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AnHoranusi. IIpencTaBiieHbl OCHOBHBIE DPE3YAbTAThl MCCIECJOBAHUI, BBINIOIHEHHBIX B paMKax HAY4YHOrO
HanpaBieHuss  «MoJenmupoBaHHMe U ONTUMU3alUsl  HEAMHEHHBIX  JJEKTPOMArHUTHBIX  IIPOLIECCOBY
B 2013-2018 romax. Ha ocHOBe YHCIEHHOrO MOJIEIHMPOBAHUS YCTAHOBIECH J(PQPEKT CHUCTEMATHUECKOTO
(He3aBUCHMOro OT YacTOTHI M (a3bl IOJSI) TOPMOXKEHHUS M OTPakKeHHWs1 aHcamOns CBOOOIHBIX AJIEKTPOHOB,
M3HAYAJIbHO JIBIOKYINUXCS B HAIPaBICHUU JJIEMEHTAPHOIO AJIEKTpUYecKoro wusnydarens. llokazaHo omHo
13 IPaKTHYECKUX TPHIOKEHUH HalIeHHOro »¢QeKkra B TepareploBOM T'€HEpaTope C HECHHXPOHHBIM
B3aMMOJZICHiCTBHEM — c(epoTpoHe. YKa3aHa poOllb YCTaHOBJIEGHHOro O3(ddexra B mpomeccax HECHHXPOHHOTO
B3aMMOJICHCTBHS CBOOOTHBIX JIEKTPOHOB C ITOJIEM AIEKTPOMArHUTHOTO U3JITydEHHUs B HOHOC(EpE U COTHEYHOH KOPOHE.

Knrouesuvle cnoea: HECHHXpOHHOE B3aMMOJEICTBHE, MOJIE U3IY4EHHUS, T€HEPATOpP, YCWIHMTENb, TeparepLoBbId
JUama3oH.

Abstract. The main results of the researches in the scientific direction «Modeling and optimizing nonlinear
electromagnetic processes» for 2013—2018 years are presented. On the basis of numerical simulation, the effect
of systematic (independent of the frequency and phase of the field) braking and reflection of an ensemble of free
electrons, initially moving in the direction of an elementary electric radiator, is established. One of the practical
applications of the found effect in a terahertz generator with asynchronous interaction, the spherotron, is shown.
The role of the established effect in the processes of asynchronous interaction of free electrons with the field
of electromagnetic radiation in the ionosphere and the solar corona is indicated.
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Modeling and optimizing of nonlinear electromagnetic processes.

Non-synchronous interaction of free electrons with the electromagnetic radiation field
A.A. Kurayev, V.V. Matveyenka

BBenenue

Hayunsle unccnenoBanus B HampaBieHUH «MoJenmupoBaHHWE M ONTHUMM3ALMs HETWHEHHBIX
3EKTPOMAarHUTHBIX MPOLIECCOBY, HA4aJI0 KOTOPBbIX oTHOcHTCA K 1969 r. [1], npusenu B 20132018 .
K CJIEeIyIOIIUM OCHOBHBIM PE3yJIbTaTaM.

1. Pa3paboTaHbl anropuTMBl C CHJIBHOM YCTOHYMBOCTBIO MAJISl PEHICHHS KpaeBhIX 3ajad
B TEOPUH HEPETYJSIPHBIX BOJTHOBOAOB [2—4] M cOPMYTUPOBAaHBI CTPOrHE ypaBHEHUS! BO3OYKICHUS
MIPOU3BOJIBHO-HEPETYIAPHBIX BOJIHOBOOB C aHU30TPOIHBIM 3alOJHEHUEM 3JIEKTPOHHBIMU ITOTOKaMHU
c TpexmepHOU (a3upoBkor 3eKkTpoHOB [5—8]. [lo wmroram 3tmx u Oonee paHHHX pabOT U3TaHA
MoHorpadwus [9].

2. IlpoBenena ontummzanua 1o KIIJ[ penaTHBHCTCKUX UYEPEHKOBCKUX TIE€HEPaTOpPOB
u ycunutenei [10, 11]. Ha ocHoBe 3THX 1 Oonee paHHuX padoT u3naHa MoHorpadwus [12].
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3. IlpoBeneHa onTuMU3anMsi THUPOPE3OHAHCHBIX NPHUOOPOB pa3IMYHBIX KOHCTPYKLMWH:
TUPOTPOHAa HAa BTOPOM TapMOHMKE IMKIOTPOHHOM uacToTel [12], rupo-JIBB Ha 3amennenHoi
Ey-Bonne roppupoBanHoro BoiHoBoAa [14, 15], KOPOTKOBOJHOBBIX THPOTPOHOB C 3€PKaJLHBIMHU
pesonaropamu [16]. IlpeacraBieHsl mepcrneKTUBHBIE MOAU(HUKAIMK THPOPE30HAHCHBIX MPHUOOpPOB,
BKJIIOYasl TMPOKJIMHOKIMCTPOHBI, Ha KOHMYECKUX KOAKCHAJBHBIX PE30HATOPaX, KIMHOTMPOTPOHHI,
uMmIyascHble THpo-JIBB, rupo-JIOB B pexxnMe cBepXH3TydeHUs, IIUPOKONOIOCHBIN THPOYCUIUTEND
Ha KoHHUYeckoM BomHOBoxae [17]. Meron cemekuuu mon Ey, U Hy, B pe3oHATOpax THUPOTPOHOB
npexacrasieH B [18]. Bousaue ¢akTopos, cHIKAOMMX 3QGEKTUBHOCTS IEHUOTPOHOB, MPEACTABICHO
B [19]. Ha ocHOBe 3THX 1 OoJiee paHHHX pa0oT u3aana MmoHorpadus [20].

4. IlponomkeHsl HMCCIeOBAaHUE W ONTHMHU3ALMS KOHCTPYKLHMH NpHOOPOB TepareproBOro
YaCTOTHOTO JIMAala3oHa: OJHOCEKIMOHHBIX W MHorocekimoHHbiXx JIOB u JIBB Ha BomHOOOpaszHO
IUIOCKO CBEPHYTHIX BONHOBOAax [21-25], opOMKTpoHOB C TpaHChOPMHUpPYIOIIEH KaHABKOW
Y CIIBOCHHO# rpeOeHKu [26—29], KIMHOOPOTpPOHA ¢ a3uMmyTanbHOU rpedenkoi [30]. Ilo uToram stux
u Oornee paHHUX paboT omyOnukoBaHa MoHorpadwus [31].

5. llpennokeHsl W WCCIEAOBAaHBl 3JEKTpoHHBIE TpuOopsl CBY HOBOro THMma: TUpOTOH
Ha ropupoBaHHOM pe3oHaTope [32], pensTuUBHCTCKHIA renuTpoH [33], Oe3MarHUTHBINA KIMCTPOH
yaBoutens [34], JICO c¢ anexkrtpoctatnueckuM MonyiasatopoMm [35], nBynyueBas JIOB-JIBB
Ha CIMPAIbHO M30THYTOM IPSMOYTOJBHOM BOJHOBOAE [36], HA €€ KOHCTPYKLMIO IMOJy4YeH NaTeHT
Pecnyonuku Benapycs [37].

B mporecce npoBeaeHHBIX UCCIe0BaHUI MOMYyYEHBI 3HAHHUS O HOBBIX (PM3UUECKUX SBICHUSIX
P HEIWHEHHOM B3aUMOJEUCTBUU DJEKTPOHHBIX TIOTOKOB C 3JIEKTPOMAarHUTHBIMHM TOJISIMH.
Onu onucaHbl B EPEYNCICHHBIX TyOIMKALIUSIX.

Haunbonee BaxxHoe uznyeckoe sBIeHHE AJsI OCBOCHHS TEPareploBOro JHAana3oHa 4acTOT —
MOSIBJICHUE CHCTEMATHYECKOM 4YacTH MpPU HECHHXPOHHOM B3aMMOIEHCTBUHM 3JIEKTPOHOB C IOJIEM
W3ITy4eHUs] — TOPMOXKEHHE W OTpPaKEHHE DJIEKTPOHOB DJIEKTPOMAarHUTHBIM IIOJIEM — SIBIIAETCS
coJiepKaTeIbHON YacThIO JAHHOM CTaThH.

HecunxponHoe B3auMoaeiCcTBHE CBOOOJHBIX AJIEKTPOHOB WIIM JPYTHX 3apsDKEHHBIX YACTHI]
C 3JIEKTPOMAarHUTHBIM IOJIEM — CPAaBHUTEIBHO MaJoOHCCIeJOBaHHAs 001acTh B (PU3HUKE U SJIEKTPOHUKE
CBU. IlepBoii paboToii, B KOTOpoi 0OpaiieH0 BHUMaHHE Ha TO, YTO B HEOJHOPOIHOM MPOAOIBHOM
M0 OTHOUICHUIO K HAYAJIBHOH CKOPOCTH JJIEKTPOHA OBICTPO OCHMJUIMPYIOIIEM DJICKTPUUECKOM II0JIe
3IIEKTPOH MPUOOpETaeT MPUPALICHUE CHCTEMAaTUUYECKOW COCTABIISIOIICH CKOPOCTH, SBISIETCS CTAaThs
Munnepa [38]. HecuHXpoHHOE B3aMMOJIEHCTBHE 3JIEKTPOHOB C MPONOJIBHBIM HEOJHOPOIHBIM
BBICOKOYAaCTOTHBIM MOJIEM NMOAPOoOHO HccienoBano B paborax [39—41], B ToM 4ucie U B IPUIOKEHUN
K CO3JIaHHUIO T€HEPATOPOB C HECHHXPOHHBIM B3anMonencTBueM. OTHAKO OCTaeTCsl HEUCCIeIOBaHHBIM
Oomee OOMIMI BOMPOC O HECHMHXPOHHOM B3aMMOICHUCTBHHM CBOOOIHBIX 3JICKTPOHOB C IIOJIEM
W3ITy4eHHs], CTPYKTypa KOTOPOTrO MMEET IOINEpeYHble KOMIIOHEHTHI, U HE TONBKO 3JIEKTPUUECKHUE,
Kak B [38—41], HO U MarHUTHBIE. DJIEMEHTAPHBIN U3MydaTelb BHIOpaH MO TOH MPHYUHE, YTO JIOOOH
CIIOXHBI  M3JydyaTenb MPEACTAaBIsieT CO0OM MUCKPEeTHBIH WM HMHTErpajbHBIA  aHcamOnb
3IIEMEHTAPHBIX JIEKTPUUECKUX U MarHUTHBIX U3ITydaTemen.

HccnenoBanuio gaHHOM MpoOIEMBI U TIOCBSIEHA BTOPasi YaCTh HACTOSILEH CTaThu.

MartemaTnueckasi Mo/eJib B3aUMO/IeiiCTBUS JIEKTPOHOB
€ M0JIeM 3JIEMEHTAPHOT'0 JJIeKTPUYECKOr0 U3JIydarTeJas

Ucnonezyst ¢GopMynbl KOMIIOHEHT TIOJIS 3JEMEHTApHOTO JJICKTPHUYECKOrO H3ydaTelis
B ceprueckoil cucreme KoopauHat 7, 0, ¢ [42] u mpeobpasys WX BHIPAKEHHS B MPSIMOYTOJIBHYIO
CHCTEMY KOOpPAMHAT X, ), Z, IMEEM:
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31ech IPUHATHI CIeMyIoNMe Oe3pa3MepHbIe IEpeMeHHbIC: ¥ = kr', x =kx', y=k)', z=kz', ® = T-7,
_ 2 2 2 2 2 ® 0 Ko _
T=ot, r=\x"+y +z°, p=x+y, k=—=0oJg,n,, W'= [, o=2nf, &, W -
c €
JBJICKTpUYECKass W MarHUTHAas TPOHHUIIAEMOCTH BaKyyma, IITPUXOBAHHBIE TICPEMCHHBIC —

pa3MepHEIE.
YpaBHeHUE IBIKEHHS PEISTHBUCTCKOrO 3JIEKTPOHA B Oe3pa3MepHBIX MepPEeMEHHBIX HMEET BUIL:

8. )
dr

E:

) @
B.

R o o Eme
3nece B=v/c=vigl,, 4,= e, My — COOTBETCTBEHHO 3apsj M Macca MOKOS

b

MyCc®
B CHCTEME X, V, Z DJICKTPOHA.
HauvanbHbeie ycnoBusi k cucrteme (2) 3amarloTcs Kak 7;(0) =7, Bi (0) = [30 , ®,0)=2mi/N,

i=1,N, i — HOMep dyeKTpoHa, N — YHCIIO IEKTPOHOB B aHCaMOIIe.

PesynbTathl pacyeroB

B coorBerctBum ¢ meroaukoii [40] pacCUMTHIBANIMCH CpefHHE TO N-aHCAMOIIO BEITHYUHBI:
1 & 1 & 1 & %
X=—D)X,z2=—)z,7Y=—> 7%, 7 =(1-B7) ”, B pacuerax N = 64.
N; N; Y Ngvv (1-B7) ", ep

Bapuanm 1. ]IprkeHne 2J1eKTPOHOB MO OcH z (110 HAIPABIEHHIO OcU M3ydaTens): B, =—z,B,,

I}

=202

Ha puc. 1 mpuBeneHsl ycpeaHeHHble Tpaekropuu d1ekTpoHoB z(1) ¢ pasmmumeivu B
1 zo= 20 — 3TO MPOEKIIUS TPEXMEPHOTO JBUKEHHS DJICKTPOHOB Ha OCh Z.
30F Z

0 1 L
50 100 150 200 250

Puc. 1. 3aBucumoctn E(T) mpu zg=20,4=1: 1 -Lo=0,1;2-Bo=0,2; 3 - Bo=0,3;4—Bo=0,4

AmHanu3 npuBeNeHHBIX Ha pUC. | TaHHBIX yKa3bIBaeT Ha CIeayIoLIee.
1. Bee anextponsl ¢ Bo=0,1...0,4 oTpaxkaroTcs oneM H3IIy4daTens.
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2. OTpakeHHE TPOUCXOAUT TpH z<5, T.e. (¢dakTUuecku B ONMKHEH 30HE,
TJie HAIPsDKEHHOCTH TIOJISl PE3KO YBETUUMBACTCs (HapacTaeT).

3.B obmactu z>5 monme B CpeAHEM HE BIMACT HA JBIKCHHE DIIEKTPOHOB,
T. €. CHCTEMaTHYECKasi COCTABIAIONIAs BO3CHCTBHS OTCYTCTBYET.

Ha puc. 2 npencraBieHs! 3aBUCUMOCTH V(T ) JUTSL TEX Ke 3HaYeHUH Po.

v
12F

1.18 |
1.16 |
1.14 |

112

11l

T
He

1.08

1.06 -

_________ A, gemvanas, 1 . - T

50 100 150 250 300
Puc. 2. 3aBucumoctu V(T) mpu =20, A=1:1-B,=0,1;2-Pp=0,2;3-By=0,3; 4 —Bo=0,4

AHanu3 NpeACTaBICHHBIX HA PUC. 2 3aBUCUMOCTEN yKa3bIBAeT Ha CJIEAYIOIIEE.
1. Bo Bcex ciydasix B MOMEHTBI 7 OTpayKeHUsI Y OIyCKaroTcs 10 1, mockoibKy f = 0 B ToUKax

OTpaKEHUS.
2. DHeprus OTPa)KEHHBIX 3JICKTPOHOB 3aMETHO MPEBHIIIAET UX MCXOOHYIO 3HEPTHIO, OCOOCHHO
_ Ae _ Y=Y,
npu 6ompumx Po. Tak, mpu Po= 0,4 mpupaleHne 3HEPTUH IEKTPOHA IS cocrasisier 1,1,
€ Yo~

0,09, —10'2, -10? HpU Pa3iIUYHbIX aMIUIUTYaX u3nydeHust 4 = (1, 2, 3, 4), 7, — KOHEUHOE 3Ha4YeHHE 7 .

DTO CBSA3aHO C TEM, YTO MPU OONBIIUX [B AIMEKTPOH MPOHUKAET B IMOJIE C OOJiee BBHICOKHM
IpaJUeHTOM MHTCHCUBHOCTH, & HEeIMMHEWHBIC d(P(PEKTHI BO3PACTAIOT C POCTOM [3), a BMECTE€ C HUMU
Y CUCTEMATHYeCKas 4acTh BO3ACHCTBUS.

Bapuanm 2. JIBW>keHUE DOIEKTPOHOB IO OCH X (HOPMAJIBHO K OCH H3IIydaTelis,

0 HAIPaBJICHUIO0 MAKCUMAJIbHOTO U3JIy4eHUs]): BO =—X,By» Ty = X%, -
Ha puc. 3 mpuBeneHbl YCpEIHEHHBIE TPAaEKTOPUH 3JIEKTPOHOB X (T ) C pasIuuHBIMH [3)
U xo = 20. DTO MpoeKIHs TPEXMEPHOI'O ABHKEHUS 3JIEKTPOHOB Ha OCh X.
20
18}

16

Puc. 3. 3aBucumoctu x(7) mpu xp=20,4=1:1-F¢=0,1;2—-PBp=10,2;3—-Po=0,3;4—-B,=0,4
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AHanu3 NpeACTaBIEHHBIX Ha PUC. 3 TPAEKTOPUH yKa3bIBaeT Ha CIENYIOIIEE:

1. ITpu Bcex Bo=0,1...0,4 57eKTPOHBI OTPAKAIOTCS MTOJIEM HU3ITYUCHHS.

2. OTpakeHHsI TPOUCXOAIAT Tpu x<2, T.e. B Tropa3go Oomee CHIBHOM TIOJE
(v ipy 3HAUKUTENHEHO OONIee BEICOKOM T'PaIieHTe HHTEHCUBHOCTH TIOJIs), YeM B BapuaHTe | (HampaBieHue x).

3. B obnactu x > 2 nosie ¢pakTHUECKH HE BIUSIET HA JBIKEHUE SIEKTPOHOB.

Ha puc. 4 npuBenens! 3aBUCHMOCTH V(T ) IUISL DJIEKTPOHOB € TeMH K€ [3g. DTH 3aBHCUMOCTH

YKa3bIBAIOT Ha CICAYIOIIYI0 OCOOEHHOCTh IBMIKCHUS DJIEKTPOHOB B HAIIPABJICHUH, HOPMAJILHOM K OCH
W3TydaTesns: MOCIe OTPaKEHHs JICKTPOHBI TEPSIOT SHEPTHUIO, T. €. MMEET MECTO MOJOKHUTEIbHBIN
KIIJI B3anmoneiicTBHs 37EKTPOHOB ¢ TosieM nunydenus. 1ot KIIJI paccunTsiBaeTcs Kak 1= Yoo ¥ ,
Yo—1
rje Y, KOHEYHOe 3Ha4yeHue JUiil OTpakeHHoro snexrpona. Hampumep, s By =0,4 n = (0,47, 0,98,

0,99, 1) mpu cooTBeTCTBYIOIUX aMITUTyAax uznydarens 4 = (1, 2, 3, 4). Takum o0pazom, U3IydeHHE
MOJTyyaeT YCHJIEHHME OT BCTPEYHOrO IOTOKAa 3JIEKTPOHOB. OTOT BBIBOA MPEJACTAaBISIETCA BECbMa
WHTEPECHBIM € OO0mepHU3nuecKold TOYKM 3pEHHs: MOTOKHA 3apsSHKCHHBIX 4YacTUI CYIIECTBYIOT
U B OKOJIO3EMHOM TIPOCTPaHCTBE, B HOHOC(eEpe, B IOJIE COMHEYHOrO H3IIyYCHUs, H3IIy4eHUs
MepesaTYNKOB KOCMUYECKUX alllapaTos.

C npyro#i cTOpOHBI, BO3MOXKHOCTh OCTAHOBKH 3JIEKTPOHA B ONMKHEH 30HE M3ITYy4EHUS MOXKET
ObITb  WCIIONB30BaHA B  CICNHMAIBHBIX  KOHCTPYKIHAX TE€HEPATOPOB C  HECHHXPOHHBIM
B3auMoercTBHEM. Jlanee mpuBeeH NpUMep TaKOi KOHCTPYKIMH T'eHepaTopa — CPEepOTPOH.

SR g , T
150 200 250 300

Puc. 4. 3aBucuMoCTH Y(T) mpu xo=20, A=1:1-B¢=0,1;2-p,=0,2; 3—Bo=0,3; 4 —Bo=0,4

Cdeporpon

Cxema cdepoTpoHa M pacrpeelicHUEe CHIIOBBIX JIMHHM 3IEKTPUYECKOTO TOJS pe30HaTopa
Ha KonebaHuu FEj3p MPEICTaBIeHB Ha puc.S. 3mech [ — Karonm, 2 — KOJNBIEBOH NEPBBIA aHOJ
C HampsDKEHUEM U], 3 — IByC(epruecKuil pe30HATOpP, HAXOSAIIUNACS TTOJT IIOTSHITUATIOM 1) OTHOCHTEITEHO
Karoia, 4 — Od4epTaHUsl BIEKTPOHHOTO IMOTOKA; 5 — KaMepa CHUCTEMBl OXJIAXICHUS KOIUIEKTOpa;
6 — BaKyyMHO-IUTIOTHBIE HM3OJISIIIMOHHBIC KepamMuyeckue MaiObl. OCh z COBMEIICHA C OCHIO ITyYKa.
MepuauanHeii yron 9 cheprueckoil CHCTEMBbI KOOPAUHAT OTCUUTHIBACTCS OT OcH z (Juist my4dka 9 = 0).
Pa3mepnl pesoHaTopa ompenensroTcs pamuycaMu monycdep: a — Oonbiioi, b —wmanbrii. BreiBon
SHEpPruM Ha pHC. 5 He ykazaH. OH MOXKET OBITh pPEaJin30BaH B BUJE MPSAMOYTOJIHLHOTO BOJTHOBOJA,
CBSI3aHHOTO C PE30HATOPOM HYepe3 a3MMYTAILHYIO IIETh WM OKHO B CTCHKE BHEIIHEH cepbl y Topia
pe3onaropa. [Ipu Gonbmioii MOITHOCTH C(EpOTPOHA MO a3UMYTy PE30HATOPA MOTYT OBITh CACTaHBI
HECKOJIbKO TaKWX BBIBOJIOB JHEPrMH. BMecTO BONHOBOJAa MOXET OBITh WCIIOJIIE30BaH BBIXOIHOMN
pyIIop, O0JIyJaronuii BHENTHIOW (HOKYCHUPYIOIIYIO 3IEKTPOMArHUTHBIH JTyd aHTCHHY.
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Puc. 5. IlpunarunuansHas cxema cepoTpoHa (BapuaHT 1)

Ilonme wonebanust E,o nOBycepuyeckoro pe3oHaTopa MOXKHO  paccMaTpUBaTh
KaK CyMeprno3uLHUIO pacXoIsIIuxcs (3ama3fbplBaHie —) U CXOOSIMXcs (0OpaTHOE 3amasgbIBaHHE 7)
BOJMH (PUKTHBHOTO 3JIEMEHTAPHOTO 3JEKTPHUYECKOr0 HCTOYHHMKA, HAXOMSIIErocs B IEHTpe cdep
pesoHaropa. Hcmome3yst Teopuio  CEpHUECKMX  BOJH  DJIEMEHTAPHOTO  3JIEKTPHUYECKOTrO
uznydatens [43], nonydaem cienyoonme HopMyiIbl KOMIOHEHT Hoisl Konebanus E,io KaKk pe3yabTart
uHTepPEpPEHINI PACXOAAIINXCA U CXOMSIIMXCS c(heprUeCcKUX BOJH:

cosr sinr
E =E, cos wt[— - —J cos 9;

(ry (r)
sinr cosr_sinrj in9:

S GENG)

H,=——"-sinot cosr _ Sm: sin 9,
2w r (r)

rae W' = f H % — BOJITHOBOE COIPOTHUBIICHUE BaKyyMa.
0

Pe3oHaHcHBIE 3HAUEHHS PaaIuycoB chep pe3oHaTtopa a u b HaxomsaTes u3 ycnosuit Eg(a) = 0;
Ey(b) = 0. imu, ucnons3ys (3):

E, =%cosmt[ 3)

. cosa Ssina
sina + -—=0;
a  (a) @
. cosb sinb
Slnb+ b _W:

'panuuHbIC yCIIOBHS Ha TOPIICBOM CTEHKE pE30HATOpa, Kak cieayeT u3 Qopmyinsl (3),
npu 9 = 1/2 aBTOMaTU4YeCKH BbINonHsA0TCA: E,= 0, H, napauienbHa MOBEPXHOCTH TOPLA.

PesynbTaTtel pacdera cepoTpona

[IpuBenem pesynbTaThl pacuera cdepoTpoHa Ha Konebanum FEpjp pe3oHaropa: a = 6,1168,
b =2,7437. 30Ha reHepanuu STOro Bapuanrta uzodpaxena Ha puc. 6. 3aecs KI1/ nocturaer 3HaueHus
N.= 0,35 mpu By ~ 0,402, 4 ~ 3,5. 30Ha BecbMa MIUPOKA.
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5.38 0.385 0.39 0.395 0.4 0.405 0.41 0.415 0.42 i
Puc. 6. 3onsl reneparmu ¢ paznuassivu KIT/1 B koopauHartax Bo, A

UccnenoBanne pexxuma BO30YXKIEHMS TeHepaTopa II0Ka3ajlo, 4YTO TPH JIOOBIX TOKax
AIIEKTPOHHOTO TIOTOKa PEXHUM BO30YKIEHHUSI OCTa€TCs MSTKHM, T. €. padounii TOK Bcerza Oolblie
myckoBoro. ['enepaTop nomyckaeT yBenuueHue padouero Toka 10 20 kA npu cHmkennn KITJ zo 30 %.

Mosxer OBITh U Ipyras KOHCTpYKIHs chepoTpoHa (Bapuant 2). OHa mpencraBieHa Ha puc. 7.
31ech TPEeayCMOTpPEHAa MHOIOMYYKOBass KOHCTPYKIUSA: TYYKH [ pacrloNOoKeHbl IO TOJIyAyre
9KBAaTOPHUAIBHOrO cedeHus: pesoHaTtopa (0 =m/2). IlomyniaockocTs 2 CIOyKUT Kak Uil KperUuleHHs
BHYTpeHHel cepbl pe3oHaTopa, Tak U AJsl celekuuu mMox E, o pe3onaropa. Takum oOpa3om, 3TOT
BapuaHT CQEpOTPOHA, SIBIAACH MHOTOIYYKOBBIM, MOKET OOECIIEUHUTH MOBBIIIEHHYI0 MOIIHOCTh
reHepanuu. IlpenBapurenbHble MccneqoBaHus nokaszaiu, yTo ero KIIJ[ Gonbmie, uem B Bapuante 1
cepoTpoHa, mpuueM Opu OOJBIIMX 3HAYCHUAX pPaaUaIbHOTO HMHIEKca n pabodyeidr moxbl. Taxk,
Ha Mone K7y IBycdepuueckoro pesoHatopa cdepoTpoHa — MONYIUIOCKOCTH 2 pocturaet 53 %
mpu 4 = 1,08, = 0,225.

Puc. 7. Cxema a3suMyTanbHOro cepoTpoHa: / — paJuaibHbINH 3JEKTPOHHBIHN ITOTOK (X-HalpaBJIeHHUE);
2 — MOYNIIOCKOCTD KPEIUICHHsI BHYTPEHHEH cdepbl 1 cenekunu £, o KoaeOaHust pe3oHaTopa

3akjIoueHne

Y cTaHOBICHHBIE 3aKOHOMEPHOCTH HECHHXPOHHOTI'O B3aUMOJICHCTBHS CBOOOIHBIX 3JICKTPOHOB
C JICKTPOMArHUTHBIM U3TYYCHUEM MOTYT OBITh BaXHBI KaK ITPH CO3JaHUH I'CHEPATOPOB U YCUITUTEICH
TEpareplioBOr0  JUama3oHa C HECHHXPOHHBIM  B3aUMOACHCTBHEM, TaK U IIPU UCCICIOBAHUU
B3aUMOJICHCTBUSL TIEPEAAIOIINX AHTCHH CIIyTHHUKOB C HOHOC(hEpod. 3aMeThM, YTO OTpakKeHUE
3apsHKCHHBIX YaCTHUI] B MOIITHOM TOJIE 3JIEKTPOMArHUTHOT'O U3ITyYSHHSI MOXKET CITYXHUTh 3P PeKTUBHOM
3alIUTON OT MyYKOBOI'O OPY>KHSI B KOCMOCE.

Tor ¢eHOMEH, YTO TpPH OTPAKEHUM IOTOKA 3JCKTPOHOB B HOPMAJILHOM HAIpaBICHUU
OT MCTOYHMKA HE3aBUCUMO OT YaCTOTHI 3JICKTPOHBI TEPSIIOT 3HAUYUTENBHYIO YaCTh SHEPTUU, TIO3BOJISIET
CO3JaBaTh IMIMPOKOMOJIOCHBIE YCUIIUTENU ¢ YHUKATbHBIMA CBOMCTBAMH.
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