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MOHHUTOPUHTI PEI'YJIAPHBIX 1 CHTOPAIMYECKUX NOHOC®EPHbBIX
BAPUALINN HA OAHOCKAYKOBbIX B4 PAINOJIMHUAX

Ipenmert u 1enb paboThL: JuacHoCmuKa pesyispHbiX U CNOPAOUHecKuX UOHOCHEPHbIX 8apUayULl ¢ UCNONIb306AHUEM CUCTHEMAMU-
YeCK020 KO2EPEHMHO20 MOHUMOPUH2A CREKMPATbHBIX Xapakmepucmux npooruix BY cuenanos Ha HaKIOHHbIX OOHOCKAYKOBbIX
PAOUOTUHUSIX.
MeTtozbl U MeTOOJIOTHSL: Pecucmpayus cuenanos cmanyuu Ciydcobl mOYHO20 6PEMEHU U YaACHOMbl HPOBOOUNACH HA YACOME
9.996 MI'y ¢ meuenue noanozo 2013 2o0a 6 08yx npuemmvix nynkmax — 8 Huzxouacmommotii o6cepsamopuu Paouoacmponomu-
yeckoeo uncmumyma HAH Yipaunor (c. Mapmosoe, Xapvrosckou obnacmu) u 6 2. Tpomce (Hopsezus). Pecucmpuposanuce
9HepeemuyecKue CHeKmpbl, N0 KOMOPbIM OYEHUBAUCH 8aPUAYUU UHIMEHCUBHOCIU U OONIEPOBCKO20 cmewenus yacmombl (JCY)
npobHo2o usnyyenus. Bpemennvle paovl uHPOPMAYUOHHBIX XAPAKMEPUCTIUK CUSHATIO8 CONOCIABIATUCH C HE3ABUCUMBIMU OYeH-
KAMU KpUMU4ecKux 4acmom uoHocgeproeo cros F2, a makoice c unoexcamu conneunou u MaeHUmHoU akmugHocmu. Yemarnos-
JIEHA UX KOPPENAYUOHHAS CBA3b.
Pesynbratsl: [Ipogedensl cucmemamuyeckue Ko2epeHmuble UsMEPEHUsl 6apUaAyuli CReKmMpaibHblX XapaKkmepucmuk npoorsix B4
CUSHA08 HA 08YX OOHOCKAYKOBBIX PAOUOIUHUSX (8bICOKO- U CPEOHEUUPOMHOL). B meuenue nontHoeo 20006020 yuxia Had.iode-
HuUtl Uccedo8anvl pecyisiphvie (ponosuvle) sapuayuu Cymounvix sasucumocmeil unmerncusnocmeii u JJC9 npobuwix cuenanos,
6bI36AHHBIE USMEHEHUEM YCII08ULL OC8EUCHHOCTU KOHMPOTLHBIX PAOUOMPACC. YCMAaH081eHa SMRUPUYECKAS. 38UCUMOCTb 8pe-
Mmen xapaxmephulx usmenenuil JJCY u momenmos “paduosocxoda’ u “paduosaxoda’ ¢ RpoxXodcoeHuem COTHe 020 MmepmMuna-
mMopa Ha pazIudHbIX BbICOMAX CPEOHEWUPOMHOU U NPUNOTAPHOU UoHOCHepbl. [Isl 6bICOKOUUPOMHOU PAOUOMPACCHL TENOM
onpeoenawyIo poib Ueparm YCio8us ROIAPHO2O OHA U POCH NO2TOWEHUs 8 NOTYOeHHOe U NOCAenoayOoennoe epems. Beeden
UHOEKC, XapaKxmepusyowuil 6pemMs pacnpocmpanenus CUeHai08 Ha 4Yacmome HUdCe MaKCUMAIbHO NPUMEHUMOT (NPOOoadICU-
menvhocmy “paouoons’”). /s 603myuenHbix UOHOCHEPHBIX YC06ULL 0OHApPYHCceHbl 2 7-0HegHble 8apuayuis NPOOOINCUMETbHOCU
“Paouoous” u nosedeHUs KpUMu4ecKux 4acmom uoHocghepro2o cnos F2. [lepuoouunocms smux eapuayuil u ux CUHXPOHUSM C
unoexcom conneynou akmusnocmu F10.7 mocym 6vims 06bsCHEHbl MHO2OKPAMHBIM 8030€UCMEUEM HA UOHOCHEDPY 00N20HCUBY-
well akmusnot oonacmu 8 xpomocpepe npu epawjenuu Connya 6okpye coetl ocu. Boamooicnocms ucnonvzosanus oannvix B4
MOHUMOPUH2A 0151 OUASHOCTNUKU CROPAOUYECKUX UOHOCHEPHBIX 8O3MYWEH UL NPOOEMOHCMPUPOBAHA HA NpUMepe AHAAU3A OaH-
HYIX, NOJYYEHHBIX 80 8PeMs MOWHOU penmeenogckotl echviuiku na Connye u nociredogaguiell 3a Hell MazHUmHouU Oypu.
3akiroueHue: Pazpabomanivle MEmMoOUKy aHaIu3a OarHbIX 30HOUPo8anust uonocgepvl BU cucnanamu necneyuanibno2o muna
Mo2ym Obinb npUMeHeHbl 0Jist OUASHOCMUKY U UOEHMUDUKAYUU UOHOCHEPHBIX 803MYUJCHUIL.

KittoueBble crioBa: uoHocepa, conHeurvlii mepmMuHamop, paouompaccd, COTHeYHAs AKMUBHOCMb, MASHUMHAS OV

1. BBenenue HHE OKOJI03EMHOH IIJIa3MBbI CUTHAJIAMU CIIELIUATIEHOTO

o THIIA. Ee3yCHOBHLIM JOCTOMHCTBOM TAKOT'O ITOAXO0da
B Hacrosee BpeMs CYHICCTBYCT OOJIBIIION Ha60p

METOJO0B JMCTAHIIMOHHOI'O PaJMO30HIMPOBAHUS
noHocdepsl. BoIBIMHCTBO U3 HUX SABJISIOTCS AKTUB-
HBIMU U IPEIIOIATratoT LieJIeHapaBIeHHOE 00ITyye-

ABJISACTCA BO3MOXKHOCTBH HMCIIOJIB30BaTh CHUI'HAJIBI,
(hopMa KOTOPBIX ONTHMAJIBHO MOA00paHa JIJIs aHa|-
3a UCCJIICAYEMOI'0 TUIlA IJIAa3MCHHBIX 06pa3OBaHHﬁ.
C IIOMOIIBIO TAKHUX KIIACCUYCCKUX METOJ0B ITUATrHO-
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pbl [1] wiu MeTox HEKOrepeHTHOro paccesHus [2],
MOJTy4eH OCHOBHOM 00BbEM HaIllMX 3HAHUN 00 HOHO-
cdepe 3emun. HecMoTpst Ha O4E€BHIHBIC JOCTOUHCTBA,
aKTHBHBIC AMATHOCTHYECKHE METOJBI HE CBOOOIHBI
OT HelocTaTkoB. OCHOBHBIMM M3 HMX SIBIISIOTCS 3aT-
paTHOCTD, BEI3BaHHAS HEOOXOIUMOCTBIO IPUMEHEHHS
CJIOKHBIX MPUEMONEPEAAIOIINX YCTPOHCTB U 0OIb-
MIMX CTICHAIN31POBAaHHBIX aHTEHH, BEICOKOE HEPTO-
notpebIieHNe, a TaKKe TOTOIIHUTEIbHOE “3arpsi3He-
HHE” OKPY’KaOIIET0 MPOCTPAHCTBA IIMPOKOIIOIOCHBIM
30HAUPYIOLINM U3ITyUYEHHEM.

B Pammoactponomuueckom mHcTHTyTe HAH
VYkpaunel (PU HAHYVY) paspaborana cucrema
OUarHoCTUKU HOoHOC(hepsl BU curnanamu mmwu-
pOKOBeIIaTEeNbHBIX panuocTanuii [3]. B ee cTpyk-
TYpy BXOIUT CE€Th MPOCTPAHCTBEHHO pa3HECEH-
HBIX aBTOHOMHBIX IPUEMHBIX ITYHKTOB C JUCTaH-
LHMOHHBIM yTpaBieHueM mno cetu HMutepuer. Ha
CETOAHS TMPUEMHBIE MYHKTHI YCIENIHO (YHKIHO-
HUpYyIOT B YkpaunHe (HuzkowacrorHast oGcepBaro-
pus — HHO P HAHY), B AHTapkTuke (YKkpauHc-
Kas aHTapKTU4Yeckas cTaHius “AxageMuk Bep-
Hazckuit”), B CeBepHoit Cxanaunasuu (T. Tpomce,
Hopgerus), B 3xBatopuansHoiit Adpuxe (Jlaroc, Hu-
repusi) u B Apkruke (0. CBanOapa, Lnunbeprew,
Hopgerust). x oTiimuntenbHble 0COOEHHOCTH: pa-
00Ta B HEMIPEPHIBHOM MOHUTOPUHTOBOM PEXKUME, ITPO-
CTPaHCTBEHHO-BPEMEHHAs KOT€PEHTHOCTh, IPUMEHE-
HUE CEPUIHO BBIITyCKAEMBIX IUPPOBBIX IPUEMHHUKOB,
COTIPSKEHHBIX CO CTAaHAAPTHBIMHU MEPCOHAIBHBIMHU
KOMIIBIOTEPAMH, YJIAJIEHHBIH TOCTYTI B peaJIbHOM Bpe-
MEHH K 0a3aM JaHHBIX 10 ceTu MHTepHeT, 0ToOpa-
YKEHHE B pe)KMMeE OHJIAiH XapaKTePUCTUK IMPUHATHIX
CUTHAJIOB Ha BeO-caiiTe* oTaena paanopu3uKu reo-
kocmoca P HAHY. Cucrema B nenoM u pasnud-
HbI€ €€ KJIACTEPHI HCIOJIb30BAJINCH BO MHOTHX 3a/1a-
Yyax paJro30HANPOBAHNUS IPUPOTHBIX U CTUMYIIHPO-
BaHHBIX HOHOC(HEPHBIX MPOIIECCOB, BKIFOYAsI HCKYC-
CTBEHHYI0O MOHOC(hEpHYI0 TypOYyJIEHTHOCTh, CO3/Ia-
BaeMyto MomHbIM BY HarpeBoMm [4—6]. Pe3ynbrarst
3TUX UCCIEA0BAHUH MMOCTYKHUIN OCHOBOM CO3/IaHMS
METO/I0B MHOTOTIO3UIIOHHOM TOTIIEPOCKOTINHU U Yac-
TOTHO-BPEMEHHOM JIOKAIIMA HOHOC(HEPHBIX HEOTHO-
poanoctei [7-9].

Hactosimas paGota mocBsiieHa pa3BUTUIO BO3-
MOXXHOCTeH korepeHTHOM BY auarnoctuku cpegHe-
LIIMPOTHON U MOJISIPHOM HOHOC(EPHI C HCTIONB30Ba-

*URL: www.geospace.com.ua (nara oopamenus: 07.09.2018).
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HUEM CHCTEMAaTHYECKHX ABYXNO3WLMOHHBIX H3Me-
PEHMI CHEKTpalbHBIX XapaKTEPUCTHUK CUTHAIOB
craHuu Cay>KObl TOYHOTO BPEMEHH M YaCTOTHI
PBM (Mockgsa, Poccus) [10] Ha ABYX OJHOCKAYKO-
BBIX PaJHOJIMHUAX: cpeaHemmpoTHod PBM-HYO
u BeicokomnpoTHOH PBM—Tpomce. O0bexkTamu uc-
CJIEIOBaHHUH SBJISIIUCH PETYISPHBIE MEXKCE30HHBIE U
CyTOUYHBIE HOHOC(EPHbIC BapHALIUH, a TAK)KEe HOHO-
c(epHble OTKIMKHI HA MOIIHBIE TEOKOCMUYECKHE BO3-
MYILEHMSL.

2. MeToauka Ha0.I0dEeHUI
1 00pa0OTKH JAHHBIX

W3mepsemMbIMU XapakTepUCTUKaMU NpoOHBIX BY
CUTHAJIOB SABJIAJIUCH SHEPreTUUYECKUE CHEKTPHI, 10
KOTOPBIM OLICHUBAJINCHh BapHallMH CHEKTPAIBHBIX
IUIOTHOCTEN M JOIIEPOBCKHE CMEIEHUS YacCTOTHI
(ZICY). BpeMeHHbIC 3aBUCHMOCTH 3TUX BEIUIUH
B CBOIO OYepelb COMOCTABIISUINCH C HE3aBUCUMBIMU
OILIEHKaMH MOHOC(HEPHBIX ApPaMEeTPOB, MOTyUYEHHbI-
MH METOJOM BEPTHKAIBHOTO 30HAMPOBAHUS HOHO-
cepbl B MYHKTaX, PacloJIOKEHHBIX BOJIM3U KOHT-
pOJIBHBIX pauoauHuid. HempepriBHBIE perucTpanuu
MPOOHBIX CUTHAJIOB COTIPOBOKAATHCH MOHUTOPHHTOM
TE€OMAarHUTHOM U aHAJIM30M COJTHEUYHOW aKTUBHOCTEM.
OCHOBHOM MacCUB TaHHBIX U3MEPEHUI TPOBOAMIICS
Ha OIHOM U3 Tpex pabouux yacToT craHmu PBM —
9.996 MI'1 B Teuenue nomuoro 2013 roga. Beibop
JIaHHOM 4YacTOTHl HAONIONEeHUH OBIT 00yCIOBIEH
BBITIOJIHEHNEM YCJIOBHS MPEUMYIIECTBEHHO OJHO-
CKauKOBOTO pPaclpOCTPaHEHHUsI MPOOHBIX CUTHAJIOB
I 00eux paauoiuHui. ['eomerpus pacrnomnoxke-
HUS NepeJaTynKa U MPUEMHBIX IIyHKTOB IOKa3aHa
Ha puc. 1.

Jns peructpamuu mpoo6HeIX curaanos B HUO u B
TpomMce HCIONB30BANNCH WASHTHYHBIE CyTeprere-
poaunnbie npueMHukd WinRadio WR-G313i ¢ uudg-
POBBIM YIIPaBICHHUEM M 3aMUChI0 cUTHaIOB [11],
OCHAILIEHHBIE TEPMOCTATUPOBAaHHBIMU KBapLIEBBIMHU
3aJal0LUMH TeHepaTopamMu. ITO MO3BOJISIIO IPOBO-
nuTh u3Mepenus Bapuaunid JICY ¢ morpemHocTbio
He 6omee 0.05 I'u. TouHOCTH CHHXPOHHU3AIMH 000HUX
MTyHKTOB ¢ BceMUpHBIM BpemeHeM UT Oblia He Xyke
0.5 Mc u obecnieunBanack aBTOHOMHBIMH ITPHEMHH-
kamu 'HCC curnanos. B xauectse npuemusix BU
AHTEHH HCIOJIb30BaINCh MaJOpa3MepHbIE PAMKH U
ropu3oHTambHEIE qumtonw [3]. Ha BeIxome aHanoro-
BOM 9acTH MPUEMHBIX yCTPOMCTB MPOOHBINA CUTHAI,
nepeHeceHHbIi Ha yactoty 500 ['m, onmdpoBbiBaics
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Puc. 1. TeomeTpust HaOMIONCHUH: KOOPAUHATHI IyHKTOB —
55°44" c. m., 38°12" B. x. (PBM), 49°56'0.5" c. m.,
36°57'10" B. n. (HUO), 69°39'41" c. m., 18°56'30" B. &.
(Tpomce); mmmnbl paguorpace — 650 km (PBM—HYO), 1816 km
(PBM-Tpomce); KOOpIUHATEI CPETHUX TOUYEK PaTUOTpPaACC
(cepeie okpyxHOCTH) — 52°50'52" c. mr., 37°32'58" B. m.
(PBM-HYO), 63°1'6" c. m1., 30°54'13" B. 1. (PBM-Tpomce)

C 9acTOTOM muMcKpeTHm3anuy 2 K[ ¥ mocTyman Ha
PETUCTPUPYIONINI MEePCOHANbHBIA KOMIIBIOTED.
BrIX0oqHBIMEU JAHHBIMA CHCTEMBI PETUCTPAIIH OBLITH
SHEPTeTHYECKUE CIIEKTPhI CHTHAJIOB, OTIPEIEIsIeMbIe
JUTSE KQKJTOTO MUHYTHOTO HHTepBasia. OHU BBIYUCIIA-
JIUCH TIyTE€M YCPEIHEHUS “MTHOBEHHBIX CIEKTPOB
S,(f), paccunThiBacMBbIX 10 (pparMeHTaM CHrHaia
nnutenbHocThiO B 20 c. Jlanee onenuBanucek JJCYU
Y MHTEHCHBHOCTH NPHUHATOrO U3IYUYEHHs B MOJIOCE
gactor *1 I'i. B Takoii ke, HO CMEIlIEHHON Ha He-
CKOJIBKO JECSITKOB TepI] OT HECYIIEeH YacTOTHI IOJIO-
ce M3MepsIach MHTEHCHBHOCTH IIIyMa, YTO ITO3BO-
JISLTO OTIPENIENISATh COOTHOIIeHHe curHan/mym (C/11I).
IIpy BO3HUKHOBEHUH YCIOBHI MHOTOMOJIOBOTO pac-
MIPOCTPAaHEHUs, W, KaK CIEJCTBUE, W3PE3aHHOCTH
CIEKTpa YacTOTa CHEKTPAJIbHOTO MAaKCUMyMa BBI-
YUCIIAJIACh METOJOM MOMEHTOB Kak

p)
[ 75,()dr
Sncu = 'CLZ >

[s,(dr
A

B IIPEANIONIOKEHUY, uT0 f, =-511, a f, =+5Tn.
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OTMeTHM, 4TO JaHHBIA BUI 00paOOTKH IpueMiIeM
TOJIBKO JJIs1 HEMPEPBIBHOTO PEXKUMA U3TyUEHUS CTaH-
uuu PBM (475 ¢ B Hauaje Kaxaoro roiydaca).
[ToaTomy mpu cranmapTHoil 00paboTKe 3HAYCHUS
JACY, untencusnoctH U cootHourenus C/L paccun-
THIBAJIUCH ISl TIEPBBIX 8-MUHYTHBIX MHTEPBAJIOB B
HayaJie KaKIoro rnoiyvaca 1 Aajee yCpeqHsuIich. 1o
MTO3BOJIIIIO TIOJTYYHTh PSABI JAHHBIX C BPEMEHHBIM
paspererreM 30 MuH (48 TOUEK B CyTKH) AT Kax-
noro s B TedeHue Bcero 2013 roma. CyTouHble
pAABI, U3 KOTOPBIX HMCKIIOYAINCh N€OMarHUTHOBO3-
MyIIIEHHBIE JTHU, ObLTH MCIIONB30BAHbI JIJIS pacdera
YCPEIHEHHBIX MECSUHBIX 3aBHcuMocTell. CpetHeme-
CSIYHBINA CyTOYHBIN XO MPEIONaralcsl PeryIISIPHBIM
Y BBIYHUTAICSA U3 TEKYIIUX CyTOUHBIX PsA0B. Takum
obpazom onpexaensumch Bapuanuu JICY, nHTEHCHB-
HocTH U cooTHoeHus C/111, xapakrepu3yrorue npo-
SIBTIEHHS HOHOC(EPHBIX BO3MYIIEHUH. Bo3MyIIeHHBI-
MH CUUTAJIMCh THH, B KOTOPbIE 3HaYeHHE TII00ATBHO-
ro Kp-unaekca npesblmano 3 eauHuipl. Crienyet
OTMETHTh, YTO Takasi 0O0paboTka OblLIa NMpHUMEHUMA
TOJIBKO IJIS1 “‘3€pKajbHOrO” OJHOCKAYKOBOIO MeXa-
HU3Ma PACIPOCTPAHEHUS! PAJUOCUTHATIOB HA KOHT-
POJIBHBIX PaUoTpaccax, Kormna pabodas yacrora (PY)
OblJIa HIDKE MaKCUMaJIbHO MPUMEHHUMOW YacCTOTHI
(MITY). B ycnosusix npessienns MITY nnTencus-
HOCTb MPUHSTOTO M3Iy4YeHHs Ha 00EUX Tpaccax pe3Ko
CHIDKaJIACh (Ha NIECATKH JAeruOen), CIeKTPhI CyIie-
CTBEHHO PacUIMPsUTHCh (IO AECATKOB repll) u cnadas
“3acBeTKa” MPUEMHBIX ITYHKTOB MPOMCXOIMIA U3-3a
paccesiHIs CHTHAJIOB HA MarHUTHO-OPUEHTHPOBAaHHBIX
HOHOC(EPHBIX HEOHOPOAHOCTSX ¥ BO3BPATHO-HAKJIOH-
Horo pacnpocTpanenus [12]. Kak npasuio, nmepexon
yepe3 YpOBEHb MAKCHMalIbHO NMPUMEHUMOW 4acTo-
161 [ 13] mpoucxonunn 1Ba pa3a B CyTKH — B yTPEHHHE
Y BEYEPHHE YacChl, B COOTBETCTBUH C PETYISIPHBIMHU
IpaJiueHTaMH IEKTPOHHON KOHIIEHTPALMH, KOT/1a MH-
TEHCHBHOCTH (DOTOMOHM3AITIH COOTBETCTBEHHO PE3KO
BO3pacTajla ¥ yMEHbIIANIAach. OTH MOMEHTHI Ha3bIBa-
JIUCH “paioBOCXOIOM ™ M “paglio3axomIoM’ CUTHAJIA.
MowmeHT nepexona pabodeill 4acTOThl Yepe3 3Have-
Hus MIIY Ha Tpaccax PBM-HYO u PBM-Tpomce
(ukcupoBacs no 3HaunTeNnpHOMY (He Menee 20 nb
u 15 nb cooTBeTCTBEHHO) U pe3KoMy (3a BpeMs Me-
Hee T0JTyJaca) I3MEHEHHIO MHTEHCUBHOCTH CUTHAIIA.
Heo0xoquMo oTMETUTH, YTO B MOMEHTHI BPEMEHH,
korna cootHotreHne C/11 6b110 oKOIIO 1, IOTyYeHHbIE
3Ha4YeHUsT nHTeHCHBHOCTEeW M JICY cunTammice Heno-
CTOBEPHBIMH U B JaIbHEHIIIEM aHAJIN3€ HE UCTIONb30-
BaJIUCH.
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OueBUIIHO, YTO MPOJOJIKUTEIBHOCTh ‘‘3€pKalib-
HOMN” 3aCBETKU MPUEMHUKOB OMPEICIISIETCS KaK pe-
TYJISIPHBIMH (PaKTOPaMU: CE30HOM Tofia, MECTOIIOJO-
JKEHUEM, JJTMHOU U OpUEHTALMEN pagUOIMHUM, — TaK
¥ BO3MYIICHHOCTBIO noHOchepsl. s uccnenoBa-
HUS peaKIiy CUTHAJIOB Ha HOHOC(EPHBIE BO3MYIIIE-
HUs OBUT BBEIEH WHICKC, XapaKTepU3YIOIIUN Ba-
pHAaIMH IPOIOJIKUTEIBHOCTH “‘3€pKaIbHON ™ 3aCBET-
ku (nanee — “paguonss’). [Ipu ero orieHMBaHUU IS
KaXXIbIX CYTOK ro/ia OIpeAesyioch BpeMsl B yacax
U IOJISIX Yaca, B TEYEHUE KOTOPOTO MHTEHCHUBHOCTD
CUTHaJIa HE OIyCKallach HUKE MOPOrOBOr0 YPOBHS,
OTCUUTHIBAEMOI'0 OTHOCHUTEJIBHO MaKCUMyMa Cpej-
HEMECAYHOM KPUBOM MHTEHCUBHOCTH. g Tpac-
cel PBM-HYO nopor 3agaBancs paBHbM 20 1b,
a ngna PBM—-Tpomce — 15 nb. anee cyTtouHble
3HAYEHUs, UCKIIIOYas MOIYyYEHHbIE B BO3MYILEHHbIE
JIHU, YCPEAHSUIUCh 33 KaXKIbIM Mecsl, YTO JaBajio
CPEIHEMECSYHYIO IPOIOIHKUTENBHOCTS “‘paguoOHs”,
orpeensieMyr0 peryispHbiMu paktopamu. Bapua-
LMY, CBS3aHHBIE C BO3MYIIEHHOCTHIO HOHOC(]E-
PBI, PAaCCUUTHIBAIUCH ITyTEM LIEHTPUPOBAHUS TEKY-
IMX 3HAYCHUU OTHOCUTENBHO CPEIHEMECSYHBIX
3aBUCUMOCTEH. 3aMeTHUM, YTO B JIETHEE BpEMS B
CpelHEed TOYKE BBICOKOUIMPOTHOH paauoTpacchl
PBM-Tpomce nonocepa ocsemena ConHileM B
TeueHue Bcero nHs. [lostomy netom B Tpomce
MaJeHus] UHTEHCUBHOCTU CUTHaJIa ONpPEIEIsIIUCh
He nepexonoMm PY uepez MIIY, a poctoM nmomiome-
HUS CUTHAJNa B JTHEBHOE BPEMs.

OnwcaHHbIE BHIIIE PSABI BAPHAITUI HHPOPMAITHOH-
HBIX [IaPAMETPOB MIPUTOIHBI JIJIsI BBIACICHUS U aHAIIHU-
32 HIOHOC(EPHBIX BO3MYIIICHUH C XapaKTEPHBIMHU Bpe-
MEHHBIMH MacinTabamMu Oonee moirydaca. B To xe
BpEMsI MOHUTOPUHI' KOHTPOJBHBIX CUTHAJIOB PBM
MO3BOJISIET HCCIIEIOBATh 1 00Jiee KOPOTKOTIEPHOIHEIE
rnoHOC(EpHBIC BO3MYIIICHHS, HAIIPUMED, aKyCTHKO-Tpa-
BuTariMoHHbIe BoJHBI (AI'B). Jlnst ux ananmza aBTo-
pamMu pa3paboTaHbl aTOPUTMEI, TIO3BOJISIONINE BBI-
nenatb Bapuauu JJCY 1 HHTEHCUBHOCTH HE TOJIBKO
JUTSI HETIPEPBIBHBIX, HO U JIJISI UMITYJILCHBIX PEXKUMOB
paboter PBM. Anroputm maet BO3MOXXHOCTH TOIY-
4yaTh psAbl mapameTpoB npoOHbIX BYU curnanos c
pa3pelieHueM 0 BPEMEHH B HECKOJIBKO JECATKOB
cekyHa. OQHaKo, MOCKOJBKY aHalu3 “ObICTPBIX”
noHochepHbIX npoiieccos (Takux kak AI'B) B nanHO#
paboTe HE TPOBOIMICS, 3Ta METONWKa OyHeT pac-
CMOTpEHA B OTJENBbHON CTaThe.

s cormoctaBnenust nHOOPMAMOHHBIX XapaKTe-
puctuk BY curHanos ¢ HOHOC(HEPHBIMU, COTHEUHBI-
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MU ¥ T€OMarHUTHBIMU TTapaMeTpaMu ObLIH UCIIOIb-
30BaHbl CHHXPOHHbBIE TAHHbBIE IPYTUX HE3aBUCHUMBIX
WU3MEpEHUH, TOCTYIIHbIE B ceTu HTepHeT:

— 3HAUEHUSI KPUTUYECKOHN 4acToThI ci1os F2 noHo-
cthepsl — foF?2, uamepsembie noHo30HaaMH EISCAT
[14] (BOmm3m Tpomce, 69.6° c. m., 19.2° B. 1.) u
N3MHUPAH (Mocksa, 55.47° c.m., 37.3° B. 1.)
[15] (BpemenHOE pa3pemnieHre TaHHBIX 15 MUH);

— 3HAYEHUS JIOKaJIbHOTO MAarHUTHOTO K-MHJIEKCa,
n3mepenHsle B HUO (BpemeHHOE pa3peiieHne 1aH-
HBIX 3 9) [16];

— 3HaYEHUS JIOKAJIbHOTO MArHUTHOTO K-WHJIEKCa,
n3MepeHHble B [eoduznueckoii oocepBaroprn Tpom-
ce (BpeMeHHoe pa3pelieHue MaHHbIX 3 1) [17];

— 3HaYeHHs TIOOALHOTO WHJIIEKCA COJIHEYHOH
aktuBHOCTH F'10.7 (BpeMeHHOE pa3pelieHne TaHHbIX
1 cyT) [18].

Bce ynoMsHyThIe BhIIIE PSABI JaHHBIX — 3HAYe-
HUs mapaMmeTpoB npoOHbIx BY curnanos, kputuyaec-
KHUX YaCTOT, UHJIEKCOB COJTHEYHON M MAarHUTHOMU aK-
TUBHOCTH — OBUTH PacCUMTAHBI IS KKIOTO Mecs-
na 2013 roga. beliM BBIUKCIEHBI TaK)KE BpeMeHa
Bocxo/a U 3axona ComHIla HaJ CPeIHUMHU TOUYKaAMU
paauoTpacce Ha TOBEPXHOCTH 3eMIIH U BhicoTax 120
u 250 kM. Onucanuio U aHaIU3y 3TUX JNAHHBIX IO-
CBAIIEHBI CIEAYIONIUE pa3fenbl padoThl.

3. Pe3yabTaThl HAOMIOIEHUI

Pezmeprte USMEHEHUA

Ha puc. 2 npezacraBieHbl CyTOUYHBIE 3aBUCUMOCTH
VHTEHCUBHOCTU CHUTHAJIOB JJISl JIETHETO M 3UMHETO
CE30HOB Ha KOHTPOJBHBIX PAAUONUHUIX. BecHol u
OCEHBIO CyTOYHBIE pacHpeesieHUs] HHTEHCUBHOCTH
MMEIOT NEePEXOIHON BUJ MEXKY JETHUMH U 3UMHU-
MU 3aKOHOMEPHOCTSAMH U Ha PUCYHKE HE MOKA3aHBbI.
BepTukanbHbIMU IMHUSMHA OTMEUEHBI BpEMEHA BOC-
xof1a u 3axofa ComHIla, pacCYMTaHHbIE HAJ| CPEAHU-
MH TOYKaMHU KOHTPOJIBHBIX PaJHOTPacc Ha YPOBHE
noBepxHOoCcTH 3emiid U Ha BeicoTax 120 u 250 kM.
XapaKkTepHEIMH MOMEHTAMH TTPOXOXKICHUS COTHEU-
HOTO TEPMHUHATOPA [Vl JIETHETO U 3UMHETO CE30HOB
ObLIM BBIOpaHb! THU cotHIecTosiHUS — 21.06.2013 1.
n 21.12.2013 . OTCcyTCTBUE CYTOUHOIO X0O/1a B HOY-
HOE BpeMs B 3UMHHE CE30HBI CBA3aHO C HEBO3MOXK-
HOCTBIO JOCTOBEPHO OIPEAEeINTh HHTEHCUBHOCTD M3-
3a Hu3Koro cootHomenus C/111.

Yepenuenunniit cyrounsrii xon JACY curnanos,
npuATeix B HYO u B TpoMmce, 17151 A€THETO U 3UM-
HEero Ce30HOB ITOKa3aH Ha puc. 3.
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Puc. 2. CyTOuHBIH XO/1 IHTEHCUBHOCTH CUTHAJIA JUIS JIETHETO (BEPXHUE ITAHENH ) M 3MMHET0 (HI)KHUE IIAHENN ) CE30HOB Ha CPE/IHEIIH-
porHoit PBM—HYO (g, 6) u BeicokommpoTHOit PBM—Tpomce (6, 2) paanorpaccax. BepTukaibHble THHIUH COOTBETCTBYIOT YCPEI-
HEHHBIM BpeMEHaM Bocxo/a 1 3axo1a CoJIHIIA HaJl CPeTHUMH TOUYKaMH PaJIMOTPACC Ha YPOBHE MIOBEPXHOCTH 3eMITH (CILIOLIHBIC
JIMHUHM) U Ha BbICOTax 120 KM (IUTPUX-ITyHKTUPHBIC TUHUH), 250 KM (ITyHKTUPHbIC JTUHKH)

JluHamyueckne CyTOYHO-TOJIOBBIE 3aBUCHUMOCTH
JCY curnana st o0eux paguoTpace MoKa3aHbl Ha
puc. 4. Ilo BepTUKaJIBbHOI OCH OTIIOKEHO BpEMS Cy-
TOK (CJI€Ba — JIOKAJIBHOE COJIHEYHOE BpPEMs B CPel-
Hel TOUKe paJroTpacchl, ClipaBa — MUPOBOE BpeMsi
UT), Ha ropu3OHTAJIFHONH OCH YKa3aH HOMEp IH:,
OTCUMTAHHBIA OT Hadana roma. 3HadeHus JCY B
repuax oToOpakeHbl B yCIIOBHBIX I[BeTax. beibie
YYacTKH COOTBETCTBYIOT MOMEHTaM, KOIZla COOTHO-
menue C/111 ObLI0 HETOCTATOYHBIM IS HaIeKHOIO
onpezaenenus ICY curuana 1 MOMEHTaM OTCYTCTBUSA
JTAHHBIX.

CyTO4YHO-TrOJJOBBIE 3aBUCUMOCTH HHTEHCUBHOCTEN
curtana B HYO u B Tpomce moka3aHsl Ha puc. 5, a
u 5, 6. LIeTom 0TOOpakeHbI 3HaUEHHsI THTEHCHBHO-
CTH curHama B naenubenax. bensle ydacTku coot-
BETCTBYIOT MOMEHTaM OTCYTCTBHS JaHHBIX.

Puc. 6, a oroOpaxkaeT Bapualiuy MPOIOKUTEIb-
HOCTH “paiMOAHA" OTHOCUTENIBHO CPETHEMECIUHBIX
3HaueHu ansa paauonuaniit PBM—-HYO u PBM-
Tpomce B Teuenue Bcero 2013 roma. Ha puc. 6, 6
[TOKa3aHbl U3MEHEHHS B TOT K€ IEPHUOJA BPEMEHU
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unaekca F10.7, xapakTepu3yromnero COIHEYHYIO
AKTUBHOCTb, U XapPaKTEPUCTUKU HOHOC(HEPHI — KpH-
TUYECKOM 4acToThl foF2, mpeacTaBieHHON CyTOY-
HBIMM 3HaY€HHUSIMH, YCPETHEHHBIMU 3a BpeMs “pa-
JUOTHS .

Bosmywennsie ycnosus

CucremaTnieckre M3MepeHuss MHPOPMAMOHHBIX
[apamMeTpPoOB U BOCCTAaHOBIECHUE MX PETYIAPHBIX
(cpenHECYTOUHBIX M CE30HHBIX) 3aBHCUMOCTEN MO-
3BOJISIFOT BBLAEIUTH IEPUOABI AHOMAJIBHOTO ITOBEIE-
HUs MpoOHbIX BY curHanoB, CTUMYIHMPOBAHHBIX MOIL-
HBIMH reopH3MYeCKIMH BO3MYIIeHUsIMU. B kauecTse
puMepa Jajnee MpoaHaIN3UPOBAHbl OTKIMUKH Ma-
pPaMETPOB CUTHAJIOB HA KOHTPOJIBHBIX PAIUOIHHMSIX
Ha PEeHTI'€HOBCKYIO BCIBIIKY Ha COJHIIE U TOCHIEN0-
BaBIIYIO 32 HEH reOMarHuTHy1o Oypio 17—-18 mapra
2013r.

Ha puc. 7 u3o0pakeHbl Baprialiii UHTEHCUBHOCTH
curHaia B HYO u B Tpomce, a BO3MYILIEHHOCTb
YCJIOBHI pacnpocTpaHeHUs MPOWIIOCTPUPOBaHa
HN3MEHEHUSIMH IIOTOKA COJTHEYHOTO PEHTI€HOBCKOTO
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Puc. 3. Cyrounsii xon JICY curnana ajist JeTHero (BepXHUE NaHeIN) U 3MMHET0 (HIDKHUE MTaHEJ M) CE30HOB Ha CPEIHEIIUPOTHOH
PBM-HYO (q, 6) u BeicokommmpotHoit PBM—Tpomce (6, 2) paguotpaccax. BepTukaibHble THHUN COOTBETCTBYIOT YCPEIHEHHBIM
BpeMeHaM Bocxoa 1 3axoia CoJIHI[a HaJl CPeIHUMH TOUYKaMH PaIHOTPAcC Ha YPOBHE MOBEPXHOCTH 3eMJIH (CIUIOLIHBIC JTMHUH) U JIIS
BBICOT 120 KM (IUTPHUX-ITyHKTHPHBIE IMHUK), 250 KM (IyHKTHPHBIE JTUHHUH )

HU3IY4YCHUA U T'COMArHUTHBIX MHJACKCOB B TCUYCHUC
YeThIpeX CyTOK. DOHOBEBIE Bapualliil HHTEHCUBHOC-
TU CUTHaja (TyHKTUPHBIC JTHMHHUH) TOJY4YEHBI B pe-
3yJbTaTe YCPEAHEHHUS CYTOYHBIX 3aBHCHMOCTEH 3a
Bech Mecsry MapT 2013 1.

4. O0cyxaeHHe pe3yabTaTOB HAO/IIOAEHHIA

[lepexons x oOCyXIeHUIO pe3yIbTaTOB HAOIIONE-
HUM, TIPOKOMMEHTHPYEM CYTOYHBIC U3MEHEHHS WH-
TEHCHBHOCTH CHT'HaJa JIETOM U 3UMOH, MOKa3aHHbIE
Ha puc. 2. JIns 000ux Ce30HOB Mepenaji Mex 1y HoY-
HBIMHU H JJTHEBHBIMU 3HAYEHUSIMA MHTEHCUBHOCTH Ha
tpacce PBM-HYO Gonsine, vem Ha pagnoIuHUN
PBM-Tpomce. U3 pucyHka BUAHO, 9TO 3UMOI IIEpe-
najabl MEXIy AHEBHOW M HOUHOW MHTEHCUBHOCTSIMH
cocrapistoT okoo 50 n1b B HYO u okono 20 ab B
Tpomce. B HUO (puc. 2, 8) CyTOUHBII X0 HHTEHCHB-
HOCTH XOPOIIIO COOTBETCTBYET BpeMeHaM BOCXOJa
ConHila Ha ypOBHE TOBEPXHOCTH 3€MIJIM I MOMEHTaM
3axona Ha Beicote 120 kM. Ha BeIcOKOIImMpOTHO# Tpac-
ce (puc. 2, 2) XapaKTepHBIM SBISICTCS] YBEIHMUYCHUE
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WHTEHCHBHOCTH CHTHaJa mocie Bocxoaa ConHIa Ha
noHOC(EpHBIX BEICOTaxX B 00sactu E u ymeHbIIeHHE
WHTEHCUBHOCTH TIOCJIE TPOXOXKIEHHSI BEEPHETO Tep-
MHHATOpa Ha BeIcoTax F oOmactu (250 km).

st nernero cezona B HYO (puc. 2, a) Hadmo-
JlaeTcsl 3ama3ibIBaHue pOCTa HHTEHCUBHOCTH CHIHA-
J1a OTHOCUTEIIFHO MOMEHTA TIPOXOXKIACHHUS YTPEHHETO
TEPMHUHATOPA 10 TIOBEPXHOCTU 3EMJIH U COXPaHECHHUE
BBICOKOW MHTEHCHUBHOCTU CHUTHajla TIOCJE 3axojia
Comnnna Ha BbicoTax F ob6xactu. CyTouHO-TOIOBBIE
3aBUCHMOCTH MHTEHCUBHOCTH (pHC. 5) NOKa3bIBAIOT,
YTO TaKO€ IMOBEACHNE COXPAHAETCA Ha MPOTSHKEHUH
BECEHHET0, JIETHETO M OCEHHETo ce30HOB. MHTepec-
HOW 0COOEHHOCTBIO ITOBEICHNS HHTEHCUBHOCTH B JIET-
HEC BpPCMA ABIIACTCA TAKKC HOCHCHOJ’IyI[eHHBIﬁ MU-
HUMYM. OH CBSI3aH B OCHOBHOM C IOIVIOIIEHUEM B
HWKHEH HoHocdepe B 3To BpeMs. JanHbii 3ddekT
nyudiie Bcero npossisiercs ¢ 140-ro no 250-i neHs
roma (cM. puc. 5).

Hns Tpomce nerom (puc. 2, 6) Habmw0OIAETCS
OGpaTHaﬂ 3aBUCUMOCTB ITOBEACHUA NHTCHCHUBHOCTH
MPOOHOT0 CHUTHAaNA OT BPEMEHHU CYTOK C MaKCHMY-
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Puc. 4. Cyrouno-ronosas 3aBucumocts JICY curnana a cpeanemporHoit PBM—HYO (@) u BeicokompotHoit PBM—-Tpomce (6)
panuoTpaccax. YepHble JMHUN COOTBETCTBYIOT BPEMEHH IPOX0XKICHUS YTPEHHEro (BHU3Y Ha IaHENAX) U BEYEPHEro (BBEPXY
Ha [TaHeJsIX ) COTHEYHOT0 TEPMHUHATOPA Yepe3 CPeTHIE TOUKH PaguoTPace Ha ypOBHE IMOBEPXHOCTH 3eMITH (CIITIONTHBIE JIMHUN)
1 Ha BeicoTax 120 kM (IUTPpUX-ITYHKTUPHBIE TUHUAH) ¥ 250 KM (IlyHKTHPHBIE JIMHHH )

MOM HOYBIO U MUHUMYMOM JTHeM. Takoe moBeaeHme
WHTCHCUBHOCTH OIPEISTAIOT YCIOBHUS IOJISIPHOTO
nHs, koraa obmactu E u F noHocdeps! B cepennne
Tpacchl NOCTOSHHO ocBelieHbl ConaieM. Benencraue
sroro PY sneTtom B TeueHHE BCEX CYTOK OCTArOTCA
Hwke MITY, a THeBHOE YMEHbIIIEHUE MHTEHCUBHOCTH,
cocrapysitoliee B cpenHeM 15 nb, onpenensercs B
OCHOBHOM TIOIJIOIIEHHEM B HIDKHEH HoHOCdepe [19].
HecmoTtpst Ha TO, yTO OOpaTHas 3aBUCUMOCTH W3-
MEHEHUI MHTEHCUBHOCTH B Tpomce HabOmromaeTcs
TONBKO JIETOM, €€ 3HAYMTENIbHOE THEBHOE YMEHb-
[IeHre, KaK 3TO BUIHO M3 PUC. 5, perUCTpUpYeETC
0oJiee TIPOIOIDKUTEIILHOE BpeMsl — C Hauajla BECHBI
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1 10 cepeaArHbI oceHH. [[03TOMY BECHOM U B TIEPBYIO
[IOJIOBUHY OCEHM MHTEHCHBHOCTh UMEET JIBA MMHHU-
MyMa: HOYHOM, CBA3aHHBIN C ‘“‘pammo3zaxonomM” U
JHEBHOH, BBI3BaHHBII POCTOM MOIVIOLIECHHUS.

Puc. 3 nokassiBaer, uTo perymnsapHoe noseaeHue JJCH
XapakTepU3yeTcsl MOJI0KUTEIFHBIM TTOABEMOM II0C-
ne Bocxona ConHna Ha Bbicotax E obmactu nonocde-
PBl U OTPHLATENBHBIM CMELICHHEM BOJHM3H 3aX0Za.
3uaku JICYU cOOTBETCTBYIOT YMEHBIICHHUIO ICHCT-
BYIOIIEH BBICOTHI OTPaKEHUSI CHUTHAJA B YTPEHHHE
4acel M ee pocTy BeuepoM. bomee ciabwie cyTod-
svele Bapuanuu JJCY Ha BBICOKOLIMPOTHOM Tpacce
JIETOM OOBSCHAIOTCS MEHBIIUM KOHTPACTOM MEXK-
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Puc. 5. CyTo4HO-ro[10Basi 3aBUCMOCTb MHTEHCUBHOCTH CHUTHajia Ha cpeqHemmpoTHoii PBM—-HYO (@) u BBICOKOIIMPOTHOM
PBM-Tpomce (6) papnotpaccax. YepHble IMHUKA COOTBETCTBYIOT BPEMEHH IPOXOKIICHHUS yTPEHHETO (BHU3Y Ha ITaHENSX) U Beuep-
Hero (BBEPXY Ha IIaHEJAX) COJTHEUHOT0 TEPMHUHATOPA YePe3 CPEeAHUE TOUKH PaJuoTpace Ha BeIcoTax 0 KM (CILIOIIHbIE TUHUN),
120 kM (IUTpUX-ITyHKTHpPbIE TUHAH) ¥ 250 KM (ITyHKTHpbIE IMHUHN) HaJl TOBEPXHOCTHIO 3eMIII

Iy “HOYHBIMU” ¥ “THEBHBIMU’ yCJIOBUSMH OCBELICH-
HocTH. Kak yxe oTmMedanoch, Ha IIMPOTax BBILIE
60° 1eToM Ha BBICOTax OTPAKCHUS B CEpPEIUHE
pamuorpaccsl PBM—Tpomce CorHile He 3aX0OIUT 3a
TOPHU30HT M OCBEIICHNE HOCHUT MIEPEXOTHOMN CyMeped-
HbII Xapakrep. I JE€THETO U 3UMHEr0 CE30HOB B
HYO (puc. 3, a, 6) makcumanesublie 3Hauenus JCH
(UKCUPYIOTCS] HETIOCPEACTBEHHO MOCIIE IPOXOXKIEL-
HUSI 110 TIOBEPXHOCTH 3€MIIM JINHUM YTPEHHETO Tep-
MHHATOpa, a8 MUHUMAJIbHBIE — IIOCJIE BeuepHero. J{is
BBICOKOIIIMPOTHOM Tpaccel (puc. 3, 6, ¢) KapTHHA
OoJee cI0XHasl, yIUTHIBas €€ OOIBIIYIO MPOTKEH-
HOCTh W OJIM30CTH K MOJSIpHOMY oBany. Jletom Ha-
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OJIIOmaeTCsl 3HAUYMTENLHOE 3ama3abIBAHUE TOJIOKH-
tenpHOTO TKa JICY oTHOCHUTEnsHO Bocxona ColH-
112 Ha YPOBHE MOBEPXHOCTH 3€MJTH, @ 3MMOU MOJI0KHU-
tenpHBIN Uk JICY HaOmogaercs A0 MpOXOKISHUS
YTPEHHETO TepMHUHATOpa Ha HYJIEBOW BEHICOTE.
OTMedeHHEIE BEIIIE OCOOEHHOCTH MOXHO 0oJiee
MOAPOOHO MPOCIECINTh Ha CYTOYHO-TOIOBBIX 3aBHU-
cumoctax JICY, nocTpoeHHBIX Jij1s 000MX HAOJIO1a-
TEJIbHBIX IMyHKTOB (puc. 4). B o6oux cinyvasx yTpeH-
HUW nonoxuteiabHbll MakcumyM JICU coBmamaet
IO BPEMEHH C TPOXOKIEHUEM YTPEHHETO TepMHHA-
TOpa IO MOBEPXHOCTH 3€MIIA TOJIBKO 3UMOM M 3a-
Ma3apIBaeT OTHOCUTEIHHO HETO B JIPYTHE CE30HHBI.
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Puc. 6. Bapranum npoJoyDKUTENbHOCTH “paguonss’ Ha npoTrshkernn 2013 roma ma paguorpaccax PBM-HYO (crutomnas
kpuBasi) u PBM-Tpomce (nmyHkTupHas kpuBas) (a); MECSUHbIE U3MEHEHHUs WHAEKCA COJIHEYHO# akTHBHOCTH F10.7
(Ic.e.m=10"2 Br/(M*-T)) (CIUIOMHAs KPHBAS), CPEIHIX 33 OCBEIICHHEIH IEPHOI CyTOK 3HAUEHHH YacTOTHI f0F2 HOHOC(HEPHOTO
ciost F2 nan PBM (muTpux-nmyHKTHpHAsS KpHBasi) U Haa Tpomce (TyHKTUPHAs KpuBasi) (0)

OtpunarensHblil Beuepauit MuauMyMm JICH cooter-
CTBYET MHTEpBaly MEXAY BpEMEHAMM IIPOXOXKJe-
HUS COJTHEYHOT0 TEPMUHATOPA IO TIOBEPXHOCTH U Ha
HOHOC(EPHBIX BBICOTAX.

Kpome perynspHbIX CE30HHBIX 3aKOHOMEPHOCTEN
noseAeHus napamerpos BU curnanos, onpenense-
MBIX U3MEHEHHEM YCIIOBUI OCBEIIEHHOCTH, CYyTOU-
HO-TOJIOBBIE€ 3aBUCUMOCTH (puc. 4 u puc. 5) M03BO-
JISIOT OTCIICKUBATH ‘‘MEIJICHHBIC KBa3HIIEPHOIN-
YEeCKUe BapHaLll{ TapaMeTPOB IIPOOHOT0 U3y YECHHUSL.
Taxk, Ha puc. 4, 6 ¢ 50-ro mo 150-i AeHP MOXKHO
MIPOCIEANTh TP MUHUMYMa aMITUTYbI BEYEPHETO
orpunarensHoro nmka JICY B Tpomce, oTcrosimme
Ipyr oT apyra Ha 25-+30 gHeil. ITomoxxeHus >Tux
MUHUMYMOB J[CY COOTBETCTBYIOT MakCHUMyMaM
MIPOAOIKUTENBHOCTH “paiiofHs”’, KOTOPBIE JIydIlle
BCET0 3aMETHBI Ha CYTOYHO-TOJOBBIX 3aBHCHUMOC-
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Tssx uaTeHcuBHOCTH B HUO (puc. 5, a). g uzyde-
HUsI JaHHOTO 3 exTa ObUTH POaHATTM3UPOBAHEI Ba-
pHUauy TpOAOIKUTENBHOCTH “paguonus’ (puc. 6, a)
COBMECTHO C WHJIEKCOM COJIHEYHOW aKTUBHOCTH
F10.7 u cpeqHuMU 3a OCBEIIECHHBINA MEPUOJ CYTOK
3HAYCHUSIMH KPUTUIECKUX 9acToT B Tpomce n BOIMH-
3u PBM (puc. 6, 6). Kak BugHO U3 pHCYHKa, C
50-ro o 150-i meHpb (MeXITy BepTUKAITLHBIMU JIH-
HUsSMU Ha puc. 6) mapamerpsl BU curnanos, uH-
JICKChI COJTHEYHOW aKTUBHOCTH U KPUTHUYECKUE Yac-
TOTBI JICMOHCTPHUPYIOT CXOIHbIC KBa3UIIEPUOINUESC-
ke Bapuanuu. [locTpoeHmne B3aWMHBIX CIIEKTPOB
MTO3BOJIMJIO YTOYHUTH TIEPHON BapHaldd, KOTOPBIi
B cpenHeM cocrtaBui 27.8 cyT. JlaHHOe 3HaueHwue
COOTBETCTBYET mnepuoay BpaiieHus: CoJlHIIa BOKPYT
CBOEH OCH. DTO MO3BOJSET MPEIONI0KHUTE, YTO aK-
TuBHas oOnacth Ha COJNHIIE, KOTOpas CTajia UCTOY-
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Puc. 7. Bapuaryu MHTeHCUBHOCTH npuHsToro BY curnana (crutomisble TMHUH) U POHOBOM MHTEeHCHBHOCTH BY crrHana (IfyHKTHPHBIC
muann) B HUO (a) u B Tpomce (6), TOTOKA COMHETHOTO PEHTTEHOBCKOTO H3Tyderus B onoce 1+8 A 8 HUO () n B Tpomce (2),
JIOKaJIbHBIX TeoMarHuTHBIX K-nHaexkcoB B HUO (0) u B Tpomce (e) 15-18 mapra 2013 1.

HHUKOM PEHTTCHOBCKOW BCITHIIIKU B 74-i1 IEHb TONa
(cMm. puc. 7, 6, ¢), mpoAoKaIa CylIeCTBOBAaTh Ha
MPOTSHKEHUN HECKOJbKHMX ‘“COJIHEUHBIX CYTOK .
Ee m3mydenune npu kaxxaqom nomHoM obopote ConH-
11a BOKPYT OCH MOAYJIUPOBAIO MHJEKC COJHEYHOMH
AKTUBHOCTH, KPUTHUYECKHE YaCTOTHl MOHOChEpHl U
COOTBETCTBEHHO YCJI0BUsA pacnpocTpanenus BU cur-
HaJIOB Ha KOHTPOJBHBIX PATUOIMHUAX.

s TOATBEpKACHUS STOTO MPEATIONOKESHHS IS
nepBoro nmoyroaus 2013 rona, korna Bapuaiuu npo-
SIBIISLTACH HanboJree IBHO, OBLUTA PaCCUUTAHBI KO-
(UIMEeHTHl KOppessiuun Mexay uHaekcom F10.7,
KPUTHYECKUMHU YaCTOTaMH HOHOC(EPHI U BapHalysi-
MHU MPOAOCJLKUTENBHOCTU “paauonus’. [ns Kputu-
YEeCKOM 4acToThl, u3MepeHHoH BOIM3u PBM, koad-
(urmeHT Koppensaun ¢ nHaekcoMm F10.7 cocraBun
0.62, a 11 KpUTHUECKOM YacCTOThI, U3MEPEHHON B
Tpomce, — 0.61. 3HaueHust KOIPHUITUCHTA KOPPEIs-
uuu uHaekca F10.7 ¢ BapuauusaMu IpogoJKUTEb-
HOCTHU “pafuoNiHsA” OKAa3aJUCh TOTO K€ MOPSIKA U
coctaBuiu 0.72 nins HYO u 0.60 nns Tpomce. Ta-
KUM 00pa3oM, HHAEKC MPOIOIDKUTENBHOCTH “pasiHo-
TTHS, KOTOPBIA CPAaBHUTEIBHO HECTIOKHO PACCUNTATh
no mapamerpam npoOHbIXx BU curnanoB Ha KOHT-
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POJIBHBIX PATUOIUHUSAK, MPOSBII CEOSI TaKUM Ke
3¢ GEKTUBHBIM WHAUKATOPOM BapHaInii ClIopagndec-
KOM COJIHEYHOW aKTHMBHOCTH, KaK M KPUTHUYECKHE
4acTOTBI HOHOC(EPHl, MOHUTOPHHT KOTOPBIX SIB-
JisieTcsl 0OJIee CIIOKHOW WM 3aTpaTHOM 3ajiauci.
Anamu3 mapameTpoB BY curnamoB Ha KOHT-
POJIBHBIX PAIUOJIMHUAX [TO3BOJISIET U3Y4aTh HE TOJb-
KO OTMCAHHBIE BBIIIE ‘“‘MeJJIeHHbIe” HOHOC(EPHBIC
BO3MYILEHUA C MEPUOAAMHU B NECATKU JHEH, HO U
Ooxee ObicTphle Mpolecchl. Puic. 7 neMoHCTpupyer
peakuuio napamerpoB BU curHaioB Ha Bo3Mmyliie-
HUS PaJHALIOHHOTO M KOPILYCKYJISIPHOTO TOTOKOB
COJIHEYHOH paamanuu. M3 pucyHka BUAHO, YTO PEH-
TreHOBCKas Bemblllka kiacca M1.1, mpongomxkas-
masics ¢ 5:46 no 8:35 UT 15 mapra 2013r., BeI3Baa
YMEHBIIEHUE NPONOIKUTENBHOCTH “‘pafHOIHA B
o0oux myHkTax HaOmrofeHus. Haubosee sBHO 3¢-
(hbexT MpOSBHIICS HA CPETHEIIMPOTHOM PaTHOTUHIH.
J171s BBICOKOIIMPOTHOM, O0Iiee JITMHHON, pauoTpac-
CBhl YMCHBILICHHE HHTEHCUBHOCTH OBUIO MeHee 3Ha-
yuMo. Kak Moka3pIBatOT TaHHBIE CIyTHUKOBBIX HU3-
Mepenuit [20], comHeyHasi BCHBINIKA COTPOBOXKIA-
J1ach BHIOPOCOM KOPOHAJIBHOW MAaCCHI, BBI3BABIINM
MarHuTHyto Oypro kiacca G2 17-18 mapra 2013 .
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Kak BuntHO U3 prc. 7, HHTEHCUBHOCTH ITpoOHOTO BU
M3ITyYeHUsl OTpearupoBaia Ha 3TO COOBITHE TOIBKO
Ha MPUIOJIPHOIN paguoTpacce, B TO BpeMs Kak Ha
CPEeIHEMUPOTHON peakuus OTCYTCTBOBaja. JTO
oObsicHseTcsl Onmm3ocThio Tpaccsl PBM—-Tpomce k
OBaJTy MOJISIPHBIX CUSTHUH U TIPOSBICHUIO 3P PEKTOB
BBICHIIAHUS SHEPTUYHBIX YACTHI] U POCTA aBPOpab-
HoTo ToronieHus [19] Bo BpeMsi MarHUTHO# OypH.
[IpuBeneHHbIe IPUMEPHI IEMOHCTPUPYIOT BO3MOXK-
HOCTb HJICHTU(PUKAIIIN HOHOC(EPHBIX BO3MYIIIEHUI
Pa3HBIX THIOB 0€3 MCIIOJIB30BAHUS TPATUIIMOHHBIX
AKTUBHBIX METOJIOB 30HINPOBAHUS HOHOC(HEPHI.

5. BoiBoapl

1. IIpoananu3upoBaHbl FOJIOBBIE JaHHBIE HETIPEPHIB-
HBIX CHCTEMATUYECKUX HAOMIONEHUN CIIEKTPATbHBIX
1 DPHEPTETUIECCKUX XapaKTepHCTUK MpoOHBIX BY pa-
JUOCHUTHAJIOB Ha JBYX OJJHOCKAUYKOBBIX PaInOIMHUAX
B CPEIHHX U BHICOKHX IIUPOTAX.

2. YcTaHOBIIEHBI CYTOYHO-CE30HHBIE 3aBUCHMOC-
T MOBEIECHUS MHTEHCHBHOCTH M JIOIUIEPOBCKOTO
CMEIIEHS 9aCTOThl CUTHAJIOB, BBI3BAaHHBIE PETYIISpP-
HBIMHM H3MEHEHUSAMHU OCBEIEHHOCTH KOHTPOJIbHBIX
pamuoTpacc.

3. YcraHOoBieHA SMIIMpUYECKasl CBSI3b BPEMEH
“pammoBocxona” U “paano3axonia’ ¢ BpEMEHEM IIPo-
XOXKJICHUS COJTHEYHOTO TEPMUHATOPA Ha PA3ITHMIHBIX
BBICOTAxX ISl CPEAHEIIMPOTHON U IMPHUIIOIAPHOUN
HOHOCHEPHI.

4. BBeneH MHACKC MPOJOIKUTEILHOCTH “pajlio-
IHS”, XapaKTepU3yOUIUil BpeMs paclpOCTPAHEHUS
CUTHAJIOB Ha paboueil 4acToTe HM)KE MaKCUMAIIbHO
rpumeHnMoi. C ero MOMOIIbI0 OOHApYKeHa 27-THEeB-
Has MEPUOANYHOCTD, CBA3AHHAS C BapHAIlFed COJl-
HEYHON aKTHBHOCTH, IIPOSABISAIONIAsICS TaKXKe B IO-
BEJICHUN KPUTHYECKUX YaCTOT f0F2 Ha KOHTPOIEHBIX
PaTHONNHHUSX.

5. Ilpoananu3upoBaHbl BapUallid HHTEHCUBHOCTH
CHUTHAJIOB BO BPEMS MOIIIHOM PEHTT€HOBCKOM BCIIBIIII-
k1 Ha CoJslHIIE M MOcienyrouel 3a Hel MarHut-
HO¥ OypH, KOTOpasi COMPOBOXKIaIach HOHOCHEPHOI
Oypeii. ComocraBnenne HHOOPMAIIOHHBIX TTApaMeT-
POB CHUTHAJIOB C HE3aBUCHUMBIMHU JTAHHBIMU H3MeEpe-
HUH IOTOKA COTHEYHOTO PEHTT€HOBCKOTO M3ITyUeHUS
1 UHAEKCAa MATHUTHON aKTUBHOCTH MOKA3aJ10 UX XO-
poiee COOTBETCTBHE.

6. IIpogemMoHCTpUpOBaHa BO3MOKHOCTh JUAarHo-
CTHKH M UASHTH(PHUKAIINH BO3MYIIIEHUH HOHOC(EPHI
C TTOMOIIBIO0 CHCTEMATUYECKOTO KOT€PEHTHOTO 30H-
JUPOBaHUS Ha OAHOCKAYKOBHIX BU pamnonuHusx c
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HCIIONb30BAaHUEM H3IIYUYEHUS IUPOKOBELIATEIbHBIX
paauoOCTaHIIUH.

BrinonaHeHHBIE UCCIEIOBAHUS HOCIT dMIUPUYEC-
KWl HaOMroIaTebHBIA XapakTep U, M0 MHEHHIO aB-
TOPOB, NPEIACTABISAIOT UHTEPEC ISl TOCIEAYIOIIETO
(hm3HUECKOTO MOIETTUPOBAHUS.

Pabora BhITIOJIHEHA B paMKax MCCIICIOBaHUi 110 Be-
nomctBeHHbIM HUP HAH VYkpaunsr “Sraran-3”
(aomep rocpeructparuu 0116U000035) u “Binmzep-
kanensas” (0118U100207), a Taxxe yacTH4HO (PUHAH-
coBo noaaep:kana koHkypcHeiMu HUP “IlInunbep-
reH-2018” (0118U000562) u “I'ennomakc-2018”
(0118U100280).

ABTOpPBI CUMTAIOT CBOMM IPHUSATHBIM JOJIFOM IO0JIa-
TOJIapUTh KOJJIET U3 APKTUYECKOTO YHHBEPCHUTETA T.
Tpomce (Hopeerust) u cotpyaankoB HuzkogactoTHOM
obceparopur P HAH VYkpaunsl 3a coneiicTBue B
MIPOBEICHUY HETIPEPHIBHBIX MHOTOJIETHIX M3MEPEHUI
BY curnanos Ha KOHTPOJIBHBIX PAAUOIMHUAX. MBI ITpU-
3HATEJILHBI TAKXKE KOJIEraM U3 OTJeNa paanohU3NKu
reokocmoca A. B. 3amuzosckomy, C. b. Kareeny,
A. A. Comuny u A. C. KaieeBy 3a momMoiis B 00pa-
0O0TKe TaHHBIX 1 TIOJIE3HBIE OOCYKACHHS PE3yIETaTOB.
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MONITORING OF REGULAR AND SPORADIC
IONOSPHERIC VARIATIONS ON THE SINGLE-HOP
HF RADIO PATHS

Purpose: Diagnostics of regular and sporadic ionospheric
variations using coherent systematic monitoring of spectral
characteristics of the probe HF signals on the inclined single-
hop radio paths.
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Design/methodology/approach: Two HF receiving stations
located at the Low Frequency Observatory of the Institute of
Radio Astronomy, National Academy of Sciences of Ukraine,
(Martove, Kharkiv region) and in Tromse (Norway) were recor-
ding the signals at 9.996 MHz radiated by the radio station of the
Exact Time and Frequency Service during the entire year of2013.
We estimated variations of the intensity and Doppler frequency
shift (DFS) of the probe radiation derived from the power spectra
recorded in the both observation points. The time series of these
characteristics of the signals were compared with the independent
estimates of the critical frequencies of the F2 ionospheric layer,
as well as with indices of solar and magnetic activity. The correla-
tion relationship between the time series were found.

Findings: Systematic coherent measurements of spectral charac-
teristics of the probe HF signals on two single-hop radio paths
(high- and mid-latitude) have been made. The regular (background)
variations of the diurnal dependences of intensities and DFS, caused
by changes under the illumination conditions of the examined ra-
dio paths during the full annual cycle of observations, have been
investigated. An empirical dependence between the moments of
characteristic changes in DFS, “radio-sunrise” and “radio-sunset”
with the solar terminator passage at various altitudes in the mid-
latitude and polar ionosphere was determined. Polar day condi-
tions and growth of absorption in the midday and afternoon play
the determining role for the high-latitude radio path in summer.
An index characterizing the time interval when the signals propa-
gate below the maximum usable frequency (the duration of the
“radio-day”) is proposed. For the disturbed ionospheric condi-
tions, the 27-day variations in the “radio-day” duration and the
behavior of the critical frequencies of the F2 ionospheric layer are
detected. The periodicity of these variations and their synchro-
nism with the F'10.7 index of solar activity can be explained by
multiple influence on the ionosphere of a long-lived active region
in the chromosphere during the rotation of the Sun around its
own axis. The availability of using the data of HF monitoring for
diagnostics of the sporadic ionospheric disturbances was demon-
strated on the example of data analysis during a powerful X-ray
flare on the Sun and subsequent magnetic storm.

Conclusions: The developed methods of the analysis of the data
of ionospheric sounding by non-specific HF signals can be used
for diagnostics and identification of ionospheric disturbances.

Key words: ionosphere, solar terminator, radio path, solar acti-
vity, magnetic storm
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MOHITOPUHT PEI'VIIAPHUX 1 CITOPAJIMYHUX
IOHOC®EPHUX BAPIALIIIA HA OHOCKAYKOBUX
BY PA ITIOJITHIAX

IIpeomem i mema pobomu: JliarHOCTHKA PETYISIPHUX 1 CIOpa-
JIMYHUX 10HOC(hepHUX Bapialliii 3 BAKOPUCTAHHSAM CHCTEMaTHYHO-

ISSN 1027-9636. Padioghizuxa i padioacmponomia. T. 23, Ne 4, 2018



Monumopune pe2yiaprulx u cnopaouyeckux UOHOCHEPHbIX sapuayuil Ha 0OHOCKaukosvix BY paouonunusix

T'O KOTEPEHTHOTO MOHITOPUHTY CIIEKTPAIbHIX XapaKTePUCTHK
npobHux BY curHasmiB Ha MOXMINX OHOCKAYKOBUX PaTiOMiHIsIX.
Memoou i memooonoeis: Peectpauis curaanis ctaniii Ciryxou
TOYHOTO Yacy Ta YaCTOTH BUKOHYBaJacs Ha 4acToti 9.996 MI'n
BIIPOJIOBXk MOBHOTO 2013 poKy B ABOX NpUIMAIHUX IyHKTaX —
B HuspkouacToTHil oO6cepBaropii PagioacTtpoHOMiYHOTO iHCTH-
tyty HAH Vkpainu (c. MaproBe, XapkiBcbkoi 00macti) Ta B
M. Tpomce (Hopgeris). PeectpyBanucs eHepreTHyHi ClIEKTpH,
3a SIKUMH OIIHIOBAJIHCS Bapialii iIHTEHCHBHOCTI Ta JOTUIEPIBCh-
Koro 3minieHHs 4actotu (JI34) npoOHOTO BUNPOMiHIOBaHHS.
Yacosi psiay iHpopMaLifHUX XapaKTePHUCTHK CUTHAJIB CITIBCTaB-
JISUTACSL 3 He3aJIeXKHUMH OLIIHKaMH KPUTHYHUX YacToT ioHoChep-
Horo uapy F2, a Takox 3 iHIekcaMy COHSYHOT Ta MATHITHOT aK-
TUBHOCTI. BcTaHOBIEHO iX KOpeIsILiiHII 3B’ A30K.

Pesynvsmamu: BUkoHaHO CHCTEMaTH4YHI KOT€pPEHTHI BUMipIOBaH-
HI Bapialliif CIeKTpaIbHUX XapaKTeprcTUK npoOHux BY curHanis
Ha JIBOX OTHOCKAYKOBUX PaIioJiHisAX (BUCOKO- i CEPEeIHBOIIH-
POTHii). [IpoTAroM MoBHOTO PiYHOTO UKITY CIIOCTEPEKEHb J0C-
JipKeHo peryisipHi (GpoHoBi) Bapiauii 1060BUX 3asexxHOCTEH
inTeHcuBHocTeH 1 J[3Y npoGHUX CUTHAIIIB, BUKIIMKaHI 3MiHOIO
YMOB OCBITJICHOCTI KOHTPOJIFHHX pafioTpac. BcraHoseno emri-
PHUUHY 3aJIeXKHICTh 9acy xapakTepHux 3MiH J[3Y i MOMEHTIB
“pamiocxomy” 1 “paziozaxomy” 3 HPOXOHKEHHSIM COHSIYHOTO Tep-
MiHaTOpa Ha PI3HUX BUCOTAX CPEAHBOLIMPOTHOI Ta MPHUITOIAPHOL
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ioHOCdepH. J{s BUCOKOIIUPOTHOI palioTpacH BIIITKY BU3HA-
YaJIbHYy POJIb BiJIrpalOTh YMOBH MOJISIPHOTO JHS 1 3pOCTaHHS
TIONIMHAHHA B ITOJIyCHHUH Ta MiC/IANI0NyIeHHUH yac. BBeneHo
IHIEKC, 110 XapaKTepU3ye Yac MOMIPEHHS CUTHAIIIB Ha YaCTOTI
HIDKYE 32 MAKCUMAJILHO 3aCTOCOBHY (TPHBAIICTD “pajiofHs”).
Jlis 30ypeHnx i0HOC(hepHIX YMOB BHSIBIIEH] 27-1eHHI Bapiarii
TPUBAJIOCTI “pajiofHs” i IOBEAIHKH KPUTHYHUX YaCTOT 10HO-
cepuoro mapy F2. [TepiognuHicTs nux Bapiartiii i iX CHHXpOHI3M
3 IHAEKCOM COHAYHOI aKTUBHOCTI F'10.7 MOXXJIMBO MOSICHUTH
GaraTopa3oBHM BIUIMBOM Ha i0HOC(hepy aKTHBHOI 00JIaCTi 3 TpH-
BAJIUM 4aCOM JKHUTTA B XpoMmocepi BrpooBx odepranns CoH-
1151 HABKOJIO CBOET 0ci. MOXKIIMBICTh BUKOpHUCTaHHS qanux BY
MOHITOPHHTY JUISI AlarHOCTHUKH CHOPAANIHIX 10HOC(EpHHX 30y-
PEHb IPOIEMOHCTPOBAHO Ha IIPUKJIA/I TOTY>KHOTO PEHTI €HIBCh-
Koro cranaxy Ha CoHIIi Ta MarHiTHOT Oypi, 1110 cTanacs Micis
HBOTO.

Bucnosox: Po3po0biieHi METOMKY aHANTI3Y JaHUX 30HyBaHHS
ioHocdepu BU curHanaMu HecIieriaabHOTO THITY MOXYTh OyTH
3aCTOCOBaHI JUIS IarHOCTHUKY Ta iieHTHdiKanii ioHochepHux 30y-
PEHb.

Kniouosi criosa: ioHOC(hEpa, COHSIIHHI TEPMIHATOD, paxioTpaca,
COHSTYHA aKTHBHICTh, MarHiTHa Oypst

Cmamows nocmynuna 8 peoaxyuio 25.09.2018
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