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®U3UKA YCKOPUTEJIEN 3APAKEHHBIX YACTHI]

Jleknmusa 1

BBenenne

N3yuenne okpykalolero Mupa 4YeJOBEKOM HAayajoCh C MOMEHTA €ro MepBOro IMOSBJICHUS
Y TIPOJIOJIKAETCS TIO Cel JICHb, CTAHOBSICH IPUYMHOM CO3/IaHK S HOBEHIIINX U300PETEHUH B JIUIIE MEJTh-
YalIMX MUKPOIPOLIECCOPOB JJO UCTIOIMHCKUI KOJUIAIIEPOB, KOTOPbIE MO3BOJIAIOT YEJIOBEKY N3ydaTh
KaK HEOOBSITHBIE IPOCTOPBI KOCMOCA, TAK U MMPOHUKATh B CaMyI0 ITyOMHY aTOMHBIX U Ia)Ke sIICPHBIX
cTpyktyp. Cpean pa3iuuHbIX METOAOB U3YUYEHHs OKPYXKAIOIIEro MUpa 4acto rpeodagaio Habmo-
JEHUE 32 OINpeeIEHHbIM SKCIIEPUMEHTOM, UTO MO3BOJISIO YUEHBIM ONPEAETUTh PA3IUUHbIE TIOCTO-
SIHHBIE, 3AKOHOMEPHOCTH, BBIBECTH MX MaTeMaTU4eCKyl0 UHTEPIPETALHIO.

Ho c ymenbIieHMeM pa3MepoB 1 BXOIOM YK€ Ha MOJIEKYJISIPHBIX, aTOMHBIX U SIIEPHBIE YPOBHH,
HaOJTIONIEHNsT YaCTO OKa3bIBAIOTCS HEBO3MOXKHBIMU M3-3a TIPE/IENIbHBIX BO3SMOXKHOCTEH I71a3a, JIYIbl,
MHUKPOCKOIA ¥ KMEHHO TYT Ha MOMOIb IPUXOAAT YCKOPUTEIM YaCcTHUL], KOTOPbIE U MO3BOJSAIOT pa3-
OUTb CAMU YaCTHUIIBI JaBasi BOSMOXKHOCTD IO OITPEICNICHUIO IMTPOIYKTOB MX PACIia/ia TOCTPOUTH MOJIEh
UX CTPYKTYpbl. IMEHHO 10 3TOW MpUYMHE Ha CETONHSLIHUNA IeHb pa3BUTHE (PU3UKU YCKOPUTEIIEH,
(bUBMKHM SAEPHBIX PEaKIMid U MHBIX 001acTel (PU3MKHU CBA3AHHBIX C U3yUYEHUEM MeJbYaInX CTPyK-
TYpP CTAaHOBUTHCSI MAKCMAJILHO aKTYaJIbHBIM M BaXKHA MaKCUMAJIbHAS MOIYJISIPU3ALIMsI 3TON 00IacTH
3HAHWH.

JlaHHBIN Kypc TIpeiHa3HaueH JUIsi CTYJEHTOB, KOTOpPbIe OYAyT 3aHUMAThCS SIIEPHON (DPU3UKOM,
(pU3HMKON 371EMEHTAPHBIX YAaCTULl M aTOMHOTO $]Ipa,  TAK)KE HOBOSIBJICHHOW (PU3UKOW PE30HAHCHBIX
SIIEPHBIX peakiuil. Kaxplil crieranvct o6s13aH MOTHOCTHIO IOHUMATh U 3HATh BCE SIBJICHUS U TIPU-
POy SKCHEPUMEHTOB, MPOBOAUMBIX Ha YCKOPUTENSX, a Takxke camy (pusuky yckopuresnend. Camu
1o ceGe yCKOPUTENIN 3apsKeHHBIX YacTHUI] TPECTABISIOTCS JIOBOJIBHO CIOXKHBIMH YCTPOWCTBAMM,
JEWCTBYIOIIME MO3TAIHO U T€HEPUPYIOLIHME MTyYKU CaMbIX Pa3MYHbIX 3apSDKEHHBIX YacTHLl, Cpeiu
KOTOPBIX M3BECTHBIMU SIBJISIIOTCS IIPOTOHBI, JIEUTPOHBI, JIEKTPOHBI, TPUTOHBI U Tpoune. Hapsmy
C TIePEYrCIIEHHBIM KCIIEPUMEHTATOp 00s13aH MOJTHOLEHHO MOHMMATh BCE TEOPETUYECKUE PACUETHI
Y MaTeMaTUYeCKUil annapar (pU3MKH, C KOTOPOW OH KOHTAKTUPYET, YTO MO3BOJISIET €My JEUCTBOBATh
TaKKe CAMOCTOSITENIbHO 0e3 KaKoi Obl TO HY OBbUIO AOTIOJTHUTETbHON KOHCYIBTALIUHM.

Uuraemblil Kypc SIBJISIETCS] BBOAHBIM B (PU3UKY YCKOPUTEJIEH, C MPEACTABJICHUEM HauyalbHbIX
XapaKTEePUCTUK, BUJOB U MPUHLIUIIOB JIEUCTBUSI CAMUX YCTPOWCTB, a TAKKE C PEIKUM YIIOMUHAHUEM
npuMepoM (pU3NYECKUX SIBJICHUH, 2 UMEHHO SIIEPHBIX PEaKlMi, OCYIIECTBJsieMble HAa HUX. byner
TaK:Ke MPeJCTaBJIEeH U HAYaJIbHbI MaTEMaTUYECKUI arnapaT OTHOCUTEIBHO HEKOTOPBIX (PU3MUYECKUX
SIBJICHUH, KOTOpbIE Oy/IyT MpeCTaBIsAThCA ciyniaTensiM. Heo6xoanmo Hasmuue y ciymaresiei 3amnmc-
HBIX TETPAJE JIEKIUM, a TaKXKe PEKOMEHAYETCS] HAJIMUMe 3allMCHBIX KHWKEK [ ClIelUaIbHOW Tep-
MUHOJIOTUH U (pOpMYII.

Tak:xe pekoMeHayeTcs ISl JUYHOCTEW, ITOCBETUBIIMX CBOIO )KM3Hb B OJIHY U3 CaMbIX BeJIMYe-
CTBEHHBIX 00JIaCTell YeI0BEYEeCKON NesITeIbHOCTH, KaK HayKa, O3HAKOMHTBLCS U C XyI0KECTBEHHOU
JIMTEPATYy PO IO STOUM 0OIACTH.

PexkomMeHnayemas Jureparypa

1. 1. b. Uccunckuil. Beenenne B pU3MKY YCKOpUTENEH 3apsiKeHHbIX dacTtuil. 2012.
2. A. H. Jle6enes, A. B. llanbHo#. OCHOBHI (pU3MKM U TEXHUKH ycKopuTenel. 1991.
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Tema: 3apo:xxaeHne yckopuTeJie 3apsizKeHHbIX YaCTHUI]

Hcropust ycKOpuTeIbHON TEXHUKHU OepET CBOE HaYaJIo ellé BO BpEMEHa caMblX NEpPBbIX HCCIIe-
J0BaHMH B 00JIACTH U3YYEHHUsI CTPOCHH S BEIECTBA, U, XOTSI BOIPOC O CTPOSHUH MaTepHX ObLI IOCTAB-
JIeH emié B ITyOOKOH JIpeBHOCTH, €r0 aKTUBHOE Pa3BUTHE HAYMHAETCS JIMIIb YyTh paHee OTKPHITHS
panuoakTuBHOCTH AHpH Bekkepenem. Camble TepBble MONBITKM B 00JAaCTH YBEIWYEHHS SHEPIrUU
TeHEepUPYEMbIX YaCTHII ObLTM MPUJIOKEHBI €11IE BO BpeMeHa NepBbIX TpyOok Kpykca, B KoTopbix odec-
NIEYMBAJICS BBICOKMII BaKyyM, YTO MO3BOJISTIO OOECIIEUUTh BBUIET MPUIMYHOTO MOTOKA J1EKTPOHOB
T0J1 IEFCTBUEM TEPMO3JIEKTPOHHON SMUCCUM.

Ho ecim nucxoauts u3 camoro Hauasa, TO B UICTOPHH YCKOpPUTESIel MOKHO HalTH HEMaJIo Bbljla-
IOIIMXCS N300PETEHNH, HOBBIX M SIPKUX (PU3MUECKUX HIeH, B HEKOTOPBIX CIydasix, UMEIOIINX XapakK-
Tep HAy4YHOTO OTKpbITUA. OIHAKO pa3BUTHE METOAOB YCKOPEHUS 3apsKEHHBIX YACTHIL M CTPEMIIEHHE
KO BCE OOJIBIIIMM SHEPTUSIM HUKOTa He ObLIM CaMOLETIbIO U 0053aTeNIbHO MOTYHMHSIINCH B OCHOBHOM,
JIOTUKE Pa3BUTHUS SAEPHOW (PU3MKU U BO3HUKIIIEW U3 HEE (PU3UKU BBICOKHX SHEPTUM.

Panee npoBoauMBble UcCeIOBaHUS U MTOCTPOMKHU B 00JIACTH YCKOPUTENIBHON (PU3UKU MOKHO
M300pa3uTh MpY MOMOIIM AUArpaMMBbl, TAKUM 00pa3oM B CYIIECTBOBAHMUHM OOBEKTHUBHBIX 3aKOHO-
MEpPHOCTE! Pa3BUTHS YCKOPUTEIbHON TEXHUKH MPOCTO M HAIVISIHO YOeXKIaeT Takas 3aBUCMMOCTb
OT BPEMEHM MaKCMMaJIbHOW SHEpPrud, JOCTUTHYTOH B JaOOpaTOpHBIX yciaoBusx. B norapudmmde-
CKOM MacIITabe 3Ta 3aBUCUMOCTb OTPaXaeTcsl MPAMOH JIMHUEH, Ha KOTOPYI0 C HEKOTOPbIMHU Oro-
BOPKaMM MONAJAI0T M CYIIECTBYIOLIME YCTAHOBKU, U MPOEKTUPYEMbIe MAIUHBL. TO €cThb, SHEPIrus
HCKYCCTBEHHO YCKOPEHHBIX JIEMEHTAPHBIX YaCTHUI] SKCIIOHEHIIMAIBHO BO3PACTAET Ha MOPSIIOK Kak-
Ible CeMb-BOCEMb JIET, UTO OTpakaeT OOBEKTHBHYIO 3aKOHOMEPHOCTh Pa3sBUTHS HAYKH U (PU3MKHU
BBICOKMX 3Hepruid. [Ipu Bceil BaKHOCTH HOBBIX Ujieil B (PU3MKE YCKOpPUTESIEH Helb3sl OTMETUTb, UTO
3aMETHBIX U3JIOMOB Ha 3TOH MPsIMO X MOSIBJIEHUE HE BBI3BAJIO U HE NIPUBEJIO K M000OHOMY ciyyae,
HAJIMYMS] KaKUX-JIMOO SIBHBIX OTKJIOHEHUI.

BeposiTHO, niepBbie COOOpaKeHUsI O MOTYyYEHHH MCKYCCTBEHHO YCKOPEHHBIX YACTHII MOSIBH-
JIUCh BMECTE C 3apOXKAEHUEM SKCIEPUMEHTAJIbHOM S/IepHOM (PU3MKK MOC/e UCTOPUYECKUX OIlbI-
ToB 3. Pesepdopaa B 1919 r., XOTS K 3TOMY BPEMEHU YK€ CYLLECTBOBAJIN BBICOKOBOJIBTHBIE PEHT-
TeHOBCKME TPYOKM U YCTAHOBKHU IJisl TOMYYEHUs «KAHAIBHBIX JIydeil», B OMpeIeEHHON CTereHH,
3aCIy’)KMBAIOIME HA3BaHUs YCKOpHTeield. BO3MOXKHOCTH BBICOKOBOJIBTHOM TEXHUKU TOTO BPEMEHH,
Y SHeprus anbga-yacTul] eCTECTBEHHBIX PAIMOAKTUBHBIX H30TOIOB, C KOTOPHIMHU YCKOPHUTEIH ObLIN
NPU3BaHbl KOHKYPHPOBATh, OIpPENEsUId M OMKANIIYI0 1IeJib — TOJyYeHUE YacTUI] C SHepruer
NopsiIKa HecKosbkux MaB. Bripouem, OblIM, KOHEUHO, SICHBI U NIPUHLMIMAIbHbIE PEMMYIIECTBA
yCKOpUTEeill — BO3MOKHOCTb YCKOPEHHSI IPOTOHOB, MHBIX JIEMEHTAPHBIX YaCTHI], & TAKXkKe Halpas-
JIEHHOCTb 1 OOJIbIIIasi ”THTEHCUBHOCTD yYKa, SKBUBAJICHTHASI JIECATKAM M COTHSIM KIJIOTPAaMM ecTe-
CTBEHHBIX PAaJMOAKTUBHBIX IpenaparoB. MHTepecHo, uTo B 20-e rofpl ObUIO BBICKA3aHO JIOBOJIBHO
MHOT'O MJel YCKOPEHHs O OOJBIION SHEPruu, ONepeJUBIIMX CBOE BpeMsl M BOIUIOIIEHHBIX B KOH-
KPETHBIX YCTAHOBKAX JIMIIb MO MPOIIECTBUM MHOTHUX JIET.

TeMm He MeHee, niepBasi HICKYCCTBEHHAs s/IepHasl peakiysl — paclleuIeHre sapa JUTUSA IpoTo-
Hami ¢ sHeprueit 700 k3B — 6pi1a ocymiecTBiena corpyanukamu Pesepdopna Ix. Kokpodrom u 3.
Yorconom B 1931 rogy u cpa3sy ke MOBTOpPEHa B HECKOJIBKUX J1aOOpaTopusx. DTy JaTy U MOKHO
CUMTaTh HAYAJIOM UCTOPUU YCKOPUTETIEH.
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Ymuoxurens Kokpodra-Yonrona

VYcranoBka Kokpodra-Yonrona cocrosiyla U3 JBYX OCHOBHBIX 2JIEMEHTOB — F€HEPATOPA BHICO-
KOTO HAlpsKEHUs] U YCKOPUTEJIbHOW TpyOKu. O06a OHM B TEXHMUYECKOM OTHOLUEHUM IpeTepriesu
B JJaJIbHENIIIEM CYLIECTBEHHBIE MOAU(UKAIMUA. OIHUM U3 OCHOBHBIX TAIOB B Pa3BUTUU IEKTPOCTA-
THUYECKHX ycKopuTesei Obu10 nzooperenue B 1929 rony P. Ban-zae-I'paacom u3 IpucroHckoro yHu-
Bepcutera B CIIIA reHeparopa BHICOKOIO HalIPSKEHUS ¢ MEXaHUYECKUM IlepeHocoM 3apsija. [1oBbI-
IIEHHE SHEPTrUM B 3TUX MAllIMHAX CAEPKUBAIIOCh B OCHOBHOM 3JIEKTPUYECKON TPOUHOCTHIO OTTOPHBIX
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M30JISITOPOB M YCKOPUTENIBHOM TPYOKH, 1O MTPUMEHEHNe TPUHYAUTEIHHOTO pactipe/ie/ieHr st TIOTeHIIH-
aJia TIO3BOJIMJIO BCKOpE MoTyuuTh sHepruio 2,5 MaB. B CCCP B 1938 roay B XapbKkoBe ObLT 3aMyIlieH
JIEKTPOCTATUUYECKUX YCKopUTesib Ha 3,6 MaB. BaxHo Takke OTMETHUTb, YTO K KOHIly S0-X rojgoB
YCKOpUTENIbHasE TPYyOKa CEpUIHOTO MEKTPOCTATHUECKOTO YCKOPUTES BBIAEPKUBANIA YKE HA MOpsi-
IIOK OoJtbliie, a UMeHHo 16 MB.

TeMm He MeHee, OrpaHUYEHHbIE BO3MOKHOCTH METO/A NEKTPOCTATUYECKOTO YCKOPEHUsT ObLITH
OYEBUJIHBI, & pa3BUTHE (PU3MKHU spa HACTOATESHHO TpeOOBAJIO Mepexofa K SHEPrusiM IMopsjaKa
aecaTtka MaB, cpaBHMMON co cpeHell SHeprueil cBs3u HykJIOHa B snpe. [loaToMy KauecTBeHHO
HOBBIM 3TaloB B Pa3BUTHHU YCKOPUTENEH CIeAyeT CUMTATh MOSBICHUE PE30HAHCHBIX METO/IOB, HE Tpe-
OyIOIIMX BBICOKMX HampshkeHui. [lepBble waen Takoro poga ObLTM BBICKA3aHbBI, KaK TMOKA3bIBAIOT
MCCIIeIOBAaHMS], MIBEACKUM YUEHBIM V3uHroM B 1924 romy, HO He IPUBENN K CO3AaHMI0 pabOTOCIO-
coOHO¥ Mopenu. JIMHEeHBIM BapUaHTOM PE30HAHCHOTO YCKOPUTENSl 3aHMMAJICS TaKKe IIBEICKHNA
¢dusuk P. Buzepoe, BHECIIMIT BKIaa U ISl pa3paboTku OerarpoHa. B mx cxemax He ObUIO HHMKa-
KHX TPUHLUITHAIBHBIX HEJIOCTATKOB, HO YBBI, JIMIIh OTCYTCTBHE B KOHIIE 20-X T0/I0B MOIITHBIX KOPOT-
KOBOJIHOBBIX F'€HEpaTOpPOB HE MO3BOJIMJIO OCYIIECTBUTh MX Ha MpPaKTHKe. BhIIle yke ymoMHHAIOCh
00 OOWJINK MOSIBUBIIMXCS B TO BpeMsI e, K OOJBIIIOMY COKAJICHHUIO, HE HAILIEJIIUX TEXHUYECKOTO
BOIUIOIIEHUsI. B 3TOi CBSI3M crieflyeT YHOMSHYTh M UMsl aMepuKaHckoro nxxenepa k. CrensiHa,
B MaTE€HTaX KOTOPOTrO MOKHO HAWTU MPOOOpa3bl HEKOTOPHIX OYAYIIMX YCKOpUTEJel, B TOM YHCIe
M3BECTHOTO OETaTPOHA U JIMHEWHOTO Pe30HAaHCHOTO YCKOPUTES.

Ha peasipHyl0 OCHOBY pe30HaHCHOE yCKOpeHHe ObUIO MocTaBieHo B padortax . JloypeHca,
npoBonuBIINXCs B adoparopun Kamgopuuiickoro ynusepcutera B bepkim. [TpakTiuecku oqHo-
BpeMeHHO B 1930—1932 rr. B 3101 JIaOOpaTOpuy NMOSBUIKMCH PA0OTAIOIINE MOJIEN IUKJIOTPOHA —
MePBOTO IMKJIMYECKOTO YCKOPUTENs, B CO3[aHMU KOTOPOTO BaXHYI pojb chirpad M. JIMBUHT-
CTOH, W JINHEHHOTO Pe30HAHCHOTO yckopuTens ¢ Tpyokamu aperida (. Cnoan). OmHako JTMHEHHbIS
CHUCTEMbI BCKOpE OTOIIUTM HA BTOPOM TUIAH U3-3a HeIoCTaTouHOro passutus texuuku CBY no cpas-
HEHUIO C IIUKJIOTPOHOM, KOTOPBIN YsKe Havyasl MOMCTHHE CBOE OOJIBbIIIOE TpUyM(paIbHOE IIeCTBUE.

Ve B 1935 rony Obuta nmomyuyeHa sHeprusi aibga-dyactui, paBHass 11 MsB u Briepsbie mpe-
BBICHBIIIAs MAKCHMAJIbHYIO SHEPIHI0 €CTECTBEHHBIX PaJHOAKTUBHBIX U30TOMOB, a B 1938 romy ObL1
3amyIeH MUKJIOTPOH C AMaMeTpoM MOMocoB 1,52 M, Ha KOTOPOM ObUIM MOMTyUYeHbl ATb(a-qacTUIbI
c sHeprueit 32 MaB. [lepen HauaioM BTOPOi MUPOBOI BOMHBI ObLIIO HAYATO COOPYKEHUE TUKIIOTPOHA
st aeruTpoHoB Ha sHepruio 100 MaB. Ilepsbiii iuknoTpon B EBporne Obi1 3amyiiieH B JleHuHrpae
B 1936 rogy B PagueBom nHcTutyTe Ha sHepruo 6 MaB.

T'oBopst e 00 oOIIel PO MIUKJIOTPOHA B PA3BUTHU SICPHOM (PU3UKH, TO e€ TPYAHO Iepe-
otleHuTb. OCOOEHHO BaXKHBIM 3TANlOM CTaJIO0 YCKOPEHUE B LIMKJIOTPOHE NEWTPOHOB, CHavalla M3-3a
TOTO MHTEpeca, KOTOPBIN MPEJCTaBIsET JASUTPOH KaK MPOCTeHIast siiepHasi CUCTeMa, a 3aTeM M3-
32 OTKPBIBIIMXCSI BOBMOKHOCTEH TeHEpaIlui MHTEHCUBHBIX TIOTOKOB HEUTPOHOB C TIOMOIIBIO JIETKO
uAymux peakuuil Tvna (d-n), To ecTh IEUTPOH-HEUTPOHHBIX PeaklMil. 3HaueHUe MOCIeJHEro yKa-
3aHHOTO OOCTOSATENHCTBA HE TPeOyeT KOMMEHTAPHUEB, IIOCKOJIbKY Oarofapsi eMy ObLITH BIIOC/IEICTBUM
TMIOJTyYeHbl TOUHbIE KOJIMUECTBEHHBIE CBEJICHUSI O CEUSHUSIX PeaKIMy 3aXBaTa U JiesieHus, n0o peak-
IIUM C HEUTPOHAMH TTPUBJIEKJIM B IATbHEHINIEM OOJIbIIIOE BHUMAHUE 32 CUET YPAHOBOW TEXHOJIOTHH.

[TpoGneMa yckopeHUs SJEKTPOHOB CTOsIIa HECKOJIBKO OCOOHSIKOM M HE MOTJIa OBITh pelieHa
Ha TyTU Pa3BUTHUS LUKJIOTPOHA, MPUHIIUIUAAIBHO HE TIPUTOJHOTO ISl YCKOPEHUSI PEISITUBUCTCKUX
yactull. JInHelHble ke YCKOPUTEH NePEeKIITN CBOE HACTOsIIIee BTOPOE POXKICHHUE JIUIIIb TTOCTIe BTO-
POI MUPOBO¥ BOHBI B CBSI3U C OypHBIM Pa3BUTHEM TeXHHUKH reHepauun CBY-konebanuii s meneit
pamuonokarmu. OgHako B 1940 romy 1. Kepcrom B CIIIA 6but 3ammyIiieH MUKIAYECKUH WHITYKITHOH-
HBIH, TO €CTh He Pe30HAHCHBIN YCKOPUTEb — OeTaTpoH Ha 2,3 M3B, ocHOBHas uiest KOTOPOTo Cofiep-
kajace B nareHTax CrnensHa. bimsko k co3ganuio GerarpoHa nopomen Bunepoe, Briepbie cop-
MYJIMPOBABIININ TaK Ha3blBaeMoOe OETaTPOHHOE YCJIOBHE, MO3BOJISIONIEE COXPAHUTD MPU YCKOPEHUH
paauyc OpOUTHI TOYTH MOCTOSTHHBIM, YTO OKa3aJI0Ch BaKHBIM C IIPAKTHUYECKOW TOYKH 3peHus1. Kpome
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Toro, B Havyajie 40-X rofoB ObUTM YETKO BBISICHEHBI YCIOBUS YCTOMYMBOCTU JIBUKEHUS IEKTPOHOB
B OeTaTpoHe, YTO UMeJIO MPUHIMITHATIEHOE 3HaUeHre. [[e10 B TOM, UTO YCKOPSIOIIee IEeKTPHUECKOe
nosie B OeTaTpoHe B MPAKTUYECKUX YCIOBUSIX OKA3bIBACTCS] OUSHb MAJIbIM U JUIsI JOCTHKEHHS OTHOM
Y TOM e SHEPriy YacTUIIa BMECTO COTEH METPOB, KaK B IIUKJIOTPOHE, AOJKHA IIPOUTH TTOHBIN My Th
B THICSIUM KWJIOMETPOB, HA KOTOPOM, €CTECTBEHHO, CHJIBHO CKa3bIBAIOTCS AaXe MaJjible BO3MYILEHUSI
JBUKEHHUS.

Pa6ora Kepcra Obuta moBTOpeHa, XOTs U He cpa3y, B HECKOJIBKHX JIAOOPATOPUSIX, B TOM UKCIIe
u B CCCP, u 6eTaTpoH BCKOpe CTaJl HAAEKHBIM M TPOCTHIM UCTOYHUKOM TOPMO3HOTO M3JTyYeHHUs,
UCTIONb3YEMbIM B (PU3UKH (POTOSAAEPHBIX peakluil U B TeXHUKE. OHAKO IIaBHbIM HEIOCTATOK LIUKJIO-
TPOHA — HEOOJIBIIIOE YCKOPSIOIIEe oI, MOYTH HeM30eKHO CIEeIYIOIUI 13 HEPE30HAHCHOTO XapaK-
Tepa yCKOPEHHUsI, OH U ONPEAEIsI MaKCMMaJIbHYI0 SHepruio Ha yposHe 100 M3B, korna e KpynHei-
i 6etarpoH Wnmnorickoro yauBepcuteta B CIIIA maBain suepruio 300 MaB. [TpunimnuanbHblin
XapakTep 3TOr0 OrpaHUYEHHMsI CBSI3aH C MATHUTOTOPMO3HBIM MJIM TOYHEE CHHXPOTPOHHBIM U3JTyue-
HUEM YaCTHII, JBUTAIOLIUXCS MO0 OKPYKHOCTU B CaMOW BaKyyMHOW Kamepe.

Teopusi CHHXPOTPOHHOTO M3JTyuYeHHUs], pa3BuTasi B Hauase 40-X rOJOB M XOpPOLIO TMOATBEp-
KIEHHAST SKCIIEPUMEHTAIBHO, YKa3blBaJla Ha HEM30eXKHOe BO3PACTAaHUE C SHEPrUel paJuallMOHHbIX
MOTEPb, KOTOPBIE HE MOTJIN OBITh BOCIIOJTHEHBI OTHOCHTETBHO MAJTBIM YCKOPSIIOIIIUM I10JIeM OeTaTpoHa.
Takum 06pazom, B Hauasie 40-X rOIOB CJIOXKMIIACH BHEIITHE TYIMKOBAS CUTYAIHS: KA3aJI0Ch, YTO Pe30-
HAHCHBIE METO[BI IOCTUTJIA CBOETO MOTOJIKA, CBSI3AHHOTO C PEJIITUBUCTCKMUMU (P eKTamMu, a Hepe-
30HAHCHBIE CTAKMBAJIMCh C HETIPEOJOIMMbIMU TEXHUYECKUMH TPYAHOCTSMU. B To ke Bpems mepe-
XOJI B AMAIa30H SHEPrui mopsiaka coreH MaB Obl1 HeOOXOIMM B CBSI3U C TIOSIBJIEHUEM HOBOM OTPaCiv
HayKH — (DU3UKH JIEMEHTAPHBIX YaCTUIl ¥ TPEOOBAHUSIMU TeHEPAIU HEIABHO OTKPBITHIX ME30HOB,
KOrza e 3Heprus Mmokos [-Me3oHa cocrasisgeT 106 MsB, a m-me3oHa nenbix 140 MsB. Hoswiii
Ka4eCTBEHHBIN 3Tall B ICTOPUH YCKOpUTeNel csizad ¢ nMeHeM B. W. Bekcrnepa, pabortasiiero toraa
B ®UIAH umenu I1. H. JleGenena.
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Brnagumup Mocudosuy Bekcnep

B 1944 rony B. Y. Bekcnep cpopmynupoBai cBoi 3HAMEHUTBIM MPUHLIMI aBTO(DA3UPOBKHU,
COIIACHO KOTOPOMY PE30HAHCHOE YCKOPEHHE MOKET OBITh IPOATIEHO JO CKOJIb YTOTHO OOJIBIINX SHEP-
Uil Ipy BECbMa YMEPEHHBIX TPeOOBAaHMAX K MapaMeTpaM YCKOPSIOIIEro Mojisl. TOT NPUHIKUIT He3a-
BucuMO OblT OTKpHIT B CIIA D. Mak-Mwmutanom B 1945 rogy. MIHTepecHO OTMETUTD, YTO TPHH-
U aBTO(ha3MPOBKHU UCTIONB3YET Te camble 3((DEKThl 3aBUCUMOCTH YaCTOTHI OOPAILIeH s OT SHEPTHH,
KOTOpBIE Ka3aJlIuCh MPENSATCTBUEM IS TTOBBIIEHUS SHEPIHY YacTHIll B IUKJIOTpoHe. Kpome Toro,
NpUMeHeHre OCHOBHOM unen B. . Bekciepa okazanoch HeOOX0AMMBIM /1151 Ooiee ITyOOKOro IMOHU-
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MaHUs1 pabOThl U JIMHEHHOTO PE30HAHCHOTO YCKOPUTENs, a BIOCIESACTBUU U PsAJa APYrux (pusmue-
CKMX IIPHOOPOB, II€ CYLIECTBEHHO B3aUMOJENCTBHE Mekly 00pa3yeMoil B CUCTEME JIeKTPOMarHuT-
HOW BOJIHOM U YCKOPSIEMBIMU 3apsKEHHBIMU YaCTULIAMM.

Takum 06pa3oM MpeACTaBISIeTCs HaYa bHbIN 3TAll pa3BUTHE YCKOPUTEIBHOW TEXHUKH, C Hava-
JIOM COOCTBEHHOTO 3apOXKIEHUSI, Pa3/Ie/IeH!s] HA HECKOJIbKO BUJIOB M 00pa30BaHUEM NEPBbIM (PU3HKO-
MaTeMaTU4eCKUX TEOpUi, KOTOpbIE YK€ HAIIUIM CBOIO peaju3aluio. B fasbHelineM B IpyU MOMOIIY
2 TOTIONHUTEIIBHBIX TEM TI0 UCTOPUH YCKOPUTEIBHOM TEXHUKH OYIIET MOJTHOCTHIO PACCMOTPEH BOIIPOC
0 HOCJIEIYIOIINX MTPOBEJEHHBIX PabOTax JO CEroHAIIHErO AHs, MOC/IE YeTrO MOKHO OyIeT IepPeXOIUTh
HETIOCPE/ICTBEHHO K ONUCAHUIO KOHCTPYKLMY CAMMX YCKOPUTENIEH U UX MaTeMaTU4eCcKoro arnmapara.

KoHTpoJibHBIE BONIPOCHI

1. OnBITHI KQKOTO YYEHOTO CTAJI OCHOBOIIONAraOIIMMH B Hayasie padoT o MPOBEAEHHUIO siep-
HBIX peakiuii 6e3 yckopuTesnen?

2. Korga u kem Oblj1a OCyIIeCTBIICHA NepBast siiepHas peakuus?

3. 3anuimTe ypaBHEHUE NIEPBOU NCKYCCTBEHHOU IEPHOM PEaKLUU.

4. Kako#i y4€HbI pa3padboTai METO/l reHepallii BhICOKUI HANPSKEHUI MTPU MEXaHUYeCKOTO
tuna B 1929 rony?

5. B kakom rogy Obul chopMysMpoBaH npuHLUMN aBTodazuposku B. 1. Bekcnepa?

6. M3 kakux yacren cocrosiia ycraHoBka Kokpodra-Yonrona?

7. I'ne ObL1 3amyILieH OOUH U3 TIEPBbIX JIEKTPOCTATUUECKUX ycKopuTesneit B 1938 rogy Ha sHep-
ruo 3,6 MaB?

8. Korga u rae ObL1 co3/1aH NepBblid TUKJIOTPOH?

9. VKaxkuTte 3HEPruio MoKos W 1 TT-ME30HOB.

10. Kakue yuéHble HE3aBUCHMMO Jpyr OT Jpyra pa3padoTaiyd MPUHLUI aBTO(Ma3MPOBKU
B 1944 rony?
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Jlekusa 2

Tema: ®Pu3nuKa yCKOPUTEJIbHON TEXHUKH C MOJOBUHBI XX BeKa

B nponwieiit pa3 6pU10 3aBEpIIEHO U3y4YeHHe NePBOro Tarna pa3sBUTHs (UMK YCKOPUTENEH,
II0CJIE YEr0 MOKHO NEPEXOAUTH K MOCIENYIOMIEMY U3yYEHUIO, B YACTHOCTH 3TOT 3TAll HAYMHAETCS
c unen B. . Bekcnepa.

Ncxonsa u3 ocHoBHOM (pusnueckon uuen asrodasupoBku, B. WM. Bekcnep npennoxun
HECKOJIBKO KOHKPETHBIE YCKOPUTEJIbHBIE CXEMBI. B IIepBYyI10 04epeb, K HUM OTHOCUTCS CUHXPOTPOH —
YCKOPHTEJIb C IEPEMEHHBIM MArHUTHBIM IIOJIEM U TOCTOSHHOM YaCTOTOM YCKOPSAIOLIETo Mo U ha3o-
TPOH — MOAU(PULIMPOBAHHBIN LIMKJIOTPOH € IIOCTOSHHBIM I10JIEM M IEPEMEHHOM YaCTOTOM, O KOTOPBIX
Oyaer mogpoOHO paccKa3aHO. B cCHHXpOTpOHE IS TSKENBIX YacTHIl, K IPHIMEPY MPOTOHOB, YTOObI
COXPaHHUTh PAAMYC OPOMTHI MOCTOSIHHBIM, HAJ0 MEHSTh M MAarHUTHOE MOJie, ¥ YacTOTy, YTO AAJo
OCHOBaHHME Ha3BaTh €r0 CHHXPO(a30TPOHOM, KOTOPHIN Takke OyneT MoxpoOHo onuckiBarhesi. Kpome
toro, B. M. Bekcnepom ObL1 Ipe/ijio’keH MUKPOTPOH — CBOEOOPA3HBIN LIMKJIOTPOH Il YCKOPEHUS
JIETKUX YaCTULI, IPUMEPOM KOTOPBIX SIBJISIIOTCS JIEKTPOHBI.

BriiBUHYTBIE Hien OBICTPO HavaJIM ITPETBOPSTHCS B KU3Hb, U yKe K Hauaity 1947 rony B Benu-
koOputanuu, CCCP u B CIIA Obutn 3amyuieHsl nnepeble HeOosblIMe CUHXPOTPOHbL. B 1949 rony
B Mockge oz pykoBojictBoM B. U. Bekcnepa u I1. A. YepenkoBa B PUUAH umenu I1. H. JlebeneBa
ObLJ1 3aITyI1IEH IEKTPOHHBIA CHHXPOTPOH Ha 3Hepruio 280 MaB, no3BonuBIIMI HauaTh IJIAHOMEPHbIE
WCCIIEAOBaHUS 110 (POTO-POKAECHUI0 ME3OHOB. Yke K 1960 romy B MUpe CyLIECTBOBAJIO HECKOJIBKO
OIPOMHBIX JIEKTPOHHBIX CHHXPOTPOHOB 3TOTO IMOKOJIEHUS Ha SHEpruio nopsaaka 1 IB.

JI7151 OLIEHKM pa3BUTHS YCKOPUTESIEH TEXHUKU B Te TO/Ibl BAKHO UMETh B BUIY JBa OOCTOSITEb-
CTBa.

Bo-miepBbIx, co3aHue ycKopuTeliel repectano ObITh AeJIOM OfIHO# Jlaboparopuu. BricTpo Bo3-
pacTaioliye Bec 1 MOIIHOCTb IIUTaHUsl MAarHUTOB, MOTPEOHOCTh B CHIELMAIM3UPOBAHHBIX 3aALUIIEH-
HBIX TIOMEIIEHHUsIX, HOBbIE TPEOOBaHUS K BaKyyMHBIM M BBICOKOYACTOTHBIM CHCTEMaM, HAaKOHEI,
OoJblIIast CTOUMOCTb U TPYJOEMKOCTh YCKOPUTEIBHbBIX YCTAHOBOK IPUBEJIH, 1O CYIIECTBY, K MOSIBJIE-
HUIO cniennann3uposadHol npombinuieHHocTu. B CCCP 3HaunTenbHyI0 poiis chirpai PagnorexHu-
YECKMHU MHCTUTYT, Bo3miaBisembin A. JI. Munuem, HUU snekTpoduznyeckor annapaTypbl UMEHH
I1. B. Edppemona B Jlenunrpane, padorasimii o pykoBoactsoM E. I'. Komapa u npyrue. Henb3st
HE OTMETUTb TaKKE BBIAAIOLYIOCS POJIb JIIOAEN, KOOPANHUPOBABIIMUX 3Ty AeAreabHocTh — [1. B. Edpe-
MoBa, A. M. Ilerpoceksanua, K. H. MemepsikoBa 1 MHOIMX ApPYTHX.

Bo-BTOpBIX, 3TOT 3Tal pa3BUTHUSA YCKOPUTEIBHOM TEXHUKU M UCTOPUUYECKH, U TIO CYLIECTBY COB-
najaj ¢ pa3BUTHEM padOT IO MPUKJIATHON AAepHON (pr3nKe. ITO 00YCIOBUIIO U3BECTHYIO OI'PaHU-
YEHHOCTh MH(POPMALIMM O KOHKPETHBIX TEXHUYECKUX IPOEKTaX U PEIICHUSAX, B 3HAUUTEIILHOU MEpPe
CaMOCTOATEJIbHBIN XapaKTEP Pa3BUTUSA YCKOPUTEIbHON TexHUKU B CoBerckoM Corose.

B 1949 rony B X0opoIo u3BecTHOM HblHe ropojie [lyOHa OblT 3amyllieH KpyIHEeHIui B MUpe
yCKOpUTEb — (ha30TPOH UM k€ CUHXPOLIMKJIOTPOH Ha sHepruio 680 M3B. CpaBHuMOIl 1o MaciuTady
YCTaHOBKOH OBbUT B TO BpeMsI Takke CUHX polMkIoTpoH Kanmudophuiickoro yausepcuteta B bepkim.
Haxe k 80-M rogam 3T YCTAaHOBKHM COXPAHAIOT JUIUPYIOILEE, XOTA yKE U HE PEKOPIHOE, MOJIOXKeE-
HUE B CBOEM KJlacce MalnH. KpynHenmmm CMHXpOLMKIJIOTPOHOM Ha MOMEHT 80-X rofioB SBJISETCA
mamvHa MHcturyta sigepHor ¢usuku umenu b. I1. KoncrantuHoBa B ['arunne noa JleHuHrpamom.
JlnameTp MarHUTHBIX TOJIIOCOB 3TOM YCTAaHOBKH, PACCUMTAHHOM Ha 3Hepruio 1 I'3B, cocrasiiseT okomno
7,5 m.

IlepBbIMU KPYITHBIMUA POTOHHBIMHM CHUHXPOTPOHAMU ObLIM KOCMOTpOH Ha 3 3B B Bpykxeii-
BeHCKo#1 MaGopatopuu nox Helo-Vopkom, cospanusiii B 1952 romy, cHHXpoTpoH BUpMHUHraMckoro

13



B. X. Kapumos, 1. X. AnueB. «Pusuka yckopuTesen 3apskeHHbIX YacTuIl. YueOHOe rocooue»

yHuBepcutera B AHrmn Ha 1 9B, noctpoennsiit yxe B 1953 rogy u 6eBatpon B bepkin 1954 rona.
[NocnenHss MalIMHa 3aCTy)KUBAeT 0COOOr0 YIOMUHAHHUS, TaK KaK MaKCHMAaJIbHasi SHEPrusi IPOTOHOB
B Hell cocrapsionias 6,3 9B, Obula crielMaibHO paccyrTaHa Ha BOZMOXKHOCTh TeHEPAITUH Map Mpo-
TOH-QHTUIPOTOH M HEUTPOH-aHTUHEUTPOH. VICKyCCTBEHHOE CO3/IaHMe TSIKENBIX aHTUYACTHII, BIEp-
BbIe ocylecTBiIéHHoe D. Cerpe B COTPYIHUYECTBE, CTAJIO TPUYMPOM YCKOPUTETbHON (DU3UKU.

Heckomnbko nosxe B JlyOHEe 3aBepIIIOCh CTPOUTENBCTBO KPYITHEHIIIETO B MUPE YCKOPHUTEIIS —
cuHxpodazoTpoHa Ha sHepruio 10 I'sB. Hekotopsle 1i1pbl, CBSI3aHHBIE € 3TOM YCTAHOBKOM, BIleyar-
nsimm gaxe B 80-X rogax — mo nporrectBuu 6osee 20 net. KomblieBoit MarHUT YCKOPUTEIS paJlnyCcoM
28 M 1o opbute u mmpuHo# 7,5 m Becut 36 000 TOHH, cOOpaH U3 MMXTOBAHHOH TIIATEILHO OTCOP-
THUPOBAHHOW CTAJIM M YCTAaHOBJIEH C OY€Hb BBICOKOW TOYHOCTHIO. CHcTeMa MUTaHUSI MarHUTa UMeeT
PEaKTHBHYIO MOIIHOCTB Nopsiaka 140 MB*A, a nonepeyHoe ceyeHre BakyyMHOW KaMepbl COCTABJISIET
200*40 cm. ['oBopst ke o cuaxpodazorpone B [lyoHe, npuHaaexanpi O0beTUHEHHOMY HHCTUTYTY
sanepHbix uccnepoBanuii (OMSIN), on 6wt 3amymieH B 1956 romy.

[TapannenbHO LMKJIMYECKMM YCKOPUTENISM B IIOCIEBOCHHBIE TOfIbl HAyald pa3BUBATHCS
U JIMHEWHBIe YCKOPHUTENH, Cpasy ke pa3OuBIIMecs Ha JBa MOJKJAcca, — JIEKTPOHHBIE M MOHHBIC
MAaIvHbL. [I7151 TepBBIX XapaKTepHOM OCOOEHHOCTBHIO OBbLIO TOCTOSIHCTBO CKOPOCTH YCKOPSIEMBIX
YACTHII, TPAKTUYECKU paBHOM CKOpocT cBeTa. Hanbosnee 3¢ ek THBHOM YCKOPSIONIEH CUCTEMOH /11T
HUX OKazaJics AuadparMMpOBaHHBIA BOJIHOBOA C OEryIei JeKTpOMAarHUTHOW BOJTHOM, BO30YykK/1a-
€MOI OT MarHeTpoHa, a MO3/IHee OT KJIMCTPOHHOIO YCUJIMTENSI MOIIHOCTH, Kak MpaBuio, 10-caHTu-
METPOBOI'O JHana3oHa.

be3 mpUHIMMUAIBHBIX W3MEHEHWH (PU3MUYECKOro XapakTepa 3TU CHCTEMbl MPUMEHSIOTCS
u tenepb. [lepBbIil yckoputenb Ha Oeryineid BoiHe Obul 3amymieH B 1948 romy V. Yonkunioy
C COTPYIHMYECTBOM B AHIJIMM, OIHAKO MaKCUMaJIbHAsl SHEPrus, MOTyueHHasl HAa TaKUX MallliHaXx,
J0JITOe BpeMsl OCcTaBajiach HEOOJBIION, M TOJIBKO B KoHIle 50-x Havyane 60-x romos B CIIIA, CCCP
1 Bo ®paHimu ObUTH MOCTPOEHBI SJEKTPOHHBIE YCKOPUTETM Ha HECKonbko cor MaB. Kpynneit-
umii B CCCP nuHenHbli yCKOpUTEb 3J1€KTPOHOB Ha 3Hepruio 1,8 I'3B Haxonutcess B XapbKOBCKOM
®usuko-texunyeckom uHcruryte (OPTHU). Ina pazButus PpU3MKK JMHEHHOTO YCKOPEHUSI JIEKTPO-
HoB MHoro caenanu E. I'muanron, JI. Cmurt, B. ITanosckuii, P. Hun, a 8 CCCP - A. 1. Axue-
3ep, B. B. Bmagumupckwii, 1. B. ®eiindepr, . A. I'pumaes, O. A. Banpauep, H. A. XuxHSK,
P. M. BopoHKOB U apyrue.

Ha pasBuTHe nMHEHHBIX yCKOpUTESed MPOTOHOB M MHBIX TSKENBIX YACTHIL pelaloniee BIIus-
HUe okazana padora JI. AnbpBapena — corpyaauka J. JloypeHca, ucrnosnb3oasiiero B 1947 rona ans
YCKOPEHUsI TTPOTOHOB 10 32 M3B MHOro3a30pHblil pe30oHaTOp, UK CHCTeMy TpyOok apefida, pacro-
JIO’KEHHBIX B 001eM Oake. CucteMa 3Ta OKaszajiach HACTOJIBKO YIAUYHOM, UTO C MaJIOCYIECTBEHHBIMU
M3MEHEHUSMU MTPUMEHSIETCS U Teleph Il YCKOPEeHUsl 4O CpelHuX 3Hepruii, MeHbmx 200 MaB.
OpHaxo 1py yCKOpeHUH MPOTOHOB A0 3Hepruii cbiiie 100—200 M3B cucrema AnbBapena okasbl-
BaeTcs Majod((eKTUBHOM, a cucTeMa Tuna auadhparMUPOBAaHHOTO BOJIHOBOJA, padoTamomas mpu
CKOPOCTSIX TIOpsIJIKa CKOPOCTH CBETa, eIIé He MOXeT ObITh MprMeHeHa. VIMeHHO 13-3a 3TOro JoJroe
BpEMs1 SHEPIUsl B JIMHEMHBIX IPOTOHHBIX yCKOpUTeNsix He npepblasia 100 M3B, a camu oHu ciy-
KWJIH, TJIABHBIM 00pa30M, KaKk WHKEKTOPHI AJ1s1 OOJIBIINX MIPOTOHHBIX CHHXPO(a30TPOHOB.

O/HOBpEMEHHO C CO3[JaHMEM KPYIHBIX YCKOPUTEJIbHBIX YCTAHOBOK PE3KO YBEJIUYMJICS UHTE-
pec K Teopur ycKoputesierd. DTo BHOJIHE OOBSCHUMO, TaK Kak 0e3 YETKOro MOHMMAaHHUsI BCEX OCO-
OeHHOCTE ABUKEHUSI YaCTHUI] IIPOSKTHPOBAHKE U COOPYKEHHE JOPOrOCTOSIINX YHUKAJIBHBIX MAIITHH
OBbLIIO ObI TPOCTO HEBO3MOKHBIM.

[NoBblIIeHNe SHEPrUK YCKOPUTETIEH TMOKa YTO HEM30EKHO CBSA3AHO C YBEJMUEHHEM pa3Mmepa
yCTaHOBKM. Eciu 10mycTuTh, Y4TO pasmepbl LIUKJINYECKOTO YCKOPUTEINS JIMHEWHO pacTyT C MaKCH-
MaJIbHOM SHEpruen, a 3To He TaK YK JAJEKO OT peaJlbHOCTH, TO, CKaXeM, Macca MarHuTa JOJIKHA
pactu kKak KyO sHepruu. BosBpaiasich K xapaktepuctukam cunxpodazorpona OUAN, werpyaHo
BUJIETD, UTO J]a’Ke CTOJIb ITPO3aUeCcKHe TPYTHOCTH MEPEPACTAIOT B MPUHIIUITUAIBLHO HENPEOAOIUMBIE,
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€CJIM Ha TeX ke OCHOBaX MPOEKTUPOBaTh MarHUT X0Ts Obl Ha 30—50 ['3B. [l Toro 4ro0s yMeHb-
LIUTH NONEPEYHOE CEYEHUE MAarHuTa, HyKHO, IPeX/JE BCEro, yMEHbIINTh CEYEHHUE IyUKa, T.€. Pe3KO
YAYUIIUTh (POKYCUPOBKY UYACTUIl OKOJIO pacu€THOW Tpaektopuu. Crenarh 3TO 3a CUET U3BECTHBIX
MEXaHU3MOB OKa3bIBAJIOCh HEBO3MOKHBIM. [103TOMY OuepeiHbIM KaueCTBEHHBIM 3TAllOM B UCTOPUU
YCKOPUTEJIEH ClIelyeT CUMTATh MOSIBIIEHUE CUIbHOM, WX KECTKOM, (POKYCUPOBKH, IPUHLIUI KOTOPO
ob11 chopmynuposat P. Kypantom, M. Jlusunrcronom, u I'. CHaiinepom B 1952 rony.

YMeHbllleHre pa3MepoB IydKa JOCTUTAIACH IPU 3TOM 34 CYET CEPbEZHOTO YCJIOKHEHHUS Mar-
HUTHOM CUCTEMBI, Ja M CaM MPUHLMI HEJb3s1 CUUTATh OYE€Hb HAITISAHBIM C (PU3MYECKON TOUKU 3pe-
Hus. [ocnenHee oOCTOSATENBCTBO OKA3aJOCh COBCEM HEMAaJIOBaKHBIM: €lI€ 3a JIBa rofa /10 3TOro
cuiibHasi (POKYCHMpOBKa OblIa TpeIokeHa TOTIa HeM3BECTHBIM IpeueckuM nHxeHepoM H. Kpucro-
dunocom, HO ero padoTa B PyKONUCHU HE MPUBJIEKJIa HUKAKOTO BHUMAHHE M OCTalach HEOoIryOsm-
KOBaHHOI. TeM He MeHee paboTOCIIOCOOHOCTh U PEeaTM3yeMOCTh MIPUHITUINA CUIIBHON (DOKYCHPOBKH
HUKAKUX COMHEHHI He BBI3bIBAJIH, IOCKOJIBKY 0A3UPOBAJICS OH XOPOIIIO M3BECTHBIX MOJIOKEHHSX TEO-
pUH YCTOMYMBOCTH AU pepeHIMaTbHBIX YPaBHEHUH ¢ IEPUOJNYECKUMU KOI(P(PULIMEHTAMU.

[IpaBna, nepBoHaYaIbHBIE OLIEHKU MapaMeTPOB CHIIBHO(POKYCUPYIOLIETO YCKOPUTEIIsS OKa3a-
JIMCh CIIMIIKOM ONTUMHCTUYECKMMH, YTO TIOKa3asl OoJiee TIIATeNbHBIA aHAIW3 TpeOyeMOH TOYHO-
CTH M3TOTOBJICHUS M YCTAHOBKM MarHuTa. TeM He MeHee Jaxe B Oojiee CKPOMHOM BapHaHTe TPUH-
IIUIT CHJIBHOW (POKYCHPOBKHU OOEIa)l SKOHOMHIO BECA ¥ MOITHOCTH MUTAHKS MarHuTa OOJbIIe, YeM
Ha MOPAJIOK.

DKCNEePUMEHTAJIBHO TIPUHITUI CUJIBHON (DOKYCHPOBKH ObLIT OBICTPO TpoBepeH P. Busbconom
C COTPYAHMYECTBOM Ha PEKOHCTPYMPOBAHHOM 3JIEKTPOHHOM CUHXPOTpoHe KopHemibKkoro yHuBep-
cutera. OIHAKO MPEUMYIIECTB €r0 MOTJIH MOJHOCTBIO CKa3aThCsl JIUIIb B OONBIIMX MamuHax. K aromy
HOBOMY IOKOJIEHMIO OTHOCWJIMCh TPU MpoekTa cMHXpoTpoHoB: Ha 28 5B B LIEPHe, EBponeiickom
neHTpe 1o ¢gusuke BoiIcOKUX sHepruii B Kenese, Ha 30 ['9B B MHcTUTYTE TEOpEeTUUECKON U IKCIe-
puMeHTanbHOU pusuku (UTIP) B Mockse. [locneansas mammHa paccMaTpuBaiach Kak IPOMEKY-
TOYHBIW 3T J1s1 CO3aHUs1 YCKOpUTEs Ha Hepruu nopsjaka 50—o60 IB.

DNEeKTPOHHBIM CHUJIBHO(POKYCHPYIOIIMM MAlIMHAM CHAyasa y/Ieasyloch OTHOCUTENILHO MEHbILIE
BHUMaHHS U3-32 OOJIBIIMX TPYAHOCTEH, CBA3AHHBIX C KOMIIEHCAIMEH paJIMallMOHHBIX MOTEpPh MPH
BBICOKMX 3Heprusix. OJHAKO HEKOTOpBIE MPEUMYILECTBA NEKTPOHHBIX CHUHXPOTPOHOB, U3 KOTO-
PbIX HE MOCJEJHIOI POJIb UIPAeT MPOCTOTA MHTEPIPETAMU IKCIIEPUMEHTOB IO JIEKTPOMArHUT-
HOMY B3aMMOJIEVCTBUIO SJIEMEHTAPHBIX YACTHULI, IPUBEJIU K MOSBJICHUIO psija IPOEKTOB HA SHEPTUI0
B HECKOJIbKO [ 3B, nepBbIM M3 KOTOPBIX OKa3aJICsl HOBBIX CHHXPOTPOH KopHesuibcKoro yHuBepcurera,
MIOCTPOEHHBIX 107 pyKoBoAcTBOM P. Buibcona. BriocnenctBum sHeprus Ha 3TOM YCTaHOBKE IPEBbI-
cuia 10 IB. Hayno ormeruts, uto crienmguka, co3aBaeMasi HAJIMUUEM CUHXPOTPOHHOIO U3JTyYe-
HUSI, OTHIO[b HE CBOIUTCSI TOJIBKO K KOMIIEHCAIMU MOTeph SHEPruM, U pa3paboTKa 3MEKTPOHHBIX
YCKOpUTEJIel Ha OOJIBIITYI0 SHEPrHIo MOTpedoBaa MoC/IeJOBATEILHOIO YUETa MHOTHX PaIMallMOHHBIX
appexToB.

[puHIMn cuabHOM (POKYCHMPOBKM OBbUT OBICTPO OOOOIIEH M HA JPYrve THIbl YCKOPUTETIEH.
B yactHOCTH, IpUMEHEHME €T0 K LIMKJIOTPOHY BO3POIMIIO Ha HOBOI OCHOBe npeasioxenue JI. Tomaca,
cnenanHoe emE B 1938 rogy, U MpuBeso K MOSIBJICHUIO ITPOEKTOB MAIIMH HOBOTO KJjlacca — M30-
XPOHHBIX IUKJIOTPOHOB, OONAAOIIMX MOTEHIMATBHO OYEeHb BBICOKOW CpeJHEH WHTEHCHBHOCTHIO
nydka. [IepBble MaIIMHBI TAKOTO TUTIA HA HEOOJIBIITYI0 SHEPTUI0 OBLIH MIOCTPOEHBI B KOHIIE SO-X Tof10B
B CHIA, lNomianauu u B8 CCCP B OUAN nop pykooactom B. I1. [Ixenenosa u B. 1. [Imurpues-
ckoro. Emg pansire, B 1953 rogy A. A. Komomenckum, B. A. ITyréxoseim u M. C. PabuHoBuuem
ObLT TIPE/IIO’KEH BAPUAHT CHUIIbBHO(OKYCHPYIOIIEr0 KOJBIIEBOTO YCKOPHUTENSI C TIOCTOSIHHBIM TOJIEM,
Ha3BAaHHOT'O KOJIBLIEBBIM (Da30TPOHOM.

B ncropun yckoputesnein BO MHOIOM IIpUMeyaTeIbHbIM oka3auicst 1956 rox — nata nepBoi Mex-
AOyHApOAHOW KOH(epeHIMU 1o yckoputesisiM, cocrosiBiueiicst B LIEPHe.
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Bo-riepBbix, OHa 03HaAMEHOBaIa cOO0U HaYasIo HoJiee IMUPOKOro ooMeHa nH(popMaIvei u uie-
SIMHU, JITYHOTO KOHTAKTA MEX/y CHEUATIMCTAMH Pa3JIMUHbIX CTPaH.

Bo-BTOpBIX, Ha HEll BIIEpBbIE ObLIN AOJIOKEHBI TPUHITUITAAIBHO HOBBIE HJIEW, HEKOTOPBIE 3 HUX
yXke OCYIIECTBIICHBI, a IPyTrhe CO3AI0T JaNEKYI0 MepCIeKTUBY Ha Oyaylee.

K umcny takux uneii cienyer otHecty npemioxkenue [. Kepcra 06 ocyiecTsieHnu saepHbIX
peaKLuil H BCTPEYHBIX ITyYKaX YCKOPEHHBIX YaCTHI], YTO PE3KO yBeaMuuBaeT 3 (PeKTUBHYIO SHEpP-
ruio ux B3aumoseicTBus. COOCTBEHHO TOBOPSI, CaM 3TOT YUCTO KHHeMaTHUeCKuil 3(pheKT ObLT U3Be-
creH panee. 3aciyra JI. Kepcra coctosiia B JOKa3aTeslbCTBE TOTO, YTO BIIOJIHE peajibHO HAKOIMUTD
TAKOHW TOK PEISITUBUCTCKUX ITyYKOB, LIMPKYIMPYIOIINX B MOCTOSHHOM MarHUTHOM TIOJIE, TIPH KOTO-
POM CKOPOCTb OTCYETA TMOJNE3HBIX COOBITHI CTaHET BIOJIHE JOCTYITHOM JJIsl HAOMIOIeHNSI, HECMOTPSI
Ha KPalHIOI Pa3pekEHHOCTh TOW «MUIIEHW», KOTOPYIO MPEJCTaBIseT COOOW BCTPEUHBIA MYYOK.
Wnes Oblia HEMeUIGHHO MPUHSATA K MPaKTHYecKoi peanm3armu [x. O’Heiisom, ncrnonb30BaBIIMM
nmy4yok ot yckopuresss Ctandopackoro ynusepcutera, v I'. Y. BynkepoM, BO3IJIaBUBIIMM HOBBIV
Wucturyt sinepHoit pusuku (UAP) B HoBocubmpcke.

Ha mepBbIX 3Tanmax pedys IIIa O BCTPEYHBIX MyUYKAX JEKTPOHOB, YTO MO3BOJIMIIO MPOBECTH
TOJIBKO OJIMH THI 3KCIEepUMeHTa — ee-paccesiHre. Creayiomuid pemaouid mar cocTosyl B 0Cy-
IIECTBJIEHUU JIEKTPO-TIO3UTPOHHBIX YACTHI] MO3BOJIMIIA PE3KO PACIIUPUTD KJIACC IKCIIEPUMEHTOB,
BKJIIOYUTH B HUX 00pa30BaHUE BTOPUYHBIX YACTHII, B TOM YMCJIE KOPOTKOXKHUBYIIUX P- U (P-ME3OHOB
Y oApoOHEee BOMTH B MPOIIECC N3YUYEHUSI AHTUMATEPUH B SKCTIEPUMEHTATBHOM CMBICIIE.

Emg 6onee HeoxupanHON ObUIa rpyma padoT COBETCKUX aBTOPOB, OTHOCSIIIUXCS K TaK Ha3bl-
BaeMbIM KOJUIGKTUBHBIM MeTofiaM ycKopeHHs. CyTb MX 3aKJII0YaeTcss B TOM, YTO IJIsl YIIPaBJICHUS
ABWKEHUEM YaCTHUI] U UX YCKOPEHUH HCIOb3YIOTCS TOJIsl MPOCTPAHCTBEHHOTO 3apsia M TOKa JpY-
T'UX, MEJIIEHHBIX YaCTHII, YTO TIO3BOJISIET CHATh HEKOTOPbIE IPUHIIMIHATBHBIE OrPAaHUYEHUsI, CBOM-
CTBEHHBIE OOBIYHBIM ycKopuTensiM. Tak, f. b. ®eitHOeprom ObUIO MpenIokKEeHO UCTIONB30BATh IS
JIMHEWHOTO YCKOPEHHSI MOHOB MeJIIEHHbIE BOJIHBI B IUJIa3Me, MaKCUMaJIbHAsl HANIPSKEHHOCTD TOJS
B KOTOPBIX HAMHOT'O TPEBHIIIAET HAMPSKEHHOCTh B OOBIYHBIX BHICOKOYACTOTHBIX crcTeMax min BY
cucremax. I'. U. Byakep omyOnukoBasi cBou padOTHI MO TaK Ha3bIBAEMOMY CTAOMIIM3MPOBAHHOMY
MYYKY — IBYXKOMITOHEHTHOM JIEKTPOH-MOHHOM CUCTEME C OOJIBIIIMM TOKOM, B KOTOPOW Pa3BUBAIOTCS
OYeHb OOJIbIIINE COOCTBEHHbIE MATHUTHBIE TTOJIS.

Oco6o0 ciemyer OTMETHTSH IMTyOMUKaIuio cepuu padot B. V. Bekciepa B coTpyaqHryecTBe, Haua-
TOM B Havyajie 50-X ro/loB U MOCBSIMIEHHBIX YCKOPEHUI0 MOHOB MOTOKAMHU U CTYCTKAMH JIEKTPOHOB,
MMEIOLIMX CPABHUTEILHO HEOOJBIITYIO SHEPrHio. XOTsI BO BCEX ITUX CIIydYasix pedb IIJIa TOIBKO O TeO-
PETHYECKHX padoTax, MOsIBJICHNUE HOBOTO KPyra MJIei BbI3BAJIO OTPOMHBIN MHTEPEC M MHUITUTMPOBAIIO
HayaJo SKCIEpPUMEHTOB BO MHOTHUX Jlaboparopusix. K coxasieHuio, SKcriepiMeHTaIbHbIE TPYJHOCTH
OKa3aJIMCh CIMIIKOM BEJIMKH, M METOIbl KOJUIEKTHBHOTO YCKOPEHHUsI 0 CHUX MOP MOXKHO OTHECTH,
CKOpee, K MEePCIeKTUBHBIM, YeM K OCBOSHHBIM.

B 1959 rony non pykosoactBom k. Anamca ObUT BBITYIIIEH TPOTOHHBINA cHHXpoTpoH LIEPHa
Ha 28 I'3B — nepBas Oosblnas MaMHa HOBOTO MOKOJIEHU S, UCTIONb3YIOIIask CUIbHYI0 (DOKYCHPOBKY.
Cpazy xe 3a 3TiM nocjieioBa 3ammyck bpykxeisenckoro yckopuress Ha 30 ['9B nog pykoBoactsom
I'. I'puna, a 3aTeM MOSIBUIACH CEpUsl JIEKTPOHHBIX CHHXPOTPOHOB Ha SHEPrHi0 B HECKOJIBKO [3B —
yxe ynomuHapmiicsi Kopaennbckuit cuaxpotpos, KemOpumxckuii cuaxporpos B CIIIA, ycraHoBKa
DESY B I'amOypre (®PT), anrmuiickmii cuaxporpon NINA. B Coserckom Coroze B 1967 romy nox
pykoBozacTBoM A. M. AnmxaHsiHa ObUT 3aITyIieH CHHXPOTPOH EpeBaHCcKOro (pu3nveckoro MHCTUTYTA
Ha 6 [B. Ha 31X MammHax ObUT MOTyUYeH BaKHBIN SKCIIEPUMEHTAIbHBIA MaTepual, OTHOCSIIUICS
K (PU3MKE TSKETBIX ME30HOB, TUTIEPOHOB, HEUTPUHO U T. 1.

B o111 romel ObUT creNlaH KayecTBEHHO HOBBIM IIar M B TEXHWKE JIMHEHHOTO YCKOPEHHS:
B 1967 romy ObLT TOPKECTBEHHO OTKPHIT TMTAHTCKUIA JIMHEWHBIN YCKOPUTENb JIEKTPOHOB IMHOM
okoJ10 3 kM B CTaH(]OpICKOM YCKOPUTEJILHOM IIeHTpe, pykoBogumoM B. ITanosckum. Ilo nocturny-
Toi sHepru (23 [3B) 3ToT yckoputenb Ha MOMeHT 80-X TOIOB HE UMeJI 1axke OIM3KUX KOHKYPEHTOB.
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B 60-x romax npou3olwio Tak:ke HEKOTOpOe U3MEHEHHE B MOJX0/1€ K OCHOBHBIM IIapaMeTpam
yckopuTeneil. Panee cuntanock Oonee WM MeHee eCTeCTBEHHBI, UTO C YBEJIMUSHUEM SHEPIUM y AaH-
HOT'O KJlacca YCKOpHTeNed, Kak MPaBIJIO, MaJaeT MHTEHCUBHOCTD MTy4Ka, XOTsI Obl N3-32 YMEHBIIIAI0-
IIElCs 4YaCTOThl IOBTOPEHUSI IMKJIOB, OTHOCUTEJIHO MEHBILEN anlepTypbl KaMepHl U T. 1.

Ot10 OBIJIO OTMEYEHO Ha OJHOM M3 KOH(MEpEeHIINH, T1e PSAIOM C yKe YIIOMHHABIIUNACS IKCIIO-
HEHIMAJIbHON KPUBOHM pOCTa SHEpPruu ObUIa MPUBE/ICH PUMEPHO JIMHEWHO Crajaioliasi MHTEHCHB-
HOCTb BBOJIMMBIX B CTPOI MalllMH C PEKOPIHOM 3Hepruei. JInHelHas 3KCTpanossuys MpuBOAniIa
K JIOBOJIbHO MPa4HOMY BBIBOZLY O TOM, UTO B cepeiuHe 70-X TOI0B MOXET MOSIBUTBCS «UEaTbHBIN»
YCKOPUTEJb C OOJBIIION SHEPrUei U HyJIeBOW MHTEHCUBHOCTBIO.

[NonoGHble onaceHust MOSBIISUIMCH TOCTEe HEKOTOPBIX BBICTYIUICHWH, HA 3TON KOH(EpEeHIInH,
HO MX HaJMuKe U CJIECTBUE MOABOIWIO K 0OPAa30BaHMIO HOBOTO 3Tara pa3BUTHUsI YCKOPUTETbHOM
TEXHUKH, BIUIOTh JJO CETOIHSIHUX THEH.

KoHTpoJibHBIE BOIIPOCHI

1. Tlepexon Ha KakoW MOPSAAOK SHEPTUH IyYKOB yacTull B 60-X rogax mpoIIoro CTOJETHUs
CTaJIO OIHUM U3 MTPOPBIBHBIX ?

2. KakoBbl napamerpsl cuHxpoga3zorpona [lyOHsl, 3amymieHHbld B 1956 rogy Ha sHEpruio
10 I>B?

3. B kakoM rogy npoliuia neppas MexJyHapoaHas KOH(EPEHUMS 110 YCKOPUTEIbHONU TEXHUKE
B IIEPHe?

4. Korna u rae ObUT cO3[1aH NIEPBBI CHHXPOTPOH?

5. K10 pyKOBOOMJI CO3JaHUEM CMHXPOTPOHA Ha sHepruio 280 MaB B Mockse?

6. B kakom rogy Obu1 co3aH nepssiil (pa3oTpoH B [yOHe?

7. Yemy Oblta paBHa SHEPrHsi IEPBOrO CUHXPOLMKJIOTPOHA?

8. Kakoe BTOpoe HauMEeHOBaHUE UMeEET (Pa3OTPOH?

9. Kak Ha3zpIBasICA NEPBBIM KPYIHbIA TPOTOHHBI CHHXPOTPOH Ha 3Hepruio 3 9B, coznanHbi
B 1952 rony?

10. I'ne 6T co3naH MEepBbIA KOCMOTPOH 1952 roma?
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Jlexknua 3

Tema: ®Pusuka yckopureJiei 10 CEroAHAIIHEr0 THS

OmnaceHus1, 0 KOTOPbIX TOBOPWJIOCH B IPOLIUIBIA pa3, KOHEYHO, HE OIPAB/IAJIMCh; OOJbILIE TOTO,
MPOEKTHASI MHTEHCUBHOCTD CTasla OBICTPO MOBBIIIATHCSA, A YKe padOTaloIIie MAIMHBI TIOABEPITIMCH
PEKOHCTPYKLIMM U1l YBEJIMUEHHS YMCJIa YCKOPEHHBIX YacTull. [IprumHa 310ro0 npocra — AOMOJIHU-
TEJIbHBIE CPE/ICTBA, 3aTPAYCHHBIE HA MOBBIILIEHNE NHTEHCUBHOCTH YHUKAJIBHBIX JOPOTOCTOSAIIMX yCTa-
HOBOK, CTaJIM C IMXBOW OKYIIaTbCs1 NOBBIIEHNEM 3(P(PEKTUBHOCTH X UCIIOIb30BAHUA, COKPAILIEHUEM
BPEMEHU SKCIIEPUMEHTA U YBEJIMYEHHEM €TI0 MPELU3UOHHOM, BO3MOXHOCTBIO MPOBENCHUS Kaue-
CTBEHHO HOBBIX 9KCIIEPUMEHTOB C OTHOCHTEJIBHO MAJIBIM UKCIIOM TIOJIE3HBIX COOBITHH U T. 1. OmHO-
BPEMEHHO BO3pOCJIO TaKkK€ BHUMAHUE K KAYECTBY YCKOPEHHBIX ITyYKOB — HX SHEPr€THUECKOMY
Y YIJIOBOMY pa3Opocy, MOJISIpU3alliy, CeNapaliii BTOPHYHBIX YaCTHIL U T. J1. [lepBocTeneHHoe 3Have-
HIE IPHOOPEITN TaKKe BOIIPOCH! Pa3BOJIKM ITYYKOB C HECKOJIBKMX MUINIEHEH U OTHOBpPEMEHHas I0CTa-
HOBKa Ha My4YKe HECKOJIbKMX SKCIIEPUMEHTABHBIX padoT.

C ToukHM 3peHus PU3MKU YCKOPEHUs 3a]ay MOBBIIIEHUS] HTHTEHCUBHOCTH O3HAa4aj1a HEOOXOIH-
MOCTb y4€ETa M MCIIOIb30BaHMS ITOTO ITyUKa, KOTOPbIEe OKa3aJIMCh BeCbMa MHOr0OOpasHbIMu. B yact-
HOCTH, ObUIO OOHApYKEHO U HMCCIIEZI0BAHO MHOTO 3(P(EeKTOB HEYCTOMYMBOCTH KOT€PEHTHBIX KOJIe-
OaHMI YacTHIl IMyYyKa, COMMKAIMX €ro MOBeJeHNe C MOBEJCHHEM IUIa3Mbl BO BHEUIHUX MOJSX
Y OIrPaHUYMBAIOIINX JOIYCTUMOE YHCIIO YACTHIL] B YCKOPUTEIISX.

Oco0eHHO cepbE3HBIMU ITU SIBJIEHUS OKA3a/IMCh B HAKOIMTEJIbHBIX YCTAHOBKAX, MpeJHa3Ha-
YEHHBIX VISl KCIIEPUMEHTOB CO BCTPEYHBIMU ITy4YKaMH. BakHyI0 M MMMOHEPCKYIO POJIb 31ECh ChII-
paymu padotsl MHCcTUTYTa siaepHOi pusuku B HoBocOMpCKe, KOTOPBIN CTasl PU3HAHHBIM LIEHTPOM
B 9TOM HalpaBJieHWH. 3a paOOThl [0 BCTPEUHBIM IyYKaM U, B YACTHOCTH, 32 NOCTAHOBKY JKCIIEPH-
MEHTOB 110 JIEKTPOH-NIO3UTPOHHBIM COyIapeHusAM npu sHeprum nopsagka 600 MaB I'. W. bynkep,
A H. Ckpunckuii, A. A. Haymos, B. A. Cunopos, B. C. [laHaciok ObLIM yIOCTOEHBI Pa3IMYHBIX
npemunt. [Tozguee Bo ®@panuyu, Uramn, CIHA u ['epmanny NOosBUINCH 3JEKTPOH-TIO3UTPOHHBIE
KOJIbla Ha Oosbliylo 3Hepruto. Kpynuennmmu u3 Hux ssisiorcs ycraHoBku PEP Ha 18 B npu
Crandopnckom maenHoM yckopuresie 1 PETRA nipu yckoputene DESY, paccuntanHas Ha sHep-
rvio 10 19 I'3B B kax/10M myuke.

TpyaHee pa3BUBaIMCh PaOOTHI IO BCTPEYHBIM ITyYKaM TSKENBIX YACTHLL, TOCKOJIBKY U151 IOCTHU-
KEHHUs1 3aMeTHOro 3(peKTa B 3TOM MeTofe TPeOyIOTCsl CYIIECTBEHHO DENIITUBUCTCKUE SHEPruH,
a Jja’e JU1sl IPOTOHOB 3TO MPUBOIUT K OYEHb OOJIBIIMM pa3Mepam Hakonutess. Tonpko B 1971 rony
konbla B LIEPHe nHa snepruio 25 I'3B — enquHcTBEHHass B Mupe Ha MOMEHT 80-X rofoB, I/ie MO3kKe
obu1 co3gad BAK.
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Bosnbioit Anponnsiii Komnaiiaep

Ha HauyasiipHOM 3Tane pa3BUTHS YCTAHOBOK CO BCTPEYHBIMM ITyYKAMH BBICKa3bIBAJIOCh HEMAJIO
Pa3HOPEYMBBIX MHEHHUI 00 MX KOHKYPEHTOCTIOCOOHOCTH C OOBIYHBIMU YCKOPUTENISIMU C HEMOJABHK-
HOI MumeHblo. OCcTpoTa 3TUX CIIOCOOOB MOCTENEHHO CITIAIMIIACh, 1 CeYac OOIIETPUHSTO, YTO ITU
JIBa TUIIA YCKOPUTEJIbHBIX YCTAHOBOK HE MCKJIIOYAIOT, @ B3aUMHO AOMOJHAIOT APYT apyra. Bo Bcakom
CJIy4yae 9KCIIEPUMEHTbl Ha BCTPEUYHbIX ITyUKaxX HE TOJIBKO HE OCTAaHOBMJIM, HO Jake CTUMYJIMPOBAJIM
AaJIbHEelIIIee pa3BUTHE TPAAULMOHHBIX YCKOPUTESIEH, O YEM CBUIETENILCTBYIO B ajibHENIEM 3pek-
THBHO pa3pa0OTaHHBIE U CO3JaHHbIE MOIENN IOJOOHBIX YCKOPHUTETEH.

KpymnHeiimmii mar B 9TOM HarpasieHuH Obl1 caenad B 1967 roay, koraa k 50-yietHeMy 106u-
neto CCCP ObU1 BBEIEH B CTPOM MPOTOHHBIA CHHXPOTPOH Ha 76 3B BOMM3M ropoma CepryxoBa
B UHctuTyTe (przuku Beicokux sHepruil (MPB). MHkeKTOpOM AJIs1 HEro CIIyKUJ Tak:Ke KPYyIHei-
M B TO BpeMs1 MPOTOHHBIN JIMHENHbIA yckopuTenb Ha sHepruio 100 MaB. KosnblieBast BakyymMHasi
Kamepa yckopuress paaunycom okono 200 meTpos umeer cedeHure 195*115 mm, a nonHslil Bec Mar-
Huta cocrapiser 20 000 ToHH, TpUYEM OJIOKM MarHWTa YCTAHOBJIEHBI C TOYHOCTHIO 10 100 MKM.
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&L

VYckopurens B CepriyxoBe

B co3panuyu mammHbL, COOPYKEHHOM 3a LIECTh JIET, IPUHUMAIM Y4aCTHE MHOTOYMCIIEHHbIE
MHCTUTYTHI ¥ Clielrain3upoBanHble opranu3anun Coserckoro Coro3a. Yckoputesb OecriepedoitHO
pabotaeTr BOT yke cBbiie 10-TH JieT, OABEprasich MOYTH HEMPEPHIBHBIM YCOBEPIICHCTBOBAHUSIM
1 MOIU(pUKALMAM KaK C TOUYKM 3PEHUS CaMOM MAallWHbI, TaK U B CMBICJIE MOJEPHU3ALIAN SKCIIEPU-
MEHTaJILHOTO 000pYIOBaHHUs, IO 0OBEMY ¥ CTOMMOCTH BIIOJIHE CPABHUMOTO C CAMUM YCKOPHUTEIIEM.
B skcnieprMenTanbHbIX padotax B CepryxoBe aKTUBHO YYaCTBYIOT YUEHbIE Pa3HBIX CTPaH.

Heckonbko HapyIas XpoOHOJIOTHIO, YTO HEM30EKHO MPH ONMMCAHUKM padoT, KOTOpBIE MPOBO-
JATCS B TEYEHUE HECKOJIBKUX JIET, BAXKHO OCTAHOBUTHCS €IIE Ha HEKOTOPHIX HAIIPABJICHUAX YCKO-
putenbHOM TexHUKU 60-70-x romoB. Bpime yke ynomMuHanoch 00 M30XPOHHBIX HUKJIOTPOHAX —
MallvHaxX, CIOCOOHBIX JOBECTH SHEPrUI0 MPOTOHOB 1O 3HayeHWi nopsaka 1 IsB m ogHoBpe-
MEHHO 00JIaJAI0IMX OCHOBHBIM IPEMMYIIIECTBOM LIMKJIOTPOHA — BHICOKOH CpeTHE! MTHTEHCUBHOCTHIO.
TUMH ke BO3MOKHOCTAMH 00JIaJaI0T TAKKE B IPUHLIUIIE U JIMHEHHBIE YCKOPUTEIN POTOHOB.

O6a Tuna MamH MOXHO MCIOJIb30BaTh B KAYECTBE TEHEPATOPOB ME30HOB, KOTOPBIE HETIOCPEI-
CTBEHHO HE MOTYT OBITh YCKOPEHBI U3-32 MaJIOr0 BpeMEHH KM3HU. B CBSI3M ¢ 9TMM HaripaBlieHUEM
MOSIBIJICS JJaXke CHeLMaIbHBII TEPMHUH — «Me30HHbIe (pabpukn». HecMoTpst Ha TpyaHOCTH, CBsI3aH-
HbIE CO CII0)KHOCTBIO MArHUTHOM CUCTEMbI N30XPOHHOT'O IIMKJIOTPOHA M HEOOXOIMMOCTBIO Pa3pabOTKH
HOBBIX YCKOPSIIOIIIAX CUCTEM U1 IMHEMHOTO YCKOPEHU S IIPOTOHOB JI0 PEJIATUBUCTCKUX SHEPIUM, 3T
3aj1a4a ObUIa ycenHo perlena. Takoke ycrnenmHo padoTai mBeidapekuil nukiaoTpoH SIN, kaHaackas
MammHa TRIUMF n uzoxponsei nuknorpoH B Kuese. B 1972 rony noa pykosoncrsom JI. Posena
ObLT 3aITyIlieH, XOTs U He Ha IMOJHYI PacyEéTHYI0 MHTEHCHBHOCTD (1 MA), JTMHEWHBIH YCKOPUTEb
nporoHoB Ha 800 M3B B Jloc-Anamocckoit HattmonansHo# nadoparopun B CIIA.

B CCCP B 80-x coopyxkaJjcsi JMHEHHBIN YCKOPHUTEIh MPOTOHOB Ha OOJBIIYI0 SHEPIHIO MPH
yuactuu MHctutyTa anepubix uccnenosanui AH CCCP, MockoOBCKOro paguoTeXHUYECKOTO UHCTH-
tyta 1 HUW snekrpopusnyeckon annaparypa umenu J. B. EppemoBa. He ckazanu cBo€ nocnen-
HEe CJIOBO U LIMKJIOTPOHBI. [ToMUMO TpaMIIMOHHOTO UCIIONB30BaHUA IS SAIEPHOU (PUBUKH CPETHUX
SHEPIuii, lepel HIMU OTKPbUIACh IMIMPOKasi 0ONACTh YCKOPEHUS TSDKEIBIX MOHOB C JOCTHKEHUEM
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SHepruil nopsiaka HecKolIbKUX M3B Ha Kax[Jplil HyKJIOH, CPaBHUMOW CO Cpe/IHEeil SHEeprueu CBsizu
HYKJIOHA B sijipe. [lepeioBble IO3UIIMY B TOM HalpaBJieHUH MpuHaaiexar adoparopuu I'. H. ®re-
poBa B [lyOHe, yCIIeITHO CHHTE3UPOBABIIIEH C MOMOIIBI0 TAKOW TEXHUKH PsiJi TPAHCYPAHOBBIX 3Jie-
MEHTOB.

B 80-x rogax B 3TO¥ 1abopaTtopur ObUT 3aIyIIeH [UKJIOTPOH C JUAMETPOM TOIOCHBIX HAKO-
HEYHUKOB 4 MeTpa U30XPOHHOI'O TUIA, B KOTOPOM MOHBI YCKOPSIOTCS B IIMPOKOM JIMAIia30He Macco-
BbIX yncen (cBoie 140) no sHepruu nopsiaka 10 MaB/HykJioH. BeTynaioT B CTpoii ¥ HOBbIE CIIEIH-
aJIM3UpPOBAaHHbIE JIMHENHbIE YCKOPUTEIH TSKENBIX MOHOB (YHMIaK, ['epmanus).

B 1967 rogy Ha oyepeqHON MekTyHApOJHON KOH(EPEHITUH 10 YCKOPUTEISIM OBLIO JOJIOKEHO
O COBETCKMX padoTax Mo KOJJIEKTUBHBIM METOIaM YCKOPEeHUsI, IPOBOAMBIIMXCA B [lyOHe mof pyko-
BojictBoM B. U. Bekcnepa, a nocne ero cmeptu B 1967 rogy — B. I1. Capaniiea. Ha stot pa3 peub
nuia He 00 oOIiel uaee, a 0 KOHKpeTU3aluu ofHoro u3 MetonoB B. WM. Bekcnepa — tak Ha3biBae-
MOTO YCKOPEHUSI JIEKTPOHHBIX KOJIELl, B KOTOpbIE 3aXBaThIBAIOTCS YCKOPsiIEMble MOHBL. Bynyun ycko-
PEHHBIMU /IO CPABHUTEIEHO HEOOJIBIIION SHEPIHH, JEKTPOHHBIE CTYCTKH JIOJKHBI YBJIEKATh C COOOM
MIPOTOHBI, TOTyYaIOIIKe TPU TOH K€ CKOPOCTU Topaszio OOMBINYI0 SHEPTUi0. TO COOOIIEHE BHOBD
AKTUBU3UPOBAJIO SKCIIEPUMEHTAIbHBIE PA0OTHI MO KOJJIEKTUBHBIM METO/IAM.

B CIIA, nanpumep, noa pykooactBoM . Ceccnepa, [. Kuda u apyrux Hayan WHTEH-
CHBHO pa3palaThiBaThCsl MPOEKT O] CUMBOJIMYeCKUM Ha3zBaHreM ERA. AHanorinaHsie paboThl ObUTH
HECKOJIbKO TO3/IHee Pa3BEPHYTH B ['epMaHuM. DTU UCCAEIOBAHUS MHOTO AU I MOHUMAaHUS
(pU3MKY KOJIIEKTUBHOTO YCKOPEHUSI M CBSI3aHHBIX C HUM TPYAHOCTEN, HO K 3aAMETHOMY YCIIEXY BCE ke
He npuBey. Hanbonpimx ycnexo noka noousmmck B. I1. CapaHiieB v ero COTpyAHUKH, UMU ObLITH
nosy4deHs! 3(pekTruBHbIE ycKopswomume nosis nopsaka 10 MB/M, ucnons3zyemble a1l yCKOpeHUs
TSKEJIBIX NOHOB.

Ha HOBOM ypOBHE BO3pOIMIIMCH M HEKOTOPBIE CTapble UEU, IPUBEALINE K MMOSIBIEHUIO HOBBIX
THUIIOB YCKopuTesier. Tak, AJisi cO31aHusI SMEKTPOHHBIX CTYCTKOB € OOJIBIIIMM YKCIIOM YaCTHIL, TPeOy-
IONIUXCS /17151 KOJUIEKTUBHBIX METOJOB YCKOPEeHH s, HanboJsiee MOIXOASIIM WHCTPYMEHTOB OKa3aJics
JIMHENHbI UHIYKIIMOHHBIN YCKOPUTEINb, IpeiokeHHblil A. ByBepcom em€ B 1929 roay. B cope-
MEHHOM TEXHUUYECKOM HUCIIOJIHEHUH 3Ta MalllMHA CeNYac JOBOJIBHO MIMPOKO UCTIONb3YETCS 1S MONY-

yenns cuibHoTouHBIX (10°—10° A) UMITYJIbCOB 3JIEKTPOHOB C HEOOJNBINOH SHEepruei mnopsaka
HecKosbKIX MaB. Becbma ynoOHO 1 HaIEKHOM MAIIMHOW Ha MaJible SHEPTHUH OKa3aJicsl TAKKe MUK-
POTPOH, [T MOJEPHHU3ALIH KOTOPOro MHOTo ObuI0 czienano gadoparopueii C. I1. Kanmipt B MHeTH-
TyTe (PUBHYECKUX MPOOTIEM.

Hekotopble npuk/agHele 3a/1auu, TpeOyolHe NOTyYeH!s: OYeHb MOLIHBIX UMITYJIbCOB KOPOT-
KOBOJIHOBOT'O PEHTIEHOBCKOIO M3JIy4€HMs, NIpUBEIN B cepenuHe 60-X rogoB K MOSBIEHUIO CBEPX
CUJIbHOTOUYHBIX JIEKTPOHHBIX MAIlMH C TOKaMu 10 MA B UMIyJIbce NP SHEPTUU OT 1 10 HECKOJIb-
Kux M3B. [lepBble paboThI B 3TOM HamnpaBlieHUH ObUIU, I10-BUAMMOMY, IpoBesieHsl k. MapTuHom
B OnnepmacToHCKoO# J1abopartopurt B AHIIMHU. BriocienctBuym 3ta TeXHUKa OblIa pacripocTpaHeHa
Y Ha MOHHBIE ITy4KH. SIBJISISCh ceiiuac OqHUM M3 HanOosiee MOIIHBIX SHEProHOCUTENIel, KOTOpbIe OCy-
IIECTBUMBI B JJAOOPATOPHBIX YCIOBUSX, CHJIBHOTOUYHBIE SJIEKTPOHHBIE U HOHHBIE ITyYKU UCIIONIB3YIOTCS
B HEKOTOPbIX HUCCJIEI0BAHUAX, BKJIIOYasi MPOOIeMy YIIPABISEMOro TEPMOsIEPHOTO CUHTE3A.

OnHako B pa3BUTUM YCKOPHUTENIE JOMMHAHTHBIMU BCEr[a OCTaBAIUCh TpeOOBaHUs (PU3MKU
BBICOKMX SHEPIUid, MOJ] BIMSHUEM KOTOPBIX ObUIM OCYLIECTBJIEHBI Ba IPOTOHHBIX MAIIMH B Auaria-
30He 0,1—1 T3B. IlepBbiM 13 HEUX ObLT 3amyiieHHbIH B 1972 rogy cuHxporpoH B HanmonansHOM
naboparopuu uMeHnu Pepmu B bareiiBun, Heganeko or Yukaro, pykoBoaumoin toraa P. BunbcoHoMm.
Paguyc opObuthl 3TOM MalIMHBI, MOCTENEHHO HapamuBaBiuil cBoio sHepruio oT 200 go 500 B,
cocrasiser 1 kmiomerp. Benen 3a HuM B KoHie 1976 roga BCTynmuil B CTpOY aHAJIOTUYHBINA YCKOPH-
tesb B LIEPHe Ha sHepruio 400 IB. Droii padortoit pykoBoawt Ix. Agamc.
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Takxe ormeuas u kpynHenmmid BAK, Ha snepruio 6,3 T3B, cozgannsiil yxe B 2008 rogy
B ToM ke [IEPH. I1pu 3ToM sIB/Isisich yCKOpUTEIEM Ha BCTPEUHBIX IMydKax, ¢ paguycoMm 26 656 m,
Ha MPOTOH-TIPOTOHHbBIE PEAKIIMH.

Heo6xonumo o0paTuTh BHUIMaHUE Ha HEKOTOpPbIE HOBbIE BaXXHbIE TEHICHIIMH B COBPEMEHHOM
YCKOPUTENIbHOM TexXHUKe. [Ipeskie Bcero, paboTa COBpEMEHHOTO KPYITHOTO YCKOPHUTEIISI HEBO3MOKHA
0e3 BBICOKOH CTEMeHH ero aBTOMAaTH3alliH, MOI KOTOPOW ClelyeT MOHMMATh HEe TOJBKO aBTOMa-
TH3ALMIO0 MTPOBEJEHHUS IKCIIEPUMEHTa U 00pabOTKM HAKAIIMBAEMOTO «CHIPOTO» MaTepuasia OYeHb
60mbIIOr0 00BEMa, HO M aBTOMAaTUYECKOE YIPABJICHUE PEKUMOM CaMOTrO YCKOpUTeNs. MOITHbBIM
CPE/ICTBOM B 3TOM HallpaBJICHUH SIBJISIETCS] HETIPEPBIBHOE MOTy4eHHE MH(POPMALIMK O TUHAMUKE LI P-
KyJIMPYIOIIETO My4Ka, ornepaThBHas e€ nepepadoTKa ¢ TOMOIIBI0 ObicTpoaercTByiomielt 9BM u aBTo-
MaTUYECKOE BBE/IEHHE KOPPEKTUPYIOUIErO BO3/AEHCTBUS HA T€ WM MHBIE TOJCUCTEMBl YCTAHOBKH.
Pa3paboTka cuctem aBTOMaTU3alMy CTajla celyac CaMOCTOSITEIbHOM OTpacybio, He MeHee BaKHOM,
YeM, CKa)keM, KOHCTPyUPOBAaHME MarHUTa WM BICOKOYACTOTHON CUCTEMBI.

BTophiM HEOOXOAUMBIM TPEOOBAHUEM K COBPEMEHHOMY OOJBIIIOMY YCKOPHUTEIIO SIBJISIETCS €0
YHUBEPCAJIbHOCTD, MO/l KOTOPOU MOHUMAETCs1 BOBMOKHOCTb UCIIOIb30BAHUS HE TOJIBKO MEPBUYHOTO
My4Ka, HO ¥ pa3HOOOPa3HbIX BTOPHUUHBIX YacTull. OcCOOEHHO NIMPOKKE BO3MOKHOCTH MPEOCTABIISIET
31€Ch METO/] HAKOTUICHHU I BTOPUYHBIX YACTHI] M YCTAHOBKHM CO BCTPEUHBIMU ITyYKaMu, KOMOMHHUpYe-
MBI€ C OCHOBHBIM ycKopuTeneM. PakTiHuecky OoJblnasi MalliHa SBJSETCS ceiyac EeHTPOM LIeJIoro
YCKOPUTEJILHOTO KOMILIEKCA, COCTOSIIIIETO U3 HECKOJIBKMX YCKOPUTEJIbHBIX U HAKOIIUTEIBHBIX YCTaHO-
BOK C BO3MOKHOCTBIO TOCTAHOBKH CAMBIX pa3HOOOPa3HbIX SKCIIEPIMEHTOB, UAYIINX OAHOBPEMEHHO.

Hakower, Hao OTMETHUTb, YTO CO3aHME OONBIINX YCKOPUTENEH ceiiuac OKa3bIBaeTCs O] CUITY
JIMIIb KPYIHBIM TOCYAApPCTBaM, KaK ObLJIO OTMEYEHO, Pa3BUTHIM B IPOMBIIUIEHHOM OTHOIICHUH,
HO M JUISl HUX COITCTBYIOIIME MaTepuasibHble U TPYIOBBIE 3aTpaThl BecbMa OUlyTUMBL. [loatomy
IJTs1 YHUKAQJIBHBIX MAIIIMH, UCUMCIISIEMBIX SJUHUIIAME, BCE OOJIbIIe 3HAUSHUE ITPUOOPETAIOT BOTIPOCH
MHTEPHALIMOHAJILHOW KOOIEpAaLlMy 1 MPUBJIEYEHHUE B IPOLIECCH PEAIM3aLMK ITPOEKTOB MEX IyHapO-
HBIE COOpaHUs.

[lepeeiMu pumepamu takoro pona cran LHIEPH — opranuszanums nBeHaguaty crpan 3anajiHon
Esporiet 1 OUAU B lyOHe. B moaroroBke M npoBeieHWH SKCIEPUMEHTOB Ha yckoputene MPBD
B CeprnyxoBe akTMBHOE yyacTue npuHuMaioT yuéHele Bo ®panuun, LIEPHa u CHIA. IIpumepom
AKTMBHOIO COTPYIHUYECTBA YUEHBIX Pa3HbIX MOJUTUYECKUX CUCTEM MOXKET CIIYKUTh Y4aCTHE COBET-
CKUX CHELIMAIMCTOB B 9KkcrieprMeHTax Ha yckoputensax LIEPH u B BareiiBun. MoxHO HaesTbes, 4TO
B JIaJIbHEUINIEM STH Tpaauiy OyayT BCE OOJbIle YKPEIUIATHCS U PA3BUBATHCSI.

Bimkaiiime nepcreKTHBbI pa3BUTHS YCKOPUTEJIEH MTOKa He TPEABEIIAI0T KaueCTBEHHOTO U3Me-
HEHUs] OCHOBHBIX TeHJEeHIMI. CepbE3Hble Ha/IeXKIbl BO3JIAraloTCs Ha UCIOJIb30BaHUE CBEPXIIPOBO/IS-
IIIUX MarHUTHBIX CUCTEM C OOJIBIIIUM MArHUTHBIM T10JIEM, TIO3BOJISIOIIMM YMEHBIIUTD PAANYC KOJbIIA
¥ CYIIIECTBEHHO COKPATUTh MOTPeOIsieMyo MOIIHOCTb. Ceifuac, HanpuMep, MHTEHCUBHO HIET COOpPY-
JKEHUE CBEpXIIPOBO/AIIEr0 MaruuTa B bateiiBiu, KOTOPHIi 0KEH ObITh PACIONOXEH B TOM Xe TYH-
HeJie U ITpy nosie nopsiaka 4 Ti No3BOMUT yABOUTh MAaKCUMAaJIbHYIO SHepruio, aosens e€ 1o 1 TaB.

Oco6eHHO MepCreKTUBHO UCTIONb30BaHNE CBEPXITPOBOASIIIIMX CUCTEM B HAKOIIMTEIbHBIX CUCTe-
Max, MpeaycMarpuBaemoe, Harpumep, s nporonHoro Hakorutensi ISABELLE c sueprueit
1o 400 ['3B B Kak10M My4Ke, NHKEKTOPOM JJIs KOTOPOIo JOJIKEH CIIYKUTh BpyKXelBEHCKUI CUH-
XpoTpoH. MIMeeTcs Takke HECKOJIBKO MHTEPECHBIX TPOEKTOB IPOTOHHBIX U MPOTOH-AHTUIIPOTOHHBIX
HakonuTelbHBIX cucteM B HoBocuOupcke u [IEPHe. CyiiecTBeHHO TOAHSITHI SHEPTUU IS JIeK-
TPOH-TIO3UTPOHHBIX MyYKOB C BBOJIOM B cTpoii Hakonmteneid RETRA B 'amOypre (10 19 I'3B) u PEP
B Crandopackom nentpe (18—24 I'3B).

KpynHeilmmM M3 OCyIIECTBISEMBIX IPOEKTOB, OTPAXKAIOIIMM Pa3BUTHE YCKOPUTEIbHOW
(busuky Ha OnipKaiiiee JecsATHIeTHe, SIBJISETCS] COBETCKHIA MPOEKT YCKOPUTEIbHO-HAKOIUTEIbHOTO
komiuiekca (YHK) B CepriyxoBe. B ocHOBe €ro Jie;KUT IPOTOHHBINA CBEPXITPOBOISALINI CUHXPOTPOH
Ha 3 T3B (paauyc okomno 3 kM). B ToM ke TyHHele H0/KeH ObITh pa3MeIlEH MpeJBapUTesIbHBIN YCKO-
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purtesb — OycTep C MEKTPOMarHUTOM OOBIYHOTO THIIA, HHKEKTOPOM JIs KOTOPOTo OyAET CYLIeCTBYIO-
mux B CepnyXoBcKuii CMHXpOTpOH. [IpeaycmaTpuBaeTcst BOSMOKHOCTb CO3/1aHMsI €3 CIIeUaIbHOTO
HaKOIUTEJIBHOTO KOJIbIA BCTPEUYHBIX pp-My4YKoB ¢ 3Hepruen 1,5 T3B B cucreme LeHTpa MHEPLMH.
Kpome toro, Oyctep MOKHO MCHOMBb30BaTh JJIs1 HAKOIUIEHUS JIEKTPOHOB M €p-CTONKHOBEHHH. M3y-
YyaeTcs Tak’ke BO3MOKHOCTh ocyiecTiieHuns: B Y HK mMpoToH-aHTUIPOTOHHBIX COYIapEeHUM, a TaKkKe
COOPY’KEHHU S IOTIOJTHUTEJILHOTO KOJIbLIA C TOCTOSTHHBIM I10JIEM, paBHBIM S TJ1, 4TO NO3BOJIUT MOy YUTh
BCTPEYHBIE IPOTOHHBIE ITy4YKH ¢ 3Hepruen 2—3 T3B.

Kaxymmiicst ecTeCTBEHHBIM BOIIPOC, KaKasi ke SHEPrusl Hy)kKHa (pU3MKaM-3KCIIEpUMEHTATOPaM,
BOOOIIIE JTMIIEH (pr3nIecKoro cMbicaa. OTBET Ha HEro BCer/ia OIMH — Hy)KHa SHeprus B 5 pas Oosbliie,
yeM yxke gocturHytas. [IppurHa 3T0ro npocra: SKkCepUMMEHT Ha HOBO KaU€CTBEHHOM YPOBHE (B J1aH-
HOM CJTy4yae SHEeprur) BCeraa CTaBUT OOJIbIle BOIPOCOB, YeM Ja€T oTBeToB. [IoaTOMY COMHEBaThCs
B JAJIbHEHILIEM POCTE SHEPTUU YCKOPEHHbIX YaCTUIl HET HUKAKUX OCHOBAHMIA.

JlaHHBII KOPOTKMIA 0030p MPHU3BaH AaTh JMIIb MPEACTaBIeHUEe 00 OOIIeH JOTUKe pa3BUTHUS
YCKOpUTENIE M HU B KOE! Mepe He MpeTeH/yeT Ha MOJHOTY. Mbl He MOIIM Jjae NepeuucanTh Bce
YCTAaHOBKM C PEKOPAHBIMU MapaMeTpamMH UM C UHTEPECHBIMU (PU3NUECKUMU U TEXHUYECKUMHU OCO-
OEHHOCTSIMH.

W nenas HekoTopoe nmpumeyaHue, BaKHO YKa3aTh, YTO B HEKOTOPBIX CIyYasX yKa3blBacMble
JAHHBIE CChUIAIMCh HA MOMEHT 80-X rof10B M 1O MPOIIECTBUM HE MAJIOTO KOJIMYECTBA BPEMEHH Ba)KHO
OTMETUTh BO3MOXKHOCTb CO3[JaHUsI HOBOTO TUIIA YCKOPUTEJIE — CUCTEMBI U3 LIMKJIOTPOHA U JIMHEW-
HOTo ycKopuTessi — yckoputesst Tuna JIL[Y, BBICOKOTOYHOTO THMa, ¢ OOJBIIMMHU TOKaMH, B KOTOPOM
MyYOK BBUICTAIONIUI M3 CAMOTO IIUKJIOTPOHA KOHTPOJIUPOBAJICS Obl I0OaBIeHHEM HEOOXOIUMOM TIOp-
[IUY SHEPTUI YKe Ha JIMHEMHOM YCKOpHTEle, THO0 HA00OpOT.

Jenas 3aKT0ueHUE K JAHHOMY 0030pY, YKaKeM, 4TO BaKHO U3y4aTh UICTOPHUIO Pa3BUTHSI HAYKH,
B KOTOPOH OCYIIECTBIIsIETCSI paboTa, OO BCErja MOXKHO HAWTH ACTIEKThI, CIIOCOOHBIE IaTh CBOETO POAa
HABOJIKY ¥ IMOMOIIIb. B 1ajbHeIeM yxe HauHETCs pa30op camoil (PU3UKU YCKOpUTENIeH, ¢ TIOIpo0-
HBIM MX PaCCMOTPEHUEM.

KoHTpoJibHBIE BOIIPOCHI

1. Vkaxute mapamerpbl yckoputens, co3gaHHoro B 1967 romy B CepryxoBe Ha SHEPrHIO
76 I'3B.

2. Kakoil MopsiioK HEpruu Cra PEBOJIOLIMOHHBIM, OJarogapsi CO3JaHHOMY YCKOPHUTEIIO
B 1972 rony B HatmonassHo# tadoparopun umenu ®epmu B bareiiBun?

3. Yemy paBHa 3HEprus Iy4yka IIpOTOH-MPOTOHHOTO Thna B BAK?

4. Kto paboTas Ha/i CO3/1aHUEM YCKOPUTEJIS IO JIEKTPOH-TMIO3UTPOHHBIM COY/IapeHUsI Ha SHEp-
ruto 600 MaB?

5. T'ne O co3man CMHXPOTPOH Ha sHepruio 76 3B B 1967 rony?

6. Yemy paBHa 3Heprus cuHxporposa B Cepryxose, co3nansbii k 50-netuio CCCP?

7. Kakoe 0CHOBHOE ITPENMYILIECTBO LIUKJIOTPOHA?

8. KakoBa Obuta pacu€TrHasi MHTEHCUBHOCTb JIMHEWHOTO ycKopuTesns npotoHoB JI. Posena
sHepruio 800 MaB?

9. B kakom rony u rae Obul co3a yckopurens JI. Posena?

10. Yemy Obuta paBHa HanpsikE€HHOCTb mons B yckoputene B. I1. CapaHueBa ais TSKEBIX
VIOHOB?
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Jlexknnsa 4

Tema. BakyyMHbIe MeXaHU3MbI

HOCKOJ'ILKy HU3HadYaJIbHasA JIOT'MKa UCCIIEJOBAHU A MeJTbYaHIIINX YacCTull OCHOBAHA Ha IMPUHIMUIIC
ux pa36I/IeHI/IH, 100 OKa3aHMsA KaKoro-Jimbdo Oosee CUILHOIO BSaHMO,HCfICTBHH, BO3HHUKAET HEOO-
XOOUMOCTb B YCKOPCHUU OHpCHCJ’IéHHOfI HMCIOH.ICfI 3apAa[d 4aCTHUlbI, OTKYyIa U IOABJIACTCA IEpBad
MOJCJIb IJICKTPOCTATUYECKOI'O YCKOPUTEIIA, HpeIICTaBHHIOH_II/Iﬁ c000H KCTOYHUK 3APAKEHHBIX YaCTUILL
HaIIpOTHUB 3a3€MJICHUA, I'IC CO3Ja€ETCs Pa3HOCTb NOTCHIHAJIOB B BAKYYMHOM COCYJC. HpI/I 9TOM KHHE-
TUYECKas SHCPIrud ITyYKOB UCITYCKACMbIX YaCTUL, OIIPEACIIACTCA IO (1)

W = qelU (1)
W — kuHeTH4YecKas 3HEPIrusa YacTHIL;
q — 3apsa[ Ha usay4arede, Ki;
e — 3JieMeHTapHbI# 3apaj, paBHbli 1,6 * 101 Ki;

U-— HallpAXKEeHUue MeXx Yy 3JIEKTPOJaMH.

IIpu pacuére (1), Ba)XHO Takke YUMTHIBaTh (PAKTOp HAIM4Msl KOJIMYECTBA 3apsja B OHOW
YacTUle, K NPUMEPY, €CJIM Y IEKTPOHA UMEETCSI BCErO OJUH JIEMEHTapHBII 3apsj, TO y ajib(pa-
YACTHIIBI WK SIApA TeHs UX 2, a y MOHA aMOMHUHUS — 13, JaHHOe YMCII0 YMHOXaeTcs Ha OOIImi
3apsill, OTKy/a 1 Mojyvyaercs o0Ias KWHeTHUeCcKasi SHeprusl.

SpkuMu TpuMepamMu, TMOAOOHBIX YCKOpUTEIed SBIsOTCs yckoputenu Ban-ge-I'paada,
NoJIpOOHOE MX paccMOTpeHHe OyeT B MOCAeAyIoIUX JeKIUsAX. BaxxHO Ui yKka3zaTh, 4TO KUHETH-
YyecKasi SHEprus He usMepsercs B [KOyJsX, a B ClieUMasIbHbIX €IMHULIAX — IEKTPOHBOIbTaX (3B),

KOTOpasi paBHa 1,6"‘10_19 JIx ¢ mpon3BogHBIMU B K3B, M3B, 3B, T3B. Ha anekrpocratnueckom
YCKOpHTENIe MaKCUMaJlbHAsl SHEPrusi, KOTOPYI0 MOXHO MOMY4UTh U1 yactull paBHa 10 M3B, npu
JaJIbHEWIIIeM YBeIMYEeHNH, HAOM0aeTcsl IPOOOH MEK/Ty MEKTPOAaMH, PH KOTOPOM HEBO3MOKHO
MIPOBOJUThH YCKOPEHHE.

PaccmarpuBast Bce BUIBI YCKOpHTENeH, MOKHO Pa3eiTh UX Ha 3 OOJbIKE TPYIIIbI, OIUH
U3 KOTOPBIX, paHee PACCMOTPEHHBIE BHICOKOBOJIbTHBIE ycKopuTeau. Creayionuii Bujl ycKopuTesen —
PE30HAHCHBIE.

B rpynmy pe3oHaHCHBIX YCKOpPHUTENEH 3apsKEHHbIX YaCTULL BXOAST JIMHENHbIE U LIUKJINYECKHe
yckoputenu. Ecim ke ocTaHaBIMBaThCs HA JIMHEHHBIX, TO 3TO YCKOPHUTENIU, KOTOPbIE KUCMOIb3YIOT
pas3nIMuHbIe CIOCOObI, HAPSIY C YBEJIMUYCHHWEM 4YHCIA SJIEKTPOHOB HA IMYTH YCKOPSIONIEro MydKa,
C He KPUTHMUECKUM HalpsiKeHUEM Ha HUX, YTO peAoTBpaliaet hakT mpodosi, HO O3BOJISIET YCKOPSITh
yactuily. [TockonbKy HampaB/ieHHe YCKOpeHHs MpsiMasi, 3TO U J1aJ10 Ha3BaHUE 3TOM PasHOBUIHOCTU
yCKOpuTeiel, 61arogapst Y4eMy MOKHO JIOTafIbIBaThCsl O (DOpMe IUKIIMUECKUX YCKOPUTEIEH.

[{ukinyeckye yCKOpUTENIW MUMEIOT MHOTO Pa3HOBUAHOCTEW, HO C LEJIbI0 YMEHbIIEHUs Mac-
mTaboB CaMOro YCTPOWCTBA B OJHUX PA3HOBHIHOCTSIX YCKOPSIIOT ITyYKH YACTHII IIPA UX JIBUKCHUU
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O CMUAPATU U3 OJHON TOYKH B JBYMEPHOM IJIOCKOCTH, BCE MPUOIIKASA K BBIXOAY U3 YCKOPHUTEIS.
A nipu aBTO(pa3UpPOBKE WM yAEpP:KaHUK Ha OTHOW KPYroBOUM TPaeKTOPUHU, HE TTO3BOJIsISl YaCTHIIE yBe-
JIMYUBATH €€ PaJANyC U JIUIIb B KOHIIE BBIBOJISI U3 9TOTO KPYra, BHIBOASIIMMU JIEKTPOMArHATAMH.

Ho nuknmyeckue ycKOpUTe M Takke JOJKHBI YBETUUUBATHCS CBOM pa3Mephbl, IIOCKOJIbKY yAep-
KaTh YaCTUIIBI C KPUTUUECKUMU SHEPTUSMHU U TIOBOPAYMBATH UX TOJ1 HYKHBIM YIJIOM KpaiHe CJI0XK-
HBI TIPOLIECC, C KOTOPBIM CHPABJISIOTCS JIMIIL peAKue Maruuthl. K mpumepy, caMblii MOIIIHBINA Mar-
HUT Ha MOoMeHT 1981 roma umen BekTop MarHutHOW uHAyKIuU B 10 Ti, a ceromus uensiii 32 Tn
1 J1axe Mpu Takou pe3yabrare nuamerp BAK mouru 8,5 kwm, ¢ oOment jyHou 26,7 KM.

KoHcTpyKimu ke Kak 3TUX [UKJIMYECKUX YCKOPUTEJIeH, MePBhIii KOTOPhIX UMEHYETCs IIUKJIO-
TPOHOM, & BTOPOM CHHXPOTPOHOM TakK:ke OyayT HOAPOOHO PACCMOTPEHBI B MOCIIEAYIOMINX JEKIIHUSIX,
HO Ba)XHO OJIHO, YTO HU JIMHEHHBIN YCKOPUTEb, HU IIUKJIOTPOH U HU CUHXPOTPOH, HE MOTYT (PyHK-
[IMOHUPOBATH Oe3 HATMUMs BaKyyMa. Hu B OTHOM M3 HUX YaCTHUIIBI HE CMOTYT YCKOPATBCS, TIOCKOJIBKY
Oy/IyT CJMIIIKOM OBICTPO TOTJIOMIATHCS OKPYKAIOIIEH CPEIoN, UM ITPOCTO OYAyT MPUBOWUTH K HOHH-
3allMM BHEIITHUX Ta30B.

[epen mepexomoM K MOAPOOHOMY H3YYEHHMIO 3TOTO BaKyyMHOTO BOIMPOCA, OCTAHOBUMCS
Y Ha TPEThEM BHJIE YCKOPUTEJIEH — MHAYKIIMOHHOM. DTOT BUJI YCKOPUTEJIEH SIBJISIETCS CMEChIO JIMHEH-
HBIX Y [IMKJIMYECKUX YCKOPUTEJIEH, a KaK U3BECTHO, ITPU COEJIMHEHUU JIBYX BUIOB JIBUKEHUS HA JIBY-
MEPHOW TUIOCKOCTH, B TPEXMEPHOM IOJTYy4aeTCsl HEUTO U3AIIHOE, & UMEHHO TPEXMEpHas CIUpalib,
10 KOTOPOW Y MEePEeIBUTAIOTCS] YaCTHIIbI TTOJ] AICUCTBUEM Pa3IMUHbIX BEKTOPOM MAarHUTHOTO TOJIS.

Takoil BUJ yCKOpUTeJIe JEWCTBUTENBHO PEIKUI U MPUMEHSETC KpaiHe Majlo, XOTs sIBJIsI-
eTCsl OMHUM U3 OCHOBHBIX TIPY MIPOBEICHUN TEPMOSIICPHBIX Peakiii U padboTe ¢ TUIa3Moi, HOHAMHU.
Ho u 3T0T ycKopuTenb He MOKeT 00OWTHCh Oe3 Bakyyma. POBHO Takske Kak MpH JEHCTBUM JTIOOOTO
YCKOPHTEJIS 3apsKEHHBIX YacTHUI, Oy[b TO MO CBOEW Pa3HOBUIHOCTU JIEKTPOCTATHYECKUM, Pe30-
HAHCHBIW WM UHAYKIIMOHHBIN YCKOPUTEb, BOZHUKAET Paualiisl WM MOHUBYIOIIEee U3JTyuYeHue.

Camu 1o ceGe yacTHIIBl HEBO3MOXKHO YyIepKaTh MOJIHOCTBIO HA ONpeaeSIEHHON TPAeKTOPHHU 13-
3a TOro, YT0 HEBO3MOKHO CO3/1aTh MAEAIbHOE MarHUTHOE MoJje, Oarogapsi HATMUUIO psaa (hakTo-
POB, STOT BOITPOC TaKke OyJIeT pacCMOTPEH B JaJbHEWIIIeM, B JICKITUH ITOCBSINEHHON (DOKYCHPOBKE
YACTHI] B YCKOPHTEJIE, HO TOBOPSI KPATKO, YaCTUIIBI BCE PaBHO OyIyT MOKHIATh MPEAEbl, CTAIKH-
BaThCsl O CTEHKH YCKOpPUTEJIsl, B OCHOBHOM HEKOTOpast YacTh U MPUBOIUTH K 0OPA30BAHUIO Pa3Iny-
HBIX BUJIOB Y MIOTOKOB YaCTHII, B TOM YHUCJIE U HE PEIKUX raMMa-KBaHTOB.

Bmecte ¢ 3TUM 3TO HAOMIOIAETCS U TIPH TIPOBEJICHUHN SJICPHBIX PEAKINi Ha MUIICHSIX, BCTPeY-
HBIX ITyYKax U MPOYMX 3KcriepuMeHTax. Hakonelr e, mepexofsi K BaKyyMHbBIM TEXHOJIOTUSIM, TO SICEH
(akt Toro, 9TO ITO Cpe/Ia CyNIeCTBOBAHUS JIEMEHTAPHBIX YaCTUIl. B OOBIYHOM COCTOSTHHH, TTPH KOM-
HaTHOW Temreparype U atMocepHOM JaBiieHuu, usMepseMmoe B [lackanax u pasHoe 101 325 Ila,

YACTHIIBI TIOMIOTATCS yke depe3 6%107> MM, TO eCTh 3T0 M eCTh CPEHss MX [UIMHA CBOOOIHOIO
npobera.

W3 storo sicHo, uto naeneHue m3mepsiercs B [ackansx (ITa) u nyis yckopuresnei npeacTasis-
ercs y)ke B mopsiikax. [[jisi Hauasia MMesi Takue COOTHOUIGHHS, YTO HEKOTOPhIe MTPOU3BOIHBIC €1-

HUIBl Kak 1 M. pT. cT. wim 1 Topp paBusiercs 133 Ia, 1 Gap paBHsIeTCS 10> Ma, MOKHO cKa3arb,

4
qTO HpI/I JAaBJICHUU B 10 Ha, qToO HOJ'Iy‘II/ITb HE CJIOXKHO HpI/I COBpeMCHHOM 060py,HOBaHI/II/I, JJIMHa
CBO6OI[HOFO npo6era CTAaHOBUTLHC paBHOfI l'IpI/IMCpHO 60 M, 4TO y>1<e HE I1JI0OXO0, HO OJIA COBpCMCHHbIX

YCKOpUTEJIEH 3apsiKeHHBIX YacTHIl, HEOOXOIMMO HAJTMYME BaKyyMa MOpsiiKa 108
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.

26


https://www.litres.ru/book/bohodir-hoshimovich/fizika-uskoriteley-zaryazhennyh-chastic-uchebnoe-poso-67920335/

	ФИЗИКА УСКОРИТЕЛЕЙ ЗАРЯЖЕННЫХ ЧАСТИЦ
	Лекция 1
	Введение
	Рекомендуемая литература
	Тема: Зарождение ускорителей заряженных частиц
	Контрольные вопросы

	Лекция 2
	Тема: Физика ускорительной техники с половины XX века
	Контрольные вопросы

	Лекция 3
	Тема: Физика ускорителей до сегодняшнего дня
	Контрольные вопросы

	Лекция 4
	Тема. Вакуумные механизмы


	Конец ознакомительного фрагмента.

