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BBeneHue: ViccrnegoBaHve CTOMNKHOBEHWM MeEXOYy JNEeKTpoHaMu U
HenTparbHbIMWU MOSIEKYNaMn NpeactaBnseT 60mbon NHTepec Ans pusnku
noHocoepbl 3emnn. B 4yacTHOCTM BaXHO onpegennuTtb WMOHOCHEPHYIO
NPOBOAUMOCTb U TOKOBbIE CUCTEMbI B HUXKHEN MOHOCJIEPE MIMAHETHI, a TakkKe
BbIICHATb pPOSib, KOTOPYIO 3TW CTONKHOBEHMA UrpaldT B ocnabneHuu
PaguoBOSIH, pacnpocTpaHsowmnxca BHyTpu D- u E-obnacten noHocdepsl.
O PEKTUBHYO YACTOTYy CTONKHOBEHUW 3MEKTPOHOB vV MOXHO OLEHUTb Mo
nadopaTopHbIM UCCnegoBaHNAM NOABUXHOCTU 3NEKTPOHOB B aTMOCKEPHbIX
razax B CO9MeTaHUM C pakeTHbIMU U3MEPEHUAMN TeMnepaTypbl U NIIOTHOCTYU
4yacTuu B BepxHen aTmocepe 3emnu (Belrose, Physics of the Earth’s Upper
Atmosphere, 1965). Ee MOXHO Takke onpenenuTe He3aBUCUMbIM METOO0M
No AaHHbIM aHanu3a paano3aTMeHHbiX namepennn (Gubenko et al., Cosmic
Res., 2023). PaHee, Hamn Obin paspabotaH MeTod BOCCTAHOBMEHUS
BepTUKanbHbIX npodunen KoadpduuueHTa norfoweHna AOeunMeTpoBbIX
(AnuHa BonHbl ~19 cMm) pagnoBosiH, 6a3npyOLLINACA Ha peLlleHnn obpaTHOM
3agaydun o nornoweHun curHana B D- n E-obnactax noHocdepsl 3emnu. Mo
pesynerataMm aHanu3a paguo3aTMeHHbIX AdaHHbIX cnyTHuMkoB COSMIC-1
(FORMOSAT-3/COSMIC) 6binn  onpegeneHbl  BbICOTHblE  Npodunu
KoadbdumumeHTa norrnoweHna geummetposblx (OM) pagnoBonH B noHocdepe
nraHeTel BO BpeMmsi marHutHom 6ypun B uoHe 2015 roga (Gubenko et al.,
Cosmic Res., 2022; Andreev et al., J. Phys.: Conf. Ser., 2021).
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HanpgeHo, 4to BO Bpemsi 6ypn Ha noHocdepHbiX BbicoTax oT ~90 ao
~100 KM MakcumarnbHasa BenuyMHa KoadpdumumeHTta nornoweHna OM-
pagunoBonH gocturana 3HadeHun (5.7 £ 1.4)-10° gb/km (Gubenko et al.,
Cosmic Res., 2022). 3BeCTHO, 4TO BeNnYMHa KoadduumeHTa nornoLweHus
Ha OaHHOM  (PUKCUPOBAHHOW 4YacToTe MpPAMO  MponopunoHarnbHa
NpPOn3BEeOEHNID  ONEKTPOHHOW MMNOTHOCTU WM 4acCTOTbl CTOJSIKHOBEHUN
9JIEKTPOHOB C MOHaMu n HeunTpanamu (bproHennn, Hamranagse, ®u3iuka
uoHocpepsl, 1988; Gubenko et al., Cosmic Res., 2021; Gubenko et al.,
Geomagn. Aeron., 2021). Wcnonb3ya nonydYeHHble [OaHHble O
BepTUKanbHbIX Npounax koadpduumeHta nornoweHna OM-pagnoBonH u
9JTIEKTPOHHON MSIOTHOCTM, BOCCTAHOBIIEHHLIX N3 aHanus3a pagnmo3aTtMeHHbIX
aaHHbiXx COSMIC-1, mbl oueHUnNn 3PPEKTUBHYIO YaCTOTY CTONKHOBEHWUM
9neKkTpoHoB B D- u E-obnacTsix BbICOKOLIMPOTHOWM WOHOCepbl 3emnu
(Gubenko et al., Cosmic Res., 2023). B paboTte obcyxaatoTcs Kputepum
oTbopa npounen KoapdnuneHTa NornoLEHNa N ANEKTPOHHON MMOTHOCTU
ons pacdeta aPdPEKTUBHON YacTOTbl CTONMKHOBEHUWN 3MNEKTPOHOB, a TakXke
rpaHunLbl NPUMEHUMOCTU Ppagmo3aTMEHHOIO MeToda rnpu onpeaeneHnmn v.

[lpakTnyeckaqd 3HaAYMMOCTb U3y4YeHUs IPPEKTUBHOM  4acCTOThI
CTONKHOBEHUWN 3NEKTPOHOB 1 3do(PeKTOB NOrmnoLleHnsa pagnoBonH B D- n E-
obnactax noHocdepbl nNnaHeTbl cBA3aHa ¢ obecnevyeHnem paboTbl cUCTEM
KOCMUYECKOW paanoCBA3N U HaBUraymu.
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¥ PeweHne obpaTHOM 3ap4aym O NOrnoLweHn paguoBoriH

O(h,) =exp[—LZ~dL} =exp[—zijzll,ij -ZJ}, rnei=1...n,

rae O(h,) ABnAeTCS BEITMYMHON HOPMUPOBAHHOW MOLIHOCTH ©
CHTHAla [/ [-ro Jjiy4a, a Z; — KO3(QGOULIHCHT MONIOMCHHUs
MOIITHOCTH PAAUOBOJIH B j-OM CJIO€. MaTpuUYHBIA 3JIE€MEHT Ll.j
O3HA4YaeT JJIMHY TOW 4YacTW i-ro Jiy4ya, KOTOpas 3aKJIrodeHa
BHYTPHU j-TO CJIOs, KaK MoKazaHo Ha Puc. 1.
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npoduia Z(h;) npu pemieHUH oOpaTHOW 3a7adu O MOIVIOLICHUU

paauoBoiiH B uonocdepe (Gubenko et al., Cosmic Res., 2022).

Puc. 1. Pa3pe3 noHocgepbl 3emMnum, coctosilen n3 n cdhepmnyecknx Crioes.
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Puc. 2. BepTukanbHble Npounnu HOpMUPOBAHHON MOLLHOCTK — P(h) (cnnoLwHasa TOHKasa ¢ M3rnomMamm), HOpMUPOBAHHOM MOLLHOCTH
nocne dunsrpaunn — O,45(h) (cnnowHas Toncras), HOPMMPOBaHHOW MOLLIHOCTU U3 peLleHns NPsIMOW 3aZavv paavo30oHANPOBaHUSA
— Ppp(h) (cnnowHasa ToHkas) n koadduumeHTa nornowenns OM-paguosonH Z(h), nony4yeHHble B ceaHcax pagno3aTMeHHbIX
namepeHnn 17.22 UT (BepxHasa naHenb) n 19.01 UT (HuxHaa naHenb) 22 nioHa 2015 roga B noHocgepe 3emnu. CnpaBa ykasaHbl
norpeLuHocTn 8Z BoccTaHoBneHns npocunen koapdpuumnenta nornowexus Z(h) (Gubenko et al., Cosmic Res., 2022). 5
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Puc. 3. MNpodwunn HopmmnposaHHOW MoLHOCTU — P(h), HOpMUPOBaHHOW MOLLHOCTKM nocne dunstpauun — O 5(h), HOpMUpPoOBaHHON
MOLLHOCTU W3 pelleHns NpsAMON 3adayn pagnos3oHaMpoBanHusa — Ppp(h) n koadpduumerTta nornoweHua AM-paguosonH Z(h),
Nnorny4YyeHHble B ceaHcax paguo3aTMmeHHbIX namepennn 19.41 UT (BepxHsas naHens) n 23.00 UT (HwkHaa naHenb) 22 vioHa 2015
roga B MoHocepe nnaHeTbl. 3gecb 0603Ha4YeHMs Takme Xe, Kak U Ha puc. 2 (Gubenko et al., Cosmic Res., 2022). 6
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Puc. 4. lNpodunu HopmMuMpoBaHHOW MoOLWHOCTM — P(h), HOPMMPOBaAHHOW MOLLUHOCTM nocre dunetpauun — O 5(h),
HOPMMPOBAHHOW MOLLHOCTU U3 peLleHns NpsaMon 3agadun pagnos3oHanposaHnsa — Ppp(h) n KoaddumumeHTa nornoweHns

OM-pagvnoBonH Z(h), nony4yeHHble B ceaHcax paguosatMmeHHbix namepeHun 05.06 UT (BepxHsas naHenb) n 07.28 UT
(HWxHAA naHenb) 23 utoHa 2015 roga B noHocdepe 3emnun (Gubenko et al., Cosmic Res., 2022).



MeTtop onpeaeneHns 3pPeKTUBHON YacTOTbl CoyaAapeHns 3fIeKTPOHOB

Eciu wactora pagnoBoiH ® = 21f YAOBIETBOPSET HEPABEHCTBY M2 >>Vv 2, TO 3()(HEKTUBHYIO YaCTOTY CTOJKHOBCHUI
3JIEKTPOHOB V MOXKHO OIPEAENINTh corIacHO BhlpaxkeHuto (bpronennu, Hamrananse, @usuxa uonocgepwi, 1988):

S N ()-v(h) "

IJIe DJICKTPOHHAS TUIOTHOCTh N, BBIpaKeHA B CM >, 3()(EeKTHBHAsE 4acTOTa CTOJIKHOBEHHH v — B ¢!, wacrora f — B 'l u
KO3 UIMEHT MOTIIOMEHUS paaroBoiH Z — B 1b/kMm.

Z(h)=1.15-10

Cormacao Beipaxenuto (1), dopmyna mnst BocctaHoBiieHus npodwuis v(A) U3 TaHHBIX 0 KOA(Q(HUIMEHTe TTOTIONICHUS
Z(h) na necymeit GPS-uacrote f; = 1.54542-10° 'y u 0 npodmuste 3eKTpOHHON IOTHOCTH N, (/) HMEeT BH:

_ZW S
Vi) = 1.15-10° N, (h)

(2)

YuuteiBas omnbku 6Z/Z v ON /N, ipu onpeenaeHnn Ko3QpQuipenTa noroleHus Z 1 3IeKTPOHHOM mIoTHOCTH N,
MOXHO HATH OTHOCUTENBHYIO MOTPEIIHOCTh BOCCTAHOBICHUS OV/V 3((PEKTUBHON YaCTOTHI CTOJTKHOBEHUHN AIIEKTPOHOB:

sviv = \(52/2)} +(8N,/N,)’. 3)

Kputepuii or6opa nmpoduns Z(h) mnst pacuéra 3ppeKTUBHON YacTOTHI CTOJIKHOBEHUHN 3JIEKTPOHOB C HEUTpamamMu |
MOHAMHU COCTOHT B CIIEIYIOIIEM:

a) orOupanuce npodunu Z(h), y KOTOPBIX JOKAIbHBIE MAKCUMYMBI KOO PHUIHEHTA MOTIOMEHHUS ObUTH BOCCTAHOBIICHBI
C OTHOCHTEIILHOM MOrpemrHOCThI0 He Oonee 6Z/Z =50 % (cm. Tabn. 1 paboter Gubenko et al., Cosmic Res., 2022);

0) nmns paccMaTpUBaeMOTro ceaHca paJn03aTMEHHBIX HM3MEpPEHHI MOJDKHBI HWMEThCS JaHHBIE 00 3IIEKTPOHHOM
IUIOTHOCTH B aHAJM3UPYEMOM HHTEPBAJIC BBICOT.

Yro xacaercs MPUMEHUMOCTH PaIu03aTMEHHOTO METOA JUIsl OTIPENIETICHUS V, TO OTBET 3aBUCHT, B OCHOBHOM, OT TOTO,
HACKOJILKO XOPOIIO M C KAKMMH IOTPEITHOCTAMH BOCCTAHABIMBAIOTCS 3HAYEHMS JOKAJIBbHBIX MAKCUMYMOB Z . B BBICOTHBIX
npodunsax kodpdunuenta mornomenust Z(h). UMEHHO OT 3THX TOTPENIHOCTEH, TJIaBHBIM 00pa3oM, 3aBUCAT OIIUOKU
ONpeECHUs V, MOCKOIbKY BIUSIHUEM MOTPEITHOCTENH BOCCTAHOBJIEHUS 3MEKTPOHHOU TOTHOCTH (~10 %) MOXHO B JaHHOM
ciydae nmpeHeOpedb.



Jlo HacTOsIIEro BPEMEHH paau03aTMEHHBIE H3MEPEHMS HE
MCHOJIL30BAIMCh ISl MCCIEAOBAHMS IIOINIOIICHUS PaJauOBOJIH
Ha GPS-gacTtorax u omnpeaeneHus 4YacTOThl CTOJKHOBEHHM
JICKTPOHOB B HIDKHEH MoOHOchepe 3eMin. ITO ObLIO
OOyCJIOBJIEHO TE€M, 4YTO B CHOOKOMHOM TI'€OMarHUTHOM
00CTaHOBKE, IO JaHHBIM PaJU03aTMEHHBIX M3MEPECHUN, UMEIIH
MECTO TOJBKO cja0ble BO3MyIlleHUS B FE-u  D-o0macTax
HOHOC(Pephl 0€3  KAKUX-IMOO IPHU3HAKOB  IOIJIOIICHUS
paguoBosH (Gubenko et al., Geomagn. Aeron., 2021). Takxe He
ObLIO OOHAPY’KEHO 3aMETHOTO IIOINIOIICHUS BO BpeMs OypH B
mapte 2015 roga (I'ydoenko u ap., P39, 2025) IlpoBencHHBIM
aHaJIM3 PaJru03aTMEHHBIX CEaHCOB U3MEPEHUI BO BpeMs OypH B
nroHe 2015 roma HaAEKHO IIPOAEMOHCTPHUPOBAI  CJIOM
MOBBIIIICHHOTO  IOIVIOIICHHUS, CBS3aHHBbIE C  BCIUIECKAMM
PEHTICHOBCKOIO H3Jy4Y€HUS W CHIBHBIMM H3MEHCHHUSIMHU
reoMarauTHBIX yciioBuu (Gubenko et al., Cosmic Res., 2022).
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Puc. 5. BepTtukarnbHble npodunu koadduumeHTta nornoweHua Z(h) paguoBorH, 3nekTpoHHon nnotHoctn N (h) wu
9(pPeKTMBHOMN YaCTOTbl CTONKHOBEHWN 3MNEKTPOHOB V(h) B MOHOCepe 3emnu, MNonyyeHHble U3 aHanmMsa ceaHca
pagno3atMeHHbix unamepeHun FORMOSAT-3/COSMIC-6 GPS-22 (22.V1.2015). BenunuuMHbl OTHOCUTESTbHOW
MOrpeLLHOCTN dv/v ANS BblOENEHHbIX 3KCNepUMEHTarnbHbIX Todek: ~28% (a); ~25% (6); ~50% (B); ~71% (r); ~45% (n);
~75% (e) (Gubenko et al., Cosmic Res., 2023).
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Puc. 6. To xe, 4TO 1 Ha puc. 5, HO ana ceaHca nsmepeHnn FORMOSAT-3/COSMIC-6 GPS-16 (22.V1.2015) (Gubenko
et al., Cosmic Res., 2023). 11
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Puc. 7. To xe, 4to U Ha puc. 5, HO ana ceaHca usamepeHun FORMOSAT-3/COSMIC-1 GPS-30 (22.V1.2015).

BenuunHbl OTHOCUTENLHOW MOrpPEeLIHOCTU dv/v ANs BblAENEHHbIX 3KCnepuMeHTanbHbiX Todek: ~50% (a); ~50% (6);
~27% (B); ~26% (r) (Gubenko et al., Cosmic Res., 2023).
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Puc. 8. To xe, 4yTo 1 Ha puc. 5, Ho ansa ceaHca namepeHun FORMOSAT-3/COSMIC-6 GPS-22 (23.V1.2015). Benu4iuHebl
Sv/v Ans BblOENeHHbIX 9KCrepuMeHTarbHbIx Todek: ~53% (a); ~52% (6) (Gubenko et al., Cosmic Res., 2023). 13
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Puc. 9. To xe, 4to 1 Ha puc. 5, Ho ans ceaHca namepeHnn FORMOSAT-3/COSMIC-1 GPS-01 (23.V1.2015). BennuuHbl
dv/v ANs BblAeNeHHbIX aKCnepuMeHTanbHbIX Todek: ~52% (a); ~52% (6) (Gubenko et al., Cosmic Res., 2023). 1 4



3aKr4veHue:

[lo pe3ynbratam aHanu3a pagumo3aTMEHHbIX  OaHHbIX
pa3paboTaH METOO BOCCTAHOBIEHUA BepTUKanbHbIX Mpodunemn
9PPEKTUBHON YaCTOTbl CTONMIKHOBEHUSA 3fiekKTpoHoB B D- u E-
obnactax wuoHocdepbl 3emnu. C ucnonb3oBaHMEM AaAHHbIX O
BEpTUKAlibHbIX npounax koadpduuueHta nornoweHmna M-
PagnoBONH W 3NEKTPOHHOW MNMOTHOCTWU, BOCCTAHOBSIEHHbLIX W3
aHanm3a pagunosaTtMeHHbiXx usmepeHun FORMOSAT-3/COSMIC,
oueHeHa addekTuBHAA YacTtoTa CTOSIKHOBEHUW 3MEKTPOHOB B D-
n E-obnactax BbICOKOLUMPOTHOWM MoHocdepbl 3eMnn BO Bpems
MarHutTHon O6ypu 22-23.VI1.2015. [lpaktnyeckad 3HaA4YMMOCTb
N3y4YeHNs YacToTbl CTONMKHOBEHUW 3NEKTPOHOB W 3dp(PEKTOB
nornoweHnsa paanoBonH B D- n E-obnactsx noHocdepsbl NraHeThI
cBA3aHa ¢ obecnevyeHnem paboTbl CUCTEM  KOCMWUYECKOM
PagnocBA3nN N HaBUrauun.

PaboTta BbINOMHEHA B paMKax rocygapCTBEHHOro 3agaHug
NHcTuTyTa PaONOTEXHUKU n 9NTIEKTPOHUKU M.
B.A. KotenbHukosa PAH.
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