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U3110xxeHbl OCHO8HbIE MPUHUUMBI U Memo0dbi nocmpoeHusi 6asbl 3HaHuUl 0519 acmpomempuu.
OnucaHa cmpykmypa ripoepammHoU peanu3ayuu paboyel cpedbl b6asbl 3HaHud. [rnsg demoHcm-
payuu sos3moxHocmel paspabambsigaemoli paboyell cpelbl UCNob308aHbl PsObl Napamempos

opueHmauyuu 3emnu.

BBEOEHUE

Ponb knaccuyeckon HabnopaTenbHONW acTpoOMeTpMu B TOM €€ 4acTu, KoTopas 3aHumanacb
onpegeneHnem napametpoB opueHTauun 3emnu (103), cnegyeT cyntaTb B OCHOBHOM 3aBep-
LWEeHHOW. DTO OTHOCUTCA Kak K npobrneme onpeaeneHus MOJ, Tak U K TECHO C Hel CBA3aHHOM Npo-
Gneme yTOMHEHUS OMOPHOW CUCTEMbl KOOPAMHAT C MOMOLLbIO KNaCCUYECKNUX acTPOMETPUYECKMX
cpenctB HabnogeHu. Obe 3TV 3agaym peLleHbl C TOYHOCTAMMW, Ha [ABa Nopsaka NpeBOCXOAsLLM-
MK Knaccudeckyto cnyxby MNO3: ¢ ogHOM CTOPOHbI, COBPEMEHHBLIMW TEXHUYECKMMU CpeACTBaMU
onpenenexus NO3 (PCOB, JUIC/1, NMOHACC/GPS) 1 BbICOKOTOMHOW CUCTEMOM KOOPANHAT 3BE3/
B cucteme ICRS (Hipparcos) ¢ apyron. CybmunumcekyHaHas TO4HOCTb MoHUTOpuHra MO3 nosso-
nvna 3HauuTenbHO YNyylwuTb MoAdenb BpaweHus 3emnu. OgHako umeeTcs psag npobnem, ces-
3aHHbIX C HECTbIKOBKOW MPUHSTOW Modenu ¢ HabnoaeHnsmu. B yacTtHoCTW, YaHonepoBckoe ABu-
XXeHue nornca ¢ aMmnnuTyaon, BO MHOrO pa3 npesblalolen YypoBeHb COBPEMEHHOW TOYHOCTU
onpegeneHusa NO3, He yknagbiBaeTCs B CYLLECTBYIOLLYIO MOAeNb BpalleHus 3emnum n gonyckaet
pasnuuHyto usndeckyto nHtepnpetaumio [1], [2], [3].

OTO ogHa M3 MHOMMX HayyHbIX MpobneM, B KOTOpbIX TpebyeTca HecTaHAapTHOE, 3BPUCTUYE-
ckoe 0606LleHne HeOQHO3HAYHOWN, HEMOMHOW, a MHOorga M MPOTUBOPEYMBON MHopMaumu. [Ons
pelleHns nogobHbIX 3adad cosgarTca cneumanbHble 6asbl AaHHbix (B), 6a3bl 3HaHun (B3) 1
nHdopmaLmoHHO-akenepTHble cucteMbl (3C) [4]. K coxaneHuto, curnbHas crneunann3MpoBaHHOCTb
3TUX CUCTEM BbIHY)XAaeT nonb3oBaTtenen TpaTuTb 3HAYUTENbHbBIE YCUINUA Ha UX aganTauuio, Yac-
TO 6e3ycneLuHylo, UNn cosgaBaTtb CBOK CMeLnanm3vpoBaHHyo CUCTEMY.

B paHHOM paboTe coenaHa nonbiTka cOpMynMpoOBaTh M YaCTUYHO peanu3oBaTb HEKOTOopble
MPUHLMMBI NOCTPOEHNS 3aBpUCTMHEcKon 6asbl 3HaHui (3B3). Ycnosumca B AanbHenwemM NoHNMaTh
nog Ob3 pabouyto cpegy, NOMOrarLLyld COMOCTaBMATb 3fIEMEHTbI MHOpMaUuM B NOGOM KX
npegcTaBneHMn n cosgaBaTb Ha MX OCHOBe obobLwiatowme cTpykTypbl. b3 He GepeT Ha cebs
dyHKkumMm 3C, a nuwb obecnednBaeT Hanbonee NpPoOyKTMBHOE TBOPYECKOE yvacTue uccriefosa-
Tens B aHanuse MHdopMauui. OTO CPEACTBO AOMKHO obecrneynTb BOCMpUSTUE MaTepuana Kak
HEKOTOPOW LIeNIOCTHOCTW, MepapXMYecKn OpraHM3oBaHHOrO 0ObeKTa, YTO JaeT BO3MOXHOCTb YBU-
OeTb HOBble €ro CTOpPOHbl UMW  CyLLEeCTBOBaHWe HepocTawlwmx anemeHToB. O6pasHo roeops,
npegnaraetca pa3paboTaTb CPeACTBO, KOTOPOE MO3BOMUT 3aMEHUTb TUM B3aUMOLENCTBUSI C KOM-
NbIOTEPOM C OTHOLUEHUS «4ErOBEK U KarbKynAaTop» Ha OTHOLUEHUE «YenoBeK U My3blKarbHbIN NH-

CTPYMEHT».
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OBOCHOBAHUE BO3MOXHOCTU CO30AHUA 3B3.

XopoLlo M3BECTHbI TPYAHOCTU, C KOTOPbIMU CTankMBaeTCcs uccrnegosaTerb Mpu OCMbICIEHUN
6onbLIMXx 06 BEMOB MHOPMALMM C LIENbIO MONCKa Ha €€ OCHOBE HOBbIX 3aKOHOMEPHOCTEN Aaxe C
MOMOLLIbIO KOMMbIOTEPHBIX CpeacTB. Tak, OObIYHbIN YEeroBeK He B COCTOSIHAW OOHOBPEMEHHO one-
pupoBaTb bonee yem 8-10 oObekTamu. TPyAHOCTM BO3HMKAIOT Takke MNpU HEOOXOAMMOCTU one-
puypoBaTb HeMonHoW wunu HepgoonpedenéHHon wnHdpopmaumen. LlenocTHoMy, CUHTe3MpylowemMy
BOCTIPUATUIO [aHHbIX He CrnocobCTBYyeT YKOPEHMBLUMIACA MNOCrenoBaTerbHbIA, ApeBonogobHbIN
XapakTep NOCTPOEHUSI NMOrMYECKMX KOHCTPYKUMI. PopmanbHOM MeToaMKM 0600LLeHMI He cyLlecT-
BYET, 3TO TBOPYECKUIA MO CBOEN npupoae npoLecc.

OTcioga BO3HUKAKOT M TEXHUYECKNE TPYAHOCTM B pa3paboTke yHMBepcarbHbIX CPeacTB 3BpU-
cTudeckoro noucka. Cyuiectsyowme cpeacTtsa Ans co3gaHna 3C HEMHOrOYMCNEHHbI, OPUEHTUPO-
BaHbl, KaKk NpPaBuro, Ha paboyne cTaHuuW, O4eHb JOPOroCTOSALLM U, BCreacTBME 3TOr0, Manogoc-
TYNHbl NS WHAMBMAYanbHbLIX Mornb3oBatenen. [Ansg npuMepa MOXHO Ha3BaTb  rpadyMyeckyto
06BLEKTHO-OPUEHTUPOBaHHYIO cpeay Ana cosgaHus AC kopropaummn Gensym «G2» [5] n 06bekT-
Ho-pensumoHHyto CYB[ MexayHapogHon KomnbtoTepHon Accoumaummn «JASMINE». CosgaHue
e «C Hymnsi» MOLLHOWM cpeabl NPOEKTUPOBAHMS KaXKeTCA HEBbLINOMHUMOM 3adaden Ans HebonbLuomn
rpynnel pa3paboTymkoB U, TeM Bonee, OTAENbHbLIX MOMb30BaTeNen, KOTopble XOTAT pellaTb CBOU
KOHKpeTHble 3afayn, a He 3aHUMaTbLCS NPOrpaMmMUpPOBaHMEM.

OTBeTOM Ha chopMynMpOBaHHbIe MPOONEMbl MOXET ObiTb pa3BUTUE CreayOLWUX NPOrpamMmMHO
peanusyembixX NPeanoXeHuin:

N Vcnonb3oBaHve BU3yanu3vpoBaHHOIO, OOBLEKTHO-OPMEHTUPOBAHHOIO MNoAxXoAa, CyLLecT-
BEHHOW COCTaBNSAOLLEN KOTOPOro ABNsieTcs TpeboBaHWe K XyOOXEeCTBEHHOCTM MCMOMb3yeMblX
cpencts. [NpeacraBneHve OTHOLIEHWI Mexay OObekTaMn OCYLLECTBNAETCA CPeacTBaMu LBETO-
nepeaayn, opmMor, KOMMNOHOBKON M T.M. MIcnonb3oBaHWe Henorm4ecknx cnocoboB BOCMPUSTUS B
coveTaHuM ¢ hopManbHOW MNpUBA3KOW aneMeHToB B[l k ykasaHHbiM aTpubytam rpaduyeckmx
00BbEeKTOB 1 AarnbHenLlen ux nporpammHon obpaboTkon peluaeT npobnemy naeHTudmKauum uH-
dopmaumm Npu HEMOMHOM 3HaHUK (HeT HeoBXOAMMOCTU Ha3blBaTb - 4OCTAaTOYHO yKa3aTb, pa3Mec-
TUTb UNn 0603HauYNTb). CyLLEeCTBEHHbIM MOMEHTOM MpU 3TOM SBMSETCA TO, YTO XYJOXECTBEH-
Hble aTtpubyTbl B  camMoOA  CBOeW  Mpupode HecyT HEeKOTOpbI eCTEeCTBEHHbIN MPUHLLMM
cucTemaTusaunn.

N lMcnonb3oBaHne cneuuanbHOro QUHaAMUYECKOro CTPYKTYpUpOBaHUS MaTepuana nos3sonser
onepupoBaTb UM B LIENTOM, UMES NPY 3TOM B OOHOBPEMEHHOM PacCMOTPeHUN HebombLLoe Konnye-
CTBO CTPYKTYPHbIX €AMHUL, MHdOopMaLmK.

n Cnepywuwee npeanoxeHne tpebyeT HeboOnbLIOrO MOACHeHWs. MHOrme ecTecTBeHHble
00beKTbl U ABNEHWS 4EMOHCTPUPYIOT MepapXxmyeckn OpraHM3oBaHHbIE CaMONo400HbIE CTPYKTYPbI.
Kak cnegcrteue, Halwun MpeacTtaBrneHnss O HUX OOSMKHbI obragatb aHamnormyHblM CTPYKTYPHbIM
MPUHLMIMOM, CBSI3blBalOLLMM OOBEKTHbI B MOHATUAHOM npocTpaHcTBe [5]. Ha3oBeM ero npuHLm-

NOM eCTeCTBEHHOro CTPYKTYPUPOBaHUA, @ TaKUM 06pa30M OpraHn3oBaHHbIE CUCTEMbI ECTECTBEH-
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HO cTpykTypupoBaHHbiMM (ECC). 3TOT npuHUMN MOXeT ObiTb MCNOMb30BaH AN BbIABNEHUSA He-
AOCTaloLWMX 3N1EMEHTOB U CBA3EN, a Takke Kak MCTOYHUK JOMOSTHUTENbHOM MHopMaLmMn nNpu He-
NMOfIHOM 3HaHuK 06 obbekTe.

MpuHumn ECC BO3HUK M3 MOMbITOK OTOOPasnTb U BOCMPOU3BECTU WMEPAPXUI0 N COOTHOLLE-
H/Me OOBbEKTOB B MakCUMaribHO BO3MOXHOW MOMHOTE. OTOT MPUHLMM UHTYUTUBHO XOPOLLO YyBCT-
ByeTca. MoxHO 6bIno 6bl Ha3BaTb ero NPUHUMNOM paKTanbHOCTW, ecrin Obl He NeperpyXeHHOCTb
3TOr0 MOHATUSA B COBPEMEHHOM Hay4yHon TepmuHonorun. ECC aBnsieTcst OCHOBOW, KOTopasa aenaet
NpakTUYeCcKn peanusyemMbiM onmMcbiBaeMblin Moaxoa K cosgaHunio 363.

EcTecTBeHHOE CTPYKTYpUpOBaHWE B CUCTEME peanusyetcst brnarogaps cnegylowmMm  ycrosu-
AM:

1. Hanu4yve ogHOro unmn HECKoNbKNUX NapaMeTpoB, NOTEHUMANbHO MO3BOMSIOWNX YCTAaHOBUTb
nepapxmyeckne OTHOLLEHUSI MeXOy dNemMeHTamu.

2. Hanuune yHuBepcaribHbIX anropuTMoB, Kaxabld U3 KOTOPbIX AENCTBYET Ha HECKOMNbKUX
CMEXHbIX Mepapxmyecknx YpOBHSX.

3. lNMpumeHeHne 3aTUX anropuTMOB Ha OAHOM U3 YPOBHEWN B ONpefernéHHON CTeneHn napameT-
pusmpyeT KX nocrnegyolee NPUMEHEHUN Ha OPYrnX YPOBHSX.

4. CteneHb 3TOro BNMAHUSA ObICTPO yObIBAET NpU MepapxmMyeckom yaaneHu ot obnactu ero
NPUMEHEHMS.

[Ba nocnegHux NonoxeHus npussaHbl obecneynBaTb rMOKOCTb U YCTONYMBOCTb CUCTEMBI.

OTU YCNoBUA MOXHO paccMaTpmBaTth Kak MonbITKy cAhopMynumpoBaTth NpeacTaBneHne o Mexa-
HM3Me, NopoXaaroLleM NpupoaHble caMonofobHble nepapxumyeckue cTpykTypebl. (MposBneHne He-
KOTOpOro nmnpotecca B 04HOM NPOCTPaHCTBEHHO-BPEMEHHOM MacluTabe BNMSIET Ha ero nposene-
HWe B pYrom).

Peanusauunsi BbILLIEN3NOXEHHbIX YCNOBUN NPUBOOUT K BO3HUKHOBEHWIO CMOXHOW MHOrOypoB-
HEBOW KOHCTPYyKUuM, Hauboriee CyLleCTBEHHON OCOOEHHOCTbIO KOTOpOW $IBNSEeTCA TO, 4TO
«3aCeneHHoCTb» YPOBHENW W MOAYPOBHEW He paBHOMEpPHa, a MMOTHOCTb CBA3EW Mexay
anemMeHTamu ybbiBaeT B 3aBMCUMOCTU OT Mepapxmyeckoro yaaneHusi nocneaHux apyr ot gpyra.

TpyOooeMKOCTb TEXHNMYECKOro OCYLLIECTBIEHUSI NPOrpaMMHOro NPoeKTa B 3Ha4YMTENBLHOW cTene-
HW onpegensieTcsa ero yHmsepcanobHocTblo. Co3gaTth y3kocneumanuanpoBaHHOE NPUNoXeHue He-
CMNOXHO, HO ero aganTuBHOCTL Mana. OgHako MOXHO COBMECTUTbL 3Tarbl NPOEKTUPOBaHMS, pa3pa-
6oTkn M paxe akcnnyataumm 3B3 Takum obpa3om, 4TOObI HEKOTOpOe chneuMann3MpoBaHHOE
NPUNoXeHne MOrMO OMnepaTUBHO pPasBMBATLCH B MpoLecce 3KcnnyaTauum B fodbiX OpyrUx Ha-
npasneHuax. [na obecneyeHnsi Tako BO3MOXHOCTM B CO34aBaeMOW CTPYKType:

N Kaxabl SNeMeHT JOSMKeH A0oMycKaTb KOPPEeKUMIO BHE 3aBUCUMOCTU OT CBOEro uepapxude-
CKOro  MonoxeHuws  (3Tomy  TpeboBaHWIO  yOooBneTBOpseT  Kraccuyeckasds  OOBbEKTHO-
OpWEeHTUpOBaHHas Moaenb),

N kaxgas PyHKUUsS unu 3agada Takke JormkHa MMeTb BO3MOXHOCTb HE3aBUCUMOW KOPPEKLIMK
(3TO YCnoBwue BbINONHWUTL 3HAYUTENBHO CIOXHEE ,T.K. B 0OLem criyyae (yHKLUMOHMPOBAHUE CUC-

TEMbl MOXET GbITb LIUKIUYHO U PEKYPCUBHO),
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N yCTaHaBMMBAaETCH «MSIrKoe» MoAUYVHEHVE MEXOY MepapXnyeckuMm CTpYKTypamu, npu KoTo-
poM MoauduKauusa cTapliMx CTPYKTYp MoflyaBTOMaTU4eckn KOppeKTMpyeT (YHKLMOHMPOBaHWe
MnagLmx.

Mpeanaraemblil Nogxon peanusyeT MHTEpPdENCHO pa3BuBatoLLytocs cuctemy. Ero anemeHTtsl cra-

HOBATCA XapaKTepHbIMU ONA COBPEMEHHbIX NonynApHbIX MNporpaMMHbIX NPOAYKTOB.

MPOEKT 3Bb3 «BISER»

I_IpaKTMHeCKaFl peanusaumna OaHHOro noaxoda OCYLEeCTBNAETCA B TedYeHUe HEeCKOJIbKUX neT
HeBonbLLIO rpynnoit paspaboTumnkos. MOTPeBHOCTL B 9BPUCTUYECKON cUCTEMAaTM3aLuUM 1 npea-
cTaBneHun 6onblioro obbema cnabo gopManusoBaHHON MHdoOpMauM nobyauna uckaTb He-

CTaHOapTHbIE NYTU CO30aHUA ajeKBaTHbIX JaHHOoW 3agade cpencrs.

DOS- npunoxeHue

MepBbIM 3aKOHYEHHLIM 3TaNoM pa3paboTKM MOXHO CYMTaTb CO34aHMe MHTErpanbHON cpeabl,
BOMNMOTMBLLEN B cebe onucbiBaemble BbilLe UAEN Kak nsonmposaHHoe DOS - npunoxeHne. Hanu-
CaHHbI Ha A3blke C++ nakeT WUMeeT CTPYKTypy, yposrneTBopsitowyto TpebosaHnsm ECC. He-
CMOTPS Ha UCMONb30BaHWe CTaHAapPTHbIX CPeAcTB 0OBbEKTHO-OPUEHTUPOBAHHOMO NMPOrpamMmmupo-
BaHUS, B CTPYKType NakeTa peanu3oBaHbl MNEpPeKpPecTHble N PEKYPCUBHbIE COOTHOLUEHUS MexXay
obbekTamn. OT0 obecneynBaeTCsl MepapXUYecKoW CTPYKTYPONM nakeTa, B KOTOpon OubnuoTteke
KnaccoB OTBOAWUTCHA NULLIb OAWH YPOBEHb.

dyHKLMOHaNbLHO NakeT npeacTaBndaeT penduunoHHyto B[, rpadudeckyio cpedy C pedakro-
pPOM BEKTOPHOro U pacTpoBoro coopmata M cpedy BU3yarbHOrO NPorpamMMuMpoBaHUst C MHOMO-
YPOBHEBBLIM S13bIKOM-UHTEPNPETATOPOM.

Pabouyee npoctpaHcTBO BISER - ycnoBHO-6€CKOHEYHOE MONie CO CTaHOAPTHbIMU BO3MOXHO-
cTaAMKM MacwTabnpyemoro npocmoTtpa. B ntobom mecTe 3TOro nonsi MoryT GbITb pa3MeLleHbl ToY-
k. C Kakaon TOYKOM MOXET ObiTb cBA3aH 06bekT. COBOKYNMHOCTb pa3MeLLeHHbIX 00bekToB 0bpa-
3ytoT cxemy. OObekTaMu ABNSATCS BEKTOPHLIE MPUMUTUBLI, PaCTPOBbIE 3MEMEHTbI, NTEMEHTHI
BCTPOEHHON 6a3sbl AaHHbIX WX MPOCTO TEKCT, BbIMOSMHAEMblE MOAYNU, a TakkKe CBA3N Mexay
ob6bektamn. OOBEKTOM MOXET ObITb Takke noboe KonmyecTBo 06bLEKTOB, NOOOE KONMMYECTBO UX
MoBTOPEHUA K cxema B uenom. O6BHEKT MOXET ObiTb CO34aH Kak MHTEPENCHO (MaHUNYNsLMK
«MbILLbIO», KOMMPOBaHUE ), Tak N HanucaHvem koga. Jliobas cxema MOXeT ObiTb MpopucoBaHa U
/vnn BbINOMHEHA Kak MOCMNeAoBaTENbHOCTL UCMOMHAEMbIX OOBLEKTOB 3TOM cxembl. PasgeneHue
Ha MPOPUCOBKY U BLINOSIHEHNE YCMOBHO, Tak Kak pyHKLUN NPOPUCOBKM 0OBHEKTOB abCONIOTHO paB-
HOMpaBHbl C OCTanbHbLIMU YHKLMUSAMM.

Asblk nporpaMMuMpoBaHMs MMEET NATb YPOBHEW, TPU BEPXHUX U3 KOTOPbIX peanu3oBaHbl
Kak WHTepdelnc cpeabl, a ocTarnbHble ABa HanucaHbl Ha C++ 1 TpebytoT komnunaumm. OTcyTCT-
BME YeTKUX rpaHuL, Mexay UHTepdEencoM U HA3bIKOM NPOrpaMMMpoOBaHUs, Cpeaon U npuno-
XEeHMeM, Nosib30BaTeNbCKON 4YacTbl0 M BHELLUHMM MPOrpaMMHbIM NPOAYKTOM AaeT BO3MOXHOCTb,

COXpaHAA UeNnoCTHOCTb CUCTEMbI, pa3BMBaTb eé B NtoboM kernaemMom HanpaBneHun .
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3a BpemMA pa6OTbI Ha NPOEeKTOM Mpoun3oLnn CuinbHble USMEHEHUA, Kacalolmneca Kak 4OoCTyn-
HOro nporpamMmmMmHoro obecneyeHns, Tak U ngeonorum nporpaMmMmmpoBaHmna B LIENTOM. Crano scHo,
YTO ONUCaHHbIA 3Tan p83pa6OTKVI cnefnyeT paccMmaTtpmBaTb KakK 3KCNMEepUMEHT B peann3aunmn Bbl-

LUEN3NOXEHHbIX naen.

ModenupoeaHue paboyeli cpedbl cpedcmeamu Microsoft Office u Corel

lMpoBepKkon yHMBEPCANbHOCTU HAWAEHHbIX MPUHLMMNOB U METOAMKN CTan 3KCNEepUMEHT No UX pea-
nusaumm cpegcrtBamyn EXCEL, WORD, CORELDRAW. Bbbina co3gaHa paboyas cpeaa, ucnonbaytoLlas
paboune npoctpaHctBa EXCEL 1 CORELDRAW. BcTtpoeHHble awnanektobl Visual Basic nossonunu
co3gaTb HaACTPOWMKY pasBMBaeMoro fsblka (Takke BU3yarbHOro) cregyowero yposHs. HecmoTps Ha
CKPOMHblE BbIMMCIIUTENbBHBIE BO3MOXHOCTM, craboe CYB[ u rpomosgkve dopmatbl AOKYMEHTOB,
cpeactBa Microsoft Office BbIrogHbl MOLLHBIM OOBEKTHO-OPUEHTMPOBAHHBIM rpadduyeckum penakTo-
poM, HanuyneM aBTopekodepa MakpoKoMaHd W, rfaBHoe, [ApYXeCTBEeHHbIM MHTepdencom. B aTon
cpefe Hayato chopmMupoBaHMe npobNeMHON U BbIMMCNUTENBHOW obracTen Ansi aCTPOMETPUYECKON

6a3bl 3HaHun (AB3).

BapuaHm cmpykmypHo20 nocmpoeHusi 363
[daHHbI pasgen MOXHO paccMaTpyBaTth Kak paclUMpEeHHY Noanuck K PUCYHKY 1, co3gaHHOMY, KCTa-
T, B cpefde BISER, Takke Kak UM BcA CTpyKTypa AaHHoW cTaTbn. PasgeneHne BISER Ha nporpamm-
Hyl0 cpeqy W ee MNpunoXeHue BecbMa UCKyCCTBEHHO. [1oaTomy pa3sutve paboden cpefbl B COOT-
BETCTBUM C CWIbHO pasnuyalowMmMuca Mexay coboi 3agadyamMy MOXET MPUBECTU K PaCCOEHUIo
OfHOW cpefbl Ha HECKOSbKO, UMeLWnX B AanbHenweMm camoctosTenbHoe passutue. Kaxgas wus
OOYEPHUX cpen MOXET Takke paccrnouTbCcs Unm, HaobopoT, CMTLCA C APYroi B MPOLLECCE PeLIEHNs
HOBbIX Npobriem. OnucbiBaembli Npouecc npeacTaBnseT popmmnpoBaHme cneayoLwero nepapxu-
YEeCKOro YpoBHSI W OTpaxkaeTcs B NOMOSIHeHUM yTtunutapHon B3. 3ToT npouecc aHanornyeH maHuny-
naumaMm ¢ gokymeHtamm B cpege Microsoft Office, HO yaenbHbIN BEC N3MEHEHNIN MOXET OblTb CTONb

3HavunTeneH, 4To eCteCTtBeHHO 06pasoBaHme CaMOCTOATENbHOIo NpoaykKTa.
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TexHu4eckue (nporpaMmMHbIe)

YnpasneHve cpeacTea

Hay4YHON CTOPOHOWN .
y P UHTepdenc

(Cuctema ynpaBneHus)

Pabouee npocTtpaHcTo

OpraHusaums npoueccos B

onAmiras 53 paboyem npocTpaHCcTBE
WHopmaLumoHHas Ytminutapuele B[] _
(Heuucnosasn) b MHoroy poBHeBbli
B uHTepdeiica A3bIK MPOrpamM1MpoBaHns
B meTonos My HKuNIA &Paasmme cpeabl
npeacTaBneHns n i >

obpaboTku VISUAL- [
MHGopMaUmu | metoabl MpoekT

M

Yucnosas B[] BcnomoratencHele B[l

MpoekT -
MeHeaxep

[OoKyMeHT -
MeHeaxep

Hakonutenb

Puc.1 Obwas cTpykTypHasa cxema paboyen cpepbl BISER.

Pa6ouas cpepna BknovaeT B cebsa cneaytoline oba3atenbHbIe 3MeMeHTbl.

Paboyee npocTpaHcTBO

MMone, Ha KOTOPOM MPOUCXOAUT MaHUNynsAunMs ¢ obbekTamun Ha aKkpaHe. B npocTteiiwem criyyae
3TO paBHOMEPHO MacluTabupyemoe OByMEpPHOE NMPOCTPaHCTBO, AOMOMHEHHOE CTPYKTYPON AYeeK uUnu
CcTpok. Bo3amoxxHbl 6onee msowwpeHHble hopMbl pabovero NpocTpaHCTBa: HEpPaBHOMEPHO MacLuTabu-
pyemoe, CBsi3ka 3aBMCMMO MacluTabnpyeMbix npoctpaHcTB. CTporo roBopsi, kK paboyemy npocTpaHcT-
BY NpeabsiBNsSeTCsl HEBLINOMHUMOE B 06Llem cnydae TpeboBaHue - ObiTb agekBaTHOW obnacTelo Mno-
HATUMIHOIO MpPOCTpaHCTBa. B peanbHbIX yCrOBUSX akUEHT AenaeTcst Ha LOMNOSNIHEHME TOMOMOrM4Yecknx
CpefnCcTB U306pasnTenbHbIMU N ANHAMUYECKUMMN.

Mpoekt
MpobneMHO-OpNEHTUPOBAHHBLIA KOMMOHEHT (COBOKYMHOCTb BCErO, YTO MMEET OTHOLUEHWE K LaHHOW
KOHKpeTHOW 3apade). Kak Hanbonee spkuin HOCUTENb MepapXmMYecKon BNOXEHHOCTU U camonogobus,
NMPOEKT MOXET aBTOHOMHO coepXaTb BCE NepedncrnsieMble HUXKE OCHOBHbIE NPOOMEMHLIE KOMMO-
HeHTbl paboyeli cpeabl. C O4HONM CTOPOHLI, OH MOXET coaepXaTtb Apyrue 6ornee Menkue NPoekThl, a ¢
OPYror CTOPOHbI, FPaHULbl ero MOryT GbITb pa3MbiTbl (OOUH U TOT e NPOBNEeMHbIN KOMMNOHEHT NPUCYT-
CTBYET B pa3HbIX NPOEKTax).

MoHaTtunHag 63
ABnsieTca LeHTpanbHbIM KOMMOHEHTOM pabo4yel cpefdbl, KNKYOM K MOMYyYEHUKO YMCMOBOM U HeYun-
cnoeol nHdopmaumm, obecnevmBaeT NIaHNPOBaHUE, BOCNPUSTUE NPOGNeMbl B LENOM, 3BpUCTUYE-

ckuin nouck. OHa TecHO cBsidaHa C MHopMaumoHHon B[, koTopas cogepXuUT TEKCTOBYO MHAOpMa-
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LMo pa3Horo ypoBHSA U obbema (KOMMeHTapum, CnpaBku, CTaTby), a Takke rpaduyeckne n cneumanbs-
Hble popmarTbl.

Yucnoeas b1
OrpaHuyeHHo BM3yanuanposaHa. MoxeT BKoYaTb NOMUMO YMCNOBLIX AaHHbIX CpeacTBa UX cosfa-
HUS.

B[ cpencts npeactaBneHud U 0b6paboTkn mMHdopmMaLmm

BaHK MCMONHUMbIX NporpaMm 1 yHKUMiA 06paGoTKN, JOMOMHEHHbIA CUCTEMATU3NPYIOLLEN UX MOHS-
TUIHOW CTPYKTypoi. Ocoboe MecTo 34echb 3aHUMAaloT BU3yaribHble METOAbIl, CPEACTBA KOMMbIOTEPHOM
rpadovku 1 ee AMHAMUYECKME BO3MOXHOCTW. B Kakoi-To cTeneHu aTu meToAdbl BXOOAT B MOMb30Ba-
TENbCKYI0 YacTb PasBUBaEMOro MHTepdeica cpeabl U CO3A4aloTcs Mo Mepe HagoGHOCTK.

BcnomorartensHble Bl

OTtobpaxaloT npouecc paboTel Hag npobnemon 1 obecneynBaloT 4OCTYN K NPeAbIAYLWMM 3Tanam unm
poAcCTBeHHbIM MpoekTam. BkniovaT B uHTepdenca 1 yHKUUA - NOCTOSHHO U3MEHAEMbIN U MO-
MOIHAEMbIV KOMMOHEHT yTunuTapHon b1, noMoratowmin nonb3oBaTeNto OPUEHTMPOBATLCS B N30LITOY-
HOM MHOroobpasunn cpefcTs,

Ytunutapiele Bl

OTob6paxatoT npouecc popMmpoBaHust paboyen cpeabl U HE UMEIOT NPSIMOTO OTHOLLEHUS! K Npo-
6nemHon obnactn. Hambonee cywecTBeHHOE MECTO Cpeamn HUX 3aHUMaIoT !
NPOEKT-MeHeXKep - CPEACTBO NMaHMPOBaHUS U OTODpaXeHUs npouecca paboTbl Hag npobnemon,

OOKYMEHT-MeHeXxep - obecne4ynBaeT NOUCK U OOCTYyN K CTPYKTYPHbIM KOMIMOHEHTaM.

Hakonutenb
CpepcTBo, No3BonsitoLLee BPEMEHHO pa3MecTUTb U obpaboTatb (cucTemaTManpoBatb) 6ok MHdop-
Mauun, st KOTOPOro noka HermoHATHO U TPYOHOAOCTYMHO MecTo B obuwen ctpyktype B3. MNpucyT-
CTBYET NMPaKTUYECKN Ha BCEX YPOBHSIX OMUCLIBAEMOI KOHCTPYKLIMM U OOMYCKaeT BIIOXEHHOCTb.

TexHuyeckme (nporpamMmHble) cpeacTea

OCHOBHYI0 Maccy TeXHUYECKUX BO3MOXHOCTEN NpeaocTaBnaoT obLeaocTynHble 6a30Bble NporpaMm-
Hble cpeacTBa. Kpome Toro, B Habop cpeacTs MOryT BXOAWUTL Mtobble cneuunansHble npoayktel. OgHa-
KO APOM cpefbl CINY>XWUT KOMMaKTHbI MakeT crneunanbHbIX cpeacTs, Hecylimx ugeonormio ECC. 310
A0pO0 pa3BMBaeTCA OTAENbHO ANA Kaxkaoi paboyeli cpeabi.

NHTepderic (Cuctema ynpasreHus)

Coctout uns MHTepcbeﬁca ncnonb3dyemMbiX CTaHOAPTHbIX MakeToB, YHMBepPCallbHbIX CPencTs, pa3pa6o-
TaHHbIX ANS AaHHON pa60qe17| cpenbl, co3gaBaeMblX MoJib3oBaTeNemM 3J1eMEHTOB yrnpaBlieHUA.

MHOroypoBHEBbIN A3blK NPOrpamMmnpoBaHns

CneumanbHas MHOroypoBHeBas opraHunsaumsa A3blka nporpaMmmMmnpoBaHnA:
HWKHWI YpOBEHb A3blKa onpeaenaeTca A3blIKOM ©a30BbIX nporpamMmmMHbIX CpeacTs,;
NPOMEXYTO4YHbIE YPOBHU A3blka CO34akTCA B COOTBETCTBMEM C ANHAMUYECKNMU Tpe6OBaHMF|MM
ECC, Bknto4vatoTcs B A0pP0 cpedbl, YTO OOHAKO He ABIAeTCA obsi3aTenbHbIM, MOCKOIbKY ¢)opMMpye-
MbI SA3bIK MOXET ObITb Y3KO cneunanm3mpoBaHHbIM;

BEPXHWIA YPOBEHb SA3bIKa NIaBHO NEPEXOANT B MHTEPENC.
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[JeMoHCTpauMOHHbIN NpumMep.

PaboTta Hag AB3 HaxoauTcst B HaYanbHOW CTagumn cuctemaTmsaumm nHpopMaumn. TeM He MeHee,
yXXe Ha 3ToW CTaaum okasanacb BO3MOXHOW AOCTAaTOYHO adhdpeKkTMBHAs nomckoBas Hay4Has paboTa.

B kauyecTBe LEMOHCTpaUMOHHOro npumMepa pabotbl Hag AB3 npeactaBum y3kuid cpes npobrembl
WHTepnpeTauun OaHHbIX NapamMeTpoB OpuUeHTauun 3emMnn, UMEeKLLUn HEKOTOPYHO 3BPUCTUYECKYIO OK-
packy. EAMHCTBEHHBIN UCTOYHUK MHPOPMaLMK ANS BbIBOAOB - BpeMmeHHble psagbl 03 [6]. PesynbTat
rapMOHUYECKOro aHanmsa aTux psagoB AoNyCcKaeT Tpy Tuna U3nyeckon nHTepnpeTaumm.

A. (Hanbonee nonynsipHasi Touka 3peHust) Habntogaemasi kapTuHa - cynepno3vums AByX rnaBHbIX
Un3nyeckMx KOMMOHEHT: rogoBon P; n yaHgneposckon P, (1,2 roga). [lNMpupoaa nepBoi B 0OLmx
yepTax OYeBMAHA, B TO BPEMSA KaK YaHANEPOBCKOE [OBWXKEHME MOomtoca BOT YXKe MOYTN BEK OCTaeTcH
6e3 ybeautenbHom n3nyecKkon NHTepnpeTaLmm, Kak y>xe 0TMe4anocb BO BBEAEHWUN.

B. lMNepwoa 1,2 roga - nopoxaeHne rapMOHUYECKOro aHanmaa, a uU3n4eckn CcyllecTByeT LIecTu-
netHun npouecc Pg, mMogynupytowmin  rogoBorn. CTporoe COOTBETCTBME C HabMnogaeMbiMU AaHHbI-
MU Morny4vyaeTcs B NpPeanonoXeHne o cynepnosnumm AByxX aMniauTyaHbIX MOOYNALUUA, @ UMEHHO:

Py Py Py Ps

sin(2pt) +| sin(2pt/1.2)| = sin(2pt); +| sin(2pt) sin(2pt/6+f) - sin(2pt+f) sin(2pt/g) |,

roe f = p/2, t - Tponunyeckuii roa. MapameTp f MoXeT GbITb UHTEPNPETUPOBaAH Kak ha3oBoe 3ana3abiBa-
Hue. OTCyTCTBME OYEBUOHOIO NPUPOOHOro hakTopa, 3agaroLero WecTUneTHNA nepuoa NPensaTCTBYIOT
pasBUTUIO ATOro Noaxoaa.

C. PeanbHo cyllecTByIOT BCe TpU Nepuoamnyecknx npouecca - rogoBou, YaHAnepoBCKUn U Moay-
NUPYIOLWMA UX LWEeCTUNeTHNA. Ha nepBbIi B3rnaA, 9Ta TOYKa 3peHWs TOMbKO HacnegyeT TPyAHOCTU
ABYX npeablayLmnx. Ho ee paccMmoTpeHne NpuBoauT K NPOAYKTUBHBIM 0000LLEHNAM.

B cnoxHbIX cuctemax cyneprnosnums KOMNOHEHT MOXET NoAaBnATb nepuogudHocTb. [NapameTpu-
31PYIOLLME Xe OTHOLUEHUSI B CIIOXHOW cUCTeMe, Takme Kak dhasoBasi, 4acTOTHas Unu amnnuTyaHas
MOAyNAUMS, NPy HanNM4yne CUHXpPOHM3auunM, HaobopoT, MOryT CNOCOOCTBOBATb YCUINEHUIO NMepuoauny-
HOCTWU. Hanpumep, B3aMMHasa mMoaynsumsa ABYX- U TPEXTOAUYHbIX NEPUOaNYECcKNX NPOLLEeCCOB MOPOX-
AaeT LWeCTUNETHUA, a TpeX- U YeTbIpeXneTHUX - ABeHaguaTUneTHUN.

MoXHO NpeanoXvTb MexaHu3M, CMOCOOHbBIN NOPOAWUTb, B YACTHOCTM, YCTONUMBLIA LUECTUNETHUIA
nepuod. [lpeanonoxum, 4To B CUCTEME MPUCYTCTBYET CTPOro nepuoanyecknii npouecc P; ¢ nepuo-
gom T n pgpyrow npouecc P, ¢c nepmogom Ti, Haxogdawuiicss B aBTokonebaTenbHOM pexume. Ecnu
napameTpbl NOcnegHero NMetoT a3oByo 3aBUCMMOCTL OT NEPBOro npolecca (Hanpumep, copoc npu-
YpO4eH K orpegeneHHon ero dase), TO MOXeT BO3HUKHYTb CUHXPOHM3aums npoueccoB T, = nT , rae
n=1,2,3.... AcHO, 4YTO B pearnbHOCTN Hanboree yCTONYMBbI K M3MEHEHNIO NMapaMeTpoB nepuoapbl ¢ Ma-
neiMn 3HaveHusmn n (2T, 3T u 4T). Ha puc.2 npegctaeneHa Moaernb Takon CUHXPOHU3aAUMKU Ons

N=3 C MOMOLLbIO PEKYPCUBHON (DYHKLIUM:
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A éée T, jéxzxi'i; eny st (e- asin?(ep )
5

COOTBETCTBYHOLLEN KYMYMATUBHOMY MpOLECCy, NpupalleHMe KOTOPOro COCTOUT U3 «NaMATU» Ha rny-
GUHY Tx U HOpManbHO pacnpeaeneHHo CrydYainHo KOMMOHEHTLI N, HaxoAsaLWMXcs B dpa3oBoi 3aBu-

CMMOCTM OT CUHXPOHM3MPYIOLLLErO NpoLiecca ¢ nepuogom T.

A=1.1 Tx=30 | CUHXp. HET

VAN /\ SWAN AN\
EAAVAN VAR AR VARV
WA A=1.4 Tx=32 | 32' N /\ A /\ N
AN OYANTAAATA

Puc.2

Kak yxe ykasblBanocb Bhbllle, B3auMHas Modynsauus Haubonee ycTonumebix nepuonos (n=2,3,4),

CUHXPOHM3NPYEMBbIX FOAO0BLIM, MOpoXAaeT 6-neTHUA U 12-neTHWUA nepuoabl.

Kpome Toro, npepnonaraetcs BO3MOXHOCTb MPOSIBMIEHNS MexaHu3Ma (ha3oBOM CUHXPOHU3ALMU
nopoxaeHHbIX npoueccoB. NmeeTcs B BUAY cnegytowee. Ecnu B cucteme NpucyTCTBYIOT HECKOMbKO
NOPOXAEHHbIX MPOLECCoB, UMEIOLLMX Nepuof NT, TO OHU MOTYT UMETb (Pa30BOE pacxXoXaeHue KT, rae
k mn -uenble, k<n. B aTom cny4yae, npu HaNnu4um NPUYUHHON CBA3N MEXAY ITUMU NpoLeccamu,
MOryT HayaTb paboTaTb OOCTaTOMHO €CTeCTBEHHble MexaHu3Mbl BbipaBHMBaHus ¢a3 (k=0). Takum
obpa3om, B cucTteme ycTaHaBnvBaeTcs obwmn putMm. Ecnu Bcneacteue gonykTtyauui OAuH M3 ne-
prvoaNYECKUX MPOLIECCOB CUCTEMBbI “BblbrBaeTcs” 13 06LLero putma, TO 3TO He NPUBOAMT K cOOto ne-
PUOAMYHOCTU CUCTEMBI B LIEMOM, 3aTO NapamMeTpbl Camoro npouecca MeHsIloTCs. OrneMeHTbl Npeano-
KEHHOrO0 MexaHu3Ma W3BEeCTHbl B GMOCdepHbIX cucTemax, rae ce3oHHas (dasoBas) acUMMETpUs
MOXET ObITb APKO BblpaXeHa.

PaCCMOTpeHHbIe TUMbl B3aMMOOTHOLLIEHUI MexXxay KOMnoHeHTamMmu npeactaBrieHbl HA PUCYHKe 3.
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MO/J,yJ'IFIjVIFI

CprOHﬂaau,vm

Pwunc.3

npeﬂ,CTaBMM mMoaenb crneayrwmnMm pekypCcBHbIM COOTHOLLUEHUEM !

Agi = Agia t Kyk,i(ak +n k)SinZ(Zp T)

...... Yeioi >O0UA,>YL -4 C.,|® y,, =-1

...... Vit >OUALEYL + C.|® y,, =1

roe K=1; a;=a,=0.5; Y1, =Y1,=3; Y0,=Y0,=-3; M=0.1; k=1,2; i=1,2, 3 ...,

a Ng - paHgoMmnsanpoBsaHHaaA BenMymnHa

Ha puc. 4 nokasaHbl pe3ynbTaTtbl MOAENMPOBaHUA OTO6pa)KeHHbIX BblLLIE COOTHOLLUEHUNA.
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Puc.4 PesynbTaTbl MOgenuMpoBaHus.

[Ba penakcauMoHHbIX MOporoBbix npouecca P1l, n P2, npu cMHXpoHU3aumu npoueccomMm P; ¢ ne-
puvogom T cTaHoBATCA «ncesgonepuoandeckumm» (T, =2 n T,=3). HopmanbHO pacnpegeneHHble
CriyyariHble KOMMOHEHTbI MopoXaatoT «nponycku» (T,=4). VX B3aumHas Mogynsauusi nopoxaaeT npo-
uecc C co cpegHum nepuogom Tc=6. ObpaTHoe BnmaHue C Ha P1l, n P2, npuBoanT K NOsIBNEHUIO
NPOMEXYTKOB BPEMEHU, Ha KOTOpPbIX dhasda u nepuog (Npy YCNOBHOCTU 3TUX NOHATUIA ANs «rnceBaone-
proamnyeckux» npoueccoB) TC NOCTOAHHbI U pasaerneHbl MOMeHTamm BGbICTPOro n3aMeHeHust asbl Ha
BenuunHy pn (n=1,2,3...).

MpenctaBneHHass MOAerNb He NpeTeHayeT Ha MogenupoBaHue pearnbHbIX MPUPOAHBLIX NPOLEeCCOoB,
a Nuilb MNIICTPUPYET BbllLenpuBeEHHbIE COOBPaXeHMs.

B cBeTe ckasaHHOro, BOMpoc O peanbHOCTU LEeCTU- UMW OBeHajuaTUreTHero nepvoga MoxeT
ObiTb CBEAEH K BbISIBIIEHUIO KOHKPETHbIX (PU3NYECKUX MEXaHM3MOB ObecneynBaloLnX CUHXPOHU3N-
pYlOLLYIO NapameTpu3aunio npoueccos. Puc. 5 gemMoHCcTpupyeT Ha peansHoM HabnogaternsHOM Ma-
Tepuarie, CBA3aHHOM C [OBWKEHWEM Nomnioca, MpeasioKeHHbIn MeXaHM3M CUHXpoHM3aumu. Ha aTom
pucyHke npuBefeHa dasa ABWKEHUSA Nnontoca nocne CHATUS NIMHENHOro TpeHaa (BEKOBOro ABWKEHUS
norntoca) W CTPOro NepmoaM4ecKoro OBWKEHWS, NMPUHATOro paBHbIM 5 obopoTtam 3a 6 neT, TO ecTb
npvBeaeHbl YrNoBble HEBA3KA B ABWKEHWUA MNOMNOAUA OTHOCUTENBHO €€ PaBHOMEPHOro OBWKEHUS.
[daHHasa paBHOMepHasi yrrnoBasi CKOPOCTb ABWXEHWS Momca siBNseTcs npubnmkeHHO cpeaHen 3a
paccmaTpuBaeMbln nepuod. BuaHo coBnageHne npeanoXeHHoW MOAENU C pearnbHbIM BOCCTaHOBIME-

HueM chasbl (2pn) B ABWKeHWUM nontoca B 30-x rogax.
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Oaxe ecnn paccmaTpmBaeMble MEXaHU3Mbl HE BHOCAT CYLLEeCTBEHHOro BKraga B ABWXEHUeE Mo-

nroca, nx o6Hapy>KeHV|e MOXeT npeacTaBliATb CaMOCTOATENbHbIN MHTEpPEC, Npn n3yveHun reoccbep-

HbIX CUCTEM.
® (pan)
8 -
t
4 \u
4 |= 2p
2
0
.2 1 1 1 1
1900 1920 1940 1960 1980

Puc.5 dasza gsmkeHust nontoca.

B 3aknioveHvne oTMeTVM, YTO AEMOHCTPALIMOHHBIA NpMMeEp He npeTeHayeT Ha cTporocTb. PaboTa
B 9TOM HanpasneHun ByaeT npogoskeHa. OTOT NPUMEP NULLb UIMOCTPUPYET METOA NOCTPOEHUS ac-
TpoMeTpuyeckon 6a3bl 3HaHUA, K POPMUPOBAHMIO KOTOPOW aBTOpbI MpUrnawlaiT NPUCOEAUNHUTHLCS
BCEX 3aMHTEPECOBaHHbIX.
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ON POSSIBILITY OF EXPERT SYSTEM CONSTRUCTION FOR ASTROMETRY
M.V.Vorotkov, V.L.Gorshkov, N.O.Miller
SUMMARY
The first principles and methods for construction of expert system for astrometry are given. The
using of image characters for visualization and of fractal structure in object oriented approach are the

main means for advanced expert system BISER.
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