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MOHUTOPUHT PEI'YJIAPHBIX 1 CHOPAIUYECKUX NOHOC®EPHbBIX
BAPUALINN HA OAHOCKAYKOBbIX B4 PA/IMOJINMHUAX

TIpeamert u 1esb paboThl: JuacHocmuka pe2yispHbix U CRHOPAOUHECKUX UOHOCHEPHBIX 8APUAYUTL C UCHOIb308AHUECM CUCTIEMAMU-
YeCK020 KO2EPEHMHO20 MOHUMOPUH2A CHEKMPATbHBIX XapaKkmepucmux npoorvix BY cuenanos Ha HaKIoHHbIX OOHOCKAYKOBbIX
PAOUOTUHUSIX.
MeToipl U METOJ0NOTHS: Pecucmpayus cuenanog cmanyuu Cysicobl mouHO20 8peMeHu U Hacmomsl nPOo8OOULACh HA HACHOme
9.996 MI'y ¢ meuenue noanozo 2013 2o0a 6 08yx npuemmuvix nynkmax — 8 Huzkouacmommoti oocepsamopuu Paouoacmponomu-
yeckoeo uncmumyma HAH Yipaunwr (c. Mapmosoe, Xapvrosckoii obnacmu) u 6 2. Tpomce (Hopsezus). Pecucmpuposanucey
9HepeemuyecKue CNeKmpbl, RO KOMOPbIM OYEHUSATUCH 8APUAYUL UHMEHCUSHOCU U QONAEPOECK020 cmewperust wacmomsl ([{CH)
npobHO2o uznyueHus. Bpemermvle psobl UHPOPMAYUOHHBIX XAPAKMEPUCTIUK CUSHAL08 CONOCMABISIUCH C He3A8UCUMbBIMU OYeH-
KAMU KpUMu4ecKux 4acmom uoHocgeproeo cros F2, a makoice c unoexcamu conHeuHol u MazHUmMHOU akmugHocmu. Yemanog-
JIeHA UX KOPPEISYUOHHASL CES3b.
Pesynbratsl: [Ipogedensl cucmemamuyeckue Ko2epeHmuble UsMEPEHUsl 6apUaAyuil CReKmMpAaibHblX Xapakmepucmuk npoorsix B4
CUSHAN08 HA 08YX OOHOCKAYKOBBIX PAOUOIUHUSX (8bICOKO- U CPEOHeUUPOmHOLL). B meuenue nonnoeo 20006020 yukia Hadiooe-
HUll ucciedosansvl pe2ynaphvie ((hoHoswle) sapuayuu CymouHvix 3agucumocmeti unmencusnocmeti u JJC4 npobuvix cuenanos,
6bI36AHHbBIE USMEHEHUEM YCI0BULL OCBEUJEHHOCMU KOHMPOIbHBIX PAOUOMPACC. YCMAH08IEeHA SMRUPULECKAS. 3A8UCUMOCTb 8De-
men xapaxmephulx usmenenuil JJCY u momenmos “paduosocxooa’ u “paouosaxoda’ ¢ RpOXodcoeHuem COIHe 020 MmepMuna-
Mopa Ha pasuYHbIX 8bICOMAX CPEOHEUUPOMHOU U NPUROIAPHOU UOHOCHepblL. JTIsL 6bICOKOUUPOMHOU PAOUOMPACCHL IeMOM
onpedenswyio poib USPAOM YCA08UsL NOJAPHO20 OHAL U POCT NO2TIOWEHUs 8 NOJLYOEHHOe U NOCAeNONyOeHHoe epems. Beeden
UHOEKC, XapaKmepuzyowull 8pems pacnpocmpanenus CUSHAI08 HA YaCmOome HUXCe MAKCUMATbHO NPUMEHUMOU (NPOA0adCU-
menvHocmy “paouoons’”). /s 603MyuwenHbIX UOHOCHEPHBIX YC06ULL 0OHAPYAHCEHbl 2 7-0HegHble 8apuayu NPOOOI’CUMETbHOCU
“Paouoous” u nosedeHUs KpUMu4ecKux 4acmom uoHocghepro2o cnos F2. Ilepuoouunocms smux eapuayuii u ux CUHXPOHUZM C
unoexcom conneynou akmusnocmu F10.7 mocym 6vimv 06bsCHeHbl MHO2OKPAMHBIM 8030€UCMEUEM HA UOHOCHEDPY 00N20HCUBY-
wetl akmusHoul oonacmu 6 xpomocghepe npu spaujenuu Connya 60kpye céoeti ocu. Bozmosicnocms ucnonvzoeanus dannvix B4
MOHUMOPUHEA 011 OUACHOCIUKU CROPAOUYECKUX UOHOCHEPHBIX BO3MYUWEHUL NPOOEMOHCIMPUPOBAHA HA NPUMeEPe AHAAU3A OAH-
HbLX, NOJYUEHHBIX 80 8PEMsL MOUWHOU peHmeeHoscKoll ecnviuku Ha Connye u nociedogasguleti 3a Hell MAeHUMHOU Oypu.
3akitoueHue: Pazpabomanmvle Memoouku anaiuza OaHHbIX 30HOUPOsanus uoHocgepv BY cuenaramu necneyuanvbno2o muna
Mo2ym Obinb NpUMeHeHbl 01t OUASHOCMUKY U UOEHMUDUKAYUU UOHOCHEPHBIX 803MYUJCHUIL.

KittoueBble cnoBa: uonocgepa, conneurvlii mepmMuHamop, paouompaccd, COTHeYHAs AKMUBHOCb, MACHUMHASA OV

1. BBenenue HUE OKOJI03EMHOH IIIa3MBbI CUTHAIAMU CIIELIUATIEHOTO

o THIIA. Ee3yCHOBHI)IM JOCTOMHCTBOM TAKOT'O ITOAXO0Ja
B Hacrosee BpeMs CYHICCTBYCT OOJIBIIION Ha60p

METOJO0B JMCTAHIIMOHHOI'O PaJMO30HIMPOBAHUS
noHocdepsl. BoIBIIMHCTBO U3 HUX SBISIFOTCS AKTHB-
HBIMU U IPEIIOJIATratoT LieJIeHaNpaBIeHHOE 00Tyye-

ABJISACTCA BO3MOXKHOCTBH HCIIOJB30BaTh CHUI'HAJIBI,
(hopMa KOTOPBIX ONTHUMAJIBHO OA00paHa JIj1s aHaJI1-
3a UCCJIICAYEMOI'0 TUIla IJIa3MCHHBIX O6pa3OBaHHﬁ.
C IIOMOIIBIO TAKHUX KJIIACCUYCCKUX METOJ0OB TUAT'HO-
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pel [1] nau MeTon HEKOTepeHTHOro paccesHus [2],
MOJTy4EeH OCHOBHOM 00BbEM HAIlIMX 3HAHUK 00 HOHO-
chepe 3emun. HecMoTpst Ha O4E€BUIHBIC JOCTOUHCTBA,
aKTHBHBIC AMATHOCTHYECKHE METOJBI HE CBOOOIHBI
OT HenocTaTkoB. OCHOBHBIMH M3 HMX SIBIIAIOTCS 3aT-
paTHOCTD, BEI3BAHHAS HEOOXOIUMOCTBIO IPUMEHEHHS
CJIOKHBIX MPUEMONEPENAIOIINX YCTPOHCTB U 0OIb-
MIMX CTICLHAIN3UPOBAaHHBIX aHTEHH, BEICOKOE HEPTO-
notpebIieHNe, a TaKKe JOMOJIHUTEIbHOE “3arpsi3He-
HUE” OKPY’KaOIIET0 MPOCTPAHCTBA IIMPOKOIIOIOCHBIM
30HAUPYIOLINM U3ITy4YEHUEM.

B Pammoactponomuueckom mHCcTHTyTe HAH
VYkpaunnsl (P HAHY) paspabGorana cucrema
OUarHoCTUKU HOHOC(hepsl BU curnanamm mm-
pOKOBeIIaTeNbHBIX panuocTaniuii [3]. B ee cTpyk-
TYpy BXOIUT CE€Th MPOCTPAHCTBEHHO pa3HECEH-
HBIX aBTOHOMHBIX IPUEMHBIX IIYHKTOB C JUCTaH-
LHMOHHBIM yIpaBieHueM mno ceru Mutepuer. Ha
CETOAHS MPUEMHBIE MYHKTHI YCIIENIHO (YHKIHO-
HUpYyIOT B YkpanHe (HuzkowacrorHas oGcepBaro-
pus — HHO P HAHY), B AnTapkTuke (YkpauHc-
Kas aHTapKTUueckas cTaHius “AxageMuk Bep-
Hazckuit”), B CeBepHoil Cxanaunasuu (T. Tpomce,
Hopgerus), B 3xBatopuansHoit Adpuxe (Jlaroc, Hu-
repusi) u B Apkruke (o. CBanbapa, Lnunbeprew,
Hopgerust). x oTimunTenbHble 0COOEHHOCTH: pa-
00Ta B HEMIPEPHIBHOM MOHUTOPUHTOBOM PEXKUME, ITPO-
CTPaHCTBEHHO-BPEMEHHas KOT€PEHTHOCTh, IPUMEHe-
HUE CEPUIHO BBIITyCKAEMBIX IU(PPOBBIX IPUEMHHUKOB,
COTIPSKEHHBIX CO CTaHAAPTHBIMHU MEPCOHATBHBIMU
KOMIIBIOTEPAMHU, YJIAJIEHHBIH TOCTYTI B peaJIbHOM Bpe-
MeHH K 0a3aM JaHHBIX 1o ceTH VHTepHeT, 0ToOpa-
YKEHHE B peKMMe OHJIaiH XapaKTePUCTUK MPUHATHIX
CUTHAJIOB Ha BeO-caiiTe* oTena paanopU3uKu reo-
kocmoca PU HAHY. Cucrema B 1enoM u pasiud-
HbI€ €€ KJIACTEPHI HCIOJIb30BATINCH BO MHOTHX 3a/1a-
Yyax paJro30HANPOBAHNUS IPUPOTHBIX U CTUMYIIHPO-
BaHHBIX HOHOC(HEPHBIX MPOIIECCOB, BKIFOYAsI HCKYC-
CTBEHHYI0 MOHOC(EpHYI0 TypOYyJIeHTHOCTh, CO3/Ia-
BaeMyto MomHbIM BY HarpeBoMm [4—6]. Pesynbrarst
3TUX UCCIEN0BAaHUN MTOCITYKUIIN OCHOBOH CO3/1aHHUs
METO/I0B MHOTOTIO3UIIIOHHO TOTIIEPOCKOIINH U Yac-
TOTHO-BPEMEHHOM JIOKAIIMM HOHOC(HEPHBIX HEOTHO-
poxnoctei [7-9].

Hactosimas paGota mocBsilieHa pa3BUTHIO BO3-
MOYKHOCTeW korepeHTHOW BY nuarnoctuku cpense-
LIIMPOTHOU U MOJISIPHOM HOHOC(EPHI C HCIIONB30Ba-

*URL: www.geospace.com.ua (nara oopamenus: 07.09.2018).
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HUEM CHCTEMAaTHUYECKHX JABYXIO3WLMOHHBIX H3MeE-
PEHMI CHEKTpalbHBIX XapaKTEPUCTHUK CUTHAIOB
craHuu Ciay>KObl TOYHOTO BPEMEHH M YaCTOTHI
PBM (Mockga, Poccus) [10] Ha ABYX OJHOCKAYKO-
BBIX PaJHOJNIMHUAX: cpeaHemupoTHoi PBM-HYO
u BeicokompoTHOH PBM—Tpomce. O0bexkTamu uc-
CJIEOBAaHMUH SBJISIIUCH PETYISPHBIE MEXKCE30HHBIE U
CYTOUYHBIE HOHOC(EPHbIE BapHAaLIMH, a TAK)KE HOHO-
c(epHble OTKIMKHM HA MOIIHBIE TEOKOCMHUYECKHE BO3-
MYILEHMSL.

2. MeToaMKa HAOJIOAEHMIA
1 00pa0OTKH JAHHBIX

W3mepsemMbIMU XapakTepuUCcTHKaMu mpoOHbIXx BY
CUTHAJIOB SABJIAJIUCH YHEPreTUUYECKUE CIEKTPHI, 110
KOTOPBIM OLICHUBAJINCHh BapUallMM CHEKTPAIBHBIX
IUIOTHOCTEN M JOIIEPOBCKHE CMEIEHUS YaCTOTHI
(JICY). BpeMmeHHbIC 3aBUCHMOCTH 3THUX BEIUIUH
B CBOIO OYepellb COMOCTABISIINCH C HE3aBUCUMBIMHU
OILIEHKaMH MOHOC(EPHBIX MTAPaMETPOB, MOJTyYSHHBI-
MH METOJOM BEPTHKAIBHOTO 30HAMPOBAHUS HOHO-
cepbl B MyHKTaX, PacloJIOKEHHBIX BOJIM3U KOHT-
pOJIBHBIX pauoauHuid. HenmpepriBHBIE perucTpanuu
MPOOHBIX CUTHAJIOB COTIPOBOYKAAICH MOHUTOPHHTOM
TFE€OMAarHUTHOM ¥ aHAJIM30M COJTHEUHOM aKTUBHOCTEM.
OCHOBHOM MacCUB TaHHBIX U3MEPEHUI TPOBOAMIICS
Ha OAHOM U3 Tpex pabouux yactoT craHimuu PBM —
9.996 MI'1 B Teuenue nomuoro 2013 roga. Beibop
JTaHHO¥M 4YacTOTHl HAONIONEHUH OBIT 00yCIOBIEH
BBITIOJIHEHWEM YCJIOBHS MPEUMYIIECTBEHHO OJHO-
CKauKOBOTO PacIpOCTPaHEHHUsI MPOOHBIX CUTHAJIOB
U1 00euXx pajauoiuHuii. ['eoMeTpus pacmnosioxke-
HUS NEepeJaTynKa U NMPUEMHBIX ITyHKTOB IIOKa3aHa
Ha puc. 1.

Jlns peructpamuu mpoOHeIX curaanos B HUO u B
TpomMce HCIONB30BANNCH WASCHTHYHBIE CyTeprere-
poaunnbie npueMHukl WinRadio WR-G313i ¢ uudg-
POBBIM YIIPABICHHEM U 3aMUChI0 cUTrHaAoOB [11],
OCHAILIEHHBIE TEPMOCTATUPOBAHHBIMU KBapLIEBBIMU
3aJal0LUMH T'eHepaTopamMu. ITO MO3BOJISIIO TPOBO-
nuTh u3Mepenus Bapuanuid JICY ¢ morpemHocTbio
He 6omee 0.05 I'u. TouHOCTH CHHXPOHHU3AIMH 000UX
MYHKTOB ¢ BceMUpHbIM BpemereM UT Oblia He Xyxe
0.5 Mc u obecnieunBanack aBTOHOMHBIMH ITPHEMHU-
kamu 'HCC curnanos. B xauectBe npuemusix BU
AHTEHH HCIOJIb30BaINCh MajJOpa3MEpHBIE PaMKH U
ropu3oHTanbHEIE qumonw [3]. Ha BeIxome aHanoro-
BOH 9acTH MPUEMHBIX yCTPOMCTB MPOOHBINA CUTHAI,
nepeHeceHHbIi Ha yactoty 500 ['1, onndpoBbBaics
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Puc. 1. Teomerpus HaONIOACHUIT: KOOPIAUHATHI MYHKTOB —
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); KOOpAHHATHI CPEIHUX TOUYEK paguoTpacc
(cepeie okpyxHOCTH) — 52°50'52" c. mr., 37°32'58" B. &.
(PBM-HYO), 63°1'6" c. m1., 30°54'13" B. 1. (PBM-Tpomce)

C 9acTOTOW muMcKpeTHm3anuy 2 K[ ¥ mocTyman Ha
PETUCTPUPYIONINN MEePCOHANbHBIA KOMIIBIOTED.
BrIxoqHBIMEU JAHHBIMA CHCTEMBI PETUCTPAIAH OBLITH
SHEPTeTHYECKUE CIIEKTPHI CHTHAJIOB, OTIPE/IETIsieMbIe
JUTSL KQKJTOTO MUHYTHOTO HHTepBasia. OHHU BBEIYUCIISA-
JIUCh TIyTE€M YCPEIHEHUS “MTHOBEHHBIX CIEKTPOB
S,(f), paccunThIBacMBIX 110 (pparMeHTaM CHrHajia
nnutenbHocThiO B 20 c. Jlanee onenuBanucey JJCYU
Y MHTEHCHBHOCTH NPHUHATOrO U3IYUYEHHs B MOJIOCE
gactor *1 I'i. B Takoii ke, HO CMeIlEHHOW Ha He-
CKOJIBKO JIECSITKOB TepI] OT HECYIIEeH YacTOTHI IOJIO-
ce M3MepsUIach MHTEHCHBHOCTH IIyMa, YTO ITO3BO-
JISLTO OTIPENeNIsATh cOoTHOMeHNe curaan/mryM (C/1L).
IIpy BO3HUKHOBEHUH YCIOBHI MHOTOMOJIOBOTO pac-
MIPOCTPAaHEHUs, W, KaK CIEICTBUE, M3PE3aHHOCTH
CHEKTpa 4YacTOTa CHEKTPATbHOTO MAaKCUMyMa BHI-
YUCIIATIACh METOJOM MOMEHTOB Kak

p)
[ 75,()dr
Sncu = 'CLZ ’

[s,(df
A

B IIPEANIONIOXKEHUY, uT0 f, =-511, a f, =+5Tn.
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OTMeTHM, 4TO JaHHBIH BUI 00paOOTKH pHUEMIIEM
TOJIBKO JJIs1 HENPEPBIBHOTO PEKUMa U3TyYEHUs CTaH-
uuu PBM (475 ¢ B Hauaje Kaxaoro Ioydaca).
[Toaromy mpu cranmapTHoi 00paboTKe 3HAYCHUS
JCY, untencunoctH U cootHomreHust C/L paccun-
THIBAJIUCH ISl TIEPBBIX 8-MUHYTHBIX UHTEPBAJIOB B
HayaJie KaKIoro 1oiyvaca 1 Aajee yCpeqHsIich. 10
MO3BOJIMJIO TIOTYYHTh PSABI JaHHBIX C BPEMEHHBIM
paspemerreM 30 MuH (48 TOUEK B CyTKH) AT Kax-
noro aus B TedeHue Bcero 2013 roma. CyTouHble
PAABI, U3 KOTOPBIX HMCKIIOYAINCh N€OMarHUTHOBO3-
MYLICHHBbIE THH, ObUTH MCIOJB30BaHBI [UISl pacueTa
YCPEIHEHHBIX MECSUHBIX 3aBHcUMocTell. CpeHeme-
CSIYHBIN CyTOUYHBIN XOA MPEATOaracs peryisipHbIM
U BBIUMTAJICS M3 TEKYIIMX CYTOUHBIX PSAOB. Takum
obpazom onpexaensumch Bapuanuu JICY, nHTEHCHB-
HocTH U cooTHoeHus C/111, xapakrepu3yrommmue npo-
SIBTIEHHS HOHOC(EPHBIX BO3MYIIEHUH. Bo3MyILIeHHBI-
MH CUNTAJIMCh THH, B KOTOPbIE 3HaYE€HHE TII00aTBHO-
ro Kp-unaekca npesblmano 3 equHuusl. Crienyet
OTMETHTh, YTO Takasi oOpaboTka ObLIa NMpUMEHUMA
TOJIKO IIJIS1 “‘3€pKalbHOrO” OJHOCKAYKOBOI'O MeEXa-
HU3Ma paclpOCTPAHEHUs] PaJMOCUTHAJIOB HA KOHT-
POJIBHBIX PauoTpaccax, Kormna pabodas yactora (PY)
ObUTa HI)KE MaKCMMAJIbHO NMPUMEHHMOM YacTOTHI
(MITY). B ycnoBusix npesbienns MITY naTencus-
HOCTb PUHSTOTO M3Iy4YeHHs Ha 00EUX Tpaccax pe3Ko
CHIDKJIACh (Ha NECATKH JeruOen), CIeKTPhI CyIile-
CTBEHHO PacUIMPsUTHCH (IO AECATKOB repll) u cnadas
“3acBeTKa” MPUEMHBIX ITYHKTOB MPOHCXOIWIA U3-3a
paccesiHus CUTHAJIOB HA MarHUTHO-OPUEHTHPOBAaHHBIX
HOHOC(EPHBIX HEOHOPOAHOCTSX ¥ BO3BPATHO-HAKIIOH-
Horo pacnpocTpanenus [12]. Kak npasuiio, mepexon
yepe3 YpOBEHb MAKCHMalIbHO NMPUMEHUMOH 4acTo-
161 [ 13] mpoucxonun 1Ba pa3a B CyTKH — B yTPEHHHE
Y BEYEPHHE YacChl, B COOTBETCTBUH C PETYISIPHBIMHU
IpaJiueHTaMH IEKTPOHHON KOHIIEHTpAIMH, KOI/1a MH-
TEHCHBHOCTH (DOTOMOHM3AITIH COOTBETCTBEHHO PE3KO
BO3pacTajla ¥ yMEHbIIANACh. OTH MOMEHTHI Ha3bIBa-
JIUCH “paioBOCXOIOM” M “paiio3axomnoM’ CUTHAJIA.
MowmeHT nepexona pabodeil 4acTOThl Yepe3 3Hade-
Hus MIIY Ha Tpaccax PBM-HYO u PBM-Tpowmce
(ukcupoBacs no 3HaunTensHOMY (He Menee 20 nb
u 15 nb cooTBeTcTBEHHO) U pe3KoMy (3a BpeMs Me-
Hee T0JTy4aca) N3MEHEHUIO HHTEHCUBHOCTHU CUTHAJIA.
HeobxonuMo oTMETHTH, YTO B MOMEHTHI BPEMEHH,
korna cootHotreHne C/I1 6b110 0KOIIO 1, IOTyYeHHBIE
3Ha4YeHus1 nHTeHCHBHOCTEeH M JICY cunTamuce Heno-
CTOBEPHBIMH U B JaJIbHEHIIIEM aHAJIN3€ HE UCTIONb30-
BaJIUCH.
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OueBUIIHO, UYTO MPOJOJKUTEIBHOCTh ‘‘3epKalib-
HOMN” 3aCBETKU MPUEMHUKOB ONPEICISETCS KaK pe-
TYJISIPHBIMH (PaKTOPaMHU: CE30HOM rofia, MECTOTIOJO-
JKEHUEM, JJIMHOU ¥ OpUEHTALIMEeH paJuOIuHUIMI, — TaK
¥ BO3MYIICHHOCTBIO noHOc(hepsl. s uccneaosa-
HUS peaKIiy CUTHAJIOB Ha HOHOC(EPHBIE BO3MYIIIE-
HUs OBUT BBENIEH WHICKC, XapaKTepU3YIOIIUN Ba-
pHAaIMH IPOIOJIKUTEIBHOCTH “‘3€pKaIbHON ™ 3aCBET-
ku (nanee — “paguonns’). [Ipu ero orieHMBaHUU JIst
KaXXJIbIX CYTOK ro/la OIpeAesyioch BpeMsl B yacax
U IOJSIX Yaca, B TEYEHUE KOTOPOTr0 MHTEHCHUBHOCTD
CUTHaJIa HEe OMyCKalach HUXKE MOPOrOBOTO YPOBHS,
OTCUUTHIBAEMOI'0 OTHOCHUTEJIBHO MaKCUMyMa Cpeji-
HEMECAYHOM KPUBOM WMHTEHCHUBHOCTH. g Tpac-
cel PBM-HYO nopor 3agaBancs paBHbM 20 1b,
a nna PBM—-Tpomce — 15 nb. lanee cytouHble
3HAYEHUs, UCKIII0Yas MOTYyYEHHbIE B BOBMYLIECHHBIE
JIHU, YCPEAHSUIUCh 33 KaXKIbl MeEcCsl, YTO JaBajio
CPEIHEMECSYHYIO IPOJOIKUTENBHOCTS “‘pauoOIHs”,
ornpesensieMyr0 peryisipHeiMu paktopamu. Bapua-
LIM¥, CBSI3aHHBIE C BO3MYIIEHHOCTHIO HOHOC(]E-
PBI, PACCUUTHIBAIUCH ITyTEM LIEHTPUPOBAHUSA TEKY-
IMX 3HAYCHUU OTHOCUTENBHO CPEIHEMECSYHBIX
3aBUCUMOCTEH. 3aMeTHUM, YTO B JIETHEE BpEMS B
CpelHed TOYKE BBICOKOUIMPOTHON paauoTpacchl
PBM-Tpomce nonoctepa oceniena CoiHueM B
TeueHue Bcero nHs. [lostomy netom B Tpomce
MaJeHUs] UHTEHCUBHOCTU CUTHAJIa ONpPEIEIsIIUCh
He nepexonoMm PY gepez MIIY, a poctoM nmomiome-
HUS CUTHaNa B JTHEBHOE BpEMs.

OnwcaHHBIE BHIIIE PSIBI BAPUAITUA HHPOPMAITHOH-
HBIX [IaPaMETPOB MIPUTOIHBI ISl BBIACICHUS U aHAHU-
32 HIOHOC(EPHBIX BO3MYIICHNH C XapaKTEPHBIMHU Bpe-
MEHHBIMH MacinTabamMu Oosee moiydaca. B To xe
BpEMsI MOHUTOPUHI' KOHTPOJBHBIX CUTHAJIOB PBM
MO3BOJISIET HCCIIEIOBATh M 00Jiee KOPOTKOTIEPHOIHEIE
roHOC(hEpHBIC BOMYIIICHHS, HAIIPUMED, aKyCTHKO-Tpa-
BuTarioHHble BoaHbI (AI'B). Jlnst ux anamm3za aBTo-
pamMu pa3paboTaHbl aJITOPUTMEI, TIO3BOJISIONINE BBI-
nenatb Bapuauu JJCY 1 HHTEHCUBHOCTH HE TOJIBKO
JUTSI HETIPEPBIBHBIX, HO U JIJISI UMITYJIBCHBIX PEXUMOB
pabotel PBM. Anroputm maeT BO3MOXXHOCTH TMOIY-
4yaTh psAbl mapameTpoB npoOHbIX BYU curnanos c
pa3perieHueM 0 BPEMEHH B HECKOIBKO JECATKOB
cekyHa. OQHaKo, NOCKOJIBbKY aHalu3 “OBICTPHIX”
noHochepHbIX npoiieccos (Takux kak AI'B) B nanHO#
paboTe HE TPOBOIMICS, 3Ta METONWKa OyHeT pac-
CMOTpEHA B OTJENBbHON CTaThe.

s coroctaBnenust 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 MHTepHeT:

— 3HAUEHUSI KPUTUYECKOHN 4acToThI cinos F2 nono-
cthepst — foF?2, namepsembie noHo30HaaMH EISCAT
[14] (BOmu3m Tpomce, 69.6° c. m1., 19.2° B. 1.) u
NU3MHWPAH (Mocksa, 55.47° c.m., 37.3° B. 1.)
[15] (BpemenHOE pa3pemnieHre NaHHBIX 15 MUH);

— 3HaYEHUS JIOKaJIbHOTO MArHUTHOTO K-WHJIEKCa,
n3mepenHsle B HUO (BpemeHHOE pa3peleHue naH-
HBIX 3 4) [16];

— 3HaYEHUS JIOKAJIbHOTO MAarHUTHOTO K-MHJEKCa,
n3MepeHHble B [ eoduznueckoii obcepBatopun Tpom-
ce (BpeMeHHoe pa3pelieHue JaHHbIX 3 9) [17];

— 3HaYeHHs TIOO0ALHOTO WHJIEKCA COJIHEYHOU
aktuBHOCTH F'10.7 (BpeMeHHOe pa3pelieHne TaHHbIX
1 cyT) [18].

Bce ynoMmsHyThIe BhIIE PSABI JaHHBIX — 3HAYe-
HUs mapaMeTpoB npodHbIx BY curnanos, kputndaec-
KHUX YaCTOT, UHJIEKCOB COJTHEYHON M MarHUTHOMU aK-
TUBHOCTH — OBUTH PacCYMTAHBI IS KAXKIOTO Mecs-
na 2013 roga. belid BBIUUCIEHBI TaKKE BpeMeHa
Bocxo/a U 3axona ComnHIla HaJ CPeTHUMHU TOUYKaMHU
paauoTpacc Ha TOBEPXHOCTH 3eMIIH 1 BhicoTax 120
1 250 kM. OnucaHuio U aHAIU3y 3TUX JAHHBIX IO-
CBAIIEHBI CIEAYIONIUE pa3iesbl padoThI.

3. Pe3yabTaThl HAOIOIEHUI

Pezyjmpubte USMEHECHUA

Ha puc. 2 npezacraBieHbl CyTOUYHBIE 3aBUCUMOCTH
VHTEHCUBHOCTU CUTHAJIOB JJISl JIETHETO U 3UMHETO
CE30HOB Ha KOHTPOJBHBIX PAAHONUHUIX. BecHOl u
OCEHBIO CyTOYHBIE pacHpezesieHUs] HHTEHCUBHOCTH
HMMEIOT NEePEXOIHON BUJI MEXKY JETHUMH U 3UMHHU-
MU 3aKOHOMEPHOCTSAMH U Ha PUCYHKE HE TOKa3aHBbI.
BepTukanbHbIMU TMHUSMHA OTMEUYEHBI BpEMEHA BOC-
xoJ1a 1 3axo7a CoJHIa, pacCYMTaHHbIE HaJl CPEIHU-
MH TOYKaMHU KOHTPOJIBHBIX PaJHOTPacc Ha YPOBHE
noBepxHocTH 3emiid U Ha BeicoTax 120 u 250 kM.
XapaKkTepHEIMH MOMEHTAMH TTPOXOXKICHUS COTHEU-
HOT'O TEPMHUHATOPA [V JIETHETO U 3UMHETO CE30HOB
ObLIM BBIOpaHb! THU conHIecTosiHUS — 21.06.2013 1.
n 21.12.2013 . OTCcyTCTBUE CYTOUYHOIO X0O/1a B HOY-
HOE BpeMs B 3UMHHE CE30HBI CBS3aHO C HEBO3MOXK-
HOCTBIO JOCTOBEPHO OIPEIEINTh HHTEHCUBHOCTD U3-
3a Hu3Koro cootHomenus C/111.

VYepenuenunniit cyrounsrii xon JACY curnanos,
npunATeix B HHO u B TpoMmce, 17151 JE€THETO U 3UM-
HEero ce30HOB ITOKa3aH Ha puc. 3.
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Puc. 2. CyTouHbIi X0 MHTEHCUBHOCTH CUTHAJIA JIS IETHETO (BEpXHUE MTaHEH) U 3UMHETO (HIDKHHE TaHEN N ) Ce30HOB Ha CPEIHEIIH-
portHoit PBM—-HYO (g, 6) u BeicokommpoTHoit PBM—Tpomce (6, 2) pagrorpaccax. BepTukaibHble THHIUE COOTBETCTBYIOT YCpPEI-
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 (IlyHKTUPHBIE JTHHUH)

JluHamyueckue CyTOYHO-TOJIOBBIE 3aBUCHUMOCTH
JCY curnana st o0eux paguoTpace MoKa3aHbl Ha
puc. 4. Ilo BepTUKaJIBbHOI OCH OTIIOKEHO BpeMS Cy-
TOK (CIIeBa — JIOKAJIbHOE COJIHEYHOE BpEMs B CPel-
Hel TOUKe paJloTpacchl, CipaBa — MUPOBOE BpeMst
UT), Ha ropu3OHTAJIFHONH OCH YKa3aH HOMEp IH,
OTCUMTAHHBIH OT Hadanma rona. 3HadeHus JCY B
repuax oToOpakeHbl B yCIIOBHBIX I[BeTax. beibie
YYacTKH COOTBETCTBYIOT MOMEHTaM, KOIZla COOTHO-
menne C/111 ObU10 HEAOCTATOYHBIM IS HAAEKHOIO
onpezaenenus ICY curuana ¥ MOMEHTaM OTCYTCTBUSA
JTAHHBIX.

CyTO4YHO-TrOJJOBBIE 3aBUCUMOCTH HHTEHCUBHOCTEN
curtana B HHYO u B Tpomce moka3aHsl Ha puc. 5, a
u 5, 6. LIeTom 0TOOpakeHbl 3HaUEHHsI THTEHCHBHO-
CTH curHama B jpenubenax. bensle ydacTtku coot-
BETCTBYIOT MOMEHTaM OTCYTCTBHUS JAaHHBIX.

Puc. 6, a oroOpaxkaet Bapualiuy MPOIOKUTEIb-
HOCTH “paiuOAHA" OTHOCUTENIBHO CPEIHEMECIUHBIX
3HaueHuil anga panuonuHuit PBM—-HYO u PBM-
Tpomce B Teuenue Bcero 2013 roma. Ha puc. 6, 6
[TOKa3aHbl U3MEHEHHS B TOT K€ IEPUOJ BPEMEHHU
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unaekca F10.7, xapakTepu3ymomnero COIHEYHYIO
AKTHUBHOCTb, U XapPaKTEPUCTUKU HOHOC(HEPHI — KpH-
TUYECKOM 4acToThl foF2, mpeacTaBieHHON CyTOY-
HBIMM 3HaY€HHUSIMH, YCPETHEHHBIMHU 3a BpeMs “pa-
JUOJHS .

Bosmywennsie ycnosus

CucremaTrueckre M3MEpeHUs MHPOPMAMOHHBIX
[apaMeTpoOB U BOCCTAaHOBIEHUE MX PETYIAPHBIX
(cpenHECYTOUHBIX M CE30HHBIX) 3aBHCUMOCTEH MO-
3BOJISIFOT BBLAEIUTH IEPUOABI aHOMAJIBHOTO [TOBEIE-
HUs MpoOHbIX BY curHanoB, CTUMYIHMPOBAHHBIX MOIL-
HBIMH reopU3nYeCKIMH BO3MYIIEHUSIMU. B kauecTse
puMepa Jajnee MpoaHaTN3UPOBAHBI OTKIMKH Ma-
paMETPOB CUTHAJIOB Ha KOHTPOJIBHBIX PATMOTHHMSIX
Ha PEeHTI'€HOBCKYIO BCIBIIKY Ha COJHIIE U TOCIIEN0-
BaBIIYIO 332 HEH TeOMarHuTHyo Oypio 17—-18 mapra
2013r.

Ha puc. 7 u3o0pakeHbl Bapraliii HHTCHCUBHOCTH
curHaia B H4YO u B Tpomce, a BO3MYILIEHHOCTb
YCJIOBHUI pacnpocTpaHEeHUs MPOWLIIOCTPUPOBaHa
HN3MEHEHUSIMH TIOTOKA COJTHEYHOIO PEHTI€HOBCKOTO

ISSN 1027-9636. Padioghisuxa i padioacmpornomia. T. 23, Ne 4, 2018
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Puc. 3. Cyrounsii xon JICY curnana ajist JeTHero (BepXHUE NaHEeIN) U 3MMHET0 (HIKHUE MTaHeJ M) CE30HOB Ha CPEHEIIUPOTHOH
PBM-HYO (q, ) 1 BeicokommpotHoit PBM—Tpomce (6, 2) paguotpaccax. BepTrukaibHbIe THHHN COOTBETCTBYIOT YCPEITHEHHBIM
BpeMeHaM Bocxoza 1 3axoia CoJIHI[a HaJl CPeHUMH TOUKaMH PaAHOTPAcC Ha YPOBHE MOBEPXHOCTH 3eMJIH (CIUTOLIHBIC TMHUH) U JUIS
BBICOT 120 KM (IUTPHUX-ITyHKTHPHBIE IMHUK), 250 KM (IIyHKTHPHBIE JTUHHUH)

HU3IY4YCHUA U T'COMArHUTHBIX MHJACKCOB B TCUCHUC
YeThIpeX CyTOK. DOHOBEBIE Bapyalliil HHTEHCUBHOC-
TU CUTHajia (MyHKTUPHBIC JTHMHHUH) TOJY4YEHBI B pe-
3yJbTaTe YCPEAHEHHS CYTOYHBIX 3aBHCHMOCTEH 3a
Bech Mecsr MapT 2013 1.

4. O0cyxaeHHe pe3yabTaTOB HAOJII0AEHUI

[lepexons xk oOCyXIeHUIO pe3yIbTaTOB HAOIIONE-
HUH, TIPOKOMMEHTHPYEM CYTOYHBIC N3MEHEHHS WH-
TEHCHBHOCTH CHT'HaJIa JIETOM U 3UMOH, IIOKa3aHHbIE
Ha puc. 2. JIns 000ux ce30HOB Mepenal Mex 1y Hod-
HBIMHU M JJTHEBHBIMU 3HAYCHUSIMH UHTEHCHBHOCTH Ha
tpacce PBM-HYO OGonsie, vem Ha pagroIuHUN
PBM-Tpomce. U3 pucyHka BUAHO, 4TO 3UMOI Iiepe-
najabl MEXIy AHEBHOW M HOUHOW MHTEHCUBHOCTSIMH
cocrapisioT okoio 50 n1b B HYO u okomno 20 nb B
Tpomce. B HUO (puc. 2, 8) CyTOUYHBII X0 HHTEHCHB-
HOCTH XOPOIIIO COOTBETCTBYET BpeMeHaM BOCXOJa
ComnHila Ha ypOBHE TOBEPXHOCTH 3€MIJIM I MOMEHTaM
3axona Ha Beicote 120 kM. Ha BICOKOIIMpPOTHO# Tpac-
ce (puc. 2, 2) XapaKTepHBIM SBIISICTCS] YBEIHMUYCHUE
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WHTEHCHBHOCTH CHUTHaJa mocie Bocxoma ConHIa Ha
noHOC(EepHBIX BEICOTax B 06yactu E u ymMeHbIIeHIE
WHTEHCUBHOCTH TIOCJIE TPOXOXKIEHHSI BEIEPHETO Tep-
MHHATOpa Ha BeIcoTax F oOmactu (250 km).

s nernero cesona B HYO (puc. 2, a) Habmio-
JlaeTcsl 3ama3pIBaHue pOCTa HHTCHCUBHOCTH CHTHA-
J1a OTHOCHUTEITFHO MOMEHTA TIPOXOXKACHHUS YTPEHHETO
TEPMHUHATOPA 110 TIOBEPXHOCTH 3EMJIH U COXPaHECHHUE
BBICOKOW MHTEHCHUBHOCTH CHTHaJla TIOCJE 3axojia
Comnnrna Ha BeicoTax F ob6mactu. CyTOYHO-TOIOBBIE
3aBUCHMOCTH MHTEHCUBHOCTH (pHC. 5) NOKa3bIBAIOT,
YTO TAaKO€ IMOBEACHNE COXPAHAETCSA Ha MPOTSHKEHUH
BECEHHET0, JICTHETO U OCEHHETo ce30HOB. MHTepec-
HOW 0COOEHHOCTBIO TTOBEICHIS HHTEHCUBHOCTH B JIET-
HEC BpPCMA ABJIACTCA TAKKC HOCHCHOJ’IyI[eHHbeI MU-
HUMYM. OH CB3aH B OCHOBHOM C IOIVIOIIEHUEM B
HWKHEH noHocdepe B 3T0 BpeMs. JanHbii a3 dext
nyudiie Bcero npossisercs ¢ 140-ro no 250-i neHs
roma (cM. puc. 5).

Hns Tpomce sietoM (puc. 2, 6) HaOiomaeTcs
OGpaTHaH 3aBUCUMOCTB ITOBEACHUA NHTCHCHUBHOCTH
MPOOHOTO CHUTHAaNAa OT BPEMEHHU CYTOK C MaKCHMY-
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HYO, 2013 .

a

[enns roga

Tpomce, 2013

Puc. 4. Cyrouno-rogosas 3aBucumocts JICY curnana a cpennemporHoit PBM—HYO (@) u BeicokompotHoit PBM-Tpomce (6)
paauoTpaccax. YepHble IMHUU COOTBETCTBYIOT BPEMEHH MIPOXOKACHHS YTPEHHETro (BHU3Y Ha MaHEeJsIX ) U BeUepHero (BBEpXY
Ha MaHEJSX) COTHEYHOTO TEPMUHATOPA YePe3 CPETHIE TOYKH PAAUOTPACC HA YPOBHE MOBEPXHOCTH 3eMJIH (CILIOUIHBIC JTMHUH)
1 Ha BbicoTax 120 KM (IUTpUX-ITyHKTUPHBIE TUHUH) 1 250 KM (IlyHKTHPHBIE JIMHHH )

MOM HOYBIO U MUHUMYMOM JTHEM. Takoe moBeaeHue
WHTCHCUBHOCTH OIPEEIAIOT YCIOBHUS TMOJISIPHOTO
nHs1, koraa obmacti E u F noHocdeps! B cepennne
Tpacchl NOCTOSIHHO ocBelieHbl CoHiieM. Benenctaue
sroro PY snerom B TeueHHE BCEX CYTOK OCTArOTCS
Hwke MITY, a THEBHOE YMEHbIIIEHUE MHTEHCUBHOCTH,
coctapysitoliee B cpenHeM 15 nb, onpenensercs B
OCHOBHOM TIOIJIONIEHHEM B HIDKHEH roHOCchepe [19].
HecMmoTtpst Ha TO, yTO OOpaTHas 3aBUCUMOCTH U3-
MEHEHUI MHTEHCUBHOCTH B Tpomce HabOmromaeTcs
TONIBKO JIETOM, €€ 3HAYUTEIFHOE THEBHOE YMEHb-
[IeHre, KaK 3TO BUIHO M3 PUC. 5, perUCTpUpPYETCS
0oJiee TIPOIOIDKUTEIILHOE BpeMsl — C Hauajla BECHBI
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U 10 cepeauHbl oceHu. [1o3ToMy BeCHOI 1 B IEpBYIO
[IOJIOBUHY OCEHU MHTEHCHBHOCTbH UMEET JIBA MMUHHU-
MyMa: HOYHOM, CBS3aHHBIN C “‘pammo3zaxonom” U
JHEBHOMW, BBI3BAHHBII POCTOM IOITIOLICHMS.

Puc. 3 nokassiBaer, uto perymnsapHoe noseaeHue JJCH
XapaKTepU3yeTcsl MOJI0KUTEIFHBIM TTOABEMOM II0C-
ne Bocxona ConHia Ha BbicoTax E obmactu nonocde-
PBl U OTPHLATENBHBIM CMELICHHEM BOJHM3H 3aX0a.
3uaku JICYU coOTBETCTBYIOT YMEHBIICHHUIO ICHCT-
BYIOIIEH BBICOTHI OTPaKEHUSI CHUTHAJA B YTPEHHHE
Jachl U ee pocTy BeuepoM. bonee cnalble cyTou-
Hbele Bapuanuu JICHU Ha BBICOKOIIMPOTHOM Tpacce
JIETOM OOBICHAIOTCS MEHBIINM KOHTPACTOM MEXK-
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Monumopune pe2yisaprvlx u cnopaouyeckux UOHOCHEPHbIX sapuayuil Ha 0OHOCKaukosvix BY paouonunusix

AA

a

~A

! 21 al ur o 1Z1p o 1ap1xi

Jens rona
6

HYO, 2013 .

Tpomce, 2013 .

‘_

~
B
=
I

N
-

nn

|V

n

PAV)
a0t

I’y
fan
=
fae
o>
=

Puc. 5. CyTo4HO-rO[10Basi 3aBUCIMOCTb MHTEHCUBHOCTH CHUTHaia Ha cpegHenpoTHoii PBM—HYO (@) 1 BbICOKOIIMPOTHOM
PBM-Tpomce (6) papnotpaccax. YepHble IMHUK COOTBETCTBYIOT BPEMEHH IPOXOXKIICHUsI yTPEHHETO (BHHU3Y HA IAHEISIX) U Beuep-
Hero (BBEPXY Ha ITaHeNAX) CONHEYHOro TEpPMUHATOPA Yepe3 CpeAHHEe TOUKU PaIuoTpace Ha BeicoTaX 0 KM (CILIOIIHbIE TUHUN),
120 kM (IUTpUX-IyHKTHpPbIE TUHAH) ¥ 250 KM (ITyHKTHpPbIE IMHAH) HaJl TOBEPXHOCTHIO 3eMITH

Iy “HOYHBIMU” ¥ “THEBHBIMHU’ yCJIOBUSIMH OCBELICH-
HocTH. Kak yxe oTMedanoch, Ha IIMPOTaxX BBIIIE
60° neTomM Ha BBICOTax OTPAXXECHUs B CEpPEIUHE
pamuorpaccsl PBM—Tpomce CorHile He 3aXOIUT 3a
TOPHU30HT M OCBEIIEHNE HOCHUT MIEPEXOTHOM CyMeped-
HbII Xapakrep. I JE€THETO U 3UMHErO CE30HOB B
HYO (puc. 3, a, 6) makcumanesubie 3Hauenus JACH
(UKCUPYIOTCS] HEIOCPEACTBEHHO MOCIIE IPOXOXKIE-
HUSI 110 TIOBEPXHOCTH 3€MIIM JINHUM YTPEHHETO Tep-
MHUHATOpa, a MUHUMAJIbHBIE — II0CJIE BeuepHero. J{ns
BBICOKOIIIMPOTHOM Tpaccel (puc. 3, 6, ¢) KapTHHA
OoJee ci0XHas1, yIUTHIBas €€ OOIBIIYIO MPOTKEH-
HOCTh ¥ OJIM30CTh K MOJSIpHOMY oBany. Jletom Ha-
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OmromaeTcs 3HAYMTEIBHOE 3alla3AbIBAHNE ITOJIOKH-
tenpHOTO TMKa JICY oTHOCUTEnbHO Bocxona CoH-
11a Ha YPOBHE MIOBEPXHOCTH 3EMJIH, a 3UMOM TOJI0KH-
tenpHBIH Uk JICY HaOmogaercs A0 MpOXOoKIeHUS
YTPEHHETO TepMUHATOpa Ha HYJIEBOW BEHICOTE.
OTMedeHHBIE BBIIIE 0COOCHHOCTH MOXHO OoJiee
MOIPOOHO MPOCIEINUTh Ha CYTOYHO-TO/IOBBIX 3aBHU-
cumocTsix ICY, mocTpoeHHBIX A71si 000MX HabIroaa-
TEJIbHBIX IMYHKTOB (puc. 4). B o6oux ciny4asx yTpeH-
HUW nonoxuteiabHbll MakcumyM JICU coBmamaet
IO BPEMEHH C TIPOXOKIEHUEM YTPEHHETO TePMHHA-
TOpa IO MOBEPXHOCTH 3€MIIA TOJIBKO 3UMOM M 3a-
Ma3bIBaeT OTHOCUTEIHHO HET0 B JPYTHE CE30HBHI.
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Puc. 6. Bapramun npoJoDKUTENbHOCTH “paguonns’ Ha npotrsbkernd 2013 roga Ha pagmorpaccax PBM—HUO (crmomrHas
kpuBasi) u PBM-Tpomce (nmyHkTupHas kpuBas) (a); MECSUYHbIE U3MEHEHHUs MHACKCA COJHEYHOH akTUBHOCTH F10.7
(Ic.e.m=10"2 Br/(mM*-T)) (CIUIOMHAs KPHBAS), CPEIHIX 33 OCBEIIEHHEIH IEPHO CYTOK 3HAUEHHH YacTOTHI f0F2 HOHOC(HEPHOTO
ciost F2 nan PBM (muTpux-nmyHKTHpHAsS KpuBasi) U Haa Tpomce (MyHKTUPHAs KpuBasi) (0)

OtpunarensHblil Beuepauit MuauMyMm JICH cooter-
CTBYET MHTEpBalIy MEXAY BpPEMEHAMM IPOXOXK[Ie-
HUS COJTHEYHOT0 TEPMHUHATOPA IO TIOBEPXHOCTH U Ha
HOHOC(EPHBIX BBICOTAX.

Kpome perynspHbIX CE30HHBIX 3aKOHOMEPHOCTEN
noseaeHus napamerpos BU curnanos, onpenense-
MBIX U3MEHEHHEM YCIIOBUI OCBEIIEHHOCTH, CYyTOU-
HO-TOJIOBBIE 3aBUCUMOCTH (pHUC. 4 U pUC. 5) MO3BO-
JIIOT OTCIICKUBATH ‘‘MEIJICHHBIC KBa3HIIEPHOIN-
YeCKUe BapHally TapaMeTPOB IIPOOHOT0 U3y YECHUSL.
Taxk, Ha puc. 4, 6 ¢ 50-ro mo 150-i AeHP MOXHO
IPOCIEeUTh TP MUHUMYMa aMIUIUTY/bl BEYEPHETO
orpunarensHoro nmka JICY B Tpomce, orcrosimme
Ipyr oT Apyra Ha 2530 gHeil. ITomoxxeHus 3Tux
MUHUMYMOB J[CY COOTBETCTBYIOT MakCHUMyMaM
MIPOAOIKUTENBHOCTH “paiiofHs”’, KOTOPBIE JIydIle
BCET0 3aMETHBI Ha CYTOYHO-TOJOBBIX 3aBHCHUMOC-
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Tsix uaTeHcuBHOCTH B HUO (puc. 5, a). g uzyde-
HUsI JaHHOTO 3(ppexTa ObUTH POaHATIM3UPOBAHEI Ba-
pHaIyy MPOIOJDKUTEIBHOCTH “paguonns’ (puc. 6, a)
COBMECTHO C WHJEKCOM COJIHEYHOW aKTUBHOCTH
F10.7 u cpeqHuMU 3a OCBEIIEHHBINA MEPUOJ CYTOK
3HAYCHUSAMH KPUTUIECKUX 9acToT B Tpomce n BOIH-
3u PBM (puc. 6, 6). Kak BugHO U3 pHCYHKa, C
50-ro o 150-i meHb (MeXIy 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
MTO3BONIMJIO YTOYHUTH TIEPHOM BapHaldd, KOTOPBIi
B cpenHeM cocrtaBun 27.8 cyT. JlaHHOe 3HaueHwue
COOTBETCTBYET nepuoy BpaiieHus: CoslHIIa BOKPYT
CBOEH OcH. DTO MO3BOJISIET MPEIION0KHUTD, UTO aK-
TuBHas oOnacth Ha COJNHIIE, KOTOpas CTajia UCTOY-

ISSN 1027-9636. Padioghisuxa i padioacmpornomia. T. 23, Ne 4, 2018



Monumopune pe2yisaprvlx u cnopaouyeckux UOHOCHEPHbIX sapuayuil Ha 0OHOCKaukosvix BY paouonunusix

HYO

HNurencusHOCTS, 1B

X Ray, MBT/M

9
2 6L _ 6L .
=1
ol 3
S
0 0
00 12 00 12 00 12 00 12 00 00 12 00 12 00 12 00 12 00

Bpewms UT, gacs

Bpewms UT, gacs!
e

Puc. 7. Bapuaiyu MHTEHCUBHOCTH NpuHsiToro BY curnana (crutomHbie TMHUH) U pOHOBOW MHTEHCHBHOCTH BY crrHana (IfyHKTHPHbBIC
muann) B HUO (@) u B Tpomce (6), MOTOKA COMHETHOTO PEHTTEHOBCKOTO H3Tyderus B onoce 1+8 A 8 HUO () n B Tpomce (2),
JIOKaJIbHBIX reoMarHUTHBIX K-nHaexkcoB B HUO (0) u B Tpomce (e) 15-18 mapra 2013 1.

HHUKOM PEHTTC€HOBCKOW BCITBIIIKK B 74-i1 NEeHb roga
(cMm. puc. 7, 6, ¢), mpoAoIKaIa CyIlIeCTBOBATh Ha
MPOTSKEHUH HECKOJbKHUX “COJHEYHBIX CYTOK .
Ee m3nmydenune npu kaxxaqom nosHoM obopote CoH-
11a BOKPYT OCH MOAYJIUPOBAIO MHJEKC COJHEYHOM
AKTUBHOCTH, KPUTHYECKHE YacCTOTBHl MOHOChEpHl U
COOTBETCTBEHHO YCJI0BUsA pacnpocTpanenus BU cur-
HaJIOB Ha KOHTPOJBHBIX PATUOIHMHUAX.

s MoATBEpKACHUS STOTO MPEATIONOKESHHS IS
nepBoro noyroaus 2013 rona, korna Bapuaiyu npo-
SIBISLTACH HanOoJree SBHO, OBLTA PACCUUTAHBI KO-
(UIMEHTHl KOppessuun Mexay uHaekcoMm F10.7,
KPUTHYECKUMHU YaCTOTaMH HOHOC(EPHI U BapHalysi-
MHU NPOAOCJKUTENBHOCTU “paauonns’. ns KpuTu-
YEeCKOH 4acToThl, u3MepeHHoH BOIM3u PBM, koad-
(urmeHT Koppensauu ¢ naaekcoMm F10.7 cocraBun
0.62, a 1 KpUTHUUECKOM YaCTOThI, U3MEPEHHON B
Tpomce, — 0.61. 3naueHust KO3PHUITMCHTA KOPPEIs-
uuu u"aekca F10.7 ¢ BapuauusaMu IpoaoSKUTEb-
HOCTHU “pafloNiHsA” OKa3aJUCh TOTO K€ MOPSIKA U
cocraBunu 0.72 mst HYO u 0.60 nna Tpomce. Ta-
KUM 00pa3oM, HHAEKC MPOIOIDKUTENBHOCTH “paHo-
ITHS, KOTOPBIA CPAaBHUTEIBHO HECTIOKHO PACCUUTATh
o mapamerpaM npoOHbIX BY cuUTHANOB HA KOHT-
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POJNBHBIX PATUOIMHUSAK, TPOSBUII ceOsl TaKUM XKe
3¢ $EKTUBHBIM HHAUKATOPOM BapHaIlnii ClIopagndec-
KOW COJIHEYHOW aKTHMBHOCTH, KaK U KPUTHUYECKHE
YacTOTHI HOHOC(EPHl, MOHUTOPHHT KOTOPBIX SIB-
JIsieTCsl OOJIee CIIOKHOW WM 3aTPaTHOM 3ajjauei.
Anamm3 mapameTpoB BY curaamoB Ha KOHT-
POJIBHBIX PaIUOJIMHUAX MTO3BOJISIET U3Y4aTh HE TOIb-
KO OTHCAHHBIE BBIIIE ‘“‘MeJJIeHHbIE” NOHOC(EPHBIC
BO3MYILEHUS C MEPUOAAMHU B NECATKH JHEH, HO U
Oonee ObicTphIe Mpolecchl. Puic. 7 neMoHCTpupyeT
peakuuro napamerpoB BU curHaioB Ha Bo3myliie-
HUS PaJHAlIOHHOTO M KOPILYCKYJISIPHOTO TOTOKOB
COJIHEYHOH paanannu. M3 pucyHKa BUAHO, YTO PEH-
TreHOBCKas Bemblllka kiacca M1.1, mpogoikas-
masics ¢ 5:46 no 8:35 UT 15 mapra 2013r., BeI3Baia
YMEHBIIEHUE TPOIOIKUTENBHOCTH “‘pafHOIHA” B
o0oux myHkTax HaOmrofeHus. Haubonee sBHO 3¢-
(hexT MpOSBWIICS HA CPETHEIIMPOTHOM PaTHOTUHHIH.
J111s BBICOKOIIMPOTHOM, O0JIee IUTMHHOW, paiioTpac-
CBhl YMCHBIIICHHE HHTEHCUBHOCTH OBUIO MeHee 3Ha-
yuMo. Kak Moka3bpIBalOT TaHHBIE CIIyTHUKOBBIX W3-
Mepenuit [20], comHeyHasi BCHBIIIKA COMPOBOXKIA-
J1ach BHIOPOCOM KOPOHAJIBHOW MAacCChI, BBI3BABIIUM
MarHuTHyto Oypro kiacca G2 17-18 mapra 2013 .
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Kak BuaHO U3 puc. 7, ”HTeHCUBHOCTH IpoOHOTO BY
U3IYYECHHUSI OTpEarupoBajia Ha 3TO COOBITHUE TOJIBKO
Ha IPUIIOJIAPHON paguoTpacce, B TO BpeMs Kak Ha
CPEIHEIINPOTHON peakUHs OTCYTCTBOBaja. JTO
o0bsicHsieTcsl Onmn3ocThio Tpaccsl PBM—Tpomce k
OBaJTy HOJISIPHBIX CUSTHUIA U MPOSIBICHUIO 3PPEKTOB
BBICBIIIAHUS SHEPTUYHBIX YACTHI] U POCTa aBPOpalIb-
HoTo ToronieHus [19] Bo BpeMs MarHUTHO# OypH.
[IpuBeneHHbIe TpUMEpBI JEMOHCTPUPYIOT BO3MOXK-
HOCTB UACHTH(PUKALUN HOHOC(HEPHBIX BO3MYILICHUH
pa3HBIX TUIOB 0€3 MCIOIB30BaHUs TPAJAULUOHHBIX
AKTHUBHBIX METOAOB 30HINPOBAHUS HOHOCHEPHI.

5. BoiBOIpI

1. Ilpoananu3upoBaHbl FOJOBBIE JaHHBIE HETIPEPHIB-
HBIX CHCTEMATUYECKUX HAOMIONEHUH CIIEKTPATbHBIX
1 DPHEPTETUIECCKUX XapaKTepHUCTUK MpoOHBIX BY pa-
JUOCHUTHAJIOB Ha JBYX OJJHOCKAYKOBBIX PaINOIMHUAX
B CPEJHHX U BBICOKUX IIHPOTAX.

2. YcTaHOBIIEHBI CYTOYHO-CE30HHBIE 3aBUCHMOC-
TH MOBEIEHUS MHTEHCHBHOCTH M JIOIUIEPOBCKOTO
CMEIIEHS 9aCTOThl CUTHAJIOB, BBI3BAaHHBIE PETYIISp-
HBIMHM H3MEHEHUSAMHU OCBEIEHHOCTH KOHTPOJIBHBIX
pamuoTpacc.

3. YcraHOoBieHA SMIIMpUYECKas CBSI3b BPEMEH
“pammoBocxona” U “paano3axona’ ¢ BpEMEHEM IPo-
XOXKJIEHUS COJTHEYHOTO TEPMUHATOPA Ha PA3ITMIHBIX
BBICOTAxX ISl CPEAHEIIMPOTHON U NMPUIOIAPHON
HOHOCHEPHI.

4. BBeaeH MHACKC MPOAOIKUTEILHOCTH “pajlio-
JHS”, XapaKTepU3yIOUIUil BpeMs paclpOCTPAHECHUS
CUTHAJIOB Ha paboueil 4acToTe HM)KE MaKCUMAIIbHO
rpumernMoi. C ero MoMOIIbI0 OOHapyKeHa 27-THEeB-
Has MEPUOANYHOCTD, CBA3AHHAS C BapHAIlHEed COJl-
HEYHON aKTUBHOCTH, IIPOSABISAIONIAsICS TaKXKe B TO-
BEJICHUN KPUTHYECKUX YacTOT f0F2 Ha KOHTPOIBHBIX
PaTHONHHUSX.

5. Ilpoananu3upoBaHbl BapUalid HHTEHCUBHOCTH
CHUTHAJIOB BO BPEMSI MOLITHOM PEHTT€HOBCKOM BCIIBIIII-
k1 Ha CoJslHIIE M MOcienyrouel 3a Hel MarHuT-
HOM OypH, KOTOpasi COPOBOXKIaIach HOHOC(HEPHOI
Oypeii. ComocraBneHne HHOOPMAIIOHHBIX TTApaMeT-
POB CHUTHAJIOB C HE3aBUCHUMBIMHU JTAHHBIMU H3MeEpe-
HUH IOTOKA COTHEYHOTO PEHTT€HOBCKOTO M3ITyYEHHs
1 MHAEKCAa MATHUTHON aKTUBHOCTH MOKA3aJ10 UX XO-
polee COOTBETCTBHE.

6. IIpogemMoHCTpUpOBaHa BO3MOKHOCTh JUarHo-
CTHKH 1 UASHTH(PHUKAIINH BO3MYIIEHUH HOHOC(EPHI
C MTOMOIUIBIO0 CHCTEMATUYECKOI0 KOT€PEHTHOTO 30H-
JUPOBaHUS Ha OAHOCKAYKOBHIX BU pamnomuHusx ¢
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HCIIOJIb30BAaHUEM H3IIYUYEHUS! IIMPOKOBELIATEIbHBIX
PaaNOCTaHIIUH.

BrinonHeHHBIE UCCIIEIOBAHUS HOCIT IMIUPUYEC-
KWl HaOMronaTebHBIA XapakTep U, M0 MHEHHIO aB-
TOPOB, NPEICTABISAIOT UHTEPEC IS TOCIEAYIOIIETO
(hm3HUECKOTO MOIETTUPOBAHUS.

Pabora BEITIOJIHEHA B paMKax HCCIISIOBaHUi 110 Be-
nomctBeHHbIM HUP HAH VYkpaunsr “Sraran-3”
(aomep rocpeructparuu 0116U000035) u “Binguzep-
kanensas” (0118U100207), a Takke yacTU4HO (PUHAH-
coBo noaaep:kana koHkypcHeiMu HUP “Ilnunbep-
reH-2018” (0118U000562) u “I'ennomaxc-2018”
(0118U100280).

ABTOpBI CYUTAIOT CBOMM IPHSITHBIM JIOJITOM MO0JIa-
TOapHUTh KOJUIET U3 APKTHUYECKOTO YHHUBEPCUTETA T.
Tpomce (Hopeerust) u corpyaankoB HuzkogactoTHOM
obcepBaropur P HAH VYkpaunsl 3a coneiicTBue B
MIPOBEIICHUN HETPEPHIBHBIX MHOTOJIETHUX M3MEPEHHIA
BY curnanos Ha KOHTPOJIBHBIX PAAHOIMHUAX. MBI IIpU-
3HATEJILHBI TAKXKE KOJUIEraM U3 OT/esa patuoU3NKH
reokocmoca A. B. 3amuzosckomy, C. b. Kareesy,
A. A. Comuny u A. C. KaieeBy 3a moMoiis B 00pa-
0O0TKe TAaHHBIX U TIOJIE3HBIE O0CYKACHHS PE3yIIBTaTOB.
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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'YJIIAPHUX I CITOPAJJMYHUX
IOHOC®EPHIX BAPIALIII HA OJJHOCKAYKOBUX
BY PA IIOJITHIAX

IIpeomem i mema pobomu: JliarHOCTHKA PETYISIPHUX 1 cTIOpa-
JIMYHUX 10HOC(epHHX Bapialliii 3 BAKOPUCTAHHSAM CHCTEMaTHYHO-
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Monumopune pe2yisaprvlx u cnopaouyeckux UOHOCHEPHbIX sapuayuil Ha 0OHOCKaukosvix BY paouonunusix

T'0 KOTEPEHTHOTO MOHITOPUHT'Y CIIEKTPAIbHUX XapaKTePUCTHK
npobHux BY curHasmiB Ha MOXMINX OTHOCKAYKOBUX PaTiOMiHIsIX.
Memoou i memooonoeis: Peectpauist curaanis ctaniii Ciryxou
TOYHOTO 4acy Ta 4aCTOTH BUKOHYBaIacs Ha 9acToTi 9.996 MI'y
BITPOIOBXkK MOBHOTO 2013 poKy B IBOX NpUIIMAIbHUX IyHKTaX —
B HuspkouacToTHil oO6cepBaropii PagioacTrpoHOMiYHOTO iHCTH-
tyty HAH Vkpainu (c. Maprose, XapkiBcbkol o0nacti) Ta B
M. Tpomce (Hopgeris). PeectpyBanucs eHepreTHYHI CIIEKTPH,
3a SIKUMHU OIIHIOBAJIHCS Bapialii IHTEHCHBHOCTI Ta JOTUIEPiBCh-
koro 3MmimeHHs gactotu (/34) mpoGHOTO BUIIPOMiHIOBaHHSI.
Yacosi psiay iHpopMaLifHUX XapaKTEPHUCTHUK CUTHAIB CITIBCTaB-
JISUTACSE 3 He3aJIeXKHUMH OL[IHKaMH KPUTHYHUX YacToT ioHoChep-
Horo mapy F2, a Takox 3 iHaekcaMy COHSYHOT Ta MATHITHOT aK-
TUBHOCTI. BCTaHOBIEHO iX KOpeIsILiiHII 3B’ A30K.

Pesynvmamu: BUkoHaHO CHCTEMaTH4YHI KOT€PEHTHI BUMIPIOBaH-
HsI Bapianiif CIeKTpaIbHUX XapaKTepHCTHK poOHux BY curnanis
Ha JIBOX OJTHOCKAYKOBUX PaioJiHisfX (BUCOKO- i CEPEeIHBOIIH-
PpoTHii). [IpoTsAroM MOBHOTO PiYHOTO UKITY CIIOCTEPEXKEHb J0C-
JnipKeHo peryisipHi (poHoBi) Bapianii 1060BUX 3asexxHOCTEH
inTeHcuBHOCTeH 1 J[3Y npoOHKX CUTHAIIIB, BUKIMKaHI 3MiHOIO
YMOB OCBITJICHOCTI KOHTPOJIFHHX pafioTpac. BcraHoBeno emti-
PHUHY 3aJIeXKHICTh 4acy XapakTepHux 3MiH J[3U i MOMeHTIB
“pamiocxomy” 1 “paziozaxomy” 3 IPOXOHKEHHSIM COHSIYHOTO Tep-
MiHaTOpa Ha PI3HUX BUCOTAX CPEAHBOLINPOTHOI Ta MPHUITOIAPHOL
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ioHOChepH. J[s BHCOKOIIUPOTHOT palioTpacH BIIITKY BU3HA-
YaJibHYy POJIb BiJIrpaloTh YMOBH MOJISIPHOTO JHS 1 3pOCTaHHs
MIONIMHAHHA B ITOyACHHUH Ta MiC/IANIOoNyIeHHUH yac. BBeneHo
IHIEKC, 110 XapaKTepHU3ye Yac MOMIPEHHS CUTHAIIIB Ha YaCTOTi
HIDKYE 32 MAKCUMAJILHO 3aCTOCOBHY (TPHBAIICTD “paiioqHs”).
Jlis 30ypeHnx i0HOC(hepHIX YMOB BHSIBIIEH] 27-1eHHI Bapiatlii
TPUBAJIOCTI “pajionHs” i IOBEAIHKH KPUTHIHUX YaCTOT 10HO-
cepuoro mapy F2. [TepiognuHicTs nux Bapiartiii i iX CHHXpOHI3M
3 IHAEKCOM COHAYHOI aKTUBHOCTI F'10.7 MOXXJIMBO NMOSICHUTH
6araTopa3oBHM BILUIMBOM Ha i0HOC(epy aKTHBHOI 00JIaCTi 3 TpH-
BAJIUM 4aCOM JKHUTTA B XpoMoc(epi BrpooBx odepranns CoH-
1151 HABKOJIO CBOET 0ci. MOXIIMBiCTh BUKOpHUCTaHHS qanux BY
MOHITOPHHTY JUISI AlarHOCTHKY CHOPAANIHIX 10HOChEepHHX 30y-
PEHb IPOIEMOHCTPOBAHO Ha IIPUKJIa/Ii TOTYKHOTO PEHTI €HIBCh-
Koro cranaxy Ha CoHIIi Ta MarHiTHOI Oypi, 11O CTanacs Mmicis
HBOTO.

Bucnosok: Po3po0iieHi METOAMKHY aHAi3y JaHUX 30HIYBaHHS
ioHocdepu BY curHanaMu HecIeriaabHOTO THITY MOXKYTh OyTH
3aCTOCOBAHI JUIS AIarHOCTHKH Ta iieHTHiKail ioHocdepHux 30y-
PEHb.

Kniouosi crosa: ioHOC(hEpa, COHSIHHI TEPMIHATOD, paxioTpaca,
COHSIYHA aKTHBHICTh, MarHITHA Oypst
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