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BbIBOJ My4YKOB U3 HUKJIOTPOHOB C MOMOIIBIO YJIEKTPOCTATHYECKOTO
nedieKTopa: 0T PacyeToB /10 IKCIEPUMEHTAJIBHBIX Pe3yJIbTATOB

I A. Kapamviwesa, C. A. Kocmpomun, H. A. Mopo3zos, E. B. Camconos,
E. M. Ceipecun, I'. J[. llupros

Paccmompena memoouka pacuema 6vi600a YCKOPEHHO20 NYYKA U3 YUKIOMPOHA C UCNOTIb306d-
HUeM IIeKmpocmamuueckozo degaexmopa. Ilpusedenst pe3ynromamsvl ORMUMUIAUUU NAPAMEMPOEB
6b180OHOIL cucmembl YUKI1ompoHua onsa npomonnoi mepanuu C235 (IBA, benveus) ¢ yenax ygenu-
yenusa IPpexmuenocmu evigooa nyuxa. llonyuennvie meopemuueckue pe3yipbmanpl XoOpowo co-
2nacyiomes ¢ IKCnepumenmansHoimu oannvimu. Ilo pezynemamam pacuemos npeonoicena Hogas
Konguzypayus neKmpocmamuyeckozo oegiekmopa, Ucnob306anue KOmopoi no3eoauio 3navu-
MeNbHO YAYU UMb RAPAMEMPBL 6bI6OOHOI CUCEMbl WUKIOMPOHA.

PACS: 41.75.1; 41.85.-p

Kniouesvie crosa: my4ok, HUKIOTPOH, Ne(IEKTOP, BBIBOA, PACUET.

BBenenune

OddexkTBHOCTh BBIBOJA Myyka — OJHA W3 OC-
HOBHBIX XapaKTEPUCTUK JIFOOOTO ITUKIHIECKOTO YCKO-
putens. [loatoMy onTuMu3zanusi BBIBOJA SIBISETCS
BRXKHBIM BOIPOCOM B IIpOIEcCcax pa3pabOTKH H 3a-
nycka uukiaorpona. B HOOHY JISII OUSAU co3gan
KOMILJIEKC MPOrpaMMHBIX KOAOB AJII PacuyeTOB JUHA-
MUKHU ITyYKa B IUKIOTPOHAX, B KOTOPBIX MOTYT OBITh
KCIIONIb30BaHbl U3MEPEHHBIE UIIM PACCUUTAHHBIC Kap-
Thl MATHUTHBIX U YCKOPSIOIIUX MOJEH.

[Tony4yenuslii B pe3yibTaTe pacueTa YCKOPEHUs
MOPTPET MyYKa HAa BXOJE B BJIEKTPOCTATUUYECKUU Jie-
(haekTop mpuUMeHseTCs IS AalbHEHIIeH ero mpoBo/I-
KU 4epe3 CUCTeMY BbIBoJa. JlelcTBUE AIeKTpocTaTu-
4ecKoro Jiedaekropa, KBaapyIOIbHBIX WM CEKCTYIONb-
HBIX JIMH3, 4 TAKKE Pa3IMYHbIX MACCUBHBIX MArHUTHBIX
KaHaJIOB MOJENUPYETCs] BBEACHUEM COOTBETCTBYIOIIMX
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W3MEHEHHUI B CTPYKTYpPY BENYIEr0 MarHUTHOTO OIS
YCKOPHUTENS.

OCHOBHBIMH pe3yJIbTaTaMH TaKUX PacueToB SBISA-
IOTCS:

MapaMeTphl MydKa Ha BXOJE B CHCTEMY TPaHCIIOp-
THPOBKH;

MIOTIEPEYHBIA pa3Mep Mydka BO BpeMsl MPOXOXKIeE-
HUS Yepe3 BBIBOJHYIO CHCTEMY YCKOPHUTENS;

BEJIMYMHA MOTEPh YacTHIl (€CIi OHHM €CTh) Ha pas-
JIUYHBIX AJIEMEHTAX BBIBOAHOIO TPaKTa.

Ontumusu3anus nNapamMeTpoB BBIBOAHOM CHUCTEMBI
LUKJIOTPOHA IO3BONSET JOOUTHCS MaKCHMAJIBHOH 3(-
(ekTUBHOCTH ee paboThl, YTO MPOJEMOHCTHPOBAHO HU-
JKe Ha IIprUMepe NUKIOTpoHa Oenbruiickoit pupmsl IBA.

Pacuer yckopeHust my4ka B HUKJI0TPoHe C235

Bensbruiickoit ¢pupmoit IBA pazpabortan u coznan
M30XPOHHBIM IUKIOTpoH C235 nis mydeBOoM Tepa-
nuu [1]. K HacTosimeMy MOMEHTY CeMb TaKUX MallluH
YK€ YCTaHOBJIEHBI M paboTaloT B Pa3sIMYHBIX MeIu-
LHUHCKUX IIEHTpaX, ellle HECKOJIbKO HaXOAiTCsA Ha CTa-
JIUY U3TOTOBJIEHHS U HAJIaIKH.

Huxmnorpon C235 (puc. 1) nmpenHa3zHaueH Uil yc-
KOpEeHUs MPOTOHOB 110 3Heprun 235 M»aB. IlpoekTHslit
TOK BbIBeZIeHHOTO myuka — 500 HA.

OcHoBHBIE NapaMmeTpsl IUKI0TpoHa C235 mpuse-
JICHBI HIDKE.

OHeprus yCKOPEHHBIX MPOTOHOB, M3B ............. 235
Cpennee MarauTHOE 1oie, Ti:
B IICHTPC ..eeuevveeenerreeeirreesnineeeennneeesnnneeesnnnes 1,7
HA PAIAYCE BBIBOIA ...uvvveeennvereannrreeenireeennnns 2,15
Pamiyc BBIBOZA, M....cccuveeeeiiiieiiiieeeiiieeeiieeeae 1,08
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MaruutHoe nose Ha paauyce BeiBoga, T

1: 3940 0.V (<JRURUR TSRt 3,09

1391 (0); 0715 (S NURRRRR TSRt 0,98
3a3op, cM:

B JIOTIHTHE «...covveenereenireenireenieeeneenareenaneenneenane 60

B XOJME.....coooeiiiiieiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 0,6—0,9
[leprogmIHOCTE CTPYKTYPHI MATHATHOTO

TIOIST ettt et e e e 4
AMTIEP-BUTKH OOMOTKH, KA........oevevireeeriieeenns 525
[NorpebsieMast MOIITHOCTH OOMOTKH MarHUTa,

KBT oo 190
Macca maraura, T .. .. 210
UHCITO JTYAHTOB .....eeeenevreeenireeeenireeesnareeesireeennnne 2
Hanpsoxenue Ha nyanrax, kB:

B IIEHTPC. cneevieeeeeeeeniiiieeeeeeeeniiireeeeeennnnnnees 55
HA PAJIAYCE BBIBOIA «.eeevvvreernerreennereeeseneeanns 150
YacToTs! OeTaTPOHHBIX KOJIeOaHuHA
OO e 1+1,37/0+0,28

Puc. 1. ITpomonnvit yuknompon C235

Huknorpon umeeT npoUIMPOBAHHBIN 1O BBICOTE
(3AIMOTUYECKHIT) 3a30p B XOJIMax, YMEHbBIIAIOIIHIACS
OT 1eHTpa K paauycy BeiBoaa ¢ 0,6 o 0,9 cm. Beptu-
KaJbHasl amepTypa AyaHTa cOCTaBisieT 2 cM. BHYyT-
PEHHUI HMOHHBIA HMCTOYHHK PAcCIOJOXEH B LEHTPE
(wens UCTOYHHMKA HAXOAWTCA Ha paauyce ~1,5 cM) u
BBOJIUTCS B LIMKJIOTPOH BEPTUKAIBLHO.

B mununapuyeckoi cucteMe KOoOpAHMHAT (7, ¢, 2)
JIBMO)KEHHE YAaCTHUIIBI B DJIGKTPOMATHUTHOM IIOJIE ITHK-
JIOTPOHA OIHCHIBAETCS CHCTEMON ypaBHEHUH [2, 3]:
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/i€ ITPUX — nmuddepeHnupoBanue 1O
yrity @,
(B., B, Byu ¢, &, &,) — KOMIIOHEHTBI MarHUTHOTO
U BJIEKTPUYECKOrO MOJIeH;
q, Ey, E — COOTBETCTBEHHO, 3apsg,

SHEPTrUs TMOKOS W TIOITHAs
SHEPTUS YACTHIIHI;
¢ — CKOpPOCTh CBeETa.

Cuctema ypaBHenuii (1), (2) siBisieTcs TOYHOM.
Pacuersl yckopeHHs mydka 3apsKEHHBIX YaCTHIL TIPO-
BOJIMJIUCH ITyTeM YHUCIECHHOT'O WHTETPHPOBAHMS TUX
YpaBHEHUH, a TaKKe BBIPAXKCHUM 11 MOTHOU 3HEp-
ruu 1 Bpemenu (3) u (4):

E'=q(rE,+1'E, +Z'E.); 3)

1/2
’

3 (r2 +rt4z"?
c(l1-E} /1 E*)'?

4)

Ui KaXOoM dvactuisl B Oanue. MHTerpupoBaHme
ypaBHenuii (1)—(4) npoBoauiocs MeronoM Pynre—
KytTa 4-ro nopsnxa.

s pacuera AMHAMHKH ABHMIKCHUS MydYKa B LIUK-
norpoHe C235 wucnonp3oBanach KapTa H3MEpEHHOH
BEPTUKANbHOW KOMIIOHEHTHl MarHMTHOrO moyisi B, B
CpemHel MIOCKOCTH. 3aBUCUMOCTh CpemHero (1o as3u-
MYTY) IIOJISI OT paAnyca MpencTaBieHa Ha puc. 2.
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r, M
Puc. 2. Hzmepennoe cpeonee none yukiompona C235

VYckopstoliee 3JIEKTPUYECKOE IOJIE PACCUMTHIBA-
JIOCh Ha OCHOBE KapThbl, COCTOSAINEH U3 3HAUeHUH [,
u E, B muockoctu z = (), MOJy4eHHOH B pe3yjbTaTe
pacueTa BBICOKOYAaCTOTHOTO PE30HATOpa LHUKIOTPOHA
C peanbHBIMU F€OMETPUUECKUMH pa3MEpaMH.

B naHHOM IIMKJIOTpOHE BBIBOA ITy4Ka MPOM3BOAUT-
cs ¢ paauyca ~105,9 cm (pamuyc BxoAa B cepeauHy
amnepTypsl AIEKTPOCTATHYECKOTO AedIIeKTopa, pacio-
JOKEHHOro Ha azumyTte 60°), 4TO COOTBETCTBYET
cpenHei aHepruu mydka ~ 231 MaB.

s yckopeHus MCToib30Bajics OaHy, CreHepHupo-
BaHHBIA Ha paauyce ~6 cM u coctoaumit n3 500 yac-
THUI, apaMeTpbl KOTOPHIX OBLIM COTJIacoBaHBI C TO-
nepeuHbIM (a30BBIM MPOCTPAHCTBOM IIUKIOTPOHA.
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dazoBas NpOTHKEHHOCTh OaH4a paBHa 20° BBICO-
koii yacTorsl (BY). 3HaueHns MakcHMManbHBIX aMILTH-
Ty CBOOOAHBIX MOMEPEYHBIX KOJeOaHWl yYacTul B
Oanue ObLH paBHBL A, ~1,5 MM, 4, ~3,0 MM, 9TO CO-
OTBETCTBYET pEaJbHOMY IONEPEUYHOMY pa3Mepy yc-
Kopsiemoro nyuka. Ha puc. 3, a, 6 moka3aHsl ¢a3oBble
MOPTPETHI ycKopsieMoro Habopa yactull. Pacnpenene-
Hue yactul no BU-dasze paBHOMepHOE. DHepreTuye-
ckuii pazopoc £ 2,5 %.
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BY-dasza, rpan

Puc. 3. Yckopaemutii 6anu:
a — Ha IIOCKOCTH (7, z); 6 — Ha (Ha30BOH INIOCKOCTH
(W, BU-¢a3za)

Ha puc. 4 npencraBieHbl pe3yabTaThl MOJCIUPO-
BaHUS YCKOpeHHs OaH4Ya [0 pPaauycoB BBIBOJA.
B nmaHHOM NUKIOTpOHE HAOIONACTCS CHIIBHBIN POCT
aMIUTATY]] PaJvaibHBIX KONEOaHUN K KOHILYy YCKOpe-
HUSI U3-32 HaJU4Us MEPBOM TapMOHUKH MarHUTHOTO
MoJisl Ha BHEMIHMX paauycax. OHa BO3HUKAeT M3-3a
HallM4usl MTACCUBHOIO MArHUTHOTO KaHala, KOTOPBIN
WCIIONb3yeTcs JUis BeIBoAa myuka. Jlo paauyca 70 cm
HaOIFOJAI0TCSI TOJILKO CBOOOJIHBIC paiialibHbIC KOJIe-
0aHMsI C aMIUMTYJIOH ~2,5 MM, a 3aTeM OTYETIINBO
pPacTyT BBIHYXJICHHBIC KOTEpEHTHBIC KOIeOaHUs 0
BEIUYHHBI ~8 MM.

Puc. 4. Amnnumyost paduanvHvix Konedanuii
60 6pems YCKOpeHus

Ha puc. 5 mokasaHo BepTHKaJIbHOE JBHKCHHE
my4yKa B Ipolecce yCKopeHus. BumHo, uTo mepBoHa-
YaJlbHBIN pa3Mep IMy4Ka COXpaHseTCsl Ha BCEM AMaria-
30HE PaJHYCOB YCKOPEHUSI.

0 20 40 60 80 100
7, CM

Puc. 5. Bepmukanvnoe osusxcenue nyuKa 6 WUK10mMpoHe
(6epmuxanvhan Koopounama uacmuy, cHumanacy uepes 45°)

CucreMa BbIBOJa HMKJIOTPOHA

Cucrema BpIBOAA MPOTOHOB M3 IUKIOTpoHa C235
COCTOUT M3 3JIEKTPOCTATHUECKOro AedeKTopa, Kop-
peKTopa TpaJueHTa MarHUTHOrO Mois U (OKycH-
PYIOIIEro KBaAPYHOJBHOTO JyOjera Ha OCHOBE
MOCTOSIHHBIX MarHUTOB. [ JlaBHast 0COOEHHOCTH YCKO-
pUTENs C TOYKH 3pEHUS BbIBOJA My4YKa — OYEHb Ma-
JIBIA BEPTUKANBHBINA 3a30p (9 MM) MEXAy CEKTOpaMH
MarHMTHOM CHCTEMBI B paliOHE TPaHMIBI IONIOCA.
B cBA31 ¢ 3TUM BBITEKAIOT J1Ba OCHOBHBIX CJIEICTBHS:

ANEKTPOCTAaTUYECKUH  Ae(IeKTOp MOXeT OBITh
pacHoioKeH TONBKO B JONMHE MarHUTHOM CHCTEMBI
LUKJIOTPOHA U OIPaHUYEH IO JAJUHE €€ YIJIOBBIM pa3-
MEpOM;

TPaJUeHT MarHUTHOTO TOJNsS B pajudalbHOM Ha-
MpaBJICHNUHU, KOTOPBIA HCIBITHIBACT Ha ceOe BBIBOIM-
MBI MMy4OK, B paliOHE IPaHULIBI TIOIKOCA OYEHD BBICOK
(0B/Or > 20 Tn/m).

[TapameTpsl HCHIOIB3YEMOT0O ATEKTPOCTATHUECKOT O
nedIexTopa NpUBEIeHBI HIKE.
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AzuMyTansHas MPOTSHKEHHOCTD, TPaf....

JUTHHA, Mueeiiiiiiiiiiiieeeeeeeeiieeee e e 0,58

HOMUHATBHBIHA 3230D, MM.....c..eveeeiiieeeeieeeenennen. 4

TONIIIHA CETITYMA, MM......eeeererreeenrreeenereeennnnens 0,1—3,0

HanpspkeHre Ha BEICOKOBOJIETHOM 3JIEKTPOJIE,

KB oo 70

HampspxeHHOCTS 3n1ekTpraeckoro moist, MB/m:
HOMPHAIIBHAS .....veonveeeiieenereenieeeieeenneenineeanes 14
MAKCHMAITBHAS. «..ceevvvveeennereeennereeesnreeenaneeens 17

VYTII0BOE OTKIIOHCHHUE TTYIKA, MPA....c.vvvveennnne.. 19,2

[loBepxHOCTH cenTyma IMPEACTaBIAIOT COOON 4ac-
TH OKpykHocTell. TonumHa JMHEWHO HapacTaer ¢
0,1 MM Ha Bxoge 10 3,0 MM — Ha BBIXOJIE. DTa 0CO-
OCHHOCTb BBI3BaHA KOHCTPYKTHBHBIM pEIICHHEM H,
KaK MOKaXyT JaJbHEHUIINE pacueTsl, BHOCUT CYIIECT-
BEHHBIN BKJIaJ] B KOJTMYECTBO NOTEPH MPH BBIBOJE.

[Tocne BrIXOMA 3a rpaHUIly MOTIOCA IyYOK MOMAa-
eT B 00JIaCTh PE3KOCMAJaIoIIEero C paJHyCcoM MarHuT-
HOTO TOJS. 3/1eCh OH MCIBITHIBAET CUIIBHYIO TOPHU30H-
TanbHYI0 JeOKycHpoBKY. Bo nzbexanue 3Toro cpasy
3a KpaeM I0JI0ca, B pailoHe TPaeKTOPHH BBIBOIUMOIO
ITy4Ka, C TIOMOIIIBIO0 TACCUBHOTO MAarHUTHOTO KaHajla —
KOppeKTopa ObUIO CO3aH0 PUMEPHO MOCTOSHHOE 110
paanycy MarHuTHOE TOJe€.

Hanee mydok Qokycupyercsi nyOmeToM KBaapy-
MOJIBHBIX JIMH3, BBIMOIHEHHBIX Ha OCHOBE IOCTOSH-
HBIX MarHUTOB U PACTIONOKEHHBIX MEXAY OCHOBHBIMU
00MOTKaMH MarHUTHOM CHCTEMBI IIUKJIOTpOHa. B ka-
YeCTBE MaTepHalla OCTOSHHBIX MAarHUTOB HCIOIB30-
Bancst SmyCoy;. Dokycupyrommii rpafieHT BHYTPHU
nuH3 paBeH 16 Ta/m. 3aTeM mydok momnajgaeT B JIMHUIO
TPaHCIIOPTUPOBKH, KOTOpasi COCTOMT H3 Kiaccuye-
CKHX 3JIEKTPOMarHMTHBIX KBajapymnosnel. [lonepeunslit
pa3Mep Nydka Ha BXOJIE B IHEPTETUUECKUN 3aMeIH-
TeNb paBeH ~ 1 MM.

Monennposalme BbIBO1A IMMy4YKa

BriBoa mpoTOHOB M3 LUKIOTPOHA MOJEIUPOBAIICS
cnenyromuM obpazom. CHavana ObUT MONMYYEH MOPT-
peT mydYka Ha BXOJE B DJIEKTPOCTATHUCCKUH Aediek-
TOp, 3aTEM MOJEIUPOBATIOCH JBUKEHUE 3TUX YACTHI] C
Y4eTOM JISHCTBHS OTKIIOHSIOIIETO oS aedaexTopa u
Moyied SJEMEHTOB CHCTEMBI BbIBOa. Takoil pacuer
MO3BOJISIET OIEHUTH 3(PPEKTUBHOCTh BBIBOJAHON CHC-
TEMBI, T. €. pACCUMTATh MOTEPH YaCTHI] TIpU 3a0poce B
neduIeKTop Ha ero Toplie W Ha OOKOBBIX IMOBEPXHO-
CTsX (BHYTPEHHHUX M CO CTOPOHBI IMPKYIHUPYIOIIETO
My4yKa), a TAKKE Ha JAPYTHUX AJIEMEHTaX CHUCTEMBI BBI-
BOJA.

s monydeHus mopTpera Mmydka Ha BXOJE B AJICK-
TPOCTATUYECKHUU NEIICKTOp MOJISIUPOBAJIOCh YCKO-
perre HaOopa 4YacTHI[ J0 KOHEYHBIX paJHyCOB.
Ha azumyte BxOoma B nediiekTop mpOBOAMIICS aHATU3
paguanbHOro MOJOXKEHUS Ka)XJOW YacTHUIIBL: OHAa I0-
najana Ju00 Ha BRICOKOBOJIBTHEIN 3JIEKTPOJ, TUO0 Ha
Bx0J Aediiekropa, mubo Ha ero centym. Eciu pamunyc

YacTUIBl OBl MEHBIIE pajuyca PacloOXEeHHUs Cel-
TyMa, TO OHa YCKOpsJIach JaJblIe 10 MONaJaHus B
OJHY W3 yKa3aHHBIX obOmactedd. Ilpu 3TOM yuuTHIBa-
Jach peajbHas KOH(QHUIypamus CenTyMa: YacTHIB,
MIONIaBIME HA CENTYM CO CTOPOHBI IIUPKYJIHPYIOLIETO
My4YKa, CYUTAIUCh MOTEpSIHHBIMU. Bee pacuersl mpo-
BOJMJINCH B KAapTe M3MEPEHHOI0 MAarHUTHOTO TOJs
uukinoTpona C235.

IIpenmnonaranock, 4To BXOX B AJIEKTPOCTATHUECKUN
neduexTop HaxoAuTcs Ha azumyTe 60°, a IeHTp ero
anepTypel — Ha paauyce 1058,52 Mm, 4TOo COOT-
BETCTBOBAJIO PEATFHOMY TOJIOKEHHUIO JedIeKTopa.
[lony4yeHnHbie TOPTPETHI ITyYKa Ha BXOAE B Ae(ICKTOp
MOKa3aHkI Ha puc. 6, a, 0.
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a
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2 s 3 .
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230,8 ;:.. -: g A
.
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r, CM
o

Puc. 6. ITonosxscenusn wacmuy:
a — yCKOpeHHOro 0aH9a Ha pajuaIbHOHN (Ha30BOI INIOCKOCTH HA
a3uMyTe BXOfa B Ae(IICKTOp; 6 — IMOMABIINX B Ae(IICKTOp HA
IUTOCKOCTH (7, W) Ha a3uMyTe BXoza B Ae(ICKTOp

Beutn momyueHsl cienyrone mapaMerpbl Iydka
Ha BXOJIE B DJIEKTPOCTATUUECKUH nedIeKTop:

cpennss sueprus (231,12 £0,38) MaB;

pajualbHBIl  CpeAHEKBaIpaTHYHBIN
€= 0,67 m-MM-Mpan;

BEPTUKAIBHBIA CpPEJHEKBAIPATUYHBIA 3MHUTTAHC
g.= 0,46 m-MM-Mpas.

OMUTTAHC
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[lorepn nyuka Ha TOpIE CENTyMa COCTAaBHIIN
~10 %, a Ha ero BHEIIHEH MOBEPXHOCTH (CO CTOPOHBI
LHUPKYJIUPYIOIIETo Iydka) ~25 %, IpHUueM OCHOBHOE
KOJINYECTBO 3TUX MOTEPH MPOUCXOAUT Ha MEPBOM Tpe-
TH JIUHBI cenTyMa (puc. 7). 3aTeM IBIKEHHE ITydKa
MOJICTTUPOBAJIOCH BHYTPH JeQIieKTopa W Jajee II0
cucteMe BbIBoja. IloTepn Ha BHYTPEHHUX IOBEPXHO-
CTSIX CENTyMa U BBICOKOBOJIBTHOT'O 3JIEKTPOJia COCTa-
BuiH eme ~5 %.
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Puc. 7. Pacnpedenenue nomepaHHbIX HA 6HeluNell
NO6EPXHOCINU CENMyMa 4acmuY, no ezo Oune

DNEeKTPOCTaTHUECKU Ie(IeKTOp OTKJIOHAET yc-
KOpsEMBbIE YaCTULBI 32 CUYET JEHCTBHUSA JIEKTPUIECKO-
ro nons. Cuia, ¢ KOTopoii mosne aeduiekropa AeHcTBY-
€T Ha IMpoJIeTAloNe 4Yepe3 HEro 4YacTHIBI, paBHA
F=qFE,, rne q — 3apsn 4acTuusl, £,; — HanpsKeH-
HOCTb 3JIEKTPUYECKOro MoJisl B AeduiekTope. JTa cuia
HalpasJieHa MPAKTHYECKH IMEPIEHINKYIIPHO K Tpa-
€KTOPUH JABHUKEHHSI YaCTHIIBL.

Tak kak 3apspkeHHas 4acTUI@ B IIUKIOTPOHE C
a3MMyTaJIBHON Bapualed MarHUTHOTO MOJS JBUXKET-
Csl IO JTOCTaTOYHO CIOXKHOW TPAeKTOPHUHU, TO PacCUh-
TaTh JelcTBUE Ae(IeKTOpa Ha YACTHUIY B LMIJIMHIPH-
YecKOW cHCTeMe KOOpAWHAT, HCIOJB3Ys 3JIEKTpOCTa-
TUYECKYIO CHJTy, AOCTaTOYHO CIOXHO. ['opa3go mpo-
e BBECTH (PMKTHUBHYIO JOOABKY K BEIMYMHE BEPTH-
KaJbHOM KOMIOHEHTH MAarHUTHOTO moiis dB, Ha a3u-
MyTax pacnoioKeHHus aediiekTopa. 3a cUer 3TOro Ha
JBIDKYIYIOCS YacTUIly OyAeT AeicTBOBAThH JOMOIHU-
TeNbHas CWJIA, HalpaBiI€HHas K LEHTPY KPUBU3HBI
TpaeKTOpUH U paBHas 10 MoAyo F =qudB,_, rie g —

3apAaq 4aCTUlbI, U — €€ CKOPOCTh.
Bennunna de HaXOOUTCA U3 paBCHCTBA

E, FE E
gE,=qudB, = dB, =—%=—%= d

v B I-(E,/E)
rae ¢ — CKOpPOCTh CBCTA,

E() — DHCPIrus IIOKOA IMTPOTOHA,
E — nonnas OHEPIrus MpoOTOHA B ITyYKE.

Hampumep, ans MonmenupoBaHUsS JISHCTBHS DIICK-
TPOCTATHUYECKOTO JeIIEKTOpa C HANpsHKCHUEM Ha
BBICOKOBOJBTHOM 3JekTpoge 70 kB u pamuanbHOU
aneptypoii 4 MM (HAIPSDKEHHOCTh DJICKTPHUYECKOTO
nonst paBHa 17,5 MB/M) HeoOxoauMo y4yecTs Ha a3u-
MyTaXx pacronoxkeHus aediekropa n1o0aBky dB. K Be-
JIMYMHE MAarHUTHOTO TOJs (IIOy94aeMOro M3 KapThl),
paBHy10 ~978 I'c.

MarHuTHbIC KaHAJIBI MOJEIUPOBAIUCh B pacyere
MyTeM BBeICHUS 00aBKH dB, K BEIMYNHE MarHUTHO-
ro moJsi B, (IUTONbHAS KOMIIOHEHTA), 8 TaKKe COOT-
BETCTBYIOIIMX MOMPABOK K BEIMYNHAM ITPOH3BOIHBIX
MarHuTHOTO Toust 0B./0r u OB./0p (nelicTBre KBaIpy-
MOJILHOW KOMITOHEHTHI B MarHHUTHOM KaHaje). Bo
BpeMsl cueTa IPOBOJIWIICS TAKXKE aHAIM3 IOTePh Yac-
TUIl HA TPAHULAX AalepPTyphl 3JIEMEHTOB BLIBOJHOMN
CHCTEMBI.

Pacuersr mokazanm, 4yTo eciu MoAo0paTh mapamer-
PBI OKPYKHOCTEH, OMHCHIBAIOIINX OOKOBYHO) TI'€OMET-
pUIO cenTyMma, TAKMM 00pa3oM, 4TOOBl MUHUMYM €ro
TOJIIIMHBI HAXOAUJICS Ha paccTosHun ~10 cM OT BXO-
Jla, TO TOTEPH CO CTOPOHBI ITUPKYIHUPYIOIIETO MydKa
cocraBat 8—10 % BmecTo 25 % B cTapoil reoMeTpuu
centymMa. BMmecTe ¢ ontuMusanueii pajuanbHOroO mo-
JIOKEHMS BXOJ[a U BBIXO/A U3 NIe(IIEKTOpa 3TO MPHUBE-
JIET K yBENUYCHUIO 3(PPEKTUBHOCTH BBIBOIHOU CHC-
Temsl 10 80 %.

Jednexrop c HOBOI reomerpueii ObLIT U3TOTOBJIECH
W UCTBITAaH Ha OJHOM M3 IUKIOTpoHOB C235 (C235
PAP-111 npenna3znadeH s MEIUIIMHCKOTO IIEHTPa B
r. Opce (®panius)), Tpd 3TOM yIAIOCh YBEITUYHUTH
a¢dexruBHOCTE BBIBOMA ¢ 60 10 77 % (pHC. 8).
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Puc. 8. 3asucumocmo usmepennoii UHMEHCUBHOCIMU MOKA
nyuka (Hopmuposana Ha éenuquny moxa Ha paouyce 300 um)
om paouyca ¢ yuxknompone C235 PAP-111 npu ucnonv3osanuu
OehieKmopoe H06020 U nPedbIOYUe20 MUNOE

N3-3a cnupanbHOM CTPYKTYyphl MarHUTHOW CHCTe-
MBI LUKJIOTPOHA MEHSIETCS Yrofl MOoNafaHus MyJyKka Ha
NpOOHUK, NBUTAIOLIMKCS MO paguycy, MO3TOMY Ha-
Omiomaercs nageHue, a 3aTeM POCT MHTEHCUBHOCTH Ha
panuycax 6onee 500 Mm.
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3akjIoueHne

[IpoBenen pacuer BbIBOAa My4yKka M3 IHKIOTPOHA
C235 nnig mpoTOHHOM Tepanuy Ha 3Hepruro 235 M»aB.
PaccunTanbl XapaKTEpUCTUKU My4YKa MPH MPOXOXKIE-
HUM 4Yepe3 JIEMEHTHI BBIBOJAHOW CHUCTEMBI U ee 3¢-
(eKTUBHOCTb. Pe3ynpTaThl HaxXomATCA B XOpPOILIEM
cornacuu (~10 %) ¢ 3KcTieprMEeHTaIbHBIMUA JaHHBIMH,
MOTY4YEHHBIMH aBTOPaMH NpPHU 3allycKe OJHOrO W3
uukinoTpoHos C235.

PacyernpiM crocoOoM mpoBeneHa ONTHMHU3AIMUS
MapaMeTpoB 3JEKTPOCTATUUECKOro AediekTopa, uc-
MOJIb3YEMOTO B BBIBOAHOM CHCTEME LHKIOTPOHOB
C235. Ha ocHOBE NOJIy4E€HHBIX PE3yAbTaTOB CIENAHbI

pPEKOMEHIAIMHU TI0 YIIYYIICHUIO TEOMETpUHU Jediek-
Topa. Ux peanmzarus mo3Boiwia yBeaTuuuTh dddek-
TUBHOCTE BeIBOga ¢ 60 1o 77 %.
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Extraction from cyclotrons using electrostatic deflector:
from calculations to experimental results
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Modeling of the beam extraction from cyclotron is considered. The results of the optimization of
C235-cyclotron (IBA, Belgium) extraction system parameters are given. Obtained theoretical results
are in a good agreement with experimental data obtained during launching one of the C235-
cyclotrons. Parameters of the improved geometry of the electrostatic deflector are obtained. Use of
new version of the deflector lead to essential increase of the total extraction efficiency of the cyclo-

tron.

PACS: 41.75.1; 41.85.-p
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