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[Tocrynuna B pepaximio 18.11.2013 r.

HpI/IBOZ[S[TCSI 9KCIIepUMEHTaJbHbIEe JaHHbIE, TIOKa3bIBaIOINe KOPPETAINIO CUTHAJIOB OépaTHOI‘O paccedaHusd cBeTa
Ha JJIMHE BOJHBI 532 HM ¢ ITapaMeTpaMi, OIlpe/le/AI0INMU Co/leprKaHne IJIa3Mbl B HOYHOM CJIoe F, I/IOHOC(l)epI)I‘ Ha
OCHOBAaHUU IIPOBEJICHHOTO aHa/In3a JINAaPHBIX JaHHBIX U reo<b1z131/111ec1<0171 06CTaHOBKH oécy;}(aaeTca rumore3a O BO3-
MOKHOI poJin BbICOI(OBO36y}K£[eHHI)IX pI/LléepFOBCKHX aTOMOB B (bOpMI/IPOBaHI/II/I JINJapHbIX OTpa}KeHI/If/'I Ha HOHO-

C(l)eprIX BbICOTaXx.

Knouesvie crosa: atmocdepa, nonocdepa, gumap, noHo3on; atmosphere, ionosphere, lidar, ionosonde.

BBeaeunune

CunrtaeTcss OGIIENPUHATBIM, YTO IPH PAJIEEBCKOM
JINIAPHOM 30HINPOBAHUN aTMocdephl JIIapHble CUTHA-
Jbpl 0T obaactu BbicoT 6osee 100 kM oTcyTeTByfoT. He-
PEIKO CPeIHuUil CUTHAJ C 3TUX BBICOT MCIOJIb3YETCS ISt
omipe/iesienus (poHOBOTO cuTHAIa. B pa6ote [1] mo man-
HBIM JINIAPHBIX U MOHOCHepHBIX HabJroeHuit 3a 28 Map-
ta 2008 T. MOKa3aHO, UTO B 3TOT /leHb PAa3HUIA CyMMap-
Horo curaja or o6jactu BbicoT 200—300 KM, 3a BbI-
YeTOM HE3aBUCHMO H3MePEeHHOTO (POHOBOTO CHUTHAJA,
KOPpEJIIPYET C COep:KaHUeM ILIa3Mbl B 06JacTH MaK-
cuMyMa HouHoro cjosi I, monocdepnl. Kpome TorO,
060CHOBBIBAeTCSI BO3MOXKHBIN (pU3MIecKuil MeXaHWU3M,
OODBIICHAIONUIT 3T KoppeJssaiuu — (GOpMUPOBAHUE JIH-
JAPHBIX OTPasKeHUil Ha HOHOC(EPHDIX BBHICOTAX B HPE/-
TIOJIOJKEHUH PACCESTHUSI Ha pUAGEPTOBCKUX aTOMaX B Me-
TaCTAaGUJIBHBIX COCTOSTHUSIX, BO3HUKAIOIIUX B Pe3yJIbTa-
Te BO3OYK/JEeHUS 3JeKTPOHHBIM yaapoM. IIpoBemeHHDII
aHATN3 JAaHHBIX JUAAPHBIX W HOHOCHEPHBIX HaGIIOfIe-
HUil OGHAPYIKUJI ellle Psifl AHEell C TOXOKIMU KOPpPeJs-
nuaMu. B HacTosmiell craThe MPUBOAATCS Pe3yJIbTaThl
TaknxX Ha6moaeHmit B 2008 T.

AnnapatHblii KOMILJIEKC

B pa6orte ncmoib30BaHbI AKCIIEPUMEHTATbHBIE TaH-
Hble, TOJy4YeHHble HA JUAAPHON W MOHOCQEpHOU CTaH-
ugx, pacnoJjokennbrx Ha Kamuartke, c. [Taparynka
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ruH; bopuc Muxaitnosuu IllesiioB; Hesmm Muxaiinosna [lorex
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(52,9° c.m., 158°B.1.). Uacrora nasepa Brilliant B co-
crapiaya 10 T, snepruga mmmyssca 0,4 [[x, paccros-
HIe MeXIy OCsIMH IpHueMHHKa U maaydaTenas 510 cum.
IIpuemubIii Temeckom: 3epkayio auamerpoM 60 cM, yrou
3penns mpueMHuka 7,5-107% pax. [l1a uckmoueHns
3acBeTok MIY oT cUrHANIOB GJIKHEN 30HBI UCIOTH30-
BAJIOCH 3JIEKTPOHHOE 3alMpaHWe WUMITYJIbCOM [IJIITEeNh-
HocTbio 140 Mxc. CurHas perucTpupoBajicd 0 Havdaja
S5 MC TocJie TOCBUTKM KaXKJOTO CBETOBOTO WMITYJIbCa
Jazepa ¢ maroM, paBHbIM 10 MKc, 9TO COOTBETCTBYeT
obaactu BeIcOT oT 21 10 600 KM c 11aroM 1o BBICOTe
1,5 kM. 3HaveHne (HOHOBOTO CHTHAJIA MOJIYYaTIOCh yC-
pennenueM 400 3HavyeHuit ¢poHa, U3MEPEHHOTO B IIPO-
MexxyTke Mexxay 20-ft u 24-ii Mc TIocyie TIOCBLIKH KaK-
JIOTO JTa3epPHOTO MMILYJIbCA.

PesyibTaThl HaO. 110 A€ HUiA

AHa/mM3 pe3yJbTaTOB JHUAAPHBIX W MOHOC(EPHBIX
HaOII0Z[eHII TI03BOJIMJI BBIJEJUTh B JaHHBIX 3a 2008 r.
PAN cIydaeB KOPPEJSANUU JHJIApHOTO CUTHAJMA C TMapa-
MeTpaMu MoHOC(hePDI, KOTOPbIe TPUBO/IATCS HIKE.

28 mapma 2008 2. 1lonpoGHblil aHATN3 pe3yJIbTa-
TOB HabmofieHuil u reoduanveckoii 06CTAHOBKU B 3TOT
JleHb NpuBe/ieH B paborte [ 1], mosaTomy B HacToseil cra-
Tbe OHU 06CY KAatoTcsl KpaTko. B HouHoe Bpems ¢ 13:00
u 10 14:30 UT orMevasoch He6OIbIIIOE, HO pe3KOe BO3-
pacTaHue KPUTHYECKOH YacTOThl cjiosi Fo, COMPOBOXK-
JlaBIIieecsl YMeHbIIeHNEeM [eficTBYIOIIEl BBICOTHI 1o Iy
Ha BejnuuHy okoso 40 kM. OJHOBpeMeHHO Ha JIMJap-
HOM CHUTHaJIe, CYMMUPOBAHHOM TI0 06JiacTé BbIcOT 200—
300 kM, HabIOAANCA BCIJIECK, COBMAJAIONINIT BO Bpe-
MEeHHU CO BCILIECKOM KPHUTUYECKOW YacTOThl cjost Fo
nonocgepbl. CoBIAaN0 He TOJBKO BpeMs ITIOSIBJIEHUS
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0coGeHHOCTeH B XoJle CHTHAJIOB, HO UX Mopdosorus,
BCILJTECK B JTUJIAPHBIX W HOHOC(HEPHBIX JAHHBIX NMeJ O/T1-
HaKOBbIe IByTopOyIo (opMy U TTENBHOCTD. [1o pe3yib-
TaTaM W3MepeHUil B 3TOT Ke JeHb B paHHUE HOYHBIE
gacel ¢ 9:00 mo 10:30 UT ob6uapy»keHa Tak:ke Koppe-
JISTUST MEKTY 3HAUEHUSIMU JINJaPHOTO CUTHAJIA U JIeHCT-
ByIoITIelt BbICOTOM cyos Fy moHocdepst [1].

Jlist reodusudeckoii 06CTAaHOBKH B 3Ty HOYb Xa-
PaKTepHO HAJIMYNe COXPAHSBIIETOCS TEOMAaTHUTHOTO BO3-
MylileHus1 mocje 6ypu, mMeBIinell MakcumyM 26 MapTa,
3HaYeHUs] MECTHBIX TeOMArHUTHBIX K-MHIEeKCOB ObLIN
nopsiika 4 Bo BpeMs HabuofeHuii. [lo gaHHBIM HOHO-
cepHOll cTAaHIINT OTHOBPEMEHHO OBLIO 3aPETHCTPUPO-
BAHO TIOSIBJIEHWE CIIOPAJNYecKuX cJjioeB E; KOpITycKy-
JigpHOro Tuma Ha BbicoTaX 130—150 KM U KpUTHYECKOI
vyacroroit f,E; mopsaaka 1,5 MTu. Ilo pesyJabratam
usmepennii M1C3 «Jlemerep» [http://demeter.cnrs-
orleans.fr/] Ha GmKafimnX TPAeKTOPHSIX, TPOXO/IHB-
IIMX KaK BOCTOYHee, TaK U 3amajgHee Kamyarku, mpu
TepecedeHny IMUPOTHI JUAAPHBIX HaOI0eHTl 3apern-
CTPUPOBAHO TIOBBIIIEHNE TIOTHOCTH TTIOTOKOB BBICBHINAIO-
TIUXCS PEIATUBUCTCKUX ATIEKTPOHOB B MHTEPBAJIe SHEPTHI
90,7—526,8 k3B no 10° ¢~'. Ha poTe HabJIIoAeHnI
53° c.1I. uU3MepeHHasl BeJNYUHA IMOTOKOB 3JIEKTPOHOB
JOCTHTATa 3HAYEHUIl, MOJyYeHHBIX Ha TOH JXKe Tpaek-
TOPHUH B aBPOPAJIbHOI 30He.

6 cenmsabps 2008 2. Ha puc. 1, 6 upuBeleH rpa-
dux f,F, xpurndeckoii gactotsl cjiost Fy 3a 6 ceHTAOps
2008 r., Ha puc. 1, @ — cyMMapHble JuJlapHble CUTHAJIBI
o6paTHOTro paccestius oT cioeB 150—200 u 200—300 kM,
TTOCTPOEHHBIE TIO PSaM JUIAPHBIX JaHHBIX ¢ 15-MHUHYT-
HBIM HakKoIuleHneM. (DOHOBBIH CHUTHAJI W3 JIHAAPHOTO
curHaja BbruteH. CurHau ot ciaosg 300—400 kM moxox
Ha o6a curHama puc. 1, @, mo3TOMy He TIPUBOJIUTCS.

Koadduientsl Koppesnsimn Mexxy CyMMapHbBIM
curHasioM ot cjog 200—300 kM U curHajgaMu OT CJIOeB
150—200 u 300—400 k™ pasubr 0,83 u 0,88 coorBeTcT-
BeHHO. Takoe MoOBe/ieHNe JIIAPHBIX JaHHBIX He Xapak-
TEPHO JIJIST CUTHAJIOB ¢ 6OJBITNX BBICOT. HeboJurbiioe, HO
Takyke HeoOBITHOE I HOYHBIX YCJOBWII BO3pacTaHUe
KpuUTH4ecKkoil yactorbl ciogd Fy mociae 14:30 UT kop-
peupyeT ¢ POCTOM JIMJAPHBIX CUTHATIOB OT CJIOEB BePX-
Heil atMocdeps! Bo Bceil ob6mactu BbicoT 150—400 kM.
IIpu aToM feiicTByIoMmas BbIcoTa cjiosd Fy yMeHbIIaeTcs
npuMepHo Ha 10 KM, 4TO TOATBEPIKIAET TOCTOBEPHOCTD
pPOCTa KPUTHYECKOH YaCTOTBI U «YTOJIIEHUS> cI0sT Foy.

OueHb TIOXOKWE JaHHBbIE TOJTYYE€HBI B JHIAPHBIX
1 noHOC(epHBIX HAOTIOJEHUSIX B TPeIbIIYIIHil J1eHb
5 centsa6psa 2008 r. (cm. [1, pucynkn]). 3HauNMBIX KO-
apPpurenToB KOppeANINit Ha TOJHBIX PAAAX JAHHBIX
[oF2 1 JIMapHBIX CUTHAJIOB He 0GHAPYIKEHO.

Koppensiiiun TUAapHBIX CUTHAJIOB CO 3HAYEHUSIMU
foF2 5 1 6 centsibps 2008 r. MMesqn MeCTO MOCJE Teo-
MATHUTHOTO BO3MYTIEHW, TPOU30IIe/IIIero 4 ceHTIOps.
Cpennecyrounoe sHadenne K, unjexca 4 cenraéps 2008 .
paBHsuIOCh 3,8. MaKkcUMyM BO3MYIIEHUS C TLTaHEeTapHBI-
mu ungexcamu K, = 6, A, = 80 ur, Dy = —50 HT nMe
Mecto B 3:00 UT 4 cenrabpsa. B nuu mupapHbx Ha6JIIO-
JleHuit 5 u 6 ceHTAOPSA MecTHbIe K-UHIEKCHI PABHSIHCH
22113012u2111321 2coorsercrBerno. (7Kup-
HbIM TpuGTOM BbijieseHbl K-uHAeKChI, HAOI01aBIIne-
sl HETIOCPEICTBEHHO BO BPEMS JIMAAPHBIX HaGJIOEHUIA. )
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Puc. 1. Cymmuposartsie 1o caosim 150—200 (7) u 200—300 kM

(2) mupapubie curnanst 06.09.2008 (@) u kpurHYecKasd 4acTora
cnos Fy (6)

[LraHerapHble WHAEKCHI 5 1 6 ceHTss6ps [http://spidr.
ngdc.noaa.gov,/spidr/index.jsp] umesu cieyromiue 3Ha-
venust: K, ~ 2, A, ~ 10 ur, Dy ~ —20 nr.

Cortacuo ganubM Hentpa Kuoro, dnonus [http://
wdc.kugi.kyoto-u.ac.jp/index.html], B coorBercTBHM
co 3HaueHnAMH Ag-1Hzekca S ceHTs6ps B 12:00 UT u 6 cen-
Ts16ps1 BOm3u 0:00  12:00 UT uMenn MecTo TeOMarHUT-
Hble Bo3MyIeHus, cy66ypu. Bo BpeMsa mpoBeneHus Jin-
JMapHbIX HabmoAeHuit 5 cenTsiops SKY-kaMepoit HOUTHO-
ro Heba [2], ycraHOBJIeHHO#T B6/IN3M JTMIAPHO# CTaHIUH,
¢ 12:10 go 13:20 UT 3apeructpupoBaHo repeMeniaonee-
cs1 noHochepHOe BO3MYIIIeHIE HA N300PAKEHUSIX, CHSTBIX
Ha JIJTHE BOJIHBI 557 HM. A 6 ceHTA6PS MepeMelaionxX-
cs1 noHocepHbIX BoamymeHmt SKY -kamepoit He 3aduk-
CUPOBAHO HU HA OJHOI 13 paboYnX 4acToOT.

ITo mamnabiM moHocdepHoit cranmmu MKUP, HOU-
Hble cropaandeckue cion E; 5 n 6 ceHTAOPS HabM0aa-
smich B uHTepBasie BbicoT 100—114 kM. OqHOBpEMEHHO
OTMEYAJIUCh BBICOKUE [JISI HOUHBIX YCJIOBHIl 3HAUEHIS
[min (mopsiaka 1,5—1,65 MT11), 4TO IPUBOAKT K TLJIOXO-
My oto6paskeHmio Hauyasia ciefa f,Fo, caena fEs s
OOBIKHOBEHHOII BOJIHBI M OCJIOXKHSIET UAEHTH(UKAIIUIO
tma cjoeB. [loaToMy 1o mpaBUIaM WHTEPIPETAIINU HO-
HOTPAMM OJIHO3HAYHO KJIAacCU(UINPOBATh THI CJIOEB
KaK KOPITYCKYJISIPHBII CIOKHO.
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10° ~ 91 (1/em*/¢)

uUT 09:38:00 09:48:00
Lat. —50,40 —14,25
Long. 195,35 185,14

10:58:00 10:08:00
22,13 58,24
177,35 165,05

Puc. 2. Iloroku anekTpoHoB, uamepennbie IC3 «/lemerep» 06.09.2012: 1 — 90,7—526,8; 2 — 526,8—971,8; 3 — 971,8—2342,4 k3B

Ha puc. 2 npuBezeHbl pe3y/ibTaThl U3MepeHUil IO~
TOKOB 3JieKTpoHOB M1C3 «/leMeTep» Ha Gmrkaiineit k Kam-
YaTKe «BOCTOYHOI» TPAeKTOPHH, MPOXO/UBINell 6 ceH-
TA6PSI Ha HECKOJIbKO TIPAIycoB BocTouHee KaMuaTKu
okoJio 22:00 MecTHOTO BpeMeHH, T.e. HElOCPe/ICTBEHHO
BO BpeMsI JIHJApHBIX HabmoMeHnil. BepxHsas kpuBas co-
OTBETCTBYET TIOTOKY 3JIEKTPOHOB B WHTEpBaJie dHEPTHil
92—-526 kaB. B CeBepHoM moJiyliapuu Ha Hell 3aperu-
CTPUPOBAHBI TPH MAKCUMyMa C TIOTOKAMH 3JIEKTPOHOB
(2—3) - 10* ¢! Ha mupoTax 48 M 58° U TOTOKOM TIOPSIA-
ka 10° ¢! ma mmporax 65—70°. IlpuMepHO Takas ke
TpexXropbasi CTpYKTypa MOTOKOB 3JIEKTPOHOB BIOJIb TPAeK-
TOPUH TIPoJIeTa CITyTHUKA COXPaHseTcs U Ha cJleIyloneit
TpaeKTopuHu, IpoxoauBIIeil yepe3 1 4 38 MuH 3amajiHee
Kamuarku, u mabiomaercsd Ha 06eMX TPAaeKTOPHUAX 3a
5 centsiops 2008 r. YUepHoil BepTUKAJIbHOI JHHIEN OT-
MeyeH MOMEHT IepecedeHust cnyTHUKoM 51° c.mr. Takas
ANTPOKCUMAIIS PACTIOJIOKEHNS TUAAPHOI CTAHINU CBSI-
3aHa ¢ y4eTOM HAKJIOHA TeOMarHUTHOTO ToJist. B paifone
c. ITapaTtyHka, pacrnosio;keHHOTO Ha Iupote 52,9° c.1i.,
MAaTHUTHOE HaKJIOHEeHWe ToJIT paBHO 65°, 1 TOTOKU 3JIeK-
TPOHOB, N3MepeHHbIe CIIyTHIKOM Ha BbicoTe 660 kM, Ha
BbicoTe 100 KM OTKJIOHSIIOTCS K ceBepy IpUMepPHO Ha 2°.

AnmpokcuManus CHeKTpa BBICHITABITIXCS  3JI€K-
TPOHOB W pacyueT CKOPOCTU MOHM3AINU TIOKA3aJH, YTO
TIpU TOTMAIaHUU B HOUYHYIO aTMocdepy 3TH TMOTOKHU BbI-
30BYT yBesnueHune moHuzanuu B obaactu 60—90 kM Ha
1—2 em2. ¢!, Takoe yBe/mmuenIe CKOPOCTH MOHI3AIINH
B HOYHBIX YCJIOBHUIX MOKET YBEJIMUUTH KOHIIEHTPAIIIIO
3apsKeHHON KOMIIOHEHTBI B 3TOi 06J1acTH, YTO, B CBOIO
ouepe/lb, TpHUBENET K POCTY MOTJOMIEHNS PaJIMOBOJH
TEePBBIX Merarepi] W YBeJWUEHHIO 3HAYEHUH [ni,. Jlis
yBeJNYeHUs KOHIleHTpanuu B obiactu ciaos Fy mowo-
cepbl HEOOXOIUMBI BBICBIMAHUS MIATKUX 3JEKTPOHOB
C XapaKTepHBIMHU 3Heprusmu mopsigka 1 k3B, koTopble
CIIyTHUKOM «/leMeTep» He M3MepSINCh.

10 nos6ps 2008 2. Ocoboe MeCTo 1O XapaKTepy I10-
JIy4YEHHBIX JJAHHBIX O POCTe JHIAPHBIX CUTHAJIOB C HOHO-
c(epHBIX BBICOT 3aHUMAIOT Pe3YJbTaTbl HaGJIOIEHUIl,
npoBeeHHbIX 10 HOI6pa 2008 r. Ha puc. 3, a mpen-
CTaBJIEHBI JTHJapHble CUTHAJIBI OT c1oeB 150—200 1 200—
300 kM, Ha puc. 3, 6 — rpadUKN KPUTHIECKON YaCTOTDI
[oF2 u f,E¢ 3a TOT ke Teproj BpeMeHH.

B 10:45 UT or o6sactu 200—300 kM HabmogaeTcs
peskuii, Ha ~ 170 oToHOB, poCT JTMIAPHOTO CUTHATA,
HakoIieHHoro 3a 15 MuH, KoTopsiii 3ateM B 11:15 UT
BO3BpallaeTcs K MCXOJAHOMY cpefHeMy 3HaueHnio. JIu-
napublii curHan ot cjaosg 300—400 kM ocoGeHHOCTEI
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Puc. 3. Jlugapusie curranst ot obracreir 150—200 (1) u 200—
300 km (2) (@), xpurnueckue wactorbl f,Fy (2) u fLE, (1)
10 moa6psa 2008 r. (6)

B 3TOT IPOMEXYTOK BpeMeHH He MMeeT M He TPUBOIUT-
cs1. OTHOBpEMEHHO TOSABJISETCS CIIOPAANIecKuii cyioit Ey
¢ KpUTHYeCKOoil dacToToit 4—5 MIT, IOJTHOCTBIO 9KPaHN-
pytomuii caoit Fo. Cren ot cios F, nogsigercss yepes
45 MuH, Korjia 3HavyeHue f,E; yMeHbInaeTcst IpUMEPHO /10
3 MT1. Iocae 12:15 UT caoit E,; ncyesaer. O HO3HATHO
OTIpe/IeTUTh THII CIIOpaandeckux cjioeB E;, HabonaB-
mmxeda 10 Hog6pa 2008 . Bo BpeMd pocTa JHIapHOTO
curnana ¢ 10:45 go 11:15 UT, o noHorpaMMaM Heslb34.
Ho B 8:45 u 12:15 UT oTMeuasuch criopaudeckiie CJIou
E; otipe/ie TeHHO KOPIMYCKYISIPHOTO TUTIA.

[To maHHBIM TeoMarHuTHOIT o6cepBatopun MKUP,
Bce HAYaJI0 HOSAOPS COXPAHSNCH CIIOKOITHBbIE YCJIOBUS,
¢ 1 o 6 HosI6ps1 3HaveHUs K-MHIEKCOB ObLTH OJU3KH
K Hymo, ¢ 7 mo 9 Hos6psi HaGJIIOJATICh YMepeHHbIe
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TeOMAaTHUTHBIE BO3MYIIEHUS, CYMMapHbINl CyTOUHbIH K-
WHJIEKC HaxoJuJcs B npefenax 15—19, mBaskapl MOSB-
JISLIUCH TpeX4yacoBble 3HaueHus K-wHeKca, paBHbIE 4.
Henocpeacreenno B AeHb Habmoaenuit 10 HOs6pS cyMm-
MapHblIii 32 cyTku K-UHIEKC PaBHSJICI 7, TPeX4acOBble
3HAUYEHUs BO BpeMs HaOJIo[eHHil PaBHSINCh eINHUIE,
1 TOBOPUTH O T€OMArHUTHBIX BO3MYIIEHUSX B 3TOT JIEHb
Het ocHoBauwuii. ITo ganubiM MC3 «/lemeTep», Ha 6Jn-
JKAIIIX K MeCTy pacloJIoKeHHs JUAApHOH CTaHIMU
TOYKAX TPAEKTOPHI CIOyTHUKA HAOIIONATNCDH IOBBIIIEH-
Hble 3HAUYEHUSI TIOTOKOB PEJIITUBUCTCKUX 3JIEKTPOHOB TI0-
paaka 10 ¢!, Cnopaguueckue cion E; BBICOKOH TLTOT-
HOCTH U GOJIBINOI POCT JHMJApHOTO CHUTHAJMa HabJo/a-
JIUCh B TeUeHMe IIPOMeKyTKa BpeMeHH mopsiaka 1 4.

O BpICHITAHUSIX JJIEKTPOHOB

[TosiBieHme BBICHITAHUIT 2JIEKTPOHOB HAJZ MECTOM
PAaCIIOIOKEeHNSI CPeJHEINPOTHON JINJApHON CTaHIUU
Kamuatkun moATBepskIaeTcs dMNU30AMYECKUM TOSBJIEHN-
€M Ha HMOHOTpaMMaX clopajudeckuX E; KOpIycKyJsp-
Horo Tuma. YacTo B yCJOBHUSIX GOJBIIOTO TOTJIOIIEHUS
B HIDKHUX CJIOSX U TIPU BBICOTAX CJI0sI, 6IU3KUX K 0OBIU-
HOIt BBICOTE TOSBJIEHNS IJIOCKUX CIIOPAIMUECKUX CJI0eB
(100—110 ®KM), 0OJHO3HAYHO OIIPE/ETUTh TUII CJOEB KaK
KOPITYCKYJISIPHBIH HEJTb34.

ITpoBenennnie 28 despana 2013 r. HabmoAeHUA
CBeYeHHsI HOYHOTO He(a MOKAa3a/u IMOSIBJIeHUe BbIChHITIA-
HUM 2JIeKTPOHOB HaJl KaMyaTkoil Jake B MarHHTOCIIO-
KOHHBIX ycaoBuaX. Bo BpeMs akcrepuMeHTa choKycH-
POBaHHDII JIy4 CUTHAJIA ¢ TeJleCcKoIla JInJjapa I0aBaJcs
Ha 1iesb criekTpoananmusaropa Action SP250, Pincerton
Instruments, coegmaenHoro ¢ kKamepoii Pico Star HR
u Imager QE, La Vision. Jlazep He BKJIIOYAJICA.

B nauase nabaogenuii ¢ 11:00 go 11:20 UT ompe-
JIeJISTACH /IBE XOPOIIO BbIpasKeHHbIe JUHUU HA JJTMHAX
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BostH 557 m 630 uHM. C 11:30 1 1o 12:50 UT Ha BBIGOD-
Kax ¢ HakomseHueM 2() MUH B Pa3HBIX y4acTKaX CIeK-
Tpa (UKCHpOBATOCh WHTEHCUBHOe cBeueHWe. [Ipumep
Takoil creKTporpaMMbl npuBejieH Ha puc. 4. ITo ocu Y
OTJIO}KEHA UHTEHCUBHOCTb OTCYETOB.

[To pesysbTaTaM aHajaM3a CIIEKTPOTPAaMM, B COOT-
BETCTBUU €O CIPaBOYHUKOM crekrpockoruu [http://
physics.nist.gov,/PhysRefData,/ASD,/lines_form.html],
UAeHTH(UIINPOBAHBI TIEPEXO/IbI IJIEKTPOHOB M3 BO36Y-
JKJIEHHDBIX COCTOSIHWI, B TOM YHCJi€ U3 BBICOKOBO30YIK-
JIEHHBIX COCTOSTHUHN C TJIABHBIM KBAHTOBBIM UYHUCJIOM J,
6, 7 IS aTOMapHOTO KHUCJOPOJA U O IS aTOMapHOTO
asora [3].

[To manHBIM MOHOCDEPHOI CTAHINK B 3Ty HOYb HA
BBIcOTax ~ 100 KM HabI0aIICh CTIOpaTdecKue con Ej
¢ kputmaeckuMu dactotamu 1,5—2,5 MTIt. B 11:30 no-
TIOJTHUTETHHO TOSBJISJICS BTOPOIT €JI0i1 Ha BbIcoTe 125 KM.
Mopdomorudeckue 0cOGEHHOCTH CJI0OEB B HEKOTOPBIE MO-
MeHTBI BpeMeHU U TosIBJIeHIe CJIog Ha BbicoTe 125 KM T03-
BOJISTIOT WIEHTH(UITPOBATD TUTI CJIOEB KaK KOPIYCKYJISIP-
Hblil. Hasmume BbIChINaHMii 2J1€KTPOHOB B HOHOCDEPY HAJT
MECTOM DACHOJIOXKeHUs Jujapa U noHocdepHoil cTaH-
UM TOATBEpPIKAAeTCS TakKe AMHAMUKOI (opMupoBa-
HUS CIIEKTPATBbHBIX JHHUI CBeYeHUsT HOYHOTO Heba, He-
mocpe/icTBeHHO Haburofasreiicsa ¢ 11:00 mo 13:00 UT.

IIpu aToM Bce K-MH/EKCHI TEOMarHUTHOW aKTUBHO-
CTH DaBHSUIUCDH €UHUIIE HE TOJBKO BO BpeMs HabJIio-
JleHWii, HO W B TeueHHUe Bceil Houn. B TeueHune Hemes,
TIpe/IIIeCTBOBABINEIl 9KCIIEPUMEHTY, He 3aUKCHPOBAHO
HU ofHOrO 3HaveHuss K-ungekca 6osbire 2. TakuM 06-
pa3oM, MOKHO TOBOPHUTb O MAarHUTOCIIOKOIHBIX yCJIOBU-
SIX BO BpeMSI MPOBe/leHNsT HAbII0/IeHIiT cBeYeHHsT HOYHO-
ro He6a U cJIeIaThb BBIBOJ O TOM, YTO BBICBIIAHUS 3JI€K-
TPOHOB B aTMoc(epy KaMyaTKu MOTYT NPOUCXOAUTH
1 B MAaTHUTOCHOKOIHBIX YCJIOBUAX. VICTOUHIK TaKIX BBI-
CBITIAHUIT He sICeH, MPEIOTIOKITETBHO 3TO BBICHITAHUS
13 paJNalioOHHOTO Mosica 3eMJIN.

528 534 540 546 552 558 564 570 576 582 588 594 600 606 612 618 624 630 636

JlnvHa BOMHBI A, HM

Puc. 4. Cnexrp cBeueHus HouHOTO Heba, mosyueHHsiil ¢ 11:30 zo 11:50 UT 28.02.2013
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O6cy:k/aeHne pe3yabTaToB

ITo pesysibTaTam HabmoneHuit 28 Mmapta 2008 1. u Ha-
JIMYWIO B 3TOT JIeHb CHOPAJNMYecKUX cjioeB E; Kopiyc-
KyJigpHOTO THTA Ha BbicoTe 150 kM B pabote [1] xapax-
TepHasI 9HEPTUs BBICHITABIINXCS TIOTOKOB 3JIEKTPOHOB OIle-
HeHa Kak ~ 0,5 k3B. CkopocTb MOHM3aIMM, MPOU3BO-
AuMag TaKUMHU ToTokaMu Ha BbIcoTax cJjios 200—300 kM,
6bLma onenena kak 90—20 cm > - ¢

JloctaTtouHo GoJIbInast JIUTETbHOCTD (~ 2 1) BHe3all-
HOTO TIOBBITEHN [,Fy 6 cenTsiopst 2008 1. Ha ~ 0,2 MTI
7 OTHOBpPeMeHHOe yMeHbIleHNe JeifICTBYIOINIell BBICOTHI
cnost F) He OCTaBISIOT COMHEHUIT B peaJIbHOCTU BO3Pac-
TaHUSA KOHIEHTPAIU TLIa3Mbl B HOYHOM cjoe F, mo-
Hocepsl. IIpuBeeHHDIH Ha piic. 1 BCIUTeCK MOHM3AIINU
B HOYHOM cJioe Iy moHocdephl uMeeT MPUMEPHO TaKYIO
’Ke UCXOHYI0 KOHIIEHTPAIWIO CJIOS, BEJUYUHY U TIPO-
JIOJLKUTETBHOCTh, KaK U PacCMOTpeHHBIH B pabote [1]
cayyaii ot 28 mapta 2008 1. ITO MO3BOJISIET IPUMEHNUTD
K JaHHOH CHTYaIll MPHUMEPHO Te Ke OIEHKH CKOPOCTH
JTOTIOJTHUTETbHOI MOHM3AIMN U OLEHUTb CKOPOCTH JI0-
TIOJTHUTETPHON WOHU3AINH 3JeKTPOHAMU Ha BBICOTAX
200—300 KM BeJUYMHOI TTOPSIKA 102 em2 .- ¢

[lpyrue o6bsicHeHUsT BHE3AITHOTO MOBBINIEHHS KPHU-
TUYECKOH 4acTOThl cjiosi FFy B HOUHON CpeHenInpoTHOI
noHocepe MpeJIOKUTD CI0XKHO. Hasmmune cropasimde-
ckuX cjoeB Ha BbicoTax 100—114 kM o6nactu E B 3Ty
HOYb MOKET 00BICHATHCA Gotee sxecTkuM, yeM 28.03.2008,
CIIEKTPOM BBICHITIABIINXCS 3JIEKTPOHOB C XapaKTepHOIt
sHeprueil B equHUIBI K3B [4].

OHUM U3 BO3MOKHBIX OOBSICHEHI HAGI0aBIINX-
CS IMAAPHBIX CUTHAJIOB W WX KOPPEJAIN ¢ N3MeHeH-
MU COMIEPSKAHNUS 2JIEKTPOHOB B 06JIACTH MAKCUMyMa, CJIOS
F, nonocdeps! pecTaBisgeTcs TuNoTe3a 06 yIacTU BbI-
COKOBO36Y:K/IEHHBIX, PUAOEPTOBCKUX aTOMOB B (popMu-
POBAaHUN JUJAPHBIX OTPAKEHUI C 3TUX BBICOT. ATOMBI
7 MOJIEKYJIBI C TJIABHBIM KBAHTOBBIM YHCJIOM, OJIH3KUM
K 10, UMeIOT reoMeTpUYECKIe CEYEHUS G ~ 1072 eM? [5],
CTAHOBATCS CPABHUMBIMU IO pa3MepaM C JJMHOI BOJ-
HBI JIA3€PHOTO M3JIy4eHus A = 532 HM U MOTyT addek-
TUBHO ¢ HUM B3anMoieficTBoBaTh. OTOKIECTBIATD ceve-
HIe PacCesTHUS TAKUX aTOMOB C TeOMETPUIECKUM CedeHN-
€M HeT OCHOBAHWI, TEOPUU paccesTHs Ha BO36YKIEHHBIX
aToMax, BepodTHO, Moka HeT. Ho mpsMoe mpuMeHeHUe
GopMyIBl [7IsT ceueHusT pacCessHUs OJUHOYHOTO aToMa
IIPH OIIEHKE CeYeHHsl paccesiHus] Bo30Y:KI€HHOTO aToMa
¢ n = 10 mgaer 6/M3KyI0 BEJININHY.

Ceuenne paccesaHUs OJMHOYHOTO aTOMa OTpeIesis-
etca popMytoit

o= 8\&\2034/(31164),

rae o — TOJSIPH3YeMOCTh, » — YacTOTa IMaJafolIero
n3IydeHus; ¢ — ckopocTh cBeta [6]. Ilonspusyemoctnb
3aBHCHT OT TJIABHOTO KBAHTOBOTO UHCJIA Kak o ~ 1’ [5]
u pu n = 10 ceueHne paccesHust Bo3pacrtaeT Ha 14 1o-
PSIZIKOB, MOCKOJIBKY OHO MPOIOPIUOHATBHO KBaJpaTy T10-
aspusyemoctu. CpejiHee cedeHUe MOJIEKYJISIPHOTO pac-
CesHUs B BUMMOM J[HAala3oHe B IepecueTe Ha OJHY
vactiiy paBuo ~ 1072 cM?/cp. W3 9THX OIEHOK clie-
nyet, yto ipu n = 10 ceyeHne paccedHus ¢ ~ 10713 em?.

[Tporecc noHMU3AIMU 3T€KTPOHHBIM YIapOM BCeTaa
COTIPOBOKIaeTca 06pa3oBaHueM Bo30YKIEHHBIX aTOMOB
B MeTacTaGIIbHBIX COCTOSIHUSAX, MTOCKOJIBKY TIPU 3TOM He
co6MoIal0TCs TTpaBuia 0T60pa M MOTYT 06Pa30BbIBATD-
Cs1 aTOMBI ¢ GOJIBIINME 3HAYEHUSME YTJIOBOTO MOMEHTA
u GOJIBIIUM BpeMeHeM >KU3HU. Dosibliie 3HAUYEHUS yr-
JIOBOTO MOMEHTa IPHBOIAT K TOMY, YTO 3JIEKTPOH OC-
HOBHYIO YacTb BPEMEHH TPOBOJUT Ha OGOJBIINX pac-
CTOSTHUSIX OT HOHHOTO OCTOBa ! cJIaGo B3amMoelicTByeT
¢ anM. Kak cieacTBWe, Takme TIPOIECCHI TMOTEPh Kak
aBTOMOHU3AINSI, TPEANCCOIUAINS 1 U3JIyYeHle, B BU-
aumMoM n Y D-uamna3oHaxX CHJIbHO 3aMejigiorcs. /[lis
MOJIEKYJT aTMOC(EePHBIX Ta30B MPHU YBEJUYEHUH OpPOH-
TAJIBHOTO KBAHTOBOTO YHCJIa HA €IUHUIy CKOPOCTb aB-
TOMOHU3AIUN YMEHBIIAETCS Ha TMOPSIOK, a CKOPOCTb
IIPEeINCCOIMAIINN YMEHBIIACTCS TIPONIOPIHOHAIBLHO N>,
rje n — rJlaBHOe KBaHTOBoOe 4uucJio [7].

Hawu6obiyio poab npu 06pa3oBaHUN BBICOKOBO3-
6y KJIEHHBIX aTOMOB UTPAIOT 3JIE€KTPOHBI CPETHUX IHEP-
ruit 10—100 3B. /[;1 371eKTpOHOB B /Inana3oHe sHePTUil
ot 15 10 60 3B cevyeHust prua6eproBCKOro Bo30y KICHUI
TIPEBBIIAIOT CeYeHHs BCeX JPYTHUX IPOIECCOB MOHMU3A-
UK 1 BO36Y KIEHUS I/IsT OCHOBHBIX COCTABJISIONINX BEPX-
melt atMocdepnr Ny, Oy, O [8]. Cormacuo pabote [9]
Hau6osiee 3pHeKTUBHBIM 711 06Pa30BaHUsI BBICOKOBO3-
6y KIeHHBIX aTOMOB € GOJIBIIUME 3HAYEHUSIMU YTJIOBOTO
MOMEHTa OKa3bIBAETCS OKOJIOIOPOTOBOe BO36Y:KIEHUE,
KOT/Jla 9HEPTHUsS HAJETAIOIIEr0 3JeKTPoHa OJM3Ka K IMo-
TEHIUATY WOHU3auuu. J[BUKeHUS ABYX MeITeHHBIX
3JIEKTPOHOB OKAa3bIBAIOTCS CUJIBHO KOPPEJUPOBAHHBIMI,
U 3JIeKTPOHBI 3(PeKTHBHO 0OMEHUBAIOTCS YTIOBBIMU
MOMEHTaMH, B pe3yJ/IbTaTeé Yero aTOMbBI HJIN MOJIEKYJIbI
06pa3yioTCcsa B COCTOSIHUAX € OOJIBIMUMU YTJOBBIMUA MO-
mentamu. CoriacHo pabortam [7, 10] sTuM ke oOKoJIO-
MTOPOTOBBIM JHEPTUSIM 3JIEKTPOHOB COOTBETCTBYET MAKCH-
MaJibHOe 3HaueHUe ceYeHUs BO3OYKIeHUs [Jisi MHOTUX
puaGeProBCKUX cocTosiHMiA. Bce o6pasyioliecs: B mpo-
1iecce MOHM3AIUN 3JIEKTPOHDI B Pe3yIbTaTe TOTePhb IHEP-
THH HAa MOHW3AIUI0 U BO3OY’KIeHUEe B WTOTe MPUXOJAT
K COCTOSIHUIO C 3Heprueil, 6IM3Kol K 3HePIUN HOHM3AINH,
u MOTyT 06pa30oBaTh BBICOKOBO3OY KIEHHBIH aTOM WJIN
MOJIEKYTy ¢ GOJIbIIMM 3HAYeHWEM YTJIOBOTO MOMEHTA.

B pa6ote [1] mpuBeneHbl pacueTbl T€OMETPUH JIH-
JTapHOII CHCTEMDI U TIOKa3aHO, YTO HEOOXOJMM OJNH aKT
paccessHHsI B KaKIOM KyOUYecKOM CAaHTHUMETDE CJIOSI
200—300 kM, 4TOOBI IIPU U30TPOITHOM PACCESTHUU TOJIY-
YUTb Ha 3epKaje Teleckomna 1 dotor. Habmonapmascsa
CKOpOCTh TocTyILTeHns (otoHOB 28.03.2008 cocraBmisiia
0,1 ¢!, TIpu 3ToM MOTOK (hOTOHOB Ja3ePHOTO HM3Tyde-
Hus Ha Bbicote 250 kM cocrasiser ~ 3 - 10 M2 ¢,
YTO 0GEeCIeYnBaeT BBICOKYIO BEPOSITHOCTb B3aMMO/Ieii-
cTBUSL (POTOHA C KaKIBIM BO3OYKIEHHBIM aTOMOM Ce-
vernem 107'% em?. TTostomy 1pu wactote masepa 10 I'p
IS TIOJTyYeHNsT HaOJIoJaBIIeToCs CUTHATA HeoOXO.IM-
MO cpefiHee coflep:KaHHe BBICOKOBO3GYKAEHHBIX arTo-
MOB 1 MoJiekysa mopsiaka 0,01—0,1 eM2) uto Tpebyer
MIPOBEPKU [PYTUMHU 3KCIEPUMEHTATbHBIMUA METOJaMH.

3ak/oueHue

TToka3zaHo, 4TO HaJl PETHOHOM PACTIOJIOKEHIS CPeIHe-
MIUPOTHON JimAapHoi ctaHimyu KaMyatku Ha6JIr01al0TCsT

Jlumapubie oTpakenns BepxHeii atmocgepst Kamuatku no pesyiabratam HaGmomenuii 2008 r. 115
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BBICBITIAHNS KaK PeIATHBUCTCKUX 3JEKTPOHOB C XapakK-
TepHO#l aHeprueil mopsaka 100 k3B, moHU3MpyroMUX
o6aacth 60—100 KM, Tak 1 MATKUX JEKTPOHOB C XapaK-
TepHOil aHeprueii ~ 1 k3B, BbI3bIBAIOIINX 3aMETHYIO HO-
HU3anuio B o6aacT BeIcOT GoJbime 100 kM.

ITokaszaHo, 4YTO CHHXPOHHOE TOBBIIIEHNE JNAAPHOTO
cUTHaTa oT o6JacTh BepXHeil aTMocdepbl M KpuTHYe-
cKoii actotpl cost Iy nonocdepnsl MoKeT OBITD 06bsIC-
HeHo paccessHueM (6o morJonieHreM (OTOHOB € TIO-
CIeJIYIONIUM TlepensydyeHneM Ha TOW JKe JacToTe) Ha
BBICOKOBO30OY K/IEHHBIX aTOMaX ¥ MOJIEKYJaX BepXHeil
atMocdepnl. Bo Bcex cydasgx MaKCHMATBHBIN JITJAPHBIi
curtay Ha6maozancga or obsactu BbicoT 200—300 kM,
coJiepkalieif MaKCUMyM HOYHOTO cjosi Fy noHocdhephl.

PaGora BbITlo/THEHA TIpU TTOepsKKe mpoekTa /IBO
PAH Ne 12-I-O®H-16, UnTerpamuonnoro npoekra CO
PAH Ne 106, rpanta PO®D®U Ne 13-05-01036a.
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