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INPOEKTUPOBAHUE U TEXHOJIOTHYECKAS ITIOATOTOBKA CETEHN

CTAHIII/Iﬁ BEPTUKAJIBHOI'O 30HIUPOBAHUA HOHOC®EPHI
A.1O. I'pnmenues, A.I'. KopoOeitHukoB

TIpoBejieH aHamM3 CTPYKTYpPhI CETH CTAHI[MH BEPTUKAIBHOTO 30HANPOBAHUS HOHOC(HEPHI. PaccMOTpeHbI 0COOEHHOCTH pa3pa-
OGOTKM ¥ MIPUHIIKII IOCTPOEHHUSI KOMIUIEKCOB IIPOrPaMM aBTOMATU3UPOBAHHON 00pa0OTKHU, aHAIM3a U XPAHEHUS JIAHHBIX 30H-
JupoBanust HoHOc(epsl. [TocTpoeHa KOHIENTYallbHAs MOJIENb KOMIUICKCHOM CHCTEMBI yIIpaBlieHus 6a3aMu JaHHbIX. B mpak-
THKY HCCIICIOBaHUSI HOHOC(EPhI BHEIPEHO COOTBETCTBYIOLIEE MporpaMMHoe obecrieueHue. [Toka3aHbl pe3yIbTaThl MPHMeE-
HEHHMS MIPEUIOKEHHBIX aBTOPAMH aJITOPUTMOB U IIPOrPaMM aBTOMATHU3MPOBAHHOM 00pabOTKY M aHAIIM3a JAHHBIX BEPTUKAIIb-
HOT'O 30HMPOBAHHUS HOHOC(EPHI.

KaroueBbie ¢JI0Ba: MPOEKTHPOBAHUE, pa3paboTKa, IPOrPaMMHOE 00ECIIeUueHne, UCCIIEI0BaHMsI, BEPTHKAIBHOE 30HHMPOBA-
HUE HOHOC(hEpEI.

BBenenune

Honocdepa — 310 yacTb BepxHel atMocepbl, TIe IIIOTHOCTh CBOOOAHBIX 3JIEKTPOHOB JOCTATOYHA, YTO-
OBbI OKa3bIBaTh 3HAYMTENBHOE BIMSHUE HA PACIpPOCTpaHeHHe paxroBoiH. OTCIOAA CIEIyeT, YTO MCCIIeIOBaHHE
CTPYKTYpBI HOHOC(EPHI BAXKHO KaK JUTsl MOHUMaHUs (U3UKH MPOTEKAIOIINX B HEH MPOLIECCOB, TaK U IJIsl pelie-
HHS pa3HOOOPa3HbBIX paaroGU3MIECKHX 331a4, CBA3aHHBIX C PACIIPOCTPAHEHUEM PaJHOBOIH. [ MpaKTHYECKHUX
HY’XJ 4eJIOBeYeCTBa U3y4YeHHe HOHOC(hEephl CBSI3aHO, HapuMep, ¢ 3PPEKTHBHOCTHIO (DYHKIMOHUPOBAHHUS CITyT-
HHUKOBBIX CHCTEM PaIHOCBS3H U KOOPANHATHO-BPEMEHHOTO 00ECIICUeHHsI, C pa3paboTKO pagapoB C CHHTE3HPO-
BAHHOW alepTypoil, HCIONB3YIOUIMX BCe 0O0JIee HU3KHIE YaCTOTHI PAJAHOBOIH M CIIOCOOHBIX OCYLICCTBILITH IJIy-
OMHHOC 30HIMPOBAHUE 3€MHBIX TPYHTOB.

AHaIM3 COCTOSHHUSI HOHOC(HEPHI IPOU3BOAT PA3IUYHBIMU METOIAMH, OJHHM M3 KOTOPBIX SIBISICTCS BEp-
THKAJIbHOE 30HANPOBaHHE MOHOC(HEPbl. DTOT METOA Peanu3yercs Ha CTAHLMSIX BEPTUKATIFHOTO 30HINPOBAHUS
noHocoepst (CB3N).
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B nacrosmiee Bpems mpoucxoaut MonepHuzaius cetu crannuii CB3U, maxonsmuxcs Ha OGamance UH-
CTUTYTa 3E€MHOr0 MarHeTM3ma, HOHOc(epbl M pacmnpocTpaHeHus paaumoBonH uMm. H.B. IlymkoBa PAH
(U3MUPAH, Poccus), 'ocygapCcTBEHHOTO0 HAy4HOTO IIEHTpa «APKTHUECKHMH M aHTapKTHUECKUIl HaydHO-
uccnenoBatensckuiit HHCTUTYT» (AAHWU, Poccus). Ha stux cersix CB3U npon3BoAaTcs JOCTATOUHO IIUTENb-
HBIE TPUOOPHBIE HAOIIOIEHHST HOHOC(EPHI, MO3BOJISIONINE JIeNIaTh BBIBOJIBI 00 HAYIIUX B HOHOC(Epe AMHAMUYe-
CKUX TIpoleccax. B Hacrosimee Bpemsi Ha Teppuropun Poccuiickoit denepanuu (GyHKIMOHHPYIOT HE MEHee
20 CB3U (8 CCCP 65110 40), 00pa3yroliye ceTh U MOCTOSHHO Mepe/Iarolliue JaHHbIC B OJUH U3 MUPOBBIX LICH-
TpoB AaHHBIX (MLIJ]). Jlns Goiee riryOOKOTO MOHUMAHUSI MIPOUCXOISIINX B HOHOC(EPE TPOIIECCOB HEOOXOAUMO
WCIIONIb30BaHNE apXMBHBIX JAaHHBIX, coOpaHHbIX CB3M. JT0 mo3BonuT, HanpuMep, NPOBOANTH CUHTE3 U aHAJIH3
MaTeMaTHYECKHX (B TOM YHCIIE CTATHCTHYECKUX ) MOJICIICH SIBIEHHIA B HOHOC(]EpE U ITOKA3hIBATH UX CBS3H C APY-
TUMH TIpoIieccaMy MPUPOTHOTO M aHTPOIIOT€HHOTO MPONCXOXKACHUS [ 1—7]. AKTyallbHOCTh TaKUX HCCIIEJOBAaHUH,
BKJIFOYAIONINX HENPEPHIBHBI MOHHUTOPWHT, MOJEIHPOBaHHE, cOOp, 00pabOTKy, aHAIN3 M XpaHEHWE AAHHBIX,
OpL1a mokaszaHa B pszge pador [1-3].

CoBpeMeHHbIe METObl PaJr030HAUPOBAHM HOHOC(HEPH MOXKHO Pa3feiuTh Ha TPH KJlacca: BEepTUKAIIb-
HOE 30HIUPOBaHNE, HAKIOHHOE 30HIMPOBAHUE, CIIyTHUKOBOE paAuoIpocBednBaHue. IIpu 3ToM BepTHKaIbHOE
3oHaupoBaHre noHocheps! (B3M) sBisercs uctopudyecku Hanbosee IPUMEHSIEMbIM TPHOOPHBIM METOJIOM HC-
cienioBanusl, a nanable B3U Ha ceroqHsIIHMI JeHb HaKOIIJIEHBI 32 HanboJee UIUTEIbHBINA TTePHOI.

C nosiBIEHHEM COBPEMEHHBIX BHIUHUCIUTENLHBIX 1 KOMMYHUKAIIMOHHBIX CPEJICTB U TEXHOJIOTUI BO3HHUKIIA
HE0OXOANMOCTh KOHIENTYyanbHOH MoepHu3atun cetd CB3U, Brimrouaroniei:

— paspabotky nporpammuoro oboecneuenus (I10) u 6a3 gaHHBIX;

— pa3paboTKy anmapaTrHoro obecreueHus;

— pa3paboTKy CpeAcTB KOMMYHHKANNN 1 HHPPACTPYKTYPHI;

— pa3paboTKy U MCCIIEIOBAHNE MAaTEMATHUECKUX MOJIETIEH;

— BHEJpEHHUE NPUHIUIIOB HHTEPOIepadenbHOCTH;

— pa3paboTKy METOJ/IOB U CPEJCTB 3aIUThI HH(pOpMaLnHy;

— Ppa3BepThIBaHHE, TECTUPOBAHKE U HACTPOUKY obopynoBanus u [10;
— CHCTEMHBIH aHaJIN3 IPOEKTHBIX PEIICHUH B IIETIOM.

B nacrosieit pabote mposeneH ananu3 cTpyKTypbl ceth CB3U u paccMOTpeHBI BOIPOCH! pa3pabOTKu
1O n 6a3 naHHBIX MPUMEHUTENBHO K IPOSKTHPOBAHUIO M TEXHOJIOTHYECKOi noaroToBke cetr CB3U.

ITocTanoBka 3aga4u

J1J1s1 TTIOJTHOLIGHHOT'O MCIIOJIB30BAaHMsI COBPEMEHHBIX alIapaTHBIX CPEICTB, pealn3aliii METOIOB Iepeaa-
4ym, 00pabOTKH, aHANM3a U XpaHEHHs HaHHBIX TpeOyercs pa3paborka creruansHoro 110. B OomsmmHCTBE City-
gaeB MOTPeOHOCTH pa3paboTku [10 cBsA3aHa ¢ MOCTYIICHHEM HOBOTO UMIIOPTHOTO TEXHOJIOTHYECKOTO 000pyI0-
BaHUS U C BKIIOYeHHeM Poccuu B MEXIyHapOAHYIO ceTh HOHOC(hepHbIX HabmoaeHuil. Ilocnennee 00ycioBieHO
IIOCTOSIHHO HM3MEHSIONMMCSA TPEOOBAaHMSAMU MEXIYHApPOIHOTO KOOPAMHAIIMOHHOTO LeHTpa. TakuMm o0pasoM,
paspabotka crienuanbHoro 110, Mo3BONAIOIIEro NpoBOIUTE aBTOMATH3HPOBAHHYIO 00pabOTKY, aHalIM3 U XpaHe-
HUE JaHHbIX oTeuecTBeHHOM ceTn CB3U, siBisieTcs akTyanbHOM.

CeTtb cTaHIuii BepTHKATBHOT0 30HIUPOBAHMS

PaccmarpuBaemble B ganHoit pabote CB3U pacnonoskeHbl B BRICOKOIIUPOTHOM 00JIaCTH, YTO ONpPEIENsIeT
0COOCHHOCTH PETHCTPUPYEMBIX JaHHBIX, a CJIEeI0BaTEeIbHO, M METOOB MX 00paboTku u ananmmza. Kpome Toro,
npaktrdeckr Bce CB3U 060py10BaHbI JOTOIHUTEIFHBIMHA CPEICTBAMH MOHUTOPHHTA, TIO3BOJISIFOIIMH TTPOBO-
JIUTH TTIOKOMIIOHEHTHBIE HAOJIONEHHS 332 MarHUTHBIM MOJEM 3€MJIH B reorpa)uuecKoil TOUKE PaCIIONIOKEHUS
CB3U. B cBsi31 ¢ 3THM TaKue CTAaHIIMK HAOIIOICHUS YaCTO HA3BIBAIOT KOMIUIEKCHBIMH MarHUTO-HOHOC(HEPHBIMA
obceparopusivu (KMHUO).

LlenHoCcTh PUOOPHBIX HAOMIONSHUH 3aKIIOYAETCS B UX HEMPEPHIBHOCTH, YTO ITO3BOJISIET OTCIEKHBAThH
JUHAMHKY TIPOLIECCOB B HMOHOC(Epe, HaOII0AaTh CKOPOCTh Pa3BUTHSA, [UIMTEILHOCTh U NMEPHOIUYHOCTh BO3MY-
menuil. [IpakTuka mokasana, 4yTo MEPHOJUMYHOCTH 30HAMPOBAHUS JOJDKHA COCTAaBIATH He 0oJiee HECKOJIbKHX
MUHYT. Pe3ynbpTaToM NOIydeHus cepuyl 30HAMPYIOUINX HUMITYJIbCOB SIBJISETCS MOJyuYeHHE TaK Ha3blBA€MOW HO-
HorpamMbl. OOBIYHBIN 00BeM (aiisia 0 HON HOHOTPaMMBbI H3MEpseTCs JecsATKaMu KuinobainT. Takum oOpaszom, B
cetn KMHMO 3a Mecsil| HaKarIMBaroTCs CylleCTBEHHbIE 00beMbl HH(OpMaLuK, KOTopsle TpeOyoT 00paboTKy,
aHaJM3a, CUCTEMAaTH3allly, NIepeladn U XpaHeHns. XpaHeHHe 1 00paboTKa MOTyYEeHHBIX Pe3yJIbTaToOB PELIAlOTCsS
kak HerocpeacTBenHo Ha KMUMO, Tak 1 B neHTpe cOopa AaHHBIX (LEHTp AaHHBIX).

Omneparmn, nponsBoaumeie Ha KMUO:

— pa3BepThIBaHHE, HACTPOIKA M HKCIUTyaTaIIMOHHOE 00CITyKHBAaHNE 30HAOB U COIYTCTBYIOIIETO 000Dy I0BaHUS;
— perucTpamys HOHOTpaMMm;

— mpenBapuTenbHas 00paboTKa;

— COINpPOBOXJICHUE apXHBa;

— OpraHu3auus B3aUMOJCHCTBHUSA C LIEHTPOM JaHHBIX.
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Omneparnyn, IpOU3BOANMEIE B IIEHTPE JaHHBIX:

— IICHTpaJM30BaHHAas pa3paboTKa METOMOJIOTHH MCCIICAOBAaHUMN, BKIIOYAIOMIAs KOHLIENTYaJIbHBIE TEXHUYCCKHE
pereHus, pa3paboTKy HOBBIX M MOJCPHM3ALMIO MMEIOIIMXCS amapaTHO-IPOTPaMMHBIX CPEACTB, METOIOB
00paboTKH, aHATTU3a U XPaHEHUS JAHHBIX;

— pa3BepThIBaHHE, HACTPOMKAa U OSKCIUIyaTallMOHHOC OOCTYXXHBAHUC BBIYHUCIUTCIBHBIX PECYPCOB H
COIIYTCTBYIOIIETO 06OPYI0BAHUS;

— opraHu3aiys HHPOPMAIMOHHOTO B3auMOIeicTBUS ¢ oTaenbHEIME KMUO,;

— OpraHu3aIys U BHIIOJHCHUE ICHTPATH30BAHHON CHCTEMAaTHIEeCKO 00pabOTKY U aHAIN3a JaHHBIX;

— OopraHu3aIys B3anMOJICHCTBUS C IPYTUMHU HCCIICI0BATEIILCKAME [IECHTpaMH, B ToM guciie MIJI.

Ha puc. 1 mpuBenena oprannzanuonHas ctpykrypa ceta KMUO.

=le

Llentp naHHbIX

ITapTHepckue
LEHTPHI JaHHBIX

Packpertre nHbopmanmu
(OTKpHBITHIE CETH)

Pwuc. 1. OpraHusaumoHHas ctpyktypa cetn KMHNO

Crnennduxoii moctpoenus cetn KMUO, ynoBnerBopsitomieii COBpeMEHHBIM TpeOOBaHUSIM K IEHTpaM
JAHHBIM, SIBIISICTCS BBINOJHEHUE ONEpanuii JOCTAaBKM JAHHBIX B PEXXHME PEATbHOTO BPEMEHH W MHTEPOIEpa-
OeIPHOCTh, B OCHOBE KOTOPHIX JIC)KHUT YHH(HKANUsA (OpMaToB AaHHBIX U MPOTOKOIOB oOMeHa. JocTymHOCTH
cetn UnaTeprner Ha KMHWO mno3BosieT NpUMEHHUTE CETEeBEIE MMPOTOKOIBI OOMEHa B KaueCTBE OCHOBHOTO CPEICTBA
KOMMYHUKanuu. VloHOrpaMMBI MpefocTaBisitoTest B IBYX ¢opmarax — rpaduueckom (PNG) u Ounapaom. bu-
HapHBIA (hopMaT MMeeT MEeHbIINH 00beM U MPeANOYTHTENbHEeE I IIepefaul, XpaHeHus u oopadbotku. Kpome
TOr0, OMHApHBIE (aiiybl COEPIKAT HEKOTOPYIO CIYKeOHYI0 HH(OpPMAIINIO, KOTOpasi yTpauuBaeTcs py mpeodpa-
30BaHMU B rpaduieckuii popmar.

CB3U 060pyoBaHbI TpHEMO-TIEPEIAIONIMMH aHAIN3aTOPaMH CIIEKTPa OTPAXKEHHBIX OT HOHOC(EPHI CHT-
HaJIoB (30H1amMM) oTedecTBeHHOro npousBoactea AVIC-M, CII-3-M, BA3MC-M u CADI kanazickoro npou3Bo/i-
crBa. MHnekc «M» B 0003HauUCHWH OTEYECTBEHHOTO aHAJIM3aTOpa O3HAa4yaeT, YTO OH MMeeT IU(POBOH MHTEp-
(heiic, MO3BOISIFONTMN TPON3BOIUTH HACTPOHKY PEKMMOB 30H/1a, & TAKXKE aBTOMATHYECKH MOIy4aTh U COXPAHITH
JIaHHBIE B JIEKTPOHHOM Buje B OBM [8].

IIpoToxoabl U (popMaTHI JAHHBIX

B nocnennee Bpems Ha oredectBeHHbIX CB3U 3HaunTenbHOE pacnpoCTpaHEHUE MOIYYHIM WOHO30HIIBI
Canadian Advenced Digital Ionosonde (CADI) npousBonctsa Scientific Instrumentation Limited (SIL, Kanana)
(puc. 2). Takue 30HIbI KCIOIB3YIOT JOCTATOYHO XOPOIIO JOKYMEHTUPOBAHHbIH Kiacc popMaToB HOHOTPAMM:

md1: quamaszoH BeICOT 10 510 kM, of1HA WK Oosiee GUKCUPOBAHHAS YACTOTA,

md2: nuamaszoH BbICOT 10 510 kM, 6a30BbIi HAOOP YACTOT;

md3: To xe, uro md1, Ho auama3oH BeIcOT 10 1020 KM;

md4: To xe, uro md2, HO auarna3oH BeICOT A0 1020 kM.

B Tabnuie mnpuBeNeHBI HEKOTOpPbIE CPaBHHUTENbHBIC XapakTepucTHku 3oHaa AWC-M (aHanuzatop
noHocgepHoro crekrpa MmoandunuposanHsiii) 1 CADI [9].

XapakTepucTuka ANC-M CADI (2009)
I'ox npousBocTBa 1957 (momudukamums 2002 r.) 2009
Jlnana3zon yacror (ot), MI'n 1-20 1-30
MorHOCTh IepeaTyuka, KBt 2,5 0,6
Jlnana3oH BBICOT, KM 90-1500 90-1020
MaxkcuMalbHas 4acTOTa IOBTOPEHUS UMITYJIbCOB, I'Iy 40 256
MaxkcuMapHast JUIMTEIbHOCTh UMITYJIbCOB, MKC 70 40

Tabnuua. HekoTopble xapakTepucTukn noHocdepHbix 3oHgoB AUC-M n CADI
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CraHuma 155 b
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Puc. 2. Cucremusrit MomyneHBIH 010k noHO30HAa CADI(a), BHemHAsA aHTeHHA(0), JHEBHAS HOHOTPaMMa, TOPOT
Tpowutk (55,5° c.ur., 37,5° B.11.) B CIIOKOMHBIX reodu3ndeckux ycnoBusix (B). [1o ropuzonTanu — yactora B MI 't

Ha cerommsimamii nens gacte CB3M oOopymoBaHa 30HZaMH OoTedecTBeHHOTro npom3Boncrsa AVC-M
(wmu TogOOHBIME). YUUTEIBASI [UTHTEEHBIA, MHOTOJICTHHUH TTEPHOJT HAOIIOACHUS C HCIIOIB30BAHUEM TETIEPh YKEe
YaCTUYHO yCTapeBIINX OTCYCCTBEHHBIX AHAIHM3ATOPOB, JaXKe NPHU MX IMOBCEMECTHON 3aMeHe Ha OoJiee HOBEIC,
COXpaHCHHE TOJTyUYeHHBIX NAaHHBIX B CYIIECTBEHHO BaphHPYIOLINXCS COBPEMEHHBIX (hopMaTax SIBISACTCS aKTy-
aJILHOM 3agavei.

Hoporoctosimiee 110, nonmomauTensHO TmpemoctaBisieMoe ¢ obopynoBanneM CADI, comepxutr Momyin
yIpaBieHUs 30HIaMU B 00paboTKU noHOrpamMM. OIHAKO MOCTABIIUKH UMIIOPTHOTO 00OpYJOBaHHUS MPEOCTaB-
JISIFOT €T0 € «3aKPBITBIM KOJIOM», YTO SIBJISIETCSI CYLIECTBEHHOM MPOOIEeMOM Ul €ro MHTErpaluu B pa3padarsl-
Baemyto cetb KMUO. Ilo 3T0it npuunHe 115 MOTHOLEHHOTO MCIIOJIb30BaHMS TaHHBIX HOHO30HIOB HEOOXOTUMO
MOBTOPHO Pa3padaThiBaTh CICIUATBLHBIC METOJbI, AJITOPUTMBI U PEATM30BBIBATh MX B BHJC crieruaibHoro [10.
Crnenyer OTMETHTD, YTO TOA0OHAs MpodiieMa (3aKPBITOCTH, OTCYTCTBUS HEKOTOPOW JOKYMCHTAITUH, COKPBHITHS
WH)KCHEPHBIX W HAYYHBIX PEIICHHIA) TOCTATOYHO XapaKTepHA JUIS CIyYacB HCIOJIh30BAHUS MMITOPTHBIX KOM-
TUTEKTYIOIIUX B OTEYECTBEHHBIX CIIOKHBIX HH()OPMAIIMOHHBIX CHCTEMaX, OCOOCHHO €CIH OHH pa3paboTaHBI 3a-
pyOeKHBEIMH OOOPOHHBIME TIPSAMPHUATUSIME W COAEPIKAT HEIOKYMEHTHPOBAHHBIC BO3MOXKHOCTH, HEIOCTYITHBIC
OTE€YECTBEHHBIM I10JIb30BATESIM.

OolecneyeHue HEHTPOB JAHHBIX

LlenTp maHHBIX sBIseTCA JormdeckuM neHtpoM cetd KMUO u BeimonHseT (GyHKIUM ynpaBieHHs pabo-
toit otnenbHbIXx KMUO, cOopa naHHBIX M NMpeABapUTEIbHON 00pabOTKU pe3ysibTaToB (Ha MECTax), MOCIeqy o-
1eit 00padoTKH, aHAIM3a U apXMBUPOBAHUS JaHHBIX. KpoMe TOro, COTpyIHHKHM LIEHTpa JaHHBIX PEIIaloT 3aauH
METOJI0JIOTUYECKOT0 YPOBHSI, OTHOCSIIMECS K pa3pabOTKe HOBBIX METOJIOB HHTEPIIPETAINH JITAHHBIX, BBISBICHHIO
B3aUMOCBSI3€ll MPOIIECCOB B MOHOC(EPE C APYTHMMHU MPUPOIHBIMH M aHTPOIIOTeHHBIMU (hakTopamu. LleHTp nan-
HBIX TaK)Ke OCYIIECTBIISICT B3aMMO/ICHCTBUE C BHEIIHUM OKpYXeHHeM (puc. 1).
Pa3paboTaHHbIi aBTOpaMH KOMIUIEKC cucTteM ympasienus: 6azamu nanHeix (KCVYBJ) ¢ nmpumeneHnem
peJ‘IHHI/IOHHOI/I MO/IEITN TTOCTPOEH C YUETOM CIIEAYIOIINX IPHHIUIIOB:
COOTBETCTBHE TaOJUI 6a3bl JAHHBIX PEATHHBIM (PU3NUECKUM OOBEKTaM;
—  JIOCTaTOYHOE KOJIMYECTBO IMOJEH M MHIEKCOB B TaONMIAaX 0a3bl JaHHBIX AJISI ONEPATHBHOTO HM3BIICUCHHMS
HHPOPMALINH;
—  YCTOMYHMBOCTB K MPOTPAMMHBIM U aNIapaTHBIM COOSIM M OLIHOKaM;
—  ObICTpOJEHCTBHE, JOCTUraeMOoe 3a CYET ONITHUMH3ALMH 3alIPOCOB, CTPYKTYPHI TAOIHUL B ()OPMATOB XPaHUMOU
uHpopmanum.
B ctpykType 0a3bl JaHHBIX BBIIEIICHBI CIIAYIOIIUE KiIacTepsl (puc. 3):
—  HMCXOJIHBIC JJaHHBIE;
— 00paboTka u aHANU3;
—  3aKJIIOYEHUs, MyOIMKaIiK, KOMMEHTAPHN;
—  TIPOTHO3BIL.
PaccMoTprM Ha3HaYeHHE KaXXIOTO KIIacTepa B OTJEIBHOCTH.
Hcxoonvie dannvie. Knacrep comepxuT B cebe MCXOTHBIE HaHHBIE, moimydaemble co CB3U, a Taxxke
pe3yIbTaThl IEPBUYHON 00PaOOTKH, TPOMU3BOIMMON «HA MECTaX).
Obpabomka u auanuz. Kiactep comepXuT pe3yiabTaThl OOpaOOTKH WCXOMHBIX NAHHBIX TPH MOMOIIU
OBM, a Taxxe 4eJI0OBEKOM.
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3axnrouenus, nyoauxayuu, kommenmapuuy. Kiactep cogepKuT CHCTEeMaTH3NPOBAHHBIC, BOZMOXKHO, 0000-
IIICHHBIE, PEe3yIbTaThl aHaIM3a, COOCTBEHHYIO 0a3y 3HAHWH, OTYETOB, TEXHHYECKOH NOKyMEHTalUH M IPYIHX
MaTepHaloB, CBA3aHHBIX C IPEAMETHOI 00JacThIO.

Ilpocnosvi. Knacrep sBisieTcs pe3yabTaToM pabOThl MAaTEMaTHYECKUX Moeneil (MHTerpHpOBaHHbIX C Oa-
3aMU JIaHHBIX) U TI03BOJISIET IPOU3BOIUTH YIIOPSIIOYCHHOE XPaHEHUE JTAaHHBIX TPOTHO30B, OLIEHKY aJ1eKBaTHOCTH
MPOTHO3UPOBAHKS U TPOTOKOIMPOBAHNE PEKOMEHAYEMBIX KOPPEKTUPOBOK IS MATEMAaTHYECKUX MOJIETIEH.

Wurepdeiickl BHENTHEro JOCTYIA K IaHHBIM,
METOo/ibl 00pabOTKH U aHaIN3a

?
v v v v

Ucxonnbie O6paboTka n 33?}0%}11“{’ [Iporao3sr
JTaHHbIC aHaius IyOIiKanu,
KOMMEHTapuu

Puc. 3. OpranuzaninoHHO-JIOrHYecKast MOJICNb 0a3bl TaHHBIX

PaccMoTpeHHas opraHM3alMOHHO-JIOTUYECKasi MOJIENb MO3BOJISIET NMPOM3BOANTH HE3aBUCHMOE XpaHEHHE
JIAHHBIX, SIBJISIOIIMUXCS pe3yJlbTaTaMU PAa3JIMYHBIX 3TAMOB HCCIEAOBaTENbCKOM AaestensHocTH [1, 2, 10, 11],
MHTETPUPOBaTh MaTeMaTH4ecKHEe METOAbl 00pabOTKM, aHanmM3a W MPOTHO3UPOBAHHS HEMOCPEACTBEHHO B
cucreMy. B cBOIO ouepenp, Takast HHTETpalys ¥ HEMPEPHIBHBIN MOHUTOPUHT KOHKYPHPYIOIINX MaTeMaTHIECKUX
MOJIETIEH C OIIEHKOM aJeKBaTHOCTH MX PAcueTOB ITO3BOJISIOT BECTH HETIPEPHIBHYIO TOPAOOTKY M MOAEPHHU3ALMIO.
Eme omHNM TONOXHUTENBHBIM (DAaKTOPOM HHTETPALMM JOKYMEHTAIMH B BHJC 3aKIIOUCHMH, MyONMKamui U
KOMMEHTApUEB SIBISETCS BO3MOKHOCTH HCIIOJIb30BAHUS 0a3bl 3HAHWH B KAa4eCTBE YYEOHOW IUIT MOJOIBIX
CMELHUATINCTOB WM JKENAOIIUX MPONTH JONOJHUTEIBHYO HOATOTOBKY. [IpuMeHeHHne KIacTepHOM CTPyKTYpHl,
OCHOB2HHOI Ha OOBEKTHOI MOJENN pa3padOTaHHOrO MporpaMMHOro obecrnedenus, nenaetr mozaeib KCYBJ]
JIETKO MOJAEPHU3UPYEMOI.

IIpaxtuyeckas peanuzanun KCYB]] ocymecTtBiena Ha ocHoBe pensuuonHod CYBJ] MySQL. CYB]]
MySQL sBnsiercst kpoccmiarpOpMEHHOH U B paccMaTpuBaeMoi paboTe HCIonb30Baiack Ha 0ase onepaluoHHOMN
cucrembl cemeiictBa Linux. MySQL umeeT uHTepdeichl 1i1sl TpaHCIUPYEMBIX SI3bIKOB, Takux kak PHP, Perl, u
JUIs KOMOUIUpyeMbIX B ucnonagaeMsle Moxynu C, C++. CYBJl MySQL sBasiercs X0poIo 3apeKOMEHJ0BABIINM
ce0s1 Ha MH/IYCTPUAIBHOM PhIHKE MH(OPMAIIMOHHBIX TEXHOJIOTHH MPOAYKTOM, ITO3BOJISIET padoTaTh (B BEPCHIX
MySQL Bbime 3.22) ¢ Tabnumnamu o 2% GaiiT, IoJIepKMBAET MEXAHU3M TPAH3AKIMI U TICEBAOTPaH3aKIHi Ha
OCHOBE OJIOKHPOBOK, 00ECIIEYHBAET MHOTOIIOIB30BaTENIECKYIO padoTy.

Hns momomamTensHON pasrpy3kun CYBJ, crmocoOcTByromeit yaydmeHnI0 CKOPOCTHBIX XapaKTePHCTHK
BBITIOJIHEHHS 3alIPOCOB U MOBBIMIEHUIO HAASKHOCTH, MIPELYyCMOTPEHO yMEHbIIeHHEe 00beMoB Tabmu MySQL
IyTeM pa3jelieHus] JaHHBIX Ha TaOiauuHble W (aitnoBsle. K TaONMMYHBIM [JaHHBIM OTHECEM HACTPOHKH
000pyI0BaHus, BpEMS U OCOOCHHOCTH PETHCTPALIA HOHOIPAMMBI, KKOMIIAKTHBIE» PE3yNIbTaThl 00pabOTKH U Ap.
K ¢aiinoBelM NaHHBIM OTHECEM HOHOTpaMMbl, (ailbl KM300paXkeHH, HEKOTOpble BHIbI JOKyMEHTAIHH,
HarpuMmep, ¢opmara Portable Document Format (PDF) u ap. Takoif momxona mo3BoJise€T B HECKOJBKO pa3
COKPaTHUTh pa3Mephl TabJIHII, CIe0BATEIbHO, 3HAUNTENILHO CHI3UTH Harpy3ky Ha CYB/l u yckopuTs ee paboTy.

B Buzje oTHENBHOTO NMPOrpaMMHOTO MOJIYNS M TNPOTPaMMHBIX OmOinorexk Ha si3pike C++ aBTOpamu
paspaboran xomrmiekc «SkySpectrumy» [1, 11] mo3BossrONHiA MPOU3BOAUTE ABTOMATU3UPOBAHHYI0 00paboTKY,
npeobpa3oBanue (popMaTOB JAHHBIX M BH3yalW3alio noHorpamm [12]. B xoxe uccnenoBannii M SKCIEPTHOTO
aHamM3a MPOTPaMMHOTO KOMIUIeKkca Ha 0aze o0OpaboTku HaHHBIX MOHOc(hepHO# cranmmu BoeikoBo (CaHKT-
ITerepOypr) 3a 2002—-2003 r.T. BBIABICHO, YTO pa3pa0OTaHHBIE METOABI aBTOMATH3MPOBAHHON (puibTpamuu u
aHaJIN3a MOHOTPAMM II03BOJIAIOT ONPENETIUTh 3HAYCHHE KPUTUUECKOM YacTOTHI fj ¢ MOTPemHOCThIO 10 16% B
68% cmydaeB, 23% uoHOTpaMM OBUIM OTCESHBI Ha ypoBHE (QMIBTpPAlMM KaK HE MOJJAIOLIMECs MaIlIMHHOMY
aHaJIM3y M3-32 BBICOKOTO ypoBHS IIymMoB, B 9% CB3W kpurhueckue uacTOThl OBUIM OMNpENENIEHBI C
morpenHocTeio  O0omee  16%. C  yuerom reorpaduyeckoro pacmonokenuss CB3W u  ocobeHHOCTEH
BBICOKOIIMPOTHON HMOHOC(EPHI JaHHbIE Pe3yJbTaThl MOKHO OIIEHUBATH KaK IMOJOXXUTEIbHBIE, YTO IO3BOJISET
BHEJIPATh pa3pabdOTaHHBIE METOABI M IIPOrpaMMbl B IpaKTHYeCKue ucciienoBanus. Cieayer OTMETHTh, YTO He
CYIIECTBYET OTEUECTBEHHBIX IIPOrPaMM, aHAJIOTHYHBIX pa3pabOTaHHBIM aBTOPaMH W IPEAHA3HAYCHHBIX IS
ABTOMATH3MPOBAHHOTO aHAJIM3a HOHOTPAMM, 3apyOeKHbIe pa3paboTUNKN MOJOOHBIX MIPOrpaMM HE PacKpBIBAIOT
WCXOJHBIH KO, YTO NMPaKTHYECKH HCKIIOYaeT BcTpamBaHue 3apyOeskHoro IO B oredecTBeHHBIE cHCTeMEL B
3TOM CMBICTIE pa3pabOTaHHBIE ABTOPAMH METOABI M aJITOPUTMBI IIPEICTABISIOT 0CO0YIO IEHHOCTh TSI Pa3BUTHUS
OTEYECTBEHHBIX CPEJCTB aBTOMATH3UPOBAaHHOTO aHanm3a JaHHbeIx CB31.
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3akaouenue

[IpemioxkeHHas: OpraHU3alMOHHO-IOTHYECKass MOJIENb KOMIUIEKCA CHCTEM YIpaBJIeHHs 0azaMy JaHHBIX
HI03BOJIAET MIPOU3BOJMUTH IOCTPOSHUE LICHTPOB AAHHBIX (pUC. 1) MOHHTOPHHIA OKPY’KaroLled cpelpl ¢ MpUMeHe-
HHEM peali30BaHHBIX aBTOPaMH NPOTPAMMHBIX CPE/ICTB aBTOMAaTU3UPOBAaHHOM 00pabOTKK 1 aHAJIH3a.

ABTOpamu pa3pabOTaHbl CHCTEMBI:

— aBTOMaTHU3UPOBAHHON OOPaOOTKM JaHHBIX BEPTHUKAIBHOTO 30HIMPOBaHUS HOHOC(heEpHl (IpUMEHsETCS B
CII6® N3MIUPAH);

— aBTOMAaTHU3UPOBAHHOTO cOOpa W XpaHEHWS JAHHBIX BEPTUKAIBHOTO 30HIUPOBAHMSA HOHOC(EPHI
(ucnone3yercs B AAHUN).

PaspaboTaHbl peIMeTHO-OPUEHTHPOBAHHEIEC MPOTrPaMMHBIC ITPUIIOKEHHS U ITPOrpaMMHBIC OHOITMOTEKH,
IIBE M3 KOTOPBIX 3apeructpupoBanbl B denepanbHOi Cityk0e 10 HHTEIUIEKTYalIbHONH COOCTBEHHOCTH, NaTCHTaM
1 ToBapHBIM 3HakaMm Poccuiickoit @exepanuu [10, 11]. ABTopamu momydeH akT O BHEAPEHUH KOMITBIOTEPHOU
nporpammsl «SkySpectrumy» ot 03.07.2012 r. [11] B HayuHO-uccnenoBareabekyro npaktiuky CI16@ U3MUPAH.
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