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PaccmoTpena u mcciieoBaHa JMHAMHMKA 3apSZKeHHBIX YacTHIl NPH HX cep-
(uHre Ha 31EKTPOMArHHTHBIX BOJHAX B KOCMHYecKod miasMe. C momMomsio
YHCJICHHBIX PACYETOB PAacCMOTPEHbI TPACKTOPUH 3apPS:KeHHBIX YacTull Ha ¢a3o-
BOIl IJIOCKOCTH, 3aXBAT YAaCTULl BOJHOH B 3()(peKTUBHYI0 NOTEHUHATbHYIO MY C
NMOCJAeIYIOIUM CHIBHO PEJSATHBHCTCKUM YCKOPEHHEM. YUYHMTHIBAIOCH BO3MOK-
HOe UKJIOTPOHHOE BpallleHHe YacTHII 10 UX 3aXBaTa BOJIHOH. YCTaHOBJIEHO, YTO
Ha (a30Boiil MJIOCKOCTH TPACKTOPHUS 3aXBAYCHHBIX YACTHI HMeeT 0CO0YI0 TOUKY
THIIA YCTONYMBBIN (POKYC, 2 IOBeJeHHE TPAEKTOPHH COOTBETCTBYET ABHKEHHUIO B
JOCTATOYHO CJI0KHOM HEJIMHEIHOM, HeCTAllHOHAPHOM 3((PeKTHBHOM NOTEeHIHA-
Jae. IlojrydeHbI acCHMNTOTHKH OCHOBHBIX XaPAKTEPUCTHK YCKOPEHHBIX YacTHIIL.
Yxka3zaHa npuYMHa BOSHMKHOBEHHMS Ha0/1101aeMbIX BAPUALINI IOTOKOB KOCMHYe-
CKHX Jy4ell ¢ peaju3anueil MexaHH3Ma cepQOTPOHHOIO0 YCKOPEHHS 4YacTHI
3JeKTPOMATHUTHBIMH BOJHAMH B CPABHUTEJIBLHO CIIOKOIHOH KOCMHYeCKOM
Ijiazme.

Kniouegvie cnosa: 3axeam,; uepeHKOGCKULL pe30HAHC; MPAECKMOPUU 3APAICEHHBIX
yacmuy, cmpykmypa @hazosou nIoCKoCmu; YCMoUuuugvlll (QoKyc, NnomeHyuanbHAas
amMa,; cepuHe 3apsAANCEeHHbIX YACMUY, KOCMUYECKAas Naa3Md.

Beenenne

CepdoTpoHHOE yCKOpEHHE 3apsKEHHBIX YaCTHIl — 3TO UX YCKOPEHHE IUIa3MEHHOH BOJIHOM B Ha-
NpaBJIeHUH BAOJb (PPOHTA BOJIHBI, KOTOPOE OOYCIOBJIEHO MPHUCYTCTBHEM CTAllMOHAPHOTO MAarHHTHOTO
noist [1]. CepduHr 3apsKeHHBIX YaCTHUI] Ha 3JIEKTPOMArHUTHBIX BOJHAX B KOCMHYECKOH IJIa3Me MOXKET
OBITH OJHMM H3 IVIABHBIX MEXaHU3MOB (DOPMHUPOBAHUS MOTOKOB YJIBTPAPESITUBUCTCKUX YaCTHI (CM.,
HarpumMep, pabotsl [2—14]). HeoOxomumele yciioBrs peann3alui cepQHHra 3apsHpKeHHBIX YacTHIL B Mar-
HUTOAKTUBHON KOCMHUYECKOM IIIa3Me CIEAYIOLINE.

1. ®a3oBas CKOPOCTH AIEKTPOMATHUTHOM BOJIHBI B IUTa3Me AOJDKHA OBITh MEHBIIE CKOPOCTH CBETa B
BaKyyMe U TOT/la BO3MOKEH YepEHKOBCKUN pe30HAHC MPH B3aUMOJIEHCTBUN BOJIHA-YACTHIIA.

2. AMIUIMTYy1a BOJTHBI JOJDKHA OBITH O0JIbIIE HEKOTOPOTo MOPOTOBOTO 3HAYEHUSI, KOTOPOE CpaBHU-
TEJIFHO HEBEJIMKO M MOXHO NPEHeOpeYb HENMHEHHOCTHIO MIa3Mbl. [Ipy BRIOTHEHUH 3TOTO yCIOBUS H
IIPY HAJIMYKMU BHEIIHETO MarHUTHOTO I10JIs1 BO3HUKAeT 3¢ deKTuBHbINA noteHnuai. OH yaepKUBaeT yac-
THUILY B YCKOPSIOILEH (aze Mmos 3IeKTPOMarHiTHOMN BOJIHBI.

3. B pexxum yckopeHHsl 3aXBaT YaCTHLl IPOMCXOANT ISl AUana3oHa OJaronpusaTHeIX a3 BOJHBI Ha
TPAaEeKTOPHH YyCKOPSAEMON YacTUIBl. DTOT JUAIla30H MOXET ObITh AOCTATOYHO LIMPOKUM. Bo Bpems 3a-
XBaTa CKOPOCTh 3apsKEHHBIX YaCTHIl B HANpaBICHUU PAcIpOCTPAHEHHUS BOJHBI JOJDKHA OBITH BechbMa
Onu3ka K (a3oBOi CKOPOCTH BOJTHBI.

B nanHoli paboTe mpHBEICHBI Pe3yibTaThl YUCICHHBIX PacueTOB 3axBaTa CIa0OPETSTHUBUCTCKUX
3JIEKTPOHOB U HUX IOCJIEAYIOIIEr0 CHIIBHOTO CepP(OTPOHHOIO YCKOPEHUSI B MAarHUTOAKTUBHON KOCMHUYE-
CKOH T1a3Me IMpHU YE€PEHKOBCKOM PE30HAHCE C 3JIEKTPOMATrHUTHBIX BOJIH, KOTOPBIE PACIpPOCTPaHAIOTCS
MONEPEK BHELIHETO MAarHUTHOTrO MOJIA. 3a/ada CBEAECHA K YHMCIEHHOMY PEIICHHIO HETMHEIHOro, HecTa-
IIIOHAPHOT'O ypaBHEHUS BTOPOTO MOpPsiAKa Ui (a3bl ONHON W3 BOJH HA TPAeKTOPHUU 4dacTUIlbl. YucieH-
HBIE PacyueThl TIOKA3aJId, YTO UMEETCS IOCTATOYHO LIMPOKas 00JIACTh OJIATONPHUSTHBIX HAYalbHBIX (a3
BOJIH 75l peanu3aiuu cepuHra 3apsHKCHHBIX YacTHI Ha 3JCKTPOMArHUTHBIX BoiHaxX. /Iy 3axBaueH-
HBIX YaCTHIl HUCCIEAyeTcs NPOCTPAaHCTBEHHO-BPEMEHHas KapTrHa (pa30BOH IUIOCKOCTH ATl HEIMHEHHO-
ro ypaBHeHUs. UHCIeHHbIE pacyeThl MOKa3ald, YTO MPH CHIBHOM YCKOPEHHUH 3apsyKeHHBIX YacTHIl Ha
(ha30BOI MIIOCKOCTH TPAaeKTOpHs M300pakalolleld TOUKU 0 CIHpaid NpHOIMKaeTcss K 0co00H TOYKe
TUNA yCTOMYMBBIN (oKyc. 3apspKEHHbIE YCKOPSIEMBbIE YACTHLBI HAKaIIMBAIOTCSA Ha JHE 3((GEKTUBHOM
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dusuka

MOTEHIUANILHOU siMbI. [locIie mepeceyeHrs BOJH 3TH TPACKTOPUN PACKPYUYHBAIOTCS, YIAISAACH OT (DOKY-
ca. TTocne BbuteTa U3 3)HEKTUBHON MOTECHIMATBHOW MBI AMIUIUTY/IA DIIEKTPUYESCKOTO TIOJSI BOJIH CTa-
HOBUTCSI HIDKE TIOPOTOBOTO 3HAUCHUS (IJIS1 peanu3aiuu cepdrHra) u HaOIogaeTcsl MUKIOTPOHHOE Bpa-
IIICHUE YaCTHUI] BO BHEIIIHEM MarHUTHOM TIOJIE.

Pe3yabTaThl YNCIEHHBIX PACYETOB
[lycTh aneKkTpoMarHuTHasl BOJIHA p-TIOJSIPU3AIIMU PACIIPOCTPAHSETCS MOMEepPeK BHEUIHEr0 MarHuT-
Horo nonsa H,,. PaccMOTpUM CHIIBHOPENIATHBUCTCKOE YCKOPEHHE 3apSKEHHBIX YacTHL] (3JEKTPOHOB)

3TOU BOJTHOH.
MexanusM cepPOTpOHHOTO YCKOPEHUS CBSI3aH C YEPEHKOBCKHUM PE30HAHCOM IPU B3aUMOJICHCTBHUH
BoTHa-yacTuma. [lokazaTens mperoMieHus mia3Mbl N =ck/@ Ha 9acTOTe BOJHBI @ OMPEICISICTCS

BhIpakeHneM N2 =g, —(83 /€J_) :1—[0(1—1))}/(1—u2 —v) , 7€ k — BOJHOBOI BEKTOP. 31€Ch £ ,E,

KOMITOHEHTBI T€H30pa JUAICKTPUUYCCKON MPOHUIIAEMOCTH IIa3Mbl. BHelIHee MarHUTHOE T0JIe HalpaB-
neHo Baonb ocu z: H,=H,e.. 3axBar B pexuM cepuHra NpoOUCXOAUT Ul aMIUIATYZ BOJHBI BBIIIE

HEKOTOPOTO IIOPOrOBOTO 3HAYCHMUS, T.C. IS o>o0,, rue o=c¢eE/mcw Hu

1/2
o, =uy,=u/ (1 - ﬂ;) , ﬁp = w/ kc . be3paszmepHbIe TapaMeTphl JaHHOW 3ama4un: 7 =¥ — O6e3pazmep-

2
HO€ BpeMs, U= Wy, /a),U = (a)pe /(0) , Wy, — TAPOYACTOTA HEPEIATUBUCTCKUX 3JJIEKTPOHOB ILIa3MBI,

1/2
_ 2
a)pe —(47'[6 no/m) — JJICKTPOHHAsA JICHIMIOPOBCKasA 4acCTOTA. HpI/I MoNepeYHOM pPACIIPOCTPAHCHUUN

BOJIHA p-TIOJSIPU3ALMU UMEET KOMIIOHEHTHI MOJier Ex,Ey,HZ. [IycTh y BOJIHOBOTO CIIEKTpa Hecyllas

qacToTra @y = a)(ko) . I[J'I?I JIOPEHIOBCKOI'0 CIICKTPa BOJIH B IMMAKETE OCHOBHAsA KOMIIOHCHTA JJICKTpHUYC-

CKOTO ITOJISI UMEET BUJI:
E,(x,1) z{Em /[1+ ;2 /LZ]}cos(a)Ot—kOx) ,

rae {=x-v, (ko)t,L=1/k p — HOIYLIMPHHA JIOKAIN30BAHHOTO BOIHOBOIO [AKETa, JBIXKYIIETOCsH C

IPYIIIOBON CKOPOCTBIO U, (ko) , KOTOpast OGBIYHO Maa 10 CPABHEHHIO ¢ Ha30BOH CKOPOCTHIO MAKETa Ha

Hecylel 4actote @,/ k,. AHalIOrMYHBIM 00pa30M HAaXOAATCS M ApPyrHe KOMIIOHEHTHI IOJIEH IaKeTa

Ey’HZ . XapaKTepﬂoe BpEMs NIEPCCCUCHM 3aXBAYCHHBIM 3aps/10M BOJIHOBOI'O IMAKETa UMECT IMMOPAAOK

ot~2L/ v, (um B Oe3pa3MepHOM BpeMeHH uMeeM Of ~ 2Lk ). 3a 9T0 BpeMsi LIEHTP BOJHOBOTO MaKeTa

CMECTUTCS Ha PACCTOSHHE OX ~ 2L<vg / v, ) < 2L . PacueTsl mokazaim, 94To CHILHOE (YIBTPaAPEIIITHBY-

CTCKOC) YCKOPCHUE 3aXBAaUCHHBIX 3apsAJ0B MMECT MECTO B ClIydac AOCTATOYHO 0OJIBIIOTO BpEMCHU

yAepKaHMS YacTHLl IaKeTOM B YycKopswoomed ¢ase mons, T.e. IpH ] 2(104+106), KOorzaa

Lky=p2 (104 +106) , U 3TO 00ecleunBacT yJIbTPapeATUBUCTCKOE YCKOPEHHE 3apsoB IPOCTPAHCT-

BCHHO JIOKaJIM30BaHHBIM BOJIHOBBIM ITAKCTOM.
W3 unciaeHHBIX pacyeToB CJICAYECT, YTO MOXKHO HpCHCGpe‘IB BUXPECBBIMU KOMIIOHCHTaAaMU BOJIHOBBIX

noiieit E y,H . ¥ U1 (asbl IaKkeTa Ha Hecyllel yactote i, (T) = @yt — kyx UCIOIB30BATH ClIETyIONIEe

HeJMHelHoe ypaBHeHue [12—13]
1Byod*yy /AT = (1= B2 ) (eE, I meay ) —uy B, =0,(1) (1)
5 2\05 51\05 .
tne  f,,=ay/cky,y= (1 +h" +r ) / (1 - B ) 1 =7(0)5,(0) — HaYaNBHBI MMIYJbC YacCTHLBI

BJIOJIb BOJTHOBOTO (poHTa 1 J = yﬁy y+u, ﬁpo (1//0 - T) — WHTerpai ABwxeHus. Mimeercs u BTOpoi HHTe-

rpan nBmxenus )P, =const = /4. Kpome Toro, u3 dopmyns! 11 (assl BOJIHOBOrO MakeTa CICAyeT BbI-
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pa’keHHME JUIsl CKOPOCTH YaCTHLIbI B HANIPABIEHHH pacnipocTpanenns nakera S, =4, [1-dy,/dz]. He-

TUHEHHOe, HecTannoHapHoe nuddepeHnnansHoe ypaBHEHHE BTOPOTO Topsiaka (1) permanocs YUCIIeHHO
JUTSL CIIEAYIOIUX 3HAYEHWH HMCXOIHBIX TapaMeTpoB 3amaum u =0,31, ﬁpo =0,9, h=0,88,7,=0,49,

p=35-10"0=1,30,.

CorlacHO YMCJICHHBIM pacyueTaM MpHU yCKOPEHWH 3aXBAauEHHON YaCTHIIBI €€ PEATUBUCTCKUMN (ak-
TOp M TONEPEYHBIE K BHEIIHEMY MATHHTHOMY IOJI0 KOMIIOHEHTHI UMITyJbca Jf,,)3, BO3pACTAIOT
IIPONOPLMOHATIBLHO BPEMEHH YJIepsKaHus 3apsaaa BoJHaMU B S3Q(EKTUBHOM NOTeHIMaIbHON ame. B 00-
JIACTH BOJIHOBOTO TMAKeTa, IJIe aMIUIMTY/a 3JIEKTPUYECKOrO MOJs BBILIE TIOPOrOBOTO 3HAYEHHS, @ CKO-
POCTB 3apsiia B HAIIPABJIEHUH PACTIPOCTPAHEHHS BOJHOBOTO IAKETa COOTBETCTBYET PeaIU3alliK YePeH-
KOBCKOTO pe3oHanca f3, = f,,, MIMEIOT MECTO 3aXBAT M MOCIE/IIONIEe CHITLHOE YIBTPAPEIATHBHCTCKOE
YCKOPEHHUE YaCTHI] JIOKAJTH30BAHHBIM BOJIHOBBIM MaKETOM.

B kauecTBe NpUMepa PHUBEIEM PE3YJIbTaThl PACUETOB JUIs CJIELYIONIEr0 BADHAHTA BHIOOPA HAYaIb-
HOI (pasbl Hakera Ha Hecyiueil yacrore ¥, (0)=27-6879+2 npu craboOpeIsSTUBUCTCKON HaYalbHOI
SHEPIUHM 3apHKEHHOM 9aCTHIBI, HAXOIANIEHCS Ha 3aIHEH CTOPOHE BOJHOBOTO MAKeTa. 3aXBaT YaCTHIIBI
B PSKHM CHIIBHOTO Cep(HOTPOHHOTO YCKOPEHHs MPOMCXOAUT Cpa3y MPH JAHHOM 3HAYCHHH HaYabHOU
¢asbl.

3axBar 3JEKTPOHOB B PEKUM cep(UHra 3aBHCUT OT HadalbHOW (a3l B o0mem ciydae 3ta 3aBu-
CUMOCTh BeChbMa HEMOHOTOHHas. [l OONBIIMHCTBA 3HAYCHWH HavalbHBIX (a3 W3 HHTepBaia

|l// (0)-y, (O)| < 3,1 3axBaT yacTUL BOJHOM B PEXHUM yCKOPEHHUSA IPOUCXOIUT Cpa3y WIM Ha CpaBHU-

TEIbHO MalbIX BpEeMEHaX 7 II0 CPaBHEHMIO CO BPEMEHEM YJIbTPapesIiTUBUCTCKOIO YCKOPEHUS
T, ~ 60000, KOTOpOE COOTBETCTBYET YBEIMYEHHMIO SHEPIMH YacTUIBI Ha 3 mopsjaka. B ykasaHHOM

cilydae BbIOOpa HayalbHOH (ha3bl MaKCHMalbHOE 3HAYEHUE PENIITHBHCTCKOTO (PaKTOpa yCKOPEHHOTO
3IEKTPOHA ¥, =12 832 . IlockonbKy 3axBadeHHas 4YacTHIA CMEIAETCS BMECTE C BOJHOH €O CKOpO-

cre0 S, =f,, xoopauHara { (7)=@yx/c BO3pacTaeT MNPAKTHYECKH IPONOPLHUOHAIBHO BpeMe-
o { (7) = B, 7. Nunamuxa (aspl BOTHOBOTO NaKeTa HAa HECYLICH YaCTOTe Ha TPACKTOPHH 4aCTHLBI

MpeJcTaBIeHa Ha puc. 1.

wiu-¥

Dix) - —

004 | /‘/

0.02 =

wlh \ )

\“-\. -

1 I 1
=04 =02 [1]

Puc. 2. CTpykTypa ¢ha3oBOM NNIOCKOCTU YacTULbl HA BpeMeHHOM uHTepBane 7 < 60 000 .
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Puc. 3. CTpykTypa chaszoBou nnockoctu Yactuubl ana 25 000 < 7 <60 000 .

Jst 3axBadeHHO#M JacTHITHI (aza KoueOaeTcs B quana3oHe YCKOPSIONMX moiieid BomHbI. [Tocite me-
peceUCHUA HeHTpaJIbHOﬁ YaCTH MMakKeTa IOJIC BOJIHBI MCHBIIC ITOPOTOBOI'0 3HAYCHUA, YaCTHIa CTAHOBUT-
Csl TIPOJICTHOU U (pa3a makeTa OBICTPO HAPACTAET, SHEPTHs YACTHIIBI MPAKTUIECKH MOCTOsIHHA (puc. 1).

Ctpykrypa (a30Boif IIIOCKOCTH YaCTHLIbI [OKa3aHa Ha puc. 2, rae @¢(7)=dy (7)/dt ans narepsa-
na BpeMeHu 7 < 60 000, Ha KOTOPOM HaCTHUIIA SBISIETCS 3aXBaueHHOU. J[J1s1 OONBIINX BpEMEH MOTEHITH-
ajpHas siMa UCYE3aeT, YCKOPEHHE MPEKpaIiacTcs ¥ UMEET MEeCTO IIUKIOTPOHHOE BpatieHue (puc. 3).

3akaoueHnue
CoryracHO pacueraM IIpH APYTOM 3HAKE KOMITOHEHTHI HMITYJIbCa BIOJIL BOJHOBOTO (ppoHTA (OTpH-
aTeFHOM) IMHAMHKA TakoBa. BHauane y 3aXxBaueHHOW YacTHIIBI KOMIIOHEHTA MMITYJIbCa ;/ﬁy U 3HEp-

THUd 4aCTULbl YMCHBIIAKOTCA, CKOPOCTh ﬂy MCHSACT 3HAK HaA MOJIOKUTCIIBHOC 3HAYCHUC U AaJIeC MPOuc-
XOOUT YCKOPCHHEC. 3aM€TI/IM, 4YTO OTpHULIATCIIBHOC HAYaJIbHOC 3HAYCHHC wy HE COOTBCTCTBYCT €Iro

ACUMIITOTHUKE IIpU Cep(i)I/IHFe HaCTHUIIbI Ha SHCKTPOMaFHI/ITHOP'I BoyHE. PacueTsl IIOKa3bIBalOT, 4YTO TEMII
TOPMOIXKCHHA YaCTUIBI TOYTH HC MCHACTCA (HpaKTI/I‘IeCKI/I HOCTOSIHCH). Ilocne n3MeHeHHs 3HaKa KOMIIO-
HCHTBI UMITYyJIbCa }ﬁy MIPpOUCXOOUT CCpq)OTpOHHOC YCKOPEHUE YaCTULBI 10O OOJBIINX OHEPTHUH. Takum

o6pa30M I MAaKCUMAJIBHOI'0 YCKOPEHUA YaCTHULl ONITUMAaJIbHBIM YCJIOBUEM, KPOME BBIIIOJTHCHUSA YCJIO-
BUA YCPCHKOBCKOI'O pE30HAHCA, ABJIACTCS U MIOJIOXKUTEIbHBIA 3HAK KOMIIOHEHTBI CKOPOCTHU YaCTHULIbI ﬂy

B MOMCHT 3axBaTa 4aCTHUIlbI BOJIHOM.

[lakeThl AIEKTPOMArHUTHBIX BOJH B OKPECTHOCTSX OTHOCHUTEIILHO CIIOKOWHBIX 3BE3[ (HAmpuMep,
ConHIla) MOTYT OBITh JIOKATBHBIME HCTOYHUKAMHU JOYCKOPEHHS YaCTH CIIEKTpa KOCMHUYECKHX Jy4eH C
HaYdaJIbHBIMU dHEPTHsIMH Topsinka 3B 1o sHepruii B cotau 3B 1 necarok TaB, uto obecnieunBaeT Ha-
OJiro/TacMble BapHallMU CIIEKTPa KOCMHYECKUX JIy4ei B 3TOW 00JACTH OT 3aBUCHMOCTH OT KOCMUYECKOH
noroiel. ['opa3no Oolbliee MOyCKOpeHHE KOCMHYECKUX JIy4eld MOXKeT OBITh B IUTa3ME€ MECTHBIX MEX-
3BE3HBIX 00JaKOB Ha paccTOSHUAX OT COJHITA MOPsIKa TapceK.

Ananus Cep(i)OTpOHHOFO MEXaHn3Ma TeHEpaluu IMMOTOKOB PCIATUBUCTCKUX 3aps’KCHHBIX YaCTUI]
3JIEKTPOMATHUTHBIMH BOJTHAMH B CPaBHUTEIBHO CIIOKOMHONM KOCMHUYECKOM IIa3Me Ba)KEH ISl TOHUMA-
HUS IPUYHH HAOI0JaeMOi TIepeMeHHOCTH dHepreTrHaecknx crekTpos KJI n mosBneHus pa3HooOpa3HbIX
OCOOEHHOCTEH B MX YHEPIETHUECKOM CIIEKTpEe. DTO MO3BOJIHUT aTh KOPPEKTHYIO MHTEPHPETAIIUIO IKC-
MEePUMEHTANIBHBIX JaHHBIX. BaxkHO OTMETUTH, 4TO MOTOKK KJI MOTYT CyIIeCTBEHHO BIUSTH Ha BEPTH-
KaJbHBIE PO TeMIepaTypsl aTMoc(hepsl, BRINAJICHHE OCAIKOB U AMHAMUKY KPYITHOMACIITaOHOTO
TPOMTUIECKOTO IIHKIOTeHEe3a.
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The research of dynamics of the capture and subsequent surfatron acceleration of electrons by elec-
tromagnetic waves, propagating perpendicular to the magnetic field in cosmic plasma is conducted on
the basis of nonlinear numerical calculations. The optimal conditions for the realization of ultra-
relativistic electron acceleration by wave packets in cosmic plasma including favorable initial phase of
the wave on the particle trajectory, the sign of electron initial impulse in the direction of the wave front,
the magnitude of the phase velocity of the wave are formulated. The asymptotic behavior of the electron
characteristics under hard acceleration (relativistic factor, the impulse components and the captured par-
ticle velocity, position of the bottom of the effective potential well, etc.) is obtained. It is shown that the
trajectories have the form of a spiral on the phase plane for trapped electrons and gradually approach the
singular point of the type of stable focus. The bottom position of effective non-stationary potential well
for the trapped electrons is different because it depends on the charge sign of the accelerated particle.
For trapped electrons the wave phase graphics on the particle trajectory correspond to oscillations with
an increasing period and decreasing amplitude with the increase of energy of the particle. The bottom of
an effective non-stationary potential well is achieved by trapped particle asymptotically. Thus, the
trapped electrons with different initial wave phases in their trajectory are gradually condensed on the
bottom of the effective non-stationary potential well.

It is important to emphasize that the packets of electromagnetic waves in the vicinity of relatively
quiet stars (like the Sun) can be local sources of additional acceleration of the spectrum of cosmic rays
with initial energies of the order of GeV up to the energies of hundreds of GeV and a dozen of TeV,
which provides the observed variation of the spectrum of cosmic rays in this area depending on the
space weather. Much more additional acceleration of cosmic rays can be in the plasma of local interstel-
lar clouds at distances from the Sun of about parsecs.

The analysis of surfatron generation mechanism of relativistic particles charged with electromagnet-
ic waves in the relatively tranquil cosmic plasma is important for understanding the causes of the ob-
served variability of the energy spectra of cosmic rays and the appearance of various features in their
energy spectrum. This allows giving a correct interpretation of the experimental data. It is important to
note that the flows of cosmic rays can significantly affect the vertical profiles of atmospheric tempera-
ture, precipitation, and the dynamics of large-scale tropical cyclogenesis.

Keywords: capture; Cherenkov resonance, trajectories of charged particles; phase plane structure;
stable focus, potential well; surfing of charged particles; cosmic plasma.
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