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O METOOAX KOHTPONA AHTEHHbI PALAPA CTEHOA CYPA B
9KCMNEPUMEHTAX UCCITEOOBAHNA MOHOC®EPDI
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HUPOU HHT'Y um. H.U. Jlobauesckozo

[Mpo6nema n3MepeHus XapaKTepUCTHK HAIIPABICHHOCTH OONBIINX HA3eMHBIX aHTEHHBIX
PEIIETOK PaHOTENECKONOB IT0 H3MEPEHUSIM TOJIEH HCKYCCTBEHHOTO MCTOYHHKA M3ITydCHUS
Ha G6ecrmiotHOM JretatomeM ycrpoiictse (BITJIA) B ux Gmkueit 30ne (B3), MHTEHCHBHO HC-
ciemyemas B TocieaHee BpeMs [ 1], siBisieTcs Takoke akTyalbHOM 3a1adeil U1 H3ydeHusI Ma-
pametpoB anteHHoi pemetku (AP) pagapa HUPOU HHI'Y nm. H.U. Jlo6ageBckoro cTeHna
«CYPA» [2] u pamapa Oynymero npoekra MKAP [3]. [Tnomans anepTyps! aHTEHHBI pagapa
crena «CYPA» COCTABIISIET 3HAUNTENBHYO BeMumHY, Topsiika 300300 M2, Heasaue skc-
TIEPIMEHTHI [0 HCCIEAO0BAHMIO H3ydeHNs aHTeHHBI cTeHna «CYPAY, mpoBeeHHbIE C TOMO-
IIBI0 CHCTEMBI THIIA «IIPOTrpaMMHO-onpernensemoe paanoy» (ITIOP) [2], paspaboTannoit mis
KOHTPOJS XapaKTePHCTHK pajapa, IOKa3ald NEepPCHeKTUBHOCTh HCIIONB30BAHUS JTOH cu-
crembl. OHAaKO aBTOHOMHOE JieTaromee ycrpoictBo BITIA, coneprkamiee Ha cBoeM GopTy
MIPUEMHHK, pa0OTAIOIIMIA B MAITa30HE JaCTOT M3IyUCHHUS Pafapa, €CTECTBEHHO, OTPAHNYCHO
B BO3MOKHOCTSIX BPEMEHEM CBOETO (PyHKIIMOHMPOBAHMS II0 SHEPICTUUECKHM ITapaMeTpaM
aKKyMYJIATOPHBIX OaTapeil — ICTOUYHMKA MUTAHMS almapaTypsl. B mponeccax n3mepeHus mo-
JIel UCTIBITYeMOW aHTEHHBI B e¢ OrkHel 30He (aKTHBHBIN PEXXUM aHTEHHBI pagapa CTeHIa
«CYPAY), B IpoBeIeHHBIX HAMH IIPEIBAPUTEIIBHBIX SKCIIEPUMEHTax [2] ObUIO0 BBISICHEHO, UTO
€MKOCTh aKKyMyJIATOpHBIX Oatapeif BIIJIA mo3BossieT B HacTosmiee BpeMst BEIIONHSTE J[BA —
TpH [I0JI€Ta HaJ aHTEHHOH pajapa ¢ JUIMHOH CyMMapHO! TpaekTropuu 30H7a opsiaka 2000 m.
[epepsIBEI B Ipomecce perHCTpanyy JaHHBIX IIPHEMHOTO YCTPOMCTBA NPHBOIAT K 3HAUH-
TEJIFHOMY BIIHSHHIO ()a30BOH HECTAOMIEHOCTH CHCTEMBI PETUCTPALMH IIPU OTCYTCTBUH CIIe-
[UATBHBIX IPOIEAyp KAITHOPOBKH, BKIIIOYAIONIUX TOYHOE OIPE/ICIICHUE TOJI0KCHUH aHTEHHBI
— 30HJa B CHCTEME KOOPIUHAT, CBSI3aHHOH C TeOMETpHEH pactonokeHust BuOparopoB AP pa-
napa.

B skcnepumenTax ¢ pagapoM IPUHIUIHMAIBHO BaXKHOU XapaKTEPUCTUKON €r0 aHTEHHBI,
00BIYHO, SBIISETCS MIMPHHA AUArpaMMBbl HAIIPaBIEHHOCTH JTyda (JIydeil) aHTeHHBI B IBYX Op-
TOTOHAIBHBIX INIOCKOCTSIX. DTH XapaKTEPUCTHKN aHTCHHBI MOTYT OIIPEEIISTHECS B IIpoLecce
MOCT-TIPOIIECCOPHOIN 00pabOTKH JaHHBIX, M3MEpPEeHHBIX pueMHUKoM BITJIA B ee OmmkHEH
30HE.

Crioco6 n3MepeHust HalPaBIEHHOCTH KPYITHBIX aHTCHHBIX CHCTEM B aHAIOTHIHBIX YCIIO-
BusX dKcriepuMeHToB ¢ BILIA ommcan, Hanmpumep, B pabore [4]. AHTEHHa CITyTHHKOBOH
Ha3eMHOH cranmy B T. Raisting (baBapns) ykpsiTa chepraeckuM oOTeKkaTeneM ¢ JHaMeTpoM
~50 M, 9TO MPUBOAWT B PE3yJIbTATE K TPEOOBAHKSM K IUIOMAIN cKarupoBadus 50x50 m? u
o6meit e nonetos BITJIA ~37.5 xm. Henpeprisrnoe Bpems monera BITJIA cocraBnio Be-
mmanHy ~10 gacoB npu cpennei ckopoctr noneta 1 m/c. BITJIA B maHHOM SKCIIEpUMEHTANb-
HOHM yCTaHOBKE MOJTydall MOIHOCTh ICKTPOCHA0KEHHMS C MTOMOIIBIO HIICKTPUIECKUX Kabe-
JIel 1 UCTIONB30Bal crocod nepenaun curaana BU ot mpueMHO# armapaTypsl 30H7a IO ONITO-
BOJIOKHY € TIOMOIIBIO IpeoOpa3oBaresneil BYU curuana B onTHYIeCKHH THana3oH.

OpHaxko KOHCTPYKIMS aHTeHHBI pagapa crenna «CYPA» npencrasiser coboit Habop u3
12x12 opTOroHaIBbHBIX IPOBOJIOYHBIX JHUIIOJIEH, PACIIONOKEHHBIX Ha BeIcoTe 12,3 M Hax 1o-
BEPXHOCTBIO 3EMJIH, II09TOMY pEIICHHE HCIIOIb30BATh OTAECNBHBIC KaHAIBI Ieperadn
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MorHocTH Ha BITJIA 1 onTOBOIOKHO T TIepeaadr HHGOPMALUH C IIPUEMHOTO yCTPOIHCTBA
Ha BIUJIA Ha 3eMItf0 — HEIpHEMIIEMO.

Kaxk moxasbIBaeT mpeBapUTEIIbHBIA aHAIN3, B PEIICHUH JAHHOH MPOOIeMBI MOXKHO HC-
TIOJTE30BATh OIIBIT M3 M3BECTHBIX [5, 6] 3KCIEPUMEHTOB H3MepeHUsI (KOHTpouIs) 1-2 cedeHuit
Ha IUTOCKOCTH W noycdepe Hax anTeHHOH pagapa crenna «CYPAy». Dto pemenue oxHo-
BPEMEHHO CHIDKAET BIMSHHE JONTOBPEMEHHBIX HECTAOMIBHOCTEH MPHEMHOrO CHTHAlA CH-
CTEMBI H3MEPEHUS B TSUCHUE CEaHCa H3MEPECHUH.

W3mepenns 61KHETO TOJIS — €T0 aMIUTUTYIbI U (ha3bl TONBKO Ha OTPAaHWYEHHON 9acTH
3aMKHYTOH ITOBEPXHOCTH, OKPYKAIOIIEH aHTEHHY Ha OIpe/IeTICHHOM OT Hee PaCCTOSIHIH, KO-
HEYHO, HE TapaHTUPYIOT BBHIUUCICHHUE MPABIIBHBIX 3HAYCHHH SKBUBAJICHTHBIX MAarHUTHBIX
TokoB (OMT) [7]. ITorpemsocts Bocctanosnenus JH npu ckannposanmu nosst B b3 Ha mtoc-
KOCTH, KaK M3BecTHO [8], HeoxHopoana. OxHako paccunTaHHoe pactpeneneaue OMT no an-
TEHHE WIH PacIIpe/ieNICHNe €€ KOMIIOHCHTOB OJIFKHETO OISt MOXKET OBITh UCIIONB30BAaHO IS
pacdeToB IOJISI M3TyYSHUS B TOM XK€ yIJIOBOM HHTEpBaJIe, I7[e H3BECTHHI JaHHBIE O MOJIe aH-
TEHHBI B ee OMmKHel 30He.

Taxnum 06pa3zoM, HCTIOIB3YS MPEIOKEHHBIN anropuT™ [5] 1 06pabaThIBast JaHHBIE aM-
IUTUTY THO-(ha30BBIX M3MepeHui noist B b3 antenns! pagapa creana «CYPA) Ha mTHHEHHBIX
TPAaeKTOPHAX B BEPTUKAIBHBIX INTOCKOCTSIX (¢ = 0° 1 ¢ = 90°) cheprueckoii cucTeMbl KOop-
JIMHAT), IPOXOIIIHX Yepe3 HeHTp anepTypsl (X =0, V' =0) u ock Z JlekapToBO# CHCTEMBI, C
TIOMOIIBIO BEIUHCIICHHS IBYMEPHBIX CHEKTpoB Dyphe MaHHBIX, MOXKHO IOIYYIHUTH MPUOIH-
KEHHBIE, HO JOCTaTOYHBIC AT OTIEPATHBHOTO KOHTPOJIS, pacHpeIeICHHs MOJIeH U3ITydeHHS
aHTeHHB! pajgapa cteHna «CYPA» B ee mampmei 3ome (/I3). Boccranosnenusle cedeHus
0oJTbIIIe TPHOIIDKEHBI K CEYEHHSIM, TTOTyICHHBIM TP 00paboTKe IBYMEPHBIX MOJIEH B OIIIK-
Hell 30He, €CIM H3MEPEHUSI IIPOBOAATCS HA YaCTU OKPYKHOCTEH, MPOXOASAIINX Yepe3 IIOCKO-
ctu (¢ = 0° u ¢ = 0°), cMm. oObsacHeHne 3 dekTa B paboTax [5, §].

Jna KB nnanasona paguodactoT TpeOyeTcs NMpOBEACHHE AOMOIHUTENBHBIX AKCIECPH-
MCHTAJIBHBIX MCCIEIOBAHUN Ha 0a3e OIEHOK JOIyCTUMBIX ITOTPEIIHOCTEH aMINIUTYHO-(ha-
30BBIX H3MEPEHUH B 30HE aHTEHHEI pajgapa creHna «CYPAy. B mobom cirydae, HeoOxomumo
H3MEpPSTh aMILUTUTY THO-(ha30BbIe 3HAYCHHS HAPSDKCHUH B TPAKTE IPHEMHON aHTEHHBI 30H1a
I ¢ PACTIONIOKEHNH B OIDKHEH 30He aHTeHHBI pagapa crenna «CYPAy.

CMeHa mapaurMsl I3MEPeHNH Ha IPUEM CUTHAIOB aHTEHHOH pamapa creHaa «CYPA»
OT TiepeaTdnka, ycraHoBieHHOro Ha BIIJIA, HexenaTenpbHa M3-3a CHENM(UYCCKON KOH-
CTPYKIMH (IIPOBOJIOYHOM) JUIOJIEH aHTEHHOH! PEeNIeTKH U ee da3oBpamarenei [9].

B ciygae m3mepenmii mosield B OmKHEH 30HE TOJNBKO BIIOJTH OTJCIBHBIX CCUCHUN W B
CHJTY CPAaBHUTEIHGHO OOJIBIION AJMHBI BOJIHBI H3TydeHUs IIPoOIeMa KOHTPOJISI KOOPIAUHAT II0-
JIOKEHHMSI 30H/[a SBISICTCS] HECYIIIECTBEHHOM.

HexoTopsle maHHBIE H3MEPCHUH HANPSDKEHHOCTH 3JIEKTPHUUCECKOTO MO W3ITyYCHUS B
YCIIOBHBIX €MHHIAX, Ha gacToTe 5828 k', Ha ayre OKpyKHOCTH ¢ pagmycoM 600 M u IeH-
TpoM ee B rieHTpe AP pamapa crerga «CYPA» (cm. tpaekropmro BITJIA na puc. 1), npuse-
JICHBI Ha pHC. 2.
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06.10.2022 (BevepHAi), acToTa 5828 KI'L, HaknoH +12 rp. 06.10.2022, vacToTa 5828 kl'y, HaknoH +12 rp.
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KoHTpo:b 10s10KeHNs aHTeHHBI 30H/a B HACTOSIIEE BPEMsI OCYIIECTBIISICTCS] B CHCTEME
reorpadguueckux (TeoAe3MIecKnx) KOOpANHAT, onpenenseMbix ¢ nomomsio I'HCC Broms
Tpaekropun monera BITIJIA [10]. ©a3oBble m3MepeHUs HANPSHKEHHOCTH MOJISL aHTEHHBI pa-
napa creana « CYPA» B 9Tux sKcriepuMeHTax OBUTH ITOIBEP>KCHBI HCKaKSHUSIM, CBSI3aHHBIMHU
C HEKOPPEKTHOM METOAWKOH ONM(POBKH CHUTHATIOB MPHUEMHOTO U MEPEJAIOIero KaHaIOB.
[TosToMy olleHKa pe3ysIbTaTOB M3MEPEHUH HOJIeH aHTeHHBI pagapa creHna «CYPAy mpose-
JIeHa TOJBKO 10 aMIutuTyae. [Ipu 3ToM cokparnenne JaabHeH 30HbI (CM. OIpeeNieHIe mapa-
MeTpa B [8]) Ha OKpy>KHOCTH M3MepeHuil paamyca 600 M COCTaBHIO BETHIUHY ~5, UTO 1103~
BOJISIET CUUTATh YTJIOBYIO IMIMPUHY TIIABHOTO JIETIECTKA PACIIPeIeNICHUs] aMILUTUTY 6l TIOJIST B
OmKHEH 30HE MOCTaTOYHO ONMM3KOH K MIMPHHE IEHTPAIBHOTO JITIECTKA PaCIpeNelICHHs
nonst AP B ee nambreit 30me [11]. Ha pucyHke 2 Takxke OTYSTINBO 3aMETHA aCHMMETpHs 60-
KOBBIX JICTIECTKOB aHTCHHBI pajapa cTeHna « CYPAy (CuHSSI TMHNS), CBSI3aHHAS C BINSHUEM
IIPOBOJIAIIEH IIOBEPXHOCTH 3eMJIM TIPH (hOPMHUPOBAHIH HAKIIOHHOTO JTyda pazgapa [12].

CriaxeHHOE pacipeeeHIe aMIUTUTY IbI TIOJIS B JAJIbHE 30HE I0)KHOH CEKI[NN aHTCHHBI
pamapa crenna «CYPA» npu pabote ee B IPUEMHOM peXHMe, TTOIYyIEHHOE B IIPOIIECCE IKC-
MIEPIMEHTOB C HCIIOIb30BaHNEeM Kocmudeckoro ammapara (KA) NASAWIND [13] B 2021 T,
MIPUBEJICHO HA PHC. 3.
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Puc. 3 PaccrossHue Mexay NEpBBIMU HyJIAMU
JarpaMMbl HalPaBJICHHOCTH COCTABMIIO BEIHIMHY ~ 11°, 9To OIM3KO K OLCHOYHOMY 3Ha-
YEHHIO 9TOTO MTapaMeTpa: OTHOIICHNUS JUTMHBI BOJHBI U3IIyIeHHs K JTHHEHHOMY pazmepy AP
Ha paboueif qactoTe ’kcriepuMenta 8925 kI'n [13], 1 coOTBETCTBYET MOTyYSHHBIM B JKCIIE-
pumenTax ¢ BIIJIA omeHkaM MMPHHBI ITIABHOTO JIETIECTKA AaHTCHHBI pajgapa B ee ONDKHEi
30HE [2].

Pabora BBITIONTHEHA B paMKax HayJHOH IporpamMMel HammonansHOTO HieHTpa (GH3UKH U MaTe-
MAaTUKH (HapaBieHue «SInepHas u paguanuonHas ¢pusukay, stan 2023-2025).
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BNNAHUE CYMNEPMO3ULINMA TPEX PESOHATOPOB: LLUYMAHA, AP U CYB—-
MAP — HA AMIMTIIUTYAY U NONAPU3ALIUIO NMEPBLIX ABYX MO
LUYMAHOBCKOIO PESOHAHCA

E.H. EpmaxoBa, A.B. Psi6oB
HUPDOU HHT'Y um. H U. Jlobauesckozo

B pabote nccnenoBana BO3MOXKHOCTS BIHSHUS pe3oHaTopoB AP u cy6-MAP Ha criek-
TpanbHBIC TapaMeTPhl MAaTHUTHOTO ITyMa B MOJIOCE TIEPBOH M BTOPOI MOJBI IIIyMaHOBCKOTO
pe3onanca (I1IP) mpu pa3HbIX remuoreopu3ndeckux yeroBusax. Kak u3BecTHoO, ITyMaHOBCKHIN
pe30HaHC BO3HHMKAET Ha COOCTBEHHBIX JaCTOTAX IOJIOCTH 3eMIIsI - HOHOChEpa MpH BO3OYX-
JICHUH ee IUTaHeTapHOU TPO30BOI aKTUBHOCTHIO M MMeeT ITo0ambHbIi xapakrep. Lllymanos-
CKHE PE30HAHCHI CBSI3aHBI C KOJICOAHMSIMU B TIOJIOCTH 3eMIISI-HOHOC(epa ¢ OCHOBHOM 4acTo-
ToM oKoo 8 I't 1 Moamu Gosree BBICOKOTO MOPSAKA, OTCTOSIIAMH IPYT OT JIpyra IPHMEPHO
Ha 6 I'm. Ilensio paGoTHI OBUIO MCCIENOBAHHE BIUSHUS JIOKAJIBHBIX XaPAKTEPUCTHK HOHO-
cepsl, KOTOPEIE MOTYT JOOABIIATHCS K TTI00ANBHBIM (haKTOpaM, BIUSIIONINM Ha (hOPMUPOBa-
HHUe noysipu3anuy U aMmuuty sl 1P, i cymecTBeHHO MEHSATh MX CYTOUHYIO IMHAMUKY B
TEMHOE BpeMs CyTOK. bblM npoaHanu3upoBaHbl JaHHbIC MOHMTOpPHHIAa KoMIoHeHT YHY
MarHUTHOTO IIyMa Ha CTAaHIMX Pa3HbIX IIHPOT: BEICOKOMMpPOTHas cTaHmus JloBozepo (LOZ,
68N, 35E), cpenuemmpornast obcepBaropust HUPOU HHI'Y (NL, 56N, 46E), Hu3kommpoT-
Hast ctannus Ha o. Kput (CR, 35.15N, 25.20E). YTo0B! BBLICHUTH BO3MOXKHOCTh BITHSTHUS
JIOKJIBHBIX PE30HATOPOB HA aMILTUTY Ty U IOJISIPU3aLHIo iepBoro u sroporo LIP nmpu paznom
YPOBHE COJTHEUHO! aKTUBHOCTH, OBLIH IIOCTPOSHEI BEICOTHBIE TPO( MM ITapamMeTpa KpUTepHst
reomerpuaeckoit ontuku (KI'O) mst Hopmansaoit YHY BonHEI B noHOC]Epe A 4acToT 3-
14 T'n. Kosddumment KI'O onpenensercs cneaytomeit popmynoii:

ndn A
Kro= 2dz2m’ O

Ycenoeue KI'0 « 1 sBisieTcst KpUTepUEeM BBIOIHEHHS TeoMeTpuko-onTmdeckoro (I'O)
npubmmkenns, ycnosue KI'O > 1 cootBerctByet Hapymenuio I'O, n — mokas3areins Ipeom-
JICHHS] HOPMaJIbHOMN BOJHBI, A — JutiHA BonHbI B cpeze. IIpodumu KI'O noctpoeHs! ajis nepu-
OJIOB C pa3HOM COJIHEYHON aKTUBHOCTHIO IS cTaHimy NL u npuBenens! Ha. 1 (BepxHss ma-
Henb). O6macts Hapymenus ['O Ha HKHEM ocHOBaHMH F-cltos B meprox MakCHMyMa CoOjl-
HEYHOM aKTUBHOCTH UMeEET JIOKIBHBIH XapaKkTep, 9YTO MPUBONUT K CHIIBHOMY CTIAIaHUIO aM-
IUTITYI6I HIHpOKoTosocHOro MakcumymMa (ILICM) k wactoram nepsoro LIP. B neproast Mu-
HuMyMa obmacts ¢ KI'O > 1 nmeer pacnpeneneHHbIH 0 BEICOTE XapaKTep, YTO MPUBOAUT K
pacIuisIBIIeHics hopMe MaKCHMyMa B MarHuTHOU koMmnoHeHTe H,. (puc. 1B). Takum oOpazom,
BiusiHAe cy0-MAP Ha aMImUTy Iy MarHUTHBIX KOMIIOHEHT B TI0JIoce IepBoro u Broporo I1IP
HEBO3MOJKHO 3apeTUCTPUPOBATh B TOJBI MAKCUMyMa COJTHEYHOH akTUBHOCTH. BimsHue i0-
KanpHOTO cy0-MAP Ha MOMSPH3AIOHHBIHN TapaMeTp € Ha YaCTOTaX IEePBOH U BTOPOH MOBI
IP peructpupyercst npu Ir0O00M ypoBHE CONHEYHOH akTHBHOCTH (puc. 1r). Brmsanne AP
Ha aMILUTUTYTy ¥ IOJSIPH3AIMIO COOTBETCTBYIoNMX Moz LIIP Habmiomgaercs B meproast, Oirus-
KHe K MUHUMYMY COJTHEUHOH aKTUBHOCTH (puc. 1B, T). Ha puc. 2 mpencraBieH CyTOUHBIH X0
MOJIAPU3ALMOHHOIO TapaMeTpa Ha 4acTOTax IepBoid u BTopoi Moas! 1P Ha cpennemmpor-
Ho¥ ctannuu NL B mepHoasl, 61M3KHe K MUHIMYMY U MAaKCUMyMY COJTHEYHOH aKTHBHOCTH
(puc. 2a, 0, T, ) ¥ CIEKTPHI apaMeTpa & (puc. 2B, €).
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Opomronust criekTpoB € YHY nryma B pa3Hble IEpHOIbI COTHEUHOH aKTUBHOCTH PUC. 2B,
€), OOBSICHSCT Pa3HUIly B CyTOYHON AWHAMUKE € IepBoH U BTOpoii Mmoxs! LIIP mocne 3axona
coyHIa. Bapuamuu & B meprno/isl MUHEMYMa OoJiee SIpko BEIpayKeHBI Ha acToTte nepsoro I1P,
T. K. €CTh [IEPHO]I, KOTJIA fr, (4ACTOTAa CMEHbI 3HAKA B CIIEKTPE £) CTAHOBHTCS OOJIbIIIE Ya-
ctotel niepBoro IIP fip. B 3TOT mepuox CyiiecTBEHHO BIUSIET HA MOJSIPH3AIMIO TEPBOWA
Mozp! Takxke MAP. TTostoMy cyTOuHBIH X0/ € Ha 4acToTax mepBoro u Broporo IIIP nmeer
pasHbli xapakrep. B nepuon MakcuMyma COJHEYHOM aKTHBHOCTU f, OCTAeTCs BCErja
MEHbLIC fyp B TEMHBI EPUOJ CYTOK, HO Pa3HbIN XapaKTep CIEKTPOB & B MOJIOCAX MIEPBO
u Bropoit mozsl I1IP mpuBoanT k Goiee CyIIECTBEHHBIM BapHAIUsAM IIOIIPHU3AINN BTOPOH
monp! LIP. Tlpu Manbix sHaveHusx fr, ~ 2I'1 BenuunHa € CUIIBHO CMIAJIaeT K YacToTe BTOPOH
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MOJIBL, P fr,~ 5T € cnabo cnapaet k yactote 14 ', [lpu 5TOM U3MeHEHUs NONAPU3ALK-
OHHOTO NapaMeTpa Ha JacTOTe MepBOil MOJBI MeHee 3aMeTHHI (. 2¢). B pabote Obu10 mccie-
JIOBAHO TAK)KE BIIMSHIE ITOBBIIICHHON T€OMAarHUTHON aKTHBHOCTH Ha CyTOYHBIH X0 & Ha Ja-
crote nepBoit Mmoabl IIIP Ha pa3Hbix cTaHuumsax. s 3Toro aHanu3upoBaiuch JaHHBIE OJIHO-
BpeMeHHOro MoHnTOpHuHTa Ha cTaHmmsaXx LOZ — NL u NL — CR. Anann3 criekTporpamMm u
cyrouHoro xozaa € Ha cranimsax NL u LOZ 05-06.03.2011 B meprox ¢a3sl BOCCTaHOBICHHS
TI0CJIe YMEPEHHOW MarHUTHO! OypH (Tpad MKy He IPUBOAATCS) IIOKA3all, YTO BOCCTAaHOBJICHHUE
BIMSHUS pe3oHaTopa cy0-MAP na momspuzamuio 1P mporcxomuno OsIcTpee Ha CpeTHEIH-
potHo#t cranimu NL. D10 BbIpasuinoch B oiee cHIbHBIX Bapuauusx £~0.25—0.3 — Ha
cranimu NL u3-3a Bnusiust cy0-VIAP, u 6omee cnabbix Bapuanusx €~0.05 — 0.1 — Ha cran-
nun LOZ B TeMHOE BpeMsi CYTOK.

a NL, 24-25.10.2003, £ CR, 24-‘25.1‘0.20‘03, e B

e ~ Mos 8" % = o

Yacrora, 'y
Yacrora, Ny

3 7 1 15 19 23 3
uT[h]

0 NL, 24-25.10.2003, € F=7.8Hz

3 7 M 15 19 23 3 0 4 8 12 16 20 24 4 8
uTHh] uTh]

Puc. 3

Ha puc. 3 npencraBiieHBI CIIEKTPOrpaMMBI M CyTOUHBIN XOJ MOJSIPH3AIIMOHHOTO Tapa-
MeTpa Ha gactore nepoil Moasl P Ha cranmmsx NL u CR B mepros KpaTKOBpeMEeHHOH
MarauTHO Oypu ¢ Kp~6 — 7. B nepuon 6ypu Bmustaue cy6-MAP na cpenHemmpoTHoH cTaH-
IIUH TIPOTIANIO, YTO MPHUBETO K YMEHBIICHUIO 3HadeHNH € Ha cranmuu NL. Ha cranmum CR
HaOJII0AJICS. BO3PACTAIOMINI TPEH I B AUHAMHKE 3TOTO IapaMeTpa BeCh TeMHBIH MEPHOJ Cy-
TOK. BEIIO 00HApYXEHO, 9TO BO3HUKHOBEHUE CHIIBHBIX CIIOPAUICCKHUX CIIOEB TAaKXKe HUBE-
JIpYET BIMSHUE JOKAIbHBIX PE30HATOPOB Ha MOJAPU3aLMI0 IepBoi 1 BTopoi Moasl 11IP. Ha
puc. 4 (BepxHsis MaHeNb) IpeCTaBlIeHa CIEKTporpaMma € 3a asoe cytok 30-31.07.2013. B
MEPUOJ BO3HUKHOBEHHUS CHOPAJUYCCKUX CIIOEB C fyps~7 — 9 MI'y 31.07. pe3ko yMeHbIIH-
noch BiwsiHAE cy0-MAP Ha monmspusanuro nepsoro 1P, uTo nmpuBeno k MajgbIM 3HAYCHHSAM €
31.07., mo cpaBueruto ¢ 30.07., korma criopaandeckue ciaou oTcyTcTBoBand (puc. 460). Ha
puc. 4B IpeICTaBIICH MOJICTBHBII CyTOUHBIH X0 € (6e3 yueTa popmuposanus I1IP), koTopsrit
aJIeKBaTHO ONHMCHIBACT XapaKTep AWHAMUKH 3TOTO MapaMeTpa u3-3a BiusHus cy0-MAP npu
HAJIMIUN ¥ OTCYTCTBHUH CJI0€B Es.
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. =T1. NL, 30.07.2013, ¢, F=7.8I
a 0. NL,3031.07.2013,¢, Es I ) NL, & F=7.8 Ty ) . ¢ u B

3R 23

Yacrora, My
©
*
&
i

~ o

. - . 1 L X ol 1
0 4 8 1216 20 24 4 8 12 16 20 24 16 17 18 19 20 21 22 23 24 oot 1 U;ﬂh a ononou
UT[h] UT[h] o

r NL, 25.09_.2009, WE hit . NL, 25.09.2009, WE NL, 25.09.2009, WE e
bt

Yacrora [Fu]
PT/sqrt{ru]

0o 2 4

04- .
6 8 10 12 14 02 4 6 8 101214161820 22 24
Yacrora ] uTih

Puc. 4

Ha puc. 4 (HroKHSS TaHeIb) MPEACTaBICHEI CIIEKTPOrpaMMa U CIIEKTPBI MArHUTHON KOM-
NoHeHTHI B3, a Takxke CyTOUHBIN X0 aMILTUTY 16 KOMIIOHEHTH! B3 Ha gacTtote 7.8 I'ry (puc.
4r, 1, e). YBemumuenue ammuuty st mocse 19:00UT (puc. 4e) csazano ¢ nossinennem 11ICM B
9TOW KOMIIOHEHTE, YTO MOXKET MPUBOIUTH K U3MEHEHHIO aMIUIUTY bl IepBoil Mol I1IP Ha
10-15%. B paborte [1] oO6cysknamch IpUINHEI PEAKOT0 0OHApYKeHHs BIUIHUS cy0-MIAP Ha
aMIUIUTYly MArHATHBIX KOMIOHEeHT Y HY 1ryma u, B TOM 4ncie, Ha aMIutyxy nepsoro HIP.

Taxum 06pa3zoM, BIHSHHE JIOKATEHBIX PE30HATOPOB Ha CHEKTPAIbHBIE XapaKTEPUCTUKI
nepBoi 1 BTopod moasl 1P 3aBUCUT OT ypOBHSA COMHEYHOH M MAarHUTHOM aKTUBHOCTH, a
TAKOKe HATMYMS CHIBHBIX CIOPAJMYECKUX CII0eB Es ¥ MOXET IPUBOIUTEH K PA3HOMY Xapak-
Tepy CyTOYHON AMHAMUKH STHX ITapaMeTPOB Ha 4acTOTax cooTBeTcTBYIonmx Moz I1IP. Cpas-
HUTENIBHBIH aHATH3 CYTOYHOTO XOJa MOJIIPU3aHOHHOT0 TapaMeTpa Ha 9acTOTax HEepBOH H
Bropoit mozs! 1P Ha cranmusax NL u LOZ mokasan, uTo u3-3a 6oiee HU3KOM T0OPOTHOCTH
cy0-MAP Bapnanum € B TeMHOE BpeMsI CyTOK MeHee BbIpaxkeHs! Ha ctanmmu LOZ: 0.05-0.1 -
Ha crannuu LOZ u 0.15-0.3 — na cranmuu NL.

Pabora BemosnHeHa mo npoekty Ne FSWR-2023-0038 B pamkax 6a3oBoit gactu I'ocy-
JTapCTBEHHOTO 33aHusl MUHUCTEpCTBA HAYKH U BEICIIETO 00pa3oBaHus PO.

[1] Ermakova E.N., Raybov A.V. // Solar-Terrestrial Physics. 2024. Vol. 10, Iss. 2. P. 67.
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MHTEHCUBHOCTb NMonsA NIMOCKUX 3NEKTPOMATIHUTHbIX BOJTH MNPU
PACMPOCTPAHEHWUU B CNYYANHOW CPEQE ANA PA3NNYHbLIX MOOENEN
BEPOATHOCTHbIX PACNPEAENEHUA AMNNUTYAbl HEOQHOPOOHOCTEWN

NPAMOYIOJIbHON ®OPMbI

I'.W. Tpuropses?), T.M. 3aGopouxosa?), JL.II. Koran?

D HUP®U HHT'Y um. H.H. Jlob6auesckozo
JDHITY
Y HHTACY

IHocmanosxka 3a0auu

N3yuaercs paccesHUE ILUIOCKOM 2JIEKTPOMATHUTHON BOJHBI C HAIPSKCHHOCTBIO DJICK-
tpraeckoro monst Eg(x) = n Ej exp(iwt — ikx), namaromeit o HopMaiu 71 Ha OTHOMED-
HBI CITy4aifHO-HEOTHOPOAHBIN cioil muuHO# L. 3mech Ey— aMIUIUTy/a TaJaroIIeil BOIHEI,
IIMDJIEKTPHIECKast MPOHUIIAEMOCTH €(X): BHE CITOSI OTHOCHTEIbHAS MDIEKTPAIECKAs! TIPOHH-
maemocts cpemel e(x) = (0 = const; Buytpu cmos e(x) = @1+ XN _ A, [H(x —
Xm) — H(x — %, — Sp)]), rae H(z) — ennnmanas dyuakuums Xesucaiina, N — obiee qucio
HEOIHOPOJHOCTEH MPSIMOYTOIBHONH (POPMEI, X, — KOOPIMHATA Hadaga m-ii HEOZHOPOIHO-
CTH, KOTOPO#i OTBEYAIOT IIHPHHA Sy, ¥ aMmuuTyaa |4y, | (puc. 1).

Pacuem cpeoneit unmencuenocmu 6071Hbl

IMonaraem, 4ro ammmutyna |A,,| paccMaTpuBacMbIX BO3MYIIECHHH XapaKTEepH3yeTCs
cpenHuM 3HaueHueM (A,,) = A u aucnepcueii 6,. st WIHPUHBI S, 1 KOOPIUHATHI X, JTIO-
60if HEOTHOPOTHOCTH UMEET MECTO HOPMAJLHOE PACTIPEIEIICHHE CO CPEIHIMH 3HAYCHUSIMHA
COOTBETCTBEHHO (S,,) = S 1 (X,,), a TakKe cTaHAapramu GIyKTyauuii og u 0,. Janee cuu-
TaeM BBITIOHEHHBIMHE yCloBust {S, 05} < L u |A| + 0, S 1. Unarencusnocts J(x) st 3a1aH-
HO# peanuzaruy ciryyaiiHoro ciost 3ammmiieM B Buzie J(x) = u(x) + v(x), rae u(x) u v(x) —
HMHTEHCUBHOCTH IPSIMOH (PacHpOoCTpaHsIoNIeiics BAOIb OCH X) M OOpaTHOI BOJIHBI C aMILTH-
rymamu ~u(x)%% u ~v(x)%> coorercTBenHO. Ha Tpannmax moGoii HEOTHOPOTHOCTH HO-
Mepa M aMIUTUTYBI YAOBIETBOPSIOT COOTHOIIICHHUSIM:

Uy + Sp + 0) = Tulx, — 0) + Ry v(xy, + Sy, +0), )
v(xym —0) = Rpu(x,, — 0) + Tp,v(x,, + Si + 0),

rae T, u R, — K03(pHUIMEeHTH TPOXOXKACHNS U OTPKCHUS YKA3aHHBIX BOJIH II0 YHEPTUH.
2

2 (A%+062 .
IIpu ycnosun ?( s A) &« 1 u3 cuctemsl ypaBHeHHH (1) MOXHO HOIYIUTH BEIPAKECHHE

IUTsT MHTEHCHBHOCTH J (X, + S, + 0) Ha mpaBbIX IpaHUNAX BO3MYIIECHHH C TPSIMOYTOJb-
HBIM IpoduIeM:

JXm + Sy +0) =
2
Tl T [/1N,m+1 + By et Twsa Ty - Trnsr) ] @
= . _
A ma1 @ 1.md)N,m+1( TN+1TN Tl )
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31eck BBeeHBI 0003HAYEHMS

- N-1 N-1 _ 1. _
Aymir =1+ 23204160 Zj:n A1, Ayy =1 Pymyr =
N-1 - -
jem+1 M), Py = ay;

=14 205 6 Xkmme1 @, LS < NG py = 1
O =Ry [INemsr T2, m=1,2,..,N—1; 6y = —Ry;
am =Ry [N T2, m= 1,2,...,N.

Ha puc. 2 npuBeeHa 3aBUCHMOCTE cpefiHe narencuBrocTy noist I (x) = ( J(x)) ot xo-
OpIMHATHI X BHYTPH CJIOS NIPH 3Ha4eHUSIX S = 31, 0g = A Ui LIUPHHBI HEOJHOPOJHOCTEH 1
HOPMAJIBHOTO PACTIPEAENICHNS HX aMIUIUTYABI co cpexHnM 3HadeHneM A = 0.20 u crangap-
ToM (rykryarmii 6, = 0.20. 31ech 1 1aniee Bce pe3yIbTaThl COOTBETCTBYIOT YCPEIHEHHIO 110
30 peanmmzansim 1 uucity N = 30 HeoqHOpOIHOCTEH B Kaxkoi peanusanun. KpacHas (kpu-
Bas /) v cuHsSA (KpHBast 2) 3aBUCHMOCTH Ha PUC. 2 TOCTPOCHBI HAa OCHOBE PE3yIbTaTOB PAOOTHI
[1] n ncionp30Banust hopmyns (2) qaHHOH paboTs! cooTBeTCTBEHHO. Kak ciexyer u3 puc. 2,
HMEET MECTO MPaKTHIECKH MOIHOE COBIAICHNHE 3aBUCHMOCTE# [ (X), TOMyYEHHBIX pa3ind-
HBIMH METO/IaMH, UTO SIBJISIETCSI HOATBEP>KACHAEM JOCTOBEPHOCTH IIPEIaraéMoro Moaxo/a.
I(x)

1.15
k Sy 1.10

ch 4, 1.05

H

! J 0.95 7

|

L

m Xm+] XN

Puc. 1 Puc. 2

e(x)/eq

N

0.90

[

0.85
x/L

X o 0.2 04 006 038 1

~—— —

I
|
|
|
|
X,

Ha puc. 3 3aBucumocts [(x) = (J(x)) mocTpoeHa mpu Tex e 3HaUYCHHUsIX IapameTpoB N, S
U Og, 9TO ¥ Ha PUC. 2, HO JUIs cymiecTBeHHO Oombimx 3HaueHui A = 0.30 n o, = 0.30. Kak
1 Ha pHC. 2, cUHAS KpuBas (/) OTBedaeT HOPMAIBHOMY pactpeneneHuto ['aycca s aMIumi-
Ty sl Quykryarmit. OTMeTiM, 9T0 npH 3HadeHusIx napameTpoB A = 0.30 m o4 = 0.30 me-
tox pacuera ( J(x)), npeutoKeHHbIH B [ 1], OKa3bIBAETCS yKE HEMPUMEHUMBIM, B OTIIHYHE
0T TOJIX0/a, MPEATIOKEHHOTO B TaHHOU paboTe. 3eneHas (kpuBas 2) u OHpro3oBas (KpHuBast
3) 3aBHCHMOCTH OTBEUYAIOT paBHOMEPHOMY U ['aMMa pachpeeNieHusIM TS aMIUTUTY bl A
COOTBETCTBEHHO [2]. IIIOTHOCTH BEpOSATHOCTH PaBHOMEPHOTO PACIIPEACIICHNS IMEET B

p,(w) = ﬁ,w € [a,b]; p,W) =0,w & [a,bl;a=A— 04V/3,b=A4+ 0,V3). [Inor-
HOCTb BEPOSTHOCTH | 'aMMa-pacrpeiesieHust onpeaensiercs: hopMmyoit ps(w) =
(04/4)*wh L exp(—wA/c,) T(#£)Y, rae ['(Z) — ramma -dynxuus Diinepa, rae £ =
A?/c,. J1ns yKkazaHHBIX pacnpe/iesicHuil mapaMeTphl M0100paHbl Tak, 4TO CPEIHHE 3Haue-
HUS O, U IUCIIEPCHU AMIUTATYIBI A HMEIOT Te JKe 3HAYEHMSI, UTO U TS CITydast HOpMasib-
Horo pacrpenernenus ['aycca p; (w) [1]. Kak cienyer u3 puc. 3, Bia Mozenu
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pacrpeeNieHrs aMIUTUTY/IBI BO3MYIICHHIT C1ab0 BIHSET HAa CBOMCTBA CPeHEN HHTEHCHBHO-
cru [ (x) BHyTpH CIIOSI.

I(x) 1(x)
1.2 1.2
1.1 1.1
1.0 1.0
0.9 0.9
0.8 0.8
0.7 0.7
0 02 04 06 038 1 0 02 04 06 038 1

Puc. 3 Puc. 4

Ha puc. 4 npusenens! 3aBucumocti [ (x) mpy 3HAYEHHH CTaHAAapTa (IIYKTyarwil mm-
puHbI HeoHOpoaHOCTEH 0g = 0.01A, YTO 03HAYaeT NPAKTHYECKU OJUHAKOBYIO IIMPUHY Sy,
Bcex (uykTyanuid. Bce ocTanbHble 3HaUCHNS MapaMeTpoB TaKue e, 9To u uist puc. 3. Ho-
Mepa KpUBBIX /, 2 M 3 OTBEYAIOT TEM JK€, YTO M Ha PUC. 3, BEPOATHOCTHBIM pacIpeie/ICHUSIM
Uit aMIuTy sl |4, |. 3 conocTaBnenus puc. 3 u puc. 4 cieayer, 4To NpH OAWHAKOBBIX
mapametpax A, 0, U S CpemHsst HHTEHCUBHOCTH [ (X) cnabo 3aBUCHT OT 3HAaUCHUH CTaHIapTa
¢urykTyanuii og.

Buieoowt

B pabote npemioxkeHa METOMKA BBIYHCICHUS CPEAHEH HHTCHCHBHOCTH TOJIS INIOCKOIT
BOJIHBI, PACCESHHON Ha CJIOE CO CITyJaiHO-HEOAHOPOIHBIMU BO3MYIIIEHUSMI OTHOCHTEIILHOM
JIDIIEKTPHYECKON TIPOHUIIAEMOCTH CPEABL, IS CPAaBHUTEINHEHO OOIBIINX aMILTUTY X (IIyKTY-
ammii (|A,,| S 1) npsmoyrombroit (opmbl. [Toka3aHO, YTO CpeIHssE WHTCHCHBHOCTH KaK
GYHKIHS OT KOOPAUHATHI BHYTPH ci0st { J (X)) MpH OANHAKOBBIX CPEIHEH MIUPHHE, a TaKKe
cpefHel aMIUINTYAE U JUCIIEPCHH aMILUTUTY bl BO3MYIICHUH c11a00 3aBUCUT OT BU/IA MOJEIH
BEPOATHOCTHOTO PaCIIPe/ICIICHUS aMIIUTYIBL.

Pabora Bemonuena npu noggepskke PH® (mpoext Ne 24-12-00459).

[1] I'puropses I'.1., 3aboponkosa T.M., Koran JLIIL. // PagnoTexHuka 1 31eKTpOHUKA.
2017. T. 62, Ne. 10. C. 945.

[2] Kyxosckuit M.E., Pognonos 11.B. OcHoBsl Teopun BepositHOCcTEH. — M.: MOTU,
2015, 82 c.
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BEPTUKANbHOE PACNPOCTPAHEHUE AKYCTUKO-TPABUTALIMOHHBIX U
SHTPOIMUUHBLIX BONH B ABUXYLLENCA CPELE

I''. I'puropses, H.B. baxmersesa, E.E. Kajinnuna
HUPOU HHT'Y um. H.U. Jlobauesckozo

Beeoenue

B HPOUM HHI'Y pa3paboTaH 1 peryiIsipHO IPUMEHSETCS B HCCIECAOBAHIIX HOHOCHEPHI
1 HEHTpaJIbHOH aTMOC(epbl METO/], OCHOBAHHBII HA CO3MaHUU MCKYCCTBEHHBIX ITEPHOANYC-
ckux HeoguopoxaHoctei (MITH) monocheproii masmer [1]. MeTox mo3BoisieT u3MepsTh ma-
paMeTpsl HOHW30BAaHHOW M HEHTpPaIbHOW COCTABIAIOIINX HIDKHEH MOHOC(HEpHI U PErHCTpH-
POBaTh UX MPOCTPAHCTBEHHO-BPEMEHHBIE BapHaIliH, 00yCIOBICHHBIE PACIIPOCTPAHEHHEM aT-
MoC(EpHBIX BOJH U aTMOC(hepHOH TypOyIeHTHOCTEIO. B ToM 4mcie, m3MepseTcst CKOpOCTh
PETYISIPHOTO BEPTHKAIBHOTO JIBIDKCHUS IUIa3MBI, PaBHAs CKOPOCTH HEHTPaIbHOH KOMIIO-
HEHTHI BIUTOTH 70 BBICOTHI 120130 kM [2].

XapaxTepHbIe IPUMEPH! BBICOTHBIX NMPOQHIeil BEPTUKAIBHONW CKOPOCTH, Ha KOTOPBIX
BU/IHA TIOCTOSIHHASI CMEHA HAMNPAaBJIICHUS CKOPOCTH C BBICOTOM (OTPHIATENBHBIC 3HAYCHHS
03HAYAIOT JBIKEHHE BBEPX) U aOCONIIOTHBIC 3HAYEHHSI CKOPOCTH 10 4 M/C, IPUBEICHBI Ha
puc. 1, 2.

25.10.2022, ceanc 12:30:50 25.10.2022, ceanc 13:45:50
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JleiicTBytomas BbicoTa, KM
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60 60
40 = - 40 L bl 1 L 1 L
-2 -1 0 1 2 3 4 2 -1 0 1 2 3 4 5 6
CxopocTh, M/c CxopocTs, M/ ¢
Puc. 1 Puc. 2

Bo3nnkaet Bompoc 00 HCTOYHUKAX TAKUX BEPTHKAIBHBIX ABKEHNH. OIHUM U3 HUX MO-
XKeT OBITh PacIIpOCTPaHEHNE aKyCTHUKO-TPaBUTAOHHBIX BOJH (AI'B). B mannoii pabote pac-
cMaTpHBaeTcd 3ajgada o pacrupocrpaHeHud AI'B B yCIOBUSAX peryasipHOrO BEpTHKAIBHOIO
JIBIDKECHUSI CPEIIBL.

IHocmanosxka 3a0auu

PaccmoTpuM pacnipocTpaHeHHe BOTH B H30TEPMHIECKOI aTMOC(epe B yCITOBHSIX JBIKE-
HUS PABHOBECHOM CPeibl € IIOCTOSHHOM CKOPOCTBIO W I10 BEpTUKaNu z. MicxoaHble TuHeapu-
30BaHHbIEC YPaBHEHUS VIS CIIA0BIX TAPMOHIYECKIX BO BPEMEHH BO3MYIICHHUH, ITepeMeIaro-
IIMXCS BJIOJIb OCH Z, TIPEJICTaBUM B BHJe cucTeMsl (1) — (3):
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dw  dp

dt ~ 9z 9P (1)
dp dpo ow
E—I—WE—I—pOE_O @

DG (0

dt dz 7 \dt dz
B ypasuenmsx (1)—(3) ucnons30BaHbl cleaylomue 0003HAYCHHS: p U p — JaBICHUE U

IUTOTHOCTH Ta3a, W — CKOPOCTb ABI)KEHHMS CPEJIbI BAOIb BEPTHUKAIBHOM OCH z, s — CKOPOCTD

3BYKa, g — YCKOPCHUEC MMOJIA TAXKECTHU. 3HaukoM 0 MoMeueHbBI PaBHOBCCHBIC BEJIMYUHBI, 4 BbI-

=0. 3)

d _9d d
paKeHue - = — + Wo -~ 03HaYaeT MOJNHYIO TIPOU3BO/HYIO 1O BPEMEHH. YTO4HUM, 4TO IpHU-

MCHUTCIIBHO K TABJICHUIO U TNIOTHOCTH MOJIHYIO IIPOU3BOAHYIO 110 BPDEMEHU HAO0 JOITOJTHUTH

d d
cl1aracMbIM Wﬂ u Wﬂ.
dz dz

Ipn manpHeleM aHam3e HCXOJHOH cucTeMsl ypasHeHuH (1) — (3) yaTem, 4To 3aBUCH-
MOCTb IUIOTHOCTH OT BBICOTHI P,(Z) MOMYHHSETCS GapoMeTpHuecKoii popmyne p,(z) =

psexp(—z/H), B koTopoii H — BBICOTa OHOPOAHOM aTMOC(EPHI. Y CIIOBHEM PaBHOBECHS He-
o d
BO3MYIICHHOH CpeJbl SBICTCSA PABEHCTBO dpz" = —pog.
VYpasrenne (3) npenmonaraeT BO3MOXKHOCTD aAnabaTHUECKOrO XapaKTepa pacipocTpa-
HEHHS BO3MYIICHUH. J[efiCTBUTENEHO, BBOA B aHAJIM3 DHTPOIHIO S UACANTFHOTO ra3a 1o ¢op-

MyJIe coryiacHo [3, 4]

§=So = cyln(pp™), 4)
1 BEIYHCIISS OJTHYIO IPOU3BOAHYIO OT 00€HX JacTeil BeIpaskeHus (4), a Taxke yIUTHIBAs Ma-
JIOCTh BO3MYLICHUN P K Py, p K po NOIydaeM ypaBHEHUC

d(S = So) _ g(dp ¥Po dp)

dt po\dt p, dt

dt po dt )

Ipu 3anucu (5) UCHONBL30BaHbI 0003HAYEHUS: ¥ = Cp/Cy, TNIE Cp U C;, — TEMIOEMKOCTH

ra3a npu NNOCTOAHHOM JaBJICHUU 1 o0beme COOTBCTCTBCHHO, CS2 = % — KBaJpaT CKOPOCTU
0

3ByKa.
Taxum o6pa3zom, u3 BeIpakeHHs (5) cIemyeT, 9TO JacTO HCIOJIB3yeMOe YCIOBHE CBSI3U
JTABJICHUSI U IDIOTHOCTU B BHAE (3) SKBHBAJCHTHO aANa0aTUIHOCTH PACTIPOCTPAHSIOMINXCS
BO3MYIICHHH. 3aMETUM, YTO B M30TEPMHUYECKOH aTMoc(epe CKOPOCTh 3ByKa MOCTOSHHA, a
SHTPONUS Sy MEHSETCS C BRICOTOH Z.
W3 Beipaxkenus (5) cormacHo [3] ciaemyeT npocTas CBSI3b BO3MYIICHUI JaBICHHUS p,
IUTOTHOCTH PO U SHTPONHH S:

Po
p=cip+ S (6)
v
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Pewenue 3a0auu. Xapaxmepucmuxu 60,1

Haiinem xapakTepHCTHKH BOJH, PACHPOCTPAHSIONIMXCS IO BEPTUKAJH, NPEATIoaras,
YTO JABJICHUE U IUIOTHOCTh U3MEHSIOTCS CO BPEMEHEM U B IPOCTPAHCTBE KaK

p, p~exp(—iwt + ikz — kyz). @)
BeprukanbHas cKOpoCTb BO3MYIICHUH W
w ~exp(—iwt + ikz + kyz) ®)

B OTJIMYME OT JABJICHUS p W IUNIOTHOCTH O HAPaCTaeT C yBENNYCHHEM KOOPAWHATHI Z B COOT-
z
BETCTBHE C (akTopoM kyz = YT Ecmm Beipakenus (7) u (8) mMOACTaBUTH B MCXOTHYIO CH-

cteMy ypasaenuii (1) — (3), To BOIHOBOE IHCIIO &, 9aCTOTa @), a TAKOKE TApaMeTphl, XapaKTe-
pH3YyIOIEe HEBO3MYIICHHYIO CPEIy, OKa3bIBAIOTCS CBS3aHHBIMH JHUCIIEPCHOHHBIM ypaBHE-
HHUEM

(Q% + T2)[(Q2 +T2) — c2(k% + kD)), )

B KOTOPOM Q=@— kW, — IONIIEPOBCKH CABMHYTas yacToTa, a ['2 = wiké .

VYpaBuenune (9) onpenenseTr 1Ba BO3MOXKHBIX pemieHns. OTHO U3 HUX OIMUCHIBAET aKy-
CTHKO-TpaBUTAIMOHHEIE BONHBI (AI'B), pactpocTpansiomuecs B BEpTHKATEHOM HalpaBlie-
HUH C TPYIIOBOI CKOPOCTBIO

Vor = 5 = o + esili® + I — wiic/cE] 1/, W

Jpyroe penicHre UMeeT BUL:
Q2 +wiki=0. (11)

Pemenne (11) xapakTepu3yeT SHTPONHHHYIO BOJIHY, KOTOPAsi PACIIPOCTPAHSIETCS CO CKO-
POCTBIO IBI)KEHUS CPElbl M pacTeT ¢ MHKpeMeHToM [' = wyk, YkaxeM B CBS3H C 9THM Ha
M3BECTHBIA IKCIICPHMEHTAIBHBIN (aKT I0J Ha3BaHHEM «sIBICHHE Puiike» 0 B0o30yXIeHUH
3BYKOBBIX KoyiebaHuii B TpyOe ITOTOKOM BO3ayXa, MOJPOOHO ONMMCAHHEIHA B [5, 6]. YcmoBue
CYIIECTBOBAHHUSI SHTPONMUIHON BOJNHBI B CIydae oJHOpoaHOW cpenbl (H— o) coBmagaer ¢
npuBeaeHHBIM B [7] Q=0. 3amMeTnMm, 9TO B JIEKTPOJMHAMUKE TAKOKe MOTYyUESHO PEIICHUE IS
pacTymei >HTpONHuitHOH BOIHEL [§].

INonspru3annoHHBIE XapaKTEPHCTHKN BOJIH ONIPEACIIIOTCS (hopMyIaMu:

p = (ko — i)pow/B 12)
p=ixcz +g(5=1)] pow/s (13)
B = i+ kowy. (14)

Cootnomrennst (12) — (14) MoryT OBITH HCIIOJIB30BAHBI IS aHATH3a YKCTICPUMEHTATBHBIX
JTAHHBIX 110 UCCIIE0BAHUIO XapaKTEPUCTHK aTMOC(EPHBIX BOJH.
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3axniouenue

B pabote moxaszaHo, 4TO Npu HaJIMYMU B atMocdepe 3eMiIi BepTUKAIBHBIX ABMKCHUIT
cpensl (BepTUKAIBHOTO BETpa) KpoMme pacnpocTtpaHeHust AI'B BO3MOXKHO 1 pacipocTpaHeHHe
SHTPOMUIHON MOJBL. Eciy HCTOYHUK, IEHCTBYIONHMI OrpaHUICHHOE BPEMsi, TCHEPUPYET 00a
THUIIa BOJIH, TO B JATbHEHIIEM I[yTH ATUX BOJH Pa30HIyTCsS B IPOCTPAHCTBE U3-32 3HAUNTEINb-
HOHM pa3HUIEI B X TPYIIIOBBIX CKOPOCTSX. DTO 0OCTOSATENECTBO, BEPOSITHO, ITO3BOJIUT OOHA-
PYKUTH SHTPOIHIHEIE BOJHBI U ONPEIEIUTH UX ITapaMeTpPHL.

Pabora Bemonaena o npoekty Ne FSWR-2023-0038 mo 6a30B0if 9acTH rocy1apcTBeH-
HOTO 3amaHusi MuHuCTepcTBa 00pa3oBanus u Hayku Poccuiickoit enepanum.

[1] Bemukosuu B.B., benemukroB E.A., TonmaueBa A.B., baxmerseBa H.B. HccnenoBanme
nonochepsl ¢ momomsio UITH. — H. Horopoa: UTI® PAH, 1999, 156 c.

[2] I'epmvan B.H. unamuka nonocgepHoii mia3msl. — M.: Hayka, 1974, 256 c.

[3] Broxunnes .M. AxycTrka HEOTHOPOIHOH ABMKYyIIeiics cpenpl. — M: Hayka, 1981,
206 c.

[4] Batuenop [x. Beenenne B munamuky xuakocta. — M: Mup, 1973, 758 c.

[5] 3apembo JIL.K., KpacunsaukoB B.A. Beenenue B HenmuHeiHy10 akycTHKy. — M: Hayka,
1966, 520 c.

[6] Paneit [x. Teopus 3Byka. Tom 2. — M: Ioctexmzmar, 1955. C. 222.

[7] JTarmay JI.J., JIupmmn E.M, Teopernueckas ¢pusuka. Tom 6. ['mapoaumaamuka. —M:
Hayxka, 1986, 736 c.

[8] Comos b.B., xamnos M.C., Lrayzne FO. O HeycToiunBOCTH SHTPONHIHBIX BOJIH B
rocmuueckoi miasme. Kocmuueckue nccnenosanus 2008. T. 46, Ne. 5. C. 408.
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O NMPOCTPAHCTBEHHOW CTPYKTYPE OBJIACTU FrEHEPALIUN
ONTUYECKOIo CBEYEHUA MOHOC®EPbLI B NUHUM 630 HM MO
OEWCTBUEM N3NYYEHUA CTEHOA CYPA

10.K. JlerocraeBa, A.B. lllunaun, C.M. I'pau
HHI'Y um. HHU. Jlobauesckozo

HckyccTBenHoe cBeueHne noHocdepsl Habmomaercss B F-o0mactu mon Bo3zpeiicTBHeM
MOIITHOTO 3JIEKTPOMAarHUTHOTO M3Iy4eHHs B Pe3yiIbTaTe CICAyIomel nenodku spiaeHui: (1)
B3aMMOJICHCTBIE BOJTHBI HAKAUKN OOBIKHOBEHHOI nomsipu3anuu (O) Ha 9acToTe fj, MEHBIICH
KPHUTHUYECKON 9acTOTHI Fo-ci10st HoHOC(hEpH!I foF2, C HOHOC(HEPHOH TI1a3MOi IPUBOAUT K TeHE-
panuy IUIa3MEHHBIX BOJH B 00JIACTH OTPa)KCHUS BOJHBI HaKa4KW; (2) IIa3MEHHBIC BOJIHBI
3¢ PEeKTHBHO YCKOPSIOT CBOOOMHBIE IIEKTPOHEL; (3) IIEKTPOHBI, IPHOOPETAIONIHE B PE3YIIh-
TaTe YCKOPEHHsI HeoOX0ANMyIo SHepruio £ > E;, Ipy CTOIKHOBEHHSX BO30YKIAIOT OIpene-
NEHHBIE HEpreTHdeckue ypoBHH (£, - MOTEHIMAN BO30YXKICHHUS YPOBHS) HEUTPAIBbHBIX aTO-
MOB WJIH MOHOB MOHOC(EPHOro rasa; (4) B mpoIecce pellakcaui BO30YKIEHHOTO aToMa
(voHa) 10 OCHOBHOTO COCTOSIHUSI IPOUCXOAUT BHICBEUHBAHUE (DOTOHA.

Hmeet MecTo KOHKYpHpPYIOMHH 3((eKT: mogaBIeHIe GOHOBOTO CBEIECHHS HOHOC(HEPHI.
OH BO3HHKAET BCIIEACTBHEC YMEHBIICHHS KO (UIMEHTa TUCCONNAaTUBHON peKOMOMHAIINY C
POCTOM TEMIIEpaTyphl SJIEKTPOHOB P HAarpeBe IUIa3MEHHBIMHU BOJHAMM, YTO IPHUBOIHT K
YMEHBIIEHHUIO KOHIIEHTPAIMU BO30YKIEHHBIX aTOMOB, OTBETCTBEHHBIX 32 TEHEPAIIHIO CBEYe-
uust. Hanbonee HuskuM nmoporom Bo3OyxaeHus (1,96 5B) sBnsercs kpacHast THHHS aToMap-
Horo kucnopoga O(1D) (A = 630 um u Bpemst xu3au T = 107 c).

B ciygae perucTpariy HCKyCCTBEHHOTO CBEUCHHUS B HECKOJBKHUX Pa3HECEHHBIX B MPO-
CTPAHCTBE MYHKTAaX MOSBIIIETCS BO3MOXKHOCTD OLEHUTH CTPYKTYPY M IIPOCTPAHCTBEHHEIC Xa-
PaKTepUCTHKH BO3MYIIEHHOH oOnacti noHochepsl. B 2021-2024 rT. SKCTIEpUMEHTSI 10 pe-
THCTPALH UCKYCCTBEHHOTO CBEUCHHS IpH Bo3zaeiicTBuu MomHbIM KB pammomsmydennem
crenna CYPA B muamm A = 630 HM IPOBOAMIINCE B TPEX PA3HECEHHBIX ITyHKTAX HAOTIOACHHS
— crerg CYPA (reorpadmueckue koopanHats! 56,15°c. m., 46,10°B. x.), MaraurtHas obcep-
BaTopus Kazanckoro ynusepcurera (55,56°c.r., 48,45°8. 1.) u nepesus 3aximounas (Ilepe-
BO3CKHi1 paiion Hmkeroposckoit 06i1., 55.54°c. mr., 44.53°8. 1.) BosneiictBue Ha noHochepy
OCYIIECTBIIOCH ¢ momotbio KB paanonsirydenus oOBIKHOBEHHOH HONISPU3AIIH IIPU Bep-
TUKAJBHOW OpHEHTAIMM AWarpaMMbl HAIPAaBICHHOCTH CTEHa, JMO0 HpPH HAKIOHE [Ha-
rpaMMBI Ha 10T Ha 12° B INTOCKOCTH MAarHUTHOTO MepuraHa Ha 9acTote fo = 4785 k[’ - 4 300
k[, a¢pexTuBHAS M3TyTaemMast MOITHOCTE cocTaBiisuia Pad ~ 80 - 100 MBT. Bozneticteue
OCYIIECTBIIIOCH B PEXXKUME 2,5 MUHYTHI — HEPEPBIBHOE M3Iy4eHHE, 3,5 MUHYTHI — Hay3a.
[ToxpobHO MeToMKa PErNCTPAIMH U aHAJIM3a IIOPTPETOB HOYHOTO Heba ommcana B [1, 2].

B criry 601bIIOro paccTOSHIS MEXIy perUCTpaluoHHBIME IMyHKTamHu (>100 kM) cymie-
CTBOBAHHE YAAQUHBIX YCIOBHH JUISl PETHCTPALINH CBEUYEHHUS (OOIATHBIN TOKPOB) B PA3THIHBIX
IyHKTaX OKa3bIBAETCS BEChbMa PEIKHM siBICHHEM. B Teuenme nByx kammanwmii 2021 r. He
OBUTO HU OJHOTO CEaHca BO3AEHCTBHSA, KOraa dQ(eKT reHeparuy NCKYCCTBEHHOTO ONTHYe-
ckoro csedeHnst (MOC), mbo ¢ dext noxasneHus GpoHa HAOIIONAIICH Cpa3y B TPEX PETH-
CTPalMOHHBIX IMyHKTaX. B skcmepumentax 2022 r. morogHsle yclIoBHsS ObU Oolnee ynaad-
ez 1 MOC ynanock 3aperucTprpoBaTh BO BCEX TPEX MyHKTaX HAOMIOACHUS, XOTS, TI0-BHU-
JIMMOMY, IIPO3PavHOCTh aTMOC(EPEI, H, CIIEA0BATEIHHO, IPKOCTh N300paKEHHUH HAa CHIMKAX,
ObuTH pa3zmuaHbIMA. [IprMeps! peructpanyy npuBeaeHs! Ha puc. 1 u 2.
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SURA 19:39:30 UT 0].08. 20232

o Kagan, 19:30-30 UT 01,08, 2022 Zabuchnaya, 19:3% 30 UT 0108 2028

Puc. 1

Ha puc. 1 mpencraBieHs! CHUMOK HOYHOTO HeOa B TMHAH A = 630 HM, 3aperHCTPHPOBAH-
ueiif B 01.08.2022 1. B 19:39:30 UT. Bpemst Hawana perucTpaniy CHIMKA CO BpEMEHEM JKC-
no3ummu 25 ¢, a Taxke MyHKT PerHCTpaliy yKa3aHbI CBepXy MaHenu. KpacHBIM U cHHUM
KOHTYPaMH OKa3aH MIPeABAPUTEIBHBIA pacueT pa3Mepa U MECTOMOIOXKEHNs oOnacTeil cBe-
gyenus. BosnelicTeue Ha nonocdepy KB paguonsmyuennem 1 aBrycra 2022 rom ocyImecTBIIs-
JIOCH TIPH BEPTUKAJIBHON OPHEHTAMH AUarpaMMBbl HallpaBIeHHOCTH. [lapameTpsl KOHTYpOB
COOTBETCTBEHHO KpacHbI/cuani: 56,10°/56,14° c.11.; 46,36° /45,93°8.11.; BeIcOTa = 250%/255°
KM; GosbImast moryoch arumca 9 km/11 km; Mamas — 7 km/8 kM. OpamKeBEIMHU JTHHUSMH II0-
Ka3aHbI IPOSKINH CHJIOBBIX JIMHHHA T€OMAarHUTHOTO IIOJIST Ha INIOCKOCTh CHUMKA (st Mar-
HUTHOI 0O6cepBaToprn KOY — Ha xanpe, Ha kotopom mpucyrctsyetr MOC. Ha xanps! ¢ xax-
JIOTO ITyHKTA TaKXKe HAHECEHbI HAIIPaBJICHNE CTOPOH cBeTa (OeJIble TMHNUN), paJiaitbHbIe JTH-
HUH, a3UMyTaIbHBIE KPYTH (IIyHKTUPHBIE Oeible JIMHUN) U CXeMaTHIHOE N300paKeHUe ana-
rpammbl HanpaBiieHHOCTH cteHna CYPA (6enbrit kpyr).

Ha puc. 2 npexncrasnen pe3yibrat 3D-monenupoBanust obmactu ceedeHus. 3D-mMonemn-
pOBaHHE TIPOBOAMIIOCH C MOMOINBIO paspaboranHoro I1O. M3 mambonee momxomsmmx,
Hamel TOYKH 3peHHs], TapaMeTpoB KOHTYPOB C PUC. 1 CTpomnch 00beMHBIE CHEepPOnIbI, BbI-
TSHYTBIE BJIOJIb MATHUTHOTO TT0JIs1. CTpenKkamu MoKa3aHO HAalpaBJICHIE MArHUTHBIX CHJIOBBIX
JIFHUMH, a TAK)Ke CTOPOHBI cBeTa. [lyHKTHPHBINA KPyT — 3TO KPYT KOMITaca, Tie KpacHast JIMHUS
COOTBETCTBYET CEBEPY, CHHSIS — IOTY, 3eJIeHast — BOCTOKY M p030Basi — 3amafy. bupro3oBas
JIMHUST — TIPOEKIHS MarHUTHBIX CHJIOBBIX JIMHHUIM HAa TOPU30HTANBHYIO TNIOCKOCTH COOTBET-
CTBYeT MarHUTHOMY MepuamaHy. Cepelii KOHYC — IUarpamMMa HalpaBJICHHOCTH CTEHIA
Cypa. Ilo manHOMYy pe3yibTaTy M JanbHEeHIed paboTe HaJ HUM IUIAHUPYETCS YCTAaHOBUTH
peanbHOe PACTIONOXKEHNUS ISITEH CBEUCHHUS B IPOCTPAHCTBE U UCCIEAOBATH MPOCTPAHCTBEH-
HYIO CTPYKTYpy obactu Bo3Mymienus. Ha pucyHKke; maHens a) B3IJIsI C BOCTOUHOM CTOPOHEI
(croponsl Kazanwn); manens 6) B3 cHu3y Ha creHae CYPA; 6) B3rsa ¢ poro-3amagHoit
CTOPOHEHI (1. 3aKIFOYHAs).
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CBKIII/I}I <<I/I3J1yqune 1 pacIipoCTpaHCHUEC PaaguOBOIIH»

o Sura
« Kazan [ &
Perevoz .

ann 1
e Sura
» Kazan
o Perevoz

.
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100

-150-100 -50 0 50 100 150
y, km

50
o 50108
100156-1580°

a) 0) 8)
Puc. 2

Ha puc. 3 u 4 mpoxeMOHCTPHPOBaH yxe Apyroi ceanc HaOmonenns — 31 uromst 2022 .
20:03:00 UT mpu HakioHe nuarpammbl cteHaa CYPA Ha tor Ha 12° B IDIOCKOCTH MarHUTHOTO
Mepuauana. JKenrasi MyHKTHPHAs JHHHS COOTBETCTBYET BEPTHKAIBLHOMY HAIMPABICHHUIO.
Oc00EHHOCTBIO JaHHOT'O CEaHCa SIBJISETCS OAHOBPEMEHHOE MTPUCYTCTBHE KaK 00JIACTH ONTH-
YECKOro CBEYCHHSI, TAK U MoJaBiIeHUs GoHOBOro n3nydeHust noHochepsl. [TapameTpbl KOH-
TypOB COOTBETCTBEHHO KpacHbii/cuumii: [Hupora = 55,59/55,61° c.am.; Jloarota =
45,9°/46,05° B.11.; Beicora = 240 km/250 xm; Bosbiias momyocs arumrnca = 19 km/54 km; Ma-
JIasi MoJyoch dyummnca = 16 km/45 km.

150100 50 o _gp
¥, km

KU, J0:00:00 UT 11.07.3033 Kazen, 200300 UT 1I 273033

Zakluchraya, D030 UT 31 07 122

0)
Puc. 3

K nHacrosmemy BpeMeHH IpeaBapUTEIbHO MPOAHATN3UPOBAHEI BCETO 2 ceaHca BO3JeH-
ctBus paguonsaydeHueM creana CYPA na nonocdepy. B 2023 u 2024 rr. HaKomIieH 3Ha9H-
TEJIFHBIA SKCIIEPUMEHTAIBHEIH MaTepHal 10 TPEXMIO3HUIIMOHHOMY HCCIIEIOBAHHUIO 00IacTH
HCKYCCTBEHHOT'O CBeueHHs1 HOHOCephl. B nanbHeliem mianupyercs 6ojiee TOYHO YCTaHO-
BUTH ()OPMY U TIOJIOXKEHHE 00JIacTell TeHepai HCKYCCTBCHHOT'O IISITEH CBEYEHHMS B TIO/1aB-
neHust (POHOBOTO CBEUCHUSI B IIPOCTPAHCTBE ISt 00paOOTaHHBIX CEaHCOB, @ TAKXKE TPOAHAITH-
3MpOBaTh BECh HAKOIUIEHHBIH 00BEM MAHHBIX. DTO IMO3BOJHT, COTNIacHo [3], mccienoBaTh
KPYIHOMACIITaOHYIO CTPYKTYPY B BO3MYLIEHHOI 0071aCTH HOHOCHEPHI.
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ann t

Sura
Kazan
Perevoz

e Sura
e Kazan
e Perevoz

,ﬂ
o
3
Height, km

100

a) 0) B)
Puc. 4
ABTOpHI BEIpaXxatoT OmarogapHocth corpynaukam KOV M.A. Haceiposy, JI.A. Koro-
runy u B. B. EmenssnaoBy, cotpyaaukam UC3® CO PAH A.b. benenxomy u 1.J1 Tkauésy,
corpyauaune HHI'Y K. K. I'pexueBoii u Texandeckomy nepconany creHna CYPA 3a yuactue
B IIPOBEJICHUH SKCIIEPHMEHTOB.
Pabora BemonxeHa npu ¢punancosoi moguepxke PH®, rpant Ne 20-12-0019711.

~150-100 -50 0 50 100 150 150100 50 0 _50_100.150-150
y, k ¥, km

[1] HIuamua A. B., Kimumenko B.B., Kororun /I.A., benenkuit A.B., I'paa C.M., Hacsi-
poB 1. A., Ceprees E.H. // I3B. By30B. Pamnodusuka. 2017. T. 60. Ne. 11. C. 949.

[2] I'paa C.M., Kitnmenxo B.B., lInanua A.B., Haceipos 1.A., Ceprees E.H., fm-
HOoB B.A., [loropenko H.A. // U3B. By30B. Pagnodusuka. 2012. T. 55(1-2). C. 36.

[3] Grach S.M., Nasyrov .A., Kogogin D.A., Shindin A.V., Sergeev E.N., & Razi
Mousavi S.A. // Geophysical Research Letters. 2018. Vol. 45. P. 12, 749.
https://doi.org/10.1029/2018GL080571
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OCOBEHHOCTU MOAENNPOBAHUA PACNPOCTPAHEHUA KB PAOVUOBOIJTH
HA ONMUHHbIX TPACCAX NPU NPOXOXAEHUM NMUB

H.A. Cemenosa'), ®.1. Beioopuos’ 2, C.M. I'pau?

DHHTY um. HHU. Jlo6auesckozo
2 @I'FOY BO «BI'YBT»

IHocmanosxka 3a0auu

Iensio paboTs! sBIsICTCST MOAENupoBaHue pacnpoctpanenus KB pagnoBonn Ha mmmH-
HOH Tpacce CPeaHSIIHPOTHON HOHOC(HEPHI BO BPeMs PETHCTPALNN EPEMEIIAIOIIET0Cs HOHO-
cteproro Bozmymienus (I1MB) Z-o6pa3Horo Buia M COMOCTABICHHUE PE3YIBTATOB MOJICIIH-
POBaHUS ¢ TUCTAHIIMOHHO-YaCTOTHBIMH XapakTepuctukamu (JJHUX) HakIOHHOTO 30HANpPOBa-
HUSL MOHOC(EpHI, MOTyYCHHBIMA B XOJE€ CHEIUATBHOTO JKCIICPHMEHTa BO BpeMsI PabOTHI
JIUM wnonozonga 20 utonst 2023 r. B kauecTBe HCXOIHBIX JAHHBIX HCIIOIB30BAJICS IPOGUIH
AJIEKTPOHHOW KOHIIEHTPAIMH JJIs1 HeBO3MYIIeHHOH noHocdeps (6e3 [TMB), koTopsrii onpe-
nemsuics o moxenu IR12016. MonenupoBanue poBoaminocsk st Tpacesl Kump - Hiokanit
Hogsropox, JTUM-curaans! m3aydanuck ¢ 4:00 o 5:00 UT mocinenoBaTensHO ¢ MHTEPBATIOM
5 MUHYT.

Ocobennocmu mooenuposanus

MopenupoBaHue pacIpoCTpaHEHHs JEKaMETPOBBIX BOJIH ITPOBOIMIIOCH B IPUOIIKESHUN
reOMETPUYECKON ONTUKU. BBINONHANCA pacdeT TPacKTOpUil Jydel BOJIH, PacIpOCTPaHsIO-
IUXCSL B CEPUIECKU-CIONCTON MarHUTOAKTHBHON HMOHOC(HEpPHOH II1a3Me B IPHCYTCTBUH
[TMB. [nst 0ObIKHOBEHHON 1 HEOOBIKHOBEHHOH BOJHBI PEIIAINCH XapAaKTCPHCTUIECKHE JIy-
YeBbIE YPaBHEHHS B CEPHIECKON CHCTEMe KOOPAMHAT, KOTOopas Oblla CBS3aHHA C peallb-
HBIMH C(pepraecKkuMu reorpaduueckoil 1 MarHUTHOW CHCTEMOH koopanHaT. B pacuerax nc-
MOJb30BAINUCH IIOCTOSIHHBIC BJOJb TPACCHl 3HAYCHMS XapaKTCPUCTUK MAarHUTHOIO MO
(HaKJIOHEHHE TeOMarHUTHOTO 1oy 63.5°, cknonenue 7.3°, rupodactoTta 1.26 MI'1r), KOTOpBIE
onpexemnsiuch o Moaenn IGRF mist cpenueit Toukn Tpacchl.

Bo3mymienne npoduis 31eKTpOHHOW KOHIEHTPAMy (HEOJHOPOIAHOCTD) HMPH MPOXOJK-
nennn [1VIB 3agaBanoch rapMOHHYIECKOH (YHKIHEH (IUIOCKOH BOJIHOW ¢ JUTMHOM BOJIHEI L,
Macmrab KOTOpOi OrpaHUYeH MO BEICOTE HKCIIOHEHTOH) aHamorudHo [1]:

N(x,y,Z)=No(Z)'[1+5
Z\P 2'm
'ex”<‘(5) )'C"S(‘T 0]
“(x-cosa-cosB+y-sina-cosf
+z-sinp) ],
rae (—ZTH-(x-cosa-cos,[>’+y-sina-cos/3+z-sinﬁ))=kr, rae kK — BOJHOBOMA

BEKTOp, ' — PaANYC-BEKTOP B JIOKAIBHOH JIEKAPTOBOH CHCTEME KOOPAMHAT C IEHTPOM (X =
y = z =0), coBHagaomuM ¢ IEHTPOM HEOTHOPOTHOCTH (BBICOTA IIEHTPA HEOTHOPOIHOCTH
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HaJl TOBEPXHOCTHIO 3emmn H=250 xm); ochb X HampaBiIeHa C BOCTOKAa Ha 3amaj, oCb y — C
ceBepa Ha IOT; Z — MO Beprukanu; p=2, 4, 6, ..., 2n; Ny(z)— 3HaueHHE >JIEKTPOHHOM
KOHI[CHTPAlMk B HEBO3MYIIEHHOH HMOHOChepe (HeBO3MYIIEHHBIH Ipodms). Mcnoms3osa-
JHUCh CIEAyIOIIHe MapaMeTphl HEOAHOPOJHOCTH: OTHOCHTENbHas ammumryaa o=0.1,
XapakTepHelif Macmralb (mpocTpaHcTBeHHBIM mepuox) L=100 kM, a3sMMyTaabHBINA yTro
HAIpaBJIeHUs. PAcIpOCTPaHEHUs] BOJHBI -65°<a<-30°, yrom HaxkioHa (POHTAa BOIHEI
OTHOCHTENBHO BepTHKamu 35°<f<70°, macmrab d=50 kM 1 CTeNeHb p=6 HKCIIOHEHIIHAIEHOTO
OTPaHNYEHHUS BO3MYIICHHS IPOGHIIS 1O Z.

Jimaa tpaccsl Kunp-Hmxamit Hosropon cocrasmsier 2500 kM, a3uMMyT W3 IIyHKTa
nepeadyd B MyHKT mpuema 195° (OTCUMTHIBAETCSI OT HAIIPABJICHUS Ha CEBEp IO JacOBOH
crpenke). Koopauuars! nepenatunka Ha Kumpe, cpenneil Toukn u npueMmunka B Himxaem
Hosropoxe paBHbl, cooTBeTcTBeHHO, 35.02 c.ar., 33.77 B.1., 45.67 c.a., 38.90 B.. 1 56.32
c.m., 44.02 B.n. Ilpu MomenupoBaHMH IepeMeleHne (HPOHTA IIOCKOI BOJHEI 33/1aBaJOCh
CABUTOM IIEHTpa HEOTHOPOIHOCTH (IpH H=const) BIOJNH JIMHUM MIUPOTHl CPEAHEH TOUKH
Tpaccel C 3amaga Ha BOCTOK. HeomHOpogHOCTh MMeeT OSCKOHEUHYIO MpPOTSHKEHHOCTH B
HAaIpaBJICHUH, NEPICHIUKY/SIPHOMY BOJIHOBOMY BEKTOpY K, T.e. YIJBI o W f, 3amaromue
HaIpaBJICHHE BEKTOpa Kk, ONPENENSIOT IOJI0KEHHE INIOCKOCTH PAcIpOCTPAHEHHMS! BOJIHBI B
IIPOCTpaHCTBE. MoaennpoBaHue IepeMeIeHHs HEOJTHOPOIHOCTH TOCPEICTBOM ABIKEHHS €€
LIEHTpa B TOPH30HTAJILHOM HATpaBlIeHH! (IpH /{=const) 03HaYaeT, 9TO JAHHAS IUIOCKOCTD
repeMenaeTcs Kak eANHOE IIeI0e B HAIIPABJICHHH C 3ara/ia Ha BOCTOK.

Pezymzmambt Modeﬂupoeanuﬂ U ux conocmaeienue ¢ OAHHbIMU IKcnepumenma

Ha puc. la mpencraBineH paccueTHBIH rpaduk BpEeMEHHBIX 3aepkeKk 7 (B MC) B
3aBUCUMOCTH OT 9acTOTHI BONHEI f (B MI'm) mmst O-moxsl: Tpem gactotam (Touku 1, 2, 3)
COOTBETCTBYIOT TPH JIy4EBBIX TPACKTOPHU B MPOEKIMU HA MIMPOTHYIO IIOCKOCTH - pHC. 10,
I[BETOM IIOKa3aHO IIPOCTPAHCTBEHHOE PACIIpeeIeHHe IeKTPOHHOI mioTHOCTH. Kak BuaHO
n3 puc. 10 BepxHHME Iy4HM UCHBITHIBAIOT 3aMETHOE OTKIOHEHHE OT TPAaeKTOpHUH B
HEBO3MYIEHHOH HOHOC(Epe, YTO MPUBOINT K YBEJIIMUCHUIO IIYTH JIyda U POCTY 3aJCPKKH.

10 T MC 00 ]
88 @) ‘o, 1: /=19.66 MI'ny 0 1 Ne, -
96 " -y, 2: f=19.407 MI'n '
04 - 3: /=20.045 MI'y .

9.2 250 + = it i _Fos
. r 0s
9 _—3 20g e

3 A —e A | o 4.,

8.6

s4 KoopanHaTbl LeHTpa 100 ™

g HEONHOPOAHOCTM: ol l B

45,5"c.w., 36,8°8.4. £MIy  Kunp .
13 15 17 19 2 23 o

Puc. 1
Ha puc. 2 npencrasnena cepus rpagkoB BPEMEHHBIX 3aeprKeK T (B MC) B 3aBUCHUMOCTH
or gactoTel BoiHBEI f (B MI'm) mms O-momsl. Ha neBoil maHenn cBepxy BHH3 (a-XK)
MIPE/ICTABICHbl PE3yIbTaThl MOAEIUPOBAHMS UL YIIOB a=-45°, f=45° mpn MOmOKeHHsIX
LIEHTpa HEOTHOPOJHOCTH, COOTBETCTBYIOIIUX €r0 IIOCIEIOBATEIHLHOMY IIEPEMEIICHHIO C
3ama/ia Ha BOCTOK; Ha IIPaBOM IAHENH CBEPXY BHU3 PACIIOIOKEHBI DKCIIepUMeHTaIbHbIe JJUX,
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MOJTyYCHHBIE B MOCIIE0BaTEeIbHbIE MOMEHTHI BpeMeru: a,0) 4:05 UTC; B,r) 4:10 UTC; m,e)

4:15 UTC; %k,3) 4:20 UTC.

KauectBennoe paccMoTpeHHe
nuHamuku  nepememienuss [IMB B
HalpaBICHWH C 3amaja Ha BOCTOK
OOHapy>KHBaeT €€ COOTBETCTBHE C
JIUHAMHAKOW CHIDKCHHSI C TEUCHHEM
BpPEMEHHI IKCTICPUMEHTAIBHBIX
3HAQUCHUH BPEMEHHBIX 3aJCpiKeK B
obiacti Z-00pa3Horo y4acTka ciena
JUX. JlaHHOE COOTBETCTBHE II03BO-
JISIeT OLCHUTH 3HAUCHUE KOMITOHEHTHI
ckopoct nepememienuss [IMB B
HaNpaBIeHHH C 3alafa Ha BOCTOK:
V=176 m/c. OTMETUM TaKxke, 9TO Me-
TOJ MOZICJIMPOBAHNS BKIIIOYACT B ceOs
pelieHne 3aJaddl ONTHMU3ALNH, T. €.
IyTEM IIOCIEAOBATEIBHOTO IpUOIH-
JKEHHS Ha4aJIbHBIX 3HAUYCHUH PUIIEITb-
HBIX [ApaMeTpOB pelIaeTcs 3axada
HaWITy4IIero IONMaJaHus 30HIUPYIO-
IIEro JIyda B 001acTh npreMHuka. [1pn
9TOM Ha pacdeTHBIX rpadukax 3auep-
XKEK, B OCOOCHHOCTH JUIS CIIy9acB a) 1
0), MOXKHO 3aMETHTh OTCYTCTBHE TOYEK
WU peIKHe TOYKH B 00JIaCTH, TAE 3Ha-
YEeHHE BPEMEHHBIX 3aJICP)KEK MaKCH-
ManbHO. JlaHHBIA S3(PQEKT COOTBET-
cTByeT 3(eKTy YaCTHIHON KaHaIH3a-
UM PHEPTUM B KPYITHOMACIITaOHBIX
BEITSIHYTBIX ~HEOAHOPOTHOCTSIX HPH
HAKJIOHHOM  30HIUPOBAHUHM  HOHO-
cdepsl 3a cueT AUPPAKIHOHHOTO TIPO-
CauMBaHMUs B OKPECTHOCTH BEPXHHX
aydeit [2]. Wcnons3yemblii HaMu Me-
TOJ B OOJIBIIMHCTBE CIIy9aeB CIPaBIIs-
€TCsd C 3ajadell MOMCKAa PELICHUSA B
CJIOKHOU 00macTy.

Ha puc. 2 npencrasnens! rpadgukn
pe3ysIbTaToB MOJICTTHPOBAHHS
BPEMEHHBIX 3a/iepkeKk 7 (B MC) B
3aBUCHMOCTH OT YacTOTHI BOJHEI f (B
MI'n) mnst O- u X-MoAbl AJsl APYTHUX
Pa3IIYHBIX KOMOMHANVSIX YIJIOB O U f§

° T Me
o KOOpAMHATS! UeHTDa
e HEOHOPOAHOC TH:
o 45,5°C.u., 36,0° 8.4

: o

KoOpMHaTH! LieHTpa
HEOAMOPOAHOCTH
45,5°C.., 36,3 8.4,

. £ MI'n
s r . 2 ) 74 M

5 Koopparel uenTpa
" HEORHOPORHOCTH

0 - 45,5°c.u., 36,8 B4
02 \
m
5 VAT
o
62 82
£ NI
. .
. 1 W -9 2 2
° 7w
- : KoOpAMHATH LieHTpa
HEOAHOPOAHOCTH
o 5.5
\tk 45,5'cw., 37,0'8.4
o
o S——
m
W £ MIn
0 T e
o N KoopamaTei uewtpa
- N HeoaHOPOAHOCTH:

. 45,5 C.w,, 37,3 B
n~>

T e

W KoopamaTel uentpa
HeORHOpORHOCTH:

45,5°C.u, 37,6 6.4

3 £ MI'n

KoopawHaTet LenTpa
HEOAHOPOAHOCTH
45,5'c.w., 37.9'B.A

AN

Puc. 2

JUTSL OTHOTO U TOTO XK€ TOJI0KEHHS [IEHTpa HeoHOpoaHoCTH (45,5°¢.m1., 36,5°B.11.).
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o T. MC

a=-45°, f=60°
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8.4

a) 82 0) £ Mt
813 15 17 19 21 23
0T oMe
98 — .EEo g_aco
- a=-55° f=45

94
9.2
9
88
86 " o
84

B) 82 r) £MIn
813 15 17 19 21 23
07 Me
o8 \. a=-30°,f=70°

s PNONN
8.4

82 -
£ M

13 15 17 19 21 23
10

T, MC .

s a=-65° f=35°

26

94

9.2

88

86 ¥

) S NI’
13 15 17 19 21 23

Puc. 3
Vruibl o ¥ B ONPENENSAIOT BEIMYNHY IPOCTPAHCTBEHHOTO MEPUO/IA B TIPOEKIMAX HA HaIpas-

JICHHS BAOJIb ¥ TIOTIEPEK Tpacchl, L|| 1 L1, COOTBETCTBEHHO (cM. puc. 3). OTMETHM, 4TO TIpO-
CTpaHCTBEHHEBIH MacITad HEOAHOPOJHOCTH, B YACTHOCTH, B TOPU3OHTAIILHOH TIOCKOCTH, CY-

MIECTBEHHO BIHsET Ha (opMmy Z-obpasHoro ciena (L=410 xm, L1=193 kM ans puc. 3a u
L1=236 kM, L1=151 &™m mm1s puc. 3B).
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Buieoowt

Tpaexropusie pacaerst KB pagnoBons mis qimmHHOI Tpacest Kunp — Himkauit Hosropon
IIPY UCIOIb30BaHUU JaHHOU Mozenu [1MB nokasanu kadecTBEHHOE COOTBETCTBHE PE3YbTa-
TOB MOJEIHMPOBAaHMS dKcIepruMeHTanbHeM JUX 1 mo3Bommmm crenars BEIBOABI O (opme,
CTPYKType, HallpaBJICHUY NIEPEMELICHUS U IUPOTHON KOMIIOHEHTE CKOPOCTH IBU>KCHHS He-
onuopoxuocta (IIMB). lnnamuxka nosenenust [11B nokassiBaeT, 4To perucTpupyeMoe CHHU-
KEHHE CO BPEMEHEM BepXHel KpOMKH Z-00pa3Horo Bo3MymeHust Ha rpadukax JUX coort-
BETCTBYET CMELICHHUIO 00JIaCTH HEOJHOPOIHOCTH B HANPABJIICHUH C 3aIlajia Ha BOCTOK, T. €.
ycranosieHo, uto 20.07.2023 B yrpennue yacs! [1MB nMenr KOMIOHEHTY CKOPOCTH B HaIIpaB-
JICHUH C 3aI1ajia Ha BOCTOK (BJOJIb JIMHHUY IIUPOTEI). BEIMOIHEHE! OIEHKH 3HAYSHUS IHPOT-
HOM KoMIIOHEeHTHI ckopocta [TUB: 1,=176 m/c.

Pabora BemonHeHa mpu nojepskke Poccuiickoro HayuHoro ¢onma (mpoext Ne20-12-
0019711).

[1] EpyxumoB JL.M. u mp. // U3B. BY30B Pagnodmsuka. 1998. T. 41, Ne. 1. C. 3.
[2] Eropos WU.B. u np. // 'eomaraernsm n asponomust. 2000. T. 40, Ne. 2. C. 34.
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O NPEAENAX MPUMEHEHUA CMMOCOBA NMPOMHO3A BPEMEHU
PETMCTPALIUXA KOPOHAIbHbIX BbIEPOCOB MACCHbI
NO OCOBEHHOCTSAM NPEOBECTHUKOB
B CONTIHEYHOM PAOVOUINTYYEHUU

O.A. lleiinep, B.M. ®puaman
HUPD®U HHT'Y um. H U. Jlobauesckozo

Beeoenue

BonpmmHCTBO COBPEMEHHBIX OITyOJIMKOBAHHBIX PaboT 110 MPOTHO3MPOBAHUIO KOPOHAIb-
HBIX BEIOpOocoB Maccel (KBM) oTHOCHTCS K BOIIpocaM OIpeeeHus: BO3MOXKHON reodddex-
TUBHOCTH KOPOHAJIFHBIX BEIOPOCOB, TOT/A KaK aJITOPUTMOB MPOTHO3UPOBAHHS CaMOT0 (aKTa
KOpPOHAJIBHOTO BEIOpOCa 10cTaTo9HO Maito. [Ipy 3ToM B kKauecTBe NPOrHOCTHIECKHUX IPH3HA-
KOB COOBITHH HCHOJIB3YIOTCS, KaK MPAaBUIIO, KapThl pactpenencHus GoTochepHbIX MarHUT-
HBIX TIOJIEH ¥ X M3MEHEHHS, MAIIHHBIEC AJITOPUTMBI HAa OCHOBE CTATHCTHIECKHX CBSI3eH CO-
6brTrit KBM 1 511eMeHTOB MarHUTHBIX CTPYKTYD.

Ha ocHoBe aHamm3a BpeMEHHBIX U CIIEKTPATBHBIX JAHHBIX MUKPOBOJIHOBOTO COTHEYHOTO
M3ITyYeHUs] B IIMPOKOM Juamna3oHe 9actoT (ot coteH MI' mo 15000 MI'wr) B mepuon, npen-
MIECTBYIOIINN PETHCTPAIlM KOPOHAIFHOTO BRIOpOca Macchl, ObUT co3maH Crocod KpaTKo-
CPOYHOTO NpOrHo3a Bpemenu perucrparmu KBM na koponorpadge [1].

31eck BaKHO OTMETHTH, YTO BBHICOKHI YPOBEHb COJHEYHOM aKTHMBHOCTH B HACTOSIIEE
BpeMsI HE TT03BOJISIET HCIIOIB30BATh B HCCIIEJOBAHMSX MOTHYIO CXEMY paHee pa3paboTaHHOTO
Crioco6a, UCTIONb3ys JaHHBIE PATUOU3ITYUCHHS, TOTydeHHbIE 0e3 MPOCTPAaHCTBEHHOTO pa3-
pemeHus. OT0 OOYCIIOBICHO HEBO3MOXKHOCTBIO OTICICHHS paAMOM3IydeHHs obOiacTeit
Conra, cBs3aHHEIX ¢ popmuposanreM KBM, oT paguon3ydeHus Apyrux akTUBHBIX 00J1a-
creii Conana. [To Toit ke mpUYrHE MOYKHO TOBOPUTH TOJBKO O CBEPXKPATKOCPOYHOM TIPO-
rHo3e BpeMenu peructpanun KBM Ha kopoHOTpade: 0 perucTpariy MupOKOIOIOCHBIX MUK-
POBOJTHOBBIX NIPEABECTHIKOB HA MHTEPBAJIE 32 2 Yaca O COOBITHS B BUJIE ITOJOOHOTO TTOBE-
JICHUSI CIIOpaidecKO KOMITOHEHTHI PaJHON3IyIeHNS HA Pa3IMIHBIX 9aCTOTaX, COBOKYITHO-
CTH BCIUIECKOBBIX SIBICHHH C B3PBIBHBIM POCTOM (OT HOJIEH 10 AECATKOB CEK).

ITosToMy, ipH BCCIIeIOBAaHUH SIBTICHUH B PaJHON3ITyYCHUH, PEIIICCTBYIOMIX IEPBOMY
TIOSIBJICHUIO B TIOJIE 3pEHHS KOPOHOTrpada KOHKPETHOTO KOPOHAIBEHOTO BBIOPOCA MACCHI, U3
BCEX COOBITHI BRIOMPANCE TaKue, Iepel KOTOPHIMH Ha IPOTSHKEHHH, MO KpaiHel mepe, 3-X
4yacoB He Habmonarock Apyrux KBM mii MOIIHBIX BCIBIIICYHBIX SBICHHH.

OueBuaHO, 4To paspaboranHsii Crocod MpPUMEHNM IPH YCIOBHHU, KOTAA MCTOYHHK
KBM nabmomaercst Ha BHAUMOI cTopore aucka ColHIa Ha NPOTSDKEHNH HECKOIBKUX THEH
1 MCHOJB3YIOTCS JaHHBIE O PAANOU3ITydeHHH Ha (PMKCHPOBAHHBIX YaCTOTAX B AUANA30HE OT
cored MI' o 15000 MI'1.

B T0 e Bpems, ToCKoNbKY paanousrydenue CoJHIfa U3 EHTPOB aKTUBHOCTH, C KOTO-
PBIMH, KaK IPaBHIIO, CBSA3aHBI HCTOUYHHKH Bembiniek 1 KBM, ¢opmupyercs Ha Bcelt COBOKyTI-
HOCTH BBICOT poTocdepsl, xpoMochepsl 1 KopoHb! CONHIIA, TO CYIIECTBYIOT BO3MOKHOCTH
HaOJIIOACHNH 32 aKTUBHBIMH 00JIACTSIMHU B TIEPUOIBI MX HAXOXKJICHUS 32 BOCTOYHBIM U 3amajl-
HBIM KPasiMU COJTHEYHOTO JIHCKa. IIpH 5TOM CyIecTByIOT BO3MOKHOCTH HAOIIOICHUH paJIio-
crekrporpadamu B 1uana3oHe 4acToT paguomnsiaydenns Hmke 100 MI't 3a akTHBHBIME 00-
JIACTSIMH 32 BOCTOYHBIM H 3aI1a{HBIM JINMOAMH COJTHEYHOTO AUCKA.

135



CBKIII/I}I <<I/I3J1yqune 1 pacIipoCTpaHCHUEC PaaguOBOIIH»

B03MOXHOCTB TaKMX HAOIIOCHUH OTpaHUIMBACTCS 2-3 CyTKaMH B TSUCHNE BPEMEHHOTO
MHTEpBaJia, KOrya eiie HabllroaeTcsl akTUBHAs 00JIacTh Ha BBICOTAX XpOMOC(Epb! 1 KOPOHBI
CosnHia. TOro MOXKET 0Ka3aThCs JOCTATOYHBIM JUIs 9 ()EKTUBHOCTH MPOrHOCTHYECKUX I1e-
JIe, TOCKONBbKY UIMEHHO TaKOW BpeMeHHOH neproz onpenernsteT nmpuxox KBM k 3eme.

B nmannoi1 paboTe paccMOTpEeHb! Ipeeibl IPUMEHSHHUS CBEPXKPATKOCPOYHOTO IIPOTHO3a
Bpemen peructpanun KBM Ha kopoHOTrpade 1o paanogaHHEIM B IIHPOKOM ANANA30HE JUTHH
BOJH 11 coObITnii KBM, mponcxoasmux kak Ha moBepxHoctu CoJHIIA, TaK U Ha TUMOE MIIH
3a HUM. Takoe pacCMOTpeHHe IIPOBEAEHO IS 3apeTHCTPHPOBAHHBIX B ampene-mae 2023 roga
KOPOHAJBHBIX BEIOPOCOB MACCHL.

Mudopmarms o perucTpanuy KOPOHATBHBIX BEIOPOCOB MAacChl JOCTYIHA B KaTanore
SOHO LASCO CME CATALOG. [lanusie MupoBoii ciyx0b1 CoJHITa COAEpX ann JTaHHbIE
conHeuHbIx obcepBaropuii Learmonth (LEA), Sagamore Hill (SAG), Palehua (PAL), San
Vito (SVI). Pe3ynprars! HabmoneHUH Ha crieKTporpadax HOCTYHHEI HA caliTe International
Network of Solar Radio Spectrometers (e-CALLISTO).

Pezynomamuot

B anpene 2023 r. 65110 3aperucTpupoBato 153 KOpOHAIBHBIX BEIOPOCOB MAacChl, 92 u3
HUX — yeAWHEeHHbIe. PaonsinydeHre B pa3InyHbIX JUana3oHax Habmoganocs y 56 KBM.

B mae 2023 r. 3apeructpuposano 190 KBM, 106 u3 aux — yenunenssle. Paguonsimyde-
HHE B PA3IMIHBIX AUANa30HaX HaOIOAaIOCh y 84 KOPOHAIBHBIX BEIOPOCOB.

IIpuBeneM noATBEepIKACHNE PE3yNIFTATOB MPEIBLIYIINX UCCIEIOBAHHUI paHOIPEIBECT-
HHUKOB KOPOHAJIBHBIX BHIOPOCOB MacChl Ha MaTepHaiax coObITHi anpens-mas 2023 r.

KBM, Habmoaaronuecs Ha BUIUMOM CTOPOHE ANCKA, HO HE COMTPOBOXKIAIOIIUECS SBIIC-
HUSIMH B paJHOJHaIa3oHe, B OONBIINHCTBE CIy9acB NMPEACTABIAIOT cO00i COOBITHS C He-
GONBLIMMH YTJIOBBIMU pa3MepaMH (MX CPeaHss CKOpOCTh cocTaBisiia <500 km/c, a cpeansis
yrinoBas mmpuHa coobrtHi — MeHee 40°), cM. puc. 1 (o maruasM LASCO C2).

Puc. 1

Co6prTrsiM KBM THma rano ¢ HICTOYHHKOM, PACIIOIOKEHHBIM Ha BUUMOM TOBEPXHOCTH
ConHIla, NpeqmecTBYIOT MUPOKOIIOJIOCHBIE NMPEABECTHUKY, HAUMHAIOIINECS B MHTEpBAje
25+60 muHn o peructpanun KBM Ha kopoHorpade, npH 3T0M caMu KOPOHAIIBHBIE BEIOPOCHI
MAacCHI SIBISIOTCS BBICOKOCKOPOCTHBIMH.

Hwxe nmpusenen npumep cobsrtist KBM Trma ramo 09.05.2023 B 19:00 UT. HavansHas
CKOpPOCTB pactpocTpaneHus Bbiopoca paBHa 1209 km/c. Ha pucyHKax HUKe IPUBEACHBI Mar-
uurorpaMmsl Conana o manasiM SDO HMI, n3o6paxenus 3apeructpupoBanasix KBM o
nanHbiM LASCO C2 v BpeMeHHbIC H3MEHEHUS TIOTOKA paguon3nydeHus S B popme cxemaTh-
geckux mnpodmueid. CrpaBa yka3aHel 4acTOTHl HaOmiomeHuit B MI'm, mpaBas rpanmia
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TOPH3OHTAIILHON OCH COOTBETCTBYET MOMEHTY PErMCTpalliid BBIOPOCOB Ha KOpoHOrpade
LASCO C2.

105 10 09.05.2023 e

245Ny PAL
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| stonry e
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| BB00NTY PAL

enoNanomon aNo N
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Puc. 2

B ampene 2023 1. 13 56 paguonpeaBECTHUKOB 34 pernCTPUPYIOTCS TOIBKO CIIEKTPOTpa-
¢damu. B mae 2023 r. u3 84 paguonpenBecTHUKOB 47 PerHCTPUPYIOTCS TOJIBKO CHEKTPOrpa-
¢amu. B ocTanpHbIX CiTydasx perucTparys ecTh U Ha (PUKCHPOBAHHBIX YaCTOTAX U CHEKTPO-
rpadavu. Hammame paamonsimydeHns Ha HU3KHX 9acTOTaX OTPaXkaeT, MO-BUANMOMY, JIHOO
xapaxrep popmupoBanus CME, mu60 ycIoBus pactipocTpaHEeHHs paJHON3IyICHNS.

Hioxe nmpuBeneM COBMECTHYIO CXeMy IIOTOKOB PaJHON3ITyIeHHsI, HaOII0JaeMbIX Ha (rK-
CHPOBaHHBIX YaCTOTaX M HAOJIONCHMH Ha crekTporpadax aist npencraieHHod KBM tuna
rayo (puc. 3).
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Puc. 3
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CoBokynHocTb npeaBecTHUkoB KBM HabntosaeTcs B LLMPOKOM CMeKTpe 4acToT
o1 20 Ml'y go 8800 MlL, T.e. npakTMyeckn Ha BCeX BbICOTax OT XpOMOCdEpbI 40 HMX-
Hel KOPOHbI, MPUYeM, BO3MYLLIEHWE B paAnoAnana3oHe HauNnHaeTCa C HU3KUX YacToT.

Korna ncrournk CME naxoautest Ha oOpaTHOH cTopoHe aucka ConHna, 04eBUAHO, pa-
JIHO TIPeIBECTHUKU HE PETUCTPUPYIOTCs. B To e Bpems, CylIeCTBYIOT BO3MOKHOCTH HaOII0-
JICHUH 32 aKTUBHBIMH OOJIACTSIMU B IIEPHOJBI MX HAXOXICHHUS 32 BOCTOYHBIM M 3aIIaHBIM
KpasiMu coitHeuHoro aucka. [Ipusenem npumep 3ammmboBoro KBM u HabmrogaemMoro pasio-
U3ITy4eHUs.

Ha6momaemoe cnaboe coobitne KBM 21 mast 2023 roaa B 20:36 UT, cBs3aHO C aKTHB-
HOH 06acThio Ha 3amagHoM JuMOe CotHIa (OTMEUEHO KENTHIM KPY>KKOM Ha pHC. 4).

Puc. 4

OT™MeTum, 9TO 10 TOr0 MOMEHTa, MpUMepHO 3a 45 muH 10 peructpanuu KBM, nabmo-
JTaeTcs BCIUIECK Ha yactote 245 MI'n u nanee cnopagmdeckoe u3mydeHne B auamnazone 10-80
MI', cwm. puc. 5.

g S(cen) 10 21.05.2023 o

2 A 245Mry PAL

1836 18.46 18.56 19.06 19.16 19.26 1936 19.46 1956 20.06 20.16 20.26 20.36 UT

Puc. 5

3axniouenue

Takum 00pa3oM, U3 MPOBEICHHOTO PACCMOTPEHHS 1 TIPUBEICHHBIX TPUMEPOB MOXKHO CIe-
nath BeIBOJ, 4TO Criocod KpaTKOCPOYHOTO IMpOrHo3a BpeMeHu peructpaimi KBM Ha kopoHO-
rpaye, OCHOBaHHBIH Ha HAOJIONICHUM PaJUONPEIBECTHUKOB Ha (DMKCHPOBAHHBIX YacToTaX, d¢-
(bexTuBeH, B 0cHOBHOM, 115t HcTOUHMKOB KBM, Haxomsmmxcs Ha AUCKE U Ha JIMOE.

Uro KacaeTcss HICTOYHHKOB, PACIIOIIOKEHHBIX 32 JTUMOOM, /IS TIPOTHO3UPOBAHKUS UX BpE-
menu peructpaimi Ha LASCO C2 HeoOX0omuMEBI TaHHBIE CIIEKTPOTpad)oB METPOBOTO U JICIH-
METpPOBOT'O IAIIa30HOB.

PaGota BrITONTHEHA B pamMKax 6a30Boit gactu 'ocynapcTBenHoro 3amanus, mpoekt FSWR-
2023-0038.
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[1] ®puaman B.M., lleitrep O.A. Ciocob KpaTKOCPOYHOTO MPOTHO3a BPEMEHH PErnucTpa-
LU SIBJICHUSI KOPOHANBEHOTo BeIOpoca Maccel (KBM) // Iarent na n3o0perenne
RU 2630535. 11.09.2017. 3asBka Ne 2016100808 ot 12.01.2016.
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PE3YNbTATbI PAOUOAUATHOCTUKM NAPAMETPOB
BCMbIWEYHOUMNMNA3MbI U YCKOPEHHbIX YACTUL NO OAHHBIM
CUBUPCKOIO PAOUOIENIMOIPA®A

I.A. Cmupnos® ?, B.®. Meabuukos'?

DHHTY um. HHU. Jlo6auesckozo
JTAO PAH

Beeoenue

B nacros1ee BpeMs akTyanbHBIM HAIPaBJICHUEM UCCIICIOBAHUM SABIIETCS pa3BUTUE M-
TOZOB PalMOJMArHOCTUKHU COJHEYHBIX BCIBINICK. Tak Kak U3MEHEHUE BEIMYUHBI MATHUTHOTO
TI0JIS B KOPOHE HANPSIMYIO CBSI3aHO C MPOIIECCOM IUCCHUIAINN CBOOOJHOM MarHUTHOM SHEp-
TMU BO BPEMs BCIIBILIKY U, CIEIOBATEIbHO, C MEXAHU3MAaMHU SHEPrOBBIICICHUS U YCKOPECHUS
YacTUll BO BPEMs COJIHCUHBIX BCIIBILEK, TO BOIIPOC U3YyYCHMsI AUHAMUKU TOrO IapaMerpa
Ba)XCH U TTOHMMaHMS (PU3MUECKUX IPOLECCOB, MPOUCXOIIIINX BO BPEMs BCIIBIIICYHBIX
IIPOLIECCOB, U MOXKET IIPOJIUTH CBET HA MEXaHU3MBI, JIEKAIHME B UX OCHOBE.

Omobpannsie coovimusn

J1J151 BBITTOJTHEHUS PaANOANArHOCTUKY OBUTH BEIOPAHBI IBE COTHEYHBIE BCIBIIIKH, 3a(HK-
cupoBanuble Ha Cubupckom paguoremmorpade (CPI'). Ot6op ocymiecTBIsUICS B COOTBET-
CTBHH C KPUTEPUSIMU: a) MPHUCYTCTBHE HAa BPEMEHHOM IPOQHIe HHTETPATHHON INIOTHOCTH
MIOTOKA U3JTyYECHUSI OT BCIBIIIKY OHOTO MIIN HECKOJIBKHUX YE€TKO BBIPAXKEHHBIX MAaKCHMYyMOB,
a TakKe XOPOIIO Pa3IHINMBIX (a3 pocTa U craja; 0) JIUTETBHOCTD BCILUIECKA, JOCTATOYHAS
JUTSL aHAJTM3a AMHAMUKH BOCCTaHABIMBAEMBIX [TAPAMETPOB; B) IPUEMIIEMOE Ka4eCTBO Pajivo-
KapT, CHHTE3UPYEMBIX Ha OCHOBE JAHHBIX, OJydeHHBIX ¢ moMornbio CPI'.

Bcenpimeanoe cobsrtre 20 stBapst 2022 ropma, mpow3oUIenniee B aKTHBHOIM oOiacti
NOAA Ne12929, umeno GOES kmacc M5.5 u Habnroganocs B Auamna3oHe 9actor 6-12 I'Ti.
PaguoBcrieck cocTOUT IO KpalHEW Mepe U3 TPEX MUKOB U3IIyYCHHUs, HAJIOKECHHBIX IPYyT Ha
JIpyTa, ¢ CyMMapHOH MPOJOIKATENFHOCTEIO OKOJIO 15 MuHYT. I mpoBeneHHsT paanoIna-
THOCTHKA OBLTO BBIOpaHO 8 MOMEHTOB BpeMeHH: 4 Ui MaKCHMyMOB BCILIECKa, 2 Uit (a3
pocTa IUIOTHOCTH MOTOKA U3TyYeHHS U 2 i (a3 craja.

Benpimeanoe cobsitne 16 wmromst 2023 roma, mpowusollealniee B aKTHBHOH 00macTé
NOAA Ne13372, umeno GOES kmacc M1.1 u Habnroganocs B Axamna3one 9actot 3-12 I'Tr.
CooTBeTCTBYIOIMH paguoBCILIeck ObLT B 6 pa3 Kopode, yeM Bo Bembimike 20 stHBaps 2022
rozja (JUIMTENEHOCTH OKOMO 2.5 MUHYT). OHAKO, OH TaKKe COCTOHUT U3 HECKOJBKHX ITHKOB
M3ITydeHUsT, KKABIH U3 KOTophix amutes 30-50 cex. st mpoBeneHus pagnoauarHOCTUKH
65110 BEIOpaHo 10 MOMEHTOB BpeMeHH: 3 [UIsi MAKCHMYMOB BCIUIecKa, 4 st a3 pocta u 3
st a3z craza.

Iloozomoexa oannwix

[Iepen npoueaypoi MorydeHust 4aCTOTHOTO CIIEKTpPa C LIENbI0 €ro JalbHENIIero BoccTa-
HOBJICHUSI TIPOBOJIMJICS KOMIUIEKC MEPONPHUITHI IO MOJATOTOBKE paanousobpaxenHuit. OH
BKITIOYAN B ce0sl, B YaCTHOCTH, COOCTBEHHO CHHTE3 PaJIHON300paKCHUI U3 JaHHBIX HAOIIO-
neanit CPIT, mocnemyromryro KannOpoOBKYy 3HA4YCHHH SIPKOCTHOM TEMIIEpaTyphsl BCETO
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n3o0pakennss ConHIA, a TakkKe BHIPABHUBAHME HM300pKCHUH HA PA3MYHBIX YacTOTaxX
MEXIy COOOM.

JI1s mpoBeIeHNsT AT HOCTUKH HCIIOJIB30BANIIICh YACTOTHBIE CIIEKTPHI INIOTHOCTH ITOTOKA
H3ITyYeHUs] OT y9acTKa PaJguon300pakeHHsI BCIIBIIIKH, COOTBETCTBYIOIIETO IUTOMIATKE pa3Me-
poM 3 X 3 nukcens (S = 2.76 - 1017 cm?) B paitone HanGonee ApKOH TOUKH B AKTUBHOMN 06-
nactu Ha 9actore 8.6 I'Tm. IlomydeHnslit TakuM 00pa3oM YacTOTHBIN CIIEKTP AIIPOKCHMH-
pOBaJICS TOIMHOMHANBHOHM (yHKIHEH I ycTpaHeHus pa3dpoca HaOMIOgaeMbIX 3HAYCHHH,
CBSI3aHHBIX C HHCTPYMEHTAJILHBIMU MOTPEIIHOCTSIMH H3MEPEHUI.

Ilposedenue paouoouaznocmuxu

BoccranoBeHne napaMeTpoB IIa3Mbl BO BCHBIIIETHON METIE OCYIIECTBISUIOCH METO-
JIOM HOATOHKH Ha OCHOBE T€HETHYECKOTO aJTOPHTMA, IIyTeM MHHIMHU3AIUH (PyHKIOHAIA,
COZIEPIKAIIETO XapaKTEPUCTUKH U3ITyIEeHHs KaK MOJTydeHHbIEe U3 HAOIIOICHUMH, TaK U pacCuu-
TaHHBIE TI0 TPEJIIoJIaraeéMbIM IapaMeTpaM ¢ MIOMOIIBIO creruansHoi 6nbmmoreku [1]. ITo-
JIpOOHO METOBI PEIICHNS JAHHOH 3a/1auu onvcaHbl B paborax [2, 3].

C I0CTaTOYHOM TOYHOCTBIO JUIS JAHHBIX COOBITHH yIaJOCh BOCCTAHOBUTD CIIEAYIOIINE
IapaMeTphl: HAPsDKEHHOCTh MAarHUTHOTO TIOJIS B, yroJ Mexky HalpaBIeHUSIMHA MarHUTHOTO
TOJISL U JTy4a 3peHust 6, moKas3aTellb SHEPreTHYECKOTo CIIeKTpa §; B OHOCTEIICHHBIX pacIpe-
nenennsx snektporos N(E) = AE%1,

Pe3lebmambt 60CCHMIAHOG/ICHUA napamempoeé

Pesynprare! pagnomuarsoctuky i Benbimky 20 saBaps 2022 roga mpeacTaBlIeHE B
tabmure 1. Ha puc. 1 oTpaxkena auHaMuKa H3MEHEHHS apamMeTpa B B X0/1e BCIBIIIKH.

1000 /_
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G 800 \ /
=S \ /
3 700 \
C 600
2 50|\
’ /
I
T N \|
E 300 &~
g 200
100L € lVcxonHble faHHble
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O | | 1 1
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o A o} o [ % Q- '1/
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Bpemsa, UTC
Puc. 1
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Tabmn. 2
Bpems, UT | B,Taycc | 6, rpaxm 6,

Buno, gro: 08:23:51 84 135 4.97

1) B nepBble MUHYTHI BCIbIIKA Ha dasel  (8:24:00 79 143 4.78

POCTa MIIOTHOCTHU ITOTOKA PATUOU3ITYYC 08:24:08 78 132 4.97

HUsl, HAOIIOZACTCS CHIDKCHNE MArHUT-  (18.94.13 84 137 3.95

Horo o7 C;"f%ggcﬂ" ~36eo 16O 08:24:20 78 139 | 426

TBETCTBYET CK! TH YMCHBIICHHS] s

s T ) s ||
2) [Ilocme mNPOXOXKICHUS IIEPBOTO IHK: ’

(05:56:30 UTC) nmosne HaunHAeT PacTH. 08:25:41 83 126 4.60

3) B mumuMyMe Mexay 2-M u 3-M mukoy| 082945 104 130 4.30

08:26:00 147 130 3.98

Tabm. 1 (05:58:00 UTC) mone mocTuraer JOKaib-

Horo MakcumyMma 580 I'c n HaunHAeT yMEHb-
Bpews, UT | B, Tayce | 6, rpan g markes o ckopocThio AB /At =~ —7 I'c/c.

05:55:30 994 92 22.1 g B MAKCHMyMe
05:56:30 361 105 102 |pcrimecka (Tpermit mmk, Moment 05:58:45
05:57:30 468 124 9.9 |UTC) nose npuHIMaeT HAaMMEHbIIEE 3HAYE-
05:58:00 581 119 8.8 [ume B =~ 280Tc.
05:58:45 282 113 85 |5 [locne mpoxoxae-
05:59:45 438 116 9.7 |HUS MakCMMyMa IIOJIC OISITh HaYHHAET yBe-
06:00:45 614 130 10.1 |mMuuBaThcst co  ckopocThlo  AB/At =
06:02:00 1017 174 10.8 [3-6Tc/c B Teuenne 3 MuHYT, JOCTUTras B

KoHIe 3HaueHus B =~ 1020 Ic.

JIn1 JaHHOTO COOBITHS SHEPreTHUECKUI CIEKTpP IEKTPOHOB HEOOBIIHO KpyToH. [Toka-
3aTeNb CIIEKTpa yMeHblaeTcs Ha (hase pocra, HauuHas oT §; = 22 U jnocturas §; = 8.5 B
MaKCHMyMe BCIUIeCKa, a Ha (ha3e crajga IiaaBHOTO mmka m3nmydeHus (05:59:45 — 06:02:00
UTC) yBennuuBaetcs 10 §; = 10.8. Taxxke Ha 3TOM HHTEPBaJle BPEMEHH ITPOUCKXOJUT MOHO-
TOHHBIH pocT yria 0 (ot 113 rpan mo 174 rpax), 03HAYAIOIIHNIMA, 9TO YTOJI MEXKIY JIydOM 3pCHUS
1 HaIpaBJICHUEM CHJIOBBIX JINHUHM yMEHBIIAeTcs ¢ 67 10 5 rpaaycos.

PesynbpTaTh! paguoanarHoCTHKY T BenbIiky 16 utonst 2023 roa mpeIcTaBIeHbI B Ta0-
mmne 2. Ha puc. 2 noka3ana quHaMHKa U3MEHEHHS ITapaMeTpa B B X0fe BCIIBIIIKH.

Jns Benbimku 16 wronst 2023 Tona 3HAYSHUST BOCCTAHOBIICHHBIX MTAPaMETPOB JOBOJIBHO
CHJIBHO OTJIIMYAIOTCSI OT COOTBETCTBYIOIMX IapameTpos uist Bersimky 20.01.2022 1. Benmn-
YMHA MAarHUTHOTO IO MEHBIIE HA IOPSIOK, a ITOKa3aTelb J>HEPTeTHYECKOTO CIIEKTpa
MeHblIe B 2-4 pa3a. CHIIbHBIX M3MEHEHHH apameTpoB 0 u §; 3adukcupoBaHo He Obu10. Ofi-
HAaKO OTHOCHUTEJIbHBIC BapHaINH OIS B Takxke 3HAUNTENBHEI, M XapaKTep W3MEHEHUSI CXOXK C
JIUHAMAKOHN ToJIs B paguoncTounnke Bemsiuky 20.01.2022 1. ITo kpaiiHeit Mepe 3To mposiB-
JISIeTCS I ABYX HanOoJiee MHTCHCHBHBIX MUKOB M3TydCHHSI.

1) Jus mepBoro muka (t,,, = 08:24:08 UTC) Ha ase pocra mone cierka yMeHbIIAeTCs ¢

84 I'c mo 78 I'c, a Ha aze craga yBEININBACTCS.
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2) Hawmbomnee 3aMeTHO 3TO yMEHBIIICHHUE OIS Ha (ha3e pocTa MpOSBHIIOCH ISl BTOPOTO ITHKA
(tmax = 08:24:39 - 08:24:46 UTC): nmoxne cnagana ymensmaercs ¢ 84 I'c go 51 I'c, a

160 T T T T T
150+ € lcxopHble gaHHble

140 | == VHTepnonnposaHHas Kpusas />

130 //
110 /
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90 /
SR ‘v“\ Py
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60 N\
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MarHuTHoOe none, I'c

RN N RN\ A W° RS ®
B S R 555!
SRR R A RV <
Q Q Q¥ Q Q Q Q QO Q Q
Bpemsa, UTC

Puc. 2
3aTeM yBenmauBaercs 10 83 I'c.

3) Ha ¢a3e cnaga tpersero nuka (t,,q, = 08:25:41 UTC) none GBICTpO yBEIHINBACTCS U
nocruraet 3HageHus 147 I'c.
B urore, mocie riIaBHOTO MUKa BCIBIIIKH, TI0JIE BEIPOCTIO B 3 pasa, a CpemHsst CKOPOCTh
ero u3MeHeHus cocrasuna AB /At = 1.2 T'c/c.

Buieoowt

ITo pesympTaTaM paguoOJMAarHOCTHKH HAOJIIOAAETCS CIEMyIoImas 3aKOHOMEPHOCTH: B
Ka)XJJOM ITIKE BCIUIECKA IT0JIe YMEHBIIIAETCs], a Ha (pa3e criaia MHTeHCHBHOCTH IIUKA MOJIE yBe-
JIMYUBACTCS, TIPUYEM CKOPOCTh ATHUX M3MEHEHHMil Bapbupyercst oT eauHui ['c/c no mecstu
I'c/c.

Pabora Bemonxena mpu nozaepskke rpanta PHO Ne 22-12-00308.

[1] Fleishman G.D., Kuznetsov A.A. Fast Gyrosynchrotron Codes // The Astrophysical
Journal. 2010. Vol. 721, No. 2. P. 1127. DOI: 10.1088/0004-637X/721/2/1127

[2] Morgachev A.S., Kuznetsov S.A., Melnikov V.F. // Geomagnetism and Aeronomy.
2014. Vol. 54, No. 7. P. 933. DOI: 10.1134/S0016793214070081
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[3] Cmupros I.A., Mopraues A.C., MensaukoB B.®. // Tpyast XX VI nayunoit koundepen-
uu 1o paguodusuke, mocesimenHor 120-netuto M.T. I'pexoBoit. — Hukanii Hosro-
pox: Uzn-so HHI'Y, 2022. C. 183.
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O HAYAINbHOW ®A3E MAFHUTHOW BYPU 12 CEHTSABPS 2023 T
®.U. Buioopuos" ?, O.A. lleiinep?, A.A. Konues?, E.JO. 3bikoB®

D HUP®U HHT'Y um. H.H. Jlob6auesckozo
2 @I'BOY BO «BI'YBT»
JKPY

Beeoenue

B nous ¢ 12 Ha 13 cenrsbps 2023 1. Ha Teppuropun Hikeropoackoi obmacta Habmo-
JTAJIFCH TIOJISIPHBIE CUSTHUS C SIPKO-BBIPAYKEHHOH 3€JICHOH KOMIIOHEHTOH, 00yCIOBICHHOI CBe-
YEHHEM aTOMOB KHCJIOpPOZA Ha BEICOTaX MOHOC(EPH! NPH B3AaMMOJCHCTBUH MX C SHEpPrud-
veiME YacTuiiamu. C 15:00 wacoB (MCK) nHavyanace reomarautHas Oypst kinacca G1, compo-
BOJKJIAIOIIAsICS yBenndIeHHeM nHaekca Kp no snagenust 5+[1]. IlosiBreHue NONSIpHBIX CUSTHUH
Ha CPEJHMX IIMPOTaX SBISIETCS OJHUM U3 BO3MOXKHBIX NPOSIBICHHH MOZOOHBIX T€OMarHuT-
HBIX BO3MYIICHUN.

B 310 Bpemst Ha cpeAHNUX MHMPOTAX MPOBOJMICS KOMITIEKCHBIH YKCIIEPHIMEHT I10 UCCIIe-
JIOBAHUIO HOHOC(HEPH! CHCTEMOI CPEJHEIINPOTHRIX CHHXPOHHO pabOTAIOMKUX IO CIEIHab-
Ho# nporpamme JIUM-cTaHnuif HaKJIIOHHOTO 30HAUPOBaHUs. B skcriepuMenTe Obim 3ameii-
CTBOBAHBI /B¢ HOHOC(HEPHBIX CTAHIMN BepTUKaabHOro 30HaupoBanus (CADI B Bacumscyp-
cke u Iuxnon B Kazanm). Jlanee npuBomaTcs cxema IpOBEICHUS HKCIICPHMEHTa U TEPBEIC
MIOJTyYCHHBIE PE3yIbTaThL

Onucanue IKCcnepumernma u noJjiy4eHHsle pe3yibmanivl

Iensro sKcriepruMenTa OBLTO MPOBEACHIE U3MEPEHHMI TapaMeTPOB €CTECTBEHHO BO3MY-
IIEHHOW MOHOC(EpH! (IepeMEeNIaloXcs HOHOC(EPHBIX BO3MYIIeHNH 1 auddy3HocTH F-
CJ10s MOHOC(EPBI) C BEICOKAM BPEMEHHBIM Pa3pelIeHHeM CHCTEMON CPeIHEMNPOTHBIX CHH-
XpoHHO padoTtatomux JIYM-cTannuii Ha c1abOHAKIOHHBIX Tpaccax. M3MepeHus mpoBoau-
ek 12 centabpsa 2023 r. B . Huwxuem Horopoze, nrr Bacunbscypek, r. Kasanu u r. Mom-
kap-One. Cxema B3aMHOTO PACTIONIOXKEHNUS CTAaHIMI NpUBeaeHa Ha puc. 1 (OTMEYeHHI Kpac-
HBIMH TOYKaMH), a B Ta0JI. 1 mpuBenens! ux koopauHatsl (R — npuemnsie, T — nepenatomue

CTaHIIUHN).
I hm

Puc. 1

N

Momxkap-Ona

S

Kazann
JIUM nono3zouasr paboramu 12 cenrsdps 2023 1. ¢ 15:00 mo 23:30 MCK, a 13 u 14 centsops
¢ 17:30 mo 20:00. /lmamazon gacTot 30HAUpoBaHus 66u1 3 — 9 MI'n. IlepecTpoiika 4acTOTHI

poBoIIack co ckopocTeio 110 xI'm/c. CraHImM BKIIIOYAIHCh Ha Hepenady MOocCieqoBa-
TeJIFHO Kakayto MuHYTy. Ha nprem JIUM crannmu paboTtany, KOrjga He 3Ty Jan.
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Tabm. 1
Neo Mecra pacnionoxeHuit Koopannatst
1 nrt Bacunscypek (R, T) 56,13°N; 46,08° E
2 r. Kazans (R, T) 55,8°N; 49,12°E
3 r. Momkap-Ona (R, T) 56,62°N; 47,87°E
4 r. Hmxanit Hosropon (R) 56,32°N; 44,02° E

Ha puc. 2 npusenen naaexc reomaruutHoi aktuBHOCTH DST [2] (ymst 12 m 13 cenTaOpst
2023 r.), T CHHHUM I[BETOM BBIJETICH MHTEPBa OTPUIATEIBbHOH (ha3sl OypH, KOTOPHIi 00-
CyXIaeTcs Jajee.

12 CeHTﬂ6p$I 2023 r. B 18:59 l)?"‘ll nT World Data Center for Geomagnetism, Kyoto
MCK Ha JIUCTaHIIMOHHO-9aCTOT-

HBIX Xapakrepuctukax (JAUX) (cm. 20

puc. 3 s Tpaccel Bacunscypek —
Hxauit Hosropon) mosisuitacek 06-
JIaCTh PACCEeSTHHOTO CHrHana (3a- 20
JIepKKa OKOJI0 6 MC, qHamna3oH 4a-
cror 8§ — 11 MI'm). B 19:05 MCK
00J1aCcTh paccesHusl CMECTHIACH 10
3amepikek 4 — 5 Mc, a TMaraszoH ya- S0

cTOT yBenmumics 10 6 — 11 MI'm.

Janee 10 19:17 MCK maGmoziaocs. ™, 0 o w0 0 s w6 m o
YBEIIMYCHUEC MHTCHCUBHOCTH pacce- 12/09/2023 13/09/2023

SITHHOTO CHTHAJIA IIPU HETIPEPHIBHOM

CMeIIeHn: 00IacTi paccesHus 10 Puc.2

3agepxek 3,5 — 5 mc. 3a Bpemst ¢ 19:23 o 19:29 MCK o6nacts paccessHus MOCTEIEHHO HC-
4e3J1a C yMEHBIICHUEM NIPABOH TPAaHMIIBI YJACTOTHOTO AHAla30Ha.

Ha tpacce Kazames — Hwxunmit HoBropon moxoxwmii curHanm crayn HaOMIOZAThCS B
19:04 MCK ¢ nuama3oHoM 3azxepxek 4,5 — 8 mc B quamaszone 8§ — 11 MI'm. B 19:08 MCK
JIOTIOJTHUTENBHBIN CHTHAN Habmrofaics Toibko B obmactu 11 MI'm. Ha wactore BOMM3M
8 MI'11 paccessHHBINM cUTHAI BHOBB cTall Habmoaatecs B 19:20 MCK u peructpupoBaics 10
19:28 MCK.

-40

Ananus pe3yibmamaoe IKcnepumenma

3nas koopanHaTs! JIUM cTaHnmii ¥ 3aperucTpupoOBaHHBIC BPEMEHHBIE 3a/IeP>KKU pacce-
SIHHOTO CHT'HaJIa OBUIM BBINTOJHEHBI OLCHKH BBICOTHI paccestaus JIUM curnama. Paccestaue
Habmronanock ot F-obmactu moHocdeps! ¢ BeicoT 150 — 220 kM. Crpykrypa auddy3Horo
CHUTHAJIA ITO3BOJISIET MIPEAIONOKHTH, 9TO HAaOMIOAAI0Ch PAKypCHOE PacCesHIE Ha CHIIBHO BBI-
TSHYTBIX HOHOC()EPHBIX HEOAHOPOTHOCTSIX. AHAIOTHYHBIC Y (eKTh paHee HaOIIOAAIICE BO
BpeMsI CHIIbHOI MarHuTHOH OypH B 2015 roxy (cMm. noxpo6uee [3]). M3-3a pa3Horo yaaneHus
JIYM-nepenatunkoB ot Huxuero HoBropona pakypcHble yCIIOBHs BBIIOIHSAINCH NIPHU Pa3-
HBIX yIiIaXx. 9TO MOBIUSUIO HA MHTEHCHBHOCTH MPUHMMAEMOTO CHTHAJIAa M OOBsICHIET Ooree
nozauee ooHapyxenue JIUYM-curnana u3 Kazanu. O6macts BO3MyIIEHHS paclpoCTPaHsIIach
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BIOJIb MEPHHAHA CO CKOPOCTBIO NMPUMEPHO 2 M/C, a MOMepeKk — OKojo | KMm/c |, Cyas mo
OTCYTCTBHIO HOHOC(hEpHOH nnddy3HOCTH Ha IEPBOM CKauKe, He OIYCTHIIACh JI0 HAIKX LU~
pot. omonruTtensHenii koHTposs JIUM-curaanos nepenaraukoB Bacumbscypeka i Kazanu B
Tpouike (MOCKOBCKO# 007acTH) MOKa3all, 4TO 00J1acTh BO3MYLICHHUS HAOMIOATIACh U TaM.
Iosienenue auddysHoctu B F-ciioe noHOCGhEpHI BbILIE PEryJISPHOrO OTPAKEHHUS 10 JaHHBIM
HMOHO30HAA BepTHKansHOro 30HAupoBanus CADI, pacnonoxennoro B Bacumbscypceke, mon-
TBEPK1aeT BBIBOJbI, CAICNIAaHHbBIE 110 JaHHBIM ceTu JIYM-craniuii. Beinonnennbie nu3MepeHust
COBMAJIM C OTPHLATEIBbHOH (Da30i reoMarHUTHON OypH, KOTOpas MOBNUsJIAa Ha COCTOSHHUC
CPEeIHCIHUPOTHON HOHOC(HEPBl. Y MEHBIICHHE KPUTHIECKON YaCTOThI HOHOC(HEPHI U CHIIBHOE
TIOTJIONIeHNE (BIUIOTH O OTCYTCTBHSI HA HOHOTpaMMax B3 oTpa’keHHBIX CHTHAIOB) HE T03-
BOJIMJIO JaJiee IMPOBOAUTH SKCIEPUMEHT (CM. pHC. 3 u 4). 'eomarnutHas Oypst okasaya Hera-
THBHOE BIMsHKE Ha KaHat KB cBs3u n3-3a nosiBUBILICHCS CHIBHOH 1uddy3HOCTH.
Puc. 3

Conneunas akmugeHocms

10 centsi6pst 2023 roga akruBHOCTh CouHIAa OblIa HU3Kast, Te03()PEKTUBHBIX COOBITHIT
He oTMevanoch. 11 centsOps ConHeuHast akTHBHOCTh BO3POCIIa 10 YMEPEHHOTO YpOBHS O1a-
romaps TpeM BenbimkaM turna M u 8 Bembimkam trma C.

Benpimka M1.3 3 aktuBHO#M o61actr AR3429 B 01:08 UT BBI3BasIa KOPOHATBHBIH BBI-
Opoc maccel Ha BoctouHoM uMbOe CorHira. KopoHanbHBIH BEIOPOC HE OKa3all Ha 3eMITI0 BO3-
neticteue. Bemprmka M1.1 B 14:49 UT u3 AR3431 BeI3Basa HE3HAUNTENbHBIE HAPYIICHUS
PaZMOCBS3HU HaJl YaCThIO CEBEPHOTO mobepexbeM bpasunuu, T.e. Morna ObITh reodddheKTHB-
Hoit. KopoHanbHbiii BeIOpoc Maccesl 11 centsiops B 22:35 UT BbI3Ba)l TE€OMarHuTHYIO Oyplo,
Havasiytocs 12 cenrsiops B 12:00 UT. YBenuuenue ckopoctr HSS ot 340 no 450 km/c Taxoke
MOTJIO TIOBJIUATH HAa BOSHUKHOBEHHNE T€OMAarHUTHOM 6ypI/I

12 cenrsiOpst 2023 . cosjHeYHas aKTHBHOCTh ObUTa ymepenHas. Ha kopoHorpadax
LASCO/C2 na 60pty kocmuueckoro kopabist SOHO Habiropaich 3 KOpOHaIbHBIX BBIOpOCa
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Macchl. 1o kpaitneit mepe, aBa n3 Hux B 19:12 u B 21:12 UTC 6buti ¢ 00paTHOiT CTOPOHEI
CounHna 1 He okazanu BiusHAE Ha 3emimto. 13 centsops 2023r. aktuBHOCTh ConHIla ObLIa
HHU3Kasl.

H
KM

900}~
800
700,
600
500,
400
300
200
100

Puc. 4

3axniouenue

MopenupoBaHre MOKa3ajlo, 9YTO PacCestHUE PaJANOBOIH HAOII0AAI0Ch Ha BhIcoTax F-00-
nactu noHocdepsl. ObmacTs paccesHus HaxomuIach Ha 59°+61° c. m. 3To MOTIIO MPOHUCXO-
JITH U3-32 CMEIICHHS I0XHON I'PaHUIBI aBPOPATIBHOTO OBAJIA BO BPEMsl MarHUTHOH OypH 1
BBICBHITIAHHS 3apSDKEHHBIX YaCTHII.

B xone sxcniepumMenta nmposeneHs u3mepenns JJUX nonocepst ¢ pazpemenneM 1 Mua
Ha PAAE CPEOHEIIHNPOTHBIX TPACC BO BPEMs CIUIBHOTO T€OMAarHUTHOTO Bo3MymieHus. [Toka-
3aHO HETAaTHBHOE BIMSHHE BO3MYyIIeHWs Ha KaHal KB cBs3uM n3-3a MOSBHBIIEHCS CHIIBHOM
1} dy3HOCTH U BHINOIHEHBI OLEHKH CKOPOCTH PaclpocTpaHeHws ero B moHoctepe. Cre-
JIAHBI MPEIIOJIOKEHHS, YTO IPHYMHON BOSHIKHOBEHNE T€OMAarHUTHOH Oypu 12 ceHTIOpst Mor
OBITH KOPOHATBHBIN BBIOpOC Macchl, 3aperucTpupoBanHbii Ha LASCO/C2 11 cenrsabps B
22:35 UT.

Pabora Briboprosa ®.U. u Illeitnep O.A. BbIOIHEHA B paMKax 6a30Boif wactu I'ocy-
JTapCTBEHHOTO 3amanus, mpoekT FSWR-2023-0038.

Pabora 3pixoBa E.1O. Bemonnena npu nogaepxkke rpanra PHO 23-77-10029.

[1] https://xras.ru/magnetic_storms.html (24.05.2024)

[2] https://wdc.kugi.kyoto-u.ac.jp/ (24.05.2024)

[3] VYpsnos B. I1., Komaes A. A., Beprorpanos I'. I'. u np. // 3Bectus By30B. Pagnodu-
suka. 2017. Tom LX, Ne. 5. C. 357.
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KONMYECTBEHHbIE XAPAKTEPUCTUKM YCNOBUWN HABJTIOOEHUA
OHY XOPOB B OBJIACTAX UX BO3BYXAEHUA C « NI3PE3AHHbIM»
FEOMAIrHUTHbLIM NOJIEM NO JAHHBLIM C KOCMUYECKOI'O AINMAPATA

I1.J1. ’Kapasuna?, O.H. Capuna?, ILA. Becnaios?

D Ull® PAH
2 HUY BIID

Beeoenue

XopomIo H3BECTHO, 9TO 32 INIA3MOTAY30H IPH Wy, /Wp = 5 06EIYHO B yTPEHHEM H TIPEN-
IOy ICHHOM CEKTOpax cpeHeil MarHUTOC(ephl BO30YKTAIOTCSI XOPOBBIE M3IyIEHHS CBUCTO-
BOTO AMAIa30Ha ¢ YaCTOTaMH MOPSAKA HECKOJIBKHX KIJIOTEPII U TIEPHOAMH TOBTOPEHHMS AUC-
KPETHBIX CIIEKTPAIBHBIX HJIEMEHTOB B JAECSTHIC HOIH CEKyH/bI. COTIIaCHO SKCIIePUMEHTAb-
HBIM JIaHHBIM ¢ KocMuueckux armapatoB CLUSTER, THEMIS u Van Allen Probe Xopbl Bo3-
Oy>xmaroTcsi B 00yacTd, UMeromel (GopMy BBEITSHYTON BIXOJIb MarHUTHOTO MOJS «CHTapbD
uHOH nopsaxa 2000 kM u cpeqaum guamerpoM 300 kM [1, 2] BOIM3HM TOKATEHOTO MUHH-
MyMa MarauTHOTO 1ojst. OOGBIMHO XOpHI B 00JIaCTH BO30YKIECHHS PECTAaBIIOT OO0 awc-
KPETHBIE M3Iy9CHHS B IBYX CIIEKTPATBHBIX IIOJIOCAX C IEHTPOM HECKOIBKO HIDKE TIOJIOBUHEI
MUHHMMAJIBHON 3JIEKTPOHHOM LUKIOTPOHHOM YacTOTHI JJI PAcCMATPUBAEMOIl MAarHUTHON
TpyOku. CoriacHO MOP(OIOTHUECKUM HCCIIEJOBAaHUSM, XOPBI BO30YKIAIOTCSI CPABHUTEIILHO
HI3K03HEpruaHBIMH (10-20 k3B) a5exTpoHamMu paAnanoHHbIX TOsICOB [3].

INomyuennsle B paboTe pe3ymbTaTHl COTIACyIOTCs ¢ BeIBomamu BPA (beam pulse
amplifier) Moneny Bo30yskaeHHs XOpOB [4], B COOTBETCTBHH C KOTOPOI OCHOBHOM NMPUYHNHOM
HX BO30Y>KICHHMS SBJIACTCS HE CIUIIKOM MaJloe 3HAUCHUE HIEKTPOHHOTO IUIa3MEHHOTO I1apa-
merpa 8, = 8mP,/B? B paspeskenHoit MmarauTochepe.

Oobnacmo 6030yxcoeHUs XOPOBBIX U3yueHuil u ""uspezannocms '’ MazHUMHOZ0 nONA
1o 0anHbIM HAOI0OeHUl Kocmuueckozo annapamos Van Allen Probes

ITpu pabore ¢ maHHBIMK HAOIIOACHNMI, TOTYYCHHBIMH B pe3ysbTaTe Muccuu Van Allen
Probe, namn Obl1a 00HapYKeHA 3aBUCHMOCTH HAJIMYHS XOPOB OT HAIMYHA "H3pe3aHHOCTH"
(TOHKOH CTPYKTYpPHI C PE3KMMH CKa4KaMH B HECKOJIBKO TaMM) F€OMarHUTHOTO MOJIST BOIH3U
€r'0 JIOKATEHBIX MUHUMYMOB. OIeHKa CTEIIEHH «U3PE3aHHOCTI IPOBOIIIACH ITyTEM BBIIHC-
JICHUSI CPEIHEKBAAPATHUECKOT0 OTKJIOHEHHS JAHHBIX 110 MATHUTHOMY TIOJIIO OT CTJIQKEHHOMN
3aBUCHMOCTH PETyJSIPHOTO MAarHUTHOTO TOJIs. [lokaszaTens «i3pe3aHHOCTH» MOXHO pasjie-
T Ha 1Ba nmpomexyTtka: 0 < AB < 2 HTJ, rie MEHIMalIbHA BEPOSITHOCTH OOHAPYKEHUS
xopoB, 1 AB > 2 T, rae MakcUMallbHa BEPOSITHOCTH OOHAPYKUTH XOPBL.

Brrno mpoananmmsupoBano 152 coObiTust 3a siHBaph, (eBpanb 1 HOsIOps 2015 roma, st
KOTOPBIX JOCTYIHBI BOJHOBBEIE maHHbIe mpubopa EMFISIS (Electric and Magnetic Field
Instrument Suite and Integrated Science) Bbicokoro paspemenus. Kaxxmoe paccMoTpeHHOE
COOBITHE MPECTABISACT CO00 maHHBIE 3a 2 — 4 Yyaca HaOOACHUI BOIM3H JTOKAJIBHOTO MHU-
HUMyMa MarHUTHOTO Touis. C ydeToM BH3yalbHOTO 0TOOpa M BEIOOPOYHOI YHMCIICHHOH Mpo-
BEPKU «H3PE3aHHOCTI» MarHUTHOTO IOJISI TT0 MPHHSATOMY KPHTEPHIO YCTAHOBIICHO, 4TO 58
COOBITHII HE MMEIOT «M3PE3aHHOCTH» MArHUTHOTO Homs U U3 Hux 81% mmeror crextp 6e3
XOPOBBIX M3ITydeHUH, 94 COOBITHS MMEIOT «M3PE3aHHOCTI» MAarHUTHOT'O MOJIS ¥ U3 HUX 66%
XapaKTePHU3yIOTCSI HATMINEM XOPOBBIX M3IyUCHUH B TAaHHBIX BEICOKOTO Pa3peIeHUsL.
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B xagectBe mmmocTpanuu Ha puc. 1 npuseneH npuMep coOsrtust 1 ampens 2015 roxa,
KOT/1a BO BPeMsI OTHOT'O TIPOJIeTa KOCMUYECKOTo armapata Van Allen Probe A BOW3H TOKaTh-
HOTO MUHAMYMa XapaKTep MarHUTHOTO MO U3MEHSUICS OT TTIaJKOT0 0 «H3pe3aHHoro». Kak

BHIHO M3 pHUC. la, B mpome-
KyTKE BpPEMEHH MpHOIN3N-
TenbHO ¢ 5:00 1o 6:00 UT mar-
HUTHOE TI0JI€ U3MEHSIOCH 0e3
pPE3KUX TEpenagoB, a Iocie
storo ¢ 6:00 mo 7:00 UT —
Ha0II0a1aCh «HU3pe3aH-
HOCTB» MarHuTHoro mnosys. Ha
puc. 106 BepTHKAIBHBIMU JIH-
HUSIMH BBIJICIICHBI HHTECPBAIIBI
BpPEMEHH, U KOTOPBIX JIO-

(1a)

-
-
(=}

—

ot
(=
=]

[=))
(=]

Marsnataoe noie (H#1.)

06:00 07:00

05:00
2015.01.04
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TpanbHO 00pabOTKH JaHHEBIE - 5 [ 10-5
HaGMONCHNH BBICOKOTO pa3- ;; 4 106 =
pelIeHuHs. CrnexTpaibHbIH <3 L 10-7 j. 5
aHaJIU3 110Ka3al, 4To B o0na- S2 F 10-8 E
CTH TIJIaJKOTO MAarHUTHOTO g1 s e 9
TOJISL XOPOBBIE M3JTy4YCHHS OT- s | E l' 10_10
CYTCTBYIOT, a TpH TIpoJieTe 005:00 06-00 0700 10
KOCMHYECKOTO armapara 00- 2015.01.04
JIACTH C «W3PE3aHHBIM» Mar- (1B)
HHUTHBIM 110JIeM Ha0JI01ajInuCh 5 E 10-5
YETKHE XOPOBBIC CIICKTPAIb- B4 P
Hble d1eMenThl. Ha puc. 1B mo- 2 F1070 &
Ka3aH JMHAMIYECKUH CIIeKTp Es AR : 2 . 3 1077 ;""
XOPOBBIX M3ITyYEHUH B Y3KOM EZ oo AT, T IO/ e T 10‘3 =
BPEMEHHOM MHTEpBAJIE. S 1 YU W 10-
MOoXHO MpennoaoKUTh, = 0 ‘Wﬁ%ﬂl i ][’/Jﬁy /4 E 10-10

YTO «H3PE3aHHOCTHY MATHUT-
HOTO IO HE BOJIHOBas, a
o0ycloBIeHa  KBa3HCTAIIHO-
HAPHBIMH TOKAMH B IUIa3Me.
CrpaBeNTHBOCTD ATOTO TPEA-

06:53:45  06:53:50 06:53:55 06:54:00
2015.01.04

Puc. 1

TIOJIOKEHUSI ObLTa ITPOBEPEHA IyTEM COIIOCTABICHHS JaHHBIX ABYX KOCMUYECKHX alllapaToB
Van Allen Probe A u B , nponeTaBmuX OJHY U Ty K€ 00JIaCTh MarHUTOC(EPH! ONUH 32 ApY-
ruM. Ha puc. 2 npuBeneH npuMep BeIUlecka XOPOB, 3apEeTUCTPUPOBAHHOTO alapaTaMu Van
Allen Probe A n B 2 saBaps 2015 roga mexmy 6:40 u 6:45 UT. Beruteck Habmronancs B HIDK-
Heil 1ooce ¢ 4aCTOTaMU HMKE IOJIOBHHBI MUHUMAIBHOM 3JICKTPOHHON UKIOTPOHHOM 4a-
ctotel. [IpuBenennsie rpagky MArHUTHOTO TOJISE UMEIOT CXOAHBIE JAETaNH, YTO yKa3bIBaeT
Ha HEBOJHOBYIO IPHPOAY «H3PE3aHHOCTH» T€OMArHUTHOTO ITOJSI U MOKAa3bIBACT OOJBIIYIO
IIPOCTPAHCTBEHHYIO 00IACTh OMHOBPEMEHHOTO BO30YKICHHS XOPOB.

Puc. 2

150



Tpyzner XX VIII Hayunoii xorpepennuu no paguopmuke, HHI'Y, 2024

(2a) (20)
';: 400 Y ] ' - ’E 400
% ' : I E .I ! : ! ' |
g 300| ; . @ 3004 | (R
5 . | g S A
g 200| WY s 200 Lo N
o =] \ \
E 100 E 100 o/ N
50— - . .
a ~00:00 12:00 00:00 3 S0 12:00 30:00
~ 2015.02.01 2015.02.02 2015.02.01 2015.02.02
28 2r 7
(28) VAPA ) ( s) VAPB 5
5 ' mm 107 = ‘ 10°
,; 4 3 l:m.s 9 ,;4 ':10.6 9
¥3 1077 Hi w3 '10-7 )
] 10 ~ [~ [ 3
S Tl 2 g2 ,, HIY ST
' | \ H I E R H i IR ,: HER R E 9
5 l'l” Iil I BRI UGEEE 190 5*[1) Il l Coe 0 N 0
. - 10
%6:00 07:00 08:00 0 06:00 07:00 08:00
2015.02.01 2015.02.01
@2a) VAP A . 2e) VAP B
-5
s 10 . 5
5 4 wt =z =
2 3 ST
o =107 0 2 3
g 2 s F g,
d 1] & 11079 g
2 51
10 5
0* 10 oL g 10-10
ol T 0642 06:43 06:41  06:42 06:43  6:44

Ilpeonazaemasn moodenv u Hekomopwie 00600bl 8 €€ NOOOEPIHCKY

o HamreMy MHEHUIO, KaK «M3PE3aHHOCTDY, TAK U XOPbI, BOSHUKAIOMINE TTOCIIe MAarHUT-
HBIX BO3MYIIECHHH, UMEIOT OOIIMI MCTOYHUK B BHAE DJIEKTPOHOB C SHEPTHAMH IOPSIKA
10 - 20 k3B, npelidyromux ¢ yTpeHHEeH CTOPOHBI MarHUTOC(hepsl Ha BEYESPHIOI B HEOTHO-
POIHOM HM30THYTOM T'€OMAarHHTHOM I10J€. MOXHO NPEAIIONOXKHUTh, YTO ITOTOK JICKTPOHOB
HMMEeeT MEIKOMACIITaOHbIE HEOAHOPOJHOCTH B IIONIEPEIHOM K MAarHUTHOMY ITOJIIO HAIlpaBlIe-
HuH. [Ipy HEBOJTHOBOH «M3PE3aHHOCTI B CPABHUTEIHHO CIIOKOMHBIX YCIIOBHSX BBIIOHIETCS
OayaHC HaBJICHUI B IIONIEPEUYHOM HAIPaBICHUH

BZ
P=P +P +§— const.

B
Otcrozia, eciy CYUTaTh, YTO AABJICHHEC HOHOB HEe Mensiercs, 6P, + 2 po 6B = 0 u cnego-

BaTCJIbHO
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8mdP, 8nP,6B 6B
Sﬁe = B2 - B3 = _2(1 +ﬁe)?

JUIT MakpOCKOIHMYECKOH yCTOHYMBOCTH CpegHell MarHUToc(ephl JIOKHO OBITh
Be << 1.Tl0o3TOMY MBI IIOJTy4aeM MPOCTYIO OLICHKY JUISl BapHALUH
6B

8B, =2 F,
00yCIIOBIIEHHON HAJIMYMEM B MAarHUTOC(hepe CHCTEMbI KBa3HCTAI[MOHAPHBIX TOKOB. Kak 1mo-
Ka3bIBAIOT OLICHKH, BEIMYKMHA SJIEKTPOHHOTO [JIa3MEHHOT0 TapameTpa nopsiaka f,~0,05 mo-
CTaTOYHA KaK JIsl BOSHUKHOBEHHS HAOMIOMaeMbIX CKAYKOB MArHUTHOTO ITOJIS, TAaK M JUIS BO3-
Oy>kKIeHHsI XOpOB IOCPECTBOM peann3aiui BPA MexaHu3Ma yCHIEHHSI KOPOTKHX JIEKTPO-
MarHUTHBIX UMITYJI6COB [4] 3a mpenenamMu miasMocheps.

3axniouenue

ITpu pabore ¢ maHHBIMK HAOIIOACHNMI, TOTYYCHHBIMH B pe3ysbTaTe Muccun Van Allen
Probe, namu 6b11a 00HapyskeHa cBsi3b Hamauss OHY 21eKTpOMarHUTHBIX H3ITydeHUH ¢ XO-
POBOIi CTPYKTYpOil TMHAMUYIECKOTO CHEKTPa U «U3PE3aHHOCTI» TE€OMAarHUTHOTO TIOJIS BOIN3H
€r0 JIOKAIFHBIX MHHUMYMOB. [Ipn Hanmauu «i3pe3aHHOCTH» BEPOSTHOCTH OOHAPY KEHHUS XO-
poB 6omnee 70%, a mpu OTCYTCTBHUY WM OYCHb HU3KOH «U3PE3aHHOCTI BEPOSITHOCTH OTCYT-
CTBHS KaKUX-TIHOO0 n3ydeHui okoio 80%. AHaIN3 TaHHBIX C IBYX KOCMHYECKHX allllapaToB
MI0Ka3aJl, 9TO «M3PE3aHHOCTH)» MMEET He BOJHOBOH, a CTPYKTYPHBIN XapakTep H, BEPOATHO,
CBSI3aHA C KBa3UCTAIlMOHAPHBIMH TOKaMmH. [loirydeHHbIe pe3yabTaThl MOATBEPIKAAIOT PEaTi-
3armio BPA MexaHu3Ma BO30YKAEHHS XOPOB IOCPECTBOM yCHIJICHUSI KOPOTKHX ITyMOBBIX
JIEKTPOMATHUTHBIX HMITYJILCOB.

Bnazooapnocmu

ABTOpH! Onmaromapus! Muccun Van Allen Probe 3a BO3MOKHOCTB UCIIONB30BAHUS JAHHBIX
npudopoB EMFISIS wn HOPE, pa3MmemeHHsIXx Ha caifre:  https://emfisis.phys-
ics.uiowa.edu/Flight/.

Pabora mognepskana @oHIOM pa3BUTHS TEOPETHIECKOI! (pu3ukn u MateMaTuku «bazuc»
(mpoext Ne 23-1-1-67-1).

[1] Bell T.F., Inan U.S., Hague N., Pickett J.S. Source regions of banded chorus //
Geophys. Res. Lett. 2009. Vol. 36. L11101. doi: 10.1029/2009GL037629

[2] Agapitov O., Blum L.W., Mozer F.S., Bonnell J.W., Wygant J. Chorus whistler wave
source scales as determined from multipoint Van Allen Probe measurements //
Geophys. Res. Lett. 2017. Vol. 44. P. 2634. doi: 10.1002/2017GL072701

[3] Kasahara, Y., Miyoshi, Y., Omura, Y., Verkhoglyadova, O.P., Nagano, 1., Kimura, I.,
Tsurutani, B.T. Simultaneous satellite observations of VLF chorus, hot and relativistic
electrons in a magnetic storm "recovery" phase. Geophys Res. Lett. 2009. Vol. 36.
L01106. doi: 10.1029/2008GL036454

[4] Bespalov P.A., Savina O.N. Electromagnetic pulse amplification in a magnetized nearly
stable plasma layer // Results in Physics. 2021. Vol. 28. 104607.
doi:10.1016/j.rinp.2021.104607
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W3MEPEHMUE TEMMEPATYPbl ME3OC®EPbLI U HKHEN
TEPMOCO®EPDLI — METOAbI U NMPOBJIEMbI

N.H. Kemskos, H.B. baxmersesa, I'.U. I'puropnes, E.E. Kaqunanna
HUPOU HHT'Y um. H.U. Jlobauesckozo

Beeoenue

HccnenoBanue mporeccoB, IPOTEKAIOIINX B Me3ochepe U HIbKHel Tepmocdepe 3emn,
SIBISIETCSL Ba)KHOI 3a/1aueil U1l M3y4eHHsI B COBPEMEHHOH (u3uke. V3MeHeHns: CBOMCTB at-
Mocdepbl 3aBHCST OT XUMUYECKHAX PEAKINH, IPOUCXOASAINNX B HEH, a KoneOaHus TeMIepa-
Typbl OKa3bIBAIOT IPSMOE BO3JCHCTBHEC HA CKOPOCTb XUMMYECKUX peakuuil. B Hacrosmee
BpeMst HH(pOpManus 0 TMHAMUKE U3MEHEHUS TEMITEpaTypsl OTpaHNYCHA U TpeOyeT TOMOTHH-
TEJIFHOTO M3YUCHUS IS yIIyqIIeHHsI aTMOC(HEPHBIX MOJETIeH.

CymiecTByeT psii METOAOB AUCTAaHIMOHHON JHATHOCTHKU HIDKHEH MOHOC(EpPHI, Cpenu
HUX PagHONPOCBEUNBAHIE HOHOC(EPHI CHTHAIAMHU CO CITyTHHUKOB, JTMIAPHBIC NU3MEPEHUS U
METO]] CO3/IaHMs NCKYyCCTBEHHBIX Iepruoandeckux HeogHopoxuocrei (UITH). B nannoit pa-
00Te TIPOBEICH CPAaBHUTEIILHBIN aHAIIN3 TeMIepaTyphl Ha BeICOTaX 90—120 KM, MOIydeHHBIX
C MOMOIIBIO YKA3aHHBIX METOJOB AMAarHOCTUKH HIDKHEH MOHOC(EpHl M yHUBEPCATLHOH M-
nmprdeckoit mogemn MSIS-E-90.

H3mepenus memnepamypol memooom HITH

Merton UITH ocHOBaH Ha CO3JaHUU UCKYCCTBEHHBIX IIEPHOANYECCKUX HEOMHOPOAHOCTEH
B MOHOC(EPHOH IIIa3Me NpH BO3ICHCTBUH Ha HEE MOIIHBIM KOPOTKOBOJIHOBBIM PaHOU3ITY-
yeHueM. B obmactu E paspymenue (penakcariyst) HEOTHOPOIHOCTEH MPOUCXOAUT IO AeH-
ctBreM ambumnossipaor muddysun [1]. Ha cTtagum pemakcanuy HEOTHOPOXHOCTEH ITPOBO-
JIITCSI 30HIUPOBAHUE NEPHOAUUECKOH CTPYKTYpHI NPOOHBIMH BOJHAMH U OIPEICIISIOTCS
Ba)KHEHININE XapaKTEPUCTHKH HEUTPAILHON COCTABIAIOIEH HOHOC(hEPH! 3eMITH, B TOM YHCIIe
TeMIIepaTypa 1 INIOTHOCTh HEHTPaNbHOI KOMIIOHEHTHI. BricoTHBIE podumm TemmepaTypsl,
noydenssie Metogom WITH, obramator 6o pazHooOpazueM. IlomydeHs! ycToiauBbIe
rIagKue TpoQIIN ¢ OXHUM WM IBYMS MakCHMyMaMmH (cM. puc. la), a Taroke mpodumm ¢
HEpEeTyISIPHBIM M3MEHEHHEM TeMIIepaTypsl ¢ BbIcoTol (cM. puc. 16). Ha puc. la u puc. 16
KpacHble TOUKH — m3Mepernst Merogom WITH, curmne — npoduns Temmeparypsl 0 MOJETH
MSIS-E-90 [2].

Ha ocHoBaHMM HammMX NpeAbIIYIINX HCCIEIOBaHUM [3] caemaH BEIBOI O TOM, UTO HEpe-
TYJISIPHOCTB IPOQHIIT MOXKET OBITh CBSI3aHA C MPOIECCAMH, IPOUCXOISIINMY B HIDKHEH Tep-
Mocepe u Mezocepe. Takumu nporieccaMu siBsieTcst atMocepHast TypOyICHTHOCTb, BIIH-
SIFOIIAs HA TEMIIEpaTypy HIDKE YPOBHS TypOomayssl, Haxoasmerocst Ha BeicoTax 90—110 km,
aTMoc(epHbIe BOIHEL, B ToM uncie BI'B ¢ BeprukansapM MacmraboM 4—15 kM, THAPOIHHA-
MHYECKHE HEYCTOIUMBOCTH CPEbl, HEOJHOPOAHOCTH U HEPETYISPHOCTH BBHICOTHOTO IIPO-
(IS 2IEKTPOHHON KOHIIEHTpAIMH. B oKmane mpuBOIsTCS pe3ysIbTaThl H3MEPEHUH TeMIle-
patypsbl, 00JIbIIas YaCTh KOTOPEIX COAEPKUTCS B JUATIA30HE BEICOT OT 99—108 kM.
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Temnepamypa no cnymnuKko6bim OaHHbIM

Aura — Hay9IHO-HCCIICIOBAaTEIbCKHUIN CITyTHHK, IIPEJHA3HAYCHHBIA AT H3yUCHHS aTMO-
ctepwr 3emmm, 3amymieHHbIH 15 urons 2004 roga. CriyTHUK pacnonokeH Ha BeicoTe 705 kM
OT TOBEPXHOCTH 3eMJIH, IMEET MOJISIPHYIO OpOUTY C MEPHOAOM OOpaIIeHNsT BOKPYT 3eMIIH
npumepHo B 100 MunyT. TemnepaTypHbie TpOGHIN H3MEPSIOTCS Kakabie 1,5°, 9To cooTBeT-
CTBYET HHTEPBAJLy BpeMEHH 0K0JI0 25 cexyHn [4]. MuorokanansHbi paguomerp SABER sB-
JISIETCS OJHAM M3 YeTHIpEeX MpHOOPOB, KOTOpHIil HaxoxauTes Ha cyTtHEke TIMED. TIMED —
9TO CIIyTHHUK, KOTOpHIi ObuI 3amymieH B 1980 roqy NASA u 6611 paspaboTan a1 H3ydeHus
noHocdepsr 3emmn. Ero nepron obpamenus cocrasnsier 97 MunyT [5].

[Ipusenem cpaBHenue npodus, moaydeHHoro ¢ nomomipio SABER u Aura B 6mu3kux
toukax msMepennii 02.09.2021 oxono 9 gwacos mo MCK (cMm. puc. 2a). KpacHsre Toukn — mmpo-
¢mas Temmepatypst Aura, gepasie — SABER. Ha Bricotax 1o 80 kM MHOTO COBIAIAIOMIIX
m3mepennit +5-10 K, oxrako, Hipke 70 kM pasuuna cymecrBenHas. Jlanaeix SABER B 5 pa3
Oosrpine, eM maHHBIX Aura, Ha npo¢mmix SABER BuaHb MenkoMacmTabHbIe (GIyKTyamun
o BeicoTe. Ha BricoTax 10 40 kM mar usmepenuniit Aura coctaBiseT 1,5 KM, Ha BRICOTax Me-
30CcQepsl mar YBEIUIUBACTCSA 10 2—5 KM.
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Ha puc. 26 npencraBieHo CpaBHEHHE NPOQMIST TEMIEPATypH, IOIYYeHHOTO ¢ Aura
oxouto 13 gacos mo MCK (opamkeBast inHUS), TpodmiIs TeMnepaTtyps! o Moxenun MSIS-E-
90 (1epHast THHUS) ¥ TPO( IS TEMIIEPATyPHL, TOIYYEHHOTO B 3KCIepuMenTax Metogom MITH
Ha creage CYPA 02.09.2021 oxomo 13 gacoB mo MCK (kpacHast yiwmHUNS). 3HaYCHUS
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TeMIeparypsl, monydennsie MerogoM WUITH, nexxat B oCHOBHOM B quana3zone BeicoT 90—120
kM. TemmepaTypa Ha CIlyTHHKE Aura Ha STHX K€ BBICOTaX M3MEPSCTCS Ha TPaHHMIIC armapa-
TYPHBIX BO3MOXKHOCTeH U BOMM3H 100 KM TOYHOCTh MX M3MEPEHMI CHIIBHO CHIDKaeTcs. B
JTaHHBIX, MMONYYCHHBIX co cnyTHHKOB Aura u TIMED, Habmromaercs moctatodHo OolbIias
pa3HHUIIA B 3HAYCHHAX TEMIIEPATypsl B cpaBHEHUH ¢ Mozensio MSIS-E-90, onxako B o6macti
BbIcOT 105-110 kM oTimumst coctaBisroT okoio 20 K.

Juoapnsie usmepenusn

JImnapbl aKTHBHO HCTIONB3YIOTCS B I3MEPEHMSIX TeMIepaTypsl [6]. [ TaBHBIM penmMyie-
CTBOM JIMAAPHBIX M3MEPEHHI sBISeTCsS OOJNBIION BBICOTHBIH HHTEPBAN: OT ITOBEPXHOCTH
3emi 110 BEICOTHI 110 kM. JlocTuraercst 3T0 myTeM KOMOMHAIIUN HECKOIBKIX METOMIOB IS
Pa3HBIX AMAIa30HOB BBICOT. I3Mepenust TeMnepaTtypsl 10 BBICOTHI 80-90 KM OCHOBBIBAIOTCS
Ha MOJICKYJISIPHOM (P3JIEeBCKOM) PAacCEsSHUH CBeTa, a Ha BeIcoTax 90—110 kM Ha BCHoIB30Ba-
HHUH PE30HAHCHOTO PaccesiHus B mapax HaTpus. HemocTaTkoM IHMIApHBIX M3MEPCHUH SBIIS-
€Tcsl JOJIT0e HaKOTIICHHE JAHHbIX (0K0s10 30 MUHYT) JUIst CHIDKEHHMS HorperrHocTH 10 1-2 K).

Cpasnenue npogpuneit memnepamypvr HIIH ¢ oannvimu Aura, SABER u MSIS

IIpoBeneH cpaBHUTENBHBIN aHATHN3 IIPOQIIICH TeMIepaTyphl, IOIYIEHHBIX ¢ TOMOIILIO
cioytHHKOB SABER (cunss nuans) u Aura (3enenast auaus), Moxenu MSIS-E-90 (ueprnas
JUHUS) W IOpoduist TeMmeparyphl, MOJTYyYeHHOrO B JKcrepuMeHTax Ha creHne CYPA
02.09.2021 (xpacuas muaus) okoio 12:00 (cm. puc. 3a) u 15:10 (cm. puc. 36). 3HaueHUs TEM-
niepatypsl, noaydennsle MmerogoM UITH, yepennensr mo 5 munyt u 0,7 kM mo Beicote. OT-
KJIOHEHHS TeMIepaTypsl, m3MepenHoil meronoM UITH ot mozmenu, MOryT OBITH CBSI3aHBI C
Pe3KUM M3MEHEHHEM 3JIEKTPOHHOM KoHIeHTpaiuu ¢ Beicotoi. Metog UITH B manHoM skc-
MIeprMeHTe uMeeT paspemenne 15 ¢ u 0,15 kM, 9To Mo3BOIISET U3ydaTh OBICTPHIE U «METKO-
MacmrabHbIe» (IIyKTyaruu B 4-6 KM, B TO BpeMs KaK MOJENb BCErJa AaeT yCPeAHECHHEIE
3HAYEHUSL. Jlanubie co CITyTHUKA Aura HAMEIOT mar U3MEpeHUH
5 kM Ha BbIcoTax Bemme 90 kM. B To ke Bpems manneie SABER mmeroT mar mo BvIcoTe
0,2—0,5 kM, 9TO MO3BOJACT HAOMOAATEH O0JIce METIKUE BapUaIlMX TEMIIEPATYPHOTO IPOQUIIS.

115

113 116 |
111
5109 ¢ s111 |
%107 | 2
© ©
glm 8106 |
3 103 3
T @
99 | 101
97
95 . \ \ 96 . \ L
120 170 220 270 90 140 190 240
Temnepartypa, K Temnepartypa, K
Puc. 3a Puc. 36

155



Cexnus «/3mydenne 1 pacpocTpaHeHHe PaguoBOIIH»

Buieoowt

Bce paccMoTpeHHBIE METOABI HM3MEPEHHUsS TEeMIIepaTyphl HEHTpanbHOH aTMochepsl
UMEIOT CBOM OCOOEHHOCTH.

CIyTHUKOBBIC M3MEPEHHSI HMEIOT HEOOIBIIYIO MOTPEITHOCTD U JAIOT OOILYI0 KapTHHY
pacmperenieHusl TeMIepaTypsl MO BBICOTE M MO KOOPAMHATAM, IMPOCTPAHCTBEHHBIH OXBAT
MIpaKTHIecKu rinodaneH. HemocTaTok CIiyTHHKOBBIX METOHOB — OOJIBIIIAst OMIMOKA H3MEPEHHS
Temreparypsl Ha BeicoTax Bbime 100 km. Conocrasnenust nanasix Aura u TIMED ¢ u3mepe-
Husimu MetogoM WUITH maHHBIX 3aTpyTHEHO TeM, 9TO HEOOXOIUMO UCKATh ONMKANTIIYIO K Me-
cTy pacnionoxerns crenna CYPA Touky m3Mepenuil. B ciydae cpaBHEHUs C JaHHBIMH H3Me-
peHuii Aura urpaer GONBIIYIO0 PO MPOCTPAHCTBEHHOE YCPEAHEHHUE (TIOJIOCAMH Pa3MepoOM
165 xM Ha 3 KM).

JloCTOMHCTBaMM JIMIAPHOTO METOIA SIBIITIOTCS OONBIION HAra30H BBICOT H3MEPEHHH TeM-
TIepaTypsl ¥ HU3KAas HOTPEIIHOCTB, KOTOPAsi, OHAKO, JOCTUIAeTCs IPH OOJIBIIOM BPEMEHH H3Me-
pennif (oxorno 30 MUHYT), 9ITO SIBISIETCS HEOCTATKOM METOZa, TaK KaK 3a 9TO BPeMs! BapHAINN
TEMITEpaTyphl YCPEIHSIOTCS, YTO HE TO3BOJISIET U3yJaTh ¢¢ OBICTPHIC BapUaLIHHL

W3mepenus meronom MITH BeIiBUIM HEpETyISIpHBIC U3MEHEHUS TEMIICPATyPBI C BBICO-
ToM ¢ MacmtaboM ot 2 10 10 kM, BEI3BaHHBIE PAaCIIPOCTPAHEHNEM BHYTPEHHUX I'PABUTAIMIOH-
HBIX BoNH. CpaBHEHHE BBHICOTHBIX MpodMIel TeMIeparypsl, n3MepeHHbIX MetogoM MITH u
MOTyYeHHBIX C IOMOIIBIO CITYTHHKOB IUIs OIM3JIEXKAIINX 10 MIMPOTE TOYEK, MOKA3alIo, 9To
OHU B IIEJIOM Pa3iIM4aloTCs, OAHAKO 00Imas TCHACHINS H3MCHEHHS TEMIIEPATyPHI C BEICOTOM
coxpansiercs. [1o manusvm ¢ pagnomerpa SABER na BricoTax 80—100 kM npoduis Temmepa-
TYpBI 9aCTO U3MEHsIETCs ¢ MacmTadoMm 1-3 K.

IMpocumu Temmiepatypbl, HOTydeHHBIE PA3THIHBIMA METOJaMH, B OOJIBIIITHCTBE CIIyJacB
OTIIMYAITUCH OT PACCYUTAHHBIX C HCTIOTb30BaHneM Moaend MSIS-E-90, Tak kak ycpeqHEHHBIE
JTaHHBIE, HA OCHOBE KOTOPBIX CTPOUTCSI MOJETBHBII MPO(UIb TEMIIEPATYPH, HE YIUTHIBAIOT
OBICTPEIX M MEIKOMACIITAOHBIX Bapuanuii aTMOC(HEPHBIX MapaMeTpoB. Jpyroil nmpuduHOH
PaCXOXKACHMS MOTYyUCHHBIX JAHHBIX SBISIETCS HMCIOJIB30BAHHE PEATBHOTO MPOQHIS dJIeK-
TPOHHOH KOHLIEHTpALUU MU OIpefescHuy Temneparypsl Merogom MITH, koTopslii Bito-
YaeT M3MEHEHHE pealtbHOTo mpoduist N(z) [7].

Pabora Bemonaena o npoekty Ne FSWR-2023-0038 o 6a30B0ii 9acTH rocy1apcTBeH-
HOTO 3amanust MuHuCTepcTBa 00pa3oBanus u Hayku Poccuiickoit enepanum.

[1] Bemuxosuu B.B., benemukroB E.A., TonmaueBa A.B., baxmerseBa H.B. HccnenoBanue
nonochepsl ¢ momomsio UITH. — H. Hosropoa: UTI® PAH. 1999, 156 c.

[2] https://kauai.ccmc.gsfc.nasa.gov/instantrun/iri/

[3] BaxmerseBa H.B., XKemsikos U.H., I'puropses I'.U., Kamuanna E.E. // Xumudeckas ¢pu-
3uka. 2023. T. 42, Ne. 10. C. 50.

[4] Waters J.W. et al. / IEEE Transactions on Geoscience and Remote Sensing. Vol. 44,
No. 5. P. 1075.

[5] https://saber.gats-inc.com/browse_data.php

[6] MarBuenxo I'.I'. u np. / Conneuno-3emuas ¢usuxa. 2020. T. 6, Ne. 2. C. 93.

[7] Bakhmetieva N.V., Grigoriev G.1., Zhemyakov [.N., Kalinina, E.E. //Atmosphere. 2023.
Vol. 14, No. 5. P. 846.
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NPUMEHEHMUE PCOB AN UCCNEQOBAHUSA BNUAHUA UICKYCCTBEHHON
TYPBYNIEHTHOCTU NOHOC®EPbLI HA MAPAMETPbI CUTHANOB
KOCMUYECKUX AINMAPATOB

H.A. Tyrun®?, A.A. Autunenxo?, K.O. Cstos?,
K.IL Ctpyues?, }0.B. Tuxomupos?

D HUP®U HHT'Y um. H.U. Jlob6auesckozo
2 @I'FOY BO «BI'YBT»

PaccmarpuBaeTcst 3amada SKCIIEPHMEHTAIBHOTO HCCIECHOBAHUS BIHSHHS HOHOCQEPHI
3eMsi Ha TapaMeTPhl KOPPEISAIHMOHHOTO OTKIMKA PAIHONHTEP(HEPOMETPOB CO CBEPXIIHH-
Hoti 6a3oit (PC/IB).

IMpumensieTcss METOJT IPOCBEUNBAHUN BO3MYIIIEHHOH 00:1acT! HOHOC(EPHI paHom3IIy-
yeHneM kocMmmuecknx ammaparoB (HKA) rmobamsmbix cmytamkoBeix cuctem (CPHC)
I'TIOHACC, GPS, I'aymneo u betinoy. Metox ocHOBaH Ha H3MEPEHUH B3aMHOI KOTEPEeHT-
HOCTH THOJICH M3JTydeHUs], IPOLICANIETro Yepe3 BO3MYIIEHHYIO Cpey O Pa3HBIM TpaccaM OT
PaIMONCTOYHHKA 10 Pa3HECEHHBIX MEXy co00if anTeHH HHTephepomeTpa. J[BIKeHne Heoa-
HOPOJIHOCTEH MM W3MEHEHHE X MHTCHCHBHOCTH OTOOPaXaIOTCS B CIIEKTPATEHOM COCTaBe
curaana uHTepdepomerpa (Hampumep, [1], rae paccMorpens! Takxke pe3ynbrartsl PCJIB skc-
MIEPIMEHTOB IO ITPOCBEYNBAHMIO IIIA3MBI COJIHEYHOTO BETPa CUTHAJIAMH €CTECTBEHHBIX pa-
JIMOUCTOYHHKOB).

Hccnenoanus mo nanHo# Tematuke Obuti Hadatel B 2011 roxy Ha PC/AB xommekce
HUP®U, paboraBmmM COBMECTHO C APYTHMH PaAN0aCTPOHOMHYECKUMHU 00CEPBATOPHIMH.
HexoTopsle pe3ynbTaTsl 3THX paboT MO HCCISIOBAaHUIO BIMSHUS BO3MYIICHHOW CTEHIOM
«Cypa» noHocdepsl npuBeieHs! B padorax [2-4]. ba3oBsle paccTosHus HHTEP(HEPOMETPOB
nocturaiu 1500 kM, paboune gactoTHble uamna3oHsl — 0,327 u 1,6 ['Tu. B ocHOBHOM, nccie-
JIOBAIIMICh BapHALUH aMILTUTY 6 KOPPEJSIIIMOHHOTO OTKJIMKA.

B 2023 roxy 6b1a 3ak0oH4YeHa MoJiepHU3anus paguoreneckona PT-15 pagroactpoHomu-
yeckoit obcepBaropunn HUPOU HHI'Y «3umenkn», uto mo3Bommwio npoxoinkuts PC/Ib-
SKCTIEPUMEHTHI 10 MICCIICIOBAHMIO BIMSIHUS TypOYJIEHTHOH HOHOC(EPHI Ha XapaKTEePUCTHKH
MIPUHAMAEMOT0 CHTHAJIA U OTIPEAENICHNS BO3MOKHOCTH COOMHBIX cutyarmii B padore CPHC.

Ipuem m3myveHns: HABUTaMOHHBIX KOCMUYECKUX allapaToB, MPOMIEAIIEr0 Yepe3 BO3-
MYIIEHHYIO0 HOHOC(EPY, OCYIIECTBISUICS C MOMOIIBIO ABYX3JIEMEHTHOTO PaIHOnHTEpGhepo-
merpa HUP®U PT-15 (3umenkn) — PT-2 (HHI'Y) ¢ 6a30BEIM paccTostHEEM OKOJIO 25 KM Ha
gactore 1.6 I'Tu. MckycctBennas TypOyJIeHTHOCTs MOHOC(EPHI CO3maBajach HAarpPEBHBIM
creaaoM «Cypa» (HHI'Y). B maHHBIX SKCHEepHMEHTaX aHAIM3HPOBAINCH AMIUIMTYAA H
¢dopma xoppemstmonHoi Gynkiwm (K®) n criekTpa MOIIHOCTH BBIXOJHOTO CHT'HAJIA HHTEP-
(depomeTpa.

OCHOBHO# 0COOCHHOCTBIO H3MEPUTEIFHOTO KOMIUIEKCA SIBISUIOCH OJIM3KOE PACIIONONKe-
HHE NIPUEMHBIX aHTeHH K cTeHay «Cypa» 1, COOTBETCTBEHHO, OOJbIIAs BBICOTAa BO3MYIICH-
HOM 001aCTH, YTO CYIIECTBEHHO OTPAHUYHMBAIIO YHCJIO HABUTAIIMOHHBIX KOCMUYECKHX aTlIa-
parToB, MepeceKaomuX HHTEPECYIONIYI0 00JIacTh HAOMIOACHUS M TIPH 3TOM HAaXOMSAIIUXCS B
0011ieil 30He BUAMMOCTH 00EHX aHTCHH IIPHEMHBIX ITyHKTOB. PacueTHBIE rpaHUIIbI BO3MYIICH-
HOH 30HBI IJISI IyHKTa «3UMEHKI»: 85-95 rpaaycoB mo asuMyTy U 64-68 rpaxycoB o yriry
MecTa.
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B pesynbrare 06pabOTKH DaHHBIX OBUTH ITOJIYYEHBI B3aUMHBIC KOPPEIIIHOHHBIE (PyHK-
i curaanos (K@), 3apernctprpoBaHHBIX IBYMs aHTEHHAMH, F CHEKTPBI MOIITHOCTH BBIXOI-
HOTO CHTHayia mHTepdepomeTpa. [lamee BRIMONHSIACh anmpokcumanus GyHknuei ["aycca
IJIABHBIX MAKCHMYMOB KOPPEISIIHOHHON (PYHKIMH M CIEKTpa 10 HECKOJIBKAM OJIIDKHAM K
LEHTPY MaKCHUMabHBIM 3HadeHusIM. Ha puc. 1 npusenen npumep K® dasomanumymmpoBan-
Horo curHana HKA: u3 pucyHka ciemyer, 9To anmpoOKCHManus JOCTaTOYHO TOYHAs W CTa-
OmpHasT; Ha pHC. 2 TOKa3aH IVIAaBHBI MAKCHMYyM CIIEKTPa MOIITHOCTH — CHUTHAJI HE CTaOWIIeH,
B psifie ciTydaeB TpeOyeTcs BU3yalbHasi KOPPEKIHUS MOTyIIHPHUHEL.
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€AVHHL], €CITM HE CUNTATh PE3KUX BEIOPOCOB, IPOUCXOXKICHIE KOTOPHIX, BO3MOXKHO, OIIpeie-
nsiercs ciocobom o6padorku. Ha puc. 3 npuBeneH rpaduk 3aBHCIMOCTH IITHPHHBI KOPPETS-
IIMOHHOH (PyHKIMK 0T BpeMmeHH nipu npueme curnana HKA N40105.

Ha puc. 4 moka3zaHa 3aBHCHMOCTB IIAPUHBI CIIEKTPa MOILITHOCTH OT BPEMEHH IS TOTO JKe
HCTOYHMKA. B cmekTpe Habmomaercst cymecTBeHHass HecTaOmibHOCTh. Ha craGmiubHBIX
ydacTKax CpeIHss IMHMPHHA CIIEKTPAJbHOI0 MaKCHMyMa Takke HauMeHbInas. [10cKoIbKy
HaOJIIOACHHMS IIPOBOIIIINCH JHEM, TO, BO3MOXKHO, HECTaOMIIBHOCTD JAHHBIX BHI3BAaHA COJTHEU-
HOHM aKTHBHOCTBIO, BBISIBIICHUE KOTOPOH TaKXKe SIBIISIETCS IIENBI0 paOOTHL.

HKA N40889 (I'anmneo) — 06bekT, HanboIee TOYHO MPOXOAUBIIHI Yepe3 30Hy BO3MY-
IIEHMsI, TPAGKTOPHSI €T0 ABIKEHNUS TOKa3aHa Ha puc. 5. Bapmamuu ammumuty st KO B 3aBu-
CHMOCTH OT BPE€MEHH IIPHUBEICHEI Ha pHC. 6. KpacHbIM BeTOM 0003HaueH CUTHAT, IPHHAMA-
eMBIif BO BpeMs paboThI HarpeBHOTO cTeHaa. Ha puc. 7 u puc. § mokasaHsl Bpe-
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Cexnus «/3mydenne 1 pacpocTpaHeHHe PaguoBOIIH»

MEHHBIE 3aBUCUMOCTH IUpUHBI KO u ciekrpa coorBeTcTBeHHO. [lomydeHo, uto mupuna KO
U ee JUCHepcrs JOCTUTAIN HanOOJIBIINX BEJIMYUH U3 BCEX N3MEPEHHBIX 3HAUCHHMI: MOPSIKa
0.2 ora.en. OgHaKo MMPHHA CTIEKTpa HEOOMbIIAs U JOCTATOYHO CTAOWMIbHAS, HECMOTPS Ha
paboty cTenza.

Cremyer 3aMeTHTh, YTO HA IAapaMeTPHl KOPPEIAIOHHOTO OTKIMKA MOTYT BIHATH pe-
KHUMBI pabOTHI CTEHJIA, & TAKXKE aJITOPUTMBI 00paOOTKH TaHHBIX.

3axniouenue

B nporecce B0300HOBIICHNS HCCIEOBAHUH 110 H3YUCHUIO BIHMSHHS CPEIBI PaCIpOCTpa-
HEHUs PaJHOBOJIH Ha IMapameTps! HaBuraroHHbIX curHanoB KA CPHC ¢ nomomnisio MeTo-
JIOJIOTHH paJOMHTEP()EPOMETPUH BBIIOIHEHBI CISAYIONIHE PaOOTHL.

Boccranosnen PCJIb mynktr HUPOU HHI'Y «3uMeHKm» ¢ MpHEeMHBIM KOMIUICKCOM Ha
gacTtoty 1.6 I'T'm ut antennoit PT-15 ¢ nuamerpoM 3epkana 15 MeTpos.

[IpoBeneHsI IEpBBIE TECTOBEBIE SKCIIEpUMEHTHI 10 puMeneHuio PCIIb ms uccienosa-
HUSL BIIVSTHUS ICKYCCTBEHHOH TypOyJIeHTHOCTH HOHOC(eps! Ha mapameTpsl curaanoB HKA ¢
HCTIONB30BaHUEM M3ITydeHns HarpeBHoro ctenna Cypa. Hagara otpaboTka MeToquku HaOIIo-
JIeHUH 1 00pabOTKHU JaHHBIX SKCIIEPUMEHTOB 110 TpreMy curaanoB HKA gersipex CPHC s
peanbHOIT koHGHUTYparmu komiuiekca PC/Ib HUPOU — crenn Cypa.

INomy4ens! pe3ynbTaThl, TOKA3bIBAIOIINE HATHINE BIUSHUS HOHOC(EPHOH TypOysIeHT-
HOCTH Ha TAKHE XapaKTEPUCTUKH KOPPEALHOHHOTO OTKIIMKA KaK aMILTUTy1a U muprHa KO,
a TaoKe MIMPUHA CIICKTPA MOITHOCTH CHTHAJIA.

Js 5 dexTHBHOTO TPOROIDKEHUSI UCCIIENOBAaHNI HEOOXOIMMO NPOAHATH3HPOBATh U
MIPOBEPUTH HKCICPHMEHTAIBHO BIMSHHC PEKMMOB PAaOOTHI CTEHA Ha XapaKTep BO3MYIIe-
Huii, Bmmsronmx Ha (opmy K@, m mogmepumupoBats IIO 00paboTku maHHBIX.

Agtops! 6marogapasl M.b. HewaeBoit 3a moMoIp B pOBEACHNH YKCIICPIMEHTOB.
Pabora BemonHeHa npu noaaepskke MunoOpHayku: roczaganne FSWR-2023-0038.
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