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YIIPABJIEHUE IIOITEPEYHBIMHU PAZMEPAMMU 3JIEKTPOHHOT' O ITYYKA
B COJIEHOUJIAJIBHOM ITOJIE MATHETPOHHOM IYIIKHA

IlpencraBieHbl pe3ynbTaThl HCCIENOBAHMS 110 (DOPMUPOBAHHIO MONEPEYHBIX PAa3MEPOB 3JICKTPOHHOTO IIydKa MArHETPOHHOH IyLIKOH ¢
BTOPHYHOIMUCCHOHHBIM KaTO/IOM B Jrana3oHe HanpspkeHuit 25..90 kB. IIpoBeneHs! ucciaeaoBaHus mpoueccoB HOpMHUPOBAHUS AIEKTPOHHBIX MYYKOB
B HCTOYHHMKAX JJIEKTPOHOB C XOJOIHBIMU METANIMYECKHIMH KaTOJaMH, pabOTAIONMMM B PEXHME BTOPHYHOH DMHCCHHU. B KkadecTBe HCTOUYHHKA
3JIEKTPOHOB HCIIONB3YETCs MarHeTpOHHas mymka. [IpuHIMI paboThl TAaKUX MyIIEK OCHOBAaH Ha OOpaTHOI OOMOapIHpOBKE KaTOJa SIIEKTPOHAMU,
BO3BpAIAEMBbIMI MarHUTHBIM I10J1€M, 00Pa30BaHUM 3JIEKTPOHHOIo obJiaka BOIN3M KaToja U GOPMUPOBAHMM ITy4Ka B CKPEIICHHBIX JICKTPUYECKOM H
MAarHUTHOM TIOJIAX. VIX OCHOBHBIM OTIMYHEM OT TEPMOIMHCCHOHHBIX ITyIIEK SBISIETCS OOMIbIIAs ITIOTHOCTh TOKA C €AMHUIBI IONEPEeYHOH MIIomaau
katoma ~50 A/cM? u GonbLIOl CpOK CiayxObl. [109TOMY MOMCK M HCCIEIOBAaHHE MCTOYHHUKOB DJICKTPOHOB C OOJBLIMM CPOKOM CIIY)KOBI SIBIISIETCS
aKTyaJIbHOM 3agayeil. Ha 6a3e MarHeTpOHHOI IyLIKK ¢ BTOPMYHOIMHUCCHOHHBIM KaTOJIOM CO3/laH YCKOPHUTEINb IEKTPOHOB, B KOTOPOM MCIIOJIb3YyETCs
OCEBOW HIICKTPOHHBIN Iy4OK M OOMyYeHUs METa/UIMYeCKHX MUIIeHell M BHYTPEHHEH NIIHHAPUYECKOIl MOBEPXHOCTH C IIOMOIIBIO PagHaIbHOTO
3JIEKTPOHHOrO IIy4ka. B paboTe mpencTaBieHbI ONBITHBIC IaHHBIC W PE3YJbTaThl MOJICIUPYIOIIUX PACYETOB 10 (OPMHUPOBAHUIO U YHPABICHUIO
pacrpe/ieNieHus JICKTPOHHOTO ITyYKa MAarHeTPOHHOH IyLIKOH ¢ BTOPUYHOSMUCCHOHHBIM KaTOJIOM HPH JBHKEHHH B COJICHOMJAIIBHOM MarHUTHOM
none. VccnenoBaHa 3aBHCHMOCTb (POPMHUPOBAHHS PaAUATIbHBIX Pa3MEpPOB DIEKTPOHHOTO ITydka OT aMIUIUTYABl M TPaJUeHTa COJICHOHUAAIBHOTO
MarHMTHOTO IOJIsI B IIYIIKE, KOTOPHIH HAapacTaeT WIIM CIafaeT B KaHAJIe TPAHCIOPTUPOBKU Iyuka. [IpuBOAATCS pe3ylbTaThl UYHCICHHOIO
MO/ICIIIPOBAHUS 10 JBIKEHHIO TPYOUaTOro 3JIE€KTPOHHOTO MOTOKA B MArHUTHOM Moje coiieHouzaa. Ha ocHOBe MOmenM IBMKEHHUS 3JIEKTPOHHOIO
IIOTOKAa PAacCMOTPEHBI XapaKTEePHCTUKH PE3YJIbTUPYIOMIEro JIEKTPOHHOrO IIydka. IlokazaHa BO3MOXKHOCTh PETYIHPOBKH AWMAMeTpa ITydka ITyTeM
BapHal[My YIPABIAIOLIEr0 MAarHUTHOro mouns. [lodydeHHbIe YHCICHHBIC 3aBUCHMOCTH COIJIACYIOTCSI C DKCIICPUMEHTAIIBHBIMH pPe3yJbTaTaMH IS
MAarHUTHOTO HOJIs C OOJIBIINM IPaJHEHTOM. [I3yueHa BO3MOXKHOCTD YIIPaBJICHHs MOMNEPEYHBIMU Pa3MepPaMH ITydKa.

KnioueBble cJI0Ba: DICKTPOHHBIH ITy4OK, MAarHeTpOHHAs IIyIIKa, MaTeMaTHYecKoe MoJenHupoBaHue, IudgepeHIranbHoe ypaBHEHHE
JIBU)KCHHUS, CONICHOMAAIBHOE MarHUTHOE T10JIE, YIPABJICHHE TONIEPEYHBIMH Pa3MepaMH IyuKa.

0. C. MASMAHIIIBIII, M. I'. PEIIIETHAK
YHOPABJIIHHA NONEPEYHUMUA POSMIPAMU EJIEKTPOHHOI'O ITYUYKA B
COJIEHOITAJIBHOMY IOJII MATHETPOHHOI TAPMATH

IpencrasieHo pe3ysnbTaTh JOCIIDKSHHS 0RO (OPMYBaHHS IIONIEPEYHUX PO3MIPIB €IEKTPOHHOTO ITyYKa MarHiTHOI rapMaTolo 3 BTOPUHHOEMICIHHIM
KaTonoM B Jiama3oHi Hampyru 25..90 kB. IIpoBeneHo mociiukeHHS mpoleciB (OpMyBaHHS EIEKTPOHHHX ITYYKiB B JDKEpelax eJNeKTPOHIB 3
XOJIOAHMMHU METAJICBUMH KaTOJAaMH, L0 IPALIOIOTh B PEXUMI BTOPUHHOI eMicil. SIk pKepeso eleKTPOHIB BUKOPUCTOBYEThCS MAarHETPOHA rapMmara.
[puHiKn poOOTH TaKUX TapMaT 3aCHOBaHHiT HA 3BOPOTHOMY 60MOApIyBaHHIO KAaTOA ENEKTPOHAMH, IO MOBEPTAIOTHCSI MATHITHHM IOJIEM, CTBOPEHHI
€NeKTPOHHOT XMapH TMo6JIHM3y KaTona i (opMyBaHHI Mydka B CXPEIIEHHX €IeKTPHIHOMY i MArHITHOMY TIOJNSX. IX OCHOBHOIO BifIMiHHICTIO Bif
TEPMOEMICIHHIX rapMar € BelHKa LIUIbHICTh CTPYMy 3 OAMHHUIN momepedHoi miorii karoaa ~50 A/cm? i Benukuil TepmiH ciayx6u. Tomy momryk i
JIOCITI[DKEHHS JDKEPeNI EKTPOHIB 3 BEIMKAM TEPMIHOM CIIyXOH € akTyalbHUM 3aBHaHHsM. Ha 6a3i MarHeTpoHHOI rapMarti 3 BTOPHHHOEMICIHHUM
KaTOJIOM CTBOPEHHH IPUCKOPIOBaY EJIEKTPOHIB, B IKOMY BUKOPHCTOBYETHCSI OCHOBHI €JIEKTPOHHUH ITy4OK JJISI ONPOMIHEHHSI METaJleBUX MilleHeil i
BHYTPIIIHBOT IMIIHAPUYHOI MOBEPXHI 32 JIONMOMOrOI0 pajiajibHOTO EJIEKTPOHHOTO Imydyka. B po0OoTi mpeacTaBieHi eKcHepuMEHTalbHI JaHi i
pe3yNibTaTH, L0 MOJCIIOITH PO3PaXyHKH IO (OPMYBAHHIO 1 YNPABIIHHIO PO3MOJUTY EJNEeKTPOHHOrO IydKa MAarHeTpOHHIH rapMaTor 3
BTOPUHHOEMICIHHIM KaToJOM TpH pyCi B COJEHOINaJbHOMY MAarHiTHOMY momi. JIOCTi/KEHO 3alleXHIiCTh (OpPMyBaHHsA pajialbHUX PO3MIpiB
BTOPMHHOEMICIHMM Iyyka BiJ| aMIUIITYAM Ta TPaji€HTa COJEHOIAANbHOTO MArHIiTHOTO TOJII B rapMati, sSKMH HapocTae abo chajae B KaHai
TPaHCIOPTYBaHHs Iy4ka. HaBOAATBCS pe3y/ibTaTH YHCEIBHOTO MOJCTIOBAHHS MO PyXy TPyO4acToro eleKTPOHHOrO MOTOKY B MAarHiTHOMY IIOMi
conenoina. Ha ocHOBI Mozieni pyXy €IeKTPOHHOTO MOTOKY PO3TIISTHYTI XapaKTEPUCTHKH PE3yNbTYIOUOTO eJIEKTPOHHOTO ydka. [TokazaHa MOXKINBICT
perymoBaHHs JiaMeTpa IydKa HUIIXOM Bapiallii Kepyro4oro MarHiTHOro moist. IIpHBeIeHO pesysibTaTH YHCICHHOTO MOJCIIOBAHHS 32 PyXOM
TpyO4aTOro eJIEKTPOHHOTO MOTOKY B MarHiTHOMY MOJi coseHoina. JlociipkeHa MOXKITMBICTD YIIPaBIiHHS HONEPEYHIUMH PO3MipaMu ITyyKa.

Karo4oBi ciioBa: eneKTpOHHMIT ITy4OK, MarHETpPOH TapMaTa, MaTeMaTHYHE MOJICNIIOBAHHSA, AUdepeHIliaNbHe PiBHAHHS PyX, COJNEHOiTanbHe
MarHiTHe NoJie, yrnpasliHH TOMEePEYHUX PO3MIPIB MyYOK..

0. S. MAZMANISHVILI, N. G. RESHETNEAK
CONTROLLING THE TRANSVERSE DIMENSIONS OF THE ELECTRON BEAM IN THE
SOLENOIDAL FIELD OF A MAGNETRON GUN

The results of the study on the formation of transverse dimensions of an electron beam by a magnetron gun with a secondary emission cathode in the
voltage range of 25..90 kV are presented. Investigations of the formation of electron beams in electron sources with cold metal cathodes operating in
the secondary emission regime are carried out. The electron source is a magnetron gun. The principle of operation of such guns is based on the reverse
bombardment of the cathode by electrons returned by the magnetic field, the formation of an electron cloud near the cathode and the formation of a
beam in crossed electric and magnetic fields. Their main difference from thermionic guns is the large current density from a unit of the cathode’s
cross-sectional area ~ 50 A/cm? and a long service life. Therefore, the search and investigation of electron sources with a long service life is an urgent
task. On the basis of a magnetron gun with a secondary-emission cathode, an electron accelerator is created in which an axial electron beam is used to
irradiate metal targets and the inner cylindrical surface with a radial electron beam. The article presents the experimental data and the results of
modeling calculations on the formation and control of the electron beam distribution by a magnetron gun with a secondary-emission cathode in motion
in a solenoidal magnetic field. The dependence of the formation of the radial dimensions of the electron beam on the amplitude and gradient of the
solenoidal magnetic field in the gun, which grows or falls in the channel of the beam transport, is studied. The results of numerical simulation of the
motion of a tubular electron beam in a magnetic field of a solenoid are presented. Based on the motion model of the electron beam, the characteristics
of the resultant electron beam are considered. It is shown that the diameter of the beam can be adjusted by varying the control magnetic field. The
results of numerical modeling on the motion of a tubular electron flux in a magnetic field of a solenoid are given. The possibility of controlling the
transverse dimensions of the beam is studied.

Keywords: electron beam, magnetron gun, mathematical modeling, differential equation of motion, solenoidal magnetic field, control of
transverse beam dimensions.
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Benenne. DieKTpOHHbIE MyYKH Pa3INnYHON KOHDHU-
Typalud U MHTEHCUBHOCTHU [1-3] mpuMeHSIOTCA B BBICO-
KOBOJNBTHON wuMmynscHO CBY anekTpoHHKE, 371eKT-
POHHO-TY4€BbIX TEXHOJIOTHSIX, yCKOPUTEIbHON TEXHUKE U
1.1. [4-6]. B HHL «X®TW» npoBoasTcs UCCIETOBaHUS
poneccoB (POPMHUPOBAHUS HIEKTPOHHBIX ITyYKOB B UCTO-
YHHMKAX JJIEKTPOHOB C XOJOAHBIMH METANIMYECKUMHU Ka-
TOJaMH, pabOTAIOMNUMH B PEKHME BTOPHYHON 3MHCCHHU.
B kadecTBe UCTOYHHMKA HJIEKTPOHOB HCIIOJIB3YETCA MarHe-
TpoHHas mymika. [IpuHIun paboTh! TaKKX MyIIEK OCHOBAH
Ha oOpaTHO# OomOapauUpoBKe KaTola JICKTPOHAMH, BO3-
BpallaeMbIMH MarHUTHBIM I10JIeM, OOpa30BaHUM 3JIEKT-
poHHOTO o0Jsaka BOJIM3M KaToJa U (OPMHPOBAHUH ITyUKa
B CKPEIEHHBIX EKTPUYECKOM U MarHUTHOM MoJsix. Mx
OCHOBHBIM OTJIMYHEM OT TEPMOIMHUCCHOHHBIX IyIIEK SB-
ssiercst OoJbIIast IVIOTHOCTh TOKA C AMHMIIBI IONIEPEYHO
wronany karoxa ~50 A/cM? u GOJNBIION CPOK CIyXOBI.
ITooTOMy HOMCK M HCCIIEIOBaHHE HCTOYHHKOB 3JIEKTPO-
HOB C OONBIINM CPOKOM CIY’KOBI SIBIISIETCSI aKTyaJbHOW
3amadeii. Ha 6a3e MarHeTpOHHOMN IyIIKA ¢ BTOPHIHOIMH-
CCHOHHBIM KaTOIOM CO3/1aH YCKOPHUTEIb JJIEKTPOHOB, B
KOTOPOM HCIIONIB3YETCS OCEBOM JIEKTPOHHBIA ITy4OK IS
00JTy4eHns] METAJUIMYECKHX MHIICHEH W BHYTPEHHEW IH-
JUHJIPUYECKON TOBEPXHOCTH C IOMOIIBIO PaJdalbHOrO
9NIEeKTPOHHOTO Tryuka [ 7—10].

B nacrosme#t pabore u3ydeHa BO3MOKHOCTh YIPaB-
JICHUS TIOIEPEYHBIMU pa3MepaMH 3JICKTPOHHOTO MydKa ¢
MTOMOIIIBIO COJICHOUJAJIBHOTO MOl MAarHETPOHHOM ITyIITKH.

IKCIePUMEHTAIbHASL YCTAHOBKA M METOAMKA
uccaenopanmii. Ha yckoputene 31I€KTpOHOB Ha OCHOBE
MarHeTPOHHOM MYyIIKH C BTOPUYHOAIMHCCHOHHBIM KaTO-
JIOM IMIPOBEACHBI HCCIENOBAaHMUS IUHAMUKH JIEKTPOHHOTO
ITy4Ka U U3MEPEHHIO €r0 NapaMeTPOB MPHU ABHKEHHUHU Yac-
THUI B KaHaJIe TPAaHCIIOPTUPOBKU.
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Puc. 1. brok-cxema 3KCriepUMEHTaNbHON YCTaHOBKH.
1 — BBICOKOBOJIBTHBIN UMITYJIbCHBII F'eHEpaTop,

2, 5 — u30J4TOpHL, 3 — BaKyyMHasi Kamepa, 4 — COJICHOU/I,
M1+M4 — katymiku coneHouaa, 6 — U3MepHUTeNIbHas CHCTEMa,
7 — OJIOK CHHXPOHM3ALNH, 8 — TeHEepaTop 3aIlyCKAIOLIEro
uMITyIisca, 9 — mumens, C — Katof, A — aHO.

brok-cxema ycTaHOBKM mpuBeaeHa Ha pwuc. 1. Jlus
MUTAaHUS MarHeTPOHHOW IYIIKH HCIIOJNB30BAICS HUM-
IyJIbCHBIM TeHepatop (1) ¢ aMIUTUTYIOH IUIOCKOM YacTh
nMmiynbca 20...100 kB, mnmurensHOcThio 50...10 MKC U
yacToToro ciefoBanus 3...10 I'u, koTopelid momaercss Ha
Karoa Nyuwku. B cxeme renepaTopa MCHOJIb30BAICS MOJ-

HBII pa3ps]] HAKOIMTEIBHON €MKOCTH Ha TpaHchopMaTop
4yepe3 TUPATPOH. 3amyCK BTOPUYHOIMUCCHOHHOIO pas-
MHOXXEHHS B ITyIIKE OCYLIECTBISICTCS] UMITYJICOM Harpsi-
JKEHUS ¢ KPYTBIM CIaJ0M, [10JIaBaeMbIM Ha aHOJ| ITYILIKH,
KOTOpBI co3maBaiicst reHepatopoM (8) ¢ aMIUTUTYROI
HanpspkeHust 1o 15 xB. Hcrounuk snextponoB (C — ka-
TON, A — aHOM) pa3MemIaercs B BakyyMHOM oOweme (3).
Jns moydeHus 3MEeKTPOHHOTO ITyYKa HCIIONB30BANNCH
MarHeTpOHHAs MyIIKa ¢ JHAMETPOM aHoxa 78 MM W IHa-
MeTpoM Karonaa 36 MM. MarHUTHOE TIONe Ui TeHEepannu
U TPAHCHOPTHPOBKH 3JICKTPOHHOTO MYyYKa CO3IACTCS CO-
neHounoM (4), cocrosiM u3 4 ceKuuii (KaTymek), mira-
HHE KOTOPBIX MPOUCXOAMUIO OT UCTOYHHUKOB IOCTOSHHOTO
TOKa. Perynupyst TOk B KaTyIIKax, MO>KHO OBLJIO U3MEHSITh
aMIUIUTYAY ¥ TPOJOJIbHOE pacHpesesieHHe MarHUTHOTO
NOJIS BJOJIb OCH MarHETPOHHOW MYIIKM W KaHajla TpaHC-
MOPTUPOBKH ITyYKa, YTO MO3BOJISUIO MOJYYaTh Pa3IHYHbIE
PEXUMBI (POPMHUPOBAHUS AIEKTPOHHOTO ITydka. MUIICHB
pacronarajgack Ha pa3lHYHBIX PAaCCTOSHUSAX OT cpesa
aHoma (1,5 +13,5 cMm) m Takke CIyXWia Ui W3MEpeHUs
TOKa Iy4YKa B 0ceBOM HampasieHHH. O0paboTka pe3yib-
TATOB W3MEPEHUI TOKOB ITyYKa M MMITYJIbCa HATPSIKCHUS
MIPOU3BOJIMIIOCH C IIOMOIIBI0 HM3MEPHUTEIBHON CHCTEMBI
(6). IMorpemHocTh M3Mepenus coctasiuseT 1...2 %. Ilome-
peUHBIe pa3Mephl MydKa U3MEPSIM IMyTeM MOTy4YeHHs OT-
neyaTka Ha MeTaNTHYECKUX MUILICHSX.

JUis BBINOJHEHUS MOJAETHUPYIOUINX PpacueToB IIO-
CTPOEHO IPOTrpaMMa, MO3BOJISAIOIIAs PACCUUTATh TPACKTO-
pUH IBIKCHHUS SJICKTPOHOB B 33IaHHOM MAarHUTHOM IIOJIC
[11]. YcToiuMBOCTH YHCIEHHOIO aJrOpPUTMa PpELICHHS
cBsizaHa ¢ 1marom AS pemenwus, rae S=Ct (¢ — ckopocth
cBeTa, t — TekyIee BpeMs), U TapMOPOBCKUAM HTapaMeTPOM
3amaun . Takum 0o0pa3oM, TpH BBHIIOJHCHHUH YCIOBHUS
PAS<<] MOXXHO OKHIATh CXOJMMOCTH YHUCICHHOTO pele-
HUSI CUCTEMBI K €r0 aHAJIUTHYECKOMY aHAJIOTy. YCIIOBHE
pAsS<<l 6ynert BormonHAThCs, ecin AS<<0.0001 m. C BbI-
YHUCIUTEJIBHOW TOYKH 3pEHHUs 3ajaya MOXeET ObITh cop-
MyJupoBaHa kak 3amada Komm [12]. Pesynbratom Oymet
SIBIIITBCS TPAEGKTOPHUS 3JIEKTPOHA, OTBEYAIOUIasl Hadajb-
HBIM ycioBusAM. IloTpeGoBaB BHINONHEHHUS 33aJaHHOTO
ycnoBus (IPOXOXKICHUE KaHalla TPAHCIIOPTHPOBKH ITyYKa)
MOJKHO, 3a(pHKCHPOBAB 3HAYCHHS BCEX KOMIIOHEHT TPACK-
TOPUH ANEKTPOHA, CHOPMHUPOBATH PE3YIBTHPYIOIIUH ITy-
YOK U M3yYHTh €T0 CBOMCTBA.

Pe3ynbTaThl  3KCHEpUMEHTa ¥ YHCJIEHHOTO
MO/CJMPOBAHUA W uX o0cyxnenue. IIpoBeneHHBIE
Uccie0BaHus 110 GOPMHUPOBAHHIO DIIEKTPOHHOT'O MyYKa
HN3MEPEHHUI0 ero apaMeTpoB OT HANPSHKEHHS Ha KaToJe B
nmuamazone 20...90 xB.

Ha puc. 2 npuBezneHa gotorpadusi AByX OTIEUaTKOB
MIOTOKA 3JIEKTPOHOB IIPH €T0 IOMAJaHus Ha aJOMHHHE-
BYI0 MMIIEHb, PACHOJOXKEHHYIO Ha PACCTOSHUU 7 CM OT
cpesa aHoja.

Otneyatku NOJdy4YeHbl Uit HoAeH Hpyax U Hyin. Tlpu
9TOM KOHOUrypauus monst Hpy,, XapakTepusyeTcs I0JIo-
KUTEIbHBIM T'PAJIMEHTOM, a KOHGUrypauus monst Hpyi, —
OTpHIIATENBHBIM 3a Cpe30M anoa (cM. puc. 3).

B npoBeneHHBIX HCCIEIOBAHUAX IIsI 000UX pacipe-
JIENIEHUA MarHuTHOro nons Hy.y ¥ Hyj, #DodydeHa
JIOCTaTOYHO XOpOIIasi OJHOPOJHOCTh Aa3UMYTaJIBLHOTO
pacmpezieneHuss ToKa JIEKTPOHHOTO Mydka. OTO ObuIO
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MOATBEPKICHO pe3yJNbTaTaMU 3KCIEPUMEHTOB, BBIIOJ-
HEHHBIX C HCIOJIb30BAHUEM §-CEKIMOHHOTIO LMJIUHIpA
®dapajes, KOTOPBI pa3Melialics B MECTE€ PACIIOJIOKEHUS
MHUIIICHU.
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Puc. 2. OTnieyaTkyl 3I€KTPOHHOTO ITyYKa Ha aIFOMHUHUEBOM
MHUIICHH. 1 — HapacTaiolee MarHUTHOE 110J1e Hiyay,
2 — cnajarolee MarHuTHoOe noste Moy

YucneHHOE MOJEIMPOBAHUE OCYIIECTBIAIOCH ISt
00oux monell Hy,yx 4 Hyiy, a Takke s HaOOpa mpome-
JKYTOYHBIX TIOJNIeH, KOTOpbIE C TOMOIIBID MapameTpa
ynpasyieHus K 3amaBaiuch no Gpopmyiie

HK = Hmin + K(Hmax _Hmin)/loz (3)

YTO IIO3BOJIMJIO TPOMOJECINPOBATh TEHACHIMH B IWHA-
MHKE paJHalbHbIX Pa3MepoB MydKa (CM. pHc. 4).

Puc. 3. IIpumeps! KoHGUTypaIMii MArHUTHOTO TTOJISL.
Kpectuxu — none Hyy,ax € NOJOKUTENBHBIM TPAIUEHTOM,
KPYKOYKH — 110J1€ H i, C OTPUIATETEHBIM TPAAUCHTOM,

MYHKTHP — IPOMEXYTOUHBIN ciyuait Hy

BrInonaHeHsl M3MEpeHHs pa3MepoB INEKTPOHHOIO
nyudka Ha mulleHd. IIpu HanpsxkeHuu Ha karozae 55 kB u
CHajampueM MarHUTHOM IoJie B OOJIaCTH TpPaHCIOPTH-
poBKH Iyuka (puc. 3), KpuBast Hy,j, MarHeTpoHHas MyIIka
(dbopMupyeT B 00J1aCTH MUIICHU KOJIBIIEBOH dIEKTPOHHBIN
my4ok ¢ TokoM 30 A u HapyXHBIM JHaMETpoM 53 MM ¢
TONMMIMHON cTeHkH 3 MM. IIpu HapacTaromem MarHUTHOM
nosie (puc. 3, kpuBasi Hy,x) TOK MydKa yMEHbLIAICS IO
24 A, ipu 5TOM HApY>KHBIM AMAMETpP My4Ka yMEHBIIMICS
10 29,5 ¢cM ¢ TOIIIMHON CTeHKH 1,8 MMm.

Ha puc. 5 nokasassl pe3yabTaThl YUCIEHHOTO MOJE-
JUPOBAHMSA [IBWKGHUS JIEKTPOHOB (00BeM BEIOOpKH
N=500) B ABYX MarHUTHbIX NOMSIX Hpyax U Hpin. U3
pHUC. 5 MOXXKHO BUJAETh TUHAMHKY (POPMHUPOBAHUS pacipe-
JIEJIEHUH 3JIEKTPOHHOTO IIyYKa IPU €r0 PaclpoCTpaHSHUN
BJIOJIb OCH Z B KaHajie TpaHcHmopTUpoBKku. M3 puc. 5 cie-

JYeT, 4TO 3JICKTPOHHBIN MYYOK MO Mepe IBHKCHHS HUCITBI-
THIBACT YMCHBILICHUE CBOMX PAAHAJBbHBIX Pa3MEpOB, YTO
OCOOCHHO XOPOLIO BBIPAXEHO B ClIydae MoJs M,y ¢ mo-
JIOKUTEIBHBIM IPATHECHTOM.

1500M
1000

S0

Puc. 4. Habop Moaenupyromux pacupeaeneHui
MarHUTHBIX NOJIel Ha nHTepBaie 20 cM

Puc. 5. Dcku3bl hOpMHUPOBaAHUS pacTIpeAeeHHs MydKa
HPH €ro JIBH)XEHUH BIOJIb OCK MArHUTHOM CHCTEMBL.
Cepxy: nojiie Hpjn ¢ OTPUIATENBHBIM IPAJUEHTOM,
CHHU3Y: NoJie Hyjay C TIOJIOKUTEIBHBIM TPaJUCHTOM

Ha puc. 6 noxasana paccuMTaHHas 3aBHUCUMOCThb
CpeJHero paJuanbHOro pa3Mepa mydka Rsr oT mapamerpa
ynpasieHust K KOHQWIypalM MarHutHoro mois. M3
pUCYHKa cIenyeT, 4YTO CpPeJHHMH paiuanbHbBIl pasmep
myuka Rsr gocruraer cBoero muHmmMyma MinR tem a¢-
(hexTBHEE, YeM OOJBIINM SIBISIETCS TPATUCHT MarHHUT-
HOTO ToJIsl. JIoKanmu3amus TOUYKH JOCTIDKEHUST MUHUMYMa
¢ poctoM K cmemiaercs BIOJb OCH Z TPAHCIOPTHPOBKH
CUCTEMBI.

Ha puc. 7 npuBeneHa mosydeHHas IOpU MOJEIHPO-
BAaHMM 3aBHCUMOCTh MHHHMMalbHOTO panumyca MinR ot
napaMeTpa ympasieHuss K KOHQUIypaluu MarHUTHOTO
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moyisi. COMoOCTaBJIGHUE PAJWyCOB OTICYATKOB IyYKa Ha
MPOJICTHOM PACCTOSHUM Z = 22,5 c¢M JjIsl HapacTarollero
MAarHUTHOTO TOJS Hpy, .y W CHIAJAIONIET0 MATHUTHOTO MOJIS
Hin, TIOKa3aHHBIX HA PUC. 2, C 3aBUCUMOCTSIMH JJISL CPE/-
Hero pajuyca Rsr KoJbLeBOro 3JMeKTPOHHOTO My4Ka, MpH-
BE/ICHHBIMU Ha pHC. 6, aeT BO3MOXHOCThH 3aKIIOYUTH O
JIOCTATOYHO XOPOILEM COOTBETCTBHUHM HAMICHHBIX 3HAUE-
HU.
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Puc. 6. 3aBucuMocTh MUHMMYyMa CpEIHETO paguyca Imyuka Rsr
OT NMPOJOIBLHON JITHUHBI Z.
CBepxy — none Hpyay, CHU3Y — Hpin
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Puc. 7. 3aBucHMOCTs MEHIMAIIBHOTO paamyca MinR
OT mapameTpa ynpasieHus K

Takum o0pazoM, yBelIWYEHHE TPAAWEHTa IIOJHOTO
MarHUTHOT'O IOJIsl IPUBOJUT K MEPECTPOIKE pacrpenese-
HUS 3JIEKTPOHOB B KOH(HUTYpalMOHHOM IPOCTPAHCTBE, B
YaCTHOCTH, K CIKaTUIO pPacIpeleICHHs] YaCTULl B PaJnab-
HOM HaIIpaBJICHUHU.

IIyrem yBenmuueHusl rpajleHTa MarHUTHOTO MOJIS
MOXKHO PEryJlupoBaTh IUIOTHOCTb YAacTHUL B PaJHaibHOM
HarpasJIeHUH BOJIb JUIMHBI TPYOBI.

PesynbraTel  dKCIEpUMEHTAIbHBIX HCCIEIOBAHUN

CBUACTCIILCTBYIOT O BO3MOXKHOCTH YCTOﬁQHBOFO (l)OpMI/I-
POBaHUU BJICKTPOHHOTO MYy4YKa B paJuaJibHOM HallpaBJiC-
HHUHU MaFHeTpOHHOﬁ l'[yHIKOI7I C XOJIOAHBIM BTOPHUYHOOMUC-
CHOHHBIM KaTOAOM B MarHuTHOM IIO0JIC COJICHOWAA.

BoiBoabl. B pa60Te NPEACTAaBJICHBI OIBITHBIC HaH-

HBIC U PE3YNIBTAThl MOJCIUPYIOMINX PAacueToB MO (HOpMH-
POBaHMIO W YNPABICHUIO PACIPENEICHUS 3IEKTPOHHOTO
Iy4yKa MAarHETPOHHON MYLIKON ¢ BTOPUYHOIMUCCUOHHBIM
KaTOZOM TIPH JBI)KEHHU B COJICHOMJIATHbHOM MarHUTHOM
nosie. B uccnenoBaHusX Moka3aHa BO3MOXHOCTb yCTOM-
yuBOTO  (OPMHUPOBAHHUS  PAAUAIBHOTO  AIEKTPOHHOTO
My4YKa C SHEprHed B JECATKU KUIODJIEKTPOHBOJIBT B Mar-
HUTHOM I10JI€ C MOJIOXKHUTEIbHBIM IPaUEHTOM.

Ha ocHoBe Moaenu ABH>KEHUS 3JICKTPOHHOT'O IMOTOKA

PacCMOTPCHBI XapaKTEPUCTUKU PE3YJIBTUPYIOIIETO 3JICK-
TPOHHOTO my4Yka. JIJii pa3muYHBIX KOHQUTYparuil Mmar-
HUTHOTO TIOJIS MPHUBOJIATCS PE3yabTaThl MOICIHUPOBAHUS
MO0 JABHXXEHUIO TPyOYaTOro 3JIEKTPOHHOrO MmoToka. [loka-
3aHa BO3MOXKHOCTH PETYJIMPOBKH JHaMETpa My4Ka MyTeM
BapHalUK YIPAaBISIONIEro MarHutHoro mnoss. Iloxyuen-
HbIE YUCIICHHBIC 3aBHCHMOCTU COTJIACYIOTCS C JKCIEpH-
MEHTAJIbHBIMU PE3yJbTaTaMU Il MArHUTHOTO TIOJIS C
OOJNBIINM TPATUSHTOM.
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