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O BO3MO)XHOCTH YBEJHYEHHA KO2PPHUHUEHTA 3AXBATA
YACTHL B BETATPOHE INPH UCITOJIb30OBAHHH
JOMNMOJIHUTEJ/IbHbIX ®OKYCHPYIOLLHUX CBY NMOJIEH

10. A. HEINOKPBIThIX, B. H. 3EJIEHLOB

(ITpencrasjena Hay4yHBIM CEMHMHAPOM CEKTOpA CBEPXBBICOKHX YacTOT Il TEOPHH
yekopureqeiit HUH $03A)

B c¢Bfi3n ¢ HCNoJb30BaHHeM 6eTaTPOHOB B Pa3JHUHBIX 0OJACTAX HAYKH
H TeXHHKH yjensdercs 06oJblli0e BHUMAaHHE YJIYULIIEHHIO MapaMeTpoB M PeH-
TabedbHOCTH 3THX YCKOpHTeJeH, B YaCTHOCTH, YBEJHUEHHIO 3aXBayeHHOTO
zapsiia. Mmeercsi uedblit psaa TeopHH, OOBSCHAIOUIHX MeXaHH3M 3aXBaTa
3JeKTPOHOB B ycKopeHHe [1—6]. BrisicHeHO, YTO OCHOBHBIE TOTEPH 3JEKT-
POHOB NPOHUCXOAAT B MOMEHT HHXKEKUMH H CPaBHHTeNbHO HeGOJAbIION
OTPe30K BpeMeHH, cJeAyoWHUi 3a HUM. MHTEHCHBHOCTL MOXHO VBEJIHYHTH
3a cyeT:

1) yBequYeHHA 3HEpPrHH HHIKEKIHH,

2) yBeqnueHHs cedeHHs pabouell YACTH BaKyyMHOU KaMephl,

3) npumenenns OeckonefaTeJbHOro MeXaHH3Ma 3axBaTa 3JEKTPOHOB
B YCKOpEeHHE.

Hapany c¢ stum ony6amkosaH psjg paboT NO CO3LAHHIO YCTAHOBOK
C JOTOJHHTENbHbIMM (DOKYCHPYIOMIMMH moasimH [7, 8, 9], KoTopbie mo3Bo-
N80T YBeJHUHTb 006beM (Pa30BOro NPOCTPAHCTBA HUPKYJHPYIOUEr0 ITYUYKA.
Tlo-BuanMOMY, 3TO AOJIKHO NIPHBOJHTE K YBEJHYCHHIO 3aXBAYEHHOTO 3apsna.
B [10] BmepBrle paccMOTpeHAa BO3MOXKHOCTL TOJYYEHHSI JIOTIOJHHTENLHOIN
dhorycHpoBkn wactul 3a cuer neictBua CBUY nosaefll, Bo36yxKaaeMbix B Ka-
Mepe YCKODHTeNs, 4TO JKOJI’KHO NMPHBOJAHTH K YMEHbUIEHHIO IIOTEPb HHIKEK-
THPYEMBIX 3JEKTPOHOB.

Honoanntenbrasi (OKYCHPOBKA IyUKa SIBJASETCS CHJAbHON TNPH BHIIOA-
HeHun HepaseHcTBa h > H, (f), rjie h — HanpsAXKeHHOCTb IIOJA BOJHDI,

¢ (1) — Hanps>XeHHOCTb VIPABASIOWEr0 HOJS.

B cBasu ¢ Tem, uro HO({) ectp GyHKUMS BpeMeHH, M0 MeDe poOCTa
VIPaBIAIOINEro MoJs AONOHATEeNbHAsA (DOKYCHPOBKA YMeEHbIIAETCs, a (OKY-
CHPOBKA YNPaBJAILNM noJjeM yeeauuupaercs, T. e. CBY noast uesnecoo6-
Pa3HO HCMOJBb30BaTh, Korjia Manao ff, () u TPOHCXOIHUT HHTEHCHBHOC
BBLICBITIAHHE YACTHI, B MOMEHT HHIKEKIHH.

B [10] mokasano, 4TO 115t BHINOJHEHHs YCJIOBHS YCTOMUIBOCTH ABHNKE-
KU HeoOXOIMMO, 4TOOL! BHITONHAIOCH HepaBeHCTBO (x R)? > 1 (noscHenna
CM. HHIKe).

Asropamu [10] GBIIO NPEANOKEHO SKCNEPUMEHTANBLHO H3VUHTh BAHSHIE
CBY roueit na npoiecc 3aXsaTa 3JeKTPOHOB B GeTaTpoHe.

Corsacno [5], MarunTHOe noJje GeTarpoHa B HPOLECCE MHMKEKIHH Me-
HSeTCA He3HaUHTE/JIbHO W He BJHfAeT Ha Npouecc 3axBarta. Mcexoms m3 sroro,
OBLT M3rOTOBJIEH 3IAEKTPOMArHHT M3 o6BuHON craau C1-3 (puc. 1), ¢ ana-
METPOM TNOJI0COB, NPOGHIHPOBAHHBIX AHAJOrHUHO GETATPOHHBIM, PABHBIM
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400 ma, cxos3hpULHEHTOM criaflaHisi MATHUTHOFO MO Ha pajaumyce paBHO-
BecHoll opOuthl n = 0,65. MaruuTHOe NoJle B MEXKIOJIOCHOM NPOCTPAHCTBE,
rjge pasmelleHa Kamepa, CO3IaBajOCh KaTYIIKOH, 3aMHTAHHOH TIOCTOSTHHBIM
TOKOM H pa3MelleHHOH Ha LEeHTpasbHOM cepjeunuke, IIpw nampsikeHnnocTi
45 spcren (/W ~ 900 ag) cBo6oaHasaA UUPKYJAAUHS TyuKa 3JEKTPOHOB
¢ 3Heprueil HHXekuuu 35 Kss obGecleunBaercs Ha pajuyce paBHOBECHOI
opburel R = 11,5 ca.
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Puc. 1. Kamepa Puc. 2. mopsl BOJHBI

B rauecree Qokycupymwolleir 6b1a BeiGpana BosHa tuna Hy o (puc. 2),
rak Kak pacuer YCJAOBHH, IPH KOTOPBHIX OCYIllecTBJAseTCs (POKYCHPOBKA, 3HA-
UHTEJNBbHO YIPOIIACTCS B CBSI3H € TEM, YTO OTCYTCTBYIOT BApHAHTBI IO (¢
[11]. KpoMme 3Toro, NmOBEpXHOCTHBIE TOKH HMEKT TOJbBKO NPOMOJLHYIO CO-
CTABJASIIONLYI0, UTO OOJEruus0 KOHCTPYHPOBAHHE KaMepbl W MO3BOJIMJAO MO-
JIVUHTB BBICOKYIO A0GpoTHOCTb. M, Haxomel, 3Ta BoJIHA Jerko Bo3fyxaaerest
npu u3rude BOJHOBOAA B HJOCKOCTH E, KOrZa M30THYTas OCh JCKHT B OIHO
IIVIOCKOCTH C BEKTOPOM 3JeKTpHueckoro mnoas £ pos30OyxKpaaiouwed BOJTHBI
tuna Hye [12, 13].

KoMnoHeHTsl 1051 3JeKTPOMArHHTHON BOJHLI

E.=jD kvsin —z®@] (xr) /¥
a
7,2 ai T Juwt.
H,= D’'»*sin— 2@, (»r) /=
a

H, = D' %= cos—z®, (xr) /7
a a
E,=E, =H,=0
O(er) =1, (nr) + PN, (nr); Pr— — Jolena) [ (eria)
Ny (#r1,2) N’ (#r12)
Bosna AaHHOTO THMA HMeEeT IO OJHOMY BapuaHTy f cocrasisiouied
mo ocam 7 u 2. H, = 0, T. e. MarHuTHHle CHJIOBble JHHHHM TIPEACTABIAIOT
co6oit KpHBble, KOTOpble 3aMKHYTH BOKPYr PaBHOBECHOU OPOHMTHI M ILIOCKO-
CTH, B KOTOPBIX OHH JIE€XKAaT, NEepPHeHIHKYJAPHLI HaNpPaBJEHHIO IBUMKEHHA
qactii. Takas koudurypauus nosns Hanbosaee yjpobHa, Tak xak obecneun-
BaeT paaMaJbHYI0O M BepPTHKAJIbHYIO (DOKYCHPOBKY.
M3 E cocTaBasIONIHX HMeeTcs TOJbKO NPOJOJbHAS, KOTOpPAs He HMeeT
BAPHAHTOB TO @, T. € CHJOBBIE JHHHH NPEACTABJIAIOT 3aMKHYTbIE OKPYXKHO-



ctu. B mpollecce ABHKeHHSI 3JE€KTPOH' HCOBITHBaeT BausHue L., T. e. mome-
PEMEHHO YCKOPSIeTCsl H 3aMejJiserTcs, Kak Obl KOJeGJaercsi OTHOCHTE/NBHO
PaBHOMEPHO JBHXYINEHCS TOUKH.
da3oBas CKOPOCTb pPacHpPOCTPAHEHHS BOJHBI Uy == 00 H NOITOMY HHKa-
KOrO0 CHHXPOHH3Ma B JABHUIKEHHH YACTHI[ H MOJISI He MOXKeT OBITh.
Meronuka pacyera Kamephl, KOTOpasi fIBAAeTCS PE30HATOPOM, MOAPOOHO
nanoxena B [12]. Kamepa npeicraeaser co00H NpPAMOYIOJIbHBIH paBHO-

MEDHO HM3OTHYTBIii BOJIHOBOJ, BHYTPH KOTODPOro BO30yXKJAaeTcs 3JeKTpoMmar-
ilHTHOE Togie (puc. 1). .
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Puc. 3. C6opka ycTaHOBKH

Jlucnepcuonuoe ypaeeenue [, (xr) N, (xry) — I, (xry) N, (xry) =0 npeoG-
pasyercs B [y (xry) Ny(xry) — 1 (#ry) Ny (nry) =0, rae [, u Ny — dyHKunH
Beccesis u Hefimana nepBoro mopsaxa.

l/ 2\ 2 w2
¥ o= ()—) — (a ) KOpeHb ypaBHEHHud,

rae h— JUIMHA BOJHLI, HA KOTOPOfi BO36YyXKAaeTCsd pPe30HATOP,
@ — BBHICOTA KaMephl.

r.
Ecan x=»r, u X =wr,, TIie K= = YPaBHEHHE IPUHUMAET BUA:
ry

I, (x) N, (i x) =1 (ﬁ x) N (x) u peulaercs YHUCJEHHO.
r

Pacyer u u3roroB/eHHe OBlIKH NPOU3BEJCHBl CPABHHTQILHO JIeTKO B CBSI3H
C HM3JOXKEHHBIM BBILIE H C HCHOJb30BaHHeM reHeparopa CBY ¢ wmwupokum
nranasoHoM IJaBHOH MEePecTPOHKH YaCTOThI.

B xauectse GOKOBBIX CTE€HOK KaMephl OBLIM HCIOJb30OBAHBL ABA KOaK-
CHAJbHBIX MEIHBIX UHJAUHAPA, BbLICOTON @ =83 MM U paxuycamu
ry = 80 mm, ro = 150 mm. HukHAA KpbilUKa Oblyia BaKyyMHO MPHNAgHA K HUM
npunoem [TCP-45. CBepxy KaMmepa 3aKpBIEAJACh KPBIUKOH 20 Mm TOJHHBI
u npursarusanace 33 Gonramu M6. B kauecTBe yIWIOTHEHHH HCIOJIb30BAJHChH
PE3HHOBBIE KOJIbLA, KOTOPbIe paclosarajiuch B Na3ax, NPOTOUYCHHLIX HA TOP-
LLaX UHJHHAPOB.

B napy:xHOil GOKOBOH CTeHKe npope3aHo TpH oTsepcrus (puc. 3):
1) okHO @Jsi BBOJA HHXKEKTOpA, NpeAcTaB/sloliero co6oi oGbiunylo Oerar-
POHHYIO NYyIIKy, 2) OKHO AJS OTKAaukH Kamepwl Hacocom LBJI-100, 3) pe-
30HaHCHAA [leJb JJs BO36yXKAeHHsT Kamepbl W NpeacraBafiowlas coboi
nuadparmy c¢ pasmepami 6,8X1,5 cu® Tlpu TtoammuuHe GOKOBOH CTEHKH
0,5 MM H NHTAHHM KaMmMepbl 4Yepes CTAHAAPTHBIA BoJHOBOA 44 X 72 mm?
KCB = 1,6. WUamepenuss pacnpejesneHus NoJs MOKasajaH, YTO CYLLECTBEH-
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HBIX 1iCKaXEHHH 3a CYeT OTBEPCTHH HeT, AOGPOTHOCTb NIpH pe3oHance
Q =2-.108% u wynroBoe conportusaenne R, == 1,3 mox. [15], pesoHan-
crHad vacrora pasnsiack 2732 smey. B nHe xamepnl OBUIM IPOMyUIEHB! TIpO-
BOAHHKH, CJayzKallue s HHINKALIHWH [OYy4dKa. VnjaoTHCHHASA —Te(pJIOH H 3I0-
KCHjHad CMOJ4a.

;g Bo36yXKeHHsT NoJsT B KaMepe Oblsl M3TOTOBJEH TEHEPATOD € M.1aB-
HOIl nepecTpolKoH uacToThl, paborTalouleli B AECATHCAHTHMETPOBOM Alana-
goHe. JIJMTENBHOCTb TCHEPUPVEMOrO HMOYJbCA 3 MKCCK. BHICOKOUACTOTI b
FPAKT BAKYYMHPOBAH H OTKAuka NPOH3BOLUIACH UECPE3 OKHO CBSI3H H Kade-
py. Ou coOpaH U3 CAeAYIOINHX 3JeMEHTOB: MariueTpoHa, NepexoiHoro BOJHO-
80712, (EePPHTOBOTO BEHTUJS H COCJAWHHTEJILHOTO BOJHOBOZLA,

Puc. 4. UMmnyibe HHXKEKUHH

B [14] npuBeseH TeopeTHUeCKHH pacuer  (GOKYCHPYIOIIHX — 1O.ICH
i 1izMeHeHust uucsa OCTaTPOHHBIX KoJeGaHuil uacTHIL 3a 06OpPOT HPI pas-
anuHbx aMinTynax nosein CBYU ang napaMerpos, 6JH3KHX K OMIICAHUON
ppiie yeranoBke. Tak, npu n =05 1 Q@ = 3 - 103 TpebyeTcss MOUIHOCTL
reieparopa P = 10° 87 aag Toro, 4tofbl YBEJAHYHTL YHCJAO OCTATPOHHbIX
roaeGannii wa o6opor ¢ v =07, 1o v= 2. A tak Kak (a3oBblii O0OBEKT
SeraTpOHHBIX KogeGaumi myuka V , ~ v, oH yBeauuusaercs B 8 pas. I10
JOMKHO NIPHBECTH K PE3KOMY YBEJHYEHMIO 3aXBAaYCHHOro 3apsia.

MeToanka npoBeleHHsl 3KclepuMenta Oblia aHaAJOTHUHA ONMHCAHHOIL
p [16]. O6mMoTKa cMelleHHsl, MpeJACTaBAAOIAsA J[Ba BHTKa, [OMCILCHA
BHyTpH KaMephl. ITo He#t mponvckaercs Toxk 80 @ AMHTETBHOCTBIO 2 MKCCK.
VcTanopka 0oOMOTKM BHE KaMmepbl HeBO3MOMKHA (CTEHKI KaMePbl 3KDaHH-
DVIOT caelilalouee noJe).

B xauecTpe MHIeHH MCIOJAb30BaAach naacTuHa H3 Mean 40 X 10X 1,
paABIHYTaA Ha 3 mm OJUKe K PABHOBECHOH OpOHTeE, UeM TOpel HHIKEKTOpa.
HMnunyabe nHxKeKUMH noxkaszaH Ha puc. 4. Pabouell 00.acTbio  ABJAACTCH
BepLinta, AJATeJbHOCTbIO Topsiaxa 1,5 mxcek w amnautyviaoin 20 wma. Tlpn
3TOM B IpOUECCe CIHMPaNH3aUUH MOrJIo OBITh 3axBaueno okoa0 1010 snexr-
pouoB. Ha caenylomens pHCYHKe NMOKAa3aHO BHICHIIAHHE TyuKa Ha MHLIEHb
B npolecce CBOGONHON LHPKVASLAH, NYHKTHPOM TI0KAa3aHa 3KCTPENOJAHDO-
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BaHHAs KpHBag MO MaKCHMYMYy TOKa, COPOLUEHHOTO HAa MHIIEeHb B MHTEpBaJe
BpemeHn o 15 mxcex. Ha puc. 6 nokasaHo BBICBITIAHHE 3JEKTPOHOB IIpH
pafoTe MarHeTPOHHOTO reHepaTopa B MOMEHT HHKekiHH, ITyHkTHpOM mO-
Ka3aHa 3KCTpanoJUpoBaHHAas Kpubas cOpoueHHoro toka. CpasHeHHe XoMa

KpHBBIX (puc. 5, 6) mnokasaHo
Ha puc. 7. Takum 06paszoM BHA-
HO, UTO B MepHoJ paboTbl MarHe-
TPOHHOT'O TeHepatopa pes3Ko Co-
Kpallaercd BbiChllaHue Y&aCTHL,
4 B MOMEIHT BbBIKJOYEHHA [TO9AB-
JAeTCS MUK, JTO MOXKHO 06bsC-
HHTb CJAEAVIOUIUM:

1. JononnureapHoe QoKycH-
pylolllee ToJe YyAep:KHBaeT 4a-
CTHIBI ¢ GoapluM paszbpocoM
napaMeTpoB, HeXEJH  MOXKeT
yaep:KaTh yIpaeisioliee Hojae, ¥
N0 OKOHuYaHuM paboThl reHepa-
TOpa OHHU BBICLIMAOTCA.

C

J

1

Puc. 5. Hupxyasnus nyuxa 6e3 BY noas

2. Tax xax MMIyJbC HHXKEKLMH HECKOJBKO IJAHHHEE MMIYyJ/hCa BY, 1o
10 OKOHYAHHH IICGCAeAHEr0 LUPKYJAAUHA IyuKa Hapylaercs 3JCKTPOHAMH.

¢

71

Puc. 6.

Ilnprynanus

TyYyka TIpH  BO3AEHCTBHH

Y moas

HHXKeKTHpyeMbiMu B 3T0T MoMeHT. CorsmacHo [l], BZoib paBHOBeCHOM
Op6HTLI KOHUEHTPHUHO OGPAa3ylOTCS OPOMTLI IYYKOB € OOJBIIMMH H MEHb-

L (#xcex)
3 6 6 12 s
Vzai
10 4 /
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Puc. 7. CpaBHeHne Xola KpHBHX puc. 5, 6

IIHMHK 3HEPTHSMH, YeM JHeprus 3JeK-
TPOHOB Ha PABHOBECHOM pajuyce. DTH
MYYKH B3aHMOIEHCTBYIOT MEXAy CO-
Ooil TakuM 06pa3oM, UTO Ha PABHOBEC-
HOM pazuyce U BOJIH3H Hero cospaiot-
cs1 GATOTIpUSATHBIE YCJAOBHS 1S Cy-
meCTBOBaHHH ny4Ka 1 3JIeKTPOHHI, I1O-
CTynalolliie B KaMepy Iocjie OKOHYa-
HHA (DOKYCHPOBKH, HApYLIAIOT [IBHXKeE-
HHe.

p€3y.,'IbTaTbI 3KCIIepHMeHTa Co-
raacyworcd H ¢ [5], B KoTopoil pac-
CMOTPEH CTATHCTHYECKHH XapakTep
MeXaHH3Ma 3axBara, rhe OLLIO MoKa-
3aHO, YTO B IIpOLeCCe MUPKYJSUHY MYy~
YOK OXJIaXKAaercsa 3a cueT MOTepH ua-

CTH 3JICKTPOHOB C 60JbHINM TIOMNepeuYHbIM HMIIYJbCOM. HpI/I AeWCTBHH (bOKYCH-
POBKH NIIpOLECC OXJaXXIACHHA NOJKEH HUATH UHTEHCHBHEEe B CBSI3H ¢ yBEJInR~
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yeHueM IIOTHOCTH MYyuYKa, ¥ NpPH OKOHUAHHH ee HAEHCTBUA 4aCTb My4yKa Tak-
XKe Tepdercs.

B Tta6.. | naHo cpaBHeHHe MeXAY HHTEHCHBHOCTBIO BLICHINAHHS HaCTHIL
[pH CnHpajH3aluy yacTHL Oe3 aedctsua BUY nossg U ¢ HUM B TeueHue Bpe-
MeHH 00 20 mKcexk mocie OKOHYAHHMS HHXKeKIHH. 13 cpaBHeHHs BUAHO, UTO
BbIChiNaHHe B caydae GesgefictBusas BUY monsi NpPOHCXOAHIO HHTEHCHBHEC.

Tabauma 1 TaGnuuma 2
Brichinanne nyuka CoOpouteHHblii TOK
Ha MULICHb Ha MilIeHb
Bpema Bpems
MKCeK 66;]30}[3;{- 15053; MKCeK 6e3 BU- ¢ BU-
KpuBas 1 kpusas 1l noad foTeM
0 22,5 20,0 0 17,5 20,0
1 18,5 14,0 1 18.5 21,0
2 11,5 8,2 2 13.0 21,0
3 7,5 5,0 3 10,0 20,0
4 5,0 3,2 4 6,0 17,0
5 3,8 2,0 5 4,5 13,0
6 3 1.5 6 3,D 10,0
7 2,5 1,3 7 2,5 8,0
8 2 1 8 2,0 6,0
9 1,5 0,9 9 1,25 4,5
10 1,2 0,8 10 1.0 3,5

B Ta6a. 2 npuBeacHO CpaBHeHHE aMIIMTY cOPOLIEHHOTO TOKa Ha ¢Jia-
XKOK Takxke B cayudae geiicreuss BY nosell u 6e3 HuX. DKCIEPUMEHT IPOBO-
nuaca npu Tokax HHxekuuu ot 30 mo 150 ma u 3HEPrHAX 3JTEKTPOHOB OT
20 1o 50 K96 npu H3MeHEHHH [OAaBAE€MOH MOILHOCTH B IIHPOKOM AHANa30-
He. IlosyyeHHBble 3aKOHOMEPHOCTH HOJHOCTbIO COMVIACYIOTCS ¢ JNAHHBIMH
s [1, 5, 14]. Ilpu Baxyyme Bboime, uem 2-107° wu Hg mnon nehictBruem
sbicokoro CBY nojs B Kamepe BO3HHKAaa paspsai.

IlaHHble SKCepHMeHTa MNOATBEPIUJIN TeopeTuuecKuil pacuer [14]
0 BO3MOXKHOCTH YBeJHUeHHsi Ko3(QgHuIMeHTa 3aXBaTa YacTHL B 6eTan0He
IpH HCMOJb30BAHMM JAOMOJHHTENbHBIX Gokycupyomux CBY mosed.
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