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Architecture of revised VLF radio monitoring station is considered. Use of parallel
ADC channel acquisition and GPSDO for geographically distinct station synchronization is
proposed.

Keywords: radio monitoring, ADC, VLF band.

CrioctepekeHHs  eNeKTPOMAarHiTHOro TMoJis B Jiala3oHl HaJJIOBIUX XBHIIb
(3..30 kI't1) BUKOPUCTOBYETHCS JIJIsl MOHITOPHHTY HIXKHIX IIapiB ioHOc(epa sKa BIUIMBA€E Ha
YMOBH TOUIMPEHHS MPUPOJIHUX €IEKTPOMArHiTHUX 30ypeHb, 110 Ja€ 3MOTY AOCHIKYBaTH
BIUIUB TreiioreoismyHux 30ypeHb Ha XapakTEepUCTUKH 10HOchepH. 3MIHM Mpodisto
MIPOBIAHOCTI HUKHBOI 10HOC(EpH BIUIMBAIOTH HA aMILIITYAy 1 (a30Bi MBHUIKOCTI CUTHAIB
HU3bKOYACTOTHUX II€pe/laBadviB, M0 TaKOXX MOKe OyTH BHKOPHCTAHO IS OIIIHKH CTaHy
HIDKHBOI 10HOC(epH. 3aBIsSKM BHCOKIM 3al€XHOCTI YMOB MOIIMPEHHS PajioXBHJIb IOTO
4acTOTHOTO Jlama3oHy B XBWJIEBOJI 3emiisi-loHOocdepa Bl MalMX BEJIUYUH €JIEKTPOHHOL
IIJIBHOCTI, 3MIHM iX aMIUNTY] 1 (a3 € HalOuIbII YyTJIMBUM i1HAMKATOPOM aHOMAaJIbHOI
10Hi13a1ii. MOHITOPUHT CcTaHy 10HOC(hEPH Ma€ psiJ] MPAKTUYHUX 3aCTOCYBaHb: IPOrHO3YBAHHS
YMOB Ha3eMHOI'0 Ta KOCMIYHOT'O 3B’SI3KY, SKOCTI CYIyTHMKOBOI HaBiramii Tomo. 3okpema
aHOMaJIbHA 10HI3aIli€r0 aTMOchepu MOXKe OYTH OJTHUM i3 TIEPEIBICHUKIB 3eMiieTpycy [2].

Jns pocaikeHb (i3MYHUX MPOLECIB MOIIMPEHHS HU3bKOYACTOTHUX CUTHAIIB B
XBUJIEBO1 3eMisi-ioHOcdepa 1 JToKallii rpO30BUX PO3PSAIB 3a TAHUMHU OJHIET CTaHIIIT JOCUTh
peecTpyBaTH TIUIBKM OJHY BEPTHKAJIbHY €JIEKTPUYHY 1 JBI TOPU3OHTAJIbHI MAarHiTHHX
komrmonentn [1].  Jms  peamizamii  cocTepexeHb  €JIEKTPOMArHiTHOTO TIOJs B
HU3bKOYAaCTOTHOMY Jlialla30HI BUKOPUCTOBYETHCS TPUKOMIIOHEHTHA CHUCTEMa 300py JaHUX:
€JIIEKTPOMArHiTHE BHUIPOMIHIOBAHHS MapajielbHO (IKCYIOThCS JIBOMa MAarHiTHUMHU
pPaMKOBMMHU aHTEHAMHU 30pPI€EHTOBAHMMHU IO HAMpsSMKax MIBHIY-MIBACHb Ta 3axiA-cXim i
BCEHAIPABIICHOIO IITHUPOBOIO AaHTEHOW. JIJIs TIABUINEHHS YYTJIWBOCTI BHUMIpPIOBAHHS
JI0JIat0Th YeTBEPTUN KaHall — aHTEHY 13 00’€MHUM BEpTUKAIBHUM BiOpaTOpOM.

B posnopsikenni ['omoBHOTO 1IeHTpY cnerianbHOoro koHTpoito JIKAY € nekinbka
CTaHILI{ palloTeXHIYHOTO MOHITOPUHTY, €JIEeKTPOHHE 00J1aIHAaHHS SIKUX 3aCTapijio 1 BUMAraio
OHOBJICHHs. 30KpeMa AMHAMIYHUHN Aiana3oH ckiaaas juine 80 ab, a peectparliis iMIyIbCiB
3aiiicHIOBasIacs Ha marnepoBux Hocisx [3]. MeTor poOoTH € po3pobiieHHsT MOAEPHI30BaHOT
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CHCTEMH aHaJIi3y Ta PeECTpaLii eJIEKTPOMAarHiTHOrO BUPOMiHIOBAHHS HAJIOBTOTO J1arla30Hy
3 MiJBUILEHOO YYTIUBICTIO Ta U(PPOBOIO PEECTPALIIEI0 BUMIPIB.

CTpyKTypHa cXeMa MOJEpHI30BaHOI CHCTEMH 300py J[JaHHX Ui peecTpamii
KOMIIOHEHT eJleKTpoMarsitHoro noist B HY gianazoni naBenena Ha puc. 1.
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Puc. 1. CtpykTypHa cxema CUCTEeMH 300py TaHHUX

Cucrema 300py IaHMX peanizye 4 mapajeabHUX KaHaJId aHaJIoroBO-LU(PPOBOTO
MEPETBOPEHHS, 110 BUKIIOYAE YaCOBI PO301KHOCTI MK KaHamamu, HemuHy4l mis AL 3
MYJbTHUIIJIEKCYBaHHSAM KaHamiB. CucremMa [J03BOJIslE BECTH BHMMIPIOBAHHS aHAJOTOBHUX
CUTHAJIIB, IO HAAXOIATh 3 aHTEH, B 4aCTOTHOMY pianazoni qo0 100 k[’ 3 nuHamivHAM
nianazoHoM 144 nb (BukopuctoByeThesi 24-0iTHuil curma-aensta AL AD7768 dipmu
Analog Devices 3 wuacrororo muckperusamii 200 xI['m). [ns  peamizamii  mmpoKoro
JUHAMIYHOTO Jiara30Hy 3aCTOCOBAHO MMOBHE raJibBaHIuHE PO3ALUIEHHS aHAIOT0BO1 1 U(PpoBOi
yacTUHU. Lle 103Bosse MpUAYILINTH CUH(Aa3Hy NEPEeNIKOAYy HaBITh IPU PO3MIILEH] aHTEH Ha
BiJICTaHb KUTbKOX KioMeTpiB Bif ALII i BUKIIOUMTH BIUTUB «TYYHHUX» IMU(PPOBUX JIAHIIOTIB
Ha BUCOKOYYTJIMBI IEPETBOPIOBaUl re0(i3MYHMUX MOJIIB.

XopcTka mpuB’si3Kka 0 CBITOBOIO Yacy CIPOIIY€E CYyMIiCHE OIPAlLIOBAHHS CUTHAJIB
OTpUMaHUX Ha reorpadiyHo po3HeceHuX cTaHuisx. [IpuB's3ka 70 CcBITOBOrO dacy
BUKOHYeThCs 3a gomomororo GPSDO (GPS disciplined oscillator) mpuiimaua Trimble
Thunderbolt. GPSDO mnpuiiMmad CHHXPOHI3YE€ YacTOTy BJIACHOTO KBapI[OBOIO T'eHeparopa
10MI'ny no curnany GPS 13 cepeTHbOKBaIpaTUYHOIO MOXUOKOI0 +15 He. YacToTa TakKTyBaHHS
ALIT (25.6 MI't) dopmyethest i3 curnany 10MIp 3 momomororo mporpamoanoro PLL
AD9552. Crapt npoliecy 3aXOIJICHHS aHAJIOTOBOT'O CUTHAJIY B CBOIO UEPry CHHXPOHI3Y€EThCS
3 curHasioM cekyHaHoi MiTku GPSDO. Cymapna moxmOka mpus's3ku BimmikiB ALl He
nepeBuInye 1 Mkc.

Pesynbratn onmdppysanus mnepematotbest 3 ALl B FPGA (Spartan 6) Ta
MikpokoHTposiep STM32F407 nns HaknanaHHsS YacoBUX MITOK. OTpUMaHM MOTIK 3
nomomororo inrepdeiicy Ethernet 100BaseT HaacHitaeThCs B IEPCOHATBHUI KOMIT'IOTED IS
peectpariii Ta aHami3y.
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Ha puc. 2 300paxkeH0 rojioBHE BIKHO mporpamu peectpaiii ganux. I[Iporpama B
peaTbHOMYy dYaci JO3BOJISIE CIIOCTEpIraTH OCHMJIOrpaMy Ta CHEKTpPOrpaMmy CHUTHATY.
3apeecTpoBaHi «cHpi» (OPMH CHTHAJIB 30€piraloThbcs y YOTHPUKAHAIBLHUX WaV-daiiiax
IOPOTArOM JEKUTbKOX JHIB. OJHOYACHO 3 IUM BiJOYBA€TbCS BUMIPIOBAHHS Ta PEeCTparlis
aMILTITYIA ICKIJTbKOX HECYUHX, 33JJaHUX KOpUCTYyBadeM. 3anucani mpodiai 3MiHH aMILTITYI1
€TaJIOHHUX Tepe/IaBavyiB MOXKYTh OyTH BHKOPHCTaHi JUIsl aHAII3y CTaHy 10HOC(epH B3IOBXK
TpacH MOIIMPEHHS eIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS BiJ] JKepesa 10 MpuiimMaya.

OxpiM TOro, 3a CHIBBIAHOIIGHHSM aMIUNTyX Ta (a3 NPUHHATUX CUTHATIB i3
PaMKOBHUX Ta IITUPOBOI AHTEHU MOKHA BU3HAUUTH MEJICHT JyKepelia CUTHalny. TakuM YuHOM
MOJKHA PEECTPYBATH €JICKTPOMArHITHI aTMOC(EPHI PO3PSAN MPUPOJHOTO Ta TEXHOTEHHOTO
MOXO/KEHHS. 3apeecTpyBaBIIM PAIIOIMIYJIbC 3 AOMOMOro0 2-3 reorpadiuHo po3HECEHUX
CTaHII}, MO’KHAa BU3HAUYUTH KOOPJHMHATH JiKepena curHamy. Taka cuctema Moxe Oytu
BUKOPHUCTAHOIO JJI1 MOHITOPUHTY I'PO30BOi aKTUBHOCTI UM HAJA3EMHHUX Ta HA3EMHUX SCPHUX
BUOYXIB.
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Puc. 2. I[Iporpamu anainizy Ta peectpariii JTaHUX

TakuM YMHOM BUKOPHCTAHHS Cy4acHOi €JIeMEHTHOI 0a3u J03BOJIMIO IMiJIBUIIUTH
YyTJIIMBICT Ta PO3MMUPUTH  (DYHKUIOHAIBbHI MOMKJIMBOCTI  ICHYIOUOTO  KOMIUIEKCY
MOHITOpUHTY. Jlami HamMH IUIaHYEThCS PO3BMBATU MOXIIMBOCTI CYMICHOTO OIpAIOBAHHS
CUTHAQJIIB 13 JEKUIbKOX CTaHIIA JUIsi BU3HAYEHHS KOOPAMHAT JDKEpella CUTHAIY Ta
aBTOMAaTMYHOT'O PO3Ii3HAaBaHHs aTMOC(HEPUKIB Ta BICTIIEPIB.
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