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BBeneHue

Ceronnsi sBiseTCS HECOMHEHHOH HEOOXOIMMOCTh MIMPOKOTO
MIPUMEHEHHUSI KOMITBIOTEPHBIX TEXHOJOTHH B Pa3MUYHBIX 00JIACTIX
YeJIOBEYECKOH IeATEIbHOCTH, M B YaCTHOCTH B OXpaHE OKPY’KaIoIIeH
cpensl. Hanbonee 3HAYMMBIMU OONACTAMU SIBISIOTCA T€OMH(pOpMa-
LIMOHHBIE CHCTEMBI, CBA3aHHOE C HUMH MOJICITMPOBAHNE TIPUPOIHBIX
Y TEXHOTEHHBIX MTPOIECCOB, a TAK)KE CHCTEMBI TTOJITOTOBKH, 00paboT-
KW 1 aHaJIN3a JaHHBIX.

I'eonndopmanmonnsie cucremsl (I'MIC) akTHBHO MCTIONB3YIOTCA
JUTS peIIeHHsI HAYYHBIX U TIPAKTHYECKHX 3a/1a4, BKITI0Yas TNTAHUPOBAaHHE
1 yTIpaBiieHUE Ha TOPOJICKOM, PETHOHAJIFHOM H (pe/IepaTbHOM YPOBHSX,
KOMIIJIEKCHOE MHOTOACTIEKTHOE M3yUeHHE TPHUPOTHO-OKOHOMHUYECKOTO
MMOTEHIIMAaIa PETHOHOB, MHBEHTAPHU3AIIUIO MTPUPOAHBIX PECYPCOB, TIPO-
eKTHpPOBAaHUE TPAHCIIOPTHBIX MarucTpajiei U HeTepOBOIOB, IKOIJIO-
THYECKH MOHUTOPHUHT, oOecTiedeHne 0e30MMacHOCTH YellOBeKa U T. 1.
OMnBIT UCTIONB30BAHNS MTO3BOJISIET KOHCTATHPOBATH IIMPOKHUI CIIEKTP
U 3(¢eKTUBHOCTh NPUMEHEHHs TeOMH(OPMALUOHHBIX CHCTEM
B npodecCHOHAILHOI 1eATeIbHOCTH COBPEMEHHOI0 ClelaJIucTa.

Pa3BuTne obmiecTBa, yCIoHEHHE ero HHOPACTPYKTYPHI TpeOy-
0T TIIATEIBHOTO M TPOJYMAHHOTO YIIPABICHUS pecypcamu, OBJa-
JICHUST HOBBIMU CPEICTBAMU M METOAaMH 00pabOTKH WH(OpMAIHH.
D10 MeTO Bl 00pabOTKM M aHAIM3a IPOCTPAHCTBEHHOM MH(OPMAITHIH,
METO/IBI OTIEPATUBHOTO PEIIEHUS 3a/1a4 yIPABICHUS, OIEHKH W KOH-
TPOJISI M3MEHSIONTUXCS TIporieccoB. Takum 00pa3oM, CyIIeCTBEHHBIM
SBIISICTCS CIEAYIONMIA (DaKTOp: MeTOABI M CpeAcTBa 00pPadOTKHU UH-
(popmanmu, odecrneunBaroie BLICOKYIO HATJISITHOCTH 0TOOpaske-
HHUA Pa3HOPOAHOI HH(pOPMALMHU, MOIIHOCTH M YA00CTBO HHCTPY-
MeHTapus A aHAJIN3a peajbHOCTH, NMpeAocTaBJisieMble T'eONH-
(hopManMOHHBIMH CHCTEMAaMH.

B3psiB nHTEpEca kK reonH(pOpPMaAIIIOHHBIM CHCTEMaM, CTPEMHTEITb-
HOCTh UX BHEAPEHHS, OOMIMPHOCTH Cephl MPUMEHEHHNS, BKIFOUCHHUE
WX B PsiJl KPYMTHEHIITNX TOCYIapPCTBEHHBIX TIPOTPaMM, CTPATETHIEeCKOe
3Ha4YeHHe TeonH(pOPMATUKHU JAIOT €l TpaBO MPETEH/I0BAThH HA MECTO
OJTHOM M3 HanOoJIee MePCIeKTUBHBIX HHPOPMAITHOHHBIX TEXHOIOTHH.

Oco06oe mecto ['MC 3aHUMAaIOT B IPUPOJOOXPAHHOH JEATETHHO-
CTH, SBJISISICH OCHOBHOW CUCTEMOW MOJIJIEPKKU MPUHSITHUS PEIICHUH.
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1.TUC: onipeenieHue, MIOHATHUE

I'eonndopmanuonnas cucreMa — 3TO COBOKYIIHOCTH
anmnapaTHO-NPOrpPaMMHBIX CPEICTB U AJrOPUTMHYECKHX MpPoIle-
Ayp, NpeAHa3HAYeHHBIX V1A c00pa, BBO/Ia, XPaHEeHHs, 00padoTKH,
MaTeMaTHKO-KapTorpadguueckoro MoaeTMpoBaHus U 00pa3HOTo
Npe/cTaBIeHUsl MPOCTPAHCTBEHHO-KOOPAUHHPOBAHHBIX JAHHBIX.

Taxoke reonH()OPMAIIMOHHOW CHCTEMOH HAa3BIBAIOT MPOrpaMM-
HBII KOMIUIEKC, B KOTOPOM PEaM30BaHbI CIEAYIONNe QyHKIMOHAIb-
HbIE BO3MO)KHOCTH:

1. BBoa naHHBIX, HaNIPUMEp IMyTEM UMIIOPTA U3 CYIECTBYIOIINX
HaOOPOB JTAHHBIX WM U(PPOBAHUS HCTOYHUKOB.

2. IIpeoGpa3oBanue JAaHHBIX, BKJIOYas KOHBEPTUPOBAHHUE
u3 ogHOrOo popMaTa B ApPYroi, TpaHcopMaimo KapTorpahuaeckux
MPOEKITUH.

3. XpaHeHue ¥ ynpaBJjieHue JaHHBIMH B 0a3aX JTaHHBIX, BKJIIO-
Yasi BBOJI, XpaHEHUE, MaHUITYJINPOBaHHE, 00pabOTKY 3alpOCcoB (B TOM
YHcie MPOCTPAHCTBEHHBIX), TIOUCK, BBIOOPKY, COPTHPOBKY, OOHOB-
JICHHWE, COXpaHEHHE 1IeJIOCTHOCTH, 3aIUTY JaHHBIX U CO37aHue 0a3bl
MeTaJaHHBIX.

4. KapromeTpuyecKue omepanuM (BBIYHCICHHE PaCCTOSHUIM
MEXy 00bEKTaMH, JJIMH KPUBBIX, IEPUMETPOB WIIU TIIOMIAJICH).

5. Onepauuu oBepJiesi (B3aUMOJICHCTBUE CJIOEB C MOTYUYCHUEM
PE3YIABTUPYIONIETO H300paKeHHs, HATPUMED BIYUTAHHE OJTHIX 00b-
€KTOB M3 JIPYTHX, 100aBJIeHHE U T. I1.).

6. IlpocTpaHcTBEHHBbI aHAJM3 (aHAINW3 30H BUAMMOCTH, CO-
CeJICTBa, co3JaHue IU(POBBIX Mojeiei penbeda, Oy(epHbIX 30H,
aHaIU3 CeTeH | T. 11.).

7. IlpocTpaHCTBEHHOE MOJEIUPOBAHUE M BU3YaJIU3alMA HC-
XOAHBIX JAaHHBIX WU JIAHHBIX, [TOJYYEHHBIX B pe3yibraTe 00padoT-
ku. [locTpoeHne W wuCMONb30BaHWME MOJENENd MPOCTPAHCTBEHHBIX
00BEKTOB, UX B3aMMOCBS3CH W JWHAMHUKH MPOIECCOB (MaTeMaTHKoO-
CTaTUCTUYECKUH aHAIN3 MPOCTPAHCTBEHHBIX Pa3MEIICHUH 1 BpeMeH-
HBIX PSJ0B, MEKCIOWHBIN KOPPEJSIIUOHHBIN aHAIN3 B3aUMOCBS3EH
Pa3HOTHITHBIX 00BEKTOB | T. 1.). [locTpoeHne TpexMepHbIX U300pa-
KCHUH MECTHOCTH, TeHepalusl IMHUN, MHTEPIIOJSLUS BBICOT U TIp.



8. IlpoekTHpoBaHMe W co31aHMe KapTorpaguyeckux H30-
Opasxenmii, rpaguuecKknx, TAGJINYHBIX UJIH TEKCTOBBIX JaHHBIX,
WX COXpaHEHHE B DJIEKTPOHHOM BHUJI€ U BBIBOJ] HA M€YATh.

9. O0cay:kMBaHHe Npolecca MPUHATHS pelIeHuid, HapuMep
[IOCTPOEHNE MOJIEIeH M3MEHEHNS CUTYallM BO BPEMEHH C YUETOM Te-
KYIIMX 3HAUEHUH, HAJINYHe TOTOBBIX CIIEHAPHEB pearnpoBaHus (i
aBapUUHBIX CUTYyaluii) U T. [I.

I'eonH(oOpMaIMOHHBIE CUCTEMBI MOTYT PAacCMaTPUBATHLCSI 10 TIPH-
Ha/IJISKHOCTH K OIIPEIeNICHHBIM KJIacCaM MTPOTPaMMHOT0 00eCTIeYeHHSI.

— Kaxk cucrems! ynpasienus [ IC npennaznadens! 11 obecrie-
YEHMSI IPUHSITHS PELICHUH 110 ONTUMAIFHOMY YIIPABIECHUIO 3€MIISIMU
1 pecypcaMi, YIpaBJIeHHUIO TPAHCIIOPTOM, HCTIOJIB30BaHHUIO BOJIOEMOB
U JIPYTHUX [IPOCTPAHCTBEHHBIX OOBEKTOB.

—Kak aBTOMaTM3upOBaHHbIe HH(OPMALHMOHHBIE CHCTEMbI
I'MC o0benuHSIOT pPsSIA TEXHOJOTMH W3BECTHBIX HWH(POPMAIIUOH-
HBIX CHCTEM THIa CHCTEM aBTOMATH3MPOBAHHOTO MPOEKTHPOBAHUA
(CAIIP), aBTOMATH3MPOBaHHBIX CIPABOYHO-HUH(POPMALMOHHBIX CH-
cteM (ACUC) u ap.

— Kak reocucremsl 'MIC BKIIIOUAIOT TEXHOJIOTHH (B TIEPBYIO OUe-
penb TeXHOJIOTHH cOopa MH(GOpMAIMU) CUCTEM KapTorpaguyeckoi
nHpopmaruu (CKU), aBToMaTH3MPOBAHHBIX CHCTEM KapTorpadupo-
Banus (ACK), 3emenbHbIx nHbopMannonHsix cuctem (3UC), aBToma-
TU3UPOBAHHKIX KamacTpoBbix cucteM (AKC) u mp.

— Kaxk cucremsl 0a3 nanubix ['MIC 00benuHsIOT 1 0a3bl 00bIY-
HOM (LM(POBON MM TEKCTOBOW) MHPOPMALIUH, U IpaduuecKue 6asbl.

—Kax cucremnl monesmpoBanus ['MIC ncnons3yior Oosbloe
KOJMYECTBO METOJIOB M IMPOLECCOB MOAETUPOBAHUS, MPUMEHIEMBIX
B Pa3IMYHbBIX aBTOMAaTU3MPOBAHHBIX CHCTEMAX.

—Kak cucrembl moJiydyeHusi mnpoekTHbIX pemenuii [MC
BO MHOTOM NPUMEHSIOT METOJIbI aBTOMATU3HMPOBAHHOTO TPOEKTHPO-
BaHUS U PELIAIOT Psijl CHeIMAIbHBIX 33/1a4, KOTOPbIe B THTIOBOM aBTO-
MaTHU3UPOBAHHOM MTPOEKTUPOBAHUH HE BCTPEUAIOTCS.

— Kaxk cucrembl npencrasiennst ungopmanuu ['MC asnsiorcs
pa3BUTHEM aBTOMATU3MPOBAHHBIX CHCTEM JIOKYMEHTAIBHOTO obecrie-
YEHHSI C UCTIOIH30BAHNEM COBPEMEHHBIX TEXHOJIOTUI MYJIbTUMEIHA.



1.1. [IpocmpaHcmeeHHble OaHHbIe

JlaHHBIe — 3TO COBOKYIMHOCTH (DaKTOB U CBEICHMH, MPEJICTaB-
JICHHBIX B KaKOM-JIH00 (hOpMaTM30BaHHOM BHUIE (B KOJINYECTBEHHOM
WM Ka4€CTBEHHOM BBIPAKEHUN) JJIs UX MTOCIIEAYIOLIEr0 CII0Ib30Ba-
HUS B KaKOH-T100 00J1acTH 4eJI0BEUYECKON eSATeIbHOCTH, HAPHUMED
B HayKe. JTO CBEJEHMSI JUCKPETHBIE U IOCTATOYHO LIEHHBIE JIJIs TOTO,
9T0OBl UX c(HOPMYIHPOBaTH U TOYHO 3adukcupoBarb. Takue onu-
CaHUsl JOJDKHBI OBITH HMPUTOAHBI Uil 00pabOTKKM aBTOMATHYECKHUMU
cpeacTBamu (IIPH BO3MOYKHOM YYaCTHHU YEJIOBEKa).

I'NC pabotarot ¢ mpocTpaHcTBeHHbBIMU AaHHbIMH. [IpocTpan-
CTBeHHbIE JaHHbIe — IU(PPOBbIE JaHHBIE O TPOCTPAHCTBEHHBIX 00b-
eKTax, BKIIOYAIOIINE CBEICHHSI 00 X MECTOIOI0KEHNH 1 CBOHCTBaX.
OOBIYHO COCTOAT U3 IBYX B3aUMOCBSI3aHHBIX YaCTEH: OMMCaHHUE MPO-
CTPaHCTBEHHOT'O MOJIOKEHUS (KOOPAMHATHBIE JaHHbIE) 1 TeMaTHye-
CKOTO cojiepkaHusl (aATpuOyTHBHBIe JaHHbIe). [IpocTpaHCcTBEHHBIE
JaHHBIE COCTABIISIIOT OCHOBY MH(OpManroHHoro odecneueHus [ 1C.
OnHu MOTYT OBITH MOJYYEHBI ITyTEM TPAIULHUOHHOTO KapTorpadupo-
BaHUsI, CIYTHHKOBOW M a3pO(OTOCHEMKH, C MOMOIIBIO TPHEMHHUKOB
JaHHBIX TJI00ANBHON CHCTEMBI TO3UIIMOHUPOBAHUS U T. [I.

[Ipupona reorpaduuecknux JaHHBIX:

—reorpadguyeckoe MoJI0:KeHHe MPOCTPAHCTBEHHBIX OOBEKTOB
npencrasisercs 2-, 3- Wi 4-MepHBIMU KOOpAWHATaMH B Teorpadu-
YEeCKH COOTHECEHHOU CHCTeMe KOOPAMHAT (IIMPOTa/I0Jr0Ta);

— cBolicTBa (aTpuOyYTBI) SBISIOTCS ONMCATEIbHOM HH(pOpMa-
uueil. ATpuOyTuBHasE HHPOPMALHsI MOKET OBITH CAMON pa3IM4HOM,
HaIpuMep: i TOPOJICKOI0 3/1aHUs — KOJIMYECTBO dTaKeH, roJ 1o-
CTPOMKH, MPUHAJIEKHOCTb ONPEACIEHHOMY BIIAJIEINbIly, OpraHu3a-
LIMU, KOTOPbIE B 3TOM 3/IaHUU HAXOJATCSA U T. 1.; JUIsl peKU — CKO-
POCTb TE€UEHHUsI, 3a1achl PHIObI, 3arPsS3HEHHOCTD U I1P.;

— MPOCTPAHCTBEHHbI¢ OTHOILIECHMS OINPEAEIAIOT BHYTPEHHHE
B3aMMOOTHOILIEHHUS MEXIY MPOCTPAHCTBEHHBIMH OOBEKTaMH (Ha-
[IpaBJICHUE, PACCTOSHHIE, BIIOKEHHOCTB );

— BpeMeHHbIe XapaKTePUCTHKH IPEJICTABISAIOTCA B BHUJE CPO-
KOB TIOJIy4Y€HUS JaHHBIX, OHU ONPEENIAIOT UX KU3HEHHBIN LUK, U3-
MEHEHHE CBOICTB BO BPEMEHH, OIPEEIIAIOT aKTyaJIbHOCTh IaHHBIX.



JlanHple B reoMH(OPMAIMOHHBIX CHUCTEMax XpaHsTcs B Oazax
JAHHBIX.

Bba3a nannpix (b/1) — COBOKYITHOCTb JaHHBIX, OPTaHU30BAHHBIX
0 OIIpeeNICHHBIM NPaBUJIaM, yCTaHABIMBAIOLINM OOILUE MPUHIIHIIBI
OIMCAaHUsl, XPaHEHHS AAHHBIX U MAHUIYJIUPOBAHUS UMHU. XpaHEHHE
naHHelx B B/l obecneumBaeT LIEHTPATM30BAHHOE YIpaBICHHUE, CO-
OMofieHue CTaHIapTOB, 0E30MacHOCTh M IEIOCTHOCTh JaHHBIX, CO-
Kpaiaer H30BITOYHOCTh M YCTpPaHseT MPOTHBOPEUYHBOCTH JaHHBIX.
Co3nanue b/l u oOpaienue K Heii (10 3ampocam) OCYLIECTBIISIOTCS €
MOMOILBIO cHCTEeMBI ynpaBJjeHust 6a3zamu nanubix (CYB/). Cpen-
crBamu CYB/] moanepkuBaroTcst pa3iuyHble ONEpaliy ¢ JaHHBIMHU,
BKJIIOYasl BBOJ, XpaHEHHE, MAaHUIYJIMPOBaHKe, 00pabOTKy 3alpoCcoB,
MIOUCK, BBIOOPKY, COPTHPOBKY, OOHOBIICHHE, COXPaHEHHE 1IETOCTHO-
CTH M 3aIIUTY JaHHBIX OT HECAHKIIMOHWPOBAHHOTO JIOCTYTIA WM T0-
tepu. O6b1uHO B 'MIC ncnoneiytotest peasiuuonnbie CYB/I, B koTo-
PBIX MOJIB30BATENb BOCIPUHUMAET JaHHBIC KaK TaOJIUIIbI.

Kaxnas pensiunonHas Tabnuua npeacTaBisieT cOO0H AByMEepHBIT
MaccHB U 00Ja1aeT CleAYIOIUMH CBOWCTBAMU:

— KXl DJIEMEHT TaOJIUIbl — OJJMH DJIEMEHT JIaHHBIX;

— BCe SIYCHKH B CTONIOLE TaONUIBI OMHOPOAHBL, T. €. BCE DJIEMEH-
TBI B CTOJIOLIE UMEIOT OAWH TUM (YMCIOBOW, CHMBOJIBHBIH U T. 11.);

— KXl CTOJIOC] UMEET YHHKAIIbHOE NMS;

— OJIMHAKOBBIE CTPOKH B TaOJIUIIE OTCYTCTBYIOT;

— MOPSIIOK CJIEOBAHUSL CTPOK M CTOJOIOB MOKET OBITh MPOU3-
BOJIBHBIM.

OCcHOBOMOJIATAIOIMMH JIEMEHTAMH 0a3bl JAHHBIX SBIISIOTCS
CMOZETMPOBAaHHBIE AIIEMEHTHI e CTBUTEIBHOCTH.

Nudopmanmonnyio ocHoBy ['MC cocTaBnsiloT JaHHBIE M3 Cie-
JOYIOLIMX OCHOBHBIX HCTOUYHHKOB:

— TekcToBble (OTYETHI SKCHETUIMN, CTATbH, KHUTH) U CTATH-
cTHYeCKHe MaTepuaJbl (ToCyAapcTBEHHAsl CTATUCTHKA, JTAHHBIC Tie-
pEnuCcH HACeNeHHS, CIIPABOYHUKH, KaTaJIOTH U KaJacTphI).

— Kaprorpadguueckue ucrounuku (tomorpaduyeckue, MoIH-
THUYECKHUE, aIMUHUCTPATUBHBIC U TIp.). B reonndopmaTuke 5TH KapThl
CITy’KaT AJIsl OJy4YeHus: nHpopMauu 00 00bEKTax U UX KapTorpadpu-
YEeCKOH MPUBA3ZKH.



— lucTanuuoHHoe 30HAMpPOBaHUe. B Hacrosiee BpeMs uUMe-
IOTCS] CHUMKH BCE MOBEPXHOCTH 3€MJIH, MTOJIYUYECHHBIE CO CIYTHUKOB
AUCTAHIUOHHOTO 30HAMPOBAHMSA (KOCMHUUECKHE CHUMKH) C METPO-
BBIM pa3pelieHHeM. DTU JaHHbIE MOTYT OBITh MOJYYeHBI HE TOJBKO
B 00J1aCTH BUJMMOTO CBETA, HO U B IPYTHX B JJIEKTPOMArHUTHBIX IHa-
na3zoHax (MHppakpacHoM, paauo). s monyyeHnss CHUMKOB ¢ 00JIb-
LIMM MaclTaboM HCHOIB3YIOTCS JaHHBIE a9P0(oTOCHEeMKH.

— Jannble rja06aabHoil cuctembl no3uunoHupoBanus (GPS,
I'JIOHACC). Ilpuemnuku GPS naroT BO3MOXXHOCTH OIIEpaTHBHO I10-
JTy4aTh KOOPAHHATHIL.

1.2. Tunosblie sonpocwl

1. MecTto. Bonnpoc cocTOUT B BBIICHEHUH, YTO HAXOAUTCS B AaH-
HOM MecTe. MecTO MOKET OBITh OIPEIeNICHO MO TeorpaduuIecKuM Ko-
OpAMHATaM, 110 Ha3BaHUIO MECTHOCTH, 110 ITOYTOBOMY KOJY.

2. Ycaosue. [ e Heuro Haxoautcst? s oTBeTa Tpedyercs mpo-
CTpaHCTBEHHBIH aHanu3. Hanpumep, HE00X0IMMO ONPEAETUTH MECTO
(0OTHO WJIM HECKOJBKO), B KOTOPOM YJOBIIETBOPSIOTCS HEKOTOpHIE
ycioBHs (HalpuMep, Hy’KHO HaiiTu miomaaky comnee 2 000 m? B mpe-
nenax 100 M oT AOpOTH, TOAXOAIIYIO ISl CTPOUTENBCTBA).

Tengenmuu. Yrto usmenwioch? Bompoc mpencrasisier coOoi
MIOTBITKY OMNpPEJENINTh BPEMEHHBIE H3MEHEHHUS Ha OIpeJeIeHHON
oM (HampuMep, Kak MeHsleTCs KapTHHA 3arps3HeHus paioHa
Ha IPOTSHKECHUU TOA).

CrpykTypsbl. Kakue npoctpaHcTBEHHBIE CTPYKTYPHI (pachpere-
nenust) cymectByioT? [locTpoeHne miomanHbex 0OBEKTOB Ha OCHOBE
JUCKPETHBIX TOYEK.

Mopeanposanue. Uto, eciau..? 3To BOMPOC CTABST, €CIIH XOTHT,
HaTnpuUMep, BBISICHUTBH, KaK TMOBIUSET M3MEHEHHE WM J10OaBJICHHE
(dakxTopa Ha OOILIYI0 CTPYKTYpYy, HalmpuUMep UYTO MPOHM30HAET, eciu
K CYIIECTBYIOUIEH CeTH J00aBUTHh HOBYIO JIOPOTY WJIM €CIIH TOKCHY-
HO€ BEIIECTBO MPOCOYUTCS B TPYHTOBBIE BOJIBI.



2. Knaccudpukanus u crpykrypa I'MC

C Touku 3peHus reoMH(OPMATUKU KIacCU(HUKALNIO BCEX WH-
(hOpMALIMOHHBIX CUCTEM MOXKHO MPEICTABUTH B BUJE TAKCOHOMHYE-
CKOTO JepeBa:

’7 WHcbopmaums —l

HenpocTpaHcTBeHHas ’— MpocTpaHcTREHHAS —‘
CurcTembl Hereorpaduyeckas leorpadpnueckas
ynpaBneHus, | |
cnpaBoYHO-
VHbOpMaLOHHBIE, Cuctembl rnc
[OKYMEHTALIMOHHOTO  aBTOMAaTWU3NPOBaHHOIO
obecneyeHus MPOEKTUPOBAHUSA

Cxewma 1. Kitaccudukanms nHGOpMaOHHBIX CUCTEM

Ilo TeppuTopuaJBLHOMY 0XBATY pa3mndaroTcs riaodansasie [ YC,
HaroHanbHbIe [ MIC, 3a9acTyio MMeEIoIe CTaTyC rocy1apCTBEHHBIX,
pernonansubie [ IC u noxamsasie [ IC. TUC paznudarotes mo mpes-
MeTHOH 00JacTH WHPOPMAIMOHHOTO MOJIEIUPOBAHMSA, HAIpUMeEp:
mynaummnaisaeie [ YIC, mpuponooxpannsie ['MIC, nHxeHepHBIE U T. 11
[Ipo6emuas opuenrarust ['MIC onpenensgercs pemacMbpIMA B Hel 3a-
JadamMu (HayYHBIMH ¥ IPUKITaHBIMHA), CPEId HUX MHBEHTApHU3AIHs pe-
CYpcOB (B TOM YHCIie KaAacTp), aHAIN3, OIIEHKa, MOHUTOPHHT, yIIPaB-
JICHWE ¥ TUTAHNPOBaHUE, TIOAJIEPIKKA TIPUHATHS PEIICHHUH.

[lo ngpyromy mpu3Haky KiacCH(UKAIMM B HACTOSIIEE BpeMs
B mpuMenstores 2 tumna ['MC: TomoJiornyeckne W HETONMOJOTHYe-
ckue. [lepBeie cocoOHBI 00pabaTHIBaTHL MH()OPMAITHIO, CBSI3aHHYIO
C KaTeropusiMH COCECTBA, BKIFOUEHHOCTH (pa3innyaroT MpaBylo U Jie-
BYIO CTOPOHBI 00BEKTOB), BTOpble — HeT. [[pumep mepBoro Tuma — -
Hetika mpoaykToB ArcGIS xommanmu ESRI u momoOHbIE €if cHCTEMEL.
IIpumep Broporo tunma — ['MIC Mapinfo. O6a mporpaMMHBIX TIPOTyKTa
TakKe MOTYT WLUTFOCTPUPOBATH APYTYIO AP PEPEHITUPOBKY — IO 00-
JacTy puMeHeHus. [lepBbie B OCHOBHOM peIIaroT 3a/1a4i aHaJIHuTHIe-
CKOTO ¥ MOHUTOPHHTOBOTO XapaKTepa, MOCKOJIBKY 00J1a1at0T OOIBIINM
YHCIIOM HHTETPUPOBAHHBIX (DYHKIIMI, BOSMOKHOCTHIO aBTOMATH3AIIH
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MpOLIEAYp U AaXKe CO3AaHHS AKCICPTHO-aHATUTHISCKUX aBTOMAaTHU3H-
poBanHbIX cucteM. [logoOHBIe Mapinfo mporpammel Oojee mprcoco-
OJICHBI I TIOATOTOBKH KapTOrpa(uuecKux MaTepuaos.

Jlornyecku u oprannzanuoHHo Bo Bcex [ MIC MOKHO BBIAETHTH
HECKOJBKO KOHCTPYKTHBHBIX MOJCHCTEM, BBITOJHSIIOIIUX OIpee-
JICHHBIE (QYHKIHIH.

padpuueckue
/ Basbl AaHHbIX \
Cuctema
Cucrema Cucrema
— ynpaBneHus —p
CwucTtema BBOAA BU3yanuaaLmy ynp BbIBOZA

1 06paboTkm

\ Tematnyeckune /

6a3bl faHHbIX

Cxema 2. @yHknuoHanbsHas crpykrypa TIC

Cucrema BBOJA MpEJCTaBIsieT COOOW ammapaTHbIE CpEICTBa
(xmaBMaTypa, MbIIb, TUTUTal3ep, ckaHep, npueMHuk GPS u T. 1.)
u uHTep(deiic BBO/Ia JaHHBIX. 3aTeM KOOPAWHATHBIC M aTpUOYTHBHEIC
JTAaHHBIE XPAHATCSA B COOTBETCTBYIOUINX 0a3aX JAHHBIX U 110 3aMIPOCY
CHCTeM yIpaBJeHUs] M 00padoTKN M BU3yaTU3aIMHU HCTIOJIb3YIOTCS
JUIS OCYIIIECTBIICHHUS BCEBO3ZMOXKHBIX (MaTeMaTHUECKUX, JTJOTHUECKUX,
AHAJIMTUYECKUX, CTATUCTHYECKUX) oneparuil. CucreMa BbIBOAA I10-
3BOJISIET BBIBOJUTH PE3YJbTAThl 3TUX OINEpalnuii Ha MOHHUTOD, Ieda-
TaTh, IepeaBaTh UX uepe3 MIHTepHeT uin CoXpaHATh AJIs UCIOJIb30-
BaHUS B JIPYT'HX IPOrpaMMax.

B ucropuyeckom acriekte HapacTaHue (YHKIHOHAIBHBIX BO3-
moxHocTer [ IC mponcxoauso mo JIMHUHA OT HHBEHTAPHU3AIIUU Yepe3
aHaJIM3 U MOJIEIMPOBAHUE K YIIPABICHHIO.

OcHoBHBbIe TpeOoBaHus, npeabsasisiemsle k ['MC:

1. OxBat Bcex CTOPOH HHPOPMAIIMOHHOTO, TPOTPAMMHOT0, TEX-
HUYECKOTO 00ECIeUeHus!, POSIBIISIONIMXCS B TPOIIECCe dKCIUTyaTa-
LIMA CHCTEMbI, BO3MOXHOCTh 00paOOTKM MacCHBOB HEOHOPOHOM
MIPOCTPAHCTBEHHO-KOOPAMHUPOBAHHOW WH(POPMALMU U  CIIOCO0-
HOCTb TOJJICPKUBATh 0a3bl JAHHBIX JJISI IIUPOKOTO Kilacca reorpa-
(udecknx 0OBEKTOB.

2. KommuiekcHelit xapaktep cucteMbl. OCHOBHOE ITPEUMYIIECTBO
reoMH()OPMAIIMOHHBIX TEXHOJIOTHH 10 CPaBHEHHIO C TPaJAWIHOHHBI-
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MH METOJMKAMU COCTOMT B BO3MOKHOCTAX COBMECTHOI'O aHajau3a
OOJIBIINX TPYIIIT TAPAMETPOB B UX B3AUMHOM CBSI3H, UTO OUYEHb BAIKHO
JUTSL U3YYCHUS CIIOKHBIX Te0TpapUuecKuX sIBIICHUH U MTPOIECCOB.

3. OTKPBITOCTh CUCTEMBI, 00ECIICUMBALOIIAS JISTKOCTh MOIU(UKA-
LU 1 ajanTaliyuy K HOBBIM YCJIOBHSIM JUTsl TIOJICPYKAHUS €€ Ha COBpE-
MEHHOM YPOBHE HE TOJIBKO pa3padOTYNKaMU, HO U MOJIb30BATEIISIMHU.

3. [Ipumenenue I'NC

I'MC uconp3yIoTes IS pelIeHnsI pa3Ho00Pa3HBIX 3a/1a4, OCHOB-
HBIE M3 KOTOPBIX MOXHO CIPYMITUPOBATH CIEIYIOIUM 00pa3oM:

— obecrieueHre JIeITebHOCTH OPraHOB 3aKOHOJATEIBHON U HC-
MOJTHUTEJILHON BJIACTH, CHIIOBBIX CTPYKTYD;

— obecrieueHre KOMIUIEKCHOTO U OTPACIIeBOT0 KaaacTpa (3eMellb-
HOTO, BOJHOTO, JIECHOTO, HEJIBUKHMOCTH H T. 11.);

— TIOMCK W paIOHAIBHOE HCIIOb30BAHUE MPUPOIHBIX PECYPCOB;

— TEPPUTOPUAILHOE, OTPACIIEBOE, MYHHIMTIALHOE IJIAHUPOBA-
HUE U YIPaBJICHUE,

— TPUPOJIOTIONHL30BAHUE, MOHUTOPHHT DKOJIOTHUECKUX CHTYaIlU,
OIICHKA TEXHOTEHHBIX BO3JICHCTBUI, DKOJOTHIEeCKast IKCIIEPTH3A;

— Hay4YHBIE HCCIIEJIOBAHNS U 00pa30BaHUE;

— KOHTPOITb YCJIOBHH KHU3HU HACEJICHUSI, 3/JpaBOOXPAHEHHE U pe-
Kpearusi;

— KaprorpadupoBaHue (KOMIDIEKCHOE M OTPacCJIeBOC);

— WCIIONIb30BaHUE B TOPrOBIIE U MapKETHHTE, OU3HEce.

Inpoxo nmpumensercs [MIC B y3kOBEITOMCTBEHHBIX, TIOTPEOH-
TENLCKUX cepax: TPaHCIOPT, [IEHO0Opa3oBaHKe, TYPH3M, TOPTOBIIS,
CIPaBOYHBIC YCITYTH.

Takum o6pazom, ' IC mo HazHaueHUSAM W (PYHKITHSAM SIBIISICTCS
MHOTOIEJICBON M OPUEHTHPOBaHA Ha oOecrieueHue reorpaduaecKuMu
W IPYTMMU JJAHHBIMHU IIUPOKOT0 KPyTa OpraHu3aluil U TpaxiaH.

K noteHnuanbHpIM OTPEOUTENSIM FeOMH(POPMAIIHA OTHOCSTCS

— CTPYKTYPBI BIIACTH;

— IJIAaHUPYIOIINE OPTaHbI;

— MHCHEKIMH U KOHTPOJIbHBIC OPTaHbI;

— IOpUAMYECKHE U TPABOOXPAHUTEIILHBIC OPTaHbI;
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— MPUPOAOOXPAHHBIC OpraHU3aIun;

— APXUTCKTYPHO-IUIAHUPOBOYHLIC 1 3EMCJIbHBIC CJ'Iy)K6BI ropozaa,
— OpraHusalym, SKCIUTyaTUPYHOIIMC KOMMYHHUKAIIUU WX TPAHCIIOPT,
— HAY4YHO-UCCJICAOBATCIBCKUC U IMPOCKTHLIC HHCTUTYTHI;

— CTPOUTCIIbHBIC OPraHU3alluu;

— TOPTOBBLIC OpraHU3allnN;

— YaCTHBIC NPCANPHUHUMATCIIN U JIULA.

3.1. [Ipumenenue rHC
8 NpupodooXpaHHOll desimelbHOCMU

B Xxone 3KomOrMYeckoro MOHUTOPHHIA OCYILECTBISIETCS cOOp
1 COBMECTHast 00pa0dOTKa JaHHBIX, OTHOCSAIIMXCS K PAa3IMYHBIM IPH-
POIHBIM CpeiaM, MOJEIMPOBAHUE 1 aHAIN3 3KOJIOTMYECKUX MPOLIECCOB
1 TEH/AEHIMH UX pa3BUTHS, UCTIOJIb30BaHNE JaHHBIX NP MPUHATHH pe-
LICHUH TI0 YNPaBJICHUIO Ka4eCTBOM OKpYyKaromieil cpeabl. Takum 00-
pasom, B npupoaooxpanHoil nestenbHoctd [MC SBASIOTCS MOIIHBIM
CPEACTBOM HOAJEPHKKHU MPUHATHS YIIPABICHUECKHX PEIIEHHUH.
Pe3ynbrar sK0I0rMUecKoro McciaenoBaHusl, Kak MMpaBuiIo, Mpes-
CTaBJIAET ONEPAaTHUBHBIC JAaHHBIE CIEIYIOMINX THUIIOB: KOHCTATHPYIO-
mue (M3MEpPEeHHBIE WM CMOJCIMPOBAHHBIC MapaMeTpPhl COCTOSIHUS
9KOJIOTHYECKOH 0OCTAaHOBKM B MOMEHT OOCIICIOBAHNS), OLIEHOYHbIe
(pe3ynbTarel 00pabOTKH M3MEPEHHI M MOJIy4YEeHHE Ha ATOM OCHOBE
OLICHOK 3KOJIOTHYECKOH CUTyalnu), MPOrHO3HbIe (IPOrHO3UPYIOLIHE
pa3BUTHE OOCTAHOBKU Ha 3aJaHHBIN IIEPHOJ BPEMEHH).
Oco0eHHOCTBIO MPEICTaBICHHS JAHHBIX B CHCTEMaX 9KOJIOTHIECKO-
IO MOHHUTOPHHIA SIBIISIETCS TO, YTO HA DKOJIOTMYECKUX KapTax B 3HAUU-
TEJILHOM CTENEHM NPEACTABIICHBI apealibHble T€000BEKTHI (HAIpUMED,
00J1aCT! ¢ OIMHAKOBOM KOHLIEHTpaLMEH 3arpsI3HSIOIETO BEIIECTBA).
CeronHs mpeanaraetTcs LENbIH psii CHENUANIN3UPOBAaHHBIX MPO-
rpaMM i po()eCCHOHATIBHOW JESITENBHOCTH B OOJIACTH OXPaHBbI
OKpY’KaroIllel Cpeabl, peanusyrommx sneMeHTsl TexHojorun ['MC.
OHM MOTyT IpeAHa3HadaThCs sl OLEHKH 3arpsi3HEHHUIN U UX MOCIEe-
CTBMH W NPUBS3KH PE3yJIbTAaTOB K KOHKPETHON MecTHOCTH. OCHOBOM
TaKUX NPOTPaMM SIBISIETCSI MaTeMaThyuecKas MOJeib Ipouecca (Ha-
MpUMEp, METOJ pacyera 3arpsi3HEHUsl atMocdepbl, OazupyOIMACS
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Ha THIPOJAWHAMUYECKOM MOJENM TOTPAaHHYHBIX CJIOEB aTMOC(EphI
u metosie Monre-Kapno mist onenku typOyneHTHOU quddy3uu mpu-
Meceii, Ha OCHOBE CYIEPIIO3UIIMH TOJICH 3arpsi3HEHUH BO3MOXEH pac-
4YeT CyMMAapHOTO 3arpsI3HEHHUS U PHUCKA TOKCHYECKHUX A(PPEKTOB U T. 11.).
Ha ocHOBe naHHBIX 00 HCTOYHUKE 3arpsi3HEHHS (T€OIPOCTPAHCTBEHHAS
MpUBsI3Ka, 00BEM, CKOPOCTh BBIOpOCA ¥ JIp.), KIIMMATHYECKUX XapaK-
TEPUCTHK MOXKHO PAacCUMTATh IOJIE 3arPSI3HCHUS, U PE3YJIbTaThl OYayT
BU3YAJTU3UPOBATHLCS C YUETOM NPOCTPAHCTBEHHBIX JAHHBIX. [IprMeHe-
HUE CTaHJIAPTHU30BAaHHOI'O METOJa pacyera MO3BOJISET MCIOJIBb30BaTh
MOJTYYCHHBIC PE3yJIbTATHI JIJISl IPUHATHS YIIPABJICHYSCKUX PEIICHU.

JI1st KpYIHBIX TEPPUTOPHATILHBIX 00pa30BaHUN CUCTEMA DKOMO-
HUTOPUHIa Ha OCHOBE I'eOMH(OPMAIIMOHHBIX CHCTEM HMEET CIIO0XK-
HYI0 MHOTOCTYIIEHYATYI CTPYKTYpy. OOBIYHO €€ MOXHO Pa3JIeiHuTh
Ha JIBA OCHOBHBIX YPOBHSL.

HwxawMii ypoBeHb CUCTEMbI BKITHOYACT:

— (enepasibHbIC, TOPOJICKUE U BEOMCTBEHHBIE [TOJICUCTEMBI CIIe-
UATU3UPOBAHHBIX MOHUTOPHHIOB (MOHUTOPHHT aTtMocdepsl, Io-
BEPXHOCTHBIX BOJI, 37I0POBbS HACCIICHUS U T. I1.);

— TePPUTOPHUATBHBIC IEHTPHI cOOpa 1 00pabOTKH JTaHHBIX.

OTH TOJICUCTEMBI 00ECIICUMBAIOT COOP MH(OPMAIIMUA O COCTOSI-
HUU OKPYKAIOIICH CpeJibl U TICPBUYHBIN aHATN3 HHPOPMAIIUH.

BepxHuii ypoBeHb CHUCTEMBI HSKOMOHUTOPHHTA COCTaBJISCT
“H(OPMAITMOHHO-aHAIUTUIECKHI IIEHTP. B ero 3amaun BXOIAT:

— OIEpaTUBHAS OLIEHKA YKOJIOTUYCCKON CUTYallMH B PETHOHE;

— pacyeTr UHTETPATbHBIX OIICHOK YKOJIOTUYECKON CUTYAIlHH;

— IPOTHO3 Pa3BUTHS IKOJOTHUECKOMN CUTYAIINN;

— MOATOTOBKA MPOEKTOB YNPABISIONIMX BO3JCHCTBUN U OICHKA
MOCJICACTBUN TPUHUMACMBIX PEIICHUH.

WHTerpanyst JaHHBIX B €IMHYI0 CUCTEMY MPOUCXOJIHT JBYMSI ITy TSIMH:

— Ha OCHOBE KOHBEPTHUPOBaHUS POPMATOB JTAHHBIX B SIIUHBIN JIJIS
Bcell cucTeMbl popmar;

— Ha OCHOBE BbIOOpA eMHOTO IporpammHoro odecreyenus [ 1C.

Hcnonp3yemblii mporpaMMHBIH KOMIUIEKC, KPOME CTaHIapTHBIX
it [YC, nomKeH BBIMONHATE CIIeAYoNme QyHKINU:

— ¢popMHUpOBaHKHE U BeleHUE 0a3 3KOJOTMYECKON HMH(OpMAaIUu
10 TEPPUTOPUSM, IPEIIIPUITUSAM, cpeaam (BO3aAyX, BOJIA, I0YBA);
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— BeJieHne 0a3bl JaHHBIX HOPMATHBHO-3aKOHOJATENbHBIX JOKY-
MEHTOB B 00J1aCTH 3KOJIOTHH;

— BeleHHe 0a3bl JAHHBIX HOPMATHBOB COJCPIKAHUS 3arps3HSIO-
LIMX BEUIECTB B BO3JYyX€, BOJAE, IIOUBE U MPOAYKTaX MUTAHHUS;

— BeZieHne 06a3bl JAHHBIX IPUOOPOB IKOJIIOTUIECKOTO KOHTPOJIS.

4. Moaeau agaHHbIX B THC

4.1 O6wyue npuHyunvl NOCMpoeHus1
Modeseil daHHbix 8 THC

I'MC ucrions3yeT pa3HO0Opa3HbIe TaHHBIC 00 00BEKTAX, XapaKTePH-
CTHKaX 3€MHOM IMOBEPXHOCTH, HH(OPMAITHIO O (hOPMaX U CBSI3SIX MEXKTY
00BEKTaMH, Pa3INYHbIE ONHCATENbHbIe CBeIeHNs. VICTIoNnb3ys mpreMbl
reHepaIn3aliy 1 a0CTpaKInK, HeOOXOAUMO CBECTH MHOYKECTBO JaHHBIX
K KOHEUHOMY 00BEMY, JIETKO ITOJIA0IIEMYCSI aHAITU3Y H YIIPABIICHHUIO.

AGcTpakuusi — OTBIICUYCHHUE B TPOIIECCE MO3HAHUS OT HECyIIe-
CTBEHHBIX CTOPOH, CBOWCTB, CBSI3EH MpeIMeTa WU SIBICHUS C IISIIBIO
BBIJIETICHUSI X CYIIECTBEHHBIX, 3aKOHOMEPHBIX MPU3HAKOB.

Ienepanu3amus — nporuecc 0TO0pa U 000OIICHHUS COACPKAHUS
IIPH COCTABIICHUH reorpanIecKnx KaprT.

I'enepanuzanus nposiBisieTcst:

— B 0TOOpE OOBEKTOB (T. €. B OTPAHUYCHHUH COICPIKAHUS KapThl
HEOOXOAMMBIMH O0BEKTaMH M B HCKITFOUCHHUH ITPOUNX );

— B IIPOJIyMaHHOM YIIPOIICHUH KOHTYPOB;

— B 0000IIIEHUU KOJIMYECTBEHHBIX XapPAKTEPUCTHK, COCTOSIIEM
B YKPYIIHEHUH CTYIIECHEH;

— B 00OOIIEHNN Ka4YeCTBEHHBIX XapaKTEPUCTUK, COCTOSIIEM
B YIIPOIIEHUH KIaCCUPUKAINNA N300pa’kaeMbIX SIBICHHIA;

— B 3aMeHE OTAENBHBIX O0BEKTOB MX COOMpPATENbHBIME 0003HA-
YCHHSIMH.

B cymectByronmx ['MC ucnonb3yroTcst pa3inuyuHble CriocoObl IS
OIMCaHUs PeasbHOCTH IMOCPEACTBOM MOJENHN JaHHBIX. Moaeib mpo-
CTPAHCTBEHHBIX JIAHHBIX — CIIOCO0 I(POBOTO OIKCAHUSI TPOCTPAH-
CTBEHHBIX 00BEKTOB, THIT CTPYKTYPHI TPOCTPAHCTBEHHBIX TaHHBIX. Hau-
Oolee yHUBEpCaIbHBIE U YIIOTPEOUTENBHBIE M3 HUX: BEKTOPHOE (TOMOJIO0-
TMYECKOE HITA HETOTIOJIOTHYECKOE) U PACTPOBOE MPECTABIICHUE.

14



Ka)KI[aH MOACIb boiee npuroaHa aJjisl ONpPCACJICHHBIX TUIIOB
JaHHbIX H obmacreit NPUMCHCHUS, IMO3TOMY IIpHU H€06X0):[I/IMOCTI/I
PCHICHUA OOJIBIIIOr0 YHCIIa 3aa4 CJICAYCT UCIOJb30BaTh COBOKYII-
HOCTb Pa3HbIX MOI[CJ'IGI\/'I. MO,Z[CJ'IL MMPOCTPAHCTBCHHBIX NJAHHBIX JOJIK-
Ha O6HaZ[aTL CICAYOMUMU OCHOBHBIMU Ka4u€CTBAMU: HEJIOCTHOCTD,
HEMPOTUBOPEYUBOCTH U ONITUMAJIBHOCTD.

4.2. Ogepaeiinaa cmpyKkmypa

HudpoBas kapra MOXKeT ObITh OpraHHM30BaHAa KaK MHOXKECTBO
cioeB. Ciiou MOCTPOCHBI HA OCHOBE O0BEAMHEHUS (THITU3AIINHN) TIPO-
CTPaHCTBEHHBIX 00BEKTOB, UMEIOIINX OOIIHUE CBOWCTBA!

— IPUHAICKHOCTh K OJHOMY THUITY KOOPJAMHATHBIX OOBEKTOB
(TOoYeuHbIe, TMHEHHBIC, TOJUTOHATIBHBIC);

— IPUHAIJICKHOCTD K OJJHOMY THITY TPOCTPAHCTBEHHBIX O0BEK-
TOB (KHJIbIC 37aHUS, MOA3EMHBIE KOMMYHHKAIIMH, aJIMUHUCTPATHB-
HBIC TPaHUIIBI U T. J1.);

— 0TOOpaKEHUE Ha KapTe OJIHUM IIBETOM.

[NpunamIeKHOCTH 0OBEKTA UITH YaCTH OOBEKTA K CIIOFO MO3BOJISICT UC-
TOJTE30BaTh U J00aBJISATh IPYIIIOBBIC CBOMCTBA 00BEKTaM JIAHHOTO CIIOSL.

Crou MOTYT MIMETh KaK BEKTOPHBIE, TaK ¥ pacTpoBblie (popmatsl. Of1-
Hako MHorue ['MC noryckaroT BO3MOXKHOCTB paOOTBI CO CIIOSIME TOJIBKO
BEKTOPHOT'O TUTIA, & PACTP UCHOIB3YETCS B KAUECTBE MOJITIOKKH.

KommyHwukaLmm

[opoxHas ceTb

/ MnoTtHoCTb Hacenexus
/ OxpaHHbIe 30HbI

Twaporpadus

paHuLpb! pervoHoB

'

WHTerpupoBaHHas nHdpopmaumoHHas ocHosa MC

Puc. 1. [locnoitHast cTpyKTypa 3J€KTPOHHOM KapThl
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C noMoIIbI0 CUCTEMBI (PIITBTPOB WU 3aJIAHHBIX TAPAMETPOB 00b-
€KTbI, PUHAJICKAIINE CJIOK, MOTYT OBITh OJIHOBPEMEHHO MacCIITa0u-
POBaHbI, IEPEMEIICHbI, CKOITMPOBAHbI, 3aIIMCAHbI B 0a3y JTaHHBIX.

MHorocnoliHasi OpraHu3aiusl 3JIEKTPOHHOW KapThl MHpPU HalU-
9uK THOKOTO MEXaHW3Ma YIPABICHUS CIIOSMH MO3BOJISET HE TOJIBKO
00BEIMHUTH U OTOOPA3UTh OOJIbINIEE KOJTUYSCTBO UH(POPMAIIMH, YeM
Ha 00BIYHOM KapTe, HO CYIIECTBEHHO YIIPOCTUTh aHAIIN3 KapTorpadu-
YECKHUX JAHHBIX C MOMOIIBIO CEIEKINH JAHHBIX, HEOOXOIUMBIX IS
BH3YaIH3allMA U MEXaHU3Ma «IIPO3PAYHOCTIY IU(PPOBON KaPTHI.

MpocTtpaHcTBEHHAs BbIGOpKa Tematnueckas Bbibopka

-

Puc. 2. PaznmudaHbie BUIBI BEIOOPOK

Han oObekramu, pacmonoKeHHBIMH Ha Pa3HBIX CIOSX, MOYKHO
MIPOBOJUTH OBepJielinble omepanuu. OBEpICHHBIMU ONEPALUSIMH
Ha3bIBACTCS TPOLIECC TeHEPAlMM HOBBIX M M3MEHCHUS CYIIECTBYIO-
X 00BEKTOB IMyTEM HAJI0XKEHUs! (COBMEILICHHS) Pa3InYHbIX HUPPO-
BBIX KapT, COJCPIKAIINX Pa3HOTHUIIHbIE OOBEKTHI, MIPH 3TOM CO3JaH-
HBIC WJIK MOJU(PUIUPOBAHHBIE 00BEKTHI MOTYT UMETh HH(POPMALIHIO,
SIBIISTIOILYIOCS. TIPOM3BOAHOM OT MH(OpPMAIUU HCXOAHBIX OOBEKTOB.
Hanpumep, ecnu umeroTcsi [Ba MOJUTOHAIBHBIX 00BEKTa, KOTOpPHIC
YaCTUYHO TIEPECEeKaroTCsl, TO HaJ HUMH MOTYT OBITh OCYIIECTBIICHBI
ornepanuu 00bETUHEHUS, IEPECCUCHHS U T. II.

MHoxectBO A MHoxectBoB  Aunu B

0, 1= 4 1=

Puc. 3. OBepneitapie onepanun
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4.3. bazoagsie munwl
NnpocmpaHcmMeeHHbIX 006€eKMoa8

O06wexToM nHpopMannonHoro moaenuposanus B 'MC sBisiercs
NPOCTPAHCTBEHHBIN 00beKT. DTO OJHO U3 KIIOUEBBIX MTOHATHH I'eo-
nHpopmaTuki. OH MOXKET OBbITh ONpeieieH Kak Iu(POBOE NpeACTaB-
JeHue (MoJiesib) 00beKTa pealbHOCTH (MECTHOCTH), COAEPIKAILEe ero
MECTOYKa3aHUe U HaOOp CBOMCTB (XapaKTEPHCTHUK, aTPUOYTOB).

ba3zoBbIMU (9IEMEHTApPHBIMU) THUIIAMH [TPOCTPAHCTBEHHBIX 00b-
€KTOB, KOTOPBIMH O1iepupytoT coBpeMeHHble [ IC, 00bIHO cunTaroT-
cs cienyromue (B CKOOKax MpUBEJCHBI UX CHHOHUMBI):

— To4Ka (TOYeUHbI 00BEKT) — (-MEepHBIH OOBEKT, XapaKTepH-
3yEeMBbIi IUTaHOBBIMH KOOPJIUHATAMH;

— JIMHUS (JTMHEHHBIHA 00BEKT, TTIOJMIMHUS) — | -MepHbINA 00BEKT, 00-
Pa30BaHHBIH [IOCIE0BATEILHOCTHIO HE MEHEE JBYX TOUYEK C N3BECTHBIMU
IUIAHOBBIMU KOOPIMHATAMH (JIMHEHHBIMU CETMEHTAMHU WU TyTaMHt);

— moMroH (067acTb, KOHTYP) — 2-MepHBIH (TUIOIAaIHOIH) 00b-
eKT, BHYTPEHHs1s1 00JIaCTh, OrpaHUYCHHAs 3aMKHYTOW MOCIIEA0BATEIb-
HOCTBIO JIMHUH (IyT B BEKTOPHBIX TOMOJIOTHYECKUX MOJEISX JTAaHHBIX
WM CETMEHTOB B HETOIOJIOTMYECKON MOZEIN) U WACHTUDHULIUpPYeMast
BHYTPEHHEN METKOI;

— nuKcesa (MKCEIb) — 2-MEPHBIH 00bEKT, HAUMEHBIINN 3Je-
MEHT, M0JTy4aeMblid B pe3yJbTaTe AUCKPETU3ANN H300paskeHus (pas-
OueHMsI Ha Jlajiee HeleIMMbIe DIIEMEHTBI pacTpa);

— sivelika (peryJspHas s4eiika) — 2-MepHBIH OOBEKT, HJIIEMEHT
pa3OueHus 3eMHOH MOBEPXHOCTH JIMHUSAMH PETYJISIPHON CETH;

Ooruiee 1uhpOBOE OMUCAHKE IPOCTPAHCTBEHHOTO OOBEKTa BKIIFOYACT:

— HaUMEHOBAHUE;

— YKa3aHHe MECTOIOJIOKEHHUS;

— Habop CBOKCTB;

— OTHOILEHHS C MHBIMU OObEKTaMH.

HaumenoBanuem o0beKTa CIYKHUT €ro reorpaduyeckoe Haume-
HOBaHUE, €r0 YCIOBHBIN KO/ W/WIN UAEHTH(OUKATOP, IPHCBaNBACMBbIH
[10JIb30BATENIEM MJIM Ha3HAYaeMbli CUCTEMOH.

B 3aBucumocTH OT THIIA 00BEKTA €70 MECTOIOJIOKEHUE OIpee-
JseTCs Napoi (TPUIUIETOM) KOOPIUHAT (JIJIs1 TOUEYHOTO 00BEKTa) UITH
HAabOpOM KOOpAMHAT, OPraHM30BAHHBIM OIpPENEIICHHBIM 00pa3oM
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B paMKaxX HEKOTOpOH MoJienH JaHHbIX. [lepeueHb CBONWCTB COOTBET-
CTBYET aTpuOyTaM 0O0BEKTa, KAUeCTBEHHBIM M KOJIMYECTBEHHBIM €TO
XapakTepucTukaM. ATprOyTy 00beKTa MOTYT OBITh ITOCTABIIEHBI B CO-
OTBETCTBHUE JIFOObIE THUIIBI AAHHBIX: TEKCT, BUJEO- WIN ayIHO03AIINCh,
rpaduka (BKIOYas KapTy), 4TO peaau3yeTcst Ha NPAaKTHKE B MYJIbTH-
MEAUHHBIX DJICKTPOHHBIX aTjiacax.

[lon oTHOLIEHNAMH MOHUMAIOT MPEXKJIE BCETO TOMOJOTHYEeCKHe
OoTHOLIeHUs (ToroJoruio). K Tomonornueckum cBOMCTBaM MpOCTpaH-
CTBEHHOT'O OOBEKTa MPHUHATO OTHOCHUTH €r0 Pa3MEPHOCTH, 3aMKHY-
TOCTb, CBSI3HOCTh, IIPOCTOTY (OTCYTCTBUE CAMOIIEPECEUEHHUS TMHEHHBIX
00BEKTOB U «OCTPOBOBY» B MOJUTOHE) U T. 11. [Ipumepamu Tomnonoruye-
CKHX OTHOILICHUH OOBEKTOB SIBISIOTCA MX CBOMCTBA «IIEPECEKATHCS»,
«KacaTbCs», «OBITh BHYTPW», «COIEPKATHY, «COBIAIAThH.

4.4. Pacmpoeast mode1b 0aHHbIX

Pactp — npsiMoyroJibHas pelieTka — pa3OuBacT U300paKeHUE
Ha COCTaBHBIC OJHOPOJHBIC Jajice HEICTUMBIC YaCTH, Ha3bIBaEMbIC
NMUKCeJIAMHU, KOKJIOMY U3 KOTOPBIX MOCTaBJIEH B COOTBETCTBUE HeE-
KOTOPBIA KO, OOBIYHO MICHTHU(PHUIMPYIOIINN I[BET B TOW WJIA WHOU
CHUCTEME I[BETOB (IIBETOBOW MOJICIIN).

PactpoBast Mmonenb JaHHBIX:

— pa30buBaeT BCIO M3yYaeMyIO0 TEPPUTOPHUIO HA DJIEMEHTHI pPery-
JIAPHOM CETKHU;

— Kaxas siuerka coJIepKUT TOJIbKO OJIHO 3HAYEHUE;

— SIBJISIETCSL IIPOCTPAHCTBEHHO 3aIIOJIHEHHOM, TIOCKOJIBKY KaXI10€ Me-
CTOMOJIOKEHUE HA N3y4aeMOI TEPPUTOPUN COOTBETCTBYET STUCHKE pacTpa.

clc|clciDyC]|C
B|E|E|D|D|D]|C
B|E{C(|D|D|D\C
cl|c|Cc|D|D|D]|B
C|C|C|A|A]|A|B
C|C|C|\A|B|B|B
D|ID(D|D|A|B|B
VcxoaHasi kapTa KOHTYypoB PacTpoBoe npeacraerneHue

Puc. 4. O6pa3oBaHue pacTpOBOI CTPYKTYPHI.
HcxomHble TONMMTOHATIBHBIC OOBEKTHI (ClIeBa) ¢ aTprOyTamu (K1accamu) A, B,
C, D u E n MatpuIta pa3sMepHOCTBIO 7X7 pacTpoBOil MOzeNH (cIipasa),
KaXIOMY SJIEMEHTY KOTOPOIl IPHCBOCHO 3HAYCHHE aTpHOyTa 00BEKTa
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BreiOpaB mopxonsmiuii pa3mMep MHKCela PacTPOBOM MOJIECIH,
MOXKHO JOOUTHCSI MPOCTPAHCTBEHHOI'O pa3pelieHus (KOJIMYeCTBa
MMUKCEJIOB B €UHMIIC JUIUHBI, OOBIYHO JIOWM WJIH CAaHTHUMETp), yIO-
BIICTBOPSIIONIETO EJSIM UX IUPPOBOTO OMHCAHUS M IMOCISAYIONICH
o0pabotku. Uem OoJbllie pa3peiieHue, TeM Ka4eCTBEHHEE BBITIISIUT
M300paKCHHUE U TeM OOJIBIIE CTEIeHb BO3MOXHOTO €r0 YBEIHUCHHUS.
BekTopHble M300paKeHHs HE WMEIOT IMOJ00HOH XapaKTepPUCTUKH
M BCET/Ia BBIMTISIAT YETKO.

BekTopHoe nsobpaxeHne

o
N\ U
PactpoBoe nsobpaxeHune

O/

Puc. 5. CpaBHeHHe kadecTBa H300paskeHUS
B BEKTOPHOHN M PaCTPOBON MOJIEIISAX MPH Pa3IMIHOM MacuTade

JIByKpaTHOE YBEIWYECHHUE Pa3pelIeHHs] BEJEeT K YeThIPEXKPaTHO-
MY POCTY 00bEMOB XPaHUMBIX JAHHBIX U T. [., TO3TOMY HE00X0AUMO
HalTh OanaHc MEXIly KadueCTBOM M300pakeHUs 1 pazMepoM (aiina.

B pactpoBbix 'MC ananuTudeckue omepanuu CBOJASATCS K IO-
MTUKCENBLHBIM OTepanusM ¢ HAOOPOM PaCTPOBBIX CIIOEB U MOTYT OBIThH
JIETKO «pacrapaieiIeHbD».

[Mognepkka pacTpoBOil MOJETH JaHHBIX — XOpOUIasl MPEAIo-
ChUIKa (M YCIIOBHE) HHTErpalMu MporpaMMHbIX TponaykroB ['MC
co cpeacTBaMH HU(PPOBOI 00padOTKM TaHHBIX TUCTAHIIHOHHOTO 30H-
JUPOBaHUS U 00paOOTKH N300paKEHUH B LIEJIOM.

PacTpoBbie MOJen UMEIOT CIIEAYIOIINE TOCTOMHCTBA:

— pacTp He TpeOyeT NpeaBapUTEIbHOTO 3HAKOMCTBA C SIBIICHUSMH;

— JJaHHbIE COOMPAIOTCS C PABHOMEPHO PACTIONI0KEHHOH CETH TO-
YeK, 4TO MO3BOJISICT B IajlbHEHIIIEM HAa OCHOBE CTATUCTUYECKUX METO-
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J0B 00paboTKH MOTydaTh O0BEKTHBHBIE XapaKTEPUCTUKU HCCIIEAye-
MBIX OOBEKTOB;

— pacTpoBbI€ JaHHBIE TPOLIE Al 00pPadOTKH MO MapauIeNbHBIM
aNropuTMaM;

— HEKOTOpBIE 3a/1a41, HallpuMep co3nanue OyepHoil 30HbI, Ipo-
1€ peluaTh B PACTPOBOM BUJIE;

— MHOTHE PacTPOBBIE MOJEIU IO3BOJISIIOT BBOJUTH BEKTOPHBIE
JaHHBIC, B TO BpeMsl Kak 00paTHas NpoLeaypa BecbMa 3aTpyAHUTEIb-
Ha JUIsI BEKTOPHBIX MOJEIIEH;

— IIPOLIECCHI PACTEPU3ALUYA MHOIO MIPOILE AITOPUTMUYECKHU, YEM
MPOIIECCHl BEKTOPHU3ALUK, KOTOPBIE 3a4acTyl0 TPeOYIOT 3KCIIEPTHBIX
peueHui.

IIpocroTa MamMHHON pealn3aluu Olepauuil C pPacTPOBBIMU
JAHHBIMM HAXOAWTCS B IPOTUBOPEUUU C APYIOM INIABHOM UX OCO-
OCHHOCTBIO — 3HAYMTEIBHBIMH 3aTpaTaMu MaMsTH, TpeOyeMoi s
WX XpaHeHUs (B CPABHEHUH C BEKTOPHBIMH MojesiMH). CyIlecTBYIOT
CHOCO0BI cKaThs (KOMIIPECCHHN) PACTPOBBIX JAHHBIX.

HenocraTok pacTpoBbix (hOpMATOB COCTOUT B CIIOXKHOCTU pac-
Mo3HaBaHUsI 00BEKTOB. PacTp mpuMeHseTcsi B OCHOBHOM TaM, e
MOJIb30BaTeNIell HE MHTEPECYIOT OT/AEIbHBIC IPOCTPAHCTBEHHBIE 00b-
€KTbl, & MHTEpEeCyeT TOUKA IIPOCTPAHCTBA KAK TAKOBAs C €€ XapaKTe-
pUcTHKaMH (BBICOTHAsE OTMETKa WM TIyOWHA, BIAXKHOCTh WM THI
MoyB H T. 11.). Hanbosee yacto pacTpoBble MOIENN PUMEHSIOT MPH
00paboTKe a9POKOCMHUUECKUX CHUMKOB.

Ecnu atomapHo#l equHMIIEN AAHHBIX TPU MX ONMUCAHUM CIYKHUT
JNIEMEHT «pa30MeHHsD) TEPPUTOPHHM HE MPIAMOYTOJILHOW (KBagpaT-
HOI), a Ipyroil NpaBUJILHONH T€OMETPUUECKON (OPMBI — peub HIET
0 IPYTOH, OTIMYHON OT PAacTPOBOH, XOTS M (POPMAILHO C HEIO CXO-
JKeH, PeryJIIpHO-I4EUCTON MOJENU NaHHbIX. FI3BECTHBI pUMEpHI pe-
TYJSIPHBIX ceTel (peleToK) ¢ sueKaMu MPaBUILHONW TPEYTOJIbHOM,
reKcaroHaJlbHOM MJIH TpanelrueBUAHON (POPMBI.

CNONONINEN
\VAVAVAVAVS

Puc. 6. Perynsapnas TpeyroibpHas peleTka
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Puc. 7. Cerb paBHOBEIHKHUX Tpamnenuii Ha cepe

4.5. Keadpomomuueckasi modesb

['maBHBIN MOTUB KCIOIL30BaHUA U MOACPKKH JaHHOW Mojenu
nporpaMmHbIMu cpesicTBaMu [ IC — KOMITaKTHOCTh XpaHEHUS JlaH-
HBIX TI0 CPaBHEHUIO C PACTPOBON MOJIENBIO.

B ocHOBe KBaAPOTOMHYECKOTO [IepeBa JICKUT pa3OUeHue n3o-
OpakeHHs Ha BIIOKEHHBIC JAPYT B Jpyra KBaJpaTHBIE YYACTKH, Kaxk-
IIBIN M3 KOTOPBIX JIETUTCS PEKYPCHBHO Ha YETHIPE BIOKEHHBIX JI0 J10-
CTIDKEHUS] HEKOTOPOTO YPOBHS IIPOCTPAHCTBEHHOTO Pa3pEIICHHS.

0 16
A
B
D 7
C E
16
AA@B AQA DBEB
23 11 12 23 \ 31323334
0 16 \ \
2 3
1 4|5
1 BB9B CD CQCC
- 10 45 10 . 2122 24 @29 30
13114 117 ] 18] \
12 15116119 |20} 31 32
21|22
|25]zs)
n PREE 5, 34
29 |30 BBAD CCCD CDDD CDCC
16 6 789 13141516 17181920 25262728

Puc. 8. MexaHu3sm nocTpoeHus KBajapojepena
ydJacTKa TEPPUTOPHH C HATHIO 00JIacTIMA
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Ha nepBom sTane geneHus UCXOJHOIO yyacTKa Ha 4eThlpe KBa-
JpaTHBIX OJ0Ka ¥ OJIHOBPEMEHHOM «BETBJICHHM» KBaJIpojaepeBa 00-
pasyercsi OAMH HelenuMbli aanee seMeHT Ne 1 (eMy cOOTBETCTBYET
«JIUCT» JiepeBa Ha pUC. 8 clipaBa) U TPU «y3JIa» JEIUMBIX Jlaee KBa-
JIpaToOB MEPBOT0 YPOBHS HUepapXuu (IpUHUMas «KOPHEBOI» YPOBEHb
KBaJpaTHOTO y4yacTKa B LIEJIOM 3a HYJIEBOH). 3a HCKIIOUEHHEM JEBSI-
TH TOMOT'€HHBIX KBaJIpaTOB, HA BTOPOM HEPAPXUUECKOM YPOBHE BCE
OCTaJIbHBIE DIIEMEHTHI JIENISATCS aiee, HOKa He0OX0IMMOCTb AalbHe-
LIero JefieHus He OyAeT ncuepriaHa Ha mocjaeIHeM, YeTBEPTOM, dTalle.

OKOHOMHS B CPaBHEHUHM C PAaCTPOBOM MOJENBIO JAaHHBIX OdYe-
BuaHa — obsacth E Ha puc. 8. okazanach MpeacTaBICHHOW OJHUM
KBaJpaToM oA HoMepoM 33 (a He 16 s1eMeHTaMu pacTpa WiH s4eeK
perysipHOii ceTH), U ee HU(POBOE OMHMCAHHE MOAPA3yMEBACT JIHIIb
(hopmann30BaHHOE MPEJCTaBICHNE CTPYKTYPHI KBaIpOAEpEBa.

[TpuHuMas 3a HyJIEeBOW YpPOBEHb HEPapXUH 3€MHYIO cepy B Iie-
JIOM, MOYKHO TIOCTPOUTb II100aIbHOE KBAIPOTOMUUYECKOE ACPEBO. YIKE
Ha 23-M ypOBHE HE€papXHUU JOCTUTAETCsI METPOBOE €TI0 pa3pelIeHHE.

4.6. BekmopHble modeau

BekTopHble MO JaHHBIX CTPOSITCS Ha 0a3e BEKTOPOB, 3aHH-
MaIOIINX YacTh NMPOCTPAHCTBA B OTINYME OT 3aHUMAIOIINX BCE TPO-
CTPaHCTBO PAaCTPOBBIX MOAENe. DTo onpenenseT uX OCHOBHOE Ipe-
HUMYIIECTBO — TpeOOBaHUE MEHBILCH MaMSITH AJISl XpaHEHUST U MEHb-
LIMX 3aTpaT BpeMEHH Ha 00pabOTKy U MpeCTaBICHHE.

Tabmuma 1
Kpamkoe CpaeéHeHue npeumyuiecme
pacmpoeoii u 6eKmopHoil mooeneil
Pacmposas modens Bexmopnas mooens
[Tpocras cTpyKTypa JaHHBIX KommnakTtHasi cTpyKTypa
DddexruBHBIC Tononorus
OBepJICHHBIC ONEpaIiN Pabora c oTenbHBIMH 00BEKTaMH
Pabora KauectBennas rpadpuxa
CO CJIO)KHBIMH CTPYKTYPaMH IIpY U3MEHEHUH MaciTada
Pabora co cHuMKamu TouHocTs npezncTaBieHNs] 00BEKTOB
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B TpaHCHOpTHBIX, HH)KEHEPHBIX, KOMMYyHanbHbIX [ IC mpakTu-
YECKH BCET/a UCIOJIb3YIOT BEKTOPHBIE MOJIENHN TaHHBIX.

[Tpu moctpoennn ['MC npumenstor HaOOp 0A30BBIX FE€OMETPH-
YEeCKHUX JaHHBIX, U3 KOTOPBIX 3aTeM KOMIIOHYIOT OCTallbHBIe, OoJee
cnoxHsble nanusie. B ['MC ucnonb3yrores clieayronue TUIbl aToMap-
HBIX T€OMETPUUECKHX JIAHHBIX.

Bespasmepunrie (0-MepHbIE) THITBI 00BEKTOB!

— TOYKa — ONpPEEsieT FTeOMETPUUECKOE MT0JI0KEHUE;

— y3€J — TOINOJIOTHYECKHUH epexo1 WK KOHEYHAasl TOUKA, TAKKe
MOJKET OIPEIENITh MECTOMOJIOKEHHE.

OpHOMEpHBIE THITBI 00 BEKTOB!

— JTUHUS;

— TUHEHHBIN CErMEHT — MpsiMast TUHUS MEXKIy ABYMS TOUKAMH;

— CTpOKa — MOCJIEI0BATENBHOCTD JIMHEHHBIX CETMEHTOB;

— lyra — T@OMETPUYECKOEe MECTO TOUYEK, KOTOpble (hOPMHUPYIOT
KPHUBYIO, OIIPEACICHHYIO0 MaTeMaTHYeCKOl QyHKIMEH;

— CBSI3b — COEAMHEHNE MEXIY ABYMS y3JIaMU;

— HamnpaBJIeHHas! CBA3b — CBS3b C OJAHHMM ONpE/EICHHBIM Ha-
MIpaBJICHUEM;

— [IeToYKa — HaIpaBJIeHHAs MOCIEA0BaTEIbHOCTh HelepeceKa-
IOLIMXCSI TMHEHHBIX CETMEHTOB WIIM YT C y3JIaMH Ha UX KOHIIAX;

— KOJIBIIO — IOCJIEI0BATEILHOCTD HETIEPECEKAIOIINXCsl LIETOYEK,
CTPOK, CBSI3€l MM 3aMKHYTBIX AYT.

JIByMepHBI€ THITBI 00BEKTOB:

— MOJUTOH (00J1acTh) — OrpaHUYCHHBIA HENPEPHIBHBIA 00BEKT,
KOTOPBIM MOKET BKJIIOYATh WJIM HE BKJIIOYATh B €0 COOCTBEHHYIO
TpaHHMILY.

TpexmMepHbie THITBI 00BEKTOB!

— Teno — 00BEMHBIH O0BEKT, OMHUCHIBAEMBIN TPHUILIETOM KOOP-
JMHAT, BKIIOYasl aliUIMKATy Z, U OTPaHUYEHHBIN TOBEPXHOCTSIMH.

4.6.1. Hemononocuueckas mooen

MHOX€ECTBO TOYEUHBIX OOBEKTOB, 00pa3yIoIIee CIOH OTHOPO-
HBIX JaHHBIX (HAmpUMeEp, MHOXKECTBO OOBEKTOB, COOTBETCTBYIOIINX
HACEJICHHBIM IYHKTaM), MOYET OBITh IPEJICTABICHO B BEKTOPHOM
(opmare B BHIE HEYIOPSIOUCHHON (HE 00S3aTEIBHO YITOPSIOYCH-
HOM) IMOCIeI0BaTEIFHOCTH 3ammucel (CTpok Tadmmibl). Kaxkmas u3 3a-
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MUCeW COACPIKUT TPH YKCIIa: YHUKAIbHBIA WACHTH(QUKAUOHHBIN HO-
Mep o0bekTa (MIeHTU(UKATOP), 3HAUeHUsI KoopauHaT X 1 Y B CHCTe-
M€ MJIaHOBBIX MPSIMOYTOJBHBIX AEKAPTOBBIX KOOPAWHAT:

1 X1 Y1
2 X2 Y2
N XN YN

JluneitHpI 00BEKT WM TPAHUIIA TOJIMTOHAILHOTO 00BEKTa MO-
T'YT OBITh IPEJCTABIICHBI B BHJIE ITOCJICIOBATEILHOCTA 00Pa3yOIIUX
UX TOYCK (IIPOMEKYTOYHBIX TOYEK), T. €. HaOOPOM JMHEHHBIX OT-
PE3KOB MPSIMBIX (CErMEHTORB), 00pa3yroNIMX MOMWIMHUI. [Ipu 3TOM
KaX/bli UMEHOBAHHBIN IMOJHUIOH (CO CBOUM HICHTHU(PUKATOPOM)
MPE/ICTABIISICTCS 3alKUChI0 Tap KOOPJAMUHAT, 00pa3yroliux ero rpa-
HUIly B M30paHHOW IMOCJIEOBATCIILHOCTH (HAMPUMED, IO YacOBOM
ctpenke). [lpu onucaHuy MHOXECTBA TOJUTOHOB Ka)JIbIi OTPE30K
IPaHUIIbI, 3aKJIFOUCHHBIA MEXKIY BYMS Y3JIOBBIMH TOYKaMHU (3a HC-
KIJIFOUEHUEM BHEIIHEW IPAHUIIbI TIOJTUTOHOB), OYJIET OMUCAH JBAaXK/ (b
(110 9acoBOIi CTpEJIKE U MPOTHUB).

Puc. 9. Onrcanue moJIMroHoB
B pPaMKax BEKTOPHOU HETOMOJIOTHYCCKON MOICITH

[Ipu 3TOM rpaHMIIBI CMEXHBIX MOJUTOHOB MOTYT HE COBIAJIaTh,
YTO MOKET MIPUBECTH K OLIMOKAM B Pa3UUHBIX pacyerax (MaTeMaTH-
YECKUX U JIOTHYECKHX ).
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Puc. 10. HecoBnaaeHue rpaHuIl OJIUIOHOB
IIpyu UX HE3aBUCUMOM OIMMCAaHUUN
B paMKax BEKTOPHOH HETOIOJOrMYEeCKOW MOJIENN

Takas HeTOmoNIOrHYeCKast MOJIENb JAHHBIX /IS OTIMCAHUS TOYeU-
HBIX, IMHEHHBIX W MOJUTOHAIBHBIX 00BEKTOB HOCUT HANMEHOBAHHE
Mojenn «crmareTtn». OHa He sBisieTcs 9)()EKTHUBHOM ¢ TOUKU 3pEHUS
HEN30BITOYHOCTH XPAHUMBIX JTaHHBIX U BO3MOXKHOCTEH MCIOIH30Ba-
HUSl aHATUTUYECKUX ONeparuil U MOIIepKUBACTCA MPOTPAMMHBIMH
CPeICTBAaMH HACTOJIHHOTO KapTOTpapupOBaHHS.

4.6.2. Tononocuueckas mooenv

B mnerononornueckux ['MC unudpyrorecs mnpocTpaHCTBEHHBIE
00BEKTHI, H3HAYAIBHO HE 3HAIOUINE APYT O JIpyre, U IOCTPOCHHUE OT-
HOILIIEHUI MEeX/1y HUMH OCYIIECTBIISIETCS B PEKUME IMOCTIPOLIEcca.
B Tomonoruueckux xe ['MC ¢ukcanusi TOMOIOrHUECKUX MPOCTPaH-
CTBEHHBIX OTHOLICHUH MEXAy OOBEKTaMHU (CMEXKHOCTH, CBSI3HOCTH,
BJIOYKCHHOCTH | JIp.) SIBJISAETCSI OCHOBOM MX KOHCTpyKuuu. Tomosno-
THYECKHE CHCTEMBI SIBJISIFOTCS 00Jiee a/leKBaTHBIM HHCTPYMEHTOM JUIS
CO3JIaHMs HU(PPOBBIX KapT, HA OCHOBE KOTOPHIX MOXKHO ITPOU3BOIUTD
pa3IryYHble aHATMTUYECKHE U CTaTUCTHYEeCKHe onepauu. Tomnonoru-
YecKHe MOJENU TO3BOJISIIOT MPEICTABUTh BCIO KapTy B BHJe rpada.
[Inomanu, TMHUM U TOYKH ONMHCHIBAIOTCS C MOMOIIBIO Y3JI0B M JYT.
Kaxxnast myra uaet oT Ha4aabHOrO K KOHEUHOMY y31y. M3BecTHO, uTo
HaxXOJMTCS CIpaBa U clieBa.
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BekropHast Tonosjorudyeckass Moaeidb 00si3aHA CBOUM IPOUCXO-
KJICHHEM 3a/1au€ ONHMCaHUsI MOJUTOHAIBHBIX 00bEKTOB. Ee Ha3bIBatOT
elwe TMHEHHO-y310BoH Moenblo. C Hell CBsI3aHbI K 0COOBIE TEPMHHBL,
OTpaXkarole ee CTPyKTypy. [ T1aBHbIe ee 211eMeHThI (IPUMHTHUBBI):

—y3en,

— ayra;

— CerMEHT (JINHEHHBIN CETMEHT, OTPE30K (IPSMON);

— MONUToH (00JacTh, MOJUTOHAIBHBIH 00BEKT, MHOTOYTOJbHHUK,
KOHTYPHBIH OOBEKT), B TOM YHCIIE:

— IIPOCTOM ITOJIMIOH;

— BHYTPEHHUH MOJUTOH («OCTPOBY, aHKJIAB);

— COCTaBHOM IIOJIUTOH;

— YHHBEPCAJIbHBIM NOJIUTOH (BHEIIHSS 00J1acTh).

BHyTpeHHuin
. NOMUroH
HanpaenenHas
fiyra cBA3b (BEKTOP)
B CermeHt
HavanbHbin (MUHEHbIN
ysen OTpesok) BrewHas Mpocroit

KoHT!
oGnactb e P

Puc. 11. IIpuMUTHBEI TUHENHHO-Y3I0BOM MOAETH

Jlns kakzmoro y3na y JIMHEWHBIX 00BEKTOB CYIIECTBYET Xapak-
TEPUCTHUKAa — BAJIEHTHOCTh. BaJ€HTHOCTH y371a — 3TO KOJHYECTBO
CMEXHBIX Y37y 1yr. KoHIBI 000COONEHHBIX JTHHUNA OJHOBAJICHTHBI.
Juia ynugHBIX ceTell (epecedeHne ynuIl) BaIEHTHOCTh Yalle BCEro
paBHa 4eThIpeM. B runporpadun gaie BCTpeUaroTCsl TPEXBATICHTHBIC
Y3761 (OCHOBHOE PYCJIO PEKH U TIPUTOK).

Ornrcanre MOJIMTOHA B BEKTOPHON TOIOJIOTHIECKON MOJCIH —
9TO MHOKECTBO TPEX THUIIOB JIEMEHTOB: y3JIOB, TyT U COOCTBEHHO I10-
JIUTOHOB. MeX/Ty STUMH O0BEKTaMH YCTaHABIIMBAIOTCS TOTIOJIOTHYE-
CKHE OTHOIIICHUSI, HEOOXOUMBIM DJIEMEHTOM KOTOPBIX TOJDKHA OBITH
CBSI3b AYT M Y3IIOB, TIOJUTOHOB U AYT. [loCIeTHIM MPUTTHCHIBAIOTCS
yKazaTend pa3rpaHUYMBAEMBIX €0 TPABOTO U JIEBOTO ITOJIUTOHOB,
KOHBEHIMAM3NPYIIHE HANpaBiIeHne 00X0/1a KOHTYPOB.
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Puc. 12. HammpaBneHue npu ONMUCAHNUH TTOJIUTOHOB
B PaMKax BEKTOPHOW TOMOJIOTHYECKONW MOJIEITH

® ®

Puc. 13. CtpykTypa y3110B, AyT U IOJIUTOHOB
B BEKTOPHOH HETOIOJIOTHYECKOH MOJIEIIH.
1,2,3,6,8,10, 11, 12, 13 — y358I;

4,5,7,9, 14, 15 — npomMeXyTO4HbIC TOUKH JIMHEHHBIX CETMEHTOB (JIyT);
(1-2), (2-3), (3—6), (6-8), (8-1), (10-11), (11-8), (3—-12), (12-10) — myrw;

A, B, C — nonuronsr; D — BHYTpeHHHH MOJIUTOH (KOCTPOBY, aHKIIAB),

JUTS OTIMCaHHS KOTOPOTO BBOAMTCS (PUKTHBHEIN y3el (1iceBnoysen) (16),

E — BHemHui (1o OTHOIIEHHUIO KO BCEM MOJIMTOHAM

B TIpejieliaX MpsIMOYTOJIBHOTO yJacTKa KOOPIMHATHOH TNIOCKOCTH) TIOJIUTOH.
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Korna atpuOyTHBHBIC HaHHBIC YHPABIAIOTCS CPEICTBAMU PEIIs-
uuonHoM CYB/l 1 opraHn3oBaHbl B TAOJIUIIBI, CBSI3b MEKAY TO3UIH-
OHHOU M aTpHOYTUBHOW COCTABIISIONICH YCTAaHABIMBACTCS U MOJACP-
KHBAETCsI Yyepe3 UICHTU(PUKATOP 00BEKTa.

Tononorus Ayr 1 NOMUrOHOB
Monuron Cnucok gyr

R Y S 17032
B 2,510,4
c 6,9,11,10

Tabnuua aTpubyToB NONUroHOB
Monwuron Mnowaabs Homep yyactka

- i A 12 250 12-116-001

B 15 546 12-116-002
c 19 356 12-116-003

Puc. 14. CBs3b MeX 1y TO3MLIUOHHBIMU
1 aTpuOyTUBHBIMU JTaHHBIMHU B BEKTOPHOW TOMOJIOTHYSCKON MOJICITH

HeoOxoumast iporieiypa mnpu padoTe ¢ TONOJIOrHUEeCKUMU JIaH-
HBIMH — TIOJITOTOBKA T€OMETPUYCCKHX JIAHHBIX. DTOT MPOIECC TPY/-
HO aBTOMATHU3UPOBAThH: TOMOJOTHYECKUE XAPAKTCPUCTUKH JIOJIKHBI
OBITh BBIYHCIICHBI 3apaHee U 3aHECEHbBI B 0a3y JaHHBIX BMECTE C KOOP-
JIMHATHBIMH JTAHHBIMHU,

4.6.3. Cemesvie mooenu

B mpaktuke npoektupomanus ['MC Hepenkw ciydanm, Korma
HU OJTHA W3 «KJIACCHYECKHX» MOJENeil He MOXET YHAOBIETBOPHTH
0COOBIM TpeOOBaHUSAM TIONB30BATENICH K CHCTEME M BCE OHU OKa-
3BIBAOTCS MaT03(h(PEKTHBHBIMU WM HETPUTOIHBIMA IS PEIICHUS
cnenu(prIecKruX KIIACCOB 3aJ/la4, HAIpUMep CEeTEBOW aHAIIN3 JUIS pe-
IIeHNs 33/1a4 ONTHMHU3AINN TIEPEBO30K, TUTAHUPOBAHUS MapIIPyTOB
VI AUCTIETYEPU3AIIH MOOMIIBHBIX TPAHCTIOPTHBIX cpeacTB. [Ipu mo-
JIEIMPOBAHUH CETH TPAHCIIOPTHBIX KOMMYHHKAIIMHA B paMKax KIIACCH-
YEeCKOW BEKTOPHON MOJIEIH MPOCTPAHCTBEHHASI OpTaHU3AIHsl JOPOTH
(B TOM 4mCIEe aBTOJIOPOTH, C MOCTAMH, ITyTETIPOBOAAMH, TYHHEISIMU
Y MHOTOYPOBHEBBIMU DPa3Bs3KaMH) HE MOXKET OBITh TIpeACTaBIeHa
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IUTaHApHBIM TpadoM, U Bce NOAOOHBIE CIydyan HapyLICHUs IaHap-
HOCTH OyAyT KBIM(UIMPOBATHCA CHUCTEMOM Kak TOIOJOTHYecKas
omuOKa B HU(pOBOH 3aNHCH TUHEHHBIX OOBEKTOB.

TpeboBaHue €IMHCTBEHHOCTH aTpuUOyTa AYTH, MPEACTaBIISIO-
el aBToJ0POry, B OOBIYHON BEKTOPHOH MOJAETH MOXKET TaKKe CO3-
JaTh cepbe3Hble HEYJ00CTBA, €CIHM JYyrol CYMTaTh Y4aCTOK OPOTH
OT MepeKpecTKa 0 MepeKpecTKa, MOCKOJIbKY B Mpeeax yJyacTKa ee
XapaxTep (THIl TOPOKHOTO MOKPBITHSI, YACIO MOJOC JUIsl IBUKCHUS)
MOJKET MEHAThCS. [ aneKBaTHOTO MOJETUPOBAHUS TPAHCTIOPTHBIX
ceTed M ceTell KOMMYHUKAIMK B 1I€JIOM MPEI0KEHBl 0COOBIE TUIIBI
MoJIeJiel, HapruMep MOJIENIb TEOMETPUIECKUX CeTEH.

W3BecTeH mpuMep MOACIH «MYyJIbTHMACIITAaOHBIX CeTel», B KO-
TOPBIX JIOMTyCKAETCs BBEICHUE NMPU3HAKA BaKHOCTH Y3JI0B (M COOTBET-
CTBEHHO JIyT), YTO TO3BOJISIET IIOCTPOUTH HEPAPXHUIO MOJCETEH C pa3-
HBIM YPOBHEM JICTAIbHOCTH JIEMEHTOB HCXOJHOW CETH.

Oco0ble MOENH JAaHHBIX HCIOJB3YIOTCS B MPAKTUKE MPOCKTH-
poanust [ IC anst pemenus 3aaa4 ynpaBiieHHUsI CETAMU MHKESHEPHBIX
KOMMYHHKAaIUH — CETSIMHU BOAO-, Ta30-, 3JICKTPOCHAOKEHUSI.

4.6.4. TIN

Cpenu HeperyIsipHBIX MO3aHK Yallle BCET0 UCITOIb3YIOT TPEYT0JIb-
HbIe ceTn HemnpaBwibHOHN (opmel (Triangulated Irregular Network —
TIN). Cetu TIN ymoOHBI 17151 co3manmsi TUPPOBEIX MOAETICH OTMETOK
MECTHOCTH TI0 3aJJaHHOMY HaOOpy TodYek (ommcaHue penbeda MecT-
HOCTH). DTO HEPETYIISIPHAS CeTh TOUEK, COSTUHEHHBIX CETHIO TPSIMBIX
OTPE3KOB. Hanuune Taknx cBSI30K MEXAY TOYKaMH JacT MpeacTaBic-
HUe 0 (hopMe TOBEPXHOCTH Ha TAaHHOM y4acTke. B mpenenax kaxaoro
TPEyroJbHUKA TTOBEPXHOCTD MPEICTABIISETCS TUNIOCKOCTRIO. [TocKOIh-
Ky HNOBEPXHOCTH KaXXJ0I'o TPEYTOJIbHHUKa 3aJacTCsa BBICOTAMH TPEX
€ro BEpIINH, TPUMEHEHHE TPEYTOIFHUKOB 00ECIeYNBAET KaXKIOMY
Y4acCTKy MO3anyHOUI IMOBEPXHOCTU TOYHOC MPUIICTAHUC K CMEKHBIM
ydacTkaM. ITO 00eCTIeunBaEeT HEITPEPHIBHOCTD.

B Bexropubsix 'MC monens TIN MoxHO paccMaTpuBaTh Kak I10-
JIUTOHBI C aTPUOYTaMU yTIila HAKIIOHA, SKCIIO3UIIHH | TUTOIIAJTH, C Tpe-
M BEpUIMHaAMU, UMCIOIIUMHA anI/I6YTI)I BBICOTHI, 1 C TPEMA CTOPOHA-
MH, XapaKTEePU3YIOIIUMUCS YIIIOM HAKIIOHA U HAIIPaBJICHUEM.
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Puc. 15. Yuactku mectHocTu B mojenu TIN,
BUJI CBEpXY (CIIeBa) U MO yIIIOM

4.7. Co3daHue 321eKmpOoHHOI Kapmbl

Kaxyio TeppUTOpHIO HCCTe10BATE?

Y10 B HaTHuMH?

BEIGop TeppHTOPHH KapTorpadipoBasid | < OmpeierieHHe HOMEHRIATYDBI
- KapTorpadHIecKHX CToeB
T U
1 Y10 KapTorpagHpoBats? Y10 HCIOIB30BATE?
) OnpeaeIeHne CoepXania KapTal | IToHCK H NPEACTABICHHE HCXOHBIX
) JAHHBIX
T U
1 Kak kaptorpadupoears? Bo2Mo:kHO 11 3107
T BriGop criocola xapTorpaduueckoro | < TIpoBepKa BHIOPaHHBIX
T 0T00paKeHHs KapTorpadHUecKHX cnocofoB Ha
0 COBMECTHMOCTE TIPHMEHEHHA
1 U
) Kax otoGpasuts? Kak npHMeHHTS?
T IIpoexTHpoBarute H crieUnHGHKALIA = BriGop cniocoa, agamna H
T RapTOrpadHueckuX 3HAKOB HCMOMBI0BAHHA KAPTH!
T I
1 Kakoe pemerue? Hro c1enyeT HIMEHHTE?
“« TIpHHEATHE pelleHHs OTHOCHTETBHO = OnpeeneHue COOTBCTCTBHA
CO2IAHHOMN KapThl. HCIIOMB30BATH, C03JaHHON KapTHI 3aJa1c, BHUOP
H3MEHHTD, OTKA3aTECA H IP. yTeil H cnoco0oB
COBEPIICHC TBOBAHHA

Cxewma 3. [Ipumenenune kaprorpaduueckux 3Hanui npu padore ¢ ['MC
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Ponb xaprorpaduueckux moaenei B cozaannu u npumenennn [ IC:

— KapTa — MCTOYHUK MPOCTPAHCTBEHHBIX JAHHBIX;

— KapTa — croco0 XpaHeHHs M THTETPalliK JAHHBIX O Te000BEKTAX;

— KapTa — CpeACTBO OpraHu3anuu 3anpocos Kk b/1;

— KapTa — CpeCTBO MPOCTPAHCTBEHHOT'O aHAJIN3a;

— KapTa — crocod npeacTaBieHus pe3ynbraToB padoTsl ¢ [MC.

[Nonnepxka Tex WM UHBIX MOAENEH NaHHBIX — OJAMH U3 TJIaB-
HBIX KpUTEpHEB BbIOOpa porpammuoro cpeacrsa ' MIC, agexBaTHOTO
MOJIEJIUPYEMOM €10 MPeIMETHOM 00J1acTH, TPeOOBaHUSIM MOJIH30BATE-
JIs1 ¥ CYIIECTBY pellaeMbIX 3aa4. MHOroMo1e1bHOCTh POTrPAMMHO-
ro CpeAcTBa, HeOOXOAUMOCTh OOMEHa JaHHBIMH MEXKIY CUCTEMaMH
noOyXAAl0T pa3pabOTKy ajJrOpUTMOB M CPEIACTB IMpeoOpa3oBaHUS
JaHHBIX U3 OHOW MOJieNu B Ipyryto. HekoTopsle u3 3Tux nmpeodpazo-
BaHUH NPOCTBI M MOTYT OBITH BHIIIOJIHEHBI aBTOMATHUECKH, HATPHMED
BEKTOPHO-pacTpoBoe MpeobpasoBanue (pactepuszanus). OOpaTHbIH
MIPOLIECC — BEKTOPU3ALNS PACTPOBBIX JAHHBIX (PAaCTPOBO-BEKTOPHOE
npeoOpa3oBaHKe), MIUPOKO UCIIONIb3yeMas PH LUUPpOBaHUU rpadu-
YECKUX MaTepUaJIOB, — 3HAYUTENBHO CIOKHEH.

4.7.1. Boo oanHbix

BBoj nmanHBIX — mpolieaypa KOANPOBAHUS JAHHBIX B KOMIIBIO-
TepHOUHNTaeMyIo (popmy u ux 3anmch B 6a3y ganubix [ MC.

BBoJ 1aHHBIX BKIIIOYAET TPH TIIABHBIX I1ara:

— cOOp TaHHBIX;

— UX pEeTaKTUPOBAHUE U OYUCTKY;

— T€OKOIMPOBAaHNE TaHHBIX.

Nndopmarus o kayecTBe NaHHBIX BKIIOYAET CIeIyIOINe Tapa-
METpBI:

— ATy TOy4eHUs;

— TOYHOCTH TIO3UIIMOHUPOBAHNS;

— TOYHOCTH KJIacCHU(UKaLINH;

— TIOJTHOTY;

— METO/I, KICTIOJTb30BaHHBIH TS IO YEHHS M KOJMPOBAHUS TAHHBIX.

OCHOBHBIE THITBI CHCTEM BBOJIA TAHHBIX:

1. BBoz1 ¢ NOMOLIBIO KJIABHATYPBI

— UCTIONB3YEeTCs, TTIAaBHBIM 00pa3oM, [T aTpHOYTHBHBIX TaHHBIX;

— PEIKO UCIIONB3YETCS IS MTPOCTPAHCTBEHHBIX JAHHBIX.
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2. KoopaunartHas reomeTpust

— MpOLeNyphl ISl BBEACHUS JAHHBIX [0 3€MEJIbHBIM HajesaM,
HCTIONB3YETCs ATl 3eMENBbHOTO KaaacTpa;

— OY€Hb BBICOKHH YpPOBEHb TOYHOCTH, MOJTYYEHHOH 3a CUET Mo-
JIEBBIX T'€0/IE3NYECKUX N3MEPEHHI (TomorpaguIeckoil CheMKH);

— OYeHb JOPOToii, B MocienHee BpeMs 3aMEHsIeTCs MCIONb30Ba-
HUEM CIeLUaIM3UPOBaHHBIX MpueMHUKOB GPS .

3. Pyunoe uudposanue

— 9 (eKTUBHOCTD 3aBUCHT OT YMEHHS OTepaTopa;

— TpeOyeT MHOTO BpeMEHH U JIONyCKaeT HaJuYhe OIIHOO0K;

— MCIOJIB3YIOTCS TOTyaBTOMaTH4eCKue NUQpoBaTenu (Iururai-
3€phl).

4. CxaHnupoBaHue

— CHUMOK HYyKJaeTcsi B 00pabOTKe U peIaKTUPOBAHUY IS YIy4-
LICHUS KauecTBa;

— M300paskeHHe BIOCIEACTBUH OOBIYHO JOJKHO OBITH Ipeodpa-
30BaHO B BEKTOPHBINA (popmar, HO CKAHUPOBAHHBIE H300PAKEHUS MO-
TYT U HETIOCPEICTBEHHO MCIIOJIB30BATHCS sl TPOU3BOJCTBA KAPThI;

— TpeOyeTcsi MAapKUPOBKa 0OBEKTOB.

5. BBoj cymiecTByromuX HUQPPOBLIX (aiiaoB

— HaOOPbI JaHHBIX PAa3IUYHBIX BEAOMCTB M OpraHU3alMN JTOJIK-
HBI OBITH JOCTYIIHBI,

— MpHOOpETEHNE W HCIIOIb30BaHUE CYIIECTBYIOLIIMX HH(PPOBBIX
HaOOPOB TaHHBIX OOBIYHO siBiIsIeTCS Hanbonee 3(h(HeKTHBHBIM CIIOCO-
6owm 3amoauenust [UC;

— BO3MOJKHBI MPOOJIEMBI ¢ KOHBEPTALUEH JaHHBIX.

6. Mcnonp3oBanue a’pooTo- MM CIOYTHUKOBBIX (hoTorpadui,
JAHHBIX TUCTAHIIMOHHOTO 30HIUPOBAHUS

— HE00XO0IUM JIOCTYI K OaHKY TaKHX M300paskeHHIA;

— BO3MOJKHBI MPOOJIEMBI, CBSI3aHHBIE C penbeoM, KPUBHU3HOU
3eMHOH TIOBEPXHOCTH, 3 dexTamu aTMochepsl;

— CJIOKHOCTb PACIO3HABaHMs OTAEIBHBIX OOBEKTOB.

4.7.2. HQugposanue: cnocobw u smanwvt

Jururanuzanus (rdpoBaHre ¢ NCHOIH30BAaHUEM JHUTHTaN3epa)
MeeT /1B PasHOBUIHOCTH: IO TOYKAaM U TOTOKOM, & BEKTOPHU3AIIHA
— TpH: py4Has, HHTEPAaKTUBHASA 1 aBTOMarndeckas. Jururaauzanus
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M0 TOYKAM B HacTosllee BpeMs MOoYTH He ucnoib3yerca. OnepaTop
00BOAUT KypCcOpOM IMIHTaii3epa KOHTYpP, HAKUMasl [IPU 3TOM HEO0O-
XOAMMble KHOMKH. [Ipn KakjoM HakaTWH B KOMITBIOTEP MOCBLIAETCA
KOJl KHOTIKH W/MJIM KOOPAMHATBHI TOUKHU MEpeceyeHusl HUTeH Kypcopa.
OwmmOKu co CTOPOHBI ONepaTopa MpaKTU4ecKH HenzOexHbl. [Ipu am-
TUTATU3AIUS MOTOKOM C IUIaHIIeTa AWTUTaii3epa CUTHa MOJAeTcs
ABTOMATHYECKH P MEPECEUECHUHN EPOM JIMHUHN CETKHU, YTO N30aBIIsieT
oreparopa OT HEOOXOAUMOCTH MOCTOSTHHO HAKUMATh Ha KIIABHILY.
OpuH 13 Hambonee paclpoCTPaHEHHBIX CIIOCOOOB MOTYUEHUS
BEKTOPHBIX MOJIeNIel — BEKTOPHU3aIUsl CKAHUPOBAHHBIX (PaCTPOBBIX)
n3zo0paxenuid. s BeKTOpH3aluu HEOOXOAUMO BBICOKOE KadeCTBO
(oTUeTIMBBIC JTUHUU U KOHTYPBI) pacTpoBBIX 00pa3zoB. UToObI 00e-
CHeYuTh TpeOyeMyI0 YETKOCTh JMHHUH, 4acTO HEOOXOIUMO IpeaBa-
pHUTENBHOE yIydllIeHHe KauecTBa nzobpakenus. [Ipouecc ckanupo-
BaHUs TpeOyeT He3HAYMTEIbHBIX 3aTpaT TPyHda, HO HEOOXOIUMOCTb
MoCIeAYIOUIed BEKTOpU3allMd 3HAYUTEIBHO YBETUYUBAET PACXOBI.
Pyunasi M MHTepaKTHBHAS BEKTOPU3ALHUS 110 «IIOIJIOKKE» Ha-
3BIBAIOTCS Takke muppoBanueM. OTCKaHUPOBAHHOE H300pakeHHE
BBIBOAMTCS] HA 9KPaH MOHUTOPA, U caMO HU(POBAHHE OCYILECTBIIS-
eTCs 10 ITOH «IOJUIOKKE» OOBIYHO MPU MOMOINU MbIH. [Ipu uHTE-
PaKTUBHON BEKTOPU3ALIMHN YACTh ONEepalluil MPONU3BOJUTCS aBTOMATH-
yeckd. Bo3M0KHOCTH HHTEPAKTUBHOMN BEKTOPU3ALINHU MPSIMO CBSI3aHBI
C Ka4eCTBOM HCXOJHOI'0 MaTepuala ¥ CJI0KHOCTBIO KapThl.
ABTOMaTHYeCKasi BEKTOPU3AILUsl I10JIpa3yMeBAaeT OYEHb He-
OoJbIlIOE BMEMIATEIBCTBO Oeparopa B paboTy cuctembl. Kapra BHa-
yajie CKaHUPYeTCsl, a 3aTeM aBTOMAaTHUECKH NEPEBOJUTCS B BEKTOPHBIN
¢dopmat. DTOT THI BBOAA MHPOPMALIUK COCTOUT U3 TAINIOB NPEIBapH-
TEJILHOTO PEeJaKTUPOBAHMsI, HEMOCPEACTBEHHOTO MEPEBOIA U3 PacTpo-
BOro popMarta B BEKTOPHBII U OKOHYATEIFHOTO PEAaKTUPOBAHMSI.
Hexotopsle nporpaMMHbIe TPOIYKTEl KOPPEKTUPYIOT BCEBO3MOXK-
Hble MOMeXH (MATHA, IPA3b U Jp.) C UCIOJb30BAHUEM CIELUATBHBIX
MOJyJneil. DTH CUCTEMBI MO 3aJI0KEHHBIM B HUX 00pa3laM paclo3HaroT
CHMBOJIBI, JINHUH, OKPY>KHOCTH H T. I1., HAXOJST JINHUU WM MIOJUTOHBI,
OTCTOSIIINE JIPYT OT JIpyra Ha MUHUMaJIbHOE PacCTOSHUE U T. II.
MexmonenpHbIe (HarpuMep, pacTpoBO-BEKTOPHBIE) IPeoOpa3oBa-
HUsI — 4YacTb Oosee oOmieil mpoOieMbl KOHBEPTHPOBaHUs (hOPMATOB

33



MPOCTPAHCTBEHHBIX AAaHHBIX (KOHKPETHBIX pealn3aliii X MOJIelNeH
B niporpamMmubIx cpenctBax ['MC). Hekotopeie opmatsl, mogaepxu-
BaeMble KOHBepTepamu mporpammubix cpencts ['MC, He sBusioTcs
COOCTBEHHO «T'€OMH(OPMAIMOHHBIMIY, 00CITYKUBAs CBSI3b C BHELIHU-
MU IpaUIecKUMHU CpeJaMHu BPOAE BEKTOPHBIX CUCTEM aBTOMATH3HPO-
BaHHOTO MMPOSKTUPOBAHUSI MITH PACTPOBBIX IpauUecKux peaakTopoB.

Ludposanne — cTyneH4YaTsIii IpoLecc, BKIIOYAIOIINI:

— MOJATOTOBKY MCXOJHOW KapThl K HU(PPOBAHUIO;

— BBIJICJICHUE CJI0EB U 0OBEKTOB;

— cOCTaBJIEHUE BEZIOMOCTEH Ha 00BEKTHI,

— HENoCpeACTBEHHOE LHU(POBaHHUE;

— KOPPEKTHPOBKY BEKTOPHBIX OOBEKTOB;

— 3aHECeHHE aTpUOYTHBHOM MH(OPMAIMKM B COOTBETCTBYIOIINE
(aiins! MM TaOIUILIbL.

[IpenBapurenbHas MOATOTOBKA K HU(PPOBAHUIO BKIIOYAET B CEOs
BbIJIeJIEHHE 00BEKTOB, IPUHAIKAIINX K OJJHOMY CJIOIO (Hanmpumep,
rugporpadus) w/unu Tamy (JIMHUM, TOYKH, NOJIMIOHBI). Kaxmomy
00BEKTY JTOJDKEH OBITh MPUCBOCH MOPSIKOBEII HOMEp, YCTaHABIMBA-
oL TTOCNIEI0BATEIbHOCT HU(POBAHHUS, 10 KOTOPOMY 3aTeM OyaeT
nobasnena aTpuOyTuBHast MHPOpMaLus. B HEKOTOPBIX crcTeMax oHa
no0aBmsieTcs: cpa3y Npu LU(PPOBAHUH, B APYTHX — IIOCIE 3aBeplie-
HUS mponecca. Takke OCyIIECTBISETCs: KOPPEKTUPOBKA pPacTPOBOTO
n300paxeHus (APKOCTh, PE3KOCTh, LBET, yAaleHHE Ae(EKTOB).

4.7.3. Ilpobnemol yughposarus

BonbmumucTeo I'MC cHaOKeHBI BO3MOKHOCTSIMHU, 00€CIIEUNBAIO-
UMK aKKypaTHOe IH(poBaHME, HAPUMEpP TOYHOE HAYajo OJIHOW
JIUHUH Ha APYTOH, 9TO BaXKHO MPH NU(POBAHNHU PEKH U €€ TPUTOKOB.
HeoOxoammo, 9To06! IHHMA, n300pakaromias MPUTOK, TOYHO HaYH-
Hajach Ha pycie, HHaue MPH PEIIeHNH Pa3InIHbIX 33/1a4, HAIpuMep
MIpH TIOWCKe onTHMaibHOTrO TyTH, | UC He cMoXeT HalTH TpaBUIIb-
HOTO peIICHNs, Aa U MIPH MPOCTOHN BU3yaTU3AINH OKKETCS, YTO OHH
He coeHeHbl. K IpyruM BO3MOKHOCTSIM TOTO K€ TTaHa OTHOCSTCA:
3aMbIKaHUe JTUHUH, TPUBI3Ka K Hadaly, KOHITY, TPOU3BOJIBHOM TOUKE
BBIOpAHHOH JINHUH, OII(PPOBAHHON paHee, U T. TI.
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/ PaspbiBbl

Moaeprusaxus

% NeTna
/]/ Nepeceuerne
MnagHas KpUBas CTAHOBUTCA NOMAHOI NUHUEN

Heposoa

Mepeceuenune

HecoBnageHve

Puc. 16. OcHoBHBIE OIIMOKH, BO3HUKAIOIINE ITPU IU(POBAHUH

OpmHOM M3 BaXKHBIX MPOOJIEM SIBIISIETCS TO, YTO CIOW W/WIH OT-
NIETbHBIC TUIBI DJICMEHTOB OOBOJSTCSI OTIACIHHO B PA3IMUHBIX CEaH-
cax paboTeI. B ¢BsI31 ¢ 3THM HE BCETIa YAACTCS TOYHO YBSI3aTh MEKITY
€000 00BEKTHI, MPUHAAISKAIIIE K PA3HBIM CJIOSAM WM TPYIIIaM.

YpoBens ommbok B 60aze manabix [ MIC HEMOCpPEenCTBEHHO CBS-
3aH C YPOBHEM OIMIMOOK MCXOMHBIX KapT. KapTel HE Bcerna ameKkBar-
HO 0TOOpakaroT WH(OPMAITHIO U HE BCET/Ia TOYHO TIEPEIAI0T TaHHBIC
0 MECTOIIOJIOKEHHUH.

[Ipu mudpoBaHUy, TPOXOIAIIEM TPH YIACTHH OTIEPATOPa, BO3-
MOHO BJIUSTHUE «UEIIOBEUECKOTO (PaKTOpa» — OMEYATKH, OIIHOKH
13-32 HCBHUMATEIIHPHOCTH U TIP.

4.7.4. llo3uyuonuposanue 0aHHbIX

[IporieccoM MO3UIMOHMPOBAHUS HA3bIBAIOT NPOCTPAHCTBEHHYIO
NPUBS3KY TaOJIMYHBIX JAHHBIX K TOYKaM 3€MHOW MOBEPXHOCTH WJIH
cucreMe KoopaumHar Kapthl. llosunmoHupoBanue sBisiercsi 00si3a-
TEJIbHBIM CBOMCTBOM JaHHBIX B T€OMH(OpPMATHKE.

Ludposas kapTa 0JHOBPEMEHHO NPEACTaBIICHA B IBYX CHCTEMAax
KOOpJMHAT: BHYTPEHHEH (CUCTeMa KOOPAWHAT XPaHEHHsI) U BHEILIHEH
(cuctema koopaumHar oToOpakeHus ). st cBeneHHsI pa3sHOPOIHBIX
IU(POBBIX KapTOrpapuIecKux MaTepualloB B €IUHYIO CHCTEMY He-
00X0IMMO TPEXJEe BCEro YCTaHOBJICHHE CHCTEM KOOPIMHAT, COOT-
BETCTBYIOIMX HCIIOJB3yEMbIM JaHHBIM, U ONpeeIeHIe mpeodpaso-
BaHUM JJI51 CBSI3M MEXXIY HUMHU.
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[lepeBoa ncxonHON KapThl B CHCTEMY KOOPAWHAT 6a30BOM KapThl
MOPOXKIACT TPU 3a[AUH:

— ONpeZeTieHne TEOPETUIECKOW CHCTEMBI KOOPIMHAT (B YaCTHO-
CTH, TIPOEKLMH WM €€ NapaMeTpoB, a MHOTAA M UCIIOJIb3YeMOil reo-
JIE3NYECKON CHCTEMBI KOOPAMHAT) HCXOJHON KapThl;

— onpezeneHne Heo0X0IMMOT0 IPeoOpa30BaHus U EPEBOJ Kap-
ThI B €€ TEOPETHUECKYIO CUCTEMY KOOPAMHAT;

— mpeoOpa3zoBaHue UCXOTHON KapThl B CUCTEMY KOOpAWHAT 6a30-
BOU KapTHl.

IlepBas 3agaua — onpeaesneHUe TEOPETUUYECKON CUCTEMbI KOOP-
JMHAT (B YACTHOCTH, IPOCKLUH WK €€ TapaMeTPOB) HCXOAHON KapThL.

Teoperuueckasi cucTeMa KOOPJMHAT KapThl — CHCTEMa KOOp-
JMHAT, B KOTOPOW COCTaBJeHA KapTa (MPOEKUMs C 3aJaHHBIMH Ma-
pamMeTrpamu, MacITad, HadaJo KOOpaWHAT U T. 1.). OTeduecTBEeHHbBIE
MesKomacTabubie KapTol (Macmrad menpue 1:1 000 000) cocras-
JICHb B OCHOBHOM B IPOEKLHUSAX, NMPEICTABICHHBIX B CIEHUAIbLHOM
atnace (I'ma36ypr I'. A., Canmanosa T. . Atnac ans BeiOopa Kap-
TorpadMuecKuX NpoeKuuii) u gonoiaHeHun kK Hemy (Jlegosckas JI. C.
JlomomHeHNE K aTiiacy Ui BEIOOpa KapTorpadUuecKux MPOCKITHH).
Jiist 3apyOeskHBIX KapT, 0 KpallHeH Mepe il aMepUKaHCKUX, OCHOB-
HBIM sIBJIsIeTCs anbOoM npoeknmii (J. P. Snyder, P. M. Voxland, 1989).
AMepuKaHCKHe MPOrpaMMHBIE ITPOAYKTHI TAK)KE B OCHOBHOM ITOJIIEP-
KHUBAIOT KapTorpaduuecKue MpoeKIUU U3 3TOro aasooma.

Bropast 3a1aua — onpezeneHue HEOOXOJMMOTO TIPEOOpa30BaHUS
U TIEPEBOJ KapThl B HYXKHYIO CUCTEMY KOOPJAWHAT.

Onpenessirores ABE CUCTEMbI KOOPANUHAT:

— TepBasi CBsI3aHa ¢ UCXOJHBIM N300paKeHNEM;

—BTOpasi CBsi3aHa C TPAaHC(OPMUPOBAHHBIM H300paKEeHUEM
(mocme mpeoOpa3oBaHws).

[locne 3amaHusi COOTBETCTBYIOIIMX OMOPHBIX TOYEK B IEp-
BOM M BTOPOH CHCTeMaxX KOOpPIWHAT BBIOMpaeTCs TpeoOpa3oBaHWe
IUIsl Bceld U POBOI KapThI.

Kax npaBuio, Ha KapTe €CTh TOUKHU IPUBSI3KH K TEOPETUUECKOM CH-
CTeME KOOP/IMHAT — Y3JIbl KapTOrpa)uuecKoi Ui KHWIOMETPOBOM CET-
KU, OIOPHBIE KPECTHI IUIAHILIETOB, F€0JE3NUECKUE MTYHKTh. BO3MOXHO
WCTIOTB30BaHME JPYTHX OMOPHBIX TOUYCK (TIEPEKPECTKOB TOPOT, TOUCU-
HBIX O0BEKTOB, XapaKTePHBIX TOYEK OepPeroBoii IMHUH U TIp.).
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Tpetbst 3a1a4a — MpeoOpazoBaHUE UCXOIHON KapThl B CUCTEMY KO-
opauHat 6a30Boi KapThl. B TOM citydae, Korja TeopeTHyecKas CHCTeMa
KOOp/AMHAT UCXOAHOH KapThl HE MOKET OBITh ONpeeNeHa, mpeoopazoBa-
HHE MCXOAHOH KapThl B CUCTEMY KOOpAMHAT 0a30BOM KapThl OCYIIECT-
BIISIETCS HEMOCPEACTBEHHO MO ONTOPHBIM TOYKAM C UCIIOIb30BAHUEM Tpe-
o0pazoBanus mockocTy. [Ipu 3ToM BEIOOpP nMpeobpazoBaHus M TOYHOCTD
pe3ysbTaTa 3aBUCAT OT Ka4eCTBa M KOJIMYECTBA OMIOPHBIX TOYEK.

Ecnu ncxonnas kapra npescTaBieHa B CUCTeME KOOpAUHAT -
poBaHusl, ee KapTorpaduueckas IpoeKLus ONpeaeIeHa U OTIHYAETCs
OT MpoeKK 0a30BOM KapThl, TOTAa CHA4Yaja OCYLIECTBIAETCS IPeo0-
pa3oBaHKE UCXOJHON KapThl B €€ TEOPETHUECKYIO CUCTEMY KOOPANHAT
[0 OMOPHBIM TOYKAM C HCIIOJIb30BaHHEM IpeoOpa3oBaHHs IIIOCKO-
CTH U 3aTeM MpeoOpa3oBaHUe B CHCTEMY KOOPIMHAT 0a30BOW KapThl.
[Tpu 5TOM HEOOXOAMMO MPUMEHSTH MPeoOpa3zoBaHue KapTorpaduye-
CKOW MpoeKIuH, TpeOyrollee 3HaHUs MapamMeTpoB 00eHX MPOEKIMH
U TOAJEPIKKH STHX MPOESKIHH MPOrPaMMHBIM 00eCTIeYeHUEM.

4.7.5. I'eokoouposanue

ATpuOyTHBHBIE TaHHBIC MOKHO COOMPATh HE3aBUCUMO OT TCOMH-
(hopMarMOHHBIX TEXHOJOTHH. DTH JaHHBIE HEOOXOIMMO TPUBSI3ATh
K COOTBETCTBYIOIIMM M300pa’KeHUSM ITHX CyOBEKTOB Ha Kapte. He-
PeAKH 3a/1a4H, KOTJja He0OOXOJMMO COBMECTHTH JIBA MACCHBA IaHHBIX,
MTOJTyYE€HHBIX U3 PA3HBIX UICTOYHHUKOB.

Jlnst 9TOM 1IenM MCIONB3YIOT Mpoleaypy reokoaupoBannus. OHa
ITO3BOJISIET CBA3BIBATH TAOJHIIBI, Y KOTOPBIX €CTh XOTS ObI OMH CTOJ-
0e11r ¢ OJMHAKOBBIMH aTpUOYTUBHBIMU JaHHBIMHU. B pesynbraTe reo-
KOJMPOBAHMS TaOJIMIAa C HOBBIMH JaHHBIMU CTAHOBUTCS TTO3UIIMOHH-
POBaHHOIA, T. €. €€ TaHHBIE TOTYYaroT MPOCTPAHCTBEHHYIO MPHUBSI3KY.

[TockonbKy cpaBHEHHE AAHHBIX TAOJIUI] U UX JaJbHEUIee CIus-
HHE MOYKHO TIPOBOJMTDH Pa3HBIMU My TSIMH, CYIIECTBYIOT pa3HbIE CITO-
COOBI TEOKOAMPOBAHNS.

Paznmuuaror maTh TUITOB TIPHUBSI3KH.

1. [IpssmMast IpUBsI3Ka: KOKIOW CTPOKE CEMAHTHUYCCKOW TaOIHITBI
COOTBETCTBYET HJACHTH(PHUKAIIMOHHBI HOMEP 00BEKTa.

2. KocBenHnas cemanTH4ecKast IpuUBsA3Ka: 9aCTh HOBBIX CEMaHTH-
YEeCKUX JaHHBIX COBIIAJAeT C UMEIOIIEHCS CeMaHTHIeCKOH HHpopMa-
IIHEH, B CBOIO OYEPEIb YXKE CBI3AHHON C OOBEKTAMHU.
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3. KocBeHHas reomeTpuueckas MpUBs3Ka: 4acTh HOBBIX CEMaH-
THUYECKUX JaHHBIX 337a€T MPOCTPAHCTBEHHOE MOJIOKEHNE OOBEKTA.

4. MHoroypoBHEBas KOCBEHHAas MPUBS3Ka: BMECTE C MOAKIIOYae-
MOW CEeMaHTHKOH MMeeTcsl Hekasi Kiaccu(uKausi 00bEKTOB, OTIHY-
Hasl OT KJaccu(uKauyu 00bEKTOB BHYTPH 0a3bl TaHHBIX.

5. OTcyTCTBHE NPUBS3KU: B MOAKIIOYaEMON TaOIUIIEe HENb3s BbI-
JeNTUTh KaKoH-T100 M3 BUAOB CBSI3U C OOBEKTOBBIM COCTaBOM Oa3bl
JIQHHBIX.

Pe3ynpTaThl reOKOANPOBAHHS MOTYT OBITH 3allMCaHbI B MOJIE Ta-
ONUIIBI, TIOKA3bIBAIOIIEe, KaKKe ACHCTBUS 1O CPaBHEHHIO OBLTH MPO-
M3BEJIEHBI MJTU TTOYeMY NMOHCK He ynancs. C MOMOIIBIO K0Jla pe3yJIbTa-
Ta MOYXHO HaXOJUTh pa3Hble THIbI HeoOpaboTaHHbIX 3amuceil. B TNUC
MPEAYCMOTPEH PEXUM PYUYHOI'O T€OKOJUPOBAHMS JIJIS CIIy4aeB, Tpe-
OyIOIIMX BMEIIATEIbCTBA ONEpaTopa.

4.7.6. Kpumepuu xauecmea yugposwix kapm

Briaensror HeCKOIbKO KOMIIOHEHTOB KauecTBa qaHHBIX B I UIC:

— MHPOPMATUBHOCTb;

— TO3UIIMOHHYIO TOYHOCTB;

— TOYHOCTh aTpHOyTOB;

— JIOTHYECKYTIO HETTPOTUBOPEYHBOCTH;

— TIOJTHOTY;

— IPOMCXOXKIICHHE.

NudopmaTuBHocts. Kapra xaxk mojenb AeHCTBUTEIHLHOCTU
o0nazaeT TaKUMHU CBOWCTBAMHM, KaK COJIEPKaTeIbHOE COOTBETCTBHE
(Hay4HO 000CHOBAaHHOE OTOOpAXKEHUE TIIaBHBIX OCOOCHHOCTEH Jeii-
CTBUTEIBHOCTH), a0CTPAKTHOCTh (T€HEPATN30BAHHOCTh KapThI, TIe-
pexo OT MHANBUAYAIBHBIX MOHATHH K COOMpATENbHBIM, OTOOD TH-
MMAYHBIX XapaKTEPUCTUK OOBEKTOB U YCTPAHEHNE BTOPOCTETICHHBIX ),
MIPOCTPAHCTBEHHO-BPEMEHHOE M01001e (TeoMeTpruyecKoe mooone
pa3mMepoB U GopM, BPEMEHHOE MOI00ME W TOJ00ME OTHOIICHUH,
CBA3EH, COTOJYMHEHHOCTH OOBEKTOB), M30MPATENLHOCTh U CHHTE-
TUYHOCTH (pa3[eibHOe TMPEACTABICHHE COBMECTHO pPEalln3yeMBbIX
SBJICHUN W (PAKTOPOB, a TAKXKe AMHOE I[EJIOCTHOE H300paKeHHE SIB-
JIEHUH U TIPOIECCOB, KOTOPHIE B PEATBHBIX YCIOBHUSIX MPOSBISIOTCS
pa3aeNbHo).
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ITo3unMOHHAsA TOYHOCTH CKJIAIBIBACTCS U3 HECKOJIBKHUX ITOKa3a-
TeJIEH: TOYHOCTb BBIUUCIEHUS, TOYHOCTh U3MEPEHUS, TOYHOCTD Ipe-
CTaBJICHUS.

To4HOCTH BLIYMCICHHS OIIPEAEIAETCS KOJIUIECTBOM 3HAUYUMBIX
udp moce 3arsToi B MpoLecce pacueToB WK MPeodpa3oBaHusI 1aH-
HBIX; TOYHOCTh M3MEPeHUs] — KOJMUYECTBOM 3HAYMMBIX IHU(DP MpH
HU3MEPEHHUSX, MOIPELIIHOCTBI0 METOAA WIM alnaparypsl; TOYHOCTH
NpPeICTABJIEHU — BO3MOXHOCTBIO IPEJACTaBUTh KOOPJAUHATHBIE
JaHHBIC HA DKpaHe WK B meyatu. Hanpumep, npu MeaxoM macmrade
TOJIILIMHA TMHUH, OToOpaxkatowien fopory, B 0,5 MM (4T0o HE00X0ANMO
JUISL TOTO, YTOOBI OHA OBLIA XOPOIIO BUIHA HAa KapTe) MOXKET COOT-
BETCTBOBATb U JIOPOTe MIUPHHOW B 5 M U aBToOaHy mupuHoi B 50 M.

TounocTs aTpudyTOoB ompenensercss ONM30CTBIO 3HAYCHUH
aTpuOyTa K ero CTUHHON BenudrnHe. ATpUOYTHI MOTYT CO BpEMEHEM
MEHATHCS, JOBOJIBHO YAaCTO 10 CPABHEHHUIO ¢ KOOPAMHATHBIMU JaH-
HBIMU. B 3aBHCHMOCTH OT THUIOB JaHHBIX TOYHOCTH aTpHOyTOB MO-
XKeT ObITh U3MepeHa pa3HbIMU criocobamu. {iist aTpuOyToB KaTeropuii
00BEKTOB, HANpUMEp KJIACCH()UIIMPOBAHHBIX MOJUTOHOB, TOYHOCTD
3aBUCUT OT TOTO, SIBJIIIOTCS JIA KATETOPUU MOAXOASAIUMHU, 10CTaTOY-
HO MOJPOOHBIMU M ONPEAETICHHBIMHU, H OT TOTO, KAKOBA BEPOSTHOCTD
HAJINYHMS B TaHHBIX TPYObIX OLIMOOK.

[TonsiTHE TOrNYeCKOil HENMPOTUBOPEYNUBOCTH CBSI3aHO C HEIIPO-
TUBOPEYMBOCTHIO JaHHBIX B 0a3ax maHHbIX. B cpene ['MC 3to nons-
THE PAaCIPOCTPaHAETCS Ha BHYTPEHHIOI HEIIPOTUBOPEUUBOCTD CTPYK-
Typ JaHHBIX U BHYTPEHHIOK TOIOJOTMYECKYIO HENPOTUBOPEYUBOCTh
BEKTOPHBIX JaHHBIX. B 4acTHOCTH, 3TO ompexessieT Takue TpeboBa-
HUSI, KaK 3aMKHYTOCTb ITOJUTOHOB, YHHKaJIbHOCTh MACHTH(UKaTOpa
MIOJINTOHA, HAJIMYKE UM OTCYTCTBUE Y3JIOB HA IIEPECEUCHUSIX IYT.

[ToHsiTHE MOJIHOTHI (IOCTATOYHOCTH) AAHHBIX CBSI3aHO CO CTeE-
MEHbI0 OXBaTa JaHHBIMH MHOKECTBAa COOTBETCTBYIOIIMX OOBEKTOB
W 3aBUCHUT OT TEKyILIEeH 3agauu. B 3aBHCHUMOCTH OT mpaBuil 0TOOpa,
reHepaIu3alui U MaclmTada ONnpelessioT YUCIO COOTBETCTBYIOIINX
O00BEKTOB ISl MOJHOTO ONHMCAHHS CHTyaluH, KapTorpaduyueckon
KOMIIO3HIIH, SIBJICHUS U T. II.

IIpoucxoxkaenue BKIOYaET CBEJCHUSI 00 MCTOUYHUKAX JAHHBIX
U Omepanysx Mo cOo3AaHui0 0a3bl JAHHBIX, O METOAAX KOAMPOBAHHS
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JaHHBIX, BpEMEHH cOOpa JaHHBIX, METOJZie 00PadOTKH JaHHBIX, TOY-
HOCTH PE3yJIbTATOB BBIYMCIEHUH U T. II.

CymiecTByeT psii MPU3HAKOB, KOTOpBIE MO3BOJIAIOT MPHU Mpea-
BapHUTEJILHON OLEHKEe HU(POBOH KapThl ONMPENEIUTh €€ HENPHUro[-
HOCTb (WJIM HETIPUTOJHOCTb CaMOM TEXHOJOTMH LU(POBAHUS) K UC-
nonb3oBanuto B I'IC. [{nst BeIaum nmpenBapUTEIbHOTO 3aKITI0YEHNS
10 Ka4eCTBY C KOJIMYECTBEHHBIMH OLIEHKaMH MOKET UCIOIb30BaThCA
YyacTh MaTepuaia. Hanpumep, MOXKHO MOTHOCTBIO HCCIe0BaTh (hpar-
MEHT ONpEeAeTIeHHOro pa3Mepa (Y4acTOK JOJDKEH OBITh XapakTepeH
JUIsl TaHHOHM KapThl M HACKIILEH 00BEKTaMHu).

KavecTBo siBNsieTcsi OJHMM W3 OCHOBHBIX YNPAaBJISIEMBIX IMapa-
METPOB Tpolecca co3laHus HU(POBBIX KapT HapsiAy CO BpeMEHEM,
CTOMMOCTBI0, HH()OPMAIIMOHHBIMHU PECYPCaMH.

5. [Ipoekuuy 3eMHOM NOBEPXHOCTHU

KoopamHater To4ek MpOCTPAaHCTBEHHBIX OOBEKTOB HCIIONB3YIOT
JUTS yKa3aHHs MECTOIOJIOKEHUSI 00BEKTOB HA 36MHOHN MTOBEPXHOCTH.
[ToBepxuOCTs 3eMin IMeeT cheprudeckyro Gpopmy, HO TIPH COCTaBIIe-
HUU KapT IPOCTPAHCTBEHHOE MOJIOKEHNE TOYEK 0TOOpakaeTcs B TIIO-
CKOM (IBYMEPHOM) TIpeAcTaBIeHUU. {151 0TOOpaskeHNs TOI0KEHUS
TOYEK TTOBEPXHOCTH Ha IJIOCKOCTH MPHUMEHSIOT Pa3lndYHble MaTeMa-
TUYECKHE MO/JIENIH TIOBEPXHOCTH, 33/IAf0IIUE Pa3IMIHbIe KapTorpadu-
YECKHUE MPOSKIIHH.

Ipoexuust — 3TO MaTeMaTH4YecKash MOJIENb, MPeodpasyromas
MeCTa PacIoNKeHNsI 00BEKTOB Ha TMTOBEPXHOCTH 3€MJTH B MECTa UX
PacToIOKEeHHS Ha IBYMEPHOH MOBEPXHOCTH.

JItoboe aBymMepHOE TpencTaBiIeHNE 36MHON ITOBEPXHOCTH BCET-
Jla BHOCUT MCKa)KEHUS B HEKOTOPBIE TTapaMeTphl: B OpPMY, TUIOIIAIb,
paccTosiHUe WM HampaBieHHne. Pa3iaudHbIe MPOEKINH BHOCAT pas-
JIUYHBIE UCKaKEHUS. XapaKTePUCTUKN KaKIOW MPOEKIINHU AENal0T ee
yI0OHO JIsT HEKOTOPBIX MPIIIOKCHUH W HETTPUTOTHON JUTSI IPYTHX.

PaBHOYroJibHBIE TIPOSKITNH COXPAHSIOT 0€3 MCKaKEHWH YTIIBI
1 GOPMBI MaBIX O0OBEKTOB, HO B HUX PE3KO Me(OPMHUPYIOTCS JIITH-
HBI U TUIONIAU O0BEKTOB. PaBHOBeIMKHMeE TPOEKINH HE MCKAXKAIOT
IJIOMAAeH, HO B HUX MCKaKEHBI YIUIBI B (popMbl 00bekTOB. [lepBhIil
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BUJ IPOEKLUH MpUEeMIIEM AJIsl IPOKJIAAKH MapPIIPYTOB TPAHCTIOPTHBIX
CPEICTB, BTOPOH — I OTIpe/ieeHNs TUIOIAAe U 3eMJIenoIb30Ba-
Hus. IIpon3BoJibHBIE IPOEKIINN UMEIOT HCKAKEHUsI YIJIOB, IJIOLIa-
Jel ¥ JUIMH, HO 3TH UCKa)XEHUs paclpe/iesieHbl 110 KapTe, Halpumep
TaK, YTO MUHUMaJbHbIE UCKAKEHHUSI UMEIOTCS B LICHTPAIbHOU YacTH
1 BO3PACTAIOT K KpasiM.

R
M|

Puc. 17. UckaxxeHus pazMepoB n/unn GopMbl KpyTa
B PaBHOYTOJIBHBIX (BBEPXY CJIEBa), PABHOBEINKHUX
1 PaBHOIIPOMEKYTOUHBIX (BHU3Y) MTPOCKITHSIX

OCHOBHBIC THITBI MPOCKIMHA — KOHHYECKasl, a3UMYTaJbHasl,
HWIMHIPHYeCcKasl, MOJUKOHUYecKasi. J[J1s1 OTIENbHBIX PETHOHOB
4acTo MPUMEHSIOT OJIM3KHUE 1O cBoMicTBaM npoekuuu ['aycca — Kpro-
repa U YHUBEPCAJIbHYIO IMONEPEYHO-IMIMHAPUICCKYIO MPOCKIIHIO
Mepxkatopa (UTM).

I'pynna maremarnueckux npouenyp I'C, ocymectistomast me-
pexoJ1 OT OTHON KapTorpapuuecKoi MPOSKIUH K APYTroil WiIK OT Mpo-
CTPaHCTBEHHOM CUCTEMBI K KapTorpa(uiyeckoil MpoeKiH, HOCUT Ha-
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3BaHUE MPOEKLUUOHHBIX MpeoOpa3oBaHuid. DTH MPOLEIYPHl BKIIOYa-
10T U TPOCTBIE ONEepaluu Mepecyera KOOPANHAT IPOCTPaHCTBEHHBIX
00BEKTOB (IIOBOPOTA, CMEILEHHUSI, MAacIITaOMPOBaHUs | T. 1.), OoJee
CIIO’KHBIE (CBSI3aHHBIE, HATIPUMED, C KYKJIAAKOH» OOBEKTOB B CUCTEMY
OTIOPHBIX TOYEK), U CAMYIO CIOXKHYIO MOATPYIILy onepanuid (TpaHc-
(dopmanuio KapTorpapuuecKiX MPOSKLHUH ).

Joctounctsom mozaenuposanusi B [MC sBisieTcss BO3SMOXXHOCTh
TpaHCOPMUPOBAHHS KOCMHUUYECKOTO (MJIM adpo-) CHUMKa HEMOoCpe-
CTBEHHO B KapTorpadMuecKylo NpOoeKIrIo, MUHYS IOCTpoeHue (hoTo-
rpaMMETPUYECKON MO WU TPagulMOHHOE (hOTOrpaMMeTpHhye-
CKO€ TpaHC(POPMHUPOBAHKWE CHUMKOB. JTa BO3MOKHOCTH MPEIOCTaB-
nsiercs B maketax ['MIC, B mepByto ouepenb CBA3aHHBIX ¢ 00pabOTKOI
JAHHBIX TUCTAHIIMOHHOTO 30HIUPOBAHUSI.

Brinenenne moAarpynmsl npeoOpa3oBaHUsl MPOESKIHH CBSI3aHO
€ He0OXOIMMOCTBIO MHTEIPAllMU JaHHBIX U3 PA3TUUHBIX KapTorpadu-
YECKHX UCTOYHHMKOB C Pa3HOPOAHBIMH MaTEeMaTHYECKMMU OCHOBAMHU.
Kaptbl MoryT oTnmuarbesi MOACTSMH 3€MJIH, NTPUMEHEHHBIMH TPH
CO3JIaHMU KapThl; KApTOrpapuuecKoi MpOeKIHen; CHCTEMON KOOpIu-
HaT, IPUBSI3aHHON K UCIOIB3yeMOI MOIen 3eMITu.

TexHonorn4yecku Ui MPOEKUMOHHBIX NpeoOpaszoBanuil B I'MC
HEOOXOIUMO €O3/1aTh (aii OMUCcaHus KapTorpaduuecKoi MpOeKIH
1 BBIOpaTh UCXOHBIN (aiin. 13 Habopa TMIIOB mpeoOpa3oBaHMii BbI-
OuparoT HeOOXoAMMOe, 3a1aI0T TpeOyeMble MapaMeTpbl, U MPOEKIH-
OHHOE TPe00pa30BaHNE OCYIIECTBIIIECTCS ABTOMAaTHYECKH IyTEM CO3-
JaHUsl HOBOM KapTorpaduiyeckoil NpoeKIrH B 3alaHHOM CJIO€ U COOT-
BETCTBYIOIEM (aiine.

BonbIIMHCTBO KapT M300pakatoT KOOpJAMHATHBIC JaHHbBIE, HC-
MOJIB3YS OHY W3 MPHUHATHIX INIOO0AJIBHBIX CHCTEM KOOPIWHAT, HAIPH-
Mep yHHUBepcalbHyto nonepeunyto Mepkaropa (UTM). [Ipoekuust nc-
MOJB3YETCs 171 00ECTIeUeH s B3aUMOCBSI3H MEXKY MECTOIOIOKEHUEM
Ha KapTe U UCTUHHBIM MECTOIIOJIOKEHUEM Ha 36MHOH MMOBEPXHOCTH.

[Ipouecc Tpanchopmanuu kKaprorpapuueckux JaHHBIX U3 OJHON
MPOEKIHU B APYTYI0 TpeOyeT 3HaHUs MapamMeTpOB MPOCKIMH HCTOY-
HUKa ¥ IPOU3BOTHON MPOEKLINH, U3BECTHBIX U3 KypCOB MaTeMaTHye-
CKOW KapTorpaduy U TEOPUU KapTorpapuyecKux MpOeKIHid U Crpa-
BOYHBIX U3JaHUH.
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[lepecyeT KOOpAMHAT MOKET OBITH MPECTABIICH KaK peLieHue 00-
paTHOH 3a/1a4n MaTeMaTHYecKOi KapTorpaduu, T. €. Mpeodpa3oBaHus
MPSIMOYTOJNBHBIX KOOPIMHAT B reorpaduueckue, a BCIEHd 3a HEo —
MPsSIMOM 3a/laul C UCTOJIb30BAaHUEM YPAaBHEHHS MTPOM3BOIHON MPOEK-
UM TH00 HENOCPEICTBEHHOTO MepecyeTa JaHHbIX U3 MPOEKIMH B IPO-
eKIHIO, MUHYSI IPUBEJCHUE K CUCTEME TeorpapuiecKiux KOOpHHaT.

[Tpu Hen3BeCTHHIX (PYHKIMOHANBHBIX 3aBUCHMOCTSX, OTIPEACIS-
IOLIMX COOTBETCTBHE Te0orpa)HuecKuX 1 yCIOBHBIX KOOPIMHAT, MOXK-
HO BOCIHOJIb30BaThCs METOAAMHU TPaHC(POPMALMH MO CETH OMOPHBIX
TOYEK ¢ U3BECTHBIMU KOOpAMHATaMU. B 3TOM ciy4ae BOSHUKAET Mpo-
OnemMa ONTHMaNbHOTO BBIOOpaA ammpokcuMupytomed ¢ynkoun. Ha-
JIMYUe KOOPAMHATHOW OCHOBBI — 00si3aTeNbHOE TpeOOBaHKE TpaHC-
(hopMaLMOHHBIX TPe0OPa3OBaHHN.

Ha npaktuke ncnonb3oBaHHe MOAYJIEH TpaHCQOPMALMH MPOCK-
LU MOXeET OBbITh OCJIOKHEHO OTCYTCTBHEM NapaMeTpOB MPOEKIUH
KapThl-UCTOUHUKA. [Ipy ompeneneHny NMpOEKIMH MCXOTHOH KapThl
PEKOMEHIYIOT MOJIb30BATHCS aTIacoOM AJISl OTEUECTBEHHBIX MM 3a-
PYOEKHBIX KapT.

[ Tomorpauueckux KapT, B OTINYHE OT MEIKOMACIITAOHBIX,
HET TaKOTo Pa3HO0Opa3usl MPOEKIHiA, OJHAKO HMEETCsl pasHOOOpas3me
Mozeneit 3emMin U reorpadMuecKux CUCTEM KOOPAWHAT.

[IpoexnmonHbIe MpeoOpa3oBaHMs AT Ha Ba TUMA: JIMHEHHBIC
npeoOpaszoBanus (1-2) u Henuueinsie (3-5).

1. IlpeoOpazoBanue moaodusi XapakTepu3yeTcs TeM, 4To Bce (u-
Typhl Ha IUJIOCKOCTH TEPEBOMASATCS B T'€OMETPUYECKH MOAOOHBIE UM
¢urypsl. Bece yribl Mexay MepecekarouMuUcs IPSMBIMA COXPAHSIOT
CBOM 3HAUYCHUSI, a BCE JIMHEHHBIE Pa3Mephl YBEIMUUBAIOTCS MM YMEHb-
LIAI0TCSA B OJJMHAKOBOE KOJMYECTBO pa3. UToOwl 3a1aTh npeodpa3osa-
HUE, JOCTaTOYHO BHIOPATh B KAYECTBE OMOPHBIX JIOOBIE IBE TOYKH I1JI0-
CKOCTH M YKa3aTbh CTapble 1 HOBbIE KOOPAMHATHI 3TUX TOYEK.

2. Apdpunnoe npeoOpazoBaHue Bcera NEPEBOJUT NPSMbIC THHUT
B IIPSIMBIE, IPY ATOM MapajliesIbHbIE IPSMBbIE OCTAIOTCS apayieIbHbI-
MHU. YTIBI MEXIY MEPECeKAOIUMHCS MPSIMBIMH MOTYT H3MEHSTHCS
WK OCTaBaThCs MPEKHUMH. PaccMOTpeHHOE BBbIIIE Mpeodpa3oBaHue
MoJ00MsI SIBJISIETCS] YaCTHBIM cliydaeM a@HUHHOrO MpeoOpa3oBaHusl.
MoXHO CKa3aTh TakXke, 4YTO MPOU3BOJIbHOE adPrHHOE MTpeodpa3oBa-
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HUE TEPEeBOAUT 3aJaHHBIM KBaIpaT B JIIOOOH 3aJaHHBIN Mapajuieno-
rpamm, B TO BpeMsI Kak IpeoOpazoBaHue NoJ00Hs MepeBOANT KBaJpaT
B JII000H Apyro# 3agaHHblll kBaapaT. YToObl 3aaath adduHHOE Tpe-
o0pazoBaHue, JOCTATOUYHO BBIOPATh B KAYECTBE OMOPHBIX TPH JIOObIE
TOYKH, HE JIe)Kalllie Ha OJHOW MPSIMOM, M yKa3aTh CTapble U HOBBIC
KOOPAMHATHI 3THX TOYEK.

L L Hamenenme Hamenenmne
wWacwTaba mo X wacwrana no ¥

Hanenenme
neperEDca ng X nEpeKoca me

Hamohenin TMoeopot

Puc. 18. Bo3mosxHbIe TpaHchopManun
P JIMHEHHBIX Tpeo0pazoBaHuUsIX

3. [NonuHOoMUanbHOE NpeoOpazoBanue. MIHTEpeCHON 0COOCHHOCTHIO
3TOro NMPeoOPa30BAHMUS SABIISETCS TO, UTO, HECMOTPSI Ha UCKPUBJICHUE JIU-
HUI, BCE yIUIbI IEPECEUECHNUS JIMHUIA COXPAHSIOT HEM3MEHHOE 3HAUYEHHUE.

Marpuia npeoOpa3oBaHUsl PACCUMTBHIBACTCS MO KOHTPOIBHBIM
TOYKAM U COCTOUT U3 KOA(PPUIIUEHTOB, KOTOPBIE UCIIOJIBL3YIOTCS B hOp-
MyJIax TIOJIMHOMOB s TipeoOpazoBanust koopauHat. Koaddurmentsr
MaTpHIbl IPEOOPa30BAHUI PACCUUTHIBAIOTCS TAKHMM 00pa3oM, YTOOBI
MOJTYYUTh POPMYIIbI TTOJIMHOMUAITBHOTO IPe00pa30BaHMsI ¢ KAK MOXKHO
MEHBIIICH OIMMOKOH MepeBOa HCXOIHBIX KOOPIUHAT B KOHEUHEIE.

4. JlokanpHoe nipeoOpasoBanue. )i KaKI0H U3 OTIOPHBIX TOUEK
MOJKHO ITOCTPOUTH TaKYI0 HEMMHEHHYI0 (DYHKIINIO, KOTOpast mpeodpa-
3yeT cTapble KOOPAUHATHI 3TOW TOUYKHU B €€ HOBbIE KOOPAMHATHI, a [T
OCTaJIbHBIX TOYEK M3MEHSET KOOPJMHATHI TeM MEHEee, YeM Jajbllie
TOYKa OTCTOUT OT OMOPHOH. Ha 0OoJbIIIOM paccTOSIHUM OT ONMOPHOM
TOYKH M3MEHEHHE KOOPJMHAT JOJKHO CTPEMHUTHCS K HYIIO.
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DF“[“HHH 303"[”1('“:19 Bap“a“'bl BBIXOOHDID “306['3“3”“5‘ "P“ Henﬂﬂel‘l"blx
npehpaosaniaL

Puc. 19. Bo3moxxHBIE TpaHCHOPMALIIT
IIPY HEJIMHEHWHBIX MPe0Opa3oBaHMsIX

5. KombunupoBanubie aQpUHHO-HETMHEWHBIE TTPe0Opa3OBaHMUS.
MOXHO 0KHIaTh 3aMETHOIO YJIyUIIEHHUs KauecTBa TpaHC(HOpMaLIUH,
€ClIM CHavajla BBINOJIHUTH a@uHHOE MpeoOpa3oBaHHE 0 METOIY
HaMMEHBIINX KBAAPaTOB, a 3aT€M MPUMEHHUTh OAWUH U3 HETMHEHHBIX
metosoB. [Ipu sToM Ha mepBoM (adhuHHOM) 3Tare B OONBITMHCTBE
ClIyyaeB YAAaeTcsl 3HAUYUTEIbHO COKPATUTH PACCTOSHUS, Ha KOTOpBIE
JOJKHBI OBITH MEpEMEIIEHBl ONOPHBIE TOUYKH, U B PE3YJIBTATE 3TOTO
BTOpOH (HEJMHEWHBIN) 3Tall MpeoOpa30BaHUsl BHOCUT 3HAYUTEIIBHO
MEHbBIINE HEJIMHEHHbIE HCKaKEHMS, YeM IIPH HEIOCPEICTBEHHOM
MIPUMEHEHUH 03 MPeBapUTEIbHOTO BBIIOIHEHHS JTMHEHHON 4acTH
peoOpa3oBaHMs.

Crnenuduka 0Te4eCTBEHHOTO PbIHKA T'€OMH()OPMALOHHBIX TEX-
HOJIOTHH oIpenenser mpoOieMbl MPOCKIMOHHBIX MPeoOpa3oBaHUi
B Poccun. Ogna U3 cepbe3HbIX MPOOIEM CBs3aHa C HCIIOJIb30BAaHUEM
OTEYECTBEHHOW KapTorpaguyeckod HHPOpPMaLMM, HMEIOIEH 3Ha-
YUTENbHBIC OTIMYHUS OT aHAJIOTMYHOW MHOCTpaHHOH. Kak mpasmiio,
WHOCTPaHHbIE MPOTPaMMHBIC CPEICTBA HE MOJICPKUBAIOT HAmpsi-
MYIO PacHpOCTpaHEHHbIC B HAIIEH CTpaHe MIPOCKIHH, a HH()OpMaIHIO
0 THIIE IPOCKLIUH U €€ apaMeTpax MOJyYUTh JOBOJIBHO CIOXKHO.

[pyras npoGiiema COCTOUT B TOM, YTO LIMPOKO PACHPOCTPAHEH-
Hele B Poccun paznooOpasublie MeToabl pabOThHl C MPOCTPAHCTBEH-
HBIMHU JIaHHBIMM HE TOJIyYWJIM NPU3HAHMS WIN HE UMEIOT aHaJIOTOB
3a pyOeKOM M HY)KIAIOTCS B aHaIu3e M Kiaccudukanuu. 3a Bpems
OTHOCHTEJIHHO 3aKPBITOrO pa3BuTus reorpadudecknx nHayk B CCCP
CJIOKWJINCh HOPMAaTHUBbI M CTaHJApPThl, KOTOPBIC YAaCTO HE yUUTHIBA-
FOTCSI IPOrPaMMHBIMU MPOAYKTaMH, pa3paO0TaHHBIMU 32 TPAHULICH.
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6. MoaenMpoBaHMe reoM300paKeHum

MopneaupoBanue — OJHO M3 HauboJiee PacIPOCTPAHEHHBIX TI0-
watuid. [log Mozenpro moHMMarOT 10001 00pa3 — MBICICHHBIA HITH
YCIIOBHBIN: N300paKeHUE, OMMCAHKUE, CXEMY HITH YePTEeX KaKOTO-TH00
00BEKTa, TIPOIIecca WU SIBIICHHS, HCIIOJIh3YEMbIH B KAYECTBE €0 3aMe-
cturens. Pesynbrarom moaenupoBanus B I'C sBistOTCS paziauyHbie
reOM300paKEeHUs] — TPOCTPAHCTBEHHO-BPEMEHHbBIE, MAacCIITa0HbIC,
TeHepaIM30BaHHBIC MOJICNIM 3eMHBIX (TUIAaHETHBIX) OOBEKTOB M TPO-
LIECCOB, NPE/ICTABICHHBIX B Ipaduueckoii oopas3noii popme. [loaromy
MozaenupoBanue u Busyanuzaius B [ IC oueHb TeCHO B3aMMOCBSI3aHBI.

[udpoBoe MoaenupoBaHHE SBISETCS OCHOBOH OpraHu3a-
LIUU, XpaHCHHs, OOHOBJICHUS W TIPEACTaBICHHS POCTPAHCTBEHHO-
BpeMeHHbIX JaHHbIX B 'UC.

NudopmarmonHo 1iudpoBsie Mozenu MecTHOCTH B cucteme [ IC
JIOJDKHBI COJIEPIKaTh HE TOJBKO MapaMeTpbl 00bEeKTa, HO M CBOMCTBA
KJlacca 0OBEKTOB, a Takke HaOOp METO/OB MpPeoOpa3OBaHUS U I10-
CTpOCHHS 00BEKTOB 3TOTO KIlacca.

6.1. IIpuHyunvi Modeupo8aHus

MozenupoBaHue MpeICcTaBisieT coO0H cozganne o0pasza Kakoro-
00 SBICHUS WIM TpoLecca, TP KOTOPOM H3ydaeTcs HE caM OpH-
THHAN (SIBJICHHE WM TPOLIECC), @ HEKUH ero 3aMecTUTENb, BCIIOMOTa-
TeNbHas UCKYCCTBEHHAs cHCTEMa.

Haubonee yHuBepcaqbHBIM NPUHIMIIOM MOACIUPOBAHUS SIBIIS-
eTcs moAodMe, YTO O3HAYaeT COOTBETCTBHE, CXOACTBO Moxaeiu (M)
u oprunana (A) B 3aganHoM cootHomernu i: M = Ci A, rae C — xpu-
Tepuil momoOusi, Hekasi Oe3pazMepHast KOHCTAHTa, YJOCTOBEPSIOLIast
[IPaBOMEPHOCTb PAacpOCTPaHEHUsI BBIBOJOB, MOJIYYaeMbIX C IOMO-
LIbIO MOJIEIIH, Ha peasibHble 00BEKTHI, TPUYEM YeM OOJIbIlle COOTHO-
mieHuit ynosnerBopseT kpurepusam nogoodus (Ci, Cj... Cn), Tem BbiLIe
JOCTOBEPHOCTh BBIBOJIOB. [lomoOme — HACTONBKO CYHIECTBEHHOE
CBOMCTBO MOJIEIN, YTO MHOTI'/Ia CAMO MOJIETMPOBAHUE TPAKTYETCS KaK
co3JlaHne 00beKTa, MOJOOHOTO OpPUTHUHAITY.

Jpyroi BayxHeHIUM IPUHLIUII MOAEIUPOBAHNUS — CHCTEMHOCTD
— IpeaIoJaraer:

— MOJIEIMPOBAHUE KOMITOHEHTOB, YacTel CUCTEMBI U MOACHCTEM;
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— MOJICTIMPOBAHUE CTPYKTYPbI U OPraHU3ALMH CUCTEMBI;

— MOJICTIMPOBAHUE B3aHMMOCBSI3€i MEX/y KOMIIOHCHTAMU U BBI-
JeJIeHHe CrelM()UUSCKUX CUCTEMOOOPa3yIOIIHX CBA3C;

— MOJIeTMpOBaHue (PyHKIMOHUPOBAHUS, T. €. TPOLIECCOB OOMEHa
BEILIECTBOM, DHEprueil u nHdopManueld BHyTPU U MEXK/y CUCTEMaMH;

— PacCMOTpPEHHE MOJICNIM TAHHOM CHUCTEMbI Kak dJeMeHTa Oolee
KPYITHOW CUCTEMBI, BBISIBIICHUE COTTOAYMHEHHOCTH (MepPapXUK) MOJICICH;

— HOCJIeZIOBATEIbHOE COBEPIICHCTBOBAHUE MOJENIel B mmpolecce
UX MCIOJIb30BAHUSL.

CHUCTEeMHOCTh TIPEIIIONaraeT TakKe aHATUTUYCCKUI M CHHTETH-
YECKHUI MOJX0J] K MOJCIUPOBAHHIO, COTIIACHO KOTOPOMY paculicHe-
HHE 00BEKTOB Ha COCTABIIIOIIUE M YIITyOJICHHOE HCCIICOBAaHUE OT-
JIeTbHBIX KOMIOHEHTOB COMPOBOXKIAETCS CHHTE30M, JAIOLIMM HHTE-
rpaibHy10 HHPOpMaLHo 00 00beKTe.

O0a riaBHbIX MPUHIIMIA MOACTUPOBAHUS — MOJJO0UE U CUCTEM-
HOCTbh — JTMAJIEKTUUECKH CBSI3aHBI JAPYT C IPYyroM: TPeOOBaHHUS CH-
CTEMHOCTH PEaM3YIOTCS Ha OCHOBE IMOJ00MS, a MOJHOTA MOA00HS
obecnieyrBaeTcsi COONIOACHNEM MIPUHIIMIIOB CUCTEMHOCTH.

BaxHeiimme 4epThl CXOCTBA M PA3INYUs T€OU300paKCHUIT CBSI-
3aHBI C CaMOi cHCTeMOM rpaduueckux oOpa3oB: HA TPAJULIUOHHBIX
Y 2JIEKTPOHHBIX KapTax, KapTorpaduueckux aHuMaIusIx oHu HopMu-
PYIOTCSL C TIOMOIIBIO 3HAKOB, @ HA CHUMKAX SIBJISIIOTCS PE3yJIbTaTOM
¢ukcau coOCTBEHHOTO WM OTPKEHHOTO M3ITy4eHUsI 00BEKTOB.

BaxHO, 4TO CHUMKH — 3TO BCer/ia MePBUYHBIC MOJIEIH OOBEKTOB,
Ha MX OCHOBE MOTYT OBITh ITOJTy4eHbI CHHTE3UPOBAHHbIC H300paKEeHMSI,
cTepeoMoIein, OOBIYHBIC U KOMITbIOTEpHBIC KapThl U 1p. [To xapram
TaK)Ke MOTYT OBITh CO3J[aHbl MHOTHE TPOHM3BOJHBIC MOJICIN: HOBBIC
KapThbl, OJIOK-THarpaMMsbl, AWHAMHYECKHE W300paKEHHUS, MaTeMaTH-
YeCKHe MOJICIIH, BUPTYaJIbHbIC MOJICIH U T. 1. Tak, HameuaeTcs: HeKas
Mepapxusi MOJICINICH, CBSI3aHHAs C MX TIEPBUYHOCTHIO M BTOPUYHOCTBIO
(IPOM3BOAHOCTBIO): CHUMKU HECYT TOJIBKO MEPBHYHYIO (DaKTHUECKYIO
nH(OPMAIINIO, TOTIa KaK KapThl COJEPIKAT €I U Pe3yJIbTaT €€ HHTE-
JICKTYaJIbHOM MHTEPIIPETALMH U LIeJICHAIPABICHHOM ITepepadoTKH.

HeoOxonuMbIMU MPUHIIMIIAMU MOJICTTHPOBAHUS SIBIISIOTCS TAKIKE
a0cTparupoBaHue U KOHKPETH3ALWMs, T. €., C OJHOI CTOPOHBI, BBIIEIIe-
HHE TJIABHOTO, CYILIECTBCHHOTO B 00BEKTE, OTBICUCHUE OT BTOPOCTE-
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MIEHHBIX CBOMCTB, CTPYKTYP U OTHOILEHHH, & C IPYTroi — IMOCTOSTHHOE
COOTHECEHHE MOJIENIM C KOHKPETHBIM 00BEKTOM (Ipoodpa3om), ero
creun(pUUecKUMH CBOHCTBAMU B OCOOEHHOCTSMHU.

[IpocTpaHCTBEeHHO-BpEMEHHOE MOJ00He reon300paKeHNH U UX
OpPHUTHHAJIOB (MMPOOOPA30B) MMEET TPH B3aMMOCBS3aHHBIX aCTIEKTa!

— reoMeTpHUecKoe MoJo0ue, MposBIIIONIeecs B MoJ00HHu (op-
MBI, pa3MEPOB U CTPYKTYpbI OOBEKTOB;

— BpEMEHHOE MoJ00ue, T. €. aJeKBaTHOe OTOOpakeHHE COCTOS-
HUSl, TUHAMUKU U TIPOLIECCOB B ONPEACICHHBI MOMEHT WM OTPE30K
BpEMEHU;

— noto0ue OTHOILIEHUH, KOTOPOE OTPaKaeTcsl B IOJOOHH CBSI3Ei,
COIMOJYNHEHHOCTH M TPUYMHHOCTH, BO B3aWMHOM PaCIOJIOKECHUU
00BEKTOB.

Ha pa3HpIx reon300paskeHHUsX 3TH ACTIEKThI MPOSIBISIFOTCS HEO M-
HakoBo. Hanmpumep, reomeTpuueckoe nogodue JTydlie BCero nepea-
10T TPEXMEPHBIE M CTEPEOCKOMUUECKHE MOAETH, BpEMEHHOE — aHU-
MalyH, a NoAo0Hue OTHOLIEHUH — KOMIUIEKCHBIE U CHHTETHUYECKHE
KapThl U aTJachl.

6.2. Budvl MmodeauposaHus

OcoOenHoCcTh (hopMupoBaHUsT NUGPOBBIX MOJEICH MECTHOCTH
B reOMH(GOPMAITMOHHBIX TEXHOJIOTHSIX 3aKIFOYACTCS B CO3JaHHH UX
KaK CTPYKTYpbI 0a3bl JaHHBIX.

C TouKM 3peHHs TCOMHPOPMATUKH (YUUTHIBasI OOJIBIIYIO 3HAYH-
MOCTB JIJISl Hee MPOCTPAHCTBEHHBIX aCTIEKTOB) MOYKHO BBIJICIIUTh TPH
Pa3HOBUIHOCTU Mojiesieii. Mojienu nepBoi pa3HOBUJIHOCTH — MaTe-
MaTHYECKHE — CTPOSATCS 0e3 ydeTa MPOCTPAHCTBEHHOTO KOODPIUHU-
pOBaHHUS SBICHHIA, ¥ PE3yJIbTAThl UX PEalIM3allMU HE TOJUIekKAT Kap-
torpadupoBanuo. BTopas pa3HOBHIHOCTB: pE3yJbTaThl KapTorpa-
(bupyroTCS, HO MPOCTPAHCTBEHHBIN ACIEKT HE YUUTHIBACTCS Ha dTAle
peaMzanuii MaTeMaTHYECKUX alrOpUTMOB. B Monensix Tperbeli pas-
HOBUJIHOCTH 0€3 y4eTa IPOCTPAHCTBEHHOTO MOJIOKEHUS SIBJICHUN He-
BO3MOXKHO pEaJIn30BaTh MATEMATHUYECKHUE PACUCTHI.

Crano OOBIYHBIM TPOBEJICHUE CTATHCTUYECKOTO aHaIM3a Tpo-
CTPAaHCTBEHHBIX JIAHHBIX — BBIYHCICHHE CPEAHCKBAJIPATHYHOIO
OTKJIOHCHHUSI, JIUCTICPCUU, KOPPENSIIUU, PA3IUYHBIX BHUJIOB perpec-
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cun. [llupoko pacmpocTpaHHIIOCh MMHUTAIIMOHHOE MOJCIUPOBAHUE.
Hampumep, [uisi UMUTAIMM Pa3BUTHSI CHUCTEMbI HACEICHHBIX MECT
OIPEICIISUIACH TIPABUIIA PA3BUTHSI CUCTEMBI M C IIOMOIIBIO aJITOPUTMA
CTaTHCTUYECKHUX UCTbITaHui (MeTo] MoHnTe-Kapio) npourpeiBaiuchk
MyTH UX peaju3alii. AHAJIOTMYHO MOXKET MPOUCXOJUTh UMUTAIIHS
IIPOCTPAHCTBEHHOI'O PACIPOCTPAHEHUSI OOJIE3HEH, AMUAESMUN U T. 1.
[[Iupoko HCHONB3YOTCSI ONTUMHU3AIMOHHBIC Mojenu. Hampumep,
TPaHCIIOPTHAS 3aja4a JIMHEHHOTO MporpaMMupoBanus. [IpumMeHsroT-
Csl MOJICITH JIJISl ONITUMU3AIMH Pa3MEIICHUs TIPOU3BOJICTBA, IITKOJL.
Paccmotpum paboty ¢ mudpoBBEIME MOJEISMU B COOTBETCTBHH
C TpeMsl CUCTEMHBIMH YPOBHSMHE: cCOOp M MepBUYHAs 00padOTKa WH-
(hopmaruu, XxpaHeHHe U OOHOBJICHHE, TIPEICTaBIICHHE (OTOOpaXKEHHUE).
[Ipu cOope mHpopMammu JUIsi TOCTPOSHUST U(PPOBBIX MOACICH
HCTOJIB3YIOTCS aBTOMAaTU3UPOBAHHBIC CPEJICTBA PETUCTPAIIMU U aBTO-
MaTH3UPOBAHHBIX TEXHOJIOTHH. McTouHMKaMu WHGOpPMAIMU CITy)KAT
KapThl, TaOJHIIbI, CIeNU(UKAIMH, T€OJe3UICCKUE KOOPAMHATHI TO-
YeK ¥ 00BEKTOB MECTHOCTH, KOOP/IMHATHI TOYCK Ha a3POKOCMHUYECKUX
Y Ha3eMHBIX (DOTOCHUMKAX, JaHHBIC, TOTYYaeMBbIC 110 TEJIEBU3NOHHBIM
W/WITHA PaJIiOJIOKAIMOHHBIM CHUMKAM, TEIEMETPUYCCKUE JaHHbIC, UH-
(hopmarius, cauThIBagMasi ¢ IIAHOB M KapT, JaHHBIC O JIOMyCKaxX U I10-
IPEIIHOCTSAX, JOMOTHUTEIbHAS HH(POPMAIUS TEKCTOBOTO XapaKTepa.
[Tocne cOopa MepBUYHBIX TaHHBIX HA YPOBHE XpaHEHUS U OOHOB-
JIeHUs] MHQOPMAIIUU OCYIICCTBIISIOTCS CHMILTU(UKAIMS, YHUPUKA-
LUs1, KOpPEeKIusl HHPOPMAIUK, COACPIKAIICH OMUOKH U JONOTHCHHUS
k Hell. Takum oOpazom, hopMuUpyeTcss YHHUPHUIIMPOBAHHAS COBOKYTI-
HOCTb JIAHHBIX, OJJMHAKOBAsSI JUIS PA3JIMYHBIX CPEJICTB U TEXHOJIOTHIA
cO0pa, MO3BOJISIFONIAS B TATbHEUIIIEM MPUMEHSTh €€ JIJISl TOJTy4YCHUS
YepTeKeH U IIIAHOB HE OJTHOTO, @ HECKOJIBKMX CMEKHBIX MacIITaOOB.
Ha ypoBHe npezcraBneHuss oroOpaxaercs nudposas uHPOpMa-
sl B BUJIE, YA0OHOM JIst TTOsib30BaHus. L{udposas Moienb MECTHOCTH
MOJKET TEeHEPUPOBATKLCS U3 Pa3HbIX MojieNell. BusyanbHoe npeicTaBiie-
HUE pealn3yeTcsl Ha COBPEMEHHBIX YCTPOMCTBAX BBIBOIA MH(OPMAIINH.
TexHOIIOTHYECKH MOXKHO BBIACIUTH CICIYIOIINE BUIBI MOJICIIH-
POBaHMS: CEMAaHTUYECKOE, MHBAPHAHTHOE, IBPUCTUYECKOE, HH(pOpMa-
nruoHHoe. OHU MPOSBIISIOTCS HAa Pa3HBIX CHCTEMHBIX YPOBHSX 00pa-
00TKM UH(pOPMAIIMH B Pa3HOU CTEIICHHU.

49



* CemaHTHYeCKOE (3HAUCHHE, TOHUMAHNE) MOACIUPOBAHUE B3a-
HMMOCBSI3aHO C 337a4aMi KOJMPOBAHHUS U JIMHTBUCTHYECKOTO oOecrie-
YeHUSsl, IO3TOMY OHO B OOJIbIIEH CTENEHH MCIONb3YyeTCs Ha YPOBHE
cOopa nmepBUYHON MH(POPMAIUK. DTO O0YCIOBICHO TAKXKE OOJIBIINM
00BbEMOM H pazHO0Opa3reM BXOJHON WH(POPMALIUH, CIOKHOCTBIO €€
CTPYKTYPBbI, BO3MOKHBIM HaJTHYHEM OLIHOOK.

* luBapuanTHOE (HEM3MEHHOCTh, HE3aBUCUMOCTh) MOAEIHPOBa-
HUE OCHOBAHO Ha PadOTe C MOJIHOCTHIO WIIM YaCTHYHO YHHU(PHLIUPO-
BaHHBIMH HH()OPMAIIMOHHBIMY 3JIEMEHTAMU WU CTPyKTypamu. Ero
3¢ PEeKTUBHOCTH AOKa3aHa ONBITOM pUMeHeHus rnpexae Bcero CAIIP
U IPYrUX aBTOMAaTH3MPOBAHHBIX CHCTEM. JTOT BHJ MOJACIHPOBAHHS
MpeIoaraeT UCII0JIb30BaHKe IPYIIOBBIX ONepaluid, 4eM odecneyu-
BaeTCs MOBBILICHUE POU3BOAUTEIILHOCTH TPY/a IO CPABHEHUIO C MH-
JUBHIYalbHBIM MOJETUpOBaHUEM. Takoe MoAeIupoBaHHe TpeOyeT
CHEeLUAIM3UPOBAHHOTO MPOrPaMMHOT0 M JIMHTBUCTHYECKOTO 00ecre-
YEHUS, YUYUTHIBAIOIIETO CBOMCTBA MOJACIMPYEMBIX OOBEKTOB M BO3-
MOKHOCTb WX CTPYKTYpHU3allMX Ha HEKUE rpaduueCcKre MPUMHUTHBBL.

* DBpUCTHYECKOE («HAXO0XKY, OTKPBIBAIO») MOJCIUPOBAHUE TIPU-
MEHSIETCS TIPH yueTe UHIUBHUIyaJbHBIX CBOHCTB OOBEKTOB Ha BHE-
OM300paKEHHAX W NPU PEIICHUH CIEeUUATbHBIX HETHUIOBBIX 3a/ad.
B ocHOBHOM OHO peanu3yeTcs NpH MHTEPaKTUBHOM 00paboTke u Oa-
3UpyeTcs Ha OOLIeHHHU moJb3oBarens ¢ OBM 1o cueHapuio, yuuThl-
BalOIEMY, C OJHOH CTOPOHBI, TEXHOJIOTHYECKHE OCOOEHHOCTH MpO-
IrpaMMHOTO 00eCeUYeHus1, C Ipyroii — 0cOOEHHOCTH U ONBIT 00pa-
OOTKH JaHHOW KaTerOpHH OOBEKTOB.

* IndopmMamoHHOE MOJAEIMPOBAHHE CBS3aHO C CO3JaHUEM
1 mpeoOpa3zoBaHUEeM Pa3uIHBIX GopM HHPOPMAIMH, HATPUMED Tpa-
(uueckoli UM TEKCTOBOH, B BU, 3a/laBaeMblil onb3oBaTenaeM. OHO
3¢ GEeKTUBHO NMPU MPEABAPUTENHLHON pa3padOTKe MHTETPUPOBAHHOM
WHPOPMALMOHHON OCHOBBI M TPUMEHEHNH 0a3 TaHHBIX.

CrenyeT OTMETUTBh, YTO BO3MOKHO OIHOBPEMEHHOE TPUMEHEHHUE
Pa3HBIX BUJIOB MOJICIIMPOBAHNS Ha Pa3IMYHBIX JTarax.
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6.3. OcHOBHble ceolicmea 2eou306paxceHull

Brienstor ciemyroniue OCHOBHBIE CBOMCTBA T€OM300paKeHUM,
OJTHOBPEMEHHO OHH SIBJISIFOTCS M XapaKTePUCTUKAMH HCIIOJIb3YEMbIX
MoOJeIIei:

1. ConepxarenbHoe cooTBeTcTBHE. [lo1pazymeBaet Hay4HO 000-
CHOBaHHOE OTOOpaKEeHHE CBONCTB U XapaKTEPUCTHK SIBJICHUMN, UX TH-
MMUYECKUX OCOOCHHOCTEM, TeHe3HCa, UEPAPXUU U BHYTPEHHEH CTPYK-
Typbl. B HauOOJbINEH CTEMEHN 3TO OTHOCHTCS K KapTOrpapHuecKuM
HU300pAKEHUSAM, B MEHBIIIEH — K a9PO- M KOCMHUYECKUM CHUMKaM, XO-
POIIIO TIEPEIAIOIINM BHEITHHN O0TUK OOBEKTOB U SIBICHUM, HO JIHIIIH
B OTPaHUYUEHHBIX TPE/Iesiax — WX BHYTpPEeHHHE cBolicTBa. Hampumep,
[TIOYBEHHBIC KapThl CIIOCOOHBI MEePeIaTh 'eHE3UC, MEXaHUYCCKUI CO-
CTaB TMOYB, COJICPKAHUE TyMyCa, XUMUYICCKUAX DJICMEHTOB, TOT/Ia KaK
CHUMKH XOPOIIO OTPAXKAIOT JIUIIL MOPQOJOTHIO U CTPYKTYpPY IO-
YBEHHOT'O TIOKPOBA.

2. AGCTPaKTHOCTh ¥ KOHKPETHOCTh. AOCTPAKTHOCTh B HAMOOIb-
el Mepe MpucyIina 3HaKOBbIM reon3o0pakenusiM. OHa Mpex/e Bee-
TO SIBJISIETCS CIEJICTBUEM TI'eHEepaM3allid, B XOJe KOTOPOil Bejercs
oTOop, 00001IeHNE, naeaTU3aIs] 00bEKTOB, UCKIIOYAOTCSI HE3HAYH-
TEJIbHBIC UITA MAJIOCYIIIECTBCHHBIC IETAH, AKIICHTHPYETCS BHUMAHHE
Ha TJaBHBIX YepTax H T. 1. BBICOKOW cTemneHbio abcTpakiuu 00aa-
FOT KOMITBIOTEPHBIE MaTeMaTuKO-KapTorpaduyeckue MOJeTH, mpe-
CTaBISIOIINE AOCTPAKTHBIE OOBEKTHI: MBICJICHHBIE KOHCTPYKIIUH,
KOHIICTITYaIbHBIE CXEMbI, PACUYETHBIC MOKA3aTEeNN, MCKYCCTBEHHBIC
moJist ¥ Ip. B cpaBHEHWH ¢ HUMH TICPBUYHBIC adPO- U KOCMHUECKHUE
CHUMKH — DTO KOITHH BITOJIHE KOHKPETHBIX, PEATbHO CYIIECTBYFOIIUX
BEIIICCTBEHHBIX OOBEKTOB U CTPYKTYD.

3. M30upaTesibHOCTh U CHHTETUYHOCTh. | eon300paxeHus CIio-
COOHBI, C OJIHOH CTOPOHBI, Pa3JICIbHO BOCIIPOU3BOIUTH SIBICHUS, (DaK-
TOPBI, CBONCTBA, H30MPATEIHHO BBIWICHSS UX U3 CIOKHBIX COBOKYTI-
HOCTEH, pa3iaras [eJ0e Ha Y4acTH, a C PYroll — J1aBaTh IEJIO0CTHOE
CUHTETUYECKOE OTOOpakeHUe SIBJICHUH, (PAKTOPOB U CBOWCTB, KOTO-
pBIE B pealbHBIX YCIOBHUIX MPOSBIISIOTCS MOPO3Hb. Hanbomnee moka-
3aTeNIbHBI B OTOM CMBICIIC AaHATUTUYCCKAE U CHHTETHUECKUE KapThI.
Hanpumep, kapta KpuBU3HBI GOpM penbeda H30UpaTeTbHO OTPAKAET
TOJIKO 3TOT OJIMH MOP(QOMETPUYESCKHUI MOKA3aTelb, a reoMOophoIIo-
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THUYECKasl KapTa COACPKUT CHHTETHUECKOE THUIOJIOTHUECKOe n300pa-
x)eHue penbeda, ero Mophoioruu, reHe3uca, Bo3pacta.

Aspo- 1 KOCMUYECKHE CHUMKHU UMEIOT CPABHUTEIHHO HEBBICOKYIO
M30MPaTeIbHOCTh, XOTSI €€ MOYKHO HECKOJBKO YCHIINTh, HCIIONb3YS
y3KUE JTUAINa30Hbl ChEMKH, OCOOBIC YYBCTBHUTEIBHBIC JATYMKU W Ma-
Tepuanbl. Ho 3aTO0 CHUMKM OTJIMYAIOTCSI LIEHHBIM CBOMCTBOM [aBaTh
OJTHOBPEMEHHYIO U IIEJIOCTHYIO KAPTUHY OKPY KAIOIICH Cpelibl: Te0JI0-
THYECKOTO CTPOCHUS TEPPUTOPHUH, peiibeda, MOUYBCHHO-PACTUTEIBHOTO
MIOKPOBA, AHTPOIMOTECHHBIX U TEXHOTECHHBIX AJEMEHTOB, & KPOME TOTO,
€llle M COCTOSIHIE aTMOC(]Eepbl, e 3arps3HeHMsI, 00JIAYHOCTH U T. II.

MatemaTuko-KapTorpagueckoe U KOMITBIOTEPHOE MOJICIUPO-
BaHUE TMO3BOJISIOT KOHCTPYHPOBATh IEOM300paXKCHHS C MPAKTUICCKH
HEOTPaHUYCHHOUN M30UPATEeIHbHOCTHIO U CUHTETHYHOCTHIO.

4. CTaTHYHOCTh U MHAMUYHOCTB. | e0n300paskeHnst MOTYT miepea-
BaTh JIMOO OTEIBHBIC BPEMEHHBIE CPE3bI KAKOTO-TO COCTOSIHUSI HJTH TTPO-
recca, T. €. (PMKCUPOBaTh «OCTAHOBHBIIHECS MTHOBEHHS, JIMOO TIOKa-
3bIBaTh JBIKEHUE, PA3BUTHE, X0 MMPOLIECCOB, UX PUTMHUKY, TPACKTOPUH
nepeMelieHus 00bEKTOB, (PYHKIIMOHUPOBaHUE reocucteM. Hawmryurme
BO3MOXKHOCTH JIJIsl HAOJIOJICHUSI 33 JMHAMUYECKUMU TIporieccamul (Jiis
MOHUTOPHHI'A) TIPEOCTABIISIOT TIOBTOPHBIC CHUMKH, Pa3HOBPEMEHHEIC
KapThl, KOMITLIOTCPHbIC aHUMAIMK ¥ (UIbMBL. AHAIN3 MEHSFOIIIXCS
cuTyalnuii (IBM)KEHHH, 3aMEIICHHH, 1IUKIIOB, 3BOJIIOIMU U JIp.) TpeOyeT
COYETAHUSI CTATHYCCKUX U TUHAMHUYECKUX I€OU300PaKCHUIA.

5. Metpuunocts (kaprorpaduyeckas MpaBUILHOCTb TPOCTPaH-
CTBEHHBIX B3aMMOOTHOIIICHUH ) — OJIHO M3 Han0O0JIee BAXKHBIX CBOWCTB
reon300pakeHUH, KOTOPOE 3aJ]aH0 UX MPOCKIMEeH, MacIiTabom, o/-
poOHOCTEIO (pa3pelieHneM), CIIoCOOOM BOCIPOM3BECHHUS, XapaKTe-
POM HCKaX)EHUU.

Hannuue Ha kapre Maciirtada, MIKall, rpajgali MO3BOJISET MPO-
WU3BOJUTH MHOTOUMCICHHBIE H3MEPEHHUs KOJMYECTBEHHBIX IIOKa-
3aTeNiel U ONpEeAeNATh XapaKTCPUCTUKHU OIUCHIBACMBIX SIBICHUI.
[Ipu 3TOM KOJIMYECTBEHHBIC BEJIMYMHBI MOTYT BBICTYIIATh B BHJIE a0-
COJIIOTHBIX MJIM OTHOCUTENBbHBIX MTOKA3aTEICH.

Bonpmiasi 4acTh CTaTHYECKUX TE€OM300paKEHUMl peanusyercs
B IPOCTPAHCTBE TPEX MU3MEPEHUH, a TUHAMUYECKUX — B UETHIPEX-
MepHOM mpoctpaHcTBe. [Ipu 3ToM MacmTaObl MO OCSIM MOTYT OBITh
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HEOJMHAKOBBI, KaK, Hampumep, Ha Onok-guarpamme. HekoTopbie
abcTpakTHble reonzoOpaxenus: (aHamMmopUpPOBaHHBIE KapTHl U Ap.)
CTPOAT B MHOTOMEPHOM MPU3HAKOBOM MPOCTPAHCTBE.

I[To reon300paskeHMUSIM BBITOTHSIIOT U3MEPEHHSI TPEX BUAOB!

— B a0COJIIOTHBIX U OTHOCHUTEIILHBIX MEpax;

— B OaJUIBHBIX U PAHTOBBIX IIKAJAX;

— B (hopMe KaueCTBEHHBIX XapPAKTEPUCTHK.

6. OTHO3HAYHOCTh — CBOWCTBO, B HAWOOJIbIICH CTEIICHU IPH-
cyliee KapTtaM M NPOHM3BOAHBIM OT HUX H300paxkeHusiM. OHO cre-
OyeT W3 MaTeMaTHYeCKOro 3aKOHAa HMX IOCTPOSHHS W MPOSBIISETCS
BO B3aMMHO-OJHO3HAYHOM COOTBETCTBHM TOYEK Ha 36MHOW MOBEpPX-
HOCTH M Ha n300pakeHuu. MHaye roBops, 11000H TOUKE ¢ KOOPIU-
HaTaMu X U Y MOCTaBJIEHO B COOTBETCTBHE JIMILL OJHO 3HaueHHE Z
kaprorpadupyemoro nokazatens Z = F(X, Y). Touno Tak ke Kax-
JIOMY BJIEMEHTY pa3pelleHus Ha CHUMKE COOTBETCTBYET TOJIBKO OJIHO
3nauenue C cnexrpansHo# sipkoctu: C = P(X, Y).

OnHO3HAYHOCTh MMEET M JAPYIYIO TPAaKTOBKY: BCSKOMY 3HAaKy
Ha KapTe OTBEYAeT JHIIb SAMHCTBEHHBIN 3a)MKCHPOBAHHBIN B JIETEH-
ne cMbici. [1omoOHO# 0IHO3HAYHOCTBIO HE 00IaIal0T a3pO- U KOCMHU-
YecKHe CHUMKH, OHH HE UMEIOT JIETeH/Ibl, U [TIOTOMY 3alleuaT/ICHHbIC
Ha HUX O0BEKTHI MOTYT OBITh HCTOJIKOBAHBI IIO-PA3HOMY.

7. HenpepbIBHOCTE — OJJHO U3 TJaBHBIX YCIOBHH CaMOTo CyIie-
CTBOBAHUsI BCSIKOTO T€OM300paKeHMST KaK 11eJIOCTHOTO IPOCTPAHCTBEH-
HOTO 00paza. MHOKECTBO 3JIEMEHTOB T€OM300PaKeHHUS IPEICTABIISET
co00ii CBsI3HYIO 001acTh ¥ (YOPMUPYET EOUHYI0 U HENPEPHIBHYIO CH-
cremy. Ho ecni HempepbIBHOCTh CHUMKOB JOCTUTACTCsl MEXaHUUECKU
B MPOIIECCE PETUCTPALMU OTPAKEHHOTO HIIM COOCTBEHHOTO U3ITyUESHUS,
TO Ha KapTe OHa YaCTO OKa3bIBACTCS PE3YJILTATOM DKCTpPa- WM UHTEP-
MOJISILUK MEXK/Ty AUCKPETHBIMU TOYKaMH HAOIIOACHUH.

8. HarnmsgaHocTs 03HauaeT BO3MOKHOCTB TOJIyYSHHs HPEACTaB-
nenust 00 00BbEKTax M Mpoleccax MyTeM HEeMOCPEACTBEHHOTO BH3Y-
JIBHOT0 HAOIOACHUS MOJIeNN 0e3 KaKUX-TH00 MPOMEXYTOYHbIX 3Be-
HBEB. DTO MPSIMOE CIIeICTBHE 00Pa3HOro XapakTepa reon300paxeHn .
UeM BblIILIE HATTISITHOCTD, TEM Ha/Ie)KHEE TOUCK 0OBEKTOB, yCTaHOBIIC-
HUE MEXK1y HUMU CBS3EH U OTHOLIECHUH, TOHUMaHHE CTPYKTYPbI, IPH-
HATHE PEILECHUN.
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9. O030pHOCTL — Ka4eCTBO, IO3BOJIAIOIIEE MCCIICIOBATEIIO
OXBaTUTh €AMHBIM B3TJISI0M CKOJIb YTOJIHO OOIIMPHBIC IPOCTPAHCTBA
WJIM OTPE3KH BpeMeHU. MaKkCcUMabHOM 0030pHOCTHIO 00JIaar0T Kap-
ThI M IPYTHE KapTorpaduueckue MOJIeNH, y CHUIMKOB OHa cllabee H3-
3a HEJI0CTATOYHO!N M30UPaTEeIHLHOCTH.

[MomMuMO yKa3aHHBIX OCHOBHBIX M OOIIMX CBOWCTB Te0n300paKe-
HUW KXl BHJ| XapaKTePU3yeTCs CHEIUPUUIESCKAMU MOJICIIbHBIMH
cBoiictBaMu. Hampumep, y KapT 3TO JOTMYHOCTb JIET€HAbI, OMUPALO-
masicst Ha Kiaccu(uKanuio kaprorpagupyeMbeix 00beKTOB U o0ecte-
YUBAIOLIAs OpPraHU3alUi0 U CTPYKTYPUPOBAHHOCTH IPOCTPAHCTBA
n300paxkeHusi. Y CHUMKOB caMoil crienn(UUecKor YepTon SBIIseTCS
HHTETPaJIbHOCTh SPKOCTHBIX XapaKTEPUCTUK. JJOCTOMHCTBA reomso-
OpaxeHU KaK MOJeJIeH MPOSBISIOTCS €Ile U B UX CIIOCOOHOCTH CO-
YeTaThCs MEKIY COOOW M C IPYI'MMU, HE Tpa@UuecKUMU MOJACIISIMHU.
CoBMecTHOE MIPUMEHEHUE MOJIENIEH — OJTHA U3 CaMbIX XapaKTePHBIX
YEpPT COBPEMEHHBIX HAyYHbBIX U IPAKTUYECKUX UCCIIEA0BaHUM.

bnaropmapst cBoiictBaM aOCTPaKTHOCTH, W30MPATEIBHOCTH, CHHTE-
TUYHOCTU U 0030PHOCTH TeOM300paKEHHS YCIICIITHO B3aUMOICHCTBYIOT
C UJICAIbHBIMU TEOPETUUECKUMU MOJIESIMU, B 3HAUUTEIIBHON MEPE CIO-
COOCTBYS (DOPMUPOBAHHIO HAYYHBIX KOHIICTIIIMH, TUIIOTE3, MPOTHO30B,
skcTpanomsanui. OMHOBPEMEHHO OHU CITy AT JJIsl MPOBEPKU, KOHKPETHU-
3alUU, KOPPEKTUPOBKU TEOPETUYECKUX MOCTPOEHUM, UX COIIACOBAHUS
C peaIbHBIMU OOBEKTAMH U CUTYaIMSMHU, BBISIBIICHUS aHOMAJIUH U T. I1.

[IposiBeHUsAMH B3aUMOJEUCTBUS C APYTUMHU MOJAEJSIMU CIY’KaT
MaTeMaTHKO-KapTorpapuieckoe MojenupoBaHue, nudposas obOpa-
0oTka U mpeobOpasoBanusi reouzodpaxenwuii, [ MC-monenupoBaHue.
[To reom3oOpaXkeHUSIM CO3JAIOT IU(PPOBBIC 0a3bl JAaHHBIX, HA HUX
OCHOBE CTPOAT MaTEMAaTUYECKUE MOJEINIH, 3aT€M IPOU3BOJHBIE I'€0-
M300paKeHHUs, a Jlajee — IENoYKa HOBBIX MPeoOpa30BaHMii U HOBBIX
KOMITBIOTEPHBIX MoJienel. B3auMonelicTBrue reon300paxeHuii ¢ Ma-
TEMATHYECKUMHU MOJCIISIMU U KOMIIBIOTEPHOU TPapUKON COCTABISACT
CYTh T€OMH(OPMAIIMOHHOT'O MOJICITUPOBAHUSL.

6.4. Buzyaauzayus e THC

B I'MC-texHonorusx mperycMaTpuBarOTCs pazHooOpasHbie (op-
MBI BBIJIAYN PE3YIBTATOB: B BUJIE KapT, CXEM, TAOJIHII, CBOJIOK, BHIOOPOK.
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Jlyist onepaTUBHBIX LiesIed KapThl BEIBOASTCS HAa SKpaH. JTO MpH-
BJICKATEIbHO IJIs1 OTOOpaKeHHs AMHAMHKH SIBJIEHUH — MOTYT OBITbH
KapTorpaduueckue QpuabMbl, KOTAa 0JHa KapTa, CMEHsIS APYTYIO, MOo-
MOTaeT yACHUTb X0/ npouecca. lHTepecHbIe pe3yabTaThl MOMTy4YaroT-
Csl TIPY UCTIOJIb30BAaHUU MYJIbTUIUIMKALMH, HATIPUMED AJISl UMHUTALMN
JUHAMHUYECKUX CUTYallUi 3arps3HEHHS OKPY>Karolei cpebl.

Wness coBMECTHOTO pPacCMOTPEHHs pa3HbIX TeOM300paKeHUH
9BOJIIOIIMOHUPOBANIA OT NPU3HAHMS CXOJCTBA MOJIENEH K BBIJCICHHIO
«CepHHU IMOCTIEeOBATENLHBIX MPEO0pa30BaHU», «EIUHBIX PSIAOBY
1, HAKOHEI, K OCMBICTICHUIO MX KaK IIeJIOCTHON CUCTEMBI.

OpuH W3 BapHaHTOB TAKOW CHCTEMBI MPEACTABICH Ha CIEIYIO-
LIeM PUCYHKE B BUJAE «KBaJpaTa TeOM300pakeHHi», B CXeMaTH3U-
POBaHHOM BH/JIE WUIIOCTPHPYIOLIETO MOCIEA0BaTEeIbHbIC H3MEHEHUS
CBOHCTB B CHCTEMe Teon300paskeHnid. B yrimax kBajpaTa moMemieHsl:
kaptol (K), caumku (C), 6mokoBsie reonzobpaxenus (b), anumarm
u punbMbl (D). CTOpOHBI KBajgpaTa U €ro JUaroHalld paccMaTpUBa-
IOTCSl KaK OCH, BJIOJIb KOTOPBIX MPOUCXOAAT OoJiee MM MEHee TJIaB-
HBIE B3aUMOIIEPEXO0/Ibl CBOMCTB T€OM300pasKEHHIA.

PenbedHble
CHUMKM Crepeodhoro- gggﬁ: M%ﬁ‘.leonklf "

MRESINW avarpaMmmebl AavarpaMmmbl

Cepun
WMkoHokapTsl GHOK-
avarpamm
Tunspeeousobpaxequs
doTokapThl, o & OGbemHble
KOCMO- © MYSBTU-
KapTbl nnuKaLmm
(aHumauuu)

Bpgﬁz*:&;’e [OuHamnyeckme)
KapTs! 3NeKTPOHHbIE
KapTbl U KapThl 1 Dunbmbl
doTokapTel anMMaLmun
K )

Cxema 4. «KBazgpar reon3zo0paxeHHI»

55



Broons ocu K—C HabironaroTcst MOCTENEHHOE YMEHbBIICHHE
3HAaKOBOCTH HM300pakeHHII W HapacTaHHUE MX CHUMKOBBIX CBOWCTB.
B nononHeHne K TreOMETPUYECKHM TMOSIBISIOTCS M YCHIIMBAIOTCS
ONTHYECKHE TepeMeHHble. Tak, Tomorpaduyeckue, TeMaTHYeCKHe
(oTokapThl 1 KOCMO(MOTOKAPTHI COUETAIOT B ceOe MOIHYIO KapTorpa-
(udeckyro Harpy3ky u gororpaduueckoe nzodpaxenue. MkoHokap-
TBI [10 CBOMCTBaM OJIM)KE K CHUMKaM, B 3TOM K€ PSIy HaXOJSTCS ¥ TaK
Ha3bIBaEMbIE «IIEPCIIEKTUBHBIE» KapThl, (POTOIMIAHBL, (POTONOPTPETHI
MECTHOCTH (OHM HE MOKa3aHbl Ha CXeMe) U APYTHe Feon300pakeHus,
o0pasyrolue Kak Obl IEMOYKY MOEJIEH, MOCIeJ0BATeIbHO H3MEHSIIO-
LIMX CBOM CBOWCTBA IO OCU «3HAKOBOCTH — KOITMHHOCTD.

Ocb C—Db xapakrepuzyer nepexo OT MIIOCKUX CHUMKOB K OJIOK-
JuarpaMMaM | penbeHBIM MOJIENISIM yepe3 cTepeodoTorpaMMeTpu-
YecKue MoJienu 1 poTodnok-auarpamMmel. Ha aTom TpaBepce pacmona-
rarTcs U pa3Horo poaa ¢poropensedbl, FOIOrpaMMbl K HHBIE MOJIEIIH,
B KOTOPBIX BapbUPYIOT Pa3MEPHOCTh M CBOMCTBA KonuitHOCTH. OHa
n3 nuaroHanei kBagpata K—b Taxke cHMBOJIM3HpYET HapacTaHHe
CBOWCTB IJIACTUYHOCTH, PeIbe(hHOCTH KapTorpaduuecKux n3odpaxe-
HUI B TaKOW, HAPUMEP, TIOCJIEAOBATEIBHOCTH: KaPThI C THIICOMETPH-
YeCKOI OKPacKoil M OTMBIBKON — (U3uOrpaduuecKre KapThl — aHa-
rudbl — OJIOK-IUarpaMMbl — peibeHbIe MOACTH U TOJIOTPAMMBI.

Ha ocu b—® pacnonaratorcsi reon3o0pakeHusi ¢ pa3IuuHbIMU
COOTHOIICHUSIMH CBOMCTB 00BEMHOCTH M TUHAMUYHOCTH. DTO CepHUU
KOMITBIOTEPHBIX OJIOK-guarpamm, o0beMHble aHuManuu. Ocy K—®
XapakTepu3yeT HapacTaHHE JWHAMUYECKHX CBOMCTB KapTorpadu-
YEeCKUX M300pa’KeHUI: OOBIYHBIE KapThl — CEPHUU Pa3HOBPEMEHHBIX
KapT — AMHAMHYECKHE dJIEKTPOHHBIE KAPThl — aHUMAaLUH — KapThl-
¢ubMbL. A 1o TpaBepcy C—®@ NpOHCXOAMT MEpexo OT CTATHYHBIX
CHMMKOB K aHUMAaLUsM U (QUIbMaM.

B 1960-x rr. ¢panmysckuii cemuonor u xaprorpad XK. bepren
paspaboTan Teopuio rpaduyeckux nepemeHHbIX. OH Ha3Baj HIECTbH
MEPEMEHHBIX, T. €. DJIEMEHTAPHBIX TPapUUECKUX CPEACTB, UCTIONb3Yye-
MBIX Il HOCTPOCHUSI 3HAKOBBIX CUCTEM:

— (opma;

— pa3mep;

— OpPUEHTUPOBKA;
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— LBET;

— HACBIIEHHOCTb;

— BHYTPEHHSs CTPYKTYpa 3HAKOB.

SI3BIK COBPEMEHHBIX T€ON300paKEeHHH (3TEKTPOHHBIX KapT, CHUM-
KOB, TPEXMEPHBIX MOJEIIEH, KOMIIbIOTEPHBIX aHUMALIUN, BUPTYJIbHBIX
MoJiesiell) OAYMHEH OOIIMM 3aKOHaM SI3bIKa KapThl, HO B KaXJIOM CIIy-
Yyae UMeeT CBOM 0cOOeHHOCTH. B HacTosiee Bpems HpelcTaBiICHHs
0 Tpa)uUecKux MepeMEeHHBIX PACIIMPEHBI, CUCTEMa Ireon300pakeHui
MO>KET BKJIIOYATh PA3JIMYHBIE BU3YaJIbHbIE U &y IUOIEPEMEHHBIE.

Kaprorpacdumyeckue ®doTtorpachmyeckme OuvHamunyeckue
nepemMeHHble nepemMeHHble nepemeHHble

®opma MnoTHoCTL [nutensHOCTb

Pasmep TekcTypa Nedopmanus 3HakoB
OpueHTUpoBKa KoHTpact MacwrabuposaHune
Liser LiseT MaHopamupoBaHue
HacbiweHHocTb ToH MameHeHne pakypca
BHyTpeHHss cTpykTypa CsetoTeHb DedvnuposaHue LpeTa

\ \ \

FTrEON3OBPAXEHWUE

A A A

06bemMHble AdhheKTbl 3ByKoBbLIe
ahdekTh BHeLUHel cpeabl 3dhpeKThI
Pakypc OcBelleHHoCTb Peub
MepcnekTvea (3aTeHeHHOCTb) Myabika
CBeToTeHb ATmocbepHble SBMEHMA Ayanoknunbl
3eMHble MOKPOBbI Lymbl

Cxema 5. CoiicTBa reon3o0paxeHuit

Wcnonp3oBanme ¢GoTon3o0pakeHU TPUBHOCHT B TE€OCEMHO-
TUKY Takue Trpadudeckne (ONTHYECKHE) MepeMeHHbIe, KaK SPKOCTh,
TeKCTypa (3epHHUCTOCTD, ITOJOCYATOCTh | T. 1.), KOHTPACT, IIBET, TOH
1 CBETOTCHB. J[1s1 TpeXMEepHBIX TeOoM300pakeHHU J0O0aBIISIOTCS pa-
KypC, IEpCIIEeKTHBA, TNIACTHYHOCTh M pacTpeiesieHie TeHEH.

Onmnao u3 cambIX 3(PPeKTHBIX cpencTB (HOPMHUPOBAHUS TEOU30-
OpaxeHHid — 3TO JAWHAMHUYEcKHe rpaduyeckue nepemeHHble. Kom-
MIBIOTEPHBIE AHUMAITUU ¥ BUPTYaJbHBIE MOJIENIN PACIIONATaloT B STOM
OTHOIIIEHUHN Pa3HOOOpa3HbIM apceHanoM. K gucimy AuHaMHYecKuX
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rpadMuecKiX MEPEMEHHBIX OTHOCATCS Bce 3((eKThl MoCcTeneHHOro
nepexosia OT OJHOr0 00beKTa (WM COCTOSHUS) K apyromy. Cpenu
HUX — MPOAOJDKUTENBHOCTD (AJIUTEIBHOCTh), CKOPOCTh H3MEHEHUIA,
BKJTIOYAsl H3MEHEHUE TIOJI0KEHUS U aTprOyTOB, MOPSAOK, HEPUOANY-
HOCTb, «(aza», «PUTMHUUYECKUHA IMOBTOP» MM «MHTaHHE» 3HAKOB.
Haunbonee ynorpeOuTenbHble BUACOTIEPEMEHHBIE:

— MepeMelleHne 3HakoB (00bEKTOB) B MPOCTPAHCTBE reon3odpa-
JKEHUS;

— IBUJKEHHE CTPEJIOK (BEKTOPOB), YKa3bIBAIOIIHUX HAIpaBJIEHUE
MepeMeleHNs, KaueCTBEHHbIE 0COOEHHOCTH M CTPYKTYpY IOTOKOB,
MUIPALUM U T. I1.;

— neUIMpOBaHUE LBETA, T.€. MOCTEIICHHOE W3MEHEHUE WIIN
MyJbcalusl OKPacK, BUOpHpOBaHME LBETa (HAIpuMep, NpHU MOKase
apeasioB OMACHBIX SIBICHUN);

— MUTaHUE 3HAKOB, NMPHUBJIEKAIOIICEe BHUMAaHHE K KaKOMY-JIHOO
BaXKHOM OOBEKTY, HAaIIPUMEP K UCTOYHUKY MTOBBIIIEHHOHN OMAacHOCTH;

— MaHOPaMUPOBaHKE M300paKEHUsI, U3MEHEHUE paKypca U mep-
CIIEKTHBBL.

B TexHONOTrHsAX cO3AaHUs BUPTYAJIbHBIX [€OM300paKEHUH MpH-
MEHSIIOTCSI, KpOME TOro, Takue crenuduyeckue rpaguyeckue cpen-
CTBa MOJCIIMPOBAHUS BHELIHEHN CPEJIbl, KAK OCBELIEHHOCTh WU 3aTe-
HEHHOCTb BCEH MECTHOCTU WJIHA OTJEIBbHBIX €€ YYaCTKOB, COCTOSIHUE
3eMHBIX [TOKPOBOB (TPaBSHOMW, CHEXXHBIH TTOKPOB U Ip.).

Haxonen, k ayanonepeMeHHBIM OTHOCATCS 3By4aHue peuH (ure-
HUE TEKCTOBBIX MOSCHEHUH, BCIUIBIBAIOIINE MOJICKA3KH) U My3bIKallb-
HOE CONPOBOKACHNE (HapuMep, UCIIOIHEHNE MENIOINH, CO3/IaloNIeH
BECCHHEE HaCTPOEHHUE, THMHA CTpaHbl U T. 1.). [Lyist ycunenus s dex-
Ta PEAUIUCTUYHOCTH IPUMEHSIOT aYJUOKIIMIIBL C 3AHUCIMU: TPOXOTa
H3BEPrarollerocs ByJIKaHa, ABUKECHUS I0€3/10B, IEHUS IITULL.

Takum 00pa3oM, NPOMCXOAUT MEPEXOd K MYJIbTHMEAUNHHBIM
CpeAcTBaM KapTorpagpuyeckoro MOAEIUpOBaHHS.
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7. AMCTaHIIMOHHOE 30HAMPOBaHUE 3eMJIH

DddextuBHy0 padory coBpemenHbix [MIC TpymHO mpeacTaBUTh
0e3 CITyTHUKOBBIX METOJIOB HCCIICOBAHHS TEPPUTOPHIA HAIIICH ITITAaHETHL.

Kocmudeckne cHUMKH TOTy4aroT ¢ BBICOTH 6omee 100 kwm, T. e.
IIPU JIBXKCHUU HOCHUTEIISl anmapaTypbl BHE OCHOBHBIX CJIOEB aTMOC-
(bephl, B KOCMHYECKOM MPOCTPAHCTBE, C PAKET, MIJIOTUPYEMbIX KOC-
MHUYECKUX KOpaOJiel n OpOUTANBHBIX CTAHIHA, aBTOMATHYECKHUX WC-
KYCCTBEHHBIX CITyTHUKOB 3€MITH U JIDYTHX KOCMHUYECKHX aIapaToB.

CpemKa 13 KOcMOca UMEET JIB€ OCHOBHBIE 0COOEHHOCTH:

— BBITIOJIHSETCS C OPOUT, MapaMeTpbl KOTOPBIX BIHMSIOT Ha CBOM-
CTBa CHHMKOB;

— TIPOU3BOJIUTCS C OOJIBIIIOTO PACCTOSIHUS YePE3 TOJIITY aTMOC(EPHL.

I[To cpaBHEHHIO ¢ CAaMOJIETOM KOCMHYECKHH armapaT UMeeT orpa-
HUYCHHBIC BO3MOXXHOCTH MaHEBPUPOBAHHSI.

Jucranuuonnoe 3onaupoBanue ([3) — HayuHOE Hampasie-
HUE, OCHOBaHHOE Ha cOope mH(pOpMAaIMK O MMOBEPXHOCTH 3emin 0e3
(bakTHYeCKOro KOHTAaKTHpOoBaHMA ¢ HeW. lIpomecc momyuenust nan-
HBIX O TIOBEPXHOCTH BKJIFOUAeT B ceOs 30HIUPOBAHUE W 3alUCh WH-
dhopmarmm 06 OTpaKECHHOW WIIM HCITyCKAaeMOH OOBEKTaMHU SHEPTHUH
C IIETBI0 TIOCTEAYIOMEeH 00paboTKH, aHaIN3a U MPAKTUIECKOTO HC-
MOJIb30BAHUSI.

Puc. 20. Dramnsl mporecca AUCTAHIIMOHHOTO 30HIUPOBAHUS
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1. Hannuue MCTOYHWKA SHEPTUH WM OCBemleHus (A) — 3To
nepBoe TpeboBaHWE NUCTAHIMOHHOTO 30HAMPOBAHMS, T. €. JOJDKEH
HUMETbHCSl UCTOUHHUK HEPTUH, KOTOPBIN OCBeUIaeT JINO0 MOAMUTHIBACT
SHEPTUEH IEKTPOMArHUTHOTO MOl OOBEKTHI, IPEACTABISIONINE HH-
Tepec IS UCCIeIOBAHUSL.

2. N3nyuenne u atmocdepa (B): mzmydenue, pacrmpocTpassio-
mieecsi OT MCTOYHMKA 10 OOBEKTa, YacTh MYTH MPOXOAMUT CKBO3b
atMocdepy 3emiin. DTO B3aUMOJEHCTBHE HEOOXOIUMO YUHUTHIBATD,
T. K. XapaKTepUCTUKU aTMOC(Epbl OKa3bIBAIOT BIMSHUE Ha Mapame-
TPbI SHEPTETHUECKUX H3ITyUCHHH.

3. BzaumopgetictBue ¢ o0bekToMm uccienoBanus (C): xapaxrep
B3aMMOJICHCTBUS MaJAIOIIET0 Ha OOBEKT M3MyYeHUs] CUIIBHO 3aBUCHUT
OT MIapaMeTpOB — KakK 00bEKTa, TaK M U3ITy4YCHHUS.

4. Peructpauus sHepruu cencopom (D): u3nyuenue, ucmyckae-
Masi 00BEKTOM HCCIIEJOBAHMsI, TTONAaeT Ha yJaleHHbIH BHICOKOTYB-
CTBHUTEJIbHBIH CEHCOp, U 3aTeM TOIyuYeHHas HH(POpPMAaLHs 3aluChIBa-
€TCs Ha HOCUTEIIb.

5. Ilepenaua, mpueM u odpaborka nnpopmanuu (E): napopma-
1usi, coOpaHHasi YyBCTBUTEIBHBIM CEHCOPOM, MepeaaeTcs B Hugpo-
BOM BH/JI€ Ha IPUHUMAIOIIYIO CTAHIIMIO, TJ€ JaHHbIE TPaHCPOPMUPY-
IOTCSL B U300paKeHUeE.

6. Unteprperanus u anams (F): oOpadboranHOe n300paxkeHHe WH-
TepIpeTUpyeTCs BU3yalbHO MO0 ¢ momMoisio DBM, nocre yero u3 Hero
n3BIIeKaeTCsl MH(OPMAIKS OTHOCUTENBHO UCCIIEyeMOro 0ObEKTa.

7. llpumenenne nonydenHod uHpopmanuu (G): mporecc Auc-
TAHIMOHHOTO 30HJMPOBAHUS JOCTHTaeT 3aBEPLICHUs, KOTAa MBI 1O-
JTy4aeM HYXHYI0 HH()OpMAILXIO0 OTHOCUTEIHHO 00bEKTa HAOMI0ACHUS
JUISL JTyYILero MOHUMAaHHUsI €T0 XapaKTEPUCTHK U MOBEIEHHS, T. €. KOT-
Jla pelIeHa KaKkas-To MpakTHIecKas 3a1a4a.

Brinensior cieayromue OCHOBHBIE 00JIACTH MPUMEHEHUS CITyT-
HUKOBOTO JTUCTAHIIMOHHOTO 30H1upoBanus (C/13):

— CO3/1aHUE «CITyTHUKOBBIX KapT»;

— mosyyeHre MHQOPMAMKU O COCTOSIHUM OKPYXKAIOLIeH Cpebl
1 3eMJICTIONIb30BaHNN;

— OLICHKA ypOXKasl CeNIbX03yTO/IHIA;

— u3yueHue (IIopsl U GayHbl;
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— OLIEHKA IMOCJIEACTBUN CTUXUUHBIX OCICTBUH (3eMIICTPSICCHUM,
HaBOJTHEHUH, MOXKaPOB, SITUACMUH, H3BEPIKCHUHA BYJIKAHOB);

— OLICHKA yiiepOa Mpu 3arpsi3HEHUM CYIIU U BOJIOCMOB;

— OKEaHOJIOTHSL.

JIncTaHIIMOHHBIC METOJBI JCNATCS HAa aKTUBHBIC W TTACCHUBHEIC.
[Ipu ucnonp30BaHUM AKTUBHBIX METO/IOB CITyTHHUK MOCHLIAET HA 3eM-
JII0 CHTHAJ COOCTBEHHOTO MCTOYHWKA DHEPIHH (J1a3epa, paanoiioka-
LUOHHOTO TIEPEIaTINKa), PETUCTPUPYET €ro oTpaxeHue. IlaccuBubie
METObI OAPA3YMEBAIOT PETUCTPALIUIO OTPAKEHHON OT MOBEPXHOCTH
00BEKTOB COJIHEYHOM SHEPTUH JIUOO TEIJIOBOTIO M3JIYUYCHUS 3eMJIH.

7.1. Ceolicmea KocMu4ecKux CHUMKOG8

YHuBepcanpHOW (GOpMOH TpencTaBieHUs HWHPOPMAIUU TIPH
KOCMHMYECKHUX HCCIIEIOBAHUSX SIBIISICTCS CHUMOK — ABYMEPHOE H30-
OpakeHHe, MOJIYUCHHOE B PE3yJIbTaTe TUCTAHIIMOHHOW perucTpanun
TEXHUYECKUMH CPEICTBAMHU COOCTBEHHOTO WMJIM OTPaKEHHOT'O H3IIy-
YCHHA U MPEAHA3HAYUCHHOC IJIA O6H3py)KeHI/I$I, Ka4€CTBCHHOI'O HJIU
KOJMYECTBCHHOI'O N3YUCHUA 06’beKTOB, SIBJICHUM U IMpoLCCCOB MyTEM
nermudpoBaHNs, U3MEPESHUS U KapTorpadupOBaHHUS.

O0630pHOCTH cCHUMKOB. KocMHuueckne CHUMKH 0 CPaBHEHHIO
C a9POCHUMKAMH OXBATHIBACT CYLIECTBEHHO OOJIBIIYIO MJIOMAIb, T. €.
o0nanaroT cBoiictBamu Oosblioii 0o030pHOCTH. [Ipn aTOM OONMbIIME
PEruoHblI OXBATHIBAKOTCA €AMHOBPEMCHHO ITPU OJJHUX U TEX KE YCJIO-
Busx. [losgBisieTcst BO3MOKHOCTD HU3YUCHU PETUOHAJIbHBIX U 30HAJIb-
HBIX 3aKOHOMEPHOCTEMH, IJ100aIbHBIX SIBJICHUN, BECTU MCCIIEIOBAHUS
B IUTAHETAPHOM MaciiTale.

Kommuiekcnoe oro0paskeHne KOMIIOHEHTOB reocgepbl. Co-
BMECTHOE OTOOpasKeHHE Pa3HBIX KOMIIOHEHTOB Teocqepbl — JIHUTOC-
¢epsl, ruapocdepsl, 6rocdepbl U aTMOchepbl — AaeT BO3MOKHOCTh
HU3Yy4YUTh UX CBA3U, IPUUCM Ha6op OTHUX KOMIIOHCHTOB YBCIINYUBACTCSA
1 B BBICOTY U B TIIyOMHY 3a CUET TOTO, UTO O1aromapst O0IbIION BEICOTE
CbEMKHM Ha KOCMHMYECKHX CHHMKax OTOOpaxkaercs OoOJIauHBII IOKpPOB
IUIAHETHI, & BCICACTBHE IeHEPAIN3ANU N300payKeHNST HA HUX HAXOT
0TOOpaskeHHE TITyOUHHBIE TE0JIOTMYECKUE CTPYKTYPBI, KOTOPBIE HE BbI-
SABJIAKOTCA IPU a3pOCHUMKaAX. CHHUMKH 06ecneqHBa}0T N3y4YCHHUC aT-
MOC(EpHBIX MPOIIECCOB, B3aMMOICHCTBHSI aTMOC(EphI U OKeaHa, Mpo-
SIBJIGHUI TUIPOIMHAMUKN — TEUEHUH, (PPOHTAIBHBIX 30H B OKEaHE.
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Peryasipnasi moBropsieMocTh CHMMKOB. KocMmuueckue merto-
Ibl 00€CIIeUNBAIOT PErYISPHYIO TOBTOPIEMOCTh CHEMKH C MHTEpBa-
JIOM B T'OJIbl, MECSIbI, HEAETH, THU U Yachl, YTO TPYAHO PEaIU30BaTh
IpHu adpocheMke. BakHOe TOCTOMHCTBO MOENell CHUMKOB COCTOUT
B TOM, YTO OHH MPEICTABISIOT COO0I MPOCTPaHCTBEHHO-BPEMEHHBIE
MOJIEJH, TO3BOJISIIOIINE N3YYUTh BPEMEHHbIE N3MEHEHUS, UCTIONb3Y s
KOHUEMIHIO TPOCTPAHCTBEHHO-BPEMEHHBIX PSJIOB.

CymiecTBYIOT 00CTOSITENBCTBA, 3aTPy IHSIONE paboTy CO CHUM-
KaM{, B OCHOBHOM OHM CBSI3aHbl C I'€OMETPHUYECKUMH CBOWCTBAMH
CHHMKOB, NPEXIE BCEro ¢ 0COOEHHOCTHIO MPOEKUIMH KOCMHUYECKUX
n300pakeHunid. B 7TOM OTHOLIIEHUH KOCMUYECKHE CHUMKH Pa3Hoo0pas-
HBI B 3aBUCHMOCTH OT TEXHOJIOI'MH uX nomyuenus. s pororpadpuue-
CKUX CHMMKOB XapakTepHa LEHTpabHAasi MPOEKIHMs, I CKaHEPHBIX
(uH(pPaKpacHBIX TEIUIOBBIX, MHUKPOBOJHOBBIX CHHUMKOB) — 0cC00ast
MPOEKLus, OJM3Kast K LEHTPaJIbHOW B Ipeenax KaKA0h CTPOKH CKa-
HUPOBaHMsI, KOTOpast OCJI0KHAETCSI HE OJTHOMOMEHTHBIM TOJTy4YeHUEM
CHHMMKa, TOCKOJIbKY BO BpeMsl CKAaHUPOBAHUS JBUKETCA HOCUTEIb all-
napaTypsl 1 00bEKT CheMKH (C IBHKeHHEM 3eMin). [ eomeTpus paauo-
JIOKALIMOHHBIX CHUMKOB 3aBHCUT OT PacCTOSIHUA OT ChEMOYHOM arma-
patypsl 10 00beKTa CheMKH ((PUKCHPYEMOTO BO BpPEMsI POXOXKICHUS
panuocuraana). Bo Bcex 9THX ciydasx TakKe CKa3blBaeTCsl KpUBU3HA
3eMHOH IMOBEPXHOCTHU U Pebe() MOBEPXHOCTH.

7.2. AmmocgepHble nomexu
npu no/iy4eHuu KOCMOCHUMKO8

CpeMka M3 KocMoca BEIETCs 4epe3 TOJIIY aTMOC(epbl, YTO BbI-
3BIBACT OCJIOKHEHUsSI Pa3HOTO XapaKTepa: SKpaHUpPYIoIee BIUSIHUE 00-
JIAYHOCTH, MOTJIONICHHE COJTHEYHBIX Jy4eil OnpeieleHHbIX UTUH BOJTH
arMoc(epo, paccerBaHKE JTydel, BIUSIHUE aTMOC(EPHON ABIMKH U JIP.

1. O61a4yHOCTH TIPEACTABISCT HANOONBIINE TOMEXH JUISI ChEMKH
B ONTHYECKOM JiHania3oHe. B Kakplii MOMEHT BpeMEeHH OHa 3aKphIBa-
et 6onee 50 % moBepXHOCTH 3eMHOTO 1apa. HekoTopsie pailoHbl 3eM-
JIM OCTAIOTCS 3aKPBITHIMU OOJbIIYI0 YacTh rojaa. CrnytHuky LandSat
MOTEHIMATBHO AOCTATOYHO 18 CYTOK, YTOOBI MOKPHITH CHEMKOH I10-
BEPXHOCTh 3eMJIM, HO moTpeboBanock Ooiee 10 neT s peanbHOro
MOJTYYCHHUSI CHUMKOB BCEH MOBEPXHOCTH TLIAHETHI.
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2. MMornowmenue jay4eii atmocdepoii. Jlaxe npu 6e3001a4HOM
Hebe CheMKY MPUXOIUTCS BECTH Yepe3 BCIO TOJILY aTMocdepsl, Ko-
TOpasi TorJiomaer 4yacth Jydeid. llormomienne 3aBHCHUT OT AJIMHBI
BOJIHBI M3Iy4eHUs. CheMKY BBIIOJNHSIOT B y4YacTKax CIEKTpa, IAe
ANIEKTPOMAarHUTHOE M3IyYeHHE HE MOTJIOIACTCS, B TAK HA3bIBAEMBIX
«OKHax Mpo3padyHocTh» arMmocdepbl. boibmoe oKHO Mpo3padyHOCTH
(0,4-1,3 MKM) NPUXOANUTCS] HA BUAMMBINA W OMVKHUM MHPPaKpacHBIN
JMaIa3oH; B TEIUIOBOM MH(PaKpacHOM AMAana3zoHe TpH OoJiee y3KuX
OKHa, W 3/1eCh BO3MOXXHO HCIIOJIb30BaHHE OTPaHUYEHHOIO Habopa
uinH BonH. HauOombinas mpo3padyHOCTh HAOMIOJAeTCsl MPHU PaaHo-
nuamnasone (ot cored Kri o aecsatkoB Mri).

3. PaccenBanue Jyueil, atMocepHas abIMKa. BriusHue at-
Moc(epbl COCTOUT TaKKe B pacCceMBAaHUU JIyded aTMocdepoi, Heo-
JUHAKOBOM B Pa3iMYHBIX CIEKTPAIbHBIX Anana3oHax. ATMocdep-
Has JpIMKa HanOoJiee CHIBHO MPOSIBIISIETCS B CHHEH, roy0oi 30HaX
cnektpa. OHa CHMKAET KOHTPACThl M300PaKEHUSI Ha KOCMHUUYECKUX
CHHMMKaX, CKa)KaeT IIBET 00bEKTOB IPH ChEMKE Ha [IBETHYIO [UICHKY.
Ee HeoOXxoaumo yuuThIBaTh NpU (POTOMETPUUYECKUX CHEKTPABLHBIX
OTIpEeNICHHUSX 110 MHOTO30HAJIbHBIM CHUMKaM.

7.3. CnymHuku /]33

CheMKy MpOU3BOIAT ¢ onpeaeieHHol opOuTsl. [lapamerpsr op-
OWTBI U CKOPOCTH KOCMHUYECKOTO KOPaOiisi OOBIYHO M3BECTHBI, TIOATO-
My MOXET OBITh HaiJIeHO ero MpOCTPaHCTBEHHOE MOJI0KEHHE B 3a-
JaHHBIA MOMEHT (oTorpadUpOBaHusI.

Ta0mma 2
OcHo6éHble OPOUMBL UCKYCCHEEHHBIX CHYMHUKO8 3emiu
Op6uma Boicoma, K Opbumanvhas Ilepuoo
CKOpOCMb, KM/ceK | obpaujeHust
Omnopras opbura 100 7,8 1 4 26 mun
[Tunotupyemsie
anmapats (MKC) 350 7,7 1931 mun
Crytauku /133 700 7,5 1 1 39 mun
GPS, ITTOHACC 20 000 3,9 1249
I'eocraumonapnas 36 000 31 24y
opbuta ’
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Ha BricoTax 1o 400 kM TpeHne atMochepbl Oy TUMO, CITyTHUKH
MOCTOSIHHO HCHBITBIBAIOT JIETKOE TOPMOKEHHE U €r0 XBaTaeT, YTOOBI
3a HeJIeJI U MECSIIbl CHU3UTh OPOUTY CIIyTHHKA 0 KaCaHHS TIIOTHBIX
cioeB atMocdeps! (90 KM) 1 CpbIBa B HEYNPABJISIEMBIN CITYCK C PE3KO
Bo3pactaomumM TperueM. s Huskux opoutr (MKC) Bpemst ot Bpe-
MEHH BKJIIOUYAIOTCS JABUTATENN Ul MOoAbemMa opOuThl. Brie 450 km
CIIYTHHKH MOTYT JIeTaTh rofaMu 0e3 KOPPEKLUU OPOHTHI.

Y opOuTel UMEIOTCS CeAyIOUMe MapaMeTpbl, BIHUSIONINE
Ha CHUMKH 36MHOW TIOBEPXHOCTH:

1. ®opma opOuT, 00YCIIOBICHHAS 3aKOHAMU HEOSCHON MEXaHH-
KM, B 3aBUCHMOCTH OT CKOPOCTH ABMKCHHUSI KOPaOJisi, MOKET OBITH
KPYT'OBOM, SJUTUITHYECKOH, MapadoiInYecKoil U THIepOOIHYecKOu.
HezamkHyThle mapabonnyeckue W TUNEepOOTHMUYECKHE OpPOUTHI HC-
MOJIB3YIOTCS ISl BEIBOAA KOCMUUECKHUX allapaToB K APYrUM IUIaHe-
TaM, a HaOmoeHne 3a 3emiieil TPOU3BOANUTCS OOBIYHO C KPYTOBBIX
U SJUTMITHYECKUX OpOUT (3aMKHYTHIX). 151 chbeMKn HanboJee mpe-
MOYTHUTENIbHBl KPYrOBbIE OPOWTBI, ¥ KOTOPBIX BBICOTHI B TIEpPHUIEe
u anoree 6au3ku. Kpyrosas opbura o0ecrieunBaeT OJJUHAKOBYIO BbI-
COTY CbEMKH 36MHOM MOBEPXHOCTH.

2. Hakonenmue, onpezensieMoe yriioM i MeX.Iy TIIOCKOCTBIO Op-
OWTBI U TIOCKOCTBIO PKBATOpa. Pa3aemsiror opOUTHI SKBaTOpHUAIbHBIC
(i=0), monsipubie (i=90) 1 HAKIOHHbIE.

3. Boicora. MOXHO BBIIEIUTH TPH TPYyNINbl Hauboyiee 4acTo
HCTOJB3yeMBIX opOuT: ¢ Beicotamu 100-500, 500-2 000 u 36 000—
40 000 kM. IlepBast — 3T0 OpOUTHI NMUIOTUPYEMBIX KOpabdiei u op-
OWTaNbHBIX CTAaHIMW, JUII HUX HamOoJee XapaKTepPHBI BBICOTHI
200—400 kM. Bropas BkitouaeT opOUTHI PECYPCHBIX U METEOPOJIOTH-
YEeCKHX CITyTHHKOB; AJISl PECYPCHBIX CIIYTHHKOB XapaKTepHBI BHICO-
TeI 600, 900 kM, U1 MeTeoposorndeckux — 900-1400 km. Tperba
rpymnmna — 3T0 OpOUTHI T€OCTAMOHAPHBIX CITyTHHKOB; YTJI0Bask CKO-
POCTB IBMKEHUS CITyTHUKA B HUX paBHA CKOPOCTH BpPaLICHUS 3eMIIH,
U TO3TOMY CITyTHHUK JIBHXKETCSI CHHXPOHHO C MOJCITYTHHKOBOH TOY-
KOM 36MHOM NTOBEPXHOCTH.

4. Ilepuon odpamenust. OT BpeMeHN 000pOTa CIIyTHUKA BOKPYT
3eMJIH 3aBHCUT YUCIIO BUTKOB B CYTKH M COOTBETCTBEHHO MEKBUT-
KOBOE pacCTOSIHUE, ONPEACIISIONIee BO3SMOXKHOCTh MEPEKPHITHS CHUM-
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KOB COCeTHMX Tpacc. ECiiu Tpacchl €KeCyTOYHO MOBTOPSIOTCS (TaKHe
OpOUTHI HA3BIBAIOTCS CYTOYHBIMU TIEPHOANICCKUMHE, YTO OBIBACT MPU
nepuo/ie ooparieHus, KpaTHOM 24 1), TO ¥ pa3pbIBbl B CheMKe OyayT
coxpaHsThes. [103TOMy U CheMKH PACCUHTHIBAIOT OPOUTHI TAKUM
00pa3oM, yTOOBI HEOOJIBIIIOE CYTOYHOE CMEIIICHUE TPAcC 0OecIeYrBa-
JIO ChEMKY B MOCJIEIOBATENbHBIC CYTKH 0€3 Pa3spbhIBOB U ¢ HEKOTOPHIM
MEPEKPHITHEM. DTO BO3MOYKHO Ha TaK HA3bIBAEMBIX KBA3UTIEPHUOTHUC-
CKUX OpOUTAX C OMPEICICHHBIM CyTOUYHBIM CIBUTOM TPACCHI CITyTHH-
Ka Ha [IUPHHY 30HBI 0XBATa CHEMKOU C YUETOM HEOOXOAUMOTO Tepe-
KPBITHSI TOJIOC 0030pa.

5. ITosio:xenne opouTHI M0 OTHOLIEHUIO K CosHny. Jlns xoc-
MHYECKUX CHEMOK OOJBIIIOE 3HAUCHHE UMEET CIOCOOHOCTH OPOUTHI
COXpaHsITh MOCTOSTHHYIO opueHTaiuio Ha Comrie. JIOCTOMHCTBO Ta-
KHUX COJTHEUHO-CHHXPOHHBIX OPOUT, Y KOTOPBIX YTOJ MEKAY TIOCKO-
CThIO OpOUTHI U HampasieHreM Ha COJIHIIE OCTAETCS MOCTOSHHBIM,
COCTOHUT B TOM, YTO OHU 0OECTICYMBAIOT OJMHAKOBYIO OCBEIIEHHOCTD
3eMHOU MOBEPXHOCTH BIOJIb TPACCHI MOJIETa KOCMHYECKOTO armapara.

-
R

Puc. 21. Cmemenne nojaocel CKaHUPOBAHUS
BCIIE/ICTBHE BpalleHUs 3eMIIn

Takxum 0b6pazom, st TII00aTFHON CheMKH 3eMITH T1eJ1eco00pa3Ho
HCIIOJIB30BaTh Op6I/ITBI, OOHOBPEMEHHO SBJIAOIIHUECSA KPYTOBBIMU, 110~
JIAPpHBIMH, KBAa3UIICPUOANYCCKNMU U COJTHECYHO-CUHXPOHHBIMH.
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B cnydae namuuust Ha OOpTy CIyTHHKAa MPUOOPOB, MMEIOLIMX
pa3NuYHbIE N0 MIXPHUHE TOJIOCH! 0030pa (C Pa3IuUHBIM pa3peleHueM
Ha MECTHOCTH), PACCYUTBIBAIOTCS TAKUE OPOUTHI, KOTOPhIE MOTIIN OBl
00€CTIeUHTh TIOJIHOE MOKPBITHE MMOBEPXHOCTH 3EMIH CHEMKOHU C I0-
MOIIBIO Ka)KA0TO BUJA allapaTyphl.

7.4. 3n1eKkmpomMacHUMHbsle OUana30Hbvl
CKaHUpo8aHus

Tab6nuua 3

dnexmpomaznumnule OUAna3onwl,
ucnonv3yemole 0151 OUCHAHYUOHHOZ0 30HOUPOGAHUA 3emu

Hassanue Jluanazon
Buaumerit quanason 0,4-0,74 MxM
BamxaMit nHPpaKpacHbIN AnanazoH 0,74-2,5 mxm
Cpenuuii nHppaKpacHBIH JHana3oH 2,5-50 MxM
TermnoBoii nramna3zon 50-2 000 MM
MUKpPOBOTHOBBIN IHATIa30H 1-100 mm
PamnoBoHbL 0,1-100 cm

7.4.1. Buoumwiii u 61udsicHull UHGPaAKpacHulll Ouanasou

B03MOXHOCTb ChbEMKH B CBETOBOM JAMANa30HE 00YCIOBINBAETCS
MIPO3pavHOCThIO aTMoc(eps! At BoiH oT 0,4 1o 1,3 Mkm. Bunnmerii
n OmmkHUN WH(paKpacHbBI cBeToBO nuana3oH Bkitodaet 0,4-0,75
u 0,75-2,5 MKM CBETOBOH Auana3oH. Jlyuyu moutu moiaHOCThIO HPO-
MycKatoTcsl atMoc(hepoi, U crojla MPUXOJUTCS MOYTH BCS SHEPIHS
COJIHEYHOT0 M3nyuyeHus. OHAKO cepbe3HOE MPENITCTBUE — 3TO 00-
nagHocTh. Kpome Toro, paccenBanue NpuBOIUT K UCKaKEHHIO, OCO-
OEHHO B KOPOTKOBOJTHOBOM T0Jly0OH 4acTu CIIEKTPa, U K CHIKCHHIO
KOHTpacTHOCTH. KauecTBO CHUMKOB 3aBUCHT OT CIOCO0a UX MOJTyye-
HUS U TIepelayn.
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ConHeuHble Ty4H, Majaas Ha 3eMHYIO MOBEPXHOCTh, MO-Pa3HOMY
OTPaXKal0TCs OT HEee B COOTBETCTBUU CO CIEKTPATIHHOU OTpaXKaTelb-
HOHM CIIOCOOHOCTBIO 00BekTa. OTpaKCHHAas COJHEYHAs pajuaius
BOCIIPUHUMAETCS J1a30M, YYBCTBUTEIBHBIM HMMEHHO K HU3IyUYCHUIO
BHJIUMOTIO JTMaNa30Ha; Oiaroaaps u30upareabHOMY OTPAKEHHUIO pa3-
JIMYAIOT IBET HaOJr0aeMbIX 00beKTOB. Mcrnosbp3oBaHue (OTOICK-
TPUUYECKUX IMPUEMHUKOB MO3BOJISIET PACHIUPUTH ChEMKY JTUOO CKaHU-
poBaHue Ha OMKHUN MH(PAKPACHBIH TUara3oH.

dororpaduyeckue CHUMKH. PaHee ucnonb3zoBajiach TpaauLiu-
oHHas QoTorpadupyromias cucrema (00beKTHB + (hoTomIeHka). JKc-
[TOHUPOBAHUE MTPOUCXOAMIIO B KOCMOCe, poTorpaduueckas oopadboT-
ka — Ha 3emie. [Inenka Ha 3emutto momnajana JinOo B COPOLICHHBIX
KOHTelHepax, MO0 mpu nocajke crnyTHuka. Ceiuac MCHONb3yeTcs
uudposas dororpadus U u300pakeHUs MepeaaroT Ha 3eMITI0 C To-
MOIIBIO PATUOCBS3H.

TesieBU3MOHHBIE H CKAHEPHbIE CHUMKH. TeleBU3NOHHAS U CKa-
HEpHAas Chb€MKa IO3BOJISIET CHCTEMATHUECKHU MOJIy4aTh U300paKeHUS
U TepenaBaTh UX Ha 3eMJIIO Ha MpUeMHbIe cTaHuud. Mcnonb3yroTes
KaJpOBBIC U CKAHUPYIOIIUE CUCTEMBI. B mepBoM ciyudae 3TO TelIeBU-
3HOHHAs KaMepa, B KOTOPO ONTHYECKOE N300paXKeHUE, TOCTPOSHHOE
O0OBEKTUBOM Ha JKpaHe, MEPEBOAMUTCS B (POPMY IJIEKTPOCUTHAIOB
U MO paJuoKaHalaM mepeaacTes: Ha 3emito. Bo BTopom ciyyae kava-
FOIIeeCs] 3ePKAJIO CKaHepa Ha OOPTY YJIaBIUBAET OTPAKEHHBIN OT 3eM-
JIX CBETOBOM MOTOK, NOCTYHAIOUIUI HA CKAHUPYIOLLYIO MATPHUILY.

CkaHep ¢ IWIMHIPUYECKONW Pa3BepPTKON B MPUHIUIIE TPEICTaB-
JIIeT cO00# MasTHUK, 3aKPETJICHHBIN B OJTHOM TOYKE M KOJICOIFOIINI-
Csl TIOTIEPEK HAIpaBJICHUs MBWKEeHUs. Ha KoHIle MasiTHUKA B ero (o-
KaJIbHOW TUIOCKOCTH YCTAHOBJICH OOBEKTHB C TOUSYHBIM (JOTOIPUECM-
HbIM ycTpoiicTBoM. [Ipu nBmkeHuu anmaparta Haja 3emiiel ¢ BhIXOoJa
(hOTONPUEMHOT0 yCTPOWCTBA CHUMAETCS CUTHAJ, MPOMOPIUOHATb-
HBIH OCBEILEHHOCTH B BUAMMOM min OymmkHeM MK-muamazone Toro
y4acTKa 3eMHOU MOBEPXHOCTH, Ha KOTOPBIM B JAHHBIM MOMEHT Ha-
IpaBJieHa OCh 00beKTHBA. Ha mpakTuke ckaHep HEMOABIIKEH, a Kavya-
eTCsl (Bpalaercs) 3epKaio, OTPAXKEHUE OT KOTOPOTo Yepe3 0ObEKTUB
romajiaeT B (OTONMPUEMHOE YCTPOMCTBO.
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Puc. 22. CxanupoBaHue 3¢MHOH MOBEPXHOCTH CO CIyTHHKa [133

JIMHEeHBIN cKaHep COAEPKUT PACIONOKEHHBIE B JIUHUIO ThICSUU
HETIOABIKHBIX ()OTOUYBCTBUTEIBHBIX 3JIeMEHTOB. Ha Hee uepe3 00b-
eKTHB (OKyCHpyeTcs M300pakeHHe 3eMHOW MOBEPXHOCTH, BCE DJie-
MEHTBI HaxOJATCS B (POKAJILHOU TUIOCKOCTH. JIMHEHKa, OpUEHTHPO-
BaHHasl TOMNEPEeK HaIpaBJIEHUs JBWKEHHS CITyTHHKA, NEpeMeIlaeTcs
BMECTE C HHUM, ITOCJIE€OBATEIBHO «CUMTHIBAsA» CUTHAJ, IMPOMOPLHO-
HAJILHBIA OCBEIIEHHOCTH PA3IMYHBIX YYaCTKOB IOBEPXHOCTH U 00-
nakoB. JIMHEWHbIE CKaHEephl Ha MPUOOpaxX C 3apsSa0BOH CBS3BIO pa-
0oTaror B BuaAuMoM u OnmmkHeM MK-nuanazonax. [IpeoOpazoBanHbIe
CUTHAJIBI CKaHepa 110 pajinoKaHalaM Tepeaarorcs Ha 3emutto. Ha ripu-
€MHBIX CTAHIIMAX 3alUCHIBAIOTCS B BUJIE H300paKEHHH.

Haunbonee n3BeCTHBIH MPOEKT TUCTAHIIMOHHOTO 30HAWPOBAHMS,
W B YaCTHOCTHU IOJIyYSHHsI CITyTHUKOBBIX (POTOCHHUMKOB 3eMITH, —
nporpamMma Landsat. [lepBblif U3 CIIyTHHKOB B paMKax MPOTPaMMBI
Obut 3anymieH B 1972 1. CnytHuku Landsat mocTaBisitoT CHUMKH
B PA3JIMYHBIX CIEKTPAIBHBIX JHAara3oHaX B 3aBUCUMOCTH OT yCTa-
HOBJIGHHOW amnmapaTypsl (MyJbTUCHEKTpajbHBIE U IMaHXpOMaTH4e-
CKH€ BHJIEOKaMephl, CKaHUPYIOIE MYJbTUCIEKTPaJIbHbIE CKaHEPHI
u 1. 11.). Ceituac Hanbosiee TEXHUYECKH MMPOABUHYTOM SIBIISIETCS KOM-
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Mepueckas cucreMa /[33 nBoitHoro HazHaueHusi kommnanuii GeoEye
u DigitalGlobe, KoTOpbIM MprHaAIEKAT HECKOJIBKO CITyTHUKOB CYO-
MeTpoBoro pazpemtenus (0,41-0,8 m). B HacTosimiee Bpems KpynHeii-
MMM TI0 YMCJIEHHOCTH, TUIIaM KOCMHMUYECKHX amlapaToB M pellae-
MbIM 3a7auam saBisatoTcs cuctemsl J[33 CHIA, ctpan EBpornbl, Kutas,
Wupuu, Poccun.

7.4.2. Tennosoti, MUKpo- u paouoouana3oHul

CHHUMKM B TeIJIOBOM HH()PAKPACHOM IHANIA30HE

TennoBoii na(ppakpacHsIii fuana3zon ot 3 g0 1 000 Mxm, HO 00ITB-
masi 9acTh HE TPOITyCKaeTcsl aTMOoc(epoil, CymecTBYIOT TPU OKHa
npo3pavnoctu: 3-5, 8-14, 30-80 mkm. [lepBrie 1Ba UCTIONB3YIOTCA
st J133. MaTeacuBHOCTD M3mydeHuss CoTHIIa B 9TOM JUana3oHe He-
3HAYMUTEIbHA, HO 3aTO Ha BOJHBI MIHHOW 10—12 MKM TpUXOIUTCS
MaKCHMyM COOCTBEHHOTO TEIJIOBOTO M3ITy4deHHs 3emud. [lockoms-
Ky y pa3ifyHBIX OOBEKTOB 36MHOH MOBEPXHOCTH (CYIIH, BOJIBI, TTO-
pa3HOMY YBI@)KHEHHBIX ITOYB M T. I1.) OHO HEOJWHAKOBO, €CTh BO3-
MOKHOCTB CyJIUTh O XapaKkTepe M3ITyJIaronuX 00bEKTOB.

TennoBsie nH(ppaKpacHbIe paAMOMETPHI NAIOT CUTHAJIBI Pa3HOU
CWJIBI 17151 OOBEKTOB C pa3inyHOW TemmepaTtypoi. IIpu moctpoenun
[0 ATHM CHTHAJaM H300paXEHHUsI — TEIUIOBOTO WH(PaKpacHOTO
CHUMKa — TIOJIy4al0T TeMIIepaTypHbIe pa3inyusi 00bEKTOB ChEMKH.
OOBIYHO Ha TaKWX CHUMKaX XOJOIHBIE OOBEKTHI BHITJISIIAT CBETIIbI-
MH, TeIJIble — TeMHBIMH. TemmepaTypHOe pa3pelieHne COCTaBIseT
necsTeie Aonu rpaxyca. ChbeMKH MOXKHO BECTH HOYBIO, B YCIIOBHSIX
nossipHO# HOun. OOJAYHOCTH MEIIAET ChEMKE, T. K. PETUCTPHUPYETCS
TeMIepaTypa He 3eMHOH MMOBEPXHOCTH, & 00JIaKOB.

CHHMMKM B MHKPOBOJIHOBOM U paJiMoAuana3oHe

C moMOIIBI0 MUKPOBOJHOBBIX PAaTUOMETPOB (PUKCUPYETCS MH-
KPOBOJIHOBOE M3ITydeHHUE Pa3IUIHBIX 00BEKTOB — PaIHOSIPKOCTHBIC
TemnepaTypsl. TakuM 00pa3oM MOXKHO pa3indaTh pa3HbIE MO BIIAXK-
HOCTH TIOYBBI, BOJIBI C Pa3HOMN CTETIEHBIO COJIEHOCTH, OOBEKTHI C pa3-
HOU KPHUCTAJUIMYECKOW CTPYKTYypOH, mpomep3aHus rpyHToB. Ha Ta-
KHX CHHUMKaX MO-Pa3HOMY BBITJISIIAT MOPCKHUE JIBJIBI PA3HOTO BO3pac-
Ta — MHOTOJIETHHE ¥ OJHOJIETHHE, KOTOPhIE MOTYT HE pa3inyaTbcs
B OOBIYHBIX ONTHYECKUX CHUMKAX.
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JlAs AMCTaHIIMOHHOTO UCCNIENOBAaHUS 3E€MJIM MCIOIB3YIOTCS pa-
JIMOJTNAITa30H C JJIMHAMH OT | CM JT0 HECKOJIBKUX MeTpoB. ATMochepa
3emun mpo3pavHa Ui Takux BONH. [Ipu chemke Qukcupyercs Jmbo
COOCTBEHHOE H3IyuyeHHe 3emin (MACCHBHAsl PajuoMETpusi), JIMOO
OTPaXKEHHOE MCKYCCTBEHHOE M3JyueHHE (aKTHBHAs PaJHOJIOKAINS),
B pe3yibTaTe MOJYYAIOTCs PAAUOMETPUUECKUE U PATUOIOKAIIMOHHEIE
cHuMKH. [Tpu akTUBHOM paIMONOKAIIMKA HA HOCUTEH YCTAHABINBACT-
Cs aKTUBHBIA UCTOYHUK PaJUOU3IIYYEHUS C aHTEHHOU, NIENCTBYIOLIEN
10 MPUHIUITY IPOCMOTPA MECTHOCTH MOTEePeK TUHUU MapiipyTa. [1o-
ChUIAEMBII Ha 3eMJTI0 PaMOCUTHAI TIO-Pa3HOMY OTPAXKACTCS MOBEPX-
HOCTBIO U YJIABIIUBACTCS PETUCTPUPYIOLIECH anmnapaTypoi.

[Ipu pasmepax HEPOBHOCTEH MOBEPXHOCTH MEHBIIE MOTYITUHBI
BOJIHBI TIOBEPXHOCTh 00BEKTA JJIsl PaIMOBOIH KaK Obl TaaKas («3ep-
KaJIUT») ¥ U300paxkacTcs Ha PaJoI0KAIIMOHHBIX CHUMKAX HauboJee
TEMHBIM TOHOM (TIECUaHbIE IUISHKH, COJOHYAKH, TJIaJKasi BOJHAS I10-
BepxHOCTB). [Ipu pazmepe HepoBHOCTEW OOJIBIIE TOMY/UIMHBI BOJIHBI
MIPOUCXOAUT pacceuBaHue U nuddy3Hoe OTpakeHUE SHEPTUH, 3aBH-
csillIee OT BEJIMYUHBI HEPOBHOCTEH, UX OPMBI, OPHSHTUPOBKH 10 OT-
HOILIGHUIO K paauoiydy. OHU H300pa)karoTCsl CepbIM TOHOM Pa3HOM
IJIOTHOCTU. PacTUTENhHOCTDh YBENIMUYMBAET MOTJIOLICHUE PAAHOBOIH
1 U300pakaeTcsi CBETJIBIM TOHOM. Takoe paJnOJIOKAIMOHHOE 30H-
JUPOBAHKUE BEAYT, UCIONB3YS BOJIHBI CAHTHUMETPOBOrO AUamna3oHa.
['enepupyst BONHBI pa3HO#l ATMHBI, MOKHO MOJy4aTh Pa3IUYHYIO UH-
(dhopmaruio 06 00beKTax.

Panunosnokaropsl OAMOBEPXHOCTHOTO 30HIMPOBaHUSI PabOTArOT
B nuana3oHe JiuuH BodH OT 1 1o 30 M. OHU 00HApYKHUBAKOT TOJ-
MIOBEPXHOCTHBIE HEOJHOPOAHOCTH TpyHTOB. Hampumep, B Auanazone
0,5-1 M pUKCHPYIOTCSI IPECHBIC TPYHTOBBIC BOJIBI B TIECKaX Ha IIyOu-
He 10 20 M. MoryT ObITh OOHAPYKEHBI 3QJICHKH KEIC3HBIX PYI U APY-
TH€ MOJIE3HbIC UCKOIIAaeMbIE.

PannonokanoHHbIe CHUMKH MOTYT NMPUMEHSATHCS B OKEaHOJIO-
TUU JUISI U3YYECHHsI BOJIHEHUS U BETPOB, B FEOJIOTUHU, THAPOTEOIOTHH,
B CEIIbCKOM XO3SIIUCTBE, AJIsl U3YUYCHHS TOPOIOB.

[laccuBHas 1 aKTHBHAS ChEMKa B PaJUOIUANIAa30HE BCCTIOTOTHBI 13-
32 a0COJFOTHOM MPO3PAYHOCTH aTMOC(EPHI JIJIsl BOJIH 3TOTO JHAra30Ha.
OHa MOXXET POU3BOUTCS HOUBIO, TIPH 00JIAYHOCTH, JIOXKJIC, TYMaHE.
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Ha cHumku B BHIMMOM ¥ HMH(paKpacHOM JMAIa30HE MPHUXO-
mutcst moutn 80 % Bcel mHpOpMAaIUK, MOCTYNAOIICH U3 KOCMOca.
CHHMKHU TEIUIOBOTO HH(PPAKPACHOTO U PaJIM0Ihaia30Ha HEe TaK JIaB-
HO CTaJH MOJy4YaTh C XOPOIIMM KauyeCTBOM, U MOCTEIIEHHO UX 3Ha-
YEHHE BO3PaCTaerT.

7.5. HazemHast annapamypa 01 /133

Y Ha3eMHOTro KOMIIOHEHTA TUCTaHIIMOHHOTO 30HINPOBAHHUS €CTh
JIBE OCHOBHBIX 3a/Ia4H.

1. YrpaBneHue u OTCIeKUBAHUE BUKCHHS:

— B LEHTpax YMpaBJCHUS pa3MelleHa amnmaparypa KOHTpPOJIS
(YHKIMOHUPOBAHUS CITyTHUKA, YIIPaBICHHS, TIPOTPAMMHPOBAHHS;

— B HECKOJIBKHX TOYKaxX 3eMHOI0 IIapa pa3MeIIaeTcs ammapa-
Typa TeneMeTpuu (yTOUYHEHHsI KOOPAMHAT U TPACKTOPHH JABHIKCHHS
CIIyTHHKAQ).

2. lonyvenue nHPOpPMALTUH:

— B HECKOJIBKMX TOYKAaX 3€MHOI0 MIapa pa3MelaroTcs LEHTPHI
npruemMa CIyTHUKOBOH nHpopManun. LIeHTpsl nmpreMa MOoryT He TpH-
Ha/JIeKaTh BIAACbllaM CIYTHHKA, a IPUHAMATD JTaHHbIC 110 JIMLIEH-
3UW WU Ha OECIIaTHOM OCHOBE;

— anmaparypa pueMa 0a3upyeTcs Ha IPUMEHEHUH napadoinnde-
CKUX aHTEHH, IePEeMEIIaIONINX OCEBOEC HAMIPABICHNUE aHTEHHBI TOYHO
0 HANpPAaBIICHHUIO K ABMKYLIEMYCS CITyTHHKY;

— MOCKOJIBKY BBICOTa OpOHTHI CIIyTHUKOB JI33 oTHOCHTENBHO He-
OosblIas, TO mepeaya BO3MOXKHA HA OTPAaHMYCHHOM YYacTKe TpacK-
TOPHH HaJ LEHTPOM IpHeMa (B 30HE PaAHOBUIUMOCTH) U, KaK TIPaBH-
JI0, C OYCHb BBICOKOHU TIIOTHOCTBIO MOTOKA.
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Puc. 23. 3ona npuema ciyTHUKOBOH nH(pOpMannu

7.6. Humepnpemayusi 0GHHbIX
JuCmaHyuoHHO20 30HOUPOBAHUS

B mpakTtuueckoit paboTe MpEACTaBIsSCT HHTEPEC pas3fciiCHUE
CHHUMKOB II0 TaKUM TapameTpam, KaKk MaciTad, 0030pHOCTh, pa3pe-
mIeHUEC Ha MCCTHOCTH, ACTAJTbHOCTH I/I306pa)KeHI/I$I, KOTOPBIC BJIHAIOT
Ha JCHUPPUPYEMOCTh CHUMKA M BO3MOYKHOCTH €I'0 HCIIOJIb30BaAHUS
JUIS TEeMATHYECKOTO KapTorpaprpoBaHusl.

7.6.1. Hckaorcenust u ocHo8Hble onepayuu
OJIsL UX UCNpasieHus

OcHoBHBIE TP00JIEMBI ChEeMKH ¢ OPOUTBHI

Bosbmioil oxBar TeppUTOPUM OJHUM CHUMKOB NPHBOAMT K HC-
KaKCHUSM, CBSI3aHHBIM CO C(EPUYHOCTBIO 3€MHOW IOBEPXHOCTH.
Jnist OLEHKH MJIaHOBBIX CMEIICHUH TOYeK (POTOCHMMKA, BHI3BAHHBIX
KPUBHU3HOH 3eMJIM, HEOOXOIMMO BHOCHTH KOPPEKIHIO IIPH 00paboT-
ke. Kpome Toro, Bo3MOXHBI HCKaXXeHUS 3a peibeda 3eMHON MOBEpX-
HOCTH.

72



CpeMka M3 KocMoca BEIETCs 4epe3 TONLIY aTMOCc(epbl, YTO BbI-
3bIBAET OCIIOKHEHUSI Pa3HOTO XapaKTepa: SKpaHUPYIoLIee BIUsIHUE 00-
JIAYHOCTH, MOTJIONICHHE COJTHEYHBIX Jy4eil OnpeieNleHHbIX JUIUH BOJTH
arMoc(epo, paccerBaHKE JIydel, BIUSIHUE aTMOC(EPHON ABIMKH U JIP.

OpHO M3 OCHOBHBIX HaNpaBlieHUH B MHTEPIPETALUN MaTEPUAIOB
JJ13 cocTout B mpuBeAeHUH UX K (hopme, YAOOHOH AJIsl peleHus pas-
JUYHBIX HAyYHBIX, TPAKTHUYECKUX U XO3SHCTBEHHBIX 3afa4. Jms sto-
IO CyIIECTBYET HEKOTOpasi OCIEeI0BATEIILHOCTD ONepaLnii:

— pacno3HaBanue (aemudpupoBaHue);

— KJaccu(UKanyst Mo Npu3HaKaM (IeKOMITO3UIIHSA);

— MpeaBapuTeIbHas KOPPEKLUS;

— yHH(]UKALUSI BXOJHBIX JaHHBIX;

— unu(poBOe MOACTUPOBAHKE;

— KOPpEKIHs MOJENeH;

— MpeacTaBiIeHue HHPOPMALIUH;

— reOKOIMPOBAHHE;

— reOKOIMPOBAaHKE C KOPPEKLKeil MECTHOCTH;

— CIMSIHUE M300pasKeHHI;

— MOCTPOCHHE KapThl IO H300paKEHHSIM;

— COBMELICHUE Pa3HOAMANA30HHBIX N300paKeHNH.

Pemrenust 3agau oopadotku JI/13 nexxat B 00nacTu T€OpUHU pac-
Mo3HaBaHUsI 00pa3zoB, H(POBOH 00pabOTKM HM300paskeHui, (HoTo-
rpammeTrpun. Kpome Toro, CyIecTByeT psii ciequpUIHBIX BOIPOCOB,
CBsI3aHHBIX ¢ 00paboTkoit [1J13:

— npeoOpa3oBaHue HOpMaToB;

— opTopeKkThdUKaIus.

[Tpu opTopekTUHKALNU HEeHTpaNbHas (KOHHYECKast) MPOSKLIUs
CHHMMKa ITpeoOpaszyeTcs B OPTOrOHAIBHYIO (IPSIMOYTOJIBHYIO) U TIPH-
BOJUTCS K €JMHOMY MacIiTaly, TakuM 00pa3oM YCTPaHSIOTCS OLIHO-
KM, 00YCIIOBIICHHbIE HAKIIOHOM KaMepbl U penbedoM.

7.6.2. Pacnosnasanue 0bpazos
Hcnons3oBanue kapT, AemnprupoBaHe CHUMKOB, aHAJIN3 BUACO-
M300paKeHU — 3TO PAcIO3HABAaHUE W aHANMM3 Tpadudeckux obpa-
30B, UX M3MEpEHNUE, peobdpa3oBaHne, COMOCTaBICHHE | T. 1. Pacro-
3HaBaHKe rpad)UIeCKuX 00pa3oB, T. €. CO3aHNE CHCTEMBI PEIIATOIINX
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MpaBWI IS X UACHTH(PUKALUY, KIacCu(UKAIIMUA U HHTEPIpPETalny,
— 3TO O/IHA M3 OCHOBHBIX 33124 F€OMH(POPMATHKH.

PacniozHaBaHue — 3T0 OTHECEHHE KOHKPETHOTO 00BEKTa (peann3a-
L1H1), IPEICTABICHHOTO 3HAUYSHUSIMU €r0 CBOUCTB (IPU3HAKOB), K OHO-
My 13 (PUKCHPOBAHHOTO MepeyHst 00pa30B (KJIaCCcOB) MO OMpeIeTICHHOMY
peliaroneMy paBuily B COOTBETCTBHH C MTOCTABICHHOM LIEIBIO.

Wnentudukanus oObeKTOB OCHOBaHA HAa HAXOXIECHUH BU3Yallb-
HBIX Pa3IUuUil MEXAY OOBEKTaMH, TAKMX KaK Pa3IHyde B LIBETOBOM
ToHe, (hopme, pa3Mepe, TEKCType, TeHHU, CTPYKTYPE, aCCOLUMAIINH.

— LlBetoBoii ToH. [Ipu momormy ToHa Ha U300PaKEHUH CTAHOBSIT-
Cs1 pa3TMYUMBI OOBEKTHI C Pa3IudHON (hopMOl, pazMepoOM, TEKCTYPOH.

— @opma OTHOCHUTCS K 00ILEMY OYEPTaHUIO, CTPYKTYpPE HHIUBH-
JIyaabHBIX 0OBEKTOB.

—Pa3mep 00BbexTOB B M300pakeHMH — (yHKOMS Macmrada.
BaxHo oneHuTh pazMep 00bEKTa OTHOCHTEIBHO APYIHX OOBEKTOB
B CIICHE, TaK K€ KaK 1 aOCOIIIOTHBIN pa3mep.

— CTpyKTypa OTHOCHTCS K MIPOCTPAHCTBEHHOMY PACIOJIOXKECHUIO
pa3nuYUMBIX O0OBEKTOB. [IpUMEpOM CTPYKTYphl MOTYT OBITH Caabl
C PaBHOMEPHO paclpeAeIeHHBIMU IEPEBbIMH JTMOO TOPOJCKHIE KBap-
TaJIbl C PETYJISIPHBIMU MPOMEXKYTKAMU MEXKIY 31aHUSIMU.

— TekcTypa OTHOCHTCS K PACTIONIOKEHHIO M YaCTOTE TOHAJILHOTO
HW3MEHEHUS! B OTJAENBHBIX 00JacTsax nzoOpaxeHnus. [ naagkue Tekcry-
PBl — 3TO HanboJiee YacTO BCTPEUAIOIIHUIICA PE3yIbTaT OTOOPaKEHUS
OJHOPOJHBIX MOBEPXHOCTEH, TAKUX KaK MOJIST MK ac(albT.

— Tenb crocoOHa cHaOkaTbh WHPOPMAUEH OTHOCUTEIBHO TPO-
¢wuis 1 BBICOTHI 00BEKTOB. OIHAKO TEHU MOTYT TaKKe YCIIOKHSITDH
HWHTEPNPETALUIO OOBEKTOB.

— Accouuanysi TpUHUMAeT BO BHUMAaHHE 3aBUCHMOCTb MEXKIY
JOPYTUMH PAaclo3HaBaCMbIMU OOBEKTAMU MM HX OCOOCHHOCTSIMH
BOJIN3M HAOJII0JaeMOT0 00BEKTA.

OCHOBHBIMH (DYHKIMSMH IS IPOTPaMM, PeAHA3HAYEHHBIX IS
pacno3HaBaHus JaHHBIX JUCTAHIMOHHOTO 30HIMPOBAHUS, SIBIISIOTCS
ClIeAyIOIINe:

— UMIIOPT | 3KCIOPT Pa3IUUHBIX (POPMATOB PACTPOBBIX H300pa-
JKCHUI;

— reorpaduueckast pUBs3Ka;
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— pazuoMeTpuyecKas Koppekuus (y4eT BIHSHUS CKaHepa, yaaje-
HHUE T0JI0C, COOMHBIX CTPOK M aTMOC(HEpHON IBIMKU Ha MOTyYaeMoe
n300paXKeHue u T. I1.);

— MOBBILIEHHE Ka4eCTBa N300PaKeHHUS;

— knaccuukanyst n300paKeHn;

— aHanm3 penbeda (reHepauyst YKJIOHOB, HalpaBlIeHUH, 3aTeHEHUH
penbeda 1 MepPCHeKTUBHBIX BUAOB MO TOMOrpadHYECKUM JaHHBIM).

8.T'106a/1bHBIE CUCTEMBI MNO3UIIUOHUPOBAHUA

Global Positioning System (rmo6anpHast cucTeMa HO3UIHOHUPO-
BaHUs1) COCTOUT U3 CETH CITyTHUKOB, KOTOPBIE B HETIPEPHIBHOM PEXKH-
M€ MOCBUIAKOT 3JICKTPOMArHUTHBIC CHUI'HAJIbI Ha 3emiro. I/ICHOHB:‘]yﬂ
CrelUanbHbld PUEMHUK TaKOTO M3JIy4EHMs, U3MEPSIIOINN paccTo-
STHH€ JI0 CIyTHHKOB, MOXKHO C YCTaHOBJIEHHOH TOYHOCTHIO (OT He-
CKOJIBKHUX METPOB /10 HECCKOJIBKUX MI/IJ]J'II/IMCTpOB) OIpeaACINTbL MECTO-
pacrosnoxxeHne 00bekTa (KOOPIUHATHI).

B mactosimee Bpemst ucnonsdyrorcs GPS-npuemuuku, pasmep
KOTOPBIX CPaBHHMM C pa3MepoM coToBoro Tenedona. GPS-momynm,
COCTOSAIIMEC U3 YnIla U aHTCHHBI, HGHOI‘/'I B HCCKOJIBKO J0JIJIapOB, MOTYT
6I>ITI) IIOMEUICHBI B COTOBBIC Teﬂe(l)OHI)I, IJIAHIICTBI U APYTHUEC J3JICK-
TPOHHBLIC YCTpOﬁCTBa U UCIIOJIBb30BaTh UX KOMIIOHCHTHI AJIA pa6OTI>I.
[Tpu s3ToM GPS-npueMHUK He TOJIBKO COOOMIAET MOIB30BATEIIO KOOP-
JMUHATHI HAXO0XKACHUS (MIUPOTa U JOJTOTA), HO U OTOOpaKaeT MeCTo-
MOJIOKCHUE Ha DJICKTPOHHOU KapTe Hapsay ¢ ropoJaMu, TPaHCIIOPT-
HBIMH MarucTpajidMi U MHOTUMU OPYTUMU 06’I)GKT3MI/I.

Kpowme omnpenenenns Tpex TeKymux KOOpAUHAT (J0AT0Ta, MUPO-
Ta ¥ BbICOTa HaJl ypoBHEeM Mopsi), GPS obecneunnaer:

— ONpeEIICHNE TPEX COCTABIISIIOIINX CKOPOCTH 00BEKTA;

— OmpezeieHne TOYHOTO BPEMEHU;

— IpueM U 00paboTKy BCIIOMOTATEILHON HH(POPMALIUH.

GPS cocrout u3 Tpex vacreii:

— KOCMHYECKOTO CETMEHTA,

— CCrMCHTA YIPaBJICHUA U KOHTPOJIA,

— CErMeHTa M0JIb30BATENEH.
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GPS cocrout u3 Oonee yeMm 24 CITy THUKOB, BPAILAIOIINXCS IO 6 Kpy-
TOBBIM OpOHMTaM Ha BbICOTE OKOJIO 20 THIC. KM HaJ YPOBHEM MOpS C Ha-
KJIOHEHHEeM 55 °, U CEeTH ClelUabHBbIX Ha3eMHBIX CTAHLMN CIIEKEHMS,
00€eCTeunBaIOIINX PEryJIsIpHOE OIpeleJieHHe MapaMeTPOB JIBIKCHHS
CITyTHUKOB 1 KOPPEKIHNIO O0PTOBOM MH(OPMAIMU 00 UX OpOHTAaX.

Kaxnp1ii cCOBpeMeHHBIH CITyTHHK Ha CBOEM OOpPTY HECET BBICOKO-
TEXHOJIOTMYECKOE 000pYyJOBAaHUE, OCHOBY KOTOPOT'O COCTABIISAIOT:

— aTOMHBIE Yachl,

— CONTHeuHble OaTapeH,

— aHTEHHa KOPOTKOBOJIHOBOT'O JHana3oHa JUlsl YIpaBlICHUS CITyT-
HUKOM,

— aHTEHHA JUTMHHOBOJIHOBOTO TMANa30Ha ISl CBSI3H C MOJIb30BATEIIEM.

B 3agaun cermeHTa ynpaBieHUS! U KOHTPOJISI BXOAUT CIICKEHHE
3a CIIyTHHKaMH JUIsI OTIpelesIeHHsI TapaMeTpoB UX opOuT (ademepu)
U TIOTIPAaBOK YacOB OTHOCUTENBHO cucTeMHOro Bpemenu GPS, mpo-
THO3 OPOMT CIyTHHKOB U UX MECTOIOJIOKEHHs Ha OpOHUTaxX, BpeMeH-
Hasl CHHXPOHH3AlMsl YacoB, 3arpy3ka HABUTALIMOHHOTO COOOILEHHS
B OOPTOBBIE KOMIIBIOTEPHI CITyTHUKOB

[Tonp30BaTENBCKUI CETMEHT — 3TO COBOKYIHOCTB CITy THUKOBBIX
MIPUEMHHKOB, HAXOSIUXCS B paboTe.

TunuyHas TOYHOCTH coBpeMeHHbIX GPS-mpueMHuKOB B ropu-
30HTaJIBHOM IIOCKOCTH COCTaBIAeT MpuMepHo 5—10 M mpu Xoporei
BUIMMOCTH CITyTHUKOB.

[Tyrem mpuMeHeHHs TTI00aTBHBIX OO PErHOHATIBHBIX KOPPEK-
TUPYIOLIMX CUCTEM MOYHO IOCTUTHYTH TOUHOCTH Mopsiaka 1 m.

Cy1iecTByeT KJlacc CHCTEM, KOTOpPbIE OCHOBAaHbI HA OTHOCHTEIIBHON
HaBuraumu. Eciu ecTh TOYKa, KOOPAMHATHI KOTOPOM Ie0e3MIeCKUMH
METOZaMH U3BECTHBI C OYEHb BBICOKOH TOYHOCTBIO, MBI MOYKEM TIPHBSI-
3aTh 3TY TOUKY K HABUTAlJMOHHOMY NpPHEMHHUKY. COOTBETCTBEHHO, OT-
HOCHTEJIBHO 3TOM TOYKHM MOXKHO PACCUUTATh TEKYIIYIO HMOTPEIIHOCTb
MEXKy HeadbHBIMUA KOOPIMHATAMH, KOTOPbIE W3MEPEHbI MPY OMOLLH
re0JIe3NUECKUX METOJIOB, M TEMU KOOPAWHATAMH, KOTOPBIE OH BBIUHCIISI-
€T Ha OCHOBAHMM CITyTHHUKOBBIX CUTHAIOB. W 9Ty paszHMIly IPUMEHUTD
K m3MepenusiM apyroro GPS-mpuemanka. Tak MOKHO Ha PacCTOSHUM
OT NEPBOHAYATLHON TOYKH, U3MEPSIEMOM JICCITKAMH KHWJIOMETPOB, UMETh
OyKBaIbHO MIJJTIMETPOBYIO TOYHOCTh U3MEPEHHST KOOPANHAT.
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OO0IKM HEIO0CTaTKOM HCIOJIb30BaHMs JFOO0H paaroHaBHra-
LHUOHHOM CUCTEMBI SIBISICTCSI TO, UTO MPH OMPEICICHHBIX YCIOBUIX
CUTHAJI MOXKET HE JOXOJUThH A0 MPUEMHHUKA WM MPUXOJUTH CO 3HA-
YUTEIbHBIMU HCKOKCHUSMH (BHYTPH JKEJIe300€TOHHOTO 3aHMs,
B TOHHEJIE, IO IUNIOTHOU JTUCTBOM nepeBbeB). HopMansHOMy npuemy
curtanoB GPS MoryT nmoBpeauTs moMexu OT HA3eMHBIX PaIHOUCTOY-
HUKOB, OT MAarHUTHBIX OYPb.

8.1. OcHoBHbIE udeu

1. MecToomnpeenenue mo pacCTOSIHUIO 0 COYTHUKOB. 3Has
KOOPJMHATHI HABHUTAIIMOHHBIX CIyTHUKOB U YMeESI U3MEPSITh PACCTO-
SIHAE JI0 HUX, MOXHO OMPEICTUTh KOOPAUHATHI HaOmoaarens. Ha-
MPUMED, SCITH M3BECTHO PACCTOSHHE 70 HABWTAIIMOHHOTO CIYTHHKA
B 11 ThIC. KM, TO MBI HaXOAHMMCS TJIEe-TO Ha BOOOpaxkaeMoi cdepe
pamuycoM B 11 TBIC. KM C IIEHTPOM, COBMA/IAIONIUM C OTHM CITyTHHU-
koM. ECITi OZTHOBPEMEHHO ¢ 3THM PACCTOSHHE J0 JPYroro CIyTHH-
Ka cocTaBisieT 12 TBIC. KM, TO Hallle MECTOMOJIOKEHHE OyIeT T/e-
TO Ha OKPYXKHOCTH, SIBJISIFOINEHCS TIEpeceUeHneM JBYX Takux cdep.
U, HakoHEll, 3HAHWE NANBHOCTH IO TPETHErO0 CIYTHHKA COKPATHT
KOJIMYECTBO BO3MOMKHBIX TOUEK MECTOHAXOXJCHHS O JBYX, OJHA
U3 KOTOPBIX OY/IET HAXOUTHCS TJE-TO JAIEKO B KOCMOce (€€ MOKHO
OTOPOCHTB), a Ipyrasi — Ha MOBEPXHOCTU 3EMIIH.

2. M3MepeHune paccTOSIHUSL 0 CHOYTHUKA. HaBuUTarmoHHBIH
MPUEMHHUK H3MEpsieT BpEMsl, 32 KOTOPOE pAIMOCHTHAT JTOXOIUT
OT CIyTHUKA, a 3aTeM IO 3TOMY BPEMEHH BBIYHCIISICT PACCTOSHHE
(CKOPOCTD, YMHOKEHHAST HAa BPEMSI JBIKCHHUS ). [ TABHOM TPYIHOCTHIO
MpU HM3MEPEHHU BPEMEHH TPOXOXNICHHUS PATMOCHTHATA SIBIISICTCS
TOYHOE BBIJIETICHHE MOMEHTA €T0 Mepeayn CO CIyTHHKA.

3. CoBepuieHHasi BpeMeHHasi mpuBs3ka. UToObl H30€XkKaTh
BPEMEHHBIX ONIMOOK, HAa CIyTHHUKE YCTAHABIUBAIOT JOPOTHE aTOM-
HBIC YaChl, TOYHOCTh KOTOPBIX COCTABISICT HAHOCEKYH IBI. IMeTh Ta-
KM€ e Yachl B IPUEMHHUKE CIUIIKOM J0poro. OIHAKO MOXKHO 000ii-
THCh W MPOCTBIMH YacaMH, €CITH M3MEPSTh JaIbHOCTh HE J0 TPEX,
a JI0 YeThIpeX CIyTHUKOB. B 3TOM citydae ueThIpe HETOYHBIX U3MEpe-
HUS (C «PACCTPOCHHBIMIY» YacaMH) TIO3BOJIIOT UCKIIOYUTH OTHOCH-
TENLHOE CMEIIEHHE MITKAJTbI BPEMEHU MPUEMHHKA CIICTYIONHM 00pa-
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30M: MPEANOI0KHUM, YAChl IPUEMHUKA OTCTAIOT OT EUHOTO BPEMEHHI
HaBUTAllMOHHOW CUCTEMBI, HAallpUMEpP, Ha MOJICEKYHIbl. Ecnu u3me-
pUTH BpeMsl MPOXOKIEHUS CUTHAja OT YEThIPEX CIIyTHHUKOB U MO-
JIyYUTh HEUCTHUHHBIC WM TCEBAOAATBHOCTH 10 HHUX, TO OKaXKETCH,
YTO BOOOpaskaeMble Cepsl ¢ panyCcaMH, COOTBETCTBYIOIIMMHU STHM
NICEBJ0JAJIBHOCTAM, HE IepecekaroTcsd B onHoM Touke. Torma g
YTOYHEHUS TaJIbHOCTEH KOMIBIOTED PUEMHHKA MPUOABIISET KO BCEM
M3MEPEHUSIM (MJIM BBIYMTACT) HEKOTOPBIM OJMH U TOT YK€ UHTEPBAI
BPEMEHHM /10 TeX IOp, [OKa HEe HaliieT pelieHue, Npu KOTOPOM Bce
YeThIpe BooOpakaeMble c(hepbl EPeceKaroTcsi B OAHOM TOUKE.

4. Onpenesiennie MOJIOKEHUs CIIYTHHKA B KOCMH4YeCKOM MpO-
crpancTBe. UTOOBI BCE M3JI0KEHHOE YCIIEIIHO BBITOJHSIIOCH, HE0O0-
XOJUMO TOYHO 3HAaTh MECTOMOJIOKEHHE KaXKIOTO HABUTAIMOHHOTO
CIyTHUKA. J[7151 3TOr0, BO-TIEPBBIX, CIIYTHUKU 3aITyCKAIOT HAa BBHICOKHE
opOutsl (okoio 20 ThIC. KM), T/ie ABMKEHHE CTA0MIBHO U IPOTHO3HUpPYe-
MO. A BO-BTOPBIX, HE3HAYHUTEIILHBIC U3MEHEHUSI B OPOUTAX MOCTOSIHHO
oTcrnexuBarorcs. [Ipu 3ToM cBeeHHS 0 MECTOIOJIOKEHUU CITyTHHKA
NepeatoTCcs Ha MPUEMHUK BMECTE € KOJJOBOM MOCIE0BATEIbHOCTHIO.

5. Koppexuus 3aaep:kek curnaja. Camplie CyIIeCTBEHHbIE MO-
TCPELIHOCTH B MPOXOXKACHUM BO3HUKAIOT MPH 3aA€PKKE PagruOCUrHa-
na B moHocdepe (ciioe 3apspkeHHBIX YacTull Ha BeicoTe 120-200 xm)
u Tponiocepe (8—18 kM) 3emnm. Benuumna 3anepKex 3aBUCHUT
OT COJTHEUHOM aKTUBHOCTH U MOTOJHBIX YCIOBUH.

Uto0bI clienath OMMOKY MUHHMATBHOMU,

— MOXHO MpPEeJCKa3aTh, KAKOBO TUINYHOE U3MEHEHHE CKOPOCTH
pacnpocTpaHeHUs PaUOBOJIH B OOBIYHBIN JICHb, IPU CPEAHUX UOHOC-
(bepHBIX yCIIOBHSIX, a 3aTEM BBECTH MONPABKY B U3MEPCHUS;

— WCIIOJIB30BAaTh JIBE YaCTOTHI HECYIIUX KoJieOaHui. UeM HUKe
HeCyIas 4acToTa CHTHaJIa, TeM 0OJIbIlle OH 3aMeyisieTcs. Eciu cpas-
HUTD B IPUEMHUKE BPEMEHA PACIIPOCTPAHEHUS IBYX PA3HOUACTOTHBIX
KoMIoHeHT curnana GPS, To ams kaxa0il U3 HUX MOYKHO BBIYUCIHUTD
BpPEMEHHYIO 33/IEPKKy B HOHOC(epe.

I'eomeTpuyecku pabOTy CIIyTHUKOBOW HABUTAIIMOHHON CHCTEMBI
MO’KHO MPOAEMOHCTPUPOBATDH CIEIYIOUIMM 00pa3oM: IMOJIb30BaTENb
HaXOJWTCS B TOUKE MEPECCUCHUS HECKOJIBKHX Cep, IIEHTPaMH KOTO-
PBIX SIBIISIFOTCS] BUJTUMBIE CITyTHUKH. Painychl cdep paBHBI 1aabHOCTH
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A0 KaxXAaoro m3 CIIyTHUKOB. I[J'Iﬂ OMpeACTICHUA MIUPOTHI U JOJIT'OThI
MNPpUCMHHUKY H€O6X0,£[I/IMO MPUHUMATL CUTHAJIbI KAK MUHUMYM OT TPEX
CIIYTHUKOB; HNPHUEM CHI'HajJla OT YCTBEPTOI'O CIYTHHUKA IO3BOJIACT
OIMpeACIUTb U BBICOTY 00BeKTa HaJa NOBEPXHOCTBIO.

Puc. 24. Onpenenenne MeCTONOIOKEHUS
0 PACCTOSHUIO 10 cIryTHUKOB GPS

8.2. IIpumeneHue GPS

Texnonorus GPS ucnonb3yercs He TOIBKO B T€0IC3UH U KapTO-
rpaduu, HO U B 3eMJICIIOJIb30BAHUH, KOJIOTUH, HA3EMHOM HABUTaI[UH,
APXUTEKTYpEe U CTPOUTEIHCTBE, T'€OJIOTHH, PETUOHAILHOM YIIpaBJie-
HUH, JKEJIE3HOIOPOKHOM TPAHCIIOPTE, 00pa30BaHUH, METEOPOJIOTHH,
nemorpaduu, 31paBOOXPAHCHHUH U T. 1.

Crnenyer oTMETUTh 3PPEKTUBHOCTh TPUMEHEHUS JIAHHOM CUCTE-
MBI JIJISl pelieHus 3a7a4d 3emiieyctpoiicTBa. [IpakTuueckoe HCHOIb-
30BaHHUE CITyTHUKOBON HABUTAITMOHHOW CHUCTEMBI BBIABISCT Psif €€
MIPEUMYIIECTB TIPY BBIMIOJIHEHUH 3eMJICYCTPOUTEIIBHBIX Pa0oT:

— TOYHOCTh OTIpe/IeTIeHNs KOOPIMHAT IMyHKTOB ¢ moMolnbio GPS
BBIIIIE, YEM B CITy4Yae MPUMEHEHUS TPAJAUIIMOHHON ChEMKH;

— BpEMEHHBIE 3aTpaThl Ha OMpeIeNieHHEe KOOPIUHAT TOUEK MEHb-
11e, YeM MPH UCTIOIH30BAHUN TPAIUIIMOHHON HA3eMHON CHEMKH;
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— BO3MOJKHO MPOBEACHUE paObOT NPH OTCYTCTBUH NPSIMON BUIM-
MOCTH MEX]y U3MEPSEMbIMH ITyHKTAMHU;

— BO3MOKHOCTb JKCIOPTa PE3yJIbTaToB 00paboTKH B ym00HOM
IS mocnieaytoero ucnois3oBanust [ MC-popmare.

B HacTosiiee BpeMsi CHCTEMBI TTI00aTbHOT0 O3UIIMOHUPOBAHUS
(GPS u TJIOHACC) akTHBHO HCIIONB3YIOTCS TPAHCIIOPTHBIMU CITY K-
0aMu ¥ KOMITaHUSIMH.

B 2008 r. mupoBoii 00beM Bbiycka GPS-ycTpolicTB mpeBbI-
cun $ 30 mipa. Heemotpst Ha HekoTopoe mazenue B 2009 r., ocHoO-
BBIBasICh Ha TEHIEHIMSAX PbIHKA M OLEHKE TEXHOJIOTHYECKOTO pOCTa,
AQHAJMTUKN MPOTHO3UPYIOT YCTOWYMBBIM POCT B OTPACId B TEUCHHE
ommwkaiiimux 15-20 ner. baarogaps BctpauBanuto GPS-nprueMHIKOB
B pa3JInuHbIe ycTpoiicTBa (MOOMIbHBIE TeneOHBI, TUIAHILIETHI) pa3-
Mep MOTEHIHMAJIbHON IOJIb30BaTEIbCKON 0a3bl cepBUCa HABUTALIMH
COCTaBIISIET COTHM MUJIJIMOHOB YEJIOBEK.

8.3. Cywyyecmegyrouwue cucmemol
2/106a/1b6H020 NO3UYUOHUPOBAHUS

Ha ceromns cymiecTByioT JiBe 17100aIbHBIE (TIOKPBIBAIOIIHME BCIO TIO-
BEpXHOCTb 3eMJIM) CITyTHHUKOBBIE PaJIMOHAaBHUTalMOHHBIE cucTembl: GPS
u FIJIOHACC (GLONASS, I'JIO6amsnast HApuranmonsast CrryTHUKOBast
Cucrema — pa3paboTKa COBETCKHX BOCHHBIX B OTBET Ha cozzanue GPS).

B nenom cnytHukoBeie HaBuramuonusie cucrembl GPS u 'JIO-
HACC umerot npuMepHO OAMHAKOBBIE TapaMETPhI U BO3MOKHOCTH X
WCTIONB30BAHMS JJIsI BBICOKOTOUHBIX OTpEZeeHHi, O1aronapsi 3ToMy
UX CUTHAJIBI MOTYT AOTOJHSTE APYT APYra B «THOPUIHBIX» CHCTEMaXx
1 YBEIMYMBATH TOUHOCTH U HAJIEKHOCTH OTpeIeNIeHHs] KOOPIMHAT.

I'asmieo (Galileo) — coBMecTHBIN MPOEKT CITyTHUKOBOH CHCTE-
MBI HaBUrauuu EBponeickoro corwsa 1 EBponeickoro KoCMU4eCcKoro
arentcTBa. HeiHe cymectBytomume GPS-npueMHUKN HE CMOTYT MpH-
HUMAaTh U 00pabaThIBaTh CUT'HAJIBI CO CIIYTHUKOB ['anmieo, XoTs a0-
CTUTHYTa JIOTOBOPEHHOCTh O COBMECTUMOCTH M B3aUMOJIOTIOTHEHHUIO
¢ cucremoil GPS TpeTkero nokoneHusl.

Oxupnaercs, uto «["amuneo» Boitner B ctpoii B 20142016 rr.

Beiinoy. CoOcTBEeHHbIE CITyTHUKOBBIC HABUTAIMOHHBIE CHCTEMBI
ectb y Kutas u MnHnuu, KoTopsle SBISIOTCS perMOHAIIBHBIMU M3-3a

80



MaJIOH TPYNIHUPOBKH M COOTBETCTBYIOMIMX (TE€OCTAlMOHAPHBIX) Op-
out cnyTHHKOB. OHAKO KWTalcKas CIyTHHKOBas cucrema beiimoy
(bonpmast MenBenuia) pa3BuBaeTcsi O4YeHb akKTHBHO. B HacTosiiee
BpeMsl TPYNIUPOBKA COCTABISICT MPUMEPHO 15 ammapaTos, croco0-
HBIX 00ecreyuBarh OnpeesieHHe KOOPIUHAT B a3UaTCKOM PETHOHE,
k 2020 r. miaHupyercs BbIBOJ O0KoJi0 30 CIyTHUKOB M MOCTPOEHHE
r7100aIbHON CHCTEMBbI MTO3ULIMOHUPOBAHHUS AJIsl BCEr0 3eMHOTO IIapa.

OObIYHAs! TOYHOCTH ONPEIETICHUs] KOOPAMHAT OTPEOUTENs, KOTO-
pyro o6ecnieunBaroT cucteMbl GPS 1 GLONASS, cocrasisier 5—10 m.
OnHako Ui MHOTHX TPHJIOKEHHWH, TAKMX KaK HaBUTalMs aBTOMOOH-
Jield, cy10B Ha y3KuX (apBarepax, reoe3uH, HaBUT M JIETaTeIbHbBIX
anmaparoB, MoJ00Hast TOYHOCTh HeZocTaTouHa. {1 yBeTmyeHus To4-
HOCTH MECTOOINpeJIeNeHns] ObUT MpeIoKeH MeTon IuddepeHnrans-
HOMW HaBUTallMK, KOTOPBIA 00ecreYrnBaeT yBelInueHne TOYHOCTH. bazo-
Basi CTaHIIMs YCTAHABJIMBACTCSI B TOUKE C M3BECTHBIMH I'eorpapuyecKu-
MH KoopauHaTaMu. CpaBHUBasI U3BECTHBIE KOOPAMHATHI (TI0JTydEeHHbIE
B pe3yJIbTaTe MPEeLN3NOHHON Te0Ie3NUECKON ChEMKH) C U3MEPEHHBIMU
KOOpJMHAaTaMH, 0a30BbIli HABUTALIMOHHBIM NPUEMHHK (DOPMUPYET T0-
MIPaBKH, KOTOPbIE TIEPEatOTCs HOTPEOUTEIISM 10 KaHAJIaM CBSI3H.

B CIIA ectb mogo6Has coOCTBEHHAs cUCTEMa, KOTOpast TO3BOJISIET
KOppeKTHpoBaTh nHpopmanuio Ha CeBepoaMepUKaHCKOM KOHTHHEH-
Te U B ATJIAHTHKE, aHAJIOTUYHBIE CHCTEMBI ecTh B EBponie 1 Slnoxuu.
CymectByer rnobanbHas cuctema OmniSTAR, xoTopasi ucmosb3yer
pacrpesieieHHy0 CEeTh CTAaHIMK BO BCEM MHpE Ul MOJIy4eHUs WH-
¢dopmarmu co cnytaukoB GPS. CoOpaHHble TaHHBIE TPAHCIUPYIOTCS
Ha 7 reocTalMOHAPHBIX CITYTHUKOB. KakabIil M3 HUX miepeaeT Koppek-
THPYIOLINE MONPABKU MOJIB30BaTEISIM B IIPEAENax CBOEH 30HBI 00Ciy-
xwuBaHusl. [loap30BaTeny NoMyyaroT MONPAaBKHU 110 MOJIHUCKE.

Pe3ynbraThl, Momy4YeHHbIE ¢ TOMOLIBIO AU PEepEeHINATEHOTO METO-
113, B 3HAYUTEIILHOH CTETIEHH 3aBUCST OT PACCTOSHUSI MEXIY TOTpeduTe-
JieM 1 6a30Boii craniueld. [Ipumenenue atoro Merona Handosee 3pdek-
THBHO, KOT1a IPeo0IaJaloIMMHU SIBIISIFOTCSI CUCTEMAaTHYECKUE OLINOKHY,
00yCJIOBIICHHbIE BHEIIHUMH (II0 OTHOILEHUIO K MPUEMHHKY) MPUYUHA-
MH. DTH OIIMOKH B 3HAUUTENBHON Mepe KOMIIEHCHPYIOTCS TIPU OJTM3KOM
pacronoxeHnu 6a30BO CTaHIMK M PHEeMHMKa oTpedutens. [loatomy
30Ha 00CITyKMBaHMs 0a30BOM CTaHLIMK cocTaBIsieT He Oosee 500 kM.
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B Poccun ceifuac cosnmaercsi coOOCTBEHHas KOPPEKTHUPYIOIIAsS
cucrema CHAKM (cucrema auddepeHnmanbHOl KOPpEeKUUH U MO-
HUTOPUHTA) — IIUPOKO30HHAs1 cucteMa AuddepeHIraIbHoi Kop-
peKUMH I POCCUICKON HABUIallUOHHOW CIIyTHUKOBOW CHCTEMBI
I'JIOHACC. KoppekTtupytolme curaansl OyayT peTpaHCIupOBaThHCS
Ha HaBUTAIlMOHHBIE yCTPONCTBA T€0CTAllMOHAPHBIMU CITyTHUKaM.

9. [IporpammHoe o6ecniedyenue I'MC

MOXHO BBIICTUTH HECKOJIBKO KJIACCOB MPOrPaMMHOrO obecrie-
YeHHMs1, pa3NIMYaIOIIUXCsl 110 CBOUM (PYHKIMOHAIBHBIM BO3MOXKHOCTSIM
Y TEXHOJIOTHYECKUM 3TaraM o0paboTku reouHpopmarmu. Cieayer pas-
JIMYaTh CHCTEMBI, PAaclpOCTpaHsIeMble KOMMEPUECKH U paMKaX OTKpHI-
TBIX JHIeH3UH (OecruiatHbie). OTIeNbHO HEOOXOIMMO BBIICITUTh 3aKa3-
HBIE CHEIHAIN3UPOBAHHBIC Pa3padOTKH, BHITIOJIHEHHBIC IOl HHAUBHIY-
QJIBbHBIC MPOEKTHI M HE 0071a1ar0IIHe HEOOXOIUMON YHUBEPCATBHOCTBIO.

[epriii Hanbosee (QYHKIIMOHAIBLHO TOJHBIA KJIACC MPOrpaMM-
HOro oOecrnieueHus — 3T0 HHcTpyMeHTadbHble 'TUC. OHU MoryT
OBITH TMpenHa3HAuCHBI ISl PEIICHUSI CaMbIX pa3HOOOPAa3HbBIX 3ajau:
opraHu3anuy BBoJa MH(popMalmu, ee XpaHeHus (B TOM YUCIIE U pac-
MIPEJCTICHHOT0), OTPa0OTKH CIIOKHBIX MH(OPMAIMOHHBIX 3aIPOCOB,
pelIeHnss TPOCTPAHCTBEHHBIX aHAJIUTHUYECKUX 3aJlad, MOCTPOSHUS
MIPOM3BOHBIX KapT U cxeM (oBepielHble oneparun). Kak mpasuio,
nHcTpyMeHTanbHble [ IC noaaepkuBaioT paboTy Kak ¢ pacTpOBBIMH,
TaK ¥ ¢ BEKTOPHBIMU M300pasKEHUSMHU.

Bropoii k1acc — Ttak HazbiBaemble 'UC-BbIOBEpHI, T. €. TIpo-
rpaMMHBIE€ TIPOAYKTHI, OOECIIEUHBAIOIINE MOJIb30BaHIE CO3AaHHBIMU
¢ nomorbio uHCTpyMeHTanbHbIX [ IC 6azamu nannbix. Kak mpaswuio,
I'MIC-BbroBepsl MPEAOCTaBIIAIOT MOJIB30BATEN0 KpailHe OrpaHHYeH-
HBIE BO3MOXXHOCTH TMOTONTHEeHUs1 0a3 gaHHbIX. Bo Bce [MIC-BhIoBepHI
BKJIFOUACTCSI MHCTPYMEHTApUH 3alpocoB K 0a3aM JIaHHBIX. BeroBephI
OOBIYHO BXOASAT COCTABHOW YacThIO B CPEJHUE U KPYITHBIC MPOCKTEHI,
MO3BOJISISI COKOHOMUTD 3aTpaThl Ha CO3JIaHME YacTh pabouux MecCT,
HE HaJIeJIeHHBIX IPaBaMu MOIMOJHEHUs 0a3bl TaHHBIX.

Cnpasounble kapTrorpaguyeckue cucremsl (CKC) coueraror
B ce0Oe XpaHeHHe 1 OOJILIIMHCTBO BO3MOXKHBIX BHJIOB BH3YaJIN3aI[H

82



MIPOCTPAHCTBEHHO PACIPEeICHHON WH(POPMAIUH, COJIepKAT MeXa-
HU3MBI 3aIPOCOB MO KapTorpaduueckoil u aTpuOyTUBHON UHpOpMa-
LIUY, HO TIPU ATOM CYIIECTBEHHO OIPAHUYUBAIOT BO3MOKHOCTH MOJb-
30BaTelisl B JIOTIOJHEHUU BCTPOSHHBIX 0a3 MaHHBIX. VX 0OHOBICHHE
(akTyanu3ariysi) HOCUT IIUKJIMYHBIA XapaKTep U MPOU3BOIUTCS O0bIY-
Ho noctaBiukoM CKC 3a 1OMOMHUTENBHYIO IIATY.

OTAEnbHO CYIIECTBYET IEJbIM KJIACC MPOTPaMMHOI0 odecreue-
HUsl, CBSI3aHHBIA C BBOJOM KapTorpapuueckoil ocHOBbL. BekTopm-
3aTOPbI PACTPOBBIX KapTOrpapuuecKkux H300paKeHUH CHA0KATCS
WHCTPYMEHTAPHEM aBTOMATHYECKOTO (I0JyaBTOMAaTUYECKOI0) pac-
[MO3HABAHUS KapTOTPapUUECKUX YCIOBHBIX 0003HAUEHUH M CIIOCOO-
CTBYIOT YBEJIWYCHUIO TOYHOCTU U MPOU3BOAUTEIHLHOCTH TPyla MpU
BBOJIe IU(POBOI OCHOBEI.

Crnenyrommii Kjaacc MporpaMMHOIO O0OECIieUueHUs — CPeACTBa
NMPOCTPAHCTBEHHOI0 MojJeJupoBaHus. VX 3amaua — mopgenupo-
BaThb MPOCTPAHCTBEHHOE paCIpelesCHUE PAa3IMYHbIX [apaMeTpoB
(penbeda, 30H IKOJIOTUYECKOTO 3arpsS3HEHUs, YYaCTKOB 3aTOILUICHUS
IIPH CTPOUTENILCTBE TUIOTHH U Apyrue). OHU ONMUPAIOTCS HA CPECTBA
paboThl ¢ MATPUYHBIMH JIAHHBIMU U CHA0XKAKOTCS Pa3BUTBIMU CPE/I-
CTBaMU BU3YyaJIU3ALIUH.

CpencrBa 00padoTkn U JemiM(pPOBaHUs JAHHBIX 30HAUPO-
BaHuii 3emun. CroJla OTHOCSITCS MaKeThl 00pa0OTKH H300PaKEHHUIA,
CHaO)KCHHBIE MaTeMaTUYEeCKHM allllapaToM, IO3BOJISIONUM TIPO-
BOJUTH OMEPALMd CO CHUMKAMHU MOBEPXHOCTH 3eMJIU. JTO AOBOJb-
HO IIUPOKUN HAOOp omeparuii, HAaYMHAasE CO BCEX BHUJOB KOPPEKIIHH
(onTHYECKOH, TeOMETPUYECKOI), uepe3 reorpa@uyecKyro MPUBSI3KY
CHUMKOB, BIUIOTh JI0O 00pa0OTKM CTepeomap C BbIayeil pe3yibTara
B BHUJI€ aKTYaJIU3UPOBAHHOTO TOMOILIAHA.

Kpome ynmomsiHyTBIX KJIACCOB, CYIIECTBYET NPOTPAMMHEIE CPE-
CTBa, MAHUMYJIMPYOIIUE MPOCTPAHCTBEHHOW WH(pOpMAIIHEH, HAIIPH-
Mep CpelicTBa 00paOOTKH MOJIEBBIX I'€0Ae3UIECKUX HA0II0IeHUH (T1a-
KeThl, IpeAaycMaTpuBatoniue p3anmoaeiicraue ¢ GPS-npuemuukamu,
ABTOMATU3UPOBAHHBIM T€OC3UYCCKUM O0OpYyIOBaHHEM), CPEICTBA
HaBuranuu u [10 s pemenus emre Ooliee Y3KUX MPEIMETHBIX 3a1a4
(M3BICKAHUS, SKOJIOTHS, THIPOTCOIOTHS U TIP. ).
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Konmpon bHbIe 80NpPOCsui

. TTC: onpenenecHue, moHsATHE.
. llonsiTusa mpocTpancTBeHHbIX AaHHbIX, b/l 1 CYB/I.
. Ilpupoza reorpaduueckux JaHHBIX, MPOCTPAHCTBEHHBIE CBSI3H.
. Koopnunarabie u aTpOyTHBHBIE TaHHBIE.
. Tunb! naHHBIX, cOCcTaBISIOMMX HHpOpMaLoHHyto ocHoBY [ MC.
. Cea3p 'MC ¢ Hay4HBIMU TUCLUIIMHAMY U TEXHOJOTUSIMHU.
. Tunoble Bonpocsl, Ha koTopsle oTBevyaeT [ IC.
. ®ynkumoHaneHas crpykrypa ['MC.

9. Ornnuust ['IC ot npyrux aBTOMaTU3UPOBAHHBIX CHCTEM.

10. Knaccuduxauus I'MC.

11. O6nactu npumenenus ['MC.

12. TIpumenenne 'MC B mpupo100XpaHHOHN A€ATEIbHOCTH.

13. OcnoBHble TpeOoBaHus, npeabssisiemMbie k [ UC. Boimonnse-
MBbI€ 3a/1a4H.

14. OnpeneneHne MOJIOKEHUSI TOUEK Ha MOBEPXHOCTH 3EMIIH.
Cucrembl KOOpAMHAT.

15. Homenknatypa u pasrpadxa Tonorpaduyeckux Kapr.

16. Buasl npoexiuii 3eMHON TOBEPXHOCTH.

17. Ilpoekmonnble peodpazoBanusi. Haubonee yacto uUcCmoss-
3yeMble ITPOEKLINH.

18. O0mme npuHIUIBI TOCTpOoeHUs Mojenel nanHbix B ['UC.

19. OBeprneiinble CTPYKTYpHI.

20. Kaprorpaduueckue ocHoBbl ' MC-TexHOIOTH.

21. B3auMocBsI3u MeEkKAy MPOCTPAHCTBEHHOW M aTpHOYTHUBHOH
HHpOpPMALTUEH.

22. ba3oBble THITBI IPOCTPAHCTBEHHBIX OOBEKTOB.

23. Mopenu npocTpaHCTBEHHBIX JTaHHBIX, IpuMeHseMble B [TIC.

24. PactpoBast MOJI€b JaHHBIX.

25. KBagporoMuieckast MOJIEsb JaHHBIX.

26. OCHOBHBIE 1IBETOBELIE MOJICIIH.

27. BekTopHbIe (TOMOJIOTHYECKAsI M HETOIIOJIOTHYEeCKast) MOJEITH
JTaHHBIX.

28. Cetu TIN u nonurons! Tuccena.

29. CpaBHEHHUE pacTPOBOM U BEKTOPHON MOJieel JaHHBIX.

30. PacTpoBo-BeKTOpHBIE TPEOOPa30BaAHHUS.

03N L BN~

84



31. TexHuueckue cpeicTBa BBOJIA MO3UIIMOHHON UH(POPMAIIHH.

32. lludpoBanue: ciocoObI U ATAIBI.

33. [IpoGnemsr nudpoBaHus.

34. To4HOCTh KOOPAMHATHBIX M ATPUOYTUBHBIX JIAHHBIX.

35. Kpurepun kadectBa u)poOBbIX KapT.

36. Ilo3unmonupoBanue u reokoaupoBanue ganusix B I UC.

37. JlucTaHIMOHHOE 30HIUPOBaHUE 3EMIIH.

38. CriyTHUKU JUCTAHIIMOHHOTO 30HAUPOBAHUS 3EMIIH.

39. DAEKTpOMArHUTHBIE AMAMA30HBl U TEXHUYECKHUE CPEICTBA
JTUCTAHIIMOHHOT'O 30HIUPOBAHMS 3EMIIH.

40. UnTepnperanys JaHHBIX AUCTAHIIMOHHOTO 30HAUPOBAHUSL.

41. I'moGanpHas cUCTeMa O3UIIMOHUPOBAHUS: IPUHITUT PaOOTHI.

42. CylecTBYIONUE CUCTEMBI TJI00ATBHOTO MO3UIIHOHUPOBAHUS.

43. YcTpolcTBO, BO3MOXKHOCTH U ucnonb3oBanue GPS-
HaBUTATOPA.

44, MopaenupoBaHKE reON300paKeHUH.

45. Buzyanuzanus B TUC.

46. Lludporoe MoienupoBanue peibeda.

47. CTpyKTypa SKCIEPTHBIX CUCTEM.

48. Anamopdo3sl.

49. TUC: mporpaMMHbI€ TIPOTYKTHI.

50. Ucnone3zoBanue I'IC Ha npumepe 0 HOM U3 IPOrpaMM.
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10. CucTtemMbl NOATOTOBKH, 0OPa0OOTKH
Y aHA/IU3a JAaHHBIX

CeronHst KOMIIBIOTEPHBIC TEXHOJIOTUN TPUMEHSIIOTCSI PaKTHUe-
CKHM Ha BCEX 3Tarax uccieqoBanus (Tadim. 4), B TOM 4ucie B 001acTu
SKOJIOTUU U TPUPOIOTIOIH30BAHHS.

Ilpozpammmnoe obecneuenue
OCHOBHBIX IMANOE HAYUHO20 UCCIE006AHUA

Tabnuua 4

1 N300paKeHNH,

Omanwi Dopmvl
Cnocobwi pabomsi P Ipoepammnoe
uccnedo- . npeocmasieHus
¢ ungopmayuetl obecneuenue
6aHUs pe3ynbmamos
1 2 3 4
B Nudopmannon-
3 ITouck u npenBa- bop
= . HO-TIOMCKOBBIE
& pUTENbHBIN Monenu o0beKTa CUCTEMEI
g aHaIN3 MCCIIEIOBAHUS, SarKi I[a’HHLIX
ST
5 nHpOpMATIT 0030p METOIOB o
® 1 3HaHUH
g 0 COBPEMEHHOM U PE3YJIBTaTOB TCKCTOBLI’G
= COCTOSIHUH HCCIICIOBAHHUS W rpaduuecKue
= IPOGJIEMBI p
peIaKTopbl
o Pacuer HeoOxo- Cxema u rpaduk DNeKTpOHHBIE
= E IMMOTO 00BbeEMa TIPOBEICHUSI TaOJIHIIBI,
g g U OTIpeIelieHIe WCCIICZIOBAHMSL, [UIAH | TEKCTOBBIE
= > CTPYKTYpBI 9KCIIEPHMEHTOB, u rpapuyecKue
[} v
5 Marepuana, TUTAHUPYEMBIi peIaKTopshl,
= 2 IUTAHUPOBAHHUE HabOp HEOOXOUMBIX | CTaTHCTHYECKHE
9KCIEPUMEHTOB OITBITOB TTaKeTHI
‘V4eTHbIe BEIOMOCTH,
% n1a6opaTopHbIe
e}
o JKypHaJIBl. MacCHBBI
S Habmonenue
EE A ’ JIAHHBIX, TOJTyYeHHBIX
S 9KCIEPUMEHT, CrernmanbHoe
g5 B pe3yibTare
2 A KOMITBIOTEPHOE o
S = OIU(POBKHU KPUBBIX
= g MOJIC/TUPOBAHHE
g
Q
S

KOMIIBIOTEPHOTO
MOACIIMPOBaAHUA
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) 2 3 4
CrpyKTypH3aIs
o % JIAHHBIX, OpPraHH- Berpoennsie
= =
=z 331 IPOBEPKA | o niapmmix, 1 aBTOHOMHBIE
5 S JIaHHBIX TIPU CUCTEMBI
o X nannsle T YIC
S g BBOJIE, BBOJ, YIpaBICHUS
\© HMIIOPT M 3aIUTa 0azamMu JaHHBIX
JTAHHBIX
y Pabota ¢ BeIOpO-
z caMH | IpoITy-
5 IIEHHBIMU
< ONeKTPOHHBIE
¢ 3HAYCHUSIMH,
o JlaHHBIE, TIONTOTOB- TaOIHIIB,
[ npeoOpa3oBaHme
g5 JICHHBIC JUIS aHAJIN3a | CTAaTHCTHUYECKHE
S JIAHHBIX, pacyeT
& TTaKeTHI
g, HHJIEKCOB, 3KCTIOPT
8 U BU3yaln3anus
JTaHHBIX
[TakeTs! Hay4-
I'padukn, maremarn- .
HOM TpaduKH,
. YECKHEe MOJIEN
I'padpmaeckmii N AIIEKTPOHHEIE
3aBHCHMOCTEH,
aHaIn3 TaOJIMIIBI,
CTaTUCTUYCCKHE
x CTaTUCTUYECKHE
5 JTAaHHbIE
= TIAKeThI
T
= Crarucrtuueckuit | Tabmuupl, rpadukn, | Crarucruyeckue
2 aHaIN3 CXEMBI TTaKeThI
= DJeKTpOHHBIE
< Amnanus KapThl, CXEMBI
I'eonngopma-
TeoNpOCTpPaH- PpacIoIoKeHNs
o LINOHHBIE
CTBEHHBIX CTaHIMH, TAOIHIIBI
CHCTEMBI
JTAHHBIX MIPOCTPAHCTBEHHBIX
JIAaHHBIX
Wurepnperanus dusnueckas, Wudopmaru-
o 9KCTICPUMEHTAIb- | XUMHUUECKas, OHHBIE PECYPCHI
2 HBIX PE3YIBTaToB Oronornueckas Wntepuera n
z Ha OCHOBE JIMTEpa- | KOHLENTYyaJlbHast JIOKAIIbHBIX 0a3
X TYPHBIX JQHHBIX. OCHOBA MOJIEITH. JTAaHHBIX.
[0
£ ITakeTsl MomeIH-
= MopnenupoBanue o
&) I'padoanann- POBaHMS CBOM-
«CTPYKTypa —
o THYECKUE MOJIEIN CTB, MaTeMarH-
CBOWCTBa»

YCCKHUC ITaKCThI
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1 2 3 4
o AHanuTH4eckue Anroput™mu-
(D] —
= = Maremarnueckoe MOJICITH; qyeCKUe SI3bIKHA
5 CE MOJIETTUPOBaHNE HMHUTAIlMOHHEIE IIPOTpaMMH-
MOJIeNTH pOBaHHMs
<
0 9 T'MC, nmura-
[&]
8= & IIporno3upona- [Iporuo3ssl u IIMOHHBIE
£ 3 2 | HHe M OKCIIEPTHOE | IKCIIEPTHbIC MOJIeNH,
o
e g, % OlLICHUBaHHE 3aKJTIOUEHUS SKCIIEpPTHBIE
= CUCTEMBI
L Odopmienne Tekcr ¢ wocTpa- S ——
5 pe3yabTaToOB TUBHOW TpaduKoii, p
(TEeKcToBEIE,
g UCCIICIOBAHUS Tabnuamuy,
rpadudeckue,
Q § B BUAC KYPCOBBIX MareMarTu4dyeCKuMu
g MaTeMaTH4eCKUX
Z Y TUTIIIOMHBIX 1 XUMUYECKUMHU
= g 1 XUMHYECKUX
! paboT, HayYHBIX thopmymnamu, bopny)
Z 9 OTYETOB M CTaTell | cXeMaMu, KapTamu PMY
Q
Q
c% = IIpencrapnenue
5 m Mynbru-
g o pe3ynbTaToB o
o5 [Tpesenranun MeuiHbIC
ST HCCIICIOBAHUS B
=2 TTaKeTHI
q:; 2, (hopme mokmama
= O
o & O06cyxnenue
nterne CJIICKOMMYHMH-
= YA Internet, T y
Z, pe3yNbTaToB
° u 06MeH QJICKTPOHHA 11o4Ta, KAallMOHHBbIC
= . TeneKoH(pEPEHIUM MaKEThI
@) nHdopmaren

Haubonbimuit wHTEpEC A UcchenoBareNeld B 001acTu OUoIo-
MU, DKOJIOTHA W XHMHH TIPEJICTABISIOT UHTETPUPOBAHHBIC CHCTE-
MBI (Statistica u 1p.), BKIIIOYarOImue pasHOOOpa3HbIE CPEACTBA TO-
TOTOBKH, OOpabOTKM M aHallu3a JaHHBIX, (POPMHUPOBAHHS OTUYCTOB.
IMomo6HbBIC YHUBEPCATBHBIC MAKETHI MOTYT MPUMEHSITHCS TIPAKTHUC-
CKH Ha BCEX JTarax HayYHOTO UCCIICIOBAHHUS.

Ii1anupoBaHue uccae 0BAHNS

Pacuem obwema neobxooumoco mamepuana JIs BBITOTHEHUS
paboThl HEOOXOMMO TIPOU3BECTH 3apaHee, YTOOBI MIIAHUPYEMbIC BbI-
OOpKH OTBeyalld TPEOOBAHHIO PENPE3CHTATHBHOCTH. JTO OCOOCHHO
Ba)KHO TIPH TIPOBEJICHUN MCCIICJIOBAHUIT B MOJEBBIX YCIOBHSX (B BOJI-
HBIX M Ha3eMHBIX dKochcTeMax). [Ipu 3ToM HEOOXOJANMO YUYHUTHIBATH
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MIPOCTPAaHCTBEHHO-BPEMEHHBIE 0COOCHHOCTH (D)YHKIIOHUPOBAHUSI 00B-
eKxTa uccnenoBanus. [1ogoOHBIN pacyeT MOYKHO MPOBECTH, HAIIPUMED,
B 3JIEKTpOHHBIX Tabnuiax MS Excel mo cooTBeTcTBYIOIIMM (hOpMyIam.

IInanuposanue sxkcnepumenma. ViccienoBaHue Ha3bIBAeTCS HKCIIE-
PUMEHTOM, €CIIM BXO/HBIE MEPEMEHHBIE U3MEHSIOTCS B TOUYHO YUHTHI-
BaeMBIX YCIIOBUSIX, TIO3BOJISISI YIPABIISATH XOJIOM OIBITOB M BOCCO3/1aBaTh
HX PE3yJIbTaThl KQKBIN pa3 MpHU MOBTOPEHUH C TOUHOCTBIO 70 Cy4aii-
HbIX o1nOoK. [Toa muanupoBaHueM SKCTIEpUMEHTa MOHUMAETCS MTPoLie-
Jypa BbIOOpA YHCIIA OMBITOB M YCIIOBUM MX MTPOBEACHHS, HEOOXOJMMBIX
JUTSL pELICHHST [TOCTABICHHOH 3aa4 ¢ TpeOyeMOH TOYHOCTBIO.

[InaHnupoBaHne 3KCIEPUMEHTAa OTHOCUTCA K CTaTHCTHYECKUM
MpoLEeAYypaM U pean30BaHo B Moaye «llmaHupoBaHue 3KkCriepuMeH-
Ta» MHOTUX CTaTUCTHYECKUX [TAKETOB, HaNpuMep Statistica.

Ionyyenne HCXOTHBIX JAHHBIX

Jannsie — 510 MHGOpMaNKs, MONyYeHHAs ITyTeM HaOJII0JeHNUs
WM SKCTIEPUMEHTA M MpeJCTaBIeHHas B (hopMe, IPUTOAHOH LIS 1MO-
CTOSTHHOTO XpaHEHUs, epeaayn, 00padOTKH 1 aHaIH3a.

Co3nanue 6a3 1 MACCHMBOB JAHHBIX

ba3a naHHBIX — 3TO COBOKYITHOCTB CBSI3aHHBIX JaHHBIX, OPTaHU-
30BaHHBIX 110 ONPEAETICHHBIM NpaBUiaM, MPEAyCMaTPUBAIOIIUM 00-
LIMe NPUHIMITBI UX OMMCAHMS, XPaHEHHs W HCIoNb3oBaHus. PaboTa
¢ 0azamMM aHHBIX OCYILECTBISIETCS C MOMOIIBIO CHCTEMBI yIpaBiie-
Hus 6a3amu nanHbX (CYB/).

Jlrobast ©aza maHHBIX B CBOEH OCHOBE HMMEET OINpEeICHHYIO
CTPYKTYpY OpraHu3aliy JaHHBIX — CXeMy MH(OPMalMOHHOTO Mac-
CHBa, B COOTBETCTBHHU C KOTOPOH YHOPSJOUYCHBI JaHHBIE, C TEM YTOOBI
HX MOYXHO OBIJIO HHTEPIPETHUPOBATH U BHIOJIHATH HAJl HUMH OTIpeie-
JICHHBIE ONEPaLUH.

[pocreiimieii 6a30ii TaHHBIX SBISETCS OOBIYHBIN JMCT DIEKTPOH-
Hoii Tabwmiiel, Hanpumep MS Excel, cocrosiumii u3 cTon0I0B U CTPOK
U COAepKaluii CTPYKTYPUPOBAaHHBIH HHPOPMaMOHHBIH MaccuB. [1o-
JOOHBIE AIICKTPOHHBIE TAOIMIBI UCTIONB3YeTCsl B OOJBIIMHCTBE IMPO-
IpaMMHBIX MTPOTYKTOB, CBA3aHHBIX C 00pabOTKOW 1 aHATM30M JaHHBIX.

Hanpumep, nannble B cucteme Statistica opraHH30BaHbl B BHJIE
ANIEKTPOHHOM TaOMMIBL, coIep)Kallell MepeMeHHbIe W HaOJIOICHUSI.
[lepemeHHBIE MOKHO pacCMaTpPHBATh KaK SKBUBAJIEHT CTOJIOLOB, a Ha-
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OJroIeHNsT — CTPOK OOBIYHOM AneKTpoHHOM Tadbmuiel MS Excel. Kax-
Joe HaOJIOJIEHHE COCTOUT W3 Habopa 3HAYeHWH nepeMeHHbIX. OHH
MOTYT COJIEpXKaTh KaK YHCJICHHYIO, TaK U TEKCTOBYIO WH(OPMAIIUIO.
JlaHHBIC B DIIEKTPOHHOI TaOJMIlE MOTYT MMETh pa3jindHbie (opma-
ThI, HAIIPUMED JIaThl, BpEMEHU, Hay4HbIi dopmar u ap. [lepemeHHbIe
Y HaOJIFOJICHUST MOYKHO JI00aBJISITh M YIAJISTh U3 TAOIHIIBI UCXO/THBIX
JIAHHBIX, BEIOMpAsi C IIOMOIIIBIO KHOIIOK Vars (nepemennvie) wim Cases
(Habr0OeHUs) Ha TIAHESITU MHCTPYMEHTOB COOTBETCTBYIOIIYI0 KOMaHIY
13 BBINAIAIONIMX MeHIO: Add — no6aButh, Delete — ynannTh.

BBectu naHHBIC B 3JISKTPOHHYIO TaOJIUILy MOXKHO OJTHUM M3 Clie-
JYIOIIUX CIIOCOOO0B:

* HemocpeicTBEHHO BBECTH UX C KlIaBUATYyphl. B cucteme Statis-
tica IMEIOTCS pa3BUTHIC MHCTPYMEHTAIBHEIC CPEJICTBA I aBTOMATH-
3ally PYYHOTO BBOJIA JIAHHBIX.

* Bocrionib30BaThCsl JIaHHBIMH, TIOJITOTOBJICHHBIMU B JIPYTOM
MIPIJIOKEHUH, UCTIOJB3Ysl ONEPAlli KOTIMPOBAHUS JJAaHHBIX Yepe3 hy-
¢ep obmena.

Eciu B Xo&ie BBIMIONHEHUS] WCCIICIOBAHUS TPUXOTUTCS HUMETh
JIJI0 C TeONPOCTPAHCTBEHHBIMU JaHHBIMH (03HAYAKOT WH(OpMa-
LU0, KOTOpasi HISHTH(PHUIUPYET Teorpaduueckoe MECTONOIOKEHHE
Y CBOWCTBA €CTECTBEHHBIX MJIM UCKYCCTBEHHO CO3/IaHHBIX OOBEKTOB,
a TaK)Ke UX TPaHUI] Ha 3eMJIe; 3Ta MH(DOPMAIIUs MOXKET OBITh TOJTyYe-
Ha C IMOMOIIbIO, TOMUMO WHBIX ITyTEH, TUCTAHIIMOHHOTO 30HMPOBa-
HUSI, KapTOrpaUPOBAHUS U PA3INIHBIX BUIOB), TO IS CHCTEMATH3a-
LMW U XPaHEHUs JIaHHBIX Iiejecoo0pa3Ho ucnosb3oBath [ IC. Hano
OTMETHUTb, YTO OOJIBIIMHCTBO coBpeMeHHBIX [ IC naetT BO3MOKHOCTB
HaIpPSIMYIO UCIIOJIB30BATh JIAHHBIC AJIEKTPOHHBIX Ta0uu Excele u mp.

[lepen HenmocpenCTBEHHBIM BBOJIOM JaHHBIX PEKOMEHYETCS Op-
raHW30BaTh UX MPOBEPKY, a MOCIIe BBOJA — pas3iIUu4HbIe (OPMEI 3a-
IUTH UH()OPMAITUHU OT TIOTEPH WIA HECAHKIIMOHUPOBAHHOTO JIOCTY-
na. MadopMaiuio B MoAroTOBJICHHYIO 0a3y JaHHBIX MOYKHO UMIIOP-
TUPOBATh U3 IPYTUX 0a3 JaHHbBIX.

O0paboTka TaHHBIX

[Ipexxae ueM mpUCTYNUTh K aHAIHU3Y JAaHHBIX, HEOOXOMMO TIPO-
M3BECTU HMX MPOBEPKY HAa HAIMYHE OMIMOOK, a TaKKE OCYIIECTBHTH
MIPEIBAPUTEIBHYIO MOJTOTOBKY.

90



BrisiBiieHre OmIMOOK CBOJIUTCS K MPOBEPKE COOTBETCTBHUS 3HA-
YeHHi B 0a3e JaHHBIX MPUEMIIEMOMY IHAla30Hy, YCTAaHOBICHHOMY
JUIs TaHHOHM mepeMeHHO#. Kpome Toro, ciemyer oOpaTuTh BHHMa-
HUE Ha aHOMAJIbHBIE, PE3KO YKIOHSIOIIMECS 3Ha4YeHUs (BBIOPOCHI),
KOTOpBIC MOKHO OOHAPYXHUTh HA JUarpaMMmax pacCcesiHus, U Ha Ipo-
MyIIeHHbIe 3HaYeHHS. [Ipr UX HAIMYMK IPUMEHSFOTCS CIICIIUAIbHBIC
MeTOABl 00PabOTKH TAaHHBIX.

3a4acTyro yKe NpEJICTaBJICHUE JaHHBIX B TPa)MueckoM BHUEC TO-
3BOIISIET HIACHTH(UITMPOBATH BBINAIAIOIINE TOYKA H OTOPOCUTH UX JTHO0
[TOBTOPUTH KCIIEPUMEHT B YCIOBHSX COMHUTEIIBHOTO PE3YJIbTATA.

[IpakTrueckn B KaXKIOM IakeTe 00padOTKHU M aHAIIM3a JaHHBIX
HMEIOTCSl BO3MOXHOCTH MPEOOpa3oBaHusl TaHHBIX IS aHanu3a. Ha-
npuMep, B cucteme Statisica MOXXHO BBIYHCIHTH HOBBIC JIaHHBIC
Ha OCHOBE YK€ BBEJICHHBIX ITPH TIOMOIITH (DOPMYII, KOTOPHIE 3aAaf0TCA
B QJIEKTPOHHOM Tabmuie. [Ipu 3ToM uMeeTcss BO3MOKHOCTh OBICTPOTO
JIOCTYTIa K OOJIBIIOMY KOJMYECTBY MaTeMaTHIECKUX (DYHKITUH, OITy-
CKAaeTCs MCII0JIb30BAHUE M JIOTHUECKUX OIIEPATOPOB.

Ha »ToM aTare ncxoaHble TaHHBIE MOXKHO MPEo0Pa30BaTh B pas-
JUYHBIC WHIEKCH: Mopdomerpuieckue, Mophodhnu3noIorndeckue,
Tpo(oJIOTHYECKHE, BUIOBOTO Pa3HOOOPa3Msl, KAauecTBa OKPYIKAIOIICH
cpensl u np. Hampumep, Ha OCHOBE AaHHBIX MO BHAOBOMY COCTaBY
COOOIIECTB U YUCIICHHOCTH OT/ICJIbHBIX MOMYJISIUI PACCUUTHIBAIOTCS
WHJIEKCHl BUJIOBOTO Pa3HOOOpa3usi, KOTOPhbIE B JaTbHEHIIEM MOYKHO
HCIIOJIb30BaTh B JIFOOBIX CTATUCTHYECKUX MIPOIeaypax. PacueT numek-
COB yI0O0HO MPOBOJIUTH B AJIICKTPOHHBIX TaOJIHIIAX, TPHYEM PEKOMEH-
JyeTcsi co3/1aTh 0a3y NaHHBIX PA3HOTHUITHBIX HHJIEKCOB.

AHaJIN3 TaHHBIX

KommbroTepHble cHCTEMBI JUIS aHaiwW3a JaHHBIX OTHOCSTCS
K HAyKOEMKHM IPOTPaAaMMHBIM ITPOJYKTaM. Y CJIOBHO UX MOYKHO pa3-
JICIITh HA CHUCTEMbl BH3YaJH3allMH JaHHBIX (TIAKEThl HAyYHOU Tpa-
(mKn), cTaTUCTHYECKWE W MaTeMaTthdeckue makeTbl. OCHOBHBIMU
MPOrPaMMHBIMU TIPOAYKTAMH, MCIIOJIb3YEMbIMUA B Y4€OHOM IPOIIEC-
ce 1 HUPC nns ananmsa HaHHBIX, SBISIOTCS SJIEKTPOHHBIE TaOIUITHI
MS Excel, cratuctuyeckue makeTsl Statistica u ap.

I'papuyeckuii anau3 JaHHBIX

Kamezopuzosannvie epagpuxu. OmaumM n3 Hanbosee MOIIHBIX Me-
TOJIOB Tpa)UueCKOr0 aHAIIN3A SIBJISICTCS Pa3/IeJICHIE TAHHBIX Ha IPYTI-
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Bl 7151 CPAaBHEHUSI CTPYKTYPBI MOJYUYHBIIMXCS MOJMHOXKECTB. DTH
METOABI MIUPOKO MPUMEHSIOTCS KaK B Pa3BEJOYHOM aHAJIM3€ JaH-
HBIX, TaK U [IPU IPOBEPKE TMIIOTE3 M M3BECTHBI MOJ] pa3HBIMU Ha3Ba-
HUSAMH (Kraccugurayus, epynnuposKka, Kame2opuzayus, pazouenue,
paccroenue n np.). Hanpumep, pa3OueHue BBIOOPOYHBIX MOITYJIs-
LUOHHBIX JaHHBIX Ha MOJMHOXKECTBA, COOTBETCTBYIOIINE TTOJIOBBIM,
BO3PACTHBIM, Pa3MEPHBIM, IPOCTPAHCTBEHHBIM U HHBIM TPYIIIaM.

KarteropuzoBanuble rpa)uKy MO3BOJSIOT BBISIBHTH 3aKOHOMEP-
HOCTH, KOTOPbIE TPYAHO MOJAAIOTCS KOJMYECTBEHHOMY ONHCAHHIO
1 KOTOpBIE BEChMa CJIOKHO OOHAPYKUTh C IMOMOILBIO BHIYUCIUTEIb-
HBIX Tponenyp. B aTux ciydasx kareropmzoBaHHble rpaduku npeao-
CTaBJISIIOT YHUKAIbHBIE BOBMOKHOCTH MHOTOMEPHOTO aHAJTUTHYECKO-
IO UCCIEOBAaHUS WM «I0OBIYM» JaHHBIX.

Juaepammer pacceanus. JIByMepHbIe AUarpaMMbl paccesHHs Uc-
MOJIB3YIOTCS TSl BU3YalIM3allil B3aMMOCBSI3ei MEXIy ABYMS Iepe-
MeHHbIMH X U Y (Hampumep, BecoM U pocToM). Ha 3tux auarpammax
OTIEJbHBIC TOYKHU JTAaHHBIX MPEICTaBICHB MapKepaMH Ha IIOCKOCTH,
IJIe OCH COOTBETCTBYIOT mepeMeHHbIM. J[Be koopaunatel (X u Y),
OTIpEEIISIONINE MOJI0KEHNE TOYKH, COOTBETCTBYIOT 3HAYCHUSIM Tepe-
MeHHbIX. Eclin MexXly mepeMeHHBIMH CYIIECTBYET CHIIbHASI B3aUMOC-
BSA3b, TO TOYKH Ha Tpaduke 00pa3yloT YHOPSIOYEHHYIO CTPYKTYPY
(HampuMep, MpSIMYTO JTMHUIO MJTH XapaKTEepHYIO KpuBYyI0). Eciu nepe-
MEHHBIE HE B3aMMOCBS3aHbl, TO TOUKU 00Pa3yroT «00IaKoy.

I'padmyeckuii aHanu3 JaHHBIX MOKHO MPOBOIHUTH B CIIELUATN3H-
POBaHHBIX MaKeTax HAy4YHOH rpadMKu U B MHTETPHUPOBAHHBIX CHCTEMAax
aHanm3a JaHHbIX. Hanpumep, cuctema Statistica o0nagaeT MMpPOKAMU
rpaduueckuMu BO3MOKHOCTSIMU. OHa BKITIOYaeT B ceds OoJbIIoe KO-
JIMYECTBO Pa3HOOOPA3HBIX KAaTEropuii M TUMOB rpaduKoB (BKIIOYas Ha-
yUHBIE, JICTIOBBIE, TPEXMEPHBIEC M IBYXMEPHBIC TPAQUKH B Pa3IHYHBIX
CHCTEMaxX KOOPAMHAT, CHIEUATM3UPOBAHHBIC CTATUCTHYECKHE TPadHKU
— TUCTOTPaMMBbl, MAaTPHYHBIE, KATETOPH30BaHHbIE TPA(UKH U 1IP.).

B cuctemy Statistica BKIIIOYeHO OOJBIIOE KOJIMYECTBO MHCTPY-
MEHTOB HAaCTPOWKU BCEX KOMIOHEHT rpadukoB. Mmeercs BO3MOXK-
HOCTB BbIOOpa Pa3IUUHBIX THIIOB JMHUH, (OPMATOB pa3METKH OCeil,
LBETOB, JIETE€H/I, Ha3BaHUH U Apyrux arpuOyToB rpaduka. Hacrpoen-
HbIE aTPUOYTHI MOTYT OBITH COXpPaHEHBI B CIIELUAIILHOM (aiine u mo-
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TOM MPUMEHSATHCA K ApYyruM rpadukam. JocTyn Ko BceM OCHOBHBIM
KOMaHJaM HaCTPOWKH pealn30BaH MPH MOMOLIH KOHTEKCTHBIX MEHIO,
KOTOpbIEC MOSBIISIFOTCS MPH HAKATHK Ha MPaBYIO KHOIKY MBIIIH, 00-
LIET0 MEHIO U U3 MaHeJIH HHCTPYMEHTOB rpaduKa.

I'paduueckue cpencTBa cucteMbl Statistica JOCTYNHBI B JTIOOOM
CTaTUCTUYECKOM MOJIyJIe U Ha JIFO0OM Ilare CTaTUCTUYECKOTo aHaH-
3a. OHH MOTYT OBITh UCTIOJIB30BAHbI B LIEJISIX:

* BU3yaJIM3allMM YHMCJICHHBIX M TEKCTOBBIX 3HAYEHUH Hemocpen-
CTBEHHO M3 AJIEKTPOHHOM TaONUIBI ¢ UCXOAHBIMH JTaHHBIMH WU Ta-
ONUIIBI ¢ pe3yJIbTaTaMH aHAIIN3a;

* BBIBOJIA PE3yJIbTATOB CTaTHCTUYECKOTO aHAIN3a B BHJE MOCIIe-
JOBaTeNbHOCTH (04yepenn) rpadukoB. s 5Toro B JMaaoroBbIx OKHAX
BCEX CTATHCTHUYECKHUX MPOLEAYP UMEETCS BO3MOKHOCTD IOCTPOCHHS
Pa3NUYHBIX, peIHAa3HAYCHHBIX UMEHHO Ul 3TOTO BUJA aHaIu3a TU-
OB IpagMKOB.

Busyanuzanms JaHHBIX SIBISICTCS BaKHBIM STAallOM CTaTHUCTH-
yeckoro aHanmza. O4eHb BaXHO MoA00paTh BUI rpaduka, KOTOPbIH
COOTBETCTBYET MCCIIEAyeMbIM JaHHbIM. B cuctemy Statistica BKJIro-
YeHbI y100HbIE HHCTPYMEHTAJIbHBIE CPECTBA AJISl MPOBEACHHUS HHTE-
PaKTHBHOTO rpa)uecKOro aHanr3a JaHHbIX.

I'paduuecknii okyMeHT B cucteme Statistica MOXeT OBITH CO-
XpaHEeH Kak:

* rpad)MUeCcKUil JOKYMEHT B CIIEIIMATBHOM IpaduueckoM Gopma-
Te cucTeMbl Statistica, KOTOPBI MOXET OBITH OTKPBIT MO3KE U HC-
M0JIb30BaH B MPOLEcCe aHaNN3a,

* B rpaiuecKOM pacTpoBoM (opmare.

Cmamucmuyueckuii ananu3 OaHHIX

CrartucTuyecKkuil aHaJIM3 JaHHBIX JAEJIUTCS Ha OTACIbHBIC, JTOTHU-
YEeCKH CBSI3aHHbBIE MEXKY COOO0H MpoLeIypbl K METOBI.

Onucamenvbras cmamucmuka u pazeeoouHblll AHANU3 UCXOOHBIX
Oannvix. BritouaeTt BbIUMCIICHHE OCHOBHBIX BEHIOOPOYHBIX XapaKTepH-
CTHK (CpeJHMX BEJIMYMH, MOKa3aTelel Baphalny, MapaMeTpoB pac-
MpeJeNIeHNs1) U BBISBJICHUE CTPYKTYPHI JaHHBIX.

Toueunoe u unmepsanbHoe OYeHUAHUE 2EHEPATILHBIX NAPAMEMPOB.

Buviasnenue oocmoseprocmu paziuduii mMexcoy 6bi00poUHbIMU
COBOKYNHOCMAMU.
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Jlucnepcuonnwiii ananus.

Cmamucmuueckoe ucciedo8anue 3a8UCUMoCmell:

* KOPPEJSIIUOHHBII aHAJIN3;

* pErpECCHOHHBIN aHaIN3;

* aHAJIN3 BPEMEHHBIX PSIOB.

MnocomepHuvle memoouvl:

* (haKTOPHBIN aHAIH3;

* KJIACTEPHBII aHAIN3;

* TMCKPUMHHAHTHBIN aHAJU3.

Ilpoepammnoe obecneyenue cmamucmuiecko2o aHaIu3a OaHHbIX

OCHOBHBIMH TPOTPaMMHBIMH  TIPOJYKTAMH, HCIIOJIb3yEMBbIMU
B yueOHOM miporiecce © HUPC, siBistroTcst 251eKTpoHHBIe TaOIUIIEI MS
Excel, craructuueckue naketsl Statistica, Stadia, Statgraphics u ap.

Cunre3 JaHHBIX

Wutepnperanyst pe3yJibTaTOB HAa OCHOBE JIUTEPATYPHBIX IaHHBIX.
Juis BEITIONTHEHUST 3TOH 3a/a4M HE0OXOJMMa MaKCHMalbHO TOIHAS
WHpOPMAIUS TI0 U3y4aeMoi MpobdIiemMe, COBPEMEHHBIM KOHIIETIIIUSIM,
¢dakTrueckuM naHHBIM. OHA MOKET ObITh HaijieHa B HAyYHOH JIHTe-
paType B ee KJIaCCHYECKOM, «OyMa)kHOMY» BHIE JIMOO B pazHOooOpas-
HBIX AJIEKTPOHHBIX HH()OPMAIIMOHHBIX pecypcax.

HeoOxoaumplii 21IeMeHT aHajiw3a JaHHBIX — TOCTPOSHHE MO-
Jienei, B TOM 4ucie U mMaremarudeckux. ITpocreiimmii Bapuant —
MOCTPOCHNE Ha OCHOBaHMHU AAaHHBIX, IpeAcTaBieHHbIX B MS Excel.
C momompio «Mactepa quarpaMM» CTPOHUTCS TpaduK 3aBUCUMOCTH
OJHOTO psifia 3HAYEHHH OT JAPYroro. 3aTeM BBHIMOJIHSACTCS KOMaH/Aa
«/{00aBUTH IMHUIO TpeHAa» M MOAOMpPAETCS XapakTep 3aBUCHMOCTH
M0 MaKCHUMaJbHOHM BeanmurHe K0d(h(dUIMeHTa anmpokcuManuu (OH,
TaK K€ KaKk W ypaBHEHUE 3aBUCUMOCTH, BBIHOCHTCS Ha TpaduK MpH
ITIOMETKE COOTBETCTBYIOIIEro OKomika B pasznene «llapameTpri»).
[Tonmy4yennast Moaens JOKHA OBITH BepuHUIMpOBaHa (IIOITBEPKIC-
Ha) NMEIONITUMHICS JTUTEPATYPHBIMH JTaHHBIMH.

I'padoananurnyeckne MOJAEIU MO3BOJSIFOT TPEACTABUTH OOBEKT
KaK COCTOSIIMK W3 Habopa CTPYKTYPHBIX DIIEMEHTOB. DTOT TOIXO]
YacTO UCIIONIL3YETCSl B XMMUU JUISI IOCTPOCHUH MOJIEITH 3aBUCUMOCTH
«CTPYKTypa — CBOHCTBa». K HEMy OTHOCHTCS, B YaCTHOCTH, METO-
nonorust QSAR (anrnosi3eraHas abOpeBHaTypa BEIPAKEHUS «KOTHYe-
CTBEHHbIE OTHOLIEHUS "CTPYKTypa — CBoMcTBa"»).
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Maremartndyeckue Mojaend. B skomoruu u OMONOTHH IIHMPOKO
MPUMEHSETCSI METOIbI MaTeMaTHIECKOro MoJieupoBanus. Kombio-
TEpHBIC TEXHOJIOTUM OTKPBUIM HOBBIE BO3MOXXHOCTH DKCIIEPHMEH-
THPOBAHMS ¢ OOBEKTAaMH HCCIIEIOBAHHS, TaK TPYIHO pealn3yeMble
B €CTECTBEHHBIX YCIIOBHSX. XapaKTep TOr0 DKCIIEPHUMEHTHPOBAHHUS
0co0b1ii. OH TO3BOJISICT MPOU3BOJUTD OIBITHI HE C TPUPOTHBIMHU 00B-
eKTaMH, a ¢ UX IOJOOHMSIMH, MOJENISIMH, OTPaXKAIOIIUMH TJIABHbIE
CBOMCTBA, CIIOCOOBI (PYHKIIMOHUPOBAHUS U B3aUMOACHCTBHS KHUBBIX
OPraHU3MOB MEXy cOOOH M CO cpenoil uX OOUTaHUs.

MojenupoBaHue TIO3BOJSIET MaciITaOUpoBaTh BpeMsi (YHK-
LUOHUPOBAHUS MOJICJIBHBIX CHCTEM (COKpAaIlaTh WM YBEJIUYHUBATH)
Y BBISIBJISATh «OeJIble TSTHA» B HAIMX MPEJCTABICHUSIX 00 00bhEeKTax
uccnenoBanus. Moaens npruodperaeT 0coOyro LEHHOCTb, KOIla OHa
MI03BOJISIET IIPOTHO3UPOBATH UX TIOBEJICHNUE.

B skonorun 6omnpIoe pacnpocTpaHeHUE MOTYYHI0O UIMUTAIIMOH-
HOE MOJICJIUPOBaHKE. B MMHUTAIIMOHHBIX MOJENSAX SJIEMEHTHI H pOo-
LIECChI OPUTHHAIIA OIMCHIBAIOTCSI a0CTPAKTHBIMU CHMBOJIAMH U OTie-
pauusMu Haja HUMU. [Ipy 3TOM JTormueckasi CTpyKTypa HCCIIEAyeMOTO
00BEKTa, TOCIEeI0BATEIBHOCT MPOTEKAHNS B HEM IPOLECCOB U CO-
cTaB MH(MOPMALIUU COXPAHSIOTCS, a TMOBEACHUE CHUCTEMbI B IEJIOM
n3y4aeTcs Ha OCHOBAHUH ITOBEICHUS €€ YacTedl M B3aMMOAEHCTBUS
MEX[y STUMH YacTSIMH.

Hwxe MBI pacCMOTPUM OCHOBHBIE XapaKTEPUCTHKH HEKOTOPBIX
YKa3aHHBIX B TAOJMIC MPOTPAMMHBIX MPOAYKTOB, UX MPUMCHEHHE
B DKOJIOTHYECKHUX HCCIICIOBAHUSX, YTO B 3HAYMTEILHOW CTETICHN pac-
KpBIBACT COAEPIKaHIE HEPACCMOTPEHHBIX 3TAOB (BO3MOKHOCTH MPO-
IPaMMHBIX IIPOJYKTOB B 3HAYMTEIHHOW CTENIEHH PACKPHIBAIOT CYTh
stanoB «lIporHozupoBanue u skcrepTuza», «Opopmuenuney, «IIpen-
CTaBJICHHE M 00CYK/ICHHE PE3YJIbTATOB UCCIICIOBAHM» ).

Onexmponnvie mabauywvt MS Excel

DNEeKTPOHHBIE TAOIUIBI — OAWH M3 OCHOBHBIX MHCTPYMEHTOB
KOMITBIOTEPHOHN MOJICPKKH HAYYHBIX HCCIECJOBAaHMH MPU BHINTOIHE-
HUM KYPCOBBIX U JTUITOMHBIX paboT. OHHM pacmonaraioT pazHooopas-
HBIMH ¥ IOCTATOYHO d(h(DEKTHUBHBIMU CPECTBAMH 00pa0OTKH, aHATIH-
3a U BU3yallU3alluy JJaHHbBIX, a TaK)Ke BeleHus 0a3 qanubix. Croa oT-
HocsATCs (OpMyYJIBI, pa3HOTHITHBIE BCTPOCHHBIE (PYHKIHMHU, pa3InYHbIC
TUIBI TpaduKoB B «Macrtepe auarpaMm», akeT aHajau3a JaHHBIX.
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DJEeKTpOHHBIE TA0JIUIBI TIO3BOJSIOT OPraHU30BaTh CTPYKTYpH-
3alMI0 U MIPOBEPKY JaHHBIX, UX TPEABAPUTEIbHYIO OATOTOBKY ITy-
TeM (QUIBTPALUU U COPTUPOBKH MO Pa3IMYHBIM KPUTEPHsIM, 0Opa-
00TKy ¢ moMo1ibio GopMyI U PyHKUUH, TpoBeaeHHE IPpaduIecKoro
W CTaTUCTHYECKOTO aHalu3a JaHHBIX. Pe3ynbTaTsl B BUAe TaOIHIL
U rpaMKOB MOTYT OBITH SKCIIOPTUPOBAHBI B TEKCTOBBIC PENAKTO-
PBI WK CTIELUATbHBIE TAKETHI AJIs1 TOATOTOBKH JEMOHCTPALIMOHHBIX
matepuanoB (Power Point).

O0paboTka HaHHBIX OCYHIECTBISIETCA C TOMOLIBIO (opmyn
u QyHKIMH. OYHKIMH — 3TO 3apaHee onpeaeieHHble (OPMYIIbL, KO-
TOpPBIC BHIMOJHSIOT BEIYUCICHUS HAJ 3aJaHHBIMU BETUIMHAMH, Ha3bI-
BaeMbIM aprymenTamu. CIMCOK apryMEHTOB MOKET COCTOSITh U3 YH-
cell, TeKCTa, JIOTHYEeCKUX BEJTMYUH, MaCCHBOB U Jp. Kpome Toro, apry-
MEHTBI MOTYT OBITh KaK KOHCTaHTaMH, Tak 1 ¢popmynamu. MS Excel
HMEET B CBOEM COCTaBe OOJbIIOW HAOOp BCTPOCHHBIX MaTeMaTHUe-
CKUX M CTAaTHCTHYECKHX (DYHKLHH, KOTOPBIE MOTYT OBITH 3a/1eHCTBO-
BaHBI C MOMOILBIO «MacTtepa QyHKIUI».

Kpome Toro, B MS Excel numeetcs cnennanbHbiii HaOOp CpeacTB
aHanM3a JaHHBIX, MPEIHA3HAYCHHBIN JUIS PELICHUS] CTATHCTUYECKUX
3agady (Tabm. 5). OOpamieHue K ’TOMy HHCTPYMEHTAPHIO IPOU3BOINT-
cst 13 MeHI0 «CepBUCY, YHKT «AHANN3 JaHHBIX).

Tabnuua 5

OcHoenble uncmpymenmeol nakema «AHaau3 OaHHBIX»

[Taker ananm3a BKIIOYaeT B ceOs TpH BapHaHTa
JucnepcnoHHbII JIICIICPCHOHHOTO aHAJIN3a: OJHO(AKTOPHBIH,
aHamm3 IBYX(haKTOPHBIH ¢ TOBTOPEHUSAMHE U 0e3
IIOBTOPEHMH.

B pesynbrare ananmuza popmupyercs
Koppemsinnms KOPpEISIIMOHHAs MaTPHUIIA, COAEPIKaIast
koadpunuenTs! Koppensauuu Iupcona.

DTO CPEACTBO aHAIM3A CITYKUT JUTS CO3TaHUS
CTaTUCTUYECKOTO OTUETA, COEPIKAILETO
MH(OPMALIUIO O CPEAHEM 3HAYCHUH, TI0Ka3aTelsIX
BapHanuy, CTAHAAPTHOHN OmKMOKe U JIp. TapaMeTpax
OITHOM MITH HECKOJIBKMX BBIOOPOK.

OmnucarenbHas
CTAaTUCTUKA
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JIBYXBBIOOpOUHBII
F-rect ms
JIACTIepCui

JIByxBBIOOpOUHBI F-TecT mpumenseTcs
JJId CpaBHEHUA )mcnepcnﬁ ABYX T'CHEPAJIBbHBIX
COBOKYITHOCTEH.

Perpeccus

PerpeccronHbIi aHanMM3 3aKI0daeTCs B mogoope
YpaBHEHUsSI U COOTBETCTBYIOIIETO rpaduka

Juisl Habopa HaOIIOIEHHUH C TOMOIIBIO METO/Ia
HaMMEHBIINX KBaapaToB. Perpeccust ncromb3yercs
JUISl aHAJIN3a BO3/ICHCTBUS Ha OTACIBHYIO
3aBUCHMYIO TICPEMEHHYIO 3HAUCHUH OJJHOH

i 0ojiee He3aBUCHMBIX IEPEMEHHBIX.

[Tapnsrit
JIBYXBBIOOPOYHBII
t-TecT i
CPEIHUX

[TapHsbrit AByXBBIOOpOUHBIH t-TecT CThIOICHTA
UCIONB3YeTCs AJIS IPOBEPKHU THUIIOTE3BI

0 PA3IMYNK CPETHUX IS IBYX BBIOOPOK JJAHHBIX.
B HeM He npeanonaraeTcss paBeHCTBO AUCIIEPCHI
TeHEPAJIBHBIX COBOKYITHOCTEH, U3 KOTOPBIX
BbIOpaHbl faHHbIe. [lapHBIi TecT ucnoap3yercs,
KOTJ]a UIMEETCs €CTECTBEHHAs MIAPHOCTh
HaOJo/IeHnit B BBIOOPKaX, HalpHUMep Korzia
TeHEepaibHasl COBOKYITHOCTb TECTHPYETCS JBAYKIBI.

JIByXBBIOOPOYHBII
t-Trect

JIByxBBIOOpOUHBIH t-TecT CThIOCHTA CITYKUT
JUIS IIPOBEPKHU T'MIIOTE3bI O PABEHCTBE CPEAHUX
JUTst IByX BbIOOpok. OjHa opma t-Tecta
MIpe/IoiaraeT CoBIaIeHUE TUCTICPCHiA
reHepaJIbHBIX COBOKYITHOCTEH, Ipyras —
HECOBITaJICHUE.

DIIeKTPOHHBIC TAOIUITEI MOKHO PEKOMEHIOBATh CTYACHTAM TIPH
BBITIOJTHEHUH OOJIBIITMHCTBA KYPCOBBIX W JUILUIOMHBIX pabOT XUMHU-
YeCKOH, OMOIOTHUECKON W IKOJIOTHICCKOW TeMAaTHKHU ISl XPaHCHHUS,
00paboTKH 1 0(hOPMITCHHUS PE3yJIHTATOB aHAIHM3a TaHHBIX.

IMaker mpukIagHBIX MporpamMMm Statistica

Hwxe mpuBOAUTCSI KpaTKOe ONMUCAHUE HAUOoJee MOMYJISIPHOTO
rnakera oOpabOTKM W aHanW3a JaHHBIX — Statistica, sSBISIOIIETOCS
(dakTHueCcKH CTaHIapTOM B JlaHHOM cermenTe [10.

Obwas cmpykmypa cucmembl

Statistica mpeacTaBIseT COOOW HMHTETPUPOBAHHYIO CHUCTEMY
00pabOTKH M CTATHCTHYECKOTO aHanu3a JaHHbIX. CHcTeMa COCTOMT
U3 CJICAYIOIINX OCHOBHBIX KOMIIOHEHTOB:
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*MHOTO(YHKIIMOHAJIBHON CHCTEMBI 1151 pabOThl C JaHHBIMH, KO-
TOpast BKIIIOYaeT B ce0s 3JIEKTPOHHBIE TaOIHIIbI JJ1s1 BBOJA MCXOIHBIX
JaHHBIX, a TAK)KE CIIeIMaNbHbIe TAOIUIIBI JJ151 BBIBOJA YUCIICHHBIX pe-
3yJNbTaToOB aHanu3a. s clokHOM 00pabOTKU JaHHBIX UMEETCS MO-
IyJb «YTIPaBJICHUS TaHHBIMIY,

* rpadUECKON CUCTEMBI 175l BU3yaIH3alyy JaHHBIX U pe3yJsbTa-
TOB CTaTUCTMUYECKOTO aHAJIN3a;

* Habopa CTaTHCTHYECKHX MOJIYJIEH, B KOTOPBIX COOpaHbl IpyIl-
IbI JIOTUYECKH CBSI3aHHBIX MEXIY COOON CTaATUCTUYECKUX MPOLELyP.
B m1000M KOHKpPETHOM MOJyJie MOKHO BBITIOJHUTH OINpPEeICHHBIH
croco0 craTHcTHYeCKOH 00paboTkM, He oOpamasch K MpOLeay-
pam u3 npyrux moayneid. Kaxnuplii Momyiib sIBIsSi€TCS TIOJTHOLEHHBIM
Windows-npunoxenueM. [lo3toMy mnons3oBaTelnb UMEET BO3MOX-
HOCTh OJIHOBPEMEHHOW paboThl KaK C OJHUM, TaK M C HECKOJIbKUMH
MonysiMu. Bece ocHOBHBIE onepaniuu mpu paboTe ¢ JaHHBIMHU U Tpa-
(uueckue BO3MOKHOCTH JIOCTYIHBI B JIIOOOM CTaTHCTHYECKOM MOJY-
Jie ¥ Ha JTI000M IIare aHaju3a;

* CIIeMAIbHOTO MHCTPYMEHTAPUS IS TOJTOTOBKU OTYEeTOB. [Ipn
MIOMOIIM TEKCTOBOTO PEJAKTOpPa, BCTPOEHHOTO B CHUCTEMY, MOYKHO
TOTOBUTH MOJHOLIEHHBIE OTYETHL. B makere Takke MMeeTcss BO3MOXK-
HOCTb aBTOMAaTHYECKOI'0 CO3/1aHUS OTUYETOB.

Cucrema Statistica padoTaeT ¢ YETBIPbMS Pa3IMYHBIMH THIIAMHU
JIOKYMEHTOB, KOTOpPbIE COOTBETCTBYIOT OCHOBHBIM KOMIIOHEHTaM CH-
CTEeMBL. JTO:

* 3JIEKTPOHHAsI Ta0IUIla, KOTOpasi MpeAHa3HauYeHa sl BBOJa HC-
XOAHBIX IaHHBIX M UX MPe0oOpa3oBaHMUs;

* rpa)uK — JOKYMEHT B CIIE[IHaJIbHOM IpaduueckoM popmare
JUISl BU3YaIM3aluy U rpaUuecKoro MpeiCcTaBIeHHs YUCICHHON WH-
¢dopmanny;

* otueT — JoKyMeHT B popmate RTF (PacmumpenHslii TeKCTOBBIN
(dopmar) i BBIBOJIa TEKCTOBOM U rpaduueckoil MHPOpMALHH.

B cootBetcTBUM co cTanmaptamu cpelsl Windows Kaxablid THI
JOKYMEHTa BBIBOIUTCS B COOCTBEHHOM OKHE B paboueil obnactu cu-
cTeMsl Statistica . Kak TOJIbKO 5TO OKHO CTaHOBUTCS aKTUBHBIM, U3Me-
HSIETCS TTaHEeJIb HHCTPYMEHTOB U MEHIO. B HUX TOSBIISIFOTCS KOMaH/IbI
U KHOIKH, JOCTYIHBIE IS aKTUBHOTO JOKYMEHTA.
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OcHnoguble wazu 0opabomku OanHvIx 6 cucmeme Statistica

Craructryeckas o0paboTka TaHHBIX B cucTeMe Statistica 0ObIu-
HO COCTOUT M3 CJICAYIOMINX OCHOBHBIX ILIATOB!

* BBOJI MCXOJHBIX JaHHBIX B AJICKTPOHHYIO TAOJHILy CHCTEMBI
Statistica;

* TIpe/IBapUTENbHBIC TIPEOOPa30BaHuUs JaHHBIX MEpe]l HeoCpeI-
CTBEHHBIM MPUMEHEHHEM KOHKPETHOT'O CTATHCTUYECKOTO METO/IA;

* BU3yaJIN3allnsl JAaHHBIX TIPH TIOMOIIH TOTO WJIM MHOTO THIIA Ipa-
¢uKos;

* CTAaTHCTHYECKHUI aHAJIU3 MIPU MOMOIIN HEKOTOPOTO CTATUCTUYE-
CKOTO METOJ1a;

* BBIBOJI YMCIICHHBIX, TEKCTOBBIX M TIpa(UUECKHX pe3yJIbTaToB
Ha 9KpaH, B OT/JCIIbHbIC (PaiIbl MK B (DA C OTYCTOM.

CraTHCTHYECKHI aHAJIN3
B MaKeTe MPUKJIATHBIX MporpamMm Statistica

CraTucTryeckue Tporenypbl CUCTeMbI Statistica crpynmupoBa-
HBI B HECKOJIBKUX CIEIHATN3UPOBAHHBIX CTATHCTUYECKUX MOJYIISIX.
B kaxjoM MoJlysie MOKHO BBITIOJIHUTH aHAIU3 JIaHHBIX OINpeJesieH-
HBIM CIIOCOOOM, HE 00paIasch K MpoIeIypaM U3 APYrux MOmyJIeH.

Mopayab «OcHoBHBIE cTaTHCTHKN» (Basic Statistics). O6pran0
C TOTr0 MOJYJIsl HauMHaeTcst paborta B cucreme Statistica. OH BKIIrO-
YaeT B ce0st MPUBEACHHBIE HUKE TPYIIIBI CTATHCTHYECKUX TPOLIEAYP.

Onucamenvuble cmamucmuku, 2epynnupoBKd, pazee00uHblll
ananuz. Cuctema Statistica mpeanaraeT MHUPOKUN BBIOOP METO/IOB
Pa3BEIOYHOr0 CTATHCTUYECKOTO aHAIHN3a. 3/1€Ch MOYKHO BBIYHUCIUTh
MPAaKTHYECKH BCE OIMCATENbHbIC CTATUCTHKH OOINEro Xapakrepa:
MeJaHy, MOJAY, KBapTHIIU, ONpEJeNIeHHbIE MOJIb30BaTelIeM TPO-
LEHTUIN, CpelHee 3HA4YeHHEe U CTAaHAAapTHOE OTKJIOHEHHE, JOBe-
PUTENBHBIA UHTEPBAI JUIS CPEITHETO, ACHMMETPHUIO U IKCIIECC C MX
CTaHJIAPTHBIMH OIMMOKaMH u Jp. [IpakTHueckn Bce onucaTelbHbIe
CTATUCTUKUA MOTYT OBITh BBIYMCIICHBI ISl JAAHHBIX, Pa3/IeiICHHBIX
Ha TPYMIbI C MOMOIIBI OAHOW WIIM HECKOJIbKUX TPYIIHPYIOMIHX
nepeMeHHbIX. Hamprmep, Bcero HeECKOIBbKO MEITYKOB MBIIIH MTO3BO-
JISFOT Pa30UTh IaHHBIC Ha TPYIIIBI, HAIIPUMED TI0 [TOJTy U BO3pacTy,
Y TIPOBECTH WX rpaduueckuil aHaaus.

99



Koppenayuu. 10T pa3nen BKIIOYAET CPEJCTBA, MO3BOJIAIONINE
HCCIIEeI0BaTh 3aBUCUMOCTH MEXTy TIEpEMEHHBIMHU C UCTIOJIb30BaHUEM
koapuuuenta koppensiuuu [lupcona. Crnenuansasie rpadudeckue
BO3MOKHOCTH MO3BOJISIIOT BEIOPATh OTAEIBHBIC TOUYKU Ha AUarpaMme
paccestHus ¥ OLEHUTh X BKJIAJ B JIMHUIO perpeccuu. Beuncnennsle
KOPPEJSIIUOHHBIC MATPHUILBI BBIBOASATCS B BUJIE SJICKTPOHHBIX TAOIHII
Scrollsheet.

t-kpumepuu u Opyaue Kpumepuu OJi 2PYNNOGbIX PAZIUNULL.
B sToii rpynmne mpoueayp MOTYT ObITh BBIYHCICHBI {~-KPUTEPUH IS
3aBHCHMBIX U HE3aBHCHMBIX BBIOOPOK M JIpyrHe MpOUEAYPHl IS
BBISIBJIEHUS TPYIIIOBBIX pasnuuuil. Kak u Be3ge B cucrteMe, BO BcexX
MEHIO Pe3yJbTaTOB MMEIOTCS (YHKLUUU MOAPOOHOW TUArHOCTHUKH
U TpaMuecKoro NpeaCcTaBICHHS.

Monyas «/lucnepcuonnbiii anaaus» (ANOVA/MANOVA).
31ech peanr30BaHbl METOJIBI OOIIEr0 OJAHOMEPHOTO U MHOTOMEPHO-
r0 JUCIIEPCHOHHOTO aHajH3a C BO3MOXXHOCTBIO O0OpaOOTKH TUIAHOB
MPaKTUYECKN HEOTPAHWYEHHOHN CI0KHOCTH. MIMeeTcss BO3MOKHOCTD
3aJlaBaTh IJIaHBl HEMOCPEICTBEHHO, ONPE/ENINB peabHble TIepeMeH-
HBIC ¥ YPOBHH ()aKTOPOB, MIO3TOMY JIa)Ke HE OYEHBb OMBITHBIC MOJIb-
30BaTeM CUCTEMBI Statistica MOTYT aHAIHM3MPOBATh B 3TOM MOJYJIE
Ype3BBIYAHO CJIOKHBIE TUIAHBI.

Moaynab «MHOxkecTBeHHasl perpeccus». Eciau Bel XOTUTE I10-
CTPOUTH 3aBUCUMOCTH MEX/y MHOTOMEPHBIMH NePEMEHHBIMH, M0J10-
OpaTh IPOCTYIO JUHEHHYIO MOJIENb U OLICHUTH €€ aJJeKBaTHOCTh, BOC-
noJnb3ylTech MoaysieM Multiple Regression.

Moayab «Hemapamerpuyeckasi CTATUCTHKA M IIOJANOHKA pac-
npeaenaeHuin». Eciu Bbl XOTUTE NMPOBEPUTH Pa3IUYHbIE THIIOTE3BI
0 XapakTepe paclpeJiesieHHs BallluX JaHHBIX, padoTaiiTe B MOJIyJe
Nonparametrics/Distribution — «Henapamerpudeckasi craTucTHKa/
Pacnipenenenusi». Moaynb colepXHUT oOMIMPHBIA HAOOp Hemapame-
TPUUYECKUX KPUTEPHEB COIJIacUs, B YaCTHOCTH Kputepuil Kommoro-
poBa — CMHpHOBa, a TaKXKe PaHTOBbIE KpUTepu MaHHa — YUTHH,
BunkokcoHna u MHOTHE ApyTHE.

CraTucTHyecKkue MpoLeaypbl MOAYJIS MTO3BOJIAIOT MOJIB30BATEIIO
JIETKO CPaBHUTH paclpeieieHre HabI01aeMbIX BETMYHH C OOJBIINM
KOJIMUYECTBOM pa3IHUHBIX TEOPETUUECKUX pacipeseneHuil. Bel Moxe-
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T€ MOJOTHATH K AaHHBIM HOpMaJIbHOE, paBHOMEPHOE, JTMHEHHOE, IKC-
MOHEHIManbHOe, OMHOMHUanbHOe, [lyaccoHOBCKOe, TeoMeTpuiecKoe
pacnpenenenus, pacupeaenenue bepaymnnu. To4HOCTH HOATOHKH O1Lie-
HUBAETCS C TIOMOULIBIO KPUTEPHsI XU-KBaIpaT UM OJHOBBIOOPOYHOTO
kpurepus Konmoroposa — CMupHOBa (mapameTpbl MOATOHKH MOTYT
KOHTPOJIMPOBAThCs). JIONOIHUTENBHO MOATOHKA THUIIOTETUYECKOTO
pacrnpeeneHus K SMIUPHUECKOMY MOKET OBbITh OLIEHEHA B MI0JIb30Ba-
TEJILCKUX TUCTOTpaMMax (CTaHAAPTHBIX WIIM KYMYJISITUBHBIX) C HAJO-
JKCHHEM Ha HUX BBHIOpaHHBIX (QYHKLM; TMHEHHbIE U CTONI0YATBIE Tpa-
(UKH 0KMIAeMbIX U HAOJIIOJAEMBIX YacTOT MOTYT OBITh MOJTYyYEHBI
HETIOCPEACTBEHHO U3 TaONUIBI C BRIXOAHBIMH AaHHBIME. OnpereneH-
HBIE MOJIb30BaTeNIeM (PYHKLUUH OT OJHOW U JABYX MEPEMEHHBIX TAKXKe
JIETKO MOTYT OBbITH OCTPOEHBI ¥ HAIOKEHBI Ha TPa(UKH.

Moayabp «®aKTOpHBI aHAIU3» COACPKHUT LIMPOKHA HAOOp
CTaTHCTHK W METOJAOB (DaKTOPHOTO aHajM3a C PACIIMPEHHOW JUarHo-
CTUKOW M OOJBIIMM MHOT000pa3ueM HMCCIe0BaTEeIbCKUX U Pa3BeI0y-
HBIX TPa(UKOB. 3/1€Ch MOKHO BBITOJHATH aHAJINU3 TIIaBHBIX KOMIIOHEHT
Y TJIaBHBIX ()aKTOPOB JJ1si HA0OPOB JAHHBIX, coeprxkanux 10 300 nepe-
MEHHBIX. BBIXOHBIE pe3yibTaThl BKIIOUAIOT COOCTBEHHBIC 3HAYCHUS
(oObIYHBIE, KyMYJISITUBHBIE W OTHOCHTENIBHBIE), HArpy3Ku (HaKTOpOB
u kodddunments! GpakropHbix Oamuios. [IpocTpaHcTBO (haKTOPOB MOK-
HO BHU3YaJIbHO MPOCMATPUBATh «CPE3 3a CPE30M» Ha JIBYX- WJIHM TpeX-
MEpHBIX JHarpaMMmax paccesHHs ¢ OTMEUYEHHBIMH TOYKaMH JAHHBIX;
cpenu Apyrux rpaduuecKux CpencTB — IpaduKi «KaMEHHUCTOW OCHI-
[IW», PA3NUYHbIC THIBI TUarpaMM paccesHUsl, THCTOIPaMMBbI, JIMHEH-
Hble rpaduku u ap. [Tocie Toro kak GakTopHOE peLieHne onpeneseHo,
M0JIb30BATENIb MOXKET BBIYUCIHUTH (BOCIIPOM3BECTH) KOPPEISLIHOHHYIO
MaTpHIly ¥ OLIEHUTH COTJIACOBAHHOCTH (DAKTOPHON MOJIENH MyTeM aHa-
JIM3a OCTaTOYHOM KOPPEIALMOHHOW MaTpuibl (MM OCTATOYHOM JHC-
MIEPCHOHHON/KOBapHaLlMOHHOM MaTpHLibl). Ha BX0e MOKHO MCITOIB30-
BaTh KaK UCXOJHbIC JaHHBIC, TAK U MATPHILIBI KOPPEISLUHL.

BbIBO/ YHC/IEHHBIX H TEKCTOBBIX Pe3yJIbTATOB AaHAJIM3A B CU-
creMe Statistica

UYucneHHble pe3ylbTaThl CTATUCTHYECKOTO aHAIM3a B CHUCTEME
Statistica BBIBOASTCS B BUJIE CIICIIMATBHBIX SIEKTPOHHBIX TaOIHIL, KO-
TOpBIE HA3BIBAIOTCS TAOJIMIIaMU BBIBOZA PE3yIbTaToB — Scrollsheets.
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Tabnuupr Scrollsheet MoryT copepxatb Jir00yr0 UH(OOPMAIUIO (YUC-
JICHHYIO U TEKCTOBYIO), OT KOPOTKOH CTPOUYKH JJO MErabaToB pe3yib-
taroB. OOBIYHO JaXKe B PE3yJbTaTe MPOCTEHIIEr0 CTaTUCTUYECKOTO
aHalM3a Ha BBIXOJC MOJy4YaeTcsl OOJIBIIOE KOJIMYECTBO YHCICHHOM
u rpaduueckoii napopmanuu. B cucreme Statistica 3ta uHpOpMaIus
BBIBOJIUTCS B BUJIC MTOCJICIOBATEIILHOCTH (OUepe/in ), KOTOpast COCTOUT
u3 Habopa tabnui Scrollsheet v TpaduKoB.

Statistica cogepKUT OOJBIIOE KOJUYSCTBO WHCTPYMEHTOB JUIS
yI0OHOTO MPOCMOTpPa Pe3yJbTaTOB CTATHCTHYECKOTO aHANW3a M UX
Bu3yanu3aiuu. OHHM BKJIIOYAIOT B ce0s CTaHAApTHBIC OIepalyuu
M0 PEIaKTHPOBAHUIO TAOHIBI, OINEpaldU YIOOHOTO MPOCMOTpa
(TIOIBIKHBIC TPAHUIIBI CTOJIOIOB, pa3/ieliecHHe TPOKPYTKH B TaOIUIE
U IIp.), IOCTYI K OCHOBHBIM CTaTUCTUKaM U TpaUYeCKUM BO3MOXK-
HOCTSM cHucTeMbl Statistica. [Tpu BbIBOJIC LIENOTO psijia pe3ysIbTaToB
(HampuMep, KOppeAIMOHHONW MaTpuIlbl) Statistica oTMe4YaeT 3Hauu-
Mble KOA(QQUIMEHTHI KOPPEIALUKA KPacHbIM 1BeTOM. [lonb30oBaTensb
TaKKe UIMEET BO3MOKHOCTD BBIICIIUTD ITPH MOMOIIH [BETa HEOOXOIHU-
MbI€ 3HaUeHUsI B TabnuIe Scrollsheet.

Ecau none3oBatento HEOOXOAMMO MPOBECTH JICTAIbHBIN CTaTH-
CTUYECKHI aHaJIH3 MPOMEKYTOUHBIX PE3YJIbTATOB, TO MOXKHO COXpa-
HUTH Tabnuny Scrollsheet B popmate Qaiina nanupix Statistica u na-
Jee paboTaTh C HUM, KaK ¢ OOBIYHBIMH JaHHBIMU.

Kpome BbIBOjIa pe3yibTaTOB aHAIM3a B BHIC OTICIBHBIX OKOH
¢ rpadukamu 1 Tabauuamu Scrollsheet, B cucteme uMeeTCs BO3MOXK-
HOCTb CO3/IaHHsI OTYETa, B OKHO KOTOPOTO MOJKET OBITh BBIBEICHA
Bcsl 9Ta nHpopmanus. OTueTr — 3T0 AOKyMeHT (B dopmare RTF),
KOTOPBIM MOXXET COJepiKaTh JIO0YI0 TEKCTOBYIO WIIM I'padHuecKylo
uHdopmanmro. B Statistica uMeeTcst BO3MOXKHOCTh aBTOMaTHYECKOTO
CO3/IaHMsI OTYETA, TAaK HA3bIBAEMOT0 aBTOOTUYeTa. [IpH 3TOM 1robast Ta-
Onmia wiu rpaMK MOTyT OBITh aBTOMAaTHYECKH HANIPABIICHBI B OTYET.
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Konmpon bHbIe 80NpPOCsui

1. Cnoco0Osl paboTel ¢ uH(GOpPMaKel Ha Pa3IMYHBIX dTarax Ha-
YYHOT'O HCCIIEJOBAHMSL.

2. Pacuer o0beMa HEOOXOAMMOro MarepHaia U IJIaHUPOBaHHE
IKCIIEPUMEHTA.

3. IlonyueHne MCXOAHBIX JAHHBIX, CO3laHHe 0a3 M MacCHBOB
JAHHBIX.

4. I'padmueckuii aHAIIN3 JJAHHBIX.

5. CraTucTUyeCcKHUi aHaJIn3 JaHHBIX.

6. CuHTE3 JaHHBIX.

7. IlporpammHoe obecnieueHne OOpaOOTKH M aHaINW3a KOJIM4e-
CTBEHHBIX HAYYHBIX JaHHBIX.

8. MS Excel. OcHOBHbBIE HHCTPYMEHTBI ITAKETa « AHAIIN3 TAHHBIX).

9. MS Excel. I'paduuecknst 00paboTKa JaHHBIX.

10. CraTuctrueckuii maker Statistica.

11. CraTuCcTHUECKUH aHAIN3 B MaKeTe NPUKIATHBIX HPOrpaMm
Statistica.

12. IIpencraBienue OaHHBIX B MaKeTe MPHUKIAIHBIX HPOrpaMm
Statistica.
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