Digital geomagnetic measurements in Moscow observatory
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Digital observation of a magnetic field variations have been begun in IZMIRAN in 1985 after
release by special design bureau FPAN of the first digital magnetometers CMVS-2. Within
1985-1990 in total 53 stations were produced, but were not used widely mainly due to the lack at
that time proper computersr. Later a few quartz magnetometers were developed by FPAN
(CMVS-6, CAIS) and by USMHPAH (Kvarts-3, Kvarts-4). Now equipment of the observatories
by computer facilities has considerably improved, but the majority of the observatories have no
funds for acquisition of expensive modern digital station.

Since 2004, digital observations have been entered into the program of Moscow observatory. To
investigate a possibility of including Moscow observatory in Intermagnet system, in 2009 three
quartz digital stations and in 2010 fluxgate magnetometer FGE-K were installed there. To carry
out absolute measurements, the observatory has two proton magnetometers and fluxgate
inclinometer/declinometer. According to technical parameters of the equipment used here,
Moscow observatory meets the Intermagnet requirements, however the observatory has a
significant level of the industrial noises (mainly produced by electric railway 15 km apart),
which can put obstacles in the way of joining Intermagnet.

For an effective utilization of the digital magnetic data, development of the corresponding
software is necessary. In 2005-2010 in U3SMHPAH, together with Michigan university, the
Virtual Magnetic Observatory (VGMO) software was realized. Now on the basis of personal
VGMO, a full complex of the software for digital geomagnetic observatory data processing and
handling has developed in Moscow observatory. The complex includes all typical operations
necessary for data processing — data collection from remote magnetometers via Internet or a
cellular communication network (GPRS), transformation of data formats, automatic and manual
spikes clearing, temperature correction and addition of base-line values. The majority of
programs originally have been written on the FORTRAN, but now most of them are already
transferred to the Python. The Python is freely distributed programming high level language
(similar to Matlab or IDL) with open source code and is available for all platforms and operating
systems. In OS based on UNIX, Python already is included as part of OS itself, for MS Windows
it can be free downloaded and installed. The Python programs are system and computer
independent - the same code can run everywhere; there are a large number of ready to use free
libraries. Source cody is very simple and understandable, so it is very easy to support and modify
programs. Introduction of such open code programs can promote the fastest development and
introduction in practice of the magnetic observatories modern methods of geomagnetic data
processing.
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[{udposrie HabMOACHKUS BapualMii MarHUTHOTO Tossi Obutk Havatel B UISMHWPAH B 1985 T.
nocie Beimycka CKb ®I1 AH mepBbix 1iudpoBbix MaruuToBapuannoHHbix crannuii [[IMBC-2. B
tedeHue 1985-90 rr. ObUIO BBIMYIIEHO 53 CTAaHIUH, KOTOpPbHIE OBUTM MPHOOPETEHBI PSIOM
oOcepBaTtopuii. OJTHAKO OCBOMTH M MCIOJIB30BATh 3TH CTAHLMHU OOJBIIMHCTBO 0OCepBaTOpUil HE
cmorii. OCHOBHOW IPUYMHOM, NPENSTCTBOBABILEH IIMPOKOMY BHEAPEHUIO 3TUX CTaHLUMH,
ABJIJIOCH OTCYTCTBUE B TO BPEMsI BBIUMCIMTEIBLHON TEXHUKH, HO BCE K€ Ha psiie oOcepBaropuii
caMocTosTeNbHO, win ¢ nomornisio U3SMUWUPAH, nanHbie cobupanuch u oOpabaThiBaiNCh. B
JanpHeemM HeOOoNblIe CepUr KBapLEBbIX MarHUTOBAPHALMOHHBIX CTAHIMHA BBITYCKAJIHCh B
CKb @IT (IMBC-6, HAUC) u B UBMHUPAH (Ksapu-3, Ksapi-4). B Hactosimee Bpems
OCHallleHue 00cepBaTOpUil BEIYMCIUTEIbHON TEXHUKON 3HAUYUTENIBHO YIYUIIUIOCh, HO CPE/ICTB
HA MPUOOPETEHHWE JOPOTOCTOSIICH COBPEMEHHOW IUQPPOBON CTaHIMH  OOJBIIUHCTBO
obcepBaropuii HE MMeeT. YUUThIBas, YTO 3HAUYMTENbHBINH Bkiaa B ctoumocTh [IMBC BHOCST
natunku, B USMUPAH Ob11 pa3pabotan criocod moaepauzanuu crannuii [IMBC-2 u -6 mytem
3aMEHbI YCTApEBLIEH 3JIEKTPOHUKU HA COBPEMEHHYIO U BBIIIOJIHEHA MOAEPHU3ALNSA HECKOJIBKUX
CTaHIIHUH.

C 2004 r. mudpossle HaOMOACHUS OBIIM BBEAEHBI B IporpamMMmy odcepBatopuu Mocksa. Jlins
UCCIIEIOBaHMsI BO3MOXKHOCTH BKJIIOUEHHE oOcepBaTopur MockBa B cuctemy VHTepmarHeTr B
2008 r. OBUTO M3rOTOBJIEHO M YCTAHOBIEHO 3 KBapUEBBIX HUGPOBBIX cTaHuuu, a B 2010 r.
npuobpereHa ¢eppo3oHaoBas MarHuToBapualvoHHas crtaHuus FGE-K. [lns nposenenus
aOCONIOTHBIX M3MEPEHUH MMEIOTCS JIBa NPOTOHHBIX MAarHuToMeTpa | (peppo30HIOBbIN
MHKIUHOMETp/AekinHoMeTp. [lo cBoMM TeXHHMUYECKHMM HapaMerpaM H3MEpUTEIbHbIE MPUOOPHI
oOcepBaTopu MockBa yJIOBIETBOPSIIOT TpeboBaHMusIM MHTepMarHera, oJHako Ha oOcepBaToOpun
BEJIUK YPOBEHb MHJIYCTPUAIBHBIX IIOMEX (B OCHOBHOM OT 3JEKTPU(PHUIMPOBAHHBIX K/J
HaXOJALIMXCS Ha PACCTOSTHUM 15 KM), UTO MOXET MPENsITCTBOBATh BKIIFOUEHHUIO 00CepBaToOpuu ¢
cucremy MHTepMarser.

Jns 3pPEeKTUBHOTO HUCMONB30BaHUS IHU(POBBIX MAarHUTHBIX JTAHHBIX HEOOXOAWMO pa3BUTHE
COOTBETCTBYMOIEr0 TporpammHoro obecnedenus. B 2005-2010 8 U3SMUPAH, coBmectHO ¢
MuunuranckuM YHUBEpPCUTETOM, Oblia paspaboraHa Buptyanbnas MaruutHas OOcepBatopust
(BI'MO). B nacrosiiiee BpeMs: Ha ocHoBe niepcoHasibHON BI'MO pa3paboTaH U UCHIBIThIBaeTCS B
oOcepBatoput MoOCKBa MOJHBIM KOMIUIEKC MPOTrpaMMHOro oOecnedeHust s LudpoBoi
reoMarHuTHOM oOcepBatopuu. Kommiekc BkitoyaeT B ceOs BCe THUIIOBBIE OIEpaluy,
HeoOXxoauMblIe Ui 00paboTKu AaHHBIX — coop naHHbIX ¢ [IMBC no nokanbHOU ceT wim yepes
cetb cotoBoii cBs3u (GPRS), npeoOpa3oBanue popmaToB, aBTOMaTHYECKast U PydHasi OYMCTKA OT
IIOMeX, BBEJICHUE TeMIepaTypHOIl KOPPEKIIUN U 0a3UCHBIX 3HaYeHUH. BoibIIMHCTBO mporpamm
KoMIUTeKca BHavyanie Obutn Hanucanbl HAa @OPTPAHe, HO B HacTosee BpeMs yxKe MEePeHEeCEeHO
Ha [Tuton. [Tuton (Python) - 3T0 cBOOOAHO pacnpocTpaHsieMblii S3bIK BEICOKOTO YPOBHS (aHAJIOT
Matlab wmu IDL) ¢ OTKpBITBIM HMCXOAHBIM KOAOM M HMEETCS IS Bcex ImiarGopMm u
onepanronHbix cucreM. B OC, ocHoBanubix Ha Unix, Python yxe siBnsercs gacteio OC, mis
MS Windows oH serko ycranaBnuBaercs. IIporpammel, HamucanHble Ha [luToHE CHCTEMHO
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HE3aBUCHMEI - OJIMH M TOT )K€ KOJI BHIITOJHAETCS BE3JIe, IMEETCSI OTPOMHOE KOJIHMYECTBO TOTOBBIX
CBOOOIHO-PACIIPOCTPAHIEMBIX ~ OMOMMOTEK. TeKCThl  MporpaMM  JIETKO  YHUTaeMbl W,
COOTBETCTBEHHO, WX JIETKO MOJJCpXHBaTh W MoauduuupoBaTh. BHeapeHue cucreM ¢
OTKPBITBIM HCXOJHBIM KOJOM MOXET CIIOCOOCTBOBATh OBICTpPEHIIIEMY Pa3BUTHIO U BHEAPEHUIO B
MPAKTUKY 00CcepBaTOPUi COBPEMEHHBIX METOA0B 00pabOTKM T€OMAarHUTHBIX JaHHBIX.



