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IMpencraBieHbl pe3yabTaThl 9KCIIEPUMEHTOB PaIUOINPOCBEUNMBAHMS OKOJIOCOJHEYHO MIa3Mbl CUTHAJIaMU
cnyTHuKa Mapca Mars Express. B 06y1acTi reJIMoLeHTpUUECKUX PACCTOSTHUI TPULIETLHOM TOUKM JTy4eBOit
JIMHUU 8— 13 COTHEYHBIX paalyCOB U3MEPSUIUCH (PIYKTYallM YaCTOThI MPOCBEYMBAIOIINX PATOCUTHAIOB.
B xone npoBeeHusI SKCIIEPUMEHTOB KaK Ha BOCTOYHOM, TaK U Ha 3aIlaHOM JIMMOaX 3a(MKCUPOBAHbI Pe3-
KM€ yCUJIeHUsI nucnepcuu (GayKTyaluuii yacToTsl. B uaMepeHusx BOIM3u opOoUThl 3eMJIM HAa KOCMUYECKOM
anmapate Wind B cMexXHEBIE TIEpUOIBI C 3aa3abIBaHUEM Ha 5—17 CyT perucTpUpPOBaINCh YBEIIMUSHMS KOH-
LEHTPALMU NPOTOHOB M HAMPSI)KEHHOCTH MarHUTHOTO MOJIsl, KOTOpblie B 7—15 pa3 npeBhilaioT (pOHOBBIS
3HauyeHust. CpaBHEHUE MEXIY TaHHBIMHU, OTHOCSIIIMMMUCS K BHYTPEHHEMY U OKOJIO3EMHOMY COJIHEYHOMY
BETPY, ITO3BOJISIET CAeIaTh BBIBOM, YTO HAOJIIOAABIIMECS BO3MYIIEHMSI CBSI3aHbI C OMHOM M TOI >Xe Bpallia-
founeiicst ¢ CoHIEM 00JIACTHIO COJTHEYHON KOPOHBEIL.

DOI: 10.31857/50016794022600661, EDN: POETYC

1. BBEAEHHE

B pa6orax [Edumos u ap., 2019, 2020, 2021] 06-
HapyXeHO, YTO KpYIHOMAaCIITaOHbIe BO3MYILECHUS
MPUBOIAT K YCUJIEHUIO (DIIYKTyalllMii 4aCTOThI 30H-
IVPYIOIIMX OKOJIOCOJHEYHYIO IJIa3My paguOBOJIH.
ITocie aToro yepes3 MpoOMeXyTOK BpEMEHU, IIPEBHBI-
A0 4eTBEPTh Ilepuona BpaiueHus CoJHLA,
duKcupyercd 3HaYMTEIbHOE YBEJINYEHUE KOHLIEH-
Tpaluy 3apsSKEHHBIX YaCTULl BOJIM3KU OpOUTHL 3eM-
JIY U €ellle Yyepes3 YeTBEPTh 000pOoTa pErUCTPUPYETCSI
yBeInYeHUEe (QIyKTyaluid TIpU IIPOXOXICHUU pa-
JIMOBOJIH Yepe3 00J1acTh, pacIIoJIOXEHHYIO K 3aIiaay
or ComHua. Takasg mocienoBaTeIbHOCTb COOBITUIA
0o0ycJIoBIeHA KOPOTHUPYIOLIIUMU KPYITHOMACIITAO-
HBIMM BO3MYIICHUSIMU, (POPMUPYIOIIUMUCI IIpU
B3aMMOJENCTBUY MEIJIEHHBIX U OBICTPBIX ITOTOKOB
COJIHEYHOTO BETpa.

Lenp HacTosIIeit pabOThI, KOTOpAs SIBIISICTCS TIPO-
nojpkeHueM padot [Edpumos u np., 2019, 2020, 20211,
COCTOSLIa B UCCIIETOBAaHNY KPYITHOMACINTAOHBIX BO3-
MYILIEHUIA, HAOII0MaBIIMXCS BO BHYTPEHHEM COJI-
HEYHOM BETpe U B OKOJIO3EMHOM TLJIa3Me B Teproj C
18 aBrycra 1o 22 oxTsa6ps 2004 r. Takske ncciemye-
MBIMU XapaKTEePUCTUKAMHN 30HIUPYIOIINX Paguo-
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BOJIH SIBJISIMCh BapMalld MTHTEHCUBHOCTHU (CpemHe-
KBaZIpaTUYHOE OTKJIOHEHME) M (POpMBI BpeMEHHBIX
CIIEKTPOB (PIyKTyalluii 4aCTOTHI S- U X-11alla30HOB.

2. YCJIOBUA ITPOBEAEHHWA
PAINO3OHIMPOBAHUMA
OKOJIOCOJIHEYHOMU ITJIASMBI B 2004 r.

B Tteuenne 2004 1. ObUTH BHITIOTHEHBI TPOTOIK-
TeJIbHbIC 3KCIEPUMEHThI 1O PaAUO30HIUPOBAHUIO
OKOJIOCOJTHEYHOM TUIa3Mbl ACLIUMETPOBEIMU (S-amra-
Ta30H, JUTMHA BOJHBL A, = 13.1 cM) 1 CAHTUMETPOBHI-
Mu (X-Iuana3oH, ITMHA BOJIHBI A, = 3.56 cM) curHa-
Jnamu cnyTHUKa Mars Express. [eoMeTpryeckast Kap-
THUHA Pagruo30HINPOBAHMS WIIIOCTPUPYETCS puUc. 1,
Ha KoTopoM Jis1 Kaxkaoro aHs 2004 r. moka3aHo I10-
JIOXKeHUE MPOSKUU JTyyeBbIX TuHU KA—3emMist Ha
KapTUHHYIO IIJIOCKOCTD JJIsI KOCMMYECKOTO armapara
Mars Express. Ilo ropu3oHTanbHOM OCU yKa3aHBbI
pacCcTOsIHUS OT LIEHTPaJIbHOIO MepuaUaHa B eIUHU-
LIaX COJIHEYHOTO panuyca R, 10 BEpTUKAIbHON! OCU —
pPacCTOSTHUS OT 3KBAaTOPUAJILHOI TUIOCKOCTU. B Teue-
HUe Bcero BpeMeHU ¢ 18 aBrycra no 22 okTs16pst 2004 1.
30HIMPOBAIMCH 00JIaCTH, PACIIOIOXEHHEIE K CEBEpPY
OT BKBaTopa.
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Puc. 1. TeoMeTpust BepXHero COeAMHEHMsI, KaK BUAHO C 3eMJIM B COJIHEYHON SKIMITUYECKOI crucTemMe KoopauHat [Pitzold

etal., 2012].

T'eomeTprueckue akTopbl SKCIIEPUMEHTOB Pagio-
30HIMPOBAHUS MPeENcTaBIeHbI B TabJ. 1, B KOTOpoii
IaTHl TIPOBEICHUS SKCIIEPUMEHTOB yKa3aHBI ellle U
B BuIe gHew roga. Hambonpiiee mpubOmmkeHue ayde-
BOM JmHUM K 1HeHTpy CosHIlla focTuraioch 15 ceH-
Ts0pss 2004 r. (DOY 259) u cocraBnsuio 3.6R; Ha
yJacTKe 3axo/la KoCMU4YecKoro ammapata 3a CosHile
u 16 centssops 2004 r. (DOY 260), Koroa mpULEeTb-
Hoe pacctosgHue R coctasisuio 3.85R..

HccnemyeMbIMU XapaKTepUCTUKAMU 30HIVPYIOIINX
DPaVOBOJIH SIBJISJIUCh MHTEHCUBHOCTD (CpemHeKBal-
paTUYHOE OTKJIOHEHUE) 1 (popMa BpEMEHHBIX CHEK-
TpoB (IYKTyallMii 4acTOThl S- U X-Iuara3oHOB, a
Takke quddepeHInaaIbHO YaCTOTEHL.

3. HABJIIOAEHHWE BO31\U/IYLI1EHI/II”/I
B OKOJIOCOJTHEYHOMU ITVTIASME
B OSKCITEPUMEHTAX
PAAO30OHINPOBAHHWA

Ilpu peanuzauuu npenBapuTeabHON 00pabOTKU
paguomaHHBIX, TTOJIYYEHHBIX B 9KCIIEpUMEHTaX 30H-
JIUPOBAHUS OKOJIOCOJTHEYHON Ma3Mbl CUTHAJIAaMU
criyTHUKa Mapca Mars Express, mepemeniaBiierocst

A =16.836 T mg,, =1.90
AX in — 7.202 r]_[ mX in — 1.87

As e = 20712 TH g oy = 1.91

AX egr

3a CoJIHIIEM, MCHOJb30BAINCh IBa aJITOPUTMA, J0O-
MOJHSIBIIUX APYT IpyTa.

IlepBblii aNrOpUTM NPUMEHSIICS IJISI OIpeaese-
HUSI pagvalibHbIX 3aBUCHUMOCTE WHTEHCUBHOCTU
dbykTyanmii yactotel S-muamasona (A, = 13.1 cm) u
X-nuamnasoHa (A, = 3.56 cm). Ha puc. 2 npuBonsrcs
pe3yabTaThl 00padOTKM QIIyKTyalluii YaCTOTHI, ITOJIY-
yeHHBIe Ha ¢as3e 3axoma KA Mars Express 3a mmck
CouHiia u Beixonae u3-3a Hero [E¢umos u ap., 2013].
TeMHBIMM KpY:KKaMU ITOKa3aHbl CpeIHEKBaAPaTUI-
Hble 3HaYeHUS (BIyKTyallrii YaCTOTHI IeIIIMETPOBOIO
auaria3doHa GS, IMOJIBIMUM KPYXKXKaMHN — aHaJIOTMYHBbIC
XapaKTePUCTUKU ISl CAHTUMETPOBOIO Auara3oHa Oy.
YMeHblIIeHre CpeqHEKBAAPATUUHBIX 3HAUCHUI (hIyK-
Tyalii 9aCTOTHI CUTHAJIOB S- 11 X-IMAaIta30HOB C YBe-
JIMYeHUEM NPULIETLHOTO PacCTOSTHUS R MOXET OBITh
anMmpOKCUMUPOBAHO CTEITEHHBIMU (QYHKIIMSIMU BUAA

o, = A,-(R/Rs)fm", (1)
IIe m — ToKa3aTeb CTeneHU (yHKIINN;
i — S- i X-amara3oH;
R — mipuLieTbHOE pacCTOSTHUE PAagUoIIyda;
R, = 0.697 x 10° kM — paguyc CoH1a.

{Ha yuacTke 3axoga KA 3a ConHie,

=8.340 T my o, = 1.86 {Ha yuactke Bbixona KA u3-3a ConHua.

Taomuuna 1. YcioBus paano30HAMPOBAHKS OKOJIOCOTHEYHOI IJ1a3Mbl CUTHaIaMU cIyTHUKa Mapca Mars Express B 2004 .

Jun 2004 .

[MpunensHoe paccrosiHue R/ R,

3axon (Ingress) Bbixorn (Egress)

3axon (Ingress) Bbixon (Egress)

260—296
16 ceHTSOpsI—22 OKTSAGPS

231-259
18 aBrycra—15 ceHTsI0pS

32.20-3.60 3.85—46.74
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Puc. 2. PagnanbHble 3aBUCMMOCTH CPEIHEKBAIPATUYHBIX 3HAUEHMI (DIIyKTYallMii YaCTOThI CUTHAJIOB S- M X-IHAIIa30HOB I10
JTAaHHBIM 3KCMEpMMEHTOB panro3oHaupoBanus ¢ KA Mars Express B 2004 1. [Edbumos u ap., 2013]. (a) — 18 aBrycra—15 ceH-

16pst 2004 r.; (6) — 17 ceHTs10psi—22 okTs16pst 2004 T.

Ilokazarenu crenieHu mg, my OJU3KU OPYT K APYTY,
YTO CBUIETENBCTBYET O TOM, YTO KOPOHAIbHbIE CTPYK-
TYpbl Ha 00eux cropoHax CoJjiHIIa MOA0OHBI U CTa-
OWJIbHBI B TIepuoz ¢ 18 aBrycra 1o 22 oktsi6psi 2004 1.

Bropoii ajroputm ucnonb3oBajics MJISI MOUCKA
BPEMEHHBIX U3MEHEHU YPOBHS (PIyKTyauuit nud-
epeHUMaTBHOI 4YacTOThl Gj, KOTOpasl SIBJsSIETCS
KOMOUWHamueir yacToT S- u X-auarna3oHoB U LeIu-
KOM 3aBUCUT OT XapaKTEPUCTUK TJIa3Mbl, YEPE3 KO-
TOPYIO pacHpoCTpaHsSOTCs paauoBoiaHbl [Patzold
etal.,, 2012]. M3yyaeMbpIMM XapaKTepUCTUKaMU B
9TOM CJIydae ObUIN ypOBeHbB QIIyKTyauii nuddepeH-
LIMAJIbHOI YacTOThl G, W Bapuallud UHTErpajibHOMN
9JIEKTPOHHOI KOHUEHTpauuu AN, Ia3Mbl BIOIb
Tpacchl palMO30HAMPOBAaHUS Ha yuacTKax 3axona KA
Mars Express 3a CojiHile (BOCTOUYHBIN JUMO) U TIpU
BbIXone m3-3a ConHua (3anagHblii 1um06). CpemHe-
KBaJpaTUuHble 3HaYeHUs TuddepeHIIMaIbHONR Ya-
CTOTBl Op, B3daTble U3 nyOnukauuu [Patzold et al.,
2012], mpeacTtasiieHbl B Ta0J1. 2 1 HA pUC. 3 B BUIE 3a-
BHUCHMOCTE G, OT MPULIETIbHOTO PACCTOSTHUSI Paario-
Jiyda R, BBIpaXK€HHOTO B €IMHMIIAX COJTHEYHOTO pa-
nuyca R,. IIITpuxoBble psiMble Ha pUC. 3 SIBJISIOTCS
pacyeTHbIMU 3aBUCUMOCTIMU G(R/R;), cienyromu-
MU U3 cooTHomeHus (1) masa ¢GpayKTyaluii 4acTOThI
IeMMETPOBBIX (S-auara3oH) paguoBOJH. 3HaYe-
HUS Gg JaHbI B Ta0J. 3 711 MPULIETbHBIX PACCTOSTHUM
R/R; = 4; 10; 20; 30; 40 nns dbasbl 3axoqa KocMuve-
ckoro anmnapata 3a ConHue (Og;,) ¥ 1151 Pa3bl BBIXO-
na (Og ¢qr). MI3MepsieMbIE CTATUCTUYECKHUE TTAPAMET-

TEOMATHETHU3M 1 ADPOHOMMUWSA

TOM 63 Ne 3

pBI (pIyKTyalnii 4acTOThI MPOMOPLIMOHAIBHBI Cpel-
HEKBaIPAaTUIHBIM  (QIYKTyallusIM  KOHIIEHTpaIINI
TIa3Mbl 1 CKOPOCTH COJTHEYHOTO BeTpa BOJIM3H MPU-
LIEJIbHOI TOUKM Jy4ya 3peHUsI.

Ananus TIpEeaCTaBJICHHBIX TaHHbBIX ITO3BOJIACT CIAC-
JIaTb CJICOYIOIINE BBIBOABI.

B GonbimMHCTBE ciiyyaeB 3HaYEHUST G, MOTYT ObITh
omnpeeeHbl NPUOINKEHHO Ha OCHOBE paluaibHbIX
3aBUCUMOCTEI, MOTyYeHHBIX TP aHAJIM3€ Bapualiuii
YacTOThI B IELIMMETPOBOM auaria3oHe BojH (1). Hc-
KJIIOUYEHME COCTaBJISIOT Claydau, KOraa OTKJIOHEHUS
OT CPEOHUX 3aBUCUMOCTEN Og(R) MPEBBILLIAIOT OLLIMOKU
usMepeHuii. Takue ciydyanm HeoOXOAUMO MOABEPTI-
HYTb IOTIOJHUTEIbHOMY aHanu3y. Ha yyacTke 3axona
KocMHuyeckoro armapara 3a CosHie (BOCTOYHBIN
JIMMO) TaKMM COOBITHEM CJIEAYeT CUMTATh HaOJone-
HHE Pe3KOro, IOUTH Ha MOPsA0K, BO3pacTaHUS MH-
TEHCUBHOCTU (payKTyaluit nuddepeHraaibHoi ya-
CTOTHI IIPY IPOXOXIECHUM JIyYeBOIl JTMHUM Ha pac-
crosHuu R = 13R; ot uentpa ConHua. Ha yyactke
BBIXOZla KOCMMYECKOTIO armnapara u3-3a aucka CoyH-
1a (3anagHblii TMMO) TIpU yAaJAeHUU JIy4eBO TUHUU
Ha pacctosiHue R = 8.5R, oT ero 1ieHTpa, Koria ypo-
BEHb (OIyKTyalluii NPEBbILLIAET OXKUIAeMOE 3HAUCHUE
Oosice ueM B 7 pa3. JIpyroe coobITHE, 3apeTUCTPUPO-
BaHHOE Ha 3aIlafHOM JIMMOE, MOXET OBITh PacIIOJIO-
KEHO Ha TaKOM K€ pacCTOSIHMM, KaK Ha BOCTOYHOM
R = 13.1R,, HO UM€eEeT MEHBIIYIO AMIUIUTYY: IPEBbI-
IIeHNE U3MEPEHHOTO 3HAYSHMSI HaJl OXXKUIAaeMbBIM CO-
craBisgeT ~2.5 pa3a.

2023



278 ED®OMMOB wu ap.

a
®
1E h \\ ® [ ]
u @
I o /\,
— -~ - .—m-h. .
a) . -
o 3axon ~ o \
0.1 3 BocTouHbIil 11MO =~ \""
}.(.\ -
=16.683 (R/R,)~"° S._e
0.01 . . . )
o
=
= ."
bD Boixon
0.1 < ®
3ananHblit TUMO ~ \\.
S~ - .\.
op = 20.712 (R/RS)*1»91 ~ o \.\
0.01 I I I I I I 1 L L )
3 4 5 6 7 8 910 20 30 R, R,

Puc. 3. 3aBucuMoctu aucnepcum Giaykryanuii nuddepeHIInaIbHOM YaCTOTHl OT MPUILIETBHOTO PACCTOSTHUST paaroiayda Impu
30HAMPOBAHMM BOCTOUYHOI1 001acTu (@) 1 3ananHoii obyactu (6) cBepxkopoHsl [Pitzold et al., 2012].

Ta6mma 2. OayKTyallud MPUBEISHHOM pa3HOCTU 4acToT (auddepeHnanbHOi JacToThl) cryTHMKAa Mars Express
MIPU PagO30HINPOBAHUU OKOJIOCOJHEYHOM T1a3Mbl B 2004 T.

BocTounblit 1uM6 6 = 16.683 (R/R,)~"° 3ananHblit 1uM6 65 = 20.712 (R/R,) ™!
nmata 2004 1. | DOY 2004 1. R/R oy, [ nata 2004 1. | DOY 2004 1. or, [ R/R
19.8 aBr. 231.8 35.0 0.032 15.0 ceHr. 259.0 0.706 3.9
21.7 aBr. 234.7 31.5 0.04 17.5 ceHr. 261.5 1.42 4.7
26.0 asr. 239.0 26.0 0.054 19.0 ceHr. 263.0 0.5 5.7
29.0 aBr. 242.0 22.5 0.044 19.6 ceHT. 263.6 1.42 6.3
30.2 aBr. 243.2 21.1 0.063 20.6 ceHT. 264.6 0.6 7.45
30.8 asr. 243.8 20.3 0.056 21.6 ceHr. 265.6 2.75 8.5
31.0 aBr. 244.9 19.0 0.071 23.0 ceHT. 267.0 0.167 10.6
01.8 ceHr. 245.8 17.8 0.071 24.2 ceHT. 268.2 0.183 12.0
04.0 ceHr. 248.0 15.2 0.4 25.2 ceHr. 269.2 0.348 13.1
04.7 ceHr. 248.7 14.3 0.365 28.2 ceHT. 272.2 0.125 16.7
05.8 ceHr. 249.8 13.0 1.0 01.3 oKT. 275.3 0.083 20.4
07.0 ceHr. 251.0 11.5 0.315 06.2 okT. 280.2 0.057 26.2
08.8 ceHT. 252.8 9.4 0.365 11.2 OKT. 285.2 0.04 32.2
10.7 ceHr. 252.8 7.0 0.5 16.3 oKT. 290.3 0.035 38.0
11.4 ceHr. 255.7 6.0 0.85 17.1 oK. 291.1 0.027 39.0
12.0 ceHT. 256.0 5.3 0.795
13.6 ceHr. 257.6 4.3 1.62

TEOMATHETU3M U ADPOHOMMUSA  Ttom 63  Ne 3 2023
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Puc. 4. 3aBUcMMOCTU MHAYKIIMW MarHUTHOTO T10Jist B (puc. 4a), CKOPOCTU IBUKEHUS TTIOTOKOB TU1a3Mbl V (puc. 40) 1 KOHIIEH-
TpaLUH IIPOTOHOB N, (prc. 46) Ha op6ute 3emin o faHHbBM KA Wind B rieproz ¢ 12 o 21 centsiopst 2004 1. (DOY 256—265).

OUYeBUIHO, TU TPU COOBITUSI CBI3aHbI C IPOSIB-
JIeHreM cIieunUuYecKoil CTPYKTYPhl CBEPXKOPOHDI
ConHua.

4. HABJIIOJJEHWUE BO3MYILIEHUI
BBJIM3UW OPBUTHI 3EMJIN B IIEPUON
IMTPOBEAEHHWA SKCIIEPUMEHTOB
PAIIMO30OHAMPOBAHUWA
OKOJIOCOJIHEYHOMU ITVIASMBbI

Ha pwuc. 4 ipencrasieHbl MaTepraabl U3MEPECHMWIA
XapaKTepUCTUK ILJIa3Mbl BOJM3U OPOUTHI 3eMJIM B
MOMEHT BpEeMEHM, CMEIICHHEII OTHOCHUTEJILHO pa-
IMO3aTMEHHBIX HAOJIOJIEeHNI Ha MHTEpBaJl, paBHBIN
BPEMEHU IBUKEHUSI MOTOKOB ILJIa3Mbl COJTHEYHOIO
Betpa ot ConHia 1o KA Wind.

ITepBoe cobnITHE HA OpOUTE 3eMIN OBITTO 3apeTrn-
ctpupoBaHo 14 centsa6ps 2004 r. (DOY 258) u xa-
pPaKTepM30BaJIOCh 3HAYUTEIbHBIM YBEJIUYECHHUEM

WHIYKIIMM MarHUTHOTO IIONsI B HOpHUOIU3UTEIIHHO
B 6 pa3 1o CPaBHEHMIO C (POHOBBIM 3HAYEHUEM By, =
=~ 5 HIn (puc. 4a) 1 TaKUM kK€ BO3pacTaHUEM KOHIICH-
Tpauuu MpoToHoB N, (puc. 46). B 3TOT e mpomexy-
TOK BpEMEHU HAOIIONAINCh YBEIUYEHUSI CKOPOCTU
JIBVDKEHUST OTOKOB IUIa3Mbl V' — cHavaina ot 240 mo
300 km/c, a 3ateM oT 300 mo 600 km/c (puc. 46).

Bropoe cobriTne 3apukcupoBaHo 20 ceHTIOpS
2004 r. (DOY 264.43) u 3aki104aioch B IIIeCTUKpAT-
HOM yBeJIMYEHUN KOHIIEHTPpallu MPOTOHOB. JIpyrue
XapaKTEePUCTUKU TIa3Mbl (MAarHUTHOTO MOJIst B U CKO-
POCTU ABMKECHUS ITOTOKOB ITJIa3MbI V) CYIIECTBEHHO
He U3MEHWJIUCh.

Tabnuia 1 Mo3BOJISIET BOCIIPOU3BECTU BPEMEHHYIO
JTUHAMUKY COOBITHI, TIPOUCXOAUBIIMX MPU peain3a-
MM DKCHEPHMMEHTOB PAAMO30HIAUPOBAHUS OKOJO-
COJIHEYHOI Mya3Mbl CUTHajlaMu ciyTHUKa Mars Ex-
press B riepuoj ¢ 28 aBrycrta 1o 22 ceHTssopst 2004 r.,

Ta6mmma 3. PacuyeTHble 3HAYeHUST MHTEHCUBHOCTU (OJIYKTyallMii YaCTOThI PAAUOCUTHAIOB ASIIMMETPOBOTO TUarna3oHa
MPY 30HIUPOBAHUN OKOJIOCOJIHEYHOI TIJIa3Mbl B aBrycte—oKTs10pe 2004 1.

[IpuuensHoe paccrosinue, R/ R, 4 10 20 30 40
Ogin> 111 1.27 0.22 0.055 0.0855 0.0150
O cgr> 111 1.46 0.25 0.068 0.0310 0.0180
TEOMATHETHU3M U ABPOHOMMUA  ToMm 63 Ne 3 2023
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Puc. 5. lucnepcus daykryanuii nuddepeHInaaIbHON YaCTOThI
Ha BOCTOYHOM JIUMOe (CBETJIbIe KPYXXKH1) 1 Ha 3araHOM JTUMOe

U SIBJICHUS Ha opOouTe 3eMJIM B CMEXHBIE ITPOMEXYT-
KM BpeMEHU, 3apeTUCTpUpoOBaHHEIe ITpubopamu KA
Wind. I'padmryeckast KapTHa 3TUX CBSI3aHHBIX MEXIY
co00i1 TIpolieccoB IpeacTasieHa Ha puc. 5. I1o ropu-
30HTAJIbHOM ocu yKa3zaHbl 1HHM 2004 T., Mo BepTH-
KaJIbHOM OCY — HAOJIIOIABIIMECS B 9T JAThl CPEIHE-
KBaJpaTUyHble 3HaYeHUS] Op duykTyauuii nudde-
PEHLMAIBHOM YaCTOThI 30HANMPOBABILUX COJTHEYHbI
BeTep cUTHaJIOB cityTHUKA Mars Express. 1o aToi1 e
0OCH yKa3aHbl BpeMeHa HaOIIOIeHNI Pe3KOro yBeIr-
YyeHUsI KOHIIEHTPAUuX IIPOTOHOB HAa opouTe 3eMiIu
1,1 = 258.0 m 1, = 264.43. [IpencrapieHHbIe MATEPU-
aJibl Jal0T BO3MOXKHOCTbH IIPOCJIEAUTH IIOCIEIOBa-
TEJILHOCTDb COOBITHI BOIM3M COJIHIIA X B OKPECTHO-
CTU 3eMJIN.

IIpu 3axome coyrHuka Mars Express 3a ConHle
paIuoCUTHAJIbI 30HIAUPOBAIU OOJIACTU CBEPXKOPO-
HbI, paCMOJIOXKEHHBIE K BOCTOKY OT LleHTpa CoJrHIIa C
19 aBrycra (DOY 231.84) no 13 centsops (DOY
257.6) 2004 r. MakcumyM daykTyanuit guddepeH-
LMAJIbHON YACTOTHI Oy 1o = 1.00 11 ObL1 3apeructpu-
posaH 5 ceHTsa6psa 2004 1. TouHOE Bpems 7,; = 249.8.
Crnenyroiiee cOOBITME — pe3KOE YBEIWYCHHE KOH-
LEHTpalMu TPOTOHOB — OBLJIO 3aperucTPUPOBAHO
14 centsopst 2004 r. (DOY 258). TpeTbe coOBITHE
TakXe HabJoaaIoCch Y 3eMJIM — BTOPUYHO KOHIIEH-
Tpalusi MPOTOHOB yBEJIMYWIACH B IECTb pa3 (N, =
=25 cm3). TouHoe BpeMsi BTOPOTO MaKCUMyMa
20 centsabpsa 2004 1. (z,, = 264.43) orauyaerca OT
BpeMEHHU IIEPBOro MakcMMyMa Ha 6.43 cyT, 4To O1mu3-

Juu 2004 r.

Op curHanoB KA Mars Express Ipu 30HAMPOBAHUU IL1a3MbL
(TeMHBIE KPYXKH).

KO K BEJIMUMHE, paBHOM YeTBEPTU IepHOIa Bpallle-
Hust ComHua (7= 27 cyT).

ITocie BhIxoga KocMu4YecKoro arnraparta Mars Ex-
press n3-3a nucka CoyHIIa paaroCUTHAIbI 30HIUPO-
BaJiid 00JIaCTU CBEPXKOPOHBI, paCHOJI0XKEHHbIE K 3a-
namy oT HeHTpa ComHna. Ilpu ymaneHnu pagnosu-
Hum ot ueHTpa CoiHila Ha paccrossHue R = 8.35
pamuycoB Comuiia R, t.e. UT = 15:00 (DOY 265.625)
OBLIO 3apeTUCTPUPOBAHO MHOTOKPATHOE YyBEIMYe-
Hue GiryKTyanuii nuddepeHInaIbHOM 9aCTOTHI 30H-
JUPOBABIINX OKOJIOCOJHEYHYIO MJIa3My paavoOBOJIH.
BDTO0 cOOBITHE MPOU3OIILIO CITyCTsI 15.8 cyT 1mociie re-
Hepaluy BO3MYIIIEHHMsI Ha BOCTOYHOM JInMOe ComH-
1a (5 cenrsaops 2004 r., DOY 249.8) u 4yepe3 cyTku
(264.43) mocite BTOPOTO MaKCUMyMa KOHIIEHTPAIIHN
TIPOTOHOB BOJIM3M OPOUTHI 3EMITH.

5. MOCINENOBATEJBbHOCTb BO3MYILIEHU

Bocmounwiit aumb—Oxonozemnas
naasma—3anaouslii AUM6

M3 Tabn. 1, puc. 3 u 5 caenyer, 4To 5 CeHTIOpPs
2004 r. UT = 14:00 (monHoe BpeMs ¢ = 249.8) npu
3axone 3a ComHue criyTHuUKa Mars Express Ha Bo-
CTOYHOM JUMOE OBLIO 3aperucTPUPOBAHO BOCHBMU-
KpaTHOE YBeIWYEeHNE WHTEHCUBHOCTU (DIIyKTyalluid
g depeHIINATFHON YaCTOTEI. DTO COOBITHE aCCOIINM -
pOBAJIOCh C YBeJIMYEHUEM KOHIIEHTpAlLIMKU 3JEeKTPO-
HOB B 00JIACTU CBEPXKOPOHBI, YIAJEHHOI OT LIEHTpa
ConHua Ha paccrosiHue R = 13R,. Jlonaroxusyliye
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Puc. 6. OmHOMUHYTHBIE 3HaYeHHsI KOHIIEHTPAIlMX IIPOTOHOB Np BOIM3M opOUTH 3emiu o naHHbIM KA Wind B riepuon mmpo-
BEICHMS SKCTIEPUMEHTOB PaTMO30HANPOBAaHUSI OKOJIOCOJIHEYHOM ura3Mbl curHaiamu KA Mars Express B 2004 1.

(a) DOY 257/258 (13/14 centsi6ps1) 2004 r., UT = 19:00—02:00.
(6) DOY 264 (20 centsi6pst) 2004 1., UT = 05:00—12:00.

BO3MYIIEHUS C MOBBIIIEHHBIM YPOBHEM TypOYJIEHT-
HOCTM BpalawTcs ¢ nepuogom ~71 = 27 cyt. Ilpu
9TOM CKOPOCTb IJIa3Mbl HallpaBjieHa paaruaibHO.

Ecnu Bo3amylieHre HaOJI0HaI0Ch HA BOCTOYHOM
JuMbe B MOMEHT BPEMEHH #;, TO COOTBETCTBYIOLIIEE
BO3MYILIEHUE OT TOM XXe 00JIaCTH, MepeMeCTUBIIEI -
¢S K LIEHTPAJIbHOMY MEePUINAHY, JOCTUTAET OPOUTHI
3eMJIM B MOMEHT BpeMEHU

10+T/4+T2 :tz,

IJe BTOPOE U TPEThE ClaraeéMble COOTBETCTBYIOT IO~
BOpPOTY OT BOCTOKa A0 LICHTPaJIbLHOTO MepUaraHa 1
pacnpocTtpaHeHuto oT ColmHIAa 10 3eMJIH CO CpeaHeid
CKOpOCTBIO V,. OTO cOOBITUE TPOSBIISIETCS BO BTOPOM
MOBBIIIEHUY KOHLIECHTPALIUY ITIPOTOHOB 10 BEIMYUHBI

N =30 cM .

p max 2

I1pu 3TOM TITepBOE ycujieHUE KOHLIEHTPALMU I1a3Mbl
Ha puc. 4, DOY 258.0, cBsI3aHO ¢ 001aCThI0 KOPOHBI
ConHila, KOTOpasli oIlepeXaeT BTOPOil MaKCUMYyM
MIPpUMEPHO Ha 4YeTBEPTh IlepUoda M HaxOIujIach
BOJIM3U LICHTpaJIbHOIO MepuaraHa okono DOY 255.
JIBa coOBITHS, TTO BCEif BUIMMOCTH, aCCOLIMUPYIOTCS
C pa3HBIMU BO3MYILIEHHBIMU ITOTOKaMU (CEKTOpHAas
CTPYKTYypa), TMMOCKOJIbKY OHU MOTYT ObITh CBSI3aHBI C
OIHUM Y TeM Xe KPYITHOMACIITAOHBIM BO3MYILICHU-

TEOMATHETHU3M U ADPOHOMMUS

TOM 63 Ne 3

€M TOJIBKO ITPU YCJIOBHMU, YTO €r0 ITPOTSKEHHOCTD IO
JoJirore npesbiiaeT 90°.

HaoGaronasiiasicss Ha BOCTOYHOM JUMOe 00J1acTh
MOBBIIIEHHONW KOHIIEHTpAllUM 3a CYET BpallleHUS
CoslHIIa [OCTUTaeT 3alagHoro JuMO0a B MOMEHT
BpeMeHU

t=1+T/2,

YTO B JAHHBIX PAAVMONPOCBEUMBAHUS TIPOSIBUIIOCH B
CWJIBHBIX (QIIYKTyanusix guddepeHInaaIbHOi 4acTo-
Thl 30HAUPYIOINX cCBepXKOpOHY COJIHIIa HAa paccTo-
saHuM R = 8.5R, panguocurHanos cnytHuka Mars Ex-
press.

Ha puc. 6 npencraBieHb OTHOMUHYTHBIC 3HAYCHUST
KOHIIEHTpAllMU TIPOTOHOB Ha opbuTe 3emiu, TMoJly-
YeHHbIE B JBYX MHTEpBajlax U3MEpPEeHUil Ha OOpTy
KA Wind, BbInoJIHEHHBIE B IEpUO ¢ 12 ceHTSIOps 1o
21 centsiops 2004 r. (DOY 258—264). UmeHHO B
STUX UHTEpBajax, IPUMBIKAIOIINX K IEPHUOIY ITPOBE-
JIEHUST BKCTIEPUMEHTOB PaIMO30HIMPOBAHUST OKOJIO-
COJIHEYHOI T1a3Mbl, ObUIM 3aperucTpUpPOBaAHbI Ca-
MbI€ BBICOKME 3HAUE€HMsI KOHLICHTpALMU IPOTOHOB
Ny max1 =25 M3 U N, 0o = 30 cm~3. TlepBblit uHTEp-
Baj usMepeHuit HaunHasncs 13 centssops 2004 r., UT
19:00, DOY 257 u 3aBepiuuics 14 centsaops 2004 1.,
UT —02:00, DOY 258 [Edumos u np., 2019, puc. 6a].
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Puc. 7. (a) — VI3MeHeHUsT UHTETPpaJIbHOI 2JIEKTPOHHOI
KOHUEHTpaLuuu N, IIpU paIuo30HAUPOBAHUY 5 CEHTAOPS
2004 r. (DOY 249, UT 14:00—17:00) pacrosiokeHHOM K
BOCTOKY OT 1ieHTpa CoJHIIa CBEpXKOPOHBI HA MPHULIE/b-
HoM paccrossHun R = 13R; [Pétzold et al., 2012].

(6) — U3MeHeHUsT KOHLIEHTpaLMK IIPOTOHOB NV, Ha opou-
Te 3emuin o naHHbIM KA Wind 13 u 14 CCHTﬂé)pH 2004 r.
(DOY 257/258, UT 22:00—01:00).

BuaHo, 4to noBbleHHbIE 3HaYeHUs N, ObLIM M3Me-
penbl B uHTepBaie UT = 21:40—00:20, T.e. B TeueHUE
Aty = 2 4 40 MuH. MakcUMaibHOE 3HAYEHUE N, a4y |
npeBocxonuyio hoHOBOe 3HaYeHue Ny = 5 yactull

B cM® B 5 pa3. AHaJIOIMYHbBIE 3HAYEHUS JIJISI BTOPOTO
uHTepBana usMepenuii 20 centsaops 2004 r. cocraB-
as UT = 08:00—11:00, Az, = 3 9 00 MuH, N, 4o/
Ny, = 30/10 = 3. U3 puc. 6 BUIHO, YTO BpEMEHHEIE
npoduay KOHUEHTpaUWK ISl AByX PA3HECEHHbIX Ha
YeTBEPTh ITepHOIa BO3MYIIICHN I OKa3bIBAIOTCS Kade-
CTBEHHO CXOIHBIMU.

Ha pwuc. 7 nipencraBieHbl pe3yJIbTaThl COITOCTaB-
JeHust uaMepenuii B 2004 1., BBIITOJTHEHHBIX B IBYX
pa3HECEHHBIX B IIPOCTPAHCTBE HA OOJIBIIIOE PACCTOSI -
Hue (~1 a.e.) obmactsax reanocdepsl. Ha puc. 7a mo-
Ka3aHbl M3MEHCHUSI WHTETpajbHOIl 3JIEKTPOHHOM
KOHIIEHTpAalUM NpPU PaaMO30HINPOBAHUM OKOJIO-
COJIHEUHOI IUIa3Mbl CHTHAJaMU 3axXOIMBIIETO 3a

IT'’EOMATHETHU3M U ADPOHOMMUA
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Puc. 8. VIsMeHeHUsT MHTETPAIbHON 3JIEKTPOHHOIN KOH-
LIEHTpaLuu N, IIp1 paio30HAMPOBAHUY CBEPXKOPOHBI HA
3anagHoM JiuMoe nipu ynaneHuu 8.5R, (/) 1 Ha BOCTOYHOM
Jum6Oe Ha ynanennn 13R; ot uenrpa ConHua (2).

Connue cimytHuka Mapca Mars Express 5 ceHTSI0pst
2004 r. (DOY 249, UT 14:00—17:00).

B 3TO Bpems TuHUS paIuOCBSI3U CO CIYTHUKOM
Mapca nmpoxoania yepe3 paciiojIoXKeHHbIE K BOCTOKY
ot CoiH1Ia 00J1aCTH CBEPXKOPOHBI HAa MPUILIECITHHOM
paccrosinuu R = 13R; [Pétzold et al., 2012]. ITo ropu-
30HTaJIN yKa3aHO BpeMsl IIPOBEACHUS SKCIIEpUMEHTA
U perucTpalyy 4acTOThl, IO BEPTUKAIBLHOM OCH —
OMHOMUHYTHbIC 3HAYEHUSI UHTETPaIbHOM 3JIEKTPOH-
HO KoHUeHTpauuu B enuHuuax 102 cm—2. Usyuae-
Masl XapakTepUcTuKa N, 3a BpeMsi U3MepeHuil Aty =
= 3 4 m3MeHseTcsa B mpenenax or 20—50 egmHMIL
(dboHoBOE 3HaueHue N,y) 1o 3HaueHui =2200—2500.

Ha puc. 76 nokazaHbl OOHOMUHYTHBIC 3HAYCHUSI
KOHILIEHTPALMK POTOHOB N, Ha opbuTe 3eMiIH, U3Me-
pennbie Ha 6opty KA Wind 13 1 14 cenrsiops 2004 .
Ne 3
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(DOY 257/258, UT 22:00—01:00). MakcuMaiabHOE
3HaueHne N, .., = 25 cM~> mocturaercst 13 ceHTAOps
2004 1. UT 23:40 1 coBmnaaaeT ¢ aHaAJIOTUYHbIM MaK-
CUMYMOM N, .., HO 3apETUCTPUPOBAHHBIM PaHbIIIEe —
5 cents16psa 2004 r. (DOY 249, UT 15:40).

M3 puc. 7 cienyeT, 4To NMPOLECCHI, TIPOUCXOISI-
mue B okpecTHocTr CoJIHIIa 1 Ha oponTe 3eMIIn, I10-
JIOOHBI IPYT IPYTy, HO CABMHYTHI MO BpeMeHU. Jeii-
CTBUTEJIbHO, MU MHTEerpajibHasl 2JIEKTPOHHAsI KOHIIEH -
Tpauus N,, U IJIOTHOCTb IPOTOHOB Ha OpouTe 3emMiun
OTJIMYalOTCs OT (DOHOBBIX 3HAYEHU 1 JIUIIIb B OTPAHU -
YeHHOM WHTepBajie BpeMeHU HabJIIoJeHu i, KOTO-
DBl coCTaBiisieT OKOJIO Tpex 4vacoB. [IpeBblllieHue
MaKCUMAaJIbHBIX 3HAYEHWI HaJ COOTBETCTBYIOILIMMU
(HOHOBBIMU YPOBHAMU N, 10 U N, 10 B ~3.5 pasa.
Bpewms 3amazabiBaHus COOBITHI HA OpOUTE 3eMJIU 11O
cpaBHEHUIO ¢ IBJIcHUSIMU y COJIHIIA COCTaBISIET 8 CYyT
8 4, TaK YTO CKOPOCTh TPAHCJISILIUU ITPOLIECCOB U3 O/l -
HOM 061acTu reanocdepsl B npyryro V= 210 km/c.

Takum o6pa3oM, TOATBEPKACH MOTYISHHBIN pa-
Hee pesyabTat [EdpumoB u ap., 2021] o Tom, uTo npu
JNeTeKTUPOBAHUHU YCUJIEHUS (DIyKTyallMii YaCTOThI HA
BOCTOYHOM JINMOE B 3KCIIEpUMEHTaX PaInuoIIpoCBe-
YMBaHUs MOXET pacCMaTPUBAThCS KaK IMPEIBECTHUK
npuxojaa K 3emie ctpyktyp Tuna SIR/CIR co Bpeme-
HEeM oTlepexxeHUs 7.8 CyT.

Ha puc. 8 npeacrasieHbl pe3yabTaTbl CONOCTAB-
JIEHUsT cOObITUi, mpoucxoauBinux B 2004 1. B obia-
CTSIX CBEPXKOPOHBI, PACIIOJIOXKEHHBIX K BOCTOKY OT
eHTpa CojiHI1Ia Ha TeJIMOLIEHTPUYECKOM PACCTOSTHUM
13 R, v K 3an1azty OT LieHTpa Ha 60Jjiee OJIM3KOM pacCTos -
HuM, paBHOM 8.5R,. MoXHO yTBepXHaTb, 4TO U B
9TOM cllydyae JUIMTEIbHOCTb BO3MYIIIEHUI COCTaBIsSIET
B 000MX cllydyasix OKOJIO TPEX 4acoB, a8 MAKCUMYM UH-
TeTpajbHOUN BJEKTPOHHONU KOHLEHTpauuu N, ...
CWJIBbHO BO3pacTaeT MpU YMEHBIIEHUU PaCCTOSIHUS
or ueHrpa Connua or 2.2 X 105 em~2 ipu R= 13R, no
8 x 105 cM~2 ripu R = 8.5R,. D10 0OBSCHSIETCA Pa3/IN-
YreM KOHILIEHTpaLUii 3apsi)KeHHBIX YaCcTULL B 4 pa3a.

6. 3SAKJIFOYEHUE

Bo3myllieHus1 BO BHYyTpEHHEM COJIHEUHOM BeTpe
MOTYT OBITb 1€TE€KTUPOBAHbBI TPU HETIPEPHIBHOM pa-
JUO30HIMPOBAHUM COJTHEYHOIO BeTpa CUTHAJaMU
IBYKyIuxcs: 3a CoiHIIEM PaguOUCTOUHUKOB ecTe-
CTBEHHOTO WJIM MCKYCCTBEHHOTO MPOUCXOXICHUSI.
DbGeKTUBHOCTb MCCIIENOBaHUSI BO3pacTaeT IMpU
HUCMOJIb30BaHUU MOHOXPOMATUYECKUX MCTOUHUKOB
30HIMPOBaHUS, 00J1aNaIONIMX BBICOKOH CTaOUIbHO-
CTBIO 10 YACTOTE ¥ MHTEHCUBHOCTU. B akcniepumeH-
tax 2004 1. uccienyeMbIMU XapaKTePUCTUKAMU SIB-
JISIJTUCh YacTOTa 30HAMPOBABIINX OKOJOCOTHEYHYIO
IJ1a3My CUTHAJIOB ABUTaBIierocs 3a CoJHIEM CITyT-

TEOMATHETU3M U ADPOHOMMUSA  tom 63  Ne 3

283

HrKa Mapca Mars Express 1 KoHIEHTpaIus IIpoTo-
HOB BOJIM3U OpOUTHI 3eMJIU, U3MEepPEHHass OOPTOBbI-
mu npubopamu KA Wind. Perucrpanust Ha ydyacTke
3axoja MPOM3BOAMIACH PEryJIsIpHO ¢ 19 aBrycra 1o
13 cenTsa6psa 2004 r. (DOY 231—257) nipu yMeHbIlIe-
HUU TIpULieabHOTO pacctossHust R oT 35R; no 4.3R..
B sTOoM uHTepBaje M3MEHEHUs IIPULEIBHOTO pac-
CTOSIHUSI MHTEHCUBHOCTDL (PIyKTyauuit muddepeH-
LIMAJIbHOI YacTOThI ONUCHIBACTCSI CTEIMIEHHOMN (hyHK-
ueit (1). YecuneHus KOHUEHTpaLUK T1a3Mbl BOJIU3U
opOUTHI 3eMJIU TPOUCXOISAT IOCTe YCUICHUM (PIyK-
TyallMii 4aCcTOThl Ha BOCTOYHOM JuMbOe. Boamyiie-
HUS Ha 3allaTHOM JIMMO€e MOTYT (PUKCUPOBATHCS IT0-
clie ux peructpanuu y opourtsl 3emim. I[lpu aTom
BpeMsI 3alla3ablBaHUSI B 00OUX CIydasiX COCTaBJIsSIeT
OKOJIO YeTBepTHU nepuoaa BpamteHus: CoHIa.

BJIIATOOJAPHOCTHA

AsBtopsl npusHarenbHbl M. Bépny u M. Iletmonboy
3a MpeocTaBlIeHHbIe TaHHbIE 9KCIIEPUMEHTOB PaanuOIpO-
CBEUYMBAHUS.

OMHAHCHUPOBAHUE PABOThI

Pa6oTa BeimonHeHa B pamkKax ['ocymapcTBeHHOrO 3a-
IaHUS.
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