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I[TapameTpbl 3JIEKTPOHHOI'0 NMYYKA, HHKEKTHPYEMOI0 B MATHUTHYIO JIOBYLIIKY
IIA3MEHHOT'0 YCKOPHUTeJIsl

B. B. Anopees, A. A. Hosuykuui, JI. A. Bunnuuenko, A. M. Ymnos, /[. JI. Hoone

Onpeodenensl napamempsvl UHNHCEKMOPA AKCUANbHO20 RIAIMEHHO20 HYYKA, UHNCEKMUDPYEMO20 8
RNIA3MEHHbLIL YCKOpUmens, 0elicmeyloujuil Ha 0CHO8e ZUPOPE3OHAHCHO20 YCKOPEHUA INEeKMPOHO8 8
pesepcHom mMazHUmMHoOmM noie. Memooom uwacmuy 6 aueilke NPOGEOCHO YUCIEHHOE MOOeAUpPosane
3axeama INeKMPOHOE NYUKA 6 PeHCUM ZUPOPE3OHAHCHO20 YCcKopenusa. OnpedeileHO OonmumanibHoe
6pemMa AKCUANLHOU UHMCEKUUU NYUKA 6 MAZHUMHYI0O J108YWKY npooounozo muna. Haiioenwl
napamempel nyuKa, y0061emeopAlouiue YCcaoeuaAm IPPeKmuenozo 3axeama UACMUY 8 PeHCUM

CUPOMAZHUMHO20 A6MOPE3OHAHCA.

PACS: 52.50.Sw

Kouesvle cnosa: TMpOMarHUTHBIN aBTOPE30HAHC, 3(PPEKTUBHOCTh 3aXBaTa, WHXKEKIMS ILIa3MEHHOIO

Imy4dKa, YUCJICHHOC MOACIIUPOBAHUC.

BBenenue

B mpoBenennsix panee paborax [1, 2] mokaza-
HO, UTO PSKMM THPOMArHUTHOTO aBTope3oHaHca (I'A)
B MAarHUTHOM II0JIe MPOOOYHOW KOH(MUTYpalH TpH-
BOJIUT K 00pa30BaHUIO MJIa3MEHHBIX CTYCTKOB C yMe-
PEHHO PENATHBUCTCKOHN (MacmTaba coTeH k3B) amek-
TpoHHOU KommoHeHToH. [Ipomecc I'A He TtpelOyer
HUKaKOT'0 MPEABAPUTENBEHOTO YCKOPEHHs YacTHll MPH
X MHXEKIMH B 30HY YCKOPEHHS, T. €. OHH MOTYT
BBOJIUTHCA B 30HY 3axBaTa H3BHE, JMOO I'€HEPUPO-
BaThCA HEMOCPEICTBEHHO B CaMOl 30HE B YCIIOBHSX
3JIEKTPOHHOTO LUKJIOTPOHHOTO pe3oHanca (DLIP), kak
3TO OBUIO peanm3oBaHO B padorax [1, 2]. Takoit mox-
XOJ HaKJIaJbpIBa Psii OTPAHUYCHUN Ha BO3MOXHOCTB
yIpaBJICHHUS YUCIIOM 3aXBau€HHBIX B MPOLECC YCKOpe-
HUSI DJIEKTPOHOB U (popM-(pakTOpoM 00JIaCcTH 3aXBaTa.

Jns u3ydeHHUs BO3MOXHOCTH YIIyUIIEHHS BBbI-
XOAHBIX TapaMeTpoB IUIA3MEHHOTO YCKOPHUTEIS H
oOecrieyeHus] peXrMa HAKOIUICHHS T'eHEPHPYEMBIX
YCKOPHTEJIEM PEJISITUBUCTCKUX IJIA3MEHHBIX CTyCTKOB
Opta mpemioxeHa cxema ['A-yckopeHHs B peBepc-
HOM HMITyJIbCHOM MarHUTHOM IIOJIe BHYTPH TpPOTS-
JKEHHOH MpPOOOYHOH MarHuTHOW JNoBYHIKH. llembio
paboThl SBISIOCH OIpenesicHne TpeOOBaHUH, TPeab-
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ABISIEMBIX K IapaMeTpaM BHEUIHEH HWHXKCKIUHU B
MIPEIOKEHHOM cXeMe YCKOPEHHUs Ha YHMCIEHHOM Mo-
JeN, a TakKe pa3padoTKa U anpodaunus UMITYJIECHO-
HNEPUOJUYECKOT0 MHXKEKTOpa, 00eCIIeYrBAaOLIEro OIl-
TUMallbHbIE pabodne peXHMbl pa3padaThIBAEMOTO
TJIa3MEHHOTO YCKOPUTEIS.

IKCNepUMEeHTAJbHBIN CTEHI H ONHCAHNE
HHKEKTOpa

OKCIEepUMEHTAbHAS YCTAHOBKA IPECTABISET
coboit munmmHapudecknii CBY-pesonatop (Moma ko-
nebanuit TE, g, pe3onancHas dacrora 2,45 ['T1), mo-
MEIIeHHBId B OCECHMMETPHYHOE MAarHWTHOE TIoJie
NPOTSHKEHHOW MPOOOYHONW KOoHGHUrypauuu (mpoood-
Hoe cooTHomeHue R = 1,2; L = 80 cMm) c nHAyKInei
MarHuTHOro Mojisi B MUHUMyMe JjoBymku 1200 T'c.
B cuMMETpPHYHBIX MyYHOCTSX DJICKTPUUECCKOTO OIS
CTOSIYEH BOJIHBI YCTAHOBIICHBI KATYIIKA UMITYJIBECHOTO
MarHATHOTO OIS

Hampasienue Toka B UMITYJIBCHBIX KaTYIITKax
o0ecrieunBaeT CO3/[aHNe MAarHUTHOTO TOJISI C HAIpaB-
JICHWEM, IPOTUBOIIONIOKHBIM CTAIlHOHAPHOMY IIOITIO,
YTO IIO3BOJIIET CO3/1aTh JIOKAJTBHBIA «IIPOBAI» CTa-
[IMOHAPHOTO MAarHUTHOTO TOJSI 0 YPOBHS, COOTBET-
cTByromero 3Hadennto OLIP mms paboueit wacToTh
pe3oHaTropa. YMeHBIIEHHE TOKAa B WMITYJIBCHBIX Ka-
TYIIKaX ¥ BOCCTAHOBJICHHUE MCXOMAHOTO MPOQMIS CTa-
IUOHAPHOTO MArHUTHOTO TOJIA 00ECIEYHBACT PEIKUM
3axBaTa M YCKOPEHUS DIIEKTPOHOB MCXOIHOW IIa3Mbl
B pexuM ['A u TeHepalnuio pPeNSITUBUCTCKHUX ILIa3-
MEHHBIX CTYCTKOB B JIByX CUMMETPHUYHBIX 30HaX yC-
TaHOBKH (puc. 1). BoccraHOBNIEHME MCXOAHOTO TPO-
(nIs CTaIMOHAPHOTO MAarHUTHOTO TOJS C MajbIMHU
rpaJveHTaMy MPUBOJIUT K ABUKEHHUIO CTYCTKOB B 00-
JACTh MUHUMYMa JIOBYIIKA U UX HAKOIUICHHUIO. YCTa-
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HOBKa pa60TaeT B HUMITYJIbCHO-ICPUOAUYCCKOM pC-
KAME C U3MEHSIEMOM CKBaXKHOCTBIO.

Kamyuiku umnyiscuozo 1
MAZHUMHO20_NOIA

HQHL AHOAHOI'O MMTAHU UHKCKTOpPA OCHAIIICHA
KOMMYTaTOpOM Ha OCHOBE MOIIHBIX CHJIOBBIX TPaH3HC-
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Puc. 1. Cxema IKcnepumeHmanbHoi yCmanoeKu
[IpenBapuTenbHBIN aHAIN3 YCIOBUN MHXKEKIMM  TOPOB C HW30JUpOBaHHBIM 3aTBopoM (MOSFET
napaMeTPOB MHIKEKTUPYEMOrO ITy4yKa) Ha YHUCIEHHOHN IRFPG50 KOTOPBIH OO€ECIIeunBaceT HMITYJIHCHO-
9

MOJIENTH TI0Ka3all, YTO MPIMEHEHNE BHEIIHETO HHXKEK-
TOpa MOBBIIIAET HAAEKHOCTh M YIPaBISEMOCTh MPO-
1ecca WHXKEKIMH, HO TPHU 3TOM HaKJIaIbIBa€T PAI
TpeOOBaHMIA Ha MTapaMeTpPHI IJIa3Mbl, HHKEKTHPYEMOU
B 30HY 3axBara.

Jns Bepudukanuu pexuma BHENIHSH WHKEK-
mud  ObUT pa3paboTaH WMHKEKTOP ¢ D3JIEKTPOHHO-
ontuueckoir cucremoit Ilupca (30C) ¢ xaTtomom Ha
ocHOBe Tekcabopuaa nantaHa (LaBg), koTopbIil ObLT
COTIPSIKEH C TI0JIeM MTPOOOYHON MarHUTHOH JIOBYIIIKY.

KoncTpykumst aHoHO-KaTOAHOTO y37a (CM. CHO-
CKy Ha puc. 1) mpeacraBiser cOOOH CIEIYHOINUi
KOMIUTEKC: Karona (muametp d = 3,5 MM), TIOMeIIeH-
HBIA B OMpaBy C MOJHOJEHOBBIM TEIIOBBIM OTpaXka-
TeneM (2), mpuUKaTOAHbIN 3nekTpos (3nexTpon [Iupca)
(1) u aHOA Cc LEHTpaNBHBIM OTBepCTHEM (3). DIEKTPOX
[Mupca umeeT MOTEHIMAIN, PaBHBIA ITOTEHIUATY KaTo-
Jla, ¥ Pacroiaraercsi Tak, 4To ero MOBEPXHOCTD SIBIISI-
eTcs MPOJOJDKEHHEM MOBEpPXHOCTH Karozaa. Harpes
KaTo/la OCYIIECTBISETCS KOCBEHHBIM HarpeBaTelieM
PE3UCTUBHOTO THIIA U3 TaHTaJIoBOU ¢onmbru. Harpepa-
Tenb (4) mpeacraBisieT co0oil 1Be CKpEUIeHHbIE MMOJ
yraom 90° nonocku (oseru TanTana (20,0x5,0x0,15) MM,
BKIIIOUEHHBIX MocienoBatensHo (puc. 1). Takas koH-
cTpyKnus obecrieunBaeT 3PPEKTHBHBINA HarpeB KaTo-
na 10 pabounx Temmeparyp 1500—1800 °C.

HNEPUOANYECKUH PEXUM €ro paboThl OT IeHepaTopa
ummynbcoB Tektronix AFG 3252 .

WmxexTop pasMernancs B 00JacTH MarHUTHOM
npoOKK B BO3PACTAIOLIEM B IIPOAOJIBHOM HarpasJie-
HUM MarHUTHOM TI0JIe, YTO oOecreunBaio KOMIeHca-
IIUI0 CHJI KyJIOHOBCKOTO PAacTaJKUBAaHUS M YIydILIano
CXOMUMOCTh Tydka. Paboumii awama3oH maBIIeHUH B
pesonarope coctasasin 1-10*—1-10° Topp. 1o mo-
3BOJIMJIO IOJIYYHUTh HAa BXOZAE B JIOBYILIKY B YCIOBHSAX
HU3KHUX JaBJIEHUH TMY4YOK C PE3KHMMH TpaHHLAMU U
KOHTPOJIMPYEMBIMH NTapaMeTPaMu.

YucaeHHasa Moaelb

TpexMepHoe  YHCICHHOE  MOJEIUPOBAHUE
TUTa3MBbl B YCIOBUSAX THPOMAarHUTHOTO aBTOPE30HAHCA
MpU CTOPOHHEH WHXKEKIUU IUIa3Mbl IPOBEICHO IO
Meroay dvactuil B sueiike [3]. Ilmasma mHkKeKTHpYe-
MOTO TyYKa CUHTANIACh MOJIHOCTHIO MOHU3UPOBAHHOMN
C OJHOKPAaTHO WMOHM3WPOBAHHBIMH aTOMaMH aproHa.
IIpormeccsl MOHM3ALMK OCTATOYHOTO Ta3a HE YUYUTHI-
BaJIMCh. Y PaBHEHUS JBUKCHHUS DJICKTPOHOB PEIIAIOCh
o cxeme boprca, HOHOB — MO CXeMe «C Iepemari-
BaHHUEM).

Lenpro MOEIMPOBAHUS ABISIIOCH (DOPMYIIUPO-
BaHUE OCHOBHBIX TPeOOBaHHA, MPEIBSIBIIEMBIX K pe-
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KMMY BHEIIHEW MH)KEKIHH, U OIpeJeICHUE narna3o-
HOB M3MEHEHUS XapaKTepHCTHUK ITydKa YaCTHIl, HE0O-
XOJHMMBIX JIsl TOUCKA PabovYnX PeKUMOB HHIKEKTOpa,
KoTopble Obl oOecneunBaiu 3(PQeKTUBHBIN 3axBar
YaCTHI[ B PEATN3yEMOIl CXeMe YCKOPECHHUSL.

O0cy:k1eHue NoJy4eHHbIX Pe3yJIbTATOB

N3yueHne BHENIHEH WHXKEKIUU HA YUCICHHOU
MOJIEIM TPOBOAWIACE IPU CIEAYIOIMIMX OCHOBHBIX
rapaMeTpax: HadajbHas IUIOTHOCTH ITy4Ka BapbHUpPO-
Banach B mpeaenax 10°—10' em™, nunamerp myuxa —
2—6 MM, SHEeprusi MHXKeKIuu 31ekTpoHoB 20—300 3B,
HaAIPSKEHHOCTh 3JEKTpUUecKoi KommoHeHThl CBY-
monist B 30He yckopeHust — ot 300 B/cm mo 3 kB/cm.

B mpenyaraemom cueHapuu yCKOpeHus: Hanbo-
Jiee IPOCTHIM METOJIOM MHKEKLIMH SBIISETCS aKCHalb-
Hasl MH)KEKIHA 3apsHKEHHBIX 4acTHll. BBuny Toro, 4ro
I'A-yckopeHre MpoUCXOIUT 3a BpeMsl, HAMHOTO TIpe-
BBIIIAIONINE BPEMs IIPOJIeTa YacTULEl Yepe3 30Hy I'A,
TO BO3HHMKAET 3aJayda IPOJOJIBHOTO YIEpXKaHHs Yac-
TUI B TEUEHHE IMKJIa YCKOpeHus. Takoe yaepxaHue
o0ecrieunBaeTcs CO3AaHueM IPOOOYHOIO MarHUTHOT'O
MoJist B 00JIaCTH 3aXBara.

Onenka BpeMeHH 3(QQEKTUBHOM HHXKEKIHH
IUTa3MEHHOTO IIy4Ka B KaMepy YCKOpHUTess Oblia Io-
JyyeHa IOCPEACTBOM UHCJIEHHOTO MOJAEIHPOBAHMS.
Ha puc. 2 nmpencraBieHa 3aBHCHUMOCTb YHCHA JJIEK-
TPOHOB B 00BEME KaMephbl B Cllyyae aKCHaIbHOW WH-
JKEKIUU MydKa JUAaMETPOM 5 MM IpH yCIOBHM CHH-
XPOHHM3aLY Hadaja WHXXEKIUU U CTapTa HApacCTaHUSA
MarHuTHOro Mojsi. B MUHMMyMax MarHUTHOTO TOJS
JIOKAIBHBIX JIOBYIIEK MHAYKIMS TOJNA paBHSIACH

mcw
BO =

=875 Ic, rme m u e — Macca OKOS M 3a-
e

PSA DIIEKTPOHA COOTBETCTBEHHO, C — CKOPOCTH CBETa
B BakyyMme, ® — vactota CBY-moms. AMmmryna Ha-
MPSDKEHHOCTH dJIeKTpudeckoi coctapisomeii CBY-
nonst £ = 1 kB/cM, TeMnm HapacTaHWsT MATHUTHOTO TI0-
ns 15 T'e/mxe.

PesynpraTtel  YMCIEHHOTO  MOJICIMPOBAHUS,
MpeJICTaBIIEHHBIE HA PHC. 2, MMOKA3bIBAIOT, YTO BpeMs
3 PeKTHBHOW WHXKEKIUH ((PUKCHPYETCS B MOMEHT
YMEHBIIIEHUS YUCIIa YaCTHUI[ B KaMepe) COCTaBISIET OT
1100 mo 1500 mepuomoB CBY-mosst sl pa3iIdIHBIX
BEJIMYUH DHEPTUM HHKEKUMU Wiy, uin 4—6 Mkc. OT-
METHM, YTO WHXXEKIHs sBisgeTcs Hambosee s¢dek-
TtuBHOM pu W;,; = 100 3B. B sToM ciiyuae B kamepe
0CTaeTCsl MAKCHMAabHOE YHCIIO0 YaCTHII.

[Ipu cHmWKEeHNH TeMIa HapaCTaHWsI MATHUTHOTO
MoJIsi ONTUMAJbHOE BPEMsl WHXKEKIIUU IPOIMOPITUO-
HAJBHO BO3pacTaeT. Takum oOpa3oM, MpH TemIle Ha-
pacTaHusi MarHUTHOTO TIOJISI, THIAHUPYEMOTO B DKCIIE-
pumente — (0,75—1,0) I'c/mMke, omneHouHOe Bpems
WHXEKLINU cocTaBisieT okono 100 mkc.

UncneHHBIC pacyeThl, BHITIOJIHCHHBIC MPH pa3-
JUYHBIX TPOJOJBHBIX JHEPrUsAX Iy4Ka, MOKa3alH
(puc. 3, a) Hammuue MakcuMyma 3(QEKTHBHOCTH 3a-

XBaTa, KOTOpBIi cooTBeTCTBYET 3Heprun W, = 100 »B.
BenvunHa TUIOTHOCTH TUIA3Mbl  WHXKEKIUH TaKXKe
BIMsICT Ha 3P PEeKTUBHOCTH 3axBarta (puc. 3, 6). B aua-
nazoHe pabouyMx 3HAYCHUN HAMPsSHKEHHOCTEH 9JIeK-
Tpuaeckoro moisa (mo 1 xB/cMm) B 30HE yckopeHHs
3¢ (GEeKTUBHOCTh 3axXBaTa TMagaeT C IOBBIIICHHEM
IUTOTHOCTH. B ciyvae CpaBHUTEIHHO BBICOKOW IIOT-
HocTH mydka (n > 10'° cm™) 3axBar npakTuaeckn mpe-
Kpaiiaercsl.
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Puc. 2. 3asucumocmp uucia mMoOeabHbIX IIEKMPOHOE 3AX6a-
uennwix 6 pexscum I'A-yckopenus om epemenu unicekyuu nyy-
ka: 1 — W;,;j=203B, 2 — W,;,;=1003B, 3 — W;,; =300 >B

JumarnocTtrka mydka W CO3/aBaeMOM MM IUIa3-
MBI TIPOBOJWIIOCH C MTOMOIIBIO KOJJIEKTOPOB, IIMIUHII-
pa dapanes, a Tak)ke MHOTOCETOYHOTO 3HEProaHa-
IU3aTOpa, MOMENIAEMBIX B IPOTHBOIOJIOKHOW MOJIO-
JKEHUIO MHXKEKTOpa MAarHWTHOH NMpoOKe, paccTosHUE
MeEXTy KOTOPBIMHU cocTaBisuio 80 cM. B ummynascHOM
pexxuMe paboThl MHXKEKTOpA MapaMeTphl Mmydka (TOK,
AHOJHOE HaNpsKEHHWE, JUIMTEIBHOCTh HMITYJbCA,
CKBaXHOCTb) M3MEPSUIUCH C MOMOILBIO ocLuiiorpada.
W3myuenne, Bo3HUKaOIIEE B KaMepe MPU B3aUMOZCH-
CTBHUH 3JIEKTPOHOB ITy4Ka C Ta30M U IIa3MOMH, PErucT-
PUpPOBANOCH B MEPHEHAMKYISIPHOM HAINpaBJICHUH IO
OTHOILIEHUIO K HAIPaBJICHHUIO PAcIpOCTPAHEHUS Iyd-
Ka. BBuny TpeOoBaHMA, TPEIBABIICMBIX K JABICHHUIO
B PE30HATOPE B PEKUME YCKOPEHH:s, BCE M3MEPEHUS
PEeKUMa MHXEKIUU ObUIM MPOBEIEHBI B THANAa30HE OT
1:10* 10 1-10”° Topp.

HcnpiTaHust mMokasaiH, 4YTO HETOCPEICTBEHHO
32 aHOJIOM 3JICKTPOHHBIN ITy4OK IPY HUKHEW rpaHuULe
YKa3aHHOIO AWAaNa3oHa JAaBJICHUN HMMEET YETKO BBI-
paskeHHBbIe TpaHUIBI (BepxHee (HoTo puc. 4, ) U ero
JUaMeTp COOTBETCTBYET JUaMETPy KaTojga — 3,5 MM.
Wzmepenus mokazanu, 4To pa3padOTaHHBIA HHKEKTOP
UMEeT CIEYIONMEe XapaKTepUCTUKH M MapaMeTphl:
BE/IMYMHA IIEPBEAHCa MyYKa COCTaBIsieT 6 MKA/B*?
smmuTaHe mydka 1,75-107 m-pag. PokycupoBKa myd-
Ka BO3pacTalOIIMM II0JIEM MarHUTHOH MpoOKu obec-
neyuBalia TOKONPOXOXKICHHE B pabounii o0beM Ha
ypoBae 95 %.
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Puc. 3. 3agucumocms Ipghekmusnocmu 3axeama: a — Om IHEPUU UHNCEKUUU NYYKA, 6 — OM HIOMHOCIU UHICEKMUPYEMO20
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Puc. 4. Bonbm-amnepuvle XapaKkmepucmuKku ny4Ka om 6e1UYUHbL AHATUIUPYIOULE20 HANPANCEHUA RPU PA3HBIX AHOOHBIX HARPAIICe-
Husx (a), pomozpapuu ceeuenun 2aza npu mpancnopmupogKe NYUKa NPU PasiudHbIX 0AGNEHUAX, HO NPU PUKCUPOGANHOM 3HaUe-

HUU anoono20 nHanpsaicenus (0)

HcnpiTanus mokazanu, YTO WHXKEKTOP YCTOM-
YrBO ()YHKIMOHUPYET B MMITYJIECHO-IIEPUOTUIECKOM
pexxume, oOecrieunBas CIEAyIOLINE BpPEMEHHbBIE Xa-
PaKTEPUCTUKU: JJIUTEIBHOCTh HUMITYJIbCA MOXKET W3-
MeHAThesa oT 20 Mkc 1o 10 Mc ¢ gactoroit ot 1 1o 100
I'u, mepenuuii ¥ 3aAHUN (POHT UMITyJIbCa TOKa HE
MIPEBBIIIAIOT 5 MKC.

Bpemennbie mapaMeTpbl, yCTaHOBIEHHBIE SKC-
MEePUMEHTAIBHO, COOTBETCTBYIOT IOIYYEHHBIM IIpU
pacueTax Ha YMCIEHHON MOJENW B MpPHBS3KE K Mapa-
METpaM YCKOPEHHs, peaTu3yEeMbIM Ha YCTaHOBKE.

Takum oOpazom, s obecrieueHus 3¢pdekrus-
HOT'O 3axBaTa BJIEKTPOHOB HEOOXOIMMO OCYIICCTB-

JISAITh MHXKEKIUI B MOMEHT BPEMEHH, COOTBETCTBYIO-
IUH TIPOBaJly MarHUTHOTO TOJs 10 ypoBHA DLIP nnu
YyTh HUXKE C JUIUTEIbHOCTBIO mopsaka 100 Mxc, 4To
COOTBETCTBYET pabO4YMM TapamMeTpaM WHKEKTOpa.
[Mepenuuit GpoHT UMIYyJbCAa HHKEKIUM JOKCH B
3TOM ciy4yae OBITh CHHXPOHH3UPOBAH C MOMEHTOM
BPEMEHU NTOCTHXKEHUSI UMITYJIbCHBIM MArHUTHBIM IO-
JIEM CBOETO aMIUTUTYJHOTO 3HAYCHUSI.

N3sMepeHus MOAHOTO TOKa MPOBOAMIIOCH C IO-
Momsio nuuHapa dapanes ¢ aneprypHoit auadpar-
MOH, pa3Mep OTBEPCTHSA KOTOPOW OBLT OTpeaesieH 1Mo
aBrorpady mydyka Ha KOJUICKTOpPE, MOMEIICHHOM B
MIPOTUBOIONIOXHON WHXEKTOPY MAarHUTHOM TpOOKe.
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W3mMepenus mokasany, 94TO MPH IAJAIIed MOITHOCTH
Hakama (350 Br) BenmmumHa TOKa, IPOBEICHHOTO
CKBO3b MarHuTHyIo JIOBYIIKy (80 cm), cocraBuia 10 MA
npu HampsbkeHuH Ha aHojge 600 B. Pecypc nakana
MIPH TaHHOH MOITHOCTH cocTaBiseT 6omee 300 gacos.
Ha puc. 4, a npuBeneHs! BOJIbT-aMIepHbIE Xa-
PaAKTEPUCTUKH MyYKa OT BETUYMHBI aHATU3UPYIOIETO
HaTPSDKEHMsSI, T3MEPEHHBIE C IMTOMOIIBI0 MHOTOCETOY-
HOTO aHaJIHU3aTopa.
YBenuueHne TeMIepaTypbl SMUTTEPA MO3BOJISA-
JIO TIOJHATH BEIMYUHY TOKA JI0 MaKCHUMaJbHO 3aperu-
CTPUPOBAHHOTO 3HaueHUd 35 MA, OJHAKO pecypc pa-
00Tel pe3ko cokpamancs. llomydeHHble 3HaUEHUS
TOKa COOTBETCTBYIOT 3HAYCHUSM IJIOTHOCTCH MHKEK-
muu (puc. 3, 6), HeoOXoauMBIM s 3 dekTHBHOTO
3aXBaTa B PEXHM YCKOPEHHs IS peajn3yeMbIX Ha
YCTaHOBKE 3HAYEHWH MapaMeTpoOB YCKOpeHHUs (cKo-
pocTh HapacTtaHusi MarHuTHOro moinst 1 ['c/mkc, Ha-
MPSHKEHHOCTD AekTprdeckoro mois 500 B/cm).
W3mepenust crekTpa 3JIEKTPOHOB C MOMOIIBIO
MHOTOCETOYHOTO aHaN3aTopa, MOMEIIEHHOTO B Mar-
HUATHOM TpoOKe, MOKa3ajo, YTO B YCIOBHSAX HWKHEH
TpaHUIBl PabOYMX [ABICHUH HHEPreTUYEecKHil pas-
Opoc myuka cocrassieT He 6onee 10 % ot ero sHeprum.
Ha puc. 4, 6 npusenens! ¢poTtorpaduu cBeueHU
ra3a Mpu TPAHCIIOPTHPOBKE ITyYKa B Pa3IAYHBIX yC-
JIOBUSIX TIO AABJICHHIO, HO TMPH (PUKCHPOBAHHOM 3Ha-
YeHWW aHOJHOTO HampspkeHus. [Ipu 3ToM TOk yBenu-
gypBaeTcs OT 5 1o 35 MA. AHanmu3 TOJYyYCeHHBIX
M300paKEHUN TIO3BOJIMII  OMPEJENNUTh TONEpEeUHbIe
pasMepsl ITyyka, KOTOPBIH 3aBUCUT OT BEIUYHHBI 1aB-
JIeHUs B pe3oHaTope. B auamna3one pabounx maBiieHAN
MOTIEPEYHbIe pa3Mepbl H3MEHSIIUCh OT 4 MM IpH
1:10”° Topp a0 15 mm mpu 1-10™* Topp. Buaso, uro
YBEIMUYEHHE JaBICHUS MPUBOANT K YBEIHUYCHHIO T1O-
MIEPEYHOT0 CeUeHUs THypa, CMEIIEHUIO CIIEKTpa CBe-
YeHUs B KPAacHYI0 00JacTh, YBEIWYCHUS SIPKOCTH, a
MoNTydyeHHasl TUla3Ma 3aHHMaeT NPAaKTHYeCKH BECh
o0beM pezoHaropa. ClemyeT OTMETHTh, YTO HapsIy
CO CKa4yKo0Opa3HBIM M3MEHEHHEM KaK XapakTepa CBe-
YEHUs], TaK U CIEKTpa CBEUCHHS PETUCTPHPYETCS H3-
nydeHue Ha yactore 48 MI'n, mpupoaa KOTOpBIX Tpe-
Oyer yrouHenusi. [IpM yBeNWYEHUH YCKOPSIOLIETO
HaNpsDKEHUsI TpaHHULBl IUIa3MEHHOTO 00pa3oBaHus,
r7ie JOKaTu30BaHbl Hanbollee WHTEHCHUBHBIE Koleba-
HUSI, CTAHOBSITCA 0OJiee Pa3MBITHIMH.

@DaKThl CKaYK0OOPa3HOTO M3MEHEHMS TOKa, U3-
MEHECHHME XapaKTepa U CIIEKTpa CBEUYEHMs IIIa3MBL,
HaJIMYHe WHTEHCUBHBIX KOJEOAHHH CBHUIETEIBCTBYET
0 Bo3MokHOCTH 3akuranus [1[1P B oOmactu BepxHen
rpaHuLbl pabovero Auana3oHa JaBJICHHH.

3akjaouenune

PesynbratTel, monyueHHBIE B JTaHHOW padore,
MOKa3alid, 9YTO pa3pabOTaHHBIN CIIOCOO CO3JMaHUs Ha-
YabHOM TIa3Mbl — aKCHANTbHAs MHXEKIIUS M1a3MeH-

HOTO ITy4yKa — II03BOJSET OCYILIECTBUTH HMHKEKIIHUIO
IIy4Ka ¢ KOHTPOJIMPYEMBIMH IIapAMETPAMU B 30HY yC-
KOpEHHUSL.

Ha ducieHHON MOAeNnu M SKCIEPUMEHTAIBHO
MOKa3aHO, YTO B TNPUMEHIEMOH CXeMe YCKOpEeHHS
TUTA3MEHHBI TYYOK JOJDKEH YIOBIETBOPSTH Clie-
JYFOIIUM YCJIOBHSIM: MHTEHCUBHBIH MyYOK C MaJIbIMU
YTIIOBBIMH XapaKTEPHUCTUKAMH, TIO3BOJISIONIMMHA TIPO-
BECTH €ro 4epe3 CHIbHYI MarHUTHYIO NpOOKYy Ha
BXOJIC B JIOBYIIKY, UMETh MAaJbI SHEPreTHYCCKUHN
pa3dpoc Kak MO SHEPTHH, TaK U MO YTy, UMETh BO3-
MOKHOCTh MEHSTh DHEPTHI0O W TOK Iy4yKa, BapbHUPO-
BaTh JTUTECILHOCTh HHIKEKIINH.

3asBiaeHHBIC TPeOOBAHUS W 3HAYCHUS TapaMeT-
poB, HEOOXOMUMBIX s 3()(PEeKTHBHON WHIKEKIHH,
OBUIH yYTEHBI B KOHCTPYKIIUH M MPOJEMOHCTPUPOBA-
HBI OKCTIEPUMEHTAIIBHO.

[lomydeHHbIe pe3yNbTaThl MO3BOJISIOT PACCUH-
THIBAaTh Ha JAJBHEHIIMI IPOrpecc B HCCIENOBAHUSIX
M0 M3YYEHHIO MpOoIecca TeHEPauH PENSITHBUCTCKIX
TUTa3MEHHBIX 00pa30BaHWN B YCIIOBUSX TMPOMATrHHT-
HOTO aBTOPE30HAHCA B IPOTSIKEHHOW MarHUTHOH JIO-
BYIIIKE TTPOOOYHOTO THIIA.
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The parameters of the injector axial plasma beam intended for the injection of plasma into the plasma
accelerator, acting on the basis gyroresonance acceleration of electrons in the reverse magnetic field
are defined experimentally and by computer simulation. The plasma accelerator is designed to create a
plasma bunch with moderately relativistic electron component in a mirror magnetic trap. It is shown
that for effective trapping of electrons in the acceleration mode should be reduced to a reverse magnetic
field to below the condition of electron cyclotron resonance. The dependence of the optimal time of
beam injection into a magnetic trap on the parameters of the injected beam and the strength of the
electric microwave field is studied. It is shown that the number of electrons trapped in the
gyroresonance acceleration mode is about 50 % of the total number of injected particles when
performing optimal injection conditions.

PACS: 52.50.Sw

Keywords: gyromagnetic autoresonance, trapping efficiency, the plasma beam injection, acceleration,
computer simulation.
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