Isoliner - rpung ¥ U30JIMHUU

ComepkaHue

BBegenue
YCTAHOBKA U PACHOJIOKEHUE . . . . . 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
OOHOBIICHHE . . . . v v v v v v e e e e e e e e e e e e e
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

BBICTpHBIH CcTApT
ECTb CKBaXKUHEI, HYKEH PACTD U U30JIHHUU . . . . .« « o o v v e et e e e e e e e e
ECTb OTKpBEITast MECTHOCTD, HYKE€H PENbEd U TOIOOCHOBA . . . . « « o v« o o v vt o o o
EcTh TONOI/IAH C TOPU3OHTAJIIMY, HYKEH PEITBEM . . . . . v v v v v v v e e e e e e e e e
EcTh nII0OTHaA CbEMKA, HYKHBI OPOBKU U TIOHOIIBEL . . . . & v« v v v v v v e e e e e e e o
EcTb Kapbep B TONOIUIAHE, HO TOPU3OHTANIEN BHYTPU HET . . . . .« « « v v v v v v v v v o o
Hy>KeH T€OJIOTHUECKHIU PA3PE3B . . « v 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
HyKHBI O0BEMEL PAOOT . . . . . v v v v e e et e e e e e e e e e e e e e e e e e e

OO0masn noruka padorsi
1.01 Jexnacrepu3anusa (Beca)

1.02 2D Kriging (Touku - pacTp)

ABTOMATHYECKHE 3HAYECHUST . . . . « + v v v v e e et e e e e e e e e e e e e e e e e e
OOpe3Ka IO KOHTYPY CKBAZKITH . . . . .« + v v v v e v e et e e e e e e e e e e e e e e
BaprorpaMMa M HATTET . . . . . 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

HarreT CO . . . . . . . e e e e e e e e

CTPYKTYDHI, PAOAYC ¥ @QHUSOTPOIIHST + . « v « « + v v e e e e e e e e e e e e e e e e e
OTCEB YPATAHHBIX ITPOO . . . . . v v v v e e i e e e e e e e e e e e e e e e e e e
CTaHOapTHAST OMIMOKA KPUTHHTA . . . . + v « v v e v e et e e e e e e e e e e e e e e e
CHATHE TpeHOA (PETPECCUT-KPUTHTHT) . . .+ ¢ v v v v e v e e e e e e e e e e e e e
BIHOYHBIM KPUTHHT . . . . 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
PasmoMBI . . . . . . . e e e e e e e e e e e e e e e e e e
[ToueMy Pa37I0M HE TEPEBOAUTCST B CETKY . + + v v« v v v e e e e et e e e e e e e e e
LleHa OPUOTTHMAKEHMST . . . . « + 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
Kak mpoBepuTh Ha YUEOHBIX HAHHBIX . . . . . & v« v v e vt et e e e e e e e e e e e e

1.03 MuEMMa/IbHasi KpUBU3Ha (TOYKH — pPacTp)
PasmoMBI . . . . . L e e e e e e e e e e e e
[Tomoca MeEMOPAHBI BIOID JIMHUH . . . « « « v v v v v o v e e e e e e e e e e e e e e e

1.04 A301uHMH U3 pacTpa

CrimakuBaHUE USOJIUHMM . . . . v 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
KOHTYpHBIE TOMTUTOHEL (TIOSICA) . « « v« v v v v e e e e e e e e e e e e e e e e e e e
OMOPMIIEHUE CITOEB . . . . 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
3HAUEHHUE B Z TEOMETPHH . . . « &« v v v v e et e e e e e e e e e e e e e e e e e e
Tomorpa@uUecCKmMe MOMIMCH . . . . + v+ v v v v e e e e e e e e e e e e e e e e e e

Bes pa3pemieHus nepeBEPHYTHIX MOANIMCEN 3TO He paboTaeT . . . . . . . . . . . . ..

ITogmuCh CTABUTCS HA JIUHUIO . . .+« v v v v e v e e e e e e e e e e e e e e e e e e



[TpegynpexROeHUe O IIJIOCKUX YPOBHSIX . « + « v v v v v v e v e e e e e e e e e e e e e e e e
YBEPEHHOCTD TOPUIOHTATIEM . . . « 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
[ToueMy IIOPOT 3aJAETCS OOJIEM CEYEHHUS . . . « v « « v v v v e v e e e e e e e e
[ToueMy PBYTCS TOJIBKO CEPHH . . . + « v v v v v v e e e et e e e e e e e e e e e e e e
[TOopSIHOK B KOHBEUEPE ML CBOOKA . . « + « « v v v v e e e e et e e e e e e e e e e e
Yero MHCTPYMEHT HE JETTAECT . . .+ « 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
PasmoMBI . . . . . e e e e e e e e e e e e e e e
Kopupmop vy paszioMa . . . . . . . . o i i e e e e e e e e e e e e e e e e e e
HauMeHbIlIasd TONMIAHA ITOJTUTOHA . . .+« v v v e e v e e e et e e e e e e e e e e e e e

1.05 Bapuorpamma (3KcnepuMeHTaIbHasT)
3a4ueM HyKEH IPEOIPOCMOTD . .« v« v v v v v v e e e e e e e e e e e et e e e e e e
KpaTKast TEOPHS . . . . . .« 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
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 e
[Tone rpynmIUpPOBKY M PA3HOMJIOTHOCTHAS PA3BEHAKA + . . + v « + v v v v v v e e e e e e e u
Tpu TUNHUYHLIE TEOJIOTHYECKUE CUTYAIIMH . . . .+ v « v v v v e e e e e e e e e e e e e e e o
MagkcuManbHOE PACCTOSHUE U BBIXOH HA TITTATO . . .+ v « « v v v e e v e e e e e e e e e e
OTKYZA B3SJICT HATTET . . 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
Korga mom6op HM Ha YTO HE TOMEH . . .« .« « « v v v v e v v e e e e e e e e e e e e e e
Pabouuii IIUKII C KPOCC-BAMUOAIIMEM . . . . . . . . v v v v e et e e e e e e e e e e e e

1.06 BapuorpaMMHasi KapTra (AHH30TPOIIHSI)
UTO TaKOe aHU30TPOIIUS U 32UEM €€ BUMETD . . . . « « ¢ o o o o o o o o ot b e e e e e o
Kak 9uTaTh KAPTY . . . « « « v o 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
ITapaMeTPBI . . . . . . . o ot e e e e e e e e e e e e e e e e
O1ieHKa a3uMyTa, @aHU3OTPOIUHT U PATKYCA . .« « « « v v v e e e e e e e e e e e e e e e e
Korga pamuyc yIUpPaeTCs B OKHO . . . . « v v v v vttt e e e e e e e e e e e
PacTp MOBEPXHOCTH . . . . . . . . v o e e e e

1.07 Kpocc-Banupganusi BaApuorpaMMbl
1.08 Kpocc-Baauganusi meroga (LOO)

1.09 IIpoduiu o6padoTKH
OTkyma 6epyTCa TPOMUITE . .+« v v v v e v v e e e e e e e e e e e e e e e e e e e
TIPHUMEHEHHME . . . . . . v 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
VOPABIEHUE . . . . . v v v i v 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

1.10 IIpumep CKBazkKHuH (IeMO)

1.11 IIpumep reodusndeckux npoduien (memo)
KpUTUHT Uiu MUHUMANBHAST KPUBU3HA . . .« .« .+« v v v v e e e e e e e e e e e e e e e e e

Tonmorpadmusi: peabed U3 OTKPHITHIX JaHHBIX
2.01 3arpyska IIMP o pamMmke
2.02 3arpy3kKa TOIOOCHOBBI 10 paMKe

2.03 Topo2Raster (penbed U3 BEKTOPOB)
TPEXMEDPHBIE TAMBBETHTL . . . 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
[ToBEPXHOCTb MEXKOY CTPYKTYPHBIMU TUHUAMM . . . . « & v 2 v v e v e e e e e e e e e e
Ipanuiia O0MACTH MOCTPOCHMST . . + v v « + v v e e e e et e e e e e e e e e e e e e e

2.04 IloaroroBKka penbeda
2.05 Ctok u akkymyasanus (D8)

2.06 PeuHnas ceThb



2.07 BacceMHBI H BOTOpa3IeIbl
2.08 YK/JI0H U 3KCHO3HUITHUSI
2.09 BepmivHEBI U SIMBI

2.10 demo-pennsed

[Tapa TMOBEPXHOCTEH OJIT OOBEMOB . . . . . « & v v v e et e et e e e e e e e e e e
OBPAXKHO-0ATOYHAT CETB . . . + « + vt v e e e e e e e e e e e e e e e e e e e e
Kyma MOKUTCA TEMO . . . . . v v v v v vt e e e e e e e e e e e e e e e e e e e e e e

2.11 Pa3meIuTh rOPU30HTAIM J/IsI IPOBEPKH
3a4YeM PABTEIIATD . « & « 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 e e e
[ToyeMy OgesuM O OTMETKAM, @ He II0 O0BEKTAM . . . . . « « v v v v e e e e e e e e e e
UTOHA BBIXOHE .+ « + 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 e e e e e
PaGoUmy MOPSIIMOK . . .« « v v v v e e e e e e e e e e e e e e e e e e e
ITapaMeTPBI . . . . . . 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

2.12 HeBsizKa ropu3oHnTaie nporus [IMP
Kakye 4rcaa BEIHAIOTCS . .« v v v v v v e v v e e e e e e e e e e e e e e e e e e e e e
IIBe MUGPBI BMECTO OMHOM . . . . . 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
= =
CHOM TOUEK . . . v v v v v v e e e e e e e e e e e e e e e e e s e e e e e e
TTIapaMeTPBL . . . . . o v o e e e e e e e e e e e e e e e e e e e e e e

2.13 Iuarsocruka teppacunra IIMP
IIBa HE3ABUCUMBIX IIPUBHAKA . . . « « v v v v v v e e et e e e e e e e e e e e e e e e e e
CeueHme permbeda . . . . . . . . L. e e e e e e e e e e
[I7m0CKME YYACTKHU B CHET HE UAYT .+ + « « v v v e e e e e e e e e e e e e e e e e e e e e
OTUET . . . o o ot e e e e e e e e e e e e e e e e e
UM JIEUUTD . . . 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
ITapaMeTPBL . . . . . . 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 e e e

2.14 CHsaTHe CcTyIeHeH (CriIakuBaHHE C OrpaHHYEeHHeM)
KaK 9TO BO3MOKHO . . . . 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 e e
JledeHHEe CaMOIIPOBEPSIEMOEC . . . . « v v v v e e et e e e e e e e e e e e e e e e e e
Yero MHCTPYMEHT HE HEJTAET . . . « « + v+ v e e e e e e e e e e e e e e e e e e e e e
[TapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e e e

2.15 OTYéT mo CTBOPY
Kak 3To paboTaeT . . . . . . . . . o o e e e e e e e e e e e e e e e e e e e e
UTO CHUTACTCS .+« 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 e e
[TapaMeTPBI . . . . . . o o ot e e e e e e e e e e e e e e e e e e e e e e
BricTpast IPOBEPKA HA IEMO . . & « v v v v v vt e e et e e e e e e e e e e e e e e e e
IPaHULBI TPUMEHUMOCTH . . .« « « v v v e e e v e e e e e e e e e e e e e e e e e e

2.16 Bogocoop. JInauM U KOHTYPHI (KaHaBbI, Kapbephl)
Kak 9To paboTaeT . . . . . . . . . o v i e e e e e e e e e e e e e
KOHTYD BMECTO JIMHUHTL . . . .« 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
Bpe3ka TpacCChl . . . . . . . . . e e e e e e e e e e e e e e e
UTO CHHTAECTCS .+« 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
[TapaMeTPBI . . . . . . 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
BricTpast IPOBEPKA HA IEMO . . &« 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
I'paBHULEl IPUMEHUMOCTH . . .« v o v v e e e e e e e e e e e e e e e e e e e e e e

2.18 HachInu U BbIeMKH (00BbEMBI padoT)
3HAK ¥ IMOBEPXHOCTD CPABHEHUST . .« . + « v v v v o v e e e e e e e e e e e e e e e e e e
[TpuBEOEHME K OIHOM CETKE . . . . + 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



[ToueMy 1UPHEL PACXOASATCSA C APYTUMHU MPOTPAMMAMU . . . . . « + v v v v e e e e e e e o
MEPTBASI B0HA . . + « & 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
VYacTRU M OATIAHC . . . .« . 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
BBIXOOBL . . . . . o e e e e e e e e e e e e e e e e e e e
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 e e
BEICTPasi IPOBEPKA HA JIEMO . &« + v v o v e e e e e e e e e e e e e e e e e e e e e e
I'paHULBI IPUMEHUMOCTH . . .+ 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

2.19 Kanagupgarhbl OPOBOK U IIOJOIIB

2.20 BpoBKH 4 NOJOUIBHI B padoTy

2.21 IIpuMmep Kapbepa (memMo)

2.22 OTMETKH C IPHUMbIKAIOIIUX TOPU30HTaIeH

3.01 Kareropua/JibHbIH HHIHKATOPHbIH KPUTHHT
Kak CUHMTaeCTCA . . . . . . . . o o o o e e e e e e e e e
Korpa ckBakKMHA HE TOTANA B CBOIO B0HY . . . « « v v v v v e v e e e et e e e e e e
UTO HABBIXOTE . « « « 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
BEKTOPHBIE TPAHUIILI TI0 BEPOSITHOCTSIM . . .« « « v v v e e e e e e e e e e e e e e e e

3.02 Kpurusnr c BHemrnum npeudom (External Drift)
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 e
Kak CUMTACTCT . . . . . . v v 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 e e e e e e e
ATPUOYTHI CTEHEPUPOBAHHOTO CITOST  + & & 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
TTapaMeTPBL . . . . . . 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
BaprorpaMMa ITO OCTATKAM . . . . .+« « « v v v e et e e e e e e e e e e e e e e e e e

3.03 KapTa BepOsiTHOCTH NpPeBbINIEeHUs
Kak CUMTAETCS . . . . . . . v vt e e e e e e e e e e e e e e e e e e e e e e
Kak DOMYYHMTD BXOIBL . . & 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
ITapaMeTPBI . . . . . . o o ot e e e e e e e e e e e e e e e e e e e
TIPUMEHEHHUE . . . . . . v v v v it e e e e e e e e e e e e e e e e e e e e e

3.04 T'mgpaB/IMYEeCKHH I'PaJHUEeHT M HallpaBJIeHHe IMOTOKa
Be3 mPOHUITAEMOCTH . . . . . .« v v v vt e e e e e e e e e e e e e e e e e e e e
[TapaMeTpPBl ¥ CTTIAKHUBAHEE . . . « .« « v v v e et e e e e e e e e e e e e e e e e e e
CTPENKM UB TOUEK . . + v v v v e v e et et e e e e e e e e e e e e e e e e s e e e e
A (=100 2 52 7 0 11 2

3.05 YaenbHBIN pacxoq (3akoH [dapcH)
UTO CHUTAECTCS . . . 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
Kak momyuute pacTpel KuT . . . . . . . . o e e e
ITapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e e e e e
TIPUMEHEHHUE . . . . . . o v v it e e e e e e e e e e e e e e e e e e e e e

3.06 I'ayccoBa cumyiasanus (SGS)
ITapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e

Buabl KPpUrHHra: KakoM BbIOpaTh
HOImapramka . . . . 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

3.07 IIlnoTHOCTH 110 3aMepaM (IIepeMeHHasi ormopa)
BBIXOO ¥ HHBAPHAHT . . . . ¢ 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
S 2= 17 < 1=
OxkHO «KapTa IJIOTHOCTU» (3KMBOM HMPEHATIPOCMOTP) .+ v + v v v v e v e e e e e e e e e e e e

3.08 IIpuMep Oj1a MJIOTHOCTH (eMo)



4.01 Pa3pe3 1o IMHHHA
KakK 3a0a0TCA IIJTACTEL . . .+ . v v v v v et e e e e e e e e e e e e e e e e e e e e
Pa3pes 10 OGHOM MOBEPXHOCTHL . . « © « « v v v v e e e e e e e e e e e e e e e e e e e e
[TopsiHOK ITOBEPXHOCTEH 3aAaET AEPEBO CITOEB . . . . v+ & v v v e e e e e e e e e e e e
BEIXOOEL . . . . . o e e e e e e e e e e e e
BepTHKAMBHBIM MACIITAD . . . . . . . v v v v v e e e e e e e e e e e e e e e e
HecCKONBKO Pa3pes30B 3@ OOUH ITPOTOH . . . .+« v v v v v v e e e e e e e e e e e e e e e
LIBeT mOJIOC: CIPABOYHUK IIJTACTOB .« . .« « v« v v v v e e e e et e e e e e e e e e e e e
ATPUOYTHI BEIXOTHBIX CITOEB . . v 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
TTapaMeTPBL . . . . . . ot 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
Kak mompo60BaTh HA IEMO . . . « « 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
CBa3b ¢ QGIS . . . e e e e

4.02 CkBaXXHUHKI Ha pa3pe3e (MogeIb OypeHUsI)
MOMENb OYPEHMST . . 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 e e e
TEePIMUMBIM GUTATEIID . . . « 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 e
[IaKETHOCTD U COBMEIIEHHUE . . . . « v v v v v v e e e e et e e e e e e e e e e e e e
PacKpaCKa M JIETEHIOA . . . « « v v v v vt e e e e e e e e e e e e e e e e e e e e e e
OOpe3Ka IO YEPTEKY U PAMKE . .+ . v v v v v v v e e et e e e e e e e e e e e e e e
LIBET KOJTOHOK: CITPABOYHUK IJTACTOB . . . © .« & v v v v e e e e v e e e e e e e e e e e e
ITapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e e e

4.03 CocTaB mjaacra Ha pa3pe3e
OBA PEKUMA . . . . 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 e e
ITapaMeTPBI . . . . . . o o ot e e e e e e e e e e e e e e e e e e e e

OmnpeneneHue pa3pe3a H o0IIHe ITapaMeTpPhbl

4.04 TlepeceyeHne MOBEPXHOCTEH C pa3pe3oM
ITapaMeTPBL . . . . . . 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

4.05 IlepeceueHnue BEKTOPOB C pa3pe30M
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
UMS ¥ CTUJIB UCXOMHOTO CIIOST « « + v v v v e v v e e e e e e e e e e e e e e e e e e e e
O0Ope3Ka 0o pefmbedy M JIUHUM HUBA . -« . « « « v v v o v v e e e e e e e e e e e e e e
ATPUOYTHI OOBEKTOB HA PA3BPE3E . . & v v v v v e v e e e e e e e e e e e e e e e e

4.06 Ilepeceuyenue TIN c pa3pe3oMm
TTapaMeTPBI . . . . v v 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 e e e e e

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

4.10 IIpumep gjisa pa3pe3a (meMo)
CKBaXKMHBI C MHTEPBAJIAMU OMIPOOOBAHUS . .« . . « « ¢ v v v e e e e e e e e e e e e o
Crou IeMO M UX @TPUOYTEL . . . . 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
[TapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e e e e e

4.11 O6pa3en cnpaBOYHHUKA IIaCTOB
UTO BHYTPH . 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
Teso 3aMOMHSACT TEOTIOT . . « .« 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
COCTaBHBIE TEJIA CEPBIE . . . &+ v v v v et e e e e e e e e e e e e e e e e e e e e e
Tot xe dauinm BHe QGIS . . . . . . . . e e e e e e
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Isoliner - mpoBaiiep UHCTPYMEHTOB Processing [j1d MHTEPIOJIAINY TOYEUHBIX JaHHBIX, IOCTPOEHUS
M30JIMHUHN W paboTH ¢ penbedoM. Aapo KpuruHra - aaroputMm KB2D us GSLIB. MHCTPYMEHTH
Pa3HEeCEeHHI 110 CeMU rpymnmnaM: «I'pumg ¥ 30 IMHUH» - OCHOBHOM ITOTOK 00pabOoTKH OT AeKJIaCTEPU3alluu
mo wuslonuHuM, «Tomorpadpus» - penbed U3 OTKPHITHIX OAHHBIX U TUAPOJOTMYECKUU aHallu3,
«JlommomHUTENbHBIE MHCTPYMEHTHI aHajiu3a» - CIeluain3upPOBaHHbBIE PACYETHl OT MHOUKATOPHOTO
KPUTHUHTa OO0 IJIOTHOCTU MIepeMeHHOU OIOpH, «Pa3pe3» - mOCTpoeHUE IeO0JIOTUYEeCKUX pa3pe3Os,
«Teonoruueckass Momenb» (6eTa) - COTJTaCOBAaHHOCTD MTAYKM IIJIACTOB U Y4eOHBIM IIpUMEP pas3pesa,
«I'moposorusi pek» - CTBOPB, KpPUBBIE pPacXOdoB M 3aTolljieHue, «®paKTajlbHBIM aHaIu3» -
Pa3MepHOCTH ITOBEPXHOCTEM, MaCOK U JIMHUM.

«2D Kriging (To4kn: — pacTp)» - OpEUHAPHBIN UJIX IPOCTOM KPUTHUHT II0 TOYEYHOMY CJIOIO.

«M301uHUU U3 pacTtpa» - U30JIMHUHU (muHuM) n KOHTYPHBI€ ITOJTUT OHEL (rmosica MexXny U30JIMHUSIMH),
T'PaHUIBI KOTOPHBIX COBIIAOalOT C JIMHUAMMU.

«BapumorpammHasa KapTa (aHu3orponus)» - noBepxHocTh y(h x, h y) ¢ oneskol asuMmyTa Hu
aHU30TPOIIUM [Tl Y4€Ta HAallPaBIEeHHOCTU B KPUTHUHTE.



«Kpocc-Banmumaiuss BapHOTpaMMbI» - CKOJb3AIIWN KOHTPOINb (leave-one-out) [y MTPOBEPKH Hu
rmogbopa mapaMeTPOB KPUTHUHTA 10 OMIMOKE, a He BU3yasIbHO.

«IIpuMep CKBaXWH (meMo)» - TeHepalus yd4eOHOTO TOUYEYHOTO CJIOS C IPOCTPAaHCTBEHHOMH
CTPYKTYpO# (KPOBIS, MOIIHOCTb, COAEpXKaHWe KOMIIOHEHTAa) A OO0ydYeHuss W MPOBEpKH 0e3
peanbHbIX TaHHBIX.

B rpynme «JJomoHUTEIPHEIE MHCTPYMEHTHI aHa/Iu3a» CIeluaIn3uPOBaHHbBIE PACUYETH, HAIPUMED:

«KaTeropuanpHbIM MHOUKATOPHBIM KPUTHHT» - KapTa BEPOSITHOCTH KJIACCOB II0 KaTETroOpHaIbHOMY
MO0 (MUHTUN, JTUTOTHUM): HAa KaXMOBIM KJIaCC CTPOUTCS UHOMKATOP U KPUTYETCS OTHEJIbHO, Ha
BBIXOJI€e PacTp BEPOSITHOCTEH, KapTa 30H U YBEPEHHOCTb.

«ugpaBNMuUYeCcKud TpagueHT W HalpaBJIeHWEe MOTOKa» - II0 pPacTPy HAMopa CTPOUT MOQOYJb
TUOPABINYECKOTO TPagueHTa, a3uMyT HallpaBIeHUs ITIOTOKAa (BHM3 110 TPAIUEHTY) ¥ TOYEUHBIH CJIOHN
BEKTOPOB IMMOTOKA, KOTOPLIHM cpa3ly ohopMIISIeTCs CTpeikaMu. I'uaporeonorus 6e3 IpoHUIIaeMOCTH.

IMogxoOouT mysi OTMETOK IIJIacTa, MoIHoCcTe, ®MC, xuMuu u JIF00BIX YMCJIOBBIX anI/IGy'TOB CKBaXHH.

HeckonbkO TEepMHHOB, KOTOPBIE BCTPEUYAIOTCA [fajiee. BapumorpamMma ONKCHIBAET, HAaCKOJIBKO
cuibHEee pPas3nuydaioTCsd 3HAUYeHUS C POCTOM PACCTOSHHUS MeXKAy Toukamu. CHII - ypPOBEeHb, Ha
KOTOPHIM OHaA BHIXOOUT (OIM30K K OUCHEPCHUM [aHHBIX). Harret (oT aHri. nugget, «addekrt
caMopopKa») - CKauOK BapuorpaMMEI Y HyJIsI, TO €CTb pa30pocC Ha CKOJIb yTOOHO MaJlbIX PAaCCTOSTHUAX,
BBI3BAHHBIN U3MEPUTEJILHLIM IIIYMOM ¥ MUKPOU3MEHYUBOCTHIO. [lajiee Mo TEKCTY - TPOCTO «HATTET».

YcranoBka u PpacCIiIojiIo2kKeHue

OcHoBHOM cmoco6 - u3 opunuanbHoro perno3utopusi QGIS. Otkpoiite Monmynu — YmpasneHue u
yCTaHOBKa MofyJel — BKiagka «Bce», B morucke Habepure «Isoliner», BbIOepUTE IyIarvd U HaXKMUTE
«YcranoButh». IIpu ycranoBke u3 perno3utopust QGIS caMm coobIaeT 0 BHIXOOE HOBBIX BEPCUM U
OOGHOBIISIET MJIAaTUH 10 KHOIIKE.

BBIGOp KaHalla paCTpa BO BCEX MHCTPYMEHTaX - BBIMIAOAIOINUMHU CIIMCKaMKU C MMEHaMH KaHaJllOB:
Y MHOT'OKAHAJIBHOTO Ipuaa IIJIaCTa B CIIMCKaX YUTAIOTCA «KPOBJIA», «IIOOOIIBa» WM HMMEHa CJIOEB
IIapaMeTpoB.

Bce HHCTpyMEeHTHI ITpoBaliilepa, KakK OHU CTOST B maHenu OdpadoTka. Crincok cobupaeTcs u3 Koma
mpu cOOpPKe PYKOBOICTBA, IO3TOMY OH HEe PACXOOUTCS C IIJIarMHOM.

1. I'pua U H30JIMHUHA

1.01 [lekmacTepu3anus (Beca)
* 1.02 2D Kriging (Toyku — pacTp)
1.03 MuHMManbHas KPpUBU3HA (TOYKU — PacTp)
1.04 V30MmHUYN U3 pacTpa
1.05 BapuorpaMmMma (3KcnepuMeHTasIbHa)
* 1.06 BaprorpamMmmMHuas KapTa (AHU30TPOIIUS)
1.07 Kpocc-Banupanuys BapuorpaMMbl
1.08 Kpocc-panupmanus metona (LOO)
1.09 ITpodunu o6paboTKU
1.10 [TpuMep cKBaxKuH (OemMo)
1.11 [Tpumep reodpusndeckux npoduneu (qemo)

2. Tonorpadus

.01 3arpy3ka LIMP no pamke

.02 3arpy3kKa TOIIOOCHOBEI I10 paMKe
.03 Topo2Raster (penved U3 BEKTOPOB)
.04 TTonroToBKa penbeda

.05 CToK 1 akkymynanus (D8)

.06 Peunas ceTp

.07 bacceuHsl 1 BOOOpa3aenbl
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.08 YKJIOH ¥ 3KCIIO3UIIUS

.09 BepIuHEL 1 STMEBI

.10 [leMo-penbed

.15 OT4YET 110 CTBOPY

.16 Bomoc6op. JIuuuu 1 KOHTYPH (KaHaBhI, KAPbEPHI)
.18 Hacwinu u BeIeMKH (00BEMEI padoT)

.19 KaupgumaTel OPOBOK U ITOMOIIB

.20 BpoBKM ¥ MOOOIIBH B PaboTy

.21 Ilpumep Kaprepa (memo)

.22 OTMETKH C IPUMBIKAIOIIUX TOPU30HTaIEeH

2. Tomorpadus: THarHOCTHKAa H IMpaBKa

e 2.
2.
e 2.
e 2.

11 Pa3menuTs TOPU30HTAJIH OJIS IIPOBEPKU

12 HeBsizka ropu3oHTasel nmpotus LIMP

13 [Tuarsoctuka teppacutra IIMP

14 CHATHE CTylleHed (CriaKuBaHKWEe C OTpaHAYEeHHEM)

3. JonmoIHUTEIbHbIE HHCTPYMEHTHI aHa/Iu3a

* 3,
.02 Kpurusr ¢ BHemHuM apenidom (External Drift)

.03 KapTa BeposAITHOCTU IIPEBHIIEHUS

.04 TugpaBnuYecKuil rpagueHT U HallpaBJIeHUe ITOTOKa
.05 YmenbHBIM pacxoq (3akoH [lapcu)

.06 "'ayccoBa cumynsanus (SGS)

.07 [I7TOTHOCTE 11O 3aMepaM (IlepeMeHHas oropa)

.08 IIpuMep Ons NIOTHOCTH (OeMo)

.o
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01 KaTteropuanbHbIM UHOUKATOPHBIN KPUTUHT

4. Pa3pe3

o
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.01 Pa3pes o nuHUM

.02 CKBakKMHHI Ha pa3pe3e (Momesnb OypeHuUs)
.03 CocTas mJjiacTa Ha pa3pese

.04 [lepeceyeHmre TOBEPXHOCTEN C pPa3pe3oM
.05 [TlepeceyeHue BEKTOPOB C pa3pe3oM

.06 ITepeceuenne TIN c pa3pe3om

.07 IIpoekiusa oOBEKTOB Ha pa3pes

.08 CripoeriupoBaTh C pa3pes3a

.09 PazBépTka cTeHKU cTBOJa (6eTa)

.10 IIpumep O pa3pesa (memo)

.11 O6pa3el; cupaBOYHMUKA IIJIACTOB

.12 DIIeMeHTHI 3aJIeTaHus 10 CIedy BeIXOma

5. T'eotoruueckasi Mmogejin (d0era)

[C, O, I, O, IO, BN ]

.01 CormacoBaHHOCTD IMAa4YKM IIJIaCTOB

.02 [TpuMmep pazpesa (memo)

.03 CO0opKa mauyku oT penbeda

.04 KOppekIus ImavyKy 10 CTaTUCTUKE MOIITHOCTEMH
.05 ManudecTt Mmogenu

.06 CKIag4aToCTh ITOBEPXHOCTH

6. I'mapoiorusi pexk

* 6.
® 6.
* 6.
6.

01 CTBOPHI U KPUBHIE PACXOI0OB
02 ITonuroH 3aToIneHus

03 mmiopT TabJiull CTBOPOB

04 [Ipumep peku (gemo)

7. PpakTaJIbHbIA aHAIHU3



.01 ®pakTanbHas Pa3MEPHOCTD

.02 Box-counting macku

.03 Pa3aMepHOCTh JIMHUY U TPaHUIL

.04 PasaMepHOCTh MUHKOBCKOTO (BEKTOPHI)
.05 [Tpumep s ppakranos (oemo)
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Bcezo uncmpymenmos: 67

AnvrepHaTUBHBIM cnocob - u3 ZIP-paitna. Mopmynu — VYimopaBieHue U ycTaHOBKAa Mopyled -
YcranoButhb u3 ZIP. 310 ynobHO Oy opialiH-YCTaHOBKY U MPEIPEIU3HbIX COOPOK.

ITocnme ycTaHOBKM WHCTPYMEHTHI MOSBNSIOTCSA B IaHenu «OO6paboTka» (Processing), mposaiimep
«Isoliner», rpymnmbl «['pupg u wusonuHuM», «Tomorpadusa», «IONONTHUTENIPHbIE WHCTPYMEHTHI
aHanmusa», «Pa3pe3», «['eomormuyeckas Momenb» (6eta), «I'mmpomorusi pek» u «dOpaKTalTbHEIH
aHanu3». TpeboBauHus: QGIS 3.16+. BHemHUX 3aBUCUMOCTEN HeT - ucnonb3lyiorca NumPy, GDAL u
IITaTHBIE alITOPUTMHEI Processing u3 coctaBa QGIS.

OOHOBJIEHHE

ITpu ycranoBke mu3 peno3utopuss QGIS moka3rlBaeT yBeOOMJIEHUE O OOCTYIIHOW HOBOU BEPCUU
- 3HAYOK B CTPOKE COCTOSIHUS U CIHUCOK BO BKIagke «OOHOBIsieMbIe» MeHeOXKepa MOMyJeH.
OOHOBJIEHUE BHITIOIHSAETCS OOHOM KHONKOM. [Tpu ycTaHOBKe 13 ZIP HOBasi BEPCUS CTABUTCS TEM XKe
IIyTEM, ITOBEPX CTapOM.

[InaruH KOPPEKTHO Ilepe3arpyXxKaeTcs «Ha JeTy», nepesanyck QGIS He TpebyeTcs. [I1st OBICTPOI
rnepe3arpy3kKu Koga IIpu pa3zpadorke ymodeH momayinnb Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBalifiep ¥ BCe MHCTPYMEHTHI I€PEPETUCTPUPYIOTCSA CPa3y.

BBI30B CIIpaBKH

B mgmanore KaxXporo MHCTPyMeHTa eCTh KHOIIKa «CIipaBKa», OTKphIBalolas 3To pykoBoacTtso (PDF B
KOMIIJIEKTe IIaruHa). [IpaBas maHesnb Ouayora OONOJHUTEIbHO ITOKa3blBaeT KPATKYIO IIOOCKAa3Ky
II0 MHCTPYMEHTY. PyKOBOJCTBO U CBEOEHUS O BEPCHU OOCTYIHBEI U 03 OTKPHITUS HHCTPyYMEHTAa:
MeHI0 Moaynau cogepxuT nogmeH:o Isoliner ¢ nyakramu O miaruHe (Bepcusi, CChIIKH, UCTOPUS
usMeHenui) u PykoBogcrso (PDF).

BBICTPBIM CTAPT

HWHCTPYMEHTOB B MJIaTWHE O] IIECTHhAECAT, U BHIOMPATh U3 0OIINEro CIKUCKa TSIXKejo. ITOT pa3men
YCTPOEH HHaue: He II0 MHCTPYMEHTaM, a Io 3amadyaM. HafiiuTe Ty, YTO IIOX0XKa Ha BaIlly, U UOUTE
IO IIfaraM - OCTaJIbHOE MOXXHO He YUTAaTh.

O611ee IpaBUIO OQHO: HHCTPYMEHTHI HE JO0ragbIBal0TCs, OHH CIIPAITHBAIOT H JOKJIAJbIBAIOT.
IMouTu KaXOHY MUIIET B XKYPHAaJ, YTO UMEHHO OH PN, ¥ II0494eMY II0JIy4YUIIOCh CTOJIBKO OOBEKTOB,
a He uHa4ve. KypHaja CTOUT OTKPHIBATh BCermga, OCOOEHHO B IIEPBBEIE Pa3bl: TaM OOBIYHO U JIEXKUT
OTBET Ha BOIIPOC «II0YEMY BEHIIIJIO HE TO».

ECTh CKBaiXKHHBI, HYZ2K€H PacCTp 1 H30/IHHHHA

CaMmas yacTas 3aflada U caMas cTapasi: TOUKU C 3aMepaMU IIPeBPaTUTh B IIOBEPXHOCTD. [1ocTaTOYHO
OBYX UHCTPYMEHTOB.

1.02 2D Kriging cTpourt pacTp o ToukaM. OpouHapHLINM KPUTUHT OLleHUBaeT 3HaYeHUe B T4eiike
KaK B3BEIIEHHOEe CpefHee OJIMKAWIIUX 3aMepoB, MPUYEM Beca OH He BHIAYMEIBAET, @ BBIBOOUT
U3 TOro, Kak OBICTPO 3HAYEHUS PACXOOATCSH C PACCTOSHUEM. 3afaTh HaHo I[ojie 3HAYEeHUs Hu
rmapaMeTpsl MOAEeIN: paguycC (Jasbllle HEro 3aMephl y2Ke HU O YEM He TOBOPST), mMOpor (00Iuii
pas3bpoc) u Harrert (pa3bpoc, ocTaIIUIiCSA Ha HYyJIEBOM PACCTOSHUY - IIOI'PEIIHOCTh 3aMepa ILIIC
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NU3MEHYUBOCTH MEJIb4Ye IIlara CeTI/I). H‘-IGI;IKY 6epI/ITe IIPUMEPHO B YETBEPTHL-IIATYIO 9aCThb CPEOHETO
PaCCTOAHUA ME2XKYy CKBaXXMWHaMH: MeJIb4Ye He JIO68.BI/IT TOYHOCTH, a CHUTATHBCA 6y,E[eT OOJIbIIIE.

BmecTe ¢ mOBEPXHOCTHIO MHCTPYMEHT BHITAET KapTy OHIMOKH KpuruHra. CMOTpuTe €€ Bcerpa:
caMa IOBEPXHOCTh BHITJISIAUT OOUHAKOBO TJIafKO U TaM, T'e CKBaXXWH MHOTO, ¥ TaM, T'Ile pe3ysbTaT
OepKUTCS Ha OOHOM Hal€KOM 3aMepe, a KapTa OIMOKU 3Ty pa3HUIly TIOKa3blBaeT.

1.04 N301MHHH B3 pacTpa IIpeBpallaeT IIOBEPXHOCTh B TOPU30OHTAIM C MOOMNUCSIMHU, a IIPHU
HagoOHOCTH U B IIOJIUTOHEI MHUana30HoB. CeueHue 3amaéTCs YUCIOM Uy maroM. s penseda Tam
XKe ecTh (praxkok Tomorpa¢uyuecKux IMOANUCEN: OHM Pa3BOPAYUBAIOTCS TakK, YTOOB BEPX CMOTPEN
Ha BBICOKYIO CTOPOHY.

IMonmpo6oBaTh 6€3 cBoux maHHEIX: 1.10 IIpuMep CKBaxKHH (IeMo0) BLHITAaET TOTOBLEIM HAOOP TOUEK C
PeannuCcTUYHOU IPOCTPAHCTBEHHOU CTPYKTYPOU.

[danbie, Korga 3axo4eTcsi 000CHOBaHHUs. [TlapaMeTphl MOIeIM MOXKHO He moa0upaTh Ha riia3:
1.05 BapuorpamMmMa CTPOUT UX 10 CAaMUM JaHHEIM U PUCyeT rpaduk, Ha KOTOPOM BUOHO, €CTh JIU B
OaHHBIX IPOCTPaHCTBEHHAs CBSI3b BooOIIe. Eciu skcIiepUMeHTalIbHbIE TOUKHU JI03KATCS KakK II0I1ao,
HUKaAKOHU MeTo[ e€ He co3macT. 1.06 BapumorpaMMHasi KapTa II0Ka3blBaeT aHU30TPOIINIO - KOTa
CXOICTBO TSHETCS BIOJIb OOHOTO HAIIpaBJIEHUSI CHUIIbHEee, YeM IIOIEPEK, U 3TO Hajmo ydecThb. 1.08
Kpocc-Banumanus (LOO) youpaeT KaXKayi0 CKBaXKHUHY 110 OYepeay, IpecKa3biBaeT 3HaYEeHUE I10
OCTaAJIBHBIM U BBEIBOOUT PACXO02XKIOEeHHWE YHUCIJIOM - HpﬂMOfI OTBET Ha BOIIPOC, HACKOJIBKO MOZKHO BEPUTH
kaprte. 1.09 IIpodurun oOpadOTKH CoXpaHsaeT yOauyHLIM Habop ImapaMeTpoB, YTOOH He HabupaTh
€ro 3aHOBO.

ECTh OTKpbITasi MECTHOCTh, Hy2keH pejibed U TOIMOOCHOBa

PaHHMWI ¥ caMBbIii XOOOBOM MyTb: CBOMX CHEMOK HET, a KapTa HyXKHa. Bcé GepéTcst U3 OTKPHITHIX
UCTOYHUKOB mpsiMo B QGIS, 6e3 cKkaumBaHUST apXUBOB PYKaAMH.

2.01 3arpy3ka IIMP nmo paMkKe KadaeT BHICOTHL II0 3agaHHOMYy oxBaTy - Copernicus GLO-30
U Opyrue OTKpPHIThiE HabGopel. [IpuXomMT pacTp B MeTpax, yKe NPUBEOEHHBIM K METPUYECKOMH
cucTteMe KoopaouHaT. TpUOIlaTh METPOB SIYEHKH - 9TO MaciTab mopsaoka 1:25000: X0mIMBI, TOTHUHEI
¥ BOo{oOpas3mesibl YUTAlOTCS, a OpOBKa Kapbepa WJIM OOPOXKHAas HaCHIIb - HEeT. [IoHMMaTh 3TO HANO
cpa3y, UHaue OT pe3yJbTaTa XKAYT HEBO3MOXKHOTO.

2.02 3arpy3ka TONMOOCHOBBI II0 paMKe OepéT M0 TOH Ke paMKe BEKTOPHYI0 OOCTaHOBKY W3
OpenStreetMap: BoOHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHWs, jec. BomHEIe OOBLEKTH IPUXOOST
MMOJIUTOHAMM, BKJIIOYasi COCTABHHIE - O3€PO C OCTPOBOM OCTAE€TCS 03epOM C OHIPKOM, a He
ITPEBPAIAEeTCsI B CIUIONIIHOE ISITHO. ITO TOT CJIOM, KOTOPBLIM [dajbllle IMOOAETCS B MHTEPIIOJISAIINIO
yPe30M BO[IbI, ECJIM TOHAZOOUTCS IEPECUYUTHIBATE PeENbed.

CkauanHasi [IMP moutu Bcerma TpebGyer 2.04 IToaroroBku penbeda: B OTKPHITHIX Habopax
BCTPEYaloTCS MyCTOTHI, IITyM U JIOKaJIbHEIE SIMBI, KOTOPHIX B IPUPOAE HET. 3aIlloIHEeHNe ITIOHNXKEeHUN
37ech He KOCMeTHKa - 6e3 Hero CTOK He CUHUTAeTCs BOBCE, BOOA YTHIKAETCS B IEPBYIO XKe JIOKHYIO
amy. ITocne nogroroBku 2.05 CTOK M aKKyMYJISIIMsI [Na€T HalpaBjieHUs U HakonjeHue, 2.06
PeuHasi ceThb IIpeBpallaeT HAKOIJIEHHE B JIMHUU TaJIbBETOB C mopsimkamu, a 2.07 BacceHHBI H
BOJOpa3aeibl PeXeT TEPPUTOPHUIO HAa BOZOCOOPEHL.

2.09 BepmuHBI U AMBI HaXOOUT XapaKTepHBIe TOUKU penbeda - Te caMble OTMETKHU, KOTOphIE
Ha OyMaXKHOM KapTe IOANUCHIBAIOT YuciIoM. BMecTe ¢ TanmbBeramu u3s 2.06 oHU 00pa3yioT CKeJeT,
KOTOPBLIY ITOTOM MOKHO ImomaTh B 2.03 u mepecunTaTh penbed yxKe C Y4ETOM T'UOPOJIOTHH.

M 3mech riIaBHBIN HIar, paJgH KOTOPOro BCEé mpeabigyiiee M Oesdaoch. CkauvanHas L[IMP
TUAPOJIOTUYECKU HEeBepHa: B HEM eCTh JI0XKHEBIe SIMBI, peKM MeCTaMHU TEKYT B TOPYy, a 03épa UMeIOT
yKIJIOH. McnipaBnaTe 3T0 ¢uabTpaMu OECCMEBICJIEHHO - 3al0JIHEHME MOHMXKEHUM JIEYUT CHUMIITOM,
HO He Mpu4YuHy. [IpaBUIBHBIN IYTh OPYTroM: coOpaTh U3 CKAYaHHOTO PacTpa CKeleT MEeCTHOCTH U
nepecyuTarb MOBEPXHOCTH 3aHOBO C YYETOM TOT'O, UTO MHI ITPO HEE Y3HAIIH.

Bcé, uto moGpITO Ha mpempimymiux Irarax, ugéT B 2.03 Topo2Raster kaxmgoe CBOMM BXOHOM.
lopusonTtanu u3 1.04 - XKECTKUMHU y37naMHu. TOUKM BHICOT u3 2.09 - ToXe KECTKUMH, U C BECOM
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0oJIbllIe eQUHUIIEL, €CJIM XOTUTE, YTOORI BEPIIUHEI ITI€PEBENMINBAJIN BEPIINHEI TOPU30HTAJIEN B 001116t
sgyerke. TanpBeru u3 2.06 - TpUHYXKIOEHUEM IIafeHUsS BHU3 10 TEYEHUIO, II09TOMY PEKH Ha HOBOM
penbede rapaHTUPOBAHHO TEKYT BHU3. BogHble momurossl u3 2.02 - ype3oM BOLH, U 03€pa JI0KaTCsA
IIJIOCKOCTBIO, @ He C YKJIIOHOM. Ha BBIXOfle TO/Iy4aeTcs THAPOIOrHYeCKH KOPPEeKTHHIH penbed,
Yyero CKayaHHEBIM pacTp caM 1o cebe He maéT.

H3zonuuaun u3 1.04 Hy>KHEBI B 9TOH IIeII0OYKe OABaXK[bl: CIIepBa KakK CII0c0o0 ITOCMOTPEeTh Ha MECTHOCTS,
a IIOTOM Kak Bxofl B mepecuét. CeueHue OepuTe 1o MacinTaby 1 XxapakKTepy MECTHOCTH - Ha PaBHUHE
ST METPOB, B Topax [BaAlaTh IATH. JlWala30H BLHICOT MHCTPYMEHT IOACKaXeT B XKypHale.
CIMIIIKOM YacTOe cedeHue 30eCh He MTOMOIIHUK: OHO TePeHeCET B HOBHIM pesbed IITyM HCXOTHOTO
pacTpa, pagu u30aBJIeHUsI OT KOTOPOTO BCE U 3aTEBAJIOCH.

I[TpoBepuTh, YTO CTAJIO JIydllle, @ He MHa4Ye, IOMOTAIOT Te JKe WHCTPYMEHTE], YTO U B CIEOVIOIIeM
cienapun: 2.12 HeBsizka ropu3ontaaes nporus IIMP 1 2.13 [IluarHocTuKa TeppacHHra. A
2.05 CToK 110 HOBOMY pejibedy A0JIXKEH maTh Peku 6e3 pa3priBOB U 6e3 JIOKHBIX 03EP - 9TO caMas
HarjasggHas IIpoBepKa.

ECTh TONOIIaH C TOPHU30HTAJISIMH, HY2K€eH peabed

3amaya oOpaTHas MPEeABIAyINeli: He TOCTPOUTD ITOBEPXHOCTE II0 PeOKUM TOUYKaM, a BOCCTAHOBUTD €€
I10 IJIOTHEIM JIMHUSIM, KOTOPBIE Y2Ke KTO-TO HapuCOBall.

3mectk pabotaetr 2.03 Topo2Raster - MynbTHCeTOYHass MHTepnossuums mo MotuBaM ANUDEM.
I'maBHOe OTIWYHME OT KPUTHWHIa B TOM, YTO y KaXKOOTO THIA BXOda CBOS POJIb. ['OPU30HTAIU U
TOYKHM BBICOT HOAIOT XKECTKHE Y3JIbl: TaM OTMETKa HPUKOJIOTa. TambBeru 3agal0T MPUHYXKOAEHUE
MMafieHusi BHU3 I10 TEUEHWIO, IO9TOMY PEKHU Ha IMOCTPOEHHOM peibede He TEKYyT B ropy. OOPHIBEI
paboTatoT 6apbepoM: BOOJb HUX Iepenaj He pa3Ma3blBaeTCs CrlakKMBaHUEM. Ype3 BOMHI KJlaueT
03€pa IJIOCKOCThIO UJIX HaKJIOHSAET BOOJIb pycCiIa.

Ayeliky 3amaBaiiTe ABHO, MHA4Y€e YMOIYaHUE MOXKET OKa3aThCs IPy0dee TOro, YTO BH XOTUTE YBUIETE.
3T10 mepBoe, 0060 YTO CIOTHIKAIOTCSA: HAa KHUJIOMETPOBOM yYacTKe aBTOMATHYECKUU pa3Mep HaeT
TPUOLIATUMETPOBYIO SYEHKy, W YCTyIl B CeMb METPOB B TaKO# CeTKe IMPOCTO He CYIIeCTBYeT.
HUHCTPYMEHT 00 3TOM IpenynpexkaaeT B XKypHase, HO JIydllle 3afaTh cpasy.

I[IpoBepsATh pe3ynbTaT Hago He Ha rna3. 2.11 Pa3genuTs TOPHU30HTAIH [OJIsd IPOBEPKH
OTKJIaAbiBaeT 4dacTh nuHuii, 2.12 HeBsizka ropu3ontasied nmporusB IIMP mepsieT, HACKOIBKO
IIOCTPOEHHAas IIOBEPXHOCTh Pa30Ijiach C OTJIOKEHHBIMU. DTO TOT XKe IIPUEM, YTO KPOCC-BaIugalus
B KpUTHUHTE, U OH OTBedaeT Ha TOT ke Bompoc. OTnensHo ecTh 2.13 [IMarHoCTHKa TeppacHHIa
- UIIEeT XapaKTepHBI OeheKT UWHTEPIIONSIIMKA [0 TOPM30HTAJISIM, KOTrfa ITOBEPXHOCTH BCTAET
CTYIIEHSMM BOOJIb MCXOOHLIX TUHMNY, U 2.14 ero j1e4dur.

EcTh n/10THaAsA C'LéMKa, HYXKHBbI GPOBKI/I H IIOOJO0IIIBbI

CréMmMka c BIIJIA unu na3epHOro CKaAHMPOBAHUA [OaET pesnbed, TOe YCTYIL BUOHBE, HO He
oundpoBansl. OnudpPoOBLIBATL UX BPYYHYIO - 4OJIT0, U Isoliner ymeeT HaXOOUTh UX CaM.

Mexannka B 2.19 KaHaumarbl OPOBOK H MOOOIIB TaKas: MPU3HAK HM3JI0Ma 9TO He YKIIOH, a
CKOPOCTh €ro u3MeHeHHusi. Ha poBHOM OTKOCe, [akKe OTBECHOM, YKJIOH IIOCTOSSHEH M IIpU3HaK
Main. Benuk oH TaMm, rfe YKJIOH MEHSIETCS, TO eCTh Ha caMol OpOBKe U Ha CaMOU IIOOOIIBe. 3HAK
KPUBU3HBI OeJIUT HaWgeHHbIe TMHUY Ha OPOBKHU U ITOMOIIBLEI aBTOMATHUYECKH.

[IBa mapaMeTpa HeO4YeBUIHE], U 00a cTOUT NOoHATh. Ba3a 3aMepa - DOIyMINPUHA OKHA, B KOTOPOM
MepsieTcs Ieperaj Nonepék nuHuu. Ilepenan B aTpubyTe drop CIUTAETCSI UMEHHO B HEM, IO3TOMY
y OecsITUMETPOBOT0 YCTymIa Ipu 0a3e B TpU STUYEWKU OH IOKaxXKeT TPH METpa, a He mecsaThb. bazy
3aJaBalTe IO IIUPUHE OTKOCA B A4etikax. OTCceduKa no nepemnany - GuiabTp IIyMa, HO He Kputepu
3HAUMMOCTHU: opManmbHOrO MpU3HaKa OPOBKM He CYILIECTBYET, U pelllaTh, YTO CYUTAThL yCTYIIOM,
ocTaéTcs 4enoBeKky. [109ToMy MHCTPYMEHT HAPOYHO OTHAET OO0Jbille HY2KHOTO, KIIaJéT B aTPUOYTHI
yuca Ojsi oToopa U rmedaTaeT HPOIEeHTUIN B XKYypPHA - Jajblile Bbl OBUTaeTe (QUIIbTP CJIOS, TSSO
Ha KapTy, U HUYero He IIepecuYuTHIBaeTe.
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Hanpire 2.20 BpoBKH H HMOOOIIBLI B PadOTy CHUMaeT OTMETKH C pejbeda u codbupaeT QOPMEHI.
[Tapbl OIpPEmensIIoTCS CITYCKOM II0 CKJIOHY, a He m0 OJIM30CTH: Bofa C OPOBKM CKATBIBAETCS POBHO K
€€ ToMmoIlBe, ¥ Ha KPUBOM OOPTY C y3KMMHU OepMaMu OyuzKaWInas 1o PacCTOSHUIO ITOOIIBA YacTO
MpUHAIJIEKUT cocemHeMy ycTyimy. ®opMa - 3TO OAHA IOMOINBA U MHOXKECTBO OpPOBOK IIPU HEH,
IIOTOMY YTO TPACCHUPOBKa PexKeT OIUHHYI0 OPOBKY Ha Kycku. HemapHble TMHUM He IPOIAfaioT, a
VXOOSAT B OTHAENbHBIM CJION C IPUYMHOM B aTPUOYTE: 3TO CTOUT OTKPBITH U TIOCMOTPETD.

I[TpoBepUTH CBA3KY LIEITMKOM MOXKHO Ha cuHTeTHuKe: 2.21 IIpuMep Kapbepa (IeMo0) CTPOUT Kapbep
C yCTyIlamu, OepMaMu, Che3IOM, OTBAJIOM ¥ KaHaBOMW, a BMECTE C HUM HCTUHHEBIE CTPYKTYPHEIE
nuHuu. [TonHoTa OEeTEeKTOpPa MepAeTCsa YHUCJIOM IIPDOTUB HUX, a HE Ha I'Jla3.

ECTh Kapbep B TONOIIaHE, HO TOPU30HTa/Ied BHYTPH HET

Crnydaii, KOTOPHIY BRITTIIAUT Oe3HAAEKHBIM, TTOKa He pa3o0paThcsi. ITo HOpMaTHUBY TOPU3OHTAIH
BHYTPY IUIOIIAAHBIX KapbepOB, BEHIEMOK, HACHIIEH W OTBAJIOB HE OMHCHLIBAIOTCSI - COTJIACYeTCS
TOJIPKO BHEIITHUY KOHTYP. 3HAYUT pesibed 10 TaKOMY IUIaHy UMEEeT OLIPY POBHO TaM, I'ie BEHIPaboTKa,
¥ 3aII0JIHUTL €€ HeueM, KpoMe OPOBOK U IIOIOIIB.

3arso3gka B TOM, 4YTO y JIMHHWU OTKOCA B 4epTeXe HET OTMeTOK. Ho OHU eCTh y TOpHU3OHTAalEH,
KOTOPEIE K 9TUM JIMHUSM IIPHUMEIKAIOT: HOPMATHB TPeOyeT MOBOOUTE UX 0 IMHUU OIMHMCAHUSI 00heKTa
Y3JI0BBIMM TOYKaMH. 2.22 OTMETKH C IPHMbIKAIOMIUX FOPHU30HTAIeH CcoOMpaeT 3THU TOYKHU U
BOCCTAHABIIMBAET II0 HUM IIPOGUIL BCEH THUHUU - IePeMEeHHYI0 OTMETKY M3 CaMHX HAHHBIX, a He
OJHO YKCJIO HA BeCh 00OBHEKT.

Hanvuie 2.20, Ho yxke 0e3 IIMP: korga y IUHUME €CTh CBOM OTMETKY, CIIyCK II0 CKJIOHY He HyKeH,
IIOJOLIBOY CUMTaEeTCs OUKalias JIUHUSA HUKe OPOBKU. DTO BaKHO, [IOTOMY UTO MHa4e I10JIydalicsa
KpYT - 4TOOBI IIOCTPOUTH pPejibed, Hy2KHEI ITaphl, a OJIf Iap CIIyCKOM HyXKeH pesbed, KOTOPOro eIle
HeT.

3ameikaeT 2.03: ropuzoHTanM Kak 0OBIYHO, a (GOpPMEI momarTcsa BO Bxonel Bepx dopm u Hus
¢dopm. IToBEpXHOCTL MeXOYy OPOBKOM U TOIOINBOM CTPOUTCS METOOOM PACCTOSHUM, TEIO YXOOUT
B MHTEPHIOJIAINIO XECTKUMU y3jlaMHU, T'paHunia paboraer 6GapbepoMm. Ilopora 3HAYUMOCTH B
WHCTPYMEHTE HEeT HaMePEHHO: Oalli IBE CTOPOHHI - CTPOUTCS ITOBEPXHOCTD, Jalu OOHY - paboTaeT
GapbepoM. PelrreHue MpUHUMAET YeJIOBEK, KOTHa PUCYET BTOPYIO JTMHUIO.

Hy2KeH reojioru4ecKuu pa3pes

Pa3pe3 B Isoliner - 3To He KapTUHKA, a cucTeMa KoopauHat. 4.01 Pa3pe3 mo JTHHHH IIpeBpalaeT
JIUHUIO Ha KapTe B IIJIOCKOCTb YepTexXa C OCSIMM PACCTOSIHHEe-BHICOTa U BHITAET, KPOME CaMOro
yepTexka, CIyXkKeOHBIM CJIOM oOIpeneieHHe pa3pe3a. Bce ocTanbHbIE HWHCTPYMEHTHI T'PYIITHI
MIPUHUMAIOT eT0 Ha BXoHd M Omaromaps eMy KIafgyT CBOM OOBEKTHI B Te 3Ke KoopauHaThl. OTcloma
mpaBuio: cuepsa 4.01, moToM BCEé ocTanbHOe, U B Iojie «Omnpenenenue pa3pe3a» NOJaETCs BBIXOT,
4.01, a He UCXOOHASA TUHUA.

BepTukanbHBIH MacIiTab 3amaéTcs TpeMs cltocofaMu, 1 BEIOOP HeodeBuaeH. MHOXKHUTEIb IPOCT, HO
TpebyeT 3HAHUS OIUHBEI pa3pes3a: Ha KUJIOMETPOBOM IIPoduiie MHOKUTEINL 3 MacT IJIOCKYIO JIEHTY.
OTHOLIeHHEe Ta0apUTOB YepTezkKa ImogdupaeT MHOKHUTEJIL CaMO TakK, YTOOH! IITMPUHA OTHOCHUIIACh
K BBICOTE KaK 3alaHo, U paboTaeT Ha pa3pe3e 000N OIUHBEL - HAYHUTE C HeTo. M IMOMHUTE, YTO
ITPEBHIINIEHNEe HCKaXKaeT BCe YTIIbl: Tpu MHOXKHUTeNe 10 HaKIIoH B 5 rpagyCoB JISTXKeT Ha OyMary 1o
41, mO3TOMYy yTJIBI IO YEPTEXKY TPAHCIOPTUPOM HE MEPAT.

IManbie Ha pa3pe3 HAHOCUTCS comepxkuMoe. 4.02 CTaBUT CKBAXKUHBI C UHTEPBaaMu OITPOOOBaHUSI,
4.04 TpPOBOOUT IIOBEPXHOCTU U3 pacTpoB, 4.03 HaAHOCUT BEKTOPHBIE OOBEKTH II0 TOYHOMY
IepecedYeHuIo C IUHUEN. Y IIoCIefHero IIPaBuiIo 10 TUILY O0beKTa: IJI0CKasa JINHUSA TaéT BePTUKATb
(M3BECTHO I'Ie, HEM3BECTHO Ha KAKOU I'IIyOrMHe), TPEXMEpPHAas - TOYKY Ha PeaIbHOM BEICOTE, IIOJIUTOH
- BEepTHUKalIbHYI0 Nonocy. Eciu 3ajaHbl yron W a3uMyT NafeHus, BepTHUKaslb IIpeBpallaeTcs B
HaKJIOHHEIM CJief], a II0JI0Ca - B IlapaJuIeyiorpaMM.

HauaTtsk mpoite Bcero ¢ gemo: 4.10 IIpumMep ajisi pa3pe3a (IeMo) BHIIAET IMIeCTh TOBEPXHOCTEH,
MISATHh IJIAaCTOB, TPU JIUHUK Pa3pPe30B, CKBAXKWHEI, 30HBI U CJIOW [Jis HPOBEPKH YIIIOB mameHus. Ha
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HEM BCs Oerro49Ka IIPOXOOUTCA 3a IIATh MUHYT, U OIIHOUTHCS Herpge.

HyXHbI 00b€MBI padoT

2.18 Hackinmu U BBIEMKH CPaBHUBAET [BE ITIOBEPXHOCTH U CYMUTAET, CKOJIBKO BBIHYTO U
CKOJIBKO yJI02KeHOo. OOBIYHO 3TO penbed mo paboT M mocie, WM HPOEeKTHAs MOBEPXHOCTH IIPOTHB
daKTHIECKOM.

CuuTaeTcs MO fAYeHKaM: PAa3HOCTh BHICOT YMHOXKAETCS Ha IINIOMambh AYEHKH, MOJIOKUTETbHEIE U
OTpUIIATENIFHEIE CYMMUPYIOTCS pa3mesibHo. OTComa 0OYEeBUOHOE, HO Ba)KHOE: TOYHOCTH 00BLEMa
YIHPaeTCsi B TOYHOCTH 00eHUX MOBEPXHOCTEH, 1 €CJTH OffHA U3 HUX ITOCTPOEHA 10 PeIKUM TOYKaM,
KPACHUBOE YKCJIO B OTUETE HE 3HAUUT HUYero. Kapra omuOKY KPUTUHTA U HEBSI3Ka 10 OTJIOKEHHBIM
TOPU30HTAJISIM - KaK pa3 Ipo 3TO.

I'panully cuéTa 3ajlaBaiiTe MMOTUTOHOM, MHAYe 00HEM IMTOCYUTAETCS 10 BCEMY ITEPEKPHITHIO PACTPOB,
BKJII04as 00/1acTy, KOTOPHIX pabOTHI He KacaIUuCh. ITO BTOPOe, 000 YTO CIOTHIKAIOTCS: Pa3HUIA ABYX
IIMP moyTu HUKOT[A HE paBHA HYJI0 3a ONpefgeraMu BHIPAOOTKHU, TaM TyIsSIeT IIyM ChEMKH, M Ha
OOJIBIION IIJIOWIAAY OH HAKAIJIMBAETCS B 3aMETHEIE KyOOMETPEL.

OO011as1 TOoruKa padoTshl

Tumnoso# ciieHapui COCTOUT U3 ABYX LIArOB:

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

HN3onmuHuM u3 pacTpa: [0 MHOJIYYEeHHOMY PacTpPy CTPOSITCA HW30JIWHWU U, HPU HEOOXOOUMOCTH,
3aJIUTHIE KOHTYPHEIE TTOJTUTOHEL.

[Ilaru HE3aBUCUMEI: «M307TMHUK U3 pacTpa» PaboTaloT C TIOOLIM PACTPOM, He TOJIBKO C Pe3yIbTaTOM
KPUTHHTA.

HHCTpyMeHTH cOOpaHbl B TPU IPynsl Processing. I'pymnma «['pum u U30IUHUK» 3TO OCHOBHOM ITOTOK
06pa6OTKI/I, OT KPUTHUHI'a O0 U30JIMHUN. prnna <<,]:[01'[OJ'[HI/ITeJ'II:HBIe UHCTPYMEHTEI aHaJIku3a» 3TO
CIienraJIn3upOBaHHEIE paC‘-IéTbI, KaTeI‘OpI/IaJ'IbHHﬁ I/IHJZ[I/IKaToprII;I KPUTUHT, KPDUTUHTI C BHEIITHUM
operidhoM, TUAPABINYECKUM TPAagueHT C HalpaBIieHHEeM IT0TOKa, KapTa BePOSITHOCTH ITPEBHIIIEHUST U
yoenbHBIM pacxop 1mo Hapcu. I'pymma «Pa3pe3» 9T0 ITOCTPOEHNE I'e0IOrNYeCKUX pa3pe30B I10 TUHUN
U IMOATOTOBKA AEeMO-TaHHBIX [JIS HUX.

Kak paGoTaeT Moaynb: CKBaX}XWHb! = rpua — U30NNHUN
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Puc. 1: Bechb mpormecc Ha CreHepUpPOBAaHHOM IIPHMEpe: CKBAXWHBI C H3MEpPEeHUsIMHu (cieBa)
MTPEeBPAIAOTCAd B CIIJIOUIHOW TPUMA KPUTHMHIOM (B IIEHTPE), II0 KOTOPOMY CTPOSITCS H30IUHUU U
KOHTYPHBIE TIOJTUTOHEI (CIIpaBa).

14



1.01 dexmacTtepu3anus (Beca)

HHCTPYMEHT rOTOBUT JaHHBIE Iepen MHTepnossuei. Korma mpoOsl CTyIleHbE HEPaBHOMEPHO, OIHU
Osioku pa30ypeHbl MJIOTHee OPYTUX, HauBHas rjo0albHasi CTAaTHUCTHMKA CMeEIlaeTCs B CTOPOHY
rmepepasBedaHHBIX y4acTKOB. Ecmu rymle Oypunu OoraThie 30HB, CpemHee H THCTOTpaMMa
3aBHIIIEHB], @ 3TO MPSMO BIIHSET Ha IIOJCYET 3amacoB. Aduencras mekinacrepus3anus (mopt GSLIB
declus) maét xaxmoi mpoOe Bec, OOpATHHIM JIOKAIBLHOM IIJIOTHOCTHU: B CKOIJIEHWM MEHbINE, Ha
otmnbe Oombirte. [To B3BEIIEHHBIM OAHHBIM CUYMTAETCS IIPEOCTAaBUTEIbHOE MEKIaCTepU30BaHHOE
CpenHee.

Ha nomne HaknagkeIBaeTCs CETKA STY€eK, BeC IPOOLI IPONOPINOHAJIEH eIUHNLE, OEeJIEHHOW Ha YHUCII0
mpo0 B e€ siuelike, 3aTeM Beca HOPMUPYIOTCSA. PasMep s4elKu nog0upaeTcss aBTOMaTUYECKU: CBHUII
110 pa3MepaM, BLIOOP IT0 MUHUMYMY OEeK/IaCTEePHU30BAaHHOTO CpeOHero (Korma CKOIJIeHUS ITPUIILIUCH
Ha Ooratele 30HHI) IKUOO IO MaKCHUMyMy. MOKHO 3ajaTh pa3Mep BpyuHyio. Ha perynsipHoi ceTu
OeKIacTepu3alus HUYero He MeHsIET, BCE BeCa PaBHHI.

[TapameTp HaznaueHue ITo ymonmganuio

ToukH cO 3HAYEHUSIMU
ITone 3HaueHus (Z)

[TpoO6HI.
YucoBoe II0J1e.

Pa3mep suelriku ABTO (CBHUII) UJTU PYYHOHU. ABTO

Pazmep s4elKu Oy py4YHOTO CTopoHa sSYe¥KH B py4YHOM 0

pexuMa pexuMme.

Llens cBuna (Ho1r.) MUHUMYM UJIX MaKCUMyM MuHUMyM
CpenHero.

Yucno pa3MepoB B CBUIIE CKOJILKO sSueeK mepebpaTh. 24

(Oorm.)

CooTHoUeHNE TYeUKU Y/X AHU3OTpPONINS TUEUKU. 1

(Do)

CMmemieHu Hayasa CETKHI YcpenHeHue 110 cOBUTaAM 4

(Oom.) CEeTKH.

Touku c BecamMu Crnou Touek c nojieM wt. -

HTML-oTuéeT CBopmka, rucTOorpaMma, KpuBass IO YMOJTYaHUIO

cpemHero.

Brixompr: ciioi Touek ¢ rmojieM wt 1 HTML-0T4éT co cBOmKOM (HanBHOE ITPOTUB [IeKJIaCTEPU30BaHHOT O
CpefHero), TUCTOTPaMMOM CHIPOM MHPOTHUB B3BENIEHHOM M KPHUBON CpemHEro OT pa3Mepa S4YeuKu.
IlekmacTepr3oBaHHOE CpegHee M3 XKypHajia u oTuéTa cTaButcsa B 1.02 B mone CpemHee mJIst
IPOCTOr0 KpUruHra, a nojie wt nomaércsa B 3.06 I'ayccoBa CcUMYJISIOUS [JI B3BEIIEHHOTO
HOpPMabHO-0aIIbHOT0 ITpeodpa3oBaHusi. Y paraHHbIe ITPOOBI 0TCEKAIOTCS OTOENbHO, ITIEPCEHTUTBHBIM
KallaHMEeM B CaMUX MHCTPyMeHTaX KPUTUHTa U KPOCC-BaTugalluu.

1.02 2D Kriging (Touku - pacrtp)

OpouHaphbi# (OK) unu npocTtoi (SK) KpUTHHT 110 ToUedHOMY cJiolo. CoBIlafaroiine TOUYKYU (OOUH U
TOT kKe XY) ycpemHSATCA 110 Z. B y3j1ax ceTKH 3HaUYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOAATCS TOYHO
(Ipu Hy7IEeBOM Harrere).

OCHOBHEIE TTapaMeTPhI:

[TapameTtp Yro 3amaér ITo ymon4aHuo / COBET

HcxomHble TOUKU (CKBAXKUHBI) -
OIS UHTEPIOISIIINN.
CuuTaTh JIHUIIL I10
BBIEJIEHHBLIM TOYKaM CJIOS.

ToueuyHBIN CJIOU

TonbKO BRIIEIEHHEBIE 00BEKTH BBIKIJI.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

ITonne 3HaueHus (Z)

[Tpeobpa3oBanue 3HAYEHUS

Tun KpuruHra

Pagmyc nmoucka

MuH. KOJIU4YECTBO TOYEK

Makc. KoJIn4ecTBO TOYEK

Pasmep sauyeiiku
OxBaT pacTpa

O6pe3aTh MO0 KOHTYPY CKBaXKUH

Bydep obonouknu

Macka o0pe3Kku

3arpy3uTth npodunab o6paboTKu

YucnoBoit aTpubyT, KOTOPHIA
WHTEPIIOIUPYETCSA: OTMETKA
mjacTa, MOITHOCTh, ®MC,
XUMHUSI U T. II.

In mns mor-HopMaJIbHBIX
BenmuuuH (K, T, comepxkaHus c
OJIMHHBIM XBOCTOM): KPUTYETCS
In(Z), omreHKa BO3BpalllaeTcs
yepes exp.

Opounaaphbii (OK) - ToKanbHO
OIIeHUBAET CpeJHee caM.
ITpocTtoit (SK) - ucmonb3yeTr
3agaHHoOe «CpemHee».
Pagmyc okHa mmorncka cocegHUX
TO4eK BOKDYT y37na. 0 = Bca
BRIOOpPKA.

Ecnu B OKHe MeHbIIle TOYeK -
y3eJI OCTAETCS IIyCTHIM
(nodata).

CKOIBbKO OJIMKAUIINX TOUYEK
BKJIIOUAETCS B CUCTEMY
KPUTUHTA.

[ITar rpupga. 0 = aBTO =
min(oxsarT)/50.
[TpssMoyTONBHUK pacdéeTa. 1o
YMOJITYaHHUIO - II0 CJIOO.

Pactp o06pe3aeTcs BHITYKIION
000JI0YKOM BCEX TOYEK -
ybupaeT 3KCTPAIIOJISIHIO B
IIyCTHIX yIilax.

Pacmmputs 060709Ky Ha N
eOUHUII KAaPTH HAPYXKY.

CBOl1 IIOJIUTOH BMECTO
000JI0UKHY (IIPUOPUTETHEE) -
yIOOGHO IJIT BOTHYTHIX
y4aCTKOB.

[TopcTaBinsieT COXpaHEHHBIN
mpoduib (HarreT, CTPYKTypa
BapHoOTrpaMMbI, OTCEB) IIOBEPX
nosneu guanora. Crimcok
OOHOBJISIETCS IIPU OTKPLITUH
OKHa.

3allIOMHUHAEeTCA MexXIOy
3allyCKaMu

HET

OK

0 (Bcs BEIOOPKA)

24

MeJib4d€e = IIJIaBHee, HO OOJIbIIe
II0 CJIOIO

PEKOMEHIYeTCS BKII.

(1e BEIOpaH)

ABTOMaTH4YeCKHuEe 3HAYEHHSI

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

Papuyc KOppensuuy BapuorpaMMbl = max(ImupuHa, BEICOTa oxBaTa) / 3.

Papuyc moucka (mpu 0) = guaroHasab oxBaTa, TO €CTb OePETCs BCS BRIOOPKA.
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KpWruHr: oueHka B y3Jie - B3BelleHHoe cpefiHee cocelel

CKBa»MHbI
y3en (oueHneaem)
Bec 20%
eec 14%
Bec 14%
Bec 11% *
?
eec 21%
(@] Bec 20%
Yem 6avxke cKBaXuHa K y3ny, Tem Gonblle eé Bec.
Beca nopbupatoTca No BapuorpamMMe, a He NpocTo 1/paccTodHKe.

Puc. 2: Kpuruur orleHUBaeT 3HaYeHHe B y3JIe KaK B3BeIlIeHHOe cpefHee OIMKANIINX CKBAXUH: YeM
OnmmKe CKBaXXuWHa, TeM Oonbine eé Bec. Beca mom0upaioTCcs IO BapuorpaMme.

Pa.rwlyc nouvcka 1 4Yncso cocegHMX To4ek

O  BHe pagwyca (He yuyTeHbl}
B paanyce (y4TeHsl)
y3en

paaguyc noncka

',*"-—_—-O"\.
-z -~
yy
~
s’ » by
/’ \
/ \
i © -‘\
I 0
! * .
\ 1
\ I/
I/
\\ o (=] & .r
. ® 4
N 4
\\ //.':
- >

[ns oueHkK B y3ne BepyTca TONbKO CKBaXXWHbLI BHYTPW paguyca
(1 He BonbLWe 3a0aHHOr 0 MaKCUMYMa BnvKaiwnx).

Puc. 3: [Ina Kaxporo ysna OGepyTcsi TONIBKO CKBaXKWHBI BHYTPH pPaguyca HOMCKa U He Ooiee
3alaHHOT0 Yucia Onmxkaumux. TOYKY 3a paguycoM He Y4acTBYIOT.
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O0pe3Ka Mo KOHTYPY CKBazkKHH

KpuruHr cuutaeT BeCh IIPSIMOYTOJIBHBIN OXBAaT, IIO3TOMY BHe 00JIaCTU MaHHBIX 3HAYEHUS SIBISIIOTCS
SKCTpamonsaiuel U maioT apTedakTH (OJIMHHBIE «BeepHBIE» U30IMHUM B IIYCTHIX yriax). Omums
«O06pe3aTh M0 KOHTYPY CKBAXKHMH» CTPOUT BBITYKIYIO OOOJIOYKY BCEX TOYeK (C HeoOs3aTeIbHBIM
Oydepom) m obpezaeT mo HeM pacTp. IDKCTpamosanus ucyesaer. Ecmu dakTuyeckass TrpaHUIa
y4acTKa BOTHYTas, 3aJaliTe CBOM ITOIUTOH B «Macke 0O0pe3Ku» - OH IIPUOPUTETHEE 000JIOYKH.

BapuorpaMmma u Harrert

cunn (CO + Q) i
CO+C 1 ;
c i
> i
= : CTPYKTYPHBbIA
8 : Bknan C
)] 1
cC 1
(o) 1
= i
= |
>.‘ 1
= i
g N—_—
CO A TommoToTooTToooooooomooooooooe
HarreT CO :
0 ;
0 paguyc a

paccTosHMe Mexay To4ykamu h

Puc. 4: Cxema BapuorpaMmsl: HarretT CO, ctpykrypHBIN BKiag C, cunn (C0+C) 1 paguyc KOppesaiun
a.

Kpurusr onupaeTcs Ha MOMeIb BApHOTPAaMMEL - OHA OIMKUCHIBAET, HACKOJIILKO CHIIBHO Pa3jIMdaioTCs
3HaAUeHWss Z B OBYX TOYKAX B 3aBHCHUMOCTH OT PACCTOSHUS MeXOy HUMH. [Io 3TOM Momenu
KaXXOoM cocefHel CKBaxKWHe HasHadaeTcs Bec. Momenb 3amaéTcs B pasmene «J[omoIHUTeILHEIE
mapaMeTpPRI».

Mopens BapuorpaMmsl: HarreT CO, cuut (CO + C) u paguyc KOppensiuu a.

Harret CO

Harrer - 5To 3Ha4YeHWe, K KOTOPOMY CTPEMHUTCS KpWBasi BapUOTPaMMHl TPU PACCTOSTHUH,
CTpeMsIIeMCs K Hy0. TeopeTHWYecKH, Ha HYIEeBOM PACCTOSTHUM PACXOXKAEHUE [OJKHO OBITh
HYJIEBBIM (TOYKa CPAaBHMBAETCS caMa C co00ii), HO Ha IPAaKTHUKE OCTAETCS CTyneHbKa. OHa oTpaxkaeT
TO, YTO JaHHEIE Ha OUYEHBb MAJIbIX PACCTOSTHUSAX BCE PABHO HE COBIAHAIOT: MIOTPEITHOCTD U3MEPEHUS
¥ oumudpPOBKH, MHUKPOU3MEHYMBOCTH Ha MacmTabe MeHBIIEe PACCTOSHUS MeXAy CKBaXXKMHaAMWU,
pacxoxmenue Oy6iei B OMHOM TOYKE.

Kak HarreTr BIuseT Ha Pe3y/IbTaT:

CO0 = 0 (mo yMom4aHMIO) - KPUTUHT SIBJIIETCS TOYHBIM MHTEPIIOJISITOPOM: IIOBEPXHOCTb 00si3aHa
ITPONUTH POBHO Yepe3 KaXkKayio CKBaxkuHYy. M30/1MpoBaHHas CKBazKKWHA C BLIOPOCOM 110 Z TPEeBpallaeTcs
B KOHYC («OBIUME T'J1a3»).
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HarreT KpyrnHsIM raaHom

HarreT - 3To pa3bpoc Ha 04eHb MalblXx PAacCTOAHNAX:
50 | MOrpewHocTs M3MepeHNA U MUKPON3MEHHMBOCTS.
Yem Bonblwe CO, TEM rNae W «CrNoKoiHee» pesynbTaT. cunn = CO + C = ancnepcus

nonyaucnepcua y(h)

10 A HarreT CO
(«CKayok» y Hyns)

Ha Hyne TeopeTuyecku 0,

- Ho KpuBasa cTapTyeT ¢ CO —— MOfe/b BapMorpaMMbl

0 250 500 750 1000 1250 1500 1750 2000
paccTofiHUe MeXay Toukamu h

Puc. 5: Harret KpynmHBEIM IJIAaHOM: MOAEJb CTAapTyeT y Hyns He ¢ 0, a co «ckagka» C0. 3to pa3bpoc
Ha CBepXMaJIbIX PaCCTOSHUAX (IOTPENIHOCTh U3MEpPEeHUsI, MUKPOou3MeH4uBOCTh). [lonka CO0+C =
OUCIIEPCUM DAHHEBIX.

CO > O - KpUTHHT IIepecTaéT TOYHO BOCCTAaHABIMBATh 3HAUEHNE B TOUKE U3MEPEHUN U CTaHOBUTCS
Cr'JIa2KuBaTeEJIEM: B6J’[I/I3I/I CKBAXHMWHEI OII€HKaA IMOATATUBAE€TCA K JIOKAJIbLHOMY CpeIHEMY. Yem 60J'IBH_Ie
mons Harreta CO / (CO + C), TeM cunbHee CriaXXHUBaHUe.

CO = Bechb cuIi (YHCTBIM HAITeT) - IPOCTPAHCTBEHHAS CBSI3b TEPSIETCS, IIOBEPXHOCTh BEIPOXKIAETCS
B IIPOCTOE cpepgHee. DTOo mepebop.

Baxno - emuHHnbl. Harretr CO u cuinm 3agaloTCsi B AaOCOIOTHBIX €IHHHIIAX THCIEPCHH
ODaHHBIX (KBaZpaT eguHuIl Z), a He B gonsax 0-1. 3HadyeHue «1» y cHijla IO YMOJIYaHUIO - 3TO
YCJIOBHOE 3HadeHVe, KOTOpOe IOYTH BCerga HyKHO M3MEHWUTh: 3ajauTe cyMMapHbU cuiml (CO +
BKJIaAbl CTPYKTYp C) OJIM3KHMM K AMCIEPCHH TaHHBIX. YPOBEHb CrIaXXWBaHUS ONpefessieT He
abCcoIoTHAsA BelIWYMHA Harrera, a ero moiasi B cuwuie CO / (CO + C). IIpakTuUecKuil MOPSIOK:
BO3BMHUTE CYMMAapHBIN CHJII = Oucrnepcuu, 3ateM Harrer = 0.2-0.4 oT Hero (to ecth 0.2-0.4 X
oucnepcuu - abcomoTHOoe 4yucio, a He 0.2-0.4 kak TakoBoe). YeM MeHbINIe HArreT, TeM OOJbIIe
meTtasied, Ho U GoJIbIlle JIOKAJIbHBIX TUKOB. YeM O0bIlle, TeM ITOBEPXHOCTH POBHEE, HO BO3MOXKHO
CriaXkMBaHMe pPeajbHOU CTPYKTYyphl. [JMCIepCHui0 HaHHBIX MHCTPYMEHT IedaTaeT B KypHal Opu
3amycKe - 9TO ¥ €CTh Balll OPUEHTUP OJIsS BRIOOpa CHIlIa.

CTpPYKTYypHbI, paguyC 4 aHU30TPONHUSA

Cunin (1mosika) 3TO ypOoBeHb, Ha KOTOPHIHM BHIXOOUT BapuorpamMmma. OH cKiagbiBaeTcs u3 Harreta CO u
BKJIaga CcTpyKTypel C. CTpyKTypa 3afaéTcsa Mogenbio (chepuueckasi, SKCIIOHEHIMalIbHasa, rayccoBa
WU CTeIleHHas), moporoM C, paguycoM a, a3uMyTOM U aHU30TPOIUEN.

CH/UI: CMBICJI B MOPSANOK BeJIUYUHBI. CHUIJ - 3TO BEPXHUM IIpefes pa3Iuduil MexXay TOUYKaMM:
HACKOJIbKO B CpemHEeM OTJIMYalOTCS HaléKue OPYTr OT Opyra CKBaxKuHbl. OH MPaKTUYECKH paBeH
0o0OBIYHOM mucmepcuu maHHBIX. [IpuMep mo KCl: cpemree = 25 %, gucnepcus = 47.6 (%?2), To eCTb O
= 6.9 %. 3Ha4uT, CyMMapHBIN cuiul 3agaeM = 47.6. Ecnu Harret CO = 17 (mpumMmepso 0.35 cunmna),
TO CTPYKTYPHBIN BKJIa[ NepBOM CTPYKTYpEl C = 47.6 — 17 = 30. Ha cam rpup abcosoTHEIM MaciiTab
He BIIUAET - OJIS OIIeHOK BaXHO ToiIbko oTHomeHue CO : C. Ho oH HyKeH, 4TOOH KapTa CTaHOapTHOU
ommOKu 1 MSDR B Kpocc-Banmugaluy ObIIN B peaTlbHOM MaciinTabe (CyMMapHBIH CUMIIT = OUCIIEPCHU
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— MSDR = 1). [TosToMy: He ocTaBngauTe CWI = 1 10 yMOI4YaHUIO, IOOHUMHUTE €TI0 OO0 AUCIEPCUN
OaHHBIX.

Beioop wmopenu. Cdepuyeckass u OSKCIOHEHIMAIbHAS IIOOXOOST M OOJNBIIMHCTBA 3amay.
CrteneHHass MOOeNlb He MMEET CHJIJIa U pamuyca B OOBIYHOM CMBIC/IE: €€ IITPUMEHSIOT, Korma
M3MEHYUBOCTDb PACTET C PACCTOSTHMEM M He BHIXOOUT Ha ITOJIKY (HeCTallMOHAPHOCTL ITpUpalleHuit),
IIOJIsI ITIOPOTa M Paguyca OJjIsi Heé YCIOBHHL. ['ayCCOBy MOOe b HPUMEHSHUTEe OCTOPOKHO: IPH HYJIEBOM
WJIM OYEeHb MaJIOM HarTeTe OHa MaéT YHUCJIEHHO HEYyCTOMYMBYIO CUCTEMY M apTedaKTHl (OCITUIIISIINY,
oTpHUIlaTeNIbHBIE Beca). [loaToMy mnpu BHIOOpPE TayCCOBOM MOAEIU MHCTPYMEHT IPUHYOUTEIIBHO
yIoepzKuBaeT HeOOIbIIION MUHUMAIbHEIN HarreT. [10 BO3MOXHOCTH 3aJaBaTe ero U CaMu.

TUn JaHHBIX U peKuM. [lon pa3Hble JaHHbLIE HYKHEBEI Pa3Hble HaCTPOUKU. ['Magkue CTPYKTYpHEIE
IIOBEPXHOCTHU (OTMETKU KPOBJIM U IIOJOIIBE], MOITHOCTH) JIy4Ille MOOEINPOBATh OJIUHHLIM PaglyCcoOM
WM CTEIIEHHON MOMEJIbI0 IpH MUPOKOM (riiobampHoM, 0) pammyce IIOWCKa - TOTHa IIOBEPXHOCTH
rnomydaercs rinagkoi. KopoTkuii paguyc ¢ JIOKaIbHBIM ITOMCKOM Ha TAKWX HAHHBIX OAET «ObIYBbU
rjla3a» U Pa3phIBHI OL[EHKU IIPU CMEHE COCTaBa COCEIHUX CKBaXKUH. [T KOHIEHTPAUUi U XUMUUN
(®MC, razoonacHOCTh) KpUTUHI paboTaeT B CBOEM IpaBe: 3[eCh BaXHHI KOPPEKTHHIM HarTeT N,
IIPU CHUJIBHOW aCMMMETPHUHU pacupepeneHus, mpeobpa3oBaHMe OaHHBIX (CM. HUXKE IPO yparaHHBIE
MTPOOEI).

Pamuyc Koppensanuu a - pacCTOsIHKE, Ha KOTOPOM BapuorpaMMa BEIXOOUT Ha IIOJIKY. Ilajibllle 3TOro
PacCTosIHUSI TOYKU IIPAaKTUYECKU He BIUSIOT OAPYr Ha apyra. IIpu 0 GepéTcs aBTOMaTHYECKOe
3HaueHHe max(oxsarT)/3.

AunsoTponus 3ama€Tcs a3WMYTOM TIJIaBHOM OCH ¥ OTHOIIEHHWEM paguycoB (Manasi/TiaBHasd).
3HaueHue 1 - M30TPONHO (BAMSHMNE OONMHAKOBO BO BCEX HAIIpaBJIeHMUSX). 3HaueHUe MeHbIine 1
yKOpa4YuBaeT KOPPENSLHUI0 IOIEPEK TJIaBHOM OCH - TOJIE3HO [Jid BBITSIHYTHIX I'€0JIOTMYECKUX

CTPYKTYP.

[TapameTp Yro 3amaéT ITo ymonyaHuIo / COBET
CpepnHee Oy IPOCTOTO Hcnone3yeTcs TONBKO IIPHU 0
KpUTHUHTa tumne SK.
Harret CO «Tym»/cKa4yOK BapuoOrpaMMEl 0. Ona crnaxkuBarusa 0.2-0.4
y Hynd. [logaBnseT noKalbHBEIE OT CUJLIA
nuku. B aBCONMIOTHRIX
eOUHUIlaX OUCIEePCUU.
CtpykTypa i - MOzenb dopMa BapuOrpaMMHL: chepuueckasa
chepuyeckas,
SKCIIOHEHIMabHasd, rayccoBa,
CTeIleHHas.

CTpykTypa i - mopor/Bknaz C Bknapm cTpykTypel B cuni (abc.  ctp. 1 = 1 (3aMeHUTE HaA =

eguHULOH gucnepcun). Cymma OHCIIEPCHUIO)
C0+C = gucrnepcuu HaHHBIX.
st cTpykTyp 2 u 3: 0 = BBIKJL.
CtpykTypa i - paguyc [ucrannusa BEIXOOA Ha IIOJIKY. 0 (aBTO)
KOPpEeNauu a 0 = aBTO = max(oxBar)/3.
CTpykTypa i - a3uMyT, ° HamnpasneHue riaBHOU OCH 0
QHU30TPOIIUH.
CTpyKTypa i - aHU30TPONUA OTHOLIEHNE PaguyCOB 1

(Manmasi/TnaBHAA)

MMOIIePEK/BOOIIL ocu. 1 =
M30TPOITHO.

Tak cxeMma BBITTIIOUT Ha pPeabHBIX JaHHBIX. BapuorpaMMy CTPOSIT IO CKBa*KWHAM: IJIS ITap TOYeK
CUMTAIOT IOJIYAUCIEPCHUI0 U YCPEOHSIOT 10 PACCTOSTHUSM - IIoJIy4daeTcs: 001ako (3e1€Hble TOYKM),
IIO7l KOTOPOe mom0uparoT Momenb (KpuBas). [Io HeMy ¥ 3agaloT mapaMeTphl KPUTHWHTA: BBEICOTA
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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.

Prc. 6: AHU30TpPONUS: €CIU 3ajieXb BHITIHYTA, KOPPEIAINs BOOJIL HE€ [ajbllle, 4eM IIOIEepEK.
DJIIUIIC TTOMCKA 3afaéTCs a3MMYyTOM TJIaBHOM OCHU U OTHOIIIEHHWEM Ocel (MaJjiasi/TiiaBHas).
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Bapunorpamma KCl (nnact Kpll): aKcnepumMeHT 1 Mogenb

60 A ® o
® e o
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=
>
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=
o
o
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=
=g
>
=
o
C :
HarreT CO = 17
10 -
@® 2KCnepuMeHT (Mo AaHHbIM)
m— MOJENb: Chepnyeckasn (a=13 KM) + HarreT
0 T T T

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

Puc. 7: DkcnepumenTanbHas BapuorpamMma KCl mo mmacty Kpll u nogmoGpanHHas Mofeb: Harret
CO0=17, cumna coBIaj Cc JUCIIEPCUEN JaHHBIX, paguyc =13 kM. Touku manbllie CUJIIa - peTUOHAIbHBIN
TPEH.

«CKauyKa» y Hyns - HarreT CO, monka - cuin (0OBIYHO OIM30K K OUCIIEPCHUM OaHHBIX), PACCTOSHUE
BBIXOZla Ha ITONKY - paguyc a. Ecmm Ha GOJBIIINX PACCTOSTHUSX TOYKM YXOMST BHIIIE CHUIIIA, Kak
37IeCh, - 9TO PETHOHAJIbHBIM TpPeHI (HecTalmoHaApHOCTh). Ero mubo y4YuUTHIBAIOT OTHENbHO, 6O
OTPAaHUYMBAIOT PAINyC MOUCKA.

OTceB yparaHHbIX Ipoo

YparauHele IpoOBEl - @aHOMAJIPHO BBICOKHE (MM OMMOOYHEIE) 3HAYEHWs, KOTOPhlE MCKaXKalT
OIIeHKY: HECKONbKO «OOHAHII» TI0 COMEepKaHUI0 MOTYT MepeTsSHYTh Ha cebs BCIO KapTy rpeima, a
SIBHBIE OIIMMOKM (HampuMep, OTpHIlaTeNbHAs MOIIHOCTH) TIOPTSAT MOBEPXHOCThb. MHCTPyMeHT «2D
Kriging» mo3BosisieT orpaHUYUTh TaKKWe TPOOLI TPSAMO TPU pacuéTe, 6e3 MpaBKKU MCXOOHBIX JAaHHBIX.
ITapamMeTpsl - B pa3maerne «JomoIHUTEIbHO.

OTceB u cpe3Ka - TpyObld IPAKTUYHBINA WHCTPYMEHT ITPOTHUB SIBHBIX OIMUOOK. 17151 KOHIIEHTPAIUN 1
XM GYJIBTG OCTOPOZKHBEI: 3KCTPEeMaJIbHbI€ 3HAYE€HUA 4aCTO HE IIIyM, a CUTHaJI (HaanMep, o4yaru
3arpsi3HeHus ), ¥ CJIerno o6pe3aTh XBOCTH pacIlpeneneHus He CTOUT. [[JIs CUIbHO aCUMMETPUYHBIX
OaHHBIX KOPPEKTHee He oOpe3aTh mpoOhl, a mpeodpa3oBaTh UX K OIM3KOMY K HOPMAaJbHOMY BUMY
(morapudm, Box-Cox) unm OpuUMeEHSATh UHAUKATOPHBIM KPUTHUHT - 3TO YK€ 3a paMKaMH OTCeBa, HO
MMEHHO TaK 00XOISITCS C TAXKETBIMU XBOCTAMHU B T€OCTAaTUCTHUKE PYO U 3arPs3HEHUH.

[IBa pexumMa. «YOanuTh» - IpoOBl BHE JOIIYCTUMOT'O AUalla30Ha BHIOPaACHBAIOTCS (OIS IBHO OUTHIX
3amnucel). «CpesaTh (capping)» - 3HaYeHHS BHe [uala30oHa MMPUKUMAIOTCA K TpaHHIle, a caMa
TOYKa OCTaéTcs B pacué€re. Cpe3ka - KJIJaCCUYEeCKUM IPUEM [Jid yparaHHHIX IPo0 10 comepKaHUIO:
MMOI02KEeHUE TOYKHU He TePsIeTCs, HO e€ BIUSTHUE OrPaHUYNBaeTCs. PeXXUM mepeknodaeTcs GIakKoM
«Cpe3aTs K rpanuile (capping) BMeCTO yOaJeHUus».

I'panunbl Mo adconoTy. «HuXHsS rpanuia» u «BepxHsis rpaHuIla» 3a[al0T MOPOTH B eQUHHUIIAX
Z HamnpsaMmylo. IlycToe 1osie - rpaHuIla He 3amaHa. OHU IIPUOPUTETHEeEe NepleHTuns. [Ipumep: ons
MOIITHOCTH IIOCTaBbTe HUKHIOI rpaHully 0 - yUOyT oTpuaTeibHBIe 3HAaYE€HUS, BEPXHIOID, CKaXKeM,
30 - yHméT TBHBIH BEIOPOC B 122 M.
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OTceB yparaHHbiXx Npob: go 1 nocne (kpacHoe - BbIbpoChHI)

[lo oTceBa: «bbl4bM rNasa» BOKpYr BbIBpocoB Mocne oTceBa/cpesku: Nnone CrokorHoe

Puc. 8: OTceB ypara"Hbx Ipo6 Ha IpuMepe: cjieBa TPHU BHIOpoca AaioT «OBIYbU TIjlasa» (ropsuue
MsITHA), CIIpaBa II0CJie CPe3KU K BEpXHEM rpaHUlle 1I0Jie CIIOKOMHOeE.

I'paHuUIBI 10 IEPUEHTWIIO. P-U IEepPIeHTUIb - 9TO 3HaYeHUe, HUXKe KOTOPOTro JIEXKUT p% Bcex
npo6. Hampumep, 5-if MEepIeHTHIIL - ITOPOT, HUXKE KOTOPOTO TOJNLKO 5% CaMbIX MajlbIX 3HAYEHMHH.
95-i1 - TIOpOT, BRIIIIE KOTOPOTO 5% caMbIX Oobmiux. [lapaMeTp «IeplueHTUIb 00pe3Ku, %» 3amaéT
3HAYEeHUEe P, U TPAHUILI O€PyTCS CUMMETPUYHO: OT pP-ro mo (100—p)-ro nepuentunsd. To ects p =
2 O3HaAy4aeT «CUUTATh yparaHHBIMU 2% caMBIX HU3KUX U 2% caMBbIX BEICOKUX ITP0O»: BCE HUKE 2-
ro u Beille 98-ro nepueHTUnsA Mubo ymansercs, mubo cpe3aeTcda. Yem Goblile p, TeM arpecCcUBHee
o6pe3ka. P = 0 BHIKITIOYAET MEePIEeHTUILHLIN pexXuM. YOOOCTBO B TOM, UTO aOCOJIIOTHEIE IIOPOTH
3HATh He HYXKHO - OHU BBIYUCIISIIOTCS II0 CAMUM OAHHBIM M IOOXOIOAT K JTI000MY paclpeneieHruio 1
Macmraly.

IIBYCTOPOHHOCTSH - BAaXKHO [IJIsI XUMHUMH. [1epIIeHTUILHLIN PEeXXUM pekeT ob6a XBOCTa - U BEPXHUMH,
u HuXHUN. 15 comepxaHuit 3To omnacHo: KCl = 0 B 30Hax 3aMeIlleHUs - peajibHasl T'e0JIOTUs, U
o6pe3Ka HUKHET0 XBOCTa OIMIMO0YHO ITIOMHUMET «IyCThe» y4acTKU. [[o3TOMYy OJIs rpeiiga oTceKaunTe
TOJIBKO CBEPXY: OCTaBbTe «HMXKHIOIO TpaHuIy» HNyCTOM M 3amaiiTe «BepxHioo» abCcomioToM (MIu
IIpUMEeHSANTe MepleHTub, IOHNMasi, YTO HU3 ToxXe OyIOeT 3aTpPOHYT). IIJIsT OTMETOK U MOLIHOCTeH
OBYCTOPOHHSS 00pe3Ka 00bIYHO YMEeCTHa.

Ilopsimok m kKypHan. OunbTp IpPUMEHSETCS OO0 yCPeOHEHHUs COoBIamalommx TodekK. B XKypHan
MHCTPYMEHTa BBEIBOOUTCSI, CKOJIBKO ITPO0 yHajeHO WM CPEe3aHO M B KaKUX IPaHMIIAX - 9TO YIOOHO
IJISI KOHTPOJIA.

CraHgapTHasi OIIM0OKAa KPUTHHTa

Kpome camoii o11eHKH, KDUTHUHT JAET B KaXKI0M y3Jie OUCIIEPCUI0 OITNOKY - MePy HEOTTpeAeIEHHOCTH.
Eé xopeHb, cTaHmapTHas ommOKa, BEIBOOUTCS HeoO0s3aTelIbHBIM BTOPBIM pacTpoM (mapaMerp
«CraHpapTHasi ommOKa KpuruHra» wuHCTpyMeHTa «2D Kriging»). EguHumer - Te ke, 4TO y
UHTEPIOIUPYEMOUN BEJIUYUHEL Z.

KmntoueBoe CBOMCTBO: CTaHOapTHas OIIMOKa 3aBHUCUT OT IeOMETPUM pacCIOIOKEeHUS CKBaXKUH
U MOJenu BapuorpaMMBI, HO He OT caMuX 3HaueHu# Z. [TosToMy 9TO KapTa HagE>KHOCTU CETU
HabmoneHny, a He pa3bpoca maHHBIX. B ToOuKe CKBaXKWHH (IpU HYJI€BOM Harrere) omubOKa paBHA
HYJIIO - TaM 3Ha4YeHHe U3BeCTHO TOo4HO. [To Mepe ynaneHUs OT CKBaXKWH OHAa PacTET, a B 061acTsax
0e3 maHHBIX JOCTUTAeT MaKCUMyMa (IIPUMEPHO KOPeHb U3 CUJIIa).

Kak uyurarb. TEMHEIE (Malible) 3HAYEHUS - OIIEHKE MOXKHO JOBEPSTh: PSIOOM OHOCTAaTOYHO CKBAaXKUH.
Csetrnbie (Oonbliie) - OLIEHKA OEPXKUTCSA Ha OAJIEKUX TOYKAX, QAKTHUYECKH IKCTPAIOISALUSI. ITO
epBble KaHOUOATH Ha Aopa3BenKy. CpaBHUBATH yooOHEEe OTHOCUTENLHO (e 60JIbIlle, TOe MEHbIIIE),
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KapTa cTaHOapTHON OWWBKN KpUTrMHra
o = -
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o CKBaXWHbI
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w
CTaHOgapTHaA owmnbka

o
TemHee (MeHblUe) - PAAOM eCTh CKBaXXMHbI, OLleHKE MOXHO LOBEpPSATh.
CeeTnee (bonblue) - faHHLIX Maso, OLEeHKa MeHee HafexHa.

Puc. 9: KapTra cTaHmapTHO¥ OIMMOKW: TEMHOE y CKBaXKUH (3€I€HBIE TOYKH) - OI[EHKE MOXKHO
OOBEPATH, CBETJIOE B l'IyCTbIX yrnax - JAHHBIX MaAJIO.

IMOTOMY 4YTO a0COI0OTHAsA BeIUYUHA 3aBUCHUT OT MaciuTaba BapuorpaMme (cumma S1_SILL).

BaxkHo. 3To MofgenbHAS OI[eHKA: OHA BEPHA HAaCTOIBKO, HACKOJIPKO BEePHA 3alaHHAasl BapuorpaMma
(marreT, paguyc, anu3oTponus). IIpu HarreTe 6oJIbIlle HYJISA OMOKa y CKBazKMH He HyJieBas - HarreT
3alaéT HUKHUMU «II0JI» HeompemenéHHOCTH. CTPOrMM JOBEPUTENIbHBIM MHTEPBAJIOM CTaHOapTHAas
omubKa He SIBISIETCS, HO KaK OTHOCUTENbHAs KapTa HeonpeneléHHOCTH OYeHb IToJIe3Ha.

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

CusiTue TpeHOa (perpeccusi-KpMIrHuHT)

OOBLIYHBEIM KPUTHHT OLIEHWUBAET CPEeOHEE JIOKAJIBHO, TT0 OKHY TTOMCKA, TT0O3TOMY TIJTABHO MEHSIOIIeecs

IO TIJIOLIAU CPeHee OH OTCIeKMBaeT caM. CII0KHOCTb BO3HHUKAET, KOTa V OIS €CTh BEIPAKeHHA s
pervoHasbHas COCTABIISIONIAs, HallpuMep o01ee ageHue IIacTa Ha y4acTke. Torga sKCiepuMeHTaTbHa st
BapuorpaMMa CHIPOTO 3HAYEHUS Pa3OyBaeTCs: PAfUyC 3aBHIIIEH, ITOpora HeT, opMa HallOMUHAET
CTETIeHHYIO MOMeNb, ¥ ITO00paTh YCTOMYUBYIO MOfIETh TPYIHO.

®naxok CHSITHh IMOIHHOMHAIBHBIH TPEHJ yOWpaeT PEeruoHalbHYI0 COCTABISIONIIYI0O METOOOM
HaVMMEHBIIINX KBAJPATOB Mepen KPUTUHTOM. [lanbIille KPUTYIOTCS OCTATKU, a TPeHA moOaBisieTcs K
oreHKe oOpaTHO. BaprorpaMma oCcTaTKOB BO3BpAIlaeTCs K HOPMaJIbHOMY BUIY: BEIXOOUT Ha IIOPOT
C HAIrTeTOM, W PajuyC OTpaxkaeT MCTUHHBEIM MacmTa® KOppensiuu, a He pa3Max TpeHpa. Ilome
CrenmeHb TPpeHAA 3a0aéT MJIOCKOCTDb MJIM KBAIPATUUHYIO ITOBEPXHOCTb.

Cnucoxk IIpeodopa3oBanue 3HaYeHHsI [OOABIISIET JorapudMUPOBaHUe OIS BEJIMYUH C Pa3bpocom
Ha TIOPSIOKHM, TAKWX KaK Ko3(phuiueHT GUIbTPALMM WX BOJOMPOBOOUMOCTH. [Ipu BEIOOpEe In
KPUTYeTCS HaTypaJIbHBIH TorapudM 3HaYeHH s, a OlleHKa BO3BpallaeTcss 00paTHO Yepe3 9KCIOHEHTY.
9To MenmaHHAas, TeOMETPUUECKAas OIleHKa, KOPPEKTHAS IJIS JIOr-HOPMAaJIbHBIX Imojiek. CTaHmapTHAas
omubKa IepeCYUTHIBAETCS B HCXOOHBEIE €OWHUITHL. JlorapudM u30aBIsSeT OT PYYHOTO CO3MAHUSI
ToJIsA In B KaNbKyNATOPE ¥ MPUMEHSIETCS TONMBKO K TIOJIOXKUTEJIbHBIM 3HaUYeHUsIM. BapuorpamMmmy u
HarreT TPU BKIIOYEHHOM JloTapudMe 3amaBaiiTe B egUHUIAX In.

CHaTue TpeHda IIoOMOraeT TaM, I'me IIaJeHHe OOHOPOOHO, B IIpenejlaX OOHOI'0 PYOHHMKa WIIU
JIOKAJIBHOT'O y49aCTKa. Ha Bcio nmomans MECTOPOXKIOEHHNS CPa3ly ero IpuMeHsATb He CTOUT. CocenHue
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Perpeccua-KpurinHr Ha peanbHelx oTmeTkax Kpll (Z8): noMoraeT NoKansHo, BpeanT raobansHo

Bece nenoanT (136x41 km) PyaHuk BKMPY-2 (9.5%8 km) BKMPY-2: Tpena pasnyeaer
REK -20% RMSE, xyme RK +25% RMSE, ny4we BapWorpammy Celporo Ze

—+— cupoe Zs r

800 | —e— ocraThn /

LOO RMSE, m
LOO RMSE, M

o 1000 2000 3000 4000 5000 6000
nar, M

Puc. 10: CusaTue TPEeHOAa Ha PeaJIbHBIX TaHHBIX: IIOBEPXHOCTH ITJIaCTa C BEIPAXKE€HHBIM DETrMOHAJIbBHEIM
IIageHueM. TpeHu CHAT IIOJIMHOMOM, KPHUT'OBAHBI OCTAaTKH, TPEHO BO3BpaI.T.IéH K OII€HKe.

OJ10KU Pa3HEeCEeHEHI I10 BEICOTE, €IUHBIN ITOJIMHOM OIIMCHLIBAET UX IIJIOXO, a JIOKAJIbHEIMN KPDUTHUHT 1 6e3
TOTrO OEPXKUT MEeHdIIlleeCsa cpenHee, Io3TOMYy CHATHUE r106anbHOTO TPpeHOa TaM CKOpee BpenurT.
YMecTHOCTh BUAHA IIO BapuorpaMmMe. Ecnu Y CHIPOT'O 3HAYEHHUSA pPaguyC COIIOCTaBHM C pa3MepOM
yY4aCTKa WM HET BHATHOI'O IIOPOra, TpeHHO €CTb U ero CTOUT CHATH. Ecnm BapuorpaMMa CEIPOTIO
3HA4YeHHUd YK€ BBIXOOUT Ha IIOPOr' C MaJIbIM HAarretoM, CHUMaTh He4Y€ero.

Crenenu 1 o6pI9HO mocTaTo4yHO. CTeneHb 2 OMMCHIBAeT U3rub, HO MOXKEeT BOOpaTh B TPEH[ YacCTh
peanbHOM CTPYKTYPH, IIO3TOMY IIOC/Ie €€ IPUMEeHEeHUS NOCMOTPUTE Ha BapuorpaMMy OCTaTKOB.
Ecnu mopor m HarreT CTajld BRIPAXKEHBI XyXKe, BEPHUTECh K cTeneHu 1. ToT ke (azxkok ecTb B
nHCcTpyMeHTe Kpocc-Banuganusi BapuorpaMMbl, TaM TPEH[I Iepenog0npaeTcs Ha KaXk oM IIare
KOHTPOJIST, ¥ BRIMTPHIII WJIX IIPOUTPHIII OT CHATHUSA TPEHOa BUAeH mpsamo 1o RMSE,

BapuorpaMmy mocjie CHATHS TPeH[a 3ajJaBaiiTe M0 oCcTaTKaM. PacTp CTaHOAPTHOM OIIHOKH B 9TOM
pexuMe 3TO oInbKa KPUTMHTa OCTATKOB, TPEHI CUUTAETCS OHeTepPMUHUPOBAHHLIM M COOCTBEHHOM
MIOTPEIIHOCTH K Hel He moOaBiIsierT.

B/1OYHBIH KPUTHHT

OOBIYHBIM KPUTHHT OLIEHUBaeT 3HaYeHUE B TOYKe, B IIeHTpe T4elKu rpuaa. Ho B TopHOM fesne yaiie
Hy?>KHa He TOYe4yHasl OTMETKa, a CpefHee IO IJIOIIaAH, 10 GJI0KY OTPpaOOTKH, MMaHeu UIH sS4YeiKe
mozfcyéTa 3amnacoB. CopmeprKaHUe MOJIE3HOT0 KOMIIOHEHTa B OJI0Ke 3TO CpefHee I10 ero IJIOafu, U
OIIeHHWBATh €r0 KaK 3HAa4YeHHe B OMHOUW TOYKE He BIIOJIHE KOPPEKTHO. [IJIsT 3TOr0 CIYXKUT (JIarkoK
B/IOYHBIH KPUTHUHT.

BKIIOUEHHEIM peXXUM OIleHUBaeT cpedHee II0 s4elike TIpula, a He 3Ha4YeHUe B e€ IeHTpe.
fAyelika MBICIEHHO pa30uBaeTCs Ha CETKy TodeK pa3dMmepoM NXN, KommuecTBO 3amaéT Ioje
Ouckperu3anusi 6;1o0ka, NXN Ha siYeHMKy, U KOBapHallM¥ B CUCTEMe KPUTHMHTA yCPEOHSIIOTCS
II0 9TUM TodKaM. Tak cucTeMa pellaeTcs He [Jig OOHOM TOYKM, a cpa3y I Bcero 6jioka. ITo
KJlaccudeckas cxeMma 6youHoro kpuruura GSLIB.

Y 67104HOM OIIeHKY ABa CIeACTBUS, 00a IIoJie3Hble OIS TOACYETa 3aracoB. [IoBepXHOCTE MOJIy4YaeTCs
rjlaXke TOYEYHOM, IOTOMY YTO yCpeOHeHWe 10 OJI0Ky racut MeJnkue KonebGaHus. U cranpmapTHas
omubOKa KPUIMHTa BBIXOOWUT HUKE TOYEYHOM, IIOTOMY UYTO CpenHee II0 IUIOIIANM OIleHWBAaETCS
HaéXHee, YeM 3Ha4YeHWe B OJHOM Touke. PacmiaTta omHa. BIOYHBIM KPUTHUHT HE BOCIPOU3BOOUT
npoOsl B y3nax To4HO. CpepmHee 1o OJIOKY, Oake LIEHTPUPOBAHHOMY Ha CKBaXKWHeE, HE pPaBHO
3HAQUYEHUIO B CAMOM CKBaXKWHE, U 3TO 3aKOHOMEPHO.

OuckpeTtusanuu 4x4 xBaTaeT IIOYTH Bcerga. bombiiiee N cUHMTaeTCs MOJIbIIE, a TOYHOCTh PACTET
He3HauuTesbHO. [Ipu N paBHOM enuHuIE OIOYHBIA KPUTUHT BHIPOXKIAETCS B TOYEYUHEBIHM, IIO3TOMY
MHHUMAJIBHOE 3HAQYE€HHE II0JIsd PaBHO ABYM, a CaM PEXKHUM I10 YMO/ITYAaHUIO BEIKJIIOYEH.

BIouYHBI KPUTHHI COYETAeTCs CO CHSATHEeM TpeHma. KpurymoTcs ocTaTKu mo OI0Ky, a TPeH[
moGaBisieTcsT K olleHKe oOpaTHO. CouyeTaeTCss OH M CO CIjlakXMBaHWEM TI'pHuia, HO OOLIYHO OOHOTO
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GJI0YHOTO yYCpeoHEeHUA OOCTATOYHO U OOITOTHUTEJIbHOE CI'JIaKHBaHHNEe He HY2XKHO.

Pa3i1oMbI

Pa3noM 3mech 9TO NMMHUS, BOONIb KOTOPOI IIOBEPXHOCTH PBETCS. [lomaéTcs oH CjIoeM JTUHUH B II0JIe
PaznomMsl, u TOT Xe ciou npuHuMawT 1.03 u 1.04.

Pa6oTtaeTr pasnom GapbepoM BIusSHUS. 15T KaXKOOM OIeHMBAEMOM STUYEHUKN MHCTPYMEHT IIPOBOMIUT
OTPEe30K K KaXK0My 3aMepy, ¥ eC/IHU OTPE30K IepeceKaeT JIMHUI0, 3aMep B BLIOOPKY 3TOM STYEHKHU HE
upéT. dyeiika BUIUT TOIBKO CBOE KPBIJIO, 3HAYEHM S 110 Pa3HBIE CTOPOHEI PACXOISATCS, U IOBEPXHOCTh
BOOb JINHUM ITOTy4YaeT Pa3phIB.

Kphiio y sueliKu onpeernseTcsi caMo, CTOPOHOM, C KOTOPOU NeXHUT €€ IeHTp. [lenuTh IUIoaab Ha
GJIOKM M CYMTATDh UX I10 OTHAEILHOCTH He HYXKHO, ¥ CIHUCKa KPHIJIbeB MHCTPYMEHTY He TpebyeTcs.

JIuausi He o00s13aHa pacceKaTh IUIONIaAh HACKBO3b. Y 3aTyxXalol[ero pas3jioMa BIHsSHUE
orubaeT ero KOHEeI: 3aMep 3a KOHIIOM JIMHWH OCTAETCS BHUOWMBIM, W BBIIIE KOHIIA IOBEPXHOCTH
CMEBIKAeTCS. DTO U eCTh OORIUHAS Te0JIOTHS - CMeIlleHHe BOOJIb CMECTUTENIS ITafaeT K HyJIi0, Pa3phiB
BBIKJTMHUBAETCH.

Y camoro KoHIla U30JIMHUM CTYIIAIOTCSA U CXOOATCSA B Y3KUM IyYOK. Tak 3aTyxaromui pa3ioM U
PHUCYIOT Ha CTPYKTYpHOU KapTe. OToBOpKa TyT OfHA: B MOLENH aMIUIUTYIa TafaeT He ITIOCTEIIEHHO,
a pa3oM, IToToMy 4To 6aphep OuMHapHEIH. [10o IocnenHel BePUIMHEL 3aMep 3a JINHKEeH He BUIEH BOBCE,
3a Hell BUIEH IIOJIHOCTBIO. 3HAUMUT BeCh CIaf IPUXOJUTCSA Ha OOHY sS4elKy, U IIyYOK II0JIydaeTcs
KOpode, 4eM y HacTOSAIIEero pasjoMa, r'je CMellleHUe 3aTyxaeT Ha [JIMHe, COIIOCTaBUMOU C CaMUM
CMEeCTUTEJIEM.

IToueMy pa3/I0M He IEPEBOJUTCS B CETKY

Bapbep mpoBepseTcsi TOYHOM reoMeTpHei: IlepeceKaeT JIM OTPE30K 3BeHO JIMHUK. PacTPOBOM MacKu
OaphepPHBIX STYEEK HET, ¥ 3TO OCO3HAHHO.

Macka naBasia gBe Oenbl. fAuelika He ITepenaéT AuaroHaib, I03TOMY KOCOH Pa3JIOM JIOKUJICS B CETKY
CTyIIeHbKaMU, U BCE, YTO CTPOMUJIOCH 110 TAKOMY I'PHUAY, HaCJIeOoBaso JIeCEHKY. XyxKe Opyroe: JIyd
BUIMMOCTY Ha4yWHAETCs B LIEHTPe OlleHMBaeMOM SSYelKU, U eCJIU caMa siueilika 6apbepHas, repBas
JKe MpOoBepKa Iollajana B MacKy. Takas ssyelika He BHUIeJla HU OOQHOTO 3aMepa CO BCeM IIOImany u
yxopuia B nodata. Boonb pa3ioMa B rpuie ocTaBanlach CTyeHYaTas Iieb.

C TouHOU TreoMeTpuel OGaphepHBIX sTYeEeK He CYIIeCTBYyeT BOBce. ['pup mojiy4yaeTCs CIIJIOLIHBIM,
IIyCTHIX sS9e€eK BOOJIb JIMHUU HET, a pa3phiB BUIEH CKaYKOM 3HaYeHUN MeXKAy COCETHUMHU sYelKaMu
10 Pa3HbIE CTOPOHEL.

3amep, CTOSIIIMI TOYHO HA Pa3jioMe, BUOEH C 000uX KpbUTheB. CKBAKMHA HA JTUHUU IPUHAATIEKUT
006enM CTOpOHaM, 1 OTOpPaChIBaTh €€ He3a4YeM.

ITena npuO/INIKEHHUST

HpI/I6HI/I}KeHI/Ie 30eChb OOHO, 1 €TI0 CTOUT Ha3BaTh BCIIYX. ITo BummMocCTHU OT6I/IpaIOTCH TOJIBKO COCeH.
KOBapI/IaHI/II/I MeXOy CaMHMHU 3aMepPaMHy, U3 KOTOPBIX CKJIaObIBAa€TCAd CUCTE€Ma KPUIMHI'A, OCTAIOTCA
€BKJIUOOBBIMHU: OHU CUUTAIOTCHA II10 IIPAMOMY PACCTOAHHUIO, KaK €CJIA OBl Pa3jioMa He OBIITO.

3aHynsTh WX Henmb3sd. MaTpwuila TOTHa TepsieT IONOKUTENbHYI0 ONpPedenéHHOCTh, CHUCTEMAa
CTAHOBUTCS BRIPOKAEHHOM M KPUTHHT pa3BanuBaeTcs. IMEeHHO Ha 3TO HATHIKAJIKUCh Pa3paboTYuku
M3BECTHEBIX ITIAKETOB, ¥ YaCTh U3 HUX yOpasia KPUTHHT C pPa3JI0MaMM COBCEM, OTIIPABUB II0OJIb30BaTEJIEN
Ha MUHUMAaJIbHYIO0 KPDUBU3HY.

YTo 9TO 3HAUMT Ha TpaKTuKe. Beca cocemedl y caMoil MTUHUM pPaACCYUTAHBl 63 y4éTa TOTO, UTO
MeXKy ABYMSI COCEMSIMHU JIEKUT pa3phiB. Ha pacCcTOTHUAX TMOPSAAKa paguyca KOPPEJSIIUY pa3Hula
npeHebpexxuMo Mana. Ha o94eHs 4acTol CeTH y caMOi JIMHMY KOHTPACT MOXKET CJIerKa 3aHUKAThCS.
Pa3prIB mpu 3TOM HUKYOA He JeBaeTcs, OH OepPKUTCA 0TOOPOM COCeIel, a He KOBapualusIMHU.
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Kak npoBepuTh Ha Y4€OHBIX TaHHbBIX

HUuctpymenT 1.10 [IpuMep CKBazxKHWH YMEET CO3aBaTh Pa3yioM caM. [lojie AMIUIHTYDA pa3jioMa
3aaéT BeJIMYUHY COBUTA: TeHEePaTOp IPOBOOUT JIMHUIO IOIEPEK MJIOMIany, He TOBOOS €€ OO0 KPaés,
v ipubaBisieT aMIUIUTYyAy K 3HAYEHUIO Y BCeX CKBaXKWH 110 OOHY CTOPOHY. BEIllle KOHITa TuHUM 006€
CTOPOHEBI OMWHAKOBHEI, TO3TOMY B Y4eOHBIX TAHHBIX CPa3y €CTh U Pa3pPHIB, ¥ €T0 3aTyXaloIUil KOHeII.

JInHuA BHIDAETCSA OTHOEJILHBIM BeIXomoM Pa3mom (memo). [TopatiTe e€ B Pa3/10MBI 30€Ch, @ IIOTOM
Ty ke nuHuio B 1.04, u BcA 11elmoYKa cOOepEeTCS.

I71s1 mpoBepkKu caMoro Oapbepa 6epruTe aMIJIUTYAy 3aMEeTHO OOJIbIIe pafguyca KOPPENSIIUNA: CKaY0K
OyneT oueBupeH. [y mpoBepKu Kopupopa B 1.04 XBaTUT aMIUITUTY/ObI ITIOPSIOKA CEUEHUS U30JTUHUM.

ATpuOyYT throw B BEIXOJHOM CJIOE Pa3jioMa CIIPAaBOYHEIM. MHCTPYMEHTH €70 He YHUTAIOT: 6aphep y HUX
YUCTO TEOMETPUUYECKHUH U O BEJIMYUHE CMEIIeHUs He 3HAET.

1.03 MuHuMajIbHasi KPpUBU3HA (TOYKH — pacTp)

WHCTPYMEHT CTPOUT TPHUA METOAOM MHWHUMAJIbPHOM KPUBU3HBI. [I0BEPXHOCTH BeOET cebs Kak
TOHKAsI yIpyras IIacTHHA, IPOXOOsInasi yepe3 HJaHHbe C MUHUMYyMOM u3Tu0a, TO eCTh pellleHune
OUTapMOHUYECKOTO YpaBHEHUsI. MeTOo HEeTOYHLIN: JaHHBIE BOCIIPOU3BOOSTCS IPUOIUKEHHO, 3aTO
MMOBEPXHOCTb MOJIy4aeTCsd MaKCHMaJbHO TJIagKOH, MO3TOMY eTro TPaguIlMOHHO 0epyT mjs KapT
reopu3nYECKUX MOJIeH U I0OBIX IIJIaBHHIX BEJIMUYMH. OTO OETepPMUHWPOBaHHAs ajlbTePHATHBA
KpuruHry 06e3 momOopa BapuorpaMMbl. KpuUTHMHI, B OTJIMYME OT HEro, HAaéT OIeHKY C KapTou
CTaHIOAPTHOU OITUOKH.

HarsiokeHue mopMelnnBaeT MeMOpaHHBIM ujeH: npu 0 3To YucTasg MUHUMAaJIbHAs KPUBU3HA,
npu 1 - HaTsgHyTas MeMOpaHa, y KOTOPOM MeHbIe BHIOPOCOB Mexkpay mpobOamu. HaTsiskeHue Ha
rpaHuIlEe 3afaéTcs OTHOEJbHO W IIOMOTaeT yOpaTh KpaeBhe IepefieThl. PellleHme uTepaTHBHOE,
MeTOonoM BepxHeill penakcanuu (SOR) ¢ 06xonoM CeTKU OeBSATBHI0 [IBETaMU: V3Bl OOHOTO LIBeTa He
MOTafaoT B PAaCYETHRIM IMa6I0H OPYT OpPyra, HO3TOMY OOHOBIISIOTCS Pa3oM M ycTowumBo. CeTka
IepecyYUTHIBAETCS, ITOKa HauboJiblllee U3MEHEHNE y3Jla He CTaHEeT MeHbIlle MOPora HEBA3KH UIU
He ucYepIliaeTcs YUCJI0 UTEPAIU.

CBoOomHBIE Y3JIBI CTApPTYIOT C ONMZKAUWIIEero 3HaYeHUS OaHHBIX, MOYTOMY Ha IIJIOTHBIX OAaHHBIX
CX0OMMOCTh OrIcTpasi. Ha oyeHb pa3pexKEHHBIX AAaHHBIX UTEPAlNi HYKHO OOJIbIE: YBEIUYbTE UX
JTUMUT UM TTOPOT HEBSA3KHU.

[TapameTp Ha3unauenwue ITo ymonmuaHu1o
TouyeuHBIN CIIOU [TpoOBI CO 3HAUEHHUEM. -
ITone 3uauenus (Z) YucnoBoe 1oJie s -
UHTEPIONISAILINN.
OxBart [TpssMOYTOJILHUK pe3yJbTaTa. 10 CJIOIO
Pasmep sueiku 0 - aBTO, min(oxBat)/50. 0
HatsxxeHue 0 - MuHMMasnbHasa KpuBu3Ha, 1 - 0
MeMOpaHa.
[Topor HeBSA3KU 0 - aBTO, 0.01 mponeHTa 0
pa3Maxa JaHHBIX.
MakcumyM uTepanguu [ToTomoOK 4YHCiia IPOXOO0B 100000
SOR.
Harsxenue Ha rpanutie ([Jor.) HaTsaxkeHue Ha Kpaio CETKHU. 0
KosdpdunuenT penakcanuu Yckopenue SOR, pasymuo 1.5 - 1.85
(Oom.) 1.9.
AnuzoTrponus ([Jor.) OTtHomleHue oceut Y/X B 1
MeMOpaHHOM 4YJIeHe.
PaznomMmer JImHUYM, BOOIb KOTOPHIX 110 2KeJIaHUuIo

ITOBEPXHOCTH PBETCH.
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[TapameTp Ha3uauenwue ITo ymonmuanuio

Npup (MUHUMaIbHASA BrixogHOU pacTp. -
KPUBU3HA)

Brrxoq - oObpIuHEIYM Ipumd, roToBEM Mt 1.04 U307 THHHH U3 pacTpa. B XXypHa BEIBOOSTCS pasMep
CEeTKM, YMCJIO y3JI0B-OJaHHBIX, YHCJIO UTEepalii M MTOroBas HeBsA3Ka. ECIM OOCTUTHYT IIOTOJIOK
WTepalyi, a HeBs3Ka BHIIIEe II0POoTa, MHCTPYMEHT 00 9TOM IIpedyIpexkaaerT.

Pa3i1oMbl

Pazyiombl ofaoTCs TEM Ke cjioeM nuHui, 4yto u B 1.02, Ho paboTaioT uHade. B kpurunre 6apbep
pellaeT, KakKve 3aMephl BUOUT suelika. 30eCh 3aMepOB HET, €CTh CETKA y3JI0B, CBA3aHHBIX I1abI0HOM,
I03TOMY Oaphep KUBET HA CBA3SX.

Pebpo Mexkny OByMs COCEIHUMU y3JlaMU, IIepecedéHHOe JINHKEN pa3ioMa, BhIafaeT 13 IrabioHa.
CBsI3b MeXKIy KPBIIbIMU 00pEIBAeTCs, KaXKI0€e KPHLJIO pelraeTcsi caMo IIo cebe, 1 I0BEPXHOCTD BIOJIb
TIUHUY PBETCS. Pa3jioM IIpy 9TOM OCTaETCA IUHUEHN U B CETKY He IIePeBONUTCS, II09TOMY Kocas IMHUS
He JIOKUTCSI CTYIIEeHbKaMH, a KPBIJIO Y y3J1a OIlpeesseTCsl CaMO CTOPOHOM, C KOTOPOM OH JIEXKHUT.

Y3esn, momaBmIMii POBHO Ha JIMHHUIO, ITPUIIMCHIBAETCSI K OOHOM CTOPOHe. Memnodb Ha BHUA, HO
CyIIeCTBEHHAs: pPa3jioM, IIPOBEOEHHEIM 10 OCH IaXTHOM CETKH, IIPOXOOUT TOYHO depe3 LeHTPHI
Y3JI0B, U IIPU CTPOroM pa3bope OH He ImepeKpnll Obl Hu omHOro pedpa. [IpunucaThk Tako# y3em K
00erM CTOpOHaM TOXKe HeJIb351, OH ocTajicsi Obl 6e3 cocefieil 1 3aCThHII Ha CTapPTOBOM 3HAYEHUH, NaB
BOOJIb Pa3jioMa I10B U3 HECUNUTAHHBIX y3JI0B.

ITosroca MmeMOpaHbI BIOJIb IHHHH

Y MHHUMAaIbHOW KPUBU3HBI €CTh 0COOEHHOCTDh, KOTOPOI HEeT y Kpuruura. Eé 11abmoH moTsSruBaeTcs
Ha IBe TYeHKH B KaXKyI0 CTOPOHY, a He Ha OOHY. 3HAUHUT Y CaMOM TMHHUY OH BCE PaBHO IIepeIaruys
OBl pa3pHIB, Maxke ecJik cocemHee Pedpo IMEePEeKPHITO.

Bri6pocuTh 13 1m1abJioHa OTHAEIbHBIE TOYKY HEJIB35: OH IIepecTaHeT nIpubinxkaTh OUrapMOHUYECKOe
ypaBHEHUE, U PelIeHue IoTepsieT CMBICI. [ToaToMy B mOjioCce IIMPUHOMN [OBa y3ja BOOJIH JIMHUU
pellleHNne IepexonouT Ha MeMOpaHy 10 HETIePEeKPHITHIM cocensiM. MemOpaHa paboTaeT M0 YeThIPEM
OIMKaUIITUM y3J1aM U pPa3phiB AePXKUT TOYHO. [lanbille OT JUHUK CYUTaeT oOBIYHAas MUHUMAaJbHAA
KpPUBU3HA.

[TpakTHYeckoe CJIeCTBHE OOHO: Y CaMOM JIMHWM ITOBEPXHOCTb YyTh MEHee TJIafKas, YeM BHaIu
oT Heé. Ha kapTe 3TO He3aMeTHO, HO 3HaTh 00 3TOM CTOUT. TOT Ke NMpuéM nmpumensiercsa B 2.03
Topo2Raster y 06pHIBOB, U 110 TOU Ke IIPUYUHE.

JIuHMuS, KaK 1 B KPpHUTHUHTE, HE o6si3aHa PacCCeKaTh IIJIoIIagb HAaCKBO3b: BEIIIIE KOHIIA PAa3JIOMa pé6pa
He IIePEKPHBITEI, ¥ IIOBEPXHOCTh TaM CMBEIKAQ€TCs.

1.04 A301MHHH U3 pacTpa

CTpOI/IT U30JIUHUMN (JIMHUM) U, II0 YMOJIYaHUIO, KOHTYPHEI€ IIOJIMT'OHHEI. ypOBHI/I 3a4al0TCA
PABHOMEPHHBIM IIIarOM HUJIX ABHBIM CIIMCKOM. HapaMeprI:

[TapameTp YTo 3amaéT ITo ymom4gaHnuio / COBET
Pactp BxopgHoii pacTp (Hampumep, -

pe3yJbTaT KPUTHHTA).
[llar n3onuHUM PaBHOMepHEBIH mar mo Z. 0 = -

3a7aTh «fBHEIE YPOBHU».
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

HauanbHbl ypoBeHs (offset)

fBHBIE YPOBHU

['71aBHAS U30JMUHUA KaxKaasd
N-a

MuH. gnuHa JINHUUN

BrukyOu4yeckoe CriakuBaHue

Ckpyrnenue nuHu# (Chaikin),
urepalmu

3amnucaTth 3HadyeHue B Z
reoMeTpuu

CTtopoHa GepTIITPUXOB U
nopmnucen (mor.)

HMs 1ot 3HaAYEeHUsI
Kanan (mom.)

W3onurnuu /| KoHTypHEIE
[IOJIUTOHEL

[TpuBsi3Ka CETKU YPOBHEM
(YpoBHUY KpaTHHI IIary OT
offset).

Cnucok ypoBHEH depe3
npobes. IIpuopuTeTHee IIara.
DecsaTUYHBIN pa3meIuTenb -
3amsaTas UiaM ToYKa.

Kaxnass N-s nuHus
noMmedaeTcd is index = 1 (gnsa
yrosnmeHusa). 0 = BBHIKII.
OTtOpaceBaTh TUHUMN KOPOYe
nmopora (ex. kapTe). 0 = 6e3
dunsTpa.

Crymenue rpuga (X2...x4)
OuKyOM9IeCcKOM
WHTEPIIONAINer nepeq
KOHTYPUHI'OM - OCHOBHOM
c11oco0 CTiazkKuBaHUS
WU30JIMHUM, yOupaerT
«OKTaroHEBI» OT I'Py00M CEeTKU.
PabortaeT u oyig IUHUHN, U OIS
ITOJIMTOHOB. BEIKJI. = 6e3
CTyILIEeHUS.

I omoIHUTEJILHOE JIETKOEe
ckpyrinenue nuaui (Chaikin).
Cnabee 6MKyO6UYECKOTO
CriIaKUBaHMsI, OOBIYHO HEe
HYKHO, €CJI¥ OHO BKJII04eHO. 0
= BBIKIJI.

YpoBeHB NMUIIIETCSA B Z BEPIIHUH
nmuHuN. Hy2KeH Ot 9KcropTa B
DXF: ABToKAIl u Kpeno nunaue
KJIagyT TOPU30HTAIHN Ha
HYJIEBYIO OTMETKY.

CTopoHa CKJIOHA AJIs IITPUXOB
OenIpecCUOHHOTO CTUIIS U
HaIlpaBJIeHUEe
TorlorpaduYeCKUX IMOAIHUCeHR
pas3om.

HWwmst atpubyTa YPOBHS B
BBIXOOHBIX TUHUSX.

Howmep kaHaa BXOOHOTO
pactpa.

Brixogutbie cinou. [Tomurousl
CTPOSITCS TI0 YMOITYaHUIO BO
BPEMEHHBIN CIIOH.

0

BBHIKJI. (X4 Ha rpybom rpume)

BEIKII.

aBTOMaTHU4Y€ECKHU

ELEV

BrIxogHEBIE I1OJIS:
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Cnoit IMomne Tun YTo comepKUT

HU3sonmuuu ELEV YUCJIO 3HaueHUEe YPOBHS
NUHUY (UM 3ag0aéTcs
noneMm AMst mmois
3HAYCHHS).

HU3zonurauu is_index nesoe 1 y rmaBHBEIX U30JIUHUN
(kaxpmasa N-a), usauge 0
- O0JIs1 YTOJILIEHUS.

KontypHsrie nonuronsl ELEV MIN YUCIIO0 Huzxxauii ypoBeHb
nosca.

KortypHble nonurorsl ELEV MAX YUCJIO BepxHuit ypoBeHb
nosca.

CrjakuBaHHe U30/IMHUH

OcHOBHOM cmoco6 CcriaguTh M30JIMHUM B 3TOM HMHCTPYMEHTE - OMKYOHYeCKoe CriiaKHBaHHe:
Tpuna mepel KOHTYPHUHIOM CryllaeTcss OMKyOMYecKOW HHTepmojsiuein (X2...X4), ¥ KOHTYPHI
cTposiTca 1mo 6ojiee Menkou ceTke. Ha rpyOoM rpupe M30JIMHUM MHAYE BBITIISOAT <OKTarOHAMU»
(BepIIMHBI CTABSATCS IO KpasiM S4YeeK) - CTylleHre youpaeT 3Ty yriIOBaTOCTh TOIOJIOTUYECKHU YHUCTO.
PeanuzoBano B uumctom NumPy, 6e3 BHemrHux 3aBucuMocTtel. Nodata-rpaHullbl U BHYTPEHHUE
«OKHa» MaHHBIX coxXpaHAlTcsA. CrymeHue OeNUCTBYeT U Ha JIUHUU, U Ha KOHTYPHBIE TOJIUTOHBI
- TPaHUIBI IOSICOB IPH 3TOM COBIIAHAlOT C M30MHMHUSMH. LleHa - Gombine siueek (X4 = B 16 pas
60JIbIle), TO3TOMY Ha OYE€Hb KPYIIHOM I'DHAE HAaYHUTE C X2.

IIOTIOTHUTENIbHO eCTh JIETKoe CKpyrieHue nuHui anroputmom Chaikin (komuuecTBo uTepanmii).
OHo cnabee OUKYOMUYECKOTO M OOLIYHO He TpebOyeTcs, eClM CryllleHue BKII4YeHO. FiMeeT CMBICIT
Kak ObICTpast albTepHATHBA Ha rpy0OM Ir'pue, Korga CryuiaTh He X04eTCs.

CrnaxkuBaHKeE CaMOTO IO0JIg (TrayCccoBO, IO PacTpy) - 9TO OTAeIbHAas olepanusi, OHA BHIIOIHSAETCS
He 37IeCch, a B mHCTpyMeHTe «2D Kriging»: Tam oHO MOET IO TPUAY OO0 KOHTYpPUHTA U yOupaeT He
YIJI0BAaTOCTh, @ OYTPUCTOCTS OIS («OBIYbY I'JIa3a» BOKPYT CKBaXXWH). BuKyOGudeckoe CrilaXXmuBaHue
U rayCCOBO CrilaXkuBaHUe N0JIs OONIONIHAIT APYT Apyra: IepBoe JIEYUT YIiI0BaTOCTh CETKH, BTOPOE
- OyTPUCTOCTh aHHBEIX. KOHTYPHEIM pacTp KPUTHHTA IIPKU 9TOM He MEHSeTCH - CrJIaXKUBaeTCs JIUIIh
BpeMeHHas KOIUus.

KoHTypHBbI€E NIOJIUTOHBI (IIOsICa)

KoHTypHBIE IIOJMTOHBI - 3TO 3aJIUTBIE IIOSICA MEXKOy COCEeOHMMH H30MUHHuSIMU. OHH CTPOSITCH
He Kiaccudukaimell «CTyIeHeK» pacTpa, a MOOJMIOHM3allMel CaMWX CrilaKeHHBIX H30JIMHHH
BMECTE C KOHTYPOM BaJIUIHOM 00IaCTH pacTpa: KOHITH JTUHUU IMPUTATHBAIOTCS K KOHTYPY, CETh
HOOUPYETCS ¥ IMOMUTOHM3yeTcs. [Imama30H ypOBHEM KaX[oro IIosca OIpenesieTcsi BBIOOPKOM
pacTpa B pelnpe3eHTaTUBHON TOYKe IIOJIUTOHA.

Briaromapsi aToMy I'paHUIIE IIOJIMTOHOB COBIIA#Aa0T C U30JIMHUSAMH, a IIOKPHITHE CIIJIomIHoe (6e3 OBID).
[MTonurone HecyT nonss ELEV MIN u ELEV_MAX. ITo yM0OT4aHWIO OHY CTPOSITCS BO BDEMEHHBIU CIIOU.
YTOOHBI UX HE CTPOUTH, OUUCTUTE I0oJIe «KOHTYpHBIE TOJTUTOHBI».

OdopmieHue CI0€EB

Jluuuu: 3amaliTe CUMBOJIMKY IIO IIPABUJIy Ha OCHOBE is index - r1aBHBEIM M3010HUAM (is index = 1)
mariTe OOIBINTYIO TONIUHY. [I0ANKCE - IO Moo YpoBHS (ELEV).

[TonuroHH CO3JAITCS C OMHUM CHUMBOJIOM. [171 3a7IMBKY 110 AUana30HaM 3afalTe rpafyupOBaHHYIO
cumBonuky o ELEV MIN (unu ELEV_MAX).

Crioli U30JIMHUN aBTOMAaTHYECKHU IIOMeIllaeTcs Had CJIOeM IIOJIMTOHOB, YTOOB! JIMHUU OBLIIM BUIHEBI
TIOBEPX 3aJIMBKH.
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3HadyeHUue B Z reOMeTpPpHUHA

®naxxok 3ammcaTrh 3HaYeHHEe B Z reOMEeTPHH IMOJHWMAET BEPIIMHBEI KaXOOW JTUHUM Ha €€
COOCTBEHHYIO OTMETKY. M30/TMHUSA 3TO IMHUS PABHOTO YPOBHS, IIO3TOMY Z Y BCEX €€ BEPIINH OOUH
¥ pPaBeH 3HAYEeHUIO IIOJIS.

HyxHo 3T10 Ons nepemayu ropusoHTanein B ABTOKAIl u Kpepo. CtammapTHBIU 3kcmopT QGIS
(IIpoekT —» UMnoprt/3kcnopt - IKcnopt npoekra B DXF) coxpaHseT oTMeTKU Z BEPUIIWH, HANo
TONBKO CHATH ranodky IIpunyautenbHo 2D. Be3 Z B reoMmeTpuu 00e IIporpaMMH KjIagyT BCe
TOPU30HTAJU Ha HYJIEeBYI0 OTMETKY, ¥ BBICOTY IIPUXOOUTCS 3afaBaTh BPYYHYIO 10 KaXK[0U JINHUU.

MHOro4aCTHOCTE CJI0S COXPaHSAETCsA: U30JIMHUA OOHOT'O YPOBHSA OCTaeTCcs OOHUM 00BEKTOM CO BCEMU
CBOMMHU BETBSAMH, YHUCIIO 00BEKTOB HE MEHSEeTCHd, ITIOAIINCHY HE PAa3MHOXKAKTCHA.

TonmorpaduyecKue MOaIHUCH

Ha Tomorpaduueckoil KapTe Bepx HuU(PH Ha IOPHU30OHTaJIM BCerda HaIlpaBJIeH BBEPX IIO CKJIOHY.
YuTtas KapTy, II0 OGHOM IOONINCYU IOHUMAaeIb, TOe BHIIIe, He CBEPASICH C COCEOHUMU I'OPHU30HTAISIMMU.

QGIS oTcuuTHIBAaET BEPX MOONUCU OT HANpPABIEHUS TUHUH, ITO9TOMY HOOHTHCS 3TOT'O IIOBOPOTOM
TEeKCTa Hejb3sl, a Hy2KHO 3a0aTh JIMHUSM OJHO HaIIpaBJIeHHE OTHOCUTENIbLHO CKIIOHA. DTO U OejlaeT
¢naxok Tomorpadpuyeckue nmognucH. B cioe ocraércsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
ocTaBneHa Kak Onla, 0 4TO pa3BépHYyTA.

ABTOMATHYECKUI BHIOOP CTOPOHHEI WMHOTHA OIMMOAETCS, W TOTHA €eTro TepPeKTIYalT pyKaMu
mapaMeTpoM CTOpOHa OepruiTPHMXOB M MOAMHCEH. [lepekiodyaTeNb AEWCTBYyeT Ha 00e YacTu
KapTHUHBI PA30M: M Ha CTOPOHY IITPUXOB, W HA HAIpaBJieHHWe Moamucei. I[IpuMeHsSeTCsI OH POBHO
OWH pa3 - Pa3BOPOT JIMHUU CaM MEHSIET MeCTaMH JIeBO U IIPaBo, @ 3HAYUT ¥ 3HAK CTOPOHBI CKJIOHQ,
ITO9TOMY TIOBTOPHEIM ITEPEBOPOT BEPHYJI OHI IITPUXHU Ha IIPEeXKHEee MecCTo.

Be3 pa3peunieHus nepeBépHYTHIX MOOIHCEeH 3TO He padoTaeT

B HacTpoiikax mognuced eCTh ONLMSA IIOKa3a IIePeBEPHYTHIX MHOANUCEHN, M IO YMOJNYaHUIO OHa
3amperliaeT ux. [Ipu Takom 3ampere QGIS cam moBopaymBaeT TEKCT, YTOOLI OH YHTAJICS ClieBa
HaIpaBo, ¥ HallpaBjleHUe JIMHUU [IePeCTaéT Ha YTO-Tu00 BIUATH.

Tomorpaduueckas MOONIKUCH IO OIpeaeneHu0 ObIBaeT IIePeBEPHYTOMN: Ha CKIIOHE, 00paIlléHHOM Ha
1or, udpa YUTAETCS BBEPX HOraMu. I109TOMY ITOKa3 MePeBEPHYTHIX HA0 pa3periaTh, a He 00POThCS
C HUM.

B cTtunsax CTpykrypa / runcoMeTrpus u [lenpeccusi (ITPUXHA BHU3) 9TO y&Ke HacTpoeHO. Eciu
MOAININCHIBAETE CBOUM CTHUJIEM, BK/IIOUHUTE ITOKA3 IEPEBEPHYTHIX IOOIUCEN B pa3dejie OTPUCOBKHU,
nHaude (axkoK He JacT HUYero.

IToagnmuch CTAaBUTCSA HAa THHHIO

B 060X CTHIISX IIOOIINCH pa3MeIaeTcs Ha CaMO¥ TOPU30HTANH, a He Haf Hell, ¥ pa3peIiBaeT e€. ITo
MIPUBBIYHBIN TOIlOrpadudYecKuil mpueM: mudpa YutaeTcss BMECTe C TUHUEH, a He PSOOM C Hel.

IIpeaynpexkaeHHue O IJIOCKHUX YPOBHSIX

HWHCTPYMEHT caM IPOBEPSET, He IoMall ¥ KaKOU-TO YPOBEHb CeYeHHUS B IIJIOMIAKY C OKOJIOHYJIEBEIM
YKJIOHOM, ¥ €CJIH IIoIaj, numeT o6 9TOM B XKypHAaJI: YPOBEHB, YHUCJIO 3a€THIX T9€eK U JOJII0 JAaHHBIX.
Huyero nmpu 3TOoM He GJIOKHPYETCS, U30JIMHUU CTPOSATCS KakK 0OBIYHO.

3aueM 3TO HY2XKHO. Ha nnomagke, roe IIOBEPXHOCTE MEHAETCA Ha MHUJIJIMMETPHI, IIOJIOZKEHHUEe
HU30JIMHUU OIIpeneiideTcsa He peJ'[be(bOM, a IIyMOM MaATpPHUIEBI. JIuHUs TaM Ha4yuWHaeT BUIIATH,
PacCChHIIIaeTCAd Ha MHO2XKECTBO MEJIKHX KOJIEI] WM BBEITJTIAOWUT KaK OIOHa YTOJ'IH.[éHHaH. Knaccuueckui
WCTOYHUK TAKOU IIIOINAAKU - BOOHAS I'Iadb: Ha MaTpuiie, HOJ’Iy‘IGHHOﬁ II0 CTepeoIliape, OHa CTOUT
Ha OJJHOM OTMETKe C TOYHOCTBIO OO CaHTHUMETPOB U MOZKET 3aHMMATh IIOJIOBUHY IIJIOIIAHU.
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OTnuuuTh 3Ty 60JIE3Hh OT HOPMaJIbHOM PabOTH alTOPHUTMa Ha Ijila3 TPYHOHO, IIOTOMY YTO alrOPUTM
oTpaboTas BEpPHO, @ BUHOBATH AaHHbIE. [I09TOMY ITpOBEPKA U BEIHECEHA B XKYPHAJI YUCIIaMH.

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

ITpoBepKa UOET 3a OOUH IIPOXO[ I10 MACCHUBY U HA PacTpax KPyIHee MIECTUNECATH MUJUIMOHOB TYeeK
MIPOITyCKaeTCsi, YTOOBI HE TPAaTUTh BpeMs. JIrobas ommbKa BHYTPU HEE TaCUTCs, IIOCTPOEHUE M3-3a
OUAarHOCTUKU He CPLEIBAETCHA.

YBepeHHOCTL l"OpI/I3OHTa)'IeI:'I

I[TpomonzkeHre TOU Ke MEICJIM, HO YK€ C BO3MOXKHOCTBIO YTO-TO cOenaTth. [lapamMeTp YBepeHHOCTH
ropn30HTaneﬁ MMeeT TPU IMOJIOZKEeHUA.

He cuuTaTth - I0BEOEHUE 110 YMOJIYaHUIO, HUYEero He MEeHAeTCsd.

Tonbko mojsi drop_min u drop_mean - TUHUM OCTAIOTCS IEJIBIMU, HO KaXpas IIOJiydaeT OBa
IOJIsi: HAaMMEHBIINY U CPeIHUM Iepenap BEICOT Ha S4elKy BOOJIb Heé. PellleHre 0CTa€TCs 3a BaMU:
IMIOOO3PUTEJIbHEIE YHaCTKH BUOHEI BEIDAXKE€HUEM BUOa drop_min < 0.005, ¥ BEI CAaMHU peliaeTe, IpATaTh
UX UJIN ITIOKA3hbIBATh.

IMonsi ¥ pa3pblB HAa HMOJO3PHTEIBHBIX yYaCTKaX - JIMHUS OOMOJHUTEJIbHO PBETCS TaM, Ihe
rmepemnaj HUXKe MMopora, U KyckKu moMmedatorcs moneM lowconf. Hudero He ymamsieTcsi, CIIpsiTaTh
IMOMEYEeHHOE MOXKHO QUIIBTPOM CJIOS.

IToyeMy mopor 3amaéTcsi J0JIed CeUYeHH s

Meputcsa He YKJIOH, a Iepenan BBICOT Ha A4YEUKy. OTO BelIMYUHA TOU K€ pPa3sMEPHOCTU, YTO
U cedyeHUe penbeda, IMO3ITOMYy €€ MOXKHO IPSAMO CpaBHUBATh C HMM, U OOUH IIOPOT OOUHAKOBO
paboTaeT Ha Pa3HBIX JAHHBIX.

IMpumep. [Ipu ceuernum 0.5 M ¥ mOpPOre B COTYIO OO0 T'PAHUIIA IMPOXOOUT IO 5 MM Ha STYEHUKY.
IToyoruii CKJIOH JAET Ha sTUelKe CAHTHUMETPHI U IIOPOT IPOXOOUT, BOOHAS I'JIafb HAET MUJIIMMETPEI
¥ He IPOXOIUT. 3aaBaTh IIOPOT aOCOIOTHRIM YKJIOHOM IIPHUIIIIOCH OBl 3aHOBO ITOJ KaXKObIH y4aCTOK.

[Topor HacTpauWBaeTCs B [OIOJHUTEJIbHBIX MMapaMerpax, Ilopor mepemaga Ha sSI9YeMKY, OIS
ceuyenus, 1o ymondanuio 0.01.

ITouemMy PBYTCSI TOJIBKO CEPHH

OpHa MoJo3pUTEebHAS BEPIIMHA TUHUIO HE PBET, ¥ IBE TOXKe. Pa3phIB MPOUCXOOUT TOMBKO TaM, TAE
MOApSiA UOYT TpU U 6osee cnabrix BepmnHEL. MHaYe ogHa ciy4yalHas ITyMHAas sYeika KpoIuiia Obl
TOPU30HTAaIb Ha HOPMaJIbHOM CKJIOHE, ¥ KapTa Ovl mopenena 6e3 MPUYUHEL.

Yucio TpU 3alIUTO ¥ ITapaMeTpPoOM He BBIHOCHUTCS: IOmOWpaTh ero II0Jb30BaTelll0 He 3a 4YTOo, a
JIMIITHUY TTapaMeTpP B AUAJIOTe CTOUT OOPOXKE, YeM KaXKeTCH.

KYCKI/I OEeJIAT TPDAHUYHYIO BEPIINHY, IIO3TOMY B TreOMETPHUHU HE BOSHUKAET PAa3pPhkIBa: COCEOHUE HaCTU
CTBIKYIOTCS TOYKaA B TOYKY.

ITopsimOK B KOHBeHepe U CBOIKa

PasMeTKa uOET MOCJe MOCTPOEHUS M30IMHUN M OO0 (GUILTPAa KOPOTKHUX NMHHWIN. MHadye O0OPHIBKH,
OCTABIIIMECS OT pa3pe3aHus, Ionaau Obl B CTATUCTUKY AJIMH M YaCTb TUHUN 0TCEeSJIach OBl ABAXK/IEI
110 pa3HbBIM IPUYHUHAaM.

B XypHas yXOOUT CBOJKA: CKOJILKO JIMHUM HPHUIIIIO, CKOJIBKO KyCKOB IIOIYYHIOCH, CKOIIBKO M3 HUX
HHUXKe IIIyMa ¥ Kakas OoJs o0Illel OJIMHBLI OKa3alach Cc1aboi.
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Yero HHCTPYMEHT He OeJlaeT

OH He CrjlaXWBaeT IIJIOCKHEe YYacCcTKM, YTOOBI JIMHHUS IepecTajia BHUJISATh. JDTO Obla OBl IMoOmesnka
OaHHBIX: Ha BBIXOJE IIONy4YHWJach OBl POBHAs ¥ HeBepHasi TOPU30HTalIb BMECTO PBAHOM, HO
COOTBETCTBYIOIIEN TOMY, YTO €CTh B MaTpuile. PellleHre 0 TOM, ITOKa3bIBaTh JIM CJIa0BIM YYacCTOK,
OCTaETCs 3a YeJIOBEKOM.

Pa3ioMBbI

Tot xe crno¥ nmuHUH, 4To nomaBasicss B 1.02 unu 1.03, nomaéTcsa cioma B mojie Pa3aoMsel. 30ech OH
OejaeT OBe BeIllu.

ITepBoe: M30JIMHUK PEKYTCS MO JIMHUM, TOYHO IO HEM, a He IO rpaHuIlaM sdeek. Bropoe: cama
JINHUS BXOOUT B CETH, ITI0 KOTOPOM CTPOSITCS KOHTYPHBIE TIOJIMTOHEI, TTO9TOMY T'PDaHUIIA MOsica UAET
POBHO IO Pa3JioMy.

Pa3priB IIpHU 3TOM IeJIMKOM BEKTOPHBIN. ['PU OCTAETCS CIIJIOIIHBIM, ILIPOK B HEM HET, U BCE, YUTO
CYUTAETCS 10 TpuAy, paboTaeT Kak 0OBIYHO.

Kopumop y pa3jaoMa
Opun mapamMeTp TpedyeT 0ObsICHEHUS, IIOTOMY 4TO 6€3 HETrO Pe3yJIbTaT BHITJISIAUT CTPAHHO.

I'pun CIIONIHOM, a 3HAYEeHWsS 0 pPa3Hbie CTOPOHHI pal3jioMa OTIWYAIOTCSH Ha BCIO aMIIIUTYAY,
M CKAYOK IIPUXOOUTCS Ha Mapy COCemHHX s4eeK. KOHTypep PHCYeT B 3TOM IIPOMEXKYyTKe BCe
ITPOMEXKYyTOUYHBIe YPOBHH pas3oM. [IpyM aMIIUTyOe B OBaAIlaTh METPOB M CeYEHHWH B OBa MeTpa
9TO [OEeCSITOK W3O0JIMHUM B IMHPHUHE OOHOM SYelKU. ['e0JIOTMYeCcKOro CMBIC/Ia Y HUX HEeT: 3TO
WHTEPIIONSIHUS ITONEePEK pa3phiBa, KOTOPOTO IIJIacT He 3HAET.

IIInpuHa KOpHIOPa y pa3/IoMa 3a0aéTCs B TUeiKax, 10 YMOITYaHHIo OgHA. [Tomoca TaKoM MIUPUHEL
BLIPE3aeTCs U3 U30JIMHUM, a KOHIIEI 0CBOOOOUBIIIUXCS JIMHUM ITPUTSATUBAIOTCS K caMoMy pa3iomy. Ha
KapTe OCTAaE€TCS YUCTHIM pa3phIB I10 JIMHUU.

Honpb oTKmo4aeT BHIpe3aHue. MeHbIe S4YelKu OpaTh He3adyeM: CKa4YOK 3aHMMaeT POBHO STYEHKY.
3amMeTHO OOJIbIIIE - HAUHYT IIPOIIaiaTh U30JIMHUN, UAYIIHE BOOJIb pal3jioMa Mo OeJly.

YV 3aryxaroIlero KOHIa OCTAETCS KOPOTKWM y4YaCTOK YACTHIX M30IUHUM [JINHONM OKOJO IITUPHUHBI
Kopuaopa. ITO BEPHO 110 CMBICJTY: Pa3phIB TaM COIIIEJ Ha HET, IIOBEPXHOCTb CMBIKAETCS, U PBATh €€
HeYeM.

HanMeHbLIIasz TOJIIIIHHA MOJIMTOHA

ITopor 3amaéTcs B TYeWKax ¥ OTCEKAEeT y3KHe MOMOCH MOsICOB. TOMIMHA CUNTAETCS KaK yIBOeHHAs
IJIOIIAAh Ha IIEPUMETD: V AJIMHHON y3KOM II0JIOCH OHA PaBHA €€ MWPUHE TpU 000 OIUHE, TOTAA
KaK II0 IIJIOWagX TaKyIo IOJIOCY OT HOPMAaJILHOTO I10siCa HEe OTJINYUTh.

ITopor 3agyMaH OPOTHUB OOPHIBKOB yV pa3phiBa TaM, T'le JIMHUU Pa3JIOMOB He MOMAaHHI: ¥ Kapbepos,
00prIBOB U Kpas ob6macTtu. Ilo1b30BaThCsA MM HaOO0 OCTOPOKHO. Ha KpyToM INOBEPXHOCTHU C
YacThIM CeueHUeM HOPMAJILHBLIM IOSIC MEXKIY COCETHUMU YPOBHSMU caM II0 cebe yXKe S4eUKHu, u
IOPOT B TYEeMKy BEIKOCUT KapTy. MHCTPYMEHT IpenynpeXpmaeT B XKypHalie, eCliu oTcesdsl 6oJblie
IIOJIOBUHEI IT0SICOB. IT0 yMOI4YaHUIO IIOPOT paBeH HYJIIIO, TO €CTh OTCEeBa HET.

1.05 BapuorpaMmma (3KCInepMMeHTa/IbHas1)

WHCTPYMEHT CTPOUT MO TOYKaAM 3KCIEPUMEHTAbHYI0 IIOJyBapuorpaMmy, Opu HeoOXOOMMOCTHU
nogOupaeT 1o Helt mopens u BeimaéT HTML-otuéT ¢ rpadukom. OH He cuuTaeT I'PUA U He BXOOAUT
B PACYETHYIO I[eTIOYKY KPUTHHTa HanpsMylo. Ero 3agada guarHocTudecKas: I0OKa3aTb CTPYKTYDPY
IIPOCTPAHCTBEHHON N3MEHYNBOCTH NAaHHBEIX U IIOMOYb 3a7jaTh IapaMeTPhl BApHOrPaMMbI OCO3HAHHO,
1o BUOy o0Jlaka, a He Ha Ijas.
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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:

36



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. 11: OtmeTka kpoBnu 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, %
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Puc. 12: Tpu Tuna napaMeTpPOB OOHOTO IIJIaCTa B eQUHOM OKHE: OTMETKa KPOBJH (IIOYTH HYJIEeBOU
HarTeT, I'JlagKas IOBEPXHOCTH), MOIIHOCTL (HaArreT OKOJIO TPETHU, cpepmyecKasi) U comepzKaHUEe
(HarreT comocTaBUM CO BKJIaJoOM, IIyMHEIU TapaMeTp).

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 OTpaXKaeT HaHHEIE.

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.

40



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

HalpaBlIieHWEe ¥ aHU30TPOIHIO.

42



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:

44



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. 14: Hpes Kpocc-Banupjalluu: OIEHKY KpPUTHWHTa II0 OCTaJbHBIM TOYKaM (II0 BEepPTUKAJIN)
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
=
o

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. 15: Tak Bmirnmsgut HTML-oTuéT Kpocc-Banmupmaliuu: cieBa rpaduk «omeHka vs (akT» cC
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.
F
.

.

¥ 27
o

o

o

=

El

o 04
=

=

= s om
=
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x =2 4
_4_

-4 -2 0 2
Teop. KBaHTUAW (HOpM.)

Puc. 16: YeTripe TunuuHbx Buma QQ-rpaduka oCTaTKOB: HOpMa (TOYKHU Ha AUAroHallu), TSXKENble

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 IIpuMmep cKkBazKuH (AemMo)

HucTpyMmeHT «IIpuMep CKBaxXUH (OeM0)» GOPpMUPYET TOUYEUHBIN CII0M CO CITyYaWHbIMU KOOPAUHATaMU
U TpeMs CTPYKTYPHUPOBAHHBLIMU IIOJISIMHU: aOCOMIOTHAsE OTMETKa KPOBmU Inacta (roof), MOIIHOCTh
(thick) u comepxkaHue abcTpakTHOTrO KOMIoHeHTa X (%). [Inana3oHbEl KPOBIX M MOIITHOCTH 3afaHBI
1o o6pa31y npomeinieHHoro minacta (Kpll). MHCTpyMeHT TpeqHa3HaveH i 00y4YeHusT U IIPOBEPKHU
KPUTHWHIQ, U30JINHUHN U KpPOCC-BaJIngalinu 663 PeaJIbHBIX JaHHBIX.

[TapameTpsr:

[TapameTp

YTto 3amaeT

ITo ymonm4gaHnuio / COBET

O06s1acTh (3KCTEHT)

[IpsAMOYTONBHUK reHepaluu
(o cmoro, X0MCTYy,
KOOpOWHATaMM, PUCOBAHUEM).

KomuuecTBO CKBaxkuH CKOJIBKO TOYEK CO30aTh. 300
MuHUMYM / MAKCUMYM IInana3oH comepXaHus 0/50
3HayeHusa X KOMIIOHEHTA.

'mapgkocTh (moms oxBaTa) Pammyc koppensauuu Kak gonsa  0.15
oxBaTa: 00Jbllle - KPyIIHEee
«ISATHa».

Kposns, MmomiHOCTh: MUH/MaKCc  [uama3oHEI nmosed roof u thick. xkak y Kpll

(Mom.)

Hons Harrera (Jor.) Homns oucuepcuu Ha 0.35
KOPOTKOMAaCIITaOHBIN IIyM:

OOJIbIIIE - HUXKE
IPeCKa3yeMOCThb.

Do6aBuUTL KaTeropuaiabHOe [Tone mintype (CUIBBUHUT, BBIKII.

Iojie MUHTHUIIA 3aMelleHue) ois
WHOWKATOPHOTO KPUTHUHTA.

Oo6aBuUTH moJie Haopa ITone head ¢ peruoHanbHEIM BBIKIJI.
VKJIOHOM [JIs TpafreHTa
IIOTOKA.

IoGaButs nosnst K u T u Hanop Hanop u nor-sopmanbHbie K BEIKIJI.
(M/cyT) m T = K-MOILIHOCTS A1
yoenbHOro pacxoga ([apcu).

3epno I'CY ([or.) BocmpouspoguMocTh 0

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

regepanuu. 0 = ciay4daiHo.
BrIXOOHOM TOYEYHEBIN CIIOH.
BrmtounTe BHIBOL - TIOJIYYUTE
pacTp s u nosue dz ons

BBHIKJI. (IIPOIIYILEH)

BHeIITHero gpetida.

ITpu 3amycke B 2KypHan BHIBOOUTCS CTapTOBasi BapuorpaMMa (CyMMapHBIM CUJUI = MOUCIIEPCUU
OaHHBIX, HarreT, pammyc). CreHepupoBaHHBIE [aHHBIE MMEIOT BOCCTAHOBUMYIO BapuoOTrpaMMy,
II03TOMY Ha HUX YOOOHO OCBOUTHL BECh IMKJI: HOCTPOUTH rpup B «2D Kriging», 3aTem m3onuHuu, u
IIPOBEPUTH ITapaMeTPHl KPOCC-BaluaaIuen.

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 IIpumep reodpu3ndeckKkux npoduieu (aemMo)

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. 17: ITosHas nenovYka rpynmnsl Ha JeMo-pefibede: OTMBIBKA, peYHasi CETh TOIIIUHOM 110 MOPSIAKY
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)

Bec u3amMepeHHBIX OTMETOK
(morr.)

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.
B ob61eit sueiike u3MepeHue
IePEeBENINBAET BEPIINHY

o poBaHHOM TOPHU30OHTAIIH.
1 = Kak paHbIIe.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Bepx ¢popm, Huz popm

CTtopoHbI (opM C OTMETKAMMU:
OpPOBKH 1 IIOOOIIBEI, TPEOHM 1
OCHOBaHMS, BEPIIINHA TOUYKOH.
CwM. pa3gen «IIoBepXHOCTH
MeXOy CTPYKTYPHEIMHU
TTUHUASIMEA».

[Tomne cBsi3u pOpPMEL OpuHakKoBOe 3HaueHue y Bcex  link
00BEeKTOB OOHOM (POPMHEI.
[Tome oTMeTKU CTOPOH (hopM Ecnu y nuHu# HeT Z. -
(mor.)
OyHKIMA (GOPMEI IOTIEPEK JluHelHasa - MPOEKTHHIM OTKOC, JIMHEeNHas
(mort.) nJjiaBHad - CKpyIrjeHue y
KPOMOK.
O3épa u ype3 BOIbI [I;10CKOCTH BOIOEMOB. -
ITome oTMeTKHU ype3a OtmMmeTKa ype3a. [lycto = Z IIyCTO
y3710B (HAKJIOH) WU MUHUMYM
Oepera.
OxBat Pamka BrIxOma. IlycTo = 1o IyCTO
BXOIHEIM CJIOSIM.
Pa3mep sueliku, M [ITar BEIXOQHOTO rpUaa. 30
3aronIHUTL TOHUXKEHUS B T'upponorudeckas KOppeKnus  BKIIL
urTore pe3ynbTarTa.
HUTepauuii criaXKuBaHUS Ha [TpoxomoB BHYTPEHHET O 60
ypOBeHb (HOT1I.) CTJIaKUBAHUSA IIOJIS.
MuHuUManbHOE MageHue l'apaHTHUPOBaAHHEIN YKIIOH 0.01
TajbBera, M/g4elky (Oom.) BIOJIb PEK.
Epsilon yknona npu MuHUMAaNbHBIY YKJIOH Ha 0.001

3aloJIHeHuu, M ([OoII.)
Penved

MIJIOCKOCTSX IIPU 3alOJITHEHUH.
BrixomHou pactp float32. -

Hy>KHBI TOYKHW UK U30JITUHUU (XOTsI OBl OJMH UCTOYHUK BHICOT). [IpropuUTeT OTMETKH ype3a: Z y3I0B
(HaKJIOH PeKH) BHIIIE ITOMIST OTMETKHM (IIJIOCKOCTH), TI0JIe BhIIIIE MUHUMYyMa Oepera.

Kaxxmerii THII BXoga paboTaeT CBOMM OTPaHUYEHHEM:

ToYKM BBICOT 1 H30/IMHHUH - JKECTKHE Y3IThI, IOBEPXHOCTDH YePE3 HUX IIPOXOOUT TOYHO. HykeH
XOTsi ObI OOMH U3 9TUX CI0EB, V KAXKIOT0 BEIOMPAETCS YUCIIOBOE MOJIe BHICOTHI.

TanbBeru - IpPUHYOUTEJIbHOE MOHOTOHHOE IIafieHue BHU3 M0 TEeYEHHI0. BeplIuHbl TUHUHN
OONXKHBI MATU BHU3 MO0 TeueHMuo: BogoToku OSM (2.02) u peuHas ceTb (2.06) moaxomsaT Kak
ecTh. MUHHUMAJIbHOE TIafleHue Ha T4elKy 3ajaéTcs B [OMOJITHUTEIHLHO.

OOpPBIBEI - Gaphepl criiaxKuBaHus. [I0BePXHOCTH II0 CTOPOHAM O0OpLIBa HE3aBUCHUMEI, IIepenas
He pa3Ma3biBaeTcsa. CaMa JIMHUSA IIUPUHOU B SYEUKY IIOJIydaeT IIPOMEXYTOYHYIO BEICOTY, 9TO
OTrpaHUYEeHNE ITIEPBOM BEPCHUMU.

VYpe3 Boasbl - TPY IIPUOPUTETA BEICOTHI Ha KaXKObIM 00BEKT, CJION MOXKET CMENINBATh TUITHL. Eciu
y IIOJIUTOHA TPEXMEPHBIE BEPIINHE (3aaH Z B y3/lax), ype3 UHTEPIIOJIUPYETCS II0 UX BEICOTAM
U HaKJIOHSAETCS BOOJIb PyClla - TaK 3afaéTCs IIafieHre YPOBHS PeKHU OT UCTOKa K yCThio. Ecnu Z
HEeT, HO 3aIl0JIHEeHO I10JIe OTMETKH, OOBEKT IepPKUTCSI TOPU30HTAILHOM IJIOCKOCThI0. Eciu HeT
HU TOTO, HU OPYTOTr0, YPOBEHb OePETCSA aBTOMATUYECKU 10 MUHUMYMY IIpuieralomiero 6epera.
PasHoTumHbEIE 00BEKTHL B OOHOM CJIO€ pa3bupaloTcs KaXK bl CBOelM BETKOM: 03ePO0 IIJIIOCKOCTHIO,
peKa HaKJIOHOM.

BuyTpu paboTaeT OBYXTaKTHHIM UK Ha KaXX0M yPOBHEe CeTKU: MeMOpaHHOe CriiakuBaHUe CTaBUT
KapKac U JepXKUuT OTpaHWYeHUs, 3aTEM IOJIMPOBKa MUHUMAaJIbHOU KPUBU3HOU (cTeHcun bpurrca)
ybupaeT MeMOpaHHOE CMeIleHNe MeXy KPUBLIMU U30IUHUSAMU. Ha KpyroBoM TecTe (memo-penbed,
TOPU30HTAaNN Yepe3 4 M, BOCCTAHOBJIEHHE, CPaBHEHUE C OPUTUHAJIOM) ITIOJIUPOBKA CHUXKAET OIIUOKY
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IIPDUMEPHO Ha TPETh. OcTaToO4YHBIA MaKCHUMyM OoImMMOKY XUBET Ha BEPIIINHAX BBIIIE mociIenHen
TOPHU3O0HTAJIX, IIO3TOMY OTMETKH BEPIINH BO BXOOHBIX OAaHHBIX 3aME€THO YJIYy4YIIalOT MaKYIIKMH -
HMMEHHO TakK TOl'[Ol"pa(be U IIOOIMMCBIBAIOT KAPTHI.

o

Puc. 18: CneBa BXOOHEIE OTpPaHMUYEHUS: VIUIOTHEHHBIE U30JIUHUU (IIBET IO BBICOTE) U TJIABHBIN
TanbBer. CipaBa BOCCTAHOBJIEHHBIN penbed.

OxBaT MO yMOJIYaHMUIO OEpETCS MO CJIOSAM C OTCTYIOM [ABe sguelku. Bce cmoum mpuBomsaTcss K CK
IIEPBOTO0 3aJaHHOr0 CJIOS, OHAa JOJI2KHA OBITH MeTPHYeCcKoi. OuHAIbHOE 3all0/IHEHHE MOHUKEHHH
BKJIIOYEHO 110 YMOJIYaHUI0, eT0 JIOTWKa onucaHa B 2.04.

TpéxMepHbIe TAJIbBErd

TaneBer 63 0OTMETOK paboTaeT YCIIOBUEM: BOOJIb HETO OANEPIKUBAETCS ITaleHNe BHU3 110 TEYEHUIO,
a Kakasl TaM BEICOTA, pPelllaeT UHTEPIIOJIATOP II0 OKPYXKAIIIUM JaHHEIM. ECNIY y TMHUY €CTh OTMETKHU
BEpIIVH, OHU CTAHOBATCS XKECTKUMU y3JlaMH, M IIPOMEpP IO PYCily HadWHaeT 3ajaBaTh OHO, a He
IIOACKa3hkIBaTh HalIpaBJIEeHUE.

OTMeTKH NOpH 9TOM OOWH pPa3 MHPUBOOATCS K MHaJaloIIMM BHHU3 II0 TeUYeHHI0. [IpuunHa He B
aKKypaTHOCTH, a B YCTPOHCTBE pacuyéTa: U3MEPEHHUs 10 PYCJIIy IIYMST, OTOEJIbHBIE BEPIIUHEI YXOOST
BBEPX IO TEYEHWIO, U TAKOM y3eJ Cropuil OBl C HNPUHYXKOEHWEM HageHus Ha KaXKIoW HUTepalluu.
Penakcaius npUIINUINBaeT SYEHUKY K OTMETKe, IPUHYKAEeHNE MTPOOaBIUBaeT €€ HUXKe, U Tak I10
Kpyry. ITocrne nmpuBeneHus: IPUHYKAEHNE CTAHOBUTCS ITYCTOM ollepaluel U CIIOPUTh HE C YeM.

IlpaBKa WOET TONBKO BHMU3: OTMETKY BHIIIIE H3MEPEHHOW HHCTPYMEHT He BHIOYMBIBAeT. Eé
HaunOoJIbIIasi BeJIMYMHA ITeYaTaeTcs B XKypHAJI, ¥ 10 HeW BUAHO, HACKOJIBKO IITyMHBIM OBLII ITPOMED.

OTHmenbHO CYUTAIOTCS SYEHKH, TTie OTMETKa TaJIbBera PAacXOOUTCS C APYTUM y3JI0M OOJIbIIle YeM Ha
NATH CAHTUMETPOB. OOLIYHO 9TO IepeceveHre pyciia C TOPU3OHTAJILI0, M TaM ImobeXmaeT TajibBer.
Yucro TaKUuX MeCT BEIBOOUTCS MIpenyIpexkIeHreM: MoJjidya pellaTh TaKo! CIIOP Helb3s.

JluHus 6e3 OTMETOK BeOeT cebs Kak IIpexkye, Pa3HOTUIIHBIM CJI0M pa3bupaeTcs Mo 00ObeKTaM.

HOBerHOCTL MeZXKOy CTPYKTYPHBIMH JINMHHUSIMHA

Bxom O0poBIBBI 3af1aéT Oaphep: mepernaj BOOIb JIMHUY He pa3Ma3biBaeTCs, HO caM Ilepemnan TUHUS
He 3a0aéT, MOTOMY YTO OTMETOK y Heé HeT. [lapa BxomoB Bepx ¢opm u Hus dopm permraet
0o0paTHYI0 3amady - IIOCTaBUTh POBHO Ty IIOBEPXHOCTh, KOTOpas 3afaHa OBYMs CTOPOHAMH C
MU3BECTHBIMU OTMETKaMH.
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3ayeM 5TO HYXKHO, JIy4Ille BCEr0 CKa3aHO B OTPACIEBHIX TPeOOBaHUSAX K OU(POBEIM IMJIaHaAM:
penbed, CO3OaHHBIM aBTOMATHYeCKH, HEOOXOOMMO HCIPABUTH B PyYHOM pPeXMMeE, COrIacoBaB C
BBICOTAMH ITOAIIOPHBEIX CTEHOK, OTKOCOB M HachIel. WHCTPYMEHT 3aMeHsIeT 3Ty NpPeAlruCaHHYI0
PYy4HYIO IIpaBKy IpaBujioM. BTopol agpecaT - mjollafgHble Kapbephl, BEIEMKHU, HACHIIM U OTBAJIHI:
TOPU30HTAJIM BHYTPU HUX II0 HOPMATUBY He OMUCHIBAIOTCSA BOBCE, U IIOCTPOUTHL TaM penbed 00JIbIle
He U3 4ero, KpoMe OPOBOK U IIOJOIIB.

CTopoHA - 3TO MHOXECTBO. B Bepx Mau HH3 BXOOUT JI000€ YHCIIO JIMHUHW M TOYEK C OOHUM
3HAaYEeHNWEeM II0JIsS CBSI3U, M PACCTOSHHE CUMUTAETCS OO0 OObeIuHEeHUS MHOXKeCTBa. M3 ogHOTro 3TOT0
IIPpaBUJIa BEIXOOAT BCE CIIydaMn: OTKOC 3TO 6pOBKa U IIOOOIBa, dMa 3TO 3aMKHYyTas 6pOBKa 1 TO4YKa Ha
IOHe, KaHaBa 9TO ABe OPOBKM U JTMHUS OHA, KOJIbIleBast maMOa 9TO IBe 3aMKHYThIE TUHUH, 6eperoBoi
YCTyII 9T0 OPOBKA M 4acTh ype3a. CMeIIuBaTh IMHUYU ¥ TOYKH B OQHOM CTOPOHE MOXKHO.

OTMeTKH GepyTCcs 10 MPHOPUTETaM: BEPIINHE C Z, 3aTeM I10JIe OTMETKH, 3aTeM 00BeKT OCTaETCs
OGaprepoM u B ¢popmy He cobupaeTcs. [lopora 3HaYMMOCTH B MHCTPYMEHTE HET: HaJii IBE CTOPOHEI
- CTPOUTCS IIOBEPXHOCTh, JaJId OOHY - paboTaeT OapbepoM. PellleHue NpUHHMAaET YeJIOBEK, Koraa
pHCyeT BTOPYIO JTUHUIO.

Kak cumrTaercsi. COOTBETCTBHE TOYEK MEXKAY CTOPOHAMU He HIIeTCd. [ KaXXaou S4Yeuku
CYHMTAIOTCS TOYHEIE PACCTOSHUS OO 000MX MHOXKECTB BMECTE C OTMETKOM OIMKaMIlero MCTOYHUKA,
BEC PaBEeH OTHOUIEHWIO PACCTOSHUMN, OTMETKa JIMHEeWHa 1o Becy. IlepexJiECT TeoOMeTpuu IIpu
9TOM HEBO3MOXKEH II0 ITOCTPOoeHuio. Tesmo GopMBI YXOOUT B MYIBTUCETKY KECTKUMHU y3JIaMU, a
ero rpaHulia OOMNOJIHUTEJIbHO paboTaeT OapbepoM, YTOOBI BHEIIHWE MaHHBIE HE IEPEeTATUBaIn
ITOBEPXHOCTH Yepe3 ycTyn. CxeMa pelaKkcallii He TPOraeTCs.

Ilena meTtoma. bnuzkaiiiiasi TOYKa M COOTBETCTBEHHAs TOYKa - Pal3Hble Bellu. IToka OTMETKHU
MMOCTOSTHHEI, pa3HUIE HeT. Korga oTMeTKa 6POBKY MEHSIETCS BIOIb U30THYTOM (POPMBI, IOBEPXHOCTh
clerka yBOOUT OT MMHEeNYaToM, a Ha BOTHYTHIX yIjlaX BO3HUKAET MeauanbHas 0Ch, Toe OMuxKanImi
WCTOYHUK II€PEK/II0YaeTCs CKAauyKOM M MOBEPXHOCTH moydaeT 3aroM. ObGa uyuciaa MepPSIOTCS
TeCcTaMHU Ha CHHTeTHKe: Ha PealbHON ChEMKe X MEPUTH He IPOTUB Yero, aHaIUuTUYeCKOTro 3TaJloHa
TaM HeT.

YTo medyaTaeTcs B XKypHal. [Io kaxpou ¢dopme: 4HCIO A4YeeK Tela, MeduaHHas IIMUPHUHA B
sTYerKaxX, PacxoXKaeHHue OTMETOK B MECTaX CXOXKMEHHUS CTOPOH U YUCIIO 00BEKTOB, IMPOMYIIEHHBIX
M3-3a OTCYTCTBUS 0TMEeTOK. OTOesIbHO IIpenynpexaeHue o ¢opMax yxkKe OBYX sS4yeeK: B pacTpe TaKou
(opmMBI HET HU IIPU KaKOM MacinTtabe, Hafio MeJIbYUTh TUeiKy. OOMUHOKHE CTOPOHBI 1 0OBEKTH 6e3
CBSI3U B XKYpPHAJI yXOOAT C IPUUYHUHOMN.

I'panua 00/1aCTH MOCTPOEHHU ST

[TonuroH orpaHUYMBaET IOBEPXHOCTD TaK XkKe, Kak outer boundary B cucTeMax IpOEKTUPOBAHMSI: 3a
TpaHUIled pacTp He BHOAETCs, TaM nodata.

BaxxHa He cama o0Ope3ka, a MOMEHT, KOTfla OHa MpHUMeHseTcs. Macka HakKIafkIBaeTCs TOCJIe
WHTEPIIOISIINY, a He OTCeYEeHHEeM BXOOHBIX HAHHEIX. TOYKM, TOPM3OHTAIM ¥ TalbBerd 3a
mpegeaMyd T'PAHUILI ITPOOOJIZKAIOT (POPMUPOBATHL IIOBEPXHOCTh y CaMOM TPAHUIIEl, TOITOMY
Kpasi He 3aBopauyuBaloTcsa. Ecimu OBl MBI BMECTO 3TOro oOpes3any BXOM, Y TPAHUILI BO3HUK OBI
MCKYCCTBEHHBIN eperub: MHTEPIIOISITOPY CTaso OBl He Ha YTO OMEePEThCS C BHEITHEN CTOPOHHI.

Cro¥t rpaHuIE TTOaBanTe B 11000 CUCTEME KOOPAWHAT, TeOMETPHUS IIEPEBOOUTCS caMa. B XKypHai
meyaTaeTcsi, CKOJIBKO sS4eeK 0Ka3aJioCh BHYTPM UM KakKas 39TO HOojd molnamu. Eciu BHyTpu He
0Ka3aJIoCh HU ONHOI, PacdéT IIpephiBaeTCs C yKa3aHHEM IIPOBEPUTH CUCTEMY KOODAMHAT: dallle
BCEro JeJI0 UMEeHHO B HeH.

2.04 ITogroroBKa peaseda

lotoButr LIMP K aHanu3y OByMs HE3aBUCHUMBIMK MOOU(PUKaANUSMHU, KaxXKaas BKJII0YAeTCSI CBOUM
dbnaxkoM, nopsanoK GUKCUPOBAH: CHavasa CrilakuBaHUe, II0TOM 3alloIHEHUE.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Bxomxas LIMP

Pactp penbeda ais
IIOATOTOBKH.

Crnamuth pensed (FPDEMS) CrnaxkmBaHMHE C COXPaHEHHWEM  BHIKII.
OpPOBOK (CM. HUIKE).
3anoMHUTEL TOHUXKEHUS 3anonHeHUe JTOKHEIX IM BKJI.
(TTnaumona-IIapoy).
Epsilon yknona, M (0: TOnbKO MuHMManbHBN YKJIOH Ha 0.001
SIMBI) IUIOCKOCTAX. 0 = MOOHATH IMEI
oo cnuBa, 6oJbllle HyJIS =
CKBO3HOM YKJIOH 1jig D8.
CrimaxuBaHUe: OKHO CropoHa okHa punbTpa 11
HoOpMaseH, siueek (gor.) HOpMajiel, He4ETHad.
CrnaxuBaHHe: IOPOT CTporocTts COXpaHeHUS 15
pa3nuuusg HopMaseu, rpan rpaHel: MeHbIIIEe -
(mom.) arpeccuUBHee.
CrmaxuBaHUE: YUCIIO BHenmrHux 11aroB nepecbopku 2

IIPOXOHoB (HO1I.)
ITogroroBnenHas [IMP

BBICOT.
Brixogaou pacTtp float32.

IMopsimok: cHavasa CrijlaXuBaHuWe, ITOTOM 3amnojiHeHue. O6e MonuduKanuy He3aBUCHUMEI, KaxXKfas
cBOUM (JIazKKOM.

Criaagutrs penbed (FPDEMS) y6upaeTr HM30LITOYHYIO IIIEPOXOBATOCTh CHYTHUKOBBIX MOMEJIEH.
CnoytHukoBeie [IMP 3amrymiensl, ¥ OoObIYHEIE (UIBTPHL - CpeHee, MeuaHa, raycC - PeXyT IIyM
BMecCcTe Cc OpOBKaMH, CTEHKaMH Teppac 1 6eperamu: neperudsl 3aBanuBatoTca. FPDEMS (Lindsay,
Francioni, Cockburn, 2019) pa6oTaer uHade. OH OoIepHupPyeT He BLICOTAMM HAIIPSIMYIO, a IIOIeM
HOpMaJiel NOBEPXHOCTHU: CHadajla CYMTaeT HOpMallb KaXOoW sSYelKM, 3aTeM CrilaXXuBaeT II0jie
HOpMaJjel TakK, YTO COCel BXOOWUT B CpemHee C BECOM TeM OONbIINM, YeM OJIMXKe ero HopMallb K
LeHTpanbHOM. Ha OpoBKe HOpMalIu COCEIded pPe3KO PACXOIsATCs, BeC MafaeT, I'PaHb COXPAHSIETCH.
Ilocne 3TOTr0 BBICOTH TOATATHUBAIOTCS IION CrJla’keHHOe IIojle HopMaseil. B uTore mnockoe
BHITJIA?KUBAETCS, CTPYKTYpPHBIE MTUHUH CTOSAT. Ilopor pa3nudusi HopMasieH (B [[ONOTHUTEIHLHO)
yIIpaB/seT CTPOTOCThIO: MEHbIle 3HAYEHNUE - arPeCCUBHEE COXpaHeHUe IpaHel, OOJIbIle - CUIbHEE
of11ee criaxuBaHue. MeTon u3Ha4allbHO IIPEAI0XKEH s MuaapHex [IIMP, HO 0IMHAKOBO OJIE3€H
OJIS CIIyTHUKOBHIX.

3anmoJIHUTh NOHMKEHHSI MeTOoOgoM HJIaHH_IOHa-J:[apﬁy IIOOHUMAET JIOZKHBIE SMBEI, 4YTOOBI IIOTOK
He ocTaHaBauBajicsa. [TIoHMXKeHHus B PaCTPOBBEIX MOOEJIAX 4Yallle BCEro apTe(baKTbI WHTEPIIOIAITUN
U ITyMa, TUAPOJIOTUYECKUM aHanmu3 0e3 3alojHeHUs oOphiBaeTcss B mnepBod ke same. Epsilon
YKJIOHA YIIpaBJIsieT PEXUMOM: IIPH HYJIeBOM 3HAYEHUU NOOHUMAIOTCS TOJIBKO HaCTOSIIUE SMBI
POBHO OO yPOBHS CIHMBA, IJIOCKME YYaCTKH OCTAIOTCS IJIOCKUMU. [IpM MOMOXKUTENLHOM 3HAaYEeHUU
(mo ymomuanuio 0.001 M) yepe3 IIJIOCKOCTH AONIOJIHUTEIBHO CTPOUTCS CKBO3HOM YKIIOH, u D8 Ha
HUX CTAHOBUTCS OIpelesi€H. [IJ1s cTOKa U aKKyMYJISIIUY HyKeH II0JIOKUTeIbHLIHN epsilon. dueliku
Ha TpaHulle TpUAa U psamoMm ¢ nodata cumrTaloTcsi cTOKaMu. B oTUET nmeyaTtaeTCs YUCIO MOTHATHIX
sYyeeK U MaKCUMaJlbHEIHM MOOBEM - YIOOHBIM MHOAUKATOP KadecTBa ucxonHou [TMP.

Ta XKe rajoyka CriaxKuBaHUS eCTb B 3arpy3ke [IMP (2.01) mns OBICTPOrO IyTH IPSAMO TIPH
ckauuBaHuu. OTOenbHBIN UHCTPYMeHT 2.04 HyXKeH, Korpga penbed npumén He u3 2.01, a u3 cBoux
OaHHBIX.

2.05 CTtoK m akkymyasasunus (D8)

CuuTaeT HallpaBJIEHUs CTOKa 110 BockMU cocegsaM (D8, Jenson-Domingue) 1 aKKyMyJISAIINIO: CKOJILKO
s9eeK CTeKaeT B KaxXkK[ylo, BKIoUasa e€ caMy. HanpaBieHus KogupyiooTcs 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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— ucxonHaa LUMP
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Puc. 19: ITpoduns uepes MOHUKEHHE: HCXOOHAs II0BEPXHOCTh U Pe3y/IbTAaT 3all0IHeHus. 3aKpalleHa
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. 20: YknoH (cineBa) u 9KCcHo3ulius (crrpaBa) neMo-penbeda. LIuknuueckas maauTpa 3KCIO3UITUN
cmBaeT 0 u 360 rpagycos.

2.09 BepmiuHBI U SIMBbI

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

68



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 orceBa MHOEKC HCKaXKaeTcsd Ha J000W peanbHOM MaTpuile ¢ BomoémoM. OTMeTKH
BOOHOM T'JIag¥ CTOSAT Ha OOHOM MeCTe U BCe IIoIlafaloT B OOHY (pa3y BHYTPU CeUeHUd, U3-3a 4eTo
pacmpepnesneHue MepeKalinBaeTCs, a HUHAEKC ye3:KaeT BHU3 U MOKa3bIBaeT JI0XKHOe Oaromoinydue.
Ha maTpulie, roe BomoxpaHUIUIle 3aHuMano 44.5 mpolleHTa ILIolagyu, uHOekKc 6e3 oTceBa maBan
0.50 BmecTo 0.97, a mo ogHou cyie Beixoguiao 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 Cusitue cTyneHeHu (CriiakuBaHHE C OTPaHHYECHHEM)

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

bruicTpasi npoBepKa Ha JeMO

2.10 [Iemo-penbed BHIOAET T'OTOBYIO Iapy: BKIIOUUTe BhIXOOL IIpoeKTHasi IMOBEPXHOCTH
(memo) 1 YuacTKku padot (memo). [TomaiiTe IIOMIAAKY KaK «CTaIo», penbed KaK «ObII0», yIaCTKHU
MonuTroHaMu. Hackimb v BbIeMKa 00si3aHbl BRIMTH PAaBHBIMHU YHCJIO B YHCJIO, HETTO HYJIEBBIM, BEPIOUKT
mpo comepmmiics 6ananc. COBUT OTMETKU IJIOIIAAKK B IOIIOJTHUTEIILHLIX TapamMeTpax 2.10 yBogut
OamaHC B IPUBO3HOM MJIM BEIBO3HOM I'PYHT, TaK YTO BCE TPU BEPOUKTA IIPOBEPSIOTCS B IBa MPOTOHA.

CoBmnapeHne HACHIIIU C BEIEMKOM IIPU HYJIEBOM COBUT€ 3TO er.ué 1 He3aBHCHMas IIPOBEPKa CaMOro
HMHCTPYMEHTa: omnbKa B (bopMyJ'[e HUJIX B IIPUBEOEHHNHU CETOK 30ECH OBl ¥ BEIJIE3JIA.

FpaHHHLI IIPHAMEHHUMOCTH

O0BEM reoMmeTpudecKuii. Pa3prixjieHre, YIIOTHEHUE U ITOCIIONHBIE TPYHTHI 30€Ch HEe IPUMEHSIOTCS,
3T0 paboTa MPOEKTUPOBIIMKA.

TOYHOCTH Yy TPAHUIIH PAabOT OTpeAensieTCs pa3MepoM TUYEeHKN: 00bEM BAOITE KOHTYPa BCEeTAa CMEIEH
Ha BEJINYUHY HOPSIOKA MOTysTYeKY Ha MTOTOHHBIA MeTp rpaHullsl. Ha MeTKoM KOHTYpE TIPU KPYITHOM
si9efiKe 3TO CMeIeHWEe MOXKET IIPEBBICUTh caM OOBEM, ITOITOMY MEJIKMEe IJIOMIaAK{ CYHUTANTe Ha
CeTKe, COpa3MepHOM UX pa3Mepy.

HUHCTPYMEHT HE CTPOUT OTKOCH C 3aJI0KeHueM, OepMBI, TOCJIOWHEIE BEIOMOCTH ¥ HEe caXkaeT
MTPOEKTHYIO TTOBEPXHOCTH Ha penbed. ITo paboTa CUCTEM aBTOMATU3WPOBAHHOTO TPOEKTUPOBAHMS.

2.19 Kanguaarsbl OPOBOK H IIOOOIIB

HaxomuTt MecTa, TOe YKJIOH MeHsSIeTCs OBICTPEeE BCETO, ¥ TPACCUPYET UX B JIMHUK: OPOBKU U TTOIOIIBEI
yCTymoB, 60pTa KapbepoB, KDOMKH HaCHIIIEN U BPE30B.

[TapameTtp Yrto 3amaér ITo ymon4aHuo / COBET

Bxoguast LIMP PacTp penveda 1o rpyHTy, HE -
DSM. fduetrika 3 IIJIOTHOCTHU
cvemku: 20-25 cm nopu 20
TOYKaXxX Ha KBafgpaTHBLIA METP.
MuHMManbHEIY IIepenan, M Otceuka myma: rpebeHb 0.5
Ipu3HakKa 00s13aH HabpaTh
3TOT mepenap penbeda B 6aze

3aMepa.
MuHuManbHada OJIUuHa JIUHUHU, OTcekaeT OOPBIBKH. 10
sT4eeKk
Basa 3amepa nepemnana, sueek [lonymupuHa OKHA, B KOTOpoM 8
(Oom.) MepsieTCs Ieperaj IIoMnepeK

JIUHUH.

HpHBHaK H3JI0OMa - 3TO IrpaJHEeHT YKJ/IOHA, a He YKJIOH. Ha POBHOM OTKOCE, mazxXe OTBECHOM,
YKJIOH IIOCTOAHEH M IMPU3HAK Mall. HpI/ISHaK BEJIUK TaM, I'l€ YKJIOH MEHSEeTCd, TO €CThb Ha camMou
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OpoOBKe M Ha caMoO¥ MopouBe. 3HaK NPOGUIbHON KPUBU3HLI OEJIUT HAWOEHHbIE JIMHUU: BBITYKIIBIN
M3JIOM Ja€T OPOBKY, BOTHYTHIH ITOMIOIIBY, ¥ 3TO yXonuT B mojie kind 3Hauenusimu brow u toe.

HN310M O0e3 mepemnaga He U37I0M. [ peGeHb Ipr3HaKa O0TOPaACHIBAETCS A0 BCSIKHX IIOPOTOB, €CIIHU
B €r0 OKPEeCTHOCTH HeT 3aJaHHOro Imepemnama penbeda. IIyM IIJIOTHOW CHEMKHM B CAHTHMETPHI He
HabupaeT ero HUKOI{a, OKPECTHOCTDh HACTOsAIel OpPOBKU HabupaeT Bcerma. DTO TJIaBHBIN GUILTD,
¥ OH PpHU3NUECKUH, a He CTaTUCTUYECKUH: ITOPOTH BHYTPEHHeH MaTeMaTHKU MOOOHUPalOTCsS CaMM U
HapyXy He BLIHECEHHI.

Ilepenan Mepsiercst B 0a3e 3aMepa, a He MO0 BCeH IMMPHHE yCTyma. JTO MepBoe, 060 YTO
CITIOTHIKAQIOTCSI: Y OeCSITUMETPOBOI0 YCTyIla ITpu 6a3e B TpU ssuedKku mojie drop mokaxkeT TpU MeTpa,
a He JecsATh. bada mo ymMon4aHuio 8 s9eeK B KaKOyl0 CTOPOHY, Ha METPOBOM A4elKe 3TO £8 M, 4ero
XBaTaeT Ha KapbepHHIH ycTyim. [lluprHa 0oTKOCa M3BECTHA BaM, a He MHCTPYMEHTY, IIO3TOMYy 0a3y
3apaBaiiTe 1Mo Hel. B xkypHas 6a3a rmedyaTtaeTcs U B TYeWKax, U B METpax.

lMons Beixoma: kind, drop (mepenmam, M), length_m, slope deg (cpemHuii yKJIOH CTOPOH).
Crno¥i MpPUXOOMT PaCKpallleHHHIM MO0 meperany, OpPOBKM TEIILIM, MOITOIIBH XOJMOmHBIM. Kitaccwr
MMOSIBMISIIOTCSI, TOJBKO KOTIa Mepelap HOeHCTBUTENIPHO Pa3HBINA: Ha Kapbepe C OOWHAKOBBEIMHU
yCcTyllaMu pa30poC eOuHUIIL ITPOLIEHTOB, M [eleHue Ha KJacChl pe3ayo OBl IITyM, IIO3TOMY TaM
OCTaéTCs OOWH KJIacC Ha BUL.

ITopor 3HAYMMOCTH OCTAETCs dYeIoBeKy. PopManbHOTO Tpu3HakKa OPOBKM HE CYIIECTBYET,
pacrio3HaBaHUe [OEPKUTCS Ha ombiTe Tomorpada. CyIlecTByeT Tepernaji, KOTOPBIM BbI TOTOBHI
CYMUTATh YCTYIOM, U OH Pa3HBEIA Ha Kaphepe, HOPOXKHOU Hacenu u GeperoBoMm ycrtyme. [losTomy
VHCTPYMEHT HapOYHO OTHAET OOJIbIlle, 4YeM HYXKHO, BMECTe C YuClaMu O 0TOopa, a B XKypHAI
revaTaeT MIPOIEHTHUIIH ITepernaja - TOTOBYIO MOfICKa3Ky, e pe3aTh. OToéupaiiTe QUILTPOM CIIOS IO
oo drop, TAAAs Ha KapTy: IepecuYuTHIBaTh IPYU 9TOM HUYETO He Haflo.

2.20 BpoBKHu H IOOOIIBHI B padoTy

IMpeBpailllaeT TUHUU OPOBOK U IOMOOIIB B paboune CTPYKTYpPHBIE THHWHN: CHUMAaeT OTMeTKu ¢ LIMP,
cobupaeT popmMbl 6POBKA-IIOOIIBA M PACKIAAbIBAET UX IO OIBYM CJIOSIM.

CueHapueB [Ba, U BTOPOHM BaiKHee NMEePBOro. [IepBulii OYeBHOEH: NUHUU Hpuid u3 2.19
M0 TIJIOTHOM CBhEMKe. BTopoi - MUHUU yXKe eCTh B Tomorpad@uueckoM KOMIIJIEKTe, Toe OpoBKHU
OIUCHIBAIOTCS 003aTeIbHO U CBOMMHU KOaMU KilaccudukaTopa. [IeTeKTOp TaM He HyKeH BOBCe, a
HY2KHO POBHO TO, YTO [eJlaeT 3TOT MHCTPYMEHT: BUL JIMHUU 3aKOOWPOBaH, a Kakas OpOBKa C KakKoHu
romomBoi 006pa3yoT GopMy - HET, M CBA3b IPUXOOUTCS coOupaTh. TaKWX KOMIUIEKTOB MHOIO, a
IIJIOTHBIX CBEMOK MaJIo.

[TapameTp Yrto 3amaér ITo ymomyaHnuro / coBeT

Kaupgupgate! (Berxom 2.19) JIMHeWHLIN CJIOH C IIoJIeM BHUOaA. -
T'oguTcst U Cioi OPOBOK C
IIOMOIIIBAMHU M3

TonorpaduiecKkoro

KOMILIEKTa.
OMP Ta ke, 4TO mmomasajiach B 2.19. Heo0Osg3aTeIbHO
ITone Bupa [Tone co 3HaUEeHUSAMU brow u kind

toe.
Otceuka 1o nepenany, M [ToBTOpseTr dunbTp 2.19, 0 (B34Th BCE)

4yTOOH HE 3aBOOUTH OTHOEJIbHBIN
OTGUITLTPOBAHHELIN CJIOH.

IIpemen nyTu cycka, M Ilasnsblie 3TOro CIyCcK 50
npekpaiiaeTcs, U 6poBKa
YXOOWUT B HEIlapHEIE.

Ions cormacHbix 11po6 (Ior.) Huxe aTo#t monu ¢hopMa He 0.4
cobupaeTcs.

77



®opMBI COOHPAIOTCS CIIYCKOM IO CKJIOHY, a He mo O1u3octH. OT IPOOHBIX BepPIINH OPOBKHU
UOET CIIyCK II0 HaIpaBJIEHWSIM CTOKA, II0OKa He BCTPETUTCS ITOMAOINBA, W MOAOIIBEI TOJIOCYIOT. Tak
paboTaeT pu3uKa ycTyna: Boga ¢ OpOBKM CKATBIBAETCSI IT0 OTKOCY POBHO K eT0 nonomrBe. Ha kpuBoM
00opTY C y3KuMH OepMaMu OIHKANINAS 10 PACCTOSHUIO ITOMAOIIBA YaCTO IIPUHAMOIEXXUT COCEOHEMY
YCTYIY, ¥ BBIOOP 110 G/TM30CTH olmubaeTcs TaM, e CIIYCK ITpaB. IIpemen myTu gepxKuTe OIU3KUM K
3aJI0KEeHHI0 OTKOCA: CJIMIIKOM OOJIBIIION ITpenes HO3BOIUT OPoBKe N00ekaTh A0 UyKOU MOMOOIIBH U
COCTaBUTh C HEH MPaBOOIOmO0HYIO JIOKHYIO ITapy.

IIMP HeoOsi3aTe/IbHA, M 3TO BaxKHee, YeM KaxkKeTcsi. CIIyCK II0 CKJIOHY OTBeYaeT Ha OOWH
BOIIpOC: Toe Hu3. Korga y mTuHUM eCcTb COOCTBEHHBEIE OTMETKH (BHIXOM 2.22), OTBET yXKe B MAaHHBIX, U
penbed He HyXKeH: TTOMOIIIBOM CUMTaAeTCs OMuKanIas TUHUS, JIexKalllas Huxe OpOBKH.

Be3 atoro TomorpadguuecKuil CIleHapu¥ XOOui Mo Kpyry. YToOB IOCTPOUTH penbed dopMamy,
HYZKHBI IIaphl, @ YTOOB coOOpaTh Mapk CIIyCKOM, HyKeH pejbed - KOTOPOTO eIll€ HEeT, eTo KakK pa3 U
ctposat. [Ipuxonunock genaTth 4epHOBOU npoxon 2.03 1o ogHUM TOPM30HTAIIM, 3Has, YTO BHYTPU
Kapbepa OH HeBepeH. Tenmephb HOPSAOOK MPsAMO: 2.22 maéT otMeTKH, 2.20 6e3 LIMP cobupaert mapsl,
2.03 cTPOUT IOBEPXHOCTE.

C LUMP pabGoTaeT IpeXHUH CIYCK, ¥ Ha KPUBOM OOPTy C y3KMMH OepMaMM OH TOYHee: TaM
OMzKaMIas Mo PacCTOSHUIO IIOOOIBA YaCTO MIPUHAIIIEXKUT COCeOHEMY YCTYIIY.

®opmMa 3TO OITHA MOJOIIBA U MHOXKECTBO OPOBOK IpPH HeH. TpacCHpPOBKA PEXeT MIUHHYIO
OpPOBKY Ha KYCKHW: Che3[ pa3phiBaeT KOHTYP, MPU3HAK TPEPHIBAETCS HaA TMOJIOTHX ydacTKax. Bce
KYCKH CIIYCKalOTCs K TOH 2Ke IIOMOINBE, IM03TOMY Pe3yJbTaT TI'PYIIHPYETCS MO IIOHNOIINBEe, a He
BBIITKCHIBAETCS TTapaMu: IIOOIIIBA IolafaeT B BEIXOO OOWH Pa3, a e€ OPOBKH IIOTy4YaloT 001ee mose
link. 3To TOT Ke B3TJISI[I, YTO U B IIOCTPOEHUH ITOBEPXHOCTHU MEXKIY CTPYKTYPHBIMH TUHUSIMH, e
CTOPOHEI - MHOKECTBA, a He OTHeNIbHbIe JIMHUH.

HenmapHble JTHHHH He MPOIATAIOT MOJIYa. TpeTull cjoi coOHpaeT UX C IPUUYHUHOM B aTpuOyTe:
CIIyCK He HOIIEN OO0 MOAOIIBH (MaJjl Mpemesl MyTH uIu OPOBKa JI0XKHAsI) Iu00 CIIyCK Pa3OIIEJICs II0
Pa3HBIM IIOIOMIBaM (JIMHUS CKJIeWsa OBa ycTyla). HaumMeHbIast moyst COTIacHBIX P00 mevaTtaeTcs
B KYPHaJI ¥ CIIyXKUT yKa3aTeJleM Ha TaKylo CKIeHKYy.

Brixomet Bepx 1 Hu3 unyT LineStringZ ¢ monsamu kind u link, otmeTku cHaTH ¢ LIMP B reomeTpuio.
9TO TOTOBBLIE BXOOBI AJIS IIOCTPOEHUS IIOBEPXHOCTU M [OJIST BHITPY3KU TPEXMEPHBIMU JTUHUSMHU B
ABTOKA]I u Kpepo.

2.21 IIpumep Kapbsepa (memo)

CTpout memMo-Kaphep M, YTO BaXKHee, UCTUHHBIE CTPYKTYPHBIE IMHMU K HeMy. Ilapa pacTp-TuHuU
CIIyKUT 3TalIOHOM A1t 2.19, BXOOOM [JIS IOCTPOEHUS IMOBEPXHOCTU U Y4eOHBEIM IPUMEPOM, U BCE
9T0 6€e3 3aKPHITEIX HaHHBIX.

[TapameTp Yrto 3amaérT ITo ymonm4gaHuio / COBET

[ITupuHa, BricoTa, sueek Pasmep rpuma. 400 x 300

Pazmep sueliku, M [Tar rpuna. 1

3epHO reHepaTtopa [ToBTOPAEMOCTE: OOHO 3€pHO - 7
OIWH U TOT K€ Kaphbep.

CK BrIXOma MeTtpuueckas. [Tpu mecTHOU EPSG:32640
CK mpoekTa BeIOupauTe €€ xke.

Ywuciio yCTyImoB CKOJIBKO yCTYIIOB B OOPTY. 3

Bricota yctyna, M ([dom.) [IpesBrillIeHNE OOHOTO YCTYIIA. 10

[MIym ceéMmKu, M (o11.) HMuTtanms norpemHoCcT 0.03
IIJIOTHOM CHEMKM.

OTBamn, Cxopgdiasicsad KaHaBa HormomHuTENbHBIE (HOPMEL. BKJTIOYEHHI

(Jor.)

Kyma mmomoxuTth (0XBaT)

KmagéT memo Ha MecTo,
pa3Mep He MeHseT.

II0 CJIOAM IIPOEKTa
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CocraB penbeda momoOpaH TakK, 4YTOOH Kaxmasi (opMa IIpoBepsiia CBOIO CTOPOHY HETEKTOopa.
ONIUITUYECKUHN Kapbep C yCTymaMu u OepMaMu HA€T IpPaBUJIbHBIE Iaphkl. Ches3m, mpope3aromui
YCTYIIBI, HA€T HACTOSIMIMHM pa3pbIB: Ha €ro Oyre MCTUHHBIE JIMHUM OOPHIBAIOTCS, U KAHOUOATHI
00s13aHBl OOpHIBAThCS TaM kKe. OTBaJl C MJIOCKUM BEPXOM HOa€T 3aMKHYTyIo mapy. Cxopsiiascs
HaropHas KaHaBa [Jaé€T TPU JIMHWUM, CXOISIIMEecS B TOYKY, - TOT CjIy4ail, rIe BeC IIOBEPXHOCTHU
MeXKIy TUHUSMHU BHIPOXKOAETCS, @ OTMETKA OCTAETCSI BEPHOM.

OxBar K/IagéT JeMo Ha MeCTO M He MeHsieT ero pa3mep. PopMmer Kapbepa GUIWYHEBL: yCTYI
10 m mpu oTkoce 7 M. PacTSHYTHIM A0 KUJIOMETPOB Kaphep IIpeBpalraeTcs B OJIWH, Ha KOTOPOM
OEeTEeKTOPYy Heuero UCKaTh, II09TOMYy pa3Mep 3amalT Tonbko «IIupruHa» u «BeicoTa». ¥ oTOENnbHO
PO CUCTEMY KOOPOWHAT: eClIU Y IPOoeKTa OHa MeCTHas UM Heu3BecTHas, BhIOepute eé ke B «CK
BEIXOma». Ilepecyér oxBaTa u3 Hen3BeCTHOM cucTeMbl B UTM maéT 6ecCMBICTHILy, U OEMO yemeT
Heu3BeCTHO Ky[a.

BTopoti BEIXOO, HCTHUHHBIE JTUHUH, HecET n10j1g kind (brow, toe, thalweg) u link, a oTmMmeTKu s1exkart B
reoMeTpuu Z. [1o HemMy IOJTHOTaA ¥ TOYHOCTH HETEKTOPa MEPSAIOTCS YUCIJIOM, a He TJla3aMU: II0JI0KUTEe
KaHOMJaToB U3 2.19 moBepxX UCTUHHEIX IMHUU U IOCMOTPUTE, TIe OHU Pa30IIINCh.

2.22 OTMETKH C IPUMBIKAIOIIHUX TOPHU30HTAIeH

[JaéT HeMBIM JIMHUSM IIPOQUIE 110 TOPU30HTAJIAM, KOTOPEIE K HUM IIPUMBIKAIOT.

[TapameTp Yrto 3amaér ITo ymomyaHnuto / cCOBeT
JIuauu 6e3 0OTMETOK BpoBKY 1 mOOOIIBEI U3 -
KoMmmekTa unm u3 2.20.
T'opusoxTanu Cioii TOpU30HTAJIEN TOTO XKe -
KOMIIJIEKTA.
[Tosme BHICOTH TOPU30HTAIEN ATpubyTt oTr™mMeTKH. IIycTo - Z ELEV
BEPIINH.
HOIIyCK IPpUMEIKQHUS, M HackonbKo KOHeI] 0.5
TOPU30HTAalId MOXKET He [OUTHU
OO JIUHUMN.

OTKyma 0epyrcsi oTMETKH. Y OPOBKHM B TOIOTpPadrIecKoM YepTezKe CBOEM OTMETKH HET, M 3TO
IOOJITO BREITTIAOEIIO TYIIMKOM. Ho HOPMaTHUB Tpe6yeT OOBOOUTE I'OPU3OHTAIX OO JIMHKMHW OIIMCaHUudA
o0beKkTa ¢ GopMHpPOBAaHHEM Y3JIOBBIX TOYEK, ¥ KaXKjas TaKas TOYKa HECET OTMETKY CBOeH
ropusonTanu. OTcioga nmpodunab BCel JTMHUMU: ITepeMeHHass OTMEeTKa U3 CaMUX JaHHBIX, a He OOHO
YHMCJIO Ha BECh OOBEKT.

BaxHasi mompaBKa, CTOUBIIAS OOHOM PegaKINy II0OCTaHOBKY: TOPU30HTAJIF HE HAET mo OpoBkKe. [1o
OTKOCaM TOPU30HTAJIX PEXYTCS, ¥ Ta eMUHCTBEHHAs, UTO JIerjia BOONIb OPOBKHU, TOKUTCS TaK JIUIITh
IIPpKU COBIIAAEHUM OTMETKH C CeYeHHeM, TO eCThb CiIyuaiHo. PaboTaeT MMeHHO IpPHUMEIKaHUe, a He
COBITaZIEHUE.

YTo cuuTaeTcsi BcTpedeu. [lepeceuerne TMHUYN C TOPU3OHTAIILIO HACKBO3b M KOHEI] TOPHU30HTAIIHN
B IIpefenax AoIyckKa. Mexkay BCTpedaMy OTMETKa UHTEPIIOIUPYETCS 10 Ayre JINHUY, 3a KPauHUMU
OEePKUTCS TTOCTOSTHHOM: 9KCTPAIOIMPOBATh YKIIOH BOONL OPOBKM OITACHO, OH YacTO JIOMaeTcs Ha
ITOBOPOTAX.

YecTHOCTH pe3yjiabTaTa. MeTon paboTaeT pOBHO HACTOJILKO, HACKOJIBKO KOMIIJIEKT TOIIOJIOTUYECKH
cornacoBaH. Eciu ropm3oHTanu OO JIMHUM He OOBENEHH], JIMHUS OCTAE€TCI HEMOU M YXOOUT B
OTHENBHBIN CJIIOM C TPUYMHON. YMCIIO OMOPHBIX TOYEK IMUIIETCS B aTPUOYT n samples ¥ B XKypHAI
MeOUuaHOU ¥ MUHHMYMOM: OOHA TOYKa O3Ha4YaeT IIOCTOSIHHYIO OTMETKY 110 BCEU JIMHUU, U 9TO BULHO
cpaasy.

MecTo B KOHBeuepe. Brixon - LineStringZ, roroBas cropora GopMEl Oisi BXomoB Bepx dopm u
Hu3s dopm nacrpymenTa 2.03. Bmecte ¢ 2.20, KOTOPBIM coOMpaeT Imaphl U 3al0JIHSIET IOJIe CBSI3H,
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9TO 3aMBbIKaeT TOHOl"pa(bI/I‘-IeCKI/Iﬁ CHeHapHﬁ: IIJIoIMagHbI€ KaPbEePhl, BEIEMKH, HACHIIINU XU OTBAJIBI, I'O€
TOPHU30OHTAJIX BHYTPHU IO HOPMATHUBY HE€ OIIMCHIBAIOTCH, IIOJIYYalOT IIOBEPXHOCTE U3 OOHUX 6pOBOK nu
IIOOOIIIB.

3.01 KaTeropuajibHbIH HHIHKATOPHLIA KPHTHHT

HuctpymeHnT KaTeropuajabHbId HHIWKATOPHBIM KPHIHHI CTPOUT KAapTy BEPOSTHOCTH IIO
KaTeropuaabHOMY IIOMII0: MUHEPAIbHOMY THUITY, JTUTOTHILY, TI000OMY TeKCTOBOMY Kjlaccy. B oTnuuue
OT OOBIYHOTO KPUTHHTA, KOTOPHIM HHTEPIIONIHPYET BEJIHUYHHY, 3TeCh OIIEHMBAETCS, HACKOIbKO
BEPOSTEH KaX[BIM KJIacC B KaXK[OM TOYKE IJIOMIaAu. DTO HYKHO TaM, Tle BaXKHa He BeJIMYMHA, a
MIPUHAIJIEKHOCTh K TUNY: THE OXKMUATh 3aMeIlleHNe, TIe CMEeHSIeTCS COCTaB IJlacTa, I'Oe IPOXOaUT

T'PDaHUILla MeXNOYy Pa3HOCTAMHU.

I[TapameTpsr:

[TapameTp

YTo 3amaéT

[To ymMom49aHuio / COBET

TouyeuHBIN CIIOU
KaTteropuanbHoe mnoine (Kjacc)

Papuyc nmoucka, MUH./MakKcC.
TO4Y€EK, pa3Mep ST4YelKH, OXBaT
Iomns caMmopoaka

BeposTHOCTH IO KJ1accaM
(MHOT'OIIOJIOCHBIH )

Kapra 30H (caMbIli BEPOSATHBIN
KJ1acc)

YBepeHHOCTh (MakKc.
BEPOSITHOCTB)

YpOBHU BEPOSATHOCTH
Krnacc gns KOHTypoOB

Bukybuyeckoe criaxuBaHUe
rpasu (morm.)

Cxkpyrnenue rpauut (Chaikin),
urepanuu (gor.)

'paHUIE yPOBHEN
BEPOSITHOCTHU (JTUHUM)

[Tonocsl BEPOSATHOCTU
(TIOJTUTOHEI)

HUcxomHEIE TOYKHA.

ITone knacca (MUHTHII,
nutoTtut). [Tycteie u NULL He
UOYT.

[Touck u ceTka - KaK B «2D
Kriging».

Hons camoponKa B
mogoOpaHHO BapuorpaMMe,
ot 0 oo 1. ITycro - kak
rmomo6pa’socs.

PacTp: ogHa monoca Ha Kiacc,
UMs Kjlacca B OIMCaHUHU
IIOJIOCHI.

PacTtp kopma camoro
BEPOSITHOTO KJlacca,
COOTBETCTBUE KOMIOB B
XKypnarn.

PacTp makcumyma
BEPOSAATHOCTH: I'le KJlacc
YBEPEHHEIN, TOEe CIIOPHEBIN.
YpoBHM OJI9 BEKTOPHBIX
rpanutl, goau ot 0 mo 1.

Hwms K1acca poBHO Kak B IIOJIE

KjaccoB. IlycTo = BCce KJ1aCCHL.

CryuieHue rpupa nepeq
KOHTYpPHHIOM, Kak B 1.04.
[lommoMHUTENbHOE JIETKOE
CKpyTIIeHUe.

JlmaVYM ypOBHEU C KJIacCOM U
YPOBHEM.

[Tomoce MeXAy YPOBHSIMU C
TOTOBOM pacKpacKOMu.

Kak y «2D Kriging»

IIyCTO

Heo0s3aTeIbHBIN

0.250.50.75
IIyCTO

X2

2
HeobOs3aTeIbHbBIN

Heo0s3aTelbHBIHT

Kak cuuraercst

KomuposaTh Knaccel uuciamMu 1, 2, 3 ¥ HUHTEPIOJIUPOBATh 3TOT KOI HeIb3d. Y KaTeropuil HeT
IopsigKa, Kjlacc 3 He «paiblle» Kjacca 1, U cpefHee MexXny HuMU OeccMbicieHHO. Iloatomy
WHCTPYMEHT UAET UHOUMKATOPHHIM nyTéM. Ha Ka)XAbI KJacC CTPOUTCS UHAMKATOP: eIUHUIA
TaM, I'Ie CKBaXMHa 3TOr0 KJjlacca, HOJMb Be3me MHade. KaxXOwlli MHOUKATOP KPUTYeTCS OTHENILHO
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OpPOVHAPHBIM KPUTHHTOM, KaK OOBIYHOE II0Jie, M HAET IOBEPXHOCTh OT HYIS OO0 €OWHUIE, 3TO U
eCTh BEPOSITHOCTH KJlacca. BapmorpaMmma mHOmKaTopa nog0upaeTcss aBTOMaTU9eCKu chepudecKon
MOIEJIbIO TI0 9KCIIepUMEeHTaIbHOM’.

MHJJ,MKaTDprII?I KPWUTMHI. BEPOATHOCTb 30HbI 3aMelleHNA

- 0.8

o
[=)]
P(zamelueHune)

o
~

0.2

0.0

© cunbBUHUT (0)
@ 3amelleHune (1)

Puc. 21: UHOUKaTOPHBIN KPUTHUHT Ha CHUHTETHUKE: CKBaXKMHEI C KaTeropuel (KpacHbIe - 3aMellleHNe,
Gernble - CUIBBUHUT) IIPEBPAIAioTCS B KapTy BEPOSITHOCTH Kiacca. IToporom 0.5 u3 Heé pexercs
KOHTYP JOMeEHa.

PazpmenbHbie HWHAOWKATOPEI B CYMMe He Jal0T POBHO €JUHUITY U MOTYT HEMHOT' O BEIXOOUTH 3d JUAIlIa30H,
3TO M3BECTHOE CBOMCTBO METOMaA. HOSTOMY OIl€eHKa KaXJoro KJiacCcCa 06pesaeTCH B HOJIb OOWH, a
3aTeM BEPOSATHOCTH II0 KJlaCCaM HOPMHUDPYIOTCA TakK, YTOOHI B KaXOoH sT4erKe ux CyMMa paBHAJIACh
eIuHuIe.

Korgma ckBakMHa He ImoIiajia B CBOIO 30HY

O6bpIyHas xkajmoba: CKBaXXKMHA OIIACHOTO KJlacCa HApPHCOBAJlaCh BHE OMACHOM 30HEL. JTO He COO
nmogbopa, a CBOMCTBO CaMOpOAKa, M Pa3obpaThCsAs B HEM CTOUT [0 TOT0, KaK KPYTUTh OCTAJIbHBIE
ImapaMeTpPEHL.

POBHO B TOYKe 3aMepa KpUTHHT TOUEH IIpK II060M CaMOPOMKe: OlleHKA B Y3JIe, KOTOPHIH JIET Ha YCThE,
paBHa caMOMy MHOMKATOPY. Ho y3es ceTKM MOYTH HUKOT[A He CAguTCs Ha yCThe. [Ipu HeHyJIeBOM
CaMOpPOOKe IIOBEPXHOCTE OKOJIO TOYKHU TEPIIUT PA3PEIB, U Y2K€ B HECKOJIBKHUX MEeTPaX OT CKBaAXKHNHEI
OIleHKa ITPOBAaJINBAETCS K MECTHOMY cpenHeMy. Ha cuHTeTHyecKoM mpuMepe ¢ camopogkoMm 0.5 B
IISITH MeTPaxX OT OOUHOYHOM CKBAXKHMHEI Kjlacca «B» BepoATHOCTE mafaeT go 0.47, To eCTh IO IOPOT
0.5, a mpu oOHYJIEHHOM caMopopake ocTaétcs 0.97.

Ortcroma mapametp [oyst caMmopoaka. [TycToe mmoje ocTaBaseT aBTonoa6op Kak ects. Homb menaeT
IIOBEPXHOCTH TJIAAKOM y HaHHHBIX, U CKBaXKWHa yIepKUBaeT CBOU KjlacC B CBoel suerke. OOIas
OUCTIePCUs TPU TIePeHOCe MOJIM COXPaHSEeTCs, MEHSEeTCS TOJIBKO TJIaJKOCTh, ITIO3TOMY MaciiTab
BepoOATHOCTeM He NibIBET. [lomobpaHHBIE OONK IO KjlaccaM IeudaTaloTcs B 2KypHaji, Tak dYTo
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CHavdajla mMeeT CMEIC/ IIPOCTO MOCMOTPETh Ha HUX: OOMIBIION CaMOPOMOK O3HA4YaeT, YTO KIIAaCCHI
repeMeIialbl Ha KOPOTKUX PACCTOSHUSX, U 3TO COMlEePKAaTEIbHLIN (DaKT O TaHHBIX, @ HE ITOMeXa.

OOHYNIATH CAaMOPOJOK HYXKHO C OTKPBITEHIMU rna3amMu. OH He BRIAyMKa mnombopa: OH HM3Mepsier,
HACKOJIBKO COCeOHME CKBaKUHBI PACXOIATCS B Kilacce. Honb 03HavaeT pellleHue CUNTaTh KaKObIi
3aMep TOYHHIM U 00s£3aTelbHBIM K UCHOJIHEHMIO. [IJiT KapT OMNAacHOCTH 3TO YaCTO IIPaBUIBHO,
IIOTOMY 4YTO IleHa IIPOIlyCKa M IleHa JIOXKHOW TPeBOTM HEeCHMMETPUYHE], HO KapTa IIOCJIe 3TOTrO
CTaHOBUTCS XKECTUE U NATHUCTEE.

BTopoe, oT 4ero 3aBuCHUT NollafjaHue, - s4erika. OeHKa CUMTAETCS B IIEHTPe S4YEeUKH, U eClIU B
OOHY SUeHNKY Ilomajid CKBa*XKWHHBI Pa3HBIX KJIaCCOB, HUKAKOW CaMOPOOOK WX He pPa3BeleT. Adelky
3ayaBaliTe Mejbde PACCTOSHUS MeXKIOYy COCeOHUMM CKBaXkKUHaMU. TpeThe - I'paHUIla IIOJIMTOHA:
II0JIOCHI BEPOSITHOCTU CTPOSITCSI M3 pacTpa CO CIJIakMBaHWEM U CKpyriaeHueM, ob0a HEMHOI'O
OBUTAIOT JNIMHUIO YPOBHS OTHOCUTENBHO f4YeeK. Ecau Todka BHIIIA 3a I[0OJIOCY Ha BOJIOCOK,
IIPOBepbTE CHadasa 3To, CHAB 00a Cria’kKUBaHUS.

Y10 Ha BbBIXOIe

Tpu pe3ynbrata. MHOTOIIOJIOCHEI pacTp BEPOSATHOCTEW, OOHA II0JIoCa Ha KJlacC, MMs Kjacca
3amMrcaHo B OIUCaHuUe noJiockl. KapTa 30H, KOO CaMOTo BEPOSTHOTO KJlacca B S4eliKe, COOTBETCTBUE
KOIOB MW KiaccoB medartaercsa B 2KypHan. HeoGs3aTenbHBI pPacTp YBEPEHHOCTH, MaKCHMyM
BEPOSITHOCTHU B A4YelKe, IO HEMY BHOHO, I'le KJIaCC YBEPEHHEIM, a THe 30HHI CIIOPAT U IPOXOOUT
TpaHUIIa.

KapTta 3oH P{zameweHue) YEepeHHOCTE

- : , 10 - 1.0
64 Y samelleHne 6 a8 64 i3
5 4 5 54
7 0.6 0.6
= 44 1 . = Z 44
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24 [ 3 24
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Puc. 22: Pe3ynbpTaT KaTerOpHaabHOTO HHANKATOPHOTO KPUTHHTA: KapTa CaMOTr'0 BEPOSITHOTO Kjlacca
M0 MHUHEPanbHOMY THIy, (OH CHIBBHHHWTA C OYaraMu 3aMENIeHUs], CBEPXY HAHECEHBI TOYKH
CKBAXXUH.

Emé ogHO MOCTOMHCTBO 0OHAPYKMBAETCSA Ha JMaHHBIX C BEIOpocaMu. OOBIYHEBIN KPUTHUHT BEIHYXKOEH
WHTEPIIOIUPOBaTh BEIWYUHY, U ONHa aHOMajibHasA npoba JIoMaeT BapuorpaMMy: mapa OIu3Kux
TOYEK C HeCOIOCTABUMEBEIMM 3HAYEHUSIMM IIOOHMMAaeT HAIrTeT, ¥ KapTa BEIPOXKIOAeTCsI B CpefHee.
Unpgukatop paboTaeT He C BEIWYMHOW, a C (aAaKTOM IPUHAOJIERKHOCTU K KJIACCy, IO3TOMY
aHOMaJIbHOE 3HaUYeHHe B HEM HEOT/JIMYUMO OT JIF000Tr0 APYroro o Ty JKe CTOPOHY mopora. TaMm, roe
ToKa3aTenb BeJET ceOst UKO, a BOIIPOC 10 CYTH QBOUYHBIN, MHANKATOPHLIN ITyTh Hafl€JKHEe IIPSIMOM
WHTEPIIOIAIUH.

KaTeropuanpHbiii moaxon ymoOeH TeM, 4TO He TpeOyeT 3apaHee IMPOBOOUTH rpaHully. He HyKHO
pemiath, CUMTATh JIM YaCTUYHOEe 3aMelleHue onacHbIM. KapTupyioTcsa Bce THIEL KaK €CTh, a
HYKHYI0 KOMOMHAIMI0 KJIacCOB COOHMpPAIOT IIOTOM K3 BEPOSATHOCTeN. Pemkme KjacCel C MalbIM
YHMCJIOM CKBaXXHWH HAl0OT HIYMHYIO BapHoTrpaMMy, HHCTPYMEHT IpenynpexmaeT o6 sToM B 2KypHani,
BEPOSTHOCTH 10 TAaKOMY KJIaCCy YMTalTe OCTOPOXKHO.

YT1oOBI OCBOUTH MHCTPYMEHT 0e3 peasibHBIX OaHHBIX, BKIOuuTe B IIpmMep CKBaxkuH (IeMo)
ranky [1o0aBHTh KaTeropHaJibHOE I0JIe MHHTHIA. B coi go6aBuTCs 1moje mintype ¢ GpoHOM
CUJIBBUHHTA ¥ OdYaraM{ 3aMeIleHHs Mo o0pas3ily PygHWKa, Ha HEM HMHCTPYMEHT MOXKHO Cpasy
IPOTrHAaTh.
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ITpu HepaBHOMEPHOU CeTH MOXKHO 3aflaThb HeoOsi3aTeJIbHOe II0Jjie BecoB wt u3 mHCTpyMeHTa 1.01
Jexnacrepu3anusa. Torga MHOUKATOP KaXKOOro KjiacCa KPUTYeTCS K €ro OeKJIaCTepU30BaHHOU
mojie, a He K HYJII0, I09TOMY BOaJIU OT JAaHHBIX BEPOSTHOCTh CTPEMUTCS K IIPEICTABUTEJILHOU TOJie
KJjiacca. be3 BecoB noBemeHue npexHee.

BeKTOpHLIe I'PAaHHIBI ITIO0 BEPOATHOCTAM

KapTa 30H oTBe4YaeT Ha BOIIPOC «KTO IMOOEINII B T9EeHKe», U 3TOT'0 YacTO Maso. [IJIs IaHupPOBaHU S
HyXXHee II0JIoca mepexofa: roe KiIacC YBePEeHHHIH, Te CIOPHLIHM, TIe YBePeHHO OPYTroi. ITO marT
OBa HeoOsA3aTeIbLHEIX BEKTOPHEIX BEIXOMA, 10 YMOIYAHUIO BEIKITIOUEHHEIX.

YpoBHU 3amaioTcsd mapaMeTpoM, no ymondasuio 0.25, 0.5 u 0.75, To eCTh YeThIPE OJIOCH: YBEPEHHO
HET, IBe CIIOPHEIE 1 YBEPEHHO fOa. JINHUU HeCyT KJlacC U YPOBeHb. [I0TUTOHBI HECYT KJIacC, TPaHUIIbI
nonnockl B nonsax P_MIN u P_MAX u roToByio IOAIUCE ITONOCH B ntonie band Buga «0.25 - 0.5». ITo
9TOM MOAMUCHU CJION cpaldy pacKpalllBaeTCs KaTETOPUSMM OT 3eJIEHOTO K KPaCcHOMY, HaCTpauBaTh
JIeTeHAy pyKaMu He HyXKHO.

OpgHa Iojloca MOXKET MpHexaTh HECKOJbKHMH OO0LeKTaMM, eCJIM OHa pas3buTa Ha OTHesbHEIEe
y4YaCTKH IJIOIIAaAN. DTO HOPMAaIbHO ¥ YIOOHO: IIOIAAN CUUTAIOTCS 10 KaXKI0MYy YYaCTKY OTHEJbHO.
B mereupe mpu 5TOM POBHO CTONBKO CTPOK, CKOJIBKO II0JI0C, IIOTOMY YTO pacKpacka HUIET II0 MOJI0Ce,
a He 10 OOHOM eé rpaHuIle.

I'paHUIILI CTPOSTCS IO KaHATy BEPOSITHOCTEH, a He IT0 KapTe 30H, U 9TO He MeJiouk. KapTa 30H XpaHuUT
TOJIBKO TOOEIUTE IS B TYEUKe, a Ile UMEHHO BHYTPHU SUYEWKY ITPOIIla FPAHULIA, B HEW yIKe ITOTEPSHO,
¥ KOHTYP TaKOW KapThl UAET CTYIEHSMU IO KpasM siueek. CriakyuBaTh TaKyl0 JIECEHKY 3HA4YUT
BBIIYMBIBAThH IIOJIOKEHHE TPaHUIlEL. [1o7ie BepOSTHOCTEH 3Ty MHGPOPMAITUIO MePXKUT, U KOHTYP II0
HeMYy JIOXKUTCS TyAa, Kyda ero CTaBUT caMa MOJeJb.

ITpu gByX Kyaccax ypoBeHb 0.5 coBIamaeT C TpaHUIlel 30H: Kjacc mobexXkaaeT POBHO TaM, I'le ero
BEPOSITHOCTH BHIIIIE ITIOJIOBUHEL. I109TOMY OfiH ypoBeHD 0.5 maéT 0OBIYHYyI0 OMHAPHYIO KapTy, TOIbKO
C TJIaOKOM TpaHWIEed BMECTO CTymeHYaTou. IIpu Tpéx m Golee Kjlaccax 3TO yXKe pa3HbIE BeIlH,
mobenuTh MOXKHO U ¢ 0.4, M 3MeCh CTPOUTCS MMEHHO BEPOSTHOCTL OBITH JMAHHBEIM KJIACCOM, a He
rpaHulia mobeauTens.

ITpu aBYX Kitaccax BOuchBakiTe B Kilacc ojist KOHTYPOB UHTEPECYIOMN. BepOSITHOCTH AOTIOMHSIOT
OpyT Opyra OO eOQUHUITH], ¥ BTOPOM HaGop OymeT 3epKaabHLIM Oy0JIeM IIEPBOTO.

3.02 Kpurunr ¢ BHemiHuM npeundom (External Drift)

HUucTpymenT Kpurunr ¢ BHemrHuMm ape#dom (External Drift) omenuBaeTr mose mo Todkaw,
KOTHa OHO 3aKOHOMEPHO CBSI3aHO C BEJIMYMWHOM, KOTOpas yXKe H3BeCTHa BCIOOY B BUOE pacTpa.
Tako# pacTp Ha3bBaioT aperidoMm. UM MoxKeT OBITh CTPYKTYPHASI IOBEPXHOCTh COCEIHETO IIJIacTa,
rpybasi pervoHajibHAs MOMEJb, IIOBEPXHOCTb II0 PEOKOM CeTKe WM CEeMCMHUYECKHuH aTpudyT.
OOBIYHBINM KPUTHUHT BUOUT TOJIPKO CaMM CKBAXXKHWHEI, a 30eCh K HUM H00aBiIsIeTCsa 3HaHUe o popme
[IOJIL MEXKOy HUMH, U OIleHKa OIlMpaeTcs Ha 9Ty (opMy TaM, I'le CKBaXKUH HET.

HWHCcTpyMeHT cTOUT B rpynie [ONMOJIHUTE/IbHBIe HHCTPYMEHTHI aHa/IM3a U OIIUpaeTCs Ha TO XKe
sapo, uto u 2D Kriging. MaTteMaTuKa KpUTHMHTa He MeHseTCsS. MeHsIeTCS TOJILKO TO, II0 YeMy
CHUMAaEeTCSI perruoHanbHas COCTaBIdgoIas.

[TapameTpsr:

[TapameTp Yrto 3amaér ITo ymomyaHnuro / cCOBeT
To4deuHIl CrIOU HcxomHble TOYKH. -

[Tone 3HaueHud (Z) HHTepnonupyeMsiii aTpubyT. -
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

PacTp BHemHero apetida

Kanan pactpa gpetida (o)
CreneHs apeiida

Tun KkpuruHra, paguyc,
MUH./MaKC., HarTeT, CTPYKTyPHL
Crnamuts rpup (Iaycc),
pamuyc criaxkKuBaHUSA

PacTp kpuruHra c gpeidom

CraHmapTHas omubKa
KPUTHUHTA

CTOpPOHHSISI TIOBEPXHOCTS S,
U3BeCTHas BCOAy. B ogHOU
CRS c Toukamu, TOKpPHEIBAET
00/1aCTh.

ITormoca MHOTOIIOIOCHOTO
pacTpa gpeiida.

JIuneninas (a0+al-s) unu
KBafpaTU4YHas CBS3b.
Kpurusar octaTkos - Kak B «2D
Kriging».

Heo0Os3aTensHOE
CcrilakvBaHUe pe3ybTaTa.
BrixomHast orieHKa (mpeid +
KPUTHUHT OCTATKOB).
Heo0si3aTenbHEBIN pacTp
CTaHIOAPTHOU OIUOKHN

1 (MUHEeMHBIN)
Kak y «2D Kriging»

BBRIKJ. / 1

IPOIyIeH

OCTaTKOB.

B 4€éM OoT/IHYHEe OT CHSATHS TPEeHIa

®naxok CHATH NOJIMHOMHAIbHBIN TpeH  y 2D Kriging onuceiBaeT pernoHaIbHY0 COCTABIISIOIIYIO
IIOJIMHOMOM OT KOOPOWHAT, TO €CTh HAKJIOHHOMW WJIM M30THYTOM IJIOCKOCTHIO. DTO IOOUTCSH, KOTHa
rajleHue IIacTa OOHOPOMHO U ero ¢GopMa mpocTa. Ho eciu y MO eCTh BEIpaXkKeHHass CTPYKTYpa,
TTOBTOPSIONIAsi U3BECTHYIO TTOBEPXHOCTD, TIJIOCKOCTh €€ HE OTHIIET.

Bremuuii gpeii cHUMaeT peruoHaJIbHYI0 COCTABIAIONIYIO He [0 KOOpAUHATaM, a II0 CTOPOHHEMY
pactpy. Ecnu, HampuMmep, KpOBJISI MHTEPECYIOUIETro IIJlacTa ITOBTOPSIET penbed ITOACTHUJIIAIONIETO,
IJISI KOTOPOTO IIOBEPXHOCTh y2Ke IIOCTPOEeHAa, 3TY CBSA3b CHMMAIOT perpeccHueil Ha IIOACTHUJIAIOIYIO0
IIOBEPXHOCTh, @ KPUTYIOT yKe OTKJIOHEeHUs OT Heé. [Ipelid 3mech He QYHKIMSI MecTa Ha KapTe, a
byHKIIMS 3HaUYeHUsS BHEIIHETO pacTpa B TOM XKe ToukKe. BCé ocTanmbHOE COBHAfaeT CO CHSATHUEM
MOJIMHOMUAIBHOTO TPEHTa. ITO Ta Ke CxeMa perpecCUsI-KPUTUHT.

Kak cuuraercst

CHaugamna pacTp apedda CUMTHIBAETCS B KaXXOOW CKBaXKHHE, OMITMHEHHO MO0 YEeTHIPEM COCEeOHUM
d4enkaM. 3aTeM 3HadeHHe II0JIs Perpeccupyercs Ha 9STO0 CUYWTaHHOE 3HadeHHe MeTOoOoM
HaWMEHBIINX KBaApaToB. CTeneHns apenda 3amaét Bup cBsizu. CTemneHb 1 9To NUHEHHBIH Apeid
BUOa 3HayeHHe paBHO a0l mmioc al Ha mpeiid, oObIUHEIA BEIOOP mus External Drift. Cremenp 2
OIMMCHIBAET HM30THYTYIO CBS3b C KBajpaTOM Opeida, HO MoxKeT BoOpaTh B cebsi 4aCcThb peanbHOMH
CTPYKTYPHL, II03TOMY IIOCJIe HE€ CTOUT IIOCMOTPETh Ha BapuorpaMMy OCTATKOB.

[anbille KPUTYIOTCSI OCTAaTKM pPerpeccuu, PoBHO Kak oOwiyHOe momne B 2D Kriging, co cBoeit
BapMoOrpaMMOM, ITOMCKOM U aHM30Tpomnuel. Ha mocnegHeM 1miare pactp mperda nepecyuThBaeTCsS
Ha CeTKy KpPUTHHTa, U Aapeld moOaBisgeTcss K KPUTOBAaHHOM OIleHKE OCTAaTKOB oOpaTHO. MToroBas
OlleHKa B KaXK[oN s4YelKe paBHa IOpeldy IJIIOC KPUTHMHT ocTaTKa. [IoCKONBKYy Apelid H3BEeCTEH
BCIOAY, OIleHKa MeX[y CKBaxKMHaMM TSHETCS He K JIOKaJIbHOMY CpemHeMy, a K opMe BHEIIHEN
TTOBEPXHOCTH.

CxBaXUHBI, KOTOPHIE TIOTIAJIX 3a ITPEebl pacTpa apetida, B mogbop He UAYT, UHCTPYMEHT COOOIIIaeT
B 2KypHami, CKOJIbBKO MX OTOPOIIEeHO. AYelKU CEeTKH, He MOKPHIThIE PAacTPoOM aperida, HJOCTPOUTH
HedeM, T03TOMY OHM OCTaIOTCS MyCTHIMU BMECTEe CO CTaHOAPTHOM OIMMOKON B HUX.

ATpHUOYTHI CT€HEepPHMPOBAaHHOT O CJI051
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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. 23: Kpurusr c BHemHUM OpeldoM Ha pa3pekeHHHIX CKBaXMHaX (pacdéTr sppom 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.
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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. 24: CrneBa olLleHKa KpWUTMHTa C IIOPOTOM KOHIOMIIMK, CIIpaBa KapTa BEPOSITHOCTU €ro
IpEeBHIIIIeHUsI. 3eléHoe - OepéM yBEepeHHO, KpacHOe - yBEepeHHO He OepéM, 3a TrpaHHuleH
pa30ypeHHOCTH KapTa cxoguTcs K 0.5.

Puc. 25: KapTa BeposiITHOCTHU IIPEBHIINIEHUS C PACXOsIIecs 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. 26: BeKTOpEHI IIOTOKA Ha ITIOBEPXHOCTHU 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 IPOUTH BeCh IIyTh 0€3 peasibHBIX JaHHBIX, BKIOuYUTe B [IpuMep CKBakKHH (OeMo0) rajky
[IoGaBuTh mosjie Hanopa. B cnoit nob6aBuTcs none head ¢ BhIpakKeHHBIM PETrMOHAILHBIM YKJIOHOM.
IToctpoiite mo Hemy rpupg B 2D Kriging, nopaliTe pacTp cioma, ¥ CTPEJIKM HOUAYT BHU3 IIO
CKJIOHY Haropa. TOT Ke CKBO3HOM CIleHapul, YTO U [JII OCTAIbHBEIX MHCTPYMEHTOB, TOJIBKO IIPO
TUOPOTEO0JIOTHIO.

3.05 YoennHBIN pacxofq (3akoH [TapcH)

I/IHCTp}TMeHT yJ];eJ'ILHLIﬁ pacxong JIOGEIBJ'IHGT KTreoOMeTPpHH IIOTOKA IIPOHUIIaeMOCThb. FI/IJIpaBJ'[I/I‘-IeCKI/II;I
TPAaOUEHT IIOKAa3bIBa€T, Kylld U HAaCKOJIBKO KPYTO IIagda€T HAllOpP, HO He CKOJIbBKO 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. 27: 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 IIpumep 011 IIJIOTHOCTH (I€MO)

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).
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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 yueOHBIM Habop Haé€r uHCTpyMeHT IIpumep masi pa3pe3a (memo) (4.10): 1mIecTh
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 nmapy Beiga€T Ilpumep ajisti pa3pe3a (memo) (4.10) u xKoprnopaTuBHasi BHITpy3Ka. [losns
00eunx TabIUIl MTHCTPYMEHT HaXOOUT CaM I10 OKHUIaeMbIM UMEeHaM U PaCIIPOCTPaHEHHBIM CHUHOHUMAaM
(Hole ID, elev, depth from, litho), peructp He BaxkeH. Bribop mosel cupsitaH B [OIOJTHUTEILHEIE
rapaMeTpHl ¥ HY2KeH TOJIBKO AJI1 HeCTaHOapPTHHIX CJI0EB. YTO HAIIIIOCH, ITedaTaeTCs B XKypHaJI OOHON
CTPOKOH.

TepnuMBIH YHTATEIb

[lauHbBIEe YnMTaAOTCA 663 TPegBapUTETbHOM YUCTKU. [1yCTHIE M HEYHCIOBHIE TITyOUHBI TPOITYCKAIOTCSI,
nmepemnyTtanHble from u to MEHSIOTCSI MecTaMM, HHTepBallbkl 3a 3a00eM PHUCYIOTCS KaK ecCTh,
MePexIEecTl He Pas3pelalTcs W He IMIPSYyTCsS, Pa3phIBEI MEXKOYy COCEeTHMMH HHTEpPBajlaMU He
3aTIOHSIOTCS, UHTEPBaIbl 03 YCThs MPOMYCKalTCsA. BCé 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
HEeT CTPOK: HHCTPYMEHT PUCYeT OJaHHBIe ¥ HUYEero He JOOyMEIBAeT, a YKCJIO Pa3phLIBOB MedYaTaeT B
CBOIKE.

ITakeTHOCTH U COBMeEIllleHHue

JIMHUM, BePTUKAJIBHLIN MaciiTab ¥ packiagka 6epyTcs U3 onpeaeneHus: pa3pe3a, KOTOpoe BEIOAET
Pa3pe3 mo nuHMH. Kaxpas CKBaXXMHA IIPOEIHMPYETCS Ha KaXKAyio JIMHUIO M TONajaeT Ha Te
YepTekHu, K KOTOPHIM OHa Onmxke kopupopa (0 - Ha Bce). I'myOMHBI IIEPEBOOSATCS 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.
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[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
KPACHUTh U IIOAIINCEIBAaTh METKHU
10 CBOUM JaHHBIM.

CoXpaHATL UM KCXOTHOTO Brixom HaskIBAeTCS IO BBIKJIFOYEHO
cJI0s HCXOOHOMY CJIOI0, KOTa OH
OIMH.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

COXpaHHTB CTHJIb UCXOOHOTI'O
CJI0s4d

Jluuusa penveda Ha YepTexe

JIuaus HU3a Ha YepTexe

[Tone HUXKHEU OTMETKU II0JIOC
U BepTUKaneu

Huxusis oTMeTKa 9T0 TmyOmHa
ot Bepxa (Hor.)

Hu3z guanasona Z ([om.)

Bepx nuamnasona Z ([To.)

BepTukanu Ha pa3pese

Touku nmepecedyeHus

[Tonmockl 30H Ha pa3pese

Odopmnenue 6epércsa y
KMCXOIHOTO CJIOS, a He U3
LITaTHOTO CTUJISI MOOYJIS.
Coil TUHUY TOBEPXHOCTEN OT
4.01. Bepx 30H U pa3ioMOB
JIOKUTCS IO penbedy, a He 1o
paMke.

ToT Ke CJI0U U ero 4acThb.
Hu3 30H 1 pa3/710MOB TOKUTCH
10 TIOIOIIIBE, a He II0 PaMKe.
Hu3s kaxmoro o6beKTa U3 ero
coO6cTBEeHHOT0 aTpubyTa.
[TepekmniodyaeT YTeHUE IIOMS C
abCoOMI0OTHON OTMETKH Ha
rIyoOuHY.

HuxHsg oTMeTKa paMKH, eCliu
HET HU OIIpenesIeHus C
BBICOTOM, HU YepTezkKa.
BepxHss oTMeTKa paMKU B TOM
XKe ciy4dae.

Brixon miia nmuuui 6e3 Z
(pa3nomMm, rpaHuIla): BEPTUKAIb
Ha BCIO BEICOTY.

Beixop o nuHUYM ¢ Z (KOHTYP
C OTMETKOM): TOYKa Ha
peasnibHOU BBHICOTE.

BreIxop Ojist MOIMToHOB (30HA B
IJIaHe): BepTUKabHas mojioca
Ha UHTEepBae.

BEIKJIIOYEHO

I10 2KeJIaHUIO

I10 2KeJIaHHUIO

I10 2KEeJIaHUIO

BEBEIKJIFOYEHO

0

co3maéTcs

co3maéTcsa

co3TaéeTcs

ITycThie BEIXOABI HE CO3[AIOTCS: KAaXKOBIM TUII 00hEeKTa UOET TOIBKO B CBOM CJIOM.

HUMs1 1 CTHJIB HCXOOTHOI'O CJI0OSI

I[IlBe rajoukw [ys Ciiydasi, KOTfla Ha BXOJ IIofaH oOuH cjoi. O0e mo yMOJYaHMWIO BBHIKJIIOUEHHI,
IIO9TOMY IPEXXHUE ITPOTOHBI BOCIPOU3BOOATCS 063 N3MEeHEeHUH.

CoxpaHsITh UMsI HCXOOHOTO CJI0si. BBIXOm Ha3BIBAETCSI M0 MCTOYHUKY: CJIOM TE€O0JIOTHUU HaAET
«[Ceonorusi Ha pa3pe3e» BMECTO yHUBepcanabHOro «I[Iomockl 30H Ha pas3pel3e». Ecnu ogwH coi
pomun cpa3y HECKONIBKO BHMOB 00BEKTOB, K UMEHU HOOaBIISIETCS BUM, MHAYE TPHU CIIOS B IepeBe
Ha3bIBAJIMCH OBl OMUHAKOBO.

CoxpaHsITh CTH/Ib HCXOTHOTO cj10si. OdopMmneHue OepETCS y caMoOro CJos, a He U3 IITaTHOI'0
CTUIA MOAyns. BmecTe c mepeHocoM aTpuOyTOB 5TO CHEMAaET I'IaBHYIO PYYHYI0 paboTy Ha paspese:
KaTeropulHas packpacKa I'eOJIOTHHU II0 IIOJII0 JIOXKUTCSA Ha ITOJIOCH KaK €CTh, IIOBTOPATH HAJIUTPY
BPy4YHYIO He HyKHO. CTUIIb IEPEHOCUTCS, KOTma TUII T€OMETPHUM COBIIafaeT: IIOIUTOHEL B IIOJIOCHL,
nMHUYM 6€3 OTMETKM B BePTHKaJM. JIMHKUS C OTMETKOM Z JaéT TOYKY, JIMHEeWHHIN CTU/Ib Ha Heé€ He
BCTAHET, U TaM OCTAETCS IIITAaTHEIM.

Cri0€B MOIaHO HECKOJIBKO - 00€ TaJI0YKKU MOTYAT, IOTOMY YTO BEIXOIEI CBOISIT BCE UCTOUHUKY B OMUH
CJIOH, ¥ B XKypPHAJ YXOOUT CTPOKA OYEMY.
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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. 28: OdopmneHue pa3spesa:

PaMKa C VIJIOBEIMM Be€pPTHKAJIIMHU
TOPHU3O0OHTaJIbHBEIE OCH C OTMETKaMMU CJIEBa U T&6J’II/IHa YT'JIOB IIOA Pa3pe30M.
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Oo0pe3ka no penbedy M ITHHUUA HU3A

30HBI ¥ PA3TIOMBI II0 YMOJIYAHHIO PHUCYIOTCS HaA BCIO BBICOTY PaMKH: M3BECTHO, T'me OOBLEKT
rmepecekaeT NWHUIO, W HEH3BECTHO, Ha KaKoM OH rinybmHe. Tpu HeoOs3aTelIbHHIX MHapaMeTpa
CHUMAIOT 9TO OTPaHUYEHUE IO KPasiM.

JIuausi penbeda Ha uyeprTeke obpesaer 0O6HEKTH cBepxy. IlomaBaiiTe cjioMl nuHUME penbeda,
KoTOophIf Beiga€T 4.01 Pa3pe3 mo auHMH. Bepx 30H ¥ pal3yioMOB JISIKET M0 penbedy, a KpoMKa
II0JIOCH IIOBTOPUT €0 IIEePEJIOMEL, @ He OCTAaHEeTCS IIPSIMOM.

OO6pe3ka UOET UMEHHO II0 JIMHUU C YepTexKa, a He 1Mo pactpy LIMP, u 3To oco3HanHo. Pa3pes mor
CTPOUTHCS MO APYIO¥M MOBEPXHOCTH, M TOT{A PACTP C 4epTekoM pazoumytcsi. Ob6pe3aTs HaAHO IO
TOMY, YTO 4YeJI0BEK BUOUT mepern coOoi. Pa3pes3sl COMOCTABJIAIOTCA IO MO0 sec_id, mostomy B
IMaKeTHOM ITPOTOHE KaXKIbIN YePTEXK PeKeTCs CBOUM IIpoduiem.

JInHHUsI HU3a Ha 4YepTezke obpe3aeT 00LEKTHl CHH3Y U YCTPOeHa Tak Xke. [logaBaiiTe IIOMOIIBY,
MMOYBY IIJIaCTa WK 1I00YI0 HUZKHIOIO IOBEPXHOCTH C TOTO XKe YepTezka. JINHUY HeT, HU3 OCTAETCs 110
pamMKke.

Ecnu B cl10e HeCKOJIBKO ITOBEPXHOCTEM, oOpe3Ka UAET 1o orubarollleii: CBepxy II0 caMOi BHICOKOH,
CHHU3Y II0 cCaMoil HU3KOH. [ToaTomy BeIxon JIMHHH IMOBEPXHOCTEH Ha YepTexke FOOUTCS KaK eCTh,
IofaBaTh €r0 MOXKHO cpa3y B oOa Bxoma. Korma HyXKHa OfHa KOHKpPEeTHas IIOBEPXHOCTD, ITOJauTe
cJio¥, oT¢UNIbLTPOBAHHEIN 110 II0JII0 Name.

KpoMKY CUMTAIOTCS B OMHUX U TE€X XK€ CTAHIUAX, Y3/Ibl 00enxX TUHUHN CBOOSATCSA B OOl Habop.
HMHave Bepx ¥ HU3, IOCUHUTAHHBLIE KAaXKOBIM IO CBOMM CTAHIIMSM, ITE€PECEKINUCh OBl MEXKAY Y3JIaMu
¥ TI0JI0CA BhIIIIA ObI BEIBEPHYTOM. HU3 He TomHUMAaeTCs BEHIIIE Bepxa: TaM, e JTMHUSA HU3a IIPOoIia
Hajp penbedoM, IOIoca CXJIOMBIBAETCS M OOBEKT He BHIOAETCS BOBce. YHCIO CpPe3aHHBIX IIeITUKOM
revyaTaeTcs B XKypHa, 0OBIYHO 3TO 30HHI, JIeJKAIIe BHIIIE penbeda.

ITo/ie HMKHEH OTMETKH 3a0aéT HU3 II0JI0C ¥ BePTHKAaJIeH IIOIITYYHO, U3 aTPUOyTa caMoro o0beKTa.
I[lo yMonm4YaHHIO 3HAUeHHE YHTAaeTCs KaK abcomioTHass oTMeTKa. ®IaXXOK B HOMOJIHUTEIbHEIX
ImapaMeTpax MepeKIYaeT ero Ha TiIyOMHYy OT Bepxa OOBEeKTa: 9TO ymoOHO, KOrga B HAHHEIX
3amMcaHa MOIITHOCTD 30HH, a He e€ mogoIiBa. Huzke paMKy HU3 He OIyCKaeTCs HU B KaKOM CiIydae.

ATpuOYTHI O0OBEKTOB Ha pa3pe3e

®naxok IIepeHOCHTH aTPUOYTHI 00BLEKTOB Ha pa3pe3 BKJIIOUEH 110 yMoT4aHuio. CMBICI ITPOCTOMU:
IIOJIOCHI ¥ BEPTUKAJIM Ha YepTeKe KPACSITCS U MOOMMCHIBAIOTCS II0 BAIllMM K€ IOJIIM, 6e3 py4YHOro
CBSI3BIBAHUS C UCXOOHEIM CJIOEM.

CI10€B IOa€TCst HECKOJIBKO, CXeMHBI Y HUX Pa3HbIe, TO3TOMY KOJIOHKH CBOMSTCS B OOUH OOIIHHM Habop.
ITose, KOTOPOTO V CJIOST HET, OCTAETCS ITyCTHIM. OOUHAKOBOE UMSI B PA3HBIX CJIOSIX CUYMTAETCS OMHOM
KOJIOHKOM, TUII OEPETCSA OT IIEPBOTO CJIOSA, TIe OHO BCTPETUIIOCE.

HmMmeHa, coBmapmaromue co ciayxkeOHbIMEU (Sec, src, label, d, z, d1, d2), meperMeHOBBEIBAIOTCS C
cybdukcom. ITO He KOCMeTHKa: KOJIOHKa d HECET pPacCTOSHUE BIOOJIb pa3pe3a, U aTpudyT o0beKTa
C TeM Ke UMeHeM MoJjTdya IoaMeHUI Obl KOOPAWHATY, a 3aMeTHUJIN OBl 9TO yXKe Ha YepTeke.

Yucno C06paHHBIX KOJIOHOK I1€49aTaeTCs B XKYPHaAJI.

Yron n A3HMYVT IIadJeHHsI. JIuaus 6e3 OTMETKHU II0 YMOJI9YaHHUIO maéeT BEPTHUKAJIb: U3BECTHO Irpge,
HEen3BEeCTHO IO KaKHM YI'JIOM. Ecnm 3apgansl Yrojl ¥ a3uMyT IIageHHusa - IIOJIAMH IIO0 MMEHUH HIIN
IIOCTOSIHHBLIMHU Ha CJIOM, - BMECTO BEPTUKAJIK PUCYETCH Clie[ IIadeHNs OT IOBEPXHOCTU BHHU3, a I10JI0OCa
30HEI CTAHOBUTCH IIapaJlyieJIorpaMMOM.

Ha yepTEK BRIXOOUT He UCTUHHEIN YTOJl, 3 BUTHMBIH:
tg(BuomMmblil) = tg(MCTUHHBIM) - coS(a3uMMyT MapeHus — a3uMyT paspesa)

Pa3pe3 BKpPECT IMPOCTHUPAHUS [AaET UCTUHHBIA yroJjl, pa3pes3 II0 IPOCTHUPAHUI0 - HOJb, U O0OBEKT
JIOXKUTCSI TOPU30HTAIbHO. A3UMYT pa3pe3a OepeTcs Mo 3BeHy, Ha KOTOPOM JIeXKUT IlepecedeHUe,
II03TOMY Ha JIOMaHOM IIpoduJie HaKJIOH B Pa3HBLIX MeCTaxX Pa3HbIi.
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AzumyT 00s3aTeJIeH ¥ U3 TEOMETPUY He BRIBOOUTCS: OOUH U TOT K€ 0OBEKT MOXKET ITafaTh B JIIO0YI0
cTOpoHy. Be3 Hero OoOBEKTHEl OCTAIOTCSA BEPTHKAIBLHBIMU - MOIYaJINBOE [OIyIIeHHE <IIJIOCKOCThb
IIePIeHONKYJIIPHA pa3pe3y» U eCTh dacTas omubka mocTpoeHus. CTOPOHY HaKJIOHA 3afaBaTh He
Hafo, e€ pelraeT 3HaK KOCHUHYycCa.

[nuHa cnema 3afJaéTcda IO TOPU3OHTAJM B MeTpaX, HOJIb O3HadaeT OO paMKu. KopoTkuil cnep-
yKa3aTeJib 0OBIYHO OepyT B IIOJITOPa-gBa CaHTUMeTpa Ha nucte: mpu 1:2000 ato 30-40 M.

B aTpubytel nummyTtcs Tpu uyucia: dip (uctuuebM), dip_az u app_dip (Bugumeii). Meputh yromn
TPAHCIIOPTUPOM II0 YEPTEXKY HENIb3S - BEPTUKAIbHBINM MaciITab MCKaXkKaeT HapUCOBAaHHBIM HAKJIOH,
KaK HMCKaxKaeT U BCE OCTallbHOe Ha pa3pese.

4.06 Ilepeceuenue TIN c pa3pe3oMm

Pactposeiit rpurp (4.04) - 9T0 z = f(x, y), OOHO 3HaYeHHUE BHICOTH Ha TOYKY IJlaHa. OIPOKUHYTYIO
CKJIafKy OH IlepefaTh He MOJKET B IIPUHIIUIIE: HaJd OOHOW TOYKOM y HEE HECKOJIbKO OTMETOK
OOHOU IIOBEPXHOCTU. IJTOT MHCTPYMeHT pexkeT pa3pe3oM TIN - HOBEPXHOCTh U3 HACTOSAIIUX
3D-TpeyronbHUKOB, KOTOPasi yMeeT HaBUCATh.

MexaHUKa YHCTO TreOMeTpUuUecKas. Pa3pe3 - BepTHKalbHas IITOpa BIOOIb JiIoMaHOM. Kaxpgblit
TpeyronbHuK TIN mepecekaeTcsi C BepPTHUKaJIbHOM IIJIOCKOCTHIO CBOETr0 CETMEHTa, HAaE€T OTPEe30K
(cTaHUMS BOONL JTUHWHU, PeajibHaAs BBICOTA), ¥ BCe OTPE3KM COOMPAloTCS B TPacCy ITOBEPXHOCTH.
HaBucaHue BBIXOOUT caMO CO0OM: Hal OOHON CTaHIIMEeNW OKa3hIBAeTCsI HECKONIbKO OTPE3KOB II0
BBLICOTE, ¥ TPacCca 3aBOPAYMBAETCS - KPBIIbSI OMMPOKUHYTOM CKIIagKM J103KAaTCS KakK eCThb.

Ha Bxop - cimou 3D-monuronoB (PolygonZ, rpauu TIN, mpu 3TOM He-TPeyTroJIbHUKKA Pa3bUBaiOTCS
BEepoM Ha TPEeYTONbHUKH) M IPH KeJTaHUW MeIn-CIoHu. JIMHUS U vex 0epyTcs U3 ompedeneHus
pa3pesa, BLICOTA - C caMuX rpaHel, mosToMy A1 TIN 3aaBaTh HU4Yero He Hy?KHO. KpoMe 4epTEKHOU
TPacChl MOXKHO IIOJIYyYUTh €€ U B peanbHbIX 3D-KooOpanHaTax.

BaxHoe orpanudyenue: mem QGIS - 3to 2.5D, BricOTa B HEM CKajsap Ha BepIIMHE, Haj TOUYKOM
CHOBa OOHO 3HadYeHNe, OIIPOKWHYTOE B Mellle He coxpaHseTcsd. [I03ToMy HaBHCaHUEe OAIOT TOJIBKO
Hacrtosmue 3D-rpanu ot reomoperuiepa (Leapfrog, Micromine u momoGHBIe). Melll TPpUHUMAETCS
oyt OOIITHOCTHM, HAa OJHO3HAYHBIX ITOBEPXHOCTSX. [leMO-TeHepaTop BHIOAET OHNPOKMHYTYyI0 TIN-
CKJIa[Ky - Ha Hel 3aBOPOT TPacCCH BUIEH Cpa3ly.

ITapamMmeTpsbI
[TapameTp Yrto 3amaér ITo ymomyanuto / cCoBeT
OmnpepeneHue pa3pesa Crnou onpenenenus ot 4.01: -

UHUS U veX. BeicoTa 6epéTcs
C caMUX I'paHelu.
I'panu TIN (PolygonZ) Cnou 3D-ONUTOHOB - TPaHU Heob6s3aTeIbHO
TIN oT reomopmennepa.
HaBucaHue U OIIPOKUHYTOE
BOCIIPOU3BOISATCH.
Merr-cnoi (2.5D) Memr QGIS fJist oOIIIHOCTH. Heo0s3aTeJIbHO
Hap Toukoil 00HO 3HaUeHUE,
ONIPOKUHYTOE B MeIlle He

COXpaHseTCs.
Tpacca TIN Ha pa3pe3se Brixognas 2D-Tpacca B ocsax co3maéeTcs
(uepTéxk) pa3pesa, MOXeT

3aBOpPaYUBaThHCH.
Tpacca TIN (3D) BrixogHasi Tpacca B peajIbHEIX  I10 3aIIpocCy

3D-KoopaouHaTax.
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IMopatiTe XOTst OBI OOUH U3 ABYX BXOMOB - rpanu TIN umu Mer.

4.07 IIpoeknusi 00OLEKTOB Ha pa3pe3

HNuctpymeHT IIpoeKnusi 00beKTOB Ha pa3pe3 NPOoenupyeT TOYKH, JIMHUY U IIOJTUTOHBI Ha TUHUIO
paspes3a. [ng KaXpao¥d BepIIWHBE I'OPU30HTAIb 3TO PACCTOSHUWE BOOJIb JIMHUU IO €€ IIPOEKIIUU,
BBICOTA - OTMeTKa u3 3D-reoMeTpuy UM M3 BHIOPAHHOIO NOJNA. [lanbHUE OOBEKTH OTCEKAIOTCH
KODPHUIOPOM.

[TapameTp YTto 3amaérT ITo ymonuaHuio / COBET

OmnpeneneHue pa3pesa JIluuusa pa3pesa C IoJjIeM Vex -
(BepTUKaNIBHOE
[IpeyBeIndeHue).

OOBEKTHI OJIS TPOEKIINU Crno#t, 06BEeKTH KOTOPOTO -
MIPOELUPYIOTCS Ha MJIOCKOCTh
pa3pesa.

[Tone oTmMeTKU ATpubyT Z, eciu reoMeTpus -
00BEKTOB 0e3 Z.

Kopupop ot nuHuu [MMupuHa IOJIOCH 3axBaTa OT 0
nuHuUYU pa3pes3a. 0 = Bce
O0OBEKTHI.

OOBeKTH Ha pa3pese (uepTéxk) BrIxom: 0OLEKTH B -
KOOpOMHAaTaxX yepTexa
pas3pesa.

970 0600IIeHNe MPOEKIINY CKBaKUH Ha I00ble 00BeKThl: aHOMaIuHi, TOYKKM ONPOOOBAHUS, TPACCHI,
KOHTYpPHL. Pe3ynbTaT B 0CsIX pa3pesa, KJIaJeTcsa IT0BepX YyepTezxKa.

4.08 CopoennpoBaThb C pa3pe3a

HucTpyMeHT CIIpoenupoBaTh C pa3pe3a JenaeT oopaTHoe: 00BEKThl, HAPHCOBAHHBIE HAa YePTeXkKe
pa3pesa, Bo3BpalllaeT B peajabHble KOOPOUHATEL. ['OPU30HTaIb BEePIINHE YUTAETCS KaK PAaCCTOSTHHE
BIIOJIb TMHUM (OAET IIJIaH), BRICOTA - KAK OTMeTKa Z = BHICOTA / veX. JIMHUS U vex GepyTcs U3 TOr'0
Ke oIlpeieNieHus, II0 KOTOPOMY CTPOHUIICS YepPTEXK.

[TapameTp YTo 3amaéTt ITo ymomgaHuio / COBET
Onpenenenue pa3pesa JluHug pa3pesa C IoJieM Vex. -
OOBEeKTHI C UepTezkKa pa3pes3a OOGBEKTH B KOOPOUHATAX -

yepTerKa [AJid BO3BpaTa B IJIaH.
OOBeKTHI B Iy1aHe (C OTMeTKON  BrIXon: 00BEKTHI B IJIaHOBBIX -
Z) KOOpOMHATax C

BOCCTaHOBJIEHHO OTMETKOM.

Tak HapHCOBAHHEINA PYKaMHU Ha pa3pe3e 0OBLEKT - KOHTYP 3a/IeKH, HapylleHue, TPaHuUIla - ToIagaeT
oOpaTHo B myiaH 1 B 3D ¢ oTMeTKOu Z.

4.09 Pa3BEépTKa CTEeHKH CTBOJIa (0eTta)

HHcTpyMeHT Pa3BEépTKa CTEHKH CTBOJIa CTPOUT IMIMHOPUYECKUI pa3pe3. BOKpyr ocu cTBOja
Ha 3aJjaHHOM paaumyce OepETCS OKPYKHOCTh C YTJIOBEIM IIaromM (mo ymomdaHuio 1 rpagyc), u
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IIOBEPXHOCTHU-TPUOBIL B]:I6I/IpaIOTCH BIOOJIb Hee. Pa3BépTKa JIOZKHUTCHA B OCH OJIMHA OYTH I10 OKPY2KHOCTH
- BEICOTa.

[TapameTtp Yro 3amaér ITo ymon4aHuIo / COBET
Och cTBOJIa (TOYKA YCThS) Touka yCThs CTBOJA. -
Pagmyc cTBOna, en. KapTel Papguyc pa3BEépPTKU CTEHKHU. 4
[ToBepXHOCTU-TPULEL I'pupbl HOBEPXHOCTEMH, -
(Mapkupytome) OTMETKM KOTOPHIX HAHOCSATCS
Ha pa3BEPTKY.
YrnoBou mar, rpagycChl Illar o6xoma CTEHKHU II0 1
a3uMyTy.
BepTukanbHbIl MacurTad PexxuM BepTUKaIBHOTO OTHOIIIEHUE

mpeyBenudeHus (OTHOIIEHUE
I':B 111 MHOXUTEID).

3HaueHue Maciitaba Ywucno npeyBeIudYeHus 10 10
BBIOPAHHOMY PEXKHUMY.

Bri6opka pactpa (mor.) Cnoco6 CHSITUS 3HAYEHUS C -
rpua IOBEPXHOCTH.

Pa3BépTKa cTeHKU (myra X Brrxon: pa3BépTKa CTEHKU -

BBICOTA) CTBOJIA.

Kaxmast MapKupyiollasi TOBEPXHOCTh HAET JTUHUIO CBOETO IIepeceueHuss CO CTEHKOM CTBOJA - TP
TTaJleHUH TIJTaCTOB JIMHUM HAKJIOHEHHI ¥ BOMTHUCTH. OCh 3aAaéTCsT TOYEUHBIM CJI0EM YCThSI, PAAuyC B
eOUWHUIIAX KapThl, BEPTUKAJIbHEIN MacmTab Kak y pa3pesa.

4.10 IIpumep o1 pa3pe3a (HemMo)

HNuctpymenT IIpumMep aj1si pa3pe3a (IeMo) roTOBUT IIOJTHBIHN yueOHBIHM Habop Ay rpyninsl Pa3pes,
4TOOHI OITPOOOBATh €€ MHCTPYMEHTH 063 KPUTMHTa PeasibHbBIX JaHHBIX. B IMaHesn OH CTOUT B I'PYyIIIe
Pa3pe3 nocnegHuM.

3a ooWH NPOTOH BHIAAIOTCS LIECTh CTOIKOM IIOBEPXHOCTEH C NaleHUeM U IepeMeHHOU MOIIHOCTBIO
(naTh NIAacTOB B IlepecilamBaHUN, BTOPOU U YETBEPTHIY IIPOMBIIITIEHHEIE U TOHKHE), TPU JIUHUU
pa3pe30B dYepe3 miomanb (JIoMaHas C ABYMS H3JI0MaMM, KODOTKas IpsMas W HaKJIOHHAas C
OOHUM WM3JIOMOM), TOTOBas Iapa CJI0EB Mojaenu OypeHus M 10 MHOTOKaHaJIbHOMY T'pPHUOY Ha
KaXX[ObI IPOMBIIINIEHHEN nnacT. KoHBeHIIMS KaHAJNOB Ipupja IjlacTa: KaHanl 1 - KpoOBis, KaHal
2 - mopoIliBa, KaHamel 3 U HJajee - IapaMeTpHl (34ech comepxXKaHKWe ¥ MUHePabHBIM TUII C 30HOHU
3aMellleHus, II0JIs COJepIKaHMus y IIJIaCTOB He3aBUCHUMEIE, CTOXacTudeckue). OnuH ¢daiin onucsBaeT
IIJIaCT LEeIMKOM - KaK OJIOYHYI0 MOMesb, KyZa HOBHe IIapaMeTphl Ho0aBsAi0OTCA KaHanamu. s
WHCTPYMEHTOB IIepecedeHusi [OoOaBJIEHB OEMOHCTPALIMOHHBIE BEKTOPHI: pa3jioM 06e3 OTMETKHU
BBICOTEHI, MAPKUPYIOIINYU KOHTYD C Z, 30Ha 3aMelneHus u onpokunyrtas TIN-cknazgka u3 3D-rpasei
PolygonZ.

CKBakKHMHBI C HHTE€pPBaJIaMH OIIPOOOBaHH I

ITapa croé€r Momesnu 6ypeHus BHIIaETCSA TOTOBOM, B TOM XKe opmaTe o6MeHa, B KOTOPOM BHITPYZKaeT
'eOKOHCTPYKTOP. BMecTe ¢ Hell BHAAETCS CIPAaBOYHHK IIACTOB AE€MO: Te XK€ KOOHI, UYTO CTOST B
WHTEePBaJjax, C IOPSOKOM 3ajieTaHusi, TEJIOM U IIBETOM. I10CTaBIIsieMBli clipaBOYHUK 13 4.11 co6paH
110 BepxHEeKaMCKOMY MeCTOPOXKAEHHIO U KOMOB IeMO He 3HAeT, T09TOMYy 6e3 CBOEro CIipaBOYHHUKA
KOJIOHKY IEMO OCTaBaJINCh 6e3 IIBeTa.

IMomnoce! nnactoB B 4.01 meMo-CIIpaBOYHUK He KPAcCHUT, U 9TO He HeZoOesKa, a YCTPOUCTBO IIOUCKA.
IInacT TaMm onpenensieTcs [0 MMeHaM CJI0EB KPOBiIU U nomoiuBH: v ciosg Kpll_top cHuMaeTcs pomb
u octaércsa kox Kpll, 1o HeMy cIpaBOYHUK M oIlpaliuBaeTcs. [IoBepXHOCTH ieMO Ha3BaHBI ITPOCTO
HOMepaMM 1 KOJa IlacTa He HECYT, II09TOMY II0JIOCHL OCTAIOTCA B IIBETAX I10 ymMoiId4aHuioo. Ha cBoux
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OAHHBIX, TOE€ CJIOM Ha3BaHBl KOJAMU IIJIACTOB, TOT K€ CIPABOYHUK KPACHUT U IIOJIOCH], U KOJOHKM.
Ycrbs1 collar 3ToO TOUEYHBIN CJION C OTMETKOH YCThs U ITyOuHOM 3a00s, HHTEepBaJskl interval aTo
oObryHas Tabnmuila ¢ TIybmHAMM IO CTBOJTY OT YCThSI M KOOM IIjlacTa.

I[Tostomy uHcTpyMeHT 4.02 CKBaXUHBI Ha pa3pe3e npodyercss 6e3 CBOUX [OaHHHIX U 0e3
obpamenus K 6aze: 3anyctute 4.10, 3aTem 4.01 o m060¥ u3 TpéX nMuHUM, 3aTeM 4.02 ¢ 9TOM Tapoi,
oIpefesieHNEeM pa3pe3a W OeMO-CIIPAaBOYHUKOM. KOJIOHKM CKBaXKWH IIOIyYaT I[BET U IOPSZOK B
nererge. CKBaxKWHHBI CTOST BOOJIb BCEX TPEX JIMHUM, TaK YTO KOJIOHKM JISATYT Ha JII000M YepTEX.
Ta ke mapa 6e3 U3MEHEHUHN TOOUTCS W OJIT TPEXMEPHOTO MPOCMOTPAa: TaM I'JIyOMHA YXOOUT B Z
HampsMyio, 6e3 BePTUKATBHOTO MacIinTaba ¥ CMeIlleHUsT pacKIagKH.

MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)

reoMeTpMAa nnacTta

Kanan 2 - NOAOLUBA (otmeTkn Z)

napameTpbl (bnoyHan mogens)

-+ 3.03: kpoBna=1, nogowea=2, cocTag=3
—+ 3D-npocmoTp: «Tena nnacToB», KaHan napaMmeTpa 3+

Puc. 29: KoHBeHIIUs MHOIOKaHaJIbHOT'O I'pUMa IIjlacTa: KaHalbl 1-2 HeCcyT reoMeTpuio (KpOBIS U
mogoursa), KaHasnsl 3 U gajee - napaMeTpsl. OguH daiia KOpMUT UHCTPyMeHT 4.03.

CoM neMo U UX aTPpUuOyThI

Cnoit T'eoMeTpus ATpubyTHI

Jluauu pa3pe30B (ZeMo) JIVHUSA name (Pa3pes 1, 2, 3). Tpu
CTBOPA Pa3HOU OJINHBI:
JIoMaHas C OBYMS U3JIOMaMu
(BEPIIMHEI IPOBEPSIIOT
IHKeTax), KOpoTKas npsaMas u
HaKJIOHHAS C OOHUM M3JIOMOM.

Yctesa collar (memo) TOYKU hole id, z (oTmeTKa ycThs), eoh
(rmy6una 3a60s1), number gms
MTOMAIINCH.

HnuTeprantl interval (memo) Tabnuila hole id, from, to (rmyGuHEI 1O

CTBOJIy OT yCThs), code
(uuOmekcC nnacra).

CnpaBOYHUK I17IaCTOB (OeMo) Tabnuna code, order, body, color, strata.
ITox KoObl MHTEPBAJIOB IEMO.

30Ha (geMo, IIOJIUTOH) TIOJIUTOH name. [I711 UHCTPYMEHTAa
rnepecedyeHus BeKTOpPOB 4.05.

Paznom (memo, 2D) JIUHUSA name. CeKkymiasi CTBOPa,
cMellleHa C U3JI0Ma JINHUU.

Mapkep ¢ Z (memo, 3D) IUHUA Z name. [TpoBepka
3D-reomeTpuii B 4.05.

Onpoxkunytas TIN (memo) TIIOJIUTOHEI Z name. ODpOKUHyTasa CKlIagKa
nis 4.06.
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Cnoit T'eomeTpus ATpubyTHI
[ToBepxHOCTH 1...6 pacTp OnuH KaHal OTMETOK.
IMnact 1-1/2-11 npom. pacTtp Kanamnsi: 1 KpoBis, 2 MOOOIIBA,

3 comepxkaHue, 4 MUHTHII.

Pabouu#t nuKn mokasaH B pa3geine 4.01: moBepxHocTu uOyT B Pa3pe3 mo JTHMHHH, 1apa collar u
interval B CKkBakMHBI Ha pa3pe3e, rpuj cocTaBa B CocTaB IylacTa Ha pa3pe3e, a [eMO-BEKTOPEI
u TIN B uHCTpyMeHTH nepecedeHusa 4.05 u 4.06. Tak Bcg rpylna pa3pe3a HDpOKaTEIBAaeTCA Ha

COT'JIaCOBAaHHBIX NaHHBIX.

IIapameTpsl

[TapameTp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

O6acTh (3KCTEHT)

3epHo reHeparopa ([or.)

IToBepxHOCTH 1...6

JIlunuu pa3pes30B (3 mIT.)

YcTesa ckBazxkuH collar

HMHTepBaikbl CKBaxKuH interval

[MnacT 1-#% mpoM.

[Imact 2-# mpomM.

Pa3znom, mapkep c Z, 30Ha

Onpokunytasa TIN

[TpsIMOYTOJILHUK, B KOTOPOM
reHepupyeTcs Habop.

3epuo I'CY ona
BOoCTIpou3BOOUMOCTH. O -
CJIy4alHoO ITpY KaxKooM
3amycke.

[ITecTh pacTPOB CBEPXY BHU3:
KPOBJIU U TIOJOIIBEI
BMEIIAIOMNX U ABYX
ITPOMBIIIIJIEHHEIX 1JTaCTOB.
Tpu cTBOpa uepes miuollanb
o1 rmomayu B 4.01.
HNHCTPYMEHT II0 YMOJTYaHHUIO
CTPOUT pas3pes 10 KaKOoMYy.
ToueuHBIN CIIOM MOOENTU
oypenus (hole id, z, eoh,
PointZ).

Tabnuila momernu OypeHus
(hole id, from, to, code, kcl).
MHoOroKaHalnbHbIN I'PULI:
KPOBJISI, TIOMOIIIBA,
cogepkaHue, MUHTHIIL.

To ke miss BTOPOTo
IIPOMEBIIIJIEHHOTO IIJIaCTa, IO
He3aBUCUMEIE.
emo-BekTOpPH my1g 4.05:
nuHusA 6e3 Z, KOHTYp C Z,
IIOJIUTOH 30HHI.

3D-rpaHu OIPOKUHYTOU
cknagku g 4.06.

3a4aTh I10 IIPOEKTY

0

CO30alTCA

CO3OaKTCA

co3maéTcs

co3maéTcs

II0 3ampocCy

II0 3aIIpocCy

10 3aIPoCy

I10 3a1pocCy

TTonHBIN ITIepeYeHb IToJIel BRIXOOHLIX CII0EB - B IpuiioxkeHnu [laHHbIE OJIs1 pa3pe3a (pa3gen «Ilomns
OeMO-CJI0€B» B KOHIIe PYKOBOOCTBA).

CTpPYKTypHBIE 3JIEMEHTHI U C/Iedbl BbIXoaa. [1eM0 OTHaET [Ba CJI0SA C aHAJIUTUYECKUM STaJIOHOM
IJIS IPOBEPKU YTJIOB.

CTpyKTypHBEIE 3JIEMEHTHI: TP TUHUHU IlepeceKalT npsaMou Pa3pe3 2 mpu OOHOM HCTUHHOM yTiie
25 rpagycoB ¥ pa3HBIX a3uUMyTax HafeHus. Bugumele yriel BEIXOZAT 25, 18.25 u HOMIB, 0OXXKUOaeMoe
3HaYeHVEe 3alHnCaHO B IIOJIe app_exp, nostoMmy pelynbraT 4.05 cBepseTrcsa 4YWCIOM, a He Ha
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rna3. IIpsiMo#l pa3pe3 BHIOpAaH HAPOYHO: Ha JIOMAaHOM a3UMYT 3BeHa MEHSIeTCsS II0 XOOy, M 9TaJIOH
MmepecTaéT OBITh OMHO3IHAYHEBIM,

Cnenrl BeIxoma myisg 4.12: nonoruit (20 rpamycoB), KpyTo (72) U HaMepeHHO IpsAMOU B miaHe. I1o
MEePBBEIM IBYM MHCTPYMEHT 00513aH BEPHYTH umcia u3 nojei dip true u az true. TpeTuii npoBepser
0TKa3 - 3ajleraHue II0 IPAMOMY CJieny He onpenesieHo. KpyToil Hy>KeH OTAEJIbHO: IIOATOHKA 10 Z Ha
HEM ITOmJIbLIa ObI.

4.11 O6pa3en cipaBOYHHKA IIJIACTOB

WHCTPYMEHT KJIafI€T B IIPOEKT IIOCTABIIIeMbIM 06 pa3el] ClipaBOYHHUKaA IIJIaCTOB - TOT CaMBbIH, KOTOPHIHM
uymurtaioT 4.01 u 4.02. Hy>keH OH II0 IIPOCTOM npuumHe: obpaser 1exXuT paiijioM B KaTajore IjiaruHa,
KyIla II07b30BaTesib 00LIYHO He 3arisabiBaeT. be3 3Toro Iara CIpaBOYHUK IIPUXOOUTCS UCKATh
pyKaMmu, a He Ha¥fs, IOOATh B pa3pe3 MePBYIO ONABUIVIOCS TabInIly U MOIyYUTh 4epTexX O6e3 uBeTa.

I[TapameTpoB y umHCTpyMeHTa HeT. OOuH IPOTOH - M cjio¥ CmpaBOYHHK IIacTOB (0oOpa3eir)
MOSIB/ISIETCS B IPOEKTE U Cpa3y BUIEH B BHIIIaJAOIIEM CIIMCKe MHCTPYMEHTOB pa3pesa.

Y10 BHYyTpH

Tabnuita 6e3 reoMeTpuu, OJHA CTPOKA HA IIJIACT UM MEXKOYIJIacThe, CBEPXY BHHU3 II0 pa3pesy.
Komonku: Kopm Tena, HOMEP CBepXy BHHU3, Teno (IjacT WM MEXOYIIacThe), IBET, a TaKXkKe
HeoOsi3aTeTbHBIE TOJIIIA U MPUMeYaHue, KOTOPhIE YUTAIOTCSI, HO TTOKA HE MCI0JIb3YyIOTCS.

OOpaser cobpaH o BepxHeKaMCKOMY MECTOPOXKAEHHNI0: 37 CTPOK OT ITOKPOBHBIX OTJIOXKEHUM [0
HUXKHEN KaMeHHOU conu. [ Opyroro MeCTOPOXKOEHUs OH CIIyKUT cKejeToM. CoOXpaHUTE CJIOU B
daiin mratHEIMU cpefcTBaMu QGIS u mpaBbTe KOMHI, IIOPSIOK 1 IIBETA IO CBOIO CTpaTUTrpaduio.

Te1o 3amoJIHsIET reojior

OTO IrJ1aBHOE, YTO CTOUT IIOHSATH IIPO CIIPABOYHUK, U IOTOMY IIOBTOPSETCS 30ecCh. Tesio u3 Koga He
BeIBOAUTCS. [Inact AB 110 HanuCaHMWIO BEITJIAOUT Kak «A IUII0C B», HO 3TO LesIbHBIY [1J1aCT, BHYTPU
KoToporo jyiexart A, b, kopx A-A’ u A’. Mexpyimtactee B-B 13 Kofia He BEIBOOUTCS BOBCE, IIOTOMY
4To mnacrta b B cniucke HeT, ectb AB. MHCTpYMEHT 3Ha4YeHUs Tejla He [IepeCUYUTHBaeT U B 3TOM
CMBICJIe He YMHee 4eJloBeKa, KOTOPBIY UX IPOCTaBUIL.

CocTaBHBIE Tejla cepble

B o6pasiie ects KpIlla+6 - cocTtaBHOe Teno, cymMma Kpllla, mexpynmactesa Kpllla-6 u Kplll6. Takue
KOHTJIOMEPATH B CIPABOYHUKE KPACSTCS CEPHIM, TEM K€ OTTEHKOM, KaKWM IJIaTWH TOMedYaeT
Heolo3HaHHoe. [I[pHunHa B TOM, YTO I[BET COCTABHOIO TEeJla M3 IIBETOB €ro 4YacTel He BBIBOJUTCS:
YacTHU MOTYT OBITH Pa3HBIX IIBETOB, W 1000 BHIOOD OBIT OBl MPOM3BOJIOM. CephIii YUTAETCS Kak
«IIBET He 3ajJlaH», ¥ eT0 CTAaBUT YeJIOBEK.

CocencTBO LIEJIOTO C YaCTSMU B OMHOM CIIMCKe UMeeT IIeHYy, 0 KOTOPOU CTOUT 3HaTh. [IopsAnoK cBEPXY
BHU3 enuH, mo3aToMmy Mexny KpIllo u KplIIB Temeps jiexkaT OBa Tejla, a He OOHO, ¥ Ilapa TaKux
rpaHUIl Ha pa3pes3e JacT Cepylo MOJIOCY C IepeYyHeM BMeCTO MMEeHU MeXOymnacTbsa. Ha KpynmHou
rpanynsapHocTtu, Mexkay Kpllla+6 u KpIlIIB, Bcé cxomuTcst OOBIYHBIM 00Pa30M.

Tot ke ¢amn BHe QGIS

O6paser 1exkuT B nanke templates BHyTpu KaTaora IjlaruHa B IBYX BUIaX, plast reference vkmks.x1sx
U plast_reference vkmks.csv. B kHure Excel ecTh BTOPOM HHUCT C IMpaBUIaMU 3alojIHeHUs. IIpaBbTe
JTI00BIM YIOOHBIM CITOCOO0M, MHCTPYMEHTH pa3pe3a MPpUHUMAIOT u Tabsulily mpoekTta, u GeoPackage,
u CSV.

115



4.12 J71eMeHTHI 3aJIeraHus1 110 CjIely BbIXoaa

Cuuraet Yol 1 a3UMYT IIad€HUsd I10 TpéXMepHOMy Cclieqy BBIXOO4d I'PaHHUIIBEI HA IIOBEPXHOCTh.

[TapameTp Yro 3amaér ITo ymon4aHuIO / COBET
Cnenrnl BEIXOIA JIuuuu c ormMmeTKaMu (Z B -
BEpIIMHAaX).
OKHO, BEPIINH 0 - ogHO 3aneraHue Ha BeChb 0
cjief], "Ha4Y€e CKOJIb34Illee OKHO.
HaumMeHbIIasgd n30THYTOCTh [Topor 06yCIOBIIEHHOCTH, 0.15
(mor.) HHKe KOTOPOTo CJIeyeT OTKa3.

OTKyna Oepércsi 3ajmeranme. Ecnu rpaHuna mnjacrta WM pasjoMa onudpoBaHa C OTMETKaMU,
IIJIOCKOCTh II0 He¥ BOCCTaHaBNIMBAETCS ONHO3HAYHO, a M3 IJIOCKOCTH BHIIAmaloT oba 3jeMeHTa
3aneranus. [IpaBuUIo TPEX TOYEK - MUHUMAJIBHEIN CIIy4al, 30eCh CYUTAETCS IO BCEM BEPIIMHAM
cpaasy.

MeTopn 1o ATBMEHOUHTEPY: HOPMaJIb K IIJIOCKOCTH 3TO COOCTBEHHLIN BEKTOP MaTPHUIILI OPUEHTAINU
IIpM HaWMeHbIleM COOCTBEHHOM 3HaueHuu. [logronka Bupga z = a-x + b-y + c¢ IIpolle, HO
pa3BajiiBaeTCs Ha KPYTHIX 3ajieTaHUax, rae Ko3(pPUIMeHTH yXomsAT B OECKOHEUHOCTh. Hepes3
CoOCTBEHHBIE BEKTOPHI KPYTU3HA IIEPECTAET OBITH OCOOBIM CITydYaeM.

IIpsiMmo¥i B mjiaHe cjieq 3a/IeTaHHsI He ompenessieT. Yepe3 OOHy NPSIMYyI0 B IIPOCTPAHCTBE
IPOXoOUT GECKOHEYHO MHOTO IIJIOCKOCTEHM: OHM BpPAIaioTCs BOKPYT He€é KaK CTPAHUIILI BOKPYT
KOpelika. MHCTPYMEHT BHAWUT 5TO IO OTHOIIEHWIO COOCTBEHHBIX 3HAYEHWH ¥ OTKA3bIBAaeT C
MPUYNHON BMECTO YBEPEHHOTO YHCJIa U3 IIyMa OKPYTJIeHus. Mepa nuIneTcs: B moje planar: Homb -
TOYKY Ha NMPSIMOM, egUHUIIA - Pa3MaX B OABYX HAITPABJIEHUSX.

Ck1agKa JIOBHTCSI HEBSI3KOH. MeToq MperosiaraeT, 4To CJief JIEKUT Ha OOHOU IIJIOCKOCTH, a
OIVHHAS TPaHUIA PEOKO JIeXKUT: (rekcypa, cMeleHue pasyioMmMoM, neperub. CpenHss HeBs3Ka
TOYEeK OT IJIOCKOCTH IHUIIETCS B II0JIe rms, U 60JIbIIoe 3HaYeHMe 03HavaeT, YTO OOHOT0 3aleTaHus
Ha BecChb cjlefl He cylecTByeT. Torga BKJIIOYaliTe OKHO: 3ajieraHue CYHUTAETCS II0 CKOJIb3SIIEMY
y4acTKy, ¥ Ha BeIXOome OymeT ero M3MeHEeHHe BOOJIb I'PAHUIIEl, YTO IOJE3HEEe OJHOTO CPEeTHEro
4YHCIa.

Mecto B memnouke. Brrxon nogaércs npsimo B 4.05, roe mons dip u dip az u oxupgawmorcs. Ecnou
penbed 3amaH TOPU30OHTAIAMM, a Cile[ IIJIOCKWM, IPOBEOUTe ero clepBa udepe3 2.22 - OTMETKH
CHUMYTCS C IPUMBIKAIONIUX TOPU30HTAlIEeH.

I'eorornueckasi Mmooesib

I'pynna cobupaeT MHCTPYMEHTH, paboTalomnie He C OJHOM ITOBEPXHOCTHIO, a C MAYKOM: KPOBJIH U
IIOMOIIBEI COCEIHUX TEJNl CBSI3aHHI MexXKay co0o0i, ¥ CBs3b 9Ta Iu00 cobimomaeTcs, Tub0 HapyIleHa.
ITpoBepuTh €€ U ecTh IepBas 3amada. Bropas - UMeTh o[ PYKOH 3aBeqoMO M3BECTHBIM MaTepHall,
Ha KOTOPOM BH[IHO, I'Ie TPUO0BOE MIpefcTaBleHne paboTaeT, a rae MepecTaér.

5.01 Cor;1acoBaHHOCTH IIQYKH II'IACTOB

KpOBHI/I 1 IIOOOIIIBEI OOBIYHO CTPOSATCA IIOPO3Hb: KaXHOas IIOBEPXHOCTbL HMHTEPIIONIUPYETCSA II0
CBOMM 3aMeépPaM W HHUYEro He 3HaeT O CyLIeCTBOBaAHMWMU COCEeOHUX. Iloka mnacTel BEIEP2KAaHBI, 3TO
CXOOouT C PYK. B 30He BHIKIMHUBaHUS, I'I€ MOLIHOCTh I/IJIéT K HYJIIO, IB€ HE3ABUCHUMO IIOCTPOEHHEIE
IIOBEPXHOCTH IIOYTH Hen30exXKHOo IIEpeCeKalrTCsAaA, U OaJIbIle apI/I(l)MeTI/IKa IO TaKOU ITadyKe naé’r
OTpHULlaTEeJIbHBEIE MOIITHOCTHU U O6'LéMBI, a Ha pa3pe3e BUOHBI BEIBEPHYTEIE ITOJIOCHI.

I/IHCTDYMGHT OTBe4YaeT Ha BOIIPOC, €CTh JIM TaKKWe MeCTa U I'lie UMEHHO.
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Y10 cuuTaeTrcs

BbBIKJIMHHBAHHE - MOIIHOCTb B IIpedejiaX OOHyCKa OT HyJs. DTO TeojioTusi, a He medekT, U B
OTOEJIbHLIN CUET.

OTpPI].IaTeJIBHaH MOITHOCTDB - KPOBJIA IIJIaCTa HUZXKe €ro IIOOOIIIBEI.

HepexnéCT COCEJI(')ﬁ - IIOOOIIIBa BBIIIEJIEXKAIIero OIIyCTHUJIaCh HHZXKE KPOBJIM HHZXKeJIeXKalllero.
HpOBepKa OTHOeJIbHad U HE CBOOUTCSA K Hpenbmyu.[eﬁ: KaXOBIY I1JIaCT II0 OOUHOYKE MOXKET OBITH Ier,
da BMeCTEe OHHU IIEPEKPHIBAIOTCA.

HauMeHbIINH 3a30p MEXKOY COCEOsIMHU BHIHAETCS KapTOH, a HE TOJIBKO YHUCJIOM. YHMCIJIO TOBOPHT,
CKOJIBKO, KapTa - I'lle, ¥ BTOpPOe BakKHee: TaM IIePeXJIECT U BOZHUKHET IIPU CIIeOyIoleM IIepecueTe
IIOBEPXHOCTEN.

HpH3HaK nepeBépHyToro nmopsaAgKa Cpa6aTbIBaeT, eClin HepeXJ’IéCT 3aHAJI IIOYTH BCIO IIJIOIIadb, a
BHYTPH IIJIaCTOB YHUCTO. l'eomorus Tak He BHITJISOUT: HACTOSIIINM nepexnéCT MECTHBIU U COCelnCTByeT
C BRHIKJIMHUBaHUEM. [TouTu HaBE€PHsAKaA IIJIaCThI IIOOAaHBI CHU3Y BBEPX.

[omyck BHIKJIMHUBAHUSA 3aJa€TCsl IlapaMeTPOM U II0 CMBICIy PaBeH TOYHOCTU ITIOCTPOEHUS
noBepxHOCTeH. [Ipy HYJIEBOM AOIMYCKe YUCJIEHHBIN IIYM B 30HE CXOXKIEHUS IIOCHIIJIETCS B OIIUOKU.

OTKyma O0epeéTcsi moOpsifioK IIaCTOB

IMopsimok 3ajieraHWss CBEPXY BHU3 MHCTPYMEHT OEPET M3 AepeBa CJI0EB IIPOEKTa, a €CJIM MOHaH
CIIPaBOYHMUK IIJIACTOB - U3 Hero. [Topanok Beibopa ¢aiioB B Auajore He 3HauuT HUYero: QGIS ero
HE COXPAHSET, W MoJIaraThCsA Ha HEro Henb3s. OTKyOa B3ST MOPSOOK, TevaTaeTcs B XKypHall.

CIpaBOYHUK NPUMEHSIETCS, TOJIBKO €CJIM ONMCHBAET IMOJAHHEBIE IJIACTHL. YyXKOW CIPaBOYHUK, HE
COBITAAAIONINHM HH OOHUM KOJIOM, UTHOPUPYETCS C COOOIIEHUEM, a He 3aJaéT CIIyYalHbIN TOPSA0K.

Y10 Ha BbIXOIe

PacTp 30H c KOgaMu: COTJIaCOBAHO, BEIKIMHUBAHNWE, OTPUIlATEIbHAsI MOIIHOCTE, IepexiécTt. Kapra
HaMMEHBIIIEr0 3a30pa [0 COCEeOHEro mJjlacTa. B XKypHan IO KaxXXOoMy IIJIaCTy HOET OHalla30H
MOIITHOCTH U IIJIOIIaAX 30H, 110 KaXK[01 ITape cocefel - HAaUMEHBIINM 3a30p U IIJIOIIaab IIepeXIIEcTa.

IInomagu 1medyaTarOTCsS B T'eKTapaX, a He B d4YeMKax: ThICS4Ya sTyeeK Ha MeTpOBOﬂ CeTKe MU Ha
TpI/IJIL[aTHMeTpOBOfI Pa3IN49al0TCA B OEBATBECOT pPas3.

Yero HHCTPyMEHT He pellaer

OTpullaTesbHasi MOIIHOCTh OBIBAE€T [ABYX IIPOUCXOXKOECHWH, W apuPMeTuKOH WX He Pa3TUUUTh:
omubOKa MHTEPTOIANUY 1160 OMPOKUORIBAHUE TIJIacTa HA CKIagKe. MTHCTPYMEHT OTMEeYaeT MecTa u
medYaTaeT YKCJIa, HO MPUTOBOPA He BHIHOCUT. Pa3nuyaioT maHHBIe OYPEHUs: eCIU KOOBI II0 CTBOIIY
HUOYT HE B CTPAaTUrpaduyeCcKoOM MOPSIAKE, 9TO IPU3HAK ONPOKUABIBAHUS, U CIUTAETCS OH IIPSIMO II0
Mopenu OypeHus.

OTnuuuTh Cpe3 OT BHIKJIMHUBaAHUA 0e3 IIOBEPXHOCTHU PACTBOPEHUA Ha BXOOE TOXKe HEeJIb34d: Y Cpe3a
MOIITHOCTB o6prBaeTc;{ Ha 3eépPKaJjie, Y BEIKIIMHUBAHWA KPOBJIA C TIOHOOIIBOM CXOOATCS MexXOy coboi,
HO Ha KapTe 30H oba ClIy4dasd BBRITTIAOAT OOMHAKOBO.

5.02 IIpumMmep pa3pe3a (memo)
HWHCTPYMEHT CTPOUT y4eOHBIM pa3pe3 BEePXHEKAaMCKOr'O THIA CO BCEMHU CAydasMU, Pagu KOTOPBIX

CyLlIeCTBYET OCTAaJIbHAA I'PYIIIIA. [Tone3eH OH TeM, UTO OTBET U3BECTEH 3apaHee: moboe pacxoxuoeHnue
C HUM ecTh omnbKa WHCTPYMEHTA, a He JaHHBIX.
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YTo B IpuMepe

KoJsioHKa B3siTa U3 CIIPaBOYHMKA IIJIaCTOB LIETUKOM, TPUAIATE IECTh TEJI CBEPXY BHU3: IOKPOBHBIE
OT/IOXKEHUs, MeCTPOIBETHAS W TEPPUTeHHO-KapOOHATHAas TOJIIH, COJITHO-MepTelbHasi TOJIIA,
OasbIlle COJIb C MEepPexXOdHOW MHadYKOlW, MOKPOBHOM KaMEHHOM COJIbI0, KapHAJIJIMTOBOM 30HOU C
MEeXKOYIJIaCThIMU, CUJIbBUHUTOBEIMU IIJTaCTaMM, IIOACTUJIAIONIEN COJIbIO0, MapKUPYIOIel TJINHON U
HUXKHEUN COoJblo. MeXOymnnacThbsa 30eCh TaKMe XKe Tejla, KakK I1aCThI.

JIexxauasi CKJIagKa B cepefuHe MJOIIaau. Y €€ 3aMKa BepTUKajbHas CKBaXKMHa IlepeceKaeT
OIHO M TO K€ TeJI0 TPUXKOLI: B TOPU30HTAJIbHOM KphIJIe, B BepXHel Ayre U B HUXKHEH, a cocegHee
BCKpBIBaAeTCs OBaxKabl. Hayl TOUKOM B ITJlTaHEe OKa3bIBAETCS HECKOIJILKO KPOBEJIb, I OTMETKA IIePEeCTaéT
ObITE PyHKITMEN OABYX KOOpaMHAT. HUKakas IMIOTHOCTb CETH 3TOTO HE UCIIPABUT.

BbBIKIMHHMBaAHHE CBOOUT MOIIHOCTh OOHOTO IIjlacTa K HYIIIO CriazxkKeHHOU CTYII€EHBIO ME€XKOYy OBYyMHA
I'DaHULIaMU. FpaHI/I].[I)I BEIOAIOTCA JIMHUAMHU - TEM CaMbIM BXOIOOM, KOTOprﬁ HY2KEH OJIs1 IIOCTPOEHHnA
TPeHOa MOIITHOCTH.

CoJISTHOM KYIIOJI CO CPe3aHHON BEPXYIIKOM CTOHUT B CTOPOHE OT CKJIagKu. KyIon mogHuMaeT
COJIb LIeJTUKOM, a ITIOBEPXHOCTh PAaCTBOPEHUS Cpe3aeT MONHSTOe CBEPXY, U CPe3aeTCsi He OMHO TeJIo,
a BCsI KOJIOHKA BHU3 [0 YPOBHSI PACTBOPEHUsI. 3ePKAJI0 3TO KPOBJIsi He Ha3HAUYEHHOI'0 Teja, a TOTO,
KOTOPOE yIIeNiesio: B CTOPOHE OT KYII0Jia ITepexofHasi Iadyka, Haj CBOLOM ITOKPOBHASI COJIb.

COHHHO-MepI’eHLHaH TOJIIA JIerJla Ha CPE€3aHHYIO COJIb U 3aIllOJIHAEeT BCE [0 ITOMIOIIBEI TEPPUTEHHO-
Kap60HaTHOﬁ, IIO3TOMY Ha[ KYIIOJIOM OHA TOHKad, a B CTOPOHE IIOJIHa4Ad.

I'puabl B 30HE CKJIQAKH HeBEPHBI HAPOYHO

IToBepXHOCTM CTPOSITCHA IIO II€PBOMY CBEPXYy BCKPBITHIO, TO €CTh POBHO TakK, KakK ux cobpan Ob
YeJI0BEK, pa300paBIlInii 3aMephl U3 CKBaXKMH ¥ HE 3aMETHUBIINN ONMPOKUALIBaHUS. B 30HE CKiagku
OHU HeJIeMCTBUTENLHEL 110 IIOCTPOEHUIO, 1 9TO CHeNlaHo HaMepeHHO: 5.01 Ha Takux rpugax ob6s3aHa
IOKa3aTh IEPEeXJIECT U OTpUIlaTelbHbIe MOIIHOCTU. KOHTYp 30HHI BHEIIAETCH OTHEIbHEIM CJIOEM,
4yTOOBLI HE TPUHUMATh €€ 3a OMNOKYy UHCTPYMEHTA.

YT0 Ha BBIX0JE

[ToBepxHOCTU NUIIYTCS B IANKy 0O (aily Ha KOHTAKT U IPy3SATCS B IPYINY B HOPSAOKE KOJIOHKU.
TpupguaTh ceMb OTAENbHEIX CTPOK B OUaJsiore OTKPHIBaTh ObUIO OBl HeYeM, IO3TOMY B IlapaMeTpax
CTOUT OJHa [alkKa.

KpoMe moBepxXHOCTEH BHIZAIOTCS 3€PKAl0 PAacTBOPEHUS, KapTa BHIXOMa IOM 3ePKajo, MOIIHOCTh
BOMO3AIIUTHOM TOJIIKM OT KPOBIHU IjlacTa B Mo 3epKajia, yCThsl ¥ WHTEPBA/Ibl MOOENu OypeHus c
HOMEPOM BCKPBITHS B TOJIe entry, TpaHUIbl BBIKIIMHWUBAHUS JTUHUSIMM, KOHTYD 30HBI CKIAAKH U
CITPABOYHMUK IIJTAaCTOB C KOOAMU, IOPSAKOM, BUAOM Tejla U LIBETOM.

Bcé meTepMHUHUPOBAHO: OIHU U TE K€ ITapaMeTpPHl JaloT OOUH U TOT XKe pa3pes.

Kak 3TuM nmojin»30BaTbCsl

ITocTpoiiTe mpumMep, momaiTe ero mMoBepxHocTH B 5.01 u ybemuTech, YTO MEPEXJIECT HAXOOUTCS B
30He CKJIaJIKH, a BRIKIIMHUBaHKE TaM, TOe 3aJaHbl TPaHUIIbL. 3aTeM IIPOBEIUTE TUHUIO Pa3pesa uyepes
CBOJ Kymojia nHCTpyMeHToM 4.01, momaB CIIpaBOYHHUK IIJIACTOB: IOJIOCH OOPHIBAIOTCS Ha 3€pKale,
Hajl CBOJIOM BEepPXHEro Tejla HeT BOBCe, a ciiefyroinee 000pBaHO. ITO U €CTh KAPTUHA, KOTOPYIO AéT
9PO3UOHHEBIN KOHTAKT, U TT0 Hel yooOHO TPoBEPSITh, KaK BeAyT cebs1 pa3pe3hbl Ha HACTOSIIINX JaHHBIX.

5.03 Coopka madyku oT penbeda

KomoHKa CTPOUTCS CBepXy BHU3, TEJIO 3a TEJIOM II0 CIIPAaBOYHUKY. 71 KaXKI0T0 Tejla UHTEPIIOIUPYETCS
MOIITHOCTh II0 CKBaXKMHAM, IIO[OIIBA MOJIy4aeTCs BBIYMTAHMEM MOIIHOCTH M3 BHIIIENIEKAllen
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IIOBEPXHOCTH, X OHA XKe CIIY2KHUT BEPXOM [OJIdA CIIeOyloIIero.

IToueMy 3TO HaJEKHO

Ecnu MOLIHOCTU HeOTpHUllaTeJIbHBI, ITOBEPXHOCTHU HE€ MOI'yT IIepeCeYbCsda: OHH II0JIy4YalTCsA
BEIYHMTaHHEM OOHaA U3 npyroﬁ. HerOTI/IBOpe‘-II/IBOCTB BEIXOOUT IIO IIOCTPOEHHIO, a He HpOBepKOI;'I
rmocJjie. 3TO rJlaBHOE MOCTOMHCTBO CXEMBI, M OHO BaXKHee eé IIPOCTOTHEI.

YeM 3a 3TO IIATAT

OmubKa KaXOOMW MOIIHOCTU CKJIaObIBAE€TCS C IpegelgyImMuy, 1 K HU2KHHMM TeJlaM HAKOIIJIEHHOe
OTKJIOHEHHE CIIOCOOHO IIPEBBICUTE CaMy MOIIIHOCTS. CxeMa romuTcs OIS HeFJ'IY6OKI/IX IIa49eK Hu
WH2XXKEHEPHEBIX 3aaa4, roe BerHI/Iﬁ KOHTAaKT U €CThb JHEBHasd ITIOBEPXHOCTE.

st TIy0OKUX TIa4veK ITofaliTe OMOPHOM IPOCJIEKEHHBIM KOHTAKT M yKaXKUTe, Ybel KPOBJIEW OH
cnyxut. Torma c6opka MIOET OT HETO B 00e CTOPOHEI, BHU3 BHIUYMTAHUEM U BBepPX NpubOaBJIEeHUEM,
u omubKa OeUTCs IonojaM.

Y10 cUuTaeTCcsi MOITHOCTHIO

MomHOoCTh GepETCA TO CTBOJIYy U NPUBOOUTCHA K BEPTUKANIM IO YIJIy MafeHUus: y HaKJIOHHOM
CKBaXXWHBI BCKDHITAsi MOIIHOCTHL OOJIbllle MCTUHHOM, M 6e3 IIONpaBKM ITauyKa pacIyXHeT. YIoJ
YUTAETCS U3 MOJISA Y YCThs, 6€3 HETO CTBOJI CYUTAETCSA BEPTUKAJIBHEIM.

OTcyTcTBUE Tejla B CKBaXXWHE 3TO HOJIb, & HE IPONYyCK. MexXnay TakKOoW CKBaXKMHOU M COCENHEU
MOIIIHOCTh YXOOUT B HOJIb, U T€JIO BEIKJIMHUBAETCsA CaMoO, oe3 OTOEeJIBHOTO MeXaHu3Ma.

JINMHUHM KOHTAaKTa

TaM, roe Teno BHIXOOWUT Ha [OBEPXHOCTh, MOIIHOCTH BCErO BHIIIIeeXKalllero paBHa HYIIIO IO
OIlpefesIeHUIO TPaHUIL], ¥ 9TO 3HaYEHUE U3BECTHO, a He OIIeHEHO. Y3IIbl TUHUU IPOPEXKMBAIOTCS C
IaroM nopsigKa sS4evKu: I'yCcToTa oI POBKY He JOJIXKHAa IIpeBpalaThCs B BeC.

5.04 KoppeKnus mMa4KH 110 CTaTHCTHKE MOIIHOCTEH

[IpaBUT yHaACJIeOBAaHHYIO MAaYKy, KOTOPYIO HUKTO He CTaHeT IepecobupaTh 3aHOBO. ITo 3aMepam
CUYUTAETCS CTaTUCTHUKA MOIIHOCTH KaXKI0To Teja, 6epEeTCs HOBEPUTEIbHBIN NHTEPBAJI, 1 MOIIHOCTH
Ha TPUEe CPe3aloTCs II0 ero TPaHMIlaM: BCE, YTO BHINIIO 3a HUX, 3aMEeHSIeTCS CaMoll rpaHuiiei. 13
MCITPaBJIEHHBIX MOIITHOCTEH TTayKa cOOMpaeTcst 3aHOBO.

Yucno s4yeek IIPDHU 3TOM HE€ MEHAEeTCsdA, B OTJIInN4YUuEe OT BI:I6paCBIBaHI/Iﬂ: MECTO OCTaéTCH, 06e3Bpe}KeHa
TOJIBKO BEIU4YMWHA. B cTaTuCTHKE HpI/IeM Ha3bIBA€TCs BUH30PHUPOBaAHHUEM.

CpezaHmue otgenseT apredakT HUHTEPIOSIMM OT Teojioruu. MOIIHOCTH BHE WHTEpBaja Ha
BBHIIEPKAaHHOM TeJie ITOYTH HaBepPHsSKa eCTh PAa3TOH MeTola MeXOy CKBaKMHaMH, a He HacToslee
yroniienue. TaMm, rOme Tejio 3aKOHOMEPHO MeHSIeT MOIIHOCTh, MHTEpPBaJl INMWPOK, M IIpaBKa He
cpabaThHIBaeT.

Cratuctuka Oep€Tcs M3 3aMepPOB, €CJIM OHU HomaHbl. be3 HUX MHTEpPBaJl CUMTAETCS 10 CaMOMY
TPpUOy, ¥ 9TO ciabee: TPUL yXKe COOEPKUT apTedaKT, KOTOPEIM MHI uieM. MHCTPpyMeHT 00 3ToM
IpeaympexmaaeT.

5.05 Manaudect mogeiu

3amnuchIiBaeT, KaKyl POJb UIpaeT KaXKOBIM CII0M MPOEKTa: OMOpHAas ITOBEPXHOCTh, KOHTAKT Teja,
3epKajio, YCThsl, MHTEPBAJIE, 3aMePHl OCH, CIPABOYHUK, Ha3eMHbIEe HAaOIIIOIEeHUsI, CTBOP, Pa3pes.
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ITocrne cOOpPKHU MIPOEKT IIpeBpalllaeTcs B Ky4Yy pPacTpoB M Tabmui 6e3 sSBHOU CTPYKTYpHL. YTO u3
9TOT'0 YTO, 3HAET II0JIh30BaTellb, HO I'OJI0BAa He MepemaéTcss BMECTe C IIPOeKToM. MaHudecT KUBET
B II0JIh30BaTEIbCKUX CBOMCTBax ImpoekTa QGIS - miraTHoe MecTo, KOTOpPOe coxpaHseTcs: B daline
IIPOEKTa U IIEPEHOCUTCA BMECTE C HUM.

IIpaBuo, KOTOPOE BaxKHee IIPOYMX: HHCTPYMEHTH YHUTAl0T MaHUPEeCT, HO He TpebywooT ero. EcThb
POJH - BXOIOEI HAaXOOATCs camMiu. HeT posieil, TOTOMY 4TO IIPOEKT YYKOM WX YHACIIeIOBAaHHEIM, - BCE
paboTaeT o ssBHOMY BEIOOPY. MaHudecT cokpaliaeT MyTh, a HE CTAHOBUTCS YCJIIOBHEM PabOTHI.

Ponmu yrapgpiBaloTCA 110 MMEHaM CJIOEB U BBHIAIOTCSA Tabnuileli Ha HPOBEPKY: UM HUYEro He
rapaHTupyeT. UyKue pojH, 3anucaHHble OIPYTrUMU MOOYISIMU, COXPaHAIOTCS: MaHU(ECT oOIui, u
BBIYUINIATH HE3HAKOMOE 3HAYUT JIOMaTh cocegsaM paboTy.

5.06 Cxi1agyaToCTh NOBEPXHOCTHU

CuuTaeT, HaCKOJILKO ITIOBEPXHOCTH CMSATA, 110 pa36pPOCy OTMETOK BOKPYT MECTHOI'O HAKJIOHA.

CkIag4yaToCThb MEPUTCAd IIO IIOBEPXHOCTH, a4 HEe II0 MOIIHOCTHU: LUJIHMHAPHYEeCKasd CKIIagKa C
IIOCTOSTHHOM MCTUHHOM MOIITHOCTBIO CyLIeCTBYET U I10 MOIIHOCTHU HEBUOMMa BOBCE.

IIpsiMast guUCIIepCcusi OTMETOK He romutcs. Ha ofiemM HaK/IOHEe OHa BeJIMKa BCIOAY, W CIIOKOHMHBIN
CKJIOH IIOJIy4aeT Ty K€ OIIeHKY, YTO CMsTas 30Ha. [I03ToOMy B KaXX[10M OKHE IIOATOHSETCS IIJIOCKOCTh
U CYUTAETCS Pa3bpoc OCTAaTKOB BOKPYT HEE: HAKJIOH YXOIUT, U3BUIUCTOCTD OCTAETCs. TpeHg UMEeHHO
JIMHEeNHBIN, KBapaTUYHEIM BoOpas 65l B ce0st 4aCTh caMOM CKJIag4aTOCTH.

OmHO OKHO HMYEro He pelraeT. [ucnepcus 3aBUCUT OT MaciTaba, ¥ IpaBUIbHAasI Mepa 3TO CKOPOCTh
eé pocTa C pasMepoM OKHa. HakjioH B OBOMHOM jorapudme U eCTb 3Ta CKOPOCTh: Ha CIIOKONWHOM!
TTOBEPXHOCTH OH OKOJIO HYJIsI, Ha CMSTOM 3aMeTHO OOJbIIIe.

OcTaToK MOBEPXHOCTU BHIAAETCS OTHEJIBHO U TOOUTCS BXOOOM IJist ¢paKTaIbHOM Pa3MepPHOCTU: Ha
OEeTPeHOMPOBaHHOM MOBEPXHOCTU HAKJIOH BapUOTpPaMMBI ONMCHIBAeT U3BUJIMCTOCThL, a He obIee
nageHue Cios.

MoutHoCTh U3 0a3nl OCTAéTCA BTOPEIM, HE3aBHUCHUMBIM IIPHM3HAKOM CKJIag4YaTOCTH: OHa BCKPEITaAdA, a
He MCTHHHAaA, U Ha KPhIJIe paCTéT TeéM CHUJIbHEee, 4YeM Kpy4de 3aJieraHue. IIBa Pa3HBIX U3MEPEHN,
CXOOAIIUXCA B OOHOM MECTeE, HaJIé}KHee OOHOTO.

I'mgpoiorusi pex

I'pymima oTBe4YaeT Ha BOIIPOC, KOTOPHIM OOOCHOBBIBAIOT 3aTOIIJIEHHE: 1O KAKOW OTMETKH IIOTHUMETCS
BOfIa IIPY 3aJaHHOM pacCXofie M KakKOW pacxop IIPOXOOUT IIPHU 3amaHHOM oTMeTKe. CBSI3b MEXKMOY
pacxonoM ¥ OTMETKOM CTPOUTCS 0 CTBOPY M Ha3bIBAETCS KPUBOM PacXOdoB.

3apada mpulljia U3 IPaKTUKU: TUAPOJIOTH CTPOSAT TaKWe KPUBBLIE B IporpaMMax C PyYHBEIM BBOAOM,
e Imaphl PacCTOsIHMEe-OTMeTKa BOMBAIOTCS TaOMUIleH II0 KaXKIOMYy CTBOPY, a KO3(GUIIMEHTH H
VKJIOHBI IIPOIIHCHIBAIOTCS PyKaMM. MeXOy TeM BCE IepeduclieHHOe - JaHHble, KoTopbklie B ['MIC
YXKe €CThb: PaCCTOAHUA CUOAT B reOMETPUM CTBOPA, OTMETKH B IIPOMeEpPaX, YKIIOH MeXOy CTBOPaMU
CUmMTaeTCs U3 KUjIoMeTpaxa.

BeTKka caMOCTOSITEIbHA U C TEOJIOTMUYECKON MOIEJbI0 He TEepeceKaeTcs, O0Iero y HUX TOJIBKO
armapaT IpoguIe.

6.01 CTBOpPHI U KPHUBHIE PACXOO0B

I'maBHBIM MHCTPYMEHT rpynnsl. [Io CTBOPY ¥ OTMETKaM CTPOUT Tabnuiy u rpaduk 3aBUCUMOCTHU
pacxopa OT OTMETKH.
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Kak cuuraercs

IIpoduns GepéTcs MO BEpPIIMHAM CTBOPA, OTMETKa M3 Z BepIIMHBL. [IpoMepeHHas OTMEeTKa TOYHee
mo6oi Momenu penbeda, IO3TOMY HCTOYHHKOM CIIYKUT cCaMa IeOMEeTPHsI CTBOpa, a He cpe3 LIMP.

IMpoduns menuTcs Ha JIeBHIN Oeper, Pycno u mpaBwiii 6eper. CuuTaTh pa3debHO 005S3aTENbHO:
IIIEPOXOBATOCTh IOMMBI M pyCja pa3jh4yaeTcs B pPas3bkl, M E€OUHBIM CYET 3aHUXKAeT PYCJIOBYIO
cocTtaBnsamomyln. Ha KaXpmoM ydacTKe CYUTAIOTCA IUIOWIaAb XKUBOTO CeYeHUus, IIHpUHa II0
3epKajy, CMOYEeHHEIH TIepUMETP U TUIPaBINYECKUM pafuyc, 3aTeM pacxop 1o dopMmyine MaHHUHTA.
CyMMapHBIU PacXxof €CTh CyMMa y4aCTKOBEIX.

CMmoueHHBI mepuMeTp OepéTcs mo TBEPABIM TpaHWIlaM, TO €CTb II0 OHY M OTKocaM, 0e3
BEPTUKAJIbHEIX TPAQHUIl y4acTKOB. MeTOOUKH 3IOeCh pPACXOHOATCS, W IPHUHATO IIPOCTEUINee U3
coryalleHun.

YuacTtKu

3agaéTcsa OmHUM M3 ABYX CIIOoc0o00B. JIuGo CTBOP NPUXOOUT ONHOM JIMHMEHW, a TPAHULEBl CTOST
B IOJISIX PACCTOSHUAMHU IO Ipoduiio. JImGo Tpems TUHUSIMU C IIOJIEM POJU U OOIIMM MMEHEM
- Torga pa30uBKa XUBET B TeOMETPUHU, KaK TUOPOJIOTHM U pUCyioT mpodunu. Bropoit crmocod
IpefnoYTUTeNbHEE: PACCTOSTHUS BPYUYHYIO He HYKHEL.

IITepox0BaTOCTH H YKJIOH

BepyTcs u3 mosei CTBOpa, a He U3 IIapaMeTPOB MHCTpyMeHTa. [IprunHa He B yOoOCTBEe: CTBOPOB
MHOTO, V KaXXIOTO CBOM 3HAYeHHS, W IIapaMeTpaMH 3TO He BEIPA3UTh, a KaTUOPOBKA IIPHU ITOJISIX
CBOIOMTCS K IIpaBKe Tabmuilbl. [lapaMeTpHI CiIyXKaT yMOJTYaHUEM I CTBOPOB 0e3 MOoIel, IPUHSITHIE
3HAYEHUs MeYaTalTcs B XKypHarl.

YKi0oH YMeEEeT CHUTATHCA IIO IIEeIIOYKe CTBOPOB: €CJIM 3aaHbl KUJIOMETPAX M OTMETKHU OHa, YKIIOH
Kazxaooro 6epéTCH K coCcegHeMYy I10 Pa3HOCTH OTMETOK U PACCTOAHHUIO BOOJIb PEKH. B CYH.IeCTBYIOLL[efI
IIPAKTHUKE €TI0 IIPOIMUCBIBAIOT OTHOCHUTEJILHO IIPENBIAYIIEerO CTBOPA BPYYHYIO, 31€Ch Ta 2K€ BEeJINYHNHa
BEIXOOUT U3 anI/I6YTOB caMa.

TTonsi 1 e THHHUIIBI

CTBOpDHI Ha BXOe€:

nosue 4TOo eqQUHULIEL

sec UMS CTBOPA, 110 HEMY TEKCT
TPYIIUPYIOTCS TUHUU

km KHUJIOMETPaX OT YCThS KM

role POJIb JIMHUM IPU TToAaYe TPEMSI TEeKCT: JIeBHIH, PyCJio, IpPaBhIi
JIMHUSMU

div_1, div_r TPaHUIE YYaCTKOB, M

PacCCTOSTHUS 10 TPOGUITIO OT
Ha4yalla IMHUU

n_left, n_channel, n_right IIepOX0BaTOCTL MaHHUHTA 110  Oe3pa3MepHas
y4acTKaM
slope YKJIOH BOTHOM IMOBEPXHOCTHU M/M

Tabmuita mpoMepoB Ha Bxome 6.03: sec, dist - pacCTOAHUE IO CTBOPY B MeTpax, elev - aOCONMIOTHASA
OTMETKa B MeTpax, km, U Te Ke PaCYETHHIE MOJIsI, €CJIM OHU €CThb.

Tabmuila pacxomoB 00eCHIedYeHHOCTH: prob B MHPOIEHTaX, q B KyOoMeTpax B ceKyHmy. Tabmuia
HabOmII0maeMBIX YPOBHEH: level B MeTpax, label TEKCTOM.
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KpuBas Ha BBIXOfE: level M, area M?, width M, perim M, radius M, v M/C, q M3/c, n 6e3pa3MepHas, slope
M/M.

TMopmBan yepTexka: TO JKe TIJTIOC depth avg CpPefHss TTyOMHA B MeTpax, slope ppm YKJIOH B ITPOMHUIITIE,
n_inv BeTMuunHa, oOpaTHast IIePOX0BATOCTH, q_pct [OJIST OT CYMMapHOTO pacXoda B IPOIIEHTAX, part_no
HOMED ydJacTKa.

OTMeTKHY 3eM/Iu: dist PacCCTOSIHUE IO CTBOPY B MeTpax, elev OTMETKa B METPAaX, step PACCTOSIHHE IO
MIPEeNBImyIel TOYKH B MeTpax.

YpoBHU: level M, q M3/C, prob IIPOIIEHTHI, label ITOOIIMCH, kind BUO YPOBHS - prob PAaCUETHHIM, obs
HaOJIIoqaeMbli.

B KaKHuX eTHHHIIAX

Vkion 6e3pa3MepeH: OTHOIIEHUE IafeHus K OJINHEe, MeTp Ha MeTp. B mojsax u mapamMeTpax OH
3apaércsa uMeHHo Tak, 0.0004, a He B mpoMuie. B nmogBaje dyepTezka TOT K€ YKJIOH BBIBOOUTCS
OTHIENBHBIM IIOJIEM B IIPOMUJIJIE, IOTOMY YTO B OTYETHHIX Tabmuiax muiryT Tak: 15.30 %o B mogBarse
910 0.0153 B mmosne cTBOpa.

[ITepoxoBaToCcTh 3amaércs kKoabduinmentom Manuunra: 0.030 gna wucrtoro pycna, 0.070 pns
3apociedi moiMel. CTporo roBopsi, Ko3adgdunueHT He Oe3pa3MepeH, pPa3MepPHOCTL NPAYETCHS B
dbopmyrie, 1 moTOMY OHa MeTpPUUYECKas: Pacxof BHIXOOUT B KyODOMeTpax B CEKYHOY IIPH IIJIOMIAON B
KBaJIpaTHEIX MeTpax U papuyce B MeTpax. [Insa ¢yToB dpopmya norpeboBana 65l CBOET0 MHOXKUTEIIS.

B mopBane psmom ¢ KoadgduirmerToM uaéT odpaTHAS €My BEIUYWHA, IOTOMY YTO Ha TMOPOCTBOPE
nmevataioT uMeHHOo eé: 10.00 B momBane coorBeTcTBYyeT 0.100 B mosme cTBOpa.

ITons ¢ oxupmaeMbIMHM uMeHaMu - sec, km, div 1, div r, n left, n channel, n right, slope -
IIOOXBaTHIBAIOTCS 0e3 ydacTus IIOJIb30BaTeslsl, NOAXBaudeHHBIe IedaTaloTCs B XKypHasl. fBHBIN
BRIOOP BCerfa crapllle HauIeHHOTO.

YposHH

Pacxonsl o6ecrieueHHOCTH - 1, 5, 10 IIPOIEHTOB - MOmA0TCs TabIuIel map o6ecnedYeHHOCTh-Pacxo.
CunTaTh UX U3 PAOOB HaOJIOOEeHWN MHCTPYMEHT He GepEeTCsi, 3TO TUAPOJIOTHYEcKasi CTaTUCTHUKA.
ITo xpuBOM KaxXAOMYy pacxody HaXOOUTCHA OTMETKa, M YPOBHHU BBIXOAAT JIMHUSMH B UEPTEIKHBIX
KOOpOMHAaTax C TOTOBBRIMU IomnucsaMu Buga YBB1%, Kak MX um HaHOCST Ha TUApocTBope. Pacxon
BRIIIIE KPUBOM MAET NMpenyInpexkaeHue, a He 9KCTPAIIOISIINIO.

Ha6mromaeMble YPOBHHM MOOAIOTCS CBOEM TabIuIEl: OTMeTKa M MOAINHNCH. DTO 3aMep, a He pPacueérT,
Ha KpPUBYIO OH He OIHUpaeTCs U JIOKHUTCS PAOOM C pacuyeTHBIMHU, Bupa YB 472.90 X/2021. B cnoe
YPOBHEH Takue CTPOKM nmomeudeHs! kind=obs, pacuétnrie kind=prob, 1 11o 3TOMy IIOJII0 UM 3aHaETCSA
Pa3HbLIUA CTUIIb.

IlogBan yepTrexka

[yt mucTa THAPOCTBOPA OTHENBHO BHIOAETCS ITOABAJI - CTPOKA HAa y4YaCTOK C IIMPUHOMW, CpemHel
TIyOMHOM, IIOIAfbI0 CEYEHUs, CMOUYEHHBIM IIEPUMETPOM, TUAPABINUYECKUM PafuyCcoM, YKJIOHOM
B IIpoMuUJIIe, KO3(pPUIIMEeHTOM I11ePOX0BAaTOCTH ¥ 00paTHOM eMy BETUYUHOM, CKOPOCTHIO, PACX0A0M U
moietl oT cymMmmapHoro. OTMeTKa 3aflaéTcsi mapaMeTpoM, 6e3 Heé GepeTcsi mepBast 1o 00eCcrIeYeHHOCTH.

PamoM moyT OTMETKU 3€MIIM U PACCTOSHUS TOYKaMH - HUXHUE CTPOKU TOTO Ke depTexa. JIuct
cobupaeTcs mIe4aTHOM KOMIIOHOBKOM: MHCTPYMEHT OTHAET HaHHBIE, 0hOpMIIEHNE KUBET B I1abJI0HE.

Y10 BaKHO 3HATh 0 MeToae

®opmyna MaHHUWHTa ONMCHIBAaE€T YyCTAHOBUBIIEECS PaBHOMEPHOe ABUXKeHMe. KpuBasg mo HeU 3TO
TUOpaBIMYecKas XapaKTepPUCTUKA CTBOPA, a He PACYET BOJIHEBI IIOMYCKa, U MHCTPYMEHT OO0JIbIIIEeTro
He obeIraer.
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YKIIOH BXOOUT B pacxon 1mog KOpHeM, ITIO3TOMY omubKa B HEM CKa3BIBAETCS IIPAMO. Ha PaBHHUHHBIX
PEeKax OH MaJl, ¥ 3Ha4YeHHue BCerga redaraeTCd B 2KypHall, YTOOBI IIPUHATOE OBIIIO BHHO.

Y10 Ha BBIXOIE

Tabnuila KpUBOM MO y4acTKaM M CYMMapHO C MJIOMIAAbI0, IIUPUHOMN, HNEPUMETPOM, PAamUyCcoOM,
CKOPOCTBIO ¥ PACcXOAoM Ha Kaxkpmod oTMeTKe. [Ipodunu cTBOPOB, YPOBHY, TOABAJl U OTMETKU 3€MJIIN
OTIEJIbHEIMU CJIOSIMU B YePTEXKHBIX KOOPAUHATAX.

Otuétr HTML mo KaxXOoMmy CTBOPY: MPO}UIb C HAHECEHHLIMU YPOBHSMU U I'PAHUIIAMU YYaCTKOB,
rpaduK 3aBUCHMOCTH pacxofa OT OTMETKH C JUHUIMU 00ecnedyeHHOCTH, Tabiula ypoBHEH u
Tabnuila KpUBOW. PUCYHKM BCTPOEHHI B CaMy CTPAHUILY, IO3TOMY OTUYET OCTAETCS OOHUM (alyioMm,
KOTOPBIM MOKHO IIepeciaaThb.

6.02 I10/IMTOH 3aTOI/ICHUS

Pexert IIOBEPXHOCTH OTMETKOM BOIHI 1 BbIJIaéT KOHTYD 3aTOIIJIEHUA U PaCTp 1"J'Iy'6I/IHBI.

OTMeTKY MO2KHO 3aflaTh IPSIMO, @ MO2KHO PacXofgoM: TOTOa OHa 6epETCst 00paTHHIM XOIOM 10 KpUBOM
ot 6.01 - TeM caMBbIM OBUKEHHEM, KOTOPOE Ha PYYHBIX IOCTPOEHUSAX PUCYIOT KPACHOU CTPEJIKOMU.
KpuBast momaétcst Tabnumei, pacxom YUCIIOM, IIPUHSITAsA OTMETKA IIeYaTaeTCs B XKypHaJl.

WnacTpyMeHT oTmenéH oT 6.01 HamMepeHHO: y Hero OPyroil BXOHO ¥ OPYro#l nmorpeburens, U TOHATH
BeCh PACY€T KPUBOM pagy OTHOTO IIOJINTOHA He3adyeM.

YPOBGHB BHOJIb PEKH He IMMOCTOsTHEeH

BBepx 110 TeYEHUIO OH BHIIIE, U CPe3 BCeU IJIOManu OOHOM OTMETKOM 3aIuBaeT OOJIMHY TaM, TOe JHO
HUKe 3TOM OTMETKH, XOTs Boda TyZda He moxonuT. [losToMy ypOBHU MOZAIOTCS IO CTBOpaAM: M3 HUX
MMOOHUMAaETCS ITOBEPXHOCTH BOIEI, U T'TyOMHa CUMTAETCS OT Hee.

EcTtp mBa nmytu. I'OTOBBEIE YPOBHU JIUHUSMU - OEPETCS BHIXOZ YPOBHH IO CTBOpPaM Ha KapTe U3
6.01. Minu >kenaeMbIM pacxof 110 yKe IMOCYUTAaHHOM KPUBOW: IIOJAIOTCSI CTBOPHI Ha KapTe, Tabiulia
KPUBOM M YHUCJIO, U I10 KaXXKAOMY CTBOPY OTMETKa HaXOOUTCS 0OPaTHBIM XOMIOM.

BTopoit myTh OTBeYaeT Ha YaCTHIM BOIPOC O KaTacTpoduUUYeCKOM ClleHapuu. KpuBasi oT pacxoma
He 3aBHCHUT, OHa XapaKTepHCTHKa CTBOpPA, IIO3TOMY Ji000H pacxof, a He TOJIbLKO PACYETHHIH,
pexeTcs 6e3 nepecuéra 6.01. CTBOP, Y KOTOPOr'0 PACXO[ BHIIMIEN 3a BepPX KPUBOM, IPONYCKAETCS C
npenynpeXkgeHueM: KpUuBas CTPOUTCS OO0 Bepxa MpoGussi, U BHIIIIE HETO OTMETKY B34Th HEOTKYy[a.
Ecnu Takue clieHapuu HYXKHBI, IOOHUMUTE BEPXHIOI OTMETKY B 6.01, ¥ KpuBas IPOLOOJIZKUTCHA C
3amacom.

YepTEKHBIM CJIOM YPOBHEH O KapTH He TOOHTCS: Y HEero IO TOPU30HTAalIM PAaCCTOSHUE BIOOIb
CTBOpa, a He KoopauHaTa. MHCTPYyMEHT 3TO PacHo3HA&T UM OTKa3hbIBaeT C OOBSICHEHUEM, KaKOM
BBIXO[ OpaTh.

Menkue msTHa OTCEKAIOTCH II0 IJIOMIaAu: Ha paBHHHHOfI noliMe OOWHOYHLBIE STYEMKU HUXKE yYpe3a
OaroT Kpall, KOTOpBIfI K PA3JIMBYy OTHOIIEHUA HE UMEET. CBSA3HOCTS C PYCJIOM He IIPOBEPAETCHA, U 00
3TOM CKa3aHO B XypHaJI€: 3aMKHYThEI€ IIOHU2KEHNS B CTOPOHE OT PEKH OCTAHYTCA B KOHTYpP€, 1 3TO
BHOHO Ha KapTe.

6.03 AMmmopT Ta0/IKUIl CTBOPOB

IIpeBpaiiiaeT TabGauIy IPOMEPOB B CTBOPEI C OTMETKAMH B BepIIHHAX.

CyliecTByIOIIre IIPOTrpaMMBI OepzkKaT IIPodHuIb MapaMyd pPacCTOSHHME OT Hadajla CTBoOpa H
abCcomIoTHAsT OTMETKa, W 3a TOObl paboTel TaKux TabauIl HaKallJIMBaeTCcad MHOTo. IlepeOuBaTh
ux pykamu pagu nepexopa B 'MC vHe3auem.
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Ecnu cTBOpPH yXe oinudpoBaHLl Ha KapTe, IOJalTe UX CJIOEM: IPOMEPH! NSITYT BAOIb HACTOSIINX
JIMHUN, U PacCTOSHUE TI0 CTBOPY CTAHET PacCTOSHUEM BOOIb TUHUU. CTBOP, OJISI KOTOPOTO JTUHUU
He HAIJIOCh, CTPOUTCSI CXEMOU C IpeAynpexRaeHreM, TPOMEPH! AJINHHEE TUHUN TPUXKUMAIOTCS K €€
KOHIIY TOXe C IpeaynpexaeHueM.

be3 cnos nurui reoMeTpusa CTPOUTCHA IIPAMBIMHU CTBOPAMMU I10 a3UMYTY U KUJIOMETPAXYy. JTO cxeMma,
a He CbEMKa, U Ha pacqéT KpI/IBOfI OHa Heé BIINSE€T BOBCE: KpHBOfI HY2KHBI PAaCCTOAHUA BOOJIb CTBOPa
n OTMETKH.

BmecTe ¢ mpoduieM IIepPeHOCSITCH PacCuETHBEIE CBOMCTBA, €C/IM OHH B TAOIHIlE €CTh: T'PAHHUIILI
Y4aCTKOB, IIIePOX0BATOCTH U YKIIOH. be3 HuX BepHysach Ol TeOMETPHS, HO He PacuéT, U KpuBasi o
BOCCTAHOBJIEHHLEIM CTBOPAM Pa30IIliachk OBl C MCXOOHOM.

6.04 IIpumep peku (AemMmo)

YyeOHas 1enoYKa CTBOPOB C U3BECTHHIM OTBETOM: HOJIMHA C PYCJIOM M ABYMS ITIOMMaMM, OTMETKH B
7. BEPIIWH, IO y4aCTKOB, IIEPOX0OBATOCTH, YKIIOHA ¥ KUJIOMEeTpaka 3all0JTHEHHI.

Pyci10 1 ITOMMEI KMEIOT PA3HYIO IIIePOX0BATOCTD, IO3TOMY Ha KPUBOM BUAHO, KAK BK/IIOYAETCS ITOMMa:
0o OPOBOK pPacxXomd PacTET KPYTO, BHIIIE MepeioMa moiMa mo0aBiseT IJIoManb, HO Maio Ho0aBisieT
pacxofa.

Kpome cTBOpPOB BHIgaroTCcsA Tabuia IPoMepoB - BxoAd AJisA 6.03 - ¥ IMOBEPXHOCTH AOJIMHBI PACTPOM,
Bxom mis 6.02: pe3aTh 3aTOIJIEHWIO HeYero, MOKa [OOJIMHA CYIIeCTBYEeT TONIbKO JHUHUSIMMU.
I[ToBEpXHOCTh CTPOUTCS M3 TEX XKe CTBOPOB, UTO U KPUBBIE, MMO3TOMY IIOJIUTI'OH 3aTOIJIEHUS U
KpHBas pacxomoB I'OBOPSAT 00 OMHOM [OIHWHE, a He O IBYX ITOX0XKHX.

OTOenbHBIM BHEIXOOOM HAET STaJIOHHAs KpHBas, NOCUHWTaHHAS SOPOM HanpsaMmylo. PacxoxpeHue C
TeM, 4To gacT 6.01 Ha 3THUX Ke CTBOpPAX, €CTh OIIMOKa MHCTPYMEHTAa, a He MaHHLIX: OTBET U3BECTEeH
3apaHee.

Kak npoBepsiTh rpynmy

IToctpoiiTe mpumMmep, momaiite cTBOpHl B 6.01 u cBephTe TabGAMIy KPUBOM C ITAJIOHHOU - OHU
00s13aHEI COBITACTh. 3aTeM momaiTe TabGmuIily mpoMepoB B 6.03 BMecTe CO CII0eM CTBOPOB HOEMO:
BOCCTAHOBJIEHHBIE CTBOPHI JIATYT IIOBEPX MCXOOHBIX M OAOyT Ty XKe KpuByio. HakoHel, nmomaiite B
6.02 MOBEPXHOCTDb HOIUHEI, KPUBYIO PACXOOOB M PACXO[ - IIOJIyYUTE KOHTYP 3aTOIIEHUS U TITyOUHY.

Yero B rpyiie noka Hert

IIpoMepHl OTOENbHBIM CIIOEM TOYeK u cpe3 mpodunst ¢ IIMP mns cTtBopoB 6e3 Z. BatumeTpus:
BOCCTAHOBJIEHVE [Ha MeXIOy IPOMEPHBIMU CTBOpPaAMHU BOOJIb PyCila - OTAEJIbHAsS 3amada CO CBOel
QHU30TPOIIHNEN, U O HEE KPUBBIE CYUTAIOTCS 110 TTIOBEPXHOCTSAM, I'l€ IHO €CTh.

7.01 ®paKkTajibHasi pa3MepHOCTH

HWHCTPYMEHT CTPOUT KapTy (PppakTajbHON pPa3MepPHOCTU NOBEPXHOCTH BapUOTrPaMMHBIM METOHOM,
POOHEBIM OJid IJjIarvHa. B CKOIb3sleM OKHE CUMTAEeTCs JIOT-JIOT BapuorpaMma o0 jlaraM OT OOHOU
mo N sadeek, IO €€ HaAKJIOHY ONpefesisieTcs nmokKasaTesb Xépcta H, a pa3MepHOCTh BHIYUCISIETCS
Kak D = 3 - H. Ha rnmagkux nuddepeHIINPyeMBIX y4acTKax D 0KOlIo 2, Ha U3pe3aHHbIX U ITYMHBIX -
6ruxke K 3. PaG0oTaoT He CTOJIBKO CaMU 3HAYEHU S, CKOJIPKO UX IIepPelanbl: MU ITPOSBIISIOTCS 30HEL
TEKTOHWYECKUX HapyIIeHUH, IPaHUIL OJI0OKOB U CMEeHa XapakTepa peibeda KpOoBJIH.

I'pun D cpa3y moxHO nofath B 1.04 U30/IMHUH U3 pacTpa U IOJIy4YUTh U30JIMHUU Pa3MEPHOCTH.
B momonHuTenpHBIX apaMeTpax NPemyCMOTpeHa BO3MOXKHOCTL 3anucaTth H BTOpHIM KaHaIOM.
I'moGanbable D u H 1Mo BCceli TOBEPXHOCTH BEIBOOSTCS B XKypHall.
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Kak yuTarh Kapry

AGcomioTHbIEe 3HaUeHUsT D BazKHEI MEHbIIle, YeM UX Iepernanbl. JINHeNHbIN ITepenal yepes3 miIoilanb
- IMHeaMeHT, KaHOugaT B TEKTOHUYECKOe HapylleHue. [1aTHO noBeieHHON D - 30Ha UHTEHCUBHOU
CKJIaYaTOCTH UJIN U3Pe3aHHOro penbeda Kposiu. OOMIMPHLIE POBHBIE TOJIS HU3KOM D - CIIOKOMHEIE
6HOKI/I. ,]1)'[5{ YTEeHHUA MOXKHO TPDUMEHUTH OJIHOKaHaHBHy}O HCGBHOHBGTHYIO CI/IMBOJ'[I/IKy C KOHTpaCTHOﬁ
MajauTPoON U Kimaccuduralyel KBaHTUAIMU. 151 OTYETHOTO TIJIaHa o rpuAy D CTposiTCA U30IUHUU
c nosicaMu uHCTpyMeHTOM 1.04, 11 30HBLI HapyLIEeHUH OKOHTYPUBAIOTCS KaK U30THUIICHI.

Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H

3.0

28

26

2.4
=5
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20

Puc. 30: CuHTeTHYEeCKasI KPOBJIA C UArOHaILHOM 30H0M ApobieHus u e€ KapTa D: CIIOKOMHEIE 6JI0KH
O0KOJIO 2, 30Ha HapylIeHuH NposBUiIach SpKUM JIMHEaMeHTOM.

=
tn

=
(=]

w

=]

Bn10Op OKHA M jIaroB

Maroe okHO (5-8 stueek) MOKa3bkBaeT MUKPOCTPYKTYPY U JIOKaIbHEIe HapyIileHus, 6omibinoe (12-20)
- peruoHasbHLIE 30HEI. [P COMHEHHH MOXKHO IOCUYHTATh 00a u cpaBHUThH. KommuecTBo jarop 4
IIOOXOOUT IIOYTU BCerga: 60J'IBH_Ie J1IaroB - yCTOfI‘IPIBGG HAKJIOH, HO TOIJIIIIe MI/IHI/IMaJ'IbHHﬁ MaCH_[Taﬁ,
KOTOPBIH MeTon crocobeH pa3nuuutb. OKHO ¥ JlaTM OrpPaHHWYEeHHl pPa3MepoM TpPHUOa, UHCTPYMEHT
ITPOBEPSIET 9TO CaM.

Patouuy nUKII

Kposns niacta u3 Kpurunra nogaércs B 7.01 ¢ okHomM 8, monyuenuslit rpun D - 8 1.04 U301uHMH
U3 pacTpa (kKaHan 1), u moBepxX CTPYKTYPHOTO IIJIaHa J10KaTCAd N30JIMHUY PAa3MEPHOCTH C II0sICaMMU.
I'moGanbHOE D 13 XKypHasa - OMHO YHCJIO Ha IOBEPXHOCTh, 10 HEMY MO2KHO CPaBHUBATh YYAaCTKU UIIH
IJIaCTHI MeXKIOy co00i. PacTp momKeH OBITh B METPHUYECKOM CUCTeMe KOOPAUHAT. [1eMOo-II0BEPXHOCTH
IMOOXOOAT KaK €CThb.

ITapamMeTpsI
[TapameTp YTo 3aga€eT ITo ymonm4aHuio / COBET
IToBepxHOCTB (pactp) I'pupg penbeda unm n10601 TOBEPXHOCTU. -
ITonypaguyc OKHa, s4eek Pa3mep ckOnb34IIero oKHa. 8
KommuecTtso naros ([Jor.) Jlaru BapuorpaMMtl 1..N siueexk. 4
Kanamn BricoT ([Jo1m.) KaHam ¢ oTMeTKaMu. 1
3anucaTtk H (Jom.) o6aBuTh H BTOPHIM KaHaJIOM. BBIKJI

@®pakrtanpHasa pa3MepHocTs [pupg D (u H npu ranke). -
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[TapameTp YTo 3amaeT ITo ymomuaHuio / COBET

7.02 Box-counting Mmacku

Kmnaccuueckuit box-counting mns OuHapHBEIX MacokK. PacTp OmHapusyeTcs NOporoM (0OBLEKT -
3Ha4YeHus OOJbIIEe ITOPOTa), MAacKa MOKPHIBAETCHA STYelKaMu yOBIBAIOIIETO pa3Mepa, HakiIoH log N
ot log(1l/pa3mep) maéT ogHy pa3MepHOCTH D Ha BCIO MacKy. JImHelHBIH 00beKT maéT D okomo 1,
IIATHO - OKOJIO 2, HU3pe3aHHbI€ KOHTYPEI 30H 3aMEIleHUuA UJIN BBIpa6OTaHHbIX IIPOCTPAHCTB JIOZKAaTCA
Mexkay. TOYHOCTh Ha KOHEeYHBIX MacKax nopsigka £0.1, mo3ToMy MeTO[ IIPUTOOEH [ CpaBHEHUS
MacoK MexXpny coboil, a He KakK abcojioTHass Mepa. Pe3ynbTaT BHIBOOUTCSA B JKYypHaJll BMECTe C
Tabnuel pa3MepoB U CUETOB M Bo3BpalllaeTcs 4yuciaoM D, KOTopoe MOKHO UCIOJIL30BaTh Oajbllle
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. 31: TIpoBepKa OIIEHIIIMKOB Ha 3TajlloHaX: KOBEP CepHmMHCKOro MmaéT HakiaoH 1.8928 mnpwu
Teopetudeckux 1.8928, kpuBas Koxa - 1.254 npu 1.2619. Touku Ha OpsSMOMU - CTEIEHHON 3aKOH
BHIEPIKaH.

OTKyaa 0epétcst MackKa

MacKy MOXKHO B3sATh W3 KaHajla MHUHTWIA TPHUAa IIJlacTa C MOPOTOM MeXOy KOomaMu KJIacCoB,
U3 TpHUAa BEPOSITHOCTH HWHOWKATOPHOTO KpuUruHra c moporom 0.5, M3 KapTH BEPOSITHOCTH
TIPEBLITIIEHUS C TOPOTOM KOHOULINHY, U3 BEKTOPHBIX KOHTYPOB BEHIPAO0OTOK MM 30H, TPEABAPUTEITHHO
pacTepu30BaHHEIX ITAaTHEIM «PacTepu3anus (BEKTOP B pacTp)». CpaBHUBATL UMeeT CMbICTT D Macok
OOHOM IPUPOALI Ha OTHOM CETKE: POCT U3PE3aHHOCTH KOHTYPa 3aMeIleHus OT IIJIacTa K IJIaCTy UIIN
OT rofia K T'ofy - CoepzKaTeIbHEIN CUTHAII.

[TapameTp Yro 3amaér ITo ymonuauuio
Pactp macku JIro6oi# pacTp, MacKa - 3HaYEHHs BBIIIIE IOPOTA. -

IMopor I'pannna «06BEKT/HOH». 0.5

Kanan (Jom.) Kauam pacTpa. 1

7.03 Pa3MepHOCTH JIHHHH H I'PaHHUI]

HWHCTPYMEHT CUYHTaeT Pa3MepPHOCTb KaxKOoH JIWHHUKM MEeTOOOM IHMpPKyns (PuuaphacoHa): JTHUHUS
ITPOXOOUTCS XOpAaMHu yOBRIBAIOIEro pacTBopa, HakyIoH log N ot log r maét D. IlpsaMas 0aéT equHUILY,
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v3pe3aHHasd JMHUS - Oosbiie. [IOJIMTOHEI IPUHUMAIOTCS HApPaBHE C JUHUSMH, YV HUX MEPSIETCS
BHEITHee KOJIbIIO0 I'DAHUIIL], II09TOMY M3PE3aHHOCTh KOHTYPOB 30H U BOOOCOOPOB cumTaeTcs 6e3
IIpenBapuUTeNbHOT0 Ipeobpa3oBaHus. Brixon - Te ke 00bekTHl ¢ monsMu D u steps, cpeguee D
BLIBOOUTCS B XypHajl. KopoTkue nuHUU NOIy4alT InycTtoe D. Metom mpoBepeH Ha 3TaloHaX:
kpuBasa Koxa pgaét 1.262 npu Teopetudeckux 1.2619.

IIHarHoCTHUKA CrjlaKHMBaHUSsI H30/IHHHHA

IlepecrnazkeHHbIe HU30JIMHUU TEPSIOT M3PE3aHHOCTh, U D mapmaeT K emuHuile. [Iopsagok pabOTHI
TaKOM: M30JIMHUY CTPOSITCS OBaXKObl, 0e3 CriaxXuBaHUS M C pabouyuMu mapamMeTpamu, oba CJIos
IIPOTOHAIOTCS 4Yepe3 MHCTPYMEHT, cpegHue D w3 XKypHasjna cpaBHUBAKTCA. [lajleHre Ha COTEHIE -
KOCMeTHKa, popMa coxpaHeHa. [lafieHre Ha [ecsThle - CrilaXkUBaHUe ChedaeT I'eOMETPUIO IO, U
CKpPyTJIEHWE CTOUT OCJIa0UTh UJIM OCTABUTH TOJILKO meHcudukaimio. [1o mosmio D B aTpubyTax MOXKHO
HaWTHU U KOHKPETHLIE TUHUHU, ITIOCTPadaBIINe CUIIbHEE ITPOYUNX.

Ipyrue npuMeHeHUs1

H3pe3aHHOCTh KOHTYPOB 30H B IIJlaHe, CPaBHEHWE OETAaJIbHOCTH OIM(POBKM I'DAHUII M3 PA3HBIX
MCTOYHHMKOB, KOHTPOJIb TeHepaJan3alluy IIPK IIOATOTOBKE MEJKOMAacCIITaOHLIX IIJIAHOB - Be3de, Ime
«HACKOJIbKO U3BUJINCTA JIMHUS» OOJIXKHO CTATh YKUCIIOM.

[TapameTp Yro 3amaér ITo ymomyaHu1o

JInaun JIluHeNHbIN CII0U (M30IMHUY, KOHTYPHI). -
JIluruu c pa3MepHOCTBI0 Te XKe nuHuuU Cc nonsmu D u steps. -

7.04 Pa3MepHOCTh MHHKOBCKOIO (BEKTOPHI)

Box-counting HampsMmym ©no BekTopaMm, 0e3 pacTepu3aluy: JIMHUKW W TPAHULEl IIOJIMTOHOB
MMOKPHIBAIOTCSI CETKOM yOBIBAIOMIET0 pa3Mepa, HakioH log N ot log(1l/pa3mep) maéT pa3sMepHOCTH
Munkosckoro. [IpsamMas MUHUS U T1afKas rpaHulia gaioT D OKOJIo eIUHUITH, pedHas ceTh - 1.1-1.5,
CUJILHO u3pe3aHHas OeperoBas nuHuA - 00 1.3 u Beime. Kaxpawiii 060beKT mojiydaeT nojisgs D mink
u D r2 (xkayecTtBo Jjior-jor amnnpokcuManuu, Huxe 0.85 oLieHKe [OBEpAThH Henb3s). OTOENBHO
CUUTaeTCs U BBIBOOUTCS B XKypHan D crnos Kak eOWHOTO MHOIKECTBa: O/ PEYHOU CeTH 3TO
pa3MepHOCTh CETH LIEIMKOM, ¥ OHa 3aKOHOMEDHO BEIIIIE Pa3MEPHOCTU OTHENTBHEIX PYKaBOB.

MeTtopn mononHsAeT UUPKyIb u3 7.03: HUPKyIb MepseT U3BUIUCTOCTh OQHOU TUHUYU, MUHKOBCKUY -
3anoJIHEeHUE IIJIOCKOCTU HabopoM 00BeKTOB. Pa3MepHOCTh BO3BpalllaeTCs U YHUCJIOBLIM BBIXOIOM AJIS
mopernel Processing.

[TapameTp Yrto 3amaér ITo ymonyaHuio
JIvHVMY UM IOJIUTOHEL BekTOpHBIU CJIOY, Y IIOJIMTOHOB -
6epyTCs KOjblla TPaHMUII.
KonuyecTBO pa3MepoB CETKH, CryneHel JIeCEeHKHU, CIIUIIKOM 8
K (Jom.) 6omnbiroe K yBoOUT SUerKU

HIXKe JeTaJIbHOCTU JTMHUU U
3aHuxkaet D.

COBUTOB CETKHM Ha pa3Mep Crny4yalHBEIE CMEIIEHNUS, 3
(Jom.) 0epéTcst MUHUMAJbHOE
MIOKPBITHE, TPUBSA3KA K CETKE
CHUMAaETCS.
®axkTtop ynnotHeHus ([orm.) [ITar BLIOOPKHK BOOJIEL 0.5

CerMeHTOB B JOJIaX ssueiky, O -
TOJIBKO Bep]J_II/IHBI.
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Puc. 32: Jemo-peku ¢ nmopnucaMu D mink mo pykaBaM: IIOYTH TJlafiKie pPyKaBa [al0T 3HAYEHUS
OKOJIO €eQUHUIIEI, CETh LIEJINKOM - BHIIIIE.

7.05 IIpumep aas1 ppaKTaaoB (IeMo)

l'enepaTtop y4ebHBIX OOBEKTOB [Jid BCeM (paKTajabHONM TPYIIB: BETBAMIAACS pPedYHas CETh C
nojeM order (HOpPSNOK NIPUTOKA), IOJMMTOH BomocObopa C U3pPe3aHHON TIpaHUIled U OTHesIbHasd
OeperoBas JNMHUS, TIOCTPOEHHAS CPEeOUHHBIMH cMelleHUaMHU. Pexu MoxHO mopaTe B 7.04 u
MMOTYyYHUTh Pa3MepPHOCTb ceTu. beper u rpaunwuily Bogoc6opa - B 7.03 u 7.04, 1 CPaBHUTH [MUPKYJIb C
MunKOBCKUM. BomocOop pacTepu3yeTcs MTAaTHBIM HHCTPYMEHTOM M CITY2KUT IPpUMepoM aiist 7.02.

[TapameTp Yro 3amaéT ITo ymom4aHuio

OxBarT
3epHo ([or.)

ITnomags reHepanun. -
I[ToBTOpsieEMOCTh mpuMepa. 1

TunuaHbIe CHTYAIIHH H pPellIeHHusl

YTo BUOHO

[TpuuyuHa

Pemienune

Konnuentprnueckue «ObI9bU
ra3a», KOHYCHI

YrnoBartbie U30JIMHUU
(«OKTaArOHEBI»)

PaguanbHBEIE/BEEPHBIE TUHUY B
MYCTHIX yTJIax

KpUTHHT TOYHO IIPOTATUBAET
3HaYeHue Jyepes
CKBAXKHUHLI-BLIOPOCH (Harret
0).

['pyOriit rpud: BEePIIMHEL
CTaBSTCS II0 KpasM sdyeex.

SKCTpaHOHHHI/IH 3a IIpenejlaMu
OaHHBIX.
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3amaTte Harret CO (0.2-0.4 ot
cuiiia, B aOCOMIOTHRIX
enuHUIlax gucnepcuun). U/unm
BKJIIOUUTH CrJlaKUBaHUeE Irpuja
B «2D Kriging».

VBenuuuth «CKpyTiIeHue
JIUHUW» 00 3 UJIU YMEHBIIUTD
pa3Mep S4YEeUKU B KPUTHUHTE.
Brmtouuth «O6pe3aTh 1o
KOHTYPY CKBaXXWH» WU 3aaTh
MacKy 0Ope3KHu.



YTo BUOHO I[TpuuuHa Pemenue

W3onuHuu nepecekarwTCs B Paurmie - cnencrtBue CrnaxkuBaHUe MIET II0 IIOJIIO (B

TYCTBIX MeCTax crnaxuBaHuA Kaxpou nuHuu. «2D Kriging»). YBenuuuts Tam
pajmyc CriakKuBaHUS IPUIA.

[TonuroHEl OOHOTO LIBETA ITo ymonm9aHUIO CIIOH 3anaTh rpafyupOBaHHYIO

CO3[aeTcs C OOHUM CUMBOJIOM. cuMBoiIuKYy 1o ELEV_MIN.

IIpunoxkenue. Isoliner 3a 15 MmuHyT
CBoux maHHBEIX He HYKHO. B KaxXX[1oM ClieHapH¥ IIePBHIM IIar CO3MaeT UJIK 3arpyzKaeT OaHHBIE caM,
[I09TOMY IIPONUTH MapIIPyT MOKHO Ha IIyCTOM IIPOEKTE.

HWucTpyMeHTOB B Moayie 48, u 9TO myraeT Ipu nepBoM 3HakKoMcTBe. Haunurte ¢ natu: 1.02, 1.04,
2.03, 2.13 1 4.01. OcranbHOEe HaWOETCS caMo, Kora yIpeTech B 3ajayy.

ITocme Kaxkmoro mrara HaIlrCaHo, YTO JOJI2KHO IMOJIYYUTBCHA. Ecnm IIOJIYYHUJIIOCHh OPYyroe, 3Ha4YuT CTOUT
OCTaHOBHUTLECA U pa306paTbCH, a He MOTHU OallbIie.

CueHapuu 1. Y MeHsI TOUKH

ITate MuryT. CKBaXKHHBI, ITPOOLI, 3aMepEHI, T00asd HeperyJasipHas CeTb HaOJIIOOeHUN.

IIar 1. 1.10 IIpumep ckKBaxXuH (HeMo0) MuUHUMyM: HUYEro 3ajlaBaTh He HYXKHO, BCE IIO
ymMondaHuo. Eciu y Bac eCTb CBOM TOYKH, IponmycTute mmar. IToaydyumcs: TOYEUHBIA CIOU B
IIPOEKTe.

ITIar 2. 1.02 2D Kriging (Touku - pactp) MunumyMm: Toukmu, Ilojie 3HaueHusi, Pazmep
siueriku. OcTajbHOE T0 YMOJTYaHuI0. [10/4yyumcs: pacTp U CJIOM CTAaHOAPTHOM omwuoOku. Orubka
pacTéT TaM, Toe TOYeK MaJio, ¥ 3TO IePBOE, Ha YTO CTOUT IIOCMOTPETh.

Iar 3. 1.04 A301uHuH U3 pacTpa MunumyM: Pactp, Ceyenue, CTHIL H30IHHUM = CTPYKTypa
/ runicomeTtpus. Cedenue nonbepurte Tak, YTOOH JIMHUN ObUIO BULHO, HO HE CILJIOITHAS IITPUXOBKA.
IToayyuumcsa: W30JIMHUU C IOOIUCAMM W KOHTYDHEIE II0sCa, TPaAHUIEL KOTOPHIX COBIAZalOT C
JTUHUSAMHA.

Hamnpize mo Bkycy: 1.05 u 1.06 mokaxXyT, eCTh M B HJaHHBIX aHu3oTpomnusd, 1.08 oueHuT meton
IIePEeKPECTHOM IPOBEPKOM.

Cuenapuu 2. MHe Hy2KeH pejibed

I[IaTHaguaTh MUHYT. [7TaBHBIM ClleHapUii: CTPOUM peibed, IpoBepsieM ero 4YucjiaMu U JIeYUuM
HaugeHHoe.

IIar 1. 2.01 3arpy3ka IIMP no pamke MunumyM: UcTouHHK penbeda = GEDTM30, Pamka
3arpy3KH 1o uHTepecyoeir mectHocTu. GEDTM30 aTo Mopmenb penbeda 6e3 jieca U MOCTPOEK,
OJIs1 TOCTPOEHUS TOPU30HTajel OHa mogxoduT nydine, yeM Copernicus GLO-30, roe BeICcOTa CHATa
o BepxylKaM. ITosaydyumces: pacTp penbeda B CUCTEME KOOPAUHAT IIPOEKTa.

IITar 2. 1.04 U301uaun u3 pacrpa Muraumym: Pactp, Cegenune 5 unu 10 m. OcranpHOE 1O
yModanuio. [losayyumcsa: cjaou ropu3loHTasel. [lanbile OH UTpaeT PoJjib MCXOOHBIX JAHHBIX, KakK
ecnu OBl BaM UX TIepefaiu.

IITar 3. 2.05 Ctok u akkymyiasanusa (D8) Muunumym: IIMP u3 1ara 1. 3anonHeHre TOHUXKEHUU
OCTaBbTe BKIIOUEHHHBIM. [T0o1yyumcs: pacTphl HalpaBIeHUM CTOKa M HAaKOIJIEHHOM IJIOIIaau.
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IIIar 4. 2.06 PeuyHasi ceTb MUHUMYM: PacTp akKKyMynsuuu u3 inmara 3, [lopor BomocOopa B
siueriKax. HauHuTe C ThICSTYM ¥ TTOaOepuTe Tak, YTOOHI CETh BHITIISAAE A IpaBaonono0Ho. [Toayuumcs:
JIUHUY BOOOTOKOB, HallpaBIeHHEIE BHU3 10 TEYEHHIO, TO ECTh T'OTOBLIE TalIbBETH.

IIar 5. 2.09 Bepuruabl MuaumyM: IIMP u3 mara 1, Paguyc nmoucka B s4detikax. [loayuumcas:
TOYKU JIOKAJIbHBIX MAaKCUMYMOB C OTMETKaMHU.

IIIar 6. 2.02 3arpy3Ka TOIOOCHOBBI II0 paMKe MwuHumMyM: Ta ke Pamka. I3 OSM Gepure
IJIOIIAJHBIE BOOOEMEBI M CYXHe PYyClia, a PeKW U BEPIIMHBEI He OepuTe: OHMU yXKe MOCYUTAHBI IO
penbedy B marax 4 ¥ 5 U COTJIacOBaHHL C HUM, Torga Kak u3 OSM oHU HNpPUAOYT U3 APYroro
HCTOYHUKA U MOTYT He COBIIACThb C MaTpuei. Iloayuumcs: 0o nsaTU Ccl0oéB B rpynne Tomorpadus.

IIIar 7. 2.03 Topo2Raster (penbed u3 BeKTOpoB) MuHumMyM: U30IHHMHU U3 IIara 2 U IOJie
BbICOTHI, TasibBeru u3 mara 4, TOYKH BBICOT u3 I1ara 5 u moje oTMeTKu, O3épa U ype3 BOObI
¥3 I11ara 6 ¥ mmojie OTMETKH ype3a, Pa3mep siuernku. OOPHIBEI ITOAMTE, €CIIM OHU €CTh B TOITOOCHOBE.
ITosyyumcsa: HOBHIM pacTp penbeda, MOCTPOEHHBIN 110 TUIU3UPOBAaHHBIM BEKTOPaM, a He 110 OOHUM
TOPU30HTAIISIM.

IITar 8. 2.12 HeBsi3Ka ropu3oHTajied npoTruB IIMP MunuMmym: [OpH30HTaIM U3 I11ara 2, mojie
BbICOTHI, IIMP u3 miara 7. Iloaydyumcs: TOUYedYHBIN CJIO¥ HeBA30K U oTuéT HTML. CMoTpuTe Ha
cpegHee CMeIleHNe W Ha OOJII0 TOYEK, IIPOMaxXHYyBIIMXCS OOJIbIle YeM Ha ITOJIOBUHY CEYEHMS.

IIar 9. 2.13 Iuarmoctuka reppacunra IIMP Munumywm: IIMP u3 mara 7 u Ceuenue penbeda,
TO XKe, 4TO Ha ware 2. [loayyumcsa: UHOEKC NPUTSAXKEHUS OTMETOK K YpOBHAM. OKOJIO €TUHUIIBI
O3HAYaeT, YTO CTyIeHel HeT, ABa U BHIIIe O3Ha4YaeT TePPACUHT.

IIar 10. 2.14 CusTHe cTynmeHeH (CriiaxkKuWBaHHEe C OorpaHu4YeHueM) HyxkeH, TOBKO eCiu
MpembIoyIIui Imar Hamen teppacuar. MuaumyMm: IIMP co crymensimu, Ceuyenue penbeda,
HUrepanusi 50. [Tosyyumcs: WUCHpPABIEHHBIH penbed M OTUYET OO0 u mociie. MHOEKC OOIXKeH
OIIyCTUTHLCS K €OIUHUIIE.

Ecnm xoTuTe IMPOBEPUTH HE CBOU OAaHHLIE, a CaM METOMH, 3aMeHuTe mepBbid mar Ha 2.10 [Iemo-
peabed c prnaxkoMm OBpazkHO-0a109HasI ceTh. Torga UCTUHHAS IOBEPXHOCTh U3BECTHA 3apaHee,
U BUOHO, 4YTO MMEHHO TePAEeTCsA IIPU IIOCTPOEHUHN. OBpal"I/I TEPAIOTCSA IIE€PBBIMU.

CBepuTh C UICTUHOM MOKHO AByMs crtocobamu. HarnsamHo: ITOCTPONTe U30IUHUY 110 BOCCTAaHOBJIEHHOMY
penbedy Cc TeM Ke CedeHUEM U HaJIOXKUTe Ha TOPU30HTAJIU 11ara 2 OPYTUM IIBETOM, TUHUU OOJIZKHEI
Jledb OAPYT Ha Opyra ¥ pa30MTHCH TOIBKO Ha MaKyIlIKaX BEIIIE IIOCIegHeN ropu30HTasIu. YUCIeHHO:
KaJIBKYJIATODP PaCTpPOB, BEIPDAzKEHUHE «BOCCTAHOBJICHHBIHA MHWHYC MCTHHa», U CTaTUCTHUKA PA3HOCTHU

B CBOMCTBax Cyiosi. IIpu cedyeHUU 5 M 0XKMOAETCS CpemHee OKOJIO HyJs M pa3dpoc mopsgka MeTpa,

a HaubobIIIMe PACXOXKAEHHS Ha BepluHax. Ecnu mobaBuTh B HIar 7 TOYKM BEPIIMH U3 Iara
5, pacxoXmeHUs Ha MaKyIIKaX 3aMeTHO COXMYTCsI, U 3TO POBHO TOT OTBET, 3aueM Tomorpadsl
MMOANHCHIBAIOT OTMETKM BEPIINH.

Cuenapuu 3. MHe Hy2K€H pa3pe3

Tpu MUHYTHL.

IITIar 1. 4.10 IIpuMmep a1 pa3pe3a (memMo) MUHMMyM: HAYEro 3afaBaTh He HYXKHO, BCE IIO
ymondauuio. IToaydumces: Habop ciao€B B rpyiIe [IpuMmep pa3pesa.

IITar 2. 4.01 Pa3pe3 no guauu MuauMmyM: Jluausi pa3pe3a, [loBepxHOCTH CBepxXy BHH3,
BepTuKaabHBIH MacmITab. [Toyyumcs: 4epTEX pa3pe3a B MHKEHEPHOHN CUCTeMe KOOPAUHAT, C
0CsIMHU, OTMETKaMU U [10JIOCaMU I1JIaCTOB.
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Kyma uartu ganbiiae

PYKOBOJICTBO OTUCHIBAET KaXKIbIN WHCTPYMEHT HOJ:[pOGHO, C IIapaMeTpaMu U OIrOBOPKaMH. 3mech
HaMepeHHO HET HUu OIIINM, HU TEOpHHU: 3ada4va CTPaHHUIEI ITPOBECTHU BaC IO MOAOYJIIO OOMH pPa3, a
HEe 3aMEHHUTh NOKYMEHTAalUulo.

Hauubsie OpenStreetMap: © y4yactHuku OpenStreetMap, ODbL. Matpuiia Copernicus GLO-30
pacmpocTpaHseTcss CBOOOIHO.

IIpunoxkenue. ITojisi 1eMo0O-C/I0EB

CBopKa I1ojem Bcex reHepaTopOoB IEMOHCTPAIIMOHHBIX JaHHKIX C eMUHUIIaMU. 3HaYeHU IeMOHCTPAaIlTMOHHEIE:
TaM, I'fie BenudrnHa abCTpakTHa, e QUHUITH YCIIOBHEL.

Boixoasl rpynnsl «Tonorpagusi»

Cnoit nuauli Peuynasi ceTb (MHCTPyMeHT 2.06):

TTone Tun CMBICII, €IUHUIIL

order esoe nopsigok Ctpanepa
acc out oOpoOHOe aKKyMYJSIIUs B 3aMbBIKaHUU 3BEHA, SUueekK
length m ppoGHoe pmwHA 3BEHA, M

Cnoit nmonuroHoB Baccennsl (2.07): basin - Homep Gacceitna (11e10e), area_m?2 - IJIOUAab, M.
Cnoit Touek BepuiuHsbl (2.09): z - BeIcoTa, M, drop - IpeBLIIIIeHNE Ha, MUHUMYMOM OKHa, M. Ciou
TOTIIOOCHOBHI (2.02) HecyT name 1 osm_id, BOOOTOKY OONIONTHUTENHHO waterway, BomoéMEl water,
BepiuHE ele (BeicoTa, M), 00peIBE kind. JeMo-penbed (2.10) - pacTp 6e3 monei.

CkBaxkuHbI (DeMo) - UHCTpyMeHT 1.10

Crnoii Touek CKBaXXHHBI (IeMo):

ITomne Tun CMBICII, eQUHUIIHL

well CTPOKa MMSI UJIH HOMEP CKBaXKHHEI

roof opobHoe abCoJTI0THASI OTMETKAa KPOBITH
mjacTta, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobHoe cogepiKaHUe YCIIOBHOTO
KOMIIOHEHTa, IIPOIeHT (geMo)

head opobHoe Harmop, M (HeoOsi3aTenbHOe
moJie)

K opobHoe KO3 punmeHT QuabTpalny,
M/cyT (memo, HeoOs13aTeIbHOE)

T opobHoe BOZOIIPOBOAUMOCTH, M?/CcyT, T
= K-MomiHoCTh
(HeobOs13aTeIbHOE)

mintype CTpPOKa MHUHTHII, KaTeropus (IemMo
3aMelreHns1, Heo0s3aTeabHOoe)

dz opobHoe BeIUYMHA, TUHEWHO
CBsI3aHHas C mapei¢oM, YCII.
(HeobOs13aTEILHOE)

HeoGs3aTtenbHeli pacTp [IoBepxHOCTE Apeida (1eMo) - CTOPOHHSS MOBEPXHOCTh OIS KPUTHHTA
C BHEIITHUM [pei¢oM, yCI. ef.
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IIpodunu 31eKTpOopa3BeIKH - HHCTPYMEHT 1.11, pexkuM 371eKTpopa3BeaKu

Cnoit Touek IIpodunu 3nekrpopa3Benku (pk, EII, BII):

ITone Tun CMBICJI, €UHHUIIE

profile mesioe HOMeED IIpoduIs

picket m ppoGHOe THMKeT OT Havasa IpPouisa, M

pk CTpOKa nukeT MeTkou [1K (Hanpumep ITK5+20)
z IpoOHOEe OTMEeTKa MOBEPXHOCTH, M

rho k OpobHOe KaxXylleecsl COMPOTuBIeHue pK, OM'M
rho true mpoGHoe pK 6e3 mryma, OM M (3TaANOH)

sp IpoOHOe MOTEeHIIHAJl ecTeCTBeHHOro mons EIT, mB
vp IpoOGHOe BHI3BaHHas momspuslarus BII, mB/B

IIpodunu ocemaHuu - HHCTPyMeHT 1.11, pexxumM ocemaHuH

Cnoit Touek IIpodunu ocemanui (Myabaa, TYpoB: N):

ITone Tun CMBICII, €OUHHUIIE

profile enoe HOMep mpodumns

picket m OpoOHOe IIHMKEeT OT Havaja OpoduiIs, M
pk CTpOKa nukeT MeTKou [TK

tour 1esoe HOMeEP Typa HabJomeHuH

z OpoOHOe OTMEeTKa ITOBEPXHOCTHU, M
settle opoOHOe ocemaHUWE, MM

settle true ppoGHoe ocenanue 6e3 mIymMa, MM (9TaIOH)

HaHHbIE 0151 pa3pe3a - UHCTpyMeHT 4.10

IToBepxHOCTH 1...6 (PacTphl) - OTMETKU IIECTU IIOBEPXHOCTEU CTOIKOMN, M. CBepxy BHHU3: 1
KPOBIS BEpXHEW BMemlawmlel, 2 KPoBid U 3 IOOOIIBa 1-T0 IPOMEIIIIEHHOTO, 4 KPOBJA U 5
TIOOOIIBa 2-TO IIPOMEBIIIIZIEHHOT0, 6 ITOOIIBA HUXKHEN BMeEIaloIIe.

JInauu pa3pe30B (IemMo) (JTHHUA): IT0Jie name - uMs nuaun (Pa3pes 1, 2, 3).

Ycres collar (memo) (touku): hole _id, z - ormeTka ycThs, eoh - rmybuHa 3a60s1, number -
TIOONUCE.

HNuTepBassl interval (memo) (tabnuua): hole_id, from, to - riyOGuHL IO CTBOJIY OT YCTh4,
code - MHIOEKC IJIacTa.

IInact 1-# mpom. (memo) u Ilnmact 2-# mpoM. (emMo) (MHOrOKaHAJIbHEIE PACTPHI): KaHaIl
1 kpoBnsa (M), KaHan 2 mopomiBa (M), KaHan 3 cofepXKaHue (OPOIeHT), KaHal 4 MWUHTHUIL
(kaTeropus 1 unu 2).

Pazmom (memo, 2D) (MuHMNA): name.

Mapkep ¢ Z (memo, 3D) (TuHUS C OTMETKOI Z): name.

3o0Ha (DeMo, IOJIUroH) (IIOJIUTOH): name.

Onpoxunyras TIN (memo) (3D-rpasHu): name.

[HanHabie Ojisa PppaKTajaoB - HHCTPyMeHT 7.05

Peku (memo) (muHHNH): mosne order (11e1oe) - TOPSIOOK NPUTOKA B MePaAPXUU CETH.
Bomocoop (meMo) (IToIuroH): moje name.
Beper (memo) (JinHUs): II0JIe name.

IInoTHOCTH (HEeMoO) - uHCTpyMeHT 3.08

Cnoit Touek 1eMO-TOUYKH:
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ITone Tun CMBICJI, eUHUIIEI

mass pgpobGHoe Macca 3amepa (gemo, 50 Ha TOUKY)
prec OpoGHOe CHUrMa HeoIpemeléHHOCTH, M

Crnowt nurUY [IleMo-ITHHHH:

ITone Tun CMBICJI, €OUHUIIHI

mass Ipob6Hoe Macca 3amepa (memo, 100 Ha TUHUIO)

prec IpoOHOEe MONyIIMPHHA KOpUOopa, M

from m pgpobGHOe HaYano MHTepBasa II0 JUHUU, M (MOXKeT OBIThH IIyCTO)
to m opoOHOe KOHeIl MHTepBaJjia 10 JIMHUHU, M (MOXKEeT OBITh IIYCTO)

Croi mouroHoB [1eMo-ImOJIMT OHbI:

ITone Tun CMBICII, eUHUIIE

mass pgpo6Hoe Macca 3amepa (memo, 150 Ha TOTUTOH)
dasy 1ernoe 1 - monuroH nop maszuMmetputo, 0 - paBHOMEPHBIU

BcnomorarenbHEIN pacTp BermoM. pacTp (ma3uMeTpHsI) - TPafueHT 3HaYeHUH [J1 0a3UMeTPUIECKOT0
pexwuma 3.07, yci. eq.

IIpunoxenue. IINMOTHOCTL IePEeMEHHOH OIMOPHI: MOIIAar0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepaiuu OeMo [0 TOTOBOTO pe3yjbTaTa, C IOSICHEHHEM
KaXpgoro napamMmerpa. [IpuMmep nmokaselBaeT, KakK IIPOBEPUTH MHBAPUAHT MAacCCEHL I'Jla3aMHu.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 IIpuMep OJis1 IJIOTHOCTH (IeMo).

* O01acTh (3KCTEHT) - TPAHUIIEI TeHePaluy. 3ajaiTe IPIMOYTOJIBHUK Ha KapTe WU 110 CJIOI0.
ToguTcs mo60M MeTPUYECKUI 0XBAaT, HaIpUMepP KBaJpaT HECKOJIbKO KUJIOMETPOB.

+ flyeHKa BCIIOM. PpacTpa, M - [lIaT BCIOMOTaTEeIbHOr0 PacTpa [jisd Ja3suMeTpuu. [10 yMOT4aHUIO
50, Oys meMo mDOCTaTOYHO.

e 3epno I'CY (Jo1.) - TOBTOPSAEMOCThE ITpuMepa. I[Ipu omHoOM 3epHe Habop OOUMHAKOB.

Ha Beixogme geTrwipe cnos: [lemo-ToukH, [Ilemo-nmuHuH, [leMoO-110IUTrOoHbI 1 BecmoM. pactp. B nore
yKa3aHa 3ajiokeHHas Macca: Touku 500, nuauu 200, nonurons 300, utoro 1000.

IITar 2. IInoTHOCTH O TO4YKaM (3.07)

3anyctute 3.07 IImoTHOCTSL IO 3aMepaM Ha cjioe [1eMO-TO4YKH.

* 3amMmepsl - ciIol [1eMO-TOYKH.

* ITone maccehl - mass. Ecimu ocTaBUTh IIYCTHIM, Macca Kaxkaoro o0bekTa paBHa 1.

* ITore TOYHOCTH - prec. [I71 ToOYeK 3TO CUIMa rayCCOBa IISITHa B MeTpax. Yem OoJbIlle CUTrMa,
TeM 60Jiee Pa3MBIT ¥ HU30K BKJIAI TOYKH.

* Pa3mMep sAA9eHKH, M - ITIaTr CETKU pe3ynabTaTa. MeHbIe sueiika - moapobHee KapTa U [OJbIIe
cuéT. Ha mnoTHOCTL B Macce Ha KM? pa3Mep S4YetKU He BIUseT, TOILKO Ha OeTalbHOCTh.

¢ 00/31aCTh - OCTaBbTE MYCTHEIM, BO3BMETCS II0 CIIOIO.
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* Hocurenb 3a KpaeM - [JOHOpMHPOBaTh BHYTPH JIEPXKUT BCIO Maccy B o6nactu, IloTepsars
Maccy oOTOpachBaeT BEHIIIEOIIYI0O 3a Kpal dYacTbh C HOpenynpeXxpeHueM. [Ins IpoBepKU
WHBapuaHTa 6epuTe JOHOPMHUPOBATD.

* Curma no ymordaHuio ([1om.) - nogcraBasieTcs, Korga I1ojie TOYHOCTU IyCcTo. Holmb 03HadaeT
Oy SIYEUKY.

ITpoBeprbTe nor: ctpoka Macca Bxoaa: 500. Macca Ha ceTke: 500. Pacxoxgenue: 0. 3To 1 eCThb
WHBapHaHT - UHTETpaJl IJIOTHOCTU paBeH CyMMe Macc.

IITar 3. II'TOTHOCTH IO JIMHUAM

3anyctute 3.07 Ha cnoe [leMo-ITHHHHA.

* ITo/sie TOYHOCTH - prec - 3[eCh 3TO MOIyIINPHUHA KOpUAopa B MeTpax. JIMHNS pa3Ma3biBaeTCs
B IIOJIOCY MSATKUX KPaéB.

* from_m / to_m (Jom.) - monsa from_m u to_m. Y ogHOU OeMo-TUHUU MHTEPBasl 3amaH, U B
pe3ynbTaTe pa3Ma3biBaeTCs TOIBKO ero 4acTh. I1yCcThle IOJIg 03HAa4YaloT BCIO TMHUIO.

B more macca Ha cetke 200. Ecnu BKITIOUEH PeXXUM IIOTEPH MacCChl ¥ KOPUIOP BHIIIEN 3a Kpawu,
pacxoxkpaeHHe IT0KaXeT, CKOJIbKO MacCCHI YIIJIO.

IIIar 4. II'TOTHOCTH 110 IIOJIMTOHAM U HJa3HUMETPHUS

3anyctute 3.07 Ha cioe [1eMO-IIOJIUT OHBI.

» Be3 BcmoMoraTesbHOTO pacTpa Macca IIOJIMTOHA pPaCKJIagblBaeTCs PABHOMEPHO II0 €ro
IO IH.

* BcmomM. pactp ([om.) - mogatite BcmoM. pacTp u3s memo. Torga Ojisi MOJTUTOHOB BKITIOYAETCS
Oa3uMeTPHsi: Macca pacipenenseTcs: IPOIOPLUUOHAIbHO 3HAaYEHUSIM PacTpa BHYTPH IIOJIUTOHA,
a He poBHO. Eciu pacTp BHYTPH MOJIUTOHA ITYCT, HHCTPYMEHT OTKAThIBAETCS Ha PaBHOMEPHOe
¥ TIUIIET 9TO B JIOT.

Macca Ha cetke 300 B o6oux pexkuMax, MEHSETCsS TOJIbKO ¢dopMa paclpefeeHuss BHYTPHU
TIOJIUTOHOB.

IITar 5. CMemIaTh THIIBI Yepe3 JOIHCHIBaAHUE

Yrto6rI coOpaTh TOUKY, TUHUU U IIOJTUTOHEI B OOUH PacTp, IporouuTe 3.07 TpUXKOHI HOOPS.

» IlepBHIil 3ayCK - KaK O0BIYHO, II0JIy4aeTe TPEXKaHaIbLHLIN pacTp.

* Bropoit u Tpetuii - B mapamMeTrpe [omHcaTh B CYHIECTBYIOIIHH pacTp ([Iom.) yKaxKure
pacTp U3 IpPemBIOyIIero 3amycka. MHCTpyMeHT yuTaeT TPU KaHaja, 0oOaBisieT HOBYIO Maccy
¥ BO3BpalllaeT 0OHOBIEHHBIN PACTP.

ITocme Tpé€x momMUCHIBAHUYM CyMMapHasi Macca Ha ceTke paBHa 1000. Kanamner 2 1 3 (Zm-0o u Zm) Ojis
9TOTO U CJIy2KeOHbIe - OHU ITO3BOJISIIOT JOIMCHIBATh CEPUSIMHU U [epkKaTh KapTy 9pPeKTUBHON CUTMBI
TOYHOMU.

IITar 6. 9¢ddexTUBHAA CUrMa

3agmaiiTe HeoOs3aTenbHBIM BBEIX0O Jd@PeKTHBHaAsi cHrMa. IJTO CpedHeB3BellleHHas CurMa Io
ssyerike - Kapta 3¢ ¢GeKTUBHON TOYHOCTHU. ['me IIOTHOCTh HaOpaHa TOYHBIMM HOCUTEJISIMH, CUTMa
Mana. I'me pasmMasaHHBIMHU I'PYOBIMU IIPUBSI3KaMHU, BeIWKa. AHAIOT KPUTMHTOBOM OHCIEPCUU OIS
9TazKa IJIOTHOCTHU: ITOKA3KIBAET, I'Ie Pe3yIbTaTy MOXKHO MOBEPSTh, a IIe OH OePXKUTCS Ha I'PYOBIX
HOCUTEISX.
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Kak autaTrh UTOT

Kanan 1 pe3ynbTaTta - IJIOTHOCTh B Macce Ha KM2. OTKpHIBaTe €ro OOHOKaHa/IbHOU IICEBOOLIBETHOMU
CUMBOJIMKOM. [IiTHa IJIOTHOCTU - TaM, THe CryIlalOTCs HaOE€xKHble 3aMephl. IHBapuaHT B JioTe
MOATBEPXK/aeT, YTO Macca CoXpaHeHa M pe3ysbTaT KOPpeKTeH. CIoi A0KeH ObITh B METPUYECKOM
CuCcTeMe KOOpAWHAT, MHauYe UHCTPYMEHT OTKaXKeTcs paboTaTs.

IIpeognpusaTuam

Isoliner pa3BuBaeTCcs Ha 3apadax peajbHBIX NPEeOUpUATHN. MBI BHIIONHSEM OOPabOTKU IIOT
periaMeHT IIPOU3BOACTBA, 3aKIl0YaeM [OOTOBOPHI TEXHUYECKON IOONEepKKU C TrapaHTued u
BHEIpPsSeM MOOYJIb B ITPOM3BOACTBEHHBIN LIMKJI, BKITIOYass MHTETPALIMIO C KOPIIOPATUBHLIMU Oa3aMu
maHHBIX. [Togpo6HocTu: https://www.informpp.ru/riaBHas-CTpaHUIla/IPENTIPUATUIM

2KypHaJl ¥ I1aHeJ/Ib HHCTPYMEHTOB

Isoliner BegéT xKypHan paboTsl B daiine isoliner.log pspmom ¢ mpodunem QGIS. B Hayane ceanca
numrytca Bepcum nnaruHa, QGIS, NumPy u GDAL, 3aTeM uMs 3alyIleHHOTO MHCTPyMEHTa, eTro
rnapaMeTphHl, BpeMsi cuéTa, a Ipu cboe - monHLIN TpercOek. OKHO pacyéTa 3aKphiBaeTcs, a dai
0CTaéTCs, ITI03TOMY NIPU 0OpalleHNH TOCTAaTOYHO IIPUIIOKUTD €r0.

OTKpHITH KypHaNl MOXKXHO Yyepe3 Moaynau - Isoliner - 2Kypnas unu kHonkoi 2KypHas B okHe O
mwiaruHe. Ha nma"enu naCcTpyMeHTOB Isoliner HaxonsaTcs KapTa IIJIOTHOCTU U OKHO «O IIJIaTuHEe».

JInLIeH3us1 U nmoggepKKa
IInarun pacnpoctpansieTca nop nuneHsueit GNU GPL v2 umu HOoBee (GPL-2.0-or-later) - Toi

xe, uto u caM QGIS. Tlomnawei Tekct B ¢aiine LICENSE B kommuerte. © OO0 «HMHbOpPMA++>»,
www.informpp.ru.

135



	Введение
	Установка и расположение
	Обновление
	Вызов справки

	Быстрый старт
	Есть скважины, нужен растр и изолинии
	Есть открытая местность, нужен рельеф и топооснова
	Есть топоплан с горизонталями, нужен рельеф
	Есть плотная съёмка, нужны бровки и подошвы
	Есть карьер в топоплане, но горизонталей внутри нет
	Нужен геологический разрез
	Нужны объёмы работ

	Общая логика работы
	1.01 Декластеризация (веса)
	1.02 2D Kriging (точки → растр)
	Автоматические значения
	Обрезка по контуру скважин
	Вариограмма и наггет
	Наггет C0
	Структуры, радиус и анизотропия

	Отсев ураганных проб
	Стандартная ошибка кригинга
	Снятие тренда (регрессия-кригинг)
	Блочный кригинг
	Разломы
	Почему разлом не переводится в сетку
	Цена приближения
	Как проверить на учебных данных

	1.03 Минимальная кривизна (точки → растр)
	Разломы
	Полоса мембраны вдоль линии

	1.04 Изолинии из растра
	Сглаживание изолиний
	Контурные полигоны (пояса)
	Оформление слоёв
	Значение в Z геометрии
	Топографические подписи
	Без разрешения перевёрнутых подписей это не работает
	Подпись ставится на линию

	Предупреждение о плоских уровнях
	Уверенность горизонталей
	Почему порог задаётся долей сечения
	Почему рвутся только серии
	Порядок в конвейере и сводка
	Чего инструмент не делает

	Разломы
	Коридор у разлома
	Наименьшая толщина полигона

	1.05 Вариограмма (экспериментальная)
	Зачем нужен предпросмотр
	Краткая теория
	Параметры
	Поле группировки и разноплотностная разведка
	Три типичные геологические ситуации
	Максимальное расстояние и выход на плато
	Откуда взялся наггет
	Когда подбор ни на что не годен
	Рабочий цикл с кросс-валидацией

	1.06 Вариограммная карта (анизотропия)
	Что такое анизотропия и зачем её видеть
	Как читать карту
	Параметры
	Оценка азимута, анизотропии и радиуса
	Когда радиус упирается в окно
	Растр поверхности

	1.07 Кросс-валидация вариограммы
	1.08 Кросс-валидация метода (LOO)
	1.09 Профили обработки
	Откуда берутся профили
	Применение
	Управление

	1.10 Пример скважин (демо)
	1.11 Пример геофизических профилей (демо)
	Кригинг или минимальная кривизна

	Топография: рельеф из открытых данных
	2.01 Загрузка ЦМР по рамке
	2.02 Загрузка топоосновы по рамке
	2.03 Topo2Raster (рельеф из векторов)
	Трёхмерные тальвеги
	Поверхность между структурными линиями
	Граница области построения

	2.04 Подготовка рельефа
	2.05 Сток и аккумуляция (D8)
	2.06 Речная сеть
	2.07 Бассейны и водоразделы
	2.08 Уклон и экспозиция
	2.09 Вершины и ямы
	2.10 Демо-рельеф
	Пара поверхностей для объёмов
	Овражно-балочная сеть
	Куда ложится демо

	2.11 Разделить горизонтали для проверки
	Зачем разделять
	Почему делим по отметкам, а не по объектам
	Что на выходе
	Рабочий порядок
	Параметры

	2.12 Невязка горизонталей против ЦМР
	Какие числа выдаются
	Две цифры вместо одной
	Отчёт
	Слой точек
	Параметры

	2.13 Диагностика террасинга ЦМР
	Два независимых признака
	Сечение рельефа
	Плоские участки в счёт не идут
	Отчёт
	Чем лечить
	Параметры

	2.14 Снятие ступеней (сглаживание с ограничением)
	Как это возможно
	Лечение самопроверяемое
	Чего инструмент не делает
	Параметры

	2.15 Отчёт по створу
	Как это работает
	Что считается
	Параметры
	Быстрая проверка на демо
	Границы применимости

	2.16 Водосбор. Линии и контуры (канавы, карьеры)
	Как это работает
	Контур вместо линии
	Врезка трассы
	Что считается
	Параметры
	Быстрая проверка на демо
	Границы применимости

	2.18 Насыпи и выемки (объёмы работ)
	Знак и поверхность сравнения
	Приведение к одной сетке
	Почему цифры расходятся с другими программами
	Мёртвая зона
	Участки и баланс
	Выходы
	Параметры
	Быстрая проверка на демо
	Границы применимости

	2.19 Кандидаты бровок и подошв
	2.20 Бровки и подошвы в работу
	2.21 Пример карьера (демо)
	2.22 Отметки с примыкающих горизонталей
	3.01 Категориальный индикаторный кригинг
	Как считается
	Когда скважина не попала в свою зону
	Что на выходе
	Векторные границы по вероятностям

	3.02 Кригинг с внешним дрейфом (External Drift)
	В чём отличие от снятия тренда
	Как считается
	Атрибуты сгенерированного слоя
	Параметры
	Вариограмма по остаткам

	3.03 Карта вероятности превышения
	Как считается
	Как получить входы
	Параметры
	Применение

	3.04 Гидравлический градиент и направление потока
	Без проницаемости
	Параметры и сглаживание
	Стрелки из точек
	Учебный цикл

	3.05 Удельный расход (закон Дарси)
	Что считается
	Как получить растры K и T
	Параметры
	Применение

	3.06 Гауссова симуляция (SGS)
	Параметры

	Виды кригинга: какой выбрать
	Шпаргалка

	3.07 Плотность по замерам (переменная опора)
	Выход и инвариант
	Как читать
	Окно «Карта плотности» (живой предпросмотр)

	3.08 Пример для плотности (демо)
	4.01 Разрез по линии
	Как задаются пласты
	Разрез по одной поверхности
	Порядок поверхностей задаёт дерево слоёв
	Выходы
	Вертикальный масштаб
	Несколько разрезов за один прогон
	Цвет полос: справочник пластов
	Атрибуты выходных слоёв
	Параметры
	Как попробовать на демо
	Связь с QGIS

	4.02 Скважины на разрезе (модель бурения)
	Модель бурения
	Терпимый читатель
	Пакетность и совмещение
	Раскраска и легенда
	Обрезка по чертежу и рамке
	Цвет колонок: справочник пластов
	Параметры

	4.03 Состав пласта на разрезе
	Два режима
	Параметры

	Определение разреза и общие параметры
	4.04 Пересечение поверхностей с разрезом
	Параметры

	4.05 Пересечение векторов с разрезом
	Параметры
	Имя и стиль исходного слоя
	Обрезка по рельефу и линии низа
	Атрибуты объектов на разрезе

	4.06 Пересечение TIN с разрезом
	Параметры

	4.07 Проекция объектов на разрез
	4.08 Спроецировать с разреза
	4.09 Развёртка стенки ствола (бета)
	4.10 Пример для разреза (демо)
	Скважины с интервалами опробования
	Слои демо и их атрибуты
	Параметры

	4.11 Образец справочника пластов
	Что внутри
	Тело заполняет геолог
	Составные тела серые
	Тот же файл вне QGIS

	4.12 Элементы залегания по следу выхода
	Геологическая модель
	5.01 Согласованность пачки пластов
	Что считается
	Откуда берётся порядок пластов
	Что на выходе
	Чего инструмент не решает

	5.02 Пример разреза (демо)
	Что в примере
	Гриды в зоне складки неверны нарочно
	Что на выходе
	Как этим пользоваться

	5.03 Сборка пачки от рельефа
	Почему это надёжно
	Чем за это платят
	Что считается мощностью
	Линии контакта

	5.04 Коррекция пачки по статистике мощностей
	5.05 Манифест модели
	5.06 Складчатость поверхности
	Гидрология рек
	6.01 Створы и кривые расходов
	Как считается
	Участки
	Шероховатость и уклон
	Поля и единицы
	В каких единицах

	Уровни
	Подвал чертежа
	Что важно знать о методе
	Что на выходе

	6.02 Полигон затопления
	Уровень вдоль реки не постоянен

	6.03 Импорт таблиц створов
	6.04 Пример реки (демо)
	Как проверять группу

	Чего в группе пока нет
	7.01 Фрактальная размерность
	Как читать карту
	Выбор окна и лагов
	Рабочий цикл
	Параметры

	7.02 Box-counting маски
	Откуда берётся маска

	7.03 Размерность линий и границ
	Диагностика сглаживания изолиний
	Другие применения

	7.04 Размерность Минковского (векторы)
	7.05 Пример для фракталов (демо)
	Типичные ситуации и решения
	Приложение. Isoliner за 15 минут
	Сценарий 1. У меня точки
	Сценарий 2. Мне нужен рельеф
	Сценарий 3. Мне нужен разрез
	Куда идти дальше

	Приложение. Поля демо-слоёв
	Выходы группы «Топография»
	Скважины (демо) - инструмент 1.10
	Профили электроразведки - инструмент 1.11, режим электроразведки
	Профили оседаний - инструмент 1.11, режим оседаний
	Данные для разреза - инструмент 4.10
	Данные для фракталов - инструмент 7.05
	Плотность (демо) - инструмент 3.08

	Приложение. Плотность переменной опоры: пошагово
	Шаг 1. Сгенерировать демо (3.08)
	Шаг 2. Плотность по точкам (3.07)
	Шаг 3. Плотность по линиям
	Шаг 4. Плотность по полигонам и дазиметрия
	Шаг 5. Смешать типы через дописывание
	Шаг 6. Эффективная сигма
	Как читать итог

	Предприятиям
	Журнал и панель инструментов

	Лицензия и поддержка

