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AHHOTauuA

PenstuBrcTCKHE Ty4dykd WHXEKIHOHHOTO Komiuiekca BOII-5 (MucTUTyT simepHOi
¢usuku uM. I'. Y. Byakepa CO PAH) MoryT ObITh HCHIOIB30BAHBI JJIs1 CO3/IaHUS TUIA3MEHHBIX
BOJIH C aMIUIATYIOW TIPONONLHOTO 3JeKTpudeckoro monst wmacmrtaba 1 [3B/m. ['maBHoe
JOCTOMHCTBO TIPOEKTa TI0 CPAaBHEHHIO C  YXKE MPOBOAUBIIUMUCS OKCHEPHMEHTAMH
M0 KIJIBBaTEPHOMY YCKOPEHHI0O — JTO CHCTeMa MOATOTOBKM Iyuka. (OHa IMO3BOJSET
MPOAOIBHO CKUMATh CIYCTOK 4acTHUI[ BILUIOTH A0 pasMepa o. = 0,1 mm. Kpome Toro, nmeercs
BO3MOXHOCTb () OPMHUPOBATh ONTHMAIbHBIA INPOJONBbHBIA NPO(UIb IUIOTHOCTH IIydKa.
OCHOBHBIE XapaKTEPUCTHUKU IUIAHUPYEMON YCTAaHOBKH: JSHEPrHsl SJIEKTPOHOB /0 BXOja
B miasMy — 510 MaB, umcno wactun B cryctke — 10 510"’ ¢, mmotHOCTh mmasmbl —
10"+10"% cm°, umcno yckopennsix wactun — 10 10'°, ux sHeprernueckuii pazépoc = 15 %.
[IpuBoguTcs pacueT mapamMeTpoB 3JIEKTPOHHO-ONTHYECKON CHCTEMBI OKCIEpHMEHTa
U pe3yabTaThl KOMIBIOTEPHOTO MOAEIUPOBAHUS B3aUMOICHCTBHS ITydKa ¢ IIa3MOH.



1. BBepeHue

JlomycTuMble 3NEeKTpUYecKHe TOJS B METAIMYECKUX YCKOPAIOIUX CTPYKTypax
orpaHnucHbl BennunuHoU mopsinka 100 MB/wm [1,2]. JlanbHeiimee MOBBIIICHHE TeMIIa Habopa
SHEPTrUU CTaJKUBaeTcsi ¢ mpobiemod mpobost BHyTpu BU-ctpykrypel. B cBsasu ¢
JTOCTHKEHHEM IIpeJesia BO3MOKHOCTEH TPaIUIHOHHBIX CXEM B IIOCIEIHEE BpEMsS pPacTET
WHTepeC K KOJUIGKTMBHBIM METOJaM YCKOPEHMS, M, B YaCTHOCTH, K TMJa3MEHHOMY
KHJIbBATEpHOMY YCKOpeHHuto [3—5]. TexHomoruu, o KOTOPBIX MOHAET pedb B JaHHOH paboTe,
CHOCOOHBI  O0ECHEUUTh YCKOPEHHE  3HAYMTENBHOTO  YHMCIAa  3apPsDKEHHBIX — YacCTHIL
JIIEKTPUYECKUM TI0JIeM Maclitaba HecKonbKuX ['B/M Ha NpOTSHKEHWHM MHOTHUX METPOB W,
TakuM 00pa3oM, MOTYT pacCMaTpHBaThCS B KauecTBe allbTEPHATUBBI TPaAWIMOHHBIM
BU-cucremam B (hru3uke BRICOKHX 3HEPTHH.

DneKTpuyecKoe TMoJie, MPUTOJHOE ISl YCKOPEHHS 3apsKEHHBIX YacTHIl, BO3HHUKAET B
IIa3Me Mocjie NPOXOXKICHHS PENTHBHCTCKOIO CryCTKa (IpaiiBepa), pacTalKHBaIOLIETO
3JIEKTPOHBI Ha cBoeM NyTH (puc. 1). HemoaBrxHbIE HOHBI CO34AIOT BO3BPAILAIOLIYIO CHITY,
BCIIEJCTBUE 4YEro CMEIICHHBIC JJIEKTPOHBI HAYMHAIOT Kojebarbcsi — BO30OyXkmaeTcs
JICHTMIOPOBCKasi BOJHa OONBLION aMIUIMTYyIbl. PacmpeneneHue 3M€KTPOHHOW IIIOTHOCTH
03311 PEJIATUBUCTCKOTO CTyCTKa TaKOBO, YTO KPOMeE MPOAOIBHOIO MOJA CO3AAETCS €Ile U
¢bokycupyroliee 3IeKTPOMarHUTHOE I10JI€, CIIOCOOHOE YAEPKUBAaTh YaCTHULEl B yIOOHOH Ui
yckopeHus (aze BoiHbI. C TOYKM 3peHus Myyka KHUJIbBAaTEepHasl BOJIHA HEMOJBHKHA, TIOITOMY
YJIBTPAPENATUBUCTCKUE YACTHIIBI, TMOMEIIEHHBIE MOo3aau ApaiiBepa, HaXOAATCS BCE BpEMs
B OJHOH (paze BOJHBI U, CIEIOBATEIBHO, MOTYT JUINTEIILHOE BPEMS YCKOPATHCS.

B mta3zme mIoTHOCTH #; MOYKHO CO3/IaTh DJICKTPUUIECKOE TOJIE C aMIUIATYA0N Topsaka [S]

mcw
E,=—"=./4mmc",
e

e o, = +J47m,e’ / m — InasMeHHast 4acTOTa, m — MAacca JJIEKTPOHa, ¢ — CKOPOCTh CBETA,
e — DneMeHTapHsIii 3apsaa. Hampumep, n;= 10" em” cootBercTByeT £y =3 I'B/m. [Ipu stom
KWJIbBAaTEPHBIC MOJIST SKPAHUPYIOTCS HA MOMEPEYHOM pa3Mepe MaciuTada MiIa3MeHHOH JUTHHBI
BOJIHBI, U 3JIEKTPUUYECKOE IOJIe Ha CTEHKaX KaMephbl OCTAETCS HE BBIIIE, YEM 3TO HY)KHO JUIS
reHepalyH MIa3Mbl.

YroObl MONYyYHTH 3JEKTPUUECKOE Moje mopsiaka FEj HeoOxoauM aubO0 OOUH OYEHb
IUIOTHBIA IIy4OK 4YacTHll, JINOO MOCIEeI0BATEIBHOCTh U3 N CIYCTKOB C IIMKOBBIM TOKOM
Iy~ (4xA)/N [6]. Takylo KOHQHUIYypaluio OSJIEKTPOHHOW IUIOTHOCTH MOXKHO ITONYYHTb,
BBIPE€3aB JHUIIHUE YAaCTH U3 [JUIMHHOTO ITy4Ka.

Puc. 1. Unesi KHIbBaTEPHOTo YCKOpeHusl. 1 — Beayluii crycTok (apaiBep), 2 — yCKOpSeMbIi
CTYCTOK (BUTHECC), YepPHBIMH TOYKaMH 0003HAYCHBI IIA3MEHHBIE AIIEKTPOHBI. CTyCTKH ABHKYTCS
cieBa Hanpaso. Ha prucyHke moka3aHa XapakTepHasi CTPyKTypa KHIbBaTepHOI BOJHBI,
00pazyroencst 3a HIEKTPOHHBIM CTYCTKOM, INIOTHOCTh KOTOPOT'O HAMHOTO OOJIBINE TIIOTHOCTH
wia3mel (blowout-pesxnm)



Eciu minoTHOCTh My4yka MPEeBOCXOAUT IUIOTHOCTH IIIa3Mbl, TO PEAU3yeTCs CHIBHO
HenmHeHHBIH (blowout) pexum [7, 8], mpu KOTOPOM Bce TUTa3MEHHBIE 3JIEKTPOHBI MTOTHOCTHIO
BBITECHSIIOTCS TOJIEM Iy4Ka M3 HEeKoTopoi oOsactu (puc. 1). Ilpu mpaBuibHOM moa0ope
(GOpMBI U TOKa YCKOPSAIOUIETO M YCKOPSEMOTO MydYKoB [9] B 3TOM peXHME BO3MOMKHO
OHOBPEMEHHO JOCTHYb BBICOKOH 3()()EKTUBHOCTH OOMEHA 3HEPrHUH MEXAY IIydKaMH,
OOJIBIIOTO 4YHCJIa YCKOPEHHBIX YACTHLl, MaJIOTO 3HEPreTHYEcKOro pazdpoca U BBICOKOTO
Temmna Habopa dHEepPruu, He0OXOAUMOTO JUII MUHUMHU3ALNU SMUTTAHCA YCKOPSEMOTO CTyCTKa
[10].

B Hacrosimiee BpeMs KWIbBAaTEpHOE YCKOPEHHE HAXOAWUTCS B CTaguM HPOOHBIX
9KCIIEPUMEHTOB, HAIlpaBIEHHBIX Ha JEMOHCTPAIMIO COCTOATEIbHOCTH Meroaa. [loka »Tum
crocoboM yzaanoch 106aButh no 170 MaB HeOonpIIOMY YHCITy SIEKTPOHOB U3 XBOCTA ITyUKa,
JBUKYILIErocs B miasme JiuHon 1,4 m [11].

B mepBbIX PKCIEPUMEHTAX MO KWIBBATEPHOMY YCKOPEHHIO ObUIM IOAPOOHO H3MEPEHBI
KoJIeOaHUsl AIEKTPUIECKOT0 MOl B JIMHEHHON M €J1a00 HENWHEHHOU JIEHTMIOPOBCKOW BOJIHE
[12, 13], mpoxeMoHCTpHpOBaH 3P PEKT «IUTa3MEHHOU JIMH3B [14], n3y4eHsl (oKycupoBKa U
YCKOpPEHHE KOPOTKOH TOCIEA0BAaTEILHOCTH CTYCTKOB [15, 16], a Takke HCCIeI0BaHO
B3aUMOJICHCTBHE C IUIA3MOW JTMHHOW IMMOCIIEIOBATEIHPHOCTH AJICKTPOHHEBIX CTyCTKOB [17]. B
nociegHee BpeMs OIMyOJMKOBaHBI pe3ysbTaThl dkcnepuMentoB B Ctendopae [11, 18-20],
ApronHckoit 1aboparopuu [21] u B bpykxeBeHcKkoit t1aboparopun [22].

[IpoBeneHHbIE 3KCIIEPUMEHTHl yOEAUTEIHHO MPOJEMOHCTPUPOBATN TMPUHIMITHAIBHYIO
BO3MOKHOCTH KHJIBBAaTEPHOI'O YCKOPEHHUS U MPAaBUIBHOCTh TEOPETHUECKUX MPECTABICHHUM O
BO30Y)KICHUH IIyYKOM IIJIa3MEHHOW BOJHBI. OIHAKO MOCTUTHYTHIE B HHUX aOCOJIOTHBIC
napameTpsl (TeMIl YCKOPEeHUs, Habop SHEPIUH, YUCIIO YCKOPEHHBIX YACTHL, YHEPreTHYECKUN
paszbpoc) ObUTH BeCchbMa CKPOMHBIMH M HEAOCTATOYHBIMU Uil YOSTUTENBHON NEMOHCTpAIIUN
OCYILIECTBUMOCTH JIMHEHHOTO KoJlaiaepa C IUIa3MEHHBIMH YCKOPSIOLUIMMHU CTPYKTYypamH.
[TprumnHa ToMy — HeOoJbIINE TOKH UCHOJIb3YEMBIX ITyYKOB U HEBO3MOXHOCTDH YNPaBICHUS
ux npopuiem. Kpome Toro, 3a BpeMmsi MpoJieTa uepe3 IJIa3Mmy JJICKTPOHBI TEpsUId WIIH
nproOpeTany HE3HAUYUTENBHYIO JONII0 CBOEH HadalbHOW JHEPrdUH, 4YTO HE IO3BOJHIIO
uccnenoBath 3 (eKTrl, CBSI3aHHBIE C HCTOIIEHUEM JApaiBepa.

B WUucturyre snepuoit ¢usuku CO PAH BemyTcst paboTbl MO CO3MaHUIO YCTAHOBKH,
HCIOJB3YIOIIEN 3JIEKTPOHHBIE U MO3UTPOHHBIE MYYKH MHKEKIMOHHOro Komriekca BOIIII-5
IUISl SKCIEPUMEHTOB 10 KWJIbBATEPHOMY yCKopeHHIo (puc. 2). Ilpoektupyemas ycTaHOBKa
OTKPBIBAET PsiJl HOBBIX BO3MOKHOCTEH JUIsI UCCIIEIOBAHUS KUIbBATEPHOIO YCKOPEHHS, B TOM
qrce:

¢  BO3MOYKHOCTH JOCTIIKEHHS OOJIBIINX ITUKOBBIX TOKOB ITyYKa 3a CUYET €ro
MPOJOIBHOTO CHKATHS,
®  BO3MOKHOCTb 33JaHHUs IPOU3BOJILHOTO NPO(UIIS IVIOTHOCTH MyUKa,
®  BO3MOKHOCTbH JUIUTEIILHOTO B3aMMOJCHCTBUS MyUKa C IUIa3MOM, BIUIOThH
710 pa3pyLIEHHUs! yCKOPSIIOLIEH YacTH CryCTKa,
®  BO3MOKHOCTb IIPEHU3UOHHON TUArHOCTUKH YHEPTETHUECKOIO CIIEKTPa YCKOPEHHBIX
4acTuIl,
®  BO3MOYKHOCTBH Pa0OTHI C TO3UTPOHHBIM ITyUKOM.
Kak crnencrBue, sKCIepUMEHTAIBHO MOTYT OBITH MPOJEMOHCTPHPOBAHBI M UCCIIETOBAHBI
BCE OCHOBHBIE PEKUMBI KHJIbBATEPHOTO YCKOPEHUS, B TOM YHUCIIE:
e  3(DPEKTUBHEIN PEKUM C MATBIM dHEPTETHICCKUM pa3zdpocoM, BeicokuM KIT/] u
OOJIBIIMM TEMIIOM YCKOpeHus [9],
® MHOT'OCTYCTKOBBIN PEXHM C HEOOIBIINM YHCIIOM YCKOPEHHBIX YaCTHII,
HO C PEKOPAHBIMHU TEMIIOM YCKOpEHHUsI 1 HabopoM sHepru [23,24],
e HEYCTOWYMBOCTH M CAaMOOPTaHU3alUs ATUHHOTO 3JIEKTPOHHOTO CrycTKa [25],
®  DPa3INYHBIE PEKUMBI IJIa3MEHHON JTMH3HI [26].
HanHast paboTa mocBsieHa Hanbosee Ba)KHOW YaCTH MPOEKTa — CUCTEME MOATOTOBKU
My4Ka mnepej mia3mMou.
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Puc. 2. O6uias cxema 3KkcnepuMeHTA 110 KAIBBATEPHOMY YCKOPEHHUIO Ha HHXKEKIIMOHHOM Komiuiekce BOIIII-5. [Tnanupyemast
yCTaHOBKa 0OBeJIcHa paMKOi. 1 — BBITyCKHOH KaHaJ JTHHEHHOTOo yckoputels Ha 510 MaB, 2 — mukindyeckuil HaKOMUTE b~
OXJIQ/INTENb JIIEKTPOHOB, 3 — YCKOpsIOLIas CTPYKTypa, He00XoquMasl ISl IPUJaHuUs PErYIIIPHOTO DHEPreTHUECKOoro pa3opoca
My4Ky, 4 — 3JIEKTPOHHO-ONTHYECKask CHCTeMa MOATOTOBKH ITyUyKa, 5 — IIa3MEHHas CeKLusA, 6 — MarHuT aHanu3aropa
SHEPreTUYECKOro CIIEKTPa YaCTHII, IPOIIEANINX CKBO3b IIa3My, 7 — JETEKTOPHI CIIEKTPOMETpa



2. MpoeKT 3KcnepuMeHTa

Wmxexkunonnsii  kommuexkc BOIIII-5 crpoutrcs B MHcTuTyTe simepHO  (QU3HKH
Ut obecriedeHus 3JeKTpOHaMu U 1mo3uTpoHamu Hakormrenerd BOIII-4 u BOIIII-2000 [27].
ITapaMeTpsl 2IIEKTPOHHOTO ITy4YKa Ha BBIXOZE KOMIUIEKCA OKUIAIOTCS CIeTyIOIINeE:

anepeust (Wy) — 510 MaB,

wucno wacmuy — (2 + 5)-10",

onuna (o) — 4 MM,

nonepeunvie pasmepei (o, 0,) — 1,5 x 0,03 mMm,
x-omummarc — 2,3- 10° Mpaj-cM,
y-omummanc — 0,5-107 mMpam-cm,
aHepeemuyeckuu pasopoc (OW/Wy) — 0,051 %.

Ecnu »nmexkTpoHHBIM CryCTOK C TakMMHM MapaMeTpaMy HWHXXEKTHPOBaTh B IUIa3My,
ANIEKTPUYECKOE TII0JIe KWJIBBATEPHOW BOJHBI OynmeT HeBenwko, mopsaka 10 MB/m. [ns
3¢ EKTUBHOTO B3aMMOJICHCTBUS C IJIa3MON MTyYOK MHXXEKLIMOHHOI'O KOMILIEKCa HE00X0AUMO
MPOJOIBHO CKAaTh B HECKOJIBKO pa3 U pa3feuTh Ha JBE YAaCTH: BEIYIIYIO U YCKOPSEMYIO.

2. 1. NpepBapuTenbHble OLEHKU

HeobOxoqumple MaHUITYISIIAKA TTPOU3BOISTCA C IYYKOM B IIOBOPOTE M3 JIBYX MAarHUTOB
(«dmekTpoHHO-ONITHYECKAsT cHUcTeMa» Ha puc.2). llepeq »>TuM Ty4dok mpoieTaer
YCKOPSIFOIIYI0 CTPYKTYPY B HYJIEBOH (haze DIEKTPUUECKOTO MOJS JJISl TOTO, YTOOBI SHEPTHSI
YacTHUI[ CTajla JIMHEWHO CBS3aHHA C WX TMPOJOJIBHBIM TOJOKEHHEM: XBOCTOBBIE IIIEKTPOHBI
3aMeJUIAIOTCSA, a TOJIOBHBIE YCKOPSIOTCS Ha HECKOJBKO MPOICHTOB OT CpEIHEH HSHEPrHH
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Puc. 3. Dueprusi yacTuil B 3aBHCHMOCTH OT HMX IOJIOJKEHHSI B Iy4YKe: a) Ha BBIXOJE
HWH)XEKIIMOHHOTO KOMIUIEKCca (Ha caMoM Jejie JUHHA B 6 pa3 TOHbIIE), 0) IOCie yCKOpPSIOImei
CTPYKTYDBHI, B) B KOJUIIMATOpPE, I') Ha BXOJE B IIA3MYy.
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Puc. 4. Unest ckatus u Mogy isinuu npoQuiis peJaTHBHCTCKOrO My4Ka.

N306paskeHNs IMyYKOB TOIYYEHBI B PE3yIIbTaTe YHCICHHOTO MOJICITUPOBAHUS

1 TI0Ka3aHBI 37IeCh B PAaBWIBHOM MaciuTabe OTHOCHTENHHO ApYT npyra. Pasdpoc

SHEPTHii, IOJIyYEHHBII B yCKOPSIOIIEH CTpYKType — 3,25 %; ucxomHas JyinHa

crycrka (20,) — 8 MM
(puc. 3 a, 0). Bnarogapsi peryJspHOMY 3HEPreTHYECKOMY pPa30poCy 3JICKTPOHBI M3 Pa3HBIX
4yacTel CrycTKa JIETSIT B MarHUTHOM IIOJIE MO CYLIECTBEHHO OTIMYAIOIIUMCS TPACKTOPHUSIM
(puc. 4). YacTumpl U3 XBOCTA IyYKa MMEIOT MEHBIIYI0 DHEPTUI0 U CHUJIbHEE OTKJIOHSIOTCS B
MarHUTHOM IIOJI€, Y€M TOJOBHBIE YacCTULBL. Pa3HOCTH IyTH 3JIEKTPOHOB B IOBOPOTE JAET
BO3MOYKHOCTh YTpPaBIATh IIWHOW cryctka (puc 5). Kpome Toro, mMexxay MarHuTamu B
MPOMEXKYTKE C TIOCTOSIHHOHM JWCIEpCHell YCTAaHOBIEH KOJUTMMATop (HabOp MEeTaTHYecKuX
miactuH). OH BBIpE3aeT W3 IMydKa 3aJaHHbIC 9acTH (PHC. 3 B), 9TO B UTOTE MPUBOJHUT K €T0
Monynauuu. Takum 06pa3oM, MOXKHO MOIYYHUTh MOCIEN0BATENIFHOCTh KOPOTKUX U TIOTHBIX
CT'YCTKOB, UHTEPECHBIX C TOUKU 3PEHUSI KUIILBATEPHOTO YCKOPEHHUS.

MuHuManpHas UIMHA, 10 KOTOPOH MOXKHO CXaTh IMYyYOK C MOMOIIbI0 TAaKOM CHUCTEMBI,

OTIpENIeISICTCS] CITyYalHBIM pa30pOoCOM DHEPTUid, KOTOPBIM MMEIOT YacTHIBL. UeM OombIie
pasHunia sHepruii AW 531IeKTpOHOB U3 XBOCTAa U TOJIOBBI CrYCTKa IIO CPaBHEHHIO C

Xa0THYECKUM Pa30poCcoM BHepruil oW, Tem Jydiile TOYHOCTh MPUTOTOBICHUS MydyKa. ITa
BenM4uHA (PHUC. 3 B, T) 1O MOPSAAKY BEIMIUHBI paBHA
ow 0,05 %
Z=—"20 ~—"——-8mm~0, um,
AW : %

MOCKOJIbKY OJIHOU YCKOPSIFOIIEH CTPYKTYPbI JOCTATOYHO, YTOOBI MIPUAATH MYUYKY PEryIsapHbIi
pazopoc suepruit AW/W <5 %.



MaxkcumallbHOE JIEKTPHUECKOE IoJIe B CTpyKType paBHo 17 MB/M (50 MB/3 M), miuna

BosiHel BU A=10 cm. CiienoBaTesbHO,
AE = (50 M5B) - 2sin(¢ + Ap) =

(50 M5B)-2sin(0+27 -0,/ A) =
0,4 cm

~ (50 M>B) - 2sin(2r——) = 25 M5B.
10 cm
AE B MOB 0000~ 4.9 %,
E, 510 M>B

[lpruem sty 1mHdpy nerko m3MmeHiatb ot 4,9 % nmo Hymsa, NOACTpaWBas aMILUIATYILY

YCKOPSIIOLIET0 N0J1s1. MUHUMAaNBHBIN pa3Mep CryCcTKa
oE 0,05

xX=——>20,=

AE 4,9

-8 mm ~ 0,1 mm.

3TO ¥ €CTh TOYHOCTb, C KOTOPOI MOKHO 33/1aBaTh MPOQHMIIL TNIOTHOCTH MyYKa.
s Oonee TOYHOTO OMpelesieHHs MapaMeTpoB CHUCTEMBbI OBUIO MPOBENEHO UYUCICHHOE
MOZEIIUPOBAHNE, PE3YNIBTATHL KOTOPOT'O MPEACTABICHBI B CIEAYIOLIEM Pa3ZcIIe.
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my4Ka
(20.), cm

0,2 MM
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Puc. 5. llpopoabHbIii pazmep
My4YKa B 3aBUCHMOCTH

OT pa30dpoca FHEepPruu,
MIOJIYYEHHOTO B YCKOPSIOLIEH
cTpykrype. Kak BusHO U3 3TOTO
rpaduka, MUHUMAIIbHBIH pa3Mep
cryctka — 0,2 MM;
MaKCHMAIIbHBIA TOK ITy4YKa MpH
3TOM paBeH 5 KA (€l 9HcIio
qactui — 2¢10'°). Pacrymast
BETBb — HauboJiee BBITOHBIH
Juist pabOThI y4acTOK 3TOU
KpPUBOH, 3/1€Ch JIETKO
peryJmpoBarth pa3mep
9JIEKTPOHHOT'O CI'YCTKa, COXPaHSA
XOPOILYIO0 TOYHOCTD

€ro MOJYJISIHH
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Puc. 6. OnTuuyeckue pyHKIMH YCTAHOBKH OT HAKOMUTES-OXJIAJANTENS 10 KOHIIA TJIa3Mbl. MajeHbKUMHU

OpsAMOYT'OJIbHUKaAMU 0003HaYEHBI KBaJAPYIIOJbHBIC JINH3BbI, OOJILIINMH — IOBOPOTHBIC MarHUThI

2. 2. MopenupoBaHue 3N1eKTPOHHO-ONTUYECKON CUCTEMBI

Bo Bpemst paboTHI Hall MPOEKTOM OBUIO HAIMCAHO JIBE MPOTPaMMBI: OJHA JUIS pacueTa
ONTHUYECKUX QYHKIMHA cucTeMsl (cM. [Ipunoxenue 1), Apyras s MOAETUPOBAHUS ABHIKCHHUS
4acTHUI[ Yepe3 MarHuThl U JUH3H (cM. [Ipunoxenue 2). Puc. 6 — pesynbraT paboTsl EepBoit
MIpoTpaMMBbl, YHUCJICHHO periaroIie ypaBHeHHs Ha W-(dyHkmmu mo cxeme Pynre-KyTThi

00 1100 1200 1300 1

YCTBCPTOI'O MopAaaKa.

W—QyHKIIUM  3JEKTPOHHO-ONTUYECKOH CHUCTEMBI OIPEISISIIOT TONEPEeYHBINH pa3Mep
My4Ka, CB3aHHBIN C YTJIOBBIM pa30pOCOM YacTHII.

o, =W _\/&, — ropu3oHTaIbHbIN pa3zMep,

o, = Wy,/gy — BEPTUKAJIBHBIM pa3zMmep mydka (MEepIeHIUKYISIPHO IIOCKOCTH
puc.4). 3necbe,, & — TOPH3OHTAIBHBIM M  BEPTUKAIBHBI OMUTTAHCHl ITydKa.

B 90-rpagycHoM mMoOBOpOTE K 0, NMpHOABISETCS AMCIEPCHOHHBIA pa3Mep My4yKa, KOTOPBIH

HaMHoro Oonbine, yem W /&€ .

600 700 800 900 1000 1100
S, CM

Puc. 7. lucnepcuonnas pyHkius

B 90-rpagycHoM moBoporte. Takas Gpopma
KPHBO# 0YeHb y100Ha, TaK KaK He
OTpaHUYMBAET MOJI0KEHUE CEKCTYIOIIS

U KoyuuMaropa. VX MO>XHO CTaBUTh

B IIPOMEKYTKE MEXKIY JBYyMsl JINH3AMHU

I'paHuvHbBIE yCIOBUS Ha BBIXOJE HAKOIHTEIS-
oXJIaAuTeNss OBUIM  B3SATBI W3  TEXHUYECKOTO
onucaHus ~ KaHama  TpaHcnoptupoBku K500,
COEAMHSIOIIEr0 WH)XEKIMOHHBIII KOMIIJIEKC
BOIIII-5 cnorpedutenssMu  €ro  3JEKTPOHOB
U TIO3UTPOHOB.

[TapameTtpsl JIVIH3, CTOSIIUX nepen
YCKOpSIOUIeH CTPYKTypOi, TOJOOpaHbl TakK, YTOOBI
My4OoK HUMeNn HeOONbUION TMOMepeyHblil pa3mep
BO BpeMsl MPOXOXKACHHUS CTPYKTyphl. llocime Hee
CTOMT €IIe Iapa JIMH3, KOTOpbIE (POKYCHPYIOT
9NEKTPOHBl Y MPHUAAIOT MMydkKy GOpMy UIMHHON
UIIBl B MECTE PACHONIOKEHHsI KOJUIMMaropa
(cm. puc. 4). DOt0 obOecrneunBaeT MHUHUMATBHYIO
MOTPEIIHOCT, ~ HAape3KHM CrycTKa Ha  YacTw,
ONIpeNeNsieMyl0  Telmepb  TOJBKO  CIIyYaiHBIM
JHEPTeTHYECKUM  pa30pocoM, yCTaHOBHBLIMMCS
B HaKoNHTeNe-oxJaauTene. JIBe JHH3BI MEXIy
MarHUTaMd HYKHBI ISl IPABUJILHOTO TIOBEACHUS
mucriepcuonHoi  GyHKuu  (puc. 7). Ilocmennwmii
Ha pUCYHKe 6 ny0seT poKyCcHpyeT ITy9OK B ILIa3My.
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Bropas mporpamma (cwm. [Ipunoskenue 2) OCyIIeCTBISET MPOTOHKY OOJBLIOrO YHCHA
NpoOHBIX YacTHI 4Yepe3 MoJs MarHuToB M JMH3. Hac B OCHOBHOM HHTEpEcOBalo,
KaK IIPaBUIIbHO C(OKYCHPOBATh MYYOK B MECTE PACIHOJIOKEHHUS KOJIMMATOpa M HACKOJIBKO
CIWIHHBI HeNIMHEUHBIE 3()(PEKTHI, BEI3BAHHBIC OOJBIINM (110 5 %) 3HEpreTHUecKuM pazdpocom
351eKTpoHOB. [locie n3yueHus 3TUX BONPOCOB OBbUIN CHIENIaHBI CIEIYIOIIUE BEIBOABI:

0,04 -

X cMm

0,02 +

0,00 -

-0,02

T T T
0,02 0,04 0,06
Z, cM
Pwuc. 8. TTyuok, cxxaTblii B POIOIBEHOM
HaMpaBJIeHUH 10 MUHUMYyMa (3JIEKTPOHBI
JeTsT cieBa Hanpaso). AE/E = 4,56 %
0,04 -
X, cM
0,02 "

0,00 {.

t
-0,02

1. MuHUMaIbHBINA pa3mep, 10 KOTOPOTro MOKHO
C)KaTh BECh CTyCTOK yacTuil = 0,2 MMm.

2. TlorpemHocTs MOTYISIIUY IIOTHOCTH ITy4YKa
(pa3mbITHE TpaHUIl CTYCTKOB) = 0,1 MM.

3. Mexay MarHuTaMH B IPOMEXYTKE C TIOCTOSHHOM
JHcIiepcueil He0OX0JMMO CTaBUTh CEKCTYIIONb
(§=-63 [c/cm? muaa = 20 cMm). MHaue nepen
IJIa3MOM IyJOK OYIET BBITHYT ITyTOH.

Ha puc. 8 mu3o0paskeH 31IeKTPOHHBIH CTYCTOK,
NMPOAOJBHO CXKAaThld 10 MUHMUMyMa. B 3ToM ciydae
XOpOUIO BHJIHA OCHOBHAs OCOOCHHOCTH, BBI3BaHHAS
HENMHEWHBIMU  dQQeKTaMi, — XBOCT IIy4Ka
CXKMMAETCs] HEMHOT'O CHUJIbHEE, YeM T'0JIOBA.

Ha Puc. 9, 10 mokasansl apyrue BapHaHTHI
ITyYKOB, KOTOPHIE MOXHO IPUTOTOBUTH C MOMOILBIO
Halllell yCTaHOBKH.

'0!04 T T T T T T
0,20 0,15 0,10 0,05

T T T T T T T
0,00 0,05 0,10 0,15 0,20 0,25

1
0,30

Z, cM

Puc. 9. Ily4ok npononeHO cKaT A0 pa3sMepoB 20, = 2,2 MM U pa3pe3aH Ha MHOTo yacteid. Pa3dpoc sHepruii mocie

yckopstommei ctpykrypsl AE/E = 3,25 %

0,02 4
X, cM

0,00 -

0,02 4

-1
Z, cM

Puc. 10. Ily4ok mpononeHO cxat a0 pasmepa 20, = 1 Mm. Pa3opoc sHepruii nocine yckopsouei crpyktypbl AE = 4 %
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Iy

100 A

Ib A

6 KA

z
0 0,5 mMm

0

0,8 KA
0 - 0 -
1 Mmm

Iy A

0

16 Mm

2 MM

Puc. 11. Cxxatne u monyssinus npoduis Toka myqka. CBepxy MoKka3aH UCXOIHBIH IPOQHIIb,
CHHU3Y — BO3MOJKHBIC PE3YJIBTATHI €ro IPeodpa3oBaHms

Taxum 00pa3oM, HCXOAHBIA 3JEKTPOHHBIN MTyYOK IJIMHON 8 MM ¢ MHKOBBIM TokoM 100 A
MOJKHO TIpeoOpa3oBaTh, HApUMeEp, B OAWH IUIOTHBIA CT'YCTOK C TOKOM 6 KA, nmuOo B /Ba
MEHEE IUIOTHBIX CryCTKa (/e = 1 KA), 1100 B Tpu elle MeHee IUIOTHBIX U T. A. IIpu sToM,
pasMep OTIENbHOT0 MUKPOCTYCTKa Beeraa Oyner > 0,2 M.
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Yucno
YaCTHILI
0)
0 T T T T T T
0 02 04 06 08 10 12 Zmum 0.5 Lo W

I>B

0 | | | | | |
0 02 04 0,6 0,8 1,0 1,2 0 5 10 15 20 a,

Z, MM Mpa

Puc. 12. MoaesupoBanue 3p(pekTHBHOrO pe:kuMa: a) pacrpeieieHie TOKa IMyyKa 1Mo JJTHHE MEPe BXOI0M
B IUTa3My (IITPUXOBAS JIMHUS IMOKA3hIBACT MPOQHIH TOKA B OTCYTCTBUE KOJUIUMATOPA), §) KOHSUHBII
SHEPreTUICCKUH CIIEKTp ITyYKa, B) H300paKEHUE ITyYKa Ha IIOCKOCTH «IHEPTUS—IIPOIOIbHAS KOOPINHATA)
Ha BBIXOJIC U3 IJIa3Mbl, T') YIJIOBOE pacrpe/ieiieHUe MyYKa Ha BBIXO/E U3 IU1a3Mbl (00siee TEMHBIM TIOKa3aHbI
YCKOpPEHHBIE YaCTHUIIHI)

2. 3. MogenupoBaHue KuribBaTepPHOro yCKOpeHuUs

[IpoekTupyemasi ycraHOBKa MO3BOJUT pabOTaTh C Pa3IUYHBIMA KOH(UTYpalusMHU U
TOKAaMHU ITy4KOB, a TaKXe MEHATh IUIOTHOCTh IUIA3Mbl B MIMPOKHX Tpeaenax. Kpome
COOCTBEHHO KHMIIBBATEPHOTO YCKOPEHHWS C JJIEKTPOHHBIMH W TIO3UTPOHHBIMH JpaiBepaMu
MOTYT OBITh HCCIICIOBAaHBI HEYCTOMYMBOCTHP W CAaMOOPTaHU3allUsl JUIMHHBIX ITy4YKOB,
pasiuyHBIe PEXHMMBI TUIa3MEHHON JHMH3BI, a TaKKe IWHAMHKA HEOJHOPOIHO HarpeToi
TTa3MBl, OCTAIOMIENCS TIOCTE TPOXOXKACHUS ITyYKa.

B kauecTBe mpumepa Mbl IPHUBENEM 3IECh PE3YJIBTAThl MOACIUPOBAHUS SKCIEPUMEHTA
O JIEMOHCTpauu 3(p(EKTUBHOTO PEXUMa KWIbBAaTepHOro yckopeHus [9]. B atom ciyuae
HCITOJIB3YETCS CHITBHO CXKATHIHN 3JIEKTPOHHBIN IyUYOK, pa3IelIeHHBIA Ha 1Be YacTh (puc. 12 a).
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Jna  wuccrnemoBaHus AMHAMUKM Tydyka ¥ IJIa3MBl  MCIOJB30BAJIOCH  YHCIIEHHOE
MozenupoBanue ¢ nomoipo nporpammel LCODE [23, 31, 32].

[ToxbopoM cTemeHHn CKaTHs UCXOMHOTO ITyYKa, ITOJIOKEHUS MOAYJIUPYIOMNX IUIACTHH
KOJUTMMATOpa, IUIOTHOCTH W JUIMHBI IDIa3Mbl OBUIM HaiJIeHBl ONTHMAalbHBIE HapameTpel,
OJHOBPEMEHHO o0ecneunBaroye 00Ol Habop SHEPTUN PU MAKCUMAaJIbHOM KOJIHYECTBE
YCKOPEHHBIX YacTHI[ ¥ MalloM JHepreTudeckoM pazbpoce. Ha puc. 12 mokazan pesynbTar
ontuMu3aiui. [lydok ¢ «aByroposiM» mpodmieMm Toka (puc. 12 a), choKyCHpOBaHHEIN 110
pamuyca 26 MKM, MOCIEe NPOXOKACHHS 95CM ImasMbl ¢ mioTHocThio 1,7-10" em™
CYLIECTBEHHO M3MEHSET CBOM dHepreTnueckuil cektp (puc. 12 6, B). [lepenusis yactp myuka
(10" wacTu) otmaer 54% cBoeit SHepruy MIa3Me W TOPMO3MTCS, B cpeHeM, ¢ 510 MaB 1o
240 MbdB. 3amusas wacth myuka (3,3-10° wacTui) CHHMMaeT GOJBIIYI0 YACTH SHEPTHH
KuJbBaTepHOU BoJHBI (63%) 1 yckopsercs ¢ 510 MaB o 1.1 I'3B, uto coorserctByet KII/I
nepefayn SHEPTUU OT CryCTKa K crycTky 34% u temmy yckopenus 600 MaB/m. Koneunsrit
JHEpPreTHYecKhil pa3dpoc yCKOpeHHBIX dYacTull cocTtaBmteTr 9% (puc. 12 6), yrioBoii
pa3zdopoc — menee 0,3° (puc. 12 T1). DHeEpreTHUECKOe pPaCHpEeCIICHUE B IMyYKE C TAaKUMHU
napaMeTpaMy MOXKHO OyJIET IIOMEPUTH CIIEKTPOMETPOM Ha OCHOBE JHITOJIEHOTO MarHHTA.

3. 3aknoyeHue

B xome paboThl Hax MPOEKTOM DOKCIEPUMEHTa I10 KHIBBATEPHOMY YCKOPEHHIO
Ha UHXeKunoHHOM Kommiekce BOIII-5 paspaboraHa 37eKTpOHHO-ONTHYECKAs CHUCTEMA,
crocoOHasi CKMMaTh U MOYJIUPOBATh MPOIOIBHBIA MPO(UIH TOKA PENSATUBUCTCKOTO MTyYKa C
ToyHOCTEIO ~ 0,1 MM. Hanucanbl KOMIBIOTEPHBIE MPOrPaMMBI, UCIOJIb3YEMbIE B HACTOSILEE
BpeMs JUIsl KOHCTPYUPOBAHUS yCTAHOBKHU.
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MpunoxeHue 1

[Iporpamma ajist pacuera ONTHYSCKUX (HYHKITHIA:
http://www.nsu.ru/personal/petrenko/PWFAProject/Optics.zip

YuncneHHO pelarTcs ypaBHEHUS Ha ONTHYECKHE (DYHKLNH:

W'+ k W =0,
W'+ kW =0,
D' +kD=1/r.

Hcnone3oBana cxema Pynre-KyTTel yerBeproro nopsiaka.

MpunoxeHue 2

HporpaMMa JJIA MOIIGHI/IpOBaHI/IH JOBHUXXCHUSA YaCTHUI] qepe3 JIMH3bI U MArHUTHI.
http://www.nsu.ru/personal/petrenko/PWFAProject/Particles.zip

Pemraercs cucrema ypaBHeHI/Iﬁ JJIA ABUKCHUA peHHTHBHCTCKOﬁ YaCTHUIEI C ITapaMeTpaMu

e, p, m BO BHEWHUX Noisix £ , B :

@:eE+eVXB
dt c
p=mV

ar_y

dt

CTpyKTypa pa3HOCTHOH CXEMBI CIICAYIOIIAs.

— BHyTpeHHsis cucTeMa eIMHUILL Pa3HOCTHON cXxeMbl: Oe3pa3mepHas. [Tycts Af -

N N X
BPCMCHHOH LIAT PAa3HOCTHOHU CXEMBL, TOTJA x, = CGSE_ | Paomp = Pegse )
T At mc
By =teostn g Mol y L
eHymp . ? enymp me > “enymp At :

— B HavanpHBIE MOMEHT BpEMCHH 3a1at0TCS UMITYJIbCHI Py, Py, P> © ACKAPTOBLI
KOOpAWHATEI X, Y, Z YaCTHII.

— AnropuTt™ paboTBI pPa3HOCTHOM CXEMBI 3a OJUH Iar Af :
1. PaccuutsiBarorcs nmoyigs £ u B B Toukax, Iyie HaXOAATCSA YaCTHIIBL.

2. OcyuiecTBiseTcs pUpalieHie UMITyJIbca B rone £ :

Py =Py +Ex/
Py =P, tEy,
Py =py tEz;
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3. OcymecTBisiercs MOBOPOT UMITYJIbCa B MArHUTHOM TI0JIe BB, periasi ypaBHEHHe
dp, __Pix B npu noMomu cxemsl Pynre-KyTtol Broporo nopsaka [4]:
2

dt 1+p,

( b, :13/+1ng

it 2B
J -
\ A1+ pj2
4. Beruncnsercs y, = 1+ p; W HOBBIC 3HAYCHUS CKOPOCTeH ; _;  Pi.
4 J J
7

5. Ilo HOBBIM CKOPOCTSIM BBIYUCIISIFOTCST HOBBIE KOOPIMHATHI Fo=F 4V,

pubanxenus:

1) Maruutel — o0JacTu MMPpOCTPaHCTBA, 3aII0OJIHCHHBIC OAHOPOAHBIM IIOJICM (KpaeBLIX

HMCKKCHUH TTOJICH HET)
2) JIuH3Bl — 00JIACTH MIPOCTPAHCTBA, 3aII0OTHEHHBIE UACaIHHBIM KBAJPYIOILHBIM I0JIeM 0e3

HUCKaXEHUU.
3) He y4areH coOCTBEHHBII POCTPAHCTBEHHBIN 3apsiy Mydka. Tak Kak 9acTHIIBI CHIIEHO

penstuBuctckue (Y = 1000) mpocTpaHCTBEHHBIN 3apsi/] CYIIECTBEHHOM POJIM HE UTPaET.
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