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AnHOTanuga

BesiencTBre  yCTAaHOBJIEHHBIX W XOPOIIO  HM3YYEHHBIX 3P @eKToB  BO3/EHCTBUSA
KOCMUUYECKON cpefbl Ha TeXHUYecKrhe OOBEKTbl BBICOKOIIMPOTHON HWHQPACTPYKTYPBHI,
Haubojiee SPKO WPOSABJIAIIINECS B TEPUOABl MarHUTHBIX Oypb, IIpOOJIeMa CO3/IaHUA
3(pPeKTUBHON OTKPHITOM CHUCTEMBI JJIsI BU3yaJIHU3AIUM W AHAJIUTUYECKOTO KOHTPOJIS
ImapaMeTpoOB T€OMAarHUTHOTO IOJIS U €ro BapHualmuid, 0COOEHHO /I 3aIOJISIPHBIX PETHOHOB,
Ha CeTOJIHANIHUY JIeHb CTOUT JJOCTATOYHO OCTPO.

B macrosmeit pabote, NCHOIB3Ys JaHHBIE MarHUTHBIX 00CEpPBATOPHUI U BapUAIMOHHBIX
craHimi, BxoaAmux B IpoekT SuperMAG (https://supermag.jhuapl.edu/), Ha 06a3se
¢dpeiimBopka Django, oTKpwITBIX Beb-opueHTHpOBaHHBIX [MC-miatdopm u 6GubIMOTEK
paspabarbiBaeTcs MOAXOA, (GOPMHUPYIOTCS apXUTEKTypa, MOZEJIb W MEeTOAbl CUCTEMBI
ATUHAMHYECKON MHOromapaMeTpoBoil 2D/3D-Budyasmsanuu BO3MYIIIEHHON COCTaBJIAIONIEN
BapualMi T€OMAarHUTHOTO IoJisA. IIoMHMO BO3MOKHOCTH JUHAMHYECKOW BHU3YaJIM3allHH,
BA)KHOW OTJIMYUTETbHON OCOOEHHOCTBIO IIPEAjIaraeMoil CHCTEMbBI SBJISETCSI TO, YTO
HccreyeMble mapaMeTphbl MOTYT OBITh IIPEACTaBIEHbl KaK B BU/IE U30/IMHAM, T.€. U30JIUHUN
OIMHAKOBOW HANPsOYKEHHOCTH MATHUTHOTO TMOJiI 3eMJIM, TaK U B BHUJIE BEKTOPOB,
(opmupylonux BEKTOpPHOE IIOJie, YTO B pe3yJibTaTe HECET /ONOJHUTENbHYI, a JId
HEKOTOPBIX 33J1a4 TeOMarHeTU3Ma — OIPe/IeJIA0NIy0 HHPOPMAIUIO O TUHAMUKE, XapaKTepe
U CTPYKTYp€ pacrpesiesieHus1 TeOMarHUTHBIX BO3MYIIEHUH IO MOBepXHOCTH 3eMutu. bera-
Bepcus pa3paboTaHHOM CHCTEMBI JOCTYITHA 1O aapecy https://geomagnetic.ru/.

KiaroueBbie CJIOBA: reoOMarHuTHOE rnoJie, reoMarHuTHbIE BapHUaIuu,
reonH¢OopMaIMOHHASA CUCTEMA, BU3yaIU3aIys IPOCTPAHCTBEHHBIX JJTaHHbBIX.

1. BBeneHue

OcBoeHHe BBICOKOIIMPOTHBIX Ob1acTeil 3eMiiu B 11eJIoM U ApKTUuecKoi 30HbI PO (A3P®)
B YacTHOCTU Heu30eXHO CBA3AHO C pelleHWeM 3a7jay, Kacaloluxcs ocobeHHocTel
TOBEJIEHUS U 3KCIUIyaTallUH CJIOKHBIX TEXHUUYECKHX OOBEKTOB B (PUBHMUECKUX YCJIOBHUIX
MPUPOSHOM Cpelbl JTAaHHOTO pervoHa. IloBblllIeHHas, a HEPEIKO SKCTpeMasbHas
reoOMarHuTHas aKTUBHOCTD B aBPOPAJIbHOHN U Cy0aBpOPaJIbHOM 30HAX ABJISAETCH OJTHUM U3 TEX
(axTopoB, npeHebpexkeHre KOTOPHIMU BeET K CHIKEHHUIO OOIEero ypoBHS TexHOChHEpPHOU
0e30mMacHOCTH B 3alOJISIPHBIX PETrHOHAX MU, KaK CJIEJICTBHE, aBapUAM U TeXHOCHEPHBIM
KaTacTpodam pa3IMuHOro Macirada.
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Tak, HarlpuMep, MarHuTHasA Oypsa 13 MapTta 1989 r. sIBUjIach MPUYUHOU BBIXOJIA U3 CTPOS
CWIOBBIX  TpaHcOpPMATOPOB W  KACKagHOTO  OTKiIoueHus  (Oiskayra) — JIMHUHT
anextponepenadyu (JIDII) Gonee, yem Ha 9 yacoB B mpoBuHImu KBeOGek (Kanaza) [1]. B
00beIMHEHHON SHEProcucTeMe ceBepo-3amaza Poccuu B HosAOpe 2001 T. BCJIEICTBUE
TreOMarHUTHOM aKTUBHOCTHU JIBAXK/[bI UMEJI0O MECTO OJHOCTOPOHHEEe OTKJIIOUEeHUEe BO3/IyIIHOU
JIII (330 kB) «Osneneropck-MoHYEropck» €O CTOPOHBI mojcraHiuu «QJieHeropck», B
pe3yabTaTe 4ero ObLIM OTKJ/IIOUEHBI ITOTPEOUTEM CyMMapHOW MOIIMHOCThIO Oostee 70 MBT
[2]. B okTsAOpe 2003 T. aHAJIOTUYHASA IPUYNHA IIPUBEJIA K IIEPEPHIBY JIEKTPOCHAOXKEHUS Ha
20-50 MUH B 3HeprocucreMe B Manbme Ha tore IlIBenmu. M3 otuera «Zurich Insurance
Group» cienyert, uto Tosbko B CIIIA B pe3ysibTaTe cO0€B 3/1€KTPOOOOPY/IOBAHUSA B IIEPUOIBI
MAarHUTHBIX Oypb C 2005 110 2015 IT CTPaXx0OBbIe BHITLIATHI MPEeBbICHIN $ 1.9 MuIpa [3].

B paborax [4-5] oTMmeuaeTcs, UTO NPaKTHUYECKH KarKJas CHJIbHAsA MarHUTHass Oyps
ABJIIETCS MPUYUHON CUHXPOHHBIX aHOMaJIUU B paboTaX CUTHAJIbHOU aBTOMATUKU CEBEPHBIX
BeToK OkTsa06pbckoil (CaukT-IleTepObypr—Mypmanck) u CeBepHoii (ApociaBib — Bopkyra)
JKeJIe3HBIX Iopor. Kpome 3Toro, BiIUsAHNE KOCMHUYECKOU MOTo/Ibl HA TEXHUYECKHE OOHEKTHI B
MepUoAbl MATHUTHBIX OYPh CBA3BIBAIOT € TAKUMH (P deKkTamu, KaKk MarHUTHOE TOPMOKEHUE
(memmndupoBaHue YIJIOBOM CKOPOCTU) HCKYCCTBEHHBIX CIIyTHUKOB 3€MJIM U CIIyTHUKOBBIE
aHoMaJIuu [6]; HapylleHHe KOPOTKOBOJIHOBOW paauocBsa3u [7-8]; momosiHUTeIbHbIE
MIOTPENTHOCTH B CHCTEMAaX IOJ3€MHON HAaBUTAIIMU IPU HAKJIOHHO-HAIIPAaBJIEHHOM OypeHuu
CKBaKWH [9] 1 TIp.

B cBor ouepenp, HEOOXOAMMBIH MOHUTOPUHT ITapaMeTpPoOB reomaruuTHoro moss (I'MII),
BeJIeTCSI HA CETOAHAIIHUUN JeHb MPEUMYIIeCTBEHHO ITOCPEICTBOM HECKOJIBKUX COTEH
00beIUHEHHBIX B CETH HA3€MHBIX MArHUTHBIX CTAHIIUM, MPEACTABJIAINUX coboil (co
CTOPOHBI TMOTpPeOUTEsIsA) CHelNaTUu3upPOBaHHbIE Be0O-CepBUCHI, 0OecmeyrBaroIie J0CTyI K
BPEMEHHBIM psiflaM TeOMarHuTHBIX /JAaHHBIX © OOJIafaole WHCTPYMEHTapHeM,
HeOOXOZMMBIM JUUIsI UX IOUCKA, MPEBAPUTEIHHOTO MPOCMOTpPa M 3arpy3ku. [10]. OxgHaxo,
Bz U1 dopmar (06sraHO CSV, coorBeTcTByrOmuil cranapry IAGA-2002) mpefocTaBisieMbIX
TakuM 00pa30M JIaHHBIX HE JIAI0T MOHUMAaHHE CBOMCTB IIPOCTPAHCTBEHHOTO pacIipeziesIeHuUs
HaOJIIOaeMbIX  MapaMeTpoB, HeOOXOAMMOro Kak B 3a7jadaX IIPOTHO3MPOBAHUSA
SKCTPEMAIbHON reOMAarHUTHON aKTUBHOCTH, TaK U JJI MPEAYIPERAEHIA/ MUHUMU3A U ee
TIOCJIE/ICTBU.

Ha ceroguamHuii JIeHb aKTUBHO BeAyTcsA pabOTHl B JAHHOM HAIpaBJEHUH, a TaKkKe
u3BecTHbl cepBuchl INTERMAGNET (Puc. 1, a) u SuperMag (Puc. 1, 6), dopmupympoiue
oOllee Tpe/icTaBJIeHHE O XapakTepe IIPOCTPAHCTBEHHOTO pacHpefiejieHus IapaMeTpOB
TeOMarHUTHBIX BO3MyIlleHUUA. Hapsay ¢ 5TUM YIOMSAHYTBIe CEPBHUCHI OT BEAYIIHUX
MPOBAl/IepOB TEOMArHUTHBIX JIAHHBIX (HAKTUYECKH He O00eCreunBalT TOTO0 YPOBHS
BU3yQJIM3alluM, KOTOPBIM HeOOXOAWM Ui UAeHTUDUKAIUU CBOWCTB U  CTPYKTYPBI
PErvOHAILHOTO pacIipe/ieJieHUsI TeOMarHUTHBIX ITapaMeTpoB. Tak, HalpuMep, MTOCPEACTBOM
Ha3BAaHHBIX CUCTEM, B CWJIy MX HU3KOH pas3peliampilell CIOCOOHOCTH He IPeCTaBJIAETCS
BO3MOXKHBIM BBIIEJTUTh UMITYJIbCHBIE Bo3MyIeHus 'MII ¢ xapakTepHOH! JIJINTETHbHOCTBIO 5—
10 MHH, JIOKQIN30BaHHbIE Ha 3aIOJIAPHBIX MAarHUTHBIX CTAHIUAX U UMeIIVe aMIUIUTYAY
6osiee 100 HT KaK 110 TOPU3OHTAJIFHOM, TaK U 10 BEPTUKAJIHHBIM KOMIOHEeHTaM. [Ipu sToM
CKOpocTh u3MeHeHHs napamerpoB I'MII Bo BpeMs Takux COOBITUNA MOXKET JOCTUTATh 30
HT1/c, YTO MHOTOKPATHO IPEBHIIIAET BapHUAOEeTbHOCTh AHAJIOTHYHBIX IAPAMETPOB BO BpeMsi
KBebexkckoro coobITHA 1989 T.

Kpome sTOrO, OTCyTCTBHE MPOCTPAHCTBEHHOU HWHTEPIIOJIAINN, WHCTPYMEHTOB 3KCIIpPecc-
aHayn3a W ynpasiieHus uHtepdeiicom (Puc. 1, a), a Takke mpenocTaBieHHE Pe3yJIbTAaTOB
BHU3yaJIM3allU B BUJE IMOJATPY:KAEMOTO Ha CTPAHUILy pacTpoBoro m3obpaxkenus (Puc 1, 6)
MIPEJICTABJIAIOT  CYIIECTBYIOIIME TMOAXOAbl Kak Malod(p@eKkTUBHbIE U MPAKTHYECKU
HEIpUTO/IHbIE  Kak i Oos;pliMHCTBA — reodusuueckux  (renunoreopr3uyvecKux)
WCC/IEIOBAHUN, TaK M B 33/1adax (GOPMHUPOBAHUA HH(MOPMAIMOHHOU Cpeabl MPoOJIEMHO-
OPUEHTHUPOBAHHBIX CHCTEM IOJIJIEPXKKU IPUHATHA pellleHUN (HampuMmep, B 00JacTu
TexXHOC(hEPHOU 6€30IIaCHOCTH).
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Puc. 1. IlpocTpancTBeHHAs BU3yaIM3aI[is FTeOMAarHUTHBIX BapUalliii HA OCHOBE JJAHHBIX
Ha3eMHBIX cTaHIMK (2015-03-17_23:15 UT): a — monusiit Bektop I'MII (cepBuc
INTERMAGNET: https://www.intermagnet.org/); 6 — ropu30HTaIbHasI COCTABJIAIOIIAS
Bapuarnuii 'MII B obstactu ceBepHOro nosymrapus (cepsuc SuperMAG:
https://supermag.jhuapl.edu/)

Takum oOpaszoMm pa3paboTKa HOBBIX, MOJIEpHHU3AIMs U TMOBbIIIeHHEe 3(HEKTHBHOCTU
CYIIECTBYIOIIIUX CHCTEM AHAJIUTUYECKOTO KOHTPOJII U BU3YAJIHM3AIU IapaMeTpPOB
SKCTPEMAJIbHBIX T€OMATHUTHBIX BO3MYyIleHuH (TeM Oosiee, B cBeTe Ykasa [Ipesugenta PO ot
26 OKTA0psA 2020 T. N2 645 «O Crpaterunu pas3BuTus APKTHUECKON 30HBI Poccuiickoit
denepanyu 1 obecrieyeHUs] HAIMOHAJIBHOU 0€30IMacHOCTH Ha MEPUOJ A0 2035 roga» [11])
ABJIAETCS aKTYaJIbHON HayYHO-TEXHUYECKOU 33/1auell ¢ OCTPBIM MPUKJIA/IHBIM XapaKTepPOM.

2, IIpeapiayumye uccjiaie0BaHUuA

Panee B paborax [12-14] aBTOpaMu pacCMaTPUBAINCH IIOAXOAbl W IPUBOJMJINCH
pe3yJIbTaThl BeO-OPHUEHTUPOBAHHOW BU3YaJIM3AllUd PA3JIMYHOTO pojla Teo(pU3HMIECKuX
mapaMeTpoB. Tak, Hampumep, B pabore [12] IpemyioKeH W peayim30BaH MOAXOMA K
Budyanuzanuu IGRF-mozenu riiaBHOro reoMarHuTHOro moJs [15], B pabore [14] — BebO-
OPUEHTHPOBAHHBIA ITOAXOJ K BU3yaJU3aI[dM II0JIOKEHHs aBPOPAJILHOTO OBajia Ha 0Oaze
mopeau Ovation Prime [16] u T.11.

OpHako, 3ajaya BHU3yaJU3alldd T'€OMArHUTHBIX BO3MYIIEHWH Ha OCHOBE IaHHBIX
HA3eMHBIX MATHUTHBIX CTAHIIMH W3HAYAJIbHO IIpPEJIIoJiaraeT  IPOCTPAaHCTBEHHYIO
AHU3O0TPOITHIO IJIOTHOCTH NCTOYHUKOB MH(MOPMAIIUH, YTO COIPSIKEHO C ITIEPE0CMbBICTIEHUEM U
MOJIEpHH3AIINEN alTpoOUPOBAaHHBIX U YKe 3aPEKOMEH/IOBABIINX cebst MeToAuK. Kpome 3T0TO,
B paMKaxX IIOCTaBJIEHHOW 3aJauM pa3pabaThIBaeTcs U Peayiu3yeTcs BeO-OpHeHTHUPOBAaHHBIN
MeXaHU3M JUHAMHWYECKOW BH3YyaJIM3allid F€OMarHUTHBIX JAHHBIX, a TaK)Ke METOJHKa KX
IIPEe/ICTABJIEHHS B BUI€ BEKTOPHOTO IIOJIA.

3. UcxoaHble JaHHbIE U X MpeJBapuTe/JIbHadaA 00padoTka

B pabore wucmosb3ylOTCA TEeOMarHuTHBbIE JaHHbIE 3a 2015 T., T. €. TEPUO,
COOTBETCTBYIOIIUA MaKCHUMyMy aKTHBHOCTH 24-TO COJTHEUHOTO ITUKJIa (THBaph 2009 — Mau
2020 rT), npexnocrasisiemMble IpoekToM SuperMAG (http://supermag.jhuapl.edu/) -
MEXIyHApOAHON KoJmabopamuedl BeIyIUX HAyYHBIX OpraHU3aIlui, 3aHUMAaIOIIUXCS
dyHgaMeHTaTPHBIMU HWCCJIEIOBAHUSMU 3€MHOr0 MarHetm3ma [17-18]. 3pech BbIOOD
MpoBaiiepa, IOMHUMO CAMOI OOIIMPHOM 0a3bl T€OMArHUTHBIX JAHHBIX, O0YCJIOBJIEH TaKXKe
npesioctaBisieMoil SuperMAG BO3MOKHOCTBIO OIITHOHAJIBHOTO MCKJIFOYEHHS U3 BpEMEHHBIX
PSZIOB TOMOBOTO TPEHJAA W CYTOUYHBIX Bapualluii, B pe3yJbTaTe II03BOJIASA CYIIECTBEHHO
COKpaTHUTh BPEMEHHBbIE€ 3aTpaThl Ha pa3pabOTKy I[eJIEBOIO pecypca W HayaTh MOATOTOBKY



JAHHBIX JJIs BU3YyaJIM3allii HEMOCPEJCTBEHHO C (opMasn3anuyd OJHOTO U3 METO/[0B
IIPOCTPAaHCTBEHHOU UHTEPIIOJIAIUY.

Tak, HamIpuMep, COIJIaCHO MeTO/Iy OOpaTHBIX B3BelIaHHbIX paccTossHUU (Inverse Distance
Weighting), uHTeposupyeMoe 3HaUeHHe MMapamMeTpa B 33J[AHHON TOYKe reorpaduyecKoro
IIPOCTPAHCTBA OIpPE/IeAETCA CpeHeB3BElIeHHOU CyMMOU JleTepMUHUPOBAHHBIX 3HAUYEHUH,
HaXOJAIINXCSA B €e OKPECTHOCTH. B ciryuae ucnons3yemoii B pabote mopudukamnuu [llenapaa
YPOBEHDb BIUSAHUA JAETEPMUHUPOBAHHON TOYKU HA MCKOMOe 3HaueHHe X' yCTaHABJIMBAETCSA
IOKa3aTesJeM CTENEHHU P U C yAAJeHHEM OT BEPIINHBI ITOJUTOHA, BKJIIOUAIOIIET0 OMOPHBIE
WCTOYHUKYU JIaHHBIX, €e BJIMSHHE HA HWHTEPIOJUPYyEMOe 3HaueHHe ociabeBaer. Ipyrumu
cJIOBaMU, JUJIA paccMaTpUBaeMoro cjiydas aHaiutudeckas dopma zanucu IDW-merona B
moaudukanuu lllenapaa npumer ciaeayomui BUA;
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IJie m — YUCJIO0 CTaHIMH, X; — 3HaueHue mapamerpa [MII Ha i-i ctaHnuu, d — paccTostHue
MEXKy UCKOMOM TOYKOH U i-U CTaHIUeH; p — BecoBoUW koa(ddumueHT (B JaHHOU paboTte
p=2.5).

Jlajiee, c 11eJ1bI0 MTOBBINIEHNS WHOOPMATUBHOCTH BU3yaTU3aI[UN, IMEET CMBICJI Pa3/eInuTh
UMeIoIHecs 3HaYeHuA (B TOM UHCJIe M UHTEPIOJUPOBAHHBIE) IO KBA3WIOTOPU(PMIIECKUM
nuarnaszonam (Tabs1. 1) TakuM 06pa3oM, YTOOBI INIOTHOCTh U30AWHAM BHYTPH KaXKIOT'0 U3 HUX
B VCJIOBUAX MPOCTPAHCTBEHHOM aHU30TPONHHU, 0CO00 TMPpOABJAIIENCA B IEePUOJIbI
MarHUTHBIX Oypb, ObUIa paBHa, WIM IO KpaiiHell Mepe comoctaBuMa. Kiaccudukanms
nuana3oHoB B Tabiy. 1 /1aHa B COOTBETCTBUU C OXKHJIaeMbIM 3(PEdEKTOM BO3JIEHCTBUS
TreOMarHUTHBIX BapHaIUi Ha TEXHUYECKHUE OO'hEKThI U CHUCTEMBI.

Tabsma 1 — [llkasa fpanma3oHOB 3HAYEHUH BO3MYIIIEHHBIX Bapuarnuil Bekropa I'MII
Cnaboe BO3MYyIIIEHUE: YMepeHHOE BO3MYIIEHHE: CuibHOE BO3MYIIIEHHE:
3€JI€HO-)KEeJIThIN IPAJINEHT JKeJITO-KPACHBIN TPaflueHT KPAaCHO-YEPHBIU I'PAJIHEHT
[uTn] [aTn/muH] [aTn] [aTn/mumH] [uTn] [aTa/vumH]
IN| <200 | |dN/dt| <50 |200<|N|<1000 | 0< |dN/dt| <400 | |N|>1000 | |dN/dt| > 400
|E| < 400 | |dE/dt| <100 | 400 < |E| <1600 | 0 < |dE/dt| <500 | |E| >1000 | |dE/dt| > 500
|Z] < 400 |dZ/dt| < 80 | 400 < |Z| <1800 | 0< |dZ/dt| <700 | |Z] >1000 | |dZ/dt| > 700
F < 200 |dF/dt| < 60 200 < F < 900 0 < |dF/dt| <700 | F>1000 |dF/dt| > 700

IIpumeuanue: N, E u Z — ceBepHasd, BOCTOUHAA U BEPTUKAJbHAA cOCTaBaAwIad Bekropa I'MII
COOTBETCTBEHHO; F — 1OTHBIN BeKTOp (F2= N2+ E2+ Z2)

Ha 3axiouuTeslbHOM 3JTalle IIpeABapUTENIbHON 00paboTKH K cPOPMUPOBAHHBIM U
MIpEe/ICTaBJIEHHBIM TaKUM 00pa3oM JaHHBIM NPUMEHHUM OJIMH U3 MeT0/0B (POPMUPOBAHUA
M30JIMHUH 110 PABHOMEPHOU CETKe 3HaueHul, HanpuMep «Marching squares» [19].

4. CpaBHUTEJBbHBIH aHAJIU3
IIPOCTPAHCTBEHHBIX JAHHBIX

B obmem Buzme Bapuaruu ['MII kak OOBEKT BU3yaJIM3alUM IIPEICTABJISAIOT CO0OM
CTPYKTYPHUPOBAHHBIN HAOOp MPOCTPAHCTBEHHBIX W ATPUOYTHUBHBIX JIAHHBIX, 00pabOTKy U
rpaduyecKy0 HWHTEPIPETANI0 KOTOPBIX, OYEBHIHO, II€JIecCO0OpA3HO PeaIn30BbIBATh
nocpeAcTBOM BeO-opueHTUpoBaHHBIX ['MIC-TexHosioruii. HakoIyIeHHBIA ONBIT ITOCTPOEHUS
BeO-I'MIC ns Busyanmmsanuu reodpu3UUEcKUX ITapaMeTPOB, OMUCAHHBIA B [10, 12-14, 20]
MOKa3aJI COCTOSITEJIbHOCTh TAaKOTO POJa IIPOTPAaMMHO-WHCTPYMEHTAIBHBIX CPEJICTB JUIsS
peleHus JaHHOTO THIIA 33/1a4.

Tak, o croco0y npezicTaByieHUs] TPOCTPAHCTBEHHBIX JaHHBIX coBpeMeHHble ['IC MOXKHO
pas/iesInTh Ha KJIACCHYECKHE IUIOCKWE KApThl M BUPTyaIbHbIE TJI00ychl. C OJTHOM CTOPOHBI,
MpUHUMAas BO BHUMAaHUE IIPEUMYIIECTBEHHO BBICOKOIIUPOTHBIA XapaKTep PacCIOJIOKEHUS
[eJIEBBIX OOBEKTOB BU3YAJIM3AIUU, OUEBUIAHBIM IIPEMMYIIECTBOM BHUPTYaJIbHBIX TJIO0YCOB

CpeacCTs BHU3yAJIHU3aAllNHA




SIBJISIETCSI KQUeCTBO UX BU3YaJIbHOTO BOCIPHUATHS, COXpPAaHEHHE T'e€OMETPUYECKOTO IOA00Us
KOHTYPOB, COOTHOIIIEHUE IUUIONIA/IEN 36MHOU IMOBEPXHOCTH U OTCYTCTBHE KapTOTrpaduuecKux
HCKa)KeHUM MPOEKIN, CBOMCTBEHHBIX IUIOCKUM KapTaM, 0COOEHHO B 3aIIOJIAPHBIX 00JIaCTAX.
OpHako, ¢ JApPyrod CTOPOHBI, AJTOPUTMBI BHU3yaJIH3allMd Ha 0a3e KJIACCUYECKUX
KapTorpaduyecKux Mo/IJI0KeK, KaK IIPaBujo, He HyKJAI0TCA B alllIapaTHOM YCKOPEHUHU, T. €.
MeHee TpeOOBATEJbHBI K ITPOU3BOJUTEIPHOCTH KOMIBIOTEPOB M CIOCOOHBI 00ECIeYUTH
pe3yJibTaT B TeueHHWE 3HAYMMO MEHBIIIET0 WHTEpPBAJIa BpPEMEHH, YTO OIpefesiseT HUX
a(pPekTUBHOCTH B 33j/lauax AUHAMHYECKON BU3yaJU3aI[UM HA CPEeJHUX U HU3KUX IIUPOTaX.
Takum o6pa3oM, ©pPH NPOEKTUPOBAHUU CHCTEMbl BU3YUIN3AIUM HMEET CMBICIT
MPEeIyCMOTPETh pean3anuio rpapuueckux Mojiesield Kak B KaprorpaduueckoMm Qopmare,
TaK 1 Ha 6a3e TEXHOJIOTUU «BUPTYaJIbHBIHA IJI00yC».

Kpowme aTOrO0, CilestyeT OTMETUTD, UTO CKOPOCTh PEHIEPUHTA KOHETYHOTO N300paskeHusI, BO
MHOTOM OIlpefiesisieTcs paspellleHreM MOATpy:KaeMbIX cyioeB. [IpuHUMas BO BHUMaHUE
IUIOTHOCTh pacIipefieJieHNsl UCTOUYHUKOB T'€OMAarHUTHBIX JIAHHBIX [17-18] 1O MOBEpPXHOCTU
3ems, a TakKe TpaHHUIBI Haubosiee WHTEPECHBIX B IUIAaHE BHU3yaJU3aI[UHU
reolpOCTPAHCTBEHHBIX 30H (aBpopapasbHas U cybaBpopaiibHasA 30HbI, ADKTHYECKast 30Ha PO
U 1p.) OBUIO YCTAaHOBJIEHO, YTO JJIsl JIOCTIKEHUS IIOCTaBJIEHHOU IeIu IejiecooOpa3Ho
OTPAaHUYUTHLCA MEJIKOMACIITaOHBIMHU (OT 1:2000000 70 1:10000000) KapTorpadudecKuMHU
MIO/IJIOKKAMU.

B Tabsn. 2 comocraBieHbl XapaKTEPHUCTUKU M BO3MOXKHOCTH OCHOBHBIX INPOTPaMMHBIX
6u6I0TEK, 00eCIIeunBAIONIUX HA YPOBHE BEO-TIPUIIOKEHUA PaboTy C IaHHBIMU, UMEIOIINMH
MIPOCTPAHCTBEHHYIO ITPUBA3KY.

Tabsmmma 2 — AkryansHble [TIC-API
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ArcGIS API (https://developers.arcgis.com/) + + + [Kapra, mobyc| +° [+ | +
Bing Maps V8 Web Control N B B Kapra IO
(https://www.microsoft.com/en-us/maps/web/) P
Cesium (https://cesium.com/) + — — |Kapra, rmobyc| + |+ | +
Gio.js (https://giojs.org/) + — — Cnobyc + |+ +
Google Maps Platform|
(https://developers.google.com/maps/apis-by- + - — |Kapra, iobyc| +° |+ | -
latform)
Leaflet (https://leafletjs.com/reference-1.7.1.html)| + - - Kapra + [+ -
NASA World Wind|
(https://worldwind.arc.nasa.gov/) M B M Tno6yc Tt T
OpenGlobus API (https://www.openglobus.org/) + — — I106yc + |+] +
OpenLayers N _ _ Kapra R O
(https://openlayers.org/en/latest/apidoc/) P
WebGLEarth (https://www.webglearth.com/) + — — I's106yc + |+]| +
WhirlyGlobe Kapra,
(https://mousebird.github.io/WhirlyGlobe/) i - - r06yc Tt
Annexc kapto! (https://yandex.ru/dev/maps/) + — — Kapra + |+] -

IIpumeuanue: “ ycsioBHO OecriyiaTHOE (C OTPAaHUYEHUAMHU HA YHUCIIO 3aIIPOCOB B CYTKH)

Kak ciesryer u3 Tabu1. 2 Ha CETOHANIHUN JIeHb CYIIIECTBYET JOCTATOYHO IMIUPOKUH CIIEKTP
wiat¢opM, Ha 0ase KOTOPHIX B TOW WJIM HWHOW Mepe IPEACTABJISAETCA BO3MOKHBIM
peasTn30BaTh IMOJXO0/ K JIMHAMUYECKON BU3YyaJIU3aIlUU ITPOCTPAHCTBEHHOTO PacIIpe/ieIeHus
IapaMeTpOB reOMarHUTHHIX BO3MYII€HHUH.



Takum o0pasom, AJis pelleHusl MOCTaBJIEHHOW 3ajlauyud B IIepBOM HpubsmkeHun (6e3
MpeIbsiBJIeHUsT TPeOOBaHUH K MHTEP(ENCY, HHCTPYMEHTAPHIO, BXOAHBIM JAHHBIM, KaueCTBY
BU3yaJIU3allid, COBMECTHMOCTH ¥ BO3MOXKHOCTH JAJLHEUIIEr0 Pa3BUTHA) MOXKET OBITh
HCIIOJIb30BaHA J00as U3 MepeuncaeHHbIx 0nbanoTek (riaBHbIM obpazom: ArcGIS API, Bing
Maps V8 Web Control, Cesium, Google Maps Platform, Leaflet, NASA World Wind wiu
WebGLEarth). Oxnako, npu 6osee AeTaTbHOM PAacCMOTPEHUH, YIUTHIBAS BO3MOXKHOCTH
THOKOTO pacIIMpeHUs ITOCPEZCTBOM ITOJIKTIOUEHHs CTOPOHHUX O6mbnorek u API Ha ocHOBe
OTKPBITBIX CTaHJApTOB, HajumuneM JuneHsun Open Source u Habopa Hauboee
aZalITHPOBAHHBIX K PeIIaeMbIM 33JlauaM MeTO[0B 00pabOTKH IPOCTPAaHCTBEHHBIX JTAHHBIX,
peayiM3aIuio CUCTEMBI IIpe/yIaraeTcs BBIIOJHUTD Ha Oa3e 6ubnoTek Leaflet u Cesium.

5. ApXuUTeKTypa HM MOpPOrpaMMHBIE€ METOJAbl CHCTEMBbI
BU3yaAJIU3AIUU

B xauecTBe OCHOBBI pa3pabaTbiBaeMoll B BUJie BeO-TIPUJIOKEHUSA CUCTEMBI IIpeJiylaraeTcs
HCIIOJIb30BaTh TPAAUIMOHHYI0 KJIUEHT-cepBepHylo apxurektypy (Puc. 2). CepBepnas
COCTAaBJIAIOIIAA O0BEUHSAET YPOBHH JAHHBIX U OU3HEC-JIOTUKH: TIEPBBIA U3 HUX OTBEUAET 3a
obpaleHrie K TOCTaBIIMKaM (IIpoBaiifiepaM) JaHHBIX, 2 BTOPOH — 3a MpPeJIBaPUTEIHHYIO
00pabOTKy MOCTYNUBIINX OT HUX OTKJIMKOB. KIIMEHTCKAas COCTaBJIAIONIASA, B CBOIO OUYEPE/Db,
UHTETpUpYyeT GYHKIUN BU3YINU3alld IIPOCTPAHCTBEHHBIX MJAHHBIX JUII KOHEUHOTO
mosjp30BaTesNsA,  obecrieynBasg  TakuM  o0pa3oM  COOTBETCTBYIOLIYIO  IOZJEPIKKY
WHTEPAKTUBHOTO B3aWMOJIEMCTBUA ¢ IIPWIOKEHUEM IIOCPEACTBOM Habopa 3JIeMEeHTOB
MI0JIb30BaTEILCKOTO HHTepdetica.

PaccmoTpum HazHaueHWe W OCOOEHHOCTH 33/IEHICTBOBAHHBIX B  IPEIJIOKEHHOU
apXUTEKType TPOBAWJEPOB JaHHBIX. Tak, B KayecTBe IMOCTABIIUKOB JIAHHBIX BBICTYHAIOT
pacripesiesieHHbIe BeDO-CepBUCHI, KOTOPblE B COOTBETCTBHUU C PA3JIUYHBIMU ITPOTOKOJIAMU
KJIMEHT-CEPBEPHOTO B3aMMOJIENCTBUA O0ECIEeUNBAIOT BO3MOXKHOCTh ITPOTPAMMHBIM U
MIOJIb30BATEIbCKUM KJIMEHTAM IIOJydyaTh TeOMAarHUTHbIE JaHHbIE B COOTBETCTBUH C
YKa3aHHBIMU IPOCTPAHCTBEHHO-BPEMEHHBIMU IIapamMeTpaMu 3ampocoB. I10cKosbKy He Bce
MpoBalifiepbl JAHHBIX 00ECIeUnBAIOT MOAAEPKKY KPOCC-IOMEHHBIX 3allpPOCOB U Iepeadyu
JMAHHBIX Mexxay nocraBmukamu u norpedburensamu (CORS — Cross-origin resource sharing),
B3aMMOJIEICTBHE C HHUMH PEAU30BAaHO WCKJIIOYUTEJIBHO HA CEPBEPHOM CTOPOHE
TIPWIOKEHUS.

[TockosbKy OCHOBHAasA Ou3HEC-JIOTHKA BED-IIPUJIOKEHHUA COCPEIOTOYEHA  BOKPYT
MOJIy4eHus1 1 06pabOTKH MHOTOMEPHBIX IIPOCTPAHCTBEHHBIX JIAHHBIX, OCHOBHBIM KPUTEPUEM
BBIOOpa fA3bIKa NMPOTPAMMUPOBAHUSA CEPBEPHBIX CllEHAPUEB CTajia IMOJJepKKa OMOIMOTEK
1151 3 GEeKTUBHOM 00pabOTKU U aHAIW3a MPOCTPAHCTBEHHBIX JIAHHBIX. METOOM aHajiu3a
vepapxuil ObUI BbIIEJIEH A3BIK NMPOrpaMMUpoBaHusa Python, KOTOpBIM IIpy HCIOJIB30BAHUU
Ha cepBEpHOU CcTOpPOHE oOecreynBaeT OonepaTUBHYI0 06pabOTKY MPOCTPAHCTBEHHBIX JIAHHBIX
C TIOMOIIBI0 JIMHAMHUYECKU IOJAKJIIOUaeMbIX IPOTPAMMHBIX Oubsinorek. Bpibop sA3bIKa
MPOTPAMMHUPOBAHUS ~ YTOUHSET KJIMEHT-CEPBEPHYIO apXUTEKTYpPy BeO-TIPHUJIOKEHU,
MIPO/INKTOBAHHYIO B TOM 4ucJye TpeboBanusaME ¢pperimBopka Django.

Cnenndukoil maHHoro ¢ppeliMBOpKa U, KaK CJIeJICTBUE, apXUTEKTYPhl pa3paboTaHHOTO
BEO-TIPUJIOKEHUS SBJISAETCA OT/AEJeHHEe BU3YIHLHOTO IIPEACTaBJIeHUs W OU3HEC-JIOTHKU
MPWIOXKEHUSA IocpeacTBoM mporpammHoro narrepHa MVC (Model — View — Controller).
Bmecte ¢ Tem, JaHHBIM IAaTTEpH NPUMEHUTEJIbHO K Django mepeomnpezesnserca B BUJlE
dopmara MVT (Model - View - Template), Bce KOMIIOHEHTBI KOTOPOTO MOTYT
HCIIOJIH30BAThCS OT/AEIbHO, IO MPUHITUITY MUKPOCEPBHUCHOUN apXUTEKTYPHI.

BaKHO OTMETHUTD, UTO B MPEIIOKEHHOU apxuTeKType komnoneHT M (Model) dpakTuuecku
HU3bIMaeTCsA U3 KOHEUHOHN CTPYKTYPHI NpuiokeHusa. Takoe peliieHre 00yCJI0BI€HO TeM, UTO B
cucTeMe BU3yamu3anuu 6aza JaHHBIX (B TPAAUIIMOHHOM ITOHUMAHUN) HE UCIIOJIb3YETCS, a €€
(yHKIIMOHNpOBaHME  o0ecreumBaeTcs  MOCPEACTBOM  HMHGOPMAIMOHHBIX  IOTOKOB,
AUHAMHUYECKU  TMOJIydaeMbIX U3  IIPOCTPAHCTBEHHO-pAcHpesieJIeHHbIX  HCTOYHUKOB



TeOMarHuTHBIX JaHHBIX. Takum o6pa30M OoTIIagaceT H606XOI[I/IMOCTB B HCIIOJIb3OBAHUU
AOIIOJIHUTECJIbHBIX CTPYKTYD AAHHBIX, a CJA€J0BATCJIbHO, U MPHMEHEHUA COOTBETCTBYIOIIUX
KOMIIOHEHTOB IIaTTEPHA.
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Wexonda n3 3a1a4 IpUWIOKEHUA, OCHOBHAA ero GyHKIMOHAIbHAA HArpy3Ka 3aKpellyieHa 3a
npeacraBiaeHussMu (V' — View). OHU BBINOJHAIOT 0OPabOTKY MOCTYNHBIIUX OT KJIUEHTA
HTTP(S)-3ampocoB, peanusyoT 00paboTKy 3ampalivBaeMbIX IPOCTPAHCTBEHHBIX JAHHBIX U
dopmupytor HTTP(S)-0TKINK, KOTOPBIN IPU Ilepe/iave Ha KIUEHTCKYIO0 CTOPOHY OIpeZesisieT
HAabOp IPOCTPAHCTBEHHBIX [IAHHBIX JUIS IIOCJEAYIONIETO PEHJAEPUHTa C IIOMOIIBIO
MIOJIb30BATEIbCKUX areHTOB (Opay3epoB).

Jlnsa o0pabOTKM TMPOCTPAaHCTBEHHBIX JIAHHBIX, BKJIIOYas IIpoIlecchl HX cbopa OT
IIpOBAl/IepOB 110 U3BECTHBIM IIPDOTOKOJIAM B3aUMOJIEMCTBUA, HAa CEpPBEPHOM CTOPOHE
MIPWIOKEHUST TPUMEHSIETCA PAJT CHEIUAIN3UPOBAaHHBIX Oubsmorek: Pandas, NumPy u mp.
OpHu U3 HUX peasu3yIoT YCTAaHOBJIEHUE CeaHca COeIMHEHNs ¢ yAaJeHHbBIMU IIpOoBaljiepaMu
nanHbix (Pandas), mpyrue — BBIMOJHSIOT 00paboTKy mosydaemoii mHopmaruu (Pandas,
NumPy).

Kpome sToro, B mpoeKkTHpyeMoOl cucTeMe BU3yaausaluu, mpezacrasieHue (V — View) Ha
ocHoBe Pandas obecmeynBaeT arperupoBaHHe JAHHBIX, IOJYYEHHBIX OT MPOBAHIEPOB, UX
yHUDUKAIUIO, TIPEABAPUTENIbHYI0 00paboTKy M (GOpMUPYET KOHEUYHBIN pe3yJsbTaT B BUJE
MaccuBa maHHBIX B ¢opmaTe GeoJSON. ITomyuennsiiit Habop maHHbIX B GeoJSON-dpopmaTe



HaIpaBJIsAeTCs Ha KJIUEHTCKYIO CTOPOHY /IS TIOCIEAYIOIIETO PEH/IEPUHTA MT0JIb30BaTEIbCKUM
areHTOM.

KitnenTckue clieHapuu NPUJIOXKEHUS MPeACTaBIeHbl MOAYJIAMU JABYX TUIIOB, KaXK/IbIM U3
KOTOPBIX obecrieunmBaeT COOCTBEHHBI BapHUaHT BeO-peHJIEPUHTa MTPOCTPAHCTBEHHOTO
U300pakeHus Ha OCHOBE ITOJIyUYEeHHBIX ¢ cepBepHOM cTOpoHbI GeoJSON-aHHBIX U peaTn3yeT
3JIeMEHTHl HMHTEPAKTUBHOTO B3aUMOJIEHCTBUSA KOHEYHOIO IIOJIb30BaTessd € HHUMH.
@dakTUUecK OJWH IIOTOK JAHHBIX U3 CEPBEPHOTO OTKJINKA WHTEpIPeTHupyeTcsa Ha
KJIUEHTCKOM CTOPOHE B 3aBUCHMOCTH OT BBIODAHHOTO IIOJIb30BAaTEJIEM  peXuMa
BUByaIM3anuu (IJIocKas KapTa WA BUPTYaJIbHBIN TJI00YyC).

Kak yxe oTmeuasioch, B JJaHHOU paboTe peKUM BU3YIN3ALNU «BUPTYAJIbHBINA IJI00yC»
peanusyercsa Ha 06aze mmatrdopmbl Cesium — OTKpbITOM JavaScript-OubsmuoTekn i
CO3/IaHUsI TPEXMEPHBIX TIJIOOYCOB U KapT B BBICOKOTOUHON mpoeknuu WGS84,
obecrieunBarollieil BHICOKOIIPOU3BOIUTEIPHOE B3aUMO/IeHCTBYE MPUJIOKEHUS ¢ KOHEUHBIMU
M10JIb30BaTEJISIMH.

Tak, ¢ momompio Cesium API MHOXKeCTBO IIpe/CTaBJIeHHBIX B cepBEPHOM OTKIHKE JSON-
JAHHBIX MHTETpUpyeTcsi B equHbli 00BekT — Cesium Entity. BzaumopeiictBue c¢
sk3emIusipoMm Cesium Entity, B cBOI0 ouepenb, BBIIOJHSAETCS IMOCPEACTBOM OHOIHMOTEKHN
Entity API, koTopas obecriedrBaeT MeTObI BU3yaTU3aI[UH, YIIPABIAEMON JaHHBIMHU (T10/1X0/T
«data-driven»). HMenHo B koHTekcre »sk3eMiuisspa Cesium Entity pgocrymen Habop
BBICOKOYPOBHEBBIX OOBEKTOB U UX METOJ[0OB, KOTOPblEe O0OBEAUHAIOT JaHHbIE U MEXaHU3M UX
BU3YyJIN3alNU B eINHYI0 HHPOPMAIMOHHYIO CTPyKTypy. Entity API aia maHumysimpoBaHus
Cesium Entity npuMeHsieT pa3TuuHble 3BPUCTUKU K MIPEIOCTABIIEMBIM CEPBEPOM B OTKJIHKE
JAHHBIM, YTO IIO3BOJIAET OOeCclHeuynTh THOKYI0 BBICOKOIIPOU3BOJIUTEBLHYIO  BeOD-
BU3BYJIN3ALNI0 IIPOCTPAHCTBEHHBIX [JAHHBIX, OJ[HOBPEMEHHO IIPEJIOCTABIASA JIOTUUHO
BBICTPOEHHBIN IPOrPAMMHBIN UHTEPENC.

HemnocpesictBeHHO ¢GOpMHUpPOBaHHE BU3YaJbHOTO IIPEJICTABJIEHUSA IIPOCTPAHCTBEHHOIO
n300paKeHuss B PaMKax BeO-TIPUJIOKEHHUS, PeaTu3yeTcsl MOCPEJCTBOM pa3pabOTaHHOTO HA
ocuoBe Cesium API kiracca MapCesium. C ero moMoIipi0, B YaCTHOCTH, HA HAYaJIbHOM JTalle
BeO-peHJiepuHTra co3maercsa sk3eMIuiAp Cesium-kiyacca Viewer, KOTOpPHIA OTBedaeT 3a
MIPOPHCOBKY BUPTYaJIbHOTO TJI00yca. JlJis mpuaaHus nocjieaHeMy O0JIbIIed peayTuCTUYHOCTH
MoBepx TIJio0yca pa3MellaeTcs IIPOCTPAHCTBEHHBIA CJION, IIOJyYaeMbIH IO 3aIlpocy
JK3eMIUIApa KJjlacca K KapTrorpaduueckomy cepBepy OpenStreetMap. B pesysabraTe
(opmupyeTcss o0cHOBa IMTPOCTPAHCTBEHHOTO N300paKeHUs — TaK Ha3bIBa€MbIi 6A30BBIH CJIOH.

Ha 3aBepmarmorem asTame CO3/IaHHBIE CJI0U OOBEAUHAIOTCA — CJIOU € HU30JIUHUAMU
HAKJIa/IbIBAeTCsI Ha 0a30BbIM cj0M U (GOpMHpPYyeTCsl OKOHYATEIbHOE IIPEeCTaBIIEHUE
BUPTYaJIBHOTO TyI00yca ¢ IPOCTPAHCTBEHHBIM pacIipe/ie/IeHHeM TeOMarHUTHBIX ITapaMeTPOB
(Puc. 3, a).
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Puc. 3. PesynpraT Busyanmsamnun ¢pparmeHTa MarHUTHOU Oypu 2015-03-17 (23:15 UT) Ha
0aze BUPTyaJIbHOTO IJ100yca B BUE U30AUHAM (a) U BEKTOPHOTO IOJISI B TOPU30HTAILHOU
1ockocTH (6) (rosryooi JIMHHEH MoKa3aH MarHUTHBINA 3KBAaTOP)

Bo3MOKXHOCTh pellleHUs TOW »Ke 3aZjlaud, HO C BHU3yaJIU3allell Ha IUIOCKON Kapre,
obecrieueHa JApyruM  MOZYJIEM  BeO-IPUJIOXKEHHUs, OTBEYAIOINM 3a JIByMEPHYIO
BU3YAJIM3AINI0 IIPOCTPAHCTBEHHBIX JaHHBIX. OCHOBON MOAYJsA SBJISIETCS OTKpPBITast
serkoBecHass  JS-6ubnmorexka — Leaflet, mosBosnsmomas  BRINOJHATH  0OPabOTKY
MPOCTPAHCTBEHHBIX JAHHBIX B COOTBETCTBUHU C OTKDPBITBIMU IPOTOKOJAMH CETE€BOU
kaprorpaduu. Ha HauanpHOM 3Tamne ¢opMupyercss 6a30BBIH CJI0H MOCPEICTBOM OTIIPABKHU
sk3emiuispoMm Leaflet-knacca 3ampoca k OpenStreetMap-cepBepy mwin KaprorpagpuuecKkoMmy
taitzioBoMmy cepBepy (Web Map Tile Service). Knacc Leaflet mpu sTom obGecneunBaer He
TOJIBKO TIOJIydeHre 6a30BOil Kaprorpadmyeckodl nHGOpMaNuu OT YAAJIEHHOTO CepBepa, HO
TaK)Ke PEHJEPUHI 3TUX JAHHBIX B OKHE II0JIb30BaTEIbCKOTO Opays3epa B alllmapaTHO-
HE3aBUCUMOM peXuMe.

Ananutmyeckass o0pabOTKa TPOCTPAHCTBEHHBIM JAHHBIX pPeaIM30BaHA IOCPEICTBOM
nporpaMMHON  JS-6ubuoreku Turf ¢ OTKPBITBIM HCXOAHBIM KOJOM, II0O3BOJISIONIEN
QHUIN3UPOBATh, arperupoBaTh U IPeoOpPA30BBIBATh IPOCTPAHCTBEHHBIE JAHHBIE Ha
KJIMEHTCKOU CTOpOHE Ha ypoBHe BeO-Opaysepa. Tak, moayns 6ubauorexku Turf (Interpolate)
obecrieunBaeT IIOCTPOEHHME HA OCHOBE UCXOJHBIX T'€OMAarHUTHBIX JAHHBIX CIUIONTHOU
ITIOBEPXHOCTH C 33J[aHHBIM pa3MepOM Illara CeTkd, a Isolines peanusyer popMupoBaHUe CIIOs
nzoxuHam (Puc. 4, a).

Ha ¢wunanpHOM 3Tame (Ha ocHOBe MeTOZOB sk3eMiuisspa Leaflet-kiacca) BwIimosiHseTcs
UHTETpaIys JBYX CHOPMUPOBAHHBIX ITPOCTPAHCTBEHHBIX CJI0eB — 0a30BOro M CJ0s
U30JIMHUU.

Busyanusanua IIpOCTPAHCTBEHHOTO pacnpezeneHusa mnapamerpos I'MII B Buze
BekTOopHOTrO 1osis (Puc. 3, 6; Puc. 4, 6) peanusyerca myreM (opmupyercss (I Kaskmaou
TOYKH) MTOJTMJIMHENHOTO CJI0S, IPECTABIIAIONIETO FTeOMAarHUTHBIE TaHHbBIE B BU/IE IBYMEPHBIX
BEKTOPOB B TOPHU30HTAJIPHOM IJIOCKOCTH HAa OCHOBE 3HAUEHUH CEBEPHONW UM BOCTOYHOU
COCTAaBJISIONINX BEKTOPA:

H=N+E, (2)

rae H — BeKTOp, oTOOpakaeMblil B TOPU30OHTAJIBHOU IJIOCKOCTH; N m E — ceBepHas u
BOCTOYHAaA cocrasidmonue sekropa I'MII cooTBeTCTBEHHO.

B mporiecce BeKTOpHOU BU3yaiM3anuy BekTopa H Ha 6a30BOM CJI0€ BUPTyaJIbHOTO Iy100yca
(Puc. 3, 6) win aBymepHoii kapthl (Puc. 4, 6) HauanbHbBIe TeorpadUUecKre KOOPAUHATHI
TOYKH U3MEPEHHs KOHBEPTHUPYIOTCS B MPSAMOYTOJIBHYIO CUCTEMY KOOPAWHAT OTHOCUTEIHHO



OKHa  IIOJIb30BATEJILCKOTO  Opaysepa. [lamee K  IOJy4eHHBIM  KOOpAUHATaM
MHKPEMEHTHUPYIOTCS 3HaUeHUs BEKTOPa, YMHOKeHHbIe Ha COOTBETCTBYIOIINN KO03hPUITEHT
MPOIOPIIMOHANIBHOCTU. [IpU 3TOM K X-KOOpJnHaTe A00aBiisgeTcs 3HaueHUe E-KOMIIOHEHTa
Bektopa I'MII, a u3 y-KoopAuHATBHl BBIUUTAETCA 3HaueHue N-KOMIIOHeHTa. B pesysbrare
¢opmupyercsi HabOp KOOpAMHAT KOHIIA BEKTOpPA B IMPAMOYTOJIBHOU CUCTEME KOOP/UHAT,
KOTOpble [UJI1 TPOCTPAHCTBEHHOTO BeO-peHlepUHTa HeoO0XoAMMO mpeobpa3oBaTh B

reorpaduyeckue.
4Y))IRE
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Puc. 4. Pesynbrar Budyasimzanuu pparmeHTa MarHuTHOM 6ypu 2015-03-17 (23:15 UT) Ha
6a3e IJIOCKOU KapThl B BU/le U30/IMHAM (a) U BEKTOPHOTO I0JI B TOPU30HTAIBHOU IIJIOCKOCTU
(6) (rorybo¥t TUHUEN TTIOKa3aH MAarHUTHBIN SKBATOP)

6. IIporpamvMHasa <¢opMaau3anua ©W  OOCYy:KIAEHUE
pe3yJIbTAaTOB

PaccMOTpeHHBIE  BBIIIIE  apXUTEKTypa W  MeToAbl  (GopMaan30BaHbl B BHJE
crenuann3upoBaHHoro Beb-moprana (https://geomagnetic.ru/), Bkitouaroriero B cebst psiy
po0JIEMHO-OPUEHTUPOBAHHBIX ~ WHTEPAKTUBHBIX  CEPBUCOB, HEOOXOMUMBIX  JIJIA
3P HEKTUBHOTO MOHUTOPUHTA TEOMATHUTHBIX BO3MYIIIEHUH.

Tak, Ha Puc. 5 npuBesneHa skpaHHasa ¢opma cepBuca «Time Series», obecreunBaOIIETO
MaHUITYJISIIIUOHHBIE OMEPAl[M C BPEMEHHBIMU PsSAJIaAMUA Pa3HOPOJHBIX T'€OMATHUTHBIX



JMaHHBIX (cocTaBisiompie BekTopa Bapwaruii 'MII, WHAEKCH reOMarHUTHOH aKTHBHOCTH,
MOMEHTHI Hauajia cyb0ypb W Mp.), a Tak:Ke IPeAOCTABJISIONIEr0 WHCTPYMEHTAPUU IS UX
BU3YJIBHOTO OTOOPaKeHUs.

- Substorm (SuperMag)

Geomagnetic indexes

K-index <= 2 2 <K-index <= 4 K-index = 5 5 < K-index <= 8 K-index > 8

Puc. 5. Busyanmuzarus Bo3mytenuii 'MII, 3apeructpupoBaHHbIX cTaHIuen « Abisko»
ABK 3a 17 mapTa 2015 T. (cCBepxy) U psifia UHIEKCOB TeOMarHUTHON aKTUBHOCTH (CHU3Y)

CepBuc «GeoSpatial» peanusyerT Bu3yaJM3alHI0 ITPOCTPAHCTBEHHOTO pAacIpe/iesIeHuUsI
mapameTpoB I'MII B 3aBHCHMOCTH OT MHOJIb30BaTEJIbCKUX HACTPOEK Ha 0ase BHUPTYabHOTO
riobyca (Puc. 3) wiu 1wrockoil kaptel (Puc. 4) B Bujie M30/IMHAM WX BEKTOPHOTO IOJIA, a
TaK)Ke IIyTeM II0CJIe/IOBATEJIbHOTO CHHTE3a U PEHJIEPUHTa CJI0eB O00eCIeurBaeT PEKUM
IuHAMHUYecKol Buadyanusanuu (Puc. 6), 9TO MO3BOJISIET OIEHUTH XapaKTep IVIO0AJTBHOTO
n3MeHenus nmapaMmerpos I'MII He TOJIBKO B IPOCTPAaHCTBE, HO U BO BPEMEHU.

8 2
Puc. 6. Kaspsl qruHaMuyeckoil BU3yaan3aliiy IPOCTPAHCTBEHHOTO paclpeiesieHUsA
IIOJTHOTO BEKTOPa BO3MYIIIeHHOMU coctaBistomnieii 'MII B neproa marHutHo# Oypu 17 Maprta
2015T.: a — 23:05 UT; 6 — 23:10 UT; 8 — 23:15 UT; 2 — 23:30 UT

Peanu3oBanHass BO3MOKHOCTb Pa0OTHI CHUCTEMBI C JOTOJHUTEIHHBIMUA T€MaTHYECKUMU
cnosavu (Puc. 7) mo3BosisieT BBIJIENATH OOBEKTHI U CHUCTEMBI, HauboJiee ysiI3BUMbIE B ILJIAHE
BO3JIEHCTBUS YKCTPEMAIbHBIX T'€OMAarHUTHBIX BO3MYIIEHHU (BBICOKOIIMPOTHHIE JKeJIE3HbIE
noporu, JIDIT u T.11.).



[ Oktyabrskaya Railway

Puc. 7. ConocraByieHue rpaHUl] 9KCTPeMaJIbHBIX FT€OMarHUTHBIX BO3MYIIEHUHN U
MEeCTOHAXOK/AEHU TeEXHNUeCKUX 00beKTOB B A3P® Ha mpuMepe BBICOKOIITHPOTHBIX
»kesie3HbIX gopor (OkTsaopbckas u CeBepHas »KeJie3HbIe TOPOTH)

PesynbpraThl Biccie0BaHM, OIyOJTUKOBAaHHBIE B [21], YKA3bIBAIOT HA TO, YTO HAWOOJIBITIEH
KOPPEJISAIIUOHHON CBA3BIO C AUHAMHUKON TeOMHAyIHpoBaHHBIX TOKOB (I'T) B aBpOopaibHOM
30He 00s1a/1aeT BapuabeJbHOCTh BOCTOUHOI cocrasiswomied I'MII (dE/dt). ConocraBienue
XapakTepa IIPOCTPAHCTBEHHOT'O pacIipe/ieJIeHUsl JaHHOTO IapaMerpa c reorpaduei
HaOosteHus skerpeMabHbIX [UT (IlIBernus, ceBepubie mratel CIIIA, mpoBunmus Keebek,
Kanaya, Kosbckuii m-oB, cepepHas oOsacts PecryOnuku Komu (Poccusi) u mp. [1-5, 7-9])
JlaeT OCHOBaHMeE /IS POBe/ieHUs] BepuUKaIlNHY ITOJIyUYeHHbIX pe3y ibTaToB (Puc. 8).

Puc. 8. XapakTep IpocTpaHCTBEHHOTO paciipesiesieHus mapamerpa dE/dt o cocrostHuio
Ha 2015-03-17 (23:15 UT)

Takum 06pa3oM, HCHOJIB3ys IOJyYeHHbIE Pe3yabTaThbl MPEACTaABIISETCS BO3MOXKHBIM
CYyZIUTh O reorpaprUUecKux TPpaHUIAX PETHMOHOB C BBICOKOW BEPOSATHOCTHIO BO3ZHHUKHOBEHUS
skcTpeMasibHBIX [T B meproibl MarHUTHBIX OYph U cyOOypeBoM akTUBHOCTH. Kpome 3TOTO,
pazpaboTaHHAas CHUCTeMa, IIOMHUMO yYTOUHEHHUs XapaKTepa pachpefesieHHs TPaJUuIIIOHHBIX
TEOMarHUTHBIX BO3MYIIEHUN, 00ecIIeunBaeT BO3MOXKHOCTb OIEHKHU Psa JOMOJTHUTETHHBIX
ImapaMeTpoB, HAIIpUMeP, TaKUX, KaK CKOPOCTbh U3MEHEHU S MJIOIIA/I 3€MHOUN ITOBEPXHOCTH S,
BHYTPH KOTOPOU 3ayilaHHbIl mapaMmerp I'MII mpeBbiliaeT (He HPEBBIIIAET) YCTAHOBJIEHHOE
3HaueHue By:

W = (dS/dt)wpu p>B,» (3)



rae S — IUIONIaJb 3€MHON TOBEPXHOCTH, BHYTpHU KoTOopol napamerp I'MII ynoBiieTBopsieT
yCJI0BUIO B > Bo; t — BpeMm4;

7. JaKJII0UY€eHHEe U BBIBOAbI

MopepHusanusa U NoBbllIeHNe 3(P(EKTUBHOCTU CYIIECTBYIOIIUX CHUCTEM BU3YyaIN3allNU,
MOHHUTOPHUHTA U aHAJIMTHUYECKOTO KOHTpossA mapamerpoB 'MII u ero Bapuanuii B A3P®
SIBJISIETCS aKTyaJIbHOU HAYYHO-TEXHUUYECKOH 3a/lauell ¢ OCTPHIM MPHUKJIAJHBIM XapaKTEPOM,
KOMILIEKCHOE pellleHre KOTOPOH CIOCOOHO 00ecrevyuTh MOBBIIIEHNE YPOBHA TeXHOChEPHOU
6e30I1aCHOCTH B CUCTEMAX BBICOKOITUPOTHON HHMPACTPYKTYPHI.

B pabote, ucnosb3ys AaHHbIE Ha3eMHBIX BapHUAIlMOHHBIX CTAHIUMN, IPeIOCTaBJiseMble
SuperMAG Ha 06ase ¢peiimBopka Django, Open Source Be6G-opueHTHpoBaHHBIX I['MIC-
wiatrdopM U OUOIUOTEK TMPEAJIOKEH MOJAX0Z, cHPOPMHUPOBAHBI APXUTEKTYpa, MOJI€JIb U
MeTOZbl cucTeMbl Buzyannzauuu napametrpoB I'MII, mpenocraBismomield pe3yabTaT Kak B
BHUJ/Ie M30/IMHAM, TaK U B BHUJIE BEKTOPHOTO I0siA. IIpy 5TOM peHIEpUHT BU3YTU3UPYEMBIX
IapaMeTpoB B 3aBHUCHMOCTH OT PeIIaeMbIX 33Jl1a4 U II0JIb30BAaTEJIbCKUX HACTPOEK MOXKET
OCYIIIECTBJIATHCA KaK Ha 0a3e BUPTYaJIbHOTO IJI00yca, Tak U Ha 6a3e TPaJUIIMOHHBIX IIJIOCKUX
KapT B AUHAMUYECKOM WIN CTATUYECKOM peKUMaX.

B Hacrosiee BpeMmsa pazpaboTaHHas CHUCTeMa BU3YyaJIM3allMU HAXOAUTCS HA CTaauu OeTa-
TeCTUPOBAHUA, T.€. TECTUPOBAHUA IINPOKUM KPYIOM IOJIb30BaTeJsiell C LeJIbI0 BBIABJIEHUS
MaKCUMaJIbHOTO 4YHcJIa OMIMOOK B ee paboTe U HUX IOCJIEAYyIOIIero yCTpaHeHUA.
[Ipenstaraemasi cucteMa JOCTYITHA 1O azpecy https://geomagnetic.ru.

[Ipenmosiaraercsi, YTo B Ipollecce SKCIUIyaTallud U Pa3BUTHUSA MPEAJIOKEHHOU CHCTEMBI
Oyzmer obecrieueHa BO3MOXKHOCTb HJIEHTHU(MHUKAIUA M IPOTHO3a TeorpadUYecKUx TPaHUI]
PErvoOHOB C BBICOKOU BEPOSTHOCTHIO BO3HUKHOBeHHsA 35KcTpeManbHbix I'MT B mepuosibl
MarHUTHBIX Oyph U CyOOypeBOM AaKTUBHOCTH, YTO IIO3BOJIUT KOMIIETEHTHBIM JIUIAM U
OpraHu3anusaM CBOEBpeMEHHO IpUHUMAaTh 3(@eKTUBHbIE pelleHUus U, Kak CJIe/ICTBHE,
MHHUMU3UPOBATh BO3MOXKHBII yYPOH 5KOHOMHKE peruoHa B pe3yJjibTaTe BO3/IeMCTBUA
paccMaTpUBaeMbIX IPUPOAHBIX (PAKTOPOB.
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Abstract

Due to the established and well-studied effects of the impact of the space environment on
technical objects of high-latitude infrastructure, which are most clearly manifested during
periods of magnetic storms, the problem of creating an effective open system for visualization
and analytical control of geomagnetic field and its variations parameters, especially for the
polar regions, is quite acute today.

In this paper, using data from magnetic observatories and variation stations included in
the SuperMAG project (https://supermag.jhuapl.edu/), based on the Django framework,
open web-based GIS platforms and libraries, an approach, the architecture, model and
methods of the system of dynamic multiparameter 2D / 3D visualization of the disturbed
component of geomagnetic field variations are suggested. In addition to the possibility of
dynamic visualization, an important distinctive feature of the proposed system is that the
investigated parameters can be represented both as isodynes, which are the isolines of the
same intensity of the Earth's magnetic field, and as vectors that form a vector field, which as a
result carries additional, and for some problems of geomagnetism - defining information
about the dynamics, nature and structure of the distribution of geomagnetic disturbances
over the Earth's surface. The beta version of the developed system is available at
https://geomagnetic.ru/.

Keywords: geomagnetic field, geomagnetic variations, geographic information system,
visualization of spatial data.
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