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Ml O-tederus ¢ YeTbipex-ckopoctsamu I'3 ~ 1 (TpaHCPensiTUBNCTCKME), PEasN3YIOLLNECs B CBEPXHOBbIX 3Be34ax
Tuna Ib/c n nocne cnnsiHNs HEMTPOHHBIX 3B€3L, NPEACTABASIOT UHTEPEC KaK NOTEHLUMAsbHbIE UICTOYHUKMA KOCMU-
Yyeckux nydeii. [Npencrasierbl pe3ynbTaThl MOLENNPOBAHNS YCKOPEHNST KOCMUYECKNX JyHeid BbICOKNX SHepruii
B acTpodu3smyecknx obbekTax ¢ TpaHcpensitusuctckumn MI-tedenusimu u ypapHeimu BonHamu. lNoctpoe-
Ha HesMHeliHasi MOLE/b MEPEHOCa N YCKOPEHUs YIbTPapensiTUBUCTCKUX HacTul, C y4eTOM ODpaTHOro BAMsSHUS
YCKOPEHHbIX HaCTUL, Ha JIOKAJIbHYIO CTPYKTYPY TE€HEHUSI B OKPECTHOCTU YAAPHOU BOJHbI U1 MEXAaHU3MOB CBEpX-
agmabatnyeckoro ycuneHusi hayKTyMpyoLMX MarHUuTHbIX nofsieid. PaccunTaHbl cnekTpbl YCKOPEHHbIX H4acTul,.
MokazsaHo, 4TO MaKCcMMasibHbIE SHEPTU NPOTOHOB, YCKOPEHHbIX TpaHcpensitusuctckumu MIT-tevenusamn, mo-
ryT 3ameTHo npesbiwate 10'° 3B u BHOCUTS BKAag B HAbAIOAAaEMbIE NOTOKM KOCMUYECKUX JiyHeli B OKPEeCTHOCTH

N3710Ma CneKTpa.

Cmamwa das cneyuasvrozo svinycka KT P, nocsawennozo 100-aemuro A. E. Yydaxosa

EDN: DQJPRP

1. BBEAEHUE

COBOKYITHOCTD HAOJIIO/IEHIUI yKA3bIBAET HA TO, UTO
ncrournkn kocvmiecknx gayueit (KJI) B Tanakruke ¢
SHEPrUsMU JI0 M3JIOMa CIEKTPa OKOJIO MeTadJIEKTPOH-
posibTa (1 [1sB = 10'° 3B), BeposiTHO, CBS3aHBI C OCTAT-
KaMU CBEDXHOBBIX 3BE3J] [:3:7 r@], a ucrounukamu KJI
cBepxBbicoknx Hepruit Boime 1000 IIsB moryT ObI1TH
PEJISITUBUCTCKIE UCTEUEHUsT aKTUBHBIX sJI€P FaJaKTHK
|’_-Z)H_5] ITonck ramma-usitydenust ucrounukon KJI uepen-
KOBCKUMU T€JIECKOIIAMK OBLI I1pe/itozKeH Oostee 50 jrer
Haszaj [:_6] 1 B IHOCJEIHAE TO/bI TO3BOJIMII JIETEeKTHPO-
BaTh ramMmMa-GoToHbI ¢ dHeprusivu ;10 100 T3B ot mory-
JIAIIAN MOJIOJIBIX TAJAKTHIECKIX OCTATKOB CBEPXHOBBIX
[-'_"(:—:Q] Mogenmn yckopenust KOCMHYECKHUX JIydell yjiap-
HBIMH BOJIHAME B HAOJIIO/IAEMBIX OCTATKAX CBEPXHOBBIX
Pa3IMIHBIX THUIIOB ﬂ_f(j%l-gl] JIEMOHCTPUPYIOT BO3MOXK-
Hocth yckopenust KJI 10 sHepruit, coOOTBETCTBYIONINX
uzjoMy HadsogaeMoro ciekrpa KJI.

* E-mail: byk@astro.ioffe.ru
** E-mail: 0sm2004@mail.ru
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O upupoge ncrounukos KJI ¢ sueprusmu B aua-
nazore 1-1000 IIsB, BHOCAmmMX BKJIaJA B HabJIOIac-
mpte iorokn KJI [13], ner obmero muemnns, xors me-
eTCsl PsiJi MOJieJiei [:Ié,:_l-ﬁ] B kagectBe ogHOrO M3 BO3-
MOKHBIX HCTOYHIUKOB PACCMATPUBAIOT IOJIKJIACC CBEPX-
HOBBIX THna Ib/c, XapaKTepusyomuxcs yMepeHHO pe-
JATHBACTCKAMHI CKOPOCTSIMHU Uy WCTEYEHHd, C yIap-
HOW BOJIHOM, pacIIpOCTPaHAIONIECdA B BeTep MaCCUBHOM
3Be3/IbI PAPO/UTESts CBepxHOBOil [16-18|. [list kpazu-
crannonapubix MI'/I-revennit anamms (cMm., B 9aCTHOC-
™, F.j]), OCHOBAHHBI Ha YCJOBUM, YTO BPEMsl yCKOpE-
HUAS YaCTUIBI JOJKHO OBITH MEHbINE JIMHAMUYECKOTO
BpPEMEHU TeYeHUs, JaeT MPHUOJIMKEHHYIO, HO YI00HYIO
OIEHKY MaKCUMAaJIbHOU sueprun E,, ., 9acTuibl 3apsia
7, yckopennoit MI'JI-Tedennem ¢ MJIOTHOCTBIO ITOTOKA
L A MarHUTHON SHEPrUU HA eJMHUILY TEJIECHOTO yTiia:

(Br)
Ly

L
3-10% spr/c’

Bz [9B] = Z - 10'® ¢ (1)
JlanHasi OTleHKa He YUUTBIBAET [TOTEPb YHEPIUH IaCTH-
bl HA M3JIy9eHHe, 9TO B OOJIBIMTUHCTBE CJIyYaeB MPHU-
MeHuMO 1jist siyiep. OHa Ipesno/iaraeT BbIIIOJTHEHHBIM
yCJIOBHE BMOPOYKEHHOCTH MATHUTHOTO II0JIsI B TEYEHUEe
wIa3Mbl (B OOIIEM CJIyvuae PesiTUBHCTCKOE) ¢ Ge3pas-
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MepHOii ckopocTbio 3§ = ug/c, ¢ — ckopocTh cBera. B

seipaskermu () Ty =1/,/1 — BJ% DOyuxnus ¢(Sy) aa
YABTPAPETATHBUCTCKOTO Tedenud ¢ 'y > 1 crpemmrea
K efuHnne, a B caydae S5 < 1 umeeMm ¢(ff) \/E
[:_3] Jljisi yJIbTPApeIsiTHBUCTCKUAX YAAPHBIX BOJIH OIEH-
KM MaKCUMAJILHDBIX dHepruit yckopennbix KJI obcyx ta-
smen B paborax [[9-21).

Coorrorrenne @:) [IOKa3BIBAET, UTO JJI 3a/[@HHOI'O
3HAYCHUST «MAaTrHUTHOH cBeTuMOCTH» L A4 MaKCHMAaJIb-
Hble 3HAYEHUS SHEPIUU YCKOPEHHBIX YaCTHUI[ JOCTUTa-
1oTcs B Tpancpesgrusuctckux MI/I-revennsx ¢ B <
< 1, u Takue TeUeHNs MOI'YT PEaJIN30BbIBATHCS B HEKO-
TOPBIX KJaccax cpepxHoBbix [23]. PamonaGmosmerus
cBepxHoBoit SN 2009bb [:_1-8::] IIO3BOJIMJIA OLEHUTDH CKO-
pPOCTH DACIIMPEHHs] OCTATKA 3a IEPBBIA T'0J CO CKO-
POCTBIO, COOTBETCTBYIOINIEN JIOPEHI-(DAKTOPY TEUeHUsI
'y = 1.5, a nabmonaeMblil 3(hEKT CHHXPOTPOHHOTO
CAMOIIOIJIOIIEHUST JIA€T OIEHKY MArHUTHOI'O IOJIS I10-
panka 0.03 I'c ma paccrogaum 0.1 nk. Bricokasa na-
[IPSI’)KEHHOCTh MarHUTHOI'O II0JIS HA PACCTOSHUH, IIpe-
BeimaomenM 10° pajycoB 3Be3/IbI, MOYKET YKa3bIBATh
Ha PACHPOCTPAHEHHUE YJAPHON BOJIHDBI B 3BE3/HOM BETPE
C MeJIJIeHHBIM yOBbIBAHUEM a3UMYyTAJIbHON KOMIIOHEHTHI
noJisi. OrieHKa, 10 KPUTEPHUIO XUJjIaca, MAaKCHMAJIbLHOM
sueprun KJI, yCKOpeHHBIX B TaKOM OOBEKTE, COTJIac-
HO aBTOpaM pabOThI [:_1-5_5], nocturaer 4000 IIsB. Ilo-
9TOMY IIPEJCTABJIAETCH BaXKHBIM IIOCTPOEHHE KOJIMYe-
cTBeHHBIX Mojeseil yeckoperns KJI tpancpenstuBuct-
CKUMU YJIAPHBIME BOJTHAMU.

Kunernaeckne MeTOmbl TPSIMOTO MOJIETAPOBAHUST
masMel ¢ momompio koja PiC (particle-in-cell) [23]
MTO3BOJISIIOT UCCIETIOBATH KaK CTPYKTYPY YIAPHBIX BOJTH
B OECCTOJIKHOBUTEJILHON ILTa3Me, TaK ¥ IIPOIECCH
WHYKEKIIMU W YCKOPEHWsI SHEPTUYIHbIX dactuil. s
TPAHCPEISITUBACTCKUX YIAPHBIX BOJH TAKHE UCCJIEI0-
BaHWs BBITIOJIHEHBI, B TaCTHOCTH, B paboTax [}_2-4—2-2:]
MOIITHOCTD COBPEMEHHBIX KOMITBIOTEPOB HE IO3BOJIsI-
er moka paccauTarh MerogoM PiC crekTpbl wacTwui
B JIMAMa30He, MPEBBIMAIONEM TPH JEKAJbI TI0 MM-
MYJIBCY, ITO HEJTOCTATOTHO JIJIST MOJIETMPOBAHMUST CITEKT-
pos IIsB-niporonos. [Iist MomennpoBaHus YCKOPEHUS
MIPOTOHOB BBICOKUX SHEPIHil MCIOIB3YIOT YIIPOIIEHHBIE
ypasnenus neperoca [28] wmu meroasr Monte-Kapiio
|:_2-£_i] Ddderrusnoe yckopenue KJI ¢ cymecrBeHHOI
KOHBEPCHEH SHEPruu B CIEKTPBI YCKOPEHHBIX YaCTHI]
MOYKeT TPHBOJMTH K ToMmy, 4ro masiemne KJT [29]
moymdunupyer MIJI-revenue, HaTekaromiee Ha yaap-
HYIO BOJIHY, & aMIUTUTY/Jbl MATHUTHBIX (QJIyKTyaruii
PACTYT 3a CUeT aHM30TPONNH yOEeralmnx YCKOPEeHHbBIX
nasrrenyopsx gactut [30, 31 Pacuers: crektpos KT,
YCKOPEHHBIX CHiibHbIMHI yapabivMu MTI-omHamu (kax

HePeJIATHBICTCKAMY, Tak u ¢ 'y > 1) Tpebyror ydera
HeJIMHEHHBIX 9(DHEKTOB 00PATHOIO BIUSHUS HA, CTPYK-
TYPY TEJYEHUSs.

B nmamnoit pabore Mbl TPUBOINM PE3YIbTATHI MO-
nesmpoBanust ciekTpoB KJI, ycKOpeHHBIX TpaHCpess-
TUBUCTCKAMHU YIAPHBIMU BOJIHAMU, B PAMKaX HeJIMHEN-
HBIX MOJIeJIell 11 XapaKTePHBIX IIapaMeTPOB OJHOMED-
werx MI'/I-Tevenwnit rmra3meol.

2. MOJIEJINPOBAHUE CIIEKTPOB
HETEILJIOBBIX YACTWUII B
TPAHCPEJIIATUBUCTCKON VIAPHOM
BOJIHE METOJIOM PiC

B nannOM pasjesie npecTaB/eHbl PE3yIbTATHI PAC-
qerta 3POEKTUBHOCTU WHIKEKITUN YACTUI, B HETEILIO-
BOE pacCIpe/ie/ieHue B 3aBUCHMOCTH OT yIJIa HAKJIOHA
6eCcCTOJIKHOBUTE/IFHON TPAHCPEJISITUBUCTCKON YIAPHOT
BOJIHBI B 3JIEKTPOH-IIPOTOHHO# mta3me. Mogemuposa-
HUE CTPYKTYPbI YJAAPHON BOJIHBI BBIMIOJHEHO C ITOMO-
mpio PiC-koma Smilei [:_3-2‘] Mnnnmanuszanus ypapHOi
BOJIHBI BBITIOJIHEHA B J[BYMEPHOI 00JIACTH, 3AII0THEHHOM
[IJIA3MOIA, TJ1€ 33JIaHbI CJIEJYIONIIE TDAHUIHBIE YCJIOBHUS:
[0 OCH T d{epe3 TPaBYI0 I'PAHUILy BTEKAET OJHOPO/I-
HBII TIOTOK ILIA3MBI C IMOCTOSHHBIMU 3JIEKTPUICCKIM
U MarHATHBIM TOJIIMI; HA JIEBOH I'DAHUIE YCTAHOBJIE-
HA OTpaskalolasi CTeHKa. [Iphu CTOJIKHOBEHUH TOTOKA
CO CTEHKOI oOpasyeTcst yjapHas BOJHA. B momepedanom
HaIPABJICHUN TTOCTABJICHBI [TIEPUOINIECKIE TPAHNIHBIE
YCJIOBUSL.

PaccemarpuBanucs ciegyroniue mapaMeTpbl BTEKa-
II[Er0 ITOTOKA IIJIa3Mbl: jopeHI-dakTop ' = 1.5, 3amar-
undennocts o = B?/4nlpyc? = 4- 1072 (B — un-
JYKIWsT MATHUTHOTO TIOJIsl, Pp — IJIOTHOCTH ILTA3MBbI B
cucTeMe [OKOsl TeueHus 3a (PPOHTOM YIAPHOI BOJIHBI),
TemnepaTypa B 6e3pazmepnbix epunnmax kgl /m,c® =
= 107* (kp — nocrosunas Boabivana, m, — macca
IPOTOHA). YT0JI HAKJIOHA MArHUTHOIO HOJIs K HAlPaB-
JIEHUIO PACIPOCTPAHEHUS YIapHO BOJHBI, f, Bapbupo-
BaJica B mpeaeaax oT 0 go 90°. 3aBucuMOCTD BCEX pac-
CMaTPUBAEMBIX BeJIMYUH OT KOHIEHTPAIMHA MaciiTabu-
pyercs uepe3 Ge3pa3mMepHble MmapaMerpbl. B KadecTse
mapaMerpa, B 3aBHCHMOCTH OT KOTOPOro OyIyT Mac-
mrTabupoBaThCs PE3yJIbTATHI, yI00Hee BBIOPATH ILIa3-
MEHHYIO 3JIEKTPOHHYTO IaCTOTY

4mn.e?
We = 4] ——
e Tme ;
e N, — KOHIEHTPAIUsS JIEKTPOHOB B CHUCTEME II0-

KOsl TedeHHs 3a (PPOHTOM Y/IApPHOW BOJHBI, M —
Macca 3JIEKTPOHA, e SJIEMEHTAPHBIA 3apss. Juc-

8*
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E'f (E)

=

1 1 1 1
-3.0 =25 -2.0 -1.5 -1.0 -0.5

Puc. 1. (B ugete onnaiin) ®PyHkunm pacnpeaenernsi npOTOHOB

f(E) B cncteme nokosi TedeHnst 33 (PPOHTOM YAAPHOIA BOJHbI

MPpU pasHbIX 3HAYEHMSIX YrNa HAKJOHA BHELIHEro MarHUTHOro

noNsi K HOpManu yaapHoii BonHbl, 0. PacueT BbinonHeH me-

Togom PiC gns ynapHoil BOAHbI C JIopeHU-hakTOpOM HaTe-

katowero notoka I' = 1.5 n napameTpom 3aMarHW4eHHOCTU
oc=4-10"7

JIEHHBIE TIapaMeTPbl MOJIEJIUPOBAHUs; Iar IO Bpe-
venn At 0.09w;!; mar mpocTpaHCTBEHHOM ceT-
ku Ax 0.2¢/we; moJIHOE BpeMs MOIEJIUPOBAHUS
45000w; t; KOMMUeCTBO sueek B OOJACTU CUMYJISAIAN
N, 256000, N, 2000. Iiast S5KOHOMHM BBIYHC-
JIITEJILHBIX PECYPCOB MAcCCa JIEKTPOHA YBEJIMICHA TI0
CPaBHEHUIO C PEAIbHOM U paBHa me = my,/100.

DdPeKTUBHOCTD YCKOPEHHST YaCTUIL 3aBUCUT OT yT-
Jla, HAKJIOHa MATHUTHOTO Tojs. i yckopenus: HeoO-
XOJUMO, ITOOBI YaCTUIIBI MOIJIM YXOJUTH OT (DpPOHTA
y/IapHOIl BOJIHBI BBEPX II0 TEYEHUIO, JIBUTASICH BIOJIb
CUJIOBBIX JIMHUI MarHuTHOrO mons. [jst aToro yros
HaKJOHA MATCHUTHOIO IMOJI B CHCTEME OTCYera Ha-
TEKAIOIIEro IIOTOKA JIOJIZKEH Y/OBJIETBOPATE YCJIOBHIO
cos 0 > vgp, /¢, TIIE Vs, — CKOPOCTD YIAPHOM BOJHBL. [1pn
yriiax, GOJIBIIIX KPUTHIECKOIO, YCKOPEHHEe MPaKTHIe-
cku ucuesaer. [Ipu MeHbIIUX yTyiax OHO HapacTaeT Ipu
YBEJIMYEHUN yTJIa OT HYJIsI IO KPUTHIECKOTO 3HAUEHUSI.
I'paduku crieKTpoB yCKOPEHHBIX YACTHUIL 3a (HPOHTOM
yaapHoit BosiHbl Ha paccroguusx 2000¢/w. or dponra
npu
puc.

Pa3/IMIHBIX YTJIaX HaKJIOHa IIOJId IIPUBEJICHBI Ha

i
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PacueTsl mokaspIBaioOT, 9TO JIjIs BBICOKOW 3aMarHu-
YEHHOCTH IIA3MbI PACIpe/ie/ieHe IIPOTOHOB 3a (HDPOH-
TOM TPAHCPEJISTUBUCTCKON YIAPHOI BOJTHBI IMEIOT BbI-
PAXKEHHYIO HETEIJIOBYIO KOMIIOHEHTY JIJIsI YIJIOB HAKJIO-
Ha MarHuTHOro noJisi § < 40°. JletajipbHOE MUKPOCKOIIH-
YeCKOe MO/IC/IMPOBAHNE PACIIPEJICICHIs TaCTUI] KUHe-
TraeckuMu Meronamu PiC BO3MOYKHO JIMIIb B ONPAHU-
YeHHOM WHTepBaJie 3uepruil. st m3ydennss BO3MOK-
HOCTHU YCKOPEHUsI YaCTUI] BBICOKUX IHEPIUil MOYKHO 0~
[IOJIHATH MOJIEJIb MaKPOCKOIMIECKIM PACIeTOM C HC-
nosib3oBarueM metona Morte-Kapiio, koToporit ipe/i-
roJiaraeT MCIIOJIb30BaHKe [TapaMeTPU3AIIH IIPOIECCOB
[IePEHOCA 3aPsi?KEHHBIX JACTHII,

3. PEJIATUBUCTCKAA MOJEJIb
MOHTE-KAPJIO

MopnenupoBanne mporecca yCKOPEHHs — YaCTHIL
6EeCCTOJIKHOBUTE/IbHBIMU  YIADHBIMU  BOJIHAMHU  METO-
oM  Monre-Kapisio npejamonaraer 3ajanue 3aKoHA
paccesuust wactur, 1aasmbl - MIJI-daykryanmsavum
(pacceuBaromumu  1eHTpamMu). B orcyrcTBHEe  KYJIO-
HOBCKHUX CTOJIKHOBEHUI JInHa CBOOOTHOrO Ipobera
9aCTHUI[ TapaMeTPu3yercs Kak (PYHKINS THpopajinyca
YaCTUIbI B MArHUTHOM I10JI€ [;773] Metros mo3Bouisier
yIuTHIBaTh 3HHEKTHI 00PATHOTO BJIUSIHUS JIABJICHUST
YCKOPEHHBIX YaCTHUI, Ha CTPYKTYPY CBEPX3BYKOBOI'O
Te4YeHUs U yIapHOil BosHBL. B Monenn paccanTeiBaeTcs
motHast (DYHKIUST PACIPEIEIEHUsT JACTHI IIa3Mbl C
MPONU3BOJILHOI CTENICHBIO AHU30TPOIINHA, ITO IIO3BOJISIET
HCCJIE/I0BATh Pa3BUTHE IJIa3MEHHBIX HeycToH4YnBOCTeit
U COIVIACOBAHHO PAaCCUUTHIBATH JJIUHBI CBOOOIHOIO
npobera 9YaCTUIl W CTPYKTYPY TEUYEHUS C YIETOM
CIJIBHOTO POCTa MATHUTHBIX (DIIYKTyaluil, BbI3bIBae-
MOI'0O TOKaMH M T'PaJUEHTOM JABJICHUSI YCKOPEHHBIX
JaCTHI], |'_-3-1,']

Hwuke MBI mpuBesieM pPe3yabTaThl  MOJIEJITPOBA-
musg Mmetogom MonTe-Kapiso okKambHON CTPYKTYPBI
TPAHCPETATUBACTCKON KBa3UIPOIOJILHON OEcCTOK-
HOBUTEJLHON yAapHOil BOJIHBI (¢ yrJIaMU HAKJIOHA
MEHbIIIE KPUTHYECKUX YIJIOB, OOCYXKIABIIUXCS B
pasa. 2) W CIEeKTPOB YCKOPEHHBIX KOCMUYECKUX JIy-
qeil JId  1apamMeTrpoB, COOTBETCTBYIOIINX OCTaTKY
PEJIATUBUCTCKONA CBEPXHOBOM.

Crarmuonaprasi ¥ ILJIOCKOIIAPAJUIETbHAS MOJIED
MonTe-Kapio onmceiBaeT yCcKOpeHWE YaCTHI] KBa3H-
[IPOJIOJIBHBIMUA  OECCTOJIKHOBUTEIBHBIMU  YIAPHBIMU
BOJIHAMH U yCUJICHHE MarHUTHBIX II0JIeit 3a cYeT IIa3-
MEHHBIX HEyCTOWYMBOCTE B mpeadpPOHTE YIAPHOI
BOJIHBI. YCKODEHHE YacCTHUIl OeCCTOJKHOBUTEIbHBIMU

y/IapHBIMU BOJTHAMU IIPOUCXOIUT 110 MexanusMy Pepmu
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[IEPBOTO MOPSJIKA IIPU UX PACCESTHUN Ha (DIYKTYAIIUIX
MarHUTHBIX [0Jiefl W MHOTOKDATHOM IIepeCceIeHUn
dbponTa ymapHoit BOJIHBL. B mporecce yckopeHust
3HAYUTEbHAS JIOJIS MOTOKA JHEPIHUH, HATEKAIOIIEro
Ha YIAPHYIO BOJHY, TPaHC(HOPMUDPYETCS B SHEPIHIO
pacmpejiejieHusi  YCKOpPeHHbIX —dactui. [oCKOIbKY
JIaBJICHIE YCKOPEHHBIX YACTHIL B ITPEMOPOHTE yIAPHOI
BOJIHBI CPABHUMO C ITOTOKOM 3SHEPIHH,
UM Ha VJIAPHYIO BOJIHY, €ro TPaJUeHT ITPUBOIUT
K Momumdukanmmm TedeHnss B TpeadpoHTe  yAApHO
BOJIHBL.

HaTeKalo-

B momenn Monte-Kapsio Mbl pazjesnsieM TacTHIbI
Ha (DOHOBBIE W YCKOPEHHBIE. YCKOPEHHBIMU CUUTAIOT-
Csl 9ACTHUIBI, KOTOPbIe XOTst Obl pa3 Imepecekjin (PPOHT
y/IapHOI BOJIHBI B HAIIPABJIEHUN, OOPATHOM TEUEHUIO
IUIa3Mbl. YCKOPEHHbBIE YaCTHUIIBI OIMCHIBAIOTCH BO BCeEil
pacdeTHO 00JIACTH B BUJE YACTHUI[ U PACIPOCTPAHSI-
oTcd Ha ocHOBe MeToma MorTe-Kapiio masioyrioBoro
paccesiHus [:54_14,_378] QPonHoBasg KOMIIOHEHTA ILTa3Mbl B
GoJIbIIell YaCTH MpeI(POHTa OMMUCHIBACTCS Ha OCHOBE
TUJIPOIMHAMUYIECKUX ypaBHeHuit. Bosmsu u 3a Gpon-
TOM YJIADHOIl BOJIHBI OHA OIMCHIBAETC:d, KaK U YCKO-
peHHas KOMIIOHEHTA, B BUJIE YACTHI], YTO TI03BOJISIET HE
BBOJIUTH JIOTIOJTHATEIFHOTO TIAPAMETPA, OIIPEIEISIOIIe-
0 MH2KEKITNIO YaCTHUI[ B IIPOIECC YCKOPeHUsI. JacTura
pacupocTpaHseTcs J0 TeX IOop, IOKa He Yi/IeT u3 pac-
9eTHOI 06/1acTh J1aIeKo 3a (PPOHT yAapHO BOJHBI JIU-
60 He TIepecedeT IPAHUILY CBOOOIHOTO yXO/a B JAJIECKOM
npeadpoHTe yIapHOit BOIHLI P & = Trppp. | paHu-
11a ¢CBOOOIHOTO yXO/a COOTBETCTBYET pa3Mepam 00/1ac-
TH YCKODEHUsI YaCTUI[ B PEAJTbHOM acTPOPU3NIECKOM
00beKTEe U OIPeeIsieT MAKCHMAJIbHBII UMITYIbC YCKO-
PEHHBIX JaCTHII.

DyHKIWS PACIPE/IeIEHNS YCKOPEHHBIX YACTHIL Me-
eT 3HAYUTE/IbHYI0 aHM30TPOINIO B IpeadpoHTe yaap-
HOW BOJIHBI. AHU30TPOIHS (DYHKIUMH PACIPEIC/ICHUS
MIPUBOUT K PA3BUTUIO IJIA3MEHHBIX HEYCTONYNBOCTEN,
KOTOpBIE€ YCHUJIUBAIOT MarHUTHBIE ITIOJIsi B IpePOH-
te. Takum obpazom, 3a1a9a 00 YCKOPEHUHN IacTHIl Oec-
CTOJIKHOBUTEJILHON yAapHON BOJIHON ABJIAECTCS CYIIEeCT-
BEHHO HEJIMHENHO, TaK KaK YCKOpEHHe YaCTHUlIl OIpeie-
JisterTcst (PIIyKTyalusiMi MArHUTHOTO TIOJIsI, 8 YCUJIEHUE
MarHATHBIX TTOJIell — aHn30Tponuei (hbyHKIIUN pacipe-
JIeJIEHNs] YCKOPEHHBIX YaCTHII.

B nammoit pabore MBI paccMaTpuBaeM HEYCTONIH-
BOCTH, BBI3BAHHBIE TOKOM YCKOPEHHBIX YaCTHUI[ OTHOCU-
TebHO (DOHOBOI MIa3Mbl. B pacdyeTsl BKJIIOYEHBI OeJI-
JIOBCKAsI Hepe3oHaHcKas [39] 1 pesoHamcHAS HEYCTOM-
quBocTh. [Ipu pa3BuTHU pe30HAHCON HEYCTONIUBOCTH
YCUJITMBAIOTCS BOJIHBI, PACIPOCTPAHSIONIIECS] TOJIBKO B
HaIpaBJIeHNN TOKA YCKOPEHHBIX YaCTHUI[ B CHCTEME I10-
KOs1 (pOHOBBIX YacTuil. JlaHublit TOK B peadponTe Ha-
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paBJjeH OT (GPOHTA YIAPHONW BOJIHBI B JTAJEKUH TPeI-
dpont. Takum 06pa3zoM, yCUJICHHBIE BOJHBI JIBUYKYTCS
B OIPEJICJICHHOM HAIPABJICHUH, U MbI BBOJIUM CKOPOCTD
JIBUPKEHUSI PACCENBAIOIIUX IEHTPOB Vgeqt (L) OTHOCH-
TebHO (POHOBOI 11a3Mbl. [Ipeamoaraercs, 910 yCcKo-
PEHHbBIE YACTUILI PACCEUBAIOTCS YIIPYTO U U30TPOITHO
B cHCTeMe TOKOs, JBUXKYIIEHCs OTHOCHTENIHHO (DPOH-
Ta YJAapHOil BOJIHBI CO CKOPOCTBIO U (T) + Vsear (), a
(OHOBBIE YACTUIBI — B CUCTEME IOKOs, JIBUXKYIIEHCS
OTHOCUTEIHLHO (DPOHTA YIAPHON BOJHBI CO CKOPOCTHIO
u (), rae u (x) — ckopocTb HPOHOBOA IITIA3MBI.

B aucnennoit mosiesin Monre-Kapsio Ha ocHOBe ure-
PAIMOHHOTO TIPOTIECCa JOCTUTACTCS BBITIOJTHEHUE 3aKO-
HOB COXPaHEHUs MOTOKA MMITYJIbCA U SHEPTUU BOJU3H
YJIAPHO¥ BOJIHBI. 3aKOH COXPAHEHUS TIOTOKA YUCTIA Jac-
THIL BBIIOJIHSICTCS B JJAHHON MOJIEJIM aBTOMATUYECKH. B
Iporiecce UTeparnit mo0uparoTcs TPOPUIL CKOPOCTH
donosoit tiasmsl u () B upeadpoHTe yIAPHON BOJIHBI
U TIOJTHOE CXKATHUE YIAAPHON BOJHONW Rypy.

3.1. dygmuHa cBOoOOaHOrO mpobera YacTuil

B uamcnennoit mogen Monre-Kapso gacturibt npu
PACIIPOCTPAHEHUN PACCEMBAIOTCS YIPYTO U H30TPOII-
HO B CHCTE€MaX IOKOs PACCEUBAIOIINX IEHTPOB. Mex-
JIy PaCCesTHUSIMU JaCTHUIBI JIBUKYTCS MPSIMOJIUHEHHO
u paBHOMepHO. Paccrosane, KOTOpoe MPOXOJIUT YACTU-
11a MEK/Ty PACCEesTHUSIMU, IPOTIOPIIUOHAIBHO JIJINHE CBO-
60/THOTO TIpOOera YACTHUILI B CHCTEME TTOKOSI paccenBa-
omuX MeHTpoB. nmmHa cBoOO HOTO Tpodera, SIBIISTETCST
byHKIMENH UMITYJIbCa YACTHUIBI U 3HAUEHUS] CIIEKTPAIb-
HOil mwioTHOCTH 3HEprum TypOysienrunocru W (z, k) B
TOUYKE HAXOXKJEHUsT JaCTUIbl (K — MOJIYJIb BOJHOBOTO
9UCJIa BOJTH, U3 KOTOPBIX COCTOSIT MarHUTHBIE (DJIYKTY-
aIum).

B nmammoit pabore MbI UCTIOIB3yEM CJIEIYIONIEE BbI-
pazkeHune s JJIUHBI CBOOOIHOTO TIpobera JacTHUIr:

>>1’ ®

re p — UMIYJIbC YaCTHUIlbI, DOMOBCKAsI JIJIMHA IIpOobera

1
)\B,st (LUJD)

N 1
Ass (z,p

A(x,p)=<

B CTOXaCTUYIECCKOM prHHOMaCHITa6HOM 11oJ1e

pc

—_ 3
eBls,st (Qf, kres) ’ ( )

)\B,st (x7p) =

KPYITHOMACIITAOHOE TYPOY/IEHTHOE T0JIe

k
/ W (k) dk,  (4)

min

Bisst (z, k) = |47
k

r r
Emin B (4) 7 kpas B (B) — COOTBETCTBEHHO MUHIMATH-
HOE U MaKCHMAaJbHOE BOJHOBBIE YUCJIA IHCICHHON ceT-
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KW, JITUHA TIPpOo0era OTHOCUTEIHHO MEJIKOMACIITAOHBIX
MOJ,

—1

Kmaax

oy (] et
k

res

Ass (2, p) (5)

("acTunpbl B pacuerax MpeioaraloTcs IPOTOHAMHE).
Pesonancuoe BosHOBOE YHCTO kypes OMPEIEISIETCS
CIEAYIONIM COOTHOIICHUEM:

krespc

__mresP”
eBls (xv kres) ’

(6)

riae prHHOMa.CIHTa6HO€ MarHUTHOE I110J1e

k
B, (2,k) = 47T/W(x,k) dk+ B2, ()

Kmin,

By — 1mocTostHHOE TTPOI0JIbHOE MArHUTHOE II0JIE.

3.2. Haxoxkaenue mpodusieii TedeHus u
MJIOTHOCTU HEPruu TypPOYJIEHTHOTrO
MAarHuTHOTO MOJIsI

SamnuiieM peISTUBUCTCKUE 3aKOHBI COXPAHEHWs
BOJIM3M yHApPHOM BOJIHBI B CTAIMOHAPHOM CJIydYae.
Bce ypaBHenmsa 3ammcaHbl B cHCTeMe TOKOS YAAPHOIM

BOJIHBIL. 3aKOH COXpaHeHHNA IIOTOKa YaCTHUI]

7 () B (x)n () = Fro, (8)

rue 7y (z) — sopenti-pakrop Tevenus, 5 (x) = u (x)/c —
OTHOIIEHUE CKOPOCTH T€IEeHUsT (POHOBOI MIaA3MBI K CKO-
poctu cBera, n () — KoHIeHTpalms (POHOBOIT IIa3MBbI,
F0 — TIOTOK 9acTHIl B JAJIEKOM TIpeihpoHTE.

BaKOHbI COXpPAHEHHS TIOTOKA UMITY/THCA TIPEJACTABIM
B BHJIE

~2 (z) 52 (z) [mpczn () + Py, (x) + Dy, (a:)] +
+ Py () + Py (2) + Fol () = Fpao + Qi ©

pr >

(9)

Py, (z) — nasaenue ¢boHoBOi m1a3Mbl (B 06/1aCTH HIPeJi-
dponta, rae GOHOBBIE YACTUIIHI ONMMUCHIBAIOTCS THIPO-
JIMHAMUIECKAMU yPABHEHUSIMA U [IPE/IIOIATaeTC s, ITO
dynxnus pacnpeenenus GOHOBBIX YACTUI K30TPOIIHA
B cucreme 1okos redenus), P, () — nasienue TypOy-
JICHTHOCTH,

P, (z) = %/W(a:,k:) dk, @y, (z) = Lin (x) Pon (x)

Fth (LC) -1 ’

(k)
Tin mokasaTes b aJauabaTbl  (POHOBOH  ILJIA3MBI,
Dy (x) = 3Py (), Fpzo — HOTOK HMILyJIbCA B Jajle-
KOM HEBO3MYIIIEHHOM IpeadpoHTe, grsc IIOTOK
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UMILY/IbCA, YHOCHMBLIl YCKOPEHHBIMU YACTHIAME Uepe3
rpamniy csoGoamoro yxoma (Q55¢ Fer (xpeB)),
Fg7 () — HOTOK HUMIIY/TbCa yCKOPEHHbIX YaCTHII.

Sakon COXpaHeHus IIOTOKa dHEPI'uu UMeeT BUJL

72 (z) B () [m,,ch () + @y (x) + Dy, (x)] +
+Fec7€ ({E) :FenO + Bsc

en )

(10)

e Fono — TOTOK SHEPTUU B JIAJEKOM HEBO3MYIIEH-
nom npezdponte, QESC — norox smeprum, yHocHMbIit
YCKOPEHHBIMI YaCTUIAMHI depe3 TPAHUILY CBOOOIHOTO
yxona (QESC = Fer (zpgpg)), FS (r) — norok smep-
UM YCKOPEHHBIX TaCTHIL.

OrmeruM 4TO, B Hameil reomerpuu ()
QESC > 0.

B wucmonnsyemoit umcsiennoit  cxeme  3aar0TCsT
HauabHble NpUOIIMKeHHbIe Tpodwm U (), Vscat ()

ESC
o <0,

B upeidponTe yuapHoii BoJsiHbl, Besuunua W(x, k),
OTIpEJIesIAIONIAs JUIMHY Tpobera 9YacTull, W IOJIHOE
cxatue Ryy. [lanee mpoBoauTcss pacupocTpaHeHure
YACTHIL C NEJIBIO TOJydeHust uxX (bYHKIUU pacipeesie-
Hus B obsiactu pacdera. 3a (GPOHTOM YIAPHON BOJIHBI
BCe YACTHUIIbI M30TPOIHBI B CHUCTEME IOKOs TEYEHUs,
COOTBETCTBEHHO, MOXKHO OIPEIE/INTh I[OKA3ATEe] b
amabaThbl BCEro rasa 3a (DPOHTOM YIAPHOW BOJIHBI,
I'p2, HA OCHOBe TOJyUeHHON TIOCTE PaCITPOCTPAHEHUS
GYHKIMYM  pacrupelie/ieHns BCeX YACTHIL. Y XOIAIINE
[TOTOKU OIIPEJIEISIOTCS, KaK

ESC
en

ESC _

= F (eren), QESC = FS (vren).

B mammx pacderax orpuraTesbHble 3HAYEHUST KOO/~
HATBI T COOTBETCTBYIOT MPEIPPOHTY, TOJIOKUTEIHHbBIE
3HaveHns — obacTn 3a (GPOHTOM YAAPHONH BOJHBI, KO-
TophIit HaxoauTes B Touke & = 0, Rior = Po/ P2 (nHmEKC
«0» o3HAYAET BEJMYNHBI B JAJEKOM HEBO3MYIIEHHOM
npeadponTe, UHIEKC «2» — 3a (PPOHTOM YIAPHOI BOJI-
HBI).

st HAXOXKJIEHUST TIOJTHOTO CXKATHUS YAApHO BOJI-
Hoil 3anmmeM ypasaenus coxpaenus notoxos (), ()
u (10) st 3HAMEHHS KOOPMHATHI /TA/eKo 3a (bPOHTOM
VJIAPHOIT BOJIHBI U B JAJI€KOM TpeIPOHTE:

(11)

Yo Bana = Yo Bono,

'}gﬁg [mp02n2 + (I)p2 + (I)w2] + Pp2 + Pw2 —
=485 [mpc®no + Peno + Puwo] +

+ PthO + PwO + fmsc7 (12)
’ygﬁg [mp02n2 + @0 + (I)wg] =
= 7360 [mpc2n0 + @ypo + (bwo] + eEnSC’ (13)
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rae Py — nasienne Bcex gacTul 3a GpoHTOM ymapHOi
Bosuel, ®po = I'poPpo/(Tp2 — 1). Mur onpeznensem Te-
Kylllee 3HaAYCHNE HA JIAHHOW UTEPAINN BEJTUINH fns =
ff “n I'p2 u3 bynxum pacupeselieHns, 0Ty YeHHOI
nocJie pacupocrpanenus 9actull (Pyo TakyKe BbIYUCIs-
eTCcsl Ha OCHOBE IPUBEICHHOIO HUXKE YPABHEHUsI), 110-
sromy B ypasuennsx (j11)-(13), ocratorcs Tosbko TpI
HEU3BECTHBIX: Ryot, Ppo 1 ng. Pemasa stn ypasnenns,
HaXOJMM HOBOE 3HaUYeHue Ry, a JJIsd CJIeyIOIeil nre-
pamun Ry HAXOAUTCS YCPEJIHEHNEM HOBOI'O 3HAYEHUS
U CTaporo.
3areM HAXOJUM HOBBII NPOMUIb CKOPOCTH Tede-
Husi B npeadponTe 110 (hopmysie, TOCTPOEHHOH Ha OC-

nose (1),

Ynew (LC) ﬁnew (IL‘) = Yold (x) ﬁold (IL‘) +
Fpeo + Q¢ — Fy7 (2) — Fplt (x) — F,
’Yoﬁompczno
rjie B HpaBOfI JaCTH BbIpazKeHHA CTOAT BEJIMIUHDBI, I10-
JIydeHHBIE MI0CJIe PACHPOCTPAHEHH YACTHUIL, BEJIUINHA,

()

Youd () Bota (x) oupenensierca nupodusieMm TedeHus: Ha
npelbLiylieil nrepanuu,

i (z) = 4% (z) B2 (z) o (z) + P (2)

Fo () =2 (2) 6% (2) @u (2) + P (x)
— COOTBETCTBEHHO IIOTOKHU UMITYJIbca (hOHOBOI MIa3MbI
u TypOYJIeHTHOCTH.

Tloxbop mpoduas TedeHns Ha OCHOBE BLIPAYKCHUST
(I4) B obmactn, e GOHOBBIE TACTUIBI ONUCHIBAIOT-
Cs1 B BUWJIE YACTHUII, JIAET XOPOIINE PE3YIbTATHI B CJIy-
4ae HEPEJATUBUCTCKOTO JIBUXKEHUS [IPU BbIYUC/ICHUN
B 9TO 06JacTu IIOTOKA F;g (z) ma ocHoBe yHKIUH
pactipeiesiennst pOHOBBIX YACTHUIL. B PeIITUBIUCTCKOM
cayuae, Kak mokasaHo B paGore [29], morox mmmymbca
B UTEPAIMOHHOM IIPOLECCE CXOAUTCA K DOJIbIIeMY 3Ha-
YEHUIO, YEM B JIAJIEKOM TIPeOPOHTE, TIPU UCTIOIb30Ba~
nun Beipaskerms (14) 86z dpomnTa yrapHoi BOJTHDL.
Caemnyst pabore [:_2-5_5], MBI pa3MbIBaeM pOduIb Tede-
nus u (x) B6sm3u dbponTa yjaapHoit BosHbl. HoBblil ipo-
dbusb ckopocTu 3areM ycpeagerca co crapbiv. Huzke
B JIAHHOM Da3Jiejie Mbl ONUCHLIBACM yDABHEHUS, HA OC-
HOBE KOTODPBIX BBIYHC/ISIOTCS BEJTMYNHBI, BXOJSINUE B
BbIDaZKEeHUs sl sz’; (z) m F (z).

Cuexrp sHeprun TypOyJI€HTHOCTH, OLPEIe/IAIONIuil
NOTOK TypOy/tenTrocTn Fy (), HAX01MM Ha OCHOBE pe-
IIIeHUsT YPABHEHUS

v (z)u (x) 8Wa(§7k) + g oy (Z)xu (x))W (x, k) +
+ % =G (x, k)W (2,k) — L (. k), (15)
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rie G (x,k) — nokasaresnb pocra TypOYJIEHTHON SHEP-
MM B CUCTEME TTOKOsi (DOHOBOM TLIA3MBI 3a CUET ILIa3-
MEHHBIX HeycToiuuBocreii, L (x, k) — nuccunanus Typ-
GysentHoil sneprun, 1I(xz, k) — norok TypOyneHTHON
SHEPrUM 110 CHEKTPY (TypOy/IeHTHbINH KacKaJ),

C* k12 o (W (k)
0.4) = - W) g () 9
rze p (z) — wiorHOCTH (DOHOBOIL IUIA3MBI,
«_ B =32
" = HCCOl/m7 (17)

Ccoim KOJIMOIOPOBCKasl KOHCTaHTa, B pacdeTax
Ccoim = 1.6. Boipakenue (:_l-t_i') [OJIYYEHO Ha OCHO-
Be paGors [0]. B mamy pabory BK/IIOUEHBI IOKA3ATE-
JIA POCTa TOKOBBIX HEYCTOUYMBOCTEH — HEPE3OHAHCHON
6eJLIOBCKOIT 1 Pe30HAHCHOH, aHajtorudno padore [31].
ToK yCKOPEHHBIX YACTHIL, ONPEIEIISTIONHI MOKA3ATEe N
POCTa, BBIYHUC/IAETCA B CUCTEME MOKOS PACCEHBAIOIINX
HEHTPOB TMOCJe PACTIPOCTPAHEHUST TACTHIL.
Juddepennupyst ypaBHeHUst (g) u (:_l-(j) no &, uc-
MOJIB3YS 3aKOH COXPAHCHUS (g) U HCKJIIOYas U3 ypaB-
HeHUil cjiaraemMoe, IPOIOPIMOHAIBHOE N (), [OJIYIIM

)+

o (@ (@) + By (2))

5 ( ).

Ecin cuurarh, 910 KasKj1asd U3 KOMIIOHEHT YyBCTBYET
ToJibKO u3Menenue 7 (z) B (x), T. e. U3MEHEHUE TOTOKOB
SHEPIMH MMITYJIbLCA TPOUCXOIAT aInabaTHIeCKN N3-34

CJIEJIYIONIEE COOTHOIICHE:

5 (

d(I)th (33)
dx

d(vy(z) B (x))
dx

dFg, (x)

d®,, (x)
+ dx

dx +

dPth (IL‘)
dx

dFy, (2)

. dP, (x) n
dx

dx

N3MEHEHUsI CKOPOCTH IIOTOKA, TO Mbl MOXKEM Pa3/Ie/IUTh
ypasuenue (18) ma orienbHbe anumabaTHuecKe ypas-
HEHUs I KOMIIOHEHT:

8(x) d@zlhx () 7(133) d(y (xd)xﬁ @) g, (z) =

= 8@ T )
oy Bale) L 05, ()

= 3 ) (o)
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AFgy (@) _ o dEg (@)
el - B (21)

Vpasnenue (20) npu srom pasro ypasrennio (13), mpo-
UHTErPUPOBAHHOMY TIO k B OTCYTCTBHE YCUJICHUS U JTAC-
cunanyn. [Ipn HAMYUM yCHIEHUS W JUCCUIIAIAE 110-
cite urrerpuposaus 1o k ypasuerne (15) npumver s,
anasornunstii ypasuenuio (20):

= 3 (x) o) cvl(x) / G (a, k)W (2, k) dk —
(k)
1

re JUCCHIAIIOHHOE CIAraeMoe
L(x)= /C(a@k) dk.
(k)

B macrosmeit paboTe MbI UCIIOIB3YEM CJIETYIONTNAE BhI-
pPaXKeHUs JJIsl JUCCUTIAIIN TYPOYIEHTHOM SHEPIUN:

2
L) = @) W k), (29
ktn
B (2, k
or ( :M, (24)
dmp (z)
kinen/kpTin ()
hncyhoTur) _ (25)
eBis (x, k)
rue Ty (x) — temueparypa OHOBON — IJIA3MBI
(Pin () = n(x)kpTin(x)). B nannoit mopesnn

MPEJIIIOIAraeTest, ITo 3a (POHTOM YIAPHOI BOJIHBI
M(z, k) =0u L (x,k) =0.

Hamee MBI IpeIoIaraeM, ITo JUCCUTIAIIS TYpPOy-
JIEHTHOH 9HEPTHH MPUBOJINAT K HArpeBy (pOHOBOII mra3-
MbI. YBEJIMUEHUE MOTOKA SHEPIUH NP yCUJICHUH TYD-
OyJIeHTHBIX JIBUYKEHUH W MATHUTHBIX MOJIEH MPOUCXO-
JIAT 38 CYET YMEHbBIIEHHsI TOTOKA SHEPTUH YCKOPEHHBIX
gactun,. TakuM 06pa3oM, i BBIIOJHEHASA CyMMAPHO-
ro ypasmenust (18) MbI 10/KHBI T0GABATE K yDaBHEHN-
am 1 komronent (19) u (21) monosmmrensisie cia-
raemble, COKpallalole HeamadaTnaecKue ciaraeMble

Vpagrenue (21) 101KHO GBITH IOTOIHEHO TaK, 4To-
Obl BBIMOJIHAICH 3aKOH COXDAHCHHS SHEPIUH MPU BbI-
MOJTHEHWN 3aKOHA COXPAHEHWsI UMILYJIbCa, T. €. ypaBHe-
rust (18). Droro MOKHO JOCTHYL BBEjIEHIEM CKOPOCTH
PACCEUBAIONINX LEHTPOB, ecii B ypasrenun (21) same-
HUTH U (2) Ha U (T) + Vseat (T) U BBIIOJIHATH paccesiHue
YCKOPEHHBIX JaCTHUIL B CHCTEME TIOKOST, JIBUZKYIIEHCsT Co
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CKOPOCTBIO U (X ) +Vseqat (T) OTHOCUTEIBLHO YAAPHOI BOJI-
ubl (a POHOBBIX YacTUl — B cUCTEMe, ABHXKYIIEHcsa co
CKOPOCTBIO U (7)) B NPEIIIOJIOKEHUI, YTO HPU MAJIO-
yry1oBoM paccestauu (upu auddysun B HepessiTHBUCT-
CKOM ciryuae) ypasenue (21) BBITIOHSETCS TIPH Po-
uzBosbaoM 3 (). Torma ypasrenue (21) npumver iy

dFg, (x)
dx

dF;; (x)
de

¢ [U' (x) + VUscat (1‘)] (26)

Vceusenne BOJIH, CBSI3aHHOE C aHU30TPOIUEH yCKO-
PEHHBIX YACTUIl, YMEHBIIAETCS PU TPUOJIMKEHUN
IJIa3Mbl K (PPOHTY yAapHOH BosiHbl. Braanm or dponTa
yAApHOW BOJHBI, B 00JACTH OBICTPOrO POCTA BOJIH,
CKOPOCTb PACCEUBAIONINX IEHTPOB Vgcqt
onpegenser unkpement pocra G(x, k)

= Vampl
B obmactu
cJ1aboro yCHJIeHHs] BOJIH CKOPOCTb PaCCeMBAIOIINX
LIEHTPOB OIIPEIE/IeTCs AJIb(PBEHOBCKOI CKOPOCTBIO B
3 dEKTUBHOM [10JI€ JJIMHHOBOJHOBBIX (DJIyKTYaIuii,
Uscat = VA,eff- COOTBETCTBEHHO, B NIpe/IDPOHTE yIap-
HOM BOJIHBI JI0 TOYKH, IJie (pOHOBasl ILIa3Ma HAYMHAET
OLUCHIBATLCA B BUJE YaCTULl, BEJIUIUHY Useqt (T)
OmpeiesisieM Kak HaMMeHbIIee 3HAUeHne (CKOPOCTH OT-
PUIATENbHbIE) U3 Ugmpi (L) T VA cff (2), OIPEETeHHBIX
KaK

G(x, k)W (x, k) dk
(k)

vt @) = G arg @y
vaess () = —5%» (28)
Beyys (z) = \/477 /(k) W (z,k)dk + B2, (29)

B obmactu 3HAYIUTENIHHOTO POCTA MATHUTHBIX (DJIYK-
Tyanuit mMeeM  |Uscqr ()] > |[Vampr ()], Gmaromaps
geMy yBeJIMYeHUEe IIOTOKa 3Heprun TypOyJ€HTHOCTU
3a C4YeT IJIa3MEHHBIX HEeyCTONYMBOCTEHl B ypaBHEHUU
(:_52_1) KOMIIEHCUPYETCsI yMEHBIIIEHUEM I[TOTOKa YHEPIHUH
YCKOPEHHBIX YaCTHUI[ B ypPaBHEHUU (-'_2-6_3') ITocne Tou-
KM UHXKEKNUH (POHOBBIX YACTHUIL B TpeaPPOHTE HMe-
eM VUscat (T) = Vampl (7). 3a GpPoHTOM yIapHOil BOJIHEL
Vseat () = 0. B annoii Mojesn Mbl IpeIIioiaraeM, 9ro
9aCTh [MOTOKA YHEPIUU YCKOPEHHBIX YACTHUIL B 00JIACTH,
rae |Vampt ()] < |va,epf ()], nuer na marpes dboHOBOI
mwra3mMbl. Takum 00pa30M, ypaBHEHUE, OIPeeIsoiee
U3MEHEHUe TTOTOKa SHepruu (POHOBOM IJIA3MBI, MMEET
BUJL
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8(x) d‘b;l; (@) , 'y(lx) d (v (azilﬁ (@) g, (@) =
— 8(x) dPZLx(x) n vdisz (z) dFZZi:(x) N
1
+ = (x)L (), (30)
TJIe  Udiss (LU) = |UA,eff (x)| _ |vampl ({,C)|7 -

[Vampt ()] < |vaeff ()|, @ B IPOTHBOIOIOKHOM
upegene vgss () = 0.

[Moscrasnss B ypaBuenue (g(_i) BoIpazkerue 1yt Py,
MOJTyFaeM CJIeIyIoIee ypaBHeHue JIs JaBaeHnst (bOHO-
BOIi IJIA3MBI:

i Pth (LC)
Y Top (1) — 1
d(y(x) B(x) Ten (x) Pin () _

v () B( +

+ dz Ty () — 1
= o (o D ) 1y (a1

Pemenine  ypaBuenus (:_3-1:) OIIpeJieJIsieT  BEeJIMIUHY
F;Z (z) B Bopaskennu (4).

3.3. BnaveHus pU3NIECKUX IIAPAMETPOB
Mo/1eJ I

Bo Bcex pacduerax manHOit paboThI JTOPEHI-(PaKTO-
Pl VIAPHBIX BOJIH 7Y = 1.5, KOoHIeHTpammsa (pOHOBOM
ITa3MBl B JajekoM mpeadporTe ng = 4 - 1072 e 3,
rpaHuIa CBODOIHOTO YXO/1a HAXO/IUTCS B TOUKE TRpEp =
= —5-10'" cur. B 0CHOBHBIX pacdeTax IOCTOSHHOE IPO-
JI0IbHOE MarHuTHOE moste By = 3-107% T'e (obozHaunM:
A — mogenb 6e3 TYpOYJIEHTHOTO KacKaja U JIUCCUIIa-
uu TypoyseHTHOI SHeprun u AC — MOzesIb ¢ BKITIO-
qeHneM TypOyJIEHTHOrO KacKa/a M JIUCCUIIAINU TypOy-
JienTHOI sueprun ). Takzke BHIIOJIHEHDBI pacyersl ¢ By =
= 3-1075 I'c (06ozHaunm: B — moyens 6e3 TypOysient-
HOT'O KacKa/[a M JIUCCUTIAINN TyPOyJIEHTHON SHEPIuu 1
BC — Mogiesib ¢ BKJOUeHnEM TypPOYJIEHTHOIO KACKa a 1
Jmccunaum TypoyIeHTHOM sneprun), By = 3 - 1074 Tc
(o6oznaunm: C — Mozesb 6e3 TypOysIeHTHOrO KacKaia
u auccurianuu TypoyiaenaTHoit saeprun u CC — Moj1elib
C BKJIFOUYEHUEM TYPOYJIEHTHOTO KACKaa U JUCCUTIAIIT
TypOyJieHTHOIT sHeprun). B cucreme Takxke ecrb Ciy-
JaiiHas KOMIIOHEHTa MArHUTHOI'O II0JIs, & CIIEKTD dHEP-
run TypOyYJIEHTHOCTA HOPMUPOBAH CJIEIYIOMMM 00pa-
30M:

kmaa

B2
W (a:FEB,k) dk’ =20

=22 (32)

Kmin,
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Ha rpanmutie ¢BoO0OTHOTO yX0/1a CIIEKTP SHEPTUU Ty P-
OYJIEHTHOCTH 3aJaH CJIeyIomieit (hopMyIoit:

W(rrep, k) =
Co 1
k 1 1 k
kmin kmaaz
= Anorm ¢ ) (33)
N ()
ken kds

rie Aporm — HOPMUPOBOYHASI KOHCTAaHTa, (o = 2, v
11/37 Cl = 1, CQ = 6, kqs = 104/7“907 g0
= mycup/eBy (B obnactu ke, < k < kgs HOKazaTesb
criekTpa 6130k K —5/3). B pacuerax

ken

2w
1067

Len =3-10" o,
Len, CM

km,in - ken =
L., — sueprouecytnuii Mmacirabd TypOyIeHTHOCTH. BhI-
pazenue (33) ycTpOEHO TakhM 0GpPa3oM, ITOOBI Kak
W(xrgpp,k), Tax u, COOTBETCTBEHHO, HOTOK TYpOy-
JICHTHOW 3HEPIUn (:_I-Q') nIpu r = Tpgpp TOYHO OOpa-
AUCh B HYJIb HA IPAHUIAX YUCTEHHON CETKU Kypipn 1
Kmaz- YpaBHeHUE (:_1-5) saBJiieTcsa ypauenueM auddy-
3UMOHHOTO THUIIA, U €r0 PelleHne HAXOJUTCs HA OCHOBE
HESIBHOW YMCJIEHHOM CXEMbI C HYJEBBIMU I'DAHUIHBIMU
yeaosusivmu 1o k juist W(x, k).

Paccrosinust B 9UCJIEHHOM KOJIE U3MEPSIIOTCS B €11~
HUIAX g0 = MpClp/eBy. OTMernM, B 4aCTHOCTH, ITO
rrppp = —6.42 - 1O5rg0 st mogesteir A u AC.

3.4. Pe3yabTaThbl pacyeToB

C moMoIbio puc. :g‘. MBI UJITIOCTPUPYEM  CXO/IU-
MOCTb Halllell YWUCJEHHONH WTEpalMOHHON MOJIeJIN
Monre-Kapso. Ha puc. Q: MIPEJ/ICTABIEHBI PACTIETDI JIJTsT
HEMO/IM(PUIUPOBAHHOIO Cjydasd u jjisg mozienu A. B
HEMOIU(UIIMPOBAHHOM pacdeTe CKOPOCTh TEUCHUS
MOCTOSTHHA B TPeadPOHTEe W 3a (QPOHTOM YIAPHOI
BOJTHBI W WCIBITHIBAET CKAYOK IIPU TIEPEX0oJie {epes
GpoHT ¢ mogHBIM cKatueM R, = 4. Takxke B man-
HOM pacdeTe OTCYTCTBYIOT IUCCUIAIUS U YCUJEHUE
MArHUTHBIX HOJEH, & Vseqr () = 0. Kak Bugao Ha
puc. :_26,6, [MOTOKM UMITYJIbCA U SHEPruu BOJIU3U yIap-
HOIl BOJIHBI B CJIy9ae HEMOIMMDUIIMPOBAHHOIO pacdera

3HAYUTEHHO OTJIMYAIOTCS OT MX 3HAYCHWN B JTAJEKOM
npeadponTe. DTO O3HATAET, YTO B TAKOM CJIydae 3aKO-
HBI COXPAHEHUS He BBIIOJIHIIOTCA. B pacuere mojenn A
JIOCTUTHYTO PABEHCTBO IIOTOKOB UMITYJIbCA U SHEPIUH
€ UX 3HAYEHUSIMU B JIaJeKOM IpeibPOHTE ¢ TTOMOIIHIO
CaMOCOIJIACOBAHHOTO 110/100pa 1poduieil TedeHus u
CHEKTPOB MArHUTHOT'O IOJIsT HA OCHOBE UTEPAIMOHHOMN
cxembl. Takum 006pa3oM, JOCTUTHYTO BBITIOJTHEHHE
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QZI.O
=0.8
~

=06
5ot

30.4
=0.2

yil

RN WE T N =00 O N

-6 -5 -4-3-2-10
lg(-a/r)

10
(:r/rgo) 10

Puc. 2. (B ugere oHnalit) 3aBUCUMOCTM OT PacCTOSiHUS A0

cpoHTa yaapHoii BosHbl a) Benudntbl 7y (z) 5 (x), onpepensito-

LLEell CKOPOCTb TedeHusi, 6) MONHOrO NOToKa uMnynbca Fiq ()

1 6) NOMHOro NoToka aHeprum F, (x). CnnowHsle crHne nu-

HUN COOTBETCTBYIOT HEMOAMULMPOBAHHOMY PaCyeTy, WTpu-
XOBble 3eseHble — mogenn A

§ 1 Ay, S “:‘\
T Rt SN By
LA
o2k +
e
=7
3]‘()_4 Ii 1 1 1 1 1 1 1 1 1 1
-6 5-4-3-2-101-10-5 0 5 10
3
_lg(_it/rgo) ($/rg()) -10

Puc. 3. (B ugerte oHnaiiH) 3aBUCUMOCTN CKOpPOCTU Tede-

HUst u (T) — LWTPUXOBbIE KPUBbIE, U CKOPOCTM PaCCenBato-

LLMX LEHTPOB OTHOCUTENBHO CUCTEMbI MOKOSi POHOBON nJias-

Mbl, Uscat () — WUTPUXNYHKTUPHBIE JIMHUW, OT PAcCTOSHUS O

dpoHTa yaapHoii BonHbl. CuHUE AMHUN COOTBETCTBYIOT MOAe-
am A, 3enenble — mogenn AC

3aKOHOB COXPaHEHUSI B TPAHCPEIATUBUCTCKOM T€IEHUN
BOJTU3H yIAPHON BOJIHBI.

Ha puc. :_3 MIPUBE/IEHBI CKOPOCTH TeUeHUsT (HOHOBOIT
ITa3MbI U () W CKOPOCTh PACCEMBAOIINX IEHTPOB OT-
HOCUTEIBHO (POHOBOH ILIABMBIL, Ugeqr (), JJIs MOJEIIEl
A u AC. Kak BujHO Ha puc. :3, Ha 6OJIBIIIOM PacCTOs-
Hum oT (HPOHTA yAAPHON BOJHBI B CTOPOHY TIpeahpoH-
Ta BEJIMIMHA Vgseqr () mMeeT MakcumyM. Ha JamHbIx
PaCCTOSIHUSIX IIPOUCXO/IUT 3HAUNTE/IbHOE YCUJIEHNE Mar-
HUTHBIX II0JIeHl 3a cHeT IIJIa3MEHHBIX HeyCTONYUBOCTENR
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il
i
\

Puc. 4. (B ugete oHnaiin) ®PyHkuum pacnpegeneHns Hactuy,

No UMMy/NbCaM B CUCTEME MOKOsi yAapHOi BosHbl. MKupHble

JINHAN COOTBETCTBYIOT (PYHKLUSIM pacnpefeneHunst 4acTuy, 3a

pOHTOM yaapHOU BOJIHbI, TOHKNE NNHUN — (DYHKUUAM pac-

npegeneHns 4acTuy Ha rpaHuue cesobogHoro yxoga. Cooteet-
CTBUE KPUBbIX MOAENSIM OMNPELESIEHO B JIEreHae

U Useqr (%) ONPEAENISIETCS 3HAUCHUEM Vgmpi (). Biizke
K (GPOHTY y/IapHOil BOJHBI U JI0 TOYUKNA WHAKEKIHH (PO-
HOBBIX YaCTUIL yCUJIEHUE 38 CUET IJIA3MEHHBIX HEYCTOM-
YUBOCTE CTAHOBUTCH CJIA0EE U Vgeqt (X) OLpEIeisierTcs
3HAUEHHNEM V4 o ¢ (). B manHoil 0bacTn mpocTpaHcTBa
[IPOUCXOJIUT JOTIOJIHUTE/IbHBI HATPeB (DOHOBOM ILIA3-
MBI W3-38 HAJTHYHS Vgiss () B ypasmermu (31).

Ha puc. :ff npuBeJIeHbl (DYHKIUU PACIPEJICICHISsT
YacTHUll JJIg BCeX MOJIeJIell B CUCTeMe IIOKOdA YJIapHOI
BOJIHBI, 3a (DPOHTOM YJApPHOI BOJHBI U HA TI'PAHUIE
€cBOOOHOTO yx0ma. BuaHO, 9TO ¢ POCTOM AMILIUTY/IbI
CIIEKTpa TYPOYJIEHTHOTO MATHUTHOTO TOJISL B JIAJIEKOM
pedpoHTe TPOUCXOIUT YBEJINIEHIE MAKCHMAIBLHOTO
UMILYJIbCA, KOTOPBIN IPUOOPETAIOT YCKOPSIIOIIHEC s Iac-
Tunpl. CHEeKTPbI YaCTHUI] Jijisd OJIMHAKOBBIX 3HAYCHUI
AMILINTY/IBI TyPOYJIEHTHOIO MATHUTHOTO TIOJIST B JIaJIe-
KoM 1ipesiponTe caabo paznudaorcs. Bo Bcex pacte-
TaxX YacTUIBI MOI'YT OBITH YCKOPEHBI JI0 SHEPrUil BhIIIe
1 II-B.

Ha puc. l_")' MIPUBE/IEHBI CIIEKTPBI Ty POYICHTHON SHEP-
U B PA3JIMIHBIX TOYKAX BOJIM3U YIaPHON BOJHBI JIJIst
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Puc. 5. (B ugete oHnaiin) 3aBucumoctu cnektpa TypbyneHT-
Holi aneprun W (z, k) oT BonHOBOro 4ncna k npu pasanyHbIx
MOJIOXKEHNSAX OTHOCUTENBHO (DPOHTA YAAPHOV BOJHbBI: CMJIOLL-

Hble IMHUN — T = TpER, WTpuxosble nuinun —x = 0.bxrEB,
WTPUXNYHKTUPHbIE AUHUN — 33 (PPOHTOM YyAAPHOU BOJIHbI.

ToHKkue cuHne nuHun COOTBETCTBYHOT MOoAeNn A, XKUPHbIE 3€-

neHble nuHun — mogenu AC

B ), I'e
1072

S
i

-1 0
lg(-a/ 7’90)

-5 0 5 10
3
(z/1,)-10

-6 -5 4 -3 2 -10

Puc. 6. (B ugete onnaiin) Mpodunm nonHoro MarHuTHOro no-

ns. Ha gaHHOM puricyHke rgo OTBEYAET 3HAYEHNIO NOCTOSIHHOIO

maruuTHoro nosisi By = 3-107° Ic. O6o3HaueHre KPUBBIX 4151
pasNmnYHbIX MOAEJel COOTBETCTBYIOT puC. :l_i

mozeneit A u AC. Tluku Ha crekTpax puc. § CBsA3a-
HBI C Pa3BUTHEM ILUIA3MEHHBIX Heycroitumbocteit. O6-
Uil TObEM KPUBBIX HA PUC. :5 o0ycJsoBIIeH anadaTu-
YeCKUM YCHUJIEHUEM MArHUTHOIO IIOJIS.

Ha pwuc. 'ﬁ IPpUBE/IEHBI TPOMUIN TTOJTHOTO MATHUT-
HOT'O T10JI1 JIJIf BceX Mogesieil. Kak BHIHO HA puc. 6, c
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POCTOM MArHUTHOTO IOJIA B JAJEKOM IpeadpoHTe yCu-
JIEHAE MarHUTHBIX TTOJIEi 3a CUeT IIa3MEHHbIX HEeYCTOMH-
quBoOCTell ciabeeT. 3HAYCHUS MOJIHOTO MATHUTHOTO II0O-
Jis1 32 PPOHTOM YIAAPHON BOJHDBI OJU3KU APYT K APYTY
st Beex mozeneit. B pacaerax C u CC marauTHoe mmoJjie
3a (PPOHTOM YAAPHOI BOJHBI JIaZKe HUXKE, €M B OCTAb-
HbIX Mogeaax. CMArdyenue CHeKTpa yCKOPEHHBIX Yac-
THIL TIPA BBICOKUX SHEPTHSIX (CM. PHUC. 51:) B MOJeIaAxX A n
AC ¢BA3aHO ¢ MAKCUMYMOM 3HAYEHUS Ugeqt (CM. PHC. :}’),
00yCJIOBJIEHHOTO PAa3BUTUEM ILJIA3MEHHBIX HEYCTOWYH-
Bocreji. Hasmmaue obsiactu ipocTpancTBa, rie vseqt ()
1[I0 MOJLYJIIO CPDABHUBAETCH C U (X), IPUBOJAUT K CMArYe-
HUIO CIIEKTPa yCKOPEHHBIX TACTHIIL, JTOCTUTAIONINX JaH-
HOI obtacTu TpocTpaHcTBa. [IoCKOMbKY, KaK OTMEIEHO
BBIIIE, yCUJIEHUE MEHEe CyMECTBEHHO B OCTAJIBHBIX MO-
JIeJIsIX, 3HAYEHUE 110 MOJLYJIIO Useqt (L) MEHDBIIE, U BJIU-
HUE Ha CIIEKTPBI yCKOPEHHBIX YACTHIL MEHEE BHIPAZKEHO.

Breipazkenue i IOTOKa YACTHUI] B CHCTEME IIOKOS
PACCEHBAIOIIUX IEHTPOB HMEET B,

1

Jer(w,p) = 27T/Wf§£ (z,p, 1) dp,
21

(34)

e fo (z,p, ) — GyHKIES pacupe/iejieHusi YCKOPEH-
HBIX JaCTUI] B CHCTEME TIOKOsI PACCEMBAIOIINX ITEHTPOB,
/4 — KOCHHYC yIJla MEXKJy HAIPABJIEHUEM HMITYJIHCA
JaCTHUIBI ¥ HOPMAJIBIO K (DPOHTY yapHOU BOJHBL. [lo-
TOK YaCTHIl, IePECEKAIONINX IPAHUILY CBOOOJHOIO yXO-
Jla B CHCTEMe TTOKOsI PACCEUBAIOIINX IIEHTPOB, IPUBEJICH
Ha puC. :_7: Bo6Jn3u rpasuiibl cBOOOIHOTO yXOIa CHCTEMA
paccenBaroIuX MEHTPOB MPAKTUIECKN COBIIAIAET C CU-
cTeMoit ToKost (pOHOBOI TTa3MbI. Takum 06pa3om, yXo-
JSIAN TIOTOK YACTHI] HA PUC. -'_7. COOTBETCTBYET ITOTOKY,
YXOISIIEMY B MEYK3BE3HYIO CPEJly B €€ CUCTEME TTOKOSI.
Pacripeseierre gacTury mo UMITyJIbcaM Ha PIC. :ﬁ CJIBH-
HYTO K OOJIBIITUM HUMITYJIbCAM [0 CPABHEHUIO ¢ (DYHK-
nueit pacrpeiesieHns IacTUIl HA TPAHUIE CBOOOIHOIO
yXOJIa B CHCTEMe IIOKOs YJApHOI BOJHBI (CM. puUC. Zl:)
13-3a PEJIATUBUCTCKOTO OTHOCUTETLHOTO JIBUKEHUST CU-
CTEM ITOKOSI.

MaxkcuMaIbHBIN UMITYJIBC YCKOPEHHBIX YaCTHUIl B
JIAHHON MOJIESN OIPEJIEISeTCS COOTHOIIEHNEM MEK/TY
JITUHOM ¢BOOOIHOTO TTpobera JacTHIl M PA3MEPOM IPeI-
dponra |xppp|. diubna cBoboaHoro mpobera ycKOpeH-
HBIX YACTHUIl ¢ HAMOOJIBINEN SHEepruil 3j1ech OJM3Ka K
TaK Ha3BIBAEMOMY GOMOBCKOMY Tpefiesty (¢ JIMHEHHOM
3aBUCUMOCTDIO IIPOGEra 0T UMILYJIbCA YACTHILI) B 3HA-
YUTETHHON JaCTHU JAaJIeKoro npeadponTa, riae adhdexT
YCHJIEHUST MATHIUTHOTO 1OJIsT MaJl. JacTUIlhl yCKOPSIIOT-
Csl JI0 TeX IOp, MOKA He JOCTUTAIOT I'PAHUITBI CBOOOI-
HOT'O yXOJia B JIAJIEKOM TIpeippOHTE, N3-3a POCTA JIJTU-
HBI CBOOOJTHOTO MpoOera ¢ MMITYJILCOM. YiapHasi BOJ-
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Puc. 7. lNMoTok yxopawmx Yactuy B CUCTEME MOKOsSI paccen-
Batowmx LeHTpoB. COOTBETCTBME KPUBLIX MOLESIM TaKOE XKE,
1)
Kak Ha puc. A&

Ha C 4YeThIPeX-CKOpocThio I'f ~ 1 He moskHA 3aTOp-
MOBHTLCA BIUIOTH 10 pammyca R ~ 3 - 10'® cM, uro
UMeEeT MEeCTO, eCJIH Cpejia, B KOTOPYIO PACIPOCTPAHSIET-
Csl ylapHasi BOJIHA, JIOCTATOYHO Pa3pekeHHas. JTO, B
YaCTHOCTHU, UMEET MECTO JJisi PEJISTUBUCTCKUX CBEPX-
HOBBIX THIa Ib/c, TPOUCXOSIINX OT MACCUBHBIX 3BE3/L
Tuna Boabda — Paiie ¢ 6pIcTpbIM 3Be3THBIM BETPOM, Xa-
PaKTEPUIYIOMUMCsT CKOPOCTHIO TOTEPU MACCHI TIOPSIIKA,
1075M¢, /rom [41]. B pacuerax mbr mpenomaraen, 4o
3HAYEHNe |Tppp| MOXKET cocTaBasaTh 1/5 oT Tekymero
pajuyca yaapHOI BOJIHBL U, TAaKUM 00pa3oM, BbIOpaJIn
pemmanny |vppp| = 5 - 1017 cm, uTo jemoncTpupyer
BO3MOYKHOCTDb YCKODEHUs [TPOTOHOB JIO SHEPrUil BbIIIE
[1eTa’IeKTPOHBOJIBTA B TAKOU CHCTEME.

ITo pesymbpraram o630pa Jlukckoit obcepBaTopun
cBepxHoBbie Tuna Ib/c cocrasisior npumepno 4 % or
COBOKYITHOCTH CBEPXHOBBIX BCEX THIIOB ['_.412_5] Pensru-
BUCTCKHUE CBEPXHOBBIE BCTPEUAIOTCS C IACTOTON OKOJIO
0.7 % ot ceepxoBbix THa Ib /¢ [[8,41], uto maer (Bech-
Ma rpy6yIo) OIEHKY MX 4acTOThl B ['aslakTHKe [opsiKa
onuoro cobbituss B 50 000 jer. CroJib pejkue cOObI-
THS HE MOT'YT BHOCHUTDH CYyIIECTBEHHBII BKJIAJl B YCKO-
penne ocHOBHOM Macchl TajmakTudeckux KJI ¢ snepru-
AMHU OT THradaekTpouBoabT g0 100 TsB, oxmako onn
MOTYT OBITH BakHBIMEU ncTouHuKaMu KJI ¢ sHeprusvum
B JIHANA30HE TeTa’dIeKTPOHBOJIBLT. CpeJiHsist MOITHOCTD,
BKJIa bIBaeMast B [aakKTHKY OT PESITUBUCTCKUX UCTe-
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Jenmuit ceepxHOBLIX THITA Ib/c, Beime 1026 spr/c. C ywe-
TOM BeCbMa BBICOKOIl 3dbheKkTuBHOCTH TIepeadn IHEP-
UM YJIaPHON BOJIHBI YaCTHIIAM C SHEPrueil HOpsiIiKa
€T’ IeKTPOHBOIbTA (CM. puc. ¥ 1 i) yKasaHHOH BbI-
e MOIIHOCTH HCTOYHUKOB JIOCTATOYHO It (DOPMU-
pOBaHUs BBICOKOIHEPIUIHON KOMIIOHEHTBHI IaJIaKTHIe-
ckux KJI HernocpeicTBeHHO 38 M37I0MOM B criekTpe. s
obecrievenns HabJI0TaeMoil ciaaboit annsorpormu KJI
B MOJIEJIN C PEJIKUMU YCKOPUTEJISIMU HEOOXO/IUMO YIep-
xkanne KJI B mporsizkennoMm rasio [amakTuku ¢ pa3me-
paM# B HECKOJIbKO KHJIOTIAPCEK Ha MPOMEKYTKaX Bpe-
MEHU MHOT'O OOJIBIIUX, YeM IIEPUOJT, MEKTy BCIIBIIITKAMI
CBepXHOBBIX THIA Ib/c.

Hnwaa mpobera, YCKOPEHHBIX YACTHUIL I HOHOB
B PACCMOTPEHHON MOJEJAN 3aBUCAT OT UX MArHUTHON
2KECTKOCTU — OTHOIIIEHUS dHEPIUM YacTHUIbl K ee 3a-
psiny. COOTBETCTBEHHO, MAKCHMAJIbHBIE SHEPTIUU YCKO-
PEHHBIX YaCTHUI[ OYYT MPOIOPINOHAIBHBI UX 3apI0-
BOMY YHCJTy. XUMUYIECKUI cOCTaB BOJN3U MAKCAMAThb-
HBIX 9HEPIUil YacTUIl, YCKOPEHHBIX PEeTATUBUCTCKUMN
CBEPXHOBBIMH, OY/IET CMeIaThCsd B CTOPOHY TSXKEJIBIX

anep.

4. SAKJIFOYEHUE

B pabore wnccriemoBanbl BO3MOXKHOCTH YCKOPEHUS
nporonos u ajep KJI no smeprumii semme 10'° B B
YCJIOBHUSIX TPAHCPEISITUBUCTCKIX HUCTEUYEHUN CBEPXHO-
Boix Tuna Ib/c. Merogamu npsiMoro KUHETUIECKOIO MO-
nesmpoBanust PiC (particle-in-cell) nokazano, 4ro un-
JKeKIMs YaCTHIl B IPOIECCe YCKOPEHUsI YACTHUI] TPaH-
CPeTATUBICTCKON yIapHoii BoaHoi ¢ 'y = 1.5 u dop-
MHUPOBaHUE HETEIIOBOI'O PACIPEIE/IEHNs YACTHUI] UMeeT
MEeCTO JIJIsI YIVIOB HAKJIOHA II0JI K HOPMaJd K (PPOHTY
yVAApHOI BOJIHBI, He TpeBbInmaomux 40°.

st otnpejiesieHns MAKCUMAJIbHBIX SHEPrUil IpOTO-
HOB, YCKOPEHHBIX TPAHCPEJIATUBUCTCKON yIapHOil BOJI-
HOM’, BBLIIOJIHEHO HEJIUHEHHoe MOAeJIUpOBaHue yCKOpe-
musg KJI meromom Monte-Kapsio. Mojiens yanTbiBaer
[IPOIIECCHI YCUJIEHNs] MArHUTHBIX (PJIYKTYAIMil HEyCTO-
YUBOCTAMHU AHU30TPOIHOIO PACHPEJIC/ICHUA yCKOPCH-
HBIX YACTUI[ U MOJIUMPUKAIIIO TPAHCPEISITUBUCTCKOIO
TeYeHUd I1J1a3Mbl JaBJIeHUEeM YCKOPEHHDBIX YaCTHUll, pac-
[IPOCTPAHAIONINXCA BBePX 110 Tedennio. [lokazana Bo3-
MOZKHOCTb YCKODEHHsI IIDOTOHOB U dliep [0 SHepruii,
3aMETHO IIPEBBIIIAIONINX I1€Ta3JIeKTPOHBOJIbLT B TpaH-
CPEeJIATUBUCTCKUX TEUYEeHUsAX CBEPXHOBBIX 3Be31. Mak-
CUMaJIbHble dHEPIUU YCKOPEHHBIX IIPOTOHOB 3aBUCIT
OT aMILTUTY/IbI (PJIYKTYUPYIONIEr0 MArHUTHOTO MIOJIS B
OKOJI03Be3IHOf cpesie (oM. puc. ).
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VcKkopeHne KOCMUYECKNX yYell fo SHePruii. . .

CBepXHOBBIE 3BE3/[bI C TPAHCPEJISTUBUCTCKUMU Te-
YEHUSIMHU, COCTABJISIONINE, BEPOSITHO, OTHOCHUTEJIHLHO
PEIKYIO TOIYJISIiO B [ajlakTuKe, TeM He MeHee MOryT
BHOCUTBH CYIIIECTBEHHBII BKJIaJ[ B HAOJIIOaeMBbIil CIIEKTP
KJI ¢ saeprusmu Buime o6/1acTi U3I0Ma.

BioiaromapHocTu. ABTOPBI IPU3HATEIHHBI PEIEH-
3€HTY CTaThbU 38 KOHCTPYKTUBHbBIE 3aMEYaHUS.

dunancupoBanue. Pabora noiepkana Poccuiic-
kUM HaydHbIM dongoM (rpant Ne21-72-20020). Pesyib-
TaThl pabOTHI TOJIYUYEHBI C WCIOJb30BAHUEM BBIUHC-
JINTEJIBHBIX PECYPCOB CYNEPKOMIIBIOTEPHBIX IIEHTPOB
MCIL PAH u Cankr-Ilerepbyprckoro moJinrexHude-
ckoro yansepcnrera [lerpa Besmkoro (sce.spbstu.ru).
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