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BBEJAEHHE

I'eonndopmanronnsle cucreMsl (TMC) apnstorcs kiaccoM HHPpOpMaLHOH-
HbIX CUCTEM, HMEIOLLMM CBOH 0COOEHHOCTH. OHHU NOCTPOEHDI C YYETOM 3aKOHO-
MepHOCTEH reoMHGOPMaTHKH H METOOB, IPUMEHSEMBIX B ITOH HayKe.

I'MC xak uHTErpHpoBaHHbBlE HHOOPMALIMOHHBIE CUCTEMBI NIPEAHA3HAYEHEI
IUTS pellIeHHs Pa3/IMYHBIX 3aJa4 HAayKH W IPOU3BOJCTBA HA OCHOBE HCIONb30Ba-
HHA MPOCTPAHCTBEHHO - JIOKAIM30BaHHBIX JaHHBIX 00 00bEKTax U ABNEHHUSAX MPH-
poxs! u obwectsa. HepaspsiBHo ¢ ' UC cBs3aHbl reonH$opMaliMOHHbIE TEXHOJIO-
THH.

I'eonHpOpMaLIMOHHBIE TEXHOIOTMH MOXHO OTPENETUTh KaK COBOKYITHOCTb
IpOrpaMMHO-TEXHOJIOTHYECKHX CPECTB MOMYUEHHS HOBBIX BHIOB UH(MOPMALIHUH
06 okpyxatoiieM Mupe. ['eonHbopMaLIMOHHBIE TEXHOJIOTUH NpeAHa3Ha4YeHb! 1k
NOBBILIEHUA 3P HEKTHBHOCTH: MPOLIECCOB YNpaBIeHHs, XpPaHEHH U MpeJCTaBe-
HHUS HHOOpPMaLKH, 06paboTKH M MOLNEPKKH NPHHATHA peleHuii [43].

B kHHre naHo kparkoe u3noxeHue ocobenHocteil 'MIC, packpeiBaeTcs Ux
CYLIIHOCTb M METOMb! HCTIOJIb30BAHHUA.

IMonnoe, Ha BHICOKONPO(ECCHOHATLHOM HAyYHOM YPOBHE H3JI0)KEHHE BCeX
OCHOB co3JaHusa U ucnons3oBanus ' UC nano:

M0 reoIe3HYECKON U MaTeMaTH4ecKoii ocHoBe B paborte [5];

110 BOMPOCaM CcO3IaHHs 6a30BbIX KapT H UMGPOBLIX MOJEIIEH, PEIIEHHS Ha
HX OCHOBE pa3HOOOpa3HBIX 3aJa4 H BHINOJHEHHA UCCIIeOBAaHUA N0 KapTaM B pa-
6orax [2 -5, 7-11, 13]

o BonpocaM Mecta [ UC cpeau TEXHHYECKHX CHCTEM, CHCTEMHOrO aHalH-
3a, oprannsaunu naHHeIX B TUC, npumenenns 6a3 nanueix B F'MIC B paboTax [20,
22-23, 25, 29-30, 40, 44,45];

no BornpocaM MHoroacnekTHoro npuMererus I'MC, no HHCTpyMEHTaNbHBIM
cHcTeMaM, 3rieMeHTaM Tonosornu naHHeix B 'MIC, kadecTBa uHGOpMaiuu, M-

.poBOro MozenupoBaHus B pabotax [25, 29-35, 40, 46];



4

1o BonpocaM HHTerpauuu aanHbix ['MC 1 cuctem o6paboTKH JaHIbIX THC-
TaHLHOHHOTO 30HAMPOBaHHMA B padborax [20, 22, 23, 30];

N0 BOMPOCaM CTaHJapTH3aLMH H TECTHPOBaHHs B pabotax [27, 28, 39, 47]

110 Bonpocam 3auuThl HHGopmauuu B 'MC B paborax [30, 36, 42, 48].

I'MC umeer psn ocobeHHOCTEH, KOTOpble HEOOXOAUMO YYHUTHIBATh IIPH H3Y-
YEHHMH ITHX CHCTEM.

OnHa u3 ocobenHoctedt ' MIC # reouHpOpMalMOHHBIX TEXHOIOTHH COCTOHT
B TOM, 4YTO OHH SABJISIOTCA IEMEHTaMH HH(pOpMAaTH3aUMK 0OLIECTBA. DTO 3aKIIIO-
qaercs Bo BHeaApeHHH ['IC 1 reoMH(pOpPMaLIHOHHBIX TEXHOJIOTHI B HAYKY, POM3-
BOJICTBO, 00pa3oBaHHe H NPUMEHEHHE B NPAKTHYECKON NEATEbHOCTH MOJTyYae-
Mo# uHdopMalMH 06 OKpyXKaloLieil pealbHOCTH.

I"'eonHbOpMaIMOHHBIE TEXHONOTHH ABIAIOTCA HOBHIMH uutbopmaunouublﬁu
TEXHOJIOTHAMH, HaNpaBJICHHBIMU Ha JOCTH)KEHHE Pa3IM4HBIX LeJiei, BKIoYas
MHGOPMaTH3ALIMIO TPOU3BOJCTBEHHO — YNPaBIEHYECKHX MPOLIECCOB.

Hpyroii ocobernoctsio ['MC sBasercs To, 4TO Kak HHPOPMaLIMOHHBIE CHC-
TeMbl OHH ABJIAIOTCA PE3YJIbTaTOM 3BOJIIOLIMH 3THX CHCTEM U IT0O3TOMY BKJIIOYAIOT
B ce0s1 OCHOBBI TOCTPOEHHUA U QYHKLUMOHUPOBAHHUA HHPOPMALIMOHHBIX CHCTEM.

I'NC kak cucTeMa BKIIIOYAET MHOXKECTBO B3aMMOCBSA3aHHBIX JJIEMEHTOB,
KaXblii U3 KOTOPBIX CBA3aH MPAMO HIM KOCBEHHO C K&)XXIBIM JIPYTHM 3JIEMEHTOM,
a J1Ba J1t00ble OAMHOKECTBA 3TOT0 MHOXKECTBA HE MOTYT OBITh HE3aBUCHMBIMHU He
Hapy1las LeN0CTHOCTb, €AMHCTBO CHCTEMBI.

ABTOMaTH3UpOBaHHOH HHpOpMaLHoHHOMH cucteMoit (AMIC) HaspiBalOT Op-
raHM3alMOHHO-TEXHHYECKYIO CHCTEMY, HCIONB3YIOLIYI0 aBTOMaTH3HPOBaHHbIE
MH(OPMALMOHHbIE TEXHOJIOTHH B LIENAX 00y4eHHs, HHPOPMaALIMOHHO-
aHATUTHYECKOTO 0becreyeHHs HayYHO-HH)KEHEPHBIX paboT U NMPOLIECCOB YNpaB-
nenus [21]. B coorBeTcTBHH ¢ naHHbIM onpeaenenvem I'C nonanaer B knace
aBTOMaTU3UPOBAaHHBIX HHPOPMALIMOHHBIX CHCTEM.

Ewe oaxoit ocobenHoctrio 'MIC sBnsieTcs TO, 4TO OHA ABAAETCA UHTETPH-

poBaHHO# HHGOPMALIMOHHOM CHCTEMOH.
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MHTCI"lepOBaHHb]C CHCTEMbI NNOCTPOECHBI HA NPUHLUNIAX HHTErpaury TeX-
HOJIOTUH Pa3IU4YHBIX CUCTEM. Onu 3a4acTyro NPpUMEHSAKOTCA HAaCTOJIBKO B pa3HbIX
00J1aCTsX, YTO UX Ha3BaHHE YACTO HE ONpeeNnseT BCe UX BOIMOKHOCTH U QyHK-
uui. [lo 370t npuunHe He cnenyet cBa3biBath [ MIC ¢ pelieHneM 3amay TOJAbKO
reoze3uy uiau reorpaduu. "I'eo” B Ha3BaHUH reOHHPOPMALIMOHHBIX CUCTEM U
TeXHOJIOrHit onpezenseT oObEKT HCCAeJOBaHHIA, a He MpeAMeTHY0 061acTh Uc-
MOJIb30BAHHA ITHX CUCTEM.

Heo6xoaumo paccmotpers Mecto I'MIC cpenu npyrux aBTOMaTH3MpOBaH-
HBIX CHCTEM, 4TO TpebyeT faTh KpaTKylo kaaccHHKaLMIO 3TUX cHcTeM. BriGupas
pa3MYHbIE aCMeKTbl PACCMOTPEHHS aBTOMaTH3UPOBAHHBIX HHHOPMALIHOHHBIX
CHCTEM MOXHO NaTh pa3IMYHble UX pa3/IMuHble KacCHHUKALIUH.

ITo npuHaANEXHOCTH K KOHKPETHOH npeaMeTHOH obsiacTH MOXHO noapas-
NeNUTh MHPOPMALIMOHHBIE CHCTEMBl Ha TPH KJlacca: TEXHUYECKHE, IKOHOMHYe-
CKHe, HHPOPMaLIMOHHO-aHATUTHYECKHE

K 1exHHYecKHMM OTHOCAT aBTOMaTH3HpOBaHHbIE CHCTEMBbI HayuHBIX HMccie-
noanuit (ACHH), cuctemsl aBromatu3upoBaHHoro npoektupoBanus (CAIIP),
rubkue npousBoacTBeHHble cucteMbl ([TIC), poOOTOTEXHHYECKHE KOMILIEKChI
(PTK) u np.

HHbopMaLMOHHO- aHANTHTHYECKHE aBTOMAaTH3UPOBaHHbIE CHCTEMbI BKIIIO-
YalT: aBTOMAaTH3UPOBaHHBIE CMpaBOYHO-HHPOpMauroHHble cuctembl (ACHC),
6a3sl nanHbIX (B[I), akcriepTHblie cuctemsl (3C), cTaTCTHYECKHE HHPOPMaLIHOH-
Hble cucteMsbl (CTHC) 1 T.1.

[TpumepoM 3KOHOMHYECKHX CHCTEM MOTYT CIy>KMTh aBTOMAaTH3HPOBaHHbIE
cuctemsl ynpaeieHus (ACY), 6yxrantepckue HHpopMaLoHHble cHcTeMbl (BY-
HC), 6ankoBckue uHdopmauronHsle cucteMsl (BHC), GupxeBble HHPOPMaUHMOH-
Hble cucteMsl (BMC), MapkeTnHrossle nHdpopmanonssie cuctembl (MHC) 1 np.

OcobenHocThio 'MC kak HHTErpHPOBAaHHON CHCTEMBI ABISETCS TO, YTO OHA
MHTETPUPYET TEXHOJOTHH TPEX MEPEUHCIIEHHBIX BbILE KJIACCOB CUCTEM: TEXHH-
4eCKHX, MH(POPMALIMOHHO-AHATUTHYECKHX M IKOHOMHYecKHX. ClenoBaTeNbHO,

I'cC MOTryT OBITh HCIIOJIB30BAHBI KaK J1}00ast U3 ITHX CHCTEM.
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Ilo acnekty nmpumenenuss AWC ux nojpasaenstor Ajis pasHbiX YpOBHeH
yTpaB/leHHs Ha:

*AHC onepaLOHHOr0 ynpasiieHHs (ONepaTHBHOE yIpaBJieHHe);

¢AHWIC nns meHemKepoB cpeHero 3BeHa (TaKTHYECKOE yTpaBieHue);

¢ANC pykoBoasiLero nepcoHana (Crpateruyeckoe yrnpasneHue).

Kak cucrema ynpasnenus [ MC npumeHrMa Ha BCex TpeX YPOBHSX.

B nepBoit yactv kHurM onuceiBatoTcs poactseHHsle ¢ [MIC undopmaumon-
Hbl€ CHCTEMBI, TEXHOJIOTMH KOTOphIx Hcnonb3ytotcs B [MIC. B Helt narotcs ocHo-
Bbl NTIOCTPOEHH MOZENEH NaHHBIX U TEXHONOrHMHM opraHu3auuu naHHeix B [MC.
PaccMmoTpeHs! oTaensHble NpHKiIagHeie Bonpock! npuMeHenus [THUC.

OcHoBHbIMH BHYTpeHHUMH naHHbIMH [HIC sBisioTcs 6a3oBbie 1MGpoBbIe.
KapTsl M LH(POBEIE MOZEINH, TEOPETHUECKOH OCHOBOH KOTOPBIX ABJIAIOTCA [10JI0-
YKEHHS H METOAIbI CO3[aHHs M HCIIOIB30BAaHHA UX I€0Ie3NYECKOM U MaTeMaTHye-
CKOW OCHOBBI, BCE 3IEMEHThI KOTOPBIX IOCTPOEHB! B €JMHOH reo1e3UYECKON CHC-
TeM€ KOOPJHHAT, MPOEKLIMH, Pa3MEPHOCTH ¥ CHCTEME MEP.

ITpH co3naHMHM U HCTIONB30BAHHH KapT, ABJIAIOMNXCS 6a30# mocTpoeHus
nansbix ['UC, paccMaTpHBalOT M HCHIOJNB3YIOT F€OI€3HYECKYI0 CHCTEMY KOOpIH-
HaT U MJI0CKHE NPSAMOYToJIbHbIe KOOPAHHATBI KapTorpadHYecKHX NPOEeKLHH Uc-
XOJIHBIX MaTEpHAJIOB, reoIe3HYeCK1e KOOPAHHATHI U MPOEKLIMH co3aBaeMbIx 6a-
30BBIX KapT, HA OCHOBE KOTOPBIX OCYILECTBIIAETCS MOCTPOEHHE LIU(POBBIX MOzie-
nei#t B 'MIC u npaktuyecku peanusytores Bee 3agayu ['HIC. PaccmarpuBaercs v
MCMoJIb3yeTCs TaKkKe IUIOCKas JIOKalbHas CHCTeMa KOOPIHHAT, CBA3aHHas C CHC-
TEMO# KOOpIMHAT MpOoeKLuii co3naBaemsix kapT u mozeneit TUC, nns nmoctpoe-
HHS €IMHON CUCTEMBI YCJIOBHBIX 3HAKOB M NPOCTPAHCTBEHHOM JIOKAJIM3aLHH 3Jie-
MEHTOB reOHH(OPMALIMOHHBIX CUCTEM, a TAK)XKe IS ocabaeHHs HCKaXEHHH B
I'MUC u3-3a paznuuHbix dakTopoB (aedpopmaius Oymard, HECOBMELLIEHHE KPACcoK,
He4eTKOH HaCTPOMKH IEMEHTOB KOMITBIOTEPHOH TEXHHUKH H T.I.).

Do dextrnBHoe ucnonszosanue 'MC ans peuieHns pazHoo6pa3HbIX Mpo-
CTPAHCTBEHHO - JIOKAJIM30BaHHBIX 3aa4 TpebyeT OT MoJb30BaTeNs JOCTATOYHOrO

oObeMa 3HaHUH O re0Ie3MYECKUX CHCTEMAX KOOPAMHAT, KapTorpadHiecKux npo-
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€KLMAX U APYTHX 3JIEMEHTOB MaTeMaTHueckoi ocHoBbI kapT ['MIC, TeopeTHyeckux
MOJIOKEHHAX O COCTABJIEHHH, MTOATOTOBKE K M3aHHIO U U3J1aHMI0 6a30BbIX KapT,
3HaHMH 0 MeToJax MOJyYEeHHs N0 KapTe pa3lnu4yHOi HHOpMaLIMH, MaTeMaTHue-
CKHX W IpYTHX METOJOB MCIIOIb30BaHUS 3TOH HHGOPMALIUK U1 peleHUs npo-
CTPaHCTBEHHO -JIOKaJlM30BaHHbIX 3anay I'HC.

Bce ocHoBHbIE nosioxeHHs co3gaHus M ucrons3oBanus kapt ['IC naHel B

nocieaHen YacTH yyeOHHKa.



1.UH®OPMAILIMOHHBIE CUCTEMBI C TIPOCTPAH-
CTBEHHOMH JIOKAJIM3ALIMEN JAHHBIX

Cpean HHGOPMALIMOHHBIX CUCTEM MOXHO BBIAENUTH KJIACC, KOTOPbIHA CBsi-
3aH ¢ 00pabOTKON JaHHBIX, HMEIOLIHUX [POCTPAHCTBEHHYO JIOKATH3ALHIO.

IlpocTpaHcTBeHHOl JIoKan3alHedi AaHHbIX HA3bIBAIOT MPOLECC COOTHE-
CEHHs pa3HbIX BUAOB MHOOPMALMH K HEKOH MPOCTPAHCTBEHHO OMPENENCHHOMH
cucteMe. Takoii cucteMoif MoXeT ObITh €KapTOBa CHCTEMa KOOPAHHAT; reorpa-
¢dryeckas cucTeMa KOOpAMHAT; Ki1acCH(UIIMPOBaHHAs COBOKYTIHOCTb TEPPHTODH-
NbHbIX 0OBEKTOB H T.I1.

Jlokanu3sanus MOXeT OCYLUECTBIAThCA MPUMEHEHHEM CMeLMalbHBIX Kiac-
cH(UKaTOPOB MM Ha OCHOBE MPHBA3KU K BLIOpaHHON CHCTEME KOOpAHHAT.

ATpHOYyTHBHOMH Ha3bIBaeTCA JIOKAIH3AIMA, OCYILECTBIAEMasds HA OCHOBE
K1accuMKauK CBOACTB 00bEKTa HITH €r0 MECTOIOJIOKEHHS B 3aJaHHOMN CHCTEME
Knaccudukaropos. IIpuMepoM Takoro noaxoga MOryT CIY)KHTb KIacCHHKATO-
Ppbl, TPUMEHsAEMBIE B 0GHLMAIBHON CTATUCTHKE.

Ilo3nuHOHHON Ha3piBaeTCA JIOKATH3AlMA, OCYIIECTBISEMat Ha OCHOBE
MIPHBA3KH TOYEK OOBEKTA K CHCTEME KOODJIMHAT.

Io3MuUHOHNPOBAHKEM HA3LIBAIOT MpOLleCC TPHBA3KH TO4YeK oObekTa K
cHcTeMe KoopAuHaT. [IpuMepoM MO3MLMOHHPOBAHHA MOXET CIY)XHTh IPOLIECC
NPHUBA3KH 00BEKTOB K KOOPAMHATHOI ceTKe MpH NocTpoeHny yeprexeit B CAIIP.

IMpocTpaHCcTBEHHas JIOKaNM3alMsA NMpPHMEHAETCA U aHalW3a paslHYHBIX
THITOB OOBEKTOB: JIOKAIM3OBAHHBIX (TOYEYHBIX), JIMHEHHBIX, CETEBBIX HIIM MIJIO-

WAIHBIX 0OBEKTOB.



1.1. CTATUCTHYECKHME HH®OPMALHOHHBIE CHCTEMbI

Cpenn uHGOPMaLMOHHBIX CHCTEM paboTalOUIMX C MNPOCTPAHCTBEHHO -
JIOKQJTH30BaHHBIMH JaHHBIMK HanboJiee W3BECTHBIMH ABJISIOTCA CTAaTHCTHUYECKHE
HH$OpMaLIHOHHEIE cUCTEMBI [26].

CratucrHueckse HHpopmaunonubie cucrembl (CTHC) sBnstoTcs yacThio
H OCHOBOH rOCyJapCTBEHHON CTATHCTHKH - OQHOTO M3 Ba)XXKHEHMIIUX 3BEHbEB B
CHCTEMe peryiMpOBaHHs U yNpaBleHHs IKOHOMUKO# CTPaHBI.

OcHnoBHeiMH 3agayamMy CTUC saBnstoTes:

cbop, obpaboTka U npencTaBieHHe CTATUCTUYECKOH HMHGOpPMALMK pa3iuy-
HBIM TOJIB30BATENAM O JEATENLHOCTH BCEX OTpaciell 3KOHOMHMKH H TI0/1BEOMCT-
BEHHBIX KM MpEANpPHATHH, PaCroOXKEHHbIX Ha pa3INYHbIX TEPPUTOPHIAX;

o6paboTka cTaTHCTHYECKOH HHPOpPMalMK Ha OCHOBE Hay4yHO 0OOCHOBaH-
HOM CTaTHCTHYECKO# METOHOJOrHH, COOTBETCTBYIOLIEH MOTpeOGHOCTAM obliecTBa
Ha COBPEMEHHOM 3Tarle, a TaKKe MeXXTYHapOJHbIM CTaHIapTaM;

rapaHTHpPOBaHHE MOJHOTHl U HaYYHOH 060CHOBaHHOCTH BeeH odHLIHaNbHOM
CTaTHCTHYECKOH HHpopMaLuH;

KOHTPOJIb H KOMIJIEKCHOE COrIacOBaHHE CTATHCTHYECKHX JAHHBIX Ha OCHO-
BE OTpac/eBbIX, TEPPHTOPHAIBHBIX, JJOKAJIBHBIX U ClIELHAIBHBIX HabI01eHUi;

NpEeNOCTaB/IEeHHE CTAaTHCTHYECKOH HHGOpPMALWM IMyTeM TpeACTaBIeHHs
pa3nuyHbIX GOopM U BUEOB HHOOPMALIMOHHBIX TOKYMEHTOB.

Bce nanHble, mpuMeHseMele B xone o6pabotku B CTUC, uMeloT TpH rpyn-

LIS LI

bl XapaKTEPUCTHK: “BpeMs”, “MecTo”, “TeMa”.

PesynsraTroM o6pabotkn unbopmaumu B CTHC ssnsercs uHopmauus,
NpeaHa3HaYeHHas Ul MOAJEPXKKH NpPUHATHA DEIUEeHHH, T.e. A MOMydYeHHS
ynpaensiome#f WHbopMaunu. Ynpasnsoomas WHGoOpMauus NpeaHa3HauyeHa s
BO3/I€HCTBHA Ha OOBEKT YIIpaBiIeHHUS.

ITox o6vexTOM YIpaBjI€eHHA B CHCTEME YIIPABJICHHA NMOHHMAETCA 3JIEMEHT

CHCTEMBI, KOTOPBIH U1 HOPMaJbHOTO (PYHKLIMOHHPOBAaHHA HYXKAAeTCH B KOHTPO-



10
ne u perynupoBaHuH. OOBbEKTaMH yNpaBJIEeHHs B CUCTEME HApPOIHOIO XO3HCTBa
CTpaHBbI BBICTYNIAIOT OTPACIH IKOHOMHKH, HX MPEATNPHUATHS U OPraHU3aL1H.

JUts ynpaBieHus oObeKTaMH CO3JAaeTCH YNpaBAAOWAs CUCTEMA, KOTOpas
obecneyuBaeT X CBOEBPEMEHHOE NMPHBEAEHHE K HOPMATBHOMY )YHKUMOHUPOBA-
Hmo. OpraHsl ynpapjieHHs BO3AEHCTBYIOT Ha OOBEKTHI YIIPaBIEHHs IOCPEACTBOM
NpsAMOii CBA3M (3afaHHsA) U 06paTHOH CBA3M (OTYETHOCTB) Yepe3 OpraHsl rocyaap-
CTBEHHOMH CTaTUCTHKH, T.€. yepe3z CTHC.

Takum o6pazom, CTHUC kak MHPOpPMaIMOHHBIE CHCTEMBI, paboTaloLIHe C
MPOCTPAHCTBEHHO JIOKAIM30BaHHBIMM [AHHBIMH, SBJIOTCS 3BEHOM OOparTHOH
CBSI3M B CHCTEME IOCyapCTBEHHOTO YIIPaBlICHHS.

IpocTpaHCTBEHHAs JIOKAIM3aLMA AaHHBIX 00eCTieYHBaeT MPUBA3KY pa3iuy-
HBIX 3KOHOMHYECKHX MOKa3areJied kK 00beKTaM ynpaBiieHHs, UMEIOLHMM TEPPUTO-
pHaJBHBIA XapakTep.

Hna CtHC xak cucreM, paboTaloliMx C [POCTPAaHCTBEHHO -
JIOK&JTM30BaHHBIMHM JaHHBIMH, XapaKTEpPHO IOHATHE YPOBHA M Macirraba neict-
BHS.

VYposens onpenensercs mectom CTHIC B cucteMe ympaBneHus (FOpH3OH-
TaJbHBIE CBA3M), MacIuTab nefcTBuA onpenenserca: chepoi NeHCTBHA, CTENEHBIO
060611eHHs HHPOPMALIMK U COOTHOILIEHHEM BXOIHOH M BBIXOJHOH HHOOPMALIHH.

Hanpumep, CTHC pernonansHoro ypoBHs cobuparot U o6pabaTsIBalOT MH-
tdopmanmio, kacatounyrocs nanHoro peruoHa. CtHIC otnensHoro npeanpusTus
o6pabarbIBalOT MHGOPMALMIO, KacaloUIylocs AEATENbHOCTH JAHHOTO NpEANpH-
ATHA, KOTOpas MOXET BKJIIOYAaTh PErHOHATbHbIE M MEXPErHOHalbHbIe NaHHBIE.
Orpacnessie CTHUC obpabatsiBaioT ¥ 00001a0T HHGOPMALIMIO JAHHOTO MHHH-
CTepCTBa UIIM OTPACIIH 110 TEM PErHOHAaM, B KOTOPBIX PacroNoXeHbl peANpHATHA
nanHon otpacnu. Hakonen CTUC TNockomcrata 0606maioT HHGOpPMaLMIO IO
Bcelt crpade. Jto onpeaenser CTUC kak pasHomaciTabHyio Mo JEHCTBHIO CHC-

TEMY.
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Jannble B CTHIC opranu3oBaHbl B BHJl€ aTpMOYTHBHbBIX TabJMLl, couepxka-
11IHe OnHcaTeNIbHY0 HHPOPMALIHIO 110 KaXXIOMY M3 MPOCTPAHCTBEHHBIX 0OBEKTOB.
OnaHuUM U3 cnocoOO0B MpPeACTaBIEHUs CTATUCTHYCCKUX NAHHBIX TaOJHL SABIAETCS

nenoBas rpaduka.

1.2. PETHUOHAJIBHAS 3KOJIOTI'O-OKOHOMHUYECKASA CUCTEMA

PernonasibHoii 3K0./10ro-3koHoMHu4Yeckoii cucremoii (P33C) HasbiBaoT
WH(OPMALIMOHHYIO CHCTEMY, OPraHM30BaHHYIO Ha OCHOBE YCTOMYHMBBLIX YMpaB-
JIEHYECKHX, TEXHHYECKHUX, IKOHOMHUUECKHX, OHOIOrHYECKUX M JPYTHX THIIOB CBS-
3eil, Mex Iy NpeanpUATHAMH, OTHOCAILMXCS K JaHHOMY PErHOHY.

Llensto ¢yHkunoHupoBanus POIC sBnseTcs rapMOHMYHOE pa3BMTHE pe-
THOHA C COXpaHEHHEM ero 3Kosoruyeckoro OanaHca. J[ocTHXeHHe 3TOH UeENH
ocyluecTBiseTca myteM cbopa, 06paboTkH, XpaHEHHs W aHaIHM3a MHpOpMALMH 06
9KOJIOro-3KOHOMHYECKOH CHTyallMd B NaHHOM perdoHe. Takum obpa3om, Mmac-
wtab neicTBHA JaHHOH CUCTEMBI OIPaHHYEH PETHOHOM.

JlaHHble, cobupaeMble W XpaHHMbIE B CHCTEME, BIIIOYAIOT TpU 06o61uaro-
IKX PYIIIBI XapaKTEPUCTHK: “MecTo”, “Bpems”, ‘“TeMa”.

B oTinuyMe OT pacCMOTPEHHOM Bblllle CTATUCTHYECKOH MHPOPMALMOHHOM
cucteMsl B POOC ocyecTsiser He Toabko c60p M aHaM3 NaHHBIX, HO U BhIpa-
60TKa ynpaBisIOIIKX PEILEHHH U rapMOHH3ALMH 3KOJIOr0-3KOHOMHYECKOH CH-
TyalLHH.

Jpyrum otnnunem ot CTHC, B KOTOPHIX 1O Mepe NMOBHILIEHHS YPOBHS aHa-
JIM3a Bce Oobliiee MECTO OTBOAWIOCH 3ajgadyaM o6obwenus, B POOC asnsercs
HaWYHe 3aJa4 aHaiu3a 1 AdddepeHIranuy.

B kayecTBe ofHOro M3 MeTonoB AU depeHUHaHH HCIONb3YETCs CerMeH-
TalMs, Kak OTIENbHBIX 3a1a4, TaK H PErHoHa.

CermMeHTalHs perHoHa O03HayaeT JejIeHHe ero Ha 6osiee MesIKHe YacTH Ha
OCHOBE BHIOHMpAaeMBbIX MpPH3HAKOB. PerHoHanbHas cerMeHTalus, BKIIOYalOLIas

3KOHOMHYECKOE, MOJIUTHYECKOC U APYro€ NEJ€HHE HAa OCHOBE NMOBEACHYECKHUX H
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TICHXO0JIOIHYECKHUX 0COOEHHOCTEH MOKynaTeneH, a TakkKe CerMeHTalHUs [0 pa3Ho-
CTH KOHEYHBIX MoTpebuTenei 00pa3yroT CI0XKHYIO CHCTEMY PErHOHa.

B otiauunu ot CTHC 3TH cHCTEMBI He TONIBKO SBISIOTCA 3BEHOM 0OpaTHOM
CBSI3HM B CHCTEME YMpaBJICHHA, HO ¥ BKJIIOYAIOT B ceOsl 3BE€HO yTpaBJieHHs.

KpoMe Toro, B HHX OCHOBHBIMH SIB/ISIOTCS HE TONBKO 3afayu 0000LIeHHMs
JIAHHBIX, HO U IPOTHBOMOJIOXKHBIE 3a1a4H AU depeHIHauH.

B otnuuue ot CTHUC, uMerommx pa3Hble YpOBHH YIPaBieHHs W MacluTadbl
cbopa naHHsx, B POOC ¢ukcHpoBaH ypoBeHb yrnpaBieHHs H Macuitab cobupae-
MBIX JaHHBIX.

B kayecTBe TpeThEro BHIa CHCTEMBI, paboTalollel ¢ NPOCTPAHCTBEHHO JIO-
KaJIU30BaHHBIMH JaHHBIMH, PAacCMOTPUM MAapKETHHTOBYI0 HH(GOPMALMOHHYIO
cucremy (MHC). B coBpeMeHHOM MapKeTHHI'e MapKeTHHroBass MHGOpMAaIHA CO-
6upaetcs, aHanNU3UpyeTcs U pacnpelensercs B paMKax MapKeTHHroBod MHop-

MalHOHHOW CHCTEMBI.

1.3. MAPKETHHI'OBASI HHOPOPMAILIMOHHASI CHCTEMA

MapxkerTunroBoii nnpopmannonHoii cucremoii (MVIC) Ha3piBalOT cucTe-
My, COEpIKaLIy0 KOMIUIEKC NPOLETyp U METOJOB, NpeHa3HaYeHHBbIH W1 cOopa,
06paboTku ¥ aHaTK3a MHPOPMALHMH, HEOOXOAMMONH I NOMNEPHKKH WIH NPHHSA-
THA MapKETHHIOBBIX pelieHHiA. COBpeMeHHbIE MApKETHHTOBBIE CHCTEMBI JOJKHBI
XpaHHUTh 601bII0H 06beM MHOOpMaLHH. I 3TOH LieTH NPUMEHAIOT BCTPOEHHBIE
WK BHelHNe 6a3bl JaHHBIX.

ba3a maHHbIX MapKeTHHroBoi HHQOPMALIMOHHON CHCTEMBI NOJDKHA COZiep-
*aTb HH(opMaLHIO:

0 pa3MeILEHUH OOBEKTOB;

O TPAaHCMOPTHBIX MOTOKAX M CETAX NEepeMeLICHHUs TOBapa WIH NPOIyKTa;

0 GMHAHCOBOM MOJIOXKEHUH KIHEHTa HIIH OCPEOHHKA;

0 KOHKYPEHTaX MX cepe JesTeNbHOCTH;

0 CTPYKTYpe pbIHKa M pa3MeLLeHHH NOTEeHLMAIbHBIX OTpeduTeneH;
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0 JHHAMHKeE cnpoca U NpeaIoKEHU,

O COCTOSIHMHM KYpCOB BaIOT H 1Ip.

Mo>HO cBECTH 3T NapaMeTpbl K TPEM IpyIamM XapakTepHCTHK: “‘Bpems”,
“MecTo0”’, LeHHOCTh (“‘TemMa’).

Kpome 6a3pl naHHbIX 115 0OpabOTKH M aHaNKW3a AaHHBIX MapKeTHHroBas
HMHpOpPMaLIOHHAas CHCTeMa JOJDKHA colepkaTh 6aHK moxenieil U GaHK METONO0B
CTaTHUCTHYECKHX MCCIENOBaHHIA.

BaHK MeTOol0B CTATHCTHYECKHX HCC/Je10BAHMH - COBOKYMHOCTh COBpe-
MEHHBIX METOJUK CTaTHCTHYECKOH 00paboTkH HHPOPMALIMH, TO3BONIAIOLIMX HaH-
6oJiee MOJNIHO BCKPHITh B3aMO3aBUCHMOCTH B paMKax NMoaOOpKM JAHHBIX M yCTa-
HOBHTB CTENEHb MX CTaTUCTHYECKOH HaleXKHOCTH.

Bbank moneneii - Habop 3KOHOMHMKO- MaTeMaTHYECKHX MoOJeNe, crnocoo-
CTBYIOLUMX MPUHATHIO 60Jiee ONTHMAaIbHBIX MApKETHHTOBBIX PELIEHHI.

MUC tpaHcdopMHpyeT naHHBbIE, NOTy4YEHHbIE U3 BHYTPEHHUX H BHEIUHHX
MUCTOYHHKOB, B MHGOpMaLHIO, HEOOXOAUMYIO UIS PYKOBOAMTENEH M crielHaiu-
CTOB MAapKETHHIOBBIX CITyXk06, NPHHHUMAIOILUX COOTBETCTBYIOILHKE pelieHus. JaH-
Hbl€ M3 BHELIHUX MCTOYHHMKOB MOIYYalOTCS Ha OCHOBE NPOBENEHUA MapKETHHIO-
BOH pa3BeKH H MAPKETHHIOBBIX HCCIIE0OBaHHIA.

MapxkernaroBas pa3Beaka - cbop Tekyuei HHpopMauuu Ha OCHOBE He-
TOJIB30BaHHUS Pa3HOOOpPa3HbIX MpOLENYp M UCTOYHHKOB MH(opManuu 06 u3me-
HEHHH BHelIHel cpensl MapkeTHHra. OHa HeoGxonuMa Kak s pa3paboTkH, Tak
M KOPPEKTHPOBKH MapKETHHIOBBIX IUIAHOB.

MapkeTHHroBble HCC/IEA0BAHHA B OTJIMYHE OT MAPKETHHIOBOH pa3BeiKH
MpEANoNaraloT TEMaTHYECKHH cOOp M aHaIN3 NaHHBIX 1O KOHKPETHBIM Mapke-
THHTOBBIM CHTYAI[HSM, C KOTOPIMH CTOJIKHYJIOCH IPEANPHATHE.

B MHC BxoauT moacucreMa NnoJep>KKH MapKETHHIOBBIX PELIEHHU#H, B KO-
TOpOH C MOMOIIBIO ONIPEAEIeHHbIX METOJIOB (HalpUMEp, MOJeNeil KOppesSLIHOH-
HOTO aHaJIN3a, pacyera TOYKH 6e3yOBITOYHOCTH) Ha OCHOBE CO3aHHOM 6a3bl Map-

KETHHIOBBIX JJaHHBIX OCYILECTBIAETCA AOCTYN K HHYOpMalMH, HE0OXOAUMO# py-
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KOBOJMTENAM IS NPUHATHS PELICHHIA, a TAKKe ee aHAJIW3 B 3alaHHOM HarpasJie-
HHH.

B noacucteMy NOANEPIKKH MApKETHHIOBBIX PEIIEHHH MOXET BXOAHThH Ha-
60p mpoLeIyp M JOTHYECKHX AITOPUTMOB, OCHOBAHHBIX Ha OMbITE JKCIEPTOB M
Ha3bIBAEMbIX IKCHIEPTHBIMH CHCTEMaMH.

CoBpeMeHHBIE JKCIEPTHBIE CHCTEMBbl CNOCOOHBI aBaTh COBETHl B TaKHX
pasIHYHBIX 06JacTAX 3HAHMH, KaK AMarHOCTHKa 3aboJieBaHHIi, reooropas3Beika,
yIUlaTa NMOJOXOAHOro Hajora, npo6i1eMsl MapkeTHHra. B kaxmoii U3 aTux obnac-
TeH NMPHUXOOUTCA UMETh JeN0 ¢ MHdopMalHel, KOTopas He OTIH4aeTCs CTPOro-
CTBIO, UPE3BBIYAMHO CIOXHA, YTO 3aTPyAHAET HMCIONB30BAHHE OGBIYHOrO MpO-
rpaMMHOro 06ecneYeHHs; ONHAKO IKCIEPTHBIE CHCTEMBI CIIPaBIAIOTCS C HEH 3a-
YacTy10 JTy4ilie YUCTO HOPMATH30BaHHEBIX CHCTEM.

3HaHuUs, UCTIONIB3YEMBIE B KOXKIOH TaKo# cucTeMe, 6bUIH NOJTy4eHs OT Crie-
LIMAJTUCTOB JaHHO#H o6nacTd B BUJE MpaBil, 0OBIYHO MHOTHX U3 COTEH, KOTOphIE
B COBOKYIHOCTH CO3JAI0T “0a3y 3HaHMi™” KOMIbIOTEpa. JKCIEPTHAsA CHCTEMA CO-
cTouT U3 6a3bl 3HaHUH U MEXaHH3Ma “BBIBOJA” - MPOrpaMMBbI, KOTOpas crniocobHa
HaxXOAHTb JIOTHYECKHE CIIEACTBHA U3 BCEH COBOKYMHOCTH MMEIOLIMXCS B CUCTEME
npaBui. JleficTBys B COOTBETCTBHH C 3aJI0XKECHHBIMH B 6a3e 3HaHHMH MpaBHIaMu,
KOMIIBIOTEpP 3alpalliNBaET y MONb30BaTeNs HEOOXOJHMYIO HHOOPMALIMIO, a 3aTeM
c00611aeT CBOM BHIBObI H pEKOMEHIALMH.

TakuM oOpa3zoM, 3TOT THn HH(POpPMALMOHHOH CHcTeMbl, paboraromieii ¢
NPOCTPAHCTBEHHO JIOKAIM30BAHHBIMH JaHHBIMH, TaKXke BKIIOYAET TPH IPYIIbI

LAY ” ¢,

JAHHEIX: “MecTo”, “Bpems”, “TeMa”.

MUC BritoyaeT He TONIbKO 6a3bl JaHHBIX, U1 XpaHEHHA HHGOpMaLMH, HO
u 6a3bl maHHBIX OOpabaTbiBalolMX nporpamM, 6aHk Mogneneil. Oco6eHHOCThIO
3THX CHCTEM ABJIAETCHA TO, YTO OHH MOTYT PacCMaTPHBATbCA KaK CHCTEMBI MOJ-

NEpXKU NMPUHATHA pelleHHH. DTo 06ycIoBIEHO HX crelHHKOl, TOCKOIbKY Ol

HO# W3 THNOBBIX 33434 MAapKETHHIOBBIX HUCCJICJOBAHHIA ABIAETCA MOATOTOBKA Ha-
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fopa ajlbTepHATHB JUIS MPHUHATHA PELUCHHI B 3aBUCHMOCTH OT BO3MOXHOH CH-
TYaLHH.

KpoMe Toro, 0CO6EHHOCTBIO 3THX CHUCTEM ABJSETCS PEIIEHHE MPOrHO3bIX
3ajay. B cBow ouepens, pelieHHe NPOrHO3HBIX 3a4ay TpeGyeT NpoBeNEeHHs Hc-
CIIe[IOBaHH HE TOJIbKO 00bEKTa YIpaBleHHs, HO U CPelbl, B KOTOPOH OH Haxo-
TUTCS.

Heob6xonnMocTs nporHo3upoBaHus TpeOyeT NocTpoeHus Mojeneil obbekTa

HCClIeIOBaHUA M BHEILIHEH Cpeabl.

1.4. CHCTEMBI ABTOMATH3NPOBAHHOTI'O IPOEKTHPOBAHUSA

Eme oaHMM THNOM aBTOMAaTH3UPOBaHHBIX MHGOPMALMOHHBIX CHCTEM, pa-
60TaloLMX C MPOCTPAHCTBEHHO -JIOKAJTH30BaHHBIMH JaHHBIMH, SBIAIOTCA CHCTe-
MBI aBTOMAaTU3UpOBaHHOTrO npoexTHpoBanus (CAITP).

Copemennbsie CATIP ucnonb3yloT 6a3bl JaHHBIX THMOBBIX 3JIEMEHTOB H
THIOBBIX Mpoluexyp npeobpasoBanus. OcHOBHBIM Ha3HayeHHeM CAIIP apnsercs
NPOEKTHPOBAHHUE, T.€. IOCTPOEHHE ONTHUMAILHOTO MPOEKTa U3 UCXOAHBIX 3JIEMEH-
TOB M Ha OCHOBE TEXHHUYECKOTO 3aJjaH1s Ha NPOEKTHPOBaHHE U 3aJaHHBIX KpHTe-
pHeB ONTHMATBHOCTH.

B CAIIP ocymecTBasercs pabota ¢ NpOCTPAaHCTBEHHBIMH JaHHBIMH, KOTO-
pble NOJKHBI OBITH MO3HILMOHHPOBAHBI, T.€. ONpelceHbl B U3BECTHOH CHUCTEME
xoopauHat. C nosuionnpoBanieM naHHeIx B CAITP cBSi3aHO NMOHATHE CETKH.

CeTka TpefOCTaBIAET MEXAaHU3M PETHCTPALMH IOJNOXKEHHS IpaduKH MO
OJHOPOIHBIM MHTEpBalaM YepTexa Wi cj10s. B OCHOBaHHMH CETKH JieXaT rpaia-
LIMH, NpeacTaBisiole coboi 3aaaHHyl0 JOJI0 BHIOPaHHBIX €IWHHUL] W3MEPEHHS
CTpaHHULbI (AIOHMBI, CAHTUMETPSI, H T.11.).

Cetka MoxeT ObITh akTHBHa WM INaccHBHa. EciH ceTka akTHBHa, TO MpH
CO3/IaHHH, NEPEMEILEHHH HITH PacTKEHHH rpa@UKH KaXaas ee KoopMHaTa NpH-

BsA3bIBaeTCA (3aMbIKaeTcs) k Onkakiuel TOYKe CETKH.
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O6BEKTHO -OpPHEHTHPOBAaHOE MPOEKTUPOBAaHHE TpadUUYECKHX OOBEKTOB
OCYIIECTBJIAIOT C HCIIOJIB30BAaHHEM KJIaCCOB, IMOJKJIACCOB, HACJIE[I0BaHHA CBOWMCTB
00BEKTOB, MOPOXKIEHUA OOBEKTOB U Ap.

BaxupiM cBoiicTBoM naketoB CAIIP sBiseTcs BO3MOXHOCTb MOCTPOEHHS
BuoB. Kaxaeiid Bua B CAIIP mpemocTaBiseT YHHKaJIbHYIO NpPOEKLHIO, 0bJer-
YAIOLTYIO aHAJIN3 OTOOPaXKaeMBbIX NAaHHBIX.

Tunuszaumua nanneix B CAIIP npuBena Kk KOHLENLHH NOCIOHHOrO mpen-
cTaBieHus rpaduyeckoit HHGopMaunH. CIOHM MOXXHO [eJiaTh BUAUMBIMH WIH He-
BHIMMBIMH, pelaKTHPYEMBIMH WM HE PeNaKTHUPYEMbIMH, aKTUBHBIMH HJIM HEak-
THBHbIMH. CJIOH T03BOJAIOT CO31aBaTh rpadMuecKHe KOMIO3HLMH M OCYLIECTB-
JIATh TPYNNOBYI0 06paboTKy MHPOPMALHH, YTO CYIIECTBEHHO MOBBILIAET IPOM3-
BOJMTENBHOCTh 00pabOTKH JaHHBIX.

Crnou no3BOJAIOT CO31aBaTh MPOEKTH! H YEPTEKH C MOMOLLBI0 KOMIIOHOBKH
BBIOpaHHBIX 3JIEMEHTOB. KOMIIOHOBKH NTHHAMHWYHBI, TOTOMY YTO HMEIOT CBf3b C
HabopoM 11abJIOHOB M THIOBBIX MPOEKTHBIX 3JIEMEHTOB.

[Nakers1 CAIIP, kak npaBWIO, AOITyCKAlOT BO3MOXHOCTb NPHUMEHEHHS JO-
MOJIHUTENBHBIX MPOrpaMM CO3/1aBaeMBbIX MOJIb30BATENEM C MOMOLUBIO S3bIKOB BbI-
COKOI'0 YPOBHS HJIH C ITOMOLIBIO MaKposA3bIKOB THNa AutoLISP.

Hcnone3ys 3Ty BO3MOXHOCTb, M0J1b30BaTENb MOXKET HACTPOMTH MOJ CBOH
3a7layl MPaKTHYECKH JTI0Oble 3JIEMEHTHl yNpaBleHHs, HAYHHAA OT CO3NAHMA HO-
BOH KHOIKH, BBHINOJHAIOLIEH HOBYIO IPOrpamMMy, 0 CO3JaHUA JOMONHHTENBHOTO
rpa¢Huyeckoro uHTeppeiica.

3aBepuienneM o6pabotkn uHpopmauun B CAIIP aBnsercs mpoext. Ilpu
3TOM Bce KOMIIOHEHTHI MPOEKTa, NOTy4YeHHbIE B IpoLEcce ceaHca paboThl: BUBI,
TabNMLIBI, CIIOH, KOMITOHOBKH H NMPOrpaMMbl COXPaHSIOTCA B OHOM aiie.

BaxnbiM nonatuem CAIIP, cBsA3aHHBIM C OGBEKTHO- OPHEHTHPOBAHHBIM
NPOEKTHPOBAHHEM SABJIIOTCS KJIACChI.

Knacc onpenenser 1 o6beaunseT o6uumit HAbOp THNOBBIX NPOEKTHBIX JJ1e-

MEHTOB, rpajuyeckux o6bekToB, aTpuOyTOB M onepauuii. [TonaTue Kiacca yn-
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polaer cosznaiue o6bekToB. Bee 00bEKTHI SIBAAIOTCS HIPUMEPOM clieunburiecKo-
ro Kjacca. Hanpumep, KJlacC MpOEKTOB [JOMOB NO3BOJIAET CO3/laBaTb HHAHUBHAY-
AJILHBIE MTPOEKTH] U1 KAXKIAOro 1oMa.

B aBTOMaTH3HpOBaHHBIX cHcTeMax (He Tonbko B CATIP) npoexr - 310 daiin,
B KOTOPOM XpaHHUTCS BCA HHGOpMaLMi, HeoOXOAUMas IS peau3aluH MpPOoeKTa.
[Tpoext MOXeT coaepXkaTb: TEXHHYECKOE 3aJjaHHe, MOSCHUTENBHBIE 3alHCKH,
TabnMLpBl, OUAarpaMMbl, YEPTEXKH Pa3HbIX MacliTaboB, oOliMe BUAbBI, AETaMU M
(parMeHThl neTaneH, cxeMbl KOMIIOHOBKH 3JIEMEHTOB NpOeKTa, aTpubyThl (omu-
caTenbHbIE XapaKTEPUCTHKH) H T.1L..

B NpUIOKEHHH K NPOEKTY MOCYT CONEPXKAThCS CIPABOYHBIE MATEPUANEI,
CTaHOApThl, TEKCTHI MPOrpaMM, TEOPETHYECKHE 0OOCHOBAHHA METO/IOB PEILEHHS,
CJIOBapH M Ip.

KomnonenTaMH NMpoeKTa Ha3BIBAIOT BCE, YTO BXOJMT B COCTaB NPOEKTa
ero npwioxeHu#. [IporpaMmHas peanu3anus NPoOeKTa OCYILECTBIAETCS B BHJE
Hekoro ¢aiina, KOTOpbIH Ha3kIBAIOT daiIoM NpoeKTa.

@aiti IpoeKTa CONEPXKHUT NaHHBIE U1 MOCTPOEHHS rpadHKH, JaHHbIE OMHU-
CaHHii, TOYHOCTHBIE XapaKTEPUCTHKH, HHPOPMALIUIO O BpeMEHH MOTy4YeHHs Npo-
€KTHBIX PELICHHI, 0 CPOKaX rOAHOCTH MPOEKTA , O BPEeMEHH BHECEHHUs HCIpaBJie-
HUH.

OcobenHocTeio paboThl ¢ rpadukoil U 0COGEHHOCTHIO BH3yallbHOH 00pa-
60TKH MHQpOpPMaIMH B MHGOPMAIIMOHHBIX TEXHOJIOTHAX SBJIAETCA NPHUMEHEHHE
TaK Ha3biBaeMOro rpaduueckoro HHTepdeiica nons3oparens. 3TOT HHTepdelc B
cooTBeTCTBHH ¢ “ne dakto”[27, 28, 40] crannaproM ¢upmsl Microsoft npexcras-
nsieT co60i MHOTOOKOHHbIE KOHCTPYKLHH C HAOOPOM MEHIO, KHOMOK H T.IL

Takum obpasom panHbie B CAITP Taioke MOTyT OBITH CBEJEHBI B TPH Ipyn-
mel: “Mecto”, “Bpems’”, “Tema”.

BBezieHHe KOOPAHHATHOMN CETKH MPUBOAMT K BBEIECHHIO NOHATHA MacwuTaba
4epTexa, T.e. OTHOLIEHHUS eJHHMIIbl YEPTEKA K €IMHULIE MPOEKTHPYEMOro 06beK-

Ta B Harype. Macirta6 yeprexxeit CAIIP no cpaBHEHHIO ¢ PaCCMOTPEHHBIMH Bbl-
23ax. 942
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e CUCTeMaMM He3HauWTelleH: HHXEHEpHble 00beKThl UMEIOT MaciuTabsr 1: 100,
1 :20. Jetanu 1: 10 - 1:1. Ocobennoctbio Maciitaba B CAIIP sBiseTcs ero He-
H3MEHHOCTH B JTI000H TOUKe YepTexa.

Jpyroii ocobeHHocTbio CAIIP sBasercs mnomyyeHHe rpadHYeckoid HH-
¢opmalMH B ONpeeNeHHOH cHCTeMe KOOPAHWHAT H MOABJIIEHHE TaKOH XapaKTepH-
CTHKH KaK TOYHOCTb NO3HLMOHHpOBaHHs. Kpome Toro, B CAIIP BnepBhle BBeieHa
BO3MOXHOCTH NOCJOWHOr0 NpeAcTaBleHHs rpadHyeckoi HHGOpMalMK U npoie-
oyps! o6paboTku cnoeB. O6paboTka cnoeB 03Ha4YaeT NMPHMEHEHHE NpoLexyp 06-
paboTku rpynn o6beKTOB MpUHaIekKaMX oqHoMy cioto. B CATIP cywecrByer

MOHATHS METPUYECKHX U aTPHOYTUBHBIX XapaKTEPHUCTHK.

1.5. OTPACJIEBBIE CHCTEMbI ABTOMATH3HPOBAHHOI'O
YIIPABJIEHUS

OrtpacneBble cUCTEMBI aBTOMaTU3HpoBaHHOro ynpaesneHus (OACY) orHo-
CATCA K KJ1acCy CHCTEM aBTOMAaTHU3MPOBAaHHOTO ynpaBieHus [24]. OcHoBHoe Ha-
3HAYEHHE STUX CHCTEM — MOJUIEPXKKa MPUHATHSA pellleHHil Ha YPOBHE OTpaciy WIH
MHHHCTEPCTBA.

OACY sBIAIOTCA YaCThIO H OCHOBOH CHCTEMbI PEryJMpOBaHHS M ynpapie-
HUS S3KOHOMHKO#H CTPaHBbI.

OcHosHbIMH 3ana4amMi OACY saBnsioTcs:

c6op, o6paboTka W mpencTaBlieHHe OTpacieBo HHGOPMALUH O AEATENb-
HOCTH TOJBEJOMCTBEHHBIX NpPEANPHATHH, PACHONO)XEHHBIX Ha PaslUYHBIX Tep-
PHTODHSAX;

o6paboTka uHpopMannyu Ha OCHOBE HaydHO 0OOCHOBaHHOH METONOJOTHH
ynpaB/ieHHs U NOAAEPKKH MPUHATHS PELICHHH;

KOHTPOJIb U ynpaBiieHue 00bEKTaMH OTpaciv B CHCTEME NpAMOH H obpat-

HO#1 CBA3M, peaﬂuaylomeﬁ aBTOMATH3UPOBAHHOE YIIPABJICHHE;
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NpeNoCTaBIeHHe OTYETOB W CIPABOK O HESATENIbHOCTH OTPaciii Ha OCHOBE
aBTOMATH3HPOBAaHHOIO COCTABJICHUs Pa3HYHbIX GOPM M BMAOB MHGbOpPMALMOH-
HBIX NTOKYMEHTOB.

Bce naHHble, npuMeHseMble B xone 06pabotku B OACY, UMEIOT TpH rpyn-
bl XapaKTEPUCTHK: “‘Bpems”, ‘“‘MecTo”, “Tema”.

PesynbratoM o6pabotku B OACY spnsiercs uHbopmalus, npeqHasHaYeH-
Has IS NOAJNEPXXKH MPUHATHS pelleHUH, T.e. 1JIs MONTyYeHHs YIpaBIsAOLIEeHd HH-
¢dopmaumu. Ympasnsiomas HHpopMmaLus npenHa3HauyeHa AJIs BO3NEWCTBUA Ha
0OBEKT yIpaBlIeHH.

ITon 06BEKTOM YMpaBieHHs B CHCTEME YNpPABJIEHHsS MMOHHUMAETCHA 3JIEMEHT
CHCTEMBI, KOTOPBIA U HOPMAIBHOTO GYHKLIHOHUPOBAHHUS HYXIAeTCs B KOHTPO-
Jie ¥ peryaupoBaHHH. OCHOBHBIMH OOBEKTAaMH YNpaBJeHHS B OTPACIH SBIAIOTCA
NpEeANpPUATHS U OpPraHU3aLIUH.

Jlns ynpasnenns obbekramu B OACY co3pmaercs ynpasisiomas cHCTeMa,
KOTOpas 00ecreynBaeT WX CBOEBPEMEHHOE NMpPUBENEHHE K HOPMaIbHOMY (yHK-
LIMOHHpOBaHHI0. OpraHel ynpaBieHHs BO3AEHCTBYIOT Ha OOBEKTHI YMpaBleHHS
NIOCPEACTBOM IPAMOii CBA3M (3aaHKA) U 0OpaTHOMN CBA3M (OTYETHOCTS).

Takum obpasoM, OACY kak HHpOpMaLIMOHHbIE CHCTEMBI, paboTaloline ¢
NPOCTPAHCTBEHHO JIOKATH30BaHHbIMU IaHHBIMH, ABIAIOTCA 3BEHOM MpPAMOH U 06-
paTHO# CBA3M B CHCTEME rOCyJapCTBEHHOT'O YIIpaBJIEHHs.

IpocTpaHCcTBEHHas JOKATH3aUUA JaHHBIX obecreyuBaeT NpUBA3KY pa3iHy-
HBIX 9KOHOMHYECKHX MMOKa3aTenedl Kk 06beKTaM ynpaBlieHHs, IMEIOLIMM TeppPHUTO-
pHalbHBIA XapakTep.

Ina OACY «kak cucteM, paboTaiolix C MPOCTPAHCTBEHHO -
JIOKJIW30BaHHBIMM JAHHBIMM, XapaKTepHO MOHATHe Maciutaba nedicTBui. Mac-
wrab peiictBus OACY onpenensercs: chepoit otpaciy.

OACY obpabatbiBatoT H 060011a0T HHPOpPMALIHIO JAHHOTO MHHHCTEPCTBA
WIM OTpAciM 10 TEM PETHOHaM, B KOTOPBIX Pacrojio)XeHbl NMPeANpPHUATHA NaHHOM

otpaciu. 1o onpenenser OACY kak cHcreMy ofHOro Maciutaba nefdcTBHs.
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Hannble B OACY opraHu3oBaHbl B Bl aTpUOyTUBHBIX Tabnuu, coaepxa-
Li{He OMHCATENbHY0 HHPOPMALMIO MO KaXIOMY U3 MPOCTPAHCTBEHHBIX 0OHEKTOB.
OnHUM M3 crlocoOOB NpeACTaBleHUs CTaTHCTHMYECKUX AaHHBIX Tabiauu sBrsercs
nenosas rpaduka.

Jlokanuzauus naHHbix ocyuectBnsercs B OACY, kak u B CTUC, Ha ocHoBe

Knaccuquauuonﬂoro noaxona.

1.6. OBIIME XAPAKTEPUCTUKH CUCTEM C NPOCTPAHCTBEH-
HOM JIOKAJIM3ALMEN JAHHBIX

PaccMoTpeB OTHENbHBIX MpelCTaBUTENEH Kilacca MHPOPMAaLMOHHBIX CHC-
TEM C TPOCTPaHCTBEHHOW JIOKAIM3alMeH NaHHBIX, MOXHO JaTh HEKOTOphLIe
060011IeHHbIE XapaKTEPUCTHKH 3TOMY KJIacCy.

1. ABTOMaTH3HpOBaHHblE MH)OPMALIHOHHBIE CHCTEMBI C MPOCTPAaHCTBEH-
Hoii nokanuzauued naHHeix (AVICITJIM]) npumensitoTcsa npu obpabGotke undop-
MalMH{ O MPOCTPaHCTBEHHBIX WIH TEPPHUTOPHATILHO paclipefie/IeHHbIX 00BbEKTax U
TpeGyIOT NPUBS3KH NaHHBIX K TEPPHTOPHH HIIH CHCTEME KOOPAHHAT.

2. O6bexThl, HHGOPMALMI O KOTOPBIX 0OpabaTeiBaeTCA B TAKMX CHCTEMaX,
MOTYT HMETh pa3Hble THIBI: TOYe4HblE (JOKAIM30BaHHBIE B HEOONBLIOH yYacTH
TEpPUTOPHUH), INHEHHBIE, CETEBbIE, TUIOIIAHBIE.

3. JlaHHble, XpaHuMBbIe W oOpabaTbiBaeMble B HHPOPMALIMOHHBIX CHCTEMAX
C MPOCTPaHCTBEHHOM JOKaIX3aLHel NaHHBIX, COJEPXKAT TPH IPYMNIbI XapaKTepH-
CTHK: “MecTo”, “BpeMs”, “Tema”.

4. anHbI# K1acc WHGPOPMALIMOHHBIX CHCTEM B OOLIEM CiTydae HeMpaBHIb-
HO Ha3bIBaTh Kak “‘reorpaduueckuMu”, Tak M “reonesnyeckumu”. Jlokanuzauus
JaHHBIX B 3THX CHCTEMAax OCYILECTBJSETCS 3a CYET NPHUMEHEHHA Pa3IMYHBIX Ha-
60poB K1accHpHKaTOpPOB, CBA3aHHBIX C CyObeKTaMHu (heepaly, TEPPUTOPHAMH,
OTpacisMH, FOPOJaMH, a TaKKe ITyTeM MO3HLIHOHHPOBAHHA, T.€. HCHOJIb30BAHHA

CHCTEMbI KOOpAHHAT
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5. AUCIUIJ B obs3aTeibHOM MOPSIAKC AOJIKHBI BKJIIOYaTh B CBOH cocTan
6a3y MIM COBOKYMHOCTh 0a3 NaHHBIX: U1 XpaHEHHs HCXOIHBIX AaHHBIX, IS
XpaHeHHus Habopa MeTO/I0B aHaTN3a AAaHHBIX, JUIS XPAaHEHUS MoJeNeHd JaHHBIX.

6. OcHoBHBIM BHAOM HHbopMaiuH, xpaHumoii B AMICIL/], sBnsiercs cra-
THCTHYecKas (TabiHyHas) HHPOpMaLMA.

7. OcobeHHOCTbI0 HHOOPMALIMOHHBIX CHCTEM C MPOCTPAHCTBEHHOM JloKa-
JIM3auved JaHHBIX ABJISIOTCA TaKXkKe HATM4YMe He ToNbKo 6a3 maHHBIX, HO M 6a3
Mozeneii u 6a3 anropuTMOB U NMPOrpaMM.

8. Jlnsa noanepxku npunaTHs peteHnid B AVCTIUI/] miMpoKo HCMob3yIoT-
€S METOIb! KOMIIIOTEPHOH rpadMKH M [eN0BOH rpaduKH, KOTOpBIE TMO3BONSIOT
JaTh HAMJISAHOE MPEACTABIEHHE CTATHCTHYECKOH HHGOPMALIMK WM pe3ybTaTaM
ee 00paboTKH.

9. AUCIUI/] npuMeHSIOT As:

cbopa u 06061meHHs nHpopMalHy;

yTIpaBJIeHHS;

MOJIEPXKKY MPHUHATHS PELIECHHIA;

NPOEKTHPOBaHUA U MOAEIIHPOBaHUA;

ONTHMH3ALMHU PELICHHH HIH NPOEKTOB;

HHGOPMALIMOHHO — AHATUTUYECKUX LIEJiei;

MPOCTPAaHCTBEHHOI0, CTaTHCTHYECKOT0, IKOHOMHYECKOr0, IKONOTHYECKOro
U Jpyrux BUAOB aHaIH3a;

TIPOrHO3HPOBAHMUS;

XpaHeHH UHPOpPMAalIMH U NpeNCTaBIeHUs JaHHBIX B yYIO0OHOM 1S MOMB30-
BaTeNs BHIE.

10. B AMCILILJ ocymecTBisieTcs cBi3b Mexay rpaduueckumu U tabmmy-
HBIMH JaHHbIMH. Takas cBA3b N03BOJAET NIPe0Opa3OBbIBaTh CTATHCTHYECKHE NaH-
Hble B rpaduyeckyto GopMy, MAaHHITYJIALMH ¢ rpadudeckoil HHpopmauured oTpa-

XXKaTb B BU€ COBOKYITHOCTH TaOJNIMYHBIX JaHHBIX.
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11. Jna AUCIUIJI nosBiasioTcs HOBBIE XapaKTEPHUCTHKH, TaKUe KaK Tep-
PHTOPHaNbHBIHA ypOBEHb MCTIONL30BAHHUS, MaclITab JeHCTBUA CUCTEMBI, MaciuTadb
yepTeXa, YPOBEHb yMpaBieHHs U T.M. [IpH 3ToM oHHM 061aaat0T BCEMH BO3MOX-
HOCTSIMH OOBIYHBIX aBTOMaTH3UPOBAHHBIX MHPOPMAIIHOHHBIX CHCTEM.

12. Tlpu pabote ¢ xommneroTepHoil rpadukord B AHMCIULJ] ucnons3yercs
TexHonorns cetkH. CeTka MpeNOCTaBIAET MEXAHH3M PETHCTPALIMH MOJIOXEHHS
rpadMkH o OAHOPOAHBIM MHTEPBATaM B YEpPTEka WM cilos. B ocHOBaHUH ceTku
JIeXaT rpajaluH, NpejcTaBisomye coboi 3aaHHyI0 IOMI0 BHIOPAHHBIX €IHHHLL
H3MEPEHHS CTPAHHLBI (JIOHMBI, CAHTUMETPBI, U T.A.).

13. B AUCIUL/] pns noctpoeHus ﬁoncneﬁ 00OBEKTOB WM MPOEKTOB LIHPO-
KO TPHUMEHAIOT 00BEKTHO-OPHEHTHPOBAaHHE MOIEIMPOBAHHE H MPOEKTHPOBAHHE
rpadM4ecKHX 0OBEKTOB.

14. TIpu opranusauuu rpapudeckor HHpopmanuu B AUCITIJ npumenstor
MEXaHH3M CJIOEB, B KOTOPHIX rpaduyecKkasd HHPoOpMalus pa3sMELaeTcs 10 3aNaH-
HBIM TEMaTHYECKHM NPH3HAKaM.

15. 3aBepiieHueM 06paboTKM NPOCTPAHCTBEHHBIX MO3HLIMOHHPOBAHHBIX
nmanHeix B AUCIUL sBnsetcs npoekt. OH BKIIOYAET CEMYIOLIME KOMIOHEHTHI
MPOEKTa, MOJTyYeHHEIE B Mpoliecce ceaHca paboThI: BUJAKI, TabMHIb], CTIOH, KOMIIO-
3ULIMH, KOMIIOHOBKH H NIPOrPaMMBI.

[Tpouecc u3y4eHns OKpykaromei AeHCTBUTENLHOCTH M IIPHHATHS PEILEHHHA
C MOMOILBIO 3THX CHCTEM CBOAMTCA K MPHMEHEHHIO HAOOPOB MOJENEH I ONH-
caHud OOBEKTOB HCCIENOBAHHA M MOJEeH U OMHCAHMA CPEAbl HAXOXICHHUA
06bexkToB. B0O3MOXHO HCIONb30BaHWE MOJENEH Ui ONMUCAHHA B3aHMOCBA3EH
“obbexT-cpena’”.

PesynbraToM 06paboTKH NMpOCTPaHCTBEHHO-JIOKAIW30BaHHBIX JAHHBIX MO-
KeT OBITh POEKT ¢ COBOKYITHOCTBIO KOMIIOHEHT.

16. OCHOBHBIM Ha3HAYEHHEM ITHX CHCTEM ABJIAETCA aHAIM3 HHQOpMalHK,

ymnpaBneHHe U NOiep’KKa IPHUHATHA PELIEHMIA.



2. OPTAHM3ALIUA BA3 JAHHBIX B CUCTEMAX
MPOCTPAHCTBEHHOM JIOKAJMW3ALIUU JAHHBIX

Beiuie 66110 OTMEYEHO, YTO CHUCTEMbI C MPOCTPAHCTBEHHOM JIOKaIM3aLueH
JaHHBIX BKJIIOYAIOT pa3nuyHble 6a3bl: 0a3bl maHHBIX, 6a3bl Monened 0OBEKTOB,
6a3bl NporpaMm u aJiropuT™MoB 06paboTku. B obieM ciyyae 3TH pazHoobpasHbie
6a3bl MOXKHO paccMaTpHBaTh Kak 6a3bl JaHHBIX Pa3THYHOIO COAEPIKAHHS.

BonbuinHcTBO coBpeMeHHbIX BJI, MOCTpOEHHbIX Ha OCHOBE TaK Ha3biBae-
MBIX PEJSUMOHHBIX MoJesied, HMeoT TabnuyHyo GopMy M HHOTAa Ha3bIBAIOTCS
TabnuuneiMH [30, 40]. [To 3Toit NpUYKHE rNIaBHBIM MPHUHLIMIIOM OpraHU3alMHy Ta-
kux B/l sBnsercs co3naHue oqHOW MM COBOKYITHOCTH B3aHMOCBS3aHHBIX MEXIY
coboit Tabnuu.

IMepBrIM 3Tanom co3nanus BJ] sBnsercs onpeneneHue BKIIOYAEMbIX B Hee
XapaKTEePHUCTHK M TMOCTPOEHHE JIOTHYECKOH 3aMMCH, BKJIIOYalOIEeH Bce ornuca-
TeJIbHbIE XapaKTEPUCTHKH.

BTopbiM 3TanoM sBigeTcs CO3AaHHE Ha OCHOBE IMOJYYEHHOW JIOrMYecKoi
3alMCH HECKOJIBKMX TabJIML| C IOMOILbIO MPOLEeIYp HOpMalH3alHH.

OCHOBHBIMH MOHATHAMM PENALMOHHBIX 6a3 JaHHBIX SABNSIOTCA THIM JaHHBIX,
JIOMEH, aTpHOYT, KOPTEXK, MEPBHYHBIH KIIFOY H OTHOLLIEHHE

Tun naHHbIX npeacraBnseT coboi TUNMM3MPOBaHHYIO MOJAENDb NAaHHBIX, T.€.
MOJIeNb JaHHBIX, BBIAEIEHHBIX [0 OFPAaHHYEHHOMY YHCITy NIPU3HAKOB UIIH OHOMY
npu3HaKy. [IpuMepoM THNHM3HPOBAHHBIX NAHHBIX MOTYT ABJIATHCA XapaKTEPHCTH-
KH BPEMEHH, KOOPAMHATHI, NPOLIEHTHbIE BETHYMHBI U T.11.

B coBpemenHbIx BJl nomyckaercs xpaHeHHE pa3fiMYHbIX THIIOB: CHMBOJIb-
HBbIX, YHCJIOBBIX NaHHBIX, OUTOBBIX CTPOK, "TeMNOpalbHBIX" NaHHBIX (Oarta, Bpe-
M1, BpEMEHHO HHTEepBa).

B ofwem Buae goMeH ompenensercs 3agaHHeM 0a3oBoro Habopa OJHOTO

THUIA JAHHBIX U ITPOHU3BOJIBHOIO JIOTHYECKOTO BbIpAXXEHHS, TPHMEHAEMOIO K 3J1€-
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MEHTY THNAa NaHHBIX. Ecnu BelYHCI€HHE 3TOrO JIOrHYECKOr 0 BBIpAXXCHHA AacCT pe-
3ynbTaT "UCTHHA", TO 3JIEMEHT AAHHBIX ABJISETCS 3JIEMEHTOM JOMEHa.

ATpubyT ompenenser cBoictBa cymHocTed. OH MOXET HMETh 3HAYeHHs,
pasnuuHble U 06beKTOB 6a3bl JaHHBIX.

CxeMa OTHOILEHHMS - 3TO HMEHOBaHHOE MHOXECTBO map {uMs aTpuOyTa,
UMs ZIoMeHa (WM THIMa, eClid MOHATHE IOMeHa He mojuepxusaerca)}. CreneHs
MM "apHOCTB" CXEMBI OTHOLIEHHS - MOIHOCTh 3TOTO MHOXKECTBA.

Ecnu Bce aTpuOyTHl OHOTO OTHOLLEHHSA OTpe/eNieHbl Ha pa3sHbIX JOMEHax,
MOXXHO HCIIOJIb30BaTh 11 UIMEHOBAHHUA aTpUOYTOB HMEHA COOTBETCTBYIOIMX [0-
MEHOB. .

Kopresx, coOTBETCTBYIOLINI NaHHOM CXeM€ OTHOIUCHHUA, - ITO MHOXXECTBO
nap {uMs aTpubyTa, 3Ha4eHHe}, KOTOPOE CONEPKHT OJHO BXOXKAEHHUE KAXKIOTO
HMeHH aTpubyTa, NMpHMHAUIEKAIIEro cXeMe OTHOLIEHHA. "3HayeHue" ABIAeTCs
JOMYCTHMBIM 3HaY€HHEM JOMeHa AaHHOro aTpubyTa (MM THMAa JAHHBIX, €CIH
MOHATHE IOMEHA He MOoAJeP KUBAETCS.

OTHoOLIEHHE - 3TO MHOXKECTBO KOPTEXEH, COOTBETCTBYIOIMX OIHON CXeMe
oTHouleHus. VIHoraa, 4Ttobbl He MyTaThesA, rOBOPAT "OTHOLIEHHe-cXeMa" U "oT-
HOILIEHHE-IK3eMIUIAP", HHOra CXEMY OTHOLUEHHS Ha3biBalOT 3arojIOBKOM OTHO-
ILIEHHS, a OTHOLICHHE KaK Habop KopTexel - TeIOM OTHOLIEHHS.

OOGBIYHBIM TPEACTABICHHEM OTHOLUEHHA ABNAETCA TabiMua, 3aroIOBKOM
KOTOpO# fBNAETCA CXEMa OTHOLIEHHS, a CTPOKAMH - KOPTEXH OTHOLIEHHS-
9K3EMIUIAPa; B ITOM CiIyyae MMeHa aTpHOyTOB HMEHYIOT CTOJNIO1BI 3TOH TabnULBI.
TMostomy uHorzaa rosopat "cronbew Tabnuusl", umes B BULY "aTpuOyT OTHoLue-
HuA". OTOH TEPMHHONIOTMH NPHIEPKHUBAIOTCA B OONBIIMHCTBE KOMMEPYECKHX
pensunoHubix CYB/.

IIpy co3nanuu Tabauupl B/l B Hee nobasnsercs cronbeu ¢ HEMOBTOPSIO-
WMMHGA (YHHKATBHBIMH) 3HaY€HHAMH 1/1s cTpok Tabnuuel. Takoi ctonbeu cny-
XKHT [UIA UAEHTHUKAUMH (OQHO3HAYHOTrO OTpeeneHns) Mo6oH CTPOKH TabaHLbl

¥ Ha3bIBaeTCs BHYTPEHHHM KJIIOUOM, “KJIIOYEBBIM CTONOLOM”, HAEHTHPHKATOPOM



(UD).

CuuTaercs, YToO CTPOKa TaGJIMLBI ONMMCHIBAET 3aKOHYEHHOE MOHATHE (Cyu-
HOCTb) MJIH OOBEKT, NO3TOMY BHYTPEHHHH KJIIOY HCTIONB3YETCs I OJTHO3HAYHO-
ro onpenesieHus a060ro o6beKTa TabnuLbI.

IMpu opranusaunu pensuuoHHbIX Bl HCMonb3yloTCS CleayoLMe MOHATHS:

Ba3oBan Ta6anua — tabiuua, KOTopas COAEPXHUT cTONOEL], ONMHUCHIBAOLIHA
CBOMCTBO W MEPBUYHBIH KIII0Y.

IIpomexxyTounas TaGinuuma — tabnuua, KoTopas He sBnseTcs 06a3oBOH M
HCoNb3yeTca s obecreuyeHus CBA3M MeXIy ApYrMMH TabHIlaMH.

CocTtaBHOH KJII0Y- KITI0Y, IPUMEHAEMBIH U ONHO3HAYHOTO ONpeeNIeHHUs
ob6bekTa TabNHLIbI, KOTOPBIH MCHONB3YIOT HE OJJHO, @ HECKOJIBKO Moieii B Tabnu-
ue.

Buewnnii ka104-cTon6ew, 3Ha4eHHA KOTOPOTO COOTBETCTBYIOT 3HAYEHHAM
MEPBMYHOrO KiIIO0Ya ApYroi Tabnuibl, B3aMMOCBA3aHHOH C AaHHOH Tabnuuei.
BHewHuU# K04 MOXET COCTOATh M3 | MM HECKOJIBKHX CTOJOLOB, B 3TOM Ciyyae
OH Ha3bIBA€TCA COCTABHBIM BHEIIHHM KIIIOYOM.

Co3pnanue B] 3akimouaetcs B pa3paboTke ee CTPYKTYphl, T.€. CO3[aHHE CO-
BOKYMHOCTH B3aMMOCBS3aHHBIX TabnuLL.

IMpouecc npoexktrpoBanus bJl BiloyaeT ciemyoUue 3Tamnsl:

1) onpeneneHue o6beKTa, JaHHBIE O KOTOPOM JODKHBI colepxatbes B B/I;

2) BhIABNIEHHE CBA3EH MeX Iy 0ObeKTaMH;

3) onpeneneHne OCHOBHBIX CBOMCTB 06beKTa, KOTOpblE OYMYT XpaHHTHCA B
BI;

4) BoIsBNEHHE CBA3e MEXIY CBOMCTBaMH 00BbEKTa;

5) cocraBneHHe NOrHYeckoi 3amucH obieit Tabinubl, BKIIOYaroilei Bce
CBO#MCTBa 00BbEKTA;

6) co3naHHe HeCKONBKMX Tabnuu H3 obluei, Ha OCHOBE Npoueayp HopMa-
JIM3aLHH;

7) omnpeneneHHe onepaLyi NPy UCIONL30BAHHH TabMHULl M CO3JaHHE Ha MX
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OCHOBE 3aI1pOCOB;

8) co3nanue, eciu HeoOX0AMMO, HOPM BBOJA AaHHBIX H pOpM oTYeTa.

2.1. HOPMAJIN3ALIUS JAHHBIX

Hopmanusauus npencrapiseT coboi NMpoLemaypy NMOCTPOEHHS HECKOIbKHX
B3aMMOCBS3aHHBIX TabNHI U3 OfHOM TabnuLpbl. HopManusauuei Ha3bIBalOT TakKe
NpOLIECC, KOTOPbIH 1103BOJIsIET NPeobpa3oBbIBaTh HEPAPXHUUECKYIO (APEBOBHAHYIO)
MOZENb B peNsALHOHHYI0 (Tabnu4Hy10).

IMpouecc npoektupoBanus BJ] mpeactasnser coboil npouecc HopManu3a-
LIMH, T.€. MOCTPOEHHS COBOKYMHOCTH HOPMaJIbHBIX (OpM, MPH KOTOPOM KaXKhas
nocyegyromas HopMaibHas Gopma obnagaeT CBOWCTBaMH JTyYLLIMMH, Y€M Mpesi-
Tylas. '

Kaxxno# HopMasibHOH (opMe COOTBETCTBYET HEKOTOPHIH Habop orpanuuye-
Hui. OCHOBHBIE CBOMCTBa HOPMAJIbHBIX (hOpM:

e Kaxaas cieaylolas HopMaibHas popMa B HEKOTOPOM CMbICIE JTyyllle npe-

AbLTYLIEH;

® [IpH IepexoJie K ciemytoiel HopMaibHO#H popMe CBOMCTBA MpeIbITY X

HOPMAJIbHBIX CBOHCTB COXPaHAIOTCA.

B Teopuu penALMOHHBIX 6a3 JaHHBIX OOBIYHO BBHIJENAETCS CIETyOmias 1o-
CJIE0BaTeNbHOCTh HOPMaJibHBIX (OpM: nepBas HopMmaibHas popma (1NF); Bro-
past HopManbHas ¢opma (2NF); TpeThs HopMansHas ¢opMa (3NF); HopManbHas
¢dopma boiica-Konna (BCNF); yerBepras HopmanbHas ¢popma (4NF); nartas Hop-
ManbHat ¢opMa, WIM HOpMaJbHas QopMa npoekuuu-coenuHeHus (SNF wumm
PJ/NF).

Llenbro HopMaH3aLUH ABJISETCA:

1) YMeHbleHHe 06beMa [ XpaHEHHS JaHHBIX.

2) INossiuenue 3¢ pektHBHOCTH paboTel B,

INpouemypa HOpManu3alUH BBINOIHAETCS MTO3TAIHO.

Cyl.l[CCTByC’I‘ MATh 3TANOB HOpMAJIHW3aLIMH, KOTOPbI€ HA3bIBAIOTCA B TEOPHH
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npoektupoBanus b/l nocrpoenuem HopmaibHBIX GOPM.

Ha nepBoM srarie, p1 NOCTPOEHHH NEPBOH HOPMabHON (GopMbl, TpebyeT-
cs1, uToOBI TabMua, colepKalias XapakTepUCTHKH 00BbEKTa U UX 3HaYeHHs, Obiia
IBYXMEPHOM U He COollepiKalla MOBTOPSAIOLLMXCS [PYIIIL.

JIByXMepHOCTb O3Ha4aeT, 4To TabiuLa JOJDKHA OMNpeNessaTcs ABYMs rapa-
MeTpaMH:

IUTHHON - KOJIMYECTBOM CTPOK HIIH 3aIHCEi;

LIMPHHOM - KOJIMYECTBOM CTOJIOLOB HITH MOJIEN.

Ecnu B Tabnuue conepxarcs MOBTOPAIOMINEC AAHHbIE, TO OHU BBIHOCATCA
B Opyryto Tabauiyy. Urobbl B sueiike He colepXKalochk HECKOIbKO BEJIHYUH, BBO-
JAT TpeThe H3MepeHHe-ITyOHHy, KOTopoe Takxke TpeOyeT co3laHHe OTAEIbHOM
TabnMLbL.

Ha BTOpOM 3Tame HOopManu3auuu (NpH MOCTPOEHMM 2-0M HOpMaIbHOM
¢dopMsl) Tpedyetcs, 4To6B! JaHHBIE BO Beex Mousx (ctonbuax) TabnuLel, NOMHO-
CTBIO 3aBHCEIH OT NEPBUYHOrO MM COCTaBHOTO KIIIOYa.

Ha tpeTthem 3Tane (npu noctpoeHu 3-eit HopManbHO# Popmsel) Tpebyercs,
YT0ObI BCE HE KIIOYEBBIE CTONOIBI OBUIM HE3aBUCHUMBI APYT OT Apyra. Ecnu Takas
3aBHCHMOCTbD MOSABNAETCS, TO 3TO CITY)XHT OCHOBaHHEM IUIA pa3OHeHHs TabauLbl.

Ha uerBepTom 3Tane (MpH MOCTPOEHHH 4-0#f HOpMaILHON GOpMEI) Tpeby-
ercd, 4yToObl B OJIHO# TabJHLIE He COAEPXKATTUCH IEMEHTHI JaHHBIX, €CIIH MEXIY
HHMH CYLIECTBYIOT OTHOLUEHHUA ‘KO MHOTMM MHOTHE™ MM * OJUH KO MHOTMM”.

Ha narom aTane (mpu mocTpoeHHH 5-off HopMasibHOH ¢opMel) Tpebyercs,
9T00bl MOXXHO OBLIO BOCCTAHOBHTH UCXOJHYIO TabNHUIy Ha OCHOBE MHGbOpPMalMH
Tex Tab/ML, Ha KOTOpBle OHa Obla pa3bura.

Ba3a jaHHBIX MOXET coepKaTh JIHoO0e YHCIIO TabIuL,
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2.2. OCOBEHHOCTb CO3AHUSA BA3 JAHHBIX C TIPOCTPAHCT-
BEHHO - JIOKAJIN30BAHHBIMH JAHHBIMH

OpraHu3auus U XpaHeHHe HHPOpMaLIH, CBA3aHHOM C POCTPAHCTBEHHO
NoKaJiM3aLei HMeeT CBOM OCOOEHHOCTH, KOTOPBIE ONPENEISIOTCS pa3Hoobpas-
HBIMHM THIIaMH HHpOPMALIUH U HATMYHEM rpadMYECKUX AaHHBIX.

PaccMaTpuBas TpH XapaKTEpPHUCTHKH “MecTo”, “BpeMsa”, “Tema”, cnemyet
OTMETHTD, YTO 0COGEHHOCTb 3aKJII04aETCA B OPraHU3alii ¢ XpaHEHHEM JaHHBIX
OTpaXKaloIKX CBOHCTBO “MecTo”. JlaHHble “BpeMs” M “TeMa” XpaHATCA Tpaau-
LIMOHHBIMH criocobamu B Tabu1ax.

XapakTepHuCTHKa “MecTO” ompenenseT AaHHbIE, KOTOpble XPaHAT reoMeT-
pUYECKOE MECTOTOJIOXKEHHE MPOCTPAHCTBEHHBIX 0O BEKTOB BMECTE C aTPHOYTUB-
HOit uHpOpMaLmei 06 ITHX oObekTax. XapaKTEePUCTHKH “MeCTO” MOIYT XpaHHTCS
B Tab4yHOH U rpaduueckoit popMax. ITa BOIMOXKHOCTb JBOHCTBEHHOrO Npea-
CTaBE€HHUs AaHHBIX 3TOH IPYIIbI CITYXKHUT OCHOBOH NPHUBA3KH XapaKTEPUCTHK
“Bpems” ¥ ““TeMa” K IpyImnne XapakTEpHCTHKH “MecTo”.

I'paduyeckme JaHHbIE O MECTOIIOIOXKEHHH XPAHATCH B BEKTOPHBIX HIIH
pacTpoBOM BHJIE, @ COOTBETCTBYOIas aTpUOyTHBHAsA HHQOPMALIU BO MHOXKECTBE
TaGJIHLL, CBA3aHHBIX C OMHCHIBAEMBIMHM 00BEKTaMH. DTO Ha3bIBaOT POCTPAHCT-
BEHHOCBA3aHHOM CTPYKTYpO# JaHHBIX.

[TpocTpaHCTBEHHBIE JaHHBIE MOTYT OBITh OPraHHM30BaHbl TEMATHYECKU B
BHIIE COBOKYNHOCTH YpOBHeH (cioeB), nid TeM. OjHa TeMa MpeIcTaBIIseT ONHO
MHOX€ECTBO TIPOCTPAHCTBEHHBIX OOBEKTOB WM SBIEHUH, 00be IMHEHHBIX MO Ka-
KHM-TO OOILMM TIpU3HAKaM.

Takum 06pa3zoM, 6a3a naHHBIX HHPOPMALIMOHHOM CHCTEMBI C IPOCTPAHCT-
BEHHOI JIOKaT3alMeil JaHHBIX JOJDKHA COJEpKaTh TabIH4HY10 HHOpMaLHIO,
CBA3aHHYIO C rpadgu4eckuMH o6beKTaMu. JTa €BA3b JOKHA ObITh ABYXCTOPOH-
Heil. I3MeHeHHe TabnHYHBIX JAHHBIX NOJDKHBI IPUBOAHTE K H3MEHEHHIO rpadu-

YECKOro npeacrasJ€HHs MPOCTPAHCTBEHHBIX 06‘beKTOB, a H3BMCHCHHE rpacl)uqe-
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CKHX 00BEKTOB JOJKHO NMPHUBOANTD K M3MEHEHHIO COAEPKHUMOro TablHi HIIH K
MOSIBJIEHUIO HOBBIX Ta0/IHLL.

OnHUM U3 MeTOIOB paboThl C MPOCTPAHCTBEHHBIMU AAHHBIMH ABJIAETCS
UCIOJ1b30BaHHE HHIEKCOB.

Hupexc - dopMa CCbUIKH K JaHHBIM, KOTOPBIHA YCKOPSAET HOCTYM K JaHHbIM,
YNOpsI0YHBas 3Ha4EHHS 10 MOJIIO.

HHaeke MOXeT NOCTOAHHO HaXOMUThCA Kak (aill Ha AUCKE - MOCTOAHHEIN
MHJEKC, WIH 3TO MOXXET ObITh HHAEKC, CO3AaHHbIH Ha BpeMs ceaHca paboTHI -
BPEMEHHBIH HHOEKC.

JU1s MHAEKCALMH MPOCTPaHCTBEHHBIX 0OBEKTOB MPUMEHAIOT MPOCTPAHCT-
BEHHbIE HHIEKCHI, KOTOpBIE YCKOPAT oToOpaxkeHHe rpaduku. MHaekcel npo-
CTPAHCTBEHHBIX 0OBEKTOB MOTYT BHIBOJAMTHCA Kak rpaduyeckue obpa3ssl, 4To no-
MOTaeT NpH aHaJIu3e U HHTEPIpEeTaLMH JOKATH30BaHHBIX JaHHBIX.

Hnpexc atpubyTa nomoraer GpicTpee HalTH 3amKcH B TabiULax aTpuoy-
T0B. OH noBbiLIaeT 3¢ PeKTUBHOCTH OnepaLyii NOUCKa JaHHBIX.

OnOHHMM M3 MOIXOMOB K OPraHH3allMH WHIEKCOB SABIAETCA HCIOJb30BaHHE
TEXHHKH X3IIHWpoBaHHA. Mnes MeToloB X3LUHPOBAHUA 3aKJIIOYAETC B MPUMEHe-
HHE K 3HaYEHHIO KJII0Ya HEKOTOpPOH (YHKLMH CBEPTKH (X31u-pyHKLHMH), Bbipaba-
ThHIBaIOLIEH 3HaYeHHE MeHbluero pasmepa. CBepTKa 3Ha4YEHHS KJIIOYa 3aT€M HC-
MOJb3yeTcs A1 AOCTYMA K 3alHCH.

B npocreiimeM cimyyae cBepTka KiI04Ya HCIONB3YETCA Kak aapec B Tabnuue,
coaepxaiuei kmoyn U 3anucd. OCHOBHBIM TpebOBaHHEM K XOII-QYHKLHH ABNS-
€Tcs paBHOMEpHOE pacrpenesieHHe 3HayeHHe cBepTkH. [Ipy BO3HHKHOBEHHH He-
OJIHO3HAYHOCTH (OZHA M Ta )K€ CBEPTKa JUIA HECKOJNbKHX 3HauYeHUH Kioya) obpa-
3yIOTCS LIETIOYKH IepenoNHeHus. [ TaBHbIM OrpaHHYEHHEM 3TOTO METOAA ABNAET-
cs pMKCHpOBaHHBIH pasmep Tabnuusl. Eciu Tabiua 3anosiHeHa CIMIIKOM CHITb-
HO WJIH NEpENoHEeHa, HO BO3HHKHET CIIMILKOM MHOTO LIEMOYEK MEpPENnoIHeH s, U
TJIaBHOE MPEUMYLIECTBO XILIHPOBAaHUA - AOCTYN K 3alMCH MOYTH BCErjaa 3a OJHO

obpameHue k Tabnuue - 6ynet yrpaueHo. Paciumpenune tabnuip! Tpebyer ee nosn-
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HOH Nnepeacsiki Ha OCHOBE HOBOM xam—d)ymcunn_ (CO 3Ha4Y€HHEM CBEPTKH 00J1b-
Hiero pasMmepa).

B cimyyae 6a3 maHHBIX TakHe OEHCTBHA ABJIAIOTCA HernpueMmiieMbiMH. [lo-
3TOMY 0OBIYHO BBOIAT NPOMEXYTOYHBIC Ta6IIHleI-CﬂpaBO‘{HHKH, coaepxkaiuuye
3HAYEHHUA KIIIOYeH H azapeca 3aHHCCﬁ, a CaMH 3aIIHCH XpaHATCA OTACJIBHO. Torna
NpH MNEPEINOTHEHHH CIIpaBOYHHKA TpC6yCTCSl €ro nepeneiika, 4To BBI3BIBACT
MeEHbLIIe 3aTPaT [0 CPaBHEHHUIO C NIEPENeIIKOi Oa3bl JAHHBIX.

JU1s MCKITIOYEHHS NOJHOW NepefieNIKM CMPaBOYHUKOB NPH HX OpPraHU3aluu
HCTIONB3YIOT TEXHHKY OHHApHBIX AEPEBBEB C PACILECIUICHUAMH W CIAMAHHAMM.
Xo1-hyHKUHA MPH 3TOM MEHAETCA IHHAMHUYECKH, B 3aBUICHMOCTH OT ITyOUHBI B-
nepeBa. IlyTeM HOMONHMTENbHBIX TEXHUYECKHX YXHIUPEHHil ynaercs NOGHThCs
COXpaHEHMsA MOpAJKa 3anMced B COOTBETCTBHU CO 3HAYEHHWAMH Kno4a. B uenom
MeToab B-epeBreB M X31IHMpOBaHUA Bee Hosee cOnmkaroTcs.

I1pu opraHu3auuy 6a3sl JaHHBIX POCTPAHCTBEHHO — JIOKAIM30BAHHEIX
HHOPMALMOHHBIX CUCTEM IPUMEHSAIOT TPH cXeMbl. [lepBast yclioBHO Ha3blBaeTcs
BHyTpeHHeil. OHa 0CHOBaHa Ha UCIOJIb30BaHHH BHYTPEHHeEH 6a3bl JaHHBIX UH-
dopmanmoHHoii cucteMsl, Hanpumep I'HIC.

Btopas cxeMa Ha3biBaeTcs JokaibHON. OHa OCHOBaHa Ha MOMKIIOYEHHH K
HHPOPMALMOHHOM CHCTEME BHEIIHEH 6a3b! JAHHBIX C IOMOLIBIO COOTBETCTBYIO-
mero HHTepdeiica.

Tpetba cxema Ha3biBaeTcs riobanbHoi. OHa OCHOBaHa Ha CO3aHHH 6a3bl
naHHBIX Ha Web-cepBepe U co3naHuy HHTep(ECOB , MO3BONAIOIMX 0OMEHH-

BaThbcs MHGOpMauKei Yepe3s r00abHYIO CEeTh.
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3. AHTEI'PAIIMS1 ABTOMATHU3UPOBAHHBIX UH-
O®OPMAIIMOHHBIX CUCTEM

CoBpeMeHHbIE aBTOMATH3HPOBAHHbIE HHTErPHPOBaHHbIE HHHOPMALIMOHHbIE
CHCTEMBl HMEIOT KayeCTBEHHOE OTJIHYHE OT CNEeLMATH3HPOBAHHBIX aBTOMATH3H-
pOBaHHbIX MH(GOPMALIMOHHBIX CHCTEM CYIIECTBOBABIUWX paHee. JlecaTh - MATHa-
JlIaTh JIET Ha3aj CyLIEeCTBOBAJIO Ba BHIa CUCTEM, KOTOPhbIE OTIHYAIHCh APYT OT
apyra.

[TepBsiii K1acc 006pa3oBBIBaIM CUCTEMBI, MPEAHa3HAYEHHbIE 111 00paboTKK
JaHHBIX: cHcTeMbl 0bpaboTku naHHbIX (COJl), aBTOMaTH3MpPOBAHHBIE CHCTEMBI
ynpapneHus (ACY). BriocneacTBuM 3TH CHCTEMBI OBIIH HHTErPHPOBAHBI B €1H-

HBIN KJ1acc cucteM o6paboTku naHHbIX U ynipasieHus (COY) (puc.3.1.).

ACY con

> coay <

Puc. 3.1 Unterpauus cucreM o6pabotku gaHHeIX 4 ACY

Jpyroii kiacc 06pa3oBbIBaIM CNELHAIW3NPOBaHHbBIE CHCTEMBI, NpeJHa3Ha-
4yeHHbIe, MPEUMYLIIECTBEHHO, U1 XpaHEHH HHpopMaLIUH.

ITepBoHayanbHO 3TH CHCTeMbl OBLTM HE aBTOMAaTH3MPOBAHbI, H HX LIEJBIO
ObUIO cO3aHME KApTOTEK U ynopsamo4yeHHe Oonbiioro o6sema uHpopMauuu co-
Jepxallencs B apXHUBax.

Ilepsrle “uHPopManoHHble cucteMbl” - (MC) - 6b11M nmoTyaBTOMaTH3HpO-
BaHbl. Pa3BUTHE KOMIBIOTEPHOH TEXHOJIOTMH M BBIYHCIHMTEIBHOH TEXHHKH IIpH-
BENO K CO3JaHHI0 aBTOMaTH3HMPOBaHHBIX HHQopMauHOHHBIX cucTeM (AMC), oc-
HOBHBIMH (pYyHKUMAMH KOTOPHIX ObUTH OpraHM3allMs XpaHEHHA HHGOpPMaLMM H

opraHu3auus 3¢$peKTHBHBIX 3aNPOCOB K XpPaHUMOH HHPOPMaLHMH.
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JlanpHeiiliee pa3BHTHE aBTOMATH3MPOBAaHHBIX TEXHOJOTHH NPHUBENO K I10-
sBneHuto 6a3 naHHex (BJ1) ¥ skcnepTHsIx cHcteM (JC), KOTOPBIE CTAIH COCTaB-

HeIMH yacTamMu AUC (puc.3.2.)

KapToTeku ApxuBbl

NHdopmaymoHHble
cUCTEMbI

ABTOMaTU3NPOBaHHbIE
UHEOPMALMOHHbIE
cUcTeMbl

basbl gaHHbIX 3kcnepTHble
cUCTeMbI

Puc. 3.2. JBomoLus CHCTEM XpaHeHHS HHYOPMaLUH

B Hacrosiee Bpems 6a3bl JaHHBIX CITy)KaT OCHOBO# XpaHeHHs HHQopMa-
LMK BO MHOTHX aBTOMAaTH3MPOBAaHHBIX HH(OPMAIIMOHHEIX CHCTEMaX U B MEPBYHO
oyepelb B HHTErPUPOBAHHKIX.

Pa3zBuTHE TEXHOJNOTHI HCKYCCTBEHHOTO WHTEIUIEKTa M WHTEJIEKTYaJIbHOMH
06paboTKH AaHHBIX, MPHBEJIO K MOABJIEHHIO “3KcnepTHHIX cHcTeM” - (3C). I'nas-
Hoe oTnuune IC ot BJ] - 3akmoyaercd B CHOCOOHOCTH NMPUHUMATh pELUEHHA He-
CaHKI[MOHHPOBAHHOE MOJIb30BaTENEM.

CoBpeMeHHble aBTOMaTH3HPOBaHHbIE HHTETPHPOBaHHblE HHPOPMALIMOHHBIE
cucremsl (AWMC) momxuel obnagats CBOHCTBAMHM CHCTEM IBYX BBILIEPACCMOT-
PEHHBIX KJIACCOB, T.€. OHHM JODKHBI 00/1a/1aTh BO3MOXHOCTBIO 00pabOTKH NaHHBIX

¥ MeToqaMH ee 3¢ PEKTHBHOTO XPaHEHHA.
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AHUUC

[Toacucrema [MToacucreMa [Noacucrema TenekoMMyHHU-
cbopa o6paboTtku MpeACTaBieHUsA KallMOHHas
MoACUCTEMA
INoacucrema
XpaHeHUs
baza JKkcnepTHas
JIaHHBIX cucTeMa

Puc. 3.3. CTpykTypa aBTOMaTH3HPOBAHHOIH MHTErPUPOBaHHO# HHPOpMa-

uHoHHo# cucteMsl (AHUUC)

Ha puc.3.3. npusenena ctpyxrypa AMMC. HanomuuMm, yto cornacio OCT
BIL [21] cTpykTypo#i (cHCTEMbI) Ha3bIBalOT COBOKYMHOCTb YCTOHYHMBBLIX CBfi3ei,
cnoco6oB B3aMMOJEHCTBHSA IJIEMEHTOB CHCTEMBI, OTIPEZENSAIOLLAA €€ LENOCTHOCTh
M €MHCTBO.

JneMeHTOM (CHCTEMbl) Ha3bIBAlOT MPOCTEHLIYIO CTPYKTYPHYIO COCTaB-
JIAIOLIYI0 CHCTEMBI, KOTOpas B paMKax JaHHO CHCTEMBI HE CTPYKTYPH3yeTCH.

Jliobas coBpeMeHHas aBTOMAaTH3WPOBaHHAa#A MHTErpHMpPoBaHHas HHpopma-
unonHas cicrema (I'MIC B yacTHOCTH) B 0653aTENILHOM MOPAAKE BKIIOYAET COBO-
KYITHOCTb TOJICHCTEM, COOTBETCTBYIOIMX OOBIYHBIM CHELMAIH3HPOBAHHBIM aB-
TOMaTH3UPOBaHHBIM HHGoOpMaLUoHHBIM cucTeMam (AUC) win cucremaM obpa-
60TkH naHHBIX ¥ yripaBieHus (COY).

Tunosas HHTerpupoBaHHas WHGOPDMALMOHHA# CHCTEMa BKJIIOYAET Cle-
ZlylOLLHE NOACHCTEMBI:

nozpcucteMy cbopa;

33 942
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NOACHCTEMY XpaHC€HHMA HNAaHHBIX (qame Bcero 3to Oasa JAaHHBIX HJIH 3KC-
nepTHasi CHCTeMa);

noacucreMy o6paboTku AaHHBIX (MOAETUPOBAHHA);

NOACHCTEMY NpeJCcTaBleHUs HHOpMaLIKHY;

TENEKOMMYHHKALMOHHYIO MOJCHCTEMY.

Hanuumne stnx MOACHCTEM OMNpPEACHACT pa3IMYHbI€ aCNEKTbl HHTErpauruu
JaHHBIX H METONOB 06paboTKH. DTO - HHTErpaLMs MCXOOHBIX JaHHBIX, HHTErpa-
UMA TEXHOJIOTHIi cOopa, MHTErpauns JaHHBIX VIS XpaHEHHUA W MOJENTUpOBaHHS,
MHTErpalus TeXHONOruiH ob6paboTKH, HHTErpalHs TEXHONOTHH XpaHEHHs, UHTe-
rpaius AaHHBIX JJIA TIPEACTABIEHH U NepefayH, HHTErpaLus TEXHOIOTHIA npen-
cTaB/ieHHs HHGOpMaLHH.

HuTerpauneii (B cucTeMe WIH CHCTEM) Ha3bIBAIOT BOCCTAHOBJIEHHE U (HJIH)
NoBbIlIEHHE Ka4E€CTBEHHOIO YPOBHS B3aMMOCBS3€eH MeXIy 3/IEMEHTAMH CHCTEMBI,
a TaKKe MPOLECC CO3AaHUA U3 HECKOJIBKUX PasHOPOIHBIX CUCTEM €HMHOMH CHCTe-
MBI, C Lie/IbI0 HCKIIOYEHHA (0 TEXHWYECKH HeOOXOAMMOro MHHMMYMa) (yHK-
LIMOHAJILHOM H CTPYKTYpHO#H H30OBITOYHOCTH H MOBBIlIEHUA 00LieH 3¢ deKkTHBHO-
ctu pyHKUHOHHpOBaHus [21].

B coBpeMennsix AUMC cnenyet pasnnyaTh ABa JONOJIHAIOWMX APYT Apyra
BH[1a MHTErPHPOBaHMA:

- HHTErpaLMIO TEXHOJIOTHIA;

- HHTErpalMio JaHHBIX.

Hnrerpauns TexHONOrni o3HayaeT pa3pabOTKy KOMILIEKCAa TEXHOJOTHIt
CJIOXHO# Ha OCHOBE Hekoii 6a30B0# TEXHONOTHH.

HHrerpauus maHHBIX O3HayaeT co3faHWe WHGOPMALHOHHONW OCHOBBI C
KOMIUIEKCHBIM COTJIaCOBaHHEM BCEX JAHHBIX IS ONTHMAIbHOIO HCMOJb30BaHHUA.

Hurerpauuns JaHHBIX O3HAYaeT TakXe, YTO UIA CO3JaHMA MHQPOPMALMOH-
HO# OCHOBBI BBIOMpAIOT OMNpeneNeHHbIH KJIacC NaHHBIX, @ BCE OCTA/bHbIE THIIbI

WK K1acChbl JAHHBIX ﬂp606p33yIOTCﬂ NPUMEHHTEIBHO K CBOJCTBaM 3TOro Kjiacca.
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TakuM oOpa3oM, HHTErpalMs AaHHbIX TpeOyeT MNpeaABapHTeNbHOH Kilaccu-

(MKaLMM AaHHBIX U pa3pabOTKH CHCTEMbI KJ1aCCH(HUKATOPOB.

3.1. CTPYKTYPA HHTETPUPOBAHHOMN CUCTEMBI

JlanuM TIOHATHS OCHOBHBIX YacTeil MHQOPMALMOHHON HHTErpUPOBAHHOM
cuctemsl. B3anMocBs3e Mex Iy HUMH B opMe HepapXHYecKoii MOJeH NoKa3aHa
Ha puc.3.4.

BepxHuUM ypoBHEM MOHATHH B MHTErpUpOBaHHOM cpene sBiserca "Hurer-
pupoBaHHas cucteMa"[29, 30]. Oua npencraBnger cobo#i He3aBMCHUMBIH KOM-
TneKc, B KOTOPOM OCYLUECTBJIAIOTCSA Bce Mporeccsl o6paboTku, obmeHa u mpes-
craBjieHns MHopMaiuy. CxemMa cHCTeMB! BKIIIOYaeT B ce0s CHCTeMHbIe YPOBHH,
NOACHCTEMbI, TPONECChI, 321a4H.

Bonee Hu3kuM ypoBHeM no oTHouweHHI0 k "Cucreme" sBnsercs Cucrem-
HblH ypoBeHb (puc.3.4). DTUM TEPMHHOM OIpPENENHM Yacmb CHCTEMbl, 00be-
JQMHSAIOLIYIO MOJCHCTEMBI H NpoLEcChl 00paboTkH MO PYHKLUHOHAIBHBIM H TEXHO-
JIOTHYECKHM TIPH3HaKaM.

Eme 6onee MenkuM ypoBHeM sBnstetcs Iloacuerema. IToncucreMy onpene-
NIMM KaK 4acTb CHUCTEMbI, 06beIHHEHHYI0 MO (QYHKLMOHAJIbLHBIM MeToaam obpa-
60TKM JaHHBIX, BKJIIOYAIOIMX Pa3Hble aJIFOPUTMbI M METOABI MOIEIHPOBAHHA.
Toacucrema MoxeT OBITH NIOKAJIBHOM WM pacnpeneneHHo#i. CHCTeMHBIR ypo-
BEHb MOXXET BKJIIOYATh OT OZHOM 10 HECKOJIIBKHX MOACHCTEM.

Pacnpeaeniennoii Ha3bIBalOT MOICHCTEMY, COCTOALIYIO M3 YacTed, pacno-
JIOXEHHBIX Ha Pa3jIMYHBIX y3/1aX CETH, KOTOPBIE MOTYT OOCITY)KMBAThCA pa3iny-
HBIMH CHCTEMaMH YMpaBJeHHs M AOMyCKalOT yyacTHe B paboTe HECKOJIbKHX
rnoab3oBaTesNe U3 pa3HbIX Y3/I0B CETH.

Jloxa/ibHas NOJACHCTEMA, B OTJIHYHMH OT pacnpefeeHHOM, CrpynnupoBaHa
B OJIHOMH TOYKE CETH H, KaK IIPaBHJI0, 06CITy>KHBAeTCA OJHUM MOJIb30BATENEM.

B noacHcremy BxoauT Kak Gosiee Menkas yacTs npouecc o6paboTku naH-

Heix. IIpouecc onpeneniM xak COBOKYMHOCTh METOJOB, obecreynHBalolInX pea-
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JIM3aLMI0 aIropuT™Ma o6paboTkM MIIH OJHOrO METOJa MOJENHPOBaHMsA, pellaio-
IEro OQHY WM HECKOJIBKO 3ana4y ob6pabotku paHHbix. OH nmonpasiensercs Ha:
JIOKaJIbHBIH, CHCTEMHBIH, paclipeneieHHbIH.

3HaueHHe TEPMHHOB JIOKaIbHBIH W pacnpefe/ieHHbIH aHaloOrHYHO 3Haue-
HHIO UX 1A noacucteM. CucTemublii npouecc npeaHa3’HayeH s oOCayxuBa-
HMS CHCTEMBI H KaK NMPaBHJIO OH ABJAETCA “NMpo3payHbIM” (T.€. HE3AMETHBIM) 1A
0JIb30BaTENA.

HaxkoHell, caMbIM MEJIKHM 3JIEMEHTOM CHCTeMbi sBjsercs 3aga4a. C Ttex-
HOJIOTHYECKHX MO3ULMIA 3afa4a KaK 31eMeHm cucmembl ONPEAENAETCS MPOCTeii-

UIHM TEXHOJIOTHYECKHM LIHKIOM 00paboTKH THNH3HPOBAHHBIX JaHHBIX.

| remmmoses

Puc.3.4. OcHOBHbIE YacTH HHTETPHPOBAHHOH CHCTEMBI

3ajjaua Moxer GBITh CBA3aHa C BBIMMCICHHAMH HIH C TEXHOJOTHYECKHMH
NpoLeCCaMH THIMA: BBOJAA JAaHHLIX, GOPMHPOBAaHHS NAaHHBIX, BH3Y&ILHOIO KOH-
TpPOJIA AAHHBIX H T.M.

CnefiyeT noAYEpKHYTh PasHULY MEXIy CHCTEMHbIM YpoBHeM H MOACHC-
Temoil. [ToacHcTeMa UMeeT Beceraa TEXHOJNOMHYECKOE Ha3HAYEHHE, JIOTHYECKOE

OMHCaHHE H (l)HSH‘leCKle peanru3anul. Tax noacHcreMa CeMaHTHYECKOIO MoJle-
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JNMPOBAHUA MOXeET ObITh peaM30BaHa KaK COCTaBHas 4acTh TEXHOJIOTHH cbopa
MHOOPMaIMY WIH KaK CaMOCTOATENIbHas TEXHOJIOTHA, HarpuMep npH dopmMupo-
BaHHHU rpaduyeckux mMonened. ®usnyeckas peannzauua AUMC ocywectsnsercs
0OBIYHO Ha YPOBHE MOACHCTEMBI.
CHcTeMHBIl YyPOBeHb ABIACTCA ONUCAMENbHLIM NOHAMUEM, T.€. UMeeT

TEXHOJIOTHYECKOC HA3HAYCHHE H JIOTMYECKOC ONMHCAHHUE.
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4. THOOPMAILIMOHHASI OCHOBA UHTEI'PUPO-
BAHHOU UHO®OPMALIMOHHOM CUCTEMBI

JIro6as MHPOpMALIMOHHAs CHCTEMa OPHEHTHPOBAaHA HAa PaboTy B KOHKpET-
HO# mpenaMeTHoH obnacTd. IIpH NOCTPOEHHH HHTErpHpOBaHHOMN HHGOPMaLUHOH-
HO#i CHCTEMBI HEOOXOJHMMO YYHTHIBATh H Pa3/IMYaTh ClENYIOLIHE NOHATHA: O0BEKT
HCCIIeIOBaHUA, MOJENb 00BEKTa, COCTABHAA MOAENb AaHHBIX, JJIEMEHTapHas MO-
JeNb JaHHBIX, HHPOPMALIMOHHAs OCHOBA.

O6mbextoM uccnenoBatua GyaeT SBIATbCA 1H060H U3 06BEKTOB MpeAMETHOH
061acTH - Bce TO, YTO MOXET XpaHUThCA B 6ase nanHbix AUMC.

ITpu HccenoBaHHH 0OBEKTOB OKpYXKalOLEH NEHCTBUTENBHOCTH OCYLIECTB-
nsieTcs cOOp JaHHBIX, YaCTO pa3po3HEHHBIX U HEOJHOPOAHBIX M3 KOTOPHIX HEoO-
X0OMMO (POPMHPOBATH MOZENTH OOBEKTOB.

IlepBHUYHbBIE faHHbIE - HCXOJHbIE NaHHbIE, MIOJyYaeMble B X0J€ HENocpe-
cTBeHHOro c6opa uHpopmauuu. Ilocne cbopa pasHooOpa3HEIe BXOIHEIE JaHHbIE O
o0bexTax ynpouwarwTcs, YHHPHUMPYIOTCS H Npeobpa3yroTcs B MOZNENIM, XPaHH-
Mble 6a3e JaHHbIX.

Mopeny JaHHBIX MOTYT UMETh CJIOXKHYI0 MHOTOYPOBHEBYIO cTpykTypy. Co-
CTaBHbIMH MOJEJISAAIMH Ha3bIBAalOT MOJENH, UMEIOILHE CIOXKHYI0 MHOrOYpOBHE-
BYIO CTPYKTYPY, COCTaBleHHyI0 U3 6onee npocthix Moaeneil. CocTaBHble MOAENH
BKJIIOYAIOT KaK 3JIEMEHTEH! CTPYKTYpbl 3JIeMEHTapHble MOJENH AaHHBIX.

DJIeMEHTOM CHCTEMB! Ha3bIBAalOT NPOCTEHILYIO CTPYKTYPHYIO COCTaBJISIO-
1IyI0, KOTOpas B paMKax JJaHHOH CHCTEMBI He CTPyKTypupyeTcs [21].

D70 ompejenser 31E€MEHTAapHYI0 MOJEIb [aHHBIX KaK CTPYKTYPHYIO CO-
CTaBJIAIOLIYIO COCTABHOM MOJENH, KOTOpas B paMKaxX COCTaBHO monenH 6onee He
CTPYKTYPHpYETCH.

Ha ocHoBe Brlmeun3snoxenHoro 1 tepmunonorud OCT BI [21] maem on-

peacneHue COCTaBHOM MOJENH JaHHBIX.
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CocraBuas MOAe/Ib AAHHBIX ONpeAcJa€TCs KaK MHOXECTBO B3aHMOCBSA-
3aHHBIX 3JIEMEHTAPHBIX MOHCHCﬁ, Kaxzaas U3 KOTOpPBIX CBA3aHa NMpAMO HJIH KOC-
B€HHO C Llpyl‘Oﬁ 3HCMCHTapHOﬁ MOJIEJIbIO, a ABa mobsie NMOAMHOXECTBA COCTaB-
HOW MOJIENIM JaHHBIX He MOTYT ObITh HE3aBHCHMBIMH He Hapyluas LENOCTHOCTb,
€JIMHCTBO COCTaBHOH MOJE/H.

KoHcTpyrpoBaHKe WIH IPOEKTHPOBAHUE CJIOXKHBIX MOJENEH Ha ocHOBe 6o-
Jlee MpOCThIX 3aBUCHT OT BbIGOpa CTPYKTYpbl CII0XKHOH MOJENH, OT THIA CBA3eii B
CJIOXKHOM MOJENH M OT KaYeCTBEHHBIX XapaKTepPHCTHK JIEMEHTAPHRIX MOJIENEN.

B pesynsrate o6benuHeHus U 0606ueHns (06paGoTKH) NEpBHYHEIX JaH-
HbIX M NMEPBHYHBIX Mojenei, OpraHu3aliiy CBA3ed MeXIy HUMH - 00pa3yloT Mo-
Aenn 06bEKTOB KaK BTOPUYHbIE MOJIENH.

Mopenu 06BEKTOB HMEIOT CIIOXKHYI0 MHOTOYPOBHEBYIO CTPYKTYpY M BKJIIO-
4alOT COCTABHBIE H JJIEMEHTapHble MOJEIM IaHHBIX, a TalOKe TaK Ha3blBaeMbie
MeTa/laHHbIe.

MeranaHHbIe 3TO BCIIOMOraTeNbHbIE JaHHBIE, KOTOPbIE ABIAIOTCA OMMCAHHU-
€M Jpyrux NaHHBIX, MX XapaKTEPHCTHK, CBA3EH, ClIOCOOOB MCIONB30OBAHHS H T. II.
(21]

Takum o6pa3om, Moaens 06beKTa MOXKHO pacCMaTPHUBATH, KaK HEKYIO CHC-
TeMY M 3TO MO3BOJIAET JaTh CJEMyIollee OnpeaeeHHe Moaeny obbexTa.

Mogenb o6beKTa - MHOXECTBO B3aHMOCBS3aHHBIX COCTAaBHBIX M 3JIEMEH-
TapHBIX MOZENeH NaHHBIX W METaJaHHBIX, KaXIBIH 3JIEMEHT KOTOPOro CBSA3aH
NpSMO WITH KOCBEHHO C IPYTHMH 3JIEMEHTOM, a /1Ba JItoOble MOAMHOXKECTBA 3TOr0
MHOXECTBa He MOTyT GbITh HE3aBUCHMBIMH He Hapyluas LieJIOCTHOCTb, €AHHCTBO.

B npouecce skcmuryarauns AMMC nons3oBatens paGotaer ¢ MonensiMH
00BEKTOB, KOTOphIE COXPaHAET CYLIECTBEHHbIE CBOWCTBA OGBEKTOB M HE COMep-
»KaT BTOPOCTETICHHBIE.

Ilns HopmanbHoro ¢yHkuuoHupoBanus AMWMC Bce MHorooGpasue Bxon-
HBIX JAHHBIX H Mojeneil 06beKToB npeobpasyercs B eauHyo oburyio uHdpopma-

LIMOHHYIO MOJeNb, XpaHuMyIo 6a3ze maHHBIX. JTa oblas Moaens W onpenenser
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HHTErPHPOBaHHYI0 MH(OPMALIMOHHYIO OCHOBY 0a3hl NaHHRIX H OMpENE/AIOT Me-
ToJbl 0OMEHa JaHHBIMH B npoliecce skcruryataun AMMC.

HuterpupoBannas uHdopMaunonHas ocHoBa AMMC onpenensercs, kak
COBOKYMTHOCTb ONpe/eSeHHbIM 00pa3oM YMOPAMOYCHHBIX OMHCAHUH OOBEKTOB
nNpeaMETHO# 0611aCTH M TEKYIUMX COCTOSHMI HX CBA3eil, KOTOPhIE XPAHATCH U 06-
pabarsiBatotrca B AMMC.

HHrerpupoBaHHas HHOPMalHOHHAs OCHOBA ABJSETCA Pe3yJbTaTOM HHTe-
rpaluH [JaHHBIX, 03TOMY OHa HE ABJIAETCA MPOCTOH CyMMOi BXOIHBIX JQHHBIX
XapaKTEepHUCTHK MoJeneH 00BbEKTOB, IPHMEHAEMBIX B HE HWHTErPHPOBAHHBIX TEX-
Honoruax. OHa, Kak NpaBWio, UMeEET MEHBILHI TpebyeMslit 06beM dusnyeckoii
NaMATH NPH COXPaHEeHHH WHGOPMALMOHHOH EMKOCTH 1O CPaBHEHHIO C ee Co-
CTaBNAIOLIMMH MOJENAMH, XOTA JONONHAETCH 60JIee CIOKHBIMU CTPYKTYPHBLIMH
B3aMMOCBS34MH H JIONIOJIHUTENBHOM CITy>XeOHoM HHdopMaluei.

HnTerpauns JaHHBIX €CTh MOBLILIEHHE KaY€CTBEHHOTO YPOBHS B3aUMO-
cBs3el MeXUy pa3HOPOJHBIMH AaHHBIMH M MOJENAMH OOBEKTOB M NpOLECC CO3-
NaHHA U3 PasHOPOJHBIX HH(OPMALMOHHBIX €JHHHI CAMHOH CHCTEMBI, C LENbIO
HCK/IIOYEHHS QYHKUMOHANBHOA M CTPYKTYPHOH H3OBITOYHOCTH M TNOBBILIEHHUS
o61ueii 3¢ PpeKTHBHOCTH HHTErPHPOBAHHOH CHCTEMBI.

Takum 06pa3oM, MHTErPHPOBaHHA HHPOPMALIMOHHAA OCHOBA ABJIAETCH pe-
3y/ILTaTOM MHTErPaLiHM AAHHBIX U MPEACTaBIACT COOOH HEKYIO CIOXKHYIO MOZEb,
HMEIOLLYIO CTPYKTYpPY H COCTaBHBIE YaCTH.

LlenocTHOCTD, HEMIPOTHBOPEYHBOCTD H ONTHMANILHOCTB 3TOH 0611E#H MoaenH
AVIUC onpepensercs kauecTBOM H 060CHOBAHHOCTBIO BBIOOpa COCTaBISIOLIMX
yacTeil MOJENH. DTO ONpeAeNseT NMPOLECcC NOCTPOCHHS HHTETPUPOBAHHONH HH-
(hopMaLMOHHOI OCHOBBI KaK OPraHH3allMI0 COBOKYIHOCTH MOJENEH JaHHBIX M
Mozenei 06bekToB.

CnepnosatenbHo, npo0jieMa OpraHH3allid HWHTETPHPOBAHHOH OCHOBHI B
AWNC cBogurcs k mnpo0lieMe - opraHM3alMH Mojened AaHHBIX H OOBEKTOB.

310 OrnpenensacT Heo0X0AHMOCTh NpeBapHUTEILHOIO aHalIn3a CBOWCTB 3JIEMEH-
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TapHBIX MOJENEH NaHHBIX, COCTaBIAlOIWKX Gonee cnoxHble Moaenu B BJ{, u Bbi-
fopa 6a30BRIX TEOPETHYECKUX MozeeH C yueTOM KOHKPETHOH npeameTHo# 06-
nactu 3agmay AHUNAC.

Tako# noaxoa NO3BONSET ONTHMH3MPOBATh CO3JaHHE HHGPOPMALMOHHOM

OCHOBBI H npoueccs! 06paboTku JaHHBIX H B BJI.
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5. OBIIIUE NMPUHIMIIbI TIOCTPOEHUSI MOJEJIEN
B HHTEI'PUPOBAHHBIX CUCTEMAX

5.1. CEMHOTHYECKHH NOJXO0/] K OPTAHM3ALIMH MOJEJIEH
JAHHBIX

HHdopmaLiHoHHbIE CHCTEMBI CBSi3aHbl C npolieccaMu 06paboTku MHop-
MaluH ¥ HHopMaLHOHHOTO O6MeHa.

OnHUM M3 Ha3Ha4YeHHH Mojened NaHHBIX ABIAETCA peanu3alus WHpopMa-
1HoHHOro obmeHa. IlpuMepoM craHaapra MHGOPMALHMOHHOTO OOMEHA CITYXHT
€CTECTBEHHBIH A3bIK H COBPEMEHHBIE A3bIKH (BKITIOYAS npaBHIa X ynotpebie-
HHA) cHOPMHPOBATHCH KaK pe3yibTaT TpebOBaHHH HEKOro CTaHAAapTHOTO oOMeHa
HHopMalHei.

B TexHHYeckMx Haykax NMpHMepoM Mojeneil HHGOpMalHOHHOro obmeHa
CITyKaT pasjiHiHble GOpPMATH30BaHHbIE A3BIKH.

TakuM 06pa3zoM, HHOOPMALMOHHBIE CPEICTBa H TEXHONOIHH HCHONB3YIOT
ae-$akTo CTaHAApThl, KOTOphle OPHULHATBHO TAKMMH HE Ha3bIBAIOTCH, TEM HE Me-
Hee, TaKMMH ABJAIOTCA. ITO FOBOPHT O BaXXHOCTH H HEOOXOAHMOCTH HCCIEN0Ba-
HUA MoJeneii Kak cHCcTeM HHGOpMaLMOHHOro o6MeHa.

UccnepoBanneM o6MeHa nHopMalHeit Ha OCHOBE CHCTEMBI 3HaKOB, 06pa-
3ylo1HX GopMalibHBIE A3BIKH, 3aHHMAETCA CEMHOTHKA.

CeMHOTHKa fABNIAETCA TEOpHEH A3BIKOBBIX 3HAKOB, CBA3EH WX C ApYr Apy-
roM, CBf3eii 3HaKOB C YEOBEYECKHM MBILINIEHHEM, CBA3EH C 00BEKTHBHOM pealb-
HOCTBIO H YEJIOBEKOM.

CeMHoTHKa sBNAeTCA OGLMM IS BCeX A3bIKOB, HE3aBHCHMO OT HX CJIOBap-
HOTO COCTaBa, FPaMMAaTHK M criocob0B X BO3HUKHOBEHHS.

[MoHATHEM 3HaKa CEMMOTHKA OXBAaThIBAET HE TOJILKO TaKHE A3BIKH Kak pyc-

CKHii, aHrIMAUCKHH, HEMELKHHA U T.4., HO Apyrue 06pa303aHm|, TAKHE€ KaK MAaT€Ma-
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THYCCKHE CHMBOJIbI, 3HAaKH YJIHYHOTO ABWXEHHA, YCJIOBHblE 3HAKH Ha TONOrpa-
(uueckux kaprax, 3HaKH pa3inyusg BOEHHOCTYXALHX U T.I1.

[lepexons Ha dopmanbHOe 000O3HaYEHHE, CeNyeT BhIAEAUTh YeTbipe (ak-
TOpa, KOTOpPbIE JOJDKHA YIUTHIBATL CEMHOTHKA:

Z - 3HaK;

A - MbICNIEHHble 00pa3bl, OTpaXEeHHS (MOJEINH);

O - 06BEKTHI OTpaXKEHHS;

M - nroneit WK UX MBILUIEHHE.

Pa3nuuHble B3aHMOCBSA3M NEPEUUCTIEHHBIX (PAKTOPOB ONpenessioT pa3aHy-
HblE pa3fie/bl CEMHOTHKH.

CHHTaKTHKa - pa3fie]l CEMHOTHKH, KOTOpbIH abcTparupyercs oT Bcex ¢ak-
TOPOB 3a HCKIIOYeHHeM 3Haka. OHa HcelenyeT CBA3M MeXIy 3HaKaMH HEKOTOpO-
ro a3bika. CHHTaKTHKa YCTaHaBJIMBA€ET NPaBHJIa IOCTPOEHHA COCTABHBIX A3BIKOB.

OHa co3JaeT KPUTEPHH OMNpefeieHHs MPUHAIIEXKHOCTH COBOKYIHOCTH
3HaKOB K ONpeeIEHHOMY A3BIKY.

CemanTHka (OT rped. cEMaHTHKOC - 0603Havawoluit) - Paznen ceMHOTHKH,
M3yyalolUi HHTEPNpPETALHIO 3HaKOBOH cucTeMbl. OH MCCeTyeT OTHOLIEHHA Me-
XAy 3HaKaMH Z M OTpaXKeHHAMH A, CBA3M MEXIY CJIOBaMH S3blKa H COOTBETCT-
BYIOUIMMH UM TOHATHAMH.

3Haku Z sBnsioTcs GopMoi CyleCTBOBaHHMSA MBICIEHHBIX 06pa3oB A, mo-
cleJHHe ABNAIOTCA 3HAYEHHAMH 3HAKOB Z. 3THM CEMaHTHKAa PacCMaTpPHBaeT OT-
HOLIEHHA MEXIy 3HaKaMH A3bIKa U UX 3HAYEHHAMH.

CurmaTHka u3ydaer oTHoweHHs Mexay Z u O. S3bikoBhie 3HaYeHus Z -
3T0 UMeHa 0603HayeHns o6vekToB O.

IIparmaTHka - pa3lel CEMHOTHKH, W3yHalOIHil OTHOLIEHHE HCMONb3YI0-
11Ier0 3HaKOBYIO CHCTEMY K CaMO# 3HAKOBOH CHCTEME.

IIpuMeHUTENBHO K MHGOPMATHKE ¥ reoMHGOpMaTHKE CEMHOTHYECKHIA aHa-
713 MHPOPMAIIMOHHOH eAUMHHMIIBI (MOAENH, CUCTEMEI, Iporiecca, 06beKTa, TEXHO-

JIOTHH) BBEIMIAANT CIEXYIOUINM 00pasoM:
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Mogenb IOMKHA BIUTIOYATh TPH COCTAaBHbIE YacTH:

CHHTAKCHC - NPaBHJIa OCTPOEHHA H KPUTEPHH NMPHHAUIEKHOCTH K BUAY;

CEMAaHTHKY - METObl 0TOOpaXkeHHs HHpopMaLH 06bekTa B MHOOpPMaLIHIO
MOJIEJIH H caMy 3Ty HHOpPMaLiHIo;

NPArMaTHKY - M0JIE3HOCTb, METO/IbI OLIEHKH NOJIE3HOCTH MOJEIH.

TakuM o6pa3oM, CEMHOTHKa BBIEISET TPH OCHOBHbIE XapaKTEPHUCTHKH
MOJIE/IH KaK 3HaKOBOH CHCTEMbI: CHHTAKCHC, CEMaHTHKa H NparMaTuka.

JTOT noaxoj onpejelseT colepKaHUe eMEHTapHOH (aToMapHOit) Moze-
JIM KaK 3JIEMEHTapHOM €AMHMLbl [JaHHBIX, BIJIIOYAIOLUCH: MpaBWiIa NOCTpoe-

HHS, HMS 00BbEKTa, CBOACTBA 00BEKTA, 3HAYEHHS CBOMCTB.

BbIBO/IbI

1. Monens maHHeix B AMMC, ocHOBaHHasi HA CEMHOTHYECKOM IMOAXOAE He-
3aBHCHMO OT Crioco60B NMOCTPOEHUA H BHAOB MoJesiel TpeOyeT HalHYMsA B Kax-
oo MoaenH (IaHHBIX) HHGOPMALIMH TPEX €€ KaYeCTBEHHBIX YacTeil : CHHTAKCH-
4eCKOM, CEMaHTHYECKOH, TParMaTH4eCcKOM.

2. OtcyTtcTBHe Kakod MO0 M3 TpeX YMOMSHYTHIX YacTei TOBOPHT O He-

CTaHIAPTHOM (HEIMOJIHOM) IOCTPOEHHH JaHHOH HHPOPMAIIHOHHON €MHHLIbL.

5.2. OCHOBHBIE XAPAKTEPUCTHKH M BUJbI HHOOPMALIUOH-
HBIX MOJAEJEN JAHHBIX

Mogens oTpaxkaet HaubGonee obLiMe CBONCTBAa 00BbEKTa WIIH HCCIIELYEMOTo
npouecca. Mcnons3oBanue pasiHYHBIX acMEKTOB PAcCMOTPEHHA M Pa3IHYHBIX
KPHTEPHEB OLIEHKH MoJielNei JaHHBIX TN03BOJISET NPOBOAMTh OOBEKTHBHAIH CpaB-
HUTE/IbHBIN aHATH3 1A BEIOOpa ONTHMABHOM MOJIENH K KJIACCy pelIaeMbIX Mpo-
Onem.

C no3uumit arperauvy (B3auMOCBSAI3M) OTAENBHBIX YacTell MOIENH MOXKHO

TOBOPHTDb O CTPYKTYPE HJIH CTPYKTYPHPOBAHHOCTH MOJCIIH.
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OnHMM M3 OCHOBHBIX CNOCOOOB CTPYKTYPH3allMM NaHHBIX ABAsieTcA abcT-
pakuus. OHa ucrnone3yercs Kak Aas o6pa3oBaHMs KaTeropud AaHHBIX, TaK H

[Jig NOCTPOEHHA OOHHX KaTCI‘OpHﬁ Ha OCHOBE NpYI'HX.

5.2.1.CunbHo 1 ¢j1a60 THRNH3HPOBaHHbIE MO/E/H

OnHO M3 MPOTHBOpPEYMIi OMMCAHUS MOJeNield 3aK/IIOYaeTcs B CTpeMile-
HHM, C OJIHOM; CTOPOHBI, OTPa3HTh OOLIKE CBOMCTBA Kilacca 06bEKTOB, C ApYyroi
- HHOMBHUIyaJlbHblE MPH3HaKH GoJiee y3KOro noakiacca U HaKOHeL HHAMBHIYallb-
Hble PU3HAaKH KOHKPETHOro 00bekTa.

ITOT acneKkT pacCMOTPEHHA [MPHBOIHMT K pa3lieNIEeHHIO MOAeNel JaHHBIX
Ha J1Ba KJIacCa: CHJILHO THITM3UPOBAHHbIE U CNIA60 THIIH3UPOBAHHBIE.

CHIIBHO THITH3UPOBAHHBIE - 3TO MOJEH, B KOTOPHIX GOJBIIHHCTBO JaHHBIX
YIOBJIETBOPAIOT HEKMM YCJIOBHAM M OIPaHHYEHMSAM U MOTYT ObITb OTHECEHbI K
y3KoMy noakiaccy (Tviy).

Ecnu ucxoaHbli qaHHbIE HENb3d OTHECTH K OJHOMY THITY, TO HX MOXHO C
NOMOLIBIO HCKYCCTBEHHBIX NPHEMOB ( BBEIEHHEM JOMNONHHTEIbHBIX YCIOBHH HIH
OrpaHH4€HHit) OTHECTH K Habopy THIIOB.

Cnabo THNH3HPOBaHHbBIE MOJEIH 3TO MOJENH, B KOTOPBIX N3HHbIE pa3HO-
poaHsl o ¢popmary, cTpykrype. OHH B 061eM c1abo CBSI3aHBI YCIIOBHAMH OTHO-
CHTEJIbHO H3BECTHBIX THIOB .

IIpumepoM cunpHO THNM3MpOBaHHBIX AaHHBIX B [HIC cimyxart koopauHaTt-
Hble (METpHYECKHeE) NaHHbIE.

IpumepoM cnabo TunusupoBatHbix Mozeneit B THC Moryt GwiTh onmca-
TeJIbHBIE XapaKTEPUCTHKH (BpeMEHHbIe Haboph! JaHHBIX).

CuNbHO THITM3HPOBaHHBIE MofieaH 3(PEeKTHBHE NMpH 00paboTke OAHOTHN-
HbIX MOTOKOB AaHHBIX. Cnabo THMM3HpOBaHHBIE MOJENH 00ecne4yHBalOT MHTeE-
rpauuio Kateropuit naHHbIX. [IpenenbHas BO3MOXHOCTb HCHOJB30BaHHS TaKHX

MoJeeit obGecrieynBaeTcs HCYHCIIEHHEM NpeaHKaToOB.
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5.2.2. CraTHYecKHe H AHHAMH4YeCKHE MOAE/IH

C ﬂOBHuHﬁ U3MEHYHBOCTH MO>XHO BBIAEC/IMTH IBa Kjacca MojaejeH: CTaTH-
YeCKHE, IMHAMHYECKHE H KBAa3HIHWHAMHYECKHE.

K craTHYecKMM OTHOCAT MOA€JH HMHBaApHAHTHBIE OTHOCHUTEJILHO BPEMEHH.
Onu CITy)aT AJIA ONMHCAaHHA MPOLECCOB H ﬂBHeHHﬁ, HE3aBHCALLUX OT BpEMEHH.

JlMHaMHYecKHe MOJENH He TONBKO HOITyCKAlOT M3MEHEHHE MapaMeTpoB W
CTPYKTYp BO BPEMEHH, HO H CJTy)KaT IJiIs ONMHCAHHA H3MECHEHHA MMPOLECCOB M MO-
neneit MMEHHO BO BpeMeHH. IlocTpoeHHe OMHaMHYECKHX Mojene#i (Hanpumep
IJ1s 3ajlay ynpaBleHHs) Kak MpaBHIIO Oojee CI0XKHO YeM MOCTPOEHHE CTaTHye-
CKHX.

ITo3ToMy B HEKOTODBIX CITy4asiXx NPHMEHAIOT KBa3HAWHAMHUYECKHE MOMENH
KakK yrnpolleHHe JUHaAMH4YECKHUX. .

KBasuanHaMHueckHe MOJEIH - 3TO MOJIENIH, B KOTOPhIX BpEMEHHOI HHTep-
BaJ1 AEHCTBHA MOJEJH pa3OuBaeTcs Ha NEpHOJB], IS KOKIOro U3 KOTOPBIX CTPO-
UTCA cTaTHYecKas Mojenb. TakuM 06pa3oM, KBa3HIHHAMHYECKHE MOJEIH MOXHO
paccMaTpHBaTh KaK COBOKYNHOCTh MEHAIOLIMXCA H B3aHMOCBS3aHHBIX CTaTHYe-
CKHX MoJeJieii.

IpumepamMu AMHAMHYECKHX M cTaTHdeckux Mmopened B I'MC moryt cy-
XUTb [JBAa BHIA 3/IEKTPOHHBIX KapT. DJIEKTPOHHBIE KapThl B PEXXHME pa3jelieHus
BpeMeHH (3/IEKTPOHHBIE aTJIachl) MPEACTABIAIOT PEaTH3alMI0 CTATHIECKHX MO-
neneii, B TO BpeMs KaK JIEKTPOHHbIE KapThl B peasIbHOM MaciuTabe BpeMeHH (Ha-
BHIaLMOHHbIE CHCTEMBI) MOTYT CITyXHTh IIPHMEPOM THHAMHYECKOH MOJEIH.

CreqyeTr nog4YepKHyTh, YTO MOHATHE M3MEHYHMBOCTH MoOJCieH NaHHbBIX B
MH(OPMALMOHHBIX CHCTEMAX - OTHOCHTENBHO, TaK KaK BCA MHQOpMALMi HOCHT
BpEeMEHHOMN XapaKTep M 4epe3 KaKoi -To mepHo] BpeMeHH TpebyeT oOHOBIEHHs
(akTyanusauuH).

TMo3ToMy npHMeHeHHe MOHATHH CTaTHCTHYECKHE H JMHAMHYeCKHe Mofe-

NM NaHHBIX TpeGyeT yka3aHWA NepHOfa BPEMEHH, KOTODBIH HCMOJb3yeTCs B
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1iportecce HCCNef0BaHUR HIIH YKa3aHus aﬂbTepHaTMBHOﬁ MOJEIH NMPH CPABHEHHH

¢ UCXOOQHOHM.

5.2.3. AHasorosblie H IHCKpPeTHbIE MOLEJIH

[To cniocoby oTobpaxeHuns 06beKTa B MOIEIb MOXHO TrOBOPHUTh 00 aHaio-
roBoil M AMCKpeTHOW Monensx. IIpumepaMH Takux MoneneH MOrYT CIIYyXHMTb
00bIYHBIH GOTOCHUMOK M CKAaHHPOBaHHOE H300paXkeHHe CHUMKa.

AHaJioroBble MOJENH B CBOIO ovepelb pa3GHBalOTCA Ha ABE IPYMIbL: Mps-
MO#i M KOCBEHHOH aHAJIOTHH.

K nepBoit rpynne OTHOCATCA MOJENH ,CO3AaBaeMbie Ha OCHOBe ¢u3Hue-
CKOrO MOJEJHMPOBaHHA: aHAJIOTOBbIE KapThl, MOJEIH CydOB, CaMOJIETOB, FHAPO-
TEXHHYECKHE COOPY)KEHHSA M T. IL.

Ko BTOpOIi rpynne (kocBeHHOH aHaNIOTHMHM) OTHOCATCS MOJENH CO3/aBae-
Mble Ha OCHOBE MaTeMaTHYECKOro MOJETHPOBaHUA (aHATHTHYECKOTQ ONHCAHHA),
HanpuMep, uugpoBas Moaens penbeda, NOCTPOEHHas Ha OCHOBE aHAIMTHYECKO-
ro onHcaHus noBepxHOcTH. K 3Toif ke rpymnmne OTHOCAT MOJEINH, NMOCTPOEHHbIE
KBa3HaHAJIOTOBBIM CNIOCOO0M, OCHOBAHHOM Ha MPHHLMIE SKBHBAIEHTHOCTH.

JlnckpeTHbIe MOIEIM OCHOBAHbI Ha 3aMeHe HerpepbiBHBIX QYHKUMI Ha-
60OpoM AMCKPETHBIX 3HaYeHHH apryMeHToB ¥ ¢yHKLMH. JIMCKpeTHOCTb onpeae-
nfeTca wazom keéawmosanua. Jins HeoOXOAUMOCTH COXpaHEHHA WHPOpPMAaTHB-
HOCTH JAMCKPETHOH MOJIENH 110 OTHOLIEHHIO K 00BEKTY LIar KBaHTOBaHHS BHIOH-

paeTca € Yy4€TOM TECOpEMbI Illennona - Kotensnukona.

5.2.4. MacwiTab aeficrBus moaenn
Jlns Monesnei, ONMHCHLIBAIOLMX MPOCTPAHCTBEHHBIE OOBEKThI WIH ABIEHHA,
CyLLeCTBYeT MOHATHE Maciutaba geficteus Mogenu [19]. 3To coBepuieHHo HHoe
MOHATHE N0 CpaBHEHHIO ¢ MaciuTabom kapThl. Hanpumep, Moenb 3kooru4yecko-
ro MOHHTOPHHIa rOpPOJCKOro paioHa HEMpHMEHHMA [UIA OMMCAHHA JKOJIOTHYE-
CKOIi CHTYaLlMH ropojia WiH obnacTH. Mozesnb 3K0IOFHYECKO# CHTyalluH perHoHa

MOXXET HMETb MEHLLUYIO A€TAIH3ALHIO, Y€EM MOECIIb ropoaa.
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Macwrab neiicTBUs MOZENH ONpelenseTcs B NepByI0 O4epeab ee TOYHOCT-
HBIMH XapaKTEPHCTHKAMH M JETAIbHOCTbIO, BO BTOPYIO - TE€PPHUTOPHAIBHBIMH
pasMepami 00beKTa Hcciel0Bakuil H HAGOPOM MapMeETPOB MOJIENH, Ha3bIBAEMBIM
TaKXKe MPOCTPAHCTBOM MapaMeTpOB.

Takum oOpa3oM, MofeH, MMEIOILHE PaBHOE NPOCTPAHCTBO [APAMETPOB
1103BOJINOT OCYLIECTRIATL HHPOPMALHOHHBIA 0OMEH, a MOZIENH, OXBaThIBalOLLHE
OJMHAKOBbIE TEPPHTOPHH, MO3BOJIAIOT MONY4YaTh 00OOILEHHbIE XapaKTEPHCTHKH

Ha JaHHYIO TEPPHUTOPHIO.

5.2.5. XKn3nennnbtil nHKA MoaeIn

Mopens kak HH@pOpMalUMOHHaA 'nponykuml He cyulecTByeT BeyHo. OHa
paspa6aTniBaeTcst M 3QPEKTHBHO HCMOML3YETCA B TEYEHHE NEPHOAA, KOTOPbIi Ha-
3bIBAIOT JKH3HEHHBIM LMKIOM. JKH3HEHHBIH LMK ABISETCH XapaKTEPHCTHKON
BceX HHPOPMALIMOHHBIX M TEXHOJIOrHYECKHX TPOYKTOB.

CyuiecTByIOT pa3Hble CnocoOBl OLIEHKH NEPHOJOB XH3HEHHOro LuKia. B
«netne Kadyecrsa», ompegensemoii cranaaproM ISO 9000-9004 seinensior 11
3TanoB. B 3aBHCHMOCTH OT acneKTa pacCMOTPEHHS MOXXHO 10 pa3sHOMY ollpeje-
JIMTb JKM3HEHHBIN LMK MOJENH, HAPUMEP, TEXHOJOTHYECKHH, PBIHOYHbIH, WH-
¢$opmaLHOHHLIi H T.N1. B MHHHMAIPHOM BapHaHTE HACYHTHIBAIOT YETHIPE ITana
XH3HEHHOro uMKia. 1A HHPOpMaLIMOHHOM MOZIENH MOXKHO BBIIAEIHTS ILecTDb (a3
KH3HEHHOTO LIMKJIa:

¢a3a pa3paGoTKH KOHLIEMLIHH;

¢a3a pa3paboTKH NMPOEKTa MOAEITH;

¢a3za peanuzaluy MOZEIH;

¢aza IKCIUTyaTaUHH H aKTyalH3alHH MOJENH

¢a3a MosepHH3aLIHH;

(a3a 3aBeplIeHHA IKCILTYaTALHH MOJIENTH

Ha niepBoii ¢a3ze cozgaercs KOHLENTyalnbHad cXeMa pa3paboTKH H HCMONb-

30BaHHUA MOACIIH.
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KonuentyannHaa cxeMa onpeaensieTcss Kak HENMPOTHBOPEYHBAs COBOKYTI-
HOCTb BBICKa3blBaHHM, HCTHHHBIX AJIs JaHHOH NpeaAMETHOH o6yacTH, BKJIOYas
BO3MOXHbBIE COCTOSIHUS, KTacCU(UKaLWH, 3aKOHBI, paBuia [21].

Ha sTane pa3paGoTku NpoekTa OCyLIECTBISAETCS CTPYKTYPHOE MPOEKTHPO-
BaHHeE, IEKOMITO3MLMA 3a/1a4 U MOMCK pELUEHHU 3aaay ¢ MOMOLLbI0 JaHHOH Moje-
SH.

Ha ¢aze peanusauuy ocylecTBIseTCs NOCTPOEHHE MOAETH Ha OCHOBE TMpo-
rpaMMHO-aINapaTHbIX CPEACTB.

Ha ¢aze skcruryaTaimu oCyILEeCTBIAIOT MpakTHYeCKHe paboThl M aKTyallH-
3aLMIO JaHHBIX Ul NPUBEINEHHS XapaKTEPUCTHK MOAENTH € COOTBETCTBHH C U3Me-
HAIOIMMHCSA BHELIHHMH YCIOBHSAMH.

MopepHu3auMs MOAENH HanpaB/eHa Ha €€ COBEPLIEHCTBOBAHHE U NpoaJie-
HHEe NepHOaA IKCIUTyaTallMH.

®a3a 3aBeplIEHMA JKCILUTyaTallH¥ MOJENM OYEHb BaXKHA, TaK KaK MOMHMO
KOHCEpPBALIMM MOJIENH, KOTOpasi YXe HE JOCTAaTOYHO OTPAXKAET CYILECTBYIOLUYIO
peasibHOCTh, HE06X0AUMO 06ecreyHTh NPEEMCTBEHHOCTh B Nepeaaye AaHHBIX OT

ycTapesliei MOAENH K HOBOM.

5.3. ®OPMbI IPEJICTABJIEHUS MO/IEJIEA JAHHBIX

ACneKT mnpeacTaBleHHs Mojeneil pasrpaHHYHBaeT MOJENH MO YeTHIpEM
OCHOBHBIM (hopMaM MpeACTaBJIEHUsA: aHAIMTHYECKHE, TabIH4HBIe, rpaduuecKkue U
rpadoBeIe.

AHanuTHYecKas (opmMa NpeICTaBiseT MoIeib B Biae GOpMyIsl, aHAIU-
THYECKOTO BHIPAXKEHHS, COBOKYTHOCTH aHAJTMTHYECKHX BBIPRXEHHUI (ypaBHEHHI).
OHa npuMeHsieTcs NP U3BECTHBIX 3aKOHaX MOBEIEHUs MOJIEH WIH 00beKTa.

I'pajpuueckan popma ucnonssyer orobpaxeHHe COBOKYNHOCTH Mozenei
WIH JaHHBIX B BUIE KPUBBIX, rpadHKoB, quarpamMM. OHa HaubosIee YacTo mpHMe-
HSAETCS NPH HATHYUH CTATHCTHYECKHUX JAHHBIX U NPH U3BECTHOM aHAJMTHYECKOM

OIMMHCAHHUH MOJCJIY, T.€ ABIACTCA (popmoﬁ B3aHMOCBA3aHHOM C AaHAJTHTHYECKOH.
43ax. 992



50

Tabanunas ¢opma 1aeT NpencTaBICHHE MOJIENH WIH €€ XapaKTepUCTHK B
BMAE OJHOW WIH COBOKYNHOCTH B3aHMOCBS3aHHbIX Tabiauiu. OHa npumMeHnsercs
NpH onMcaHuu aTpHOyTOB M npH cbope cTatHcTHueckod uHpopmaumu. Ciaenyer
MOJYEPKHYTh, YTO MPH 3TOM JaHHbIE B fueiikax TabaHLbl HE MOIYT 3aHOCHTHCS
MPOM3BOJIBHO, OHH TNOAYHHAIOTCA OINpEJENEHHbIM MpaBWIaM, B YACTHOCTH, 110
cTonb1L1aM pacroiaraloT THIIH3HPOBAHHbIE JAHHbBIE.

I'padoras popma ocHoBaHa Ha mpe]CTaBICHHE MOJENH B BHIE rpaduye-
CKO¥M cxeMbl Ha3biBaeMoH rpadom. OHa MpPUMEHAETCS NMPH ONMHCAHHH CTPYKTYP
MojieNed JaHHBIX, NpoLieccOoB 0OPabOTKH HIIH YNIPaBIEHNS H ONMHCAHUM CIIOXHBIX
CHCTEM.

CxeMa BKJTIOHAET MIEMEHTBI rpada, Ha3bIBAEMBIE BEPIIMHAMH (y3JIaMH) H
pebpamu (yramu). B oTiH4MH OT IPOH3BONBHO HApHCOBAaHHOM CXeMbI rpadoBas
MOJieNb, KaK ¥ Tabau4Has MOJENb, CTPOHMTCA N0 ONPEJETEHHEIM NPaBIIaM.

B yacTHOCTH, Kax0e pebpo MOXeT OBITh OPHEHTHPOBAHO, ECIIH ONpPE/eNeH
MyTh OT OJHOH BEpUIMHBI K ApYrod, H HE OPHEHTHPOBAaHO, YTO COOTBETCTBYET
BO3MOXXHOMY ITyTH OT OHOH BEpLIMHbI K IPY[OH B 00€HUX HanpaBIECHHAX.

[IpocTeiimuM NpHMEpOM OPHEHTHPOBAHHOTO rpaha MOXET CIYKHTh BeK-
TOp B TPEXMEPHOM MPOCTPAHCTBE, 3 HEOPHEHTHPOBAHHBIM IPaoM cXxeMa METPO-
nonuteHa. KpoMe BepIliMH H pebep CylIeCTBYIOT APYrHE 3JIEMEHTHI, 3HaYEHHe
KOTOpBIX HE CTOJIb CYIIECTBEHHO HA JAHHOM 3Talfe pacCCMOTPEHHA MOJeEINEH.

I'padosas ¢popma no3sonseT HopMaTU3OBAHHO NMPEACTABIATE H HCHONB30-
BaTh NpH 06paboTKe TOMONOrMYECKHE CBOHCTBA OOBEKTOB.

B uenom ¢popMsl npeacTaBieHns MojeNeil peanHsyloTcs CpeACTBaMH KOM-

NBIOTEPHOH rpaduKy U 1en0Boi rpaduky.



6. TUC KAK OBOBILIEHHASI UHTETPUPOBAHHAS
WUH®OPMALIMOHHASI CUCTEMA C ITIPOCTPAHCT-
BEHHOM JIOKAJIM3ALIMEN JAHHBIX

PaccMoTpeB HHOPMALIMOHHbIE CUCTEMBl C MPOCTPAHCTBEHHOM JIOKATH3a-
IUMEH JaHHBIX MOXHO NEepeHTH K pacCMOTPEHHIO reOMHGOPMALMOHHBIX CHUCTEM,
KOTOpBIe MOSABUINCH KaK MPaKTHYecKas MOTPeOHOCTh 0006LIEHHS TAKHX CHCTEM
Ha OCHOBE MHTETPALHH.

JtoT noxxon no3poJget onpeaenuTs [MC kak MHOroacnekTHyio aBTOoMa-
TH3UPOBaHHYI0 MHTErPHPOBAHHYI0 HHYOPMALIHOHHYIO CHCTEMY C MpPOCTPAHCT-
BeHHOH Jokanu3auuei gaHHeix. [MC ob6obuaer B cebe obimme cBoiicTBa HH-
(opMaLIMOHHBIX CHCTEM 3TOTO KJIacca U ABJIAETCS pa3BUTHEM Takux cucteM [40].

B cBs3u ¢ HeyeTkoH TepMHHONOrHeR ynorpebnseMoil pAIOM aBTOPOB H B
nepByIO o4yepesb reorpados, clieqyeT yTOYHUTH HEKOTOPhIE MOHATH.

Ipn n3ydeHnn reonHOPMaLIMOHHBIX CHCTEM He CIIeyeT IMyTarh ABa paia
POINCTBEHHBIX NOHATHH. [lepBBIii psaa NOHATHI 06pasyloT 6onee 06mye TEPMUHEL,
cBs3aHHEIe ¢ reonHdopMaTukoi u THUC:

leouHpopMaThka, reouHdpopmaLHoOHHAs cHCTeMa, reouH$popMalHOHHasA
TEXHOJIOTHs, TeOMH(POPMAIIHOHHOE MOJETHPOBAHHE, TEOHHPOPMAIIMOHHHIH 00b-
€KT, reoHH(OpMAaLMOHHBIE TaHHBIE

Bropoit psan noustui 06pa3yioT TEpMHHBI, CBi3aHHBIE C reorpaduei:

leorpadms, reorpaduyeckas HHPOpMalMOHHAs CHCTEMa, reorpadudeckas
TeXHOJIOTHA, Teorpaduyeckoe MoOAeIHpOBaHHe, reorpadpuyueckuii obvexr, reo-
rpaduyecKHe qaHHBIE.

JTH ABa pAAa NOHATHI He SKBHUBAJICHTHBI. 3aMeHa MOHATHH reouHdopma-
THKH reorpa¢pM4eckvMH TEPMHHAMH - OIIHO0YHA. B HEKOTOPBIX CiTy4asx 3TH 1o-
HsATHs OJIM3KH, HO HUMeEIOT H pa3niyns. Hanpumep, reonndpopManoHHas cHcTeMa
(TUC) saBnsetca 6onee oOIMM NMOHATHEM MO OTHOILIEHHMIO K reorpadHueckoi uH-

dopmanmonHoii cucreme (I'HIC). I'eoundopmalimoHHas ciucreMa B obuieM ciyyae
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ABJIAETCA MHTEIPUPOBAHHOM CHCTEMOH, Hanpanneunoﬁ Ha MOJEPXKKY NPUHATHS
peleHHi B pa3IH4HBIX MPEAMETHBIX 061acTX

I'HC kak reorpaduyeckas HHGOPMALMOHHAS CUCTEMA ABIAETCSA CHELMATH-
3upoBaHHOM cHcteMoi. OHa (GYHKLMOHAIBHO HAmpaslieHa Ha pELIeHHe 3aJay B
obnactu reorpaduu.

I'MC kak reouHdopMaliMOHHas CHCTeMa ABJETCS 0000LIeHHEeM aBTOMATH-
3UpOBaHHbIX MHGOPMAlMOHHBIX CHCTEM C INPOCTPAHCTBEHHOM JOKaTU3aLHeH
JAHHBIX, OOJIBIINHCTBO U3 KOTOPBIX K reorpaduu M kaprorpaduu OTHOIIEHHA He
HUMEIOT.

Cnenyert pasnnyars [MC-cucremy u T'MC-texnonoruto. 'MC — texHonorus
3TO TeXHONOTHsd 00paboTkH HMHGOPMAaLMH, BKIIOYAIOIIAas MPUMEHEHHE CHCTEM,
kotopbie kK [MC He otHocatcsa. Coepa meiictus 'MC-texHonoruii mmpe, yem
I'C -cucteM. 310 0bycnosneHo TeM, uto [ MIC kak MHCTpyMeHTalbHas cUCTeMa
paboTaeT ¢ yHUPULHMPOBaHHBIMH JaHHBIMH, a [YIC -TexHOMOrNMM BKIOYaoT c6op
HeyHHU(ULUPOBAHHBIX PA3HOPOIAHBIX NAHHBIX, X NMEPBHYHYIO 00paboTKy, YHH-
¢dukauMio 4 mocnexgymourylo ob6paborky M npencraBneHde ¢ nomomsio I'MC-
CHCTEM.

B tabnuue 1 npuBeneHbl TEXHOJOTWH U METO/bI, KOTOpbIE n(;cnymunn oc-
HOBOH OpraHu3alMH TexHolornyeckux npoueccos B 'UC.

CokpallleHUs 03HavaloT.

ACHM -ABTOMaTH3MpPOBaHHbIE CHCTEMBI HAYYHBIX HCCIIEOBAaHHH.

ACHC - ABTOMaTH3MpOBaHHasd CNPaBOYHO HHPOPMaLIMOHHAA CHCTEMA.

ACOB3U - ABTOMaTH3HpOBaHHBIE CHCTEMBI OOpabOTKM 3KOHOMHYECKOMH
HHopMaLHH.

ACY- aBTOMaTHU3UpOBaHHBIE CUCTEMBI YIIPABJICHHUA.

MHC - mapkeTHHroBble HHGOPMALMOHHBIE CHCTEMBI.

CKI'p - cuCTeMBI KOMIIBIOTEPHOMN rpadHKH.

CTHUC - cratiucTHYeckHe MHOOPMALHOHHbIE CUCTEMBI

CVYB/I- cucTeMsl ynpaBiieHHs 6a3aMH JaHHBIX.
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COM - cucteMbl 06pabOTKH H300paXKeHHH.

Tabauua 1

CBs3b TEXHOJOTHIA aBTOMATU3HPOBAHHBIX CUCTEM C TEXHOJIOTHAMH I'MC

Ha3sBanue

AC

I/ICXOHHaﬂ TEXHOJIOI'HUA

[Mopoxnennas 'MC-TexHonorus

ACHHM

ABTOMaTH3HpOBaHHbIH cOOp

NEPBHYHBIX NAHHBIX

ABTOMaTH3HpOBaHHBIH cOop

NEPBHYHBIX NAHHBIX

ACHH

ABTOMaTH3UpPOBaHHBIH cOop
TIEpBUYHBIX JaHHBIX U UX
06paboTka ¢ Lenbto yHUudU-

KalHuH

“CKBO3HBIE TEXHOJIOTUH” cbopa

JAaHHBIX B MOJIEBBIX YCIOBHAX

CAIIP

IMocTpoenue npocTpaHCT-
BEHHBIX 0OBEKTOB Ha OCHOBE
TEOPETUKO-MHOXKECTBEHHBIX

OTHOLIIEHHH MeX Ty 0Obek-

TaMH

ITocTpoeHHe NPOCTpaHCTBEHHBIX
00BEKTOB Ha OCHOBE KOMOHHH-

pOBaHUs O0OBEKTOB

CATITP

I'padmyeckoe penakTHpoBa-
HHe 0OBEKTOB JUIS CO3AaHHU

HOBBIX HJIH OOHOBJIEHHA

I'paduueckoe penakTHpoBaHHe
0OBEKTOB Ul CO3JAHHS HOBBIX

WK OOHOBNEHHSA

CAITP

JlexoMno3nuua rpaguyecko-
ro oOpeKTa 10 TEMATHYE-

CKHUM IIpH3HAKaM Ha CJIOH

Jexomno3uums rpaduyeckoro
o6bekTa 10 TEMAaTHYECKUM IpH-

3HaKaM Ha TEMaTHYE€CKHE CJIOH

CAIIP

“

JexoMnosuuus rpadH4eckoro
00BEKTa 110 TOMOJOTHYECKUM
NpU3HaKaM Ha CIOH (TOYeYHbIe,

BEKTOpDHBIEC, HOJIHI‘OHaJ":Hl:le)
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CAITP

Komro3uuus obbekTa B BUAC

npoekTa

Komno3suuus kaptsl win uudpo-

BOW MOJEJIH B BHJIE MIpo€KTa

CAITP

Jlexomno3unus rpagpuiecko-
ro obbekTa Ha 6a3oBbl€e rpa-

q.)H‘lCCKHC TNPHUMHUTHBBI

[TpumeHeHnune 6ub1HOTEK YCITOB-
HBIX 3HAKOB U1 OTOOpaxkeHHs

Ha KapTe€ TOYCYHBIX JJICMCHTOB

CAITP

Co3znarue, MogudHkaius
CTHJIEH TeKCcTa, TUHHUH, MOJIH-

TFOHOB U1 BH3YyaJIU3allHH

rpaduku

Co3nanue, MoaudHKaLMs CTH-
JIeH TEKCTa, IMHHH, IOJIMTOHOB

JUIS BU3yanu3aLuH rpaduku

CAITP

Hcnonb3oBaHue MeEXaHH3Ma
Koopmma'moﬁ CCTKH IJiA
TNMPUBA3KH 00BeKTOB M orpe-
JACJICHHUA X B3aHMHOTIO [10-

JIOXKCHHA

Hcnons30BaHue MEXaHH3Ma reo-
rpaduuecKoif CETKH Ui NIPHBA3-
KH 0OBEKTOB H ONpefeNIeH! UX

B3aHMHOTI'O INOJIOXXCHHUA

CAITP

Hcnonb3oBanue arpubyToB
00BEKTOB U1 H3MEHEHUA
BH3yaJIH3aLIMH [IPH U3MEHE-

HHH MaciuTaba

Hcnons3oBanue aTpuOyTOB 00B-
€KTOB JUI TeHepallu3alMH Kap-
TorpaduyecKix o6bEKTOB NpH

H3MEHEeHHH MaciuTaba

HOCTpOCHHC TEMATUYCCKHUX
CBOIHBIX TaOJIHI HA OCHOBE

3anpocoB

IMocTpoeHne TeMaTHYECKHX KapT

Ha OCHOBE€ 3alpocoB

CYB

[TpuMeHeHNe METOI0B AeNo-
BO# rpadMKH 1715 BU3yaH-
3alMH CTaTHCTHYECKHX AaH-

HBIX

[IpuMeHeHHe METOIOB 1EI0BOM
rpaduKH 115 BU3yaIU3alHH CTa-

THCTHYCCKHX JAaHHBIX Ha KapTax

CYBI

[TpucBoenue atpubyTOB 01-
HO¥ TabauIb! aTpHOyTam

Ipyroi Tabnuupl Ha OCHOBE

I'eokoaupoBaHue
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CpaBHEHHUSA CXOOHBIX cTOJ16-

1oB TabnauL

CYBJ IIpumMeHeHue HHTepdeiica [Tpumenenune uHtepdeiica

ODBC a1 cBasu ¢ ynanes- | ODBC nns cssa3u [HC ¢ BHew-
HbIMH 6a3aMH JaHHBIX Hel 6a30# DaHHBIX

COH Koauposanue uHpopmauun | Koauposanue nupopmauvu B

B BHJIe KBaQJPOTOMHYECKOrO | BUIE KBAIPOTOMHYECKOTO fepe-
nepesa Ba
COHU Bekropu3aims pactpoBbix | BekTopu3aiuus pacTpoBbIX H30-
n306paXkeHus 6paxeHus

con ABTOMaTH3HPOBaHHOE pac- | ABTOMaTH3HPOBaHHAas TPAacCH-

NO3HAaBaHHE JIMHEHHBIX 00B- | POBKA JIMHEHHBIX U apeabHBIX
€KTOB 06bexToB

CKI'p |IIpumeHeHue MeTon0B Aeno- | [[ppuMeHeHHe METO0B AENOBOMH
BO# rpad MKy 11 BU3yau- |rpaduky It BU3yanu3alluH CTa-
3al[MH CTATHUCTHYECKHMX JaH- | THCTHYECKHX NaHHBIX Ha TeMa-

HBIX THYECKHX KapTax
CKI'p I'pynnupoBaHue U pasrpy- | ['eorpynnupoBaHue 06BEKTOB
NUpOBaHHE 0OBEKTOB

CKI'p [pumenenune nononuutens- | [Toctpoenue 6ydepHbIx 30H
HBIX 1apaMeTpoB 1115 o6pa-
30BaHHA HOBBIX 00BEKTOB Ha

OCHOBE CYLIECTBYIOLIHX
ACO3HU | IIpumenenue Habopa dopm [CoznaHue U npuMeHeHHe Habopal
st GopMupoBaHHs oT4eT- | opM LIt GOPMHPOBAHHA OT-
HOM OKyMEHTalUH YETHOH JOKYMEHTaLHH
ACY Cosmelnenue s3koHoMuYe- | CoBMelEHHE IKOHOMHYECKOH

CKO# MH(OpMaLMH ¢ No3u-

HHCbOpMal.[PIPl C NO3HLIHOHHBIMH
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HUHOHHBIMH JAHHBIMH IJ14
NMPOCTPAHCTBECHHOI'O aHAa/IU3a
H ONNMTHMH3AlIHK DKOHOMHYE-

CKHMX 3aaa4

JAAaHHBIMH U1 NIPOCTPAaHCTBEH-

HOI'o aHajIn3a U ONTHUMH3ALIHH

3KOHOMHYECKHX 3aaay

[TpHHsaTHE pelieHuit Ha oc-
HOBE ONTHMH3ALIUH aHa/IH-
THYECKMX PElIEHHH IKOHO-
MHUECKHX H yMpaBjieHYe-

CKHX 3aJa4

Ilonnepxka NpUHATHA peLIEHHH

Ha OCHOBE€ ONNTHMH3allHH aHAJIN-

THYECKHX pELUCHUH, JOMONHEH-
HbIX BH3YaJIbHbIM NpEACTaBIIe-
HHeM HHPOPMAaLMHK B BHAE KapT

U eN0BOMH rpad ke

MHC

PelleHne MapkeTHHIOBBIX
3a/ia4 Ha OCHOBE aBTOMaTH-
3HPOBAaHHBIX HHPOPMALIMOH-

HBIX CHCTEM

PeweHne MapkeTHHroBbIX 3a1ay
Ha OCHOBE MPUMEHEHHS F'€OHH-

(hopMaLIMOHHBIX CHCTEM.

MMC

”

PeieHue MapkeTHHroBbIX 33134
Ha OCHOBE JOMOJIHHUTENBHBIX
BO3MOXXHOCTeH reoHH$opMaLH-
OHHOTO MoJenupoBaHus. ['eo-

MapKETHHI

CtHC

Pa3pabotka knaccugukaro-
POB [UIA YNIOPAAOYEHHA Xpa-

HUMOH MHbOpPMaLMH

Pa3pa6otka iaccupHKaToOpoB
IUISL YOPAAOYEHHUS XPaHUMOTH

nHbopMaLHH

CtHC

anMCHCHHe METOO0B CTa-
THCTHYECKOTr0 aHaKu3a Tab-

JIHYHBIX JaHHBIX

OI'paHH‘lCHHOC INPUMEHECHHE ME-
TOAOB CTaTUCTHYECKOro aHajiu3a

TaOJIHYHBIX JAHHBIX

CtUC

IInpokoe npuMeneHue 6a3

JaHHBIX

OrpaHn4eHHOe pUMeHeHHe 6a3

JaHHBIX
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Kak mokasbiBaeT CpaBHMTENIbHbIH aHain3 B Tabsuue 1 GOJIBLIMHCTBO TeX-
Hosmorud U MetonoB I'MC 3aUMCTBOBaHO NOJHOCTBIO, YACTHYHO HIH SABIAIOTCS
pa3dBUTHEM YK€ CyLLECTBOBABLIMX TEXHOJOTHHA IPYTrHX CHCTEM C MPOCTPAHCTBEH-
HOM Nokasu3auden aaHHbIx [20, 40].

Ax”anus Tabauusl 1 noareepxaaet, yro I'MIC sBnsercs coBpeMeHHbIM
06061LIeHHEM aBTOMAaTH3UPOBAaHHOM MHTErPUPOBaHHON HHGOPMALIMOHHON CHC-
TEMbl C MPOCTPAHCTBEHHOW JOKalM3aLHeld NaHHbIX, B KOTOPOH 3aHMCTBOBaHbI
METOIbl M TEXHOJIOTMH M3 JPYrHX paHee CyLIECTBOBABIUMX HH(CPMaLMOHHBIX
CHCTEM.

Ha6onbuiee yncno BaxHenwnx texHonorud 'MC 3aumcrBoBaHo uz CAIIP
"(1a6.1). ITO NaeT OCHOBAHHE YTBEPXAATh, YTO OCHOBON MHTErPALIMH TEXHOIOTHi
B 'UC saBnserca texHonorus CAIIP.

OcHoBo#t cBsa3u Mexay obbvektamu [MC sBnsercs MO3HLMOHMPOBAHHE B
CHCTEME KOOPAMHAT 3eMHO# MOBEPXHOCTH. JTO aeT OCHOBAHHE FOBOPUTH O TOM,
4TO OCHOBO# MHTerpauuu faHHbix B [MC sBnstoTcs reorpaduyeckse KOopauHa-
TBI.

Opuum 13 ocHoBHbIX oTnuuuii [MC ot gpyrux AC ¢ npocTpaHCTBEHHOIH
JIOKaJIM3aLyei clemyer CYHTaTh PUMEHEHHE TeopHH rpad)oB Ui CO3JaHHUA TO-
TONIOTHH JIHHEHHBIX H apeabHBIX 06BEKTOB M MCMOIb30BAHHE KPHBOJHHEMHBIX
CHCTEM KOOpIOHMHAT H KapTorpapuyecKux MPOEKLHH JUIA CBA3M NMPOCTPAHCTBEH-

HBIX 00OBEKTOB C TOYKAMH 3€MHOM TMOBEPXHOCTH.

6.1. MHOI'OACHIEKTHOCTb I'HC

Hurerpauns 'MC ¢ apyruMu aBTOMaTH3HPOBAHHBIMH CHCTEMaMH TMOPOX-
naet MaoroacnektHocts T UIC. B TMIC ocyuecTBnseTcs koMIuiekcHas o6paborka
MHpopMaLuK OoT cOopa JaHHBIX 10 €€ XpaHEHHs, OOHOBJIEHHA H NpeCTaBIEHHA,
noaroMy crnexyer paccMoTperh 'MIC ¢ pa3nmHyHBIX MO3HLMH.

Onxo u3 ocHoBHBIX HasHayeHHH [HIC - nmoanepxka NpHHATHA pelleHHH

ynpasnenue. Kax cucmemor ynpaenenus TYIC -npeanasHayeHsl i obecrieyeHus
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npoiecca NMPUHATHA PELeHHH 10 ONTHMAIbHOMY YIIPaBJICHUIO 3€MJISIMH U pecyp-
CaMM, TOpOJCKHM XO3SHCTBOM, OPraHH3alMH TPAHCIIOPTa M PO3HUYHOI TOProB-
JIH, HCTIONIb30BaHHIO OKEAHOB WIH APYTUX POCTPAHCTBEHHBIX 0OBEKTOB.

B oTauyMu oT aBTOMaTH3HWpOBaHHBIX cucTeM yrnpasieHus ACY B UC no-
ABJIETCA MHOXECTBO HOBBIX TEXHOJIOTHH NMPOCTPAHCTBEHHOrO aHAIM3a NAHHBIX,
06bEIMHEHHBIX C TEXHOJOTHAMH 3JIEKTPOHHOTO 0dHCa H ONTHMH3ALMH pELIEHHH
Ha 3To¥ ocHoBe. B cuiy storo I'MC sBnsercs 3¢pdexTHBHBIM cpeacTBOM Mpeos-
pa3’oBaHUA U CHHTE3a Pa3sHOOOpa3HbIX JaHHBIX A 3aa4 YIpaBIeHHs,.

Kak 2eo cucmemti THC uHTErpupyloT TexHosnoruu cbopa uHpopmauuu
TakuX cucTeM Kak: ['eorpaduueckue HH(‘I).OpMaLlHOHHbIC cucremnl (I'YIC), Cuc-
TeMsl kaprorpa¢puyeckod uHpopmauun"(CKH), ABTOMaTH3HPOBAHHbBIE CHCTEMBI
kaprorpadupoBanus (ACK), AsroMaTH3upoBaHHBIE ()OTOrpaMMETPHUYECKHE
cuctemsl (ADC), 3eMenbhble uHpopmaronusie cucteMs! (3IC), ABTomarusu-
poBaHHble kanactpoBblie cucteMsl (AKC) u T.m.

Kak cucreMsl, ucnonvsyrowue 6azer dannsix, F'IC xapaktepHb! IHPOKUM
HabopoM JaHHBIX, COOMpaeMbIX C MOMOLIbIO Pa3HbIX METONOB M TEXHOJIOTHIA.
IIpn 3TOM cnemyeT moaYepKHyTb, YTO OHH OOBEAUHAIOT B cebe BO3MOXKHOCTH
TEKCTOBBIX U rpa¢Hueckux 6a3bl JaHHBIX.

Kak cucmemsr modenuposanus TYIC Hcnonb3yloT MaKCHMabHOE KOJIHYe-
CTBO METOAOB W MPOLIECCOB MOJETMPOBAHHU, IPUMEHAEMBIX B IPYTHX aBTOMATH-
3MPOBaHHbIX CHCTEMaXx M B nepByto ouepens B CATIP.

Kak cucmemor nonywenun npoexmnuix pewenuti THIC Bo MHOTOM HCHONb-
3yIOT KOHHLENUHMU H METObl aBTOMAaTH3HPOBAHHOIO NMPOEKTHPOBAHUA M pelialoT
pAd CMELMANbHBIX NPOEKTHBIX 3a/1ay, KOTOpble B THIIOBOM aBTOMAaTH3MPOBaHHOM
NPOEKTUPOBAHNH HE BCTPEYAKOTCH.

Kak cucmemer npedcmaenenun ungpopmayuu T'YIC sBnsioTca pasBUTHEM
aBTOMaTH3HPOBAHHBIX CHCTEM JOKYMEHTAlLIHOHHOTO 0OecreyeHns ¢ UCNoNb30Ba-
HHMEM COBpEMEHHBIX TexHosoruit MultiMedia. OHn obnapaiot cpeacTBaMH Aeno-

:10) 7 rpaq)mm H CTaTUCTHYECCKOIro aHajiu3a U AOMOJHHUTEIbHO K 3TOMY Cp€ACTBaMH
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TeMaTHYecKkoro KkaptorpadpupoBaHus. KHMeHHO 3¢¢eKTHBHOCTh MoOcCneqHero
obecrieunBaeT pa3HOOOpa3HOe pelleHHe 3a4a4 B pasHbIX OTPAC/IAX IPH HCHOJIb-
30BaHUM HHTErPaLMK JaHHBIX HA OCHOBE KapTorpadu4eckoii HHopMalHH.

Kak npuxnraonvie cucmemor, T'MIC He uMerot cebe paBHBIX MO LIKPOTE, T.K.
NPUMEHSAIOTCS B TPAHCMOPTE, HAaBUTaLIMH, T€0NIOTHH, reorpadui, BOEHHOM [ee,
Tonorpapuu, IKOHOMHKE, IKOJIOTHH U T.A.

I'MC xak cucmemsr Macco8ozo nonb3oéarnua NO3BOJAIOT UCTIOIB30BATh Kap-
Torpadpuyeckyro HHGOpPMALIHIO Ha YPOBHE A€N0BOH rpadHKH, 4TO JejaeT uX 10C-
TYNHBIMH M060MY LUKONBHHKY WIH 6M3HECMEHY, a HE TOJIBKO CTNEUHAIUCTY reo-
rpady. FIMeHHO mnO3TOMy NpHHATHE MHOrMX peleHud Ha ocHoBe ['MIC -
TEXHOJIOTHI HE CBOIMTCA K CO3[aHHMIO KapT, a JIMLIb HCIONb3yeT Kaprorpaduue-

CKHE NaHHBIC.

6.2. TIPOCTPAHCTBEHHAS JJOKAJIM3ALIMSA JAHHBIX B T'HC

I'MC xak MHpOpPMALMOHHBIE CHCTEMBI C MPOCTPAHCTBEHHOMH JIOKATH3ALH-
eil DaHHBIX UMeIOT oOlIMe CBOMCTBA, MPUCYIIHE BCEMY KJIacCy M MHIHBHIYallb-
Hble CBOMCTBa, npucyuue Toasko I'MUC.

Kak nokasan aHanu3 B rnase | JaHHble pealbHOro MHpa, OTOOpaxkaeMble B
MHPOPMAIIHOHHBIX CHCTEMAaX C MPOCTPAHCTBEHHOM JIOKAIH3alHe NaHHBIX, He-
06X0AHMO paccMaTpHBaTh C Y4YeTOM TpeX acleKTOB: MPOCTPaHCTBEHHOTO, Bpe-
MEHHOTO M TEMaTHYECKOrO.

ITpocTpaHCTBEHHBIH aCNEKT CBA3aH C ONpeeCHHEM MECTOMOIOKEHHUS.

BpemenHo#i - ¢ U3MEHEHHAMH 0OBEKTa MIIHM NpoLiecca C TEYEHHEM Bpe-
MEHH, B YaCTHOCTH OT OJHOTrO BPEMEHHOro cpesa no apyroro. IIpuMepom Bpe-
MEHHBIX JIaHHBIX CITy)KaT pe3y/IbTaThi MepPENHCH HaCeleHHU.

TemaTH4YecKHif acrekT 00YyCNOBJIEH BKJIIOYEHHEM B HH(OPMALUOHHYIO
CHCTEMY TEMaTHYeCKOH HHYOPMALIMH HEKOH NpeqMETHOH 061acTH.

B ognux nHdopMaunoHHsIx cuctemax (Hanpumep, CTHIC) npocTpaHcTBEH-

HBIl acMeKT OTpaXKaeTcs C MOMOLIBIO CHCTEMbI KJIaccHdukaTopoB. B npyrix
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(CAIIP) npocTpaHCTBEHHBIH acMeKT pealu3yeTcs ITyTeM KOOpAHHHUpPOBaHHsA (T10-
3MLHOHUPOBAHHUA) TOUeK 06BbeKTa B [leKapTOBO# CHCTEME KOOPAHHAT.

B I'MC ucnons3yrorcs 06a noaxona, T.e. UCMONB3YIOTCA KI1aCCHGHKATOPDI
IS MPOCTPAHCTBEHHOH UHGOPMALIMK H MO3HLIMOHUPOBAHHE, HO B CUCTEME KOOD-
avHat nosepxHocTH 3emiH. Iocnennee ob6cToATeNnbCTBO TpeGyeT MpUBIEYEHHS
JOTIOJTHUTENIPHOTO MaTEMaTHYECKOTo amnmnapaTa s OTOOpaXeHHWs KPUBOJIMHEN-
HOM MOBEPXHOCTH 3eMJIH B BH/IE TUIOCKOH MOJIENH - KapThl.

CywectBeHHbM oTiHureM [HMIC oT apyrux MHQOpPMALMOHHBIX CHCTEM C
NIPOCTPAHCTBEHHOM NOKanu3alMeil JaHHBIX ABJIAETCA BKIIOUEHHE B ONMMCaHHE
[IPOCTPAHCTBEHHBIX OGBEKTOB TOMONOTHYECKHX XapaKTEPUCTHK M KJIaccH(HKa-
LM Ha 3TOH OCHOBE NPOCTPAHCTBEHHBIX OOBEKTOB Ha: TOUEYHBIE, JIHHEHHBIE H
TUIouIaiHble (apeabHble).

BpemeHHoO# acreKT, Kak NMpaBHJIO, BKIIOYAET TPH ¢aKTopa AOITOBPEMEH-
HbIH, cpeiHe BpeMEHHBIA H onepaTuBHbIA. C 3TUM acrekToM CBA3aHAa XapaKTepH-
CTHKa KauyecTBa WH(OpPMALMH - aKTyanbHOCTh M MpOLENypa aKTyanu3alMd AaH-
HBIX.

AKTyaqn3auHeH JaHHBIX - Ha3blBalOT Mpolenypy OOHOBIEHHA AaHHEIX
IUTA NIPUBEIEHUA UX B COOTBETCTBUE C M3MEHEHHAIMH B OOBEKTHBHOM peabHOCTH
00BEKTOB HCCIIEIOBaHUS HUIIH CPEMBI.

ITo BpeMeHHO# xapakTepucTHkH MHbOpMauus, xpanuMas B THC, ob6bruHO
nonpasnensercs Ha [29, 30]:

- JOJITOCPOYHYIO (AECATKH JIET XpaHEeHH!);

- CPEAHECPOYHYIO (TOMB);

- TOJIOBYIO U CE30HHYIO;

- OTIEpPaTHBHYIO.

OnHako BpeMeHHOii acnekT naHHbix B [MIC onpepenseTcs U KiaccoM pe-
waeMsix 3ana4. Hanpumep, B 6onbumHcTBe ['MIC onepaTHBHOCTb OMpEAENsSeTCs

OT O/IHO# Hezenu 0 ABYX-Tpex Henenb. B creunansHerx MoHHTOpHHTOBBIX ['HIC-
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cvcTeMax (BOEHHas pa3Bellka, aHA/IW3 Ype3BblUaHHbIX CHTYalHi) OnepaTMBHOCTL
MOXET COCTaBJIATh MHHYThI.

Tematnueckas undopmauus B [[MC He orpaHuyeHa. IMeHHO 3TO co3maet
BO3MOXHOCTb Hcrosib3oBaHua ['MC kak yHHBepcallbHOH MHPOPMALMOHHOM cHc-
TeMbl U pelleHUs pa3HooOpa3HbIX 3amay. Mano TOro, MMEHHO TeMaTH4ecKas
uHbopMaLMs SBJISAETCS OCHOBHO#M, B TO BpeMs KaK NMPOCTPAHCTBEHHas HHdopma-
LUHS CIIY>KHT CBA3YIOIHM 3BE€HOM Ul 0OBbEIHHEHHS, COMOCTABIEHHU, MOUCKA H
MHTEPNpPETALHH pa3HOOOpa3HOH TeMaTHYeCKOH HHGOpPMaLIHH.

B 6onemnncTBe TexHonorui 'MC s onpeneneHUss MecTa HCHOJNB3YIOT
[Ba KJlacCa JAHHBIX: OJUH KJIacC - MO3HUHOHHbIE (KOOPAHHATHbIE) AaHHbIE;
[pyro# Kjiacc - aTpHOyTHBHbIE JaHHbIE 1/ ONPEAETIEHMUA TapaMETPOB BpeMe-

HH M TEMaTHYECKOM HarnpaBJIEHHOCTH.

6.2.1. [To3anunHoHHBIE NaAHHBIE

Knacc nmo3suumoHHbIX uaM koopauHatHeix AaHHbix [HIC saBngercs ob6s3a-
TEeJIbHOH XapaKTEpPUCTUKOMN NMPOCTPaHCTBEHHBIX 00beKTOB. IT03HLIMOHHBIE aHHbIE
CITy>XaT JUIf YMOPANOYECHHS MOJIOXKEHUS MPOCTPAHCTBEHHBIX OOBEKTOB WIM JUIA
COMOCTaBNEeHHs 0OBEKTOB CHCTEME KOOPAHHAT 3eMHOH NOBEPXHOCTH.

Jlns oTo6paxkeHUss MO3MUMOHHBIX JAHHBIX MPUMEHAIOT MO3ULIMOHHBIE HIIH
koopavHaTHble Monenu. Knacc koopauHatHeix mMonened B TMC comepxut TpH
OCHOBHBIX THIIa, OlpenesiseMble Tonojorkell. BHyTpu stux tnos B 'MC, kak u
B CATIIP, npumeHstoT Habop 6a30BBIX reOMETPHYECKHX THMOB MoJeieH, U3 Ko-
TODBIX CO3AIOT BCE OCTANIbHBIE, 60JIee CIOXKHBIE.

B I'MC Bri1104aloT clieayioLHe OCHOBHbIE TUMbI KOOPJHHATHBIX NaHHbIX:

TOYKa (y3J1bl, BEPLIHHEI);

JTMHUA (He3aMKHyTas);

KOHTYp (3aMKHyTas JINHHA);

nonurod ( paiioH, apean) - rpynnsl MPUMBIKAIOIMX APYT K APYTY 3aMKHY-

ThIX YYaCTKOB.



62

[IpoBoas cpaBHenne I'MC-texHonoruii ¢ texHonoruasmu CAITP, orMeTHM,
4TO OCHOBHBIE THIbI KOOpAMHATHbIX AaHHbIX B [MC sBifioTCA aHanoramu ajne-
MeHTapHbIX MozeneH, kotopble B CATTP Ha3biBaloT NpUMHUTHBAMHU.

Toueunnle 00bexkThl. [TpocTeilunii THN NPOCTPAHCTBEHHOrO 0OBEKTA 3a-
JIal0T TOYEYHbIE AAaHHBIE, K KOTOPbIM OTHOCATCS JIOKQJIW30BaHHbIE 00BEKTHI, OTO-
6pakacMble TOYEYHBIMH YCJIOBHBIMH 3HakaMH. BriGop o6bexToB, mpeactasise-
MBIX B BHJIE TOYEK, 3aBHCHT OT Macwrtaba uiaM uccienosanus. Hanpumep, Ha
KpynHoMaciiTabHO#i KapTe TOYKaMH IOKa3bIBAIOTCA OTHAENbHbIE CTPOEHHA, a Ha
MesnkoMaciuTabHoi kapTe - ropoaa.

Ocob6eHHOCTh TOYEYHBIX O0O6BEKTOB COCTOMT B TOM, YTO OHM XPaHATCHA U B
BHIe rpaduueckux ¢aiioB, Kak JpYrHe NPOCTPAHCTBEHHBIE OOBEKTHI, H B BHIE
TabmL, Kak aTpubyThl. [TocnenHee 06yCNOBNEHO TeM, 4TO KOOPAMHATHI KaXIOM
TOYKH OMHCHIBAIOT KaK /IBa IOMOJHUTENbHBIX aTpHbyTa. B cury atoro mHdop-
Maluio o Habope TO4YeK MOXXHO MPEACTAaBUTb B BHIE Pa3sBEPHYTOH TabnHIbl
WM TabnuLpl, coaepxalleil NTOMHMO KoopAMHAT Habophl aTpubyToB (HaeHTHU-
KallHOHHbIE HOMEpa, TeMaTHYECKHE XapaKTepUCTUKH H T.A.). B Takmx Tabnuuax
KaxJas CTPOKa COOTBETCTBYET TOUKe - B HeH cobpaHa Bcs MHoOpMALHA O JaHHOH
Touke. KaxpIii cronben - 3To MpU3HaK, CoAepXKalMii THITU3HPOBAaHHBIE JaHHBIE:
KOOpIAMHATHI WK aTpubyThl. KaXknas Toyka He3aBHCHMA OT BCEX OCTANbHBIX TO-
YeK, MPEACTABIEHHBIX  OTAEJbHBIMH CTPOKAMH.

Jluneiinblie 00bekTbl. OHU LIMPOKO MPHUMEHAIOTCA JUIA ONMCAHHA CeTeid,
JUISL KOTOPBIX B OTJIMYHE OT TOYEYHBIX OOBEKTOB XapaKTEPHO MPHUCYTCTBHE TOIO-
JIOTHYECKUX MPU3HAKOB.

Jhio6ast ceTb COCTOMT M3 y370B (BEpILHH) - COeJHHEHHH, KOHIIOB 060c06-
JIEHHBIX JIMHHI ¥ 3BeHBbEB (Oyr) - Lenel B MoJenH 6a3bl JaHHBIX.

JIns kaaoro y3na CyLIeCTBYeT ClieLiMabHas XapaKTEpHCTHKA, Ha3plBacMas
BaJIEHTHOCTBI0, OTpe/ieNieMas KOJMYECTBOM MEPECEKAIOLIMXCA 3BEHBEB B HEM.

KoHupl 060C06IEHHBIX JIHHHA OJHOBAIEHTHBl. YJIMYHBIM CETAM (TepeceyeHHs
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THIa “KpecT”’) COOTBETCTBYIOT YEThIPEXBAIEHTHBIE y3nbl. B ruaporpaduu yame
BCEr0 BCTPEYAIOTCH TPEXBAJEHTHBIE Y31bl (Pa3BHIIKH).

HekoTtopsle aTpubyThl (HanmpuMep, Ha3BaHMs MEPECEKAIOIIMXCA YIIHIL)
CJTYXaT [UIA CBA3H ONHOrO THNa 0OBEKTOB C APYTMMHM, APYTHE XapaKTEpHU3YIOT
TOJIKO Y4aCTKH 3BE€HbEB CETH.

CeTH yacTO MCNONB3YIOT KaK CHCTEMbI JIWHEHHOH aapecauuu. B sTux cny-
4asX TOUKH Pa3MEILAIOT B CETH MO JAaHHBIM O HOMEPE 3B€Ha U O PacCTOAHHH OT
ero Hayana. 3to 6onee yno6HO, yeM ucnoib3oBaTh (X,Y) KOOpAMHATHI TOYKH M3
TabJInLbl, TOCKOJILKY TaKHe NaHHble HEMOCPENCTBEHHO YKa3bIBAlOT MOJIOXKEHHE
TOYKH B CETH.

JlaHHBIA mogxon oNpeneNsieT MeTo NPUCBOEHHUA aTPpHOYTOB OTAENbHBIM
y4yacTkaM 3BeHbeB. [Ipu 3TOM nHHelHBIE 00BEKThI (34aHUA, TOHHENH) XpaHATCS B
OTIENBHBIX TAabJIHULIAX, @3 C CEThIO OHH yBA3aHBI IyTEM yKa3aHHi HOMepa 3BEHa U
pacCTOSIHUS OT €ro Havana.

s ToueyHbIX 06bEKTOB HEOOXOIUMO YKa3aTh OJHO 3HAYEHUE KOOPIHUHAT,
JUTS TMHEWHBIX - 1Ba ( U1 Ha4albHOH ¥ KOHEYHOH TOYeK).

Apeansl. B I'MC moryT ObITh npe/icTaBiI€Hbl pa3Hbl€ THIIbl apeaioB: 30HbI
B MPWIOKEHHUH K OKpYXKalollie# cpelie WIH NPHUPOIHBIM peCypcaM, COLMAJIbHO-
I9KOHOMHYECKHE 30HbI, JaHHbIE 00 yroapax U Ip.

Jns apeanbHbIX OOBEKTOB I'PaHHLIBI MOTYT ONPENEIATHCA CBOMCTBOM HIIM
ABJICHHEM, a TAK)KE HE3aBUCHMO OT ABJIEHHA (3aTeM MNEpeYMCIAIOTCS 3HAYCHHS
aTpubyToB). KpoMe TOoro, rpaHMIB! MOTYT YCTaHABJIMBAaTbCS HCKYCCTBEHHO, Ha-

puMep, U1 MUKpOpPaHOHOB.

6.2.2. B3anmocBa3H MexX1y KOOPAHHATHLIMH MOACIAMH
B 061em ciryuae npoCcTpaHCTBEHHBIE AaHHbIE MOTYT HMETh 60JIbIIOE YHCIIO
pazHOOOpa3HbIX CBA3EH. ITH CBA3H HIPAIOT BAXHYIO POJIb ISl IPOCTPAHCTBEHHO-

ro aHaiu3a AaHHBIX. Hanpumep, cBA3p THNa “comepikHTCA B...” MO3BOJIAET CO-
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OTHOCHThL OOBEKTBI C HX OKPYXKEHHEM, CBf3b THMA “Nepecekaer” MeXIy UBYMs
JTHHHAMM Ba)XKHa JUTS QHAIM3a MapIIPYTOB B CETAX.

B3auMocBsA3H MOryT CyLIECTBOBATH MEXIY OOBEKTAMH OJHOTO THUMA MJIH
Pa3HBIX THIIOB.

Hcxons M3 KpUTEpHs MOCTPOEHUS MOJeNeH, MOXHO BHIIEIUTh TPH OCHOB-
HBIX THITa B3aHMOCBS3€il MEXTy KOOPAHHATHBIMH OOBEKTAMH.

I[TepB B #t THUN - B3aHMOCBA3M [UI MOCTPOEHHUSA CIOXHBIX OOBEKTOB U3
HPOCTBIX 3JIEMEHTOB, HaNPHMEP, B3aMMOCBA3H MEXIY XYroH M yrnopsao4YeHHBIM
HaboOpOM ONpeneNsIOIINX €€ BEPIIHH, B3aHMOCBA3H MEX/Iy IOJIUIOHOM M YIops-
JI0YEeHHbIM HabOpOM oOMpeneNnsIoLInX ero NHHHA, ITpu 3TOM HMCHONB3YIOT NpoLE-
JypHl arperaluu 1 o6o61eHus.

BTopoif THN - B3aHMOCBA3H, KOTOpPBIE MOXHO BBIYHCIIHTH MO KOOpPIM-
HataM o6bekToB. HampuMep, KoOpIHHATHl TOUKH NepeceueHHs NBYX JIMHHUIA of-
pEnensoT B3aMMOCBA3b THMA ‘‘CKpEIUMBaeTCs” M HaJMYHe YETHIPEXBAIEHTHOTO
y3na. TabnuyHbIe KOOPAXUHATH OTAENBHOH TOUKH H JaHHBIE O FPaHHIAX MOJIHIo-
HOB MO3BOJIIOT HAATH IOJMIOH, BKIIOYAIOIHA JaHHYI0 TOYKY. OTHM onpene-
JISETCA B3aMMOCBA3b THMNA "cojepkuTtes B". Mcmonb3ys JaHHBIE 0 FpaHHLAX Mo-
JIMTOHOB, MOXKHO YCTaHOBHTb, NEPEKPLIBAIOTCS JIM MOJIMTOHBI M TEM CaMbIM YCTa-
HOBHTh B3aMMOCBSA3b THINA "nepekpriBaeT”. J[IpyrumMu cnosamu, BTOPOH THIT CBA3M
COZIEpXKUTCA B aTPHOYTHBHBIX JJaHHBIX B HEABHOM BHJIE.

TpeTH#l THI - “HHTENNEKTYANbHBIH". JTH B3aUMOCBS3H HEJb3A BBIYMC-
JIUTH 110 KOOpJAHHATaM, OHH AOJDKHBI TQUIy4aTh CIELMAIBHOE ONUCAHHE H CEMaH-
THKY TIpM BBOJ€ NaHHBIX. HanpuMep, MOXXKHO BRIYHCIIHTDb MEpecedyeHHe ABYX JIU-
HHH, HO, €CJIM ITUMHU JIHHHAMH ABIAIOTCA aBTONOPOTH, HEMb3s CKa3arh nepece-
KalOTCA OHHM MJTH B 3TOM MECTE HaXOIUTCA pasBsa3ka aBrojopor. CienomatenbHo,
IUIA pelleHHs AOMONHHUTENbHBIX 3aJay HeobXxoduMa NONONHHTENbHAA WHGOpMa-
UM O CBA3AX. YYeT CBA3ell MPOMCXOAMT NpPH KOAHPOBAHWH JaHHLIX, T.€. B MOA-

CHCTEMAX CEMAHTHYECKOIro MOACIHUPOBAHHS.
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6.2.3. ATpHGYTHBHOE ONTHCAHHE

KoopauHaTHbie 1aHHbIE OMMCHIBAIOT TOJNILKO METPHYECKHE W reoMeTpHue-
CKHE XapaKTEPUCTHKH NPOCTPAHCTBEHHbBIX 0OBEKTOB GE30THOCHTENBHO K HX Te-
MaTH4eCKOi npuHamiexHocTH. O6beKTbl ¢ MPOCTPAHCTBEHHOM JIOKaIM3alKMeEH,
KpOMe MEeTpHYecKoM, 06nafaloT TeMaTHYECKUMH M BPEMEHHbIMH XapaKTepHCTH-
KaMH. DTH rpymIibl XapaKTEPUCTHK B reOMH(pOpMAaTHKe Ha3blBAIOT aTpUOyTamu, a
MX onucaHue aTpubyTHBHBIM onucaHueM. COBOKYMHOCTh aTpHOyTOB onpenenser
Kiacc atpubyTuBHbIX Moaeneit TTHUC.

Hdns otobpaxkeHHs KOOPAMHATHBIX [JAHHBIX HCMOJB3YIOT rpaduuecKyro
¢dopmy npeactaBneHHs W pexxe TabnuuHyro. s otobpaxeHus aTpuOyTHBHBIX
BAHHBIX UCIONB3YIOT TabIHLIBI.

Tabnuua, coaepxaiuas atpubyThi 00bEKTOB, Ha3biBaeTca TabauLed aTpu-
6yToB. KakgoMy npocTpaHCTBEHHOMY OOBEKTYy COOTBETCTBYET CTpOKa TabJiHLIbl,
KKIOMY TEMAaTHYECKOMY NMpH3HaKy - cronbel Tabnuupl. Kaxpas kierka tabiu-
Libl OTPAXAET 3Ha4YEHHE OMpeleIeHHOro MPHU3HaKa JUis onpeaeneHHoro obpekra.

BpeMeHHas xapakTepHCTHKa MOXXET OTPakaTbCA HECKOJIIbKUMH crocoba-
MHU:

yTeM YKa3aHus BPEMEHHOIO NepHo/ia CyLIECTBOBAHUA 0OBEKTOB;

ITyTE€M COOTHECEHHA HH(POPMALMHU C ONpeAeeHHHIMH MOMEHTaMH Bpeme-
HH;

MyTeM YKa3aHUsA CKOPOCTH ABHKEHHS 00BEKTOB.

B 3aBucHMocTH 0T cnocoba OTpakeHHA BPEMEHHOH XapaKTEPHCTHKH OHa
MOXET pa3MellaThCs B ONHOM TaOnMIe WIH B HECKONbKHX Tabnauuax atpubyTtoB
JAHHOTO 00BEKTa I pa3IUuYHBIX BPEMEHHBIX 3TaIoB.

IpuMeHeHne aTpuOyTOB MO3BONAET OCYILECTBIATh aHAIH3 06BEKTOB 6a3bl
JAHHBIX C MCMOJIb30BaHMEM CTAHAAPTHBIX ¢OPM 3ampocoB M PasHOro poaa

¢GUIBTPOB, a TaKXkKe BhIpAXEHHH MaTeMaTHYECKOH JIOTHKH.
$3ax. 992
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Takum obpa3oMm, arpubOyTHBHOE ONHCAHHE: AOMOJHAET KOOPAMHATHOE,
COBMECTHO C HUM CO3[aeT MoJiHoe onucaune Moneneir ['YIC, pelaet 3anayum TH-
NHA3alMH MCXOAHBIX JAHHBIX, YMPOLUAET MPOLECCH KiaccHpUKauuu u 06pabort-
KH.

ATpubyTaMu MOryT OBITh: CHMBO/BI (HA3BaHHA), 4MCla (CTATHCTHYECKas
MHbopMalms, kol oObekra) i rpaduyueckde npusHaku (LBET, PUCYHOK, 3a-
MOJIHEHUA KOHTYpPOB).

MoO>XHO No -pa3HOMY OpPraHH3OBBHIBaTh B3aMMOCBA3b KOOPAMHATHOTO H art-
pubyTuBHOro onucanus. Hanpumep, B. BeGepom Obl1o mpennoxeHo cneuu-
¢uyeckoe coyeTaHHE KOOPAMHATHOTO M aTpUOYTHBHOIO KJIAccoB AJ1s ONMCa-
HUA KapTorpapuyeckux faHHeIX. Jlna noctpoenns obuwieit Monenu nanHsix FHC
OH BBOAMT YETHIPEXMEPHOE MPOCTPAaHCTBO 0OOBEKTa, rie TepBble ABa (IJIaHO-
Bble) pa3Mepa npHucBauBaioTcs X/Y AaHHBIM, atpubyThl pacrojaraloTcs B
TPeTbeM U3MEPEHHH, a YETBEPTOE U3MEPEHHE pe3epBUPYETCS I BDEMEHHBIX Ha-
60pOB IaHHBIX.

Takoii nomxon He HOB, OH 3dMMCTBOBAH U3 METOMOB PENATHBHCTCKOH Me-
XaHUKM ¥ Teopun N-MepHbIx npoctpaHcTB. [lo BebGepy manHbie mo koopauHa-
Te Z cnemyet o6pabaThiBaTh Kak aTpHOYThI, MOMeLIas HX B OAHY U Ty XK€ KaTero-

PHIO Hapsaxy € ONUCaTejibHbIMHA TEKCTaMH H 3HA4Y€HUAMH.

6.2.4. TouHOCTHbIE XaPAKTEPHCTHKH

Hcnons3oBanue mo6oii HHGOpMALMK HOITYCTHMO, ECJIH OHa YOBJIETBOPSAET
ofnpeneNeHHbIM KPUTEPUAM M cTaHaapTaM. OIHHM H3 KpHTEpPUEB NIPHMEHUMOCTH
NPOCTPaHCTBEHHO- BpeMeHHbIX AaHHbIX B 'HIC saBnseTcs TOYHOCTS.

To4yHoCTb - 61M30CTH pE3y/NbTATOB, pPACYETOB WM OLEHOK K MCTHHHBIM
3HaYEHUAM (MJIH 3HAYEHHUSAM, IPHHATHIM 33 HCTHHHBIE).

PaccMoTpuM Heckonbko nokasarenedd TouHoctd B ['HMIC: TOYHOCTE BBIYHC-

JICHHUs, TOYHOCTb U3MEPEHHSA, TOUYHOCTE NPEACTABICHHA.
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TouyHOCTL BLIYHCIEHHS Oornpeaeaserca KOJIM4eCTBOM 3HAYUMBIX LlH(l)p no-
cile 3ansToH, TOYHOCTH H3MepPeHHH - KOJIHYECTBOM 3HaYMMbIX UMpP Npu H3Me-
pPEHHUAX TOYHOCTDH MNMPEACTABJACHHA - KOJHYECTBOM pa3psanoB, OIMCbLIBAKOLIHMX
KOOpAHWHAaTHbIEC NaHHBbIE.

TouHOCTb BbIYMC/IEHHH W M3MEpeHMH He aJeKBaTHAa TOYHOCTH MpENCTaB-
nenus. bonbwoe konuyecTBo 3HaYMMBIX UMQpP He Bceraa rapaHTHpYeT TOY-
HOCTb BBIYHCIEHHH MM H3MEPEHHH.

TounocTts Beiuncinenus B 'MIC Benuka, oObIYHO OHAa HAMHOIO BbIllE, YEM
TOYHOCTb CaMHX [aHHBIX. bosee Toro, Habop creuHambHBIX METONIOB U AITOPHT-
MOB B psiie CllyuaeB MO3BOJIAET MMOBBICHTH TOUHOCTD ITEPBHYHBIX HU3MEPEHHIA.

TouyHOCTHBIE XapaKTepUCTHKH WrpaiT BaxHyiro pons B ['MIC. Hampumep,
OHH OTNpenessioT BO3MOXXHOCTb MPUMEHEHHS JaHHBIX IJIA MOCTPOEHUS KapT MM
npoBefeHHs Kakux-1ubo pacyetoB. [[nsd KaIoro MaciITabHOro psja CyiiecTBy-

K0T CBOH JOITyCKH.

6.3. OPTAHM3ALINA JAHHBIX B 'HC

Tematuyeckue nanHbie xpanatcs B [MIC B Bune Tabnuu, nosroMy npo6iem
C HX XpaHEHHEM M opraHM3auued B 6a3ax NaHHBIX HE BOZHHMKAET.

HaubGonbiune npobiems! MpeacTapiseT XpaHeHHe W BH3yanu3auus rpagu-
qyeckuX AaHHbBIX. OCHOBOH BH3YaJIbHOTO MPEJCTaBIE€HHUA JAHHBIX NpPH ITOMOLLH
'MC-texHOMOrUi CiyXaT cneuuanbHele rpa¢udeckue Momend. OHM moapasfe-
JISIOTCA Ha BEKTOPHBIE H PaCTPOBBIE MOZEIH.

B ofuiemM ciryyae MOmeNnH MPOCTPaHCTBEHHBIX (KOOPAMHATHBIX) AaHHBIX
MOTYT UMETh BEKTOPHOEe WIM PacTpoBoe (AYEHCTOE) MpEACTaBIeHHE, COAep-
KaTh WIH He COepXKaTh TOMOJIOTMYECKHE XapaKTEPUCTHKH. JTOT NMOAXOJ M03BO-
aseT KWiacCHOULHUPOBATh MOAEIH 10 TPEM THIIaM:

pacTpoBasi MOJIEJb;
BEKTOpHas HETOMOJIOTHYEeCKas MOJEb;

BEKTOpHas TONOJIOrHY€CKass MOAEIIb.
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Bce 3t Monenu B3auMHO npeobpasyemsl. TeM He MeHee, NPH NOIy4EHHH
KaX/10# M3 HUX Heo6XO0MHUMO yYHuThIBaTh HX ocobeHHocTH. B T'MC ¢opme npen-
CTaBJIEHHA KOODIAHHATHBIX NaHHBIX COOTBETCTBYIOT [1BA OCHOBHBIX IOJKJIacca
MoJiesiel - BEKTOPHBIE M PacTpoOBble (AYEHCTble WJIM Mo3auyHble). Bo3aMoxeH
KJIacC MOJEJIEH, KOTOPBhIE CONEPXKAT XapaKTEPHCTHKH, KaK BEKTOPOB, TaK M MoO-

3auK. OHH Ha3BIBAIOTCSA FH6pH11HHMH MOJEJIAMH.

6.3.1.BexTopHbIie MOaeH

BekropHsle mMoaenu wupoko npumeHstorcs B CAITP. Onu crpostcs Ha
BEKTOpaX, 3aHMMAIOIMX YacTh MPOCTPAHCTBAa B OTIMYHE OT 3AHMMAIOIIMX BCE
MPOCTPAHCTBO PAaCTPOBLIX MoJENEi. ITO ONpeneNseT HX OCHOBHOE IpeHMyILe-
CTBO - TpebOBaHHe Ha MOPAAKH MEHbILEH MaMATH A XpaHEHHA H MEHBLINX 3a-
TpaT BpeMeHH Ha 00paboTKy M mpejacTaBieHHe, a riaBHoe Oosiee BbICOKas TOY-
HOCTb MO3HLUMOHUPOBAHHA M NMPEACTABNEHHS NaHHBIX.

IIpu nocTpoeHHH BEKTOPHBIX Moeieil 0OBEKTh CO3JAl0TCA ITyTEM COEAH-
HEHHS TOYEK MPSMBIMH JIHHUAMH, TyraMH OKpY)XHOCTEH, noaunuHusaMu. Ilio-
1aHble OOBEKTHl - apeasbl 3afal0TcA HabOpaMH TMHHHA.

BekTopHble MOJENH HCNONB3YIOTCA NMPEHMYLIECTBEHHO B TPAHCMOPTHBIX,
KOMMYHaJIbHBIX, MapkeTHHroBeix npunoxenuax ['MC. Cucremsl I'HC, pabo-
TaloIKe B OCHOBHOM C BEKTOPHBIMH MOJIENIAMH, MOJTyYHITH Ha3BaHHE BEKTOPHbIX

I'nucC. )

B peanshbix 'MIC umetoT meno He ¢ abCTpakTHBHIMHM JIHHHAMH H TOYKaMH, a
¢ o0beKTaMH, COZIepXKAILMMH JIMHHH H apeaibl, 3aHHMAIOIHMH TPOCTPaHCTBEH-
HOE MOJIOXKEHHE, a TaKXKe CO CJIOKHBIMH B3aUMOCBA3AMH MeXIy HUMH. [ToaTomy
nonHas BexkTOopHas Mozenb AaHHbIX [MIC oTo6pakaeT NpoCTPaHCTBEHHbIE NaH-
Hble KaK COBOKYIHOCTb CJIEYIOIMX OCHOBHBIX YacTeH:

reoMeTpUUecKHe (MeTpHYeCKUe) 06BEKTb (TOYKH, IMHHH U TOJIUTOHBI);

aTpuUOyTHI - IPU3HAKH, CBA3aHHbIE C 0O BEKTAMH;

CBA3H MEXIOY 00BEKTaMH.
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BekTopHble Moaenu (06BEKTOB) HCMONBL3YIOT B KauyeCTBE 3JIEMEHTAPHOM
MOJIEJIH N0CIe0BaTENLHOCTh KOOPAHHAT, 06pa3yIOLIMX JIMHHIO.

JInHHeH Ha3bIBAlOT IPAHHLYY, CErMEHT, Lenb Wi Ayry. OCHOBHbIE THIIbI
KOOPAMHATHBIX JAHHBIX B KJlacce BEKTOPHLIX MOJEJIEN ONpeNensioTcs yepes Ga-
30BBIA JNMEMEHT JIMHUA cleqyioluM obpa3oM. Touka ompenensercs Kak BbIpo-
IUBLUASACA JIHHUA HYJEBOH IUIMHBI, JIMHUA - KakK JIMHUS KOHEYHOH [UIHHBI, a
nnow@anb MpeacTaBseTCs NOCIENO0BAaTENbHOCTBIO CBA3aHHBIX MEXAY co0oi OT-
PE3KOB.

Kaxpapili y4acTOK JIHHHHM MOXET SBIATHCS TPAHULEH Ui ABYX apeajios
nubo nByx nepeceyenuii (y3noB). Otpe3ok oOwieil rpaHuLbl MeXIy AByMS Iie-
peceyeHHUAMH (y31aMH) HIMeeT pa3Hble Ha3BaHMsA, KOTOPbIE ABIAIOTCA CHHOHHMA-
mu B npeameTHoit obnactu 'MC. Cnennanuctel no Teopuu rpadoB npeanoyu-
TalOT CJIOBY JIHHHA TEPMHH pedpo, a 1is 0603HaYeHHs nepeceyeHus ynorpet-
Js10T TepMUH BepmnHa. HaunonanbHeiM crangaptoM CLUA oduumanbHo caHk-
LIMOHUPOBaH TepMHH Uenb. B Hekotophix cucreMax (Arclnfo, GeoDraw) wc-
noJb3yeTcs TEPMHUH Ayra.

B oTninyKe OT OGBIYHBIX BEKTOPOB B FEOMETPHH TYTH HMEIOT CBOH aTpuby-
Thl. ATpHOYTHI Iyr 0603Ha4aloT NOJHroHkl Mo 06e cTopoHs! OT HHX. [1o oTHoLIe-
HHIO K TOC/IEI0BAaTENbHOMY KOAHPOBAHHIO JYTH 3TH MOJHIOHBI HMEHYIOTCH Je-
evili ¥ npaevii. Ilonatue oyeu (yenu, pebpa) sBnsercs GyHIAMEHTANbHBIM 1S
BekTopHEIX [IC

BekTopHble MOzen MOMy4aloT pasHhIMH crocobamu. OauH U3 HaubGonee
pacnpoCcTpaHEHHBIX - BEKTOPH3aLHA CKAHMPOBAHHBIX (PaCTPOBBIX) H300paXKEHHH.
BexTopu3auus - npoleaypa BbIIENEHHA BEKTOPHBIX OOBEKTOB C pacTpoBOro
H300paXkeHHs U MOyYeHHe UX B BEKTOPHOM (opmare.

JIns BekTOpH3aUMH HEOOXONHMO BBICOKOE KaYeCTBO (OTHET/IMBBIE JIMHHH H
KOHTYpBI) pacTpoBbIx 00pa3oB. Uto6bl 06ecneunTs TpeOyeMylo YeTKOCTh JIMHUH

MHOTJa TPUXOJMTCS 3aHUMATBCA YITy4YLIEHHEM KayecTBa H300paKeHHs.
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lerl BEKTOpH3alLlHH BO3MOXKXHbI OLUHGKM, HCIIpaB/IEHHUE KOTOPhIX OCYIUECCT-
BJIACTCA B A1BA 3Tarmna:

1) KOppeKTHpOBKa PaCTPOBOro H306PaXKEHHS 10 €ro BEKTOPHU3ALIHH;
2) KOPPEKTHPOBKA BEKTOPHBIX OOBEKTOB.

Bel(TOpHLle MOJCIH C MOMOLIBIO NHCKPETHBIX Ha60pos JaHHbIX 0T06pa-
KarT HEMPEPbIBHbIE 0OBEKTHI UK ABJIECHHUS. C!lellOBaTCJ'ILHO, MOX>XHO I'OBOPHTH O
BeKTOpIIOii AHCKPETH3ALHH. an 3TOM BEKTOPHO€ MPEACTABJICHHE IO3BOJIAECT
OTpa3HTh 6ONBLIYIO MPOCTPAHCTBEHHYIO U3MEHYHBOCTD IS OJIHMX PAiOHOB, YeM
INs IPYTHX, N0 CPaBHEHHIO C PAaCTPOBHIM MpEACTABIEHHEM, YTO OOYCIOBJIEHO
fosiee 4ETKUM NMOKA30M IPAHHULl B MX MeHbLIEH 3aBUCHMOCTBIO OT UCXOIHOro 06-
pa3a (u300paxkeHHs), YeM IpPH PacTPOBOM OTOOpaKEHHWH. ITO THUITHYHO JUIA CO-
LIHAJTBHBIX, 3KOHOMMYECKHX, AeMOrpagUuecKuX SBICHHH, W3MEHYHBOCTb KOTO-
phIX B psijie paioHOB 6ojiee HHTEHCHBHA.

HekoTopblie 00bEKTHI ABNAIOTCA BEKTOPHBIMH 110 OTIPEAEIEHHIO, HApUMEp
IpaHHLBI COOTBETCTBYIOIIErO 3eMEbHOTO y4acTKa, IpaHuIibl paiioHoB M T.1. [To-
3TOMY BEKTODHBIE MOAENH OOBIYHO MCMONB3YiOT A cOopa MaHHBIX KOOpIH-
HaTHO# reoMeTpuH (TonorpaduyecKHe 3amicH), JaHHBIX 00 aJAMHHHCTPAaTHBHO-
NpaBOBBIX I'PaHHLIAX H T.I1.

OcoGenHOCTH BeKTOpHbIX Monened. B  BexTopHeIx (opmaTax Habop
JaHHBIX onpeneneH oObekTaMH 6a3bl JaHHBIX. BekTopHas MoJenb MOXeET op-
raHW30BBIBATh [POCTPAHCTBO B JI060# IMOCIENOBATENBHOCTH M HaeT "Mpous-
BOJIbHBIN JOCTYN" K JaHHBIM.

B BekTopHO# ¢opMe Jierye OCYLIECTBIAIOTCA OMNEpalMH C JIMHEHHBIMH U
TOYEYHBIMH O00BEKTaMH, HanpuMep, aHalu3 CeTH - pa3paboTka MapIIpYTOB ABU-
JKEHHA TI0 CETH JOPOT, 3aMEHa YCIIOBHBIX 0003HaYeHHH.

B pacrpoBbix dopmaTax TOUe4HbIH OOBEKT NODKEH 3aHHMATh LETYH
sAYelKy. DTO CO3qaeT pAd TPYAHOCTEH, CBS3aHHBIX C COOTHOLIEHHEM Pa3MepoB

pacTpa u pa3Mepa oOBeKTa.
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YT0 KacaeTcsi TOYHOCTH BEKTOPHbBIX [AHHBIX, TO 371€Ch MOXHO FOBOPHTH O
NPeUMYLLECTBE BEKTOPHBIX MO/eJIel nepea pacTPOBbIMH, TAK BEKTOPHbBIE JaHHbIE
MOI'yT KOOUPOBAaTbCA C JIH0OOH MBICITHMON CTENEHbIO TOYHOCTH, KOTOpasi OrpaHu-
4YHMBAETCA JIMIIL BO3MOXHOCTAMH METOJAa BHYTPEHHEro NpeNCTaBIEHHS KOOp-
nuHat. OGBIYHO [UIf MIPECTaBIEHUS BEKTOPHBIX AAHHBIX HCMoONb3yeTcs 8 win 16
JIECATHYHBIX 3HaKOB (OZAMHApHAs HIIM IBOIHAsA TOYHOCTH).

Tonbko HexoTOpble KIacChl JAHHBIX, NMOMYYaeMBIX B NPOLECCE HU3Mepe-
HHii, COOTBETCTBYIOT TOYHOCTH BEKTODHBIX JaHHbIX. DTO JaHHbIE, [IOTy4YEHHbIE
TOYHOH CHEMKOH (KOOpAMHATHAA r€OMETPHs); KapThl HEOONBLUWX YYacTKOB, CO-
CTaBJIeHHBIE 110 TONorpadHYeCKHM KOOpAHHATAM M MOJUTHYECKHE TPaHHIIbI, ON-
peeneHHblE TOYHOH ChbEMKOH.

He Bce npuponHble SBICHHUA HMEIOT XapaKTepHbBIE YETKWE TIpaHHLEI,
KOTOpbIE MOXXHO NpPEACTAaBHUTh B BHAE MAaTEMaTHYECKH ONpPENENEHHBIX JWHHH.
D10 00YCIOBNEHO AWHAMHMKON SABJIEHUH WIH criocobaMu cbopa MpocTpaHCTBEH-
Ho# uHdopManuu. IToYBEl, THIBI PACTUTENBHOCTH, CKIOHBI, MECTO OOMTAaHUS JU-
KHX )KUBOTHBIX - BCE 9TH OOBEKTHI HE MMEIOT YETKUX IPaHHLL

OO6BIYHO TMHHH Ha KapTe UMEIOT TONMHHY 0,4 MM H, KaK 4YacTO CUHUTAETCH,
OTpaXalOT HeoNpeneleHHOCTh MoJoXeHHs obbekra. B pactpoBoit cucreme sra
HeolpeJeNIeHHOCTh 3a/jaeTcsl pasMepoM s4eikH. [TosToMy crexyeT NOMHHTE, YTO
B ['MIC neficTBUTENBHOE NMPEACTAaBIEHHE O TOYHOCTH AAIOT pa3Mep pacTpOBOi
SYCHKH U HEONpPEAENICHHOCTb MOJOXEHHS BEKTOPHOro o6beKTa, a He TOYHOCTb
KOOpAHMHAT.

JUia aHanu3a cBA3eH B BEKTOPHBIX MOJENAX HEOOXOOHUMO pacCMOTPETh MX
TOTIOJNIOTHYECKHE CBOMCTBA, T.€. paCCMOTPETh TOMNOJOTHYECKHE MOJIENH, KOTOpPbIE

ABJIAIOTCA pa3HOBHUOHOCTBIO BEKTOPHBIX Mozenen JaHHBIX.

6.3.2. TonoJiorH4eckHe XapaKTepHCTHKH NPOCTPAHCTBEHHBIX 00bLeKTOB

Bonsuioe konuuecTBo rpaduueckux gaHHeix B TMC co cneuuduyecku-

MH B3aHMHBIMH CBA3IMHU Tpe6ye'r TOIOJIOTHYECKOI0 OIMUCAHUSA OOBEKTOB H rpynn
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0OBEKTOB, KOTOPOE 3aBHUCHT OT "CBA3aHHOCTH" (NPOCTOMH MK cioxHO#). OHo on-
penenaeT COBOKYMHOCTb TOIMOJIOTHYECKHX Mozesen.

HaHOMHHM, YTO TOIOJIOTHYECKHE CBOMCTBa (le'yp HE€ H3MEHSAIOTCA TMNpH
mobruix nedopMalmax, MPOH3IBOAMMBIX 6e3 pa3phiBOB Wiu coenuHenuii. Hanpu-
M€Ep, TOINOJIOrHYE€CKH pOACTBEHHBIMH qmrypaMu ABJIAIOTCA: YE€TbIPEXYTrOJIbHHK,
3aMKHYTbIif KOHTYp NMPOM3BOJILHON (GopMBI Ge3 meTesb, OKPY>KHOCTb, TPEYTOJib-
HHK. JIpyruM npHMepoM TOMOJOTHYECKH POIACTBEHHBIX (GUIyp MOryT CIYXHTh
apH¢MeTHUYECKHE 3HAKH CIIOKEHHA “ + “ ' YMHOXEHHA *“ X .

B reouH}opMalMOHHBIX CHCTEMaX NPHMEHEHHE TEPMHHA MONO102UYeCK Ul
He Takoe ctporoe kak B Tononorud. B TMC tononormyeckas Moaens onpenens-
€TCA HAUIWYHEM M XpaHEHHEM COBOKYITHOCTEH B3aMMOCBA3€H, TAKUX, KaK COEMIH-
HEHHOCTb AYT Ha MEPECEYEHHAX, YNOpAMOYEHHBIH Habop 3BEHBEB, B3aHMOCBA3H
CMEXHOCTH MEXIy apeanaMH H T.11.

B T'MC TepMHH TOMOJIOrHYeCKHH O3Ha4yaeT, 4TO B MojenH obbekTa Xpa-
HATCA HEKOTOphl€ B3aMMOCBA3H, KOTOpbIE€ INO3BONAIOT MPOBEACHHE HOMNONHH-
TENbHOTO NPOCTPAHCTBEHHOrO aHalW3a, KOTOPLIA, HAaNpUMEp, OTCYTCTBYET B
CATIP.

TomnonoruyeckiMH xapakTtepuctukamu rpadpuueckne momenu I'MC cyue-
crBeHHO oTian4aloTca ot momened CAITP. CooTBETCTBEHHO 3TO pa3nvyHe Npo-
CMaTpHBAETCS B NPOrPaMMHO-TEXHOJIOrHYECKOM 00€CIEYEHHH ITUX CHCTEM.

Tononornyeckue MOAENH MO3BONAIOT MNPEACTAaBIATH 3néme|-m,1 Mopenei
o6bexToB B Buae rpadoB. Ilnomany, TMHHH M TOYKH OMMCBIBAIOTCA IPaHULIAMH H
y3namu (ayrosas/y3noBas CTpykTypa). Kaxnaas rpaHuua MaeT OT HayalbHOToO K
KOHEYHOMY Y3Jly W M3BECTHO KaKHe IUIOLIaaM HaXONATCA CeBa H Crpasa.

TeopeTrueckoit OCHOBOH Mojenel ciyxar anrebpaHyeckas TOMOJIOTHA U
Teopust rpagoB. B cooTBETCTBHH C anreGpaHuecKoi TOMONOTHEH KOOpAHHATHBIE
THIBI JaHHEBIX: TUIOIIAAH, THHHH M TOYKH Ha3bIBalOTCA 2-fueikaMy, 1-syeiikamu
u 0-ayeiikaMu cooTBeTCTBEHHO. KapTa paccMaTpuBaeTcs kaK OpHEHTHPOBaHHBIH

JBYXMEpPHBI#l A4ee HbIH KOMILIEKC.
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Tononornueckoe BEKTOPHOE NPEACTABIEHHE NAHHBIX OTIHYAETCs OT HETO-
[OIOrHYECKOTO BO3MOXKHOCTBIO TMONYYEHHA MCYEPIBIBAIOIIErO CIHCKAa B3aMMO-
OTHOLIEHHH MexXy CBA3aHHBIMH reOMETPHYECKHUM NMPHMHTHBAMH Ge3 H3MeHeHus
XPaHUMBIX KOOPAMHAT POCTPAHCTBEHHBIX 0OBEKTOB.

TomnosorHuecKkHe XapaKTEPHCTHKH OOMKHbBI BHIMHCIATHCA B XOJ€ KOJHYeE-
CTBEHHbIX npeobpaszosanuit mopeneit o6vexktoB 'MC, a 3atem xpaHuThCa B 6ase
JAaHHBIX COBMECTHO C KOOPHHATHLIMH JaHHBIMH.

Tononoruyeckne moaenu B 'MC 3anaroTcs COBOKYMHOCTBIO CliEAYHOLLIMX
XapaKTePUCTHK:

CBS3aHHOCTBH BEKTOPOB - KOHTYpBI, JOPOTH M MpPOYHE BEKTOPhI NOKHBI
XpaHHTBCA HE KaK He3aBHCHMEIe HaOOpHI TOYeK, a KaK B3aUMOCBA3aHHEIE APYT C
ApYroM o6LeKTHI;

CBA3AHHOCTb H NpPHUMLIKaHHE PaHOHOB - HHQoOpMalMA O B3aHMMHOM pac-
TIOJIOXKEHHH PalloHOB U 00 y3/1ax npeceyeHns paioHoB;

nepeceyeHHe - HHGOpPMALHA O THMaxX MNepecedeHHH MO3BONAET BOCIPO-
M3BOJUTH MOCTHI H JOpokHble nepecedeHus. Tak T - obpasHoe nepeceuenue ( 3
JIMHUH) ABJSETCA TPEXBaJNEHTHbIM, a X - oOpa3Hoe ( 4 TUHHUU CXOAATCH B TOUKE
nepece4eH s ) Ha3bIBAIOT YETHIPEXBANIEHTHEIM;

61M30CTh - MOKa3aTens MpPOCTPAHCTBEHHOM ONM30CTH JHHEHHEIX HIH
apealbHBIX OOBEKTOB, OLIEHUBAETCA YHCIIOBHIM [TApDaMETPOM, B JaHHOM Cly4ae
CHMBOJIOM §.

Tononoruyeckue XapaKTepHUCTHKH JTHHEHHBIX 0OBEKTOB MOTYT OBITH Npen-
CTaBJIEHBI BH3yallkHO € MIOMOLIBIO CBA3aHHBIX rpadoB. I'pad coxpaHseT CTpyKTy-
Py MOJENH CO BCEMH y3naMH M nepecedeHHsMH. OH HaMmOMMHAET KapTy C HCKa-
)eHHbIM MaciTtabom. Ilpumepom Takoro rpada MOXET CITyXHTb CXEMa METpO-
nonureHa. Pa3HHLa MeXTy KapToil METpPO M CXeMOH METpO MOKa3bIBaeT pas-
HHULY MeXTy KapToH W rpagoM.

Vanu rpada, onucriBatomero xaprorpadHdeckylo Mojeib, COOTBETCTBY-

QT NIEPECCUYCHUAM Nopor, MECTaM CMBIKaHHd Jopor ¢ MOCTaMH H T.II. Pe6pa
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Takoro rpaga OnMCchbiBalOT y4acTKH JOPOI U COEAMHAIOLIME UX 0OBEKThL. B oTiu-
YHe OT KJIaCCHYECKOMH CETeBOH MoJeld B JaHHOW MOJENH [JiMHa pebep MoXeT
He HeCTH HH(OPMATHBHOM Harpy3kH.

Toronoruyeckve XapakTepHCTHKH apealbHbIX OOBEKTOB MOIYT GBITH
npe/icTaBleHbl C MOMOLIBIO TPAaQoB MOKPHITHA H CMEXHOCTH. ' pad HoKpeITHS
TOTIOJIOTHYECKH TroMOMOp(deH KOHTYPHOH KapTe COOTBETCTBYIOIUMX PaHOHOB.
Pebpa Takoro rpaga OnMHMCHIBAIOT IPaHHLBI MEXXY paiioHaMH, a ero y3isl (Bep-
LIHHBI) MPEACTABJAIOT TOYKH CMBbIKaHHA paiioHOoB. CrTemneHb BEPLUMHBI TaKOro
rpada - 3To YHCIO PpaioOHOB, KOTOpble B Hel cMbikaloTcd. I'pad cMeXHOCTH
3TO KaK OBl BBIBEPHYTBIH HaW3HaHKY rpad nokpsITui. B HeM paiionsl oToGpaxa-
I0TCS y31aMH (BEpIIMHAMH), a Mapa CMbIKaloIMXcsa padoHOB - peOpamu. Ha oc-
HoBe Takoro rpada 'MIC mMoxer BblIaTh OTBET Ha BOTIPOC, ABJIAETCA JIM NPOXOIH-
MOH paccMaTpHBaeMas TEpPUTOpHA, pasficjieHHas Ha IPOXOAUMBIE WIH He-
NPOXOOMMBIE YYacCTKH.

Tononoruyeckue XapaKTepUCTHKH COMPOBOXKAAIOTCS MO3HLMOHHOMN U OIH-
carensHOM MH(popMauueild. BepmunHa rpada NoKphITHS MOXET OBITh HOIMONHEHa
KOOPAMHATHBIMH TOYKaMH, B KOTOPBIX CMBIKAIOTCS COOTBETCTBYIOLUHME PpaiOHBI,
a peOpaM NMpPUNHCHIBAIOT JIEBOCTOPOHHHE H NMPABOCTOPOHHHE UAEHTH(PHUKATODSI.

ITocnie BBEAEHHS TOYEYHBIX OOBEKTOB MPH MOCTPOEHHH JIMHEHHBIX M ILIO-
WAJHBIX 00BEKTOB HEOOX0AUMO  "co3JaTh" TOMOJIOFHIO. DTH MPOLECCH! BKIIIO-
YalOT BBIYHCIEHUE M KOAWPOBAaHHE CBA3EH MEXTYy TOYKaMH, THHHAMH H apeaa-
MH.

INepeceyeHns U CBA3M UMEIOT BEKTOPHOE MpeJcTaBicHue. Tononornyeckue
XapaKTePUCTHKH 3aHOCATCA NMPH KOAHPOBAaHHHU JAHHBIX B BHAC JOMOJHHMTENBHBIX
aTpubyToB. JTOT mpolLiecc OCYLIECTBIseTCs aBToMaTHyecku Bo MHorux 'HMIC B
XO0J1€ AUrHTAIN3alUHH (KapTorpaguueckux Wi GpoTorpaMMeTpHYECKHX) JaHHBIX.

OO6BEKTHI CBA3aHBl MHOXECTBOM OTHOLLIEHHH Mexmy coboil. Jto ompene-
nseT 3 (EKTUBHOCTh NPUMEHEHHs PENLIMOHHBIX Mojeiel ¥ 6a3 JaHHBIX, B OC-

HOBE€ KOTOPBIX HUCIOJb3y€TCA MMOHATHE OTHOLWIECHHSH. B cBoro o4yepenb, OTHOLUE-
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HMS 3a0al0T MHOXecCTBa cBsided. [IpocteilluMe npumepsl Takux cBsa3ei : "OGau-
xadwui K ...", "nepecekaer”, "coeauHeH c ...".

KaxaoMy oObekTy MOXHO NMPHCBOMTb NPHU3HAK, KOTOPbIA MNpeacTaBiser
coboi uneHTHdukarop Gamxaiiliero k HeMy obbeKkTa TOrO K€ Kjlacca; TaKUM

006pa3oM KOIUPYIOTCS CBA3M MEXIY apaMH 0ObeKTOB.

6.3.3. PacTpoBbie Moaeu

B pacTpoBbIXx MoJeNsX AWCKpeTH3alMs OCYyLIeCTBIsAeTCsS Haubosee mpo-
CTBIM CIIOCOOOM - Bech 0OBEKT (HccieyemMas TEppUTOpHsI) oToOpakaeTcs B Mpo-
CTPaHCTBEHHbIE A4€HKH, obpasyloliue perynapHylo ceTb. IIpH 3TOM KaIoi
Ayeiike pacTpoBOH MOJENH COOTBETCTBYET OAMHAKOBBIH MO pasMepaM, HO pas-
HbIH N0 XapaKTepUCTHKaM (LIBET, MUIOTHOCTh) YYacCTOK IMOBEPXHOCTH oObekTa. B
fdeiike MOJENH COIEPXHUTCS OJHO 3HAYCHHE, YCPENHAIOLIEE XapaKTEPUCTHKY
y4yacTka MOBEpXHOCTH ob6bekTa. B Teopun 06paboTk m3obpaxeHuii 3ta nmpoue-
Zlypa M3BECTHA 110]] HA3BAHHEM MHKCeJIH3aANHA.

Ecnu BekTopHas Mojenb AaeT HHGOpMaLHMIO O TOM, 20e PacroNIoKEH TOT
WU HHO# 00BEKT, TO pacTpoBas - HHGOOPMALIMIO O TOM, ¥MO PACIIOI0KEHO B
TOM WIH HHOM TOYKE TEPPHUTOPHH. ITO ONpeJesseT OCHOBHOE Ha3sHaYeHHe pac-
TPOBBIX MOJIeJIEii - HeNnpephIBHOE OTOOpaXKEHHE MOBEPXHOCTH.

B pacTpoBbIx MOZeNsAX B KaueCTBE aTOMapHOH MOJENH HCIOJB3YIOT JBYX-
MEpHBIH 3IEMEHT NMPOCTPAHCTBA - MHKCENb (f4Yerka). YNopsaoYeHHas COBOKYI-
HOCTh aTOMapHbIX MoJenei obpasyeTr pacTp, KOTOpPbIH, B CBOIO OYepeib, ABIAETCS
MOJENBIO KapThl HIIH reoo6heKTa.

BekTopHble MozienH OTHOCATCA K GMHAapHbIM WiIM KBa3sHOMHapHBIM. Pac-
TPOBBIE MO3BOJIAIOT OTOGpPaXKaTh MOTYTOHA W LIBETOBBIE OTTEHKH.

Kak mnpaBwno, KaXmbiffi 3JIEMEHT pacTpa WIH Kaxnad s4edka MOKHbI
MMETh JIMUIb OAHO 3Ha4YeHHe IUIOTHOCTH WM LiBeTa. 3TO MPHMEHHMO HE Ui
Bcex ciy4aeB. HanpuMep, koraa rpaHuia ABYX THIIOB MOKPBITHH MOXET MpPOXO-

OUTh YE€pPE3 LICHTp J3JIEMEHTa pacTpa, 3JIEMEHTY HNAa€TCd 3Ha4Y€HHE, XapaKTepH-
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3yoliiee  GOJBLIYIO YacTh SHEHKH WIH €€ LUEHTPaIbHYIO TOYKYy. Paa cucteM mo-
3BOJISET UMETh HECKOJILKO 3HAYEHHH A1 OHOTO 3JIEMEHTa pacTpa.

Jins pacTpoBLIX MOZENEil CYLIECTBYET PAll XapaKTepUCTHK: pa3pelleHue,
OpHEHTALIUA, 30HBI, 3HAaUEHHE, MOJIOKEHHE.

Pa3pemenne - MUHUMATBHBINA THHEHHBIA pa3sMep HaUMEHBILIETO Y4acTka
oTo6pakaeMoro NpocTpaHCTBa (MOBEPXHOCTH), 0TOOpaXkaeMbIi OTHHM IHKCE-
neM.

IMikcenH 06BIYHO MPEACTABIAIOT COOOM NMPSIMOYTONLHHKH WIM KBaJparThl,
pexe -HCTIONB3YIOTCS TPEYrONbHHKH M IIECTHYroNbHHKH. Bonee BBICOKMM pas-
pelueHHeM obagaer pacTp ¢ MEHbILHM 'paamepom syeek. Bricokoe paspelueHue
nogpasyMesaer o0wine JeTaled, MHOXECTBO S4ecK, MHHUMAIBHBIA pazMep
SYEeK.

3navense - aneMeHT HHGOPMAIMH, XpaHAIIMICA B 3JIEMEHTE pacTpa
(nukcene). [Tockonsky npu 06paboTke NPUMEHAIOT THITU3HPOBAaHHBIE JaHHBIE, TO
eCcTh He0OXOJUMOCTE OTIPEIETUTh THITB 3HAYEHHI pacTPOBO# MOJENH.

Tun 3Ha4eHHil B Ayeilkax pacTpa onpeaenseTcs KaKk peajbHbIM SBICHHEM,
tak u ocobendoctamu 'MIC. B yacTHOCTH, B pa3HBEIX CHCTEMaX MOXHO HCIIONb-
30B4Th pa3Hbie KJIAacChl 3HAYEHHUI: LIeNble YHCIa, JEHCTBHTENbHbIC (IECATHYHbIE)
3HaueHus, OyKBEHHBIC 3HAYCHHUA.

Iensle YKCIa MOTYT CITYXKHTh XapaKTEPHCTHKAMH ONTHYECKOH IJIOTHOCTH
WM KOJJaMH, YKa3bIBalOIMMH Ha MO3NLMIO B IpUIIaracMoii TabiiHIle WIH IereHe.
HanpuMep, Bo3MOXXHa cleyloias JereH/1a, yKasplBarolas HaiMeHOBaHHE Kilac-
canous: 0 - mycToii knace, 1 - CyrIMHHCTHIE, 2 - IecyaHble, 3 - IeOHUCTRIE H
T.IL

OpHenTanHus - yrol MexIy HalpaBJI€HHEM Ha CEBEP M TOJIOKEHHUEM KO-
JIOHOK pacTpa.

3ona pacTpoBOH MOAenHM BKJIIOYAET COCEACTBYIOLIME JAPYr ¢  ApYrom
A4eiKY, MMEIOLHEe OJIMHAKOBOE 3HaUYeHHE. 30HOH MOryT OBITh OTAENbHEIE 00BEK-

Thl, NPUPOAHBIC ABJIEHUSA, ap€ajibl THIIOB I10YB, 3JIEMECHThI mnporpadmu H T.IL
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JLns yKkazaHMs BceX 30H C  OJHHM H TEM K€ 3HaYeHHEM HUCIONb3YIOT MMOHS-
THe KJ1acc 30H. EcTecTBEHHO, YTO He BO BCEX CI0SAX H300paXKeHHs MOTYT NPUCYT-
CTBOBaTh 30Hbl. (OCHOBHbIE XapaKTEPUCTHKH 30HBI - €€ 3HAUYEHHE U MOJIOKEHHE.

BydepHas 30Ha - 30Ha , rpaHHLILI KOTOPOH yAaJleHbl Ha U3BECTHOE pac-
cTostHHe oT moboro o6bexTa Ha kapTe. bydepHblie 30HBI pa3aIHYHO LUUPHHBI MO-
ryT ObITh CO3J@aHbl BOKPYT BbIOpaHHbIX 00BEKTOB Ha 0a3e TabyML CONPAKEHHBIX
XapaKTepHUCTHK.

ITonoxerne o6bIYHO 3azaeTcs yNOpsAAOYEHHOM Mapoil KOOpAMHAT (HO-
Mep CTPOKH H HOMep cTonb1a), KOTOphIE OHO3HAYHO ONpEEAIOT MOJNOKEHHE
Ka)XJO0ro 3neMeHTa 0ToOpakaeMoro NpocTpaHCTBa B pacTpe.

[MpoBons cpaBHEHHE BEKTOPHBIX W pacTpPOBbIX MozeneH, OTMETHM ynobCT-
BO BEKTOPHBIX {11 OpraHH3aluK U paboThl co B3aMMOCBA3AMH 06bekToB. TeM He
MeHee, UCITOJIb3Ys MPOCThblie MPHUEMBI, HAPUMEP BKJIIOYasA B3aUMOCBA3H B TabJiK-
bl aTpH6YTOB, MOXXHO OPraHM30BaTh B3aHMOCBA3H H B PaCTPOBBIX CHCTEMAX..

Heo6xoaMMo OCTaHOBMThCA Ha BONpOCAX TOYHOCTH OTOOpaXkeHHs B pac-
TPOBBIX MoeNsAX. B pacTpoBeix opmaTax B GONBIIMHCTBE CITy4YaeB HEACHO, OT-
HOCATCSA JIW KOOPAMHATHI K LIEHTPAIbHOH TOYKE MHKCENS HIH K ONHOMY M3 €ro
yrnoB. [103ToOMy TOYHOCTh MPHBA3KH JJIEMEHTA PacTpa ONpeAendlor kak 1/2 mu-
PHHBI ¥ BBICOTHI SYEHKH

PacTpoBbie MOJEH UMEIOT ClIEAYIOIIME N OCTOHMHCTBa:

epacTp He TpebyeT MpenBapHTENLHOTO 3HAKOMCTBA C SABJICHUAMH,

JlaHHble cOOHpalOTCA ¢ PpAaBHOMEPHO pacioJIOKEHHON CETH TOYEK, YTo Mo-

3BOJIAET B JajbHEHIlEM Ha OCHOBE CTATHCTHYECKHX METOAOB 00paboTku

noiay4yath 00bEKTHBHBIE XapaKTEPHCTHKH HcciedyeMbix o6bexToB. Biaro-

Jlapsi 9TOMYy pacTpOBbl€ MOJEIH MOIYT HCIOJb30BaTbCA MJIS H3YUYEHHs HO-

BBIX SABJIEHHH, O KOTOPLIX HE HaKOIUIeH MaTepHal. B cuiry npocToTsl 3TOT

cnoco6 noy4yun Haubosbllee pacrpoCTpaHEHHE;
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®pacTpOBBIE€ JaHHBbIE Mpolue Wi 06paboTkM Mo napanienbHbIM aji-
ropyTMaM H 3THM OGCCHC'-!HB&EOT bonee BBICOKOE GLICTPOLIEFICTBHC no
CPaBHE€HHIO C BEKTOPHBIMH,

®HEKOTOpBIE 3a/1a4H, HAIIpUMeEp co3nanne 6ydepHoit 30HbI, MHOTO
npoie peman B paCTpOBOM BHIE,

OMHOI'HE PacTpOBbLIE MOLC/IH MNMO3BOJIAIOT BBOIHTH BEKTOPHBIE JaH-
Hble, B TO BpeMs Kak obpaTHas MpoueZypa BecbMa 3aTpyIHHTEbHA Ui
BEKTOPHBIX MOJENEH;

®[IpOLIECCHl PAacTEpH3aLMH MHOIO IpOILE AIrOPUTMHUYECKH, YeEM
MpOLiecChl BEKTOPH3ALIMH, Koropmé 3a4acTyI0 TPeOYIOT IKCIIepPTHBIX peLlie-
HUH.
Hanbonee yacTo pacTpoBbie MOJENH NPUMEHSIOT Npu 06paboTke a’spokoc-

MHYECKHX CHHMKOB [UI TIONy4YeHHMs AaHHBIX JAUCTAHLMOHHBIX HCCIEIOBaHHM

3eMnH.

6.3.4. Ilociofinas opraHH3alHA JAHHBIX

KoHueniumsa nocnoiHoro npeiacTaBieHus rpaguyeckodl HHpopMauuu 3a-
umctBoBaHa u3 cucreM CAD, onHako B [MIC oHa mosyunia Ka4ecTBEHHO HOBOE
passuTHe. ClieqyeT HallOMHHTb, YTO BO BPEMS OTCYTCTBHS NPO(ECCHOHATBHO
OpHEHTHPOBAHHBIX MHCTpYMeHTaIbHBIX MakeToB ['MIC nepBble TEXHONOrMYECKHE
koMmiuiekchl [HIC cospaBanuck Ha 6asze maketoB CAIIP, Hanpumep, Ha ocHoBe
nomyJspHoro nakera Aprokaj. Bo Bcex nmakerax CAITP MoxHO co3naBaThk JocTa-
TOYHO 60JIbLLIOE YHCIIO CIOEB M IPYNMHPOBaTh AaHHBIE B CIIOH Ha OCHOBE J1060ro0
NIPHHLIMINA, BBIGPaHHOTO MOJIb30BATETIEM.

TexHONIOrMYeCKH OpraHM3aLUi CJIOEB OCHOBaHAa Ha THMIHM3allMM JaHHBIX.
MHOXeCTBO pa3HOOOpa3HbIX JAHHBIX HMEET pa3MYHbIE XapaKTEPUCTHKH H B
npouecce BU3yalnbHOM 06paboTKH 3TO MHOXECTBO MOXKET GbITh HH(pOpMaLMOHHO

neperpyxeHo. [lis yMeHbIIeHHs HHPOPMALIHOHHOH Harpy3kH Ha oneparopa rpa-
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¢duueckue AaHHbIE THIH3UPYIOT U 00bEeAMHAIOT B cilon. Takum obpa3oM, pa3bue-
HHE Ha CITOM yNpolaeT npouecc o6paboTKH 1 MOBBILIAET €€ Ka4eCTBO.

B CAIIP obbenuHeHHe AaHHBIX B CIIOH OCYILIECTBIIAETCS HA TEMAaTHYECKOM
ocHoBe, HO B CAIIP paboTa ocyIecTBIseTCA ¢ BEKTOPHBIMH ClOAMH. B otnuyue
ot 3toro ciiou B ['MC MoryT 6bITh KaK BEeKTOPHBIMH, TaK U PACTPOBBIMH, IPUYEM
BEKTOPHEIE CJIOH 0043aTEIbHO NOJDKHBI HMETh OJJHY U3 TPEeX XapaKTePUCTHK BeK-
TOPHBIX OAHHBIX. T.€. BEKTOPHBIA CJIOH JOMKEH OBITh OnpejieNieH Kak TOYeYHBIH,
JIMHEHHBIN WIIM TMOJHTOHANBHBIA [OMOJHHUTENBHO K €ro TeMaTH4ecKOH Hampas-
JIEHHOCTH.

Ota ocobeHHocTs onpeaeneHus cyoB I'MC kak TOueuHbIH, TMHEHHBIN WK
MOJIMIOHAIbHBIA UMeeT ABe Npu4HHEL. [lepBas cBs3aHa ¢ TeM, uyto nepsbie [UC
CO3[aBAIMCh U HCIOJb30BAMCh KaK aBTOMATH3HPOBAHHBIE CUCTEMB! KapTorpa-
¢upoBaHui. A B KapTorpagpuM CyLIECTBYIOT TPH OCHOBHBIX KJlacca YCIOBHBIX
3HaKOB: TOYEYHBIE, JMHEHHble M MomanHsle. CrefoBaTeENbHO, 3TOT MOIXOX
MOJXXHO OTHECTH K TPaAHLMH KapTorpaduyeckoro orobpaxeHns nHbopMaruu.

BTopas npuynHa 3aKio4aeTcd B HCIOIb30BaHHH TOTIONIOTHYECKHX CBOHCTB
obbekTa Ui 06paboTku. [IporpaMmHas peanHsalus TOMONOrHYECKHX Npeobpa-
30BaHHH BO3MOXKHA NpPHU Kj1acCHPUKALHH OOBEKTOB MO TOMONIOTHYECKHM CBOMCT-
BaM. A 3TO Kak pa3 ToYe4Hble, JIHHEiHbIE (CeTeBbIe), MIOLIaAHbIe KIIACChl OOBEK-
ToB. Mcrnons3oBaHHe TOMOJIOTHYECKHX CBOFCTB MO3BONAET OCYIUECTBAATE OMepa-
MM KaK BHyTPH JaHHOTO Kilacca — OBepJIeii, Tak H BHe —Oydepuzauus.

Ipouenypa osepnes [25, 29] 3awmodaeTcs B HAJIO)XEHHH CJIOEB OXHOTO
TOMOJIOTHYECKOT0 Ki1acca H MoTy4eHHH HOBOTO CIIOS 3TOTO Xe Kiiacca.

Bydepusanus 3akioyaeTcs B NOCTPOECHHH IUIOWIAIHEIX OOBEKTOB BOKPYT
b0 TOYEeYHBIX, MO0 MHHEMHBIX, MO0 NIOIAAHBIX.

[puHamnexHocTh 00bEKTa MM 4YacTH OOBEKTa K CJIOK MO3BOJISET HC-
noJs30BaTh U 100aBIATE IPYNIOBLIE CBOHCTBA 0OBEKTAM JAHHOTO CIOA. A Kak

U3BECTHO U3 TeopHH 0OpaboOTKM HaHHBIX, HUMEHHO HX rpymnmoBas obpaboTka
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ABNAETCS OCHOBOH MOBBLILIEHUS TPOM3BOAMTENBHOCTH aBTOMATH3HMPOBAHHbIX
CHCTEM.

Crnon MOryT MMETh KaK BEKTOpHbIE, TaK W pacTpoBble ¢opmaThl. OnHako
mHorue 'MC normyckaloT BO3MOXHOCTL PabOThl CO CIOSMH TOJIbKO BEKTOPHOIO
THIAa, a-pacTp UCMOJb3YETCH B KaUECTBE MOJIOKKH.

JlaHHble, pa3MELIEHHbIE HA CI0AX, MOryT o6pabaThiBaThCs Kak B MHTEpaK-
THBHOM PE€XHME, TaK U B aBTOMaTHYECKOM.

C noMoubio CHCTEMbl (QHIBTPOB HJIM 3a[JaHHBIX MApaMETPOB OGDBEKTHI,
NpHHaQIeXallMe /00, MOTYT 6bITh OTHOBPEMEHHO MaclTabHpOBaHsI, epeMe-
ILeHBI, CKOMUPOBAHBI, 3alIMcaHbl B 6a3y maHHbIX. B npyrux cmydasx (mpu ycra-
HOBKE [pPYFrMX PE€XHMOB) MOXXHO HaJIOXHTh 3alpeT Ha peJaKTUpOBaHHE 0OBbek-
TOB CJI0, 3aMPETHTh HX MPOCMOTP HJIM CAe1aTh HEBUAHMBIMH.

BeeneHue Tononoruyeckux cBoictB B rpaduyeckue nanupie ['MIC no3so-
JIAET peluaTh 3afa4H, KOTOpbie MeToaamu nporpaMmHoro obecneuenus CAITP ne
peanu3yloTcs. JTO, HanpuMep, BO3MOXKHOCTb HAJIOXKEHHS CJI0€B A/ MOSy4YeHHs
HOBOTO CJIOSl, KOTOPBIA HE ABIAETCS MPOCTHIM PE3YIbTATOM HAJIOXKEHHA, a colep-

KHT HOBbIC 06‘!:21(’“:1, NoJTy4€HHbI€ Ha OCHOBE JIOTHYECKHX oncpaum‘i.

6.4. IUD®POBBIE KAPTHI U HH®POBBIE MOJAEJIN

Ilnposan KkapTa - AByXMepHas BM3yalbHas MOAE/Nb KapThl WIH NOBEpX-
HocTH 3emiu, oToOpaxaemas C MOMOIUBIO CPENCTB KOMIBIOTEPHOHN rpaduku B
3alaHHOl KapTorpaduueckoil npoekuyH U obiiagatoias BO3MOXKHOCTBIO ( B OT-
JMYHH OT OOBIYHOI KapThl) M3MEHEHMA MacluTaba oToOpaKeHHA M M3MEHEHHEM
BH3yallbHO oToOpakaeMbix aertaneii. L{upposas kapTa MoxeT GbITh NpeicTaBieHa
B GyMa)KHOM BHJE C IOMOLLBIO CPEACTB KOMIIBIOTEPHOH NONUrpaduH.

LiuppoBas kapra opraHu3oBaHa Kak COBOKYMHOCTb CjloeB (MOKpPBITHH,
KapT-NoJ105eK).

MHorocoiiHad opraHu3auus LM(POBOii KapThl MPH HATHYMH MeXaHH3Ma

yrnpaBji€HHA CJIOAMH MO3BOJIACT 00BbEeIUHUTDL H 0T06pa3u'r|> He TO/IbKO Oosbluee
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KOJIHYECTBO HHGOpPMAIIMH, YeM Ha OObIYHOH KapTe, HO CYLUECTBEHHO YIPOCTHUTH
aHall¥3 MPOCTPAHCTBEHHBIX OOBEKTOB.

Takum obpa3oM, pazbHMEeHHE Ha CJIOW NO3BOJSET pellaTh 3a4a4l THIU3ALUH
¥ pa3OMEHMs AAHHBIX Ha THIbl, N10BbILATL YGPEKTUBHOCTH HHTEPAKTUBHOMR 06-
pabOTKM W rpynnoBoil aBTOMAaTHU3MPOBaHHOH 0OpabOTKM, ympowaTe MpoLece
XxpaHeHus MHGOpMaLMH B 6a3zax NaHHBIX, BKJIIOYaTh aBTOMaTH3MPOBAHHbIE METO-
OBl POCTPAHCTBEHHOrO aHallM3a Ha CTaAud cOopa JaHHBIX U MPH MOAETHPOBa-
HHH, YNPOIUATh PelLI€HHE IKCIIEPTHBIX 3aJay.

Lindposas kapra MoXeT ObITh TPEXMEpPHOH MOJENbIO, HO KaK KapTa OHa
JIOJDKHA OTBeYaTh TPeOOBaHUAM MPENbABIAEMBIM K KapTaM.

Indposas kapta HaubGonee ynobHa s npocToil BH3yansHOH 06paboTKu
HHQOpMaLMH, TaK Kak Mo CyulecTBY paboTaer ¢ IByXMepHBIMH oOpa3zamu. ITOT
NOAXOJ WHPOKO pacnpocTpaHeH Ha npocThix 'MC Tna Maplnfo, ArcView u 1.1,

B oTnuuny ot undpoBoi kapThl uHdpoBas Moae b NMpeACTaBsET COOOM B
o6b11eM ciryyae TpeXMEpHYIO MPOCTPAHCTBEHHYIO MOJEINb, HE OTATAILEHHYIO Ccrie-
LMaNbHBIMH KapTorpadM4ecKHMH Harpy3kaMu H orpaHuyeHusMu. Liudposas mo-
Ienb MOXET COAEpXaTh H 0OTOOpaXaTh KPHBOJIMHEHHOE NPOCTPAaHCTBO, B TO Bpe-
Ms Kak LH¢poBas KapTa 3TO MOJelb, MPUBOAMMAs K onpejeseHHoH kapTorpadu-
4ECKOM MPOEKLHH.

LIndpoByro Mozenb MOXHO pacCMaTpHBaTh Kak HEKHMH NMPOCTPAaHCTBEHHBIH
KapKac, KOTOpbIH CITy>XKMT OCHOBOM IUIS pellleHus psaia 3ajay, BKJIOYas M Mo-
crpoenHe kapt. L{udposas Monens MoxkeT B GonblUEH CTENEHH COOTBETCTBOBATH
peanbHOM MOBEPXHOCTH MO CPaBHEHHIO ¢ KapToid. OHaKO BO3MOXHBI CTy4yau Mo-
CTPOEHHs LIMPPOBBIX MOZEIEH B 3alaHHBIX KapTOrpadM4eCcKHX MPOEKLHAX.

Ilndposas Mozenb UMEET JBa OCHOBHBIX BHIA.

Iepssiit Bua uudposoii Monenu gaHHeix [MIC MOXHO Ha3BaTh Kaprtorpa-
¢duyeckuM. OH NpHUBA3aH K kKapTorpaduieckoi NPOEKLHH 1 MpeacTasiseT coboii
OBYX MJIM TPEXMEPHYIO KapTy M Takxke MMeeT 6a3oBbli MaciuTab, 6a3oByio npo-

eKkuulo. B otnnuue or uuq)ponoﬁ KapThbl uu¢p03aﬂ MO/€Jib MO3BOJISET CTPOHTH
63ax. 942
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TpeXMEpHbIE BH3yalH3aLMH U NEpPCreKTHBHbIE BHAbL. Takoi THN uudpoBBIX MO-
[eneid XxapakTepeH Ui KpYIHbIX H CpeJHHX MacIuTaboB.

Jpyroii BuA LUpOBBIX MoJieNiell MOXKHO Ha3BaTh MPOCTPaHCTBEHHbIM. OH
MPUBS3aH TOJNBKO K pedepeHI-/UTHIICOMTY WM I€OMIy U CTPOMTCS B KPHUBOJIH-
HelHOH cucTeM koopauHat. IIpocTpaHcTBeHHas LudpoBas Mozenb, B ciydae
NPUBA3KH €€ K KapTorpaguyeckod MpOEKLMH, MOXET CIY)KATh CPEICTBOM s
MOCTPOEHHUS KapThl B BeIOWpaeMoii mpoekuuH M Maciurabe. [IpocTpaHcTBeHHas
uudpoBas MOAENb MO CYLIECTBY MOXET OTOOpaXkaTh KPHBOJIHHEHHYI0 HOpMY Mo-
BepxHoCTH 3eMutd. [103TOMy AJIs BM3yaliM3alMK 3TOro THIMA LMPPOBEIX Moenei
HEOOXOMMMBI aHAIMTHYECKHE NPOEKUHOHHbIE MpeobpazoBaHus. ITOT THN M-
POBBIX MoJeNeH XapaKTepeH A MEJKHX MaciuTaboB, 0COOEHHO I JaHHBIX,
NOJTy4aeMbIX B KOCMHYECKHX HCCIEA0BaHUAX.

Xotsa umeHHo CAIIP ucnons3oBanuck kak nepsbie ' IC oHu He B cocTos-
HMH pelIaTh 'MCOBCKHE 3aauH.

CAITIP pemaer JoKaibHble 3aJa4d U paboTaeT ¢ JaHHBIMH B J€KapTOBOI
cucreMe KoopaHHar. [1pu npotsxxeHHOCTAX 10 20 KM 3TH pEIIeHHs KOPPEKTHBI.
OnHaKo MpH pacCTOAHMAX COTHHU M ThICA4HU kuiaomeTpoB CAIIP He naet KoppekT-
HBIX pELIEHHH.

3emHas MOBEPXHOCTb HMeeT (HOpMYy HENpPaBHIBHOTO JJUIHIICOMAA, PHYEM
pasHble MaTeMaTHYeCKHE MOJEH C Pa3sHOW CTEMEHbIO TOYHOCTH OMMCHIBAIOT TY
WM HHYIO YacTh MOBEPXHOCTH 3eMid. Kak M3BECTHO BCe KapThl COAEPXKAT T WIH
MHBIE THIBI MCKa)XEHHH, YTO €CTECTBEHHO, MPH OTOOpaKEHHH KPHUBOJIMHEHHOM
MOBEPXHOCTH Ha TUIOCKYIO TOBEPXHOCTb. ’

[TpobGnema cBeneHUs 06BEKTOB Ha NMOBEPXHOCTH 3eMIIH B €IMHYIO CHCTEMY
Brepsble peweHa Tonbko B IVIC. Jlns 3TOro HCrosb3yercs creuMaibHas Teopus
MatemaTudeckoi kaptorpadu [5]. D10 aBasercs kayecTBeHHbIM oTnHuHem ['MIC
OT cHcTeM KoMnbloTepHo# rpaduku u CATIP.

O6paboTka TpeXMepHBIX LHGPOBBIX Moenell TpeOyeT 3HAYMTENbHBIX BbI-

YHUCJIMTEIBHBIX PECYPCOB H aHATHTHYECKHUX CPE€IACTB, obecneyHBaloIux II.alOKP[ﬁ
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Habop 11pOeKUMOHHbIX NpeobpazoBaHuid. Takas oO6paboTka BO3MOXHA C MOMO-
b0 MHOrOQYHKUHOHATBHBIX WHCTPYMEHTallbHbIX cvcTeM Tunma ErMapper,

ERDAS w 1p.

6.5. THC KAK I''TOBAJIBHAA HTH®OPMAIIMOHHASI CUCTEMA

I'UC conepxHT B cBOoeM cocTaBe 0a3y AaHHBIX W MO ITOH NMPUYMHE MOXET
NPUMEHSATCS M MPUMEHSETCS KaK CrelHali3ipoBaHHas HHPOPMALIHOHHAs CUCTe-
Ma. JTO [aeT OCHOBAHHE INPH PELUCHHH 3afa4 HHPOPMALIMOHHOIO XPaHEHHUA OT-
Hectd [TUC k uHdopMaimoHHbIM cucTeMaM (T.e. k cucteMamM AVIC  xpaHeHus
HHbOpMaLMH), XOTA MO cBOeMY (pyHKLIMOHATHHOMY Ha3HAYE€HUIO KakK WHTErpH-
poBanHas cucrema ['MIC B Gosblieii cTereHH MoXeT ObITH OTHeceHa K KIacCy
cucreM 06paboTtku naHHbIX M ynpasnenus (COAY).

Kak undopmaunonHas cucrema cospemeHHas ' MC paccuuTaHa He npocTo
Ha 06paboTKy HaHHBIX, @ Ha NMPOBENEHHE BO MHOTHX CHTYalUSX IKCIEPTHBIX
oueHok. [JIpyrumu cnosamu I'MIC Moxer BrI0o4aTh B CBOH COCTaB 3KCIEPTHYIO
CUCTEMY HJIM 3KCIIEPTHYIO TEXHOJIOTHIO.

D¢ dextuBHocts ['MC Kkak 3kCnepTHON CHCTEMBI ONpPEAENAeTCS BO3MOXKHO-
CTbI0 HabOpOM CpelCTB INMEKTPOHHOro odHca, MO3BOJAIOLIErO OCYIUECTBIATH
TIO/IIEPKKY NPHHATHA pellCHHU.

Wurerpauys B TUC kak ¥ B GONBIIMHCTBE APYTUX CHCTEM CTPOMTCS Ha
CO3JIaHHH HEKOH B3aWMOCBS3aHHOM CHUCTeMBbl (IaHHBIX M TEXHOJOTHI) U mpHUMe-
HEHUH CHCTEMBI CTAaHIApTOB “nme-tope” uiu “ne paxro” [27, 28].

B cpaBHeHHM C ApYrMMH MHTEIPHPOBAHHBIMH HH(GOPMAIMOHHBIMH CHCTE-
mamu T'UIC obnanaeT BO3MOXHOCTBIO robanbHOM HHTerpauuu [44]. OHa no3so-
JSeT YCTaHaBIMBaTh B3aMMOCBA3H MeXIy “OONbIIMMH”, “CpeaHHMH”, ‘“ManbIMH”
- 00beKTaMH OKpY’Karolero Mupa B Jo06oi 1ocienoBaTenbHOCTH, HalpuMep B
COOTHOILIEHHH:

60J1b1110# - 0OJIBILION;

6onbIIOH - cpeHUH;
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00JBIION - MabIH;

CpEHHH - CpEIHHH;

CpeAHHH- MaJlbli;

MaJiblil - MaJiblii.

Otum uneonorus 'MC HarnoMHHAET NPHHUMI B3aUMOCBSA3H B MIHTepHeT.

Hanpumep, umes uHbopMmauuio o rocyaapctse (60JbLIOE) MOXHO Bblie-
JIHTh JKOHOMMYECKHMI PETHOH (CpelHee), a B HEM BBIAENINTH HAaCEJIEHHBIH MyHKT
(manoe). C nomoupto 'MC MoxHO TakuM oOpa3oM cBs3aTh HHGOpPMaLHIO O
¢dupMe U ee punuanax.

[Mockonbky kak uHbopMmaunoHHas cuctema ['MC xpaHHT HHOpMaLHIO U
ocyuecTnseT HHGOpMALMOHHOe OOCITy)XKMBaHHE Ha OINpENENeHHYI0 TeppHUTO-
puto, 3to onpenenser wiacciduxaumio I'MC no  TeppuTOpHansHOMY MPH3HAKY.
Takas wiaccudHKalMsa NMpeAcTaBiseT coboil HepapXHYECKYI0 MOZEINb, BCIEACT-
BHE YEro Lenecoobpa3sHo BBEJECHHE MOHATHS TEPPHTOPHAJILHOIO YPOBHH HC-
noas3zoBanua F’HC

B o6uieM ciryyae MOXHO BBIAEIHTD CIEMYIOLIME TEPPHTOPHAIBLHEIE YPOBHH
ucnons3oBanuss T'HIC: rnobanbHblil, KOHTHHEHTANBHBIH, HALIMOHANBHBIH, peruo-
HaJIbHO-3KOHOMHYECKH, PErHOHAIBHO-3IMHHHCTPATHBHBIN, MyHULIUTATBHBIH.

I'nobanbHbli ypoBeHb - 3eMHO# 1ap Ha rno6anbHOM GOHE COOTBETCTBYET
kaptam Macwrtabos 1: 45000 000 - 1 : 100 000 000.

KoHTHHEHTA/NLHBIH YPOBEHD - OTAENbHbIE KOHTHHEHTEHI

HaunonanbHblii YpoBeHb - OTJ€/bHBIE CTPAHBI.

Cnemyet oTMeTHTh, 4T0 Poccust B CHITy ocobeHHOCTeH ee pacronoXeHHs
pa3sMepoB MOXeT ObITh NPENCTABIEHA Ha BCEX YPOBHAX: Ha rJIOGATbHOM U €Bpa-
3ufickom ¢one Mmacwrtab 1: 45 000 000 - 1 : 100 000 000 u Ha Gonee MENKUX.
Bceepoccuiickuii  (HaLIMOHANBHBIN) YPOBEHb - BC TEPPHTOPUSA CTPaHbl, BKIIOYas
npubpexHble AKBATOPHUH M NPUrpaHUYHBbIe paiioHsl, MaciuTab 1 : 2 500 000 - 1:

20 000 000.
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PeruoHa1bHO-IKOHOMHYECKHH YPOBeHb - KPYIHbiE€ U MPUPOIHBIE JKO-
HOMMYECKHE PErHOHbl, apeaiibl OOMbUIMX KPH3HCHBIX cuTyauwmd (wis Poccuun
KpYIMHble 3KOHOMHYECKHE PETHOHbI) COOTBETCTBYET KapTtaM maciutabos 1 : 500
000 -1 :4 000 000.

Pernona/ibHO-aIMHHHCTPATHBHBIH ypoBeHb - 0061aCTH, paiOoHbI, HallMO-
HajlbHble MapKH, apeabl HeOONBIINX KPH3HCHBIX CHTyallMi COOTBETCTBYET Kap-
Tam Macirabos - 1 : 50 000 - 1 000 000. (anst Poccuu cy6bekTsl denepariuu).

MyHHUHNANBHBIA YPOBEeHb - rOpoja, TOPOACKHE paiOHBI, MPHUTOPOAHBIE
30HBI COOTBETCTBYET KapTaM Maciutabos 1 : 50 000 u kpymnHee.

OnuuM u3 BaxkHeiHx coicTB [MIC sBnsercs BO3MOXHOCTh reHepanusa-
UMM ¥ OeTaIM3aldH HHGOPMaLWH, YTO TO3BOJSAET PacCMAaTpPHUBATh ABJICHUA H
MPOLIECCHl OKPYXKAIOILEro MHpa B AMHAMHKE, B YACTHOCTH, B Pa3HBIX MaclUTab-
HBIX PA/IaX U CBA3BIBATH pa3sHOMACIUTaOHBIE JaHHbIE MeXTy coboit, 4To mpobie-
MaTH4HO I OOBIYHBIX CIIELHATH3HPOBAHHBIX HH(OPMAIIHOHHBIX CHCTEM.

I'eHepanu3zauuns obecneunsaet 06061meHHe HHPOPMALIMH NIPH YMEHBILEHHH
maciutaba U3y4yaeMoi TEPPUTOPHH, a NOILAroBas JeTaTH3alMsA MO3BONAET BhIIE-
naTh HeobXoaUMble MOAPOOHOCTH MPHU YKPYTHEHHH MaciuTaba.

ITpn 3TOM TexHomorus o6paboOTKN JaHHBIX B TAKHX MOHCKOBBIX CHCTEMax
JOCTaTOYHO MPOCTa HACTOJBKO, YTO JUIA IIMPOKOTO Kpyra Mojib30oBaresei He Tpe-
OyeT yriryOneHHBIX 3HaHUI HH B reo/Ie3UH, HH B KapTorpaduH.

3TO NMO3BOJIET OPraHU30BBIBATh 3aNPOCH! KaK B 0OBIYHON 6a3e JaHHBIX, HO
HONY4aTh pe3yNbTaThl 3alpOCOB HE TONBKO B TaGNMYHOM BHIE KaK B OOBIYHOM
6ase JaHHBIX, HO M B BU3Y&IBHOM BHJE - TEMAaTHYCCKHUX KapTsl H AenoBas rpapu-
ka. Jlna mMaccoBoro nons3oBartens I'MIC MosBHINCE HMEHHO KaK CHCTEMBI NOJ-
IEPXKHU TPUHATHA PELICHHH C HCMOJb30BAHHEM METONOB JEIOBOH M KOMIIBIO-
TepHOH rpadMKH.

ITpu 3TOM BO3MOXKHO HCIIONB30BaHHE HE TOJNBKO KapT, HO M KOCMHYECKHX
CHHUMKOB, KOTOpBIE MOTYT ObITh Mpeobpa3oBaHbl B M3BECTHYIO KapTorpaduye-

CKYIO TNPOEKILHIO, YTO NMO3BOJAET 10Ty4aTh ONEPATHBHO KapTOI'pa(bH‘-lCCKle HH-



86
dopMalMIO I8 CpaBHEHHMA C CYLIECTBYIOLIEH JIOKAIM30BaHHOM HHOpMaLMei
UK ee OOHOBIIEHHS.

Cremyer noayepkHyTb, 4TO Kak rnouckosas cucrema ['MIC mossonser uc-
N0Jb30BaTh H3BECTHBIE METO/b! MMOMCKA KaK B 06a3ze JaHHBIX, @ KaK MHpOpMalH-
OHHas CHCTeMa, XpaHsilias rpadHyecKkue JaHHbIe, TO3BOJSIET IPOBOAUTD MIOUCK U
3anpock! IyTeM rpaguyeckoit o6paboTkH TaHHBIX.

Texnonoruyecku npobiaema o6beIMHEHHUA pa3HBIX 0ObEKTOB U MX CBOKCTB,
xpanumbIx B TMC, B eanHyl0 CHCTEMY peliaeTcs Ha OCHOBE MO3MLMOHHPOBAHMS,
T.e. PUBA3KH 0OBEKTOB K MX reorpadMyeckoMy mHoyioxkeHuo. [Ipu 3tom xapak-
TEPHCTUKH WIH CBOWCTBAa 00beKTa MOIyT 00pa3oBBIBaTh HEPAPXHUYECKYIO HIH TH-
NEPTEKCTOBYIO CTPYKTYpY.

Crnemyer OTMETHTb CBOMCTBO rioOanu3alMid MHPOpMAlMH XpaHHMOH B
I'MC. 3to o3nayaet, yto I'IC pa3HOro ypoBHs OKaIH3aLUH MOTYT OOMEHHBATh-
cs MHbopMaLHeil Ha OCHOBE ee NMpHBA3KH K €AMHOH cHcTeMe KoopauHart. Ilpu
3TOM MOOIYCTHMO HCMOJb30BaHHE pa3HBIX KapTorpapuyeckux MNpOeKUHii, mo-
ckonpky anmapat ['MC no3Bosnsier npeoOpa3oBBIBaTh 3TH NMPOESKLIHH.

Takum obpaszom, F'HUC kak ueneBas HHOOPMALMOHHAA CHCTEMA XPAaHUT UH-
¢dhopMaLMIO OIpeeNIEeHHOr0 YPOBHS JIOKAIH3aLMHU, HO 32 CYET CBOMCTBA rio6aiu-
3alliM OHa MOXeT moxy4yath HHpopMaumio u3 [HMC Gonee Bricoxoro win 6onee
HHM3KOTO YPOBHA.

He3saBucuMo ot ypoBHs ucnonb3oBanus ['YIC pesynbTaThl 3apocoB MOTYT
ObITh MpencTaBiaeHsl 06001IeHHO Ha 6ollee BHICOKOM YPOBHE HIIHM AETATH30BaHO
Ha 6Gonee HH3KOM ypoBHe. Takoe CBOWCTBO nenaeT FI/IC 3¢ eKTHBHBIM cpencT-
BOM IIOMCKA U aHaJIN3a XpaHUMO# B Hell HHQOpMaLWMK U HeCpaBHUMOH C JpyTH-
MH HH(OPMALIMOHHBIMHM CHCTEMAaMHM, PaCCYUTAHHBIMH Ha XpaHeHHe H 06paboTky
TabGNHUYHBIX TEKCTOBO-LHGPOBBIX JaHHbIX.

Oco6ennoctsio I'UC sBnseTcs BO3MOXXHOCTh XpaHEHHUA IaHHBIX B JIBYX Ka-

YECTBEHHO pa3HbIX BHAX.
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[lepBbiit ocHOBHOH Bua XpaHenus aaHHeix I'MC - uudposas kapra. OH
MMeeT BCe XapaKTePUCTHKH aHalOTHYHble 0ObIYHOH KapTe: MaTeMaTHYeCKYk oc-
HOBY, 6a30BbIH MaciTad, 6a30ByO0 NIPOEKLIMIO.

Bropoii Bua undposas monesb. OHa MOXKET UMETh KapTOorpadHMuecKyto HiH
MPOCTPAHCTBEHHYIO HOPMBI.

IpenmymectBo ['MIC kak MHGOPMALIMOHHOH CHCTEMBI NPOSBIAETCA NPH
U3y4eHHH OOBEKTOB M OKpYXKaloLeH MX Cpelbl, a Takke H3yYyeHHEM OOBEKTOB C
Ppa3HOM CTENEHbIO AeTaTIU3alHH.

Kak npaBwio, npy u3ydeHHH noBeleHHs oObEKTa B HEKOH cpelie Ui €ro
OMNMCaHHUA MCIOJB3YIOT 6OJbllee YHCIO XapaKTEPUCTHK TMPOCTPAHCTBO MapaMeT-
POB pa3MepHOCTH N,,.

Ipyu u3yveHuH cpenpl UCMONb3YIOT MEHBILEE YHCIIO XapaKTEPUCTHK, MEHb-
11ee nMpocTpaHcTBO napaMeTpoB Ny, N << N,.

I'MC kak HH}opMaLIMOHHAs cHCTEMa 3a CYET CBOMCTBA rN06aTH3aLuH U HH-
Terpalyy no3BoJyiieT o6pabaThiBaTh W CBA3BIBATH HaHHbIE, HMEIOIIHE pa3Hoe
NPOCTPAHCTBO MapaMETPOB. JTO BaXHO NMPH MOHHUTOPHHIE, MHOIOBAPHAHTHOM
HCCIIEA0BAaHHUH NIPUPOJHBIX PECYPCOB, IUIITAHUPOBAHHH, HCCIIEIOBAHHH COLIMATILHO-
9KOHHMHYECKHX XapaKTepUCTHK 06bekToB 1 Cpenbl M T.A.

Takas uHpopMaLua 1 popMa ee 0600LIEHHS ABNAETCA NPUBJIEKATENBHON U
KaK CpelCTBO MOJAEPXKH MPUHATHA PELIEHHH NPH YNpaBICHUH TEPPHTOPHAIb-

HbIMH KOMITJICKCAMH.

6.6. BU3YAJIbHASA OBPABOTKA HH®OPMAIIUH B I'HC

OmHMM M3 MPOTHBOpEYHH OONBLIMHCTBA CYIIECTBYIOINX HHGOpPMALMOH-
HBIX CHCTEM SBJISETCA TPOTHBOpEYHE MeEXIy BBICOKOCKOPOCTHO# o6paborkoii
JAHHBIX B KOMIBIOTEPHOH cpele M HU3KOW MPOITYCKHOM CroCOOHOCTBIO KaHala
‘““4qesoBeK - KOMIBbIOTEP”’, 0COOEHHO B pe)XXHMaxX HHTEpaKTHBHOHN 06paboTku.

Jlnst moBBILIEHUS TPOU3BOAMTENLHOCTH MHTEPAKTHBHOH 00paboTku mpen-

nararT pasHble moaxoAbl. OQHHM U3 TaKHUX ABISETCS METON BH3yalbHOi obpa-
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60TKH HHGOpMaLMH, OCHOBAHHBIH Ha BbIENIEHHH W 0600LIEHHH HEOOXONUMBIX
JAHHBIX M [IPEACTAaBICHHH HUX B BU3yanbHOH dopme.

JlaHHble, TIpeAcTaBlieHUe B rpadMyYEcKOM BHIE MO3BOJIIOT BBIABIATE OT-
Ze/bHbIE ABJICHHS Ha MOPAJAKH ObICTpee, 4eM aHaIu3 TaGIHYHON WIH TEKCTOBO#H
HHbOpMaLHH.

O¢dexkTUBHOCTH BU3YaIbHON 06pab0TKH HHGOPMALIMK BHIPAXAETCS B TOM.
YTO OHa MO3BOJIAIOT MOAKIIIOYHTE K aKTHBHOH paboTe 1Mo MPUHATHIO pellieHHs pe-
3epBbl 00pa3HOro, acCOLMaTHBHOrO MblUUIeHHA. [IpencTaBneHne CUTyalUuH B BHU-
ne obpasoB 06061aeT HHOOPMALMIO U MTO3BOJIET MPUHUMATh pellleHHe Crelua-
JIMCTY B JAHHOMH NpeAMETHO#H 061acTH.

Busyannnas ofpaborka mudopmanunn [45] npencrasiser co6oi KOM-
TUIEKC TEXHOJIOTHH, OCHOBAHHBIX Ha:

TPYNIHPOBaHNH H OOOOIIEHHH MCXOOHBIX HNAaHHBIX W COTMOCTaBIEHHE Xa-
paKTepUCTHKaM AaHHBIX rpaduueckux o6pa3os;

NPUMEHEHHN METOAOB KOMIMbIOTEpHO#H rpaduku s o6obiueHns, aHanHu3a
Y MpeAcTaBIeHU HHpOpMaLIUH;

TIPHMEHEHHH OOBEKTHO-OPHEHTHPOBAHHOTO MOAXO0MAA 1A MOCTPOEHHA MO-
neneit rpadpHUYecKux U Herpaguueckux o6bEKTOB;

NPUMEHEHHH COBPEMEHHBIX MHTENIEKTYyalbHbIX WM MOSYyHHTEIIEKTYallb-
HbIX rpaduueckux UHTEpdEHCOB.

MoHO cka3aTh, YTO BH3yalbHas 06paboTka OCHOBaHa Ha HMCIOJIB30BaHHH
Pa3BUTHIX CMCTEM KOMITBIOTEPHOMH rpadvki, BIIIOYAIOLIMX B CBOH cocTaB 6a3bl
JaHHBIX Mojesei (wabioHoB - 06bekTOB) H 6a3bl JaHHBIX Npolenyp (METOmOB
o6paboTkn).

[TpuMepoM Takoro noaxoia MOXET CIY)XXHTb BH3YaJbHOE NPOrpaMMHPO-
BaHME, KOTOPOE [OMYCKAeT HAlMCaHWE MPOrpaMM TPagHLMOHHBIM CrocoboM u
IOTIONTHUTENBHO K 3TOMY IO3BOJIAET ONEPAaTHBHO CO3JaBaTh MPOrpaMMHEIE Npo-
ekTbl 6e3 HCMoJIb30BaHUA TPAAHLMOHHOIO HAaMHCaHMUS MPOrpaMM C CO3[aHHEM

HeoOxoanuMoro rpaguyeckoro HHTEpdeica.
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BusyanbHas o6paboTka Ha ypoBHE Mo/b30BaTess YNpOLUAeT npouecc 06-
pa6OTKH JAAaHHBIX U CHH)XXAE€T YPOBEHbB, Tpe6)’eMle npH OOBIYHBIX MeTonax o6pa-
60TKH, creuHanbHbIX 3HaHWH B 001aCTH NPOrpaMMHPOBAHHSA U NPEAMETHOH 00-
nacTd. BusyansHas o6paboTka MHbOpMalMK¥ OCHOBaHa Ha WCMOJb30BaHHH 10-
TMOJIHUTENBHBIX FpapH4YeCKUX MHTEpdEnHcoB, NO3BOJIAIOLIMX 000611aTh NaHHblE B
yaoOHOM IS MoJib30BaTess BHAE M H306eraTh Mo Mepe BO3MOXXHOCTH BONPOCOB,
TpeOyIOLUX CrieLMaNbHON MOArOTOBKH B JaHHOM NMpeaMeTHOMH 0061acTH.

D¢ dexT oT TEXHONOrHH BU3yalbHOH 00paboTkH MHGOPMaLMH BO MHOTOM
3aBHCHT OT Pa3sBHUTOCTH HCIOJNB3YEMBIX METONOB c6opa MH(GOPMALUH, CTPYKTY-
PHMpPOBaHMA MNAHHBIX, TOCTPOEHHA CLEHApHEB M MPHUMEHAEMBIX TEXHOJOTHIA.
Bonbioit 06veM n0cTOBEPHOH HHPOPMALMH O Pa3AMYHBIX aCMEKTax SBICHUA —
TIpH3HAaK YCTOMYMBOCTH €ro AMHAMHKH, 30T 3¢(EKTHBHOCTH MPHHMMAaEMbIX
KOpNopaTHBHbIX pelieHHiA. Ha He#t MOXHO MOCTPOHTH HAJEKHYIO MOJENb pa3BH-
THUS ABJIEHHS.

IMpu ManoM KoHYecTBE NOCTOBEPHOH HHPOPMaLMH 0COO0ro BHUMaHHA 3a-
CJTY)KHBAIOT HEKOTOPBIE NMOA00JIACTH METOOB HCKYCCTBEHHOTO HHTEJIEKTa.

I'MC xak MHTerpMpoBaHHas MH(QOPMALMOHHAd CHCTEMa BKIIOYAET B CBOMH
COCTaB CHCTEMY KOMNbIOTEPHO# rpaduku M 6a3bl AaHHbIX. 1o 3TOM NpHYMHE BH-
3yansHas 06paboTka uudopMaumu B THC - ecTecTBEHHOE pacIIMPEHHE BO3MOX-
HOCTH €€ TeXHOJIOTHi. FIMEHHO 3TO CBOMCTBO JenaeT NPHBJIEKATENbHBIMH M 10C-
TynHeiMi TUC s mwmpoxoro kpyra rnonb3oBaTelied, OT KOTOPBIX He Tpebyercs
3HaHWH HH B reojie3uH, HU B KapTorpaduH.

s maccooro noss3osareis ['FIC nosBrwinch HMEHHO KaK CHCTEMBI NOJ-
JePXKKH MPUHATHA peLIeHHH, HCTONB3YIOLIHe BHU3yallbHBIE METOMIBI NAENOBOH H
KOMIBIOTEPHO# rpadHkH.

C stux nosuumii TUC MoxHO paccMaTpuBaTh Kak OCOOBIH BHI CHCTEM
KoMnbloTepHoi rpa¢puku. Kak cucteMsl 06pabOTKH KOMIBIOTEPHO#H rpaduku

T'UC sBnstorcsa pa3sutueM CATIP. [IpuHuunuansHeiM aeasercs to, yro ['UC no-
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3BOJISET BU3YaJIbHO [IPECTABATh pa3Hble OOBEKTHI U ABJIEHUS B €AMHON CHCTEME
TIOBEPXHOCTH 3eMIIH.

B03MOXHOCTh MHTErPUPOBAHHOH BH3yalbHOM 00paboTkH HHpOpPMALIMH B
I'MC no3Bosser AaTh €l elie 0qHO onpeieneHue.

MoxHo onpeaenuts 'MC kak aBTOMaTH3MPOBAHHYI0 WHTErPUPOBAHHYIO
HHOOPMALIMOHHYIO CHCTEMY, MpeJHa3HaYeHHYI0 Ul 06paGOTKH NMPOCTPAaHCTBEH-
HO-BPEMEHHOM TeMaTH4eckoi MHpOpMaLMK, OCHOBON MHTErpaLMK JaHHBIX B KO-
TOpO#i ABNAETCSA MPOCTPAHCTBEHHAsA JOKAIH3aLUs, 8 OCHOBOH HHTErPaLMH TEXHO-
norui 06paboTKH - TEXHONOTHH BU3YyalbHOH 06paboTku MHGOpMaIHH.

OcHoBo# BH3yabHOH 00paboTku MHpOpMaLMK CiTyXKaT rpaduyecKkue Mo-
nenu, xpanuMele B 'HIC. Kak yxe otmeuanoch 310 HMQpoBble KapThl H UH(pOBbIE
Mozenu. Lludposas kapTa no3BosseT MOAETHPOBATh OOBIYHYIO KapTy CpPeACTBaAMH
KOMIBbIOTEpHOI rpaduku. L{udposas Moznens Gonbliue COOTBETCTBYET peabHOMY
PACIONIOKEHHIO TOYEK MECTHOCTH.

Liudposas kapra HaubGonee ynobHa [UIs NMpOCTOH BH3yalbHOH 06paboTku
nHOPMALIMH, TaK KaK 110 CyIIecTBY paboTaeT ¢ AByXMepHbIMHU obpa3amu. Pabota
¢ uMQpoBOA KapTOil KakK C BU3yalbHbIM 0OBEKTOM TpeOyeT MEHbBIINX BBIYMCIIH-
TeJIbHBIX pecypcoB. FIMEHHO OHa MpUMeHAETCA KaK CPeNCTBO MOANEPKKU MPHHA-
THS pelICHHH.

LluppoBele MOIENH NPUMEHAIOTCA NPH MPOEKTHPOBAHHHM H MOIENHPOBaA-
Hun. O6paboTka TpexMepHsIX LMGPOBBIX MoJeneil TpeOyeT 3HaYUTENbHBIX BbI-
YHCIIUTENBHBIX PECYPCOB U aHATUTHYECKUX CPENCTB, 00ecneyHBalOINX LIHPOKHUi
Habop MpOeKLHMOHHBIX Mpeobpa3oBanuii. Takas obpaboTka TpeGyer Gonee Mouw-
HBIX BHIYHUCIIMTENBHBIX PECYpCOB, YeM 006paboTka LHPOBLIX KapT.

BusyanbHas 00paboTka MHGOpMaLMH [03BOJISET IONb30BATENIO, HE pac-
cMatpHBas aTpuOyTHBHble TabNUYHbIEe NaHHblEe, paboTaTh C rpaUUYECKMMH AaH-
HBIMH, YTO CYLLECTBEHHO MOBBILIAET CKOPOCTh 00PabOTKHU U aHANN3a JaHHBIX.

Hanpumep, kiaccuueckas opranusaius 3anpocoB B BJI TpebGyeTt ucnosnb3o-

BaHua cneuransHbeiX 13pikoB SQL unn QBE. TC obnapaer 3TUMKM BO3MOXKHO-
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CTAMM Kak mobas uHpopmauHoHHas cucteMa. ONHAKO AOMONHHUTENBHO K 3TOMY
OHa MO3BOJISET OPraHH30BBIBaTh 3aNpOChi TOJBKO Ha OCHOBE MAHHITYJIALMHA C
rpapu4ecKMMH JaHHBIMH U rpaduueckuM HHTEpEHcOM.

IIpu 3TOM pe3ynpTaT 3ampoca MOXeT OBITh MPEACTaBIEH KaK B TaGJIHYHOM,
TaKk U B rpad)HueckoM BHIE.

Hanpumep, nouck obbvekra B 3afaHHOI 30He. B 06pIyHO# 6a3e maHHBIX pe-
3y/IbTaTOM MOHCKa MOXeT OBITh Tab/IMLa, COBOKYHOCTE TabJIHL, CIIPaBKa.

B I'MC pe3ynbTaToM noucka sBnseTcs $parMeHT TEPPUTOPHH C HCKOMBIM
ob6bexToM. [[ng naHHoro oObvexTa rno Mepe HeoOXOOUMOCTH MOTYT ObITH BhIBEIE-
Hbl Bce aTpuOyThl, XpaHHUMBbIE B 6a3e NaHHBIX, @ TAKKE BHIMOJHEHBI PacyeTshl , Mo-
Ka3bIBAIOLIME, HATIPUMED, €ro yAaleHHe OT ApYroro obpexTa.

@®parMeHT TEPPHTOPHH MOXKET OBITh NETATM30BaH [UIA BBIABICHHA MOAPOG-
HOCcTeH WJIM HaobopoT nepeBeneH B Oosee MeNKHi MaciiTab M reHepaiM3oBaH.
ITpu 3TOM MOXET OBITH MOJyYeHa BH3yalbHasd COBOKYITHOCTh NETATM30BaHHBIX
¢bparmeHTOB C 00LI€E# reHepaTM30BaHHONH KapTHHOM B MEJIKOM MacuiTabe.

Crnenyer NMOMHHTb, YTO BH3yanbHas 00paboTKa HCMONB3YeT KOHLETLHIO
00BEKTHO-OpHEHTHpOBaHHOTrO noaxona. Ilocnenuuit Tpebyer Gonee riy6okoit
npopaboTky co3naHus HHOpMaLMOHHOH cucTeMsl, Biuioyas [HIC.

[TpuMenenre BusyansHoW 06paboTku HHOpMaLMH sBnfeTCS IPPEKTUB-
HbIM METOOM HKCIOJIb30BaHHSA HHTEJUIEKTYaIbHOIO NOTEHLHANa, HHPOPMaLIHOH-
HBIX TOTOKOB, TEJIEKOMMYHMKALMH, CPEACTB MYJIbTHMENMA H F€OUH(POPMALIHOH-
HBIX TEXHOJIOTH NIPH yNpaBJIeHHH H NOJEPXXKe MPUHATHA peleHuid. Cnenuany-
CTBl pa3MMYHbIX obyacTed yXKe HaYHHAIOT OCO3HABaTh BA)XHOCTh JAHHOTO KOM-
NOHEHTa B CHCTEME YMNpAaBJEHHA W B CIEJICTBHH 3TOro Bce Goyblliee BHUMaHHE
yIOensoT reouHGOpMaLIMOHBIM CHCTEMaM KaK CUCTEMaM yINpaBlieHHs U NOJepK-

KU MPHHATHA pELIEHHH.



7. MOJAEJIMPOBAHHUE U ITPOTHO3UPOBAHUE B
I'nc

I'MIC obnagaeT BOZMOXHOCTbIO NOMAAEPIKKH M IPHHATHH pELEHHI Ha OCHO-
B€ WH()OPMALMOHHBIX BO3MOXXHOCTEH MO MOAETHPOBAHHIO U MPOTHO3UPOBAHHUIO

JAaHHBIMH

7.1. MOAEJHPOBAHME ITPOCTPAHCTBEHHO JIOKAJTU30BAHHbBIX
OBBEKTOB

OnpenennuM MozieTMpOBaHHE MPOCTPAHCTBEHHO JIOKAJIM30BaHHBIX OOBEKTOB
KaK KJIacC MOJEJMPOBAHHA NPOCTPAHCTBEHHO- BPEMEHHBIX NaHHBIX, OpraHH30-
BaHHBIX TaK, YTO KaOKABIHA rpaduyeckuit 06beKT B3aHMOCBS3aH C OHOH MK He-
CKOJILKHUMH Tabnnuamu 6a3bl nanHbix[31, 32].

OCHOBY Takoro MoOJENHPOBaHHA Kak crneuHanusupoBaHHoit I'MC- TexHo-
JIOTMM  COCTaBJIIOT  NpeoOpa3soBaHHs  OCHOBAaHHBEIE  HAa:  TEOPETHKO-
MHOXXECTBEHHBIX OTHOILEHHUAX, 3aKOHaX ¢OpMabHOMH JIOTHKH, aIrOpuTMax obpa-
60TKH H300pakeHHH W MHOTOM JIPYrOM, YTO ABJIIETCS CaMOCTOSTENIBHBIM Hayuy-
HbIM HarpaBlieHHEM, He CBA3aHHBIM C reorpaduei.

O6bekTaMH MOJENHPOBaHHUA ABIAIOTCA TPOCTPAHCTBEHHBIE rpadHyeckHe
o6bexTsl U 00bekThl 6a3bl naHHbIX [HIC, “reorpadu4HOCTE” KOTOPBIX ONpenes-
eTcA WX MO3ULMOHHON NPUBA3KOHN K TOYKaM pedepeHL] - JLUTHICcoAa (a He TOJIbKO
K KapTe).

B xopme 6oabplMHCTBA mpouenyp TreoMHGOPMALMOHHOTO MOJEIHPOBaHHUA
3Ta “reorpa¢MyHOCTb” HE HapyLIaeTcs M HE UCMOJNB3YeTCs, T.€. HE NPHUMEHAETCS
M He BIMSeT Ha Mpolecckl MojenupoBaHud. CienoBarenbHO, TOBOPHUTH O
“reorpaguueckoM MOJETHPOBAaHHH” B TAKHX CITy4asX HET OCHOBAHHH.

[eouHpOpMaLKOHHOE MOAENMPOBAHHE BKIIIOYAET ClEXYIOLIME ClieLHallb-

HBIC TEXHOJIOTHH:
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reorpynnupoBKYy - MOCTPOEHHE BPEMEHHON AHHAMHUuYeCcKOH rpagpuueckoi
MOZleJIM MyTeM OObeIMHEHHs COBOKYMHOCTEeH rpadHYeckuX oObeKTOB B Oonee
KpYTIHblE OOBEKTHI;

OydepH3aumio - npolielypy NOCTPOECHHS MOJUTOHALHBIX OOBEKTOB MO 3a-
NaHHBIM apeallbHbIM, TIHHEHHBIM H TOYEUHBIM - 00BEKTaM H NapaMeTrpaM Oydepu-
3alMH;

reHepajiHiauHio - npouenypy o6oOieHus rpaguueckux 0OBEKTOB M U3-
MEHEHHS HUX BUIMMOCTH NpH M3MEHEHMHM MacliTaba M MOJyYeHHS COOTBETCT-
BYIOILMX HOBBIX aTpUOYTHBHBIX NaHHBIX;

KOMOHHHPOBaHHe - NIPOLIEAYPHl KOMITO3HLIMH WIH JE€KOMIIO3ULMH rpadu-
4EeCKHUX 00BEKTOB Ha OCHOBE OTHOICHUH MEX Ty HUMH;

reoKOAHPOBaHHe - NpOUEAYPY KOODJHHATHOH NPHUBS3KH JaHHBIX OLHOM
Tabnuubl K JaHHBIM APYToM, MO3ULIMOHHO ONpeAENeHHOH TabIuLIbI;

0000menHe JaHHBIX - TMPOLEAYPY CO3JaHHUSA aTPHOYTOB HOBBIX OOBEKTOB

Ha OCHOBE OTHOLIEHHH aTpUOYTOB UCXOMHBIX OOBEKTOB;

7.1.1. ®opmanH3alHA NPOLECCOB NPOCTPAHCTBEHHOr0 MOJE/IHPOBAHHA

Ipu reonHpOpMaLIMOHHOM MOIETHPOBAHHH pEaJbHOE SABJIEHUE YNPOILAET-
cs U CXEMaTH3UPYETCA U 3Ta ‘‘cxeMa’ SABJIEHUS ONMHUCHIBAETCA C MOMOLIBIO CIIELIH-
aJlbHOTO ammapara. DTOT npolecc Ha3plBaeTcs GpopManusanueit v popManizo-
BaHHBIM onHcaHHeM. Takoe popmanuzoBaHHOE ONMMCAHHE MPEACTABIEHHE HCCIe-
IyeMBblIe 3IEMEHTHI ABIEHHIA U UX B3aUMOCBS3H.

Ilpn MoaenupoBaHHH HEOOXOAUMO BBIAENATH OOBEKT HIH OOBEKTH Moje-
JTUPOBAHUA CPEAH MHOXECTBA JPYTMX, HE Y4aCTBYIOLIHX B MPOLIECCE MOAENUPO-
BaHHUA. DTa MpoUeLypa [0 aHAIOTUH CO BCEMH CYIIECTBYIOIIUMH rpadHYeCKHMH
pelaKTOpaMy Ha3bIBaeTCs aKTHBH3aLHei 00beKTa.

Bynem 0603Ha4aTh aKTUBU3UPOBAaHHBIN OOBEKT CHMBOJIOM A, NMpodne 005~

eKkTsl CMMBOJIOM O.
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Ilpu reonn$popMaLHOHHOM MOAEIMPOBAHHM MOTYT HCIOJIb30BATh CrELH-
aJibHBIR 06BEKT S, KOTOPBIH NPUMEHSIOT B KayecTBe 11ab10Ha (MacKH).

OOBeKT BHOBb CO3/1aBa€Mbli HWIH MOIHGHLIMPYEMBI U3 H3MEHAEMOTO 00b-
ekTa 0603HaYHMM CHMBOJIOM M.

B pamkax Takoii Monenu oboOuieHHas npouexypa reoMHGOpPMaLHOHHOIO
MOJENHPOBAHHA OMNHCBHIBAETCS Ha OCHOBE OTHOLIEHHH Mexay 4 U S.

AxS M

31ech X - CHMBOJI OTHOLIEHHS ; —> WUMIUIHKALIMA

B I'C nMeroTcs TpU THNa rpadHyeCcKHX BEKTOPHBIX OOBEKTOB: TOYEYHbIE
(P1), nuneiinsie(Ln) u rwiomanxele (Ar). M3MeHsemblii 06bekT A U S wabnox
JIOJDKHBI IPHHAIEKATH K OHOMY THITY.

VYcnoBumces 0603Ha4aTh COBOKYITHOCTh aTPHOYTOB TNPOM3BONBHOrO 0OBEK-

1a O cuMBosIoM A0 ), COBOKYITHOCTb MO3HLIMOHHBIX JAHHBIX CHMBOJIOM Pos(O

).

7.1.2. KomOHHHpOBaHHe NPOCTPAHCTBEHHLIX 00bEKTOB

ITpn TakoM BHIE MOJIENHPOBAHHSA OCYILECTBIAIOT OnepalHuu ¢ rpaduye-
CKHMH 00BEKTaMH.

AKTHBHM3UPOBaHHbINH 00beKT A Ha3bIBAIOT TAKXKE H3MEHAEMBIM 00BEKTOM,
Noa4epKHBas 3THM CaMy BO3MOXXHOCTh €ro MOJAH(HMKALMH U B3aHMOJEHCTBHA C
JIPYTMMH MOAOOHBIMH 06BEKTaMH, a HE TO, YTO 3TOT O6BEKT Halo B 00A3aTENILHOM
NopsAaKe U3MEHATb. .

Obvedunenue ob6vexmos. Hanbonee pacnpocTpaHeHHOH NpoLEeIypoH KOM-
OMHHMpPOBaHHA OOBEKTOB ABNAETCA MX OOBEAHHEHHE. DTy Npouexypy yYAoOHO Hc-
N0JIb30BaTh, KOTAa OAWH U3 0OBEKTOB ABNAETCA ONpPEAENAIOIINM, HaNlpuMep, Ma-
TEPHKOBYIO YacCTh FOCYAapCTBa W OCTPOBA, OTHOCALIMECS K HEMY, B ONHY TEppH-
TOpHIO.

Al VA2 VAi Ak > M

K - 4HCIIO HCXOAHBIX OOBEKTOB, YYaCTBYIOLIHX B 0ObEAIHHEHHH.
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B pesynbTate Takoro Buaa MOZENMPOBaHMS CO3JaeTCS HOBbI 0OBEKT M
BBIUHCIIAIOTCS COOTBETCTBYIOUIHE €My JaHHbIE.

Buioenenue Heckonvkux 0bvexkmog uz 00Ho20. Ilpouenypbl BolaeneHus oob-
€KTOB MO3BONAIOT pa3OUTh U3MEHsAEMbIit 00BEKT Ha Dosiee MeKHe OOBEKThI, HC-
noJsib3yst HEKOTOpBIH 1WabnoH. Hampumep, ¢ X NOMOLLbIO MOXKHO pa3OHTb Gob-
LLIYIO TEPPUTOPHIO HA COCTABJIAIOLIHE YACTH.

ANSIo>M; 4 NS25M2; ... 4 [N Sn> Mn

Yoanenue ¢ppazmenmos ob6vekmos nymem kombumuposanus. Y JaUTh
¢dparmeHTa H3MeHsAeMOro o6beKTa OCYLIECTBIISIOT TakXKe KaK ONepalyio MOJeTH-
pPOBaHHS C HECKOJBbKMMHM 0ObeKTaMH. Y JaluTh 4acTh H3MEHAEMOro obObekTa
MOXHO ITyTeM HaJIOXKEHHs Ha Hero oObekTa-11abioHa.

A--ANS->M

Jlpyroit myTh - ynaneHue ¢parMeHTa H3MEHAeMOro oObeKTa, KOTOpBIH He
coBnajaer ¢ 00beKTOM-11abIOHOM.

A4 Ns->Mm

Harnpumep, 4to6s! ynanute u3 o6bekta, 0603HayaloOILEro rpaHUIbl aaMH-
HUCTPAaTHBHOH €JUHHLIbI, TEPPUTOPHUIO HEKOTOPOrO O3epa, Haxo CO3JaTh 03€po
Kak 1abyoH U ¢ nomoliusio koMana 'MC ynanute ¢pparMeHT aiMHHHCTPAaTHBHOM
€IMHHLIbI, HAJerarouMi Ha 03epo.

llobasnenue y3noe nymem kombuHuposanus obvexkmos. Ilpouenypa mone-
nupoBaHus “J[o6aBineHUs y3/10B” MO3BONSET CO3AaTh HOBbIE TOYKH B NOJIMTHHUH
C COXpaHEHHEM TOMOJIOTHH MM C ee U3MEHEHHEM, eciH N00aBiseMBlil y3en co-
€IMHAET JIMHEHHBIH OOBEKT C APYrUM.

B otnnyuu o1 06bIvHO# NMpouedypbl rpagUyeckoro pefakTHpOBaHHs, XO-
GaBjieHHe y3/I0OB B KaK MpoLleaypa reoMHpOpMallMOHHOTO MOAEIUPOBaHHSA OCHO-
BaHa Ha B3aUMOJEHCTBHHU He MeHee IBYX JIMHeHHbIX 00bekToB. CaMo nobaBneHne
y3JI0B OCYILECTB/IAETCS aBTOMAaTHYECKH, KaK pe3y/bTaT CyrepHno3HLMy rpaduye-
CKHX 00BEKTOB, a HE C MOMOIIBI0 YKa3aHUH onepaTopa Kak B TEXHOJNIOTHAX KOM-

NBIOTEPHOMH rpadUKH.
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3 (Al, A2): Pos(Al) A Pos(A42) — Pos(M)
IMonoOHas npouexypa HyXHa, HanpuMep, NPpH BHECEHHH HA KapTy HOBOM

yJIHLibl, COMpHKAcalolelcs ¢ yxe CyWecTBYWHMH yauuami. OHa no3soser

TOYHO 3a1aTh MECTa MNEPECEYCHHUA YJIHLl B BUAEC Y3JI0B.

7.1.3. Ilpeo6pa3oBanne aTpHOYTOB KOMOHHHPYEMBIX 00HLEKTOB

Ilpu co3maHMn HOBOro 06bEKTa HEOOXOAMMO OMpENENHTh €ro arpudOyThl,
T.e. CONMOCTaBHUTb €My TabiaHly ¢ naHHBIMH. O6BEKT MOXET CO3aBaThCs Kak ITy-
TEM yKpYTIHEHHA, TaK H Ha OCHOBE pa3bueHHs Oonee KpyMnHOro.

[Ipn obveanHeHnH (KOMOO3ULMH) Oonee MENKHX, UMEKWMX TabIHYHbIE
JaHHble, HEOOXONAWMO 3a/laTh MpPaBU/IA BBIYMCIEHHS aTPHOYTOB aHAOrMYHBIX
JaHHBIX VIS co3JaBaeMoro Hosoro obsekra. Takue npouemypsl reonHdopMauu-
OHHOTO MOJEJIMPOBaHHA Ha3bIBalOT 00001IEHHEM JaHHBIX HCXOAHBIX OOBEKTOB.

B npouecce 06061ieHHs BEIYMCIAIOTCA JaHHBIE LI co3aarolierocs obbek-
Ta B 3aBUCMMOCTH OT 33JaHHOrO METO/a OTHOLIeHHH aTpubyTOB. BONBIIMHCTBO
TUC - TeXHONOTHIi CONEPXMT CledylollHe MeToasl 0000IIEHHA NAHHBIX MpH
06beAMHEHHH 00BEKTOB:

CyMMa - 3HaueHHs aTpMOYTOB, COOTBETCTBYIOLINX MCXOOHBIM OOBEKTaM ,
CKJIafIbIBAIOTCA, M CYMMa MPUCBAUBAETC HOBOMY OOBEKTY.

A M) =Z ALA;) i=l...... k

Kk - YHCIIO HCXOOHBIX 06BEKTOB.

cpelHee - BBIYMCISETCA CpeiHee 3HaYeHHe aTpHOYTOB HCXOMHBIX 0OBEKTOB
M TIPUCBaUBaeTCs aTpUOYTy HOBOTO OOBEKTY.

A M) = ZAKA;)/ k i=l....... k

B3BELEHHOE CpeliHee - pa3Hble 3HAYEHHUs IS MCXOMHBIX OOBEKTOB YMHO-
XaloTCs Ha pasnuyHble koadduumeHTs! (Beca) p . Beca MoxxHo 6paTh U3 noboro
YHCJIOBOrO MOJA TabAMLbI MIH BBIYMCIATH 1O 3HAYEHHIO XapaKTEPHCTHKH Mpo-
CTPaHCTBEHHOr0 00beKTa (HampHMep, HCTIONb30BaTh €ro MJIOAnb HilH NEPHUMETD,

KOTOpBIE MOTYT OTCYTCTBOBaTh B TalJIHLIE.)
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AM) = S p ANA; )/ k i=1....k

3HAYCHHE - amuﬁyw HOBOro o6bekTa NPpHCBAHBACTCA YKa3aHHOE€ 3HAYCHHUE

A M) =Z

0e3 W3MEHEHHH - aTpHOyTy HOBOrO 0OBEKTA NPUCBAHBAETCH 3HAYEHHE, CO-

OTBETCTBOBABLIEE HCXONHOMY OGBEKTY.
At(M) =AKA)

IlpM NEKOMMNO3ULNH MPOCTPAHCTBEHHBIX OOBEKTOB HCMOMB3YIOT CIEMYHO-
1LIHe METO/Ibl MpeobpasoBaHua aTpHOYTOB:

MycTo - yaanseT 3HaAYEHHE, KOTOPOE COOTBETCTBOBA/IO U3MEHAEMOMY 00B-
€KTY.

3Ha4eHHe - COXPaHAeT 3HaYEeHHE, KOTOPOE COOTBETCTBOBANIO U3MEHAEMOMY
o0OBexTy.

NpoNopPUHOHANLHO Pa3Mepy - BEIYHUTAECT U3 3Ha4eHHA (KOTOpOE COOTBET-
CTBOBAJIO H3MEHAEMOMY OOBEKTY) 010, NMPONOPLHOHATIBHYIO Pa3sMepy BhIpe3aH-
Horo ¢parmenTa.

PaccMoTpeHHBIE NpOLIEAYPhI 1€TKO Peannu3ylOTCs B CHCTEMax 0a3 JaHHBIX,
3NIEKTPOHHBIX TabJIMLAX, NaKeTax CTATHCTHYECKOH o6paboTkH B BHIE CTaHAApT-

HBIX QYHKLMHA.

7.1.4. MogeanpoBaHHe ¢ HCNOIb30BAHHEM Treorpynn

TexHonorus MoneIMpoBaHHsA, Ha3bIBaeMasi F€OrpyNIHPOBKO#, OCHOBaHa Ha
H3BECTHOM BO MHOTHX IaKETaX KOMIMBIOTEPHOH rpadHKH Npoliecce rpynmupoOBKH
(06benuHEHHA ¢ cOXpaHEHHeM cBs3el) rpadudeckux o0bexToB. OTINYHE 3aKUTI0-
4aeTcsi B HEKOTOPBIX JOMOJIHHUTE/IbHBIX BO3MOXHOCTAX, KOTOPBIE reOrpynnupos-
Ka JaeT Nojb30BaTeNio.

Bo-nepewix, 3T0 BO3MOXHOCTB MONy4€HHs Ha OCHOBE 0OBEMHEHHS HE Of-
HOTO, @ HECKOJIbKHX rpaduyecKMXx OOBEKTOB. JTa 4YacTb MOJEIMPOBAHUA MO

GO0JIBLIIOMY CYETY HE HMEET HUKAKOro OTHOIUCHHA HH K reorpaduyeckoi HHpop-

732k 942
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MallM{, HY K TEPMHHY “reo” W SBJISETCS MPOCTbIM PACLUUPEHHEM TEXHOJOTHH
rpyNInHpOBKH rpagHyeckux 0ObEKTOB B KOMMNbIOTEPHO#H rpaduke.

Bo-emopeix, npouecc reorpynnupoBKH Hapsaay ¢ oObeauHeHHeM rpaduye-
CKHX OOBEKTOB CONpOBOXJAaeTcs 0OBbEJUHEHHEM MX aTPHUOYTOB, XPaHALIMXCS B
6a3e naHHBIX, CBA3aHHOH C rpadMYECKUMHU 0OBEKTAMH.

O6wuit K1acc MOJETUPOBAHHUS, YaCTHBIM CiIy4aeM KOTOPOro AB/SETCs eo-
rpynIpoBaHue, ONMpPEAENHTLCA KaK MpPOLECC MOCTPOEHUS BHU3YallbHbIX JHUHAMH-
YEeCKHX MoOJeNeil COBOKYMHOCTEH rpaduueckux oOBEKTOB ¢ OObEAMHEHHEM HX
XapaKTepUCTHK, XPaHAIUMXCS B CBA3aHHOW C rpaduyeckMMu obbekTamu Oase
JaHHBIX. ‘

Lenpro reorpynnupoBKH SABASETCS MOCTPOEHHE HOBBIX rpaduueckux o6b-
€KTOB, Ha3bIBa€MBIX I€OrpyIIaMH.

INpouecc MOCTpoeHHs reorpyrmn COCTOMT B 00BbEIHHEHHH NPOCTPAHCTBEH-
HbIX 0OBEKTOB B IPYIIbl B COOTBETCTBUH C 3aJaHHBIMH NPH3HAKaMH.

Takum 06pa3oM, AaHHBIH BUJ MOJEIHPOBAHUA CO3JAET YCIOBHYIO (TeMa-
THYECKYI0) KapTy METOJOM WHIMBHAYalbHbIX 3HaY€HHH, B KOTOpOH TeMaTHue-
CKOW MEepeMEHHOH SABIAETCA TEPPUTOPHS HOBOTO CrpyNIHPOBAaHHOrO OObBEKTa.
OCO0EHHOCTBIO TaKOW TEMATHYeCKOW KapThbl SBISETCA €€ BPEMEHHbIN XapaKTep.
Ee HeoOXOOMMO aHAIHW3MPOBaTh U B Cilyyae HEOOXOIUMOCTH 3aMKCHPOBATh C
MOMOLUBIO CMIEUHANBHBIX TMpolexayp. MoxHO c$opMyIHpOBaTh CIEAyOIWHH BbI-
BOA:

TexHONMOrMs MOAETMPOBaHHA, OCHOBaHHAas Ha IIOCTPOEHHH Treorpynmm,
npexcrasnser coboi npolecc NOCTPOEHU AWHAMHYECKOH MOJENH rpaguyeckux
JN@aHHBIX U MX aTpuOyTOB KaK CpeACTBa aHalIM3a M MOMAEPXKKH MPHHATHUA pelle-

HHH.
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7.1.5. IlocTpoeHHe HOBBIX rpadHYECKHX 00BLEKTOB Ha OCHOBE CJAHAHHSA ATPH-
OYTHBHBIX AaHHBIX
ATpuOYTHBHbIE NaHHBbIE XpaHATCS B TabnuuHoW dopme B Gase AaHHBIX
'UC. TToaToMy nocTpoeHHe HOBBIX OOBEKTOB Ha OCHOBE CIHAHHUA WX aTpubyTOB
ucnons3yeT Bo3MOXHOCTH HHTepdeiica HC no pabote ¢ TabnuuHoit nHdopma-
LMeH, B YAaCTHOCTH Ha HCNOJB30BaHMH KomaHA Tumna “CnuvsHue B Tabnuue”.
dopmManu30BaHO AaHHas MPOLELYPa MOXKET ObITh ONUCAaHa CEKBEHLIHEH BUaa
AKAL),... A(An) = Al,...An
€ OTHOLIEHWEM BUa
Al VA2 VAi VAk> M
IMpouenyps! cnusHUA aTpUOYTHUBHBEIX NAaHHBIX B Tabiuie MNO3BOJAKT CO3-
naBaTh HOBBIe rpaduyeckre oOBEKTHI MyTeM O0ObEOUHEHHS CYLIECTBYIOLIUX 06Db-
eKTOB NMOJOOHO Npoleccy reorpynnupoBKH. ATpHOYTHBHBIE NaHHBIE HOBOIO
obObekTa, MOMYYEHHOTO TAaKUM CMocoOOM, BBLIYHCIAIOTCS Ha OCHOBE IpoLEnyp
0606mennsa. OTnHyHe AaHHON MNPOLEXYpbl OT IreOrpyNIHpPOBKH TEXHOJIOTHYe-
ckoe. B naHHOM ciydae coeinHeHHe 06BHEKTOB MPOUCXOAUT MO TabJIHYHBIM JaH-
HbIM €3 UCNONB30BaHUA rpadHueCKHX OOBEKTOB.
B npouenype reorpynnupoBKH COEIUHEHHE NMTPOMCXOAUT MO rpadUyeCcKUM
06bexTam Ge3s nmpuBNeuEHHS TaONMYHBIX NaHHBIX. B oBemx cinyuasx cosjaercs

BpEMEHHAs1 MOAEJ1b, KOTOpAast MOXET OBITH 3aq)m<cnponaﬂa npH HEOOXOJUMOCTH.

7.1.6. IlocTpoenne 6ydepHbLIX 30H AJIA NPOCTPAHCTBEHHBIX 00LEKTOB

Bydepom win GydepHoii 30H0H Ha3bBalOT 00J1aCTh, KOTOpas OXBAaTHIBAET
BCE OOBEKTHI, PacIlONOXKEHHBIE HE Aajlee 3aJaHHOTO PACCTOAHHMA OT HEKOTOPOro
nuHeiHOro 06beKTa, 06nacTH, CHMBOJIA HIIH HHOTO oOBbekTa B okHe. [Iporecc 6y-
(epu3aLMK 03HAYaeT MOCTPOEHHE LU(POBON MONEIH HEKOro ABIEHHA C TMOMO-
WBI0 NpouUexyp reodHbopMauMoHHOro MojenupoBanus. Ilpu Oydepusaiuu Ha

OCHOBE 0OBEKTOB OJHOrO THUIA CO3HAIOTCA OOBEKTHI Apyroro Tvmna. Tak nuHei-
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HbIH WJIH TOYEYHbIH OOBEKTHI CTyXKAT OCHOBOM [Vl CO3[aHHs TUIOLLAAHbIX OObEK-
TOB.

Bun 6ydepa onpenensiercs ero paaiycom n GpopMor o6bekTa, BOKpYT Ko-
Toporo ctpoutcs 6ydep, 1 criocobom nocrpoeHus Oydepa. Paguyc 6ydepa 3ana-
eTcs 1160 B BUJE KOHCTaHTHI, 1M60 B BHAE KOJIOHKH TabJHLbI, MO0 B BUIE Bbi-
pakeHHs, CO31aBaeMOro Ha OCHOBe aTpHOYTOB TaGJIHLIbL.

Ins rpaduueckoro npencrasnenus Oydepa B Hekotopsix 'MC Heobxo-
JIMMO YKa3aThb IMafKoCThb (YHCIIO CErMEHTOB Ul 6y(depHOH OKpYXKHOCTH).

[IpumeHeHne 3HaveHH# TaGMMYHBIX JAHHBIX 1JIe MOCTPoeHHs 6ydepHoi
30HBI OTHOCHUTCH K CITy4Yal0 re0MH(pOpPMaLMOHHOIO MOAETHPOBAHHS, UCIIONB3YIO-
IieMy MOCTPOEHHE HOBBIX rpapHuecKHX 0OBEKTOB Ha OCHOBe 0OpaboTKM Herpa-
¢duueckux (TabIUYHBIX JAHHBIX).

Papuyc OydepHoi 30HBI MOXET 3aaBaThCsi B BUAE 3HaueHUH M3 cTojOIA
tabnuupl 6a3bl naHHbix ['MIC. Hanpumep, uTo6Gbl co3aaTh BOKpYr ropoiaoB 0y-
(epHble 30HBI, KOTOpBIE OTpaXKald Obl YUCIEHHOCTh MX HACEJIEHHS, MOXHO Bbl-
OupaTh 3HaueHUs paauyca 6ydepa u3 konsoHku "Hacenenue". Takoit npuem mo-
XET MPUMEHATbCA KaK NONOJHHUTENbHAS BO3MOXHOCTh TEMaTH4ECKOTO KapTorpa-
¢dupoBaHus.

MoxHo co3naBaTh eAUHbIA Oydep BOKpYyr Bcex BHIOpaHHBIX OOBEKTOB MM

otaenbHble OydepHbie 30HbI BOKPYT KaXJ0ro o0beKTa.

7.1.7. T'eoxkoaupoBanue

HanoMHHM, 4TO NMpOLECCOM MO3WLIMOHHPOBAHMA Ha3bIBalOT MPOCTPAHCT-
BeHHYI0 npuBs3ky aaHHeIx IC k ToukaM 3eMHOM MOBEPXHOCTH MWIJIH, KaK 4acT-
HBbIH Cllyyad, K CHCTEME KOOPIAMHAT KapThl, €C/IM OHA OMNpeJeNseT MareMaTHye-
ckyro ocHoBy LuopoBsix mMoaeneit ['MC. IosuunonnpoBaHue TaGnMYHBIX OaH-
HBIX [03BOJIAET MCII0JIb30BaTh aTpHOYTHI 00BEKTA U1 BU3YaJIbHOTO OTOOpaXKeHHUs
€ro CBOMCTB, HANPUMeED JUIsl TEMaTH4YECKOTO KapTorpagupoBaHus, M NMpOBEIEHHS

NPOCTPaHCTBEHHOI'0 aHAJIW3a.



101

Jlns oToOpaxkeHHs Ha IIEKTPOHHOM KapTe NaHHBIX, XpaHsAlWMXcs B Oase
JTaHHBIX FI/IC, HCO6XOHHMO HUX MO3HUHUOHUPOBATH, T.€. COINOCTAaBHUTH KaxKJ10M 3a-
nucH Tabauupl koopauHatel X U Y.

[Tpu 3TOM OIHH TabGNHLB! yXKE MOTYT MMETh NMO3WLUHOHHPOBAHHBIE JaHHbIE,
IpYrHe, 0oCOOEHHO MoJTyyaeMble B Mpoliecce paboTel, MOTYT ObITh HE MO3MLIMOHH-
POBaHBI.

Texnonornn 'MC no3BossioT NPUCBOMTH KOOPAHHATH! X U Y 3alHCSM He-
KOTOpO¥# Tab/HLBl HA OCHOBAHMH CPaBHEHHs WHPOpPMaLMH U3 Hee ¢ HHbOopMaLU-
e U3 TabyIHLBL, 11 KOTOPOi KaXI0H 3anmKcH TabaHLpbl yXKe COMOCTaBIeHbl KOOp-
muHatel X M Y. Takyto Tabnuiry Ha3biBaloT Tabnuie noucka.

I'eokoavpoBaHHeM Ha3bIBA€TCH NMPOLECC MOAETHPOBAHHS, 3aK/TIOYAIOLLMHACS
B COMOCTaBJIEHUH KaXKIOH 3amucH (CTpoke) TabiHlie MOUCKa KOOPAUHAT Ha OCHO-
BE CPaBHEHHA €€ JaHHBIX C UCXOAHOM TabuLe.

AHS) NAHA) = At Apos) = AUS pos)

3nece — uMmaMKauMa. AH(S pos) — aTpHOYT MCXOXHOW TabNMLBI, OTBE-
YalolIXii 32 MO3ULIHOHUPOBAaHHE.

B pesynbTate reokoaMpoBaHHs TabiMLa MOMCKAa CTAHOBHUTCS MO3HULIMOHH-
POBaHHOH, T.€. €€ JaHHbIE MOTy4aloT MPOCTPAHCTBEHHYIO MPHBA3KY.

ITockonbky cpaBHeHHE AaHHbIX TabJML MOXHO NMPOBOJAMTbL Pa3sHbIMH My-
TSMH, CyLIECTBYIOT pa3Hble CrocoObl FeOKOAMPOBAHHS.

ITp1 reokoaMpoOBaHMH 1O MOJHOMY aJpecy CpaBHMBAIOTCA aJpeca B KOAH-
pyeMoit Tabnuue ¢ uHpopmauueii 06 ynuuax 1 aapecax B TabnuLe CNeUHaIbHOTO
¢dbopmarta, KOTOpasi NocTaBAsAETCS KaK AOMOJHHUTEIBHOE MPHIOXKEHHE K KOHKpPET-
Hoit TUC.

Ilpn reokoaupoBaHWu TAGAMLBI MO 00JacTAM (TUIOIIAJHEIM OOBEKTaM)
CpaBHHMBAIOT Ha3BaHHE 00/1aCTH B 3allMCH W3 KOIHPYEMOH TabIIHLIBI C Ha3BAHUAMH
obnacreii B Tabnuie noucka. B aTom ciyyae 3amvcy TaGnuLBl MPHCBAaHBAET KO-

opauHatel X M Y LEHTPOH/Ia COOTBETCTBYIOLIEH 06/1aCTH M3 TabMHLBI MOKCKa.
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LleHTpOoHa 06/1aCTH — HTO NMPUMEpHas TOYKa LieHTpa 061acTH (KOOPAHHATHI
LEHTpa ONHUCAHHOTO BOKPYT 00/1aCTH NPSAMOYTONbHUKA).

CyuiectByeT rpyboe reokoaupoBarive. OHO 3aK/IHOYAETCS HE B TOUHOM OIl-
pEeAeNeHHH MECTONOIOKEHHS 00beKTa (HarpuMep, aapeca), a B yKa3aHHH paHoHa
€ro pacnojioxeHHs. JlJis 3TOro J0CTaTOYHO MCMOJb30BaTh B KayecTBE TAOJIHLIbI
nioucka Qaii, coaepKalini KOOpAHHATHI LIEHTPOHUIOB PaiOHOB.

Mo atoii npuunHe B TMC npemycMOTpeH peuM pPyYyHOro reoKoqupoBa-
Hus. Bo MHOrHX MeToaax reokoAHpOBaHHS MOTYT BO3HHKHYTh CHTYalLlHH, B KOTO-
PbIX HENb3s JOOUTHCA MOJIHOrO COBMALEHHA.

PesynbTathl reokogMpoBaHHs MOTYT ObITh 3amKcaHbl B MOJIE, B BUJE YHC-
na, MOKa3blBAIOIIEro, Kakde NefiCTBHA MO CPaBHEHHIO ObUTH MpOM3BEAEHbI WIH
noyemy Mouck He ypaancs. C noMoLiplo KoAa pe3ysbTara MOXXKHO HaXOOUTh pas-
Hble THITB HeOOpabOTaHHBIX 3aMHUCEi.

[Tpouecc reokogupoBaHus MMO3BOJIAET OPraHU30OBaTh MOUCK MECTOINONOXKE-
HHA oObekTa Ha rpa¢uyeckoM M300paKeHHH KapThl MO 3aJlaHHBIM aTpHOyTaM.
HalineHHpli 06BbEeKT OTMEYaeTcs CMMBOJIOM, OMpEAENEHHBIM 3apaHee B CHCTEM-

Hbix napamerpax I'MC.

7.2. METOJbI IPOTHO3UPOBAHHUSA B 'TEOMH®OPMAIIMOHHBIX
TEXHOJIOI'HAX

OnHMM M3 OCHOBHBIX METOJOB PEILEHHA 3a7ay HayyHoro o60cHOBaHHMs OC-
BOEHMS NPHUPOIHOH cpelbl, 0OBEKTOB NMPOU3BOACTBA H 3P(PEKTHBHOCTH HHBE-
CTHLMH SBIAETCA Hay4yHOE IPOTHO3UPOBaHHE, OCHOBAHHOE Ha BCECTOPOHHEM
KOMIUIEKCHOM HCCJI€I0BAHHH Pa3HOOOpa3sHBIX JaHHBIX. B Hccie10BaHHH NOMKHEI
YYHTBIBaTbCA HE TOJILKO JaHHBIE O CaMOil MPHPOIHOH cpelie, HO M ApyrHe, OTpa-
Xaroume (GakTopbl COUMATBHON cdepbl, TPyAOBBIX, MaTEPHANBHBIX H (HHAHCO-
BbIX pECYpPCOB, TpeOOBaHHsA PaLMOHATLHOTO MPHPOAOINONL30BaHUA H T. I1.

KomruiekcHoe uccnenoBanue oKpyxaroleii cpeipl B HacTosiee Bpems 3¢-

¢exTBHO Ha ocHoBe npuMmeHeHus ['MC-TexHONOrHi M reoHHPOpMaLHOHHBIX
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cucTeM. B OCHOBe MccieoBaHHs 3a10XKeH aHAIH3 MPHPOJHOH W COLMANbHOM
cpefibl KaK COBOKYIMHOCTH reOMH(pOpMaLMOHHbIX 00beKTOB. Takod MOAXOA MpH-
BOAMT K TIOSBJIEHHIO HOBOM TEXHOJIOTMH NPOrHO3HPOBAHHUS - FE€OMH(OPMALIMOH-
HOTO NporHo3uposaHus.[37, 41].

I'eonndopmaunonHoe NPOrHo3HpoBaHKe TpeacTaBisieT coboi Habop Me-
TOJOB NOJIyYeHUs M aHanu3a MH$opMaLKK 00 OKpyxKalolie# cpeae U pa3paboTku
MPOTHO3HBIX OLIEHOK 1 MOMAEPKKH NPHUHATHUS PELIEHHIH.

Llensto reorHGOPMalLIHOHHOTO MPOTHO3UPOBAHUA SBIAETCS  CHHXKEHHE
YPOBHS HEONPENENIEHHOCTH NPH NPUHATHA PELUEHHMH.

I'eonHpopMaLMOHHOE MPOrHO3MPOBAHHE PEILAET [IBE OCHOBHbIE 3aJayM:
OLIEHKa T€X WJIN HHBIX reOMHGOPMalHOHHBIX 1apaMeTPOB I JAHHOTO MOMEHTa
BPEMEHH U MOJy4YeHHEe NPOTHO3HBIX OLIEHOK Ha MEPCMNEKTHBY.

OLeHKa TeKyIMX MapaMeTpoB MNPHUMEHSETCH [UIA ONEPaTHBHOrO aHaiM3a
cyuiecTBylouled cutyauuH. IIporHo3Hble OLIEHKH HCIOJIB3YIOT NPH OLIEHKE ajlb-
TepHAaTHB MPUHMUMAEMBIX PEIUEHHH WK NPH M3y4YEHHH SBJIECHHH W UX OynylHx
NnocneacTBUM.

I'eouHdopMallHOHHOE NPOrHO3MPOBAHHE KaK TEXHOJOTUS HHTErpupyeT
CTaTHCTHYECKHE METOMBI MPOTHO3UPOBAHHUA, METOIbI A€NOBOH rpadHKH, METOMBI
reouHpopMauroHHOro Moaenuposanus [31, 32] u uudposoro MoaenupoBaHus
[29, 30, 46].

ITpu reoHpOPMaLIMOHHOM MPOrHO3MPOBAHHH MOXKHO BBIAENHTh TPH Kade-
CTBEHHBIX 3Tana 06paboTky HHPOpMaLHH:

1. C6op, rpynnupoBka, 06061eHne 1 yHHU(pUKaLMA NEPBUYHBIX JaHHBIX;

2. AHau3, MOoJeTMpOBaHHe BTOPHYHBIX (YHHOHLIMPOBAHHBIX) JaHHBIX;

3. [Nomy4eHHe NPOrHO3HbIX OLIEHOK M MX BepHHKarys.
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7.2.1. C6op, rpynnApoBKa, 06061eHHe H YHHPHKALHA NEPBHYHBIX JAHHBIX

Kiro4eBbIM acreKTOM peleHHs 3aad IPOrHO3UPOBaHHs ABJISETCS BbIABIlE-
HHe cTielIMHIECKHX THUIOB HHOPMALIMH, HEOOXOAUMOM TIpH peLIEHHH Mpobiem
ynpaBleHHs WIH HCCIENO0BaHUA NPUPOIHBIX SBIEHHIA.

Hcxons us sToro ueau c6opa gaHHBIX MOTYT OBITh ClIETyIOLIMMH:

1. PasBenoyHas - HampaBiieHa Ha c6Op npenBapuTeNbHOM HHGOPMaLHH,
npenHa3Ha4eHHOM [UIA onpeneneHns npobiaeM, MpOBEpKH rMIIOTe3 U BhIGOpa Mo-
nenen.

2. OnmcatenbHas (IECKPHIITHBHAA), - HanpaBJieHa Ha MOJyYeHHe ONHca-
TeIbHBIX XaPAaKTEPUCTHK TEX WIM HHBIX ACMEKTOB reoMHGOPMaLMOHHON Ccpensl,
HalpUMep COLIMATLHONH CHTYalMH. '

3. KasyanpHas - HampaBiieHa Ha BBIABJICHHE M ONpelelieHHe NPHYHHHO-
CIIeICTBEHHBIX CBsi3ed U 060CHOBaHHE TUIOTE3.

Ha npaxTuke nmpu npoBefieHHH cOopa reoMH(GOPMALMOHHBIX JaHHBIX HC-
nosb3yercs He OIMH, a BCE THIBI UCClENOBaHHi, MpUYeM B J000H nocnemosa-
TEJIBHOCTH

[TepBoiit kiacc MeTonoB [37] c6opa cocTaBisOT AUCTAaHLMOHHBIE METObI
cbopa uHpopMauuH.

Jipyro#, NONONHAIOLMIA NEPBbIi KJlacC METOI0B, 00pa3yroT METOABI CTaTH-
cTHYeCKOH 06paboTKH NaHHBIX.

IIpn peweHun 3agad reoMHGOPMALMOHHOTO MPOTHO3MPOBAaHHMA BCA HC-
noib3yemas MHpoOpMaLMs NoapaszenseTcd Ha Ba Kiacca: epBUYHas M BTOPHY-
Has.

[MepBuuynsie (pa3sHOpOHbIE) AaHHBIE MOMY4alOT B pe3ynbraTte cbopa MH-
tdopMaumu 06 06bEKTaX MECTHOCTH Pa3HBIMH TEXHONOIMAMM: CTATUCTHYECKHE
MeToAbl c6opa IKOHOMHUECKOH U coLManbHOM HHGOpMaLHH, GOTOrpaMMeTpHYe-
CKHE MeTOIbl, MOJIEBbIE METOIbl, KAPTOMETPUYECKHUE METOJbl, HCIIOIb30OBAHHE

GPS, naHHBIE MCTAHLIMOHHOTO 30HAHPOBAHHA H T.1.
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[Ton BTOpHYHBIMH (YHHUGHUMPOBaHHBIMH) NAHHBIMH MMOHHMAIOT JaHHbIE,
Moy4YeHHbIE B pe3yibTate oOpaboTKH MEpBHYHBIX, @ TAKXKE AaHHblE coOpaHHbIe

paHee AN APYTHX Lienei.

7.2.2. AHa/IH3, MOAE/IHPOBAHHE BTOPHYHBIX JaHHbIX

Ha >ToM 3tamne npu aHain3e OCyILECTBISETCA: BBIOGOP 0OBEKTOB NMPOrHO3a;
HccnenoBanre ¢oHa (cpensl); kiaccudukauus coObITHIH; (opMHpPOBaHHE 3aaun
H FeHepanbHOMH LieH NPOrHo3a;

AHanu3 yHHOHULIMPOBAaHHBIX JaHHBIX BKJIIOYAET NpeaBaputenbHoe 06061ue-
HHE U I'PYNIUPOBKY JaHHBIX, IOCTPOEHHE MOJieNeil 06beKTa NPOrHO3UPOBaHHUS.

Brigensiot, no kpaiiHeit Mepe, crneayolie YeThbipe GyHKIHH npeobpa3oBa-
HMA JaHHBIX: 060011EeHHe, onpenesieHHe KOHLENUMH (KOHLeNTyalyu3alus), nepe-
BOJ pe3y/bTaTOB CTaTHCTMYECKOrO aHANM3a Ha MNOHATHBIA VIS MOJB30BaTENS
A3bIK (KOMMYHHKaLMA), ONpEICICHHE CTENIEHH COOTBETCTBUS MONYYEHHBIX pe-
3yJIbTAaTOB BCEH COBOKYNHOCTH (IKCTPAMNONALus).

Ha ocHOBe 3THX [aHHBIX, MOC/e WX YHHOHKALHH, CO3JA0T MOJEIH 00beK-
TOB MPOrHO3MPOBAaHHS, KOTOPbIE ONPEAENAIOTCS COBOKYITHOCTBIO UPPOBBIX MO-
neneit: uuppossie Momenu MecrHoctd (LIMM), uudpoBele Monenu 06BEKTOB
(IMO), uudpossie Moaenu asnenuit (LIMS).

OcobeHHOCTb pellleHHs 3a/1ay MPOrHO3HPOBAHHS SBNAETCH HEOOXOAUMOCTD
MCClIeIOBaHUA B3auMMOAEHCTBUA 0OBeKTa NMPOrHO3HPOBAHMA C BHELIHEH cpeloi.
310 TpebyeT NOMOTHUTENLHOTO IOCTPOEHHS MOAEIH BHEIIHEH Cpelsl.

[lpu Hamuuuu Mozenedt obbekTa NMPOTHO3UPOBAHHA M IaHHBIX 00 OKpY-
XKaollel ero cpefie NpOBOAMTCH NanbHeHIuWi aHanu3 U obobmenne. Ha stoit
CTaauu HeoOXOAMMO, HCXOIA M3 3334l MIPOTHO3UPOBaHMs, BBIACAHTD H OINpEle-

JIUTh CJICOYIOLUIHE NMOHATHA.
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O0BbexT NMPOrHO3HPOBAHHA - COBOKYIHOCTb KAaUECTBEHHBIX M KOJIHYECT-
BEHHBIX TPH3HAKOB, OTPAXAIOIIMX CBOWCTBAa 00bEKTa NMPOrHO3MPOBAHUA B KOH-
TEKCTE 3a[a4d MPOTrHO3UPOBaHHUA.

3HavamHe nepeMeHHble 00bEKTa NMPOrHO3ZHPOBAHMA - IIEPEMEHHbBIE MU
NI0Ka3aTeNH, OKa3bIBAIOILME CYIIECTBEHHOE BIMAHUE HAa Pe3YJbTaThl NIPOTHO3a, B
OTJIMYHMH OT MPOUHX, HE OKa3bIBAIOLIUX 3aMETHOTO BAMAHHS Ha [IPOTHO3.

JHaoreHHbIe NepeMeHHble 00BEKTa NPOrHO3UPOBAHUA - 3HAvaLIMe Mepe-
MEHHBIE, OTPAXKAIOLLIME, INIaBHBIM 06pa3oM, coGCTBEHHbIE CBOHCTBa 06beKTa Mpo-
THO3HPOBAHHUS.

JK30reHHble NepeMeHHble 00BEKTa NPOrHO3MPOBAHMA - 3HAvallue nepe-
MEHHBIE, OTpaKalolIHe, [T1aBHbIM 00pa3oM, coOCTBEHHbIE CBOMCTBa cpelbl ( Ipo-

rHO3HOTO (OHa).

7.2.3. Ilosiy4yeHnHe NPOrHO3HbLIX OLEHOK

Ilpn npoBeneHHH NMPOrHO3MPOBAHHMSA MOXKET CO3JABaThCA IPOTrHO3Hass MO-
Iensb - MoJesb, UCCIIENOBAHHE W MCIONb30BaHHE KOTOPOH MO3BOJIAET MONYYUTDH
UHGOPMALIMIO O BO3MOXHBIX COCTOSHHUAX OOBbekTa B OymyiieM M (WIH) IMyTSX d
CpOKax OCYLIECTBJIEHHA ITHX COCTOSHHH.

Mertoasl MPOrHO3MPOBaHMA, KaK U BCE METOBI, HCMOJb3yeMbIe NIPH TpoBe-
JIEHHH reOMHPOPMALIMOHHBIX HCCIENOBaHHI, MOXHO MOAPA3ENHTh Ha IBPHCTH-
YyecKHe, MPH MPUMEHEHHH KOTOPBIX MpeobnafaroT CyObEeKTHBHBIE Ha4yala, U Ha
JIOTMKO-MaTEMaTHYECKHE, NPH NMPHUMEHEHHH KOTOPHIX NnpeobianaloT o6BbEeKTHB-
Hble HayaJa.

IBpHCTHYECKHE METOAbI IPOTHO3MPOBAaHUs MPEATONATaloT, YTO MOIXOMbI,
Hcrnonb3yeMele Wi GOPMHPOBAHHUS MPOrHO3a, HE U3JI0XKEHBI B ABHOM ¢opme U
HEOTAEIHMBI OT JIMLa, AENAIOIIEro NMPOrHo3, Npu pa3paboTke KOTOPOro JOMHMHH-
PYIOT HHTYHLMA, OIBIT, TBOPYECTBO U BooOpaxeHHe. K naHHON kaTeropuu mero-

JIOB OTHOCAITCSA METO/Ibl COLMOJIOTMYECKHX HCCIIEI0BaHUM, 3KCMEPTHHIE METOBI H
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METOAb! NMPOTrHO3HPOBAHHUA [10 aHajloram (MCTOH l'IpCLlelIeHTOB). OcobeHHOCTBIO
ITHX METOAOB ABJIACTCA UX 3aBUCHUMOCTD OT JIMLIA, A€JIAOLIETO MPOrHo3.

JIOrHKo-MaTeMaTHYeCKHe MeTobl NPpOrHO3HpOBaHH OCHOBAHblI Ha IO-
CTPOC€HHH q)OpMaJ'lH3OBaHHl>IX JIOTHKO-MATEMATHYCCKHUX MOI[CHCﬁ. 3TO MO3BOJAET
OCYILECTBIATh 00paboOTKy NaHHBIX W NOJIyYe€HHE MPOrHO3a Ha OCHOBE AJITOpPHT-
MoB Oe3 y4dacTusa cy6'be|<’ra. Oco0EHHOCTBIO ITHX METOOOB ABJIACTCA UX HE3aBH-
CHMOCTDh OT JIHLA, A€JIAal0LUEero IMporHos. Onu MOryT OBbITH BOCIPOM3BEACHBI ApY-
THMH JIHLl@aMH, KOTOpBIE HEHU30EKHO NMPHBEAYT K MNOJYYEHHIO TaAKOIo X€ HIH
6113K0r0 MPOrHo3a.

K naHHO# rpymnne oTHOCATCS METOb! IPOTHO3HPOBAHUA 10 aHaioraM (Me-
ToA Mojenei), GYHKUHOHAIbHO-JIOTHYECKOe NMPOrHO3HMPOBaHHE, CTPYKTypHOE
NPOrHO3HMpPOBaHHE, MapaMeTPHYECKOe NPOrHO3HPOBAHHE, KOMIUIEKCHOE MPOrHO-
3HpOBaHHUE.

[eouHdopMaLIHOHHbIE JaHHBIE HOCAT BPEMEHHOH XxapakTtep. B ToM ciyyae,
KOraa mporHo3 HeoGXOOMM Ha onpeleneHHbIH MepHol BpeMeHH B OymylueM, B
KayecTBe MCXOAHBIX JaHHBIX MCTONB3YIOT BpEMEHHbIE PAMbl WIH BPEMEHHbBIE MO-
AEIH.

B 3THX ciyyasx MpOrHO3 OCHOBBIBAa€TCA Ha PETPOCHEKTHBHOM aHalH3e
JAHHBIX U OTIPENENIEHHH CIIETYIOINX XapaKTEPUCTHK.

IlporHo3Has perpocnmeKTHBa - MpoLENypa MOAENHPOBaHHA “Hazax” Ha
HEKHIl BpEMEHHOM MepHOA MPOrHO3HPOBAHHA, HA KOTOPOM HCCIeayeTcs O00BeKT
NPOrHO3UPOBAHHUA U MPOTHO3HBIM (OH (Ccpea) ¢ UeNblo MOTydeHHs HX CHCTeMa-
TH3UPOBAHHOTO OMHCaHHA.

TlepHoa ynpexaeHus NPorHo3a - MPOMEXYTOK BPEMEHH, Ha KOTOPBIH pas-
pabaTbiBaeTCs NPOTHO3.

TlepHoa ocHOBaHHA NPOrHO3a - MPOMEXYTOK BPEMEHH, Ha 6a3e KoToporo
CTPOMTCS PETPOCNEKTHBA.

IIporHo3Hbiii TOPH3OHT - MAKCHMAIBHO BO3MOXXHBIA NEPHON YIIPEXAEHHS

NnporHo3a 3aJaHHON TOYHOCTH U JAOCTOBEPHOCTH.
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I'eorH$OpMaMOHHOE NPOrHO3HPOBaHHE BKIIOYAET TPH THMA 3ajady, onpe-
NENAOLUMX €ro 0COOEHHOCTH M OTIIMYHE OT APYrHX BUIOB MPOTHO3MPOBAHMS, Ha-
NpUMep MapKEeTHHIOBOTO.

IlepBeiit THN 3anau cBs3aH ¢ 0O6pabOTKOMA CTATHCTHYECKUX NaHHBIX M Nepe-
Hoce pe3ynbTaToB 06paboTku Ha kapTy. OH OCHOBAaH Ha LIMPOKO MPHUMEHAEMBIX
M3BECTHBIX METOZIaX MAaTEMAaTHYECKOH CTATUCTHKH M TEOPHUH BEPOSTHOCTEN H Te-
MaTH4Y€CKOM KapTorpagupOBaHHH.

Bropoii Tun 3amay reoumbopmau_leHoro MPOrHO3MPOBAHHUA CBAi3aH C aHa-
JM30M H300paXkeHUH, HalpUMep aBTOMAaTH3MPOBAHHOM KJIAaCCHPHKALMKU 0OBEK-
TOB KOCMHYECKOTr0 CHUMKa C LIE/IbIO BBIABIECHUA ONpeaeeHHBIX 06beKTOB Mo 3a-
JaHHOMY Habopy KJ1accoB WM UX 06pa3oB.

Tpetuii BUA 3afa4 reoMHGOPMALIMOHHOTO MPOTHO3HPOBAHHUA CBA3aH C He-
00XOANMOCTBIO aHaN3a ¥ 06paboOTKH MOCIeN0BaTENbHOCTEH TPOCTPAHCTBEHHBIX
00BEKTOB.

M0CJIe[OBaTENbHOCTh (POTOCHUMKOB, OTOOpaXalOUMX W3MEHEHHE O0beKTa
WK SBJIEHHA C TEYEHHEM BpEMEHH;

HOCJIEA0BATENBHOCTh TONOrpagU4eCKUX MM TEMAaTHYECKHX KapT, oToOpa-
XKAIOLINX H3MEHEHHE MpoLIecca WIIH ABJIEHUS C TEYEHHEM BPEMEHH;

COBOKYIMHOCTh KapTorpapuueckux AaHHBIX H MaTepHalioB KOCMHYECKOMH
ChEMKH, CofiepKalleli MosBIeHHE HOBbIX 0OBEKTOB U SABJICHHUH;

PesynbraToM reonH$pOpMaLMOHHOTO MPOTHO3UPOBAaHUA ABJIAIOTCA HE TOJb-
KO CTaTUCTHYECKHE NaHHble (OOBIYHBIA MPOrHO3), HO U TEMaTHYeCKHe KapThl,
uudpoBLle MOJENH AUHAMUKH SABJEHHI, TpeXMEepHbIE MOJEIH 0OBEKTOB, BEKTOP-
Hble U300paKeHHs nojied WK IHHAMHKH SBJICHHH.

Bce 3TM naHHBlE TOMY4alOTCA Ha OCHOBE pPa3iM4YHBIX  JIOTHKO-
MaTeMaTHYECKHX METOIOB NMPOTHO3UPOBaHHA

MOXXHO BbIAENHTh HECKOJLKO IPYI MaTeMaTHYECKHMX METONOB, HCIONb-
3yeMBbIX MpH NPOBEJEHHH reOMH(POPMALIHOHHOTO MPOrHO3UPOBaHMA:

1. CrarucTHueckue MeTosl 06paboTki HHbOPMaLMH.
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2. MHoromepHble MeTOIbl (B MepBYIO odyepenb GaKTOPHBIH U K1acTEpHBbIH
aHanu3bl). OHU UCMOJB3YIOTCS si 00OCHOBAaHHS pelleHHil, B OCHOBE KOTOPBIX
/1eXKaT MHOT'OYHC/IeHHble B3aHMOCBsi3aHHbIE MEPEMEHHbIE.

3. PerpeccHoHHble M KoppeasuHoHHble MeToAbl. OHM HCNOJb3ylOTCH ANS
YCTaHOBJIEHHS B3aMMOCBS3€i MeX1y IpynnaMH NepeMEHHbIX, ONMHUChIBAOLUMX
MapKEeTHHIOBYIO I€STENbHOCTb.

4. UMuTauronHble MeToabl. OHH MPUMEHSIOTCA TOTAA, KOTAa NepeMEHHbIE,
BJIMAIOLLME HAa pealibHYIO0 CHUTyalHio (HalmpHUMep, OMMChIBAalOLIME OHHAMHKY), He
MOAAAI0TCS ONPENENICHUIO C TOMOLLBIO AHATHTHYECKUX METOIOB.

5. Meroasl CTaTUCTUYECKOH TEOpUM NpPHHATHA pelueHui. HMcnonssyrorcs
JUISE CTOXaCTHYECKOTrO OMUCAHUA CUTYalHH.

6. JlerepMHHHpOBaHHbBIE METOIbI HCCIIENOBAHUA Onepalui (B NepBylo oye-
peab JMHEHHOE M HENHMHEHHOe NMpPOrpaMMMpOBAaHHE). DTH METOABl NMPHUMEHSIOT
TOFJa, KOT/1a Hal0 HAHTH ONTHMAJIBHOE pELLEHHE.

BbiaenstoT nATh OCHOBHBIX BHIOB CTAaTUCTHYECKOTO aHalW3a, MCHOJb3Ye-
MBbIX MPH NPOBEAEHNH TaKUX UCCIIENOBaHHI: NECKPUIITHBHBIH aHAIN3; BHIBOAHON
aHaIM3; aHAIU3 pa3lIMYHii; aHANU3 CBA3EH; NpecKa3aTe/bHbIH aHaIu3.

AHanus, B OCHOBE KOTOPOTO JIE)KUT HCMOJIb30BAHHE CTAaTHCTHYECKHX. NPO-
Luexyp (HanpuMep, NPoOBEpKa FMIOTE3) € Leblo 0000LIEHHS MOTyYEHHBIX Pe3y/lb-
TaTOB Ha BCIO COBOKYNHOCTb, Ha3bIBa€TCH BHIBOJHBIM aHATH30M.

AHanu3 pa3nMyHii HCNONb3yeTCs NPH CPAaBHEHHMH pE3YJIbTaTOB HCCIIENOBa-
HHA ABYX IpYNN 0ObEKTOB U1 ONpeeICHHs CTENEHH OTIHYHS B X NTOBEICHUH.

AHanu3 cBfi3eil HalpaBlieH Ha oNpeAe/ieHHE CHCTEMaTHYECKHX CBA3EH Me-
Xy 0OBEKTaMH M CPENOH..

[Tpencka3sarenbHbli aHaIM3 MCHOJNB3YIOT MPH MPOrHO3HPOBAHHH Pa3BHTHA
coOBITHH B OyxyIem.

MoxHo BBIAENUTH Ba criocoba pa3paboTku NapaMeTPHYECKUX MPOrHO30B:

3KCTpanoJdUu10 1 MOAECTHPOBAHHE.
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B nepsom cirydyae B kauecTBe 6a3bl MPOrHO3HPOBAHMSA HCIOJB3YETCS MPO-
LLUTBIA OTIBIT, KOTOPBI MPOJIOHrHpyeTcs Ha 6yayiuee. Bo BTopoM cityuae CTpouT-
Csl MPOTHO3Has MOJeNb, XapaKTepH3yollas 3aBHCHMOCTh H3y4aeMoro napamerpa
OT psna $HakTopos, Ha Hero BauAmMX. OHA CBA3BIBAET YCIOBHUS, KOTOpbIE, KaK
OXHIaeTCs, OYXyT HMETh MECTO, M XapaKTep MX BIHSHHA HA M3yYaeMblil Mapa-
MeTp.

Kaxxablit H3 METOJOB NPOrHO3UPOBaHUA obnafaeT onpeneNeHHBIMH J0CTO-
HHCTBaMH H HEOCTAaTKaAMH.

JBpPHCTHYECKOE TNPOrHO3HPOBAHHE BKIIIOYAET 3KCIEPTHOE M MPOTHO3M-
pOBaHHE MO aHAIOTHH.

JIKCNEepTHOMY NPOTrHOZHPOBAHHIO, KOTOPOE MOANEPKHBAETCA B T'€OUH-
¢opmaTHKe He TOJNIBKO CTAaTHCTHKOM, HO U HAOOPOM KapT WM BHU3YaJIBHBIX MOJIe-
Jied MpeIIecTBYIOT MaTeMaTH4YeCKHe METObI IpOrHo3upoBanus. Cienyer ot™Me-
THTb, YTO IKCNIEPTHOMY METOLY NPHCYIIH 3HAYHUTENbHBIE MOTPELIHOCTH, a HH-
TYHLMS M OIBIT 3KCIIEPTA JOKHBI B BO3MOXHO 60JblLeH CTENeHH NpOBEPATHCS C
NIOMOLLBIO JOCTYMHBIX (PaKTOB M 3HAHHH.

IIporuo3npoBaHne N0 aHaNOrHH (METO MpPEUENEHTOB) KOPPEKTHO TOJb-
KO Torza, Koria yCTaHOBJIEHa, 0Ka3aHa aHAJIOrHA Mexay o6beKTaMH ymnpasine-
HHA U aHaJIOraMH. 3TOT METOJ HeJb3sl MCMOb30BaTh NPH NMPOrHO3HPOBAHHM AB-
JIEHWH, HE HMEIOLLUX aHAJIOTOB.

ITprMepoM MPOTHO3MPOBaHMA MO aHAJIOTMM (METOJ Mozenei) MOryT ciy-
XHTb METObI PACIiO3HABaHUA 00pa3oB.

MeTtoas! pacnio3HaBaHHsA 00pa3oB IIMPOKO HCMONB3YIOT B reoHHGpopManu-
OHHBIX TEXHOJIOTHAX NpH 00paboTke (oTorpammerpuyeckoii HHOOpMALMH H
JIaHHBIX JAMCTAHLIHOHHOTO 30HAUpOBaHUA 3eMiH. CylecTBYeT HECKOJIBKO THIIOB
3ajla4y pacrio3HaBaHHs 00pa3oB, BOXHEHIIUMH M3 KOTOPBIX ABISIOTCA TPU HX TH-
na:

oby4eHHe pacro3HaBaHHIO 06pa3oB;

3aJa4ya MMHHUMH3AlUH ONMTHCAHHA 061>ex'ra;



3ajgaya TaKCOHOMHH.

B nepBoii 3anaye Mo HeKOTOPoMy Habopy MPH3HAKOB C MOMOILLBIO BhIOpaH-
HOTO pEUIAKOLICTro NpaBuia onpeaeJaa0T NPpUHAANEKHOCTb 00BEKTOB K onpene-
JeHHOMY knaccy. [IpH 3TOM HCHONB3YIOT HEKOTOpPOE KONMHYECTBO 3TaOHHBIX
00BbeKTOB, 00pa3syIoIMX TaK Ha3biBaeMble 00yyarolie BHIOOPKH WIH GUGIHOTEKH
3TaJOHOB (CHTHATYPHI), JUIi KOTOPBIX YKa3bIBAalOTCS KIIACCHl, COIAEpiKalllie 3TH
0OBEKTHI.

Ilpn aHanu3e MpU3HAKOB, IS K&KAOTo 0OBEKTa BRIpabaTHIBAIOTCA KpHTeE-
pUM, Ha3blBAEMbIiE€ DPELIAIOILMMH MpPaBHIAMH, KOTOPblE MO3BOJAIOT ONpPEAENHTH
NPHMHAAJEXHOCTh KaXK0r0 HOBOro 06beKTa TOMY WJIH MHOMY KJIacCy ¢ OLIHOKO#H,
HE MpPEBbIAIOILEH 3apaHee 3aJaHHYIO.

Takum obpaszoM, npu HanHuuH oOydaroled BEIOOPKH CTPOHMTCH TaKoe pe-
warolLee IpaBHiIo, KOTOPOE NO3BOJAET PpeaTM30BaTh NPOrHO3 O NPHHAILJIEXXHOCTH
00BEKTOB ONpeeNeHHBIM KJIacCaM HIIM OMNpeleNeHHBIM WHTEpBalaM 3HayYeHHi
CBOMX NapaMeTpOB NPH MOABJIEHHH HOBOI MHGOpMaLHH 06 3THX o6beKTax.

Ilpu pewieHHH BTOpPOIf 3ajayH M3 COBOKYMHOCTH NpPH3HAKOB, XapaKTepH-
3YIOLIMX KaXK/bli paccMaTpHBaeMblii 00beKT, BeIOMpaioT Hanbonee HHpopMaTHB-
Hele. OHa dopMynHpyeTcs cliexyomuM o6pazoM: HEOOX0JHMO MOCTPOUTh TaKoe
MPOCTPaHCTBO MPH3HAKOB, YTOOB! Pa3MEpPHOCTh ero 6bLIa MEHblle pa3MEPHOCTH
NapaMeTpoOB HCXOJHBIX JAHHBIX, 3 HHPOPMATUBHOCTE (OTHOCHTENBLHO aHATH3H-
pyeMoro o0beKkTa) He H3MEHUIOCH.

Tperbs 3anava 3aKIoyaeTcs B TOM, YTOOBI H3 HEKOTOPOTO MHOXECTBA 00B-
€KTOB BBIJIEJIMTH C MOMOIIBIO 33[laHHOTO MpaBH/Ia KJIacChl OHOPOAHBIX OMHAKO-

BBIX OOBEKTOB.

7.2.4. Bepudukaunus npornosa u BbiGOp MeT0Aa NPOrHO3HPOBAHHA

IMomy4eHue MPOrHO3HBIX OLIEHOK JAODKHO OBITH MOABEPTHYTO BepHUKaLMH

JJA X HAJACXKHOCTH.



112

Llens BepH¢HKauMH NPOrHo3a - OLEHKa ero (pyHKUMOHAILHOM IOJIHOTI,
TOYHOCTH M IOCTOBEPHOCTH.

ITpuMeHsAIOT pa3Hble BUIBIBEpUDHKALMH.

Ilpamas BepudHKanua NMporHosa - BepUdHKalMs myTeM pa3paboOTKU TOro
’Ke NpOrHo3a APYrUM METOIOM.

KocBeHHas BepH¢HKaLus MporHosa - BepuQpHKaLHs MyTeM COMOCTABIEHHUA
€ro ¢ MPOrHO30M HJIM JaHHBIMH MOTy4YEHHbIMH U3 APYrHX HCTOYHHKOB.

HHBepcHas BepHduKkauus - BepHpHKaLUs MPOrHo3a MmyTeM MpOBEPKH ajieK-
BaTHOCTH NPOrHOCTHYECKOH MOZIENH B PETPOCTIEKTHBHOM MEPHOJE.

KoHcekBeHTHast BeprduKaLus - BepupHKaLMA MyTeM aHATUTHYECKOTO HITH
JIOTMYECKOro BhIBEJEHHSA MPOTrHO3a U3 paHee MOy4YeHHBIX IPOrHO30B.

Bepudukanus onnoHeHTOM - BepHHKalLUA ITyTEM ONPOBEPXKEHHS KPHUTH-
4eCKHX 3aM€YaHHH ONIMOHEHTA MO MPOrHo3y.

Bepudukauus skcneprom - BepudpHKaLus cpaBHEHHEM MPOTHO3a C MHEHU-
€M JKcrepTa.

ITocne BINMONHEHHS W BepH(HKALMH NPOrHO3a HEOOXOIUMO OLIEHHTH €ro
Ka4yecTBO. JI1s 3TOM LieaH MCNob3yIOT ClIeQyIOLIME NOKa3aTelu:

INonHoTta nporHo3a - 10J3 BapHAaHTOB MPOTrHO3a U3 MHOXKECTBA BO3MOXXHEBIX
u(wm) nons GyHKUHHA o6BeKTa NPOrHO3UPOBaHHA, PACCMOTPEHHEIX a Mpouecce
NPOrHO3HPOBAHHA.

To4HOCTH MPOrHO3a - OLEHKAa AOBEPHTENbHOIO HWHTEpBaJIa MPOTHO3a Ui
3aJlaHHOI NOBEPHTEILHON BEPOSATHOCTH.

JIoCTOBEpHOCTH NPOrHO3a - OLIEHKA JOBEPHTEILHOH REPOSATHOCTH OCYILECT-
BJICHHUS MPOTHO3a [UIA 33JaHHOH TOYHOCTH (LOBEPHTENIBHOTO HHTEpPBAJA).

Owubky MporHo3a - anocTepHopHas BeJIHYHHA OTKJIOHEHHS TpPOrHo3a OT
NeHCTBUTENILHOTO COCTOAHHA 0ObeEKTa.

Hcroynuk omnbku nporHosa - ¢pakTop, MOTyLIMi MPUBECTH K MOABIEHHIO

OLIMOKH NnporxHesa.
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HpH Buﬁope ME€ToJa NMPOrHO3HPOBAHHUA CIEQYET YYECTh [JI1 KAKOro Tuna
YyIIpaBJICHHA [peaArnojaracTcs UCnojb30BaTh MPOrHO3. 310 0OBACHAETCH TEM, UTO
pa3IHYHbIE THIBI YIPaBIeHHs NPEeNbABIAIOT pa3iMyHble TpeOOBaHHUA K BUIY pe-
3yJIbTaTOB H TOYHOCTH NTPOTHO3UPOBAHUS.

Tekymee yTnpaBieHHE. Ilpy TakoMm ymnpaBieHHH mpeanoJyiaraercs, YTo no-
CNEACTBHA YMpaBNAIOILEro Bo3AeHCTBUS OyoyT aHaloruyHbl paHee Habnmionas-
IIUMCA TNpH YNpaBJIE€HHH OPYTHMH OOBEKTaMH. B Takux ciydyadX MCIONB3YIOT
NPOrHO3HPOBaHHE MO AHAIOTHH (NPEUEIEHT WIH MOJEIb).

CucTeMHOe ynpaBleHHe NpeanoiaraeT He0OX0IHMOCTh aHAIHM3a MHOXECT-
Ba 3/IEMEHTOB 00bEKTa H Cpefibl, a TaKKe CBA3ei MeXx Iy HUMU. [IpH TakoM THIE
yIpaBjieHHs Yallie BCEro HCMOJB3YIOT IKCNEPTHOE, PYyHKIMOHAILHO-IOTHYECKOE,
CTPYKTYPHOE NPOrHO3HPOBAHHE.

CutyaimoHHOe yrnpaBieHHe NpeAnonaraeT HeoOXxoqMMOCTh B IIPOTHO3€E NO-
CneAcTBHI NPHHHMAaEMBIX pellleHHH. Pe3ynbTaT Takoro nmporso3a MoXeT HOCHTh
KaueCcTBEHHBIH (XYyXXe, Jy4llle WIH NPeAnOYTHTEIbHO, HEAOMYCTHMO H T.O.) WIH
KONHYeCTBEHHBIH xapakTtep. [103TOMy Tako# THI yrnpaBiieHHs yalle OOMXKEH McC-
TNOJIB30BaTh IKCHEPTHOE, QYHKLIHOHAIBHO-JIOTHYECKOE, CTPYKTYpHOE WIH MarTe-

MaTH4€CKO€ NMPOrHO3HpPOBAHHE.

T 83942
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8. MATEMATHYECKAS OCHOBA KAPT I'iC

MareMaTHueckass OCHOBa SBJIAETCH OOHHM M3 GYHIAMEHTAbHBIX MMOHATHH
reoundopmaruku u F'MC.

Hannune MatemMaTHueckoi ocHoBbl KapT ['MIC aBnisieTcsi NpHHUMIIHAIBHBIM OT-
auuneM ['UC ot CATIP u npyrux HHGOPMaLIHOHHBIX CHCTEM.

HmenHo matemaTnueckas ocHoBa (MO) naeT BO3MOXXHOCTb MHTErpalMH pas-
JIMYHBIX JAHHBIX, KaK Ha r1o6anbHOM (0OILEe3eMHOM), TaK U Ha APYTHX YPOBHAX.

Texnonorudyecku MO sBnseTcs TeopeTHuecKoi 6a3oil NMocTpoeHHs LUHPPOBLIX
Mozenedt ¥ 6azoBbix KapT reouHdopmaumonHbix cucteM (I'MC), obecneunsaet
B3aMMOOJHO3HAYHOE H TOMNOJIOTHYECKOE COOTBETCTBHE NPOCTPAHCTBEHHBIX 00B-
€KTOB H ABJICHHHU NPUPOJBI U OOILECTBA H UX H300paXkeHUs Ha KapTax

Eé paspaboTka, BbIOOp M HCNOIb30BaHHME 3HXKIETCA Ha NMPUHATOH B JaHHOH
CTpaHe reofile3H4eckHX CHCTeMax KOOpJHHAT M BBICOT, oOlIeH TeopuH KapTorpa-
(bHyeckHX NpoeKLMi, TEOpHH KJIAcCOB M OTAEIbHBIX BAapHAHTOB MPOEKLHH, a
Talke APYrHX €€ 3JIeMEeHTOB-TJaBHBIX MacliTaboB, KOMIOHOBOK M pa3rpadok
KapT.

ITpu co3panuu kapt 'MC Heob6xoanMmo, 4ToObl HCXOAHBIE KapTorpadHdyeckue
MaTepHaibl ObUTH NPHBEAEHBI B FEOAE3UUYECKYIO CHCTEMY KOOPAMHAT M KapTorpa-
¢uueckyio npoekuuio 6a3oBod KapTbl, NpHHsATble Ans kapT nanHoi IHMC, ee
MareMaTH4yeckas OcCHoBa obecrnieduBana Obl ONTHMallbHblE YCJIOBMS peLIeHHs
3anay 'MC no xapram.

Kparko paccMOTpHM €€ OCHOBHbIE MOJNOKEHHS.

,

8.1. TEOJE3UYECKHE CUCTEMbBI KOOPIAUHAT U BBICOT

dusnyeckas MOBEPXHOCTb 3eMIH, Kak U JpyruX HeOecHBIX Tell, HMeeT CIOX-
Hylo ¢opmy. E€ u3yuyeHHe sBiseTcs MEepBOOCHOBOH I/ MHOTHX HayK, B TOM
4HCJle MaTeMaTHYecKod Kaprorpaduu.

[Ipy 3TOM HCHONB3YETCs MOHATHE O MOBEPXHOCTH reoMia, KOTOpoe BBEN B

1873 rony HeMeuxuii ¢pusuk JlucTuHr. B Hacrosiee BpeMs MOA NMOBEPXHOCTHIO
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reoma NOHUMAKOT YPOBEHHYIO MMOBEPXHOCTh, MPOXOAAILYIO Yepe3 TOYKY Haudajia
0OTCYeTa BBICOT.

VY poBeHHO# NOBEPXHOCTbIO Ha3blBaeTCs MOBEPXHOCTH, OPTOrOHANbHAs K OTBEC-
HbIM JIHHHSAM, MO KOTOPbIM B KaKAOH TOYKE MOBEPXHOCTH NAHHOro HebGecHOro
TeJla HarpaBJieH BEKTOp CHIbl TkecTH. CTporoe onpejeneHyde reoua cBi3aHo co
3HaHHEM CTPOEHHS 3eMHOH KOpBI.

M. C. MononeHckuit Nnpetoxul BMECTO reouza ONpefeNsTh MOBEPXHOCTh
KBa3HIeoHa, KOTOPYO MOXHO CTPOro OonpeneauTh 6e3 npHuBieYeHUs pa3Iu4HbIX
THNOTE3 O CTPOEHHH 3eMHOH KOpPbl H KOTOpas COBMAAAeT C MOBEPXHOCTHIO reousaa
Ha MOpSAX M OKeaHaX W OTCTYNaeT OT Heé 10 2 METPOB Ha KOHTHHEHTAJIbHOW 4acTH
3emiu.

B reonesun u3mMepeHHs, BHINOJIHEHHbIE HAa PU3UYECKOH MOBEPXHOCTH, NEPEHO-
CAT Ha MaTeMaTHueckylo, Haubonee Onu3kyio K ¢H3MYeckoil, KOTOpas MOXeT
ObITh ONMHCaHa COOTBETCTBYIOIIMMH ypaBHEHHAMH. B 3Toii cBA3M HU3y4alOT M Hc-
NOMb3YIOT 00LIe3eMHOMH IJUTHIICOUA U pedepeH-31THIICOUIBI.

DJUIMNCONA BpallleHHs, MJIOCKOCTh 3KBAaTOpa M LIEHTP KOTOPOro COBMAJaeT C
MJIOCKOCTBIO 9KBAaTOPa H LEHTPOM Macc 3eMJIH H HaWly4lIdM o6pa3oM annpoKcH-
MHpYeET IOBEpXHOCTh reouza (KBa3ureouaa) B IJIaHETapHOM MacluTabe, Ha3biBa-
eTcs 001Ie3eMHbIM 3JUTHIICOHIOM.

JNIMNCOMI, Ha NMOBEPXHOCTh KOTOPOro OTOOpa)KaloTCs MaTepHaslbl acTPOHO-
MoO-reofie3uieckux paboT M TomorpaguyeckHX CheMOK, U KOTOpHIfi Haubonee
MOJIHO COOTBETCTBYET MOBEPXHOCTH reoHJa Ha COOTBETCTBYIOLIHE TEPPHUTOPHH
3eMiH, Ha3biBaeTCs pedepeHI-3ITHIICOUIOM. ITH NOBEPXHOCTH Ha3bIBAIOTCA TaK
)K€ MOBEPXHOCTAMH OTHOCHMMOCTH. B pasHbIX cTpaHax NMpUHATHI CBOH pedepeHL-
JJUTMIICOU B, pa3IyalouIHecs CBOUMH apaMeTpaMH.

B Martemarnyeckoii kaprorpapuu, 4ToObl OTOOpPa3UTh Ha MIOCKOCTH (H3HYe-
CKYIO NMOBEPXHOCTh 3€MJIH U IPYrHX pealbHBIX NMOBepXHOCTeH, Heo6XoquMo OT

3THX nonepxnocreﬁ nepeﬁ'm K MaTeMaTH4ecKuM. B kayecTBe Takux NOBEPXHO-
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CTeil MPHHHMMAIOT MOBEPXHOCTH Illapa, JUIMICOWAA BpallleHHs, U B OTAENbHBIX
cllydasix — TPEXOCHOrO 3JUIHIICOH .

K sneMeHTaM reoje3snyeckoil OCHOBbI OTHOCST OMOpPHbIE MYHKThI, ONMpeNeNéH-
Hble B CHCTEMe reofle3HYeCKHX KOOPAHHAT, IPUHATOH B AaHHOM rOCYAapcTBe, H
KOOPJIHHATHbBIE CETKH, CBA3aHHbIE C ITHMH OMOPHBIMHU MyHKTaMH.

["eone3nyeckne CHCTEMbI KOOPAHHAT BKJIIOYAIOT:

napaMeTpbl pedepeHi-JuIMncouaa (BelHunuHa GONbLIOH MOJYOCH d WIH Ma-

n0# b, cxatue @ UM IKCLEHTPUCHTET € );

BBICOTY reoraa HaJ pedepeHL-3THIICOUAOM B Ha4allbHOM IMYHKTE;

HCXOIHbIE Treo/ie3nyeckue narThl (reole3sHyecKne LIMPOTa M JONroTa Ha-

4aJbHOrO MyHKTa, a3MMYT Ha OPHEHTHPHBIN MYHKT).

B paGotax mo reopme3uu, Tonorpaduu M kaprorpaduu, BhINoONHsAEMBIX B Poc-
cuM, ucrnonb3yetcs anauncoun Kpacosckoro (a=6378245m; a=1/298.3), Hayais-
Hblii nyHKT [lynKoBO; NpeBbllleHHE reouaa Hal pedepeHI-IJUTMIICOMJIOM B Ha-
YaJIbHOM IIYHKTE PaBHO HYJIIO.

Ipunsra Bantuiickas cucteMa BbicoT. CHET BHICOT B 3TOH cHCTEMe BeIETCH OT
Hyns KpoHwTatckoro ¢yTiuToka. B mpoilecce BbINONHEHHS KapTOCOCTaBHTEINb-
CKHX paboT onpenensioT reoJe3H4ecKylo CHCTEMY KOOPAHHAT M CUCTEMY BBICOT,
KOTOpble OBUIH TPHHATH NMPH CO3MAHHH HUCXOMHOrO Kaprorpaduyeckoro Mare-
pHasia. OTO BBIABIAETCA MO (POpMyJIipaM JIUCTOB KapT HJIH IO JMTEpaTypHO-OIH-
caTeJibHbIM HCTOYHHKAM.

B cnyyasx koraa reoje3uuyeckas OCHOBAa MCXOAHOTO MaTepHana, HCMob3ye-
MOro U CO3JaHUs KapT, UMeeT APYTYI0 Ieofe3H4ecKylo CHCTEMY KOOpIHHAT,
HEOOXOAHMO OCYIIECTBUTbh INpeoOpa3oBaHHE ITOH CHCTEMBI B TeOIE3HYECKYIO
CHCTEMY KOOpIHHAT, MPHHATYIO B JAHHOM rocy/1apcTBe.

Ota 3amaya, KaK MpaBUJIO, pELIAETCS AHAIUTHYECKH — IMyTeM BBEAEHHs TaK
Ha3biBaeMbIX AH¢depeHIHanbHbIX MTONpaBoOK MepBOro U BTOporo poaa. Bo MHo-

rMX KHUrax 1o BbICIUEH W cheponanyeckoil reoje3nu aaHbl GopMyJbl [ist Onpe-

nenenus muddepeHLHaNbHBIX TonpaBok nepsoro poxa (4B, ,dL'), yuuteisaio-
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UMX U3MEHEHHA Havdala KOOpAHHAT U a3UMYyTa B Ha4YaJIbHOM (HCXOI[HOM) MYHKTE,

# BToporo poaa (4B, dL.), yuuTeiBatomux HaMeHeHHs CKaTHA H 6obIION moNy-
OCH HMCXOJHOTO M HOBOTO 3JUIMICOMIOB. B Hacrosiinee Bpems paspaboTaHbl H
MCIMOJIBb3YIOTCS AITOPHTMBI TaKHX MpeoOpa3oBaHHil ¢ MPOMEXYTOYHBIM Mepexo-

JAOM B r€OLEHTPHYECKHE KOOPAHUHATBHI.

8.2. OBIAS TEOPHUS KAPTOTPA®UYECKHX MPOEKLIMH.

BknroyaeT COBOKYITHOCTb TE€OPETHYECKHX HOHO)I(CHHFI, ABJIAIOLLHUXCS OCHOBOW

MOJIY4YE€HHUA U UCMOJIb30BAHUA BCEro MHOXXECTBA KapTor‘paqmquKux npoekunﬁ.

8.2.1. Cucremnl koopanHat npunateie B THC
B Teopuu u npaktvke I'MC npuMeHsIOTCA MPOCTPaHCTBEHHbIE MPSAMOYIrOjib-
Hble, KPHBOJIMHElHHBIE, MIOCKHE NMPAMOYTOJbHbIE U TOJISAPHbIE CUCTEMBI KOOpIH-

Har.

Y
ALY

o

9

5]
Puc. 8.1. TonoueHTpHyeckas ropu3oHTHas U cheponanyeckas (cdepuueckas) NoaspHbie CHC-
TEMbI KOODAHHAT.
B npoussonshoii Touke Q(¢,,4,) a/uuncouna mnposemem HopMans QO’ K
3To# noBepXHOCTH (pHc. 8.1.), Yepe3 KOTOpPYIO MOXHO NpPOBECTH OecuHcieHHOe
MHOXXECTBO HOpPMaJIbHbIX ceueHHH. M3 HHUX MBI BbibepeM [Ba INIaBHBIX: CEUEHHE,

COBMajamwllee ¢ MIOCKOCThIO MepHAHaHa PQP’', Ha3bIBa€MO€ MEPHIHAHHBIM, H

CE€YEHHE, OPTOrOHAJIBHOE NEPBOMY B TOYKE Q, Ha3bIBa€éMO€ CEYEHHEM IEPBOTO
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BepTHkana. C yyéToM 3TOro ompefensloT M HCMOJb3YIOT pa3iddHble CHCTEMBI
KOOpJHHAT: reoe3nyecKylo, reoLeHTPHYECKYIO, TOMOLEHTPHYECKYIO, chepouan-
4ecKyo (ceprueckyo), K30METPUHECKYIO U JIOKAIbHbIE CUCTEMBI.

B reonesnueckoit cucTeMe ONMpeReNsloTcs reoje3uyeckas IIMPOTa TOYKH @ -
yros Mexxay HopMmanbio OO’ K NOBEPXHOCTH UIHIICOUAA B JaHHOH TOYKeE 3JUIHII-
conna O M IIOCKOCTBIO 3KBATOPA M JOJITOTA 3TON TOYKH A - ABYXIPaHHbIA yron
MeXIy MJIOCKOCTAMH HayalbHOTO MEpHAHaHa M MepHIHaHa NaHHOW To4kH. B
NPOCTPaHCTBEHHOMN reoueHTpHuecko# cucteMe koopausat OX Y Z wawano co-
BMELIEHO C LIEHTPOM Macc 3eMiH (C LIeHTPOM 3JUIMIICOMIA BpalleHHs), och Zr -
HarpaBlieHa Ha CpeJHuii CeBepHbIA Momoc 3eMiH, och X - B TOUKY nepecedeHus
I'puHBUYCKOrO MepHIHaHa C 3KBaT6p0M, och Y - Ha BOCTOK.

CBA3b reOLIEHTPUYECKON M TeOfe3MYECKOi CHCTEMBl KOOPAMHAT BBIPaXKaeTcs
¢$opMynaMu:

X = Ncospcosi,;
Y. = Ncosgsini;

Z, = N(1-¢?)sing,

_ 1.2 N
rne N=a/{l-e"sin" ¢ — paaMyc KpMBH3HBI CEYEHHs MEepBOro BepTHKala B
JIaHHOH TOuKe

a, € - cooTBeTcTBEHHO 60MbLIAR MOJIyOCh 3JUTHIICOMIA BpallleHHs H KBaj-
paT NepBoro ero 3KCUEHTPHUCUTETA.

TonoueHTpHUYECKOH rOPU3OHTHON CHCTeMOl koopauHat (puc. 8.1.) Gynem Ha-
3bIBaTh CHCTEMY, B KOTOPOH HayaJlo COBMEILEHO C MPOM3BOJIBHOM TOYKOH Mpo-
crpaucta Q, (¢,4,H), oce X nexut B niockoctd Mepuaxana toukd Q W Ha-
TpaBNieHa Ha ceBepHBIH (cpeaHuit) nomoc, och Z cosnanaet ¢ HopMansio 00, k
TMIOBEPXHOCTH 3Juturcounna B Touke {, och Y- nononuser cucteMy 40 1€BOH.

d)OpMyJILI CBA3H Tonouem‘puqecmﬁ H reojie3uyeckoil CHCTEM KOOpAHHAT

HMEIOT BUA:
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X=(N+ h)[sin(pcosw0 —cospsing, cos(/l - Ay )] +
+e*(N, sing, - N sing)cosg,;

Y=(N +h)c05(psin(/1 - /10):

Z= (N + h)[sin(osin @, +Ccos@pcosy, cos(/l -4 )] +
+e2(N0 sing, — Nsin(p)sin(o0 —(NO + HO),
rae @, A;¢,, Ay — COOTBETCTBEHHO reorpadUyYecKHe KOOPAHHATBI B TEKYIIHX
TOYKaX U TOYKE MOJI0Ca;
H — BbICOTa TOUKH NONIOCA OTHOCHTENBLHO MOBEPXHOCTH SJLTHIICOMA;
h — npeBbIILIEHUS TOYEK.
B cdepounuyeckoii nonspHO#i cucTeMe KOOPAMHAT Z=const, a=const a — yTJbl
MeX Iy HOPMaJIbHBIMH UIOCKOCTAMH B TOYKeE T0Joca Q, z — YIJIbl MeXIy HopMa-
abto O'Q, v HampaBneHUsAMH B Touke O’ Ha Tekyluue Touku C, Nexaliye B COOT-

BETCTBYIOILUUX HOPMAJIBHBIX MJIOCKOCTAX; h— NPEBbILICHHSA TOYEK NMOBEPXHOCTH

3eMiny (npu oTOOpakeHUH MOBEPXHOCTH unconaa sce h=0).

4
C TOYHOCTBIO 10 4JIEHOB C € nosy4yaeM ¢GOpMynbl CBA3M MONAPHBIX chepou-

IHYECKHX H reo/Ie3UeCKUX CHCTEM KOOPAWHAT

sinzcosa = t, + & r[t, sing — cos¢0]+...;
sinzsina = cos@ sin(ﬂ. -4, );
cosz=t,+e’ r[t3 sing - sing, ]+...;

rae t, = singcosp, — cosgsing, cos(/l - /10)
t; = singsin @, + cospcosy, cos(/l - AO)
T =sing —sing,

M3omMeTpHueckyio cHCTeMY KOOPAMHAT OMpeNeNsIoT Mo YCIOBHEM, YTOObI ITpH

paBeHcTBe qHdepeHLIHaNOB H30METPHYECKHX LIMPOT U JOATOT dg U dA COOTBET-

CTBYIOLIHE UM OeCKOHEYHO-Masble IYTH MepUAHaHOB do;, W napamnened do,
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ObUIH TaKXKe paBHBI, YTO HMeeT Ba)XKHOE 3HaueHHe NpH pa3paboTke U HCNONb30Ba-
HHH psijia KapTorpaduyecKk1X NpoeKuHi (paBHOYTONBHbIX).
®opMyJia M30METPUUECKOH IHMPOTHI TOUEK JUIMIICOMA BPALLEHHS HMEET BUA:

g =InV;

V= tg(45° + (/)/2)/th (45" + V//Z);
= arcsin(e sin qo).

JloxanbHble CHCTEMBI KOOPAHHAT (QYHKLIHOHAILHO CBA3aHbI C NPAMOYTOJIbHOM
cucTeMoi kKoopauHat co3aaBaemoii kaptsl (Mogenu ['MC) u npeaHasHaveHsl 11s
peLIeHHs TPEX OCHOBHBIX 3a1ay:

BBoAa B NamaTh DBM H306paxkeHHs C HCXOAHBIX KapTorpapuveckux Mmarte-

pHAaJIOB;

TIOCTPOEHHS CHCTEMBI YCIOBHBIX 3HaKOB H HEMOCPEACTBEHHOTO MaTeMaTHye-

CKOTO OITHCaHUs HCClleNyeMbIX KPUBBIX;

ycTpaHeHus (ocnabneHus) MckaxeHHH H3-3a nedopmaunu Gymard, He co-

BMCEILCHHA KpaCoOK IpH ne4yarTH, o1IKOOK COCTaBNEHHA H.T.1I.

8.2.2. Onpenenenns kaprorpadHYecKHX NPOEeKUHHH,
KapTorpagHyeckHne ceTH

Janum nBa onpeneNieHHs NPOEKLIUH:

1. KapTrorpaguueckoii npoekuueii Ha3bIBaeTCA MaTeMaTHYECKH BbIpa)XKEHHBIH
cnocob oToGpaxceHHs MOBEPXHOCTH 3eMJIM MM JPYrHX HeOecHBIX Tel, MpH-
HHMMaeMbIX 3a JJUIMIICOMI, chepy WK HHble peryispHbie IOBEPXHOCTH, Ha
TUIOCKOCTH.

2. Kaprorpaduueckoii npoexuueil Ha3piBaeTcs Croco0d YCTaHOBJIEHHS B3aHM-
HO-OJJHO3HAYHOTO COOTBETCTBHS TOUYEK OTOOpakaeMoi MOBEPXHOCTH H
TMJIOCKOCTH.

H3obpakeHue Ha KapTax JHHUA MepUAHaHOB W Mapauiened B NPUHATOH Kap-

Torpaduyeckoii MpoekuWH Ha3biBaeTcs KapTorpapuyeckoi cerkoif. Yacrora e€
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JIMHHHA yCTaHaBJIMBAE€TCA B 3aBUCHUMOCTH OT Ha3HA4Y€HHA KapThl. Bun Kap'forpa(bu-

YECKOH CEeTKH 3aBHCHT OT YpaBHEHHH NaHHOH NMPOEKLIMH.

8.2.3. beckoHeyHo Manan cheponaHYeCKan TPaneuHs H ee
H300paxeHHe HA MIOCKOCTH

OneMeHTaMH OeckoHeYyHO Manoi cdepouauyeckoid TpaneudH ABIAIOTCS
(pHc. 8.2):

ds, = Mdp — 6eckoHe4HO Manblii OTpPe3oK Me-
pHAHaHa;

ds, =rdA — 6GeckoHeuyHO Maiblii OTpe3oK ma-

pajieny;

i
ds= (ds,2 + a’sf)/2 — NUHEHHbIHA 3NEMEHT SMIHI-

rdA
Puc. 8.2. Dnements! cheponnnue- a= arctg(—j — a3UMYT JIMHEHHOTO 3/eMeH-
CKO#l Tpaneuuu Mdy

Ta;

dS =dsds, = MrdpdA — nnowans 6ecKOHe4HO MaJIOH TpaneLHH,

rae M= a(l - ez) / (1 - e’sin’ (p)% — pazMyc KPHBHM3HbI MEPHIHAHHOTO ceye-
HHS;

r = N cos¢ — panuyc KpHBH3HbI NapaseNy.

OnemeHTaMu u306paXkeHHs GeCcKoHeuHO Maod cdepoHIHYecKOH TpaneLHH Ha

TUIOCKOCTH ABAst0TCA (pHcC. 8.3):



do =[edp? +2 fidgdA + gdi]|" ~ nmmeiinsii
3JIEMEHT Ha IIOCKOCTH;

do, = Jedp — wzobpaxenne Ha MIOCKOCTH
6eCKOHEYHO MaJloro oTpe3Ka MepuaHaHa,

do, = \/gdA — u30bpaxeHHe Ha IUIOCKOCTH

0 Y  GecKOHe4YHO MaJloro oTpe3ka napaniei;

Puc.8.3. DnemenTsl H306paxeHus

N . h
6eckoHeuno Manoii coe- i=arctg— — yroa Mexay H3o0pakeHHAMHU
pOHIlH‘IeCKOﬁ TpaneuuH f

MepHI{HaHOB H napa.rmeneﬁ B TOYKax NMPOCKUHH;

f

e=i-90" = arctg(— 7) — OTKJIOHEHHe yTJIa [ OT MPSMOro;

er .
p= arcctg[; ” ctga + %] — a3UMYT JINHEHHOTO 3JIeMEHTa Ha NPOEKLHMH;

dX =do,do, sini = hdpdA — nnouians u3o6paxeHns GeckoOHEYHO Majloi Tpa-
TIeL(MH Ha MPOEKLHH.
3neck: e, f, g — koapduuunents ['aycca:
_2 2, o _ .
e=x,+y,; f=x,x,+y,¥:;

g=x,+yi h=x,y, - x,y,.

8.2.4. MacwiTa6ni

B Teopun kapTorpadguueckux MPOEKLHH pacCMaTpUBAlOTCA MOHATHSA H dop-
MyJbl JIMHeHHbIX MaclwiTaboB W MacwTaboB muowanedd. JluHeliHsle MacuiTabbl
nojpaszensoTcs Ha rnaBHbIi (06wuit cM 0. 8.2.10.) ¥ yacTHble MaclITaObl JUIHH.
YacTHbIM MaclutaboM AMHH OTOOpa)keHHs B TaHHOW TOYKe MO JAHHOMY Halpas-
JICHHIO Ha3bIBAaeTCsl OTHOLUEHHEe OEeCKOHEYHO Maloro oTpe3ka Ha MpPOEKLHH K
COOTBETCTBYIOLEMY GECKOHEYHO MajloMy OTpe3Ky Ha MOBEPXHOCTH JJUIHIICOMAA

(cdepsr).
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dopMyna YacTHbIX MaclITAabOB AJIMH B KaX0H TOYKE MPOEKLHH MO 3aAaHHOMY
HanpaBJeHHIO 0L HMEET BHA:

2 2 2 .. 2
MU =m cos" a + mncosisin2a +m2 sin” .

[Tpu a3uMyTax HampasieHHs cooTBeTcTBeHHO @ =0 U a =90’ monyyaem
1 2 2 Il
m= ﬁ[xw + yw] — ¢opMyna yacTHoro Maciuraba JUIMH BOOJb MepHIHa-
HOB;
Ir o 9k .
n= ~[x ity 4] — ¢opMyiia yacTHbIX MacITaboOB JJIMH BAOJb Napaienei;
r

Xos yw; X,5 Y, — YaCTHbI€ HIIH 0ObIKHOBEHHbIE MPOHU3BOAHBIE NPAMOYTOJIbHBIX

KOOPAMHAT MPOEKLHMH 110 LIHPOTE @ H AONroTe A.

YacTHbIM MacluTaboM IUIOIIAAM Ha3biBAlOT OTHOLIEHHE OeCKOHEYHO-Mano
romanku d Ha MpoeKUHH K COOTBETCTBYMOLIEH GeckOHeYHO-Masioi IuIoLIaaKe
Ha MOBEPXHOCTH 3Juthnconna (cepsi) ds.

(DOPMlebI YacTHBIX MaclITaboB ruiomanei p UMEET BN

p=——=mncos¢ = ab,
r

f

rape &= arctg(— ;) — OTKJIOHEHHE yrja i MeXay H306pa)l(eHHﬂMH MEpHIHaHOB

Y napajuiesnieil Ha IPOEKLUH OT NPSMOTO;
f=xx 42,y h=x,y, - x5,

B kaxmo#i Toyke No IBYM OPTOrOHAIBHBIM HalpaBleHUAM YacTHbIe MacIuTabsl
IUTHH NPUHHMMAIOT 3KCTpeMalibHble 3HaUYeHHA: a - HanboMbIIKi, b - HaNMeHbLINH
yacTHble MacwuTabbl. HampaBneHus, Mo KOTOpHIM YacTHblE MacluTabbl IKCTpe-
MaJIbHbl Ha3bIBAIOTCA IV1aBHBIMH. B mpoekuusx ¢ oproroHansHoi kaprorpaduuye-
CKOM CeTKO#i IN1aBHble HanpaBJeHUs COBMAJaloT C HalpaBleHHAMH MEPUHIHAHOB U
napasiesnei.

3Kcrpema.ubele YacTHbIE MacLUTa0Obl UTHH onpeaensoTcs no Q)OpmynaM



A+ B A-B
a= ;b=
2 2

%
rae A :[m2 +n’+ Zmncosg] .

v
B= [m2 +n? - 2mncosa‘]/z.

8.2.5. Yc/i0BHA 0TOOpaxeHHs NOBEPXHOCTH 3aJnnconaa (chpepsbl)
Ha NJIOCKOCTH

Kaprorpaduueckue npoekiuu MOryT GBITh paBHOYTONbHBIMH, PaBHOBETHKHMH
U TIPOM3BONIBHBIMH (B YacTHBIX Cly4yasX paBHONPOMEXYTOUHBIMH) [0 XapaKTepy
uckaxxeHUd. [Ipy NonydyeHHH 3TUX MpoeKiLHii HeoOXOaUMO NOOHUTHCH, YTOOBI HX
ypaBHEHHS YIOBIETBOPSAIH COOTBETCTBYIOLIMM YCIIOBHSM OTOOpaXeHHs.

PaBHOYroNbHBIMH MPOEKLUAMH Ha3bIBAlOT TaKHE, B KOTOPBIX OTCYTCTBYIOT HC-
Ka)XEHH$ YIJIOB H a3UMYTOB JIHHEHHBIX 3JIEMEHTOB, T.€. B KOTOPbIX OJHOBPEMEHHO
BBITIOJIHAETCA [Ba YCJIOBHSA: KapTorpaduueckHe CETKH 3THX NpPOEKLMH NOMKHBI
ObITh OPTOrOHANBHBI M B KaXIOH TOYKe MPOEKIHH, YaCTHble MacIUTabbl JUIHH He
JIOJDKHBI 3aBUCETH OT HaNpaBJIEeHHi, 10 KOTOPBIM OHH OTpeeNsOTCS.

OTH YyCNOBUA NPUHUMAIOT BH]

m=n; €=0

r

IY; Yos ¥i = va (ycnosue Komn—Pumana)

WM X, = —
M

PaBHOBENIMKUMH MPOEKLMAMH Ha3bIBAalOTCA TaKHe, B KOTOPBIX muowamy S u X
yKa3aHHbIX obnacTeil Ha MOBEPXHOCTH IJJUTHNCOMAA (Cepbl) M Ha IIOCKOCTH
TOXAECTBEHHO paBHbI (IPONOPLHOHAIILHBI).

B 3THX npoeKuuax KOMKHO OBITh

p=1; wnu h= Mr; unu mncose=ab=1

PaBHONIPOMEXYTOYHBIMHU HA3BIBAIOTCS MTPOEKLMH, COXPAHAIOILHE AJIHHBI 110 Of-

HOMY M3 IJIaBHBIX HampaBieHuil. Haubonee 4acTo K HUM OTHOCAT HPOEKLHH C

OpTOFOHaJ'leOﬁ Kaprorpa(buqecmﬁ CeTKOM, B KOTOpPBIX COXPAaHAIOTCA IJIHHbI

160 BAOb MEPHAMAHOB, THOO B0 Napajuienei.
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8.2.6. UckaxkeHHns kapTorpaguyeckHx npoeKuHi
BaxHeH1nM $akTopoM BbIGOpa H MCMO/B30BaHUs KapTorpadMuecKkux rpoek-
UMM SBJISIOTCS BEJIMUMHBI M XapaKTep MCKa)XeHMH MCMoNb3yeMblx npoexuui. Mx
aHaJIM3 N03BOJISET OUEHHUTb JOCTOMHCTBA PaCCMaTPHBAEMbIX MPOEKUHH U HCIIOIb-
30BaTh MOJyYEHHbIE JAHHbIE [UIS pelleHHs PsAja NPaKTHYECKHX H Hay4dHBIX 3a1a4.
O6bI4HO OTMEYaeTCs, YTO Ha KapTax HMEIOT MECTO ABa BUJIa HCKaXKeHHH:
MCKa)XXeHHMs JUIMH BO BCEX NPOEKLHMAX; YIJIOB M IUIOLajei — BO BCeX MPOEK-
LHAX, KPOME COOTBETCTBEHHO PABHOYIOJIbHBIX H PaBHOBEIMKHX INPOEKLHH,
BO3HHUKAIOLLHE H3-32 M3MEHEHHH YacTHBIX MacIUTaboB B TOYKAaX MPOEKLHUH U
JaoLIMe XapaKTePUCTHKY OTOOpaXKeHHii B 3THX TOYKaX;
HCKa)XE€HHs B JUIHHaX KOHEYHBIX NMPSAMOJHHEHHBIX OTPE3KOB M Yrax Mexay
HHMMH, a Talkke B a3UMYyTaxX 3THX HanpaBlieHHH, BO3HHUKAIOLIME NPH BhINOIHE-
HHH M3MEPEHHH Ha KapTaX H3-3a KPUBHM3HBI H300paXKeHHs reoje3n4ecKuX Jiu-
HHH. ['eoMeTpHYECKyI0 HHTEPNPETaLHIO HCKAXEHHS NaéT MOHATHE 00 duUTHNCe

uckaxeHHs (cM. puc. 8.4, 8.5).

g X
. X
€
o
VAN &" c'
[
D n > Z ‘
A D, y
0 y
Puc. 8.4. beckoHeuHo Manbie Puc. 8.5. CxeMa noctpoeHus 3uiunca
OKPYXXHOCTb H Tpaneuns HCKaXEeHHH

Ha 3JUIHIICOHaC

B ob1eM cryyae GeckoHEYHO Mallasi OKPYXHOCTh Ha HOBEPXHOCTH 3JUIHIICOH-
na (cepsr) H300paxkaeTcs Ha MIOCKOCTH OECKOHEYHO MalbIM 3JUIHICOM. B yact-
HBIX Clly4asiX, a HMEHHO B PaBHOYTOJBHbIX (KOH(GOPMHBIX) H MOIYKOH(GOPMHBIX
NPOEKLHAX, B KOTOPBIX YacTHble MacluTabbl AJIHH BJOJNb MEPHAHAHOB M Mapaiuie-
neii paBHBI (m=n), GECKOHEYHO MaJlas OKPY>XHOCTb Ha MOBEPXHOCTH JJIMIICOHIA

(cdeps!) H30OpaxcaeTcs Ha MIOCKOCTH NMOAOOHOH GECKOHEYHO MalioH OKPYXHO-
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cTbl0. OTMETHM, 4TO IS FeOMETPHUECKOH HHTEprpeTallH HCKaXeHHH ynobhee
HCTI0J1b30BaTh He GeCKOHEUHO Maslble, a KOHeuHble BenuuuHel. Mcxons u3 atoro,
JJUIMIICOM HCKaXEHHH HIM WHIOMKATpuco# (ykasatensHWleH) Tucco HasBau
3JUIAIIC KOHEYHBIX pa3MepoB (HanpuMep, NPH paaxyce oKpyXHocTH R=1), coot-
BETCTBYIOLIMH MOMyYEHHOMY Ha MIOCKOCTH 6ECKOHEUHO MalOMYy JJLTHIICY.

Ecnu no puc. 8.4, 8.5 onpenenuts yrisl ¥ ¥ v MeXAy IJIaBHBIMH HarnpapJieHHs-
MH M HanpaBleHUAMH Ha TeKylllHe TOYKH Ha 3JUIHIICOUE H MIOCKOCTH H 0603Ha-

w

YHTDb 4Yepe3 5 HaHﬁOJ’lb[ﬂle HX pasHOCTb =Y, —V, , TO HaHuOONBbIIHE HCKaXe-

2

HMSA YIJIOB POEKLIMH OonpeaenstoTcs GopMysiaMH:

a-b E_Zda-b.t w a-b
P TP WP

roea, b— IKCTPEMaAJIbHbIC YACTHBIC maciTaba 1IuH

W
sin— =
2

HckaxeHHs NIMH Ha MPOEKLUH XapaKTepH3YIOTCA TpeMs MOKa3aTeNniMH  ©
Pa3nuyaloT OTHOCHTENbHblE HCKaXEHHS IJIMH B JaHHOH TOYKE NPOEKLHH I10
JAHHOMY HaNpaBJIeHHIO, OTHOCUTENbHbIE MCKaXEHHA JUIMH B NaHHOM TOYKe Mo
BCEM HaMpaBJIEHHUSAM M CpeIHeKBaJpaTHyecKHe (cpeqHeapHdMeTHYeCKHe) BelH-
YHHBI HCKa)XKEeHHH B npefenax Bceit H3oOpaxkaeMoit obnacTH.
3a Mepbl OTHOCHTENBHBIX MCKa)XEHHWH MIMH B JAHHON TOYKe MO JAaHHOMY Ha-
MpaBJIEHHIO IPHHUMAIOT CIIEAYIOLLHE BETHYHHBI:
1 1
vw=u-1 v,=lny v,=1-—; v ——( 2—1)
1= )u ’ 2 - #, 3 - > 4 — .Il .
u 2
Bce 3TH BeMMYMHBI pa3nHYaloTCs MeXay coOoi JULIb MalbiIMH BTOPOro MIH
60J1e€ BBICOKHMX MOPAKOB MAJIOCTH OTHOCHTENIBHO CAMHX X BEJIHYHH.
3a o0l1y10 Mepy OTHOCHTENBHBIX HCKaXXEHHH IUJIMH B JaHHOH TOYKE IO BCEM

HanpaBJICHUAM NPHHHMAIOT (l)OpMy.l'lbl, NpeMJI0KEHHBIE pA3JIHYHBIMH YYEHBIMH H

Ha3blBAa€MbI€ KPUTECPHUAMH 110 X HMEHAM!



2 1 2 27.
e; = 5 [(a-D"+(6-D7];

1
e =7 1(4-1)

2 (ab- 1)2] KPHUTEPHH DiipH;

g = %[ln2 a+In’ b] — kpuTepHii Ditpu-Kaspaiickoro;

2r

2 -
£l =— I( #—1)"da ~ xpurepuii Hopaana
27
2r
& = o Ilnz pda — xpurepuit Mopnana-Kappaiickoro
0
a
(-1
o =arctg (a-1D} kputepHit KoHycoBoH, npy noMoIuu KOToporo oue-
HHMBaeTCs MIH 3aa¢TCS XapaKTep MCKAKEHHH NPOeKLM:
a=0 — ;s paBHOYTOJIBHBIX IPOEKIM,
s
=7 — 7% PABHOBE/IMKUX NPOCKIIHHA,
n . .
0<@<% — M4 NpoeKUUH NPOU3BONBHBIX N10 XaPAKTEPY HCKAXEHHIL.

KpoMe yxasaHHBIX, [/l OLIEHKH NOCTOHHCTB KapTOrpaHyYecKHX NpOeKUHH
6bLIN TaKXKe MPeIONKEHbl U UCIONB30BATHCHL Apyrue kpurepuu (Kimnxraya, Be-
6epa, Diizennopa, ®ponosa u ap.).

3ameTHM, YTO IS NMPOEKLHH C OPTOroHaIbHON KapTorpaguyeckoi ceTkoi Bo
BCEX YKa3aHHBIX KDUTEPHSX 3KCTpEMAallbHble YacTHbIE MacliTabbl «@» u «b» mpu-
HHMMaIOT 3HAY€HHs YacTHHIX MacIuTaboB IJIMH BJOJNb MEPHUIHAHOB M H BIONb
napaJuieneii n.

BenHuuHbI HCKaXXEHUI IUTHH B Npefenax Beed H300paxkaeMoii 061acTH oLeHH-
BAKOTCS NPH MOMOLUM KPHTEpPHEB MHUHHMAKCHOTO WJIH BapHALMOHHOTO THIIOB.
KpuTteprem MHHHMaKcHOro Tuna spiserca kpurepuil I1JI.UebbimeBa, cornacHo
KOTOPOMY ISl MCCNelyeMOH NpOeKLHH onpefensercs (B npejenax Bceid H3obpa-
*aeMo# 06nacTH) oTHOLIeHHe HauboNbIIEro 3Ha4YeHHUs1 YacTHOro Macwtaba AnHH

Hmax K HAaHMEHBIIEMY 3HAYCHHIO Ly jp. an HCINOJb30BaHHH KPDHTCPDHEB BapHa-
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LHOHHOI'O THIIAa onpeaensieTcs s paccmarpm;aemoﬁ NpOCKLUHH (B npeneinax Bce#

u306paxaeMoil TePPUTOPHH) 3HAUEHUS OTHOTO U3 DyHKUHOHANOoB £’ :
D 15,
E- =—Ie sz-zg, ,
F; nia

rae £ BHIUMCIAETCS M0 OJHOMY M3 YKA3aHHbIX KPUTEPHEB £ M MM aHANOTHY-
HBIM.
X HckaxeHus nuolaneil ONpeaensioTCs W3 BbIpa-
xenust vV, = p—1

CrenyeT OTMETHTb, YTO NpH pa3paboTke mpoek-
UMM, eciM J06MBATBCA YCTPAaHEHHS HCKaKEHHH
IUTOLLANIe, TO NPUMEPHO BBOE YBENHYATCS HCKaXKe-

HHA YTJIOB H Ha060pOT.

[Tpu BBINONHEHHH M3MEPEHHH a3HMYTOB (YIJIOB) H

JUIHH OTPE3KOB MO KapTe KpoMe YKa3aHHBIX HCKaxe-
Puc. 8.6. A3umyT 1 aupex- HHUil BO3HHKaeT el MCKaXEeHHs B a3uMyTax (yriax)
LIHOHHBIA yron
6, v nauHax As,, =s,, —d,, H3-3a KPHBH3HBI H30-
OpaxkeHHsT Ha KapTax Teofe3WYeCKHX JIMHHA. OTH BeNMYHHBI HCKaXEHHi
(nomnpaBoK) NpH HCNOJNB30BaHHH KapT, COCTaBJIEHHBIX B PaBHOYTOJIbHBIX MpPOEK-
LMAX MOXHO OINPEAENHTDb Mo popMynam:

6, =kS,+.
1
ASIZ = SIZ _dlz = 2_4k|S|32+---’

rae k, — KpHBM3Ha H300paXK€HHWs pacCMaTpHBaeMOW JIHHHH B HayalbHOM

(nepBoif) Touke, onpeaenseMas no popmyine

k—i Jlinm . Jdlnm
“om| & sina — P cosa |,

rie r — paauyc KpMBHM3HBI NapaJlieny;

m — 4acCTHbIA MacluTab JJIHH B nepnoﬁ TO4YKE;
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@ — a3UMYT HanpasjieHHs JTHHUH S, ;
d,, —xopna quHHH S,,.

Onpeueneune BEJIMYMH ITHX HCKAXKEHHH, 0COOEHHO NpHA HUCNOJIL30BaHHH HeE-

paBHOYTOJIbHbIX ﬂpOCKllHﬁ, npeacTaBiasieT OﬂpeﬂeHéHHble TPYAHOCTH.

8.2.7. MeToabl npeoGpa3oBaHHA KapTorpapH4ecKHX NpPoeKUHH
npH coznanun kapt 'KNC

Bo MHorux cnyyasx cosznanus kapt [ MIC ucxonHsle kapTorpaguyeckye mare-
pHaNbl COCTaBlieHbl B MPOEKLHMSX, OTIHYAIOWMXCS OT MpOeKiud co3aaBaeMbIX
KaprT.

Bo3Hukaet He06X0AMMOCTh BBITNIOTHEHHS X NpeoOpa3oBaHuit H, clief0BaTeNb-
HO, npeobpa3oBaHKe BCero H300paxeHHs KaprT.

Cymecmye‘r JIBa OCHOBHBIX CIIoc0o0a pelleHHs 3Toi 3agaqn.

INepBbiii MpeanonaraeT npeaBapHTeNbHOE ONpelesieHHe reofe3Hu4eckux Koop-
IUHAT 1O NPAMOYTOJbHBIM KOODAMHATaM TOYEK HCXOOHOTO KapTorpadHyecKkoro
MaTepuaia, a 3aTeM [0 3THM reoJe3HYeCKHM KOOpIHHaTaM — BbIYHCIEHHE (1O
dbopMynamM MaTemaTHyecKoi kapTorpadHM) NpAMOYroJbHBIX KOOpIAMHAT co3ja-
BaeMoi KapThl.

Bo BTOpOoM cnocobe ycTaHaBIMBaeTCs HENOCpeACTBEHHAs CBA3b MPAMOYTOJb-
HBIX KOODAMHAT NMPOEKLHMH HCXOOHOTO KapTorpadHyeckoro MarepHana M co3na-
BaeMoi KkapThl. [1oCKONBKY OMpeneNHTh aHATHTHYECKYIO CBSI3b 3THX CHCTEM KO-
OpAMHAT BeCbMa CJIOXHO, IJIS pelUeHHs 3TOH 3aJayd NPHMEHSIOT Pa3IH4yHOro
BHJIa OJIMHOMBI, BECbMa MoApoOHO paccMoTperHsble B paboTax [5], [6].

OCHOBHOH 4acThlO MepBOro crocoba fBNfeTCA ONpefeseHHe reoJe3HYecKux
KOOpAMHAT 10 NMPSAMOYroJIbHBIM KOOpAHHATaM TOYeK UCXOQHOro KapTMmaTepHana,
TaK KaK BBIYHCIIEHHE NPAMOYTOJbHBIX KOOPAHHAT BTOPOH NPOEKLHH M0 H3BECT-
HbIM ¢opMynaM 3aTpyIHEHHH He Bbi3biBaeT. PelneHue 3TOH 3agayy MOXHO Bbi-
MOJIHHTh Ha OCHOBE HCIIONB30BAHHSA LENOYKH (OpMYJ, OnpeneneHHON Ui Kax-
JIOW TPOEKLIHH, HIIH METOIOM UTepalli, pacCCMOTPEHHbIX B yueOHHKaxX MO MaTe-

MaTHuyeckoii kapTorpaduu, Hanpumep B [5], [10].
93ax 942
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70T cnocod UMeeT psA [IPEMMYLIECTB 110 CPABHEHHMIO CO BTOPbIM C1IOCOGOM,
Tak Kak obecrieyMBaeT BbICOKYIO TOUHOCTb IpeoOpa3oBaHUH M cBOOOIEH OT BCs-
KMX OrpaHUYeHUH.

Bropo#i cnoco6 uenecoobpa3Ho NpUMEHATb B Cilydyae, Korja OTCYTCTBYIOT
JaHHblE O IPOEKLHAX HMCXOAHOro KapTrorpadHyeckoro MaTepHasa, a TaKxe B
cltyuae npeobpa3oBaHHs MaJIbIX MO MUIOLIAAH YYaCTKOB KapThl.

B 3TOM cnocoGe BO3HHKAIOT OrpaHHYeHHs, CBA3aHHbIE C pa3IMYMAMH B Xapak-
Tepe HCKaXKeHHH paccMaTpHBaeMbIX KapTorpapHyecKuX NPOEKUH, B pa3inyusIX B
oToOpakeHHH reorpadMyYecKHX OJIIOCOB U XapaKTepa CHMMETPHYHOCTH KapTo-
rpadHyecKHx CeTOK OTHOCHTENIbHO CPeHEro MepHIMaHa U dKBaTopa.

Ipyu ucnons3oBaHHH 3TOrO crnocoba pasMepsl MaJlbIX y4acTKoOB Ipeo6Gpa3zoBa-
HHMS YCTaHaB/IMBAIOT M3 pacyera, YTOObl Ha CThIKE 3THX YYacTKOB HECOBMELUEHHS
H300paXKeHUs OHUX M TeX XK€ KOHTYpoB He npeocxoaunu 0,3-0,4 MM B MacLiTa-

6e KapThl.

8.2.8. ®akTophl H cnocodbl BLIGOpa KapTOorpagH4YecKHX NPOeKUHH
nas coznanua kapr '’MC

Bribop kaprorpaduueckux npoekuui AomkeH obecneyuTh ONTHMAlbHbIE YC-
noBus pewienus 3agay I'MC no xapram.

Bri6op kaprorpaduveckux NpoeKLUHH 3aBUCHT OT MHOIMX (aKTOpOB, KOTOpbIe
MOXHO pa3duTh Ha TpH IPYNMBI.

K nepBoii oTHeceM dakTophl, XxapakTepusylolmHe o6beKT KapTorpagupoBaHHs.
310 reorpadHuyeckoe NoyoXXeHHe H306paxkaeMOl TePPUTOPHH, ee pasMepbl, KOH-
¢burypaius, 3HaYMMOCTb OTAENbHBIX €€ 4YacTeH, CTeleHb MOKa3a CMEeXHBIX C
KapTorpa¢upyeMoi 0651acTbiO TEPPUTOPHI.

Bropas rpynmna BkmtouyaeT $HaKTOpbl, XapaKTepH3yIOILHe CO3JaBaeMyIo KapTy.

B 3Ty rpynny BXoIAT coaepxaHue U HasHayeHue kapthl [ IC B uenom, cnoco-
Obl ¥ YCNIOBHSA ee MCNO/b30BaHUs NpH pewieHuH 3anay ['MC, TpeboBaHUs K TOUHO-

CTH UX pELUIEHHS.
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K tpeTbeit rpynne orHeceMm ¢akTOpbl, KOTOpblE XapaKTepH3YyIOT MOJyvyaeMyto
Kaprorpaduuyeckyo NpoeKkuH 0. ITO ycioBHe obecreyeHHe MHHUMyMa HCKaxe-
HHWii, JOTMYCTHMblE MaKCHMa IbHble BeTMYHHbI HCKaXEHHH, XapaKTep X pacrpee-
NeHHs, KPUBU3HA M300pakeHUs TMHMH MepUAMaHOB, Napaijenel, OpTOAPOMHUH,
JIOKCOIPOMHH.

Bri6op kapTorpaduueckux NpoeKLHi ocyllecTBIseTC B Ba 3TaNa: Ha epBoM
yCTaHaBNHBaeTCsl B OCHOBHOM C Y4eTOM ()aKTOpOB NepBO#i ¥ BTOPOH IpyIN COBO-
KYMHOCTb NPOeKUKiH (MM HX CBOWCTB), 3 KOTOPOH LiejecooOpa3HO MPOU3BOAMTH
UX BbIOOp; Ha BTOPOM — OMpEeAeNsioT HCKOMYKH mMpoekuuio. Ilepex BbiGOpoM
HOBBIX MPOEKLUHH OMpeneNsoT HeNb3sl JH B COOTBETCTBHH C IOCTaBIEHHBIMH
TpeOOBaHHUAMH HCMONB30BaTh NPOEKLHH, KOTOPblE paHee NPUMEHSIIUCh AUl aHa-
JIOTHYHBIX KapT.

IMpu BbIGOpE HMCXONHOH COBOKYNHOCTH NpPOEKLHH CTPEMATCS, YTOOBI LEH-
TpasibHble JIMHHM MM TOYKA NMPOEKLHii, BONIU3M KOTOPBIX MacliTabbl Mano H3Me-
HAIOTCH, HaXOJMJIUCH B [IEHTpe KapTorpa¢HpyeMoil TEppHUTOPHH, a LIEHTpallbHble
JMHMH HamnpaBlieHbl, 10 BO3MOXHOCTH, MO HAMpaBJIEHHIO HaHOObLIEro pacmpo-
CTpPaHEHHs 3THX TEPPUTOPHI.

IToaToMy 111 MHOTHX KapT BLIOHPAIOT:

— UMJIMHOPHYECKHE NMPOEKLUUH — AJIS TEPPUTOPUH, pacronokeHHBIX BOIH3H U
CHMMETPHYHO OTHOCHTEBHO 3KBAaTOpa (3KBaTOpa KOCOH HJIM MONEpedHBIX
CHCTEM) M BBITSHYTBIX O JOJITrOTe;

— KOHHYeCKHe NMPOEKLUH — MJIs TaKHX Xe TEPPUTOPHH, HO HE CUMMETPHYHBIX
OTHOCHMTEJIbHO 9KBATOPa MJIH PaCMOJIOKEHHBIX B CPEHUX IIMPOTaX;

— a3UMyTasbHbIe MPOEKLHH — A1 H300paxKeHHs NONAPHBIX obnacTel.

Jlnsa Bcex mpoekuui BHIOpaHHOH COBOKYIMHOCTH No ¢GopMysnaM MaTeMaTHye-

ckoii kaprorpaduu [5, 8, 9, 13] BLIUHCIAAIOT YaCTHBIE MACIUTAObl H HCKAXXEHHS.

Jlns nByx-Tpex M3 HHX, HMEIOLIMX HaWMEHbLIHE BEeTHYHHBI HCKa)XEHHH, BBIBO-
OAT Ha 3KpaH MOHHMTOpa KaprorpadHyeckHe CeTKH ¢ H30KOJNaMH (JINHUAMH paB-

HBIX HCKaXXeHHi) U BBHIOMPAIOT Ty U3 HUX, B KOTOPOii obecriednBaloTCs HauMeHb-
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IIMe BeJMYHUHBbI MCKa)XXEHHH, Nydyiinid u Gosee npoctoil BUA KapTorpaduyeckoi
CETKH, a MPH paBHBIX YCJIOBHAX — Oojlee NPOCTOW MaTeMaTH4ecKHid annapar npo-

€KLHH.

8.2.9. Kaprorpadnueckue npoekunn kapt F'HC, pewaromux
3a1a4H H3Y4YeHHS H OCBOEHHSl KOCMHY€CKOT0 NPOCTPaHCTBA

ITpu paspabotke 'MC yka3zaHHOro Ha3Ha4yeHHs pelUaeTcss KOMIUIEKC pa3/ny-
HBIX 3a/1a4, HallpUMep:

— BBITIOJIHAETCS H3YYeHHE 3aKOHOMEPHOCTEH Da3BUTHS KOCMHYECKOro Mpo-
CTPaHCTBA, IBOMIIOLMH Pa3BUTHA HEOECHBIX Tell B IIPOCTPAHCTBE, X B3aUMO-
NEeHCTBHE;

— OCYILECTBIISETCH JHCTAHLMOHHOE 30HAMPOBAaHHE NOBEPXHOCTEH HEOECHBIX
Tes, UX kapTorpadHpoBaHHe, U3ydeHHe CTPOEHHH 1 MOPdONOrHit ITHX Tex;

— pa3pabaThIBAlOTCS MPHUHLUMNBI H METOJBI OPraHU3aLIUH KOCMHYECKHX 3KCIe-
JIULKHA Ha MOBEPXHOCTH HEGECHBIX TEN U ONpPENESIOT ONTHMAJIbHBIE YCIIOBHS
HX NMOCaaKH Ha TOBEPXHOCTH 3THX Tell;

— pa3pabartblBaloTCs KapTorpapuyeckve NpOEKLUHH MU CO3NaHHA KapT No-
BEPXHOCTEHN HeGECHBIX TeJl, MHOTHE U3 KOTOPhIX HMEIOT GOpMY CYLIECTBEHHO
OTJIMYAIOLLYIOCS OT (POPMBI MOBEPXHOCTEH 11apa MM 3JUIMIICOMIA BpALLIEHHS.

Pspn HebGecHBIX TeJsl, HAMPUMEP, MHOTHE acTEpPOMIBI, spa KOMET, HMEIOT elle

Gonee cnoxHyro QopMmy MOBEPXHOCTEH, 4eM (popMa MOBEPXHOCTH TPEXOCHOrO
3JUIHIICOMIA.
H3BecTHble kapTorpaduyeckue NpoOeKLMH I1apa M 3JUIMIICOMJA BPALIEHHs He-
MIPUTOAHBI JUI CO3aHH KapT 3THX NIOBEPXHOCTEH.

Otcroa BO3HUKIIN 1B 3a[a4H:

nepsas — 3TO pa3paboTka TEOPHH H KOHKPETHBIX (OpMYJ] MpOeKUHUi [ oTo-
OpaxkeHUs MOBEPXHOCTEH TPEXOCHOTO 3JUIMICOMAA M APYTMX PEryjispHBIX I0-
BEPXHOCTEH;

BTOpasi — 3TO pa3paboTKa TEOpPUH H KOHKPETHHIX $HopMyn s KapTorpapHpo-

BaHHUsA MOBEPXHOCTelH HebGeCHBIX Tel elle 6onee CIOXKHOH HOPMBI.
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[lepBas 3anmaua, BkIto4arowas pa3paboTky oblileil TEOpHUH U KOHKPETHBIX NpO-
eKUHMH 11 oToOpaXkeHHs MOBEPXHOCTeH HeOeCHBIX Tell, KOTOPble MOXHO arpok-
CHMHPOBaTh PeryyispHbIMH MOBEPXHOCTAMM, B OCHOBHOM Halllja pelleHue B pabo-
Te [7].

OOwue ypaBHeHHs NPOEKLHiA, pa3pabaTbiBaeMbIX B LieJIAX KapTorpagupoBaHHs

noBepxHOCTeH Oosiee C10KHOM GOPMBI, MOXHO MPEACTABUTH B BUIE:
x = f(p,4,h);
y= fz(("’/l,h);
rae h — npeBbllIEHHE TOYEK PEAILHON IOBEPXHOCTH OTHOCHTENILHO NPOMEXYTOU-
HO# NOBEPXHOCTH (MOBEPXHOCTH ILAPa MK JUIUIICOUA BpaLLEHHS)
@,A — reoje3nyeckde KOOPAMHATHI COOTBETCTBYIOLUMX TOYEK MPOMEXYTOYHON
TNTOBEPXHOCTH.

[lpy KapTOrpagupoOBaHHM peanbHbIX MOBEPXHOCTEHl MOrYT GbITH MCIOJIB30BA-
Hbl pa3fiHYHblEe KapTOrpaQuyecKHe MPOEKUHMH MPOMEXYTOHHBIX MOBEPXHOCTEI,
BbIGOP KOTOPBIX 3aBHCHT OT YCJIOBUS HX OTOOpaXeHHU:

AJig CO31aHHA KapT Ha MJIAHETApPHOM YPOBHE MOIYT OBITH MCIIOJIb30BaHbI u-
JIMHJAPHYECKHE, ICEBAOLNINHAPUYECKHUE H NTOTHKOHMYECKHE MTPOEKLIHH;

TNpH CO3aHUH KapT MOJIyLLapuil — a3UMyTallbHble IPOEKLHHY;

JUI CO3JaHMS KApT Ha PErMOHAIbHOM YPOBHE KOHHYECKHe, NCEBHOKOHHYE-
CKHe, a3MMYTaIbHBIE U JPyTrHe MPOEKLHH.

OcHOBHO# Npo6eMoii MONyYeHHA NPOEKUHH pealbHbIX MOBEPXHOCTEH ABIS-
€TCA HeonOﬂ"MOCTL ONpeaecJI€HHusA IPEBBbILICHUA h Touek 3THUX HOBerHOCTeﬁ
OTHOCHTENILHO MPOMEXYTOYHBIX TOBEPXHOCTEIA.

Ota 3ajavdya MOXeT ObITH peuieHa Ha OCHOBE IMOJTYYEHHSA U HCIIOJIb30BAaHHA Ma-
T€pHAIOB OHCTAHUHOHHOTO 30HAHWPOBaHHSA, BBINMOJIHEHHUA TPAaBUMETPHYECKHX,
reoge3an4yeCKux Hu (1)0T0rpaMMeTpH'{ec1(Hx pa60T H B KakoH-TO Me€pe€ Ha3€MHbIX
Habmonenunit. TIpy HaiMyMM HEGOJBILOrO KONMYECTBA BLICOT ONMOPHBIX TOYEK
TNpeacTaBIA€TCA BO3MOXHBIM pa3paGaTblBaTL MOZIEJH BbBICOT, HA OCHOBE HUCIIOJIb-

30BaHHA pa3jIMYHBIX aNNPOKCHMHPYIOLIHX 3aBUCHMOCTEI.
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8.2.10. F'naBHble MacuTabbl, KOMNOHOBKH H pa3rpadku Kapr,
KOOpPJAHHATHbIE CETKH H HOMEHKJIaTYPbl

['naBubli (0OLMH) MaciLTab KapThl, MOANKCHIBAEMBIH Ha €€ MOJAX, 0Ka3biBa-
€T BO CKOJIbKO pa3 yMeHblIEHbI JIMHEeHHbIe pa3Mepbl 3eMHOr0 UIMNconaa (uapa)
npH ero u3obpaxeHnH Ha kapre. OH yCTaHaBNMBAlOTCSA 10 ONpeLeNeHHs KapTo-
rpaduyecko MpoeKLnH, COXPaHSET CBOIO BEIMYHHY TOJBKO B OTAE/bHBIX TOUKAX
WITH JIMHUSAX KapThl.

Ipu npoexkTHpOBaHWM HOBOM KapThl HIM CEPHH KapT BbIGOp Maciutaba KapThl
3aBHCHT OT TakHX (aKkTOpOB, KaK TEPPHUTOPHANbHBIA OXBaT kKapTorpapHpyemoit
TEpPPUTOPHH, OT HA3HAYEHHA KAapThl, XapaKTepa ee HCNONb3OBAHMA, TeMbl KapThl,
3HAYUMOCTH HM300paxkaeMoi TeppHTOpHH, ee reorpaduueckux ocobeHHoCTei,
HaMMEHBILUHUX MolajeH, KOTopble MOryT OBITh H306paXKeHB! Ha KapTe, BO3MOX-
HOCTH HarJIfAHOrO M XOPOLIO YHTAaeMOro H3obpaxkeHHs HaHOolee CIOXHBIX yya-
CTKOB TEPPHTOPHH, HEOOXOAUMOH M BO3MOXXHOM CTeneHH Harpy3kd KapThl je-
MeHTaMH 0611ero 1 CnelHalbHOro CofilepXkaHHs, obecreyeHHss CocTaBleHHs KapT
MaTepHalaMH B IpHeMJIEMBIX MaciuTabax.

ITpHHUMNIHANBHO MOXHO BBIIAENHThL JBa OCHOBHBIX MOAXOAA K YCTaHOBJIEHHIO
MaciuTaba KapThl, BbITEKAIOLIME M3 Ha3HaYeHHs KapThl M XapaKTepa ee HCHOJb30-
BaHHA.

IMepserit moaxon — BeIGOp MaciuTaba AN KapT, O KOTOPLIM Npeanojiaraercs
BBIMIONIHATL KapTOMeTpUueckde paboTel. OcHOBHOe TpeboBaHHe: 0OecreyHTh
3a7aHHYI0 TOYHOCTb HU3MEPEHHH MO CO3/1aBaeMoit KapTe.

BTtopoit noxxon, koraa TpeGOBaHHA K TOYHOCTH H3MEPEHHH Ha KapTe He Hr-
paitot onpenenstomeii pond. Torna ocHoBHBIMH (akTopamu BbiGopa MaciuTtaba
ABJIAIOTCA pasMepbl W (OpMaT CO3JaBaeMbIX, B MPHHATBIX MPOEKUMAX, KapT H
aTacos.

Pa3paboTrka MaciiTabHbIX psSaOB JUIi KOHKPETHBIX CHCTEM, BHIOB, THIIOB KapT
B oblleM clyyae npeacTaBiseT BecbMa CJOXHYIo 3aaady. 17 urons 1934 r. 6bu
yCTaHoBJeH MacluTabHblil psaa Tonorpapudeckux kapr CCCP: 1:10 000, 1:25 000,
1:50 000, 1:100 000, 1:200 000, 1:500 000 1 1:1 000 000. OnHOBpeMeHHO ObLTH
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yCTaHOBJIEHbI CTaHAAPTHble MAclITAObl A/ BHITOIHEHHS CbeMOK M U3rOTOBJIEHHS
tonorpaduueckux miados: 1:500, 1:1 000, 1:2 000, 1:5 000.

B 3apy6esxHbIX CTpaHax, COrnacHo cBojKe O(HLUHANbHBIX JaHHbIX, BbINOIHEH-
HOH DkoHoMuueckuM H CoumansHbiv coBetoM OOH, Tonorpaduueckue KxapTbl
CTpaH MHpa BKJIIOYAIOT MacluTabbl yeThlpex MacliTabHbIX IPyMI: IepBas rpynmna
1:1 250 - 1:31 680 (B Hee Bxoasr macwtadsr 1:1 250, 1:2 500, 1:5 000, 1:10 000,
1:25 000 u np.); Bropas rpynna 1:40 000 - 1:75 000 (1:50 000); TpeTbs rpynmna
1:100 000 - 1:126 720; uyersepras rpynna 1:140000 - 1:253 000 (1:200 000,
1:250 000).

IMpu co3nanuu MenkoMacwTabHBIX KapT MaclUTaOHBIA pAA 4pe3BblYaiHO pas-
HooOpaseH.

[IpakTHYeckuM MMyTeM onpezeleHbl HauBbIroAHe#lnne Ko3dUIHMEHTH nepe-
xona Maciwutabos: 1:2; 1:2,5 unoraa 1:3. Ilpu 3TOM objnerdaercs cornocraBlieHHE
KapT pa3HbIX MaciuTaboB Ha OJHY U TY Xe TEPPUTOPHIO.

ITon KOMMOHOBKOH KapThl MOHKMAKOT YCTAHOBIEHHE OJOXEHHS paMOK KapThl,
pa3MeLIEHHs Ha3BaHHA KapThbl, ee JiereHbl, Bpe3HbIX (IONONHHTENBHBIX) KapT U
rpa)uKoB OTHOCHUTEBHO KapTorpadHyecKoil CeTKH, pelieHHe BOIpocoB pa3rpad-
KH KapThl, T.€. ee JeJIeHUs Ha JIUCTHI.

[poekTUpOBaHUE KOMIOHOBKH 3aBHCHT OT MHOTMX (AKTOPOB, K YHCIy KOTO-
PBIX OTHOCSTCS:

Ha3Hay€eHHe KapThl, €€ NPOEKTHPYEMOE COJIEPXKaHHE;

kaptorpaduueckas MpoeKUUsA W TNaBHbIH MacwiTab co3zaBaeMOM KapThl, KO-

TOpHIe BRIOHPAIOTCA eLe A0 Hayala NpOeKTHPOBAHHA KOMIIOHOBKH KapThl;

YCJIOBHS MPUMEHEHHUs KapThl (HacToNbHAas, HACTEHHAs, MHOTOJIMCTHAsA MJIH OJ-

HOJIUCTHasA, B aTjace WIH OTAENIbHO, OPHEHTHPOBKAa H300pa)K€HHA OTHOCH-

TebHO CeBepa U T.I.), YCIOBHS aHayu3a KaprorpadHyeckoil HHQOpMalHH

(Bu3yasbHO, ¢ nomoiubo IBM HiH ¢ NoMoLIbIO pa3NUYHbIX METO/OB HCClle-

JIOBaHHI);



136

TpeboBaHUs IKOHOMHUeckoH 3¢ deKkTHBHOCTH (OOecneveHHe 3aJaHHBIX pas-

MepoB KapThl U ee JHCTOB, HauboJsiee MONHOE UCIIONb30BaHHE MOJIe3HOH IUIo-

1IaAK neyaTHbIX GOpM NpH M3LaHHH, UCMOJIb30BaHWe KapTorpaduyeckoii 6y-

Maru CTaHOapTHBIX pa3MepoB, obecrieyeHHe M3JaHHA MHOTONMCTHOH KapThl

NpH MHHHMAaJIBHO BO3MOXKHOM KOJIHYECTBE JIHCTOB).

BaxHBIM BOTIPOCOM NpH MPOEKTHPOBAHHMH KOMIIOHOBKH KapThl ABIAETCH BOIpPOC
ee pasrpadKkH, T.e. JeNeHHs Ha JIUCTBI.

KoMnoHOBKa OHONHUCTHBIX, MHOTOJIMCTHBIX KapT H KapT aTjiaca HMEeeT CBOIO Crie-
unuduxy. KoMnoHoBka u pasrpaka MHOTONMCTHBIX KapT CTaHAApThI JUIA KaXKIOTo
THIA KapThl H OMPENENAIOTCS COOTBETCTBYIOIIMMH HHCTPYKLIMSAMH MO CO3JaHUHU KapT
3aJaHHOro THNa. MI3BeCTHBI TpH CHCTEMBI pa3rpadky KapT:

TI0 JIMHMAM KapTorpaduueckoil ceTkH,

TIO JIMHUAM KOOPAHHATHOM CEeTKH,

MO JIMHUAM, Mapaiie/lbHbIM U MEPHeHANKYJIAPHBIM K CPellHEMY MepHIHaHY

(Tak Ha3bIBaeMasi IPAMOYTOJIbHas pasrpadka)

KomnoHoBka 1o 1MHUAM KapTorpaduueckoil CeTKH B OCHOBHOM NpHMeEHseTCS
NPH co3aaHUH Tonorpaduueckux kapt. [To THHHUAM KOOpAHHATHOM CETKH KOMIIO-
HOBKa MpuMeHseTcs peako. [IpaMoyronbHas pasrpadka NpHMEHSETCS TIaBHBIM
o6pa3oM, NpH cO3AaHUM MeNKoMacluTabHbIX KapT ¥ COMPOBOXAAETCS BCIIOMOra-
TeNbHBIMH TabaHUaMH (CXeMaMH), B KOTOPBIX YKa3blBaeTCs pa3MeLeHHE JIHCTOB.
Tax HanpuMep pasrpadka (Hape3ka) MOPCKHX HaBHUTallHOHHBIX KapT NMPOEKTHPY-
eTcs TaK, YToObl reHepalbHbIMHU KapTamu (MaciuTaba ot 1:500 000 xo 1:5000 000)
NOKpbIBaNioch BCE Mope, MyTeBBIMH kapramu (macwraba ot 1:100 000 no
1:500 000) — onpenenéHHas nonoca Mops BAoNb Oepera; 4aCTHBIMH KapTaMH
(macwitaba ot 1:25000 mo 1:75000) u nnasamu (Macwtaba or 1:500 mo
1:25 000) — oTnenbHble paitoHsl (6yXThl, MOPTHI, H.T.1.).

ITp KOMMOHOBKeE aT/IAacHBIX KapT cOOMORaeTCs CTPOro YCTaHOBJIEHHbIH (op-
Mart (ob1ume pasmepbl Bcell KapThl) U reorpaduueckas LeJOCTHOCTb TEPPHTOPHH,

M306pa)l(eHHaﬂ B ripeaeax OTACAbHBIX JTUCTOB.
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Ha reorpaguueckux kaprax naércsi H3o0paxeHHe ¢ 3aJaHHOH 4acTOTOH CEeTKH
MEpPHIMaHOB M Mapajuieseil, Ha3dpiBaemas kaprorpaguueckoi cerkod. Ha tomo-
rpadMUyecKHX KapTax AOMOSHHUTENBHO K KapTorpaduueckod ceTke, a Ha HEKOTO-
pbIX KapTax (Hampumep, aHIMTMHCKHX M LIBEACKHX) — B3aMeH eé JaloTCH KOOpIH-
HaTHblE CETKH (CHCTeMa B3aWMHO-NEPNEeHAMKYJIAPHbIX JMHHH, Ha3blBaeMble Tak
e KHJIOMETPOBBIMH CETKaMH).

KpoMe 3THX ceTOK MM BMECTO HHX Ha HEKOTOPBIX KapTaX MOTY JaBaThCs M30-
OpaXkeHHst IpyrHX CHCTEM JIMHHHM — ClEeLHaTbHBIX CETOK, NpeAHa3HaYeHHbIX AJIs
pellIeHHsl HaBHIaLMOHHBIX U APYrHX 3aaay (M3o6pakeHHe ABYX CEMEHCTB JTHHHH
runep6oii, pacCTOAHHHA OT JBYX O6a3HCTHIX CTaHLHMi B BUE JaJbHOMEPHBIX CHCTEM
IUI8 ABYX CEMEHCTB OKPYXXHOCTEH H.T.1).

Pasrpadka xapt Ha nUCTH TpeOyeT WX obGo3HaueHus. CucteMa 0003HauYeHH
JIMCTOB JaHHOH KapThl Ha3biBaeTCA €€ HOMEHKIaTypod. OCHOBHbIE CHCTEMBI HO-
MEHKJIaTyp — 3TO CHCTeMa TabaMYHbIX 0603HAYEHHH U cHcTeMa LMPOBBIX YKa3a-
teneil. Hanboneluee pacnpocTpaHeHHe NONYYHIH TaOIHYHBIE CUCTEMBI — KaXAbIH
JIKCT KapThl MoyyaeT UMpoBble UK GykBeHHble 0003HAYEHHUS.

OT1a crcTeMa, HanpyUMep, NpHHATa B Poccuu ans Bcex Tororpapuveckux U o6-
30pHO-TOonorpagpuyeckux kapr. CucremMa UMQPOBBIX yKa3aTeliel 3akJIlOYaeTcs B
TOM, YTO HOMEHKJIATypOii CIIyXaT KOOPAMHAThI OJHOH M3 TOYEK JAHHOTO JINCTA,
HalHcaHHble B onpeAenéHHoM nopsake. HoMeHknatypa umeer BHA Ipobu — B
YHC/IMTENE yKa3blBaeTCs IUMPOTa W JOJroTa yrija JIMCTa KapThl, Onuxakiuero
JkBaTopy M I'pHHBHYCKOMY MepHAMaHy, a B 3HaMeHaTejle pa3Mephl JHcTa (6e3

pa3fejieHHs rpagycoB H MHHyT).

8.3. TEOPHS KJACCOB U OTAEJbHbIX BAPHAHTOB
KAPTOTPA®HUYECKHX NPOEKIIUH

BaxxneH11MM BompocoM co3faHus H ucrnons3oBaHus 6azosbix kapt TUC saBns-
ercs BbIOOp KapTorpaduyeckux MpoekuHi, oOecneurBaloLUX ONTHMAIBHOE pe-

lIeHHe npocTpaHcTBeHHbIX 3aaa4y ['MIC no kapram.
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Kaxnas kaprorpaguyeckas NpoeKuus obaanaeT TeMU HIM UHBIMH JOCTOMHCT-
BaMHU ¥ HeflocTaTkaMH. Mx BEIOOp 3aBMCHT OT Ha3HauyeHUs CO3/1aBa€MOW KapThl,
ocobeHHOCTel KapTorpaduyeckod TEPPHMTOPMH H CBOWCTB paccMaTpHBAaeMbIX
MPOEKLHH.

Kaprorpaduyeckre NmpoekUMH MOryT KJIacCHOHLMPOBATLCS MO Pa3IHMYHBIM
NpU3HaKaM:

N0 OpHEHTHpOBKE KapTorpadu4eckoi CETKH B 3aBHCHMOCTH OT MOJIOXKEHHS

TOYKH MOJIIOCA NPUHATOH CHCTEMbl KOOPAMHAT;

M0 BUly HOpMaNIbHOH KapTorpadu4yecKkoi CeTKH JIMHUA @ = const, 1 = const;

1o BUAYy 06IKX ypaBHEHH# KapTorpagHYeCKUX NMPOEKLHH;

10 XapaKTepy HCKaXxkeHH#t (cBoiicTBaM H300pakeHHs);

no cnoco6aM noay4eHus NpOeKUUi U APyrHM.

Knaccudukaius npoeKkLnH 1o OpUHEHTHPOBKe KapTorpadHyeckoil ceTkH 3aBH-
CHT OT HWIMPOTHI ¢, TOYKH MOJMOCa () HCMOJIB3yeMOH cHcTeMbl koopauHart. Ilpu
¢, =90° MoNoC MPUHATOH CHCTEMBI COBMAJAeT C reorpadUueckHM MOJIIOCOM —
[ony4yaeM IMpsMble NMPOEKLHH, B KOTOPbIX CE€TKa MEpPMAHAHOB M Napalulesnei
A =const, ¢ =const uMeeT Haubosee NpocTOil BUA; €€ Ha3bIBAIOT HOPMAIBHOM.
Ipu ¢, =0 — nonyyaem nomepeuHble NPOEKUHH, NpH 0° < ¢, <90° — kocsle. B
KOCBIX H MOMNEpPeYHbIX MPOEKUHAX HOpMaibHas CETKa COBIIAJaeT C CETKOH BEPTH-
KaJlOB ¥ aJbMYKaHTapaTOB, a JINHHH MEPHIMaHOB W Mapajuieneil u3obpaxarorcs
KPHBBIMH.

[To xapakTepy HCKaXeHMH MPOEKUHH IOAPAa3AENAIOTCS HAa paBHOYTOJIbHBIE,
PaBHOBEJIHKHE H NTPOU3BOJIbHBIE, B YACTHOCTH PaBHONPOMEXYTOYHbIE 110 OJHOMY
U3 [J1aBHbIX HanpaBieHHH (M0 HanpaBleHUSAM MEPHIHAHOB MM Napaened — i
NpoeKLHUi ¢ opToroHanbHoH kapTorpaduueckoii cetkoit). [To Buay HopMasbHO#M
KaptorpadHueckoil ceTkH, oOLIMX ypaBHEHHH BBIIENAIOT ClEAYIOLUIHE OCHOBHBIE
KJIaCChl TNPOEKLUHUH: LWIMHApPHYECKHEe; TMCEeBIOLUMIMHAPUYECKHE, KOHHYECKHE,
a3MMyTallbHblE, [ICEBIOKOHHYECKHE, ICEeBAOa3HMYTalbHbIE, MOJMKOHHUYECKHE

MPOEKUHH B LIHPOKOM H Y3KOM CMBICaX. KpOMC TOr0 pacCMaTpuBalOT NEPCNEK-
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TUBHbIE a3UMyTallbHble NPOEKUHH C "MO3MTHBHBIM" H300paXKeHHEM — MaTeMaTH-
YyeckHe MOJeNIM KaJpOBbIX KOCMHYECKHX CHHMKOB, npoekiuu ["aycca-Kprorepa u
UTM - OCHOBHBIX MpoekLu#i TonorpaduyeckuxX Kapr, npoekuuio YeOsimena —
HaHJIY4LUYI0 PaBHOYTOJIbHYIO MPOEKLIMIO H APYTHE.

KpaTtko paccMOTpHM OCHOBHBIE 0OCOOEHHOCTH 3THX MPOEKLHH.

8.3.1. llnanuapHUYecKHe NPOEKUHH

B Hux MepuanaHsl H300paxaloTcs paBHO-

CTOALIHMMH MNapalieJIbHBIMH INpPAMBIMH, a Mapal-

JIENIK — NOpsAMBIMH nNapajli€IbHBIMH TNPAMBIMH

(puc.8.7), opToroHanbHBIMH MEPHIHAHAM.

O61ue ypaBHEHUS LIUTHHAPHYECKHX MPOEKLHi

U ¢GopMynbl YacTHBIX MaclTaboB AJHH BONb

MepuauaHoB (m) u mapamnenei (n), HauboIBUIKX

HCKa)KeHHUH yrioB (@) HMEIOT BHA:

Puc.8.7. LIuHHApHYECKHE NpoeK- x= f((p); y=nrd,

Hun m=x,/M; n=r,/r,

sin% =|m—n|/(m+ n)

rae r, r, — COOTBETCTBEHHO pajuychl KPMBH3HBI TEKYILUMX Mapanienei U ma-
pasneNnu @, = const, Ha KOTOPO# HET HCKaXKEHHH MIHH.

KoHkpeTHble GOpMYIBI LIMIHMHAPHYECKHUX MPOEKLIU# C pa3IHuHbIM XapaKTepoM
MCKa)XKeHHi, KaK U Opyrde KIacchl U BapHaHTHI NMPOEKUMH NMPHBENEHBl B KHMIax
[5,8,9,13].

ITH NMpPOeKUUH MOTYT ObITh paBHOYTONbHBIMU (B HUX M = n), paBHOBENHKHUMH
(B HUX p=m-n=1) ¥ paBHONPOMEXYTOYHbIMH BJOJNb MEPHIUAHOB (B HHX
m =1). Haubonbiiee 3Ha4eHHe W3 ITHX MPOEKLMH UMeeT paBHOYroNbHasA LMITHH-
JpHuyeckas MpoeKuus — npoekuus Mepkatopa (0coOeHHO A CO3JaHHA HaBHra-

LHMOHHBIX U a3POHABHMIALIMOHHBIX KapT), B KOTOPO# JIOKCOAPOMHH (JIMHHH, Tepe-
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CEKAIOLIME HAa MOBEPXHOCTH JJUIMIICOMAA BCE MEPHAMAaHbl MOA MOCTOSHHBIMH
yrilamu), H306paXkaloTcs NPAMBIMH JTHHHAMH, YTO CYILECTBEHHO obnerdaer perue-
HHE€ HaBHTaLMOHHbIX 3a1a4 110 3THM KapTaM. L{uIMHApHYecKkHe MPOeKLHH Lele-
coo6pa3HO NMPHUMEHATh Ul KapTorpadHMpoOBaHHS TEPPUTOPUH, PACMOJIOXEHHBIX

BOJIM3K JKBaTOpa, CHMMETPHYHO K HEMY H CHJIbHO BBITAHYTBIX 1O AOJIIOTE.

8.3.2. IlceBAOUHAHHAPHYECKHE MPOEKILHH

IceBOOUMIHHAPHYECKUMH Ha3BIBAIOTCS MPOEKLIMH B KOTODPBIX Napajieny U30-
6paxkaloTcsl NMPSAMBIMHM JIHHMSMH, @ MEPHIOHaHBI — KPHBBIMH, CUMMETPHYHBIMH
OTHOCHTEJIBHO CPEIHEro HpﬂMO.ﬂHHCﬁHOl"O. MepuanaHa (puc.8.8).

O6uive ypaBHEHHs 3THX mpoekuui, dopMynbl 4YacTHBIX MacwuTaboB ANHH
BIOJIb MEPUAMAHOB (m), napaieneii (n), mnowanei (p), HaN6ONBIIUX HCKAKEHUH
yriioB (@) ¥ OTKJIOHEHHH YITIOB MEXIy MEpHIMaHAaMH U MapajiensMH Ha Npoek-
L[UY OT MPAMOTro &£ HMEIOT BHI:

x=fi(e) y=rilo, A),

m= xa,secs/M; n=y,/r;
g, = %[(m2 +n2)/p—2]%;
tge=-y,/x,.

B nceBOOUMAMHAPHYECKHX NMPOEKLMAX MOXHO M300pa3uTh BCIO kaprorpadu-
pyeMy10 MOBEpXHOCTbH, a PH HEOOXOAHMOCTH NMOBTOPHTE 4acTH H306paxeHHs o
nonrore.

I'eorpaduyeckue noaoca MOXHO NMOKa3aTh TOYKaMH HIIH JIMHHMSMH, KOTOpbIe
napasienbHbl 3KBaTOPY ¥ Ha3bIBAIOTCSA MOJISPHBIMH JIMHUAMH.

MepuauaHbl UMEIOT 3alaHHBIA BHMJ, H300paXkaroTCA yaille BCEro JUIHINCAMH
WIH CHHYCOHJaMH, HO MOXHO MONY4YHTh NCEBAOLMIMHAPHYECKHE MPOEKUMH, B

KOTOPBIX MEPHIHAHbI UMEIOT BUJ napaboi, runepbos U OPYyrHX KPHUBBIX.
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Puc.8.8. PaBHOBenHKasA CHHycOHAaNbHaA NCEBAOLMIHHAPHYECKas npoekuns CaHCoHa.
OtH NPOEKUHH MOryT OBITH TONBKO PaBHOBEJIHKHMH HJIH IPOM3BOJIBHBIMH 1O
XapaKTepy MCKa)KeHHs U NPUMEHSAIOTCS, IMIaBHbIM 00pa3oM Ui KapTorpadupoBa-

HHS BCEro 3éeMHOr'0 L1apa B LICJIOM.

8.3.3. KonnyeckHe NpoeKuHH

X KoHHYeckMMH Ha3bIBalOT Kaprorpadpuue-
CKHEe TNpOEeKUHH, B KOTOphIX TNapauieln
H306paXaloTcss KOHLIEHTPHYECKHMH OKPYX-
HOCTAMH, @ MEPH/IMAHBI - ITyYKOM MNPAMBIX,
NPOBEACHHBIX U3 LIeHTpa okpyxHocTeil. [IpH

3TOM YIJIBI B TOYKE I10JII0OCa MEXNy MepPl-

OHaHaMH Ha TMpPOEKUMH M JIUIHIICOMIE
Puc.8.9. CHcTeMBI KOOpAMHAT B HOP- (cdepe) NpoONOpLMOHANBHEL H, CIIEAOBATENb-
MAaJIbHOH KOHHYECKOMH MPOEKLHH
HO, Ha MPOEKILHH B TOYKE MOJIOCa BO3HHKA-
€T pa3phIB H306pakeHus (puc.8.9).
O6uiue ypaBHEHHS KOHMYECKHX NpPOEKLHH H ¢GOpMyNBl 4aCTHBIX MacmTaboB
IUTMH BIOJb MEpHAHaHOB (m) H Mapajienei (n), HaMOONBLIMX HCKaXEHHH yrioB
() uMeIoT BUA

x=p, — pcosd; y=psind;
p=f(p), d=ai;



m:—p%/l; n=ap/r;

sin§:|m—n|/(m+n).

[Tpoekuuy UMEIOT 1Ba MOCTOSIHHBIX NapaMeTpa a M k.

OHH MOryT ObITH PaBHOYTOJIBHBIMH (B HHUX m=h), PaBHOBEJIHKHMH (B HHX
P =mn), paBHOIIPOMEXYTOYHBIMHU (B HUX m =1 HIH 1 =1) U POH3BOJILHBIMH 1O
xapakTepy UckaxeHus. Mx nenecoo6pazHo Mcrnonb3oBaTh IS KapTorpapHpoBa-
HHUS TEPPUTOPHH PACIOJOXKEHHBIX B CPENHHX IIHPOTAaX HIHM B IOXKHBIX ILHUPOTaX,
aCUMMETPH4YHBIX K 3KBAaTOPY M CHIBbHO BBITSAHYTBIX IO JOJroTe, HampHMMep NpH

CO3JaHUU MHOTHX KapT Poccun.

8.3.4. AzumyTanbHbIe IPOEKIHH

A3MMYTabHBIMH Ha3bIBAlOT MPOEKLHH, B KOTOPHIX
napaneny (abMyKaHTapaThl) H300paXxkaroTcs KOHLEH-
TPUYECKUMH OKPYXHOCTAMH, a MepHIHaHbI
(BEpTHKaNIBI) — NPAMBIMH JIHHHAMH, NEepeceKaoIUMMH-
ci B LIEHTpE OKPYXHOCTeH MOJA YIJlaMH, pPaBHBIMH
pa3sHOCTAM JOIrOT COOTBETCTBYIOLIMX MEpPHIHaHOB

(puc. 8.10).

Puc.8.10. Hopmanshas
a3MMyTaNbHAS B a3suMyTanbHBIX NPOEKLHMAX 1Iapa UX oblHe ypas-

NPOEKLHA

HECHHA H Q)OpMynbl YaCTHBIX MacwTaboB MJIHH BAONH

MepuuaHoB (4 =m), napauienei (4, =n) U HaHOONBLUMX HMCKAXEHHH YrioB
() 3anUCBIBAIOTCS C UCTIONB30BAHHEM MONAPHBIX KOOPAHHAT Z, a B BUIE
x=pcosa; y=psing; p=f(z);
=" = p/Rsinz;
. @
sin=" =, =l /(11 + 1),

rzae R — paauyc 3eMHOro 1apa.
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Jis monydyeHUs a3uMyTaibHBIX NPOEKLHUH 3/UIMIICONa B LiensX Kaprorpadu-
poBaHHsA NOJIAPHBIX O6GnacTed HCMONB3YIOT KOHHYECKHE NMPOEKUHH, B KOTOPBIX
1051aratoT, YTO NOCTOAHHbIA napameTp a = 1.

DTH NMPOeKHHUH MOTyT ObITh PaBHOYTONBHBIMH (B HUX 4, = [4, ), PABHOBEJIHKHMH
(B HUX p = M, ), PAaBHONPOMEXYTOUHBIMHA BJOJb MEPHIHAHOB M Napainenei
(BEPTHUKANOB M aibMyKaHTapoB) (B HUX 4, =1 MIH g, =1), NIPOU3BONLHBIMH 1O

xapakTepy HckaxeHHH. Fx uenecoo6pa3Ho MCMoONb30BaTh, Kak NPOEKLHH JIUIHII-
couia, npy KapTorpagupoBaHHH NOJSPHBIX obnacTed M, KaK NPOEKLUMH 1apa i
KapTorpaupoBaHHs APYTHX TEPPUTOPHI, HO HMEIOLINX OKpYTible ouepTanus. U3
3TUX NPpOeKUHH, ocoboe BHHMaHHE 3aCily)XKMBAaeT PaBHOYrojibHas a3sUMyTallbHas
(cTepeorpaduueckas) MpoeKUHUs, KOTOpas SBISETCS eJMHCTBEHHOH NMpoekiHei B
KOTOpO# HeT HCKaXeHUH HOpM KOHEUHBIX GHUIYp.

Ilpu xaprorpadupoBaHHM OPYrHX TEPPUTOPHii, KPOME MONAPHBIX, B KauecTBe
a3MMYTaNbHBIX NMPOEKLHUH INHICOHIA HUCNOJB3YIOT PAaBHOYTOJNBHYIO MPOEKLHUIO

Jlarpanxa, B KOTOPO# MOJIAaraloT, 4TO NOCTOSHHBIA MapameTp a = 1.

8.3.5. IlepcnekTHBHBIE a3HMYTaJIbHbIE NPOEKLHH

OTH mNpoeKUMH TNOApa3feNsioT Ha TPOEKUHMH C «HEraTUBHBIM» U
«MO3HTHBHBIM» H300PaKEHUAMH. .

B nepBbix npoexTHpoBaHHe 0TOOpaXkaeMOH MMOBEPXHOCTH U3 TOYEK MPOCTPaH-
CTBa, Ha3bIBaEMbIX TOYKAMH 3pEHHS, NPAMOJIHHEHHBIMH BH3UPHBIMH JIy4YaMH Ha
KapTHHHYIO IJIOCKOCTh OCYLIECTBISAETCSH CO CTOPOHBI BOPHYTOCTH 3TOH NMOBEPXHO-
CTH, BO BTOPBIX — CO CTOPOHBI BBIIYKJIOCTH 0TOGpaxkaeMoii NOBEpXHOCTH.

K nepcnekTHBHBIM a3UMYTaNIbHBIM MPOEKIMAM C «HEraTHBHBIM» H300paxeHH-
€M OTHOCSTCS:

THOMOHHYECKass MPOEKLHsS, B KOTOPOH OPTOAPOMHMH, — JIMHMH KpaTHailIHX
paccTOSIHMH Ha MOBEPXHOCTH cdephl, H300paxaloTcsi NPSAMBIMH (TOYKA 3pEeHHs

HaXO/MTCA B LIEHTPe luapa);
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cTepeorpadHuueckas NpoeKUHs, KOTOpas SABIAETCS pPaBHOYTOJbHOH NMpoeKuHen
W eIHHCTBEHHOH, B KOTOPOH HeT HCKaxeHHH (OpM KOHe4HBIX GHUryp (TOYKH
3peHHs pacrioyiaraloTcs Ha IOBEpXHOCTH lliapa);

opTorpaduyeckas NpoeKLus, B KOTOPOH HET HCKAaXXEHHH BIONb albMyKaHTapa-
TOB (TOYKa 3peHHs pacrojaraercs B OECKOHEYHOCTH M MO3TOMY 3Ty MPOEKLHIO
MCIONB3YIOT VI CO3JIaHHs HEKOTOPBIX KapT HEGECHBIX Te).

IlepcnexkTHBHBIE a3MMYTalIbHbIE MPOEKLNH C «ITO3UTHBHBIM» H300paxkeHHeM —
ABJIAIOTCA MaTeMaTHYECKHUMH MOZENAMH KaJlpOBbIX KOCMHYECKHX CHHMKOB.

®opMybl MPIMOYrobHBIX KOOPAHHAT 3THX NMPOEKUHH 3/UIMICOHAA HA TOPH-
30HTANIBHYIO KAPTHHHYIO MJIOCKOCTb M YaCTHBIX MacluTaGoB JUIHH NpOEKUHi wapa

MMEIOT BHA!

X = i; Y= ) ,

B B
rae

A=(N+ h)[sin¢cos¢)0 — cosgsing, cos(i - lo)] +
+&*(N,sing, - Nsinp)cosg,;

B =(N +h)cosgsin(A - 4,));

B=(N+ h)[sin(psin(p0 + cospcosg, cos(/l - }ﬂ)] +
+&’(N,sing, - N'sing)sing, — (N, + H),

h — npeBblLIEHHE TOYEK MECTHOCTH HaJl IOBEPXHOCTBIO SJUIHIICOHA.

‘I)OPM)’J'IBI YacTHBIX MaclUTaboB IJIHH 3THX npoexuuﬁ miapa NpUHUMAalOT BHA
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z B rlﬂ_gcost/)(, - R]_

Hy 2
(D— R, COS(p)
H
Hy=—— —
) — Rcosg

H — BeicoTa oTorpadupoBaHus

IMpsiMOyronbHble KOOpAHWHATHl JaH-
HOii NMpPOEKLHH Ha HAKJIOHHYIO KapTHH-
Hyl0  TUIOCKOCTb  (MaTeMaTH4eCcKOH
MOJie/IH  TNEePCNEKTHBHOTO  KafpOBOTO

KOCMHYECKOIro CHP[MKa) MOXHO IHpen-

CTaBHTb ClieYIOIIUMH HOpMYJIaMHu:

Puc.8.11. INepcnexkruBHO-a3uMyTaNbHEBIE X—Xxy=— f M;
NPOEKLHH NPH OTOBpaXeHHH a, X +bY-c,H
Ha FOPH30HTANIbHYIO KapTHH-
HYIO TNJIOCKOCTh

S

3 __fa2X+sz—c2H
YN E T X by —cH

rne  f, x,, ¥, — dNeMEHThl BHYTPeHHEr0 OPUEHTHPOBaHHs CHUMKa (f — do-
KYCHO€ PacCTOfHUE, X, ¥, — NPAMOYTOJIbHbIE KOODAHHATHI I1aBHOH TOUKH CHUM-
Ka),

a,, b,, ¢, — HanpaBnsOLINe KOCHHYCHI, ONpe/eNsieMble M0 3Ha4eHUAM yTJIo-

BBIX 3JIEMEHTOB BHELIHErO OPHUEHTHPOBAaHHS CHHMKA, BBIYMHCIISAEMbIE B TOM WM
HHOM NMPUHATOH CHCTEME 3THX 3J1IeMEHTOB.

Hcnonk3oBaHHe 3THX NpOeKUMil MO3BONAET NaTh MAaTeMaTH4ecKoe OMHCaHHe
KOCMHYECKHX CHHMKOB, BBIMOJNHHTE MX NpeoOpa3oBaHHe Ui CO3JaHHA KapT,

pewaTs o HUM psa 3aaady.

8.3.6. IIceB1OKOHHYECKHE MPOEKUHH

INceBnokOHHYECKMMH Ha3BIBAIOTCA NMPOEKLHH, B KOTOPBIX MapajieNH Mpen-
CTaBJIAIOT CO00H NyrH KOHLIEHTPHYECKHX oxpymﬁoneﬁ, a MepHIHaHbl — KPHBbIE,
CHMMETPHYHbIE OTHOCHTENLHO CPEIHEro NPAMOIHHEHHOr0 MEPUKAHa, Ha KOTO-

POM PpacIoNoXeH LeHTp napaneneit (puc.8.12).
103ax. 942
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YpaBHEHHUs 3THX NpoeKUHid W GOpMYsbl HX XapaKTEPUCTHK MOXHO MpeacTa-
BHTb B BHIE:

X=p, - pcosd; y = psind;
p=f(o) 6=fi(e. A)
f=p6,6; h=-pp,5,
tge=(p3,)/p,;

VY S,
m=-2sece; n=P%,

m r
o I, A
tg—=—[m’+n p—2] ;
VI3 onpefiesieHust THX MPOEKLMIA ClIEyeT, YTO B HUX KapTorpaduyecKne CEeTKHU

HEOPTOTOHAaJIbHBI, & JUIMHBI YT MEpDHAUAHOB ABJISIIOTCA (I)yHKLlHﬂMH H IIHPOTHI, H

JOJITOTHI.

180, 18¢°
16¢° 16C°
140° 140

120° 5 120°

100° a 100°
8 20 80
60° 60°
a4 40°
200 o 20°

Puc. 8.12. [IceBnokoHMYecKast NpOEKLIHs

CremoBaTenbHO, 3TH NMPOEKLHH He MOTYT OBITH paBlHoyr‘OHLHblMH U COXpaHATh
JUTMHBI BJIONb MepuanaHoB. OHH MOryT OBITh TOJBKO PaBHOBENMKHMMHM (B HHX
p =mncosé = 1) ¥ NPOM3BOJBLHBIMH 0 XapaKTepy UCKaXeHHH.

M3 stix npoexuuit Hanbonbluee pacnpocTpaHeHHe (0cobeHHO Bo PpaHLHH H
3aBHCHMBIX OT Hee CTpaHax) MoJy4yHJa paBHOBEJHKas MCeBAOKOHHYECKas MPOEeK-

uusa bonHa.
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8.3.7. [IceBaoasnmyTaibHble NPOEKUHH

180°

0°

Puc. 8.13. HopmanbHas ncesno-
a3MMyTalbHas NpOeKLUHs

[IceBnoasMMyTalbHBIMH Ha3blBAlOTCS  MPOEK-
LMK, B KOTOPbIX Mapajuled M300paXkaloTcs KOH-
LIEHTPHUUYECKHMH OKPYXHOCTSIMH, @ MEPHIHaHbI —
KPUBBIMH HJIH MPAMBIMH, CXOISLMMHCS B LIEHTpE
napanneneit. [Ipy 3ToM MepHAHaHbl C NOJNTOTaMH
0°, 360° coBnanatoT 4 M3obpaxaroTcs a1b60 nps-
MbIMH  (puc.8.13.), nHOO KpUBBIMH, B KaxaOH
TOYKE KOTOPbIX HMEIOT OJMHAKOBYIO KPHBH3HY.
ITpoekuny NpHMEHAIOTCA TOJBKO B KOCOH OpHeH-

THpOBKe Ans co3jaHus 3bdekta chepruyHOCTH

NMpU paCCMaTpUBaHHUH KapT, CO3NAHHBIX B 3THX MNPOEKLHUAX.

8.3.8. IToiHKOHHYECKHE MPOEKUHH

[MonMKOHHYECKUMH Ha3bIBAIOTCS MPOEKLUHH, B KOTOPBIX MNapaujienu — OYrd

3KCLEHTPUYECKHX OKPYKHOCTEM C LEHTpPaMH, DaCMONOXKEHHBIMH Ha CpelHeM

Puc. 8.14. [lonukonnyeckas
MPOEKLHS

(npoekuus Jlarpanxa).

NpSMOJIMHEHHOM MepHIWaHe, a MepHIHaHbl —
KpHBBIE, CHMMETPHUYHblE OTHOCHTENLHO CpeNHero
MepuauaHa u skBaTopa (puc. 8.14).

3TH MpOEeKUHH MOryT OBITH paBHoyI‘OIIbHI;IMH
(B HUX m=n; £€=0), paBHOBETHMKUMH (B HHX
p =mncose = 1) 1 NPOU3BONBHBEIMH I10 XapakTepy

HCKaxkeHW#. Pa3znuyaroT MoJHKOHHYECKHe NpOeK-
IHHA B IHIHPDOKOM CMBICIIE€, H3 KOTOPBIX Haubob-
€€ NpUMEHEHHE H 3HAYE€HHE UMEET paBHOYTOJIb-
Hasg NpoeKuHus, B KOTOpOﬁ BC€ MEpHIAHaAHbI A Ina-

pannenu 1306paxatoTcs OKPYXXHOCTAMH
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B nosMKoHHYECKMX NMPOEKUHsAX B Y3KOM CMbIC/Ie pajHychl napanjeliei paBHbI
p=Nctge uyactHbil MacluTab 1JIMH BIOJIb CPEHETO MepHAHaHa My = COnst

B 4aCTHOCTH M, = 1.

M3 stux npoexkuuit Hanbonsluee pacrnpoctpaHeHde (ocobeHHo B CLLIA) nony-
4uIia MpocTas NOJUKOHHYeCKast MPOeKLMs ANs CO3AaHus KapT B IIUPOKOH H y3KO#
30HaX, B KOTOPOH JOMOJHUTENbHO BBOJMTCS YCJIOBHE, YTO YacCTHble MaclITabbl
JUIMH BIOJIb Napasiened n=1.

Jins co3naHus IUIOLIAAHOM aBMalLMOHHOM KapTel Macwitaba 1:1 000 000 Bo
MHOTHX CTpaHax MCIHOJb3yeTcs BUAOH3MEHeHHas MpocTas MOMMKOHUYecKas Mpo-
eKLHMs. JTa NpOoeKLHs HCIIOoNb3yeTCs, KAK MHOTOrpaHHasl, KaXKIblH Mt omnpene-
JISETCSl B CBOEM BapHaHTe MPOEKLHH, BCE MEPHIMaHbl H300paXaloTCs NMpAMbIMH
JIMHUAMH, OTCYTCTBYIOT HCKa)XEHHUS UIHH Ha KpaiHUX napajuieNax U Ha MepuaHa-
Hax, OTCTOSIIMX OT cpeaHero Ha AA=12°, cpenHue napauienu ONpeiesioTCs

NPONOPLHOHAIBHBIM AEJIEHHEM I10 IUMPOTE BAOJIb NPSIMOJIMHENHBIX MEPUIAAHOB.

8.3.9. IIpoekunn I'aycca-Kprorepa 1 UTM

[Mpoexuus Naycca-Kprorepa onpenensercs ans kaprorpagupoBaHHs TEppHTO-
puii B y3Koii 30He (Ui TonorpadMuecKuX KapT) ¥ B LUUPOKO# 30He.

B nepBoM ciyyae MPOEKLHUIO MOJNY4aloT, HCXOAA M3 TPEX YCJIOBHH: OHa CHUM-
MEeTpHYHA OTHOCHTEJBHO CPeIHEr0 MepHAHaHa H 3KBATOpA, OHA PaBHOYTOJIbHA U B
Hell Ha cpelHeM MepHI1aHe HeT HCKaXXeHHH JUIHH.

IMpoexuuu aycca-Kpiorepa B wmMpokoif 30He MOJY4alOT MyTeM MOC/TeN0Ba-
TEJIbHOTO BBIMOJIHEHUS TPEX PaBHOYTOJNBHBIX OTOOpaXkeHHH: BHadaje pPaBHO-
YroJbHO OTOGPaXKAIOT JUIUIICOU Ha MOBEPXHOCTH LIapa no crnocody Moibseiize,
3aTeM OIpeeNsIOT NMPAMOYTOJbHbIe KOOPAHHATHI MpoekuuH lapa I'aycca-Jlam-
GepTa U HaKoOHel| 0TOOPaXXaloOT MJIOCKOCTh HA MJIOCKOCTh MOJ YCJIOBHEM COXpaHe-
HMS IJIMH Ha CpeJHEM MepHAHaHe.

DopMyJibl IPAMOYTOJIbHBIX KOOPAHHAT, YaCTHBIX MacluTaboB IuH M cOmmxe-

HHUSl MepuanaHoB npoekunH ["aycca-Kprorepa MMeroT BHA:
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0

A .
x=85+ > Ncos@singp+...

A N s )
v=ANcosp + n N cos’ (p[l +n —tg” (p]+...;

2 4

m=1+ %cosz (p(l + rf)+ ;1—40054 (/7(5— 41g’ (0);

3
y=Asing + %cosz (psin(p(l + 3772),

rae S — AnMHa Ayrd MepMaHaHa oT 9KBaTopa 10 JaHHOH Mapaiiey;
7 =e'cos’ @;
€'’ — KBajIpaT BTOPOro 3KCLEHTPHCHTETA JJLTHIICOMA.

INpoexuns UTM, Hawenmas mupokoe pacnpocTpaHeHHe B ctpaHax HATO,
oTnMuaeTcs oT npoekunu I'aycca-Kpiorepa Tem, 4To B Heil Ha cpeHeM MepUAHa-
He YacTHbIH MaciuTab IUITMH M, He paBeH eNWHHle, kak B npoekuuu I'aycca-
Kprorepa, a Benuuune m, = 0.9996.

C yuetoM 3Toro ¢GopMyJibl CBSI3M 3THX IIPOEKLHI PUHUMAIOT BUA:

— npH onpeaejenuy npoekund UTM B s1eBoii cucTeMe NpsIMOYTOJIbHBIX KOOp-

IMHAT
Xum = KXris Yury =Brs Myng =kmeys Yoy =Vrx
— npH onpeneneHuy npoekuud UTM B npaBoil cucTeMe NpSMOYrojbHBIX KO-
OpIHHaT
Xury =KV Yoy =R6r ks Myny =kmpegs Yoy =7rx
rae k =0.9996
Hynessie n3okossl B npoexkuun UTM npoxoast npuMepHO napaulenbHo cpel-

HEMY MepHIHMaHy NpH yAaleHHH OT Hero B 06e cTopoHs! 0kono 200 kM.

8.3.10. ITpoexnuus Yeobimena. CocTosiHHe pelieHHs o0 Liei
npo6aemMbl H3ILICKAHHA HAHJIYYILIHX NPOEKUHH.

ITpHopHTET B IOCTaHOBKE M peleHHH NMpobieMbl 0 HAaHTYYILIHX KapTorpaduye-

CKHX MMPOEKLUHAX IPHHALJICKHT pOCCHﬁCKHM YUYECHBIM.



150

B 1853 r. Benukuit pycckuit matematuk I1.JI. YeGsiieB copMynupoBan Teo-
peMy O HaWJyUYIUHX PaBHOYTOJIbHBIX MPOEKLHUAX, COTIACHO KOTOPOH HANITYUIIUMH
M3 HUX SBJISIOTCS NPOEKLHH, B KOTOPbIX Ha KOHTYpe KapTorpadHpyeMoii TeppuTo-
PHMH HaTypallbHblil Jlorapu$M 4acTHOro Maciiraba AJMH MMEET MOCTOSHHOE 3Ha-
yeHHe. JTy TeopeMy B 1894 r. nokazan JI.A. I'paBe. OnpeneneHue 3THX NPOEKLHH
CBOIMTCS K PELIEHHIO ABYX 3aj1ad.

BHauane Ha ocHOBe pellueHHs ypaBHeHUs Jlannacca npH 3aJaHHBIX MPaHUYHBIX
YCIIOBHAX ONpEeNsIOTCs YaCTHble MacluTabbl AIMH B TOYkKax obnacTu kaprorpa-
(GUpOBaHHUA MO UX MOCTOSHHBIM 3HaYE€HHAM Ha KOHTYPE TePPUTOPHH.

3areM, 3anKcaB ypaBHEHHS YaCTHBIX NPOHM3BOAHBIX MPAMOYIOJbHBIX KOOPIAH-
HaT MO LIHPOTE M JONrOTe C yYeTOM MOJTyYEHHBIX 3HAUeHHH MacluTaboB, onpene-
JIIOT NPSAMOYTOJIbHblE KOOPAWHATHI POEKLIMH.

B HacTosiiiee BpeMs pa3paboTaH pAl crocoOOB BhIYHCIIeHHs NpoekunH YeOsl-
1IeBa, UCMONB30BAHHE KOTOPOH obecreyrBaeT yMeHbIUEHHe HMCKaXeHHH Ha Kap-
Tax 0 4 pa3 1o CpaBHEHHUIO C APYTHMH PaBHOYTOJbHBIMH MPOEKLUAMH.

B 1898 r. H.SI. LluHrep BbICKa3an rUmoTe3y O MOJyYeHHH HaWIy4IMX PaBHO-
BeJHkHX npoekuuit. B 1933 r. B.B. KaBpaiickuii nokasan HeJOCTaTOYHOCTb 3TOH
THNOTe3bl, HO KOHKPETHBIX pelleHHi 3ToH npobnembl He aal.

B 1968 r. I'.A. MeuiepsikoB ony6inkoBal MOHorpagHio, B KOTOPO# KPHTHKO-
Ban uccnenosanus H.S. Lunrepa u B.B. Kaspaiickoro, cdpopMynupoBan 1 noKa-
3an TeopeMy O MOJyYEHHH HaWTydlued PaBHOBENHKOH NMPOEKLHMH IS KapTorpa-
¢dupoBaHus TeppuTOpuH nonywapuid. Ho obiiero perieHus Takxe He qaj.

Takum obpa3oM, nmpobremMa MojyuyeHHs HAWITYy4LIMX PAaBHOBEJIMKHX H OPYTHX

10 XapaKTepy — HCKa)X€HHH ITPOEKLIMH MOKa elLle He pelleHa.

9. TEOPETUYECKHE OCHOBBI CO31AHUSA
BA30BbBIX KAPT U METOOB PEIIEHUSA
IMNPOCTPAHCTBEHHBIX 3AJIAY I'C 110 KAPTAM.

['HUC sBaseTcs HHTErpHpOBaHHOH HHPOPMALIMOHHON CHCTEMOH.
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OcHoBHas yHuHLUMpoBaHHas ¢popma HHdopmauuu B 'MIC, ¢ kotopoit paboTa-
€T 10J1b30BaTelib, — KapTorpaguueckas.

VIMeHHO KapTbl cOAepXaT OOLIMPHYIO, pa3HooOpa3Hyo 0600LIeHHYI0 HHOP-
MaLHio 06 06beKkTax M ABJIEHUAX pealbHOro MUpa, NpeACcTaB/IEHHYIO B COOTBETCT-
BYIOLIMX CHCTEMaX KOOPAMHAT.

Kaptst obecneurBaioT BO3MOXHOCTh peluaTh pasHoobpasnsle 3amnaun [HMC Ha
OCHOBE HCIOJIb30BaHUA OTOOpaKEHHOH Ha HHUX NPOCTPAHCTBEHHO JIOKAIH30BaH-
HOH MHOpMaLHH.

CnenosarensHo, nons3opatens 'UC nomkeH HMeTh 10CTaTOYHbIE 3HAHHSA:

— 0 crniocobax CO3laHHsA KapT, UX CBOHCTBAX M OCOOEHHOCTSX, crocobax oTo-

6paxkeHUs Ha HUX JJIEMEHTOB NMPUPOJBI U OOLIECTBa;

— YMETb OIpefieisiTh N0 KapTaM KapTorpaduyeckyro HHGOPMALIHIO Ha OCHOBE
UCIIO/Ib30BAHUA CYIIECTBYIOLIMX MaTeMaTHYECKHMX W APYrHX METOINOB ee
aHajM3a M CHHTe3a.

Huxe paccMaTpuBaioTCsi OCHOBHbIE MOJIOXKEHHS CO3JaHUS M HCIONB30BaHHsA

KapT.

9.1. 3TAIIBI H OCHOBBI CO3JAHUSA KAPT

I'eorpaduyeckue xapThl, B TOM 4ucie 6a3oBeie kaptsl [MC, co3natorcs B 4e-
ThIpe 3Tamna, BKIIoYalolHe:

penaKLHOHHO-NIOATOTOBHTENIbHbIE pabOTHI;

CO3/laHHe COCTaBHTENbCKHX OPUTHHANIOB;

MOATOTOBKY KapT K H3IaHHUIO;

H3JaHHE KapT.

9.1.1. PenaknHoOHHO—MNOArOTOBHTeAbHble PaGoThI.
BkiroyaloT npoekTHpoBaHHME KapT, OpraHH3alMOHHO—MOArOTOBHUTENbHbLIE pa-
60ThI, pa3paboTKy peaKLUMOHHBIX JOKYMEHTOB.

B npouecce npoexTHpoBaHHs KapT BbITOTHAETCS:
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yACHEHHe LieJIeBOro Ha3Hau4eHHs KapThl, XapaKTePHCTHK OObEKTOB H SBNEHHH,

MoUIexallnx kapTorpadupoBaHHIoO;

NPOEKTHPOBaHHe reoie3MYecKod U MaTeMaTHUYeCKO# OCHOB, COfepXKaHHs Kap-

Thl, CMOCOBOB KapTOrpadMYecKoro U300paXkeHHs, CHCTEMBI YCIOBHBIX 3HAKOB

H JIereH /bl KapThl;

NPOEKTHPOBaHHe 0OPMIIEHHS KapT U TEXHOJIOTHH BBINOJIHEHHS paboT.

B pesysnbTaTe npoeKTHpOBaHHA KapThl pa3pabaThiBaloTCs ONTHMAlbHbIE €€ Ma-
paMeTpBl U CO31aeTCs OCHOBA [l Pa3paboOTKH peJaKLHOHHBIX JOKYMEHTOB.

PenakunoHHble JOKYMEHTBI MOAPA3AeNAIOTCA Ha OOLIMe MM OCHOBHBIE M pe-
JaKLHOHHbIE JOKYMEHTHI 110 CO3J1aHHIO KOHKPETHBIX KapT.

K o6uium n10kyMeHTaM OTHOCATCS: OCHOBHBIE MOJIOKEHHS, HHCTPYKLIHH, PYKO-
BOZCTBA, HOPMBI M MNpaBHJIa, TaGMMLUbBI YCIOBHBIX 3HAKOB, MPOTPaMMBbI KPYIHbBIX
KapTorpaduyeckux Mpon3BefeHHI.

Ha nx ocHoBe pa3pabaThiBaloTCs pelakUHOHHbIE MUIaHbl, pelaKLHOHHbIE YKa-
3aHHUs, peJaKLMOHHBIE CXEMBI, KOHKPETHU3HpYIOLIKe ObLLHe pelaKiHOHHBIE JOKY-
MEHTbI IPHMEHHTEIBHO K CO31aHHIO KOHKPETHBIX KapT.

PenakuuoHHbIe JOKYMEHTBI BKJIIOYAIOT ClIEyIOLIHE pa3fielbl:

O61iMe cBeJeHHs O KapTe, O ee Ha3HAYeHHH W Apyrde OCHOBHbIE XapaKTepH-

CTHKH KapThl;

MareMaruueckas OCHOBa KapThl, yKa3aHHs MO €e MOCTPOEHHIO;

Kaprorpaduyeckne MaTtepHaibl, yKka3saHHs MO MOPAAKY M cnocob6aM HX Hc-

TONB30BaHMUA;

[eorpaduueckas xapakTepucTHKa W Apyrue cBeleHHs 06 obwvekTax KapTo-

rpadupoBaHus;

DneMeHThbl COepXKaHHA KapThl, YKa3aHUA MO HX COCTABJIEHHIO H reHepain3a-

LHHH;

TexHonorus COCTaBJICHHA, MOArTOTOBKH K H31aHHIO U U3JaHHUS KAapThI.
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Obs3aTenbHOE MPHIOXKEHHSA: MaKeT KOMITOHOBKH, TabiHLa YCOBHbIX 3HAKOB.
[Tpn Heo6XOAMMOCTH MOryT ObITh pa3paboTaHbl 0Opa3slbl reHepaiu3aluy, obpa-
3eL KapThbl (MM ee pparMeHT).

OnHoBpeMeHHO ¢ pa3paboTKOH 3THX NOKYMEHTOB BBIMONHAIOTCS OpraHW3alu-
OHHO-TMIOArOTOBHTE/bHbIE PabOThI, BKJIOYalOLLHe COOp H CHCTEMAaTH3aLHIO KapTo-
rpapH4ecKuX MaTepHasoB, HX pelaKTHPOBaHHe, MPOCMOTP U OLIEHKY, pa3paboTKy
TeXHHYECKUX 3alaHH#, TOKYMEHTOB 0 HOPMHUPOBAHHIO PaboT, HX MIaHHPOBAHHUIO

H T..

9.1.2. CocTaB/IeHHe OPHTHHAJIOB KapT

CocraBneHne OpMrMHaIOB BEETCA B CTPOTOM COOTBETCTBHH C peNaKLHOHHBI-
MH IOKyMEHTaMH, C Y4YeTOM OCOOeHHOCTeH KapTorpagupyemoil TeppHTOpHH,
MCXOOHBbIX KapTorpadMyecKMX MaTepHanoB, JaHHBIX NEXYPHBIX MaTepHanoB Ha
KOTOPBIX OTPaXaloTCA BCe H3MEHEHHs MPOMCXOAsllMe Ha MeCTHOCTH. [1pH npoek-
THPOBAHHH H COCTaBJIEHHH KapT OCYLIECTBIAIOTCA:

U3MeHeHHe M npeobpa3oBaHHe reoJe3H4eckoil OCHOBBI, KapTorpapuueckoi

MPOEKLHH OCHOBHBIX HCXOIHBIX MaTepHaloOB B reofie3HYECKYIO OCHOBY, MpO-

eKLIHIO co3aBaeMoi KapThl (NpH HE06XOAMMOCTH);

CraXMBaHHe H GUIBTPALIMIO HCXOOHOH HHbOPMaLKY;

BBINOJHEHHE KapTorpadHyeckoi reHepaiusalMi 1 Ha 3TOH OCHOBE COCTaBJIe-

HHe COIEPXKaHUsA KapThl;

NOCTPOEHHE H BbIOOP LKAl

Pa3paboTka MeToZOB BBIMONIHEHHS Pa3IH4HBIX Mpeobpa3oBaHH# paccMaTpHBa-
eTcsl B Kypcax MaTeMaTH4YecKoH KapTorpadud M chepoHIHyecKod reolesu,
Hanpumep [4].

OcylecTBneHde criaxuBaHus, GUIbTpauuH HHoOpMaluH, QopManuzaluru
H300paKeHHs! 0COOEHHO BaXXHO NPH aBTOMATH3HPOBAaHHOM COCTaBJIEHHH KapT.
OuibTpauus M300paxeHHs — 3TO Mpolecce HCKITIOYeHHUS Clly4aifHBIX COCTaB-
JSIOILMX, HEMOMNAIOLINXCS MaTeMaTHYeCKOMY ONHMCAHHIO, a TaKKe 3JIEMEHTOB

M306paxeHds (MENKHX HM3BHJIHH, MAlO3HAyaIMX MEJKHX OOBEKTOB H T.IL), yC-
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JIOKHAIOLIMX YTEHWE KapThl, 3TO 3aMeHa HMCXOAHBIX KPUBBIX Gojiee MIaBHBIMH
KPHBBIMH, HO MepeJatoLUX OO XapakTep H300paXeHHs.

Kaprorpaduyeckas reHepajin3aLus — 3TO NPOLECC BbIABIEHHS U OTOOpaKeHHs
Ha KapTe THIIHYHBIX CBOHCTB U XapaKTepHbIX 0cobeHHOCTeH 0TOOpaxaeMbix 00b-
€KTOB M SABJICHHUH.

INonHota ¥ NoApoOHOCTh KapTorpadMyYecKoi reHepaau3alMy 3aBUCHT OT Ha-
3HayeHMs KapThl, ee IJIABHOro Maclutada, ocobeHHocTe#t Kkaprorpadupyemoi
TEPPUTOPUH (Ha OAHHX TEPPHUTOPHUAX T€ WIIK HHble OOBEKTHI MOKa3bIBAIOTCA 005-
3aTesIbHO, HallpUMep, KONOUbI B MyCThIHE, Ha APYTHX HET HIIH ¢ 0TOOpOM, Hampu-
Mep, B 0OBOHEHHOH MECTHOCTH), OT YCJIOBHI HCMOJIB30BaHHUS KapThl (HacTeHHas,
HaCTOJIbHAsA M T.I.), OT MPUHATOH Ha KapTe CHUCTEMBI YCIOBHBIX 3HAKOB, OT Kaue-
CTBa reHepaIM3allMd Ha HCXOIHOM KapTe, a TaKXke OT crocoba CUUThIBaHHS KapTo-
rpadHueckoit HHPOpMALHMHU MO KapTe — BU3yaIbHO MIJIH C MOMOILBIO aBTOMaTH4e-
CKMX ycTpoHCTB. IIpH npaKkTHUeCKOM BBINOJIHEHMH IeHepaM3alliH Hapsly C ee
¢dakTopaMH Y4YHTBIBAIOTCA THIBI BCeX OTOOpakaeMbIX 3JIEMEHTOB MECTHOCTH
(Tunbl 6eperos, pe4HbIX CHCTEM, HaceNeHHbIX yHKTOB, pejbeda U T.11.).

B npouecce pa3paboTkH HCNONB30BaHUA CIIOCOOOB BBINONHEHUS kapTorpagu-
4ecKON reHepaiM3alMM NPUMEHSIOTCS pa3jiMuHble MOAXOAbI K €€ OCYILeCTBIle-
HHIO.

K ux 4nciy MOXHO OTHECTH:

OMnupHYecKHe crnocobbl OnpefeneHHs MaTeMaTHYeCKHX 3aBUCHMOCTeH Ans

BBIMTOJIHEHUS KapTorpapH4eckol reHepanu3alKi, MpeaoXeHHble, HalpUMep,

B paborax ®. Tondepa, 3. Cpuka, K.A. Cannmena, B.H. Cyxosa, M.K. Bo-

yapoBa, A.M. KomkoBa, A.H. Hukonaesa, H.Y. 11lunosa u np;

Crnoco6bl NpUMEHEHUs aNNpPOKCHMHUPYIOLMX 3aBUCUMOCTeH 11 0006LIeH s

(B OCHOBHOM) JIHHEHHBIX 0OBEKTOB;

Crnioco6b! reHepanu3aLiH C yueToM ocobeHHOCcTel kapTorpadHpyeMbix Tep-

PHUTOpPHH, YTO CBA3aHO C MX pPallOHMpPOBaHHEM MO OTHENbHBIM HIIM MO COBO-

KYIMHOCTH 3JIEMEHTOB,
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OnbITHO—CTaTHCTHYECKHE cOCOOBI KapTorpaguyeckol reHepann3aliH, K Ko-

TOPBIM OTHOCHTCS CIOCOO 3KCIIEPTHBIX OLIEHOK; CMOCO0 OCHOBAaHHbIA Ha aHa-

NM3e HOPMaTHBHBIX KapTorpapHuyeckHX MaTepualloB, a TaKkXke Crocod omnpe-

JleJleHHs1 ONTHMAJIbHBIX YCJIOBHH reHepajiu3aluMM Ha OCHOBe pa3paboTkH 00-

pa3LoB reHepaiu3allMi C pa3NHYHBIMU MapaMeTpaMH HM300paKeHHs U dKcrep-

TH3bI 3THX 00pa3LoB;

Crnioco6 06bekTUBH3aLUH kapTorpadHyecKoil reHepaiH3aluuy.

C nosuuuu uudpoBoit kaprorpaduH Noa aBTOMaTH3UPOBaHHOH KapTorpaduye-
CKOMH reHepau3allHel MOHUMAIOT MaTeMaTHyecKyto o6paboTky 1HdpoBo# KapTo-
rpaduveckoif HHGOPMaLIUK B aBTOMATHYECKOM peXHME C UCIONIb30BaHHEM MoJe-
ned kapTorpaduyecKkoi reHepaiu3alMH, KOTopas npeicraBinseT cobod cucTeMy
JIOTHYECKMX M MaTeMaTHYeCKHX IpaBWJ, ONpelesAlolMX mnpouecc o6paboTkH
ucxonHoro uudpoBoro usobpaxenus, 1160 o6paboTky nHdopMauuK B pexume
auanora kaprorpaga ¢ 9BM c uensio otbopa ¥ 06061eHHs HexoqHoro H3obpa-
KEHHS.

Jnsa ocyuiecTBieHHss Kaprorpaguyeckoid reHepaiu3alMH NPHMEHSIOTCS TPH
OCHOBHBIX criocoba:

cnoco6 06061eHHs Ka4eCTBEHHbBIX H KOJTMUECTBEHHBIX NOKa3aTenei;

cnocob6 otbopa;

cnocob 060611eHHs KOHTYPOB.

O60611eHHe KayeCTBEHHBIX M KOJIMYECTBEHHBIX MOKa3aTeliel BBHIMOJIHAETCS B
nBa 3tana. Ha nepBoM ycTaHaBnHBalOTCA NMpaBHia, MapaMeTpsl U MOpAIoK 0606-
ILICHHUS!, KOTOPbIE OTPAXKAIOTCA B HHCTPYKLUMAX, HACTABIEHHAX H T.I., @ HA BTOPOM,
B COOTBETCTBHM C 3THMH INpaBHJIaMM H OCOOEHHOCTSAMH HCXOJHOrO MaTepHana
KapTorpad BBHINONHAET MpaKTHYeCcKoe 00001eH e.

O6o06uL1eHHe KayeCTBEHHBIX XapaKTEPUCTHK OCYILECTBISAETCH MyTeM 3aMeHbl
IOpoOHBIX Moka3aresneil 0000IEeHHbBIMU (HanpuMep, 3aMeHa 3HAaKOB THIIOB JIECOB
OJHHM 3HAKOM JIeC), a TaK)Xe UCKIIIOYEHHEM HHU3LIMX CTyneHeH kiaccubHKalHmH, 1

YMEHBLUICHHE KOJH4YECTBa rpauauuifl oroGpameHml TOro HJIH HHOI'0 3JICMEHTA
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(HampuMep, HCKIOYeHHEeM H300pakeHHs OTHECTOMKOCTH CTPOEHHi, XapaKTep
3aCTPOMKH H T.N. IPU NMepexoje K COCTaBIeHHIO bonee MeskoMacuTabHbIX KapT).

O600111eH1e KOTHYECTBEHHBIX XapaKTEPHCTHK 3aKJIHOYAETCSH B YMEHBILEHHH HX
KOJIMYEeCTBAa Ha KapTe, B Mepexofe OT HEeMpepbIBHOM IIKaJbl, K CTyNEHYaToMH, a
3aTeM K YKPYMHEHHIO CTyneHel oToOpaXkeHHs.

Ilns coctaBneHUst Tonorpapu4yeckux KapT B CyLIECTBYHOIUMX WHCTPYKUHSX H
HacTaBleHHUAX NaHbl COOTBETCTBYIOIIHE PEKOMEHIALIHH.

Ipu cocTaBneHHH MeNKOMAacIUTaOHBIX KapT Ul pelleHHs 3TOH 3aJayM C ycre-
XOM MOXHO HCIOJB30BaTh YKa3aHHYIO Bblllle IPYNITYy ONBITHO—CTaTHCTHYECKHX
cnoco6os. Tak, HanpuMep, NpH KCMOJIb30BAaHHH CO3AaHHBIX 00pa3LOB reHepay-
3alMH 3aJa4ya YCHELIHOTO BBIMONHEHHs 0000LIeHHs KONHYEeCTBEHHbIX M KauecT-
BEHHBIX NoOKa3arejied BO MHOIOM 3aBHCHT OT NpPHBJIEYEHHS ONBITHBIX, 3HAIOLIMX
CMNELHATUCTOB, KaK Ul CO3AaHus 06paslioB, TaK H U1 UX 9KCTIEPTH3HI.

Heo6xonnMocTh BbINONHEHHS O0TOOpa 0OBEKTOB BHITEKae€T M3 MPOTHBOpEYHUS
MEeXy TeM, 4YTO eCTh Ha 0TOOpa)kaeMoii MOBEPXHOCTH U TEM, YTO MOXHO H300pa-
3MTh Ha KapTe NaHHOro Ha3Ha4YeHHs M MacluTtaba.

O160p 06BEKTOB BBLINOJNHAETCS C HCMONL30BAaHHEM MOIACMOCOGOB LEH30B H
HOpMaTuBOB. JlIs onpenesieHUs LIEH30B, T.e. KOJMYECTBEHHBIX OKa3aTenei OT-
60pa, MOryT OBbITh HCIIONB30BaHb! IMITUPHUYECKHE COCOObI H CIOCOOBI reHepain3a-
LIMH C y4eToM ocobeHHOoCcTel kapTorpadupyeMbIX TEpPUTOPHUE.

[Ipu peuwieHun 3amayu paioHdpoBaHus (nuddepeHLHaLUH) TeppPUTOPHIA
(06bexTOB) MOryT ObITH HCMONIB30BaHbl CIOCOOBI, OCHOBaHHBIE HAa OMNpeJe/IeHUH
K03(HHULHEHTOB YaCTOThI, MJIOTHOCTH, U3BHIMCTOCTH, IPUMEHEHUH TaKCOHOMH-
4eCKHX Croco00B, AMCKPUMHHAHTHOIO M KJIaCTEPHOrO aHAJIM30B U ApYTHe.

PaifonupoBaHHe TeppHTOpHH (06BEKTOB) MOXET OCYILECTBIATHCA T10 OXHOMY,
IBYM (haKkTOpaM MM HX COBOKYITHOCTH.

IIpu co3manuu obuiereorpaduyeckux KapT cobirofaeTcs eaMHbIH noaxon K

H306pa)KCHPl}O IPHPOAHBIX H COLHAJIBHO 3KOHOMHYECKHX IJIEMEHTOB, BCE OHH
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OTOOPAXKAKOTCA ¢ JOCTATOYHOH MOJHOTOH M MOAPOOHOCTBIO Ha KapTax JaHHOro
Maclutaba i Ha3HaueHHUs.

B 3TOoM cnyuae Gonee mpeanouTHTENbHO BbIMOJHEHHE PAaHOHUPOBAHHUS TepPH-
TOPHH OTIEJIBHO 10 KaXIOMYy H300pakaeMoOMy 3JIeMEHTY.

[Ipu cozganuu TeMaTHueckUX KapT Gosiee 4eTKO MpPOSIBASETCS WX Ha3HAauyeHHe,
B COOTBETCTBHH C KOTOPBIM YCTaHaBJIHBAETCSi OCHOBHOE TEMaTHYECKOe Coaepxka-
HHE 3THX KapT.

B atom cnyyae audoepeHunaunu oO6BEKTOB (TEPPHTOPHH) lienecoodpasHO
OCYIIECTBJISATE 10 COBOKYMHOCTH (h)aKTOPOB C HCNOJIb30BAHHEM TaKCOHOMHYECKHX
METOIOB, NTUCKPHUMHHAHTHOTO HJIM KJIaCTEPHOTrO aHajlu3a W IOPYrHM, KOTOpble
JIOCTaTOYHO NoApo6HO paccMoTpeHs! B pabore [13].

INocne BbIMONHEHHS paiiOHUPOBAHHA yCTaHABIHBAeTCs CpelHee U MaKCHMalb-
HOE€ KOJMYECTBO JaHHBIX OOBEKTOB, KOTOpbi€ HAIJIEKHT MOKa3aTh B KaXJIOM
paioHe.

IIpu ucnonb3oBaHuu cnocoba «o6oO6lIeHHe KOHTYPOB JIKHEHHBIX OOBEKTOB»
ocyliecTBiseTcss 0000LIeHHH TeOMeTpPUH PHUCYHKa, YTpUpOBaHHE H300pakeHHs
JIMHEHHBIX M IUIOLIAZIHBIX JJIEMEHTOB M INEpeXol OT H300paKeHUS OTAENbHBIX
00OBEKTOB K HX COOHpATeNbHbIM MOHATHAM.

I'eoMeTpHueckas CTOPOHa 3TOro cnocoba COCTOMT B BbIIEJIEHHH OCHOBHBIX, Xa-
PaKTEpHbIX TOYEK H OTPe3KOB JIMHHH, B MCKIIOYEHHH MEJIKHX HeXapaKTepHbIX
JeTanedl KOHTYpa U BHYTPeHHe# CTPYKTypbl, YNPOLUEHHH IUIaHOBBIX OYepTaHHUi
JIMHEHHBIX 0OBEKTOB, NPH KOTOPOM COXPaHAIOTCA OCOOEHHOCTH KOHTYpa, Xapak-
TepHble IS JAaHHOTO 00BbEeKTa U MOoAYEepPKHBAIOLLHE €r0 CYLECTBEHHbIE IPU3HAKH.

OnHOBpEMEHHO OCYLIECTBIAETCS YTPHPOBaHHe (NpeyBelnYeHHe) MacluTabHo-
ro u3obpaxxeHHs OOBEKTOB, COKpalleHHe YHCIa ONHOPOIHBIX AeTaleil BHYTpEH-
Hel CTpYKTyphl 00beKTa.

I'pynnupoBka 0qHOPOAHBIX 0OBEKTOB HJIH MEPEXol K COOUpaTeNbHbIM eHHH-
1aM H300paXkeHHs 3aKJI0YaeTcs B 3aMeHe M300paXKeHHs OTIENBHO PachoyoXeH-

HBIX, HEOONBIIMX MO pa3Mepy, OAHOPOLHBIX OOBEKTOB H300paxkeHHeM o0O0lero
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KOHTYpa WJIM MX 3aMeHOH eIHHBIM YCIOBHBIM 00O3HaueHHeM. MaremaTHyeckas
CYUIHOCTb JaHHOIo crnocoda reHepanu3allid COCTOMT B 3aMEHE HUCXOAHOTrO MHO-
XKeCTBa TOYEK MEHbUIMM MHOXXECTBOM TOYEK alMpOKCHMHpYIoLIeH KpUBOH, 3a/a-
BaeMOH B aHalMTH4Yeckoi c¢opme. Ilpu 3TOM oOcywiecTBiseTcs GHALTPAUMA H
CrnaxuBaHHe H3o06paxeHus. O606LEeHHe NOMKHO ObITh HAMPABJIEHO K YCHIEHHIO
KaueCTBEHHBIX Pa3NyHii, a He K X CIJIaXHBaHHUIO.

BaxxHpIM criocoboM, KOTOpBIH B ONpeneNeHHOH Mepe peluaeT 3a1a4u U otbopa
06beKTOB H 000611eHHA KOHTYPOB, ABNsAETCS 00beKTHBH3aLMs KapTorpadHyecKoit
reHepajiu3alyi, OCHOBaHHas Ha HCIMOJb30BaHHH KOCMHYECKHX CHUMKOB MEJIKHX
MaciiraboB. Ha 3THx cHMMKkax B pe3yibTaTe CYILECTBEHHOI'O YMEHBILEHHS Mac-
1TaboB H306paXkeHUs, GHUIbTPALMU BBICOKHX YaCTOT (TIPH BHINOJHEHHH CHEMKH)
BO3HHMKaeT 3h¢eKkT onTHYecKoi reHepalH3alMH, B pe3yibTaTe 4ero Gonee Ha-
TISAHO ¥ OOBEKTHBHO PacKpbIBAlOTCA, MPEXIE BCEro, KpynHble GopMbl dNeMeH-
TOB MECTHOCTH M NPaKTH4ECKH OCYILECTBISAETCS OTOOp MENKHUX 0OBEKTOB, YCTpa-
HSAIOTCS MeJIKHe W3BUIIMHBI, IeTallH.

BaxkHO monyepkHYTh, YTO BCEe 3aKOHOMEPHOCTH BBHINOJHEHHA KapTorpaduye-
CKOW TreHepajlM3alMM OJMHAKOBO 00s3aTesibHbl JUIS MX MCIONB30BaHUA, KaK B
TPaAHMLMOHHOM, TaK X B aBTOMaTH3HPOBaHHOH (aBTOMaTH4YeCKO#t) kapTorpaduH.

OTMeTHM, 4TO JUIA CO3JaHHS KapT B CHCTEMe MaLIHHHOA 06paboTku nHpopmMa-
LMK JI0 CHX IOp elle He CO3[aHa MOJIHOCTHIO pa3paboTaHHas MaTeMaTHyeckKas
Mozenb kaprorpagpuyeckod reHepanusauuu. [IoaToMy npu aBTOMaTH3HpPOBaHHOM
COCTaBJIEHHH FeHepau3allMIo OCYILECTBISAIOT B [IBa 3Tana — Ha MpeABapHTeIbHOM
pa3pabaThIBAlOT AITOPHTMBI FeHEpATH3alMH 110 BCEM JJIEMEHTaM, YCTaHaBIHBAIOT
0 KaXXIOMY M3 HMX COOTBETCTBYIOLIME NPU3HAKH, C YJETOM KOTOPBIX NPUMEHSET-
csl TOT WITH HHOM 3NIEMEHT 3TOr0 AIrOPHTMA, pa3pabaThIBalOT U AITOPUTMHU3HPYIOT
cnocobbl GUIBTPALMU H CriIaXXHBaHHA W300paKeHUS U Ha 3TOH OCHOBE BBIBOASAT
Ha OJKpaH MOHHTOpa TiepBOHAYalIbHOE TIeHepaM3HpOBaHHOe H300paxKeHHe.

OKOHYaTeNbHYIO reHepaln3alHIo OCYLIECTBISET OllepaTop—kapTorpad B AHajIore
¢ OBM.
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CocTaBjieHHe OpUrHHAIOB OOBLIYHO BHIMIOJHSAETCS B clejylouled nocnenoBa-
TEJIbHOCTH: U300paXkaroTcs IIEMEHTh! ruaporpadHu, 3aTeM HacelleHHbIe MyHKThI,
pa3nHyHble COOPYXXEHHs, JOpPOXHas ceTb, penbed, MOYBEHHO—PACTUTENbHbIH
MOKPOB, MPaHHLbl U OrpaxIeHHS.

["ocynapcTBeHHble TI'paHHLibl MOKa3biBAlOTCS Ha IJTane COCTaBlEHHs, KOraa
obecneylBaeTcs MX TOYHOe OToOpaxkeHHe, Oe3 BcikUXx 0600wweHui. [Ipu aToM
COCTaBJIEHHE TOCTPaHHUL BEJETCS B TOYHOM COOTBETCTBHH C OQHUHAIbHBIMH J0-
KymeHTamu Poccum.

Oco6oe BHHMMaHHe NpPH COCTaBlIeHHH OPUIHHATIOB KapT oOpallaeTcs Ha TOYHOe
n300pakeHHe rOCrpaHMl, HCIMOJb3OBAHHE AEXYPHBIX MaTepHaloB, Ha KOTOPHIX
OTPaXKaloTCs W3MEHEHHs, MpOMCLIeIIne CPed MOKa3biBaeMbIX OOBEKTOB, U Ha
COBpEMEHHOE BBIMOJHEHHWE CBOJOK MO paMkaM JHCTOB kapT. OQHOBpPEMEHHO ¢
BBIMIOJJHEHHEM COCTaBHUTENIBCKUX paboT BeneTcs GopMyJsp cO31aBa€MOro OPHMIH-

Hajla KapTbl, B KOTOPOM OTpa)KalroTCs BCE 0COOEHHOCTH 3THX pa60‘r.

9.1.3. IloaroToBKa KapT K H3AaHHIO H HX H31aHHe.

B npouecce NoAroToBKH KapThl K U3[aHHIO OCYLIECTBNsETCA ee 0QOpMIIEHHE,
M3roTaB/IMBaeTCs U3ATENbCKUI OPUrHHAI KapThl.

H3patenbckuii OpHUrHHaJl HO/DKEH MMETh BBICOKOE KayecTBO YEepYEHHS
(rpaBHpoBaHHs) U 0GOpPMIIEHHS, IONHOCTBIO H CTPOrO COOTBETCTBOBAaTb COCTaBH-
TEJILCKOMY OpPHIHMHaly, TpeOOBaHHAM peNaKLHOHHBIX NOKYMEHTOB M YCIOBHBIX
3HAKOB.

Ero u3rotoBneHre MOXeT OCYILECTBIATHCA:

Ha yeprexxHo# Gymare, Hak/leeHHON Ha XKECTKYI0 OCHOBY, B Maclurtabe u3ga-

HHS WM B YBETMYEHHOM MacliTabe, COBMELIEHO HITH PacUJIEHEHO MO KKAOMY

3JIEMEHTY COZlepXKaHH, MeyaTaeMbIX pa3InyHbIMH KPacKaMH;

YepueHneM Ha NPO3paYHbIX MIIACTHKAX, HOKPHITHIX CHELMATbHBIMH TaKaMH;

I'paBupoBaHHeM H300paKkeHHs Ha IUIACTHKAX, MOKPBITHIX TPaBHPOBATBHBIM

CJIOEM.
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[Ipu 3TOM ocoboe BHHMaHHe obpaiuaeTcs Ha U3oOpaxeHue (6e3 0606wEeHHH)
rocy1apCTBEHHBIX I'PaHHLl B COOTBETCTBHH C OQHUHAIBHBIMH JOKyMeHTaMH Poc-
CHH, Ha MCIMOJb30BaHHE AEXKYPHbIX MaTepHAJIOB, Ha CBOEBPEMEHHOE BbINOTHEHHE
CBOJOK M0 paMKaM OpHrHHaIa.

Bce ocobeHHOCTH BblnonHseMbix paboT oTpaxaioTcs B ¢opMylisipe JaHHOTro
OpHIHHANa KapThl.

V3naHue kapThl OCYILECTBIAETCA B COOTBETCTBHH C NPOLIECCAMH M CpeCTBaMH
nonurpaduueckoil TEXHOJNIOMMH H TEXHMKH M BKIIOYAaeT H3rOTOBJIEHHE MeYaTHbIX
¢$opM, neyars THpaxka Ha OPCETHBIX MALIMHAX M OTAENIKY FOTOBOH NPOLYKLHH.

B cnydae co3naHHs U3aTENbCKUX opumﬁanoa COBMEILEHHBIM BblYepYHBaHU-
€M Ha YepTeXKHOH OymMare Bcex 3JIEMEHTOB COJEPXKaHHS, TO BHayYalle 1o KaxaoMy
3JIeMEHTY, NeyaTaeMblX pasNMYHbBIMM KpackaMH, WU3rOTaBIMBAIOTCA HEraTHBLI W
BBITIOJIHAETCA MX PacWJIMHHUTENbHAsA PETyllb, B pe3ybTaTe KOTOPOi Ha KaX oM H3
HHMX OCTaeTcs HeraTUBHOE H300paXkeHHe TOJIBKO OJHOTO JJIEMEHTA.

[To 3THM HeraTMBaM M HeraTHBaM, MOJYYEHHBIM 10 M3JATENbCKHM OpHIHHa-
JlaM, BblYepYEHHbIM Ha YepTeXXHOH OyMare pacujsieHeHHO, W3rOTaBJIMBAlOTCA B
KOMUPOBAIBHBIX paMKax feyaTHbie GOopMbl.

Ipu U3roToBlIEHHH H3AATENbCKHX OPUTHHAJIOB NyTeM BbIYEPUYHUBAHHUA WIIH rpa-
BHUPOBaHHs COAEpXaHWA KapThl Ha Mpo3payHbIX INJIAcTHKaxX ne4yatHsle (opMbl
CO3al0TCA HENMOCPEACTBEHHO C HCMOJIB30BAHHEM ITHX OPUIMHAIOB.

Orpenka roroBod NpOAYKLMH BKIIIOYaeT pa3pe3Ky OTMEHaTaHHOro THpaXa Mo
HOMEHKJIaTYpHBIM JIHCTaM (Ha nevyaTHsIX ¢popMax MoxeT ObITh pa3MeLIeHO cpasy
IO IIECTH HOMEHKJIATYPHBIX JIHCTOB), COPTHPOBKY H OTOPakoBKY THpaXXHBIX
OTTHCKOB, HX CYET, YIIAaKOBKY C 3a[JaHHbIM KOJIMYECTBOM JIHCTOB B MaykKax U caavy

3TOH NMPOLYKLIHH.
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9.2. METOAbI UCCJENOBAHUW, PELLIEHUS
IMPOCTPAHCTBEHHBIX 3AJAY 'MC IO KAPTAM

9.2.1. HekoTopble cBeaeHHs o kaprorpaduueckoii HHpoOpMaUHH

Kaptsi, kak OCHOBHbIE MOJ€EJIH pealbHON NeHCTBHTEIbHOCTH, XapaKTepH3yOT-
cs panoM ocobeHHocterd. OHM 00N1aNalOT 3alaHHOM CTeneHblo abcTparupoBaHus,
4yeMy CrocoOCTBYeT BbINIOJIHEHHE reHepalu3aluy kapTorpaduueckoro Hodpaxe-
HUA. B HUX obecrieyuBaeTcs B3aMMHO OAHO3HAYHOE COOTBETCTBHE MO Haubolnee
CYILIECTBEHHBIM 3JIEeMEHTaM COJEpPXaHHS M TOMOJOTHYeCKoe — Ui MNpOoYero
conepxaHusa. OHM XapaKTepH3YIOTCS TaK)Ke HeNpepbIBHOCTbIO, METPHYHOCTBHIO,
0030pHOCTBIO M HarJIAHOCTBIO H300paXKeHHs, BO3MOXXHOCTBIO M36MpaTesbHOro
oToOpaxeHHs (akTOpPOB, SABIEHHIi, MPOLECCOB, KOTopué B HefCTBHTENBHOCTH
MPOTEKAIOT COBMECTHO; H HA0OOPOT, — OTOGpaXKeHHeM H30IUPOBaHHBIX SBIEHHH B
BHIE LENOCTHOro (CHHTeTHuYeckoro) H3obpaxeHus. KapTthl obnapaior BakHeil-
IUMMH HHOOPMALIMOHHBIMH M THOCEOJIOTHYECKHUMH, T.€. TO3HaBaTeJIbHBIMH CBOW-
CTBaMH, OHH 00ecNeynBalOT BO3MOXHOCTb BEpPHO lepelaBaTh reorpaduieckue
3aKOHOMEPHOCTH pa3MelleHUsi OOBEKTOB M SABJEHHH, HA HUX MOTYT OMNEPATHBHO
0TOOpaxaThcs H3MEHEHHU, IPOMCXOIALLME B NIPHpOIE U OOIECTBe.

IpuHATas Ha KapTax CMCTEMA YCJIOBHBIX 3HAKOB JaeT HEMOCPEeACTBEHHYIO BO3-
MOXXHOCTb TIONYYHTh C KapThl Pa3HOOOpa3Hylo U OOLIMPHYIO NMPOCTPaHCTBEHHO
JI0KaNM30BaHHYI0 WHbopMauuw. Ho onHOBpeMEHHO Ha OCHOBE HCIOJB30BaHUA
3TOi HHPOPMALKUK U COOTBETCTBYIOLUMX METOAOB aHAJIM3a M CHHTE3a BO3HHKaeT
BO3MOXXHOCTb NOJIy4eHHUs 1O KapTe JOMNOIHUTENbHOMH, Kak Obl CKpbITO# HHPOpMa-
uvH. Hanpumep, MOXXHO MOJNyuuTh NaHHBIE O B3aHMOCBSA3M ABIEHHUH, oToOpaxae-
MBIX Ha KapTe, 0 BeqyIUUX (akTopax, KOTOpbIE CleayeT yYMThIBaTh MPH pelleHHH
TeX WIH WHBIX HapOJHOXO3AHCTBEHHBIX 3ajay, CBeIeHHs, HeoOXoauMble s
BBINIOJIHEHHS ONTHMaNbHOM nuddepeHuHanny (paiilOHUPOBAHUS) TEPPUTOPHH H
00beKTOB, YCTAHaBIHBATh OCHOBHBIE 3aKOHOMEPHOCTH HCCIIENYeMBIX SBICHHH.

ITonyyenHas kaprorpaduyeckas HHPopMauus, OCOOEHHO NOMOJNHHTENbHAS,

KOTOpasi HEPEIKO CTAHOBHTCS OCHOBHOH €€ 4acTblo, aeT HE TOJbKO HeoOXxonu-
113ax. 972
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Mbl€ CBENEHHs, HO M BO3MOXXHOCTb BCKpbIBaTb HOBbl€ 3aKOHOMEPHOCTH 0OBek-
THBHOIO MHpA, OTKPbIBa€T BO3MOXHOCTH CO3JaHHSA HOBBIX, TaK Ha3blBaeMbIX,
NPOU3BOHBIX KapT.

['eoMeTpuyeckHe 0cOOGEHHOCTH, MONHOTA [oJyyaeMoH HHGOPMaLUHMH 3aBHCHT,
Mpexae BCEro OT MCNONb3yeMOH MaTeMaTH4eCKOH OCHOBBI, METOJOB MPOEKTHPO-
BAaHHMA H COCTaBJIEHHs KapT, OT JOCTOBEPHOCTH, HOJHOTHI M MOAPOOHOCTH coaep-
YKaHHA MCMOJb3YEMBIX KapT, a TaKXKe OT IMOArOTOBIEHHOCTH YHTaTeNs KapThl, €ro
3HAaHHH MaTeMaTH4YeCKHX M APYTMX METOJOB BbLIMOJIHEHUS HCCIENOBaHHHA nO
KapTaM, OT YPOBHS €ro cCreuuajibHOH NMOArOTOBKH, HAJIMYUS COBPEMEHHOH Tex-
Huku. TakuM 06pa3oM, A1 yCMEUIHOTO pelleH s 3aad HayKH M HapOJHOro Xo-
3HCTBA, CBA3aHHBIX C HCMOJIb30BAHHEM KapT, HEOOXOMHMBI:

JlobpokauecTBEHHbIE JOCTOBEPHbIE ToMorpaduyeckue, odliereorpapuieckue,

TeMaTH4YeCKHe KapThl M aTiachl pasNM4HbIX MacluTaboB, Ha3HA4YeHHs, COAep-

XaHHd W TEPPHTOPHAIBHOTO OXBaTa, MNOIJEP)XHBAEMbIX Ha COBPEMEHHOM

yPOBHe.

JanbHeiilias pa3paboTka TeOpHH MaTeMaTHYeCKOH KapTorpaduH, TEOpuH, Me-

TOZIOB M TEXHOJIOTHI1 CO3aHHA KapT M aTiacoB C HCIMOJb30BaHHEM HE TOJBKO

TPaJHLHOHHBIX KapTorpapHyeckuX HCTOYHHMKOB, HO H MaTepHaloB AMCTaHIH-

OHHOTO 30HAMPOBAHMSA, W3TOTOBJIEHHE Ha JTOH OCHOBE HOBBIX Kap-

Torpadu4eckux NpoU3BeeHHH ¢ ONTHMANbHLIMH CBONCTBAMH.

Paspaborka TeopuH, MaTeMaTHYeCKMX M IPYTHX METOIOB BBIMOJHEHHSA HC-

ClIeJOBaHUH 1O KapTaM, MOJNy4eHHs pasHOOOpa3HBIX CHHTETHYECKHX XapaK-

TEPUCTHK, HCTIONB30BAHUA KapT U 3THX XapaKTEPHCTHK Ul PELIEHHs HayYHbIX

Y NPaKTH4YeCKHX 3a/lay, CO3/IaHHs IPOU3BOAHBIX KapT.

[puBeneHHe 10 Hayala MCCleNOBaHHA Bcex MartepHanos, dnemeHtoB [MC B

elMHble reo/ie3UueckHe CUCTeMbl KOOPIMHAT M BBICOT, €AHHYIO MPOEKLHIO,

pa3MepHOCTb, CHCTEMY H3MEPEHHH.

CoBeplLIEHCTBOBaHMS TeXHHYeCKOH 6a3bl pellleHHsl YKa3aHHBIX 3ajay Ha oc-

HOBE pa3BUTHUA M BHEAPEHHUSA aBTOMATHYECKUX CUCTEM.
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Onpeneneﬂue Nnocnea0BaTeIbHOCTH BbIMIOJHEHHUS HCCJI€OBAaHHH H pelueHue

CBAI3AHHBIX C 3THM 3aja4.

9.2.2. O6wasn MaTeMaTHYeCKaA MOAeJb NPOUECCOB H SABJEHHH
peaabHoro Mmupa. OcHoOBHbIe MeTOAbl HX HCCJIeJOBAHHSA, pellleHHe
3agay 'HUC no kapram.

Bce npoliecchl U ABNEHHS AeHCTBHTEILHOCTH MOXHO BBIPA3HTh B YETHIPEXMEp-
HOM MPOCTpaHCcTBe X, Y, Z, ¢ C NOMOLLbIO MaTeMaTHYECKOH MoJeH:

T(X,Y,Z,t)=D(X,Y,Z,t)+ B(X,Y,Z,t)+C,

rne D(X,Y,Z,t) — netepMunupoBanHas cocTapnsiowias, onpenesiomas oc-
HOBHbIE 3aKOHOMEPHOCTH H3y4aeMbIX 0O0BEKTOB SBJIEHHIl, OMMChIBAEMBIX C MOMO-
LIBIO JIOTHKO—MATEMaTH4ECKMX COOTHOILEHHH, BLIPAXAIOLIMX B3aHMOOJHO3HAY-
HOE COOTBETCTBHE KOMIOHEHTOB MOJENH M pealbHOH JeiCTBUTENLHOCTH;
B(X,Y,Z,t) — BeposTHOCTHas (CTOXAacTHUecKas) COCTABNAIONIANA, H3yyaeMas Ha
OCHOBE TEOPHH BEPOSITHOCTH M MaTEMAaTHYECKOH CTATUCTHKM M BO3HHKAIOLad,
KaK MpaBHJIO, B CITy4asX, KOr1a UMEIOTCs obluHe cyyaiitble GakTOpEI, BIHSAIOLIHKE
Ha H3y4yaeMble ABIIEHUS Hapsly (COBMECTHO) C IpyTHMH CllydyalHbIMH (pakTopamy;
C — uncTO CilyyaitHas COCTaBJAIOLIAs, He TMOMIAIOMIAACA MaTEMATHYECKOMY OITH-
CaHHMIO, KOTOpas NOMKHA GbITh OTGHILTPOBAHA B MpOLECCE MATEMATHYECKOMH
o6paboTku usMepennit; X, Y, Z, t — npocTpaHCTBEHHbIE KOOPAMHATEI O6BEKTOB U
BpeMS.

Creq0BaTeNbHO, MUIS NOJYYEHHs 10 HMM TPeOYeMbIX NaHHBIX M BBINOJHEHHS
COOTBETCTBYIOLMX MCCIIEI0BAHUIH, HEOOXOMHMO M3YYEHHE H MCIOJb30BAHHE KaK
JeTEPMUHUPOBAHHBIX METOJOB (MoOJeNeif), Tak U METOA0B, OCHOBAHHBIX Ha HC-
NONb30BAHHH TEOPHH BEPOSATHOCTEH M MaTeMaTHYeCKOH CTATHCTHKH, a TaKxke H
ApYTHX METOJIOB.

Mex1y 1eTEepMUHHPOBAHHBIMH ¥ BEPOSTHOCTHLIMH METOJAMH, C TOYKH 3PEHHS
MX MCMOJb30BAHHUS, CTPOroi rpaHtLbl HeT. OHU M Te e 3a1a4H MOTYT HEpPEIKo

pewaTtscs TEMH H IpyrHMH METOJaMH.
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C onpeneneHHOH oyiel YCIOBHOCTH K YHCIy NeTEPMHHUPOBAHHBIX METONOB
OTHOCSTCS ClIeyIOLLHE:
BM3YaJIbHOrO aHANIH3a;
rpaduyeckue;
ornpejesieHHs CHHTETHYECKMX XapaKTEePUCTHK IOJIei;
KapTOMEeTPHUYeCKOro U MOphOMeTpHUYECKOro aHaJIH30B,;
nuddepeHIMalUY TePPUTOPUH WM 0ObEKTOB (TaKCOHOMHYECKHe, TEOpHH
rpa¢, KJIacTepHOro aHallk3a M T.I1.);
METO/Ibl YHCIIEHHOTO aHaNK3a, annpOKCHMALKHK, HHTEPIOJSLHMH, SKCTPanos-
UMK ¥ QunbTpaLuy;
pellieHus 3a1ay HABMTALWH, a3POHABHTALIMM; JIOKANM3ALMH OGBEKTOB U ABJIE-
HH, OTOOpaXKEHHBIX Ha a3POKOCMHUYECKMX CHUMKAX WJIH YKa3aHHBIX B CTaTH-
CTHYECKHMX U APYTHX MaTepHalax,
pellleHHs 3a7a4y OXpaHbl MPHPOIBI, 3eMJIEyCTPOHCTBA, JIECOYCTPONHCTBA, IUIa-
HHPOBaHHUA Pa3MELUEHHUS MPOU3BOANTENBHBIX CHI U T.II.
K rpynme MeTon0B, OCHOBaHHBIX Ha TEOPHH BEPOATHOCTEH W MaTeMaTHYecKo#
CTaTUCTHKE, OTHOCATCA ClleqyloLIne:
IUIAaHHPOBaHKe U TONly4eHHe MO KapTaM BIGOPOYHBIX JaHHBIX;
omnpejesieHre 3aKOHa pacripefie/ieH!s Cly4aiiHbIX BeJIHYHH;
yCTaHOBJIEHHS GOPMBI M TECHOTBI CBA3H (KOPPENSLIHOHHBIHA aHau3);
ofpejeiieHHe CBA3M 3aBUCHMBIX W HE3aBHCHMBIX CIIy4alHbIX HepeMeHHbIX
(perpeccHOHHBII aHaU3);
BbISIBJIEHHE BJIHMAHMA (aKTOpPOB Ha CpeJHHE pe3yJbTaThl UCCIIENYEMbIX fBJe-
HUH (OMCTIEPCHOHHBIR aHAH3);
onpejesieHHe BeAyUWIMX (akTOpOB pa3MellleHMss M Pa3BUTHUA  SBIEHUH
(KOMITIOHEHTHBIH, MHOTOGaKTOPHBI# aHaNNW3, KAHOHMYECKHE KOPpENSLHH);
CTaTHCTH4eCKOro  palioHHpoBaHHs W  AdbdepeHLHaUH  TEepPUTOPHH

(mMcKpUMHHAHTHBIA aHau3, TeopeMa baiteca);
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H3Yy4Y€HHE€ NMHaAMHUKHU U NpeackKa3zaHusd Cﬂy‘{aﬁHbIX H Hecnyqaﬁﬂblx BE€JIMYHH,

MPOLIECCOB M ABJIEHHH;

orpezesieHHe IMIHUPHYECKUX 3aBUCHMOCTEH, MO3BOIAIOLLMX PH MATOM YHCIle

M3MEpPEHHii MOoy4aTh ¢ HEOOXOAMMOH TOYHOCTBIO HCKOMbIE pe3ynbTaThl Oe3

BBIOJIHEHUS CIUIOLIHBIX H3MEPEHHH.

Kpome Toro, MOryT Hcronbs30BaThCs METOABI TEOPHH HHGOPMALMH, HanIpUMep,
IUISL OLIEHKH CTEeleHH OJHOPOLHOCTH U B3aMMHOTO COOTBETCTBUSA ABJEHUH, CTPYK-
TYPHBIH 1 KOBapHaLlMOHHbIH aHAIN3BI U 1.

K uncny MeTonoB Hccie0BaHHii, OCHOBaHHBIX Ha MpeoOpa3oBaHHH KapTorpa-
tduyeckoro u3o0paxKeHHs, OTHOCATCS METOAbl [MOCTPOEHHUS HETPaJHLHOHHBIX
kapTorpadguveckux (aHaMOpGHPOBaHHBIX KapT, aHaMop¢03, KapTOHIOB U Ap.) H
METOIbl MOJNy4eHHUsI TPaAMLIHOHHO MpeoOpa3oBaHHBIX H300paXKeHHH (MeTombI
npeobpa3oBaHis METPHK, CBOMCTB M crocoboB kaprorpaduueckoro usodpaxe-

HUSA).

9.2.3. BusyaJjibHbIH aHaau3

Bu3yanbHblit aHanu3 qaeT NpeMMyILECTBO KaueCTBEHHbIE XapaKTEPUCTHKH H3Y-
4aeMbIX 0OBEKTOB U SIBIEHH, [103BOJISET MONYYaTh U KOIMYECTBEHHbIE XapaKTe-
PHCTHKH MO NOAMMCAM M INIa30MEPHBIM OLIEHKaM pacCTOsAHHiM, miowanei u T.0.,
Jla€T BO3MOXXHOCTb YCTaHaBJIMBAaTh 3aKOHOMEPHOCTH pa3MeELIEHHs, OTHOCHTEIIb-
HOCTb MOJIOXKEHHS, IPOCTPAHCTBEHHbIX (GOPM, CTPYKTYpb! M B3aMMOCBS3H JJIeMEH-
TOB COJEPXaHHA KapT, HAIHYHE HX H3MEHEHHH BO BpEMEHH.

Bu3yanbHblit aHaJIW3 COMPOBOXAAETCS OMMCAHUAMHU U MCIOJIb3YeTCs KaK Ha Ha-
YalbHOW CTaJMH HUCCJIENOBAHUA I OOLIEr0 O3HAKOMIIEHHS C H3y4aeMbIMH 00B-
€KTaMH H SBJIEHHSMHM, IUIaHUPOBAaHUA HCCIIEIOBAaHUH, TaK M Ha 3aBepLIAIOLLEH
CTaluH AJs NpOBeJeHHSA COAep)KaTelbHON HHTEpIpEeTaLUH Pe3ylbTaTOB HCCIIENO0-
BaHHA.

BseinonHss Bu3yanbHOe HCCleJOBaHHE U MPUCTYMas K OMUCAHHUIO, HEOOXOAUMO
OLIEHHBaTh Ka4eCTBO CaMOH KapThl MJIM CepHH KapT. [lns 3THX uened ycraHaBiu-

BalOT CleAylOLIHE CBEACHHUSA !
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Ha3BaHMe M Ha3HaueHHe KapThl, H300paXaeMylo TEPPUTOPHIO, MaTeMaTHye-

CKYIO OCHOBY KapThl (IIPOEKLMIO, ee CBOMCTBA, MacliTal, KOMIOHOBKY), Bbi-

XOZIHbI€ [JaHHble (KOTAa, KEM U M0 KaKHM MaTepHasaM COCTaBlieHa W H3/laHa);

CONIEp)KaHHE KapThl MO 3/eMeHTaM, e€e MOJIHOTY, MOAPOOHOCTb, MPUHIMIIBI

K1naccubHKauuu u3o0pakaeMbIX OOBEKTOB H ABJIEHHIl, CIOCOOBI H306paxe-

HHSl, CHCTEMY YCJIOBHBIX 3HAKOB, UX COOTBETCTBHE Ha3HAYEHHIO KapThl, Je-

TeHOy KapThl;

OLIEHKY F€OMETPUYECKON TOYHOCTH, KaYeCTBO reHepaH3alliH, COBPEMEHHOCTD

KapThl — €¢ COOTBETCTBHE AEHCTBUTENLHOMY COCTOSHHIO MECTHOCTH, 0TOGpa-

KaeMBIM 0OBbEKTaM M ABJICHUSM;

COTrJjacoBaHHe JaHHBIX KapThl C APYTMMH JaHHBIMH.

H3yuenne nenecoobpa3Ho BHIMOMHATH OT O0LLEro K YaCTHOMY, T.€. BHauaJie He-
00XOIMMO MONYYHTh XapaKTePUCTHKY BCell KapThl B LIEJIOM, €¢ OCHOBHBIX U OMpe-
JeNsIOIHX XapaKTePHUCTHK, a 3aTeM ee OTACNbHBIX 3IEMEHTOB, 0COOeHHOCTe .

OnucaHus DOMKHBI OBITH BBITIONHEHBI CTPOrO MOC/IEA0BATENBHO, TOTHYHO, CO-
IepXaTb CHCTeMaTH3auuio (akToB, 3JIEMEHTHI CPaBHEHHMA, 3aBepuiaThcs OOBEK-
THBHBIMH, YeTKHMH OLICHKAaMH H BBIBOJaMH.

BonbLUIMHCTBO CBefleHUH MpH aHaH3e KapThl ONpeneNsioT HENOCPEACTBEHHO

10 CaMoii Kapte.

9.2.4. I'padrueckHe MeTOAbI aHAIH3A.

BrunoyaloT noctpoeHue nmo KapTaMm pasiMyHbIX rpadukoB, npounei, paspe-
30B, AHArpamM, a TaioKe Moy4yeHHe H300paxeHHH cnocobaMH HaJloXKEHHA, BbIYHU-
TaHUs, YMHOXEHHUS, TOrapuMupoBaHus, nuddepeHIHpoBaHHUs, HHTErPHPOBAHHS
MOBEPXHOCTEN.

Cnoco6b1 nocrpoenus rpadukos, npoduneii, pa3pe3os, IMOP, IHArPaMM H T.II.
noxpo6bHo paccMOTpeHsI B paboTax psiaa aBTOpOB.

OcraHoBHMCS Ha BOTpoce O NpeoOpa3oBaHUAX MOBEPXHOCTEH.

HcnonesyeMsle qn1s 3TOro HCXonHble MOKa3aTeNH, KaK MPaBHJIO, ONIPEAENAOTCS

MO KapTaM, Ha KOTOPbIX OHH OTOGpaXkeHb! B W30NHHMAX. B cnyuasx, korna ssie-
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HUsl OTOOpaXkeHbl Ha KAapTax He B M30JIMHUSAX, NpeABapHTENbHO MpeobpasytoT
UCXOLHOe KapTorpaduueckoe n3obpaxeHHe B H30JHHeHHY0O HOpMy, npeacTaBiss
€ro B BUJ€ COOTBETCTBYIOLEH CTATUCTHUYECKOH MTOBEPXHOCTH.

3anaua clloXXeHHUs BO3HMKAET, HAlpUMep, NPH Olpee/ieHMH KaKUX-TO CyMMap-
HbIX [OKa3aTeseil ABAEHHUI, 3a1aHHBIX Ha OTpelesieHHbIH NEePHOI;, BBIUMTAHUS —
MpH nojcyere oObema 3eMIAHBIX paboTr, oObeMa CHECEHHOro H OTJIOXXEHHOro
MaTtepuaia; AMbdepeHUMpOBaHHA B 3a[aHHbIX HaMpaBleHHAX — JUIS YBEJIHYEHUs
YETKOCTH H300paxkeHHs, BbIIENEHHS ONpEIeNeHHbIX KOHTYpOB M JMHHH (mpH
UCIMOJIb30BaHHH (OTOCHHMKOB). DTH MNpeoOpa3oBaHMs MOIYT OCYLIECTBISATHCS
OTHOCHTENIbHO 00BEKTOB OJTHOrO MJM pa3HbIX THNOB. HanpuMep, k 3aga4am nep-
BOIO THNA MOXHO OTHECTH ONEPALHIO CJIOXEHHS MOBEPXHOCTEH Ha OCHOBE MOJ-
cyeTa CyMMbl TeMIEpaTyp, OOlUero KoJH4ecTBa OCaAKOB 3a KaKOH-TO HepHol
BpeMeHH M T.1. K 3amayaM BTOpoOro THma MOXHO OTHECTH, HalpuMep, OnepauHio
CJIOXKEHUS IPUBEAECHHBIX B €IHHYIO CUCTEMY OTHOCHTENBHBIX NOKa3aTenei Iior-
HOCTH HaceJleHHs Ha eJMHHMLY IUIOIIAAH W TyCTOThl AOPOXHOH CETH Ha Ty Xe
€AMHHLY MIOIIaAH, CyMMapHas XapaKTepHUCTHKa KOTOPbIX MOXeT o6eryurb
pellieHHe HEKOTOPbIX COLMaNbHO PKOHOMMYECKHX 3alay, B YacTHOCTH, 3afaqyH
HCTIONB30BaHHA TPYIOBBIX PECYPCOB.

CrnoxeHue noBepXHOCTe#l CBOOMTCS K ONpefeNeHHIO B 3aJaHHOH CETKe TOYEK
anIUIMKaT UCXOQHBIX MOBEPXHOCTER Z,, U Z,, MOJNyYeHHIO HX CYMMapHOTo 3Haye-
HHUA Z,,, =2, +Z, W NOCTPOEHHIO MO 3THM CyMMAapHbIM aNIiHKaTaM H30JHHUH,
BBIPAXKAIOIHX CYMMAapHYIO TIOBEPXHOCTb.

BhluuTaHHe, YMHOXEHHE U ApPYrue Npeobpa3oBaHUs MOBEPXHOCTEH BbIMNONHS-
10TCS aHaNOrM4yHO. IIpu 3TOM NMIO6BIE 3 HUX MOTYT BBITOJIHATHCS OTHOCHTENIBHO
IBYX, TpeX MM 6ojbliero yucna noBepxHocTel, ObITh KOMOHHUPOBAHHLIMH, T.€.
BKJIIOYAIOIMMHU pa3iuyHble BUABI Ipeobpa3oBaHui, HO MPH YCIOBHHM, YTO anIJju-

KaTbl 3TUX HCXOOHBIX HOBerHOCTeﬁ MPHUBEACHBI K eIMHOM cucTeMe mmepeﬂnﬁ.
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9.2.5. KapromeTpH4eckHe MeTOAbI HCCJIeJOBAHHH

OHH NMO3BOJIAIOT ONpENeNATh reofe3u4ecKHe, NPAMOYToJibHbIE H MOJIAPHBIE KO-
OpAMHAThl TOYEK NOBEPXHOGTEH; OTHOCHTEJNIbHbIE M aOCOMIOTHBIE BBICOTHI, I1yOH-
Hbl, MOLUIHOCTH, T.€. aNmJIMKaThl 0TOOpaXKeHHbIX Ha KapTax OOBEKTOB H ABIEHHIi;
JUIMHBI TIPSMBIX W KPHBBIX JHHHMH, pacCTOAHHUS MeXAy oObeKTaMH, Yribl U Ha-
NpaB/ieHHs B FOPU30OHTAJIbHOW M BEPTHKAJIbHOH MIOCKOCTAX; IUIOLIAAM Y4acTKOB
TUIOCKMX M KPHBOJIMHEHHBIX MOBEPXHOCTEH, 00beMbl Y4YacCTKOB ITHX MOBEpX-
HocTeR MM 00bekTOB (06BEMBI JIENHHKOB, OCaKOB, OKEAHHYECKMX KOTJIOBHH H
T.IL).

KaproMeTpHyeckue U3MepEeHHs] MOTYT BBINOJHATHCA [0 KPYMHOMacLITaOHBIM,
cpeaHeMaciuTabHBIM MM MeNnKoMaclITabHbIM KapTaM, Mo (GOTOCHHMKaM, C To-
MOLLBIO PYYHBIX (HACTOJIBHBIX) H3MEPHTENBHBIX HHCTPYMEHTOB H NpHGOPOB MIIH C
HCIOJIb30BaHHEM aBTOMAaTHYECKHX CpeACTB (YCTPOHCTB BBOAA KapTorpaduyeckoi
HH}OpMaLHH, cocThIKOBaHHBIX ¢ DBM). B 3aBUCHMOCTH OT 3TOro MpHMEHAIOTCS
pasnHyHble CrocoObl BBIMONHEHHS KapTOMETPHYECKHX H3MEpeHHH W INOoJydeHHs
MCKOMBIX XapaKTEePUCTHK.

B HaunGonbuieii Mepe pa3paboTaHbl M OCBELLlEHb B IHTepaType cnocobsl pellle-
HHUS 3THX 3a7a4y MO KpynHoMacliTaGHBIM U cpefHeMaclUTabOHBIM Tomorpaguye-
CKHM M THIICOMETPHYECKHM KapTaM C MCMOJIb30BaHHEM PYYHBIX H3MEPHTENbHBIX
HHCTPYMEHTOB H YCTPOHCTB.

H3mepenne mHH (KpUBBIX M JIOMAHHBIX JMHHiI) OOBIYHO OCYLIECTBASAETCS
IOBYMS LHMPKYJISAMH—H3MEPHTENIAMH C MHKPOMETPEHHBIMH BHHTaMH, YCTaHOBJIEH-
HBIMHU Ha pa3Hble Manble pactBopsl (1,0; 1,5; 2,0; 4,0 mm). HanpuMmep, mo dopmy-

ne A.K. ManoB1uko MOXXHO MONy4YHTh:
1
Co=b,+3(0,-0,) -3k, - £,),

rae {,, {,, £, — uckoMas JNIMHa M [UTMHBI KPUBBIX, MONy4€HHBIX [IPH H3Mepe-
HHAX LIMPKYJIAMH C pacTBopaMHu d, u d,, d, > d,;

k=(05d, -d,)/(d, - d,).
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B nocneaHue roabl BMECTO M3MEpPEHHH ABYMS LIMPKYJISIMH CTaJld UCIOJIb30BaTh
HHUTSHbIE MAKeTbl, H3rOTaBJIMBaEMbl€ W3 TOHKHX U F'MOKMX NMPOBOJIOYEK, KOTOPbIM
npuaalT HeobxoauMyko ¢opMy (HM3BMIMCTOCTH). B monydeHHble pe3ynbTaThl
M3MEpeHHH BBOAAT pENYKUHH MO SMIHPHYECKHMM (OopMysiaM, MO3BOJSIOLINM

NMOBBICHTb TOYHOCTb uzmepeﬂuﬁ.

”3MCPCHH€ cymmapﬂoﬁ JJIHHBI Zg W3BHJIMCTBHIX JIMHHH Ha HEKOTOpPOM Yy4a-

CTKe (HanpuMep, IUIMH FOPH30HTalledl, IPO3UOHHON CeTH B peyHOM OacceiiHe)
MOXXHO BBITIOJIHUTh C MOMOILBIO MPO3paYHON MNAJETKH, HA KOTOPYI HaHeceHa

ceTKa KBapaTOB CO CTOPOHOM d, UCTIONb3Ys (GOPMYIbL:
n
Z /- —dm,
4

‘TAE m — YUCIIO NepeceueHU N U3BHITMCTBIX THHHUHA CO CTOPOHAMH KBaJpaToB.
H3mepeHns yrioB U HampaBieHHH MOXHO BBINOJHATh C MOMOLIBIO TPAaHCIOp-
’

THpa (C TOYHOCTbIO A0 15') M rpadoaHanuTHYeckHM crniocobom. Onpenensiot
IUTHHBI CTOPOHBI M MEPINEHAHKYJSpa Ha APYTYI0O CTOPOHY HJIH M3MEpAIOT IIHHBI
BCex Tpex cTopoH !, I, I;, Toraa nckoMslit yron f onpenesnserTcs 1o U3BECTHbIM
dopmynam.

JlaHHas 3a7a4a erko peaercs Mo NpsMoyrojbHbIM KOOpAHHATaM Touek I, 2,

3, H3MEPEHHBIM [0 KapTe B no6oit ﬂpﬂMO}’l‘OJ’leOﬁ CHCTEME€ KOOpAHHAT, NO

Vi~ W _arctg)’2 N

X3 =X X =X

tdopmyne [ =arctg

H3mepenne miomaned ocyuecTBIseTcs MIAaHHMETPOM HIIM NMyTeM B3BELIMBa-
HH$l, HITH C IOMOLLBIO Pa3NHYHbIX MPO3PAaYHBIX MANETOK.

CpenHue OTHOCHTENbHBIE TIOMPEIUHOCTH MPH ABYX H3MEpPEHHAX Mioliajge yda-
CTKOB OT 5 110 4000 MM’ naneTKoli ¢ kBaapatamu 14 MM’ HaXOJATCA B npenenax
ot 14,5 no 0,16%.

H3mepenre 065eMOB MOXHO BBINOMHHTE JIHOO MO rOPH3OHTAIBLHBIM CIOAM,

nu6o no BEPTHKAJIbHBIM ﬂpOd)HJ'IﬂM, OonpenejsieMbIM MO U30JIHHHAM.



170
IIpn u3MepeHHH 0OBEKTOB MO rOPH3OHTAIBHBIM CJIOSM MPH NTOCTOSIHHOH BBICO-
T€ CECHYCHHA
AR 1
V="1328+S +8S, | +-S,AZ;
2\5 3
NpH nepemeHHoﬁ BBICOTE CE€YECHHA

n-b
/2 1
V= ZIS,CPZ, + §S"Az,

l://z/
rne S, S,..S,; S, — nmnowanu cioes;

S, — CPENHSs NJIOUIAAR IBYX CMEXHBIX CIIOEB;

Z: — BbICOTA CEYCHHUSA MEXAY ABYMSA CMEXHBIMH CJIOAMH;

AZ — BrIcOTa BEPLIHHBI HAA BEPXHHM CJIOEM.

9.2.6. MopdpomMeTpHUYeCKHE METOAbI HCCIEA0OBAHHH.

MopdoMeTpuieckue UCCIeTOBaHUA MO KapTaM MONY4YMIH 3HaYMTENbHOE pac-
npoctpaHeHue. B HacTosee Bpems Hanbosnee paspaborana reomopdonornueckas
MopdoMeTpHsl, Ompenensiouias KOJHYECTBEHHbIE XapaKTEPHCTHUKH 3eMHOH Mo-
BepXHOCTH. [Tonyuynny pasBHTHE CTPYKTypHas MOP(OJIOTHs B TeONIOTHH, CPaBHH-
TenbHast MopdoMeTpHs JIyHBl M NMnaHeT, rHAPONOrHYecKas, oxeaHorpagpuyeckas,
naHamadTHas W COLMaIbHO—3KOHOMHYeckass Mopdomerpud M ap. [lpu atom
pa3paborano 6onbluoe 4ncio MophoMeTpHYecKUX nokasateneld. OHU B GONbLIKH-
CTBE CIIy4aeB SABJIAIOTCS OTHOCHTENBHBIMH BEIMYHHAMH M BBIPAXalOT COOTHOLIE-
HHS MeXZAy UITMHAMH M BBICOTaMH, MIMHAMH W MIOLIAJAMH, YIJIaMH HaKJIOHa H
AAOWAASAMH H T.I.

K OCHOBHBIM M3 HHX NMPHMEHHUTENBHO K reoMopQoNoruyeckoil MopdpoMeTpun
MOXHO OTHECTH:

K03 (GULHEHTB! YaCTOThI H MIOTHOCTH;

TnIoKa3aTe/Id FOPH30HTAIbHOTO U BEPTHKAJIBHOTO pacuJieHeHH

YKJIOHBI TOBEPXHOCTE};

KO3 HULUHEHTbI H3BUIHCTOCTH JTHHUA K KOHTYPOB, H300paXkeHHbIX Ha KapTe;
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rnokasatenu GpopMbl KOHTYPOB, OOBEKTOB H Ip.

Koa¢dpdpruueHTbl YacTOThl M MIOTHOCTH BbIPAXAlOT BCTPEYAEMOCTb H OTHOCH-
TebHYIO MUIOLIALbL HCCIlelyeMbIX 0ObEKTOB M IBJEHHH Ha MECTHOCTH (KapTe).

Koa¢d¢duuneHTOM YacToThl Ha3bIBAIOT OTHOLLEHHE YUCTa OOBEKTOB 1, H300pa-
JKEHHbIX Ha KapTe, K o0LLeH Miowany yyactka S,

K =n/S

Ko3¢ddHuUHEeHT MIOTHOCTH JaeT OTHOLLEHHE MIOLALH s, 3aHUMaeMoi paccMar-

pHBaeMbIMH O0OBEKTaMH HITH SBJIEHHSAMH, K 001Lel niowany y4actka S,

=,
K, =%

[TokasaTend rOpU3OHTANBHOIO H BEPTHKAILHOTO PacwIEHEHHH pacCYMThIBA-
I0TCS MO NPHPOAHBIM paiioHaM, TEPPHUTOPHANLHBIM €IMHHUIaM, JaHAladTaM,
37eMeHTapHbIM OacceiHaM HIIM 10 reoMeTPH4eCKHM sueiikaM. YcCTaHaBIMBalOT
pacyNeHAIOLIHe JIHHHUH, K KOTOPHIM OTHOCSAT OCH MaKCHMyMOB M MHHHMYMOB
NOBEPXHOCTH: IHHHH BOZOPA3/eJioB H TalbBeroB (A1 penbeda); oCH LUMIJIOHOB H
aHTHLMKIOHOB (A1 6Gapuyeckoro peinbeda); OCH BAIOB U aHTHKIHHANEH, NPOrH-
60B ¥ CHHKIJIMHANIEH (A7 reoJoro—CTPYKTYPHBIX NOBEPXHOCTEH) U T.A.

K mokasaTensiM rOpH30OHTANbHOrO pPacyJIEHEHHS MOXXHO OTHECTH: CPEIHIOI0
niolLaab 31EeMEHTapHbIX CKaToB, 00lLlyl0 ANMHHY oporpaduueckux (pacujeHsio-
IIMX) JIMHUHA, CYMMapHYI0 IIHHY peK, k03((HLHEHT IycTOThl OporpadHiecKux
(pacuseHsIOMX) JIMHHHA, CPENHIOI0 OTHOCHTENbHYIO BBICOTY 3/IeMEHTapHbIX
CKaToB.

HaunbGonee 4acto ucrons3yercs Nokasareib OTHOLIEHHS CYMMapHOH JUTHHBI

pacuJIeHAIOLHNX JIHHUH Z ¢ x nnowanu S yyactka
z
Kp= de/ S

K moka3sarensiM BepTHKaIbHOTO pacyJieHEHHs OTHOCST: CPEIHIOI0 BBICOTY y4a-
cTKa H, aMniuTyny aGcomoTHbIX BoicOT AH , CpeIHHI yroy HaKjIOHa 31eMeHTap-

HbIX CKATOB @,
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AH=H_ -H,,

I'lpu onpenenenuy yKIoHOB NMOBEpXHOCTEH ycTaHaBAUBalOT HaKTHYECKHIA yros
HaKJIOHa MOBEPXHOCTH B JAHHOM TOYKe, KaK OTHOLIEHHE BBICOTHI CEYEHHS TOpH-
30HTaJled K BEeJIMYHHE MX 3aJI0KEHHS B HalpaBleHHH, OPTOrOHAILHOM K HM30JIH-
HHMSM B JaHHOHM TOuKe, a TaKXe CpPeJHUH YKJIOH yyacTka MOBEPXHOCTH, OINpeje-
nseMbli Mo popmyne PuncTepBanbaepa—Bonkosa.

JIns xapaKTepHCTHKH H3BHJIMCTOCTH HE3AMKHYTBIX KPMBBIX HCMONB3YIOTCS TPH

ko3¢ dHLHeHTa:

OTHOCHTENIbHON M3BHJIMCTOCTH — OTHOLIEHHE JJIMHbI KpUBOH " annpoKcH-

MHpYIOLIEH ee CriaKeHHO! KpUBOH s.
K, ={/s

M3BHJIMCTOCTH OOLIMX OYepTaHUii — OTHOLLIEHHE KPUBOH S K Xopze d.
K,=s/d

o611eH H3BMIIMCTOCTH — OTHOLLIEHHE pacCMaTpHBaeMoii KpUBOH s Kk Xopae d.
K, = /d.

IToka3satenn ¢opMbl paspabotanbl HegoctaTouHo. ONHMM U3 ee MoKasarenei

ABJISIETCSl OTHOLLIEHHWE PaJHyCOB BIIMCAaHHOH M OMHUCAHHOW B JAaHHBIH KOHTYp OK-

pYXHOCTEH.

9.2.7. Metoanl indpdepeHunauuu (kJ1accHPHKaUHH) TEPPHTOPHEH K
o0beKTOoB.

Knaccudukauuu, npeacrabnsiouiue coboii ynopsaoueHue o6seKToB (ABIEHHUH)
M0 COBOKYNHOCTH ONpeleNsieMbIX XapaKTepuCTHK (TokasaTeneid, NpPHU3HAKOB, U
Ip.), OTHOCATCA K pyHIaMEHTaIbHBIM MPOLIECCaM B HayKe.

[Tpu pewenun BonpocoB nupdepeHLHauny (paiiOHHPOBaHHS) TEPPUTOPHI H
O0O0BEKTOB Ba)XHO OMNpENENUTh He TONBKO CTPYKTypHble BHYTpPEHHHE MpPH3HAKH
(mapaMeTpbl) TeppHTOPHAIILHBIX KOMILUIEKCOB, HO M COOTHOLUEHUS MEXAY 3THMH

KOMIUIEKCaAMH, YCTaHaBJIUBAa€MbI€ [0 COBOKYMHOCTH BHYTPEHHHX I[IPpH3HAKOB
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(110Ka3aTesiei), xapakTepHbIX A/ pacCMaTpHBaeMbIX TEPPHTOPHAIbHBIX €IHMHHLL
(06BEKTOB).

3anaun auddepeHUHaUUH TEPPUTOPHIA HIH 0OBEKTOB MO COBOKYMHOCTH IMOKa-
3aTesiell MOXHO pellaTh € HCNOJb30BaHHEM TAKCOHOMHYECKHX METOMOB, AMCKPH-
MHMHaHTHOT'O M KJIaCTEPHOr0 aHaJIM30B, TeopeMbl baeiicca U Apyrux MeTonoB.

CyLIHOCTh TAKCOHOMHYECKHX METOOB 3aKJI0YaeTcs B CIEeNYIOILEM.

Jlns paccMaTpuBaeMbIX TeppUTOpHi (0OBEKTOB) yCTaHABIMBAETCHA KOJIHYECTBO
m TepPUTOPHANIbHBIX eIUHHL (0ObEKTOB), ISt KaXJOH M3 KOTODBIX OMpeneeHbl

3HaYeHHs XapaKTepUCTHK X, MO n mnokasaTtensM. IIpyHHMaeM 3TH nokasartenH 3a

KOOpAHHATBI B n—MEPHOM MIPOCTPAHCTBE H ONpeaeaseM s KaXk 1o# napbl €EUHHIL

TaKCOHOMHYECKHE PACCTOSHUA

(X, = X)) k=i=12, . m j=12...m

j=

CocTaBnsieM MaTpHlly 3THX pacCTOsAHHH D, ¢ HCMONb30BaHHEM KOTOPOH BbI-
nonusiercs auddepeHuHanns TeppuTOpHii (06BEKTOB) MO pa3IUYHbIM ANTOPHT-
MaM.

Hamnpumep, B cnoco6Ge, onucannom B.Beppu B 1961 r. nuddeperunanus ocy-
IIECTB/IAETCS NO3TanHo. BHayane uMeeM m HCXOIHBIX TEPPHTOPHAIBHBIX €AHHHLL
(unu obwexroB). Ha nepBoM 3Tane HaxoauM B Matpuue D HaHMeHbLIee TaKCOHO-

MH4ECKOE PacCTOSHHE d, MeXJy TepPPHTOPHANBHBEIMH €MHULIAMH I - j U 06benu-

HSiEM HX B OJHY HOBYIO MaTpHlLly. YCTaHaBIHMBaeM [JIs Hee Moka3aTesH, ABISIo-
lMecs cpeqHeapuPMeTHYECKHMH M3 ToKa3aTesied MCXOMHBIX TePPHUTOPHAIbHBIX
€MHMLL

B pe3ynbraTe TakMx BBIYHCIIEHHH BMECTO m TEPPUTOPHAIBHBIX €AHHHL HX Oy-
net obpasoBaHo m-1. Ilo noka3aHHsAM 3THX m-] eJUHHUL] BHOBb BBIYHCIIEM TAKCO-
HOMHMYECKHE pAcCTOSHHSA, COCTABJIsIEM MATpHL 3THX PaccTOsHHH D, HaxoOuM B
Hell HauMeHblliee PacCTOSHUE d,,, 00bEeJMHAEM eaUHHULBI k ¥ [ B OIHY HOBYIO Mart-
pHlly, HMEIOLLYIO YCpeIHEHHBIe NoKa3aTesi. B urore nonyuyaem (m-2) Tepputopu-

aJIbHBIC €IHHHULBI.
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OTOT npouecc MOXeT MPOJOKAThCS A0 TeX M0p, 0Ka He obpa3yeTcs OfHa
TeppHTOpHaibHas eJHHHLA, WIH Noka He OyleT AOCTUrHyTa HeobXxoauMas CTe-
nexp quddepeHLHalnH (HEOOXOANMOE YHCIO TAKCOHOB).

PaccMoTpeHHbIft crioco6 npocToil, HO TpeGyeT MHOrOKpaTHOro MocjienoBa-
TEJNbHOTO BBIYHCIIEHHS TAKCOHOMHYECKHX PACcCTOSHMM; TAKCOHBI ONpEeNeNAIOTCS
MeXaHH4YeCKH, a pa3/IMYus MeXIy HUMH He BCeraa MOryT ObITh YCTOHYHBBIMH.

3azayy MOXXHO pelIMTh HHave. BHayane onpefensioT 3TajlOHHbIE eNMHULbI Ha
OCHOBaHHH MHEHHi creunanucToB (reorpaos, kapTorpa¢oB M APYrHX) WIH C
MOMOILBIO TOTO HIIM HHOTO aJIFOPUTMa.

3aTeM pelualoT 3aa4yy OTHECEHHS Kamoﬁ TEpPUTOPHAILHOH €IMHULbI K TOH
WJIH HHOH ITAOHHOW COBOKYMHOCTH C HCTIONb30BaHHEM TOrO MJIM MHOTO anro-
PHUTMa, HarpuMep, AMCKPUMHHAHTHOTO HIIK KJIaCTEPHOIO aHAJIH3a.

Teopemy baiieca npumeHsior ans auddepeHuraund oObEeKTOB U ABIEHHH,

HMEIOUINX cnyqaﬁHoe TNPOHUCXOXIAECHHE.

9.2.8. HekoTopble OCHOBHBIE 3J1eMEHTbl MaTeMaTHYEeCKOH
CTATHCTHKH H TEOPHH BEPOATHOCTH.

TeopHs BEpOATHOCTEH — 3TO MaTeMaTHueckas HayKa, H3y4dalollas KOJH4ecT-
BEHHbIE 3aKOHOMEPHOCTH CJTy4aHHBIX ABJICHUH.

K HHM OTHOCATCA ABNIEHUs, KOTOpble NPH HEOQHOKPAaTHOM BOCHPOH3BEIEHUH
OJJHOTO ¥ TOTO )€ ONbITa, HaGMIOJEHHS MPOTEKAIOT KaXAbIH pa3 HECKONBKO MO
HHOMY.

3aKoHBI pacrpefieleHHs ClyyaHHbIX BeJIM4MH YCTaHABJIMBAlOTCS Ha OCHOBE
3KCIEPUMEHTANBHBIX NaHHBIX. MeTONbl ONMHCaHWA M aHAlIW3a 3THX HAHHBIX, CO-
CTaBJIAIOILMX CTaTHCTHYECKHE COBOKYITHOCTH, pa3pabaThIBalOTCA MaTeMaTHYeCKOH
CTaTHCTHKOH. B reoMH(pOpMaLIHOHHBIX CHCTEMaX M3y4alOT MPOCTPAaHCTBEHHBIE H
BPEMEHHbBIE CTaTHCTHYECKHE COBOKYIHOCTH, KOTOpble OOBIYHO BBIPAXAIOTCH Ha
KapTax B BHM€ CTATHCTHYECKHUX NOBEPXHOCTEH, NpeACTaBIAIOWHUX coboI0 MoBepx-
HOCTH HENpepbIBHOTO pacnpeesieHHs ONpeleeHHOro KOJWYECTBEHHOro IpH-

3HakKa.
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Ol'IleJ'leble 3Ha4Y€HHs, onpeaesieHHbIe B psAAE€ TOYEK MO KapTaM HJIH B pe3yiib-
TATe BBINOJHEHHUS APYTrHX H3MepeHHi;l, Ha3bIBalOT B MaTEMaTHYECKOH CTaTHCTHKE
BapHaHTaMH. Ecnn atH BapHAHTBl pPacCnoJIOKHTh B NMOPAAKE BO3pacTaHHA HIIH
yObIBaHHS HX KOJIMYECTBEHHOrO NPU3HAKa, TO MOJNy4YHM BapHALIHOHHBIH PAL.

Bo3bMeM psan M3MepeHui, Hanpumep, AMHH pek Ly, L, . . . L, 1 cOCTaBUM Ba-
PHaLMOHHBIA psll. Pa3obbeM 3TOT psiji Ha YaCTH, IIONYYHM 1 HHTepBaioB AL .

KonuyecTBo M3MepeHnii HaxoAsLIMXCA B Npeenax JaHHOro HHTepBala, Ha3bl-
BaeTCs YacTOTOM f.

YacTocThlo @ Ha3BIBAIOT YaCTOTY f, OTHECEHHYIO K OOLLEeMY YHCITy H3MEPEHHH.

ITnoTHOCTBIO pacnpezieNieHHs p Ha3bIBAIOT YaCTOTY f, MPHXOMALLYIOCH Ha elH-
HMLY LUMPHHBI HHTEpPBala AL BapHAlL[HOHHOTO pAAa.

OTHOCHTENIBHO# TIOTHOCTBIO pacrpefiefieHUst p’ Ha3bIBAIOT YacTOCTh M, MPH-
XOALLIYIOCS Ha eIMHHLY IIHPHHBI HHTEpBaa.

HarnsnHoe npeacraBieHHe CTaTHCTHYECKHX XapaKTEPUCTHK JaeT rpaduyeckoe
H300paXkeHHe BapHaLMOHHBIX pAAOB B GOpMe MMCTOrPaMMBI, OJIUTOHA HIIH HHTE-
rpajibHOH KpHBO#.

I'ucTorpamMMa CTpOUTCA MO ABYM NMEpeMeHHBIM — YacTOTe MM YaCTOCTH M HH-
TepBajaM BapHaUMOHHOro psna. CooTBeTCTBEHHO OyneM HMMeETh THCTOrpaMMY
4acTOT MJIM YacCTOCTEMH.

B MaTtemaTHueckoi cTaTUcTHKe Ui 00061eHHs XapaKTepHCTHKH BapHallHOH-
HBIX PANOB, aHAJNIN3a HECKOJIBKUX BBHIOOPOK, MONYYEHHBIX C Pa3HBIX KapT, H Ipy-
THX HCTOYHHMKOB, HCIONB3YIOTCA pa3inyHble obobaromme nokasarend. K Hum
OTHOCATCA CpPefHHe BENHYHUHbI (MeauaHa, MOJa, CpedH:AA apuPMeTHUEcKas, cpel-
HeB3BELIEHHas apuMeTHYEeCKas) U TN0Ka3aTeNln pasHooOpa3us (cpenHee KBaapa-
THYECKOe OTKJIOHEHHe, AHCIepcHs, pasMax M kodbdulMeHT BapHauuH). Mexny
MOHATHAMH MaTeMaTHYeCKOH CTaTHCTHKU M TEOPHUH BEPOSTHOCTH MUMEIOTCS pa3iu-
4us ¥ cBA3H. OCHOBHBIE H3 HUX COCTOST B ClIeAyIOLIEM:

CTaTHCTHYECKHE XapaKTEPHCTHKH OTHOCATCA K 3MIHUPHYECKHUM, 3 BEPOATHOCT-

HbI€ XapaKTE€PHCTHKH — K TECOPETHYCCKHUM IOHATHAM;
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B MaTeMaTHYeCKOH CTaTUCTHKE HM3y4aloT BBIOOpOUYHbIE COBOKYMHOCTH Hccie-

IyeMBbIX NPEAMETOB H fABJIEHHH, a B TEOPHH BEPOATHOCTEH - HX FeHepalbHYIO

COBOKYNHOCTb, T.€. BCE MHOXECTBO OJHOPOAHbIX BEJIHYHH, BCE BO3MOXHbIE

3HaYeHHs HccileyeMOH COBOKYTHOCTH;

CTaTHCTHYECKHE XapaKTepPHCTHKH U3MEHUYHBBI, a BEPOATHOCTHbBIE - YCTOHYHBBI,

NOCTOSIHHBI, ABJIAIOTCA KaK Obl TEOPETHYECKHMH, HIEAIbHBIMH 3HaYEHHAMH K

KOTOPbIM NPH ONpeeNEHHBIX YCIOBHAX CTPEMATCA IMIHPHYECKHE BEJIHYHHBI.

Iloka3aTensM, NOHATHAM MaTeMaTH4YECKOH CTATHCTHKH COOTBETCTBYIOT IOKa-
3aTeNH, NOHATHSA TEOPHH BEPOATHOCTEM.

Tak, TEOpeTHYECKOE MOHATHE BEPOATHOCTH, MOXHO OMNpEIENHTh KaK Npeses, K
KOTOPOMY CTPEMHMTCS YacTOCTb MJIM OTHOCHTENbHas IUIOTHOCTh pacrpeiesneHus
IpH BO3pacTaHHH YKca HabmoaeHU .

TakuM mnokasaTensiM, Kak cpelHss apHdMeTHyeckas, B3BelleHHas CpeIHAS
apuMeTHUeCKas, B TEOPHH BEPOATHOCTEH COOTBETCTBYET MaTEMaTHYeCKOe OXKH-
JlaHHe, KOTOpOe MOXHO paccMaTpHBaTh KaK BEpPOATHOE NpeAebHOE 3HaueHHE
B3BEIIEHHOH cpeHeapHPMeTHYECKOH, XapaKTepu3yloliee LEHTP pacnpeeieHHs.
JlucnepcHs ¥ cpelHEKBaApaTH4YECKOE OTKIIOHEHHE SBJISAIOTCA B TEOPHH BEPOATHO-
CTeil XapaKTEpUCTHKOIM paccesHHs Clly4ailHON BEJWYHHBI OTHOCHTEJIBHO LIEHTpa
pacnpeneneHus. IMEHHO B HaJTMUMH TaKHX CBA3€H COCTOMT NpaKTHYECKas IoJb3a
METOJOB MaTeMaTH4YE€CKOH CTATHCTHKH.

Co3naétcs BO3MOXHOCTb OT IMIIUPHYECKHX pacnpenesieHuii NepenTH K Teope-
THYECKHM, BbIPa)X€HHBIM COOTBETCTBYIOLIMMH (OPMYJIaMH, HCNONb30BaHHE KOTO-
PbIX MO3BOJAET NPH 3aJaHHH YUCIIEHHBIX 3HAYEHHH NEPEMEHHBIX NPEABLIYHCINTD
H 3aTabyIHpOBaTh BEPOATHOCTH COOBITHA.

3agaya 0 BO3MOXHOH 3aMeHE 3MIHPHYECKHX 3aKOHOMEPHOCTEH TeopeTHye-
CKHMH CBOJMTCH K OMNpEIENEHHMIO COrjacHs 3MIIHPHYECKHX H TEOPETHUYECKHX

3aKOHOB pacnpenejieHus.
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H3BeCTHO MHOXECTBO TEOPETHYECKHX 3aKOHOB pacnpelelsieHds: HOpMajlbHoe,
6HHOMHMHANBHOE, IOJHHOMHANILHOE, THIEPreOMETPUYECKOE pacrpeleneHHs,
pacnpeneneHue [layccona u ap.

[pu pewennn 3agay ['MIC Haubonee yacto BcTpeyaeTcs HOpMajlbHOE pacrnpe-
neneHde (pacnpeneneHue I'aycca), np# KOTOPOM BapHaHTbl PacloyaraloTcs CHM-
METPHYHO OTHOCHTENBbHO CpelHeH BETHYHHBI.

OcHoBHas popMyJia HOPMJIBHOTO 3aKOHa pacrnpeeneHus

1
F(x)=—p—
™= o

rae F(x)- BepoATHOCTb NOSBIEHHS Cly4aiiHON BEMYHMHBI X; X,X - YUCIIEHHbIE

e-(x-f)2 1202

3HaYeHMs ClyyalHOH BeNMYHHbl U €€ cpelHee apHMeTHYecKoe (B3BEIICHHOE)
3HayeHHe; e- OCHOBaHME HaTypalbHOTO JNorapudpma; O u o’- CTaHAApT U JOHC-
nepcus.

Teopernyeckas QYHKUMS pacripefesieHHst OOBIYHO BBIMHUCISETCA MO AAHHBIM
3MITHPHYECKOTO pAfia pacnpeneeHHs.

OueHka cbrnacm 3MIMHPHYECKHX H TEOPETHYECKHX 3aKOHOB pacrpefesnieHHs
OCYLUECTBIAETCS C HCNOJIb30BaHHEM CNELHANBHBIX MOKa3aTesied, Ha3blBaeMbIX
KPHMTEPHSMH COJIacHs.

IIIupoxo ucnons3yercs kpurepuu Ilupcona 2’ mA H Konmoroposa 4, ko-

TOPbI€ COOTBETCTBEHHO BbIPAXXalOTCA Cl)OpM)’I[aMH

lz =Z(f: "'fc') :

S
max
>

X3
Jm

roe f, — 4aCTOThl, KOJIHYECTBO mmepeuuﬁ, HaxoasalHUxcsa B npeneiax naH-
HOro HHT€pBaJla BApHaLlHOHHOI'O psaa,

/| — TeopeTHYecKHe 4acTOThI KJ1acCoB, ONpeeseMsle 1o popMyne

f'=F(x)mAL,

123ax. 992
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m — YUCJIO U3MEPEHHH;

n — YHCJI0 HHTEPBAJIOB, HAa KOTOPLIA pa3/ieieH BapMallMOHHBIH psafa,

AL — 1IMpHHA HHTEpBaa;

Ame AZf"' — CYMMBI HaKOIMJIEHHbIX YaCTOT IMIHPHYECKOTO H TeopeTHYe-

CKHX pacripefieNieHHH.

9.2.9. Onpenesenne GopMbl H TECHOThI CBSI3H ABJIeHHH H 00beKTOB
(kOppeIALUHOHHBbIH aHAJIN3).

OOBeKThl U ABJIEHUS pealbHOH IeHCTBHUTENLHOCTH HaXomATCA MeXAy coboi B
TOH WM HHOH B3aHMOCBS3H. JTH CBSI3H MOTYT ObITh QYHKUMOHIBHBIMH HIIH
cratucTHyeckuMH. [locnenHue xapakTepu3yloTCcs TeM, YTO OJHA cily4yaiHas nepe-
MEHHasi pearHpyeT Ha H3MeHEHMe JpYroil M3MEeHEHHeM CBOEro 3aKoHa pacrpeje-
NneHus. Mexnay HEKOTOPBIMH SBJIEHUSMH CBSI3b MOXKET OTCYTCTBOBATb.

[Ipu peleHHH Hay4yHO-TEXHHYECKHX 3aJay BO3HMKaeT HeoOXOAMMOCThH yCTa-
HOBJIEHHS GOPMBI M TECHOTHI CBfizeit MeXIy OBYMS WIH GOJBLIMM YHCIIOM pa3-
JIMYHBIX SABJEHHH, H300paKeHHbIX, HalIpUMep, Ha KapTax pa3sHOH TeMaTHKH, WM
MeXIy pa3iH4HbIMH COCTOSIHUSAMH OJHOTO SIBJIEHHS Ha JIBa WM OoJee pa3inu4HbIX
MOMEHTOB HJIM OTPE3KOB BPEMEHH.

b dexTUBHBIMH METOAAMH HCCIIEIOBAHHS YKa3aHHBIX B3aUMOCBS3eH SBJIAIOT-
Csl KOppeJIILMOHHBIA H PerpecCHOHHbIH aHalIM3bl, NIPH HCIOJNB30BAHHH KOTOPBIX
HCXOIAT U3 MPENNONOKEHHA O TOM, YTO HCClelyeMble SBJEHHA MOJYHHEHBI onpe-
JIeNEHHBIM BEPOSATHOCTHBIM 3aKOHaM.

IIpu onpeneneHHH B3aMMOCBs3€i ABJIEHHH C MOMOILLBIO anmnapara KOppensuu-
OHHOTO aHalM3a MOTYT OBITh HCCIIEIOBAHBI:

Hanuyue U popMa B3aUMOCBSI3H MeX Iy AByMsl MM OOJIBIUMM YHCIIOM SIBJIEHHH
NpUpOAbI H 001LECTBa;

crnoco0bl onpefieieH!s B3aMMOCBSA3€H C HCNOJb30BaHHEM PE3y/IbTaTOB H3Me-

peHMii, NMpeiCTaBlIeHHbIX B pa3iH4HbIX (hopMax (KOJIMYECTBEHHOM, KayecT-

BEHHOH WM CMEIlIaHHOM);
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pa3nuyHble BUABI CBS3eH M, Cllef0BaTellbHO, pa3fiHyHble BHIbl KOIPDHLHEH-

TOB KOpPEALHMH.

[penBapuTenbHOe npeicTaBieHHe 0 GopMe U TECHOTE CBA3H MOXHO MONYUYHTh
€ NoMoLIbI0 rpadHKOB, 00pa3yIOLLUX MO KOppeasuil (IHarpaMMbl paccesHUs).

[Tpu ncnonb30BaHMH KONHYECTBEHHBIX MoOka3aTeliei W3ydaeTcs napaMeTpuye-
CKas KOppessiLus, NPH HAIMYHUH KayeCTBEHHbIX XapaKTEpPUCTHK — HelapaMeTpH-
yeckast KOppensLus.

PaccMoTpuM pasnuuHble BHIABI KOIGPHIHEHTOB NapaMeTpHYECKOH Koppes-
LHH.

IMpy HanMyuM OBYX 3aBUCHMbIX CIIyYaHHBIX BEJMYHH X M y MaTeMaTHYeckKoe
oxuiaHue BoipaxeHus M(x —X)(y—y) HasblBalOT KoBapHaLMeil CiyyaiiHbIX
BEJIHYHH X U ).

PasnenuB koBapHalMiO Ha CpelHEKBaJpaTHYECKHE MCTHHHBIE OTKJIOHEHHS

3THX BEJIHYHH, NO/Iy4aeM HCTHHHBIN KO)PHLHEHT KOppesLHH
_ MGx-%)y-7)
S-S,

OMnupHyecKas Mepa TECHOCTH JIMHEHHOH CBA3H MeXIYy paccMaTpHBaeMbIMH
BeJIMYHHAMH ONpeeNseTCs C MTOMOLIBIO MPOCTOTO (BbIOGOPOUHOro) Ko3dduLHeHTa
KOpPpeJISILMH; BEJIMYHHBI e JIHHEHHOH 3aBUCHMOCTH OJHOH NEepeMeHHOH OT He-
CKOJIBKHX H3MEPSAIOTCS MHOXXECTBEHHBIM KO3(M(GHLIHEHTOM KOPpPeSALHH.

Br160pouHsIi napHbIi K03 GHIHEHT KOppeNsAUMH BeIYHCIseTCs o GopMyrie

m
> (% =)~ 7)

r= i=1
mao, o,

xZy
roe X, Y, O,, O,-cpefHHe apupMeTHYECKHE 3HAYEHHs U cTaHaapTel. Yucno-

Bble 3HaYeHUs r HaxoaaTcs B npedenax —1<r<I1.Ilpu r=1 win r=-1 Mexny
SBIIEHMAMH CYILECTBYIOT TOUHbIE MpsAMBblE WIH 0OpaTHble NpAMOJIHHEHHbIE CBA3H

(byHKUMOHANBHbIE 3aBUCHMOCTH).
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B cnyuae, koraa r = 0, Mexay sBIEHHSAMH NPAMON KOPpEJSLMOHHOM CBA3H He
nmeeTcs (MOXeT GBITh KPUBOJIHHEHHAS CBSA3b).
Jinst OLEHKH 3HaYUMOCTH KOO (HULIMEHTa KOPPEISALMH + TIpH YHcie Habmone-
Huit m > 50 npumensiercs dopmyna B. WM. Pomanosckoro:
1= r?

m,—\/;

CBi3b CUMTAETCA YCTAHOBIECHHOM, €C/H BHINONHAETCA yciosue |1 > 3m, .

B cnyuae, koraa uncio Habmonenuit m < 50 oueHka 3HaUMMOCTH KO3 GULH-
€HTa KOppeJIILIMH MOXeT ObITh OfpeleNeHa C.HCMoNb30BaHHEM KpuTepus Pu-

1epa:

z= % {In(1+[r]) ~ In(1-|r])}

KOTOpbIii OAYMHSETCH HOPMATEHOMY 3aKOHY pacripe/ieNieHus.
Cpeanee KBagpaTH4eCKOe OTKIIOHEHHE BENHUHMHDI Z BEIYUCASETCS 110 hopMyre
8z)= L .
n-3
OnpenensioT NpeeNsl BO3MOXHOIO H3MEHEHHS Z
z,£z22,,
rie z, =z - 8(z), z, =z+ 5(z) ¥ BHIYUCISAIOT [0 3HAYEHHAM Z, U Z, KOIDDH-

LHEHTHI KOppeNsLUHH z,, z, U Ar =r, —r, o GopMyne

B el: _ l
N2 = e +1
B cnyuae, eciu 1oBepUTENbHBIA HHTEpBaNT Ar MeHblle ko3¢$¢uLueHTa Koppe-
JISILMM F, TO HATHYHE JIMHEHHON KOppeNsilLHH MeXIy pacCMaTpHBaeMbIMHU siBlie-
HHUAMH MOXHO CHYHTATh YCTAHOBJIEHHBIM.
YacTHble KOIPPULHEHTH! KOPPEISALHH O3BOJISAIOT OLIEHHTh CBA3b MEXIY ABY-
Msl pacCMaTpHUBaeMBIMH TIe€peMEHHbIMH NPH MCKJIIOYEHHH BIHSHHMS B3aUMOJeHCT-

BHA 3THUX ABYX MEPEMEHHBIX C ADYTHMH OCTAaBIUHUMHCS NMEPEMEHHBIMH.
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B yacTHOCTH npu paccMOTpeHHH TpEX sBIEeHWH a, b, ¢, 3TOT KOIPPHLIHEHT

HMEET BHUO
v, = ab : Facbe 2
1-r \1-r.

U IaéT BO3MOXHOCTb OLIEHHTH CBS3b MEXAY MepBbIMU ABYMS SABIECHHAMH NpH
HCIJTIOYEHHH BIIMSHUS TPETHETO.

3HayeHHs 3Toro ko3d¢uuueHTa KOppeNsSLXH 3aKIOUeHbl B Npeenax Mexry
-1 1 +1; Hynb O3HauaeT, 4YTO SBJEHUs a U b HE3aBUCHMBI, KOTa BEJTHYHHBI Nepe-
MEeHHBIX ¢ U d QUKCHPOBaHHbIE.

MHoxecTBEHHBIH K0IQPULUHMEHT KOppeIsSUHH NaéT BO3MOXHOCTh YCTAaHOBHTh
Mepy IMHEHHOH 3aBUCHMOCTH MeXIy [aHHbBIM sBieHHeM X|, H JpyTrHMH
X, X500 X,

Jns TpéX nepemeHHbIX popMyna Ko3pPUIIHEeHTa MHOXKECTBEHHOH KOppesLHH

HMEET BUI!:

2, 2
ha + 13— 2n5h3h,

R = 1—r223 ,rne 0<SR<LI.

3uayenne R, ;=1 yka3piBaeT Ha MoJHYIO JHHEHHYIO 3aBUCHMOCTh NIEPEMEH-

Hoit X| oT nuHeiHO#N KOMOUHaLKK nepeMeHHbIX X,, X;,... . HyneBoe 3Hauenue
3TOoro ko3d¢dyLHEHTa O3HayaeT, YTO MepeMeHHas X, JMHEHHO He 3aBUCHT OT
Habopa nepeMenHbIx X, X, ...

H3 ko3¢ duimenToB HemapaMeTpHyeckod KoppensLH Haubonbllee npuMeHe-
HHE HaxOAAT paHroBble KO3(QHULMeHTH KOppensuud. B psane ciayyaeB uccnenye-
Mble 00BeKTHl (ABJE€HHA) HIH MX NMPU3HAKH HE HMEIOT TOYHOH KOJHYECTBEHHOM
OLIEHKH, HO MMeeTCs BO3MOXHOCTb MX CPaBHEHHs MO KaueCTBEHHBIM IMOKa3aTe-
M. JIist 3TOro no pacCMOTPEHHOMY NPH3HAKY YCTaHABIMBAIOT PaHIH OOBEKTOB,
KOTOPBIMH SIBJISIOTCA MOPALKOBBIE HOMepa, HauHHas C eIHHHULIB], H yBeHYHBAIO-
IIMecs Mo Mepe yObIBaHMA npu3Haka. EAMHMIlY npUCBaMBalOT, HapUMep, 00bek-

Ty, HMelollleMy HaHOONbILYIO MPOTSKEHHOCTh MO MJIMHE, WIH HauboJIbLIyIO IIO-
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wane. B ToM ciyuae, korna 06beKTH MOMY4alOT OAWHAKOBbIE PAHIH H AEJNAT NPH
3TOM MecTa, Hanpumep 5,6,7,8, BceM ITHM o0beKTaM MpHCBaMBAETCS CpefHE
apHdMeTHYecKoe 3HayeHH e paHra 6,5.

BelyHceHHs paHroBbIX KOIGQHULUHEHTOB KOPPEISALHH MOXHO BBIIOJHHTD MO
¢dopmynaM Cnupmena unu Kenpauna. Bosnee wmpokoe HCIo/ib30BaHME HalUla

tdopmyna Crupmena:

6Z(Plu - Pei )2
=1

He=1- 3
m —m

Tle m - YUCIIO Map U3MePEeHMHi B BBIOOpPKe, B YaCTHOCTH COBMajaloLIe ¢ duc-
JIOM paifOHOB Ha KapTax (HalpuMep, apeaoB JecoB, MOYB H.T.I.), 10 KOTOPHIM
OTIpE/IENIAOTCA PAHTH.

['unoTesa o HATHYMK THHEHHON CBA3H MEXIY ABICHHAMH CYHTAETCA MOJTBEP-

XIEHHOMH, €C/IN BLIYHMCIIEHHbIE 3HAaUYeHHs PaHroBbIX ko3¢duuueHTos no Cnupme-

Hy OynyT Gonbiue TabaHYHBIX PHU HAUOONBLIEM YHCIIE H3MEPEHHH:

Uucno u3MepeHHi . . . 10 20 24 30

YPOBCHB CYLIECTBEHHOCTH: : | | 1

005............ 0,564 0,377 0,343 0,306

000............ 0,746 0,534 0,485 0,432

9.2.10. OnpenenieHHe cBAA3H 3aBHCHMO#H H He3aBHCHMOH
cJay4aiiHbIX NMepeMeHHBIX (perpecCHOHHbIA aHaNn3)

B perpeccHOHHOM aHajiM3e pacCMaTpPHBAIOTCA CTATHCTHYECKHE 3aBHCHMOCTH
MeXIy ONHON MepeMeHHOMN, Ha3bIBaeMO# 3aBUCHMON NepeMeHHOM, U NpYroi HiH
HECKOJIbKMMH, Ha3blBaeMbIMH HE3aBUCHMBIMM (OOBACHSIOIIMMH) NepeMeHHBIMH.
Ota cBA3b NEPEMEHHBIX BbIpaXkaeTcs B BHIE ONpeJenéHHON GQYHKUHWH — ypaBHe-
HHS PerpeccHH 3aBHCHMO#l NepeMeHHOMH 10 He3aBUCHMBIM MEepPeMEHHBIM, B KOTO-
poe BXOAHMT TaKxe Habop HEU3BECTHBIX MapaMeTpOB.

Hpﬂ 3TOM BO3MOXHBI CI€QYIOLIHE BApDHAHTHI:
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GYHKUHMS THHEeiHa OTHOCHTEIbHO MOCTOSIHHBIX NMApaMeTpOB M HE3aBHCHMBIX
nepeMeHHbIX;
GYHKUHS NHHelHHa OTHOCHUTENbHO TMOCTOSHHBIX MapaMeTpoB, HO HelHHeilHa
OTHOCHTEJIbHO HE3aBUCHMbIX NEPEMEHHbIX;
GYHKUMS HenMHeHHa OTHOCHTENIbHO M MapaMeTpoB, M HE3aBHCHMBIX MNepe-
MEHHBIX.
CraTHCTHYECKHMH 3a7la4aMH PerpecCHOHHOrO aHalN3a ABJIAIOTCS:
MoJTy4eHHe HaMTYYIIHX OLEHOK HEM3BECTHbIX MapameTpoB perpeccuu S ;
NpOBEpKa rMNoTe3 OTHOCHTENBHO 3THX MapaMeTpoB;
pelleHHre 3a1a4 NpeAcKa3aHts B IPOCTPAHCTBE U BO BPEMEHH.
Ecnu ycranaBnuBaeTcs cBA3b OQHOM 3aBHCHMOIi nepeMeHHOM OT ApYroi Hesa-
BHUCHMOH, TO MONy4aeM ypaBHEHHEe OJHOMEPHOH JIMHEHHOW perpeccuH, Hampu-
Mep, B BHAE:

Y=8+BX+0v

roe ,30 H ,5: — IOCTOSIHHbIE MapaMeTpbl; U — BO3MYIlalolllas nepeMeHHas, xa-
pakTepH3ylollas BeIHYHHY OTKJIOHEHHMS JMHHHM PErpecCHH OT MCTHHHBIX 3Haue-
Huii pyHkuun Y(X).

I'lpn HanM4MK NHHEHHOH CBA3M OJHOH 3aBUCHMOMH M JPYTrHX HE3aBUCHMBIX Ile-
PEMEHHBIX MOXXHO 3aIMCcaTh ypaBHEHHE MHOXXECTBEHHOH THHEHHON perpeccuu:

Y=0+BX,+(X;+..+8, X, +V

rae f noctosuusle napamerpsi (i = 1,2,...,m) oleHKy KOTOpBIX ONpeAENSIOT
1o cnocoby HaMeHbLIUX KBaJPaToB.

ITpu Hanu4MK Tpex nepeMeHHbIX YpaBHEHHe JIMHEHHOH perpeccHy MpHHUMAaeT
BUI:

Y=l;, +l§2X2 +53X3,

rae by, b,, b, — oLleHKH TEOpPeTHYECKHX 3HAYEHHH MapaMeTpoB, KOTOPbIE MOX-

HO OIpefieNIuTh N0 hopMynam



~ 1) ~ )
b, =b,, = r|235—3 by=b,,=r;, %

23 53.2

b=Y-bX,- X5

Foy = rurza ; _ Nyl
H\/—’}) \/I__ﬁz\[_rn

82 =01=-ry; 8 =6y1-r5;

8,, =8 1-r; &,=38,\1-r,

4,5 0,, 8, — CTaHIapTEI, BLIYUCIIAEMbIE TI0 HOpMyIie

Y, X,, X, — cpennue 3HaueHHA EPEMEHHDIX;
r, — napHbie K03 PHLUHEHTbI KOPPENALHH.
YpaBHeHHSM JIMHEHHON perpeccHH, HeIHHEHHOH OTHOCHTENBHO He3aBHCHMBIX

NEpEeMEHHBIX MOXXHO NMPHAATH pa:muqﬂuﬁ Bun. Tak NpH HAIHYHH IBYX NMEPEMEH-

HBIX MOX>XHO 3allHCaTh.
Y=ﬂ0+zm:ﬂiX’ +u
i=]
Korna HMeeTcs 6osee ABYX NEPEMEHHBIX, MOTYYHM
Y=4 +ZﬂX + Z,@XX +Z,q,,x,?+...+u
i,j=1

raue ﬂo,ﬂi ,ﬂ,-j,ﬂ,-i — TeopeTHYecKHe 3HayeHHs KOIQPHLMEHTOB PErpecCHH,

OLIEHKY KOTOPBIX TaK)K€ MOXXHO BBIMIOJIHHTD 110 CNIOCOO0Y HAHMEHBLIMX KBapaToB.
Peluenue 3afaun OLEHKH MapaMeTpOB HENHHEHHOM perpeccHH M Mo mnapaMer-
paM U [0 apryMeHTaM MpeACTaBIAET ONpefeNéHHbIE TPYJHOCTH.
OTMeTHM YTO B HacTosfllee BpeMs Bcé Gonbllee NMPUMEHEHHE HaXOIMT pelle-

HHE 3a1a4H ONpEACIIEHHA ONTUMAJIbHBIX BApHAHTOB ypaBHeHHﬁ perpeccHH, Ha3sbl-
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BaeMO# MOLIaroBoM perpeccueﬁ, Ha OCHOBE OoNpeAeNeHHA COCTaBa U BH1a HE3aBH-
CHMbIX MEPEMEHHBbIX, KOTOpPbI€ BXOIAT B pacCMaTpHBaeMbl€ YpaBHEHHS perpec-
CHH, ﬂyTéM BbIMMOJIHEHHA TIpOUEAYP BKJIKOYEHHsS H HCKIHOYEHHS TNEPEMEHHbIX

(nepebopa nepeMeHHBIX).

9.2.11. BoinBJjieHHe BJHAHHA H3MeHeHHH PaKTOpPOB Ha cpeAHHe
pPe3yJibTaThbl HCCJIelyeMbIX ABJEeHHH (IHCTEPCHOHHDBIH aHATH3)

JlMcnepcHoHHBIH aHaM3 npeacTaBnseT coOOH CTaTHCTHYECKHH MeTOoJ aHa13a
pe3ybTaToB HabmomeHUH, 3aBUCAILMX OT Pa3NHyHbIX OOJHOBPEMEHHO AeiCTBYIO-
IMX GaKTOpOB, MO3BOJAIOLIMA YCTAHOBHTh B KaKOH Mepe CyLIeCTBEHHO BIHSHHE
TOrO WJIH HHOro (akTopa MM HX KOMOMHALMH Ha paccMaTpHBaeMbIi NpH3HaK,
OLEHHUTH BIHAHHE T€X WIH HHBIX (PaKTOPOB MM MX IPYNN Ha H3MEHYHBOCTB Cpel-
HHX 3Ha4YEHHH HU3y4yaeMoro ABJIEHHS.

Pasnuyaror onHo-, OBYX-, TPEX-, # MHOTO(QAKTOPHBIH BapHaHThl AHCTIEPCHOH-
HOTO aHaliH3a, B XOAe KOTOPBIX MpOBepsAeTcs AeHCTBHE OOHOro WM Gonbluero
ONHOBPEMEHHO NEeHCTBYIOLLEro Yucia GpakTopoB.

PaccMOTpHM BapHaHT JUCIIEPCHOHHOrO aHalu3a, Koraa nposepseTcs AeHcTBHe
oJHOoro ¢aKTopa NpH OXHHAKOBOM H Pa3HOM KOJIMYECTBE H3MEPEHH.

ITycTs, HanpuMep, HMeeM m NPUOOPOB M KaXKIbIM U3 HUX U3MEPEHbI OJHHU U Te
ke (H3MYecKHe BEeNHYHHBl (IUIMHBI, YrJbl, TUIOWIAAH, BBICOTBI U Ip.) n,n,,...,n,
pa3. Heob6XoaUMO BBIACHHUTH, ABIAIOTCA NH pe3ynbTaThl HaOMOAEeHHH OTHOpOA-
HBIMH, XapaKTepH3YIOLIHMHCS CHCTEMaTHYECKHMH OLIMOKaMH OAHOro MOpsAIKa,
WX MMEIOTCS MHIAMBHUAYyaJbHble CHCTEMAaTHYECKHE OILIHOKH, BBI3bIBaeMble OCO-
6EeHHOCTAMH HCNONb3yeMbIX pHOOPOB (HabmopaTenei).

Jlns pelieHHs JaHHOH 3aJayH JUCepCHS BBIOOPOYHOH COBOKYITHOCTH packia-
JbIBaeTCS Ha COCTABJIAIOLIHE, OOYCIIOBJIEHHbIE BIHAHHEM Pa3IMYHBIX (AKTOPOB.

CocraBnsiloTcs BCoMorareibHas W OCHOBHas Tabnuua. B nepBoii nomelaiot
pe3ynbTaThl HabmoaeHui (M3MepeHH#) H UX cpeqHHe 3HayeHHs. Bo BTopoi BbI-
YHCJIAIOT JHCMEPCHIO N0 aKTOpaM, OCTaTOYHYIO M MOJHYIO (06LyI0) JHCIIEPCHIO

U 4YHCIIO cTeneHeit cBoboapl A Kaxaoi u3 Hux. [logenuB 3TH cocTaBisiolne
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AHUCIIEPCHH HAa COOTBETCTBYIOLLHUE YHCJIA CcTeneHen CBOGOI(LI, MOJYy4aroT CpeaHHE

2 2
3Ha4Y€HHUs KBaApaTOB JUCIMECPCHH MO Q)aKTOPaM Sl H OCTATOYHOM JHCIIEPCHHU S 5

CpoS
a 3aTeM KpUTepHH Sz
2
IIpy 0AHHAKOBOM KOJMYECTBE H3MEPEHHH ykKa3aHHbie TaOJHLIbI NMPUHHMAIOT
BHI
Tabun. 1
Ipu6op PesyneTatsl HabmoneHu#i cpenHeapudpMeTHYECK
Hble - He 3HAYEHHA
Habmon
aTenu 1 2 3 j n
1 X Xi2 X3 Xjj Xin X,
2 X X» X3 Xy; Xon X,
i Xt Xiz Xi3 Xij Xin ,
m Xmi Xm2 Xm3 Xmi Xmn X,
x
Tabu. 2
Komnonenr | Cymma kBanpatoB Yucno crene- | Cpennee 3Have- | BrraucieHHslH
bl IMCIIEPCHH He#t cBoGombl | HHe kBajpaTa KPHTEPHH
criepcHs m
f:(bm:rcopam ng‘(f, ~x) =0 |k=m-1 |§i= %

OcTtaTtoyHas

ii(xy_f,)zzQz k2=m(n_1) S;:& F=S—'2

AuCIepcHs pargr K, S.
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n

33 (x, -5 =0 |k=mn-1 |5

=) =1

[Monnas

~

(oOwwas)

AUCnepcHs

ﬂﬂﬂ cllydas, Korga 4uciio HabmoaeHui B CEpHAX HEOOHHAKOBO, H3MEHAIOTCA

TOJIbKO (POPMYJIbI AJIst BHIYMCIICHHS] CYMMbI KBaipaToB paccesHust O, u O,

rae n, —4ucNo HabNMoNeHUH B | — O¥f rpyrmne (B CEpHH).

B cnydae, korna BeIYHCIEHHOE 3HaUeHHE MEHbILE MM PaBHO TabIHYHOMY, T.e.
F <F, ., pe3ynbTatsl HabMOAEHH CUHTAIOTCS OJHOPOAHBIMH, MHINBHAYaIbHBIX
CHCTeMaTH4YeCKHX OLIMOOK, BBI3BAHHBIX BIIMSHHEM paccMaTpuBaeMoro ¢akropa
(npubopa, Habnmonarens), HeT, T.e. MOXHO CYMTATh, YTO BCE M3MEPEHHS, BBIMNOJ-
HEHHble Ha Bcex npubopax (BceMH HabmiogaTensiMu) MpencTaBIAOT cOOOH BbI-
60pKy M3 OZHOMH H TOH e reHepabHOW COBOKYNHOCTH.

AHaJlOTHYHO pellaeTcs 3ajaya s AByX TPEX U MHOTO(AKTOPHBIX BapHAHTOB

AHCIIEPCHOHHOI'O aHAJIu3a.

9.2.12. Onpenesienne Beaymux GaKkTopoB pa3MelieHHSI H Pa3BHTHSA
fIBJIEHHA (KOMNOHEHTHbIH, MHOropaKTOpPHBIH aHAIH3bI)

HpH PEIICHHH MHOTOKOMITIOHEHTHBIX 3a4a4 HapOAHOIro XO034iCTBa, Hanpumep,
OnpeaeJICHHH ONTHMAJIBHOIO pa3sMEIICHHUA MPOU3BOACTBEHHO-TEPPHTOPHAJIBHBIX
KOMIIJIEKCOB, 30H CAHATOPHO-KYPOPTHOTIO JICHEHHUA H.T.I., IPUXOAUTCA IPHHHUMATh
BO BHHMAHHE€ MHOT'OYHCIICHHBIE MTPHPOAHBIE H COLIMATIBHO-3KOHOMHYECKHE q)aKTO-
Pbl, OOHOBPEMEHHO BJIHAIOLIHEC HA 00BexT HCCJIENOBAHHA.

Bo3snukaroT 6onbline TPYAHOCTH B 0T06pa>|<e1mu MHOXECTBa pa3H006pa3Hle
nokasarejei Ha KapTax, NpHHATHH C UX HUCIIOJb30BaHHEM ONOCTATOYHO obocHo-

BaHHbIX PELUEHHH.
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Otciona nosBiseTCss HEOOXOOMMOCTh CXKaTHA HHQPOPMALMH, BbISBIEHHA W3
MHOTOYHCJIEHHBIX, MOPOil NPOTHBOPEYMBBIX, MOKa3aTesned, XapaKTEPHCTHK, pas-
HBIX MO CBOEH 3HaYWMOCTH M BaXHOCTH, BEIYLUMX, @ TAK XK€ BLINOJHEHHS ITpPH
HEOOXOAUMOCTH pallOHMPOBaHUS OTOOpaXKaeMbIX TEPPUTOPHUI U OOBHEKTOB H CO3-
JIAaHHS COOTBETCTBYIOLMX CHHTETHYECKHX KapT.

O deKkTHBHOMY pELLEHHIO ITHX 3ajay CrnocoOCTBYET HCMOJb30BaHHE MHOrO-
MEpHOro aHaliu3a, B YaCTHOCTH KOMIIOHEHTHOrO U MHOro)akTOpPHOro, a TaK e
JIATEHTHO-CTPYKTYPHOI'O aHalM3a U MeTOoZla KaHOHHYEeCKOH koppensunu. PaccMot-
PHM OCHOBHBIE 10JIOXKEHHS KOMIIOHEHTHOTO aHaJH3a.

ViMeeM HCXOOHYIO KOppENALHOHHYIO MaTpully R, B KOTOpO# QucrepcuH Mo
cTonbuamM HUMEIOT BeNUYHHBI, KOTOpble M3MEHAIOTCS B NPOH3BOJLHOM MOPSAKe.
3agaya 3aKiIo4aeTcs B TOM, 4TOOBI MYTEM OPTOrOHANBHOrO Npeobpa3oBaHMs
HCXOIHOH MaTpHLbl R mepeiTH K HOBO# CHCTEMe KOOPAMHAT — OT HCXOAHBIX ITe-
PEMEHHBIX X|,X,,...,X, K HCKOMBIM IJIaBHBIM KOMIOHEHTaM Z,,Z,,.--,Z,. B npe-
06pa3oBaHHOH NPH 3TOM MaTpHlie AUCIEPCHH MO CTONOLAM Mo cBOeH BeNHYHHe
JIOJDKHBI pacHoJIOKHThCA B yObiBaloieM nopsnke. B 3toM ciydyae Haubonsiyro
Jomo obuieit (cyMMapHO#) nucnepcHd BbiOMpaeT mepBasi rjlaBHas KOMIIOHEHTa,
3aTteM BTOpas W.T.A., @ NepBble HECKOJNBKO KOMIIOHEHT BhIOEpYyT INIaBHYIO 4acTh
obwei aucnepcuu. IpencraBnseTcs BO3MOXHBIM BMECTO BCEX KOMIIOHEHT HC-
N0NB30BaTh AN AanbHelie#t 06paboTkH TONBKO 3TH MepBble KOMIIOHEHTBHI.

OcHoBHas ¢opMysa KOMIOHEHTHOrO aHajin3a MOXET ObITh NpeAcTaBieHa B

BHIC

rae xp,z,_ COOTBETCTBEHHO p— A UCXOOHAsA NEpEMEHHasA U ¥ — s1 KOMIIOHEHTA,

W, —Bec p— it nepemeHHO# B 7 — i KOMIOHeHTe (KOMIOHEHTHbIE HATPy3KH).

3apmaya NONy4Y€HHs 3Ha4YeHHH [N1aBHBIX KOMIIOHEHT M0 HCXOAHBIM NEpEMEHHBIM

M Hao6OpOT CBOAMTCSA K ONpeJeleHHI0 KOMIOHEHTHbIX Harpy3ok. OHa peulaercs
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Ha OCHOBE HCMNOJNb30BaHMs MOHATHI O COOCTBEHHbBIX 3HAUEHHMSX U COOCTBEHHBIX
BEKTOpax.

M3BecTHO, 4TO HeHyNleBOH BekTop X # 0 HazpiBaeTcs COGCTBEHHBIM BEKTOPOM
MaTpHiubl R, ecid B pe3ysbTaTe COOTBETCTBYIOLLEIO JIMHEHHOro npeobpa3oBaHHs
3TOT BEKTOP NEPEXOAMT B KOJIMHEApHBIH €My, T.e. OTJIHYaeTcs OT HCXOMHOro
TOJIBKO CKaISIPHBIM MHOXHTEJIEM

Rx = Ax.

3nech A — Ha3blBaeTCs COOCTBEHHBIM 3HaYEHHEM HIIM XapaKTepPHCTHYECKHM

YHCJIOM MaTpHLbl R, COOTBETCTBYIOLMM JaHHOMY COOCTBEHHOMY BEKTOPY X .

M3 nonydyeHHOro BhIpaXK€eHHs MOXKHO 3allicaTh ypaBHEHHe B MaTpH4HO#H ¢op-

Me
(R-AE)x=0.

Pa3BépThiBasi onpenenuTeNs (R - AE ) =0, nonyuaem xapakrepucTHUECKHii
TIOJIMHOM, pa3iMYHblE KOPDHM YPaBHEHHS KOTOPOro SABJISIOTCA COOCTBEHHBIMH
3HaueHusmu A; matpuus R .

ITpencTaBHUM 3TOT MOJMHOM B BHJIE

det(AE - R)= A"+ BA'+..+P,

M HCTIONb3Ysl KOPPENSALIMOHHYIO MaTpHLly R, BBIYMCIIHM BCIIOMOTraTesIbHbIE Mat-
PpHLIBI

R*=RR; R’=RR;... R°=R'R,

rnec=2,3,..n

Haxonum cyMMBbl IMaroHaibHBIX 3JI€eMEHTOB: S, — O MaTpHLe R, S, — no Mat-
puue R’, ... S, — no Matpuue R°.

[Mony4yaeM k03 PUUHEHTBI XapaKTEPUCTHYECKOTO MOTHHOMA

P =1
A =-S;
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P =- J'(S,, + RS, +.+FS, )
n

n

HaxoﬂHM HpHGIm)I(eHHbIe COOCTBEHHBIE 3HAYEHHUA
A=-R/R; A4=-PB/R; A,=-PB/F,
3anuceiBaeT MPOHU3BOAHYKD OT XapaKTCPHCTHYECKOro IIOJIJHHOMa H METOAOM
UTepalHil HAXOJMM TOYHbIE BEJTHYHHBI COBCTBEHHBIX 3HaUeHHH no crnocoby Heto-

TOHa.

F(4,,
ll = Ajnp - F'((/l p))

i np.
HOHy‘lHB coOcTBeHHbIE 3HAYEHHA /"-j MOJACTABJIAEM IOCJIECO0OBATEIIBHO UX BEJIIH-

YMHBI B MONYy4YeHHOe Bbillle ypaBHeHHe (cTp. 189), U3 ero peweHus HaxQauUM

coOCTBEHHBIE BEKTOpa, COOTBETCTBYIOLUHE HCIIOJB3YEMBIM B 3THX YPaBHEHHAX
COOCTBEHHBIM 3HAYEHHSAM. Teﬂepb KOMITOHEHTHBIE HAarpy3kH W, A KaXxaoro j-

ro cronfua paBHbI IPOU3BEAEHHIO j-ThIX COGCTBEHHBIX BEKTOPOB HA KOPEHb KBaJ-
paTHbiif U3 j cODCTBEHHBIX 3HaueHU#t. B npeobGpasoBaHHON MaTpHUE AHCNEPCHH
no cronbuaM 6ynyT pacmonaraThcsi B yObIBalollleM NMOpSAAKe, NepBHIE IBE - TPH
rIaBHbIe KOMIIOHEHTHI BRIGEPYT OCHOBHYIO 4YacTh OOIeH OUCIepCHH, YTO MO3BO-
JIS€T BBINOJHUTH BBIYHCIEHHS HCXOAHBIX MEPEMEHHBIX TOJIBKO MO 3HAYEHUSAM
TPEX, ABYX HJIH TOJILKO OJHOW KOMIIOHEHTHI T.€. OCYLLUECTBISAETCA C)KaTHe HHbOp-
MalHH, BblIeJIeHHe BENYIIHX (HaKTOpOB.

310 HaeT BO3MOXHOCTH, HCTIONB3Ys BBIYMCIIEHHbIE 3HAYEHHA IIABHBIX KOMIIO-
HEHT, COCTAaBUTb OTHEBHO MO KaXAOH U3 HUX MM Cpa3y MO HECKOJIIBKHM KOMIIO-
HEHTaM KapThl COOTBETCTBYIOLINX CHHTETHYECKHX XapaKTEPHCTHK, HANIAIOHO
XapaKTepH3yIOIMX pe3yNbTaThl KOMIIOHEHTHOrO aHalu3a M obecneyHBatolne
pelieHKe Mo HUM pa3sHOoOOpa3HbIX HAyYHbIX U NMPAKTHYECKUX 3a/1ay.

OCHOBHOE TIpeLI0XeHHe MHOTOGAaKTOPHOTO aHallu3a BBIPaXkaeTcs ypaBHEHHEM

k
X, = 2,4, (p=1,2,3, . n),

r=1
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rae X, /., — coorBetcTBenHO p — as UCXOolHas repeMeHHas U r — i dakrop;

f,,, — Harpyska r — oro GakTopa Ha p — [0 lepeMeHHYI0; 1, k — YHca cooT-

BETCTBEHHO HCXOAHBIX NepeMeHHbIX U GaKkTopoB (k <n); e, — OCTaTKH.
B naHHOM MeToze pellaloT 3aavyy npeobpa3oBaHHs UCXOOHOH KOPpeNsLHOH-
HOH MaTpHubl R, uMeroluei nxk 3nemeHToB (k < n), B MaTpuLy GakTOPHBIX Harpy-

30K C nxk 3MeMeHTaMH. HpH 3TOM IIOJ1AraroT, 4To Ha6monaeM51e NEPpEMEHHbBIE Xp

MOTYHHSAIOTCH MHOTOMEPHOMY HOPMAaIBHOMY 3aKOHY pacnpelesieHus clydyaiHbIX
BEJIMYHH.

dakTOpHbIE HAarPy3KH ONMpPENEIAIOT PEIIEHHS] MATPHYHOTO YpaBHEHHA

R=LL" +V,

rae L, L' — marpuua ¢pakTOpPHBIX Harpy3oK M ee TPaHCIIOHMpPOBAHHAs MaTpH-
ua.

OnHako pelleHHe 3TOro ypaBHEHUS He SBJISeTCS OXHO3HAYHBIM M JaHHBIA Me-
Toz MeHee 3¢ eKTHBEH MO CPABHEHHIO C METOLOM KOMIIOHEHTHOTO aHANU3a.

Ilpy co3maHMHU KapT ¢ UCMOJIB30BaHMEM OJHOTO M3 JBYX YKa3aHHBIX METOIOB
CHHTETHYECKHE XapPaKTEPUCTHKH OTOOpaXaloTCs Ha HUX crnocoboM H30MUAHH,

pexe MPUMEHseTCs CIocod KapTorpamm.

9.2.13. MeToAbI TEOPHH ANNPOKCHMALHH.

CylIHOCTs anMpOKCHMALMH COCTOMT B 3aMeHe aHAJIMTHYeCKHX GYHKUMH, BHI
KOTODBIX HEW3BECTeH, MNPHONIKEHHBIMH 3aBHCUMOCTAMHM, 00ecleyHBaOILHMH
Haunyyllee NpHOIMKEHHE.

K 4ucny OCHOBHBIX 3ajiay, pelllaeMbIX C UCIIOJIb30BAaHHEM TaKUX (PyHKUMH OT-
HOCATCH:

npeobpa3oBaHus kapTorpadudeckux M300paxkeHH# (MPOEKLHH), AUCKPETHBIX

crocoboB oTOOpaxkeHHH B HeNpepbIBHbIE, JIOKAILHBIX CHCTEM KOOpAMUHAT B

CHCTEMBI KapTorpaduueckux npoeKLui;

onucaHHe (U3NYECKUX H CTaTHHYECKUX MOBEPXHOCTEH, BhlAeNeHHe (OHOBOI

(TpeHIOBO#) U OCTaTOYHOH MOBEPXHOCTEI;
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HHTEPNOJIALHA WU IKCTPaIlOJIALUHUs [POCTPAaHCTBEHHO-BPEMEHHbIX 3aKOHOMeEp-

HoOCTeH;

NeHCTBUS CBS3aHHbIE CO CIIOXEHHEM, BBIYMTAHHEM, JIOrapudMHPOBAHHEM,

b depeHLIHpOBaHHEM, HHTErPHPOBAHHEM MOBEPXHOCTEH, ¢ UX HCIONB30BA-

HHEM 7Sl OTpENeNiEHHs KapTOMETPHYECKHX H MOPHOMETpHYECKHX XapaKTe-

PHCTHK H 1p.

B kadecTBe annpoKCHMHPYIOLMX (GYHKLHA MOTYT NMPHMEHATHCA pasHyHble
TIOJIMHOMBI OJTHOTO, ABYX H 6ojiee apryMeHTOB, HaloIUKUX NpHOIHXeHHe B mpele-
Jlax BCEro oTpe3ka NaHHOH JHHHM WIIM BCeil IUIOLagM JAaHHOTO y4acTka; Kycou-
Hble QYHKLMH, Jaloline NpubIkeHre B Mpe/iesiaX JaHHOTO OTpe3Ka WM y4acTka
1 UX IpaHHull, a TaKXe TOYeYHbIe MOJMHOMBI HIIH COOTBETCTBYIOLLME UM QYHKLIHH.

IIpy M3y4eHHH BepOATHOCTHOH (CTOXAaCTHYECKOH) cocTaBistoLIEeH Mozenn pe-
aJIbHBIX MPOLIECCOB pelLlieHHe paccMaTpHBaeMbIX BOMPOCOB BechbMa Gnm3ka K 3a-
Jaye UCCIeJOBAaHHA U UCMONIb30BaHUS CIyYaiHbIX QYHKLHI B TEOPHH NpelcKasa-
HHS.

W3 MHTepHONALMOHHBIX U aNNPOKCUMHUPYIOIMX (PYHKLUHH OOHOTO apryMeHTa
NPHUMEHSIOTCS MHTEPNOJALHOHHbIe (opmynsl Jlarpanxka, CredeHceHa, TPHIOHO-
METpUYeCKHe NONHHOMbI, HHTEPHONILHOHHbIE GOPMYJIbI C HEHTPAILHBIMH Pa3HO-
CTSMH, HTEPallMOHHO-HHTEPNONALMOHHBIA MeTon DWTKeHa M Ip., CTelNeHHbIe
TIOJIMHOMBI, PAJIBI, YIEHaMH B KOTODPBIX SABJIAIOTCA GYHKLHH OPTOrOHANBHBIX CHC-
TeM (TpHroHoMmeTtpHueckoi, cucteM ¢yHkuuii beccens, Panemakepa, Yoniua,
cUCTeMbl COOCTBEHHBIX QyHKUUH 3anauu 1lItypMa-JInyBunng) U ocobeHHO opTo-
roHanbHble noauHoMsl Jlexanapa, Yebsiena, Slkobu, ob6obuiatoiiue aBa npeasl-
IYIHX BHAA MONHHOMOB (MHorowieHsl Jlareppa M DpMHTa), TPHTOHOMETpHYE-
ckuit psan Pypbe U ap.

K annpokcHMHpyIOILUM MOTHHOMAaM [IByX apryMeHTOB OTHOCATCS: ainrebpau-
YyeckHe, rapMOHHYECKHe, MyJIbTHKBAIpaTHYHbIe NOJIMHOMBI, NonuHoMb! HbloToHa,
romorpaduyeckoro ¥ ahpGHUHHOrO COOTBETCTBHS, OPTOrOHAIbHBIE CHCTEMBI IBYX

nepeMeHHBIX, ABOjHbIe pAabl Pypbe, crnaiH-GyHKLUMH U OpYTHe.
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Haubonee yacto ucnonb3yrorcs cneayrouie U3 HUX. CTeneHHble anredpaunye-

CKH€E MOJIHHOMbI

Z= iiak,ﬁ"r]’ +v.

k=0 ¢=0

rapMOHH‘{eCKHe NMOJIHHOMBI

Z=ZQN/G +Zbk6k +v
k=0 k=1

HIIH

€
Z= Zaky/n +v,
k=0

rie no peKyppeHTHsIM popmynam B.I1. Mopososa.
o =8y, —nb_; 6,=£¢6,,+ng, .
MynbTHKBaipaTUYHbIE TOJTHHOMBI
< 2 2 A
z=a, +Za,‘[(.§—§) +(77— r],,) +a,‘] +v.
k=1
IMonuHoms! THNa HeloToHa
z=a, +Zakl_[[(§_flx)+(ﬂ_ 'h)]-
k=1 k=1
ITonuHOMBI roMorpad)H4eckoro COOTBETCTBHSA

Saxtayta, bx+by+b,

X ’
ax+cy+c cx+c,y+c,

; (¢; MOXXHO NPHHATB paBHBIM 1)

IMonuHoMB! adpPUHHOrO COOTBETCTBHS
x=a,+at+a,n,
y=by+b<+byn,
onpejenseMble MPH HATHYHM He MeHee 3-X OMOPHBIX TOYEK, HE JIeXaIUUX Ha
OMIHOM MpPAMOH.
J{BoiiHble psanbi Pypre

133ax. 942
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Z= Z/lm[am cosnécosmn+b, sinnécosmn+

n.m=0

c,.cosnssinmn+d, sinngsinm r]],

1/4, m=n=0
rae A, =41/2,n21l,m=0un>0 m>1;

Ln2l, m>1

n=0,1,2,.., m=0,1,2, ..

a, = % Hf(é, 1) cosné cosmndéd,
b, = % _[If(\f, 1) sinnécosmndédn;
= % ”f(f, n) cosné&sinmndédn,

d, = ;:7 [[£(&. n)sinngsinmndédn,

k{—;rs.fs m, —r<n< ﬂ}

B atux dopmynax «, — napaMerpsl NpHHMMAIOLIHE 3aJaHHblE 3HAYCHHS;
a,,, b,, a, — NocTosHHBIE NapaMeTphl, ONpeAeNAeMble U3 PEIICHHS CHCTEM YKa-
3aHHBIX YpaBHEeHHH; &, 77 — UCXOHBIE NIEpEMEHHBIE.

Kpome Toro moryr ObiTh HCHONB30BaHbl PANBI MO MOJHHOMaM JlexaHapa u

NPpHCOEAHHEHHBIM (byHKuHﬂM, MOJIMHOMBI MOJyYaeMbl€ METOOOM OpPTOrOHaJIKU3a-

LIMH.
KycouHsle pyHkuuH, raromue npubanxeHHble B npeaenax BHIOpaHHOTO yyacT-

Ka (OTpe3Kka) M €ro rpaHdll B OCHOBHOM OCHOBaHbl Ha NMPHUMEHEHHWH CIUIAHH-

byHKUMi.

9.2.14. OnpeneneHne CHHTETHYECKHX XapaKTePHCTHK NoJiei.

K yncny kapT, Ha KOTOpbIX 0TOOpaXXalOTCs HE TONBKO aHAIHTHYECKHE MoKa3a-

TEJIH, BbIpaXarolllHE UCCIIEAYEMOE SIBJICHUE B €r0 IMPSMbBIX XapaKTEPUCTHKaX, HO H
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HHTerpaibHble (CHHTETHYECKHE) MoKa3aTeNt, Aaolre 0600LWEeHHYI0 XapaKTepH-
CTHKY paccMaTpHBaeMoro siBlI€HHs, OTHOCATCS KapThl MOJEH.

VY CI0BHO X MOXHO MOAPA3Ae/UTh Ha ABE IPYNIbl: KapThl Noneil hu3nIecKux
M KapThl CTATHCTHYECKHX MOBEPXHOCTEH (pacyeTHbIX noJei).

st mocTpoeHHs CTaTHCTHUYECKHX MOBEPXHOCTEH MOXHO HMCMONb30BaTh pa3-
JIHYHble CrIocoObl B TOM YHCIIE:

crnocoObl  CKONMB3AIEro M  B3BELIWBAIOLIEro KpyXka, pa3paboTaHHble

B.A.YepBskoBbiM B 1978 1.;

cnoco® annpokcHMaLuH;

LeHTporpagpHyeckuii cnocob;

crnoco® NMOCTpoeHHUs Ha OJHOM OCHOBE KapThl MIOTHOCTH AOPOXHOH CETH M

HaceJleHHs B U30JIHHUAX;

Crocod NOTEeHIHANOB, KOTOPbIi UMeET Pl pa3HOBUAHOCTEH.

Cpenu mocnenHuX BaXHOH 3HaueHHe WMeeT pa3paboTka croco6oB omnpenene-
HHA JeMorpadHuyecKkoro rnoTeHIMana, AAlLEero HHTErpajbHyI0 XapaKTepHCTHKY
rpymnibl COLUMANLHO-DKOHOMHYECKHX SIBIEHHH: KONIHYECTBa HaceNIeHHs, 4acTOThI
pa3sMelleH!s HaceleHHBIX MMyHKTOB, JOPOXHBIX ceTe. .

JlaHHBIE MOJENH MOTYT ObITh Ha3BaHbl NICEBAOIPABUTALIHOHHBIMH, TaK KaK OHH
noao6Hb! rPaBHTALIHOHHBIM MOJIENAM 3eMJIH M APYTHX HeOeCHBIX Tel.

CreneHplo B3aMMOJEHCTBHA YKa3aHHbIX (DaKTOPOB MOXeT ObITh BBIpaXKe€HO
¢dopMyJio# MoTeHLMaNa AT KaXIOTO j HAaCEJIEHHOTO MYyHKTa

- _ SR
bGa kD

rae R( j) — MIONHOCTb HaCEeNEHHBIX MYHKTOB, /IS KaXIOro U3 KOTOPhIX i=j;

D,‘j — pacCTOsIHHE OT paCCMATPHBAEMOIo HaCEJI€HHOro l=_] MMYHKTA A0 APYTHX;

K — nmocrosiHHbIE KO3¢'¢)HL[HCHTH, TMO3BOJIAIOLIHE HepeﬁTH OT pealbHbIX pac-

CTOSHUH K OPTOAPOMHYECKHM.
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~ ~ LA
Ipu ucnons3oBaHuK 2TOR Moaenu, B kotopoit D = D, | B Toukax nokanusa-
UMM KaXAOTO HACeJEeHHOro MyHKTa D, =0 W BO3HHMKAET pa3phlB H300paKeHHs.

Yr1obbl U3bexarb 3TOT HEAOCTAaTOK 111 TOUE€K HACECJIEHHBbIX MYHKTOB l:j CTaJIk

rnoJjaratb D” =1, 4TO IMMPHBOAHUT K BCNYYHBAHHIO NMOTEHUHAIA B 3THX TOYKaX. IIJ]FI

H30€XaHHs yKa3aHHbIX HEJOCTATKOB MOXHO MOJIOXHTb, 4YTO:
’
DU. = D:m +c,
[Jie ¢ — MOCTOSHHAs BEJMYMHA, MaJIO BJMAIOILAS HA ONpefe/eHHe BETHYHH M-
TeHLMana.
B kaptorpaduueckoi nuTepaType paccMaTpHBAIOTCS M IPYTHe Cocobbl pelle-

HUS 3TOH 3aa4H.

9.2.15. ilnnamMmuka pa3BHTHSI 00bEKTOB H SIBJIEHHH.

H3yueHue npouecca BO3HMKHOBEHHS, Pa3BUTHS OOBEKTOB W ABJEHMH, T.€. HX
JMHAMHKH MI03BOJIAET BBISABJIATH UX BHYTPEHHIOIO CYIHOCTb, ONIpENeNsATh HaNpaB-
JIeHHs ¥ TeHAEHUMH UX U3MeHEeHHH BO BPEMEHH M B NPOCTPAHCTBE, CIYXHUT OCHO-
BOW 11 UX HAY4YHOrO NMPOTrHO3a.

Ilp1 3TOM HEpeAKO MCIONb3YIOTCS PAlbl AHHAMHKH, KOTOpbIE MpPEACTaBIAIOT
c000ii COBOKYIHOCTH YHCJIOBBIX 3HaY€HHH TOrO WIM HWHOTO CTATUCTHYECKOro
noxasatesisi, Ha3blBaeMble YPOBHAMH psia.

Psiasl qMHaMUKH MOTYT ObITh MOMEHTHBIMH M MHTEPBAJIbHBIMH, YPOBHH KOTO-
PbIX COOTBETCTBEHHO XapaKTEPH3YIOT ABJEHHA 1O COCTOSHUIO Ha ONpefeNeHHble
MOMEHTBI BpEMEHH WJIM B HTOre 3a ONpefeNeHHbIH NMepuHoi BpeMeHH. YPOBHH
TMOCJeAHMX MOXHO CKJIaibiBaTh (IpoOUTH) M B pe3ynbTaTe Mojy4yaTh JUHAMHYe-
CKHe XapaKTePHUCTHKH C HapacTaroLUUM HTOTOM.

BpemeHHble psiibl MOTYT BbIpaXkaThcsi aOCOMIOTHBIMM TMOKa3aTeNsMH M Ha HX
OCHOBE OTHOCHTEJIbHBIMH U CPeAHUMH BeJTHYHHAMH.

B kauecTBe OCHOBHBIX XapaKTEPHCTHK PSIOB AHHAMHKH HCIIONB3YIOT CpelHHE
YPOBHM pslioB, aOCONIOTHBI NPHPOCT, TEMNI pocTa W TeMN IPHPOCTa

(OTHOCMTCJ'I bHBIC noxazarenu).



197

[ MHTEepBaIbHBIX PANOB U PAAOB CpPeAHHX BEIWYHH CPeJHHH YPOBEHb Bbi-
YHCIIAIOT KaK cpelHee apu(MeTHUECKOe W3 OTHeNbHBbIX ypoBHeil psima. s Mo-
MEHTHbIX PsIOB BHauajle OINpeNeNslOT CpeiHHe apuPMeTHYECKHE BeHYHHbI
MeXIy KaXIbIMM ABYMS YPOBHAMH CMEXHBIX MOMEHTOB, a MO HHM IOJyYaloT
obiee cpenHee apudmeTHueckoe 3HayeHue. [Ipu onpeneneHHH CpeJHEro ypoBHS
BBIUMCIIAIOT TAKXKE CpeHee KBaJApaTHYeCKoe OTKIOHEHHe H KOIGHULIHEHT BapHa-
LHH.

AGCOIOTHBIH NPHPOCT ONpeneNseTcs Kak pasHOCTb MEXAY ABYMS YPOBHSAMH
psla; TEMIMBl pocTa U MpUpocTa (OTHOCHTENbHBIE MOKa3aTeNH) MOKa3bIBalOT, BO
CKOJIBKO pa3 MJIM Ha CKOJIbKO NPOLIEHTOB YPOBEHb JAHHOTO MepHOja OTIHYaeTCs
oT 6a3HCHOTO YpPOBHS.

INpy Mcrons30BaHMH AWHAMHYECKHX PAINOB BO3HHUKAeT 3ajaya HX CMbIKaHHA,
T.e. 0ObeMHEHH B OOMH OoJiee MIMHHBIA AN ABYX HIIM HECKOJIBKHMX PAIOB,
YPOBHH KOTOPBIX OIpelesieHbl Mo pa3Hoi MeToanke. [TockonbKy ypoBHH JHHaAMH-
YECKHX PSANOB CO BpEMEHEM MEHSIOTCS M0/ BO3AEeHCTBHEM Pa3IMYHBIX NPHYHH, TO
NpH MX H3YYEHHH BBIAEJAIOT TPH KOMIIOHEHTA: TEHAEHLHIO, BBIPAXAIOLIYIO A0T-
roBpeMEeHHOE [BH)XXEHHE, KpaTKOBpDEMEHHble CHCTEMAaTHYECKHe M clydadHble
cocTaBistolire (ABHXeHus). [Iis BbISABIEHHS 3THX COCTaBISAIOILMX BBITIONHAETCS
06paboTKa pAROB TUHAMHUKH.

JluHaMHuYeckHe psAibl MOTYT OBITh MPEACTaBJIEHBl B CTATHCTHYECKOH (opme, B
BH/E TabJHL, HO MOTYT ObITh 0TOOpaXKeHBl Ha pa3HOBPEMEHHBIX KapTaxX OJHHX H
TeX )Xe ABJICHHH.

B kauecTBe pa3HOBpeMeHHBIX KapT MOrYT OBITh HCIIONB30BaHbI JIIOObIE KapTHI,
JalollHe 0ToOpakeHHe OJJHHUX H TeX Xe TeppUTOpPHi, OOBEKTOB, TPOLIECCOB, ABJIE-
HHUH Ha pa3/IHYHble MOMEHTHI HIIH HHTEPBAIBI BpEMEHH.

B cBoio ouepenp Mo pasHOBPEMEHHBIM KapTaM MOXHO COCTaBHTb IMHaMH4Ye-
CKHEe pAIBI, BBIABUTH 1O HUM H3MEHEHHMs, MPOMCILUENIIMe 33 paccMaTpHBaeMBblii

nepuon.
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JivHaMHUKa siBIEHHH W MPOLECCOB 3a OMNpele/ieHHbIA MepHO] BPEMEHH MOXET
6bITh OTOOpaXkeHa Ha ONHOH KapTe C HCMOJb30BAHHEM TMOBTOPAIOILEHCA WM
CreLHanbHOM CHCTEMBI YCIIOBHBIX 3HAKOB.

Ilpy co3maHMH KapT AWHAMHKH BaXHEHLIMMM MarepualamH, oOecrieyuBaro-
LIMMH OfEpaTHBHOE H3yYeHHE M ClIeEHHEe 32 U3MEHEHHAMH (pa3BUTHEM) sBIie-
HHH, MHOTOKpaTHOE OIpe/ie/IeHHe COCTOSAHMS M NPOCTPAHCTBEHHOIO HX IOJIOXe-
HHS Ha 3aJ]aHHble MOMEHTbI BPEMEHH, SBJIAIOTCA KOCMHYECKHE CHUMKH M ApYyrue
JaHHble IMCTAHLMOHHOIO 30HAMPOBaHUsA. MICroNB30BaHHe ITHX MAaTepHAOB, KaK
Y ONEpaTHUBHBIX (HEMPEPHIBHO U GBICTPO CO3MAIOLIMXCS) PaB3HOBPEMEHHBIX KapT,
TN03BOJISIET pellaTh 3aa4y MOHUTOPHHIA IPHPOLHOM CPELBL.

B mpouecce aHanu3a KapT AMHAMHKH, PACCMOTPEHHH PALOB THUHAMHKH BO MHO-
THX Cly4YasX MNpeACTaBisAETCH BO3MOXKHOCTb BbIABIATH 3aBUCHMOCTH YPOBHe#
MOC/NeAYIOIMX TNEePHOJOB OT INpeAliecTBYIOWMX. TaKkyl0 3aBUCHMOCTb MOXHO

BBIPa3HTh MPH MOMOLLH K03 HHLIHEHTa aBTOKOPPEALIHH.

DR AR AN (y,)
o Yyi-n(z)

rae y,, y,., — ACXOOHbIE U CABHHYThIE Ha ONHH NEPHOI YPOBHH pAfa.
ITpu 3TOM, 4TOOBI P He COKpaaica, B CABUHYTOM YPOBHE V,_; MPHHHAMAIOT

ypoBeHb Y, =}, (IIpH YCIIOBHH, 4TO 3HaY€HHE MOCIEAHErO YPOBHSA MaJlo OTJIHYa-
€TCs O [epBOro).

Koa¢dduureHTsl KOppeasunH BEIYHCIAIOT MeXAy YPOBHSMH, CABHHYTBIMH KaK
Ha OMIMH, TAK M Ha HECKOJIbKO MepHonoB (eAMHHUL, BpeMeHH). BenuumHa Takoro
C/IBHI'a Ha3bIBA€TCSi BpPEMEHHBIM JIaroM.

Ilpy M3yyeHMHM M HCMONB30OBAaHWHM IHHAMHYECKHX XapaKTEPHCTHK H JaHHBIX
apyrux sBiaeHH# ¥ npotieccoB B [MC LUMpOKO HCMONB3YIOTCS KOMIIBIOTEPHbIE
TEXHOJIOTHH. VX NMpHMeHeHHe NO3BONAET MOCNEN0BaTE]bHO PacCMaTpHBaTh pa3-

HOBpPEMEHHBIE KapTbl JHHAMHKH, 4YTO CO3dacT 3(1)(1)6KT JABH)XECHHSA H H3MEHEHHs
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00bEKTOB, MPOLECCOB H ABIEHHH, BO3MOXHOCTb YCTAHOBJIEHHS 3aKOHOMEPHOCTEH
ITHX H3MEHEHHH.

Bo3HHKIIO MOHATHE AHHAMHYECKOrO KapTorpaQHpoBaHHUs, BKIIOYAoLIee MeTO-
Ibl ONpefieNieHHst AMHAMHYECKHX XapaKTepPUCTHK Ha pas3fiMyHble MOMEHTBI MIIH
BpeMeHHble MHTEepBaIbl U METOAbI X OTOOpaKeHHs Ha KapTax, a TakKe MOJEINH-
POBaHHA M CO3[aHHA OUHAMHYECKHX GMIBTPOB 0OecrnevuBaolMX BO3MOXXHOCTh
NpocCjeXHBaHUsA 3TanoB pa3BUTHA OOBEKTOB MPUPOAbI M obllecTBa B JIHOOOM
nopsiike (B MpsiMOM MM 0OpaTHOM HarpaBiieHHH) Ha ocHoBe npuMeHeHus [ UC —
TEXHOJIOTHH.

Bo3HHK Takke TepMHH aHMMALMOHHOTO KapTorpa¢pMpoBaHMs, KaK CpelcTBa
BH3yaM3alMH AMHaMH4Yeckoi HHGopMauuu. [3]

H3yyeHue NMHAMHMKHU MPOLIECCOB U ABJIEHHI ABNAETCA OCHOBOMH [UIfl BBINMOJIHE-

HHUA UX MPOrHO3HUPOBAHHA.

9.2.16. IlporHo3npoBaHHe AABJIeHHH H MPOLECCOB.

Pa3pa6oTka MeTOZOB NMPOrHO3MPOBaHUA SBJIEHHH H MPOLIECCOB, B YaCTHOCTH
NPOTHO30B HAIH4Hs IPUPOAHBIX PECYPCOB, COCTOSHUSA MPHPOLHON CPelbl H KO-
HOMHYECKHX BO3MOXXHOCTEH, ABJSAETCS BaXKHeHlleH 3ajayeidl HayKH M MPaKTHKH
ocobeHHO npH pa3paboTke IepcrneKTHBHOrO AOITOCPOYHOro MIIaHMPOBaHHA pas-
BHTHA HapOJHOIO XO3HCTBa.

IIporno3s! MOryT OCYILECTBIATLCA B MPOCTPAHCTBE W BO BPEMEHH Ha OCHOBE
aHalM3a CTaTHYECKHX MaTepHalOB, AaHHBIX, MOJYYEHHBIX MO KapTaM, H Herno-
CPeCTBEHHO MyTeM M3y4YeHHS M MCCIIeOBaHUS ABIEHHUI, 0TOOpaXKeHHBIX Ha HHX.

ITporHo3s! Bo BpeMeHH CBSA3aHbl C H3yYeHHEM KIIMMAaTHYeCKHX U METEOPONIOTH-
4eCKHX ABJICHHH, 3PO3HOHHBIX MPOLIECCOB U COBPEMEHHON TEKTOHHYECKOH aKTHB-
HOCTH, YPOXXalHOCTH pPa3IHYHBIX CEeNbCKOXO3AHCTBEHHBIX CTPYKTYp M ApYrHX
JMHaMHYeCKHX sBjeHuil. [IporHo3sl B mpocTpaHcTBE MOApa3AeNsloTCs Ha Npo-
THO3Bl MO BEPTHKaNH (HampHMep, MpPH HCCIEJOBAaHUH OKEaHHYeCKHX IIyOMH, B
reoNIorH! U reoMopQONIOrUy Ui MpeACKa3aHUs HAIWYMS U pa3MeLLeHHs rones-

HBIX ucxonaeMux) H MO FTOPHU3OHTAIH (HaanMep, Ha OCHOBE€ U3Yy4YCHHA naHumaq)-
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TOB-aHAJIOrOB BbICKA3bIBAIOTCA MPENNONOXKEHHS 00 OCOOEHHOCTAX MajloM3y4eH-
HBIX TEPPHTOPHH).

[IporHo3bl MOTYT GbITH NOArOCPOYHBIMH M KPATKOCPOYHBIMH, HaNpHUMED, NpH
MPOrHo3e ypo)kxanHoCTH Ha 5-10 et wiM Ha Tekywuid roa. Beinensior ceepxnon-
rocpouHsle (Ha TeicAyeseTHs U 6onee), NONrocpoUHbIi (HECKONBKO AECATHUIETHIH),
cpeaHecpounbiit (10-15 nert), kpaTkocpouHblft (3-5 NeT) U CBEpXKpPAaTKOCPOUHBIH
nporHo3. PaznuyHele crnocobel nporHosa paccMoTpeHbl B paboTax MHOTHX Yyue-
HBIX.

K uncny takux cnoco6oB nporsosa, HanpUMep, OTHOCHTCA CIOCo0 KapTorpa-
¢uyeckoro nporHosa [2], korga HccnenyeMble SBICHHS NPeACTaBleHbl He B aHa-
JIMTHYECKOH, a B KaprorpapHyeckoil ¢opMe M NMpeACTaBAfeTCA BO3MOXHBIM Ha
OCHOBE HX H3y4YeHHS paclpOCTPaHHTh 3aKOHOMEPHOCTH 3THX ABIEHHH Ha Apyrue
TeppUTOpHHM MM Oyanyluee Bpems.

JIns BBINONHEHHA NMPOrHO3a MOXHO HCMOJNb30BaTh YPAaBHEHHS aBTOPETPECCHH,
perpeccHH M anmnpoKCHMAalLHH, CNOCOG KoppenaT ¢ HCMONb30BaHHEM (OpMYI
KOHEYHBIX pa3HOCTe#, TMHEHHOro U HEJMHEHHOro CriaXHBaHHs, cnocod nHHeH-
HOTO NpeACcKa3aHHs CTALMOHAPHBIX CTy4YaiHBIX MPOLECCOB, CIOCO6 OCHOBAHHBIA
HA CNEKTPaJbHOM pa3fioXKeHHH CTallHOHApHOMW Ciy4yaiHO# QYHKLUHH Ha KOHeu-
HOM Y4acTKe, cocob mpeAcka3aHHs CTaLHOHAPHBIX CAyYaHHBIX POLIECCOB METO-
JIOM TIOocjieoBaTeNbHOM 06paboTKH HaHHBIX C HUCIOJb30BAHHEM 3KCIOHEHLHAIb-
HOTO CIJIa)KHBaHHA, 3KCIIEPTHbIE MOZAENH MPOrHo3a, Croco0bl IPOrHO3a, OCHOBAH-
Hble Ha COCTAaBNEHHH W PELIeHHH CHMCTeM NH¢QepeHIHANIbHBIX YPaBHEHHH C HC-
MOJNb30BaHHEM HEeNpephIBHO MocTymnaooued HHQOPMaUHH O pa3sBHUTHH ABIEHUH U
MpPOLIECCOB U ApYTrHe.

Tak, HanpuMep, pellieHHe 3alaud NPOTHO3UPOBAaHHS MOXET OCYILIECTBJIATLCA C
HCNONBb30BAHHEM PAaCCMOTPEHHBIX BbIlE YPaBHEHHH OJHOMEPDHOH H MHOXECT-

BEHHOH JTHHEHHOM perpeccHH:

Y=b+bX;

Y= I;, +I;2X2 +I;,X3+...+I;M'Xm,
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a Tak)Xe ypaBHEHHH HeIMHEHHON perpeccuH.

TH ypaBHEHHs BbIPaXalOT OCHOBHblE 3aKOHOMEPHOCTH JIMHEHHOH (MK HeNH-
HEHHOH) CBS3H 3aBHCHMMOH (MPOrHO3MpPYeMOii) nepeMeHHOH Y M He3aBHMCHMbIX

NEPEMEHHBIX X’ H IO3BOJIAKOT IO 3HAYCHHAM X: OnpeaeInTb BEJIHYHHbBI Y kak

BHYTpH TabHLbl (HHTEPMOJALIUA), TAaK U 32 ee npeleaMy (IKCTPanonsLus).

IporHo3 sBNeHHi (MpoOLECCOB) Ha OCHOBE HCMOJb30BaHHS aMMpPOKCHMHUPYIO-
IIKMX QYHKLHHA BBINONHAETCA CIEYIOIUM 00pa3oM.

Kak oTmedanoch Bblllie, TO HJIH HHOE sBJeHHE OOBEKTHBHOH PealbHOCTH MO-
XeT ObITh onucaHo obLiedl MaTeMaTHYeCKOH MOAeNblo, BKIIOYaloLIeH AeTepMH-
HHPOBaHHY!0, CTOXaCTHYECKYIO H YHCTO CITy4aiHyI0 COCTaBJAIOLIHE.

JleTepMHHHPOBaHHAs COCTABJIAIOILAA 3TOH MOZIENH MOXET ObITh MpeACTaBleHa
B BHJ€ COOTBETCTBYIOLIEH MOBEPXHOCTH B aHAIHTHYECKOH MM B KapTorpaduue-
ckoii popmax.

YpaBHeHHE PacCMaTpHBaeMOM MOBEPXHOCTH Z = f(X, y), KaK NMpaBU/IO HeHs-

BecTHO. OHO anMpPOKCHMHpPYeTCs Pa3IH4HBIMH 3aBUCHMOCTAMH, IIaBHbIM 0Opa-
30M yKa3aHHBIMH Bblllle MojHHOMaMH. Hicrons3oBaHHe nocnenHux obecneynpaeT
BbISIBJIEHHE PAJa OCHOBHBIX 3aKOHOMEPHOCTEH JAHHOTO SABJIEHHS, BO3MOXHOCTb
NOCTPOCHHS KapT MOBEPXHOCTH TPEHJA H OCTaTOYHOH NMOBEPXHOCTH, BbIYHCIIEHHE
3HaYeHHsl amnIUIHKAT (XapaKTEpPUCTHK) 3TOro (NpOrHO3HpyeMoro) siBjle€HHs IO
3a/laHHBIM MPAMOYrOJIbHBIM HIIH APYTHM KOODAMHATaM KakK BHYTPH HcclledyeMoi
obyiacTH, TaK H 3a ee npeenamy.

Crenyet TONBKO UMETh B BHAY, YTO NMPH HCMONB30BAHHH MOJIHHOMOB HE06X0-
JIUMO, YTOOBI HCXOHBIE NEpEMEHHBIE ObIIIH HOPMHPOBaHBI MOA YCIIOBHEM, YTOObI
Sax <1 M 1, <1 c ydeTOM MaKCHMaJbHOrO PaclpOCTPaHEHHA TEPPHTOPUH, Ha
KOTOPYIO IIPeANOIaraeTcs OCyIIECTBIATh IPOTHO3.

Jlns BHINONHEHHS MPOTHO3a MOXXHO MOCJIeN0BaTeNbHO HCIONB3OBATh YpaBHeE-
HHSi PErpecCHH, a 3aTeM annpoKCHMHPYIOIIHE 3aBHCHMOCTH (MOTHHOMBI) HIH

HaoboporT.
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ﬂ‘ﬂﬂ peuieHus paccmannBaemoﬁ 3aJa4H NoC€aoBATE/IbHO HIIH OTHACJIBHO,
NMPHMCHAIKOTCA TAaKXE Ka4Ye€CTBEHHbIC METOIbl IIPOrHO3a, CoJAepiKallue OonbLIeH
YacCTbiO CJIOBECHBIC OMMHUCAHHA 6yﬂyll1€l"0 COGBITHX, OCHOBAHHBIC, ITABHbIM 06pa-

30M, HA MHEHHSX, OMNBITE, CIICLHAJIbHbIX 3HAHHAX.

9.12.17. llonaTHA TeopHH HHPOPMAUHH H HX NPHMEHEeHHe B
KapTorpagumu

O#HHUM M3 OCHOBHBIX NOHATHH TEOPHH HHOOPMALMH HABNAETCA OIHTPONHUA,
npeacTaBnsomias coboil CyMMy NpoW3BeleHHH BeposTHOCTEH P pasmH4YHbIX
COCTOSTHMH CHCTEMBI Ha JIOTapHPMBI 3THX BEPOATHOCTEH, B3ATYIO ¢ OOpaTHBIM
3HAKOM.

Ilycts A4;, A;. ...A, — IOJIHAsA rpynna HecCOBMECTHBIX coObITHI. Torna saHTponus

3T0# rpynnel co6bITHt onpenensercs bopmyJoi
H(A)=-) P(4,)log, P(4). (99)
i=1

Outponus H(X) nMckpeTHOH ciy4aiHO# BeaHuYMHBI X, MPMHHUMAIOLIEH 3HaYe-
HHA X}, X2,...Xn, C BEPOATHOCTAMH P, P,,..., P, onipefienseTcs BbIpaXeHHEM
n
H(X)=-)Y Plog,P, (100)
i=1
Ipu 3T0M MpuHATO 6paTh NorapudMul BEpOATHOCTEN MPH OCHOBaHHH a=2.
DHTpOnUs MOXeT ObITh BHIYMCIIEHA C HCIOB30BaHHE abCONMIOTHBIX U OTHOCH-
TEJbHBIX XapaKTEPHCTHK, NIPEJCTABIEHHBIX B KOJTMYECTBEHHON HIIM Ka4€CTBEHHOM
¢dopme. [Lis 3TOoro Heo6X0OMMO TONBKO ONpENEeIUTh Ha UCCIEeNYEMONR KapTe HOJ0
®, KaXIOro KOHTYpa HIIH NHHeHHOro o6beKTa, NoA KOTOPOH MOHHMAIOT OTHOLLIE-
HHYe TUIOLaIy JAHHOrO [ — ro KOHTypa (IVIMHBI JAHHOH i — W JIMHUM) TIOLALH
BCEX N KOHTYpOB (K CyMMapHOH JUIMHE » BceX JIMHHM) Ha kapTe. OTMETHM, 4TO
COIJIaCHO C U3BECTHBIMHU MOJIOKEHUAMH 3TH A0JH (YaCTHOCTH) MOTYT IPHHHMATh-
cs 3a SMIIMpHYECKHe BEPOATHOCTH, U CliefoBaTeNbHO, B ¢popMyiax (99), BMecTo

3HaueHHI Pi MOXXHO 3anHcaTbh BEJIHYHHB] @, .
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DYHKUMA JHTPOINHHU 0bafaeT clelyoUHMH CBOACTBaMH:
npy n=1 oHa obpauiaercs B HyJb;
NpH yBENHUYEHHH COCTOSIHHI N 3HTPOTIUS BO3pACTaET, TOCTHUTas MaKCHMaJibHO-
ro 3HayeHHs B Cllyyae paBEHCTBa BEPOATHOCTEHN p\=p,=...=p,=1/n;
npx #=0 NPHHATO CUHTATh, YTO SHTPONHSA TAKXKe PaBHa HYIIIO;
npy o6beAMHEHNH HE3aBUCHMBIX CHCTEM JHTPONHH 3THX CHCTEM CYMMHDYIOT-

cA, T. €.

n n
H(A+B)= H(A)+ H(B)= —ZM o, log, ®, — ZH w,, log, w,;
npH o6beAMHEHHH B KaKOH — TO Mepe 3aBUCHMBIX siBJIeHHH A U B, B KOTOpBIX
HEKOTOpble M3 KOHTYpOB a; (HampHMep, Ha KapTe [104B) COBMAJalOT Ha JaHHOH

TEPPUTOPHH C KOHTYypaMH b; (HampuMep, Ha KapTe pacTUTEIbHOCTH), IHTPONUS

cucrembl AB 6ynet paBHa

n m
H(4B)=-)%" @,, 108, @,

i=l j=1

rae @, —nons (4acTocThb) COBIMaJeHUSA KOHTYPOB.

PasHocte T(AB) Mexxay cyMMo# SHTpomus ABYX MM 6ojiee OTAeNbHBIX KapT U
JHTPONHEH COBMELIEHHOro HM300paXKeHHA XapaKTepHu3yeT CTemneHb COBMafeHHs
apeaJloB pacCMaTpPUBAEMBbIX ABIEHHMH

T(AB)=H(A)+H(B)-H(AB),

npu 3toM H(A)+H(AB)>H(AB),

3HTPOMNHUSA CIIYXHT MEPOH HEeOoNpeaeNeHHOCTH CHCTEMBI, 10 KOTOPOii B KapTo-
rpadMu MOHMUMAIOT CTeNeHb MPOCTPAHCTBEHHOH AHddepeHLIHPOBaHHOCTH ABIe-
HHMH, XapakTepu3sylolleii HEOOHOPOAHOCTb Kaprorpaduueckoro H300paKeHHA
3TOro ABJICHHUA.

YuuThiBass 3TH CBOICTBa, B KapTrorpaguu paccMaTpHBarOTCsA BONpPOCh 06 on-
peneneHHH MoKasaTens HeOJHOPOOHOCTH H(A) (3HTpONHUM) ABNEHHH, OTOOpaXkeH-
HBIX Ha KapTax, U ko3¢ ¢dHLHeHTa B3aHMHOIO COOTBETCTBUA KOHTYpoB. Bennunna

rokasaTeis HEOMHOPOAHOCTH H(A4) Ha KapTax 3aBUCHT OT ABYX NPHYHH: OT YHCNA
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MOKa3aHHBIX Ha He# KOHTYPOB H OT IJIOLIAaAH, anXO,ElﬂllleﬁCﬂ Ha OO0 KaXaoro

U3 HUX.

HeonHoponHoOCTb MOXET W3MEHATHCA OT HYNS NMPH H300paKEeHHH Ha ydacTke
KapThl OZIHOrO KOHTypa H BO3pacTaTh, CTPeMACh K OECKOHEYHOCTH (IIpH yBenHue-
HHH YHCJIa KOHTYPOB, H300pakaeMbIX Ha 3TOM y4acTke kapTel). B ciyuae, koraa
Ha JaHHOM Y4YacTKe KapThl OTOoOpaxkaeTcs (PUKCHPOBAHHOE 4YHCIO KOHTYpOB,
BeJINYHHA HEOJHOPOJHOCTH 3aBHCHT OT OTHOCHTEJbHBIX pa3MepoB, IUloliajed

KaX[I0TO H3 HHUX, T. €. OT 3HAYCHHH I0NeH @,, ITHX KOHTYPOB.
HeonHoponHocTe mocTHraer mMakcHmyMa, e;cnu BCE NONH @,, paBHbI, T. €.
0, =W, =...= @,. B 3T0oM ciyyae
H(4)__ =log,n
Kpome abcommoTHOM 3HTPOMNHUH, BEIYHCIAIOT TaK)Xe OTHOCHTENIbHYIO SHTPONHIO

no ¢popmyne

- |l
H(A) B Zwl ng a)l

i=1

H(4)_, log, n

H(4),, =

3TOT nokasarteib XapaKTE€pPH3YeT OTHOCHTEJIBHYIO HEOAHOPOAHOCTD. Ero 3Ha-
yeHus H3MeHstoTes ot 0 1o 1.
Ecnu NPpHHATH, HTO MaKCHMaJIbHass HECOAHOPOAHOCTDb Kap'rorpatbullecxoro H30-

6pa>|<eHm1 paBHa €AHHHLE, TO

E(4) = 1- ()., - P )

max
Tenepnb, UCMONB3ys NMpPHBEJEHHBIE BBILIE BbIPAKEHHS, MOXHO TPUBECTH ¢op-
Mysy Ko3h¢uLHeHTa B3aUMHOTO COOTBETCTBHUA (HampuMep, KOHTYpPOB MOYB H

pacnrrenbﬂocm):

K(AB)=——~
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3TOT KO3 GHUIHEHT BbIpaXaeTcs B MPOLEHTAX MIIK B AOJIAX €IMHHLbI B Npeje-

nax 0<K(AB)<I.

9.2.18. MeToabl npeoGpa3oBaHus KapTorpadH4ecKkoro
H300paxkenusn aas peuwenusn 3agay F'HC.

H3yyenue u uccnenoBanue 0OBbEKTHBHOM pealbHOCTH Hepenko Gonee sddek-
THBHO, €CJIH OHO OCYIIECTBJIETCS HE 10 OOBIYHBIM HCXOIOHBIM KapTaM, a 1o Kap-
TtorpaduyeckuM uzobpaxenusam (KU), crneunanbHo npucrnocobieHHbIM I pe-
1IeHHA MOCTaBNAeHHBIX 3aaay. [13]

[Tonyuenue KW, obnanaroiiiero xesnaeMbIMH CBOWCTBAMH H OTBEYalOILIEro 3a-
JaHHbIM TpeGOBaHUAM, BO3MOXHO pa3NUYHBIMH METOJaMH, MpPHHaAJIEXAILUM
IByM rpynnaM. [lepBas rpynna npeaycMmaTpHBaeT pellleHHe NTOCTaBIeHHOH 3a1auH
3a cyeT pa3pabOTKH HOBBIX, OTIIHYHBIX OT TPAXAHLHOHHBIX, KJaccoB KH. Bo BTO-
poii rpyrmne JOCTaTOYHBIM SBNSETCA NMPHBEIEHHE OCHOBHBIX 3JIEMEHTOB HCXOIHOM
KapThl K TpeOyeMOMy BHAy, T.e. JOCTaTO4HO co3naBaTh TpaguuHoHHble KU, HO
npeo6pa3oBaHHble MO OTHOLIEHHIO K HCXOAHOMY H300paxeHHIo.

Hempaoduyuonnvie npeobpasosanus KH. I3BecTHbIe B HacTOslLEe BpeMs: CIIO-
coObl MO3BOJIAIOT CO3aBaTh ClieNylOlIHe HOBbIE KilacChl Mpeobpa3oBaHHBIX H30-
6paxeHuit: aHaMopdHpoBaHHbIe KapThl; aHaMOpGO3bl; TOMONOrHYECKHE KapTo-
rpaMMbl; KapTOHIbl; MEHTAIbHBIE KapThl.

AHaMopdHupoBaHHBIEe KapThl. B HacTos1ee BpeMs 10 OCOOEHHOCTAM HC-
Nosb3yeMoit MaTeMaTH4eCKO# OCHOBBI Pa3M4aloT TPH THIAa aHaMOpPpHPOBAHHBIX
KapT, COCTaB/IsIeMBIX COOTBETCTBEHHO B BapUBAIEHTHBIX MPOEKIHAX, IEPEMEHHO —
MaclITabHBIX TMPOEKUHAX, a TaKKe MPOEKLUHAX C M3MEHEHHOH MeTpHKOH mpo-
CTpaHCTBa.

BapuBanieHTHbIe NPOEKLMH XapaKTEePH3YIOTCS TEM, YTO B UX YPaBHEHHS BXOAAT
He TOJIBKO LWIHPOTHI ¢ U JONTOTH A, HO W JOMONHHUTENbHbIE QYHKIHH f,. Mcnonb-
30BaHHE ITUX NTPOEKLIHiH MO3BOJISET:

JOTIOJIHUTENBHO OTOOpa3uTh Ha KapTe Te WM HHble MOKa3aTeld 0oObeKTOoB

(sBneHui), KOTOpble NepefaTh TPaJHLHOHHBIMH CIoco6aMH He NpeacTaBisAeTCs
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BO3MOXXHBIM, [IOCKOJIbKY OHH Y)X€ MCIIOJIb30BAJIMCh [UIs 10Ka3a JpyrHX OOBbEKTOB
(ABNEHHH);

TIOBBICHTh HHGOPMALIMOHHYIO EMKOCTB KapThl 3@ CYET YBEHUEHUS KOJMYECTBA
orobpaxkaeMoli MHGOpPMaunH Ge3 NpHBIEYEHHS Pa3NHYHBIX CHCTEM YCIOBHBIX
0003Ha4YeHHH;

3KOHOMHMYHO pellaTh 3a[a4H 1o MallMHHOMY CYHMTHIBaHHIO HHpOpMaLHH ¢ Te-
MaTHYeCKHX KapT.

ITlepeMeHHO — MaclTabHble MPOEKUMH OOeCneYnBalOT BO3MOXHOCTh H30Mpa-
TEJIBHOTO W 3¢ ¢EKTHBHOrO OTOOpaXKEHHSA Ba)XKHBIX OOBEKTOB, HEPaBHOMEPHO
PacnpoCTpaHeHHbIX B NPOCTPAHCTBE, OTOOpaxaTh B Gosee KpynHbIX Macuitabax
pervoHsl, HanboJiee 3HaUUMble C TOYKH 3peHHs Ha3HaYeHHUsS KapThl, IPH COXpaHe-
HHM oOlKX pa3MepoB kapTorpadHMpyeMoi TeppHTOpPHH M IJaBHOro Macimraba
KapThl. [IpoekunH HaHHOrO Kjlacca NMO3BOJIAIOT OTKa3aThCs pAle Cly4yaeB OT CO-
CTaBJIEHUA KapT BPE30K TOrO K€ COAEPXKaHHA, YTO U OCHOBHaA KapTa, yJIy4lUaloT
nepenavyy KOMMYHHKalLMOHHBIX CBA3eH MeXIy pa3sM4HBIMH TEPPUTOPHUAMH, JAKOT
BO3MOXXHOCTh NepeNaTh MakCHMYM HHGOpMalMH B Haubonee Y3KHX M TPYIOHBIX
JUIS M3yYEHHS MeCTax KapThl.

B npoekuusx ¢ U3MEHEHHOH MEeTPUKOH MPOCTPaHCTBA NpeayCMaTpUBaeTcs yc-
TaHOBJIEHHE COOTBETCTBHUA reorpadMyecKHX PacCTOAHMH, CBA3BIBAIOLIMX 00bek-
Thbl, C KaKHM — JH60 (PyHKLHOHANILHBIM NOKa3aTeneM (CTOMMOCTBIO, BPEMEHEM,
u3fiepXkKaMH U T. 1.). Torna MoXHO MOMyYHTh NpeoOpa3oBaHHbIE PacCTOAHHA,
KOTOpBI€ OTPaXalOT He CTONBKO (H3HYECKYI0, CKONBKO (PyHKUMOHATBHYIO 6iH-
30cTh 06bekTOB. [Ipoekuun, obecneynBalole BbINOJIHEHHE YKa3aHHOro npeo6-
pa3oBaHHA U oTOOpaXkeHHs 0ObEKTOB (SABIEHHH) C YUYETOM MONYYEHHBIX PaccTos-
HHMH, MONMYy4YWJIH Ha3BaHHE NPOEKLUHH C HM3MEHEHHOH METPHKOH MNpOCTpaHCTBA.
Pa3nuyarot ogHoO-, ABYX-,  TPEXIOJIOCHbBIE MIPOEKLIHH 3TOTO KJIacca, 0 KOTOPhIM
MOXXHO OIpefieISTh COOTBETCTBYIOILME (YHKUHMOHaNIbHBIE (MpeoOpa3oBaHHbIE)

PacCTOsAHHA.



207

AHaMmopdo3bl. OTNHYMTENBHBIMH OCOOEHHOCTAMH aHamopdo3 sABISIOTCA
cnenytowe. Mix coznanue ocyluectisercs 6e3 pa3pabOTKH COOTBETCTBYHOLLMX
KaprorpaMueckux MpoeKUHil, B HUX obecrieydBaeTcs TOJNbKO TOMOJIOMHYECKOe
COOTBETCTBHE.

B HacTosiliee BpeMsi MOXKHO BbIAENUTH JBa THIa aHaMop$o3:

aHaMop03bl, Y KOTOPbIX pa3Mepbl TEPPUTOPHATBHBIX SiUeeK MPONOPLHOHAIb-
HbI KaKOMY-1M60 noka3arento (HanpuMep, YHCJIEHHOCTH HacelleHHA);

aHaMop(o3bl, Ha KOTOPBIX PaCCTOSHHS OTOXAECTBIAIOTCSA € QYHKLHOHAIBHBIM
nokasareJieM (HarnpuMep, BpeMeHeM Mpoe3ja).

AHaMop(o3bl, MMes BHellIHee CXOACTBO C aHaMOP(HUPOBaHHBIMH KapTaMH, CO-
CTaBJIiEMbIMH B BapHBAJIEHTHBIX MPOEKUHAX H MPOEKLUHAX C H3IMEHEHHOH METpH-
KOH TMpOCTPaHCTRA, OTNHYAIOTCA OT HUX. OHM He ABJIAIOTCA KapTaMH, TaK Kak He
00ecrneynBaloT CTPOroro OJHO3HAYHOTO COOTBETCTBHUS MEXIY MCXOOHBIM M KO-
HEYHBbIM H300pakeHHSAMH; He MO3BOJIAIOT OCYILECTBIATH 0OpaTHOE OoTOOpaxeHue,
T. €. neperTH oT npeobpasoBaHHoro KM k ucxonHomy.

Kaprounsl. ITo onpenenenuto b. b. Ponomana reorpaduyeckuil xaptoun
npexacTasnseT coboi yepTex, Hecylnii B cebe Te ke QYHKUHH, YTO U TPaAHLIH-
OHHas KapTa, HO OTJIHYAIOUIMHCA OT Hee XOTA Obl OHHMM M3 ClIeAYIOLUMX NPH3HA-
KOB: 1) KOHKpeTHas peajibHasi TEPPUTOPHSA W300paXkaeTcs YaCTHYHO MM TOJIHO-
CTbIO HEMETPHYECKH, C MCKa)XKeHHEM OYepTaHHi, He MOJNAIOIUXCS ONHOMY Npa-
BHJIy; 2) MOKa3blBalOT BooOpaxkaeMblii 0OBEKT, COENMHAIONMH B cebe uepTh!
MHOTHX peajibHbIX 00bekToB. [IpH 3TOM KapTOWAbl, YIAOBIETBOPSAIOLIHE EPBOMY
TpeboBaHHIO, ONIpeNeNnsoTCS KaK HHAUBHAYyallbHbIe, 2 BTOPOMY — KaK THIIOJNOTH-
yeckue

K uHauBMIyanbHBIM KapTOMJaM OTHOCATCS ciefylouire Tpu kateropuu KH:

KapTOCXEeMbl, COCTaBlsieMble TPaAHLIMOHHBIMH COCOOaMH, HO 4Ype3MepHO re-
HepaM30BaHHbIE U c1abo HarpyXeHHbIE;

XyZOXeCTBeHHble KapTorpaduueckHe H300pakeHHs Ha IJIaKartax, obioxkax

KHHT, 3HayKax, oM0iemMax u T. 1.;
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HeMeTpHuYecKue H300paxeHHUs, LieJieHanpaBJeHHO MOKa3bIBAIOUIHE TEPPUTOPH-
AIBHYIO CTPYKTYPY 0€3 3aTeHSIOLMX ee neTalei.

B coOTBeTCTBHH ¢ HCClleIOBAaHHSMH BCE KapTOMAbI MOXHO MOApa3AeuTh Ha
crenyoLMe.

KoHkpeTHble kapTOHIbl-U300paXkeHHs OTHOCATCS K KOHKPETHOH TeppUTOPHH,
HO O0TOOpaXkaloT He ee pa3Mepsl, a COCTABJSIOLIME YACTH ITOH TEPPUTOPHH IpoO-
NOPLIMOHANBHO BbIOPAaHHOMY MOKa3aTeno.

Irowanp kaxaof TeppUTOPHATBHON €IMHHIIBI COOTBETCTBYET BEIHUHHE MOKa-
3aTessl, NPUXOAALIErocs Ha JaHHYIO eAMHHLY. [laHHbIH THI KapTOMIOB ABIAETCH
HEKOTOPbIM aHANOTrOM aHaMop()03 TOTO e HA3HAYEHMA, HO TPH MOCTPOEHHH
TaKo# KapTOM[Ibl HE YYUTBIBAIOTCSH KOHKPETHBIE IPOCTPAHCTBEHHBIE OTHOLLIEHHUS.

[Ipn noctpoeHuH 0006IIEHHON KapTOMABI paccCMaTpPUBAaeTCs pealbHas WM
BBIMBILIJIEHHAss TEPPUTOPHA B Ka4eCTBE HEKOTOPOTo «KJlo4Ya», KOTOPbIH XapakTte-
PH3yeT 3aJJaHHYI0 JOCTaTO4YHO OOILYIO CHTYaLMIO.

AOcCTpakTHble KapTOHAbI NepefaloT H3o0pakeHHe BooOpakaeMOH MeCTHOCTH
HITH HIUTIOCTPHPYIOT Kakoe-1H0o reorpadHyeckoe sBieHHe 6e3 TOYHO# NpocTpaH-
CTBEHHOM JIOKAIIH3aLHH.

TononoruyeckHe kapTorpaMMbl NpeacTaBIsIOT coO0H NPOCTpaHCTBEH-
Hble MOJIeNIH, KOTOopble 0TOOpaXaloT reorpadHyeckye H Apyrue OTHOLLEHHS MeX-
Iy ABNeHHAMH (o6bekTaMK) npupoas! (obluecTBa) B BUAE ONpeNeNeHHOH CHCTEMBI
OTHOLUEHUH GIH30CTH reoMeTpHYECKHX QHIryp, PacrnoNIOKEHHBIX Ha MJIOCKOCTH.
OCHOBY TOMOJIOrMYECKUX KApTOrPaMM COCTaBIAIOT pa3Hble COCOObI COCTaBIEHUA
LWIKaI Ui oTOOpakeHHs pa3THYHBIX KOJHYECTBEHHbIX 3HaYyeHHUH NokasaTened B
BHJIE CHCTeMbl aOCTpaKTHBIX FreOMeTpHYeCKUX (GHIryp, Kak NpaBuJO, B BUAE Nps-
MOYrOJIbHMKOB M KBaJpaTOB, IUIOLIaM KOTOPBHIX M IOCTaBJIeHbl B COOTBETCTBHE
BeJIMUHHAM kapTorpadupyeMoro rnokasareins. IIpi 3ToM B3aHMHOe pacnoyioxeHH’e
¢buryp onpenensercs nocpeCTBOM aHaJIM3a PacMONOXEHHS COCTAaBHBIX YacTei

MUCXOIOHBIX KapTorpaduyeckux H3obpaxeHHH.
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Jlpyroe HampasjleHHe B CO3JaHHHM TOMOJIOMMUECKHX KapTOrpamMMm 3aKiIiovaeTcs
B NpeoOpa3oBaHHWKM H3BHIUCTBHIX JIMHMH MCXOAHOro Kaprorpaguyeckoro nzobpa-
XKeHHs B NpsiMble, COXPAHSIOLLME OTHOLLEHHS COCeNCTBa, B3aUMHOH yNopsiaoYeH-
HOCTH W cBsisHOCTH ucxogHoro KH. Tlpu 3ToM Tomosornueckve KapTorpamMbl
COCTaBJIAIOTCA JIMOO B METpHKE 3aJaHHOro MPOCTPAHCTBA, JMOO B €BKIHA0BOH
meTpuke. [IpeobpazoBaHHble H300paXkeHHs AAHHOIO THIA HALLIH MPHMEHEHHE B
npaKTHKe OTOOpaXKeHHs ClielOBaHHA OCTAHOBOYHBIX MYHKTOB M B3aHMHOTO M0J10-
)KEHHs MapLIpYTOB 3JIEKTPONOE30B, aBTOOYCOB, TpaMBaeB K METPO.

MeHTanbHble (MAM KOTHUTHBHBIE) KapThl MPEACTaBIAIOT COOOH M30-
6paxceHHs, LEbIO KOTOPBIX ABJSETCSH MIUTIOCTPaLMUs NCHXOJNOrHYECKOro BOCIPH-
ATHA reorpaduyeckoit cpenbl (TEPPUTOPHH), T. €. HCKaXEHHUST TEPPHUTOPHH, KOTO-
pble UMEIOT MeCTO B MpeACTaBlIeHHH moaed. TeppHTOPHH PErHOHOB, KOHTYpBI
ropoJiOB Ha 3THUX M306pakeHHAX MOKa3bIBAIOT B COOTBETCTBHH C NpeENCTaBleHHEM
norpeburenei 06 WX 3Ha4YeHHH, a HE COOTBETCTBEHHO MX AeHCTBHUTENBHBIM pa3-
MepaM. MeHTanbHble KapThl He SBJAIOTCA KapTaMH B OOLUENMpPHHATOM CMBbICIe,
OJIHAaKO TaKoe Ha3BaHHe YKPEeMHIOoCch 3a HUMH Ooiee 20 et Ha3an.

B Hacrosilee BpeMsi paccMaTpUBaeTCsl Ba THNAa MEHTAIbHBIX KapT. B nebBOM
oTobpaxkeHHe 0ObEKTOB (sBJIeHHI) 0OLecTBa (PUPOABI) OCYILECTBSETCS MyTeM
HX npocToro 0603HauyeHHs B COOTBETCTBHH C YPOBHEM HMX BOCIPHATHA W HE CO-
JEPXHT HHKAKHX 3JIEMEHTOB OlieHKH. B kapTax BTOpOro THna nmpu NOCTPOEHHH
M300paKeHUsT YUHTHIBAIOTCA HEKOTOpbIE OLEHKH, MPOM3BOAHMbIE HHAWBHAYYMa-
MH.

Jins MeHTanbHBIX KapT He BBIMOJIHAETCH 3aKOH TOMOJOrHYECKOro COOTBETCT-
BHS.

Tpaouyuonneie npeobpazoeannvie KH. Bce MHOro4HclIeHHble BapHaHThI MOJY-
YeHHs TPaAMLMOHHBIX Npeobpa3oBaHHBIX H300paxeHHH MOXHO MOAPA3AENHTh Ha
TPH IPYNMBL:

nonyyaembie npeobpa3soBaHHeM BHYTpeHHe# WiM kapTorpado-reoaesHyeckoit

MetpukH KH;
143 992
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nonyuaemsle npeobpa3zoBaHHeM CTPYKTYpbl (xapakrtepa) KU;

nosnyvaemMsbie npeo6paszoBaHuem crnoco6os KH.

[Ipeo6pa3oBaHne BHYTpeHHeil H Kaprorpacdo-reone3nueckoi
metpuku KHW. [log BHyTpeHHed MeTpHKOH NOHHMMAlOT METPHUKY OOBEKTOB
kaptorpadHpoBanus. V3MeHeHure BHYyTpeHHeH METPHKH W300paxkeHHs! COCTOMT B
M3MEHEHUH pa3MepHOCTH ero fokasarteleil, mepexoae OT OXHOM CHCTEMBl K ApY-
ro# (ot abCcoMOTHBIX NMOKa3aresei K OTHOCHUTENbHBIM H Ha00OPOT), B U3MEHEHHH
CTyneHeH LUKaJ, KOJIMYeCTBa rpaflauuii U T. M., YTO MPHUBOAUT K NpeoOpa30BaHUAM
paccTOSHHH MeXIy TOYKaMH H300paxeHHs 0ObEKTOB.

CyectBo npeo6pa3zoBaHus kaprorpado - reoge3Myeckoil METPHKH 3aKiIo4a-
eTcs B cheaywloweM. B cooTBETCTBHHM ¢ NpHHATON KapTorpado-reone3nueckoi
METPUKOH MPOCTPaHCTBEHHAs JIOKalM3aLUus H300pakeHHss OOBEKTOB Ha Kapre
OMHUCHIBaeTCs OOLMMH YpaBHEHUAMM:

x=fi(p, A); y=fA@, A), tae ¢, A — reoae3nyeckre KOOpAHHATHI ToYeK OTOGpa-
XaeMoii MOBEPXHOCTH; X, ¥ — MPAMOYTrONbHblE KOOPAMHATHI B 3alaHHOH Npoek-
uMH. M3MeHeHHe reofe3nyeckoil CHCTEMbl KOOPOHHAT @, A KaK M 0TOOpaXKaroIHX
GYHKUMH f), f; XapaKTepu3yloLMX KOHKpETHble Kaprorpapuyeckue MpPOEKLHUH,
BleyeT 3a coboit H3MeHeHHe MPAMOYTOJIbHBIX KOOPAMHAT X, ), Ha KapTe.

KonkpeTHble criocobbl 3THX npeobpa3zoBaHHii Kak NpH U3MEHEHHH CHUCTEM reo-
JIe3M4eCKUX KOODAMHAT, TaK M TpH Nepexoje OT NPOeKUHH HCXONHOH KapThl K
NPOEKLMH CO3aBaeMOil KapThl, XapaKTEpH3yIOLINXCA MOHOTOHHBIM M3MEHEHHEM
MaciutaboB u3o0paxkeHHs B Mpenenax Bceil obiaacTH kaprorpadHpoBaHHs, pac-
cMoTpeHsl B pabore [13].

Ipeo6pa3zoBaHHe CTPYKTYpH (XxapakTepa) Kaprorpaduueckoro
H306paxeHHUA MOXeT ObITb OCYLIECTBIEHO ITyTeM OJHOKPAaTHOIO HJIH MHOTO-
KpaTHBIX npeobpa3oBaHui, KOTOphle MOXKHO Pa3e/INTh Ha NiBa BHA:

npeoOpa3oBaHHsA C NMONyYeHHEM H300paxKeHHl HITH MoKas3aTeNel B aHaIUTHYe-

ckoi (koMruiekcHo#) popme;
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npeoGpa3oBaHisi ¢ N01y4eHHeM M300paxeHUi UK nokasatesneil B CHHTETHuUe-

CKoit (MHTErpasibHOI) popMe.
K umncny npeobpa3oBaHHuii iepBoro Bua OTHOCATCS ClieAyIOLIHe.
1. Beinenenue u otoOpaxkeHHe OTAENbHBIX JIEMEHTOB U3 KOMIUIEKCHOIO Kap-
TOrpaguueckoro M3o0pakeHUs, YTO MOBBILIAET HArMSAHOCTb M yNOOCTBO HMX
BOCIIPHSATHS, CIOCOOCTBYET 0OHapYKEHHIO 3aKOHOMEPHOCTEH, KOTOpBIE 1O HC-
XOIHOMY M300pa)KeHHIO B IBHOM BHIE He MposiBHIHCh. K TakuM npeobpasoBa-
HUAM, HanpHMep, OTHOCATCA KapThl 3KCIIO3HLMH CKJIOHOB, YIJIOB HaKJIOHA H T.
1., NOJy4aeMbIX NyTeM BbIYJIEHEHHS HMEHHO 3THUX 3JIEMEHTOB U3 FMIICOMETpH-
4eCcKoro H300paxxeHus.
2. OboblueHHe, ynpouleHHe pUCYHKa Kkaprorpagpuieckoro u3oOpaxxeHus
(cxeMaTu3alHs), BBIIOIHEHHOE C LIeJIbl0 YCTpaHEeHHs MENKHX AeTallei, 3aTpya-
HSAIOIIMX BBIABIEHHE M OTOOpakeHHE OCHOBHBIX 3aKOHOMEPHOCTeH 06beKTOB
(sBNEHMIA).
3. Ilpeo6pa3zosanue K1 B Gonee noapobHoe (meranusauus). Hanpumep, nony-
YyeHHe KapT paBHONOPAAKOBBIX JoauH (MeTonoM B. I1. dunocogosa) no tomo-
rpabuyYeCcKHM KapTaM, Ha KOTOPBIX NOJHMMAIOTCS BCE TajlbBerd BIUIOTH J0 Ca-
MBIX MEJKHX, XapaKTepH3yeMbIX HeOONBIUMMH 3aTSXKKaMH TOPH3OHTAIEH.
Co3naHne Takux KapT obecnieynBaeT, HalpHMep, OTOOpaxkeHHe BCeX OCOOeH-
HocTeH KOHQUrypaLHH 3pO3MOHHOM CEeTH.
4. TIpeobpa3zoBaHHe KaueCTBEHHbIX XapaKTEPUCTHK H3y4aeMOro SBJICHHS, OTO-
6paxxeHHOro Ha KapTe, B KoJM4ecTBeHHY10 ¢opMy (kBaHTH(uKauus). Hanpu-
Mep, KapThl peyHOH CeTH, pa3MeLUEeHHs OBparoB, IPOMOMH H T. M. npeobpasy-
I0TCA B KapThi 00BOJJHEHHOCTH, OBP&XKHOCTH (C MCIONB30BAaHHEM INOKA3aTeNeH
4aCTOThI MJIM TNIOTHOCTH).-
5. INpeoGpazosanue KU, conepxaliero koIH4eCTBEHHbIE NI0KA3aTeNH, B Kaye-
cTBeHHYy10 (opMy (kBainduKkauus). [Ipumensercs peako, HanpuMep, NpH co-
MOCTaBJIEHHH KapT Pa3HOW TEMaTHKH, MOKa3aTeaH Ha KOTOPhIX OTOOpaXeHE! B

pasHbIx popmax.



212

6. INpeobpazoBanme auckperHoro KM B HenpepbiBHOE (KOHTHHYaIU3aLUA) UC-

1N0JIb3YeTCs, HaNpUMep, NIPH COCTaBJIEHUH KapT nosneil.

7. IlpeobpasoBanne  HempepbiBHOoro KM B auckpetHyro — dopmy

(AMCKpeTH3alus), YTO CBA3aHO C MOJYYeHHEM BBIOODOYHBIX NaHHBIX B CETKe

TOYEeK C MOMOILBIO JIIOObIX MaJIETOK, CETOK MK COOTBETCTBYIOLINX OMNEPaToOpOB.

8. TlpeoOpa3oBaHue HMCXONHOH MOBEPXHOCTH H3yyaeMoOro sBileHHs, oTtoOpa-

KEHHOro Ha KapTe, C BblaeneHueM (OHOBOI (TpeHIOBOH) MU OCTaTOYHOH

(aHOMaJIbHOM) MOBEpXHOCTEHN (pa3noXKeHHe NMOBEPXHOCTEH Ha coCTaBiAlOLIME

KOMIIOHEHTBI), HaNpHMEp, C HMCMOJb30BAHHEM IOJMHOMOB, PErPeCCHOHHOrO

aHaNM3a U T. M.

9. INpeobpasosanne KW nyreM uHTerpauuu TpeHIOBOH MOBEPXHOCTH C OCTa-

TOYHBIMH.

10. TIpeobpa3osanue KH myTeM 3aMeHbI OMHOTO coep)KaHUs APYTHM.

[TpeobpazoBanue CTPYKTYphl (XapakTepa) kapTorpapH4eckoro H3o6paxkeHHs
BTOPOTO BHMA CBS3aHO C MCMOJb30BAHHEM PAacCCMOTPEHHBIX BbILIE METOJOB KOp-
PENALMOHHOrO, PErpecCHOHHOTO, MHOTOMEPHOTO aHaiu30B, AuddepeHUHaLUH
TEepPUTOPHH (0OBEKTOB) H T. 1., MO3BOJIAIOLIMX ONMpPEAENATh Pa3IH4YHbIE CHHTETH-
4eckHe MOKa3aTelHd H CO3[aBaTh COOTBETCTBYIOLUME CHMHTETHYECKHE KapThl B3au-
MOCBS3H, paOHHPOBaHHMsA, BedylUMX (aKTOpOB M T. I, UMEIOLIMX BaxKHeillee
3HayeHHe AN YACHEHUS HMHTErpalbHbIX XapaKTEPUCTHK H3y4aeMbIX ABJICHHH,
NpHHATHS  OOOCHOBaHHBIX pelleHWit MnpuH pa3paboTke TepPHTOPHAIBHO-
3KOHOMHYECKHX KOMIUIEKCOB H JIp.

IMpeo6pasoBaHue cnoco6os nocrpoenus K H. [Nonyyenne KU nan-
HOro KJjiacca CBSi3aHO C B3aWMHBIM INpeo0pa3oBaHHeM ClieAyIOLMX cnocobos:
TOYEYHOr0 M 3HAYKOBOIO, HW30JIMHMM, JIMHEHHBIX 3HAKOB M JHMHHH [BHXEHHS,
KayecTBEHHOro ()oHa M apeasioB, KapTOrpaMM, JIOKIH30BAHHBIX IHarpaMM H
KapTOAHAarpaMM, JIHHEeHHbIX pacTpoB. ITH cnocobbl H UX npeobpa3oBaHHs NOCTa-

TOYHO IT1OJIHO paCCMOTPEHBI B KapTorpaq)uqecxoﬁ JIATEpaType.
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YuebHoe nocobue
byraesckuii Jlee MouceeBuu, LiserkoB Bukrtop SikosieBuu
I'EOUMHO®OPMAILIMOHHBLIE CUCTEMBbI:

H3n0xeHbl TeOpeTHYECKHE M NPAaKTHYECKHE OCHOBbI MOSBJICHHS, CO3AaHUA H HCMOJIB30-
Banns reonHbopmaunonHbix ccrem (THC) u reonHdopMaLHOHHBIX TEXHOJIOTHH ..

IMoka3sano, uyto 'KMC sBnsercs coBpeMEHHOI! WHTErPHPOBAHHOW MHPOPMALIMOHHON CHC-
TEMOM, HacllenytoLueii cBoiicTsa 6obLUMHCTBA HHPOPMALIMOHHBIX CHCTEM, paboTaloLmx ¢ npo-
CTPaHCTBEHHO -JIOKaNHW30BaHHOM HHpOpMauue. [ins nons3oBarenei u pa3paboTunkos noapoo-
HO pacKpbIBaeTcs rnaBHas ocobenHocTs [MC, nossonsiowas ocyLecTBasTh raobanbHy0 HHTeE-
rpaLMIo JaHHBIX — MATEMaTH4YECKast OCHOBA.

Kaprorpapuueckas nHpopmaLms ABIs€TCA OCHOBHOH YHHOHLMPOBaHHOI nHbopMaLHei,
obpabareiBaemoii B 'MC. ITo3ToMy B KHMre AaHbl OCHOBHbIE METOIbI MCMONBL30BAHHA M Mpa-
BWJILHOTO cO3AaHus kapTorpaduyeckoii nupopmaunn B FTHC s paboTbl ¢ 3n1€KTPOHHBIMH Kap-
Tamu WK co3nanmns Ha ocHoe F'MUC TexHonoruii o6bI4HbIX KapT.

I'nasubiit penaxrop A.J1. Caranarbrii
Penaxropst JIM. Byraesckuit, B. 4. LBeTkos
Texunueckwnit penakrop C.B. ITpomaes
Koppexrop 3.M. MeHaxeranHoBa
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