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AnHoTauusa

OnbIT paboOTHI C U3BECTHBIMU CEPBUCAMH JIJISI MOHUTOPUHTA re0(pU3UUECKUX [TapaMEeTPOB
B 00J1aCTH aBpPOPAJILHOTO OBaJia IMO3BOJIMJI BBIIBUTH PsJl XapaKTEPHBIX U, B IPUHIIHIIE, T10-
BTOPAIONIUXCA OT peajiu3alii K peajm3auu MPUCYIINX UM HeJIOCTaTKOB: HEBO3MO>KHOCTD
JMHAMUUYECKOTO MacIITabUpOBaHUA U JI00ABJIEHUS JOMOJHUTENBHBIX CJI0EB; MaJOe UKCIIO
oTOOpa’kaeMbIX IIapaMeTpPOB; OTCYTCTBHE JAHHBIX O TEKYIIEM COCTOSHHU KOCMUYECKOH I10-
roJibl 1 6a30BBIX HHCTPYMEHTOB JIJISI MIPOCTPAHCTBEHHOTI'O aHAIN3a BU3YaIM3UPOBAaHHBIX I1a-
pameTpoB u aAp. TakuM oOpa3oM, B HACTOAIIEeH paboTe HA 6a3e TEXHOJIOTUH «BUPTYaJTbHBINA
I00yc» paccMaTpuBaeTCs MOAXOA (apXUTEKTypa M ee MPOrpaMMHAs peajn3anus) K co3zia-
HUIO BeO-OpPUEHTUPOBAHHOUM CHCTEMBbI BU3yaIH3alNU TeopU3NIECKUX IapamMeTpoB B aBPO-
pasibHOU 30He (Www.aurora-forecast.ru). B kauecTBe BU3yaITM3UpPyEeMbIX TAHHBIX BBICTYIIAIOT
WHTEHCUBHOCTH (BEPOSTHOCTh HAOIIOZEHUS HEBOOPYKEHHBIM IJ1a30M) MOJISIPHBIX CHUSHUU
nosiygaeMmble B cooTBeTcTBUU ¢ MOJiesiblo OVATION u nmoTeHnmansl 371eKTpU4ecKoro U Mar-
HUTHOTO T0JIEN, pacCUMTAHHBIE cOryIacHO Mozenn Beiimepa. Ilpeanonaraercs, 4To paccMoT-
PEHHBI TOAXO0JT K BU3yaJIM3allMU Teo(PU3NUYecKuX MapaMeTpoOB B 00JaCTH aBPOPaJIBHOTO
oBasia obecrieyuT noBbliieHne 3GGEeKTUBHOCTU paboT, CBA3aHHBIX C UCCIEAOBAHUEM JIHHA-
MHKHU aBpPOPaJIbHOI'O OBaJIa, U B KOHEYHOM UTOTe IIOMOKET BBIABUTH HOBble 3HAHUA OTHOCHU-
TeJIbHO TOIIOJIOTUM MarHuTochepsl U ee U3MEHEHUAX, HAl[pUMep, BO BpeMsA reOMarHUTHbBIX
Oypb U cyoOypb.

KsroueBbie cj10Ba: OJIAPHbBIE CUSHUSA, aBPOPAJIbHBIN OBaJl, F€OMAarHUTHbIE BapHuallvH,
KOCMUYECKas NOrofa.

1. BBeneHue

Kak m3BecTHO [1], aBpOpasibHbIE OBajJbl — 3TO BBICOKOIIUPOTHHIE O0JIACTH CEBEPHOTO
1 I03KHOTO TOJIYIIApPUH IJIaHEeThI, UMerIue GopMy OBAJIBHOTO I0sCa, B IEHTPE KOTOPOTO
HaXOJATCSA COOTBETCTBYIOIME MarHUTHBIE ITOJI0ca 3eMuid. I'eorpaduueckre rpaHUIlbl TaH-
HBIX ITOSICOB OIPEJIEJITIOTCA BO3MOKHOCTBIO HAOJIIOEHUS B UX IIpeJiesiax MOJISIPHBIX CUSHUN
— CBeYEeHMs BEPXHUX CJIOEB aTMOchephbl, BOSHUKAIOIIETO IO/, /IEHCTBUEM MPOHUKAIOIIUX B
Hee MIOTOKOB COJTHEYHBIX 3JIEKTPOHOB M ITPOTOHOB.

Takum 06pa3oM, B CHOKOWHBIE IEPUO/IBI JUAMETP aBPOPATbHBIX OBAJIOB COCTABJISIET OKO-
JIO 3000 KM, IIPH 5TOM Ha JHEBHOH M HOYHOU CTOPOHE I'PaHUIIA aBPOPATbHON 30HBI OTCTOUT
OT MarHUTHOTO ITI0JIF0Ca Ha 10-16° 1 20-23° cOOTBeTCTBEHHO. I10CKOIbKY MarHUTHBIE IOJII0CA
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3eMJIu OTCTOSAIT OT reorpadUUecKux Ha ~11.5°, OJIAPHBIE CUSHUA Yallle Bcero HabIIoAaloTes
B /lalla30He CeBEePHBIX U I0KHBIX IIUPOT 67-70°, OJHAKO BO BPEMeHA COJIHEYHON aKTUBHO-
CTH aBPOPAJIBHBIN OBAJI PACHIUPSAETCS U MOJISPHbIE CUSAHUA MOTYT HAOIIOAAThCA HA 20-25°
I0’KHee WIN ceBepHee (JIJIs1 CeBEPHOU WU I0KHOU MoJiycdepbl COOTBETCTBEHHO) TPAHUI] UX
O0OBIYHOTO MIPOSBJIEHUS.

Jlo HeaBHETO BPEMEHU CUUTAJIOCH, YTO MOJIIPHBIE CUSAHUS B CEBEPHOM U I0KHOM IIOJIY-
IIAPUU SIBJISAIOTCA CTPOTO CUMMeTPUYHbIMH. OJIHAKO OJTHOBpPEMEHHOe HabJII0/IeHne TOJIsAp-
HOTO CUSHUS U3 KOCMOCA CO CTOPOHBI CEBEPHOTO U I0JKHOTO IIOJIIOCOB B OKTSOpE 2002 T. IO-
Ka3aJio, UTO CeBEPHOE U I0?KHOE CUSHUA CYIIeCTBEHHO OTJIMYAI0TCA APYT OT Apyra [2].

B nHacros1iee Bpems yueHbBIMU pa3paboTaHbl HECKOJIBKO MaTeMAaTHYeCKUX MOJeJieH, 1mMo3-
BOJIAIONINX MPOTHO3UPOBATh 3HAUEHUE PA3JIMYHBIX reopU3NUECKUX MapaMeTPOBB 00JIacTH
aBpOPAJIbHOTO OBasia (3JIEKTPUYECKUH U MAarHUTHBIA IMOTEHIINAJ, HHTEIPAIbHAS MOIITHOCTD
BO30Y>K/IeHHIsI BEPXHUX CJI0eB aTMocdepsl U 7p.). B KauecTBe BXOJHBIX JTAHHBIXB TAKUX MO-
ZIeJIsIX OOBIYHO UCIIOJIB3YIOTCS [TApAMETPBI COJTHEYHOTO BETPA U MEXKILJIAHETHOTO MAarHUTHOTO
10JI1, PETUCTPUPYEMBIE B pe:KrMe peasibHOTO BpeMeHU ciryTHUKOM ACE, a ¢ 2016 r. Takxke u
cnytaukoM DSCOVR. (O6a cryTHHKa HaxosaTcAa B Touke Jlarpamxka L1 Ha smHUM 3eMuis-
Coinne).

Tak, Hanmpumep, smnupudeckas moaesab OVATION (ot anrit. Oval Variation, Assessment,
Tracking, Intensity, and Online Nowecasting), paspaborannas Ilatpukom Hpioamom u ero
KOJUIETaMU U3 JlabopaTopuu NMpuKIagHou pusnku yHuBepcurera JlxxoHca XomnkuHca, CIITA
B 2009 T. [3], mpeAmosaraeT JUHEHHYIO IPAMO IIPONOPIIMOHAIBHYIO 3aBUCHMOCTb MEXKIY
MHTEHCHUBHOCTHIO TOJISIPHBIX CHUAHUN U BEPOSITHOCTHIO MX HAOJIIOZEHUS HEBOOPYKEHHBIM
ra3oM. B pmasnpHedeM, mo gaHHBIM IpuOopHoro komiuiekca UVI (Ultraviolet imager),
yCcTaHOBJIEHHOTO Ha cmyTHHKe NASA Polar, 370 mosio’keHre HAIIO 3KCIEePpUMEHTAIbHOE
MIOATBEPK/IEHUE.

Be6-ceppuc NOAA (https://www.swpc.noaa.gov/products/aurora-30-minute-forecast), B
ocHOoBe Koroporo Haxomutcsa wmozaeab OVATION-prime, ucmosnb3yercs HarmuoHagabHBIM
yIpaBjeHHueM OKeaHWuYecKux U arMocdepHbIix uccaegoBanuil CIIA [4] a1 KpaTKOCPOYHOTO
IIPOTHO3UPOBAHUA MHTEHCUBHOCTU MOJIAPHBIX CUAHUUM U o0ecrieunBaeT BU3yaTU3allUI0 Be-
POSITHOCTH CBeueHUs aTMocdephl B 00J1acTH aBpopasibHOTO oBasia (puc. 1). Ha cerogusamramit
JIeHb IAHHBIN CEPBUC ABJISAETCH, MOMKAIYH, OJTHUM U3 CAMbIX U3BECTHBIX U BOCTPEOOBAHHBIX
MIPOTPAMMHBIX MPOAYKTOB TaKOro poja. [IoMHUMO MeTeOpOJIOTHYECKUX CIYKO U MpOUIb-
HBIX HAyYHO-HCCJIEIOBATEIbCKUX OpPTraHU3aIiil pe3ysIbTaThl BU3yaan3auu (cchliasch Helo-
cpenctBeHHO Ha pecypc NOAA, 1100 B BU/JIe OT/I€IbHBIX IPUJI0KEHUN, KOUPYIOIIUX JaHHbIe
n300pakeHusI) AKTUBHO HCIOJIB3YIOT TYPUCTHYECKHWE areHTCTBA BCEr0 MUpPA, IMPUBJIEKAS
MUJLJTUOHBI TYPHUCTOB B BBICOKOIIMPOTHBIE PETUOHBI IJIAHETHI /JIA HAOJIIOIEHUS MOJISIPHBIX
cusHUH B HanboJsiee 6J1aTOMPUATHBIE 1JIS 3TOTO TEPUO/IHI.



Aurora Forecast Foreeast For: 2020-03-15 10:25 UT

-Pri Hemispheric Power: 11.95 GW
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a b
Puc. 1. [Ipumep BU3yaTM3aIiii KPaTKOCPOUHOTO ITPOTHO3a BEPOSITHOCTH BUAUMOCTH I10-
JIAPHBIX cussHUM cepBrucoM NOAA 11 ceBepHOH (a) u 1o:xkHOMU (06) mmomycdep 3emutu

Model Run at: 2020-03-15
Observation Time: 2020-03-15

[MTomumo mpopykra NOAA CyIIECTBYIOT MeHee U3BECTHBIE BeO-CEPBUCHI, OPUEHTHPOBAH-
HblE Ha PETHOHAJIbHBIM MOHUTOPUHT (DparMeHTOB aBpOPAILHOTO OBasia. Tak, Hampumep, Ha
pHUC. 2a U 26 COOTBETCTBEHHO ITOKa3aH pe3ysbTaT PabOThl CEPBUCOB, pa3pabOTaHHBIX AJIsic-
KHHCKUM yHuBepcutreroM B ®apbenkce, CIITA (https://www.gi.alaska.edu/monitors/aurora-
forecast) u MeTEeOPOJIOTHUECKOMN CITy>K001 Hcnanauu
(https://en.vedur.is/weather/forecasts/aurora/).

£0

\ Pe#owkmfe Rankm Ein O
Fort Ne.fso 4 g

55

Forr McMurrajﬂ t‘;m‘a g

5

. Pnn Rup ert

50

dmontdn

Iy s m-'_eﬁﬂ
er_-.
—130 -120 =110 =140 —-30 —ED -0 w1200 smwan G e —
a b

Puc. 2. [IpuMep BU3yaTu3aIiii IIPOTHO3a MOJIAPHBIX CUSTHUH
JUUIST PETHOHOB ceBepHOI AMepuku (a) u Mcimanauu (6)

OmbIT pabOTHI ¢ HA3BAaHHBIMHU BBIIIE 1 HEKOTOPBIMH JPYTUMH aHAJIOTHYHBIMH CEPBHUCAMHU
ITI03BOJINJI BBISBUTD PsJl XapaKTEPHBIX U, B IPUHITHIIE, IOBTOPSAIOIINXCS OT PeaTU3aluU K pe-
aJIM3aIii HeJA0CTaTKOB, K KOTOPHIM, B IIEPBYIO OUepeab CJIEAYeT OTHECTH: HEBO3MOXKHOCTD
JIMTHAMHYECKOTO MAacIITabHMpOBaHUA M T00aBJIEHUS JIONOJTHUTEIBHBIX CJI0EB; MaJIO€ UHCJIO
0oTOOpa’KaeMbIX IMapaMeTPOB; OTCYTCTBUE JAHHBIX O TEKYIEM COCTOSHUM KOCMHYECKO! I0-
To/ibl U 0A30BBIX MHCTPYMEHTOB JIJIA MPOCTPAHCTBEHHOTO aHAJIM3a BU3YAJTM3UPOBAHHBIX ITa-
paMeTpoB.

Takum obpasom, pa3paboTka U MOjlepHU3aIs BeO-cepBHUCOB, oOecrieuynBaomux 3¢ dex-
TUBHBI MOHUTOPHHT U BU3yaJIU3aI[UI0 Te0(PU3NIECKIX ITApaMeTPOB B 00J1aCTH aBPOPAIbHO-



T'O OBaJia, a TaKXe ITIO3BOJIAIOIIETO ITPOBOJUTD UX COHYTCTBYIOIHI/Iﬁ aHaJIn3 FI/IC-MGTOI[aMI/I A0
CHX IIOp ABJIAETCA aKTyaJIbHOfI Hay‘{HO-TeXHH‘{eCKOfI sanaqef/’l, pEIIeHue KOTOpOfI, O4YEeBHUIHO
IIOMOZKET JIydlli€ ITIOHATb (I)I/ISI/IKy Pa3/IUYHOTO poJAa IIPOIECCOB KaK B aBPOPAJIbHbBIX, TAK U B
IMpujieXKaluux K HUM 30HaX.

2. CuHTE3 1 IOATOTOBKA MCXOHBIX JaHHBIX

B kauecTBe 0OOBEKTOB BHU3yaJIM3allUH B HACTOAIIENH PabOTe paCCMAaTPUBAIOTCA CJIEAYIOIITHE
ImapaMeTpbl B 00JIaCTH aBPOPAJIbHOTO OBajia: BEPOSITHOCTh HAOJIIOZIEHUS CBEUEHUS] BEPXHUX
cs10eB aTMOCchePbl HEBOOPYKEHHBIM TIJIa30M, 3JIEKTPHUYECKUH M MarHUTHBIA ITOTEHITHAJIBI
10JIs1 B 00J1aCTH CEBEPHOT'O aBPOPAILHOTO I0sICa, a TAKIKE TeOMETPUUYECKUe IIEHTPhI CEBEPHO-
ro ¥ I0’KHOTO aBPOPaJIbHBIX IOSICOB, OINpe/essseMble KOOPAUHATAMU I0KHOTO M CEBEPHOTO
MAarHUTHBIX IIOJIIOCOB, B COOTBETCTBHE C BhIpakeHUAMH (1). Tak, Harlpumep, KOOPAUHATHI ce-
BEPHOT'0 MarHUTHOTO ITOJIIOCA, a CJIEAOBATENBHO, U IIEHTPA I03KHOTO aBPOPAJIbHOTO OBaJIa MO
COCTOSHUIO HA 1 AHBAPA 2020 T. COCTaBAT 80.59° 10.111., 72.68° 3.71.:

g0 hi
tan(X,) = ; tan(Yp) = —, (1)
(g1)? + (h1)? 91

rzie Xo u Yo — reorpaduyeckas MMpOTa U JI0JITOTa CEBEPHOTO MOJII0CA TEOMarHUTHOTO JU-
IIOJISI COOTBETCTBEHHO; gi! U hi! — cdepuyeckue rapmonmdeckre koddpoduiuentsr (IGRF-
k03 PUITIeHTHI) 1S JaHHOU MAaTrHUTHOU BIIOXH
(https://www.ngdc.noaa.gov/IAGA/vmod/coeffs/igrfi3coeffs.txt).

BeposTHOCTh HAOIIONEHUS CBEUEHHSI BEPXHUX CJIOEB aTMOc(ePhl HEBOOPYKEHHBIM IJIa-
30M, T.€. IOJISIPHBIX CHUAHUU, 0/100HO cepBrcy NOAA ompesesisieTcsi B COOTBETCTBUH C IIPO-
rHocTuueckod mozebio OVATION-prime, peasusyiolieil KpaTKOCPOYHBIH (30 MHH) IpoO-
THO3 MOJIAPHBIX CUSHUN. 3HAUEHUE 33/IEPKKU B 30 MUH COOTBETCTBYET CKOPOCTH COJIHEYHO-
ro BeTpa ~800 KM/c, OTHAKO, B A€HCTBUTEIBHOCTU BpeMs 3aJIeP>KKHU BapbUPYETCS OT MEHee
yeM 30 MUHYT /IO Yaca wiu 0oJiee, B 3aBUCUMOCTH OT CPEJHEro 3HaUeHUsI CKOPOCTU COJTHEY-
HOT'O BeTpa.

Haunble npesicraBieHsl B ASCII-dbopmaTe B BUJle MacCcuBa 3HaUeHUH 1024 %512, YTO COOT-
BETCTBYET 3HAUEHUIO JIOJITOTHI OT O 710 360° ¢ marom 0.32846715° 1 3Ha4YE€HUIO IIIUPOTHI OT -
90 110 90° ¢ marom 0.3515625° coorBercTBeHHO (https://services.swpc.noaa.gov/text/aurora-
nowcast-map.txt). 3HaueHua MaccuBa paHKUPOBAHBI OT O JI0 100, IJile O COOTBETCTBYET MU-
HUMAaJIbHOU BEPOATHOCTU HAOJIIOZIEHUS TTOJIAPHBIX CUSTHUH, 4 100 — MAaKCUMAaIbHOU. JlaHHbIE
OOHOBJIAIOTCA Pa3 B 5 MUH.

J171s1 oTnipesiesieHUs TPAHUIL aBPOPATILHOTO OBAJIA, a TAKXKE allIIPOKCUMAIINU TeOMarHUTHBIX
BO3MYIIIEHUH, BBI3BAHHBIX HOHOC(HEPHBIMH XOJJIOBCKUMHU TOKaMH, pacueTa IMOTOKa BEKTOpa
[otiTuura winu JIxoysieBa HarpeBa B HOHOChEpPe, HEOOXOAUM pacUeT IMapaMeTPOB JIEKTPU-
YeCcKOT0 M MarHUTHOTO MOoTeHIua1a [5-6]. B manHoi paboTe sy1eKTpuyecKuid 1 MarHUTHBIN
IIOTEHITHAJI B aBPOPAJIbHOUN 30HE PACCYUTHIBAETCSA COTJIACHO SMIIUPUUECKOU Mozenu Beime-
pa [7]. Mozens Obl1a peayii3oBaHa B BUJE OT/EJIBHOTO CEPBEPHOTO CIleHApHsA Ha si3bIKe Py-
thon 3, c mepcrieKTUBON ee MpUMeHEHUs JJIsI BeO-OPHMEHTHPOBAHHON BU3yaTU3AI[UHU IO
dperimBopk Django. B xauecTBe BXO/IHBIX TapaMETPOB B JAHHOUN MOJIEJIH, KaK U B IIPEJbIY-
IeM cjIy4dae, UCHOJIb3YIOTCA IapaMeTphl COJITHEYHOT'O BeTpa M MEKIIJIAHETHOTO MAarHUTHOTO
nosisg, perucrpupyembie cnyTHUKOM DSCOVR. Tak:ke OTMETHM, UTO COTJIACHO JIAHHOU MOjie-
JIY, IPU OTIpeJieJIEHUH 3HaYeHUH MOTeHITUaIOB, cdhepuueckie rapMoHuYeckre QyHKIUU UC-
MIOJIB3YIOTCS JIUIIH B Y3KOHM 00J1acTH BhICOKHUX MUPoT. Ha 60J1ee HU3KUX MIMPOTaX IMOTEHI[HA-
JIBI PACCYUTHIBAIOTCA MO HECKOJIBKUM (QYHKITHAM JIOJITOTHI psizia Pypbe ¢ IUCKPETHBIM IIIaroM
10 MINPOTe. DTU JIaHHbBIE NIPe/ICTaBIeHbl B BU/IE OTAEIbHBIX (aiiioB, GU3NUECKU paszieyieH-
HBIX C OCHOBHBIM CII€HapUeM.




3. CpaBHUTEJIBHBIN aHAJIN3 W BHIOOP CPEJACTB BU3ya/IN3a-
1105051

Feodusnyeckre mapameTpsl aBPOPAJIBHON 30HBI, KaK OOBEKT BU3yaJIU3alUU IPECTAB-
JIAIOT cOO0U CTPYKTYPUPOBAHHBINA HAOOP MPOCTPAHCTBEHHBIX U aTPUOYTUBHBIX JIAHHBIX, 00-
paboTKy U rpadUIecKyi0 HHTEPIIPETALNI0 KOTOPBIX, OUEBU/IHO, 11€JIeCO00PA3HO PEATU30BbI-
BaTh MOCPEACTBOM BeO-opueHTUpOoBaHHBIX ['MIC-TexHnosoruii. Tak, HalpuMep, OMBIT IOCTPO-
enusa BeO-I'VIC g BU3yaM3anuu U aHAJIMTUYECKOTO KOHTPOJIA ITapaMeTPOB reOMarHUTHO-
ro IIOJIST M €r0 BapuWallui, OIMUCAHHBIA B [8-9], mokazay coCTOATEIPHOCTh TAHHBIX UHCTPY-
MEHTaJIbHO-IIPOTPAMMHBIX CPE/ICTB JJIf PelleHUsA TAKOTO poZia 3a7ady.

ITo cmocoby mpenacraBieHUs TeONPOCTPAHCTBEHHBIX JAHHBIX cyiectBytomue I['VIC-
MeTOZbI B OOII[eM BU/JIe MOKHO Pa3ie/IuTh Ha KJIacCUUecKUe IJIOCKUE KapThl U BUPTyaJIbHbIE
r00ychl [10]. B janHOM citydae, yauThIBasA Celi(UKy BBICOKOITUPOTHOTO PACIOJIOKEHUS
BU3YAJIN3UPYEMBIX 00BHEKTOB (T.€. aBPOPAJIBHBIX OBAJIOB, aBPOPAIBHBIX 30H U UX IMapaMeT-
POB), OUEBUHBIM ITPEUMYIIIECTBOM BUPTYAJIBHBIX IJI00YCOB ABJISAETCH KAYECTBO UX BU3YaJIb-
HOTO BOCIIPHUATHSA, COXPaHEHHNE T€OMETPHUUYECKOT0 Mo00Usl KOHTYPOB, COOTHOIIIEHUE IIOIIA-
Jlell 3eMHOM TOBEPXHOCTHU U OTCYTCTBHE KapTOrpadUUeCcKUX HCKAKEHUUM IPOEKINU, CBOM-
CTBEHHBIX IIJIOCKUM KapTaM, 0COOEHHO B 3aOJIIPHBIX 00JIaCTAX.

B Tabu1. 1 mpuBeeHO CpaBHEHHNE XapaKTEPUCTUK U HEKOTOPHIX BOBMOXKHOCTEH HCII0JIb30-
BaHUs COBPEMEHHBIX IPOIPAMMHBIX OUOJIMOTEK, MO3BOJISIONIUX BCTPAUBATh BUPTYIHHBIN
r100ycC B BeO-IIPUJIOKEHHE.

Tabsmna 1 — [TporpaMMHbIE TEXHOJIOTUH BUPTYaJIbHBIX IJIOOYCOB

ITopnepxka A3BIKOB IIPO-
rpaMMHUPOBaHUSA Jimer-
Hazpanue Pexxum Busy-| 3us ]i:?__ Anﬁz(i)[éaT—
URL JavaScript | Python | Java amsanm S?)gif:le CTyT |yCKOpeHHe
ArcGIS API
https://developers.arcgis.com/ i i i 2D/3D ) i M
Cesium 2D/2.5D/3
https://cesium.com/ i ) ) D M " M
NASA World Wind N ) N 3D N ) N
https://worldwind.arc.nasa.gov/
Miniature Earth N ) ) 3D ) N N
https://miniature.earth/

WebGLEarth N ) ) 3D N N N

https://www.webgl-earth.com
Gio js + - - 3D + + +

https://giojs.org/
WhirlyGlobe
https://mousebird.github.io/Whirly + - - 2D/3D - + +
Globe/
GLOBE Elasticsearch API
https://www.globe.gov/ru/globe- + - - 3D - + +
data/globe-api

OpenGlobus API N ) i 3D N N N

https://www.open-globus.org/

Takke 3HAYUMBIM KpUTEpPHEM BbIOOpPA HHCTPYMEHTAJIBHOTO CPEZCTBA, 00ecIeunBaloIero
BU3YaJIN3AIUIO B paMKax pellaeMoy 3a/1aui, sIBJIsIeTcs CKOPOCTh PeH/IepUHTa N300pakeHu ],
YTO MPAKTUYECKU OIpeJiesisieT YPOBEHD I€TATU3AIUN U PEATUCTUYHOCTU KaK caMOT0 BUPTY-
asbHOTO I100yca, TaK U MOAIPY:KaeMbIX CJI0€B, 0TOOPaXKAIIIMNX XapaKTep MPOCTPAaHCTBEHHO-




TO pacripezieJieHUsl aHAJIM3UPYEMBIX TapaMeTpoB. TakuM 00pa3oM, IPUHUMAs BO BHUMaHHUE
reorpaduyecKkrie TPaHUIbl aBPOPAJIbHON 30HBI UMEET CMbBICII UCIIOIB30BATh MEJIKOMACIITAO-
HbIe (OT 1:2000000 /10 1:10000000) KapTorpadudeckue moaioKku. IIpu Takom macmrabe
IIPOCTPAHCTBEHHYIO BU3YyaJIN3allUI0 aHAJIU3UPYEeMbIX OOBEKTOB BO3MOKHO Pean30BaTh IO-
CPECTBOM PaHKHPOBAHHOU I[BETOBOM MHAMKAIIMU MMapaMeTPOB, IPUMEHsIeMOUN KakK K 00b-
eKTaM TOUEYHOTO TUIIA, TAK U K MOJIMTOHAIBHBIM O0beIUHEHUSM.

CpaBHUTEIBHBIN aHAJIN3 U OIIBIT Pab0ThI ¢ API, npesicTaByieHHBIMU B TabJI. 1, IOKA3aJl, 4YTO
ZUJIs PENleHus TOCTaBJIEHHOH 3a/jauyu B IeEpBOM npubsikeHun (6e3 nperbsaBiieHus TpeboBa-
HUHN K uHTEpdeElicy, MHCTPYMEHTAPHUIO, BXOAHBIM JTaHHBIM, KQUECTBY BU3yaJIHU3aI[UH, COBMe-
CTUMOCTH ¥ BO3MOXKHOCTU JAJIbHENINIET0 PAa3BUTHUA) MOXKeT ObITh HCIIOJIb30BaHA J00as U3
IepeuncyieHHbIx Oubsmorek. O/HAKO, YUUTBHIBAsg pacIIUpeHHble BO3MOKHOCTH 2D/3D-
BU3yIN3allMM 3€MHOU IOBEPXHOCTU, HCIIOJIb30BAHUE PA3JIUYHBIX (POPMATOB PEHEPUHTA
CJIOEB II0 MAcCUBaM JIJAHHBIX U, YTO HEMAJIOBAXKHO, MOAEPIKKY A3bIKa Python, B manHoit pa-
6oTe 6bLI0 TPUHATO peleHue 06 ucnosb3oBanun ArcGIS API.

4. ApxuTekTypa M HOporpaMMHas pealu3alnud CHCTEMbI
BU3YyAJIN3AIUU

B ocHoBe mpenjiOKEHHON CHCTEMBI BU3yaJM3allMM JIEXKUT XapaKTepHas A BeOD-
MIPWIOKEHUHN KJINEHT-CEPBEPHasi apXUTEKTypa, peasn3yemMasi ocpeZcTBOM I1abIoHa MPOeK-
tupoBanus MVC (Model-View-Controller) u cooTBeTcTByIOIIIEr0 €My KOMIIOHEHTHOTO paszie-
JIeHUS JAHHBIX NIPUJI0KEHUs, I10JIb30BaTeIbCKOTO NHTepdelica u ynpasidaomien joruku. K
IpeuMyliecTBaM 0003HAYEHHOTO MOAX0/a OTHOCATCA CTPYKTYPHUPOBAHHOCTh IPOTPAMMHOTO
KO/Ia, BO3MOKHOCTh €ro IMIOBTOPHOTO UCIIOJIb30BAaHUSA U, KaK Pe3yJIbTaT, CHIKEHUE CJI03KHO-
CTH BeO-TIpuyIoKeHUsA. B HacTosIee BpeMs yKa3aHHBIN apXUTEKTYPHbBIN AaTTEPH MO/IJIEPKHU-
BaeTCsi MHOTUMH WHCTPYMEHTaMU BebO-pa3paboTKH, O/THAKO B paboTe peaysmsanus IMpeJJio-
JKEHHBIX pellleHH{ BBINIOJIHEHA Ha 0ase dpeiimBopka Django, mpexacrapismoiiero coboi
(peliMBOPK CO MHOKECTBOM BCTPOEHHBIX BEHICOKOYPOBHEBBIX BO3MOXKHOCTEN U CTAH/IAPTHU30-
BAHHOU CTPYKTYPOU pa3pabaThIBa€MbIX IPUIOKEHUHN.

Kpome 3TOTO0, TaHHBIN (QpEeMBOPK BKJIIOUAET B ce0sA MeXaHU3MBbI IPEJOTBPAIeHUs pac-
mpocTpaHeHHbIX atak Tuna XSS (auri. Cross-Site Scripting — «MeKcalTOBBIN CKPUIITUHT») U
CSRF (anru. Cross Site Request Forgery — «MekcaiiToBas IozeIKa 3aIIpoca» ), UCIOJIb3yeT
ORM (anrin. Object-Relational Mapping, pyc. 06beKTHO-PEIANNOHHOE OTOOpaXKeHNe, WU
npeoOpa3oBaHNE) U BBIIEPIKUBAET BHICOKOHATPY:KEHHbIE MPUJIOKEHUS 32 CUET KAIIUPOBa-
HUSA U JUCIIeTYEepU3aIuu HAarpy3ku. Django peasnsyer RAD-KOHIENIINIO OPraHU3alNU TeX-
HOJIOTUYECKOTO Ipoliecca pa3paboTku mporpaMMHBIX mpoaykToB (Rapid Application
Development — 6picTpas pa3paboTka npuoxkenuii). Ho camoe riiaBHoe, Django ucmnosp3yer
Python B kauecTBe siI3bIKa MPOTPAMMHPOBAHUS, UTO PACIHIUPSET €ro (PyHKIMOHATbHBIE BO3-
MO>KHOCTU B TOJIb3Y CJIOKHOU aHAJIUTUKHU OOJIBIINX JAHHBIX, UX 00pabOTKU U BU3yaIu3a-
. Bce mepeunicsieHHOE BBITO/IHO oT/ImdaeT Django oT Ipyrux MoaxoA0B K Beb-pa3paboTke
U OIpeJiesisieT ero BhIOOP B KAuecTBE MHCTPYMEHTA pPeTM3aIUH CHUCTEMBI BU3yaTHU3aI[UHN
reoU3NUECKUX TapaMeTPOB B 00JIaCTH aBPOPAILHOTO OBAJIA.

Baxno oTmMeTuTs, uTo KoOHIenuusa MVC ucnosbayercs B Django B HECKOJIBKO U3MEHEHHOM
BUjie: (PpPEeMBOPK peayin3yeT apXUTEKTYpHBIH MaTrTepH, obo3HavaeMblii kak MVT (Model-
View-Template) u siBasromuticss mogudukarueir MVC.

KiiueHT-cepBepHOE B3aUMO/IENCTBHE B paMKaX 0003HAUEHHOTO IMaTTEPHA OCYIIECTBIISIETCS
crenyomuM obpazom (Puc. 3). Ympasisromas JIOTHKa IMPUWIOKEHUSA 33/1aHA HAa YPOBHE
IIpe/ICTaBJIeHUl, KOTOPbIE, B CBOIO OUepe/lb, pa3MelnaioTcsa B aiise Views.py U 3aai0TcA
HabopoM yHKIUI ¢ BXOAHBIM aprymeHToM Tuna HttpRequest 1 Bo3BpamaeMbiM 3HaUeHEM
Buzia HttpResponse. Kaxkoe 1mpesicraBiieHre MPUKPEIJIAETCA K MIPOEKTY COOTBETCTBYIOIIEN
ccoutkoil B ¢aiiyie URL.py (kommoHeHT, u3BecTHbIA Kak auciieruep URL). IIpu mosryyenuu
II0JIb30BATEILCKOTO 3alpoca KoHTposuiep uepe3 ¢daiin URL.py omnpenesnser, Kakoi cepBep-



HBIH pecypc /I0JKeH OBITh HCIIOJIb30BaH /sl (OPMUPOBAHUA OTKJIMKA, U IepeHaIpaBiser
IIapaMeTpBhl 3alIpOca COOTBETCTBYIOIIEMY IIPE/ICTaBIEHUIO.

B Django ¢aiin Views.py BBIIIOJHSET B HEKOTOPOH CTEIIEHU POJIb KOHTPOJLIepa, obpaba-
THIBAIOIIIETO TOCTYIUBIINH 3ampoc ¥ (OPMHUPYIOIIETO OTBET, BU/ KOTOPOTO /JI OJIb30BaTe-
s ompegneinsierca 1mabimonom (Template). IllaGion coxmeps:kut cratudeckunii HTML
Y JUHAMUYECKUe JaHHble, IO CTAHOBKA KOTOPBIX B PE3yJIbTAT OIMUCBHIBAETCA C IIOMOIIBIO CO-
OTBETCTBYIOIINX IPOTPAMMHBIX UHCTPYKIIUI. BbI30BBI 11a0JI0HA OCYIIIECTBIIAIOTCSA HEIIOCPE/-
CTBEHHO U3 QYHKIIUU B IIPE/ICTABJIEHUH C TIOMOIIbI0 MeToza render makera django.shortcuts,
KOTOPBIH BBITIOJTHSIET YKa3aHHBIHN 1Ia0JI0OH B BO3BpaIiaeT 3k3eMIUIsip oobekTa HttpResponse
C TIOJIyY€HHBIM COJIeP>KUMBIM.

Bce o6o3nHaueHHBIE KOMIIOHEHTHI — KOHTPOJLIED, HpejcTaByieHus, mmabiaoHb, URL-
JIUCIIETYEDP — COCTaBIAIT Django-npusokeHue. B3auMmogelicTBue IOCIeAHEr0 HENOCpes-
CTBEHHO ¢ Be0O-cepBepoM ocyiiectsisgerca 1o crannapry WSGI (Web Server Gateway
Interface). Beb-cepBep ucrosHseT Koz Ha ocHoBe mnosydeHHoro HTTP-3ampoca, u3Bjiekaer
ero IapaMeTpshl U nepeAaeT ux BMecTe ¢ GyHKI[He 00paTHOro BbI30Ba (IIpU HAJIMYNU) B BeO-
npuwioxkeHue. [locieHee o6pabaThIBaeT 3aIIpoC MO OMUCAHHOHN BHIIIIE CX€Me M BO3BpAIllaeT
pe3yJibTaT 0OpaTHO Ha Beb-cepBep.
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B mporiecce 06pabOTKM M BU3yaTU3aIlUU ITPOCTPAHCTBEHHO-PACIIPE/IeIEHHBIX 3HAUEHUU
TeX WJIW WHBIX IeoHU3UUECKHUX I1apaMeTPOB aBPOPAJIBHON 30HBI HCHOIB3yIOTC CSV- u
JSON-/1anHbBIE U3 CTOPOHHUX UCTOUYHUKOB. IIpu 3TOM BO n30ekaHUe KOJUTU3UH, CBA3aHHBIX C
TeM, YTO OOJIBIITMHCTBO Opay3epoB CJIEAYIOT IIOJIMTUKE OJHOTO HCTOYHHUKA (Ssame-origin
policy), obpalieHre K yZjaJleHHbIM UCTOUHUKAM JJAHHBIX OCYIIECTBIISETCSA TOJIBKO Ha CTOPOHE
cepBepa. BrlnosiHEHNE COOTBETCTBYIOIIUX CIIEHAPHEB OCYIIIECTBIIAETCA ¢ HA4aJIOM ceaHca pa-
60THI TTOJIb30BaTEJIA ¢ Django-MpuyIosKeHHEM U MPeIToIaraeT OTIPABKy 3alpoca K BHEITHUM
MCTOYHUKAM JIAaHHBIX C Iepeaadeld MOJyUYeHHbBIX B II0JIb30BATEIHCKOM COOOIIEHUH TapaMeT-
poB. Taxk, cepBepHbIli python-cuieHapuii obparaercs mocyienoBaTebHO K JaHHBIM NOAA o
COCTOSTHUU [mapaMeTpoB B obJactu aBpOPAJIBHOTO oBaJia (url:
https://services.swpc.noaa.gov/text/aurora-nowcast-map.txt, url:
https://services.swpc.noaa.gov/text/aurora-nowcast-map.txt), MeKIJ1aHETHOTO MarHUTHOI'O
oyt (url: https://services.swpc.noaa.gov/products/solar-wind/mag-6-hour.json) u cosHeu-
Horo Berpa (url: https://services.swpc.noaa.gov/products/solar-wind/plasma-6-hour.json).
Pe3ysibTaThl BBINIOJTHEHUS CIleHApUs MepPeAaloTcs B COOTBETCTBYIOIIMY mabysioH u3 Django-
MIPWIOKEHUS U HAIIPABJIAIOTCA BeO-cepBepOM Ha KJIHMEHTCKYIO CTOPOHY B KaueCTBe OTKJIMKA
JUTSI TIOC/IEAYIOIIEr0 PeH/IEpUHTa IT0JIb30BaTEILCKUM areHToM (Opaysepom). Takum o6paszom,
paboTa ¢ UCTOUHUKAMU BU3YaJIM3UPYEMBIX JTAHHBIX OCYIIECTBJIsIETCS IO MIPpUHIHITY denepa-
Jmn3anuy 06e3 OTYYKJEHUs JaHHBIX C IOCJIEAYIOIUM JIOKAIBHBIM COXpaHEeHHeM HaOopoB
daitioB Ha BeO-cepBepe.

B ¢opmupoBannu pesynprupyomero HTML-koza mabioHamMu BeO-TIPUIOKEHUSA HC-
II0JTh30BaHbl QYHKITMOHAIPHBIE BO3MOKHOCTH ABYX BHeITHUX API. ITepBbIii u3 HUX — Google
Visualization API (http://www.google.com/jsapi, moysp «visualization») — cJIy?KUT OCHOBOI
JUTs1 (pOpMUPOBAHUA U PEHJIEPUHTA Ha KJIMEHTCKOH CTOPOHE I'padUKOB, XapaKTEPU3YIOIINX
M3MeHeHNe ITapaMeTPOB MEKILUIAHETHOTO MAarHUTHOTO TI0JISI U COJTHEYHOTO BETPa MO JaHHBIM
13 CTOPOHHUX UCTOYHUKOB. Ha HauaIbHOM 3Tare OTAeIbHO MOAKIIYaeMbIil Moayab Google-
sarpy3unka (loader.js) cosmaer nutio3 A1 MOAKIIOUEHUS IpapUUECKUX KOMIIOHEHT JIJIst
dbopmupoBaHUs KoAa KJIMEHTCKON MPOPUCOBKU rpadukoB. Jlasee HEMOCPEACTBEHHO B mIa0-
sioHe MeTozioM load sk3emmuIsipa Kitacca google.chart Kk MPUIOKEHUIO MTOAKITIOUAIOTCH HEOD-
XOJIUMble BHEIIHWE MOAy/U (B JAHHOM CJIydae, Hampumep, 'corechart’, 'controls'), Ha Bx0j
KOTOPBIM I10/IaeTCSI MACCUB JAHHBIX 771 BU3yainzanuu. HakoHerr, mmocjie HacTpOHKu rpadu-
YecKUX KOMIIOHEeHT U ykaszaHusi HTML-snemeHTa /i MPUBA3KU K HEMYy (HOPMHPYEMOTO
rpaduvecKoro KoHTeHTa MeTo draw 1Mo GyHKIIMKU 0OpAaTHOTO BBI30BA «IIPOPUCOBHIBAET» CO-
OTBETCTBYIOIIIHE rPapUKU HA CTPAHUIIE TPUIIOKEHHUS.

Eme onun croponHuil API, ucnosp3yeMblii B IPWIOKEHUH, OTBeUYaeT 32 BU3YyaTIU3aI[UI0
MIPOCTPAHCTBEHHBIX JAHHBIX, XapaKTEPUIYIOIIUX paclpeiesieHre 3HaueHNH reopu3nUecKux
IIapaMeTpPOB B aBPOPAJIBHOU 30HE C MPUBA3KOU K reorpaduueckuM koopauHatam. C aTou
IEJIBIO HCIIOJIb3YeTCA ArcGIS API for JavaScript
(https://developers.arcgis.com/javascript/). Pabora ¢ mTpPOCTPAaHCTBEHHBIMH JAHHBIMU
HAUMHAETCA ¢ MHUIMAIN3AlUU 9K3eMIUIApa kiacca Map, mpe/lHa3HAUEeHHOTO JJIsl BU3yasIu-
3all Pa3HOOOpa3HBIX KapTorpaduyeckux caoeB. OH UCIOJIB3YyETCSA B KauecTBe 6A30BOTO U
dopmupyertcst mocpezicTBoM kiacca BaseMap, KoTopsiii oOpamaeTcs kK yaaieHaomy ArcGIS-
cepBepy, MOJIy4aeT C Hero Kaprorpaduyeckyro MOAJI0KKY YKa3aHHOTO B 3allpoce THUIIA U Tie-
pezlaeT ee paHee CO3JJaHHOMY S5K3eMIUIApYy kiacca Map (B paMkax 0003HaueHHOTO BeO-
PWJIOKEHUS KapTorpadpuuecko mozI0:kkoi BoicTynaer ArcGIS-kapra tumna «streets-night-
vector»).

OcoOeHHOCTh BU3YTHU3AIUH HCIOJIb3yEMBIX B paboTe JaHHBIX 3aK/II0YaeTCs B OOJIBIIIOM
YrHCJIe IPOCTPAHCTBEHHBIX TOUEK (524288 Todek), Kaxas U3 KOTOPHIX IPEJICTABIAET COOOH
OTAETbHBIA DK3eMIUIAP Kiacca Point u, kak ciencrBue, oTAeabHbIi DOM-00beKT a1 Opay-
3epa. [lociennuii B 1esisax 06e30MaCHOCTU IpeAycMaTpUBaeT OTpaHUYEHUEe co37jlaBaeMoro (1
IIPUPHUCOBBIBAEMOI'0) B IMOJIH30BaTEIbCKOM OKHe unciia DOM-06beKTOB, UTO MPOSBIAETCA B
KpalilHe HU3KOU CKOPOCTH pPeHJIEpUHTra TOYeK Ke Ha ypOBHE, OJIM3KOM K IOJIyThICSIUE U He-
BO3MOXKHOCTH PeHlepUHTa (IIpU YucyIe TOUYeK, IIPEBHIMIAIIEM ~500 00beKTOB). B 3TOM CBI-



31 PEHJIEPUHT IIPOCTPAHCTBEHHBIX TOUEK BeJIETCA MOCPEACTBOM UX IPYNIIMPOBAHUA B KAPTO-
rpaduUeckuil cJI0M ¢ HaCTPOMKON IIBETOBOM KapThl JIJIs JIMalla30HA BU3YaIM3UPYEMBIX CO-
CTaBJIAIONINX €r0 TOYEK.

Jlns perieHus mMocTaBJIeHHOM 3a7laull HacTpamBaeMble KapTorpaduueckue cjiou, obecre-
YHMBAIOIINE BU3yaJIM3aIUI0 IPOCTPAHCTBEHHOTO pacHpeziesieHs 3HAYEHUN IapaMeTPOB aB-
pOpaIbHBIN 30HBI, (POPMHUPYIOTCA KaK 5K3eMIUIAPbl Kiacca LayerViewClass. B kauectse
BXOJTHOTO IMapaMeTpa KOHCTPYKTOp 0003HaueHHOro kiacca npuHuMaer CSV-daiin, comep-
JKaIUH JTaHHbBIE, KOTOPble He00X0IMMO 0TOOpa3uTh Ha kKapTe. Ha BbIxojie ¢popMupyeTcs Kap-
TorpaduuecKuil 10, IPUBA3AHHBIN K CO3/ITAHHOMY paHee 3K3eMIUIAPY KapTorpaduueckomn
MIO/IJI0KKH.

Ha ¢uHanpHOM 3Tamne kaprorpadgudeckasi OCHOBA ¢ MPUKPEIJIEHHBIMH CJIOSIMU IIpeobpa-
3yeTcs B BK3EeMIUIAP BHPTYaAJIbHOTO IyIo0yca IOCPEACTBOM HHHITHMAIU3AIUHN SK3EMILIAPA
kiacca SceneViewClass, Takke NMPUHUMAIIIEM Ha BXOJ[ CJIOW U MPUBA3KY K SK3EMILUIAPY
KapThl. Pe3ysbTaTOM NIpHUMeEHEHUs II€PEeYHCIEHHBIX CJI0eB B paMKax mabsiona Django-
MIPUJIOKEHUSA ABJISETCA ITOTOK JJAHHBIX, HAITPABJISIEMbIX Ha KJIMEHTCKYIO CTOPOHY B KaUeCTBe
oTkinKa u cozaep:kamux HTML-kox, ctuieBble TaOJUIBI M CIIEHAPUH JIJIS BBHITIOJTHEHUSA U
peHjiepuHTa B Opaysepe.

5. O0cy:kaeHue pe3yjIbTaToB

WNnTepdetic pazpaboTaHHOUN CHUCTEMBI i1 BeO-OPUEHTUPOBAHHON BU3yaTu3anuu reodu-
3WYECKUX NTapaMeTPOB B 00JIACTH aBPOPAJIBLHOTO OBajia MOKA3aH Ha pUC. 4. 371ech B 00IeM
BU/JIe IIPOCTPAHCTBO JIOTUYECKH pasJieJieHo Ha 8 MyHKIIMOHAJIBHBIX O0JIacTel: A — TeKyIue
nmara u Bpemsa UT (aurs. Universal Time, pyc. BcemupHoe BpeMs); B — mosicHeHre IIBETOBOM
nHankanuy; C — TeKylue mapaMeTphl COJTHEUYHOTO BeTpa M MEKIUIAHETHOTO MAarHUTHOTO
nosisg; D — BupTtyanbHbIi 100yc; E — MeHIo pexxuMa Busyausamnuu (IIoJIHOUb, CeBepHasi MU
10kHas nosycdepa, Teppuropus Poccuiickoit @epeparun wiau ¢cBOOOAHBIN pocmoTp); F —

MaHeJIb OTOOpaXKeHUs TEKYIIUX KOOPAUHAT Kypcopa u MaciiTaba; G — 6a3oBble MHCTPYMEH-
THI /IJI1 IPOCTPAaHCTBEHHOro aHanu3a;, H — rpaduku n3MeHeHUs IapamMeTpPOB COJIHEYHOIO
BeTpa M MEXKIUIAHETHOTO MarHUTHOTO MOJIA 32 MOCJIeHNE 6 YacoB. 3ejieHas U CUHSAA JTUHUU
COOTBETCTBYIOT HYJIEBOMY MEPUJIAHy U MepHUAUaHYy, IIPOXOAAIIEMY Uepe3 TOUKY C JIOKATb-
HBIM BpeMeHeM 00:00 (II0JIyHOYHBIN MepUINaH).

F Lat/Lon -69.061 -148.303 | Scale 1:166
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Puc. 4. UnTepdetic BeO-puiokeHNs JJIs BU3yaIu3aIui reoprU3nIecKux IapaMeTpoB B
obJiacTu aBpOPaAJILHOTO OBajia



Ha Puc. 5 nokasaH IpuMep BU3yaJU3alid UHTEHCUBHOCTH CBEUEHUs BEPXHUX CJIOEB aT-
Mocdephl B 00J1aCTH aBPOPAJIBHOTO OBasa (a) U pacupesiesieHre 3JIEKTPUYECKOro MMOTeHIHa-
sa (6). Ha Puc. 5, a KpacHbIe TOUKU MPECTABIIAIOT COOOH CJIOM MarHUTHBIX 00CcepBaTOPUU U
BApPHUAIIMOHHBIX CTAHIMU ¢ aTPUOYTUBHBIMHU JIaHHBIMU. Ha puc. 5, 6 TaHHBIN CJIOH BBIKJIIO-
YeH, O/IHAKO MTOKa3aH MpuMep paboOThI C JUHENKOH, IEMOHCTPUPYIOIMINY PACCTOSTHIE MEXKIY
MaKCUMyMaMHu abCOTIOTHBIX 3HAUEHUH C OCBEIEHHON M TEHEBOW CTOPOHBI 3€MJIM, COOTBET-
CTBYIOIIEE IUAMETPY aBpOpaJIbHOTO oBata. [Ipu 3ToM BU3yasm3anus B cIydae puc. 5, a BbI-
IIOJTHEHA TTOCPE/ICTBOM TOYEUHBIX OOBEKTOB, a B CJIy4ae puc. 5, 0 — MeTO0M TPUAHTYJIAIUH.

\ 3002,47 km

a 6
Puc. 5. 9xpanHuble GopMbl pa3paboTaHHOTO BeO-cepBuca /Uil BUSYAIU3AIUU reopu3nye-
CKHX ITapaMeTpoB B obJracT aBpopasibHoro oBasa (http://aurora-forecast.ru/):
a — THTEHCUBHOCTDb CBEUEHH S aBPOPATILHOTO OBAJIA;
6 — IOTEeHIIMaJI BJIEKTPUYECKOTO TTOJI

Jlns1 GoJiee HATJISA/THOTO IIPEJICTABJIEHHS B CHUCTEME BU3yaJIM3allMU TaK:Ke OTOOpaskaercs
TEPMHUHATOP — JIUHUA pasfiesia AHA 1 Houu. OJITHAaKO OTMETUM, YTO Ha JJHEBHOUM CTOPOHE, /1a-
’Ke HeCMOTPS Ha JIOCTATOYHO BBICOKYI0 MHTEHCUBHOCTH IIPU BU3YAJIN3allUU — TOJIAPHBIE CHU-
STHUSI BUJTHO CKOpee Bcero He Oyzer. O/THAKO 3a 9ac /10 BOCXO0/ia WJIM Yepes3 Jac IocJie 3aKaTa
CostHIa TIpW HajJIeXKalllell WHTEHCUBHOCTH CHUSHUA y»Ke MOXKHO HaOJII0/IaTh HEBOOPYKEH-
HBIM TIJIa30M.

6. 3ak/Ir0ueHue U BBIBO/bI

B xo/ie BoITIOTHEHHMS PAOOTHI OBLIH ITOJTyYEHBI CIIEIYIONINE PE3YIbTAThI:

- HecmoTps Ha oTCyTCTBHE B HACTOsIee BpeMsI HHTEPAKTUBHBIX BeO-CEPBUCOB, 00ecreyun-
BAIOIUX BU3YAJIN3aLNI0 Te0pU3NIECKUX TapaMeTPOB B aBpOPaJIbHON 30He OBLIO IOKA3aHO,
YTO IIOCTPOEHHE TAKOTO pojila MHQOPMAIIMOHHBIX CHCTEM, KpOMeE IPOYero, YyKOMIIEKTOBAH-
HBIX Jake 6a30BbIMU ['MIC-MeTOaM¥ HE TOJIBKO BO3MOXKHO, HO U IIPEJOCTABIIsIET 3HAUUMbIe
IIPENMYIIIECTBA epe]] U3BECTHBIMU Ha CETOIHAIIHUN JIeHb ITO/IX0/IaMH.

- B cuity reompocTtpaHCTBEeHHOU crelUdUKU paclpe/iejieHUs] aHAIU3UPYEMBIX JAaHHBIX
(Y3Kue BBICOKOIIUPOTHBIE MOsICa) 0 MPUUNHE MCKAKEHUS TeOMETPUUECKOro Mo/I00us KOH-
TYpOB, COOTHOIIIEHUA IUIOIIA/Iell 3eMHOU IMMOBEPXHOCTH M KapTorpaduuecKux HCKaKeHUH
MIPOEKITUI TPagUIIMOHHBIE TJIOCKHE KapTorpaduyecKue MOoJI0KKH HUCI0Ib30BaTh HEIEJIECO-
00pa3HO, ¥ MPU peaTM3alUi CUCTEMBI CTOUT JIeJIaTh BHIOODP B I0OJIb3y BUPTYIBHBIX TJI00Y-
coB. VckiIoueHre COCTaBJIAIOT IUIOCKUE ITPOEKIINU CEBEPHOU U I0KHOU mostycdep, OAHAKO
IIOMHMO TOTO, YTO TAKOW BUJ KAPT ABJISAETCA IOCTATOUHO SK30TUYHBIM U He MO/IePKUBAETCSA
OOJIBIIMHCTBOM JIOCTYITHBIX IPOTPAMMHBIX OUOJIMOTEK, OH TaKXKe YCTyIaeT TPeXMEPHOH MO-
Zlesii 3eMJIH 110 KaueCTBY BU3YaJIbHOTO BOCIIPUATUA HHPOPMAIIUH.



- Cpenu psifia U3BBECTHBIX HA CETOAHSAIIHUY JIeHb OMOINOTEK, ITO3BOJISIOMNX (C UCIIOIH30-
BaHUEM TEXHOJIOTHMH BHPTYaJIbHOTO IJI00yca) peasln30BaTh BU3YaTHU3AIUI0 re0DU3UUECKUX
IIapaMeTpoB B 00J1aCTH aBPOPAILHOTO OBaJIa, 10 MHEHUIO aBTOPOB, BHIOOD CJIEAyeT CAeaTh B
110163y ArcGIS API, X0Td 3HaUMMBIM IIOTEHIIMAJIOM JJISI PEIIeHUs TAaKOTO POJA 33/1a4 TaAKXKe
obagator NASA World Wind u Cesium.

- Ha 6a3e pa3paboTaHHO! U ONMUCAHHOU paHee apXUTEKTYPhI, CO3/IaH MPOTOTHUII CUCTEMBI,
C KOTOPHIM MOXKHO O3HAaKOMUThCA mo azapecy: (url: http://aurora-forecast.ru/). Ilpu stom
paboTa HaJ| MOBBIIIIEHHEM (PYHKIIMOHAIHHOCTH U 3P (PEKTUBHOCTH BU3yaTU3AIUN IIPUIIOKE-
HUS IPO0JIKAETCS.

Takum 00pa3oM, Kak y»Ke OTMeuaoch, pa3paboTKa U MOAEPHHU3AIIHSA TOIX0/I0B K IIOCTPO-
€HHIO0 BeO-OpUEeHTUPOBAHHBIX CEPBHUCOB, obOecrnevyuBaromux 3GGEeKTUBHBIH MOHUTOPUHT U
BHU3YaJIN3aIHI0 TeoPU3NUECKUX ITapaMeTPOB B 00JIaCTH aBPOPAJIbHOTO OBaJjia, a TaKKe I103-
BOJISIOIIErO IPOBOJIUTH UX COMYTCTBYOIIMU aHamu3 MetogaMu I'MIC Ha ceroqHAIIHUN JIeHb
SIBJISIETCS ZIOCTATOYHO CJIOJKHOU, HE UMEIOIEeH OJTHO3HAYHOTO U/ MU OKOHYATEIbHOTO pellle-
HUA 3a71aueii. [Ipu aTOM, IIpe/inosiaraeTcss YTo pa3paboTKa U 3BOJIIOIUA TAKHUX IIPOTPAMMHBIX
IIPOAYKTOB 00ECHeuYuT MOBBIIIeHHEe 3(PHEKTUBHOCTH PabOT, CBSI3aHHBIX C HCCIEAO0BAHHUEM
JIMTHAMUKU aBPOPAJIbHOTO OBaJjia [11], © B KOHEYHOM HUTOTE IIOMOKET BBISIBUTh HOBBIE 3HAHUS
OTHOCHUTEIbHO TOTIOJIOTHH MarHUTOChEPHI i ee U3MEeHEeHUsX, HallpUMepP, BO BpeMs reomar-
HUTHBIX Oypb U CyOOypb.
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Abstract

Analysis of well-known services for monitoring geophysical parameters in the auroral
oval area has revealed a number of disadvantages, which are typical and, in principle, repeat-
ing from implementation to implementation. They are the inability to dynamically scale and
add auxillary layers; the mall number of displayed parameters; the lack of data on the current
state of space weather and basic tools for spatial analysis of visualized parameters, etc. Thus,
the paper is concerned with an approach (architecture and its software implementation) to
create a web-based system utilizing virtual globe technology for visualizing geophysical pa-
rameters in auroral zone (www.aurora-forecast.ru). The visualized data are the intensity
(probability of observing) of auroras obtained in accordance with the OVATION model and
the potentials of electric and magnetic fields calculated according to the Weimer model. It is
assumed that the considered approach to the visualization of geophysical parameters in the
auroral oval area will increase the efficiency of work related to the study of the auroral oval
dynamics and ultimately help to identify new knowledge about the topology of magneto-
sphere and its changes, for example, during geomagnetic storms and substorms.

Keywords: aurora, auroral oval, geomagnetic variations, space weather.
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