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ITokazaHo, YTO B IPUIIOBEPXHOCTHOM CJIOE HAJI OCBEIEHHOM YacThio ciiyTHuka CarypHa — DHIEIaa 3a CIeT

bOTOITEKTPHUIECKUX U FTIEKTPOCTATHIECKUX MIPOITECCOB MIPOUCXOIUT (DOPMUPOBAHIE TbLIEBOI 1a3mbl. Ha oc-

HOBe (DUBUKO-MATEMATHIECKON MOJEIH JJIsi CAaMOCOIJIACOBAHHOIO OIMCAHUs KOHIEHTPAINH (DOTOIEKTPOHOB

U TBLIIEBBIX YaCTHIl HAJ| IIOBEPXHOCTHIO OCBEIIEHHON YacTh DHIEIAIA OIpeesieHbl (DYHKIMY PACIIPEIeICHUS

(I)OTOS.HQKTpOHOB Y €ro noBepXHOCTH, Haﬁ,ILEHI)I BBICOTHBIEC 3aBUCHUMOCTHU KOHIECHTPAIIUU IIBIJIEBBIX YaCTHUIL, UX

3apsiJIOB U Pa3MepPOoB, a TaKXKe 3JIeKTpudeckux nosieil. OTMedaercs, 4T0 HECMOTPsI Ha YIaJIeHHOCTb DHIEIA1a

ot Coumara, poroaddeKT oKa3bIBaeTCsl BaXKHBIM IIPOIECCOM 1pu (OPMUPOBAHUY MBLIEBOM 11a3Mbl. [Tokazano,

YTO KOHIEHTPAIns POTOTEKTPOHOB HAL IIOBEPXHOCTHIO DHIIEIAa HA TOPAI0K MOYXKET IIPEBOCXOINTDH KOHIICH-

TPAIUIO 3JIEKTPOHOB U MOHOB COJIHEYHOI'O BETPa, a Pa3dMepbl JIEBUTUPYIONIUX IbLIEBBIX YaCTHUI IIPEBBIIIAIOT

XapaKTepHbIEe pa3dMephbl IbIEBBIX YaCTUIL, IIOJHUMAIONINXCA Ha/L ITIOBEPXHOCTBHIO ﬂyHbI.

DOI: 10.31857/5123456782406003X, EDN: NFGBPA

Xors DHIENa] — JIUIIb [ECTOW 10 pa3Mepy CIIyT-
uuk CarypHa ¥ YeTHIPHAANATHIA 110 YIAJEHHOCTH OT
Hero cpeu 146 M3BECTHBIX CIYTHUKOB 3TOH IJIAHETHI,
KaK II0Ka3aJIi UCCJIe/I0BaHUsI, BHIITOJTHEHHBIE C TIOMOIIBIO
KocMmudeckux armapaTos “Bosmxkep-17, “Boskep-2” u
“Kaccuun”, oH BechbMa IPUMEYATEJIEH C TOYKH 3PEHUS
pasHoro pojia nposisieHuit. IIpexie Bcero, DHresrar
CYNTAETCS OJIHUM U3 CAMbIX BEPOSITHBIX MecT B CoJiHed-
HO#l crucTeMe [JIsi CYIIECTBOBAHUS BHE3EMHON MUKPOO-
Hoit xxuznu [1]. dasee, nosmararor, uyro koubno E Caryp-
HA, COCTOSIIIEe U3 MUKPOCKOIIMIECKUX YACTHUIL JIbJIa WU
UBLIH, [OIOJIHIETCs BEmecTBOM ¢ dunenaza [2]. B pam-
Kax m3MepeHnii, BoimoHeHHbX “Kaccurn”’, B okpecTHO-
CTU DHIEJIA1a HADIOIAJN IIJIA3MEHHO-IBLIIIEBOe 00pa30-
BaHme [3], cymecTBoBanne KOTOPOro, I0-BUIUMOMY, CBsI-
3aHO C AeHCTBHEM KPHOBYJIKAHOB B IOXKHON ITOJIAPHOU
obyacTn DHIEIAIa U BBIOPOCAMHU BEIIECTBA C €ro Io-
BEPXHOCTH BO BPeMsl METEOPHBIX yIapoB. KpuoByika-
HBI HCIIYCKAIOT (DOHTAHBI YACTUIL JIbJIA, & TAKXKE JPY-
TUX COCTABJIAIONINX, B TOM YHCJI€, CHJINKATHBIX YACTHII,
YaCTh U3 KOTOPBIX TOTIa/1aeT Ha IOBEPXHOCTD DHIEIAIA,
a Jpyras — yXouuT B KocMoc [2]. Bakabimu acrekramu
UCCJIeIOBAHUN, CBSI3aHHBIMU C DHIIEIAIOM, SIBJIAIOTCH
reoJIOTHYecKasl aKTUBHOCTD [4], nasmmadT MoBepxXHO-
cTu [5], HOAIOBEPXHOCTHBIN YKUIKHIT BOJHBIN OKeaH [6] 1
1.7. Takum obpazom, JHIleTa ] CO BCEMU €r0 MPOSBICHU-
SIMH SIBJISIETCSI BaXKHBIM OOBEKTOM wuccJieoBanmii. Ha-
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Psify C OOJIBIIMM KOJIMYECTBOM TEOPETUYECKUX pabdoT,
OCHOBaHHBIX, KaK IIPAaBWIO, Ha HaHHBIX “Bosmkepos” u
“Kaccunn”, nauunas ¢ 2022r., nmocie 3amycka NASA’s
James Webb Space Telescope, DHuriiesia ucciempyercst ¢
[OMOIIIBIO 3TOTO TeslecKora, 7).

Ouilesas — GaKTUIECKHd IEPBbIl 00BbEKT BO BHEIII-
ueit obsactu CoOJTHEYHON CUCTEMBI, B OKPECTHOCTU KO-
TOPOrO yAAJIOCH HAOIIOAATH IbLIEBYIO I1a3My [3, 8—10].
Oror cuyrauk CarypHa, 11010000 JIyHe, siBisiercst 6e3-
aTMOocepHBIM KOCMIYecKuM TesioM. Pakrtudeckn 00-
[ENPUHSTHIM B HACTOSIIEE BPEMSI CAUTAETCs, 9TO MbLITH
HaJI JIyHHOI IIOBEPXHOCTBIO SBJISIETCS COCTABHOMN YaCThIO
IJIA3MEHHO-IIBLIIEBO# cHCTeMBI (CM., HanpuMep, [11-18]).
Ozkujiaercs, 9T0 aHAJOTUIHAS CUTYAIUs CKJIa bIBAET-
csd U HaJI IOBEPXHOCTHIO JHIEIa1a. [loBepxHOCTh DH-
[eJIaJ1a 3aPsAzKAETCs 0] JeiCTBAEM 3JIeKTPOMArHUTHO-
ro wmasydenuss COJIHIIA W TIa3MbI COJTHEYHOTO BeTpa.
[Ipu B3aMMOMEHCTBAN C COJTHEYHBIM W3JIy9IEHUEM TO-
BEPXHOCTH DHIIEJIAJIa UCIIYCKAET JIEKTPOHBI BCJIEICTBHE
doroaddekra, 9T0 MPUBOAUT K (POPMUPOBAHUIO HAT
ITOBEPXHOCTHIO CJI0s (HPOTO3IEKTPOHOB. K mOSBIIEHIIO
dOTO3IEKTPOHOB IIPUBOJUT TAKKE UX HCIIYCKAHUE IIbI-
JIEBBIMU YaCTUIIAMY, IIPUCYTCTBYONUMHU HAJT IOBEPXHO-
CTBIO DHIEIAJA, BCIEICTBHE B3aUMOJECHCTBUS TOCTIE/I-
HUX C 9JIEKTPOMArHuTHbIM usjrydenneM Cosana. Ibie-
BbI€ YACTUIIbI, HAXOSIINECs Ha IOBEPXHOCTU DHIIEJI 1A
WU B IIPUITOBEPXHOCTHOM CJIOE, TIOTJIOMAIOT (POTOIJIEK-
TPOHBI, (DOTOHBI COJHETHOTO U3JLYUCHUS, IJICKTPOHBI 1
MOHBI COJIHEYHOT'O BeTpa. Bee 3Tu mpoiecchl IpuBOIsT K
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3apsijIKe MbIJIEBbIX YACTUIl, UX B3AMMOJIEHCTBUIO C 3apsi-
2KEHHOI MTOBEPXHOCTBIO DHIEJIAJA, [IOIbEMY U JIBUXKE-
HUO TIBLIN.

B curyanuu ¢ DHienanoM UMEOTCS U CyIIeCTBEH-
Hble OTJIm4us OT ycjoBuilt Ha Jlyme. Tak, moBepxXHOCTD
JIyHBI TIOKpBITA MBUIBIO, KOTOpasi COCTOUT W3 HECBS-
3aHHBIX JIPYI' C JIPYrOM HeOOJIBIINX KPYIUHOK Pero-
JinTa, 06pAa30BABIIErOCT B PE3YIbTATe MUKPOMETEOPO-
uaHoM GoMbapaupoBKHU. IMEHHO 3Ta TBLIbL MOIHUMA-
ercsi HaJI IIOBEPXHOCTHIO JIYHBI U, B KOHEYHOM HUTOI€,
y4acTByeT B (DOPMHUPOBAHUU ILJIA3MEHHO-IIBLIEBOM CH-
cremsl [17]). IloBepxHOCTH DHIEIANA MOKDPHITA BOJIs-
HBIM JibjIoM. OJIHAKO, IIOCKOJIbKY IJIOTHOCTH DHIIEIaa
cocraBJjsier 1.61 F/CM3, CUUTAETCs, 4TO €ro Hejapa Co-
Jepkar OOJIBIION MPOIEHT CUJINKATOB U 2Keje3a. la-
KIM 00pa30M, CJIeJYeT OXKUJATH IIPUCYTCTBUST MEJKO-
JUACIIEPCHBIX JacTuIll (IIbLIM) Pa3sHOOOPA3HOTO COCTaBA
HA I[TOBEPXHOCTU JHIEIAA, OOPA30BAHHBIX B DPE3YJIb-
Tare APOOJEHUS BEIECTBA DHIETAIa BCIEICTBUE YIa-
pPOB MeTeopouJ0B. KpomMe TOro, MCTOYHMKOM IIBLIN Ha
[IOBEPXHOCTU DHIEJIaa saBiisieTcs Koubllo B CarypHa,
YaCTUIBI KOTOPOTO (MEJIKO/MCIIEPCHBII JIe]]) O Ja0T
Ha IOBEPXHOCTb JHIEaa. Jlajee, OIHONW U3 NPUYNH
CyIIeCTBOBAHMUS MBI Ha JHIEJIAJIE ABJISIETCA TEKTOHM-
YecKasi aKTUBHOCTD [19], npuBojgIas K HAIPSIXKEHUIM
CIBUTA ¥ BBIJIEJEHUSIM MEJIKOJMCIIEPCHBIX YacTull. Ha-
KOHEII, KaK y?Ke OTMEeYaJIOCh, YACTh YACTHIL JIbJIA U CH-
JINKATHBIX YACTHUII, UCIyCKAEMBIX KPUOBYJIKAHAMH, I10-
[aJ1aeT Ha TOBEPXHOCTH DHIIEIAJIA.

Paborsr [3, 8-10] nocsrieHbl, B OCHOBHOM, PACCMOT-
PEHUIO TBbLIN HaJl DHIEJAJ0M Ha 3HAYUTEIbHBIX BbI-
cotax h, OOJIBIINX XapaKTEPHOTO JIMHEIHOro pa3Mepa
Quuenana (R ~ 252kwm). IIpakrudecku HET JAHHBIX
0 mapaMeTpax IbLIM B HPUIOBEPXHOCTHOM cioe (h <
100 km). TTo amajoruu ¢ curyarmeii y JIyHBI MOXKHO
OXKUJIATH, YTO OCHOBHAS YACTh MBLIEBBIX YACTHUIL COJEP-
KUTCSI MMEHHO B IIPUIIOBEPXHOCTHOM CJIOE HaJI DHIleJIa-
JIOM, TJie 06pa30BaHUeE MBLIEBOI IIJIA3MBI CBSI3aHO C IIPO-
[[ECCAMHY 3aPSIIKN MBLIEBBIX YACTHIL, UX B3aUMOEHCTBI-
€M C 3apsi?KeHHOM TTOBEPXHOCTHIO DHIEIAIA, 0 IHEMOM
U JIBUKEHUEM 3aPsi?KEHHOI IIBLJIA B 3JIEKTPUIECKOM U
PPABUTAIMOHHOM IOJISIX, & CKOPOCTH TIBLJIEBBIX YaCTHUI]
cymecrBento mMenbie 10 m/c. B nacrosimeii pabore npo-
BOJUTCsI OIIUCAHUE CBOMCTB IBLIEBOI IJIa3Mbl B IIPUIIO-
BEPXHOCTHOM CJIO€ HaJT OCBEIIEHHON 9acThIo DHIEIAJIA.
Boraucssgrorcst ajieKTpudecKue moJisi, a TaK»Ke mapaMer-
PbI (DOTOZJIEKTPOHOB U IBLIM HAJI IOBEPXHOCTHIO DHIIE-
Jaja.

JLj1si onucaHus MJIa3MEeHHO-IBLIEBOI CUCTEMBI B IIPH-
[TOBEPXHOCTHOM CJIO€ OCBEIIEHHOM JacTh DHIeIa/1a UC-
nosib3yercs Mogesb [20], B KOTOPO# 3apsijiKa MbLIEBBIX
YACTUI[ HaJ| [MOBEPXHOCTHIO DHIIEJIA A BBIYUC/IAETCS C

y4IeToM BIUSHUsT (DOTOIJIEKTPOHOB, 3JIEKTPOHOB 1 HOHOB
COJIHEYHOTO BETPA, & TAKXKE COJHETHOTO n3iydenus. He
YVUUTBIBAETCs] BO3/EICTBAE CBETOBOIO JABJIEHUS HA, JU-
HAMUKY TIBLJIEBBIX YACTHIL, MOCKOJbKY, KAK MOKA3bIBA-
10T OIEHKH, yKa3aHHOE BO3/IEICTBIE CKA3bIBACTCS JIUIIIH
JUIsT YACTHI] C Pa3MepaMu, 3aBeIOMO He IIPEeBBIIIAOIII-
vu 1 um. I[IpousBomurcs yaer poTO3/IEKTPOHOB KaK OT
[MOBEPXHOCTU DHIEIa/a, TAK U OT MOBEPXHOCTEN mapsi-
muX HaJ[ Heil IbLIeBbIX 4dacTull. PaccMorpenue ¢oro-
9JIEKTPOHOB OT ITIOBEPXHOCTEI! IbLIEBBIX YACTHUIL TPEOYET
CaMOCOTJIACOBAHHOTO OMUCAHWS, TOCKOIBKY (HOTOIJIEK-
TPOHBI BJIUSIIOT Ha PACIpEJIeIeHNs [IbLIEBbIX YACTHI], B
TO BpeMsi KaK PACIIPE/IEJIEHUSI IbLIIEBBIX YACTHUIL OIlIPEeIe-
JISIOT KOJIMIeCTBO (POTO3IEKTPOHOB. BBUy camocoria-
COBAHHOI'O XapaKTepa 3aJIa9i PEIUTh ee YIAeTCI TOJb-
KO YHCJIEHHBIMH METOJAMHU.

Jist HaXOXKJIeHWsI KOHIIEHTpAInii (POTOIJIEKTPOHOB
HaJT [TOBEPXHOCTHIO DHIEIA/A [TPOU3BOJNTCS PEIIeHUE
CUCTEMBI YPABHEHUI, COCTOSIINENH U3 CTAIlMOHAPHOTO KH-
HETUYIECKOTO ypaBHEHUS It (DYHKIIUU PACIPEIETICHUS
doroasrekTponoB u ypasuenust [lyaccona st 3jieKTpo-
CTATUYECKOIrO IMOTEHIIAAja C COOTBETCTBYIOIIUMU I'pa-
HUYHBIMUA YCJIOBUSIMU, XapaKTEPU3YIOMUMHI MOBEICHUE
ITOTEHITNAJIA, Yy TTOBEPXHOCTHA JHIEIA/a U HA OECKOHEU-
HOM yjajeHun oT Hee. DYHKIMs pacipeeseHus ¢o-
TO3JIEKTPOHOB 10 YHEPTUIM Yy MOBEPXHOCTH DHIIEIAIA
. onpejessiercs crangapTHBIM o6pasoM [21] Ha ocHoBe
pacueTa IUIOTHOCTU IIOTOKA (POTORIEKTPOHOB, HCITYyCKa-
€MBbIX TBEPIBIM TeJIOM IO JIeHCTBUEM H3JIyYE€HUSI:

e [
&, (E.)dE, = 2 cos | / Y (Epn)FondpdEyn,
Ee Jp.+w
(1)

rie E, — smeprua doTosnextpona, Eyy, — sueprus dhoTo-
ua, W — pabora Beixoa dorosMuccun, § — yrosr Mex Ly
MECTHON HOpPMAaJIbIo U HampasJeHueM Ha CoJHie, m, —

Macca 9JIeKTpoHa, Y (E,,) — KBAHTOBBIH BEIXOL, 3aBUCS-
muit oT sueprun Goronos, FppdE,, — uncio ¢oronos
COJIHEYHOIO M3JIydeHHsI C dHeprueil Ep, B HHTEpBaJIE
dEp), mepeceKaomux B eIMHAILY BPEMEHH €IHHIIHYIO
IUIOIIAJIKY, TEPIEeHUKYISPHYI0 K HAIPABJICHUIO JBU-
KeHusi (POTOHOB,

6(Em — Ee)

3
E m

dp = E.dE., 0<E.<E,=E;-W
— BEPOSITHOCTD [21] TOro, 9T0 B pesyJbraTe NOTJIOIIEHHsI
dorona sHeprun Fp;, NCIyCKAETCA 3TEKTPOH C SHEPTH-
eit F, B uarepsaJe suepruit dF.. Koapdurumenr “2” B
npasoit gactu (1) ofycsioBieH TeM, 9TO B CTAIMOHAD-
HOM COCTOSIHUW KOJIMIECTBA JIEKTPOHOB, TOKUIAIOIIIX
U TIOIVIOIAEMBIX OBEPXHOCTBIO TBEDJOTO TeJd, PaB-
HBI Apyr apyry. Ilpu BeBome (1) npeneGperasocs BO3-
TTucema B 2KOTO
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MO2KHO# aHH30TpOnueit byHKIun paciupeeaerus poTo-
9JIEKTPOHOB B IIPOCTPAHCTBE CKOPOCTEH, 00YCIOBIEHHOMN
HEPOBHOCTBHIO ITOBEPXHOCTU DHIIEJIAJIA.

Oyuknus pacupeseiaeHus (1) MoxkeT GBbITh HCIOIb-
30BaHa [IJIsi HAXOXKJIEHUsI KOHIeHTparmu No U TeMIre-
parypsl T, POTO3IEKTPOHOB ¥ TIOBEPXHOCTH DHIIEIAIA:

NO :/ q)e(Ee)dEe; (2)
0
=2y =-2 [ BoJB)dE. ()
e — 3 e — 3NO O e e e e

IIpu BBIYMCIIEHNN QYHKIUU pacipejeieHus (poTo-
9JIEKTPOHOB, WX KOHIIEHTPAIIMA U TEMIIEPATYDPHI BarK-
HBIMU [TapaMeTPaMU SIBJIAIOTCS CIIEKTP COJIHEYHOI'O U3-
JIyueHUsl, KBAHTOBBII BBIXOJ U paboTa BBIXO/A IOBEPX-
HOoCcTH JHIeaaga. [IoCKOIbKYy Marepuas MOBEPXHOCTH
DuIe1a1a IpeacTaBIsgeT coOol BOAIHON e, B Katde-
cTBe ee pabOThl BBIXOJA MCIIOJIb3yeM BejuuuHy W =
8.75B [22]|, a 111 KBAHTOBOTO BBIXOJA — 3aBHCHMOCTb
Y(Eph) = Cy(Eph — W)2 [23] cCy = 10~*sB~2. Yro
KaCaeTCsl CIIEKTPOB COJTHEYHOrO M3JIydeHusl, ux (opma
coorBercTByeT popme crekTpos y Jlymsr [24, 25], ox-
HAKO WHTEHCUBHOCTH OKa3bIBAETCS MEHBIEH, 970 00y-
cnoBiieHo 3HadenueM COJIHETHON IMOCTOSTHHO, KOTOPOE
na opbure Carypna cocrasiager 15.0 Br/M2, T.e. mpn-
mepro 1.1 % or snauenms CoJHEYHON TOCTOSTHHON Ha
opbure 3emiin. COOTBETCTBEHHO CIEKTPHI COJTHETHOIO
uzjiydeHusi u Ha opoure CarypHa CyIIeCTBEHHO Bapbu-
PYIOTCS B T€UEHNE ONMHHAIATUIETHErO ITUKJIA COJTHEY-
woit akrusHoctu. OHAKO, KaK U B curyaruu ¢ JIyHoit
(cM. [25]), HECMOTDsI Ha BapualuM KOJIUYECTBA JHED-
run, n3iaydaemoii CosiHIIEM B yiIbTpadrOIeTOBOM Iua-
na3oHe (OCHOBHOM C TOYKHU 3DEHUsI UCILyCKaHUs (HOTO-
9JIEKTPOHOB) B yKA3aHHOM I[MKJIE HE IPOUCKOIUT CyIIle-
CTBEHHBIX (HA IOPSIJKY BEJMYMHBI) U3MEHEHUH 3Hade-
unit Ng u T,. IlosToMy HM2KE TTPOBOIATCS BBIYUC/ICHUS
JIJIsT COJIHEYHOrO MakcuMmyma. Ha pucynke la npupesen
CIIEKTD, XapPaKTEPU3YIOIIUN COJTHEYHYIO aKTUBHOCTD Ha
opbure CaTypHa, COOTBETCTBYIOIIUI COTHETHOMY MaK-
cumymy. ITapamerpsr dorosnexkrponos (Ny, T.), pac-
cuntansble 1o dopmynam (1)—(3), B npumosepxHOCT-
HOM CJIO€ OCBEIIEHHON YacTh DHIEIAJA JJIsi COJTHEY-
HOW aKTHBHOCTH, COOTBETCTBYIOIIEH COJTHEYHOMY MaK-
CUMyMy, U 3Ha4eHHUI0 paboThl Bbixoma W = 8.73B ume-
10T ciexyionue 3HaueHus: Ng ~ 1.26cosfem™3; T, ~
7.895B. Ha pucynke 1b uzobpaxkena dpyHKIius pacipe-
nenenust fo(F.) = ®.(E.)/No, HOpMUDOBaHHAsI HA €11~
HUILY (fooo fe(Ee)dE. = 1), BoruncieHHast Jyisi JAHHBIX,
coorBercTByformux W = 8.73B u comrednomy makcu-
MyMmy. VmeeTcs cuibHOE OT/IMYNE YKA3aHHOU (DYHKIIAN
pacIpejiesieHns: OT MaKCBEJLIIOBCKOIA.
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Puc. 1. Tloroku comueunoro usnydenus Ha opbure CaTyp-
HA B 3aBUCUMOCTU OT SHepruu (hOTOHOB (B JiorapudMu-
9eCKOM MaciTabe), COOTBETCTBYIOIINE COJTHETHOMY MakK-
cumymy (a). OyHKUEs pacnpejeieHust (HhOTOIEKTPOHOB
fe 10 sHeprusiM (CIUIONIHASI KPUBasi) y OCBELIEHHON 4acTu
[IOBEPXHOCTHA DHIIEJIAJIa, COOTBETCTBYIONIAs COJHEIHOMY
MAKCUMYMY, 1 MAKCBEJIJIOBCKOE pacrpeesenue (ILy HKTup-
Has KPUBasi), BBIYUCIIEHHOE JJIsl 3HAYEHUH CpefHeil sHep-
ruu HPOTOIIEKTPOHOB, XaPAKTEPUIYIOIIUX PACIIPEICIICHHE,
n300pazkeHHOe CIIOMHON KpuBoii (b)

[ToBemenre MBLIEBBIX YACTUIL, KOTOPBIE JJIS IIPOCTO-
THI OIUCAHUZA CUYUTAEM JICASHBLIMU (JJIs CUJIMKATHBIX
JACTUIL PE3YJIBTATHl KAUECTBEHHO HE MEHSIFOTCI), B IIPU-
IIOBEPXHOCTHOM CJIO€ OINCHIBAETCH yPaBHEHUSMU, OIIU-
CBIBAIOIIUMU UX JUHAMUKY U 3aPAIKY:

d’rq qd
ma——5- = qaE + —vq x B 4+ mago, (4)
dt c
dga
5 I.(qa) + 1i(qa) — Ipn(qa) + e pn(qa), (5)

IJIe Mg — Macca TbUIEBOH YACTHUIBI; (g — €€ 3apsiy;
g0 — YCKOpeHHe CBOGOJHOIO MaJeHUs y HMOBEPXHOCTH
Ouuenana; E — snekrpudeckoe moJsie; B — maruur-
Hoe nosie Carypua y nosepxuocru duuenana; I.(qq) u
I;(g4) — MUKPOCKOIIMYECKHE TOKH Ha HBLIEBYIO YaCTHU-
Iy 9JIEKTPOHOB M HOHOB COJIHEUHOrO Berpa, Ipn(gd) —

7*
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bOTOTOK IJIEKTPOHOB C TBLIEBOI YaCTHUIIBI, 00YCIOBJICH-
HBIIl ee B3aMMOJENCTBHEM C COJIHEUYHBIM WU3JLy4EeHUEM,
I pi(ga) — TOK (HOTOIEKTPOHOB HA NBIIEBYIO YaCTHUILY:

8T.g Z4e>
TMe al.g

, (6)

I, =~ —ﬂaQenes

Tis uri
27rm1- U;

I; = a® en;s

2
U; + Ug (ui — uo)
2
uUT; 2up,

S X 2
4 Ui — Yo exp ~ (ui +wo)

2
ur; 2up,

¢ <Uz + U0>

ert | ——
\/§UT'L’

22d62 u2

142248 T 7

Tis uri

+7ra26nz-g
4mi U;

U; — Up
+erf [ ——
<\/§UT1' >

Te pn
L, ~ —maeNyy | —E%
ph Ta-eiNg mee
Z4e? Z4e?
(14 24 Xp _ZdC (8)
aTeyph aTeyph
8T, h Zd62
1, ~ —ma? —ePr 4 = ). 9
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31ech a — pasMep NbLIEBON YacTUIBI, Zg — ee 3aps-
noBoe uciao (qq = Zge), e — dJeMeHTapHblil 3aps,
Ne(s)s — KOHIEHTPAIUA 3IEKTPOHOB (MOHOB) COJIHEYHOTO
BeTpa, Te(;)s — TeMIeparypa 3/1eKTPOHOB (HOHOB) COJI-
HEYHOIrO BeTpa, M; — Macca MOHA, ug = +/2Z4€%/am;,
ur; = \/T;s/m; — TEIOBasg CKOPOCTH MOHOB COJIHEY-
HOTO BETpa, U; — CKOPOCTb COJHEYHOIO BeTpa, Te pp —
Temieparypa (hOTOIEKTPOHOB, & N ph
s POTOIEKTPOHOB, YIUTLIBAIONHE (POTOITEKTPOHLI

— KOHIIEHTpa-

KaK C [IOBEPXHOCTH JHIENA]a, TaK U C IOBEPXHOCTENl
IBUIEBBIX dacTull. Boipaxkenns (6)-(9) cupasemauBbl
JUIsl CJIydasl TOJIOKUTENBHBIX 3aps/I0B IIBLIEBBIX Yac-
tui. Bripaxenne (8) mns Toka Ip, He COOEPKUT MHO-
JKHUTEJIs, COAEPIKAIINETO0 XapAKTEPUCTHKH CIIEKTPOB U3~
JIy9eHHUsl, 9TO OKA3BIBAETCS BO3SMOXKHBIM B CHUTYAIUH C
DHIENAI0M JJIsT JIeJSHBIX MbLIEBbIX YACTHUIL, KOTJa M0~
BEPXHOCTH IIBIJIEBBIX YACTHUI] U [TOBEPXHOCTH DHIE/IA1a
UMEIOT OJIMHAKOBYIO PaboTy BbIXOHa. B 3T0i curyaruu
YKa3aHHBIH MHOMKHUTENb yJAaeTCsl BHIPA3UTh Uepe3 3Ha-
vyerne Ny. Coornomennst (6)—(9) BlepBble HCIOIB30Ba-
HBI JIJIs OIIMCAHUS [IBIJIEBOI II71a3MBI B OKPECTHOCTH 6e3-
arMocdepHBIX KOCMUIeCKHX Tell B pabore [14]. Tam xe

00OCHOBBIBAETCS UCIIOIL30BaHNe MHOXKUTEAT Ny B CO-
orHomenun (8). Boipakerue (7) BBIBEJEHO CHEIUATBHO
JUIST CJTydast TIOJI0XKUTEIbHOTO 3apsijia IMbLIEBbIX YaCTHUII
U TIPOM3BOJIBHBIX CKOPOCTE(l MOTOKOB HOHOB [26].

IIpu pemennn ypasaenuit (4) u (5) yuurbiBaewm,
YTO 3JjIeKTpudeckoe noje K, co3maBaeMoe 3apsKeH-
HOIf IIOBEPXHOCTBIO DHIEIAA, ABIACTCI BEPTUKAILHBIM
(mpesnosiaraeTest IIOCKast MOBEPXHOCTD €3 KaKUX-J1100
BO3BBIIIEHHOCTEN WM BIIAJNH), U €r0 3HAUEHNe COCTaB-

2T, pn \/cos6/2
e Ap+hy/cos0/2

3nech h — BBICOTA HaJ MOBEPXHOCTHIO DHIIETATA, Ap —
nebaeBcKuil panyc hOTOIIEKTPOHOB BOIM3H TOBEPXHO-

JIdeT

E(h,0) =

(10)

¢ty DuIena1a. DTO BHIPAYKEHHUE IIOJIyYEHO B PE3YJILTATE
COBMECTHOTO PEIIeHUs] KAHETUYECKOTO YPABHEHUS JIJIsk
dorosnekTpoHoB u ypaBuenusi llyaccona mo amasorun
C BBIpasKeHUEM, TI0JIyUeHHbIM J1si JIyHbI [27-29]. 3asu-
CHMOCTB 3JIEKTPUYECKOTO I0JIs OT yIjia 6 B BHIParKEHUH
(10) obycsoBieHa u3MeHEHHEM dUCIa (DOTOHOB, KOTO-
pBI€ TIOTJIOMIAIOTCS €AMHUIEH TOBEPXHOCTH DHIEIAJIA,
B 3aBUCUMOCTH OT yIJia 0.

IIpencTaBIeHHYIO BBINIE CUCTEMY yPABHEHUH MOKHO
YIIPOCTUTH. Bo-11epBbix, MarauTHoe nojie CarypHa y mo-
BepXHOCTH DHIe/a1a puMepHo pasHo [30] 3 x 1073 Tc,
YTO CPABHUMO ¢ MATHUTHBIME TIOJIIMA B OOJACTAX JIyH-
HBIX MArHUTHBIX aHomaunii [31]. dng rtakux maraur-
HBIX HOJIEfi caraeMbIM B IIpaBoil uacTu ypasHeHust (4),
COZEPKAIMM MATHUTHOE TI0JI€, MOYKHO IpeHebpeds 1o
CPaBHEHUIO ¢ ApyruMu ciaaraeMbivu. CucTema ypapBHe-
uuii (4) u (5) (6e3 yuéra ciaraeMoro, CoAEpKaILero Mar-
HUTHOE I10JI€) UMEeT DEIIeHHUs], XaPAKTepPU3YIoIIue TPa-
€KTOPHH TIBLJIEBBIX YaCTUIl, B BUJIE 3aTyXAIONNX KoJ1eba-
Huit (cMm., Hanpumep, [18]). Ilpuuem 3aTyxaHue CBI3aHO
¢ JUCCUNATUBHBIMU IIPOIECCAME 38 CYET IIPOIECCOB 3a-
PSJIKHM TIBLIEBBIX YACTHUI], XAPAKTEPU3IYIOMNXCA IaCTO-
Toit (cp. [32])

Lo L avrepn 1+ Zaoe?
e 4\/ 21 )\2D aTe,ph
Zd062 1 AUTesS
X exp | — + , 11
aTe,ph V2T >‘2DeS ( )

OIPENIETIATONIE BPeMsl PEJIAKCAIIUN 3aPSAJIOB MTHIIEBBIX
YaCTHUI[ JI0 PABHOBECHBIX 3HAYEHWH (IPM MAaJbIX OT-
KJIOHEHHsIX OT PABHOBECHBIX 3HaUeHuit). 37ech MHIEKC
“0” obo3HavaeT pPABHOBECHBIC 3HAYEHUA, & UTeph =
Vi Te,ph/me7 UTeS = / TeS/me7 ADes = \V TeS/47TneS€2-
st TOro, 9TOGLI He CIMIIKOM YCJIOYKHATD BLIPArKeHNE
Ins Vg, upu BeBoze (11) mpemeOperaim TOKOM HOHOB
cosrednoro Berpa (7), 94TO OKa3bIBAETCs BO3MOXKHBIM,
HOCKOJILKY JJIsl YCJIOBHil IBLIEBOM IIa3Mbl Ha/l IOBEPX-

TTucema B 2KOTO

ToMm 119 Bpm.5-6 2024



IlbrieBass mrasma y moBepxHocTd JHIenana — ciyrauka CarypHa 423

HOCTBIO DHIIEJIA/IA TAHHBII TOK, KAK IPABUJIO, HANMEHb-
muii 1o abCoTIOTHON BesmunHe cpeu TOKoB (6)—(9).
Toxnxox [32] mo3BoJISIET MOMYYIUTE JOCTATOUHO PO~
CTO€ YCJIOBUE, IIPU KOTOPOM MOYKHO PACCMATPUBATH IIbI-
JIEBbIE YACTHIIBI HAJl 0€3aTMOC(EPHBIM KOCMUIECKUM
TEJIOM KaK JIEBUTUPYIOIIHE, T.€. TACTHUIIBI, JIJIsT KOTOPBIX
MO2KHO IPEIIOJIOKUTh HAJU9Ine OajaHca MexKIy Ieii-
CTBYIOIIMME HA YACTHUILY IJIEKTPOCTATHIECKAMH U TPa-
BUTAIMOHHBIMU cuiaMu (cM., Hampumep, [18, 33, 34])

2/vq(a) < T, (12)

rje Tr — IPOJOJIKATEIBHOCT CBETJIOI0 BPEMEHHU CYTOK
na Durenaze, T.e. okojo 0.7 3eMHBIX cyToK (= 6 x 10%
c¢). Ycnosue (12) o3Hadaer, YTO KOJEOAHHUS YACTHUIII
VCIIEBAIOT 3aTyXaTh rOpa3mo OBICTpee, 9eM 3aKAHIHBa-
IOTCA CyTKHM Ha JHIeJaJe, T.e. MOYKHO CUMTATh IbLIe-
BYIO YACTHILY JICBUTHPYIOIIEi GOJIBIIYIO 9acTh BPEMEHI
CYIIECTBOBaHU BLIEBOU IJIA3MBI HA/I OCBEIIEHHOU Ya-
cThI0 DHIeNaJa. B paccMaTpuBaeMbIX YCIOBUSIX Hepa-
BeHCTBO (12) BBINOJHsIETCS NIl TIOJABJISIIOIIETO 5OJIb-
IIMHCTBA IObLIEBBIX YACTHI, CHOCOOHBIX IOMHATHCH HAT,
[TOBEPXHOCTBIO DHIIEIAIA.

TakuM 06pa3oM, JJIs OIUCAHUS OBEICHUs JICBUTH-
PYIOIINX IBLIEBLIX YACTHIL HAJ OCBEIIEHHON JacThIO IO-
BEPXHOCTH DHIEJaJa U OIPEIeIeHUs] UX paclpeesie-
HUil 10 BLICOTAM BMECTO CHUCTeMbI JU(depeHInaIbHbIX
ypasuenuii (4) u (5) cieiyer peluTb CUCTEMY CJIELYIO-
X aaredpamdecKux ypaBHEHMIA:

¢aE + mago = 0, (13)
Ie(qa) + 1i(qa) — Ipn(qa) + Lepn(qa) = 0. (14)

VYpasuenust (13) u (14) nospossior HafiTu 3aBUCH-
moctu a(h) n Zg(h), ecim M3BECTHA HAIPSIKEHHOCTD
aseKTprdeckoro nosisi E wa Beicore h. s ompenerte-
uust E(h) Heobxomumo pemuts ypasaenue Ilyaccona, B
IPABYIO 9aCTh KOTOPOrO, HAPSILY C JAPYIMMU BEJIUIAHA-
MU, BXOJUT KOHIEHTpAaIys IbUIeBbIx dactul ng(h). Ec-
s u3BecTHBI byHKIUs a(h) U pacupejieseHne J4acTuly
PEroJInTa Ha IOBEPXHOCTH DHIEIAA 110 Pa3MepaM, TO,
YUIUTBIBAS TOT (DAKT, 9TO HAJ HEH IIOJTHUMAIOTCS NMEH-
HO TIBIJIEBBIE YACTUIBI, HAXOIAIIECS TEPBOHAYAILHO HA
HOBEPXHOCTH DHIIEJIAA, MOXKHO OIPEIEUTD PACIIPEIE-
senne ng(h). Takum o6pa3om, 9T0ObI HANTH 3aBUCAMO-
cru a(h), Zq4(h), nqg(h) u E(h), HeOGXOMMO CaAMOCOTJIa-
coBaHHO pemiaTh ypasHenust (13) u (14), a Takxke ypas-
Henue I[TyaccoHa, yYuTHIBAIONIEE PACIIPEIEICHHAE MbLIEe-
BBIX YACTHIL IO Pa3MepaM Ha MOBEPXHOCTU DHIENAJIA.
IMTockoJIbKY moc/Ie/iHee HaM HEU3BECTHO, B KAYECTBE PAc-
pPEeIEeIeHIs] YACTHIL PETOJIMTA 110 Pa3MepaM Ha II0OBEpPX-
HOCTHU DHIIEIa]a OBLIO HCIIOIB30BAHO AHAJIOTTIHOE PaC-
upezenenne s JIyasl (cMm., manpumep, [18, 20]). Ana-
JINTHYECKH TAKOE PACCMOTPEHHE ITPOBECTU HEBO3MOYKHO,
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HOITOMY HCIOJIB3YIOTCS TUCJICHHBIE METOBI, B IACTHO-
CTH, UTEpanMoHHbIl MeToy. Ha mepBoM srame MCrmoib-
3yercst 3aBucuMoctb F(h), onpenensiemas (10). Coor-
BETCTBEHHO, U3MEHEHUsI JIEKTPHIECKOTO TIOJIS yIUThI-
BAIOTCS HA NOCJIELYIONMUX MIArax.

Takum o00pa3oM, Ha OCHOBE IIPEICTABICHHON
busHKO-MATEMATHYECKOI MOJIEIM MOYKHO YUCICHHBIMH
XapaKTepU3yOIHe
DACIpEJIEIeHNe  3aPSKEHHBIX  MBIIEBBIX
YACTHI, ¥ JIEKTPHIECKOTO MOJIS HAJ, IOBEPXHOCTBIO

SHHeHaﬂa C y4deToM, B TOM 4YHuCJIEe, IIPpOoIeCCa IMUCCUN

MeTO/[laMU  IIOJIyYUTh 3HAYCHUsd,
BBICOTHOEC

dOTOIIEKTPOHOB YACTUIIAMUY I, IPUCY TCTBY IOIUMHA
HAJ[ IOBEPXHOCTBIO JHIEIaa. B pacderax HCIOJIb30-
BaHBI JIAHHBIE, XaPaKTEPUIYIOIIHE IIbLIIEBbIe YACTUILI U
9JIEKTPUYECKHE TI0JI HaJ MOBEPXHOCTHIO DHIENaa B
YCJIOBUSIX, COOTBETCTBYIONIUX COJTHEYHOMY MAKCUMYMY,
paboTre BBIXOJIa MaTEpUAJA I[TOBEPXHOCTU DHIIEIAIA
W = 8.7 3B, yriax MexJiy MEeCTHOW HOPMAaJbiO M Ha-
npassenunem Ha Costare 6 = 0°, 77°, 82° u 87°, a Takxke
Nes = Nig = 0.1em™ 3, T,5 = 109B, u; = 400xMm/c.
CoOTBEeTCTBYIONIHE PE3YIHTATHI PACIETOB HOKA3AHBI HA
puc. 2a—d, Ha KOTOPBIX @ XapaKTEPU3YET MAKCUMAJIb-
HBIII pa3Mep YaCTHUIl Ha COOTBETCTBYIOIIEH BbIcOoTE h,
Ng — KOHIEHTPAaIUsl YaCTHUIl [bLIN. SHAYEHUS 3aPsiio-
BOrO 4mcya Zg Ha puc. 2a—d paccauTaHbl I8 3HAICHUN
@, IPEJICTABJICHHBIX HA COOTBETCTBYIOIMINX PUCYHKAX.
OrmMmeruM, 9T0 B paMKax cTanuoHapHoil 3anaun (13)
u (14) pemenus CymecTBYIOT Jjisi BCEX II€PEYHUCIICH-
HBIX BbIIIe 3HaveHuil yria #. Mtak, B IPUIIOBEPXHOCT-
HOM CJIO€ HaJT OCBEIEHHON YaCThIo DHIIEJIAJa TPOUCXO-
JnuT hopMHUPOBAHUE IIJIA3MEHHO-IBLIEBOI cuctembl. [1pn
9TOM, HECMOTPs Ha YJIAJEHHOCTb JHIenaaa or CourH-
11a, GoTodPPEKT OKA3BIBACTCS BAXKHBIM ITPOIECCOM TIPH
ee popmupoBannn. Ha ocHoBe (pu3nko-MaTeMaTuIecKomi
MOJIETTH JIJISI CAMOCOTJIACOBAHHOT'O OIUCAHUS KOHIICH-
Tpaluit pOTO3IEKTPOHOB U IBLIEBBIX YACTHI] HAJL I10-
BEPXHOCTBIO OCBEIIEHHON YacTh JHIEIa]a Oy IeHbI
dyHKIIKM pacupejiesennst (GOTOIIEKTPOHOB Yy IIOBEPX-
HOCTH OHIEIAJA, a TaKXKe BBICOTHBIE 3aBUCHMOCTH
KOHIIEHTPAIIUHN TBIJIEBLIX YACTHUIl, 3apsI0OB U pa3Me-
POB TBLIEBLIX YACTHUI, 3JIeKTpudeckux moJjeii. Iloka-
3aHO, YTO HAJ| [TOBEPXHOCTHIO DHIEJAa IOIHUMAIOT-
Cs1 TBLIEBBIE YACTHIIBI C XAPAKTEPHBIMU Pa3MEPAMU O~
panka 0.2 — 0.4 MKM, TPEBBIAIONIAMI XapaKTePHbIE
pa3Mepbl IBLIEBBIX YACTUIl, [MOJIHUMAIOIIUXCS HAJl I10-
BepxHOCTBIO JIyHBl (0 ~ 0.1Mrm [20]). ¥V mnoBepxHO-
T DHIEAJA TPUCYTCTBYIOT JIEKTPUIECKUE TOJA C
HAIPSZKEHHOCTDHIO TOPSIJIKA HECKOJIBKUAX JIECATBHIX B /M.
Tunuysble KOHIEHTPAIUU IIBLJIEBBIX YaCTHUI[ COCTABJISI-
1or ~1074=10"2cm ™3, a HOTOIEKTPOHOB — HMOPSAIKA
lem™3. Y mosepxmocTn DHIENIaNa KOHIEHTPAIUS (Po-
TOSJIEKTPOHOB Ha, IOPSIJIOK MOYKET IIPEBOCXOJIUTH KOH-
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Puc. 2. MakcumanbHble pa3Mepbl a, 3apsiIOBblEe YUCTA L4, KOHIIEHTPAIUA N4 JEBUTHUPYIONINX MBLIEBBIX YACTHI], & TAKKe

SJIEKTPHYECKHUE 110J1s1 F B 3aBUCUMOCTH OT BLICOTBI i HaJ| HOBEPXHOCTHIO DHIeaata st yriaos 6 = 0° (a), 77° (b), 82° (¢) n

87° (d). IlyHKTHpHBIE YaCTU KPUBBIX OOO3HAYAIOT COCTOSIHUS HEYCTOWIMBOIO PABHOBECHS JIEBUTUPYIONIMX IBIJIEBbIX TACTHIL

[EHTPAINIO 3JIEKTPOHOB W HWOHOB COJIHEYHOI'O BETPA
(~0.1cm™3). B pamxax muccun “Kaccnnn” usmepenus
[35] pasMepoB HBLIEBBIX YACTHIL C IOMOIIBIO AIIAPATY-
pot “the Cassini Radio and Plasma Wave Science” mo-
Ka3aJi BO3MOYKHOCTB CYIIECTBOBAHUS, B TOM UHUCJE, U
B OKPECTHOCTSIX JHIIEJIaa YACTHUI] C pasMePaMU OKOJIO
0.2 mrM. OIHAKO U3MEPEHHBIE TIPU 3TOM KOHIICHTPAIUT
9aCTUIl OB HA HECKOJBKO IMOPSIKOB HUXKE IOJIYI€H-
HBIX 3JIeCh, YTO, B YaCTHOCTH, OOYCJIOBJIEHO TEM, 4UTO
B HACTOsIIell paboTe IpeICTaBIeHO PACCMOTPEHNE KOH-
[EHTPAIUI IACTUI] HA BBICOTAX BILUIOTH 0 1 KM HAJT 11O-
BEPXHOCTBHIO DHIEIALA, TOra Kak u3Mmepenus “Kaccu-
Hy” [35] HPOBONMIIMCL HA CYIIECTBEHHO OOJIBIIMX Dac-
CTOSIHUSX OT DHIIEIAIA.
obpazom,
IIA3MEHHO-TIBLIEBON  CHCTEMBI B IPHUIOBEPXHOCTHOM
cjI0e HaJ JHIEJIAI0OM HA OCHOBE CaMOCOIJIACOBAHHOI
Mojiesin. JlaHHAsT MOJIe/Ib HE MOXKET HCIIOJIb30BATHCS

Takum IIpeacTaBJIeHO OoInucaHue

JIJIsT OIIMCAHUsSI HECTAIIMOHAPHBIX IIPOIECCOB, BOZHUKAIO-
IUX, HAIIPAMED, B 00JIACTH TEPMUHATOPA HA JHIIEIIAJIE.
OTO IOApa3yMeBAeT HEOOXOIUMOCTD JIAJIbHEHIIEero
Pa3sBUTHUSL MOJIEJIU, YTO IIPEJIIOJIAraeTCsl OCYIIECTBUTH
B Oymymem. Heobxomumo Takke mmeTh OoJiee orpeie-
JICHHbIE JaHHbIE O IIApaMEeTPaX ILJIa3MEHHO-IIBLIEBOI
CHCTEMBI B OKDECTHOCTH JHIIEJaa, KOTOpbIe, KaK

HAJEIOTCA ABTODPBI, OYIYyT OIPENEJIEHBI B DPE3yJIbTATe
JTAJIbHEHIIero aHaIm3a JAHHbIX, TOJYYeHHbIX B MUCCUT
“Kaccuan”. Hasee, o ananoruu ¢ Jlynoit (cm. [18, 36])
BAa’KHBIM HAIIPABJIEHUEM WCCJIEIOBAHUN IIJIA3MEHHO-
IIBLJIEBOI CHCTEMBI B OKPECTHOCTH JHIIEJIAJA SABJISETCH
HCCJIEJIOBAHUE BJIMSAHUS MArHUTHOTO 1oJsisi CaTypHa Ha
[IEPEHOC TIBLIEBBIX YACTUI[ M HA DPA3BUTHUE ILIA3MEH-
HBIX HEYCTOMYMBOCTEH, YTO TaKzKe IIPEeIOoaraeTcs
pPaccMOTpETh B OYIyIIEM.

PunancupoBanue pabdorsl. lannas pabora ¢u-
HAHCHPOBAJACh 3a cYeT cpeAcTB Ookera Pemepasib-
HOT'O TOCYJIAPCTBEHHOTO OIOIZKETHOTO YIPEXKICHHUS Hay-
ku HCTHTYTA KOCMUYECKUX HccieoBannii Poccuiickoi
akagemnn Hayk (MUKW PAH). Hukakux JomosHHTENb-
HBIX 'PAHTOB Ha IIPOBEJCHUE UM PYKOBOJCTBO JAHHBIM
KOHKDETHBIM HCCJIEOBAHUEM ITOJIYYIEHO HE OBLIO.
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