Tokax nopsiika
I ma, BMecto | MKa, KaK 3TO HMEET MeCTO B CHHXPOUHUKJ/JIOTPOHAX, ABJISAIOTCS
VCTAaHOBKH C HENpPEepPbIBHBIM peKHMOM palOThl THIA HM30XPOHHOIO LHKJIO«
TpOHA.

§ 3. WUukauyeckoe MHAYKLUHOHHOE YCKOpDEHHE.
Beratponbl

Boxpyr MarHHTHOTO MOTOKa. MEHSIOUIErocs BO BpeMeHH, oOpasyercs
BHXpPEBOE 3/eKTPpHUeCKOe I0Jie, CHJIOBbIe JJMHHH KOTOPOTO 3aMKHYTHI BOKPYT
MHAYUUPYIOIIEro HX MOTOKA. DJEKTPOHbI, ABUIasiChb MO CHJOBBIM JIHHHAM
BHXDPEBOrO I0JIsi, [OJyYalT npupauleHte cBoeil sHepruu. IlaTeHT na MeTox
MHIYKIIMOHHOrO yckopeHusi B3sii B 1922 r. Cuaensds.

B 1927 r. Bugepoe paspa0oTa;a TeOPHIO yCKODHTEJsl H HEKOTOPbie ero
KOHCTPYKTHBHbIE 3J1€MEHTHI.
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B 1939 r. Pionen6epr n Ilteen6ex NpeasoKUad cXeMy YCTPOHCTBa
HHAYKIHOHHOrO yckoputeasi. B 1935 r. lllreenbex nmocTpousa LHKJIAHYECKH]
MHAYKIHMOHHBIH YCKOpPHUTEJb, COAEpXKalllhil OCHOBHbIE Y3Jbl COBPEMEHHOTO
feraTpoHa M Ty Ke CXeMy JeHCTBHS.

B CCCP uccnenoBanusd 1no HHAYKIHOHHOMY METOAY B HauaJje TpPUI-
11aTbIX TOAOB Haya/] HHxKeHep MOCKOBCKOro TpaHc(hOpMaTOpPHOro 3aBoja
B. B. Scunckuii. B 1935 r. on ony6aukoBasa pe3yabTaTbl TEOPETHUECKHX
HCCIeJOBAHHH [BHMXKEHHS 3/JEKTPOHA B KBA3HCTAIlMOHAPHOM H [epeMeHHOM
31eKTPOMArHUTHOM T0Jle pajHaJbHOI CHMMETPHH H NPEeLJOKHJI CXeMY
VCKOpHUTEJIeH.

B 1935 r. A. A. Bopo6s u A. K. Kpacun B ToMcKe Haua/iu ucciaeno-
BaHHS MO MHAYKIHOHHOMY METOMY.

S1. I1. Tepneukuit B 1941 r. ony6anKoBa/ TeopeTHueckie HccaeLi0BaHUA
JBHZKEHHS PeJSTHBHCTCKUX 3J€KTPOHOB B NEPEMEHHOM MAarHHTHOM I0JIe Oce-
Boi cuMmMmerpuu. OH MokKaszaJ, UuTO B NOJe, HANpPSKEHHOCTb KOTOPOTO
VMEHBLIAeTCs ¢ yBeJHUYeHHeM pajuyca U pacTeT CO BpeMeHeM, yacTula, my-
lleHHasl MNepNeHJHKYJsiPHO pajHycy KpyroBoil OpOMTbI, [BHUTaeTcs o
CnHMpaJu Ha MOBEPXHOCTH LHUJAMHAPA, OCb KOTOPOTO COBIAAaeT C OCbIO MOJS.
BesnnunHa Takoil cnupaJH yMeHbIIAeTcss C POCTOM CKOPOCTH 3JEKTPOHA.
S1. TI. Tepneuxkuii man peasiTHBUCTCKOE J0KAa3aTe/lbCTBO MOCTOSIHCTBA pali-
yca paBHOBecHOM opOutel 2:1, wuccaenoBas MONEPEUYHYIO YCTOHYUBOCTo
M 3aJI0KHJ OCHOBBI CTPOrOH TEOPHHM HHAYKIHOHHOTO  LUUK/IHYECKOrO
YCKOpEeHHUA.

ITepsbiil geiictBylomuii 6eratpoH Obln nocrpoen Kepcrom B 1941 .

B CCCP paspaborka 6eTraTpoHOB pasJHYHOrO HAa3HAYeHHsI ¥ UX BHeE.I-
peHHe B NPaKTHKY yupexKAeHHI M NMpeanpHsTHH rJaBHBIM 00pa3oM CBSI3aHO
¢ paboramu TOMCKOro MOJHTEXHHYECKOTO HHCTHTYTA, H3TOTOBMBIIEro CBLILIE
60 GeTaTpoHOB, B KOTOPOM 3TH pa3pabOTKH Haya/auch B 1945 r., a B Hauase
1947 r. navan paborath GeraTpoH Ha 5 M3B.

YuutbiBass OHOJOTMYECKYI0 OMNACHOCTb PAajaHOAKTHBHBIX  M30TOIMOB,
A. A. Bopo6beB npeisokKuaI y PacCuuTaJ BO3MOXKHOCTH 3aMeHbl pagHoak-
THUBHBIX NpenapaTtoB MajorabaputHboiMu GeTaTpoHaMu. Takue GeTaTPOHbI HA
snepruto 3—10 MsB Oblin pazpaboTaHbl U COOPYZKEHBI MOA PYKOBOACTBOM
JI. M. AnanpeBa u B. A. MockaJsesa.

b. A. PoaumoB u I1. A. Ueppanues mnocTpoH/iH TEOPHIO 3axBara 3JeK-
TPOHOB B YCKOpPEHHE, B KOTOPOH CUMTAeTcsi, yTo OCHOBHOE BJIMsSIHHE Ha
3aXBaT OKa3blBaeT B3aUMOJEHCTBHE 3JeKTPOHHbIX nyukoB. HMwmu Oblia
paccMOTpeHa BO3MOXKHOCTb Oecko/jefaTeJbHOrO 3axBaTa M [daHbl Mpeaso-
JKEHHS N0 COOPYIKEHHIO CHJAbHOTOYHOro GeTaTpoHa.

B. A. MockaJseB pa3paGoTaj KOHCTPYKLUHH M COOpPYAHJT O€TaTpoOHbI Ha
15,25 M3B ¢ 6oabuinM ycKopsieMblM 3apsifoM. Ha Brixoxe takux GeTaTpoHOB
noJayuaercst 3apsia 6osbiie, yueM 10'2 37eKTPOHOB, W LHUPKYJHPYICUIUIT TOK
Ha opbuTe — COTHH amimep. ;

boabmiass BeqMuMHa paBHOBECHOTO 3apsaa Ha opbuTe noJayuyeHa 3a
CUeT yBe/JIHUEHHs TOMEpPEeYHOro CEYeHHs YCKOPHUTENbHOH KaMepbl U MOBbILIe-
HHUS Ha NOPANOK HanpszxeHusd HHKekUuHH. OZHOBpeMeHHO pemiagach npob-
JeMa BbIBOJA Nyuka H3 GeTaTpoOHOB.

B TIIM 6piin paspabGoTaHbl M OCYLIECTBJACHbI BapHaHTbl TPeX MeTO/OR
BbIBOJA 3JEKTPOHHOIO MyyKa M3 KaMepbl YCKOPHTEJ:

1. C noMouiblo 3J€KTPOCTATHUECKOTO OTKJIOHEHHS My4Ka M Pa3JHUHbIX
TUNOB He(dekTopoB, paspaboranHbix B. A. KoHOHOBBIM.

2. C Mcnonb3oBaHHEM MAarHMTHbIX IIYHTOB M 6e3MarHUTHBIX TYHHeJel,
paspaborannbix JI. C. CokonoBoiM U 0. M. AKHUMOBBIM.

3. Meronom BO3MyLIE€HHSI MAarHMTHOTO MOJISI JOMOJHHUTEIbHBIMH KaTyll-
kaMHu, pazpaboranHbiM JI. C. CoKo/OBEHIM.
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Bennunna cpeaHero Toka B BbIBeIeHHOM nyuke OeraTpoHa Ha 15 Mss goc-
turaer 108 a. :

M. ®. OdunaunnoBbiM Obl1a NpeAIOKeHa TeOopHus, onpeaesiollas B3au-
MO3aBHCHMOCTb OCHOBHBIX Pa3MepOB M MapaMeTpPOB 3JeKTpOMaruura oOeTa-
TPOHA, KaMepbl YCKOPHUTEJsl W ero HaxOJHBIX NapameTrpoB. B pesyiabrate
Obljia ToJydYeHa MpocTasi CHCTeMa MHIKEHEPHOro pacuera BapHaHTOB YCKO-
pHTEJs, XOpouio omnpasaaBmas ceba B NpakTHKe KOHCTPyHpoBanus Oera-
TPOHOB. _

3HauuTe/bHOE BJMSIHHE HA pa3BHTHe (DH3HUECKOH TeOpuH OGeTaTpoH:
umenn paGorol A. II. Komapa M ero cOTpyAHHKOB, H3yuaBUINX YCJIOBHSI
3axBara 3JIeKTPOHA B YCKOpeHHe B OeTaTpoHaX. '

BCKBM33 um. B. B. Kyii6simeBa nox pykosoactBom b. B. Teabrie-
puHa pas3paboTaHbl M CTPOATCA O€TATPOHBI A5 HeDEKTOCKONUH M TepamkH.

Teopernueckre HccIeNOBAHUS H3JYUEHHS PENATHBHCTCKHX 3JEKTPOHOB
B MarHuTHom mnoJe, onybaunkoBaunsie I1. J[. MBanerko u U. 9. Tlomepan-
4YKOM, MOKa3aJjH, UTO CYIeCTBYeT Ipejies] MaKCHUMaJibHOII 3HEPTHUH, TOCTH-
KHMOH 3JIEKTPOHAMU B OeTaTpoHe. DTOT Ipeaes ONpeae/sercss YCJOBHeM
pPaBeHCTBA BeJMYMHBl MPHPOCTA 3SHEPTHH HA €AMHHUIY NYTH WU BeJHUHHbI
NMOTe€pb 3HEPTHH 3JEKTPOHA Ha KJacCHYecKoe H3JyueHue.

Pa6orn JI. /1. MBanenko, W. II. Ilomepanuyka, JI. A. Apunmosuua
MO HM3JIyUEHHIO PENATHBHCTCKUX 3apsAKEHHbIX YaCTHI[ B LHKJIMUECKHX YCKO-
pUTeNsiX, Ccbirpaju (QyHAaMEHTAJbHYIO pOJIb B HX pAa3BUTHH, OMpeLesuB
(h)M3MUECKH BO3MOKHbIE TNpeIesbl YCKOPEeHHUS.

§ 4. PasBuTHe LMKJIMYECKHX YCKOPHTEJeil PensiTUBUCTCKHX 4aCTHIL

HauGosee cyuiecTBeHHOH YepTOil LUKJIHYECKOTO YCKOPUTENsT Ha O00Jib-
Live 3HEePruu sIBJAAeTCS 3/71€KTPOMAarHMTHOE H3Jy4YeHHe YacTHIl, MOU[HOCTb
KOTOPOro /sl 3JIeKTPOHOB MpPONOPIIMOHA/IbHA YETBEPTOH CTENEeHH HX 3SHep-
rid U 0o0paTHO NPONOpPUHOHAJbHA KBaApaTy paauyca opOuThl. HMaayuenue
Hapymaer ycroilyuBoctb. ObecneyeHne yCTOHYMBOCTH, KOMIEHCAIHS MOTEPb
- Ha M3JyueHHe YCJOXKHSAIT YCKOPHTEJb, YBEJUUHBAIOT NOTPeHAseMYIo MOLLL-
HOCTb. _ ~

Oco6eHHOCTbIO HM3JyUeHHS] 3JeKTPOHOB IPH BBICOKHX 3HEPrusiX sIBJISs-
eTcd ero KBaHTOBBbII Xapakrep. Ha 31y ocobenHocTh o6paTuaM BHUMaHHUE
B 1953 r. A. A. CokonoB u M. M. TepuoB. Umu 6bl10 MOKa3aHO, 4TO KBaH-
TOBbLIII XapakTep HM3/JyYeHHs] NPHBOAHUT K BO30YXKIEHHIO GeTATPOHHLIX KOJe-
6aHuil 3J€KTPOHOB. :

Jnsi yckopureJeil yacTHLL Ha BbICOKHE 3HeprHd BaXKHO YUHUTHIBATb
KBaHTOBbi¢ 3(P¢pexTbl. Ha oCHOBaHMH KBa3MKJ/iAaCCHUECKOIl TeOpHM H3Jayuye-
uusi B. B. Baagumupckuii 1 ap. cHayasa cuMTaJgH, UTO KBAHTOBBIMH 3 dek-
TaMH MOXKHO NpeHeOpeub, MOKa HEPTHsI KBAHTA MEHbIe 3HePTHH 3JeKTPOHa,
T. €. JI0 3HepPruH 3JEeKTPOHOB B HeckoJabko Thicad [3B. A. A. Coxo/oB
u M. M. TepHoB, Ha OCHOBAaHMM CTPOrofl KBAHTOBOH TEOPHH H3JyUEHHS],
MPHUIIJIKA K BBIBOAY, UTO KBAHTOBble 3((eKTbl AJs CHHXPOTPOHA cO cJsaboii
(DOKYCHPOBKOH  JOJIZKHbI TNPOABAATbCA B 00JaCTH 3HEPrHil  3JIEKTPO-
Ha ~ 1 IaB.

Ksantoeble adppextol mo A. A. Coko/OBy BJHAIOT HAa HHTEHCHBHOCTb
i YIJIOBOE pacnpejesieHde H3jayueHuss U OeraTpoHHble KojeGanus. Ksanrto-
BO€ YyIIHpeHHe OpOHUTHI TEOPETHUECKH OrpaHMuUHBAaeT INpeiesn SHEpPruH, Aoc-
THXKHMBIII B CHHXPOTpPOHe co caaboit (oKycHpOoBKOil Ha ypoBHe 1—2 I'sB.

Konomenckum A. A. u JlebeneBbim A. H. 3Tu ke pe3yartatel ObliH
TOJYYeHbl KBA3HKJ/JIACCHYECKUM METOAOM.

[Tos:xxe M. C3HAC Ha OCHORe KBa3HKJ/IACCHUECKOH TEOPHH paccMOTpes
BJHSIHHE KBAaHTOBbIX (JyKTyauuil Ha (asoBbie KojeOanusa. [lo ero MHeHHIO
KBaHTOBasi packauka a3oBbiXx KojeOaHHMH [0JIKHA OrpaHuyHuTb INpeaen
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JOCGTHKUMOH 3HepruH | ['3B B CHHXpOTpOHe cO cnabofl  (HOKYCHDPOBKOIL.
M. Csnpac Ha cunxporpoHse 1,2 ['3B Hcce10Ba 3aBUHCUMOCTb BPeMEHH KH3HH
3JIEGKTPOHOB OT a@MIIMTY[Abl YCKOPSIOLIEro HanpsizKeHHsl Ha pe3oHaTope.
ITpu sueprum 1,2 TI'sB, BcaeacTBHe BO30yxKIAeHHS (aA30BBIX KoJaeOaHHIT
KBAHTOBBIMH (JIYKTyalHsAMH H3JyUeHHsl, MPOHCXOAHT BblMaJeHHE 3JeKTpO-
HOB M3 YCKODEHHMS § CHHKeHHe HHTEeHCHBHOCTH u3JjaydeHus, K HacTosuiemy
BpeMeHH I110ApOOHO pasdpaboTaHa H TEOPHS, YUMTbIBAIOILAS BJAMSHUE (JIYK-
Tyaluuil H3JydeHHs Ha (pa3oBble KoseOaHHUS.

JxcnepuMeHTa/bHble paboTbl, BblnojHeHHble KoposeBbim @. A. Ha
cunxporpone ®MAHa na 680 M3B c HcHOJb30BaHHEM CKOPOCTHOH KHHO-
KaMepbl IoKaszaJad, 4To HalJiofaeMblii MonmepeyHbll pa3Mep Nydyka Haxo-
IUTCSI B XOPOLIEM COIJacHH C TeOpHeH, YUMTbIBalolileldl BJHMSIHHE H3JyUeHHd
Ha GeTaTpoHHble U (a30Bble KoseOaHHs.

Pa6ora, npoBoaumas Ha cunxporpone TITM na 1,5 I's ¢ oxnospemen-
HbIM HCHOJIb30BAHHEM CKOPOCTHOH KHHOKAMephl M 3JeKTPOHHO-ONTHIECKOro
npeo6pa3oBaTesisi ¢ KpyroBoil pa3BepTKOH, [MOKazaJa, UToO HMEeTCs XOpoliee
corJlacHe MexK/J1y TeOpHed M 3KCIepUMEHTOM IpH ONpele]eHHH B/AHAHUA
GbaykTyauui u3JyuyeHHsl Kak Ha OeTaTpoHHble, TaK H (as3oBble KoJgeOaHusd
B OT/e/bHOCTH. ’

Teopernyecku BO3MOKHBI BapUaHTBl LIMKJIHYECKOTO YCKOPEHHsT 3JIEK-
TPOHOB (€3 BblHOCA H3JydyeHHsI M3 00JIaCTH IBHKEHHS 3JEKTPOHOB, ¢ yCTa-
HOBJIEHHEM pexkKHMa HX aBTOKOJeOaHHH. DJ/eKTPOH, M3JYYHBLIHN KBaHT
3HEepPrHH, BHOBb I10JIy4aeT ero OT KOTepeHTHbLIX HCTOUHHKOB. OcylecTBiaeHHe
BapHaHTa HEH3/JydyaloUlero LHUK/JIHYECKOTO YCKOPHUTEJS IO3BOJHUT IOAHATH
npejaesa 3HePTHH, JOCTH2KUMBIH B YCKOpHUTeJIE.

B numkauueckom yckopuTese 3J€KTPOH, H3/JIYYMBIIMHA KBAHT 3IHEPTHUH,
nepexoIUT Ha OpOHUTY MeHblIero pajauyca. Ota BHELIHss aHaJOTHsd I03BO-
JsieT YCKOpPHTeJb CPpaBHHBATh C aTOMOM Bojopoaa 1o bopy. B aromuoi
chCTeMe BO3MOXKHO [BHKeHHe 3JIEKTPOHOB IO KPYry 0e3 H3JydeHHS.

B copokoBbix rogax A. A. Bopo6beB paccmMaTpuBa/J YCKOPHTE/]Ib U Ha-
KOIHTEeJb KaK aHaJor aToMa M HCKa/J YCJAOBUS YCTOHYMBOTO OOpalleHud
3JIEKTPOHOB 0€3 U3JyueHHs.

Pa3BuTHe LMKIMYECKHX YCKOPHTeJCH peIsiTHBHUCTCKHX YaCTHIL NPOHUCXO-
JIMJIO B CJeAYIOIHX HalpaBJeHUsX:

1. PazpaGoTku obuieil TeOpUH PeITHBHCTCKUX YCKOpHTeJeH.

2. CoBepIlIEeHCTBOBAHUS YCKOPAIOUIUX 3JACKTPHYECKHX U YIPaBJSIOLLIX
MAarHUTHBIX CHCTEM.

3. Buenpenue uaeil U cpeJCTB aBTOMATHUYECKOIO PEryJIHPOBaHHA B YCKO-
PHUTEIbHYIO TeXHHKY.

4. Pa3zpa0GoTKu HaKOIHTeJeil 3apsiKeHHbIX YacTHILL

5. MoaepHHu3anusa AeHCTBYIOIIUX YCKOPHTEJ/EH.

6. PaspaGoTKa HOBBLIX METO/OB YCKOPEHHS.

B pa3BuTHH ynpaBasilOLIHX U YCKOPSAIOMIMX CHCTEM MOXKHO OTMETHTH
caepyioune uHTepecubie uaed. B 1950 r. H. Kpucroduaoc npeanoxua npu
VCKOPEHHH YaCTHIL NePHOAUUECKH MPHMEHSATh Mepbl M0 YBeJHUYeHHIO aKCHAJ/b-
HOH W pajauaabHOil ycroiluMBocTH. Kak M MHOrHe Apyrue, 3TO OTKpbITHE
OblJIO NMOATOTOBJIEHO NMpeAbIAYLIMM pa3BuTHeM Hayku. Haubosee nosano obo-
CHOBAJIM MPHHIIUI MOBBIMIEHHUS YCTOHUHBOCTH IBHKEHHS 3apsAKEHHOH 4aCTH-
bl B 3HAKOMEPEMEHHbIX [0J51X, NOJYYHBIIHI Ha3BaHHe CHJ/IbHOH HJIH 2KecT-
kol QoxycupoBkH, Jjerom 1952 r. Kypanr, Jlusunrcron u Craiigep.

CunpHasi GoKycHpoBKa NpeacTaB/sieT 'cOO0H YacTHBI caydyaid npossiie-
HHSI JAWHAMHYECKOH YCTOHUHMBOCTH B TIo0Jie ObICTPOMEHAIOIHX CHJI JJId
MeXaHUUYECKHUX, 3JIeKTPHUECKHX M OINTHUECKHX CHCTEM.

B nmnepBbiX pe30HAHCHBIX UHMKIHYECKUX  YCKOPHTEIAX-LUHK/JIOTPOHAX
0Ka3a/JioCh BO3MOXKHBIM MMOJyYaTb YaCTHIBI C 3Hepruefl HecKoJabKo OoJblie
necsiti Msp. [locie QopMynHpoBaHHA INpHHLMIA aBTO(A3HPOBKH, ompe-
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JIe/IUBIIEr0 YCJAOBHS MPOAOJBHOH (a3UMVYTaJbHOI) YCTOHYHBOCTH, OKasa-
JIOCh BO3MOJKHBIM MOCTPOHUTb CHHXPO(Aa30TpOoHbl O ¢1a00i (OKYyCHPOBKOIL
10 10 I'se. Hcnonb3oBanue CHABHOH (DOKYCHPOBKH, aBTOMAaTHUeCKH obecne-
UMBAIOLIEH MONepeyHylo (paaualjbHyI0 H 4AKCHAJIbHYIO) YCTOHYMBOCTB, MO3-
BOJIMJIO MOCTPOHTL YCKODHTEIb Ha HECKOJbKO [AeCATKOB ['3B M, BepoOsiTHO,
MOXKHO nocTpoHTbh Ao 1000 I'as.

Pacnpocrpanenne cuabHON (OKYyCHPOBKH HaA (asoTPOHBI ObLIO CAENAHO
B 1953 r. A. A. Konomenckum, B. A. IMeryxoeeim u M. C. PaGunoBuuem
B KOHCTPYKLUKHM KOJbIIEBOro (as3oTpoHa, MarHuTHOe [0Jie KOTOpOro
H3MEeHsIeTCsl He BO BPEMEHH, a B MPOCTPAHCTBE.

KoHCTpyKIHH CHABHOTOYHBIX 0e€3:Ke/e3HbIX LHK/IMUECKHX YCKOpHTeseli,
paspaborannsie noia pykosoiactsom byakepa I'. M. u Haymosa A. A., nos-
BOJIAIOT NOJIy4aTb HaNps:KeHHOCTH MarHuTHoro noJgst 140—200 Ks B 6ouib-
KX o6beMax. DTO NO3BOJHMJIO NOCTPOUTh KOMNAKTHBIE YCKOPHTEIH, pasMepbl
KOTOpbIX B 14—20 pas meHblle 110 CPABHEHHIO C CYIIECTBYIOIIUMH YCKOpPH-
TeJSMH Ha Taxkue »Ke 3Hepruu. Tak Kak CTOMMOCTb MarHHTa B OCHOBHOM
onpejesisieT CTOUMOCTb YCKOPHTe/ISl MW CHJIBHO YMEHbIIAeTCs C yMeHblie-
HHeM pajauyca, To Oe3xkese3Hble YyCTAHOBKH Aaxke Ha sHepruu 100—1000 I'ss
OyLyT UMeTb ellle pHeMJieMble CTOUMOCTH U pa3Mephl.

B copokoBbix rogax A. A. BopoObeB npeasioxua Ljs LeJeil ynpasJe-
HUS ABH>KEHHEM YacCTHUBl B LIMK/IHUECKOM YCKOPHTE/e MPUMEHSITh MATHHUTHOE
noJe LMJIMHAPHYECKOro pe3oHaropa HJaHM BoJHoBolda. [lo3nHee Tteopus
Takoil cucrembl Obisia paspab6orana A. A. BopeOweBnim u E. C. KoauaeHko.

K paGoram mo ycoBepIIEHCTBOBAHHMIO MATHHTHBIX CHCTEM CYIIECTBYIO-
IIUX ycKopuTenel otHocaATcs HccaegoBanus Opaosa [0, @. no HenuHeiHoil
(hoKycHpOBKe.

B yckopuTensix ¢ HeJMHEHHOH (QOKYCHPOBKOH YacCTHLBI COBEpPIIAIOT
yCTOHUHBbIe KoJeOaHHsl H3-3a HaJUYdsl 3HAKONepeMeHHOH (OKYCHPOBKH.
B oranune or cusibHON (OKYCHPOBKH 3/eCh YaCTHIlbl HCIBITBIBAIOT NEHCTBHE
3HAKONepeMeHHbIX CHJI He H3-3a TOrO, UTO MPOXOJAAT MO a3UMYTy MOCJenO-
BAaTeJbHOCTb (DOKYCHPYIOLWUX M Ae(POKYCHPYIOLUIHMX CEKTOPOB, a M3-3a TOTO,
4TO COBepiIaloT OoJsbllMe pajuaJbHble KosebOanus. Henunefinaa doxycupos-
Ka TMO3BOJISET N0Jy4YaTh TO 7K€, YTO H CHJbHAs (POKYCHPOBKA, HO JOCTHTaeTCs
3TO B IOCTOSIHHBIX BO BPEMEHH aKCHaJ/bHO OJHOPOAHBIX MAarHHTHBIX MOJSIX.
ITO NMO3BOJISIET TaKkKe YCKOPATh BCTPEYHble MyYKH YACTHIL.

YcoBeplIeHCTBOBAHHE BbICOKOYACTOTHBIX CHCTEM MPOHMCXOAWJIO B Ha-
paBJEHHH: '

a) BbIOOpA OMNTHMAJbHBIX YaCTOT YCKOPAIOIHX CHCTEM;

0) HCNOJIb30BAaHHUA BOJHOBOAHBIX YCKOPSAIOWIHX YCTPOHCTB B LHKJHYe-
CKHX YCKOpHTEJsX.

Ha mnepBoii craguu pas3BUTHSI PeIATHBHCTCKHX YCKOpHTeJeil BooOlie
U CHHXPOTPOHOB B YACTHOCTH BbIOOPY 4YACTOThI YAEJAJH MaJO BHHMAaHHSI.

YacroTa ycKOpsmoUleH CHCTeMbl BbIOHpa/lacb B OCHOBHOM B 3aBHCHMOC-
TH OT HaJUUHsl HOCTATOYHO MOIUIHBIX BBICOKOUACTOTHBIX reHepaTopoB. OOblu-
HO uyacToTa B. 4. reHeparopa BblOMpaJsachb paBHOH YacToTe oOpalleHus
YaCTHIL.

OcHOBBI /st BBIGOPA YACTOTHI U MOUIHOCTH B. Y. MMTAHHSI TEOPETHYECKH
6bl1n paspabotannt A. A. BopobbeBbim u A. H. dunenko, E. C. KoBanenko,
MOKA3aBIIHX, YTO MAJ5 KaxKJAOro CHHXPOTPOHA CYILEeCTBYeT OINTHMaJbHas
yacToTa, MPH KOTOPOH MOIIHOCTb B. Y. TeHepaTopa MHHHMaJbHA. Dblin
NpeaokKeHbl npocTbie (OpMyJibl AJ5 BOJHOBOMHBIX JIMHEHHBIX H LHKJIHYEC-
KHX YCKOpHTEJeH, MO3BOJIsIIOUIHe ONpeae/aTb ONTHMAaJbHbIE YacTOThl He
TOJIKO C YyYeTOM KBAHTOBBLIX (JyKTyalHi, HO MU APYrHX CJAy4aHHBIX (PakTo-
poB. I[lokasaHo, uTO AJ51 yCKOpUTE/eil Ha 3SHePrHH HEeCcKOJbKHX ['3B onti-
MaJibHble YacTOThl JexaTt B auanazoxHe 500— 1000 meey.
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B TomMcKOM MOJIMTEXHHMUYECKOM WHCTHTYTe HCCJe/0BaHa 3/J1eKTPOAHHAMHU-
Ka 3aMKHYTHIX BOJIHOBOAHBIX YCKOPSIOIIHX YCTPOHCTB M JHHAMHKA 3JI€KT-
POHOB B HHUX, TpeanoxKeHHbIX A. A. Bopo6beBbIM B KauecTBe YCKOPHTEIbHOII
CHCTEMbl PeJSITHBUCTLKHX —LHK/JIHUECKHX yckopurened. M3  cpaBHeHun
3JEeKTPOHHOTO CHHXPOTpPOHA Ha 3Hepruio | I'sB ¢ CHHXPOTPOHOM Ha 3HEp-
ruio 6—10 I'sB caexyer, 4TO CHHXPOTPOH Ha 0OJblUHe SHEPTHH He SIBJSETCS
reoMeTpHYecKH MOAOOHBIM CHHXPOTPOHY Ha sHepruu | I'sB. B ycranoskax
Ha 1 I'sB ucrnoab3yloTcss O0JblliMe Pe30HATOPbI, MONepeuHble pa3Mepbl KO-
TOpPBLIX 3HAUYUTEJbHO OOJbllle pa3MepoB KaMmepbl. B OO/bIIHX yCTaHOBKax
sTa pasHuua ymeHnpuwaercsi. OObsCHSETCS 9TO TeM, YTO C BO3pacTaHHeM
3HEePIrUH YBEJHUYMBAETCS ONTHMAJbHAs 4acToTa, MPH KOTOPOH MOIIHOCTb B. U.
reiepatopa OyaeT MHHMMAaJbHOH, a CJ/el0BaTeJbHO, H YMEHbLIAIOTCHA pas-
Mepbl pe30oHaTOpOB. Bo3HMKaeT MbIC/b: Heab3sl JH INPUMEHHTb TaKylo
VCKOPSIONLYIO CHCTeMY, KOTOpasi MorJa Obl pa3Mmellatbcss B MeEKIOJIOCHOM
POCTPAHCTBE M TO3BOJsiA Obl YCKOPSATb YACTHIBI HE TOJBKO Ha MPAMOJH-
HEHHbIX yYyacCTKax, a HenpepbiBHO. DTO MO3BOJSET COKPATHTb BpeMs YCKO-
pEeHHs M Mpollle KOMMEHCHUPOBaTh MOTepu Ha uaaydeHue. HMccaenosanus
MOKa3aJu BO3MOXKHOCTb YCKOPEHHSI B 3aMKHYTHIX TJIaAKHX BOJIHOBOJAAX Il
3aNOJIHEHHbIX 3aMeAJSI0IIMME CHCTEeMaMH, KOTOpble IO3BOJSAIT CHHU3HTD
(ha30ByI0 CKOPOCTb HYKHOH 3/J€KTPOMATrHUTHOH BOJIHBI 0 CKOPOCTH YaCTHIL.
BonnoBoanbie cucteMbl 00/a4al0T 1O CPaBHEHHIO € pe3oHatopaMu Ooaee
BBICOKHMH HIYHTOBBIMH CONPOTHBJEHHUSAMH. DTO MO3BOJAET B TAKMX CHCTEMax
noJiyyaTh Te K€ MPHUPOCTHI IHEPrHH HaoOOpOT, HCHOJb3Ysl MeHee MOILHble
B. 4. reHeparopbl. Takue cHcTeMbl MOIyT ObITb HCMOJIb30BaHbl TaM, TIJe
pPe30HaHCHble CHCTeMbl MOTYT OBbITb HCIIOJNb30BaHbLl BOOOLLE, KaK 3TO HMeeT
MecTO B 0e3:Kese3HbIX YCKOPHTEdsX.

Teopernueckue 3akoHoMepHOcTH, HM3yueHHble A. H. Jlumenko u 1p.,
NoATBep:KAeHbl Ha paboratouieM B TOMCKOM HOMMTEXHHYECKOM HHCTHTYTE
BOJIHOBOJAHOM LHKJAHMUYecKOM yckoputesae Ha 10 Mss ¢ auadparMupoBaHHbLIM
1 IJaJKUM BOJIHOBOZAMH W yCKOpHTeJe C IiaJKHM BOJHOBOZOM Ha 3 M3B,
nocrpoennom B IIpare.

st obecrnieyeHns] YCTOHYMBOTO YCKOPEHHsI NPOTOHOB B YCKOPHTEJSX
Ha 3HEPTHU COTHH U OoJblie ['3B HEOOXOAMMO HCKaTh HOBbIE MyTH. B ycko-
pUTeIAX Ha 3TH 3HEpruu, rnocje obecrnevyeHus Majaoi aMIIHTYAbl CBOOOJHbBIX
Ko/ie6aHnil YKa3aHHbIMU Bblllle CPeACTBAMH, CYLLECTBEHHOe 3HAaUeHHe MPUob-
peTalT BbIHYXKIEHHble KOJeOaHHS YacTHUIl H3-3a HEOJHOPOAHOCTH MAarHuT-
HOrO MoJisi U ero rpajaneHTa, yBequuyuBarolne 6eTaTpoOHHble KosaeOaHUs.

daykTyauuu 4yacToThl M aMIVIMTYAbl YCKOPSIOLLEro Hanps:KeHHs yBe-
JUYHMBAIOT CHHXPOTPOHHBbIE KoJseOaHHu4.

B cepeanHe nATHAECATBHIX TOAOB NPENJOKEHHS O NPHMEHEHHH TeOpHH
M CPEeACTB aBTOMAaTHYECKOIO pPeryJMpOBAHHUS B YCKOPHUTEAAX ObIIM CAesaHbl
aBTOPOM B CBSI3H C NPOEKTOM YCKOPHTE.S.

. JI. bypuwreitn, A. A. Bacunbes, A. JL Munn NPeAJOKHIN HCKATh
pelieHHe TNpoOJeMbl TalleHHsl BbIHYKAEHHLIX KoJeOGaHWil M NoaxepzKaHus
pexuMa YCKOPEHHs] MyTeM aBTOMAaTHUeCKOro peryupoBaHusi mapaMeTpos
VCKOPHTEJSI MO JaHHbIM O MTHOBEHHOM IMOJIOKEHHH myuka. ABTOMAaTHUECKOe
peryJupoBaHHe CHHXPOTPOHHBIX KOJeOaHHil yzKe OCYILECTBJEHO B YCKOPH-
Tesie Ha 30 I'se LIEPH ¢ cuabHO#l dokycnpoBkoii.

Bypwreitn 3. JI., BacunveB A. A., Munu A. JI, Ileryxos B. A., Py6-
unnckuit C. M. paccMoTpe/sin BO3MOXKHOCTb aBTOMATHYECKOTO pery/aupoBaHus
6eTaTpOHHbIX KoJieOaHMil. ABTOMaTHuecKoe peryJupoBaHHe OeTaTpOHHbIX
KoJe0aHuil B npouecce YCKOpPeHHS CBOAHUTCA K CTaOHIM3alMH 4Hcsa KoJe-
GaHuii 3a 000pOT M paBHOBeCHOI OpOUTHl. CHrHasbl OT NMydyKa MO3BOJSIOT
VCTAHOBUTb HaAJ/IMUHe OTKJOHEHHHl M ¢ NOMOULbI0 CHCTeMbl OOpaTHOi CBA3i
MOracHTh OTKJ/JOHEHHSI OT pacueTHOro, PaBHOBECHOrO MABHIKEHHS.
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[IpumeHeHne CpeACTB aBTOMATHYECKOrO PEeryJMpoBaHus U CTabHIH3a-
IIMM JBHZKEHHS My4yKa, MO3BOJHT OC/Ia0HThb AOMYCKH HA TOYHOCTh BOCIPO-
H3BEeJeHHs] MAarHHTHOTO 11015, FPaAHeHTa, Ha TOYHOCTb YCTAHOBKH MAarHHTOB,
MOBBICHTh HAAE€KHOCTb, YMEHbIUIHTb pa3Mepbl KaMepbl M MPOU.

§ 5. 3akawuenue

[IpuMeHeHHe yCKOpHTE/IEH B HaykKe I0Ka OMNpefeJsaercss 3SHepruei
M MHTcACHBHOCTBIO NyYKa YCKODEHHBIX 4YacTHLU. B nmpakTHYeCcKOM HX HCHOJb-
30BaHi HEOOXOAMMO YYHTbIBATb TEXHHKO-3KOHOMHUECKHE M 3SKCIJyaTalH-
OHHble XapPaKTePHCTHKH.

Hayunas MeToaMKa cpaBHeHHsi H Bbl0Opa yCKOpHTe/JeH I[OoKa OTCYT-
crByeT. B3siB 3a OCHOBY OLIEHKM M CPaBHEHHA OJHO HJIH HECKOJbKO CBOHICTB
U/ XapaKTepHUCTHK YCKOpPHTe/eH, ydyeHble HHOIAA TMPUXOAHM/IH K B3aHMMHO
IIPOTUBOMNOJIOXKHBIM BbiBOJAM O AOCTOMHCTBAX CPAaBHHBAEMbIX YCKOpHTeJeil.

A. A. BopoObeB npeaoKua TeXHHKO-3KOHOMHYECKYIO OLEHKY YCKOpH-
Tesell Mo 3aTparaM, OTHECEHHBIM K OJHOH YCKOPEHHOH dYacTHLe OIpeLe/IeH-
HOH 3HEpPrHH Ha BbIXOJe' 3a €JHHHUIy BpeMmeHH, nmo ¢opmynam tuna KITI:

BN
G

K

-

rae N — uucao yactul B uMmmnyJbce; E — sHeprusi, kK — 3aTpatbl, Mojjezxa-
M€ CpaBHEHHIO, HANMpUMep, CTOHMOCTb, Bec, MoTpebasiemMas yCTaHOBKOIl
MOILHOCTb H IP.

CpaBHeHHe MokasaTtesell JeBATH CHHXPO(Aa30TPOHOB Ha 3IHEPrHio HO0Jb-
mwe 1 3B mpuBeso K BbIBOAAM, YTO BBICOKHE 3KOHOMHUECKHE [OKa3aTesid
MMEIT aMepHuKaHCKHe ycKopuTenn Ha 12 u 12,5 'sB u anrauiickuii Ha 7 '3B.
Camble BBICOKHME TOKasaTe/aH, OJH3KHE K [M0Ka3aTeasM 3JeKTPOHHbIX yCKO-
puteneil, numeer OK-PHIKCKHI NPOTOHHBIH ycKopuTesab Ha 12 I'3s.

Ato obObsicHseTcs TeM, uTo HHKekTopoM OK-PuIKCKOro yckopuTess
CJAYXKHT H30XPOHHBIH LHMKJOTPOH Ha 3Hepruio 850 M3B ¢ 4HMCIOM yYacTHIL
B uMnysbce 102 n wacroroit umnysabcoB 60 nmmn/cex.

DJIeKTPOHHBIE CHHXPOTPOHbI MMeIOT (oJiee BBICOKHE TOKa3aTesau, uem
MPOTOHHbIEe (CHMHXPO(a30TPOoHBl). JIuHeHHble 3/7eKTPOHHBbIE YCKOPUTEAH [0
sHepruu Menblie 10 I's umeror xyamue, a npu sHepruu Oogabuie 10 ['sp
Jydlllie 3KOHOMHUUeCKHe NMOoKa3aTesH, ueM IUKJIHYeCKHe.

YBeJquueHHe MHTEHCHBHOCTH IMYYKOB YACTHI[, YCKOPEHHBbIX /0 BBICOKHX
SHEprHil, sBJsieTCs BarkKHeHlell 3ajadeil npu pa3paboTKe HOBBIX METOLOB
YCKOpEeHHSI H HOBBIX YyCKOpHTeJel. 3HauuTeJbHash MOLIHOCTb NHTaHHUS, Tpe-
oyemasi AJs1 OOJbLUIMX YCKOPHTE/NIEeH M 3aTPyAHEHHUS C ee MOABOAOM BbI3bl-
BAIOT HEOOXOAHUMOCTb MePeXOAHTh K MMIYJbCHOMY IHTAHHIO C TMPHUMEHEHHEeM
HakonuTtesell sHepruu. C yBeJlMYeHHEM HEPrHH YAaCTHL[ BO3PACTA€T U CKBaXK-
HOCTb TMOJAAuH HMMNYJbCOB BO30YKAEHHS 3JEKTPOMAarHuTa YCKOpHUTeJSs.
[TosTomMy. mMOBbIlIEHHE HEPrHH YACTHIL B LHK/JIHUECKOM YCKOpHTese COMpo-
BOXKIAeTCsl YMeHbIIeHHeM HX uYHcsa, ObICTPbIM yBeJHUYEHHeM Beca U pas-
MEpPOB yCTAHOBKHM H MOLIHOCTH nuTaHus. Hanpumep, anas mnosayuenus uac-
T, ¢ 3HeprHed 10'® 3B, npH HANpPSAKEHHOCTH yHpPaBJSAIOUIEro IO,
paBHoit 10* 3pcTad, nmpuuIOCh Obl MOCTPOHUTH YCKOPHTEJIb, JHAMETP KOTO-
poOro npeBOCXOAHJ Obl AHMAMETP 3eMHOro wapa. BhiXoX YCKOPEHHbIX 4aCTHIL
M3 TAKOT0 YCKOpHUTe sl paBHsJCs Obl OAHOMY NPOTOHY B CyTKH, 4TO Oyner
CPaBHHMO C MHTEHCHBHOCTBIO KOCMHYECKHX JIyueH.

CoBpemMeHHasi TEOpPHsl M MPaKTHKa 3JEKTPOHHbIX YyCKOpHTEeJeH He YIO0B-
JIETBOPSAIOT 3aMpoCOB AAEPHOH (PU3HKH U APYrHX oOJsacTted, rae MOryT ObITbL
HCIOJIb30BaHbl MYUYKH 3JEKTPOHOB ¢ OoJsbliMM npobGeroM. HeoOXxoauMbl HO-
Bbie (hU3HUECKHEe HJeH M HOBble NMYTH B COOPYXKEHHe YCKOpHTeJeH.
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Jns yckopenus po 10 MsB nauboJblliee NMpHMeHEHHE NOKa MOJYYHJIH
BbICOKOBOJIbTHbIE YCKOPHUTENH, LIMKJIOTPOHbI, OETaTpPOHbI, JHHEeHHble YCKOpi-
TeJH U MHKPOTPOHBDI.

B nnanasone po 100 M3B: UHKJIOTPOHBI, OETATPOHbI, CHHXPOTPOHDI, JIH-
HelHble YCKOPUTeJIH U MHKPOTPOHBI.

' B nunanasone po 1000 M3B: CHHXPOTPOHBI, ()Aa30TPOHBI, H30XPOHHBIE
IIMKJIOTPOHBI, JIMHEHHble YCKOPHTEJH.

Boime 1000 M3B: cuHXpoda3oTpoHbl, CHHXPOTPOHbI, JHHEHHbIE YCKOPH-

TeJH.

B o6aactu Bbime 100 ['sB BepoOSITHBIMH SIBJASIOTCSL CJAELYIOI[HE MYyTH
pas3BUTHS: ;

1. Paspa6oTka CHJIbHO(OKYCHPYIOLLEIrO0 CHHXPO(As3oTpOHA C paauycoMm
B HECKOJIbKO KHJIOMETPOB, B TOM UHCJ€ YCTAHOBKH C YCKOPHTEJbHOH CHCTe-
MOH B BHJ€ 3aMKHYTOrO BOJIHOBOJA.

2. Co3nanue Kackaaa CHHXpO(a3OTPOHOB, B KOTOPOM MpeAbIAYLIHiI
ABJIAETCSH HHKEKTOPOM AJsi nocJgenytouiero. IIpenmyniecTso Takoi ycTaHOB-
KH 3akJjouaercd B cjaeayioumeM. C yBeJHYeHHMeM 3HEPTHH 4YaCTHI[ MYydYOK
ckumaercd. [losToMy npuMeHsieTCsi MeHbllee CeueHHe YCKOPHUTeNbHOH Ka-
Mepbl. DTO NPHBEAET K 3HAUUTEJbHONH SKOHOMHH NPH COOPYZKEHHH KOJIbILEBO-
rO KOHEYHOro yCKOpHTe/asi. BO3HMKAIOT CyLIeCTBEHHO HOBbIE TPYAHOCTH,
CBSI3aHHble C BBIBOJOM H BBOJAOM IYYKOB YaCTHIL BbICOKO[i 3HEpTHH,

3. Tperuii nyTb, pa3HOCTOPOHHe pa3pabaTbiBaeMblil B MOCJ/eIHNEe T[OMb,
CBI3aH C OTpery/JMpoBaHHEM pexXHMa YCKOpPEHHs MO CHrHajaM OT MydykKa
yacTtuil. JlaT4MKH BOCIPHHHUMAIOT OTKJIOHEHHS MydykKa OT PACYeTHOrO pekHuma.
[Tonyyaemble cursanbl BO3AEHCTBYIOT uYepe3 CpeACcTBa aBTOMATH3alMH Ha
COOTBETCTBYIOILIIHE YCTPOHCTBA YCKOPHUTEJs, JUKBHAHPYS ONacHbie OTKJOHEe-
HHSI.

B npoekTHpOBaHHHM NPOTOHHBIX UMKJIHUECKHX YCKODHUTEJICH C 3HEpruei
Ha 1000 I'ss B CCCP onpeneauauch caefyloliie HanpaB/aeHUs.

Pannorexuuueckuit uucrutyr AH CCCP, bypuwreiin 3. JI., A. A, Ba-
cusbeB, A. JI. MUHIl CYUTAIOT, UTO MaciiTabHOEe KONMHpPOBaHHE CUHXPOTPOHOB,
paboratomux B obsactu gecatkoB ['3B, B o6aactb coten U 1000 I'sB HeBo3-
MOKHO. OHH TpeAoKHUIH KHOepHEeTHUeCKHH MNPOTOHHBLII YCKOPHUTEJIb Ha
1000 I'sB cTpOUTb NO TpexKacKaJHOH cXeMe: HauyaJbHbI} JHMHEHHBIH YCKO-
pHUTENb, MpeIBapPUTENbHLIN IIMKAHYECKHH yCcKopUTeab (OycTep) M KOHEUHbI
HUKJIHYCCKUH YCKOPHTE/b.

Jpyrue ydeHble CYHTAIOT BO3MOXKHBIM CTPOHTb CHHXPO(A30TPOHBI €
CUJBHON (poKycHpOBKOH Ha 3Hepruio A0 500—700 I'sB, NOBLICHB HEPTHIO HH-
KekKUuH 10 15 I's3B. Takum MHKEKTOPOM MOZKET. CJAYKHTb CEepPryXOBCKHH CHH-
xporpoH Ha 70 I'sB, paboraromuii B pexkume 15 ['sB, npHu BpeMeHH yCKOPeHHs
cocrapasiomero 1/5 or HomHHanbHOro. B Takom cJaydae Oyaer moJydeHo
yIOBJIETBOPUTEIbHOE - 3aMOJHEHHE YCKODHTEJbHONl JOPOXKKH  OOJbILIOrO
CUHXPOTpOHA.

B. B. Baamgumupckuii, . I'. Komkapes, E. K. TapacoB Haxoadar Bos-

MOXKHBIM CTPOHMTb TPOTOHHBIE CHHXPOTPOHBI C CHJABHOH (OKYCHPOBKOH 10
700 I'sB mpH coXpaHeHHH B pa3yMHbIX Npejenax rabaputoB M CTOHMOCTH
YCTAHOBKH. !
: [TyTh pa3BUTHA YCTAHOBOK Ha OYeHb OO/bILIHE 3HEPrHH NOJACKa3biBaeT
ynaunbiii onbiT I'. M. Byakepa u A. A. HaymoBa no paspaboTke Gesresies-
HBbIX 6eTaTPOHOB U CHHXPOTPOHOB. DTH pa3pabOTKH BeJHCb M 3a TpaHHLel,
HO Haujyumhe pe3y abraThl ceituac moayuyenn B HMIP CO AH CCCP.
HanexHo ympasiasiemble, UHKJIHYeCKHe Oe3xke/e3Hble YCKOPHTEJH C paju-
yCcOM OpOGHTHI B HECKOJIbKO AECATKOB pa3 MEHble, 4eM YCTaHOBKH CO CTalb-
HbIM MAarHUTONPOBOJOM, HMEIOT OOJbIIHE NEePCHeKTHBLI /4 Pa3sBUTHA B
06J1aCTH CBEPXBBICOKHX 3HEpPTHI.
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VBenuuenne HaNpsKEHHOCTH YMPaBJ/SIOLIEr0 MATHUTHOTO MOJIs B Mar-
HUTHBIX cHcTeMaX 0e3 CTaJbHOTO MAarHUTONPOBOJAA THNA MPEAJOXKEHHbIX
Onucdauntom B ABcrpanuu, pazpaborannbix I'. M. Byakepom u A. A. Haywmo-
BLIM, MJIM KPHOTEHHBIX yCTAHOBOK C KAaTYUIKaMH M3 CBEpPXNPOBOAALIMX Ma-
TepHaJsIoB, SIBJASETCS OJHUM H3 NyTell pa3BHTHSl LHMKJIHUYECKHX YCKOpHTeJeil,
KOTOpble OblIJIM HaMeueHbl elle B KOHIe COPOKOBBIX — HayaJe NATHAECATHIX
TrOJI0B.

[IpuMeHeHHe BOJHOBOAHOH 3aMKHYTOH YCKOPSIOLLEH CHCTEMbI COBMECT-
HO C CHJIbHBIMH MAarHHTHBIMH YNPaBJSIOIIHMH TOJSMH SBJASETCS OJHHM H3
BO3MOJKHBIX TMyTeH CO3JaHUsi KPHOTEHHBIX yCcKOpHTesell B Oauxkanumem Oy-
AyLIEM.

M3 HOBBIX METONOB yCKOpeHHsi oTMeTHM paborel I. 58 Byakepa no
cTabGUIM3HPOBAHHOMY 3JIEKTPOHHOMY TyuKy, pa6orel A. A. Kosomenckoro 1o
ABTOPE30HAHCHOMY YCKODPEHMIO C MOMOIIbIO J1a3€POB U OCOOEHHO YCIEIIHO
pasBuBaeMble B mocjaefHee BpeMms pabGortel B. M. Bekciepa no KoJIeKTHB-
HOMY MeETOJy YCKOpPEHHS.

B CCCP o6pa3oBaauch IeHTPbl Hay4yHbIX HCCJA€JOBaHKHI B 006J1acTH
yckopeHHs U yckopuTesaell., Cpeanm HHX YKazkeM Belyllee HayyHOoe yupexk-
nenve ¢dusnyecknii MHCTUTYT Akagemun Hayk CCCP, u3 KOoTOpPOro BbILLIH
BajkHeimne TeoperHueckue uccaenosanus B. M. Bekcaepa, M. C. Pabuno-
Buua, A. A. Konomenckoro, A. H. Jle6enesa, E. JI. ®eituGepra, B. A. Ilety-
XOBa, ONMpeeJUBIIMX MPEeAbIAYILYI0O 310Xy Ppas3pabOTKH H CTPOHUTE/bCTBA
yCKOpUTeNeld. DKCepuMeHTaJ/bHble UCCAe0BAHUs HA 3JEKTPOHHBIX YCKOpH-
teassx ®UAH, npousBoanINCh MOA PpyKOBOACTBOM useH-Kopp. 1. A. Uepen-
koBa, B. E. Ilucapesa, B. A. IleryxoBa. .

B MocKOBCKOM HH)KeHepHO-(pu3nueckom HHCTHTYTe npod. . A. Tarv-
HoB 1 O. A. Baabanep paspaGoTaju M NOCTPOH/IM JIHMHEHHbIE YCKOPHTEH
3JIeKTPOHOB.

B Papuorexuuueckom uHctutyre AH CCCP noa pykoBoacTBOM
A. JI. Munua paspaboTaHbl BaxHeilHe npobjeMbl PaAUOTEXHUKH MIefcT-
BYIOLIMX MOINHBIX YyCKOpHTe/]ell M paspabGaTbiBaeTcss HHTepecHas ujes
KHOEepPHETHUECKOro YCKOpHTeas. B Hacrosiiee BpeMsl yiKe CYLIECTBYeT Mefi-
CTByloIasi MoJesb KHOepHeTHYecKoro yckopureas Ha 1 I'ss.

B uHcTHTyTE TeopeTHuecKoii M 3kcrnepumenrasbHoil ¢usuku AH CCCP
nox pykoBoactBomM A. M. AnuxanoBa u B. B. Baagumupckoro paspadoran
¥ TOCTPOEH YCKOPUTEJb C JKeCTKOH (OKYCHPOBKOH, B KOTOPOM IPOTOHBI
noJsyuatoT sHepruio 7 I'3B, mnoctpoen cawmplii Goabuoit B mupe Cepmy-
XOBCKHH NPOTOHHBIA yCKOpUTeab Ha 3Hepruio 60—70 ['sB, Ha KOTOpom yiKe
BHIMOJHSIOTCS TepBble (U3HUYECKHe 3IKCIEepHMEHTHI.

B OO6GbeanHeHHOM HHCTHTYTe siIepHbiX HccaeaoBaHuit B JlyOGHe moct-
poenbl mox pykoBoacrsoMm 1. B. Edppemosa, M. I'. MeutepsixoBa u A. JI. Mun-
1a (asoTpoH, AaIOLMHA NPOTOHbI ¢ 3Heprueil 680 MasB u cHiHXpoda3oTpoH Ha
10 T'sB, noctpoHHblil nox pykosoactBoM B. U. Bekcaepa, 1. B. Edpemona
u A. JI. MuHua. B MHCTHTyTe NPOBOASITCH HCCJENOBAHHS MO BBICOKOBOJbT-
HOMY YCKOPEHHIO M YCKOPHTeJadaM, pa3paboTaH H TNOCTPOEH MHKJIOTPOH C
BapHaliieldl MarHUTHOIO MNOJA MO a3HuMYTY.

B wuncturyre aromuo#t sneprunm um. M. B. KypuartoBa nauartbl Oblau
uccaenosanus I'. M. Bynkepa u A. A. HayMoBa 1o ycKOpeHHIO 11/1a3Mbl,
6e3KeNe3HbIM IHKJINYECKHM YCKOPHTE/ISIM M HAKONHTENsM. 3aTeM 3TH HC-
caenoBahusi Gbliu mepeHeceHsl B HOBOCHOMPCK, MOCHYKHB OCHOBOH paGoT
Hnsid CO AH CCCP.

B Hacrosimiee BpeMsi B HHCTUTYTE Ha HAKOMHUTEJbHBIX yCTaHOBKaX
NPOBOAATCA (PH3HUECKHE SKCHEPHMEHTBI M0 3JEKTPOH-3JEeKTPOHHBIM B3aHMO-
JeHcTBUAM c sHepruell 2 x 160 M3B U 3/€KTPOH-NO3UTPOHHBIM B3aUMOJEM-
crBueM c sHeprueil 2> 380 Ms. Coopy:kaeTcsi HaKOMHUTEb, MpejHa3Ha-
YEHHBIHl /151 3KCIEePpUMEHTOB MO B3aMMOJEHCTBHIO NMPOTOHOB U aHTHIIPOTO-
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HOB c 3Hepruedl 2> 25 ['3B, HAa KOTOpPOM NJAaHHpyeTCs NpoBeleHHe pabor
TaKKe 10 3JeKTPOH-MO3UTPOHHBIM B3aUMOACHCTBHAM c 3Hepruelt 2, 6 ['3B.

B Jlenunrpape pabdora no pa3paboTKe H COOPYKEHHIO YCKOpHTeseii
NPOBOAHUTCA B MHCTHTYyTe 3/eKTpodH3uueckoii annapartypsl um. . B. Edpe-
mMoBa, noxg pykosoactsom E. I'. Komapa.

Mcenenoanus no ¢u3uke 3/7EKTPOHHBIX YCKOpPHTEJEH MNpOBOAATCSH
B JIGHMHTPAACKOM (PH3HKO-TeXHHUECKOM HHCTHTyT€ MOA PYKOBOJACTBOM
A. Tl. Komapa. ITocrpoen ¢asorpon Ha | I'ss.

B Tawkente nox pykosoactBom C. B. CrapoaybueBa paspalbOTaHbi
MOILHbI€ BbICOKOBOJIbTHbIE YCKOPHTENH HOHOB M OPUTMHAJbHAs KOHCTPYKIIHS
LIUKJOTPOHA Ha OOJblIHE TOKH.

B uncruryre ¢usnyeckux mnpobsaem nox pykosoacrsom C. [1. Kam{ua
paspabatblBalOT MHUKPOTPOHLI HA OOJbllIHE TOKH.

B Tomcke B CO®TH paborbl 1Mo BbLICOKOBOJBTHOMY YCKOPEHHIO ObLJIH
Hauatel nog pykosoactsom M. M. Kopcynckoro B 1930 r. MM Oblio BbIABH-
HYTO HECKOJbKO HHTEPEeCHbIX H/ei, B TOM UYHC/Je KOHCTPYKTHBHOE COeLHHe-
HHE YCKOPHUTE/JIbHOH TPYOKH H BbLICOKOBOJbTHOH OOMOTKH, HCIIOJb30BaHHE
BakyyMa AJs lieseil H30JALHH.

[locsie BOJiHBI, HCC/IeIOBAHHSA MO YCKOPEHHIO pPa3BepPHYJ/HCh B IMOJUTEX-
HUYECKOM HHCTHTYTe B 006/1aCTH BbICOKOBOJIBTHOTO YCKOpeHHs. Dblan cos-
JaHbpl MMIYJbCHble TeHepaTopbl HAa 3,2 M3B M HMIYJbCHbIH Tpachopmarop
Ha 1,5 M3B, s/eKTpoCcTaTHUECKHE MAIUHUHbI M NapaMeTpUYeCKHe reHepaTopbi,
00J1bllIOe KOJHUECTBO OGETAaTPOHOB, LUKJIOTPOH, a TaKKe COOPYXKEeH M yCHell-
HO JeficTByeT CHHXPOTPOH Ha 1,5 ['3B.

PaszpaboraHbl yCKOPSIIOLHE CHCTEMBI CHHXPOTPOHOB B BHJE OJHOIO
UM HECKOJbKHX TMPOJETHbIX MPOMEKYTKOB H 3aMKHYTBIX H30THYTBIX BOJIHO-
BO/10B, COOPYZKeHbl CHHXPOTPOHBI C TAKHMH YCKOPHUTEJbHBIMH YCTPOHCTBAMH.

B Epesane nom pykosoactBom A. H. Anuxaybsna paspabGoraH, coopy-
JKeH M 3anyuleH CHHXpOTpoH Ha 6 ['3B.

Coopy:KeHHe ycKopHuTesell, 0COOEHHO KpYNHbIX, MPEBPATHIOCH B OT-
pac/ib KBaJH(PUUHPOBAHHOTO 3JEKTPOMALIHHOCTPOEHHUSI M pajHOTeXHUUec-
KOH NPOMBILIJIEHHOCTH.

B cospanun sroit npombimiennoctH B CCCP Goubluas poJb NpHHAA-
aexur 1. B. E¢pemosy, A. JI. Munuy u E. I'. Komapy, kotopble pyKOBOAH/IH
COOpY:KeHHeM KpYMHeHInX B Mupe yckopureseil, nocrpoeHHbix B CCCP.

Kak u Tpuauarte Jet Haszal, ceidyac 3agadya CBOAHUTCA K MOJYYEHHIO
My4KOB YACTHUI[ OOJIbLIOH HMHTEHCHUBHOCTH M OOJIBLIOH 3HEPrHH U 0O0YyCJIO0B-
7€HO 3TO CTpeMJeHHe (PU3HKOB-3KCNEPHUMEHTATOPOB Iay0rKe H3yyaTb ABJe-
HUSI MHKPOMHDPA.

JI1s1 TeXHOJOrMYeCKUX leJjeil paJHAlHOHHON (QH3HKe WM XHMHUH
HeOOXOJAMMBl YCKOpUTEeIy Ha 3Hepruio natHaauate Mss. Jlaa Tepanuu
JKECTKHM M3JyueHHeM HeoOXOAUM YCKOpHTeIb Ha 3Hepruto no 20—30 Mss,
a Tepamnuu 3JIeKTPOHHBIM MMYYKOM, BeposiTHO, 10 60 M3B.

Jns nepekToCKONUM HYXKHO TOPMO3HOE H3JyueHHe ¢ MaKCHMaJlbHOI
sHeprueii 30 MsB. Bo Bcex 3THX NpaKTHYECKHX MPUMEHEHHAX HYKHbI ycTa-
HOBKH C BBICOKOH HHTEHCHBHOCTbIO M3JYYEeHHS H BBICOKOH HaJekKHOCTbIO,
CJIeI0BATEJbHO, H MPOM3BOAHMTENBHOCTBIO. JTO cefiuac riaBHoe B pa3palbor-
Ke yCKOpHTeJel Ha MaJible SHeprHH.

Pemenne OCHOBHOH 3ajayM CTPOUTb YCKOPHTEIH, HdalOLlHe BO3MOKHO
OoJiblliee YHCJ/JIO YACTHUI] Ha BbIXOJe M Bce 60J/iee BbICOKMX 3HEPTHiH, MPOXOar-
JIO Cpeld MHOTHX IPOTHBOPEYHil, IJ1aBHble H3 KOTOPbIX CEPbEe3HO TOPMO3HJIH
pa3BUTHE METOJOB M TeXHHUKH ycKopeHus.. OHH omnpeensii AOCTHTHYTBIH
YPOBeHb Pa3BUTHS YCKOPEHHS B 3aBUCHMOCTH OT 3KOHOMHYECKOrO MOTEeH-
1yasa M MoJIOKEeHHSI B COMpeaesbHBbIX OTPACASAX HAayKH H TeXHHKH.



