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BBIZOB CIIPABKHL . . . . . v v v i i e e e e e e e e e e e e e e e e e e e e e e e
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ABTOMATHYECKHUE BHAUECHUA . . . .« v v v v v v v e et e e e e e e e e e e e e e e e e e
OOpe3Ka IO KOHTYPY CKBAZKIH . . . . .« + v v v v e vt et e e e e e e e e e e e e e e
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BHOYHBIM KPDUTHHT . . . . v v v v v v v e e e e e e e e e e e e e e e e e e e e e e e e

1.03 MuauMaIbHasi KpUBH3Ha (TOYKH - pacTp)

1.04 A301uHMH U3 pacTpa
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Korga momOop HM Ha YTO HE TOHEH . . .« « + & v v v e e e v e e e e e e e e e e e e e e e
Pabounii IUKII C KPOCC-BAMHUOAIIMCH . . . . . . v o v v v v e et e e e e e e e e e e
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Tonorpadus: peabed U3 OTKPHITHIX JTaHHBIX
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OBPAXKHO-0ATOYHAT CETB . . . + « + v v v e e e e e e e e e e e e e e e e e e e e e
Kyma TIOKUTCA OEMO . . . . . v v v v it et e e e e et e e e e e e e e e e e
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[ToyeMy OesuM IO OTMETKAM, a He TI0 OOBEKTAM . . . . . « « v v v v e e e e e e e e e
UTOHA BBIXOHE .+ « + v v v v v v e v e e e e e e e e e e e e e e e e e e e e e e e e e e e
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ITapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e e e



2.12 HeBsi3Ka ropu3onTajaeu nporus [IMP
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ITapaMeTPBI . . . . . . o o e e e e e e e e e e e e e e e e
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ITapaMeTPBL . . . . . . o o et e e e e e e e e e e e e e e e e e e e e e e e
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ITapaMeTPBL . . . . . . v o e e e e e e e e e e e e e e e e e e e e e e e e e
BriCcTpast IPOBEPKA HA TIEMO . . . « v v v v v v e e e et e e e e e e e e e e e e e e e e
TPaHUIEI TPUMEHUMOCTH . . .+ « + « v v e e e e e e e e e e e e e e e e e e e e e e e e e

2.16 Bogocoop. JInauu U KOHTYPHI (KaHaBbI, Kapbephl)
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KOHTYD BMECTO JIMHUUL . . . . v v v v v v e e e e e e e e e e e e e e e e e e e e e s e e
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I'paHUIBI IPUMEHUMOCTH . . + v v v v v v e e e e e e e e e e e e e e e e e e e e e e e
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Kak CUMTaETCI . . . . . . . . o o i e e e e e e e e e e e e e e e e e e e e e e
UTOHA BBIXOME .« .« ¢ v v e e e e i e e e e e e e e e e e e e e e e e e e e e e
BeKTOpHBIE TPAHUITHI IT0 BEPOSATHOCTAM . .+ & & v v v v v v v e e e e e e e e e e e e e e
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B 4éM OTIIHYME OT CHSITHUS TPEHIA . . + « + « v v v e e e e e e e e e e e e e e e e e e
Kak CUMTACTCT . . . . . . v v o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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ITapaMeTPBL . . . . . . o o o e e e e e e e e e e e e e e e e e e e e e e e



BapuorpaMMa IIO OCTATKAM . . . . . . . v v v v v v e e e e e e e e e e e

3.03 KapTa BepOsiTHOCTH NPEBbINIEHUSA

Kak CUMTAETCS . . . . . . . o v v e e e e e e e e e e e e e e e e e e
KaK HOIYYUTE BXOTBL . . .« v v v v v e e e e e e e e e e e e e
[MTapaMeTPBl . . . . . . . o o o e e e e e e e e e e e e e e e e e
TIPEMEHEHHUE . . . . . . v v v v i v e e e e e e e e e e e e e e e e e

3.04 TugpaB/IMYeCKHH I'PaJHEHT M HallpaBJIeHHe IMOTOKa
Be3 OPOHUITAEMOCTH . . . . . . v v v v e e e e i e e e e e e e e e e e
[TapaMeTpHl ¥ CTTIAKUBAHUE . . . . . « v v v v v e e e e e e e e e e o
CTPENKM U3 TOUECK . . . « v v v v e e v e et e e e e e e e e e e e e e
VYUEOHBIM ITUKIT . . .« & v v v v e e e e e e e e e e e e e e e e e e e

3.05 YaoenbHbIN pacxoq (3akoH [TapcH)

UTO CHUTAECTCS . . . v v v v v v e e i e e e e e e e e e e e e e e e e
Kak monyuuts pacTpel KuT . . . . . . . . . .. ... oo
[MTapaMeTPBl . . . . . . . o o o e e e e e e e e e e e e e e e e e e
TIPUMEHEHHUE . . . . . . & v v v i e e e e e e e e e e e e e e e e e e

3.06 I'ayccoBa cumynsinus (SGS)

[MTapaMeTPBl . . . . . . . o o o e e e e e e e e e e e e e e e e e e e

Buabl KpUrHHra: Kakod BbIOpaTh

MImapramKa . . . . . . v v v e e e e e e e e e e e e e e e e e e e e

3.07 IIlnoTHOCTH 110 3aMepaM (ImepeMeHHasi ormopa)

BBEIXOI ¥ MHBAPHAHT . . . . « « v v v e e v e e e e e e e e e e e e e
Kak 9auTaTb . . . . . . . . o e e e e e e e e e e e e e
OkHO «KapTa IJI0THOCTU» (3JKMBOM HNPEOIPOCMOTP) . . . . « v « « « . . .

3.08 Co3maThs mpuMep [IJIs1 IDIOTHOCTH (aeMo)

4.01 Pa3pe3 110 ITHHUHA

Kak 3a0aroTCsT IITACTBL . . .« . v v v v v v e e e e e e e e e e e
Pa3pe3 mo OOHOW MOBEPXHOCTH . . .+ . v v+ v v v v e et e e e e e e e e
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BBIXOOBL . . . . . . o e e e e e e e e e e e e e
BepTUKaMBbHBIM MACIITA0 . . . . . . v v v v v v e e e e e e e e e
HeckOnmbKO pPaspes0B 3a OOUH IIPOTOH . . .« « v v v v o v v v u e o u o
LIBeT mOJIOC: CIIPABOYHUK IIJTACTOB . . . . v « & v v v e e e e e e e e e e
ATPUOYTHI BEIXOTHBIX CITOEB . & « + « v v v v e e e v e e e e e e e e
[MTapaMeTPBl . . . . . . . o o e e e e e e e e e e e e e e e e e e
Kak mompo6oBaTh HA TEMO . . . . &+ v v v v v v e et e e e e e e
CBsa3b c QGIS . . . . . . e

4.02 CkBaxKHuHBI Ha pa3pe3e (MoaejIb OypeHHsI)

MoOmEenb OYPEHMST . . . . v v v v e e e e e e e e e e e e e e e e
TEePIUMBIM UUTATEIID . . « « v v v v v v e e e e e e e e e e e e
[TaKEeTHOCTb Ml COBMEIIIEHHME . . . . . v « « + v v e e e e e v e e e e e e
PacKpaCKa M JIETEHOA . . . + « v v v v e v e e e e e e e e e e e e
OOpe3Ka IO YEPTEKY M PAMKE . . . v v v v v v v e e e et e e e e e e
IIBET KOJIOHOK: CITPABOYHUK IJIACTOB . . . .+ + + v v v v v v v e e e e o
ITapaMeTPBLl . . . . . . . v o v e e e e e e e e e e e e e e e e e e

4.03 CocTaB 11acTta Ha pa3pe3e

OBA PERUMA . . .« v v v v v v e e v e e e e e e e e e e e e e e e e e e e
ITapaMeTPBl . . . . . . . v i v e e e e e e e e e e e e e e e e e e e



OmnpeneneHre pa3pe3a H 00IIHe MapaMeTpPhbI

4.04 IlepeceyeHne MOBEPXHOCTEH C pa3pe30M

[MapaMeTpBl . . . . . o v v v v e e e e e e e e e

4.05 Ilepeceyenre BEKTOPOB C pa3pe30M

[MapaMeTpsl . . . . . . . o v vt e e e e e e e e e e e e
OOpe3Kka 1o penbedy U IUHUU HU3A . . . . . . . « o . « o . .
ATpuOYTH OOBEKTOB Ha PA3PE3E . . . . v v v v v v v v v e a

4.06 Ilepeceuyenue TIN c pa3pe3oMm

[MapaMeTpPBl . . . . . . . o o v e e e e e e e e e e e

4.07 IIpoekuusi 00HEKTOB Ha pa3pe3
4.08 CopoenupoBaTh C pa3pe3a
4.09 Pa3BépTKa CTEHKH CTBOJIa (0eTa)

4.10 Co3agars mpuMep IJIsI pa3pe3a

CKBaXXWHBI C UHTEPBajJaMu OMMPOOOBAHUS . . . . . . . . . . .
Crou meMO UM UX aTPUOYTEL . . . .+ v v v v v v e e e e e
[MapaMeTpBl . . . . . . . . v v i e e e e e e e e e e e

4.11 Ob6pa3en cipaBOYHHKA IIJIACTOB

UTO BHYTPH . .« v v v v v v e e e e e e e e e e e e e e e e
Tenmo 3amOMHAET TEOJIOT . . . &+ « v v v v e e e e e e e e e
CoCTaBHBIE TEJIA CEPBIE . . . v + v v v v e v e e e e e e e
Tor xe partnBHe QGIS . . . . . . . . .. ... ... ... ..

5.01 ®pakTanbHasas pa3MEepPHOCTH

Kak uuTaTh KapTy . . « « v v v v v e e e e e e e e e e e
BBEIOOP OKHA M JTATOB . . . &+ « & v v v e e v e e e e e e e e e o
PaGouMBi ITUKIT . . . .« v v v v v e e e e e e e e e e e
[MapaMeTpBl . . . . . . . . o v it e e e e e e e e e e

5.02 Box-counting macku

OTKyma GEPETCT MACKA . . . + v « + v v v e e e e e e e e e

5.03 Pa3MepHOCTD IMHHUH M I'PDAHMIIL

[I1arHoCTHKA CTIaXKUBAHUS U3OMUHUK . . . . . . . . . . . . .
IOpyrTue MPUMEHEHHST . . . « « « o v v v e e e v e e e e e e

5.04 Pa3MepHOCTHL MMHKOBCKOTO (BEKTOPBI)
5.05 Co3maThs nmpuMmep ajist ppaxkTaaoB (m1emMo)
THNHYHBIE CUTYallHH U pPelleHus

IIpunoxenue. Isoliner 3a 15 MmunyT

CueHapuii 1. YV MEHA TOUKH . . . . . « v v v v v v v v e o oo
CuenHapuii 2. MHe Hy)KeH pelnbed . . . . . . . . . . . . . ..
CueHapuii 3. MHE HYXKEH Pa3PE3 . . . « « v v v v v v v v v v .
Kyma uoTu jambIle . . . . . . . . o v v e e e e e e e e

IIpunoxenue. ITojst 1eMO-CI0EB

Breixopel rpynnel «Tomorpadusa» . . . . . . . ... ...
CkBaxuHH (gemo) - uECTpyMeHT 1.10 . . . . . . . . . . . ..
ITpodunu anekTpopa3Benku - UHCTPyMeHT 1.11, pexxuM 3jIeKTpopa3BenKu



I[Tpodunu ocemanmii - unctpymeHt 1.11, pexxum ocegauu#t . . . . . . . . . . . . ... ... 109

IanHEIE 051 pa3pes3a - uHCTpyMeHT 4.10 . . . . . . . . . . . . . . ... ..o 109
HauHbIe Oyig ¢ppakKTaaoB - UHCTPyMeHT 5.05 . . . . . . . . . . . . . ... ... ....... 110
[TmoTHOCTE (HEeMO) - uHCTPYMeHT 3.08 . . . . . . . . . . . . .. ... ... ......... 110
IIpunoxenue. IINTOTHOCTH IEPEMEHHOM OIOPHI: MOIIAT0OBO 110
IlTar 1. CrermepupoBatb gemMo (3.08) . . . . . . . . . . . .. .. .. ... .......... 110
Ilar 2. ITmotHocTh mo ToukaM (3.07) . . . . . . . . . . . . i i i i i i i ii e e e ... 111
IMlar 3. [IJTOTHOCTD O JIMHUSAM . . . . v v 2 e v e e et e e et e e e e e e e e e e e 11
Illar 4. I[I;TOTHOCTh IO MOMUTOHAM M HA3UMETPHUST . . . + + « v v v v v v e e e v e e v .. 111
IIlar 5. CMemiaTh THUIBI YePE3 OOIMUCHIBAHUE . . . . . . &« « v v v v e v e e e e e e w111
IITar 6. OPEKTUBHAT CUTMA . . . . v + v v v v e e et e e e e e et e e e e e e e e e 112
Kak UHTATD UTOT . . . v v v v v v e e e e e e e e e e e e e e e e e s s e s s s s 112
IIpegnpusarusam 112
XKypHan ¥ maHenb UHCTPYMEHTOB . . . v v v v v v e e v e e e e e e e e e e e e e e e e e 112
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Isoliner - mpoBatigep MHCTPYMEHTOB Processing it MHTEPIIONAIIUYA TOYEYHBIX HaHHBIX, IOCTPOEHUS
U30NIMHUN U paboTh ¢ penbedom. Aapo kpuruHra - anroput™ KB2D u3 GSLIB. MHCTpyMeHTH
Pa3HEeCEHHI IO MATH TPynnam: «'pum ¥ H30JIMHUK» - OCHOBHOM MOTOK 060paboTKY OT AeKIacTepu3anuu
mo usonuHuiy, «Tomorpadbus» - penved U3 OTKPHITEIX OAHHBIX U TUAPOJOTHUYECKHUU aHaIu3,
«JlonmoTHUTE NIbHbIE MHCTPYMEHTHL aHajn3a» - CIelUajn3upPOBaHHbBIE PACYETH OT MHOUKATOPHOTO
KPUTHUHTa OO0 IJIOTHOCTU IIepeMeHHOU OIOpH, «Pa3pe3» - MOCTpOeHUE IeOJIOTUYEeCKUX pa3pe3O0sB,
«®paKTabHBIN aHAIU3» - Pa3MEePHOCTH IIOBEPXHOCTEN, MAaCOK U JIMHUU.

«2D Kriging (Touku — pacTp)» - OpANHAPHBIN UK IIPOCTON KPUTHUHT II0 TOUEYHOMY CJIOIO.

«M30muHMH U3 pacTpa» - U30JIUHUM (JIMHNM) ¥ KOHTYPHEIE TIOJIUTOHHEI (II0sica MeXOY U30JIMHUSIMM),
T'PaHUIBI KOTOPHBIX COBIIQOAlOT C JIMHUAMMU.

«Bapuorpammuasa KapTa (aHusorponusi)» - noBepxHocTb y(h x, h y) c oueHkoll asuMmyTa u
QHU30TPONIUY [JIS YUETa HAllPaBIeHHOCTU B KPUTUHTE.

«Kpocc-Banupaiusi BapUOTrpPaMMBI» - CKOMNB3SAIINN KOHTPOIb (leave-one-out) miast TpoBepKU U
rnogbopa mapaMeTpPoOB KPUTHHTA 110 OMIMOKe, a He BU3yasIbHO.

«Co3maTh IpUMED CKBaXKWH (IeM0)» - TeHepalusa yueOGHOTO TOYEYHOTO CJI0SI C MTPOCTPaHCTBEHHOU
CTPYKTYpO# (KPOBJISI, MOIIHOCTb, COAEPXKAHWE KOMIIOHEHTA) [y OO0ydYeHuss W NPOBEpKH 0e3
peanbHBIX TaHHEBIX.

B rpyiie <<,]101'IOJ'IHI/ITeJ'IbeIe WHCTPYMEHTHI aHaJIn3a» CIIelInaIM3UPOBAaHHBIE paC‘-IéTbI, HallpuMep:

«KaTeropuanbpHBIM UHOUKATOPHBIM KPUTUHT» - KapTa BEPOSTHOCTU KJIACCOB IO KaTeropHuaIbHOMY
MO0 (MUWHTHUII, JTUTOTUI): Ha KaXKOBIM KJIAaCC CTPOUTCSI UHOWKATOP U KPUTYeTCs OTOEJIbHO, Ha
BBIXOII€ PacTp BEPOSITHOCTEM, KapTa 30H U YBEPEHHOCTG.

«ugpaBnuyecKuyl TpagueHT M HaIpaBlieHWe I[OTOKa» - II0 pacTpy Hamopa CTPOUT MOLYTb
TUOPaBINYECKOro TpafueHTa, a3uMyT HallpaBJIeHUs II0TOKa (BHU3 10 TPafUEHTy) U TOUEeYHEBIN CII0U
BEKTOPOB II0TOKa, KOTOPHIM cpa3y obopMIsieTcs cTpelkaMu. ['ugporeonorus 6e3 IpOHUIIAEMOCTH.

TTogxoOuT [JjIsi OTMETOK IINIacTa, MomHocTel, ®MC, XUMUH U JTIOOBIX YMCIIOBEIX aTPUOYTOB CKBAXKHH.

HeckonbkO TepMHHOB, KOTOpBIE BCTPEUYAlOTCA [Hajiee. BapmorpamMma ONIKCHIBaeT, HaCKOJIBKO
CUJIbHEE PA3IUYAIOTCS 3HAUEHWsS C POCTOM PACCTOSHUS MeXAOy TodkKamu. CHJIT - YPOBEHBb, Ha
KOTOPHIM OHA BHIXOOUT (OIM30K K OUCHEepPCUM [aHHBIX). Harret (oT aHri. nugget, «addekrt
caMopopAKa») - CKauOK BapuorpaMMEI Y HyJIsI, TO €CTh pa30pocC Ha CKOJIb yTOOHO MaJlbIX PaCCTOSHUAX,
BBEI3BAHHBIN U3MEPUTEJIFHEIM IIYMOM ¥ MUKPOU3MEHYUBOCTHIO. [lasiee Mo TEKCTY - TPOCTO «HATTET».



YcTraHOBKA M pacmnojiokKeHue

OcHoBHOM cnoco6 - u3 obpunuansbHoro peno3utopus QGIS. Otkpoiite Monynu — YnpasneHue u
yCTaHOBKa MOMyJel — BKnagka «Bce», B moucke Habepute «Isoliner», BbIOepUTe IJIaruH U HAXKMUTE
«YcTaHoBuTh». [Ipu ycTaHoBKe u3 pemo3uTtopus QGIS cam cooOiaeT 0 BHIXOe HOBBIX BEPCUU U
OOHOBJISIET IJIAaTMH 10 KHOIIKE.

BriGop KaHajia pacTpa BO BCeX MHCTPYMEHTAX - BHINAMAIOIIMMM CIIMCKAMM C MMEHAMH KaHaJIOB:
Yy MHOTOKaHaJIbHOrO TpHOa IJIaCTa B CIKMCKAX YMTAIOTCS «KPOBJS», «IONOIIBA» M HMEHA CJIOEB
ImapaMeTpOB.

AnvrepHaTUBHBIM cnocob - u3 ZIP-daitna. Mopmynu - VYimopaBieHHe ¥ ycTaHOBKa Monyled —
YctanoBuTh u3 ZIP. 3T0 ymoOHO i odIaiH-yCTaHOBKH U IpeapeIu3HEIX COOPOK.

Ilocnme ycTaHOBKM WHCTPYMEHTHI MOSBNAIOTCSA B IaHenu «0OOpaborka» (Processing), mposaiizmep
«Isoliner», rpymnmbl «I'pug u wusonuHuM», «Tomorpadusa», «IlONONTHUTENPHbIE WHCTPYMEHTHI
aHanmusa», «Pa3pes3» u «dpakTanbHEIM aHanu3». TpeboBarus: QGIS 3.16+. BHeITHUX 3aBUCUMOCTEH
HeT - ucnonb3ytorcsa NumPy, GDAL u mtaTHEIe anropuTME Processing u3 cocrasa QGIS.

OOHOBJICHHE

ITpu ycranoBke m3 peno3utopus QGIS moka3rlBaeT yBeOOMJIEHHE O OOCTYIIHOW HOBOU BEPCHUU
- 3HAYOK B CTPOKE COCTOSIHUS M CIHCOK BO BKiIagke «OOHOBIsieMbIe» MeHeOXKepa MOMyJeH.
OOHOBJIEHUE BHIMIOTHSAETCS OOHOM KHONKOM. [Ipu ycTaHOBKe M3 ZIP HOBast BEPCUS CTAaBUTCS TEM XKe
IIyTEM, IIOBEPX CTAPOH.

[InaruH KOPPEKTHO Iepe3arpyxaeTcs «Ha JeTy», nepesanyck QGIS He TpebyeTcs. [I1s1 OBICTPO
repe3arpy3KH Koga IIpu pa3padoTke ymodeH moayib Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBalifiep ¥ BCe MHCTPYMEHTHI I€PEPETUCTPUPYIOTCS CPa3y.

BbI30B CIIpaBKHM

B mumanore Kaxgoro MHCTPyMeHTa eCTh KHOIIKa «CIIpaBKa», OTKphIBalolas 3To pykoBoacTtso (PDF B
KOMILIEKTe ItarvHa). [IpaBas nmaHens Omanora OOMNOJIHUTENIBHO IIOKa3kIBaeT KPaTKYyIO IIOACKa3Ky
10 UHCTPYMEHTY. PYKOBOACTBO U CBEIEHWUS O BEPCHUM MOOCTYIHHI U 6€3 OTKPHITUS WHCTPYMEHTA:
MeHI0 Mogynau cogepxuT nogMeHo Isoliner ¢ nyakramu O 1mtaruHe (BepCusi, CCBUIKH, HCTOPUS
usMeHeHu) u Pykosogcrso (PDF).

OO1Ias1 ToruKka padoTsl

Tumnoso clieHapui COCTOUT U3 ABYX L1aroB:

2D Kriging: mo TOYe€YHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCHA pacTp (perynsapHas ceTkKa
3HaAYEeHUN).

H3onuaum u3 pacTpa: II0 IIOJIYy4YeHHOMY pPaCTPy CTPOATCA HM3O0JIMHUU M, IIPU HeOGXOJII/IMOCTI/I,
3aJIUTEI€ KOHTYPHEIE IIOJIMT OHHI.

[ITaru HE3aBUCUMHL: « U30TMHUM U3 PacTpa» paboTaloT C TIOOLIM PaCTPOM, He TOJIFKO C PE3YIhTaTOM
KPUTHHTA.

HHCTpyMeHTHI cOOpaHbl B TPU IPyHIsl Processing. I'pymnma «['pum u U30IUHUK» 3TO OCHOBHOM ITOTOK
00paboTKM, OT KPUTHHTA A0 U30MuHHU. ['pynna «JlOmMOIHUTENbHEIE MHCTPYMEHTH aHalli3a» 3TO
CIleIIMan3upPOBaHHbEIE PACYETHI, KAaTeTOPHAIbHEM MHONKATOPHBIM KPUTUHT, KPUTHUHT C BHEIIHUM
operidoM, TUOpaBINdYeCKUY TPafueHT C HalpaBjieHUeM [I0TOKa, KapTa BEPOSATHOCTH IIPEBHIIEHNT U
yOenbHEIN pacxop o Hapcu. I'pynna «Pa3pe3» 5T0 MOCTpOEHUE Ie0I0TNUYeCKUX pa3pe30B 10 TNHUU
U IMOATOTOBKA AEeMO-TaHHBIX [JISI HUX.




MHCprMEHTH aHanwWza

e 0B B X

Q MNowck...

¥ 1.Tpwna 1 naonvHum
# 1.01 Jleknactepuzauma (Beca)
* 1.02 2D Kriging (Touku — pactp)
* 1.03 MuHMManLHaA KPUBKM3HA (TOUKKM — pacTp)

‘*‘ 1.04 W3onmHuK uz pactpa

'*' 1.05 Bapuorpamma (3kcnepumeHTanbHan)
'*' 1.06 BapworpaMmHan kapTa (aHW30Tponuna)
'n' 1.07 Kpocc-sanmaaumsa Bapmorpammbl

'*' 1.08 Kpocc-sanmpauma metoaa (LOO)

-*- 1.09 Npodwman obpaboTkn

# 1.10 CozpaTe NpUMep CKBaXMH (Aemo)

* 1.11 Cozpats npumep reod Kux Nnpodunei (aemo)
¥ 2. Tonorpadma
# 2.01 3arpyaka LIMP no pamke
* 2.02 3arpy3ka TONOOCHOBLI NO pamMKe
* 2.03 Topo2Raster (pensed vz BekTOpOE)
'*' 2.04 NMogrotoeka penseda
'*' 2.05 Crok v akkymynauma (D8)
'n' 2.06 Peunan ceth
'*' 2.07 baccernbl v BogOpasaens
2% 2.08 Ynom u skcnosuuma
# 2.09 BeplumHi
* 2.10 lemo-pensed
* 3. lononHuTenbHbIE MHCTPYMEHTE aHaNW3a
# 3.01 KateropvanbHelii MHAWKATOPHLIA KPMIWHT
* 3.02 Kpurunr ¢ HewwHum apeidom (External Drift)
* 3.03 KapTa BepOATHOCTW NpEeBbILLEHUA
'*' 3.04 TwapaBAMUecKWid rpagMeHT W HanpaeaeHKe NoToKa
'*' 3.05 ¥penbHbii pacxoa (3akoH [apcw)
'*' 3.06 Tayccoea cumynauma (SGS)
'*' 3.07 MnotHocts No 3aMepam (NepemeHHan onopa)
'ﬂ' 3.08 Cozpate npumep ANA NAGTHOCTH (gemo)
¥ 4 Pazpes
'*' 4.01 Pazpes no nMHuKM
'ﬂ' 402 CrkBaxuHbl Ha paspese
-*- 4.03 Cocrae nnacta Ha paspese
* 4.04 MNepeceueHwe NOBEPXHOCTEN C pazpe3om
* 4.05 MNepeceusHwe BEKTOPOE € Pa3pe3om
# 4.06 Nepeceuenwne TIN ¢ pazpezom
'*' 4.07 MNpoekuna obbekTos Ha paspes (bera)
'*' 4.08 Cnpoeumpoears ¢ paspesa (beta)
'n' 4.09 PaseiépTra creHkmn cteona (bera)
'*' 4.10 Co3pate npuMep ANA paspesa
¥ 5. OpakTanbHbIA aHanm3
'n' 5.01 PpaktancHan paMepHOCTL
'*' 5.02 Box-counting mackm
'*' 5.03 PaamepHOCTE IMHWIA W TpaHLL
# 5.04 PazmepHocTs MUHKOBCKOTO (BEKTOPEI)
* 5.05 Cozpats npumMep Ana dpaktanos (aemo) |v

Puc. 1: IpoBatinep Isoliner B nanenu «O6paboTKa»: OSATh TPYII UHCTPYMEHTOB.



Kak paGoTaeT Moaynb: CKBaX}XWHb! = rpua — U30NNHUN

40 3. M3onuHuM M NonwuroHkl

1. CkBaWHLI (To4KK) 2. Fpua (KpwruHr)

Puc. 2: Bechb mpormecc Ha CreHepupOBAaHHOM IIPHMEpe: CKBAaXWHBI C H3MEpPeHUsIMHu (cieBa)
ITPEeBPAIAOTCAd B CIJIOIIHOW TPUMA KPUTHMHTOM (B IIEHTPE), II0 KOTOPOMY CTPOSITCS H30IUHUU U
KOHTYpPHEIE TIOJIUTOHEI (CIIpaBa).

1.01 dexmacTtepu3anus (Beca)

HWHCTPYMEHT rOTOBUT JaHHBIE Iepen nHTepnossiuei. Korma mpoOsl CTyIleHE HEPaBHOMEPHO, OOHU
O6710KM pa3bypeHBl IIJIOTHEEe OPYTruX, HauBHas rjobajbHas CTaTHUCTUKa CMeEIIaeTcs B CTOPOHY
rmepepasBedaHHBIX y4acTKOB. Ecmu ryine Oypunu OoraThie 30HB, CpegHee H THCTOTpaMMa
3aBBIIIEHB], @ 3TO IPSIMO BIIHSET Ha IIOJCYET 3amacoB. Aduencras mekinacrepusanus (mopt GSLIB
declus) maét kaxmoi mpoOe Bec, OOPATHHIM JIOKAJIBLHOM IIJIOTHOCTHU: B CKOIJIEHWMM MEHbINE, Ha
otmube Oombirne. 1o B3BEIIEHHBIM [AHHBIM CUMTAETCS IIPEOCTaBUTEIbHOE MEeKIaCTepU30BaHHOE
CpenHee.

Ha mone HakagbplBaeTCs CeTKa A4YeeK, BeC mpoOsl IPOIOPIMOHAIEH eIuHUIE, TeJIEHHON Ha YHUCIIO
mpo0 B e€ siuelike, 3aTeM Beca HOPMUPYIOTCSA. PasmMep s4elKu nog0upaeTcss aBTOMaTUYECKU: CBHUII
I10 pa3Mepam, BbIﬁOp II0 MUHUMYMY OEKJIaCTEPU30BaHHOTO CPEeIHETro (KOI"JIa CKOIIJIEHUSA IIPUIIINCH
Ha OoraTele 30HHI) IU0O0 IO MakKCUMyMy. MOXKHO 3agaTh pa3Mep BPy4YHYI0. Ha perynspHo# ceTu
OeKIacTepu3aliusa HUYero He MeHsIeT, BCe Beca pPaBHHI.

[TapameTtp Ha3uauenue ITo ymonyaHuio

Touku co 3HAUYEHUSIMU ITpoOHI. -

ITone 3HaueHusd (Z) YucnoBoe moie. -

Pa3mep sueliru ABTO (CBHUII) UNIU PYYHOMU. ABTO

Pazmep s4yelku Ojis pydHOTO CTOopoHa S9YeUKH B py4YHOM 0

pexuMa pexumMme.

Llens cBuna (dor.) MuyuHMMYM HUJIM MaKCUMYM MuHMMyM
CpenHero.

Yucio pa3MeposB B CBUIIE CKOIBKO g4YeeK mepebparts. 24

(Hom.)

CooTHOUmEHUE TUeUKU Y/X AHU30TPONIUS SUEUKHU. 1

(Hom.)

CMenleHul Hadajla CETKU YcpenHeHUe 110 COBUTaM 4

(Oom.) CEeTKH.

Touku c BecaMu Cioii Touek c noneM wi. -

HTML-otuéT CBomka, TUCTOTpaMMa, KpUBasi 10 YMOJTYaHHUIO
CpenHero.

Brixomni: cito#t Touek ¢ moseM wt u HTML-0T4€T co cBOIKOM (HaBHOE IPOTUB OEKIaCTEPU30BAHHOIO
CpefHero), TUCTOTPaMMOM CHIPOM IIPOTUB B3BEIIEHHOM M KPUBOM CPegHEro OT pa3Mepa S4YeuKH.
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IlekmacTepu30BaHHOE CpeldHee U3 XKypHala U OoT4E€Ta cTaBuTcsa B 1.02 B mone CpenHee Ojisi
IPOCTOr0 KpuUruHra, a noje wt nmomaércsa B 3.06 T'ayccoBa CHMYJISAIMS M7 B3BEIIEHHOTO
HOPMaIbHO-0aIILHOTO ITpeoOpa30oBaHusi. Y paraHHbIE ITPOOEI OTCEKAI0TCS OTOEIBLHO, ITIePCeHTUTLHBIM
KallaHieM B CaMUX MHCTPYMEeHTaX KPpUTHHTa U KPOCC-Baluaaliiu.

1.02 2D Kriging (Touku — pactp)
Oppunaphsiii (OK) unu npoctoit (SK) KpuruHr mo touedHomy ciioo. CoBIagaioliye TOYKY (OOUH U

TOT ke XY) yCpemHsITCs 110 Z. B y3/1ax ceTKU 3HaYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOLOATCS TOYHO
(npm HyTEBOM Harrere).

KpWruHr: oueHka B y3Jie - B3BelleHHoe cpeflHee cocenel

CKBa»MHbI
y3en (oueHneaeMm)
Bec 20%
Bec 14%
Bec 14%
Bec 11% *
?
Bec 21%
g Bec 20%
Yem 6avke cKBaXuHa K y3ny, Tem Gonblue eé Bec.
Beca nopbupatoTca No BapuorpamMMe, a He NpocTo 1/paccTodHKe.

Puc. 3: KpuruHr olleHMBaeT 3HaUEHUe B y3JIe KaK B3BeIlIeHHOe cpenHee OIUKANIINX CKBAXKWH: YeM
OmuKe CKBaXXuWHa, TeM Oonbline eé Bec. Beca momOupaioTcs IO BapuorpaMme.

OCHOBHEBIE TTapaMeTPhI:

[TapameTtp Yro 3amaér ITo ymon4aHuIo / COBET
TouyeuyHBIN CIJIOU HcxomHble TOUKU (CKBAXKUHBI) -
0711 UHTEPIIONAINHU.
TonbKO BeIIENNeHHBIE 00BbEKTH ~ CuUuTaTh JIUIID 10 BBIKIJI.
BBIJEJIEHHEIM TOYKaM CJIOS.
[Tone 3HaveHud (Z) YucnoBoit aTpubyT, KOTOPHIA 3allOMUHAaeTCsa MeXay
WHTEePIOJIUPyeTCa: OTMeTKa 3amyckamMu

mjacTa, MOIIHOCThE, ®MC,
XUMUA U T. II.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[Ipeobpa3oBaHue 3HAYEHUST

Tun KpuruHra

Papgnyc mmoucka

MuH. KOJIMYECTBO TOUYEK

Makc. KoJIn4ecTBO TOYEK

Pa3mep sueriku
OxBaT pacTpa

O6pe3aTh M0 KOHTYPY CKBAXKUH

Bydep o6onouku

Macka o6pe3Ku

3arpy3uth npodunb o6paboTKu

In gns mOr-HOPMAJILHBIX
BenuuuH (K, T, comepkaHus c
OJIMHHBIM XBOCTOM): KPUTYETCS
In(Z), olteHKa BO3BpalllaeTCs
yepes exp.

Oppounaphbiy (OK) - 1oKanbHO
OlIEHUBAET CpeIHee caM.
ITpoctoit (SK) - ucmonb3yer
3amaHHOe «CpemHee».
Panuyc okHa nmoucka cocegHUx
TO4Y€eK BOKPyT y3na. 0 = Bcda
BBIOOpPKA.

Ecnu B OKHe MeHbIIIe TOYEK -
y3eJI OCTAETCA IIyCTHIM
(nodata).

CKOJIBKO OMHKAUIINX TOYEK
BKJII0YAeTCS B CUCTEMY
KPUTUHTA.

Illar rpuga. 0 = aBTO =
min(oxBaT)/50.
[TpsaMoyronbHUK pacyéTa. 1o
YMOJTYaHUIO - IO CJIOI0.

PacTp o06pe3aeTcs BRIIYKIION
0060JI09YKO#M BCEX TOYEK -
yOupaeT 3KCTPAIIOJIAIHIO B
IIYCTBIX yTJIaX.

Pacmuputs 06004ky Ha N
€OUHUII KapThl HAPYXKY.

CBOU OJIUTOH BMECTO
000710UKY (IPHUOPUTETHEE) -
yOoOHO [T BOTHYTHIX
y4aCTKOB.

[TomcraBinsieT COXPaHEHHBIN
npoduns (Harret, CTPYKTypa
BapHOTIPaMMEI, OTCEB) ITOBEPX
nosiedt guanora. CIimcok
OOHOBJIIETCS IPU OTKPHITUN
OKHa.

HET

OK

0 (Bcs BEIOOPKA)

24

MeJib4e = IIJlaBHee, HO OOJIbIIe
I10 CJIOIO

PEKOMEeHOyeTCd BKII.

(1e BBHIOpaH)

ABTOMAaTHYECKHE 3HAYECHUS

PasmMmep sueiiku = min(mmupuHa, BEICOTa oxBarta) / 50.

Papuyc koppensnyuy BapuorpaMMEl = max(IIMprHa, BEICOTa oxBaTa) / 3.

Papuyc nmoucka (mpu 0) = guaroHaab oxBaTa, TO €CTh OEPETCS BCS BRIOOPKA.

O0pe3Ka Mo KOHTYPY CKBazkKHH

Kpurusr cuuTaeT BeCh MPSIMOYTOJILHLIN OXBAT, II03TOMY BHE 00/1aCcTH HAaHHLIX 3HAYEHUS SIBJISTIOTCS
9KCTpAaIoIAnne U fmaioT apTredakThl (OIUHHBIE «BeepHBbIe» M30JMHUU B IIYCTHIX yriax). Onnus
«0O6pe3aTh 10 KOHTYPY CKBaXKWH» CTPOUT BEHIIIYKIIYI0 000JI0YKY BCeX TOUeK (C Heo0s3aTeNlbHBEIM
OydepoM) u obpe3aeT IO HeM pacTp. IJKCTpamonsuus ucuyesaeT. Ecnm ¢pakTuyeckass rpaHHlla
y4acTKa BOTHYyTas, 3aaiiTe CBOM ITOIUTIOH B «MacKe 0Ope3Ku» - OH IIPUOPUTETHEE 000JIOUKH.
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Paguyc noMcka v YWCo cocegHWX ToYek

BHE paguyca (He y4TeHbl)

B paanyce (yyTeHsl)
y3en

paguyc nowncka

[lns oueHkK B y3ne BepyTCA TONbKO CKBaXWHbI BHYTPW paauyca
(1 He bonblie 3a0aHHOM0 MakcuMyMa bavkanwnx).

Puc. 4: [ns KaXXOgoro y3jla 0epyTcs TOJIBKO CKBa*KWHHEI BHYTPU paguyca IOWCKa W He Gojee
3a[aHHOr0 YKcia Onmuxkanimux. TOYKK 3a PaJUyCOM He y4acCTBYIOT.

BapuorpaMma 1 Harrer

KpuruHr onupaeTcs Ha MOJelb BapuoTrpaMMEbl - OHa OMUCHIBAET, HACKOJIPKO CUIbHO Pa3/In4aioTCs
3Ha4YeHUs Z B OBYX TOYKaAX B 3aBUCHUMOCTH OT PACCTOSHUS MeXAy HuUMHU. [Io sToM Momenu
KaXJoM cocefHel CKBaxXMHe Ha3HadaeTCs Bec. Mojiernb 3afaeTcsi B pasfesie «IloMOoTHUTEIbHBIE
rmapaMeTphI».

Mogensb BapuorpaMmmsbl: HarreT CO, cunn (CO + C) u paguyc KOpPpensalus a.

Harret CO

Harrer - 3TO 3HauYeHWe, K KOTOPOMY CTPEMHUTCS KpUBasg BapUOTpaMMEI IIPM PaCCTOSHUY,
CTpeMsAIEeMCS K HyO. TeopeTW4YecKW, Ha HYJIEBOM PAaCCTOSTHUM PACXOXKIOEHUE OJIKHO OBITh
HYJIEBBIM (TOYKa CpaBHUBAETCS caMa ¢ co00i1), HO Ha ITPaKTUKe OCTAETCs cTyneHbKa. OHa oTpazkaer
TO, YTO MAHHBIE Ha OUYEeHb MaJIbIX PACCTOSHUSX BCE PAaBHO HE COBIIQAIOT: OTPEITHOCTh U3MEPEHU
1 oIudpPOBKU, MUKPOMU3MEHUYMBOCTL Ha MacluiTtabe MeHbIle PaCCTOSHUS MeXKOY CKBaXXMHaMMU,
pacxoxpaeHue oy0siel B OOHOM TOYKeE.

Kak Harret BnusieT Ha pe3yibpTar:

CO = 0 (mo yMOm4aHUIO) - KPUTHHT SIBJIIETCS TOYHBIM HHTEPIOJIATOPOM: ITIOBEPXHOCTH 00si3aHa
MIPOMTU POBHO Yepe3 KaXkKayio CKBaxkuHy. 30/1upoBaHHasi CKBaXKUHa C BLIOPOCOM 110 Z TpeBpalllaeTcs
B KOHYC («OBIUMi TJ1a3»).

CO > 0O - KpuUr"HT IIepecTaéT TOYHO BOCCTAaHABIMBATh 3HAUEHNUE B TOUKE U3MEPEHUN U CTaHOBUTCS
CIr'JIa2KuBaTeEJIEM: B6J’[I/ISI/I CKBaAXHWHEBI OII€HKaA IMOATATUBaE€TCA K JIOKAaJIbLHOMY CpeIHEMY. Yem GOHBH_Ie
mons Harreta CO / (CO + C), TeM cunbHee CriaXXuBaHUe.

CO = Bechb cuIy (YHUCTBIM HAITEeT) - IPOCTPAHCTBEHHAS CBSI3b TEPSIETCS, IIOBEPXHOCTh BEIPOXKIAETCS
B IIPOCTOE cpenHee. ITo mepebop.
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cunn (CO + Q) i
CO+C A -
= i
> i
= i CTPYKTYPHBIN
8 i Bknan C
o)} 1
C 1
U 1
= |
= 1
> i
= |
: _—
CO 1 ToTmmTmTmoomomsoooooo—oooooee
HarreT CO i
0 !
0 paguyc a

paccToaHne Mexay ToO4KaMun h

Puc. 5: Cxema BapuorpaMmsl: HarreT CO, ctpykrypHEIU BKiag C, cunn (C0+C) 1 paguyc KOppensainnu
a.

HarreT KpynHbIM NAaHOM

HarreT - 370 pa3bpoc Ha 04eHb ManblXx PacCTOAHWUAX:
50 4 MOrpewWwHoCTL M3MEPeHNA N MUKPON3MEHYMBOCTS.
Yem bonbwe CO, TEM rNae W «CrNoKOAHee» pe3ynbTarT. cunn = CO + C = aucnepcus

40 4

nonyaucnepcus y(h)

10 A HarreT CO

(«ckavok» y Hynq)
Ha Hyne TeopeTu4eckn 0,

HO KpWBasa ctaptyeT c CO —— Mozenk BapMorpaMMel

0 250 500 750 1000 1250 1500 1750 2000
paccTosHue Mexdy To4kamu h

Puc. 6: HarreTt KpymHBIM IIJTAHOM: MOOEJIb CTapTyeT y Hyns He ¢ 0, a co «ckauka» C0. 3To pasbpoc
Ha CBEePXMaJIbIX PACCTOSTHUSAX (IOTPEIIHOCTh U3MEPEHUsI, MUKPOU3MeH4YnBOCTh). [lonka CO0+C =
OUCIEePCUU JaHHBIX.
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Baxno - egununbl. Harretr CO ¥ CcuMIN 3a0al0TCd B AaOCOJIOTHBIX €THHHIIAX ITHCIEPCHH
ODaHHBIX (KBaIpaT eguHHUI] Z), a He B gonsax 0-1. 3HadyeHue «1» y cHJJIa IO YMOJYaHHUIO - 3TO
YCJIOBHOE 3HadeHHe, KOTOPOe MOYTH BCeTrfga HYKHO M3MEHHTh: 3ajanTe cyMMapHbU cuma (CO +
BKJIaAbl CTPYKTYp C) OJIM3KHM K AHCIEPCHH TAaHHBIX. YPOBEHb CTIaXKHWBaHUS OMNpemesieT He
abconioTHas BelM4YKMHa Harrerta, a ero monsi B cwwie CO / (CO + C). IlpakTudecKuidl MOpPSAOOK:
BO3BMHUTE CYMMAapHBIM CHUJII = gucrepcuu, 3ateM Harretr = 0.2-0.4 oT Hero (to ecth 0.2-0.4 X
oucIepcuu - abcomoTHoe yucio, a He 0.2-0.4 kak TakoBoe). YeM MeHbIIIe HArTeT, TeM OOJbIIIe
meTasiel, HO ¥ OOJMbINe JTOKAJIbLHEIX MUKOB. YeM 00JbIlle, TeM MOBEPXHOCTh POBHEE, HO BO3MOIKHO
CriaXkKvBaHUEe peabHOM CTPYKTYpHl. [IMCIEpCHUI0 MaHHBIX MHCTPYMEHT IedaTaeT B KypHan mpu
3amycKe - 3TO U €CTh Balll OPUEHTHUP OJIsI BEIOOpa CUIIia.

CTPYKTYpPHBI, pagHyC H aHH30TPOIIHSI

Cunn (1mosika) 3TO ypOBeHb, Ha KOTOPHIM BEIXOOUT BapuorpamMma. OH ckimagbiBaeTcs u3 Harreta CO u
BKJIafa cTPYKTyphsl C. CTpyKTypa 3afaéTcss Mogenbio (chepuueckasi, 9KCIIOHEHIIMaIbHas, rayccoBa
UJIM CTeIleHHas), moporomM C, paAuycoM a, a3uMyTOM U aHU30TPOIIMEMN.

Clia: CMBIC/I M HOPSAAOK BeJIWYHHBI. CUJII - 3TO BEPXHUM Npefesl pa3uduil MeXay TOYKaMU:
HACKOJIbKO B CpeIHEM OTJIMYAIOTCS OajéKue OPYyr OT Apyra CKBaxKuHbl. OH MPaKTUYECKU paBeH
oObIyHOM mucrepcuu mauHbX. [IpuMep mo KCl: cpenree = 25 %, gucnepcus = 47.6 (%?2), To eCcTb O
= 6.9 %. 3HauuT, CyMMapHBIHN cuin 3agaémM = 47.6. Ecnu Harret CO = 17 (mpumMepso 0.35 cunmna),
TO CTPYKTYPHHIN BKJIa[ NepBoi CTPYKTYpPEl C = 47.6 — 17 = 30. Ha cam rpupg abCOTIOTHBIM MacIiTab
He BIIUSET - OJIS OIIeHOK BaxkHO TOonbKO oTHomeHue CO : C. Ho oH HyzKeH, 4TOOH KapTa CTaHOapPTHOM
ommOku 1 MSDR B Kpocc-Banugauuu ObUIH B peajibHOM MacinTabe (CyMMapHBIN CUMIJT = OUCIIEPCUU
— MSDR = 1). [losToMy: He oCTaBnsgiTe CUIUI = 1 IO YMONMYaHUIO, IOGHUMUTE €r0 IO OUCIEePCUU
OaHHBIX.

Brioop mopenmu. Cdepuyeckas W 9SKCIOHEHIMANbHAs IOOXOOAT Oy OOJNBIIMHCTBA 3adad.
CremeHHasi MOJeNlb He MMEET CHUJ/IJla U paamyca B OOBIYHOM CMEICJIE: €€ IIPUMEHSIOT, KOorja
M3MEHUYUBOCTDL PACTET C PACCTOSTHHEM U He BHIXOOUT Ha ITOJIKY (HeCTAaIlMOHApPHOCTH IIPUPAIeHHN),
II0JISI TOpoTa U pajuyca OJist He€ YCIIOBHEL. ['aycCcoBy MomeNnb IPUMEHSINTE OCTOPOKHO: IIPU HYJIEBOM
WJIM OYeHb MaJIoOM HarreTe oHa Ha€T YHUCJIEHHO HEeyCTOWYUBYIO CUCTEMY M apTedaKTHl (OCIUIISAINY,
oTpuLaTeNibHEIEe Beca). [losToMy mpu BEIGOpE TayCCOBOM MOHENN WHCTPYMEHT IPUHYIUTEJIHEHO
yoepzKuBaeT HeOObIIIOM MUHUMAJIFHEIN HarreT. [1o0 BO3MOXKHOCTH 3afjaBaliTe ero U CaMHu.

THO DAaHHBIX U peKuM. [long pa3Hble MaHHBIE HY>KHBI pa3Hble HACTPOUKHU. [ TagKue CTPYKTYpPHBIE
IMOBEPXHOCTU (OTMETKM KPOBJIM M MOIOOIIBLI, MOIITHOCTH) IyYIlle MOAEIUPOBATDL MINHHBIM PaguyCcCoM
WM CTEIeHHOW MOMenblo IIpH IIHPOKOM (rimobanmbHoM, 0) pamguyce IOMCKa - TOT{a MOBEPXHOCTH
nmomydaercs: rnagkoi. KopoTKuil paguyc C JIOKaJIbHHIM IIOMCKOM Ha TAaKWX MAHHBIX OAET «OBIYBU
Trasa» ¥ Pa3pLIBEI OIIEHKHW IIPU CMEHE COCTaBa COCeOHUX CKBAXKUH. [IJI KOHIEHTPAIMH U XUMHUHU
(®MC, ra300macHOCTh) KPpUTHHT padoTaeT B CBOEM ITpaBe: 3[eCh BaxKHLI KOPPEKTHBIM HArTeT H,
IIPY CUJIPHOM aCUMMETPUM paclipemefieHusi, mpeoOpa30oBaHre MaHHBIX (CM. HUXKE IIPO yparaHHLIE
MTPOOEL).

Papuyc Koppensaiuu a - pacCTOsSIHME, Ha KOTOPOM BapuorpaMMa BEIXOOUT Ha IOJIKY. [lasbIle 3TOTo
PacCTOSIHUSI TOYKM NMPAKTUYECKM HE BIMSIOT APYr Ha apyra. Ilpu O Gepé€Tcst aBTOMaTH4YeCKoe
3Ha4YeHUe max(oxBar)/3.

AnuzoTponusi 3amaéTcs a3WMyTOM TJIABHOM OCH M OTHOIIEHWEM pPafuycoB (Manas/TiiaBHasI).
3HaueHre 1 - M30TPOMHO (BIMSAHWE OONMHAKOBO BO BCEX HATIPABIEHWAX). 3HAYeHUe MeHbIne 1
yKOpa4YWBaeT KOPPEJSIINIO IIONEePEK IJITaBHOM OCH - IIOJIE3HO AJISI BBITSIHYTHEIX I'€OJIOTUYECKUX

CTPYKTYD.

[TapameTp YTo 3amaét ITo ymonm4ganuio / COBET
CpeznHee Oy IPOCTOTO Hcmione3yeTcst TONBKO IIpU 0
KpUTUHTa tune SK.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Harret CO «[Mym»/ckadyok BapuorpaMmel 0. [Insa crnaxkusaHus 0.2-0.4
y uyns. [logmaBnseT JIOKaJbHBIE  OT CHJLIIA
nuku. B abcomoTHEIX
eOUHUIIaX OUCTIEPCUMH.

CTpykTypa i - Momenb ®opMa BapuOTPaAMMEL: cepuyeckas
chepuyeckas,
9KCIIOHEHIMalbHas, rayccoBa,
CTelneHHas.

CtpykTypa i - nopor/Bknazg C Bknapg cTpykTypH B cuit (a6c. cTp. 1 = 1 (3amMeHuUTe Ha =

enuHUIE nucnepcuu). CymMMma OVCIIEPCHUIO)
C0+C = gucnepcuu gJaHHBIX.
s ctpykTyp 2 u 3: 0 = BHIKIIL.

CTpykTypa i - paguyc IucTaHnusa BEIXOAA Ha MIOJIKY. 0 (aBTO)
KOPPEISIIUA a 0 = aBTO = max(oxBar)/3.
CtpykTypa i - a3uMyT, ° Hanpasrnenue riaBHOU ocu 0
QHU30TPOIINU.
CTpyKTypa i - aHU30TPOIHUA OTHoOILIEHNE pPajguyCoB 1
(Manast/TnaBHasa) IONEePEK/BOonb ocu. 1 =
U30TPOIIHO.

Tak cxeMa BHITJISOWUT HA PeaJibHBEIX JaHHBIX. BapumorpaMMy CTPOSIT IO CKBAa’KWHAM: IJIS ITap TOYEK
CUUTAIOT IOJIYOUCIIEPCHUIO U YCPEOHSIOT II0 PACCTOSHUAM - II0JIydaeTcsa 0071aKko (3eJI€HBIe TOYKU),
Iof, KOTOpoe moaduparoT Momendb (KpuBasi). Ilo HeMy M 3afaloT mapaMeTphl KPUTHHTA: BHICOTA
«CKaykKa» y Hyna - Harret CO, nmonka - cus (06k9HO 6IM30K K AUCIIEPCUM OaHHBIX), PACCTOSTHUE
BBIXOZla Ha IOJIKY - paguyc a. Ecnm Ha OOJBIINX PACCTOSTHUSX TOYKU YXOHST BHIIIE CUJINIA, Kak
3[eCh, - 9TO PETHOHAJNBHHINA TPEH[ (HeCTalMOHApPHOCTH). Ero nubo yYMTHIBAIOT OTHEJIBHO, OO
OTPAaHMYMBAIOT PAJUyC IOUCKA.

OTcCeB yparaHHbIX IPoo

Yparauueie mpoOBl - @aHOMAJIPHO BBICOKME (MM OWMOOYHBIE) 3HAYEHWs, KOTOPHIE MCKaXKawoT
OIIEHKY: HECKOJIbKO «OOHAHII» 110 COmEepPIKaHUI0 MOTYT IePEeTSHYTh Ha cebsl BCIO KapTy rpeipa, a
sIBHEIE OIMMOKM (HaApUMep, OTpHUIaTelbHasi MOLIHOCTH) IOPTAT IIOBEPXHOCTb. MHCTpyMeHT «2D
Kriging» mo3BosisieT orpaHUYUTh TaKKWe TPOOHI IPSAMO IIPK pacuéTe, 663 MpaBKKU UCXOOHBIX JaHHBIX.
ITapamMeTpHl - B pa3faere «JomOTHUTETHHOY.

OTceB U cpe3Ka - TPyOsIN MPAaKTUYHBIM WHCTPYMEHT IIPOTUB SIBHBEIX OIIUOOK. [I7151 KOHIIEHTPAUHi U
XuMu# OyOobTe OCTOPOXKHBL: SKCTPeMaslbHble 3HAYEHUS YacTO He IITyM, a CUTHAJI (HalmpuMep, odaru
3arpsi3HEeHUs), U ceno obpe3aTh XBOCTHL pacIpelesIeHus He CTOUT. [IJIs1 CUJIbHO aCUMMETPUYHEIX
OaHHBEIX KOPPEeKTHee He o0pe3aThk MPoOH], a mpeobpa3oBaTh UX K OIM3KOMY K HOPMaJIbHOMY BUOY
(norapudm, Box-Cox) niau IpUMEHSATh UHOUKATOPHBIM KPUTHUHT - 3TO YXKe 3a paMKaMHU OTCEBa, HO
MMEHHO TaK 00XOIOATCS C TAMXKEIBIMU XBOCTAMU B T€0CTATUCTUKE PYO U 3arpsa3HEHUN.

[IBa pexxumMa. «YOanuTb» - IpoOLI BHE JOIYCTUMOT'O AUalla30Ha BHIOPACHIBAIOTCS (OJIsT IBHO OUTHIX
3anuceli). «Cpe3ath (capping)» - 3HaueHUsS BHe OMala3oHa NPUXKMMAIOTCA K T'paHUIlE, a caMa
TOYKa OCTaéTcs B pacuéeTre. Cpe3ka - KJIaCCUYECKUM IPUEM [IJId YparaHHBIX NPo0 IO COmepKaHUI0:
TOJI0KEHYUE TOYKY He TePSIETCS, HO €€ BIIMSHUE OrpaHUYuBaeTCs. PexXuM nepekiatodaeTcs GiakkoM
«Cpe3saTs K rpaHulie (capping) BMeCTO yOoaJeHUs».

I'parunsr no abconoty. «HuXHAS rpaHniia» U «BepxHsas rpaHulia» 3amaioT IOPOTH B eOUHUIIAX
Z Hampsimyio. ITycToe mone - rpanulia He 3amaHa. OHU IPUOPUTETHEE NEPLEHTH . [Ipumep: ois
MOIITHOCTH ITOCTaBbhTE HUXKHIOO TrpanHuly 0 - yUAyT OTPUIIATENIbHbIE 3HAUYEHUSI, BEPXHIOI0, CKaXeM,
30 - yipéT IBHBIN BEHIOpOC B 122 M.
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AHM30TPONKUSA: BbITAHYTAA 3a0eXb WU 3UJIUMC MOUCKaA

rnaegHas ocb
(bonblwion paauych

Manas oCb

£ asamyT

Ecnu 3aneb BbITAHYTA, KOppenauWa BAONb Heé Aafblue, YeM nonepéx.
InnUnc 3a0aeTcA asuMyTOM FMaBHoR OCA W OTHOLIEHWEM ocei.

Puc. 7: AHU30TpONUS: €CIU 3ajieXb BHITIHYTA, KOPPEIAINs BOOJIL HEE€ [dajbllle, 4eM IIOIEepEK.
DJIIUIIC TTOMCKA 3afaéTCs a3MMYyTOM TJIaBHOM OCHU U OTHOIIIEHHWEM Ocel (MaJjiasi/TiiaBHas).
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Bapunorpamma KC| (nnact Kpll): akcnepmMmeHT 1 Mogesb

60 e o
nanblue - pernoHanbHbIA T%eHﬂ. ® o

nonyawncnepcus y(h)

"HarreT C0 = 17

10 A
@ DOKCNepuMeHT (No gaHHbIM)
m— MOLENb: CPepuyeckan (a=13 KM) + HarreT

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
paccTosiHie h, KM

Puc. 8: DkcnepumMmenTanbHast BapuorpamMma KCl mo mmacty Kpll u momoGpanHHas MOfeb: Harret

CO0=17, cumi coBnam c gucnepcuei faHHeX, paguyc =13 kM. Touku; gasnsiie CUsia - peTUOHaIbHEIN
TPEeH].

OTceB yparaHHbix Npob: go U nocne (KpacHoe - BbIbpochl)

[lo oTceBa: «bbI4YbM rNasa» BOKpYr BbIOpocoB Mocne oTceea/cpesku: Nnone CrokornHoe

Puc. 9: OTceB yparaHHbIX mpo6 Ha IpuMepe: cjieBa TPHU BHIOpOCa AAlOT «OBIYBU Tila3a» (ropsdyue
MsITHA), CIIPaBa MOCJie CPe3KK K BepXHe# IpaHulle moJjie CIIOKONHOoe.
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I'paHuLBI 10 MEPUHEHTHWIIO. D-U IIEPIEHTUIb - 9TO 3HaYeHUe, HUXKe KOTOPOTro JIEXKUT P% BCexX
mpo6. Hanpumep, 5-U mepHeHTUIb - IOPOT, HHUXKE KOTOPOTO TOJBKO 5% CaMBIX MajblX 3HAYEHUH.
95-#1 - mopor, BHIIE KOTOPOTO 5% cambIx 60mbimux. IlapaMeTp «IepPHeHTHIb 00pe3ku, %» 3aHaéT
3Ha4YeHUe P, U T'PaHUITLI O€PyTCS CUMMETPUYHO: OT p-ro mo (100—p)-ro nepuentunsd. To ects p =
2 O3HaydaeT «CUUTATh yparaHHBIMU 2% caMbIX HU3KUX U 2% cCaMBIX BEICOKUX IIP0O»: BCE HUKE 2-
ro u Beile 98-ro nepueHTUnsa nubo ymansgercs, mubo cpe3aeTcda. Yem Gonbllle P, TEM arpecCUBHee
obpe3ka. P = 0 BHIKTIOYAET MEPIeHTUILHBIN PeXUM. YOOOCTBO B TOM, YTO aOCOIIOTHBEIE OPOTH
3HATh HE HYXKHO - OHU BHIYMCIISIIOTCS 10 CAMUM JaHHBIM U HMOOXOAST K JII000MY pacHpenesieHuIo U
Macmraly.

IBYCTOPOHHOCTH - BaKHO [JIsI XUMHUH. [[eplIeHTUTBHBIN PEeXUM pexkeT oba XBOCTa - U BEPXHUMH,
v HuXKHUM. 171 comepxkauuii 310 omacHo: KCl = 0 B 30Hax 3aMellleHus - peajbHasi TeoJIoTus, u
00pe3Ka HUKHETO XBOCTA OIMIMO0YHO ITIOMHUMET «IIyCThIEe» y4acTKU. [[o3TOMYy OIS rpelima oTCeKaunTe
TOJIBKO CBepxy: ocTraBbTe «HUMXKHIOIO I'paHUIly» IOyCTOM U 3amaliTe «BepxHioio» abcomoToM (Mnu
MIPUMEHSUTEe MeplHeHTUIb, IIOHUMAas, YTO HU3 ToKe OymeT 3aTPOHYT). 11T OTMETOK U MOIITHOCTEH
OBYCTOPOHHSST 00pe3Ka 00BIYHO YMEeCTHa.

Ilopsimok m kKypHan. OunbTp IPUMEHSETCS OO0 yCPeOHEHHUs COBIamalommx TodekK. B XKypHan
WHCTPYMEHTAa BHIBOJUTCS, CKOIBKO IIP00 ymaneHO HJIM CPe3aHO ¥ B KaKUX I'PaHHUIAX - 9TO YOOOHO
OIS KOHTPOJIS.

CraHgapTHasi OIIM0OKa KPUTHHTa

KapTa cTaHoapTHON OWWOKN KpUrMHra
i ES B -

&

o CKBaXWHbI
O

11.0
10.5

10.0

(=]
w
CTaHOgapTHadA owmnbka

o
TemHee (MeHbllUe) - PAAOM eCTh CKBaXXMHbI, OLLeHKe MOXHO LOBEpPATh.
CeeTnee (bonblue) - faHHLIX Maso, OLEeHKa MeHee HafeXHa.

Puc. 10: KapTa cTaHmapTHOM OIMMOKK: TEMHOE Yy CKBaXWH (3€JIEHBIE TOYKH) - OLIEHKE MOXKHO
OOBEePATH, CBETJIOE B l'IyCTbIX yrnax - JAHHBIX MaAJIO.

KpomMe camMoii OLIeHKH, KpUTHUHT JAéT B KazKOOM y3Jie OUCIIePCHUI0 OMHOKHY - MEPY HEOTIPeIeIéHHOCTH.
Eé kopeHb, CTaHmapTHas OIIMOKa, BBEIBOOUTCS He0O0S3aTeJIbHLIM BTOPLIM PACTpPoOM (IapaMmeTrp
«CraHpapTHasi omwmOKa KpuruHra» wuHCTpyMeHTa «2D Kriging»). EguHumer - Te ke, 4TO y
WHTEPIOIUPYEMOM BETUUYUHEI Z.

KrnioueBoe CBOMCTBO: CTaHOapTHas OIMMOKa 3aBUCUT OT TeOMETPUHU PACIIOIOKEHUST CKBaXKWH
¥ MOOEeNIX BapHOTPaMMbI, HO He OT caMuxX 3HauveHui Z. [IoaToMy 3TO KapTa HaOEXKHOCTH CETHU
HabmoeHW, a He pa3bpoca JaHHBEIX. B TOYKe CKBaXXWHBI (IPU HYJIEBOM HarreTre) omuOKa paBHa
HYJIIO - TaM 3HAYeHUWEe M3BECTHO TOYHO. [To Mepe ymaneHus OT CKBa*KMH OHa PACTET, a B 00/1acTIx
0e3 MaHHBIX JOCTUTaeT MaKCUMyMa (IPUMEPHO KOPEeHb M3 CUIIJIA).
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Kak uyurarb. TéMHEIE (Maible) 3HAYEHUS - OLIeHKE MOXKHO JOBEPATH: PAOOM OOCTAaTOYHO CKBaXKUH.
CaeTtnbie (0ombIliue) - OIIEHKA MePXKHUTCS Ha HaIEKWX TOYKaX, (AaKTHUYECKH SKCTPAIOISIUS. ITO
IepBhIe KaHOUOATH Ha Jopa3Benky. CpaBHUBATL yooOHEEe OTHOCUTENLHO (TIe 60JIbIlle, TAe MEHbIIIE),
MOTOMY 4YTO a0COII0OTHAsA BeIUYMHA 3aBUCHUT OT MaciTaba BapuorpaMme (cumma S1_SILL).

BaxkHo. 3To MofgenbHAS OI[eHKA: OHA BEPHA HAaCTOIBKO, HACKOJIPKO BEPHA 3ajaHHasi BapuorpaMma
(marreT, paguyc, anu3oTponus). I1pu HarreTe 6oJbIlle HYJISA OMOKa y CKBazKMH He HyJieBas - HarreT
3aaéT HUKHUM «I0JI» HeompemenéHHOCTU. CTPOrMM JOBEPUTENIbHLIM MHTEPBAJIOM CTaHOapTHAas
omubKa He SIBIISETCS, HO KaK OTHOCUTENbHAS KapTa HeonpeneléHHOCTH OYeHb IToJIe3Ha.

Odopmaenne. 3amaiiTe CJI0I0 IPAAyHPOBAHHYIO0 CUMBOJIUKY 110 3HAUYEHUIO (HaIpUMEpP, OT TEMHOTO
K KpacHOMY) - U Cpa3y BUOHO, I'le KapTa HaféxKHa, a I'Ie HeT.

CusiTue TpeHOa (perpeccusi-KpMrHuHT)

OOBLIYHBIM KPUTHHT OLIEHUBAET CPEeOHEE JIOKAJIBFHO, TT0 OKHY TTOMCKA, TT0O3TOMY TIJITABHO MEHSIOIIEeCcs

IO TIJIOIIAK CPegHee OH OTCIeXMBaeT caM. CII0KHOCTb BO3HUKAET, KOTa V OIS €CTh BEIPaKeHHA s
pervoHasbHas COCTaBIIAIONIAS, HAallpuMep o01lee mageHue IIacTa Ha y4acTke. Torga aKCmepuMeHTaIbHa st
BapuorpaMMa CHIPOTO 3HAYEHUS Pa3gyBaeTCs: PAfUyC 3aBHIIIEH, ITOpora HeT, opMa HallOMUHAET
CTETIeHHYIO MOMeNb, ¥ ITO00paTh YCTOMYUBYIO MOfIENTh TPYIHO.

®naxok CHSTHh NMOJTHHOMHAIBHBIH TPEHJ yOUpaeT PEerruoHalbHYI0 COCTABISIONIIYI0O METOOOM
HaMMEHBIINX KBaApaTOB epell KPUruHroM. [lambille KPUTYIOTCS OCTaTKH, a TpeHN HobaBnsgeTcs K
oleHKe oOpaTHO. BaprorpaMmma oCcTaTKOB BO3BpAIlaeTCs K HOPMaJIbHOMY BUIY: BEIXOOUT Ha IIOPOT
C HAITEeTOM, W PajuycC OTpaxkaeT MCTUHHBEIM MacmTa® KOppensiuu, a He pa3Max TpeHpa. Ilome
CreneHb TpeHOa 3aJa€T IJIOCKOCTh WU KBaAPaTUYHYIO IIOBEPXHOCTh.

Cnucoxk Ilpeodopa3oBanue 3HaYeHHsI [OOABIISIET JorapudMUPOBaHUE [OJIST BEJIMYUH C Pa3bpocom
Ha TIOPSIOKHM, TAKWX KaK Ko3(phuIueHT GUIbTPAIMM WX BOJOMPOBOOMMOCTH. [Ipm BEIOOpEe In
KPUTYeTCS HaTypaJIbHBIH TorapudM 3HaYeHH s, a OlleHKa BO3BpallaeTcss 00paTHO Yepe3 9KCIOHEHTY.
9To MenmaHHAas, TeOMETPUYECKAs OIleHKa, KOPPEKTHAS IJIS JIOr-HOPMAaJIbHBIX Imojiek. CTaHmapTHAs
omubKa TepeCYUTHIBAETCS B MCXOOHBEIE €OWHUITHL. Jlorapudm u30aBIsSeT OT PYYHOTO CO3MAHUSI
TOJIsA In B KaNbKyNATOPE ¥ MPUMEHSETCS TONBKO K TIOJIOXKUTEJIbHBIM 3HaYeHUsIM. BapuorpamMmmy u
HarTeT TPU BKIIOYEHHOM JloTapudMe 3amaBaiiTe B egUHUIAX In.

PerpeccMa-KpMrvHT Ha peankHeix oTMeTKax Kpll (Z8): noMoraeT nokansHo, BpeanT raobansHo

Bece nenoanT (136x41 km) PyaHuk BKMPY-2 (9.5%8 km) BKMPY-2: Tpena pasnyeaer
RK -20% RMSE, xyxe RK +25% RMSE, nyywe BapuorpaMmy celpore Ze
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Puc. 11: Cusartue TPEeHOa Ha PeaJIbHBIX NaHHBIX: IIOBEPXHOCTH ITJIaCTa C BEIPAaXKE€HHBIM DETMOHAJIBHEIM
IIageHueM. TpeH;u CHAT IIOJIMHOMOM, KPUTI'OBaHBI OCTAaTKH, TPEHO BO3BpaI_T_IéH K OIIEHKe.

CHsiTHe TpeHOa IIOMOraeT TaM, IIe MaJieHHWe OOHOPOOHO, B IpefesaX ONHOI0 PYOHHKA WX
JIOKA/JILHOT'0 y4acTKa. Ha BCIo mIIomags MeCTOPOXKAEHHUSI Cpa3y ero IPUMeHsITh He CTOUT. CocemHue
6HOKI/I Pa3HeCEHEI II0 BEICOTE, eJII/IHBIfl ITIOJIMHOM OIIMCHEIBAET UX IIJIOXO, a JIOKAJIbHBINA KPUTHUHT 1 683
TOTO [IEPKUT MEHSIOIeecs CpefHee, MO3TOMY CHSITHE TJI00aJbHOrO TPeHOAa TaM CKOpee BPemuT.
YMeCcTHOCTh BUAHA II0 BapuorpamMMe. ECIu y CHIpOTO 3HAaUYEHHUs PaguyC COMOCTAaBUM C Pa3MeEpPOM
y4acTKa M HEeT BHSTHOTO IIOPOra, TPEH[ eCTh M ero CTOMT CHSTh. ECIM BapuorpaMma CHEIPOTO
3HAYEHHs yKe BBIXOIUT Ha IMOPOT C MaJIbIM HAarreToM, CHUMAaThb HEYEro.

19



Crenenu 1 o6vr9HO mocTaTouHO. CTENEHDb 2 OMMCHIBAET M3rub, HO MOXKET BOOpaThk B TPEHN YacCTh
peanbHOU CTPYKTYPH, IIO3TOMY IIOCJIE €€ IIPHMEHEHMs IIOCMOTPHUTE Ha BapuorpaMMy OCTAaTKOB.
Ecnmu mopor m HarreT CTajil BRIPAXKEHBI XyKe, BEPHUTECh K crteneHu 1. ToT ke (pazkoK ecTb B
nHcTpyMeHTe Kpocc-Banuganus BapuorpaMMbl, TaM TPEH[I Iepenoa0upaeTcs Ha KaXK oM I1are
KOHTPOJIS, ¥ BEIUTPHIII MJIU IPOUTPHIII OT CHATUSA TPeHaa BuAeH npsamo o RMSE.

BapuorpamMmy mociie CHATHS TPEH[a 3ajaBaiTe II0 OCTaTKaM. PacTp CTaHOApPTHOM OIINOKU B 9TOM
pexuMe 3TO OIIMOKAa KPUTHMHTA OCTATKOB, TPEH[ CUUTAETCS OeTEePMUHUPOBAHHBIM U COOCTBEHHOM
MOTPEIIHOCTH K Hel He mobaBiIsieT.

BIOYHBIA KPHUTHHT

OOBIYHLINM KPUTHHT OIleHHBAaeT 3HAaUeHue B TOYKe, B IIEHTPe T4eiku rpuna. Ho B TopHOM gersie galie
HyKHa He TOYedHasi OTMETKAa, a CPeJHee IO IJIOMIanu, 1o 610Ky OoTPabOTKU, ITaHeIu UJIN sT9erKe
momcuyéTa 3anacoB. ComepzkaHue MOJIe3HOT0 KOMIIOHEHTa B O6JI0Ke 9TO CpefgHee MO0 ero IIoIaniu, u
OLIEHMBATh €r0o KakK 3HaYeHWe B OJHOM TOYKE He BIOJIHE KOPPEKTHO. [IJIsT 9TOTO CIYKUT (JIazKOK
B/I0YHBIH KPUTHHT.

BkmouyéHHBIN pPeXUM OlleHHBaeT CpelHee II0 sS4YelKe TI'puma, a He 3HaUeHHe B e€é IleHTpe.
Adelika MBICTIEHHO pa30uBaeTCsd Ha CETKy TOo4eK pa3MepoM NXN, KOTUYECTBO 3afaéT II0Je
Ouckperu3anusi 6;10ka, NXN Ha si4eHMKy, ¥ KOBapHallii B CHCTEMe KPUTHUHTA YCPEeOHSIOTCS
10 3TUM To4YKaM. Tak cucrema peulaeTcs He [Jjid OOHOM TOYKHU, a cpa3y Ajsd Bcero 60ka. ITo
KJjlaccuueckas cxeMa O6rouHoro kpuruura GSLIB.

Y 671109HOM OLIEHKY ABa CJIENCTBUs, 00a II0JIe3HbIE OIS II0ACYETa 3anacoB. [loBepXHOCTD I0oTydaeTcs
ryiaxke TOYEYHOM, IMOTOMY YTO yCpegHeHue mo 60Ky racuT Mejnkue kKomebauus. M cranmapTHas
omnOKa KPUTMHTa BBIXOOUT HUXKE TOYEUHOM, IMOTOMY YTO CpegHee IO TJIOUIanM OlleHUBAeTCs
HaéXXHee, YeM 3Ha4YeHUe B OOHOM Touke. PacmnaTta omHa. BIoYHBIM KPUTUHT HE BOCIPOU3BOOUT
npoOsl B y3max To4dHO. CpepmHee o OJIOKY, Oake LIEHTPUPOBAHHOMY Ha CKBaXKUHe, He PaBHO
3HAQUYEHUIO B CAMOU CKBaXKWHE, U 9TO 3aKOHOMEPHO.

Ouckpetusanuu 4x4 xBaTaeT IO4YTU Bcerga. bonbiiee N cuuTaeTcs OOJiblle, @ TOYHOCTh PacCTET
He3HauyuTesNbHO. [Ipu N paBHOM enuHuUlle OJI0OYHBIM KPUTHUHT BHIPOXKIAETCSH B TOYEUHEIM, ITO3TOMY
MUHUMalIbHOE 3HaYeHUe [I0JId PaBHO ABYM, & CaM PeXKUM 110 YMOJTYaHUI0 BHIKIJIIOUEH.

BIOUHBI KPUTHHT COYETAeTCs CO CHSATHEM TpeHOa. KPUTyIOTCsS OCTAaTKH II0 GJIOKY, a TpeHf
mobOaBisieTcss K oileHKe oOpaTHO. CoyeTaeTcs OH M CO CTJIaXXKHUBaHMEM T'pHIa, HO OOLIYHO OTHOTO
OJI0YHOTO YyCPEeOHEeHUST MOCTaTOYHO U JOIMOTHUTEIbHOE CTTIaXkKUBaHUe He HYKHO.

1.03 MuHuMaIbHasi KPpUBHU3HA (TOYKH — pacTp)

UHCTPYMEHT CTPOUT TPHUA METOIOM MHWHHMAJIBHOM KPWBU3HEL. [lOBEPXHOCTHL BeOET cebs Kak
TOHKAs yIpyras IJacTUHA, IPOXOAsllasl yepe3 OaHHBIE C MUHUMYMOM M3ruba, TO eCThb pelleHue
OUTapPMOHMYECKOTO YPaBHEHUSI. MeTO HETOYHHIN: TaHHbIE BOCIPOU3BOMSITCS MPUOTUKEHHO, 3aTO
IMOBEPXHOCTDh TOJIy4aeTCSd MaKCHUMAaJIbHO TJIagKOM, MO3TOMY €T0o TPaAgWuIIMOHHO 0epyT Ojs KapT
reopu3nYeCcKUX MoJjied U JI0OBIX IJIaBHHIX BEJIMUMH. OJTO IOeTepMUHUPOBaHHAs ajibTepHaATUBa
KpuruHry 6e3 mombopa BapuorpaMMbl. KpWUTHHT, B OT/JIMYME OT HEro, Ja€T OIeHKY C KapTou
CTAHOAPTHOU OIIMOKH.

HarsizkeHue mopMelnwBaeT MeMOpaHHBIM uieH: nmpu 0 3TO YMcTasd MUHUMAJIbHAs KPUBU3HA,
npu 1 - HaTAHyTasd mMeMOpaHa, V KOTOPOM MeHbIle BHIOPOCOB Mexpay npobamu. HaTskeHue Ha
TpaHulle 3aJa€Tcs OTHOEILHO U ToMoTaeT yOpaTh KpaeBhle NepesieThl. PellleHUWe UTepaTUBHOE,
MeTomoM BepxHel penakcanuu (SOR) ¢ 06X0moM CEeTKM OEBSTHIO [IBETAMHU: V3Bl OOQHOTO LIBETA HE
IIONafaioT B PACUETHHIN MAGI0H OPYT Opyra, I03TOMY OOHOBIISIOTCS pPa3oM M ycToHuuBo. CeTka
IlepecYuTHBAaETCs, II0Ka Hanbosblllee N3MeHeHNe y3Jla He CTaHeT MeHbIlle HOpora HeBsI3KH 1IN
He ucuYepllaeTcs YUCII0 UTepaui.

CBO6OHHBIG Y3JIBI CTapPTYIOT C OMKanIero 3Ha4YeHus OAaHHBIX, IIO3TOMY Ha IIJIOTHHIX OAHHBIX
CXOOHNMOCTDB 6LICTpaH. Ha oueHsb pa3pe>KéHH1>1x OAaHHBIX I/ITepaL{I/II;I HY2KHO OombIIe: YBEJIINYBTE HUX
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JIMMUT WK ITOPOT HeBsi3KH. Faults u breaklines (pa3phIBE M CTPYKTYPHBEIE JTMHUK) B 9TOM BEPCUH
He TOAePKUBAIOTCS, 3TO 3aell Ha Oyayliee.

[TapameTp

Ha3naueHue ITo ymomgaHuio

ToueuyHBIN CIIOM
ITone 3HaueHud (Z)

OxBart
Pa3mep suerku
HatsxxeHue

[Topor HeBsA3KU

MakcumyM uTepanguu
HatsxeHue Ha rpanuiie (Ioi.)
KoaddunueHT pemakcamnuu
(o)

Anwuzotponus (Ior.)

I'pup (MUHMMaNbHAS
KPHUBU3HA)

[TpoO®I CO 3HAYEHUEM. -
YucrnoBoe Ioje Ojis -

WHTEPIIONSIIUH.
[TpsIMOYTOJILHUK pe3yJibTaTa. 10 CJIOI0
0 - aBTO, min(oxBarT)/50. 0

0 - MUHMManbHas KpuBuU3Ha, 1 - 0
MeMOpaHa.

0 - aBTO, 0.01 mpo1eHTa 0
pa3maxa JaHHHIX.

[ToTomoK 4HcCiia IPOXOO0B 100000
SOR.

HaTsxkeHue Ha Kpalo CEeTKH. 0
Yckopenue SOR, pazymuao 1.5- 1.85
1.9.

OTtHOowmeHue ocent Y/X B 1

MeMOpaHHOM 4YJieHe.
BrixomHOU pacTp. -

Brerxop - oOBIYHBIN Py, ToTOBRIN A1t 1.04 U301uHUM U3 pacTpa. B XKypHan BEIBOOSTCS pasMep
CEeTKH, YHCJIO Y3JIOB-HAaHHBIX, YHCIIO I/ITepaLII/Iﬁ M HTOroBasi HeBsaA3Ka. Ecim OOCTUTHYT IIOTOJIOK
WTepaluni, a HeBsI3Ka BHIIIE ITOPOra, MHCTPYMEHT 00 3TOM IIpeaynpexkmaeT.

1.04 A301MHHUH U3 pacTpa

CTpOI/IT HU30JIMHUU (J'II/IHI/II/I) ¥, IO YMOJIYaHHIO, KOHTYPHEI€ IIOJIUT'OHEI.

YpoBHHM 3amaroTcs

PaBHOMEPHBIM IIaroM HJIM STBHBHIM CHUCKOM. [TapaMeTpHi:

[TapameTp

Yrto 3amaérT ITo ymonyaHuio / COBET

Pactp
IIar u30aUHUN

HauanbHbll ypoBeHs (offset)

fBHEIE YPOBHU

['71aBHAS U30NMHHUA KaxKaas
N-a

MuH. gnuHa JINHUUN

BxopgHoi# pacTp (Hampumep, -
pe3ybTaT KPUTHHTA).
PaBrHOMepH®BIH mar 1o Z. 0 = -
3amaTh «fBHEIE YPOBHU».
[TpuBsi3Ka CeTKU yPOBHEU 0
(YpoBHU KpaTHHI IIary OoT

offset).

Cnucok ypoBHeH uepe3s -
npobes. IIpuopuTeTHee I1ara.
[ecATUUYHEIN pa3genuTenb -
3amsaTas UiaM To4Ka.

Kaxpas N-a nurus 5
noMedaeTcd is index = 1 (gnsa
yTomnieHus). 0 = BBHIKII.
OT6packBaTh JIUHUU KOPOYe -
nmopora (en. kapTe). 0 = 6e3
dunsTpa.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Buky6u4yecKoe CriaXXxuBaHUe

Cxkpyrnenue nuauit (Chaikin),
uTepaumni

3amnucarh 3HaueHue B 7
reoMeTpPHH

CtopoHa OepriTpuxoB U
nopnucel (moi.)

HmMsa monsg 3HaYeHUus
Kanan (mom.)

N3onuruu / KoHTypHEIE
IIOJIUT OHEL

CrymeHnue rpuga (x2...x4)
OUKyOHUIeCKOH
UHTEPHONSAIUEN IIepen
KOHTYPUHIOM - OCHOBHOH
criocob criaxkKuBaHUS
U30IUHUM, yOupaeTt
«OKTaTOHBI» OT I'PyOOM CETKH.
Pab6oTaeT u Oy MTUHWH, U OIS
IIOJIMTOHOB. BEIKJI. = 6e3
CTYIIeHUS.

ITomonMHUTEIbHOE JIETKOE
ckpyrnenue nuaui (Chaikin).
Cnabee 6MKyOHUIECKOTO
CTiIa’kKMBaHUs, OOBIYHO HE
HY2KHO, €CII OHO BKJII0UeHO. 0
= BBIKII.

YpoBeHb nuileTcs B Z BEPIINH
nuauu. HyXeH Os s9KcropTa B
DXF: ABToKAII m Kpemo nHaue
KJIa@yT TOPU30HTAJIN Ha
HYJIEBYIO OTMETKY.

CTOopoHa CKJIOHA AJis ITPUXOB
OenpecCUOHHOTO CTUIIS U
HaIlpaBJieHUe
Tornorpad@ruYecKux IMOAIucen
pas3om.

HNmMms aTpubyTa YPOBHS B
BBIXOOHBIX TUHUSX.

HoMmep kaHama BXOOHOTO
pacTtpa.

BreixopgHbie ciiou. ITonHUTroHEL
CTPOSITCS IO YMOITYAHHUIO BO
BPEMEHHBIY CIIOU.

BBIKJI. (X4 Ha rpyboM rpume)

BEIKIJI.

ABTOMATHU4YECKHU

ELEV

BrIxogHBIE IOMA:

Cnon ITone

Tun

YT0 comepXKuUT

H3onuHnun ELEV

H3onuHun

KOHTypHBIE TOTUTOHBI

KoHTypHBIE TOTUTOHEI

is_index

ELEV MIN

ELEV MAX

YHCIIO

1eJioe

YHUCIIO

YHKCJIO

3Ha4YeHUE YPOBHSA
UHUU (UM 3a0aeTcs
nonem UmMs nmosus
3HAYEHHS).

1 y rimaBHEIX U30JIMHUUT
(kaxmasa N-sg), uaauge 0
- 071 YTOJIIIEHUS.
Huxuuit ypoBeHb
nosica.

BepxHuit ypoBeHb
nosca.

CrjiazkuBaHHe U30/IMHUH

OcHOBHOM croco0 CcriaguTh M30JIMHUM B 3TOM HUHCTPYMEHTE - OMKYOHYeCKoe CrilaKHBaHHe:
Tpund mepel KOHTYPHUHIOM CryllaeTrcsi OMKyOMYeCKOW HHTepmojsaimen (X2...X4), ¥ KOHTYPHI
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cTposTcs 1o Gojiee Menkoi ceTke. Ha rpy6oM rpume M30JIMHUN WHAYE BBHITJISOSAT «OKTAaroHAMM»
(BEpIIWHEI CTABATCS 110 KPasM S9eeK) - CrylleHne yOupaeT 9Ty yIJI0BaTOCTh TOIIOJIOTUYECKYU YUCTO.
PeanuzoBano B umctom NumPy, 6e3 BHemHuxX 3aBucuMocTei. Nodata-rpaHuIlbl ¥ BHYTPEHHUE
«OKHa» [OaHHBEIX COoXpaHswoTcsa. CrylleHHe OeUCTBYeT U Ha JIMHUW, U Ha KOHTYPHEBIE IIOJIUTOHBI
- TPaAHULEBI TOSICOB NIPU 3TOM COBIAZAlOT ¢ M3onuHUAMHU. lleHa - Gosnbie syeek (X4 = B 16 pas
0oJibIle), IO3TOMY Ha OYeHb KPYITHOM I'PUAE HAYHUTE C X 2.

IIOTIOTHUTENIbHO €CTh JIETKoe CKpyrieHue nuHui anroputmom Chaikin (komudecTBo uTepanmii).
OHo crabee GuKyOUYEeCKOTO U OOBIYHO He TpebGyeTcs, eClIu CryllleHue BKIo4YeHo. FiMeeT cMEBICT
Kak OBICTpast albTepPHATHBA Ha rpy0OM Irpuae, Korga CryliaTh He X04eTCs.

CrnaxkuBaHue CaMoro mossi (rayccoso, IO pacTpy) - 3TO OTAEJIbHAs Ollepauysi, OHa BHIIOIHSIETCS
He 37ech, a B mHCTpyMeHTe «2D Kriging»: TaMm oHO HMOET IO TPUAY OO KOHTYpPUHTA U yOupaeT He
yIJIOBaTOCTh, a OyIpUCTOCTD 1o («OBIYbY I'Ia3a» BOKPYT CKBaXuH). BukyOudeckoe criiakuBaHue
¥ rayCCOBO CrilaXkmBaHUe NO0JIS OONIONIHAIT APYT Apyra: IepBoe JIEYUT YII0BaTOCTh CETKH, BTOPOE
- OyTrpUCTOCTb HaHHBIX. KOHTYPHEIM pacTp KPUTHHTa IIPU 9TOM HEe MEHSETCS - CTJIaKUBaeTCs JIUIIb
BpeMeHHas KOIus.

KOHTYpHBIE IOJIUT OHbI (Imosica)

KoHTypHBIE IIOJIMTOHBI - 3TO 3aJIUTHIE II0sSICA MEXKOy COCEOHMMH H30MUHuSIMU. OHH CTPOSITCHA
He Kilaccudukaimell «CTyIeHeK» pacTpa, a MIOJHUIOHM3AllMel CaMWX CriIaKeHHBIX H30JIMHHH
BMECTE C KOHTYPOM BaJIMOHOM 0OGIACTH pacTpa: KOHIEI JIMHUU MPUTITUBAIOTCA K KOHTYPY, CEThb
HOOUPYEeTCS U MOMUTOHM3yeTCsA. [luala30H YPOBHEH KaxOOoTo II0sica OIpeneiseTcs BBIGOPKOHM
pacTpa B perpe3eHTaTUBHOM TOUKE IIOJIUTOHA.

Briaromapsi aTOMy I'paHUIIL IIOJIMTOHOB COBIIAHA0T C U30JIMHUSAMHY, a IIOKPHITUE CIIJIoNIHOoe (6e3 OBIP).
[Tonurone! HecyT nonst ELEV._ MIN u ELEV.MAX. ITo ymMOI4aHUI0 OHU CTPOSITCSI BO BDEMEHHBIU CIIOH.
YTOOBI UX HE CTPOUTH, OUUCTUTE Nosle «KOHTypHEIE ITOJTUTOHBI».

OdopmiieHue cjiI0€B

JluHuwM: 3amaiiTe CUMBOJIMKY IIO IIpaBUIIy Ha OCHOBe is_index - rmaBHBEIM U30JI0HUAM (is_index = 1)
marTe 60bITyIo TONUHY. [Togmucs - mo mosmio ypoBHs (ELEV).

ITonuroHe! CO30a0TCs C OGHUM CUMBOJIOM. [I71s1 3aJIMBKHU II0 Auala30HaM 3afalTe rpagyupoOBaHHYIO
cuMmBonuKy 1o ELEV _MIN (unu ELEV_MAX).

CJIo¥ M30JIMHUM aBTOMATHYECKH IIOMeEIAaeTCs Hal CJIOeM IIOJIMTOHOB, UTOOBI JIMHUHN OBLIM BHUOHEI
ITOBEPX 3aIUBKHU.

3HauyeHnue B Z reoOMeTpUH

®naxok 3amMcaTh 3HaYeHHe B Z TeoOMeTPHH ITOJHWMAaeT BEPIINMHBEI KaXOOoW NTUHUM Ha eé
COOCTBEHHYIO OTMETKY. M30/TMHUS 9TO TMHUS PABHOTO YPOBHS, TO3TOMY Z y BCEX €€ BEPIINH OOUH
¥ PaBeH 3HAYEHUIO TTOJIS.

Hyxuo 310 gna nepepayu ropul3oHTaned B ABTOKAIL m Kpepo. CrampmaptHbM 3kcnopTt QGIS
(IIpoekT —» UMnopTt/3kcnopTt - IKcnopT npoekra B DXF) coxpaHsaeT OTMETKU Z BEPIINH, Hao
TONBKO CHsIThb ranouky IlpumrymurenbHo 2D. Be3 Z B reomerpun oOe IIPOrpaMMHEL KIaayT BCe
TOPU30HTANHU Ha HYJIEBYI0 OTMETKY, ¥ BBICOTY IPUXOOUTCS 3a4aBaTh BPYYHYIO 10 KaKOOU JITUHUU.

MHOTr049acTHOCTD CJIOS COXpPaHsAEeTCA: U30JIMHUA OOHOT'O YPOBHSA oCTaéTcs OOHHUM 00BEKTOM CO BCEMH
CBOMMM BETBSAMHU, YHUCIIO 00BEKTOB He MEHsEeTCd, ITIOAIINCH HE PAa3MHOXKAITCA.

TomorpadundyecKue MOOIIHCHU

Ha tomorpaduueckoit kapte BepxX Hu(PH Ha TOPU30HTAM BCETTla HANPABJIEH BBEPX IO CKJIOHY.
Yurtas KapTy, 110 OOHOM IIOAIMCY IIOHUMAEIh, IIe BLIIIIE, HE CBEPSISCH C COCETHUMU IFOPU30OHTAJISIMU.
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QGIS oTcuuTHBaEeT BepX IMOOMNKUCH OT HAITPaBIEHUS JIMHUY, IIO03TOMY HOOUTHCS 3TOTO IOBOPOTOM
TEeKCTa Hejb3sl, a Hy2KHO 3a[aTh JIMHUSM OJHO HaIIPaBJIeHNE OTHOCUTENBHO CKJIOHA. DTO U AejlaeT
¢pnaxok Tomorpadpuyeckue nmognucH. B cioe ocraercsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
OoCTaB/ieHa Kak Oblyta, 0 4TO pa3BépHYTA.

ABTOMATHYECKUI BHIOOP CTOPOHBEI WHOTHA OIMMOAETCS, W TOTHA €T0 IEePEeKIIIYalT pPyKaMu
rmapameTpoM CTOpOHA OEepriuiTPpUXOB M moamuceu. [IlepekinoyaTenh OelcTByeT Ha o0e 4acT
KapTHUHBI Pa30M: ¥ Ha CTOPOHY IITPUXOB, U Ha HampaBlieHue mopmnuced. [IpuyMeHsIeTCcsT OH POBHO
ONYH Pa3 - Pa3BOPOT JIUHUHU CaM MeHsIeT MeCTaMHu JIeBO U IIPAaBo, a 3HAYUT U 3HAK CTOPOHEI CKIIOHA,
TTO9TOMY TIOBTOPHBIHM TTEPEBOPOT BEPHYJT OHI IITPUXHU Ha TIPEXKHEE MeCTO.

Be3 pa3penieHus nepeBEépPHYTHIX MOAINKHCEH 3TO He padoTaeT

B HacTpoiikax MOOOMCEN €CTh OMIMS IT0Ka3a IEePEeBEPHYTHIX MHOONMCEH, W MO YMOJIYaHHUIO OHa
3anpemaeT ux. [Ipu takoM 3anpete QGIS cam goBopaumBaeT TEKCT, YTOOBI OH UUTAJICA CJIeBa
HaIpaBo, ¥ HaIlpaBlieHHWe JINHUY [IepecTaéT Ha YTO-Tu00 BIUATH.

Tomorpadryeckas MOONKUCH IO OIpPeaeNeHu0 ObIBAET IIEPEBEPHYTOM: Ha CKIIOHE, 00paléHHOM Ha
or, Iudpa YUTAaeTCS BBEPX HOramMu. I103TOMY ITOKa3 NepeBEPHYTHIX HAl0 pa3pemniaTh, a He 60POThCSA
C HUM.

B ctunsax CTpyKrypa / runcoMmeTpus u [lenpeccusi (WITPUXHU BHU3) 3TO yKe HacTpoeHo. Ecnu
MIOAIINCHIBAETE CBOUM CTHUJIEM, BKJIIOUHUTE ITOKA3 IIEPEBEPHYTHIX IIOOIUCEN B pa3fdesie OTPUCOBKH,
nHave GaxkoK He JacT HUYero.

ITognmuch CTABHUTCSA HA JIMHHUIO

B 060ux CTUISX ITOAIIHMCEH pa3MeIaeTcs Ha CaMOUM TOPU30HTANIH, a He Haf Hell, U pa3phiBaeT e€. ITo
MIPUBHIYHEIN TOTOrpaduyecKuii mpuéM: 1udpa YuTaeTcsa BMECTe C JIMHUEHN, a He PANOM C Hell.

IIpenynpezxKaeHue O IJIOCKHX YPOBHSIX

WHCTPYMEHT caM IPOBEPSET, HE IIOTal I KaKOU-TO YPOBEHE CeYEeHHUS B IIJIOMIAIKY C OKOJIOHYJIEBEIM
YKJIOHOM, YU €CJIH II0TaJl, MUIIeT 00 3TOM B JKypHal: YPOBEHbB, YMCII0 3aJ€ThIX sT9€€eK U MOJII0 MaHHEIX.
Huyero nmpu 3ToM He 6JIOKUPYETCS, U30JIMHUU CTPOSATCA KakK 00LIYHO.

3aueM 3TO HYXHO. Ha mnomagke, rie IIOBEPXHOCTb MEHSETCSI Ha MUJIJIUMETPH], IOJIOXEHUEe
U30JIMHUU OIIpefensaeTcs He penbedoM, a IIyMOM MaTpHUIBL. JIMHUS TaM HadyWHaAeT BUJIATH,
paccheiaeTcsi Ha MHOKECTBO MEJIKMX KOJIell ¥ BHEITJISOUT KaK OOHa yTojiméHHas. Krmaccuueckui
HCTOYHUK TAKOM IIJIOIIAOKU - BOOHAS I'JIaflb: Ha MaTpUlle, IOJIy4YeHHOM 10 CTepeollape, OHa CTOUT
Ha OOHOM OTMETKE C TOYHOCTHIO IO CAHTUMETPOB ¥ MOXKET 3aHMMaTh IOJIOBUHY IIJIOMIaaN.

OTnuuuTh 3Ty 60JIe3Hb OT HOPMAJIFHOM PabOTH alrOpUTMa Ha I'J1a3 TPYOHO, IOTOMY YTO aJrOpUTM
oTpaboTas BEpHO, a BUHOBATH JaHHEBIE. [l03TOMYy ITpOBEepKa U BEIHECEHA B KypPHAJ YMCJIaMU.

[IpakTuyeckoe pelleHre OOBIYHO MIPOCTOE: 3aMAaCKHUPOBATh BOOHYIO I'JIagb OO IIOCTPOEHUs OO
CMECTUThH YPOBHHU. YPE3 BOIH 9TO OTHENbHBEIM OOBEKT KapTH, a He TOPU30HTajb, ¥ PUCOBATH €r0
TOPU30HTANbIO HE CIIeAyeT.

ITpoBepKa UOET 3a OOUH ITPOXO[ IO MAaCCUBY 1 Ha pacTpax KPYIIHEE IeCTUAEeCATA MUIJIMOHOB TYeeK
ITPOITyCKaeTCsi, YTOOBl HE TPATUTh BpeMsi. JIrobas ommnbKa BHYTPU HEE TaCUTCs, IIOCTPOEHUE M3-3a
OUArHOCTHUKYU He CPLIBAETCH.

YBepeHHOCTh TOPH30HTAIeH

ITpomonzkeHre TOU XKe MEICJIM, HO YK€ C BO3MOXKHOCTBIO YTO-TO cOenaTth. [lapamMeTp YBepeHHOCTH
FOpI/I3OHTaJIeﬁ MMeEeT TPU IMOJIOZKEeHUA.

He cuuTaTth - IOBEOEHUE 110 YMOJIYaHUIO, HUYEro He MEeHAeTCsd.
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TonbKo mojassi drop_min u drop_mean - TUHUM OCTAIOTCS IEJIBEIMU, HO KaXpas II0oJydaeT OBa
IOJIs: HAaMMEHBIIINY U CPeIHUM Iepenap BEICOT Ha S4elKy BOOJIb Heé. PellleHre oCTa€TCs 3a BaMU:
IMIOOO3PUTEJIbHEIE YIaCTKH BUOHEI BEIDAXKE€HUEM BUOa drop_min < 0.005, ¥ BEI CaAMH peliaeTe, IpATaTh
WX UJIN ITIOKA3bIBATh.

IMonsi ¥ pa3pblB HA HMOJO3PHTEIBHBIX yYaCTKaX - JIMHUS OOMOJHUTEJIbHO PBETCS TaM, rhe
rmepemnaj HUXKe [Mopora, U KyckKu moMmedaioTcs moneM lowconf. Hudero He ymamsieTcsi, CIIpsiTaTh
IIOMEYEeHHOe MOXKHO QUIIBTPOM CJIOS.

IToyeMy mopor 3amaéTcsi J0JIeHd CeUYeHH s

Meputcsa He YKJIOH, a Iepenan BBICOT Ha SA4YEUKy. OTO BelMYUHA TOU K€ Pa3sMEPHOCTU, YTO
U cedyeHUe pejibeda, MO3TOMY €€ MOXKHO HPSIMO CPaBHMBATL C HUM, M OOWH IIOPOT OOMHAKOBO
paboTaeT Ha Pa3HBIX JAHHBIX.

ITpumep. [Ipu ceuernum 0.5 M ¥ mOpPore B COTYIO OO0 T'PAHUIIA IPOXOAUT II0 5 MM Ha STYEHUKY.
IToyoruii CKJIOH HA€T Ha sTYeliKe CAHTHUMETPHI U IIOPOT IPOXOOUT, BOOHAS I'JIafb HAET MUJIIMMETPHI
¥ He IPOXOJUT. 3aaBaTh IIOPOT abCONMIOTHRIM YKJIOHOM IIPHUIIIOCEH OBl 3aHOBO IO KaXKOEIH y4aCTOK.

[Topor HacTpauWBaeTCs B [OIMOJHUTEJIbHBIX MMapaMerpax, Ilopor mepemaga Ha sT9YeMKY, OIS
ceuyeHnus, 1o ymondanuio 0.01.

ITouemy PBYTCS TOJIBKO CEPHH

OpHa momo3pUTesIbHASA BEPIHHA INHUIO He PBET, U IBe ToXKe. Pa3phiB HPOUCXOIUT TOJIBKO TaM, I'Ie
MIOOPSIT UOYT TPU U Oojiee caObIX BepIIuHEL. MHaYe ofHa CoydYalHas ITyMHas S9eiKa KpoIuiaa Obl
TOPHU30HTAJIb HAa HOPMAaJILHOM CKJIOHE, U KapTa Onl mopeaesna 6e3 IPUYUHEL.

Yucio TpU 3alIUTO ¥ ITapaMeTpPoOM He BBIHOCHUTCS: IOmOUpaTh ero II0JIb30BaTelli0 He 3a 4TOo, a
JIMIITHUY TTapaMeTpP B AUAaJIoTe CTOUT OJOPOXKE, YeM KaXKeTCH.

KYCKI/I OEeJIAT TPDAHUYHYIO BEPIINHY, IIO3TOMY B TreOMETPHUHU HE BOSHUKAET PA3pPEIBa: COCEOHUE HaCTU
CTBIKYIOTCA TOYKa B TOYKY.

ITopsimOK B KOHBeHepe U CBOIKa

PasMeTKa uOET MOCJe MOCTPOEHUS M30IMHHUN M OO0 (GUILTPAa KOPOTKHUX NMHHWIN. MHaye OOPHIBKH,
OCTaBIIIMECS OT pa3pe3aHus, Ionaau Obl B CTATUCTUKY AJIMH M YaCTb TUHUN 0TCEeSJIach OBl ABAZK/IEI
10 pa3HbIM IPUYHUHAaM.

B XypHas yXOOUT CBOJKA: CKOJILKO JIMHUM HPHUIIIIO, CKOJIBKO KYCKOB IIOIYYMIOCH, CKOIBKO M3 HUX
HHUXKe IIIyMa U KakKas OoJis o0Ilel OJIMHBI OKa3alach c1aboi.

Yero uHCTPyMEHT He JejIaeT

OH He CrilaXXWBaeT IJIOCKHE YYACTKH, YTOOHI JIMHHUS IIepecTaja BUIATH. JTO Oblja ObI HMOOOeKa
OAHHBIX: Ha BHIXOMle IIOJy4YHJach ObI POBHAS M HEBepHas T'OPHM30HTAIb BMECTO PBaHOM, HO
COOTBETCTBYIOIIEN TOMY, YTO €CTh B MaTpuile. PellieHre 0 TOM, ITOKa3bIBaTh JIM CJIaOBIM YYaCTOK,
OCTAETCs 3a YeJIOBEKOM.

1.05 BapuorpamMa (3KCnepuMeHTa/IbHAsT)

HWHCTPYMEHT CTPOMUT MO TOYKAM SKCIEPHUMEHTAJIbHYI0 IIOIyBapHOrpaMMy, HPH He0oOXOOHMMOCTHU
mogOupaeT o Hei Momenb u BHIgaéT HTML-otuéT ¢ rpadurom. OH He CYHUTAET T'PUI U HEe BXOOUT
B PACUETHYIO IIeNIOYKYy KpPUTUHTa HanpsaMylo. Ero 3ajada guarHoctudeckasi: IoKa3aTh CTPYKTYPY
HpOCTpaHCTBeHHOfI U3MEHYUBOCTU OAHHEBIX U IIOMOYE 3a44Th ITapaMeTPhI BAPUOTI'PaMMBbI OCO3HAaHHO,
o Bupny obJiaka, a He Ha I'J1as.
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3auyeM HYXKEH NpearnpocMoTp

KpuruHr onupaeTtcsi Ha Mofesib BApUOTPaMMEBl: HArTeT, IMopor u panuyc. OT HUX 3aBUCST Beca IIpu
WHTEPIIONSIUN M KapTa CTaHOapTHOW omuOKu. COOJa3HUTENBFHO MOPYYHTH HOOO0P I9THUX YUCE
aBTOMAaTHKE ¥ He AyMaTh 0 HuX. Ha KjlacTepru30BaHHOU pa3BefOYHOU CETH 3TO onacHO. CKOIJIeHU
6J'II/I3KI/IX CKBaXKMH OAIOT OIrPOMHOE€ KOJIMYECTBO IIaPp Ha KOPOTKHX PACCTOAHUAX U IIPHUOABIIXMBAIOT
OJTMKHIOI0 YaCTh BapHUOTPAMMEI, ITIO3TOMY aBTOIIOOO0OP II0 TaKOMY 00/IaKy JIeTrKO BHIZAET YBEPEHHO
HeIlpaBUIbHBEIN HarreT. [IpegmpocMOTp CHUMAaET 3Ty IpoOjieMy: reojior BUOUT caMo 0OJaKo Iap,
IOHMMAET, I'le HJaHHBEIX MHOTO, a IIe MaJio, ¥ IIOATOHsSIeT MOAelb C IOHNMaHueM TOT0, YTO IIo[ Hel
JIeXKHUT.

ITosTomy mopmbop MOfeNm B MHCTPYMEHTE [aH KaK PeKOMeHMallus, a He KaK I'OTOBHIM pe3ysbTarT.
Yucra, KOTOPHIE OH IIpefjaraeT, pa3yMHO CBEPUTH C BUAOM Ipaduka U TOJILKO IIOTOM IEPEHOCUTH
B KPUTUHT.

KpaTrkasi Teopus

IMTonmyBapuorpaMma OIMCHIBAET, HACKOIBKO CTAaTUCTHUYECKU CBSI3aHHI 3HAYEHUS ITapaMeTpa B OBYX
TOYKaX B 3aBUCUMOCTH OT PACCTOSTHUS MeXK Oy HUMH. [I71s1 ITaphl TOYEK, pa3HECEHHBIX HAa PACCTOSITHUE
h, 6epéTcsa mosyioBMHA KBagpaTa Pa3HOCTH WX 3HaA4YeHUHN (IONIyoUCHEepPCUs IIpUpalleHus). ITU
BEJIMYNHEl YCPEeOHSIOTCS II0 MHTEepBajiaM PacCTOSHHUSA (jlaram), ¥ Ionydaercsa Kpusas y(h). 3to
Mepa He «CpefHeM pa3HUIIbl» 3HAUEeHUM, a CTaTUCTUYECKOM HaMlEKHOCTH IIpeicCKa3aHus 3HaYeHU s
[0 coceqly: 4YeM MeHbIIIEe Y, TEM TeCHee CBSI3b.

Y TUODWYHOM KPUBOM TPHU XapakKTepucTuku. «Harrer» CO 3To 3HaYeHUE, K KOTOPOMY CTPEMUTCS Y
IIPU CTPEMJIEHUHN PACCTOSHUS K HyI0. OH OTpaxkaeT U3MEeHYUBOCTh Ha MaciuTabe MeJibye, 4eM IIar
ceTH, TIIOC OMuOKy u3MepeHus. «I[Iopor» 3To ypoBeHb, Ha KOTOPBIM KPHUBAS BHIXOOUT Ha OOJIBIINX
paccrosinusx. TToTHBIM TOPOT paBeH CyMMe HarreTa W CTPYKTYPHBIX BKJIA[OB M B uaeajie 0IM30K
K OUCIIEPCHUM OaHHBIX. Paguyc (a) 9TO paccTosgHHWe, Ha KOTOPOM KpPHBAas BHIXOOUT Ha MOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAS KOPPENSUus CHafaeT MPaKTUYeCKU [0 Hynsd. Jlamblie 3TOT0
pacCcTOSTHMS TOYKH CTAaTUCTHYECKH He CBSI3aHBI. [IJIsT 9KCIIOHEHIIMAJIbHOM M rayCCOBOU MomesieH
IMOPOT IOCTUTAETCSA aCUMIITOTHYECKH, IO9TOMY PAOUyC MJIsI HUX - 9 (HEKTUBHBIH.

HarreT 1 BKJIQOhbI B I/IHCTPYMeHTe 3aJaHEI B aGCOJ'IIOTHLIX eouHUuIlaX I[I/ICHepCI/II/I r[apaMeTpa, a He
OOJIAMU OT €JUHUIIEI. OpI/IeHTI/Ip OJisdd IIOJIHOT' O nopora 9TO nncnepcnﬂ OAaHHBIX, KOTOpaH BEIBOOUTCHA
B CBOJKE OTUYETa.

ITapamMmeTpsbI

[TapameTp Yrto 3amaér ITo ymomyauuro / coBeT

Touku cO 3HAUYEHUSIMU BxopnHO# TOYeYHEIM CIIOM. -

ITone 3HaueHus Z ATpubyT, 110 KOTOPOMY -
CTPOUTCS BapuorpaMmMa.

[Tone rpynoupoBKM (Oo1I.) PaspgenvHBEIE BapUOTPaMMEL IO -
KaTeropusm (HalrpuMep, BU[
pas3BeOKu).

ITomne BecoB meknactepu3amnuu Beca u3 1.01 mys B3BeIlleHHOU -

(mot.) OIIEeHKMH.

KonuyecTBo naros Ywucno nHTEPBaAIoB -
PacCTOSTHUM.

MakcuManbHOE PaCCTOSTHUE Bepxusasa rpaHuna paccrtosuuu. 0
0 = momoBuHa guaroHasiu
oxBaTa.

[TogoGpaThk MOHEND ABTOmOmOOP MOOEsH TI0 BKIJI.
9KCIIEPUMEHTAJIbHBIM TOYKaM
(pekoMeHpayeTcs).
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Mogpenb ons nopbopa (mort.)

YcroitunBas oneHKa (gorir.)

YparauHbie POOEL:

MIePIeHTHIIL 00pe3Ku (mor.)

Cpe3zaTh K rpaHuUlie BMECTO

ynaneHus (Oor.)

CoxpaHUTh TPODUITE IO

HnMEeHeM

Tabmuila BapuorpaMMbl

Otuéetr (HTML)

Tumn momenu: chepudeckas, -

3KCIIOHEHIIHAaJIbHadA, rayCCOBa,

CTEeIl€eHHasd.

Onenka Kpeccu-XokmuHca,

BBIKIJI.

MeEeHee YyYBCTBHUTEJIbHA K

BeIOpOCAM.

OTceB s3KCTpeMaJIbHBIX 0

BBIKIJI.

3HAYEHUU I10 epieHTumo. 0

Capping: skcTpeMyM

BBIKIJI.

Ccpes3aeTcs K MoPory, a He

yoansaeTcs.

HWms mpodusns «BapuorpaMma -

+ OTCeB» [JId IIOACTAaHOBKU B
KpuruHr. Ilycto = He

COXpPaHSTh.

Brixoqn: nar, 3HaueHue v, -
KOJIMUYEeCTBO map.
Breixop: rpaduk obmaka map u -

MOJIeJIN.

ITapameTp YTo 3amaéT ITo ymonyaHuio / coBeT
Touku co TodyeuHsIl CIION CO -

3HAYEeHUuAMUu CKBaXXKWHAMHU UIIU

Ilone 3HaueHusa Z

ITone rpynnupoBKu

(Heo06s3.)

KonuuecTBO j1aroB

MaxkcuMmanbHoOe
paccTossHue

ITomo6paTs Momenb
(pekomeHpanms)

npobamu.

YucmoBo# aTpubyT Omst
aHaM3a: OTMETKa
mjiacta, MOIIHOCTS,
copeprKaHUe.

CTpPOUT OTHENBHYIO
KPUBYIO OJIST KazKOOT0
3Ha4YeHUs mossd (Hamp.
BU[ Pa3BeOKU) U
HaKJagblBaeT UX Ha
OOuH rpaduk.

Ha ckomnbsko
UHTEPBAaJIOB
paccTosiHUs
pa3buBaeTcs 061aKo0
nap.

HanpHUM Kpak
BapUOTPaMMEHI, B
eOuHUIax caos (mIs
MEeTPOBBIX KOOPOUHAT -
MeTphl). 0 = moIoBUHA
ouaroHalu oxBarTa.
ABTomonbop Harrera,
mopora, paguyca u
TUTIa MOJIENH,
pe3ynbTaT
3aIlOMUHAETCS OIS
TIIOOCTAHOBKHU B «2D
Kriging».

3alIOMHMHAETCA MEeXKOYy 3allyCKaMu

BBIKIJI.

15

BKII.
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[Tapametp

Yrto 3amaérT

ITo ymomganuro / COBET

Mogpenb ons nmopbopa
(mom.)

MuHUMYM TOYEK B
rpynne, % (gom.)

YcToiiuuBasi olleHKa
(Kpeccu-XokuHca)
(mor.)

IToka3aTs 06JIaKO
rnap (morr.)

HamoxuTs 3agaHHy0

MO eb
BapHOTPaMMEHI (ZIOII.)

Yparauubsie TpoOH
(mor.)

CoxpaHUTh IPODPUITH
o UMeHeM

Tabnuia
BapuorpaMMEl

Otuét (HTML)

3aduKkcupoBaTh TUI
MOZEJIU U OCTAaBUTh
aBTOBBIOOD JIYUIINEH 110
R2,

I'pynnel Menbye ropora

He CTPOSATCA U
TIEPEYUCTISIIOTCS B
xypHase. [Ton - 30
TOYEK.

CHUXKAEeT BIUSHUE
PeOKuX aHOMaJTbHBIX
map.

[ob6aBnsieT Ha rpaduk
HUCXOTHEIE IIapHL [0
yCpegHEeHHUSs.

PucyeT noBepx o6naka
Mofeb C 3aaHHBEIMU
BPYYHYIO HaITETOM,
IIOPOTOM U PagUuyCcoM -

yImoOHO CPaBHUTH CBOIO

MOIENb C MaHHBIMHU.
INepueHTHIL OOPE3KH,
HUXKHSISA U BEPXHSIS
TPaHUIIBEl 3HAUEHUS,
peXuM cpe3aHus K
TpaHUIle BMECTO
yoanenus. B camom
KOHIIE CITHCKa.

Ecnu 3anmonHuTsh -
nomobpaHHas

(130TpONHAs) MOMesib U

TEKyIIuUd OTCEB
COXPaHSIOTCS Kak
npodunasL 06paboTKu
IO 9TUM UMEHEM.
BrixomHoM!
cnou-tabnuna c

TOYKaMH BapPUOTI'PAMMEI

(cTOnOIIBI HUZXKE).
OTuéT c 06JIaKOM,

nomoOpaHHOM KPUBOU U

JIMHUEU OUCIIEPCUN
OaHHBIX.

ABTO

BBIKIJI.

BBIKIJI.

BBIKIJI.

BBIKII.

IIyCTO

BPEMEHHBIU CII0M

BpeMeHHHIH darin

I[TapaMeTphl C IIOMETKOM «IOII.» JIeXKaT B CBEPHYTOM pa3feiie [1OIMOJIHUTE/IbHBIE IapaMeTPhI.

Ha Brixome popmupyetcst OTuét (HTML) ¢ rpadurom, moqoOpaHHOM KPUBOM U TMHUEH OUCIIEPCUN
OaHHBIX, a TakKXe HeoOs3aTenpHass TabauIa BapHOrpaMMBI - TOYKHM SKCIEepPUMEHTaIbHOMN
BapuorpaMMHI B Bume cjiosd 6e3 reoMeTpuu (II0 CTPOKe Ha KaXKABLIM Jlar Kaxkmou cepuu). [To Helt
MOIKHO ITOCTPOUTDH CBOM rpaduk B QGIS unu BEITPy3uTh 3HaYeHUsA. E€ CTONOIIR:
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ITone Tun YTo comep=xuUT

series CTpPOKa Cepusi: «Bce TOYKU» OO 3HAUEHUE TT0JIS
TPYIOUPOBKY, €CITH OHO 3afaHo.

lag opobHoe CpepnHee pacCTOSTHUE MEXOY TOYKaMM B MHTEpPBase
(J;tare), B eMUHHUIIAX CJIOS.

gamma IpobHOoe IMonyoucnepcus y(h): cpegHee MOTOBUHEL KBapaTa

pa3HoCTel 3HAaYEHMUU 110 TapaM 3TOro jiara (Uau
ycTouuuBas oneHkKa Kpeccu-XoKuHCa, eClid OHa
BKJIIOYEHA).

npairs nesuoe KonnuecTBO nmap To4Yek, monaBIux B jjar. Manoe
KOJIMYEeCTBO Iap - TOYKa BapHuoTrpaMMbl HeHaIEKHA.

ITosie rpynImMPOBKH U PAa3HOIUIOTHOCTHASI pa3BeakKa

Heo6s3atensHoe I[1ojie rpynnmupoOBKH CTPOUT OTHEIbHYIO BAapHMOrpaMMy OIS KaXKOOr'o 3HAYEeHUS
MOJIsI ¥ HaKJaOblBaeT WX Ha OOWH rpaduk. DTO HYKHO, KOTHa BHIOOpKa coOpaHa CEeTsIMH Pa3HOM
MIPUPOOH U IJIOTHOCTH, HalpUMeP ITOBEPXHOCTHOM U MOA3€MHOM pa3Benkoii. [logas B rpynnupoOBKY
BU[ Pa3BedKU, MOXKHO YBUOETH, 00IIas JIM Y 9TUX COBOKYITHOCTEM CTPYKTypa UM V KaXkXI0! CBOS.

CmermreHre Pa3HOIJIOTHOCTHEIX CeTeH He co3maeT apredakToB caMo o cebe, HO MCKaxkaeT 00IIyio
BapuorpaMmy. [ljnoTHasi ceTh HA€T MHOIO Iap Ha KOPOTKHUX Jiarax u GopMupyeT OIMKHIOI
4acTh KPUBOM, pefkasi ceTb paboTaeT Ha manbHuMX. OOgHa MOfeNb, HaATAHyTas Ha Takoe o006/aKo,
OKa3hIBAETCS CMECHI0 ABYX CTPYKTYpP M HE OMUCHIBAET KOPPEKTHO HU OAHY. ['pyNmupoOBKa 3Ty
CMecCh IOKA3hIBAEeT, U pellleHUe, 3aKOHHO JIM O0BbEeOUHSATH COBOKYIIHOCTH, OCTAETCS 3a T'e0JIOTOM.
[eknactepusanus K 007aKy map IPU 3TOM He OpUMeHsieTcsi. E€ Beca IpemHa3HAYeHBHl [JIS
WCIIPaBJIEeHUsI THCTOTPAMMBI ¥ CpenHero, a He [OJI IIap BapHorpaMMEl, TI'He KaXpas napa
IMOJTHOIIPaBHA HE3aBUCHUMO OT IIJIOTHOCTU CETH.

OTMeTKa KpoBAW No Tunam passenku (none Tun)

=  (n=5216): C0=23 a=34B9M
4 = n (n=5022): C0=121 a=2698m
3000 = Nk (N=3919): CO=0 a=4566m
= hMn (N=1379): CO=70 a=3686M
= 0 (n=858): C0=543 a=4186m

2500 A

2000 A

yih)

1500 A

1000 4

(1] 1000 2000 3000 4000 5000 6000
nar h, m

Puc. 12: OtmeTka kposnu o miaacty Kpll, crpynnupoBaHHas IO BUOY Pa3BeOKU: OO3eMHas CETh
JIeXXUT 3aMeTHO HuxXKe (0671acTh OTHOPOOHee), meTanbHasad pa3BelKa JaéT BEICOKHU HaArreT. Pa3HbIe
COBOKYITHOCTH BUOHO Cpas3y.

TpPl THIITAYHBIC IT'e0JIOTHYEeCKHe CATYalluUn

OTMeTKU 3aJieraHusi, MOIITHOCTU U COoep2XKaHudAd II0JIE3HOTI'0O KOMIIOHEHTAa UMEIOT PAa3HbIEe T€eOCTaTUCTUYEeCKHUe

XapaKTEPUCTUKH, U IIOJIE3HO BUOETH UX PAOOM. Ha HUIIJIIOCTPAIIMK ITOKAa3aHBEI BAPHUOI'PAMMEL TpéX
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IIapaMeTpPOB OOHOT O IIPOMBIIIJIEHHOTI'O IIJIaCTa, PaCCYHUTaHHBIE B EINHOM OKHE paCCTOHHHﬁ.

JKCNepUMeHTaNbHLIE BADMOrpaMMel TREX TUNOB NapaMeTpoR (maxlag 6 kM, 0fWH Py AHLIA GRok)

MpoMbWwNeHHbIA NASCT: OTMETKE KPOBAK, M MOWHOCTE, M CoflepMaHue NoneiHoro KOMNoHedTa, %

2000 T 304
50 4
1750 oY
e 251 e e
¥
1500 /./' o 401
2.0 /‘/
1250 4 o
[ 3 30
£ 1000 £ 15 o £ r""i
= - e = .'."‘-‘.
- /. 20 ___...—.—'-"'.’-.—.—
1.0 ./. = ”
500 4 L]
2r0 o4 ) rayccosa 05 chEpUHeCKan 10 1 rayccoea
2 ) — C0=19.2 C=181le+03 — C0=0.864 C=1.66 — C0=19.1 C=14.6
-’. a=3061 M R*=0.008 a=4820 m R*=0.993 a=5611 M R*=0.917

v T T r 4 0.0 T T v - - 0 T T - E '
o 1000 2000 3000 4000 5000 6000 (v} 1000 2000 3000 4000 5000 6000 a 1000 2000 3000 4000 5000 6000
narh, m nar h, m nar h, m

Puc. 13: Tpu Tuna napaMeTpPOB OOHOTO IIJIaCTa B eQUHOM OKHE: OTMEeTKa KPOBJH (IIOYTH HYJIeBOU
HarTeT, T'laJKas MOBEPXHOCTH), MOIIHOCTh (HArreT OKOJIO TPeTH, chepudecKas) U coOepzKaHue
(HarreT commocTaBUM CO BKJIQOM, IIIYMHBIN ITapaMeTp).

OTMeTKa KpPOBIH 9TO TJafiKas ITOBEPXHOCTh. Harrer mouTu HYJIEeBOM, paguyc OOMNBINIONH, MOIENh
O67M3Ka K TayCCOBOM, KadyecTBO mombopa OYeHb BBICOKOe. CocemHWE CKBA*KWHBI [AOT TOYTH
OOWHAKOBYIO OTMETKY, M3MEHUYMBOCTh KpymHoMaciuTabHas. Kpuruur paboTraeT yBepeHHO. 30ech
€CTb TOHKOCTh: TayCCOBa MOMEeJIb C IMOYTH HYJIEBHIM HAarreTOM YHCIIEHHO HeyCTONWYMBa W Ha€T Ha
KapTe XapaKTepHble «ObIYbY ra3a». HeGobIlnoi HarreT CTOUT 3aiaTh BPYYHYIO.

MoOIIIHOCTh 3TO HPOMEIKYTOYHBLIM ciy4ali. Harretr cocTaBjsgeT 3aMeTHYIO OOJII0 II0pora, pamuyc
cpenmuuii, Modesnb dalle chepudeckasi. OKOJIO MOJIOBUHBI U3MEHYMBOCTH CTPYKTYPHAasl, ITOJOBUHA
MeJikoMaciTabHas. ITo TUnuYHas paboyasi BapuorpaMma.

ComepxkaHVe TIIOJIE3HOTO KOMIIOHEHTA CaMBIM IOyMHBIM ITapaMeTp. Harrer comoctaBuM CoO
CTPYKTYPHEIM BKJIQOOM HJIN IIPEBHIIIAET €TI0, KpruBasad IIOOHWUMaeTCd MEOJIEHHO, Ka4eCTBO 1'101160pa
HHNXKe, U MOJAeJlb IIJIOXO OTJIIn4YaeTCd OT COCegHHUuX THIIOB. OcHOBHAsI M3MEHYUBOCTD CUOUT Ha
Macitabe Mesnpde ceTu omnpoboBaHusi. KpUTMHT TakKo¥M mapaMeTp CUIILHO CrilaXkXuBaeT, a KpPOcCcC-
BaluOalus I0Ka3biBaeT Oonblryio omubky. ComepxkaHUe IIpefacKalyeMo XyXKe, 4eM OTMETKU U
MOIIIHOCTH, X 9TO HOPMaJIbHO.

MakcumMmajibHOe PacCcCTOsIHHE H BbIXO0 Ha IIAaTO

Camass yacTas omwuOKa 9TO CIHMIIKOM OOJBIIOE MaKCHMalbHOE pPacCTosHue. Eciu oCTaBUTH
aBTOMaTU4YeCKOe 3HaueHWe B I[IOJIOBHHY [OuaroHany, Ha BHEITIHYTOM MECTOPOXKOEHUU OKHO
pacTsaruBaeTcs Ha OECITKU KWIOMeTPOB. Jlarnm Ha4YWHAIOT CBA3BIBATH TOYKH 4epe3 Oe3pynHEBIE
ITpOBasbl 1 MeKOJI0KOBhIE PA3PHIBEI, BaprorpaMMa JIOBUT PETUOHAJIBbHBIM TPEHI BMECTO JIOKaIbHOM
CTPYKTYpPHI, a moabop BHIOAET pamuyc OO0blle CaMOTO OKHA M IIOPOT B pa3bl BHIIIE OUCIIEPCUH.
ITpusrak 6enbl IPOCTOW: pamguyc II0go0paHHON MOMENM COIIOCTaBUM C OKHOM WIIM IIPEBHIIIAET €ro.
9TO 3HAQUUT, UTO KpHUBas He BHIIINA Ha I1JIaTO ¥ IOPOT MMOJIydYeH 9KCTPANoIaAIuen.

JIeYuTCs 3TO YMEHbLIITeHHeM MaKCHMalIbHOTO PACCTOSHUS MO JTOKAJIbHOTO MaciiTaba 1 IPOBEePKOH,
YTO BapHorpaMMa ycCrena BHIUTH Ha MoJKy. Ha mpuMepe cofepKaHuS OOHOTO IJIacTa MPU OKHe 6
KUJIOMETPOB MMoa60p JaBall pafguyc 0K0JI0 9 KUIIOMETPOB U MOPOT HUXKE AUCIIEPCUU, TO eCTh KpUBas
emé He BHIIIIA Ha TJ1aTo. [1pu okHe 12 KMJIOMETPOB OHA BHIIIIA, JaB PAAUyC OKOJIO 18 KUIOMeTpoB
¥ TIOJIHEBIN IOPOT, OMHU3KUM K MUCIEePCUY TaHHLIX. PeallbHEIM pafuyc KOPPeIAIuu 0OKa3auics OoJblile,
YyeM BHUOEIOCh B Y3KOM OKHe, ¥ IIPAaBUJIBHEIA OTBET [aja MMEHHO IIpPOoBepKa Ha BHIXOI KPHUBOHU Ha
IJIaTo.

HpI/I 9TOM OKHO HE€ HOOJIZKHO IIepellaruBaTh KPYITHBIE 6e3py11HbIe 30HHI. Ha pa3Be)10qH0171 CeTHu HuX
BUIOHO II0 ITIaJ€HHUIO IIJIOTHOCTHU TOYEK, U BAPUOTrPaMMy CiienoyeT CTPOUTE B IIpedejilaX OOJHOT'O DYOHOT' O
6J'IOKa, HHa4e JIOKaJIbHas reojIoTusa CMEIINBAETCsA C pel"I/IOHaJ'IBHOfI TEKTOHUKOM.
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OTKyga B3s1JICSI Harrer

B pa3spexeHHON CeTH HArreT MOYTH BCErga 3amal0T eOUHMILI IIap TO4YeK, a He o0jako. [Be
CKBaXXWHBLI B [ECSTKAX METPOB OPYr OT APyra C HECONOCTAaBUMBIMU 3HAYEHWUSIMU ITOOHUMAIOT
IIePBLIH JIaT BBIIIE ITOPOra, ITOA00PY OCTAETCSI OMUCATH 3TO MOYTH YHUCTHIM HAarreTOM, M KPUTHHT I10
TaKOU MOJIe/Id BO3BpAIlaeT CpefqHee BMECTO KapTEL.

ITosTOMy MHCTPYMEHT TIeYaTaeT B XKypHa pa300op MepBOro jiara: pacCTOSTHUE, YUCIIO TTap B HEM U
3HaYeHHe y PSIIOM C AMCIIepCUuel MaHHBIX. ECIM y IepBOro jlara y»Ke BBIIIE O0Iel mucrnepcuu, 06
39TOM COOOIIAETCST OTHEIBHBIM IIPENYIIPEXAEHUEM - ONMCATh TAKOE MOXKHO TOJIBKO HAarTE€TOM.

CrnemoM Ha3BIBAIOTCS CaMble TSAXKEJIbIe ITapbl BHYTPU IEPBOTO Jiara: PacCTOSTHME MeXOY TOYKaMy,
o0a 3HAYEeHHs, BKJIa[ Y U KOOPOUHATHE 00eux Todek. ITo KoopouHaTaM mapa HaXOOUTCs Ha KapTe
Ccpasy, U Janbllle 9TO BOIIPOC K TaHHBIM. [IlepenyTaHHBIM TOPU30HT, 3HAK, eQUHUIIEI - TH00 HaCTOoSAIIas
MUKPOU3MEHYUBOCTh, ¥ TOT{Ia HAarTeT YEeCTHHIN.

Korga moa0op HH Ha 4YTO HE I'OIeH

IBe Gempl mogbopa THUXHE: ITapaMeTpPHl BEIBOOSITCSA, KPUTHHT oTpabaThiBaeT 6e3 eIuHOM OIIHOKHU U
BBIIAET POBHOE IIOJIe OKOJIO CpemHero. MHCTPYMEeHT BEHITAaCKUBAeT 00€e B IpenynpeRKaeHus.

IlepBoe - KauecTBO momroHku R? Huxke 0.1. Momenb NpakKTHYECKM HHYEr0 He OOBLACHSET, U
[IEePEeHOCUTh €€ MapaMeTPhl B KPUTUHT HEJIb34.

BTopoe - mojist HarreTa BhIIIE IIOJIOBUHBI CYMMAapHOT0 mopora. CBs3b Ha KOPOTKUX PACCTOTHUSX He
paspelieHa: 1100 CeTh pexke, YeM CTPYKTYpPa, KOTOPYIO IEITAI0TCSA YBUOEThH, TH0O0 B JaHHBIX T€ CaMEIe
rmapbl. KpUTHHT IO TAaKOM MOOEIH CTJIaXKHBaeT OIeHKY OO0 CPeIHero, a Ha KapTe JaéT «ObYbY I'jIa3a»,
Tyrue KOHIEHTPUYECKHE KOJIbIla BOKPYT OTHOEJIBHEIX MPOO.

Pa0douui IIHKJI C KPOCC-Ba/IMdaItHeH

BapuorpamMmma maéT CTapTOBYI0O MOZeib, a mpoBepsieT e€ Kpocc-Baaupganusi BapHOIPaMMEL.
IMopsimok Tako#. CHauajia CTPOUTCS OKCIEpPUMEHTalbHAs BapuorpaMMa C MaKCHUMaJIbHBIM
paccTosiHWEeM, IIpU KOTOPOM KpWBas BHIXOOUT Ha IJIaTO, ¥ CHUMAIOTCS IIOOOOpaHHBIE HAITET,
BKJIaJ, pajuyc M MoOIesb. 3aTeM 3THU YUClla [IepPeHOCITCS B KPOCC-BaJIWUOAallI0 U OLIEHMBAIOTCS
METPUKM CKOJIB3SIIeT0 KOHTPOIs. [TomoOpaHHy0 ¥ IPOBEPEHHYI0 MOAe b yI0OHO COXPaHUTL Kak
npodguias 00padoTku (oyie Coxpanurts Npoduiab noa UMeHeM) u noxactaBuTsh e€ B 2D Kriging
noyieM 3arpy3uTh Npodmwis 00padoTKH - CM. pa3fes npo uHCTPYMeHT «IIpodunu o6paboTku>».

Cpenuee cmelnenre ME momkHO GBITH OKOJIO HYJIsI, 9TO 3HAYHUT, YTO CUCTEMATUYECKOM OITUOKHU HET.
CpenuekBagpaTuyHas omubka RMSE nmoka3riBaeT abCOMIOTHYIO TOUHOCTh. OTOEIFHOTO BHUMAaHUS
3acnyxuBaeT MSDR, oTHOIIeHHe KBagpaTa OMMOKY K OUCIIEePCUU KpUTHHTa. ECIM OHO 3aMeTHO
Oosbllle eOUHUILI, KPUTUHT HEeOOOlIeHMBAEeT HEONpPeHesIEHHOCTh U KapTa CTaHOapTHON OIIUOKH
3aHUKEHa.

IIpaBka MSDR penaeTcss TOYHO, a He Ha rIila3. B opaAMHapHOM KpUTMHTe OOMHOXKEHUWE Bcel
BapHoOTrpaMMEbI Ha TOCTOSTHHBLIM MHOXKHUTEh HE MEHSIET OIlIeHKH, ITOCKOJIbKY Beca 3aBUCST TOJIBKO OT
¢dopMBI KPUBOH, a He OT e€ MacITaba. MeHsIeTCs TUIITb OUCIIePCUs KPUTHUHTA. [[09TOMYy HOCTAaTOYHO
YMHOZKUTh HAaIrTET U BKJaObl Ha TeKyllee 3HadeHrne MSDR, ocTaBUB paguyCc U MOJeJb IPEXKHUMH,
U IOBTOPUTL Kpocc-Banupanuio. Metpuku ME, MAE, RMSE u R nipu sToM He coBuraiorcs, a MSDR
MIPUXOOUT K €OUHHUIIE, ¥ KapTa OIMUOKY CTAHOBUTCS MOCTOBEPHOM.

ITocme wmacimTaOUPOBAHUS TOJNHBIM IIOPOr MOXKET OKa3aThCs BHIIIE MOHUCIEPCUM HaHHBIX. Ha
KJIaCTEPU30BAaHHOM ceTu 3TO He ommbka. HavBHas mucrnepcus: 3aHuUXkKeHa, IOTOMY YTO IIJIOTHBHIE
CKOTIJIEHUSI CKBAXKMH €€ IepeTsATUBaloT, a UCTUHHAasA pa30pocKa 1o nioianu 6omnbiie. [TpeBoIllieHre
Imopora Haf OucIepcuel 3[ech CJIeNCTBe HePaBHOMEPHOM CEeTH.

T'oTOBYIO U TPOBEPEHHYIO MOAeNb ocTaéTcs nepeHecty B 2D Kriging g pacuéra rpuna, a gaablie
npu HeobxogquMocTu B U30/IMHUU U3 pacTpa.
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Ecnu maHHBIE CTYIIeHB HepaBHOMEPHO, 3aJaiiTe Heobsi3aTelIbHOe Iojie BeCOB Wt U3 HHCTPyMeHTa
1.01 Jexkmacrepu3anus. Torga Kaxmas Iapa Todek 0epéTcs ¢ BeCOM, PABHBEIM ITPOU3BEIEHUIO
BECOB €€ KOHIIOB, U CKOIIJIEHUS He pa3gyBaloT Omuxuue jjaru. C46TYNK Mmap B OTYETE MOKA3EIBAET
CBIPOE YHCJIO IIap, a caMa y CUUTAaeTCs B3BEIIeHHO.

1.06 BapuorpaMmmMHasi KapTa (aHH30TPOIIHSA)

WHCTPYMEHT CTPOUT BapUOTrPaMMHYIO KapTy - IOBEPXHOCTh HIONYOUCIEPCUN Y KakK (YHKIIUIO
mByMepHOro BekTopa pas3Hoca (h x, h y). O6riyHass BapuorpaMMa yCpeOHsIeT BCE HalpaBJIEHUS B
OOHY KPHBYIO U HaAIlpPaBJIEHHOCTH TepseT. KapTa ke moKa3kBaeT, KaK HENIPEPLIBHOCTEL ITapaMeTpa
3aBUCUT OT HampasieHus. [1o Hell BUOHO, €CTh JIU B ODAHHBIX @HU3O0TPOIMNS M Kyda CMOTPUT OChb
MaKCHMaJlbHOU HEIPEPHBHOCTU. MHCTPYMEHT OMarHOCTUYECKNU: TPUL OH He CUUTAET, a IIOMOoraeT
OCO3HAHHO 3ajaTh a3UMyT ¥ aHU30TPOIHIO B CTPYKType BapuorpaMMmsl «2D Kriging».

Y10 TAaKOe aHU30TPOIHUS U 3a4YeM €€ BHIETh

HN3oTpomHasi BapuorpaMMa IMpPeArnojiaraeT, YTO CBS3b 3HAYEHWH 3aBHUCHUT TOJBKO OT PACCTOSTHUSI
MeXKOy TOYKaMH, HO He OT HallpaBleHus. IIJIs CKIam4YaThiX ¥ BBITSHYTHIX I'€0JIOTHUECKHUX TeJl 3TO
He TaK. Boomb mpocTupaHus IJIacT BhHIOEPZKaH, IIOMEePEK MeHseTcs OBICTpee: Ta XKe pal3HuIla B
OTMETKaxX KPOBJIM HaOWpaeTcs: BOOJb CKJIaJKM Ha KUJIOMETPHI, @ BKPECT - Ha COTHAX MeTpoB. Ecnu
9TOTO He y4YeCTh, KPUTHUHT CTJIa’kKHUBaeT I0jie OOUHAKOBO BO BCE CTOPOHBI ¥ Pa3MBIBAET PEanbHYIO
BBITSIHYTOCTBH CTPYKTYPEL.

BapuorpaMMHasa KapTa BCKpHIBaeT HallpaBJIEHHOCTDh HANIPAMy!o. 1715 KaKOoU Iaphl To4eK Oepercs
He TOJILKO PaCcCTOSHYVEe, HO U HallpaBlieHUe BeKTopa MeXOy HUMHU, U IIONyAUCIepCus IpupalieHus
packianmbIiBaeTCs 10 ABYMEPHOM CeTKe j1aroB. TaM, Irfe y pacTET MefJIeHHO ¥ KapTa OCTAETCS TEMHOMU
maJjieko OT IIeHTpa, HEIIPEPHIBHOCTDL BhICOKAsi. TaM, T'e y pacTET OLICTPO, HEIIPEPLIBHOCTh HU3Kas.
OO6acTh HU3KOM y B CyMMe BHITATUBAETCS B 3JUIUIIC, AJIMHHAS OCh KOTOPOTO U €CTh HalpaBJIeHUEe
MaKCUMalbHOU HETIPEPLIBHOCTH - OIS CKJIamYaTOCTU 3TO HApaBJIeHNe IIPOCTUPaHUS.

Kak uuTaTrh Kaprty

B 1eHTpe KapTH JIEKUT HYJIEBOU Jilar: 3HaYeHWe B TOYKE BCErga paBHO camMo cebe, MO3TOMY Yy
37eCh paBHA HYJIIO U IIeHTP CaMBIi TEMHBIHA. [10 Mepe ymasieHus OT IeHTPa TOYKU Pa3HOCSTCSA BCE
manbire u y pactét. Ock h x HampaBieHa Ha BOCTOK, ock h y Ha ceBep, Macitab mo o6euM ocsim
OOWHAKOBHN. KapTa ToYyeuHO-CHMMETpPHUYHA: ITIapa U €€ 3epKallbHOE OTPaXkKeHWe MOaioT OOHY U TY
Ke TIOJIyIUCIIePCHUIO0, TI09TOMY PUCYHOK OMUHAKOB B IIPOTHUBOIIOJIOKHEIX HATPaBIEHUX.

AuuzoTponusi yuTaeTcs mo (GopMe TEMHOM 30HHEL. ECIM OHa Kpyriaas - CTPYKTypa HM30TPOIIHA,
HampaBJIeHUE POJIK He urpaeT. Eciu BHITSIHYTA - BOOJb €€ MIUHHOM OCH Y HapacTaeT MeIJIEHHEe, TO
€CTb B 9TOM HaITpaBIeHUU 3HAUYEHHsI CBsI3aHBl Ha O0bIlIeM pacCcTossHUHU. [ToBepx KapThl PUCYIOTCS
MOACKa3Ku: OEeNbId 3JIIUIIC IO OLEHEHHBIM pafuycaM M KpacHas MyHKTUPHAs JTUHUS MO TJIaBHOH
oCH.

IIapamMeTpsl
I[TapameTp YTo 3amaéT ITo ymom4anuio / cOBET
Touku co TodyeuHsli CII0H CO -
3HA4YEHUsIMU CKBaXKUHaAMU UIIU
npobamu.
ITone 3Hayenus Z YucnoBoil aTpubyT myigs  3alOMHHAETCS MEXKIY 3allyCKaMu

aHanu3a: 0OTMEeTKa
I1JIaCTa, MOIIHOCT,
comeprKaHue.
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

BuHoOB Ha nonyock Ha ckomnpko ssueek 15
(meTtanmu3anusg KapThl) OeJIMTCSA KaxKmas
nonyock nara. Kapra
oJIy4aeTcs pa3MepoM
(2N+1)x(2N+1).
Bomnbiie 6UHOB -
meTajbHee KapTa, HO
MEHBIIIE I1ap B S4YelKe
u 0GOJIBINIE IITyMa.
Makc. nar, B Pa3mep okHa KapTHL, B 0
eIVHUIIax CJI0s eIVHUIAaxX cinos (mis
METPOBBIX KOOPOUHAT -
MmeTphl). 0 = IMoNMoBUHA
OuaroHaly oxBarTa.
MuH. KOTN4YEeCTBO fAyeliku, B KOTOpPHIE 5
nap B g4elike (OOI.) Ionajyo MeHbIIle 1Iap,
OCTaBJISIOTCS IYCTHIMH.
OTcekaeT UIyMHEIE
OajbHUeE JIaTH|, TOe nap
Majo.
Otuét (HTML) OTYET C XUTMAIIOM, BpeMeHHBIN (pain
9JIIUIICOM, TJIaBHOU
OCBbIO U CBOIKOI

OLIEHOK.
PacTp moBepxHOCTH [ToBepxXHOCTH y Kak BBIKII.
(omr.) pacTp B KOOpAUHATax

nara (cMm. Huxe). ITo
YMOJITYaHUI0 HE
CcCO3maeéTcs.

ITapamMeTp C TOMETKOM «HOTI.» JIEKUT B CBEPHYTOM pa3feiie [omoIHHUTeIbHbIEe MapaMeTPhI.

O1eHKa a3MMyTa, aHU30TPOIIHH U paJgHuyca

Kpome camolt kapTel UHCTPYMEHT BEIBOOUT B 2KypHan u B HTML-0oT49€T Tpu Ymcia: a3uMyT IJ1aBHOU
ocu (reorpaduueckuii, 0 - Ha ceBep, IO YaCOBOU CTpPeJiKe), KOIDPUIIMEHT aHMU30TPOIUU Kak
OTHOIIIEHWE MaJjioM OCU K rjaBHOU (1 - M30TPOIIHO, MEHBIIE - CHUJIbHEE BBITIHYTOCTbH) M PamuycC
rnaBHOU ocu. OLleHKa yCTpOeHa TakK: II0 KaXOOMy HalpaBlIeHWI0 UIIEeTCs Jjiar, Ha KOTOPOM Y
BEIXOOUT Ha MOJKY (6JIM3KO0 K OUCIEPCUU OaHHEIX), PAOUYCHl CTJIAKUBAIOTCS II0 a3UMYTY, TJIaBHASA
och 6epéTcs 1o HauboJIbIIEMY PanuycCy, a Manas - IepPIeHIuKYIISIPHO e.

OTU TP UYHUCJIa NOLCTABIAITCHA B CTPYKTYPY BapuorpaMMEBl MHCTpyMeHTa «2D Kriging»: asumyr,
aHM30Tponusa (Masnasi/TiaBHas) ¥ paguyc a. OTO UM €CTb y4E€T aHU30Tponuu B Kpuruure. OieHKa
WHOWKATUBHAS: €€ CTOUT CBEPUTH C OPMOI caMOro XUTMalla, a He IIePEeHOCUTDb BCIEIyI0. A3SUMYT
KapTa ompefernseT HafléKHee BCeTo, a Paguyc 1 KoaQhuiimeHT - rpydee, 0COOEHHO Ha pa3pekeHHOH
CeTH.

YToOK HE TTEPEHOCUTH YMCJla BPYYHYIO, B OKHE €CTh 1oJjie 3anucaTh aHU30TPOIHUIO B NPODHIIE.
Bribepute paHee COXpaHEHHBIM NOPOPUIL, U a3uMyT, Ko3pDUIUEHT U pafuyc TJIaBHOU oOcHU
OOIUIIYTCS B HEro IOBepX MOIENM UM HarreTa, 3aJaHHHEIX B Bapmorpamme. Ilpu crenyomiei
3arpy3ke npoédunsa B 2D Kriging 3Ty 3HaYeHUSA IOACTABATCSA CaMM U IMOSIBATCS B MOOINCHU IIOT
cnuckoM mnpodunei. Ecnmu paguyc yonépcss B OKHO, OH OCTaA€TCs IPEKHUM, OOHOBJISIOTCS TOJIBKO
a3uMyT U KO3hPUIMEHT.

Ecnu cTpyKTypa 6/113Ka K ©U30TPOITHOM MITH PafuyC TIaBHOM OCH OKAa3bIBA€TCS MEHBIIIe HeCKOIbKUX
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INNANC aHW30TPONKMKW = = rNaBHaA OCb

1000

500

nar no cesepy h_y
(=]

-500

-1000

-1000 -500 0 500 1000

nar Nno BOCTOKY h_x

Puc. 14: BapuorpamMMHas KapTa: TEMHas (HU3Kas y, BEICOKas HEIPePLIBHOCTh) 30Ha BRHITSIHYTA I10
asuMyTy okosio 135°. Besnbiit 9IuUIIC U KpacHasi MyHKTUPHAsS TJIaBHAsI OCh OKA3bIBAIOT OLIEHEHHOE

HalpaBlIieHWEe ¥ aHU30TPOIHIO.
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siyeeK KapThl, aHU30TPONHUS HE OIIeHHBAETCsS M IOMeYaeTCs B OTUETe KaK «He BhIpaxkeHa». B
9TOM CJTydae PafuycCH JieXKaT Ha YPOBHE CETKH, ¥ HAIpaBJIEHHOCTb HEIOCTOBEPHA - IIPaBUJIbHEE
coobmuTh 00 3TOM, YEeM BHIIATHb CJIy4aWHBIA a3uMyT. [loMoTraeT yMEHBIIWTH MAaKC. Jiar WU
YBEJIMYUTh KOMTUYECTBO OMHOB, YTOOBI PA3PENIuTh OJINKHIO CTPYKTYPY.

Korga paguyc ynmupaeTcsi B OKHO

Ecnu BOOJIb TTIABHOM OCH y HE YCIIEBAET BBHIMTH Ha IIOJIKY B IpefeliaX OKHA, PpafiuyC BO3BPaIlaeTCs
PaBHBEIM Makc. JlaTy, a B oTuéTe u 2KypHaje MosSBIsSeTCs NpeayIpexaeHue: paguyc yIIépcs B Makc.
jlaT, 9TO HUXKHSASA OIEHKa. ITO Ta XKe CHUTyallus, YTO W [JiA OOBLIYHOM BapHOTpPaMMBI (CM. pa3gen
«MakcuManbHOE PACCTOSTHUE W BHIXOQ Ha IIJIaTO»): KPUBAS HE BHIIIIA HA MJIAaTO, W MOPOT TOJyYeH
3KCTpamnonsuuei. Ha kKapTe Mpr3HaK OIPOCTOM - TEMHAS 30HA BOOJIb TTTaBHOM OCH TSHETCS IO CAMOT'0
Kpasi.

B sTom ClIydae paguyC a B KPUTUHTI IIEPEHOCUTH KaK €CTh HeJIb3d: HaCTOoAlllasd OJIMHa KOPpelIdalnun
Oomblle OKHA, a K03(UIIMeHT aHU3O0TPOIIMHM 3aHUXKEH II0 BRIPAXKEHHOCTH (II0jie Ha Oese eIne
QHU30TPOIHee). A3UMYT IIPKU 9TOM OOLIYHO OHpemdenéH HOpMallbHO. JIeUUTCs yBeIudYeHHeM Makc.
mara, 9yToOBI KapTa 3axBaTWila BBEIXOA Ha IMONKy. Eciu e y He BHIXOOUT Ha IIONIKY [daxe MOPH
IIXPOKOM OKHE, B [JaHHBIX IOMHUHUPYET TPEH - eT0 YyOuparoT A0 MHTEPIIONANNU MO0 YIUTHIBAIOT
COOTBETCTBYIOIIIMM BHUOOM KPUT'HMHTIAQA.

PacTtp noBepxHocTu

I[To XenmaHWIO KapTa COXpaHSeTcs ellé W pacTtpoM (morne PacTp moBepxHOCTH). JTO Ta XKe
IIOBEPXHOCTh Y, HO B KOOpAMHATax jiara: Hadano B Todke (0, 0), pa3Mep IuUKCella paBeH sg4delKe
snara. PacTp He mpuBs3aH K MECTHOCTHU - OH JIEXKHUT B IIPOCTPAHCTBE PA3HOCOB, a He B IIJlaHe
MECTOPOXKIEHUS, - U HYXKEH TeM, KTO X0UeT IMOKPYTUTh KapTy Ha xoyncTte QGIS, HalmoXUTL CBOIO
IIBETOBYIO IIKAIy WM H3MEPHUTDL Jlar JTUHEHKOM. s caMOM OIeHKH aHM30TPOIHUH HOCTAaTOYHO
HTML-oTuéTa.

Ecnu panHBIE CTYIIEHEl HepaBHOMEPHO, 3aaiiTe Heo0s13aTeNlbHOe I10JIe BeCcoB wt U3 MHCTPYMeHTa
1.01 Hexknacrepu3anusi. Torga Kaxmas napa To4uekK OepETCS C BECOM, PaBHBIM MPOU3BEOEHUIO
BECOB €€ KOHIIOB, U CKOIIJIEHUS He pa3fayBaloT OnuxkHue jiaru. CY4ETYUK Iap B OTUETE ITOKA3bIBaET
CBEIPOE YMCJIO IIap, a caMa Y CYUTAETCSI B3BEIIEHHO.

1.07 Kpocc-Baiuganusi BapuorpaMMbI

HUHCTPYMEHT MTPOBEPSET, HACKOJIbKO yOauHO MomoOpaHa BapuorpaMMa, METOOOM CKOJIb3SIIero
KOHTpOoJIs (leave-one-out): Kaxkmasi CKBaXKKWHa 0 OUepequ UCKITIoUaeTcs, €€ 3HaueHne ITPeqCKa3kIBaeTC s
KPUTHUHTOM 110 BCEM OCTaJIbHLIM, ¥ CPaBHUBAETCs C paKTHUYeCKUM. Tak mapaMeTpsl (HarreT, paguyc,
MofeJb) IoOOuPAaIOTCs 110 OmKubKe, a He CyObEeKTUBHO.

[TapameTpsr:

[TapameTp Yro 3amaér ITo ymonyaHuIo / COBET

HcxomHble TOUKY (CKBAXKHUHBI). -
[TpoBepsieMBIN YK CIIOBOM -
aTpudbyT.

Touku co 3HAUEHUSIMU
ITone 3HaueHus Z

ITone HOMepa CKBaXXWHEI

Tun kpuruHra, paguyc,
MMH./MaKC. TOYeK, HaITeT,
CTPYKTYPHI

[Tone ID gnsg mognucei B
OTYETE U CJI0OEe OCTATKOB.
HacTpoliku KpUruHra u
BapuorpamMmMmsul. KOHTpOIb
CUHTaeT KPUTUHT POBHO C
HUMHU, TT0O3TOMY yOaUHBIN
Habop nepeHocuTcs B «2D
Kriging» 6e3 uameHeHU.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

CHATH MOTMHOMHUAJTLHBIN Perpeccus-KpuruHr: TpeHA BBIKII.
TPeHN nepenonoupaeTcs Ha KaXXaoM
mare LOO, BEIUTPHIII BUOEH I10
RMSE.
CremneHb TpeHOA [TmockocTh unu KBagpaTuuHasi 1 (IIJIOCKOCTBH)
IIOBEPXHOCTS.
3arpy3uTth npodunb o6paboTku IlomcTaBUTh COXPaHEHHYIO (1e BBHIOpPaH)
MOMOENb IIOBEPX MOIEH
ouarsnora.
CoxpaHUTh IPOGUIL 10T CoxpaHUTH IPOBEPEHHYIO IIyCTO = HE COXPaHATh
UMEeHEM Mopenb B Ipodus (c
aHU30TPOIINEN).
Croit oCcTaTKOB (TOYKH) Touku c monasIMHU Heo0s3aTeIbHbBIN

dakT/omterka/omubKa (CM.

TabIUIly IToJIed HUXKe).
OT4YET 0 KpoCcc-Bauaaun NHTEepaKTUBHEBIN OTYET: CO3aETCs 0 YMOJTYaHUIO
(HTML) olleHKa Vs (aKT, TUCTOTpaMMa,

QQ-rpadpuk, METPUKH.

B 2KypHasn BEIBOOSITCSI METPUKU:
ME (cpeoHee cMellleHHe) - CUCTeMaTHYecKas ommnbka. [JomxkHa 66T 67113Ka K 0 (HECMEIIEHHOCTD).

MAE u RMSE - cpefHss ¥ CpeIHeKBaApaTUYHaa onrbKa npeackasanusa. YeM MeHbIle, TeM TOUHee.
Ho ommoit RMSE HepgocTaTO4YHO: OHAa MUHHMMAaibHa IIPU HYJIeBOM Harrere (rmepeoOydeHUe), XOTS
HEOTIPeNEIEHHOCTD IIPU 3TOM OlleHeHa HEBEPHO.

MSDR (cTraHmapTH30BaHHasI OUIMOKA) - CpeOTHUM KBagpaT OMIMNOKYU, MeIEHHON Ha CTaHOapPTHYIO
ommnOKy KpuruHra. HomkeH ObITh 06;1M30K K 1. Ecim MSDR 3amerHo Gomnbine 1 - gucmepcus
HepoolleHeHa (HarreT uiau cuil Masel). Eciu MeHsbIe 1 - mepeolieHeHa.

R - k09 GUNHEHT KOPPETAIUU «OIeHKa - paKT».

ITone3no pasnuuyaThk [Be CTOPOHHL. OO6yako «oieHKa - (pakT» u RMSE roBopsiT 0 TOYHOCTH
IIpegcKa3aHMsA. A HaACKOJIbKO KOPpPEeKTHa caMa MOJEeJab - TO eCTh BEpHO JIM BapuorpaMma
OITMCHIBAET HEOIIPEeOeIéHHOCTD - IIOKA3LIBAIOT CTAaHAapTH30BaHHEIe omubKku: MSDR okono 1 u qg-
rpaduk. [ KpUTHHTA IIeHHB 00e CTOPOHE: ManeHbKass RMSE npu MSDR okono 1 o3HagaeT, 4To
MOMeNb U ITPeaCcKa3blBaeT XOPOIlIo, ¥ He 0OMaHBIBAeTCsI B COOCTBEHHOM TOYHOCTH. ['HATHCSA TOIBKO
3a RMSE Henb34 - OHa MUHUMAaJIbHA IIPU HYJIEBOM HarTeTe, TIe HEONpeneléHHOCTh 3aHMXKeHa.

Ha npakTuke nepebepuTe HECKOIBKO BAPUAHTOB BAPUOTPAMMEI ¥ CPAaBHUTE. XOPOIIasi MOAEIb JAET
ME oxkono 0, manyro RMSE u MSDR okono 1. Ecnu RMSE TsiHET K HyneBomy Harrety, a MSDR npu
9TOM OTPOMHBIH - 9TO IPU3HAK mepeodydenusi. HeGobIoi HarreT KamuopyeT HEOIPeaeJIEHHOCTD.

OnumoHanbHEIU CI0M OCTATKOB (TOUKU C MONSMU: (HakT - IO UMEeHeM IIPOBepseMoro monus, z_est,
error, abs error u std resid. II;moc HOMep CKBaXKMHEBI, eClIU 3afaHo nojie ID) moka3sblBaeT, rme
MoOMeb ITPOMaxXuBaeTCsA: KPYIIHBIE II0 MOOY/II0 OCTAaTKHU - IPOOIeMHbBIE YUYaCTKH, CHCTeMaTUYeCKUe
3HAKW OCTATKOB - JIOKAJIbHEIM TpeHH. CJioli aBTOMaTHYeCKM HaA3bIBAETCS II0 IPOBEPSEMOMY IIOJIIO
¥ UCTOYHUKY, a Y ITOIeH 3aJaHbl ICEBOOHUMEI - IOHSATHHIE Ha3BaHUs (BUOHBI B Tabnuile aTpubyToB
U CBOMCTBax mojs). std resid - 9To cTaHmapTU30BaHHLIM OCTATOK (OIleHKa — (akT) / CTaHOapTHYIO
OIIMOKY KPUTHHTA, CO 3HAKOM: MHHYC - KPUTUHT 3aHU3UJI, IJIIOC - 3aBLICUJI (9TO He [OUCIIEPCHUS,
oucnepcus Bcerga = 0).

IToms cyost ocTaTKOB:
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Kpocc-Banupauma: oueHka vs pakT

RMSE = 36.67
2007 |r'=0.869
100 A
o
S o
©
[
I
= —100 -
s
o
X
g —200 1
I
[
=
o
—300 A
—400 A
—500 - —— unaean (oueHKa = ¢akKT)

—-500 —-400 —-300 —-200 -100 O 100 200
hakTUHecKoe 3HavYeHune

Puc. 15: Hpesa Kpocc-Banupjalluu: OIEHKY KpPUTHMHIa II0 OCTaJbHBIM TOYKaM (II0 BepTUKAJIN)
CcpaBHUBAKT ¢ HakToOM (110 ropr3oHTanM). Yem TecHee 00/1aK0 JIOKUTCS Ha AUaroHalb OlleHKa =
daxT, TeM ToUHee IIpefCcKa3aHueE.
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OueHKa Vs (hakT FcTorpamma olwnbok

50 1 (ME=+0.05 RMSE=4.59
MSDR=0.80 R=0.747

1200 A
® 40 - A
- L g 1000 A
o L .-
o 30 1 © 800 A
I . bad -7 o
= < [
|§ y ! “ (8]
s R0 i $ 600 -
* 20
[1v]
x
il 400 1
=
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10 A
200 A
= OLeHKa = (haKT
0 T T T T T 0 = T T T T
0 10 20 30 40 50 -20 -10 0 10 20 30 40
chakT KCI, % oueHKa — dakT, %

Puc. 16: Tak Bmirmsgut HTML-oTuéT Kpocc-Banmupmaliuu: cieBa rpaduk «omeHkKa vs (akT» C
ouaroHanbio u MeTpukamu (mpumep - KCI mo nnacty Kpll), cnpaBa rucrorpamMmMma omubok. [TmoTHOE
006J1aKO BOONb AuaroHanu - Momesb paboTaeT. ITomoca mpu ¢dakTe okKomo O - 30HBI 3aMeIlleHus.
l'ncrorpamMmma cuMMeTpU4YHa OTHOCUTENIBLHO O - CMEIIeHUs HeT.

TTone I[TceBmoHUM OnucaHue

<HOMep CKBaXMHbI> Howmep ckBaxkuHEI 3HayeHMe BeIOpaHHOTrO nonsg ID
(ecnu 3amaHo «Iloye HOMepa
CKBAXHUHEI»).

<uma nona> ®akT (MM IOJIST) QaKTHYEeCKOe 3HaUeHUe
IPOBEPSAEMOTO IIOJIA.

z est Ouenka kpuruara (LOO) O1neHKa 110 OCTaJIbHBIM TOYKaM
(leave-one-out).

error Ommbka (oreHKa — (pakrT) OneHka MuHYyC pakT. MUHYC -
3aHMZKEHO, IIJIIOC - 3aBHIIIIEHO.

abs_error Mopaynb omubKu AOCoJIIoTHAS BeIu4YnHa OIInOKH,
|error|.

std_resid CraH[O. ocTaToK (outeHka — ¢akT) / CTaHOAPTHYIO

omuOKy KPUTHHTA, CO 3HaKoM. He
nucnepcus (oHa = 0).

KpoMe c11ost ocTaTKOB MHCTPYMEHT 110 yMomdaHuio GopmupyeT HTML-oTuéT (Ha plotly): ”HTEpaKTUBHBIH
rpaduK «oleHKa vs pakT» ¢ OByMs TUHUSMHU - Cepol guaroHanbio 1:1 (upmean) m cuHeM NUHUENR
perpeccuu Best Fit, ructorpamma omu60k, QQ-rpaduk OCTAaTKOB M TabHIla METPUK C OJIOKOM
pexomeHnpanuii. HaksoH, coBur u yron Best Fit BriBeleHEI B METPUKH: 9TO HHOUKATOP YCJIIOBHOTO
CMellleHHs [0 Oguana3oHy. HakinoH okono 1 - MeTon OOMHAKOBO TOYEH Ha HU3KUX U BBICOKUX
3HAYEeHHUAX, HaKJIOH MeHbIle 1 - BBICOKME 3Ha4YeHMUS 3aHUIKAIOTCS, a HH3KHE 3aBBIIIaloTCS
(perpeccust K cpegHeMy, XapaKTepHasl MOANUChH CTIaXKHBaIOIIMX MeTOmoB). B Tabmuily moGaBieHa
OUCHepPCUs HAHHBIX - OPHUEHTHP s cyMmMMmapHoro cuimia CO0+C. Psagom ¢ Tabiuied MeTpUK
IMOKa3kIBaeTCcs 6110K «[lapaMeTphl KpUTHHTa»: IePEeYHCIIeHEl TOJTPKO HACTPOUKY, OTIUYAIOIIHECS OT
CTaHIOAPTHEHIX (HAarreT, CUJIJI, paOuyC, OTCEB U TaK gasee), YTOOLI ObLIIO BUAHO, KAKUMU ITapaMeTpaMu
MMOJIy4eHHl 9TH MeTpukKu. Ha rpaduke «oneHka vs ¢aKT» IpPU HaBEJEeHUU HAa TOYKY BUOHBI HOMEP
CKBaXXKMHBI ¥ 3HAYEHWUS, a BOCEMb CKBaXXWH C HAWOOBIIUMHU II0 MOIYJIIO OCTAaTKaMHU IOAIINCAHBI
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IIPsIMO Ha rpaduke - uX yooOHO IIPOBEPUTD B IEePBYI0 ouepensb. OTUET OTKPHIBAETCS B HIPOCMOTPIIHUKE
pe3ynbraToB QGIS (unmu B 6pay3epe). Ecinu plotly B c6opke QGIS HemocTymeH, OT4ET BCE pPaBHO
co3maéTcs - ¢ Tabmuiel MeTpPUK, HO 6e3 rpaduKoB.

QQ-rpaduxk ocrarkoB. [loka3wiBaeT ¢opMy pacupenesieHus: oOmuO0oK. OmMUOKM HOPMUPYIOTCS
Ha UX COOCTBEHHYIO OUCIEPCHUI0 (z-OlleHKa) U CPaBHUBAIOTCSA C HOPMAJILHLIM pacIipefesieHHeM,
Mo3TOMy rpaduK duTaeTcs o ¢opMme mpu 000 KanmubpoBkKe. 3a MacmTabd HeonmpemenéHHOCTH
oTBeuyaeT oTHenbHO MSDR B Tabmuile MeTpukK. [Io TOPM3OHTAIW - KBAHTUIHM HOPMAJIbHOTO
pacmpepnesieHusi, IO BEePTHUKAIW - HOPMUPOBaHHAs OIMHOKA. Ecmu ommbKu HOPMalabHBI, TOUYKH
JI0KaTCs Ha KpPacHYI0 AauaroHasib. OTKIIOHEHWS YHUTAIOTCS cpaly. 3arHyThle KOHIBEI (S-00pa3Ho)
- TSIXKEJbIe XBOCTHI, TO €CThb KPYIIHBIX ITPOMaxoB OoJibllle, yeM IIpu Hopme. OO6muit u3rud gyrou -
acUMMeETpPUs, CTOUT IIoAyMaTh O TpaHchopmaluum 3HaveHui. OTOeNbHas r'pyllia, 0TOPBaBIIASACS
OT JIWHUH, - YyXKasi COBOKYIITHOCTE B MaHHBIX, HalTpuMep 0e3pymHble IpoOkl U3 30H 3aMeIleHus (rae
IOJI€3HOT0 KOMITOHEHTAa ITpaKTu4Yecku HeT). HopManbHOCTh BazkHa MOTOMY, YTO Ha HEM OCHOBAHEI
MSDR u kapTa CTaHAapTHOM OIIUOKH.

I'maBHOe - 94TO gej1aTh C pe3yiabTaTaMu. CMBICII HHCTPYMEHTA B TOM, YTOOHI lepef IOCTPOeHNEM
TpuOa yTBEPOUTH WJIM IOMPABUTh BeChb HAOOP mapaMeTpOB, KOTOPHIM BEI 3aTeM 3amamuTte B «2D
Kriging». 9To m BapuorpamMma (HarreT, CHJIJI, pPaguyC, MOIeNlb, aHMU30TPOIHS), U HACTPOUKU
caMoro KpuUruHra (paguyc IoKMCKa, MUHUMYM/MakCUMyM TOYEK, THI - OPAUHAPHBIN WIW IIPOCTOM):
KpoCC-Balugalus cuuTaeT KPUTHHI POBHO C TEMU JKe HacTpoKaMM, II03TOMY YOadHBIM Habop
rnepeHocuTcsa B MHCTPyYMeHT «2D Kriging» 6e3 uamenenuii. I[Iopsimok pemeHuun:

* ME okomo 0, MSDR okono 1, RMSE u R Bac ycTpauBaioT - HaGOp MOXKHO yTBEPXKOATh:
IepeHOoCUTe 9TU XKe IapaMeTphl (BapuorpaMMy M HacCTpoOMKM moucka) B «2D Kriging» u
CTPOUTE ITOBEPXHOCTE.

* MSDR 3ameTHO 6oJibilie 1 - KpUTHHT CJIUIIKOM «yYBepeH B cebe», KapTa CTaHOAPTHOMU OIIUOKU
OymeT 3aHuKeHa: yBenuubTe HarreT CO uiu CUJIN U TPOBEPLTE CHOBA.

e MSDR meHbirle 1 - HeOIIpeOeNEHHOCTD 3aBhIllIeHa: YMEHbIINTE HarreT WU CUJII.

* ME 3ameTHO oTnu4daeTcs oT 0 - cucTeMaTU4YeCKUY COBUT: IIPOBEPLTE JaHHBIE M THUII KPUTHHTA
(o7 mpocTOoro KpUTuHTa - 3allaHHOe CpenHee).

e Bonbmmast RMSE u Hu3KHE R - MOomenb IJI0X0 IIpefacKa3hiBaeT: IOIPOOyHTe OpPyroi pamuyc,
MoOfeJib UM aHU30TPONMIO (a3MMYyT U OTHOIIEeHHEe ocei). Ecnmu HMYEero He moMoraeT - 3TO
npenesn JaHHBIX: KOpoTKoMacinTabHasi M3MEHYMBOCTH, KOTOPYIO CETh He JOBUT (HampuMep,
30HEI 3aMelleHUs 10 Pye - Ha rpaduKe BHIIIE 5TO BepTUKAIbHAas Iojoca npu ¢pakTe okojo 0).

Cro¥ 0CTaTKOB ITOJICKAa3bIBAET TOYEYHO: T OCTaTKU KPYITHHIE - TAM CTOUT CTyCTUTh CETh (H00aBUTH
CKBAXKHWHBI) WU ITPOBEPUTH IIPOOHL. I'Te 0CTaTKM CUCTeMaTHYeCKH OJHOT0 3HaKa II0 IIOoanu - TaM
JIOKAJTLHEIM TPEHM, KOTOPBIM KPUTUHT HE y4Erl.

HTOr: 9TOT MHCTPYMEHT - MOCIeOHUH ITar nepen GUHAIbHEIM KpuruHromM. CHavaJsia BH Kanubpyerte
BapHoOTrpaMMy 3[eCh 110 OIMUOKe, 3aTeM Te XKe ImapaMeTphl ctaBuTe B «2D Kriging» - 1 mOBEPXHOCTH
BMECTE C KapTOM CTaHOApPTHOM OIMMOKM II0JIydaroTCs OO0OCHOBAHHBEIMHU, a He I0m0O0paHHBIMU
CyOBEKTUBHO.

3amMeyaHVe O CKOPOCTH: KOHTDOJIb pelllaeT KPUTHHI CTOJIBKO pa3, CKOJIbKO TOYeK, II09TOMY Ha
6onbiux Habopax (AeCSATKU THICSY CKBaXKWH) BBIIIOITHSIETCS 3aMETHO AoJIbIe. [Ipu Heo6XOmMMOCTH
YMEHBIIIUTE BHIOOPKY.

Ecnu maHHBIE CTYIEHB HEPAaBHOMEPHO, 3afjaiiTe HeoOsi3aTeIbHOE TI0JIe BECOB Wt U3 HHCTPyMEeHTa
1.01 Jexnacrepu3anusa. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuTaioTCs B3BEIIEHHO, U
IIJIOTHBIN KYCT CKBaXKWH He HOMUHUPYET B OlleHKe KadyecTBa. CaMa olleHKa leave-one-out mpu aToMm
He MEeHSEeTCs, B3BEIINBAeTCs TOJILKO CBOJKA.

1.08 Kpocc-Banumanusa meroga (LOO)
CKOJIb3HIJ.[PIfI KOHTPOJIb OJId MEeTOOa TI'PDUIOWPOBAHUA: KPHUI'MHI'a HWIIU MUHHUMAaJIbHOU KPUBHU3HHI.

Kaxpas IIpoBepsaeMad TOYKa II0 O4Yepenr MCKIII04YaeTCsd, €€ 3HaYeHune IIpegcCcKa3blBaeTCd MeTOOOM
II0 OCTAJIBHEIM TOYKaM KW CpPaBHHBaAE€TCA C d)aKTOM. I[To ommbkKaM CYHUTAIOTCS METPHUKH, U 3TO
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QQ-rpadmk ownboK: Kak YuTaTb hopmMy

Hopma

TouKM Ha AVaroHanu.
OWKBKKN HOpMankHbI - hopma
pacrnpeneneHus B Nopaakxe.

KBaHTUNW owmnbok (z)
o
L

T T T T T
=3 =2 -1 0 1
Teop. KBaHTWUAK (HOpM.)

Ckoc (acuMmeTpua)

Ilyra BMecTo NpAMoiA.

PacnpeneneHue HECUMMETPUYHO -

MoxHo nonpoboBaTe TpaHcthopMaLKio.
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¥ 27
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Teop. KBaHTUAW (HOpM.)

Puc. 17: YeTripe TunuuHbx Buma QQ-rpaduka oCTaTKOB: HOpMa (TOYKHU Ha AUAroHallu), TSAXKEble

KBaHTUNK ownbok (z)

KBaHTUNKM owmnbok (z)

Ta)KEnble XBOCTHI

81 KoHuel 3arubaioTcs (S).
KpynHeix npomaxoe 6onsue,
6 4YeM Mnpu HopMme,
4 7 -
2 <
0 <
_2 .
—4 A .
—6
-8 -
T T T T T T T
=15 =50 =235 0.0 2.5 5.0 T35
Teop. KBaHTWAK (HopM.)
BTopas nonynauusa
31 06nako Ha nuHUK + OTOpBaBLUAACH "
rpynna B xgocTe. 3To bespynHsle /
CKBa)WHBI (20HbI 3aMeLleHmns, g
5 | MOJE3HOro KOMMOHEHTa NokTy HeT).| ¢
1 =
0 <
-1 A
g
-2 1
_3 -
=3 —2 = 0 il 2 3

Teop. KBaHTUAKU (HOPM.)

XBOCTBI, aCUMMETPHSA U BTOPAA IMONIYJIALMA - OTOPBABIIAACHA I'PYIIIIa B XBOCTE.
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00beKTHUBHAS OIl€HKa Ka4YeCTBa MeTOa, a TaKZXKe crocob CPAaBHUTL METOOEI MEXKIYy co060# Ha CBOUX
OaHHBIX.

HNuctpymeHT otnudaetrcss oT 1.07 Kpocc-Bajiuoanmusi BapHoOIrpaMMbI: Ta ToA0WpaeT MOAEb
BapHOTpPaMMEHI [IJIsT KDUTHUHTA, a 9Ta CPaBHUBAET METOLI I'PUOUPOBaAHUS KaK TaKOBble 1 paboTaeT B
TOM YHCJie OJIsT MUHAMAaJIbHOM KPUBU3HHL.

Metpuku: ME (cmemenne, 6nmuxe Kk 0), MAE u RMSE (menbme - mydmie), R (koppensmous
oneHKu ¥ ¢akTa). Iy KpuruHra gomnonauTtenbao MSDR (6muxke K 1, ecnu MaciiTab cTaHOAPTHOM
ommbku ajmekBaTeH). Ha rpaduke ornenka/pakT oBe TUHWK: cepasi guaroHanb 1:1 (upmean) u CUHSS
nuuus perpeccuu Best Fit. E€é HakiIoOH, COBUT M Yrol BHIBEOEHHI B METPUKU KaK HUHOMKATOP
YCJIOBHOTO CMeEIIeHHUs 110 amana3oHy. HakinoH okomo 1 - MeTon OOMHAKOBO TOYEH Ha HU3KUX U
BBICOKHMX 3HAYEHMAX, HAKJIOH MeHbIle 1 - BLICOKKME 3HaUYeHUus 3aHUXKAIOTCSI, a HU3KHEe 3aBBIIIIAl0OTCS
(perpeccus K cpegHeMy, XapaKTepHas MOOIUCH CTJIakKUBaIOIUX METOMIOB).

ITo o6pa3iy Surfer mocTymHel Tpu Beu. CaydarHasi BBIOOPKaA 13 N TOYEK YCKOPsieT KOHTPOJIb
Ha OOJIBLIIMX JAaHHHIX, IPU 3TOM B OIIEHKE KaXKOOW TOYKM y4aCTBYeT BCsI BEHIOOpPKA, a He TOJIbKO
MMOOMHOXKEeCTBO. PHIALTP O00/JIaCTH OTPAaHMYMBAET IIPOBEPKY MHOOOOIACThI0 IO OXBAaTy M IIO
3HAYEHUIO Z, TT0JIe3HO, YTOOH He CYUTATh KOHTPOJIb B M3BECTHHIX aHOMalNuIX. Bydep HCKII0YeHH I
mo X u Y ybupaeT U3 OLIEHKU TOYKU B IPSIMOYTOJIbHUKE BOKPYT IIPOBEPSIEMOM, 3TO HYXKHO OJIS
CTYIIEHHHIX KJIAaCTEPOB, MHAYE OIleHKa IIPOCTO ITOBTOPSET OJIMKaMUIIEero cocena.

[TapameTp HaznaueHue ITo ymonmganuio

Touku CO 3HaUYEHUSIMU [TpoOwi. -

ITone 3HaueHus (Z) YucnoBoe moJje. -

[Tone HOMepa CKBaXKWHEI st mommucei B OTUYETE. -

MeTtopg Kpurusar unm MUHUMaIbHasA Kpuruur
KpUBU3HA.

[TpoBepsieMEIX TOYEK 0 - aBTO, min(N, 100). 0

Bydep uckmouenus o X, Y [TpssMOyTONIBPHUK BOKPYT TOuku, O
cocefy B HEM He y4acCTBYIOT.

[TapaMeTpsl KpUTHHTA BapuorpamMa u mouck (Kak B -
1.1).

[TapaMeTphl MUH. KPUBU3HHI OxBaT, d4eiiKa, HaTSIXKEeHUe, aBTO

(Jot.) IOpOT, UTepalunu.

[IpoBepPATH TOTBKO B OXBaTe O6macTb KOHTpoJia mo X/Y. Be3e

(Oorm.)

[TpoBepsATs pu Z B guamna3oHe OO6JacTh KOHTPOJIS 110 HeT

(Oom.) 3HA4YeHHIO.

3epno I'CY ([or.) 151 BOCIIPOU3BOAUMOCTH 0
BBIOOPKH.

OmmbKy KPOCC-BaTuOAIIuN Crno#t Touek c nmonsiMu ¢GakrTa, -
OLIEHKH U OIIUOKH.

HTML-oTtuét I'paduxk omenka/daxr, 10 YMOJIYaHUIO

TUCTOTPaMMa, METPUKH.

711 MUHUManIbHOM KPUBU3HBI MIEePeOolleHKa KaXXOOW TOYKH HOET C TEIJIOTO CTapTa OT IIOJIHOTO
peleHus, IO3TOMY OOMH HPOXOM cuuTaeTcsa OpICTpPo. Ha odyeHb GoybInmx BRIOOPKAX yMeHbIIAWTe
YHCIIO ITPOBEPSIEMEIX TOYEK.

Ecnu maHHBIE CTyIIleHbl HEPAaBHOMEPHO, 3afialiTe HeoOs13aTeIbHOE I10JIe BeCOB Wt U3 MHCTPYMEHTa
1.01 [Iexnacrepu3sanusi. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuraioTcs B3BEIIEHHO, 1
IJIOTHBIN KYCT CKBaXKHWH He JOMUHUPYET B OlleHKe KadecTBa. CaMa OlleHKa leave-one-out mpu 3ToM
He MEeHSEeTCsI, B3BEIIIUBAETCS TOIBKO CBOOKA.
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1.09 ITpodunu o0padoTKH

ITpoduns - 9TO UMEeHOBaHHBIN HAOOP HAaCTPOeK 00paboTKM OOQHOIO ITapaMeTpa: BapuorpaMMma (Harret
CO, Tun momenu, mopor C, paguyc a, a3UMyT U OCH AaHHU30TPOIMH) IIJIIOC OTCEB yparaHHEIX HIPoO
(mepleHTHUNb, TPAHULIEL, PEXXUM Cpe3Ku). ITpodunu ymoOHB, KOTHa B IPOEKTe HEeCKOJIBKO IJ1aCTOB
WIX 30H C PA3HOM M3MEHYHUBOCTHIO: OOWH pa3 mogo0pasl MoAeab OJIsA IJIacTa - U IePEUCHOJIb3yelllb
€€ B KpUTHUHTEe, He BBOJS YMCJIa 3aHOBO.

IMTpodunu xpausaTcsa rnobanbHo B HacTpoiikax QGIS, mosToMy OOCTYIIHEL BO BCEX IIPOEKTax: cobpart
MOJEeJlb TIJIacTa OJHAXKAhl - IMPUMEHSeIns rae yromHo. [Ipodwunb OMMCHBAET OOHY CTPYKTYPY
BapUOTrPaMMEI - DOBHO CTOJIBKO, CKOJIBKO MCIIO/Ib3YEeT KPUTHUHT.

OTKkyma 6epyrcsi npoduin

* Bapuorpamma - none CoxpaHuth npodpmuns nmom umeHeM. CoxpaHsieTcda nopmobpaHHas
Mopenb. KpuBas CTpOUTCSA M30TPOIIHOM, IOSTOMY a3UMYT U OCHU 3alIMCHIBAIOTCSA HEUTPaIbHBIMU
(0 1 1) - aHM30TPOIHUIO 3aaI0T II03IKE.

* Kpocc-Banmuganus - rnojie CoxpanuTh Npopuiab mog uMmeHeM. CoxpaHsaeTCs IPpOBepeHHas
MOAOeslb BMECTe C 3aJaHHOM aHMU30TPOINMEN. ITO OCHOBHOM Croco0 MHONy4YUTb NMPODPUITL C
a3UMYyTOM U OCSIMMU.

* ITpodunu 06padoOTKH - meiicTBre COXpaHUTH BPYYHYIO: BCE 3HAYEHUS TPODUIIsT BBOOATCS
B [TONIgX pa3fdena [JonmoIHUTEeIbLHBIE HapaMeTPhI.

IIpumenenue

B unctpymente 2D Kriging u 38 Kpocc-Banumanuu nose 3arpy3uTh npoduiabs odpadoTku
IIOZICTaB/IsAET BEIOPAHHEBIM IPOQUITE TOBEPX MOJIel auanora. YTo MMeHHO IIOACTaBIeHO, Ie9aTaeTCs
B XKypHaur.

VYanpasBinenue

CaMm unctpyMeHT IIpoduiaun o0paGoTKH yIpaBiIsgeT XpPaHUIUIEM Yepe3 rmapamMeTrp [eHdcTBHe:

HelicTBUE Yto menaet

IToka3aTh CIICOK BriBopuT B 2KypHas Bce Tpoduiu C UxX
apaMeTpaMHu.

CoxpaHuTh BPY4YHYIO CoxpaHsieT mpodunb ¢ uMeHeM u3 1monst AMst
mpoduIsI 10 3HAYEHUSIM T10JIel B
«JIOTIOJTHUTEJILHO».

Yoanuts BEIOpPaHHBIH Voanser npodunb, BEIOpaHHbH B mosie IIpodunb.

O4YuCTUTH BCE YoansieT Bce IPodUIn.

CoxpaHeHue IO y2Ke CYIIECTBYIOIIUM HMeHeM Iepe3anuchiBaeT mpoduiib. COUCKH Ipoduiei B
BBITIAMAIOIIKUX IIOJSX (BHIOOD [/ yHajeHus, 3arpy3Ka B KPUTHHTe) OOHOBJISIOTCS HPH OTKPHITHU
OKHA WHCTPYMEHTA: COXPAHUNHU MPOGUNL - MEePEeOTKPOHTEe MHCTPYMEHT, YTOOBI OH TIOSIBUJICS B
CIIUCKE.

Ilom BBEIMamaloOUIMM CIMCKOM IIPO(UIS CTPOKOM HUXKE IT0Ka3bIBAIOTCS IIapaMeTphl BHIOPAHHOTO
npodunsd (Harret, THI, IIOPOT, paguyc, a3uMyT, ocu, oTceB). B 2D Kriging u Kpocc-Banumanuun
TaM e BBIBOJIMTCS HAllOMMHAHKE, YTO PACUEeT IMOMOET mo mMpodulIlo, a He 10 monsM guanora. Ha
coopkax QGIS 6e3 craporo API BUAKeTOB MOAIHNCEH HE MOSBIISLETCS - OCTAETCS OOBIYHBIN CIUCOK (Ha
paboTy 9TO He BIUSET).
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1.10 Co3gaTh mpuMep CKBaXKHH (IeMo0)

HUnuctpymeHT «Co3maTh ODpuMep CKBaXKuUH (geMo)» QopMUpyeT TOUEYHBIN CJIOM CO CIIy4aWHBIMU
KOOpOMHATaMM U TpPeMs CTPYKTYPUPOBAHHBIMM MOJIAMU: abOCONIOTHaAsT OTMETKa KPOBIU IIjlacTa
(roof), momHOCTE (thick) u comepxkanue abcTpakTHOTO KoMIoHeHTa X (%). [Inama3oHbl KPOBIU U
MOIITHOCTHY 3afaHbI 110 00pa31y npombinuieHHoro miacrta (Kpll). UHCTpyMeHT npegHa3HadYeH OJis

06yqu1/15{ U IIPOBEPKU KPUT'HWHTIQ, U30JIMHUYN U KpOCC-BaIuagalinumu 0e3 PeaJIbHBIX NaHHBIX.

[TapameTpsr:

[TapameTp

YTto 3amaeT

ITo ymonm4gaHnuio / COBET

O06s1acTh (3KCTEHT)

KomuuecTBO CKBaxkuH
MuHUMYM / MAKCUMYM
3HayeHusa X

I'magkocTh (moJIst oxBaTa)

KpoBnsi, MOIITHOCTh: MUH/MaKC

(Jor.)

Hons Harrera (Jor.)

I1o6GaBUTH KaTeropuaibHOE
I10J1Ie MUHTHUIIA

Oo6aBuUTH moJie Haopa

o6aButs monsg K u T u Hamop

3epno I'CY ([or.)

CKBaXHuHHI (IeMo)
[ToBepxHOCTEL Opetida (pacTp)
+ mosne dz

[IpsAMOYTONBHUK reHepaluu
(o cmoro, X0MCTYy,
KOOpIOMHATaMU, PUCOBaAHUEM).
CKOJIBKO TOYEK CO3OaThb.
Irana3oH copepxXaHusa
KOMIIOHEHTA.

Pammyc koppensauum Kak OOnd
oxBaTa: 00Jbllle - KPyIIHEee
«IISATHa».

Owuamna3ouxsl monew roof u thick.

Hosns oucrepcuu Ha
KOPOTKOMAaCIITaOHBIN IIyM:
OOJIbIIIE - HUXKE
IPeCKa3yeMOCThb.

[Tone mintype (CUIBBUHUT,
3aMelleHue) ois
WHOWKATOPHOTO KPUTHUHTA.
ITone head ¢ peruoHanbHEIM
VKJIOHOM [JIs TpafreHTa
IIOTOKA.

Hanop u nor-sopmanbHbie K
(M/cyT) m T = K-MOILIHOCTS A1
yoenbHOro pacxoga ([apcu).
Bocnipon3BoguMocCTh
regepanuu. 0 = ciay4daiHo.
BrIXOOHOM TOYEYHBIN CJIOMH.
BrmtounTe BHIBOL - TIOJIYYUTE
pacTp s u nosue dz ons
BHeIITHero gpetida.

300

0/50

0.15

Kak y Kpll

0.35

BBIKIJI.

BEIKIJI.

BBIKIJI.

BBHIKJI. (IIPOIIYILEH)

[Mpu 3anycke B 2KypHan BEIBOOUTCS CTApTOBas BapuorpaMma (CyMMapHBIM CUJIJI = OUCHEPCUU

OaHHBIX, HarreT, pamuyc). CreHepupoBaHHLIE [OaHHLIE HMEIOT BOCCTAHOBUMYIO BapHOTPaAMMY,
IIO3TOMY Ha HUX YOOOHO OCBOUTBH BEChb IIUKI: IMOCTPOUTE rpufd B «2D Kriging», 3aTeM U30IUHUH, U
ITPOBEPUTH ITapaMeTpPhl KPOCC-BaIuaaIlnen.

I[lBe TamKW ¥ OTHEJIbHBEIM BHIBOL HOOOABJISIOT HeOOs3aTeJIbHBIE MOJISA [AJIsT OOYUYEeHUS CMEeXKHBIX
WHCTPYMEHTOB. [100aBUTHh KaTeropuajibHO€ IOJIé MHUHTHUIA [aéT Ioje mintype ¢ ¢oHOM
CUJILBUHHUTA U Oo4YaraMU 3aMelleHUusd OJI KaTeTOpHaJIbHOT0 MHANKATOPHOTO KpuruHra. [lo6aBUTH
mojie Hamopa Jaé€T noyie head ¢ BhIPa’KEHHBIM PETMOHAIBHBIM YKJIOHOM OJISI TMAPABINYECKOTO
rpapmeHTa: kpuryere head, mogaére pacTp B HHCTPYMEHT IIOTOKAQ, ¥ CTPEJIKY UAYT BHU3 II0 CKJIOHY
Haropa. BkmouéHHBIN BeBOm I[IOBEepXHOCTH npeda CTPOUT OTHOEIbHBIM PACTPOM TIAIKYIO
CTOPOHHIOI0 TTOBEPXHOCTH S, U3BECTHYIO BCIOAy, U moOaBiseT moje dz, TUHEeWHO C Hel CBI3aHHOe.
Ha aTolt mape ocBaMBalOT KPUTHUHT C BHEITHUM OpeldoM: Kpuryete dz ¢ pacTpoM S Kak apendpom u
CpaBHUBAETe C OOBIYHLIM KpUrnHroMm dz 6e3 mpetida. Eciu BEIBOL MOBEPXHOCTH MPOMYIIEH, Mojie dz
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He moOaBisieTcs. 'anka [To6aButh moiasi K u T 1 Hamop reHepupyeT HAmop W JOr-HOPMAaJIbHEIE
monst K (koadduinmeHT GumbTpamui, pasdpoc Ha MOPSOKM, KaK B peajbHBIX OTKauykax) u T =
K-momuocTe. Ha HHX 0CBamMBalOT yHOeNnbHBIM pacxop mo [apcu: kpuryetre K u T B «2D Kriging»
c mpeobpa3oBanHueM In (unmu BpPydYHYIO HOJs In), miIioCc HaAMoOp, W MOHAETe PACTPhl B «YOENbHHIHN
pacxon».

ITonsa pe3yiibTaTa:

[Tone Tun YTO0 comepXRuUT

well TEKCT Howmep ckBaxxuHhl, popMat
SK-0001.

roof YMCII0 AGcosoTHas OTMEeTKa KPOBJIN
IjIacTa, M.

thick 4HUCIIO MOIITHOCTG IIJIacTa, M.

X YUCII0 CopmepzxkaHue aOCTPAKTHOTO
KOMIIOHEHTa, %.

head 4HUCIIO Hamop (npe3oMeTpuyecKuu

ypoBeHb), M. C rajkoi Halopa
unu rankou Ku T.

K YUCIIO Kosddunuent bunsrparmu,
M/CyT (JIOT-HOPMaJbHO).
Tonbko ¢ rankoit Ku T.

T YUCJIO Bopmonposogumocts T =
K-momtaocTs, M2/cyT. TONBKO C
rankoii Ku T.

mintype TEKCT MuHepanbHBIN THUII
(CUNTBBUHUT, YaCTUYHOE
3aMellleHre, KaMeHHasi COJb).
TonbKko ¢ rajakoi MUHTHIIA.

dz YHCJIIO 3HayeHue, JIMHEHNHO CBI3aHHOe
C IOBEPXHOCTHIO Apetida.
TonbKO IIpY BKIIIOYEHHOM
BEIBOJIEe TIOBEPXHOCTU Opelda.

ITonHBIN mepeydeHb I10JIel BHIXOOHBIX CII0EB - B NpunoxkeHuru CKBaxKuHBI (IemMo) (pas3mnen «Ilomns
OeMO-CJIOEB» B KOHIIe PYKOBOACTBA).

1.11 Co3pars npuMep reopundecKux npoduien (memMmo)

UHCTPYMEHT CO3MAET TOYEYHBIN CIOM reodusmueckux mpodusiein s o0ydeHus U MPOBEpPKH 0e3
pearnbHBIX HaHHEIX. CTPOSITCS HECKOJIBKO MTapajuleIbHEIX Ipoduiel ¢ nuketaMu. [IpegycMoTpeHo
IOBa pexuMa.

JnekTpopa3Beaka. Boons nmpodunel 3afgadbl KaxKyllleecs CoOnpoTuBnenue pk (OM M), moTeHIIam
ectectBeHHOro mons EIl (MB) u Bmi3BanHas nonsapusauus BIT (MB/B). B pmannble 3amoxkeHa
HU3KOOMHas aHOMaJIus - OOBOOHEHHAS UJIY 3aMelll€éHHasA 30Ha. B Hell pK IpoBaiuBaeTCsa ¢ POHOBEIX
mecsaTKoB OM'M pmo emunull, a EIl maér oTpuUaTeNnbHBIM MHUHUMYM. Takoe IOBeleHUE OTBedYaeT
IIPOMEICJIOBOM IIPAKTHUKE: HaVWMEHBININE COIPOTUBJIEHUS XapaKTepHEl OJI OCamO4YHBIX I[I0pPOf,
TOTHA KakK COJIb, THIIC U aHTHUAPUT, Hao00pPOT, BRICOKOOMHBI, @ OOBOOHEHUWE M 3aCOJIeHWE YBOOST
COIIPOTHUBIIEHNE BHU3. AHOMaNMs 3ajaHa KOMIIAKTHBIM ISTHOM, a He II0JIOCOM, IO3TOMY Ipoduin
He CUHXPOHHEI, ¥ IIPU UHTEPIIOIAIINY BUOEH JIOKaJIbHBIM OYar, a He CIJIOIIHAS JIeHTa.

OcemaHusi (Myjabaa). 3HaYeHUe - ocefanue (MM) B BHUMIe MYyJIbObl COBUKEHUS Hajd OTPabOTaHHOMN
IIJIOIIaABIO, 10 HECKOIBKUM TypaM HabmogeHuii. Mynbpaa yriay6isercs OT Typa K Typy U orpaHudeHa
10 MOAYJI0 IByMSI MeTpaMu. 3HaK €QUHEBIN: BHU3 (OTpUIlaTENbHOE) UK BeJINYHUHA (II0JI0KUTEJIBHOE),
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o BeiGopy. Ilo KpasiM CTPOTr0O HYJH - B CTOPOHE OT OTPabOTKU ocemaHus HeT. [Io ogHUM MUKeTam
MOXKHO IIOCYUTATh Pa3HOCTH settle MexXay TypaMu U IIOJIy4UTh CKOPOCTH OCEHaHUsI.

Pabounii UK MOBTOPsieT OCHOBHOM: none rho_k (unu settle) mHTepHnonupyeTrcs UHCTPYMEHTOM
1.02 2D Kriging nmu60 MUHUMaIbHONW KPUBU3HOM, IO TPUAY CTPOSTCS U30JIUHUU UHCTPYMEHTOM
1.04, u anoMmanusi OKOHTypuBaeTcs. Ilosle Sp MOXHO HHTEpPIOJIUPOBaTh TaK XK€ U CPaBHUTH
muauMyM EIT ¢ mpoBanom pk. ITone rho_true (unu settle_true) - 3anoxkenHoe 3HaYeHue 6e3 II1yMa,
9TaJIOH IJII IPOBEPKU TOYHOCTH UHTEPIIOIALINHU.

Kle"HHl" HJIA MAHHMAJIbHAasdd KPHBH3HA

Teopusnueckue MpoduiIM - XapakKTePHLIN CIydal, rae BEIOOP MeToma MHTEPIIOJSAIINY BaxKHee ero
HacTpoOWKYU. [laHHBIE MJIOTHBEIE BOOJIb TpOoduIed U pa3pekeHHbe MeXAy HMMH, a caMa BeJIMYnHa
(compoTuBIeHUE, TOTEHIMAJT) GU3NUYECKU T1afgKas U HellpephIBHA.

KpuruHr BepHO OTpaxKaeT HEPaBHOMEPHOCTh CeTH: 0e3 HACTPOUKM aHM30TPONUU BapUOIPaMMbI
OH TSHET CTPYKTYPYy BIOIb JIMHUNW CHEMKH, M IIOJI€ pPacllafgaeTcs Ha II0JIOCH BHOJIb ITMKETOB.
MwunuMmanbHasgs KpuBu3Ha (1.03) HaBs3bIBaeT (PU3UYECKM OCMEBICJIEHHYIO T'JIagKOCTh U CIIMBaeT
pa3po3HEeHHBIE TPOGUIIN B CBSI3HYIO IOBEPXHOCTD, IIO3TOMY IOJIS TPODUITbHON ChEMKHU U ITOTEHITUATLHBIX
rnmojey oHa OOBIYHO TIIpPeAnoYTHUTENbHee. To XKe CIpaBemiMBO U [y Ions Sp: MuHumyMm EII
MIPOSIBASIETCS II€JIbHBIM TEIOM, a He cTonbilamu. fpdye BCero 3TO BUOHO Ha OCeHaHUIX: MYJblaa
COBUKEHUS - KOMIIaKTHass OCECUMMETPUYHAasi BOPOHKA, U KPUTHHT PAacCKaTHIBAeT €€ B JIEHTY BHOJIb
npodurnel, Torga Kak MUHUMalbHasi KpUBU3Ha BOCCTaHABIHMBAET Yallly C YETKUM IIEHTPOM.

[IpakTuuyeckuy BBHIBOHO: IO C Hpodmiei CTPOWTe MUHUMAJILHOW KPWBU3HOM, a KPUTUHT
IpUMEeHsUTe, KOTHa HaCTPpOeHa aHU30TPONIUS BApUOTrPaMMEL IO TeOMETPUIO CEeTH.

O6macTh SaJIaéTCH 9KCTEHTOM. PexXuM, Oguaria3oHbl, YUCIIO TYPOB U OTMETKY IIOBEPXHOCTHU MO2KHO
NU3MEHHUTH B pa3faeiie T OmMOJITHUTEIBHO.

[TapameTp YTo 3amaér ITo ymon4yaHuIo
O6sacTp (3KCTEHT) ['paHUIIEI TeHepaluu. -
Pexum JJeKTpopa3BeaKa uin JJeKTpopa3BeaKa
ocemaHus.
Ywucrno npodumnen CKOMIBKO ITapaineabHbIX 4
npodunen.
IITar nukeToB, M Paccrosaaue mexnoy nuketamu. 20
®onosoe pK, Om-M ([Tor1.) ConpoTuBIEeHUE BHE 60
aHOMAaJINH.
MuununManbHoe pK, OM-M ([Hor.) CoIpoTHUBJIEHNE B IIeHTPE 10
OSTHA.
Awmnnutyna EIT, mB ([Jom.) 'my6una muaumyma EII, -100
00bI9YHO MeHbIe 0.
Awvnnutyna BIT, MB/B (Horr.) Bricota anomanuu BII. 15
[MIym pxk ([Tor.) Ions pa3zbpoca B 0.06

nor-maciirrabe.
MakcuManbHOE OocegaHue, MM 'myOuHa MymnbOH B mociuenHeM 400

(Oom.) Type.

Yucno Typos ([or.) CKOMIBKO IIUKJIOB IJISI PexXumMa 2
ocemaHu.

3Hak ocemanuda (Iom.) Buu3 (oTpuUllaTENbHOE) UTU Buus
BeIU4YMHA (IOIOXUTEIRHOE).

OtMmeTKa: 6a3a ¥ aMILIUTyOa, M [InaBHEBIM penbed 120 u 15

(Oom.) TIOBEPXHOCTH.

leodpusnyeckue npodpunu Cro#t To4YeK C IIOJISIMU. -

IMons anekTpopa3Benku: profile (Homep npoduns), picket_m (mukeT B MeTpax OT Hadaa Ipoduisa),
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pk (metka IIK, Hanpumep I1K5+20), z (otmMmeTKa noBepxHocTH, M), rho_k (px, Om-Mm), rho_true (px
6e3 myma), sp (EII, mB), vp (BII, mB/B).

INons ocemauuii: profile, picket_m, pk, tour (Homep Typa), z (0TMeTKa, M), settle (ocemanue, Mm),
settle_true (ocemanue 6e3 myma).

Tonmorpadusi: penabed U3 OTKPBITHIX TaHHBIX

I'pynna «2. Tomorpadgmusi» oTBedyaeT Ha YaCThIM 3aIllpOoC: MaKCHMaJbHO KadeCTBEeHHas MOMeslb
penbeda M3 OTKPHITHIX HAaHHBIX U3 KOpPoOKu. ITapamubiil Bxof - 3arpy3uyuk LIMP mo pamMke, K HEMY
BEKTOpHas TonoocHoBa u3 OpenStreetMap, ssompo Topo2Raster mst mocTpoeHus penbeda U3 TOUEK
Y U30JIMHUM, U TOJIHHEINM TUAPOJIOTUUYECKUY HaOop: 3aIllo/IHeHNe TOHUXKEHUM, CTOK U aKKyMYJISIINS,
peuHasi ceTb, 6acCeMHbI, YKJIOH C 3KCIIO3UIIMEN U BEepPIIUHEL. Bes aHanuThKa Ha uyuctoM NumPy, 6e3
GRASS, SAGA u BHEIIHUX MOOyJIEH.

PapoMm cTtout rpynmna «2. Tomorpadgusi: THarHOCTUKa U NIpaBKa». B He€ BEIHECEeHbl UHCTPYMEHTEI
ITPOBEPKU T'OTOBOTO penbeda: pa3gesieHHe TOPHU3OHTaned Ha HabOoOpHl, HeBsi3kKa ImpoTuB LIMP u
IIOKCK TeppacuHra. OTmenbHas rpyna Hy2KHa II0OTOMY, YTO IOATPYNII B Processing HeT, a oepXkaTb
ITPOBEPKY BHYTPU pabouell 1emoYKY HeYHoOHO: OHa pa3phIBaeT II0CIIeN0BaTENbHOCTE IIOCTPOEHUS.
HyMepaliusa H"HCTPYMEHTOB IIPU 3TOM CKBO3Has C ToIorpaduei.

Bce BLIXOHBIE CIIOM IPYIITLI CKIagbBIBalOTCA B rpyniny Tomorpadusi mepesa Cj10€B, YTOOH HE TOHYTh
cpenu pabouux CI0EB npoeKTa. MHCTPYMEHTH I'PYIIH CTHIKYIOTCS APYT C APyroM. 3arpy3uduk 2.01
OTHAET roToBYyI0 MeTpudeckyio LIMP, koTopas 6e3 BCIKUX MaHUIYASHuM ugeTt B usonuuuu (1.04)
1 B mM060M pacyéT rpynmbl. Bomotoku u3 2.02 u peuHas ceTh u3 2.06 momxoOsT TajlbBeraMH B
Topo2Raster (2.03) KaK ecTb, IOTOMY YTO UX BEPIIUHEI UAYT BHU3 II0 TEYEHUIO.

[NonuEll TepedYeHb IIOJIeM BBIXOOHBIX CJIOEB - B IpunoxeHuu IIpodmunau 3gdeKTrpopa3Begku /
IIpodunu ocemanui (pasmen «I1oss memMo-CI0€B» B KOHIIE PYKOBOMICTBA).

2.01 3arpy3ka IIMP nio pamke

3arpyxaet LIMP mo paMKe M3 OTKPBHITOTO XpaHHJIHINA, 03 perucTpaluyd ¥ KJI4Yed, Ha BHIOOD
U3 OBYX HMCTOYHHWKOB. [IIWTKM pa3MepoM OOMH Ipamyc coOmparoTcsi B MO3awKy 0e3 IIBOB U
MEPENPOEIUPYIOTCA B METPHUYECKYIO CUCTEMY KOOPAMHAT C KyOmuecKol mHTepuossnuen. Criprie
TpagyCcHBIEe TIJIMTKYU B aHAJIM3 He IOIafaloT, mosTomMy ocoberHHocTh GLO-30 ceBepHee 50 MIMPOTEHI
(YKpYIIHEHHEIH IIaT 110 JOAroTe) o6pabaThBaeTCa aBTOMaTUUECKH.

[TapameTp Yro 3amaér ITo ymon4aHuIo / COBET

HcTouHuK penbeda GLO-30 (Copernicus, DSM: GLO-30
BBICOTEI IT0 KPOHAM 1 KPOBIISIM)
unu GEDTM30 (DTM 6e3 neca
U ITOCTPOEK, MAIIUHHOE
obyuenue o ICESat-2/GEDI).

Pamka 3arpysku Oxsart B mo6oi CK, -
IIepeCYUTHIBAETCS B IPafyChl
aBTOMAaTUUYECKHU.

LleneBas CK MeTtpuueckas CK Beixopma. IIyCTO

[Tycto = CK mpoekTa, ecnu
MmeTpudeckasi, uHade UTM mo
LEeHTPY PaMKH.

Pa3mep sueliku, M [ITar BEIXOGHOTO I'puga nocie 30
IepenpoerupoBaHus.
CrnmapuTth penved (FPDEMS) CrnaxXmBaHME C COXpaHEHMEM  BBHIKII.

OpOBOK (CM. HUXKE). BBHIKIL. =
CHEIPOM pacTp UCTOYHHUKA.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Cugponornvyeckasi KOPPeKIus  3alloHeHHne JTOXKHEIX BKIJI.
IOHUXKEHUH, 4TOOH Boga
Teksa BHU3. CHATH IJIS KapcTa
¥ MYJIbJT OCeHaHusi.

CrnmaxuBaHUE: OKHO CropoHa 0OKHa ¢punsTpa 11
HoOpMaseH, siueek (gor.) HOpMajiel, He4ETHad.
CrnaxkmuBaHHE: IOPOT CTporocTts coXpaHEeHUS 15
pas3nuuusg HopMaseu, rpaqn rpaHel: MeHbIIIe -
(morm.) arpeccuBHee COXpaHEeHUe.
CrmaxuBaHUeE: YUCIIO BHemrHux 11aroB nepecbopku 2
IIPOX0JOB ([oI.) BBICOT.
Epsilon yknona npu MuHUMAaNbHBIY YKJIOH Ha 0.001
3anoyHeHuy, M (OOIl.) IUIOCKOCTAX. 0 = MOOHATH

TOJIBKO SIMBI O CIIUBA.
[Ipemen uucna mauToK 1x1 CTpaxoBKa OT CIIUIIKOM 25
rpazyc (go.) 6ombImon pamku s GLO-30.
IIMP (metpuueckas CK) BrrxomHoii pactp float32, cmor -

B rpynme Tonorpadus.

HcTouHHK penabeda - k1oueBoii BbiOop. Copernicus GLO-30 sTo 11u¢poBas MOeab IOBEPXHOCTH
(DSM): BBICOTHI CHUMAIOTCS 110 BEPXY KPOH U KPOBEJIb, Pa3faeTcs IIuTKamu 1o rpagycy. GEDTM30
aTo nudposas Momenb penbeda (DTM) ot OpenGeoHub mmon nuitensueit CC BY 4.0: j1ec 1 mOCTPOMKH
CHSITHI MaIlIMHHEIM 00y4YeHueM 1mo gaHHeIM ICESat-2 1 GEDI, nmosTomMy nop mmonorom neca GEDTM30
3aMEeTHO TOYHEE, YTO HONTBEPKAEHO HE3aBUCHUMOU NMPOBEPKOH. Pa3gaéTcsa emuHBIM r100aIbHBIM
o6mauneiM GeoTIFF. nsa necuctoro ITpukambss DTM 0OBIYHO MPEONOYTUTESIFHEE, OJIST OTKPBITHIX
y4aCTKOB pa3HuIla Mara.

I[TapameTpsr:

* PamMmKka 3arpy3KH - oxBaT B jii000i CK, BHyTpu NepeBOOUTCS B IPAAyChl OJIsI BEIOOPA HJaHHBIX.

* ITeneBass CK - merpuueckas CK pesynbrata. I[lycToe 3HadeHHe BKJII0OYaeT aBTOMATUKY:
O6epétcs CK nmpoekTa, ecinu oHa MeTpudeckas, nHade 3oHa UTM 1o 11eHTpYy paMku. ['pagycHas
neneBasi CK OTKIIOHSIETCS C BHATHEIM COOOIIEHUEM.

* Pasmep siueHMKH, M - 110 ymonuanuio 30, poguoe paspetinenue GLO-30.

* 'maoponoruyeckasi KOPpPeKIHs - BKJIIOYEHa [0 YMONYaHWIO: JIOXKHBIE ITOHUXKEHUS
3amoJIHAITCS cpa3y (cm. 2.04), uyToOH BOofa Ha MOAenu TeKya BHU3. [I1s 3apad, TOe BaKHEI
3aMKHYTHIE KOTJIOBUHEI (KapCT, MyJIbOBI OCefaHull), Pr1akoK CHUMUTE.

* B HononuurenbHOo: Epsilon ykinona nipu 3anorHenuu 1 [Ipenesn 4yuciiia IVIMTOK (3aliuTa
OT CJIy4YalHOM paMKM Ha IOJICTPaHEI).

OTkKa3 ceTH WIM paMKa IIeJIMKOM B OKeaHe 3aBepIIaloTCs IIOHATHBIM COO0OIIeHHeM, a He
IMyCTHIM pacTtpoM. McTtouHuk pmaHHBIX: Copernicus DEM © ESA, oTKphITas JUIIEH3US OOIyCKaeT
HCIIOJIb30BaHMeE C YKa3aHUeM UCTOYHUKA.

2.02 3arpy3ka TOIIOOCHOBBI II0 paMKe

BekTopHbIN 6nu3Her 3arpy3duka [IMP: mo Toi ke pamMke 3abupaet u3 OpenStreetMap ciou gist
paboTsI ¢ penbedoM.
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Puc. 18: ITonHas 1ilenio4yKa rpymnnkl Ha eMo-pebede: OTMBIBKA, pedHasi CeTh TOIIINHON 10 IOPAOKY
Crpanepa (2.06), rpanuiisl 6acceinos (2.07) u BepiuHH (2.09).
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Pamka 3arpysku

[Ipepen nioiagyu paMKy, KB.
rpagycoB
TanmayT 3ampoca, C

Oxsart 3anpoca kK OSM

Overpass. [lepxKaTb CKPOMHBIM

- OOJIBINIEE 3AITPOCH CepPBEP
pexer.

CTpaxoBKa OT YpeE3MEPHOT0
3ampoca.

Oxupanue orBeTa Overpass,
IIPU OTKa3e HUOET Iepexol Ha
3epKaro.

0.5

BEIXOOHBIE CJIOW: BOJOTOKH, BODOEMHI (IIJIOCKOCTH), BEPIIUHE ¢ ImoneM ele, o6phiBEI (6apbeptl). Bece
MomagaT B rpynny Tomorpadus.

* BomoTokm - peku, pyuby U KaHaskel. B OSM BOOOTOKY PUCYIOTCSA BHU3 10 TEYEHUIO, [I03TOMY
cyou roguTcs TanbBeraMu B 2.03 6€3 TOATOTOBKMU.
* Bogo€éMbI - 3aMKHYTHle KOHTYPHl 03€p ¥ IPYHOOB, IIJIOCKOCTU IIOCTOSTHHOM BBICOTHI MOJIS
2.03. CocTaBHBIE MYIbTUIIOMUTOHBI (OOMNbINKME 03€pa M3 HECKOIBKUX way) IepBasi BepPCHUs

MIPOITyCKaeT.

* BepimuHBI C OTMETKaMHM - TOUYKM natural=peak ¢ BEICOTOI €ele, ToOTOBBIE OTMETKY BEPIINH 15

2.03 u koHTpPOMIB Ons 2.09.

* OOpBIBEBI U HAaCKINH - TUHUYU pa3phiBa penbeda s 2.03.
* BeperoBasi IMHHUSA - [10 YMOJTYaHUIO BEIKJIIOUEHAa, HY2KHA Ha IIPUMOPCKUX TEPPUTOPUSIX.

Beixog B CK mpoekTa, nuHMM 00pe3arTcs IO paMmke. IlyGnuunble cepBepbl Overpass MMEIOT
JIMMUTHI, TIPU OTKa3e OCHOBHOT'O CepBepa 3aIlpoC YXOAUT Ha 3epKajio, OJIsi OOJIBIINX TEPPUTOPHUM
yMeHbIIIaTe paMKy U IOJHUMAaNTe Ipeaen nnoiany B [loNoTHUTEIbHO. [lanHble: © yYaCTHUKHU
OpenStreetMap, nuniensuss ODbL.

2.03 Topo2Raster (peabed U3 BEKTOPOB)

Ctpourt pesnbed 13 BEKTOPHBIX TAHHBIX MYJIbTUCETOYHON HHTEPIOJISAIINEH OT IPy0O0i CETKY K TOHKOH,
no motuBaM ANUDEM. HMHCTPYMEHT 3aKphBaeT KJIaCCUYECKYyI0 3afady: eCTb OTIu(pOBaHHEIE
TOPU30HTAJIU TOIIOIJIaHa, OTMETKHU BEICOT, PEKU U 03€pa, HyKEeH KOPPEKTHHIN Ipuj.

[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Touku BBICOT

ITomne BBICOTHI TOYEK
H3onmuuun

ITomne BLICOTHI U30JIMHUU
TanbpBeru (BHU3 II0 TEYEHUIO)

OOpHIBHL (Gapbephl
CriIakKUBaHUS)
O3épa u ype3 BOHbl
ITone oTmeTKM ype3a

OxBart

Cnoit oTMeTOK (HampuMmep,
BepmuHE 2.09).

ATpubyTt Z y TO4eK.

Crnolt Topu30HTasNekn
(ouudposka nnaHa unu 1.04
o LIMP).

ATpulbyT YPOBHS Y U30JIUHUMN.
JIuHUM peK, BepUInHBL

HanpasieHsl BHU3. CeTs 2.06 u

OSM mopgxomsT Kak eCcThb.
JIuHuM, BOOIb KOTOPBIX
repermnan He pa3Ma3bkiBaeTcs.
[T1moCcKOCTH BOHOEMOB.
OtmeTKa ype3sa. IIycto = Z
y3710B (HaKJIOH) UJIM MUHUMYM
Oepera.

Pamka BrIxOma. IlycTto = 1o
BXOIHBLIM CIJIOSIM.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET
Pasmep syeliku, M [ITar BEIXOQHOTO TpHUIa. 30

3amoJIHUTD TTOHUXKEHUS B T'upponoruyeckas KOppeKUus  BKIIL.

UTore pe3yibTara.

HUTepanuii criaxxuBaHus Ha I[TpoxomoB BHYTPEHHET O 60

YPOBEHB (IOTI.) CrIaKuBaHUS I1OJIA.

MuHmManbHOE ITafeHne lapaHTHUPOBaAHHEIN YKIIOH 0.01

TajabBera, M/g4erky (mor.) BOOJIb PEK.

Epsilon yknona npu MuHMMaIbHEY YKJIOH Ha 0.001

3aloJHeHuu, M ([OoII.)
Penved

TJIOCKOCTSX ITPH 3aTI0THEHUH.
Brixoguoi pactp float32.

Hy>XKHBI TOYKH UJTH U30JIUHUHU (XOTS OBl OMWH UCTOYHUK BHICOT). [IpropHUTEeT OTMETKHU ype3a: Z Y3/I0B
(HaKJIOH PeKH) BHIIIE TI0JII OTMETKH (IIJIOCKOCTH), IT0JIe BhIIIle MUHUMYyMa Oepera.

Kaxxmerit Tum Bxoma paboTaeT CBOMM OTpPaHUYEHUEM:

* TOYKH BBICOT ¥ H30JIMHHUH - JKECTKME Y3JTbI, IOBEPXHOCTh Yepe3 HUX ITPOXOAUT TOUHO. HyxkeH
XOTsI OBl OOUWH K3 9TUX CJIOEB, Y KaXkKI0T0 BEIOMPAETCS YHCIIOBOE II0JIe BBICOTHI.

 TanbBeru - NpPpUHYOUTENbHOE MOHOTOHHOE IlafleHHe BHU3 II0 TeUYEeHHUIO. BepIIuHbl JTUHUHN
IOJIZKHBI UITHU BHU3 10 TeYeHHI0: BogoToKu OSM (2.02) u peuHas ceTh (2.06) momxodsiT Kak
eCcTh. MUHHMAJIPHOE TIaJeHWe Ha TYEeHKy 3amaéTcs B J1OMOTHUTEIHLHO.

* OOpBIBEI - Gapbeprl crilaxuBaHus. [I0BepPXHOCTH 10 CTOPOHaM oOphIiBa HE3aBUCUMEI, IIepemnas
He pa3Ma3biBaeTcsi. CaMa JIMHUS IIUPUHON B SUYEUKY IOJIydaeT IIPOMEXYTOYHYIO BBHICOTY, 9TO
orpaHUYeHMNEe IePBOM BEPCUU.

* VYpe3 BOabI - TPU IPHUOPUTETA BEICOTHI Ha KaXKOLIH 00BEKT, CIIOM MOXKET CMeIlIuBaTh TUIIEL. Eciu
y IIONMUTOHA TPEXMEPHBIE BEPIINHE (3amaH Z B y3/1ax), ype3 HHTEPIIOIUPYEeTCs II0 UX BEICOTAM
¥ HAKJIOHSETCS BOOJIb PyClia - TaK 3alaéTCsI IMaJieHue YPOBHS PEeKU OT UCTOKA K yCThI0. Ecriu Z
HEeT, HO 3aIl0JTHEHO I10JIe OTMETKH, OOBEKT IePKUTCS TOPU30HTAJILHOM ITJIOCKOCThI0. Eciiu HeT
HHU TOTO, HU IPYTOr0, YPOBEHDb OEPETCS aBTOMATHUUYECKHU 10 MUHUMYMY IpHJIeTalnero oepera.
PasHoTHUIIHBEIE OOBEKTHI B OMHOM CJI0€ Pa30upaloTCs KaXKObIHi CBOeI BEeTKOM: 03€P0 IIIOCKOCThIO,
peKa HaKJIOHOM.

BayTpu paboTaeT OBYXTaKTHHIN ITUKJI Ha KaXKJIOM yPOBHE CETKU: MeMOpaHHOe CrJIakKUBaHME CTABUT
KapKac U OepKUT OrpaHUYeHUs, 3aTEM IIOJIMPOBKA MUHUMAJILHOM KpPUBU3HOU (cTeHcun Bpurrca)
ybupaet MeMOpaHHOE CMeIleHNe MeXAy KPUBEIMHU N30IuHUSAMU. Ha KpyroBoMm Tecte (meMo-penbed,
TOpU30HTAaNIU Yepe3 4 M, BOCCTAHOBJIEHNE, CPaBHEHUE C OPUTMHAJIOM) II0JIMPOBKA CHUXKAET OIIHUOKY
MpUMEPHO Ha TpeTh. OCTATOYHHIM MaKCHUMyM OIMMOKM XKXMWBET Ha BEPIIWHAX BHIIIE IIOCJIETHEN
TOPU30HTANM, IIO3TOMY OTMETKH BEPIIMH BO BXOOHBIX HaHHBIX 3aMETHO YJIy4YHOIalOT MakKyIIKH -
MMEHHO TaK ToIorpadhl ¥ MOAIUCHBAIOT KaPTHL.

OxBaT 0 yMOITYaHUIO OEpETCs IO CJIOAM C OTCTYHOM [ABe siueiliku. Bce ciom mpuBomsitca K CK
IIePBOT0 3aJAHHOT0 CJI0SI, OHA NOJIKHA OBITh METPHUUECKOH. OUMHAIbHOE 3al0/THEHHEe MMOHUKEeHHH
BKJIIOUEHO 10 YMOIYaHHUI0, €T0 JIOTHKa onucaHa B 2.04.

TpéxMepHbIe TaJIbBEru

TamnbBer 63 0TMETOK paboTaeT yCIIOBHEM: BOOJIb HET'O IIOAIEPKUBAETCS ITaieHre BHU3 110 TEeYEHUIO,
a KaKas TaM BEICOTQ, pelllaeT UHTEPIIOIATOP 10 OKPYZKaIOIIUM OaHHEIM. EC/IN y TUHUU €CTh OTMETKU
BEPIIUH, OHU CTAHOBSTCS KECTKUMH y3JaMU, M IIPOMEP MO PYCiy HaYyWMHAET 3afgaBaTh OHO, a He
IMOJCKa3bIBaTh HaIIpaBIeHUE.

OTMeTKM TpU 3TOM OOWH pa3 MIPUBOAATCS K IIaHalomMMM BHU3 II0 TeYeHWI0. [IpyuymHa He B
aKKypaTHOCTH, a B YCTPOMCTBE PacuéTa: M3MEePEHUs 10 PYCIIy ITyMST, OTOeIbHbIEe BEPIINHEL YXOIAT
BBEPX MO0 TEYEHWIO, U TAKOHW y3eq CIOpui Ob C NPUHYXKOEHWEM ITajJleHus Ha KaXXOod WTepalluwu.
Penakcaiusi TpUIIMUINBAET STUEHKY K OTMETKe, TPUHYXKIEHUe TPOJaBIuBaeT €€ HUXKe, U TakK 110
Kpyry. [Tocye mpuBeeHUS MPUHYXKOEHNE CTAHOBUTCS IIyCTOM OTepalviell U CIIOPUTDh HE C YEM.
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Puc. 19: CneBa BXOOHBIE OTPAaHUYEHUS: YIIJIOTHEHHBIE WU30JIMHUU (IIBET IO BHICOTE) M TJIaBHHIM
TanbBer. CrpaBa BOCCTAHOBJIEHHBIN penbed.

HpaBKa I/I,E[éT TOJIBKO BHH3: OTMETKY BHIIIE I/I3MepeHHOI;I HHCTPYMEHT H€ BBIOYMEBEIBAET. Eée
HanOOIbIIasd BeIUYHNHAa IIe4aTaeTCs B 2KyPHAaJI, u 110 Hel BUIOHO, HACKOJIBKO IIYyMHBIM OBIIT IIpoMep.

OTHmenbHO CYUTAIOTCS TYEHKH, Tie OTMETKa TaJIbBera PAacXOOUTCS C APYTUM y3JI0M OOJIbIlle YeM Ha
IATH CAaHTUMETPOB. OOBIYHO 3TO IIepeceudeHle pycia C TOPU30HTalIblo, 1 TaM I1obexXaaeT TalbBer.
Yucno TaKuX MeCT BEIBOOUTCSA IpenynpeXaeHueM: Mojida pellaTh TaKOU CIIOP Heb3s.

JIuuus 6e3 OTMETOK BemeT cebsa Kak IMpexkae, Pa3HOTUITHBEIN CIIOH pa30upaeTcs mo o6hLeKTaM.

I'paHuIia 00/1aCTH MOCTPOEHHU ST

ITonuroH orpaHUYKBaET IOBEPXHOCTD TaK XkKe, Kak outer boundary B cucTeMax IPOEKTUPOBAHMSI: 3a
TpaHulled pacTp He BeIMAETCs, TaM nodata.

BaxHa He cama 06pe3Ka, a MOMEHT, KOorga OHa IIpMMEHsEeTCi. Macka HakagbIBaeTCs MOCJIe
UHTEPIIONIAINMKY, a He OTCeé4YeHHuEeM BXOOHBIX HOaHHBIX. Toukmn, TOPU3OHTAJIX W TaJlIbBErm 3a
nmpepejlaMyu TI'DaHULEBI IIPOOOJIZKAIOT CI)OpMI/IpOBaTB IIOBEPXHOCTh Yy caMoi T'PaHUILEBI, IIO3TOMY
Kpasd HE€ 3aBOPA4YMBAIOTCHA. Ecmu OB MBI BMECTO 3TOTO o6pe3aJ1H BXOHO, Y I'DAHUIBI BO3HHUK OBI
I/ICKYCCTBGHHI:II;I neperH6: HHTEPIIOIATOPY CTaJllo OBl HEe Ha YTO OIIEPETHhCA C BHEIIIHEH CTOPOHBHI.

Crno¥ rpaHUIIE ITOaBanTe B 11000 CUCTEME KOOPAWHAT, TeOMETPHUS IIEPEBOOUTCS caMa. B KypHail
ImedaTaeTcsi, CKOJIBKO sSg4eeK 0Ka3aJioCh BHYTPM M KakKas 9TO HOJA Ijollamu. Eciu BHYTpU He
0Ka3aJIoCh HU OINHOI, PacyéT IIpephiBaeTCs C yKa3aHHeM IIPOBEPUTH CUCTEMYy KOODPOMHAT: dallle
BCEro JIeJI0 UMEHHO B HeH.

2.04 TToaroroBKa peinseda

loTtoBut LIMP K aHanu3y OByMS HE3aBUCHUMBIMK MOOU(PUKALUSMHU, KaxKOas BKJII0YAeTCSI CBOUM
¢naxxkoMm, MopsAmoK GUKCUPOBaH: CHadala CrilaXuBaHUeE, IIOTOM 3all0JTHEHNE.

[TapameTp Yrto 3apaérT ITo ymomgaHuio / COBET
Bxopuast LIMP PacTp penveda nns -
IIOATOTOBKH.
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[TapameTp Yrto 3amaéT ITo ymonuanuio / COBET
Crnaputh penved (FPDEMS) CrnaxkmBaHME C COXpaHEHMEM  BBHIKIL.
OpOBOK (CM. HMXKE).
3anoIHUTD TTOHUXKEHUS 3anoiHeHUe JIOXKHBIX SIM BKIJI.
(ITnanmona-Hapoy).
Epsilon yknona, M (0: TOIBKO MuHUMAaIbHBIY YKJIOH Ha 0.001
SIMBI) mJI0cKoCTaX. 0 = MOOHATH SIMBI
oo cnuBa, O0JIbIlle HYISI =
CKBO3HOU YKJIOH njs D8.
CrnaxuBaHue: OKHO CTtopoHa 0OKHa ¢punLTpa 11
HOpMaJseH, sdeek (gor.) HOpMajew, He4ETHas.
CrnaxkmBaHHe: TOPOT CTporocTth coxXxpaHeHUS 15
pasnuuus HopMaliel, rpam rpaHel: MeHbIIe -
(mom.) arpeccuBHee.
CrnaxuBaHHe: YUCIIO BHemnrHux 1maroB mepec6opKu 2
IIPOXO0J0B ([oII.) BBICOT.

[MogrotoBnenHas LIMP BrixogHou pacTtp float32. -

IMopsimok: CHavasna CrijlaXuBaHWe, IIOTOM 3amojiHeHue. O6e MommduKanuy He3aBUCHUMEI, KaxKaas
CBOUM (hJIaxKKOM.

Crinagurs pensed (FPDEMS) y6upaeT M30LITOYHYIO IIEPOXOBATOCTh CHYTHUKOBBEIX MOMEJIEH.
CnyraukoBble LIMP 3amymiens], ¥ 00bIYHEIE (GUIBTPHL - CpegHee, MenuaHa, raycC - pexyT HIyM
BMecTe ¢ OpOBKaMH, CTeHKaMH Teppac 1 Oeperamu: meperudsl 3aBanuBaoTcsa. FPDEMS (Lindsay,
Francioni, Cockburn, 2019) pa6otaeT nHaue. OH omepupPyeT He BHICOTAMH HANPSIMYIO, a IIOJIeM
HOpMaJiel TIOBEPXHOCTM: CHadajla CYMTAeT HOpMalb KaXKOoW sS4YelKM, 3aTeM CIJlaXXUBaeT IIojie
HOpMaJjiel Tak, YTO COCel] BXOOUT B CpefHee C BeCOM TeM OOonbIIuM, YeM OJIUXKe ero HopMallb K
neHTpanbHOM. Ha 6poBkKe HOpManmu coceleil pe3KO PacXOXfATCs, BeC IafaeT, I'paHb COXpPaHSETCH.
ITocme 3TOT0 BBICOTH TOATATHUBAIOTCS IION CrilakeHHOe IIoJle HopManel. B uTore miockoe
BBITJIaXKMBAETCS, CTPYKTYpPHEIe TUHUK CTOSAT. ITopor pa3audyuss HopMasieH (B [[OIOTHUTEILHO)
yVIIPaB/IsSIET CTPOTOCTHIO: MEHBIIIEe 3HAYEHHUE - arPEeCCUBHEE COXPaHEHHe I'paHel, 00JIbIle - CUIbHEe
o0I1iee criaxkuBaHUe. MeTo U3HAYAILHO IIPEIOKEeH s numapHex [IMP, Ho ogHaKOBO II0JIe3€eH
OJI CIIyTHUKOBEIX.

3anoJITHUTHF HNOHHUIKEHHs1 MeTonoM [lnanmona-Ilap0y MOmHWMAaET JIOXKHEBIE SIMBI, YTOOBI ITOTOK
He ocTaHaBnuBaJCcsa. [IOHUXKEHUS B PaCTPOBHIX MOJENSAX dalle Bcero apTedaKThl MHTEPIONAINN
¥ IIyMa, THAPOJIOTHYECKUM aHanmu3 06e3 3alojHeHus oOphiBaeTcs B mepBoid ke sme. Epsilon
YKJIOHAQ YIIpPaBiIsgeT PeXUMOM: IPU HYJI€BOM 3HAUYEHUU IOOHUMAKOTCSH TOJIBKO HACTOSAIINE SMEI
POBHO [0 YPOBHS CNIUBA, IIJIOCKHWE YYaCTKU OCTAIOTCS IJIOCKUMHU. [Ipu mOnoXKUTEeIbHOM 3HAUYEHUU
(mo ymomganuio 0.001 M) yepes3 OMIOCKOCTU AOMOIHUTEIFHO CTPOUTCS CKBO3HOU YKIIOH, U D8 Ha
HUX CTAaHOBHUTCS omnpepesneH. [IJIg CTOKa M aKKyMyJISIIUM HYXKeH ITOJI0XKUTEJIbHLIN epsilon. Ageiiku
Ha rpaHulle rpupga U psaaoM ¢ nodata cumMTalOTCS CTOKaMM. B OTYET medaTaeTCs YHCIJIO MOOHSTHIX
siYeeK U MaKCUMaJIbHBIHM MOABEM - YIOOHBIM MHOANKATOP KadecTBa ucxomuou [IMP.

Ta XKe rajouyka crjiaxXuBaHus ecTb B 3arpy3ke IIMP (2.01) gna O6wICTpOro IyTHM IPAMO NIPU
ckauuBaHuu. OTOenbHBIN UHCTPYMEHT 2.04 HyXKeH, Korpga penbed npumén He us 2.01, a u3 cBoux
OaHHBIX.

2.05 CtoK m akkymyassuus (D8)
CunTaeT HaIlpaBJIEeHUs CTOKA 110 BockMu cocemsM (D8, Jenson-Domingue) 1 aKKyMyJISIIINIO: CKOJTBKO

siyeeK CTeKaeT B KaXK[ylo, BKIo4das e€ caMy. HanpaBneHus Kogupyiorcs Kak B ArcGIS: E=1, SE=2,
S=4, SW=8, W=16, NW=32, N=64, NE=128, ctok=0, nodata=255.
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Puc. 20: ITpoduns uepes MOHUKEHHE: HCXOOHAs II0BEPXHOCTh U Pe3y/IbTAaT 3all0IHeHus. 3aKpallieHa
MIOOHSITAsI YaCTh.

[TapameTp YTo 3amaét [To ymonm4gaHuio / COBET
Bxopguast LIMP PacTp penbeda. -
3anoMHUTL IOHUXKEHUS Iepen  'ugponmoruyeckast KOppeKUus  BKIIL
pacuétom oo D8, nHaye MOTOK BCTAHET B
siMax.
Epsilon yknona npu MuHMMaIbHEU YKIIOH Ha 0.001
3amnojHeHuN, M (Oor1.) IIJIOCKOCTSX.
HamnpaBnenus cToka (KOO Brrxon: 6aiiTOBLIN pacTp -
ESRI) HanpasneHui. E=1, SE=2,

S=4, SW=8, W=16, NW=32,
N=64, NE=128, cTtok=0.

AKRyMynsanus, sdeek Brrxop: float32, uncno sueek -
BBHIIIIE IO TEYEHUIO.

CeMaHTHKa I'paHUIl BEIOpaHa 0OCO3HAHHO. fuelika Ha paMKe IpHOa YXOOUT HApyXKy TOJIBKO KOTHA y
Heé HeT O0Jlee HU3KOTO cocella BHYTPH, MHAYe PBAJIMChL OBl TOTOKH, UOYIIKE BOJEL Kpasi. Beperosas
sg4yerKa, Hao00poOT, MhET B cocemHui nodata (Mope, BhIpe3) maxke Opu Hamuuuu 0ojiee HU3KOTO
cocefa Ha CylIe.

®1axkoK 3amOTHUTHh MOHHZKEHHUSI Iepe PacueéToM BKIIOUYEH M0 YMOJTYAHHIO: Ha ChIpoi LIMP
IIOTOK OCTAHABJIMBAETCS B SMaX W aKKyMYJsIus oOpbiBaeTcs. PacuéT BEKTOPH30BaH MHOJTHOCTHIO,
rpupn 20002000 cuuTaeTcs 3a CEKyHOHL.

2.06 Peunasi ceThb

H3BnekaeT PEeYHYIO CETh U3 LIMP: ssueliku C aKKYMYHﬂLIHefI He HHU2Ke I10PpOora CBA3BEIBAIOTCA B 3BEHbA
OT HCTOKOB Y Y3JIOB CIIMSAHUSA BHHU3 110 TEYEHHUIO.

[TapameTp Yrto 3amaér ITo ymomyauuro / coBeT
Bxopuast LIMP PacTp penbeda. -
[Topor akKyMyJsAIUY, S9eeK MunumMyM siueek BogocHopa 1000

IoJig Hadana pycia. ['yile cets -
MeHbIIe mopor. 1000 opu 30 m
npumepHO 0.9 KB. KM.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET
3anomHUTL IOHUXKEHUS Iepen  'ugponmoruyeckast KOppeKUuss — BKIIL.

pacuyéToMm IO TPaCCUPOBKHU.

Epsilon yknona npu MuHMMaIbHEY YKIIOH Ha 0.001

IIJIOCKOCTSX.
Brixon: muHUU C mmonsamu order -
(Ctpanep), acc_out, length m.
BepIuuHb HallpaBIeHbl BHU3

110 TEYEHMUIO.

3aloJHeHuu, M ([JOoII.)
Peunas cetb

ITopor akkKyMyJassIMM 3alJa€Tcs B sSdYellKax M O3Ha4YaeT IUIOIIamb BomocOopa, C KOTOPOM
HayMHaeTCs peKa: IUIoIagb BomocOopa MCTOKa, HefieHHas Ha IUlomanb sdedku. Hna IIMP 30
M ropor 1000 gaéTt Hauamo pek ¢ BogocOopa okono 0.9 KB. KM. MeHbIIIUH TOPOT HAET T'yIIe CeTh.

INons BeIxOma: order - mopsnok Crpasnepa (Y UCTOKOB 1, MpH CIWSHHUM IOBYX PaBHBIX ITOPSOOK
pacTtéT), acc_out - aKKyMyJIsAIusg B 3aMbIKaHuu 3BeHa, length_m - nnuHa. Bepmuabl nuHMl unyT
BHU3 II0 TEUEHUIO, I03TOMY CJIOM 6e3 MOATOTOBKYU IOOXOOUT TajibBeraMu B 2.03 U CpaBHUBaAETCH
¢ BomoTtokaMu OSM u3 2.02: HaJloXXeHHe M3BIEUYEHHOM CETH Ha peajbHYI0 - OBICTpas IIpoBepKa
KadecTBa L IMP.

2.07 BacceuHBI H BOTOpPa3aeibl

IMenuT TepPUTOPUIO Ha OACCEHHEI CTOKA, TPAHUIILI ITIOJIUTOHOB - BOTOPA3IEJIkL.

[TapameTp YTo 3amaéTt ITo ymonmgaHuio / COBET

BxomHas IIMP

PacTp penbeda. -

Touku 3aMBIKaHUS Touku-cTBOPHI OACCENHOB. IyCTO
[TycTo = GacCceUHEl OT YCThHEB
I10 TIOPOTY.
[Topor akKyMynsauu yCThH, [Topor gnsa ycTeEB, KOrga 1000
sTqeeK TOYKH He 3aJaHHI.
3anonMHUTL MOHMXKEeHUS nepen  [uapomoruyeckas KOPPEKIUS  BKIL.
pacuétom IO pacuéTa.
Pagmyc nIpuUTAaXKKH TOYEK, M Touka 3aMBIKAHUS 150
(mom.) MIPUTATUBAETCS K MaKCUMyMY
AKKyMYJISIIIUM B 9TOM paguyce.
Epsilon ykiona npu MuHUMAaIBHBIN YKJIOH Ha 0.001

3aroJHeHuu, M ([oI1.)
BacceliHb (DOIUTOHEI)

BacceliHbl (pacTp METOK)

IIJIOCKOCTSIX.
BrIXOM: IIOJIUTOHEL C IIOJISIMU
basin, area m2.

BreIXom: pacTp IIem0YnCIeHHEIX
MEeTOK 0acCeiHOB.

IBa pexuma. C TOYKaMH 3aMbIKAHHMsI KaXaas TOYKA IPUTATHBAETCS K sA4YeiKe ¢ HauGOJIbIIeH
aKKyMYJISIel B paguyce IMIPUTSXKKY (MHa4Ye ToOYKa, IIOCTaBJIeHHAas Ha Tlla3 PSAIOM C PeKO#, co0epéT
KPOIIIeYHEIH CKJIOHOBEIM GacceiiH) M coOupaeT Bech BomocOop Bhimie cebsi. be3 Touek GacCelHEI
CTPOSATCA aBTOMATH4YE€CKHU OT YCTBEB: d4Ye€€eK, OTKyHda IIOTOK IIOKHuIOaeT rpun, C aKKYMYJIHLII/IefI He
HUXe Iopora. fddeiky, He MOIAaBIIMe HU B OOHWH OacCeiH, mojay4aioT MeTKy O ¥ B IIOJUTOHBI He
BBIBOMISITCSI.

IMons Beixoma: basin - HoMep OacceiiHa, area_m2 - IJIOIIAOb 0 YHCHY S4YeeK. JOIMOTHUTEIBEHO
MOZKHO 3aIucaTh pacTp MeTOK. Pa3daMeTKa UOET IpPHIKKaAMM yKa3aTesel o rpady CToka, I03TOMY
maxe OIIUHHBIE U3BUIIMCTHIE BOOOCOOPHI CYMTAIOTCS 3@ [OJIU CEKYHIHI.
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2.08 YK/JIOH M 3KCIIO3UIIHUS

VkioH B rpagycax u skKcmo3unms mo saapy Horn 3x3, kak B gdaldem. 3kcmo3uius - a3suMyT
HaIlpaBJIEHUs CIIyCKa B I'pajiycax OT ceBepa II0 4acoBoil cTpesike: ceBep 0, BocTok 90. ¥V mmockux
siyeeK 9KCIIO3UINS paBHa -1, 4TOOB He IIyTaTh €€ C ceBepHOM. Adelikm nodata m ux cocemm
nosny4daioT nodata: sapo 3X3 depe3 OBIPH HE CUUTAETCH.

[TapameTp YTo 3amaéT ITo ymomganuio / COBET
Bxopguas LIMP PacTp penveda. -
YKII0H, rpagychl Brixop: pacTp ykinoHa (Horn -
3x3, kak gdaldem).
DKCIO3ULus, IpagyChl Brixop: a3uMyT CIIyCKa, -

IJIOCKYE Y49acCTKH = -1.

350
“ 5
300
6
250
5
200
- 4
Lg 150
. —_—
100
- - -2
/L B i
= 0

Puc. 21: YknoH (cneBa) u 9Kcno3ulius (crrpaBa) neMo-penbeda. LIuknuyeckas majauTpa 3KCIO3UITUN
cmBaeT 0 u 360 rpagycos.

2.09 BepimiuHbI

Haxogur BEPIIINHHIL: AYENKHU, CcaMble BEBEICOKHE B KBAIpPaTHOM OKHE€ 3adO0dHHOTO paagnmycCa, C
IIPEBHIIIEHNEM HaJd MUHUMYMOM OKHa HE€ MEHBbIIIE I10pora.

[TapameTp YTo 3amaét ITo ymonm4gaHuio / COBET
Bxopguast LIMP PacTp penbeda. -
Pagmyc okHa, M I[TomaBneHue BTOpOCTENEeHHBIX 500

BEPILIMH B 3TOM pafuyce.

MuHuManbHOEe npeBwienue, M OTcekaeT Menkue Oyrpel Huxke 20
Iopora Haf OKPYXKEeHUEM.

BepuiuHsl (TOYKHM) BreIxom: TOYKHM C MOJISIMH Z, -
drop. JIekapcTBO O/si MaKyIlleK
BHIIIIE TIOCJIeOHEN 3aMKHYTOU
TOPU30HTAIIH.

IBa ¢unbTpa paboTalT B mape. PagHyc OKHa OTCEeKaeT BTOPOCTENEeHHEIE MAaKyIIKKH PSIOM C
TJIaBHOM: M3 IBYX BEPIIHH OJIMXKe paguyca 0CTaéTcs 6ojiee BEICOKass. MHHHMa/IbHOE IIPEeBbINIeHHEe
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OTCeKaeT KOYKH Ha PaBHHUHE: JIOKaJIbHBIN MaKCHUMYM, MIOOHUMAIOIITHUMCS Hag OKPEeCTHOCTBEIO Ha METD,
BeleHHOﬂ He cuuTaeTcd. ITmockue MaKYyIIKW OA0T OOHY BEPIIKHY, a HE POCCHIIIb.

INons BEIXOHA: Z - BHICOTaA, drop - IpPEBHINEHUE HAO MUHUMyMOM OKHa. CI0M CpaBHHUBAETCS C
BepmuHaMu OSM u3 2.02: coBmameHue OTMeTOK ele ¢ BeicoTamu IIMP - emé omHa OnicTpas
IIpOBEpPKa JaHHBIX.

2.10 [Iemo-pennsed

CHy}KeﬁHbeI reHepaTop: CUHTETUYECKUN penbe(b M3 HAKJIOHHOM PaBHHHEI, XOJIMOB " U3BUJIUCTOM
OOJIMHBI C IIOCTOAHHBIM IIaJE€HUEM. Pem;e(b OETEPMUHUPOBAH II0 3€PHY, M€Ky XOJIMaMX OCO3HAHHO
OCTAIOTCs JIOKAJIbHBIE€ ITOHHW2KEHMHS, YTOORI HHCTPYMEHTY 3allOJTHEHUNA OBIJIO YTO MOKA3LIBaTh. Bce

WUJITIOCTPAIIMY 9TOU T'JIaBBl IOCTPOEHHI Ha HEM.

[TapameTp YTo 3amaéTr ITo ymomyaHnuto / COBeT

[MlupuHa, sTdeek Pa3smep memo-rpuga mo X. 300

BricoTa, sueek Pa3smep memo-rpupa mo Y. 300

Pazmep sueliku, M [ITar memo-rpuga. 30

3epHO reHepaTopa BocnipoussogumMocTh 42
ciay4yaHoro penbeda.

CK BhrIXOma (MeTpu4uecKas) Cucrema KoopauHaT EPSG:32640
IeMo-pacTpa.

KomMmnakTubIl intl6 (morr.) ILlenounciaeHHBIN BLIXOM OIS BBIKJI.
IIOCTABKH [EeMO.

Iemo-penved BrrxomHo# pactp. -

Touku cTBOPOB (HEMO) Tpu TOYKM y TalIbBETOB [ CcO3TaéeTcs
UHCTpyMeHTa 2.15.

Tpaccsl KaHaB (1eMo) IIBe ToMaHBIE ITOTIEPEK co3maéeTcs
TaJIbBETOB OJISI UHCTPYMEHTA
2.16.

o miIolamy non 001acTh Pasmep o6macTu mom 0.4

pabort (mor.) IIPOEKTHYIO MJIOIIAJKYy.

COBUT OTMETKHU MJIOIAIKM, M YBomuT 6anmaHC B IIPUBO3HOM 0

(mom.) WU BEIBO3HOM I'PYHT.

[TpoekTHAas ITOBEPXHOCTD [Tapa k penbedy Oois BEIKJI.

(memo) UHCTpyMeHTa 2.18.

Yyactku paboT (gemo) Tpu moIUTOHA [ Pa30UBKHU BBIKII.

BemoMocTH 2.18.

HHCTPYMEHT CYILIECTBYET [OJIsi IPUMEPOB PYKOBOMCTBA, TECTOB U paboThl 6e3 ceTu. 2KUBEIe aHHBIE
maér 2.01. ®dnaxoxk KoMmakTHbiA intl6 oTrmaéT pacTp B IelbIX MeTpax OJisi MOCTABKH OEeMO-
¢pparmeHTOB.

ITapa MOBEpPXHOCTEH IJIsi 00HEMOB

[IBa BEIXOMa, II0 YMOJTYaHMIO BEIKJIIOUEHHBIX, JAIOT TOTOBYIO Iapy mIs mHCTpyMeHTa 2.18 Hacsinmu
M BBIEMKH: IIDOEKTHYIO IUIOIIAAKY U IOJIHUIOHBI y4acTKoB pabot. Ilnolagka ropusoHTalbHasd,
cHapyxku obmacTu paboT 0CTAETCs HaTypanabHBIM penbed.

OTMeTKa miomanku 6epeTcst cpegHuM pernbeda BHYTPHU 006JIaCTH, U 9TO HEe BKYCOBIIMHA, & TOYHBIN
orBeT. OOBEM €CThb CyMMa pPa3HOCTEM, YMHOXKEHHAas Ha IJIoIafb SYeWKH, ¥ HEeTTO oOpallaeTcs
B HOJIb POBHO TOTAa, KOI'Ja OTMeTKa paBHa cpemHeMy. MeamaHa OelUT IIOIIOJIaM SAYeNKH, a He
KyOoMeTpHl, U OajlaHC IpPU Hel He cxomutcs. [loaToMy meMo cpal3y maéT collemumiics 6anaHC, a
CIBUT OTMETKHU B IOIOJIHUTEJILHBIX TapaMeTpax YBOOUT €ro B IPUBO3HOM WIXM BEHIBO3HOM I'PYHT: BCE
TPpHU BepauKTa 2.18 mpoBepSAIOTCS B IBa IIPOTOHa.
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BmecTe ¢ penbedoM BBIOAIOTCS TPH OEMO-TOYKH CTBOPOB M OBE HEeMO-TPACCH KaHaB: HaropHas
KaHaBa BHIIIIE CAMOTO CHJIPHOTO TaJlbBETa ¥ KIOBET HMXKE II0 CKJIOHY, 00e JIOMaHBIE C H3JIOMOM,
yTOOBI TPOBEPSIIACh M pacTepu3allns TPAcCH C MOBOPOTOM. OHM CTaBSTCS V CaMbIX CHITBHBIX
TaJILBET0B, PAa3HECEHHLIX M0 T'PHUOY, U HAPOYHO COBUTAIOTCS Ha HECKOJILKO SYeeK B CTOPOHY OT
BOMOTOKA: TaK BUOHO, KaK MPUTAXKKA B UHCTPyMeHTe 2.15 Bo3BpalllaeT CTBOP Ha BOOOTOK. TOUKHU
OeTePMUHHUPOBAHE TEM Ke 3ePHOM, YTO U penbed.

OBpaxkHO-0a/T0OYHAS CeTh

®naxok OBpaKHO-0a/IoYHasi CeTh Bpe3aeT B pejbed TaabBern C KPYTHIMU OopTaMu u
OTBEpUIIKaMM, BXOOAIIMMHU IIOL OCTPHIM yrjioM. Bpe3 yrmy0rnsieTcd BHU3 N0 TeYeHUIO, KakK y
HaCTOSIIIET0 OBpara: BepIInHa MeJjiKasi, YCThbe TIyOoKoe.

Hy>keH 3TOT pexuM [OJid IPOBEPOUYHBEIX HAOOPOB. Y3KUM Bpe3 MEXKAY COCEOHMMHU IOPU30HTAISIMU
5TO CaMOe TSXKEJIoe MeCTO IJs JTI000M UHTEePIIONAIMU: FOPU30HTAIN ero IIOYTU He OIUCHBAIOT,
¥ II0BEPXHOCTh, IIOCTPOEHHAas 110 HUM, cpe3aeT oBpar. Ha npodune nomepeék 3To BUOHO cpasy, a
MHCTPYMeHTH 2.11 u 2.12 garoT 3TOMYy 4YHCJIO.

Kynma nmoxurcsa nemMo

Ecnu oxXBaT He 3afiaH, IeMO JIOKUTCS K CJIOSAM IIPOeKTa: UX OOIIUM OXBaT MPUBOOMUTCS K BEIOpPaHHOM
CuCTeMe KoopouHaT u OepeTcs 3a MecCTO YKJIafK{. B IIycToM IpoeKTe [eBaThCAd HeKyOa, U OeMO
CO3MaéTCs B YCIIOBHOM MeCTe, OMHOM M TOM e, UYTOOH IPUMepPHl PYKOBOACTBA BOCITPOU3BOOUIUC.
B MmecTHOU cucTeMe KOOpOMHAT, HAaIpUMEP PYSHUYHOM, YCIIOBHOE MECTO OKAa3EkIBAE€TCS OAJIEKO OT
pabounx maHHBIX, IIO9TOMY B IIYCTOM ITPOEKTe 3apaBaiite mapamMerp Kyma moo0XkuTh (OXBar):
penbed IAXKET Tyda, a pa3Mep rpua IOCYUTaeTCs OT OXBaTa U pa3Mepa S4erKU.

2.11 Pa3genuTh TOPU30HTAJIM OJIsI IPOBEPKHU

HHCTPYMEHT menuT HaOop ropu30HTAaJIed Ha OBa: IO OMHOMY CTPOSIT pefibed, IT0 BTOPOMY IIPOBEPSIOT
pe3ynbTaT. HyKeH oH 3aTeM, YTOOHI ITOTyYUTD MUGPY, KOTOPYIO MOXKHO HPEIbSIBUTD.

3auyeM pa3denasaThb

Cobna3H IIpPOBEPUTH pebed MPOCT: B3SITh UCXOOHEIE TOPU30HTAJIM, CHATH C IIOCTPOeHHOIN IIMP
3HAYEHUS B MX TOYKAX M IMOCYUTATH HeBA3KYy. Lludpa BEHUAET XOpoIas, HO OHa M3MEPSET He TOo,
YTO KaxkeTcsi. MHTepHoIsiTOp 3TH TOYKHM BHEN, OHH OBLIM BXOMHBEIMU JaHHBIMH, ¥ BOCIPOU3BECTH
WX OH MOYTH 00s3aH. ITO IPOBEPKA BOCIIPOU3BENEHUS BX0Oa, a He TOYHOCTH IPeaCcKa3aHusl.

HacTosimmast mpoBepka TpebyeT HmAHHBIX, KOTOPHIX MOOENb He Bupena. UX M CO3MaéT 3TOT
WHCTPYMEHT.

Hoquy OJeJINM IIO0 OTMeTKaM, a He IIO o0BEeKTaM

Y6paT1> U3 MMOCTPOEHUA OTHOEJIbHBIE 3BEHbA OOHOU TOPHU3O0HTAIKn 0eCCMBICIIEHHO: COCeOHUE 3BEHbS
TOT'O kK€ YPOBHMA IIOACKAXKYT OTBET, U IIPOBEPKA OKAXKETCA 3aBHIIIEHHOM. HOE)TOMY OTJIOKEHHBIN
YPOBEHB HCYe3aeT HEeJIMKOM, CO BCEMU CBOMMHU 3BEHBSIMMU. BoccTtaHOBUTE €r0 HHTEPIIOIATOP MO2XKET
TOJIBKO II0 COCEOIHUM YPOBHSM, a 3TO U €CTh IIPpeICKa3aHue.

Kpatiiue oTMeTku Habopa BCeTa OCTAIOTCS B MMOCTPOEHUM. 3a mpeaenaMu Habopa WHTEPIIOISITOP
9KCTPAMONMUPYET, U HEBSI3KA TaM M3Mepsijia O HE TO, Pagy Yero MpoBepKa 3aTeBaach.

Y10 Ha BBIXOIE

IIBa cnosi, Topu30HTaIN OJIs1 HOCTPOoeHus U 'opu3oHTaIu A1 NpoBepkKu. O6a I0Iy4aloT II0JIe
hold: 0 gns mocTpoenus:, 1 mns npoeepku. MHCTpyMeHT HeBsi3Ka ropu3oHTaied nporus IIMP
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9TO I10JIEe y3HaéT CaM U I1edaTaeT IBe I_[I/I(bpbl OTOEeJIbHO, IIO3TOMY IIPOoIIie II0OJAaTh eMy O6'I>6}1PIHéHH]:IfI

Ha60p, 4YeM CUMTATh OBaXKIOEI.

Pab®ouui IOPATOK

Paspmenuth ropu3oHTanu. Iloctpouth penbed 1o HAOGOPY OIS IIOCTPOEHUS, HAIIPUMEpP uepe3
Topo2Raster. FI3aMepuTh HEBA3KY II0 060uM HabopaM cpal3y. CpaBHUTH ABe HUQPHL.

IlapaMeTpsbI

[TapameTp

YTto 3amaeT

[To ymom9aHuUIO / COBET

lopuzoHTanu (JIMHUM)
ITone oTmMeTKH

Hcxonubiii Habop.
YucmoBoe Mmojie BHICOTHI
TOPU30HTAJIH.

OTknapeiBaTh KaXkayo N-1o [Ilar mpopeXXuBaHUs I10 4

OTMETKY YPOBHSAM. 4 03HaA4aeT, 4TO B
MIPOBEPKY YXOOUT MPUMEPHO
4eTBEPTh.

Cosur BeIOOpa (or11.) CwmeliiaeT BEIOOP YPOBHEH, 0

4TOOHI IPOTHATH IPOBEPKY MO
Pa3HBIM OOMHOXKECTBAM.

2.12 HeBsi3Ka ropu3oHTajerd nporus ITMP

HHCTpYyMEHT U3MepseT, HAaCKOJIbKO IIOCTpoeHHas LIMP BoCIpoM3BOOWUT HMCXOOHBIE TOPU30HTAJIH.
B ToukKax BOOIb TOPUIOHTAIM OepPETCS 3HaAUeHHEe pacTpa W CPaBHUBAETCS C OTMETKOM caMou
ropu3oHTanu. HeBs3Ka monoxurenbHa TaMm, rae LIMP nexxXuT HuKe TOPU30HTAIN.

Kakue uHucjia BbITAaIOTCs

CpenHee 3TO cMellleHUe: HEHYJIEBOE O3Ha4YaeT, UTO IIOBEPXHOCTH B IIEJIOM COBMHYTA IO BEICOTE.
CKO u RMSE »sT0 pa3bpoc. Megnana MOAyJisd YCTOMYMBA K €OUHWYHLIM BHIOpOCaAM, MakKCHUMyM
IMOKa3bIBaeT XyAlllee MeCTO Ha IJIOany.

OTmenbHO CYMTAETCS OO TOYEK, MPOMaXHYBIINXCs OOJIbIIe YeM Ha MOJIOBUHY CedYeHus penbeda.
9TO mpakTHYecKas BeJIHYHHA: €CJIM OHAa 3aMeTHa, TOPH30HTallb, NIPOBeOEHHAs Mo Takoui LIMP,
BCTAHeT He TaM, rme Oblla HCXOMOHAs, ¥ KapTa IIepecTaHeT COBIamaTh camMa C COGOM.

Ceuenmne penbeda UHCTPYMEHT ONPEHeNsieT 10 Habopy OTMETOK caM, KaK HauMEHBIIYI0 Pa3HOCThb
MeXKIy COCeOHMMHU YypPOBHsiMH. Ecnu HaO®op coOpaH M3 pa3HBIX MCTOYHUKOB, 3adaliTe CedyeHue
BPYUYHYIO.

IBe nmu@dpsl BMECTO OTHOH

Ecnu B ciioe ecth ntosie hold ot nactpymeHTa 2.11, HeBsI3Ka CYUTAETCHA OTHEIBHO OJIS IIOCTPOEHUI U
OJIs1 IPOBEPKU, U B XKypHAJ yxoOaT 0o6e cTpoku. [lepBas roBOPUT, KaK MOMeIb BOCIIPOU3BOUT BXO[,
BTOpas - KaK OHa IIpelcKa3kiBaeT. Bropas Bcerga xyKe MepBoOH, ¥ 3TO HOpMajabHOo. CMOTpeTh Hamo
Ha pPa3pHB MeXIy HUMU: €CJIM OH BEJIMK, MOJIEJIb XOPOIIO 3alIOMUHAET U IIJIOX0 0000IIaeT, TO €CTh
dbopma penreda MeRIy rOPU30HTAIIMUA BOCCTAHABIINBAETCS HEBEPHO.

Be3 mons hold umHCTpyMeHT cuuTaeT OOHY LHMPY U IIpedylnpexgaeT B XKypHajle, 4YTO 9TO
BOCIIPOM3BENEeHUE BXOHa.
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OT1ueéer

HTML-oTuéT comepuT Tabnuily uucen mo HabGopaMm, THCTOTPAaMMy HEBSI30K C OTMEYEHHBIMH
TpaHUIlaMU B IIOJIOBUHY Ce4YeHWs, pa3bpoc cpemHeN HEBS3KH II0 OTMETKaM M KOPOTKuM pa3bop:
€CTh JIU CUCTEeMaTHdeCKoe CMellleHNe, BeJIUK JI Pa30pOoC OTHOCUTEIIBFHO CEUeHHU s, 3aMeTHa JIU OIS
ITPOMAaxXO0B, €CTh JI PA3pPHIB MEXK/Y BOCITPOU3BEAEHUEM U TIPEICKA3aHUEM.

Pa36bpoc 1Mo oTMETKaM CTOUT CMOTPETh BHMMAaTenbHO. ECiiu HEBsS3Ka PacTET K BEPIITUHAM HUIIH K
TaJIbBEraM, 3TO TOBOPUT O cpe3aHuu GOpM, a HE O CIIyJYaWHOM IITyMe.

C/I10HM TO4YEeK

Brimaé€Tcsi TOUeYHBIM CJioM HeBs30K ¢ mojsamu: fid_src (0O0BbEeKT MCXOOHOM TOpu3OHTasu), elev
(otmeTka), z_dem (3HaueHue IIMP), resid u abs_resid, hold. PackpaceTre ero mo resid
pacxomsmeics: IIKajaod - U MecTa, I'le ITOBEPXHOCTh CUCTEMATUYECKHW YXOOWUT BHU3 WUJIU BBEPX,
BUIHEI cpa3y, 6e3 BCIKOU CTATUCTHUKU.

IIapameTpsl

[TapameTp YTo 3amaéTr ITo ymongaHnuio / COBET

Crno#t c otmMmeTKaMu. ['ogurcs -
o00bemUHEHHBIN HAOOP C ImoneM
hold.

YicnoBoe moJjie BHICOTHI. -
PacTp, KOTOpEIY IPOBEPSEM. -

lopuzoHTanu (JINHUM)

ITone otmeTKHU
IIMP (mocTpOeHHBIN penbed)

Kanan LIMP ([To.) Kanan pacTtpa. 1
Iar ompo6GoBaHus BOOJE 0 - TombKO BepIIUHLL. BosbIne 0
TOPU30HTAIH HyJIs1 0o6aBIsieT TOYKHU Ha
OJIMHHBIX IPSIMBIX y9aCTKax.
Bri6opka pactpa (Hor.) BunuHeiHO Uy 6IUKaNIINN, OUIUHENHO

[71g TTTagKoU IOBEPXHOCTH

TOuHee OUINHENHO.

0 - ompenenuTs 0 OTMETKAaM. 0
BrIXOmHOI TOYEYHEBIN CIIOH. co3maéeTcs
Tabmnuita, rucTOrpaMMma, co3maeTcs
pazbop.

Ceuenue penbeda ([Jo.)
Touyku HEBSI30K
OTuéT o HeBsA3Kax (HTML)

2.13 [Iuarmocrtuka reppacunra I1IMP

WHCTPYMEHT HIIIET TEPPACHUHT: XapaKTepHYI0 00Jie3Hb pejibeda, TOCTPOEHHOTO II0 TOPU30HTAIISIM.
CKIIOH MOET CTYIEHSIMH, BO3JIe YPOBHS TOPU30HTAIHN II0JIKa, MEXKAY YPOBHSIMHU pPe3kud copoc. Ha
OTMBIBKE 3TO BHITJIIOUT KaK CBafeOHBIN TOPT, Ha Ipoduie Kak meceHKa. YKIIOHL B TaKOM peibede
HEBEPHHI, @ PACYETHl CTOKA I10 HEMY PBYTCS.

IIBa He3aBUCHMBIX IIPH3HaAKa

BepTuKajnbHasi KpUBH3HA 3TO BTOpas IPOU3BOOHAA BOOJIb CKJIOHA. Y CTylIeHYaTOU IOBEPXHOCTU
OHa Ha€T BCIJIECKM Ha cOpocax ¥ MOYTH HYJIM Ha II0JKaX, a BCS KapTHHA MO0JIOCAMH ITOBTOPSIET
PHCYHOK Topu30HTasiel. PacTp KpUBU3HHBI BLIDAETCS Ha BHIXOM, M TEPPACUHT Ha HEM BUMIEH I'Ia3aMHu,
6e3 BCAKOM CTAaTUCTHUKH.

[IpuTsizKeHHe OTMETOK K YPOBHSIM 9STO IMIpsiMasi IIPOBepKa I[I0 CaMHM 3HadYeHWsM, 0e3
MIPOU3BOMHEIX. Y 3[OPOBOM ITOBEPXHOCTH OTMETKHM MEXKOy COCeNHUMH YPOBHSIMU PACIIpeeIeHEbI
6oJiee-MeHee PAaBHOMEPHO, II0O3TOMY [OJIS SY€eK B Y3KOH II0JI0CE BOKPYT YPOBHS G/IM3Ka K MIUPUHE
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9TOU IIOJIOCHI, U OTHOIIEHNE BLIXOOUT OKOJIO €OUHUIILL. Y TeppaCI/IpOBaHHOfI IIOBEPXHOCTHU OTMETKHN
JIUIIHYT K YPOBHSIM, M1 OTHOIIIEHUE paCTéT.

YuTaeTcs oTHolleHUe TakK. OKOJI0 eQUHUIILI - ITPU3HAKOB HeT. [lonTopa - moBOA IIOCMOTPEThL PacTp
KPUBU3HEI I'Ta3aMu. [IBa U BHIIIE - TEPPACHHT.

[IBa mpu3HaKa CTOUT CMOTPEeTh BMecTe. KpuBu3Ha ybeguTesibHa BU3YaJIbHO, HO €€ BCIJIECKU OLIBAIOT
¥ OT HacTosmux GopmM penbeda, Hampumep 0T OPOBOK. [IpuTAKEeHNE K YPOBHSIM Ha€T YHCIIO, HO He
IMOKA3kIBAET, THe UMeHHO Oema. BmMecTe OHM 0TBEYalOT M Ha BOIIPOC «ECTh JIM», M Ha BOIIPOC «THE».

Ceuenue penbseda

UrcTpyMeHT cuuTaeT (a3ly OTMETKH BHYTPHU CEUEHUS, II09TOMY cedeHUe eMy Heobxomumo. Ero
MOXKHO 3amaTh BPYYHYIO WJIM IIOJATH CJIOM IOPH30HTalel: Torma 6epyTcs u cedeHme, u 6a3oBas
OTMeTKa OT peaybHOTro Habopa. BTopoi myTh Hafi€KHee, eClIM OTMETKH He HAUYMHAIOTCS OT KPYTJIOro
YUCIIa.

II'I0OCKHe Y4aCTKH B CUET He MIAYT

f9elKY C OKOJIOHYJIEBEIM YKJIOHOM UCKITIOHAIOTCS U3 MHIEKCA IPUTSIKEeHus. [Topor 3agaércs mosen
CedYeHUs: sueliKa He YIUTHIBAETCS, €CJIU Ileperay BLICOT Ha Hell MeHbllle COTOM No/Iu cedeHus. ITpu
ceuenuu 0.5 M 3T0 5 MM Ha siueliky. [lapameTp He y4HThIBaTh sT9Y€HKH C IepenagoM MeHbIIe,
OOJISI CeYEeHMUsI JIEKUT B JOMOTHUTEIIbHBIX, HOMTb €T0 OTK/II0YAET.

Be3 aToro oTceBa MHOEKC BPET Ha 1000 peanbHOI MaTpuile ¢ BogoéMoM. OTMETKH BOOHOM TJIagu
CTOSIT Ha OTHOM MECTE ¥ BCe TIOMafaioT B OOHY a3y BHYTPH CEUEHWUs, U3-3a YeTr0 pachpenesieHue
TepeKalinBaeTCs, a UHOEKC ye3xKaeT BHU3 U IIOKa3bkIBaeT JI0XKHOe Onaronony4due. Ha maTpulle, rue
BOIOXpaHUINIIle 3aHUMaJIo 44.5 mpolleHTa IIoIanu, nuaekc 6e3 orcesa masan 0.50 Bmecto 0.97, a
o ogHou cyiie Berxoguio 1.00.

Homns UCKJIIOUEHHHIX sSTYeeK IledaTaeTcs B 2KYPHAQAIl U II0IIaJaeT B OTYET. ITO BAaXKHO BUMETh: €CIIH
UHCTPYMEHT BbIﬁpOCI/IJ'I IIOJIOBUHY IIJIOUIaAW, BEI JOJIZKHEI 3HATh 00 9TOM, a HEe rafgaTsb, II04YeMy uH(bpa
U3MEHUNJIaCh.

OTuer

HTML-oTuéT comepKuT TabJHMIy 4YuCel U THCTOrpaMMy (a3bl, TO €CThb pPacIpefeieHue OTMETOK
BHYTpHU ceueHusa. PoOBHas rucrorpaMma O3HadaeT, YTO TeppacuHra HeT. [IuK B HyJie 03Ha4aeT, 4To
OTMETKHU COOMPAIOTCS Yy YPOBHEM, M IOBEPXHOCTh CTyIIeHYaTasl.

YeM JI€YUTH

TeppacHUHT JIEUUTCS CTPYKTYPHBIMU JIMHUSIMH (TanbBeru, OPOBKHM, BOJOPA3[EIbl) U YIIIIOTHEHUEM
WCXOOHBIX HAHHBIX, @ He criaxkuBaHueMm. CriaxkuBaHUe YOEpET CTYyIeHU BMecTe C ¢opMamu
penveda, u UMPPH CTAHYT Aydllle IPU TOM, UTO KapTa CTaHET XyXKe.

ITapamMmeTpsI
[TapameTp Yrto 3amaér ITo ymomyauuro / coBeT
IIMP (mpoBepsieMbIil penbed) PacTp, KOTOpEIY IIPOBEPSEM. -
Kanan LIMP ([To.) Kanan pacTtpa. 1
Ceuenune penbeda 0 - B3aTH U3 C/10s 0
TOPU30HTAJEN.
l'opusonTanmu ong Heo6s13aTenbHBIN CIIOH, U3 -
OIpefesieHus CeYeHns Hero O0epyTcs cedeHUe U

0a30Bas OTMETKa.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

ITone oTmMeTKU FOpI/I3OHTaHeﬁ YucnoBoe 110Jie BEICOTHL. -

bazoBasg oTMeTKa ypOBHEN OTC4Y€ET ypOBHEH, eciu 0
(Oom.) cedeHUe 3aJaHO BPYYHYIO.
[TonymuprHa I10JI0CH BOKPYT Ions ceyenusa. Oxupgaemas 0.1
ypoBHA ([Jom.) IOJIs1 paBHA YOBOEHHOMY
3Ha4YEeHUIO.
BepTukanbHasa KpUBU3HA BrrxomHO# pacTp. co3maéeTrcs
OTtuért o Teppacuure (HTML) Tab6muia, rucTorpaMmMa ¢assl, co3maéTcs
pazbop.

2.14 YOopars cTyneHu (CrijiakuBaHHE C OrPaHUYEHHEM)

I/IHCTPYMGHT JIEYUT TEPPACHUHT: y6HpaeT CTYII€HHU CO CKJIOHOB, HE COBHUI'dad CaMU 'OPU3O0HTAJIH.

Kak 3ToO BO3MOXKHO

HOBerHOCTb CriIazKMBae€TCsaA UTePaTHuBHO, HO KaXJaou TO4YKe 3allpelneHo yXOOuThk OT MCXOOHOI'O
3Ha4YeHHUs Jajblile 3afaHHOU O0u cedyeHusd. [1o YMOJI9YaHHUIO 3TO IIOJIOBHMHA CE€4YEeHUud, TO €CTh POBHO
ommnbKa KBAaHTOBAHUA: IIOBEPXHOCTH, IIOCTPOEHHAsA II0 TOPHU3OHTAJIAM C IIIaroM Ce4YeHHusdA, M TakK
N3BECTHa He TO4YHee.

OTtcroma gBa CBOMCTBA, pagu KOTOPHIX BCE U AeaeTcs. MeToa He MOXKET BHIAYMaTh (POPMBI TOHBIIIE,
YyeM I103BOJISIET UCXOTHOE CeYeHUe, TOTOMY YTO pa3Max IIpaBKu orpaHudeH cBepxy. U oH He MOXKeT
MIePEeKUHYTh TOYKY Yepe3 rOPMU30HTalb, TaK KaK COABUT MeHBIIIe ITOJIOBUHEI I1ara MeXAy YPOBHSIMMU.

Ha sTasoHHOM CTymeH4YaToOM penbede MHIOEKC NpUTsKeHUs mamaeT ¢ 5.00 go 1.13, a cpemHas
omnOKa MPOTUB UCTUHHOU IMOBEepPXHOCTH ¢ 1.25 M 1o 0.12 M.

JleueHHE caMoOIIpOBepsieMoe

HNHOeKC MPUTSAKEHUsI K YPOBHSIM CUMTAETCS [0 U MOCHe IpaBKHu, o0e HUGPH YXOOSIT B KypHAal
BMeCTe C HaubonbIImM QakKTUIEeCKUM COBUTOM IIOBEPXHOCTH. EC/Iy mocie nedyeHus MHOEKC OCTaJICs
BBIIIIE ABOMKY, MHCTPYMEHT IPSIMO TOBOPUT, YTO CTYIIEHU HE YIIIJIN, U COBETYeT M0OaBUTh UTEepaluii
WU IPOBEPUTH CEYEHHUE.

OTtuét HTML comepKuT TabIUIly YUCENI OO U MOCJIE, IBE THCTOrpaMMsl ¢ha3sl pSAoM U pas3bop. ITo
TOTOBBLIM JOKYMEHT [JI 3aKa39YHKa WJIM PelleH3eHTa: BUOHO, YTO OBLII0, UYTO CTAJI0 ¥ KAKOU LIEHOM.

Yero UHCTPYMEHT He JejlaeT

OH He BO3BpalllaeT TOTO, Yero B MaHHBIX HeT. EC/Iu y3KHUH Bpe3 cpe3aH IIpH IOCTPOeHUu penbeda,
CTakMBaHMWE er0 He BOCCTAHOBHUT: MpPaBKa OrpaHMYEeHa ITOJIOBUHOMN cedeHUs, a Bpe3 rioyoxe. Ha
BOIHOM T'JIafy OH TOXKEe He IIOMOXKET, TaM Hy2KHa MacKa, a He CrllakKuBaHUeE.

IIapameTpsl
[TapameTp Yrto 3amaéT ITo ymonyaHuo / COBET
LIMP co cTtyneHsiMu [TpoBepsieMbIl pacTp. -
Kanan IIMP (Hor.) Kanan pactpa. 1
CeueHue penbeda 0 - B3SITh U3 CJIOS 0
TOpPU30HTAJIEN.
T'opusoHTanu Oisa Heob6s13aTenbHBIN CIIOM, U3 -
onpeneneHns CeUeHUus Hero OepéeTcs miar.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

ITone oTmMeTKU FOpI/I3OHTaHeﬁ YucnoBoe 110Jie BEICOTHL. -

Hrepamuii crinaxXkuBaHUSA Bormnbille 3HAYUT Tj1axe. 50
ITosicoTHU XBaTaeT HOYTU
BCerma.
HoIyCTUMBIN COBUT, OIS Honp 3ampeiiaet npasKy 0.5
ceueHnus (Jor.) BOBCeE.
Penbed 6e3 cTynenen BrIxopmHOM pacTp. co3maéTcs
Otuét mo u nociie (HTML) Tabmuita, THCTOTPAMMEI, co3maéTcsa
pazbop.

2.15 OT4eT 1Mo cTBOpPY

HHcTpyMeHT cuuTaeT MopdomMeTpuio Bogocbopa OT CTBOPA - TOUKKU 3aMBIKaHUS Ha BOOOTOKE. ITO
KJlaCCHUUYeCKasl 3ajlaya HHXKEeHEePHOH THIOPOJIOTHH M M3BICKAHMWH: XapaKTepPHCTHKH OaccedHa OT
3amaHHoOM ToukKu. MHCTPpyMeHTH 2.05 - 2.07 maloT CTOK, PEYHYIO CETh U 0aCCEeWHEI 10 TEPPUTOPHUH B
enoM, a 2.15 oTBedaeT Ha BOIIPOC IIPO KOHKPETHEIN CTBOP.

Kak 3T0 padoTaer

Kaxkpgass Touka CTBOpa NPUTATHUBAETCS K S4YelKe C HauOOJIBIIEH aKKyMyJISIMed B pamuyce
IPUTAXKKHY, II0O3TOMY CTBOP MOXKHO CTaBUTh Ha I'Jla3 PSIOOM C TajlbBeTroM, a He IIoIlamaTh B TUYEUKY
BOIOTOKA MBINIEI0. OT NPUTSIHYTON sTYEMKU COOMpPAEeTCs TOJIHBIM BOomocOOp, MO HEMY CYMUTAETCH
30HaJIbHAS CTAaTUCTHUKA, a TJIaBHHIM BOJIOTOK TPACCUPYETCS BBEPX II0 PEIIETKe: U3 KaXkKOou TYelKu
IIIaT B COCeHa C HaubOOoJIbIIeN aKKyMYyISILIuel, 00 ss9eiiku 6e3 IPUTOKOB.

Bomoc6opsl coceqHUX CTBOPOB Ha OJHOM BOOOTOKE BKJIQABIBAIOTCS APYT B ApPyTa: KaXKOBIH CTBOP
MOJTy4YaeT CBOM ITOJIHEIM OaccelH, a He OCTATOK II0CJIe BHIIEeeskaIiero. 3to oraudaet 2.15 ot 2.07,
TTe TEPPUTOPUS IENUTCS Ha HelepeceKarolecss 6acCeiHhI.

Y710 cuUuTaeTcst

ITokazaTenb ITone Equanne
[Tnomans 6accerina area km2  KM?
CpenHsis BEICOTA Z mean M
MuHMManpHasa BEICOTA Z min M
MakcuMasibHasi BLICOTa Z max M
Cpenuuii ykioH Oacceiina slope deg  rpagycel (Horn 3x3)
OTMeTKa CTBOpa Z _gauge M

[nvHa rmaBHOTO BomoTOKa stream km &km
[TageHMEe BooOTOKa fall m M
Cpenuuii yKIIOH BOOOTOKa slope ppm  mpomwuiiie
Adeex B 6acceriHe cells IIT.

BenuuuHa, KOTOPYIO IMOCYUTATh HE U3 Yero, NMUIIeTCA IMyCTEIM 3Ha4YeHUueM, a He HynéM: HOJIb 3TO
n3MepeHue, IIyCcTto 3To ero OTCyTCTBuUe.

IIapamMeTpsl
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Bxoguas LIMP Penved B MeTpax B -
meTpuueckou CK.

To4Yku CTBOPOB ToueuHBIN CJION, IIO TOYKE Ha -
CTBOP.

Papguyc nputsaxku, M (go1m.) OKHO IOMCKa MakKCUMaJIbHOU 150
AaKKYMYISIINN.

3amoJTHUTD TTOHUXKEHUS [TogroToBKa penbeda nepen BKIJI.
pacyéToM CTOKa.

Epsilon yknoHna, M (gor.) HaxJioH 3acChIKY IpU Kak B 2.04
3aI0JIHEHUN.

Bomoc6ophl CTBOPOB [TonuroHsl ¢ aTpubyTaMu 10 co3maéeTrcs

(TTONTUTOHBI) Tabuile BHIIIIE.

OTtuért o ctBopam (HTML) Tabmuila Ha KaXXIOBIH CTBOP. co3maéTcsa

KmtoueBnle U pPH 110 KaXKI0MYy CTBOPY AyOIUPYIOTCS B XKypHAaI Processing AByMs CTpOKaMu, YTOO®
pe3ynbTaT YyuTancsa 6e3 OTKPHTUSA TaOIuIEl aTPpUOYTOB.

bbicTpass mpoBepKa Ha JeMO

3anyctute 2.10 [demo-penbed: KpoMe pacTpa OH BhIZAcT cjioli TOYKH CTBOpPOB (IeMo) - Tpu
TOYKH Y TaJbBETOB, COBUHYTHIE B CTOPOHY OT BOmoTOKa. IlomatiTe pembed m 3TH TOYKHU B 2.15 C
pamguycoM MPUTSIKKU II0 yMOM4YaHuio. [IOMIUTOHEI JISTYT II0 BOmopa3desiaM, a B OTYETE Y CTBOPOB
OOHOTO BOAOTOKA COBIIANET MafgeHue u OyOeT pacTH YKJIOH BBEPX IO TEYEHUIO.

I'paHUIIBI IPUMEHHUMOCTH

HHcTpyMeHT cuuTaeT MopdoMeTpuio 6acceiita U TOILKO e€. Pacxonpl, MOOY/IY CTOKA, TUAPaBINKa
U CHeTOTasHHWEe CO3HaTeJbHO He BXOOST B 3afauy: 3TO pacyE€THas TUOPOJIOTHUS II0 HOpMaTHBaM,
OTHOeNbHasI TeMa. EOWHULLI IpenrojiaraloTcs MeTrpudeckuMu, [IMP B MeTpax B MeTpPHYECKOU
cucTteMe KOOpOUHAT.

BopocGopel cTposATcs 1o Tomosyioruu penbeda. Ha Teppuropusx 06e3 4YETKUX TI'PAHUI] CTOKa -
IUIOCKUX IIOMMaxX, NP THOpPaBINYECKUX IIepeTOoKaxX U MOAIopax - pe3yJbTaT CJIedyeT IPOBEPATH
TUAPOOVHAMUYECKUM MOIEJINPOBaHUEM.

2.16 Boooc6op. JIMHUM U KOHTYPHI (KaHaBbI, KapbepPhbl)

HWHCTPYMEHT CUMTAET IIIoInaab BogocOopa MpUEMHHKA: HarOPHOM KaHaBHI, JIOTKA, KIOBETA OJOPOTH
UM KOHTypa Kaphbepa. Bompoc cTaBUTCS TaK: KaKylO IJIOIIAadb ITepeXBaThIBAeT IMMPUEMHUK, €CIIHU
caMmoro npuéMHuka Ha [IMP e1é Her.

Kak 310 padoTaer

Bpesats Tpaccy B penbed OJIis 3TOI0 He HykKHO. Tpacca pacTepusyeTcs B S4eUKU I'pUpa, BCe OHU
OepyTcs IpuEMHUKaMU, U BomocOop cobupaeTcss KaK MHOXKECTBO S4YeeK, Yeill IMyTh CTOKAa IPUXOOUT
B TI00YI0 STYEUKY Tpacchl. Tpacca MoXeT OBITH JIOMAaHOM, MOXKET IIepeceKaTb BOOOPa3nesl, MOKeT
BEIXOOUTH 3a paMKy LIMP - HapyKHas 94acTbk IPOCTO HE y4aCTBYET.

PacTepuzanus HOET C IIaroM MTOTbIYEHKH, MO3TOMY Ha M3JI0MaxXx W [AWATOHAJAX TPaCChl HET
MIPOTTYCKOB, Yepe3 KOTOPHIE BOJA «IIPOTeKaaa» Obl MUMO TPUEMHUKA.

Bomoc6opsl cOCemqHUX TpacC BKJIAABIBAIOTCS OPYT B OIPyTa: HUXKHSS IO CKJIOHY KaHaBa IIOJIydaeT U
TO, YTO IlepexBaThIBaeT BEPXHASA. ITO TO XK€ IIOBEOEHHUE, 4YTO Y CTBOPOB B 2.15, U OHO IpaBUJIBHOE -
Kaxkpjas Tpacca IIojy4JaeT CBOU IIOJIHBEIM BOmocOOp, a He OCTATOK.
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KOHTYyp BMECTO INHUH

Bxomom IIPUHUMAIOTCA U JINMHWUHY, Y TIOJIUTOHHI. IlonuroH cuutaerca HpI/IéMHI/IKOM OEeJINKOM: 1 KOHTYD,
" BCs IIJIOIIAOdb BHYTPH.

,]:[J'IH Kapbkepa 3TO MINPHHIMIINAJIBHO. BHYTpI/I OH [OeIIpeccud, IIoCJie 3allOJIHEHUA TIOHUXKEHUH
HaIlpaBJIEHWsA CTOKaA TaM CTaHOBATCSA YCIIOBHBIMU - IIOPAO0K 06x011a TIJIOCKOM 3aJIUTOH IIOBEPXHOCTHU
HasHa4yaeT MX IMPOM3BOJILHO. ECiIM MPUEMHMKOM B3STh TOJIBKO JIHHHIO 6OpPTA, YaCTh BHYTPEHHHUX
sIYEEK «CTeYET» MUMO Heé [0 STUM YCJIOBHLIM HaIlPABIEHUSIM M YTAIIUT 3a co6oi BHelnHue. Omopa
Ha BCIO BHYTPEHHOCTb CHMMAET BOMPOC: YTO OBl HHU TBOPWJIOCH C HANPABIIEHUSIMU B sIMe, BCS €€
IIJIOIIaAb y2Ke B BomocOope, a CHapy:KU Bofla TPACCUPYETCS II0 PeaibHOMY penbedy.

I BIpKY TTOJIMTOHA BXOOAT B MPUEMHUK HapaBHE C OCTaJILHOM IJIOIIAbIO - BHEIITHETO pejibeda BHYTpHU
KOHTypa HeT. MynbTUIIONUTOH oOpabaThiBaeTcs Mo dyacTaM. OOGBoguTh 60pT NuMHUEN OOJIbIlle He
HY2KHO, TIOOAETCSI TOTOBBIM KOHTYD.

Bpe3ka Tpaccsl

OTpenbHas ranodka Bpe3ars Tpaccy B penbed oTBedaeT Ha APYToM BOIPOC: YAEPKUT JIX KaHaBa
IIOTOK, €CNI¥ OHa Mejlbuye MeCTHHIX ¢opM pernbeda. Bpeska omyckaeT penbed BOONIL TPacCH Ha
3aJaHHYIO TJIyOMHY, U JaJIbIlle CTOK CUUTAETCS yKe 110 U3MEHEHHOMY penbedy.

Bpe3ka MeHsIeT TUAPOJIOTHI0 HaMEPEHHO, II03TOMY II0 YMOJIYaHMIO BBIK/IIOYEHA, a pPe3ysIbTaT
3aBHUCUT OT 3afjaHHOM rinyOomHbl. PaKT Bpe3KMW U TJIyOMHA HedYaTaloTCsd B JKypHajl U II0MafaioT B
HTML-oT4éT, 4T0OB 1IN PY HENb3sT OBIJIO IPUHSATE 38 PACYET IO UCXOOHOMY pPenbedy.

Y710 cuuTaeTrcs

IToka3arensb ITone Engunauie:

IInomangs Bogoc6opa area km2  km?

CpenHss BEICOTA Z mean M
MuHuManbpHas BEICOTA Z min M
MakcuMaJjibHasi BEICOTa Z max M
CpepnHnuii ykion Bogocbopa  slope deg rpapyce (Horn 3x3)

[nuHa Tpaccel Uiy KoHTypa trace km KM
[Mnomangk TPUEMHHUKA seed km2 kM2
fAgyeek IpuEMHUKA trace cells miT.
fgeek B BomocHope cells IIIT.

ITapameTpsI

[TapameTp Yrto 3apaér

BxomHas IIMP

ITo ymomuyauuto / coBeT

Penved B MeTpax B -
MmeTpudeckou CK.

JIMHUYM U TTOJIUTOHEL, 10 -
00'BEKTY HAa IPUEMHUK.

Tpaccel U KOHTYPHI

Bce 00BeKTH KakK OmuH O61ruit Bomoc6op BMECTO BBIKII.
BOomocOop OTHENbHBIX.
BpesaTth Tpaccy B penbed [TpoBepka yoepKaHUs II0TOKA.  BHIKIL.
'myOuHa Bpe3Ku, M ([OII.) HackomnbKo OnyCcTUTh penbed 2.0
BOOJIb TPACCHI.
3aroTHUTE MOHNUKEHUS [TogrotoBKa penbeda mepeq BKII.
pPacyéToM CTOKa.
Epsilon yknoHna, M (gor.) HaxJi0H 3acChIlKY IIpU Kak B 2.04

3allOJTHEHHUH.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Bomoc6ops! Tpacc (IOIUTOHE) [Tonmurous! ¢ aTpubyTamMu Mo co3maéTcs
Tabuile BHILIE.
OTtuért no Tpaccam (HTML) Tabnmuila Ha KaXOyio TPaCCy. co3maéTcs

BbricTpasi npoBepKa Ha JeMO

2.10 Oemo-penbed BrimaéT cioli Tpacchkl KaHaB (OeMO): HarOpPHYI0 KaHaBY BHIIIE CHUJIIBHOTO
TajJbBera M KIOBeT HHKe II0 CKIIOHY, 00e ToMaHble ¢ u3jioMoM. [TogatiTe penbed u 3TOT cioii B 2.16.
Bomoc60op momKeH jieub BHIIIE TPACC MO CTOKY M VIIEPEThCS B BOAOPA3IENTH, a HE B paMKy I'pPHUAA.

I'paHUIIBI IPUMEHHUMOCTH

I/IHCTp}/'MeHT OTB€4YaeT Ha BOIIPOC O IIJIOIIagXW, a He 0 pacxopne. Pacxogsr, MOOyJIx CTOKa Hu
IIPOIIyCKHasA CII0COOHOCTEL KaHABHI - paC‘-IéTHaH THUOPOJIOTUA II0 HOpMAaTHBaM, U B 3aa4y HE BXOOAT.
Egmanie IIpenrojiaraloTCca MeTpUu4YeCKUMU.

BomocGopsl CTposSTCs Mo Tomomoruu pemnbeda. Ha TeppuTopusax 6e3 UYETKWUX TPAHUIl CTOKa -
MJIOCKUX TTOMMaX, TPU TUOPABIUYECKUX MEPETOKAX M IMOAMOPax - Pe3yabTaT CJIEOYeT MPOBEPSTh
TUAPOOUHAMHUYECKUM MOJEIMPOBAHUEM.

2.18 Haceinu 1 BbIeMKH (00Bb€MbI padoT)

I/IHCTPYMGHT CcYyuTaeT OOBLEMEI 3eMIISHBIX pa60T MeXIy HOBYyMs ITOBEPXHOCTAMHK: YTO HACBHBIIIAHO,
YTO CHATO U CXOOUTCHA JIN b6amauc. On HY2XKEH Be3[e, rae €CThb CBhEMKaA 00 U ITOCJIe UJIN IMPOEKTHadA
IIOBEPXHOCTH: IIJIOIIAaOKa IIOO ITJIaHMPOBKY, OTBAJI, KapPbep, 3auJIeHHue IIpyHa, OCedaHud 3eMHOU
IIOBEPXHOCTH.

dopmysla MPOCTa 00 HENMPUIWYUSA: PA3HOCTb OTMETOK II0 S4YelKaM, YMHOXKEHHas Ha IIJIoIamb
siueriku. BCsT CITOKHOCTE JIEZKUT HE B HEM, a BOKPYT Heé, u 00 3TOM OCTalbHBEIE Pa3MIelkl.

3HaK ¥ MOBEPXHOCTH CPAaBHEHHU I

Pa3HoCTh cumTaeTcs «crajo MUHYC ObUI0». IloOoKWTenbHAsT PA3HOCTh 3TO HACHIIb, MaTepHal
moGaBneH. OTpullaTenbHass 3TO BhlIeMKa, MaTtepuain cHAT. B ArcGIS B mHcTpyMenTe Cut/Fill 3mak
oOpaTHHIM, IPU CBEPKE ITUPP 3TO CTOUT IIOMHUTh.

IToBepXHOCTL CpaBHEHUS 3aMa€TCs PaCTPOM HUJIU, €CJIU €€ HeT, OMHOM 0TMeTKOM uucioM. OTMeTKa
ygoOHa [OJisf IUIOIIAJKYM TOH IUIAHWPOBKY U AJIS HOACYETA OT ype3a BOOHI: MOOABAaTh PacTp
IIOCTOSIHHOU BBICOTHI DAy 3TOTO HE HYXKHO.

IIpuBedeHHe K OTHOH CeTKe

[IBe MaTpuULBl IIOYTH HHKOTOA He JiexKaT Ha OOHOH ceTKe. XO3sSHMHOM CEeTKH OepéTcs IepBas
IMIOBEPXHOCTDb, BTOPAsi MPUBOAUTCS K HeHW OMIMHEWHO. BauKaWImuil cocen 30eCh He TOOUTCS: OH
BO3BpalllaeT CTYIIEHW, POBHO Te, UTO JIOBUT QUATrHOCTHKA TEPPACHHTa. 3a KpaeM JaHHBIX 00BEM He
CYUTAETCS, BHICOTHI HE 9KCTPAIOIUPYIOTCS.

B XypHay medaTaloTCs Hayajio CEeTKH, Iar M YHCJI0 SA49eeK 00erWx MaTpHll, a Takke OBIIO JU
puBemeHue. JTO He YKpallleHue, a pabounii MHCTPYMEHT, CM. CIIeAyIoIIuil pa3mert.

IToueMmy HU@PHI PaCXOIATCA C IJPYTHMH NPOrpaMMaMu

IMouTu HUKOTOa He u3-3a ¢GopMyabl. bunuHelHoe IpuBeneHue 00BEM COXpPaHseT: Beca OUITMHENKHN
B CyMMe [HalOT eOUHUIy, IO9TOMY COBUT CETKH caM N0 cebe HUYEro He MeHSeT. DTO 3aKpeIieHo
TECTOM.
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PacxoxmeHue maéT CoCTaB siuyeeK: YyTh MHade oOpe3aHHasi paMKa, Opyras MackKa, IIOJIara Ha
rpaHulle y4acTka pa6ot. ITostomy mpu cBepke ¢ Civil, Kpego umu m060i Opyrod mporpaMMoi
CHayajla CpaBHUBaWTe ONMCaHUE CEeTKH M3 JKypHaljla M YHCJI0O VYTEHHBIX g4eeK, U TOJILKO IIOTOM
00BEMEL. B meBsATH cydYasix U3 HeCSTH Ha 3TOM pPa3bupaTenbCTBO U 3aKaHUYUBAETCS.

MeépTBasi 30Ha

IIBe IIOBEPXHOCTH, IIOJIYYEHHEIE DAa3HBIMU CHOCO6aMI/I, BCerga IyMsT Ha CAHTHUMETPHI. Bes oTceuku
BeChb 3TOT (I)OH II0ImagaeT TO B HACKhIIlb, TO B BEIEMKY U PA30yBaeT obe ]_[I/I(l)pbl, HEe MEHAA HETTO.

MépTBaH 30Ha 3a;:[aéTc;{ B MeTpax: AYEeUKH, Toe MOOYJIb PAQ3HOCTHU MEHHBIIIe 3TOI'0 YKrCJia, CHUTAKOTCA
Heu3MeHHBIMH. [10 YMOJI9YaHHUIO OTCEYKHU HET. 3amaBaiTe €€ OCO3HAHHO U YKa3bIBafITe B OTYETE: OHA
BXOOUT B BEAOMOCTh OTHEIbHOM CTpOKOfI HMMEHHO [OJId 3TOro.

Y4yacTku U 0aj1aHC

I[ToMUTOHBI YYaCTKOB CYHTAIOTCS OTHOENIbHO, KaXKIbIi CO CBOMMH YKC/IaMu. I1oyie Ha3BaHUS ydacTKa
MOXKeT OBITb YHMCJIOBBIM HMJIM TEKCTOBBIM. B BEOOMOCTH IIO0 y4YacTKaM €CTb CTPOKa HTOTa, M OHa
OOJIZKHA CXOOWUTHCS C IIAIIKOW: 3TO IIPOCTasi ¥ HaAéKHas IMIPOBEepKa TOTO, YTO pacTepu3arus
y4aCTKOB He ToTepsijia ¥ He 3aJiBOuJIa TYEHKH.

BepaukT mmo 6ajtaHCy CMOTPHUT Ha [OJII0 HETTO B 000pOTe, a He Ha ero Benu4yuHy. CTo KyOOB HEBSI3KHU
IIpu 000POTE B CTO THICAY 3TO OalaHc, a IIPU 000POTE B IBECTH KyOOB 3TO BLIBO3 MOJIOBUHEL. [[OIIYCK
3amaéTcst goyel 060poTa, II0 YMOJTYAHUIO ISITh ITPOI[EHTOB.

BoeIixoabl

PacTp pa3HOCTH B MeTpax, MOJIOXKUTEIbHOE 3TO Hachllb. Bemomocts HTML ¢ uTorom, pa30uBKOM
[0 yYacTKaM U omucaHueM ceTkKu. Coi YYaCcTKH C 00bE€MaMHU: Te XKe IIOJUTOHBI, YTO ITofalu Ha
BXOJI, IIJTIOC 00BEMHEI B aTpubyTax (fill vol, cut vol, net vol, IJIOIIaAu, HauOOJIBIIINE OTMETKH, YUCIIO
s49eeK U BepPAUKT). BeZoMoCTh HyKHa AJI COTJIaCOBaHUS, a MOONKUCATh yYaCTKM IPSAMO Ha KapTe
MOZKHO TOJILKO aTpuOyTaMH, II09TOMY BEIXOI OTHEIbHBIN.

®naxok OO0pe3aTh pPacTp PAa3HOCTH IO yYAaCTKAM TacHUT PA3HOCTb 3a KOHTYpoM paboT. 3a
KOHTYPOM OHa CKJIagbIBAaE€TCS M3 IITyMa CbEMKH, a PacCTIHYyTas Ha Heé I[BeTOBas IIKalla IPSYeT To,
pamM 4ero pacTp U CMOTpAT. Ha umcia oOpe3ka He BIIHMSET: CTATUCTHKA CUMTAETCS M0 Heé, W B
BEOMOCTH OCTAIOTCsI 00a UTOra, II0 BCEH IIIOMIafu U 10 y4aCTKaM.

JIuuus HyNneBHIX PpaboT OTHENbHLIM WHCTPYMEHTOM HE CTPOUTCS, U 9TO OCO3HAHHO: 9TO M30JIUHUSI
HYJISI II0 PacTPy Pa3HOCTH, CTpoiiTe e€ uHCcTpyMeHTOM 1.04 U301MHHUM U3 pacTpa.

ITapameTpsI

[TapameTp YTo 3amaéTt ITo ymonm4gaHuio / COBET

[ToBEpPXHOCTB «CTaAI0» [TpoekTHas miu HOBas ChEMKa. 00si3aTesibHa
3amaéT ceTkKy.

[ToBEPXHOCTDH «OHIIO» Hcxopnas cbreMKa. I1ycTo - IyCTO
CpaBHEHHNE C OTMETKOM.

OTMeTKa CpaBHEHUS, M Pab6oTaeT, Korga pacTpa 0
«OBITIO» HET.

YyacTku paboT (IIOJIUTOHEI) Pa3buBKa BeQOMOCTH I10 IIyCTO
y4acTKaM.

[Tone Ha3BaHUs y4acTKa YucmoBoOe UM TEKCTOBOE. IIyCTO

MépTBas 30Ha IO BLICOTE, M Otceuka GpoOHOBOTO LIyMa. 0

O6pe3aTh pPacTp Pa3HOCTH II0 l'acut pa3HOCTH 3a KOHTYPOM. BBIKIJI.

y4acTKaMm

Ha ugucia He BIUseET.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Yyactku ¢ 06bEMaMu [TonmuroHBl y4aCTKOB C co3maéTcs

(TIOJIUTOHBI) o6bEéMaMu B aTpubyTax.

Iomyck 6anaxca (mortr.) Ions o6opoTa OIS BEPOUKTA. 0.05

Pactp pa3sroctu BrIxopmHOM pacTp, HaCHIIIb co37maéeTcs
TIOJIOXKHUTEIbHA.

Bemomocthk 06b€M0B (HTML) OTYET C UTOTOM M YYaCTKaMHU. CcO3TaeTcs

BbbicTpas mpoBepKa Ha IeMO

2.10 demo-penbed BEOAET TOTOBYIO IIapy: BKIIOUYWUTe BHIXOOH IIpoeKTHast IOBEPXHOCTH
(memo) 1 YuacTKku padoTt (memo). [TomaiiTe IIOMAaAKy KaK «CTalo», penbed KakK «ObII0», yIaCTKU
nonmronamu. Haceins 1 BeleMKa 0053aHEL BRIUTH PaBHBIMU YHUCJIO B YMCJI0, HETTO HYJIEBEIM, BEPOUKT
po comepmmiics 6ananc. COBUT OTMETKM MJIOIMIAAKK B MOIIOJTHUTEIILHLIX TapamMeTpax 2.10 yBoaut
0ajylaHC B MPUBO3HOM UM BEIBO3HOM I'PYHT, TaK UYTO BCe TPU BEPAUKTA MPOBEPSIOTCS B IBa IIPOTOHA.

CoBIafieHre HACHIIH C BEIEMKOM IPH HYJIE€BOM COBHIE 3TO eIll€é M He3aBHCHMas IIPOBEepPKa CaMoro
WHCTPYMEHTa: omubKa B GopMyie UiIx B IPUBEOEHUN CETOK 3[eCh ObI U BBIJIE3JIA.

I'paHUIIBI IPUMEHHUMOCTH

0O0BEM reoMeTpudecKkuii. Pa3prixiieHue, VIUIOTHEHUE U ITOCIOHHEIe TPYHTH 30eCh He IPUMEeHSIIOTCS,
3T0 paboTa MPOEKTHUPOBIIUKA.

ToYHOCTH y TPaHUIIEI paboT OIIPENesiieTCa pa3MepoM TUeHKu: 00bEM BIOIb KOHTYPa BCETa CMEIIEH
Ha BEIMYUHY ITOPSAOKa IOy TYelKH Ha IOTOHHBIM MeTpP I'paHuIlbl. Ha MeTkoM KOHType ITpu KPYITHOM
sTYerKe 3TO CMeIlleHWe MOIKEeT HPEBBICUTH caM O0BLEM, IMO3TOMY MEJNIKHEe MJIOIIaJK{d CUUTalTe Ha
CeTKe, COpa3MepHOM uxX pa3Mepy.

HHCTPYMEHT He CTPOUT OTKOCH C 3ajioKeHHeM, OepMbl, ITOCIOWHLIE BEIOMOCTH M He caxkaer
ITPOEKTHYIO TTOBEPXHOCTH Ha penbed. ITo paboTa CUCTEM aBTOMATHU3UPOBAHHOTO MMPOEKTUPOBAHUS.

3.01 KaTteropuaJabHbIH HHIHKATOPHLIA KPUTHHT

HuctpyMeHT KaTeropuajabHbId HHIWUKATOPHBIM KPHIHHI CTPOUT KApTy BEPOSTHOCTH IIO
KaTeropuaabHOMY IIOII0: MUHEPAIbHOMY THUITY, JTUTOTHILY, TI000OMY T@KCTOBOMY Kilaccy. B oTnuuune
OT OOBIYHOTO KPUTHHTA, KOTOPHM HHTEPIIONMPYET BEJIMYUHY, 3OEeCh OIEHWBAETCS, HACKOIbKO
BEPOSTEH KaX[bIM KJIacC B KaXK[OM TOYKEe IIJIOLIaAu. DTO HYKHO TaM, TIe BaXXKHa He BeJIMYWHA, a
MMPUHAMIEeXXHOCTh K TUITY: THEe OXUOATh 3aMeIlleHre, THe CMEHSIeTCs COCTaB MJIacTa, I'Oe ITPOXOOUT
TpaHUIla MEXKOY PAa3HOCTSIMU.

[TapameTpsr:
[Tapametp Yto 3amaéT ITo ymonyaHuUIo / COBET
ToueuHBIN CIJIOU HcxomHble TOYKH. -

KaTteropuanbHoe nomne (kimacc) Ilone kKimacca (MUHTHII, -
nutotui). I[Iycteie u NULL He

unyT.
Pamuyc nmoucka, MyUH./Maxc. [Touck u ceTKa - Kak B «2D Kak y «2D Kriging»
TOYEK, pa3Mep sT4euKH, 0XBaT Kriging».
BeposTHOCTHU 110 KJ1accaM Pactp: ogHa nmonoca Ha Knacc, -
(MHOT'OIIOJIOCHBIH ) MM KJIacca B OIHMCAHUH

IIOJIOCHI.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Kapta 30H (caMblil BEDOSATHBIU
KJjiacc)

PacTp kopma camoro
BEPOSATHOIO KJlacca,
COOTBETCTBUE KOMI0OB B
XKypHa.

YBepeHHOCTH (MakKc. PacTp makcumyma Heo0sI3aTeTbHBIN
BEPOSITHOCTH) BEPOSITHOCTU: I'le Klacc
YBEPEHHEIN, TOe CIIOPHBIN.
YpoBHU BEPOSATHOCTU YpoBHU 07151 BEKTOPHEIX 0.250.50.75
rpagun, gonu ot 0 mo 1.
Krnacc g KOHTypoB HWwMsa kj1acca poOBHO KakK B [I0Jle  IIyCTO
KJj1accos. IlycTo = BCce KiaccChl.
Bukybudeckoe criaxkuBaHue CryuieHue rpuga nepeq X2
rpasuil (mor.) KOHTYPUHIOM, Kak B 1.04.
Ckpyrnenue rpanul (Chaikin), [lomomHUTENIbHOE IETKOE 2
urepauui (goi.) CKpYyIJIEHUE.
['paHuIlbEl ypOBHEN JIuHUY ypPOBHEHU C KJIAaCCOM U Heo0sI3aTeTbHBIN
BEPOSITHOCTHU (JTMHUM) YPOBHEM.
[Tomochl BEPOSITHOCTHU [Tomockl MeXkAy YPOBHSIMU C HeoOs3aTeIbHEIN

(TIOJTUTOHEI)

TOTOBOM paCKpacKOH.

Kak cuuraercst

Komuposath Kyiaccel uuciamMu 1, 2, 3 ¥ HUHTEPIOJIUPOBAThL 3TOT KOI HeIb3d. Y KaTeropuil HeT
IopsigKa, Kjlacc 3 He «paiblle» Kjlacca 1, U cpefHee MeXny HuMu OeccMbicieHHO. Iloatomy
WHCTPYMEHT UAET UHOUMKATOPHHEIM nyTéM. Ha KaXAbIM KJacC CTPOUTCS UHOMKATOD: €eIUHUIA
TaM, I'Ie CKBaXKMHa 3TOr0 KJjlacca, HOJMb Be3me MHade. KaxXOwlli MHOUKATOP KPUTYeTCS OTHENIBHO
OpPOWHApPHBIM KPUTHMHIOM, KaK OOBIYHOE II0Jie, M HAET IIOBEPXHOCTh OT HYIS OO0 €OUHULE, 3T0 U
eCTb BEPOSITHOCTH KJjlacca. BapuorpaMma mHAMKATOpPa IoagOMpaeTCs aBTOMaTHYECKH CheprudecKoi
MOIEJIBIO 110 9KCIIEePUMEHTaIbHON.

PazmesnbHBIE HHOUKATOPEI B CYMMeE He MaloT POBHO €IUHUIY ¥ MOTYT HEMHOT'O BEIXOIUTH 3a AUAla30H,
39TO M3BECTHOEe CBOMCTBO MeTofa. [103ToMy OIleHKa KaXaoro Kiacca oOpe3aeTcs B HOJMb OOHH, a
3aTeM BEPOSITHOCTH II0 KJjlacCaM HOPMHPYIOTCS TakK, YTOOBI B KaXKIOOH siYeHKe UX CyMMa PaBHSIIACh
eOUHHUIIE.

Y10 Ha BBIXOIE

Tpu pesynpraTa. MHOTOIIOJIOCHBIM pacTp BEePOSTHOCTEHM, OJHa I0ojIoca Ha KJjacc, UMs Kjacca
3aIMcaHo B OIMCcaHue noJiockl. KapTa 30H, KOO caMOro BepOsITHOTO KJlacca B S4eliKe, COOTBETCTBUE
KOIOB M KjlacCOoB meuaTtaeTcss B ZKypHas. HeoOs3aTenbHBEIM pacTp YBEPEHHOCTH, MaKCHUMyM
BEPOATHOCTHU B quﬁKe, II0 HEMY BHUIOHO, i€ KJilaCC YBepeHHBIﬁ, a I'me 30HHBI CIIOPAT KW IIPOXOOUT
rpaHuIia.

Emié omHO HOCTOMHCTBO O0OHAPYKUBAETCSA Ha HAHHBIX C BhIOpocaMu. OOBIYHBIN KPUTHHT BRIHYKIEH
VHTEPIOINPOBAaTh BEJIMYMHY, U OOHA aHOMaJibHas mpoba JIOMaeT BapuorpaMmy: Imapa OIM3Kux
TOYEK C HECOIIOCTAaBUMEBEIMK 3HAUYEHUSIMU IIOOHMMAaeT HarTeT, ¥ KapTa BEIPOXKIAETCS B CpPeOHee.
UugukaTop paboTaeT He C BeIWYWHOM, a C (aKTOM IIPUHAMIERKHOCTH K KJIAcCy, IO3TOMY
aHoOMaJbHOE 3Ha4YeHVe B HEM HEOTJIMYHUMO OT JII000T0 IPYroro o Ty Ke CTOPOHY nopora. TaMm, roe
ToKa3aTensb BeOET cefsi AUKO, a BOMIPOC 10 CYTH OBOUYHHIN, MHANKATOPHBIN Ty Th Haf€XKHEe MPSIMOU
VHTEPIOISILINH.

KaTteropuaneHbli mmogxon yomoOeH TeM, 9TO He TpebOyeT 3apaHee ITPOBOOUTL rpaHuily. He HYXKHO
peliaTh, CUWTAThL JHU YaCTUYHOE 3aMelleHue omacHBIM. KapTupyioTcsa Bce THIIBI KaK €CTh, a
HYXKHYI0 KOMOWHAITMIO KJIaCcCOB COOMPAIOT MOTOM K3 BEPOSTHOCTEH. Pemkue KHacChl C MallbiM
YHCJIOM CKBaXKHMH [AlOT IITYMHYIO BapHorpaMMy, HHCTPYMEHT IIpenynpexmgaeT o6 sToMm B 2KypHail,
BEPOSITHOCTh II0 TAKOMY KJIACCy YHTANTE OCTOPOXKHO.
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MHJJ,MKaTDprII?I KPWUTMHI. BEPOATHOCTb 30HbI 3aMelleHNA
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Puc. 22: UHOUKaTOPHBIA KPUTHUHT Ha CUHTETHUKE: CKBaXKMHEBI C KaTeropuel (KpacHbIe - 3aMellleHNe,
Gernble - CUIBBUHUT) IPEBPAIIAiOTCS B KapTy BEPOSITHOCTH Kiacca. IToporom 0.5 u3 Heé pexercs
KOHTYP JOMEHa.

KapTta 30H P{zameweHue) YEepeHHOCTE

+ B : " 10 +4 10
64 1 - 3aMelleHne [ B B+ i
LR 5 54
: 0.6 0.6
= 4 . . 3 = 4+
=4 o HACTHHHOE Bl 24
= -2 =
348 f 3 T4 34 G4
& 4 02 & : 02
CHNBBAHKT
1 1 14
00 ¢ 0o
04 0 04
T T T _————
] a 2 4 L] -
X, KM

KM

4] 2 4 [ 8

Puc. 23: Pe3ynbpTaT KaTerOpUaabHOTO MHANKATOPHOTO KPUTHHTA: KapTa CaMOTr0 BEPOSITHOTO Kjlacca
[0 MHUHEpaJIbHOMY TuIy, (OH CHIBBHHHUTA C OYaraMu 3aMeEIIeHUs], CBEPXy HAHECEHBI TOYKH
CKBAXXWH.
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YToOBI OCBOUTHb MHCTPYMEHT 0e3 peasibHBIX OaHHBIX, BKIOUKWTE B Co3maTh HPHMEP CKBAaXKHH
(memo) ranky [HodaBHTHh KaTeropHajbHOE IMOjie MHHTHIA. B cnoit mobGaBuTcs mojie mintype
C (l)OHOM CHUJIBBUHUTA WU O4YaraMyu 3aMeEIlleHUud II0 OGp&SHy py,'E[HI/IKa, Ha HeM I/IHCTPYMGHT MOZKXHO
cpa3sy IIpoTHaTh.

IIpy HEpPaBHOMEPHOU CETH MOXKHO 3ajaTh HeoOsi3aTeJIbHOE IT0jIe BecoB wt u3 nHcTpymMeHTa 1.01
Oexmacrepu3anusi. Torga WHOMKATOP KaXKAOTO Kijlacca KPUI'YETCS K ero HeKIaCTepH30BaHHOM
fiojie, a He K HYJIIO, I09TOMY BHa/Id OT JaHHBIX BEPOSITHOCTh CTPEMHUTCS K IIPEICTABUTEIbHON HOJIe
Kjacca. be3 BecoB IoBeieHNE TPEKHEE.

BeKTOpHBbIE I'PAaHUIILI IO BEPOATHOCTSIM

KapTa 30H oTBeYaeT Ha BOIIPOC «KTO IMOOEeOuI B TUYeHKe», ¥ 9TOT0 YaCcTO MasIo. [ IIaHUPOBAHUSI
HyzKHee II0JIoCa Ilepexofa: I'le KjlacC YBEePeHHEIN, I'Ie CIIOPHEIM, Ie YBEPEHHO OPyroi. 9TOo HaimoT
OBa Heo0053aTeIbHEIX BEKTOPHEIX BBIXOOa4, ITIO YMOJITYHaHWIO BEIKJIIIOYEHHBIX.

YpoBHU 3aparTcsa napamMeTpoM, 1o ymondanuio 0.25, 0.5 u 0.75, To eCTh YeTHIpe IIOJIOCH: YBEPEHHO
HeT, OBe CIIOPHEBIE U YBEPEHHO Aa. JIMHUK HeCcyT KjIacC ¥ YPOBeHb. [I0TUTOHEI HECYT KJIacC, TPaHUIIL
nosiockl B monsgx P_MIN u P_MAX u roToByI0 IOAIINCH IToJI0CH B 11ojie band Bupga «0.25 - 0.5». 1o
9TOU IOANHKCHU CJION cpaly pacKpallluBaeTCs KaTEeTOPUSAMU OT 3€JIEHOTO K KpaCHOMY, HaCTpauBaTh
JIeTeHOYy pyKaMu He HYXKHO.

OpgHa moJsioca MOXKET IIpuexaTh HEeCKOJIBKUMM OO0beKTaMH, eCclii OHa pa3buTa Ha OTHeJIbHBIEe
Y4aCTKH MJIOMIaAu. DTO HOPMaJIbHO ¥ YOOOHO: IIJIOIIag CUUTAIOTCS 10 KaXKI0MYy yYaCTKY OTOEeNIbHO.
B nerenme nmpu 3TOM POBHO CTOJIBKO CTPOK, CKOJIBKO ITOJIOC, IOTOMY YTO pacKpacka MOET II0 II0JIOCE,
a He II0 OJHOM €€ rpaHUIIEe.

I'paHUIILI CTPOSTCS IO KaHaTy BEPOSITHOCTEH, a He IT0 KapTe 30H, ¥ 9TO He MeJioub. KapTa 30H XpaHUT
TOJIFKO TOOEOUTEJISI B TYEHKe, a TIe UMEHHO BHYTPHU SUYEHKY MPOIIUIa FPAaHULIA, B HEN yKe TOTEPSHO,
M KOHTYP TaKOH KapTHl UOET CTYIEHSMHU II0 KpasM sfdeek. CrilakmBaTh TaKyI0 JT€CEHKY 3HAYHUT
BBIIYMBIBATh IIOJIOZKEHUE T'PDAaHUITLL. [10jIe BEPOSTHOCTEM 3Ty MHGOPMAIIUIO OEePKUT, U KOHTYP IO
HEeMYy JIOXXHUTCS Ty[a, KyJla erTo CTaBUT caMa MOMEeb.

ITpu gByX Kjaccax ypoBeHb 0.5 cOBIIafaeT C TpaHUIlel 30H: Kjacc mobexXkaaeT POBHO TaM, T'le ero
BEPOSITHOCTD BHIIIIE ITOJTIOBUHBL. [ToaTOMy oguH ypoBeHb 0.5 gaéT oO6bIuHy0 OMHAPHYIO KapTy, TOIbKO
C TJIaJKOHM TpaHWIled BMeCTO CTymeHYaToi. Ilpu Tpéx m Golee Kjlaccax 3TO yXKe pa3HbIe BelllH,
mobemguTs MOXKHO U ¢ 0.4, u 37eCh CTPOUTCS MMEHHO BEPOSITHOCTL OBITh MAHHBIM KJIACCOM, a He
rpaHulia mo6eauTens.

ITpu ABYX Kilaccax BOucChIBakTe B KiTacc ojist KOHTYPOB WHTEPECYIONi. BepOsSTHOCTH OOTIOMHSIOT
OpyT Opyra OO eOQUHUITH], 1 BTOPOM HaGop OymeT 3epKaabHLIM Oy0JIeM IIEPBOTO.

3.02 Kpurunr ¢ BHemiauM apendgom (External Drift)

HUucTtpymenT Kpurunr ¢ BHemmrHuMm ape#dom (External Drift) ormenuBaeTr mose o TodkKaw,
KOT7la OHO 3aKOHOMEPHO CBSI3aHO C BeJIWYMHOH, KOTOpas yzKe M3BeCTHa BCIOAYy B BUAE pacTpa.
Takoit pacTp Ha3wBaloT ApetidoM. iM MoxXKeT OLITh CTPYKTYPHAs IOBEPXHOCThH COCEOHEro IJIacTa,
rpy6asi permoHaJibHAsT MOMOEJIb, IIOBEPXHOCTH II0 PEOKON CEeTKe WIM CEUCMHYECKUH aTpuodyT.
OOBIYHEIM KPUTHHI BUOUT TOJIBKO CAMM CKBA’KMHEI, a 30eCh K HUM fo0aBisieTcss 3HaHWEe 0 ¢hopme
[IOJI1 MeXAy HUMH, U OlleHKa OoIrpaeTcs Ha 9Ty ¢(opMy TaM, I'le CKBaXKUH HET.

HHCTpYyMEHT CTOUT B rpyune [JonoJHUTE/IbHbIe HHCTPYMEHTHI aHa/Iu3a U OlUpaeTcs Ha TO XKe
anpo, uto u 2D Kriging. MatemMaTuka KpUTMHTa He MeHsAeTCI. MeHseTCs TONbKO TO, II0 YeMY
CHUMaeTCsI perHoHabHasi COCTaBIISoIIaA.

[TapameTpsr:
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

ToueuyHBIN CIIOU
ITone 3HaueHus (Z)
PacTp BHemIHero npeiida

Kanan pactpa mpetida ([orm.)
Crenensb gpetida

Tun KpuruHra, paguyc,
MUH./MaKc., HaITeT, CTPYKTYPHI
Crnaputs rpup (I'aycc),
pamuyc criakKuBaHUSA

PacTp kpurusnra c gpetidpom

CraHmapTHas ommbKa
KPUTHHTa

HcxonHble TOYKH.
HHTeprnonupyeMsldl aTpuoyT.
CTOpPOHHSS TOBEPXHOCTE S,
M3BeCTHas Bcioay. B ogHoMU
CRS c Toukamu, IOKPHIBAET
o0sacTsb.

[Tormoca MHOTOIIOIOCHOT'O
pacTpa gpetida.

JInuennas (a0+al-s) unu
KBaJlpaTHU4YHas CBSI3b.
Kpurusr octaTkoB - Kak B «2D
Kriging».

Heob6s13aTensHoe
CcrijlakMBaHUe pe3yJbTarTa.
BrixogHas otleHKa (mpeud +
KPUTHUHT OCTAaTKOB).
Heo6si3aTenbHBIN pacTp
CTaHOAPTHOM OIIMOKH

1 (MMHEeNHbIN)
Kak y «2D Kriging»

BRIKI. / 1

MPOMYIIEeH

OCTaTKOB.

B 4éM oT/IHYHe OT CHSTHS TPeHIa

®maxo0K CHATH MOJIMHOMHA/ILHBIHN TpeH v 2D Kriging onuchiBaeT peruoHaIbHYI0 COCTABIISIOITYIO
IIOJIMHOMOM OT KOOpAIHMHAaT, TO €CThb HaKJIOHHOM HJIHA I/I301"HYTOﬁ IIJIOCKOCTBIO. DTO TOOUTCHA, KOTroa
najeHue IjlacTa OGHOPOOHO U ero ¢bopMa npocta. Ho ecnu y monst eCcTh BHIpaXkKeHHas CTPYKTYyDa,
IIOBTOPSIOIIAs U3BECTHYIO IIOBEPXHOCTD, IIJIOCKOCTh €€ He OIUIIIET.

BHemrsu# gperid CHMMaeT PErMOHAIbHYIO COCTaBJSIONIYIO HE IO KOOPOWHATAM, a 110 CTOPOHHEMY
pactpy. Ecnu, HanmpuMep, KpPOBINSI MHTEPECYIOIIETO IIJIacTa IIOBTOPSIET pefibed MTONCTHUIIAOIIETO,
IOJIsT KOTOPOT'O TIOBEPXHOCTH y2Ke MOCTPOeHa, 3Ty CBSI3b CHUMAIOT perpeccuei Ha MOMCTHUIIAOIIYIO
TTOBEPXHOCTH, @ KPUTYIOT yKe OTKJIOHEeHUS OT Heé. [Ipeld 3mech He QYHKIMS MecTa Ha KapTe, a
byHKUMA 3HAYEHWs BHEIIHETO pacTpa B TOM XKe TOoukKe. BCE ocTanmbHOE COBMAgaeT CO CHATUEM
MIOJIMHOMHUAJIEHOTO TPEHTA. JTO Ta JKe CXeMa Perpeccusi-KpUTrHHT.

Kak cuuraercst

CHaugasna pacTp apedda CUMTHIBAGTCS B KaXXKOOM CKBaXKHMHE, OMITMHENHO MO0 YeTHLIPEM COCEeOHUM
d4YerKkaM. 3aTeM 3HadeHHe II0JI pPerpeccupyeTcs Ha O5TO CUYHTaHHOEe 3HadeHHe MeTOoOoM
HaWMEHBIIUX KBaApaToB. CTenens apeuda 3amaét Bup cBsizu. CTemneHsb 1 9To NUHEHHBIH Apeid
BUIa 3HadeHue paBHO a0 nmioc al Ha gApeid, oObuHEBIM BeIOOP mias External Drift. Ctenens 2
ONHCHIBAET M30THYTYIO CBSI3b C KBAApaToM apelda, HO MoxKeT BOOpaTh B cebsi 4acTh peajbHOMU
CTPYKTYPEHL, IO3TOMY IIOCJIE HEE CTOUT IIOCMOTPETH Ha BApPUOrpaMMy OCTaTKOB.

Ianpire KPUTYIOTCS OCTATKM PEerpeccuy, POBHO Kak oOwrigHOe mojsie B 2D Kriging, co cBoeit
BapuOrpaMMoOM, IIOMCKOM U aHu30Tponuel. Ha nocnegueM mare pactp gpelida nepecuuTeBaeTCs
Ha CeTKy KpUTHUHTa, U apeld nobaBisgeTcs K KPUTOBAaHHOM OIleHKe OCTATKOB oOpaTHO. MToroBas
OlleHKa B KaX[OoM g4deliKe paBHa Opeldy IIIOC KPUTHMHT ocTaTKa. [IOCKONBKYy IOpelid H3BECTEH
BCIOZy, OIleHKa MeX[y CKBaXXMHaMU TSHETCS He K JIOKaJlbHOMY cpefHeMy, a K ¢hopMe BHEIIHEU
IIOBEPXHOCTH.

CKBaxXMHBI, KOTOPHIE TTOTIaJIA 32 MPeAenkl pacTpa apeda, B mog0bop He UAYT, MHCTPYMEHT CO0bIIaeT
B KypHam, CKOMbKO WX OTOpoeHO. JYeHdKu CEeTKM, He TOKPHITEHIE PAacTPOM Apelda, AOCTPOUTH
HedeM, I03TOMY OHM OCTAIOTCS IIYCTHIMM BMECTE CO CTAaHOAPTHOM OIMUOKOM B HUX.

ATpUOYTHI CT€eHEPHPOBAHHOT O CJIOSI
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_ B pazpeiBe NaHHbX 0BbMHBIA KPUTHHT CTNAMABARTCA K CREOHEMY, _
BHELIHAR NoBEpXHOCTL (Apeind) s a nphrnn&wmmm!ﬂf.tﬂly sHewei nosepxiocty. KPUMMHE C BHEWHWM Apeddiom no dz
= = - o E E — =

=120
=140
—160
=180
=200
—220

=240

Puc. 24: KpuruHr c BHemIHUM OpeldoM Ha pa3perkeHHHIX CKBaXMHaX (pacdéTr sgpom Isoliner).
CrneBa - BHEIIHSSA ITOBEPXHOCTSL S (Opeiid). B 1leHTpe OOBIYHEIM KPUTHHT 110 dZ: B pa3phiBe MTaHHEIX
OlleHKa CTilaXuBaeTcs K cpegHeMy. CipaBa KpUTHHT C BHEIITHUM ApeiidoM 1o dz moBTopseT GopMy
BHEIITHEW ITOBEPXHOCTHU TaM, I'le CKBaXXWH HeT. [[yHKTUPOM 00BEEH pPa3pPHIB JaHHHIX.

ITone Tun YTo cogepxuT

well TEKCT Hms1 cKBaKUHEL.

roof 4MCII0 OTMeTKa KPOBJIH, M.

thick 4UCIIO MomtHOCTE IITacTa, M.

X YICJIIO CopepxXkaHue IOJIE3HOT O
KOMIIOHEHTA, ITPOIEHTHI.

head 4HUCIIO Hamop (rugporeonoruyeckuu
BapHaHT JAHHBIX), M.

K 4UCIIOo Koadpdunuent punsrpaiuy,
M/CyT.

T YUCIIO BopgonpoBoguMoCTh, M2/CyT.

mintype TEKCT MuHepanbHBIN TUII (KIacC O
WHOUKATOPHOTO KPUTHUHTA).

dz YUCII0 [TorpemHoCTh OTMETKHY - OIS
B3BEIlIMBAHUSA U
9KCIIEPUMEHTOB.

HaGop momnelt 3akphiBaeT BCe MHCTPYMEHTHI IJIaruHa: mHTepnonupyhte roof m thick oOGrYHBIM
KpuruHroMm, X - C TpeHOoM, mintype - wuHAuKaTopHHIM, head/K/T - rugporeosorndyecKuMu
UHCTPYMEHTaMH.

ITapamMmeTpsbI

To4yeuyHbIH CJIOH U MOJIe 3HaYeHH s Z 3amaTcs Kak B 2D Kriging. [TapameTrp PacTp BHeUIIHero
mpeida 3TO U eCTh CTOPOHHSIS IIOBEPXHOCTh, U3BECTHAs Bciony. Heobs3aTenbHEIM KaHAI pacTpa
npeida BrIGMpaeT MOI0CY MHOTOIIOJIOCHOTO pacTpa. [IoKMCcK, pa3Mep siUeKu, OXBaT, 00pes3Ka IIo
KOHTYPY CKBaXKWH, HarTeT W CTPYKTYPH BapHOTPaMMbI, OTCEB yparaHHHIX P00 M CrilaKMBaHHE
rpupga paboTaioT U OIHUCaHH Tak ke, Kak y 2D Kriging, ¢ TeMu ke yMon4aHUSIMMU.

BaxHoe ycroBue. PacTp mpeiida ¥ TOYEUHBIM CJIOM OOJNKHBEI OLITh B OOHOIN CHCTeMe KOOPIOHWHAT,
UHave 3HadeHUe pOpelda CHUMETCS He B ToM Touke. [Ipm HecoBmnageHuum CRS MHCTPyMEHT
npenynpexpgaetr B XKypHain. PacTp apeiida monkKeH IMOKPHIBATh BCIO 00JIaCTh OIEHKH, MHAYeE IO
KpasM IIOSABATCS IIyCTHE TUYEUKH.

72



BapuorpaMma 1o ocrarkaM

Kak u nipu cHATUYU TpeHOa, BapuorpaMMy 3[ecCh 3a[aloT II0 OCTaTKaM Perpeccuy, a He II0 CHIPOMY
3"HaueHUo. I[Tocne cHaTua mOpelida BapuorpaMMa OCTaTKOB BO3BpalllaeTCs K HOPMAaJbHOMY BHULY,
BEIXOOUT Ha IIOPOT C HAITETOM, U pPamuyC OTpazkaeT MCTUHHEBIM MacmTal JIOKaJIbHOM KOPPEISIU.
Pactp cTaHmapTHOM OMMOKH B 3TOM PEXMUME 3TO OInbKa KPUTMHTA OCTaTKOB. [Ipelid cumnTaercs
OEeTEePMUHHUPOBAHHLIM M COOCTBEHHOM IOTPEIITHOCTH K Hell He IobaBiisierT.

YnoOGHbIN criocob momo6paTh BapuorpaMMy OCTaTKOB, He BBEIXOIS M3 MHCTPYMEHTA BapUOTPaMMEL,
[IOKa He IIPeayCMOTpPeH, IIO3TOMY OCTATKM OIl€eHMBAIOT IIO0 [OJIe CHSTOM [UCIIEPCUH, KOTOPYIO
WHCTPYMeHT nedaTaeT B 2KypHai. Ecnu npeiid ybpan 3aMeTHYIO 4acThb pa30poca, CBsI3b C BHEIIHEH
TMOBEPXHOCTHIO peajibHa U aperid ymecTteH. Eciu nmoytu HU4Yero He ybpari, Iojie C 3TUM PacTpPOM He
cBsizaHo, 1 o0bIuHbIM 2D Kriging macT ToT ke pe3ynbTaT Ipoliie.

3.03 Kapra BEepOsITHOCTH IIPEBBINIEHUSA

HHcTpyMeHT KapTa BEpOsiTHOCTH IIPEBBINIEHUsI OTBeYaeT Ha BOIIPOC He «CKOJIBKO», a «KaKoBa
BEPOSITHOCTb, YTO 3HAUYeHWEe IIPEBLICUT Iopor». M3 pacTpa OIeHKM KpPUTHMHTa U pacTpa ero
CTaHIOapTHOU OmMMOKY OH CTPOUT PACTpP BeposTHOCTH OT 0 mo 1: B KaXXmou suyeiKe BEPOSITHOCTH
TOTO, YTO UCTUHHOE 3Ha4YeHUeE BHIIIIE 3aJaHHOT0 ITopora.

HWHCTpyMeHT cTOMUT B rpymnne JJomojlHHTe/IbHbIe HHCTPYMEHTHI aHajM3a U paboTaeT Kak
nocrobpaboTKa, MOmoOHO TMApPaBINYECKOMY I'pafueHTy. CBOEro KpUTHMHIra OH He BHIIOJHSET U
okHo 2D Kriging He Tporaet, a 6ep€T yKe rotoBble pacTprl. [losToMy OH omMHAKOBO paboraer C
BBEIXOOOM OOBIYHOTO KPUTHMHI'a U KDUTUHI'a C BHEIITHUM I[pGI:I(bOM.

Kak cuuraercst

Kpurvar maé€t B KaxKAoW siueiKe OIEHKY M €€ CTaHOapTHYI omubKy. Eciu IpUHSTL JIOKalIbHOE
pacipenejleHrne 3Ha4Y€HHs1 HOPMAJIBHBIM, TO €CThb BE€JIMYHNHY B AYelKe CUYMUTaATh HOpM&J’[bHOI:I co
CpPEefHUM PABHBIM OI[€HKE ¥ CTAaHOAPTHHIM OTKIIOHEHWEM PaBHBIM OITMOKE KPUTHUHTA, BEPOSITHOCTH
MIPEBHINIEHUS IIOPOTra CUUTaeTCa OOHOU popMyol Yepe3 PyHKIIMI0O HOPMAIbHOTO paclpenesieHus.
I'me omeHKa 3aMEeTHO BHIIIE ITOPOTA, BEPOSITHOCTL OJIM3Ka K eOUHUIE, TOe HuxXe, OJIM3Ka K HYJIIO,
a Ha caMOM MOpore paBHAa IojoBuHe. YeM Oosblle CTaHOapTHasA omrmbka, TeM 0ojiee IIJIaBHEIM
CTaHOBHUTCH I1epexol: BOaJIl OT CKBaXXKMH YBEPEHHOCTHU MEHbIIIEe, U BEPOATHOCTE TAHETCA K 0.5.

OTHmenbHOrO KPUTHHTA [JIs 9TOr0 He HYXKHO, II03TOMY KapTa CTPOMTCS MTHOBEHHO. [[omylileHue o
HOPMaJIbHOCTH MeCTaMH I'py00BaTO, 0COOEHHO [JIsi CHUJIBHO CKOIIIEHHLIX II0JIeH Bpode ComeprKaHuMi
C OJIMHHEIM IIPABBIM XBOCTOM. TaM, rme 9TO BaXKHO, TOYHee paboTaeT MHOAMKATOPHBLIA KPUTHHT I10
ImoporaM, KOTOPHIM He ONMupaeTcs Ha GopMy paclpemeneHus.

Kak IMOJIYIUTH BXOIbI

3anyctute 2D Kriging (v KpHUruHr ¢ BHEUIHHM apeH@oM) 10 CBOEMY IIOJII0 U BKIIIOYUTE
HeoOsi3aTenbHEM BHIBOL CTaHmapTHasi omIMOKa KpHMruHra. Ilomy4duTe OBa pacTpa, OIEHKY U
ommOKy, ¥ ITofaiiTe UX Cciofa. PeIETKY y HUX COBIIQIaiOT, TaK KaK OHU M3 OJHOTO 3allyCKa, HO eCJIH
IIOOaTh PAaCTPH C Pa3HOM CeTKOM, omnbKa OymeT IpuBeeHa K CeTKe OIeHKU OUITMHEWHO.

ITapamMmeTpsbI
[TapameTtp Yro 3amaér ITo ymon4aHuio / COBET
PacTp orleHKU (KPUTHHT) PacTp oreHKu mons -
(pe3ynbTaT KpUTHUHTA).
PacTp cTangapTHOM OmMOKHN PacTp cTangapTHOM OMMOKHN -
KPUTHUHTa TOTO K€ 3aIyckKa.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

CtopoHna CuuTaTh BEPOSTHOCTDH BHIIIE BBIIIIE
nopora P(Z>mopor) unu Huxke
P(Z<mopor).

ITopor 3Ha4YeHUe, OTHOCUTEJIBHO 0
KOTOPOT'O CUMTAETCSA
BEPOSTHOCTb.

Kanan pacTpa onieHKM, KaHall ITonocel MHOT'OIIOJIOCHEBIX 1

pacTtpa ommubku (Io11.) PacTpoB.

Pactp BeposTrocTu (0...1) BrIXOOHOM pacTp BEPOATHOCTH. -

IIpumeHnenue

BOpTOBBIe COoOoepzXKaHudA: IMOPOr' paBeH KOHIWUIKWHU, U KapPTa IIOKa3bIBa€T BEPOATHOCTB TOI'O, 4YTO
COOep2KaHue BEIIIE€ KOHOWUITUU. OTO HATrIsAgHee OOHOUN JIMHUMU II0 OIleHKe, IIOTOMY 4YTO Yy I'DAaHHUIIBI
PYOHOTI'O T€Jla YBEPEHHOCTH IIadd€T, U KaPTa BEPOATHOCTH 3TO ITOKA3bIBAET. 30HBI PHUCKa I10 J'[IOﬁOMy
II0OPOry: MOIIMHOCTE HHUXKE KpI/ITI/I‘-IeCKOI;I, OTMETKa BHIIIEe HIN HUXKE OMNaCHOH. KapTa BEPOATHOCTHU
OOIIOJIHAET KapPTy OL€HKHU TaM, I'l€ BaXKHa He TOJIBKO BEeJIN4YKHAa, HO U YBEPEHHOCTE B HEWu.

3.04 TugpaB/JIHYEeCKHH I'PaJHeHT M HalpaBJIeHHe IIOTOKa

HUucTpyMeHT I'MapaBInYeCcKHUH I'PaJHEHT U HalpaB/IeHHE MOTOKa paboTaeT C mojeM Halopa,
TO €CThb C IIbe30MEeTPHUYEeCKOH IIOBEPXHOCTBIO, M IIOKA3hIBAeT, Kyda MW HACKOJIBKO KPYTO TEUET
nmom3eMHas Boga. Ha Bxom momaé€Tcst pacTp Hamopa, 00srgyHo pe3dynbTaT 2D Kriging mo ypoBHSM B
CKBaxkwuHax. [IJIsT TUAPOreosiora 3TO TAKOHM Ke eCTECTBEHHBIH IIar II0CJIe IOCTPOEHUS TOBEPXHOCTH
HaIloOpPa, KaK U30JIMHUMU II0CJIe KPUTHUHTIa.

Ha BEIXOmE Tpu Ccrosi. PacTp Momy/isi rpagfHeHTa TOKa3blBaeT KPYTH3HY IIOBEPXHOCTH HAIOPAa,
TUOpPaBIUYECKUM TpafgueHT i paBeH wmomyiio Vh u Ge3pasmepeH. PacTp a3umMyTa XpPaHUT
HaIpaBJIeHWe II0TOKa B rpajycax, Tle HOIb 3TO CeBEpP, a OTCYET HOET II0 YacCOBOU CTpEJKe.
ToueuyHEBIN CII0M BEKTOPOB MOTOKA IIPOPEKEH II0 CETKe U cpaly O0popMIIeH CTpeslKaMu, II03TOMY
KapTuHa GUIbTPAIUYU BUIHA 663 HaCTPOMKU CUMBOJIMKH.

HanpaBneHHe CYHUTAETCd CTPOro. Boma TEYET BHU3I I10 T'PaduEeHTy, OT OOJIBIIIETO HaIlOPpa K MEHBIIIEMY,
IIO3TOMY CTPEJIKa CMOTPUT B CTOPOHY IIaJ€HUSA IIOBEPXHOCTH. Ha momorux Y4acCTKaX, Iroe Hallop
IIOYTH IIOCTOsIHEH, HAalIpaBJIEHHWE He OIIPpenesiIeHO, U a3UMYT TaM OoCTaéTcs IIYCTBIM.

be3 nNpoHHUIIAaEMOCTH

UHCTPYMEHT OIUCHIBAET T€eOMETPHUIO IIOJIS Hallopa, HO He CKOPOCTh IO0ToKa. CKOPOCTh GpuiIbTpanuu
o 3akoHy [lapcu paBHa MUHYC KoadduimueHnt unbrpanuu K Ha rpagueHT, U OIS Heé HYXKeH
caM kospdumueHT K, KOTOpPBIMI MHCTPYMEHT He 3allpallliBaeT W He cuuTaeT. MHade TroBops,
KapTa OTBeYaeT Ha BOMNPOC Kyda M HACKOJIBKO KPyTO, HO He Kak OwicTpo. Korma ects K (unm
BOOONIPOBOOUMOCTS T) IO IIOIIaAX, CKOPOCTE (PUIbTPALIUM U PACX0[ CUNTAeT COCETHUU UHCTPYMEHT
«YpenbHEIN pacxon (3akoH [Japcu)»: OH DOMHOXKaeT 5TOT TPafueHT Ha CBOMCTBA IIjlacTa.

IlapaMeTpslI U CrilakuBaHUe

Bxopm 9TO pacTp Hamopa ¥ ero KaHaj. [lapaMeTp BeKTOpPhI MOTOKA, HIIar MpPOpPeKHBaHHs
3a0aéT, yepe3 CKOJIbKO STYeeK CTaBUTh CTPEJIKY, YTOObI OHU He CJIMBAJIUCh, II0 YMOJTYaHUIO BOCEMb.
[TapameTp criaazuBaHHE HAaMmoOpa Iepeqa pacdeéToM yOoupaeT MenKyio psiOb rpuaa, 3ajaéTcsd B
sigefKax, 110 YMOJTYaHUIO BEIKITIOYEH.
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P{3HavyeHune > 26)

OuUeHKa KpUruHra (Nnopor KoHanuum 26)

10

0.8

r 0.6

r 0.4

0.0

Puc. 25: CmeBa oOIleHKa KpUTMHTa C IIOPOrOM KOHOMWIIMK, CIpaBa KapTa BEPOSATHOCTH €ro
IpEeBHIIIIeHUsI. 3eléHoe - OepéM yBEepeHHO, KpacHOe - yBEepeHHO He OepéM, 3a TrpaHHuleH
pa30ypeHHOCTH KapTa cxoguTcs K 0.5.

Puc. 26: KapTa BeposiITHOCTHU ITPEBHIIIIEHUS C PAaCXOsIIecs MIKanou u rmepemnoMmoM Ha 0.5. KpacHoe
- 3HaUYeHUe YBEPEHHO BHIIIIE ITOPOTa, CUHEE - YBEPEHHO HUXKe, 0eJiblii mosicok no nuHuu P=0.5 - 30Ha
HeomnpeneneHHOCTH (CIIOPHEIE 3HAYEHUsT). UeM masnbline OT CKBaXXUWH, TeM IIHpPe IT0SICOK.
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Prc. 27: BeKTOpH! IOTOKA Ha ITIOBEPXHOCTU HAIlOpa: CTPEJIKYU UAYT BHU3 110 TPAOUEHTY, OT BEICOKOTO
Haropa (TEmIble TOHA) K HU3KOMY (XOJI0OAHBIE), TOBEPX U30JIMHUYM Hatopa. [[IuHa CTPeIKU PacTET C
KPYTU3HOU IpagueHTa.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

PacTp mHanopa BxopHas nmbe3oMeTprYecKas -
TTOBEPXHOCTH (OOBIYHO
pe3ynbraT «2D Kriging»).

Kanan (Horr.) ITomoca BXOOHOTO pacTpa. 1

CrimaxuBaHUe HAIopa mepeqm lacurt mym rpuma mepem 0

pacuétomM, sTIeeK ouddepenmnupopanueM. 0 =
oe3.

BekTopsl mOTOKa: IIar Yepes CKOJILKO sT9eeK CTaBUTh 8

IIPOPEKUBAHUS, TIEEK CTPETIKY.

l'mapaBnu4ecKuy rpagueHT Brrxomuo# pactp |Vh|. -

(Monyrib)

HampaBneHue motoka (a3uMyT) BuIXogHOM pacTp a3uMyTa CO37aéTCs IO YMOTYaHUIO
(BHU3 IIO TPAUEHTY).

BeKkTopHl mOTOKa (TOYKH) To4euHEIl CJIOM CTPENIOK (IIOIsT  CO3[aéTCs II0 YMOT4YaHHUIO
az, grad).

CriakmBaHHMe BKJIIOYAlOT He IJIs KPacoThl, a Io cyuecTBy. [IuddepeHnupoBanre yCUIUBaeT
IIyM, IIO9TOMY HaXKe aKKypaTHBIM I'DUI KPUTHHTa CIIOCOOeH AaTh ISTHUCTOE IIoJie rpafueHTa C
OépraHbIMU CTpeNkaMu. JIErkoe criaxkuBaHUe BO3BpalllaeT KapTHHY K YWTaeMoMy BuAy. Toro xe
sbderTa MOKHO OOUTECS, crilafuB caM Hamop eme B 2D Kriging.

CTpeKHu U3 ToOYeK

C10if BEKTOPOB 3TO TOYKH, @ CTPEJIKK PUCYeT CUMBOJIMKA. [IpeceT HaK/IaasBaeTCs aBTOMAaTUYECKH.
Mapxkep-CTpejika MOBOPAYMBAETCS IO MO0 Az, IOSTOMY ITOKAa3bIBAeT HAIlpaBlIeHWE II0TOKAa, a
pa3Mep MacimTabupyeTcs mo moio grad, Mo3TOMYy CTpesika AJIWHHee TaM, e T'PafiueHT Kpyde.
Pa3Mep 3amaH B MUIIMMETPAX ¥ He 3aBUCUT OT MacmTaba KapThl. CUMBOJIMKY MOXKHO IIOMEHSTh
B CBOICTBAax cios. Eciau HyXKHa KlacCudYecKasi KBUBep-THarpaMma, r'ie OJIuHa CTPeIKHA OTI0XKeHa
B €IMHUIIAX KapTH, MapkKep 3aMeHAI0T TeHepaTopoOM TeOMEeTPHH, PEeLeNT JIeXKUT B Malke CTUIeH
PSIIOM C IIPECEeTOM.

ITomst c101 BEKTOPOB IOTOKA:

ITone Tun YTOo comepXKUT

az YHUCIIO A3uMyT HaTpaBIeHUS MOTOKaA,
rpangycsl (0 = ceBep, 10
4aCOBOM CTpPEJIKe, BHU3 10
rpajgueHTy).

grad 4HCIIO Mopynb TUOPaBINYECKOT0
rpagueHTa \

VuyeOHBIN HUKII

YToOBI MPOMTH BeCh NYTh 6€3 PeasibHBIX JaHHHIX, BKIIOYNTE B CO3MaTh MPHUMEP CKBaXKHH (IeMo)
ranky [Jo0aBUTh mojie Hamopa. B crnoit mob6aBuTcs mojie head ¢ BbIpaXKeHHBIM PETUMOHAIBHBIM
ykyioHoM. IToctpoiitTe o Hemy rpupn B 2D Kriging, nogaiiTe pacTp ciofa, ¥ CTPEJIKU IIOUOYT BHU3I
[0 CKJIOHY Hamopa. ToT ke CKBO3HOU ClieHapui, YTO U OJIS OCTabHEIX UHCTPYMEHTOB, TOJILKO IIPO
TUOPOTEO0JIOTHIO.

3.05 YoennHBIN pacxofq (3akoH [TapcH)

I/IHCTp}TMeHT yJ];eJ'ILHLIﬁ pacxong JIOGEIBJ'IHGT KTreoOMeTPpHUHU IIOTOKA IIPOHUIIaeMOCThb. FI/IJIpaBJ'[I/I‘-IeCKI/II;I
T'PAaOUEeHT IIOKAa3bIBa€T, Kylld U HAaCKOJIBKO KPYTO IIagdae€T HAIllOpP, HO He CKOJIBKO BOOEI TeueT. 3aKOH
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Ilapcu CBSI3BIBAET 3TU BEJIMYMHLI Yepe3 CBOMCTBA IIJlacTa: YEM BHIIIIE NTPOHUIIAEMOCTb U Kpyde
rpagueHT, TeM Oombirne pacxon. M3 pacTpa Hamopa M PacTPOB CBOMCTB IJIaCTa MHCTPYMEHT CTPOUT
bu3uueckuii MOTOK, a He 6e3pa3MepPHBIN I'PATHEHT.

UHCTPYMEHT CTOUT B Tpymne [IONMOJIHUTEIbLHbBIE MHCTPYMEHTHI aHajIW3a M paboTaeT Kak
nocto6paboTka. CBOM KPUTHUHT HE BBHITIOJIHIETCS: PACTPHI CBOMCTB TOTOBSAT OTHETEHO KPUTUHTOM T10
TOYKAaM HCHBITAHUH.

Y10 cuuTaercs

CkopocTh ¢punbTpanuu (yoeabHBIM pacxop) 1o 3akKoHy [lapcu paBHa IIpou3BefeHuIo Koaddunrenra
dbunpTpauny Ha rugpaBnIUYecKu rpagueHT: g = K-|Vh|, pa3aMepHOCTL METP B CYTKU. ITO OO BEM BOIHI
yepe3 eIUHUITY IUIOIanN CedeHUs B eQUHULY BpeMeHU. Ecinu BMecTo KoadduinerTa punsTpanuu
3aaH pacTp BOOOIPOBOOMMOCTH, HHCTPYMEHT CUHTAET PacxXo 4yepe3 eqUHUIY IINPHUHEL IOTOKa Q =
T-|Vh|, pasamepHOCTb KBafipaTHHIN METP B CYyTKHU. BomompoBOaAMMOCTD 3TO KO3GGUIIMEHT PUIbLTPALINY,
YMHOXKEHHBIU Ha MOITHOCTD, I09TOMY PacXof 4yepe3 MINPUHY y2Ke YUYUTHIBaeT MOIIHOCTE ITjlacTa U He
TpebyeT e€ oTmenbHO. HanpaBneHue 060uX MOTOKOB COBIIafaeT C HallpaBIeHUEM IrpagueHTa, BHU3
10 CKJIOHY Halopa.

HcTtuHHASA CKOPOCTH OBUIKEHUS BOIHBI IIOJIy4aeTCs AeIeHueM yHeabHOr0 pacxona Ha 3(pHeKTUBHYIO
MMOPUCTOCTD, V = g/n. [ToprCTOCTU B faHHBIX OOBIYHO HET, TO3TOMY MHCTPYMEHT €€ He 3aIpallnBaeT
U UCTUHHYIO CKOPOCThH HE CUHTAaeT: NPU HeOOXOOWMOCTH pPa3fesiuTe pacTp (g Ha IIOPUCTOCTh B
pPacTpoBOM KalIbKyJIITOPE.

Kak mojnyuuts pactpel Ku T

CBolicTBa mJjlacTa M3BECTHBI B TOYKAX MCHOBITAHUU (OTKa4yKM, HaJIWBEI), a HYXKHH Bciomy. Hx
WHTEPIOJIUPYIOT KPUTUHTOM, KakK i00oe mose. BaxkHas TOHKOCTh: KO3GPUITUEHT GUIbTPAIUU U
BOZIOITPOBOAMMOCTS IIOYTH BCETTA JIOT-HOPMAJIbHEI, MX 3HaYeHMs pa3bpocanbl Ha mMOpsagku. Kpuruar
10 CaMUM 3HA4YEeHUSAM MCKa3UT pe3yJbTaT, II03TOMY KPHUTYIOT orapudM. ITpoimie BCero BKIIIOUUTH
B «2D Kriging» npeobpa3oBaHue In: Torga Kpuryercs In, a pacTp BO3BpalllaeTCs yKe B UCXOTHBIX
eOUHUIIaX, U 37ech ranka ln He HyXkHa. ECciu ke BBl KpUTyeTe 3apaHee 3ajorapupMupoBaHHOE
nojyie, BKIO4YnTe B 3TOM MHCTpyMeHTe PacTtpel K u T 3amanbl Kak In, u 3HayeHUA BepHYTCH
9KCIOHMpoBaHueM. HamopHble u OGe3HANOpHBIE IJIACTHL Pa3yMHEE KPUTOBATh PA3OebHO, V HUX
pa3Hast GHu3uKa MOIITHOCTH.

IIapameTpsl
[TapameTp YTo 3amaéT ITo ymonm4ganuio / COBET
PacTp Hanopa [Tre3oMeTpUYecKas -
ITOBEPXHOCTH (Pe3ysbTaT
KPUTHUHTA 110 YPOBHSM).
PacTp koaddunmueHTa CBOMCTBO IIJIacTa MOJIst -
¢punpTpanmu K (M/cyT) CKOPOCTH (hUNbTPAIUU.
Heob6s13aTeneH, HO HyKeH XOTs
onl oguH u3 K, T.
Pactp BogompoBoguMmocTu T CBOMCTBO IIJIaCTa OJII pacxoma -
(M2/cyT) yepes MIUPUHY.
Pactpet K u T 3apaHbl Kaxk In [TppMeHUTE €Xp K BXOOHEIM BEIKIJI.
pactpam (gns jor-kpurunra K
uT).
CrmaxuBaHUe HAIlOpa, S4YeekK lacut mym Hamopa Iepeq 0
ouddepeHITnPOBaHUEM.
BekTopsl IOTOKA: HIar Yepe3 CKOJBKO SY€EK CTaBUTH 8
IpOpeXKNUBaHUS CTPEJIKY.
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[TapameTp YTo 3amaéT ITo ymonuanuio / COBET

Kanans! pactpos ([Jo.) [Tomockl MHOTOTIOIOCHBIX 1
pacTpoB Hamnopa, K, T.
CkopocThb punbTpaium q BrixopgHoi pactp q = K:|Vh]|. co3maéTtcs, ecnu 3agaH K
(M/cyT)
Pacxop uyepes mmpuny Q Brrxopuo# pactp Q = T-|Vh]|. co3maércs, ecnu 3agaH T
(m?/cyT)
HampaBneHue motoka (a3uMyT) BHEIXOOHOM pacTp a3uMyTa. Heo0s13aTeTbHBIN
BeKkTophl mOTOKA (TOYKHM) Cnoii cTpeJsioK (IIOBOPOT 10 @z, CO3HAETCS 10 YMOJITYaHUIO
pa3Mep 1Mo yaeIbHOMY
pacxony).
ITpumeHnenue

I'me BOoOa gBUXeTCH 6BICTpee urne MmeajeHHee, OeHKa IIPDUTOKOB K BBIpaﬁoTKaM, 30HBI IOBLIIIIEHHOM
CI)I/IJ'II:TpaLII/II/I BOOJIb IIPOHUILIAEMBIX ITaYeK. COBMECTHO C KapTOfI BEPOATHOCTH IIPEBHIIIIEHNA MO2KHO
IIOKa3aTh He TOJIBKO 0XKHUIaeMbIA pacxon, HO 1 YBEPEHHOCTE B HEM TaM, rIoe TOYeK NCIIbITaHUM Majlo.

3.06 I'ayccoBa cumyiasanusa (SGS)

KpuruHr maéT OgHY CTiIazkKeHHYIO IIOBEPXHOCTh U AUCIIePCUIO OIleHKU. [locmemoBaTesibHAs rayccoBa
CUMYVIISIUS OTBeYaeT Ha OPYroM BOOPOC - KaKoBa HeolpemenéHHoCcTb. OHa CTpouT aHcaMmOib
PaBHOBEPOSTHBLIX peanu3aluii: KaxXmas BOCIPOU3BOAUT THCTOTPAaMMy M BapuoOTpPaMMy OaHHBIX,
MIPOXOOUT uYepe3 CKBAXWHBI M IOTOMY OCTAaE€TCs IIIepINaBO¥M, a He crilaxeHHOU. [Io HabGopy
peanu3anui B KaXaoM y3Jjie HabupaeTcs pacipeneseHue 3HaYeHUH, ¥ OTCIOfja BUTHO, TIe OIleHKa
Hag€xKHa, a I'le JaHHbIe MOoJT4Yar.

SGS: aHcamBNL peannIaumi -> cpeaHes W HeonpeaeneéHHocTs | ensemble -> mean and uncertainty

Peanusaums 1/ Realization 1 Peanunzayws 2 Peanuzaums 3

.

Cpeanee [E-typel / mean

CT. oTknoHer e | std
4
3

Puc. 28: Aucambnb peanu3anuii SGS 1 IPOU3BOOHEIE OT HETO CPEIHEe U HEeOIPeOeléHHOCTh.

Kak aTo paboTaeT. 3HaueHUs MMEePEBOOSITCSI B HOpMallbHEIe Gaslikl (normal score), ¥ CUMYIISIIAS
UOET B TayCCOBOM IIPOCTPAHCTBE. Y3/Ibl rpuaa oOXOOsATCS B CIIyYalHOM IIOPSAOKEe, B KaXIOM y3JjIe
IIPOCTOM KPUTHHT II0 COCEOsAM U yXKe CUMYJIUPOBAaHHHIM TOYKAM MHaéT JIOKaJIbHOEe cpedHee H
OUCIIEPCUI0, U3 9TOTO HOPMAJIbHOTO pachpenereHuss PO3BITPLHIBAETCS 3HAYEHUe, KOTOpPoe TYT XKe
CTAHOBUTCSI 00yCIaBIIUBAIOIINM OJIST CIIEOYIONINX y3710B. CKBAaXKUHLI IPUBS3EIBAIOTCS K OTHKAUIIINM
y3naM u GUKCHUPYIOTCS BO BCeX peau3alusax. B KoHIle Kaxmgasi peaan3alius IepeBOOUTCs 00paTHO
B MCXOOHBIE eIUHHUILI. BaprorpaMMa HOPMaJIbHEIX OaIIoB OgO0HPaeTCss aBTOMATHYECKH, €€ IIopor
OJIM30K K eIuHHUIIe.

ITapamMeTpsI
[TapameTp YTo 3amaéT ITo ymongaHuio / COBET
Touku (CKBA>KUHBI) ToueuHBIN CJIOM C JaHHLIMHU. -
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Ilone 3HaAUeHUus

YucmoBoi aTpulbyT OJis

CUMYJISIIIUY.

Pa3mep suerku Illar rpupga. O - aBTO, 0
min(oxBarT)/50.

KonnyecTBo peanusauui CKOMIBKO ITPOTOHOB ycpeauaTb. 60 (50-100)

[Topor oTceuyku BkmioyaeT KapTy BEPOSITHOCTH  He 3afaH
ITPEBLILIEHUS.

BeposTaocTts BBIIIE mopora HamnpaBneHure BepOSITHOCTH. oa

OxBaT pacTpa [TpssMOYTOJILHUK pe3yJibTaTa. IO CJIOIO

Mopenb BapuorpaMMHl 6anmoB  Mogenb Ojisi HOpMalIbHBIX aBTO

(Oot.) 0aJIoB.

Makc. Konu4decTBO cocefeit Ha  CKOJIBKO TOYEK B IPOCTOM 16

y3en (Hoi.) KPUTHUHTE y37a.

Papguyc nmoucka ([orm.) 0 - aBTO, 3 paguyca 0
BapUOTPAMMEHI.

3epno I'CY ([or.) st BoCcIIponu3BOgUMOCTH. 0 - 0
CIIy4aluHo.

[Tone BecoB meknactepu3lanuu  Beca wt u3 uactpymenTa 1.01, =HeT

(Oort.) Heo0s3aTesIbHO.

Breixogbl 3TO pacTpel mo aHcambnio. CpegHee (E-type) moxoxke Ha Kpuruar. CTaHaapTHOe
OTKJIOHEHHE II0Ka3hIBAaeT HEOIPedesIEHHOCTb, MaJiyl0 V CKBaXXWH M OOJIbIIYI0O BHANIM OT HUX.
Kautunu P10, P50, P90 ouepunBaioT BEPOSITHHIM AMalla30H, a BEeposATHOCTH NMPEBBINIEHUSI IIPHU
3aJlaHHOM IIOpOTe JaeT HellapaMeTPUYeCKylo ajJlbTePHATUBY KapTe M3 MHCTPYMEHTa BEPOSITHOCTH.
BpewMst pacTeT c pa3MepoM Ipuaa ¥ YHUCIOM peanu3aliuii, I09TOMY HauuHalTe C TPyOol TYenKu.

Ecnu maHHBIE CTYILIEHE HEPABHOMEPHO, ITOfalTe moJjie BecoB wt u3 uHcTpyMeHTa 1.01 [JekacTepu3amusi.
Torma HoOpMasbHO-OaNIbHOE OpeoOpal3oBaHHe CTPOUT (QYHKIHMIO paclpenesieHHsT C BecaMH, H
rucTorpaMma aHcam0JIs He IIEPEKOIeHa B CTOPOHY IIepepa3BelaHHbIX O0TaTHIX YYaCTKOB.

Buabl KpHrHHra: KakoM BeIOparh

Ilog cmoBoM «KPHUTHUHI'» B IIJIaTUHE XKHUBET CEMEeMNCTBO MEeTOOoOB, u BBI60p MEeXIOy HUMH BIIUSAET
Ha pe3yJibTaT CUJIbHEeEe, 4YeM TOHKAasid HaCTpOfIKa BapuoOTrpaMMEHI. Bce Bughl penrarT OOHY U Ty 2XKe
CucreMy ypaBHeHI/Iﬁ C KOBAapHallUsIMH M3 BAPUOI'PAMMEI. PaznuyaioTcsg OHHU Te€M, UTO CUUTAETCS
HN3BECTHEIM IIPO CpegHee IIoJie U 4YTO MMEHHO OII€HHMBAETCsda - TOYKa, OJIOK HIIH BEPOATHOCTE. JTa
I'JlaBa - HaBUT'AaTOP. HapaMeTpH KaXJOro MHCTPYMEHTa OIIMCAaHBI B CBOUX I'JlaBaX.

IIpocrou kpurunr (SK) mpemmnonaraer, 4To CpefHee MOJIS W3BECTHO 3apaHee M IIOCTOSHHO II0
rTomagy. BOmu3u cKBaXkKuH OlleHKa CIeoyeT HaHHbBIM, [T0 Mepe yaaleHUs CTIrUBaeTCsa K 3a0aHHOMY
cpegHeMy. BepuTe ero, Korfa cpegHee IOOTBEPKAECHO CTATUCTUKO I10 IIPEICTaBUTEIbHOM BEIOOPKE
TOTO K€ JOMEHa, CpefdHee «Ha IJjla3» YBOOHUT BCe Hemopa3OypeHHBIE Kpas B CTOPOHY OIIUOKH.
Bxmniogaetrcsa Beibopom tuma B 2D Kriging.

OpouHapubiii Kpuruar (OK) cpenmero He 3HaeT U OIEHMBAeT €ro JIOKAJIbHO B KaXKIOH
OKPECTHOCTH - 3@ 3TO OTBeYaeT HOOMNOJIHUTEJIbHOEe YpaBHEHUE C YCJIIOBUEM «CyMMa BECOB paBHa
eguHHIle». Bmamm OoT CKBaXKMWH OIleHKA TAHETCS K CpemHeMy OnuKaWIlel OKpPEeCTHOCTH, a He K
rino6anbHOMY. DTO BHIOOD IO YMOJTYAHUIO: HE 3HAETe, C 4Yero HavyaTh, - HauHuTe ¢ OK.

Kpurusar c tpeHpgom (ranka cHaTtus TpeHpma B 2D Kriging) - mna nonell ¢ 3aKOHOMEPHBIM
peruoHanbHBIM YKJIOHOM: KPOBJISI Ha MOHOKNIMHAaNU, KpBUIO ckiaafgku. [lommaoM 1- unm 2-i
cTeneHu cHuMaeTca MHK, KpuUryloTcsa ocTaTKM, TPeHZ BO3BpallaeTcs K OlleHKe. [IBa mpaBumia:
BaproTrpaMMy 3amaBalTe II0 OCTaTKaM (IIJIaTUH IedaTaeT OOJII0 CHATOU OQUCIEPCHHM - eCIIU OHa Maia,
TPeH[ He HYKeH), U He 9KCTPaloIupyiTe KBaAPaTUYHEIN TPEeH I fajieKo 3a 00JIaKo CKBaXKUH.
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Kpuruar ¢ BHemmHHM apeidom (rnasa 3.02) - Korma TpPeHI HM3BEeCTeH He Kak (GopMmyna, a
KaK T0JIe: CTPYKTYpPHAasi MOBEPXHOCTh COCEMHETO IJIacTa, PeruOoHasbHAasI MOIEJb, CEHCMHYECKHUH
aTpubyT. CxeMa Ta e - perpeccus Ha apeid, KpUTHHT 0CTAaTKOB, BO3BPAT PETPECCHUH.

BiouyHbId KpuruHr (mapametp guckpetusauuu B 2D Kriging) onieHuBaeT cpenHee mo GIIOKY,
a He 3HaUYeHWe B TOUYKe: IIpaBasg 4acCTb CUCTEMHI yCPeOHSEeTCS 110 OUCKpeTH3aluu, OUCIIePCUs
omuOKY IagaeT, BEIOPOCH racaTcsa. bepute ero gist mogcuéra 3amacoB II0 CETKe GJIOKOB U IIOMHUTE
po adderT HOcuTens: rpunm GJI0YHOTO0 KPUTHMHIA 3aKOHOMEPHO IJlake TOYeYHOI'0, CPaBHUBATh
copepzkaHue IpoOHl M comepKaHue 0JI0Ka HAIPSIMYIO0 HEJIb34.

MHOUKAaTOPHBIH KPHUrHHr (rimaBa 3.01) - mims KaTeropwii: MUHTHI, (alusi, 30HA 3aMeIeHUs.
Kareropus npespartiaetrcsa B unpukatop 0/1, kpuryercsa obsrdHbIM OK, pe3ynbTaT - BEpOSATHOCTD
Kjlacca B TOYKe, IOPOrOM M3 He€ IOJIy4aioT JOMeHH. BaprorpaMMma WHOMKATOPOB CBOSI U OOBIYHO
KOpOYe BapuoTrpaMMBbI COIePKaHUA.

I'ayccoBa cumynsiniusi (rnaBa 3.06) - He KPUTHUHT, a €ro OOIIOJIHEHNE: BMECTO OOHOU Crila’keHHOHU
IMOBEPXHOCTU aHCaMOJIb PaBHOBEPOSITHHIX IITEPIIIaBLIX peanu3allnii, U3 KOTOPOTo HeONIpenesIEHHOCTh
BUIHA HAIPSIMYIO.

Inapranka

3apgauda Bupn I'me BKIIO4UaeTcs
YHuBepcanbHEY ciay4dal, ctapt OppuHapsbl (OK) 2D Kriging, Tun o

060t 3amayu YMOJTYaHUIO

IHaHHEBEIX MHOTO, CpefHee [TpocToiui (SK) 2D Kriging, Tun SK + cpenHee
moMeHa 0O0CHOBAHO

KpoBns unu mogoIrBa C C TpeHOoMm 2D Kriging, cHaTHE TPEHOA
peruoHaabHBIM YKJIIOHOM

TpeHn n3BeCTEH KakK pacTp C BHemHUM apeiidom rinasa 3.02

3armachl 1o ceTke GJIOKOB Brnounei 2D Kriging, guckpetu3anus
MuHTHII, 3aMelleHue, HNHOMKaTOPHBIM rinasa 3.01

KaTeropuu

O1eHKa HEONIPEeOeIEHHOCTU Cumynsanusa SGS riasa 3.06

OKpeCcTHOCTh TOMCKa oOmiasi AjIs BCEX BHUOOB, U TPU IIpaBUjla CHUMAIOT OOJBIIMHCTBO ITPOOIEM:
pamuyc mopsifka paguyca BapuoTrpaMMBI, MaKCUMyM cocemeil 12-16, aHU30TpOnUs OKPECTHOCTHU
corjiacoBaHa C aHU30TPOIIMEeN BapuoTrpaMMEL 13 BapUOTPaMMHOM KapThL.

3.07 IINMOTHOCTH IO 3aMepaM (ImepeMeHHas1 omopa)

UHCTPYMEHT CTPOUT KapTy IIJIOTHOCTH, TOe 3aMep 3aJaH He TOYKOM, a HOCUTEJEM KOHEUHOTO
pasMepa: TOYKA C CHUTMOM HEOIPENENIEHHOCTH, OTPE30K JHUHWUYU (KOPUZOP IOJYIIMPUHEI) WJIN
noymmron. EpmHuYHAs Macca 3aMepa pa3Ma3bBaeTCs II0 CBOEMY HOCHUTEII0. Macca coxpaHsiercs,
a IJIOTHOCTb oOpaTHa IIJIOIIany HOCHUTENs, I03TOMYy IpyObBle IPUBA3KH CaMOOCabiIsSioTCsS
reoMeTpHUYecKky, 6e3 IMOPOroB M (GUIBTPOB. ODTO OIleHKA MJIOTHOCTM (CKOJILKO U TIfe), a He
WHTEPIONSIIUA 3HaUYEHUS - /151 3HAaYEeHUN 0CTaETCS KPUTUHT.

Tun reoMeTpuu OOMH Ha 3amycK. CMeInaTh TOYKHU, THHUN U MOJIMTOHLI MOXKHO Cepuel 3aIllyCKOB B
OOWH PacTp (peXuM JOTmUCHIBaHM). [10 KakAOMy THITY Macca pacKIagblBaeTCs II0-CBOEMY:

* To4ka - rayCCOBO ISATHO C CUT'MOM M3 MOJIST TOYHOCTH, 00pe3Ka Ha TpU CUrMbl. CUTrMa HUXKE
NONIySTYeUKY ITIOOHUMAETCS 00 IOy I4YeUKU.

» JIMHUA - KOPUOOP MATKUX KPaEB: IOJININHUA VIIJIOTHSAETCS, Macca OeJINTCS 110 OJInHe, KaXKaas
IIOATOYKA - FayCCOB IPODUIL C cUrMoi-nonymupuHou. [Tonsg from m/to m BEIpe3aioT HHTepBal
10 TMHEVNHOU IPUBSI3KE.
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e IMouMroH - Macca OEJIUTCS II0 IIJIONIagH pPaBHOMEpPHO nu6Go, B Ja3MMETPUYECKOM pPexXUME,
IIPOTMOPIIMOHAIBHO BCIIOMOTATeIbHOMY PacTpy (HaceleHue, 3aCcTporka). [Ipu mycToM pacTpe
BHYTPH ITIOJIMTOHA - OTKAT Ha PaBHOMEpPHOe.

Bbixong 1 HHBapHaHT

OCHOBHOM BBIXOII - TPEXKaHaNIbHBINM pacTp. Kanam 1 - OJIOTHOCTE B Macce Ha KM? (He 3aBHCUT OT
pa3Mepa stuetiku). Kanasner 2 u 3 cnykebHble (X2m-0 ¥ Xm), 4TOOH IOIKUCHBAHNE CEPUSIMHU U KapTa
3¢ GEKTUBHON CUTMEI OCTaBaJIMCh TOYHBIMU. Heo6s13aTeIbHBIM BTOPOU PacTp - CpedHEeB3BEIlIeHHAs
curMa Io sg4dedke, Kapra 3(PpGEeKTUBHOW TOUYHOCTH: OHA OTHENSIEeT IIJIOTHOCTh, 0OeCIedYeHHYIO
TOYHBLIMM MPUBS3KaMHU, OT pa3Mal3aHHOW. OTO aHAJOr KPUTWHTOBOM [OUCIEPCUU OJIS 3TaxKa
IIJIOTHOCTH.

WHBapuaHT: WHTErpaa IIJIOTHOCTH II0 PacTPy paBeH cyMMe MacCc Bxoma. CuuTaeTcs Bcerma u
TTUIIIETCS B JI0T. PacxoXaeHue - MPU3HaK TOT0, YTO HOCUTEIH BHIIIIM 3a 00J1aCTh, TOBEeIeHUE 3a0aéT
TepeKITIovaTens Kpas (IOHOPMUPOBATh BHYTPHU UJTA TTIOTEPSATH MAaCCy C MPEeOyIpPeXRIAEHUEM).

Kak yurarsn

[ImoTHOCTE HOKa3bIBaET, I'Oe CTyIIalOTCSA 3aMephl C y4ETOM KX HAAEXKHOCTHU. TodHas IpUBA3Ka
OaéT KOMIIaKTHOe IATHO, Tpybas - pa3aMeiToe U HU3Koe. [To kKapTe 3 GHeKTUBHON CUTMBI BULHO, T'TIe
IUIOTHOCTh HaOpaHa TOYHHIMU HOCUTEJISIMHU, a I'le pa3Ma3aHHLIMU - TaM IOBEPUS MEHbIIIE.

[TapameTp YTo 3amaéTr ITo ymonmganuio
3amMeph Touku, TUHUU WU IOJIUTOHBI -

(oguH THI).
I[Tone macchl Macca o0BbeKTa. 1

CurMa TO4YKH UJIH
MOJIyIINPUHA JINHUH.

ITone ToyHOCTH CHUI'Ma I10 YMOJ/IYaHHUIO

Pazmep sueliku, M [ITar ceTkwu. 50

Ob6mnacTb DKCTEHT. 10 CJIOIO

Hocurenb 3a KpaeM IToHOPMUPOBATL BHYTPU WU IOHOPMHPOBATh
IIOTEPSTH Maccy.

CurMma no ymondanuto ([om.) Korpa none To4HOCTH IIYCTO. nojysiyenka

from m /to m (Ho.) Bripe3ka uHTepBasia JIUHUU. BCS JIUHUSA

Bcoowm. pactp (Hom.)
Homucate B pactp ([Jo.)

I[TnoTHOCTB

[Ma3uMeTpus OIS TOIUTOHOB.
Cy1iuecTByoOLIAA
TPEXKaHANbBHBEIN PAcTp.
TpéxkaHalbHBIM pacTp

(IMoTHOCTE, 2M-0, Xm).
KapTa adppeKTuBHOM TOYHOCTU
(Heob6s13aTENbHO).

OddexTrBHASA cUrMa

OkHO «KapTa IJTIOTHOCTH» (3 KMBOH IIPEIIPOCMOTP)

JIMIIOM HHCTPyYMEHTa CIIYXKHT OTHelbHOoe oKHO Kapra maoTrHocTH Ha maHenu Isoliner. Criesa
3aMal0TCS CJIOM M TOJs, CIpaBa HOET IIPEONpPOCMOTP Ha rpyboil ceTKe: OH CYMTAeTCs 3a
MUJITHCEKYH/IE, II03TOMY CUT'Ma M pa3Mep S4YelKyu MEHSIOT KapTUHKY Cpa3sy, a He IOCje 3allycKa.
BHM3y IOCTOSTHHO TOPUT MHBAPHAHT: Macca BXOMa, Macca Ha CEeTKe U [IOJIs, IOTePsSHHas Ha Kparo.

Kuonka [deMo co3gaéTr yueOHBIM Habop uHcTpyMeHToM 3.08. KHonka 3anucarh pacTp 3alyckKaer
TIOJTHHIN pacdéT TeM ke anroputMoM 3.07 u KmagéT pe3ynbTaT Ha KapTy yKe OeThIM: IICEBOOLIBET
C TIPO3PavYHBIMU HYJISIMM, U30JIMHUYU IJIOTHOCTU U CIIOH 3¢hEeKTUBHOM CUTMBI KaK KapTa HOBEPHUS.
®opwma Processing octaércst ojisi Mofenel ¥ IaKeTHHIX ITPOTOHOB, SOPO pacyéTra y Hux oliIee.
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3.08 Co3maTrs nmpuMep IJIsI IVIOTHOCTH (IeMo)

UHCTPYMEHT cO3maéT CUHTeTHYeCKUM Habop mng 3.07 ¢ u3BeCTHOM CyMMapHOW MacCoM, YTOOBI
ITPOBEPUTH UHBAPUAHT I'/la3aMu. [1ecaTh TOUEK C Pa3HBIMU CUTMaMHu (OT DOJIeH SYelKHu OO0 KPYIHEIX,
Mmacca 500), oBe nuHuu (Macca 200, y omHOI BhIpe3Ka HMHTepBajia from m/to m), mBa moIuUroHa
(macca 300, oguH o[ ma3uMETPHUIO) U BCIIOMOTATEeJIbHEBIM pacTp. MToro macca 1000.

ITporouuTte 3.07 Ha c/I0€e TOYEK - MHTErpas IIJIOTHOCTHU B Jiore moJikKeH maTh 500, Ha nuHusax 200, Ha
nonuroHax 300. ITonst cnoés: mass, prec, from_m, to_m.

I[TapameTp YTo 3amaéT ITo ymom4aHuio
OO6acTh (9KCTEHT) I'paHUIEl reHepauu. -

f4gelika BCIiOM. pacTpa, M [ITar BcmoMoraTtensHOrO pacrpa. 50

3epro I'CY (Hor.) [ToBTOpsSiIEMOCTH IPUMEDA. 1

IeMo-TOYKY / TUHUM / IIOTUTOHEL TPU CII0S 3aMEepPOB. -

Bcmom. pactp PacTp onsa gazumeTpumn. -

ITonHBIM epedeHb IOJIed BEIXOOHEBIX CJIOEB - B npuiioxkeHuu IInoTHOCTS (memo) (paspen «Ilomns
OeMO-CJIOEB» B KOHIIE PyKOBOOCTBA).

4.01 Pa3pe3 no JIHHUHA

HNucTtpyMeHT Pa3pe3 mo JIMHHHM CTPOUT I'e0JIOTMYECKUH pa3pe3 u3 Habopa MOBEPXHOCTEH. ITO
He IIPOCTO KpuBas OpPoduisi, a MIacTHl KakK 3aJUThle MOJIOCHI MeXKOy KPOBIEH U IIOMOIIBOM.
I[ToBepxXHOCTHU OOBIYHO ITOIYYalOT KPUTUHTOM, @ UHCTPYMEHT coOUpaeT X B pa3pes BAOIb 3aJaHHOMR
JTUHUH.

HWHCTPYMEHT cTOUT B rpymne Pa3pe3 u paGoTaeT Kak mocToOpaGoTKa TOTOBHIX pacTpoB. CBOi
KPUTHHT OH He BHITIOTHSIET.

Kak 3amarTcsi 1IjIacThl

[ToBepxXHOCTH TOJAIOTCA CIHCKOM U YIOPSOOYUBAIOTCS CBEPXY BHU3: KDPOBIA, IMIOAOINBa, IIPHU
HeoOXOOUMOCTH cilenylolllasi KpOBIIS U Tak fajee. I1macThl CTPOSTCS KaK II0JIOCH MeXAy COCeHUMU
IIOBEPXHOCTSAMM, 03TOMYy u3 N IOBepxXHOCTeM monydaeTca N MHHYC OOUH IUIacT. s OTHOTO
IJIaCTa [OCTATOYHO ABYX IIOBEPXHOCTEM, KPOBIU U MHOMOLIBHL. [ IauyKU IIJIaCTOB HOOaBJISANTE
IIOBEPXHOCTH 110 NOPAIKY 3ajeranusa. OgHa IOBEPXHOCTh TOXKe IONyCTHMa, 9TO pa3pes o penbedy
0e3 IJIacTOB, CM. CJIeOYIOIIUH pasmert.

Pa3pes3 M0 OTHOHM MOBEPXHOCTH

OpgHa TOBEPXHOCTH 3TO 3aKOHHBIM Ciy4aill, a He omwuOka. [ImacToB npu Hell He OymeT 1o
OoIlpefesieHUI0, 3aTO CTPOSATCS JUHUA penbeda, paMKa, OCM C OTMEeTKaMH, YIJIOBble TOYKH U
omnpeperneHue pa3pes3a. C 3TOro reoJIOrUYeCcKu paspe3 OOBYHO U HaYMHAETCs: CHadasa Ipodulb
o LIMP, moBepx Hero nepecedeHus C IJIaHOBOU reojioruel nHCTpyMeHTOM 4.05, a reoorus BHU3
pucCyeTcs Bpy4HYIO.

ITomoce! mnacToB u 3a6op 3D B TaKOM IIPOTOHE He CTPOSATCS, U CJIOU [Jig HUX He CO3TAalTCS BOBCE.
IIycToii cnoi B MPOEKTE BRHITJISOAUT ITOJIOMKOM, XOTS BCE IIOCTPOEHO BEPHO, IIO3TOMY €TI0 JIy4llle He
co3maBaTh, YeM CO37aBaTh U IIPATaTh.

Penbed BeIXOOUT crmoeM JIMHMHM MOBEPXHOCTEHM Ha yepTezke. 3amaliTe eMy CBOU CTU/Ib TUHUU U
MIOJNHUCH: YePTEXK H00POPMIIAETCs II0BEPX 3TOTO CIIOS.

Huz pamMKu B TakKOM pas3pe3e 3aflaBaiTe OTMETKOM B MOIOJIHUTEIbHHIX IlapaMeTpax. be3 Heé
paMKa oOxKuMaeT JaHHbBIE C HEOONBIIMM OTCTYIOM, X PHUCOBATh IIOA penbedomMm Herme. OTMeTKa
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VYUTHIBAETCS [0 pacyéTa BEePTHUKAJIBHOIO MacmTaba, MO3TOMY B PEXKUME OTHOLIEHUsI rabapuToB
YepTEK BEIXOOUT B MacmTabe UMEHHO TOM paMKM, KOTODPYIO BH yBupute. OTMeTKa BHIIIE TAHHEBIX
WTHOPHUPYETCS: 9TO HU3 PAMKH, a He 00pe3Ka CBEPXY.

ITOopsiTOK IMOBEPXHOCTEH 3aaéT JepeBo CJI0EB

9To riaBHOE, YTO HYXKHO 3HAThb IIPO MHCTPYMEHT. [IOpsSOK IMOBEPXHOCTEM HEe BTOPOCTENEHHas
meTanbk opOPMIIEHUSI, a UCXOOHBEIe JaHHBIE HapaBHE C CAMUMHU IpugaMu. MMeHHO OH OIpefenserT,
Kakag II0JIoca 4Yel IIJIacCT.

ITo YMOJI9YaHHUIO ITOPAOOK 6epéTC5{ U3 gepesBa CIIOEB IIPOEKTa, CBEPXY BHHU3, POBHO KadK IIOKd3aHO
B nmaHenu Cnaom. UTo BUOMTE B IIAHEIH, TO U IIOJIY4YHUTE Ha 4YepTezkKe. OTMETKHU B MYJIBTHCEJIEKTE
3a0al0T, KaKHhe ITIOBEPXHOCTHU YHYaCTBYIOT, HO HE B KaKOM OHHU IMOPAIOKeE.

OTcloma mpocToe mnpaBuio paboTel. IIpexie WeM CTPOUTL pa3pes3, Pa3foKUTE IIOBEPXHOCTH B
TaHesin CJI0EB IO 3ajleraHui0: KPOBJIA BepXHEM BMeIlalolleil BBEpPXy, IOMNOIIBA HUXKHEW BHU3Y.
[TepeTamuTe CJIOM MEIIIBIO, €CJIM OHU HPUIIIIN BIIEPEMENIKY. DTO 3aMET MOJIMUHYTH ¥ U30aBUT OT
pa3bupaTesnbCTB.

Ecnu mopsimok HapylleH, MHCTPYMEHT He BBImacT OomubKy. OH IIOCTPOUT IIOJIOCHI MEXOYy TeMH
rapaMu, KOTOpPEIE BEI eMy Aaau. YacTh Imap OKaXKeTCs MePeBEPHYTOM, Y HUX ITOO0IIIBA BHIIIIE KPOBJIH,
Takue IO0JIOCH 0TOPaCHIBAIOTCSI MOT4ya. BHENTHEe 3TO BHITISIAUT TaK: MJIaCTOB Ha YePTeXKe MEHBIIIE,
YyeM OXKH[AJIOCh, UNIM OHU JieKaT B HeNpaBmonoAgoOHOM IIOCIefoBaTENIbHOCTH. YBHUOENIU TaKoe -
IIEPBLIM [EJIOM ITPOBEPHTE MOPANOK B IAHEJIU CJIOEB, a HE ITapaMeTPhl KPUTHHTA.

Korpma mopsimok B [epeBe MO0 KaKUM-TO NPUYMHAM He TOOUTCS, CHUMHUTE Talodky Ilopsimok
IIOBEePXHOCTEeH M3 JepeBa CJI0éB mpoekTa. Torga mopsmokK 0epéTcsi M3 MOCIem0BaTEeIbLHOCTH
OTMETOK B CIIMCKEe, KaK B IIPEXHUX Bepcuax. CJIoM, KOTOPHEIX HET B lepeBe IpoeKTa (moOaBleHHEIe
datinoM mpsiMo B BUAKETE), YXOOAT B KOHEIl CITMCKA, COXPAHIsa B3aUMHEIH ITOPSIIOK.

T'enepaTop mpumepa (4.10) caM packilagblBaeT IIIEeCTb IIOBEPXHOCTEM B JepeBe II0 3ajleraHuIo,
IIO3TOMY Ha OE€MO-HaHHBIX HUYEro IIepeKjlaablBaTh HE HY2XKHO.

Buixoasbl

YUepT€K paspe3a 3TO IIOJIMTOHEL B OCSX PACCTOSHWE BHOOJIb JIMHUU M BBICOTA. BEICOTY MOXKHO
PacTsHyTb BEPTUKAJIBHEIM IIPeyBeIndeHneM, 4TOOR TOHKWE INIaCTH YUTaIUCh. DTOT CJION KJIagyT
B MaKeT MeYaTH KakK TOTOBHIM pa3pe3. CucTeMa KOOPAUHAT y Hero yCjioBHasl, PaCCTOSTHUE W BEICOTA
B €IMHUIIAX KapPTHI.

JIMHUY MTOBEPXHOCTEH 3TO Kaxmas IoJaHHas IIOBEPXHOCTh OTOENbHON TUHMEH B 0CSX dyepTexka, C
IIOJIIMH Sec, sec_id, num 1 name. Pa3prIBEI 10 OTCYTCTBUIO aHHBIX COXpaHsIoTcs. IIpu pabore ¢
IJIacTaMM CJION HeoOsi3aTesieH, KPOBJIS M MOMOIIBA ¥ TaK BUAHHBI KaK Kpas II0JI0C, HO OH IT03BOMISIET
ImoaomnucaTh u O(I)OpMI/ITb JJMHUIO KPOBJIM OTHOEJIBHO OT 3aJINBKH. HpI/I OHHOﬁ IIOBEPXHOCTU 3TO
€IVHCTBEHHBIN CJIOU C peibedoM.

3abop 3D 3TO Te XKe MOJIOCH, HO KaK BepTUKaNIbHEIE CTEHKHU PolygonZ B peasibHBIX KoopAauHaTax. Mx
cMmoTpsAT B 3D Map View psimoM C IOBEPXHOCTSIMH KpPHUTHHTA: TPUL 3agaeTcs penbedoM, a CTEeHKHU
pa3pesa IoKa3bIBalOT IJIaCThl B IIPOCTPAHCTBE.

BepTHKQ/JIBHBIH MacUITa0

T'opu3oHTalk pa3pes3a (OJHMHA JTUHHUKM) U BEePTHUKAIb (JECSITKA METPOB IIJIACTOB) HECOIOCTaBHMEI,
1M03TOMYy 06e3 pacTSIXKEeHHUS II0 BHICOTE UepPTEK BHITIIAMUT IJIOCKHUM. MaciiTtab 3amaéTcs TpeMs
crrocobaMu.

Pexxum oTHomienue MmacmrTaboB I':B (1:N) 5To nmpuBbIYHas depTEeXKHas 3anuch. 3HadeHue 50
o3Hauaet [:B = 1:50, To ecTh BepTUKAJIbHBEIN MacliTab KpylIHee TOPU30HTAIBHOTO B IMIATHOECAT Pas.
Tak 3apmarT MacmTab Ha KaJIMWHBIX paspe3ax, IOe TOPU30HTAaNlb UAET KUJIOMETPAaMH, @ MOIIHOCTH
U3MEPAIOTCSI MeTpaMi. MHOXKUTENb PACTIKeHuI paBeH N.
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PexXyM MHOZKHTEJIb 3TO TO XK€ YHCJIO, IOOaHHOe HapsIMylo, 6e3 4epTEXHON (OPMYITHPOBKH.

PexuMm oTHomieHue I':B (mmmpuHa:BbBICOTa 4YepTezka) paboraeT oT rabapuToB: BHI 3amaéTe
XKejaeMOe OTHOIIEHWe IMUPUHEL JINCTa K BeEICOTe (HampuMmep 10), a MHOXUTEIb HHCTPYMEHT
CYUTaeT caM IO [JIMHe JUHUK U Pa3Maxy BHICOT. YHobeH, Korga BaXkKHO BOKCATh pa3pes3 B JIUCT, a
He BBIIepKaTh 3aJaHHBIN MaciTab.

®aKTUUYECKUN MHOXKUTENIb IedaTaeTCs B XKypHas. [ TOYHOTO HalOXKEHWS CJIOEB OH [OJIXKEH
COBIIafaTh y pa3pes3a, CKBaxKXUH M cocTaBa. B pexume I':B paspes (4.01) BuguT Bech pa3pe3 IO
BeicoTe. CkBaxkuHEl (4.02) GepyT MHOXKHTENb U3 ONpPeNeJieHUs U cOoBMellamTcs camu. CocTas
(4.03) cumTaeT OTHOIIEHWE O OOHOMY IIJIaCTy, IIO3TOMY OIS HaAJIOXKEHUSA BO3bBMHUTE MHOXKHUTEID,
HanedaTtaHHbIM 4.01, u 3amaniTe ero B 4.03 B pesXXuMe MHOKHTEIb.

HecCKo/JIbKO pa3pe30B 3a OJHH IMPOrOH

ITo yMOTYaHUIO MHCTPYMEHT CTPOUT Pa3pe3 I0 KaXXAoH JIMHUHU CI0s. DTO OOBIYHBIN PEXRUM PaGOTHI:
JIMHEWHHIA CHo¥ ¢ mpodunsiMu oOpabaThiBaeTCs IIEIMKOM, 3allyCKaTb MHCTPYMEHT IO pPa3y Ha
JIMHUIO He HyKHO. ECyu HyXKHH He BCe TWHHHU, BHIOEJIUTEe HyKHbIe Ha KapTe U BKIouuTte TOIBKO
BbIIe/IeHHbIe 00bEKThI y ITapaMeTpa JuHuu. CHATasa rajouka Pa3pes Mo KaXKIoM JIHHUH CJI0sS
BO3BpalllaeT MpexHee MoBeAeHNWe, pa3pes Mo ITePBOi JTUHUH.

Bce pa3pe3nl momafamoT B OOWH KOMIIIEKT CJIOEB ¥ PA3/IMYaloTCs aTpubyTaMu, a He OTAEeIbHBIMU
CJIOSIMHM Ha KaXXObIM CTBOP. Tak UX yIOOHO MOAMUCHBATEH U (GUIHTPOBATh BEHIDAXKEHUEM, a CTUIIH HE
IIPUXOMUTCS Ha3HA4YaTh 3aHOBO. MMs pa3pe3a 6epéTcs 13 OIS TMHEeHHOT0 CJIOs, eCIIM OHO 3afaHo
nmapameTpom ITosle UMeHH pa3pe3a, HHaue pa3pe3bl HyMepYyITCS 0 IOPSOKY.

Ha yepTexe pa3pessl pa3sBOOsSTCS PACKIIaLKOM B 00IIel 4epTEXKHOM CucTeMe KoopauHaT. CTONKOM
CBepXy BHM3 CTaBUT UX OOUH NOA APYTUM C OOIIUM HYJIEM PACCTOSHUN, U JIEBHIM Kpal y Bcex
coBnazaeT. B paAn cjieBa HapaBO CTABUT UX OOK 0 OOK c 001Ieil 0OTMETKOM BHICOTHI, TOTHA IIKaia
BBICOT CKBO3Has OJIsI Bcero nucra. CeTKoM coyeTaeT o0a IIpaBuia: CTPOKAa IepPKUT OOIIYI0 OTMETKY,
cToJber - OOIINH HOJTb PACCTOSTHUM, YHCJIO CTOIOIIOB 3aJaéTCs B AOMIOTHUTENbHEIX ITapaMeTpax. [llar
peméTKy 6epETCS OT CaMOr'o KPYIIHOT'O YepTezKa IUII0C 3a30p, IO3TOMY YePTEXKHU He ITepeceKarTcs,
Kak OBl HY pPa3/IMYaIicCh OJIMHBEI CTBOPOB. 3a30p 3amaeTcs moyeid oT rabapura, mo ymondauuio 0.15.

Beprukanbubli MaciiTab Ha BeCh IMPOrOH OOuH. MHaye KOPOTKUM CTBOP U MOJIMHHLINA BBIIMIINA OBI
B PA3HOM PACTSXEHWH M CTajii Obl HEeCOIIOCTABHMMBLI HA OJHOM JIMCTEe. B pexuMax OTHOIIEHHS
MacmTaboB M MHOXKHTEJISI 9TO MPOCTO 3aJaHHOe YKCJIo. B pexkume OTHOIIEHHS radapuToB
MHOXKUTENb CYUTAETCS 10 CaMOM AJIMHHOM MTUHUU M 00IleMy 10 Habopy pa3mMaxy BHICOT, IIO3TOMY
3a[aHHYIO IIPOIOPIIUI0 TOYHO MOJIyYaeT CaMBIM INMMPOKUN YEePTEK, a OCTAJIbHBEIE BBEIXOIST BHIIIE
Hero, Ho B TOM Xe MaclTabe.

3abop 3D packnankoi He cMmelaeTcsi. OH CTOUT B peaIbHEIX KOOPAHNHATAaX, Kaxkaasd CTeHKAa Ha CBOEM
ctBope, u B 3D Map View Habop pa3pe30B BEITIIOUT KaK HACTOSIINI 3a00p IO IJIOIIAIH.

[TepBHIY pa3pes Bceraa nojydaeT HyJleBoe CMellleHre, [I03TOMY ITPOTOH 10 OJHOM JIMHUY Na€T POBHO
TOT XK€ YePTEXK, YTO U PaHbBIIE.

IIBeT mmosioc: CIIPABOYHHK II'IACTOB

TTonmocsr mnacToB KPacCsAaTCdA 110 UMEeHU KPOBJIHU. bes CIIPaBOYHHKa IIBET CHUTAETCA OT CaMOI'O UMEHMN:
OH He€ IIJIAIIEeT MeXny IIPOrOHaMu, HO OH YCHOBHLIﬂ.

Heob6s3aTenbHbIl Bxoq CIPpaBOYHHUK IJIACTOB (Tad/Iuma) nelaeT IIBET OCMEICTIEHHEIM. CIIPaBOYHUK
9TO OOBIYHBIN cioM mpoekTa, GeoPackage mnm Tabnuiua Excel, roe Ha KaXXObIi MJIacT U Kaxkmoe
MEeKAYIIaCcThe IIPUXOOUTCS OfHA CTPOKA CBEPXY BHU3 IO pa3pedy. O0s3aTeTbHBIX KOJIOHOK TPH:
Kop Tejla, HOMep CBepxXy BHU3 U Teyo. lIBeT HeoOs3aTeNleH, HO UMEeHHO pafu Hero CIIPaBOYHUK
yalle BCero u moparor.

KoJsioHKa TeJI0 COOePKUT CIIOBO «IIJIACT» UJIM «MEXOYIJIacThe», U 9TO 3aKOH, a He fJorajaka. BeiBecTu
TeJio U3 Koma Henb3s. [Inact AB 0 HallCaHMWIO BHITIAOUT KaK «A miioc b», Ho 9To 1leIbHEIHN IIJIacT,
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BHYTPH KOTOpoOro nexatT A, b, kopx A-A’ u A’. Mexnynnactbe b-B 110 KOOy He BEIBOOUTCS BOBCE,
IoTOMY 4TO Iy1acta b B criucke HeT, ecTb AB. OnipenensieT Teno reojior, MallviHa He IEPECUYUTHIBAET.

ITopsimok CBePXy BHU3 OAE€T CIIPABOYHUKY BTOPYIO CIIOCOOHOCTBL: HAXOAUThL TEJI0 MEXKOY HOBYMS
rpanuniamu. Ecnu Ha paspe3e unyTr Kposnu Kpll m Kpllla, To MeXOy HUMU I10 IOPSAOKY JIEKUT
mexpaynnactee Kpll-Kplll, u monoca mony4aeT ero uMs U 1BeT. [I1acTel, KOTOPLEIX Ha pa3pese He
0Ka3aJioch, IOMeYalOoTCs CEPEIM, a UX IIepedYeHb ITlevaTaeTCs B XKypHal - 10 HeMy Cpa3y BUOHO, YeT0
He xBaTaeT B HAOope II0BEPXHOCTEN.

HNmMmeHa c0€B OOBIYHO HE COBITAAIOT C KOOaMH [OCJIOBHO, TTO3TOMY ITOMCK HUAET JIECTHUIIEH OT
CTPOTOr0 K TEPIMUMOMY: TOYHBINM KOM, 3aTeM 0e3 y4éTa perucTpa u KpawHux mpoOesioB, 3aTem
MIPUBENEHHBIW BUL (CHSIT XBOCT POJIM _top, _bottom, kpoens, _nopowsa, JITATUHCKWE OBOWHUKU OYKB
CJIOKEHBI B KUPUJUINIY), ¥ HAKOHEIl TOT Ke Bup 6e3 anocTpodoB. Tak KpII top HAXOOUT KOZ KplI, a
A'6_top HaxonouT A. CTporue IIaru UOyT IIEPBLIMU, II09TOMY €CJIM B CIIDABOYHUKE €CTb U AB, U A'B
KaK pas3Hble Tejla, KaXKIbIH OJTyYUT CBOE.

ToTt ke CIIPABOYHHUK HOI[aéTCSI B 4.02, u TOrga oJIOCH U KOJIOHKY CKBaXKUH T'OBOPAT Ha OOTHOM A3BIKE
KOIOOB M COBIIQOAIOT IIO IIBETY.

ToToBeIi 0Opazel] Ojsi BepxHEeKaMCKOTO MECTOPOXOEHHUS JIeKWUT B Ianke templates BHyTpH
KaTajiora IlarvuHa: 36 CTPOK OT MOKPOBHLIX OTIOXKEHUM 10 HUXKHEW KaMeHHON COMU, C IIBeTaMu U
TesaMu. ®akin ecTh B ABYX BUAX, plast reference vkmks.xlsx 1 plast reference vkmks.csv. Bo3bMuTe ero
3a OCHOBY U IIpaBbTE IOM CBOE MECTOPOXKIeHNe: KOJIOHKU TOJIIA U IpUMedYaHue HeoOsa3aTeIbHEIE,
OHHU YMTAIOTCS, HO MOKa He HCIOJIb3YIOTCS, ¥ OCTaBJIEHH IO Oyaylllee pa3BUTHUE.

ATpuOYTHI BBIXOIHBIX CJIOEB

Bce crmou pa3pe3a HecyT ABa oOmIMX IONsA: SeC C MMeHeM pa3pe3a u sec_id ¢ HoOMepom
00beKTa HMCXOOHOUW JHMHUM. [I0 HHUM IIOOIKMCHIBAIOT YepPTEeXKH, PUILTPYIOT CJIOM Ha OOHH CTBOP
¥ PacKpalllMBaloT pPa3peskl I0-Pa3HoOMYy.

OnpenesieHue pa3pes3a - 10 TMHUU Ha KaXXOLIM pa3pes, C MCXOIHOM reoOMeTpHel CTBOpa U IIOISIMH,
KOTOPBI€ YHUTAIOT IIOCIIEAYIOINe NHCTPYMEHTEI I'PDYIIIIHL:

ITome YTOo comepKUT

sec, sec_id WwMmsa paspesa v HOMep UCXOOHOU JTUHUM.

vex BepTukanbHOE IIpeyBeInUYeHE YepTexKa.

step [llar nukeTaxa, M (BePIIUHE IOMaHOU
BKJIIOYAIOTCS B ITMKETaXX BCeTaa).

zmin, zmax IIrama30H OTMETOK depTexkKa.

0X, 0y CMmenieHue depTexka B packnanke. Homb y

OIMHOYHOTO pa3pesa.

Pa3pe3 (3D-3ab0p) - BepTUKaIbHEIE ITOTUTOHE PolygonZ BOoiIb CTBOPA, II0 OMHOMY Ha IIJIacT:

ITone YTo comepxUT

sec, sec_id Hms pa3pe3a U HOMep UCXOOHOU JIMHUU.

bed Howmep ninacra cBepxy BHUS.

top, bot HMmMmeHa 1ToBepXHOCTEN KPOBIU U ITOHOIIIBHL.

t mean CpenHssa MOUIHOCTG IIacTa BOOJb CTBOPA, M.
seclen I[InuHa cTBOpPA, M.

VriaoBble TOYKH pa3pe3sa: sec 1 sec_id, num (Homep yrna), name (umsa YI'-1, ¥I'-2, ...), pos (Bepx
unm Hu3), d (DuKeT, M), X U y (KOOpOMHATHE Ha KapTe), az (a3uMyT ciedymollero KomeHa), label
(roTroBas nopmnuck). F'opu3oHTA/IBHBIE OCH: sec, sec_id, elev (oTMeTKka ocu, M) u label. Tabnuma
yraoB: sec, sec_id, kind (tun ctpoku) u text (cogepzKuMoe SUenKH).

86



IIapameTpsl

[TapameTp

YTto 3amaéeT

[To ymomr9yaHuIO / COBET

JIurus pa3pesa

[ToBepxHOCTH CBEPXY BHU3

[TopsAimOK TTOBEPXHOCTEH U3
mepeBa CI0EB IPOEKTa

Pa3pe3 1o KaxKpgou JUHUM CII0S

[Tone umeHu pa3pesa

Packiagka HECKOJIBKUX
pa3pe3oB
[ITar BLIOOPKHM BOOJIEb THHUN

BepTukanbHBIN MacmTabd

3HauyeHue Macuirada

Cronb1ioB B ceTke ([om.)

3a30op MeXOy pa3pe3aMu
(ITom.)

Bribopka pactpa (Hoi.)
CrnpaBOYHUK IIIaCTOB
(Tabmuia)

Hus pamku, oTmMeTKa ({or.)

JIMHUY ITOBEPXHOCTEN Ha
yepTexe

YepTéK pa3pesa (paccTossHUE
X BBICOTA)

3a6op 3D (PolygonZ)

Jlureunwy cnoi. 'ogutcs
ranoyka ToabKko
BBIJI€/IEHHbIE 00 BEKTHhI.
Criucok
PacTpPOB-IIOBEPXHOCTEM.
HyXH0 MUHUMYM [IBE.
[Topsanmok 6epéTcsa u3 ma"enu
Ciou cBepxy BHU3. CHATas
rajioyka BO3BpalllaeT IOPSATOK
OTMETOK B CIIMCKE.

[TakeTHBIlN pexuMm. CHATaAA
rajodka CTPOUT pa3pes 1o
IepBOU JIMHUU.

[Tone NUHENHOTO CIO, U3
KoToporo 6epércs ums. [lycro -
HyMepanus 0 IOPSIKY.
CTOnKOMH, B psAf UJIN CETKOU.

Yepes3 CKOMBKO €IUHUI] KapPThl
6patpb oTcUéT. 0 - IO pasmepy
AYEUKH.

PexxuM: OTHOIIIEHHE
rabapuToB, MHOXUTEDb UITH
OTHoOIIIeHKWe MacITabos [':B.
OTHoOIIIeHKWe NIMPUHA:BEICOTA,
MHOKUTeJb unu N 13 3amucu
1:N.

Ywucio cTonb1oB oiast
pacKiagKu CeTKOMH.

IOomns oT rabapuTa yepTezxa.

BunuHelHo MK OJIUXKAUIIUN.
LiBeT, Teio U MOPSAOK U3
OaHHBIX.

OmnyckaeT paMKy, YTOOBI OBIIO
roe pucoBarts. [lycto - 1o
TAaHHBIM.

BrIxomHOM JTUHEMHBIN CJIIOH, IO
JIUHUY Ha TOBEPXHOCTE.
BreIXOmHOM ITOMUTOHAIBHBINA
cJiou mJisi MakeTta. He
CO37aéTCs IIPU OOHOU
TTOBEPXHOCTH.

BrixogHOM CIOM BEPTHUKAIbHBIX
CTEHOK B pealbHBIX
KoopaouHaTtax. He co3maércs
IIPU OJHOM ITIOBEPXHOCTH.

BKJIIOYEHO

BKJIIOUEHO

CTOIKOHU

0

OTHOIIIEHHNE FaﬁapI/ITOB

10

2
0.15

OUJIMHENHO
IIyCTO

MyCTO
Cco3TaéeTcs

co3maeTcsa

CcO3TaéeTcs

Kaxaei#t mmacT monydaeT aTpuOyThl: HOMEpP, UMeHa KPOBIM M TIOMOIIBBLI, CPEAHIOI MOIIHOCTL U
OJIWHY pa3pes3a. PackpammmBaiTe CI0M 10 HOMEPY IIJIacTa UJIM 10 MOIIHOCTU. TaM, e IIOBEPXHOCTh
He omnpepeneHa (nodata), mosoca pa3phBaeTCs, U IJIaCT pacnafaeTcs Ha HECKOJIBKO IIOJIMTOHOB.
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Kak monmpo6oBaTh Ha 1eMo

ToToBeii y4ueOHBIM HabOp maéT MHCTpyMeHT Co3marh mpuMep mjiss pa3pe3a (4.10): miecThb
IMOBEPXHOCTEH CBepPXy BHM3, TPU JIMHUHU Pa3pe30B, ITapa CI0E€B Momenu OypeHus collar u interval
¥ MHOTOKaHaIbHEIE TPUALI I7TacTOB. [I0BEPXHOCTU OH pacKiafAblBaeT B [epeBe 10 3aJera’Huio caM,
a TpYW NTUHUU PAa3HOM AJIMHEL U C PA3HBIM YHMCJIOM M3JI0MOB yHOOOHEI, YTOOH IIOCMOTPETh PACKIIaKy
1 o0ImMY BepTUKAJILHBIN MacuiTab. 3amycTUTe ero, 3aTeM IofaliTe IMOBEPXHOCTU U JIMHUIO CIOMA,
napy collar u interval ¢ onpeneneHrueM B CKBazkKUHBI Ha pa3pe3e, a rpup iacra (Ka"ansl 1/2/3)
B CocTaB maacTa Ha pa3pe3e. [TonHbl cocTaB Habopa B pasmerne 4.10.

Cesa3sb ¢ QGIS

IMpocTtylo KpuByl0 nOpodunas IO OJHOMY TpPUOYy CTPOUT mmTaTHas naHenlb Elevation Profile,
OTHENbHBIM MHCTPYMEHT OJIsl 3TOTO He HyXeH. Pa3pe3 ke MoKa3bBa€T MMEHHO IMJIACTHI MEXKOY
IIOBEPXHOCTSIMY, 4Yero IITATHBIE CPeAcTBa He @nesnaioT. [loBepxHOCTh KpuruHra B 3D MOXKHO
IIOCMOTPETh U 6e3 pa3pe3a: B 3D Map View 3amaiite rpun penbedoM.

4.02 CKBaXKMHBbI Ha pa3pe3e (MoaesjIb OypeHHs1)

HNHaCcTpyMeHT CKBaKHHBI Ha pa3pe3e KIaJEeT CKBaXXWHBI HA YEPTEKU Pa3pe30B U3 Iaphl CI0EB
mopernu OypeHusi. OH cTouT B rpynne Pa3pes3 u paboTaeT makKeTHO: OOWH IIPOTOH 00OCIIy>KUBaET BCE
pas3pe3bl OIpeesIeHus.

Mopgens OypeHust

CKBaXKHMHBI OITMCHIBAIOTCS OBYMs TaOIMIlaMHU II0 MHHHMAJIbHOM MOOe N TOPHEIX nakeToB (Leapfrog,
Micromine, Datamine, Surpac). collar 3To Toue4HEIH c0# ycTU ¢ nonamu hole_id (uopertudukarop,
cTpoka), z (orMeTKa ycThsi) u eoh (rmybunHa 3abost mo cTBOiy). interval aTo o6rryHass Tabnuia
nHTepBanoB ¢ nonamu hole_id, from, to u code (YeM KpacuM: UHAEKC IJlacTa, JUTOTHII, KJacc).
I'myOMHBI CYMTAIOTCS II0 CTBOJIY OT YCThsl, BHU3 IIOJIOKUTENLHEIE, HE OTMETKaMH, II03TOMY
HaAKJIOHHBIE CKBaXKMHBI MOMAEJIb He JIOMaloT. JItoOble mpoyYre KOMOHKM TaOmIUIlkl MHTEPBAIOB edyT B
aTpuOyTHl YepTezKa KakK eCTh.

Takyio napy BeimaéT Co3maTh nmpuMep ajisi pa3pe3a (4.10) u kopnopaTuBHas BHITpPy3Ka. [loss
o0eux TabMHUIl MHCTPYMEHT HAXOOWUT CaM II0 KOHTPAKTHHIM HMeHaM ¥ PaCIpPOCTPaHEHHBIM
cunonuMmaM (Hole ID, elev, depth from, litho), peructp He BaxeH. BrIOOp mojel cHopsiTaH
B [OOIIOJIHUTEbHLIE IIapaMeTphl U HYXKeH TOJIbKO OJIi HeCTaHOapTHBIX CJIOEB. YTO HAIIIOCH,
IIeYaTaeTCs B XKYPHAJI OOGHOU CTPOKOH.

TepnuMBIH YHTATEIb

[lauHbBIEe YnMTAOTCA 663 TPEegBapUTETbHOM YUCTKU. [1yCTHIE M HEYHCIOBEIE TITyOUHBI TPOITYCKAIOTCSI,
nmepemnyTtaHHble from u to MEHSIOTCSI MecTaMM, HHTepBalbkl 3a 3a00eM PHUCYIOTCS KaK ecCTh,
MePexyEecTl He Pas3pelalTcs W He IMIPSYyTCsS, Pa3phIBEI MEXKOYy COCEeTHMMH HHTEpPBajlaMU He
3aTlOTHSIOTCS, UHTEPBaIbl 03 YCThs MPOMYCKalTCsA. BCcé mpomyIneHHoe U MPUHITOEe C OTOBOPKOM
CYUTAETCS ¥ BEIBOTUTCS B XKYPHAI KOPOTKOM CBOAKOM. Ha YMCTHIX MaHHBIX CBOJKA COCTOUT U3 OMHOM
CTpoKu. Pa3priB B KOJIOHKE Ha YePTexKe O3HAvaeT, YTO Ha 3TH TIyOWHBl B TabJuIle MHTEPBAJIOB
HeT CTPOK: HHCTPYMEHT PUCYeT JaHHBIe ¥ HUYEero He JOOyMEIBAeT, a YKCJIO Pa3pLIBOB MedYaTaeT B
CBOIKE.

ITakeTHOCTH U COBMeEIllleHHue

JIVHUM, BePTUKAJIBHLIN MaciuTab ¥ packiagka 6epyTcs U3 onpeaeeHus: pa3pe3a, KOTOpPOoe BHIOAET
Pa3pe3 mo nuHMH. Kaxpas CKBaXXMHA IIPOEIHMPYETCS Ha KaXKAyi0 JIMHUIO M TONajaeT Ha Te
YepTekHu, K KOTOPHIM OHa Onmxke kopupopa (0 - Ha Bce). I'myOMHBI ITEPEBOOSATCS B OTMETKHU
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BEIUMTAHUEM U3 Z, MHOXKUTEJb VeX O0IINI U3 OIpeIesIeHus, [I09TOMY KOJIOHKH JI02KATCS Ha IIJTaCThI
10 BBICOTE 0€e3 IIOATOHKH.

Cnoyt ycTuM MOIKET JieXKaThb B OPYTOM CHUCTEMe KOOPOWHAT, YeM OIIpefejieHue, HanmpuMep IIpHu
BBITPY3Ke K3 KOPIOpPaTUBHOM 6a3bl B pabodel cucteMe npennpusatusi. MHCTPpYyMEHT IepPeBOOUT
VCTbSI B CUCTEMY OIIpeleJIeHUs caM U IIedaTaeT 00 3TOM CTPOKY B XKypHaJjl BMeCcTe C KoopauHaTaMu
IIepBOro ycThs. Eciy KOpUIOOp OKasasics IIyCT, KYyPHAJ Coo0IIaeT yaaneHne 6IuKanInero yCTbs OT
JINHUY, ¥ 110 3TOMY YHCIIy CPa3y BUOHO, Y30K JIX KOPUIOP UJIH CJIOM XKUBYT B PAa3HEIX MeCTax.

Packpacka u j1ereHga

Crolt MHTEPBAJIOB Cpa3y BLIXOOUT pPacKpalleHHBIM: KaTeropus Ha KaKALINM KOJ B IIOPSAOKE IIEPBOTO
MIOSIBIIEHUS CBEPXY BHU3, IIBET HEeTEPMUHUPOBAH OT CAMOT0 KOfa ¥ He MeHSIeTCS MeXIy IPOToHaMu
¥ MamuHaMu. JlereHpa «KOJ - IIBET» IIOSABINISIETCS B IEPEBE CI0EB caMa. [locnenHed CTOUT cepas
KaTeropus mpodee, B He€ IIollafiaeT BCE, YTO He COIIOCTABUIIOCH C U3BECTHHIMU KOIAMHU, II03TOMY
HHUYero He ucuesaeT Moia4da. KoJIOHKY 0OBemeHH TOHKMM YEPHBIM KOHTYPOM K YHUTAIOTCS IIOBEPX
noyioc paspesa. [Tonoce nimactoB B Pa3pe3 mo JIMHUM KPACATCA TEM XKe MeXaHW3MOM 110 UMeHU
KPOBJIM, IIO3TOMY IIJIaCT, Ha3BaHHLIM TeM JKe KOIOM, YTO B TaGiuIle WHTEPBAJIOB, COBHAOAET II0
IIBETY C KOJIOHKaMu caM co00ii. CTBOIBI PUCYIOTCSI TOHKOM CEPOM JTMHUEHN OT YCThs A0 3a00s1, yCThs
TOYKaMU C KOPOTKOU nopnuckio. [lognuck 6epeércsa u3 nonst number cnost yctuii (CHHOHUMEL hame
u label), a 6e3 Hero u3 hole id, cocTaBHOM UAeHTU(DUKATOP HIPU ITOM OCTAETCS B aTpubyTax A
CTHIKOBKH.

O0pe3Ka 1mo 4YepTexkKy U paMKe

ITo yMOM4aHUI0 KOJIOHKK 00pe3aioTcsd paMKOH depTexka - HHTEPBAJIOM OTMETOK zmin M zmax Hus3
ompenesnienusi. MHTepBay Ha KPOMKE TMOAPE3aeTCsT [0 KPOMKH, MHTEpBaNl IIeTMKOM 3a PaMKOM
IIPOIIYCKAETCsI, CTBOJI ¥ MOAIKMChH 3a2KMMAIOTCS PAaMKOM, CKBaXKHHA IEIMKOM 3a PAaMKOH BBHIIIAgaeT
13 YepTexka. ['ajlouka BHIKII0YaeT 00Pe3Ky COBCEM.

PamMmka ogHa Ha BeChb UepPTEXK, a KPOBJISA BEPXHEN TOJIIU B KaXKIOM TOYKE CBOS, IIO3TOMY [JIS Cpe3a
IO IIJIacTaM IofaiiTe HeoOs3aTeNlbHLIH BXon YepTéK pa3pesa - IOJHUTOHEH MoIoCc u3 Pa3pes3 mo
nmuHuHU. KOJTOHKY pexXyTcs Mo BepXHEeH U HUXKHeM orubaroliel IToI0C B CBOEH MO3UIINY, CKBaXKMHEI
He BHIJIE3AIOT 3a YEepPTEXK, KaK B TOPHBIX ITaKeTaX. 3a KpaeM II0JIOC 3TOT BXOHO He HEeMCTBYeT, TaM
IIpomoXKaeT paboTaTh paMKa.

IlomyCcK B OTIOTHUTENLHEIX IIapaMeTpax PaciiupsaeT paMKy U IOJIOCH HapyXKy, B eMUHUIIAX OTMETKH.
O6pe3aeTcst TONMBEKO TeoMeTpus, B aTpubyTax ztop u zbot ocTaroTcs HacToSIIMEe OTMETKY WHTEPBAa.

IIBeT KO/JIOHOK: CIIPABOYHHK II'IaCTOB

I[lo ymomuaHMIO IIBET MHTEpBajla CYUTAETCSI OT €ero Koja M He MeHSeTCs MeXKAy IIPOroHaMu.
Heob6si3aTenbHbIll Bxon CHpaBOYHHMK IUIACcTOB (Ta0jMia) 3aMeHseT 3T I[BeTa Ha IBeTa
CIIpaBOYHMKA: HaWJeHHBIE KOMOBI KpPAcCSITCA U3 HEero, NOpPSAA0K KaTeropuili B JIeTeHOe HIOET
[0 3aJieTaHUI0 CBEPXy BHU3, KOIOBE BHE CIpPaBOYHMKA COXPaHAIOT NpeXHUU IBeT. B XypHaie
MOSIB/IAIOTCS CBOOKA UTEHMUS U CTPOKa O TOM, CKOJIBKO KOIOB HAIIIOCh.

CuopaBounuK y 4.01 1 4.02 MoxKeT ObITh OOUH M TOT K€, ¥ 3TO €0 CUJIbHASA CTOPOHA. [ToJI0CH uepTexa
HEeCYT KOl 1IJIacTa, a MHTepPBaJikl CKBaXXWH YacTo HecyT nopony. Eciu B Tabiuile HHTEPBAJIOB €CTh
1ojie C MHAEKCOM IIjlacTa, YKaXKMTe ero Kak IOojle Kofda M IIoOJauTe TOT XKe CIIPAaBOYHHK, YTO B
4.01 - Torma KOJIOHKM COJIBIOTCS C IIOJIOCaMM IO IIBETY, U Ha 4YepTeXKe OCTaHEeTCS BUOHO TOJIbKO
pacxoxpaeHue CKBaXKMHEBEI C IOCTPOEHHOU MOBEPXHOCTHIO. ECiu Ke MHTepBajbl HECYT JIUTOJIOTHIO,
CIIPABOYHMUK IIJIaCTOB €l He IIOMOXKET, TaM HyzKHa CBOA JIeTeH[a.

IIapamMeTpsl
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[TapameTp YTo 3amaéT ITo ymonmuanuio

OnpepneneHue pa3pes3a Jluuuy, vex U packjagka OT -
Pa3pe3 o TUHHH.

YcTes ckBaxxuH (collar) To4euyHEIN CIION YCTUH. -

HNuTepBansl ckBaxkuH (interval) Tabimuila MHTEPBAJIOB. -

Kopupop ot nuHuu Bydep, eguauIe kapTh. 0 - 0
BCe CKBaXXMHHI Ha BCE Pa3pesHl.

OOpe3aTh UHTEPBAJILI 10 PaMka zmin u zmax u3 BKJTIOYEHO

paMKe yepTexa onpeneneHus.

YepTExk pa3pesa (ons IMTonmuronsl monoc u3 4.01, cpe3 mycTo

o0Ope3Ku) 10 OruOAIOITUM.

ITons collar u interval (Hor.) [Tepeonpenenenue HaXOMOsITCS CaMU
aBTOIIOMCKaA MOJIEH.

[Tone mopmucu ycths (Hoir.) OTKyIa KOpPOTKas IOAIINCH number
VCThA.

IMomyck o6pe3ku ([lor.) PacmupeHnue paMKu ¥ I0JI0C, 0
eOUHULIEI OTMETKH.

CnpaBOYHUK MJIaCTOB IIBeT ¥ IOPSAAOK KOMOB U3 IIyCTO

(Tabnuia) OAHHBIX.

HMHTepBabl CKBaXXMH (UepTéxk) BepTuKanbHBIE OTPE3KH C co3maéTcs
packpacko 1o Komy.

CTBOMBI CKBaXKUH (YEPTEK) JImauM oT ycThs A0 3abos. co3maéeTcs

YcTha Ha uepTexke Touku c mognmuckio U3 number. co3maéTcs

WuTepBansl ckBaxkuH (3D) LineStringZ B peanbHBIX 110 3ampocy

KOOpOuHaTax, rmyouHa B Z.

BBIGpaHHBIe CJIOM 1 KOPUIOOP 3alIOMHMHAKTCH, cnenyroumﬂ 3allyCK B TOM ZKe€ IIPDOEKTEe OTKPEIBAETCA
C yXKe IIOoOCTaBJIEHHBIMHU BXOOAMH.

4.03 CocTaB 1IyIaCTa Ha pa3pe3e

HUucTpyMeHT CocTaB IIaCTa HAa pa3pe3e KPACHT I10JIOCY OQHOI0 IIjlacTa [0 TPUAY COCTaBa BIOJb
nuaur. OH 6epET KPOBJIIO, IIOAOIIBY U I'PUJI COCTaBa, CBOM KPUTHHT He [ejlaeT, ¥ paboTaeT 1o OMHOMY
m1acTy 3a pa3. OH cTouT B rpynie Pa3pes.

Tak MTOKa3BIBAIOT CMEHY JIMTOIOTMYECKOr0 COCTaBa BHYTPH IIPOMEIIIJIEHHOIO MJIacTa BOOJb
pa3pesa. I'pupg cocTaBa rOTOBST OTHEIBHO: COIEPKaHue OOBIYHBIM KPUTUHIOM, MUHEPAJIbHBIN THII -
WHOIUKATOPHEIM (MHCTPYMeHT KaTeropaaibHbIH HHIHKATOPHBIH KPHUITHHT).

IIBa pexxuMa

HenpepriBaoe comepxkanue (KCI, HepacTBOPHMMBIM OCTATOK): IIOJIOCA PEXKEeTCsS Ha TOHKHUe
BEPTHUKAJIEHBIE CPESIHI, Ka}KJIBIfI CO CpegHHMM 3Ha4Y€eHHueM. CTunp CiIos CTaBbTe TpaHHeHTHBIﬁ
(1o mosto value), Torga BOOJIb IIOJIOCH BUAEH IIJIaBHLIN IIEPEXOL COOepXKaHus.

KaTel"opHaJ’[BHbeI MI/IHepaJ'H:HBII;I THUII UJIU (I)am/m (CUNMBLBUHUT, 3aMellleHNe, TaJIuT): CMEXKHBIe CPe3kI
OOHOT'0O KJjIaCCa CJIMBAIOTCA B (baI_II/IaJ'II:HLIe 30HBI. CTHIb CTaABbTE IO KaTeropusam (l'IO IIOJIXO class).
30HBI 3aMeNIeHNI BUOHE KaK CMeHa IIBeTa BOOJIb INHUMH.

IIapameTpsl
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

JIunusa paspesa

KpoBns mmacrta
ITopgomiBa mIacTta
I'pup cocrasa

Ta xe nuHUA, YTO U O
pa3pesa.

Pactp kpoBmnu.

PacTp nogomBeL.

PacTp comepxanus unmu
KJlacca.

Cocras HenpepriBHOE UIu HeTIpepLIBHOE
KaTeropuasabHOe.

[ITar BEIOOPKY BOOJIb JIMHUU Yepes CKONMBKO eIuHUI] OpaTh 0
orcuérT. 0 - mo sTyerke.

BepTukanbHbIN MaciiTab Pexwuwm: oTHOIIEHUE [':B nnu I':B
MHOXKUTEb.

3HaueHre Macmraba OtHowenue I':B unu 10
MHOXKUTEb.

Bri6opka pactpa (Hoi.) BunuHeHO MM 6IuKaNIINN OUIUHENHO
(nns xmacca Bcerpga
ONMUKaAUIINH).

Cocras nacTa (4epTéx) BrIXOOHEIE IOJIUTOHEI B OCSX co3maéeTcs
paccTossHHE X BEICOTA.

Coctas miacra (3D) ITonmurousl PolygonZ B 10 3a1pocy

PeallbHBIX KOOpOWHAaTaXx.

3amyckaiTe MHCTPYMEHT II0 KaXKIOMYy HPOMEIIIIEHHOMY IIJIaCTy OTHENbHO, CO CBOMM TPHUIOM
cocTaBa. [Tonocy cocTaBa KIafuTe MOBepPX duepTexka pa3pe3a. [ TOYHOTO HaI0XKEHUs BO3bMUTE
MHOXXHWTENb, HalleuaTaHHBIM WHCTPYMeHTOM Pa3pe3 mo JTHHHH, U 3aJaiiTe ero 37ieCh B pexRuMe
MHOXKHTEb (OTHOIIEeHWEe [':B cuuTaeTcs 1Mo OMHOMY MIAcTy U OJIsT HaJIOKEeHUS He TOOUTCS).

OnpegeieHue pa3pe3a H 00IIHe MapaMeTpPhI

l'eoMeTpHUYeCKM pa3pes 3a74al0T OBE BEIIY - TUHUSA B peajlbHOM CUCTeMe KOOPAMHAT U BepTUKAJIbHBIN
MacmTab vex. MHcTpymMeHT Pa3pe3 mo JHHHMH BHOAET WX BMecCTe Kak cioi OmpeaeieHHe
pa3pe3a: 10 IUHUU Ha KaX[ObIU pa3pes, C IoaaMu sec, sec id, vex, step, zmin, zmax, ox u oy. 310
00IIMY MCTOYHUK IIPABIHL.

HHCTPYMEHTHI IIepecedeHusi, IPOEKINH, OO0PaTHOM MPOEKIUH YUTAIOT JTUHWUIO U VeX U3 3TOTO
ompemesieHusi, MMO3TOMY WX Pe3yJIbTaThl JIOXKATCS Ha pa3pe3 0e3 pPydyHOU MOATOHKM MacIiitaba.
ITocTpoiiTe pa3pe3 OOWH pa3, OmpefelieHHe IePEeHOCHUTCS BMECTe C IIPOEKTOM U IIOJaéTcs B
OCTaJIbHbIe HHCTPYMEHTHI TPYIIIIH.

Korma pa3pe30B HECKOJIBKO, OIIpeesieHne HeceT ux Bce. MuctpyMmenTr [lepecedyeHue moBepxXHOCTEH
c paspe3oMm (4.04), IlepeceuyeHHue BeKTOpPOB C pa3pe3oMm (4.05) u Ilepeceuenue TIN c
pa3pe3omM (4.06) o6pabaTeiBalOT BeCh HAOOP 3a OOMH IIPOTOH: KaX[bIi pe3yiabTaT JOXKUTCS Ha
CBOU YepTEXK 110 CMEIIEHNIO U3 II0JIeH OX M Oy U mojiydaeT 1o sec u sec_id. HyxeH onuH pa3pe3

- IIOCTaBbTE CbI/IJ'II:Tp Ha ciou OoIIpenejieHusa HWJIM BBIOEJINTE HYXKHYIO JIMHWIO, IIOPAOOK 00BLEKTOB
coxpanseTtcs. Ecnu B onpeneneHUU OKaXXyTCs pa3pe3kl C pa3HBIM VeX (Takoe ObIBaeT, eCJIM CKIIEUTh
ompemesieHusI OT Pa3HBIX 3aIllyCKOB), MHCTPYMEHT HPEOYIPEINUT, YTO YePTEeXKH HEeCOIIOCTAaBUMEI, U
IIOCOBETYEeT IepecodpaTh UX OOHUM IPOTOHOM.

HNuctpymenTs CocTaB miacTta Ha pa3pe3e (4.03), 4.07 u 4.08 moka paboTaloT 110 OOHOMY pa3pe3y
u 6epyT u3 ompeneneHus IepBHii. CKBaxKUHbI Ha pa3pe3e (4.02) obpabaThiBaloT BeCcb Habop
makeTHO. [Ipy HECKONMBbKUX pa3pe3ax MofaBalTe UM ompeaeneHue, OTGUIbTPOBAHHOE Ha HYXKHBIN
CTBOD.

Crnowu onpepneneHus, CoeJlaHHBIE TPEKHUMH BEPCUSIMHU IIJIarvHa, YUTAIOTCS ITo-cTapomy. Ilomei sec
¥ OX B HUX HET, TIO3TOMY MMSI BHIXOOUT MyCTHIM, CMeIlleHue HYJIeBLIM, U Pe3yAbTaT JIOKUTCSA POBHO
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TakK 2Ke, KaK PaHbIlIe.

HucTpyMeHT CocTaB IUIacTa Ha pa3pe3e NpUHUMAaeT oIpefefieHue paspes3a HeoOs3aTelbHBIM
BXOOOM: €CJIM OHO 3a[laHO, BEPTUKAJIbHBLINM MacmiTad 0epeTcsa W3 Hero, W I0Jjioca COCTaBa TOYHO
JIOKUTCS Ha IUIACTH H0 BhICOTe. CKBaKHMHBI Ha pa3pe3e padoTaloT TOJILKO OT OIpemeeHus,
OTHOEeNnbHOr o BEIOOPa MacinTaba y HUX HeT.

Pa3pe3 TaKXKe 06p8388T BEIKJIMHUBAHUA: THEe KPOBJISA OIIyCKaeTCd OO IIOAOIIBEI, ITJIACT IIPOIIadgaeT,
II0JI0Ca He CTPOUTCA. Tak B memo BTOpOﬁ HpOMbIHIHeHHbeI IIJIaCT BBIKJIIMHHWBAETCSA K BOCTOKY.

I moMaHOM MUHUYN «Pa3pes Mo TUHUK» 110 3aIIPOCY BEIOAET TPHU CIIYKEOHBIX CIIOS B OCSIX YepTezkKa.
YroBEle TOUKH CTaBATCA Ha KaKa0M y3Jie IOMaHOM, CBEPXY M CHU3Y pa3pe3a. Y TOUKHU II0JIA: HOMED,
umsa (YT'-1, YT'-2 ...), cTopoHa (BepX WM HU3), PaCCTOSIHUE BOOJb TUHUU, NJIaHOBEE X U Y, a3UMYT
OTpe3Ka M roroBas Nnopnuchk. CBepxy HONIUCHIBAETCS MMS, CHU3Y - IIJIaHOBble KOOPOMHATH X U
Y, okpyriieHre OO0 COTHIX. ABMMYT M PACCTOSHHE OCTAIOTCS ITOJISIMU CJIOSI - UX YIOOHO BEIHECTHU B
Tabnuily MakeTa. [IpunaraeTcs CTHU/Ib: BBEPXY TPEYTONbHUK BEPIINHOM BBEPX, BHU3Y MIOJIKA.

OniuoHanbHO BHIHAETCA Tabjulla yrjIoB - CJIOU-IOJIUTOHBI IOA Pa3pe3oM. AYelKu JjiexkaT MeXOy
VIJIOBEIMU BEPTUKAJISMU, T'DAHULLI IPOXOOAT IION HUMM, OBE CTPOKU: OJIMHA U a3UMYT OTpPe3Ka
MeX[y COCEIHUMU yIIaMH, IIOOIIUCH 110 eHTPYy, 3anuBka Oenasa. OHa pUCyeTCs IPsIMO Ha XOJICTE
¥ ye3xKaeT B MaKeT BMECTe C pa3pe30OM. YTIJIOBEIE BEPTUKAJU - IUHUY Ha y3/axX JIOMaHOU Ha BCHO
BBICOTY pa3pe3a. ['opu30HTaNbHbBIE OCH - TUHUYM PABHOU BEICOTHL C OTMETKaAMU (II0 YMOJTYaHUI0 IATh,
C XOpOIIUM OKpPYTJIEHHEeM) IJis IIKajabl BeICOT. [lonsl yepTexXka pacHIMpeHH Ha IATH IIPOLIEHTOB
BBEPX U BHU3, YTJIOBbIE TOYKU CUIOAT Ha 9TUX KpasdX.

4.04 TlepecedyeHHe MIOBEPXHOCTEH C pa3pe3oM

HUncTtpymeHT IlepeceueHHue MOBEPXHOCTEH C pa3pe30M HAaHOCUT MOBEPXHOCTU-TPUILI Ha pa3pes3
JINHUSIMH B OCSIX PACCTOSIHKME-BEICOTA. KaxK Ol rpu/ BEIOMPAETCS BOOJIb JTUHUY ONPEOeIeHNs, 1 ero
CedeHHUe JIOKUTCS Ha YePTEXK PIOOM C TtacTaMu. JIMHUS U vex OepyTCs U3 OmpeesieHns pa3pesa,
II09TOMY COBHAfeHKWe C pa3pe3oM aBTOMAaTHUYeCKoe.

Tak Ha pa3pe3 HAHOCSAT BOMNOHOCHLIE TOPU3OHTHI, MAPKHUPVIOIIHNE MMOBEPXHOCTH, KPOBIIIO COJH,
ITOBEPXHOCTH aHOManui. Ha Bxofm - ompepesieHne pa3pe3a U CIHCOK T'PUOOB, Ha BBIXOME JIMHUM B
ocsiX pa3pesa (4 Ipu XKejaHuu 3D-TUHUY B peanbHBIX KOOPOUHATAX).

IIpoeknusi 06BbEKTOB M oOpaTHas IIPOEKIIWsS IIPOBEpPEHHl Ha pealbHEIX JaHHBIX U MeTKy (0era)
GorbIre He HecyT. Pa3BépTKa CTEHKH CTBOJIa OCTAETCSI IOMEYEeHHOM: 0Ha pabouasi, HO e€ nHTepdec
1 Habop IIPUMEPOB €IIE€ YTOUHSIIOTCH.

IIapamMeTpsl
[Tapametp YTto 3amaéT ITo ymonyaHuIo / COBET
OnpeneneHune pa3pes3a Cnoiu onpepenenus ot 4.01: -
JIMHUS C IOSIMU Vex U step.
3amaéTt nuHUI0, MacuTad u
BBICOTY PaMKH.
[ToBEpPXHOCTU-TPUALI Coucok pacTpoB, YbU CEYEHUSA -
HaHOCATCS Ha pa3pe3
JTUHUSIMMU.
[ITar BLIOOPKYM BOOJIb THHUN Yepes CKOJILKO eauHuIll KapTel O
(IOom.) 6patpb oTcuéT. 0 - To pa3mepy
STYEUKU.
Bri6opka pacTtpa (Hor.) BunuHeitHo uny 6IuXKanummm. OuIUHEeNHO
JIuHUU MOBEPXHOCTEN Ha BrIXOOHBIE TUHUU B OCSIX co3maéTcs
pa3pe3e (4epTex) paccTosiHKMe X BBICOTA.

92



[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

JIlunuu noBepxHocTen (3D) Brixogabie 3D-mUHUU B 110 3ampocy
peanbHBIX KOOpAUHATaX.

4.05 IlepeceueHnue BEKTOPOB C pa3pe30M

Ecnu moBepxHoCcTH 4.04 HAHOCSATCS TPUIAMH, TO STOT UHCTPYMEHT HAHOCUT Ha pa3pe3 BeKTOPHbIE
0OBEKTHI TI0 TOYHOMY TIEpEeCeYeHUI0 C TUHUEeH pa3pe3a. Tun pe3ynbTaTa 3aBUCUT OT 0OBEKTA.

JluHus ©0€3 OTMETKH BBICOTHI (IIJIOCKAsl B IJIaHE - PA3/IOM, TPAHUIIA, KOHTYD) OA€T BEPTHKAIb
Ha BCIO BBICOTY B CTaHIIUM IIepecedeHus1. MI3BeCTHO, Ime pa3pes eé lepecekaeT 10 TOPU30HTaNY,
HO He Ha KaKo¥ riy0HHe, I03TOMY MeTKa HOET Yepe3 BCI0 paMKy. JIuHus ¢ ormeTrkou Z (3D-
00BEKT, HaKJIOHHHIM, KOHTYP ITOBEPXHOCTH) HAaE€T TOYKY Ha peabHOM BLICOTE B MECTE TePeCeYeHU s
- HaIpuMep, KOHTYP KPOBJIU C OTMETKOU JIOKUTCS TOYKOU POBHO Ha nnacT. [lonuroH (30Ha B nnaHe
- 3aMellleHne, IaXTHOE N0JIe, TUIeH3KsI) JaéT BePTHKAJIBLHYIO IIOJIOCY Ha UHTepBae, rme paspes
UOET CKBO3b 30HY.

JIuHMs, veX ¥ BEICOTa paMKu OepyTCs U3 ompeneneHus pa3pesa - ero nuiretT Pa3pe3 mo THHUH, U
B HEM TeNepb XPAaHUTCS BEPTUKANIbHBIN pa3Max. [loaTomy mist o6beKTOB 6€3 Z momaBaTh HUYETrO
He HYyXKHO. [[JIf cTapelX ompeneneHni 6e3 BBICOTHI OCTAETCS 3alacHOM myTh: YepTeéik pa3pe3a
Heo0s13aTeIbHBIM BXOOOM HJIM [HANa30H Z B OOIOJIHUTENbHBEIX. Korma y o6beKkTa ecTh Z, BEICOTA
He HyXHAa - TOYKa CTAaBUTCS II0 OTMeTKe. [IyCThle BBIXOABI HE CO3HAIOTCS: PA3JIOM HAET TOJIBKO
BEPTUKAIIM, MapKep - TOJIbKO TOYKH, 30Ha - TOJIBKO ITOJIOCHI.

B ornuune ot IIpoeknuu 00BEKTOB Ha pa3pe3 (MpubIu3uTENbHOM, II0 KOPUAOPY) 3TO TOYHOE
IepecevyeHre - MeTKa MOSBISIETCS TONBKO TaM, THe TeOMETPUsl pPeajibHO PeXeT JIMHUIO pa3pesa.
Ha BXOm MOXKHO IIOlaTh Cpa3y HECKOJIBKO CJI0EB (JIMHUKM U TIOJIUTOHBI BIIEPEMEIIKY) - BCe
006paboTaroTcs 3a OJWH HMPOTOH, KaK CIIHCOK IToBepxHocTel B 4.04, a B BEIXOZIaX II0JIe SI'C XPaHUT
CJIOU-UCTOYHUK KaxKAou MeTKH. [leMo-TeHepaTop BEIIAET pa3jioM, MapKep C Z ¥ 30HYy 3aMellleHus,
repecekalolme qeMo-pa3pes, - Ha HUX UHCTPYMEHT Ipo0yeTcs cpasy.

ITapamMmeTpsbI
[TapameTp Yrto 3amaér ITo ymomyaHnuto / cCOBeT
Omnpepenenue pa3pesa Crnou omnpenenenus ot 4.01: -
JIMHWSA, VeX U BBICOTA PaMKH.
s 06BeKTOB 63 Z 3TOT0
OOCTaATOYHO.
Crnou pns mepecedyeHus JIMHUU U TTOJIUT OHBI -

BIIEpPEMEIIIKY, 3a OOUH IPOTOH.
B BEIXOmax mome Src XpaHuT
CJION-UCTOYHHUK.
YepTék pa3pesa 3anacHOU UCTOYHUK BEICOTEI 10 XeJIaHUI
paMKHu OJist CTaphIx
omnpeneneHui 6e3 zmin/zmax.
[TepeHocuTb aTPUOYTHI [Tons uCXOOHBIX 0OBEKTOB BKJIIOYEHO
00BEKTOB Ha pa3pe3 YXOOST B BEIXOABI, YTOOHI
KPacCHUTh U MOAININMCHIBATh METKHU
10 CBOUM JaHHBIM.
JIunus penbeda Ha yepTexke Croil TMHUY IIOBEPXHOCTEN OT 10 KeJIaHUIO
4.01. Bepx 30H U pa3jioMOB
JIOKUTCA 110 penbedy, a He 110
pamke.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

JIuHuS HU3a Ha yepTexe

[Tone HUXKHEN OTMETKH II0JIOC
U BepTUKaleu

HuxHas oTMeTKa 3To ri1yOouHa
ot Bepxa (Horr.)

Hu3s guanasona Z (IJom.)

ToT 2Ke CIIOW WU €T0 YacTh.
Hu3 30H U Pa3I0MOB JIOKHUTCS
II0 TIOJOIIIBE, a He II0 PaMKe.
Hwu3s kaxxmoro o6seKTa U3 ero
cobCTBEHHOTO aTpudyTa.
[TepeksoyaeT YTEHUE OIS C
abCoOTIOTHOM OTMETKH Ha
rIIyOuHy.

HuXHSIS 0OTMETKa PaMKH, €CJIH

II10 2KEeJIaHUIO

I10 2KeJIaHUIO

BEIKJIIOYEHO

HEeT HU OIpefesieHus C
BBICOTOM, HU 4YepTezKa.

BepxHsisg orMeTKa paMKu B ToM 0
XKe ciydae.

Brixon miist muHMi 6e3 Z
(pa3nomM, rpaHuIla): BEPTUKAIb
Ha BCIO BBICOTY.

Beixop Omist nuHuM C Z (KOHTYP
C OTMETKOM): TOYKa Ha
peanbHOU’ BEICOTE.

BrIxoq o1 1IoIMroHoB (30HA B
IIJTaHe): BepTUKaIbHas 1ojoca
Ha MHTepBarie.

Bepx nuamnasona Z ([To.)

BepTukanu Ha paspese co3maéTest

CcO3TaeTcs

Touknu rnepecedeHud

[Tomockl 30H Ha pa3pese co3maéTest

IIycThie BEIXOOLI HE CO3HAIOTCS: KaXKObIH TUII 00beKTa UAET TOIBKO B CBOH CJIOH.

Oo0pe3ka no pensedy ¥ THHUUA HU3A

30HBI ¥ PA3TIOMBI II0 YMOJIYAHUIO PHUCYIOTCS HaA BCIO BBICOTY PaMKH: M3BECTHO, T'Oe OOBEKT
IepecekaeT NUHUIO, W HEW3BECTHO, Ha KakKoM OH rinybmHe. Tpu HeobOs3aTelIbHHIX HapaMeTrpa
CHMMAIOT 3TO OTPaHUUYEHNE 110 KPasiM.

JIunusi penbeda Ha uyepreke obpesaer 0O6BHEKTH cBepxy. IlomaBaiiTe ciodl nuHUME penbeda,
KOTOphIY Beiga€T 4.01 Pa3pe3 mo auHMHU. Bepx 30H ¥ pal3jioMOB JISIKET MO penbedy, a KpoMKa
II0JIOCHI TIOBTOPUT €r'0 IIePEJIOMEBI, @ HE OCTAHETCS IIPSIMOM.

OOpe3ka UOET UMEHHO 110 JINHUU C YepTexKa, a He 1o pactpy LIMP, u 3To oco3nanHo. Pa3pes mor
CTPOUTHLCS N0 OPYro¥ MOBEPXHOCTH, M TOTTA PacTpP C 4epTekoM pazounyrcs. O6pe3aTs HaAHO IO
TOMY, 4YTO 4YeJIoBeK BUAUT Iiepep coOoli. Pa3pes3rl comocTaBisioTCA IO Moo sec_id, moatoMmy B
[IaKeTHOM IIPOTOHE KaXKIOHU YepPTEXK PeKeTCSI CBOUM IIpoduieM.

JInHHMsI HU3a Ha 4YeprTezke obpe3aeT O0OBLEKTHI CHU3Y M YCTPOEHa Tak Xke. [logaBaliTe IOmOIIBY,
IIOYBY IIJ1aCTa UIIN J'IIOGYIO HH2KHIOIO IIOBEPXHOCTE C TOI'O K€ 4YepTexKa. JInaun HeT, Hu3 OCTaéTcsd o
paMke.

Ecnu B cl10e HeCKOJIBKO ITOBEPXHOCTEM, oOpe3Ka UAET M0 orubarollleil: CBepXy II0 CaMOM BHICOKOH,
CHHU3Y II0 caMoil HU3KOH. [ToaTomy BeIxof JIMHHMH IMOBEPXHOCTEH Ha YepTexkKe IOOUTCSA KaK eCTh,
IIoflaBaTh ero MOJKHO cpal3y B o6a Bxoma. Korgma HykKHa omHa KOHKpeTHas IIOBEPXHOCTH, IofJaiiTe
cJio¥, oT¢UNBTPOBAHHLIN 110 II0JII0 Name.

KpoMKY CUMTAIOTCS B OOHUX U TE€X XK€ CTAHIUSAX, Y3NIbl 00enxX TUHUM CBOOSTCS B oOIIUil Habop.
HHauye BepxX UM HU3, HOCUYUTAHHBIE KAaXKObLIH II0 CBOMM CTAHIIUSAM, IIEPECEKINUCh OBl MeXKOy y3JIaMu
¥ TI0JI0CA BHIIIIa ObI BEIBEPHYTOM. HU3 He momHUMaeTCs BHIIIIE BepxXa: TaM, e JIMHUS HU3a IIPOoIIia
Hap pebedoM, IIoI0ca CXJIOMBIBAETCS M OOBEKT He BHIOAETCS BOBCe. UHMCIO Cpe3aHHBIX IIETUKOM
reyaTaeTCs B XKypHa, 0OBIYHO 3TO 30HHI, JIeJKaIle BHIIE penbeda.

ITo/ie HMUXKHEH OTMETKH 3a[aéT HU3 I10JI0C ¥ BePTUKaJIel IIOMITYYHO, U3 aTPUOyTa CaMoro 00beKTa.
I[lo yMOom4YaHHIO 3HAUYeHHE YHTaeTCsd KaK abcomioTHas oTMeTKa. ®IaXXOoK B HOOMOIHUTEIbHEIX
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X 462354
Y 17386.26

yr-2
A

X 8929.82
Y 1940363

X1367718
¥ 1921634

X 1752787
¥ 21012.70

d 475539

4651.14

433991

6555

Puc. 29: OdopmneHue pa3spe3sa:

PaMKa C VIJIOBEIMM Be€pPTHKAJIIMHU
TOPHU3O0OHTaJIbHBEIE OCH C OTMETKaMMU CJIEBa U T&6J’II/IHa YT'JIOB IIOA Pa3pe30M.
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IIapaMeTpax IIEPEeKIII04YaeT €ro Ha TJIYGI/IHY OT BE€pXa 006BeKTa: 3TO y,'E[O6HO, KOrga B HOAaHHBIX
3alrcaHa MOIITHOCTD 30HBI, @ He eé mopoIBa. Huxe PaMKHU HU3 HE OIIyCKaeTCd HU B KaKOM CJIy4dae.

ATpuOYyTHI O0OBEKTOB Ha pa3pe3e

®naxok ITepeHOCHTH aTPHOYTHI 00BEKTOB Ha pa3pe3 BKIII0YEH 10 yMoT9aHuio. CMBICH IIPOCTOM:
IIOJIOCHI ¥ BEPTUKAJM Ha YepTezkKe KPACsITCS U MOOIUCHBAIOTCS II0 BalllUM Ke II0JIIM, 6e3 py4YHOro
CBSI3BIBAHUS C UCXOOHEIM CIJIOEM.

Cno€éB momaéTcss HECKOMBbKO, CXEMEI Y HUX Pa3HbIe, TO3TOMY KOJTOHKH CBOISITCS B OOUH 001Ut Habop.
ITosie, KOTOPOTO y CJIOST HET, OCTAETCS ITyCTHIM. OOUHAKOBOE UMSI B PA3HBIX CJIOSIX CUMTAETCS OMHOM
KOJIOHKOU, TUII 6EPETCS OT IIEPBOTO CJIOS, TIe OHO BCTPETUIOCE.

HNmeHa, coBmapmaromue co ciayxkebHbiMu (Sec, src, label, d, z, d1, d2), meperMeHOBHIBAIOTCS C
cybdukcoM. DTO He KOCMeTHKa: KOJIoOHKa d HECET pacCTOSHUE BIOOJIb pa3pe3a, U aTpudyT o0beKTa
C TEM Ke UMeHeM MojTdya IoaMeHUI Obl KOOPAWHATY, @ 3aMeTUJIN OBl 9TO yXKe Ha YepTeke.

Yucno COGp&HHBIX KOJIOHOK IT€49aTaeTCsda B XKYPHaAJI.

4.06 Ilepeceuenue TIN c pa3zpe3om

Pactposeiit rpurp (4.04) - 970 z = f(x, y), OOHO 3HAYEHHUE BHICOTH Ha TOYKY IJIaHa. OIPOKUHYTYIO
CKJafKy OH IepefaTh He MOIKET B IPUHIUNE: HaH ONHOMW TOYKOW y HEE€ HEeCKOJIbKO OTMETOK
OOHOU IIOBEPXHOCTU. ITOT MHCTPYMEeHT pexeT pa3pe3oM TIN - HOBEpPXHOCTh U3 HACTOSIIUX
3D-TpeyronsHUKOB, KOTOpas yMeeT HaBUCATh.

MexaHrMKa YHCTO reoMeTpuyecKas. Pa3pe3 - BepTHKalbHasA IITOpPa BOOJIb JIOMaHOU. KaxKObii
TpeyronbHuK TIN mepecekaeTcsi C BepTHUKaJIbHOM IIJIOCKOCTBIO CBOETrO0 CETMEHTa, HAaET OTPEe30K
(cTaHums BOONL JTWHWU, pPeajibHas BHICOTA), U BCe OTPE3KM COOMPAlOTCA B TPacCy IIOBEPXHOCTH.
HaBucanue BBIXOOUT caMoO co0OOM: Hal OOHOM CTaHUMEN OKa3hIBAaeTCH HECKOJIBKO OTPEe3KOB IIO0
BBICOTE, ¥ Tpacca 3aBOPa4YuBaETCs - KPBIJIbS OIPOKMHYTOM CKJIagKHU JIOKATCS KakK eCTh.

Ha Bxop - cimou 3D-monuronoB (PolygonZ, rpauu TIN, mpu 3TOM He-TPeyTroOJIbHUKUA Pa30uBaiOTCS
BeepoM Ha TPEYrOoNbHUKHU) U IPU JKeMaHWW MelI-CJA0H. JIMHUS U vex 6epyTcs U3 OIpeneeHus
pa3pe3sa, BLICOTA - C CaMUuX rpaHei, mosTomy mjist TIN 3aaBaTh HUYET0 He Hy>KHO. KpoMe 4epTEKHOM
TPacChl MOXKHO MOJIYyYUTDb €€ U B peanbHBIX 3D-KoopauHaTax.

BaxxHoe orpannuyenue: mem QGIS - ato 2.5D, BeIcOTa B HEM CKaJlIp Ha BepInHE, HaJl TOYKOH
CHOBa OOHO 3Ha4YeHHUe, OIIPOKUHYTOe B Mellle He CoxXpaHseTcsa. [I03ToMy HaBuCaHKe JalOT TOJIBKO
Hacrtosmue 3D-rpanu ot reomopesuiepa (Leapfrog, Micromine u nomoGHbIe). Melll mIpUHUMAETCS
onss OOIIHOCTYH, Ha OMHO3HAYHHIX ITOBEPXHOCTSX. IeMo-reHepaTop BHIOAET OIMPOKMHYTyIO0 TIN-
CKJIaOKy - Ha Hel 3aBOPOT TPACCH BUIEH Cpa3ly.

ITapameTpsI
[TapameTp Yrto 3apaérT ITo ymonmgaHuio / cCOBET
Onpepenenue pa3pe3a Cnoii onpepenerus oT 4.01: -

NUHUS U vex. BeicoTa 6epéTcs
C caMUX I'paHewu.
I'panu TIN (PolygonZ) Crnou 3D-TIOJTUTOHOB - TPaHU Heo0sa3aTeIbHO
TIN oT reomopgennepa.
HaBucaHnve u OIpoOKWHYyTOE
BOCITPOU3BOMSITCS.
Meiu-cnou (2.5D) Mermr QGIS g oOIIIHOCTH. Heo0s3aTeIbHO
Hap Toukoii omHO 3Ha4YeHHe,
ONIPOKUHYTOE B Mellle He
COXpaHsIeTCH.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Tpacca TIN Ha pa3pese BrixogHas 2D-Tpacca B ocsax co3maéTcs
(uepTéx) paspes3a, MOXKeT

3aBOpPauYMBaTHCS.
Tpacca TIN (3D) BrixogHas Tpacca B pealbHEIX  II0 3alIpoCy

3D-kKoopOuHaTax.

IMopatiTe X0Tst OBI OOWH U3 ABYX BXOMOB - rpanu TIN umu mer.

4.07 IIpoeknusi 00OLEKTOB Ha pa3pe3

HNuctpyMeHT IIpoeKIisi 00eKTOB Ha pa3pe3 IPOoelupyeT TOUKHU, TUHUY U TTOTUTOHB Ha TUHUIO
pas3pe3a. [nsg KaxX{goW BepPIIWHBI TOPU30HTAJNb 3TO PACCTOSHUE BOOJb JIMHUU OO €€ IPOEKLUH,
BEICOTA - OTMeTKa u3 3D-reoMeTpuu WM U3 BeIOPAHHOTO mOJs. [anmbHUE O0OBEKTH OTCEKAIOTCS
KOPUIOPOM.

[TapameTtp Yro 3amaér ITo ymonyaHuio / COBET

OnpepeneHue pa3pesa JIluuusa pa3pesa C oJIeEM Vex -
(BepTUKaIbHOE
IpeyBeNUuYEeHneE).

OOBEKTHI OIS TPOEKILINU Crnoit, 06BeKTH KOTOPOTO -
IPOEUPYIOTCSA Ha MJIOCKOCTh
pa3pesa.

[Tone oTmMeTKU ATpubyT Z, ecinu reoMeTpus -
00BbeKTOB 0e3 Z.

Kopupop ot nuHuu [MMuvpuHa IOJIOCH 3axBaTa OT 0
nuHUYU pa3pes3a. 0 = Bce
OOBEKTHI.

OOBeKTH Ha pa3pese (uepTéxk) Brxom: 0OLEKTH B -
KOOpIOMHAaTax YepTexka
pas3pe3a.

970 06001eHre IPOEKIINK CKBAXXKUH Ha JI00bIe 00BLEKTEl: aHOMAaJINH, TOYKKA OIPOOOBAHMUA, TPACCHI,
KOHTYpPHL. Pe3ynbTaT B 0CSAX pa3pe3a, KIagéTcs IToBepX YepTexka.

4.08 CupoeunupoBaTh C pa3pe3a

HNucTpymMeHT CipoenHpoBaTh C pa3pe3a gejiaeT o0paTHOe: 00BbeKTH, HapHUCOBAaHHBIE Ha YepTekKe
pa3pe3a, BO3BpalllaeT B peajibHbIE KOOPAWHATHL. [ OpHU30HTaIb BEPIINHEI YUTAETCS KaK PacCTOSIHUE
BIOJIb JINHUM (IAéT IIJIaH), BEICOTA - KaK OTMETKa Z = BBICOTA / veX. JIMHusS u vex 6epyTcsi U3 TOTO
XKe OIlpefeeHus, 10 KOTOPOMY CTPOUJICS YePTEXK.

[TapameTp YTo 3amaét ITo ymonm4gaHuio / COBET
Onpenenenue pa3pesa JluHug pa3pesa C IoJIeM Vex. -
OOBEKTHI C UepTeka pa3pes3a OOBEKTH B KOOPOUHATAX -

yepTezKa [OJIs BoO3BpaTa B MJIaH.
OOBeKTHI B IyIale (C oTMeTKONM  BrIXon: 00BEKTHI B IJIaHOBBIX -
Z) KOOpAuHaTax C

BOCCTAHOBJIEHHON OTMETKOM.
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Tak HapHCOBAaHHEINA PYKaMHU Ha pa3pe3e 0O0BEKT - KOHTYP 3a/IeXKH, HapylleHue, TPaHuUlIla - ToIagaeT
oOpaTHo B myaH 1 B 3D ¢ oTMeTKOu Z.

4.09 Pa3BEépTKa CTEeHKH CTBOJIa (0eTta)

HHcTpyMeHT Pa3BépTKa CTEHKH CTBOJIa CTPOUT IMIMHOPUYECKHUI pa3pe3. BOKpyr ocu cTBOIa
Ha 3aJjaHHOM paaumyce OepETCS OKPYKHOCTh C YTJIOBEIM IIaromM (o ymomdaHuio 1 rpagyc), u
IMOBEPXHOCTU-TPULBI BEIOMPAIOTCS BOOJIb HEE. Pa3BEpPTKA JIOKUTCS B OCU OJIMHA AYTH 10 OKPYKHOCTHU
- BEICOTA.

[TapameTp Yrto 3amaér ITo ymomyaHnuro / cCOBeT
Ocs cTBOJIa (TOYKA YCTHS) TouyKa ycThsl CTBOJIA. -
Paguyc cTBOna, en. KapTel Papguyc pa3sBeépTKU CTEHKH. 4
[ToBepPXHOCTU-TPULHL 'pupbl TOBEPXHOCTEN, -
(Mmapkupytomue) OTMETKU KOTOPEIX HAHOCATCS
Ha pa3BEPTKY.
YrnoBou mar, rpagycChl [ITar o6xoma CTEHKH 10 1
A3UMYTY.
BepTukanbHbIN MaciiTabd PexxuM BepTUKAIBHOI'O OTHOIIIEHUE

npeyBenndeHns (OTHOIIEHUE
I':B 11y MHOXXUTEID).

3HaueHue MacmTaba Ywucrno npeyBeIudeHus 10 10
BBIOPAaHHOMY PEXKUMY.

Bri6opka pacTpa (morr.) Cnoco6 CHATHS 3HAYEHUS C -
rpuga IOBEPXHOCTH.

Pa3BépTKa cTeHKU (Oyra X Brrxon: pa3BépTKa CTEHKU -

BBICOTA) CTBOJIA.

Kaxkpass MapKupyoOIlasi IOBePXHOCTh HAéT JIMHUIO CBOETO MepecedeHusI CO CTEHKOM CTBOJIA - IIPH
MafieHuH II1acTOB JIMHUYM HAKJIOHEHHI ¥ BOTHUCTHL. OCh 3aIaéTCsI TOYEYHBIM CJI0€M YCThs, PaguycC B
eOUHUIIaX KapThl, BEPTUKAILHBEIN MaciTab Kak y pa3pesa.

4.10 Co3mars mpuMep OJisi pa3pe3a

HUucTpyMeHT Co3maTh mpHUMep OJisi pa3pe3a TOTOBUT MOJHBIM y4eOHBIM HAOOpP [Os TPYIIIIH
Pa3pe3, uToOH OIPOOOBATE €€ MHCTPYMEHTHI 663 KPUTUHTA PeasibHbIX JaHHBIX. B TaHENIN OH CTOUT
B rpynme Pa3pes mociegHuM.

3a oouH NPOTOH BHIAAIOTCSA IIECTh CTOIKOM IIOBEPXHOCTEN C MaJeHUEeM U IIepeMeHHON MOIITHOCTHIO
(msiTh TJIACTOB B IlepecijlauBaHUM, BTOPOM UM YETBEPTHIM IPOMBIIIJIEHHBIE W TOHKHWE), TPU JTUHUU
pa3pe30B 4Yepe3 Oioilamb (JloMaHass C OBYMsS M3JI0MaMM, KOPOTKas HOpsiMas W HAKJIOHHasA C
OOHUM M3JIOMOM), TOTOBas Ilapa CJ0EB Momenu OypeHMs M 010 MHOTOKaHajJbHOMY T'pUAY Ha
KaXXObli TPOMBIIIJIEHHBIH mnnacT. KoHBEHIIMS KaHAJIOB Ipufa IjlacTa: KaHan 1 - KpoBis, KaHanl
2 - MOJIOIlIBa, KaHAlLl 3 U Jajiee - mapaMeTpHl (3[ech comepzKaHWe W MUHepasbHBIM TUII C 30HOU
3aMelIleHus, [I0JIA ComepKaHus ¥ I1JIaCTOB He3aBUCHUMEBIe, cToxacTudecKkue). OnuH dariil OnucEBaeT
IJIaCT LEJTUKOM - KaK OJI0YHYI0 MOpenb, Kyda HOBHIE ITapaMeTphl A00aBiAl0TCA KaHanmaMmu. s
WHCTPYMEHTOB IIepecedeHUs1 [OoOaBJIEHH eMOHCTPAllOHHBEIE BEKTOPHI: pa3joM 0e3 OTMEeTKHU
BBICOTHI, MapKUPYIOUIUK KOHTYP C Z, 30HA 3aMelleHus u onpokuHyTtas TIN-cknagka u3 3D-rpaHeu
PolygonZ.

CKBakMHBI C HHTE€pPBaJIaMH OIIPOOOBaHH I

ITapa cmoéB Mopmenu OypeHus BEIIAETCS TOTOBOM, MO TOMY K€ KOHTPAKTY, O KOTOPOMY BHITPYZKaeT
I'eoKOHCTPYKTOP. BMecTe ¢ Hell BHIAAETCS CIPAaBOYHHK IUIACTOB JE€MO: Te K€ KOOBI, UYTO CTOST B
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HWHTEpPBaJiaX, C IIOPAOKOM 3aJiIeraHusA, TEJIOM U IIBETOM. ITocTaBnsseMblit CIIPABOYHHK U3 4.11 co6paH
I10 BerHeKaMCKOMy MEeCTOPOXKOEHHNIO U KOOOB NEMO He 3HaeT, IIO3TOMY 6e3 cBoero CIIpaBOYHHKa
KOJIOHKH OeMO OCTaBaJIuCh oe3 IIBETa.

IMomnoce! nnactoB B 4.01 meMo-CIIpaBOYHUK He KPacCuUT, U 3TO He HeZoOesKa, a YCTPOUCTBO IIOUCKA.
[TnacT TaMm onpenensieTcs [0 MMeHaM CJI0EB KPOBiIU U nomoiBk: v c1osgd Kpll_top cHuMaeTcs pomb
u octaércsa kom Kpll, 1o HeMy cIpaBOYHUK M oIlpallinBaeTcs. [IoBepXHOCTH eMO Ha3BaHBI IIPOCTO
HOMepaMHM U Kofia IIJlacTa He HeCyT, II03TOMY II0JIOCH OCTAlOTCS B IIBeTaX II0 yMoa4aHuio. Ha cBoux
OAHHBIX, T7Ie CIIOM Ha3BaHHI KOOAMM IIJIACTOB, TOT K€ CIIPABOYHUK KPACUT M IIOJIOCH, M KOJIOHKH.
¥Ycrbs collar 3To TOUeYHBIHN CJI0M C OTMETKOM YCThs U IIyOuHOM 32005, mHTEepBaJskl interval sTo
oObIyHas Tabnuila ¢ rIyOMHAMY II0 CTBOJIY OT YCThSI M KOOOM IIjlacTa.

ITostomy wuHCTpyMeHT 4.02 CKBaxKHHBI Ha pa3pe3e npobdyercss 6e3 CBOMX [OaHHHIX u 0e3
o6pamenus K 6aze: 3anyctute 4.10, 3aTem 4.01 o m10060¥ U3 TPEX MuHUH, 3aTeM 4.02 ¢ 9TOM mapoH,
ompefiefieHeM pa3pes3a W OeMO-CITPaBOYHUKOM. KOJIOHKM CKBaXXKWH MOJyYaT I[BET U TOPSIOK B
nerenpge. CKBaXKWHBI CTOAT BOOJIH BCEX TPEX JIMHUM, TaK YTO KOJIOHKM JIATYT Ha JII000# 4YepTEX.
Ta ke mapa 6e3 U3MEHEHWI TOOUTCS W OJI TPEXMEPHOTO MPOCMOTpa: TaM I'IyOMHA yXOOUT B Z
HampsMyio, 6e3 BepTUKAILHOTO MaciinTaba U CMeIlleHusT pacKIagKH.

MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)
reoMeTpusa nnacra
Kanan 2 - NOAOLUBA (oTMeTku Z)

napameTpbl (bnoyHan mogens)

-+ 3.03: kpoBna=1, nogowea=2, cocTag=3
+ 3D-npocMoTp: «Tena NnacToe», KaHan napameTpa 3+

Puc. 30: KouBeH1IMsI MHOTOKaHa/IbHOTO TpHUAa IjlacTa: KaHalbl 1-2 HecyT reoMeTpuio (KpoBisA U
IogolIBa), KaHaskl 3 U gasiee - mnapaMeTphl. OguH daia KOpMUT UHCTPYMeHT 4.03.

CsioM 1eMO U UX aTPUOYThI

Cnout T'eomeTpus ATpubyTHI

JInauM pa3pes3oB (Hemo) JIUHUS name (Pa3pes 1, 2, 3). Tpu
CTBOpa Pa3HOM OJIMHHI:
JIoMaHas C OBYMS U3JIOMaMH
(BEpIIMHEI IPOBEPSIOT
NUKeTaxXK), KOpoTKas npsMas 1
HaKJIOHHAs C OOHUM HM3JIOMOM.

Yctes collar (memo) TOYKH hole id, z (otmeTKa ycThs), eoh
(rmy6una 3a60s51), number ms
MTOATIVICH.

HWnuTepsasnsl interval (memo) Tabnuia hole id, from, to (rmy6uHE IO

CTBOJIy OT yCTbs1), code
(MHOEeKcC IIJ1acTa).

CripaBOYHUK IIJIACTOB (IeMO) Tabnuila code, order, body, color, strata.
ITog koAbl UHTEPBAJIOB AEMO.
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Cnoit T'eomeTpus ATpubyTHI

3oHa (ZeMo, IOIUroH) [IOJINTOH name. [I715 UHCTPyYMEHTa
nepecedyeHus BeKToposB 4.05.

Paznom (memo, 2D) JIUHUS name. CeKyIllasi CTBOpPa,
cMellleHa C U3JI0Ma JINHUU.

Mapkep ¢ Z (gemo, 3D) nuHuA Z name. IIpoBepka

Onpokunytasa TIN (memo)

IToBepxHOCTE 1...6
[MTnacT 1-11/2-# mpom.

TIIOJIUTOHELI Z

pacTp
pacTtp

3D-reometpuii B 4.05.

name. ODpoKMHyTas CKjlagka
ons 4.06.

OnuH KaHall OTMETOK.

Kanansl: 1 XpoBsis, 2 IOOOIBa,
3 cogepkaHnue, 4 MUHTHII.

Pa6ouwuit MKy mmoka3aH B pa3pgesie 4.01: moBepxHocTH unyT B Pa3pe3 mo nuHUH, mapa collar u
interval B CkBazkMHBI Ha pa3pe3e, rpuf cocTasa B CocTaB mjiacTa Ha pa3pe3e, a [eMO-BEKTOPEI
u TIN B uHCcTpyMeHTH Iepecedenusa 4.05 u 4.06. Tak Bcs rpyllia pa3pe3a NpoKaThIBaeTCA Ha

COT'JIaCOBAaHHEBIX NaHHBIX.

IIapamMeTpsl

[TapameTp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

O06acTh (3KCTEHT)

3epHo reHeparopa ([or.)

IToBepxHOCTSH 1...6

JIlunuu pa3pes30B (3 mIT.)

YcTesa ckBazxkuH collar

HMHTepBaikbl CKBaxKuH interval

[MnacT 1-#% mmpoM.

[Inact 2-1 mpom.

Pa3znom, mapkep ¢ Z, 30Ha

Onpokunytasa TIN

[TpsIMOYTOJILHUK, B KOTOPOM
reHepupyeTcs Habop.

3epuo I'CY ona
BOCTIPOMU3BOOUMOCTH. O -
CIIy4aWHO IIPU KaXaoM
3amycke.

[ITecTh pacTPOB CBEPXY BHU3:
KPOBJIU U TIOIOIIBEI
BMEIIAIOMINX U ABYX
IIPOMBIIIJIEHHBIX 11JTaCTOB.
Tpu cTBOpa Yepes maomanb
o1 rmomayu B 4.01.
HNHCTPYMEHT IO YMOJTYaHHUIO
CTPOHUT pas3pes 10 KaKOoMYy.
ToueuHBIN CIIOM MOOENTU
oypenus (hole id, z, eoh,
PointZ).

Tabnuita momenu GypeHus
(hole id, from, to, code, kcl).
MHoOTroKaHalbHbIN I'PULT:
KPOBJIS, TIOAOIIIBA,
copmepKaHUe, MUHTHIIL.

To ke miss BTOPOTo
IIPOMEBIIIJIEHHOTO IIJIacTa, 10
HEe3aBUCHUMEIE.
IOemo-BeKTOpPH my1g 4.05:
nuHus 6e3 Z, KOHTYp C Z,
IIOJIUTOH 30HHI.

3D-rpaHu OIPOKUHYTOU
cknagku gia 4.06.

3a4aTh I10 IIPOEKTY

0

CO30alTCA

CO3OaKTCA

co3maéTcs

co3maeTcsa

II0 3ampocCy

II0 3aIIpocCy

10 3aIPoCy

10 3ampocCy

ITonHEBIN ITepeYeHb IIoJIel BEIXOOHBIX CJIOEB - B IpuloxkeHuu [laHHBIE OJIsi pa3pe3a (pa3gen «Ilons
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OeMO-CJIO€B» B KOHIIe PYKOBOLCTBA).

4.11 O6pa3eln cipaBOYHHKA IIJIACTOB

NHCTPYMEHT KJIafI€T B ITPOEKT IIOCTABIIIEMBIM 0O pa3el] ClipaBOYHHUKaA IIJIaCTOB - TOT CAMBIH, KOTOPHIH
uymurtaioT 4.01 u 4.02. Hy>keH OH II0 IIPOCTOM npuumHe: obpaser IexXuT paijioM B KaTajore IjiaruHa,
Kylla II07b30BaTeslb 0OLIYHO He 3arisgbiBaeT. be3 3TOro Imara CIpaBOYHUK IPUXOOUTCS UCKATh
pyKaMmu, a He Ha¥fs, IOOATh B pa3pe3 MePBYIO IONABUIVIOCS TabInIly U MOIyYUTh 4epTEX 6e3 uBeTa.

I[TapameTpoB y uHCTpyMeHTa HeT. OOuH IPOTOH - M cjio¥ CmpaBOYHHK IIacToB (0oOpa3ei)
MOSIB/ISIETCS B IPOEKTE U Cpa3y BUMEH B BhHIIIAJAOIEM CIIMCKe MHCTPYMEHTOB pa3pesa.

Y10 BHYyTpH

Tabmuita 6e3 reoMeTpuu, OJHA CTPOKA HA IIJIACT UM MEXKOYIJIacThe, CBEPXY BHHU3 II0 pa3pesy.
Komonku: Kom Teja, HOMEP CBepXy BHU3, Teno (IjacT WM MEXOYIIacThe), IBET, a TaKXkKe
HeoOsi3aTebHEIE TOJIIA ¥ TPUMeYaHue, KOTOPhIe YUTAIOTCsI, HO TTOKa He MCI0JIb3yIOTCS.

OOpasel cobpaH no BepxHeKaMCKOMY MECTOPOXKAEHHI0: 37 CTPOK OT IIOKPOBHBIX OTJIOXKEHUM [0
HUXKHEN KaMeHHOU conu. [ Opyroro MeCTOPOXKOEHUs OH CIIyKUT cKejeToM. CoOXpaHUTE CJIOU B
daiin mratHEIMU cpeacTBaMu QGIS u mpaBbTe KOMBI, IIOPSIIOK 1 IIBETA IO CBOIO CTpaATUTrPadUio.

Tey1o 3amoJIHsIET reojior

9TO I'JIaBHOE, YTO CTOUT IOHSATH IIPO CIIPaBOYHUK, U IIOTOMY IIOBTOPSIETCS 304ecCh. Tesio u3 Koga He
BeIBOAUTCS. [Inact AB 110 HanucaHUIO BEITTIAOUT Kak «A IUII0C B», HO 3TO LjesIbHBIY [1J71aCT, BHYTPU
KoToporo jyiexart A, b, kopx A-A’ u A’. Mexpaymactee B-B 13 Kofia He BEIBOOUTCS BOBCE, IIOTOMY
4To nnacrta b B cnucke HeT, ectb Ab. MHCTpYMEHT 3Ha4YeHUs Tejla He IIepeCUYUTHBaeT U B 3TOM
CMBICJIE HEe YMHee 4eloBeKa, KOTOPBIY UX IIPOCTaBUIL.

CocTaBHBIE TeJjia cepbie

B o6pa3siie ects KpIlla+6 - cocTtaBHOe Tesno, cymma Kpllla, mexpynmactesa Kpllla-6 u Kplll6. Takue
KOHTJIOMEPATH B CIPABOYHUKE KPACSTCS CEPHIM, TEM K€ OTTEHKOM, KaKWM MJIaTWH TTOMedaeT
Heomo3HaHHoe. [I[pyuymHa B TOM, YTO IIBET COCTABHOTO TEeJla M3 IIBETOB €Tr0 YaCTEH He BHIBOOUTCS:
YaCTU MOTYT OBITh PA3HBIX IIBETOB, U JI000H BBEIOOP OB OBl mMpou3BOIOM. CephIii YUTAETCS KakK
«IIBET HE 3afjaH», U er0 CTaBUT YEJIOBEK.

CocencTBo IIENIOTO C YaCTSAMU B OMHOM CITMCKE UMEET IIeHYy, 0 KOTOPOM CTOUT 3HaTh. [lOpSAIOK CBEPXY
BHU3 enuH, moaTomy Mexny Kplllo u KpIIIB Temephb nmexaT OBa Teja, a He OOHO, M IIapa TaKUxX
TpaHuI] Ha pa3pe3e JacT CEPYIO IIOJIOCY C MepedyHeM BMeCTO MMEeHM MeXAayIulacTbda. Ha kpymHOU
rpanynsapHocTu, Mexay Kpllla+6 u KpIIIB, Bcé cxomuTCst OOBIYHBIM 00Pa30M.

Tot ke ¢ama BHe QGIS

O6paser1r 1exkuT B nanke templates BHyTpu KaTaora IjaruHa B IBYX BUaX, plast reference vkmks.xlsx
U plast_reference vkmks.csv. B kHure Excel ecTh BTOPOM HHUCT C IMpaBUJIaMU 3aloIHeHUs. IIpaBbTe
TI00BIM YIOOHBIM CITOCOO0M, MHCTPYMEHTH pa3pe3a MPpUHUMAIOT u Tabuily mpoekTta, u GeoPackage,
u CSV.

5.01 ®paKTajibHasA pa3MepPHOCTH
WHCTPYMEHT CTPOUT KapTy (ppaKTanbHOU pPa3MepHOCTH IOBEPXHOCTU BapUOTPAMMHBIM METOIOM,

POOHBIM [JI MJIarvHa. B CKONb3siIleM OKHe CUMTAEeTCs JIOT-JIOT BapuorpaMma IO jlaraM OT OOHOM
mo N ssdueek, IO e€ HAKJIOHY ompefesseTcs IToKa3aTelb XépcTta H, a pa3MepHOCTh BHIUHCIISIETCS
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Kak D = 3 - H. Ha rnmagkux nuddepeHIUPyeMBIX y4acTKax D 0KOlIo 2, Ha U3pe3aHHbIX U ITYMHBIX -
6rmke K 3. Pa60TalOT HEe CTOJIBKO CaMM 3HAYEHUsI, CKOJIBKO UX IIepeIaabl: MU ITPOSIBIISTIOTCS 30HBI
TEKTOHWYECKUX HapyIIeHUH, IrpaHuIL OJI0KOB U CMEeHa XapakTepa peibeda KpOoBJIH.

I'pug D cpa3y moxkHO nogaTth B 1.04 U307 IMHUM U3 pacTpa U MOJIy4YUTh U30IUHUU Pa3MEPHOCTH.
B pmomomHUTENBHBIX apaMeTpax IIPeAyCMOTpeHa BO3MOXKHOCThL 3amucaTh H BTOPHIM KaHaIOM.
I'mo6anbable D u H Mo BCceli TOBEePXHOCTH BHIBOOSTCS B XKypHaIl.

Kak yuTars Kapry

AGcomoTHbEIe 3HaUeHUsT D BazKHEI MEeHbIIle, YeM UX Iepernanbl. JINHeNHbIH ITepenas yepe3 mioilanb
- TMHEeaMeHT, KaHOuOaT B TEKTOHUYECKoe HapylleHue. [T9THO MOBHIIIEHHOM D - 30Ha MHTEHCUBHOM
CKJIaYaTOCTH UJIN U3Pe3aHHOro penbeda Kposiu. OOIMIMPHLIE POBHLIE IOJIS HI3K0# D - CIIOKOMHEIE
OJIOKH. ,]1}'[5{ YTEeHHUsA MO2XKHO IIDUMEHUTHh OOJHOKAHATbHYIO IICEBOOLBETHYIO CUMBOJIUKY C KOHTpaCTHOﬁ
MajguTPON U Kiaccuduralel KBaHTUAIMU. 7151 OTYETHOTO TIJIaHa 1o rpuAy D cTposiTCA U30IUHUU
c nosicaMu uHCTpyMeHTOM 1.04, 11 30HLI HapyLIeHUH OKOHTYPUBAIOTCS KaK M30TUIICHI.

Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H

3.0

28

26

2.4
=5

2.2
-10

20

Puc. 31: CuHTeTHYeCKas KPOBJIA C OUAroHaILHOM 30H0I ApobiieHns U e€ KapTa D: CIIOKOMHEIEe OJIOKH
OKOJIO 2, 30Ha HapylLIeHUU NPOsIBUIaCh SPKUM JINHEAMEHTOM.

=
tn

=
(=]

w

=]

BnI10Op OKHA M jIaroB

Maroe okHO (5-8 sTueek) MOKa3bBaeT MUKPOCTPYKTYPY U JIOKabHEIe HapyIileHus, 6omibinoe (12-20)
- peruoHasbHLIE 30HEHI. [P COMHEHHH MOXKHO IOCUYHTAThL 00a u cpaBHUThH. KommuecTBo j1arop 4
MMOAXOOUT MOYTH BCcerga: OOJIbIle 1aroB - YCTOMYMBEE HAKJIOH, HO TOJIIIE MUHUMAIbLHBINA MacIiTal,
KOTOPBIH MeTOI crocofeH pa3nuuutb. OKHO ¥ JIaT¥W OTrPaHWYEHHl Pa3MepoM TPHUOa, UHCTPYMEHT
IIPOBEPSIET 3TO CaM.

Patouuy HUKJI

Kposns niacta u3 Kpuruara nogaércs B 53.01 ¢ okHomM 8, monyuennsiii rpun D - 8 1.04 U301uHNR
M3 pacTpa (kKaHan 1), ¥ moBepxX CTPYKTYPHOTO IIJIaHa J10KaTCAd N30JIMHNUY PAa3MEPHOCTH C II0SICaMMU.
I'mob6anbHOE D 13 )KypHasa - OMHO YKUCJIO Ha TIOBEPXHOCTD, II0 HEMY MOXKHO CPaBHUBATh YYaCTKU WU
IJIaCTH MeXKOy co00. PacTp moimKeH OHITH B METPHUYECKOM CUCTeMe KOOPOUHAT. [[eMO-II0BEPXHOCTH
IMOOXOOAT KaK €CThb.

ITapamMeTpsI
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[TapameTp YTo 3amaeT ITo ymomuaHuio / COBET

IToBepxHOCTE (Pactp) I'pup penveda mnm 1100608 TOBEPXHOCTU. -
IMTonypaguyc OKHa, sT4YeeK Pa3Mep CKOMb3sIero oKHa. 8
KommnuecTtso naros ([Jor.) Jlaru BapuorpaMMtl 1..N siueexk. 4
Kanamn BricoT (Jo1.) Kanam ¢ oTMeTKaMu. 1
3anucatk H (Jom.) IMo6aBuTth H BTOPHIM KaHAaIOM. BBIKJI

@®paxkrtanpHasa pa3MepHocTs [pup D (u H npu ranke). -

5.02 Box-counting Mmacku

Knaccuueckuit box-counting mms OuHapHBEIX MacoK. PacTp OmHapu3yeTcss moporoM (OOBEKT -
3Ha4YeHus OOJbIIe ITOPOora), MackKa MOKPHIBAETCS sSuyeKaMu yOBIBAIOIero pasMepa, HakiaoH log N
ot log(1/pa3mep) maéT omHy pa3MepHOCTb D Ha BCIO Macky. JIuHelHBIM 00beKT maéT D okomo 1,
MISITHO - OKOJIO 2, U3pe3aHHble KOHTYPHI 30H 3aMeIlleHUs UJIN BEIPpab0TaHHBIX TPOCTPAHCTB JI0KAaTCSA
Mexkay. TOYHOCTh Ha KOHEeYHBIX MacKax Imopspaka +0.1, mosTomMy MeTo[ IIPUTOfeH IOJisi CPaBHEHUS
MacoOK MexXpmy co0oi, a He KakK abcomioTHas Mepa. Pe3ymbTaT BEIBOOUTCS B 2KypPHAJl BMECTE C
TabuIel pa3MepoB U CUETOB M BO3BpAIlaeTcs 4ucjioM D, KOTOpoe MOXKHO MCIIOJIb30BaTh [aIbIlle
B Mopensax Processing.

Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweana Koxa: HaknoH 1.254 (Teopwa 1.2619), R?*=0.999

-45  -40  -35 -30 -25 -20 -15 -10 20 25 30 35 4.0 45 5.0 5.5
log(1/pa3mep) log(1/pasmep)

Puc. 32: TlpoBepka OIIeHIIMKOB Ha 3TajioHax: KoBEp CepnuHCKOTro OaéT HakioH 1.8928 mpu
TeopeTtudeckux 1.8928, kpuBas Koxa - 1.254 npu 1.2619. Touku Ha IpsIMOHU - CTEIIEHHON 3aKOH
BRIZEPIKaH.

OTKkyma OepéTcst MacKa

Macky MOKHO B3ATh W3 KaHajla MHUHTWIA TPHUAA ITJlacTa C MOPOTOM MeXAy KOmaMu KJIacCoB,
U3 TpHUOa BEPOSATHOCTH WHOWKATOPHOIO KpuruHra c moporoM 0.5, M3 KapThl BEpPOATHOCTHU
ITPEBHIMIEHHS C ITIOPOTOM KOHOUIINY, U3 BEKTOPHBIX KOHTYPOB BEIPAOOTOK MJIM 30H, TPEIBAPUTEIIEHO
pacTepr30BaHHLIX IITaTHHIM «PacTepu3anus (BeKTop B pacTp)». CpaBHUBATh UMEET CMBICTT D Macok
OOHOM TPUPOOHLI Ha OMHOM CeTKEe: POCT U3PEe3aHHOCTH KOHTYypPa 3aMeIl[eHUs OT IIJIacTa K IIJIaCTy TN
OT TOfIa K TOMY - COmepKaTeIbHBINM CUTHAIT.

[TapameTp YTo 3amaéT ITo ymonuaHnuio
Pactp macku JIioGoi# pacTp, MacKa - 3HaYeHHUs BHIIIIE IOpoTa. -

ITopor I'paHuIita «00LEKT/POH». 0.5

Kanan (Jom.) Kanan pacTpa. 1
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[TapameTp YTo 3amaéT ITo ymonuaHnuio

5.03 Pa3MepHOCTH JIHHHHM H I'PAaHHUIL

WHCTpYMEHT cuuTaeT pPa3MepHOCTh KaXKAOW JIWHUKW METOOOM LUpKynsa (PuuappcoHa): IHHUSA
MIPOXOAUTCS XOpaaMu yOrIBaroIero pacteopa, HakioH log N ot log r maét D. IlpsaMas naéTt equHUILY,
n3pe3aHHas AUHUSA - Gonbiie. [IoMUTrOHBI MPUHUMAIOTCA HAapaBHE C JUHUSIMU, ¥ HUX MepsSeTcs
BHeIIIHEee KOJIbLO I'DaHUIIL], II09TOMY U3PE3aHHOCTh KOHTYPOB 30H U BOOOCOOPOB cuuTaeTcsa 6e3
IpenBapUTEIbHOTO Ipeobpa3oBanus. Berxonm - Te ke o0BekTH ¢ monssMu D u steps, cpeguee D
BBIBOOUTCS B XKypHan. KopoTkue nuHUM nonydarlT nyctoe D. Meton HmpoBepeH Ha 3TaloHaX:
KpuBas Koxa maét 1.262 nipu Teopetudeckux 1.2619.

IIHarHoCTHUKaA CrjlakKHBaHUSs H30JIMHUHA

INepecrnaxkeHHLIEe H30JIMHUN TEPSAIOT M3Pe3aHHOCTh, U D mamaeT K emuHuiie. IIopsmok padOTHI
TaKOMW: M30JIMHHUU CTPOSITCS ABazkKObl, 03 CrilaXkuBaHWs M C paboymMu mapamMerpamu, oba CJios
IIPOTOHSIOTCS Yepe3 MHCTPYMEHT, cpefHue D m3 KypHasla CpaBHUBAIOTCA. IlameHue Ha COTHE -
KOCMeTHKa, ¢opMa coxpaHeHa. [lageHre Ha OeCATHE - CTJIakKMBaHUE ChelaeT TeOMETPUIO TT0JIs, U
CKpYTJIEHUE CTOUT OCJIabuTh UIIY OCTABUTDh TOJILKO AeHcudukaumio. 1o momto D B aTpubyTax MOXKHO
HaWTHU U KOHKPETHBIE JINHUU, IOCTPaldaBlliie CUJIbHEEe TPOYUX.

dpyrue npuMeHeHUs1

I/I3pe3aHHOCTL KOHTYPOB 30H B IIJlIaH€, CPaBHEHUHE HOEeTAaJIbHOCTHU O].[I/I(l)pOBKI/I I'PaHUIl U3 PA3HBIX
HNCTOYHHMKOB, KOHTPOJIb T€HEPAJIN3allur IIPHU IIOATOTOBKE MEeJIKOMAacCIITaOHBIX IIJIAHOB - Be3pe, raoe
«HaACKOJIBKO MU3BUJIMCTAa JIMHUA» OOJIZKHO CTAaTh YHCJIOM.

[TapameTp YTo 3amaér ITo ymonyaHuio

JInaun JIuHeWHBIN C/TOU (M30JIMHUM, KOHTYPHI). -
Jluaum c pasMepHOCTEIO Te ke nuHUU C rmonsMu D u steps. -

5.04 PazMepHOCTh MHHKOBCKOIO (BEKTOPbI)

Box-counting HampsaMmylo 1m0 BeKTopaM, 0e3 pacTepus3aluu: JUHUKW U TPaAHUIL IIOJIMTOHOB
MMOKPHIBAIOTCS CETKOM yOmIBalomero pa3Mepa, HakJioH log N oT log(1l/pa3mMep) maéT pa3MepHOCTH
MunkoBckoro. [IpssMas nuHUS U I'IagkKas rpaHulla gailoT D OKOJIo eIWHUIILI, pedHas ceThb - 1.1-1.5,
CUJIBHO u3pe3aHHas OeperoBasi nuHUA - 00 1.3 u Beime. Kaxmbeiii 00BbeKT mojiydaeT mojisi D mink
u D r2 (xkadecTtBOo jor-inor anmpokcuMmanmu, Huxke 0.85 oleHKe OOBepATh Henb3sd). OTOenbHO
CUMTAETCs W BBIBOOUTCA B XKypHan D cjI0s Kak eOQUHOT0 MHOXKECTBa: OJII PEeYHOU CeTU I3TO
Pa3MepHOCTh CEeTU LIeJIUKOM, ¥ OHa 3aKOHOMEPHO BHIIIIEe Pa3MEePHOCTU OTHEIbHBIX PYKaBOB.

MerTop momonHSAET DUPKYh U3 5.03: DUPKyIb MepPSAeT U3BUJIMCTOCTh OOHOU JTUHUNW, MUHKOBCKHAH -
3amoJIHEeHUE IIJIOCKOCTH HabopoM 00beKTOB. Pa3aMepHOCTh BO3BpAIllaeTCs ¥ YHUCJIOBBIM BBIXOIOM AJIST
Mmopenel Processing.

[TapameTp YTo 3amaéT ITo ymomganuio

JIMHUY WU TIOJTUTOHBI BeKTOpHBIN CIOHM, ¥ TOMTUTOHOB -
6epyTCcs Komblla TPaHHUII.
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

KonmuuecTBO pa3MepoB CETKH,
K (Oom.)

COoBUTroB CEeTKH Ha pa3Mep

(Horm.)

®akTop yminoTHeHus ([om.)

CTymneHel JIeCEHKH, CIUIIKOM
6ombimoe K yBOOUT TUYEHKU
HUXKEe OeTaJlbHOCTH JIMHUU U
3aHuxkaet D.

Crny4aliHble CMeEIlleHUs,
OepéTcst MUHUMAJTbHOE
ITOKPBITHE, IIPUBS3Ka K CETKE
CHHMAaeTCs.

[ITar BEIOOPKM BIOOJTH
CEerMeHTOB B mojsax suenku, O -
TOJTPKO BEPIIHUHEI.

8

0.5

5.05 Co3marp npuMmep ojisa ppakKTaaoB (HeMo)

T'enepaTop y4eOHEIX OOBEKTOB IJisi Bcel ¢paKTalbHOM TI'DYINNB: BETBSAILIASICS pPedHas CeTh C
nmoneM order (HOpPSANOK IIPUTOKA), IOJIMTOH BomocOopa C M3pe3aHHOU TIpaHUIlEd W OTHeJIbHAas
OeperoBas JIMHUS, TOCTPOEHHAs CPEOWHHBLIMM CMelleHUusMU. Peku MOxXHO mopaTk B 5.04 u
MOJIyYUTH pa3MepHOCTh ceTu. beper u rpanuiy Bogoc6opa - B 5.03 u 5.04, u cCpaBHUTH HUPKYJb C
MwunaKOBCKUM. Bomoc6op pacTepu3yeTcs MITATHEIM WHCTPYMEHTOM U CIIyKUT IpuMepoM aist 5.02.

[TapameTp

YTo 3amaéT

[To ymonuaHu1o

OxBar

3epHo ([or.)

ITnomags reHepanun. -
I[ToBTOpsieMocTh mpuMepa. 1

Tunuuyabie CHTYdIIHH M pPeIllIeHusl

YTo BUOHO

[TpuyuHa

Pemienue

KOHHGHTpI/I‘IeCKI/Ie «OBIYLH
T'Jla3a», KOHYCHL

YrnoBaTble H30JIUHUHU
(«OKTArOHEBI»)

PaguanbHbIe/BeepHEIE TUHUY B
ITyCTHIX yTIax

HN3onuHum mmepecekamTCs B
TYCTBIX MecTax

ITonuroHsl OOHOTO IIBETA

KpuUTruHT TOYHO IPOTATUBAET
3Ha4YeHUe Yepe3
CKBaXXMHBI-BLIOPOCH (HarreT
0).

['pyObIii TpU: BEPIIUHEI
CTaBSITCS II0 KpasiM sTUeekK.

9KCTpaHOJ'I5II_II/I5{ 3a IIpenejilaMu
OAaHHBIX.

Panr1ie - cnegcTBue
CTJIAKUBAHUSA KaXXOOU JIMHUU.

[To yMom9aHUIO CIOM
CO3MaETCs C OOHUM CUMBOJIOM.

3apgatb Harret CO (0.2-0.4 ot
cuimna, B abCOIIOTHRIX
eOuHUIlax aucnepcuun). U/unm
BKJIIOUUTD CrJlakKUBaHUE Ipuga
B «2D Kriging».

VBenuuuth «CKpyrieHue
JIMHUY>» 00 3 UJIM YMEHBIIUTH
pa3Mep S4YEeWKU B KPUTHUHTE.
Brmouuth «O6pe3aTh 1o
KOHTYPY CKBaXKUH» UIU 3a0aTh
MacKy oOpe3KHu.

CriaxuBaHHue UOET II0 IOJII0 (B
«2D Kriging»). YBenuuuTh TaM
paguyc CriiaXkmuBaHUS rpuaa.
3azaTh rpagyupOBaHHYIO
cuMBoOJIuKy 1o ELEV_MIN.

IIpunoxkenue. Isoliner 3a 15 MmuHyT

CBoUX HAHHBIX HE HYKHO. B KaXXOoM clleHapuy IEPBHIH IIar CO3TaéT UK 3arpyzKaeT JaHHBIE caM,
[IOSTOMY IIPOWUTHU MapIIPyT MOXKHO Ha IIyCTOM IIPOEKTE.
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[
t f B Posmpacn 3 nassees 1 spos. i ﬂ

Puc. 33: Hemo-peku c nopnucaMu D mink mo pykaBaM: IIOYTH TJlafiKe pyKaBa [al0T 3HAYEHUS
OKOJIO €eQUHUIIEI, CETh LIEJINKOM - BHIIIIE.

HuaCTpyMeHTOB B MopyJie 48, u 3T0 myraeT ONpu nepBoM 3HakoMcTBe. Haunute ¢ nartu: 1.02, 1.04,
2.03, 2.13 u 4.01. OcranbHOEe HaWOETCSA caMo, KOTa YIPETeCh B 3aaydy.

TToce KaXkoro Iara HalmrucaHto, YTO JOMXKHO MOJIYyYUThCS. ECIY TOTyYniocs Ipyroe, 3Ha4YuT CTOUT
OCTaHOBUTHCS M Pa300paThCs, a He UATH Habllle.

Cuenapuu 1. Y MeHs1 TOYUKH

ITate MunyT. CKBaXXUHBI, TPOOLI, 3aMepHl, Tt00as HeperyasapHas ceTh HaOMIOOeHUN.

IITIar 1. 1.10 Co3gaTh NpuMep CKBaxHWH (eMo) MUHUMYyM: HUYEeTo 3afjlaBaTh He HYKHO, BCE I10
yMoT4aHui0. Ecyiu y Bac eCTh CBOM TOUYKH, ITPOITYCTUTE mIar. [101yyumcs: TOYeUHBIH CJION B IPOEKTE.

IIar 2. 1.02 2D Kriging (Toukum - pactp) MunumyMm: Toukmu, Ilose 3HagyeHusi, Pazmep
siaerKku. OCTaNbHOE 10 YMOJTHaHUIO. [Toayyumcs: pacTp U CJIOH CTAHOAPTHOU ommOku. Omubka
pacTéT TaM, TOe ToOYeK MaJlio, ¥ 3TO [IepBoe, Ha YTO CTOUT IIOCMOTPETh.

IITar 3. 1.04 U301uHuH U3 pacTpa MunumyM: Pactp, Ceuenue, CTHIL H30ITHHUM = CTPYKTypa
/ TuicomeTpusi. CedyeHue moadepuTe Tak, YTOOL TUHUM OLIJIO BUIHO, HO HE CIIJIONIHAS IITPUXOBKA.
Hoxzyqumc,ﬂ: U30JIMHUU C IIOAIIMCAMKM W KOHTYPHBIE€ IIOsACA, T'PAaHUIBI KOTOPBIX COBIIQOAKOT C
TAHUSIMHA.

Hamneie mo Bkycy: 1.05 u 1.06 nmokaxXyT, eCTh M B OaHHBIX aHu3oTtponusa, 1.08 oueHuT meton
IMePeKpPECTHOM TPOBEPKOM.

Cuenapuu 2. MHe HyKeH peibed

[MatHaguaTte MUHYT. [71aBHBIM ClleHapHuil: CTPOUM peibed, IpoBepsieM ero 4ucjaMu U JIe9YUM
HalJeHHOe.

Iiar 1. 2.01 3arpy3ka IIMP no pamke MunumyMm: Actounuk penbeda = GEDTM30, Pamka
3arpy3KH 110 uHTepecyoileir mecTHocTu. GEDTM30 3To Momens penbeda 6e3 jeca U IOCTPOEK,
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OJIs IOCTPOEHUS TOPU30HTalel OHa MogxXonuT nydire, yeM Copernicus GLO-30, roe BeICcOTa CHATa
o BepxywKaM. IToaydyumcs: pacTp penbeda B CUCTEMe KOOPAUHAT IIPOEKTa.

IIar 2. 1.04 U301umEuu u3 pacrpa Muraumym: PacTp, Ceuenne 5 unu 10 M. OcTtanbHOE IO
yMonuaHuto. IToayuumcsA: cloi ropusoHTasnei. [asbile OH UrpaeT POJIb MCXOOHBIX OaHHBIX, KakK
ecnu OBl BaM UX Ilepenanu.

IITar 3. 2.05 Ctok u akkymyasanus (D8) Muuumym: IIMP u3 miara 1. 3amonHeHne TOHUXKEHUHR
OCTaBbTe BKIIOUEHHEIM. [10/1yyumcs: pacTphl HallpaBIeHUM CTOKa M HAaKOIUJIEHHOM IIOLIIaau.

IIlar 4. 2.06 PeuHast ceTb MUHUMYM: pacTp akkKymynsiuu u3 mara 3, [lopor Bomocoopa B
stueiikax. HauHWUTE C THICSYHU U ITOO0EPUTE TaK, YTOOBI CETh BHITISIAE A IIpaBaononooHo. [Toayuumcs:
JIMHUU BOOOTOKOB, HallpaBlIeHHbIE BHU3 10 TEYEHUIO, TO €CTh TOTOBBIE TaJIbBETH.

IITar 5. 2.09 Bepmuabt MuaumyMm: IIMP u3 mara 1, Paguyc momcka B sg4eukax. Iloayyumcs:
TOYKH JIOKAJIBHBIX MaKCHUMYMOB C OTMETKaMH.

IIar 6. 2.02 3arpy3Ka TOIOOCHOBBI IO paMKe MuHumyM: Ta ke Pamka. I3 OSM Gepure
IJIOIIAaAHbIE BOOOEMBI M CYXHeE PYCiia, @ PEKM YW BEPIIWHE He 0epuTe: OHU yKe MOCYUTAHBI I10
penbedy B marax 4 @ 5 U corjlacoBaHH C HUM, Torga Kak u3 OSM oHU NPUOYT U3 APYroro
MCTOYHUKA U MOTYT He COBIACTh C MaTpunei. [Toayuumcs: 0o OATHU CI0EB B rpyune Tonorpadus.

IITar 7. 2.03 Topo2Raster (penbed u3 BekTopoB) MunumyMm: W30 IMHUH U3 IIara 2 U mojie
BBICOTHI, TanbBeru u3 mara 4, Touku BBICOT U3 1ara 5 u noje oTMeTky, O3épa u ype3 BogbI
M3 Imara 6 ¥ moje OTMETKH ype3a, Pa3mep siuernku. OOPHIBEL ITOAANTE, €CIIU OHU €CTh B TOIIOOCHOBE.
IToayyumcs: HOBBIM pacTp penbeda, HIOCTPOESHHBIH 10 TUIIN3UPOBAHHLIM BEKTOPaM, a He 0 OOHUM
TOPU3OHTAJISIM.

Iar 8. 2.12 HeBsi3Ka ropu3oHTa/ied nporus IIMP MunumyMm: [TOpH30HTaIM U3 11ara 2, MoJIe
BbICOTHI, IIMP u3 miara 7. ITosayyumcs: TOYeUHHIH cjIoM HeBsI30K U or4yeéT HTML. CMmoTpuTe Ha
cpemHee CMeIeHVEe U Ha JOJII0 TOYEK, IPOMaxXHYBIINXCS OObIIE YeM Ha IIOJIOBUHY CEYEeHUS.

IITar 9. 2.13 Tuarsoctuka reppacuuara IIMP Munumym: IIMP u3 mara 7 u Ceuenue penbeda,
TO K€, 4YTO Ha LIare 2. HO/lyllumCFl: UHIOEKC IIPUTAXKEHHNS OTMETOK K YPOBHSIM. OxoJ10 eI HUIIBI
O3HaYaeT, YTO CTYIEeHEeN HeT, OIBa U BHIIIIE O3Ha4YaeT TEPPacHuHT.

IIlar 10. 2.14 YoOpars cTyneHu (CriakuBaHHMe C OrpaHudYeHHeM) HyxXeH, TOJIBKO €ClIu
NpeabIayIIui mar Hamén TeppacuHr. Munumym: IIMP co crymensimu, CedeHue peinbeda,
HUrepanuii 50. [Tosayuumcs: WCIpPaBIeHHHH penbed M OTUET OO0 U Tocie. MHOeKC mOoKeH
ONIyCTUTHLCSA K €OUHUIIE.

Ecnu XO0TuTe TPOBEPUTL HE CBOM OaHHBIE, a CAM METO[, 3aMeHWUTe MepBhIH mar Ha 2.10 [Temo-
penbed c drnaxkoMm OBpazxKHO-0a/I09HasI ceTh. Torma CTUHHASA TOBEPXHOCTh U3BECTHA 3apaHee,
¥ BUOHO, YTO UMEHHO TEPSETCS IPU ITOoCTpoeHuu. OBparu TepsIOTCs IePBEIMU.

CBepUTh C UCTUHOM MOXKHO OByMs ciocobamMu. HarisigHo: MOCTPONTE U30JIMHUY 110 BOCCTAaHOBIIEHHOMY
penbedy c TeEM Ke CeUeHUEM U HaJIOXKUTE Ha TOPU30HTAH IlIara 2 OPyruM IIBETOM, TUHUHU OOJIKHBI
Jeyb OPYyT Ha Apyra U pa30MTHUCHh TOMBKO Ha MaKyIIKaXxX BHIIIE ITOCIedHel TOpu30HTaIu. YNCIIeHHO:
KaJIbKYJISITOP PacTPOB, BEIPaXkKeHUE «BOCCTAHOBIIEHHBIM MHUHYC UCTHHA», M CTAaTUCTUKA PAa3HOCTU

B CBOMCTBax cjosi. IIpu ceuyeHuUHW 5 M OXKHUOAETCSA CpemHee OKOJIO HyJs ¥ pa3dpoc MmopsaKa MeTpa,

a HauOOJBIIIME PACXOXKAEHMS Ha BepimuHaxXx. Ecimm mo6GaBuTh B ImIar 7 TOYKW BEPIIMH M3 IIara
5, PacxXoxXOeHnus1s Ha MaKYyLIIKaX 3daMeTHO COXKMYTCH, XU 3TO POBHO TOT OTBET, 3a4YeM Tonorpa(bm
MMOATIMCHIBAIOT OTMETKHU BEPILINH.

Cuenapuii 3. MHe Hy2KE€H pa3pe3
Tpu MUHYTEL.

IIIar 1. 4.10 Co3garh nNpuMep O/isi pa3pe3a MuUHMMyM: HMYEro 3agaBaThb He HYXKHO, BCE II0
yMom4aHuio. [Toaydyumcsi: Habop cnoés B rpyumne [IpuMep paspesa.
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IITar 2. 4.01 Pa3pe3 mo guauu MunHumyM: JImHuHs1 pa3pe3a, IloBepxHOCTH CBepxXy BHH3,
BepTHKAIBHBIA MacIITa0. [Toy4umcs: 4epTéxk pa3pe3a B MHXKEHEPHOH CUCTeMe KOOPOUHAT, C
0CSIMH, OTMETKaMHU U IOJI0CaMHU IIJ1aCTOB.

Kyna uaTu panbiiae

PyKOBOMICTBO OMKCHIBAET KaXXObIH MHCTPYMEHT IMOAPOOHO, C ITapaMeTpaMHu ¥ OTOBOPKaMHU. 37eCh
HaMepPEeHHO HeT HU OIIHWM, HM TeOPHH: 3ajJada CTPAHHUILI ITPOBECTH BaC IO MOMYIIIO OOHUH pas, a
He 3aMeHUTh JOKYMEeHTAalIlHIo.

IDanuvle OpenStreetMap: © ydactHuku OpenStreetMap, ODbL. Matpuma Copernicus GLO-30
pacmpocTpaHseTcss CBOOOIHO.

IIpunoxenue. IToass mnemMo-cjaoeB

CBopka mojneu Bcex TeéHepaTOPOB I€EMOHCTPAIMOHHBIX IaHHBIX C EIMHUIIAMU. 3HaueHUug OEMOHCTPALIMOHHEIE:
TaM, I'1e BeJINYHHa aﬁCTpaKTHa, €OUHUIEBI YCIIOBHHEI.

Beixogsl rpynnsl «Tonmorpagus»

Cnout nuanii PedyHasi ceThb (MHCTpyMeHT 2.06):

ITone Tun CMBICJI, eOUHUIILI

order ejoe nopsimok Ctpanepa
acc out  OpoOHOe aKKyMYJISIUS B 3aMbIKAHUU 3BEHA, sTUEEK
length m pgpo6GHOe pgnWHAa 3BE€HA, M

Cnoit nonuroHoB Baccennsl (2.07): basin - Homep Gacceiina (11en10e), area_m?2 - miom@anb, M2
Cnoit Touek Bepuiunsl (2.09): z - BbicoTa, M, drop - IIpeBLIIlIeHNEe HaJl MUHUMYMOM OKHa, M. Crou
TOIIOOCHOBHI (2.02) HecyT name u osm_id, BOOOTOKU AONIOJIHUTEIbHO Waterway, BomoéMbl water,
BepmuHE ele (BricoTa, M), 00peiBEL kind. TeMo-penbed (2.10) - pacTp 6e3 momnei.

CkBaxkuHbI (DeMo) - uHCTpyMeHT 1.10

Crnoii Touek CKBaXXHHBI (IeMo):

ITomne Tun CMBICJI, eQUHUIIHL

well CTpOKa UMS UJIM HOMEepP CKBaXXUHBI

roof opobHOoe abcomroTHAsA 0TMETKA KPOBIIH
Imacra, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobOHoe comepzKaHUe YCIIOBHOTO
KOMIIOHEHTAa, IIPOIeHT (IeMo)

head opobHoe Harmop, M (HeoOsi3aTenbHOe
moJie)

K opobHoe Ko3(dunmeHT GUIbTPAIUN,
M/cyT (memo, HeoOs13aTenbHOE)

T opobHoe BOZOIIPOBOOUMOCTH, M?/cyT, T
= K-MOIIHOCTH
(Heobsi3aTenbHOE)
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ITone Tun CMBICJI, e UHUIIEI

dz

mintype CTpOKa MUHTHII, KaTeropus (IemMo
3aMelleHus, Heo0s3aTenbHoe)
opobHoe BeJIUYMHA, TUHEHHO
CBsI3aHHas C gpeidom, yc.
(Heobs13aTENBHOE)

HeoGs3atenbHel pacTp IIoBepxHOCTE aApelda (IeMo) - CTOPOHHSS MOBEPXHOCTD /IS KPUTHHTA
C BHEIIHUM Apelidom, yci. ef.

ITpodnin 3/1eKTpopa3BeaKH - HHCTPyYyMEeHT 1.11, pexkuM 3/ 1eKTpopa3BeaKH

Cno#t Touek IIpodunu anekrTpopa3dBenku (pk, EII, BII):

ITone Tun CMBICJI, €OUHUIIE

profile mesoe HOMED IIpoduns

picket m ppoGHOe TMKET OT Havasa IPoOPuUIIsE, M

pk CTpOKa nukeT MeTkou [1K (Hanpumep ITK5+20)
z opobHOe OTMeTKa IMOBEPXHOCTU, M

rho k IpobHOe KaXylleecs CONPOTUBIeHUE pK, OM'M
rho true ppob6HOe pK 6e3 mryma, OM-M (9TaIoH)

sp OpoOHOe MOTeHIIMAll ecTeCTBeHHOro nons EIT, mB
vp IpoOHOe BEI3BaHHas momspuslarus BII, mB/B

IIpodunu ocemanuu - HHCTpyMeHT 1.11, pexxum ocemaHuH

Croit Touek IIpodunu ocemauuin (Myabaa, TypoB: N):

ITone Tun CMBICH, €IUHUIIBI

profile ejoe HOMeD npoduis

picket m OpoOHOe TMHKEeT OT Havaia Opoduis, M
pk CTPOKa nukret meTkou ITK

tour 1esoe HOMED Typa HabJIomeHun

z OpoOHOEe OTMEeTKa ITOBEPXHOCTU, M
settle opoOHOe ocemaHWe, MM

settle true pgpob6Hoe ocemanue 6e3 nrymMa, MM (3TaJIOH)

HaHuHbIE OJis1 pa3pe3a - UHCTpyMeHT 4.10

IToBepxHOCTH 1...6 (PacTphl) - OTMETKU IIECTU IIOBEPXHOCTEM CTOIKOM, M. CBepxy BHHU3: 1
KPOBJIS BepXHeW BMeMlawmlel, 2 KPoBisd U 3 IOOOIIBa 1-r0 IPOMEIIIJIEHHOTO, 4 KPOBJSA U 5
TIOOOIIBa 2-TO IIPOMBIIIIIEHHOT0, 6 ITOOIIBA HUXKHEW BMeEIalolIe.

JInauu pa3pe30B (IemMo) (JTHMHHKA): IT0Jie name - uMs 1uHun (Paspes 1, 2, 3).

Ycres collar (memo) (touku): hole _id, z - ormeTka ycThs, eoh - rimy6uHa 3a60osi, number -
TIOONUCE.

HNuTepBassl interval (mzemo) (tabnuua): hole_id, from, to - riyOGuHLL IO CTBOJIY OT YCTh4,
code - MHIOEKC IJIacTa.

IInact 1-# nmpom. (memo) u Ilnmact 2-# mpoM. (memMo) (MHOrOKaHAJIbHEIE PACTPHI): KaHaJl
1 kpoBnsa (M), KaHan 2 mopomiBa (M), KaHan 3 cofepzKaHue (OPOIeHT), KaHal 4 MUHTHUIL
(kaTeropus 1 unu 2).

PazmoMm (memo, 2D) (MuHMNA): name.

Mapkep ¢ Z (memo, 3D) (TuHUS C OTMETKOI Z): name.
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* 30Ha (DeMoO, MOJIUTOH) (IIOJIUTOH): name.
* Onpoxkunyras TIN (memo) (3D-rpanHu): name.

[HanHabie Ojisa PpaKTajoB - HHCTPyMeHT 5.05

* Pexku (memo) (muHUU): nojne order (11e0€) - HOPSAOOK IIPUTOKA B MEPAPXUU CETH.
* Bomocoop (meMo) (IIoIUroH): Iojie name.
* Beper (memo) (JIMHUS): II0JIe Nname.

IInoTHOCTH (HEeMoO) - uHCTpyMeHT 3.08

Cnoit Touek 1eMO-TOUKH:

ITone Tun CMBICJI, eOUHUIILI

mass gpoGHoe Macca 3amepa (gemo, 50 Ha TOUKY)
prec gpoOHOe CHI'Ma HeOoIpPemeléHHOCTH, M

Crnoit nuaUY [IeMo-ITHHHH:

ITone Tun CMEICJI, eOUHHUIIEI

mass IpoOGHoe Macca 3amepa (memo, 100 Ha TUHUIO)

prec IpoOHOEe MONyIIMPHHA KOpUAgopa, M

from m pgpoOHOe Havalo MHTepBasa II0 IUHUU, M (MOXKET OBIThH ITyCTO)
to m opo6HOe KOHeEIl MHTepBaJjia 10 JIMHUM, M (MOXKET OBITh IIYCTO)

Croit HoIUuroHoB [IeMO-IIO/IMT OHbBI:

ITone Tun CMBICII, eIUHUIIE

mass p»poOHoe Macca 3aMmepa (memo, 150 Ha IOIUTOH)
dasy 1ernoe 1 - monuroH nox gasuMeTpuio, 0 - paBHOMEPHBIN

BcmiomoraTenbHEIM pacTp BeoM. pacTp (ma3uMeTpusi) - rpafueHT 3HaUYeHU N /1 Ta3UMeTPUYEeCKOT 0
pexumMa 3.07, yci. en.

IIpunoxenue. IINOTHOCTL IePEMEHHOH OIOPHI: MOIIAr0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepanuu OeMo [0 TOTOBOTO Pe3yjibTaTa, C IOSICHEHHEM
KazKOoro riapamMmeTpa. HpHMep IIOKA3bkIBAET, KaK IIPOBEPUTHL MHBAPHUAHT MaACCHI I''tTa3aMU.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 Co3gaTh NpuMep OIS IJIOTHOCTH (OeMo).

¢ 001acThb (3KCTEHT) - TPaHUIlLl TeHepaluy. 3ajaliTe IPSIMOYTOIbHUK Ha KapTe HJIU II0 CJIOO.
ToguTcst mo6GoM MeTPUYECKUI OXBaT, HaIpUMepP KBaJapaT HECKOJIFKO KUJIOMETPOB.

» flyeHKa BCIIOM. PpacTpa, M - [lIaT BCIIOMOTAaTEeILHOT0 PacTpa [Jisd Ja3uMeTpuu. [10 yMOoT4aHUIO
50, o meMo moCTaTOYHO.

e 3epno I'CY (Jo1.) - TOBTOPSIEeMOCTE ITpuMepa. [Ipu ogHOM 3epHe HaOOp OOUHAKOB.

Ha Beixogme yeTnipe cnos: [lemo-ToukH, [lemo-1uHuH, [leMO-IIOIUTrOHbI 1 BecmoM. pactp. B nore
yKa3aHa 3anoxkeHHas Macca: Touku 500, nmuauu 200, nonuronsl 300, utoro 1000.
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IIIar 2. IInmoTHOCTH o TOouKaM (3.07)

3anycTtute 3.07 IIMIOTHOCTH MO 3aMepaM Ha cjioe [leMOo-TOYKH.

* 3amMepsl - ciiou [1eMO-TOYKH.

* IToxe maccel - mass. Eciii 0cTaBUTh IyCTHIM, Macca KaxXkaoro o0bekra paBHa 1.

e ITone ToYHOCTH - prec. [I711 TOYeK 3TO CUTMa IayCcCoBa IIsITHA B MeTpax. Yem Oosblie curma,
TeM 60Jiee Pa3MBIT ¥ HM30K BKJIAI TOYKH.

e PasMep ss9EHKH, M - IIar CETKU pe3yiIbTaTa. MeHbIle sueiika - moapodHee KapTa U [OJIbIIe
cuéT. Ha mIoTHOCTE B Macce Ha KM? pa3Mep STUYelKH He BINSEeT, TOJIBKO Ha OeTaIbHOCTh.

* 00J1aCThb - OCTaBbTE IIYCTHEIM, BO3BMETCS TIO CIIOIO.

* Hocurensb 3a KpaeM - [IOHOPMHPOBATH BHYTPH JEPXKUT BCIO Maccy B obnactu, IloTepsaTs
Maccy oTOpachiBaeT BHIIIEOIIYI0O 3a KpaM 4YacTh C IIpeaynpexpaeHueM. [IIs IIPOBEpKHU
VHBapuaHTa 6epuTe JOHOPMUPOBATh.

e Curma mno ymoixdaHuIo ([lom.) - mogcraBasieTcs, KOTraa I1ojie TOYHOCTH yCcTo. Honmb 03HavaeT
OJIysTYEUKY.

[TposeprTe nor: cTpoka Macca Bxoza: 500. Macca Ha ceTke: 500. Pacxoxmenue: 0. 9To u eCTb
WHBApPUAHT - UHTErpaJl NJIOTHOCTU PaBeH CyMMe Macc.

IIMIar 3. II'TOTHOCTH IO JIMHUAM

3anyctute 3.07 Ha cnoe [IeMO-ITHHHH.

* ITojie TOYHOCTH - prec - 30eCh 3TO MNOJIyLIMPUHA KOpUAopa B MeTpax. JInHNUA pa3Ma3biBaeTCs
B IIOJIOCY MSTKHUX KPaés.

* from_m / to_m (Jom.) - nonsa from_m u to_m. Y ogHOU meMO-ITUHUN WHTepBaja 3afaH, U B
pes3ynbTaTe pa3Ma3blBaeTCs TOIBKO ero 4acTh. [IyCThle I0JIsT 03Ha4aloT BCIO JIMHUIO.

B nore macca Ha ceTke 200. Ecnu BKIIOYEH PeKUM MOTEPU MacCCH ¥ KOPHUOOP BHIIMIEN 3a Kpai,
pacxoxkIeHue II0KaxKeT, CKOJIbKO MacCHhl YIIIO.

IITar 4. IIITOTHOCTH IO MOJIMTOHAM U Ja3UMETPHsI

3anyctute 3.07 Ha cnoe [1eMO-IIOJIUT OHBI.

* Be3 BcmoMoraTeslbHOTO pacTpa Macca IIOJIUIOHa pacKiadblBaeTCs PaBHOMEPHO IIO €ero
TIJIOIIa N,

 Bcoom. pactp ([om.) - mogatiTe BcmoMm. pacTtp u3 gemo. Torma ajist MOIUTOHOB BKIIOYaETCS
Ja3uMeTPHs: Macca paclpenenseTcs IPONOPIINoHaIbHO 3HaYeHUIM pacTpa BHYTPU IIOJIUT0HA,
a He POBHO. Ecnou PaCTp BHYTPH IIOJIUTOHA IIYCT, HUHCTPYMEHT OTKAThIBAETCsA Ha PaBHOMEPHOE
¥ TIUIIET 3TO B JIOT.

Macca Ha cetke 300 B 000omx pexKuWMaxX, MEHSETCS TOJIBKO (opMa pacrmpeneneHUsT BHYTPHU
IIOJINTOHOB.

IITar 5. CMeniaTh THNBI Yepe3 JONHUCHIBaHHE

YToOBI COOpPATh TOUKY, TMHUU U HOTUTOHLI B OOWH PacTp, mporouuTe 3.07 TPUKALI TOOPSI.

* [lepBHIl 3amyCK - KaK OOBIYHO, IIOJIydaeTe TPEXKaHAIbHLINA PacTp.

* BTopoit u TpeTui - B mapaMmeTpe Jdommcarbh B CYIHECTBYIOIIHH pacTp ([Iom.) yKaxute
pacTp u3 ImpepbiAyIlero 3anycka. MHCTPyMeHT YuTaeT TPU KaHasa, Jo0aBiseT HOBYIO Maccy
¥ BO3BpalllaeT 0OHOBJIEHHBIN pacTp.

IMocne Tpéx momuchIBaHUM cCyMMapHas Macca Ha ceTke paBHa 1000. Kanamnet 2 1 3 (Zm-0o ¥ Zm) s
9TOr0 U CIIy2KeOHHIe - OHHU ITO3BOJISIIOT HOIMKUCHBATE CEPUSIMHU U IePKaTh KapTy 3(PHEeKTUBHOU CUT MBI
TOYHOM.
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IITIar 6. 9¢ddexkTUBHAA cCUrMa

3amaiiTe HeoOsi3aTenbHBIM BBEIX0A Jdd@PeKTHBHaAsi cUrMa. OTO CpeOHeB3BellleHHas curma Io
sd4Yelrke - KapTta 3¢pPeKTUBHON TOYHOCTH. ['me IIOTHOCTH HaGpaHa TOYHBIMH HOCHUTEJISIMH, CUTMa
Mana. I'me pasmMasaHHBIMH T'PYOBIMU IIPUBSI3KaMHU, BeIHWKa. AHAIOT KPUTUHTOBOM OMCIIEPCUU OJIS
3TaxKa IJIOTHOCTHU: MOKA3HIBAET, I'Jle PE3yIbTaTy MOXKHO [OBEPSTh, a Ie OH AEPXKUTCS Ha I'PYOBIX
HOCUTEIIX.

Kak yurartrsr UTOIr

Kanan 1 pe3ynbTaTa - IJIOTHOCTE B Macce Ha KM2. OTKpHIBalTe eTo OQHOKaHaIbHOU IICEBOOIIBETHOMU
cuMBonuKOM. [IgTHa NJIOTHOCTU - TaM, T'He CTyIIAlOTCS HaAExKHble 3aMephl. HBapuaHT B JioTe
IIOATBEPKIaeT, YTO Macca coXxpaHeHa U pe3y/bTaT KoppeKTeH. Criol foiKeH ObITh B METPUYECKOHU
CHCTeMe KOOpOVHAT, UHaue UHCTPYMEHT OTKaXKeTcs paboTaTs.

IIpegnpusaTusam

Isoliner pa3BuBaeTCsd Ha 3afadaxXx peabHBLIX IPEONPUATHI. MBI BHIIOIHSEM OOPabOTKH IIOf
permaMeHT IIPOM3BOACTBA, 3aK/I04YaeM [OTOBOPHEl TEXHUYECKOM IOOAepKKW C TapaHTUEd U
BHeOpsieM MOMY/b B IIPOMU3BOACTBEHHLIN ITUKJI, BKIOYAas MHTErpallio C KOPIOPATUBHLIMU Oa3aMu
maHHEIX. [Tompo6GHOCTH: https:/www.informpp.ru/rnaBHas-cTpaHuIla/IPeIIPUITUIM

2KypHa/1 ¥ maHe/Ib HHCTPYMEHTOB

Isoliner BegéT xkypHan paboTs B daiine isoliner.log pspmom ¢ nmpodunem QGIS. B Hauasne ceanca
numytcsa Bepcum nnaruHa, QGIS, NumPy u GDAL, 3aTeM uMs 3adyllleHHOIO MHCTPyMEHTa, eTro
ImapaMeTpRl, BpeMsi cuéTa, a Ipu cOoe - TMONHEIH TpelcOek. OKHO pacuéTa 3aKphIBaeTcs, a daiin
OCTaéTCs, IO3TOMY IIPK OOpallleHNU AOCTAaTOYHO IIPUIIOKUTE €ro.

OTKpBITE KypHAJI MOXKHO Yepe3 Moaynu - Isoliner - 2Kypnas unu kHonkol 2KypHai B okHe O
mwiarune. Ha nanenu unctpyMeHToB Isoliner HaxonsiTca KapTa NJIOTHOCTU U OKHO «O IjIaruHe».

JInIIeH3usa U nmoaagepKKa
I[InaruH pacnpoctpansietrcsa mnopn nuneHsuelr GNU GPL v2 unu HoBee (GPL-2.0-or-later) - Toi

ke, uTo u caM QGIS. Tlomnnii TekcT B ¢aiine LICENSE B kKommiekTte. © OO0 «HMHbOpPM++>»,
www.informpp.ru.
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