2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

2. PE3YJBbTATBI KOCMUYECKUX UCCJEJIOBAHUMN,
HOJYUYEHHBIE B UHCTUTYTAX B 2006-2007 I'OJAX

2.1. PE3YJIbTATBI 3ABEPIIEHHBIX JIETHbBIX HAYYHBIX
HHPOI'PAMM UCCJIIEJOBAHUU U HABJIIOJIEHUN

2.1.1. AFHCTUTYT KOCMHUYECKHNX UCCJIEJOBAHUH PAH
2.1.1.1. Acmpoghuzuka evicOKUX Inepuil

1. CraTucTuyeckue CBOMCTBA JIOKAJbHOW TNOMYJSIMM AKTHUBHBIX
rajlakTMK W INPUPOJA KOCMHUYECKOI0 PEHTreHOBCKOro ()oHa 10 JaAHHBIM
o0cepBaropuun UHTEI'PAJI

[IpuHATO CuyuTaTh, YTO KOCMHUYECKHH PEHTTEHOBCKUH (OH sBIsSIETCA
CYMMAapHBIM U3Jy4€HUEM MUUINOHOB aKTUBHBIX SAEp TATAKTUK (AD') u mosTtomy
IpeACTaBiseT COOOM YHUKAJIBHYIO 3allCh HCTOPUU POCTa CBEPXMACCHUBHBIX
YepHbIX Ablp. YueHble Otaena acTpoU3UMKH BBICOKMX 3Hepruil MHcTuTyTta
KOCMUYECKUX HcchaenoBaHuii PAH BBINONHUIM KPUTHUYECKYIO MPOBEPKY 3STOU
runore3sl ¢ momoieto obceparopurn UHTEI'PAJL. Bo-mepBbiX, HCHOIB3YS
POCCHICKYIO KBOTY HaOJIOAATEIbHOIO BPEMEHU 0OCEepBaTOpUH, ObLIa MOCTPOCHA
Kaprta Bcero HeOa B auamnazone sHepruit 17-60 k»B. B pesynbrate OblLIM
oOHapyXeHbl U OTOXJeCTBIIeHb OoJjiee 130 HUCTOYHMKOB B sApax OIM3KHX
ranakTuk. Ha kapre pacnpenenenuss AL, 3apeructpupoBaHHBIX oOcCepBaTOpuei
HNHTEI'PAJI, yeTko mpocieXuBaeTcsi KpyInmHOMacTabHasi CTPYKTypa JOKaIbHOU
Bcenennon, cocrosmerd W3 CrymIeHUMH TajJakKTUK M IYCTOT C XapaKTePHBIMU
pa3MepaMu B JIECSITKM MUJJIMOHOB CBETOBBIX JIeT. BO-BTOpBIX, ObLIa BBINOJIHEHA
YHUKaJIbHAas TporpaMMa HaOJMIOACHW 3€MHOTO JUMCKa  oOcepBaTtopuein
HNHTET'PAJI ¢ uenpto u3MepeHus MOTOKa pEHTIT€HOBCKOTO ()OHOBOTO M3ITyYeHUs B
mpokoM auanaszone sHepruit 3—150 xk3B. [Ipu 3Tom 3emiid HCOab30BaNach Kak
JKpaH, 3aKpBIBAIOIIANA OT HAC W3JIYYECHHE NAIIEKUX HMCTOYHUKOB, COCTABIISIOIIMX
¢bon. B wurore OBUIO MOKa3aHO, YTO M3MEPEHHBIA MOTOK KOCMHYECKOTO
PEHTIE€HOBCKOTO (JOHA M HCCIIEOBAaHHBIE CTATUCTUYECKHE CBOMCTBA JIOKAJIHHOU
nonysiiuu ASIT cornacyrorcst ¢ TUIOTE30M O TOM, YTO JKECTKUW PEHTT€HOBCKUMN
don mnpexacraBisier coboit cymmapHoe wuznyuenue Al Kpome Toro, Obutn
MOJIYYEHBI KECTKHE OrpaHuyeHus Ha 3Boionuio AL, HaunHas ¢ paHHUX 3M0X
Bceenennoit (Ha kpacHbIX cMelIeHUsAX Z ~ 1,5) mo Hactosiee BpeMs (z = 0).

B sapax OoJbIIMHCTBA TajdakTUK HAXOIATCS YEpPHBIE NPl C MAccoil OT
MUJUTMOHOB 710 MuiutnapaoB macc ConHia. Bo Bpemsi akKpeIIMOHHOIO pocTa Takue
00BEKTHI MOTYT HaOMIOAAThCS KakK ceH(epTOBCKHE TaJaKTUKA WM KBa3aphl.
Cuuraercsi, 4To akTUBHbIE sigpa rainakTuk (ASI) BHOCAT OCHOBHOUM BKJIaJl B
KOCMHUYECKHI PEHTT€HOBCKUI (DOH — M3ITydeHHEe, MPOHU3BIBAIOIIEe KOCMUIECKOEe
IIPOCTPAHCTBO BOKPYr HAc. B CTaHZapTHOM pPEHTIEHOBCKOM Juana3oHe (Ha
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sHeprusix Hmwke 10k3B) raybokue 0030pbI, BBIMOJIHEHHBIE C ITOMOIIBIO
teneckonoB XMM um. Hetotona n Chandra, no3Bonwim pazpemnts 0kojo 80 %
¢ona Ha otaenbHbie ASI'. OnHako ocTaercs 0Ka3aTh (MM ONMPOBEPrHYTH), UTO
KECTKUN PEHTreHOBCKMH (oH Ha sHeprusx Bbimie 10 k9B Takke cocTouT U3
manydeHust A Tak Kak 4YyBCTBUTEIBHOCTb COBPEMEHHBIX  JKECTKHMX
PEHTI€HOBCKUX JETEKTOPOB YCTYNAET HA HECKOJIBKO MOPSIAKOB YyBCTBUTEIBHOCTH
TEJIECKOIOB, pabOTalOIMX B CTAaHJAPTHOM PEHTTEHOBCKOM Juana3oHe, ObLia
MIOCTaBJICHA I1€JIb BEISICHUTH MPUPOTY KECTKOTO PEHTI€HOBCKOTO (POHA IO JaHHBIM
obocepBatopun  UHTEI'PAJI, He mmIiTasce paspemuTs (QOH HaA OTAEIbHBIC
VCTOYHHUKH.

Puc. 1. [IpoctpanctBenHas mnotHocTh ASL B pa3snuuHbIX yyacTkax HeOa. MakcuManbHas
IUIOTHOCTB JOCTUTAETCS B HAIIPABJICHUU Ha CKOIUICHUE TJIaKTHK B CO3BE311H JleBa

Bo-nepBbIX, HCHOB3Yys POCCHUHCKYIO KBOTY HAOJIIOAATEIBbHOTO BPEMEHU
obcepBaropun, ObUTa TOCTpOEHA KapTa Bcero HeOa B auamazoHe sHepruid 17—
60 xoB. B pesynaprare Obun OOHapy>KeHBI M OTOXKIECTBIEHBI Ooiee 130
UCTOYHUKOB B spax OJM3KUX TajakTUK. boJibllieé TOJIOBUHBI MOJy4EHHOU
BbIOOpKH cocTtaBwi  ASIIT  BTOporo THuma, KOTOpbBIE XapaKTEPHU3YKOTCS
3HAYUTEIBHBIM MOTJIOIIEHHEM PEHTTE€HOBCKOIO M3JIyY€HHS BJOJb Jy4ya 3pEHUS U
HE MOTYT OBITb OOHapYy>KEHBI B MSTKHX PEHTTEHOBCKMX 0030pax. B pesymnbrare
OblJJa BHEpBbIE TMOCTpOeHA (DYHKIMS >KECTKOW PEHTTeHOBCKOW CBETUMOCTH
omuskux ASID m mokaszaHo, yto nonst ASID Broporo Tuma majaer ¢ yBeIu4eHUEM
ceetuMocTH OoT 70 10 25 %. Ha xapre pacnpenenenus AL, 3aperucTprupoBaHHBIX
obcepBaropueit MHTEI'PAJI, uyeTko mnpociexuBaercss KpymHOMAacIITaOHas
CTPYKTYpa JIOKaJIbHOU BcesleHHOM, COCTOsIEN U3 CTYIIEHUN TaJaKTUK U ITYCTOT C
XapaKTepHBIMU pa3MepaMu B JIECITKH MUJUIMOHOB CBETOBBIX JIET.

Bo-BTOphIX, OblIa BBHINOJHEHA YHUKAJIbHAs TNporpamMma HaOIIOJICHUM
semHoro nucka ob6cepBaropueit MHTEI'PAJI ¢ mempro wu3MepeHHs MOTOKa
PEHTTEHOBCKOTO ()OHOBOTO H3IY4YCHHS] B IMIMPOKOM JHAla3oHE DJHEpPruil 3—
150 k3B. Ilpu sToM 3emiis HMCHOJb30Bajdach Kak AKpaH, 3aKPBIBAIOIIMN OT HAC
U3Ty4YEHUE NaNeKUX HCTOYHHKOB, COCTABISIIOMMX (hOH. DTa 3amada OKazaloch
HETPUBUAIBHOM, Tak Kak 3emMJjsl camMa SBIAETCI MCTOYHUKOM IKECTKOTO
PEHTI€HOBCKOTO M3JIy4YE€HUs, BO3SHUKAIOIIETO MPU B3aUMOACHCTBUU KOCMHYECKUX
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aydeit ¢ atmocdepoit 3emmu. [loaTomMy 171t OIEHKH BKJIaja 3TOTO0 M3Ty4YEHUS B
HaOJI0IaeMblii CUTHAJI OBLIM MPOBEIEHBI BBIYUCICHHUS MeTojoM MonTe-Kapo.
B pesynpTaTe  ymamock  yTOYHWUTH  3HAYEHUE  IMOTOKA  KOCMHUYECKOIO
PEHTIeHOBCKOTO (hOHA IO CPABHEHUIO C MPEIbIIYIIMMU U3MEPEHUSIMH.

Puc. 2. Kapra Heba B nuanazone s1epruii 17-60 k3B, nomyueHHas o JaHHBIM IEPBBIX YETHIPEX
net Habmoaennit oocepBaTopun MHTEI'PAJI, Ha KOTOpYyrO HAIOKEHO M300paKeHne 3eMITH 110
nanHbM cnyTHuka METEOSAT. bnaropapst ToMmy, 4To JUCK 3€MJIU 3KPaHUPYET OT HAc
U3ITy4eHUe NaJeKuX UCTOUHUKOB, MOKHO U3MEPUTH MOJHYI0 HHTEHCUBHOCTh KOCMHUYECKOTO
PEHTI€HOBCKOTO (POHA, COCTaBIEHHOTO U3 MHOXKECTBA TAKMX HCTOUHUKOB
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Puc. 3. CpaBHeHue crieKTpa KOCMHYECKOT0 peHTIeHOBCKOTro (hoHa, mamepenHoro MHTEI'PAJL
C MOJICJIbHBIMH MPEJICKa3aHUIMU, OCHOBAHHBIMH Ha N3MEPEHHOM CYMMapHOM CIIEKTpe
JokaibHbIX AL ipy yyeTe 3BONIONUY INIOTHOCTH U3inydeHus AL ¢ KpacHBIM CMEILLEHUEM,
obnapyxennoi o gaHHsiIM CHANDRA 1 XMM-Newton (BBepXy) U 6€3 Takoro y4era (BHH3Y)
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Hakonen, ObIO TMOKa3aHO, YTO W3MEPEHHBIH TOTOK KOCMHYECKOTO
PEHTTeHOBCKOTO ()OHA M MCCIICIOBAHHBIC CTATHCTHYECKUE CBOMCTBA JIOKAIHHOM
nonysiuuu ASID cornacyroTcsi ¢ TMIOTE30M O TOM, YTO YKECTKUU PEHTI€HOBCKUM
dboH mpencraBinsger coboii cymmapHoe wuznydenue A, bomee Toro, ObuIM
MOJy4YEeHBI OrpaHuueHUs Ha 3Botonuio AL, HaumHas ¢ paHHUX 310X BcenenHoi
(Ha KpacHBIX cMelleHusIX Z ~ 1,5) mo Hacrosmiee Bpems (z = 0). BeisicHuiocs, 4to
10 Mepe TOoro, Kak nonyssinus ASID 3BOIIOIMOHUPOBaIa B CTOPOHY YMEHBIIICHUSA
CBETUMOCTH (OT MOIIHBIX KBazapoB K Oosiee cnabbiM  ceilhepTOBCKUM
rajJjakTUKaM), TaKUE€ KIIOYEBBIC CBOWMCTBA, Kak cooTHouieHue ASl mepBoro u
BTOpPOro TuUna U (opma KECTKOro peHTreHoBckoro cnekrtpa A, mo Bcei
BUJIUMOCTH, PAKTUYECKU HE MEHSIUCH.

2. CyMmmMapHoe peHTIreHOBCKOe M3JIyYeHHe 3Be3JHOr0 HaceJeHus
raJaKTHK

[IpoucxoxaeHne (poHOBOro pEHTTEHOBCKOTO M3Iy4YeHHs Haieid ['amakTuku
ObUIO 3araJkoil AJii PEHTI€HOBCKON acTpoHoMHH Oonee 25 nmetT. CrekTpanbHble
CBOMCTBa 3TOr0 H3JIy4EHHS YKa3blBaJIM HAa TO, YTO HU3JydeHHE (opmupyercs B
ropsueii (>5-10 k3B) mna3me, oAHAKO HHUKOMY HE YJaBalIOCh OOBSCHUTH
MexXaHu3M AuQQy3HOr0 HarpeBa MEK3BE3AHOTO BEIIECTBA 10 TAKUX TEMIEPaTyp
U, B OCOOCHHOCTH, MEXaHU3M YAEpKaHUSA TaKOW Topsyeil Imiasmbl B ciaaboM
TPaBUTALIMOHHOM ToJie Hamel ["anakTuku. Y 1anock mpuBeCTH psAl yOeTUTENbHbBIX
apryMEHTOB B I0JIb3Y TOrO, 4TO (DOHOBOE PEHTIC€HOBCKOE U3NydyeHHE | amakThKu
SBJISIETCS. CYMMApHBIM M3JIy4€HHEM OOJIBLIOr0 Yucja CJadblX PEHTIEHOBCKHUX
UCTOYHUKOB 3BE3/IHOTO TUIIA (B YACTHOCTH - aKKPELMPYIOMUX O€bIX KapiIUKOB U
KOPOHAJIbHO aKTUBHBIX 3Be3l puc. 4, 5). B 2007 r. HaM yaanoch 3HAYUTENIHHO
IPOABUHYTHCA B IMOHUMAHUM MPUPOJBl (POpMHUPOBaHUS (HOHOBOIO H3IIyUEHHUS
Haulei ['aJakTUKY Kak B peHTTEHOBCKOM TaK U B )KECTKOM PEHTI€HOBCKOM/MATKOM
raMma Juana3oHax, a TakKe IPOJAEMOHCTPUPOBATH, YTO CYMMAapHOE HM3Jy4EHHE
Ca0bIX PEHTIeHOBCKMX HCTOYHHMKOB BHOCUT OCHOBHOM BKJIAJl B IMPOTSKEHHOE
U3JTy4deHHe OOJIBIIOTO YUCIIa JPYTUX FalaKTHK.

B gactHocTH:

1. Anamu3 Oompmioro Habopa JaHHBIX HAOMIOACHWN 00CEepBAaTOPUU
NHTEI'PAJI, obnanaromieli yHUKanbHOW KoMOWHaIen 3¢(HEeKTHBHOTO TEIECHOTO
yria ToJisi 3pE€HUs W YIJIOBOTO DPAa3pelIeHHs, BIEPBBIC MO3BOJMI MMOKa3aTh, YTO
KECTKOE PEHTIeHOBCKOE/MSTKOEe TramMma wu3jidydeHue Hamen [lamaktuku mocrne
BbIYETA BKJIAJIa SIPKUX AKKPEHUPYIOIIMX YEPHBIX AbIP U HEUTPOHHBIX 3BE3]l
dbopmupyeTcsi B pe3ysbTaTe CYMMAapHOTO U3JyUYEHHs] aKKPEUUPYIOMIMX OebIx
KapiukoB. DopMa SHEPreTUYEeCKOro crekTpa [ amakTUKH IO3BOJIHIIA OIICHHUTH
cpenHioro no [amakTuke Maccy akKpenupyroomux Oenbix KapiaukoB — 0,5—
0,6 COTHEUHBIX MACCHI.
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Puc. 4. TouHoe cOOTBETCTBHE MEKYy PEHTIEHOBCKHM H300pakeHrneM, monydeHHbIM Rossi XTE
(KOHTYpBI) 1 ONMKHUM HH(]PpakpacHsIM u300pakeHneM co cimyrHuka COBE (1iBeTHOe) 1aeT
OCHOBaHUS MPEJINoiararb, YT0 HHTEHCUBHOCTh PEHTI€HOBCKOTO U3ITyUEHUS CIIeyeT
pacripeielIeHUI0 3Be3THON Macchl B ['ajlakTHKE U 4TO PEHTT€HOBCKUH ralakTHYeCKuid (PoH
TeHepUPYETCs] TOYCUHBIMH CIIAa0BIMU UCTOYHUKAMU
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Puc. 5. [IIupokononocHbI CIEKTp CyMMapHOTO U3Iy4eHHUS CIa0bIX PEHTTEHOBCKUX
VMCTOYHUKOB B Halleil ['aJlakTUKe W BKJIaJ B HETO U3JIYYEHUS Pa3JIMYHBIX KJIACCOB UCTOYHUKOB.
@®opMa IKCIIOHEHIIMAJIBHOTO 3aBajia CIIEKTpa B )KECTKOM PEHTT€HOBCKOM JIMAIIa30He,
U3MepeHHas mpy noMoIu Hadmoaenuit oocepparopun MHTET'PAJL, mo3Boniwiia onpeaenuTh
CPEIHIOI0 MacCy aKKpeIHPYIOIMUX OeNbIX KapJMKOB B Halel ["anakTuke
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Puc. 6. ®yHKIHs CBETUMOCTH CITA0BIX PEHTTEHOBCKUX HCTOYHUKOB, U3MEPEHHBIX
obcepBaropueit CHANDRA B o6nactu nieHTpa ["amakTuku (cepast 007acTh) M CpaBHEHHE €€ C
(GyHKIMEH CBETUMOCTH CIIA0BIX PEHTTEHOBCKUX UCTOYHHUKOB B OKpecTHOCTH ColtHIla (KpacHast

007acTh). X0poII0 BUIHO, YTO MOMYJISIHS CIA0bIX PEHTT€HOBCKUX UCTOYHUKOB B 00JIACTH
uentpa ["anaktuku B okpecTHOCTsIX COJIHIIA MPAKTUUECKH OJJMHAKOBBI

Puc. 7. N3006paxxenne OIM3KON JUTMNITUYECKON TATAKTUKH M32 B peHTT€HOBCKOM JTHAIla30He
(creBa) u ero CpaBHEHHE C KAPTOW TAIAKTUKY B HH(PPAKPaACHOM CIEKTPATILHOM JTHANa30HE
(ctipaBa). [leTanbHble Hccaen0BaHUS TOKA3alH, YTO HAbI0JaeMoe IPOTSKEHHOE PEHTTEHOBCKOE
M3JIY4eHHUE DTOU TAIAKTUKH POXKJIAE€TCS B pE3yJIbTaTe CyMMapHOU CBETUMOCTH CIA0BIX
PEHTTEHOBCKUX UCTOYHUKOB — AKKPELUUPYIOIIUX OeIbIX KapJIUKOB U KOPOHATEHO aKTUBHBIX
3BE3]]
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2. C ucnosib3oBaHueM riny0okux HaOmoaeHuil oonacrel Llentpa 'anaktuku
U TaJIaKTUYECKOM IJIOCKOCTH MOKAa3aHOo, 4TO Kak MUHUMYM 50 % HaOnrogaemMoro
«(pOHOBOT0» PEHTIE€HOBCKOIO M3Iy4YeHHs ['alakTHKM BO3HHMKAET B pPE3yJIbTaTe
CJIOKEHMSI IOTOKOB OOJIBIIOT0 KOJIMUYECTBA CI1a0bIX PEHTTEHOBCKUX 3BE3/1 — 3BE3]1
C  AKTUBHBIMM  KOpPOHaMM ¥  aKKpeUUpyHOUMX  OelblX  KapJIMKOB.
ITpogemoHCTpUpOBaHO, UTO (YHKIUS CBETUMOCTH CJaObIX TajJaKTUYECKUX
UCTOYHUKOB B pacueTe Ha €eIMHUIly 3Be3AHOM Maccehl B oOmactu LleHTpa
[anakTuku B Tpeaenax MOTPEIIHOCTEH CoBMagaeT ¢ (PYHKIMEH CBETUMOCTU
rajJakTHYECKUX UCTOYHUKOB, IOCTPOEHHON HaMH B OKpecTHOCTAX CosHIa.

3. UccnenoBanusi MPOTSHKEHHOIO PEHTTEHOBCKOIO M3JIyYEHHsS ONM3KOU
KapJIMKOBOM 3JUIMNTUYECKON TanakTUKu M32 mokaszanu, 4TO OCHOBHAS 4acTh €€
u3nydeHus: B obnactu sHepruit 0,5-7 k3B BO3HHMKaeT B pe3ylbTaTe CyMMapHOTO
U3ITy4YEeHHs] PEHTT€HOBCKUX 3B€3[] M AKKPELUUPYIOMIMX O€IbIX KapPJIUKOB.

3. PentrenoBckue JABOMHBIE, HCTOpUSH 3B€3/1000pa3oBaHuA ) |
CNHMPAJIbHAS CTPYKTYPA raJIAKTHK

MaccuBHbIE PEHTTEHOBCKHE JIBOMHBIE — MOJIOJBIE OOBEKTHI, TECHO
CBSA3aHHBIE C TIPOIIECCOM 3Be3/000pa3oBaHud. JIeHCTBUTENBHO, HAOIIOACHUS
obcepBaropuit Chandra u XMM-Newton 00HapY KU TUHEHHYIO CBSI3b MEXKITY HX
YUCJIOM ¥ COBPEMEHHBIM TEMIIOM 3Be371000pa3oBaHus B rajaktukax. OgHako mpu
OoJiee JETaTbHOM PACCMOTPEHUM C TOYKHU 3PEHHUSI TEOPUM SBOJIOIMHU JIBOMHBIX
CUCTEM CTAaHOBUTCS OYEBUIHBIM, UTO MOMYJSIUS MACCUBHBIX PEHTTC€HOBCKHUX
JIBOMHBIX JTOJKHA 3aBUCETh HE TOJBKO OT €r0 CErOJHSIIHEr0 3HAY€HUs, HO U OT
UCTOPHUH 3BE31000pa30BaHUs B TalakTHKE 3a npeasiaynme ~10-100 v ner.

bmmxkanimme cocenu  Hamer [amaktmku — Maremwiagossl  OOJtaka
MPEICTABIAIOT YHUKATHHYIO BO3MOXKHOCTD MOAPOOHO MCCIIEI0OBAThH ATy po0iIemy,
ONpENICNIUB 3aBUCUMOCTh YHUCJA JABOMHBIX OT BPEMEHH, MPOUIEAIIETO C MOMEHTA
3Be371000pa3oBanus. C ATOM 1eTbI0 HA OCHOBE ONTHYECKUX HaOmrofeHui Maioro
MarennanoBa O6aka OblIa MOCTPOEHA MPOCTPAHCTBEHHO-PA3PEIICHHAS] UCTOPUS
3Be3/1000pa30BaHus B 3TOM rayiakTuke 3a npeasiaymue 100 min ner. CpaBHeHUE ¢
MPOCTPAHCTBEHHBIM PACHPENCIICHUEM MACCUBHBIX PEHTI€HOBCKUX JBOMHBIX,
MOJIYICHHBIM W3 HaOmoaeHwit oOcepBatopun XMM-Newton, MO3BOJUIIO
OMpENEIUTh HUCKOMYIO 3aBUCUMOCTh (puc. 8). Okazanoch, 4TO MOMYJISIIUS
MAaCCHUBHBIX PEHTIEHOBCKUX JIBOMHBIX JIOCTUTAae€T CBOETO0 MakcMMyMa yepe3 ~20-
50 MJTH JTIeT TIOCIe BCIIBIIIKK 3BE37000pa30BaHUs, 3aTeM OBICTPO YMEHBIIASTCS.
C npyroii CTOpPOHBI, YUCIO OOBEKTOB MOJioke 10 MIIH JIET TakX e HEBEJIHMKO, YTO
YKa3bIBa€T HAa OTHOCHUTEJIIBHO MaJlblii BKJIAJ, CUCTEM C YEPHBIMU JbIpaMU U C
JIOHOpAMH-CBEepXTUrantamu. llojlydueHHass 3aBUCMMOCTh HE TOJBKO OTKPBIBAET
HIMPOKKHE BO3MOKHOCTH JIJIsl TPOBEPKH U KaTMOPOBKU TEOPUHU SBOIIOIUU TBOHHBIX
CUCTEM, HO M TO3BOJISIET O0jee TOYHO 0OOCHOBATh BO3MOXHOCTH MCIOJIb30BaHUS
MAaCCHUBHBIX PEHTT€HOBCKHUX JBOMHBIX B KAUECTBE MHIUKATOPA 3BE3/1000pa30BaHuUs
B rajaktukax. OHa TakXe MO3BOJSET MPEACKa3aTh PsJi UHTEPECHBIX 3(PQEKTOB,
MOAJAOLINXCSA MPAMOU SKCIIEPUMEHTAIIBHON POBEPKE.
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Puc. 8. 3aBUCcHMOCTH UnCIIa MACCUBHBIX PEHTTEHOBCKUX TBOMHBIX OT BPEMEHH, MPOILIEIIIEro ¢
MOMEHTa 3B€3/]000pa30BaHus, IOJy4yeHHas 10 JaHHBIM peHTreHOBCKUX (XMM-Newton) u
onThyeckux HadmroneHnii Maioro Maremtagosa O0iaka. CIulomIHON JUHUENA TTOKa3aHO
MOBEJICHUE TeMIIa BCIbIIeK CBEPXHOBBIX BTOPOTO TUIA, BEPTUKAIBLHBIMH IITPUXOBBIMU
JUHUSMHA OTMEUEHBI MOMEHTBI 00pa30BaHUS TIEPBOM YEPHOM JIBIPHI (~3 MJTH JIET) U TTOCJICTHEH
HEUTPOHHOU 3Be3/1bI (~40 MIIH JIeT)
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Puc. 9. Pacnipenenenne paccTosHUI 10 OJIMKANWIIETO0 CIMPAITBHOTO PyKaBa Il MACCUBHBIX
peHTreHOBCKUX ABOWHBIX («HMXB») n obnacreir nonnzoBanHoro Bogoposa («HII»). ITpaBoe
KpPBUIO aCCUMETPUYHOTO PACIIPECIICHUs] IBOMHBIX OPUEHTUPOBAHO B HAIPABIICHUU
«downstream» 1 CBsI3aHO C KOHEYHBIM BPEMEHEM HMX IBOJIIOIUH
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

OgHO W3 TakuX NpencKa3aHWid KacaeTcss OCOOCHHOCTEH MpPOSBIICHUS
CIIUPAJIbHON CTPYKTYpbI TAJIAKTUK B PEHTIEHOBCKOM Jnana3zoHe. KoHeuHoe Bpems
JKU3HU MACCHUBHBIX PEHTTCHOBCKHUX JBOWHBIX MPUBOJAUT K HMX CMEUIEHUIO
OTHOCUTETFHO  CHUPAJIbHOW CTPYKTYpbl, HaONOAaeMOi B  KIIACCHUYECKHX
WHIUKAaTOpax 3Be3000pa3oBanus, Takux kak Ho-muuus Bomopona. Iloctpoena
KMHEeMaTH4ecKasi MOJIEJb, OMUCHIBAOIIAS ATOT MPOIECC U MOKa3aHO, YTO OH OyneT
MPOSIBIISATHCS TTO-PA3HOMY JJISI CUCTEM Pa3HOM CBETHMMOCTH M C Pa3HOW MPUPOAOH
KOMITAKTHOTO OOBEKTa W ONTHYECKOTO0 KOMITAaHbOHA. ITOT 3P(HEKT MOKET TaKKe
OBITh HCMOJIb30BaH ISl MCCJIEAOBaHUS KUHEMATHKU CIUPAIBbHOW CTPYKTYpHI, B
YaCTHOCTH JUJI OIpEAeNeHHs €€ TOYKM KopoTauuu. Ilpeackazanuss mopaenu
CPaBHHUBAIOTCS C pe3yibTaTaMu HaOmomeHWid ramaktuku MS1 oOcepBaTopueit
Chandra (puc. 9). Takxe npeackazaHo pacrpeeeHue MaCCUBHBIX PEHTTE€HOBCKUX
JNIBOMHBIX II0 TaJIJaKTUYECKOM OJroTe B Hamen [amakThke, TO3BOSIONIES
00BACHUTDH pe3yibTaThl HaOMoAeHUM o0cepBaTopun MHTEI'PAJL

4. PeHTreHoBCKHMiA  0030p  CKOIUICHHH  TAJAaKTHK  IUIOIIAJbIO
400 kB. rpaj: KaTajaor u CTATUCTUYECKAsA KAJTMOPOBKA

CocTaBiieH KaTaJlor CKOIUICHMM TallakKTUK, KOTOpbIe ObLIM OOHApY>KEHBI B
HOBOM 0030pe, OCHOBAaHHOM Ha JaHHbIX HaBeAeHui Teneckorma POCAT. O63op
ONTUMU3UPOBAH JJIsI HCCICAOBAHMS MacCHUBHBIX ckorieHuit (7> 5 k9B) Ha
BBICOKMX KpacHbIX cMmenieHusix. OH mokpeiBaeT 397 kB. rpag U ocHoBaH Ha 1610
BBICOKOIIMPOTHBIX HaBeneHuax teneckona POCAT — 3TO mpakTHuecKu Bce
nannbie HaBegeHu POCAT, npurogHbie a1 Moucka JadeKuX CKOTUICHU.

._.
o
&

._.
o
S

p—
<
~
T III\III|
-
--
L III\III|

—

o

&
JLEARLL
Lol

dn/dL,, Mpc™® (10* erg s™!)™!
)
®

10-10

Lol L Lol
1044 104
L, (0.5-2 keV), erg s!

Puc. 10. PentrenoBckue QpyHKIIMN CBETUMOCTH JAJIIEKUX CKOIUIEHUH ranakTtuk Ha Z > 0,3 mo
naHHbIM 0030pa 400d (TOYKHM) ¥ CKOTUICHHH B MECTHOM YacTu BcelleHHOM 1o TaHHBIM KaTaJloroB
Ha ocHoBe 0030pa Bcero Heba POCAT (mmpoxas mnosioca). Xopomio BUIHA KOCMOJIOTHYECKas
ABOTIONNS (PYHKITUU CBETUMOCTH CKOTIJICHUH
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

D10 camblii OOJBIION 0030p NajJeKuX CKOIUICHUH, KOTOPBIA MOXET OBITh
MOJIYYE€H, HCIOJIb3Ysl PEHTTCHOBCKUE [aHHBIE, HAKOIUICHHbIE K HACTOSIIEMY
BPEMEHM BCEMHU PEHTT€HOBCKUMHU oOcepBartopusMu. IlonckoBbiii 00beM 0030pa
JUISL CKOTIIIEHUH OOJIBIION PEHTIEHOBCKOW CBETUMOCTH Ha Z < 1 MpeBbIIIaeT 00beM
Bceli MectHOM uactu Bceenmennoit na z<0,1. B o00630pe o6HapyxeHo 287
MPOTSHKEHHBIX  PEHTT€HOBCKMX HMCTOYHUKOB C PEHTTCHOBCKUMHU IOTOKaAMHU
f>1,4-10"" spr-c”:ecm™? B mmanazone 0,5-2 k3B, U3 KoTOphIX 266 (93 %) GbLIH
OTOXECTBJIEHBI B ONTUYECKOM JIMANA30HE KaK CKOIUICHUS WM T'PYNIbl TAIAKTHK,
WIM OTIEIbHBIC DJUIMIITHYECKHE TajakTuku. O030p XOpOoIIo OTKaaTuOpOBaH
CTaTUCTUYECKH MPHU NOMOIIM MoaennpoBanuil MeroaoM Monre-Kapino. [Tokasano,
YTO MOJCYETHl CKOIUIEHWH XOPOUIO COIJIACYIOTCA C pe3yJbTaTaMH MPEIbIIyIIHX
0030poB MeHblIeH mom@aan. Hama BBIOOpPKAa CTAaTUCTUYECKH JTOCTOBEPHO
MOKa3bIBAET KOCMOJIOTHYECKYIO SBOJIIOUUIO (DYHKIIMM CBETUMOCTU CKOIUIEHHM —
IUIOTHOCTh YMCJIa CKOIUJICHUH HauOOJbIIeH CBETUMOCTH 3aMETHO YMEHBIIAETCS
yxe Ha z > 0,3.

Jiist Be1OOpKU U3 40 Hanbosiee ajJekux U MAaCCUBHBIX CKOTUICHUN U3 HAIIETO
Karajgora ObUIM MPOBEACHBI ITyOOKHE HAOJIOJECHUS B PEHI€HOBCKOM JHAra3oHe
npu mnoMmou Teneckona Yauapa. OTH JaHHBIE TO3BOJSAT TMOJYYUTH HOBBIC
OTpaHUYECHUS HA YPABHEHUE COCTOSIHUSI TEMHOM SHEPTHUH.

5. OnTHYyecKre OTOXKIECTBJIEHUS KECTKMX PEHTITeHOBCKHUX MCTOYHUKOB
oocepBaTopuiit UHTEI'PAJI, CBU®T u RXTE

Hayata xammaHus 10 TIPOBEICHUIO ONTHYECKUX OTOXKICCTBICHHMA
PEHTTEHOBCKUX HUCTOYHUKOB, OOHAPYKEHHBIX B 0030pax Bcero Heba oOcepBaTopuii
RXTE, MHTEI'PAJI u CBU®T. JIBeHaanate HCCICAOBAaHHBIX HCTOYHUKOB
OKa3aJINCh HEW3BECTHBIMH paHee OJIM3KMMH aKTUBHBIMHU SIIpaMU  TaJIaKTHK
(z<0,1). CnekrpopoToMeTpUUYECKHUE HCCIEIOBAHUA ATUX HCTOYHHKOB B
ONTHYECKOM Jlhana3oHe Obuld TmpoBeAeHbl Ha Poccuiicko-typenkom 1,5-m
teneckone (PTT150). 3MepeHbl uX KpacHble CMEIICHUS U MapaMeTPbl OCHOBHBIX
OMUCCUOHHBIX JIMHUM.

. : IGRJ13038+5348
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Puc. 11. Ontudeckast uASHTUDHUKAIMS )KECTKOTO peHTreHoBcKoro ucrounnka IGRJ13038+5348
kak CeiepTOBCKOI TaJJaKTHKH TIEPBOTO THUIIA
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

Ucnonb3yst pesynbTaThl HaOmonenuil teneckoma PTT-150 u oTKpbITHIE
naHHbie  opOutanpHOl oOcepBaTtopuu SWIFT, mnoka3zaHo, 4YTO HCTOYHUKHU
XSS,J00564+4548 u  IGR,J00234+6141, 1o BCceWl BUIMMOCTH, SBIISIOTCS
MPOMEKYTOUYHBIMUA TOJISIPAMH, T. €. JBOMHBIMH CHUCTEMAMHU C aKKPEUUPYHOIIUMU
OeNbIMU KapJMKaMHU UMEIONIMMHU HE OY€Hb CHJIbHOE MarHuTHoe nosie (>10 MI'c).
OO6HapyKeHbI MEPUOANYECKUE MYJIbCAIIMKU ONTUYECKOr0 M3JIYyUYEHUs C MepuoiamMu
~480 m ~570 c, KOTOpBIE CKOpEE BCEro COOTBETCTBYIOT MEPUOJAM BpalICHUS
OeJIbIX KapJIMKOB B 3TUX cucTeMax. JlanpHeliee ucciejoBaHue 3TUX CUCTEM IMpHU
nomonm tereckona PTT-150 mo3Bonut 6osee moapoOHO U3YUUTh UX MapaMeTpBhI.

6. HaOsironeHnst ONTHYECKHUX MOCJeCBEeYEeHH KOCMMYECKHX TramMMma-
BCILIECKOB

B Tewenne 2006r. Ha Teneckore PTT-150 mpoBeneHsl HaOIIOIECHUS
ONTHYECKUX MociecBeueHui 12 ramma-BcruieckoB. llosydeHbl BaKHBIE TOYKH B
KPUBBIX OJieCKa O3TUX TIIOCJIECBEUEHUI, KOTOpbIe ObUIM HCIIOJNb30BAHBI IIPU
IOCTPOCHUU OOIIMX KpUBBIX OJieCKa IIOCIECBEYEHUH M CpPaBHEHUM HUX C
TeopeTudeckumMu Mmojensmu. [lo pesynbraram HaOmoneHuil onyOnukoBaHO 16
uupkyssipoB GCN.

18 - % o RTT150 -

%iD 4 MDM 1.3m, 2.4m

s N o GCN
20 — M —

22 -

24 [ ¢

0.1 1 10

Puc. 12. Ontuueckast kpuBas 0jecka rmociecBeueHus: ramma-seruiecka GRB 060526

7. Pacuer CHEKTPOB M3JIYy4YeHHUS] KOCMOJIOTHYECKOM PEeKOMOMHALUM C
y4eToM ABYX()OTOHHBIX NMPOLECCOB

PaccunTan criekTp W3IydeHUS KOCMOJOTHYECKOW PEKOMOWHAIIMN C YYETOM
IBYX(OTOHHBIX KacCKaIHBIX MporieccoB. [Iporpecc COBpEeMEHHBIX KOMITHIOTEPOB
MO3BOJIMJI BIIEPBBIEC BBITIOJHUTH TOYHBIE PACUYETHI 3TOrO MPOLECCa U PEATU30BATH
U7, BRICKa3aHHBIC B THOHEPCKUX paboTrax 3empmoBuya, CronseBa u JlyopoBuya.
CeromgHsi HECKOJIBKO TPyHIl OOJyMBIBa€T TOCTAHOBKY OKCIEPUMEHTOB IO
MCCJICIOBAHUIO BO3HUKAIOIINUX JIMHUHM B CIIEKTPE PEIMKTOBOTO U3TyUYCHUS.
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

[IpumepHo uyepe3 260 TeIC. leT mociie bonbIIoro B3pbIBa KOCMUYECKAS
IasMa oCTbUIa JI0 TaKOM CTENEeHH, YTO CTaJO0 BO3MOXKHBIM CYLIECTBOBAHME
HEUTpaJbHBIX aTOMOB Bojopoaa. K Tomy BpemeHu TemmepaTypa H30TPOIHOIO
YEepHOTEJIBbHOTO PEJIMKTOBOTO M3iydyeHHuss Bceenennoiiro omyctuinacs 1o 3800 K.
[Ipouiecc pekoMOMHAIMM CBSI3aH C HCIYCKaHUEM HECKOJbKUX (POTOHOB mpU
Nepexo/ie JIEKTPOHOB C BEPXHUX YPOBHEH aromMa BOJOpPO/a HAa OCHOBHOW. YK€ B
teueHue 40 JeT U3BECTHO, YTO (PU3MKAa KOCMOJOTUYECKOW PEKOMOMHAIIMM OYEHb
HEOOBIUHA. JTO, BO-TIEPBBIX, CBA3AHO C TEM, YTO B MEIJICHHO DPACIIUPSIOMICHCS
Bcenennoit  Bbixom (GoTOHOB W3 pe3oHaHCHOro mepexoma Jlaiiman-ambda
OKa3bIBAE€TCS  3aTpyJHEH, Ojarogaps 4YeMy CHJIbHO  BO3PacTaeT  poiib
IBYX(OTOHHOTO pacrlafa MeTacTaOMIbHOTO YPOBHS 2s. Bo-BTOpBIX, u3-3a
OTPOMHOTO Tpeobnafanus (GOTOHOB HaJ MPOTOHAMH 3aCEIIEHHOCTh YPOBHEH aToMa
BOJ0OPO/1a MOJTHOCTBIO OMPEACIIAETCS CKOPOCTSIMU U3ITy4aTeIbHbIX MPOLIECCOB.
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Puc. 14. Ciextp pekoMOWHAIMK BOIOPO/Ia B OTHOCUTEIBHBIX eANHUIaX. Ha Bpe3ke mokazana
KBa3HIEepHOANYECKas CTPYKTypa CUTHaJIa B CAHTUMETPOBOM M JICLIUMETPOBOM JHaIla30He
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

B nanHO#t pabGoTe OBUTM BIIEPBBIC BBIMOJHEHBI JCTATHHBIC BBIYHCICHUS
CIEKTpa PEKOMOMHAIIMOHHOTO H3JIYyYeHUS, BOSHUKAIOIIETO TIPU BCEX BO3MOXKHBIX
nepexoax ¢ ypoBHeW aroma Bogopona BILIOTh A0 100-ro, ¢ ydyeTtom Takux
poieccoB (B JOTMOJHEHHWE K OCHOBHBIM), KaK BBIHY)KJICHHBIA JBYX()OTOHHBIN
pacraju YPOBHS 2s aToma BOJOPO/A, JTBYX(OTOHHBIH pacran
BBICOKOBO30Y>K/IEHHBIX YPOBHEH U JpyTHeE.

N3-3a pacuipenus BeeneHHON peKOMOMHAIIMOHHOE M3IIYYEHHE CMEIIAeTCs
B KpacHy1o CTOpoHy crektpa 6osiee uem B 1000 pa3, B pe3ynbrare uero (OTOHBI,
UCIYIIEHHBIE B yIbTPapHOIECTOBOM [HANa3oHe, NPUXOIAT K HaM YXKe B
CyOMUJITMMETPOBOM JIMANa30HE CIEKTpa. B  pe3ynbpraTte MNEpexomoB MEXIY
BBICOKOBO30Y)KJICHHBIMH YPOBHSIMU K HaM JIOJDKHBI MPUXOIUTh U (POTOHBI B
paguoaMana3oHe, TaM, TI/Ieé SKCIEPUMEHTAbHBbIE YCTAHOBKU sl HAOIIONEHHS
pPENMMKTOBOTO (hOHA YK€ JOCTUTIIHM TOTPSCAIOLICH YyBCTBUTEIHLHOCTH. B HacTosiee
BpeMsi pa3padaThIBAIOTCS TEJIECKOIIbI, KOTOPBIE MO3BOJAT (PUKCUPOBATH (UIYKTyalluu
MUKpPOBOJIHOBOTO (hoHa Ha ypoBHe 10 HK. Takas 4yBCTBUTENBHOCTD JOCTATOYHA JJISI
U3MEPEHUS CBS3aHHBIX C PEKOMOMHAIMU CIEKTPAJIbHBIX HCKaxeHuW (oHa,
oxuaaemas amrumtyaa kKotopsix cocraBisieT 50-100 HK. Takue wusmepenus
MO3BOJISAT TOYHO M3MEPUTh TEMIIEpaTypy MHUKPOBOJIHOBOTO (hOHA U IHTPOIUIO
Bcenennoit, a Takke BOCCTAaHOBUTH B TMOAPOOHOCTAX KapTHHY TOTO, Kak
Bcenennas cranoBuiack Mpo3payHoil.

Kpome Toro, OBLIM paccuuMTaHbl PEIATUBUCTKHE TOMPABKA K TEMITY
JIBOMMHOTO KOMIITOHOBCKOTO PACCESHMS, CBSI3aHHBIE C BBICOKOM TEMIEpPaTypou
miazMbl. OLIEHEHO WX BIMSHUE Ha MPOLECC TEPMOJIM3aLUUUA CIEKTPaJIbHBIX
VCKKEHUI MIO-THIIA PETMKTOBOIO (POHA, BOBHUKAIOIINX B JOPEKOMOMHAIMOHHYIO
smnoxy Bceenennoii. [Tokazano, 4to peassTHBUCTCKUE 3PPEKTH OKA3bIBAIOT BIUSIHHE
Ha YPOBHE HECKOJBbKMX TMPOIEHTOB U, BO3MOXHO, MOTPEOYIOT yueTa Tpu
WHTEPHPETALUN JAaHHBIX HAOIIOAECHUN Oy IyIUX YKCIIEPUMEHTOB.

2.1.1.2. Quzuka Kocmuueckou naamol, IHepudHbIX yacmuy, Coanuya
U COJTHEUHO- 3EMHbIX C8A3CI

1. YckopeHue yacTuil BO BpeMsl COJIHEYHBIX BCIbIIIEK

Bo Bpems wMmomHbIX nOpoToHHBIX Benbimek 2003-2006 rr. momxyyeHsl
CBUJIETENBCTBA JJIUTEIBHOTO W MHOTOKpPAaTHOro yckopeHus yactull Ha CoJHue.
B MOMEHTBI COJIHEUHBIX BCIBIIIEK AaHTHUCOBIAJATENbHAS 3allUTa CIEKTPOMETPA
INTEGRAL (ACS SPI), xoropass 4yBCTBUTEJIbHA K NEPBUYHBIM M BTOPUYHBIM
ramma-kBaHTam >150 keV, peructpupyer npeMmMynecTBEHHO COJHEYHbIE TaMMa-
kBaHThl. IlpumepHo mepBeie 30 MHMH moOcie BBIXOJA B MEXKIUIAHETHOE
MIPOCTPAHCTBO COJIHEYHBIEC MMPOTOHKI ¢ IHepruei 6osee 80 MsB pacnpoctpansiuch
0e3 paccesHuss 1O 3eMJIM W BpPEeMEHHbIe TPOPHIM HX HUHTEHCUBHOCTH
OTIPEICISUIUCh TOJBKO BPEMEHHBIM MpoduiaeM uctounnka Ha CoJHIE U €ro
HPHEPreTUYECKUM CrekTpoM. DyHKIMS HUHXKEKIHH MpoToHOB 80-165 M»B Obina
oTiinyHa oT HyJs, HauuHasg ¢ 06:43:80 UT, u morna ObITh NpeCTaBiIeHa B BUJIC
npousBeaeHus: temmna cuera ACS SPI (BpemeHHas 4acTh) U CTENEHHOIO CHEKTpa
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

nporoHos ~ E*"**! (suepretnueckas uacts). I[IpoToHBI GoJiee BHICOKHX SHEPIHil 1
PENATUBUCTCKUE 3JIEKTPOHBI OBLIIM MHKEKTUPOBAHBI MO3/IHEE, COOTBETCTBEHHO HA
4 nu 9mun. TecHasd B3aMMO03aBHCHUMOCTB BBICOKORHEPrHMYHOro OM wu3IydeHus
CoJiHLIa ¥ TOTOKOB COJIHEYHBIX MIPOTOHOB BOJIM3M 3€MIIU SIBJISIETCSI apryMEHTOM B
I0JIb3Y JUIMTEJIIBHOTO W MHOIOKPAaTHOTO YCKOPEHUs IPOTOHOB B COJIHEYHBIX
BCIIBIIIKAX.

beuin paccMoTpeHbl UMIYJbCHBbIE (Da3bl TPEX MOIIHEHIINMX BCHbILEK 23
mukia (28 oktsOps 2003 r., 20 stHBaps u 7 centsaopst 2005 1.), KOTOpBIE ATUINCH
~20 MMH ¥ COCTOSUIM, MO KpaWHEW Mepe, M3 TPEX AaKTOB DHEPrOBBIACICHUS,
pa3IMYaBIIMXCS CBOMM IMPOSIBICHUEM B MArkoM (1-8 A, GOES) u xectkoM
(>150 k3B, UHTEI'PAJI) peHTreHOBCKUX AMana3oHax, a TAakKe Ha paguovacToTax
245 MI't u 8,8 I'Tu. Chnenan BBIBOJ, YTO NPOTOHBI U 3JEKTPOHBI YCKOPSJIUCH B
KOKIOM akKTe, HO C pa3nu4HON 3(PQPEeKTUBHOCTHIO, MPUYEM PEISATUBUCTCKUE
IPOTOHBI OB YCKOPEHBI TOJBKO IMOCNe 5—6 MUH pa3BUTHS UMITYJICHON (a3bl.
PekopnHble MOTOKM NPOTOHOB, HaOMOaBIIMecs B renuocdepe B coObITUH
7 centsiops 2005 r., ObuIM  CBsA3aHbl A(DQPEKTUBHBIM YCKOPEHHUEM B KOHIIE
UMIOYJIbCHOW  (a3bl,  KOTOpPO€  CONpPOBOXKAAJIOCH  IMOTOKOM  KECTKOIO
PEHTITEHOBCKOI'O H3JIy4Y€HHUs], MPEBOCXOAMBIINM B HECKOJIBKO Pa3 aHAJIOIMYHbBIC
BEJIMYMHBI JUISl IBYX JIPYTHUX BCIIBIIIEK.

2. MHOTrOKOMIIOHEHTHAaA KHHETUKO-KOHTHHYAJIbHAsA Mo/1ej1b
B3aMMOJACHCTBHUS COJIHEYHOI0 BeTPa ¢ MEXK3BE3[HON Cpeaol ¢ Yy4eToMm
«HEPABHOBECHOCTH» 3aXBAYE€HHBIX IPOTOHOB

Bnepsbie cO3/1aHa YHUKaJIbHAs MHOTOKOMITOHEHTHAs MO/IEJTb
B3aUMOJICHMCTBUS COJIHEUHOTO BETPA CO CBEPX3BYKOBBIM TOTOKOM YaCTUYHO
MOHW30BAaHHOM BOJOPOJHOM IUIa3Mbl JIOKAaJbHOM MEX3BE3OHOM Cpenpl. ITa
MOJICSIb YUUTHIBAET HEPABHOBECHOCTh «3aXBAYCHHBIX» TPOTOHOB COJIHEYHOIO
BeTpa, 00pa30BaHHBIX HMOHU3AIMEN aToMoB H, MpoHUKAOMMX U3 MEXK3BE3IHON
cpensl. [Ipyn 3TOM «3aXxBay€HHBIE» MPOTOHBI UMEKOT TEMIIEPATYPY, CYIIECTBEHHO
MPEBOCXOISIIYI0 TEMIIEpaTypy NEPBUYHBIX COJIHEUHBIX MPOTOHOB. HoBas mMonenb
aBisieTcss o0oOmenueM wojenu bapanoBa u Mamamer (1993), B koTOpoi
MpeAnoJiaraJach MTHOBEHHAsl peJlaKkcalysi MPOTOHOB. B HOBOW MOJENN HE TOJBKO
aTOMbI BOJOPOJia, HO M «3aXBAUYCHHbIC» IPOTOHBI OMHUCBHIBAIOTCS B paMKax
KUHETHYECKOU TEOPUH.

B pamkax HOBOW Momenu mokaszaHo: (1) B TOJIOBHOW 00JIacTH TEUYCHHUS
TEPMOJMHAMHUYECKAsS HEPABHOBECHOCTh NPUBOAUT K YMEHBIIECHUIO TOJIIUHBI
BHYTpEHHETO HHTep(elica (3a cueT YBeTUUCHUS TeIMOICHTPUISCKOTO PACCTOSHUS
1m0 rennocepHOr ymapHOW BOJIHBI Ha 5 a.e. M YMCHBIICHHUS PACCTOSHUSA 0
reiauonays3sl Ha 12 a.e.); (2) B XBOCTOBOM 4acCTH PaCCTOSIHHE 1O TeIroc(epHO
yaapHoOi BoJHBI yBennunBaercs Ha 70 a.e.; (3) HEpaBHOBECHOCTb MNPHUBOAUT K
MEHBIIUM MoToKaM aToMoB H ¢ sHeprueit < 1 k3B u k GOJbIIMM MOTOKAM ATHX
aTOMOB ¢ 3Hepruei >1 k3B.

[IpoBeneHbl pacueTbl, B KOTOPBIX B KA4ECTBE TIPAHUYHBIX YCIIOBHM IS
NapaMeTpOB COJIHEYHOI'O BETpa MPUHUMAJINUCH TaHHbIE, oydyeHHble Ha KA Wind,
IPM 8. B pesynaprate ObUIM TOJYy4YeHBI BpPEMEHHBIE M TMPOCTPAHCTBEHHBIC
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pacmpesieieHusi MapamMeTpoB IJIa3Mbl M aTOMOB  BOJOpoJa B  oOxacTu
renuocepHoro uHTepderica, a TakKe BHYTPU Treiarocdepbl, MO KOTOPHIM
BBIYUCIISIIUCh CKOPOCTM M IUIOTHOCTHM COJIHEYHOTO BETpa BAOJIb TPACKTOPUU
KOCMHYECKOro ammapara Voyager-2. bpulo TOKa3aHO XOpoIllee COBHAIECHUE
TEOPETUYECKUX PACUYeTOB C JaHHbIMHU, mnojydeHHbIMU Ha KA Voyager-2 B
nepuoabl ¢ 1984 mo 1995r. u ¢ 1999 mo 2007 r. Xopoiiee coBHajcHUE
TEOPETUYECKH PACCUYUTAHHOW CKOPOCTH COJHEYHOro BeTpa ¢ AaHHeiMu KA
Voyager-2 mMo3BOJAET JaTh OLEHKY KOHLEHTPAUM MEXK3BE3IHBIX aTOMOB
BOJOPO/Ia B OKPECTHOCTH reTMOCPEPHON yAAPHOUM BOJHBL: iy 75 ~ 0,1 cM .

IIpoBeieHO CpaBHEHME MAHHBIX II0 PACCETHHOMY COJIHEUHOMY JlanimaH-
anb(a m3nydennto, norydeHubix Ha KA SOHO (mpubop SWAN) B nepuoa ¢ 1996
no 2005r., ¢ pe3yabTaramMH, MOJYYEHHBIMU TeOopeTudecku. Teoperuueckas
MOJIESIb BKJIIOYAET: a) HECTAMOHAPHYIO MOJENb B3aUMOJEUCTBHUS COJHEYHOTO
BETpa C JIOKAJbHOW MEX3BE3IHON cpenoi 0) MoJeiab IMEpeHOca COJHEYHOIO
JaiiMaH-anb(a W3Iy4YeHHs] C y4EeTOM MHOTOKpaTHOro paccesHus. llpu
MOJICIMPOBAHUU pACIpPE/ICNICHUs aTOMOB BHYTPH reivocdepbl, a Takxke MNpu
MOJEIUPOBAHUM HWHTEHCHUBHOCTU PACCESTHHOIO W3JIYYEHHUS] HCHOJIb30BaJIUCh
WHTEHCHUBHOCTU COJTHEYHOTO JaliMaH-anb(a H3IydeHus, mojydeHHble Ha KA
SORCE (mpubop SOLSTICE). B pesynbTate MOJETUPOBAHUS BBIUUCISINCH
CHEKTPhI PACCETHHOTO COJHEYHOIO JIalMaH-aib(ha U3JIy4eHHs, a TAKKE MOMEHTBI
OT 3TOW (YHKUHUU PACTPENENICHUs] — HWHTEHCUBHOCTh M3JIy4Y€HHS, BEJIMYMHA
JONIUIEPOBCKOIO CMEIIEHUS CIEKTPAIbHOM JIMHUM, a TakXke €€ UIIMpHHA.
[Toka3aHO, 4YTO CYHIECTBYET CHJBHOE pa3JIMYUE MEKIYy TEOPETHUECKH U
AKCIEPUMEHTAJIbHO TOJYYEHHBIMA MHTEHCHBHOCTSIMH PACCESIHHOTO COJHEYHOIO
JaiiMaH-anb¢a M3TydeHus. XapakTep M3MEHEHUS MHTEHCHBHOCTH CO BpPEMEHEM
TAaK)K€ OTIMYAETCs B TEOPUUM M DIKCIEpUMEHTe. Bmecte ¢ Tem, BEITUYHMHBI
JOTUIEPOBCKOTO CMEIIEHUS U IIMPUHBI JMHUM Xopoulo coBnagarT. [locimennee
03HAYaET, YTO MOJIy4eHHasi B MOJIEIN (PYHKIUSI pacTpeeieHUs] aTOMOB BOJIOPO/Ia
110 CKOPOCTSIM XOPOIIIO COTJIACYETCs C IKCIIEPUMEHTAIBHBIMU TaHHbIMU. Hanbomee
BEpOSITHAsT  NpPUYMHA B  PACXOXKACHUM  MEKIAY  TEOPETHUUECKUMH U
DKCHEPUMEHTAJIbHBIMA HWHTEHCHUBHOCTSIMH CBSI3aHAa C YacTOTOM HOHM3ALUH,
KOTOpasi UCIOJIb3YETCSI B MOJEIH.

3. U3yyeHue cpeaHe- M MeEJIKOMACHITAOHBIX CTPYKTYP IJIOTHOCTH
COJIHEYHOI'0 BeTpa

Ha ocHoOBe comnocraBiaeHuss U3MEPEHUHN MTOTOKA COJHEYHOI'O BETPA C OYCHb
BBICOKMM BPEMEHHBIM paspelneHneM Ha anmapatax «Wutepbon-1» u WIND
YCTAaHOBJICHO, YTO pE3KHME TPaHMIbl MEJIKOMACIITA0OHBIX CTPYKTYp IUIOTHOCTH
COJJHEYHOTO BETpa COXPaHAIT CBOIO (GOpMy M  JIUTEIBHOCTh IpU
pacIpOCTPaHEHUH COJIHEYHOI'O BETpa Ha IyTM B MUJUIMOH KM. B npopoipkeHue
IIPOBOAMMOIO CHUCTEMATHYECKOI0 MCCIIENOBAaHUSA IUHAMHUKHA COJHEYHOIO BETpa
OpU €ro pacnpoCTpaHEHMM K opOuTe 3eMIM YCTAaHOBJEH BIEPBbIE (aKT
coxpaHeHUs (OpPMbI, AMIUIMTYAbBl M JUIMTEIBHOCTH pe3koi (kopoue 10 muH)
IpaHUIlbl CpEeAHEMACIUTAOHON CTPYKTYpbl IUIOTHOCTU COJIHEYHOT'O BETpa MPHU €ro
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nBUWKeHNH B TeueHue 2,5 cyT Ha mytd B 90 mutH kM (0.6 a.e.) oT renuocgepHbIX
3oH10B Helios 1, 2 1o cniytHuka 3emmnu IMP 8.

boutn mosydeHbl (yHKIMM pachpeielieHds aMmIuiuTya (QIyKTyauuid Juist
Pa3IMYHBIX BPEMEHHBIX MAcCIITa00B (OT Mayblx MacmTadoB ~1 't u g0 GobIIuX
macitaboB ~107 I'p) Ha 6Gase M3MepeHMii [OTOKA MOHOB COJHEYHOTO BETPA B
1996-1999 rr. na mnpubope BJII (cmyrauxk HWHTEPBOJI-1) ¢ pekopaHbiM
paspemieareM (1 c). JleTalbHO HMCCIENOBANINCh CTATHCTUYECKUE CBOMCTBA ITHX
GyHKIIUN pacrpeneseHus, Takue Kak acMMMeETpusi (MOMEHT 3-ero mopsiika) u
Kcuecc (MOMEHT 4-TO TOpsKa), OTPAXKAIOIIKME COOTBETCTBEHHO CTENECHb
ACUMMETPHH, a TAKXKE CTETIEHb BBIPAXKEHHOCTU XBOCTOB (DYHKLIMH pacHpeeaeHUs
(T. €. cTeneHb «IepeMekaeMocT» cpenbl). [lokazaHo, 4To Ha MabIX MacmTabax
JUIS BPEMEHHBIX PSAOB MOTOKa MOHOB COJHEYHOTO BETpa HAOMIOAAETCS CHIIbHAs
CTETICHb «IEPEMEXAaeMOCTH», M OHAa pPAacTeT C YyMEHbBIIEHHEM MacimTaboB
paccMaTpuBaeMbIX Bapualuid. A TakKe [JI MHTEPBAJIOB COJHEYHOTO BETPA,
coJiepXKaluX Pe3KUe rPaHuIlbl INIA3MEHHBIX MEIKOMACIITA0OHBIX CTPYKTYP.

i April 4,1977

—*— Helios1

=& —Helios 2
8t 1 —— P
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OOnapykeHO, 4YTO pE3KHE TPAHUIBI MEIKOMACIITA0OHBIX CTPYKTYD
IUTOTHOCTH COJTHEYHOTO BETpa («CKAaYKW» MOTOKA MOHOB) PETUCTPUPYIOTCS pa3 B
HECKOJIbKO JIHEH U TNPEUMYIIECTBEHHO TPYNNUPYIOTCS B  00JacTu ¢
JUINTEIBHOCTBIO B HECKOJBKO YacoB, 00JaJarollue CIEAYIOUIMMH CBOMCTBAMHU:
PE3KO  MOBBIINIEHHAs IUIOTHOCTh, IOHM)KEHHAs CKOpPOCTb,  YBEJIMYEHHOE
MEXIJIAHETHOE MarHUTHOE TOJIE.

BeinonHeHo conocTaBieHre 00NbIINX U OBICTPBIX CKAYKOB JUHAMHUYECKOIO
JIaBJICHUS. COJIHEYHOI'O BETpa, 3aperMCTPUPOBAHHBIX Ha Heckoibkux KA, ¢
OBICTPHIMH BapHallMIMH MAarHUTHOTO TIONS B MarHuTocepe, U3MEpPECHHBIMHU
T€OCHHXPOHHBIMU COyTHHKaMu 3a nepuon 1996-2003 rr. IlokazaHo, 4to mnpu
OIHUX M T€X >K€ BEJIMYMHAX IWHAMUYECKOTO JABJICHHUS COJHEYHOTO BETpa 0
PUX0JIa BO3MYIICHHUS aMIUIUTYJa T€OCHHXPOHHOTO OTKJIHMKA MPOMOpPLIHOHAIbHA
aMIUIATYy/I€ W3MEHEHHWs [aBJCHHsS COJHEYHOro BeTpa. [lpm ogHMX U Tex ke
BEIMYMHAX aMIUTUTYABl M3MEHEHHs JaBJICHHUSI COJIHEYHOTO BETpa aMIUIUTYna
T€OCHHXPOHHOTO OTKJIWKa Oyaer Oojpmie a7 TeX COOBITHA, B KOTOPBIX
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MarHuTocdepa u3HaYaIbHO OblIa MeHee ckata. Pesynbratel 3D MI'J] HaxoasTcs B
Ka4ECTBEHHOM U KOJIMYECTBEHHOM COIJIACUHU C SKCIIEPUMEHTAIbHBIMU JAHHBIMU.

4. Cratuctuueckoe HCCJIeI0OBAHKE re;iuoc(pepHbIxX yCJIOBUIA,
NPUBOAAIIMX K MATHUTHBIM OypsiM.

st Bpemennoro uHTepBana 1976-2001 rr. Ha oCHOBaHMM 0a3bl JTaHHBIX
OMNI ObLITH UJCHTU(DUITUPOBAHBI ClIeAyIoLIne TUIIBI TEUCHUM.
KBazucraunonapusie: 1) renuochepHbiil TOKOBBIM CIOW; 2) MEJICHHbIE TEYEHUS
(M3 KOpOHAJBHBIX CTPUMEPOB); 3) ObICTpbIE TE€UEHUS (M3 KOPOHAIBHBIX JBIP).
Bosmymennsie: 4) ckaras 1iazma (Ha (poHTE OBICTPOTO W MEAJIEHHOTO
teueHud — CIR u nepen nepennum ¢ppontom nopuiHs — sheath); 5) mopuienp
(marnutHble oOsiaka — MC, u 2KeKThl — ejecta); 6) pa3pekeHHas mjiasma (Ha
dpouTe mMemnenHoro u OpicTporo TteueHuid CB). OpoHTHI pa3pbIBOB: 7) mpsimast
MEXIUIaHETHAas! yAapHas BOJIHA; 8) oOpaTHAsi MEKIUTAHETHAs yJlapHasi BOJIHA.

1E+4
T 10
c
c
>
©
o
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(]
|_
c 40 % Unknown =
- *
0 o
a  -80 ! c X
Sheath
-120
12 6 0 6 12 18 24 12 6 0 6 12 18 24
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OCHOBHBIMH ~ MEXKIUIAHCTHBIMH ~ MCTOYHHKAMH  TEOMAarHWTHBIX  Oypb
SBJSIFOTCSL MarHUTHBIC 00s1aka (MC), KOTopbIe BKITIOUAIOT CaMO 00JIaKo U 00J1acTh
ckatus nepen HuM (Sheath), m oOmactu cxaTusi Ha TpaHUIE OBICTPOTO U
MemeHHoro notokoB (CIR), coaepskamue 10KHYI0O KOMIIOHEHTY MEXIUIAHETHOTO
MarHuTHOro nojist (MMII). M3ydeHsl yCnoBusl B COJIHEUHOM BETPE PA3AEIBHO IS
Sheath, MC u CIR, npuBogsumue k Oypsim st 623 MarHUTHBIX Oypb B HEPHOJ
1976-2000 rr. AHanu3 OTpOBOJUTCS METOAOM HAJIOKEHHS 30X IJIs S5 pa3IMYHbIX
Kareropuii Oypb, BO30YXKIEHHBIX pa3MYHBIMH THUNamu cosHeyHoro Berpa: CIR
(obnacth cxxatus B uHTepdeiice ObicTporo u MenaeHHoro notokoB — Corotating
Interaction Region) — 121 O0yps, Sheath (oOmacte cxatus MexIy
HEBO3MYIIEHHBIM COJIHEUHBIM BETPOM M TEJIOM MarHuTHOro obmaka) — 22, MC
(MarauTHOE 00J1aK0) — 113 U «HeomnpeaeaeHHbIN TUIT» — 367, a TakKe JJIs «BCEX
Oypp» — 623 O6ypu. XoOTs HauMeHbIIHMe 3HaueHus Bz komroHeHTsl MMII
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HaOmmomarorcs B MC, HauMeHbIMe 3Hauenus Dst nanexkca nocturarorcs B Sheath.
Takum o0Opa3om, HamOOJbIINE MAarHUTHBIE OypH B CpEeIHEM BO30YKIAIOTCS BO
BpeMsi Sheath, a He Bo Bpems Tena MC, BO3MOXHO, 3a cueT 0ojiee BBICOKOTO
napyieHus U ero Bapuanuii B Sheath. boisiee Bbicokue 3HaueHus: nmapameTpoB Pdyn
(nkT), T/Texp u P nabmogarorcs B CIR u Sheath u Gonee mmskue B MC, 4to
COOTBETCTBYeT (PU3WUYECKOW CYIIHOCTH OSTHUX THUIIOB COJHEYHOTO BETpa.
Bospacranne Bapuanuii (4acoBBIX IHUCHEPCUM) KOHLEHTparuu u moxyiss MMII
HabmomaeTcst 3a 5—-10u4 mo oncera Tompko B TeueHusix Sheath. Jlns Oyps,
cesa3aHHbix ¢ CIR, Sheath m MC, 3aBUCUMOCTP MEXIAYy MUHUMYMOM BZ
KOMIIOHEHTBI MMII u MuHUMyMOM Dst WHIEKCA W 3aBUCUMOCTb MEXKIY
ANEKTPUUYECKUM MoJieM Ey COJIHEYHOro BeTpa U MHHUMYMOM Dst MHAEKca OoJjiee
KpPYThIE, YeM JIsI «HEOIPEACICHHOTO» TUIAa COJTHEYHOTo BeTpa. Hambonee kpyTas
3aBUCUMOCTB Dst oT Bz HaOmtomaercs B TeueHusx tumna Sheath, a Hanbosnee kpyras
3aBUCUMOCTh Dst ot Ey Habmomaetcs B TeueHusx Tuna MC.

5. O0 0c00eHHOCTAX MPOIECCOB MEePeHOCca HA IPaHuLie MarHUTOChepbI:
POJIb JJIEKTPUYECKOT0 MOJIS U HeJIMHEHHBIX MATHUTHBIX 0apbepoB

Bnepseie no panHbiM 4yetbipex KA KIIACTEP »skcnepuMeHTanbHO
MOKa3aHa pa3HULA B U3MEPEHUSAX MTOTOKA MOHOB M JAperida mia3mMbl B CKPEIEHHbIX
momsix 3a cyeT d¢p@dekTa  KOHEYHOrOo  THUpOpaguyca MPOTOHOB U
IPOJEMOHCTPUPOBAH MEXaHHU3M  YCKOPEHHMs  OOTeKarolled IUla3Mbl  MpuU
UHEPLUOHHOM Jpelie B HEOAHOPOAHOM JJIEKTPUYECKOM II0JI€ Ha TOHKOMU
(cpaBHMMOW C BEJIMYMHOW TMpopaaudyca MpOoToHa) MarHurtonayse. CpaBHEHHE C
aHamornuyHbiMi JaHHBIMU KA MHTEPBOJI-1 noka3siBaeT, 4TO 3TH MPOLECCHI
XapakTepHbl i MHUKpOMaclITadOB Ha TIpPaHULE MABMXKYIIMXCS IJIA3MEHHBIX
IIOTOKOB, M OTKPBIBAIOT HOBBIM THUII IIEPEIayd BEIIECTBA Y€pEe3 TAKUE I'PAHMIBI U
BO3MOXXHOCTh ~ KOMOMHUPOBAHHOTO HarpeBa IJa3Mbl B HEOJHOPOIAHOM
AJIEKTPUYECKOM I10JI€ C HAJIO)KEHHOM MarHUTHOM TypOyneHTHocTbto. Hampumep,
32 CYET COBMECTHOTO JEHCTBUS MArHUTHBIX M D3JEKTPUYECKUX CHUJI BHYTpU
TOKOBOTO CJIOSi 0€3 MarHUTHOTO TIEPECOSAMHEHUs OO0ECIeUnBaeTCsl MPHUTOK
COMTHEYHOM TuTa3Mbl W TOBbIIeHHE e€¢  3((EeKTUBHOW  TeMIlepaTypbl
HEIMOCPEACTBEHHO MOJ BBICOKOIIMPOTHOM MAarHatonay3on. OIHOBPEMEHHO, B
Oonee TIyOOKMX TPWICTAIONIMX MOTPAHCIOSX, BBISIBICHBI 4YEPTHl  Kak
HEIOCPEICTBEHHOIO MIPOHUKHOBEHUS IJIa3Mbl Y€pe3 MOJISIPHBIE KacIbl (BBEPX IO
TEYEHUIO OT MeCTa HaOJIO/IEHUS ), TaK U MEPECOCTUMHEHNS] MATHUTHBIX CUJIOBBIX Ha
JTHEBHOM 4aCTH MarHuToIray3bl. TakuM 00pa3oM, SKCIIEPUMEHT MOKA3bIBAET BBHIXO/T
U3, Ka3ajoch Obl, HEPA3peIIMMON AUIEMMBI: MEPEeCOCIMHEHUE MAarHUTHBIX IMOJeH
Wi MHUKpoIudPy3usi ONpenessitoT OCHOBHOM TMPUTOK COJIHEUHOM TMIa3Mbl B
3eMHYI0 MarHutoc(hepy — HMX BKJIaJl B 00IIEM ClTydyae CPaBHUM.

[IpoBeneHHOE UCCIENOBAHUE BIIMSHUS HEJIUHEWHBIX MUKPOCTPYKTYp Ha
CBOMCTBA MOTPAHUYHOTO CJIOSI MEXKY ABUKYIIUMUCS CIOSIMU IIa3Mbl JOCTATOYHO
HEOXKHMJIAaHHO IMI0KA3aJI0, YTO MpU 3-MEPHOM XapakTepe BO3MYIUEHUW IOTOK
HaOeraromeil mia3Mbl MOXET CIPOBOLIMPOBATH «OMPOKHUIBIBAHUE» MAarHUTHBIX
CWIOBBIX JIMHUI Ha TpaHulE, T.€. NPUBECTU K AJIbBEHOBCKOMY KOJUIAICY
MAarHUTHOTO TIOJISI, COIPOBOXAA€MBIX POCTOM MAarHUTHBIX OapbepoB MEXKIY
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CIOSAMM IUIa3Mbl. OJTO, B MPOTHUBOIOJOXKHOCTh MPEABIAYIIEMY, O3HA4aeT
(YHKIIMOHMPOBAHMUE IO CHX MOp HE pacCMaTpUMBAEMOT0 B HaI€l OTpaciii HayKu
MEXaHM3Ma TEHEepaldd MarHUTHOTO TMOJsl, OOECIEeYMBAIOIIEr0 pasJeleHue
nBuKyHmxcsa cped. Konuenuus AnbBEHOBCKOrO KoJuiarnca 00oOIIeHa Ha citydai
KOHEYHOI0 THpOpaJnyca MPOTOHOB, YTO IO3BOJIMJIO NPEACKa3aTh HaJIW4ne
PAaBHOBECHOI'O TEUYEHHs C TEIUIOBOM CKOPOCTBIO IPOTOHOB B OKPECTHOCTH
OappepoB ¢ MacmrabaMd, CpPaBHUMBIMM C THUPOPAaIUyCOM  IPOTOHOB.
W, neficTBUTENBHO, TaKO€ TEYeHHWE ObUIO OOHApYKEHO MO JaHHbIM Kak KA
KJIACTEP, tak uw WHTEPBOJI-1 kak pa3 B o00macTax MHUKpOOapbpOB,
BBIPACTAIOIIMX JI0 MAarHUTHOTO AABJIEHUS MOPSAKAa JOMUHHUPYIOLIETO TEIIOBOTO
JABJIEHUSI B3aUMOJEHCTBYIONIMX TU1a3M. HeCKOJIbKO HEOKHUJIAaHHBIM OKa3ayiCsl TOT
OKCMEPUMEHTAIbHBIA  (akT, UTO CHEeHUPUYHBIA TMOTPAHCIOW C  TaKUM
OKOJIO3BYKOBBIM TEYEHHEM IIJJa3Mbl M MarHUTHBIMH MHUKpPOOapbepaMu MOKET
HaOJII0JaThCS B KBa3UCTATUYECKOM PEXKHUME Ha PACCTOSIHUSX A0 pajguyca 3eMIIH.

6. UccaenoBanue mojiosKeHnsi 36MHOM MATHUTONAY3bI

OOHapy>keHO, UTO 3eMHasi MarHUTONay3a cxkaTa Ha ~5 % B HalpaBJICHMSIX,
NEPIEHIUKYJISAPHBIX IJIOCKOCTH, 00pa3yeMoil BEKTOpaMM COJHEYHOI'O BETpa U
MEKIUIAHETHOI'O MarHUTHOIO moJiA. Takoe CKaThe MOMKET SBIATHCS PE3YyIbTaTOM
HATSDKEHUS OOBOJIAKMBAIOIIMX MAarHUTONAy3y CHJIOBBIX JIMHUM MEXIIJIAHETHOTO
MAarHATHOTO MoJs. BiausHus B, KOMIIOHETHI MEKIUIAHETHOTO MAarHUTHOTO TOJISI Ha
MOJIOKEHHUE TMOJCOJHEYHOM MarHuTonayssl 1o AaHHbIM ciyTHUKOB [TPOI'HO3 un
MHTEPBOJI-1 ©He oOHapyXeHO. VYMEHbIIEHHE TIONEPEYHOTO  CEYCHUs
MarHUuTONay3bl IJIOCKOCTBIO Y, Z cuctemsl koopauHat GIPM mnpoucxomur c
yBeJIMYECHHEM JMHAMHYECKOTO NaBIeHMs conHeuHoro Berpa pV. Tlpum Bcex
naBneHusX PV’ XapakTepHOEe 3HAUYCHHE OTHOLICHHS IOMEPedHOH R.gpy K
IPONOJIBHOU Ry py OCSM alIPOKCUMUPYIOILETO 3IUIANICOna cocTaBiseT ~0,95.

LILEE IR LT 1EAR = A azInp LEARa AfalInp LEL LR ITR N

Py = 15586 WERTY. Ryarw = 138
Rrarafyen = 056 RarwfPyen =05 Rarairu = 031

7. DKCNIepUMEHTAIBLHOE MCCJIeI0OBAHNE INMYYKOB YCKOPEHHOW IJIa3Mbl,
HA0JI01aeMbIX B NOTPAHMYHOM ILIA3MEHHOM CJI0€ XBOCTAa MarHutocgepsbl
3emJyn no JaHHbIM npoekTa Cluster

MuorocnytTHukoBble u3MepeHusi Cluster My4ykKoB YCKOPEHHBIX HOHOB
(6uMIIETOR), NBMXKYIIMXCS B MOrpaHUYHOM mutazMeHHoM ciioe (I1T1C), mo3poimnu
pa3euTh BPEMEHHOM U MPOCTPAHCTBEHHBIN 3G (EeKTh B HAOMIOAECHUN OMMIICTOB
M BIEpPBbIC OLEHUTh WX MHUHUMAJbHYIO JUIMTEIBHOCTh M  XapaKTEPHbIC
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IPOCTPAHCTBEHHBIE pa3MeEpbl. YCTAaHOBJIEHO, YTO OMMIIET MPEACTAaBISET COOOM
IUTa3MEHHBIA (UJIAMEHT, BBITSHYTBIM BIOJb CHUJIOBBIX JMHMM MAarHUTHOTO MOJIS
(XapakTepHBI ITPOJOJIBHBIA pa3MEP HECKOJBKO JECATKOB 3EMHBIX PaJnyCOB) U
JIOKAJIM30BaHHBI B HANPABJICHUU, NEPHEHIUKYIIPHOM MArHUTHOMY IIOJIIO
(XapakTepHble NONEPEYHBIE pa3MEPbl HE NMPEBBIIIAIOT OJHOTO 3€MHOTO paauyca).
CpenHsss MUHMMaJIbHasl AJUTENbHOCTh Oumiieta ~10 MuH. Take yCTaHOBIEHO,
YTO CHWJIOBBIE JIMHUM MAarHUTHOTO II0JIA, BJOJb KOTOPBIX PaCIpPOCTPAHAETCSA
OUMIIET, UCKPUBJICHBI, B PE3yJbTaTe YEro CTPYKTypa OumieTra mpuoOpeTaeT BHI
«3MEUKN».

Ha ocHoBe 0a3bl JaHHBIX IPOJIETOB YETHIPEXCIYTHUKOBOM cucteMoil Cluster
xBocta MarauTocdepsr 3emmm (2001-2003) (Ha paccTostHUSX OT 3eMiu ~19Rp)
IIPOM3BEAECH aHAIIN3 MATHUTHBIX BO3MYILEHHMM BBICOKOMMPOTHOM rpanuusl [II1C,
HAOMIOJaEMBIX TPU TMPOXOXKJIEHUU 1O HEH BBICOKOCKOPOCTHBIX OWMIIETOB.
Bo3mymienne rpanunsl IIIIC nOpuBOAWT K YBEIMYEHUIO JHEPTUM  XOJOAHOU
IUIa3Mbl, BBITATMBAEMOM M3 HOHOC(HEpPHl B BBICOKOUIMPOTHBIE JOJU XBOCTA.
IlokazaHo, 4yTO JaHHBIE BO3MYILIEHHUS MOTYT OBITh BBI3BaHbl HEYCTONYMBOCTBIO
KenbBuHa-I'enbMronblia, BO3HMKAIOUIEH H3-3a OOJIBLIONW pa3HULI CKOPOCTEN
OumMIIeTa ¥ OKpY’Karollel Mia3mbl. Y CTAHOBJIEHO, 4TO Bo3MyIeHus rpanulsl [ITIC
pacnpoCTpaHsAoTCa K 3eMile C albBEHOBCKOW CKOPOCTBIO M Hapsily ¢ (DIAIIUHIOM
XBOCTa BHOCSIT IONIOJIHUTENbHBIN BKIJIa] B KosiebaTenbHble aBuxeHus [ITIC.

8. YToHblmieHHe ¥  BBLITATMBAaHHE ILUIa3MEHHOI0 CJIOSI  XBOCTa
maraurocgepsi 3emiu nepen cyooypsammu

Peanuzanust MHOTOCITyTHUKOBOTO TIpoekTa Kiiactep BrepBbie MO3BOIMIA HA
PETYJISIPHOM OCHOBE OIPEACNATh KOH(PUTYpPAlUI0 TOKOBOTO CJIOSI XBOCTa
MarHuTocepsl  3eMiIuM  MPSAMBIMA, a HE  KOCBEHHBIMH  METOJIaMHU.
[Ipoananu3upoBaHbl 1OCTaTOYHO YacTo HabmoaaBmmecs B Teuenue 2001-2004 rr.
JUTATENIbHBIE TEPECEUCHMUS]  YTOHBIIAIOIIETOCS TOKOBOTO CJOSi BO  BpeMs
npeaBapuTenbHor  (a3el  cyOOypu. YCTaHOBIJICHBI XapaKTEepHBIE CIIEHApUU
YTOHBIIICHUS U BBITATUBAHUS TIJIA3MEHHOTO CJIOS.

1N b T
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[Toxazano, 4TO yTOHBIIEHUE CJ0s (YBETMYECHHE TUIOTHOCTH TOKa) 0OpaTHO
MPONOPLHUOHAIIBHO BEJIIMYMHE HOPMAJIBHOW KOMIIOHEHTHI MAarHUTHOTO MoJjs (T. €.
BBITATUBAHUIO) W TNPSIMO MPOINOPIUOHAIBHO TemmnepaTtype HoHOB. Ciom ¢
JOMUHHUPYIOLIEH IIMPOBOM KOMIOHEHTON MarHUTHOTO MOJIsA (HapaJuIeIbHOM TOKY)
COCTABJISIIOT OKOJIO TPETH HAOMIOACHUN W XapaKTepU3YIOTCS BBIPAXKEHHBIM
HEXappPUCOBCKUM MpoduieM C Y3KUM U 0OoJiee BBICOKMM TI0 aMILUIUTY/IE
MAaKCUMyMOM TOKa B LIEHTPE CJIOS, YTO YKa3bIBAET HAa BAXXHOCTh PACCMOTPEHUS
3aJa4  C TPEXMEpPHOW KOH(UTrypamuell MarHUTHOTO TIOJNE B TEOpUU U
MOJleIMpoBaHud. Ha puCyHKe MOKa3aHbl CIEHAPUM YTOHBIICHUSA-BBITATUBAHUS.
CoenrHEeHbI TOJIBKO MEPBasi ¥ MOCIEAHSAA TOYKHA KaXa0ro narepeana. [lo ocn X —
YTOHBIIIEHUE: IOTHOCTh TOKa Jo (cneBa) m tommuHa ciost H (cmpasa). 11o ocu
Y — BBITSATMBaHUE: BEIMUMHA HOPMAJIBHOM KOMIIOHEHTBI MAarHUTHOTO OIS Br.

9. MoaesiupoBaHue MJIa3MEHHBIX CHCTEM B XBOCTE MATHUTOC(ePHI

[IpencraBiena aHaJMTUYECKas CaMOCOIJIaCOBaHHAas MOJEIb
MHOTOKOMITOHEHTBIX TOKOBBIX CJIOEB, B KOTOpBIX IUIa3Ma COCTOMT W3 HOHOB
COJIHEYHOTO BETpa U HMOHOCHEPHBIX MOHOB. BiusHuE 3ME€KTPOHHONW MOMYJISIIUN
YYTEHO B MPEANOJOXKEHUU, YTO OJJIEKTPOHbI HMMEIOT KBa3UPaBHOBECHOE
OOJILIIMAHOBCKOE pacIpe/iefieHe B JJIEKTPOCTATUYECKOM TI0JIE, B KOTOPOM
AJIIEKTPOHBI MOAAEPKUBAIOT TOK C PE3KUM MUKOM B LIEHTPE TOKOBOTO ciosi. Bkian
TsoKeNbIX MOHOB O yuuTBIBaeTCS B BUAE OHOTO U3 CIIATAEMBIX B CHCTEME
ypaBHeHu#t Tuma ['pama-IlladpanoBa, omuchBarOMUX KBa3UPABHOBECHYIO
koH(purypanmro. [lokazaHo, 4To BKJIaJ MOHOB KHCIOPOJa B OOIIMIA TOK IMOTEPEK
XBOCTa B PEalbHBIX YCJIOBHUSX HE MOXET npeBbiiath 30 %, HO MOJOXKUTEIbHBIC
«KPBUIbS» IUIOTHOCTH TOKA, IIONIEPKUBAEMBIE, B OCHOBHOM, HOHamu O,
OPUBOMIT K 3HAYWUTEIBHOMY ymupeHuto mpodmas Toka. OueHb Y3KUU
ANIEKTPOHHBIN ciioi TonmuHou nopsiaka L ~ (0,05 —0,1)p, (roe p, — rupopaaunyc
MPOTOHA) BJIOKEH B TOHKUH MPOTOHHBIN CIIOU C L ~ Oy, KOTOPBIM, B CBOIO OYEPEb,
BJIO’)KEH BHYTPb OTHOCHUTEJIBHO TOJICTOIO KHUCIOPOAHOTO TOKOBOro cios (L ~ (5—
10)p.). bonee Toro, Bech TOKOBBIN CiOW Kak Obl BIIOKEH BHYTpbH elle Oosee
TOJICTOTO  IJIa3MEHHOTO  ¢Josi  (TOJIIMHA KOTOPOTO B  MOJIEIM  paBHA
OECKOHEYHOCTH, a B PeTbHONH MarHUTOCepe MOKET JOCTUTATh OT HECKOJIBKUX 10
necsaTtka Rp, T.e. MHOTO OOJbINE TOJIMHBI TOKOBOTO cJios). Takum oOpaszom,
MPEJCTABJICHHAS B JAHHOW IJ1aBE€ MOJIEIIb MO3BOJIAET PACCMOTPETh YETHIPE YPOBHSA
BJIOKCHHBIX APYT B APYra IJIa3MEHHBIX CTPYKTYP, 32 YTO OHA MOJIYYHIJIa HA3BAHUE
«MOACIIb MaTPCIIKU».

10. UccnenoBanue MexaHHW3Ma BCHbIIIEK BbICHINMAHUN PeJATHBHCTCKUX
3JIeKTPOHOB U3 BHEIIHEH 00J1aCTH PaIHalMOHHOTO MOsIca

Habmroienust BeICHIIaHUEI 4YacTHI] B aTMocdepy 3eMiTd, BBHITOJHEHHBIC Ha
HU3KOJICTSIINX CITyTHUKAX, BBI3BAIHM OOJBIION MHTEPEC K BCIIBIIIKAM BBICHITAHUN
PENATUBHCTCKUX DJIGKTPOHOB W3 BHENIHEH 00JIACTH paualiioHHOTO IIosica.
B xauecTBe MexaHW3Ma, TPUBOMAAIIETO K TaKUM BCIBIIIKAM, MPEAIaraeTcs
pE30HAaHCHOE paccessHue (Ha BBICOKMX ITUKIOTPOHHBIX PE30HAHCAX) YacCTHIl B
KOHYC TIOTeph B pE3yJIbTaTe B3aMMOJCHCTBHUS PEISATHBUCTCKUX JJICKTPOHOB C
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WHTEHCHUBHBIMU BEPXHETUOPHUIHBIMU BOJIHAMH, KOTOPBIE YAaCTO HAOIIOAAIOTCS BHE
m1a3Mochepsl.

PaccMmoTpensl ABa ciydas: KBa3UMOHOXPOMATHYECKON BOJHBI M IIUPOKOTO
CIIEKTpa, JUIsl KOTOPBIX paccuuTanbl ko3P dunimentsl Auddy3un yactuil B (a3oBoM
MIPOCTPAHCTBE C yUYE€TOM HEOJHOPOAHOCTHU cpefbl. [lokazaHo, 4To pelITUBUCTCKUE
AJIEKTPOHBI UMEIOT MPEUMYIIECTBO HaJl HU3KOIHEPTUUHBIMU AJIEKTPOHAMHU C TOUKU
3peHUs] KOJTUYECTBA IMKIOTPOHHBIX PE30HAHCOB, KOTOPHIC YACTHUIIA MPOXOAUT 32
OJINH OayHC-TIEPUO/I.

brnaromapst kBa3umpoa0J5HOMY PACIPOCTPAHCHUIO BEPXHETHOPUIHBIX BOJIH,
PE30HAHCHOE B3aMMOJICWCTBHE BOJIH M YACTHUI] MOKET MPOUCXOAUTh HA MHOTHX
OayHC-IepHOJIax, YTO 00JIETYaeT MPOIECC PACCESHUS YaCTHUI] B KOHYC MOTEPb.

Pa3Buras Teopusi OOBACHSET JABE OCHOBHBIE OCOOCHHOCTH BCIIBIIICK
BBICHIMTAHUM PEIIITUBUCTCKAX DJCKTPOHOB, a WMEHHO, CHUJILHYIO 3aBUCHUMOCTH
MOTOKA BBICHIMMAHUS OT DHEPrUM YACTUIl M MEJIKOMACHITAOHYIO CTPYKTYpY
BCIIBIIIEK BBICHIIIAHUN, CBA3aHHYIO IIABHBIM 00pa30M C CHIJIBHOM JIOKaJIM3aluei u
HEOJHOPOJHOCTBIO ~ 00JacTH  BO30OYXKIEHUS  BEPXHETHUOPUAHBIX  BOJIH,
OTBETCTBEHHBIX 3a pacCesHHE.

11. DpdexkT HKpPAHUPOBKH IJIEKTPUYECKOr0 TMOJSA BO BHYTpPeHHeil
MarauTocdepe U KOHBEKIHMH IUIA3Mbl B 3aBHCHMOCTH OT KOHIEHTPalUU H
TeMIIEPATyPbI NIPOTOHOB HA BHENIHEH rPaHULIe

C nomompH  CaMOMOIJIAaCOBAHHOM  MOJIENA  BJIEKTPUYECKOTO  TOJIs
BHYTPEHHEH MarHutocepsl 3eMIM TPOBEICHBI pacueThl [JIs TOTCHIIMAJa
AIEKTPUYECKOTO MOJISI ¥ MPOJIOJIBHBIX TOKOB. JIJIsl pa3HbIX 3HAYEHUM TEMIEPATypPhI
IPOTOHOB Ha BHEIIHEW IpaHMIe MOAEIHpPOBaHus (B uHTepBaie oT 1,5 mo 15 k3B)
Y Pa3HbIX 3HaYeHUN KOHUEeHTpauui (ot 0,2 1o 1 cM ) MOJIYYEHO, UTO IKPAHUPOBKA
3HauuTeNbHO 3aBucUT OT MJIT: Ha NIHEBHOW CTOPOHE BCJIEACTBUE BBICOKOU
IIPOBOJIMMOCTH 3KpaHUPOBKA ciabee, yeM Ha HOYHOM. Bapuanuu KOHIIEHTpanuu
IIPOTOHOB Ha TPAHUIIE 3HAYUTEIHHO 00JIEe CUIIbHO BIMSIOT HAa SKPAHUPOBKY, YeM
Bapualuyu  TEeMIEepaTypsbl. YMeHblIeHue (yBenuyeHue) noHochepHoi
MIPOBOJIUMOCTH, OOYCJIOBJIGHHON aBpOPAJIbHBIMU BBICHIIAHUSIMU, YBEIUYUBAET
(ymenbiaer) 3¢ ¢dekt s3kpaHupoBku. M3 cpaBHEHHUS C MOJEIBIO AIEKTPUUYECKOTO
nons Bomnmanga—CrepHa ciemyer, uYTO BO BHYTpeHHeW marautocdepe
ANEKTPUIECKUE MO U IPHEKT IKPAHUPOBKU HMEIOT TOPa3fao Oojiee CIOXKHYIO
CTPYKTYpPY, YEM B MPOCTBHIX AHAIMUTUYECKUX MOJEAX. McclienoBaHO BIIHMSHUE
W3MCHEHUS PA3HUIBI  DJICKTPUYECKOrO TMOTEHUMAIA TONEPEK IIAnKh Ha
KOHIICHTPAIMIO MTPOTOHOB. UeM 0oJibllle KOHIIEHTPAIIUSI YacTUIl HAa TPAaHUIIE, TEM
cunbHee d(DPEKT IKpaHUPOBKH, M TeM Ooubie L-mapaMmeTrp, rae (GOpMHUPYIOTCS
HOCOBBIE CTPYKTYpbl. Huke mpeacTaBieHbl 3HEPTO-BPEMEHHBIE CIIEKTPOrPaMMBbI
IPOTOHOB BO BHYTpPEHHEH MarHutocdepe BHOIL Cpe3a IMpPU MOCTOSHHOM
MarHuTHOM JIOKQJIbHOM BpeMeHU. CHavana pa3Hulia MOTEHIMala YBEJINYUBAJIOCh B
tedyeHue 30 MuHYT. 3aTeM B TEUYEHHE Yaca OHa ObLIa MOCTOSHHA U B TEUCHHUE
30 MUH yMEHbIIAJIACh 1O HayalbHOro cocTosiHudA. I[loka3zaHo, YTO Takue
CTPYKTYpBI (DOPMUPYIOTCS B pe3yJibTaTe YMEHBIICHUS Tepernaja MOoTeHIMala Ha
I'PaHUILIE U, BEPOSITHO, UMEIOT TY K€ MPUPOJLY UTO U SIBJICHUE «JIPEihOBOTO IXa».
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Tonkue Jucnepcuonneie Ctpykrypbl (TC) B cmekTpax 3SHEPrUYHBIX
YacTHUI] BO BHEIIHEW MarHuTocdepe ObUTM OTKpHITH B dkcrnepumente JJOK-2 nHa
oopry cnyraukoB MWMHTEPBOJI-1 wu -2 (1995-2000). Bcero 6suio
3apeructpupoBano 6oisiee 1000 ciyuaes. [Ipu sTom Habmoganucey asa tuna TIC:
«OBICTPBIE» C JIUTEIBHOCTHIO <3 MUH U «MEIJICHHBIC» C JJIUTEIHOCTHIO >5 MUH.
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[Toka3aHo, yTO mMepBble, HAOMIOIABIIMECS HA HOYHOM CTOPOHE MarHUTOCQEpHI,
UMEIOT BPEMSINPOJIETHBIA XapaKTep U COOTBETCTBYIOT IPUXOAY YACTHIl U3 XBOCTA
MarHuTocgepsl Mocie UX UMIYIbCHOIO YCKOPEHUs B IJIa3MEHHOM cioe. PacueTsl
TPACKTOPUI ABWXKEHUS YaCTUL[ IOKa3ajld, 4TO OoJiblIas 4acTb 3TUX YacTHIL
OTpakaeTcs OT BHEUIHEW MarHuToc@epbl M BO3BpAIIAETCs 0OpaTHO B IIa3MEHHBIN
cinoi. OgHako HeOobIas ux 4acTh (<1 %) 3axBaThIBaeTCA B 00JIACTH 3aMKHYTBIX
CWJIOBBIX JINHUM, HAYMHAET I'PaJUEHTHO-LIEHTPOOEKHBIN Npeil) BOKpyr 3eMiu u
SBJISETCA OTBETCTBEHHOM 3a «mMemneHHble» TJIC. Xorda cpenHss dvactoTa
HaOmoaeHus «MemieHHbpx» TJIC B aBpopanbHBIX 30HaX coctaBisier 0,17 B gac,
OHHM MOTYT COBEPIIMTH HECKOIBKO 0OOPOTOB BOKPYT 3€MJIM U JAX€E OJHO COOBITHE
JaeT 3aMETHYIO J00aBKY B TMOJHYIO IUIOTHOCTh 3Hepruu (54-52%) u mOnHbBIMA
noToK »Heprun (67—66 %) wyactuil BO BHemHeW wmarautocdepe. Ilpumeps
criekrporpamMMm Ui 1Byx TUnoB TZIC: ciaeBa — «KOpPOTKHE» (BPEMSIIPOJIETHAS
JUCTIEPCHS), CTIpaBa — «JIMHHBIC» (TPaAUEHTHO-Aper(oBas Tucepcus).
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2.1.2. AHCTUTYT 3EMHOI'O MATHETU3MA, HOHOC®DEPBI
N PACITPOCTPAHEHUA PAIMOBOJIH UM. H.B. IITYIIKOBA PAH

2.1.2.1. lIpoexm KOPOHAC-®: Coaneunas u coineuHo-3eMHan pusuxa

B 2007-2008 rr. mnpopoixkanach o00pabOTKa JaHHBIX, TMOJYYECHHbIX
cnytHukoM KOPOHAC-® B niepuoa ero pabotsl Ha okosio3eMHoi opoute (2001—
2005). KOPOHAC-® wna6mrogan CojHIlE M PETUCTPUPOBAT MPOSBICHUS €TI0
AKTUBHOCTU B OKOJIO3€MHOM KOCMHYECKOM MPOCTPAHCTBE.

I'esmmoceiicmonornyeckuii 3xcnepument ANPOC/KOPOHAC-®

Ucnonp3yss  maHHBIE Tenuocercmoniormdeckoro  mpudopa  JAUDOC/
KOPOHAC-®, npoaeMOHCTpUPOBaHbl BO3MOKHOCTH pPa3pabOTaHHOIO HOBOIO
MeTozia 00pabOTKU BPEMEHHBIX Cepuil HAOMIOACHUHN JJIsI ONPEeIeICHUs ¢ BBICOKOM
TOYHOCTBIO CPEIHUX YacCTOT pACIICINICHHBIX JIMHUH pP-MOJ TJIO0AJIbHBIX
konebanuii CoyHIIA, a Takke i1 HU3YYeHUs TPHUPOJLI HEBpallaTeIbLHOIO
pacIeryIeHUs! JIMHUH B CIIEKTPE P-MO/JT KOJIeOaHUM.

TouHOe ompeneneHrne YacToT JUHUM P-MOJ KOJIeOAaHUM SBIISIETCS OJHOU M3
OCHOBHBIX 3aJlay TJIO0AJIbHON TEeIMOCEHMCMOJIOTHH, TaK KaK OHO OINpeesseT
TOYHOCTh pelleHuss oOpaTHOM 3amauu. Jnsg pemieHuss 3Tod mpoOjaeMbl ObLIH
CO3JaHBl HAa3eMHBIC CETH HAOIIOAATENIHHBIX CTAHIMM M KOCMHYCCKHE CTAHIIUMU
HenpepbIBHOTO HaOmoaeHus 3a COoTHIEM, TOCKOJIBKY TOUHOCTh U3MEPEHHUS 4aCTOT
3aBUCUT OT MNPOJOJDKUTEIBHOCTH HaOmojeHuit. OqHAKO, OKa3aloCh, YTO JUHUU
MOABEPKEHBI PaCIICIUICHUIO HE CBsi3aHHOMY ¢ BpanienueMm ComnuHua. B pesynbrare,
JUISL  ONpENENeHUsT 4YacTOT JIMHUM 1O JUIMTENIbHBIM psAaM  HaOJII0CHUMA
UCIIOJB3YIOTCSl Pa3IUYHbIE CTATUCTUYECKUE METOJbl YCPEAHEHUS, KOTOPhIE JAI0T
HECOBIAIAIONIME APYT C APYroM pe3yibTaThl. Takum oOpa3oM, OKas3ajaoch, YTO
YCUJIUSI M CPEACTBA MO CO3JaHUI0 HA3eMHBIX M KOCMHMYECKMX CTaHLMI
HaOJII0/ICHUI HE TTOJTHOCTBIO JIOCTUTIIN CBOeH menu. [IpeaioxkeHHbIi HOBBIA METO/T
aHajgu3a BPEMEHHBIX CEpUi HAOMIOJEHUM SBJISICTCS OOOOIIECHHEM KOHIICIIUN
QHAJIMTUYECKOT0 CUTHAJIAa. OJTOT METOJ MO3BOJISIET HAWTH MIHOBEHHYIO
aMIUTATYAy, a3y M 4acTOTy CUTHaJIa, a TakKXKe pPa3JeiabHO ONMPEACIIUTh BKIaIbl
aMIUTUTYAHBIX U YaCTOTHBIX (PIYKTyaIuii B paclIipeHre CIIeKTPaIbHON JTMHUU.
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daza konedanmit
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Ha puc. 1 mpuBemeHbl pe3yabTaThl 00paOOTKH TPEIIOKEHHBIM METOIOM
nByxMecsiuHon cepuu Habmoaenuit npubopa JUOOC/KOPOHAC-® B nuamnaszone
350 uM. Jlunus konebaHuii TiOOanbHONM MOABI ¢ 1=0, He moABEpKEHHAs
paclieryieHn0  u3-3a  BpaileHuss CosHIla, OKa3bIBaeTCs paCUICIJICHHONM Ha
HECKOJIBKO KOMIIOHEHT puc. la. bueHus Mexay KOMIIOHEHTaMu NPUBOIAT K
BapualusM aMIUTUTYAbl MOABI BO BpeMeHU (puc. 1b). BbiOpockl MTHOBEHHOM
4acTOThI (pHUC. 1¢) MPOUCXOAAT B MUHUMYMbI aMIUIUTYIbl, YTO MOATBEPKAAET TOT
dakT, 4TO BapWaIllid AMIUIATYABI 3TO PE3yJbTaT OWEeHWH KOMIOHEHT. CKadku
da3zel (puc. 1d) B MUHMMyMax aMmIUIMTYJbl MNPUBOJAAT K CKaukaM MTHOBEHHOM
4acTOThl. BbUIM TOTy4YeHbl aHATUTUYECKUE CUTHAJIBI JJISI KaXKIOW U3 KOMIIOHEHT
JUHUM, TIOKa3aHHBIX pa3IMYHBIMU I1BeTamMu Ha puc. la. Ha puc.2a, b, c
MPUBEACHBI MTHOBEHHBIE aMIUTATYIbI, YaCTOTHI M (ha3bl AT KOKION U3 KOMITOHEHT
curHayia. Hamname BEIOPOCOB YaCTOTHI M CKAYKOB (ha3bl B MUHUMYMaX aMIUTATYIbI
ABJISIETCA CBUIETEIBLCTBOM TOrO, YTO KOMIIOHEHTHI CUTHajda B CBOKO O4YEpElb
COCTOAT U3 CYOKOMIIOHEHT, KOTOPBIE HE YAAeTCs pa3pelinTh U3-3a HEJOCTATOYHON
JUTMHBL peanu3anuu. Ha puc. 2d npuBeneHsl nucrepcu GIyKTyalui aMIuIdTyabl
Y YacCTOTHI JIJI1 KOMIIOHEHT JIMHUU U JIJISl BCEH JIMHUU B 1IeJIoM. Bo Bcex ciywasx
aucnepcust  QIyKTyanuid aMmIuIdTyAbl TMPEBBIIACT JUCHEPCHIO  (IIyKTyalui
gyactotel B 10-100 pa3, T.e. mMpHHA CHEKTPAJbHOW JMHUU MPAKTHYECKU
MOJIHOCTBIO orpeaenseTcs: GIyKTyalusiMi aMILTUTYIbI, B TO BpEMS KaK 4acToTa p-
MOJIBl OKAa3bIBACTCS OYCHHb CTAOMIBHOW. TakuMm 0O0pa3oM, HOBBIH METOJN aHaIM3a
BPEMEHHBIX PSIZIOB MO3BOJISIET OMPEACIUTh YACTOTY JUHUU C BBICOKON TOYHOCTBIO.
OOHapyKeHbI TaKK€ HEOOBIYHBIE CBONCTBA KOMIIOHEHT JIMHUH, KOTOPHIC BPSI JIK
MOTYT OBITh OOBSICHEHBI B paMKaX TEOPHH CTOXaCTHYECKOTO BO30YKICHUS P-MOJI
kosebannit Ha CoJHIe.

0
1.46-06 i B @ -
3308 (0) ©
) -0.5
1.26-06 @ s -
£ te0s N 3308 2 5 O
2 = 5 1 = 4 ] o
=) E .S 5
£ . :
< - £ 3304 = 05 — N
o 6e-07 Sy - g o E s
£ /(\\ g g 0 2
=2 se07 | - R =] i
5 ° 3302 V 2
-2
2607 -05 o
/_J e}

0 0 20 30 40 50 2300 10 20 30 40 50 -1 1 20 30 40 50 3302 3308 3304 3305 3306

time (days) time (days) time (days) frequency (uHz)

Puc. 2. a, b, c — VIrHOBEHHBIE aMILTUTY/IbI, YACTOTHI U ()a3bl KOMITOHEHT JINHUU TTOKa3aHHBIX
TEM JKe I[BeTOM Ha puc. la; d — lucnepcus QurykTyaruii aMIIuTy bl (KBapaThl) U YaCTOTHI
(OKpY’KHOCTH) KOMITOHEHT. YepHBIM IIBETOM MOKA3aHbl JUCTIEPCUH aMIUIUTY/Abl U YACTOTHI JJIS
BCEU JIMHUU

PesyabTarthl 3kcniepumenta CIIMPUT/KOPOHAC-®
B xome »oskcnepumenta CIIMPUT, npoBommBmieMcs Ha CIyTHHKE
KOPOHAC-®, cnextporenuorpadom Mg XII monydeHs! yHUKaIbHBIE B MUPOBOU
NPAKTUKE MoHOXpomamuueckue n3oOpaxkeHuss COJHIIA B CIEKTPAlbHOM JIMHUU
A=842A (pesomancHas muHEs wmoma Mg XII). DrTa CchHeKTpaigbHas JHHHS
U3JIy4aeTcs TOJBKO IPH OTHOCUTENBHO BBICOKMX JUIS COJHEYHOHM KOPOHBI
temriepatypax — 71'>5 MK, koTopass xapakTepHas Il COJHEYHBIX BCIIBILIEK.
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

Takum  0Opa3om, cnektporenuorpag ~ Mg XII  BmepBbie  TO3BOJIWI
HEMOCPEACTBEHHO TMOJIy4aTh W300pa)K€HHsI ropsyeil BCIBILIEYHOW IUIa3Mbl, HE
CMEIIaHHbIE ¢ N300paxeHneM 0oJiee XOIOAHOMN T1a3Mbl CHOKOMHOM KOPOHBI.

Ha ocHOBe nosryueHHBIX JaHHBIX ObLI pa3pab0TaH HOBBIM METO U MPOBEIEH
KOMIUIEKCHBI aHAJIM3 COJIHEYHBIX BCIBIMIEK. IlodydeHbl HOBBIE CBEIEHMS O
(¢u3NYeCKUX yCIOBUSAX BO BCHBIUIEYHOM IJJa3Me€ — MPOCTPAaHCTBEHHOM
paclpeeneHud TEeMIIEPATyphl, IUNIOTHOCTH M UX BPEMEHHOM AuHaMHKe. Meron
OCHOBaH Ha PEHTTCHOBCKUX wu300paxkeHusx Comaia A = 8,42 A, MOJIYYEHHBIX
cnekrporenuorpadom Mg XII, 1 maHHBIX O TOJHBIX MOTOKAaX WHTEHCUBHOCTH B
OTHOCHTENBHO IIMPOKMX CHEKTPaIbHEIX jauanasoHax 1-8A wu  0,5-4 A
(MOJTyYEHHBIX PEHTI€HOBCKMMHU MOHHUTOpamHu cnyTHUKOB GOES). HaOmonenus
cnytHuka RHESSI B ’ecTKOM peHTreHOBCKOM JAHMamna3zoHe ObUIM HCIOJb30BaHbI
Uit BepuUKaMK  pa3pabOTaHHOTO METOJA M MPOBEPKUA  IMOITYYEHHBIX
pe3yJIbTaToB.

10'5 E T T T T | T T | T E
- GOES 1-8 7]
£ 10°FE =
2 - =
] = -
g L -
0;.5“ — -
i 7
0 10 RHESS| 6-12 keV =
3 -
| 10-16 MK )
10° L« o+ 1 4%
15:00 16:00 17:00 18:00 19:00
Time, UT

Puc. 3. [To/HBII IOTOK B CIIEKTpanbHOM AuanaszoHe 1—8 A, n3MepeHHbI peHTIeHOBCKUM
MoHutopoM GOES (kpacHast TMHUS), U €70 JEKOMIIO3HUIMS HAa TOTOKH, COOTBETCTBYIOIINE
«xonogHoi» — 1-4 MK, «cpenneii» — 4—-10 MK u «ropsiaeii» — 10-16 MK mma3me.
[TpuBeneno mist Benbimky 26 ¢espans 2002 r.

Meton mysi ompeziesnieHnsl TeMrepaTypHoro coctaBa (auddepeHImaibHON
MEpbl SMHCCHHM) H3IYYaIOIIEH IUIa3Mbl HCIOJB3YET IIOJIHBIE WHTEHCUBHOCTHU
PEHTreHOBCKOTO H3inydeHus: COJIHIIA B Pa3JIMYHBIX CIIEKTPAIbHBIX auana3oHax. Ha
OCHOBE W3MEPEHUH B TpeX PA3IUYHBIX CIEKTPAJIbHBIX [WANlA30HAX —
MOHOXpoMaTHueckoit many 8,42 A (o manusiM CITUPUT) 1 ABYX OTHOCHTENBHO
mupokux uHTepBanax 1-8 A u 0,54 A (no nanrsiM GOES) 1o/y4eHsI CBEICHHS
O BpPEMEHHOW AMHAMHKE TEMIEpaTypbl IJIi aKTUBHBIX BCIBIIICYHBIX SBJICHUM,
HaOmomasmuxcs Ha Connne B ¢eBpanie 2002 r. B ator mepuon Ha CosHie
MIPOU3OIIIJI0O HECKOJIBKO XapaKTepHbIX BembleuHblX, U nanHbie CIIMPUT Obum
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

MOJIYYEHBI C BBICOKMM BPEMEHHBIM pazperieHuemM 1,5 muH. bputo moka3aHo, 4To BO
BpeMsl JUTUTEIBHBIX BCHBIIIEYHBIX COOBITHIM OOJBIIOE KOJIMYECTBO IUIA3MbI
OCTaeTCsl NP OTHOCUTEIBHO HEBBICOKMX (114 Bembliek) ~1-4 MK u cpegnux 4—
10 MK Ttemnieparypax (cMm. puc. 3).

MoHoxpoMaTrueckue HU300paKeHUsI, TOJYUYCHHbIE CIIEKTPOrearorpadom
Mg XII, u cBeneHuss o TemmeparypHoM cocTtaBe (auddepeHnuaibHoi Mepe
OMUCCUU) OBLIM UCIOJB30BAaHbI JJII MOJEIMPOBAHUS  MPOCTPAHCTBEHHBIX
pacnpesesieHuid 3JIEKTPOHHBIX Temneparypsl U miotHoctu (1,, n,) B obmactu
BCIIBITIIKK, HaOmomaBmielics 26 gespas 2002 1. Ananu3  m300pakeHUN
MOKAa3bIBAET, UYTO B IIEHTPE BCIBIIIKKA OBUIO spKoe chepruyeckoe sapo, KOTOpoe
ObI0  OKPY’KEHO  MEHEe  HWHTEHCHMBHOW  oOjacteio.  MojenupoBaHue
MIPOCTPAHCTBEHHOTO PACTIPEACICHHS] M3IYICHHUS OBUIO MPOBEACHO TPH MOMOIIN
cheprudeckd CHMMETPUYHBIX paclpeaelieHnid TeMIepaTypbl W IUIOTHOCTH.
KonkpetHble 3Ha4YeHHs] TEMIEPATyphl U TUIOTHOCTH MOJOUPAIUCH NJIsi COTJIAcHs
MOJIENIA C dKCIepuMeHTOM. [IpoBeeHHbBIM aHAIN3 MOKA3bIBAET, YTO BO BCIIBIIIKE
OBIJIO OTHOCHUTENIBHO TOpsiyee SApO, TemIeparypa KOTOpPOTO MOJAHMMANIach OT
5 MK na nepudepun 1o 16 MK B 1ieHTpe, 1pu 3TOM IUIOTHOCTh ObliIa OJIM3Ka K

TUMIAYHOM KOPOHAJIBHOW W HW3MEHsUIaCh HE3HAYUTEIBHO — OT 1,5°109 J10
2,510” cM™.

Bpemennbie npodunu temnepaTypsbl, MOJIyYeHHBIC TPH MOMOIIM JaHHBIX O
PEHTTEHOBCKUX IIOTOKAaX, ObLIN HCIIOJIb30BaHbI TUTS COBMEIICHUS

MOHOXpoMmaTHueckoro wuzoOpakenuss Mg XII ¢ wu3o0paxeHneM B KECTKOM
PEHTTEHOBCKOM Juara3oHe, nojrydueHHoM Ha crrytHuke RHESSI (puc. 4).

el 06-Feb-2002 16,01:40:790 UT >
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Puc. 4. Monoxpomarudeckoe nzoopaxkenue crnekrporeiarorpada Mg XII (A = 8,42 A; uBetnoe)
U N300pakeHre B )KECTKOM PEHTTEHOBCKOM JUana3oHe, noysydeHHoe Ha cnytHuke RHESSI
(6—12 x3B; 6emblii KOHTYP)
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

[TonyuyeHHoe cocTaBHOE H300pakKe€HUE MO3BOJIMIIO OMPEACIIUTh TPAHUIIBI
«ropsiuei» obnacTu Ha uzoOpaxeHuu crnekrporenarorpada Mg XII u npoBeputh
TOYHOCTh OIPENEIICHUsI NTPOCTPAHCTBEHHBIX pacupeaeneHui 1,, n.. [lonmyuyennsie
CBEJICHUs O (PU3MYECKUX YCIOBHSIX BO BCIIBIIICYHOM TJIa3Me — €€ TeMIiepaType,
IJIOTHOCTH, WX BPEMEHHOW JMHAMHKE MOTYT OBITh HCIIOJIb30BaHBI JUIsl BHIOOpA
MEXaHU3Ma HarpeBa BCHBIEYHOM Iu1a3Mbl. [loka3aHO, 4YTO MOJIyYEHHBIE
pe3yibTaThl COTIACYIOTCSl C MOJIENIbIO HAarpeBa Mia3Mbl OBICTPON yIapHO BOJTHOM
Y MOJIEJIbIO TOHKOW MHIIIEHH.

Buvicokomemnepamypnas nnazma 6 kopone Connya

Bo BpeMs COJHEUYHBIX BCHOBILIEK HWMITYJIbCHOE BBIJCICHHE SHEPIUH
OPUBOJUT HE TOJNBKO K YCKOPEHHMIO YacTWIl, HO U K 3(PQPEKTUBHOMY HArpeBy
mia3Mbl. HaOmronenus, npoBeieHHbIe peHTreHOBCKUM Teneckonom SXT Ha Oopty
cnytHuka Yohkoh (Masuda et al., 1994; Tsuneta et al., 1997), noka3zanu, 4ToO
ropsiyasi rja3Ma BO BCIBIIIKaX MOXKET (opMupoBathcs Kak B Xpomocdepe, Tak U B
conHeyHoit kopone. B mepuox ¢ 2001 mo 2005r. wuHdopmanuio o
MPOCTPAHCTBEHHBIX W BPEMEHHBIX XapaKTEPUCTUKAX BBICOKOTEMIIEPATypHOU
11a3Mbl B KOpoHE npeaocTaniisul cinekrporenuorpad RES-K, sBnsBmumiics 4acTbio
KoMIiekca HayuyHbIX HHCTpymMeHToB CIIMPUT, paboraBmmx Ha O0OpTy
poccuiickoro  cnytHuka ~ KOPOHAC-®  (Oraevsky et al,  2002).
Crnexrporemmorpad RES-K mpemocraBmsii MoOHOXpoMaTHdeckue H300paKeHUs
MOJHOrO conHeyHoro gucka B JmHun Mg  XII 842 A, Ttemmneparypa
dbopmupoBanust kotopoi cocrapisieT 5—15 MK (Zhitnik et al., 2003). Oto genano
BO3MOXKHBIM TIpsIMbIE HAOIOACHUS TOpSAYEH KOPOHATBHOM IJIa3Mbl B OTIWYHE OT
JAHHBIX cyTHHKA Yohkoh, KOTOpBI MOT ONpeneaTh MOJOKEHUE TAKOM II1a3Mbl
B KOpDOHE TOJIbKO KOCBEHHBIMM METOJaMH, OCHOBAaHHBIMHU Ha CpaBHEHUU
nzoopakennit SXT, MOTy4yEeHHBIX C pa3HbIMU (GUIbTpaMH. MBI HCIOJIB30BAIN
npeumyiectsa Habmoaennit RES-K, uTo0b1 nuccnenoBaTs CTpyKTYpy U AMHAMUKY
ropsiueii KOpOHAJILHOM IJIa3Mbl BO BCHBIIIEYHBIX 00JIACTSX U B CIOKOWHOM KOpPOHE
Connua.

boun  mpoaHanuM3upoBaHBl  CEpUU  TOCJENOBATEIbHBIX  HM300paKeHUM
aktuBHOM oOmactu NOAA 9830, xoTtopass HaOmoAanach CHEKTPOTEIMOMETPOM
RES-K B nunun Mg XII 8.42 A channel, nauunas ¢ 21:40 UT 21 despans no
08:00 UT 22 ¢derpans 2002 r., T. €. B Iepuo MAaKCUMyMa COJTHEYHON aKTUBHOCTH.
B 3TOoT mHTEpBaN BpEMEHM TakKe Momnajna BembllKka kinacca M4.4 1o AaHHBIM
GOES (Geostationary Operational Environmental Satellite), npousoienmas B
HabmomaeMoil akTHBHOW oOmactu. Ha puc. 5 mokazaH m3MepeHHBIH BpeMEHHOU
npoduns m3nydenus B auHun Mg XII BMecTe ¢ 0HOBpPEMEHHBIMH MPOQPHIAMU
u3nydeHust B auamnasone sHepruid 25-50 k3B (RHESSI — Ramaty High Energy
Solar Spectroscopic Imager) u B auamasose mmus Boax 1-8 A (GOES). IIpoduis
JKECTKOTO PEHTTEHOBCKOTO M3Iy4€HUsl [JOJDKEH KOpPpPEIUpOBaTh C TEMIIOM
WHXEKIMN YCKOPEHHBIX JIEKTPOHOB.

CrpykTypa akTHUBHOM oOnactu B ¢oTtochepe u KOpoHe MoKazaHa Ha puc. 6.
Bce n3o0paxenus ObUIM MPUBEICHBI K OJJHOMY MacIiTaly, a TakyKe OCYIIEeCTBICHA
ux KomreHcanuss 3a cuerT BpameHus Connma. M3 ananuza u300pakeHui
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

SOHO/EIT u TRACE Obumn BbIOpaHbI T'pYIIbl MAarHATHBIX NETENb, KOTOPbIE
o0o3HaueHbl Ha pucyHke Kak Al-A4. Ha HwkHEll maHenw 3TH TPYyNIbl METeNb
HAHECEHbl Ha W300paKEHUS BBICOKOTEMIIEPATYPHBIX HCTOYHUKOB H3JIYUYECHUS,
MOJIO)KEHHE KOTOphIX ompeaesieHo no auHuu MgXII. CpaBHeHue maHenel Ha
puc. 6 MOKa3bIBAET, YTO MOJIOKEHUE BBICOKOTEMIIEPATYPHBIX 00JIacTeil coBMajgaer
C CHCTEMaMU MAarHUTHBIX METEIb, IPUYEM MAKCUMYM HHTEHCHUBHOCTH W3JIy4YCHUS
ropsiueil ia3Mel MPUXOIUTCS HA 00J1aCTH BOJIM3M BEPIIIMH MAarHUTHBIX TETEb.
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Puc. 5. BpemenHble npodmiin U3IydeHHs: a — UHTerpaigbHoe u3nydeHue CojHIa B 1Mana3oHe

s BoH 1-8 A no nauusiM GOES; b — u3iTydeHne BRICOKOTEMIIEPATYPHOM TIIa3Mbl B THHHAA

MgXII 8.42 A; ¢ — *ecTKOoe peHTI€HOBCKOE M3Ty4eHHEe BCIIBIIKH B nuanazoHe 25-50 k3B mo
mauasiM RHESSI
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

(a) SOHO EIT, Iﬂk‘g Feb (b) SOHOMDI 2002, Feb 22
Fe XII, 195 A 01:13:46 UT ey 00:59:00 UT

| (c) SPIRIT 2002, Feb21] [ (d) SPIRIT 2002, Feb 22
MgII, 8.42A 23:56:44 UT { | MgII, 8.42A 01:32:51 UT

-

Puc. 6. AxruBHas o61acte NOAA 9830: a — uzobpaxernne SOHO/EIT B muamn 195 A;
b — marnerorpamma SOHO/MDI u HeliTpanbHas uHUSA GOTOCHEPHOTO MArHUTHOTO TOJIS;
¢ — moJiokeHune obacTeil BriIcokoTemIiepatypHoii ia3msl (R1-R4) o Benbimku
(n306paxenuss CITMPUT B nunun MgXII 8.42 A); d — pacripesiesieHre BBICOKOTEMITEPATYPHON
TUTa3MBI 1Toclie BembIIKA. CUCTeMBI meTens, Ha0moaasmuecs cmyTHukoB TRACE, noka3aHbl
IIyHKTUPHOM JINHUEN U cuMBoiaMu Al-A4

Bo Bpems paccMmarpuBaemoil cepun HaOJMIOAEHMM MPOW30LLUIA BCIBILIKA
kinacca M4.4. Ee nauano no HabmoneHusM B tuHuu MgXII npunuiocs Ha 23:45
UT wu coBnasio ¢ sigpom ropsuen miazmsl R2 (puc. 6). Bo Bpemsi BCOBIIIKY siApa
R2-R4 cmunucek Ha nzobpaxenusix CIIMPUT, tak yto Henb3s ObUIO M3ydaTh MX
JUHAMMKY pa3zfenbHo. Anpo R1 Haxoaunock Ha GOJBIIOM pacCTOSIHUM OT LIEHTpa
BCIIBIILIKM, U €r0 HE3aBUCHMbIE M3MEPEHUS MOXXHO ObUIO IPOBOAMTH JAXE BO
BpeMsl MakcuMyMa Benbllikd. Ha puc. 7 moka3aH BpeMEHHOM Npopuib Tpex
ciuBmuxcs sigep R2-R4 u mpoduns ynanennoro sapa R1. IlpumedarensHoi
O0COOCHHOCTBIO OKa3aJ0Ch, YTO BPEMEHHBIE MPOPIIN TMOKA3bIBAIOT KOPPEIALHIO,
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

KOTOpasi XOpOIIO BhIpaXEHAa Cpa3y Ha HECKOJbKUX HWHTEpBaJlax BPEMEHU.
B yactHOCTH, Yepe3 HEKOTOpOoe BpeMsl MOcje Hayalla BCOBIIKUA B siape R2 Obun
3apEeTUCTPUPOBAH POCT M3NydeHUs B ynaieHHoMm siape R1. OcHoBbIBasCh Ha
BPEMEHHOU 3ajiep>KKe 5 MUH, U paccTosHuu Mexnay sapamu 210 000 km, Obuia

OIICHEHA CKOPOCTb PACHPOCTPAHECHHUS BO3MYIIEHUS W3 LIEHTpPa BCIBIIIKH —
650 xm/c.
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Puc. 7. CpaBuenue npoduieit u31ydeHus: BRICOKOTEMIIEPATYPHOM TIa3MbI B SIIPE BCIIBITITKA
(myHKTHpHAs JUHUS) U B yJaJeHHOM UcTouHuKe R1 (crutomHas nuHus)
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Kopona 6 sicecmrxom ynompaghuonemosom ouanazone

Teneckon CIIMPUT na cnytauke KOPOHAC-®© (26 mrons 2001 —
5 mexabpst 2005 r.) BIiepBble HAOMIOAAN COTHEYHYIO KOPOHY B AuamasoHax 175 A
(muaum monoB xkene3a Fe IX, X and XI) u 304 A (iuausa nona Hell) B pexume
KOpoHOTrpada Ha paCCTOSHUU JI0 5 COJIHEUHBIX PaJUyCOB. DTOT JMaIa3oH
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

SBJIETCS] TPOMEKYTOUHBIM MEXY MOJISIMU 3peHUsl 00bIuHbIX BY @-Teneckonos u
OOJBIIMHCTBA KOPOHOIPA(OB BUIMMOTO JUANA30HA U MPEJCTABISET OOJBIIYIO
BKHOCTH JUIsI UCCJIEIOBAaHUN (POPMUPOBAHUS CTPYKTYPhl CTPUMEPOB, YCKOPEHUS
BbIOPAChIBAEMOI'0 BEUIECTBA U MCTOYHUKOB OBICTPOTO M MEJJIEHHOTO COJIHEYHOI'O
BETpAa.

175 A ~16/06/2002 15:58:11 UT
AR B
3 ¥ 'x _—

4

g

175 A 21/06/2002 16:45:13 UT

175 A 05/12/2002 09:18:09 UT

Puc. 8. XapakrepHbie 2JIEMEHTHI CTPYKTYPBI, HAOTIOJABIIHECS TEIECKOIIOM-KOPOHOTpadom
CIINPUT B nuamnazonax 175 u 304 A1 — pavanbHbIe Ty4YH; 2 — HepaaualbHbIC JTYUH;
3 — BCIUTBIBArONIAS METJIS; 4 — MYYOK JIydel, CBI3aHHBIX C aKTUBHOM 00JIACTBIO HA JINCKE

(TOTOK COJTHEYHOTO BETPA)

48



2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

[IponomxurensHbie KOpoHOTpaduyeckue HaOmOAeHUs KOpoHBI B BYd-
JIMaIra30He, NPOBEACHHBIE B MEPHOJ BBICOKOW COJHEYHON AKTHUBHOCTU HWIOHE H
nexabpe 2002 T. mMOKasamM, 4TO B AuamasoHe 175 A KopoHa cocTOMT U3
mudPy3HOM KBa3U-CUMMETPUYHON YacTH (COBOKYITHOCTh HEpa3pEIICHHBIX METENb)
U CTPYKTYpPBI SIPKHUX Jy4ded (paauanbHbIX WU HEpPaJAUalIbHBIX, AJEMEHTHI 1 1 2 Ha
puc. 8), HaunHarouwxcsi ¢ noepxHocth ConHua. Hekotopele W3 3THX Jydei
CBS3aHbl C AKTUBHBIMH OOJIACTSAMHU W BBISBISIOT TOTOKH COJHEYHOIO BeETpa
(ctpyktypa 4 Ha pucyHke). HaOmomanwch Takke HECKOJIBKO —OOBIIMX
BCILIBIBAIOLMX NETENb (CTPYKTypa 3 Ha PUCYHKE), KOTOPbIE ObLIN aCCOLMUPOBAHbI
C KOpOHaJIbHBIMU BbIOpocamu macchl 1o kataiory LASCO.

B mmamasome 304 A kopona Gomee muddysHa M MeHee OXHOPOIHA,
KOPOHAJIbHBIE JIy4d €/1Ba MPOSBISAIOTCSI. AHaIW3 paJudajbHON 3aBHCHMOCTHU
sipkoctH B iuHUU He Il mokazain, uro 10 paccrosiuuii 1,5 paguycoB 310 U3TydeHHE
00yCJIOBIIGHO CTOJIKHOBUTEIIbHBIM BO30YXKIE€HHEM, Ha OOJBIIUX PACCTOSHUSIIX
npeodiaaeT pe30HaHCHOE paccesiHUe.

Jlureparypa

Slemzin V., Bougaenko O., Ignatiev A., Kuzin S., Mitrofanov A., Pertsov A.,
Zhitnik 1. Off-limb EUV observations of the solar corona and transients with the
CORONAS-F/SPIRIT telescope-coronagraph // Ann. Geophys. 2008. N. 26
P. 1-10.

JAMHAMMKA CTIEKTPOB KeCTKOI0 PEHTTeHOBCKOI0 M3JIy4eHHs COJIHEYHbIX
BenbIlIeK o faHubIM npuoopa NPUC/KOPOHAC-®

[To mamnbim mpubopa HNPUC/KOPOHAC-® Opima u3ydeHa guHaAMHUKa
HPHEPreTUYECKUX CHEKTPOB JKECTKOTO PEHTIC€HOBCKOTO H3IYyYEHHUS COJHEYHBIX
BCIIBIILIEK Pa3IMYHOrO KJacca, B pe3ysbTaTe 4ero ObLIN YCTAaHOBJIEHBI M3MEHEHUS
(OpMBI CIIEKTPOB BO BPEMEHH, OTpaXKarolre N3MEHEHNs (PyHKLINU pacrpeeacHus
YCKOPEHHBIX BO BCIBIIIKAaX 3JEKTpoHOB. Bcembimeunsiii cnexkrpomerp HMPUC
o0Jaznan BBICOKOM YYBCTBUTEJIBHOCTbIO M3MEPEHHUS PEHTTEHOBCKOTO H3JIyYEHUs
ConHila, ¥ TO3BOJSUI  JETAIBHO  MCCIENOBATh  CHEKTPAJIbHO-BPEMEHHBIE
XApaKTEPUCTUKU MATKOTO PEHTIEHOBCKOIO M3JIydeHHs (2—15 k3B) Kak MOIIHBIX,
TaK U cJaObIX COJHEYHBIX BCIIBIIIEK BMECTE C M3JIyueHHUEeM crokoiHoro CoJHia,
KOTJA MHTGHCHBHOCTb M3IydeHHs COCTaBisna He Oomee ~107 sprem ¢
(~10 HBT/M?); 3BOJIOLMIO HEPreTHUYECKHX CIIEKTPOB PEHTTEHOBCKOTO M3ITy4eHHS
no 64-xkaHanbHBIM ~amnmapaTypHbiM cnektpaMm  (2—150 k3B) ¢ BpeMeHHbIM
paspemienremM 1 c. Huke npuBoasTCA pe3ysbTaThl aHAIW3a TUHAMUKHU CIIEKTPOB
PEHTI€HOBCKOTO H3JIyYEHHUS YETBIPEX COJHEYHBIX BCIBIIIEK PEHTTEHOBCKHUX
kiaccoB C u M, 3apeructpupoBaHHbix criektpomerpom MPUC B Tteuenune 2001-—
2002 rr.

JInsi COJIHEUHOW BCHBIIIKM PEHTIEHOBCKOro kiacca MI1.2 15 anpens
2002 roaa (waugamno B 23:05 UT), naubosiee MOUTHOM M3 PACCMOTPEHHBIX, MOTyYEH
BPEMEHHOM Tpo(QuiIb JKECTKOTO PEHTICHOBCKOI'O H3JIyYEHHUS BCIBIIIKH C
CEKYHIHBIM BPEMEHHBIM pa3pEIICHUEM B IISITH JHEPreTUYECKUX JHANA30HAX
(puc. 9a), Ha KOTOPOM YETKO MPOCIEKHUBACTCS HMIYJbCHAsE CTPYKTypa 3TOrO
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m3inydeHus nopsaka 10-20 c. [IpoBeneHHBIM CIEKTpPaldbHBIA aHAJIWU3 3TOrO
U3JIy4YeHUss B  DJHEpreTMyeckoM  aAuanasone  15-24 xkaB  monreepikiaer
CyILIECTBOBAHUE IEPUOAMYECKOr0 KOMIIOHEHTa ¢ mnepuoaoM 22 c. Ha pwuc.9
NpUBEACHBI CIEKTP (OHA TMepel BCIBIIKON (06) U CHEKTPbl KECTKOTO
PEHTIC€HOBCKOTO U3JyYeHMs, H3MEpPeHHble ¢ uHTepBajioM 1c, Ha (da3zax
MakcuMyMa (8) u crana (2). Kak BUgHO U3 pUCYHKOB CIEKTP U3Ty4YE€HUS BCIBIIIKA
¢ OOJIBIION TOYHOCTH MOXKET OBITh ANMPOKCUMHUPOBAH CTEMEHHON 3aBUCUMOCTHIO
(3a uckimoueHueM (poHa B 00JIACTH BBHICOKMX DHEPIHil) HA BCEX CTAIUSIX Pa3BUTHUS
BCIIBIIIKY, TIPU 3TOM IOKa3aTelb CHEKTpa M3MEHSAETCS BO BpeMEHHU. Tak CHexkTp
¢doHa mepe BCTIBIIKONW MOXKET OBITh OMHMCaH CTENEeHHON (DYHKIIMEH C moKa3aTeneM
v =-2,7 (puc. 96), KOTOpbIli yMEHbIIaeTCI Ha (a3e pocTa, JOCTUTAs 3HAYCHUS
Y = -3,6 HAa MaKCUMyMe€ MHTEHCUBHOCTU (pHC. 96), 3aTeM yBenHuuBaeTcs Ha ¢ase
crazaa (puc. 92).
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Puc. 9. Bpemennoii npodguis (a) 1 3HEpreTHYECKUE CIEKTPHI Ha (pa3ze MakCUMyMa
(6) u craza (2) peHTreHOBCKOTO M3myueHust Benbiiku 15 anpesnst 2002 ropa;
0 — creKTp (OHOBOTO U3IIyYEHUS TEPE]T BCIIBIIIKON

Jlns  pmocTtaTodHO cnaboil  coimHeuHoM Bemblmku 26 mrons 2002 rona,
HayaBmascas B 09:20:31 UT, cnekrp ’KECTKOTO PEHTTEHOBCKOIO M3IIy4EHUS
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OTJIMYAJICS OT CIIEKTpa MPEeAbIAyIIeH BCIBIIIKA TEM, YTO €ro (opMa U3MEHsIach
BO BpeMs pa3BuTus Benblliku. Ha HavaneHOU cTtaguu pocta (ctagus [ Ha puc. 10)
dbopma crekTpa HeycToWuMBa (MEPEXOJUT OT CTENEHHOW 3aBUCUMOCTH K
HECTENEeHHOM), Ha craguu pocta (cragusa Il wa puc. 10) crnektp craHOBUTCSA
YCTOMYMBBIM U HOCHUT SIBHO BBIPQXKCHHBIM HECTENEHHOUN Xapakrtep (puc. 1la) 3a
c4yeT OOJBIIEero KojimdecTBa KBaHTOB ¢ sHeprueil Menbie 40 k3B. IlocrosiHHas
HecTeneHHas (opma CreKTpa coxpaHsiercs Ha (paze MakcuMyMa U Ha 4acTu (asbl
cnazaa, nocine yero (craaus [l ma puc. 10) dopma criekTpa MEHSETCS U MOXKET
OBITH OMHUCaHa CTEMEHHOUN 3aBHUCHUMOCTHIO (puc. 116). O4eBuaHO, 9TO MOJO00HOE
MOBEJCHUE CIIEKTpAa JAaHHOW BCHBIIMIKK OMHCBHIBACT HBOJIONUIO0  (YHKIAN
pacrpeneneHus N3Iy4aronmX dJIEKTPOHOB.
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Puc. 10. BpeMeHHO poQuIIb KECTKOTO PEHTTEHOBCKOTO M3TYICHHSI BCTIBITIIKU
26 ntons 2002 r.

Bonblwka: 26.07 2002
PA33 MAKCUMYM3

1 0,01

(6)

Bonelwka: 26.07 2002
{a3a cnaga
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Puc. 11. DHepreTnueckue CeKTPhI )KECTKOIO PEHTIEHOBCKOTO U3JIyUY€HUS BCIIBIILIKH
26 nrons 2002 r. Ha daze makcumymMma (a) u criaga (6)
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Jns  comneyHour Bembimku 19 mekabpss 2001 r., oTHOcsAmeics K
pentreHoBckoMy kinaccy C4.9 (mavano B 02:30:40 UT), sHEpreTUUECKHU CIIEKTP
KECTKOTO PEHTIC€HOBCKOTO M3JyYEHUsI MMeEJI HECTEIeHHOW BUJl Ha (ha3ax pocTa,
MakcuMyMa U cnaja usnydeHus (puc. 12). JIns 1aHHOM BCHBIIIKK CKOPOCTh CUETa
KBaHTOB c sHeprueil 6onee 110 k3B He mpeBbimana 3HaueHus (ona. JlaHHBIN
CHEKTP MOXET ObITh OMUCAaH KaK TEIJIOBOM, TaK W HETEIJIOBOM MOJEISIMHU U,
MO3TOMY, BBIOOpD MEXIY JTHUMH MOJEISMH 3aTpylHEH. B monb3y HeTeniaoBon
MOJIENIM MOKHO CKa3aThb TOJIBKO TO, YTO JUISl ONMCAHUS KECTKOTO PEHTTE€HOBCKOIO
U3JTy4YEHHs] TEIUIOBOM MOJIENbI0 MOTpeOyeTcsl HarpeB Iia3Mbl A0 YPE3BBIYANHO
BBICOKOM TEMIIEPATYPbI, MPEBBIIIAOIIECH 10° K, uro MaJIOBEPOSITHO TSI COOBITHI
JAHHOT'O PEHTT€HOBCKOTO KJacca.
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Puc. 12. DHepreTnueckne CEKTPhI )KECTKOIO PEHTTEHOBCKOT'O U3JIy4Y€HUs, U3MEPEHHOTO
C BPEMEHHBIM pa3pelieHreM 1 ¢ Ha ctaausax pocta (/) u Makcumyma (2) 1151 BCOBIIIKA
19 nexabps 2001 r.

st conmneynoit Bembimku 29 oktsi6ps 2002 1/ (Hauasmeiics B 21:47:02
UT), BpeMeHHON npo(uib, MPOCYMMHPOBAHHBIA B 3HEPreTUUYECKOM UAIa30HE
24-160 k3B 1m0 dYeThIpeM JHEPreTHYCCKUM KaHallaM MpUOOopa, MpPEICTaBlIeH Ha
puc. 13a. O06mas NpoIOIKUTETBHOCTh PEHTIEHOBCKOIO M3JYyYEHHUs BCIBIIIKA
COCTaBJIsIJIa OKOJIO OAHOM MUHYTHI. PeHTreHoBckuid kiacc Bcmbliku — C1.8.
Bpemennoii mpoduns U3MydeHHS] COCTOUT U3 MEMJIEHHO MEHSIOIIErocs
KOMITOHEHTA, Ha KOTOPOM OTYETIMBO BHIHBI MHOTOUMCIEHHBIE UMITYJIbCHl TOHKOM
BPEMEHHON  CTpyKTypbl. HamOosiee OTYETIMBO UMIyJIbCHAs  CTPYKTypa
perucTpupoBaiach Ha CTaAUsAX MaKCUMyMa U cniaja u3iaydeHus. JlaHHas BCIbIIIKA
OTJIMYAETCS OT ONMCAHHBIX BBIIIE HAIMYHEM «H3JI0Ma» 3HEPreTUYECKOro CIEKTpa
B oOnactu <<45 x3B. Ha puc. 136 npuBenensl u3MepeHHble ¢ UHTEPBAIOM 1 ¢ U
ycpennennbie 3a 10 ¢ criekTpbl Ha ¢azax pocra, MakcumMyMa U craja. Kak BugHO
U3 pHUCyHKa Ha ¢azax pocTta U MakcuMyMa (OPMHPYETCS CIEKTP, UMEIOIIUN
CIOXKHYI0 (DOpMY, KOTOPBI MOXKHO YCIOBHO Pa3e/IUTh HA JIBE€ COCTABISIOIIMX C
TOYKOM «H37I0Ma» <<45 k3B. HacTh criekTpa B 00J1aCTH MaJIBIX SHEPTUH, O TOUKA
«H3JI0Ma», BEPOSITHO, SIBISETCS TEIUIOBBIM H3JIyYEHHUEM Topsyed IIa3Mbl, a B
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00JTaCTH BBICOKMX DHEPTUi, IOCJIE€ 3TOH TOYKHM — OOBSICHICTCS TOPMO3HBIM
U3ITy4eHHEeM OBICTPBIX 3JEKTPOHOB. Takas ¢opma crHekTpa COXpaHseTcs M Ha
craze BCObIKH. J[pyroil xapakTepHOW OCOOEHHOCTBIO CIIEKTpa BCIIBIIIKA
29 oxta6ps 2002 r., IBASETCSA TO, YTO OH CTAHOBUTHCS KPy4e C POCTOM SHEPTHUHU.
Takoe TmOBeneHUE CIIEKTpa MOXET OBITh OOBSICHEHO, €cld  (PYHKIUA
pacrpeenieHus ObICTPBIX 3JIEKTPOHOB, T€HEPUPYIOIIUX TOPMO3HOE PEHTTE€HOBCKOE
U3Iy4eHHe, HWMEEeT OOpbIB TMpPU HEKOTOPOM  MaKCUMAalbHOMW  CKOPOCTH,
COOTBETCTBYIOIIEH 3Heprun <<160 k3B.

1 CMNEeKTp U3ny4eHns BCrbILLKA

)
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Puc. 13. Bpemennoi npoduis () U CieKTpsl (6) pEHTT€HOBCKOTO U3TYYEHHUsT BCIIBIIIKH
29 oxTs6ps 2002 1.

Taxkum 06pa30M, Ha OCHOBC IMPOBCACHHOI'O aHAJIM3a YCTAHOBJICHO, YTO IJIA
MOHIHOﬁ BCIIBIIIKK PCHTICHOBCKOI'O KJjIaCCa M BHGPFGTI/I‘-ICCKI/Iﬁ CIICKTP KCCTKOI'O
PCHTICHOBCKOI'O M3JIYUCHUSA ABJIJICA CTCIICHHBIM Ha IIPOTAXKCHUU BCEH BCIIBIIIKH,
a 1A OoJsiee cnadbIX Bemblmek kinacca C CIICKTP OBLI HCCTGHGHHOﬁ, C BO3MOKHBIM
M3JI0MOM B 00JIacTH 9HCPIUHU <<45 x3B. U3menenus OHCPICTUYCCKOro CIICKTpPa
H3JIYYCHUA BCIIBIIIKH OTpaXXaroT 9BOJIFOITHUIO q)YHKHI/II/I pacipcaciacHus
YCKOPCHHBIX BO BCIIBIIIIKAX 3JICKTPOHOB.

CrneKkTpoMeTpusi peHTIeHOBCKOr0 u3jyuyeHusi CoJiHIA U CBeYeHHe HOYHOMI
atMmocdepsl 3emuu no ganHbiM npudopa PIIC-1/KOPOHAC-®

I[Io pmawweiMm  mpubopa  PIIC-1/KOPOHAC-®  npoaHanu3upoOBaHBbI
HPHEPreTUYECKUE CIEKTPhl HEKOTOPHIX CIA0BIX COMHEYHBIX BCIBIIIEK B Pa3IMYHBIX
dazax uX pa3BUTHA, a TaKXkKe CHEKTPhl (POHOBOTO MPEABCHBIIICYHOTO
PEHTI€HOBCKOTO  M3JIY4YEHHUS; HW3YYEHO PEHTIC€HOBCKOE CBEYEHHE HOYHOU
atMocepbl  3eMJIM, TIOCTPOEHbl KOHTYpPHBIE  KapThl 3€MJIM, Jaolue
IpEICTaBICHUE O TJ00albHOM KapTHHE YCPEIHEHHBIX 3a BbIOpAaHHBIA MEpUOJ
CBEYECHHUI B MHTEpBaJiax sHepruit 3—5; 5-8; 8—16 1 16-31,5 k3B.

C}’IGKI’I’IPOMempM}Z PEHMCEHOBCKO20 U3TYUEHUA COJZHZ/;CI
KJ'IaCCI/I(l)I/IKaI_[I/IH COJIHCYHBIX PCHTI'CHOBCKHUX BCIIBIIMICK OCYIICCTBIIACTCS Ha

OCHOBC IMaTPYJIbHbBIX H&6JIIO,ZI€HHﬁ COJ'IH]_Ia B MAT'KOM PCHTTCHOBCKOM OHUAIIa30HC
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(1,5-248x3B) ¢ mnomompio HMC3 GOES (Geostationary  Operational
Environmental Satellite). Knacc Bchbllikd onpeaensieTcs Mo BEJIMYMHE IMOTOKa
U3IIy4eHUs] B MAKCUMyMe €€ pa3BuTusi. B 3Tol knaccudukalnuu OTCYTCTBYIOT
JAHHBIE 00 DYHEPreTHYECKUX CIIEKTPax, U BPEMEHHbIE OCOOCHHOCTH BCIIBIIIEK
OTNHUCBIBAIOTCA HemocTtaToyHo mnoapooHo. Crekrtpomerp PIIC-1/KOPOHAC-®
MPOBOAMJI HM3MEPEHHSI COJIHEUHOTO PEHTTE€HOBCKOIO W3Iy4EHUsI B JHana3oHe
sHepruit 3-31,5 koB u monyums oOIIMpHBIE SKCIEPUMEHTAIbHBIE JIaHHBIE O
CIIEKTpaxX MSITKOTO PEHTIEHOBCKOTO U3JIYYEHHUS COTHEYHBIX BCIBIIICK.

Ha puc. 14 nokazanel cnektpsl (¢oHOBoro wu3nydeHuss ComHua,
3apeructpupoBanubie mpuboopm PIIC-1/KOPOHAC-® B MOMEHT TpOXOKICHUS
KOPOHAC-® paiiona 3emMHOro jskBatopa B okTsiOpe 2003 r., xorma pe3ko
W3MEHUJICA YPOBEHb COJTHEYHON akTUBHOCTU. Ha puCyHKe NI Ka)KJI0ro CHEeKTpa
yKa3aHbl HOMEpP Ce€aHCa CBSI3H, JEHb, KOJMYECTBO CONHEYHBIX IIATEH (W), a Takke
nanubie GonoBoro uznydenus mo GOES B Tex e eIMHMIIaX, YTO U BCHBIIICYHOE
m3nyuenue. M3 pucynka BuUaHO, yTo Kak 1o gaHHbiIM GOES, tak u PIIC-1,
(GOHOBBIN TMOTOK W KECTKOCTh u3NyudeHuss CoJIHIIA pacTyT BMECTE C POCTOM
COJIHEYHOW aKTUBHOCTH.

CriexTp $oHA B OTCYTCTEHE BCIBINIEK B okTAbpe 2003
B 5KEATOPHATEHOA ofmacti

1000 bR L

Loe b N R

OTCYRTEI B CERVHIY

o 12602 -
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chor GOES -
M Z2E

lci123570

Sraw=13
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o}, .. B

© 1910 W= 4T 2410 W= 75
o GOES  “gom GOES
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JHepra b xeB

Puc. 2

Puc. 14. Cnextpsl ponoBoro nzmydeHus: CoHIla, H3MepeHHbIE TPHOOPOM
PIIC-1/KOPOHAC-® B o6nactu sxBaTopa 3emin B okTsi0pe 2003 1., KOTOpBIM IPUTTHCAHBI
HOMEp CeaHca CBSA3M, JIeHb, YUCIIO COTHEUHBIX MsATeH W, a Takke MOTOK (POHOBOTO M3ITYUESHHUS 110
nauaeiM GOES
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L1

CKOPOCTE CHETA B CERYHAY

268

128

5]

CeaHo 18019 Beonelwka GOES B1.0

CNEKTPE! BCMBILK B TT. 1-5
T

T T T
YT T T T 2137 .
|
[ SapencT =
| GOES _| Bonnecky, He pemcEp.
GOES o5 |- i
=
I
=
1gm b
[ ]
o
3AkaB| A 1598 =243 .
. [k}
Auulu}d 128 &
4 2@ =]
=
- &8 o 8l 7
s (]
Vo4 oz B
=
""""""" q'“'“'“"'“'“'“'"'“ a (==
. M =) 27 - i
LK 4-z8 5
jur
=
4-e8 3
L, — -9a SE i
4 -12@
T -1&@ 3
19g@ 2zem 25ga 2agm < 4 5 3 7 g
BpemAa B ceryHAa: 0T13.10.2004 003 PM3 3HEPTHA B KB

Puc. 15. Bpemennslie npoduin B sHepreTuueckux nureppaiax 3—5, 5-8 kaB (GOES),
Y CIIEKTPHI B TOYKAX /—5 Tpex BCHBIIIEK, 3aperucTpupoBanHbix 13.10.2004 r.
(PIIC-1/KOPOHAC-®)

WHTEHCMBHOCTD n3nyyeHus, oTH.ea.

e

1E14

1E13

1E12

1E11

H cnekTpBT.4

cnekTp B T.1
W crnektpBT.25
CHIANTI 5.2, T=10MK
CHIANTI 5.2, T=7.2MK
—— CHIANTI 5.2, T=9 MK

kaoB 10

Puc. 16. Cpasaenue cnektpoB Ha puc. 15 ¢ mogensto CHIANTI 5.2

55



2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

Ha puc. 15 npuBenensl BpeMeHHbIe MPOGUIN TPEX BCHBIMICK U UX CIEKTPbI
B Toukax /-5. Bcenbimku 3apeructpupoBansl 13.10.2004 r. nmpu HU3KOM YpPOBHE
donoBoro wu3nmydyenusi (1. 7). IlepBoe Bo3pacTaHme ObUIO KIAcCUPUIIMPOBAHO
GOES xak cnabas Bcubimka B1.0, a gBa mocineayromuyx B KaTajaor HE IMOIAJIH.
[ToCKOJIBKY CKOPOCTH CUETa CUTHAJIIOB B MaKCUMyMax MEPBOM U TPEThEH BCHBIIIEK
(kaHanmel 3-5 u 5-8 k3B) mpakTUUECKM OAMHAKOBBI (T.2,5), a MX CHEKTPHI
COBIIAJIalOT, TO TPETHIO BCIBIIIKY MOYKHO Takke oTHecTH K knaccy B1.0. Bropas
3aBeIoMO OoJiee citabasi BCTIBIIIKA MOXKET ObITh OTHECEHA K KJIaccy A C TIOTOKOM B
makcumyme <1077 Br/m’. TemnepaTypa B HCTOYHHKE JUIS KAXIOH M3 3THX TPeX
BCIIBITIICK ObIIa OmMpenesieHa CpaBHEHHUEM (OPMBI H3MEPEHHBIX CIHEKTPOB CO
cnekrpamu, paccuutanHbiMu 110 Moaenu CHIANTI 5.2 (puc. 16). BepositHo, 3TuM
TPEM  BCHBIIIKAM COOTBETCTBOBAIM OBICTPhIE W  3aMETHBIC HM3MEHEHUS
temneparypsl (0T 9 1010 MK) B ogHOM 1 TOM K€ NUCTOYHHKE.

Ha puc. 17 nokazansl BpeMeHHbIE NpodUin U CHEKTpbl B T. -3 Oonee
MOIIHOM BcmblIKK Kiacca B7.6 3apeructpupoBanHoit 21.08.2003 r. Bcembimika
mpou3soliia npu 6oJiee BEICOKOM U Oosiee kecTkoM (poHoBoM mznydenun CoiHIa
(Touka 1), uem BcmblliKka Ha puc. 15. Benbllika nMena JIATENbHBIA XapaKTePHBIN
(«CTYTIEHBKOM») CIaJl, CIIEKTP B MakCUMyMe (T. 2) 3HAYUTEIbHO OoJiee YKEeCTKHUH,
yeMm y Benbiku B.1.0 (puc. 15, 1. 2).
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Puc. 17. Bpemennsie npoduin B sHEpreTHueckux nurepsanax 3—5, 5-8, 8—6 kaB (GOES),
Y CIIEKTPHI B TOUKax /—3 BCHbIMIKU Kiacca B7.6, 3apeructpuposannoit 21.08.2003 .
(PTIIC-1/KOPOHAC-®)
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I[To mepe cmama COJIHEYHOM AKTUBHOCTM B 23-M IMKIJE, BCIBIIIKA
HaOJIIOANIMCh Ha Bce 00Jiee HU3KOM YpOBHE (DOHOBOTO COJTHEYHOTO M3ITYUYCHUSI.
Ha puc. 18 nmpuBenensl BpeMeHHbIe TPO(HIA M CHEKTPHI BCIBIIKK Kiacca B9I.S,
3apeructpupoBanHoin 02.05.2005r. Ha sToM ke pHUCYHKE OTMEYEHBI Hayajo
MakcumMyM M koHell Benblku 1o GOES (1. 7, 3, 4). Okonvyanue Bcnblimku PIIC-1
He 3adukcupoBal, nockoiabky MC3 3amen B TeHs 3emuin. MakcuMalnbHas dHEpTus
KBAaHTOB, 3apErMCTPUPOBAHHBIX B ATOM BCHOBIMIKE (CHOEKTp T.3), MPEBOCXOJMIIA
BEPXHIOIO IpaHully cnekrpainbHoro auanazona GOES.
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Puc. 18. Bpemennsie npoduiii B sHEpreTHYecKuX nHTEepBaiax 3-5, 5-8, 8—16 kB
(GOES), u criektpsl B Toukax /—4 Benblky kiacca B9.5, 3apeructpupoBaHHOM
02.05.2005 r. (PIIC-1/KOPOHAC-®)

Ha pwuc. 19 mnpencraBiena eme Oonee wmomHas Benbimka Cl.2
(1,2:10°B1/M”), kotopas mpowmsomma 08.11.2005T. Takke NPH OTHOCHTENBHO
HU3KOM (Qore. Ha puc. 19 oTMedeHsl Ha4aio, MAaKCUMYM W KOHEI[ BCIBIIIKH TT0
GOES, xots PIIC-1 ue 3aduxcupoBan ee okoHuaHue u3-3a nomnaaanus UC3 B TeHb
3emiu. Bembiilika MMeeT JABa MakCUMyMa, IPUYEM CIEKTP BTOPOr0 MaKCMMyMa
Obl1  Oosiee JKeCcTKUM, 4YeM TniepBoro. Bospactanue B 0ojiee  BBICOKOM
sHepreTuyeckoM uHTepBaie (8—16 k3B) Havanock mpuMepHoO yepe3 1 MuH mocie
Hayaja BCOBIIKA. Bo BTOpoM Bo3pacTaHuu HaAOIIOAAETCS OIHOBPEMEHHBIN
PUXOJ] MSITKOTO U 00Jiee )KeCTKOTO PeHTIeHa.
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LMekTREl BCABIWKA B TT.1-4
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Puc. 19. Bpemennsie npoduim B sHEpreTudeckux uatepsaiax 3—5, 5-8, 8—16 kaB (GOES),
U CIIEKTPHI B ToUKax /—4 Bcnblmku kiacca C1.2, 3apeructpupoBannoi 08.11.2005 r.
(PIIC-1/KOPOHAC-®)

Cseuenue gepxueli HOUHOU ammocghepsl 3emau

Bo Bpems naxoxaenus KOPOHAC-® B Tenu 3emnu npubop PIIC-1
PErUCTPUPOBAI MATKOE PEHTI€HOBCKOE M3TyUeHHEe BEpXHEH HOUHOM atMocdepsl, a
TaKK€ CUTHAJbl OT SHEPTUYHBIX 3apsDKEHHBIX YaCTHI], MOMNaJaBIIMX B HETO NpPH
MIPOXOXKJICHUU paauanioHHbIX nosgcoB 3emin (PII3) B 06iacTu BHICOKUX MIMPOT U
bpasunbsckoin marautHOM aHomanuu (bMA). PeHTreHOBCckoe HM3MydeHHne BEpXHEN
atMoc(eps! 3eMiH TI0 CBOEH Mpupoze BTOpudHO. B paccmarpuBaeMoMm anamna3oHe
SHEPTHil OHO, B OCHOBHOM, OOYCIIOBJICHO TOPMO3HBIM H3IYyYCHHEM IOTOKOB
ANIEKTPOHOB,  BBICHIMAIOMIMXCS W3  MarHutocdepsl. JlonroBpemeHHblE U
BBICOKOUYBCTBHUTENIbHBIE HaOmoaeHuss HouHOW artMmochepsr (07.2001-12.2005),
npoBeneHHble ¢ mnoMomblo PIIC-1, mo3Bommim mMoOmyduTs NOPEACTABIEHUS O
rJI00JIbBHOM M3JIyYEHUU B BUJE KapT 3e€MJIM B «PEHTTEHOBCKHUX JIy4aX», a TaKKe
€ro CE30HHOU 3aBUCUMOCTH.

Ha puc.20 mnpeacraBneHsl KapThl M3IYYEHHs] HOYHOM aTtMocdepsl,
nosydeHHsle 3a roa ¢ 23.03.2002 r. no 23.03.2003 r. B nHTEpBasIax 3HEpPrui 3-5;
5-8; 8-16 u 16-31,5 k3B u 3a mepuoas! ceBepHoro Jera 23.03.2002-23.09.2002

(puc. 21) u 3ums1 23.09.2002-23.03.2003 (puc. 22).
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KapTbl HOYHOrO CBe4YeHWA B 4-X 3HepreTHHECKWX MHTepBanax 3a nepuog
¢ 23.03.2002 no 23.03.2003
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Puc .20. Kapts! cBedenuss HO4HOI atMochepbl 3eMild, IIOCTPOCHHBIE B SHEPTETUYECKIX
uHTepBasax 3-5, 5-8, 8—16 u 16-31 k3B no unpopmanuu, nosyyeHHON
¢ 23.03.2002 o 23.03.2003 r. (PTIC-1/KOPOHAC-®)

KapTkl HOYHOro CBeYeHWA B 4-X 3HepreTUYECKMX MHTepEAnax 3a nepuon
¢ 23.03.2002 no 23.09.2002
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Puc. 21. Kaptsl cBedyeHuss HOUHOI arMochepbl 3eMiln, MOCTPOECHHBIE B 3HEPIrEeTUYECKUX
uHTepBanax 3-5, 5-8, 8—16 u 16-31 k3B mo uHpopmarum, MoTyIeHHON
¢ 23.03.2002 o 23.09.2002 (sieto B ceBepHoM noxymapun) (PIIC-1/KOPOHAC-®)
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Puc. 20 moka3bIBaeT, YTO HMHTEHCUBHOCTb W3IY4YE€HHs HOYHON aTMocgepbl
IIaJIaeT C YBEJIMYECHUEM JHEPIruu KBaHTOB. B muamaszone sHepruit 3-S5 k3B cBernres
BCsl HOUHas aTMocdepa, npuyeM Hanubosee pKo B F0’KHOM IMOIyIIapUU B 00J1aCTIX
Tuxoro u HMunuiickoro okeaHoB. B ceBepHOM mosymapuu Haubosee spKoe
CBeUeHHE HaOIroAaeTcs B BBICOKMX MIMpoTax. Ha Oonee HU3KMX IMIMpOTax
MHTEHCUBHOCTb CBEUEHMsI cllabeeT M B OTAEJIbHBIX 00JacTsAX Ha Kapre 5-8 k3B
orcyTcTByeT Boobie. [Tpu sHeprun >8 k3B npubop peructpupyer CUrHaibl TOJIBKO
B paiioHax PII3, rpaHuibl KOTOPBIX YETKO MPOCMATPUBAIOTCA Ha KapTax s 8—
16 u 16-31 x3B.

Habmonanucey ce30HHBIE 0OCOOGHHOCTH CBEYEHHUs aTMOC(hepsl B Pa3HBIX €¢
pailioHax: Ha kaprax 3-5 k3B BUAHBI rpaHULBl NOJSAPHOTO JHS B TEUYEHHUE JIETa
(puc. 21) u 3umbl (puc. 22). JleroM cBeueHre HOYHOUM atMmocdepnl B 3—5 k3B Ha
30—-60° c.m1. HamHOrO ci1adee, YeM OT €€ OCTaJILHOM Y4acTH.

KapTbl HOUHOMD CBEY&HUA B 4-X 3HepreTUUeCKUX MHTePBANaX 3a NepUOR
¢ 23.09.2002 no 23.03.2003

90

OTCHETHI B
CEEYHAY

4 P 700
)
a0 W L L 1 o

180 -120 —60 0 1] 120 180 500

-1a0  -120 -B0

400

200
200
100

0

-] It‘t'(._’:_,_. 4‘- = v i .

_80 L L L L

-180 =120 -60 0 =1 120 180 -180 -120 -E0 0 [=io] 120 180
8-16 k3B 16-31 kaB

Puc. 22. KapTsl cBedeHust HOUHOI arMochepbl 3eMild, IIOCTPOCHHBIE B SHEPTETUYECKHIX
uHTepBanax 3-5, 5-8, 8—16 n 16-31 k3B no uHbOpMaLHH, TOTYIYEHHON
¢ 23.09.2002 o 23.03.2003 r. (3uma B ceBepHoMm noaymapuu) (PIIC-1/KOPOHAC-®).

Ha kaprax puc. 21 B nuana3zonax 5-8; 8—16 u 16-31 k3B (ceBepHOe neTO
2002 r.) yMEHbIIIEHUE NHTEHCUBHOCTHU U3iny4deHus ot PI13 B ceBepHOM monymapuu
OoT ATnaHTUKH 10 YyKOTKM BUJHO Kak «paspsiB» PII3. Jletom mMakcumym PII3 Ha
BbicoTe 500 KM Ha ATHUX JOJrOTaX HAXOAMUTCS B 00JIACTHM TMOJSPHOTO JHA U
MO3TOMY He BHUJEH Ha kapre puc.20, oaHako, o01acTM C MEHbIIEH
WHTEHCUBHOCTHIO MOTJIM OBl OBITh BUAHBI. «Pa3pwiB» HE HaAOMIOACTCS 3WUMOU
(puc. 22), a 6nmxe K MUHUMYMY COJTHEYHON aKTUBHOCTH OTCYTCTBYET JaXKE€ JIETOM
2004 r. B 10)KHOM TOJIyHIapuu HHKAaKOTO «pa3pbiBa» MpPH CMEHE CE30Ha HE
oOHapykeHo. HaOmomaempiii 3¢h(dEKT, BO3MOXKHO, OOBSCHSIOTCS BBICOKUM
YPOBHEM COJIHEUHON aKTUBHOCTH, IIPU KOTOPOM MOBBIIIAETCS IIIOTHOCTh BEPXHEN
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aTMOC(epbl, 4TO BMECTE C CE30HHBIM pPa30rpeBOM aTMoc(hephl MPUBOIUT K
yMmeHbleHuto notokoB uactuil PII3. CnaGoe cBeuenue ¢ sHeprueit <5 koB B
obnmactu  «pazpbiBa» (puc.21), BeposATHO, OOYCIOBIEHO TaJIAKTUYECKUMU
KOCMUYECKUMHU JTyYaMH.

3aknouenue

Takum o6pazom, B xoxme skcnepumenta PIIC-1/KOPOHAC-® BnepBbie
MOJIyYeHBI  JICTAJIbHBIE  CIEKTPAJTbHO-BPEMEHHBIC  XapaKTEPUCTUKHU  CJIA0BIX
COJTHEYHBIX PEHTTEHOBCKUX BCITBIIICK, YTO ITO3BOJIHIO 0OJiee TOYHO OMPEICIATH
TEMIIEpaTypy B MCTOYHHUKE, IIyT€M CPaBHEHUS U3MEPEHHBIX CIEKTPOB C
pacCUMTaHHBIMM 1O COBPEMEHHbIM MojensiMm, TakuMm kak CHIANTI 5.2.
VY CTaHOBJICHBI KOJIMYECTBEHHBIC XapPaKTEPUCTUKU YBEITMUCHUSI KECTKOCTH CIIEKTPOB
(hOHOBOTO COJTHEYHOTO PEHTTEHA C POCTOM COJTHEYHON aKTHBHOCTH.

HaGmrogenuss HouHOM aTmocdepbl 3emiid TOKa3alid, YTO B JUara3oHe
sHepruii 3-5 k3B cBetuTcs Bcs HOuHas arMmocdepa, B auanazoHe S5—8 k3B
CYIIECTBYIOT PaliOHBI, I/I€ CBEYEHUE OTCYTCTBYET, NMPU >8 KAB CBETATCA TOJBKO
30HBI paauanuoHHbIX mosicoB 3emun (PII3). Jlerom 2002r1. B CeBEpHOM
noyiymapuu ot ATIaHTUKU 0 UyKOTKH HaAOJI0/1a0Ch YMEHBIIIEHUE CBETUMOCTHU
ot PII3.

2.1.2.2. dxcnepumenmanbHulil MAAbLIL KOCMUYECKUL annapam
MKA «Bynkan-Komnac-2» — umozu 1emmuix ucnovlmanuil

OKcrepuMeHTaNnbHbI kKocMuuecknid anmapat MKA  «Bynkan-Kommnac-2»
ObLT co3aH B pamkax PenepanbHON KOCMUYECKOH Tporpammel Poccun u, SIBISISICh
IIAJIOTHBIM IPOEKTOM CEPUM KOCMHUYECKMX allapaToB, IpeIHa3Hayaiacs Uil
IIPOBEAECHUST KOCMUYECKUX DOKCIEPUMEHTOB I10 MCCIEHOBAaHUIO BO3MOYKHOCTHU
oOHapyXeHHs MPEIBECTHUKOB CHJIbHBIX 3€MJIETPSCEHUI B MHTEpecax CO3/aHus
KOCMHUYECKON CUCTEMBI I MOHUTOPUHIA IPUPOIHBIX U TEXHOTEHHBIX KaTacTpod.
OCHOBHOH LIETBIO 3allyCKa MUKPOCITYTHHKA ObUIM HCHBITAHUS U OTpabOTKa BCEX
OCHOBHBIX 3JIEMEHTOB KOCMHUYECKON CUCTEMBI.

Puc. 1. Mansriit kocMuyeckuit anmapat «Kommac-2» B mosere
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B mporecce peanmzanumu 3TOTO MHJIOTHOTO MPOEKTa AOHKHA ObLTa OBITH
UCTIBITaHA BHOBBH pa3pa0OTaHHAsl lieJieBas Hay4dHasl arapaTrypa, pPEeXUMBbI ee
paboThI M XapaKTEPUCTUKHU, METOIMKA cOopa, 00pabOTKH U aHanKM3a MHGOPMAIIUH
B PEXHME peabHOTO BPEMEHH, a TaKXKEe HOBBIE CIYKEOHbIE CHCTEMbI
MUKPOCIYyTHHUKAa —  IIEHTpajbHBI  OOpPTOBOM  mpoiieccop,  ammaparypa
paavoOKaHaNIOB TEJIIEMETPUM U PAAUOYIIPABICHUS, CUCTEMA OPUEHTALlUH, CUCTEMA
obecrieueHurs TEII0BOr0 PeKUMa U CUCTEMA AJIEKTPOCHA0KEHUSI.

B peanuzanuu npoekrta npuHuManu ydactue: «KOHCTpyKTOpCKOoe OI0pO UM.
akan. B.II. MakeeBa ' ocyapCTBEHHOTO pake€THOIO LIEHTPa» — B YAaCTHU PAKETHO-
KOCMHYECKOTO  KoMIUiekca (cmyTHuKoBasi — 1uatrpopma  «Kommac-2»  u
KoHBepcuoHHass pakera PCM-54 («Iltuab»), cTapT ¢ NOABOAHOM JIOJKU U3
akBaropuu bapenneBa mops); MHCTUTYT 3eMHOro MarHetusma, HOHOC(Ephl U
pactipoctpanenus paauoBoiaH (U3MUPAH) wuwm. H.B. IlymkoBa Poccuiickoii
aKaJeMUd HayK — B YacTH HAyYHO-METOAMYECKOW pa3padOTKM MPOeKTa U
MOCTAaBKM OOpTOBOM HAyyHOM ammaparypbl C Y4YacTHEM MEXKIyHApOIHON
koonepauuu (Ykpauna, Benrpus, [lonbia, HIBenus).

OKCIEpUMEHTaNIbHBIN Manblid kKocmuueckuid anmapatr MKA  «BynkaH-
Kommnac-2» 26 mas 2006r. ObUI BBIBEIGH Ha OKOJO3EMHYIO OpOHUTY C
HakjgoHeHneM 78,90°, amoreem 519,0 kM, nepureem 412,3 kM U MEPUOIOM
obpamenus 93,59 mun. O6mas macca MKA — 80 kr (B T. 4. macca HA — 20 kr).
['abaputet MKA B cioxeHHOM cocTositHuM — 1694x766x500 mM. 3amyck
CIYTHUKA OCYIIECTBIIEH pakeTon-Hocutenem «ltunbp» Ha 6a3e KOHBEPCHOHHOMN
nepeobopyaoBaHHOW MOpcKkoil pakeTsl PCM-54 (oaBOAHBIN CTApT).

Jletasie ncnbitanuss MKA Obutn 3aBepiiens! B utosie 2007 roma.

Kowmriekc HaydHO# ammapaTypsl BKIIIOYAJl B ceOsI TISITh HAYYHBIX TPHUOOPOB,
MPEIHA3HAYECHHBIX JJII MOHUTOPUHTA OKOJIO3€EMHOTO KOCMHUYECKOTO MPOCTPAHCTBA
C LIENbI0 OOHAPYKEHHMS U PETUCTpAIlMM aHOMAaJbHBIX (DU3MUECKUX SIBICHUU B
atMocdepe, noHochepe m MarHutocepe 3emiid, BO3HHKAIOIIUX B pe3yjbTaTe
CEHCMUYECKON aKTUBHOCTH, a TAKKE TEXHOTECHHBIX KaTacTpod.

CoctaB HayuHoii anmapatypsl MKA «Kommnac-2»:

* gaByxuactoTHeli (1,2 w 1,51Tu) GPS-npuemMHuk anmapaTypsl
cnyTHUKoBoM Hapuranuu (ACH), npenHasHaueHHBIN 1711 TJ100QJIBHOTO
MOHUTOpUHTa HOHOC(hEphI-aTMOChEPbl  METOJIOM  PaIUO3aTMEHHOTO
MPOCBEYNBAHMUS;

* nByxuacToTHbIM mepenatunk RBE 150/400 «Masik», npenHa3HaueHHbIN
JUTSI TPOBEICHUSI PATHOTOMOTPA(PUIECKON PEKOHCTPYKIIMH HOHOC(hEphI 1
JIOKaJIbHBIX aHOMaJui HOHOC(hEPHI;

*  PaauoOYacTOTHBIA aHanM3aTop B auamazoHe yactoT (100 k' — 15 MI')
PYA (RFA), npenHa3sHayeHHBIN I pETUCTPALUN IIIa3MEHHBIX YacTOT B
noHocdepe, UYepe3 KOTOPbIE OINPEACISIIOTCS OCHOBHBIE MapaMeTphl
JIOKaJIbHOM IJ1a3Mbl B OKpECTHOCTAX KA;

* HM3KOYaCTOTHBIM BoJIHOBOM aHanmuzaTop OHUY/KHY B nuamnazone 4actoT
0,1-20 k', TpeaHa3HAYEHHBIM i1  pETUCTpalldM W aHajau3a
aHOMAJbHBIX HU3KOYAcTOTHBIX MmymoB B OKII, cBsA3aHHBIX C
CEMCMUYECKON aKTUBHOCTHIO;

62



2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

* netekTop paauaruu u ynsrpaduonera [[PD «DRF», npegHaznaueHHBIH
JUIS U3MEPEHUIN AJIEKTPOHOB M MPOTOHOB PAJUALMOHHBIX MOSICOB 3eMJIU
U KOCMHUYECKHX JIy4yei, a Takke yIbTpaduoIeTOBOTO U3IyUYCHHUS
BepxHel arMocdepbl 3emiu.

Tpacca mosteta MKA KOMITIAC-2 B TedyeHHE CYTOK
140° 120° 100°  80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180° 160°  140°
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- yuactku opoutr MKA KOMITAC-2 juia unenesoro mouuropunra OKIT Ha1 celficMOaKTUBHBIMU PErMOHAMM

Puc. 2. Tpaekropus opoutr MKA «Kommac-2» Hag ceiicCMOAKTUBHBIMU PETHOHAMHU MHpPa

B Tteuenne cyrok Ttpacca mnonera MKA «Kommnac-2» HEOIHOKpaTHO
MEPECEKAIAa PETUOHBI C MOBBIIIEHHON CEMCMOAKTUBHOCTBIO (puc. 2). UMeHHO Han
3THUMHU PETMOHAMM B MEPBYIO0 OYEPEb BKIIOYAIACh HAy4dHas ammaparypa C LEJIbI0
MPOBEICHUA WM3MEPEHU W PETUCTpPAlMd AHOMAJbHBIX sABJIeHHU. Kak BuAHO,
M3MEPEHUSIMU MOTJIM OBITh OXBAau€HbI MPAKTUUECKH BCE CEHCMOOIACHBIC PETHOHBI
3€MHOI0 11apa.

Pesynomamur iemuoix ucnoimanuit KHA MKA «Bynkan-Komnac-2»

B mnpouecce nernpix ucnbitanuii miargopmel MKA «Kowmmac-2» Obln
BBISIBJICHBI MPOOJIEMBbI M 3HAYUTENIbHBIC OTPAHUYCHUS €€ OMBITHOM JKCIUTyaTalluHy,
CBSI3aHHBIE C HEIITAaTHHIM (PYHKIIMOHHUPOBAHUEM CIIy)KeOHbIX cucteM MKA —
KaHaJla paJuOyIpaBIEHUS U CHUCTEMbI SHEPrOCHA0KEHHS. DTH OTrpaHUYECHHS HE
NO3BOJIWJIM OOECIEYUTh HEOOXOAUMBIE YCIOBUS BBINOJHEHHUS IEJNEBBIX 3aaad
npudopamMu B OJIHOM oObeme. HecMOTpst Ha 3T OrpaHUYEHHUs], OCHOBHBIE 3aJa4n
oTpaboTKH TPUOOPOB KOMIUIEKCA HAYYHOW ammapaTypbl B paMKaxX JETHBIX
UCIbITaHuN dKcrepuMeHTanbHOoro KA Obmm pemensl. bbun mpoBepeHsl u
MOJITBEPKJICHBl OCHOBHBIE XapaKTEPUCTHKM HAYYHBIX NPUOOPOB. BrimomHeHO
HECKOJIBKO IIMKJIOB HW3MEPEHWH W MOHUTOPUHTA MapamMeTpoB OKOJO3EMHOIO
KOCMHYECKOI0 TNPOCTPAHCTBA HaJ CEHCMOAKTUBHBIMM pervoHamu. B mpouecce
JICTHBIX HMCHBITAHUM W OMBITHOM SKCIUTyaTaluu MpUOOPOB KOMILUIEKCAa Hay4YHOU
anmapatypsl MKA Oblmu mosydeHbl JaHHbIE HU3MEPEHH (POHOBOTO COCTOSTHUS
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HOHOC(EpHI, 3apEeTrUCTPUPOBAHBI SIBICHUS MOIIHOW TPO30BOWM AKTUBHOCTH B
BepXHEeH  arMocdepe, B  OKOJIO3EMHOM  KOCMHUYECKOM  IPOCTPAHCTBE
3apETUCTPUPOBAHBI NOTOKM YCKOPEHHBIX MPOTOHOB M JJIEKTPOHOB, CBA3aHHBIE C
COJIHEYHON aKTUBHOCTBHIO BO BpeMsl KPYIHOH reomarHuTHol Oypu 15 nexabOps
2006 r., BoinonHeHO no3uimoHupoBanre MKA ¢ nmomompbio npubdopa ACH mo
curHanam GPS, ocymecTBieHa perucrpauus CBHUCTALIMX aTMOC(EPHUKOB,
3aperuCTPUPOBAHbl MPOXOXKIACHUE CUJIbHBIX AaTMOC(PEPUKOB OT IOBEPXHOCTU
3eMiIM K CIOYTHUKY IO KOPOTKOMY MyTH (YacTHU4YHO-aucreprupoBanHbie CA),
ymupenue crnekrpa C/IB-cTanmmii, 3aperucTpupoBaHbl CUTHAIBI aTMOC(HEPHUKOB,
COMYTCTBYIOILIME CEHCMOAKTUBHBIM MPOLECCAM.

Hwxxe mnpuBeneHbl HEKOTOpBIE PE3YIbTAThl HCIBITAHWUM W W3MEPEHUU
KaXXI0T0 U3 MPHUOOPOB KOMILIEKCA.

C momomisio mpubopa ACH 6w110 ocymecTBiaeHo no3uinonuposanne MKA
U MPOJIEMOHCTPUPOBAHA MPAKTUYECKasT BO3MOMXHOCTh HMCIIOJIb30BaHUsI OOPTOBOIO
nByxdyactotHoro GPS-npuemnuka nis onpeneneHust opOuTanbHbIX gaHHbIX KA n
BPEMEHHOM TMPUBA3KH JIaHHBIX W3MEPEHHH C BBICOKOM TOYHOCTBIO IpHU
IIPOBEICHUH YHUKAJIBHBIX CHUHXPOHHBIX JKCIIEPUMEHTOB C HAa3eMHBIMH H
OpOUTANBHBIMU CPEICTBAMU B €IMHON CUCTEME BPEMEHH.

Brtouenust nByxudacrotHoro mnepeaarunka RBE 150/400 «Masik» Obutn
IpOBENEHBl B HewTaTHOW opueHtaunn MKA, dro mno3Boauio caenartb
Ka4yeCTBEHHYIO OIEHKY IITaTHOTO (YHKIIMOHUPOBAHUS MPUOOPA, HO HE TIO3BOJIUIIO
IPOBECTHU pagroTOMOrpaduueckrie u3MepeHus mpoPuiIst HOHOCHEPHI.

Ha puc. 3-7 noka3zanbl H3MepeHUs, MNOJdydeHHble npudopom PYA s
Pa3HbIX HHTEPBAJIOB BPEMEHHU.

COMPASS-2/RFA
Sun Nov 26 02:20:11 2006 UTC { High impedance )

18 o S s e

Session=00643 Orbit=02827

14 r A CEE I Em | e el L = e R L 3 1
W oEmmm [ Bl BN

12 e I L e e————— b LN : == 7 8

Freguency (MHz)

O L ; = e 1 0 o | 0
Time, HH:MM (UTC)
02:20 gz:22 02:24 02:26 02:28 02:30 02:31 02:33 02:35
LeT LAT LAT LAET LeT
LOM LON LoM LOM LOM

Puc. 3. Pao4acToTHRIN JHHAMHYECKUN CIIEKTp IIa3MEHHBIX H3TYYCHHI B HOHOChepe,

n3MepeHHslit npubopom PUA/Kommac-2. [1o ocu x 0T/10k€HO BpeMmsl, IO OCH Y — YacToTa

U3JTy49EHUs, [IBET JAeT MpeICTaBlIeHue 00 MHTEHCUBHOCTH M3yueHusl. CIIeKTp CONEPKUT
MHGOpMaLHIO 0 TapaMeTpax HOHOC(EPH] U MPOUCXOASIINX B HEH SABICHUAX
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COMPASS-2/HFA
(

01:53:52 2006 UTC High impedance )
T — B e

Session=00595 Orhit=02619
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Puc. 4. [Ipumep 1MHaMHUYECKOTO CIIEKTPa, MOJdy4eHHoro nmprudopom PUYA mpu nposnete Haj
00JIaCThIO SKBAaTOPUAIBHON aHOMannu. B wacToTHOM nuana3one 2—4 MI'11 X0poIo pa3inaum
pE30HAaHC (3€JIEHBIN 1BET, YKa3aHO CTPEJIKON) Ha JIOKAJIbHOW MJIa3MEHHON 4acToTe

COMPASS-2/RFA

Thu Feb 8 16:43:12 2007 UTC (High impedance ) Session=00723g Orhit=3974
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O Parts: 2 0
Ut 16143 16:49 16:55 17:01 17.07
LT 11:43 12:49 12:55 13:01 1407
LAT 28 8 -17 -39 -51
LON 75W 72W BIW 65W 55W

Puc. 5. PactsHyToe npeacTaBieHue TMHAMUYECKOTO CIIEKTPa IJIa3MEHHBIX U3JTy4EHUH,
3aperucTpUPOBAHHBIX IIPU MPOJIeTe HAJ 3anagHbIM nodepexneM HOxxHONH AMepuku
8 dheBpans 2007 r.
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COMPASS-2/RFA

FriFeb 916:04:12 2007 UTC (High impedance ) Session=00726¢ Orhit=3989
18 ] T )1 25
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N
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4 == e 7 5
5 i
0 Parts: 12 0
ur 1604 16:10 16:16 16:22 16:28
LT 12:04 1210 1216 13.22 13:28
LAT 31 8 -14 -37 -59
LON BIW B5W g2W 58W 50w

Puc. 6. [Tna3meHHbIC pe30HAHCHI, 3apETUCTPUPOBAHHBIE Ha YacToTax 2—4 MI'1t npubopom PUA
HaJ1 00J1aCThIO KBaTOpHAIbHON anomaniu 9 ¢espains 2007 r.

l@ Full Spectrum - |EI|5|
Seg. Number: 1351 Part: 7733
OEDT time: 0O 00:10:03,16
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Puc. 7. AMIIIMTYIHBIN CIEKTP paiuoOU3IydeHHs], MOIydeHHbIH npudoopom PUA. Buaael nuku
W3ITydeHUsl Ha UKCUPOBAHHBIX YaCTOTAX, OTBEUYAIOIINX XapaKTEPHBIM TUTA3MEHHBIM 4aCcTOTaM
HoHOChEPHI
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Hatuuk panmanuu u ynerpaduonera JIPD peructpupoBan sHEpruyHbIC
YaCTULIBI U PA3JIUYHOrO pojaa cBeueHus. IIpoBoaumeie UM U3MEpPEHMS TO3BOJIUIN
KOHTPOJIMPOBaTh re0OPU3NUYECKYI0 OOCTAHOBKY BII0JIb OpOUTHI CITyTHHKA, KOTOpas
BECbMa Ba)XKHAa [UIsI MHTEPIPETAlMd JIaHHBIX U BBIACJIEHUA (OHOBBIX U
aHOMaJIbHBIX coObITHH. Ha puc. 8. mpuBeneH mpuMep HM3MEpEeHUN SHEPrUYHBIX
yactul. Hapsny ¢ m3MmepeHUsIMH (OHOBOTO YPOBHSI pajMallld BIOJb OPOUTHI,
BUJIHBI MOMEHTBI BXOKJICHHsI CIIyTHHUKA B IOJIAPHBIE IIANKU U CBA3aHHBIE C 3TUM
NOBBILIEHUS YPOBHS paauauuu (puc. 8—10).

EJE’JALP.‘:J}Zf 2006/ 2/16,00:46:17 UT,_h=409km Lat=42° Lenp=:
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UT.hem 0020

1000
4 Menu NI
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Puc. 8. IIpumep perucrparuu npudopom [IPD moTokoB 3apsKeHHBIX 9acTull 15 gexadpst
2006 r. B mepuoa reomMmarHuTHOM cy00ypu. CieBa - BUJI 3eMIIM CO CTOPOHBI CEBEPHOIO MOTOCA

7 Kompass-2: 20086/12/15, 01:49:43/UT_h=404km Lat-25' Lonp=287"

SpaceCraf ID: CK | 4]+
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Puc. 9. CneBa — Buj 3emMiiu coO CTOPOHBI F0OXKHOTO ToJtoca. CripaBa — perucrpanus npuéopom
JIP® noToKOB 3apsyKEHHBIX YacTUIl (poTOHOB 7—15 M»aB) u peructpanus B kaHaie
ra3opaspsHoro cuéTdnka (KpacHbIi IIBET) B IepHO reoMarHuTHOM Oypu 15 nexadps 2006 r.
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

B mpaBoii wacth puc.8 KEINTBIM MU OPAHXKEBBIM I[[BETOM IOKAa3aHbI
pe3yJbTaThl U3MEPEHUI TOTOKOB MPOTOHOB ¢ 3Hepruen 7—15 MaB u 15-40 M»B
IIPU YETHIPEX MOCIENOBATENBHBIX MPOJETAX YEPE3 I0KHYIO U CEBEPHYIO TOJISIPHbBIC
manku 3emid. [To ocu X — mupoBoe Bpemst UT, mo ocu Y — norapudm ckopoctu
cu€ra nerekropa. [lnaroobpa3Hbie KpUBbIE TOBOPAT O JOCTYINE YACTHUI] YKa3aHHBIX
Hepruii u3BHe BriayOb MmarHutTocdepbl (m0 BbicoT 400—450 kM) BHOIL 1O
KBa3UPA30MKHYTHIM CHJIOBBIM JIMHHUSIM MAarHUTHOTO TIOJS, CBSI3aHHBIM C
MOJIIPHBIMU 00JacTAMU. Peructpupyembie MpOTOHBI OBITM YCKOPEHBI M TIOMAI B
OKPECTHOCTh 3e€MJIM B pe3yJIbTaTe COJIHEUHBIX Bembimiek 13 u 14 mexabps 2006 r.
Bospactanust cneBa OT MOJSPHOTO TMUIaTO (HA MEPBOM U TpeTbeM Tpadukax)
COOTBETCTBYIOT TPOXOXKJIECHHUIO CHYyTHHKOM o0nactu HOxHO-ATnaHTHYECKON
MAarHUTHOM aHOMAaJIUHU.

Pucynok 9 ananoruueH mNpeablAylIEMy, HO, JOMOJHUTENIbHO, KPaCHBIM
LBETOM IIPUBEICHA PETrUCTpalsi B KaHaje rasopaspsaHoro cuéruuka. Ha
npeanocieaHeM rpaduke puc.9 BUIEH MOBBIIICHHBIA YPOBEHb MPOTOHOB 15—
40 M»aB, BeposiITHO CBSI3aHHBIA C MPUXOJOM YaCTHIl OT BCHBIMKH 14 nexadps
2006 r. Ha neBoii manenu puc. 9 nokaszana 3emiiss CO CTOPOHBI F0KHOTO TOJOCA C
WHIMKAIMEeH 3HAYUTENIbHBIX TTOTOKOB paualui HaJl ATIaHTUYECKUM MOOEepexKbeM
bpaznimu.

Eifu;!?{::}!r 200601 L5 04:56238 UT, h=402km Lat=21" Lapp=I90°
SpaceCrah 1D 0K | 4] ¢ |
& e3EMevelfs |
C prEMeVs BT
(AT
C ebMeVs B
™ piE-4oMeN s BT
© prboMes BT
T atliMes B
 pdlkaVels BT
H " Rﬂ Alanu‘ Swrvey of polar tones . [
Ep— Shaw data a5 'f\1|.:|"_f
Playback spasd h'd m Flag length (orbitsk |5 |
Zooming-in/Tooming-oul L ﬂ -t Dmapsin3Daea; [

Puc. 10. ITpumep perucrpanuu npudopom /IPD moToko 3apsKeHHBIX YyacThll 15 nexadps
2006 r. B mepuoj reoMarHuTHOM cy00ypu. CieBa — BUA 3eMJIM CO CTOPOHBI CEBEPHOTO MOJIIOCA

Ha puc. 11-12 noka3zansl OCHWLIOIPAMMBI, 3apETrUCTPUPOBAHHBIE HA
HOYHOM CTOpOHE 3eMJIM C TOMOIIBIO TaTunka yiubrpaduonera JJPD.

Ha pwuc. 13-22 npuBeneHbl pe3yiabTaTbl  HU3MEPEHHM, IOIYYEHHbIC
HHM3KOYaCTOTHBIM BOJHOBBIM KoMIuiekcoM (HBK).
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Puc. 11. Ha ociimiiorpaMmme — MoIIHOE TPO30BOE siBJieHUE Haj KeHuel, 3aperucTpupoBaHHOE
Ha HOYHOU CTOpOHE 3eMIIH C MTOMOIIIBI0 naTurka yiabrpaduonera B 21:04:41 UT 02.12.2006 r.
JIBOMHOM Ha4YaIIBHBIN UMITYJIBC, ITO-BUAMMOMY, JBA ITOYTH OJHOBPEMEHHBIX paspsaaa

57 c.w. 1,8 3.4. 22:21:29 02.12.2006 DUAL
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Puc. 12. OcuunnorpaMmsbl U3Iy4€HUH, 3aperUCTPUPOBAHHBIX HA HOYHOM CTOpOHE 3eMilH C
MOMOMIBIO AaTuuka yapTpaduoinera PO B 22:21:29 UT 02.12.2006 r. Ha ocuuiorpamMme
MOKa3aHbl U3MEPEHMsI B KaHaJaxX yJbTpaduosiera (CHHsS KpUBasi) U KPAaCHOTO JMana3oHa JUIMH
BOJIH (KpacHast KpuBasi) — ObICTPOE ONTHYECKOE SIBICHUE, 3apETUCTPUPOBAHHOE HAT
IHotnagouei B 22:21:29 UT 02.12.2006 .
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f,xl'ng

I

Puc. 13. IIpumep n3mepeHusi, BHITOTHEHHOIO HU3KOYACTOTHBIM BOJTHOBBIM KOMILJIEKCOM B
JMana3oHe o4eHb HU3Kkux 4actoT (okoio 10 k['1r). DTo Tak Ha3pIBaemasi COHOTpamMma, HIJIM TaKou
Ke TUHAMUYECKUH CIEKTp M3IIydeHHs, Kak U i npudopa PYA, Tosbko B Tuana3oHe HU3KUX
gacToT. [1o ocu X 0TJI0KEHO BpeMs, IO OCH Y - YAaCTOTa U3IYUEHHUs], LIBET JacT MPEICTAaBICHHE
00 MHTEHCUBHOCTH M3ITy4eHUs. BUAHBI TpeKH, KOTOPbIE CBA3aHbI C PAaCIPOCTPAaHEHUEM
CBUCTOBBIX BOJIH B HOHOC(]Epe

A d baudline

Puc. 14. TToxazan oOpa3zen 3anucu, NoIy4eHHON Ha OopTy cryTHHKa pudopom HBK. Bepxumii
(parmMeHT npeAcTaBiIsieT cOOON AMHAMUYECKUH CIIEKTP, T.€. IOCIe0BaTeIbHOCTE Dypbe
CIIEKTPOB BPEMEHHBIX peaM3aIiil IIUTeNbHOCTEI0 ~20 Mc, cIBUHYTHIX Ha ~0,2 Mc. Maciitad
110 BPEMEHU — MC, 110 yacToTe — 1.
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Ha cnekrporpamme BUAHBI ClI€[bl JUCKPETHBIX CUTHAJIIOB C YacTOTOM,
yMeHbIIarouencs co BpemeneM. [llkana THTEHCUBHOCTH CJIEIOB MTOKa3aHa CIIpaBa
Ha HWwkHeM ¢parmente. JlnurensHOCTh curHamoB ~200—400 mc. 210 Tak
Ha3bIBA€MbIE YaCTUYHO-IUCTIEPTUPOBAHHBIE CBUCTSIIINE aTMOC(EepHKH,
Ir€HEPUPYEMbIE MOJHHUEBBIMU pa3psJaMH B BOJHOBOAE 3€MJSl — HIKHSAA
noHocdepa U pacrnpoCTPaHSIONIMECS O BHICOThI CIYTHHKA MO KOPOTKOMY MYTH.
BeprukanbHble 3€j€HbIE OTPE3KM Ha CIEKTPOrpaMMe — 3TO CJEAbl CIy>KeOHOU
uHbopMaluu crnyTHHKa. Ha HmKHEM QparmMeHTe TMOKa3aH TOJHBIA CIIEKTP
BPEMEHHOW pealiv3aluu JIUTEeIbHOCThI0 2608 MC, T/Ie BEepTUKaIbHbIC JTUHUU Ha
ocH abCIMCC COBMAAAIOT C YaCTOTaMH Ha OCH OpPAMHAT BEPXHETo (pparmeHra.
MakcumyM B crnektpe mnpuxoautcss Ha 4dactory ~2500 1, xapakTepHyro miis
CIEKTPOB OOBIYHBIX aTMOC(EPUKOB BOJIM3U TPO30BBIX Pa3psA0B
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we.dat; SAS dt=0.000023215 DF=42.Z2ZHz;

s= 1.000E+0003; Ti=dt=1zZ28= 0.003 s;

Puc. 15. [Ipumep nzmepeHust dMeKTPUIECKONH KOMITOHEHTHI u3ay4deHus npuoopom HBK
B nuanaszone oueHb HU3kuX (VLF) u cBepxuuskux yactor (ELF), Butok 00655, 29.11.06,
09:55:36 UT

Ha cnekrporpamme puc. 16 BuaHbl cleabl OUCKPETHBIX CHUTHAJIOB C
4acTOTOM, yMEHbIIaromecss co BpeMeHeM. Illkana WHTEHCUBHOCTH CIIEJIOB
nokazaHa cieBa. Ha BepxHeM ¢parmMeHTe mnpeacTaBieHa CHEKTporpamma
ANEKTPUYECKOM KOMIIOHEHThl, HAa HWKHEM — MAarHuTHOW. J[nuTenbHOCTH
curHanoB ~200—400 mc. DTO Tak Ha3bIBa€MbIE€ YaCTUYHO-IUCHEPTUPOBAHHBIC
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(u.n.) ceuctsmue atmochepuku (CA), reHepupyeMble MOJTHHEBBIMU Pa3psiaMu B
BOJIHOBOJIE 3eMJIsl — HIDKHSISI MOHOC(epa U pacrpoCTpPaHSIOMIMUECS 0 BBICOTHI
CIIyTHUKA IO KOPOTKOMY NyTH. MakKCUMyM B CIEKTpPE MPUXOAMUTCS HA YaCTOTY
~2500 I'm, xapakTepHyl0 JUIsi CIEKTPOB OOBIUHBIX aTMOC(HEPUKOB BOJIMU3U
I'pO30BBIX pa3psAnoB. OLeHeHa nucnepcus CUrHainoB — D ~ 5. JlaHHbIE Ha3eMHBIX
HaOmoaenuit no cucreme TOGA moka3pIBalOT HAIMYKE OOJIBIIOTO YK CIIa CUITBHBIX
MOJIHUEBBIX Pa3psoB B pailoHE, HAJl KOTOPBIM B 3TO BPEMS MPOJIETANI CITyTHUK, U
Benach  peructpauust npudbopom  OHU/KHU-OHY. JleranbHblii  aHanu3
HaOmomaBmxcs OHY-sBaeHuidt mpoBOAWTCS HAa OCHOBAaHWW TOYHBIX MOJCIEH
pacrnpocTpaHEHHUsI CBUCTOBBIX BOJIH.

Ampl.

l 28,

Puc. 16. Peructparus npuoopom OHY/KHY cucTsmux armocheprukoB B HoHOChepe
29.11.2006, 05:00:00 UT
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T
Erd T
31.‘_"...7@-:;5.' b

i

RIRCETI L ; ) : ik
Oo.¢ 0.8 1.0 1.2 1.4 1.6 1.8

we.dat: EAS dit=0.00002315

s= 1.000E+0004; Ti=dt=256= 0.006 =s; DF=21.1H=z; Tsh=0.005%

) . | it i ! =i f ndl A

1 i | 1
-0 0.2 0.4 0.6 0.8 1.0 1.2 1.9 1.6 1.8 2.0 2.2 2.4 2.7 2.7 2.9 3.1 3.3
wh.dat: SAS dit=0.00002315
s= 1.000E+0003; Ti=dt=*256= 0.006 =; DF=21.1Hz: Tsh=0.0059

o

Puc. 17. Peructpamus npuoopom OHY HHU3KOYACTOTHBIX IITYMOB, BEPOSTHO CBS3aHHBIX
¢ Beichimanusimu yactuil, 11.02.2007 r B ~10:02 UT nan LentpansHoit EBpomnoit

1a%
134
12
114§

105k

O

1 1 i i 1 1 1 1 1 i [
0.0 0.2 0.4 0.6 0.5 1.01.2 1.4 1.6 1.8 2.0 2.2 2.4 2.5
we.dat; TAE dit=0.000023213

s= 6.000E+0003; Ti=dt=236= 0.006 s; DF=42.2ZHz; Tsh=0.003

Puc. 18. HaGmtonenue ymmpeHust 4aCTOTHOTO IMara3oHa CUTHajla Ha3eMHbBIX
CJIB-nepenatunkos (3anuch 18.03.2007 r B 17:09:17 UT — anexkTpuyeckass KOMIOHEHTA)
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Bo Bpems mponera cnyrtHuka Han LlentpansHou EBpomon (puc. 17) Ha
COHOTpaMMe€ 3alliCH HaOJIO/AJICs HEOOBIYHBIM CHUTHAJI C BBICOKUM YpPOBHEM B
y3kom amanazoHe yactoT — 500-2000 I'm, KOTOphIi HAaNOMHUHAET
HU3K04YacTOTHBIM 4.1. CA ¢ mocieyromuM IIyMOBBIM H3JIy4E€HHUEM Ha 4acTOTE
MakCUMyMa B CIIEKTpE 4.I. WJIM K€ 3TO CEpUs IOYTH HE pa3leisieMbIX Y.1I.
Cucrema TOGA B 3TO BpeMs JOKAJIW30Bala HECKOJIBKO aTMOC(PEPUKOB B
CpennzeMHOMOPKE.

[Ipn B3auMOAEWCTBUM MOHOXPOMATHYECKMX BOJH C MarHuTochepHoOu
IJ1a3MOM BO3HUKAIOT TPUITEPHBIE M3IIYYEHHS WM YIIMPEHUE YACTOTHOIO CIIEKTpa
9TUX curHaioB (puc. 18). TpurrepHeie u3Iy4eHUs, MO-BUINMOMY, CBSI3aHBI C
pe3oHaHCcHbIM B3aumozeuctsueM OHY-BoNH ¢ anexkTpoHaMu paaualdOHHBIX
MOSICOB B HEOJHOPOJAHOM MAarHUTHOM mosie. D¢GEeKTbl yIIUPEHHs YaCTOTHOTO
CHEKTpa MOTYT OBITh OOYCIOBJIEHBI MarHUTOC(EpPHBIM B3aWMOJACHCTBUEM
CBHUCTOBBIX BOJIH.

1a8
17
164
15
14
12
124

11

el s i : :
1 - T I
0oo0.2 0.4 0.6 0.8 1.01.2 1.4 1.6 1.8 2.0 2.2 2.4 2.3

o9

Puc. 19. Peructpanus cBuctsanmx atmocdepukon 18 mapra 2007 . ceanc 859 17:09:17 UT.
Canenpr CA, 3apeructpupoBaHHbIX Haj Kamuarkoii Ha Oopty criyTHHKa ipubopom HBK
(MarHuTHAs KOMIIOHEHTA, ceaHc 859)

Peructpamus opauHapubix cBucTAnmx armocgepuxoB (CA) Ha CIyTHUKE
«Kommac-2» mo3Bonmna anmpoOHpoOBaTh CUCTEMY perucTpanuu U o0paboTKu
OHY-gaHHBIX.

Hwxe npusenensl xapaktepuctukun CA, peructpuposanHoro 18.03.07 B
17:09:17 UT, BxiTrouas mapaMeTpbl: HOCOBas 4yacToTa f#, L-000JI09Ka, 0 KOTOPOH
pacnpocTpansics cBUCT U D-gucnepcust cBucTta. BelunciieHre 3TUX MapaMeTpoB
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IPOBOAMIIOCH MO cTaHAapTHOW Mmetoamke oOpaboTku CA. Xapakrepuctuku CA
COOTBETCTBYIOT JaHHBIM JUIs pailoHa HabmoaeHuit (Kamuarka).

lc—6,57cm

fi=6xIm; At; =0,7 cm =0,1065449 ¢
f,=4,5 k' At, =2 em = 0,304414 ¢
=3 xl'w; F(x) = At)/At, =0,35; x = 0,163
x = filfuns fin = 6/0,163 = 36,8098 &I,
f,=0,387-36,8098 = 14,245398 «I'w.

L =(880/36,8098)""= (23,906677)"" = 2,88.
D, = Atfi 1D (Bx); D, = Atofy D (0.

D, =0,1065449-77,459666/0,116 = 71,146.
D, = 0,304414-77,459666/0,33 = 71,454.

Ha puc. 20 npuBeieH TMHAMUYECKH CHEKTP HU3KOYACTOTHOTO BOJHOBOTO
OHY/KHY wuznydenusi, nonydeHHbld npu npoiete Haj Kamuarkoit 27.02.2007 B
21:35:49. OOHapyXCHHBIC aHOMAJbHBIC CHUTHAJIBI, BO3MOXKHO CBSI3aHHBI C
MOATOTOBKOM  3€MIIETPSICEHUSI, KOTOpOE€ TMpou3ouuio B pailoHe Kamuarku
28.02.2007 n umeno marautyny 4.2 (puc. 21). B nepBoii mojnoBuHE Kaapa XOpouio
BHUJICH YaCTUYHO AUcCHeprupoBaHHblii CA ¢ mMakcuMymoM B criekTpe ~5 kl'1, 4yTto
yKa3bIBa€T HAa TO, YTO ITO MOKET OBITh PE3yJIbTAT MPOXOKICHUS HA CITyTHUK
atMocdepuka, npumeamero ¢ paccrosaus ~1000-1500 km. Ha puc.20 Takxke
HaOmomaetrcst cepust cienoB CA, mapameTpbl KOTOPBIX HE YAQJIOCh OIEHUTH
CTaHJIaPTHBIM METOJIOM H3-3a CJIOKHOCTHU CTPYKTYpbl curHaia. OQHako, MOXKHO
OLICHUTh pPAiOH B MPOTUBOMNOJIO)KHOM IOJYIIAPUH, OTKYJa Ha CIYTHUK [0
CUJIOBBIM JIMHUSIM TE€OMArHUTHOTO TIOJiE MOTJIM TPOUTH curHaibel. CucreMoin

TOGA nokanu3oBaHa TpyIllla CUTHAJOB Ha IOT0-BOCTOKE ABCTPAIMICKOTO
KOHTHHEHTA.

Puc. 20. Cucrsaume atmochepukn 3apeructpupoBannbie Haa Kamyarkoit 27.02.2007
B 21:35:49 3a cyTkH 10 3eMIIETPSICEHUS
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W007/02/28  [1day =] >>|§§{§}Fsu&m

Date T Lac  Llom H K=z HL
200702728 00 50 12,5 53.994 1€L.570 17 6.7 Z.6
2007/02/28 03:51:55.5 51.272 15@.134 35 6.8 2.6
200702528 10003 18,1 56, 137 162,785 25 6.4 2.4
2007,/02728 12:01:00.5 55.242 16L.600 92 6.7 Z.6
2007/02/28 13:05: 51,9 52,984 159,817 24 6.2 2.3
200702728 140471 12,3 56.292 164,164 15 5.1 3.8
2007/02/28 15:30:17.8 53.503 158.945 144 7.4 2.9
2007/02/28 16:24:29,4 56,238 183,776 15 7.1 2.8
2007,/02728 18:37:54.7 55.058 163.553 32 7.5 3.0
Z007/02/28 1T7:35: 53,0 54,598 162,214 24 6.7 2.6
2007 /02,28 19:37:111.3 60,997 167.445 5 10,6 4.5
2007,/02/728 20:035:411.1 52.998 160.037 51 6.9 2.7
T E.4 3.4

Data from 20060101 to 2007 05 6
g 7 & 9 1011

e s e neP
] | I
0 70 300 =500 km

Puc. 21. Pacnipenenenue 3emnerpsicennit Ha Kamuarke 28.02.2007

KpacHbIil Kpy>KOK B BEpXHEM IPaBOM Yy KapTbl puc. 21 COOTBETCTBYET
3emseTpsiceHnio kimacca K =11, a po30BBIM KPYyKOK BHU3Y — IIOJIOXKEHUE
cnyTHuKa BO Bpems peructpaunu OHY-curnanos 27.02.2007 B 21:35:49 (ceanc
790).

H_2,44kHz, V07.02.27_00-00-36
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Puc. 22. Hazemusie nannsie npuema OHY-u3znyuennit 27.02.2007 B [Taparynke Ha KamuaTke.
BBepxy — cyrouHoe pacnpeneneHue yrioB npuxoaa OHY-curnanos (atMocheprkoB).
BHu3y — cyrouHslii X0 aMIUIMTY/ bl orubaromiel Ha Beixoze. Bpems ykazano B UT
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Haszemuble nannbeie B [lapatynke Ha KamuaTtke mokasanu, 4ro B NEPUOX
npoJieta cnyTHuka Haa Kamuarkoit 27.02.07 B 21:35:49 nabmronanock 10CTaTOYHO
MOIIHOE W3JIYYEHHUE C IOro-3amaJHOr0 HAMNpaBICHUS M Majo€ KOJHWYECTBO
aTMOC(EPUKOB, MPUIICAIIUX C JIPYruX HampapieHuil. B anamoroBoil 3amucu, B
nepuo nposiera ciytHuka Haa Kamuatkoit B 21:35:49 27.02.07 Ob1710 MOHUKEHUE
YPOBHSI CUTHaja Ha BCEX PETHMCTPUPYEMBIX YACTOTAX, MAKCHMaJIbHOE 3HAYCHUE
u3nydenus HaOmoganock B 19-204. [lnockocTh paMOYHOW  aHTEHHBI
pacrosiarajiach B HalpaBJICHUM BOCTOK-3ama.

3aknouenue

OnbiTHas SKCIUTyaTalds KOMILJIEKCAa HAy4YHOW ammapaTypbl CIyTHHKA
«Komrrac-2» mokasaia, 94To OH MOKET OBITh MCIIOJIb30BaH B KAYECTBE OCHOBHI JIJIS
CO37aHUSl HAYYHBIX KOMIUIEKCOB MOHOC(HEPHOTO MOHHTOPHHTA B TIOCIIETYFOIIHX
MPOCKTaX M CHUCTEMax, MpeIHa3HAYCHHBIX JJIsI OOHApYXEHUs W PerucTpaiuu
AHOMAJIBHBIX SIBICHUM B OKOJIO3€MHOM KOCMHYECKOM IPOCTPAHCTBE, CBSI3AHHBIX C
3eMJICTPSCEHUSIMU U APYTUMH MPUPOAHBIMHU U TEXHOTCHHBIMH KaTacTpodamu.

Vnpasnenne cnytHukoM «Kommac-2» ocymectBiusiiu LYIT HHUMMAI
(Satellite mission control center, r.Kopones), I'PIl um. akan. B.Il. MakeeBa
(National Rocket Center at Miass) u U3SMHWPAH (r. Tpouik).
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2.1.3. AHCTUTYT PAIMOTEXHUKHU U JJEKTPOHUKHU
M. B.A. KOTEJIbBHUKOBA PAH

2.1.3.1. Hccneoosanue KOpOHATbHBIX 6b10OPOCOB MACCHL MENOOOM
PaoUu030HOUPOBAHUA

1. Ha ocHOBe 3KCHEpUMEHTAIbHBIX JIaHHBIX, MOJIYYCHHBIX B HAaYYHBIX
nentpax lepmanumu wu  CIIA, paspaboran MeTOJ  ABYXIO3UIIMOHHOTO
pPaZAMO30HIMPOBAHUS, MMO3BOJSIOIINIA U3yYaTh CBOWMCTBA, JUHAMHUKY U 3BOJIIOLUIO
KOpoHaNbHBIX BBIOpOcOoB Maccel (CME) Ha paznuunbix pacctosausx oT CosnHIa.
B nacrosdmee Bpems g onpexaeneHus xapaktepuctuk CME  ucnons3yrores
KOHTAKTHbIE U JUCTAaHIMOHHbIE MeToAbl. Ha ManbIX TreauoneHTPUYECKUX
paccTosHUSX (MeHee 25 CONMHEYHBIX PanyCoB Rg) MCMONB3YIOTCS HAOMIOACHUS
MIOTOKa PEeHTTeHOBCKOTO n3nydenus Ha cnyTHuke GOES-10, nannsie koponorpada
SOHO/LASCO u KOpOHaJIbHOTO paauO30HIWpPOBaHMsS. Ha reamoneHTpudyecKux
paccrosiHusix (30—180)Rs enMHCTBEHHBIM MCTOYHHMKOM HWHMOpPMAIMU O ILJ1a3Me
COJIHEYHOTO BETpa ABISETCS METOA paauo3oHaAupoBanus. Ha  Ooxbrmx
JUCTAHIUSAX MOHHUTOPUHI COJIHEYHOT'O BETPAa OCYIIECTBISETCS KOHTAKTHBIMU
METOJaMU MpH MOMOIIM KocMuueckux ammapatoB (KA) B MexniaHeTHOM
npocTpaHcTBe  BOMM3M  3emuin W JApyrux  miaHer.  [lepBbiii  ombIT
MHOTOIMO3UIIMOHHOTO PaMO30HANPOBAHUS ObLT OCYIIECTBICH Ha OCHOBE JAHHBIX,
nosydeHHbIx ¢ 12 mo 24 mas 2000 r. npu nomomm KA GALILEO u CASSINI
Koponanbusiii BeiOpoc Maccel Obu1 oOHapyxkeH 13 mas 2000 r. B 22:22 UT; on
JBUTAJICSI ¢ OYEHBb BBICOKOW CKOpocThio (Oomee 1080 km/c) Ha muctanmmsx (2,3—
16,6)Rs. DtoT (akT nmoareepkaaercst Boicokoil ckopocthio CME, HalineHHol Mo
BPEMEHU pErucTpalid MaKCHUMyMa II0TOKa PEHTICHOBCKOTO W3JIyYEHHS Ha
paccrossHur 1Ry W MakcUMyMa YIIUPEHHS CIEKTPaJbHOM JIMHUU CHUTHAJIA
CASSINI Ha paccrosaun 2,3Rs. Hwxnsiss rpanuna ckopoctu CME  Ha
paccrosausax (1-2,3)Rg cocraBmiia 340 km/c. CpenHsisi cKopocTh Mexay 16,6Rg u
op6utoit 3emiu — 740 km/c; cKOpocTh TuTa3Mbl Ha opoute 3emin — 450 km/c.
OTHU JaHHBbIE CBUIETEIBCTBYIOT O CWJIBHOM TopMoxeHnn CME Ha paccTosHuAX
oonee 16,6R;.

Pucynoxk 1 XapaKkTepu3yeT MOCJIEI0BATENBLHOCTh COOBITHI,
3apEeTUCTPUPOBAHHBIX IOCJIE TE€HEpAIlMM KOPOHAJIBHOTO BbIOpoca macchl 13 mas
2000 r. okono 22:22 UT. B sror momeHnt Bpemenu Ha Oopty KA GOES-10
HaOMoaJICd MaKCUMyM IIOTOKa H3JIydeHHs] S, B PEHTT€HOBCKOM JMaIla30HE
(puc. la). C 3anazasiBanrem AT; = 0,92 4 Ha Tpacce pamuozoHgupoBanus ¢ KA
CASSINI, ynanenno#t ot 1mentpa ConHna Ha pacctosHue 2,3R;, Obun
3apETUCTPUPOBAHBl 2  MAakCMMyMa UIMPUHBI  CHOEKTpaibHOM JmuHHH (B)
CaHTUMETPOBBIX CUTHaJIOB (puc. 16). Cnycrs 2,354 1mocie perucrpanuu
Makcumyma B (wnm 3,274 mocine Makcumyma S,) HaOMOAaNca MaKCUMyM
nucnepcu  GIyKTyaluii 4acTtoThl JeuuMerpoBbix paanoBodH KA GALILEO,
KOTOpPbIE 30HAUPOBAIM IOTOKM IJIa3Mbl HA TEIMOLEHTPUUYECKUX PACCTOSHHSIX
okosno 16,6R;, (puc.lg). Hakonen, Ha puc.le npencraBieHbl pe3yiabTaThl
U3MEPEHUN KOHIIEHTPAIMU 3apsiKEHHBIX YacTUI] N, BBIMOJHEHHBIX TJIa3MEHHBIMU
npubopamMu Ha OOpPTYy YETBEPTOrO0 KOCMHUYECKOTO ammapara — CIYTHUKA 3emiin
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WIND. IIo ropu3oHTanbHON OCH Ka)XIOTO PUCYHKa yKa3aHbl UCTHHHBIE BPEMEHA
Kaxoro coobiTus (B cytkax 2000 r.).
Jannsie GOES-10:
http://www.swpc.noaa.gov/ftpdir/warehouse/2000/2000_plots
HManubie WIND: http://ftpbrowser.gsfc.nasa.gov/wind_swe_2m.html

w [T T O O T T T T 0N T 0 O O 0 T O T 0 O O O O B |
. % % 10 ai 13/14, 2000 w
BLE 1’ KA GOES-10
a3 an (a)
= g o TP B Loviioaris Livassanns Lesasvenss Leiasianss Lo
x 134.8 134.9 135.0 13521 135.2
s o 120 Maii 13114, 2000 | KA CASSINI
IS g | (R=2.3R/)
3 g = | BpemeHHOM casnr
= }
g E z 401 | OTHOCMTENbHO S,
E = (6)j AT,=0.92 vaca
134.8 134.9 135.0 135.1 135.2
§ = = 025 Mai 13114, 2000 ' ' | | kaGALILEO
2 3¢ 02 1 (R=16.6 Rs)u
3 E E 0.15 | BpemeHHOW caBur
5 z 2 OTHOCHUTENBHO S,
ES§ o 0.10 4 P
= g 005 (B)  AT,=3.27 vaca
134.9 135.0 1351 135.2 135:3
m A e s = -
g 2 - Maii 16, 2000 KA WIND
g = (R=214.9R)
S 8 20 BpemeHHoU caBur
“I:J- 3 it OTHOCHTENBHO S,
38 (r)| AT,=55.07 uaca
ES 000 Blessssea s beg pear gepd o g o o, e gou g e pag g g
137.0 137.1 137.2 137.3 137.4 HeHb 2000 .

Puc. 1. l3Menenus notoka peHTreHoBckoro u3nydenus ComnHia Sy (a), IIUPUHBI CIIEKTPaIbHOU
aunauu B KA CASSINI (6), uaTencuBHOCTH (QurykTyanuuil yacToTsl curaanos or KA GALILEO
(6) ¥ KOHIIEHTpAITUHU 3apsHKEHHBIX YacTuIl N BOJM3H opOuThl 3eMin 1o qaHnHbEIM KA WIND (2).

N3 mnpencraBieHHbIX Ha pUC. | JaHHBIX CIEIYET, YTO BPEMECHHBIC
W3MEHEHUS] IUPHUHBI crekTpaibHOo nuHMKM B curnamoB KA  CASSINI,
WHTEHCUBHOCTU  4YacTOTHbIX  (uykryaruit curHamoB KA GALILEO wu
koHleHTparuu miasmel KA WIND mpoucxoast oIMHAKOBBIM 00pa3oM: UMEeTCs
OOJBIION MakCMMyM B BeIyIleW 4YacTh BO3MYILEHMs, 3areM cmycTs 2,3-2,6 u
pErucTpupyeTcs BTOpOi MEHBIIMHI 0 YPOBHIO MakcuMyM. HakoHen, mpu casure
OK0JIO 3,6 4 OTHOCHUTENILHO TJIABHOIO MAaKCHUMyMa y (IIyKTyallMdl 4acTOTBl Gy U
KOHLIEHTpaluu Mia3Mbl N TPOSBIAETCS TPETHU MAKCUMYM (M3MEPEHMS IIUPHUHBI
CHEKTpalbHOM JMHMA B B 3TOT MpPOMEXYTOK He mpoBoawinck). [lomobue
BPEMEHHBIX 3aBHUCUMOCTEW, IMPEICTABIECHHbIX Ha pHUC. 1, CBUAETEIbCTBYET O
KAaUEeCTBEHHOM COXpaHEHHWU paauaibHOM CcTpykTypel CME Bo3MylieHuss B
HIMPOKOM 00JIACTH TeIMOUEHTPHUUYECKUX PACCTOSHUN NMPU JBUKEHUU BO3MYILIEHUS
or ConHua. BpemMeHHOW CIBUT MEXIy COOBITUSMH ITO3BOJISIET OIPEACIIUTh
CKOpOCTb JBUKEHUS BO3MYLIEHHOTO IIJIa3MEHHOIO oOpa3oBaHUsl,
KJIACCU(DUIIMPOBAHHOTO KaK KOPOHAJIBHBIA BBIOPOC MAacChl, B Pa3IMYHBIX
Jara3oHax reJIMOUEeHTPUYECKUX PACCTOSIHUM.
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BcemupHoe Bpemsa (UT)

Puc. 2. lHTeHCUBHOCTD (UIYKTYaIMi YacTOTHI (BEpXHSIS TAHENb) M CIIEKTPAIbHBIN HHIEKC
CIIEKTPOB YaCTOTHBIX UIyKTyaruid (HUxKHss manensb) curiaioB KA GALILEO
st 13 u 14 mas 2000 1.

3anaznpiBanue A7} = 0,92 4 MakcuMyMa HIUPUHBI CIIEKTPAIbHON JIUHUU T10
CPaBHEHHUIO C MAKCUMYMOM IOTOKA PEHTT€HOBCKOTO U3ITyUYEHHUS Sx JAET CPEIHIOI0
ckopoctsb nepemenieanss CME V) = 340 km/c 115 TETHOLEHTPUYECKUX PACCTOSTHUN
(1-2,3)Rs. ConocraBnenue QuykTyauuoHHBIX 3((EeKTOB Ha JuMHUU CBs3M KA
CASSINI — 3emnsn ¢ aHanoruuHeIMH 3¢ (deKTaMu Ha Tpacce paaro30HAMPOBAHHS
KA GALILEO — 3emns CBUIETEIBCTBYET O BBICOKOW CKOPOCTH IEPEMEILICHHS
CME s TeMOLEHTPUYECKUX paccTosiHuid mexnay 2,3 u 16,6 pannyco ConHua
V,=1180 km/c. CnekTpanbHbli aHaMM3 QUIYKTyalldid 4YacTOThl ACIIUMMETPOBBIX
paguoBosiH KA GALILEO mno3Boiui BBISIBUTH €lIE OJJHY OCOOCHHOCTh MOTOKOB
I1a3Mbl, OTHOCSIIUMXCS K KOpPOHAJIbHBIM BbIOpocaM Maccel. Ha puc. 2
MIPE/ICTaBIICHbl BPEMEHHbBIE 3aBUCHUMOCTH UHTEHCUBHOCTH YaCTOTHBIX (IIyKTyalui
Of ¥ CHEKTPAJIbHOTO MHJEKCA Olf BPEMEHHBIX CIEKTPOB ATHX (iaykTyanuii. BuaHo,
YTO [OBBIIICHHBIE 3HAYEHUs (UIYKTyalluid 4YacTOThl Gy COIPOBOXKIAOTCS
IOBBIIIEHHBIMYU 3HAYEHUAMM CIIEKTPAIBHOIO MHIEKCA Ol

2. IlpoBeneH aHanmM3 pe3ylbTaTOB MU3MEPEHHA (QIYKTyallMii 4YacTOTHI
paanocurHaia kocmuyeckoro anmapata GALILEO B uHTepBasie BpeMeHH ¢ 6 1O
11 saBaps 1997 r. B aToT mepuoa ObUTIO 3apeTUCTPUPOBAHO TPOXOKICHUE Uepe3
Tpaccy paiauoOCBSI3U KOCMUYECKUl annapam — HA3eMHblli NYHKM KOPOHAIBHOIO
BEIOpOCa Macchl, HaOmoaaBmerocs koponorpapom LASCO o6cepBatopun SOHO
6 ssHBaps 1997 r. AHanu3 93TOTO SIBJICHHUS TIPEACTABISIET OCOOBIA HMHTEpEC,
MOCKOJIbKY OH CTajd TEPBBIM COOBITHEM TaKOro pojia, 3a KOTOPHIM YIaJlOCh
MPOCIEANTh B pEaIbHOM MacilTade BpeMEHHU, HauYMHasi OT MOMEHTA €ro TeHepaluu
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

Ha ConHIle [0 ero BO3JIEHCTBUS Ha MarHuTocepy u wHoOHOChepy 3emin.
Bo3myiiieHne conpoBokaanoch riao0adbHBIM CKATHEM 3€MHOM MarHuTochepsl,
CWJIBHBIM BO3pacTaHUEM IUIOTHOCTH B MarHUTOCHEPHOM IIa3MEHHOM CJIOE, €ro
IpUOJIMKEHUEM K TTOBEPXHOCTU 3eMJIM, 3HAYUTEIbHBIM MOBBIIIEHUEM TUIOTHOCTH
IUIa3Mbl, MAKCUMAaJIbHOE 3HAY€HUE KOTOPOM JOCTUINO OeclpeueieHTHON s
opOutsl 3emtn Bemmunusl 185 em . TIpoxoxmenne CME wepes Tpaccy 3emnss —
KA GALILEO, pacnonaraBlIylOCcsi Ha TE€IUOLUEHTPUYECKOM PACCTOSHUM OKOJIO
32Rg, COMPOBOXKAATIOCH PSAAOM CHEUPUIECKIX pagnodPPeKToB:

* YyBEIWYEHHEM B 2-3 pa3a MHTEHCUBHOCTH (UIYKTyaluid YacTOTHI,
KOTOpO€ JJIUJIOCH 3 Y;

* YBEJIIMYEHHBIM 3HAYEHUEM CPEIHEHN YaCTOThl CUTHAJIA;

* YBEJIWYEHHBIM  3HAYEHUEM  [IOKa3aTelid  CTENEHH  BPEMEHHOIO
HEPreTHUECKOTO CHEeKTpa (IYKTyaluii 4acTOTHl HETOCPEICTBEHHO 3a
BeyIIUM (PpOHTOM BBIOpOCa;

* YMEHBIICHHBIM 3HAYE€HHUEM MOKAa3aTeNsl MOCe MPOXOKIACHUS BeaylIeh
YaCTU BO3MYILICHUS;

* JBYMS MakKCUMyMaMHU B KpPOCC-KOPPEISIUOHHOW (YHKIMHU (IyKTyarui
YacCTOTHI.

MakcuMalibHOE 3HAYEHUE KOHIIEHTPAalUu B MEpPEIHEN 4YacTH IJIa3MEHHOIO
oOpa3oBanus Oojiee 4eM Ha MOPSAIOK MpeBbimaeT (HOHOBYIO BennuuHy. Hammdane
JBYX MakKCUMYMOB B  KpPOCC-KOPPEISIUMOHHOW  (YHKUMHU  OOYCIOBJIEHO
OJTHOBPEMEHHBIM IMPHUCYTCTBHEM Ha JIy4Y€ 3pEHUsl CIIOKOMHOTO M BO3MYILIEHHOTO
MOTOKOB C MPOCTPAHCTBEHHO PA3HECEHHBIMHM MAaKCMMyMaMH KOHIICHTpAIluu U
ypoBHsL TypOyneHTHocTu. HaOmrofeHune IUTa3MEHHBIX BO3MYIICHHNH METOJI0OM
pPaguo30HIMPOBAHUSI HAa BOCTOYHOM (1o oTHomeHutro k ConHily) obnactu
ONEPEKAET  PETUCTPALIMI0  AHAJIOTMYHBIX  BO3MYILIEHHH B  OKOJIO3E€MHOM
KOCMHYECKOM IPOCTPAHCTBE HA 2—2,5 cyT. BhIsiBIIeHA UyeTKass KOPPEIALUS MEKIY
W3MEHEHHEM CpEOHEH 4YacTOThl 30HAMPYIOUIErO0 CHUTHala M KOHIIEHTpauuen
a3Mbl B OKOJIO3eMHOM mpocTpaHcTBe. OOHapyXeHa TEHACHIHMS K POCTY
CHEKTPaJbHOTO HHJIEKCA YACTOTHBIX (DIyKTyaluii TMpu  YBEIUMYEHUHU HX
WHTCHCUBHOCTH, CBS3aHHOM C TIOABJICHUEM Ha Tpacce paclpoCTpaHEHUs
pPaaroBOJIH BO3MYILIEHHBIX MOTOKOB IuIa3Mbl. [loka3aHo, 4TO cpaBHEHUE JAaHHBIX
pPanMO30HAUPOBAHUS C ONTHYECKMMH HaOmoaeHusmu BOmm3n ConHIa u
IJIa3MEHHBIMUA HU3MEpeHusMU Ha crnyTHuke 3emiaun WIND no3Bossier HaxoauTthb
ckopocTh nepemelttienrsi CME B paznuyHbIx 001acTsax cBepxkopoHsl CoJHIIA.

2.1.3.2. Paduoghuzuueckue memoovt CHymHUKOB020 30HOUDPOBAHUSA C/IOUCHIBIX,
607IHOBBIX U MYPOYIEHMHBIX CIPYKMYp 6 ammocghepax 3emnu u Benepoi

1. Meton omnpeneieHdsi TOIIOLIEHUSI PAJUOBOJIH Ha  TPaHC-
HOHOC(EPHBIX JHUHUAX CBA3M CIYTHUK—CIYTHHK W HM3MeEpPeHHs] MOJI0KeHHS
CJIOMCTHIX IVIA3MEHHBIX CTPYKTYP B HUKHEl HOHOC(epe

Ha ocHoBe aHanmu3a paguorosiorpamM, 3ape€rucTpUPOBAHHBIX CITyTHUKaMU
CHAMP, FORMOSAT-3 wu JpyruMu TpU MPOXOKIAEHUHU BBICOKOTOYHBIX
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

pPalMOCUTHAJIOB CITyTHUKOBOW HaBUTAMOHHOW cuctembl GPS uepe3 nonocdepy u
arMocepy 3emin, 0OHapyKeHa, TEOPETUUECKHU 000CHOBaHA U SKCIIEPUMEHTAIIBHO
NOJTBEPKACHA CBSI3b MEX]y BPEMEHHBIMHU BapHalMsIMHM MHTEHCUBHOCTH, (pa3bl,
4acTOThI U IPOM3BOAHOMN YaCTOTHI IO BpeMeHM (yckopeHus ¢asbl) paanoBoiH. Ha
OCHOBE 3TOM CBA3M NPEUIOKEH METOA HM3MEPEHMS NONIOLICHMS PaJUOBOJIH Ha
paano3aTMEHHBIX Tpaccax CIYTHUK-CIyTHUK (puc. 1). M3yueno armocdepHoe
NONIOUICHUE CAaHTUMETPOBBIX BOJH Ha 3aTMEHHBIX TPAcCax CIYTHUK-CIYTHUK U
NOKa3aHa BO3MOXHOCTh MOHUTOPUHIA PACIpENeSICHNs apoB BOAbI U MapaMeTPOB
0o0nauHBIX CTPYKTYp B Tpomocdepe. Paspaborana Meromuka omnpemeneHus
MOJIO’KEHUS TOUYKHU MOBOPOTa 1 HA JTy4E€BOM TPAEKTOPUU PATUOBOJIH, YTO IMO3BOJISET
ONPENENATh MOJOKEHUE, BBICOTY M HAKJIOH CIOUCTBIX HEOJHOPOJHOCTEW B
nonocpepe u  armocdepe. Mertox Obul  TmpuUMEHEH NI aHaIU3a
AKCIIEPUMEHTAIBHBIX JaHHBIX paano3arMeHHou (P3) muccun CHAMP (puc. 2-4).
Jlnst  paccmMoTpeHHbIX P3  ceaHCOB ONpENENeHO MOJOXKEHUE HAKJIOHHBIX
IUIA3MEHHBIX CJI0E€B M HAUACHO PacipeleIeHUe JIEKTPOHHOM IITIOTHOCTH.

Puc. 1. Cxema pagno3arMeHHOro 3kcriepumMenTa: O — HeHTp 3eMin; L — NpUeMHbIN CIIYTHUK,
G — HaBHUTallMOHHBIN CIIyTHHK; /i — BBICOTA TOYKH II0BOPOTA JIy4€BOM TPAEKTOPUU PaJIUOBOIIH;
DT — BBICOTHBIN MHTEPBAJ H3MEPEHUI BEPTUKAIBHBIX Mpoduiei Gpru3nyeckux mapameTpos
armocdepsl (4) u nonocheps (E, F)

HoBas Meroamka, OCHOBaHHAas Ha COBMECTHOM aHallu3e Bapualud
ycKopeHus: ¢a3bl U pepaKkIMOHHOTO OCIA0JICHUs, SBISETCS MEePCIEKTUBHOM ISt
JOKAJIM3AlMU  CIIOMCTBIX CTPYKTYP B  OKOJO3EMHOM IIpocTpaHcTBe. Ee
3¢ (HEeKTUBHOCTH MPOMJLTIOCTPUPOBAHA C MOMOIIBIO aHANIM3a HKCIIEPUMEHTATBHBIX
JAHHBIX, 3apeructpupoBaHHbix Ha cnytHuke CHAMP. B pganpHelimem
JKeJaTeIbHO TMPOBECTH CpaBHEHUE pa3padaThiBAEMOTo0 METO/la C pe3ylbraTaMu
HaOTIOZICHUH HA3eMHBIX MOHO30HIOB. IIpencTaBieHHBIE METO W IpPyrue HOBBIC
METOJIUKH TIO3BOJSIFOT ~ TMOJYYUTh HapacTalmuii o0beM HHPOpPMAIUU O
TJIa3MEHHBIX CTPYKTypaxX W €CTECTBEHHBIX Ipolleccax B HOHOC(hEpe W UX CBSI3U C
mpoieccaMd B MarHuToc(epe M MEKIUIAHETHOM IMPOCTPAHCTBE IyTEM aHaIM3a

JIAHHBIX CYIIIECTBOBABIIMX B MPONUIOM M JCHCTBYIOIIMX B HACTOSIIECE BpEMs
ciiytHuKoBbIX Muccud GPS/MET, CHAMP, SAC-C, GRACE nu FORMOSAT-3.
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI
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Puc. 2. a — u3zmenenus (azoBoro mytu Ha yactorax F1 u F2 (kpussie / u 2), CBA3aHHBIE C
BIIMSTHUEM HOHOC(Ephl U aTMOc(ephl B 3aBUCUMOCTH OT BBICOTHI NEpUTes JTy4eBOU TPACKTOPUHU
cnymHuk-cnymuuk. J{ns cpaBHenust kpusbie I u 2 cmeniersl Ha 100 u 200 M COOTBETCTBEHHO.
Kpusas 3 nmonydyena u3 pa3oBbIxX myTeit Ha yactotax F1 u F2 ¢ moMoIibio HOHOC(EpHOH
koppekmuu. KpuBast 3 mokaspiBaeT 4acTh ()a30BOTO MYTH, COOTBETCTBYIOIIETO HEUTPATBHON
atMocdepe, u cMmemnieHa Ha 300 M 119 cpaBHEHHSI C KPUBOU 4, paCCUMTAHHOM ISl CTaHIapTHOM
mojenu atMocdepsl. KpuBble /—4 moka3bIBarOT U3MEHEHHsI (Pa30BOro MyTH Ha BBICOTAaX HIDKE
45 kM. Ha BeicoTax, 60ibmux 45 kM, Bapuaiuu (a3oBoro myTtH, yBenundeHHbsle B 1000 pas,
WTIOCTPUPYIOTCS KpUBBIMU 5—8. KpuBble 5 1 6 ONMCHIBAIOT, COOTBETCTBEHHO, BKJIA/1
CTaHJIapTHON HEUTpanbHON aTMoc(hephl, PACCYUTAHHBIN C TOMOIIBI0O MOAETH aTMOChephl U
yTeM HOHOC(HEPHOM KOPPEKINH SKCIIEPUMEHTAIBHBIX JaHHBIX COOTBETCTBEHHO. KpuBbie 7 1 8
COOTBETCTBYIOT SKCIIEPUMEHTAILHBIM 3aBUCUMOCTSM ()a30BOTO MYTH OT BBICOTHI HAa YacToTax F1
u F2. JIns cpaBHEeHUs KpuBbIe 6, 7 1 8§ CMEILIEHbl OTHOCUTENBHO KpuBOi 5 Ha 5, 30 u 50 cm
COOTBETCTBEHHO; 6 — CpaBHEHHUE BapHUalluil yCKOpeHUs ¢a3bl, MepecunTaHHBIX B
pedpakironHoe ocnabinenue X, (kpupas /), 1 pe(pakIMOHHOTO 0cabiIeHus, ONPeeIeHHOTO
u3 uHTeHcuBHOCTH P3 curnana X, (kpuBas 2), Ha nepBoi yactore F'1 HaBUranmoOHHOU
cucrembl GPS
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BBICOTA [KM] BBICOTA [KM]

Puc 3. CpaBuenue Bapuanuii yckopeHust (hasbl a, IepecYuTaHHbIX B pePpaKkIInOHHOE
ocnabnenue X, 1 pepakiinoOHHOTo ocnabneHus X,, HailIeHHOTO MO aMIUIUTYIHBIM JTaHHBIM Ha
nepBoii yacrtote F'1 HaBuranmonHoi cucreMmbl GPS (kpuBble I 1 2), M pe3ynbTaThl ONPEIEICHUS

cMeleHus d Touku nmoBopota T ot nepurest P3 nyda (kpusbie 3 u 4). JlaHHbIE OTHOCATCS K
ceancaM CHAMP Ne 0069, centsa6ps 21, 2003, 40,4° N, 19,6° W (manens a) u Ne 0169,
utonb 05, 2003, 29,4° S, 232,9° W (nanenb 6). BepTukanbHble ¥ TOPU30HTAIBHBIC OTPE3KH 5
COOTBETCTBYIOT OLITMOKAM M3MEPEHUS
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Puc. 4. CpaBHenue Bapuaiuii yckopeHus ¢asbl a, IepecUuTaHHbIX B pepaKIIMOHHOE
ocnabnenue X, 1 pepakHOHHOr0 ocaabaeHus X, HalJEHHOTO 110 aMIIIUTYAHBIM JaHHBIM Ha
nepBoii yactote F1 naBurammonnoi cucrembsl GPS (kpuBbie / U 2), 1 BOCCTaHOBJICHHBIE
BapHaIMK YIEKTPOHHON TUIOTHOCTH M €€ BEPTHKAIBHBIX I'PAUCHTOB Kak (QyHKITUU
CKOPPEKTUPOBAHHOM BBICOTHI B HOHOC(]epe. JlaHHbIe cooTBeTCTBYIOT ceancaM CHAMP
Ne 0069 u 0169

2. HaOnioneHue mNPOCTPAHCTBEHHOI0 paclnpenejeHusi HWHTEHCHBHBIX
cnopaagnueckux cjaoeB E; B mepuoa cnaga cosiHeuHoil akTuBHocTH B 2001-
2006 rr. ¢ nomombio cnytTHnkoB CHAMP u FORMOSAT-3

[TonyueHbl KapThl pacnpeeeHuss THTEHCUBHBIX CIIOpaInuecKux ciioeB Eg B
nmepuoj] Craja COJHEYHOW aKTHBHOCTH. [eorpadudueckoe pacrpeneiieHue
WHTEHCUBHBIX CHOPAJMUYECKUX CIOEB (C HMHJEKCOM AaMIUTUTYIHBIX Bapuarui S,
oonpmM 0,12) mo nanHeiM u3MepeHuil Ha cnytHuke CHAMP nHa wyactore
1575,42 MI'nt mnoka3zanel Ha puc.6 u 7. HeobxoguMo OTMETUTH, YTO
HEPAaBHOMEPHOCTh B YKa3aHHBIX pacHpeleIeHUsIX MOXeT ObITh CBsi3aHa C
HEOMHAaKOBOM mocemaeMocteio cnyTHuka CHAMP. Ananu3 mnocemaeMocTH
MoKaszaJl, 4YTO 3a paccMaTpuBaeMble TEPUOJLI BPEMEHH U3MEpEeHUs ObUIn
pacrpeenieHbl o 3eMHOMY Iapy MpakTUYECKH paBHOMEpHO. Takum o0pazom, 3TH
pacmpeneneHuss  ColepKaT BaXHYK HH(OpPMAIMI0O O MPOCTPAaHCTBEHHOM
pacrpefieieHUd WHTEHCUBHBIX  CHOPAJUYECKUX CJIOEB B  PACCMOTPECHHbBIC
WHTEPBAJIbl BpEeMEHU. AHAJIU3 yKa3aHHBIX PACHpPECNICHUM MOKa3bIBACT, YTO OHU
KOHIEHTPUPYIOTCSA B ONPENCIICHHBIX 30HaX (HANpUMeEp, B IKBATOPUAILHOMN 30HE, a
TaKXke BOJIM3U CEBEPHOTO U KOKHOTO F€OMArHUTHOTO mojroca 3emuu (puc. 5, 6).
Bricokast akTHBHOCTh HaOmonaeTcst mocie 3axoma Comaia BedepoM ot 20 1o 24 4
MECTHOTO BPEMEHHU. DTO COITIACYETCA C JaHHBIMU HA3€MHBIX M3MEpPEeHUN. MOXHO
OTMETHTh, YTO Teorpaduueckue paclpeieciCHUs] HOYHBIX W JHEBHBIX CITydacB
CWIBHO OTiM4YaroTcs. JIHeBHBbIe coObITusi mpeobnanatoT B CeBepHoit u HOxHoMU
MOJIAPHBIX 30HAaX. HouHbIE COOBITHS KOHIIEHTPUPYIOTCS B 3KBAaTOPUAIBHBIX
00JacTsIX M, YaCTUYHO, B CpeaHux mmmpoTax. Haubonee cuiibHble paznuyus B
reorpa@uuecKux pacrnpefesieHUsIX HOYHBIX (CBETIbIE KPYXKKH) W JHEBHBIX

(TeMHBIE KpY)XKH) cOObITUM HaOmiomatorcs B ampene 2004 1. (puc. 6, mpaBas
HKHSIS TIAHEIIh).
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0003HaYeHbI TEMHBIMH KpyXKamu (MecTHOe Bpemsi 08—20 1), HOUHbIE COOBITHSI OTMEUCHBI
CBETJIBIMU KpykKamu (MecTHoe Bpems 20—08 u)
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Puc. 6. Kapte! pacnpesiesieHnss ”HTEHCUBHBIX HOHOC(HEPHBIX CIOEB ¢ HHACKCOM Sy, OONBIITUM
0,2, B nepuox 14 mas — 14 urons 2001 . (;ieBast BepxHss naHelb), HOOpb—aekadps 2001 1.
(mpaBasi BEpXHsIsI MaHEeIb), 28 oKTAOps — 26 Hos0ps 2003 1. (JieBast HYOKHSIS TTAaHENb ), UIOJTb

2004 r. (mpaBasi HIKHSS 1MaHenb). /J{HeBHBIE cOOBITHA 0003HAYEHBI TEMHBIMH KPYXKaMH
(mectHOe Bpemst 08—20 4), HOYHBIE COOBITHS OTMEUYEHBI CBETIBIMU KPY>KKaMU
(mectHOe Bpems 20—08 u)
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Puc. 7. I'moGansHOE pacnpeeieHrne HHTEHCUBHBIX CIIOpaJndecKuX ciioeB Es mo qaHHbIM
cnytHUKOB FORMOSAT-3 ¢ unaexkcom Sy, 60mbmmmm 0,12, B nepuon 01, 11 u 12 utonst 2006 1.
CrutonrHbie KPY>KKH COOTBETCTBYIOT JHEBHBIM COOBITUSIM, OTKPBITHIE KPYKKH — HOYHBIM
COOBITHSM

Ce3onHasi 3aBUCUMOCTH TreorpaduyecKoro paclpeiesieHus] WHTEHCUBHBIX
noHochepHbIX coObITHH, 3aperucTpupoBanHbix cnyTHuKkoM CHAMP noka3ana Ha
puc. 6. Ce30HHOE CMEIlIeHHEe HHTEHCUBHBIX HOHOC(EPHBIX COOBITHI B CEBEPHOM U
I0)KHOM HalpaBICHUSAX 3aMeTHO B nepuoa Man—uwonb 2001 . (puc. 6, neBas
BEpXHsSl MaHelb), HoA0pb—aekadps 2001 1. (puc. 6, mpaBasi BepxHsA TMaHEIb) U
ceutaOpp 2001 r. (puc.S5, neBas BepxHss mMaHeNdb). YHUCIO HWHTEHCHUBHBIX
MOHOCHEPHBIX COOBITHH BO3pACTaeT B CEBEPHOM MOJSPHONM OOJACTH B BBICOKHX
muporax (Oonbmmx 60° N) ot mMas—urons 2001 . k HOosOpro—nexadbpro 2001 .
OnHOBPEMEHHO YHCIIO MHTCHCHBHBIX HOHOC(EPHBIX COOBITHH YMEHBIIIACTCS B
cpeanux mmmporax B uHTepBaie 30-60° N. Bo3MokHass npuuMHa CE30HHBIX
U3MECHCHUN MOXKET OBITh CBS3aHA C JIByMsSI BOKHBIMU MEXaHU3MaMH OOpa30BaHUS
WHTCHCUBHBIX HOHOC(EpHBIX croeB. [lepBbIii MexaHW3M CBSi3aH C WHXKEKIHEH
HHEPTUYHBIX JEKTPOHOB M CBA3aHHOW C ATUM MOHU3AIMEH B MOJSIPHBIX 001aCTSIX,
BTOpOIl MexaHu3M — ynbTpaduoneroBoe uznydeHue Connna. BnusiHue comHeuHon
paguanvy UMEET CE30HHBIM M CYTOYHBIM xapakrep. M3 mpoBeaeHHOro aHamusa
clemyeT, 4TO  aMIUIMTYJIHas  4YacTb  CIYTHUKOBBIX  PaJu03aTMEHHBIX
PaaMOTOJIOTpaMM SIBIISIETCS IIEHHBIM HUCTOYHUKOM MH(OpMAIIMK O Teorpaduueckux
U CE30HHBIX pacHpelleJICHUsIX HOHOC(HEPHBIX BO3MYIIEHUH M UX CBA3U C
COJIHEYHOM aKTUBHOCTBIO.

Ha puc.7 mnokazan mnpumep 0OAJIBHOTO paclpeNeeHUs] MHTEHCUBHBIX
criopaanueckux cinoeB E; B mepuon 01, 11 m 12 utons 2006 . 1m0 JaHHBIM
cnytHukoB FORMOSAT-3. Ha pwuc.7 3ameTrHa KOHUEHTpalys WHTEHCUBHBIX
CIIOPAANYECKUX CJIOEB B CPEAHUX IIMPOTAX CEBEPHOIO MOJIyIIapus 3€MJId, TIE B
uioHe Bbicota CoNlHIIAa HAJ TOPU30HTOM M HOHHU3AIUS €ro YIbTPadHOIeTOBBIM
U3JIyYEHUEM MaKCMMallbHa. /[aHHbBIE, MPEACTAaBICHHbIE HA PUC. 7, YKa3bIBAIOT Ha
CBA3b BO3HUKHOBEHHUS MOILIHBIX CHOPAJWYECKUX CJIOE€B Es B JTHEBHOE BpEMs C
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W3JIy4YCHUEM ComHia. [IpocTpaHcTBEHHOE pacnpeneieHue HOYHBIX
CIIOPaANYECKUX CIIOEB SABIIAECTCSA NPAKTUYECKA PAaBHOMEPHBIM, UTO YKa3bIBaeT Ha
MEXaHU3M HUX 00pa30BaHUs, BO3MOXHO, CBSI3aHHBIM C MEPEHOCOM IUIa3Mbl U C
IIPOLIECCaM MOHU3ALMU YHEPTUUHBIMHU DJIEKTPOHAMH.

HccnenoBanbl (uIyKTyalluu aMIUIMTYAbl U (a3bl 1€HUMETPOBBIX PaJHOBOJIH
Ha 3aTMEHHBIX TpaccaXx CIYTHUK-CIYTHUK M  U3y4€Hbl OCOOEHHOCTHU
MEJIKOMacIITaOHON HEOJAHOPOJHOCTH MOHOC(HEPHOM IUIa3Mbl B 3KBATOPUAIbHBIX U
NOJIAPHBIX pailoHax. 3ydeHbl peryiasipHble Bapualdd aMILUIUTYAbl W (a3l
paZMoOBOIH, OOYCJIOBIICHHBIE CIIOPAJAMYECKUMU SIBICHUSIMHU (ES-CTPyKTypbl) B
HkHEH noHocdepe. [lomydeHsl BEICOTHBIE TPO(UITN AIEKTPOHHON KOHIIEHTPAIUN
Y CTATHCTHUYECKHE XAPAKTEPUCTUKHU L -CTPYKTYp B pasHbIX paiioHax. [lokazano,
YTO MOCJE MPUXO/a yAAPHOM BOJIHBI COJTHEYHOTO BETPA B MOJIIPHOM HOHOCdepe
BO30Y)KJIa€TCS MHTEHCHUBHAs MeJKOMacIuTabHasi HEOAHOPOIHOCTh HOHOC(hEpHOU
IUVIa3Mbl, a B HW)KHEW HOHOC(hEpe pPErucTpUpyeTcsl MOSBICHUE HWHTEHCHUBHBIX
CIIOPaANYECKUX £ -CTPYKTYP.

3. HoBwrii MeTOJX 100AJIbHOTO MOHHMTOPHUHIA BHYTPEHHUX
aTMoc(epHbIX BOJH

Baytpennue rpaBurtanmonHsie BosiHbl (BI'B) urpator pemaromiyro poib B
OTIPENIEICHUH IUPKYIISIUU U coCcTOsiHUSL atMocdeprl. BI'B MokHO 00HApyXUTh Ha
JTI0OBIX BBICOTaX B arMocdepe 3eMid U OHU BaXKHBI MO CIEAYIOIIUM MPUYHHAM:
BHYTPEHHHME BOJIHBI MOTYT MNEPEHOCUTH DHEPTUI0 M HUMIIYJIBC W3 OJHOTO
arMoc(epHOro paiioHa K JpPyromy; OHH MOTYT MHHUIIMHPOBATh M MOIYJIHMPOBATH
KOHBEKIIMIO W TOCIEAYIOIMNE Truapojorndyeckue npoueccsl; BI'B  Hapymaror
0a3oBoe cOCTOSHHUE arMoc(epbl, HHXKEKTUPYS DHEPIHI0 W UMIYIbC B
HEBO3MYIIEHHBIN MOTOK; PU OOPYIIEHWH BOJH MPOUCXOAHUT T€HEpalrs OMacHOU
JUTSl aBHAIMKM TypOYJICHTHOCTU U NepeMelInBanie XuMuieckux npumeceit; BI'B u
oOpyllleHHe BOJH MOTYT OBITh OTBETCTBEHHBI 32 (POPMUPOBaAHHUE criopaandeckux E
cJi0eB B HOHOC(hepe.

[IpeumymiecTBOM pagrO3aTMEHHBIX CIIYTHUKOBBIX WM3MEPEHUN C LEJIBIO
uccienoBanusa BI'B sBasiercs miobanbHbIA reorpaduueckuii ¥ BpEMEHHOM 0XBar
BOJIHOBBIX TPOIIECCOB B armMocdepe Ha pas3IUyHBIX BBICOTAX. IJTO IO3BOJSET
UJCHTU(UIIMPOBATh CE30HHBIE U IIMPOTHBIC BapHallMM BOJTHOBOW AaKTUBHOCTH.
Panee cumTanoce, 4To C MOMOIIBIO PAAMO3aTMEHHBIX W3MEPEHUN HEBO3MOKHO
OLICHUTh TaKW€ BOJIHOBBIC MapaMeTpbl KaK BHYTPEHHSAS 4YacToTa Win (pa3oBbie
CKOPOCTHU, KOTOPBIE HEOOXOIUMBI JJIsl KOomn4decTBeHHOTO onrcanus 3¢dexroB BI'B,
MOCKOJIbKY HAOI0aeMbIMHU BEIMYMHAMHE SIBISIOTCS TEMIIEparypa U arMocgepHas
IUIOTHOCTh. [IpenokeH HOBBIM METOJ, KOTOPBIH MOXET OBbITh HMCIONB30BaH IS
DKCIIEPUMEHTAJIBHOTO ONPENEIICHUS BCEX BOIHOBBIX MAPAMETPOB U3 U3MEPSEMOTO
BEPTUKAJIBLHOTO  Mpoduisi  TeMreparypbl, He  TpeOyroluid  Kakou-Iudo
JOTIOJTHUTENBHON MH(OpMAIH, KOTOpasi He cofiepkasiach Obl B poduIie.

CdopmynupoBan KpuTepuil mnonoxutenbHor wuneHtudukanuu BI'B  ans
aHanu3upyeMbix  (uykTyauuii Temmeparypbl. Pa3paGorana aHanuTHueckas
METOIMKAa HaXOXKJCHUS BHYTpEHHEeW uyactorel BI'B u 1pyrux BOJHOBBIX
MapaMeTpoOB, OCHOBAHHASI HA CPaBHEHUM SKCIEPUMEHTAIBHOW U TEOPETUUYECKOU
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BEJIMYMHBI OTHOCHUTEJIBHOTO aMIUIUTYIHOTO IOPOTa, KOTOPBIM ONPENENAETCS Kak
BOJIHOBasl aMIUINTYAa, HeoOXxoauMmasi Ui BO3HUKHOBEHMSI JMHAMUYECKOU
HEYCTOMYMBOCTH B aTMocdepe. B Tom cirydae, korna aHanusupyemble QIyKTyaluu
MOJIOKUTENTFHO HMACHTUPUIIUPYIOTCS KaK BOJIHOBBIC MPOSBICHUS, BHYTPEHHSS
yacToTa MoOHOXpomaruyeckoii BI'B  Moxer ObITh ompeneneHa  ImyTeM
UCIIOJb30BaHUsI  BCEro0  OJHOTO  BEPTHKAJIBHOIO Mpoduias  TeMIepaTryphl.
IIpakTyeckoe MPUMEHEHHE METOJa MPOJEMOHCTPUPOBAHO HA IPUMEPE aHAIU3A
npoduseil TeMmmeparypsl, MOTYyYEHHBIX MPU TOMOIIM CIyTHUKOBOW CHCTEMBI
FORMOSAT. TIlpeanoxxeHHBIA METOI MOXET OBITh NPUMEHEH Ui aHalln3a
BEPTUKAJIBHBIX MpoQuIeH TeMmeparypbl, H3MEPEHHBIX IPYTMMHU CIIOCO0aMu
(30HAMPOBAHMUE C TOMOILBIO PEIEEBCKUX JINAPOB, PAKET, PAJUO30HIO0B U T. I1.).

4. Pacciioenne BepxHero sipyca o0s1axkoB BeHepbl mo paguo3arMeHHbIM
JTAHHBIM

Pa3paboTan npuUHIMNHMAIBHO HOBBIM METOJl aHAJIM3a PaJM03aTMEHHBIX
U3MEpPEHUN, KOTOPBIM JaeT BO3MOXHOCTh WJCHTU(DUIIMPOBATH U PA3ACIATH
diykTyalimoHHble paguodPQEeKThl, CBI3aHHBIE C BIUSHUEM TOHKHUX PETYISPHBIX
cioeB B armochepe U HEOJHOPOAHOCTEM  CIy4yaHOTO MPOMCXOXKICHUS
(typOyneHTHOCTh). MeTon ObUT HKCHONB30BaH TMpU  aHaidu3e (QIyKTyarui
AMIUTUATYIbI JEIIUMETPOBBIX CUTHAJIOB (nuHa BOJIHBI 32 cm),
3apETUCTPUPOBAHHBIX B SKCIIEPUMEHTAX PAIMO30HIUPOBAHUS CEBEPHOU MOJISIPHON
armocepsr Benepsr Bo Bpems criyTHHKOBbIX Muccuit BEHEPA-15, -16 (okxTs6ps
1983 r.). B pe3ynbrare ObLIM MOTYYEHBI CIAEAYIOLIME AaHHBIE O MMapaMerpax (M ux
BPEMEHHOUN JBOJIIOIIMN) MEIKOMACIITaOHBIX CTPYKTYp B arMocdepe BEpXHEro
sipyca 00JIaKOB TUTAHETHI:

e Paccroenme BepxHero spyca oOOIakoB OOHApYyKEHO B CEBEPHOM
noJsisipHoit atmocdepe Beneprt B nepuog ¢ 23 no 25 okra0ps 1983 . O6
TOM CBUJETENBCTBYET (DM3UUECKU 3HAYMMAs KOPPEISLUS aMILTUTYIHbBIX
bnykryauuit (koadpduimentsr koppensiuuun ~0,5-0,7), ycraHoBIeHHas
JUIL TPEX 30HIUPYEMBIX PAalOHOB B HHTEpBase BBICOT 59,0—61,5 kM.
HaiineHo, 4To BepTUKaJbHAs TOJIIMHA TOHKUX PETYISPHBIX CJIOEB
cocrasiger or 0,5 go 0,9 kM, UX TOPU3OHTAJIbHAS MPOTIKEHHOCTH B
MEpPUIMOHAILHOM HAaNpaBIeHUU MpeBocxoauT 180 kM, a BpeMsl KU3HU
MEJIKOMACIITAOHBIX CIIOMCTHIX HEOJHOPOJHOCTEH COCTABISIET OoJee IBYyX
CYTOK.

* Pazgenenue monHBIX BapualMii M CHEKTPOB MOIIHOCTH aMIUIUTYIHBIX
GiayKkTyauuii Ha PEryJIsSIpHYIO U CIyYailHYI0 COCTaBIISIIOUIME MO3BOJIUAIIO
MPOCJEAUTh BPEMEHHYIO 3BOJIOLMI0 MEJIKOMACIITAOHBIX CTPYKTYp B
armocepe Beneprl. Ciyuaitnbie Bapuammu coctasisuin 14, 45 u 58 %
OT moJHBIX Bapuamuii 23, 24 u 25 oKTI0ps COOTBETCTBEHHO, YTO
yKa3bIBa€T Ha 3HAYUTEIIbHYI0 BPEMEHHYIO0 U3MEHYMBOCThH HEPETYISPHOTO
arMOC(EPHOro OKPYKEHUS. 3HAYCHHS PETYIISIPHBIX BapUalllii OKa3aJIuCh
MPAKTUYECKU OAMHAKOBBIMU I TpEX PaJAUO30HAUPOBAHUM, UTO
CBUJETEIBCTBYET 00 OTCYTCTBHM KaK pOCTa, TaK M pa3pylieHUs
PErYISIPHBIX CIIOEB B mepuo ¢ 23 1o 25 oktsa0ps 1983 1.
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2.1.3.3. Onpeoenenue 31eKmpoHHON KOHUEHMPAayuu uoHocghepvl Ha
O0CHOGE Memo0a paouonpocee uanus

Pa3But meton paauonpocBedrBaHUS HMOHOC(hEpHl 3eMIIM, OCHOBaHHBIM Ha
UCIOJIb30BaHUU TJIO0AJbHBIX HABUTALIMOHHBIX CUCTEM M AJITOPUTMOB pEIICHHUS
oOpatHbix 3aznay. [loka3aHo, 4TO METOA pPaIMONPOCBEUYMBAHMS MOXKET OBITH
UCIOJIb30BaH JJIsl MOCTPOEHUSI COBPEMEHHOW CUCTEMbI MOHUTOPUHIA HOHOC(hEPHI,
OpeIHAa3HAYeHHOW  JUIs  peHIeHHs  3aJayd  IPOTHO3UPOBAHMS  YCJIOBHU
pacmpoCcTpaHEHHs] PAIUOBOIH M TMOCIEIYIOMIET0 MPUMEHEHHS 3TUX JaHHBIX IS
OIICHKH YyCIOBUI pPabOTHl PaAMOTEXHUYECKUX YCTPOWCTB B CHUCTEMaxX CBSI3U U
CIyTHUKOBBIX CUCTEM PaHOJIOKAINH, KOCMUYECKOW HABUTAIIMH U T€OC3UH.

[IpakThueckast peanu3anus MeETOAa OCHOBaHA Ha  HCIIOJIb30BAHUU
U3MEpEeHUI mapaMeTpoB PAJUOCUTHAIOB HA TPACCE CHYMHUK — HA3EMHbIU NYHKM
N0 HaOJIIOJIEHUsIM C OAHOro myHKTa (puc. 1). B 3TOM ciiydyae cooTBeTCTBYyMOIIEE
MHTETPAJIbHOE YPaBHEHUE NIEPBOT0 pO/ia HE UMEET aHAJTUTHUUECKOTro OOpalleHus U
TpeOyeT pa3paboTKu METOJOB OOpaIlEHHs B KJIACCE PEIICHUs T.H. HEKOPPEKTHBIX
3amad. s >(QQPexTUBHOr0 HCHOJB30BaHUS METOAAa pPaJUONPOCBEUYMBAHUS B
CUCTEME aBTOMATHU3UPOBAHHOIO  OMNpPEAENEHUS BBICOTHOTO  pacHpelesIeHus
3JIEKTPOHHON KOHIIEHTPALMHU MPEIJIOKEH aIrOpUTM pellleHus oOpaTHOM 3ajayu,
JOTIYCKAIOLUI TOy4eHHEe NapaMeTpoB HOHOC(Epbl BAOJIb BCEH TPaeKTOpUU
OIMOHOC(HEPHON TOUKH.

« GPS u
» .
H=20000 xkm

Mhazmocjepa

LEO. R ng

H=1336 kit

3ema

Puc. 1. Kondurypauus criyTHUKOB, UCIIOJIb3yeMas B painoU3NIECKUX METOIaX 30HAUPOBAHUS

Ha ocHOBe pe3ynbTaToB YHCIEHHOIO MOJEIMPOBAHUS [OKAa3aHO, YTO
CpeIHEKBagpaTUyecKas  OmuOKa  ompefaeneHus  (QYHKIUHM  BBICOTHOTO
pacmpesieieHusi  3JEKTPOHHOW  KOHIIGHTpamud HoHocepsl 3eMian  paBHA
oy =0,02NU (INU = 10° 3JI/CM3). DT10 cocrtaBisieT MeHee 2,5 % OT 3HaueHUs
MakCUMyMa  JJICKTPOHHOM  KOHIIEHTpauuu. HemocpeiacTBeHHO, 3HAY€HUE
MaKCHUMyMa HOHOC(Epbl OmpeaesieTcs ¢ OMUOKON He Xyxke 2 %: pacXOoxIAeHHE
MEXIY MOJCIUPYEMBbIM 3HAYEHHMEM M BOCCTAHOBIICHHBIM U3 PEIICHHS OOpaTHOU
3amaun coctaBisieT Oy = 0,014NU. Pa3paGotansl U anpoOMpOBaHbl Ha peabHBIX

&9



2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

JTAHHBIX U3MEPEHUN aJrOpUTMbI U IPOTPAMMHBIE CPEACTBA, MPEAHAZHAYCHHBIC J1JIsI
peleHusi oOpaTHOM 3a7a4yul paJuoONpPOCBEUMBAHUS HA Tpacce CIYTHHK—3EMJIS C
LIEJIbI0 OMPEACJICHUS] BBICOTHOTO PACHPEACICHUS] SJEKTPOHHON KOHILEHTpaIlUU
noHocdepsl 3eMiIM ¢ paspelnieHreM 1o BbicoTe oT 5 10 40 KM U ¢ BPEMEHHBIM
maroM BAodb  moauoHocdepHoit  Tpacchl 30 c. BoccTaHOBIEGHHBI — TIO
HAaBUTAIIMOHHBIM JaHHBIM TMpPOoGUIb ¢ JaHHBIE HWOHO30HJA BEPTUKAJIBLHOIO
30HAUPOBAHMS MMOKA3aHbI HA pHUC. 2.

coyTHHK Ne 7, 3.15.2006

7

0.8 7

HOHO30HA
0.7
GPS

9:18 - KOpHIHeBbIil
9:30- KpacHblii
L~45 kM

0.6 -

0.5

0.4 1 IRI Mo 1e1n

Ne(h), NU

0 200 400 600 800 1000 1200
BBICOTA, KM

Puc. 2. CpaBHeHHE pe3yIbTaTOB BOCCTAHOBIICHHUS 110 HAOIOCHHUSM CITYTHHKOB
GPS ¢ nanapiMu noro3onaa (Grahamstown, FOAP)

[TokazaHo, YTO TPHUMEHEHHWE CHTHAJOB HABUTAIIMOHHBIX CITYTHUKOBBIX
CHUCTEM [Ia€T BO3MOXKHOCTH OTPEACNATh MPOMUIN 3JIEKTPOHHOW KOHIICHTPAIUU
uoHOChepsl B JO0OE€ BpeMs CYTOK TMPAKTUYECKH JUIS JIO0Or0 permoHa
noBepxHocTH 3emiu (puc. 3). DTa BO3MOXHOCTh OCHOBaHA Ha HCIIOJIb30BAHHUU
YHHBEPCAJIbHBIX HABUTAIIMOHHO-TCOJIC3NICCKUX PHEMHHUKOB, ITO3BOJISIONIUX
NPUHUMATh CHUTHAJIbI HABUTAIMOHHBIX CITyTHUKOB MPAKTHYCCKH B JIFOOOH TOYKE
3eMHOM TMOBEPXHOCTH. 30HA JCHCTBHS OJHOIO TaKOro NMPHEMHHKA OXBaThIBAaCT
00J1aCTh, paInyC KOTOPOH MOXKET cocTaBisITh 6osee 1000 kM.

80 180 280 380 480 580 680 780 880
BricoTa, kM

Puc. 3. BpemenHbIe BapHUallui BHICOTHBIX MPO(UIIeH 2IEKTPOHHON KOHIIEHTPAIIHH,
MOJTYYEHHBIE 1O TaHHBIM CyTHUKOB GPS
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

[Io pesynbraTaMm SKCHEPUMEHTAIBHON OOpaOOTKM [aHHBIX HM3MEPEHUU
IIOKa3aHa NPUHIUIIHAIBHAS BO3MOKHOCTh ONPEIEICHUS a3UMYyTAIbHO-BPEMEHHBIX
BapHalMil COCTOSIHMSI HMOHOC(Epbl 3eMJId 10 OJHOMO3UIMOHHBIM Ha3eMHBIM
u3MepeHusiM. MccnenoBaHa BO3MOXKHOCTh PEKOHCTPYKLMHU IPOCTPAHCTBEHHO-
BPEMEHHOM CTPYKTYypbl HMOHOC(hEpbl Ha OCHOBE METOAAa PagUONPOCBEUYUBAHUS
(puc. 4). Jlana oneHKa BO3MOYKHOCTH MOCTPOCHMS JIBYX - TPEXMEPHOM CTPYKTYPbI
PEryJSIpHBIX ~ MapaMeTpoB  HMOHOC(Eepbl W TPUBEACHBI  PE3YJbTaTh
JKCIEPUMEHTAIIBHON peaInu3aluu.

Nemax, NU
Nemax, NU

] t t t t t t t t
226 23 23423803 1 14 1.8 23 27 31 198 203 208 21.3 21.8 227 232 237 02
Bp enAa MOCK., Hac B]Jel\'lﬂ MOCK., Jac

a3uMyT HabmoaeHus 286—290-182° a3uMyT HabmoaeHus 196-78-86°

Puc. 4. Bapranuu MmakcuMyma 3JIeKTPOHHON KOHIIEHTPAIIMH HOHOC(EPHI, IOTYYEHHBIE TIO
HaOJIIOACHUAM JIBYX CITyTHHKOB JUIsl IEpECeKaroInXCsl a3UMYTalbHbIX HallpaBJIeHUH

JlokazaHa 3¢ (eKTUBHOCTh MPUMEHEHHUS 3TOTO METO/Ia IPH IETEKTUPOBAHUN
MOHOC(EPHBIX BO3MYIIEHUH BO BpeMsi rennopuzndeckux nporeccoB Ha ConHie u
aHTponoreHHbIX AP dexToB Ha 3emie. [lokazano, uro popma oTKIIMKa HOHOCHEPHI
Ha OpsAMoi 3P(PEKT COJIHEUHON BCIBIILIKY UMEET pa3Hylo CTpyKTypy B CeBepHOM U
FO>xxHOM monymapusix 3emiu (puc. S).

10
OHI2, 28.10.2003
8 -

ANKR, 28.10.003

& & r OnTHYeCKad BCOELIKA

dTECH* 100, TU/c
S
=g
dTEC/dt*100, TU/c

J =W
0 =@% %w

ik ] Al (il 5] 670 i) 4D =
UT, nmy UT. mun

Puc. 5. Peakuust nonocheps! Ha IpsMOi TeOMarHUTHBIN 3()(HEKT COTHEYHOHN BCIIBIIIKH
28 oxTsa0ps 2003 r. 111 CEBEPHOTO U F0XKHOTO TOJTYIIIapUiA

Ha ocnoBe MaTCpUualioB O6pa6OTKH PCAIBHBIX OAHHBIX HABUI'dAIMOHHBIX
I/I3MepeHI/Iﬁ AOKa3aHa IIPpUHOUIINAJIbHAA BO3MOXHOCTH HCCICAOBAHUA MCTOIOM
PaaIruoIIPpOCBCUYNBAHUA HOHOC(prHOfI N3MCHYMNBOCTHU B IICPHUOA CEHCMHYECKUX
COOBITHIA. HOHy‘lCHBI OICHKH IMPOCTPAHCTBCHHO-BPCMCHHOI'O PA3pPCIICHUA MCTOJa
PadIruoIIpoOCBCYNBAHUA HA TpacCcCe CHYTHHK—3€MJI$I IIpu OIpPCACIICHHUN IIapaMCTPOB
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HOoHOC(hEphl MPUMEHUTENBFHO K 3aJaue JETEKTUPOBAHUS CEHCMOMOHOCQEPHBIX
Bapuauuii. [lokazaHo, 4To A JOKaIM3aluK 00JaCTH HOHOC(HEPHOTO BO3MYILEHHUS
HEOO0XOMMO IPOBOJAUTH MOHUTOPUHTI C PAa3pELICHUEM [0 MOBEPXHOCTU 3€MJIU HE
xyxe 2x2° (200200 km).

[IpoBeneH MOHUTOPUHT MOHOC(EPHI B MEPUOJ MOATOTOBKU U MPOXOXKIACHUS
CeICMMUECKHUX COOBITUH B pa3IMUHBIX PErMOHAX 36MHOTIO IIapa U pa3HOM YpOBHE
r€OMarHuTHON axkTuBHOCTU. IlokazaHo, 4YTO celicMOMOHOC(hEpHbIE BapHUalUU
MOTYT OBbITh 3((EKTUBHO 3apETUCTPUPOBAHBI MPH HUCHOJIH30BAaHUU METOJa
paAMoONpPOCBEYMBAHUS Ha Tpacce HABHTAIMOHHBIN CIyTHHK-3emis. Ha ocHoBe
pe3ynbTaToB  O0pabOTKM  JAHHBIX, TOJYYCHHBIX C  HCIOJIb30BAHHEM
HAaBUTAIIMOHHBIX  CHCTEM, JIOKAa3aHO, YTO HaJ OJOHUICHTPOM  OyIyIero
3eMJICTPSACEHUSI TMPOUCXOIUT HAPYIICHHE MPOCTPAHCTBEHHO-BPEMEHHOTO XOJ1a
ANIEKTPOHHOM KOHLEeHTpauuu uoHocheprl. Takas wmogudukanus npouiis
HaOmoaercs 3a 1-3 cyt no npencrosiiero codbrtus (puc. 6, 7). Ilokazano, 4to Ha
OCHOBE aHajM3a MPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpPbl BBICOTHOTO NPOQUIIs
AJNIEKTPOHHOM KOHLEHTPAaLMd BO3MOXXKHO IPOrHO3MPOBATh MECTOPACIIONOKEHHE
OyAyIIero 3MULIEHTPA 3eMJIETPSICEHNUS.
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Puc. 6. [Tpodunu snekTpoHHo# KoHIeHTparuu (3D-npeacrasnenue) BOau3u (a) 1 Baam (0)
ot snuneHTpa 3emnerpscenus (Typuus, M3mur, 16 aBrycra 1999 r.)
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Puc. 7. IIpodunu s5mekTpoHHON KOHIIeHTparuu (3D-npeacTaBieHne) U ux AByMEPHOE
otoOpaxenue (2D) BOm3u (a) u BIanu (6) OT SIUIECHTPA
(CILA, Hector Mine, 16 oxTs16ps, 1999 r.)

[Toxazana »(G(EKTUBHOCTH, TOCTPOEHUS HA OCHOBE HCIIOJIh30BAHUS
CYLIECTBYIOIIEH IITATHOM HA3€MHOW ammapaTrypbl U METOAa pelieHus oOpaTHOU
3a/la4yd aBTOMATHU3UPOBAHHOW TEXHOJOTHMH OOpaOOTKM HAaBUTAIIMOHHBIX JAaHHBIX
JUISl IPAKTUYECKOM peanu3aliui MEeTo/1a pauoNpOCBEYMBAHMS HA TPACCE CITyTHUK-
3emis, TpeJAHA3HAUYCHHOTO IS HEMPEPhIBHOIO MOHHMTOPHUHTAa HOHOCHEpHl ¢
HUCIOJIL30BaHuEM cUTrHaJIOB HaBUTanmMOHHBIX cucteM GPS u I'JIOHACC.
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2.1.4. AHCTUTYT TEOXUMHUU U AHAJJUTUYECKON XUMUU
M. B.U. BEPHAJ/ICKOI'O PAH

2.14.1. Mazennan: Ilpoexm CIIIA (1990-1994)

1.1. Buinonnen  2eonoeuueckuili  amaiu3 U Kapmupoawue paoapHuix
usoopadicenuti Ha Obnacmv bema na Benepe. I10 2000%x2500 KM BYJIKaHO-
TEKTOHUYECKOE TOJHITUE U TMPUMBIKAIONINE PETHOHANIBHBIC BYJIKAHUYECKUE
paBHUHBI. B Xxozme 3TOro wuccienoBaHus BBIACICHBI W 3aKapTUPOBAHBI
8 BEUIECTBEHHBIX W 3 TEKTOHWYECKUX mnoapasneneHusa. [lokazaHo, 4To wHXx
B3aMMOOTHOIIICHUSI ~ COTJIAaCyIOTCA C  THUIOTE30M  0o0pa3oBaHUs  BYJKaHO-
TEKTOHUYECKOT0 MOJHITUE 32 CUET aKTUBHOCTH KPYMHOTO MAHTUHWHOIO AHamnupa.
OnpeneneHbl BPEMEHHBIE paMKHA JTOW AKTUBHOCTHU — HECKOJBKO COTEH
MUJUIMOHOB JieT. Pe3ynbrartel paboThl OnmyOJMKOBaHBI B BHJIE CTaThbU B
MEXKIyHapoaHOM >XypHaiie Icarus. CocTaBiieHHass B XOJ€ 3TOr0 MCCIEJIO0BaHUs
reojoruyeckast kapra macmrabda 1:500 000 (puc. 1) mpunsTa s myOnvKauuu
['eonorunyeckoit ciyx6oii CHIA.

Pabota BeIMOIHEHA coBMecTHO ¢ YHuBepcutetroM bpayna, r. [IpoBuseHc,
CIIIA.

1.2. Buwinonnen ceonocuveckuu aHaiuz u KaApmuposamue paodapHulx
uzoopadicenuti nHa Obracmv Munummol Ha Benepe. T'eonorust sToit obmactu
onuchiBaeTcss 11 BEIIECTBEHHBIMM M 2 TEKTOHUYECKMMM MOAPA3ICICHUSIMU,
cTpaTturpauyecKkue MpeAenbl KOTOPBIX TMOCTOSHHBI B Mpeneiax KapTHPyeMoi
obOnactu. ['maBHas OCOOEHHOCTh 3TOTO PETHOHAa — TPHUCYTCTBHE OJHOW U3
KpynHenmmx kopoH Ha Benepe (Kenanenernatis, 800 kM B quamerpe), Kotopas
BEHYAECT CBOJOBOE MOJHATHE B BOCTOYHOM wyactu 3emnu Jlaga. Ilomnsitue u
KOpPOHA TMPEACTABISAIOT COOONW MOIIHBIE HCTOYHMKH MOJIOAOTO BYJIKAHHM3MA,
CBSI3aHHOTO C BOCXOJSAIIMMHM MAHTHUHHBIMU MOTOKaMu. LIeHTphl ByJlKaHH3Ma
pacroJioKeHbl Ha Kparo ri1yOOKOW perioHalibHOM Jenpeccuy paBHUHBI JIaBuHUH,
dbopMHpOBaHHE KOTOPOMl CBSI3aHO C HUCXOASIIMMH MaHTUMHBIMA TOTOKaMH U
MPEAIIECTBOBAIO BYJIKAHW3MY CBOJIOBOro mnoiHsATus 3emiau Jlama. Pe3ynbrarsl
paboTsl onyosnukoBaHbl ['eonornyeckoit ciyx6oi CIIA B Buae kapTsl MaciiTada
1:5 000 000, Map 1-2832 (puc. 2).

PabGora BbIMOJIHEHA COBMECTHO ¢ YHUBepcutretroMm bpayna, r. [IpoBuaeHc,
CIIA.

1.3. Ha ocHoganuu mHO2ONEMHUX UCCe008aHUll 2eonocuu Benepul
NpPeosodCeH HOBblL NOOX00 K 6blOOpY Mecm NocadKu Ha IMOoU NlaHeme
annapamos, Komopwle 00JIHCHbL U3yyams cocmag mamepuana nosepxrocmu. CyTh
MOJAX0/Ja B TOM, YTO Ha TrJj00ajdbHOM KapTe IUJIAaHEThl BBIIEIEHBI 30HBI, TIE B
MaTepraje TOBEPXHOCTH C BBICOKOH BEPOSTHOCTHIO IPHUCYTCTBYET BEIIECTBO
BHIOPOCOB W3 yAaJIeHHBIX HAaBETPEHHBIX (Ha BeHepe MOCTOSHHO ¢ BOCTOKAa Ha
3amaa JayeT MONIHBIM BeTep) YIapHBIX KpaTtepoB. OTH BBIOPOCHI COIEpKAT
MaTepHua reoJIOTMYeCKUX KOMIUIEKCOB O MIPUPOJIE U BO3PACTE KOTOPBIX MBI MOKEM
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JUIIb J0raablBaThCcs. B TO e BpeMs Ml MOHMMAaHUS T€0JO0r0-r€OXUMHYECKHX
npoueccoB Ha Benepe, B 1nepByl0 ouepelb, HEOOXOAWMO IPOBECTU
FEOXMMUYECKANA AaHAJIM3 BEUIECTBA TEX KOMIUIEKCOB, KOTOpbIE BHJHBI Ha
MNOBEPXHOCTU M JUIsl KOTOPBIX MOJy4eHbl MOP(OIOrMUECKHE CBUIECTENBCTBA HX
npuponbl. Hamu BbigeneHsl 13  mepcrneKTUBHBIX MeECT TMOCaiaku  (puc. 3),
Haxo[sIMXCS 34 MpeleraaM 30H HEKOHTPOIMPYEMBIX — 3arpsA3HEHUN U
OPEICTaBISIIOIIMX 5 HauOoyiee HHTEPECHBIX M JO CHUX IOp HE HW3YYEHHBIX
re0JIOTMYECKUX KOMIUIEKCOB. Pe3ynbTaThl paboThl OMyOJIMKOBAaHbBI B BUAE CTAaThU B
MeXxAyHapoaHOM kypHaiue Planetary and Space Science.

Pabota BbIloNHEHa COBMECTHO ¢ YHuBepcuteroMm r. Oyny, OUHASHIUSA, U
VYuuepcurerom bpayna, r. IIposunenc, CILA.

2.1.4.2. Beza | /Io)commo, /[lun Cneiic, Cmapoacm, /lun Umnaxkm:
npoekmut CCCP, EKA u CIIIA

1.4. 'eonoco-mopgonocuueckuti aumanu3 uzoopadicenuil so0ep 4 Komem
(I'annes, boppennu, Bunvo-2 u Temnens-1) nokazan Haruuue Ha HUX Kpamepos, no-
BUOUMOMY, YOAPHBIX, U PAOA hOPM C YNIOUEHHOU NOBEPXHOCIBIO. NOMOKOBUOHBIX
obpaszoeanuii, mec, meppac, NIOCKuUx OHuwy kpamepog (puc.4). OOpa3zoBaHue
dbopM ¢ yIUIOLIEHHOM MOBEPXHOCTHIO, BEPOSITHO, CBS3aHO C MPOIIECCOM ILIaHAIWY,
KIIOYEBYI0 pPOJb B KOTOPOM B DpAlE CIy4aeB Hrpajo CIPOBOIMPOBAHHOE
cyOnuManuen JIbJOoB OOpyIIEHHE CKJIOHOB M PAacCIUIacThIBAaHHE OOPYIIMBIIETOCS
matepuana. [IpoTsokeHHbIC con, HAOMIOAaeMble Ha CHUMKaX KOMEThl Temrmens 1,
BO3MOXKHO OOpa30BaMCh HA CTAauW aKKPEIHWH MPOTOKOMETHBIX TEN TIpHU
CMUHAHUW OYCHB PHIXJIBIX aKKPETUPYIOMUX KoMeTesumanei. Caeran BBIBOJ, UTO
BEIIECTBO TIOBEPXHOCTH SIIEP KOMET CYIIECTBEHHO MPeoOpa3oBaHO psAIOM
MPOLIECCOB, UTO CIEAYeT YYUTHIBATh MPHU IUIAHWUPOBAHUU MHCCHM K KOMETaM.
PesynpTaTel  paboThl  ONMyOJMKOBaHBI B  BHJIE CTaTell B JKypHaiax
Actponomuueckuii BecTHUK 1 Planetary and Space Science.

PabGorta BhimonHeHa coBmecTHO ¢ WHcrutrytom wu3ydenuss ColHEUHOM
cuctemsl, KatnenOypr-Jlunnay, ['epmanusi.
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2.1.5. AHCTUTYT MEJUKO-BUOJIOT'NYECKHUX NTPOBJIEM PAH

HccnenoBanue (pyHKIMOHAIBHOTO COCTOSIHUS Pa3IMYHBIX CHCTEM YEJIOBEKa
Y JKUBOTHBIX IPU BO3JEHUCTBUU (PAKTOPOB KOCMUYECKOTO IOJIETA SIBISIETCS OJHUM
U3 OCHOBHBIX BONPOCOB KOCMHYECKOW OMOJOTMM U MEAMIMHBI. 3JHAUEHUE TaKUX
UCCIIEIOBAaHUM 3aKiIo4aercs B HEOOXOOUMOCTH CO3JaHMsI HaydyHOU Oas3bl AJis
IPOEKTUPOBAaHUA OyIyluX Bce 00Jiee ATUTENBHBIX MOJIETOB B KOCMOC.

B 20062007 rr. B pamkax peanuzanuu J{oarocpoyHoil nporpaMMbl HAy4YHO-
NPUKIIAJHBIX HCCIEIOBAHMM HA POCCUMCKOM CerMeHTe MexayHapoIHOU
kocMuyecko craniuu (MKC) Oputn 3aBepIIEHBI YETHIPE MEAUKO-OMOIOTHYECKUX
AKCIIEPUMEHTa B 00JIACTH KOCMHUYECKON MeTuIMHBI U pusnonorun — «CrpyT»,
«[lymec», «Ilumor», «l'emaronorus» W JBa DOKCIEpUMEHTa B 00JacTH
KOCMHUYECKON O0MOJI0Truu — «MEXKIETOUHOE B3auMOAeHCTBAE» U «CTaTOKOHHUS».

JIkcnepuMeHT «CrnpyT» — HCCIENOBAHUE COCTOSHUS JKHIKHX Cpel
OpraHu3Ma 4YeJIOBeKa B YCIIOBHSAX JJIMTEIBHOIO KOCMHMYECKOro mosiéra (puc. ).
[lenpro dKCHEpUMEHTA SABIISIIOCH MOJYYEHUE JAHHBIX O COCTOSHUM KUAKOCTHBIX
cpel OpraHu3Ma 4YeJOBEKa B YCIOBHUAX JIMTEIBHOIO KOCMHUYECKOIO IIOJeTa C
L(EJIBI0 OLICHKU COCTOSIHUSA aJanTallMOHHBIX MEXaHU3MOB U YCOBEPLICHCTBOBAHUSA
Mep MpoUIAKTUKHA HEOJArONpUsITHOIO BIMSIHUSI HEBECOMOCTU MPHUMEHUTENBHO K
ycnoBusiM nosieta Ha 6opty MKC.

B skcnepumente «CnpyT» NpHHSUIM ydacTHe 12 pOCCHMCKUX KOCMOHABTOB
U3 CcOCTaBOB OCHOBHbIX 3kunaxeil Ha MKC, HaumHas c mnepBoil OCHOBHOU
JKCHEIULINH.

ISSO05E06010

Puc. 1. Bemonnenue sxcnepumenta «Copyt» Ha 6opty MKC Bo Bpems mosera

BHepBBIe IIOKa3aHO Pa3BUTUC THUIOTUAPATAINN OpraHnu3Ma YCJIOBCKa B
YCIOBUAX  AJIATCIBHOIO KOCMHMYCCKOIO II0JIETa, IIPH 3TOM COOTHOHICHHC
BHYTPHUKIICTOYHOI'O H BHCKIICTOYHOI'O 00BEMOB KUIKOCTH JACMOHCTPUPYCT
PaBHOMCPHOC PAa3BHUTHUC IIC(i)HHI/ITa KUIAKOCTH B 9THUX JKHAKOCTHBIX CCKTOpPax
OpraHu3ma.

IkcnepuMeHT «Ilyabe» — wucciaegoBaHWE BEre€TaTUBHOM PEryJIAlUN
KapJIUOPECTIUPATOPHON CUCTEMBI (pHC. 2).
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[enpro SKCTIEpUMEHTA SBISUIOCH MOMYYeHHE HOBOM HaydHON WMH(MOpManuu
JUISL yriyOseHus IIPEICTABICHUN 0 MEXaHU3Max afganTaluuu
KapAUOpECIIUPATOPHON CUCTEMBI K YCIOBUSAM JUIMTEIIBHOIO KOCMHYECKOIO ITOJIETA.

HccenenoBaHus BEr€TaTUBHOM PETYJSLIMYU KapAMOPECIUPATOPHOM CUCTEMBI B
nonerax MKC-6- MKC-13 mnokaszanu, 4To 3KcnepuMeHT «lIlynbc» mMO3BONHII
[OJy4yaTh BAXKHYK JUArHOCTHUYECKYI0 M IPOTHOCTUYECKYIO HH(POpPMALUIO O
MexaHu3Max (PyHKIMOHUPOBAHUS 3TOM CUCTEMBI B YCIOBUSAX HEBECOMOCTH.

Puc. 2. Kocmonastr H.M. bynapus nipu nposenenun s3xcneprumenta «Ilynbe»

Oxcnepument  «[lwmor» —  wWccmemoBaHWe — WHAWBHUAYATbHBIX
OCOOCHHOCTEH  peryiaupoBaHUS  TNCHUXO(PHU3UOJIOTUYECKOTO  COCTOSIHHSI U
HaAEKHOCTH TMPO(PECCUOHANBHON ACSITENPHOCTH KOCMOHABTa B KOCMHYECKOM
non€re (puc. 3). DxkcnepumMeHT «I[MI0T» NPOBOAUICS C y4aCTHEM POCCUUCKUX U
amepukaHckux ujeHoB skunaxeir MKC-7 — MKC-14.

Puc. 3. boprurxenep MKC-14 M.B. TropuH BeITIONIHSIET 3KcniepuMeHT «IImmoT-P»
Ha 6opTy MKC BO Bpems moneta

[lo 3aBepieHnHn H3KCHEpUMEHTa ObUTM pa3paboTaHbl PEKOMEHAANUA K
COBEpIICHCTBOBAHMIO  JPTOHOMHMYECKHUX  XapaKTEpUCTUK  pabodero  mecrta
KOCMOHABTa U KOHCTPYKIIUHU (PUKCAIIMN KOCMOHABTa Ha paboyeM MecTe.
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JdkcnepuMeHT «I'emartonorus» — uccienoBanne MophopyHKIIMOHATHHBIX
CBOMCTB KJIETOK KPOBM U HWHTEHCHUBHOCTH DSPUTPOIOI3A Yy YEJIOBEKa MpHU
BO3JIEHCTBUM (PAKTOPOB KOCMHUYECKOTO MOJIETA

Llennro skciepuMeHTa «I eMaToJIOTHSI» SBIISIIOCH TIOJYYCHHE HOBBIX JIAHHBIX
0 BIMSHUU (HAKTOPOB KOCMHUYECKOTO TMOJETAa Ha CHUCTEMY KPOBH UEJIOBEKa,
pacuIMpeHre JAUArHOCTUYECKUX U MPOTHOCTHYECKUX BO3MOMKHOCTEU, BBISIBICHHE
MEXaHU3MOB BO3HMKHOBEHHUSI CIIBUTOB B T'€MaTOJIOTMUECKHX IOKa3aTessIX
(«<kocMuUecKasi aHeMHusi») U BblJlaua PEKOMEHJIAIMH O HEe0O0XOJUMOCTH
UCIIOJIB30BAaHUS ~ TPOUIAKTHUECKHMX W (DApMaKoJOTHYECKHX  CPEJICTB,
KOPPUTUPYIOIMX HEOJAroNpUsATHOE BIMSHUEC HAa OPTaHW3M YeJOBEKa YCIOBUU
KOCMHMYECKOTO TOJIETA.

Hauwnas c¢ 6-ii skcriemuiiun Ha MKC OBIIO TIPOBEACHO HCCIICIOBAHHE
COCTOSIHHMSI KpacHOW KpOBW B ()OHOBOM TMEPUOAC, B YCIOBUAX KOCMHUYECKOTO
M0JIETa U TIEPBBIC JIBE HEJIETU TIOCIIE €ro 3aBEPIICHHUS.

IKcnepuMeHT «MexKKIeTOUYHOe B3amMoOJeilicTBHe» — H3YYEHUE B
YCIOBUSIX ~MHUKPOTPAaBUTALIMM IIHPOKOrO Kpyra COOBITHH, CBSI3aHHBIX C
KJIETOYHBIMA KOHTaKTaMW M, B YAaCTHOCTH, (PYHKIIMOHAJIBHON aKTUBHOCTU
auMmdouuToB-ecrecTBeHHbIX KuiuiepoB (EK) B mpouecce B3aumonencTBust ¢
KJIETKOM-MHUIIEHBIO B KJIETOYHBIX KYJIbTypax, SKCIIOHUpOBaHHBIX Ha O0opty MKC.
OkcnepuMeHT Obim Hawar B okcneaunuun MKC-7 u mpomomkeH B Xoje
MOCJEAYIONINX MATH SKCIEAUIUHN rocenieHust Ha Kopabiisix «Coro3» (puc. 4).

Puc. 4. BeinonHeHue skcriepuMeHTa «MeXKIeTOUYHOE B3aUMOICHCTBUE
Ha 6opty MKC Bo Bpems mosera

3anaueit VCCIIEOBAHUS SIBJISITOCH W3y4YECHUE MEKKJIETOYHOTO
B3aMMOJICUCTBUSA JTUM(POIIMTOB — ECTECTBEHHBIX KHJUIEPOB C OIYXOJICBHIMU
KJIETKaMH B YCJIIOBUSX MUKPOTPABUTALIUM i1 VIITO.

OKCIepUMEHT  «MEXKJIETOYHOE  B3aUMOJECUCTBHE»  OBbUI  BBINOJHEH
POCCHUHCKMMU KOCMOHABTaMU KHUIaXKe OCHOBHBIX 3Kcnenuiuii B nepuoa MKC-7
— MKC-12 B TeueHue MEpBBIX M BTOPBIX CYTOK IOCIIE CTHIKOBKH. B pe3ynbrare
IIPOBEICHHOTO AKCIIEpUMEHTa ObUIO YCTaHOBJIEHO, uTo: JIuMdouutsl EK yenoseka
MOTYT pacro3HaBaTh W KOHTAaKTUPOBATh C KIETKAMH-MHIICHSIMH (MUEI00IaCThI
muHuu K-562) B cycrieH3uu BO BpeMsi MHKYOallMK B YCIOBUSAX MUKPOTpPaBUTAINN;
mumborutel  EK Moryt peanuszoBaTh CBOM IIMTOTOKCHYECKHH 3¢ ¢deKkT npu
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B3aMMOJICHCTBUH C BBICOKOCTIEIIM(UUESCKIMH KIETKaMU-MUIICHIMH. B ycrmoBusix
MUKPOTPABUTALIMU BBIABICHA TEHJCHLMS K TMOBBIMICHUI0 HUTOTOKCMYHOCTH EK
KJIETOK YeJIOBEKa MPU UX MHKyOaIuu in vitro ¢ kierkamu K-562.

OTnuuust B aKTUBHOCTH JIMM(OLMTOB JOHOPOB MOTYT 3aBUCETh OT
MCXOJHBIX MOTEHIHUAIBHBIX BO3MOKHOCTEUN KJIETOK — E€CTECTBEHHBIX KUJUIEPOB U
VH/MBUIyaJIbHBIX OCOOEHHOCTEHN J10HOpA.

B skxcnepumenTe «CTAaTOKOHMSI» — OIIGHKAa XapakTepa W JUHAMHKU
HOBOOOpA30BaHUs M POCTA CTATOKOHUI y OPIOXOHOTHX MOJUIIOCKOB (BUHOTpaIHAs
yIIUTKA) TMOJ BO3JECWCTBHEM HEBECOMOCTH MPEIyCMATPUBAIOCh PEIICHUE 3a]ad,
CBA3AaHHBIX C M3YYEHHEM  YJIbTPAaCTPYKTYpbl W  3JIEMEHTHOIO  COCTaBa,
MophomeTpur, TeHepalud W pOCTa CTAaTOKOHWUW TIOCIE W3BJICUEHUS U3
CTaTOIMCTOB «CTAPbIX» CTATOKOHMI (puc.S).

Puc. 5. JlnuTenbpHas SKCIO3UIMK B HeBecoMocTH (bostee 100 qHeit)
IpPHBEJIa K MN3MEHEHUSAM MOP(OJIOTHUECKUX MMapaMeTPOB CTATOKOHUI

Bo Bcex mMONETHBIX JKCHEPUMEHTaX OBLI0O OOHAPYKEHO OCTOBEPHOE
YBEJIMUYEHHE OCHOBHBIX MOP(OJIOTUUECKUX MapaMeTpOB CTATOKOHUM: JIJTUHBI,
IIMPUHBI, TMEPUMETpAa W IUIOWIAAW, M C BO3PACTAHUEM MPOAOJIKUTEILHOCTU
DKCHO3UMLIUM B HEBECOMOCTH BBISBISJIACh TEHICHIMS WX JaJbHEHIIEro
BO3pACTaHUsl 1O CPABHEHHIO C KOHTPOJbHBIMU 3HAaY€HUSIMU. bBbUIO MOKa3aHO
TaKXe€, 4YTO OCHOBHOW MHHEPAIbHBI 3JIEMEHT, NPUAAIOMIUN CTATOKOHUAM
TSDKECTh, — 3TO KapOOHAT KaJbLIKS B BUJIE KPUCTAJJIOB aparoHMUTA.

BuoJsiornueckne IKCepuMeHTHI B 10J1eTaX 0eCMMIOTHBIX
(aBTOMaTHYeCKHUX) KOCMHYECKUX ANMNAPATOB

B 2007 r. ocymectsiieH noiet KA «®otoH-M» Ne 3 — 12 cyrtok (14.09.07—
26.09.07). 3anyck KA «®otoH-M» Ne3 Obul OCYyHIECTBIEH € KOCMOApPOMaA
«baitkonyp». [locanka cmyckaeMoro arrmapara mpou3BeieHa B pailoHe r. Kycranas
(Kazaxcran).

UccnenoBanus B nosietax KA «®otoH-M» Ne 3 mo3BoJIMIIM BHECTH SCHOCTh
B TMOHMMAaHHE 3aKOHOMEPHOCTEH aJamnTaliyd >KUBBIX CHUCTEM, CTOAIIMX Ha
Pa3IMYHBIX YPOBHSX (DUIOTEHETHUYECKOrO0 Pa3BUTHS, K YCIOBUSM HEBECOMOCTH.
B nonere Ob11M poBEIEHBI SKCIEPUMEHTHI ¢ MUKPOOPTaHU3MaMH, BUHOTPAJHBIMU
yJIUTKaMHU, TPUTOHAMHM, SIIIEPUIIAMH W MOHTOJBCKMMH IecyaHkamu. Bce 31u

99



2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

AKCIIEPUMEHTHI OBLIIM POCCUICKUMU, MTPU 3TOM ['0Cy1apCTBEHHBIN HAYUHBINA LICHTP
Poccuiickoii ®enepanun  — HHCTUTYT MeAMKO-OMOJIOTHYECKUX IMPOOIIeM
Poccuiickoli akageMuu HayK SBJISUICS OTBETCTBEHHBIM MCIIOJHUTENIEM JTHX
DKCIEPUMEHTOB. B ImpoBeneHMM TMpen- U IOCIENOJETHBIX HUCCICAOBAaHUN
OuomaTepuana NpUHUMAIM y4acTHE€ MHOTME POCCHMCKHE Hay4YHbIE YUpEXKICHUS.
Poccuiickas cropona npuriacwia takke cnenuanncroB HACA npunsaTe ydactue
B TPOBEACHUM YETHIPEX OHOJIOTUYECKUX HKCIEPUMEHTOB (SKCIIEPUMEHTHI
«Penentop», «Perenepanns», «I'ekkon» u «llnazmuma»).

JkcnepuMeHT «PomeHumsi». bBbul  mpoBeneH  psag MCCIENOBAHMIM,
HANpaBJICHHBIX HAa WCHBITAHUE HOBOM TECTOBOW OMOJOTMYECKON MOAETH —
MOHTOJIbcKOM mnecyanku (Meriones unguiculatus). B xoae mocnenonaeTHbIX
UCCIIEIOBaHU OBbUIM TOJIyYE€HbI JAaHHBIE O COCTOSHUM HEPBHOW, MBIIICYHOH,
KOCTHOM CHCTEM, JKEIyJOYHO-KHUIIEYHOIO TPAKTA, 3pUTEIBHOTO anmnapara, BOAHO-
AJIEKTPOJIUTHOrO OanaHca. Y MOHIOJIbCKMX IECYaHOK C HMX CIIOCOOHOCTBIO K
BBICOKOMY OCMOTHYECKOMY KOHLEHTPUPOBAHMIO MOYM OOHApYy>KEHbI HEKOTOPbIE
pasiInuus IO CPaBHEHUIO C KpbICaMU B pPEakUMAX aJanTalud pPa3IU4HbIX
(pU3UOIOTMYECKUX CUCTEM K HEBECOMOCTH.

JIkcnepuMeHT «Penentop». B skcniepyMeHTe ¢ BUHOTPAJHBIMU YIUTKAMHU
(Helix lucorum L.) ycranoBnena BaxkHasi posib reHa preproHPeP, xoaupyromiero
PEryJATOPHBIE MENTU/IBI BOJIOCKOBBIX KJIETOK CTATOLUCTAa — OpraHa rpaBUTALNU.
[lonyueHHble pe3yJdbTaThl CBUACTEIBCTBYIOT O TOM, 4YTO Takas MpocCTas
AKCIIEpUMEHTAJIbHAS MOJENb, KaK VYJINTKAa MOXET OBITh WCIOJIb30BaHA IS
OTIMCaHUsI CYOKJIETOYHBIX MEXaHW3MOB aaNTallii B TPABUPEIENITOPAaX B CBSI3U C
peObIBAHUEM B YCIIOBUSIX HEBECOMOCTH.

JkcnepumenT «Perenepaumsi». Tputonsl (Pleurodeles Waltlii) siBisitorcst
XOpOILIO 3apEKOMEH/IOBABIIEH ce0sl IKCIIEPUMEHTAIbHOW MOJENBIO JUIsl U3YyUYEHUs
BIUSHUS (AKTOPOB KOCMHYECKOTO II0JIETA, NPEXKAE BCEr0 HEBECOMOCTH U
MOHM3UPYIOIIEH paaualuy, Ha MPOLECChl pEereHepauuu U Apyrue (QpyHKUUu
opranusma. BpIsiBIeHO MoauduIUpylollee BIUSHUE HEBECOMOCTH Ha IPOLECC
pereHepanyy TKaHEW U OpPraHoB (XPYCTaJIMK, KOHEYHOCTH, XBOCT) y TPHUTOHOB
yepe3 wusMmeHeHue oskcnpeccun reHoB FGFB u HSP90, ywactByromux B
MeXaHU3Max AeneHus, TudepeHupoBKH U aronTo3a KIETOK.

IkcnepuMeHT «I'ekkon». VcciienoBanue npoaoaroBaToro Mo3ra BbISIBUIIO
LIUTOJIOTHYECKUE HM3MEHEHHUS B HEHPOHAaX BECTUOYJSPHBIX SAEp y MOJETHOU
rpynimbl  smepul-rekkoHoB (Pachydactylus turneri). IlomydeHHble pe3ynbTaThl
MOKA3bIBAIOT, YTO MOTEPS] KOCTHOM MAacChl MPOUCXOAUT TOJbKO Y >KUBOTHBIX,
KOTOpbIE UYYBCTBUTEIBHBI K MEXaHWYECKMM Harpy3kam. B skcnepumeHte
BBISIBIICHBI TE€ K€ 3aKOHOMEPHOCTH aJanTalMd K HEBECOMOCTH, YTO U Y
MJIEKOMTUTAIOIIINX.

JxcnepuMenT «I[lnasmupa». Ilpu ckpemuBaHuM B TOJETE MITAMMOB
mukpoopranu3moB E.coli u Streptomyces lividans 66 (plJ 702) ycTtaHoBII€HO, YTO
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B HEBECOMOCTU KOHBIOraTHBHBIN nepeHoc minazmuna plJ 702 u3z knerok E.coli B
kieTku Streptomyces lividans 66 mpoucxoauT ¢ OOJbIIEH WHTEHCUBHOCTHIO, YeM
Ha 3emJle, YTO MPUBOJMUT K IOSBJICHUIO IMOTOMCTBA C HOBBIMH I€HETHYECKUMU
XapaKTepUCTUKAMH.

Cnenyromue  dTanbl  MNPOBEACHUS  OUOJOTMYECKUX  DKCIEPUMEHTOB
3arianupoBanbl Ha 2010 1. B 30 cyrounom mnonere KA «buon-M» Nel u Ha
2011 r. B nonere KA «®otoH-M» Ne 4. B Hay4yHO#l mporpamMme 3THUX MOJIETOB
npeaycMaTpUBaeTCs TPOBEACHNE SKCIIEPUMEHTOB Ha Pa3IUYHbIX MIICKOTTUTAIOIINX
(MBIIIM, TECYAHKHW), HU3MIMX IMO3BOHOYHBIX (FE€KKOHBI), MOJUTIOCKAX (YJIUTKH),
HAaCEKOMBIX, MHUKpoopranu3Max. [lmaHupyercs paciuiMpeHue HUCCAEAOBAHUNU TIO
OMOTEXHOJIOTHH W acTpoOmosioruu. B HacTosIee BpeMs BEAyTCS TIEPETOBOPHI CO
CIIEHMAIUCTAMU PA3IUYHBIX KOCMUUECKUX areHTCTB 00 MX BO3MOXHOM y4acTUU B
pOrpaMMe NPOBEACHUS MOJETHBIX SKCIIEPUMEHTOB.
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2.1.6. HUM SAAEPHOM ®U3UKU UMEHHU JI.B. CKOBEJBIIBIHA
MOCKOBCKOI'O 'OCYJAPCTBEHHOI'O YHUBEPCUTETA
MMEHMU M.B. TIOMOHOCOBA

PE3YJIbBTATBI DOKCIIEPUMEHTAJIBHOT'O U3YUYEHUA
KOCMO®U3NYECKHUX ITPOLHECCOB

Ha ¢a3e cnana 23-ro nuukia coOJIHEYHOW aKTUBHOCTHU MTPOBEJICHBI U3MEPEHUS
pa3IMYHBIX BHUJOB KOCMHUYECKMX HW3JIyueHUH Ha Oopry Heckoibkux HMC3
npubopamu, paszpabotaHHsiMH u co3gaHHbiMH B HUUAD MIY. BremomHeHs!
JKCIIEpUMEHTaIbHble HccienoBanuss Ha nojspHeix HMC3  «KOPOHAC-®»,
«Tarpgana», «Mereop-3M», Mexaynaponnot Kocmuueckorn CraHiuu u
«["JJOHACC». [lony4en 607b1110#f 00BEM HOBBIX SKCIIEPUMEHTATBHBIX TaHHBIX.

2.1.6.1. IIpoekm KOPOHAC-®

Poccuiicknit cnytauk KOPOHAC-® (K-®) 6b11 3anymen 30 utons 2001 r.
Ha OpOUTY ¢ BbICOTOM ~520 KM M HAKJIOHEHHEM OPOUTHI K IJIOCKOCTH SKBaTOpa
83°. Ha cnytnuke KOPOHAC-® HUNAD MI'Y Obuia ycraHoBiieHa anmnaparypa,
KOTOpass M3Mepsiula IMOTOKM HEUTPAJIBHOIO H3IyYEHUS BO BpEMS COJIHEYHBIX
BCIIBIILIEK: PEHTIEHOBCKOE M ramma usnydeHus ¢ sHepruer ot 0,03 go 200 M»B,
HEUTPOHOB ¢ sHepruen >20 MaB, a taxxke nmoroku smekTpoHoB 0,3—-108 M»aB,
poToHOB 1-90 M»3B u sinep 2—40 MaB/HykJ10H.

Pe3yabTaThl HCC/IeI0OBAHUH COTHEYHBIX KOCMHYECKHUX JIy4eH
(CKJI) B maraurocgepe 3emuin

OcHOBHBIE pe3yJbTaThl OBUIM TIOJYYEHbI B OOJACTH MCCIIEIOBAHUS
nponukHoBeHue CKJI B marautochepy u mporeccoB 3axBara mporoHoB CKII ¢
sHepruer 1-15 MaB B MmarauToc@epHyto JTOBYIIKY BO BpEMs MarHUTHBIX OYypb.

IIponuxnosenue CKJI B Maruurtocdepy

Ha puc. 1 npuBenen npumep nsumxeHus rpanun nponukHoBeHus CKJI B
marautocdepy (I'TI) Bo Bpems cepun cunbHBIX Oypb B okTsi0pe 2003 r. CritomrHon
JVHHUEH MoKa3aH rpaduk m3MeHeHus: Dst Bapuanuu. beiio mokazaHo, 4TO pe3Kuid
cneur k 3emuse ['TI moxker HabmomaTbCs A0 MUHMMyMa Dst moj nelcTBHeM
UMITyJIbCa JIaBJICHUSI COJHEYHOro Berpa. OOHapyxeHO Bo3jaeicTBue cyOOypeBoi
aktuBHOCTU Ha ['Tl. CymectBennsie cauru [Tl uMerOT MECTO BO BpeMsl IIEMOYKHU
cyo0yph B OTCYTCTBHHM MaruutHou 0ypu (Puc. 1).

3axBart nporonos CKJI

Nzmepenus Ha K-® Bo Bpemst HECKOJIBKUX CUIBHBIX MAarHUTHBIX Oypb 2001—
2004 rr. mo3BoJuINM OOHAPYXKUTh U TMOAPOOHO HCCIIEIOBAThH MEXaHU3M 3axBara
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COJTHEYHBIX TPOTOHOB ¢ 3Heprueit 1-15 MaB Bo Bpems (a3l BoccTaHOBICHUS
Ooypu. Briepsoie addext pasnBoenus ['TI mpoToHOB MaibIx 3HEPrui, MOKa3aHHbIN
Ha puc.2, Obur oOHapyxkeH mno wu3MmepeHusM 30-31 oxtsaops 2003 1. u
MOATBEPKIEH U3MEPEHUSIMU BO BPEMsI MArHUTHBIX Oyph B HOsiOpe 2001 1. u utorne
u HOs10pe 2004 r. Hu B ogHOM 13 3THX COOBITUH A(()EKT MHKEKIIUU UMITYIBCOM SC
HE ObLIT OOHAPYIKEH.

Penetration Boundary, mag. latitude

TOE + 1 Dst
ﬁ T 26.10-01.11.2003 ]
F: T .
;—zoo
1- 400

o6 27 28 29 30 31 1 days
Puc. 1. /lunamuka rpaHuiisl IpOHUKHOBEHUS BO BpeMs cyo0yps (26—27.10.2003) u rienouku
MarHuTHbBIX 0yph 29-31.10.2003. HenpepsiBHAs TUHUS — Dst-MHIEKC

CORONAS-F 30.10.2003

10000F
2200UT

1000 F

100

10}

Puc. 2. Dddexr nBOMHON rpaHUIIBI TPOHUKHOBEHUS B KaHase 1-5 MaB (HenpepsiBHAs TUHUSA) U
OJIMHOYHOM rpaHuIlsl B kKaHaie 50-90 MaB: casur Bo BHe ynanenHoit I'TI u 3axBar 1-5 M»B
IIPOTOHOB Ha L = 2-2,5
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IIpn nmponere Hax bpa3WiibCKOM MarHWUTHONM AHOMAJIMEN 3apETMCTPUPOBAH
CBEXE3aXBaUEHHBIM MOSC COJHEYHBIX NMPOTOHOB (pHcC. 3). Bo Bpems cioxHOro
Bo3mytieHust 30 okTa0ps — 4 HOs10pst 2003 1. Ob17I0 00pa30BaHO TPU TAKUX MOsICA.

CORONAS-F 09UT 20.10.2003

10,0000 T T T T
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L 26RO Mey
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00100

0.0010F
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Puc. 3. HoBblii COTHEUHBIN TPOTOHHBIN paTuaIlMOHHBIN MOSIC,
3aperuCTPUPOBAHHBIN B 001acTH bpa3miibckoif MarHUTHOW aHOMAITUN

PesyabTaThl HCC/IeIOBAHMH PEHTICHOBCKUX U FaMMa M3J1yYeHHUH

Anamu3 manabix MC3 «Koponac-®» mokasan, 4To HamOoJee dHEPTHYHBIE
raMMa-KBAaHTBI B COJIHEUHBIX BCHbIKax ¢ 3Hepruer 10 300 MaB npencrasisitor
co0oil pe3ynpTaT pacmaja HEUTpaJIbHBIX IMHOHOB, POXKIEHHBIX B aTrMocdepe
ConHnla TpH B3aUMOJEUCTBUU CYOPENATUBUCTCKUX TPOTOHOB C BEHICCTBOM.
ConocTaBiieHre BPEMEHM PErMCTPAaldid BBICOKOSHEPTHMYHBIX TaMMa-KBAaHTOB CO
BPEMEHEM Hayajga pPErucTpaluyd Ha3eMHbIX BO3pPAaCTaHUM KOCMHUYECKHX Jydel
0Ka3ajo, YTO YCKOPEHHE MPOTOHOB MOXET MPOUCXOAUTh B KOMIIAKTHOW 001acTn
COJIHEYHOW BCIIBIIIKH.

Nucrpyment COHI™ Ha 6opty Koponac-® peructpupoBai peHTT€HOBCKUE U
raMma H3inydeHus (puc. 4—6) ¢ BBICOKUM BPEMEHHBIM Pa3pelIeHHEM U XOPOLIUM
DHEPreTUYECKUM paspelreHneM B auana3zone sHepruid 0,05-300 MsB B MomHbIX
COJIHEUHBIX Bcmblmikax: a uMeHHo 28.10, 04.11.2003 u 20.01.2005. Pe3ynbrarsl
m3mepennit COHI' manu yHuKampHyr0 HHQOpPMAIMIO 00 3BOJIOIUU CIEKTPOB
3JIEKTPOHOB U MTPOTOHOB BCIIBIIIKH.

MO3XKHO MOKa3aTh, YTO B JAHHOM BCIIBIIIIKE:

a) IOMUHUPYET BBICOKOAHEPTUYHBIE TOPMO3HOE M3IIyYEHHE, KOTOPOE UMEET
mecTo 70 30—100 M»B B nepBoM COOBITHH YCKOPEHUS;
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0) raMma wu3Iy4eHHE BBICOKOW »Heprum n0 90 MaB B mo3mnux ¢azax
BCIIBIILIEK, HECOMHEHHO, BBI3bIBAETCS PACIAJOM MHOHOB. JTO U3IyYEHUE O3HAYAET
pe3Koe MosiBJIeHUE NPOTOHOB ¢ 3Hepruen >300 MaB, koTopoe B3auMOJIEHCTBYET C
COJIHEUHOM aTMocdepoil.

B) TOYHOE BpEMsI H3JIyUYEHHS, BBI3BAHHOTO pacnajoM IIHMOHOB, ObLIO
U3MEPEHO C TOYHOCTBIO +2 ¢, YTO JIa€T B CBOIO OYEPE/Ib HECOMHEHHYIO KApTUHY
HOSIBJIEHUS] YCKOPEHHBIX yacTul] Ha CoJHIIe.

28 October 2003 flare
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Puc. 4. /lunamuka criektpa ramma Jrydeit, uamepennas npuoopom COHI'. YepHas nmuHus
MOKA3bIBACT CIEKTP paciiajia MMOHOB
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Puc. 5. Bpemennoii nmpoduib raMma u3nydeHunit Benbimky 28 oktsops 2003 r. [NomyOas muaus —
ckopocTh cueta nmpudbopom COHI™ Ha sHepruu >90 M»aB (u1kana crnpaBa), KpacHas THHHS —
BBIYMCIICHHBIN [TOTOK TaMMa JIy4el IpH pacnaje MMOHOB (1IKaja cieBa). BepTukanbHele
HITPUXOBBIE IMHUU MOKA3BIBAIOT (pa3bl BCIBIIIKH
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20 January 2005
Ey>60 Mev T

1.0

NM South Pole

Relative units

L AL A L L A L R DL L L I R L R
06:40 06:45 06:50 06:55 07:00 07:.05 07:10
UT, h:min

Puc. 6. Bpemennoit npoduns ramma usnydenusi, usmepeasoro npudopom COHI™ u BpemMeHHOM
npo b Ha3€MHBIX BO3PACTAHUN COTHEYHBIX KOCMHUYECKUX JTy4el, H3MEPEHHbIH HEHTPOHHBIM
MOHUTOpOM Ha KOxxHOM nontoce

2.1.6.2. Ilpoexm «Tamovana»

Ycnemno pabdotan 3amymieHasd kK 250-netnemy toouiero MI'Y 20 saBaps
2005 r. Ha NOJSPHYIO KPYroBYI0 OpOUTYy ¢ HakioHeHueM 82° ¢ BbIcOTOM 950 kM
MaJIBIA ~ CIIYTHUK  «YHUBEPCUTETCKUMU-TaTbsHa»,  OCHAIICHHBIA  HAYYHOU
armaparypou, cozganHon B HUMAD® npu akTMBHOM ydacTMHM aclUPAHTOB HU
CTyneHToB (Qusnueckoro ¢akynprera MI'Y. Ilomyuen OGousbmioit o0beM
HKCIIEPUMEHTATILHON KocModu3nueckoil nHGOpMaIKM, KOTopas Jierjia B OCHOBY
co3zianus 6a3bl JaHHBIX KOCMUYECKHX 3KkcniepuMenToB HUUSO.

B 2007 r. naHHble CIyTHHKA «YHUBEPCUTETCKUN-TaThsiHa» MO ONUKHEMY
ynbprpaduoneroBomy (Y®) umznydenuro (¢ mmmHamu BoiaH 300—400 HM) ObuH
oOpaGoTanpl W TpoaHAIM3WpPOBaHBL. B mpomecce Tn0OampHOTO —aHaIM3a
WHTEHCUBHOCTH  Y®-u3nydeHus ObUIO  TMOKa3aHO, YTO  MaKCHMajbHas
WHTEHCUBHOCTb PErMCTPUPYETCS HAa BBICOKMX MIUPOTaX B OOJACTU aBPOpPaIbHBIX
CBeYeHMH (MHTeHCMBHOCTH mopsiaka 107 gpoTon/cM>c-cTep). MuHHMAaNTbHAs
WHTEHCUBHOCTb  M3MEPSIETCS  OKOJIO TEOMAarHUTHOTO JKBaTopa: MOpsaKa
3-10" poton/cm™c-ctep. B TO *e camoe BpeMs Ha MHOTHX MPOJETAX CIIYTHHKA
TaThsiHa  HAOGMIOZATACH  NPOMEXKYTOUYHAS  MHTEHCHBHOCTH  mopsmka  10°
doton/cm’-c-crep Ha mmpoTax 10-40° BOKPYr T€OMArHMTHOTO 3KBaTOpa, HTO
dbopMHpPOBaIO 1Ba CIIOPATUYECKUX IIOSICax».

PesynbraTel m3mepenunii Y@ TpaH3UEHTHBIX COOBITUNA, H3MEPEHHBIX Ha
cnytauke Tatesana B 2005-2007 rr. nmoka3ansl Ha puc. 7. MupoBas kapta coObITUI
MMEIOIIMX BPEMEHHYI0 MPOTKEHHOCTh 1—64 MC UM BBIIEICHUE DJHEPIUH B
ynbrpaduoneroBom auanazoHe 10 k/x — 1 MJDx mnoka3piBaeT, YTO OHHU
KOHILIEHTpUPYIOTCS 0K0Jio 3kBaTopa (80 % coObiTuii Ha muporax +30°). OHu ¢
pPaBHOW BEpPOSATHOCTBIO MPOUCXOASAT HAJA OKEaHaMU M HaJ KOHTUHEHTAMM.
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HetexTopsl «TaTesiHBI» MOTJIM PabOTAaTh HE TOJNBKO B OE3TyHHBIE HOYH, HO U TIPU
MOJIHOM JIyHE. AHaiu3 SIPKOCTU (BBIIEIECHUS DHEPTUU) U CKOpOocTH YD coObITUI
3apETUCTPUPOBAHHBIX B JKClepuMeHTe TaThsiHa TMOKa3ajl, 4YTO CYIIECTBYET
Koppessinusg Y® TpaH3uEHTHBIX COOBITUH C (a30i JyHBI. 3aperucTpupoBaHbl J1Ba
MMKa CKOPOCTH COOBITUIA: MPU HOBOMW JIyHE W TIpH MOJHOU jdyHe. Hamnbomnee sipkue
COOBITHS OBLITU 3aPETUCTPUPOBAHBI NP TIOJHOM JIyHE.

Puc. 7. Muposas kapta Y ®-coObITHI, U3BMEPEHHBIX IETEKTOPOM CIyTHHUKA TaThsHa:
@ — COOBITHS TIPU TIOJTHOM JTyHE (3aIITpUXOBaHa 00J1acTh C HHTETPaIbHON TUIOTHOCTBIO BOSIHBIX
naposB >5 r/eM?); 6 — colbIThs MIPH HOBOJIYHHSX (3aIITpUXOBaHa 00JaCTh C HHTETPATbLHON
TIOTHOCTBIO BOISHBIX IAPOB >3 T/cM’)

2.1.6.3. Pe3yivmamost meopemuiecKozo u3yueHus u Mooeaupo8anus npoueccos
na Connuye, 8 mexcnjianemHoil cpeoe u 6 mazHumocgepe 3emau

IIpoueccot Ha CoJiHie

IIpoBeneHO 4YMCIEHHOE MOJENMpOBaHHE «sueedyHoro» MI'Jl-nnHamo BoO
Bpamaromieiicss chepuyeckoit obomouke. [lomydeHbl pe3ynbTaThl sl CIIydacB
TOJICTOM ¥ TOHKOM KOHBEKTHBHOW OOOJIOUYKH B paMKax MPEANOJIOKEHHUs, UTO
KOHBEKTUBHBIE STYCHKU MOTYT OBITH CBSI3YIOUIMM 3BEHOM MEXAY TNT00aIbHBIMU U
JokanbHbIMU cofHeuHbIMU MI'JI-npoueccamu. B mepBoMm ciiyyae HaOmr0gaeTcs
NoJAJIep>)KaHUEe KPYIMHOMACIITa0HOTO MarHWTHOro nojs. /[laHHoe mose Bpemsi OT
BPEMEHU (XOTSI U HE PETYJIAPHO) UCTIBITHIBAET OOpalleHHs MOJSIPHOCTH, HAPSAY C
(opMHUPOBaHKEM JIOKATBHBIX — BO MHOTUX CIIy4yasiX OUIOJSPHBIX — MarHUTHBIX
KoHpurypauuii. IlokazaHo, YTO JIOKaJdbHBIE MAarHUTHBIE TOJS MpPU ITOM
IPUBS3aHbl K OIPEICICHHBIM HEU3MEHHBIM IIMPOTHBIM 30HaM, IOCKOJIBKY
KpYyIHOMAacCIITaOHble KOHBEKTUBHbBIE SYEUKU COXPaHSAIOT CBOE pacrosioxeHue. Bo
BTOPOM CJIy4ae IPOLIECC I'€HEpaluy JIOKAIBHBIX IOJEH HE MMEET TAKOM 4YEeTKOU
JOKaM3alnu, oOpaleHui MOISIPHOCTH OOILEro Mol He MPOUCXOIUT.

Bripabotan kputTepwii, M0 KOTOPOMY B HaOJTIOJATENBHBIX JAHHBIX MOXKHO
OTIUYUTH CIy4YaW JACWCTBUA [BYX MEXaHU3MOB (HOPMHUPOBAHUSA JIOKAIBHBIX
MArHUTHBIX TIOJIEW B COJHEYHBIX aKTHBHBIX OO0JAacTAX — MEXaHU3Ma
BCIUIBIBAIONIEH TPYOKM W KOHBEKTHBHOTO MexaHu3Mma. [IpoBeneHO cpaBHEHHE
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pe3yabTaTOB MOJETUPOBAHUS C JAaHHBIMH OSKCIEPUMEHTANBHBIX HaOIIOICHUIMA.
[Ipoananu3npoBaHbl MAarHUTOTPAMMBI [TOJTHOTO BEKTOPA MOJISL U IONILIEPOTPAMMBI,
MOJYYEHHbIE Ha COJHEYHOM Teieckone W Ha wuHcTpymente SOHO MDI.
HalGntomaemast kapTuHa COMOCTABISIIACH C BHIBOJIAMH YUCJICHHBIX SKCIIEPUMEHTOB
no monenuposanuio MI'/[-konBeknuu. I1lokazaHo, 4TO NOJIy4EHHBIE PE3YJIBTATHI
HaxOoJSTCS B JIyYIIEM COTJIACHH C MPEACTABICHUSIMU O KOHBEKTUBHOM MEXaHHU3ME
dbopMHpOBaHUS MAarHUTHBIX TIOJIEH, 4YeM C WUJeed BCIUIBIBAHUS TPYOKH.
HccnenoBanre n300paxeHU COJIHEYHOUW TpaHyJISILUM MO3BOJIMIIO CAENaTh BBIBOJ
0 IIMPOKOM PACIPOCTPAHEHHH KOHBEKTHBHBIX TEUYEHU BaJIMKOBOIO THUIIA B
nondotochepusix cnosix ConHIa.

[IpoBeneHa cepusi YMCIEHHBIX PAacYETOB W TOJYYEHBl pPEUIEHUS MOJHOU
CHUCTEMBI YpPaBHEHUM OJTHOXXUJKOCTHOMN JIACCUTIATUBHOU MAarHUTHOM
THAPOJIMHAMUKHU € yueToM 3(dekra Xosuia ams npupoaHoi cpenbl. McciaenoBaHo
CTPYKTYPUPOBAHHUE DPAa3pEKEHHOW COJHEYHOW IUIa3Mbl B IPOLECCE 3BOIIOLUN
OCECUMMETPUYHON  TUIa3MEHHOM  MarHuTHOM  KoH(urypauuu. HavanbHoe
MarHUTHOE TOJI€ CUYUTAJIOCh JIOKAJM30BaHHBIM B OrPAaHUYEHHOM 00beMe
0e3rpaHnuHoil cpenbl. COBMECTHOE MCIIOIb30BAaHUE AaHAIUTUYECKUX M YMCIEHHBIX
METOJIOB HCCJIEOBAaHUsI IPUBEIO K BBIBOJAY O CYIIECTBOBAaHMU B COJIHEYHOMH
m1a3Me 0COOBIX MAarHUTHBIX CTPYKTYP — JIBYX OUYE€Hb TOHKUX MArHUTHBIX TPYOOK
C IPOTHUBOMOJIOKHO HAMPABIEHHBIM MAarHUTHBIM MOTOKOM, IUIOTHO MPUJIETAIOIINX
IPYT K IPyTy 110 BCEW JIIMHE.

B wuccnenoBaHuM COJIHEUHOW KOPOHBI, TEOPETUYECKM W W3 AHAIM3a
HAONIOCHUM TIOKa3aHO, YTO KOPOHAJIbHBIE BBIOPOCHI MACChl M COJHEYHBIC
BCIBIIIKA ~MOTYT TPOHUCXOJUTh 0€3 3aMETHbIX HW3MEHEHH TOMNOJOTUU
KPYIHOMACIITa0OHBIX MarHUTHBIX MOJ€. Pa3BUT NpoCTON M HArSAHBINA CLIEHAPUH,
YIOBJIETBOPUTEIIBHO OOBSICHSIONINN OCHOBHBIC HAOJIOIATEIbHBIE OCOOCHHOCTH
SPYNTHUBHBIX siBJIeHUN Ha COJIHIIE, 3apErUCTPUPOBAHHBIX B dkcnepuMente SOHO,
a takxe Ha UC3 TRACE u GOES-12. [Tokazano, 4To rio0anbHble KOPOHAIBHbBIE
BBIOPOCHI MAacChl BKJIIOYAIOT BBIOPOC CIIOKHBIX CHCTEM MAarHUTHOTO TOTOKa,
pacnpeieiecHHOTO Ha OOJIBIIUX MPOCTPAHCTBEHHBIX MAacIITadax MPEeBHIIAIONINX
HECKOJIbKO aKTUBHBIX 00JIACTEH M CPAaBHUMBIX C MOJIOBUHOM COJTHEHYHOTO JTUCKA.

Pa3paboran HOBBIN croco0 BHU3yaIM3alldd MAarHUTHOTO TMOJSi B KOPOHE
Connua. B kauecTtBe nCXOqHOW HMH(OpPMALMM HMCMONB3YIOTCS KO3(PPHUIMEHTHI
TapMOHHYECKOTO Pa3JI0XKEHHUS B MOTCHIUATHHOM MPUOIMKEHUH, BEIYUCIICHHBIE TIO
HaOmogeHusiM monisi Ha (oTtochepHOM ypoBHE. TpexMmMepHble ypaBHEHUS Uis
JMHUU TIOJIE MHTETPUPYIOTCS YHMCIEHHO, a PE3yJbTaThl MPEICTaBISAIOTCS B BHJIE
IpOeKIMid Ha KapTMHHOM TIOCKOcTH. MeTon ynoOeH ansi TpPUMEHEHUs B
UCCIIEIOBATENLCKUX U MPUKIATHBIX paboTax MO M3YyYEHHUI0 U MPOTHO3UPOBAHUIO
«KOCMHYECKOU ITOTOJIED».

Ha ocHoBe meTo/10B 6€3pa3zMepHOro MacHITaOHOrO aHaln3a COJHEYHBIX U
reqrocepHbIX TPOIECCOB CO3/aHa HOBas KiaccuUKauUs KOPOHAIbHBIX
BBIOPOCOB MAacChl IO WX CKOPOCTH OTHOCHUTEIHHO (DOHOBOW IIa3Mbl. Ta
kinaccudukainus Oonee OOBEKTHMBHO OTPAXaeT pPa3IMYHbIE CUTYyalldd W THIIBI
TEYEHUMN C OBICTPHIMH, CPETHUMU U MEIJICHHBIMU CKOPOCTSIMHU IJIa3Mbl B KOPOHE
Connua.
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Haiinena osmmmpudeckass Qopmyia, omuchBaromias 3aBUCHMOCTh V(S)
CPEIHECYTOYHOM CKOPOCTH COJHEYHOTO BeTpa V OT MJIoImaayu KOPOHAIBHBIX JBIP S
Ha BuauMoi ctopore CoJiHIa B BUjE psaa Taimopa nmepBoro 1 BTOpOro nopsiika.

IIpoueccsbl B MaruuTocdepe 3emin

[IpoBeneHBl TEOPETHUUECKUE UCCIACAOBAHUS JTWHAMUKH MPOLECCOB B
Marautocepe 3eMiIH U BBHIMOJIHEHO COMOCTaBICHHUE MOJTYYCHHBIX PE3yIbTaTOB C
AKCIEPUMEHTAIbHBIMU TAHHBIMHU:

OnpeneneH psija XapakTepUCTHK HU3KomupoTHoro norpanciosi (LLBL) na
0a3ze JaHHBIX CIYTHUKOBBIX HaOmoneHuid. IlokasaHo, dYTO pe3yJbTATHI
HAOMIOJIEHNIT ~ TMOATBEPXKAAIOT  TpEACKa3aHus  pa3pabOTaHHONH  TEOpHH,
oOBsicHsIONIEeH hopmupoBanue Tonctoro LLBL mpu ceBeproit opuentaimu MMII
u ToHkoro LLLBL npu 10:kHOM opreHTaLUK.

[IpoBeneH cTaTUCTUYECKUI aHANU3 PE3YJIbTATOB HAOIIOEHUN TTPOIOJIbHBIX
TOKOB Ha cnyTHuke «HMHTEpKocMoc-bonrapus-1300» ¢ y4eroM KOHEYHOIO
pasMepa HaOJMIOJAEMBbIX TOKOBBIX CTPYKTyp. OrmpeneneHbl  3aBUCUMOCTH
BEPOSITHOCTU HAOIIOZCHUS TOKOBOTO JIMCTa C (UKCHUPOBAHHON TOJIIMHOW U
MJIOTHOCTH TOKA B JIUCTE OT TOJIILIMHBI JTUCTA.

PazpaboTtana Mozenb yCKOpEeHHs] aBpOpaIbHBIX YaCTHI] JIBOMHBIMU CIIOSIMHU,
OpUHUMas BO BHUMaHHUE TMpouecc Moaudukanuu (QyHKIUH pachpeesieHusl.
YdreHo, yTo B OOJIBIIMHCTBE CIy4aeB HKCIIEPUMEHTAIBLHO W3MEpPEHHBbIE (PyHKINN
pacnpeneseHus: XOpoIIo alpOKCUMHUPYIOTCS Kalia pacipeaeIeHUEM.

Pa3BuTa TEopus IIIa3MEHHOIO TPAHCIOPTa BO BpPEMsT MAarHUTHBIX OYypb.
Bblgenensl npouecchbl, MPUBOASIINE K MWHTEHCUBHOMY 3alOJIHEHUIO MAarHUTHBIX
CHJIOBBIX TPYOOK HMOHaMH HOHOC(EPHOTO TPOUCXOXKIEHHUS, UYTO MOMKET
paccMaTpuBaThbCd B KAaueCTBE OJHOTO W3 OMNpeAessionmX (QakTopoB OypeBoii
JTUHAMUKH.

N3yuenue xapakTepuCcTHUK MarHUTocepHON TypOyJIEeHTHOCTH, BKIIIOYAs
aHaIM3 JAaHHBIX CIYTHUKOBBIX HAOMIOJEHUA U JIaHHBIX PUOMETPUYECKOTO
MOTJIOUIEHUS B FOKHOM TMOJISIPHOM IIAaNKe, MOKa3aj10, YTO MAKCUMAJIbHBIM YPOBEHb
TypOyneHTHOCTH Habmogaercs B obnacth 20-24 4 MarHUTHOTO JIOKQJTLHOTO
BpEMEHHU, T/le, KaK TNpaBWiIO, JOKAIW30BaH «rjia3 cyoOypu» — 005acTh
dbopMHpOBaHUs aBPOPATHHOW BBITYKIOCTH BO BpeMsl B3pHIBHOW (a3l cyOOypH.
[Tomyuen psim MOKa3aTENbCTB CIPABEVIMBOCTH Pa3pabOTaHHOM paHee MOJENn
Havana B3pbIBHOM (a3pl marHuTocepHoil cyOOypu Ha KBa3HAUIIOJIbHBIX
MAarHUTHBIX CWJIOBBIX JIMHUSX W YSPUYEHUs aBpOPAJbHOM AYrM BO BpeMs Hadasjia
B3pbIBHOM (pa3bl. [Ipensoxken Mmexannsm, OOBSACHSIOMNIN BBITSITHBAHNE MAarHUTHBIX
CWJIOBBIX JIMHWUW TIepen HadajioM B3pbIBHOW ¢a3el cy00ypu. Ilokazano, dro
onpeAeNsonmM (HaKTopoM yspueHus OKaiiieid K SKBaTOpy AYTH MOJSPHOTO
CUSIHUSL BO BpeMsi MarHutocepHoi cyoOypu siBisiercs (OpMUpPOBAHUE
MPOJIOJIBHBIX MYYKOB YACTHUIl Ha TpaHUIle HauboJiee IKBATOPHUAIBHOU CTPYKTYPHI
THUIIa TIepeBEPHYTOrO V.

[IpoBemeHO  pacCMOTpeHHME C  €AMHOM TOYKM  3PEHUS  CIOXKHBIX
JTUHAMUYECKUX MPOIIECCOB B TEOMAarHUTHOM XBOCTE, BKJIIOYAs LIUKJIbI HATPYKEHUS
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U pasrpy3Kd DJIGKTPOMATHUTHOW DSHEPTUH, OBICTPOM TIOTEPH pPaBHOBECHS,
BJIOKeHHbIE TOHKHUE TOKoBbie ciou (TC), cpemnemaciiTabHble TypOyJIEHTHbBIE
JBW)XKEHHS IUUIa3Mbl, UHTCHCUBHBIE Bapuallid MAarHUTHOro mnoJisi. B KauecTBe
OCHOBHBIX BBIJIEJICHbI HEJIMHEWHbIE JAUHAMHUYECKHE TpoLecchl (OpMUPOBAHUS
TOHKUX KnHetnueckux TC.

IIpoBeneHHble  uMcCCIIEIOBaHUs C  WCIOJB30BAHHEM  YHCIIEHHOIO
MOJEIUPOBAHUS METOAOM d4acTul (puc. 1) mnokazaim, 4YTO CIIOHTAHHO
oOpa3yromuecs HEJIMHEVHbBIE TOKOBBIE CTPYKTYpPBI SBJISTFOTCA
KBa3UCTalMOHAPHBIMU. OHU MOTYT MPUHAJICKATh K JIBYM Pa3IMUYHbIM THUIaM B
3aBUCHMOCTH OT YCJIOBHM B INIA3MEHHOM cioe. [Ipu onpeneieHHbIX yCI0BUsAX OHU
MPECTaBIAIOT co00¥ HenmHeHbIe paBHOBecHbIE TC ¢ aHM30TPOMHBIMA HOHAMMU.
[Ipu npyrux ycrnoBUSIX OHM SIBJISIFOTCSI TTApOl OECCTOIKHOBUTEIBHBIX MEICHHBIX
BoiH. B o0omx ciywasx wumeer MecTo ObicTpas  TpaHchopmanus
AJIEKTPOMATrHUTHOM PHEPTUU B YHEPTHUIO OBICTPHIX T€UeHUM Tu1a3mebl. [locnenuee, B
CBOI0O Ouepelb, MOXET ObITh HCTOYHMKOM »JHepruu JjBymepHoit MI'J]
TypOyJICHTHOCTH B TUIa3MEHHOM cjioe. B To Bpemsi Kak CIIOHTAHHO MOSBISIONINECS
TOHKHE TOKOBBIE CTPYKTYPBI SIBJISIFOTCS KBAa3WCTALMOHAPHBIMH, BKJIIOUAIOLIEE UX
BO3MYIIIEHUE TpU OOJBIIMX TMPOCTPAHCTBEHHBIX MacITabdax Takke BKIIOYAET
obicTpbiii MI'Jl kommnoneHT. TlocneaHee MOXKET MPUBECTU K HOBOMY HAPYIICHHUIO
paBHOBECHs B HEKOTOPBIX HOBBIX 30HAaX B IUIa3MEHHOM cJio€. 3a JSTUMH
HapylLIEHUSIMA CHOBA CJIEAYIOT pEJAaKCAallMOHHBIE TPOLECCHI, BKIIIOYAIOIINE
dbopmupoBanue BIOXKEHHbIX TOHKMX TC ©  OBICTPBIX TOTOKOB HOHOB.
OOpa3ymomascss NepeMeKaeMOCTh  ABISETCS  XapaKTepHOM  OCOOEHHOCTBIO
TypOYJECHTHBIX BO3MYIICHHU B IJIA3MEHHOM CJIOC.

“forced” B t=0 t=0

anisotropic slow shocks B
current

sheet

E=a00ay £ = 240/Q,

y, , \ -

Puc. 18. ®opmupoBaHre TOHKOTO BJIOKEHHOTO TOKOBOTO CJIOS

HabGnronenusi, npoBeZeHHbIE B IUIA3MEHHOM CJIO€, MOKAa3bIBAIOT HIMPOKHIA
JIMAIa30H BJIOKEHHBIX TOKOBBIX CTPYKTYp. BBINOIHEHO AE€TanbHOE H3Y4YEHHE B
KMHETUYECKOW TEOPUH C  MCIIOJB30BAHUEM  YHCICHHOTO  MOJACIMPOBAHUS
pasnmnuHblX TUNOB paBHOBeCHbIX TC. IlokazaHO, YTO NPUCYTCTBHE WOHOB
KHUCJIOPOJA B TEOMarHUTHOM XBOCTE 110 CPABHEHHUIO C BOJOPOAHOM IIIIa3MOU MOKET
00BsACHUTH TONMMHBI TpaHul TOHKUX TC. IlomyueHbl paBHOBECHBIE PELICHUS C
napoi NMUKOB TOKOBOW IUIOTHOCTH. B Takux Om(ypLHMpOBaBIIMX TOKOBBIX CIIOSIX
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noMeH (ha30BOM IJIOTHOCTM KBa3M3aXBAaUCHHBIX HOHOB YBEJIWYMBAETCS MpU
MOHHOW JKCIAHCUU HA TPAH3UEHTHBIE OPOUTHI, SIBJISIOIIMECS HOCUTEISIMU TOKA.
D10 MoxkeTr BbI3BaTh 3aryxanue TC. bpula mpuHSATa BO BHUMAHHE AJIEKTPOHHAs
KOMITOHEHTa, M ObUIO TOKa3aHo, 4yto B IeHTpe TC oOpasyeTcss oueHb TOHKUN
ANEKTpOHHBbIM mNHK. Co3JaHHas TEOpHs OTPaXaeT HEepapXUI0 IUIa3MEHHBIX
CTPYKTYp M MPOIECCOB B MarHutocdepe, riae MUKpPO, ME30 U MaKpO MacuITaObl
OJIM3KO B3aMMOCBSI3aHBI.

HccnenoBana TOMONOTMYECKass CTPYKTypa MarHuTocepbl MpU CEBEPHOM
MMII B pamkax napabonougnoit moaenu. 3ydena nist GUKCUPOBAHHBIX YCIOBUI
B COJIHEYHOM BETpE IOJIOKEHUE OO0JIACTH TMOJISIPHOM IIANKH, pPa3HOCTh
NOTEHIMAJIOB MOIMEPEK MOJISPHON IIANKH, TOTEHLIHABI POJOJBHOIO YCKOPEHUS,
3aBUCAIIAE OT MJABJICHHS COJHEYHOrO BeTpa M u3MeHeHud By m Bx MMIL
OnpeneneHbl TpaHULBl OTKPBITHIX MAarHUTHBIX CHUJIOBBIX JIMHUM, KOTOPbIC
CBA3BIBAIOT TMOJSIPHYIO HOHOC(hepy 3emMild C MEXIUIAHETHBIM MPOCTPAHCTBOM.
[Tokazano, uto crnenuduyecKoe BpallleHUE MyYyKa MArHUTHBIX CHJIOBBIX JIMHHUM,
UMEIoIlee MEeCTO BOJMM3M 00acTei KacroB MPUBOAUT K BUXPEBOM KOHBEKTHBHOM
0ocoOeHHOCTH B mojsipHoM uoHocdepe. IlokazaHo, 4TO NBMKEHHE MAarHUTHBIX
HYJIEBBIX TOYEK BHYTpUM MarHuTocdepsl mnpu ceBepHomMm MMII mpuBogut
JOTIOJTHUTEILHOMY ~ OCJIA0JICHUIO DJIEKTPUYECKOTO TOJISI  COJHEYHOrO  BETpa
IIPOHUKAIOIIETO B MarHUTOChEpy.

Co3naHa MoJieib YaCTUYHO KOJIBLIEBOrO TOKa. OHa BKIIIOYAET MPOAOJIBHBIC
TOKA W 3aMBIKAIOIIMEe TOKH BOCTOYHOrO 3JIeKTpomxera. Co3gaHHash MOJEIb
YaCTUYHO KOJIBLIEBOIO TOKA J1a€T BO3MOKHOCTH BBIYMCIISITH MarHMUTHOE IOJIE HA
NOBEPXHOCTU 3eMiiu. OTHOCHUTEIbHBIE BKJIAAbl KOJIBLIEBOTO TOKA M XBOCTOBOTO
TOKa B Dst Bapualuio HMCCIIEIOBaHbl Ha OCHOBE CTATUCTUYECKOro u3ydeHus 70
MarHUTHBIX Oypb pa3HOM MHTEHCHMBHOCTU. CrenualbHOE€ BHHUMaHHUE YJIEISI0Ch
QHOMAJIbHO BO3MYIIECHHBIM YCJIOBHUSIM BO BpPEMsI MAarHUTHBIX Oypb OKTSAOpS —
HOsiOpss 2003 r. BbluucieHsl Bapualid MarHUTHOTO TIOJIE  BBI3HIBAEMbIE
MarHuTOCEpHHIMA TOKAMU Ha TIOBEPXHOCTH 3E€MJIM C HCIOJIb30BAaHUEM
napabonougnoit moaenu Mmaruutochepsl A2000, mpuHUMas Bo BHUMaHUe dDQeKT
WHIYLMPOBAaHHBIX B 3eMJie€ TOKOB. AHaU3 Dst UCTOYHUKOB IPOJIEMOHCTPUPOBAI
HACBIIIEHUE XBOCTOBOTO TOKa NIPU B3KCTPEMAJIBHO BO3MYILIECHHBIX YCIOBHUSX.
KosnbrieBoli TOK CTaHOBUTCA JOMHHUPYIOIIUM HWCTOYHUKOM Dst BO BpeMs
OOJIBIIIMX MarHUTHBIX OYpb, HO BO BpeMs CpeAHUX Oypb ero Bkiaa B Dst cpaBHUM
C BKJIAJOM XBOCTOBOI'O TOKa. AMIUIMTYIa MHXXEKIUU KOJBLUEBOIO TOKa
YBEIIMYMBAETCSI C YBEJIMYECHHEM YPOBHS MAarHuTOCQEpHON BO3MYIIEHHOCTH.
Oddekr acMMMETPUYHOTO KOJIBIIEBOTO TOKAa aHAJIM3UPOBAICS BO BpeMs
MarauTHOU Oypu 20-22 Hos6pst 2003 1. bpuTo MOKa3aHO, YTO TOJHBIN YACTUIHBIN
KOJIBIIEBOM TOK cocTaBisieT 6 MA Bo BpeMs makcumyma Oypu. Ero Bkiag B Dst Ha
riaBHoi ¢aze Oypu mopsiaka 70 HT, B TO BpeMsi Kak BKJIaJ CUMMETPUYHOIO
KOJIBIEBOTO TOKa cocTaisieT okosio 200 HT. YacTUuHbBIN KOJIBLIEBOW TOK OBICTPO
pa3BUBAETCS M PE3KO CMaiaeT 10 NpeAdypeBOro ypoBHS Ha BpEeMEHHOM MacIiiTabe
nopsiaka 10 gacos.

[Tomy4yeHsl 00OOIIIEHHBIE CHEKTPhI MOTOKOB MPOTOHOB W 3JEKTPOHOB Ha
L<1,2 u mnorokoB nsnekTpoHoB Ha 1,2<L <19 B wmaranutochepe 3emin.
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[TokaszaHo, 4TO JJ1s1 TOTOKOB 3JICKTPOHOB HA L < 2 XapakTEpHO HAJIWYHUE U3JIOMA B
criekTpe BOm3u sHepruu ~1 MaB.

Pa3pabotana kommblOTEpHAsE MOJENTb  DJIEKTPU3AIUU  KOCMHYECKUX
anmapatoB B ropsued MarHuTocepHOM TUIazMe, MpelHa3HAuYeHHAs IS
IPOBEJICHUS MHKEHEPHBIX PACYETOB Ha CTAAUSAX NMPOCKTUPOBAHUSI, U3TOTOBIICHUS
Y DKCIUTyaTalyy amnmaparoB. B mMozxenn npeaycMOTpeHa BO3MOXKHOCTh 3aJaHUs B
WHTEPAKTUBHOM PEXHUME YCIOBUN (HYHKIMOHUPOBAHUS ammnapara, U3MEHEHUS! €ro
TEOMETPHUH U AIEKTPOPU3NIECKUX CBONCTB KOHCTPYKITMOHHBIX MaTEPHAIIOB.

1.2.6 4. Cozoanue Humepnem-nopmana, 6a3 OGHHbIX,
uzoanue «Mooeneit Kocmoca»

Cosman  wuH(pOpManuoHHBIM HMHTEpHET-TOpTanm  http://smdc.sinp.msu.ru,
KOTOpPBIN BKJIIOUAIOT B ce0s 0a3bl JTaHHBIX H3MEPEHHM IOTOKOB 3apsKEHHBIX
YaCTHIl; CPEICTBA BU3yalIU3allMU JJaHHBIX U CPENICTBA JJISl aHAJIN3a T€OMAarHUTHOTO
COCTOSIHMSI MarHutocepbl M paJdalldOHHONM OOCTAaHOBKM B OKOJIO3EMHOM
KOCMHUYECKOM TpocTpaHcTBe. basbl manHbix B cpeae Oracle BkiodaroT B ceOs
pe3ynbTaThl U3MEPEHUN MOTOKOB 3apsDKEHHBIX YacTHIl HAa OpOUTE CIyTHUKA
«YHuepcurerckuidi-Tarbsina», «Koponac-®» u «Mereop-3M», a Takke JaHHbIE
KOCMHYECKHUX 3KCIIEPUMEHTOB, BBIITOIHEHHBIX B 90-X rogax mpoLLIOrO CTOJETHUSA.
COBMECTHO € IIPUKIAIHBIMA BEPCHSIMH MOJEJIEHW KOCMHMYECKOM CpEBl,
paszpabotanabix B HUMSAD MI'Y, 6a3a maHHBIX KOCMHYECKHX SKCIIEPUMEHTOB
oOpa3yeT eauHyl0 CHCTEMy KOCMHUYECKOTO MOHUTOpPUHTA JUIS XpaHEHUS,
00paboTKH, HAYYHOTO aHAIN3a U 0TOOpaKeHUSI KOCMO(DU3MYECKHUX TaHHBIX.

Paspaboran wuH(pOpManmoHHBIM TOpTan  http://smdc.magnetosphere.ru/,
KOTOPBIM 00€CreuynBaeT JOCTYII K TaHHBIM KOCMHYECKHX 3KcnepuMmenToB HUAD
MI'V, a Takke — K MOJENSM pPaJUAlMOHHON M T€OMAarHUTHOM OOCTAaHOBKU B
OKOJI0O3€MHOM KOCMHUYECKOM MPOCTPAHCTBE 3EMIIH.

Co3pan unTepaktuBHbIM nakeT nporpamm (MIII) COSRAD u WEB-
uHTepdeic (http://cosrad.sinp.msu.ru), KOTOpPBIU IIpeIHa3HAYCH IS
MPOTHO3UPOBAHUS PAJUALUOHHBIX YCIIOBHM, MOTJIOMIEHHON W 53KBUBAJECHTHOU
7036l U YaCTOTHI OJJMHOYHBIX COOEB B MHUKPOCXEMaX, KOTOPHIE OKUIAIOTCS Ha
OOpTYy KOCMHYECKHX amnmapaToB BO BpeMsl UX JOJTOBPEMEHHOro moJjiera (Oojee
1 rona). Bee pacdeTsl mpoBOAATCS ¢ YYETOM MPEANONAra€MOM TOJIIUHBI 3AIIUTHI
Ha KOCMHMYECKHMX ammaparax Juisi TIOTOKOB: 3JJIGKTPOHOB U  INPOTOHOB
pauallMOHHBIX TOSICOB 3€MJIM, MPOTOHOB M SIJAEP XUMHUYECKUX 3JIEMEHTOB (OT
reiavs 10 ypaHa) rajJjakKTUYEeCKUX KOCMHUYECKHUX JIy4ed, MPOTOHOB M MOHOB (OT
TeJIHSl 10 HUKETIS) COJTHEYHBIX KOCMUYECKUX JIyUeH.

Ha ocHoBanum 0000meHust pe3ynbpTatoB uccnenoBanniic HUUAD MI'Y B
obnmactu wuccinenoBanuii  KocmMoca M KOCMHYECKOTO  MaTepHAIOBEICHUS,
BBITIOJTHEHHBIX 3a mnocienHue 20 JIeT, U MPOBEAECHHOIO aHalin3a Ba)KHEWUIINX
JOCTHDKEHUM POCCHUUCKMX M 3apyOeXHBIX YYEHBIX B JIaHHOM 00JiacTu
MOATOTOBJIeHa U M3aaHa MoHorpadus «Moaens Kocmoca». JIByXxTOMHOE M31aHKE
peIHa3HAYEeHO /Il pAOOTHUKOB KOCMUYECKON OTpACI, CTYJICHTOB U aCIIUPAHTOB
COOTBETCTBYIOIIMX CHELUATBbHOCTEH.
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2.1.7. PU3NKO-TEXHUYECKUHA UHCTUTYT UM. A.®. UODDE PAH

2.1.7.1. /lokazamenscmeo cyuiecmeosanus
MHoz203apaonvix uonoe API'OHA AKJI

N3mepen cnekrp woHoB aproHa AKJI B  wuHTepBane sHepruit
14-42 M»>B/nyknon B skcnepumente [IJIATAH-5 nHa cranuum «Mup» B 1994—
1997 rr. CnekTp mNpoaHAIM3UPOBAH COBMECTHO C JAHHBIMH, ITOJYYEHHBIMU
npudopom SIS Ha cranumm ACE B 0KOJ03eMHOM mIpocTpaHCTBe. B pesynbrare
CPaBHEHHUSI CIIEKTPOB BHYTPU U BHE MarHUTOc(epsl MPOBEACHA OIEHKA CPEIHEro
s dextrBHOTO 3apsiga noHoB aproHa AKJI, KoTopelii Oka3bIBaeTCsl CYyIIECTBEHHO
OOJbIIEe €AUHULBI TIPU IHEPTUSAX, MPEBbILAIINX 22 M3B/Hyki0H. 3apsa HOHOB
NOCTENEHHO YBEIMYMBAETCS C POCTOM 3HEPrUU M JOCTUraeT 3HaueHus Q =4 npu
sHepruu 38 MaB/HyKIIOH.

BBeaenue

AHomanbHble KOocmuueckue ayud (AKJID), mpexie Bcero «KiIacCUYecKHe»
nonsl He, O, Ne u Ar ¢ BBICOKMM MEPBBIM MOTEHIMAIOM HOHM3auu =13,5 3B,
SBIISIIOTCA BecbMa MH(POPMATHBHBIM 00BEKTOM uccienoBanus. OHU HeCyT B cebe
MHOT000Opa3Hyl0 HWH(GOpPMALMI0 O MPOIECCax YCKOPEHUS W PacrHpoCTpaHEHUs
yactull B renrocdepe. [Ipeanonaraercs, 4T0 OCHOBHOE YCKOPEHHUE TPOUCXOUT Ha
KOHEYHOW yJapHOW BoOJIHE Ha Tpanuie reauochepsl. OIHAKO HMEIOIIMXCS
HKCIIEPUMEHTAIbHBIX JaHHBIX MOKa HEAOCTATOYHO, JJII TOTO 4TOOBI 0OOCHOBATH
OTHOCHUTEJIBHO TMOJHYK TeopeTtnueckyro mozenb sBiaeHus AKJL. Hecmorpsa Ha
MHOTOYHCIICHHBIE ~TEOPETUYECKHE HCCICIOBAHHUS W  MPEANOJIOKEHUS TpHU
MOCTPOCHUM MOZEJNE WX aBTOPhl BCTPEYAIOTCS C PSAAOM  TPYIHOCTEM.
[Ipeanonoxenue 00 yCKOPEHWH MOHOB Ha MOTPAHUYHON yIAapHOU BOJIHE MOKA HE
MOJYYUJIO  DKCIIEPUMEHTAIBHOTO  TNOATBEpkAeHUsA.  Amnmapar  Voyager-1
3auKkCHpoOBaNT TMPOXOXKACHHWE TpaHuIlbl Tenmnochepsl B aekadpe 2004 1. Ha
pacctostHM 94 a.e. OgHAKO B MeECTE MPOXOXKIACHHUS TPAHUIIBI Teauocepsl Ha
renuomupore 34° N He HAOMIOAANOCh O0XXHIAEMOTO YBEIMYEHHUS HHEPTHH U
uHTeHCMBHOCTH HOHOB AKJl 3a  wuCKkiItoueHHEM OOBIYHOM  MOMYJISIIUH,
00yCJIOBIICGHHOM yMEHbIlIeHHEM (akTopoB cosiHeuHoi aktuBHOCTH (CA) mpu
nepexoie OT MakcumMyma K MuHUMyMy CA. AHajoruyHas MOAyJsIus ObLia
3aperucTpupoBaHa M ammapatom Voyager-2, kotopblii Haxoawics B 2004 r.
BHYTpPH rearnocdepsl.

Noubr Ar AKJI sBAsitoTCS HauMMEHEE MCCIIEIOBAaHHBIMU BCIIEICTBUE HX
Masior pactnpoctpaneHHOCTH. [Ipu s3neprusix 10 — 20 M3B/Hyk10H HHTEHCUBHOCTD
MOHOB Ar B HECKOJIBKO COT pa3 MeHblle, 4yeM HOHOB O. BaXHO BBISICHUTH
HACKOJIBKO pa3nnuus HOHOB O M Ar MO Macce U *KECTKOCTH, MOTYT CKa3aThCsl Ha
XapaKTepUCTUKAX TPAHCIOPTa MOHOB B Trennochepe U YCKOPEHUHU Ha €€ TPaHulIe.
3axBaueHHbIE U MEXKIUIAHETHBIE MOHBI aproHa ¢ 3Hepruei 1-4 MaB/HykiioH Obun
3apeructpupoBanbl npubopom MAST na ammapare Sampex. Ilpu 3TOM
OTHOIICHHME YMCEJT 3aXBAYCHHBIX K YUCITY MEKIUIAHETHBIX OKa3zanoch nopsaka 200,
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YTO B JIBa pasza BbIIE IO CPAaBHEHHIO C AHOMAJIbHBIMM HOHAMH KHCIOpPOAA.
3axBadyeHHbIC MOHBI aproHa Ipu 3Hepruu >16 M>B/HYKIIOH B SKCIEpHMEHTE HE
ObUIM 3aperucTpupoBaHbl. BHe MarHuTocheprl CHEKTP MEKIUIAHETHBIX HOHOB
aprona AKJI B untepsane 3,5-20 M»aB/nykion Ob11 u3MepeH Ha anmnapate Wind u
B uHTepBasie 10—40 MsB/nykion npubopom SIS Ha cranuun ACE Ha paccrosiHun
1,510°km or 3emmn. Ilpu osueprum Gombure 40 MsB/HYKIOH B CIEKTpe
HAOI0JaeTCsl MPOBAJI C MOCIEAYIONIMM BO3pPAaCTaHUEM IOTOKA, OOYCIIOBICHHOTO
BKJaaoM saep aprona I'KJL

Baxxnoit nndopmanueit SBIASIOTCS JaHHBIE O MHOT03apsAIHON KOMIIOHEHTE
noHoB AKJI npu sueprun >20 Ma3B/nyknon. Brnepseie nonst O AKJI ¢ 3apsinom
Q > 1 6w 3apeructpupoBansl mpudbopamu MAST u HILT na anmapate Sampex.
bbUIO chemaHo Takke NPENIIONIOKEHUE O CYIIECTBOBAHMM MHOTI03apsaHON
KOMIIOHEHTHI U 'y Apyrux noHoB AKJIL.

[lenbto HacTosiel pabOTHI SIBISIETCS U3MEPEHHE YHEPreTUUECKOTO CIIEKTpa
aprona AKJI BHyTpu MarHutocgepsl 3eMiId U ONpEesIeHUEe CTENeHH NOHU3ALUuU
aHOMaJbHOI'O aproHa IMyTEM CPABHEHMsI CO CIIEKTPOM BHE MarHUToC(epbl Npu
UCIOJb30BaHUU (PYHKLUMH TPOMYyCKaHUs MOHOB JUId OpOUTHI CTaHUMH Mup

(puc. 1).

o
oo
T

o
o
T

OYHKLMA NPONYCKaHMS
o
~
T

o
N
T

01 \\HH‘ L \\HH‘ L \\HH‘ L \\HH‘
1 10 100 1000
OHeprust, MaB/H

Puc. 1. IIpoHnkHOBEHNE 3apsHKEHHBIX YaCcTHUI] HA OPOUTY cTaHIIUU Mup:
(GyHKIMS TPOITYCKaHHsI HOHOB aproHa ¢ Pa3HbIMH 3apsiiaMu

MeToauka

Kamepa IIJIATAH-5 (IUUIActukoBsiii TpexoBbiii AHammuzatop) Oblia
DKCIIOHMPOBAaHA HA HAPYKHOM MOBEPXHOCTH Monayis «KBaHT-2» ctaHmmu «Mwup»
Ha opOuTe ¢ HakmoHeHueM 51,6° u BeicoToi 350—400 kM ¢ 11 cenTsadpst 1994 . mo
1 HostGpst 1997 r. Kamepa ¢ reomerpudeckuM dakropom 5200 cm™cp cocTosiia U3
32 cJI0eB TBEPAOTEIHLHOIO TPEKOBOIO JAeTeKTOpa ToJamuHOW 180 MKM jlaBcaHa —
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nomvdTHIeHTepedTanata. Cioun AeTeKTopa NOABEPTaIUCh NPUHSATON HaMuU
TEXHOJIOTUYECKON 00padoTke. MI3MepeHus BBITIOJIHEHBI B OJTHOM U3 8 UICHTUYHBIX
0s0koB, cocrapistomux kamepy ITJIATAH-5, aist TpekoB, OcTaHABIMBAIOIITUXCS
BO BTOPOM—IIIECTOM CJOSIX OT Bepxa Kamepbl. MneHtuduxanus 3apsiaa sjaep
nposefieHa MetooM LR-nnarpamm.

Ha  puc.2a  npexncraBieHO — 3apsiAOBO€  pacmpeneieHHue  snep,
OCTaHOBMBIIMXCS BO BTOPOM U TpeTheM ciiosix B kamepe IIJIATAH-5. B nem
nposBisitoTcss Uk MOHOB HeoHa AKJI m monoB apronma AKIJIL. Iluk aprona
CpaBHUM IO amIuIuTyjAe ¢ nukom siep skenesa ['KJL. Jlng cpaBHeHust Ha puc. 26
nokasal crektp saep ['KJI, usmepennsiii no Bcer rnyoune kamepsl [IJTATAH-4,
IKCIOHUpOoBaHHOU B TeueHue 10 mec Ha ctaniuu Mup c 11 centsiops 1994 r. no
23 wronsg 1995 1. B mocnenHeM paclpelielieHMd BKJIaJ aHOMaJIbHOTO aproHa
npeHeOpexumMo Man (He Oonee 4-54acTuIl), 4YTO OMPENEISIETCS MEHbIIEH
JUTUTEIBbHOCTBIO AKCIIO3UIUHA U MEHBIIIEN TPOCMOTPEHHOW IIIOIIAJBI0 JETEKTOPA B
kamepe [IJIATAH-4. Oto moarBepKaaercs NPsIMBIMA M3MEPEHHUSIMU B BEPXHHX
cnoax kamepbl IIJIATAH-4. 3apsnoBble cHeKTpbsl Ha pHC. 2a, 6 HE OTpa)xaroT
MOJIHOCTHIO OTHOCUTEINIbHYIO PAaCIIPOCTPAHEHHOCTh OT/ICJIbHBIX 3JIEMEHTOB, TaK Kak
B HUX HE YUTEHbI FT€OMETPUYECKHUE TTOMPABKH, YBEIUUUBAIOIIUECS C YMEHBIIICHUEM
3apsina vactull. OJHAKO OHM CBUJIETEIILCTBYIOT O JOCTaTOYHOM 3apsiI0BOM
pa3pelleHnH, MO3BOJISIONIEM BhIACIUTh aHOMAJIBLHYIO KOMIIOHEHTY MOHOB aproHa u
HEOHa.

80 L 160

70k 140

60 L 120

50 100

80

60

6 8 10 12 14 16 18 20 22 24 26 28 30 6 8 10 12 14 16 18 20 22 24 26 28 30
Gaoya Caoya

Puc. 2. 3apsagoBoe pacnpenenenue yactuil B kamepax: a — [IJTATAH-5; 6 — ITJIATAH-4

Pe3yabTaThl 1 00Cy:KIeHHE

Ha puc. 3 npencraBneHsl cnenyomme JaHHbIE:

a) cnektp noHoB Ar AKJI B wumHrepBane sHepruil 3—20 MaB/HykinoH B
MEXIUIAHETHOM TPOCTPAaHCTBE, U3MepeHHbI npudopom LEMT B skcnepumMente
EPACT na annapare Wind B criokoiinblie 1HU ¢ HOsIOpst 1994 1. o Hos0ps 1998 1.;
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6) cymmapusriii criektp Ar AKJI u Ar I'KJI, u3mepeHHbIi B MEXIITIAHETHOM
npoctpancTBe npubopom SIS nHa cranmuum ACE ¢ centsiops 1997 r. mo mapr
1998 r. unrepsane snepruii 10—120 M>B/HyKIoH.

B) ciektp Ar AKJI, u3MmepeHHbIi BHYTpU MarHuTOoCc(epbl Ha CTAHIMU
«Mup» (nannas paborta) B unTepBaie suepruit 14—42 MaB/nykioH.

1E-7
[
R
+
1E-8 - Kk
i .
.
i
\
1E-9 |
B0l v .. A
10 100

Puc. 3. DHepreTudeckue crieKTpbl HIOHOB Ar, U3MEPEHHbBIE B MUHUMYME COJTHEYHOW aKTUBHOCTH
BHe MarHutocdepsl 3emiau Ha annaparax Wind: * — LEMT; ACE m — SIS u BHyTpH
marautocgepsl 3emau Ha opoute craniun Mup A — IIJIATAH-5; A — nepecuer
nHTeHCuBHOCTH HOHOB Ar AKJI ¢ opOuThI cTanimu Mup Ha opOUTY 3eMJTH TIPH YKa3aHHBIX
3Ha4YeHUAX cpenHero dddextuBHoro 3apsina; V — uHteHcuBHocTh HOHOB Ar AKJI (ACE) mocne
BerunTanus Bkinana Ar I'KJI; npsmeie — criektpsl Ar AKJI BHyTpr 1 BHE MarauTocheps! 3emin

OTMeTuM, 4YTO CTAaTUCTUYECKHE OMIMOKM TpH HM3MEPEHUU BHYTPH
marautocdepsl B 2—3 paza MeHbIIe 4eM npu u3mepenuu npuoopom SIS na ACE.
Mpsbl monaraeMm, 4YTO CHEKTP BHYTPH MarHutocepbl MMEET CTENEeHHOW BHI
(3arosHEHHbIE TPEYroNbHUKU Ha puc. 3). Ilpm sneprum 37 M>B/HYKknoH Msbl
oneHwn Bkiaa noHoB Ar AKJI (He 3amosiHeHHbIN KBajapaT Ha puc. 3). [Jns aroro
U3 cnekTtpa Ar BHE MarHutocqepbl ObUl BBIUTEH BKJIAJ TalaKTHUECKOro Ar u
IIOJIy4YEHHOE 3HAYEHHUE YBEIMYEHO Ha 16 % ¢ y4eToMm TOro, 4ro M3MEpPEHHs Ha
ACE npoBoaunuch yxe Ha cnaae nHreHcuBHocTH AKJI 1o aHanmornu ¢ JaHHBIMU
10 HMHTEHCHMBHOCTH HOHOB Kuciaopoxa AKIJL. [lanee Mbl OLEHWIM 3HAYEHHE
MHTEHCUBHOCTU AHOMAJIHOTO aproHa BHE MarHuTocdepsl npu sHepruu 16
M>»B/HyK10H, ucnonb3ys (YHKIUN NPOMYCKaHUs AJI1 HOHOB aproHa ¢ pa3jInyHOU
CTENEHbI0 MOHM3alMu (B JaHHOM ciaydae mig Q = 1). IlonydyeHHoe 3HauyeHue
(HEe3aroJIHEHHBI TPEYrOJbHUK HAa PHUC. 3) XOPOILIO COIJIaCyeTcsl C pe3yibTaTaMu
u3Mmepennid Ha anmaparax Wind u ACE. Anmpokcumanus 3HEpPreTHyecKoro
cnektpa noHoB Ar AKJI crenennoii pynkuuei ¢ mokasarenem Y = 2,4 cormacyercs
C MOAOOHBIM BHJIOM criekTpa noHoB kuciopoaa AKIJI (y = 2,12-2,62) B unTeppaiie
sHepruii 15-50 MaB/nykinon. B pesynbrare Mbl 1OJydaeM OLIEHKY (HOpMbI
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crektpa noHoB aprona AKJI B mexrmaneTHoM npoctpaHcTBe. [Ipu nepexone ot
CIEKTpa BHYTPH MarHutochepsl K CHEKTPYy BHE MarHutochepbl MpOSBISETCS
MIOCTEIIEHHOE YBEJIMUYEHUE CpeaHEro 3(PQEKTUBHOTO 3apsijia UOHOB Ar ¢ pOCTOM
sHepruu:  Q>1 (20 MaB/nyknon); Q>2 (24 MaB/ayknon); Q=3
(30 MaB/nyxknon); Q =4 (38 MaB/uykiion). OtmetuM, uto st noHoB O u Ne
AKJI yBenuuenue cpenHero 3(PQGEKTUBHOTO 3apsiia B JAMANa30HE JHEPTUi
15-25 MaB/uyknon 6onee crnaboe (or Q=1 mo Q=2). OTMeTuM Takxke, 4TO
omnpenelieHue creneHn uoHuszauuu aproHa AKJl HEBO3MOKHO Ha ammaparax
MOCJIETHETO MOKOJICHUS, PYHKIIMOHUPYIOIIUX B HACTOSIIIIEE BPEMSI.

Cnenyer oOpaTUTh BHHMaHHE Ha JIBE€ XapaKTEPUCTHKH, CBS3aHHbBIE C
W3MEHECHHUEM PATHAIBHOTO TpagneHTa uHTeHCHBHOCTH AKJIL.

Bo-nepBbIX, paguanbsHeiii rpagueHT it MoHOB Ar AKJI, momydeHHsI no
U3MEpeHUsIM Ha anmaparax Voyager-1, Voyager-2 u Pioneer u Ha anmapare SIS
YMEHBIIIAETCS NPUMEPHO BABOE OT 3,3—4 10 ~2 ¢ yBenmueHnem sHepruu ot 10 o
20 M»sB/HykIoH.

Bo-BTOpBIX, paguaneHbii rpagueHT 11 MOHOB Ar AKJI, yka3aHHBIN BhILIE,
3HAYUTENBHO MeHbIIe, 4Yem i1 uoHoB O AKJl (~6,5) npu »sHeprum
7—-17 MaB/HyKIOH.

OtMedyeHHbIE OCOOCHHOCTH MOTYT OBITh OTPKEHHEM YBEIIMYEHUS CTEICHU
nonn3zanmu AKJI ¢ sHeprueit u paznuuus B skecTkocTH 1151 HoHOB O u Ar AKJLL

3akawuyeHue

1. BnepBble BHyTpu Marmurocepsl 3eMiIM H3MEpPEH HHEPreTHUeCKUui
cnektp noHoB Ar AKJI B sanepretrnueckom uHTepBaiie 14—-42 MaB/HyKI10H.

2. Tlomyuena orenka ¢hopmbl criekTpa noHOB aprona AKJI B MexIiiaHeTHOM
IPOCTPAHCTBE B YKa3aHHOM JIMAIIa30HE SHEPIHA.

3. YcTaHOBIEHO, YTO C YBEJIWYEHHUEM MacChl U J3HEprud 3(P(HEKTHUBHBIN
cpeanuit 3apsa noHoB AKJI Bo3pacraet. J{iis HOHOB Ar 3apsii 1IOCTUTAET 3HAUCHUS
Q =4 npu >8eprun 38 MaB/HyKIOH.
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2.1.8. MOCKOBCKHI HH)KEHEPHP-QHZ%H‘IECKHﬁ HHCTUTYT
(FOCYJAPCTBEHHbBIM YHUBEPCUTET).
NHCTUTYT ACTPODPU3UKU

2.1.8.1. Pe3ynomamul 06padomxu oannwix ¢ annapamypolt ABC-@
6 skcnepumenme KOPOHAC-@

Anmaparypa ABC-® (AmmurygHo-Bpemennas cnextpomerpus CosHuA)
IpeIHa3HaYeHa JJi1 U3yYEHUs XapaKTEPUCTUK MOTOKOB KECTKOIO0 PEHTI€HOBCKOTO
YU raMMa-u3JIy4eHHs] COJIHEYHBIX BCHBIIIEK, a TaKKe I[OUCKAa W PErucTpauuu
coObITHi THMAa TamMa-Berieck [1, 2]. DkcrmepuMeHT NpOBOAMIICS B paMKax
mexxayHaponnod  mporpamMbl - KOPOHAC  (Kommekcubie  OPOutanbHbie
Oxonozemubie HaGmrogenuss AxtuBHoro ConHIa) Ha CHEHHATM3HUPOBAHHON
aBTomatuueckoi ctaHuuu «KOPOHAC-®» B nepuon ¢ 31 wurona 2001 r. mo 6
nekadps 2005 r. Annapatypa ABC-® nipezacrasisisia co00i CHCTEMY 3JIEKTPOHUKH
uist 6opToBoit 00paboTku uHMopmamuu ¢ aByx gerekropo: COHI-I [3]
(merexktop Ha ocHoBe CsI(T1) @200 MM u BbeicoTor 100 MM, OKpPY)KCHHBIH
MJJACTUKOBOM aAHTUCOBMANATEIBHOM 3allMTOM) B HHU3KOPHEPreTUYECKOM U B
BBICOKO?HEPreTUYECKOM IaMMa-Juara3oHax ¢ sHepretudyeckumu okHamu 0,1-10 u
2-80 MaB cootBerctBeHHo, u PIIC-1 [4,5] (merektop Ha ocHoBe CdTe
pasmepamu 4,9x4,9 Mm) B peHTT€HOBCKOM JAuarna3oHe ¢ 3Hepruein ot 3 go 30 k3B.
Jnanazonsl padoter anmaparypsl ABC-® MeHsHCh B TeueHHWE BPEMEHH pabOThI
npubopa: MoporoBasi SHEPrus yBenuuuBaiach Ha ~1 % B mecsi, ko3pduiment
npeoOpa3oBanus wu3MeHsuics Ha ~1,8 % B wecsan [6, 7]. DHeprermueckoe
paspeliieHre anmaparypbel coctaBisiio 13 % (86 kaB nHa nunum 662 x3B) [7].
OyHkuroHabHas cxema anmaparypsl ABC-® npusenena Ha puc. 1.

. O0emekmop
[nacmuyeckuti CMUHmUHHm% COHI- ﬂ CsI(TI)

o3y

demekmop
PricC-1
COHI-3
CdTe
AC
AC
] [ ZA1 [N ZA3 H KomaHaHasa nuHus
Lza2 t NF1 (10 komaHpA)
‘ALII'IZM‘ ‘ALII'IZH‘ |MJ:1M ’N—Z EPB-3 | |BBB-3 1
] B R o
Maructpans MC3 _ FO,F1, MIRQ1, MIRQ2, MIRQ4 ABC | BYC
1 I
ABC-® | | I NN Y +27B
‘ KC-Mn l ‘ BMH-4 Pc | BrH-4|_N
NF2 ZA1
| [ N3 ] [ za2
Y | ~ =

‘ CCHHM l I PTC-9 I

Puc. 1. ®ynkunonansHas cxema anmnaparypst ABC-®
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XapaKTepuCTHKH COJTHEYHBIX BCIBIIIEK 110 JaHHBLIM anmnapatypsl ABC-@

bonee 100 comHEUHBIX BCIBIINIEK OBLIO BBIACICHO B Ipoliecce 00padOTKH
naHHbIX. COCTaBJIGHbl KaTaJOTHd COJIHEUHBIX BCHBIIICK, 3apETUCTPUPOBAHHBIX B
HU3Ko3HepretudeckoM [8-10] m B BbIcOKO?HepreTuueckom [11] nuamazonax
pabotel anmapatypel ABC-® (B Hacrtosiee Bpemst obpadotano ~40 % ceaHCOB

HaOJIFOACHHUS ).
K max ecnbIwKu : — b
a) 9x10 7 | Havano ecrbiuku 4 | (a+ ) +(ee) a) |
) ?{x:gz (GOES-12) (GOES-12) 10 _— ;
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Puc. 2. IIpumepbl BpeMeHHBIX MTPOQHIICH Puc. 3. DHepreTuyeckue CeKTPhI
COJIHEYHBIX BCIIBIIIEK, 3aPETUCTPUPOBAHHBIX COJTHEYHBIX BCIBIIIEK 10 JaHHBIM
anmaparypoit ABC-® anmaparypsl ABC-®
[Iprmepsnl BPEMEHHBIX npodueit COJIHEYHBIX BCIIBILIEK,

3aperucTpupoBaHHbIX anmapatypoid ABC-®, npuBeneHsl Ha puc. 2. B Oonbluei
YacTH BCIIBIIIEK KECTKOE PEHTTC€HOBCKOE W Y-U3JIy4eHHE HAOJII0aI0Ch BO BpeMs
HapacTaHWsl  WJIM  MakCUMyma  MSATKOIO

PCHTI'CHOBCKOI'O H3JIYYCHUA,
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

3apEruCTPUPOBAHHOTO NMPUOOpPAMH, YCTAaHOBIEHHBIMH Ha ciiyTHUKaX cepun GOES
U JUINTEIBHOCTh €r0 PETUCTPALMU MEHBIIE, YEM MATKOTO PEHTTE€HOBCKOIO
u3iydeHus (cMm. puc. 2a u 6) [8, 9, 12—15]. B HEeKOTOPBIX COJHEUHBIX BCIIBIIITKAX
JUTUTEIBHOCTh KECTKOTO PEHTIEHOBCKOTO W Y-U3JTyYEHHUS IMOYTH COBIIAJAET C
JUTUTEILHOCTBIO MSATKOTO PEHTIEHOBCKOTO H3iydeHus: (cM. puc. 26 [8, 16-18].
[NamMma-u3nyuenue ¢ osHepruei Oousbiie ~17 MaB  nabmomanoce B 10 %
3apEruCTPUPOBAHHBIX BCHBIIIEK [0 PE3yabTaTaM MPEIBAPUTEIBLHOTO aHaIu3a
naHsbix [12, 19]. B 8 Benmblmkax JIMTENBHOCTH PETHCTPALMM Y-U3JIyYECHUS B
oboux aumanazoHax pabotel anmapatypsl ABC-® mpaktuuecku cosmnamaroT [11,
15-17].

B crmekTtpax HEKOTOPBIX COJHEUHBIX BCIBIIIEK B HU3KOIHEPTreTUYECKOM
nuana3one arnmaparypbl ABC-® Habmo1an1ch KOMITIEKCHI CIIEKTPAJIbHBIX Y-TUHUM,
COOTBETCTBYIOIINE OlO-JIMHUH, aHHUTWISIIUOHHOM JIMHUY, SJIEPHBIM JIMHUSAM BILUIOThH
o nuaun 7,62 M>B (57Fe), JIMHUU OT 3axBaTa HEUTPOHOB (~2,223 M»3B) (puc. 3a u
S5a [9, 12, 16, 17], a B BBICOKOZHEPTrEeTHYECKOM JHAala30He — OCOOCHHOCTh B
uHTepBaje ~2—7 MbB (cooTBeTCTBYyIOmAs KOMOWHAIIMM 3aperMCTPUPOBAHHBIX B
HU3KOIHEPIreTUYECKOM JUaNa30He AIEPHBIX JIMHUM C dHEprusaMu £ > 2 M»aB u nunun
OT 3aXBaTa HEUTPOHOB), & TAK)KE OCOOEHHOCTh, COOTBETCTBYIOIAsA PETUCTPALIMH Y-
KBaHTOB OT pacmajoB HEUTpaIbHBIX MTHOHOB (CM. puc. 36) [17, 22, 23].

3x10%4 Hayasno max ecrnbiwKu
S E ecrnbIwKu ( GOES-12) a)
S 2| (GOES-12) .
3 2x10 - . ABC-®
S 1104 B46 1.(0,1-7 M2B)
4x107
s T . GOES-12
& 3x107 ~(0,1- 0,8 Hm
2x107+ r —
0 200 400 600 800 1000
epemsi ¢ 12.01.2005 20:02:37, ¢
100—: ‘. I~E—1,510,1 6)
3 TFI il .‘I I
&¢:10 rl IJ“” ||l
S |f "|h~
G 1
i— INRF
- T
S 14 I
g
]
1 — , —
3SHepausi, MaB 1 2 3 4 567

Puc. 4. Bpemennoit npoduis (@) u criektp (6) c1aboii COITHEUHOHN BCITBIIIKH
12 suBaps 2005 roxa
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2.1. PE3Y/IbTATbl 3ABEPLWEHHbBIX NETHbIX HAYYHbIX MPOrPAMM UCCINELJOBAHWUW N HABMIOOEHNI

B cnexrpe Bembrimku 20.01.2005 Obuta BHEpBBIE 3apeTHCTPUPOBAHA HE
uAeHTUGUIIMPOBAaHHAS HA JAHHBIA MOMEHT OCOOEHHOCTH B nana3one 15-21 M»aB.
Ota ocobeHHOCTh Habmonanack B uHTepBasie BpemeHu 06:44:52-06:51:16 UT
[19]. B cyMmapHOM CHEKTpe BCHBIIIKKM 3a 3TOT HMHTEpPBajl BpPEMEHU OHA
BBIICNIIETCST Ha ypoBHE 2,50 (cM. puc. 36), a B MakCUMyMe€ >KE€CTKOTO raMma-
mnydenns (06:47:00-06:49:08 UT) — na yporHe 30 [18, 19]. DTa 0cobeHHOCTH
MOJKET OBITh CBsi3aHa ¢ auHHeh 15.11 M»aB (12C+16O) ninu nuHuein 20.58 MaB ot
paANaMOHHOTO 3aXBaTa HEUTPOHOB HA 3He, 1100 OBITh NX KoOMOMHaruel [18, 19].

Tax ke ObLIO 3apEeruCcTPUPOBAHO HECKOJIBKO BCIIBIIICK, B CIIEKTPAX KOTOPHIX
JUHUU OTCYTCTBYIOT (3JIEKTPOHHO-IOMHUHAHTHBIX) (CM. puc.36 u 40) [8, 14,
20, 21].

Hanuuue wiu OTCYyTCTBHE BBICOKOIHEPTETHUECKOTO Y-U3TYyUEHUs] BO BpeEMs
COJIHEYHOW BCHBIIIKA HE HMMEET CTPOTrOM KOpPENSUMA C HHTEHCUBHOCTBIO €€
U3JIyYEHUs B MSTKOM PEHTIE€HOBCKOM JAuanaszoHe. Tak, s HEKOTOPBIX BCIIBIIIEK
Kiacca M He ObUIO 3aperuCTPUPOBAHO CTATUCTUYECKH 3HAYMMOTO TPEBBIIICHUS
cKopocTu cueta Haja ¢oHoM B auanazoHe FE > 50 k3B mo naHHbIM anmaparypbl
ABC-®, nanpumep, Bo Bpemsi Benbimiku 08.11.2001 knmacca M4.2 (Hauano B
~14:59 UT, makcumym B ~15:35 UT, okonuanume B ~16:00 UT no paHHBIM
npuOOpOB, YCTaHOBIEHHBIX Ha cmyTHUKax cepun GOES). Tem He MmeHee, B
HEKOTOPBIX CIydasx HaOMIOAAIOCh M3JIYyYEHHWE B HU3KOIPHEPIeTUYECKOM raMma-

JMara3oHe BO BpEMsl OUYEHb CJIA0bIX COJHEYHBIX Bcembimiek (kiaaccoB B u C)
[20, 21].

10000

a)
Mg+Ne+Si
Fe

1000 E

100 4 i 3

omcy./(c x MaB)
o

-
=)
1
T

50 M?%f Ll

032.9-3.4 M5B
0 150

300 450 600 750 900 1050
epemsi ¢ 29.10.2003 20:40:11, ¢

Puc. 5. DHeprernueckuii ciekTp coaHedyHo BenblkH 29.10.2003 B HU3KO3HEPTE€TUUECKOM
JrarasoHe 1o JaHHbM anmnapatypsl ABC-® (a) u BpeMeHHbIe IPO(HIIN 3TOH BCIIBIIIKY B
HEKOTOPBIX COOTBETCTBYIOIIUX BBIACIEHHBIM CIIEKTPAIIbHBIM OCOOEHHOCTSIM SHEPTEeTHUECKHUX
nuana3oHax (0)
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2.1. PE3Y/IbTATblI 3ABEPLWEHHbIX NETHbLIX HAYYHbIX MPOrPAMM UCCINEOOBAHWUW N HABMIOOEHNI

B kauectBe mpumepa mogoOHBIX COOBITHI MPEJCTaBICHA BCHBIIIKA KiIacca
B4.6 12.01.05 (cm. puc. 4) [20, 21]. MakcumanbHasi HEprusi raMMa-u3IydeHHUs,
3apEruCTPUPOBAHHOIO BO BPEMS 3TOM BCHBIIIKH, cocTaBWiIa E, = 7,0+£0,3 M»aB,
HO JIMHUU B CIIEKTPE 3TOW BCIBIIIKA OTCYTCTBYIOT. Ha BpemeHHOM mipodrute 3Ton
BCIBIIIKH (110 pe3ysIbTaTaM NPeABAPUTEIBHOIO aHAIM3a NEPUOJOTPaMM) IIPUCYTCTBYET
TOHKasE CTPYKTypa ¢ xapakTepHbiM macmtabom ~90 ¢ [20]. B HacTosmmii MOMEHT
IIPOBOIUTCS COCTABIICHUE KATAJIOTa TAKUX CIIA0BIX BCIIBIIICK.

Bo BpeMsi HEKOTOPBIX COOBITHH (B TOM YHCIIE U CIIA0BIX BCHBIIIEK) MPH aHAIN3E
MEpUOIOTPaMM  BPEMEHHBIX TMpoduiield ObUla BBIICTICHA TOHKAas CTPYKTypa C
Mmacirabamu nopsiika 30-160 ¢ B HM3KOPHEPreTMYECKOM JTMAra3oHe armaparyphbl
ABC-® u ¢ Temu ke XapakTepHbIMUA MacIlITabaMy — B DHEPreTHUYECKUX JTHAra3oHax,
COOTBETCTBYIOIIMX BBIACJICHHBIM B CIIEKTPaxX 3TUX BCIbIIIEK JIUHUAM [15,22,23] (cM.
puc. 56). YpoBeHb 3HAUMMOCTU BBIJICJICHHBIX PETYISIPHOCTEH BPEMEHHBIX PSIOB
coctaBisieT 99 % [13,21]. Bo BpeMst HEKOTOPBIX BCIBIIIEK BpEMEHHbIE MPOPUIH B
pa3IMYHBIX JMAaNa30HaX HACTOJIBKO CMEIIECHbl, YTO CYMMAapHbIH BpPEMEHHOU
npoduias B HU3KOIHEPreTHUECKOM auamna3zoHe ammaparypsl ABC-® ne nmeer
TOHKOU CTPYKTYpHI [22].

50 7-8 mc
-

40 22 mc
-

omcd4./Mc

0 T

0 20 40 60 80 100 120 140 160 180 200
epemsi ¢ 20.01.2005 06:53:59,933, mc

600 [

0)

600

400 [

3001 [

OTH. eq.

100 | {il Y

0 o1 02 03 04 05 uacrora
40960100 50 33 20 1,0 Bpems,mc

Puc. 6. Tonkas ctpykrypa (a) u nmepuogorpamma (6) BpeMEHHOTO psijia ¢ pa3pemenueM 1 Mc s
Benblky 20 suBaps 2005 roga B sHepreTuueckoM auanasone 0,1-20 MaB

[lo pesynbTatam mpeABapUTENILHOTO aHalu3a (PparMeHTOB BPEMEHHBIX
npoduiieil ¢ BpeMeHHBIM paspenieHueM 1 Mc mmurensHOCcThiO 4,096 ¢ s cemu
COJIHEYHBIX BCTBIIIEK (aHATU3UpPOBajIoch OT 1 g0 6 (parMeHTOB IS Kaxaou
BCIIBIIIKM) TOJBKO A1 BeubIKU 20 stHBaps 2005 r. B 3HEPreTHYeCKOM JMara3oHe
0,1-20 M»B o00HapyXeHO HaIW4Yue TOHKOW CTPYKTYpPhl BPEMEHHOTO psla C
MacitaboM oT 7 Mc 10 35 MC C I0BEpUTEIIBHOU BEPOSITHOCTBIO 99 % (puc. 6) [23].
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CBoiicTBa raMMa-BCILIECKOB 110 IaHHBIM annaparypsl ABC-@

3a mepuon pabdorst ABC-® 6wuto 3apeructpupoBano Oosiee 30 ramma-
BciuieckoB (Gamma-ray bursts — GRB) B HU3k03HEpreTHueckoM raMMa-/inana3oHe
[24, 25]. Bce 3apeructpupoBaHHbIE TaMMa-BCIUIECKH UMENH JITTUTENBHOCTh OoJiee
2 ¢, TaK KaK MUHUMAJbHOE BpEMs HAKOIUICHUS CIEKTPaJIbHOM HH(OpMaIuu ¢
nerektopoB  anmaparypel  ABC-®  cocraBmsier 1c.  CpaBHUTENbHbBIE

xapakrepuctuku annaparypsl ABC-® u gpyrux aerekropoB GRB mnpuBeneHsl B
Ttabm. 1 [24].

100004 ...
Y3 g 7
30: RHESSI ABC-9 10004 * K GRB050525
1 trigger ; 3‘%
§ %8 — >74 MaB 100 5 T
o &0 & i
£ 15 3’10 :Wf;,
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8- [_J | E’ 1 W i
T T 1 S ol
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9} 51,
§ 4000 S BHepausi, MaB 8)
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gzooo y |
Q. c | E'::—l
é 1000 1 i ( 8000
° LTS L §
0 """"""" e Ty vy LI L R 1 £
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80 .
6001 70: SWIFT trigger ABC-®
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Puc. 7. Bpemennoii nmpodune GRB050525 o nanasiv ABC-® u RHESSI (@) u ero sHeprernyeckuit
criextp 1o ganabM ABC-@ (6), a Tak xe BpemenHo# npodue GRB050126 no nanasiv ABC-® u
SWIFT (s)

bonpmias yacTh 3aperucTpUPOBAHHBIX B HU3KOIHEPTrETUYECKOM JIHAMA30HE
anmnapatypsl ABC-® GRB mnoaresepxkaena panmasiMu HETE, RHESSI u
SWIFT/BAT (puc. 7a, 6), a BO BpeMs HEKOTOPHIX BCIUIECKOB HaOIIOAAIOCH
BBICOKO?HEPreTUYECKOE raMMa-u3inydenue: E., = 14713 MsB nns GRB050525 —
(puc. 76) [25]. UsnydeHue TakuX BBICOKMX OHEPTrHUl HE PETUCTPHUPOBATIOCH
JIPYTUMU TprOOpaMH B TaHHBINA TTEPHO/I.
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Ta6auna 1. CpaBHuTenbHbIe XapakTepucTuky anmnaparypbl ABC-® u npyrux nerekropos GRB

Jlemexkmoput
Xapaxmepucmuru ABC-® RHESSI | Swift/BAT |GGS Wind/Konus
(camma-ouanazonwi)
D beKTHBHAS [LTOMATb ~600 cm” ~300 e’ 5200 cm” 200 cm”
[Tone 3penus ~27 Cp 21 cp 2c¢p 4m cp
JerexTop CsI(TI Ge CdZnTe Nal
0,05-11 MaB

4-94 M>B
;?;I{aeg;:g:%cmﬂ (Hg"z)‘;"_lgfgg ;BF ) 10,05-17 MB | 15-150 5B | 0,01-10M>B

2-260 M»B

(marnbre 2005 1.)
<3 k3B 3,3 k3B
DHEPreTu4ecKoe 86 k3B (13 %) Ha 100 x3B Ha 60 xk»B 100 x»B
paspemienue (FWHM) Ha 662 kOB <5 k3B 100 x»B Ha 660 k°B
Ha 500 k3B | Ha 660 k3B

N3y4yeHnne KBa3uCTAIMOHAPHBIX IKBATOPHAJIBHBIX BHICHINIAHNH
10 JaHHBIM annapatypsi ABC-®

N3yuenne mMarHuToc(epHbIX SBJICHUN OBLUIO OJHOM W3 3a7a4 UCCIICIOBAHUS
KOMITOHEHT ()OHOBOTO KECTKOTO PEHTT€HOBCKOTO M raMMa M3JIy4YeHUsl Ha OpOUTe ¢
BBICOTON ~500 KM 1 HakjIoHeHHeM ~82,5° 110 maHHbIM ammaparypsl ABC-®.

Ha HeKoTOpBIX SKBAaTOpHATBHBIX YYacTKax ObLIO OOHAPYKEHO YBEITMYCHHE
CKOpPOCTHM cuU€Ta B HM3KOIPHEPreTUYECKOM ramma-auarna3one ammaparypsl ABC-®
B MHTepBaje reorpaduueckoi mmpothl —25...+30° Ha 15-30 % oTHOCUTENBHO €¢
CpeIHEero 3Ha4eHus, KOTOpoe ObUIO MOJIYYEHO MPH annpOKCUMAIMN MOJUHOMAMHU
TUX y4acTkoB [7, 26]. DTo sBiIeHHE OBUIO HA3BaHO KBAa3WUCTAIMOHAPHbBIC
9KBaTOpHUabHbIC BhIChIMaHus. Kak BbIChIIaHUsS ObUIO MASHTU(UIIMPOBAHO OoJiee
700 (68 %) BbIIACIEHHBIX BCIUIECKOBBIX COObITHIA mpu o0padotke ~40 %
TEJIEMETPUUECKHX CEAHCOB.

BrieneHo 4eTslpe OCHOBHBIX THIIA KBAa3UCTALMOHAPHBIX BBICHITAHUMN [27—
30] (puc. 8). Mlna BbIchIMaHUii, BpeMEeHHbIC (IIMPOTHBIE) MPOPHIH KOTOPHIX
COZEPKAT PE3KOE HAPACTaHHE CKOPOCTU CUETA K CEBEPY U MOJIOTUH €€ CHajl K Ty
OT TEOMarHuTHOTO 3KkBatopa (21 % 3aperucTpupoBaHHBIX BbIChITaHU — I Twm)
oOHapykeHa  JMHEHas  3aBUCUMOCTh  KOJIMYECTBA  3apErHMCTPUPOBAHHBIX
BBICHIIIAHUI OT YPOBHSI TE€OMarHUTHON aKTUBHOCTH Ha 95 % ypoBHE 3HAYUMOCTHU
[28, 30]. i KBa3uCTallMOHAPHBIX BBICHINIAHUM, KOTOpbIe (0KOJO 44 % — 1 Tum)
UMEIOT BpeMEHHbIE (ITUPOTHBIE) MPOMUIU C PE3KUM HapacTaHUEM CKOPOCTU cueTa
K IOry OT T€OMarHUTHOTO 3KBaTopa W MOJIOTMM €€ CIaJoM K CEBEpy UMeeTcs
anajmornyHasi tenjeHuus [28, 29], a o6bem BbIOOpOK coObiThil III Tuna (~4 %,
BpEMEHHBIE (IUPOTHBIC) TPOPHIM CUMMETPUYHBI K UMEIOT PE3KUE TpaHulibl) u IV
tumna (takxke ~4 %, BpeMeHHbIE (IIMPOTHBIC) MPOPUIN CUMMETPUYHBI U UMEIOT
SPKO BBIPAKEHHBIH MaKCUMyM) IOKa HE JOCTaTOYEH JUIsl CTaTUCTUYECKOTO
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aHaJiu3a. TunuuHsie OHCPIreTUYCCKUC CIICKTPbI KBa3nCTallMOHaPHbIX

SKBATOPUAIILHBIX BLICHIIAHMI UMEIOT cTenennoi sua [ ~ E-* [29, 30], rae
o = 2,1+0,2 nisa Beiceimanmii I u 111 Trmos,
o = 1,8+0,1 msa Beiceimmanmii II Tuma.

HSY‘-ICHI/IC MMOBCACHUA CIICKTPOB APYIHUX BBICBHIIIAHUM CIIC HC 3aBCPIICHO.

T T T T T T T T T T
0 120 240 360 480 600 720 840 960 1080 1200
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epemsi ¢ 12.01.05 10:02:25¢, UT ceaHc Ne19455

Puc. 8. Tunnunsie BpeMeHHbIE (IIMPOTHBIE) MPO(GUIHA BBICHITAHUH 110 TaHHBIM armapaTypsl
ABC-®: ¢ — I tuna; 6 — Il tuna; 6 — Il tuma; e — IV tumna
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Puc. 9. Kapra ckopoctu cueta B HU3KO3HEPreTHUeCKoM Auara3zoHe annapatypsl ABC-®,
ycpenHeHHas 3a 1,5 rona pa6otel. JIluHusAMEU yka3aHbl 241 KBa3HCTAIMOHAPHOE SKBATOPHAILHOE
BoIchinanue (Oenbie — I tum, opamkeBbie — 11, sxenteie — III)

bompmrasg 4vacte Beickimanui [-III TUNOB pacnonokeHa NIPaKTHYECKU
CUMMETPUYHOW OTHOCUTEIIbHO TE€OMAarHUTHOTO 3KBaTopa IIOJOCOM MIWPUHOU
okoo 40° (puc.9), mmMpWHA NPUIKBATOPUATBLHOM O0O0JACTH, B KOTOPOHU
HaOmonanmch Beickimanus [V tama ~20° [30]. Takum oOGpa3om, OCHOBHasI 4acTh
BBICBIMIAHUM ~ HAXOAUTCS B  00JIaCTAX, B  KOTOPBIX  PETUCTPUPOBAIUCH
HU3KoMpoTHbie (L ~ 1,5) M sKBaTOpuaiIbHbIE BBICHINIAHUS ANIEKTpOHOB [28, 30].
KBasucranmonapHbie 3KBAaTOpPHAIBHBIE BBICHIMTAHUS MOTYT OBITh CBSI3aHBI C
BBICBHIMTAHMSIMU 3apSDKCHHBIX YaCTHI] B OMPEICICHHBIX 00JIACTAX MarHUTOCGhEphI
3emnu, kotopble kocmuyecknil annapat KOPOHAC-® neproanyuecku nepecekai.
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