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MPOJIOJIbHAS JIOBYIIKA SJIEKTPOHHOI'O ITYUKA B IOTEHIIAAJILHOM SIME
MAT'HUTHOTI'O COJIEHOUJAJIBHOI'O ITOJIA

PaccMOTpeHO LMIHHAPUYECKOE MarHUTHOE IOJIE ABYXMOJOBOTO BH/A, OTEHIHAI KOTOPOro uMeeT MUHUMYM. OOBEKTOM IaHHOW PabOThI SBISETCS
H3yYeHHE TapaMeTPOB AIIEKTPOHHOT'O ITy4Ka IIPH ero ABIKCHHH B COJICHOHIATFHOM IOJIE C TIPOJOJIBHOM JIOBYIIKOM, 00pa30BaHHON MarHUTHBIM IIOJIEM,
U TOCTPOCHUE BBIYUCIUTEIBHONW MOJENHU JBMKEHHS JJIEKTPOHHOrO MOTOKa. [locTaBieHa 3aja4a 00 yCTOMYMBOCTH JIBMIKEHUS 3JIEKTPOHOB B TaKOM
COJICHOMIAJIbHOM MarHUTHOM mouie. M3ydeHa BO3MOXKHOCTD MOJTy4eHHUsI KOJIeOATeIbHBIX PEKHUMOB ABIDKEHUS YacTull. [loaydeHo, 4To ams KonebaHuii
YaCTHI[ C JHEPrueil B JECSITKH KUJIODJIEKTPOHBOJBT B MOTECHLHAIBHOU siIME HEOOXOAMMO IMOJIe aMIUIUTYIOK B IECATKH Thicsu Opcren. s
COJICHOUJIAJILHOTO MarHUTHOTO TOJIS COJICHOMJA U3y4eHO (OpPMHPOBAHME ITydKa 3JIEKTPOHOB C SHeprued 55 k9B B MponONBHOM M paaHalbHOM
HANpaBJCHUAX MPU €ro TPAHCIOPTHPOBKe. B kauecTBe u3nueckoro o0bEKTa HCMOIb30BaHA CEKLMsI MATHETPOHHOW MmyIki. OHUM U3 BO3MOYKHBIX
HAMpaBJCHUI SBISIETCS KOMOHMHALMS [BYX COIVIACOBAHHBIX MATHUTHBIX CHCTEM ITYIIKH AJIsS CO3[AHUS MOTCHIMAIBbHOH SIMBI MAarHHTHOIO MOJISL.
TTokaszaHo, 4TO Uil BBHIOPAHHBIX YCJIOBHU JBM)KEHHIO 3JIEKTPOHOB MOXKHO COIOCTABHTH MOJENb TPEXMEPHBIX ocUMLIALMHA. B paboTe Ha ocHOBe
raMIIbTOHOBa (hopMasi3Ma JABIDKCHHS DJIEKTPOHOB B MArHHTHOM IIOJie M aJrOPUTMa YHCICHHOTO HAXOXKICHHS pelleHui auddepeHiraibHbIX
YpaBHEHHUI TUHAMUKH [TOCTPOCHO IPOrPaMMHOE CPEICTBO, ITO3BOJISAIONIEE MOJIY4YaTh MACCHBBI 3HAUCHHI TPACKTOPHii YacTHILl B 00beme. Mcronb3oBanue
MPOrpPaMMHOI'0 CPEICTBA a0 BO3MOXHOCTh IIPOMOJICIIUPOBATh OCHOBHBIC 3aBUCUMOCTH JBMKEHHS JICKTPOHHOTO MyYKa B 3aIAHHOM JIBYXMOJIOBOM
COJICHOMIAIbBHOM MAarHUTHOM moie. [IpencraBieHbl pe3yibTaThl YUCICHHOTO MOCIUPOBAHUS TPACKTOPHI JJIEKTPOHOB B IPAAUCHTHOM MAarHHTHOM
0JIE C TOYEYHBIM BTOPUYHOIMUCCUOHHBIM KAaTO/IOM, PACIIONIOKEHHBIM B cepeinHe cucTeMbl. PaccmoTrpeHo hopmupoBanue mydka ¢ sHeprueit 55 kaB
B PaJMaibHOM M TPOJOJILHOM HAIPABJICHUSX TPH €ro TPAHCIIOPTUPOBKE B COJCHOMJAIBHOM MAarHUTHOM I0JI€ C OOJIBIIUM TpazueHToM. Jlist
3HAYUTENBHBIX BPEMEHHBIX HHTEPBAJIOB MOKAa3aHa BO3MOXKHOCTh TPEXMEPHBIX KOJCOAHHI U MOTydeHBI PEKUMBI PAGOTHI MATHHUTHOW CHCTEMBI, PH
KOTODPBIX YAaCTHIIA HCIBITHIBACT YCTOIYHMBBIE TPEXMEPHbBIC OCLIUBLMA. V3ydeHo BIMsHHE HAYaJbHBIX YCIOBHH HPH dMUCCHHA HA BO3HUKHOBCHHE
BO3BpaTHO-KosiebaTenpHoro sddekra. ITokazaHo, YTO NpPU 3aJaHHOM SHEPTUH DJICKTPOHA M (UKCUPOBAHHOM MATHHTHOM IIOJIE TapameTpoM,
OIPEIENSAIOIEM OTPAKCHHE YACTHIIBI, SIBJISACTCS MOJSPHBIA YroNl BieTa OTHOCHTENBHO OCH IMIHHAPUYECKOro MarHuTHOro mois. HccrmemoBaHa
3aBHCHMOCTh (hOPMHUPOBAHHSI HTOrOBOrO PACIPEACICHHsSI YACTHI[ OT AMILUTHTYABl M IPAJUEHTa MArHUTHOIO IMOJIS BAOJb OCH CHCTEMBI. [IpuUBOISTCS
Pe3yNbTaThl YHUCICHHOTO MOJICIMPOBAHMUS 10 JBHXKEHHUIO JJIEKTPOHHOTO MOTOKA. Ha OCHOBE MO JBIKCHUS JICKTPOHHOTO MOTOKA PACCMOTPEHBI
XapaKTEPUCTHKH PE3yJIbTUPYIOIIETO AJICKTPOHHOrO Iydka. [loiydeHHbIe pe3yibTaThl MOJCIMPOBAHHUS IMMOKA3bIBAIOT HA BO3MOXKHOCTH B YCIIOBHSX
IKCIIEPUMEHTA YCTAHOBUTH SIBJICHUE KOIeOaTEeIbHO-BO3BPATHOTO IIPOJOIBHOTO ABMKCHHS.

KuroueBble ¢J10Ba: 3JICKTPOHHBIN Iy4OK, MarHETPOHHAS MYILKa, TPEXMEPHbBIC KOJeOaHUsI, TUHAMHKA JJICKTPOHOB, TPAJIMCHTHOS MarHUTHOE
0JIe, MAaTEMaTHYECKOE MOJICITUPOBAHHE.

0. C. MASMAHIIIBIIIL, M. I'. PEHLIETHAK

MO3I0BKHSI TACTKA EJJEKTPOHOT'O ITYYKA B IOTEHIIVHINA SIMI MATHITHOT'O
COJIEHOIJAJIBHOI'O OJISI

Po3risiHyTO IUIIHAPUYHUN MarHiTHE 1ojie JIBOMOJIOBOTO BHUJy, MOTEHIlial SKOro Mae MiHiMyM. OO'eKToM JaHOI poOOTH € BHBYEHHS MapamMeTpiB
€JIEKTPOHHOTO ITy4Ka MPH HOTro pyci B COJICHOIAAIbHOMY MOJI 3 MO3/I0BXHBOIO MACTKOI0, yTBOPEHOT MarHiTHUM TOJIEM, i MOOY/10Ba 00UUCITIOBAIBHOT
MoJIeNi PyXy eIeKTPOHHOTO IoToKy. ITocTaBiIeHO 3aBJaHHS PO CTIHKICTh PyXY €IEKTPOHIB B TAKOMY COJICHOiNaIbHOMY MarHiTHOMY Toii. BusueHo
MOJKJIUBICTb OJIepyKaHHs KOJIUBAIBHUX PEXUMIB PyXy 4aCTHHOK. OTpUMaHO, 110 /IS KOJIMBAHb YAaCTHHOK 3 CHEPri€l0 B ACCATKH KITOCIEKTPOHBOMIBT B
MOTEHIIHOI sIMi HEOOXiHO MMOJIe aMILTITY0I0 B AeciaTKH Tucsa Epcren. st coneHOInaabHOr0 MarHiTHOrO MOJISI CONICHOIAA BUBYEHO (DOPMYBaHHS
IydKa EIEKTPOHIB 3 eHepriero 55 keB B M0o3/10BXKHBOMY 1 pajiadbHOMY HalpsMKax IpH HOTO TpaHcmopTyBaHHI. Sk di3ndHMiA 00'eKT BHKOpHCTaHA
CeKI[is MarHeTpoHHii rapmatH. OJHUM 3 MOMIIMBHX HAIPSAMKIB € KOMOIHAIlis JBOX Y3TO/KEHHX MArHITHHUX CHUCTEM TapMaTd Uil CTBOPEHHS
MOTEHIIHHOT M1 MarHiTHOro 1osi. [lokazaHo, 110 A1t 0OpaHUX YMOB PyXY €JIEKTPOHIB MOYKHA 3iCTaBUTH MOJIEIb TPUBUMIPHUX OCHMIIALINA. Y poOoTi
Ha OCHOBI F'aMHJIFTOHOBOTO (hOpMai3My pyXy €IeKTPOHIB B MarHITHOMY IIOJIi Ta aJTOPUTMY YHCEIHHOI0 3HAXOMKEHHS PO3B'SI3KiB AU(epeHIiaTbHIX
PIBHSIHB JAWHAMIKH MMOOYZOBaHO MPOTPaMHUI 3aci0, 110 JO3BOJISE OTPUMYBATH MACHBU 3HAYE€Hb TPAEKTOPIH YacTHHOK B 00cs3i. BukopucranHs
HPOTrPaMHOT0 3ac00y a0 MOKIMBICTH IPOMO/ICTIOBATH OCHOBHI 3aJI)KHOCTI PyXy €ICKTPOHHOTO ITy4Ka B 3aJ[aHOMY IBOMOZIOBOMY COJICHO1IaIbHOMY
MarHiTHOMy momni. IIpencraBieHi pe3ylbTaTH UYHCETLHOTO MOJETIOBAHHS TPAEKTOPIH ENEKTPOHIB B IPaJi€HTHOMY MArHiTHOMY IIOJi 3 TOYKOBUM
BTOPIHHOEMICIITHUM KaTOZOM, PO3TAIIOBAaHUM B cepeiiHi cucTeMu. Po3riisiHyTo popMyBaHHS MyyKa 3 eHeprieto 55 keB B paiaibHOMY i 10310BKHbOMY
HanpsIMKax IpH HOro TPAaHCIOPTYBaHHI B COJICHOINAIILHOMY MarHiTHOMY TIOJIi 3 BEIMKUM rpajieHToM. J{Js 3HaYHMX 4acOBUX IHTEpBaJiB MMOKa3aHa
MOJKIIMBICTh TPHBHMIpPHHMX KOJNMBAHb i OTPHMaHi PEXMMM POOOTH MArHIiTHOI CHCTEMHM, TNPH SKHX YacTKa BilUyBa€ CTiliKi TPUBUMIPHI OCIIMIAILI.
BuBYeHO BIUIMB MOYATKOBHX YMOB HpH eMicil HA BUHHKHEHHS 3BOPOTHO-KOJIMBaJbHOTO edekty. [lokazaHo, 1m0 NpH 3a/aHiid eHepril eIeKkTpoHa i
(hikcoBaHOMY MarHiTHOMY TI0JIi TApaMeTPOM, L0 BU3HAYAE BiTOOPAKEHHS YaCTKH, € TIOJIIPHUH KYT BIBOTY 1100 OCI HMJIIHIPUYHOTO MarHITHOTO OIS,
JlocTipKeHOo 3alIexHICTh (OpMyBaHHS IiZICYMKOBOTO PO3IIOALTY YaCTOK BiJl aMILTITY/IH 1 rpaiieHTa MarHiTHOTO HOJISI Y3I0BXK oci cucteMu. HaBoasTbest
Pe3yIbTaTH YHCETBHOTO MOJCIIOBAHHS MO PyXy €JIEKTPOHHOTO MOTOKY. Ha OCHOBI Mozeni pyXy €IeKTPOHHOTO MOTOKY PO3IVIIHYTI XapaKTepH CTHKH
PE3yJIBTYI04Or0 EJIEKTPOHHOrO My4ka. OTpHMaHi Pe3yIbTaTH MOJICTIOBAHHS [TOKAa3yIOTh HA MOXKJIMBICTh B yMOBaX €KCHEPHMEHTY BCTAHOBHTH SIBUILC
KOJIMBAJIbHO-TIOBOPOTHBOT'O TTO3/I0BXXHBOTO PYyXY.

Knio4oBi ci10Ba: eNeKTPOHHUI Iy4OK, MarHeTPOH rapMmara, TPHBHUMIDHI KOJNMBAHHS, JUHAMiKa €JIEKTPOHIB, IpaJicHTHE MarHiTHe IoJe,
MaTeMaTHYHE MOJICTIOBAHHSL.

0. S. MAZMANISHVILI, M. G. RESHETNYAK

LONGITUDINAL TRAP OF ELECTRON BEAM IN POTENTIAL PIT MAGNETIC SOLENOIDAL
FIELD

A two-mode cylindrical magnetic field is considered, the potential of which has a minimum. The object of this work is the study of the parameters of an
electron beam when it moves in a solenoid field with the longitudinal trap formed by the magnetic field, and the construction of the computational model
of the motion of an electron beam. The problem is posed of the stability of the motion of electrons in such solenoid magnetic field. The possibility of
obtaining oscillatory modes of particle motion has been studied. It was found that for oscillations of particles with an energy of tens of kiloelectronvolts
in the potential well in a well, the field with the amplitude of tens of thousands of Oersteds is required. For the solenoid magnetic field of the solenoid,
the formation of electron beam with an energy of 55 keV in the longitudinal and radial directions during its transportation is studied. A section of a
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magnetron gun was used as the physical object. One possible direction is to combine the two matched magnetic systems of the gun to create the potential
magnetic field well. It is shown that, for the chosen conditions, the motion of electrons can be associated with the model of three-dimensional oscillations.
In this work, on the basis of the Hamiltonian formalism of the motion of electrons in a magnetic field and an algorithm for numerically finding solutions
to the differential equations of dynamics, a software tool is constructed that allows one to obtain arrays of values of particle trajectories in the volume.
The use of the software made it possible to simulate the main dependences of the motion of the electron beam in a given two-mode solenoid magnetic
field. The results of numerical simulation of electron trajectories in the gradient magnetic field with the point secondary emission cathode located in the
middle of the system are presented. The formation of the beam with energy of 55 keV in the radial and longitudinal directions during its transportation
in a solenoid magnetic field with a large gradient is considered. For significant time intervals, the possibility of three-dimensional oscillations is shown
and the operating modes of the magnetic system are obtained, in which the particle undergoes stable three-dimensional oscillations. The influence of the
initial conditions during emission on the occurrence of the reciprocating oscillatory effect has been studied. It is shown that for a given electron energy
and fixed magnetic field, the parameter that determines the reflection of a particle, is the polar angle of entry relative to the axis of the cylindrical
magnetic field. The dependence of the formation of the final distribution of particles on the amplitude and gradient of the magnetic field along the axis
of the system is investigated. The results of numerical simulation on the motion of the electron flow are presented. The characteristics of the resulting
electron beam are considered on the basis of a model of electron flow motion. The obtained simulation results show that it is possible to establish the

phenomenon of oscillatory-return longitudinal motion under experimental conditions.
Keywords: electron beam, magnetron gun, three-dimensional oscillations, electron dynamics, gradient magnetic field, mathematical modeling.

Brenenne. DeKTpOHHbIE MAarHETPOHHBIC IYIIKH C
XOJIOAHBIMH BTOPHUYHOSIMHUCCHOHHBIMU KaToJaMH
MEPCIEKTUBHBI JAJIs1 HCIOJIB30BaHUA WX IPH CO3JaHUHU
MotnHbBX CBUY-mpuOopoB, B YCKOPUTEIHHON TEXHUKE B
CBSI3M CO CTAaOWJIBHOCTBIO 3MHCCHHM KaTO/OB, BBICOKOW
IJIOTHOCTHIO TOKa U T.A. [1, 2]. Ha ocHOBe MarneTpoHHO
MYIMKA OBUT CO3/aH YCKOPUTENb JJICKTPOHOB, KOTOPBIH
UCTIONB3YET OCEBOM AIICKTPOHHBIN MyYOK AT 0OIydeHHS
Meranueckux mumeHedt [3]. Kak ob6wvexkt s
IIPOBEACHUS UCCIICIOBAaHUM MarHETpOHHas IIyIIKa MMeeT
TO MPEUMYIIECTBO, YTO, C OJHONH CTOPOHBI, OHa MOXET
OBbITh MOIU(UIUPOBaHA AJISI IPOBEJCHUS IKCIIEPUMEHTOB
pa3IMYHOTO THIIA, C APYrod CTOPOHBI, HECMOTPS Ha
CJI0’KHOCTB BBINOJTHEHUS aHAJIUTUYECKOTO MCCIEIOBAHNUS,
— JUISL TIOJTyYEeHUS! KOJMMUYECTBEHHBIX 3aBHCHUMOCTEH SIBJISI-
eTcsi BO3MOXKHBIM  HCIIOJb30BAHWE  BBIYHCIHTEIIBHBIX
METOJIOB U CPaBHEHHS YHCIIOBBIX PE3yJIbTaTOB C JaHHBIMH
sKkcriepuMenTa. OTHUM U3 BO3MOXKHBIX HallpaBJIeHUH SIBIIS-
ercsi KOMOMHAIMs [JBYX COTJIACOBAHHBIX MAarHWTHBIX
CHCTeM TMYHOIKH JUIS CO3JaHUS ITOTEHIHAJIBHON SIMBI
MarauTHoro mnoJis [4, 5]. IIpu BeIOpanHOI TiTyOHHE TaKoi
SIMBI IBIDKEHUE TIOMEIIEHHOM B He€ YacTUIIbI OyIeT YCTOM-
YUBBIM [6].

OO0bekTOM JaHHOW pa0OTHl SBIAETCS H3yUEHHUE
IapaMeTpoB 3JEKTPOHHOIO IMy4yKa IPH €ro JIBIKEHHUH B
COJICHOMJIaJIbHOM ~II0JI€ € TIPOJOJIBHOM  JIOBYUIKOIA,
00pa30BaHHOI MarHUTHBIM TOJIEM, M TTOCTPOEHHUE MOZIEIH
JBIDKCHUS SJIEKTPOHHOTO TTOTOKA.

Heabio wuccienoBaHust OBIIO CO3JaHUE MOJICIH
JBIDKCHUSI 3JIEKTPOHHOTO ITy4Ka C SHEprHei B AecsSTKH k3B
B TPaJMEHTHOM MAarHUTHOM IIOJIe, M3y4deHue (OpMHUpO-
BaHUS TPAGKTOPUH 3JIEKTPOHOB, 3aBUCHMOCTH AMHAMHUKHU
YacTHUI] OT HA4YaJIbHBIX YCIOBHUH 1 paclpeaereHns] MarHuT-
HOTO TOJISI BAOJb OCH CHCTEMBI. [IpUBOIATCS pe3ynbTaTsl
MOJICIMPOBAHMSI TI0 JBIKEHUIO JIIEKTPOHHOTO ITOTOKA.
[Tomy4yeHHBIE pe3yAbTATHl MOEIHPOBAHUS IMOKA3BIBAIOT
Ha BO3MOYKHOCTh B YCIIOBHAX HKCIEPHMEHTa yCTAaHOBUTH
SIBJICHUE KO0JIeOaTeIbHO-BO3BPATHOTO IPOAOJILHOTO IBH-
KEHHUS.

1. MeToauka uccJief0BaHMIA.

VYcoBeplIeHCTBOBAHWE ~ MAarHeTpOHHOM — MYUIKH,
3aKJII0YaloIIeecs B MIPUMEHEHUH MHTEHCHUBHBIX
MArdUuTHBIX noneﬁ C TIOBBIIICHHBIM Fpa}lI/IeHTOM nx
HaINpsDKEHHOCTH, JAaeT BO3MOYKHOCTh PAacCMOTPETHh HOBBIC
SIBJICHHST B TIPOCTPAHCTBEHHOW KapTHHE 3BOJIOIUHU
AJIEKTPOHHBIX ITYYKOB.

PaHee B X0Jic YHCIICHHBIX 3KCIIEPUMEHTOB [7] ObLI
oOHapyxeH 3PPEeKT 00paTHOrO IBHUKCHHUS IJICKTPOHOB B
rpaJuUCHTHOM MarHuTHOM I10JI€ MaFHeTpOHHOﬁ ITyHIKH.

Pacnipeneneare TpOMOTBHOTO MAarHUTHOTO — TTOJISA
H(z) BHONMB OCH CHCTEMBl W KaHala TPaHCIIOPTHPOBKHU
KOTOpOE HCHOJNB30BAIOCh MPHU TPOBEICHUU YUCICHHOTO
MOJICNIMPOBAHMS, TMpuBeAcHO Ha puc. 1. Hcrounuk
ANIEKTPOHOB TmoMmenieH B 1eHtpe (z = 0), mpu >TOoM
YacTHUI[AM COOOIIaeTCs SHEPTHsl, paBHas 55 k3B.

Puc. 1. MaruutHoe none H

Ha ocHoBe rammiapTOHOBa (opMamu3Ma IBIKEHUS
3JIEKTPOHOB B MarHWTHOM I10JI€ TTOCTPOEHO NMPOrpaMMHOE
CPEICTBO, MO3BOJISAIONIEE TPOBECTH YUCICHHOE MOIEIHPO-
BaHUEC ITMHAMHKH JJICKTPOHHBLIX ITOTOKOB B I'PaAWCHTHOM
MarHuTHOM Tode. [7, 8].

2. MaremaTndeckasi MOJ€JIb.

JJis oCTpOCHHST MaTEMAaTHIECKOH MOIETH PEIICHUs
BOCIIOJIb3YeMCS aKCHAIIbHOW CHMMeETpuel 3ajgadu. B mo-
JSIPHOW cucTeMe KoopauHaT (7, Z, ) UCIONb3yeM TaMUIb-
TOHHUAH BHCKTpOHa B MAarHuTHOM I10JIC B HI/IHHH}lpI/I‘IeCKoﬁ
cucreme koopaunar [9, 10]

2 2 2
=M+L(p_ﬂ_eoA), )
2m\r

H
2m

rae ey, m — 3apsa]l U Macca IMOKOS JIEKTPOHA, Dy, Py,
Dy — KAHOHUYECKHE UMITYJIbChl, A — MarHUTHBIM MOTEH-
nurain. Ero ¢ ydyetoMm a3uMyTaibHOM CHUMMETPUHU IIOKa
sarmmeM B Bune A(r,z) = Brf(z), tne f(z) — dyHkius
MPOJAOJIBLHON KOOPAUHATHI, KOTOPOH PaCIOPSIANMCST HHKE,
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B — Haps?KEHHOCTb MAar"suTHOIO 110JIsA B
paCCManHBaeMOﬁ TOYKEC. ypaBHeHI/IH JBMKCHUA I
KOOpAUHAT U UMITYJIbCOB UMCIOT 06HII/II>1 BU.
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Puc. 2. [lpousBonnas dH /dz marautHOTO TIOMsT H

Kak BumHO W3 ypaBHeHuil (2), Ha (opMHpOBaHHE
TPaeKTOPUU YaCTUIBl BIMSET KaK paclpeleseHue
MarHuTHOTO 10Jisi H BJOJIb OCH Z, TaK U €ro Mpou3BOIHAS
dH /dz (puc. 2).

B cucreme (2) u3 6 ypaBHeHU# nepeiiieM, UCTIONIb3Ys
CKOPOCTb CBETa C, OT TEKYILETO BPEMEHH ¢ K IepeMEeHHOI
S =ct (umHa T1yTH, KOTOPBI NpoNUIa YacCTHIA),
MIPOM3BOJIHYIO 10 Hel OyneM o0o3Hauarh mTpuxoM. s
KaHOHMYECKHX HMITYyJIbCOB OCYIIECTBUM 3aMEHy P, =
eoBq,, p, =eyBq,, Py =eyBqy, TOrgja mnpuxoguM K
CUCTEME YPAaBHEHU

( T = uq,,
"= g,
v =u(-f@),
I —ur( -f@)(E+rm). O
d
@ =w (- ) f(z)
qé=0-

B ypasHenusix (3) U = eyB/mc, Bf (z) — pynxuwus,
OIMCHIBAIONIAs] HANPSDKEHHOCTh MarHUTHOT'O II0JISL BIOJIb
ocu z. AMIuUTYny B BeIOMpaeM Tak, 4ToObI MOXKHO OBUIO
nonb3oBarkest GyHkuueit Bf(z) Ha BceM uHTEpBaie

BO3MOJXKHBIX 3HaueHui z. K ypaBHenusim (3) HeoOXoaumo
MPUCOETUHNTD HaYaJIbHBIC YCIOBUS JJISL Ty, Zg, Jg, @ TAKIKE
IS Gros Gz0. go- YCTOMYMBOCTB alrOpUTMa pPELICHUS
CBs3aHa C 1WaroM As peweHus U napameTpom W. Torna
ycmoBue MAs < 1 Oyaer BBIIONHATBCH, ecam As K
0.0001 m. Utak, ¢ BBIUMCIUTEILHONU TOUKH 3pEHUS 3a7a4a
MOJKET OBITH COPMYNIHpOBaHA KakK 3a/1a4a HAXOXKACHUS Ha
3aJJaHHOM HHTEpPBaJie PELICHUS CUCTEMBbI OOBIKHOBEHHBIX
muddepeHMaNbHBIX  YpaBHEHUH C (UKCHPOBAHHBIMU
HavyaJIbHBIMU YCJIOBUSIMH. DTO 00€CTIeUnIIO BO3MOKHOCTh
MONy4YeHUs pemeHud cucteMmsl (3) B Bume 6-MepHBIX
MacCHBOB, OIIMCHIBAIOIIUX TPACKTOPHH.

3. YncieHHOEe MOAeIUPOBaHUeE.

Ha puc. 3-5 mpuBemeHBI pe3yibTaThl YUCICHHOTO
MOJICTIMPOBAHUS TPAEKTOPUIl JIICKTpPOHA C JHEPrUeH
E = 55 k3B B rpagneHTHOM CONIEHONIAIBHOM MarHUTHOM
TOJIC, BBIIIOJHCHHBIC MNPHU HAYaJbHBIX YCJIIOBUAX Zj = 0
MM, Ty = 21 MM, 9y = 0 st IOISIPHOTO yriia BieTa 1y =
—0.015 B cuctemy TpaHcnopTHUpOBKH. [lanee

1 |2E

qzlo == £’ qslo = T()Zf(zo) 4)
0

(Ey = 511 3B — sHeprus mokosi). Pe3ynbratel pacueros
Ha 3TUX PUCYHKaX NPUBOASATCS JJIsl TPEX JUIMH TPACKTOPHU
anekrpona S = 0.0,0.5,1.0 m.

Ha pwuc. 3-5: cneBa — Tpaektopus B 00BeMe,
MOCPEAANHE — 3aBUCUMOCTH TIPOJIOJIEHON KOOPANHATHI Z OT
mpoiineHHoro myTH S, cripaBa — (pazoBas kapta (z,1).

U3 puc. 3-5 BUIHO, 4TO C yBEIMYCHHUEM BPEMEHHU
npojyiera (JUIMHBI TPAaeKTOPHM) YacTHIla Koiebiercss B
o0beMe U yaAepKHBaeTcsi. TpexMepHbIe YCTOWYHMBBIC
OCLWULILMM 3JIEKTPOHA OCYLIECTBIISIIOTCS B  paiioHe
MUHIMyMa MarHuTHoro monsi H(z). B asrom paiione
pacmpezieneHre Mois BIOJNb OCH MOXKET NPHOIMKEHHO
NPE/ICTaBICHO MapaboJIMueckoil 3aBHCUMOCTBIO M0 Z.
[MponosnbHble KoJEeOaHWS 3JEKTPOHA B JAajbHeiieM
MHOTOKPaTHO IIOBTOPSIFOTCS, 4YTO OBLIO MPOBEPEHO
BBITIOJTHEHUEM CIIEIUATbHBIX pacueToB npu S = 30 m.

Ipu npyrux BBIOPAHHBIX yIiiax Ty, OMM3KHX K Ty =
—0.015, ux popma BUIOM3MEHSAETCS, HO THIT KOJICOAHUH U
nx YCTOWYHBOCTD OCTaroTCst HEM3MEHHBIMU.
[TpuBeneHHBIM  TPAEKTOPHSAM  DJIEKTPOHOB  MOXKHO
COTOCTaBUTh MOJIETb MPOXOXKJCHUS CBETOBBIX JIyueil B
cpene ¢ TPaJueHTHBIM KOd(p(HUIUEHTOM MPEIOMIICHUS,
3aBUCAIINM OT paauyca [5, 6, 11, 12].

BeiBoabl. 13 pe3ynbTaToB MOAEIMPOBAHUS CIENYET,
YTO NP BHIOPAHHBIX HAYAJIBHBIX YCIIOBHSX YaCTHI[ PEry-
JMPOBKA HAYaJIbHBIX YCJOBUH, B YaCTHOCTH yIja BieTa
JIEKTPOHOB, IIPH 33JJaHHON KOH(PUI'YPALlH I'PaJHEeHTHOTO
MarHUTHOTO IOJSl C TOTEHUUAJIBHON SIMOW BIUSET Ha
o01ue cBoiicTBa ABMKEHHS ITy4Ka. MTak, py IBHKEHUH B
KaHaJle TPaHCHOPTUPOBKH AJIEKTPOH UCIBITHIBAET YCTOMU-
YHBEBIE TPEeXMEpHbIe Konebanus. Takum oOpazom, mokaza-
Ha BO3MOXXHOCTb YJAEpXKaHWs yacTHLBl B siMe, o0Opaso-
BaHHOU MarHUTHBIM COJICHOUJAJIBHOM I10JIE C TIPOOJIbHOM
JIOBYIIIKOM.
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S, m z,m

Puc. 3. TpaekTopus 3JIE€KTpOHA B IPaJUCHTHOM MarHMTHOM II0JIe; JUIMHA TpaekTopuu S = 0.5 M

S, m z,m

Puc. 5. Tpaektopust 2JIeKTpoHa B IPaJJUEHTHOM MarHUTHOM I10JI€; [UTHHA TpaekTopuu S = 1.5 M
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