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)

ABTOMATHUYECKHUE BHAUECHUA . . . « 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
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
BapuorpaMMa M HATTET . . . .« « 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

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

CTPYKTYPHL, PAAUYC M @HUBOTPOIIHST . . . + & « v v v v 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
CraHpapTHAS OMIUOKA KPUTHTHTA . . . « « « v v v v v e v v 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

1.03 MuauMaIbHasi KpUBH3HaA (TOYKH - pacTp)

1.04 A301uHMH U3 pacTpa
CrnaxkumBaHME UB0TMUHUM . . . . . . v v v v e v e e e e e e e e e e e e e e e e e e
KOHTYpHBIE TOMTUTOHEL (TIOFCA) . « « v v v v v v v et e e e e e e e e e e e e e e e e e e
OGOPMIIEHHUE CHOEB . . . & 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
3HAUEHHME B Z TEOMETPHH . . . 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 e
Tomorpa@uUecCKmMe MOMIMCH . . . . .+ v+ v v v e e e e e e e e e e e e e e e e e e e
Bes pa3pemienust mepeBEPHYTHIX IMOANNCEN 3TO He paboTaeT . . . . . . . . . . . . ..
I[TogmuCh CTABUTCS HA JIHHUIO . . .+« v v v v e v e e e e e e e e e e e e e e e e e e
[IpenynpexXOeHUE O IMIOCKUX YPOBHSX . .« .« v v v v v v v v e v e e e e e e e e e e e
VBEPEHHOCTD TOPUIBOHTAMEM . . . . 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
[ToueMy IOPOT 3aAETCS AOJIEM CEYEHHUS . . . .+ o « + v v vt e v e e e e e e e e e e
[ToueMy PBYTCS TOJBKO CEPHM . . . « © v v v v v e e e e e e e e e e e e e e e e e
ITOopSIMOK B KOHBEUEPE M CBOIMKA . .+ -« « + v« v v v v e e e e e e e e e e e e e e e e
Yero MHCTPYMEHT HE HETTACT . . + + 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



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 e
KpaTKast TEOPHS . . . . . . . . v et 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
[Tone rpynnIWpPOBKY U PA3HOINIOTHOCTHAS Pa3BeOKa . . . . . « . . « « . . . .
Tpu TUNMHUYHLIE TEOJIOTHYECKUE CUTYAIIUH . . . . .+ « « v « v o e v e e e u o
MakcuMasibHOE PaCCTOSIHUE U BBIXOA HA TIJTATO . . .+ . .« v « « v v v o v o . .
OTKyOa B3SIJICST HATTET . .+ . v v v v e e e e e e e e e e e e e e e e
Korga mom6op HM Ha YTO HE TOHEH . . . .« « « v v v v v v v e e e e e e e e e
Pabounii ITUKIT C KPOCC-BAMUOALIMEN . . . . . . . . .« v v v vt e e e .

1.06 BapuorpaMMHasi KapTa (AHH30TPOIIHUSI)

YTo TaKOe aHU3OTPOIUS M 3aUEM €€ BUTIETD . . . . . « v « ¢ o v v o v o o v
Kak GuTaTh KAPTY . . .+« 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
[TapaMeTPBl . . . . . . v o o o e e e e e e e e e e e e e e e e e e e
OueHKa a3UMyTa, @HU3OTPOIUHU U PAOMYCA . . « « « v o v v v v v e e e o
Korpa paguyc ymupaeTCsa B OKHO . . . « v o v v v v v v e e e e e e e e e
PacTp MOBEPXHOCTH . . . . . . v v v v vt ot e et e e e e e e e e e e e e

1.07 Kpocc-Baauaanusi BapHOTrPaMMBbI
1.08 Kpocc-Banupganusi mertoga (LOO)

1.09 ITpoduin 00padOTKH

OTkyma 6epyTCs TPOMUMITH . .« . v v v v v v v e e e et e e e e e e
TIPUMEHEHUE . . . . . . . v v v it e e e e e e e e e e e e e e e e e e
VYOPABIEHUME . . . . . . 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

1.10 Co3maTrhs npuMep CKBazKuH (IeMo)

1.11 Co3gaTs npuMep reodpusndeckux npoduieu (meMmo)

KpI/ITI/IH]" HUJIN MUHUMAJIBHAd KPUBHU3HA . . . . . . . . .« « o v v o v v v v o

Tonmorpadmusi: peabed U3 OTKPLITHIX JaHHBIX
2.01 3arpyska IIMP mo pamMmke
2.02 3arpy3kKa TOIIOOCHOBBI II0 paMKe

2.03 Topo2Raster (penbed U3 BEKTOPOB)

TPEXMEDPHBIE TATTBBETH . . + & v v v v v v e e e e e e e e e e e e e e e
[ToBEPXHOCTb MEXKIY CTPYKTYPHBIMU JIMHUSAMHU . . . . . . o o o o o oo .
I'paHuna o6JIaCTU MOCTPOECHUST . . . .« « « « v v e e e e e e e e e e e e

2.04 IToaroroBka peiabeda

2.05 Ctok u akkymyasanus (D8)
2.06 Peunas cetsb

2.07 BaccedHBI H BOOOpa3aesibl
2.08 YK/II0H H 3KCNIO3UI U

2.09 BepmiuHbI

2.10 Jemo-pensed

[Tapa MOBEPXHOCTEM IJIS OOBEMOB . . . .« « v v v v v v v e e e e e e e e e
OBPAXHO-0ATIOUHAST CETD . . « « v v v v e v e v e e e e e e e e e e



Kyma MOKHUTCSI IEMO . . . v« v v v v v e e et e e e e e e e e e e e

2.11 Pa3genuTh TOPU30HTAIHN OJIsSI HPOBEPKH

3aYeM PABTETISITD . + « « v v v e e e e e e e e e e e e e e e e e e e e
[ToueMy genuM II0 OTMETKaM, a He M0 00BbEeKTaM . . . . . . . . . . . . . .
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
Paboumil TOPSIIMOK . . . . v v v v e v e e e e e e e e e e e e e e e
IMTapaMeTPBl . . . . . . . o o v e e e e e e e e e e e e e e e e e e e e e

2.12 HeBsi3Ka ropu3onraieu nporus IIMP

Kakye 9HCIa BEIHAIOTCS . . . .+ v v v v v e e e e e e e e e e e e e e e
IIBe HUGMPBI BMECTO OMHOM . . . . & v v v v e v e e e e e e e e e e e
OTUET . . . o v v o o e e e e e e e e
L 5 (07 s )= (=«
[MTapaMeTPBI . . . . . . . o o e e e e e e e e e e e e e e e e e e

2.13 IunarsocTuka reppacusara IIMP

[IBa HE3ABUCUMBIX TIPUBHAKA . . . + = « + v« v v e e e e e e e e e e e e
CeUdeHHE PEITBEMA . . . « v« v v i e e e e e e e e e e e e e e e e e e e
[I70CKHE YYaCTKU B CHET HE UAYT . . « « v o v v e e e e e e e e e e e e u
[ = (=
UeM JIEUUTD . .+ 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
[MTapaMeTPBl . . . . . . . o o e e e e e e e e e e e e e e e e e

2.14 YopaTh cTyneHH (CrjiakKuBaHHe C OTPaHHYECHHEM)

Kak 3TO BOBMOIKHO . . . .« & v v v v e v e e e e e e e e e e e e e
JledeHrEe CAMOTIPOBEPSIEMOE . . . & & v v v v e et e e e e e e e e
Yero MHCTPYMEHT HE JEITAET . . . . « v v v v v v e e e e e e e e e e
ITapaMeTPBl . . . . . . . o ot e e e e e e e e e e e e e e e e e e e e e

2.15 OTYEéT MO CTBOPY

Kak 970 paboTaeT . . . . . . . . . . o i i e e e e e e
UTO CHHTAECTCS . . . v v v v v e v e e e e e e e e e e e e e e e e e
ITapaMeTPBl . . . . . . . v i e e e e e e e e e e e e e e e e e e e e
BEICTPasi TPOBEPKA HA JIEMO . . . & v v v v e v e e e e e e e e e e e
I'paHUIBI IPUMEHUMOCTH . . .+« « o v v v e e v e e e e e e e e e e e e

2.16 Bogocoop. JInauu U KOHTYPHI (KaHaBbl, Kapbephbl)

Kak 3To paboTaeT . . . . . . . . . . i i e e e e e e e e e e
KOHTYD BMECTO JIMHHM . . . .« v v v v v v e e e e e e e e e e e e e
Bpe3ka TpacChl . . . . . . . . . e e e e e e e e e e e e e
UTO CHHTAECTCS .« .« v v v v v e e e e e e e e e e e e e e e e e e e
ITapaMeTPBl . . . . . . . v i s e e e e e e e e e e e e e e e e e e e e e
BEICTpas MPOBEPKA HA JEMO . . . « v v v v e e e e e e e e e e e e e
I'paHUIBI IPUMEHUMOCTH . . + v « o v v v e e e e e e e e e e e e e e e

2.18 Hachinik ¥ BbIeMKH (00BEMBI padoT)

3HaK U MOBEPXHOCTD CPABHEHUST . . . .+ « + « v v v v e e e e e e e e e e e
[IpuBemeHNE K OMHOM CETKE . . . . + « v v v v i v e e et e e e e e e e e
[ToueMy 1u}pPHI PAaCXOOATCSA C OPYTUMHU IporpaMMaMM . . . . . . . . . . .
MEDPTBAT 30HA . . .+ v v v v e e e e e e e e e e e e e e e e e e e e
VYaCTKU M GATTAHC . . . « v v v v v v v e e e e e e e e e e e e e e e e
BeIXOOBL . . . . . e e e e e e e e e e e
[MTapaMeTPBl . . . . . . . o o e e e e e e e e e e e e e e e e e e e e
BricTpas IpPOBEPKA HA TIEMO . . . + « v v v v e v e e e e e e e e e e
I'paHULEl IPUMEHUMOCTH . . . « v v v v e v e e e e e e e e e e e e e e

2.19 KangunaTsl OPOBOK H IMOOOIIB

62
62
63
63
63
63

63
63
64
64
64
64

64
65
65
65
65
65
66

66
66
66
66
67

67
67
67
68
68
68

68
68
69
69
69
69
70
70

70
70
70
71
71
71
71
71
72
72

72



2.20 BpoBKH H MOJOUIBHI B padoTy
2.21 Co3gaTth npuMep Kapbepa (aeMo)
2.22 OTMETKH C NPUMbIKAIOIIHUX TOPHU30HTaIeH

3.01 KaTreropuajabHbLIH HHIHKATOPHBIA KPHUTHHT
Kak CUMTAETCT . . . . . . . . o o i e et e e e e e e e e e e e e e e e e e e e
Korza ckBaKvHa He IIOIAJa B CBOIO 30HY . . « v « v v v v v v v e e e e e e e e e e e
UTO HA BBIXOIE . « .« ¢ v v v v v e et e e e e e e e e e e e e e e e e e e e e
BeKTOpHBIE TPAHUIIEL IT0 BEPOSATHOCTSAM . . .« & « v v v v e e e e e e e e e e e e e e e e e e

3.02 Kpurusnr ¢ BHemHuM npeidom (External Drift)
B 4éM OT/IMYUE OT CHATUS TPEHMA . . « « « « v v v e et v e e e e e e e e e e e e e
Kak CUMTAETCSI . . . . . . . . o o o e et e e e e e e e e e e e e e e e
ATPUOYTHI CTEHEPUPOBAHHOTO CITOST . & & v+« v v v v 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 e
BapuorpaMMa O OCTATKAM . . . . « « v v v v vt e e et e e e e e e e e e e e e e e e e

3.03 KapTra BEepOsITHOCTH IPEBBLINIEHHUS
Kak CUMTAETCT . . . . . . . . o o e e e e e e e e e e e e e e e e e e e
KaK MOJIYYUUTE BXOIBL . « .+ v v v e vt et e e e e e e e e e e e e e e e e e e e e
ITapaMeTPBL . . . . . . 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 e
TIPDEMEHEHUE . . . . . . . . o o o i e e e e e e e e e e e e e e e e e e e

3.04 I'uapaBIMYEeCKHH I'PAJHEHT ¥ HallpaB/IEHHE MOTOKa
Be3 IPOHUIAEMOCTH . . . . .+« v v v v e ettt e e e e e e e e e e e e e e
I[TapaMeTPHL U CTTIQKHUBAHME . . .« . « v« v v e e e et e e e e e e e e e e e e e e e
CTPENKU M3 TOUEK . . . . v v v e e v v e e et e e e e e e e e e e e e e e e
A (510) 2 8237 475 1

3.05 YaenbHBIH pacxoq (3akoH [Tapcu)
UTO CUUTACTCT . . . . v v v v v e e e e e e e e e e e e e e e e e e s e e e
Kak momyuute pacTpet Ku T . . . . . . . 0 e e
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
TIPEMEHEHHUE . . . . . v 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 e e e

3.06 I'ayccoBa cumynsanus (SGS)
ITapaMeTPBL . . . . . . o i 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

Buabl KpUrHHra: KakKoH BbIOpaTh
MITapramKa . . . 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

3.07 IIn1oTHOCTH 110 3aMepaM (IIepeMeHHasi 0Imopa)
BBIXOO ¥ MHBAPHAHT . . . .« 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
Kak 9uTaTh . . . . . . o e e e e e e e e e e e e e e e e e e e
OkHO «KapTa nj0THOCTU» (JKUBOU IPEOIPOCMOTD) .+« « v v v v v v v e e e e e e e e e e u

3.08 Co3maTrhs mpuMep IJIsi IVIOTHOCTH (IeMo)

4.01 Pa3pe3s 1o IHHHHA
KaK 3a0a0TCA IIJTACTEL . . .+ 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
Pa3pes 10 OOHOM MOBEPXHOCTH . . « + « « v v v v e e e e e e e e e e e e e e e e e e e e
[TopsimOK ITOBEPXHOCTEH 3aaéT AEPEBO CITOEB . . . . v« & v v v e e e e e e e e e e e e
BBIXOOBL . . . . o o e e e e e e e e e e e e e e e e e
BepTUKAMBHBIM MACIITA0 . . . . . . v . v v e e e e e e e e e e e e e e e e e e e e e
HecKONBbKO 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
IIBeT MOJIOC: CIIPABOYHUK IITACTOB .« . .« + v« v v v v e e e e e e e e e e e e e e e e e e



ATPUOYTHI BEIXOTHBIX CITOEB . . 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
[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
Kak mompo00BaTh HA ITEMO . . . . + v« v v e e e e e e e e e e e e e e e e e e e e e
CBsa3b C QGIS . . . . e e e e e e e

4.02 CKBaxHuHBI Ha pa3pe3e (MoaejIb OypeHHsI)
MOOEITE OYPEHHMT . . . 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
TEPIUMBIM YUTATEITD . . « &« 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
[IaKEeTHOCTD U COBMEIIEHUE . . . . . .« v v v v e e et e e e e e e e e e s e e e e e
PacKpaCKa M JIETEHIA . . + « « 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
OOpe3Ka IO YEPTEKY M PAMKE . . & v v v v v v e e e e e e e e e e e e e e e e e e
LIBET KOJIOHOK: CITPABOYHHUK IIJTACTOB . . . « + & v v v v v v 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

4.03 CocTaB 11acTa Ha pa3pes3e
OBA PERUMA . . v v v 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 e e
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

OmnpeneneHue pa3pe3a U 00IIHEe ITapaMeTPhbI

4.04 IlepecedyeHHe IIOBEPXHOCTEH C pa3pe3oM
[TapaMeTPBI . . . . . . o o ot e e e e e e e e e e e e e e e e e

4.05 IlepeceuyeHue BEKTOPOB C pa3pe30M
[TapaMeTPBI . . . . . . o o o e e e e e e e e e e e e e e e e e e
UMS ¥ CTHUITB MCXOIMHOTO CIIOST .+ & 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
O0Ope3Ka 10 PEeTbeDY M JIUHUM HUBA . . . « « v v v v e v v e e e e et e e e e e e e e
ATpUOYTH OOBEKTOB HA PA3BPE3E . .« & v v v v o e e e e e e e e e e e e e e e e e e

4.06 Ilepecedenue TIN c paspe3om
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 e

4.07 IIpoekuusi 00OLEKTOB Ha pa3pe3
4.08 CuopoenupoBaTh C pa3pe3a
4.09 Pa3BépTKa CTEHKH CTBOJIa (DeTa)

4.10 Co3aaTp mpuMep IJIsI pa3pe3a
CKBaXKHMHBI C MHTEPBAJIAMHU OITPOOOBAHMS . .+ .+ « « « « v v v e e e e e e e e e e e e e e
CoM HeMO M UX @TPUOYTEL . .+ 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 e
TTapaMeTPBL . . . . . . 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

4.11 O6pa3en cipaBOYHHKA IUIACTOB
UTO BHYTPH . . 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
Terno 3aMOJTHAET TEOJIOT . .« « & 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
COCTABHBIE TEJIA CEPBIE . . .« « 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 e
Tot xe datim BHe QGIS . . . . . . . . e e

4.12 93neMeHTHI 3ajiIeraHUs IO CJIedy BbIXOOa
I'eonoruueckasi MogeIb

5.01 CorinacoBaHHOCTH IIAaYKH IIJIaCTOB
UTO CHUTAETCT . . . . v v v v v e e e e e e e e e e e e e e e e e e e s e e
OTKyma 0epEeTCS HOPSAMOK IIITACTOB . . . .+ v « v v e v e e e e e e e e e e e e e e e e e e
UTOHABBIXOZE . & &+« 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
Yero MHCTPYMEHT HE PEIIAECT . . .+ 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



5.02 Co3maThs nmpuMep pa3pe3a (memMo)
UTO BIIPUMEDPE . . 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
I'punbl B 30HE CKJIQOKW HEBEPHBI HAPOUHO . . . .« &+ v v v v e v e e e e e e e e e e e e e e
UTOHA BBIXOZE . & &+ + 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
KakK 3THUM IMOJIB30BATBCST . & + « 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

I'mpposnorus pex

6.01 CTBOpPHI H KPHUBHIE PACXOO0B

Kak CUMTACTCST . . . . . . v v o ot ot 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
YUacCcTKI . . . . . . o e e e e e e e e e e e e
[MIepOoX0BATOCTD ML YKIIOH . .« + 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

TIOMS M €@OMHUITBL . . . . 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

B KaKHX €OMHHIIAX . . « 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
VYPOBHE . . . . . . o i o o e e e e e e e e e e e e e e e e e e e
ITOABAT EPTEKA . .« 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 e e
YUTO BAKHO 3HATD O METOME . . .+ + « « v v e e e e e e e e e e e e e e e e e e e e e
UTOHA BBIXOZE . & &+ + 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
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7.01 ®pakTanbHasi pa3MEPHOCTH
Kak GUTATh KAPTY .+ . « 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
BEIOOD OKHA ML JTIATOB . .+ . « 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
PaBoUMBi ITKIT . . . 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 s
ITapaMeTPBI . . . . . . . o o e e e e e e e e e e e e e e e e

7.02 Box-counting Mmacku
OTKyHA OEPETCT MACKA . . . « « « 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

7.03 Pa3MepHOCTD IMHHH ¥ T'PAHMIIL
IImarHoCTHUKA CTIAXKMBAHUS U3OTIMHUM . . . . .« v v v v v v e v e e e e e e e e e e e
IOPYTHE IPUMEHEHHST . . « « « « v v v e e e e b e e e e e e e e e e e e e e e e e e e

7.04 Pa3zmMepHOCTh MUHKOBCKOI O (BEKTOPHI)
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Isoliner - mpoBaiigep UHCTPYMEHTOB Processing a1si MHTEPIIONSAIIUN TOUEYHBIX JaHHBIX, [IOCTPOEHUS
M30JIMHUHN U paboTe ¢ penmbedom. Aapo kpuruHra - anroputMm KB2D m3 GSLIB. MHCTPyMeEHTH
pa3HeCeHHI II0 ceMU rpymnnam: «'pum u n30JIMHUN» - OCHOBHOM ITOTOK 00paboTKM OT AeKjlacTepu3aliuu
mo usonuuuii, «Tomorpadus» - penbed U3 OTKPHITHIX OAHHBIX M TUAPOJIOTUUYECKUU aHaIu3,
«JlomoMHUTENIbHbIE MHCTPYMEHTHl aHajiu3a» - CIellMajIM3UPOBaHHBIE PACYETHl OT MHOUKATOPHOTO
KPUTHUHTa OO0 IIJIOTHOCTHU IIepeMeHHOM OIlophl, «Pa3pe3» - IMOCTpOeHUEe IeO0JIOTUYECKUX pa3pe3oB,
«I'eonoruyeckas mopenb» (6eTa) - COTJIaCOBAaHHOCTD MTAYKM IIJIaCTOB ¥ y4eOHEBIM MpUMeEP pas3pesa,
«['upponoruss pek» - CTBOpPHI, KPUBHIE PacxXxogoB M 3aTonneHue, «OpakTalabHHU aHaIu3» -
Pa3MepHOCTH ITOBEPXHOCTEM, MAaCOK U JIMHUM.

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

«30muHMH U3 pacTpa» - U30JIUHUM (JIMHNUM) U KOHTYPHEIE TIOJIUTOHEI (II0sica MeXOY U30JIMHUSIMU),
T'PaHUIBI KOTOPHBIX COBIIaOAalOT C JIMHUAMMU.

«Bapuorpammuasa KapTa (aHusorponusi)» - noBepxHocTb y(h x, h y) c ouneHkoll asuMmyTa u
QHUM30TPONUY [IJIg YUETa HAllPaBIeHHOCTU B KPUTUHTE.

«Kpocc-Banupaiiusi BapHOTrpPaMMEBI» - CKOMNB3SAIINN KOHTPOIb (leave-one-out) miast TpoOBEepKU U
rnogbopa mapaMeTpPoOB KPUTHUHTA 10 OMIMOKe, a He BU3yasIbHO.

«Co3maTh IpUMED CKBaXKWH (IeM0)» - TeHepalusa yueOGHOTO TOYEYHOTO CJI0s C MTPOCTPaHCTBEHHOU
CTPYKTYpO# (KPOBJIS, MOIIHOCTb, COAEPXKAHWE KOMIIOHEHTA) [ O0ydYeHuss W NPOBEpPKH 0e3
peanbHBIX TaHHEBIX.

B rpyiie <<,]101'IOJ'IHI/ITeJ'IbeIe WHCTPYMEHTHI aHaJIn3a» CllelInaIM3MPOBAaHHBIE paC‘-IéTbI, HallpuMep:

«KaTeropuanbpHBIM UHOUKATOPHBIM KPUTUHT» - KapTa BEPOSTHOCTU KJIACCOB IO KaTeropHuaabHOMY
MO0 (MUHTHUII, JTUTOTUI): Ha KaXKOBIM KJIAaCC CTPOUTCS UHOWKATOP U KPUTYeTCs OTOEJIbHO, Ha
BBIXOII€ PacTp BEPOSITHOCTEH, KapTa 30H U YBEPEHHOCTD.

«mgpaBnuyecKuyl TpagueHT M HaIpaBlieHHWe I[O0TOKa» - II0 pacTpy Hamopa CTPOUT MOLYTb
TUOPaBINYECKOro TpafueHTa, a3uMyT HallpaBJIeHUs II0TOKa (BHU3 10 TPafUEHTy) U TOUEUHEBIN CII0U
BEKTOPOB II0TOKa, KOTOPHIHM cpa3y obopMisieTcs cCTpelkaMu. ['ugporeonorus 6e3 IpOHUIIAEMOCTH.

TMogxoOuT [OJIsi OTMETOK IINIacTa, MomHocTel, ®MC, XUMUH U JTIOOBIX YMCIIOBEIX aTPUOYTOB CKBAXKHH.

Heckonbko TepMHHOB, KOTOpBIE BCTPEUYAIOTCA [Hajiee. BapmorpamMma ONIKCHIBAaeT, HaCKOJIBKO
CUJIbPHEE PA3IUYAIOTCS 3HAUYEHWsS C POCTOM PACCTOSHUSA MeXAay TodkKamu. CHJIT - YPOBEHBb, Ha
KOTOPHIM OHA BHIXOOUT (OIM30K K OUCHEPCUM [aHHBIX). Harret (oT auri. nugget, «addekr
caMopopAKa») - CKauOK BapuorpaMMEI Y HyJIsI, TO €CTh pa30pocC Ha CKOJIb yTOOHO MaJlbIX PaCCTOSHUAX,
BBEI3BAHHBIN U3MEPUTEJIFHEIM IIYMOM ¥ MUKPOU3MEHYUBOCTHIO. [lasiee Mo TEKCTY - TPOCTO «HATTET».



YcTraHOBKA M pacmnojiokKeHue

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

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

Bce mHCTpYMEHTH ITpoOBaliiepa, Kak OHU CTOST B naHenu OdpadoTka. Crimcok cobupaeTcs u3 Koma
npu c60pKe PYKOBOICTBA, [I09TOMY OH He PACXOOUTCS C IJIarMHOM.

1. I'pua 1 H30/IMHUHA

1.01 [IlekmacTepu3anus (Beca)
* 1.02 2D Kriging (Touru — pactp)
1.03 MuHUMasbHaa KPUBKU3HA (TOYKHU — PacTp)
1.04 30IMHUM U3 pacTpa
1.05 Bapuorpamma (9KcnepuMeHTanbHas)
* 1.06 BapuorpamMMHuas KapTa (AHU30TPOIIUSI)
1.07 Kpocc-Banupanuus BapuorpaMMbl
1.08 Kpocc-Banupanus metoga (LOO)
1.09 ITpodunu o6paboTKu
1.10 Co3gaTs DpuUMep CKBaXXUH (OemMo)
1.11 Co3pgaTthk mpuMep reodpusndeckKkux npodunei (memo)

2. Tonmorpadus

.01 3arpy3ka LIMP 1o pamke

.02 3arpy3Ka TOIIOOCHOBEI II0 paMKe

.03 Topo2Raster (penbed 13 BEKTOPOB)

.04 [TogrotoBka penbeda

.05 CToK 1 akkymynsanusa (D8)

.06 Peunas ceTs

.07 BaccelHH U BOmopas3nerisl

.08 YKJIOH U 3KCIIO3UIUSA

.09 BepIIHUHE U SIMEI

.10 [lemo-penbed

.15 OTYET IO CTBOPY

.16 Bopmoc6Oop. JIunuu 1 KOHTYpPH (KaHaBhl, KaphePHI)
.18 Hacrhinu u BeieMKU (00BEMBI PaboT)

.19 KaupgunaTel 6POBOK ¥ MOOOIIIB

.20 BpoBKM ¥ ITOJOIIBE B paboTy

.21 Co3pgaTts puMep Kapbepa (gemo)

.22 OTMEeTKH C IPUMEBIKAIOIIUX FTOPU30HTaIER
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2. Tomorpadusi: TMAarHOCTHKAa M MpaBKa

* 2.11 Pa3menuThk TOPU30HTAIHU OJIS IIPOBEPKU

* 2.12 HeBs3ka ropmu3onTaneu npotus LIMP

e 2.13 [luarHOCTUKa Teppacunra LIMP

* 2.14 YOpaTh CTymeHHu (CrilakuBaHUe C OTPaHUYEHHUEM)

3. lomoTHUTE/ILHbIE HHCTPYMEHTBHI dHAJIUN3a

* 3.01 KaTeropuanbHbIM MHOUKATOPHBIA KPUTUHT

* 3.02 Kpurusr c BHemHuM gpetidoMm (External Drift)

* 3.03 KapTa BEpOSAITHOCTU IIPEBHIIIEHUS

* 3.04 T'mapaBnuYeCcKul TpaJueHT U HallpaBJjieHNEe ITOTOKa
* 3.05 YoenbHBIM pacxoq (3akoH [Japcu)



* 3.06 'ayccoBa cumynsanus (SGS)
e 3.07 IImoTHOCTH 110 3aMepaM (IlepeMeHHas oIropa)
e 3.08 Co3maTh IpUMeEP [JIS MJIOTHOCTH (IeMo)

4. Pa3pe3

4.01 Pa3pes3 mo nmuHUU
* 4,02 CKBaKMHH Ha pa3pese (Momesib OypeHuUs )
4.03 CocTaB IJIacTa Ha pa3pese
4.04 [lepecedeHue IOBEPXHOCTEHN C Pa3pe3oM
4.05 [lepecedyeHne BEKTOPOB C pPa3pe3oM
4.06 Ilepeceuenue TIN c paspe3om
* 4,07 [Ipoeknusi 00BLEKTOB Ha pa3pes
4.08 CipoenpoBaTh C pa3pe3a

4.09 Pa3BépTKa cTeHKHU CcTBOJa (6eTa)

4.10 Co3gaTh IpUMeEP OIS pa3pes3a

4.11 Ob6pa3sel cIpaBOYHUKA I1JIaCTOB

4,12 DIeMeHTHl 3ajiera’Hus 1o cliefy BhIXoda

5. Teostoruuyeckasi Mmogesin (0era)

* 5.01 CormacoBaHHOCTD ITA4YKHU TIJIAaCTOB
* 5.02 Co3maTh IpUMep pa3pe3a (memo)

6. I'mapoorusi pexk

* 6.01 CTBOpHI ¥ KPUBEIE PACX0O[0OB

* 6.02 IIoIUTOH 3aTOIJIEHUS

* 6.03 IMmopT TabIuIl CTBOPOB

* 6.04 Co3paTth IpuMep peku (oemo)

7. PpakTaJIbHBIA aHAIHA3

* 7.01 ®pakKTajgbHas Ppa3MEpPHOCTh

* 7.02 Box-counting macku

.03 PasMepHOCTh TMHUY U TPaHUI]

.04 PazaMepHOCTh MUHKOBCKOTO (BEKTOPHI)
.05 Co3pgaTh mpuMep Ot hpakKTanoB (HemMo)

NN NN

Bceeo uHcmpymeHnmos: 63

AnbTepHaTUBHHBIM cnocob - u3 ZIP-gaitma. Momynu — VYmpaBieHMe W yCTaHOBKa Mopayleud —
YctanoBuTh u3 ZIP. 93T0 ynobHO O odialiH-yCTaHOBKHU U Ipeapeln3HbIX COOPOK.

Ilocme ycTaHOBKM HWHCTPYMEHTH IOSIBIISAIOTCS B ImaHenu «O6paboTka» (Processing), mpoBaiimep
«Isoliner», rpynnel «['pupg u wusonuHUM», «Tomorpadusa», «IlONONTHUTEIPHbIE WHCTPYMEHTHI
aHanuza», «Pa3pe3», «Teomorudeckass momesnb» (6eta), «['mpmpomoruss pek» u «OdpaKTanbHBIN
aHanu3». TpeboBauus: QGIS 3.16+. BHemtHMX 3aBUCUMOCTEN HET - ucnonb3yoTca NumPy, GDAL u
IITaTHBEIE aIrTOPUTMEL Processing u3 coctaBa QGIS.

OOHOBJ/ICHHE

I[Ipu yctanoBke m3 pemno3utopus QGIS moka3riBaeT yBeOOMJIEHHWE O OOCTYIIHOM HOBOM BEpPCHUU
- 3HAQUOK B CTPOKE COCTOSIHUSI M CIIMCOK BO BKJIagke «OOHOBIsIEMBIe» MeHeOXKepa MOIyIeH.
OOHOBIIEHNE BHIIIOIHSIETCS OOHOM KHONKOM. [Ipu ycTaHOBKe 13 ZIP HOBast BEPCUS CTABUTCS TEM XKe
IIyTEM, IIOBEPX CTApPOU.

[Imarus KOPPEKTHO Iepe3arpyxkaeTcs «Ha jgeTy», nepe3anyck QGIS e Tpebyetcs. [ OEICTPOM
repe3arpy3ku Kofa npu paspaborke ygnoden monyinb Plugin Reloader (kuHonka «Reload a plugin...»).
BriGepute «Isoliner» - mpoBa¥ep U Bce MHCTPYMEHTHI TIEPEPETUCTPUPYIOTCS CPa3y.



BbI30B CcIIpaBKHu

B muanore Kaxaoro UHCTPyMeHTa eCTh KHONKa «CrpaBKa», OTKpHIBaloas 3To pykoBonacTso (PDF B
KOMIUIEKTe IylarvHa). [IpaBas nmaHens Ouanora OOMOJHUTENIBHO IIOKa3klBaeT KPaTKYyIo IIOACKa3Ky
II0 MHCTPYMEHTY. PyKOBOIOCTBO W CBemeHUS O BEPCUU OOCTYIHE U 6e3 OTKPHITUS WHCTPYMEHTa:
MeHI0 Momynau cogepuT nogMeH:o Isoliner ¢ nyakramu O mtaruHe (BepCusi, CCBIIKH, HCTOPUSI
u3MeHeHui) u Pykosoagcrso (PDF).

BBICTPBIH CTApT

HWHCTPYMEHTOB B IJIaTWHE IIO[ IIeCThIECSAT, ¥ BEIOMPATh U3 00Iero CoucKa TSKeJjo. DTOT pas3fmert
YCTPOEH WHaYe: He 110 MHCTPYMEHTaM, a Io 3agadyaM. Haliure Ty, YTO IMOX0zKa Ha Ballly, U UOUTE
II0 IIaraM - OCTAJIbHOE MOXKHO HE YHUTATh.

OOI1iee IpPaBUJIO OOHO: HHCTPYMEHTHI He ToraJgbIBal0TCsI, OHH CIPAIIHBAIOT H TOK/JIadbIBAIOT.
IMouTy KaXKObIi MUIIET B XKyPHAJ, YTO UMEHHO OH PEIInJI, ¥ I0YeMy IIOJIyYUIOCH CTOIIBKO 0OBEKTOB,
a He wHadve. KypHan CTOMT OTKPHIBAThb BCerma, OCOOEHHO B IIEPBHIE Pa3bl: TAM OOBIYHO U JIEKUT
OTBET Ha BOIIPOC «IIOYEMY BEHINIIO HE TO».

ECTh CKBaXKHHBI, HYZKEeH PaCTp H H30/IHHHHA

Camas yacTtas 3afjada ¥ caMasi cTapasi: TOYKHY C 3aMepaMU IIPEBPATUTh B IOBEPXHOCTD. [loCTaTOYHO
OBYX UHCTPYMEHTOB.

1.02 2D Kriging cTtpouT pacTp 1o ToukaM. OpauHapHBIM KPUTHUHT OLleHUBaeT 3HaUYeHUE B SUelKe
KaK B3BellleHHOe cpefHee OIMKaWIIMX 3aMepoOB, MPUYEM Beca OH He BHIIYMEIBAET, @ BHIBOOUT
M3 TOT0, KaK OBICTPO 3HAYEeHHUS PacXoOsTCs C pPacCTOSHHEM. 3afaThb HaAo IIojle 3HAYeHus U
rmapaMeTpsl MOOeIn: paguyc (Hasbllle Hero 3aMephl y2Ke HU O YEM He TOBOPST), MOpor (0OIIuii
pa3bpoc) u HarreT (pa3dpoc, OCTAIOIIUICS Ha HYJIEBOM PACCTOSHUH - IIOTPEITHOCTD 3aMepa IITI0C
M3MEHYUBOCTh MeJib4e Ilara ceTH). A4elKy OepuTe MPUMEPHO B YETBEPTL-ISATYIO YaCTh CPEOHETO
pacCcTosTHUSA MeXOy CKBaXXMHaMU: Mejlbue He 10OaBUT TOUHOCTH, @ CUMTAThCS OyIeT IoJIblie.

BwmecTe ¢ IIOBEPXHOCTBIO MHCTPYMEHT BbI,E[aéT KapTy OIIHOKH KPHI'HHIa. CMOTpI/ITe eé BCerga:
CcaMa IIOBEPXHOCTH BBRITTIAOUT OOMHAKOBO I'/TAAKO X TaM, I'ie CKBaKUH MHOI'O, U TaM, Irie pe3yjabTaT
OEPXKUTCSA Ha OOHOM IaneKom 3aMepe, a KapTa onrnoKu 9Ty pa3HUIY ITOKA3bIBAET.

1.04 U301uHHMH M3 pacTpa OpeBpalllaeT IIOBEPXHOCTb B TOPW3OHTANIX C MOAIHKCSAMU, a MpPHU
HamoOHOCTH U B IOJIUTOHEL 1ana3oHoB. CedeHMe 3aaéTCA YUCJIOM UiH maroM. s penbeda TaMm
XKe ecTh (pi1axkoK TomorpadpuyecKux IMOANUCEH: OHM Pa3sBOPAYMBAIOTCS TakK, YTOOBI BEPX CMOTPEN
Ha BBICOKYIO CTOPOHY.

ITonnpo6oBats 63 cBoux HaHHEX: 1.10 Co3maTh NpUMep CKBazKHUH (IeMO0) BLHIaET TOTOBLIN Habop
TOYEK C PEJINCTUYHOU IIPOCTPAHCTBEHHOU CTPYKTYPOHU.

danbiie, Korga 3axo4eTcsi 000CHOBaHHs1. [TapaMeTphl MOOENM MOXKHO He momOupaTh Ha TIjia3:
1.05 BapuorpaMmMa CTPOUT UX 10 CAaMUM JaHHBIM U pUCyeT rpaduk, Ha KOTOPOM BUOHO, €CTh JIU B
OaHHBIX ITPOCTPAHCTBEHHAS CBsI3b BOOOIe. ECiiu aKCIIepuMeHTaIbHbIE TOUYKH JI0KATCsI Kak II0I1alo,
HUKaKOM MeToq e€ He co3macT. 1.06 BapuorpaMMHasi KapTa II0Ka3blBaeT aHU30TPOIIHIO - KOTIa
CXO[ICTBO TSTHETCS BIOIb OJHOTO HaOpaBlIeHUS CUJIbHEe, YeM IIONEPEK, U 3TO Hamo ydecTb. 1.08
Kpocc-Banmumanusi (LOO) youpaeT KaxXay0 CKBaXXUHY 110 o4Yepeny, IIpeacka3biBaeT 3HaYEeHHE 10
OCTa/JIbHBIM U BHIBOIUT PACX0XKIEHUE YHUCIIOM - IIPSIMOM OTBET Ha BOIIPOC, HACKOJILKO MOXKHO BEPUTH
kapTe. 1.09 IIpodmuin oOpadOTKH COXpaHseT yOauHBH Hab0op mapaMeTpoB, 4YTOOH He HaOupaTh
€ro 3aHOBO.

ECTh OTKpBITasi MECTHOCTh, Hy2k€H pejibed U TOIIOOCHOBa

PanHMI ¥ caMBIM XOJOBOM MHyTh: CBOMX CHEMOK HET, a KapTa HyXXHa. Bcé 0epéTcsi U3 OTKPBITHIX
UCTOYHUKOB IIpsiMo B QGIS, 6e3 ckauynBaHUS apXUBOB PYKaMH.
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2.01 3arpy3ka IIMP nmo paMkKe KadaeT BBICOTH II0 3agaHHOMYy oxBaTy - Copernicus GLO-30
¥ OpyTue OTKpHEIThIe HaGopwl. [IpmxomuT pacTp B MeTpaxX, yXKe HPUBEOEHHBIM K METPUYECKOU
cucTteMe KoopOouHaT. TPpUAIlaTh METPOB STYEHKH - 9TO MacirTab mopsagka 1:25000: X0mIMBI, TOTHUHEI
¥ BOOOpPa3mesibl YUTAIOTCS, a OpOBKa Kapbepa UJIM OOPOXKHAas HaCHIIb - HET. [IOHMMaTh 3TO HAMO
cpa3sy, UHaue OT pe3yJbTaTa XKAYT HEBO3MOXKHOTO.

2.02 3arpy3ka TONMOOCHOBBI IO paMKe 0epéT Mo TOH Ke paMKe BEeKTOPHYI0 OOCTaHOBKY W3
OpenStreetMap: BoOHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHWs, jec. BomHbIe OOBLEKTHI IPUXOMIST
[IOJINTOHAMM, BKJII0OYasi COCTaBHBIE - 03€p0O0 C OCTPOBOM OCTa€TCS 03epOM C QOHIPKOU, a He
MpeBpaIlaeTcs B CIUIOIIHOE MSITHO. ITO TOT CJIOM, KOTOPHIM Aasbllle TMOJAETCS B MHTEPIIOJISIIUIO
ype30M BOJHI, €CJI MOHAJOOUTCS ITepecYUTHBaTh pebed.

CkauanHasi [IMP moutu Bcerma TpebGyer 2.04 IToaroroBKu penbeda: B OTKPHITHIX Habopax
BCTpPEYaroTCs MyCTOTHI, IITyM U JIOKaJIbHEIE SIMBI, KOTOPHIX B IPUPOAE HET. 3alloIHeHNe ITIOHNXKEeHUR
37ech He KOCMEeTHKa - 06e3 Hero CTOK He CUHTAeTCs BOBCE, BOHOA YTHIKAETCS B IEPBYIO XKe JIOKHYIO
amy. Ilocne moxproroBku 2.05 CTOK M aKKYMY/JISIIIUSI OA€T HAIpaB/leHUs U HakomseHue, 2.06
PeuHasi ceThb MpeBpalllaeT HAKOIMJIeHHE B JIMHUU TaJIbBETOB C mopsimkamu, a 2.07 BacceHHBI H
BOJOpa3deIbl PeKeT TEPPUTOPUIO HAa BOTOCOOPEHL.

2.09 BepmiuHbI U sSIMbI HaXOOUT XapaKTepHBIE TOUKU pesibeda - Te caMble OTMETKH, KOTOPHIE
Ha OyMakKHOM KapTe IOANUCHBAIOT YuciIoM. BMecTe ¢ TanmbBeramu u3 2.06 oHM 00pa3yIoT CKEJeT,
KOTOPBLIM ITOTOM MOKHO ITomaTh B 2.03 u mepecuuTaTh penbed yxKe C Y4ETOM T'UOPOJIOTHH.

M 3mech riIaBHBIN HIar, paJgH KOTOPOro BCEé mpeabiayiilee M Oesjdaoch. CkauvanHas LIMP
TUAPOJIOTUYECKN HEeBepHa: B HEM eCTh JIOKHBIE SIMBI, peKM MeCTaMU TEKYT B TOPYy, a 03épa UMeIOT
yKIIOH. McripaBnsaTe 3T0 ¢uiabTpaMu OECCMEBICJIEHHO - 3al0JIHEHME MOHUXKEHUH JIEYUT CHUMIITOM,
HO He mpu4mHy. [IpaBUILHBEIN OyTh APYTO#M: co0paTh M3 CKAa4YaHHOTO pacTpa CKeJjIeT MECTHOCTH U
nepecyuTarb MOBEPXHOCTH 3aHOBO C YYETOM TOT'0, UTO MBI ITPO HEE Y3HAIIH.

Bcé, uto moGeITO Ha mpempimymiux Irarax, ugéT B 2.03 Topo2Raster kKaxpgoe CBOMM BXOOOM.
lopusonTanu u3 1.04 - XKECTKUMHU y37naMH. TOYKU BHICOT U3 2.09 - ToXe JKECTKUMH, U C BECOM
00JIbIlle eAUHUIIBI, €CJTTU XOTUTE, YTOOH BEPIIMHEI II€PEBEIINBAJIN BEPIINHL TOPU30HTaIe B 00IIIei
sg4etike. TanbBeru u3 2.06 - TpUHYXKOEHUEM NTafeHUsI BHU3 10 TEUYEHUIO, I09TOMY PeKU Ha HOBOM
penbede rapaHTUPOBAHHO TEKYT BHU3. BomHble monuroHs! u3 2.02 - ype3oM BOIH, U 03€pa JIOKATCA
IIJIOCKOCTBIO, @ He C YKJIIOHOM. Ha BBIXOfle TIO/Iy4aeTcs THAPOIOTHYeCKH KOPPEKTHHIH pebed,
4Yero CKa4aHHHIN pacTp caM o cebe He OaérT.

N3zonuuaun n3 1.04 Hy>XKHBI B 9TOH IIEIIOYKE ABAXK/Bl: CIIePBa KakK CII0C00 MOCMOTPETh Ha MECTHOCTD,
a IIOTOM Kak BXo[I B iepecuéT. CeueHue OepuTe 1o Macitaby 1 xapakTepy MECTHOCTHU - Ha PaBHUHE
NATH METPOB, B Tropax [OBajlaTh NATh; UHCTPYMEHT IIOACKa’)KeT Auala3oH BHICOT B XKypHalle.
CnumkoM 4acToe ceueHUe 3[4eCh He ITOMOIIHUK: OHO IIEpeHEeCET B HOBHIU pebed IITYyM MCXOOHOTO
pacTpa, pagy n30aBJIeHUsI OT KOTOPOTO BCE U 3aTEBAJIOCK.

I[TpoBepuTh, UTO CTAJO JIydllle, a He MHaUe, IOMOTralOoT Te JKe MHCTPYMEHTH], YTO U B CJIEOYIOIeM
cueHapuu: 2.12 HeBsi3ka ropu3oHtajied nporuB [IMP u 2.13 [IuarHoCTHKa TeppacuHra. A
2.05 Crok 110 HoBOMY penbedy OOIKeH JaTh peKu 0e3 pa3pelBoB U 0e3 JTOXKHEBIX 03€D - 3TO caMas
HarasggHas IpoBepKa.

ECTh TONOIJIaH C TOPHU3O0HTAJISIMH, HY2KeH penbed

3agaya oOpaTHas IpenbIayIeii: He IOCTPOUTh IIOBEPXHOCTh II0 PEIKHUM TOYKaM, a BOCCTAHOBUTE €€
II0 IIJIOTHHIM JIMHHSIM, KOTOPBIE YKe KTO-TO HapuCOBall.

3meck paboraer 2.03 Topo2Raster - mynbpTHCeTOYHass MHTepnoisaims mo motuBam ANUDEM.
I'maBHOE oTnmMuyue OT KPpUTMHTIa B TOM, 4YTO Yy KaXIOOIr'O THUIIa BXOHOa CBOS POIJIb. FOpI/I3OHTaJ'[I/I n
TOYKH BBICOT OAIOT JKECTKue Y3JIBl: TaM OTMETKa IIPHUKOJIOTa. TanbBeru 3a0al0T IIPUHYXIEeHHNue
MageHuss BHU3 M0 TEYEHHUIO, IO3TOMY PEKU Ha IIOCTPOEHHOM penbede He TeKyT B ropy. OOpPBIBEI
paboraroT 6aphepoM: BOOIb HUX Ilepenan He pa3Ma3bIiBaeTCs CTiIaXKUBaHUEM. YPe3 BOMbl KIameT
03€épa IJIOCKOCThIO UIU HAKJIOHSET BOOJIb PycClia.
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Ageliky 3amaBaiiTe SIBHO, MHA4Y€e YMOITYaHME MOXKET OKAa3aThCs IPy0ee TOTo, YTO BE XOTUTE YBUIETE.
3T10 mepBoe, 000 YTO CIOTHIKAIOTCSA: HAa KUJIOMETPOBOM yYacTKe aBTOMATHYECKUU pa3Mep HaeT
TPUOLIATUMETPOBYIO SYEHKy, W YCTyIl B CeMb METPOB B TaKO# CeTKe IIPOCTO He CYIIeCTBYeT.
HUHCTPYyMEHT 00 3TOM TpenynpexkaaeT B XKypHase, HO JIydlle 3afaTh cpasy.

I[IpoBepsATh pe3ynbTaT Hago He Ha rna3. 2.11 Pa3genuTs TOPHU30OHTAIH OJIsd IPOBEPKH
OTKJIaAblBaeT 4JacTh nuHuii, 2.12 HeBsizka ropu3onTajied nporusB IIMP mepsieT, HACKOIBKO
IIOCTPOEHHAas IIOBEPXHOCTh Pa30Ijiach C OTJIOKEHHBIMU. DTO TOT XKe IIPUEM, YTO KPOCC-BaIugalus
B KpUTHHTE, I OH OTBedaeT Ha TOT Ke Bompoc. OTmensHo ecTh 2.13 [IHarHoCTUKa TeppacHHIa
- UIIEeT XapaKTepHBIM OeheKT UWHTEPIIONSIIMKM [0 TOPM30HTAJISIM, KOrfla IIOBEPXHOCTH BCTAET
CTYIIEHSAMHM BAOJIb UCXOOHBIX TUHMNM, U 2.14 ero j1e4dur.

ECTh IUIOTHasi Cb€MKa, Hy2KHbI OPOBKH H IIOJOIIBLI

CréMmka ¢ BIIJIA unmu 1na3epHOr0 CKaAaHMPOBAHUA [HOaET pesnbed, TOe YCTYIL BUOHBE, HO He
oundpoBansl. OnudpPOBLIBATL UX BPYYHYIO - 4OJT0, U Isoliner ymeeT HaXOOUTh UX CaM.

Mexannka B 2.19 Kanaumarbl OPOBOK H MOOOIIB TaKas: MPU3HAK HM3JI0Ma 9TO He YKIIOH, a
CKOPOCTh €ro u3MeHeHHusi. Ha poBHOM OTKOCe, faxke OTBECHOM, YKJIOH IIOCTOSHEH M IIpU3HaK
MaJ; BEJIMK OH TaM, Ifie YKJIOH MEHSIeTCs, TO eCTh Ha caMoi OpOBKe M Ha CaMOU IIOJOIIBE. 3HAK
KPUBU3HBI OeJIUT HaWgeHHbIe ITMHUY Ha OPOBKHU U ITOMOIIBLEI aBTOMATHUYECKH.

[IBa mapaMeTpa HeO4YeBUIHE], U 00a cToUT NNoHATh. Ba3a 3aMepa - DONyMNPUHA OKHA, B KOTOPOM
MepsieTcs mepernaj IonepEK JIMHUY; Ieperan B aTpubyTe drop CYUTAETCS UMEHHO B Hell, I03TOMY
y OecSITUMETPOBOT0 YCTymIa Ipu 0a3e B TpU STUYEWKU OH IOKaXKeT TPH METpa, a He mecsaTb. bazy
3aJaBaliTe IO IIUPUHE OTKOCA B A4etikax. OTceduKa no nepemnany - GuiabTp IIIyMa, HO He Kputepui
3HAUYMMOCTHU: PopManmbHOrO MpU3HaKa OPOBKKM HEe CYIIECTBYET, U pellaTh, YTO CYUTAThL yCTYIIOM,
ocTaéTcs 4enoBeKky. [109ToMy MHCTPYMEHT HAPOYHO OTHAET OOJIbIlle HY2KHOTO, KJIaJéT B aTPUOYTHI
4yycla ajs oToopa M ledaTaeT IIPOLEHTUN B XKYpPHAJ - Jaibllle Bhl ABUTaeTe QUIbLTP CJIOS, TISIOs
Ha KapTy, U HUYero He IIepecuYnuThHIBaeTe.

Iamnpire 2.20 BpoBKH U MOJOIIBEI B PadOTy CHUMaeT OTMETKH C pejibeda u cobupaeT QOPMHI.
ITape! onpenensioTCs CIIyCKOM II0 CKJIOHY, a He 110 GJIM30CTHU: BoJa C OPOBKM CKaTHIBAETCS POBHO K
€€ TIoMolIBe, ¥ Ha KPUBOM OOPTY C y3KUMU OepMaMu OyuzKaWInas II0 PaCCTOSHUIO ITOJOIIBA YacTo
MPUHAMJIEXUT cocemHeMy ycTymy. dopma - 3TO omHa MOOOIIBA WM MHOXKECTBO OPOBOK IIpHW HEW,
IIOTOMY YTO TPAaCCHPOBKA pPeXKeT ONUHHYI0 OPOBKY Ha KycKu. HemmapHble TUHWUM He IIPOIAfaloT, a
yXoOodaT B OTJIGJ'IBHBII:I CJIOH C HpPI‘-IHHOﬂ B anI/I6YTe: 3TO CTOUT OTKPHITE U IIOCMOTPETE.

I[IpoBepuTh CBSA3KY IIEIMKOM MOXKHO Ha cuHTeTuke: 2.21 Co3marh npuMep Kapbepa (aeMo)
CTPOUT Kaphep C yCcTymamMu, 6epMaMH, Che3[I0M, OTBAJIOM U KaHaBOM, a BMECTe C HUM HCTUHHBIE
CTPYKTYpPHBIE TUHUU. [ToTHOTA AeTeKTopa MepPseTCs YUCIOM NPOTUB HUX, a He Ha TJas.

ECTh Kapbep B TONOIIaHEe, HO TOPU30HTa/Ied BHYTPH HET

Crnydaii, KOTOPHIY BRITTIIAUT Oe3HAAEKHBIM, TTOKAa He pa3o0parthkcsi. I1o HOpMATHUBY TOPU3OHTAIH
BHYTPH IUIOIAAHLIX KapbepPOB, BEHIEMOK, HACHIIEH M OTBAJIOB HE OMHCHLIBAIOTCSI - COTJIACYETCS
TOJIPKO BHEIITHUY KOHTYP. 3HAUYUT pefibed 10 TaKOMY IJIaHy UMEEeT ObIPY POBHO TaM, I'Tie BEIPaboTKa,
¥ 3aII0JIHUTL €€ HeueM, KpoMe OPOBOK U IIOIOIIB.

3arso3gkKa B TOM, 4YTO y JIMHUU OTKOCA B 4epTexXe HET OTMeTOK. Ho OHU eCTh y TOpHU3OHTalEH,
KOTOPEIE K 9TUM JIMHUSM IIPHUMEIKAIOT: HOPMATHB TpeOyeT MOBOOUTE UX 0 IWHUU OIMHCAHUSI 00bEeKTa
Y3MIOBBIMM TOYKaMH. 2.22 OTMETKH C IPHMbIKAIONIUX FOPHU30HTAIeH Cco0MpaeT 3THU TOYKHU U
BOCCTAHABIIMBAET II0 HUM IIPOGUIL BCEH JTMHUU - IePeMeHHYI0 OTMeTKY M3 CaMHX HAHHBIX, a He
OIHO YMCJIO Ha BeCh OOBEKT.

Haneire 2.20, Ho yke 0e3 IIMP: xorga y TUHUM €CTh CBOM OTMETKM, CIIYCK 10 CKJIOHY He HYXKEH,
TOMOINBOM CUUTAEeTCA OIUKalIasa TUHUSA HUXKe OPOBKU. DTO BaXKHO, IOTOMY YTO MHAYe MI0Tydasics
KPYT - 4TOOBI IIOCTPOUTH Pejibed, HYyKHHI Maphl, a OJIA ITap CIyCKOM HYXK€EH pesibed, KOTOPOro eIlé
HeT.
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3ambikaeT 2.03: TOpM30HTAIM KaK 0OLIYHO, a ¢GOpMEI MomaioTcs Bo Bxombl Bepx dopm n Hus
dopmM. [ToBepXHOCTL MeXKAy OPOBKOM M ITOAOIIBON CTPOUTCS METOOOM PACCTOSHUM, TEJIO YXOOUT
B HWHTEPHIOJISAINIO KECTKUMHM y3jlaMH, T'paHuria paboraer OGapbepom. Ilopora 3HAYMMOCTH B
WHCTPYMEHTE HET HaMEePEHHO: Jajik IBE CTOPOHHI - CTPOUTCS IMOBEPXHOCTD, JaJii OOHY - paboTaet
OaprepoM. PelrteHue mpuHUMaET YeJIOBEK, KOTAa PUCYET BTOPYIO JIMHUIO.

HyKeH reojioru4ecKui pa3pes

Paspes B Isoliner - 3T0 He KapTUHKA, a cucTeMa KoopauHat. 4.01 Pa3pe3 mo JTMHHUHU TIpeBpaIlaeT
JIMHUIO Ha KapTe B IIJIOCKOCTh YepTezKa C OCSIMU PacCTOSHUEe-BHICOTA M BBIJAET, KPOME CaMOTO
yepTexka, CIyKeOHBIM CIIOM ompeaejieHHe pa3pe3a. Bce ocTanmbHBEIE HWHCTPYMEHTHI T'PYIIITHL
MIPUHUMAIOT €r0 Ha BXO. M 6naromaps eMy KjIagyT CBOM OOBEKTHI B Te Ke KoopawHaThl. OTcroma
npaBuJsio: crnepsa 4.01, moToM BCE ocTanbHOE, U B moJie «OnpeneneHnre pa3pe3a» MOJAETCSA BBIXO
4.01, a He ¥cxXOoOHAas JINHUA.

BepTukanbHBIH MacTab 3agaéTcs TpeMsi Criocob6aMu, U BEIGOP HeoueBUAeH. MHOKUTEJIb IPOCT, HO
TpeOyeT 3HaHUS OJIMHBEL pa3pe3a: Ha KUJIOMETPOBOM IIPOdHIie MHOXKUTENh 3 HACT IJIOCKYIO JIEHTY.
OTHoUIeHHe radapuTOB YepTezka moadupaeT MHOXKHUTEJIhL CaMO TakK, YTOOH! IMPHUHA OTHOCHUJIACh
K BBICOTE KakK 3afiaHo, U paboTaeT Ha pa3pe3e JioO0i OUMHEI - HAYHUTE C Hero. Y moMHUTE, YTO
MIPEBHIIIIEHNE UCKAXKaAET BCE YTJIB: Tpu MHOXKUTeNe 10 HAaKIOH B 5 rpagycoB NsKeT Ha OyMary mof,
41, MO3TOMY YTJIBI IO YEPTEKY TPAHCIIOPTUPOM HE MEpST.

Ianbine Ha pa3pes HAHOCUTCS comepxkuMoe. 4.02 cTaBUT CKBAXKUHEI C UHTEPBaJIaMU OITPOOOBaHMUSI,
4.04 TpPOBOAUT IIOBEPXHOCTHU U3 pacTpoB, 4.03 HAHOCUT BEKTOPHBIE OOBEKTH II0 TOYHOMY
TepecevYeHuto C IMHMEN. Y ToCJIefHero IPaBuUJiio IO TUIY O0bEKTa: MJI0CKas JIMHUS TaéT BEPTUKAIb
(M3BECTHO I'Ie, HEU3BECTHO Ha KaKOM I'1yObuHe), TPEXMEpPHas - TOYKY Ha pealbHOMN BHICOTE, ITOTUTOH
- BEepTHUKAJbHYIO Iojocy. Ecnu 3amaHBl yTrojl U a3uMyT NafeHMs, BepTUKallb IIpeBpalllaeTcs B
HaKJIOHHBIM cJief], a II0JIoCa - B IlapajijIejiorpaMM.

HauaTs mporire Bcero ¢ memo: 4.10 Co3maTs mpuMep O/Isi pa3pe3a BLOAET IIeCTh IOBEPXHOCTEH,
MISITh IIJIaCTOB, TPY JIMHUM Pa3pe30B, CKBAXKHWHLI, 30HHI M CJIOW OJIS NPOBEPKH YIIOB mameHwus. Ha
HEM BCS LIeTIOYKa IIPOXOOUTCS 3a IISATh MUHYT, U OIIMOUTHCS HETHE.

HyKHbI 00b€MBI padoT

2.18 HacpIinu M BBIEMKH CpPAaBHUBAET [BE MOBEPXHOCTH M CYMUTAET, CKOJIbKO BBIHYTO H
CKOJIBKO yJi0xKeHO0. OOBIYHO 3TO penbed Oo paboT W mocie, WM HPOEKTHAs MOBEPXHOCTH IIPOTHB
paKTHIECKOMH.

CuuTaeTcs II0 SYeMKaM: Pa3HOCTh BBICOT YMHOXKaA€TCsA Ha IIJIoLIadb H‘-IeI;IKI/I, IIOJIOZKUTEJIbHEBIE U
OTpHUIIATENIbHbIE CYMMUPYIOTCS pa3genibHo. OTCIola 0YeBHUOHOE, HO BaXXHOE: TOYHOCTH O00BEMa
yIHpaeTcsi B TOYHOCTH 00eHX MOBEPXHOCTEH, ¥ €CJTH OflHA U3 HUX ITIOCTPOEHA I10 PeIKUM TOUYKaM,
KpacuBOE YKCJIO B OTUETE He 3HAUMUT HU4Yero. Kapra ommbKy KpUTUHTA U HEBSI3Ka T10 OTJIOKEHHBEIM
TOPHU30HTAISIM - KaK pas Ipo 3TO.

I'paHully c4éTa 3aJaBaiiTe IMOJIUTOHOM, HHaUYe 00BHEM IMOCUUTAETCS 10 BCEMY IIEPEKPHITHIO PACTPOB,
BKJTIOYast 0071aCTH, KOTOPHIX PAabOTH HE KacaliuCh. ITO BTOPOE, 000 YTO CIIOTHIKAIOTCS: PAa3HUIIA ABYX
IIMP mouTu HHUKOT[a He paBHA HYJIIO 3a IpedelaMHu BEIPaOOTKH, TaM TYJSeT ITyM ChEMKHU, U Ha
GOJIBITION IIJIOIagXM OH HaKaIllJIMBAeTCs B 3aMeTHHIE KyOOMETPHI.

OoOmiast 1orukKa padorTsl

TunoBou ciieHapui COCTOUT U3 ABYX IIaroB:

2D Kriging: mo To4Ye4YHOMY CJIOI0 M YHNCJIOBOMY IIOJII0 Z CTPOUTCS pPacTp (perynspHas ceTKa
3Ha4YeHUN).

HM30/IMHUM W3 pacTpa: 10 MHOJYUeHHOMY PacTpPy CTPOSTCA H3OIHHUU U, HPU HEOOXOOUMOCTH,
3aTUThle KOHTYPHEIE TTOJIUTOHEI.
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[[Taru He3aBUCUMEI: «30TMHUY U3 pacTpa» paboTaloT ¢ TI0OBIM PACTPOM, He TOJIBKO C Pe3yJIbTaTOM
KPUTHUHTA.

HNHCcTpyMeHTH coOOpaHEl B TPU rpynnsl Processing. I'pynmna «I'pum u U30TMHUM» 3TO OCHOBHOM ITOTOK
00paboTKM, OT KpPUTHHTA A0 uU30nuHuil. I'pynna «JIlomoMHUTENbHEIE MHCTPYMEHTH aHalii3a» 3TO
cIelmranu3upoBaHHbIE PACUYETH], KaTeropualbHbEIM MHOWKATOPHBIM KPUTUHT, KPUTUHT C BHEITHUM
opetidoM, rumpaBnuUecKul rpafueHT C HallpaBleHUueM II0TOKa, KapTa BePOSITHOCTU IPEBHIIIIEHNS U
yOenbHBIN pacxop 1o Hapcu. I'pymnma «Pa3pe3» 9TO IIOCTPOEHMEe Ie0IOrnYeCKUX pa3pe30B I10 TUHUN
U IMOATOTOBKA AEMO-TAaHHEBIX OIS HUX.

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

50
40 3. M3onuHuM ¥ NONWIroHb
1. CkBaWHLI (To4kK) 2. Fpua (KpwruHr) -
l. ". * o v" \
piee o e o ae o
s R RO '
L ™
ad o e, H = T e ¢ - 5 |
be = - e | |
Ll 3U b5
. S - - s y
% s . 0 -
[ s . o @ . ®
. LR .
P . b e v, L™ K
o o 8®0 PO . * 20 5
T L - . " L} 5
[ e ¥ . L
J - - L] . l
R L . -. .. . = ..‘.ﬁ
4 - . . - ™ e =
. .-.- . ..-.\'. 10 el
. ‘s e .y - o T

Puc. 1: Becp mpormecc Ha CreHepupOBaHHOM IIpMMepe: CKBaXKUHBI C H3MepeHusaMu (ciena)
IpeBpamialTCa B CIJIOIMIHOW T'PUL KPUTHUHIOM (B IIEHTPE), IO KOTOPOMY CTPOSATCS H30JIMHUU U
KOHTYPHEIE IIOJIUTOHEI (CIIpaBa).

1.01 dexmacTtepu3anus (Beca)

UHCTPYMEHT TOTOBUT OaHHLIE TTepen nHTepnosnuei. Korma mpo6s! CrylieHb HEPaBHOMEPHO, OOHU
6710ku pa3bypeHBI IJIOTHEE APYTUX, HaWBHAs TJiobajibHasi CTATUCTUKA CMEIIAeTCs B CTOPOHY
Ilepepa3BefaHHBIX y4acTKoB. Ecmu ryme Oypunm OoraTele 30HE, CpegHee U THCTOrpaMMa
3aBHIIIEHB], @ 3TO IPSAMO BIUSAET Ha MOACYET 3amacoB. Adencras geknacrepulanusa (mopt GSLIB
declus) maét xaxmoi mpobe Bec, OOpATHHIM JOKAJIBHOM IIJIOTHOCTHU: B CKOIJIEHWM MEHbINE, Ha
otmube Gonbiie. [To B3BEIIEHHLIM OAHHBIM CYUTAETCS IIPENCTaBUTENIbHOE HOeKJIacTepHU30BaHHOE
cpepHee.

Ha nomne HaknapreiBaeTCs CeTKa T9eeK, BeC MIPOOLI IPONOPINOHAaJIeH eIHNIE, OeJIEHHON Ha YHCII0
po6 B e€ siuelike, 3aTeM Beca HOPMUPYIOTCA. Pa3Mep STuelKu mondupaeTcss aBTOMAaTUUECKU: CBUTI
IO pa3Mepam, BEIOOP M0 MUHUMYMY [EK/IaCTEPU30BaHHOTO CPedHero (KOrma CKOMJIEHUS MPHUIILINCh
Ha GoraTeie 30HBI) MTUOO MO MaKCUMyMy. MOXKHO 3aJaTh pa3Mep BpyuHyio. Ha perymspHO¥ ceTu
OeKIacTepu3alus HU4ero He MeHsIeT, BCE BeCa PaBHHI.

[TapameTp Ha3uauenwue ITo ymonmuanuio

Touku cO 3HAaUEHUSIMU [Tpo6EI. -

ITone 3Hauenus (Z) YucnoBoe moJje. -

Pasmep sueiiku ABTO (CBUII) UIU PYYHOU. ABTO

Pa3mep s4elKu Oy py4YHOTO CTopoHa S49e¥KHu B py4YHOM 0

pexuMa pexumMme.

Llens cBuna (Horr.) MuUHUMYM UJIX MAaKCUMYM MuHuMyM
CpegHero.

Yucmno pa3MepoB B CBUIIE CKOJILKO sSueeK mepebpaTh. 24

(Oorm.)
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[TapameTp

HazxaueHue

ITo ymon4aHuUIO

CooTHolleHue ssueiku Y/X

(Oor.)

CMellleHUM Hadajia CeTKU

(Jor.)

Touku c BecaMu
HTML-oTuéT

AHuU3OTpONUS TUYEUKH.

YcpenHeHUe 110 COBUTaM
CeTKH.

Crno# To4dek c 1mmojeM wt.
CBopgka, TUCTOTpaMMa, KpuBas
cpefHero.

1

4

M0 YMOTYaHUIO

Berxomsi: cito#t Touek ¢ moneM wt u HTML-0T49€T co cBOKOM (HaBHOE IPOTUB IEKIaCTEPU30BAHHOIO
CpefHero), THCTOTPaMMOM CHIPOUM HPOTHUB B3BEIIEHHOW M KPUBOM CPEOHEro OT pa3Mepa S4YeuKwu.
IlekmacTepu30BaHHOE CpeldHee M3 XKypHana M OoT4Ye€Ta cTaBuTcs B 1.02 B mone CpemHee Ojist
IIPOCTOr0 KpUruHra, a noje wt momaércsa B 3.06 T'ayccoBa CHMYJISAIMS [J15 B3BEIIEHHOTO
HOPMaJIbHO-0aIILHOTO ITpeoOpa30oBaHusi. YparaHHLIe ITPOOBI 0TCEKAI0TCS OTOEILHO, TePCeHTUTbHLIM

KallaH¥ueM B CaMUX MHCTPYMEHTaX KPUTHUHTI'a X1 KPOCC-BaluOalluH.

1.02 2D Kriging (Touku — pactp)

Opmusaapub# (OK) unu npocrtou (SK) KpUruHr 1nmo TouedHoMy cioro. CoBrnagarnue TOUYKYU (OOUH U
TOT ke XY) yCpemHsIoTCs 110 Z. B y3/ax ceTKM 3HaYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOLOATCS TOYHO

(Ipu HyJI€BOM HarreTe).

OcHOBHEIE TapaMeTpHL:

[TapameTp

YTo 3amaeT

ITo ymonmgaHuio / COBET

TouyeuyHBIN CJIOU
TosbKO BHIIEIeHHBIE 00BEKTHI

ITone 3Hauenus (Z)

[IpeobGpa3oBaHuE 3HAYECHUS

Tun KpuruHra

Panuyc nmoucka

MuH. KOJIM4eCcTBO TOUYEeK

Makc. KoIn4ecTBO TOYEK

Pasmep sueiiku

HcxopoHble TOUKHU (CKBAXKUHBI)
OJIsT UHTEePIOJISIINH.

CuuTaTh JIUIIL I10
BBIIEJIEHHBIM TOYKaM CJIOS.
YucnoBoi aTpudbyT, KOTOPHIH
WHTEPIIOIUPYETCS: OTMETKa
macTa, MOIIHOCTh, ®MC,
XUMUS U T. II.

In gmst mor-HopMaJIbHBIX
BenuuuH (K, T, comepxkaHusi c
OJIMHHBIM XBOCTOM): KPUT'YETCS
In(Z), olteHKa BO3BpalllaeTCs
yepes exp.

Opouraaphubi (OK) - moKanbHO
OITeHMBAET CpedHee caM.
ITpocroii (SK) - ucmonb3yer
3amaHHoe «CpenHee».

Pagunyc okHa moMCKa COCeOHUX
TO4Y€eK BOKPyT y3na. 0 = BcAa
BLIOOPKA.

Ecnu B OKHe MEeHbIIIe TOYEK -
y3€eIl OCTa€TCs IyCTHIM
(nodata).

CKOIBbKO OJTHKAUIITHUX TOUEK
BKJIIOYAETCS B CUCTEMY
KpUTHHTA.

IITar rpupa. 0 = aBTO =
min(oxsat)/50.
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BEIKIJI.

3aIIOMHUHAETCS MEeXIY
3arycKaMu

HET

OK

0 (Bcs BEIOOPKA)
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

OxBat pacTpa [IpsaMoyronpHUK pacyéTa. 1o 10 CJIOI0
YMOJITYaHHUIO - II0 CIIO0IO.
O6pe3aTh IO KOHTYPY CKBaxkKuH PacTp o6pe3aeTcs BHITYKION PEKOMEHAYETCS BKII.

000JI0YKOH BCEX TOYEK -
ybupaeT 3KCTPAIIOISIIIUIO B
IIYCTBIX yTiIax.

Bydep obGonouku Pacmmputs 060m04Kky Ha N 0
eOWHUI KapTH HapyXKy.
Macka 06pe3Ku CBOU IOJIUTOH BMECTO -

000J109KU (IPUOPUTETHEE) -
yIOOHO IJIT BOTHYTHIX
Y4aCTKOB.
3arpy3uTh npodunb o6paboTtku I[loAcTaBnsieT COXPaHEHHBIN (e BEIOpaH)
npoduns (Harret, CTPyKTypa
BapHOTrpaMMEI, OTCEB) ITOBEPX
nosnen guanora. CIiucok
OOHOBJISIETCS IIPU OTKPBLITUU
OKHa.

ABTOMaTH4YeCKHe 3HaYeHHsI

Pa3mep sueriku = min(impuHa, BbIcOTa oxBaTta) / 50.
Paguyc Koppensanum BaprorpaMMBl = max(IInprHa, BEICOTa oxBaTa) / 3.

Papuyc nmoucka (mpu 0) = guaroHasb oxBaTa, TO €CTh OepPETCS BCSA BRIOOPKA.

OOpe3Ka M0 KOHTYPY CKBaXKHH

Kpurusar cuuTaeT BeCh MPSIMOYTOJILHLIN OXBAT, II09TOMY BHE 001aCTH HAaHHBIX 3HAYEHUS SIBJISTIOTCS
9KCTpAaNoIAnne U JaioT apredakThl (OIUHHBIE «BeePHBIE» M30JMHUU B IIYCTHIX yrijax). Onnus
«O0pe3aTh IO KOHTYPY CKBaXKUH» CTPOUT BBIMYKIYIO 000JI0YKY BCeX TO4YeK (C HeoOs3aTelbHBIM
Oydepom) m obOpezaeT mo Hel pacTp. JKCTpamonsanus ucdesaer. Ecnu dakTudeckas rpaHuna
ydacTKa BOTHYyTasl, 3afaliTe CBOM MONMUTroH B «Macke 06pe3Ku» - OH IPUOPUTETHEE 000I0YKH.

BapuorpaMma u Harrer

KpuruHr onmpaeTcsa Ha MOfeJlb BapuOTPaMMEl - OHa OMKMCHIBAET, HACKOIBKO CHUJIBHO pa3/In4yaloTCs
3Ha4YeHUsd Z B OBYX TOYKAX B 3aBUCUMOCTH OT PACCTOSHUS MexXAy HuUMHU. [lo 3TOM Momenu
KaXXJoM cocedHel CKBaxXKHHe Ha3HadaeTCs Bec. Mojesnb 3afaeTcsi B pasfesie «I[oMoMHUTEIbHbIe
rmapaMeTphI».

Mopensb BapuorpamMmsbl: HarreT CO, cunmn (CO + C) u paguyc KOpPpPensaluy a.

Harret CO

Harrer - 9TO 3Ha4YeHHEe, K KOTOPOMY CTPEMHUTCS KpHWBasd BaApPHOTPAMMEI IIPH PACCTOSHUH,
cTpeMsIieMcs K Hyio. TeopeTHYecKw, Ha HYJIEBOM PACCTOSHUM PACXOXOEHHEe HOOJIZKHO OBITh
HYJIeBBIM (TOYKa CpaBHHBAETCS caMa C co001i1), HO Ha ITPaKTHUKe OCTAéTCs cTyleHbKa. OHa oTpaxkaeT
TO, YTO MAaHHBIE HA OUYEeHb MaJIbIX PACCTOSHUSIX BCE PAaBHO HE COBIIAQAAIOT: MOTPEITHOCTh U3MEPEHU S
¥ ONM(POBKH, MHUKPOM3IMEHYMBOCTH Ha MaciiTabe MeHbIIe PaCCTOSHUS MeXOy CKBaXXHHAMH,
pacxoxmenue ay6red B OMHOM TOYKE.

Kak HarreT BIuseT Ha pPe3ybTarT:
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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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cunn (CO + Q) i
CO+C A -
= i
> i
= i CTPYKTYPHBIN
8 i Bknan C
o)} 1
C 1
U 1
= |
= 1
> i
= |
: _—
CO 1 ToTmmTmTmoomomsoooooo—oooooee
HarreT CO i
0 !
0 paguyc a

paccToaHne Mexay ToO4KaMun h

Puc. 4: Cxema BapuorpaMmsl: HarreT CO, ctpyktypHEIU BKiag C, cunn (C0+C) 1 paguyc KOppesainu
a.

HarreT KpynHbIM NAaHOM

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

40 4

nonyaucnepcus y(h)

10 A HarreT CO

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

HO KpWBasa ctaptyeT c CO —— Mozenk BapMorpaMMel

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

Puc. 5: HarreTt KpynHBIM IIJTAHOM: MOOEJIb CTapTyeT y Hyns He ¢ 0, a co «ckayka» C0. 3To pasbpoc
Ha CBEePXMaJIbIX PACCTOSTHUSAX (IOTPEIIHOCTh U3MEPEHUsI, MUKPOU3MeH4YnBOCTh). [lonka CO0+C =
OUCIEePCUU JaHHBIX.
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CO = 0 (mo yMOm4aHHIO) - KPUTHHT SIBJISIETCS TOYHBIM HHTEPIOJIITOPOM: IIOBEPXHOCTH 0OOsi3aHa
ITPONUTH POBHO Yepe3 KaXKayio CKBaxkuHYy. M30/1MpoBaHHas CKBazKKWHAa C BLIOPOCOM 110 Z TPEBPaIlaeTcs
B KOHYC («OBIYmMi Tj1a3»).

CO > 0 - KpuUruHr IepecTaéT TOYHO BOCCTAaHABIMBATh 3HAYEHNE B TOUKE U3MEPEHUN U CTAHOBUTCS
CrilaxkuBaTeJieM: BOTU3M CKBaXKMHHI OlleHKa IMOATSITUBAETCS K JIOKaJIbHOMY cpenHemy. Yem Goinbiiie
moist Harreta CO / (CO + C), TeM cunbHee criakuBaHUe.

CO = Bechb cuy (YUCTHIM HAITET) - IPOCTPAHCTBEHHAS CBSI3b TEPSIETCS, IIOBEPXHOCTH BEIPOXKAAETCS
B IIpOCTOe cpefHee. ITo nepebdop.

BaxHno - egununbl. Harrer CO u cumn 3agaloTcsi B aOCOJIOTHBIX €THHHIIAX THCIIEPCHH
OAaHHBIX (KBagpaT emmHHL Z), a He B monsax 0-1. 3HadeHue «1» y cuijla IO YMOJTYaHHUIO - 3TO
YCJIOBHOE 3HadeHHe, KOTOpOe IOYTH BCerga HYKHO M3MEHHTh: 3ajalTe cyMMapHbi cuma (CO +
BKJIagbl CTPYKTYyP C) O/IM3KHM K JHCHEPCHH JAaHHBIX. YDPOBEHb CrIIa’kKWBaHUS ONpEHessieT He
abconioTHass BelM4YMHA Harrerta, a ero monasi B cwuwie CO / (CO + C). IlpakTudecKuiél mOpPSAOOK:
BO3BMUTE CYMMAapHBIM CUJUI = gucnepcuu, 3ateM HarreT = 0.2-0.4 oTr Hero (to ectp 0.2-0.4 X
oucrniepcum - abcomoTHoe yucio, a He 0.2-0.4 kak TakoBoe). UeM MeHbIle HArreT, TeM OOJbIlle
meTasield, Ho ¥ OOJbIe JIOKAJILHEIX MUKOB. YeM 6OJbIlle, TeM MOBEPXHOCTh POBHEE, HO BO3MOXKHO
Crjla’kKvBaHUEe peajbHOM CTPYKTYpHL. [IUCIEPCHI0 HaHHBIX MHCTPYMEHT IledaTaeT B 2KypHanl IIpu
3amnycKe - 9TO M €CTh Balll OPUEHTHUD [Jid BeIOOpa CUiia.

CTpPYKTyphbl, paguyC U aHU30TPONHUS

Cunn (mojyika) 3TO yPOBEHD, Ha KOTOPHIM BHIXOOUT Bapuorpamma. OH cKinagbiBaeTcs u3 Harreta CO u
BKanma cTpyKTypsl C. CTpyKTypa 3afja€Tcsa Momenbio (chepudeckas, 3KCIIOHEeHIIMaNbHas1, rayccoBa
WU CTeIleHHas1), moporoM C, paguycoM a, a3uMyTOM U aHU30TPOIUEN.

CuiuL: CMBICJI M NOPATOK BeIUYHHBI. CUJII - 9TO BEPXHUU Npefesl pa3Iudui MexXay TOYKaMu:
HACKOJIbKO B CpefHeM OTJIMYAIlOTCS Oajl€Kue APYr OT Opyra CKBaXKuHBL. OH NpakKTMYEeCKU PaBeH
oObIuHOM mucmepcuu maHHbX. [IpuMep mo KCl: cpennee = 25 %, gucnepcus = 47.6 (%?2), To eCTb O
= 6.9 %. 3HaYUT, CyMMapHBIM cuin 3agaém = 47.6. Ecnu Harret CO = 17 (mpumMepno 0.35 cunna),
TO CTPYKTYPHBIN BKIIaf repBoi cTpyKTyphl C = 47.6 — 17 = 30. Ha cam rpupg a6CcomoTHEIM MacITad
He BIIUSET - OJIS OIeHOK BaxXHO TonbKo oTHomeHue CO : C. Ho oH HyzKeH, YTOOB KapTa CTaHOapTHOMH
ommOku 1 MSDR B Kpocc-Banmupganuu ObIIH B peaibHOM MaciinTabe (CyMMapHBIN CUIJT = OUCIIEPCHU
— MSDR = 1). ITosToMy: He oCcTaBiIguTe CUII = 1 IO YyMOJIYaHMIO, IOOHUMUTE €r0 OO0 OUCIEPCUH
OaHHBIX.

Beioop mopmenu. Cdepuuyeckas M OSKCHOHEHIHANIbHAS IIOOXOMST [jisi OOJBIIMHCTBA 3amad.
CTemeHHasi MOJeNlb He MMeEeT CH/IJIa ¥ paaumyca B OOBIYHOM CMEBICJIE: €€ IIPUMEHSIOT, KOorja
M3MEHUYNBOCTDL PACTET C PACCTOSTHMEM U He BHIXOOUT Ha ITOJIKY (HeCTallMOHAapHOCTh IIpUpaIleHui),
TIOJISI TTOPOTa M Paguyca AJjIs Heé YCI0BHHL. ['ayCCOBy MO EsIh HPUMEHSNUTE OCTOPOIKHO: IPU HYJIEBOM
WM OYeHb MaJIOM HarTeTe OHa JaéT YHUCJIEeHHO HEeYCTONYUBYIO CUCTEMY U apTedaKThl (OCIIUIIISIINY,
oTpullaTeNbHEIE Beca). [loaTomMy IIpu BHIOOpPE TayCCOBOM MOJAENU HHCTPYMEHT IIPUHYOUTEJILHO
yoepKuBaeT HeOObIIION MUHUMAJIBHEIN HarreT. [1o BO3MOXKHOCTH 3afjaBalTe ero U CaMu.

THN paHHBIX U pexkKuM. [lof pa3Hble JaHHBIe HY>KHBI pPa3Hble HACTPOUKU. [ TagKue CTPYKTYypPHEIE
IIOBEPXHOCTH (OTMeTKI/I KPOBJIX U IIOOOIIIBEI, MOIJ_[HOCTI/I) JIy4diie MOOeJInpOBaThk NJIMHHBEIM PaguyCcoOM
WU CTEIIeHHOM MOopenbio IpU HMPOKOM (rimobanbHoM, 0) pammyce IOMCKa - TOTTa IMOBEPXHOCTH
nojydaercs rinagkoi. KopoTkuit paguyc ¢ JIOKaJbHBEIM IIOMCKOM Ha TaKWX OAaHHBIX OAET «OBIYBU
ra3a» U pa3phIBHL OIEHKU IIPU CMEeHE COCTaBa COCETHUX CKBaXKUH. [ KOHIEHTpaUui U XUMUU
(®MC, ra300macHOCTh) KPUTHHT padoTaeT B CBOEM ITpaBe: 3[eCh BaxKHLI KOPPEKTHBIM HArTeT H,
IIpU CUJIBHOM aCUMMETPHUM pacupefesieHus, mpeobpa3oBaHue JaHHBIX (CM. HUXKE IIPO yparaHHBIE
ITPOOEI).

Paguyc Koppensuu a - pacCTOsIHMEe, Ha KOTOPOM BapuorpaMMa BBIXOOUT Ha MOJIKY. [lanblile 3TOT0
PacCTOSIHUSI TOYKH NPAKTHYECKH He BIMAIT ApPYr Ha apyra. IIpu 0 OGepércs aBTOMaTHYecKoe
3HauyeHue max(oxsaT)/3.

AuuszoTponus 3ama€Tcsi a3’UMyTOM TJIaBHOM OCH ¥ OTHOIIEHWEM pPaguycoB (Masasi/TiaBHas).
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3HaueHue 1 - HM30TPOITHO (BMusIHME OOWHAKOBO BO BCEX HaHpaBJ’IeHI/IHX). 3HaueHue MeHbIe 1
YKOpadYuBaeT KOPPEeJALnIo nonepéK TJIaBHOU OCHU - TIOJIE3HO [OJis BBITAHYTBIX T'€0JIOTHUYECKHX

CTPYKTYD.

AHN30TPONUSA: BbITAHYTAA 3a0eXb WU 3UJIUMC MOUCKa

Manad oCe

Ecnu 3anexb BbITAHYTA, KOPPENAUWS BAONb HEE Aanblue, YeM Monepex.
InnUnNc 3a0aeTCca a3uMyTOM MaBHOW OCA WM OTHOLWEHWEM OCei.

CasmmyT

rnagHas ock
(bonblion paauych

Puc. 6: AHM3OTPONUS: €CNU 3ajieKb BHITSHYTA, KOPPEJSAIUs BOOJIb HEE [Oaniblile, 4YeM IIOIEPEK.

DNNUIC MOKCKa 3a[aéTCs a3uMYyTOM I'JIaBHOM OCH M OTHOIIIEHHEM ocel (Majiasi/TiaBHasI).

[TapameTp

YTo 3amaéT

[To ymomgaHUIio / COBET

CpepHee 01t IPOCTOrO
KpUTHHTA
Harret CO

CTpykTypa i - MOZgemnb

CTtpykTypa i - mopor/Bknazg C

CtpykTypa i - paguyc
KOppesanuu a
CTpykTypa i - a3uMyT, °

Hcnonb3yeTcst TONBKO TP
tune SK.

«[Tym»/cKa4yOK BapruoOrpaMMEl
y Hynd. IlogaBisieT JTOKalbHEBIE
UK. B aGCOMIOTHRIX
eOuHUIIaX OUCIIEPCUU.

dopMa BapHUOTPaMMEI:
chepuyeckas,
S9KCIIOHEHIMalbHas, rayCcCcoBa,
CTelleHHas.

Bxkinapm cTpyKTypH B cuiul (abc.
eguHULIH gucnepcun). CyMmMma
C0+C = gucrniepcuu HaHHBIX.
IO ctpykTyp 2 u 3: 0 = BHIKJI.
HucTaHIKMs BEIXOOa Ha IIOJIKY.
0 = aBTO = max(oxBar)/3.
HamnpasneHue riaBHOU OCH
QHHU30TPOIINH.
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0. Ina crnaxuBauud 0.2-0.4
OT CHUJIJIa

chepuyeckas

ctp. 1 = 1 (3aMeHUTe Ha =
OUCIIEPCHUIO)

0 (aBTO)
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

CTpyKTypa i - aHU30TPONHUA OTHoOILIEHNWE PaJguyCoB 1
(Manast/TnaBHasa) IONEePEeK/BOonb ocu. 1 =
U30TPOIIHO.

Tak cxeMma BHITJISOWUT Ha PeaJibHBEIX JaHHBIX. BapumorpaMMy CTPOSIT IO CKBAa’KWHAM: IJIS ITap TOYEK
CUHUTAIOT IOJIYOUCIIEPCHUIO U YCPEOHSIOT II0 PACCTOSHUSAM - II0JIydaeTcs 0071aKo (3eJI€HBIe TOYKH),
Iof KOTOpoe moaduparoT Momendb (KpuBas). [lo HeMy M 3afaioT mapaMeTphl KPUTHHTA: BHICOTA
«CKaykKa» y Hyna - Harret CO, nmonka - cusi (06B9HO 6IM30K K AUCIIEPCUM OaHHBIX), PACCTOSTHUE
BBIXOZla Ha IOJIKY - paguyc a. Ecnm Ha OOJIBIINX PACCTOSHUSX TOYKM YXOHSAT BHIIIE CUJINA, Kak
3[eCh, - 9TO PETHOHAJNBHHINA TPEHH (HeCTalMOHApPHOCTH). Ero nubo yYMTHIBAIOT OTHEJBHO, JTNOO
OrPAaHMYMBAIOT PAJUyC IOUCKA.

OTcCeB yparaHHbIX IPoo

Yparauueie mpoOBl - @aHOMAJIPHO BBICOKME (MM OWMOOYHBEIE) 3HAYEHWS, KOTOPHIE MCKaXKawoT
OIIEHKY: HECKOJIbKO «OOHAHII» II0 COmEepKaHUI0 MOTYT IePeTSHYTh Ha cebsl BCIO KapTy rpeipa, a
sIBHEIE OIMMOKM (HaApUMep, OTpHUIAaTelbHasi MOUIHOCTh) IOPTAT IIOBEPXHOCTb. MHCTpPyMeHT «2D
Kriging» mo3BosisieT orpaHUYUTh TaKKue TPOoOLI IPSAMO TPpK pacuéTe, 663 MpaBKKU UCXOOHBIX JaHHBIX.
ITapamMeTpHl - B pa3faeie «JOmOTHUTETHHOY.

OTceB U cpe3Ka - TPyOsIN MPAaKTUYHBIM WHCTPYMEHT IIPOTUB SIBHBEIX OIIUOOK. [17151 KOHIIEHTPAIui U
XuMu# OyOobTe OCTOPOXKHBL: 9KCTPeMaslbHble 3HAYEeHUS YacTO He IITyM, a CUTHAJI (HalmpuMep, odaru
3arpsi3HEeHUs), U ceno odpe3aTh XBOCTHL pacIpeesieHus He CTOUT. [IJIs1 CUJIbHO aCUMMETPUYHEIX
OaHHBIX KOPPeKTHee He o0pe3aThk MPoOH], a mpeobpal3oBaTh UX K OIM3KOMY K HOPMAJIbLHOMY BUOY
(norapudm, Box-Cox) niau IpUMEHSATh UHOUKATOPHBIM KPUTHUHT - 3TO YXKe 3a paMKaMHU OTCEBa, HO
MMEHHO TaK 00XOIATCS C TAXKEIBIMU XBOCTAMU B T€OCTAaTUCTUKE PYO U 3arpsI3HEHUN.

[IBa pexxumMa. «YOanuTb» - IpoOLl BHE JOIIYCTUMOT'O AUalla30Ha BHIOPACHBAIOTCS (OJIsT IBHO OUTHIX
3anuceli). «Cpes3ath (capping)» - 3HaueHUsS BHe [OMala3oHa NPUXKMMAIOTCSA K T'paHUIlE, a caMa
TOYKa OCTAéTcs B pacuéTte. Cpe3Ka - KIIaCCUYECKUU IIPUEM [JIsT yparaHHBIX P00 M0 COmepKaHuI0:
TOJIOKEHUE TOYKY He TePSIETCS, HO €€ BIIMSHUE OrpaHuYuBaeTCs. PexXxuM nepekiatodaeTcs GhiakKkoM
«Cpe3aTh K rpaHule (capping) BMeCTO yOaJIeHUs».

I'parunsr mo abconoty. «HuXHASI rpaHuiia» U «BepxHsas rpaHulila» 3amaioT IOPOTH B eIUHUIIAX
Z Hampsimyio. ITycToe mone - rpanulia He 3amaHa. OHU IPUOPUTETHEE MEPLEHTHA. [Ipumep: ois
MOIITHOCTH IIOCTaBhTE HUXKHIOIO rpaHuly 0 - yUAyT OTPUIlATEJIbHbIE 3HAUYEHUSI, BEPXHIOI0, CKaXeM,
30 - yUpéT IBHBIN BEHIOpOC B 122 M.

I'paHuLBI 10 MEPUEHTHWIIO. D-U IIEPIEHTUIb - 9TO 3HaYeHUe, HUXKe KOTOPOro JIEXKUT pP% BCexX
mpo6. Hanpumep, 5-U mepHeHTUIb - IOPOT, HHUXKE KOTOPOTO TOJBKO 5% CaMBIX MajblX 3HAYEHUH.
95-#1 - mopor, BHIIE KOTOPOTO 5% cambrx 60mbimux. IlapaMeTp «IepHeHTHIb 00pe3ku, %» 3aHaéT
3HauYeHUe P, U T'PaHUITL O€PyTCS CUMMETPUYHO: OT p-ro mo (100—p)-ro nepuentunsd. To ects p =
2 O3HaydaeT «CUUTATh yparaHHBIMU 2% caMbIX HU3KUX U 2% caMBbIX BEICOKUX IIP06»: BCE HUKE 2-
ro u Beile 98-ro nepueHTUnsa nubo ymansgercs, nubo cpe3aeTcda. Yem Gonbllle P, TEM arpecCUBHee
obpe3ka. P = 0 BHIKTIOYAET MEPIeHTUILHBIN PeXUM. YOOOCTBO B TOM, YTO aOCOIIOTHBEIE MOPOTH
3HATh HE HYXKHO - OHU BHIYMCIISIIOTCS 10 CAMUM JaHHBIM M HMOOXOAST K JIIO00MY pacHpenesieHuIo U
MacIiTaly.

IBYCTOPOHHOCTH - BaKHO [JIsI XHMHUH. [[eplIeHTUTBHBIN PEeXKUM pexkeT oba XBOCTa - U BEPXHUMH,
v HuXKHUM. 171 comepxkauuii 310 omacHo: KCl = 0 B 30Hax 3aMellleHus - peajbHasl TeoJIoTus, u
o06pe3Ka HUKHETO XBOCTA OIMIMO0YHO ITIOTHUMET «IyCThIe» y4acTKU. [[o3TOMYy OJjIs rpeiiga oTCeKaunTe
TOJIBKO CBepxy: ocTraBbTe «HUMXKHIOIO I'paHUIy» IyCTOM U 3amaliTe «BepxHioio» abcomoToM (Mnu
MIPUMEHSUTe MepleHTUIb, IIOHUMAas, YTO HU3 ToxKe OymeT 3aTPOHYT). 11 OTMETOK M MOIITHOCTEH
OBYCTOPOHHSST 00pe3Ka 00BIYHO YMECTHaA.
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Bapunorpamma KC| (nnact Kpll): akcnepmMmeHT 1 Mogesb

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

nonyawncnepcus y(h)

"HarreT C0 = 17

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

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

Puc. 7: DkcnepumMmenTanbHass BapuorpamMma KCl mo mmacty Kpll u momoGpanHHas MOfeb: Harret

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

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

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

Puc. 8: OTceB yparaHHbX mpo6 Ha IpuMepe: cjieBa TPHU BHIOpOCA AAIOT «OBIYBU Tjia3a» (ropsdyue
MsITHA), CIIPaBa MOCJie CPe3KK K BepXHe# IpaHulle moJjie CIIOKONHOoe.
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Ilopsimok m kKypHan. OunbTp IPUMEHSETCS OO0 yCPEeOHEHHUs COoBIamaiommx TodekK. B XKypHan
WHCTPYMEHTA BHIBOJUTCS, CKOIMBKO IIP00 ymajeHO HJIM CPe3aHO ¥ B KaKuX I'PaHHUIAX - 9TO yOOOHO
OIS KOHTPOJIS.

CraHgapTHasi OIIM0OKAa KPUTHHTa

KapTa cTaHoapTHON OWWOKN KpUrMHra

==
0

11.0

10.5

10.0

(=]
w
CTaHgapTHadA owmnbka

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

Puc. 9: Kapra cTaHmapTHO¥ OIIMOKW: TEMHOE y CKBaXKUH (3€JI€HBIE TOYKH) - OI[EHKE MOXKHO
OOBEepPATH, CBETJIOE B l'IyCTbIX yrnax - JAHHBIX MaAJIO.

KpomMe camMoii OLIeHKH, KpUTHHT JAéT B KazKOOM y3Jie OUCIIePCHUI0 OMUOKHY - MEPY HEOTIPeIeIéHHOCTH.
Eé kopeHb, CTaHmapTHas OIIMOKa, BBIBOOUTCS He0O0S3aTeJIbHLIM BTOPLIM PACTpPoOM (IapaMeTp
«CraHpapTHass omwmOKa KpuruHra» wuHCTpyMeHTa «2D Kriging»). EguHumer - Te ke, 4TO y
WHTEPIOIUPYEMOM BETUUYUHEI Z.

KmioueBoe CBOMCTBO: CTaHOapTHas OIMMOKa 3aBUCUT OT T€OMETPUU PACIIOJIOKEHUST CKBaXKWH
¥ MOOEeNIX BapHOTPaMMbI, HO He OT caMuxX 3HaudeHui Z. [IoaToMy 3TO KapTa HaOEXKHOCTH CETHU
HabmoeHn, a He pa3bpoca JaHHBEIX. B TOYKe CKBaXXWHEI (IPU HYJIEBOM HarreTe) omuOKa paBHa
HYJIIO - TaM 3HAYeHUEe U3BECTHO TOYHO. [To Mepe ymaneHusT OT CKBa’KMH OHA PACTET, a B 00/1acTIX
0e3 MaHHBIX JOCTUTaeT MaKCUMyMa (IPUMEPHO KOPEHb M3 CUIIJIA).

Kak uurarb. TEMHEIE (Malible) 3HaYEHHUS - OIIEHKE MOXKHO JOBEPSTh: PSIOOM OJOCTAaTOYHO CKBAaXKMH.
CaeTnbie (Oomblline) - OIleHKA MePXKHUTCSA Ha JaIéKWX TOYKaX, (aKTHUYECKH SKCTPAIONSINsS. ITO
IepBhIe KaHOUOATH Ha Jopa3Benky. CpaBHUBATL yooOHEE OTHOCUTENLHO (TIe 60JIbIlle, THe MEHbIIIE),
IMOTOMY 4YTO a0COIMIOTHAsA BeIUYMHA 3aBUCUT OT MaciuTaba BapuorpaMMmel (cumma S1_SILL).

BazxHo. 9TO MoZenbHas OlieHKa: OHa BE€pPHa HaCTOJIBKO, HACKOJIBKO BE€PDHA 3alaHHasA BapuorpaMMa
(marrer, panouyc, aHI/I3OTpOHI/I${). HpI/I HarreTe 60JIbIlle HYJIA ommbKa Y CKBAaKMH He HyJieBad - HaITeT
3a0aéT HUXKHUM «IIOI» HGOHpeJIeJ'IéHHOCTI/I. CTpOl"I/IM OJOBEPUTEJIbHBIM HMHTEPBAJIOM CTaHIOApPTHasA
omrnbKa He IBISIEeTCS, HO KaK OTHOCHUTENILHAs KapTa HGOHpeJIeHéHHOCTI/I O4YEeHb II0JIE3HA.

Odopmaenue. 3afaiiTe CJI0I0 rPagyHPOBaHHYI0 CUMBOJIUKY 110 3HAYEHUIO (HallpuMep, OT TEMHOTO
K KpacHOMY) - U Cpa3y BUAHO, TIe KapTa Hal€XHa, a Ihe HeT.

CHsiTHe TpeHaa (perpeccusi-KpUIrHHTI)

OOBIYHBIM KPUTHHT OIIEeHUBAET CPeqHee JIOKAJIbHO, TTI0 OKHY ITOMCKA, TIO3TOMY IIJITABHO MEHSOIeecs
II0 IUIOIIagU CpegHee OH OTCcIeXkuBaeT caM. CJI0KHOCTL BO3HHMKAET, KOTa y II0JIsl eCTh BhIpakeHHas
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peruoHasbHas COCTABISIONIANA, HallpuMep o0Iilee IMageHue II/lacTa Ha yuacTKe. Torga sKcriepuMeHTalbHast
BapuorpaMMa CHIPOTO 3HaYeHUsI pa3dyBaeTCsA: pafuycC 3aBHIIIEH, IOpora HeT, GpopMa HaAllOMUHAET
CTEMeHHYI0 MOfIeb, ¥ Togo0paTh YCTOMYUBYIO MOMIEJTb TPYIHO.

®naxok CHSTHh NMOTHHOMHAIBHBIH TPEHJ yOuUpaeT PEeruoHalbHYI0 COCTABISIONIYI0O METOOOM
HaVMMEHBIINX KBAJPATOB Mepel KPUTUHTOM. [asbllle KPUTYIOTCSI OCTATKH, a TPeHM no6aBisieTcs K
oreHKe oOpaTHO. BaprorpaMmma ocTaTKOB BO3BpalllaeTCs K HOPMaJIbHOMY BUIY: BEIXOOUT Ha IIOPOT
C HAITEeTOM, W Pajuyc OTpaxkaeT MCTUHHBEIM MacimTal® KOppemnsiuy, a He pa3Max TpeHpa. Ilome
CreneHb TpeHAA 3a0aéT MIOCKOCTDb UM KBAPATUUHYIO ITOBEPXHOCTb.

Cnucok Ilpeodopa3oBanue 3HaYeHHsI [OOABIISIET JorapudMUPOBaHUeE OIS BEJIMYUH C Pa3dpocom
Ha TIOPSIOKH, TAKWX KaK Ko3(phuimeHT GUIbTPAIMM WX BOJOMPOBOOAMMOCTH. IIpm BeIOOpE In
KPUTYETCS HaTypaJIbHBIH TorapudM 3HaYeHH s, a OlleHKa BO3BpallaeTcss 00paTHO Yepe3 9KCIOHEHTY.
9To MenmaHHAas, TeOMETPUYECKas OIleHKa, KOPPEKTHAsS IJIS JIOr-HOPMAaJIbHBIX mmojiek. CTaHmapTHas
omubKa TePeCYUTHIBAETCS B MCXOOHBIE €OWHUIH. Jlorapudm u30aBIseT OT PYYHOTO CO3MAHUSI
TOJIsA In B KaNbKyNIATOPE ¥ MPUMEHSETCS TONBKO K TIOJIOXKUTEJIbHEIM 3HaYeHUsIM. Bapuorpammy u
HarTeT IMPU BKIIOYEHHOM JloTapudMe 3amaBaiiTe B egUHUIAX In.

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

Bece nenoanT (136x41 km) PyaHuk BKMPY-2 (9.5%8 km) BKMPY-2: Tpena pasnyeaer
RK -20% RMSE, xyxe RK +25% RMSE, nyywe BapuorpaMmy celpore Ze

w
=1
L

—+— cupoe 28 r

/
800 | —e— ocraThn /

LOO RMSE, m

LOO RMSE, M
- - o o
=] n o n
1 1 L

o
wn

o
o
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oK RK o 1000 2000 3000 4000 5000 6000
nar, M

Puc. 10: CusaTtue TPEeHOa Ha PeaJIbHBIX JaHHBIX: IIOBEPXHOCTH ITJIaCTa C BEIPAaXKE€HHBIM DETMOHAJIBHEIM
IIageHueM. TpeHn CHAT IIOJIMHOMOM, KPHUTI'OBaHBI OCTAaTKH, TPEHO BO3BpaI_T_IéH K OIIEHKe.

CHsiTHe TpeHOa IIOMOraeT TaM, IIe MaJeHHWe OOHOPOOHO, B IpefejaX ONHOrO0 PYOHHKA WU
JIOKAJILHOT'0 y4acTKa. Ha BCIo mIomags MeCTOPOXKAEHHUSI Cpa3y ero IpUMeHsITh He CTOUT. CocemHue
6HOKI/I Pa3HEeCEeHEI I10 BEICOTE, e,]IHHBIfI ITIOJIMHOM OIIMCHEIBAET UX IIJIOXO, a JIOKAJILHBINA KPUTHUHT 1 683
TOTO [IEPKUT MEHSIOIeecs CpemHee, MO3TOMY CHSITHE TI00aJbHOTO TPeHOa TaM CKOpee BPemuT.
YMeCTHOCTh BUAHA II0 BapuorpamMMe. ECIu y CHIpOTO 3HAaUYEHHUs PaguyC COIOCTAaBUM C Pa3MeEpOM
y4acTKa M HEeT BHSTHOTO IIOPOra, TPEH[ eCTh M ero CTOMT CHSITh. ECIM BapuorpaMma CHEIPOIO
3HAYEHHs yKe BBIXOIUT Ha IMOPOT C MaJIbIM HAarreToM, CHUMAaThb HEYEro.

Crenenu 1 o6pI9HO AocTaTO4YHO. CTemeHb 2 OMMCHIBAET U3rub, HO MOXKET BOOpPAaTh B TPEH[ YacCTh
peanbHOM CTPYKTYPH, IIO3TOMY ITIOC/Ie €€ IMPUMEHEHUS MOCMOTPUTE Ha BapuorpaMMy OCTATKOB.
Ecnu mopor u HarreT CTaljil BHIPaXKeHHl Xy’Ke, BEepHUTeCh K cTeneHu 1. ToT ke ¢akoK ecThb B
nHCcTpyMeHTe Kpocc-Banuganus BapuorpaMMbl, TaM TPEH[I IepenogoupaeTcs Ha KaxKooM Iare
KOHTPOJISI, M BEIUTPLIII UIIU IIPOUTPHII OT CHATUS TPeHOa BuaeH npsamo mo RMSE.

BapuorpaMmy 1mociie CHATHS TPeH[a 3ajaBalTe M0 ocTaTKaM. PacTp CTaHAApPTHOM OIMIUOKYM B 3TOM
pexume 3TO oIIMOKa KPUTUHTA OCTAaTKOB, TPEHI CUUTAETCS IeTePMUHUPOBAHHLIM U COOCTBEHHOM
MIOTPEUIHOCTU K Hel He mobaBiisieT.

B/10YHBIM KPUTHHT

OOBIUHBIM KPUTUHT OlleHUBAEeT 3HaYEeHUE B TOUKE, B IIEHTpe sTueliky rpupa. Ho B TopHOM fejie daiie
HyXXHa He TOYeYHas OTMEeTKa, a CpelHee IO IUIOIIanu, 1o 6JI0KYy oTpaboTKU, ITaHeIu WU sS4YerKe
nmopcyéTta 3amacoB. ComepikaHue MOJIE3HOT0 KOMIIOHEHTA B GJI0KE 9TO CpefgHEe MO ero IJIOany, u
OLIEHMBATh €r0 KakK 3HaueHHe B OOHOU TOYKe He BIIOJIHE KOPPEKTHO. [ 3TOT0 CIyXKUT (P1akKoK
B/I0YHBIA KPUTHHT.
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BrIIOUEHHEIM peXXUM OIleHUBaeT CpefHee II0 g4elike TI'pula, a He 3Ha4YeHUWe B €€ IeHTpe.
Adelika MBICTIEHHO pa30MBaeTCs Ha CETKy To4deK pasMepoM NXN, KOTUYECTBO 3amaéT IIoJe
Ouckperu3anusi 6;1oka, NXN Ha siueHMKy, ¥ KOBapHallMid B CHCTEMe KPUTHMHTA YCPEeOHSIOTCS
MO0 3TUM To4YKaM. Tak cucTemMa pellaeTcs He [Jid OOHOM TOYKHU, a cpa3y Ajs Bcero 6oka. ITo
KJjlaccudeckas cxeMma 6youyHoro kpuruura GSLIB.

VY 67104HOM OIIeHKH ABa CIeOCTBUS, 00a II0JIe3HbIe OIS ITOACYETa 3amacoB. [I0BepXHOCTh HOJTy4aeTC s
rjaXxke TOYEYHOM, IMOTOMY YTO yCpegHeHue mo OJ0Ky racuT Menkue KomeOauwus. M cTaHmapTHas
ommOKa KPUTMHTa BBIXOOUT HUXKE TOYEYHOM, IMOTOMY YTO CpegHee II0 IIJIOLIaAM OIeHWBAETCS
HagéxXHee, 4YeM 3HaUeHue B OOHOU Touke. PacmnaTa ogHa. BrOYHBIN KPUTUHT HE BOCIPOU3BOOUT
mpoOsl B y3nax TouHo. CpemHee 1mo OJIOKYy, OaxkKe IEHTPUPOBAHHOMY Ha CKBaXUHe, He PaBHO
3HAYEHUIO B CAaMO¥ CKBaXKWHE, U 9TO 3aKOHOMEPHO.

OuckpeTtusanuu 4x4 xBaTaeT IIOYTH Bcerpa. bombiliee N cUHMTaeTCs MOJIbIIE, @ TOYHOCTh PaCTET
He3HauyuTesNbHO. [Ipu N paBHOM enuHuUIlEe OIOYHBIM KPUTUHT BHIPOXKIAETCSA B TOYEUHEIM, IIO3TOMY
MHWHHWMAJIbBHOE 3HAYEHHE II0JId PAaBHO ABYM, a CaM PEXKHUM II0 YMOJIYaHHWIO BEIKJIIOYEH.

BrIOYHEI KPUTMHT COYETAeTCs CO CHSATHEM TpeHOma. KpUryloTcs oCTaTKu 10 GJIOKY, a TpPeHf
mobOaBisieTcss K olleHKe oO6paTHO. CoyeTaeTcs OH M CO CTIaXXKHWBaHMEM T'pHuIa, HO OOLIYHO OTHOTO
OJI0YHOTO YCPEeOHEeHUT NOCTaTOYHO U MOMOIHUTEIbHOE CTIIaXKMBaHUe He HYXKHO.

1.03 MuauMajJIbHasi KpHBH3HA (TOYKH — pPacTp)

HWHCTPYMEHT CTPOMUT TPHUA METOOOM MHHHMAJIbHON KPHUBU3HLI. [I0OBEPXHOCTHL BeméT celbs Kak
TOHKAas yIpyras IIaCTHHA, IPOXOIAInas Yepe3 JaHHble C MUHUMyMOM H3Tu0a, TO eCTh pelleHue
OUTapMOHUYECKOTO ypaBHEHUS. MeTOI HETOUHLIN: JaHHbIe BOCIPOU3BOMSITCS MPUOIUKEHHO, 3aTO
TTOBEPXHOCTEL ITONIy4YaeTCsT MaKCHUMAaJIbHO TIIAKOM, MO3TOMY €ro TPaAuIlMOHHO OepyT OIs KapT
reodpu3nYECKUX MOoJied U JI0OBIX IIJIABHEIX BEJIMYMH. DTO OeTepMHUHWPOBAHHAs ajlbTepHATHBA
KPUTHUHTY 0Oe3 mombopa BapHoOrpaMMEI. KPUTHHI, B OTJIMYHE OT HEro, HAaéT OIeHKY C KapToM
CTaHOAPTHOM OIINOKH.

HarsizkeHue mnopMeIninBaeT MeMOpaHHBIM 4neH: npu 0 3TO 4YmWcTas MUHUMAJbHAs KPUBU3HA,
npu 1 - HaTAHyTasd MeMOpaHa, y KOTOPOM MeHbIIe BEHIOPOCOB Mexpay mpobGamu. HaTsiskeHue Ha
TpaHulle 3aJa€Tcs OTHAEILHO U ToMoTaeT yOpaThk KpaeBhle MepesieThl. PellleHrWe UTepaTUBHOE,
MeTonoM BepxHel penakcaiuu (SOR) c 06xomom ceTKU OeBSATHIO IIBeTaMU: y3JIbl OJHOTO LIBETa He
IIOTNAaAaioT B PACUETHHIN IAGI0H APYT OpPyra, I03TOMY OOHOBJISIOTCS Pa3oM M yCTOHYuBO. CeTka
IIepecYUTHBAETCS, II0Ka HanboJbIllee U3MEeHEeHNE y3jla He CTaHET MEHbIIle HOPOora HeBsI3KH 1IN
He ucYepliaeTcs YMCJI0 UTepaluii.

CBoOOOHBIE Yy3JIBI CTAPTYIOT C OJMXKAHUIIEro 3HAaYeHWs HaHHBIX, MO9TOMY HA IIJIOTHHIX MAHHBIX
CXOOMMOCTEL OBICTpasi. Ha oueHb pa3peKEHHBIX HaHHBIX UTEePAllui HYKHO OOJIbIIe: YBEIUYbTE HUX
JIUMUT WK TTOPOT HeBs3KH. Faults u breaklines (pa3phIBEl M CTPYKTYPHEIE JTMHUK) B 3TOM BEPCUH
He TOAIepPKUBAIOTCS, 3TO 3a7ell Ha Oyaylee.

[TapameTp Ha3zHzaueHue ITo ymonuaHuio

TouyeuHBIN CIIOU [TpoOBI CO 3HAUEHHUEM. -

[Mone 3HaueHus (Z) YwucnoBoe mone Ois -
UHTEPIONISAILINN.

OxBart [IpsasMoOyTONBbHUK pe3yiabTaTa. 110 CJIOIO

Pasmep sueiiku 0 - aBTO, min(oxBat)/50. 0

HatsxeHue 0 - MuEMManbHasa KpuBu3Ha, 1 - 0
MeMOpaHa.

[Topor HEeBSA3KU 0 - aBTO, 0.01 mpoueHTa 0
pa3Maxa JaHHBIX.

Makcumym uTepanuu [ToTomoK 4HcCiia IPOXOO0B 100000
SOR.

HarsxeHue Ha rpanulie ([Jor.) HaTsaxkeHue Ha Kpaio CETKHU. 0
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[TapameTp

HazxaueHue

ITo ymon4aHuUIO

KoaddunueHT penakcamuu

(Oor.)

AnwuzoTtponus (Ior.)

INpup (MUHUMAaJbHASA
KPHUBU3HA)

Yckopenue SOR, pasymuo 1.5 -
1.9.

OtHomeHue ocet Y/X B
MeMOpPaHHOM YJIeHE.
BrixomHOU pacTp.

1.85

Brerxop - oOBIYHEBIHN rpum, ToTOBIHM At 1.04 U301uHUM U3 pacTpa. B )KypHan BEIBOOSATCS pa3Mep
CEeTKM, YMCJIO y3JI0B-OJaHHBIX, YHCIIO0 UTEpallMii M MTOroBas HeBs3Ka. ECIM OOCTUTHYT IIOTOJIOK

WTepalyii, a HeBsI3Ka BEHIIIEe II0POoTa, MHCTPYMEHT 00 9TOM IIpedyIpekaaerT.

1.04 A301MHHUH U3 pacTpa

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

PaBHOMEPHEIM IIIarOM HJIX ABHBIM CIIMCKOM. HapaMeTpH:

[TapameTp

YTo 3amaéeT

[To ymom4aHuio / COBET

Pactp
ITar u30auHUN

Hauanbubil ypoBeHb (offset)

fBHEIE YPOBHU

['71aBHAS U30JIHHUA KaxKaas
N-sa

MuH. gnuHa INHUUN

BrukyOuueckoe CcriuaxkuBaHue

Ckpyrnenue nuHui (Chaikin),
uTepanmm

BxopgHoit pacTp (Hampumep,
pe3ynbTaT KPUTHHTA).
PaBrOMepH®BIH mar 1o Z. 0 =
3amaTh «fBHEIE YPOBHU».
[TpuBsA3Ka CETKM yPOBHEH
(ypoBHHU KpaTHHI IIary OoT
offset).

Crnucok ypoBHeEH uepe3s
npoben. IIpuoputeTHee mIara.
HecATUYHBINA pa3feIuTeNb -
3ansTas UiIu TO4YKa.

Kaxnass N-g nuHus
noMedaeTtcs is_index = 1 (gnsa
yromnmeHus). 0 = BBHIKIIL.
OtOpachBaTh TUHUU KOpoUue
mopora (ex. kapTe). 0 = 6e3
dunsTpa.

Crymenue rpupga (X2...x4)
OuKyOm4YeCcKom
WHTEPIIONAINe!r epes
KOHTYPUHI'OM - OCHOBHOM
Cc110co0 CTiTazkKuBaHUS
U30JIMHUM, yOupaer
«OKTaroHbI» OT TPyOO# CEeTKM.
PabortaeT u myig MUHUHN, U O
ITOJINTOHOB. BEIKJI. = 6e3
CTylLIeHUs.

I omoIHUTEJILHOE JIETKOe
ckpyrinerue nuaui (Chaikin).
Cnabee 6UKyOMYECKOTO
CrilakKuBaHMsI, 0OOBIYHO HEe
HYKHO, €CJIX OHO BKJIIo4eHO. 0
= BBIKIJI.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

3anucaTh 3HaUYeHUeE B Z YpoBeHb UIIETCS B Z BEPIIMH  BBHIKII.
reoMeTpUu nuHuu. HyXeH O 9KcropTa B

DXF: ABToKAJII u Kpemo nHaue

KJIagyT TOPU30HTAIU Ha

HYJIEBYIO OTMETKY.

CtopoHa OepriTpuxoB U CTopoHa CKJIOHA AJIf LITPUXOB  aBTOMATUYECKU
nopnucen (mor.) OEeIIPEeCCUOHHOTO CTUIA U
HalpaBJIeHUe
TorlorpaduyYeCcKux MoAnucei
pasom.
WM 1105151 3HAYEHUS HWmsa aTpubyTa YpPOBHS B ELEV
BBIXOOHBIX TUHUSX.
Kanan (mom.) HoMmep KaHama BXOOHOTO 1
pacrtpa.
W3onuruu /| KoHTypHEIE Brixognrele ciou. [Ionurosel -
IIOJINTOHEL CTPOSITCS 10 YMOJIYaHUIO BO

BPEMEHHBI CIIOU.

BrIxogHBIE TOMA:

Cnout [Momne Tun YTo comepKUT

HUszonuanun ELEV YUCJIO 3HaYeHUE YPOBHSA
IuHUY (UM 3aJaeTCs
noneMm UMms moas
3HAYEHH).

H3onuHun is_index 1Iesoe 1 y rimaBHBEIX U30JIMHUU
(kaxmasa N-sa), uaauge 0
- 0711 YTOJIIIEeHUS.

KortypHble nonuronsl ELEV MIN YUCIIO Huxuuit ypoBeHb
rnosica.

KoutypHrie nonuronsl ELEV MAX YUCJII0 BepxHuit ypoBeHb
rnosica.

CrjiazkuBaHHe U30/IMHUH

OcHOBHOM croco6 CriaguTh M30JIMHUM B 3TOM HMHCTPYMEHTE - OMKYOHYeCKoe CrilaKHBaHHe:
Tpund mepel KOHTYPHUHIOM CryllaeTrcss OMKyOMYecKOW HHTepmoiasimein (X2...X4), ¥ KOHTYPHI
cTposiTca 1o 6ojyiee Menkou ceTke. Ha rpyOoM rpupge M30JIMHUYM WHAYe BBITJISOAT <«OKTarOHAMK»
(BepIIMHBI CTABSATCS IO KpasiM SYeeK) - CTyIieHne youpaeT 3Ty yriIOBaTOCTh TOIOJIOTUYECKHU YHUCTO.
PeanuzoBano B uumctom NumPy, 6e3 BHemHux 3aBucuMocTei. Nodata-rpaHuilbl U BHYTPEHHUE
«OKHa» [NaHHBIX coxXpaHATcsA. CrymeHue OeNCTBYeT U Ha JIMHUU, U Ha KOHTYPHBIE TOJIUTOHBI
- TPAHUIIBI TIOSICOB IPU 3TOM COBHAmaloT C M3oaumHusMU. LleHa - Gonbine siueek (X4 = B 16 pas
60oJIbIle), TO3TOMY Ha OYE€Hb KPYIIHOM I'DHAE HaYHUTE C X2.

IOTIOTHUTENILHO eCTh JIETKoe CKpyrieHue nuHui anroputmom Chaikin (komudecTBo uTepanmii).
OHo cnabee OMKYOMUYECKOTO M OOLIYHO He TpebOyeTcs, eClH CrylleHHe BKIIUYeHO. FiMeeT CMBICTT
Kak ObICTpast albTepHATHBA Ha rpy0OM Irpue, Korga CryuiaTh He X04eTCs.

CrnaxuBaHUe CaMOTO I0Jg (TayCccoBO, IO PacTpy) - 9TO OTAeNbHAas olepalusi, OHA BHIIOIHAETCS
He 37eCh, a B mHCTpyMeHTe «2D Kriging»: Tam oHO HMOET IO TPUAY OO KOHTYpPUHTA U yOupaeT He
YIJI0BAaTOCTh, @ OYTPUCTOCTS OIS («OBIYbY I'JIa3a» BOKPYT CKBaXXWH). BuKybudeckoe CcrilaxknuBaHue
¥ rayCCOBO CrilaXkuBaHUe NO0JIs OONIONHAIT APYT Apyra: IepBoe JIEYUT YII0BaTOCTh CETKH, BTOPOE
- OyTpUCTOCTb JaHHBEIX. KOHTYPHEIM pacTp KPUTHHTA IIPKU 9TOM He MEHSEeTCH - CTJIaXXUBaeTCs JIUIIb
BpeMeHHas KOIus.
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KoHTypHBbIE IIOJIUT OHBI (II0sica)

KoHTypHBIE IIOJMMTOHBI - 3TO 3aJIUTBIE IIOSICA MEXKOy COCEeOHMMH H30MUHHuSIMU. OHH CTPOSITCH
He Kiaccudukaimell «CTyIeHeK» pacTpa, a MOOJMIOHM3AllMel CaMWUX CriIa’KeHHBIX H30JIUHHUN
BMECTE C KOHTYPOM BaJIUTHOM 00JIaCTH pacTpa: KOHITH JUHUU IMPUTATHUBAIOTCS K KOHTYPY, CETh
HOMUPYETCS ¥ TOMUTOHM3yeTCs. Jluara30H YPOBHEH KaXXOoTo II0sica OIpenessieTCs BBIOOPKOM
pacTpa B penpe3eHTaTUBHOM TOYKE TTOJIUTOHA.

Briaromapst aTOMy I'paHUIIE IIOTUTOHOB COBIIAAAOT C U30JIMHUSAMH, a IIOKPHEITHE CIIJIOMHOe (6e3 OID).
IMTonuronel HecyT nonst ELEV._MIN u ELEV_MAX. ITo yM0/I4aHWIO OHY CTPOSITCS BO BDEMEHHBIU CIIOU.
YTOOBI UX HE CTPOUTH, OUUCTUTE I0oJIe «KOHTYpHBIE TOJTUTOHBI».

OdopmieHue CI0€B

JlmHuu: 3amaliTe CUMBOJIMKY IIO IIPABUIIy Ha OCHOBE is index - r1aBHBEIM M3010HUAM (is index = 1)
matiTe OOIBITYIO0 TONIUHY. [T0ANHCE - 10 o0 YpoBHS (ELEV).

[TonuroHE! CO30AITCS C OMHUM CHUMBOJIOM. [171 3a7IMBKY 10 AUana3oHaM 3afalTe rpafyupOBaHHYIO
cumBonuky o ELEV MIN (unu ELEV_MAX).

Cro¥l U30JIMHUM aBTOMATHYECKM IIOMeIaeTCs Hald CJIOEM MOJUTOHOB, 9TOOBI JTMHUU OBLIN BHUOHBI
IIOBEPX 3aJINBKH.

3HaueHue B Z reOMeTpHUHA

®mnaxok 3amucarbs 3Ha4YeHHe B Z reoMeTpHMH IIOJHNMAET BEPIIMHBI KaXOgou JUHUM Ha eé
CO6CTBeHHy10 OTMETKY. H3onuHUSA 9TO TUHUS PAaBHOT'O YPOBHSA, IIO3TOMY Z Yy BCeX eé BEPIIINH OOWH
U paBe€H 3HA4YE€HHIO II0JIdA.

HyxHo 3T10 mns nepemayu ropusoHTanein B ABTOKAIl u Kpepo. CtammapTHBIU 3kcmopT QGIS
(IIpoekT —» UMnoprt/3kcnopTt - IKcnopt npoekra B DXF) coxpaHseT oTMeTKU Z BEPIIUH, HANO0
TONBKO CHATH ranoduky IIpunyautenbHo 2D. Be3 Z B reoMmeTpuu 00e IIporpaMMH KjIagyT BCe
TOPU30HTAJHU Ha HYJIeBYI0 OTMETKY, ¥ BBICOTY IIPUXOOUTCS 3af4aBaTh BPYYHYIO 10 KaXK0U JINHUU.

MHOro4aCTHOCTE CJI0S COXPaHSAETCsA: U30JIMHUA OOHOT'O YPOBHSA OCTaeTCcs OOHUM 00BHEKTOM CO BCEMU
CBOMMHU BETB’AMHU, YHUCIIO 00BHEKTOB He MEHSAETCHd, ITIOAIINCHY HEe PAa3MHOXKAKTCHA.

TonmorpaduuecKue MmMoaImucH

Ha Tomorpaduueckoil KapTe Bepx HUGPH Ha IOPHU30HTaJIM BCerga HaIlpaBJjIeH BBEPX IIO CKJIOHY.
YwuTas KapTy, 10 OJHOMU ITOATIMCY IIOHUMAEIITh, TAe BHIIIE, HE CBEPSISICh C COCEQHUMU TOPHU30HTAJIIMH.

QGIS oTcuuTHIBAaET BEPX MOONUCU OT HANpPABIEHUS TUHUH, ITO3TOMY HOOHTHCS 3TOTO ITOBOPOTOM
TEKCTa Hejb3s, a Hy2KHO 3a0aTh JIMHUSM OOHO HaIIpaBJIeHHEe OTHOCUTENILHO CKIJIOHA. DTO U HejlaeT
¢pnaxok Tomorpadpuyeckue nmognucH. B cioe ocrtaércsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
ocTaBeHa Kaxk Onlta, 0 4TO pa3BépHYyTA.

ABTOMATHYECKUI BHIOOP CTOPOHHEI WMHOTHA OIMMOAETCsS, W TOTHA €Tr0 TEepPeKTIYalT pyKaMu
mapaMeTpoM CTOpPOHa OepruiTPHMXOB M MOAMHCEH. [lepekiodyaTenb AEWCTByeT Ha 00e JacTu
KapTHUHBI PA30M: M Ha CTOPOHY IITPUXOB, W HA HAIpaBJieHHWe Moamucei. IIpuMeHseTCsI OH POBHO
OMH pa3 - Pa3BOPOT JIMHUU CaM MEHSIET MeCTaMHM JIeBO U IIPAaBO, @ 3HAYUT ¥ 3HAK CTOPOHBI CKJIOHQ,
ITO9TOMY TIOBTOPHBIM ITEPEBOPOT BEPHYJI OHI IITPUXHU Ha IIPEeXKHEee MeCTo.

Be3 pa3pelneHusi IepeBEPHYTHIX MOAMKCEH 3TO He pabdoTaeT

B HacTpoiikax mOONuCeN eCTh ONLMA II0OKa3a IIePeBEPHYTHIX NHOANUCEHN, M IO YMOJNYaHUIO OHa
3amperaeT ux. [Ipu Takom 3ampere QGIS cam moBopaymBaeT TEKCT, YTOOLI OH YHMTAJICS ClieBa
HaIpaBo, ¥ HallpaBjleHUe JIMHUU [TIePeCTaéT Ha YTO-Tu00 BIUATH.
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Tomorpadrueckas MOONIKUCH IO OIpeaeNeHu0 ObIBAeT IIePeBEPHYTOM: Ha CKIIOHE, 00palléHHOM Ha
1or, udpa YUTAETCS BBEPX HOraMu. I109TOMY ITOKa3 MepPeBEPHYTHIX HA0 pa3pemiaTh, a He 00POThCS
C HUM.

B cTtunax CTpykrypa / runcoMeTrpus u [lenpeccusi (ITPUXHA BHU3) 9TO y&Ke HaCTpoeHO. Eciu
MOAIINCHIBAETE CBOUM CTHUJIEM, BK/IIOUHUTE ITOKA3 IEPEeBEPHYTHIX IOOIUCEN B pa3dejle OTPUCOBKHU,
nHaude (aXkoK He JacT HUYero.

ITognmuch CTAaBHUTCHA Ha JIMHHUIO

B 060ux cTUNSX ITOAIIHMCH pa3MeIaeTcs Ha CaMO¥M rOPU30HTANIH, a He Haf Hel, U pa3pheiBaeT e€. ITo
MIPUBHIYHEIN Tomorpaduueckuil mpuéM: 1nudpa 4YuTaeTca BMeCTe C JIUHUEHN, a He PAOOM C Hell.

IIpeaynpexkaeHHue O IJIOCKHUX YPOBHSIX

WHCTPYMEHT caM IPOBEPSET, He IoMall I¥ KaKOU-TO YPOBEHb CeYeHHUS B IJIOMIAKY C OKOJIOHYJIEBEIM
YKJIOHOM, ¥ €CJIH IIoIiaji, nTumeT 06 9TOM B XKypHaJI: YPOBEHB, YHUCIIO 3a€THIX T9€€eK U IOJII0 JaHHBIX.
Huyero nmpu 3ToM He GJIOKHPYETCS, U30JIMHUU CTPOSATCS KakK 00BIYHO.

3aueM 3TO HY2KHO. Ha nnomagke, roe IIOBEPXHOCThE MEHAETCA Ha MHJIJIMMETPHI, IIOJIOZKEHUEe
HU30JIMHUU OIIpeneiiaeTcsa He peﬂbe(bOM, a IIyMOM MaATpPHIEBI. JIvHUs TaM Ha4yuWHaeT BUIIATH,
PacCChEIIIaeTCAd Ha MHO2KECTBO MEJIKHX KOJIEIl WM BBITJTIAOWUT KaK OIOHa YTOJ'IH.[éHHaH. Knaccuueckui
UCTOYHUK TAKOU IIJIOINAaAKU - BOOHAs I'Iadb: Ha MaTpuiie, HOJ’Iy‘IGHHOﬁ II0 CTepeoIliape, OHa CTOUT
Ha OJJHOM OTMETKe C TOYHOCTBIO OO CaHTHUMETPOB U MO2KET 3aHNMATh IIOJIOBUHY IIJIOIIAOHU.

OTnuYuThH Ty 00JIe3Hb OT HOpMaHBHOfI paGOT'bI AJITOPUTMa Ha I'Jla3 TPYOAHO, IIOTOMY 4YTO aJITOPUTM
OTpa6OTaJ'I BE€PHO, a BUHOBATHI HaHHEIE. HOSTOMY IIPOBEPKA Y BEIHECEHA B KYPHAJl YUCJIAMHU.

[IpakTH4Yeckoe pelleHHe OOBIYHO ITPOCTOE: 3aMaCKHPOBATh BOOHYIO TJaAb [0 IIOCTPOEHUus Iubo
CMECTHUThL YPOBHU. YPe3 BOIH 9TO OTAENLHBEIM 00HLEKT KapTh, a He TOPU30HTajb, ¥ PHUCOBAThH €r0
TOPHU30HTAJbIO HE CIIedyeT.

HpOBepKa I/IJIéT 3a OOUH IIPOXO0MO ITIO MaCCHUBY U Ha PACTPaX KPYIITHEE MeCTUIeCATU MUJITINOHOB A49eeK
IIPOIIyCKaA€eTCH, 4yTOOLI HE TPATUTHh BpeEM. JIio6as ommbKa BHYTPpH Heé racurcH, IIOCTPOEHHUE N3-3a
OUarHOCTUKH He CPhEIBAETCs.

YBepeHHOCTL FOpI/I3OHTaJIeﬁ

[TpomomnxkeHMe TOU Ke MEBICJIM, HO YK€ C BO3MOXKHOCTEIO YTO-TO cAesaTh. [lapaMeTp YBEepeHHOCTH
ropn30HTaJ1e1'71 HMMeeT TPU IMOJIOKEeHNA.

He cuuTaTth - I0BEEHUE I10 YMOJI9aHUIO, HUYEero He MeHAeTCsd.

TonbKo monsi drop min u drop_mean - JTUHHK OCTAIOTCS LeJBIMHM, HO KaXpgas IIOJIydaeT OBa
[IOJI: HAaMMEHBIIINY U CPeIHUU Iepenaj BEICOT Ha S4YelKy BOOJIb Heeé. PellleHre oCTaeTCcs 3a BaMU:
MMO03pUTENbHEIE YYaCTKM BUHEI BIPAKeHUEM BHUA drop_min < 0.005, ¥ BBl CAMU pellaeTe, IPSTaTh
WX UJIU TTOKa3HIBATh.

IMonsi ¥ pa3pblB Ha HMOJO3PHTEIBHBIX yYaCTKaX - JIMHUS OOMOJHUTEJbHO PBETCSA TaM, Ihe
repemnaj HUXKe MMopora, U Kycku moMmedatorcs moneM lowconf. Hudero He ypmamsieTcsi, CIipsiTaTh
ITOMeYeHHOe MOXKHO (GUIBTPOM CJIOS.

IToyeMy mopor 3aaaéTcsi A0JIed CeYeHH s

MepuTcsi He YKJIOH, a Mepelag BBICOT HA SAYeHKy. ITO BelIHYHHA TOM XK€ Pa3sMEepPHOCTH, UTO
U ceueHue penbeda, IMOITOMY €€ MOXKHO MPSIMO CPaBHUBATL C HUM, W OOHH IIOPOT OOUHAKOBO
paboTaeT Ha Pa3HBIX JAHHEBIX.

[Mpumep. IIpu ceuernuu 0.5 M U IOpPOTre B COTYIO OOJI0 IPaHHUIIA HPOXOOUT IO O MM Ha SUYEUKY.
ITomoru#t CKJIOH JAET Ha A4YeillKe CAHTUMETPHL M OPOT IIPOXOAUT, BOOHAS IJIafgb AAET MUJIIMMETPHI
¥ He IPOXOJOUT. 3aaBaTh IOPOT abCOJIIOTHREIM YKJIOHOM IIPUIIJIOCH OBI 3aHOBO MO KaXKObIH YIaCTOK.
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[Topor HacTpauWBaeTCs B [OIMOJIHUTEJIbHBIX MapaMerpax, Ilopor mepemaga Ha sT9€HKY, HOJIS
ceuenus, 11o ymongasuo 0.01.

IToueMy PBYTCs TOIBKO CEPHH

OpHa ojo3puTeIbHAS BepIIWHA JIVNHUIO He PBET, U IBe TOXKe. Pa3pEIB IPOUCXOOUT TOILKO TaM, I'ae
MOAPSH UOYT TP u 60yee cinabrix BepIInHEL. M HaYe ofiHa ciydYaiHas ITyMHas s4eiKa Kpoluiaa Obl
TOPU30HTAaJIb Ha HOPMAaJILHOM CKJIOHE, ¥ KapTa Onl mopenena 6e3 IPUYUHHL.

Yucno TPU 3alllUTO U IIapaMeTpPOM H€ BBIHOCUTCSH: HOJIGI/IpaTI: €ro II0JIb30BATEJII0 HE€ 3a 4YTO, a
TTUIIHAMN IIapaMeTp B guajiore CTOUT OJOPO2Ke, HeM KaxKeTCs.

Kycku gensaT rpaHUYHYIO BEePUINHY, I03TOMY B TeOMETPHUM He BO3HUKAET pa3phiBa: COCETHUE YaCTU
CTBEIKYIOTCS TOYKa B TOUYKY.

ITopsinoK B KOHBeHepe U CBOAKA

PazmeTKa UOET TOC/Ie MOCTPOEHUS U30JUHUU U OO0 (PUAIbTpa KOPOTKUX NuHUMN. MHade OOPBLIBKH,
OCTaBIIKECS OT pa3pe3aHus, monaau Obl B CTAaTUCTUKY OJIMH U YaCTh JIUHUN 0TCesAsIach OBl ABAXKILI
10 Pa3HBEIM IpUYUHaM.

B KypHas yXoouT CBOOKA: CKOJIBKO JIMHUY IIPUIIIIO, CKOJIBKO KYCKOB IIOJIYYMJIOCH, CKOJIBKO U3 HUX
HUXKe IITyMa U KaKas 0ojs o0Iel OJIMHBL OKa3aiach cjIaboi.

Yero UHCTPyMEHT He JejiaeT

OH He CrjlaXXmBaeT IJIOCKWE y4aCTKHU, YTOOBI JIMHUS IepecTasa BUWIATh. ITO ObUia OBl IOAmesnKa
OAaHHBIX: Ha BBEIXOME IIOJIyuymsiach OBl pOBHAs UM HeBepHas TOPU30HTANlb BMECTO DPBAHOM, HO
COOTBETCTBYIOIIE! TOMY, YTO €CThb B MaTpulle. PelieHre o TOM, IMOKa3bBaTh U CIaOBIN y4acTOK,
OCTa€TCs 3a YEJIOBEKOM.

1.05 BapuorpaMmma (3KCInepuMMeHTa/IbHAas1)

NHCTPYMEHT CTPOUT MO TOYKAM IKCIEPUMEHTAbHYIO IIOJyBapuorpaMMy, Opu He0oOXOOmMMOCTHU
mopbupaeT 1o Hel Moaens U BemaéT HTML-oTuéT ¢ rpadukom. OH He CUUTAET TPUM U HE BXOOUT
B PACUYETHYIO IIeTIOYKY KPUTHHTA HampsiMyio. ETo 3afjaya quarHOCTUYEeCKas: MOKa3aTh CTPYKTYPY
MIPOCTPAHCTBEHHOM NU3MEHYNBOCTH AAHHKBIX U IIOMOYb 3a7laTh ITapaMeTPHl BAPHOTrPaMMbI OCO3HAHHO,
1o BuAy oGJiaka, a He Ha rjas.

3auyeM HYXKEH NpearnpocMoTp

Kpurusr onupaeTcsi Ha MOZesib BAPUOTPAaMMBL: HATrTeT, IOpor 1 paguyc. OT HUX 3aBUCAT Beca IIpHu
VHTEPHONISIINY ¥ KapTa CTaHmapTHo# omubku. Co6JIa3HUTENBPHO HOPYYUTH IONOOP 3TUX YHCEe
aBTOMAaTHKe U He MyMaTh 0 HuX. Ha KiacTepru30BaHHON pa3BeqOYHON CeTH 9TO omacHO. CKOMIeHUS
OMIM3KUX CKBAXKWH [A0T OTPOMHOE KOJMYECTBO MHap Ha KOPOTKUX PACCTOSTHUSX U MPUOABIUBAIOT
OTMKHIOI0 YaCTh BAPUOTPAMMEI, TTO9TOMY aBTOTIOAOOP IT0 TaKOMY 00/IaKy JIETKO BEHITAET YBEPEHHO
HEMPABUIbHLIN HArreT. [IpeampocMOTp CHUMAET 3Ty MPOOIeMy: TeoJioT BUOUT caMo 06JIaKo map,
IIOHUMAET, Te HaHHBEIX MHOTO, a TIe MaJjio, ¥ IOATOHSET MOIEJh C IOHMMaHWeM TOT0, YTO IO Hel
JIEXKUT.

ITosTomy mmogbGop MOmenu B MHCTPYMEHTE OaH KaK PeKOMeHallus, a He KaK TOTOBHIM pe3ynbTar.
Yucna, KOTOpPLIE OH IIpeiaraeT, pa3yMHO CBEPUTH C BUAOM rpaduKa ¥ TOJIBKO IIOTOM II€PEHOCUTH
B KPUTHUHT.
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Kparkasi Teopus

ITonyBaprorpaMMa ONIUCHIBAET, HACKOJIbKO CTATUCTUYECKU CBSI3aHBl 3HAUEHUS IapaMeTpa B OBYX
TOYKax B 3aBUCUMOCTHU OT PACCTOSHUS MeXKIOy HUMU. [1715 Taphl TOYEeK, pa3HEeCEHHBIX Ha PACCTOSHUE
h, GepéTcs monoBMHA KBagpaTa PA3HOCTH WX 3HAYEHUM (MIONyOUCIIepPCUs NPUpPAIIEHUsd). ITH
BEJIMUUHEL YCPEOHSIOTCS II0 MHTepBajiaM PacCTOsSHUSA (jaram), u monydaercsa Kpusas y(h). 9to
Mepa He «cpefHed pa3HUuLIb» 3HAYEeHUM, a CTaTUCTUYECKON HaOEXKHOCTHU IIpecKka3aHus 3HaYeHU
IO coceny: YeM MEHBIIIE Y, TeM TeCHee CBS3b.

Y TunuyHOU KpuBOU TpuU XapakTtepuctuku. «Harrer» CO 3TO 3HaYeHHE, K KOTOPOMY CTPEMUTCS Y
IIPU CTPEMJIEHUHN PACCTOSHUS K Hy/I0. OH OTpaXkaeT U3MEHYUBOCTh Ha MaciuTabe MeJib4de, 4eM IIar
ceTH, IIIOC OMKUOKy uamMepeHus. «IIopor» 3To ypoBeHb, Ha KOTOPHIM KPHUBAS BBIXOOUT Ha OOJIBIINX
paccrosiEusx. ITomHBIN ITOPOT paBeH CYMMe HarreTa U CTPYKTYPHBIX BKIAIOOB M B upeasne OIH30K
K OJUCIIepCHuU JaHHBIX. Paguyc (a) 9TO paccTossHHE, Ha KOTOPOM KpHBasA BBIXOOUT Ha IIOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAs KOPPENSIUs CllagaeT NMpakKTUUYeCcKU A0 HyssA. [Janbile 3TOTO
PacCTOAHUS TOYKM CTaTUCTUYECKU He CBdA3aHBL. /I SKCIOHEHIIMAJIBHOM U rayCCOBOW MOneJieu
IIOPOT OOCTHUTAETCSA aCUMITOTUYECKHU, I03TOMY PafuyC O HUX - 9OGEKTUBHBIN.

HarreT u BKIambl B MHCTPYMEHTE 3adaHbl B aOCOMIOTHREIX eOUHHUIIAX OUCIEPCUM ITapaMeTpa, a He
OONISIMU OT emuHUILl. OpUEeHTHUP OJIS MOJIHOTO IOPOora 3TO AUCIEPCUS HJaHHBIX, KOTOpPas BEIBOOUTCS
B CBOJKE OTUYETA.

IlapamMeTpsbI

[TapameTp Yrto 3apaérT ITo ymonm4ganuio / COBET

Touku CO 3HAaUYEHUSIMU BxoOHOM TOYEYHBIM CIIOM. -

[Tone 3HaueHus Z ATpubyT, 110 KOTOPOMY -
CTPOUTCS BapHorpaMMa.

[Tone rpynnupoBKH (ZOII.) PaspgenbHBEIEe BapHOrpaMMEBL IO -
KaTeropusm (HammpuMmep, BuUp
pas3BeOKu).

[Tone BecoB meknactepu3anuu Beca u3 1.01 gnis B3BelleHHOUW -

(mom.) OIIEHKH.

KonugecTBO maros Yucino UHTEPBaIoB -
PacCCTOSTHUM.

MaxkcumanbHOEe pacCTOTHUE Bepxusasa rpanulia pacctoauui. 0
0 = moyoBMHA AUaroHasu
oxBara.

[Tomo6paThk MOOeb ABTOmOmG0p MOOesH 1o BKIJI.
9KCIIEPUMEHTAJIbHBIM TOYKaM
(pexkoMeHOyeTCs).

Mogpensb nnsa nmog6opa (mor.) Tun mopenu: chepudeckas, -
SKCIIOHEHUMabHasd, rayccosa,
CTemneHHas.

YcToriuuBast onieHKa (Io1I.) Omnenka Kpeccu-XokKuHCa, BBIKJI.
MeHee YyBCTBUTEJIbHA K
BRIOpOCAM.

Yparanubsie IPOOHL: OTceB 3KCTpeMaJlbHBIX 0

MepLIeHTUIIbL 00pe3Ku (mor.) 3HA4YeHUM 110 mepueHTumo. 0 =
BBIKIJI.

CpesarTsh K rpaHuliie BMECTO Capping: s3KCTpeMyM BBHIKIJI.

yoajneHus (JoIl.) cpes3aeTcs K IOpory, a He
yOansieTcs.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

CoxpaHuTb Tpodus mox

HMEeHeM

Tabmuila BapuorpaMMsbl

Otuetr (HTML)

Wmsa nmpodumns «BapuorpaMma -

+ OTCeB» A4 IOICTAaHOBKHU B
KpuruHr. Ilycto = He

COXPaHSTh.

Brixoq: nar, 3HaYeHue v, -

KOJIN4YeCTBO IIap.

Brixop: rpaduk obnaka map u -

MOJEen.

I[TapameTp YTo 3amaeT ITo ymom4auuio / cCOBET
Touku co ToueuHHBIN CIJIOM CO -

3HaYEeHUSIMU CKBaXHWHAMHU HJIH

ITone 3Hauenus Z

[Tone rpynnupoBKu

(1e00653.)

KonuuecTBo y1aros

MakcuMasibHOe
paccTrosiHue

ITomo6paTs Momenb
(pekomeHpanms)

Mogpenb st mogbopa

(mor.)

MuHUMYM TOYEK B
rpynane, % (gort.)

YcToriuuBag oleHKA
(Kpeccu-XokuHca)
(mor.)

npobamu.

YucnoBoit aTpubyT Oiis
aHanm3a: OTMEeTKa
mjacTa, MOMIHOCTS,
copepiKaHUe.

CTpOUT OTOENBHYIO
KPHUBYIO AJIST KAXKO0T0
3Ha4YeHus Mo (Hamp.
BUJ pa3BedKH) U
HaKJaOblBaeT UX Ha
onuH rpaduk.

Ha ckonbsko
UHTEPBaJoOB
paccTosHUsa
pa3buBaeTcst 061aK0
nap.

HanpHUN Kpau
BapHUoOTpPaMMEI, B
eOUuHUIaxX ciuosa (ons
MEeTPOBHIX KOOPOUHAT -
MeTphl). 0 = IMonoBUHA
OuaroHajld oxBaTa.
ApTomonmbop Harrera,
nopora, paguyca u
TUIIa MOJEH,
pe3ynbTaT
3alloMUHaeTCs O
IIOOCTAaHOBKHU B «2D
Kriging».
3adukcupoBaTh TUI
MOMEINY UIU OCTaBUTh
aBTOBBIOOD JIYUIIEH 110
R2.

I'pynmnel Mesnp4de mopora
He CTPOSATCA U
TIEePEeYUuCIsoTCs B
xypHaie. [Ton - 30
TOYEK.

CHUXKaeT BIUSIHUE
PenKuX aHOMaIbHBIX
nap.

3aIIOMHUHAETCS MeXKIYy 3alyCcKaMu

BBIKIJI.

15

BKII.

ABTO

BBIKIJI.



I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET
ITokasaTth 061ako [obaBnset Ha rpaduk BBIKJL.
nap (mgort.) UCXOOHBIE TTaphl OO

yCpegHEeHUs.
HanoxuTk 3ajaHHyI0 Pucyet moBepx o0jlaka  BBIKII.
MOAeb MOfeb C 3aJaHHBIMU
BaproTrpaMMHI (IOI.)  BPYYHYIO HATTETOM,

IIOPOTOM U PammuyCcoM -

yIooOHO CPaBHUTH CBOIO

MOJEeNIb C TaHHBIMH.
Yparauubsie IpoOk INepieHTHIL OOPE3KH, BBHIKJI.
(mom.) HUXKHSIS U BEPXHAA

TpaHULBl 3HAYEHUS,

PeXUM Cpe3aHusa K

TpaHulle BMeCTO

yoaneHus. B camom

KOHIIEe CITHCKaA.
CoxpanuTts npoduns  Eciu 3anoHUTS - IIyCTO

nomobpaHHas
(130TpOMHAs) MOTeslb U
TEKyIIUHA OTCEB
COXPaHSIOTCS KakK
npoduns 06paboTKu
IOoN 3TUM MMEeHeM.
BrixogHOMI
cioH-TabnuIa
TOYKaAMU BapHOTrPaMMBI
(cTOMOIEI HUXKE).
OTuéT c o61aKoM,
nomo6paHHOM KPUBOU U
IUHUEN OUCIEePCUH
OaHHBIX.

II00 MMEHEM

Tab6muia BPEMEHHELINH CIIOH

BapHUOTPaMMEI

OtuéTt (HTML) BpPEMEeHHBIN (aiin

HapaMeTpH C IOMETKOM «JIOII.» JIeXKaT B CBépHYTOM pa3neiie HomojTHUTE IbHbIE IIapaMeTpsbl.

Ha Brixome popmupyetcsas Oraét (HTML) c rpadukrom, mogoOpaHHOM KPUBOM U JINHUEH TUCIIEPCUU
OaHHLIX, a TakXe HeoOs3aTenbHass Ta0aHIla BapHOrpaMMbI - TOYKH SKCIEPUMEHTAILHOM
BapHoOTrpaMMHI B Bume cjiosd 6e3 reoMeTpuu (II0 CTPOKe Ha KaXKOBLIM JIar Kaxkmou cepuu). [To Hel
MOZKHO IIOCTPOUTH CBOM rpaduk B QGIS umu BHITPYy3UTh 3HaUeHus1. E€ cToNOIIk:

ITone Tun YT0 comepRUT

series CTpOKa Cepus: «Bce TOYKH» MuO0O 3HAUEHUE 101
TPYIIHUPOBKY, €CIIM OHO 3aJaHo.

lag oIpobHoe CpepHee pacCTOsTHUE MeXKAy TOUKaMU B UHTepBajie
(;1are), B equHUIIAX CJIOA.

gamma npobHoe IMonynucnepcus y(h): cpegHee IOMOBUHE KBagpaTa
pa3HOCTel 3Ha4YeHM 110 ITapaM 3TOTo jlara (unmu
ycTouuuBas oneHka Kpeccu-XokuHCca, eCiiu OHa
BKJIIOYEHA).

npairs nesioe KonuuecTBO mmap To4yek, IonaBlIuX B jar. Masoe

KOJIN49EeCTBO IIap - TOYKAd BapUuOrpaMMEL HeHaJIé}KHa.

33



ITosie rpyNIHUPOBKH U PAa3HOIIOTHOCTHAsI pa3BegKa

Heo6s3aTenbHoe I1ojie rpynmHUPOBKH CTPOUT OTHAENIbHYIO BApUOTPaMMy OIS KaXXIOOTro 3HaYeHUS
MOMsT ¥ HaKJagblBaeT WX Ha OOWH rpaduk. DTO HYKHO, KOTHa BEIOOpPKa coOpaHa CEeTSIMH Pa3HOMH
IPUPOIEL U IIJIOTHOCTY, HAIIPUMEDP IOBEPXHOCTHOU U ITOA3EMHOM pa3Benkou. IlogasB B rpynInHuPOBKY
BU[ Pa3BegKU, MOXKHO YBUOETH, OOIIAs JIM Y 9TUX COBOKYITHOCTEM CTPYKTypa UJIM V KaXKI0! CBOS.

CwMeleHre pa3HOMIOTHOCTHHIX CETEH He CO3TaéT apTedakToB caMo 10 cebe, HO MCKaXKaeT OOIIyio
BapuorpaMmy. [IjoTHasi ceTb HA€T MHOTO MAap Ha KOPOTKHX Jiarax M (QopMupyeT OIUKHIOI
JacTb KPUBOM, pemkas ceTh paboraer Ha manbHuX. OgHA MOOEnb, HATSHyTas Ha Takoe 00J1ako,
OKa3hIBAaeTCsA CMeChbi0 OABYX CTPYKTYD M He ONMCHIBAET KOPPEKTHO HU OOHY. ['pynmupoBKa 3Ty
CMecCh TOKa3hIBAeT, W pPeIleHue, 3aKOHHO U O0BeOUHSITH COBOKYIHOCTH, OCTAETCS 3a TEO0JIOTOM.
IeknmacTepusamnus K 007aKy Tap NpPW 3TOM He OpuMeHsieTcs. E€ Beca TpemHa3HAYEHBl [
WCIIPaBJIEeHUs THCTOTPAMMbI ¥ CPEOHEro, a He [Jiid Iap BapuUoTrpaMMEbl, TOe KaxXpas mapa
IIOJTHOIIPaBHA HE3aBUCHUMO OT IIOTHOCTHU CETH.

OTMeTKa KpoBAW No Tunam passenku (none Tun)

= G (n=5216): C0=23 a=3489M

4 = n (n=5022): C0=121 a=2698m

3R00 = K (n=3919): CO=0 a=4566m
= M0 (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 maacty Kpll, crpynnupoBaHHas o BUAY pa3BeOKu: OA3eMHAas CeTh
JIeXKUT 3aMeTHO HuxXKe (061acTh OOHOPOOHEE), IeTallbHas pa3BelKa JaeT BEICOKUU Harrer. Pa3Hble
COBOKYITHOCTH BHIHO Cpasy.

TpH THITHYHbBIC IT'e0JIOTHYEeCKHe CATYdIIlTHHA

OTMeTKH 3ajieraHusi, MOIITHOCTHU ¥ COIEePKaHUsI I0JIE3HOT0 KOMIIOHEHTa UMEIOT Pa3HbIe Te0CTAaTUCTUYECKHE
XapaKTEePUCTUKH, U MOJIE3HO BUIETH WX PsimoM. Ha mimocTpalvy IoKa3aHBI BApUOTPAaMMBI TPEX
IIapaMeTPOB OJHOI'0 IPOMEIIIIEHHOI'O MJIacTa, PACCYNTAHHEIE B €UHOM OKHE PaCCTOSHHUM.

OTMeTKa KpPOBNM 3TO TafKas IIOBEPXHOCTb. HarreTr moduTy HYJIeBOM, pamuyc OOIbIION, MOIElb
01M3Ka K TrayCCOBOM, KadecTBO Imombopa O4YeHb BEICOKOe. CocemHHME CKBA*KMHBI OAOT IMOYTH
OOVWHAKOBYI0O OTMETKY, M3MEHYHBOCTh KpymHoMmaciutabHasi. Kpurunr paboraeT yBepeHHO. 31ech
€CTb TOHKOCTh: TayCCOBa MOMEJIb C IMOYTH HYJIEBHIM HArreTOM YHCJIEHHO HEeyCTOMYMBa W HAE€T Ha
KapTe xapaKTepHble «ObIYby r1a3a». HeGoJbIlnoi HarreT CTOUT 3aiaTh BPYYHYIO.

MOIIHOCTh 9TO MPOMEXKYTOYHEINM Ciydai. Harret cocTaBmseT 3aMeTHYIO OO0 MOPOTa, Pamuyc
CpenHuH, Momenb 4alle chepudeckas. OKOJIO IOJOBUHE U3MEHYMBOCTH CTPYKTypHAs, IIOJIOBHHA
MeJIKoMacInTabHass. ITo TUIHYHas paboyasi BaprorpaMma.

CopepxaHue TMOJIE3HOTO KOMIIOHEHTa CaMBIM NIYMHBIM ItapaMeTp. Harrer comocTtaBuUM CO
CTPYKTYPHBIM BKJIQ[IOM MJIM IIPEBHIIIAET €ro, KpUBas MOAHUMAETCSd MeOJeHHO, KayeCTBO monbopa

34



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

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

2000 304
50 4
1750 oY
e ad 251 _go-9-0-0-g
o ®
1500 /./' ol 401
2.0 /‘/
1250 4 o
[ 3 30
£ 1000 £ 15 o £ o ® o
= - e = .'."‘-‘.
i a0 8880
750 1ol A 20 -__._,_.
]
500 4 / L]
2r0 o4 ) rayccosa 05 chEpUHeCKan 10 1 rayccoea
2 ) — C0=19.2 C=181le+03 — C0=0.864 C=1.66 — C0=19.1 C=14.6
-’. a=3061 M R*=0.008 a=4820 m R*=0.993 a=5611 M R*=0.917
o 0.0

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

Puc. 12: Tpu Tuna napaMeTpPOB OOHOTO IIJlaCTa B €eQUHOM OKHE: OTMETKa KPOBJH (IIOYTH HYJIeBOU
HarTeT, I'JlagKas IOBEPXHOCTH), MOIIHOCTL (HaArreT OKOJIO TPETH, chepmyecKasi) U comepzKaHUe
(HarreT comocTaBUM CO BKJIaJoOM, IIyMHEIU TapaMeTp).

HUXKE, W MOHEJb IIJIOXO OTIMYAETCH OT cocemHuxX TUnoB. OCHOBHAasT M3MEHYMBOCTH CUOUT HA
Macmtabe Menp4e ceTH ompoOoBaHUA. KpUTMHT Tako#¥ mapaMeTp CUJIBHO CrJIaXkKMBaeT, a KPocc-
BaNUOaIus MOKa3kiBaeT OOMbIyo omubKy. Comep:kaHHe MHpefcKasyeMo XyXkKe, 4eM OTMETKH U
MOIITHOCTH, ¥ 9TO HOPMaJIbHO.

MakcuMajIbHOe PacCCTOsTHHE H BbIX0 Ha IIaTO

Camass vacTasti omwmOKa 3TO CJIMIIKOM OONBIIOE MaKCHUMajbHOE pPacCTosiHue. ECIM 0CTaBUTH
ABTOMATH4Y€CKOEe 3Ha4YeHH€e B IIOJIOBUHY [OHArOHAJ/IM, Ha BBEITAHYTOM MECTOPOXIOEHHHU OKHO
PacCTAruBaeTCsd Ha HOECATKH KHUIJIIOMETPOB. Jlarm Ha4YMHAIOT CBSI3BIBATh TOYKHU qyepes3 6e3py;11HbIe
ITPOBAJILI 1 MeXKOJIOKOBEIE PAa3pHIBLI, BApHUOTpaMMa JIOBUT PETrMOHAbHLIN TPEeH BMECTO JIOKaIbHOM
CTPYKTYPHI, a Moa0op BHIOAET pamuyc OObIIe CaMOrO OKHA M IIOPOT B pa3kbl BHIIIE OHCIIEPCHH.
IMTpu3Hak G6embl MPOCTOM: PaguycC MOAOOPaHHON MOOENIN COIIOCTaBUM C OKHOM HJIM IIPEBHIIIAET €ro.
JT0 3HAQ4YUT, YTO KPUBAS HE BEIIIJIA Ha IIJIaTO U IIOPOT IIOJIY4YEH SKCTpaHOHﬁHHeﬁ.

JleyuTcsa 3TO YMEHbBIIEHHEM MaKCUMaJIbHOI'0 PAaCCTOSHUSA [0 JIOKAJIbLHOI'0 MaciiTaba U IPOBEPKOH,
4TO BapuorpaMma ycCIiejla BEIUTU Ha 0JKy. Ha npumepe cogepxkaHuUs OOHOIO IIjlacTa IPU OKHe 6
KHJIOMETPOB Mog0op JaBajl pafguyc OKOjio 9 KMIOMETPOB U IIOPOT HUKe HUCIIEPCHU, TO €CTh KpUBas
elllé He BHIIIA Ha niaTo. [Ipu okHe 12 KMJIOMETPOB OHA BHIILIA, IaB Paguyc O0KoiIo 18 KUIoMeTpoB
Y TIOJIHBIN OPOT, OIU3KUI K IUCIIEPCUY JaHHBIX. PeaTbHEIA PaguyC KOPPEISIUU 0Ka3aJics O0JIbIlle,
4YeM BHOEJIOCh B Y3KOM OKHE, U HpaBHHBHbIﬁ OTBET OaJla MMEHHO IIPOBEPKA Ha BBIXO[N KpI/IBOfI Ha
IIaTo.

HpI/I 3TOM OKHO H€ HOOJIZKHO IIepellaruBaThb KPYIIHBIE 683py,[[HbIe 30HHEL. Ha pa3BeJ:[qu0171 CeTHu HuXx
BHUOHO II0 ITaAE€HUIO ITIJIOTHOCTHU TOYEK, U BapPpHUOrpaMMy CjieayeT CTPOUTH B IIpeaesiaX OOHOI'O PyOHOTI' O
6J'IOKa, WHa4e JIOKaJIbHasd Ie0JIOTHUA CMeIInBaeTCsAa C peFHOHaHBHOfI TEKTOHUKOM.

OTKyaa B3s1JICS Harrert

B pa3pexkeHHOII CeTH HarreT IIOYTH BCerfda 3afaloT eOuHHIIEI IIap TOoYeK, a He oOmako. [IBe
CKBAaXHWHBI B OECATKaX METPOB OPYI' OT OpPpyra C HECOIIOCTaBHMMBIMHM 3HA4YE€HUAMHU IIOOHKUMAIOT
HGpBbII:I Jiar BBIIIE IIOPOTra, 1'[0}160py OCTAETCs OMUCATH 3TO IIOYTHU YHUCTELIM HarreToM, 1 KpuruHr 1o
TaKOU MOJeIX BO3BpallaeT CpeJgHee BMECTO KapThl.

I[TosToMy MHCTPYMEHT IledaTaeT B XKypHaj pa30op MepBOro jiara: pacCTOSHUE, YHCIO0 Iap B HEM U
3HAYEHUE Yy PSIOOM C OUCIIepcuel maHHBIX. Eciu y IepBoro jara yke BHIIIE 00OIed OUCIepcuu, 00
9TOM COOOIIAETCS OTHEILHBIM ITPeNyIpexXaeHueM - OIMKUCATh TaKOe MOXKHO TOJTBKO HAarTeTOM.

CrenoM Ha3bIBAIOTCS CaMble TSXKEJbIEe Maphl BHYTPH IEPBOTO Jjlara: PAacCTOSHUE MEeXAY TOYKaMu,
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o6a 3HaYeHUs, BKJIAM Y M KOOpOUHATHE o0enx ToueK. [Io KoopauHaTaM ITapa HaXOOWTCS Ha KapTe
Cpa3sy, u Jasblile 3TO BOMIPOC K TaHHBIM. [lepenyTaHHbIN TOPU30HT, 3HAK, € IUHUIIE - TUOO HACTOSIIas
MHKPOM3MEHYHMBOCTh, ¥ TOT[la HAarreT OTpaxkaeT JaHHEIe.

Korma IIOJIGOp HH Ha 4TO He TOJd€eH

IIBe Gembl mombopa TUXHME: MapaMeTPHl BHIBOOSTCS, KPUTUHT OoTpabaThiBaeT 0€3 eIUHOM OIMHOKU U
BLIJAET POBHOE II0JI€ OKOJIO cpegHero. MHCTPYMEHT BEITaCKUBAEeT 00e B IpemynpexkKaeHus.

IlepBoe - KauecTBO momroHku R? Huxke 0.1. Momenb NpakKTUYeCKU HHUYEro He OOBSICHSET, U
IIePEeHOCUTH €€ IMapaMeTpPhl B KPUTHUHT HEJIb34.

BTopoe - mosisi HarreTa BHIIIIE TTOJIOBUHBI CYMMapHOTO nmopora. CBs3b Ha KOPOTKUX PACCTOSTHUSX HE
paspenieHa: 1160 CeTh pexke, YeM CTPYKTYpPa, KOTOPYIO IBITAIOTCSA YBUAETH, JINOO B TaHHBIX T€ CaMbIe
napkl. KpuruHT 10 TAKOM MOAEU CTjlaXkUBaeT OLIeHKY A0 CPeIHEro0, a Ha KapTe JaeT «ObUby I'j1a3a»,
Tyr¥e KOHLIEHTPUYECKUE KOJIbI]a BOKPYT OTAEIBHEIX TPO00.

Pabdouui IIHKJI C KPOCC-Ba/IMdaItHeH

BapuorpamMmma maéT CTapTOBYIO Momenb, a mpoBepseT eé Kpocc-Baauaalnusi BapHOIPaMMGbI.
ITopssmok Takou. CHadala CTPOUTCS 9SKCIEepPUMEHTalbHAs BapuorpaMMa C MaKCHMallbHEIM
paccTosiHMeM, IpPX KOTOPOM KpPHBas BBEIXOOWT Ha IIJIaTO, U CHUMAIOTCS IIOOOOpaHHBIE HATTET,
BKJIall, pafguyC U MOJeJib. 3aTeM 3TU YuCja IEPEHOCATCS B KPOCC-BaIUAAIIMI0O U OI€HUBAIOTCS
METPUKU CKOJNBb3SIIero KOHTPOs. [lomoOpaHHYIO0 ¥ IIPOBEPEHHYIO MOOENb YIOOHO COXpPaHUTh KaK
npoduab 00padoTku (rmoe CoxpaHuTh NPodHIbL OO HMeHeM) 1 moacTaBuTh e€ B 2D Kriging
rmoneM 3arpy3uThb Npo@uiab 00pPadOTKH - CM. pas3fes IIpo UHCTPYMeHT «I[Ipodunu o6paboTKu».

Cpenuee cmemienre ME momkHO OBITH OKOJIO HYJISI, 9TO 3HAYHUT, YTO CUCTEMATUYECKOM OITUOKHU HET.
CpenmHekBampaTtuuHas omubka RMSE moka3biBaeT abCOMIOTHYIO TOYHOCTh. OTAENbHOTO BHUMAHU S
3acinyxkuBaer MSDR, oTHOIlleHUe KBagpaTa OMMOKM K OAUCIEPCUN KpUurmHra. Eciu OHO 3aMeTHO
0ombIlle eOUHUIIEI, KPUTHHT HEIOOIeHHMBAaeT HEONPEeOeIEHHOCTh M KapTa CTAaHOAPTHOM OIINOKU
3aHMUXKeHa.

I[IpaBka MSDR penaeTcs TOYHO, a He Ha rIila3. B opaAMHapHOM KpPUTMHTEe OOMHOXKEHUWE Bcel
BapHoOTrpaMMEbl Ha TOCTOSTHHBLIM MHOXKHUTENh HE MEHSET OILIeHKH, TOCKOJIbKY BeCa 3aBUCST TOJIBKO OT
¢dopMeI KPUBOH, a He OT e€ MacIiTaba. MeHsIeTCS JTUIb OUCIIEPCUs KPUTHUHTa. [[03TOMYy 4OCTAaTOYHO
YMHOXKMTDb HarTeT U BKJIafbl Ha TeKylllee 3HaueHne MSDR, ocTaBUB pafnuyc U MOJeb IIPEeXKHUMHU,
U IOBTOPUTH Kpocc-Banupanuio. Metpuku ME, MAE, RMSE u R nipu sTOoM He caBuraiTcsa, a MSDR
MIPUXOOUT K €IUHUIIe, ¥ KapTa OIMOKY CTAaHOBUTCS MOCTOBEPHOM.

ITocme MacmITaOMPOBAHMS IIOJHBIM IIOPOT MOXKET OKa3aThbCs BHIIE OHUCIEPCHM [OaHHEIX. Ha
KJIaCTepHU30BaHHOM CeTH 9TO He omnbka. HaumBHas OuCIepCHsS 3aHUXKEHa, IIOTOMY YTO IIIOTHBIE
CKOIIJIEHHsI CKBaXKUH €€ NMepeTATruBaioT, a HCTHHHAsS pa30pocKa mo mioimany 6osbime. [IpeBwleHne
Iopora Haj JUCIepPCHel 3[eCh CIIe[CTBHe HePaBHOMEPHOM! CETH.

T'oTOBYIO 1 TPOBEPEHHYIO MOfienb ocTaéTcs nepernectu B 2D Kriging nns pacuéra rpuma, a manbiie
mpu HeobOxomuMocTy B U30IMHHUHM U3 pacTpa.

Ecnu maHHBIE CTYIIIeHB HepaBHOMEPHO, 3aJaiTe HeoOsi3aTelIbHOe Mojie BeCOB Wt U3 HHCTPyMeHTa
1.01 Jdexkmacrepu3anus. Torga Kaxmas Imapa TodekK 0epeéTcss ¢ BeCOM, PABHBEIM ITPOU3BEIEHUIO
BECOB €€ KOHIIOB, U CKOIIJIEHUS He pa3gyBaloT Omuxuue jgaru. C46TYNK Mmap B OTYETE MOKA3IEIBAET
CBIPOE YHCJIO IIap, @ caMa y CYUTAaeTCs B3BEIIeHHO.

1.06 BapuorpamMmMHasi KapTa (aHH30TPOIIHS)

HWHCTPpYMEHT CTPOUT BapUOTrPaMMHYIO KapTy - IIOBEPXHOCTL MOJIyOHUCHEPCHUU Yy KakK QYHKIINIO
mByMepHoro BekTopa pasHoca (h x, h y). O6riyHas BapuorpamMMa yCpeOHsIeT BCe HalpaBJIEHUS B
OOHY KPUBYIO U HaAIpPaBJIeHHOCTh TepsaeT. KapTa ke moKa3bBaeT, KaK HENIPEPHIBHOCTD ITapaMeTpa
3aBHCUT OT HamlpaBieHus. [Io Hell BUAHO, €CTh JIU B JAHHBIX aHU30TPONMUS U Kyda CMOTPUT OCh
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MaKCUMalbHOU HeIpephIBHOCTU. UHCTPYMEHT OMarHOCTUYEeCKUN: TPUL OH He CUUTAaEeT, a TIoMoraeT
OCO3HAHHO 3aJaTh a3uMyT ¥ aHU30TPONHIO B CTPYKType BapuorpaMMmsl «2D Kriging».

Y10 TaKoe aHH30TPONHs H 3a4YeM €€ BHIETh

H3oTpomHas BapHorpaMMa IIpefriojaraeT, YTO CBSI3b 3HAYEHHHM 3aBHUCUT TOIBKO OT PACCTOSHUS
MeXOy TOYKaMH{, HO He OT HallpaBleHusd. [IJIsi CKIag4YaThiX ¥ BHITSHYTHIX I'€0JIOTUUECKUX TEJI 3TO
He TaK. Boomb mpocTupaHus IJIacT BHIAEPZKAaH, IIONMEPEK MeHseTcss ObICTpee: Ta Ke pas3HHUIlA B
OTMeTKaX KPOBIY HaOWpaeTCs BOOJNEL CKIIagKX Ha KUJIOMETPH, a BKPECT - Ha COTHSAX MeTpoB. Eciu
3TOTO HE Y4eCTh, KPUTHUHT CTJIa’kKMBAET MOJIe OMMHAKOBO BO BCE CTOPOHHI ¥ Pa3MEIBAET PEATbHYIO
BBEITSTHYTOCTb CTPYKTYPHI.

BapuorpaMMHasi KapTa BCKpPHIBaeT HallPaBJIEHHOCTDb HAMIPSMYIO. [IJ15T KaXXOOM Imaphl TOUYeK OepeTcs
He TOJIbKO PacCTOsIHUE, HO M HallpaBlIeHWe BEKTOpa MeXAy HUMHU, U TTONYIUCIEePCUs IPUPAIeHU s
packiagsIBaeTCs IT0 IBYMEPHOM ceTKe jTaroB. TaM, Toe y pacTET MeiJIeHHO ¥ KapTa 0CTAaETCsI TEMHOM
OaJeKo OT I[EHTPa, HEeMPEPHIBHOCTh BLICOKAsi. TaMm, TOe Yy pacTET ObICTPO, HEMMPEPLIBHOCTH HU3KAS.
OO6acTh HU3KOH Y B CYMMe BHITITHUBAETCS B 3JUIMIIC, OJMHHAS O0Ch KOTOPOTO X €CTh HalpaBJIeHUe
MaKCHUMaJbHOM HEIIPEPLIBHOCTH - /IS CKJIaMYaTOCTH 3TO HaIpaBJIEHHUE IIPOCTHUPAHUS.

Kak 9yuTaTh KapTy

B 1meHTpe KapThl JIEXKUT HYJIEBOU Jlar: 3HaUeHUe B TOYKE Bcerga paBHO camMo cebe, MO3TOMY Y
37ech paBHa HYJIIO M IIEHTP CaMblii TEMHEBIN. [10 Mepe ymaneHus: OT [eHTPa TOUYKKM Pa3HOCSTCS BCE
masbine u Y pactér. Ock h X HampaBjieHa Ha BOCTOK, OCh h y Ha ceBep, MacmTab 1mo 06emM OCSIM
OOWHAKOBHIM. KapTa ToYyeuyHO-CHMMETPHUYHA: ITapa U €€ 3epKaJIbHOE OTPaKeHWe [aioT OOHY U TY
2Ke IMOJIYyOUCIIEPCHUIO, ITI03TOMY PUCYHOK OOWHAKOB B ITPOTHUBOIIOJIOZKHBIX HAIIPABJIEHUAX.

AnuzoTponusi yuTaeTcss mo (GopMe TEMHOUW 30HHEL. ECIM OHa Kpyrias - CTPYKTypa HM30TPOIIHA,
HalpaBJIeHWe POJIX He urpaeT. ECiiu BHITSIHYTA - BOOJIb €€ IITHHHOM OCH Y HapacTaeT MedJIeHHee, TO
€CTb B 9TOM HAITpaBII€HUN 3HAUYEHUsI CBSI3aHBl Ha O0bIlleM paccTossHUM. [ToBepX KapThl PUCYIOTCS
TTOMICKA3Ku: OeJIbIf 3JITUIIC O OIIeHEHHBIM paguycaM M KpacHas NMYHKTUPHAs TUHUS 110 TTIaBHOU
OCH.

ITapamMmeTpsbI
I[TapameTp YTo 3amaéT ITo ymonyaHuio / cCOBeT
Toukwu co TouyeuHBIN CIIOM CO -
3HAYEeHUusIMHU CKBaXXKUHaAMU UJTIN
npobamu.
ITone 3HaueHus Z YucmoBoi aTpubyT Ojiss  3allOMUHAETCS MEeXOYy 3aIllycKaMu
aHaIu3a: OTMEeTKa
IJIaCTa, MOIITHOCTD,
comepxKaHUe.
BuHOB Ha 110OJIyoChb Ha ckoinbpKO sigueek 15

(meTanusanusa KapThl) [HOEIUTCS KaXfaas
nomnyocsk nara. Kapra
IIOJIy4aeTCs pa3MepoM
(2N+1)x(2N+1).
Borspliie 6uHOB -
meTajibHee KapTa, HO
MEHbIIIEe Map B s4YehkKe
u OoJbllle LIyMa.
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

Makc. nar, B Pa3mMmep okHa KapTH], B 0

eOuHHNIAX CJIOS eguHuIaxX cosa (mnIs
METPOBBIX KOOPOAUHAT -
MeTpHl). 0 = MoJI0BUHA
OuaroHajd oXBaTa.

MuH. KOIM4YeCTBO fA4geliku, B KOTOpPHIE 5

rnap B s4euke (gor.) TI0omayo MeHBbIIEe I1ap,
OCTaBJISIOTCS IIYCTHEIMHA.
OTcekaeT LIyMHBIE
manbHUe JIaTH, Tae ap
Ma’o.

Otuetr (HTML) OTYET C XUTMAIIOM, BpPEMEeHHBIN (aiin
3JIJTUIICOM, TJIAaBHOM
OCBIO ¥ CBOIKOU

OLIEHOK.
Pactp nnoBepxHOCTU [ToBepXHOCTH y KAk BEIKJI.
(omr.) pacTp B KOOpOUHaTax

nara (cMm. Huxe). Ilo
YMOTYaHUIO He
CO3aéTcs.

HapaMeTp C IOMETKOM «IOII.» JIEXKUT B CBépHYTOM pa3neiie HomoJITHATEeIbHbIE IIapaMeTpsbl.

OneHKa a3uMyTa, aHU3O0TPOIIHHA M paJguyca

Kpome camot kapTsl UHCTPYMeHT BHIBOOUT B 2KypHan u B HTML-0T4€T Tpu Yucia: asuMyT TJIaBHOM
ocu (reorpaduueckuii, 0 - Ha ceBep, IO YACOBOHU CTpeJike), KOI(DGUIIMEHT aHU3OTPOIMUU KaK
OTHOIIIEHWEe MaJjloO¥ OCU K rijaBHOU (1 - U30TPOIIHO, MeHbIle - CHUJIbHEE BHITAHYTOCTBH) U PaguycC
rnaBHOU ocu. OneHKa yCTpOeHa TakK: II0 KaXXAOMy HalpaBJIEeHUI0 HINETCs Jiar, Ha KOTOPOM Y
BBIXOIOMUT Ha MOJIKY (6JIM3KO0 K AMCIIEPCHUHU JaHHBIX), PAAUYCHl CTIaXkKMBaIOTCA 110 a3UMYTYy, TJIaBHAs
och 6epéeTcs mo HauboIbIIeMy PaguyCcy, a Majas - IepPIeHIuKyIIPHO e,

OTU TP YMCIIa MMOAOCTABISIOTCSA B CTPYKTYPY BapuorpaMmbl mHCTpyMeHTa «2D Kriging»: asumyrT,
aHU3O0TpoONUs (Masas/TiaBHAas) U paguyC a. ITO U eCTh yUET aHMU30Tponuu B KpuruHre. OLieHKa
WHOVKATUBHAS: €€ CTOUT CBEPUTH C (OPMOM caMOro XUTMalla, a He IIePeHOCUTDb BCIEIlyl0. ASUMYT
KapTa omnpefeseT HaléKHee BCET0, a Paguyc 1 KoaQhuiimeHT - rpydee, 0COOEHHO Ha pa3pekeHHOM
CeTHn.

YToOHl He ITEPEHOCUTh YHCJIa BPYUHYIO, B OKHE eCTh I10JIe 3amucaTh aHU30TPONHIO B IIPODHUIIB.
BriGepute paHee COXpPaHEHHBIM OPOdUIb, M a3uUMyT, KO3(pOHUIHMEHT M paguyCc TJIaBHOM OCH
OOIHUIIYTCS B HEro IIOBEPX MOMeju M HarTeTa, 3aJaHHEIX B Bapumorpamme. [Ipu crnepyroiei
3arpy3ke npodunsa B 2D Kriging 3Ty 3HaYeHUS MOACTABATCSI CaMU U IOSBATCHA B IOAIHCH IIOT,
cnuckoM mnpodunei. Eciu paguyc ynepcs B OKHO, OH OCTAETCs IPEeXHUM, OOHOBJISIIOTCS TOJIBKO
a3uMyT U KO3(DDULIMEHT.

Ecnu cTpykTypa 6/113Ka K U30TPOIHOM MJTH PafuycC I'JIaBHOW OCH 0Ka3bIBAE€TCS MEHBINE HECKOJIBKUX
siYeeK KapThl, aHWU30TPOIIUS He OIeHWBAETCSH M IOMEYaeTCs B OTUETEe KaK «He BhIpaxkeHa». B
9TOM CJlydyae pafuycChl JIekaT Ha YPOBHE CETKHU, W HAMPaBJIEHHOCTb HEOOCTOBEPHA - IpaBUIIbHEE
coobuuTh 06 3TOM, YeM BHIAATH CIyYaWHBIM a3uMyT. IloMOraeT YMEHBIIWTH MaKC. Jar W
YBEJIUYUTh KOTUYECTBO OMHOB, YTOOHI Pa3pemnTh OIUKHIO CTPYKTYPY.

Korga paguyc ynupaeTrcsi B OKHO

Ecnu BOOJIb TJTIABHOM OCH y HE YCIIeBaeT BBIMTH Ha IIOJIKY B IpefeiaX OKHA, PaJuyC BO3BpalllaeTcs
PaBHBIM Makc. lary, a B oTuéTe u ZKypHaJje mosSBJIseTCs IpeaylpexkaeHue: paguyc yIépcs B MakKc.
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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.
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jlar, 9TO HUXKHSASA OLEHKA. JTO Ta XKe CHUTyallus, 4TO W OJIA OOBIYHOM BapUOTrpaMMBI (CM. pa3gern
«MakcuManbHOEe PACCTOSHUE W BEIXOM Ha IIJIaTO»): KpUBas HE BHIILIA Ha IJIaTO, U IIOPOT IOIy4YeH
9KCTpanonanuei. Ha KapTe npu3HaK IPOCTOM - TEMHAas 30Ha BAOJIb I'JIaBHOM OCHU TAHETCS OO0 CaMOT0
Kpas.

B sToM ciydae paguycC a B KPUTUHT II€PEHOCUTh KakK eCTh HeJlb3s: HacTodllasa IJIMHA KOPPeJsaluu
Oonblie OKHA, a KO3G(UIMEHT aHW30TPOIIMU 3aHWXKEH 10 BHIPAXKEHHOCTH (IIOJie Ha Oeje eIle
QHU30TPONIHEE). A3UMYT IPU 3TOM OOBIYHO OIIPEeHNeJIEH HOpMallbHO. JleuuTcs yBelnmdeHWeM Makc.
jara, 4yToOBI KapTa 3axBaTWila BEIXOA Ha IMONKy. Ecimu Ke y He BHIXOAUT Ha IIOJIKY faxe MIpPU
IIMPOKOM OKHE, B [JaHHBIX TOMUHUPYET TPEHI - eT0o YyOUparoT 00 MHTEPIOoNAUnU Tu60 YyYUTHIBAIOT
COOTBETCTBYIOUIMM BUIOM KPUTHHTA.

PacTtp nmoBepxHocTH

I[lo xejmaHuWI0 KapTa COXpaHSETCs eIllé U pacTpoM (mone PacTp mMOBEpPXHOCTH). JDTO Ta XkKe
IIOBEPXHOCTH Y, HO B KOOpPAMHATaX jara: Hadajo B Touke (0, 0), pa3Mep NUKCela paBeH sg4elKe
nara. PacTp He mpuBs3aH K MECTHOCTHU - OH JIEXKHUT B IIPOCTPAHCTBE Pa3HOCOB, a He B IIJlaHe
MECTOPOXKIOEHUS, - U HyKEH TeM, KTO X04eT IMOKPYTUTh KapTy Ha xoycte QGIS, HanoXuTe CBOIO
IBETOBYIO IIKaJly WJIM M3MEPUTH Jlar JIMHEUKOou. 1711 caMOU OLIEHKM aHU30TPOIMM OOCTATOYHO
HTML-oTuérTa.

Ecnu maHHBIE CTYIIeHB HepaBHOMEPHO, 3aJaiTe HeoOs3aTelbHoe Iojie BeCOB Wt U3 HHCTPyMeHTa
1.01 HeknactepHu3anusi. Torga Kaxmas mapa TOUueK GepEeTcs C BeCOM, PaBHEIM HPOU3BEOEeHHUIO
BECOB €€ KOHIIOB, ¥ CKOIIJIEHUS He pa3myBaloT OnuxkHue jnard. CIETYHK IIap B OTYETE ITOKA3LIBAET
CBLIPOE YHCJIO IIap, a caMa Yy CYHUTAeTCs B3BEIIeHHO.

1.07 Kpocc-Baiuganiusi BapuorpaMMbl

HWHCTpYMEHT IIpOBepsieT, HACKOJIBKO yOa4yHO mopmoOpaHa BapuorpaMMa, METOOOM CKOJIb3SIEero
KOHTpPOIIs (leave-one-out): KaxKgas CKBazKKWHA I10 OYepeny UCKII0YaeTCs, e€ 3HaueHue IPeICKa3bIBaeTCs
KPUTHHTOM II0 BCEM OCTaJIbHBEIM, ¥ CPaBHUBAETCs ¢ pakTHIecKuM. Tak mapaMeTps! (HarreT, paguyc,
MOJelb) Ion0upaloTcs 1Mo omubke, a He CyOBeKTUBHO.

[TapameTpsr:

[TapameTp

YTto 3amaeT

[To ymom4gaHnuio / COBET

Touku co 3HAaUYUEeHUSIMU
ITone 3HaYeHUus Z

[Tone HOMepa CKBaXKUHEI
Tun KpuruHra, paguyc,

MUH./MaKC. TOUeK, HaITeT,
CTPYKTYPBI

CHSTDH MOJIMHOMHATIbLHBINA
TpeH[

CreneHb TpeHOa

3arpy3uth npodunb o6paboTKu

HcxopmHble TOUKY (CKBAXKUHEI).
[TpoBepsieMBIN YUCIIOBOU
aTpudbyT.

ITone ID pns mopmucel B
OTYETE U CJIOE OCTATKOB.
HacTpoiiku Kpurusara u
Bapuorpammel. KoHTposb
CYmTaeT KPUTHUHT POBHO C
HUMMU, II03TOMY YIOAaYHBIN
Habop mepeHocuTcs B «2D
Kriging» 6e3 nuameHeHU.
Perpeccus-KpuruHr: TpeHp
nepernonbupaeTcss Ha KaxXOoM
mare LOO, BBIUTPEHILI BUAEH T10
RMSE.

[T710CKOCTE MNTK KBagpaTUdHas
IIOBEPXHOCTh.

[TomcTaBUTH COXPAaHEHHYIO
MOIeJb IIOBEPX II0JIel
ouarsora.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

CoxpaHuUTh MPOGUITHL IO CoxpaHuUTh IPOBEPEHHYIO yCTO = HE COXPaHATh
UMeHeM Mofesb B Ipoduisb (C

AHU30TPOIINE).
Croi oCTaTKOB (TOYKH) Touku c moasIMu Heo0s3aTeIbHBIN

dakT/ommerka/ommubKa (CM.

TabIuIly Iojied HUXKe).
OT4éT 0 KPOoCC-BaTuaaIuu NHTEepaKTUBHBIN OTYET: CO3maéTCs II0 YMOJTYAHUIO
(HTML) oImleHKa vs akT, THCTOrpaMMma,

QQ-rpaduk, METPHUKHU.

B XKypHas BLIBOOSATCSA METPUKU:
ME (cpeoHee cMellleHHe) - CCTeMaTHYecKas omroka. [JomxkHa ObITh 6/113Ka K 0 (HeCMeIlléHHOCTD).

MAE u RMSE - cpenHsia u cCpegHeKBafpaTUYHas ollin0OKa npefacka3salnus. YeM MeHbIlle, TEM TOYHEE.
Ho omnoit RMSE HemgocTaTO4YHO: OHa MUHMMajbHa IIPU HYJIeBOM Harrere (rnepeobydeHUe), XOTS
HeOoIIpefeI€HHOCTh IIPU 9TOM OlleHeHa HeBepPHO.

MSDR (cTaHmapTH30BaHHasI OIIHUOKA) - CPeOHUM KBagpaT OMIMOKY, IeIEHHOW Ha CTaHIapPTHYIO
ommbOKy Kpurufara. [HomkeH ObiTh 071m30K K 1. Ecim MSDR 3amerHo Gonpine 1 - gucmepcust
HeIoolleHeHa (HarreT UK CUJII Mailbl). Eciu MeHblne 1 - mepeolieHeHa.

R - K03)OULIMEHT KOPPETISAIINN «OIleHKa - QaKT».

ITonme3Ho pas3naudyaTh OBe CTOPOHEL. O6aKo «olleHKa - ¢akT» ¥ RMSE ToBOpPSIT 0 TOYHOCTH
npengcka3aHMs. A HACKOJIBKO KOPpPEKTHa caMa MOJeldb - TO €CTh BEepHO JIM BapHorpaMma
OIMCHIBAET HEOIIPENEIEHHOCTD - IIOKA3kIBAlOT CTaHAApTHU30BaHHLIE omubKu: MSDR okoso 1 u (g-
rpaduk. [17151 KpuruHra ueHHbs 06e cTopoHbl: ManieHbkass RMSE npu MSDR okosio 1 o3Ha4aer, 4To
Mofeb U IIpeaCcKa3klBaeT XOPOoIllo, ¥ He oOMaHbIBaeTCsA B COOCTBEHHOM TOYHOCTU. ['HATHCA TOIBKO
3a RMSE Henb34 - OHa MUHUMAaJIbHa IIPU HYJIEBOM HArTeTe, IIe HeOonpeneléHHOCTh 3aHMXKeHa.

Ha npakTuke nepebepuTe HECKOIBKO BaPUAHTOB BapUOTPAMMEI ¥ CPaBHUTE. X0POIlas MOAeIb JaéT
ME oxkono 0, manyo RMSE u MSDR okono 1. Ecnu RMSE taHeT K HyneBoMy Harrety, a MSDR nipu
3TOM OTPOMHBIY - 9TO IPU3HaK nmepeodyuenus. HebGobIIoOM HAarTeT KamubpyeT HEOIPeaeIEHHOCTD.

OmnUMOHANBHEINA CITOM OCTATKOB (TOYKM C MOJISIMH: (PakT - MOJ MMEHEM MTPOBEPSIEMOTO OIS, Z_est,
error, abs error u std resid. [I;mloc HOMep CKBaXKUHEI, €ClU 3aZaHo nosie ID) mokasblBaeT, rme
MOMeIb ITPOMaxXuBaEeTCSA: KPYITHBIE II0 MOOY/II0 OCTATKHU - TPOOIEMHBIE YYaCTKH, CHCTEMaTUIEeCKUe
3HAaKH OCTATKOB - JIOKAJIbHBIN TPEeHnO. Croli aBTOMAaTHYE€CKHU Ha3bIBAETCS IIO mpoBepsaieMoOMy IIOJIIO
¥ UCTOYHUKY, @ Y IoJIed 3ajlaHbl ICEBOOHUMEI - TOHSATHLIE HAa3BaHUs (BUOHLI B Tabnuile aTpubyToB
U cBoMcTBax o). std resid - 3To cTaHZapTU30BaHHEIN OCTATOK (OlleHKa — (akKT) / CTAaHTAPTHYIO
OIMOKY KPUTHHTA, CO 3HAKOM: MHHYC - KPUTHUHT 3aHW3WJI, IJIIOC - 3aBBICUII (9TO HE OHCIIEPCHS,
nucnepcus Bcerga = 0).

ITons cj10s1 OCTATKOB:

Ilone IIceBOooHUM Onucaxnue

<HOMEp CKBaXWHbI> HoMmep cKBaXHUHHBI 3HayeHue BEIOpAaHHOTO mois ID
(ecnu 3amaHo «Ilojie HOMepa
CKBaXXUHBI»).

<uMs nons> ®akKT (UM IIOJISA) dakTHyeckoe 3HaUeHUeE
ITPOBEPSIEMOTO TIOJI.

z est Omenka kpurutra (LOO) O1leHKa 10 OCTaJIbHBIM TOYKaM
(leave-one-out).

error Ommubka (omneHka — ¢akrT) Onenka MUHYC pakT. MUHYC -

3dHHN2KEHO, IIJIIOC - 3aBHIIIIEHO.
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TTone IIceBogoHUM Onuca”nue

abs_error Mopaynb omuoKu AOcCoIoTHAS BeIU4YKnHa OIINOKH,
|error|.
std resid CTaHpg. oCTaTOK (ouzeHka — ¢akxT) / CTaHOAPTHYIO

omubOKy KPUTUHTa, co 3HaKoM. He
gucnepcus (oHa = 0).

KpoMe c11oss ocTaTKOB HHCTPYMEHT 110 yMomdaHuio GopmupyeT HTML-oTuéT (Ha plotly): ”HTEepaKTUBHEIHN
rpaduK «oleHKa vs (pakT» C OByMs JTUHUSMHU - Cepoi guaroHanbio 1:1 (upmeasn) m cuHel NUHUENR
perpeccuu Best Fit, rucrorpamma omu6ok, QQ-rpaduk ocTaTkoB M Tabmuila METPUK C GIOKOM
pexkoMeHnpmaumit. Hakmon, coBur u yrosn Best Fit BriIBegeHBEl B METPUKM: 3TO MHOAUKATOP YCJIOBHOTO
CMelleHus 0 Ouarna3oHy. HakimoH okoilo 1 - MeTom OAMHAKOBO TOYEH Ha HU3KUX M BBICOKHX
3HAaYeHUAX, HAKJIOH MeHbllle 1 - BBEICOKME 3HaYeHMWs 3aHUKAIOTCSI, a HU3KNE 3aBBIIIAIOTCS
(perpeccust K cpegHeMY, XapaKTepHas MMOANNCH CriIaXkKHBalOIIMX MeTOnoB). B Tabmuily moGaBieHa
OUCTIePCUS HAHHBIX - OPHUEHTUP A cymMMmapHoro cuiiia CO0+C. Pamom ¢ Tabnuueidl MeTpUK
noka3kwiBaeTcs 610K «[TapaMeTphl KPUTUHTa»: IEPEYUCIIEHHl TOJILKO HAaCTPOUKY, OTIUYAIOIIUEeCs OT
CTaHOAPTHHIX (HAIrTeT, CUJUI, PAAUYyC, OTCEB U TakK Aaree), YTOOBI OBII0 BUAHO, KAKMMU ITapaMeTpaMu
MMOJIy4eHHl 3T MeTpuKu. Ha rpaduke «olneHkKa vs ¢aKT» IPU HaBEJeHUU Ha TOYKY BUOHBI HOMEP
CKBaXWHBI M 3HAYEHHUSI, @ BOCEMb CKBaXKWH C HAMOOJBIIMMHU II0 MOIYJII0 OCTAaTKaMM ITOOIHUCAHBI
MIPsIMO Ha rpaduKe - uxX yooOHO IIPOBEPUTH B IEPBYI0 ouepensb. OTUET OTKPHIBAETCS B IPOCMOTPIIIHUKE
pe3ynsraTtoB QGIS (unu B 6pay3epe). Eciu plotly B c6opke QGIS HemocTymeH, OTYET BCE PaBHO
co3maéeTcd - ¢ Tabnuiel MeTpUK, HO 6e3 rpaduKoB.

QQ-rpaduk ocrarkos. [lokasriBaeT ¢opMy pacnpepesieHHss omuO0K. OMmUOKH HOPMHUPYIOTCS
Ha WX COOCTBEHHYIO OUCIIEPCUIO (Z-OIeHKa) W CPaBHUBAIOTCS C HOPMAJIbHEIM pacCIpelesieHueM,
mo3ToMy rpaduk uyuTaeTcs o ¢popme mnpu 060 KanubpoBKe. 3a MacmTad HeoUpeneléHHOCTH
oTBeuaeT oOTHellbHO MSDR B Tabmuile MeTpuk. I[Io ropu3oHTanmu - KBaAHTUIU HOPMAaJIbHOTO
pacipenesieHusi, 10 BEepTUKaIU - HOPMUpPOBaHHas ommOKa. Ecau ommOKM HOpMaJbHBEL, TOYKHU
JIoXKAaTCs Ha KpacHylo auaroHanb. OTKIIOHEHUS YHUTAIOTCS Cpa3y. 3arHyThle KOHLE (S-06pa3Ho)
- TSIKEJIBIe XBOCTHI, TO €CTh KPYIHEIX ITPOMaxoB Oojbllle, yeM Ipu HopMme. OO6mmi u3rub myrou -
acUMMeTpHs, CTOUT IIoAyMaTh O TpaHchopmanum 3HadeHuu. OTOeNbHas I'pyllia, 0TOPBaBIIASCS
OT JIUHUY, - YyXKasi COBOKYITHOCTh B aHHBIX, HalTpuMep 0e3pynHble IpoOkl U3 30H 3aMelleHus (rae
IIOJIE3HOT0 KOMIIOHEHTa IIpaKTU4YeCK! HeT). HopManbHOCTE BaXXKHa IIOTOMY, YTO Ha HEW OCHOBAHEI
MSDR u KapTa CTaHAapTHOMN OIINOKMU.

I''maBHOeE - 9TO gejIaTh C pe3yjabTaraMu. CMBEIC]I MHCTPYMEHTA B TOM, YTOOHI ITepef IIOCTPOEHUEM
Tpuaa yTBEPOUTH WJIM IIOIPAaBUTH BeChb HAOOpP mapaMeTpoB, KOTOPHIM BHI 3aTeM 3amaguTe B «2D
Kriging». 910 m BapuorpamMMma (HarTeT, CHIIJI, pPaguyC, MOOENb, aHU3O0TPOIIHSA), ¥ HACTPOUKHU
caMoro KpuruHra (paguyc ImouckKa, MUHUMYM/MakKCHUMyM TOYEK, THUI - OPAUHAPHBIA WU IPOCTOM):
KpOCC-Balmupalsi CYUTAeT KPUTHHT POBHO C TEMHU JKe HacCTpoMKaMM, II03TOMY yOadHBIM HabGop
IIepPeHOCUTCS B MHCTPYMeHT «2D Kriging» 6e3 namenenui. [1opsimoK pemeHuni:

* ME okomno 0, MSDR okono 1, RMSE u R Bac ycTpauBaioT - HaGOp MOXKHO YTBEPXOATh:
IIepeHOCUTe 5TU XKe IapaMeTphl (BapuorpaMMy U HacTpouWKu mnoucka) B «2D Kriging» u
CTPOUTE IIOBEPXHOCTE.

* MSDR 3amMmeTHO 6oJbilie 1 - KpUTHHT CIIMIIKOM «yYBepeH B cebe», KapTa CTaHOapPTHOM OIIUOKU
OymeT 3aHUXKeHa: yBenuubTe HarreT CO UJIM CUILI ¥ IPOBEPHTE CHOBA.

* MSDR menbIe 1 - HeOIIpeOelEHHOCTD 3aBhIIlIeHa: YMEHBIINTE HarreT UJIU CUJIIL.

* ME 3ameTHO oTiin4aeTtcs oT O - cucTeMaTU4eCKUY COBUT: IPOBEPHTE NaHHBIE U THUII KPUTHHTA
(ms IpOCTOTr0 KPUTHHTA - 3ajaHHOE CpeJHee).

* Bonbmass RMSE u Hu3KuM R - Momenb IIJI0X0 IIpefcKa3bIiBaeT: IONpPoO0yiTe OpPyrod pamuyc,
MOfesb WJIW aHMU30TPONUIO (a3UMyT U OTHOWIeHUe ocelt). Ecnu HU4Yero He IoMoraeT - 3TO
mpenen OAHHBIX: KOPOTKOMAacIITabHasi W3MEHYUBOCTh, KOTOPYIO CETh He JIOBHUT (HaIIpHUMED,
30HEI 3aMellleHNd II0 PyIe - Ha rpaduKe BHIIEe 5TO BepTUKaIbHAas I10j0ca Ipu ¢akTe okKojo 0).

Cro#t oCcTaTKOB MOfACKa3bIBAET TOUYEYHO: I'Tle OCTAaTKHU KPYIIHBIE - TAM CTOUT CTYCTUTH CETH (JIO6aBI/ITb
CKBaXXWHHI) UJN IIPOBEPUTH l'[pO6bI. I'me ocTaTKu cucTeMaTU4YeCKH OOHOTO 3HAKa II0 IJIOIIaay - TaM
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Kpocc-Banupauma: oueHka vs pakT

RMSE = 36.67
2007 |r'=0.869
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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
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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.

JIOKAJIbHEIA TPEH, KOTOPHIM KPUTUHT He YUEIl.

HTOr: 9TOT MHCTPYMEHT - MOCIeOHUH IIar nepeqn ¢GuHaAIbHEIM KpuruHromM. CHavajia BH Kajaubpyere
BapHoTrpaMMy 3[eCh 10 OIIuOKe, 3aTeM Te XKe ImapaMeTphl cTaBuTe B «2D Kriging» - 1 mOBEPXHOCTH
BMeCTe C KapTo¥ CTaHOapTHOM OMMOKM II0JIy4aloTCs OOOCHOBAHHHEIMU, a He IomoOpaHHBIMU
CyOBEKTHUBHO.

3aMeyaHHe O CKOPOCTH: KOHTPOJIb pPellaeT KPUTHUHT CTOJIBKO pa3, CKONMbBKO TOYeK, II03TOMY Ha
Oomnpirux Habopax (OeCaTKU THICAY CKBAXKHH) BEITIOJIHSIETCS 3aMETHO JoJbIie. ITpu HeoOX0guMOCTH
YMEHBIITUTE BEIOOPKY.

Ecnu maHHBIE CT'yIIleHbl HEPAaBHOMEPHO, 3afialiTe HeoOsi3aTeIbHOE I10JIe BeCOB Wt U3 MHCTPYMEHTa
1.01 Jexnacrepu3sanusi. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuraioTcs B3BEIIEHHO, 1
IJIOTHBIN KYCT CKBaXKHWH He JOMUHUPYET B OlleHKe KaduecTBa. CaMa OlleHKa leave-one-out mpu 3ToM
He MeHSsIeTCsI, B3BEIIIMBAETCs TOJILKO CBOOKA.

1.08 Kpocc-Baaumanusa mertoaa (LOO)

CKONB3AMINM KOHTPOJIb /s MeTOofda TI'PUOUPOBAHUSA: KPUTHHTa WU MUHUMAJIbHOM KPUBU3HHI.
Kaxmast mpoBepsieMasi TO4YKa II0 oUyepeny UCKIIIoYaeTCs, e€ 3HaUeHue NpeacKa3biBaeTcsd MEeTOoOM
II0 OCTaJbHBIM TOYKAM M CpaBHUBaeTCsA C ¢akToMm. [Io ommbKaM CYHUTAIOTCS METPUKH, U ITO
00BbeKTHBHAS OlleHKA KavyeCTBa METO/a, a TakK¥Ke CIoco® CpaBHUTbh METOALI MeXAy Co0O0M Ha CBOUX
OAaHHBIX.

HUnactpymeHT oTimndaercsa oT 1.07 Kpocc-Baauaoanusi BapHOTpaMMBbI: Ta HOAOMPAET MOMEITh
BapUOrpaMMEI IJII KPUTHHTA, @ 9Ta CPaBHMBAET METOIE ITPUANPOBAHUS KaK TaKOBEIE U paboTaeT B
TOM YHCJIe OJI MUHMMaNIbHON KPUBU3HEI.

Metpuku: ME (cmemenue, 6nmuxe kK 0), MAE u RMSE (menbme - nydiie), R (koppensuus
oneHku u ¢akTa). [y Kpurunra gomnonautenbao MSDR (6nuxke K 1, ecnu MaciiTab cTaHOapTHOMR
ommbku agmekBaTeH). Ha rpaduke onenka/pakT gBe NUHUU: cepas guaroHanb 1:1 (upmean) M CUHSSA
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QQ-rpadmk ownboK: Kak YuTaTb hopmMy

Hopma

TouKM Ha AVaroHanu.
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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,
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Teop. KBaHTUAKU (HOPM.)

XBOCTBI, aCUMMETPHSA U BTOPAA IMONIYJIALMA - OTOPBABIIAACHA I'PYIIIIa B XBOCTE.
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nuHus perpeccun Best Fit. E€ HakJIOH, COBUT M yrojl BHIBEJEHHI B METPHUKM KaK HHIUKATOP
YCIIOBHOTO CMEINeHHUsI II0 Auana3oHy. HakioH okoyio 1 - MeTong OOMHAKOBO TOYEH Ha HU3KUX H
BBICOKMX 3HAYEHMUSIX, HAKJIOH MeHbIle 1 - BLICOKHEe 3HaUYeHMs 3aHNKAIOTCs, a HU3KHe 3aBHIIIal0TCs
(perpeccus K cpegHeMy, XapaKTepHas NOOIUCH CTIa’KUBAIOIIUX METOIOB).

ITo o6pa3iuy Surfer mocTymHel Tpu Belu. Ciay4adHasi BHIOOpPKa u3 N TOYeK yCKOpPsSeT KOHTPOJIb
Ha OOJbIIMX OAHHEIX, IIPU 3TOM B OLIEHKE KaX[AOW TOYKM y4aCTBYET BCS BEIOOPKA, a HE TOJIBKO
IIOOMHOXeCTBO. ®UIBTP 00/JIaCTH OTrPaHWYMBAET IIPOBEPKY II0ZOOIacThI0 IO OXBATy M IIO
3HAYEHWUIO Z, TI0JIe3HO, YTOOH He CYUTATh KOHTPOJIb B U3BECTHHIX aHOMaJNIX. Bydep HCKII0YeHH 1
nmo X u Y ybupaeT U3 OLIEHKU TOYKU B IMPSAMOYTOJIbHUKE BOKPYT IIPOBEPSEMOM, 3TO HYKHO OIS

CTYIIEHHEBIX KJIACTEPOB, HHAYe OLIEHKA IIPOCTO IOBTOPSET GIMKAMUIIEro cocena.

[TapameTp

Ha3HaueHue

ITo ymom4anuio

ToukH cO 3HAYEHUSIMU
ITone 3Hauenus (Z)
[Tome HOMepa CKBaXKUHBI

[TpoO6HI.
YucioBoe moJie.
I7st moomucel B OTUYETE.

MeToqn Kpuruar unm MUHUMaIbHasS Kpuruur
KpHUBU3HA.
[TpoBepsieMBIX TOUEK 0 - aBTO, min(N, 100). 0
Bydep uckmouenus o X, Y [TpssMOyTONIBPHUK BOKPYT TOuku, O
cocefu B HEM He y4acCTBYIOT.
[TapaMeTpsl KpUTHHTA BapuorpamMma u mouck (Kak B -
1.1).
[TapamMeTpsl MUH. KPDUBUIHEL OxBarT, g4elKa, HaTsKeHue, aBTO
(Oot.) IIOpOT, UTEepalunn.
[IpoBepATH TOTBKO B OXBaTe O6macth KoHTpPOIs Mo X/Y. Be3e
(Oom.)
[TpoBepsATs pu Z B guamna3oHe OO6JacTh KOHTPOJIS 110 HeT
(Oom.) 3HA4YeHHIO.
3epno I'CY ([or.) 151 BOCIIPOU3BOAUMOCTH 0
BBIOOPKHU.

Crno#t Touek c monsiMu ¢GakrTa, -
OLIEHKU U OIIUOKH.
I'paduxk omenka/daxr,
rucTorpaMMa, METPUKH.

OmubKu KpoCcC-Banumaliuu

HTML-otueTt 10 YMOJIYaHUIO

1 MUHUMAJIbHOU KPDUBU3HEI II€PEOLE€HKa KaXOou TOYKU I/IJIéT C TEmiIoro CTapTa OT IIOJIHOTO
penienud, II03TOMY OOWH IIPOXOO CHHUTAETCA 6bICTpO. Ha oueHb GOJNBITHX BbIGOpKaX YMeHBmaﬁTe
YHCJIO IIPOBEPAEMEIX TOYEK.

Ecnu maHHBIE CTYIEeHB HEPaBHOMEPHO, 3afaiiTe HeoOsi3aTeIbHOE T10JIe BECOB Wt U3 MHCTPyMeHTa
1.01 Jexnacrepu3anusa. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuTaioTCs B3BEIIEHHO, U
IJIOTHBIN KYCT CKBaXXKUH He HOMUHUPYET B OlleHKe KauecTBa. CaMa olleHKa leave-one-out mpu aToMm
He MEeHSEeTCsI, B3BEUINBAeTCs TOJILKO CBOJKA.

1.09 ITpodunu o0padoOTKH

ITpoduns - 3TO UMEHOBAHHBIN HAOOP HAaCTPOEeK 00paboTKY OOQHOIO ITapaMeTpa: BapuorpaMMa (Harret
CO, Tun mopmenu, nmopor C, paguyc a, a3sUMyT U OCHU aHU30TPONIUU) IIJIIOC OTCEB yparaHHHIX OIPoO
(TIepLeHTUIb, TPaHuIbl, peXXUM cpe3ku). [Ipodunu ymobHBI, KOTrAa B IIPOEKTE HECKOJILKO IIJIaCTOB
WIX 30H C PA3HOM M3MEeHYMBOCTHIO: OOWH pa3 mogo0pasnn Modeab OJIsA IJlacTa - ¥ IePEeUCHOoIb3yelllb
€€ B KpUTUHTE, He BBO/S YMCIIa 3aHOBO.

IMTpodunu xpausaTcsa rnobanbHo B HacTpoiikax QGIS, mosToMy OOCTYIIHEL BO BCEX IIPOEKTax: cobpart
Mofenb TIjlacTa OJHaX[Obl - IPUMeHsellb Trae yrogHo. IIpodunb omuckiBaeT OOHY CTPYKTYPY
BapHoOTrpaMMEI - POBHO CTOJIBKO, CKOJIBKO MCIIOJIb3yeT KPUTHHT.
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OTKkyma 0epyrcsi npoduin

* Bapuorpamma - none CoxpaHuth npodmuns nmom umeHeM. CoxpaHsieTcda nopmobpaHHas
Mopenb. KpuBas CTpOUTCSA U30TPOIIHOM, IOSTOMY a3UMYT U OCHU 3alIMCHIBAIOTCSA HEUTPaIbHBIMU
(0 1 1) - aHM30TPOIUIO 3aAI0T ITIO3IKE.

* Kpocc-Banuganus - nnojie CoxpanuTh NpopuiIb moag uMmeHeM. CoxpaHsaeTCsa IPOBepeHHas
MOAOeslb BMEeCTe C 3aJaHHOM aHMU30TPOIMeN. ITO OCHOBHOM Croco0 MHOJNy4YUTh MPODPUIIL C
a3UMYyTOM U OCSIMMU.

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

IIpumeneHnue

B unctpymente 2D Kriging 1 38 Kpocc-Banumanuu nose 3arpy3uTh npoduiabs odpadoTku
IIOZICTaB/IsAET BEIOPAHHEBIN IPOQUITE TOBEPX MoJIel auanora. YTo MMeHHO IIOACTaBJIeHO, Ie9aTaeTCs
B XKypHaur.

VYanpasBinenue

CaMm unctpyMeHT IIpoduian o0paGoTKH yIpaBiasgeT XpaHUIUIEM Yepe3 rmapamMeTp [eHdcTBHe:

HelicTBUe Yto penaet

IToka3aTh CIICOK BriBopuT B 2KypHasn Bce Tpoduiu Cc Ux
mapaMeTpaMHu.

CoxpaHuTh BPYy4YHYIO CoxpaHsieT mpodunb ¢ uMeHeM u3 monst AMst
nmpoduIsI 10 3HAYEHUSIM TI0JIel B
«JIOTIOJTHUTEJILHO».

Yoanuts BEIOpPaHHBIHN Voanser npodunb, BEIOpaHHBH B mosie IIpodunb.

O4YuCTUTH BCE YoansieT Bce TPoOdUIn.

CoxpaHeHHe IO y2Ke CYIIeCTBYIOIIUM HMeHeM Iepe3anuchiBaeT mpoduiib. COUCKH Ipoduiei B
BBITIAMAIOIIKUX TIOJSX (BHIOOD [/ yHajeHus, 3arpy3Ka B KPUTHHTe) OOHOBJISIOTCS HPH OTKPHITHU
OKHA WHCTPYMEHTA: COXPAHUNH MPOGUNL - MEePEeOTKPONTEe MHCTPYMEHT, YTOOBI OH TIOSIBUJICSA B
CITUCKE.

Ilom BEIMamaloUIMM CIIMCKOM IIPO(UIS CTPOKOM HUXKE IT0Ka3bIBAIOTCS IIapaMeTphl BHIOPAHHOTO
npodunsd (Harret, THI, IIOPOT, paguyc, a3uMyT, ocu, oTceB). B 2D Kriging u Kpocc-Banumanuun
TaM XKe BBIBOJIMTCSI HAllOMMHAHKE, YTO PACUEeT IMOMOET mo mMpoduIlo, a He 10 monsM guanora. Ha
coopkax QGIS 6e3 craporo API BUAKeTOB MOAIUCEH HEe MOSBJISETCS - OCTAETCS OOBIYHBIN CIUCOK (Ha
paboTy 9TO He BIUSET).

1.10 Co3maTh mpuMep CKBaXKHUH (IeMo0)

HNHcTpyMeHT «Co3maTh NMpUMEp CKBaXKUH (meMo)» (GOpPMHUPYET TOUYEUHBIM CJIOM CO ClydalHBIMU
KOOpAWHATAMU U TPEMS CTPYKTYPUPOBAHHBIMH MOJISIMH: aOCOJIIOTHAsT OTMETKa KPOBIM IIjlacTa
(roof), mommuoOCTs (thick) m comepxkanme abcTpakTHOTO KOMIOHeHTa X (%). [Imama3oHbBl KPOBIU U
MOIITHOCTHY 3afaHbl 110 00pa31y npombiinuieHHoro niacrta (Kpll). UHCTpyMeHT npefqHa3Ha4yeH OJis
00y4eHUs U IPOBEPKU KPUTHUHTA, U30JIMHUN U Kpocc-Banupanuy 6e3 peaibHLIX TaHHBIX.

[TapameTpsr:

47



[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

O671acTs (3KCTEHT)

[TpsIMOYTOJILHUK TeHepalun
(o cnoto, XOJCTY,
KOOpOWHATAMU, PUCOBAaHUEM).

KonuuecTBO CKBaxkuH CKOJIBKO TOYEK CO30aTh. 300
MuHUMYM / MAaKCUMyM [Inanas3oH comepXaHus 0/50
3HaueHus X KOMIIOHEHTa.

I'magkocThk (moJist oxBaTa) Pagmyc koppensauum Kak OOnId 0.15
oxBaTa: 00JIbIlle - KPYIIHEE
«ISITHa».

KpoBnsa, momuOCTE: MUH/MakCc  [uana3oHse nomnei roof u thick. xkaxk y Kpll

(ITom.)

Honsa uarrera (Jor.) Homns gucnepcuu Ha 0.35
KOPOTKOMACIITAaOHBIN IITyM:

OoJbIIe - HuXKe
IPeACcKa3yeMOCThb.

[ToGaBUTL KaTeropuaiibHOE [Tone mintype (CUIBBUHUT, BBIKJL.

Iojle MUHTHUIIA 3aMellleHne) Ois
MHONKATOPHOT O KPUTHHTA.

o6aBuTH mojie Haopa ITone head c pervoHanbHEIM BBIKJI.
VKJIOHOM [Jid TpajueHTa
IIOTOKa.

IoGaButs nonst K u T u Hanop Hamnop u nor-sopmanbHeie K BBIKIJI.
(M/cyT) u T = K-MOIIIHOCTS {15
ymenbHOTO pacxopna ([dapcu).

3epno I'CY ([or.) Bocmnpou3BonuMocCTh 0

CKBaXXUHHI (IeMo)
[ToBepxHOCTH Opelida (pacTp)

resgepanuu. 0 = ciaydainHo.
BEIXOOHOM TOYEYHBIA CJIOH.
BxtounTe BBEIBO[ - TOTyUYHUTE

BBHIKJI. (IIPOIIyILEH)

+ momne dz pacTp s u none dz mis

BHeIITHero gpetida.

[Ipu 3anycke B KypHan BEIBOOUTCS CTApTOBasl BapuorpaMma (CyMMapHBIY CUINT = OUCIEPCUU
OaHHBIX, HarreT, pammyc). CreHepupoBaHHBIE [OaHHBIE MMEIOT BOCCTAHOBUMYIO BapuOTrpaMMYy,
IMO3TOMY Ha HUX YOOOHO OCBOUTBH BECH IIUKI: ITOCTPOUTH rpup B «2D Kriging», 3aTeM U30/IuMHUH, U
IIPOBEPUTH IIapaMeTpPhl KPOCC-Balumalnei.

[lBe TamKu ¥ OTHEJIbHBEIM BHIBOL HOOOABIISIOT HeOOS3aTeJIbHblE MOJIA [JIsi OOYUYeHUS CMEeXHBIX
WHCTPYMEHTOB. [100aBUTHh KaTeropuajbHO€ IIOJIé MHUHTHIA [JaéT Ioje mintype ¢ ¢doHOM
CUJIbBMHUTA M O4YaraMM 3aMeINeHUs OJIT KaTerOpHaIbHOTO MHOWKATOPHOTO KpuruHra. [1o6aBHTH
nojie Hamopa HaeT mone head c BEIpaKeHHBIM PETMOHAILHBIM YKJIIOHOM [Ji THOPABINYECKOTO
rpagueHTa: Kpuryete head, mogaéTte pacTp B MHCTPYMEHT IOTOKA, ¥ CTPEJIKU UAYT BHU3 II0 CKJIOHY
Haropa. Bkmo4éHHBIN BeBOI IIOBEpPXHOCTH Opeda CTPOUT OTHAEIbHBIM PACTPOM TJIAdKYyIO
CTOPOHHIOIO ITIOBEPXHOCTH S, U3BECTHYIO BCIOOY, U HobaBiseT moje dz, THHeNUHO C Hell CBSI3aHHOE.
Ha aTol mape ocBaWBalOT KPUTHUHT C BHEITHUM OpelidoM: Kpuryete dz ¢ pacTpoM S Kak OpendoM u
CpaBHHUBaeTe C OOLYHBIM KpUrnHroM dz 6e3 mpetida. Eciu BEIBOL MOBEPXHOCTH IIPOMIYIIEH, Iojie dz
He mobaBisieTcs. ['anka [ToGaButh mosasi K u T 1 Hamop reHepupyeT Hamop W JIOr-HOPMAaJIbHBIE
nons K (koadduument unbrpanmu, pasbpoc Ha MOPSIOKKA, KaK B peajibHBIX OTKaykax) m T =
K-momguocts. Ha Hux ocBamBaroT ymenbHEIU pacxon mo Mapcu: kpuryete K u T B «2D Kriging»
c nmpeob6pa3oBaHueM In (unu BpyuHylo moig Iln), IIoc Hamop, U IomaéTe PacTpPhl B «YOeIbHBIN
pacxon».

ITonsa pe3ynbrara:
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ITone Tun YT0 comepXuT

well TEKCT Homep ckBaxXuHH, GopmMaT
SK-0001.

roof 4HCIIO AGcomoTHas OTMEeTKa KPOBJIH
IjIacTa, M.

thick YUCJIO MouIHOCTS IjIacTa, M.

X YHUCIIO CopepzxkaHue aOCTPaKTHOTO
KoMmoHeHTa, %.

head YUCIIO Hamop (mbe3oMeTpuYecKui

ypoBeHb), M. C rajikoi Hamopa
unu rankou K u T.

K 4UCIIOo Koapdunuent punsrpaiuy,
M/cyT (JIOT-HOpMaabHO).
Tomnbko c rankot Ku T.

T YUCII0 BomomnpoBogumocTts T =
K-momtaOoCTE, M?/CcyT. TONBKO C
rankou Ku T.

mintype TEeKCT MuHepanbHBIN TUI
(CUNTBLBUHUT, YaCTUYHOE
3aMellleHne, KaMeHHas COJIb).
TomnbKO C raJIKoW MUHTHIIA.

dz YUCIIO 3HayeHMWe, TMHENHO CBSI3aHHOE
C ITOBEPXHOCTHIO Apetida.
TonbKO ITpU BKIIIOYEHHOM
BREIBOJIE TIOBEPXHOCTH Operida.

ITonHBIM TIepedeHb IOJIed BLIXOOHBIX CJIOEB - B MpUIokeHUU CKBaKUHBI (aemo) (pa3pen «Ilomns
OEeMO-CJIOEB» B KOHIle PYKOBOLCTBA).

1.11 Co3gars npuMmep reodpu3ndecKux npoduien (IemMo)

NHCTPYMEHT CO3HAéT TOYEYHBIN CJION reo¢du3nydecKux mpodusei nisd oOydyeHUs U OPOBEepPKH 6e3
peanbHBIX OaHHBIX. CTPOSATCSA HECKOJIBKO IIapasljiebHBIX Ipoduieil ¢ nuketaMu. IIpeqycMoTpeHo
IBa pexumMma.

dmekTpopa3BeaKa. Boons npodunelt 3agaHel KaxKyllleecss COIPOoTUBNeHne pK (OM'M), IOTeHITUA
ectectBeHHoro mons EIT (MB) u Bri3BamHas momnsipu3anus BIT (MB/B). B manHBIE 3amoxkeHa
HU3KOOMHasl aHOMaJIus - OOBOOHEHHAS UJIY 3aMellléHHas 30Ha. B Hell pK IIpoBaimBaeTCs ¢ POHOBBIX
mecaTkoB OM-M go exmuuui, a EIl gaér oTpuuaTeNbHBIM MUHUMYyM. Takoe MOBeIeHUE OTBeYaeT
IIPOMBICJIOBOM IIpaKTHUKe: HAWMEHLIINE COIPOTUBIEHUS XapaKTEPHHl [JIg OCAAOYHBIX IIOPOL,
TOTZa KakK COJib, THIIC M QHTUAPUT, HA000POT, BRICOKOOMHEI, @ OOBOOHEHWE U 3aCOJIEHUE YBOISAT
COIIPOTUBNIEHUE BHU3. AHOMANUSI 3aJaHa KOMIIAKTHEIM IISITHOM, a He II0JIOCOH, T03TOMY IIPO(UIN
HEe CUHXPOHHBI, ¥ ITPYU UHTEPIIONSLNY BUOEH JIOKAIbHEINA 0Yar, a He CIJIONIHAs JIeHTa.

Ocenanus (Mmyjabaa). 3HaYeHUe - ocefaHue (MM) B BUJle MYyJIbObl COBUKEHUS Ha[ oTpaboTaHHOM
IIOIIAIbIO, ITI0 HECKOJIBKUM TypaM HabmogeHnit. Mynbaa yrioy6iasgeTcs oT Typa K Typy ¥ OoTpaHu4YeHa
10 MOZYJII0 OBYMS MeTpPaMu. 3HaK €IUHBIN: BHU3 (OTPUIIATEILHOE) MJIK BEJTMUYMHA (TI0JI0KUTEILHOE),
rio Berbopy. Ilo KpasiMm CTPOro HYJNH - B CTOPOHE OT O0TPaboTKU ocemaHms HeT. [Io ogHUM IUKeTam
MOZKHO IIOCYHUTATh Pa3HOCTh settle Mexay TypaMu U MOTyYUTh CKOPOCThH OCEHaHMUSs.

Pabouuit 1Ky moBTOpsieT ocHOBHOM: monie rho_k (unu settle) nuTepnonupyeTcsa MHCTPYMEHTOM
1.02 2D Kriging nmu60 MUHUMaNIbHONW KPUBU3HOM, IO TPULAY CTPOSATCSA U30JIUHUU UHCTPYMEHTOM
1.04, u a"oManusg OKOHTypuBaeTcs. [lojle Sp MOXKHO WHTEPIIOIUPOBaTh TaK XKe U CPaBHUTH
vmuauMyM EIT c mpoBanoMm pk. ITone rho_true (unu settle_true) - 3anmoxkeHHoe 3HaYeHUe 6e3 MIyMa,
39TaJIOH OJIS IPOBEPKU TOYHOCTU UHTEPIIOIAIINH.
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KpHI‘HHI‘ HJIA MAHHHMA/IbHAasd KPHBH3HA

Teodpusnueckue IPOoPUIHN - XapaKTePHLIH Ciy4dali, roe BEIOOP MeToma MHTEPIIONSIINY BaXKHee ero
HacTpouKu. [laHHBIE MJIOTHBIE BOOJIb TpodunIel U pa3pexkeHHbe MeXAy HUMHU, a caMa BeJIMYuHa
(commpoTuBIIeHNE, TIOTEHITHAI) GU3NUECKHU TIIafKas U HellpephiBHA .

KpuruHr BepHO OTpaXkaeT HEPABHOMEPHOCTb CeTH: 0e3 HAaCTPOMKM aHW30TPOIHUU BapUOTPAMMBI
OH TSIHET CTPYKTYPY BHOJIb JIMHWN CHEMKHU, W TIOJIE pPaclafaeTcsd Ha IMOJIOCH BOOJbL THUKETOB.
MunuManbHass KpuBu3Ha (1.03) HaBs3bIBaeT (QU3UYECKH OCMBICJIEHHYIO TJIaOKOCTh W CIIMBaET
pa3po3HEeHHBIE TPOGUIIH B CBSI3HYIO IIOBEPXHOCTD, IIO3TOMY IJIS TPODHUITEHON ChEMKHU U ITOTEHITHATLHBIX
rmojer OHa OOBIYHO IIPeAINoYTHUTEeNnbHee. To XKe CIpaBemIMBO U [Jid IOns SP: MuHuUMyM EII
MIPOSIBJIIETCS LIEJIBHBIM TEJIOM, a He CTojifmamMu. fpye BCETro 9TO BUAHO Ha OCENaHUSX: MYJIbaa
CIBUKEHUS - KOMIIAKTHAs 0CECUMMETPHUYHAS BOPOHKA, M KPUTUHT PAaCKATHIBAET €€ B JIEHTY BOOITH
npodunel, TOrga KaKk MUHMMaJbHas KPUBU3HA BOCCTAHABIMBAET Yallly C YETKUM IIEHTPOM.

I[IpakTuyecKuil BHIBOA: MOJsI C mnOpoduner CTPouTe MUHUMAJILHOWM KPUBU3HOMH,
HpHMeHHﬁTe, KOr'la HaCTPOE€Ha aHU30TPOIINA BaPUOIrPaMMEI 110 reOMETPHUIO CETH.

a KPUTHUHT

O6nacTh 3aHaéTcsT 9KCTEHTOM. PexXuM, [Mana3oHbl, YHUCJI0 TYPOB U OTMETKY TTOBEPXHOCTH MOXKHO
M3MEHUTH B pasfesie [ONOIHUTEIHHO.

[TapameTp Yrto 3apaér ITo ymom4aHuio

OO6acTh (9KCTEHT) 'paHUIE TeHepauu. -

Pexum DneKTpopa3BeaKa Uiu DneKTpopa3BeaKa
ocemaHus.

Ywucrno npodune CKOJIbKO ITapaiiebHbIX 4
npodunen.

[Ilar nukeToOB, M PaccTossaue mexay nuketamu. 20

®onoBoe pK, OM M ([Hom.) ComnpoTuBneHuEe BHE 60
aHOMaAaJIUH.

MunumaneHoe pK, OM-M (Hom.) ComnpoTHUBIIEHHE B IIeHTPEe 10
[IITHA.

Awvmiutyna EIT, MB (Horr.) I'nmy6bura muaumyma ETI, -100
00BIYHO MeHbIIe 0.

Awvnnutyna BIT, MB/B (Horr.) BricoTa anomanuu BII. 15

Mym px (Hdor.) IOons pasbpoca B 0.06
jor-mMacirrabe.

MaxkcumanbvHOe ocefilanue, MM  ['myGuHa MynbOwl B nociiendeM 400

(dot.) Type.

Ywucno typos ([o.) CKOIBKO LIMKJIOB AJIS peXuMa 2
ocemaHUM.

3HaK ocenmauusa (Iom.) BHu3 (oTpuilaTenbHOE) UIU Buus
BeJIM4YMHA (II0JI0XKUTENIBHOE).

OtmMmeTka: 6a3a u amrIuTyga, M [lnaBHBIN penbed 1201 15

(Hor.)

I'eodusnyeckue npodpunu

TTOBEPXHOCTH.
CJ0# TO4eK C IIOJISIMHU.

INons snekTpopa3Benku: profile (Homep npoduis), picket_m (nukeTt B MeTpax OT Hadayia Ipoduis),
pk (metka ITK, nanpumep I1K5+20), z (otmeTka noBepxHocTyu, M), rho_k (px, Om-m), rho_true (px
0e3 myma), sp (EII, mB), vp (BII, mB/B).

IMonst ocepauuii: profile, picket_m, pk, tour (Homep Typa), z (0TMeTKa, M), settle (ocemanue, Mm),
settle_true (ocemanue 6e3 myma).
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Tonmorpadusi: peiabed U3 OTKPHBITHIX JaHHBIX

I'pynna «2. Tomorpadusi» oTBedaeT Ha 4HACTHIM 3alpoCc: MaKCHMaJIbHO KadyeCTBEHHAs MOMEeb
penbeda U3 OTKPHITHIX OJaHHBIX U3 KOpoOku. [lapamubiil Bxon - 3arpy3dyuk LIMP mo pamke, K HEMY
BeKTOpHas TornoocHoBa u3 OpenStreetMap, ssimpo Topo2Raster giisg moctpoeHus penbeda U3 TOUEK
¥ M30JIMHUM, W IOJIHBIM THAPOJIOTUYECKUH Habop: 3alloTHEeHNEe MOHUXKEHUM, CTOK U aKKyMYJISIIHS,
peuHas ceTb, 0acCeUHEl, YKIIOH C 9KCIIO3ullnell 1 BepIIUHEL. Bes aHanuTuKa Ha ynctoM NumPy, 6e3
GRASS, SAGA u BHEIIHUX MOOyJIEeN.

Psamom ctourt rpynna «2. Tomorpadusi: tMarHoCTUKa U IpaBKa». B Heé BEIHeCEeHE HHCTPYMEHTHI
MIPOBEPKH T'OTOBOrO peinbeda: pasmerneHre TOPU3OHTaNel Ha HaOOpPHI, HeBs3Ka mpotuB LIMP u
TIOUCK TeppacuHra. OTmenbHas rpynia HyKHa [I0OTOMY, YTO NOATrpynIl B Processing HeT, a mepxkaThb
IIPOBEPKY BHYTpU pabouell I[ellOYKY HeYOOOHO: OHA pa3phiBaeT II0C/IeNoBaTEeIbHOCTL IIOCTPOEHUS.
HywMmepaiyss ”HCTPYMEHTOB IIPU 9TOM CKBO3HAas C Tolorpaduen.

Bce BEIXOOHBIE CIIOU IPYIIIEI CKIIAARIBAIOTCS B Ipynny Tomorpadusi nepeBa Cl10éB, YTOOL HE TOHYTh
cpenu pabouux CIo€B mpoeKTa. MHCTPYMEHTHI I'PYHITEI CTHIKYIOTCS OPYT C PYTOM. 3arpy3uuk 2.01
OTHAEéT TOTOBYIO MEeTPUIECKYIO IIMP, koTopas 6e3 BCAKWX MaHUIIYISOuN upeT B ulonuuuu (1.04)
u B nroboi pacuéTt rpynnbl. BomoToku u3 2.02 u peyHas ceTb u3 2.06 ImOOXOOSAT TajlbBeraMu B
Topo2Raster (2.03) kak ecTb, IOTOMY UTO UX BEPIIMHB UAYT BHU3 110 TEUEHUIO.

Puc. 17: ITonHast neno4YkKa rpyInnksl Ha geMo-peibede: OTMBIBKA, PeYHasi CETh TOIIIUHOM 110 MOPSIOKY
Crpanepa (2.06), rpanuiisl 6acceinos (2.07) u BepiuHH (2.09).

[TonHBIA TIepedYeHb MOJIeH BBIXOMHBIX CJIOEB - B mpunoxeHuu [Ipoduau 3jeKTpopa3Benku /
IIpodunu ocemanui (pa3gen «I1os eMo-CI0EB» B KOHIIE PYKOBOICTBA).
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2.01 3arpy3ka IIMP o pamke

3arpyxaet LIMP mo pamMKe H3 OTKPHITOTO XpaHHUuIla, 6e3 perucTpanuy U Kiouded, Ha BHIOOD
U3 [OBYX HMCTOYHUKOB. [IMUTKM pa3MepoM OOWH Tpamyc coOuparmTcs B MO3aumKy 0e3 IIBOB H
IIEPEenpoeUpPYIOTCS B METPUYECKYI0 CUCTEMY KOOPOMHAT C KyOudecKod mHTepuonsanuel. CrIpele
rpafycHBIE IIJIUTKYW B aHAIM3 He II0omagaioT, mo3ToMy ocobeHHOCTh GLO-30 ceBepHee 50 mmMpOTH

(YKpPYIIHEHHEBIH IIaT 110 MOAT0Te) 06pabaTHBAETCA aBTOMAaTUYECKH.

[TapameTp

YTto 3amaéeT

[To ymomrgyaHuIO / COBET

HcTouHuK penbeda

Pamka 3arpysku

IHeneBasa CK

Pa3mep sueliku, M

Crnanuth penbed (FPDEMS)

Tugponoruvyeckasi KOPPeKIUs

CrnaxxuBaHue: OKHO
HOpMaleH, s4eek (OoIl.)
CrnaxuBaHHE: IOPOT
pas3nuuusg HopMaJseu, rpan
(mor.)

CrnaxxuBaHHue: YUCJI0
IPOXOHoB (HOo1I.)

Epsilon yknona npu
3aloJHeHuu, M ([JoII.)

[Tpepen yucma IIUTOK 1x1

rpapyc (morm.)
LIMP (metpuueckas CK)

GLO-30 (Copernicus, DSM:
BBICOTHI IT0 KPOHAM U KPOBIISIM)
unu GEDTM30 (DTM 6e3 neca
¥ ITOCTPOEK, MAITMHHOE
ob6yuenue mo ICESat-2/GEDI).
Oxsart B mo6oii CK,
IIePEeCUYUTHIBAETCS B I'PagyChl
aBTOMaTUYECKH.
MeTtpuueckas CK Brxoma.
IIycto = CK mpoekTa, eciu
MeTpuyeckas, uHade UTM 1o
LIEHTPY PaMKH.

[ITar BEIXOOHOT'O T'pua II0ciie
IepenpoerupoBaHus.
CrnaxuBaHHE C COXpaHEHUEM
OpOBOK (CM. HUXKE). BBIKJI. =
CBLIPOM pacTp UCTOYHUKA.
3anoiHeHue JTOXKHBIX
MMOHUKEHUH, YTOOB Boma
Teksa BHU3. CHATH OIS KapcTa
U MYJIbIl OCeJaHMs.

CropoHa okHa punbTpa
HOpMarsewn, HeuéTHasl.
CTporocTts COXpaHeHUS
rpaHel: MeHbIIe -
arpeccuBHEE COXpaHeHUe.
BHemrHux 1maroB nepec6opkKu
BBICOT.

MuHMMaIbHEN YKJIOH Ha
IJI0CKOCTAX. 0 = MOOHATH
TOJIBKO SIMBI IO CJIMBA.
CTpaxoBKa OT CIUIIKOM
Oonbiroi pamku gnst GLO-30.
BrixogHoit pactp float32, cioit
B rpymie Tomorpadus.

GLO-30

IIyCTO

30

BBIKIJI.

BKII.

11

15

0.001

25

HcTounHK peabeda - kmoueBoit Bbioop. Copernicus GLO-30 sTo 1ingpoBas MoeIb TOBEPXHOCTH
(DSM): BBICOTHI CHUMAIOTCSI 110 BEPXY KPOH U KPOBEb, pa3maéTcs IIIUTKaMu 1o rpagycy. GEDTM30
910 mudporast momens penbeda (DTM) ot OpenGeoHub nop nuien3ueit CC BY 4.0: nec u moCTpOMKHU
CHSITH MaIIMHHEIM 00y4eHreM 1o gaHHeIM ICESat-2 1 GEDI, nosToMy nop mmonorom neca GEDTM30
3aMeTHO TOYHEe, YTO NOATBEPKAEHO HE3aBUCHUMOM MPOBEPKOH. Pa3gaéTcsa emuHBIM Trj106aabHBIM
o6mauneiM GeoTIFF. nsa necuctoro Ilpukambss DTM 0OBIYHO NPENNOYTUTESIFHEE, OJIST OTKPBITHIX

y4acTKOB pPa3HHIA MaJia.

[TapameTpsr:

* PamMmka 3arpy3kKH - oxBaT B 10001 CK, BHyTpu mepeBOAUTCS B I'PaAyChl OJIs BEIOOpa JaHHBIX.
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* ITeneBass CK - metrpuyeckas CK pesynbrata. [lycToe 3HadeHHE BKIIIOYaAeT aBTOMATHUKY:
6epétcs CK mpoekTa, ecinu oHa MeTpuueckasi, nHade 30Ha UTM mo 1eHTpy paMKu. ['pagycHas
mesieBasi CK OTKIOHSIETCS C BHATHEIM COOOIIIEHHEM.

* PasMep si9eMKH, M - 110 ymoauanuio 30, poguoe paspernenne GLO-30.

* Tuaponoruyeckasi KOPPEKHIHUsi - BKJIOYeHa II0 YyMOJYaHHUIO: JIOXKHBIE ITOHUIKEHUS
3amonHATCSa cpa3y (cM. 2.04), yToOBl Boma Ha MOAEJM TeKja BHU3. [IJIs 3apad, rae BazKHHI
3aMKHYTHIEe KOTJIOBHUHEI (KapCT, MyJIbLI OCcefaHu), Gpr1akoK CHUMUTE.

* B HJonoxaurenbHo: Epsilon ykjiona npu 3anonaenuu 1 Ilpenesn yuciia IUIMTOK (3amIiyUTa
OT CJIy4YaliHOM paMKH Ha MOJICTPaHBI).

OTKa3 ceTH WUIM pPaMKa IeJIMKOM B OKeaHe 3aBepHIaloTCs IIOHSATHBIM COOOIIeHueM, a He
nycTeIM pacTpoM. MctouHuk pmaHHBIX: Copernicus DEM © ESA, oTKphiTas NULIEH3US OONYyCKaeT
HCIIO/Ib30BaHMe C YKa3aHUeM UCTOYHHUKA.

2.02 3arpy3ka TOIMOOCHOBBI I10 PpaMKe

BexkTopHbiit 6mu3Her 3arpy3duka [IMP: mo Toit ke pamke 3abupaeTt u3 OpenStreetMap cnou Ojis
paboTkl ¢ penbedoM.

[TapameTp YTo 3amaéTr ITo ymonm4gaHnuio / COBET

Pamka 3arpy3ku Oxsart 3anpoca k OSM -
Overpass. [lepKaTh CKDOMHBIM
- OOJIBIIINE 3aIIPOCHL CEPBED

pexKeT.

[Tpepen njollagu paMKH, KB. CTpaxoBKa OT Ype3MEPHOT0 0.5

TpagycoB 3ampoca.

TaiimayT 3ampoca, C Oxwupanue orBeTa Overpass, 90
IIPU OTKa3e UHOET IMepexoy Ha
3epKaro.

BEIXOOHBIE CJIOW: BOJOTOKH, BODOEMHI (IIJIOCKOCTH), BEPIIHUHE ¢ IToneM ele, o6phiBeI (6apheptl). Bece
MomagaoT B rpynny Tomorpadus.

* BoooToKH - peky, py4ybu U KaHaiel. B OSM BOmOTOKU PUCYIOTCSA BHU3 10 TEYEHUIO, II09TOMY
cyou roguTcs TanbBeraMu B 2.03 63 IOATOTOBKMH.

* BOomoéMBI - 3aMKHYTHIE KOHTYPHI O3€p M TPYOOB, IIJIOCKOCTH TOCTOSTHHOM BBICOTHI [IJIS
2.03. CocraBHBIE MYJILTHUIIONUTOHBI (OObIINE 03€pa M3 HECKOJIbKHUX way) IiepBas Bepcus
IIPOIIyCKaeT.

* BepmiuHbBI C OTMETKaMM - TOUYKU hatural=peak c BEICOTOU ele, TOTOBEIE OTMETKM BEPIITNUH OIS
2.03 u xoHTPOJIE Ong 2.09.

* OOpBIBBI U HACKINH - JTUHUYU pa3phiBa penbeda mis 2.03.

* BeperoBasi IMHUSA - [10 YMOJTYaHUIO BEIKJIIOUEHA, HY2KHA Ha IPUMOPCKUX TEPPUTOPUSIX.

Beixog B CK mpoekTa, nMuHMK 00pe3arTcs IIO0 paMke. Ily6nuunble cepBepbl Overpass MMEIOT
JIMMUTHI, TP OTKa3e OCHOBHOTO CepBepa 3aIllpoC YXOAUT Ha 3epPKajio, OJIsi OOJIBIINX TEPPUTOPHUM
yMeHbIIaWTe PaMKy WU IOOHUMaNUTe Ipeesl Iioilany B [lonoIHUTEeIbHO. [laHnHble: © y4aCTHUKUT
OpenStreetMap, nunens3us ODDbL.

2.03 Topo2Raster (peabed U3 BEKTOPOB)

Ctpourt pesbed 13 BEKTOPHBIX JaHHBIX MYJIbTUCETOYHON HHTEPIOJIAIINEH OT Ipy0o0i CeTKY K TOHKOH,
no motuBaMm ANUDEM. HMHCTPYMEHT 3aKphBaeT KJIaCCHUYECKYyI0 3afady: eCTb OTIu(pOBaHHLIE
TOPU30HTAJM TOMOIIJIaHa, OTMETKM BEICOT, PEKU U 03€pa, Hy>KEeH KOPPEKTHHIN T'PUL.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

TouKku BBICOT

ITomne BBICOTHI TOYEK
H3onmuuun

ITomne BLICOTHI U30JIMHUU
TanbpBeru (BHU3 II0 TEYEHUIO)

OOpHIBH (Gapbephl
CTJIaXKUBaHU )

Bec u3amMepeHHBIX OTMETOK
(mor.)

Bepx ¢popm, Huz popm

[Torne cBs13u POPMEL

[Torne oTMeTKH CTOPOH HopM
(morm.)

OyHKINS GOPMEI TIOIIEPEK
(mor.)

O3épa u ype3 BOTbI
ITone oTmMeTKH ype3a

OxBart

Pasmep ssueliku, M
3anoJTHUTh TOHUXKEHUS B
uToTe

HUTepauuii criaXKuBaHUS Ha
ypOBeHb (IOTI.)
MuHHMaIbHOE HageHue
TajbBera, M/g4elky (Oom.)
Epsilon yknona npu
3aloJIHeHuu, M ([Oo1I.)
Penved

Cnoit oTMeTOK (HampuMmep,
BepmuHE 2.09).

ATpubyTt Z y TO4eK.

Crnolt ropu30HTAasNekn
(ouudposka nnaHa unu 1.04
o LIMP).

ATpulbyT YPOBHS Y U30JIUHUH.
JIuHUYM peK, BePUInHBL

HanpasieHsl BHU3. CeTs 2.06 u

OSM mopgxomsT Kak ecThb.
JIluHuM, BOOIb KOTOPBIX
repenaj He pa3Ma3bIBaeTCH.
B ob61ei sueiike u3MepeHue
IepeBelINBaEeT BEPIINHY

o poBaHHOM TOPHU3OHTAIIH.
1 = Kak paHbiIe.

CTtopoHsI (opM C OTMETKAMMU:
OpPOBKH 1 IIOOOIIBEI, TPEOHM 1
OCHOBaHMS, BEPIIINHA TOUYKOH.
CwM. pa3gen «IIoBepxXHOCTH
MeXKy CTPYKTYPHLIMU
TUHUSIMU».

OnuHaKOBOe 3HAUEHUE Y BCEX
00BEeKTOB OMHOM (POPMHEI.
Ecnu y nuHui HeT Z.

JIluHelHasa - IPOEKTHEIM OTKOC,

IIJIaBHAS - CKPYyTJIeHUE ¥
KPOMOK.

[T1mocKOCTH BOOOEMOB.
OtmMmeTKa ype3a. [lycto = Z
y3710B (HAKJIOH) WU MUHUMYM
Oepera.

Pamka BrIxogma. IlycTo = 1o
BXOOHBIM CJIOSIM.

[Ilar BEIXOOHOTO TpHUAa.
l'upgporioruyeckast KOppeKuus
pe3ynbTarTa.

[TpoxomoB BHYTPEHHET O
CrilakKUBaHUS ITOJIS.
l'apaHTHUPOBaAHHEIN YKIIOH
BOOJIb PeK.

MuHMMAaTbHBIN YKJIOH Ha
IIJIOCKOCTSX IPU 3all0JTHEHUU.
BrixomHou pactp float32.

link

JIUHeNHas

IIyCTO

MIyCTO

30
BKIL.

60

0.01

0.001

Hy>KHBI TOYKY UK U30JIUHUU (XOTsI OBl OOMH UCTOYHUK BHICOT). [IpropuTeT OTMETKH ype3a: Z y3I0B

(HaKIOH peKI/I) BBIIIIE IIOJISI OTMETKH (IIJIOCKOCTh), II0JIE€ BHIIIIE MUHUMYMa 6epera.

Kaxmerii THII BXoOa paboTaeT CBOMM OTpPaHUYEHHEM:

¢ ToYKH BBICOT 1 H30ITHHHH - JKECTKHE Y3J1EI, IIOBEPXHOCTH Y€PEe3 HUX ITPOXOOUT TOYHO. Hy}KeH

XOTsi ObI OOWH U3 9TUX CI0EB, V KAXKIOT0 BEIOMPAETCS YUCIIOBOE MOJIe BHICOTHI.

* TanbBeru - IIPUHYOUTENbHOE MOHOTOHHOE MajeH’e BHU3 110 TeYeHHI0. BepIIuHBl TUHUU
OONXKHBI MATU BHU3 MO0 TeueHMuIo: BogoTokKu OSM (2.02) u peyHas ceTb (2.06) moaxomsaT Kak
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ecTb. MUHUMAaNLHOE NTafleHNe Ha S4YelKy 3afaéeTcsa B [1OMOITHUTEIBHO.

* OOpBIBEI - 6apbepHI CTIaKMUBaHUs. [I0BEPXHOCTH 10 CTOPOHAM 00phIBa HE3aBUCUMEI, IIepenar,
He pa3Ma3biBaeTcsa. CaMa NMUHUSA MINPUHOU B SYEUKY MTOIydaeT IPOMEXKYTOYHYIO BEICOTY, 3TO
OrpaHUYeHUe IePBOU BEPCUU.

* Ype3 BOOKI - TPU IPUOPUTETA BLICOTH Ha KaXKALIM 00HEKT, CJI0OM MOXKET CMeIINBaTh TUIIHL. Eciu
y IONIUTOHAa TPEXMEPHEIE BEPUINHE (3aaH Z B y3Jiax), ype3 UHTEePIOJIUPYETCS II0 UX BEICOTaM
U HaKJIOHSIETCS BOOJIb PYCJIa - TaK 3afaéTcs TafjeHue YPOBHSA PEKU OT UCTOKA K yCThio. Ecniu Z
HeT, HO 3aII0JIHEHO II0JIe OTMETKM, OOBEKT NePKUTCS TOPU30HTAIBHON IIJIOCKOCTRI0. Ecniu Het
HU TOTO, HU IPYTOTr0, YPOBEHDb OEPETCA aBTOMATUUYECKH 10 MUHUMYMY IIpUJjieraolinero 6epera.
PazHoTumnnuble 060HEKTH B OQHOM CJI0€ pa30upaloTCcs KaKAbI CBOEM BETKOM: 03ePO IIJIOCKOCTHIO,
pekKa HaKJIOHOM.

BuyTpu paboTaeT OBYXTaKTHHIN UK Ha KaXX0M YPOBHE CETKU: MeMOpaHHOe CriiakuBaHUe CTaBUT
KapKac U JepXKUT OrpaHHYeHUs, 3aTEM IOJIMPOBKa MUHHUMaJIbHOM KPUBU3HOU (cTeHcun bpurrca)
ybupaeT MeMOpaHHOE CMeIeHNe MeX Iy KPUBLIMU U30IUHUSAIMU. Ha KpyroBoM TecTe (Iemo-penbed,
TOPU30HTaNN Yepe3 4 M, BOCCTAHOBJIEHHE, CPAaBHEHNE C OPUTUHAJIOM) ITOJIUPOBKA CHUXKAET OIIUOKY
IpUMepHO Ha TpeTh. OCTATOYHHIM MaKCUMyM OMIMOKM XKWBET Ha BePIIWHAX BHIIlE IOCTemHeN
TOPU30HTANH, IIO3TOMY OTMETKM BEepIIMH BO BXOOHEIX HAHHBEIX 3aMETHO YJIY4YIIalOT MaKyIIKHM -
MMEHHO TaK Tomorpadsl ¥ MOOIUCHBAIOT KapTHL.

BT
s Y

Puc. 18: CneBa BXOOHBIE OTpaHUYEHUS: YIIJIOTHEHHBIE HM30JIMHUU (IIBET IO BHICOTE) W TJIaBHHINA
TasbBer. CripaBa BOCCTAHOBJIEHHBIN penbed.

OxBaT 10 yMOJI4YaHUIO OepEeTcs IO CJIOAM C OTCTYIOM [OBe suelku. Bce ciou mpusBomsaTca K CK
TIEePBOT0 3aJAHHOT0 CJI0SI, OHA JOJIKHA OBITh METPHUUECKOM. OUHAbHOE 3al0/IHEeHHEe MMOHUKEeHUH
BKJIIOUEHO 110 YMOJIYaHUIO, €T0 JIOTHKAa onucaHa B 2.04.

TpéxMepHbIe TAJIbBErd

TanbBer 6€3 0TMETOK paboTaeT yCIOBUEM: BOOJIb HET'O IIOANePKUBAETCS lTafileHue BHU3 110 TeUEHUIO,
a Kakasl TaM BEICOTA, pelllaeT UHTEPIOJISATOP 10 OKPYXKAIIIUM JaHHEIM. ECIU y TMHUY €CTh OTMETKHU
BEPIINH, OHU CTAHOBATCS XKECTKUMH y3JlaMH, M IIPOMEP N0 PYCily HaduHaeT 3afaBaTh OHO, a He
IIOACKa3kIBaTh HallpaBJIEHUE.

OTMeTKM Opu 5TOM OOWH pPa3 NPUBOAATCS K MadalolluM BHU3 10 TedeHMo. [IpuynHa He B
aKKypaTHOCTH, a B YCTPOUCTBE pacuéTa: U3MEPEeHHUs II0 PYCJIIy IIYyMST, OTOEJIbHBEIE BePIIUHEI YXOOST
BBEPX IIO0 TEYEHHUIO, U TAKOM y3eJ CIopui OBl C NPUHYXKOEHHEeM HageHus Ha KaXXIOOoW HUTepalluu.
Penakcamus npUIINUINBaeT SYEHKY K OTMETKe, IPUHYKAEHUE ITPOOaBIUBaeT €€ HUXKe, U Tak II0
Kpyry. ITocrne mpuBeneHus: IPUHYKAEHNE CTAHOBUTCS ITYCTOM olepaluel U CIIOPUTh HE C YeM.
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HpaBKa I/I,E[éT TOJIBKO BHH3: OTMETKY BHIIIE I/I3MepeHHOﬁ HHCTPYMEHT H€ BBIOYMEIBAET. Eé
HanOObINIas BeIUYHNHAa IIeYaTaeTCs B KYyPHAaJI, " 110 Hel BUIOHO, HACKOJIBKO ITyMHBIM OBIIT IIpoMep.

OTmenbHO CYUTAIOTCS SYEHKHU, TTie OTMETKa TaJIbBera PacXOOUTCS C APYTUM y3JI0M OOJIbIle YeM Ha
IATH CAaHTUMETPOB. OOBIYHO 3TO IIepecedeHlre pyciia C TOPU30HTalIblo, 1 TaM I1obexXaaeT TajlbBer.
Yucno TaKuxX MeCT BEIBOOUTCSA HNpenynpeXneHueM: Mojida pellaTh TaKOU CIIOP Heb3s.

JIuuus 6e3 OTMETOK BemeT cebsa Kak IMpexkae, Pa3HOTUITHBIN CIIOM pa30upaeTcs mo o6hLeKTaM.

HOBerHOCTB MeZXKOy CTPYKTYPHBIMH JINMHHUAMHA

Bxonm OOpBIBBI 3amaét Oaphep: Iepenay BOOJIb INHUK He Pa3Ma3bIBAeTCs, HO caM Iiepenap JINHUS
He 3afaeT, IIOTOMYy 4YTO OTMETOK y Heé HeT. [lapa BxozmoB Bepx ¢opm u Hus dopm permraet
o0paTHyI0 3afauyy - IIOCTAaBUTh POBHO Ty IIOBEPXHOCTh, KOTOpas 3ajlaHa [OBYMS CTOPOHaAMHU C
U3BECTHEIMU OTMETKaMHU.

3ayeM 5TO HYXKHO, JIyd4Ille BCEr0 CKa3aHO B OTPACIEBHIX TPeOOBaHUSAX K OU(POBEIM IJIaHaAM:
penbed, CO3OaHHBINM aBTOMATHYeCKH, HEOOXOOMMO HCIPABUTH B PYYHOM pPeXUMeE, COrJIacoBaB C
BBICOTAMHM ITOAIIOPHBEIX CTEHOK, OTKOCOB M Hachimel. WHCTPYMEHT 3aMeHsIeT 3Ty INpPeAlruCaHHYIo
PY4HYIO IIpaBKy IpaBujioM. BTopol agpecart - mjollafgHble Kapbephl, BEIEMKHU, HACHIIM U OTBAJIHI:
TOPU30HTAJIM BHYTPU HUX II0 HOPMATHUBY He OMUCHIBAIOTCSA BOBCE, ¥ IOCTPOUTHL TaM pebed O0JibIle
He U3 4ero, KpoMe OPOBOK U IIOJOIIB.

CTopoHA - 3TO MHOXECTBO. B Bepx Miau HH3 BXOOUT JII000€ YHCIIO JIMHUHW M TOYEK C OOHUM
3HAaYEeHNEeM II0JIsS CBSI3U, M PACCTOSHHE CUMTAETCS OO0 OO0beIuHEeHUS MHOXKeCTBa. M3 ogHOTro 3TOT0
IIpaBUJIa BEIXOOAT BCE CIIydaMn: OTKOC 3TO 6pOBKa U IIOOOIBa, dMa 3TO 3aMKHYyTasa 6pOBKa 1 TO4YKa Ha
IOHe, KaHaBa 9TO ABe OPOBKM U JIMHUS OHA, KOJIbIleBas maMOa 9TO IBe 3aMKHYThIE TUHUH, 6eperoBoi
YCTyII 9T0 6POBKa M 4acTh ype3a. CMeIIuBaTh JIMHUYU U TOYKH B OOQHOM CTOPOHE MOXKHO.

OTMeTKH GepyTCcs 10 MPHUOPUTETaM: BEPIINHE C Z, 3aTeM I10JIe OTMETKH, 3aTeM 00BeKT OCTaéTCs
OGaprepoM u B ¢popmy He cobupaeTcs. [lopora 3HaYMMOCTH B MHCTPYMEHTE HET: HaJii IBE CTOPOHEI
- CTPOUTCS TOBEPXHOCTD, [ajii OfHY - paboTtaeTr OaphbepoM. PellieHre MpUuHUMAaET YEI0BEK, KOTha
pHCyeT BTOPYIO JTHHUIO.

Kak cumrTaercsi. COOTBETCTBHE TOYEK MEXKAY CTOPOHAMU He HIIeTCd. [I1a KaXXaou sS4Yeuku
CYHMTAIOTCS TOYHEIE PACCTOSHUS OO 000MX MHOXKECTB BMECTE C OTMETKOM OIMKauIlero MCTOYHUKA,
BEC PaBeH OTHOLIEHWIO PACCTOSHUMN, OTMETKa JIMHEeWHa 10 Becy. IlepexJiECT TeoMeTpuUu IIpU
9TOM HEBO3MOXKEH II0 ITOCTPOoeHuio. Tesmo GopMBI YXOOUT B MYIbTUCETKY KECTKUMHU y3JIaMU, a
ero rpaHulia OOMNOJIHUTEJIbHO paboTaeT OapbepoM, YTOOBl BHEIIHWE MOaHHBIE HE IEPEeTATUBaIn
IIOBEPXHOCTH Yyepe3 ycTyn. CxeMa pelakKcallii He TPOraeTCs.

Ilena mertoma. bnuzkaiiiias TOoYuKa M COOTBETCTBEHHAs TOYKA - Pal3Hble Belu. IIoka OTMeETKHU
IMOCTOSTHHEI, pa3HuIlel HeT. Korma oTMeTKa OpOBKY MEHSIETCS BOOJIb U30THYTOM ()OPMBI, IOBEPXHOCTH
clerka YBOOUT OT MMHENYaTOoM, a Ha BOTHYTHIX yIjlaX BO3HUKAET MeauanbHas 0Ch, Toe OMuxKanImi
WCTOYHUK II€PEK/I0YaeTCs CKAauyKOM M IMOBEPXHOCTH moiy4daeT 3anoMm. ObGa uyuciaa MepPSIOTCS
TeCcTaMHU Ha CHHTEeTHKE: Ha PealbHON ChEMKe X MEPUTDH He IPOTUB YEero, aHaIUTUYEeCKOT0 3TaJIoHa
TaM HeT.

YTo medyaTaeTcs B KypHal. [To kaxpou dopme: 4HCIO A4YeeK Tela, MeduaHHas IIMUPHUHA B
sTYerKaxX, PacXoXKaeHue OTMETOK B MECTaX CXOXKMEHUS CTOPOH U YUCIIO 00BEKTOB, IMPOMYIIEHHBIX
M3-3a OTCYTCTBUS 0TMEeTOK. OTOesIbHO IIpenynpexaeHue o ¢opMax yxkKe OIBYX sS4eeK: B pacTpe TaKou
(opMBI HET HU IIPU KaKOM MacinTtabe, Hafo MeJIbYUTh TueiKy. OOMUHOKKE CTOPOHBI 1 0OBEKTH 6e3
CBSI3U B XKYypPHAJI yXOOAT C IPUUYHUHOMN.

I'panunia 00/71aCTH MOCTPOCHHUST

TTonuroH orpaHUYUBaET IIOBEPXHOCTD TaK XKe, Kak outer boundary B cucTeMax IpOeKTHPOBAHUA: 3a
TpaHUIeH pacTp He BEIMAéTcs, TaM nodata.

BaxHa He cama o6pe3Ka, a MOMEHT, KOrga OHa IIPUMEHSAEeTCHd. Macka HakJagblBaeTCs MOCJIe
HUHTEPIIOIAINNY, a He OTCe4YeHHueM BXOIOHBIX HOaHHBIX. Touku, TOPHU3OHTA/IX W TaJIbBEru 3a
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mpenenaMyd TPAHUIL IIPOTOJIKAIT (POPMHPOBATL IIOBEPXHOCTL Y CaMOM T'pPaHUIB], IIO3TOMY
Kpasi He 3aBOopauyuBaloTCcsa. Ecimu OB MBI BMECTO 3TOro oOpes3any BXOM, Y TPAHUILI BO3HUK OBI
HMCKYCCTBEHHBIN Ieperud: MHTEPIIOIATOPY CTaso OBl He Ha YTO ONEePEThCS C BHEITHEN CTOPOHHI.

Cmoii rpaHUITH IOJaBaiTe B MI000# cCcTeMe KOOPOMHAT, TeOMeTPUs IIePEeBOOUTCS caMa. B KypHan
rmeyaTaeTcs, CKOJIbKO sS4YeeK O0Ka3aJioCh BHYTPU M KakKas 3TO [O0Jid MJolllagu. Ecnm BHYTpHU He
0KazaJIoCh HU ONHOM, pacuéT IIpephIBaeTCs C yKa3aHHEeM IIPOBEPUTH CHCTEMY KOOPAUHAT: dallle
BCETO [IE€JI0 MMEHHO B HEH.

2.04 IToagroroBKa peaseda

T'otoBut LIMP K AHaJIn3y OBYMS HE€3aBHUCHUMBIMHU MOJII/I(I)I/IKaLII/IHMH, Kaxgasi BKIIIOHYAaeTCsa CBOHM
q)Ha}KKOM, IIOPAIOO0K (1)I/IKCI/IpOBaH: CHA4aJla CrilazkKuBaHHE€, IIOTOM 3allIOJIHEHHE.

[TapameTp Yrto 3amaéT ITo ymonyaHuo / COBET
Bxomuas LIMP PacTp penveda gns -
MMOATOTOBKH.
Crnamuthk pensed (FPDEMS) CrnaxxmBaHMHe C COXpaHEHHEM  BHIKII.
OpPOBOK (CM. HUIKE).
3aroMHUTDL TOHUXKEHUS 3arnonHeHWe JTOXKHBIX SIM BKJI.
(TTnaumona-Iapoy).
Epsilon ykmona, M (0: TOnbKO MuHMMaIbHBIA YKJIOH Ha 0.001
SIMBI) IockKocTsax. 0 = MOOHSTH SIMBI

oo ciuBa, OOIbINE HYJIS =
CKBO3HOU YKIIOH a1 D8.

CrimaxuBaHUeE: OKHO CrtopoHa 0OkHa ¢punsTpa 11
HoOpMaseH, siueek (gor.) HOpMajiel, He4ETHad.
CrnaxuBaHHeE: IOPOT CTporocTts COXpaHeHUS 15
pas3nuuusg HopMaseu, rpan rpaHel: MeHbIIIe -

(mom.) arpeccuBHee.

CrimaxuBaHUeE: YUCIIO BHenmrHux 11aroB nepecbopku 2
IIPOX0ZOB (JoII.) BBICOT.

ITogroroBnenHas LIMP BrixomHou pactp float32. -

IMopsimok: cHavasa CrijlaXkuBaHue, IIOTOM 3amnojiHeHue. O6e MonuduUKanuy He3aBUCHUMEI, KaxXKfas
cBOUM (hJIazKKOM.

Criaagutrs penbed (FPDEMS) yOupaeTr HM30LITOYHYIO IIIEPOXOBATOCTh CHYTHUKOBBIX MOMEJIEH.
CoyTtHukoBele [IMP 3amrymiensl, u OoObIYHEIE (UIBTPHL - CpegHee, MeuaHa, raycC - PeXyT IIyM
BMecCTe C OpOBKaMH, CTEHKaMM Teppac u 6eperamu: meperudsl 3aBanuBatoTca. FPDEMS (Lindsay,
Francioni, Cockburn, 2019) pa6oTaeTr uHade. OH OoIepHupPyeT He BLICOTAMM HAIIPSIMYIO, a II0IeM
HOpMaJjiel IOBEPXHOCTH: CHadajla CYMTaeT HOpMalb KaXOoW sS4YerKM, 3aTeM CrilaXXuBaeT II0jie
HOpMasel Tak, YTO COocCell BXOOUT B CpefgHee C BECOM TeM OoJbIIuM, yeM OJiMKe ero HopMaib K
leHTpanbHOM. Ha OpoBKe HOpMalaM COCEIel pe3KO PaCcXOIsATCs, BeC MafaeT, I'PaHb COXPAHSIETCH.
Ilocnme 3TOr0 BBICOTH TOATATHUBAIOTCSA IIOL CrJjla’keHHOe IIojle HopMasieil. B uTore minockoe
BHITJIA?KUBAETCS, CTPYKTYpPHBIE MUHUH CTOSAT. Ilopor pa3nuuusi HopMasieu (B [[ONOTHUTEIHLHO)
yIIpaB/IsieT CTPOTOCTHIO: MEHbINlEe 3HAYEHNE - arPeCCUBHEE COXpaHeHUe I'paHel, OOJIbIle - CUIbHEE
ofItlee craxkuBaHue. MeTon U3HAYaJILHO IPEeNIoXKeH g nuaapHex [IIMP, Ho ogrHaKOBO II0JIe3€H
OJIs1 CIYyTHUKOBEIX.

3anoJITHUThL TMOHHWXKEHHsA MeTomoM IlnaHmioHa-IlapOy MomHWMAaET JIOXKHBIE SMBI, YTOOBI ITOTOK
He OCTaHaBIuBajiCs. [IOHUXKEHHS B PACTPOBEIX MOIEIISIX 4dallle BCero apTedaKThl HHTEPIIOJISIINN
M IITyMa, THOPOJIOTHYECKUM aHanmu3 0e3 3allojlHeHWs oOphiBaeTcs B mepBoi ke sMe. Epsilon
YKJIOHAQ YIpPaBJIsSeT PEeXWMOM: IIPH HYJIeBOM 3HAYEeHHHM MOOHUMAIOTCS TOJIBKO HACTOSIIHUE SIMBI
POBHO OO YPOBHS CJIMBA, IIJIOCKHE YYACTKH OCTAIOTCS IJIOCKHUMU. [IpU MOJTOXKUTEILHOM 3HAaYEeHUH
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(mo ymomuanuio 0.001 M) yepe3 IIJIOCKOCTH AOMNOJIHUTEIBHO CTPOUTCS CKBO3HOM YKIIOH, u D8 Ha
HUX CTAaHOBHUTCS omnpenesieH. [IJisg CTOKa M aKKyMyJISIIIUM HYXKeH ITOJI0XKUTEJIbHLIN epsilon. Ageiiku
Ha rpaHulle rpupa U psagoM ¢ nodata cumTaloTCs CTOKaMH. B OTYET medaTaeTCs YHCIIO MOOHSTHIX
siYeeK U MaKCUMaJlbHBIHM MOABEM - YIOOHBIM MHOAUKATOP KadecTBa ucxonHoi [IMP.

Ta XKe rajoudka crjaxXuBaHus ecTb B 3arpy3ke LIMP (2.01) gna OGrICTpOro IyTHM IPAMO NIPU
ckaunBaHuu. OTOenbHBIN UHCTPYMEHT 2.04 HyXKeH, Korfaa penbed npuinén He u3 2.01, a u3 cBoux
OaHHBIX.

—— WcxogHaqa LMP

230 A - rocne 3anonHeHuna (2.04)
2 220 1
o
'_
S
g 210 |
18]

200 4

190 T

T T T T T T T
0 500 1000 1500 2000 2500 3000 3500
paccToaHue, M

Puc. 19: IIpodusns yepes IOHUKEHNE: HCXOTHAsI IOBEPXHOCTh U PE3YJIbTAT 3aIl0IHEeHU. 3aKpallleHa
MMOOHSATAsT YaCTh.

2.05 CToK m akkymyasanusa (D8)

CumnTaeT HallpaBJIeHUS CTOKa I10 BocbMHU cocensiM (D8, Jenson-Domingue) 1 akKKyMyJISAINI0: CKOJIBKO
sTYeeK CTeKaeT B KaXK[ylo, BKIouas e€ camy. HampaBrneHus KogupyloTcs Kak B ArcGIS: E=1, SE=2,
S=4, SW=8, W=16, NW=32, N=64, NE=128, ctok=0, nodata=255.

[TapameTp YTo 3amaéeT ITo ymonyaHuio / COBET
Bxomuas LIMP PacTp penbeda. -
3amoMHUTD IIOHUXKEHU nepen  ['maoponorudyeckasi KOppPeKIus BKII.
pacuéTtom oo D8, nHaue MOTOK BCTAHET B
sIMaX.
Epsilon yknona npu MuHUMAaTbHBIY YKJIOH Ha 0.001
3amnoJIHeHUU, M (Jo1.) MIJIOCKOCTSX.
HamnpasneHus cToka (KOOH BreIxop: 6aliTOBEIN PacTp -
ESRI) HanpapneHui. E=1, SE=2,

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

AKKyMynamus, sdeek Brrxop: float32, yucmo ssueek -
BBILIIE TI0 TEYEHUIO.

CeMaHTHKa I'PaHUI] BLIOpaHa O0CO3HAHHO. fueiika Ha paMKe I'pUaa YXOOUT HapyKy TOJIBKO KOTrma y
Heé HeT Oojlee HU3KOTO cocella BHYTPH, HHaUe pPBaJIMCh ObI MOTOKH, UAYIIKHE BOOJIb Kpasi. beperosas
sd4YelKa, Hao60OpoOT, ThET B cocemHuii nodata (Mope, BHIpe3) maxke NpPH Haduuuu 06ojiee HU3KOTO
cocefa Ha Cy1e.

®naxxoK 3amoTHUTHh MOHHKEHHsI Mepell Pacd€éToM BKITIOUYEH II0 YMOIYaHUIO: Ha Chipod LIMP
IIOTOK OCTaQHABJIMBAETCSA B SMaX U aKKyMyIsanus oOpbiBaeTcs. PacuéT BEKTOPM30BaH MOJIHOCTHIO,
rpup 20002000 cuuTaeTcs 3a CEKyHOHL.
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2.06 Peunasi ceThb

H3BnekaeT PEeYHYIO CETh U3 LIMP: SYEUKHU C aKKYMYJIHLII/IeI;I He HHU2Ke I10PpOora CBA3EIBAIOTCA B 3BEHbA
OT UCTOKOB Y Y3JIOB CIIMAHUSA BHU3 I1I0 TEYEHUIO.

[TapameTp Yro 3amaér ITo ymonyaHuio / COBET
Bxopguast LIMP PacTp penbeda. -
[Topor akKyMyJAIuY, S9eeK MunumMyM siueek BogocHopa 1000
OJ1 Hadasa pycinia. I'yile ceTs -
MeHbIIe mopor. 1000 opu 30 m
npumepHO 0.9 KB. KM.
3anoIHUTL IOHUXKEHUS IIepen  ['upgpororuyeckas KOppeKUus  BKIIL.
pacuyéTtom IO TPACCUPOBKH.
Epsilon ykiona npu MuHUMAaIbHBIY YKJIOH Ha 0.001

3aroJIHeHuu, M ([oI1.)
PeuHnas ceTpb

TIJIOCKOCTSIX.
BLIXO[: TMHWHM C IONsAMHU order -
(Ctpanep), acc out, length m.
BepIWHbL HallpaBIIeHbl BHUA3

10 TEYEHHIO.

IMopor aKKyMyJIsiIMH 33aJa€TCcs B S4YeMKax M O3HavaeT IUIOIIamb BomocGopa, C KOTOPOH
HaYWHAeTCs peKa: IUIoladgb BomocOopa MCTOKA, Oel€HHas Ha momans suedku. s LIMP 30
M ropor 1000 gaéTt Havano pek ¢ BogocOopa okoio 0.9 KB. KM. MeHbIIIUHM OPOT JAET T'yIIle CETh.

ITons Beixoma: order - mopsimok Ctpasnepa (y MCTOKOB 1, IIpU CIUSHUU [OBYX PaBHBIX IMOPSIIOK
pacTtéT), acc_out - aKKyMyJIsAIug B 3aMbIKaHuU 3BeHa, length_m - nnuHa. Bepmuabl TUHUNT UOyT
BHM3 II0 TEUEHWIO, IO3TOMY CJIO¥ 0e3 MOOTrOTOBKHY ITOAXOOMUT TanmbBeraMu B 2.03 M CpaBHMBAETCS
¢ Bogotokamu OSM u3 2.02: HamoXKeHUe U3BJIEUEHHON CETH Ha peaibHYIO - OBICTpasi IpoBepKa

KadecTBa LIMP.

2.07 BacceHHBI H BOIOPa3ae/Ibl

Oenut TEPPUTOPHUIO Ha GacceiHE CTOKaQ, TPaHUIIHBI IIOJTMTOHOB - BOOOPA34€EJIkI.

[Tapametp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

Bxomxas LIMP

Pactp penweda.

To4ku 3aMBIKaHUSA TouyKu-CTBOPEL 6aCCEMHOB. IIyCTO
[TycTo = GaCCeWHHBI OT YCTHEB
I10 TIOPOTY.
[Topor aKKyMyISIIUU YCThS, ITopor gns yCcTheB, KOoraa 1000
sa4yeek TOYKH He 3aJaHHI.
3anonHUTL NOHMXKeHUs nepen  [uapomorudeckas KOPPeKIUs  BKIL.
pacuyétom o pacyéTa.
Pagnyc nIpuUTAaXKKH TOYEK, M Touka 3aMBIKaHUA 150
(mot.) NIPUTATUBAETCSA K MaKCUMyMy
AKKyMYJISIIUM B 9TOM pajuyce.
Epsilon yknona npu MuHUMAaNbHBIY YKJIOH Ha 0.001

3aloJIHeHuH, M (OoI.)
BacceiHE (IIOJIUTOHEI)

Baccelinbl (pacTp METOK)

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

Brixon: pacTp 1e104YUCIeHHBIX
MEeTOK 0acCerHOB.
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IBa pexuma. C TOYKaMH 3aMbIKAHHMsI KaXaas TOUYKA IPUTATHUBAETCS K sg4YeiKe ¢ HauGOJIbIIeH
aKKyMyJISIel B paguyce MIPUTSXKY (MHaYe TOYKa, IIOCTaBJIeHHas Ha Tlia3 PSAIoM C PeKOi, co0epéT
KPOIIIeYHLIM CKJIOHOBEIM OacceiiH) u coOupaeT Bech BogocOOp BhiIe cebsi. be3s Touek OGacCerHBI
CTPOSATCA aBTOMATH4YE€CKH OT YCTBEB: d4Ye€eK, OTKyHdad IIOTOK IIOKHuOaeT rpun, C aKKYMYJIHLII/IefI He
HHUXKe Iopora. fdueiku, He MOIAaBIIMe HU B OOUH OacCeiH, mojay4aioT MeTKy O ¥ B IIOJUTOHBLI He
BBIBOMISITCS.

IMons Beixoma: basin - HoMep OacceiiHa, area_m2 - IJIOIIAOb 0 YHCHY S4YeeK. JOIMOTHUTEIBEHO
MOZKHO 3aIucaTh pacTp MeTOK. Pa3daMeTKa UOET NpPHIKKaAMM yKa3aTesel o rpady CToka, I03TOMY
OazxKe OJINHHbIe N3BUJIMCTHIE BOJIOCGOpr CUHMTAKOTCA 3a O0JIM CEKYHIHI.

2.08 YKIIOH H 3KCIIO3HUIIUSA

VkiioH B rpafycax U skKcmo3umnms mo Anpy Horn 3x3, kak B gdaldem. 3Kcmo3uius - a3uMyT
HaIlpaBJIeHUs CIIyCKa B I'pafycax OT ceBepa II0 4acoBoOul cTpesike: ceBep 0, BocTok 90. ¥V mmockux
sigyeeK 9KCIO3UIMs paBHA -1, uToOBl He IyTaTh €€ C ceBepHOU. fAueliku nodata u KX cocenu
nosy4arT nodata: sapo 3X3 depes OBIPH HE CYUTAETCS.

[TapameTp Yro 3amaér ITo ymonyaHuio / COBET
Bxomuas LIMP PacTp penbeda. -
Yk10H, rpagych Brixop: pacTp ykinoHa (Horn -
3x3, Kak gdaldem).
DKCIIO3UIINS, TPagyChl BrIxon: a3uMyT CIIyCKa, -

IIJIOCKME y49acTKu = -1.

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

Puc. 20: YknoH (crmeBa) u 9Kcno3ulius (crpasa) neMo-penbeda. LIuknuueckas maauTpa 3KCIO3UITUU
cmuBaeT 0 u 360 rpagycos.

2.09 BepuiuHbl

Haxogut BEPIINHEBI: SAYEUKU, caMble BBICOKHE B KBAaIpPaTHOM OKHE€ 3aO0aHHOI'O paauycCa, C
IIPEeBHIIIIEHNEM Had MUHHNMYMOM OKHA H€ MEHLbIIIe ITopora.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Bxomxas LIMP
Pagmyc okHa, M

PacTp penveda. -
I[TogaBneHMEe BTOPOCTEIIEHHBIX 500
BEpPILIMH B 3TOM paguyce.

Otcekaet Menkue Oyrpel Huxke 20
IIopora Hall OKPYKEeHUEM.

BEBIXO[I: TOYKY C IIOJISIMHU Z, -
drop. JIekapcTBO [/t MaKyIlleK
BHIIIIE TIOCJIEOHEN 3aMKHYTOU
TOPU30HTAIIH.

MuHUMAaIbHOE IIPEeBHIIIIEHNUE, M

BepmuHb (TOYKHM)

Ilea ¢unbTpa paboTaloT B mape. Pagmyc OKHa OTCEKaeT BTOPOCTENEHHBIE MAaKYIIKU PSIIOM C
TJIaBHOM: U3 BYX BEPIINH OJIMKe pafuyca ocTaéTcs 60Jiee BEICOKass. MHUHHMa/IbHOE IPEeBbINIeHHEe
OTCEeKaeT KOYKHY Ha PaBHUHE: JTOKAILHEIM MaKCUMYM, IIOTHUMAIOITUHCS Hall OKPECTHOCTHIO Ha METD,
BEPIINHOM He cuuTaeTcsd. [IMocKre MaKyIIKY Jai0T OJHY BEPIIUHY, @ HE POCCHIIIb.

Ilonsi BEIXOHA: Z - BhICOTaA, drop - IIPEBHINIEHWE Hajg MHUHUMyMOM OKHa. CloM cpaBHHUBAEeTCS C
BepmmHaMu OSM u3 2.02: coBmameHue OTMETOK ele ¢ BhicoTamu IIMP - emé omHa OnIcTpas
IIpOBepKa OaHHEBIX.

2.10 [Iemo-pennsed

Cnyx)eOHBIM TeHepaTop: CUHTETHYECKHUN pesibed M3 HAKJIOHHON PaBHUHEBI, XOJIMOB M MU3BUIIUCTOHN
OOJIMHEI C IOCTOSHHEIM TajeHueM. Penbed meTepMUHUPOBAH 10 3€PHY, MEXKOY XOJIMaMMi 0CO3HaHHO
OCTAlOTCA JIOKAJIbHBIE ITOHUZXKEHUSI, YTOOLRI WHCTPYMEHTY 3allOJTHEHUA OBIJIO YTO IIOKa3bIBaTh. Bce

HUIIIIOCTPpAalun 9TOU T'JIaBHI IIOCTPOEHHEI Ha HEM.

[TapameTp YTo 3amaér ITo ymonuaHuio / COBET

[MlupuHa, sTueek Pa3mep memo-rpuga mo X. 300

BricoTa, ssueek Pa3mep memo-rpuma mo Y. 300

Pazmep sueliku, M IITar pemo-rpuna. 30

3epHO reHepaTopa Bocmpou3sBoouMocCTh 42
cray4yaWHoro penbeda.

CK BrIXOfa (MeTpHUUecKas) CucrtemMa KoopauHaT EPSG:32640
meMo-pacTpa.

KomMmnakTuruil intl6 (morr.) ILlenmounciaeHHBINA BLIXOM OIS BBIKJI.
IIOCTAaBKM OEMO.

Ilemo-penbed BrrxopmHo# pactp. -

Touku CcTBOPOB (HEMO) Tpu TOYKM y TaIbBETOB O/ co3maéTcs
UHCTpyMeHTa 2.15.

Tpaccel KaHaB (1eMo) IIBe moMaHBIE ITOIIEPEK co3maéTcs
TaJbBETOB AJI UHCTPYMEHTA
2.16.

Honst mnoiagy mon 001acThb Pasmep oGnacTu mom 04

paboT (mor.) MTPOEKTHYIO MJIOIIAAKY.

COoBuUTr OTMETKH IJIOMIaOKH, M YBomuT 6anmaHC B IIPUBO3HOM 0

(mom.) WU BEIBO3HOM I'PYHT.

[IpoekTHAas IOBEPXHOCTH [Tapa k penbedy Ons BEIKIJI.

(memo) UHCTpyMeHTa 2.18.

YyacTtku paboT (gemo) Tpu monuroHa aast pa3buBKYU BBIKIJI.

BemoMmocTu 2.18.

I/IHCTPYMGHT CylIeCTBYET OJId IIPUMEPOB PYKOBOAOCTBA, TECTOB U paﬁoTLI 6e3 ceTu. 2KuBnIe OaHHBIE
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maér 2.01. ®Onaxoxk KoMmakTHbIM intl6 oTmaéT pacTp B IedbIX MeTpax OJisi MOCTABKH IEeMO-
¢dparmeHTOB.

ITapa MOBEepPXHOCTEH IJIsi 00HEMOB

IIBa BBIXOMA, 10 YMOJTUAHMIO BEIK/IIOYEHHEIX, Tal0T TOTOBYIO Iapy Ojisd HHCTpyMeHTa 2.18 Hachimu
M BBIEMKH: IIPOEKTHYIO IUIOIIANKY M TMOJHUTOHBI Y4acTKOB pabor. Ilmolnfagka TOpH30HTalbHAs,
CHapyXxu o6acty paboT OCTAETCS HaTypPaJIbHLIN penbed.

OTMeTKa TIIomanKu 6epeTcss CpeqHUM pesbeda BHYTPHU 00JIaCTH, ¥ 3TO HEe BKYCOBIIMHA, a8 TOYHBIH
otBeT. OOBEM eCTh CyMMa pa3HOCTEHM, YMHOXKEHHAas Ha IJIOanb SYEeWKU, U HeTTO oOpallaeTcs
B HOJb POBHO TOTHAQ, KOTOa OTMETKa paBHA cpemHeMy. MemguwaHa OENUT IIONOJIaM STYeWKH, a He
KyOoMeTpHI, 1 OajlaHC IIPU HEW He cXomuTcs. [[o3ToMy AeMo cpaly maéT collemiuuics OajaHC, a
CIIBUT OTMETKY B MOIIOJTHUTEILHEIX ITapaMeTpaX YBOMUT €T0 B IIPUBO3HOM UITH BEIBO3HOM T'PYHT: BCe
TpU BepOukTa 2.18 mpoBepsa0TCa B OBa IIPOTOHA.

BmecTe ¢ penbedoM BBIIAIOTCS TPU OEMO-TOYKU CTBOPOB M ABe OEMO-TPACCH KaHaB: HaropHasd
KaHaBa BHIIIIE CAMOTO CHJIBHOTO TallbBeTra ¥ KIOBET HHXKe II0 CKJIIOHY, 00e JIOMaHBle C H3JIOMOM,
yTOOBI TPOBEPSIaCh M PaCTepH3aIlds TPAcCCH C MOBOPOTOM. OHM CTaBSITCS Y CaMBIX CHJIbHBIX
TaJIbBETOB, PAa3HECEHHBLIX MO I'PUAY, ¥ HAPOYHO COBUTAIOTCS Ha HECKOIBKO SYEEeK B CTOPOHY OT
BOIOTOKA: TaK BUAHO, KaK MPUTSAXKKA B UHCTPyYMeHTe 2.15 Bo3BpallaeT CTBOP Ha BOAOTOK. Touku
OEeTepMUHUPOBAHEI TEM K€ 3€PHOM, UYTO U penbed.

OBpazxkHO-0a/TI0YHAsI CeTh

®nmaxok OBpaXKHO-0a/I0YHAsi CeTh Bpe3aeT B penbed TanbBern C KPYTHIMEU OOpTaMu u
OTBEPIIKAMM, BXOASIIMMU TIOL OCTPHIM yTJIOM. Bpe3 yrmy6msieTcss BHM3 IO TEUYEHWIO, KaK y
HaCTOSIIEero oBpara: BepllIrHa MeJjKas, YCThe I'1ybokoe.

Hy>eH 3TOT peXuM OJIsi IPOBEPOYHEIX HAOOPOB. Y3KUU Bpe3 MeXKAy COCETHUMU I'OPU30HTAIIMU
9TO CaMOe TSKEJI0e MeCTO IJis JTI000M MHTEePIIONAINHU: FOPU30HTAIN €ro IIOYTH He OIUCHBAIOT,
¥ II0BEPXHOCTh, IIOCTPOEHHAas 110 HUM, cpe3aeT oBpar. Ha npodune nomepék 3To BUOHO cpasy, a
WHCTPYMeHTH 2.11 1 2.12 garwT 3TOMy 4HUCIIO.

Kyma nmoXurcsa nemMo

Ecnu oxBaT He 3afiaH, IeMO JIOKUTCS K CJIOSIM IIPOeKTa: UX OOIINI OXBaT MPUBOAUTCS K BEIOPaHHOM
cucTeMe KOOpOuHAT U OepéTcsl 3a MecTO yKiIaAgKu. B mycToM IpoekTe OeBaThbCad HeKyHda, U OeMOo
CO3MaéTcs B YCJIIOBHOM MeCTe, OMHOM M TOM e, YTOOH IIPUMEPHl PYKOBOACTBA BOCITPOU3BOOUIIUCS.
B mecTHOU cucTeMe KOOpOWHAT, HalpuMep PYZHUYHOM, YCIIOBHOE MECTO OKa3hIBaeTCs OajeKo OT
paboumx OaHHEBIX, II09TOMY B IIyCTOM IIPOEKTe 3apaBaviTe nmapameTrp Kyma momoxkurh (0xBar):
penved NAKeET Tyda, a pa3Mep Ipuga IIOCUYUTAeTCs OT 0OXBaTa M pa3Mepa SYelKU.

2.11 Pa3ge/uThb rOPU30HTAJIH OJisi IPOBEPKH

HWHCTPYMEHT OeIuT Habop ropu30HTalel Ha OBa: II0 OMHOMY CTPOSIT pebed, IT0 BTOPOMY IIPOBEPSIIOT
pe3ynbTaT. HyKeH oH 3aTeM, YTOOH ITOTYYUTD MUGPY, KOTOPYIO MOXKHO HPEIbSIBUTD.

3auyeM pa3deasaThb

Co06a3H IpOBEPUTh penbed MPOCT: B3SITh HCXOOHEIE TOPU30HTAJIM, CHATH C IIOCTPOEHHOIH IIMP
3HAYEHUsS B MX TOYKAX M IMOCUYUTATH HeBA3KYy. Lludpa BEIUOET XOpOoIlas, HO OHA M3MeEpseT He To,
YTO KaxKeTcsi. MHTepnossiToOp 3TH TOYKU BUMEN, OHHM OBIIM BXOOHBIMU JaHHBIMH, ¥ BOCHPOU3BECTHU
X OH MOYTH 00s3aH. ITO IIPOBEPKA BOCIIPOU3BENEHUS BXOMOad, a He TOYHOCTH IIPEeICKa3aHusl.

HacTosiiiast mpoBepka TpeOyeT [OaHHBIX, KOTOPHIX MOOeb He Bupena. UX M CO3MaéT 3TOT
WHCTPYMEHT.
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HO‘-IEMY JeJInM II1I0 OTMEeTKaM, a He 110 o0BeKTaM

Y6paTb U3 MMOCTPOEHUA OTHOEJIbHBIE 3BEHbA OITHOM TOPHU3O0HTAIx 0ecCMBICIEHHO: CoCegHUuE 3BEHbsA
TOT'0 2K€ YPOBHS IIOOCKAXKYT OTBET, U IIPOBEPKa OKaXeTCd 3aBHIIIEHHOMN. HOSTOMy OTJIOKEHHBINU
YPOBEHB HCY€Ee3aeT HEeJIMKOM, CO BCEMU CBOMMU 3BEHBSIMMU. BoccTtaHOBUTE €10 HWHTEPIIOIATOP MO2XKET
TOJIBKO II0 COCEOIHUM YPOBHSM, a 3TO U €CTh IIPpeICKa3aHue.

KpaiiHue oTMeTKH Habopa BCcerfia OCTAITCs B MOCTPOEHUH. 3a mpefenamMu Habopa UHTEPIIOISITOP
SKCTPAIMOJIUPYyeT, U HEBsI3Ka TaM u3Mepsijia Obl He TO, Pafy Yero IpoBepKa 3aTeBaach.

Y10 Ha BBIXOJE

[IBa cnosi, Topu30HTaIN OJIs1 HOCTPOoeHHus U ['opu30HTaIH AJis NpoBepKu. O0a I0Iy4aloT II0JIe
hold: O gns mocTpoenus, 1 s npoBepku. MHCcTpyMeHT HeBsi3ka ropu3oHTasieid nporus IIMP
9TO I0JIe Y3HAET CaM U IIedYaTaeT ABe HUGPHl OTAEIBHO, IO3TOMY IIPOIIIE TOOATh eMy 00beTUHEHHBIN
Habop, YeM CYHUTATh ABAXKIHL.

Pab®ouui IOPATOK

Paspmenuth ropu3oHTanu. Iloctpouth penbed 1o HAGOPY OIS IIOCTPOEHUS, HAIIPUMEpP uepe3
Topo2Raster. FI3aMepuTh HEBA3KY 0 060uM HabopaM cpaly. CpaBHUTH ABe HUQPHL.

IlapamMeTpsbI

[TapameTp

YTo 3amaeT

[To ymomr9aHuIO / COBET

lopuzonTanu (JINHUM)
ITone oTmMeTKH

Hcxonubiit Habop.
YuCIoBOE MOJIe BEICOTHI
TOPU30HTAIIH.

OTknapgeiBaTh KaXkayio N-1o IIlar 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 ropu3onTajeud nporus ITMP

HHCTpYyMEHT U3MepseT, HAaCKOJIbKO IIOCTpoeHHas LIMP BoCIpoM3BOOUT MCXOOHBIE TOPU30HTAJIH.
B ToukKax BOOIb TOPUIOHTaIM OepPETCS 3HAUeHHEe pacTpa W CPaBHUBAETCS C OTMETKOM caMou
ropu3oHTanu. HeBs3Ka monoxurenbHa TaMm, rae LIMP nexxuT HuKe TOPU30HTAaIN.

Kakue uucjia BbITAaIOTCs

CpenHee 3TO cMellleHUe: HEHYJIEBOE O3HA4YaeT, UTO IIOBEPXHOCTH B IIE€JIOM COBMHYTA IO BEICOTE.
CKO u RMSE »sT0 pa3bpoc. Megunana MOAyJisg YCTOMYMBA K €OUHWYHLIM BHIOpOCaAM, MakKCHUMyM
IMOKa3bIBaeT XyAlllee MeCTO Ha IJIOany.

OTHmenbHO CYMTAETCS OO TOYEK, MPOMaxXHYBIINXCs OOJIbIIe YeM Ha MOJIOBUHY CedYeHHs penbeda.
9TO mpakTHYecKass BeJIHYHHA: €CJIM OHAa 3aMeTHa, FOPH30HTallb, MIPOBeOEHHAs Mo Takou LIMP,
BCTAHeT He TaM, rae Obljla HCXOOHAsl, ¥ KapTa IIepecTaHeT COBIamaTh camMa C COGOM.

Ceuenne penbeda UHCTPYMEHT ONPEHeNIsieT 10 HaOopy OTMETOK caM, KaK HauMEHBIIYI0 Pa3HOCThb
MEeXKIy COCeOHMMHU YypPOBHsiMH. Ecnu HaOop coOpaH M3 pa3HBIX HCTOYHUKOB, 3adaliTe CedyeHue
BPYYHYIO.
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IBe mudpsl BMECTO OJHOH

Ecnu B ciioe ecth mone hold ot nactpymenTa 2.11, HEBSI3Ka CYUTAETCS OTHOEIbHO OJIS IIOCTPOEHUS U
OJISI IPOBEPKH, U B XKYPHAJI YXOOsT 00e cTpoKH. [lepBast TOBOPUT, KaK MOMAEeIb BOCIIPOU3BOAUT BXO,
BTOpas - Kak OHa IIpefcKa3blBaeT. Bropasa Bcerga xyxke IIEpBOU, U 9TO HOPMalbHO. CMOTPETH HALO
Ha pa3phiB MEKAY HUMHU: €CJIM OH BEJIMK, MOMIEIb XOPOIIIO 3allOMUHAET U IIJI0X0 0000IIaeT, TO eCTh
¢popma penveda MeRAy TOPU30HTANIIMU BOCCTAHABINBAETCSI HEBEPHO.

Be3 momst hold wWHCTPpyMEHT cumWTaeT OmHY UMGPY ¥ TPEOyIpeXaaeT B XKypHAle, 4YTO 3TO
BOCIIPOM3BEIEHNE BXOa.

OTueéer

HTML-oTuéT comepuT Tabnuily uucen mo HaGopaMm, THCTOTPAaMMy HEBSI30K C OTMEYEHHBIMH
TpaHHUIlaMX B TIOJIOBHHY CeYeHUs, pa3bpoc cpegHel HEeBSI3KH II0 OTMETKaM M KOPOTKHUM pa3bop:
€CTb JI CUCTEMaTUYEeCKOe CMellleHre, BeJIUK JIX Pa36poCc OTHOCUTEIbHO CEYEHUsI, 3aMeTHA JIU HO0JIs
ITPOMAaxXO0B, €CTh JI Pa3pPBIB MEXK/Y BOCITPOU3BEAeHUEM U IIPEICKa3aHueM.

Pa36poc o oTMeTKaM CTOHMT CMOTPeTb BHHUMaTeJbHO. EC/iM HeBsi3Ka pacTET K BepIIWHAM UM K
TaJbBEraM, 3TO TOBOPUT O Cpe3aHuu $HopM, a He O CIIy4alHOM IIIyMe.

C/10HM TO4YEeK

BrimaéTcsi TOUeYHBIM CJioM HeBs30K ¢ mojsMu: fid_src (0O6BEeKT MCXOOHOM TOpu3OHTasu), elev
(otmeTka), z_dem (3HaueHue IIMP), resid u abs_resid, hold. PackpaceTre ero mo resid
pacxomsmeics: IIKajaod - U MecTa, I'le IOBEPXHOCTh CUCTEMATUYECKHW YXOOUT BHU3 WUJIU BBEPX,
BUOHEI cpa3y, 6e3 BCAKOW CTATUCTUKU.

IIapameTpsl

[TapameTp YTo 3amaéT ITo ymom4ganuio / COBET

Cnoii c otmeTkamu. ['ogurcs -
o0begUHEHHBIN HAabOp C ImojeM
hold.

YrcnoBoe 1mojie BHICOTHI. -

lopuzoHTanu (JIMHUM)

ITone oTmMeTKH

IIMP (moCcTpOeHHBIN penbed)

PacTp, KOTOpEBIY IPOBEPSEM.

Kanan LIMP ([Tor.) Kanan pacTtpa. 1
[ITar ompo6oBaHus BOOTb 0 - TonbKO BepmnHEL. bomnbile 0
TOPU30HTAIHU Hyns mo0OaBjIisieT TOYKHU Ha
OJIMHHBIX IPSMBIX ydacTKax.
Bri6opka pactpa (Hor.) BunuHeHO nnmy 6IUKaNIINN. OUIIMHENHO
[71g TTTagKoU MOBEPXHOCTH
TOuHee OUINHENHO.
Ceuenue penbeda ([Jo.) 0 - ompenenuTs 0 OTMETKAaM. 0
Touyku HEBSI30K BrIXOomHOI TOUYEYHEBIN CIIOH. Cco3TmaéeTcs
OTuért o HeBsI3Kax (HTML) Tabmuita, rUCTOrpaMMa, co3maeTcs

pazbop.

2.13 [Iuarmocruka reppacunra I1IMP

HWHCTPYMEHT HIIIET TEPPACHHT: XapaKTepHYIo 00Jie3Hb pejibeda, IOCTPOEHHOTO II0 TOPU30HTAIISM.
CKIOH MOET CTYIEHSMH, BO3JIe YPOBHS TOPU30HTAIHN II0JIKa, MEXKAY YPOBHSIMHU pe3kud copoc. Ha
OTMBIBKE 3TO BHITJIIOUT KaK CBafeOHBIN TOPT, Ha Ipoduie Kak ITeceHKa. YKIIOHL B TaKOM pesbede
HEBEPHHBI, @ PACYETHI CTOKA I10 HEMY PBYTCS.
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,]]Ba HE3adBHCHMBIX IIPH3HAKA

BepTuKaabHAasA KPUBHU3HA 3TO BTOpPAs IPOM3BOIHAS BIOJb CKJIOHA. Y CTYII€HYATOMH ITIOBEPXHOCTH
OHa HAéT BCIJIeCKW Ha cOpocax ¥ IMOYTH HY/JIM Ha IMOJKAX, a BCS KapTHHA II0JI0OCAMHU MIOBTOPSIET
PUCYHOK TOpHU30HTaJsIel. PacTp KpHUBU3HH BEIDAETCA Ha BRIXOM, ¥ TEPPACUHT Ha HEM BUIIEH Tlla3aMu,
0e3 BCSIKOU CTATHUCTHUKH.

IIpursizkeHHe OTMETOK K YPOBHSIM O3TO IIpsIMasi MIpPOBepKa II0 CaMHUM 3HaveHusaM, 0es
ITPOM3BOOHEIX. Y 3MOPOBOH ITOBEPXHOCTH OTMETKH MEXOY COCEeTHHMH YPOBHSIMU pacIpenesleHb
6oslee-MeHee PaBHOMEPHO, II03TOMY HOJIS si9eeK B Y3KOH II0JI0OCe BOKPYT YPOBHS OKM3Ka K IIUPUHE
9TOMU MOJIOCH], ¥ OTHOIIIEHUE BEIXOOUT OKOJIO IUHUIIEL. Y TeppacUupPOBaHHOM ITOBEPXHOCTH OTMETKHU
JIMTTHYT K YPOBHSM, ¥ OTHOIIIEHUE PACTET.

YuTaercs oTHoIneHue TakK. OKOJIO e TUHUIIHI - ITPU3HAKOB HET. HonTopa - ITIOBOO ITIOCMOTPETHh PpacCTp
KPUBHU3HEI I''Ta3aMH. IIBa ¥ BEIIIE - TeppacCHuHr.

[IBa mpu3HaKa CTOUT CMOTPETh BMecTe. KpuBu3Ha ybenuTenbHa BU3yallbHO, HO €€ BCIIECKH OBIBAIOT
U OT HacTosmux popm penbeda, Hampumep 0T OPOBOK. [IpUTAKEHNE K YPOBHSIM [aE€T YHUCIIO, HO HE
IIOKa3bIBaeT, e UMeHHO Oea. BMecTe OHUM OTBeYaloT 1 Ha BOIIPOC «eCTh JIU», U Ha BOIIPOC «THe».

Ceuenue penbeda

HNHCcTpyMeHT cumTaeT pa3y OTMETKH BHYTPHU CEYEHHUS, IO3TOMY cedeHue eMy HeoOxommmo. Ero
MOJKHO 3aaTh BPYYHYIO MJIM IIOfAaTh CJIOM TOpPHU30OHTAaJied: Torga 6epyTcsa U ceueHue, u 6a3oBas
OTMETKa OT peanbHOro Habopa. Bropoil myTh Hafm€xkHee, eClIu OTMETKU He HaUMHAIOTCS OT KPYTJIOTO
YHCIIa.

II'ToCKHe Yy4aCTKH B CUET HEe MOAYT

SlyelKu C OKOJIOHYIEBLIM YKJIOHOM HMCKIIIOYAIOTCS U3 UHAEKCa NPUTsIKeHus. [Tlopor 3agaéTcs monen
CeueHHUs: s49eliKa He yUUThIBAeTCs, €CIIU Ilepeliaf BEICOT Ha Hell MeHbIIle COTOU [oJu cedeHud. [Ipu
ceueruu 0.5 M 9T0 5 MM Ha A4eliky. [lapameTrp He y4YHuTBIBAaTh AI4€HKH C [IepenajioM MeHbIIIe,
IOJISI CEYEeHHsI JIEXKUT B [MOIIOTHUTENBHEIX, HOJIb €TI0 OTKJII0YaeT.

Be3 aToro oTceBa MHOEKC BPET Ha I000M peanbHON MaTpuile ¢ BOgoeéMoM. OTMETKH BOOHOM TIagu
CTOST Ha OMHOM MECTe U BCe IIOoIlafaloT B OOHY a3y BHYTPU CEUEHUS, U3-3a YEero paclpefesieHue
IepeKalnBaeTcs, a UHAEKC ye3KaeT BHU3 U MOKa3kbIBaeT M0xkKHoe O6maromonyyue. Ha maTpuile, roe
BOOOXPAHUIIHINE 3aHUMao 44.5 mpoleHTa IJIoianu, HHOeKc 6e3 orceBa gaBay 0.50 smecto 0.97, a
1o ogHOM cyue Berxoguio 1.00.

[0yt UCKITIOUEHHBIX A4YEEeK ITevaTaeTCs B XKypHaJl U IOMafaeT B OTYET. DTO BaKHO BUAETh: €CIIU
WHCTPYMEHT BEIOPOCHII IIOJIOBUHY IIIOIIAAN, BBl MOJIKHEI 3HATH 00 3TOM, a He rafiaTh, Touyemy mudpa
M3MEHUIACh.

OTuer

HTML-oTuéT comepXuUT TabOIUIy YHCena U THCTOrpaMMy ¢a3hl, TO €CThb paclpenesieHHue OTMETOK
BHYTpU ceueHUs. POBHas rucrtorpaMma O3HauvaeT, 4YTO TeppacuHra HetT. [IukK B HyJie 03Ha4YaeT, YTo
OTMETKHU COOMPAIOTCS Yy YPOBHEM, ¥ IOBEPXHOCTh CTyII€HUaTasl.

YeM JI€YUTH

TeppacUHT JIEUUTCS CTPYKTYPHEIMU JIMHUSMH (TajabBeryw, OPOBKH, BOOOpPA3[esbl) U YIIJIOTHEHHEM
MCXOOHBIX HAHHEBIX, a He criaxwuBaHueMm. CriaxkuBaHHe yOepEeT CTyIeHH BMecTe C ¢GpopMaMu
penbeda, u nUPH CTAaHYT AyYIlle IPU TOM, UYTO KapTa CTaHeT XyXKe.
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IIapameTpsl

[TapameTp YTo 3amaéT ITo ymom4ganuio / COBET
LIMP (npoBepsieMblil penbed) PacTp, KOTOpEBIY IPOBEPSEM. -
Kanan IIMP (Hor.) Kanan pacTtpa. 1
CeueHue penbeda 0 - B3SITh U3 CJIOS 0
rOpU30HTaleu.
l'opusoHTanu Oida Heob6s13aTenbHBIN CIIOM, U3 -
ornpenesieHUsI CeYeHUs HeTo OepyTCcs ceueHue u
0a3oBasg oTMeTKa.
[Tone oTMeTKY TOpU30HTAIEN YK CIOBOE TIOJIE BHICOTHI. -
Ba3oBas oTMeTKa YpOBHEU OTC4YET ypOBHEH, eclu 0
(Oom.) cedeHHe 3a4aHO BPYYHYIO.
[TonymuprHa IOJIOCH BOKPYT IOonsa ceuenus. Oxugaemas 0.1
ypoBH4 ([lo1m.) IOOJIsI paBHA YIBOEHHOMY
3HQUYEHUIO.
BepTukanbHas KpUBU3HA BrixogHoOU pacTp. co3maéTcs
OtuéT o Teppacunre (HTML) Tabmnuita, ructorpamMma ¢assl, co37maéeTcs

pazbop.

2.14 YOopars cTyneHu (CriiakuBaHHE C OTPaHUYEHHEM)

HWHCTPYMEHT NeYHUT TEPPACHUHT: YOMpPaeT CTYIIeH! CO CKJIOHOB, HEe CIABUTAsi CaMU TOPU30HTAIIH.

Kak 3T0 BO3MOZKHO

HOBerHOCTb CriIaKMBae€TCsA UTePaTHuBHO, HO KaxXXOol TO4YKe 3allpelneHo yXOoOuThk OT MCXOOHOTIO
3HA4YeHUS Oaibllie 3aJaHHOU OO ceueHusd. [1o YMOJI9YaHHUIO 3TO IIOJIOBHMHA Ce€4YeHHud, TO €CTb POBHO
ommbKa KBAHTOBAHUA: IIOBEPXHOCTH, IIOCTPOEHHAA IIO I'OPHU3OHTAJIAM C IIIaroM CedYeHHud, U Tak
N3BE€CTHa He TO4YHee.

Orcroma gBa CBOMCTBA, pagy KOTOPHIX BCE U AeaeTcsa. MeTo He MOXKET BHIAYMAaTh (POPMEI TOHBIIIE,
YeM IO3BOJISIET UCXOOHOE CeYEeHNe, TIOTOMY YTO pa3Max MPaBKHU OTPAaHUYEH CBepPXy. U OH HE MOXKET
IIEPEeKNHYTh TOYKY Yepe3 rOPU30HTAlb, TaK KaK COBUT MEHbIIIe IIOJIOBUHEL Iara MeKAY YPOBHSIMU.

Ha sTajloHHOM CTymneH4YaToOM penbede MHIOEKC NpUTsakeHus mnamaeT ¢ 5.00 go 1.13, a cpemasas
omnbKa MPOTUB UCTUHHOU IMOBepxHOCTH ¢ 1.25 M o 0.12 M.

Jleuenue caMoIIpoBepsieMmoe

NHpOeKC TPUTSAXKEHUST K YPOBHSIM CUYMTAETCS [0 W MOCJe IpaBKu, o0e MuGpPH YXOOSIT B KypHAal
BMeCTe C HauOOoIbIINM PAaKTUYECKUM COBUTOM IIOBEPXHOCTH. ECIIH mocie TedyeHusT HHOEeKC OCTaJICA
BBIIIIE OBOMKY, MHCTPYMEHT HIPSIMO TOBOPUT, UTO CTYII€HHU He YIIIJIH, ¥ COBETyeT H0oOaBUTh UTepallui
WUJIH IIPOBEPUTH CeUeHHUe.

Otuét HTML copmepzKuT TabIUIly YHUCEI OO0 U II0CJIe, ABe TUCTOTPaMMEI a3kl psaoM U pa3dop. ITo
TOTOBBIM OKYMEHT [JIsI 3aKa34YMWKa UIX PElieH3€HTa: BUOHO, YTO OBIIIO, YTO CTAJ0 U KaKOU IIEHOM.

Yero HHCTPYMEHT He JejlaeT

OH He BO3BpalllaeT TOTO, Yero B MaHHBIX HeT. EC/IK y3Ku# Bpe3 cpe3aH IIPU IOCTPOeHUU penbeda,
CTakKMBaHWE €Tr0 He BOCCTAHOBUT: MPaBKa OrpaHWYEHa ITOJIOBUHOM cedeHUs, a Bpe3 rioyoxe. Ha
BOJIHO¥ T'JIaii OH TOXKe He MMOMOXKEeT, TaM Hy’KHa MackKa, a He CrilaXkKuBaHue.
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IIapameTpsl

[TapameTtp Yrto 3apaér ITo ymom4ganuio / COBET
LIMP co cTtynessiMu [TpoBepsieMbIl pacTp. -
Kanan IIMP (Hor.) Kanan pacTtpa. 1
CeueHue penbeda 0 - B3SITh U3 CJIOS 0
rOpU30HTaleu.
l'opusoHTanu Oida Heob6s13aTenbHBIN CIIOM, U3 -
onpeneneHns CeUeHUus Hero OepéeTcs mar.
[Tone oTMeTKY TOPU30HTaJEen YucnoBoe 110J1e BEICOTHIL. -
Hrepamuii crinaXXuBaHUSA Bornbille 3HAYUT T1axe. 50
[ToncoTHM XBaTaeT IIOYTH
BcCerja.
HoIIyCTUMBIN COBUT, OIS Honp 3ampeitiaet npasKy 0.5
ceueHnusa (Jor.) BOBCeE.
Penved 6e3 cTynene BrixogHou pacTp. co3maéTcs
Otuét mo u nociie (HTML) Tabmuita, THCTOTPAMMEI, co3maéTcsa

pazbop.

2.15 OT4eT 1Mo CTBOpPY

HUuCcTpyMeHT cuuTaeT MopdpoMeTpuio Bogocbopa OT cTBOPA - TOUKU 3aMBIKAHUSA Ha BOOOTOKE. ITO
KJlaCCHUUYeCKasl 3ajlaya HHXKEeHEePHOH THIOPOJIOTHH M M3BICKAHMH: XapaKTepPHCTHUKH OaccedHa OT
3amaHHou Touku. MHCTPpYyMeHTH 2.05 - 2.07 maloT CTOK, PEYHYIO CETh U 0aCCEWHEI 10 TEPPUTOPHUH B
enoM, a 2.15 oTBedaeT Ha BOIIPOC IIPO KOHKPETHEIN CTBOP.

Kak 3T0 padoTaer

Kaxkpgass ToukKa CTBOpa NPUTATHUBAETCS K SA4YelKe C HauOOJIBIIEH aKKyMYJISIMed B pamuyce
OIPUTAXKKY, II0O3TOMY CTBOP MOZXKHO CTaABUTh Ha I'Jla3 PSIOOM C TajlbBeTroM, a He IIoIlamaTh B TYEUKY
BOIOTOKA MEINIEI0. OT NMPUTSIHYTON sTYeMKU CcOOMpaeTCs IOJIHBINM BomocOOp, MO HEMY CYMUTAETCH
30HaJIbHAS CTAaTUCTHUKA, a TJIaBHEIM BOJOTOK TPACCUPYeTCsS BBEPX II0 PEIIETKe: U3 KaXkKOoi TYelKu
IIIaT B cOCefa C HaubOOoJIbIeN aKKyMYyJIILIued, 00 s9eiiku 6e3 MPUTOKOB.

Bomoc6opsl coceqHUX CTBOPOB Ha OJHOM BOOOTOKE BKJIQABIBAIOTCS APYT B ApPyTa: KaXKOBIH CTBOP
MOJTy4YaeT CBOM ITOJTHEIM OacceliH, a He OCTATOK IT0CJie BHIIEeeskaIiero. 3to ornudaet 2.15 ot 2.07,
TTe TEPPUTOPUS IENUTCS Ha HelepeceKaroluecs 6acCeiHhI.

Y710 cuuTaeTcsi

ITokazaTenb ITone Epguanne
[Tnomans 6accelrina area km2  KM?
CpenHsis BEICOTaA Z mean M
MuHMManpHasa BEICOTaA Z min M
MakcuMasibHasi BLICOTa Z max M
Cpenuwuii ykioH Oacceiina slope deg  rpagycel (Horn 3x3)
OTMeTKa CcTBOpa Z _gauge M

[InvHa rmaBHOTO BomoTOKa stream km &km
[TageHMEe BoOOTOKA fall m M
Cpenuuii yKJIOH BOOOTOKa  slope ppm  mpomwuiiie
Aqgeek B 6acceliHe cells IIT.
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BenuuuHa, KOTOPYIO IIOCYUTATh HEe U3 4YEro, IMUIIEeTCAd IIYCThIM 3Ha4Y€HHeM, a He HynéM: HOJIb 3TO
n3MepeHue, IIyCcTto 3TO ero OTCyTCTBHUeE.

IIapameTpsl

[TapameTp YTo 3amaéT ITo ymonm4gaHuio / COBET

Bxoguas LIMP Penved B MeTpax B -
meTpuueckou CK.

Touku CTBOPOB TodueuHBIN CJION, IO TOUKE Ha -
CTBOpP.

Papguyc nputsaxku, M (go1.) OKHO IIoMCKa MaKCUMaJIbHOU 150
AKKYMYISIITUH.

3amoJTHUTD TTOHUXKEHUST [TogroToBKa penbeda nepen BKII.
pacyéToM CTOKa.

Epsilon yknona, M (gor.) HakoH 3achIIIKYA IPHU Kak B 2.04
3all0JTHEHUH.

Bomoc6ophl CTBOPOB [TonuroHs! ¢ aTpubyTaMu 10 co3maéeTcs

(TTONTUTOHBEI) Tabuile BHIIIIE.

OTtuért o ctBopam (HTML) Tabmuila Ha KaXXIOBIH CTBOP. co3maeTcsa

KmtoueBnie M@ pHI 110 KaXKI0My CTBOPY AyOIUPYIOTCS B XKypHal Processing AByMs CTpOKaMu, YTOO®
pe3ynbTaT YyuTancsa 6e3 OTKPHITUSA TaOIUIbl aTPpUOYTOB.

BbriCcTpasi npoBepKa Ha JeMO

3anyctute 2.10 Jemo-penbed: KpoMe pacTpa OH BHZACT cjiol TOYKH CTBOPOB (IeMo) - TpHu
TOYKH Y TaJbBETOB, COBUHYTHIE B CTOPOHY OT BOomoTOoKa. IlomariTe pembed um 3TH TOYKHU B 2.15 C
pamuycoM MPUTSIKKU II0 YMONM4YaHuIo. [IOIUTOHEI JISTYT II0 BOZOopa3desiaM, a B OTUYETE Y CTBOPOB
OOHOTO BOOOTOKA COBIIAMET MafgeHue u OyOeT pacTH YKJIOH BBEPX IO TEYEHUIO.

I'paHUIIBI IPUMEHHUMOCTH

HHcTpyMeHT cuuTaeT MopdoMeTpuio 6acceiita U TOMLKO e€. Pacxompl, MOOYNIK CTOKA, TUAPaBINKa
U CHeTOoTasHHEe CO3HaTeJIbHO He BXOOST B 3afauy: 3TO pacyE€THas TUOPOJIOTHUS II0 HOpMaTHBaM,
OoTHOenbHasl TeMa. EOWHUILI IpenrosiaraloTcs MeTpudeckuMu, [IMP B MeTpax B MeTpHYECKOU
cucrteMe KOOpOUHAT.

BomocGopsl CcTposTCs mo Tomomoruu pemnbeda. Ha TeppuTopusax 6e3 UYETKWUX TPAHUIl CTOKA -
MJIOCKUX TOWMaX, IPU TUOPABINYECKUX MEPETOKAX M IOAMOPax - Pe3ybTaT CJIEOYET MPOBEPSTh
TUAPOOUHAMHUYECKUM MOIEJIMPOBAHUEM.

2.16 BooocOop. JIMHUM U KOHTYPHI (KaHaBbI, KapbepPhbl)

HWHCTPYMEHT CUMTaeT IIIolIaab BogocOopa MpUEMHHKA: HarOPHOM KaHaBHI, JIOTKA, KIOBETA OJOPOTH
UM KOHTypa Kaphbepa. Bompoc cTaBUTCS TaK: KaKylO IJIOIIaAb ITepPeXBaThIBAET NMPUEMHUK, €CIIU
caMmoro npuéMHuka Ha [IMP e1é Her.

Kak 310 padoTaer

Bpe3zaTh Tpaccy B penbed [OJis 3TOTO He HYXKHO. Tpacca pacTepu3yeTcs B S4YEUKU I'puga, BCe OHU
OepyTcs IpuEMHUKaMU, U BomocOop cobupaeTcss KaK MHOXKECTBO S4YeeK, Yeill IIyTh CTOKa MPUXOOUT
B M00yI0 STUYeKYy Tpacchl. Tpacca MozKeT OLITH TOMaHOM, MOXKEeT IlepeceKaTh BOOOpa3mes, MOXKeT
BEIXOOUTE 3a paMKy LIMP - Hapy>KHas 94acTh IPOCTO HE y4aCTByeT.
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PacTtepuzanusi MUOET C IIaroM IIOTbSIYEHKH, MO3TOMY Ha M3JIOMax M OUAroHalsX TPacChl HET
ITPOITYCKOB, Yepe3 KOTOPHIE BOfa «IIPOTeKasia» Obl MUMO TPUEMHUKA.

BonocGopsl cocemHUX Tpacc BKJIafbIBAIOTCS APYT B Apyra: HUXKHSAS 110 CKJIOHY KaHaBa IIOJIydaeT U
TO, YTO [IEPEXBATHIBAET BEPXHSSA. ITO TO JKe MOBEHEHHE, YTO ¥ CTBOPOB B 2.15, ¥ OHO IPABUJILHOE -
Kazkfas Tpacca Iojly4aeT CBOH IIOJIHBIM BOIOCOOD, & He OCTaTOK.

KoHTYp BMeCTO IMHUU

Bxomom IIPUHUMAIOTCA U JINMHUHU, Y1 TIOJIUTOHHI. ITonuron cuutaercsa HpI/IéMHI/IKOM OEeJINKOM: 1 KOHTYD,
U BCH IIJIOIIaOdb BHYTPH.

[nsi kapbepa 9TO NPHUHIWIHKAJILHO. BHYTpM OH [Qempeccus, IIOCTe 3al0JIHEHUS MTOHUKEHUMN
HaIpaBJIEHUS CTOKA TaM CTAHOBSTCS YCIIOBHBEIMU - IOPSAIOK 00X0/1a IIJIOCKOM 3aJIMTON II0BEPXHOCTH
Ha3Ha4YaeT UX MMPOU3BOJIBHO. ECiIM MPUEMHUKOM B3SITh TOJIBKO JIMHUIO OOpPTa, YaCTh BHYTPEHHUX
siYeeK «CTeUET» MUMO HE€é 110 9TUM YCJIOBHBIM HAlpaBJIEHUSIM M yTalUT 3a cobol BHemHUe. Omopa
Ha BCIO BHYTPEHHOCTb CHUMAaeT BOMNPOC: UTO ObI HU TBOPUJIOCH C HANPaBJIEHUSIMU B sSMe, BCI €€
IJIOIIAmb yKe B BomocOope, a CHapy»Ku Bofa TPAaCCUPYETCS IO PealbHOMY penbedy.

IIBIpKU ITOJIUTOHA BXOASAT B IPUEMHUK HapaBHE C OCTaJIbHOM IJIOIIaAbIO0 - BHEIIHETO penbeda BHYTPU
KOHTypa HeT. MynbTUIONUTOH 00pabaThiBaeTcs II0 dacTsaM. OOBoOuUTh OOpPT NHHMENH OoJbllle He
HY2KHO, IIOJaéTCsI TOTOBBIM KOHTYD.

Bpe3ka Tpaccshl

OtpenbHas rajouyka Bpe3ars Tpaccy B penbed oTBedaeT Ha APYTOM BOIPOC: YOEPKUT I KaHaBa
IIOTOK, €CIM OHa MeNlbYe MEeCTHBIX (opM penbeda. Bpe3ka omyckaeT penbed BOOIbL Tpacchl Ha
3a7laHHyo TIyOUHY, U OaJibIlle CTOK CUYHUTAETCS YXKe 110 U3MEHEHHOMY pebedy.

Bpeska MeHsSIeT THAPOJIOTHIO HaMEPEeHHO, MO3TOMY II0 YMOJYaHWUIO BHIKJIIOYEHA, a pPe3yabTaT
3aBUCHUT OT 3afaHHOM rinyOnHbl. PakT Bpe3KW W IJIyOMHA II€4YaTalioTCs B XKypHal M [IONafaioT B
HTML-oT4éT, 4TOOH! ITU(PY HEIIB35 ObIJIO MPUHSATH 3@ PACYET 10 UCXOOHOMY peibedy.

Y10 cuuTaeTrcs

ITapamMmeTpsbI

IToka3zaTtenb ITone Epuaune

IInomans Bogocbopa area km2  xm?

CpepHss BBICOTA Z mean M

MunrManbHas BEICOTA Z min M

MakcuManbsHas BEICOTA Z max M

CpepHuii ykiioH Bogocbopa  slope deg rpapgycel (Horn 3x3)
[InuHa TpaccH unu KOHTypa trace km KM

[Inomane IprEMHUKA seed km2 &m?

fueek nmpuéMHUKaA trace cells 1iT.

fgeexk B BomocbHope cells IIIT.

[TapameTtp

YTo 3amaéT

[To ymom4aHuio / COBET

BxomHas IIMP
Tpaccel U KOHTYPEL

Bce 00BeKTHI KaK OOHUH

BOHOCOOD

Penved B MeTpax B
MmeTpuyeckoi CK.

JIMHUY UTU IIOJIUTOHEI, 10

00BEKTY HAa TPUEMHUK.

OTHOEJIbBHBIX.

O61mmuit BogocOop BMECTO
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Bpe3aTs Tpaccy B penbed [IpoBepka ymepKaHUA II0TOKA.  BBIKIL.

'myObuHa Bpe3KH, M (IO1.) HackonbKo onyCcTUTh penbed 2.0
BOJIb TPACCHI.

3anoJIHUTE IIOHUXKEHU [TogroroBka penbeda nepen BKIL.
pPacyeéToM CTOKa.

Epsilon yknona, M (gor.) HaxkiioH 3aceiku npu Kak B 2.04
3amn0JIHEHUU.

Bomoc6ope! Tpacc (IIOIHUTOHE) [TonuroHs! ¢ aTpuOyTaMu 110 co3maéTcs
TabIuIle BHIIIIE.

Otuér mmo Tpaccam (HTML) Tabnuila Ha KaXOyio TPaccy. co3maéeTcs

bbicTpass mpoBepKa Ha JeMO

2.10 Jemo-penbed BrimaeT cioii Tpacchkl KaHaB (IeMO): HaTOPHYIO KaHaBY BHIIIE CUIIBHOTO
TaJbBera U KIOBeT HUXKe IT0 CKJIOHY, 00e jioMaHble ¢ u3nomoM. ITopatiTe penbed u 3TOT cio B 2.16.
Bomoc60op momzKeH jieub BHIIIE TPACC MO CTOKY M VIIePeThCS B BOOOPA3Iesikl, a He B paMKy I'pHAA.

I'paHUIIBI IPUMEHHUMOCTH

I/IHCpr'MeHT OTB€4YaeT Ha BOIIPOC O IIJIOIlagXW, a He 0 pacxone. Pacxopsr, MOOyJiXx CTOKa Hu
IIPOITyCKHAasA CIT0COOHOCTH KaHaBHI - paC‘-IéTHaH TUOPOJIOTHUA I1I0 HOPMATHUBAM, U B 3aa4y HEe BXOOAT.
EguauIe IIpenroyaraloTCca MeTpUu4YeCKUMU.

Bopmoc6opel cTposATCcs 1O Tomojioruu penbeda. Ha Teppuropusx 06e3 YETKMX T'PDAHUI] CTOKA -
IJIOCKUX IIOMMax, IpU TUAPaBINYEeCKUX IIepeTOKaxX M IOANopax - Pe3yjabTaT ClIegyeT IIPOBEPSATh
TUOPOOVMHaAMUYECKUM MOOEeTUPOBAHUEM.

2.18 Hachinu u BbIeMKH (00BEMBI padoT)

I/IHCTPYMGHT CUMTAeT OOBEMBI 3€MIITHBIX pa60T MeXOy OBYMs ITOBEPXHOCTAMHM: YTO HACBHBIIIAHO,
YTO CHSTO U CXOmuTcs nu Oananc. OH HY2XKE€H Be3[e, raoe eCTb ChEMKA [I0 U MOCJIe UJIN IIPOEKTHasAa
IIOBEPXHOCTH: IIJIOIIaOKa IIOO ITJIaHMPOBKY, OTBAJI, KapPbkep, 3auJIeHHue IIpyHa, OCedaHud 3eMHOM
IIOBEPXHOCTH.

dopmysla MPOCTa 00 HEMPUIWYUS: PAa3HOCTb OTMETOK II0 S4YelKaM, YMHOXKEHHas Ha IIJIoIamb
sTYelKy. BCcA CII02KHOCTD I€XKUT He B HEM, a BOKPYT HEE, 1 00 3TOM OCTalIbHEIE Pa3delIH.

3HaK U MOBEPXHOCTH CPAaBHEHH I

Pa3HOCTb CYHMTAETCS «CTajl0 MUHYC OblIO». [I0OXKHTENbHas Pa3HOCTh 3TO HACHIIb, MaTepHuall
moGaBneH. OTpullaTenbHAass 3TO BhlIeMKa, MaTepuain cHAT. B ArcGIS B mHcTpyMenTe Cut/Fill 3Hak
oOpaTHEIM, IPU CBEPKE ITUPP 3TO CTOUT IIOMHUTh.

IToBepXHOCTh CpaBHEHUS 3aa€TCS PAaCTPOM HUJIU, €CJIU €€ HET, OMHOM OTMeTKOM uucyioM. OTMeTKa
yooOHa [OJig TMJIOWIAOKW IION IUIQHMPOBKY M [OJI IIOACUYETa OT ype3a BOALL: IIOJaBaTh pacTp
IIOCTOSIHHOM BBICOTHI PaZi¥ 9TOTO HE HYXKHO.

IIpuBedeHHe K OTHOH CeTKe

[IBe MaTpHUIBl IIOYTH HHKOTTOA He JexKaT Ha OOHOH ceTKe. XO3sSHMHOM CETKH OepéTcs IepBasd
MMOBEPXHOCTDb, BTOPAsi IMMPUBOAUTCS K HeHW OMIMHEWHO. BauKaWImui cocen 30eCh He TOOUTCS: OH
BO3BpalllaeT CTYIIEHHW, POBHO Te, YTO JIOBUT QUArHOCTHKA TEPpPacCHHTa. 3a KpaeM JaHHBIX 00BEM He
CYUTAETCS, BHICOTHI HE 9KCTPAIOIUPYIOTCS.
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B XypHasy mmedaTalTCs Havallo CeTKH, Iar ¥ YHCJIO s4YeeK o0emx MaTpHIl, a TaKxKe OBLIIO0 JIu
IpuBeIeHre. ITO He YKpallleHre, a pabouyuil HHCTPYMEHT, CM. CJIENYIOIINN pa3men.

IToueMmy mU@PPHI PAaCXOIsATCS C APYTrHMH MPOrpaMMaMH

IMouTu HUKOTHA He u3-3a Gopmynel. BunuHeliHOe TpuBeneHNe 00BEM COXPAHSET: Beca OUITUHENKHN
B CyMMe [aloT eIWHUILy, I0O3TOMY COBUI CETKM caM 10 cefe HUYero He MeHSeT. DTO 3aKpeIlyIeHO
TECTOM.

PacxoxneHne OgaéT cocTaB sfueeK: UyTh MHade oOpe3aHHas paMKa, Apyras MackKa, IIojlara Ha
rpaHulle y4acTtka pa6ot. ITostomy npu cBepke c¢ Civil, Kpego umu mo6oi gpyroil mporpaMmoit
CHadajla CpaBHUBANTe ONUCaHWe CEeTKU U3 XKypHajla U YMCJI0 YYTEHHBIX g4eeK, M TOJIBKO IIOTOM
00BEMEL. B meBATH CclIydasx M3 OeCATH Ha 9TOM pa3dUpaTeIbCTBO M 3aKaHYUBAETCH.

MeépTBasi 30Ha

IIBe IIOBEPXHOCTH, IIOJIYY€HHEI€ PA3HBIMHU crocobaMu, BCerga myMsaT Ha CAHTUMETPHIL. bes3 oTceuknu
BeChb 3TOT (I)OH IIOIIagAa€eT TO B HACKEIIlIb, TO B BEIEMKY U PAa30yBA€E€T obe I.[I/I(l)pbl, HEe MEHAA HEeTTO.

MeépTBas 30Ha 3aIa€TCs B METPAX: SYEHKH, IIe MOAY/Ib Pa3HOCTH MEHBIIE 3TOTO YHUCIIa, CYUTAIOTCS
HEeU3MeHHBIMHU. [0 yMOT4YaHUIO OTCEUYKHU HET. 3ajiaBaliTe €€ 0CO3HAHHO U YKa3kIBalTe B OTUETE: OHA
BXOIUT B BEOOMOCTb OTHEJIbHOM CTPOKOM MMEHHO [IJIs 3TOTO.

YuyacTku 1 0a1aHC

TTonurouHsl Y49aCTKOB CHUTAKTCSA OTHEJILHO, KaXKOBIHM CO CBOMMH 4ucJiaMu. [1ojie Ha3BaHUsI y4acCTKa
MOXKEeT OBITh YHCJIOBHIM HJIM TEKCTOBLIM. B BE€OOMOCTH IIO Yy4YaCTKaM €CTb CTPOKa HMTOra, M OHa
OOJIZKHA CXOOUTBHCS C IIMAIIKOM: 3TO IIPOCTaA Hu Haﬂé}KHaH IIPOBEPKaA TOI'0, 4YTO pPacCTepu3alnusd
Y4aCTKOB He II0Tepsjia U He 3aBOHUJIa AYEUKU.

BepoukT 1o 6ayiaHCy CMOTPHUT Ha AOJII0 HETTO B 000POTE, a He Ha ero Benu4yuHy. CTo KyOOB HEBSI3KHU
mpu 060POTE B CTO THICSAY 3TO 6anaHc, a mpu 060poTe B ABECTU KyOOB 3TO BEIBO3 MOJIOBUHEL. [JOTyCK
3afaéTcs goiei 060poTa, II0 YMOJTYAHUIO IISITh IPOIIEHTOB.

Bouixoambl

PacTp pa3HOCTH B MeTpax, MOJIOKUTEIbHOEe 9TO HacChIlb. Bemomocte HTML ¢ mTorom, pa30uBKOM
II0 yYaCTKaM U omucaHueM ceTkKu. Col Y4aCcTKH C 00BbEMaMH: Te XKe IIOJUTOHEI, YTO IIOHaIu Ha
BXO[I, IIJIIOC 00BEMEI B aTpuOyTax (fill vol, cut vol, net vol, IjIoIIafu, HAaUOOBIINE OTMETKY, YHUCIIO
siYeeK U BEePAUKT). BemoMocTh HyKHa AJIS COTJIaCOBaHUS, a MONMNKUCATh yYaCTKM IPSIMO Ha KapTe
MOKHO TOJIBKO aTpuOyTaMH, ITI0O3TOMY BHIXOl OTHEIIbHBIH.

®naxok O0Ope3aTh pacTp PA3HOCTH IO yYaCTKAM TacHUT Pa3HOCTb 3a KOHTYpoM paboT. 3a
KOHTYPOM OHa CKJIaABIBAETCA U3 IIyMa C"béMKI/I, a PaCTdHYTad Ha Heé IOBETOBad IIKaJla MpAd4YeT TO,
pagu 4ero pacTp ¥ CMOTPSAT. Ha yucia oOpe3Ka He BIUSET: CTaTUCTUKA CYUTAETCS OO HEE, U B
BEIOMOCTH OCTAlOTCst 00a UTOra, [0 BCEH IIJIOIIagy U 110 YYacTKaM.

JluHusa HyNIEBBIX PabO0T OTHEJIbHEIM HHCTPYMEHTOM HEe CTPOUTCS, M 9TO OCO3HAHHO: 3TO U30JIMHUSI
HYJIS II0 pacTpPy PasHOCTH, CTPoiTe e€ uHCTpyMeHTOM 1.04 VU301MHUM U3 pacTpa.

IIapameTpsl
[TapameTp Yro 3amaér ITo ymon4aHuio / COBET
[ToBEPXHOCTH «CTAIO» [IpoekTHas uiau HOBasi ChEMKa. 00si3aTelbHA
3amaéT CceTKy.
[ToBepXHOCTH «OBIJIO» HUcxopuas cremMKa. [lycTo - IIyCTO

CpaBHEHMNE C OTMETKOMU.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET
OTMeTKa CpaBHEHUSA, M Pab6oTaeT, Korga pacTpa 0
«OBITIO» HET.
YyacTtku paboT (ITOIUTOHEI) Pa30uBKa BEJOMOCTH II0 IIyCTO
y4acTKaM.
[Tonme Ha3BaHus y4yacTKa YucmoBoe Uil TEKCTOBOE. IIyCTO
MeépTBas 30Ha II0 BLICOTE, M Otceuka GpoOHOBOTO LITyMa. 0
O6pe3aTh pPacTp Pa3HOCTH II0 l'acuT pa3HOCTD 3a KOHTYPOM. BBIKJI.
y4acTKaM Ha uwucna He Bnuser.
YyacTku ¢ 00bEMaMu [TomuroHs! y4acTKOB C Cco37maéTcs
(TTONTUTOHEI) o6bpéMaMu B aTpubyTax.
IOonyck 6amaHca (gorm.) Ionst o6opoTa OISt BEPOAUKTA. 0.05
PacTp pa3HocTu BrIxomHOM pacTp, HaCHIIIb co3maéTcs
MMOIOXKUTEITbHA.
Bemomocts 06béM0B (HTML) OTYET C UTOTOM U y4aCTKaMHU. co3maéTcs

BbriCcTpasi npoBepKa Ha JeMO

2.10 demo-penbed BHIOAaET TI'OTOBYIO IIapy: BKIIOUNTEe BHIXOOH IIpoeKTHasi NMOBEPXHOCTh
(meMo) 1 YuacTKu padoT (memo). ITomaiiTe miaoaagKy KakK «CTaao», peabed Kak «OblI0», y4aCTKHU
nojnuroHamMu. Hacwinb 1 BeleMKa 00s13aHbl BEIMTY PaBHBIMHU UMCJIO B YUCJI0, HETTO HYJIEBLIM, BEPOUKT
IIpo cormrenmuicss 6ananc. COBUT OTMETKH IJIOMIAAKK B MOIIOTHUTENILHLIX TapaMeTpax 2.10 yBogur
fGajTaHC B MPUBO3HOM MM BEIBO3HOM I'PYHT, TaK YTO BCE TPU BEPOUKTA MPOBEPSIIOTCS B IBa IIPOTOHA.

CoBnaieHHe HACHIIIM C BRIEMKOU IIPU HYJIEBOM COBUTE 9TO eIllé ¥ He3aBHUCHUMas IpoBepKa caMOro
WHCTPYMEHTa: ommnbKa B GopMyJie U/IH B IIPUBEIEHNUN CETOK 30eCh ObI ¥ BRIJIE3JIA.

FpaHI/II.ILI IIPHMEHHUMOCTH

O0BEM reomeTpudecKuii. Pa3prixjieHre, VINIOTHEHNE U ITOCJIONHBIE TPYHTHI 30€Ch HEe IPUMEHSIOTCS,
3T0 paboTa MPOEKTUPOBIIMKA.

TOYHOCTE y TPAHUIIEI pabOT OIIpenessaeTcs pa3MepoM ssueliKu: 00bEM BIOIb KOHTYPa BCerma CMeIléH
Ha BeJIMYMHY MOPSIKa IMONysTYelKy Ha ITIOTOHHEIM MeTp rpaHuilsl. Ha MenkoM KOHTYpe IIPU KPYIIHOH
siyefiKe 9TO CMeIleHHue MOXKEeT IIPeBLICUTHL caM 00BLEM, IT09TOMY MeJKHe IIJIOIIafdK{d CUHUTAiTe Ha
CeTKe, COpa3MepHOH uX pa3Mepy.

HWHCTPYMEHT HEe CTPOHUT OTKOCHI C 3ajioKeHHeM, OepMEI, IIOCJIOHHEIE BEIOMOCTH M He caXKaerT
ITPOEKTHYIO IIOBEPXHOCTD Ha penbed. ITo paboTa CUCTEM aBTOMATHU3UPOBAHHOTO TPOEKTHUPOBAHUSI.

2.19 Kanguaarbl OPOBOK H IIOOOIIB

Haxomut MecTa, TAe YKJIOH MeHseTCs OBICTPee BCET0, M TPACCUPYET UX B MTUHUN: OPOBKH U ITOAOIIBEI
yCTyIOB, 60pTa KapbepoB, KPOMKH HACHIIIEN 1 BPE30B.

[TapameTp YTo 3amaéTr

Bxomxas LIMP

[To ymor9yaHuUIO / COBET

PacTp penveda 1mo rpyHTy, HE -
DSM. fdyetika “3 IIJIOTHOCTHU
cpéMku: 20-25 cm npu 20

TOYKaX Ha KBaJPaTHHIHA MeTp.
Ortceuka myma: rpebeHb 0.5
npu3Haka 00s13aH HaOpaTh

9TOT Iepenap penbeda B 6a3e
3aMepa.

MuHuManbHEM Iepena, M
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MuHuManbHas OJIWHa JTUHUH, OtcekaeT 0OPBIBKH. 10
siyeeKk
baza 3amepa nepenafga, s4ueexk [lonymupuHa OKHa, B KOTOpOM 8
(dom.) MepsieTcs Iepenan IonepeK

TTUHUU.

IIpu3HaK H37I0Ma - 3TO rPaJgHEeHT YKJIOHA, a He YK/JI0H. Ha poBHOM OTKOCe, faxke OTBECHOM,
VKJIOH TIOCTOSTHEH M NPU3HAK Majl. [Ipu3HaK BENUK TaM, I'le YKJIOH MEHSEeTCs, TO eCTh Ha caMoM
OpoOBKe U Ha caMo¥ mopoIBe. 3HaK MPOMUIHLHON KPUBU3HLI IEIUT HalileHHbIe JIMHUM: BHITYKIIBIN
M3JIOM Ja€T OPOBKY, BOTHYTHIM ITONOIIBY, ¥ 3TO yXonuTt B nojie kind 3nauenusimu brow u toe.

HN3n0Mm 6e3 mepemnaga He U3JI0M. ['pebeHb npu3HaKa 0TOPACHIBAETCS A0 BCSIKUX IIOPOTOB, €CIIN
B €r0 OKPECTHOCTY HeT 3aJaHHOI0 Iepenana penbeda. llyM MIOTHOW CHEMKH B CAHTHMETDHI He
HabupaeT ero HUKOIIa, OKPECTHOCTh HACTOsAIelH OPOBKM HabupaeT Bcerga. DTO TJIaBHBIN GUIBTD,
U OH QU3MUYECKU, a He CTAaTUCTUYECKUM: MOPOTY BHYTPEHHEN MaTeMaTUKM IToaOupaloTcsa caMu U
HapyXy He BbIHECEHHI.

Ilepenan MepsieTcst B 0a3e 3aMepa, a He IO BCeH IIUPHHE yCTyma. JTO NepBoe, 060 YTO
CHOTHIKAIOTCS: Y OEeCATUMETPOBOTrO YCTyIla Ipu 6a3e B TPU si4uelku nojie drop nokKaxkeT TPU MeTpa,
a He gecsATh. basa no ymondaHuio 8 sueek B KaXKAyI0 CTOPOHY, Ha METPOBOU A4YeliKe 3TO =8 M, 4ero
XBaTaeT Ha KapbepHbM ycTym. [IluprHa oTKOCa M3BECTHA BaM, a He UHCTPYMEHTY, IO3TOMY 6a3y
3apaBaliTe 1o Hel. B xxypHas 6a3a nedyaTtaeTcs U B T4eiikaxX, U B MeTpax.

ITonsa Beixopa: kind, drop (mepenan, M), length_m, slope deg (cpemHWii YKJIOH CTOpPOH).
Crno¥i mpuxoOuT pacKpalleHHbIM II0 mepemnany, OPOBKM TEIJIBIM, IMTOOOIIBHLI XOJIOOHBIM. Kitacce
MMOSIBJISTIOTCSI, TOJBKO KOTOa IIeperajg OEHCTBUTENIbHO Pa3HBIM: Ha Kapbepe C OOWHAKOBHEIMU
ycTymnaMu pa30poc eOuHUIIL MPOLIEHTOB, M [eJleHue Ha KJacChl pe3ano OBl IITyM, IIO3TOMY TaM
OCTaéTCs OJMH KJlacC Ha BUT.

ITopor 3HAYMMOCTH OCTA€TCs 4YejIoBeKy. DPopManbHOro mpu3Haka OpPOBKH He CYIIECTBYET,
paclo3HaBaHWE [EPXKUTCSA Ha omnelTe Tonorpada. CymiecTByeT mepenan, KOTOPHIM BEl I'OTOBEI
CYMUTaATh YCTYIIOM, U OH Pa3HBEIM Ha Kaphepe, HOPOXKHOM HacHIM u OGeperoBoM ycTyme. [ToaTomy
WHCTPYMEHT HapO4YHO OTHAET OOJbllle, YeM HYXKHO, BMECTe C YHCJlaMu [jig oTOOopa, a B XKypHall
IeyaTaeT IPOLEHTUIIN Iepelnana - TOTOBYIO IOACKa3Ky, rae pe3aTrh. OTbupaliTe GUIBTPOM CIOS 110
nosto drop, TS9O Ha KapTy: IepPeCYUTHBaTh IIPKU 3TOM HUYEro He Halo.

2.20 BpoBKH H NOOOIIBLI B padoTy

ITpeBpaiaet MuHUM OPOBOK U ITOAOIIB B paboune CTPYKTYPHBIE JIMHUN: CHUMaeT OTMeTKu ¢ [IMP,
cobupaeT ¢popMbl GPOBKA-MOIOIIBA ¥ PACKIABIBAET UX IO IBYM CJIOSIM.

CueHapueB [OBa, H BTOPOM BaXKHee NepBOro. IlepBuili O4YeBHOEH: NMUHUM Ipuuuid us 2.19
[0 TJIOTHOM CBhEMKe. BTOpoi - MUHHM yXKe eCTh B TOIOrpa@uueckKoM KOMIIIEKTe, Ime OpOBKHU
OIMMCHIBAIOTCS 00543aTeIbHO M CBOMMH KOOaMH KilaccudukaTopa. [IeTEKTOp TaM He HyKeH BOBCE, a
HYXXHO POBHO TO, YTO JelaeT 3TOT MHCTPYMEHT: BU[ JINHUK 3aKOOHUPOBAH, a KaKas OPOBKa C KaKO#
rmomomurBoi 06pa3yioT GopMy - HET, U CBSI3b HPUXOAUTCSA coOupaThb. TaKMX KOMIIEKTOB MHOTO, a
IIJIOTHBIX CHEMOK Maro.

[TapameTtp Yrto 3amaéT ITo ymonyaHuo / COBET

Kaupupath! (BeIxom 2.19) JInHeNHBIN CJIOH C IIoJIeM BHUIA. -
T'oguTCs U CJI0H OPOBOK C
IOOOIIIBAMHU U3
Tororpamu4ecKoro
KOMIIJIEKTa.
LIMP Ta ke, uTo momaBasiachk B 2.19. Heo0s3aTeIbHO
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ITonne Bupma ITone co 3HAYEeHUSIMHU brow u kind
toe.
OTceuka 110 Iepenany, M IMToBTOpSsieT punbTp 2.19, 0 (B3sTH BCE)

4yTOOBI HE 3aBOLUTH OTOEJIbHBIN
OTQUIBTPOBAHHEIU CJION.

[Ipepen nytu Ccrycka, M Harplie 3TOro CIyCcK 50
IpeKkpamaeTcs, u OpoBKa
YXOOWUT B HETIapHEIE.

Iomns cormacuuix 1pob (Ior.) Huxe sTo#t monu ¢popma He 0.4
cobupaeTcs.

®opMBbI COOHPAIOTCS CIIYCKOM IO CKJIOHY, a He Mo O1u30ctH. OT IPOOHBIX BePIINH OPOBKHU
UOET CIIyCK II0 HaIpaBJIEHUSM CTOKA, IT0OKa He BCTPETUTCS ITOAOINBA, W MOAOIIBEI TOJIOCYIOT. Tak
paboTaeT pu3uKa ycTyna: Boga ¢ 6pOBKM CKATHIBAETCS IT0 OTKOCY POBHO K ero nmomomurBe. Ha kpuBom
00opTY C y3KuMH OepMaMu OIHzKANINAa 0 PACCTOSHUIO ITOMAOINBA YaCTO IIPUHAMIEXXUT COCEOTHEMY
YCTYILy, ¥ BEIOOD IT0 OJIM30CTH ommbaeTcs TaM, Te COyCcK IIpaB. [Ipegern OyTu gepxuTe OIU3KUM K
3aJI0KEeHHI0 OTKOCA: CJIMIIKOM OOJIBIIION ITpedes HO3BOIUT OpoBKe No0ekaTh A0 UyKOH MOMOOIIBH 1
COCTaBUTh C HEH MPaBOOIOA00HYIO JIOKHYIO ITapy.

IIMP HeoOsi3aTe/IbHA, M 3TO BaxKHee, YeM KaxKeTcsi. CIIyCK IIO0 CKJIOHY OTBeYaeT Ha OOUH
BOIIpoOC: roe Hu3. Korga y nuHUM ecTb COOCTBEHHBIE OTMETKH (BHIXOM 2.22), OTBET yXKe B MaHHBIX, U
penbed He HyXKeH: TTOMOIIIBOM CUMTaeTCs OMuKanIas TUHUS, IexKallas Huxe OpOBKH.

Bes3 artoro TomorpadguuecKuil ClleHapu¥ XOOui Mo Kpyry. YToOH IOCTPOUTH penbed dopMamy,
HY2KHBI Iaphl; 4TOOB coOpaTh Imapel CIIyCKOM, HYXKEH pejbed - KOTOPOTo eIll€é HeT, ero Kak pa3 U
cTposAT. [Ipuxogusioch menaTh 4YepHOBOU ITpoxod 2.03 1Mo ogHUM TOPU30HTAISAM, 3Hasi, YTO BHYTPHU
Kapbepa OH HeBepeH. Tenephb NOPSAOOK MPsAMO: 2.22 maéT otMeTKH, 2.20 6e3 LIMP cobupaert mapsl,
2.03 CTPOUT ITOBEPXHOCTh.

C LUMP pabGoTaeT IpeXHUH CIYCK, ¥ Ha KPUBOM OOPTy C y3KMMH OepMaMM OH TOYHee: TaM
OnuKaMIas Mo PacCTOSHUIO ITOQOIBA YaCTO MIPUHAIEXKUT COCEOHEMY YCTYIIY.

®opMa 3TO OIHA MOAOIIBA U MHOXKECTBO OPOBOK IpPH HeH. TpacCHpPOBKA PEXeT MIUHHYIO
OpOBKY Ha KyCKU: Che3[ pa3phiBaeT KOHTYD, IIPU3HAK IIPepHIBAeTCAd Ha IIOJIOTUX ydacTKaxX. Bce
KYCKH{ CIIYCKalOTCd K TOM Ke IIONOIIBe, II03TOMY pe3ybTaT I'PYIIHUPYETCS IO IIOHOIIBe, a He
BEIITMCHIBAETCS ITapaMu: IIOAO0IIBA [IOafaeT B BEIXO OOWH Pa3, a €€ OPOBKHU IIONIy4aoT 00IIlee I0je
link. 3T0 TOT Ke B3TJISI[I, YTO U B IIOCTPOEHUH TTOBEPXHOCTU MEXKIY CTPYKTYPHBIMH TUHUSIMH, TE
CTOPOHEHI - MHOXKECTBA, a He OTHeNbHEIE JINHUHU.

HemapHble THHHH HE NPONAagAaI0T MOJIYa. TpeTuil cjoi cobupaeT MX C IPUUYMHOUN B aTpuUbyTE:
CIyCK He AOIIEJ OO MONOIIBH (MaJl Ipenes MyTH uiu 6poBKa J103KHast) Iub0 CIyCK Pa30LIETICS 110
Pas3HEIM IIOMOIIBaM (JIMHUS CKJIeusia OBa ycryna). HauMeHbIas qojsi corjlacHEIX Ipo6 nmedaTaeTcs
B KYyPHaJI U CIIyXKUT yKa3aTeJIeM Ha TaKylo CKIeHKYy.

Brixomsl Bepx 1 Hu3 unyT LineStringZ ¢ monsamu kind u link, ormeTku cHstel ¢ LIMP B reomeTtpuio.
9TO TOTOBBLIE BXOOBI AJIS IIOCTPOEHUS IIOBEPXHOCTU M [OJISI BHITPY3KU TPEXMEPHBIMU JTUHUSMHU B
ABTOKA]I u Kpepo.

2.21 Co3paTrs npuMep Kapbepa (memMo)
CTtpouT meMo-Kapbep U, YTO BaxKHee, UCTUHHLIE CTPYKTYpPHEIE IUHUU K HeMy. Ilapa pacTp-nuHUU

CITyKUT 3TasioHOM Ayist 2.19, BXOOOM [Jist TIOCTPOEHUS MOBEPXHOCTU U YYeOHBIM MPUMEPOM, U BCE
970 6€3 3aKPHITHIX JAHHEBIX.
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[MTupuna, BricoTa, s4ueek Pasmep rpupa. 400 x 300

Pa3mep sueliku, M Illar rpuga. 1

3epHO reHepaTopa [ToBTOPSAEMOCTD: OMHO 3€PHO - 7
OOWH M TOT K€ Kapbep.

CK BrIXOza MeTtpuueckasd. [Ipu mecTHOU EPSG:32640
CK npoekTa BrIOupaiiTe €€ xe.

Ywucrno ycTynoB CKOJIBKO yCTYIIOB B OOPTY. 3

BricoTta ycTtyna, M ([orm.) [TpeBrIllIEHME OOHOTO yCTYyIIA. 10

Mym crémku, M (Ho1r.) HNmuTanms morpemnisHocT 0.03
IIJIOTHOM CHEMKMU.

OrtBaj, Cxopsamiasicsa KaHaBa [omonmHUTEIbHBIE (POPMHI. BKJTIOYEHEI

(Oom.)

Kypma monoxuTs (0xBar) Knapét memMo Ha MecCTo, IO CJIOSIM IIPOEeKTa

pa3Mep He MeHseT.

CoctaB penbeda momoOpaH Tak, YTOOB Kaxmas ¢opMa MPOBEPSiia CBOI CTOPOHY OETEKTopa.
ONIUITUYECKUH Kapbep C YyCTymaMu U OepMaMu HAéT IpaBUiIbHBIE Imapbl. Chesmd, mpope3aroIui
YCTYTH, MAa€T HACTOANINHM Pa3phIB: Ha €ro [yre MCTHUHHLIE JTUHUKW OOPHIBAIOTCS, ¥ KaHOUOATHI
00s3aHBl OOPBHIBATHCS TaM ke. OTBaj C MJIOCKHMM BEPXOM MaéT 3aMKHYTYIO Mmapy. CXomsimasics
HaropHas KaHaBa OaéT TPH JIMHWH, CXOOSIIHECcs B TOYKY, - TOT CjIy4daill, Tme BeC IIOBEPXHOCTHU
MeXOy JTUHUSMH BRIPOXKIAETCS, & OTMETKA OCTAéTCsI BEPHOM.

OxBaT KJIagéT JeMO Ha MeCTO H He MeHsieT ero pasmep. PopMel Kapbepa (QU3UUHBL: YCTYII
10 m mpu oTKoce 7 M. PacTSHYTHIM OO0 KMJIOMETPOB Kaphep IIpeBpalaeTcs B OJIWH, Ha KOTOPOM
OEeTEeKTOPYy Hedero UCcKaTh, II09TOMYy pa3Mep 3amalT Tonbko «IIupruHa» u «BeicoTa». Y oTOensHO
PO CUCTEMY KOOPAWHAT: €CJIU Y IPOeKTa OHa MeCTHas UJIM Heu3BecTHas, BhIOepure eé ke B «CK
BeIXOHa». [lepecuyéT oxBaTa M3 Heu3BeCTHOM cucTteMbl B UTM maéTt GeccMBICIIHIYY, U OEeMO yemoeT
HEU3BECTHO Kyga.

BTopoti BEIXOI, HCTHHHBIE JTUHUH, HeceT 1o kind (brow, toe, thalweg) u link, a oTmMeTKu siexkat B
reoMeTpuu Z. [1o HeMy IOJTHOTA ¥ TOYHOCTE IETEKTOPa MEPSAIOTCSA YHCJIOM, a He TJla3aMU: II0JI0XKUTE
KaHOguOoaToB u3 2.19 moBepxX UCTUHHBIX TUHUU U TOCMOTPUTE, TOE€ OHU Pa30IILIUCh.

2.22 OTMETKH C IPHMbIKAIONIUX TOPH30HTAJIeH

[JaéT HeMBIM TUHUSAM IPOQUIb 110 TOPU30HTAJIAM, KOTOPEIE K HUM IIPUMBIKAIOT.

[TapameTp Yrto 3amaér ITo ymomyauuto / COBET
JIuauu 6e3 0OTMETOK BpoBKM 1 mOOOIIBEI U3 -
KOMILIEKTa unu u3 2.20.
T'opusouTanu Ci0ii TOpU30HTAJIEN TOTO XKe -
KOMIIJIEKTA.
ITone BEICOTHI TOPU30HTAIEN AtpubyTt ormMeTKH. IIycTo - Z ELEV
BEPIINH.
JTONIyCK IPUMEIKAHUA, M HackoipKO KOHeIl 0.5
TOPU30HTAalI MOXKET He [MOUTHU
OO JIUHUMN.

OTKyma 0epyrcsi oTMETKH. Y OPOBKH B TOIOTPadrIecKOM YepTezKe CBOEM OTMETKH HET, U 3TO
HOOJITO BEREITJIAOEIIO TYIIMKOM. Ho HOPMAaTHUB Tpe6yeT OOBOOUTE T'OPU3OHTAIW OO JIMHKMHW OIIMCaHUuA
00beKkTa ¢ ¢GopMHpPOBAaHHEM Y3JIOBBIX TOYEK, ¥ KaXKjaas TaKas TOYKa HECET OTMETKY CBOeH
ropusonTanu. OTcioga nmpodunab BCcel TUHUMU: ITepeMeHHass OTMEeTKa U3 CaMUX JaHHBIX, a He OOHO
YHMCJIO Ha BECh OOBEKT.

75



Baxnas IIOITPpaBKa, CTOUBIIIAA OOHOM PEeOaKINU IIOCTAHOBKH: TOPU30HTAJIbL HE I/II[éT 10 6p0BKe. ITo
OTKOCaM IOPM30HTAJIU PEXKYTCsA, U Ta EIUHCTBEHHAas, YTO JIeTr'Jla BOOJIb 6pOBKI/I, JIOZKHUTCs TakK JIUIIb
IIpHU COBIIaJ€HHWMU OTMETKH C Ce4deHHeEM, TO eCTb CJIy‘-I&ﬁHO. PabGoTaeT MMEeHHO IIDUMBIKaHHE, a He
COBIIaeHUue.

YTo cuuTaeTcsi BcTpeden. [lepeceuenne MTMHUHN C TOPU30HTAIIBIO HACKBO3b M KOHEI[ TOPHU30HTAIIHN
B IIpefiesiaxX Jomycka. MeXay BCTpedaMy OTMETKa HHTEPIIOIHUPYETCs IO Ayre JUHUHU, 32 KpaWHUMU
OEePXKUTCS MTOCTOSTHHOM: 9KCTPAIIOIMPOBATh YKJIOH BMIOJIb OPOBKH OMACHO, OH YacCTO JIOMAeTCs Ha
IIOBOPOTAX.

YecTHOCTH pe3yJibTaTa. MeTon paboTaeT POBHO HACTOJILKO, HAaCKOJIbKO KOMIIJIEKT TOIOJIOTUYECKU
coriacoBaH. Ecnu TrOpM30OHTaNIM [0 JIMHUKM HEe HOOBEOEHHBI, TUHUS OCTAETCs HEeMOM M YXOOUT B
OTHENbHBLINA CIIOM C MPUYMHON. YKMCIIO OMOPHBIX TOYEK ITHIIETCS B aTPUOYT n samples ¥ B XKypHAaI
MeOuaHOU ¥ MUHHMYMOM: OfHA TOYKa O3HadaeT IIOCTOSTHHYIO OTMETKY I10 BCeM JIMHUU, U 9TO BULHO

cpasy.

MecTo B KoHBeMepe. Brixon - LineStringZ, rotoBasi ctopoHa ¢bopMbl Ay BxomoB Bepx dopMm u
Hus ¢dopm uncrpymenrta 2.03. Bmecte ¢ 2.20, KOTOpPHI# coOupaeT Iaphl ¥ 3allONHSIET M0Jie CBA3H,
9TO 3aMEIKaeT TonorpadruecKul ClieHapui: IJIomagHble KapbepPhl, BBIEMKH, HACHIIU U OTBAIEL, I'Te
TOPU30HTAIU BHYTPU 110 HOPMATUBY He ONMCHIBAIOTCS, II0y4Yal0T IIOBEPXHOCTh U3 OOHUX OPOBOK U
IIOOOIIB.

3.01 KaTeropuajibHbIH HHIUKATOPHLIA KPHTHHT

HucTpyMeHT KaTeropuajabHbId HHIWKATOPHBIM KPHIHHI CTPOUT KApTy BEPOSTHOCTH IIO
KaTeropraabHOMY IIOMII0: MUHEPAIbHOMY THUITY, JTUTOTHILY, TI000OMYy TEKCTOBOMY Kjlaccy. B oTnuuune
OT OOBIYHOTO KPUTHHIA, KOTOPHIM HMHTEPIIONMPYET BEJIMYUHY, 30EeCh OLIEHWBAETCS, HACKOIBKO
BEPOSATEH KaX[bIM KJIacC B KaX[OM TOYKe IJIolIaAu. DTO HYKHO TaM, Toe BaXXHa He BeJIMYMHA, a
MIPUHAJIEKHOCTh K TUNY: TOEe OXUIATh 3aMellleHle, TIe CMEeHsIeTCS COCTaB MJjlacTa, I'Ie IPOXOOUuT
TpaHulla MeXIy Pa3HOCTSIMHU.

I[TapameTpsr:

[TapameTtp

YTo 3amaéT

ITo ymMom4aHuio / COBET

TouyeuHBIN CJIOU
KaTteropuanbHoe mnoie (Kjacc)

Pagmyc moucka, MyuH./Makc.
TO4YEeK, pasMep SYerKu, oXBaT
Iomns caMmopomKa

BeposiTHOCTH 110 Kj1accaM
(MHOT'OIIOJIOCHBIH)

Kapra 30H (caMbIli BEPOSITHBIN
KJIacc)
YBepeHHOCTh (MakKc.

BEPOSITHOCTB)

YpOBHI/I BEPOATHOCTHU

HcxomHble TOYKH.

ITone knacca (MUHTHI,
nutotui). [Iycteie u NULL He
UOyT.

[Touck u ceTKa - KaK B «2D
Kriging».

Honst camoponKa B
mogoOpaHHOI BapuorpaMMe,
ot 0 oo 1. ITycTo - KaK
momoOpasock.

PacTp: ogHa momoca Ha Kiacc,
UMs Kjlacca B OIHMCaHUU
IIOJIOCHI.

PacTtp xopma camoro
BEPOSITHOTO KJIacca,
COOTBETCTBUE KOMIOB B
XKypnar.

PacTp makcumyma
BEPOSITHOCTH: TIe Kjlacc
VBEPEHHEIN, TOEe CIIOPHEBIN.
YpoBHU OJ1s1 BEKTOPHBIX
rpanutl, goau ot 0 mo 1.
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Krnacc gnss KOoHTypoB HWms Kyacca pOBHO Kak B I1I0JIe  IIYCTO
KJaccos. IIycTo = Bce KJIacCHI.
Bukybuyeckoe crinaxxuBaHUE CrymeHue rpufa nepeq X2
rpaHull (mo.) KOHTYPUHIOM, Kak B 1.04.
Cxpyrnenue rpanuil (Chaikin), JlomomHUTENIbHOE TETKOE 2
uTepaumu (gor.) CKpyTJIeHUe.
['parHuLIEl ypOBHEN JIuHMY ypOBHEHU C KJIAaCCOM U Heo0s13aTeTbHBIN
BEPOSITHOCTHU (JTMHUH) YPOBHEM.
[Tomock BEPOSATHOCTHU [Tomock MeXkAy YPOBHSAMU C Heo0Os3aTeTbHBIN

(TIOJTUTOHEI)

TOTOBOU pacKpacKOI.

Kak cuuraercs

KomuposaTh Kiaccel uucnaMu 1, 2, 3 ¥ HUHTEPIOJIUPOBATh 3TOT KOI HeIb3d. Y KaTeropuii HeT
IopsigKa, Kjlacc 3 He «paiblle» Kjlacca 1, U cpefHee MeXny HuMU OeccMbIcieHHO. IloaTomy
WHCTPYMEHT UAET UHOUMKATOPHHIM nyTéM. Ha KaXXAbI KjacC CTPOUTCS UMHOMKATOD: eIUHUIA
TaM, T'Ie CKBaxKWHa 3TOT0 KJjacca, HOJNb Be3lde UHave. KaXAbli MHONKATOP KPUTYETCS OTHEJIBHO
OpPOVHAPHBIM KPUTHMHIOM, KaK OOBIYHOE II0Jie, M HAET IIOBEPXHOCTh OT HYIS A0 €OWHUIE, 3TO U
eCTh BEPOSITHOCTH KJlacca. BapmorpaMmma uHOmKaTopa nog0rupaeTcss aBTOMaTHdeCcKu chepudecKom
MOIEJIBIO TI0 9KCIIEePUMEHTaIbHOM.

MHJJ,MKaTOprII}"I KPUTMHI BEPOATHOCTb 30HbI 3aMeLlleHNA

- 0.8

o
[s)]
P(zameLlueHne)

o
~

0.2

0.0

O CUNbBUHUT (0)
@ 3amelleHue (1)

Puc. 21: MHOUKaTOPHLIM KPUTUHT Ha CUHTETHKE: CKBAaXKMHEI C KaTeropuen (KpacHble - 3aMellleHIe,
Oerble - CUIBBUHUT) IIPEBPAIIAIOTCSA B KapTy BEPOSTHOCTHU Kiacca. [loporom 0.5 u3 Heé pexeTrcs
KOHTYP JOMEHa.

PasgenbHEBIE WHAOWKATOPEI B CYMMe He Jal0T POBHO €EOJUHUITY 1 MOTYT HEMHOT' O BEIXOOUTH 3a JXAIla30H,
9TO M3BECTHOE CBOMCTBO MeTOda. HOSTOMY OIl€HKa KazXKIOoro Kiacca o6pe3aeTCﬂ B HOJIb OOWH, a
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3aTeéM BE€POSATHOCTH II0 KJIaCCaM HOPMHUPYIOTCA Tak, 4yTOOLI B KaXOou A4enKe UxX CyMMa PAaBHAJIAChb
€InHHUIIE.

Korgma ckBakMHa He MmoIiajia B CBOIO 30HY

O6bpIyHas x)ajmoba: CKBaXXKMHA OIIACHOTO KJlacCa HApHCOBAjlaCh BHE OMACHOM 30HEL. JTO He COO
nmogbopa, a CBOMCTBO CaMOpOAKa, M Pa3obpaThCsAs B HEM CTOUT [0 TOr0, KaK KPYTUTh OCTAJIbHBIE
ImapaMeTpEHL.

PoOBHO B TOYKe 3aMepa KPUTHHT TOUEH IIpHU II060M CaMOPOMKe: OlleHKA B Y3JIe, KOTOPHIH JIET Ha YCThE,
paBHa caMoMy MHOUKATOPY. Ho y3es ceTKM MOYTH HUKOT[A He CAguTCs Ha yCThe. [Ipu HeHyIeBOM
caMoOpoaKe IMMOBEPXHOCTb OKOJIO TOYKK TEPIUT Pa3phiB, U yKe B HECKOILKUX MEeTPaX OT CKBaXKUHEI
OIleHKa MTPOBAJINBAETCS K MECTHOMY cpenHeMy. Ha cuHTeTHYecKoM mpuMepe ¢ camopongkoMm 0.5 B
IISITH MeTPax OT OOMHOYHOM CKBAXKMHEI Kjlacca «B» BepoATHOCTE mafaeT go 0.47, To eCTh IO IOPOT
0.5, a mpu o6HYJIEHHOM caMopoake ocTaétcst 0.97.

Ortcroma mapametp [ost caMmopoaka. [TycToe moje ocTaBisieT aBTonoa6op Kak ects. Homb menaeT
IMOBEPXHOCTD TJIQAKOM y HAHHHIX, M CKBaXkKMHA yIOEPKUBAET CBOM KjlacC B CBOeM sdeirike. OOias
OUCTIePCUS TPU TIEPEeHOCE MOJIM COXPaHSEeTCs, MEHSIEeTCS TOJIBKO TJIaJKOCTh, II03TOMY MaciiTtab
BEPOsITHOCTEN He MiBBET. [logoOpaHHBIE OONM IO KjaccaM mneudaTraioTcs B 2KypHal, TakK 4TO
CHaudajyla MMeeT CMEICJI IIPOCTO IMOCMOTPETh Ha HUX: OOJBIION CaMOpPOOOK O3HA4aeT, YTO KJIACChI
IepeMenialbl Ha KOPOTKUX PACCTOSTHUAX, U 9TO CoflepKaTeNIbHEIN (aKT 0 JaHHLIX, a He IIoMeXa.

OOHYNIATH CAaMOPOJOK HYXKHO C OTKPBITEHIMU Tna3amu. OH He BRIAyMKa mombopa: OH HM3MepseT,
HACKOJIBKO COCeOHMEe CKBaKUHBI PACXOHOATCA B Kiacce. Honb 03Ha4YaeT pellleHue CUUTaTh KaKObIi
3aMep TOYHHIM U 00g3aTelIbHBIM K UMCHOJIHEHMIO. [IJiT KapT OMAacHOCTH 3TO YaCTO IPaBUIIBHO,
IIOTOMY YTO IleHa IIPOIlyCKa M IleHa JIOXKHOW TPEeBOTM HEeCHMMETPUYHB], HO KapTa IIOCJIe 3TOTO
CTaHOBUTCS XKECTUE U MATHUCTEE.

BTopoe, oT 4yero 3aBUCHUT IOollafjaHue, - s4yerika. OleHKa CUNTAETCS B IIEHTpPe S4YeUKH, U eClid B
OOHY SYEWKY IIoTajii CKBa’*KMHBI Pa3HBIX KJIaCCOB, HUKAKOM CaMOPOAOK WX He pPa3BeHeT. A4delky
3aJaBalTe MeJjibue PaCCTOSTHUS MeXKOY COCeOHUMM CKBaXXMHaMU. TpeThe - rpaHulla IIOJIUTOHA:
IOJIOCEL BEPOSAATHOCTH CTPOATCSA M3 pacTpa CO CrilaXkKuBaHUEM U CKpyriieHueM, oba HEMHOTO
OBUTAIOT JIMHUIO YPOBHS OTHOCUTENbHO SdYeeK. Ecmu Todka BHIIJIA 3a I[0OJIOCY Ha BOJIOCOK,
IIPOBepbTE CHadasa 3T0, CHAB 00a CriuakKUBaHUS.

Y10 Ha BBIXOIe

Tpu pesynbraTa. MHOTOIIOJIOCHBIM PAacTp BEPOSTHOCTEHM, OOHA IOJioca Ha KJjacc, MMs KJlacca
3aIKuCcaHo B OIMCaHue IoJIockl. KapTa 30H, KO caMOr'o BEPOSITHOT'O Kjlacca B T4eliKe, COOTBETCTBUE
KOOOB U KjlaccoB medartaetrcssi B JKypHan. Heo0s3aTenbHBIM pPacTp YBEPEHHOCTH, MaKCUMyM
BEPOSITHOCTH B STYEMKE, TI0 HEMY BUOHO, TAE KJIACC YBEPEHHBIM, a TOe 30HHI CIOPSAT U MPOXOOUT
TpaHuIa.

Emé ogHO MOCTOMHCTBO 0OHAPYKMBAETCSA Ha JMaHHBIX C BEIOpocaMu. OOBYHBIN KPUTHUHT BEIHYXKOEH
WHTEPIIONUPOBATL BEIUYMHY, U OOHA aHOMajbHas Ipoba JIoMaeT BapuorpaMMy: Ilapa OJIM3KUX
TOYEK C HECOIIOCTAaBUMBIMM 3HAYEHHSMM IIOJHHUMAET HArTeT, ¥ KapTa BBIPOXKOAETCS B CpemHee.
HupukaTtop paboTaeT He C BENMHYHUHONW, a C (QaKTOM IIPHUHAOIE!KHOCTH K KJIACCy, MO3TOMY
aHOMaJIbHOE 3HaYeHNe B HEM HEOTJIMYUMO OT JII000T0 APYyTroro mo Ty XKe CTOPOHY mmopora. TaMm, rae
IMoKa3aTenb BemET cebst IUKO, a BOIIPOC 0 CYTH OBOUYHBIN, MHANKATOPHLIHN ITYTh Haf€KHee MIPSIMOM
UHTEPIIOIAIIUN.

KaTeropuanbHbIl moaxon ymoOeH TeM, 4To He TpeOyeT 3apaHee TMPOBOOUTH rpaHully. He HyKHO
peuiaTh, CUMTATh JIM YaCTUYHOE 3aMelleHue omnacHeIM. KapTupyioTcs Bce THIBEL KaK €CTh, a
HYXKHYI0 KOMOMHANMI0 KJIacCOB COOHMPAIOT IIOTOM K3 BEPOSATHOCTEN. Pemkume KjacCel C MaibIM
YHCJIOM CKBaXKWH [Al0T UIyMHYIO BapHorpaMMy, HMHCTPYMEHT IpenynpexnaeT o6 sToM B 2KypHari,
BEPOSITHOCTH 10 TAKOMY KJIaCCy YUTAHUTE OCTOPOXKHO.

Y10oOBI OCBOUTH MHCTPYMEHT 0e3 peasibHBIX MaHHBIX, BKIOYNTEe B Co3maTh IpHMEpP CKBaXKHH
(memo) ranky [HodaBHTHh KaTeropHa/JlbHOE IMOjie MHHTHIA. B croif mo6aBuTCs moiie mintype
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Puc. 22: Pe3ynbpTaT KaTerOpUaabHOTO MHANKATOPHOTO KPUTHHTA: KapTa CaMOTr0 BEPOSITHOTO Kjlacca
10 MHUHEPanbHOMY TuIy, (OH CHIBBHHHUTA C OYaraMu 3aMEIIeHUs], CBEPXYy HAHECEHBI TOYKH
CKBAXXUH.

¢ (GOHOM CHMILBHHMTA M OYaraMu 3aMelleHHs Mo o0pasIy pPyOHHKa, Ha HEM HHCTPYMEHT MOXKHO
Cpa3y IIPOTHATE.

ITpu HepaBHOMEPHOM CETH MOXKHO 3afilaTh He0o0si3aTeJIbHOE T10Jie BecoB wt U3 mHCTpyMeHTa 1.01
Oexknacrepu3anusi. Torga MHAUKATOP KaXMOOro Kiacca KPUTyeTCs K ero [eKjlacTepu30BaHHOU
IooJie, a He K HYJIIO, II03TOMY BIaJi OT HaHHBIX BEPOSATHOCTH CTPEMUTCS K IIPEeNCTaBUTEIbHOM [oJie
KJtacca. be3 BecoB moBefeHMe IpexkHee.

BEKTOpHLIe I'PAaHHIBI II0 BEPOATHOCTAM

Kapra 30H oTBe4aeT Ha BOIIPOC «KTO IM0OeAusI B Tuelike», ¥ 9TOT0 YacTO Maslo. [IJisl mjaHupoOBaHus
Hy2KHee I10JI0ca Iepexoa: Iae KIacC YBEPEHHEIH, Toe CIOPHLIM, TOe YBEPEHHO OPYroi. ITO maioT
oBa He00A3aTeIbHBIX BEKTOPHBIX BEIXOAA, II0 YMOITYaHUIO BEHIKITIOYEHHBIX.

YpoBHU 3apai0TCca napaMeTpoM, 1o ymondanuio 0.25, 0.5 u 0.75, To eCTh UeTHIpE IIOJI0CH: YBEPEHHO
HeT, IBe CIIOPHEIE U YBEPEHHO [a. JInaun HeCyT KJIaCC U YPDOBEHB. TTonuroHsl HeCyT KJIaCC, 'PaHUIIEL
niosiockl B nonsix P_MIN u P_MAX u roToBy0 HOAIKCH II0JIOCH B 1Tosie band Buma «0.25 - 0.5». ITo
9TOU MOAIMCHU CJIOU Cpa3y pacKpalluBaeTcs KaTeropusaMU OT 3eJIEHOT0 K KpaCHOMY, HacTpauBaTh
JIeTeHIYy pPyKaMM He HyXKHO.

OpHa 1oJIoca MOXKET IIpHexaTh HEeCKOJBKMMH OObeKTaMH, €C/Ii OHa pa30uTa Ha OTHOesIbHBIe
Y4aCTKH MJIOMIaAH. DTO HOPMaJIbHO 1 YOIOOHO: IIJIOIIAON CUUTAIOTCS 10 KaXXI0OMYy yY4aCTKY OTHEILHO.
B nerenme mpu 3TOM POBHO CTOJIBKO CTPOK, CKOJIBKO IIOJIOC, IIOTOMY UTO pacKpacka MOET II0 II0JIOCe,
a He M0 OOHOI eé rpaHuIle.

I'paHUIIEI CTPOSATCA 10 KaHAJLy BEPOSTHOCTEN, a HE 10 KapTe 30H, ¥ 9TO He MeJIoyb. KapTa 30H XpaHUT
TOJILKO ITOOeuTENs B A4UElKe, a rie UMEeHHO BHYTPU STYEUKH ITPOIIJia FPaHuIla, B HEH yXKe ITOTEePSHO,
U KOHTYD TaKOU KapThI I/IJIéT CTyIIEHsAMHU I10 KpPasiM sA4YeeK. CriaxuBaThb TAaKYI JIECEHKY 3HA4UuT
BLIOYMBIBATH IIOJIOKEHUE T'paHUllbl. [1oyie BeposTHOCTEM 3Ty MHGOPMAIMIO OePKUT, U KOHTYpP I10
HeMYy JIOKHUTCS TyHa, KyJa ero CTaBUT caMa MOJEb.

ITpu OByx Kiaccax ypoBeHb 0.5 COBIIafaeT Cc rpaHUIlel 30H: Kiacc mobexkgaeT POBHO TaM, Te ero
BEPOSITHOCTH BHIIIIE TTOJIOBUHEL. [109TOMY OfivH ypoBeHD 0.5 maéT 06bIyHyI0 OMHAPHYIO KapTy, TOIBKO
C TJaJKOM TpaHulledl BMecTo cTynmeH4YaTol. IIpu Tpéx m Gojee Kjlaccax 3TO yXKe pa3Hble BelllH,
nobenuTs MOXHO U ¢ 0.4, M 37eCh CTPOUTCS UMEHHO BEPOSTHOCTL OBITH HAHHBIM KJIAaCCOM, a He
rpaHuIa mobemuTeNs.

ITpu OByX Kiaccax BouckiBarTe B Kjmacc oyisi KOHTYPOB HHTEPECYIONUH. BEpOATHOCTH [OTIOTHSIOT
OPYT Apyra [0 eqUHWUIIH, ¥ BTOPOM Habop OymeT 3epKajibHEIM Ay6JieM IIepPBOro.
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3.02 Kpurusar ¢ BHeurtHuM aperdom (External Drift)

HUuactpymeHT Kpurunr ¢ BHemiHuM apeidom (External Drift) orenuBaeT mose Mo TOUYKaM,
KOT7la OHO 3aKOHOMEPHO CBSI3aHO C BEJIWYMHOU, KOTOpas yzKe H3BeCTHa BCIOAYy B BUME pacTpa.
Takoit pacTp Ha3wBaloT ApetidoM. MM MoxXKeT OLITh CTPYKTYPHAs IOBEPXHOCThH COCEOHEro IJiacTa,
rpybass pervoHasibHas MoOAesb, IIOBEPXHOCTb II0 PENKOM CeTKe WIU CeUCMHUYeCKuil aTpubyT.
OOBIYHEIM KPUTHHT BUOUT TOJIBKO CAMM CKBA’KMHEI, a 30eCh K HUM fo0aBisieTcss 3HaHWE O ¢hopMme
[IOJII MeXKIy HUMH, U OlleHKa ONUpaeTcsd Ha 3Ty GopMy TaM, I'Ie CKBaXKXUH HeET.

HHCTpYyMEHT CTOUT B rpynne [JonoJIHUTE/IbHbIe HHCTPYMEHThI aHa/Iu3a U OlupaeTcs Ha TO XKe
sanpo, uto u 2D Kriging. MaTtemMaTuka KpUTMHTa He MeHsAeTCI. MeHsSeTCs TOJbKO TO, II0 YeMY

CHHMAETCsd peruoHaJIbHad COCTaBIIAIOIIAA.

I[TapameTpsr:

[TapameTtp

YTo 3amaéT

ITo ymMom4aHuio / COBET

TouyeuHBIN CIJIOU
ITosne 3HaueHusd (Z)
PacTp BHemIHero npeida

Kanan pactpa gpetida (o)
Crenens gpetida

Tun KpUTruHTra, paguyc,
MUH./MaKC., HaITeT, CTPYKTYPHI
Crnaputs rpup (I'aycc),
papuyc CcriakuBaHUSI

PacTp kpurunra c gpeidom

CTaHOmapTHas oImMOKa
KPUTHUHTA

HcxomHble TOYKH.
HHTEeprnonupyeMsidi aTpuoyT.
CTOPOHHSS ITIOBEPXHOCTE S,
U3BeCTHas Bcloay. B ogHou
CRS c Toukamu, DOKPHBaET
006J1aCTh.

[Tomoca MEOTONIOJIOCHOTO
pacTpa gpetida.

Jlunevinas (a0+al-s) unu
KBaJpaTU4Has CBS3b.
Kpurusr octaTkoB - Kak B «2D
Kriging».

Heob6s3aTensHoe
CriiakKvBaHUeEe pe3yJibTaTa.
BrixopmHas oreHka (mpeud +
KPUTHUHT OCTAaTKOB).
Heo06s13aTenbHBIN pacTp
CTAaHOAPTHOU OIUOKH

1 (JTMHEeMHBbIHN)
Kak y «2D Kriging»

BBIKJI. / 1

IIPOIIyIleH

OCTaTKOB.

B uéM oT/IHYHe OT CHSITHSI TPEeHIa

®naxok CHATH IOTHHOMHAIbHBIN TPpeH y 2D Kriging onuceiBaeT pernoHanbHY0 COCTaBIISIOIIYIO
IIOJINHOMOM OT KOOPOMHAT, TO €CTh HaKJIOHHOW WJIU U30THYTOM IIJIOCKOCTBIO. DTO TOOUTCS, KOr'ma
nnajeHue IjlacTa OOHOPOOHO U ero ¢bopMa npocrta. Ho ecnu y mojnsa ecTh BEIpaXkeHHast CTPYKTYpa,
IIOBTOPSIOIIAsA U3BECTHYIO IIOBEPXHOCTD, IITIOCKOCTE €€ He OIUIIET.

BuemHuil npetid cHUMaeT PeruoHaIbHYI0 COCTABISIONIYIO He II0 KOOpOWHATaM, a 10 CTOPOHHEMY
pactpy. Ecnu, HanpuMep, KpOBIsi MHTEPECYIOUIETO IIJIacTa IOBTOPSET penbed IOACTHUIIAIOIIETO,
OJ11 KOTOPOTI'O IIOBEPXHOCTE y2Ke IOCTPOEHA, 3Ty CBA3b CHUMAIOT perpeccruel Ha MOACTUIAOIIYIO
IIOBEPXHOCTh, a KPUTYIOT yKe OTKJIOHeHUs oT Heé. [Ipeiid 3mech He GyHKUIMS MecTa Ha KapTe, a
byHKIINSA 3HaUYeHUS BHEIIHETO pacTpa B TOW Ke TO4YKe. BCcé ocTanmbHOE COBIAfaeT CO CHATHEM
MMOJIMHOMHUAIBHOTO TPeHAa. ITO Ta JKe CxeMa perpecCHUs-KPUTHUHT.

Kak cuuraercs

Cuaugana pacTp Opeida CUUTHIBAETCS B KaX[OOW CKBaXKMHE, OMIMHEWHO II0 YETHIPEM COCEOHUM
d4yedKaM. 3aTeM 3Ha4deHUHe IIONI perpeccHpyeTcsa Ha 3TO CUYWTAHHOE 3HadeHHEe MeTONOM
HaWMEHBITUX KBaAapaToB. CTrenensb apeuda 3amaét Bup cBsizu. CTemeHs 1 9TO NUHEHHBIH aApeid
BupOa 3HaveHwe paBHO al mimioc al Ha mpelid, oOvpruHBIM BhIOOP mmst External Drift. Cremenp 2
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OIMCHIBAET M30THYTYIO CBSI3b C KBAApaToM apelda, HO MoxkeT BOOpaTh B cebsi 4acTh peaybHOU
CTPYKTYPHI, IO3TOMY IIOCJIe HEE€ CTOUT IIOCMOTPETH HA BApUOIPaMMy OCTATKOB.

Ilanpile KPUTYIOTCS OCTATKM PErpeccuy, POBHO Kak oOwrrgHOe mojsie B 2D Kriging, co cBoeit
BapHoTrpaMMO¥, ITIOMCKOM U aHU30Tpomnueil. Ha mocienHeM miare pactp aperda nepecuyuThBaeTCs
Ha CETKy KPUTHWHTA, U apeid mobaBisieTcss K KpUTOBAHHOMN OIIEHKE OCTATKOB ob6paTHO. UTorOBas
OlleHKa B KaXK[oN s4elKe paBHa IOpeldy IJIOC KPUTHMHT ocTaTKa. [I0CKONBKY Apelid H3BeCTEH
BCIOZly, OIleHKa MeX[y CKBaXXMHaMM TSHETCS He K JIOKaJlbHOMY cpefHeMy, a K dopMe BHEIIHEU
TIOBEPXHOCTH.

_ B pazpeiBe NaHHbX 0BbMHBIA KPUTHHT CTNAMABARTCA K CREOHEMY, _
BHELIHAR NoBEpXHOCTL (Apeind) s a nphrnn&.ﬂpﬁﬂhﬂ‘lﬂﬁpﬂfﬂly sHewei nosepxiocty. KPUMMHE C BHEWHWM Apeddiom no dz

=120
=140
—160
=180
=200
—220

=240

Puc. 23: KpuruHr ¢ BHEIIHHM [apeidoM Ha pa3pexkeHHBIX CKBaXHHax (pacuét sapom Isoliner).
CrneBa - BHEIIHSISI ITIOBEPXHOCTSD S (mpelid). B 1ieHTpe 0OBIYHEIM KPUTHUHT 0 dZ: B pa3phIBe MTaHHBEIX
OlleHKa CTJIaXkKUBaeTCs K cpegHeMy. CipaBa KPUTHHT C BHEITHUM ApedoM 1o dz moBTopsieT ¢hopMy
BHEIITHel ITOBEPXHOCTH TaM, I'le CKBaXXWH HeT. [[yHKTUPOM 00BEeIEH pa3pPHB HaHHEIX.

CkBaXKHUHBI, KOTOPEIE IIOMIAIX 3a IIpedekl pacTpa apeiida, B moadop He UAyT, HHCTPYMEHT Coo0IaeT

B XKypHan, CKombKo mx OTOpomeHo. dYeldKu CEeTKM, He HMOKPHITEIE PAacTPOM apelda, AOCTPOUTH
HeYeM, II09TOMY OHHM OCTAIOTCS MyCTEIMU BMECTE CO CTaHOAPTHOM OIMMUOKOM B HUX.

ATpHuOYTHI CT€HEepPHMPOBAaHHOT O CJI05

[Tomne Tun YTo comepKuUTt

well TEeKCT HWMst CKBaXKHHHI.

roof 4HUCIIO OTMeTKa KpPOB/IHU, M.

thick YHUCIIO MoIIHOCTS IiacTa, M.

X YHUCIIO0 CopepzkaHue IIOIEe3HOTO
KOMIIOHEHTA, ITPOIIEHTHI.

head YUCIIO Hamop (rugporeonorudecKuii
BapHaHT JaHHBIX), M.

K 4HUCIIO Koapdunuent punprpaimu,
M/CyT.

T YUCJI0 BopgonpoBoguMoCTh, M2/CyT.

mintype TEeKCT MuHepanbHBIN TUII (KIacC O
WHOWKATOPHOTO KPUTHUHTA).

dz YHUCIIO [TorpemHoCTh OTMETKH - [IJIS
B3BEIIIMBAHUSA U
9KCIIEPUMEHTOB.

Ha6op mosed 3akphlBaeT BCe MHCTPYMEHTHI MjlaruHa: uHTeprnonupyhte roof m thick oObIYHBEIM
KpuruHroMm, X - C TpeHOoM, mintype - wuHOuKaTopHHIM, head/K/T - rumgporeosorudyecKuMu
UHCTPYMEHTaMHU.
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IIapameTpsl

ToueuHBIH CJIOH U MMoJIe 3HaYeHus Z 3agaiorcs Kak B 2D Kriging. [TapameTp PacTp BHEHIHEro
ape#da 3TO U eCTh CTOPOHHSS TOBEPXHOCTD, U3BECTHAs BCiony. Heo6s13aTeIbHEIM KaHAI pacTpa
ape#da BEIOHPAET MIOJIOCY MHOTOIIOJIOCHOTO pacTpa. ITouck, pa3mMep sUedKH, 0XBaT, oOpe3Ka II0o
KOHTYPY CKBAaXXWH, HaITeT U CTPYKTYPhl BapUOTrPaMMEI, OTCEB yparaHHBIX NPOO M CriIakKUBaHUE
rpupma paboTaloT U OIMHUCaHH Tak ke, Kak y 2D Kriging, ¢ TeMu ke yMonT4aHUSIMMU.

BaxxHoe ycnoBue. PacTp mperida M TOUEUHHIH CJIOM OOJI2KHBI OLITH B OJHOM CHCTEMe KOOpPOUHAT,
VHaye 3HaueHMe [Opelda cHUMeTCsS He B TOU Toudke. [Ipu HecoBmameHuum CRS MHCTPpyMeHT
npenynpexmngaer B ZKypHai. PacTp mperida mOKeH HMOKPHIBATh BCIO 00/1aCTh OIIEHKM, MHAYEe II0
KpasiM IIOABATCS IIyCTEIE AYEUKH.

BapuorpaMma 1o ocrarkaM

Kak u mipu CHSITUHM TpPeH[a, BapuorpaMMy 3[eCh 3aHaloT II0 OCTaTKaM PETPECcCHH, a He II0 CEIPOMY
3HaueHwuIo. [Tocne cHATUS mOpelda BapuorpaMMa OCTAaTKOB BO3BpAIaeTCsA K HOPMAJIBHOMY BHIY,
BBIXOOUT Ha MOPOT C HAIrTETOM, ¥ PaguyC OTpaxXkaeT UCTUHHEBIM MacumTad JIOKaJIbHONM KOPPEJSLnu.
Pactp cTaHgapTHOM OMMOKU B 3TOM PeXXUMe 3TO olnmbKa KPUTUHTa OCTaTKoB. [Ipelid cuurtaercs
OeTePpMUHUPOBAHHLIM M COOCTBEHHOM ITOTPEIITHOCTH K Hell He moOaBseT.

YnoO6HEI cioco® mogo6paThk BapuorpaMMy OCTATKOB, He BEIXOHS W3 WHCTPYMEHTa BapHOTrPaMMEL,
[I0OKa He NPenyCMOTpPeH, IIO3TOMY OCTATKM OIIeHUWBAIOT IIO0 HOJIe CHATOM [AUCIEPCUH, KOTOPYIO
WHCTPYMEHT nevaTaeT B 2Kypuan. Eciu npeiid yOpan 3aMeTHYI0 4acTh pa30poca, CBsI3b C BHEIITHEH
TIOBEPXHOCTHLIO peasibHa U apelid ymecTeH. Ecimu nmoutu HU4Yero He yOparl, Iojie C 3TUM PacTpoM He
cBsizaHo, u oOrruHbIN 2D Kriging macT ToT ke pe3ynbTaT mpoie.

3.03 Kapra BEepOsITHOCTH IIPEBBINICHUS

HNucTpyMeHT KapTa BepOsSAITHOCTH MPEBLINIEHHUsI 0TBEYaeT Ha BOIIPOC HE «CKOJIBKO», a «KaKoBa
BEPOSITHOCTh, YTO 3HAYEHWE TIPEBBICUT TOpPOr». M3 pacTpa OIeHKM KpPUTHWHTA ¥ pacTpa ero
CTAHOAPTHOU OIMIMOKM OH CTPOUT PacTp BeposATHOCTH OoT 0 mo 1: B KaXOou siuelike BEPOSATHOCTH
TOTO, YTO UCTUHHOE 3HAYEHUE BHIIIE 3aJJaHHOI'0 IT0PoTa.

UrcTpyMeHT cTOUT B Ipyunne [IOIOJIHUTEIbLHBIE HMHCTPYMEHTHI aHaau3a U paboTaeT Kak
nmoctobpaboTka, mOHOOHO THUAPABINYECKOMY rpanueHTy. CBOEro KpUTMHTa OH HE BHIIIOJHSAET U
okHo 2D Kriging He Tporaet, a 6epéT yKe roToBbe pacTphl. I[109TOMy OH OOQUHAKOBO paboTaeT C
BBEIXOIOM OOBIYHOTO KPUTHHTA U KPUTHHTA C BHEIITHUM ApeidoM.

Kak cuuraercst

KpuruHr maéT B KaXOOU siueiiKe OLEeHKY U €€ CTaHOapTHYIO omubKy. Eciu mpuHSTL JIOKAJIbHOE
pacmupepnesienre 3HaAaUYeHUS HOPMalbHBIM, TO €CTb BEJIMUYUHY B sSTUeMKe CUMTATh HOPMAJIbHOM CO
CpeOHUM PaBHEIM OIleHKEe M CTaHOapPTHHIM OTKJIOHEHHEM PaBHHIM OLINOKEe KPUTHHTA, BEPOSITHOCTh
ITPEBHIIIEHHSI IIOPOTa CUUTAETCS OOHOM (opMyon depe3 PYyHKIIMIO HOPMaJIbHOTO paclpenesieHus.
I'me olleHKa 3aMETHO BEHIIIE ITIOPOTa, BEPOSATHOCTb OIM3Ka K eOUHUIIE, TOe HUXKe, OJIM3Ka K HYIIIO,
a Ha caMOM IIOpore paBHa IojloBUHE. Yem OoJibllle CTaHOapTHas oluOKa, TeM 6ojiee IJIaBHBIM
CTAHOBUTCS IIEPEXO: BOAIM OT CKBaXXMH YBEPEHHOCTHU MEHBIIIE, ¥ BEPOSITHOCTh TaHeTcs K 0.5.

OTmenbHOTO KPUTHHTA OJIS 3TOT0 He HY2KHO, IT03TOMY KapTa CTPOUTCS MTHOBEHHO. [JomyllleHue o
HOPMAaJIbHOCTH MeCTaMi rpyboBaTo, 0OCOOEHHO AJIsT CUIILHO CKOIIEHHBIX ITOJIeH BPOOE COmepKaHUM
C IIMHHLIM IIPaBBEIM XBOCTOM. TaM, T'Ie 3TO BaXKHO, TOYHee padoTaeT MHOWKATOPHBIM KPUTHHT I10
TmoporaM, KOTOPHIM He omupaeTcs Ha GopMy pacupeneeHus.
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OuUeHKa KpUruHra (Nnopor KoHanuum 26)

P{3HavyeHune > 26)

10

0.8

r 0.6

r 0.4

0.0

Puc. 24: CmneBa oOLeHKa KpUTMHTa C IIOPOTrOM KOHAOMWIIMK, CIIpaBa KapTa BEPOSATHOCTH €ro
PEBHINIEHUsSI. 3e/éHoe - OepéM yBEPEHHO, KpacHOe - yBEpPeHHO He O0epéM, 3a TrpaHuleH
pa3bypeHHOCTH KapTa cxoguTcs K 0.5.

Kak IIOJIYIHUTHB BXOObI

3anyctute 2D Kriging (v KpUruHr ¢ BHEUIHHM apeH@oM) 10 CBOEMY IIOJII0 U BKIIIOYUTE
HeoOsi3aTenbHLIM BEIBOL CTaHmapTHasi omImOKa KpuruHra. ITony4duTe OBa pacTpa, OIEHKY U
omnOKy, U ITofaiiTe UX ciofa. PeMIETKY y HUX COBIIQAlOT, TaK KaK OHU M3 OJHOTO 3allyCcKa, HO eClIu
mogaTh PacTPHl C Pa3HOM CeTKOM, omnbKa OyaeT IprUBefeHa K CeTKe OIleHKM OUJIMHENHO.

ITapamMmeTpsbI

ITapameTp Yro 3amaér ITo ymon4aHuIO / COBET

PacTp onieHKH (KPUTHUHT) PacTp oreHKu mons -
(pe3ynbTaT KpUTUHTA).

Pactp cranmapTHOM OMIMOKM PacTp cTanpgapTHOM omMOKMU -

KPUTHUHTa TOTO K€ 3aIyckKa.

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

IMopor 3HaueHUe, OTHOCUTEILHO 0
KOTOPOT'O CUMTAETCSA
BEPOSTHOCTb.

Kanan pactpa onieHKH, KaHal [Tomockl MHOTOTIOIOCHEBIX 1

pacTtpa ommubku (Io11.) pacTpos.

Pactp BeposatHocTu (0...1) BrixogHOM pacTp BEPOSITHOCTH. -

IIpumMmeHnenue

BopToBBIe comepzKaHWs: MOPOT PaBeH KOHOHWIIMM, W KapTa MMOKa3BIBAae€T BEPOSITHOCTH TOTO, YTO
copepzKaHUe BHIIIE KOHOWUIIMU. DTO HATJIIOHEE OOHOM NUHUHU IO OLIEHKE, IIOTOMY YTO YV T'PDAHUIILI
PYIOHOTO Tejla YBEPEHHOCTD MaflaeT, ¥ KapTa BePOSITHOCTH 9TO TTOKa3kIBaeT. 30HHI PUCKA TI0 JTII000MY
TIOPOTY: MOIITHOCTL HMXKE KPUTUYECKOM, OTMEeTKa BHIIIe HJIM HUXKe OllacHoi. KapTa BepoSTHOCTH
IOOIIOJIHSIEeT KapTy OIIeHKHU TaM, Ifie BaXkKHa He TOJIbKO BeJIMYMHA, HO ¥ YBEPEHHOCTD B HeH.

3.04 TugpaB/JIHYEeCKHH I'PaJHeHT M HalpaBJIeHHe IIOTOKa

HUHCcTpyMeHT I'MapaBInYeCKHH I'PagHEHT U }ﬁi?hpasnenne MmOTOKa paboTaeT C II0JIeM Haropa,
TO €CThb C NhE30METPUYECKON TTOBEPXHOCTHIO, W ITOKA3BIBAET, KyHda ¥ HACKOJIBKO KPYTO TEYET

TAT~AMITAT PATA HAa DVvAT MATAATAT MAcTNA T2 AN AATLTTITA Moy AL TaT O Ky icrinea A VNADITONI D



Puc. 25: KapTa BepOSTHOCTHU IIPEBHIIIIEHUS C PACXOOAIIelcs Kanou u nepeiaomoM Ha 0.5. KpacHoe
- 3HaUYeHHe YBEePEHHO BHIIIE ITOPOra, CHHEee - yBePEeHHO HHUKe, OesIbli MosIcoK mo nuauu P=0.5 - 30Ha
HeoIpenenéHHOCTH (CIOpPHEIE 3HaUeHMs). YeM manbIlie OT CKBAaXKWH, TEM IIIHPE TTOSICOK.
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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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caM ko3dpdummeHT K, KOTOpPHII MHCTPYMEHT He 3allpallliBaeT U He cuuTaeT. MHaue rosops,
KapTa OTBeYaeT Ha BOMNPOC Kyda M HACKOJIBKO KPyTO, HO He Kak OwicTpo. Korma ects K (umm
BOAONIPOBOOMMOCTS T) IO IJIOIIaAX, CKOPOCTE (PUIbTPALIMY ¥ PACX0[ CIUTAEeT COCETHUYN UHCTPYMEHT
«YpenbHBIM pacxof (3akoH [apcu)»: OH JOMHOXKAaeT 3TOT rPagueHT Ha CBOMCTBA MacTa.

HapameTpLI H CI'JIa2KHBaHHE

Bxom 9TO pacTp Hamopa ¥ ero KaHasjl. [lapaMeTp BeKTOpPHI IIOTOKA, IIAr MPOpPeKHBAaHHS
3a7aéT, yepe3 CKOJIbKO TYeeK CTaBUTh CTPEJIKY, YTOOH OHUM He CIIMBAJIUCh, II0 YMOJTYaHUIO BOCEMb.
[TapaMeTp criakKMBaHHE Hamopa mepel pacyéToM yOoupaeT MeJKyio psiOb rpupa, 3afaéTcs B
siyefKax, 110 YMOJTYAHUIO BEIKTIOYEH.

[TapameTp Yro 3amaér ITo ymon4aHuIo / COBET

Pactp Hamopa BxonoHast mnbe3oMeTpuYecKas -
IIOBEPXHOCTE (OOBIYHO
pe3ynbTaT «2D Kriging»).

Kanan (Hor.) [Tomoca BXOOHOTO pacTpa. 1

CrnaxkuBaHUe Hallopa nepern TacuT mym rpupga nepeq 0

pacuéTomM, ss4eek oudbdepeniuporanueM. 0 =
6e3.

BekTopsl mOoTOKA: HIar Yepe3 CKOIBKO AY€EeK CTaBUThL 8§

MIPOpPeXKUBAHUS, TUEEK CTPEJIKY.

l'uppaBnuyecKuy rpagueHT BrrxopmHoi pactp |Vh|. -

(MopyiB)

HampaBneHue moroka (a3uMyT) BrIXxogHOMN pacTp a3uMyTa CO37aéTCs II0 YMOT4YaHHUIO
(BHU3 IO TPAUEHTY).

BekTophl mOTOKa (TOYKHU) ToueuHEBIH CIIOM CTPENOK (TIONsT  CO3[AaéTCsI II0 YMOTYaHUIO
az, grad).

CrimaxuBaHUe BKJIIOYAlOT He [Jisi KPacoThl, a 0 cymecTBy. [uddepeHunpoBaHre yCHUIIMBaeT
IIyM, MMO3TOMY faXe aKKypaTHHIM I'PUA KPUTMHTa CI0CO0EH [OaTh MSTHUCTOE II0Jie TPajueHTa C
OEpraHbBIMU CcTpenKaMmu. JIErKoe cTiakuBaHUWe BO3BpalllaeT KapTUHY K YUTaeMoMy Bupny. Toro xke
addexTa MOKHO mOOUTHLCSA, criiamguB caM Hamnop eie B 2D Kriging.

CTpesiKu U3 TOYeK

C1101f BEKTOPOB 3TO TOYKH, a CTPEJIKKM PUCYeT CUMBOJIMKA. [IpeceT HaK/IaAbIBaeTCSI aBTOMAaTHYECKH.
Mapkep-CTpesika MOBOPAYMBAETCS IO MO0 aZ, MO3TOMY NHOKAa3bIBA€T HAIPaBIEeHWE MOTOKA, a
pa3Mep MacmTabupyeTcs IO Ioimio grad, MO3TOMy CTpenka OIWHHee TaM, I'le TPajueHT Kpyde.
Pa3Mmep 3apaH B MUIJIUMETPaxX M He 3aBUCHUT OT MacinTaba KapTel. CHMBOIIMKY MOXKHO IIOMEHSTh
B CBOMCTBax ciosi. Eciu HyXKHa KlacCudYecKasi KBUBep-THarpaMma, Ie OJIMHa CTPeIKHd OTI0XKeHa
B eOUHUIIAX KapPTH, MapKep 3aMeHSIOT TeHepaTOpoOM IeOMEeTPUH, PEIenT JIeXKUT B IallKe CTUIeH
PSAIOM C TIPECETOM.

ITons cnos BEKTOPOB IIOTOKaA:

ITone Tun YT0 comepxuT

az 4UCII0 A3uMyT HampaBieHUS IOTOKa,
rpamychl (0 = ceBep, 110
9aCOBOM CTPENKe, BHU3 I10
rpagueHTy).

grad YUCII0 Mopnyib TUOPaBINYECKOTO
rpagueHTa \
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VuyeOHBIN HUKIT

YToOBI TPOUTH BeCh NyTh 6€3 peaslbHBIX JaHHHIX, BKII0OYNTEe B Co31aTh NPpUMEP CKBaXKuH (IeMo)
ranky [Ho0aBuTh mosie Hamopa. B crnoit go6aButcs mose head ¢ BhIpa’keHHBIM PETHOHAIIBLHBIM
ykinoHoM. [TocTpotiTe o Hemy rpuf B 2D Kriging, mopatiTe pacTp cioga, U CTPEIKH IIOUOYT BHU3
10 CKJIOHY Hamopa. ToT XKe CKBO3HOU ClleHapui, YTO U OJI OCTAJIbHBEIX MHCTPYMEHTOB, TOJIBKO IIPO
TUOPOTEO0IOTHIO.

3.05 YaensHBbIM pacxon (3akoH [TapcH)

HWHCTPYMEHT YaeabHbIH pacxo 0o0aBiIsieT K TeOMeTPHUHU II0TOKA TPOHUITaeMOCThb. I MIpaBIudeCKUM
TpagueHT IMOKa3kIBaeT, KyJda U HaCKOJILKO KPYTO aZaeT Halop, HO He CKOJIbKO BOAHI TEYET. 3aKOH
,]Z[apcn CBSA3BIBAET 3TU BEJIMYUWHBI 4Yepe3 CBOMCTBA IIJIaCTa: YeM BBIIIE IIPOHULIAEMOCTb U Kpy4e
rpagueHT, TeM 6obile pacxon. M3 pacTpa Hanmopa ¥ PacTPOB CBOMCTB IIJlacTa MHCTPYMEHT CTPOUT
dusnveckut MOTOK, a He 6e3pa3MepPHBIN I'PATUEHT.

HHCTPYMEHT CTOWT B rpynie [OmOJIHHUTE/IbHbBIEe HHCTPYMEHTHI aHa/Iu3a U paboTaeT Kak
moctobpaboTka. CBOM KPUTHUHT HE BHITIOJIHAETCS: PACTPEI CBOMCTB TOTOBAT OTOEILHO KPUTHUHTOM I10
TOYKaM HUCILITAHUH.

Y710 cuuTaeTCst

CxopocTh ¢punbTpanuu (yoeabHBIM pacxoq) 1o 3aKoHy [lapcu paBHa IIPOU3BeAeHNI0 KoadhduimeHTa
unpTpaumu Ha rugpaBIudYeckul rpaguedT: q = K-|Vh|, paaMepHOCTE METP B CYyTKHU. ITO 0OBEM BOMBI
yepe3 eIUHUITY IUIOIIAaN CeYeHUs B equHULY BpemeHu. Eciu BMecTo KoadduinenTa puimbrpaumuu
3a7iaH pacTp BOJOIPOBOOUMOCTY, MHCTPYMEHT CUHUTAET PacXoyl Yyepe3 eIuHUITy IINPUHEI ITOTOKa Q =
T-|Vh|, pa3amMepHOCTS KBafpaTHLIN METP B CYyTKHU. BomonpoBOogmuMOCTE 3TO KO3hGUIINeHT pUIbTpaumy,
YMHOXKEeHHBIN Ha MOIITHOCTD, II09TOMY PacxXoy 4yepe3 HINPUHY y2Ke YUYUThIBaeT MOIITHOCTE I1JlacTa U He
TpebyeT e€ oTmenbHO. HampaBnenue o60uxX MOTOKOB COBIIQlaeT C HAITPABIEeHMEM IrpagueHTa, BHU3
IO CKJIOHY Hamopa.

HcTuHHAs CKOPOCTh OBU2KEHHSI BOIEI IIOJIydYaeTcs OeleHrueM yOoelbHOr0 pacxola Ha 3(pHeKTUBHYIO
MMOPUCTOCTD, V = ¢/n. [IoprCTOCTH B JaHHLIX OOBIYHO HET, IO3TOMY HHCTPYMEHT €€ He 3aIpalinBaeT
¥ MCTUHHYIO CKOPOCTh HE CUHTAEeT: NPH HEeOOXOOWMOCTH Pas3feluTe pacTp (g Ha IMOPUCTOCTb B
PacTpOBOM KallbKyIsSITOpe.

Kak nmojnyuurs pactpel Ku T

CBolicTBa mJjlacTa HM3BECTHBHI B TOYKAX MCIBLITAaHUM (OTKayKW, HaJIMBEI), a HYXHHBI Bciomy. Hx
WHTEPIOIUPYIOT KPUTHUHIOM, KakK jt000e mosie. BaxkHasi TOHKOCTh: KO3GPUITMEHT (UIbTPAIIUN U
BOJIOTIPOBOJIMMOCTbD ITOYTH BCET[ia JIOT-HOPMaJIbHBI, X 3HaYeHMs pa30pocaHkbl Ha MOPSIaKy. Kpuruur
[0 CAaMUM 3HAYEHUSIM MCKA3UT Pe3ysIbTaT, IO03TOMY KPUTYIOT jorapudm. IIpoine BCero BKIIOYUTH
B «2D Kriging» nmpeo6pa3oBatue In: Torga Kpuryercs In, a pacTp Bo3BpalllaeTCs yKe B MCXOTHBIX
eOuHHUIlaX, U 37ech rajika Iln He HyXHa. Ecinu ke BBl KpUTyeTe 3apaHee 3ajiorapu¢MUpoBaHHOE
rnosie, BKiIouuTe B 9ToM HMHCTpyMeHTe PacTpbl K u T 3amaHbl Kak In, u 3HaueHUsS BEPHYTCS
J9KCIIOHUPOBaHHUEM. Hal'[OprIe u 6e3HaHOpHBIe I1JIaCThI pa3yMHee KPpUIroBaThk Pa3O€eJIbHO, Y HuX
pa3Has Gu3nKa MOIITHOCTH.

ITapamMmeTpsbI
[TapameTp Yrto 3amaér ITo ymomyauuto / COBET
Pactp Hamopa [Tre3omMeTpuYecKas -

IIOBEPXHOCTH (pe3ynbTaT
KPUTHHTA 110 YPOBHAM).
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[TapameTp YTo 3amaéT ITo ymonuanuio / COBET

PacTp koadduinenTa CBOHCTBO IIJIacTa O -

dunprpaumuu K (M/cyT) CKOPOCTH (UIbTPAIUH.
Heo6si3aTeneH, HO HyK€eH XOTS
Onl omviH U3 K, T.

Pactp BopmonpoBogumoctu T CBOUCTBO IJIacTa OjId pacxoma -
(m2/cyT) 4yepes IIUPUHY.
PacTpet K u T 3apmaHb! Kak In [TpMeHUTE €Xp K BXOOHBEIM BBHIKJI.
pactpaM (gmng nor-kpuruara K
uT).
CriaxuBaHUe HAIopa, s4eekK lacut mym Hanopa nepeq 0
ouddepeHIpOBaHUEM.
BekTophl MOTOKA: Iar Yepes CKOIBKO AY€EK CTaBUTL 3
IPOpeXMBaHUI CTPETIKY.
Kanansl pactpos ([To1.) ITos10CHI MHOTOIIOJIOCHBIX 1
pactposB Hamnopa, K, T.
CkopocTb QUIbTPAIUU Brrxopuoit pactp q = K-|Vh]|. co3maéTcs, ecnu 3agaH K
(M/cyT)
Pacxopn uyepes mupuny Q BrrxopHoi pactp Q = T-|Vh]|. co3maéTcd, ecnu 3amaH T
(M2/cyT)
HampaBneHue nmotoka (a3uMyT) BEIXOOHOM pacTp a3uMyTa. HeobOs3aTeTbHbBIN
BekTopEsl oTOKA (TOYKHU) Crnot cTpesioK (IIOBOPOT IO @z, CO3HAETCS I10 YMOJIYaHUIO
pa3Mep 0 yOeIbHOMY
pacxony).
IIpuMmeHnenue

I'me Bopa mBUKETCS OBICTPEe U TIe MeOJIeHHee, OlleHKa ITPUTOKOB K BEIPaO0TKaM, 30HHI IIOBLIIIIEHHOM
bunpTpanmu BOOIE MPOHUIIAEMEIX ITaueK. COBMECTHO C KapTON BEPOSITHOCTH HPEBHIIIIEHUST MOXKHO
ITOKa3aTh He TOJIbKO 0XKHUIaeMbIM Pacxofi, HO ¥ YBEPEHHOCTb B HEM TaM, T'fle TOYEeK UCIIBITaHUHM MaJlo.

3.06 T'ayccoBa cumyasaaus (SGS)

KpuruHr maét ogHy CriiazkKeHHYI0 IOBEPXHOCTD U OUCIIePCcHIo olleHKH. [TocmenoBaTenpHas rayccoBa
CUMYJIIIIMSL OTBeYaeT Ha OPYToM BOIPOC - KAaKOBa HeompenmeseHHOCTb. OHa CTPOUT aHCcaMOIIb
PaBHOBEPOATHEBIX peam/I3aU;I/1171: KaXOasd BOCIIPOM3BOOUT THCTOTrPaMMy KW BapUOTPaMMy OAaHHBIX,
MIPOXOOUT Yepe3 CKBaXXKWHBI M TIOTOMY OCTAE€TCS IIEepINaBoi, a He criiaxeHHOU. [lo Habopy
peanu3anui B KaXaoM y3Jjie HabupaeTcs pacnpeneseHue 3HaYeHUM, U OTCIola BUIHO, TIe OlleHKa
HaéXHa, a TOe JaHHble MoJT4yar.

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

Peanuiaumns 1/ Realization 1 Peanuzauwa 3 Peanuzaums 3

Cpeanes [E-type) / mean

CT. oTKnoneHwe [ std

oy

I8

Puc. 27: Aucam6bnb peanu3danuit SGS 1 Ipou3BOAHBEIE OT HETO CPENHEE U HEOIIPEOEIEHHOCTD.

Kak ato paboTaer. 3HaYeHUS MEePEBOASTCS B HOpMajbHBIE Oasibl (normal score), u CUMynSIUs
HUOET B rayCCOBOM IIPOCTPAHCTBE. Y3JIbI Ipuma O0OXOOSTCSA B CIIy4alHOM IIOPSIAKEe, B KaxXKIOOM y3Jie
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IIPOCTOM KPUTHUHT II0 COCEOsIM U yzKe CHMYIHPOBAHHBIM TOYKaM [OaéT JIOKaJIbHOE CpefgHee Hu
OUCIEePCHI0, U3 3TOT0 HOPMAJIPHOTO paclpenesieHus PO3BITPLIBAETCS 3HAUEHHE, KOTOPOEe TYT Ke
CTAHOBUTCS 00yCIaBIUBAIOITUM /IS CJIEOYIOMMX y3710B. CKBaKUHHBI TPUBAILIBAIOTCS K OIHUKAUIITUM
y371aM u GUKCUPYIOTCS BO BCEX peau3aluax. B KoHIle KaxXoasi peaan3alius IePeBOOUTCs 00paTHO
B MCXOOHBIE eIUHHUITLE. BaprorpaMMa HOPMaJIbHBLIX OAJIIOB ITOAO0HUPAaeTCsI aBTOMAaTHUYECKH, €€ IIOpPOoT

OJIM30K K eIUHUIIE.

ITapameTpsI

[TapameTp

YTto 3amaeT

ITo ymonmgaHuio / COBET

Touku (CKBAZKWHEI)
ITonne 3HaueHUusa

TouyeuHBIN CJIONW C HAaHHLIMMU.
YucoBoit aTpubyT s

CUMYJISIITUY.

Pa3mep sueriku Illar rpumga. O - aBTO, 0
min(oxBart)/50.

KonmuuecTBo peanusanui CKOJBKO IIPOTOHOB ycpenHATs. 60 (50-100)

ITopor oTceuku BxkirogaeT KapTy BEPOSATHOCTH  He 3afaH
MTPEBLIIIEHUS.

BeposTtaocTts BBIIIE mopora HamnpaBneHre BEepOSITHOCTH. oa

OxBaT pacTpa [IpssMOyTONBHUK pe3ybTaTa. IO CJIOI0

Mopenbk BapuorpaMMEL 0anmoB  Mojenb O HOPMaIbHEBIX aBTO

(Oom.) OaJLIoB.

Maxkc. Konu4decTBO cocemell Ha  CKOJIBKO TOYEK B IIPOCTOM 16

y3en ([Ho.) KpUTHHTE y3Ja.

Papguyc moucka ([orm.) 0 - aBTO, 3 paguyca 0
BapHOrpaMMBI.

3epno I'CY ([or.) st Bocrpou3BoguMocCTH. 0 - 0
CcIIy4alnHo.

[Tome BecoB mekmacTtepu3anuu  Beca wt u3 unctpymenrta 1.01, Her

(Oom.) Heo0sA3aTesIbHO.

Breixogbl 3TO pacTpel mo aHcambnio. CpenHee (E-type) moxoxke Ha KpuruHr. CrTaHaapTHOe
OTKJIOHEHHUE I10Ka3bIBaeT HEONPeNesIEHHOCTh, Majyl0 y CKBaXXWH U OOJIBIIYI0O BOANIM OT HUX.
Kautunu P10, P50, P90 ouepunBaioT BEPOSITHREIM AHAlla30H, a BEpOsATHOCTH NMPEBBINIEHUSI IIPHU
3alaHHOM IIOpOTe JaéT HellapaMeTPUYeCKylo aJlbTePHATUBY KapTe M3 UHCTPYMEHTa BEPOSTHOCTH.
BpeMst pacTET ¢ pa3MepoM Tpufa U YUCJIOM peanu3alluii, T03TOMY HaunHaWTe C TpyOol sT9erKu.

Ecnu maHHbBIE CTYIIEHB HEPAaBHOMEPHO, IToJakTe mojie BecoB wt u3 nuHcTpymenTa 1.01 [Iek1acTepu3amusi.
Torma HOpMasbHO-O0A/IbHOE MHpeoOpa3oBaHME CTPOUT (YHKIWIO pacIpenereHuss C BecaMu, U
THCTOTpaMMa aHcaMOJIs He IIepeKollieHa B CTOPOHY Iepepa3BefaHHbIX 60raThIX yI4aCTKOB.

Buabl KpHrHHra: KaKkoM BeIOparh

Ilog cmoBoM «KPHUT'UHI'» B IIJIaTUHE KHUBET CEeMeMCTBO MEeTOoOoB, u BbIﬁOp MeXKINYy HUMU BIIUSAET
Ha pe3yJIbTaT CUJIbHEEe, 4YeM TOHKAasid HaCTpOfIKa BapuoOrpaMMEHI. Bce Bugn penrarT OOHY U Ty XK€
CUuCreMy ypaBHeHI/Iﬁ C KOBapHualludMH U3 BAPHUOT'PAMMEI. PasnuuyaroTcs OHU TeM, YTO CUUTAETCH
HN3BECTHEBIM IIPO CpegHee IIoJjie U 4YTO MMEHHO OII€HHMBaAeTCsda - TOYKa, OJIOK HIIH BEPOATHOCTE. JTa
I'JlaBa - HaBUT'AaTOP. HapaMeprI KaXJOoro MHCTPYMEHTa OIIMCAaHBI B CBOUX I'JlaBaX.

IIpocrou xkpurunr (SK) mpenmnonaraer, 4To CpefgHee MOJIs W3BECTHO 3apaHee M IIOCTOSHHO II0
rIoiiagu. B6Mu3u CKBaXKWH OIleHKa ClIeQyeT OJaHHBIM, 10 Mepe yaoaleHus CTATMBaeTC K 3aJaHHOMY
cpenHemy. bepuTe ero, Korja cpefHee IIOATBEPKAEHO CTaTUCTUKOM I10 ITPEICTAaBUTEJILHOM BEIOOPKE
TOTO K€ IOMEeHa, CpefdHee «Ha Ijla3» YBOOHUT BCe Hemopa3OypeHHBIe Kpas B CTOPOHY OIIUOKH.
Bxkmnrogaercsa Beibopom tuma B 2D Kriging.
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OpouHapubid kpuruar (OK) cpemHero He 3HaeT M OIEHHMBAET €ro JIOKaJIbHO B KaxKOoH
OKPECTHOCTH - 3a 3TO OTBEYAeT [OIOJIHUTENIbHOE yYPaBHEHHE C YCJIOBHEM «CyMMa BECOB paBHa
eguHHIle». Boamm OoT CKBaKWH OIleHKA TSAHETCS K CpemHeMy OnuzKaWilmeld OKpPEeCTHOCTH, a He K
rnobGanbHOMY. ITO BHIOOP IO YMOTYAHUIO: HE 3HAeTe, C 4ero HayaTh, - HauuuTe ¢ OK.

KpuruHr c tpeHmom (ranka cHsaTus TpeHpma B 2D Kriging) - ons monelr ¢ 3aKOHOMEPHBIM
pervoHanbHEIM YKJIOHOM: KPOBJISI Ha MOHOKJIMHAIM, KpPBUIO cKiaagku. [lonwHoMm 1-1 unm 2-u
crenieHu cHuMaerca MHK, KpuryrmoTcsa OCTaTKd, TPEHO BO3BpalllaeTCAd K OLleHKe. [IBa IpaBuia:
BapuorpaMMy 3ajaBaiiTe 10 OCTaTKaM (IIJIarvH l1edaTaeT AOJII0 CHATON AMCIIEPCUH - €CJIH OHA Majla,
TPEeHO He HyXKeH), ¥ He 9KCTPAIlONUPYHTe KBaIpPaTUYHLIM TPEH JHajlekKo 3a 00J1aK0 CKBaXKHH.

Kpuruar ¢ BHemHHM aperdom (rmaBa 3.02) - Korga TpeHO HM3BEeCTeH He Kak ¢opMmyra, a
KakK IIoJie: CTPYKTypHas IOBEPXHOCTh COCENHETro IjlacTa, peruoHasbHas MOIENb, CEeNCMHUYECKUU
aTtpubyT. CxeMa Ta Ke - perpeccus Ha Opelid, KpUruHT 0CTATKOB, BO3BPAT PETPECCUH.

BiouHbIi KpuruHr (mapametp nuckpetusanuu B 2D Kriging) onenuBaeT cpenuee mo GIIOKY,
a He 3HAYeHWeEe B TOUYKe: IIpaBasg 4aCTb CUCTEMEI YCPEOHSETCS 10 OUCKPEeTU3aluu, OUCIIEePCUs
OIINOKY ITaflaeT, BEIOPOCH racsATcs. bepuTe ero ojis nofacyéTra 3amacoB II0 CeTKe OJIOKOB U IIOMHUTE
po adderT HOcuTens: rpunm GJI0YHOTO KPUTHMHTA 3aKOHOMEPHO Ijla’ke TOYEeYHOTO, CPaBHUBATh
copmepzKaHue TpoOHl M comepzKaHue 0JI0Ka HAIPSIMYI0 HEJIb35.

MHOUKaTOPHBIH KPHUrHHr (rimaBa 3.01) - mms KaTeropwii: MUHTHII, (alusi, 30HA 3aMeIeHUs.
KaTeropus npespariaetrcs B unpukatop 0/1, kpuryercsa obsidubiM OK, pe3ynbTaT - BEPOSATHOCTD
KJjlacca B TOYKe, IIOPOTOM K3 Heé IIoy4daloT JoMeHE. BapuorpaMmMa MHOMKATOPOB CBOS U OOBIYHO
KOpOYe BapuorpaMMBbI COmepKaHUI.

I'ayccoBa cumynsinus (r1aBa 3.06) - He KDUTHUHT, a €ro AONOJIHEeHUEe: BMeCTO OJHOM CriiaXkKeHHOU
ITOBEPXHOCTU aHCaMOJIb PAaBHOBEPOSITHHIX IITEPIITaBLIX peanu3alluii, 13 KOTOPOTro HeonpeneIeHHOCTh
BUHA HAIIPSIMYVIO.

MInapranka

3amauga Bun I'me BkmouaeTcs
YHuBepcanbHEY ciydal, ctapt OppuHapHbil (OK) 2D Kriging, Tun o

060t 3amayu YMOJTYAHUIO

IHaHHBIX MHOT'O, CpefHee ITpoctou (SK) 2D Kriging, Tun SK + cpegaee
moMeHa 06O0CHOBAHO

KpoBns unu nogoirBa C C TpeHOoMm 2D Kriging, cHaTHE TpeHOa
pEeTHOHANIbHEIM YKIIOHOM

TpeHn n3BeCTeH KakK pacTp C BHemHUM apeidom rnasa 3.02

3armach! 1Mo ceTke GJIOKOB BrnouHei 2D Kriging, guckpetu3anus
MuHTHI, 3aMeIleHNE, NHOuKaTOPHBIN rnaBa 3.01

KaTeropuu

O1eHKa HEOIIPeOeNEHHOCTU Cumynsanusa SGS rnasa 3.06

OKpeCcTHOCTh IIOMCKa 00Iasi [OJis BCeX BUIOB, M TPH HpPaBHUIa CHUMAIOT OOJIBIIHHCTBO IIPOOIEeM:
paguyc IIopsifKa pafuyca BapHOrpaMMEBI, MAaKCUMyM cocemeid 12-16, aHM30TPOMHUS OKPECTHOCTH
corylacoBaHa C aHMU30TPOIKHEH BapruOrpaMMEl U3 BApHOTPAaMMHOM KapTHI.

3.07 IIITOTHOCTH IO 3aMepaM (ImepeMeHHasi OoImopa)

UHCTPYMEHT CTPOUT KapTy IIJIOTHOCTH, THl€e 3aMep 3ajlaH He TOYKOH, a HOCUTEeIeM KOHEUHOTO
pasMepa: TOYKa C CHUTMOM HEOTPENEeNIEHHOCTH, OTPEe30K JUHWUHU (KOPUOOP MONYIIUPUHEBI) HIIN
noymmron. EguHWYHAs Macca 3aMepa pa3Ma3bIBaeTCs II0 CBOEMY HOCHUTEII0. Macca coxpaHsieTcs,
a IUJIOTHOCTb oOpaTHa IUJIOIMIanW HOCHUTENs, II03TOMYy IpPyOBle NPUBA3KH CaMO00CIIabiIsioTCsS
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reoMeTpru4YeCKH, 6e3 IIOPOTOB H (l)HJ'ILTpOB. OTO OIleHKa IIJIOTHOCTU (CKONMBKO U TIfe), a He
UHTEPIONAINA 3HAaYEeHUA - OJIA 3HAYEeHUN OCTaETCs KPUT'HHT.

Tun reoMeTpuu OOWH Ha 3amyck. CMeIaTh TOYKHU, IMHUU U TTOJTUTOHB MOXKHO Cepued 3aIlyCKOB B
ofuH pacTp (peXkuM JOmUCHIBaHMs). [To KaxKAOMy THITY Macca pacKjagbIBaeTCs ITO-CBOEMY:

* To4kKa - rayCCcoOBO ISATHO C CUTMOU U3 IOJISI TOYHOCTH, 00pe3Ka Ha TpU CUTMHL. CUrMa HUXKe
IOIysTYeUKU IOOHUMAETCS OO0 IMOIyTYEeUKH.

* JIMHMSA - KOPUOOP MATKUX KPa€B: MOJINJINHUS VIIJIOTHIETCS, Macca OeJIUTCA 10 AJInHe, KaXaas
TIOATOYKA - FayCCOB MPOGUIIL C CUTMOU-IONyIIupuHOU. [Tonng from m/to m BrIpe3aloT UHTepBal
110 IMHENHOU IPUBI3KE.

* ITomuroH - Macca HOeNMUTCH IO IUIOIagU pPaBHOMEPHO 1100, B Ja3UMETPUUECKOM pPeKUME,
IIPONIOPLIMOHATBHO BCIIOMOTaTEILHOMY pacTpy (HaceseHUe, 3acTpoiika). IIpu mycTtoM pactpe
BHYTPU IIOJINTOHA - OTKAT Ha paBHOMEPHOE.

BbIxong 1 HHBapPHAHT

OCHOBHOM BHIXOI - TPEXKaHaIbHBINA pacTp. Kanam 1 - OIOTHOCTE B Macce Ha KM? (He 3aBHCUT OT
pa3Mepa stuetiku). Kanasner 2 u 3 cnyke0OHble (Xm-0 ¥ Xm), 4TOOH IOIKUCHBAHNE CEePUSIMHU U KapTa
3¢ ¢GEeKTUBHON CUTMEI OCTaBaJIMCh TOYHBIMU. Heo6s13aTeTbHBIN BTOPOM PacCTp - CPpedHEB3BEIlIeHHA
curMa Io sg4dedke, Kapra 3(pHEeKTUBHOW TOYHOCTH: OHA OTHENSET IIJIOTHOCTh, O0OeCIe4YeHHYIO
TOYHBIMHU [pPUBSA3KaMH, OT pa3Ma3aHHOU. OTO aHajJol KPUTMHTOBOU [OUCHEPCHUU [OJI 9Taxka
IIJIOTHOCTH.

WHBapuaHT: MHTETrpaj MJIOTHOCTH MO PacTpy paBeH CyMMe MacC Bxoma. CuuTaeTcs Bcerga Hu
MUIIETCS B JI0T. PacxoxmeHue - MPpU3HaK TOr'0, YTO HOCUTEJIH BHIIILIN 3a 00J1aCTh, ITIOBEJEeHME 3a0aET
repeKkJrodaTesb Kpas (QOHOPMUPOBATh BHYTPU UJTU ITOTEPSATH MAcCy C IPEenynpexXaeHueM).

Kak yurarn

[I10THOCTE MOKAa3bIBaeT, I'Oe CIYLIAlTCSI 3aMephl C YYETOM MX HaAEXHOCTU. TouHas IpUBA3Ka
OaéT KOMIIaKTHOE IATHO, rpybas - pa3aMeiToe 1 HU3Koe. [To kKapTe 3 GHEeKTUBHON CUTMBI BULHO, T'TIe
IUIOTHOCTh HaOpaHa TOYHHIMU HOCUTEJISIMHU, a I'le pa3Ma3aHHLIMU - TaM IOBEPUS MEHbIIIE.

[TapameTp YTo 3amaét ITo ymom4aHuio
3aMephl Touyku, TMHUY NN ITOJIUTOHBI -

(oguH THI).
ITone macchl Macca obobeKrTa. 1

CurMma TOYKH UJIN
MOJIyIIMPUHA JIMHUH.

ITone ToyHOCTH CHUI'Ma I10 YMOJIYaHHUIO

Pazmep sueliku, M [ITar ceTkwu. 50

O6mnacTn DKCTEHT. 10 CJIOIO

Hocurens 3a KkpaeM IToHOPMUPOBATL BHYTPU MU OOHOPMHUPOBATH
IIOTEPSTH MAcCCy.

CurMma o ymondanuio (Iorm.) Korpa none ToyHOCTH IIYCTO. Honys4enKa

from m /to m (Hor.) Bripe3ka uHTepBaia JIUHUU. BCS JINHUSA

Bcoowm. pactp (Hom.)
HomcaTk B pactp ([o.)

I[TnoTHOCTB

SdbdexTrBHASA cUrMa

[Ma3uMeTpus OIS ITOTUTOHOB.
Cy1ecTByoOIINYT
TpPEXKaHaIbLHLIN pacTp.
TpéxkaHanbHBEIM pacTp
(ImoTHOCTE, 2M-0, Xm).

KapTa adppeKkTuBHOM TOYHOCTU

(Heobs13aTEeNIbHO).
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OkHO «KapTa Ii1I0THOCTH» (3 KMBOH IIPEIIPOCMOTP)

JIuioM HMHCTPYMEHTa CIyXKUT OTHejibHOe OoKHO KapTra miaoTrHocTH Ha naHenu Isoliner. Ciera
3aalTCs CJIOM M TOJIsI, CIpaBa HOET MPEeOIpoCcMOTP Ha rpyboil ceTKe: OH CYMUTAETCS 3a
MUJITUCEKYHOBI, IO3TOMY CUTMa M pa3Mep STYeWKHW MEHSIOT KapTUHKY Cpa3y, a He IIoCjIe 3amyckKa.
BHM3y MOCTOSTHHO TOPUT MHBAapPUAHT: Macca BXOfa, Macca Ha CeTKe U [OJis, TOTepsIHHas Ha Kparo.

Kuonka [deMo co3maét yueOHBIM Habop uHcTpyMeHToM 3.08. KHonka 3anucarh pacTp 3alycKaer
TIOJTHBIN pacdéT TeM ke anroputMoM 3.07 u Kmag€T pe3ynbTaT Ha KapTy yKe OfeThIM: IICEBOOLIBET
C TIPO3PaYHBIMU HYJISIMM, U30JIMHUU IJIOTHOCTU U CJIOW 3¢GHEeKTUBHOM CUTMBI KaK KapTa HOBEPHUS.
®opwma Processing octaércst miisi Mofenel ¥ MaKeTHBIX ITPOTrOHOB, SIOPO pacyéra y Hux olIiee.

3.08 Co3maTrs nmpuMep IJIsI IVIOTHOCTH (IeMo)

UHCTPYMEHT cO3maéT CUHTeTH4YeCKUM Habop mng 3.07 ¢ u3BeCTHOM CyMMapHOW MacCOM, YTOOBI
ITPOBEPUTH UHBAPUAHT I'/la3aMu. [1ecAaTh TOUEK C Pa3HBIMU CUTMaMHu (OT DOJIeH SUYelKHu OO0 KPYIHEIX,
Mmacca 500), oBe nuHuu (Macca 200, y omHOM BhHIpe3Ka HMHTepBajia from m/to m), mBa monuroHa
(macca 300, oguH o[ ma3uMETPHUIO) U BCIIOMOTATEeJIbHBIM pacTp. MToro macca 1000.

ITporouuTte 3.07 Ha cI0e TOYEK - MHTErpas IJIOTHOCTHU B Jiore moJikKeH gaTh 500, Ha nuHusx 200, Ha
nonuroHax 300. ITonst cnoés: mass, prec, from_m, to_m.

ITapametp Yto 3ama€r ITo ymomyauuio
O6mnacTh (3KCTEHT) ['paHUIIEI TEHEPAILUH. -

fAdelika BCIOM. pacTpa, M Illar BcmoMmoraTenbHOro pactpa. 50

3epno I'CY ([or.) [ToBTOPSIEMOCTH IPHUMEPA. 1

IHeMO-TO4YKY / TUHUM [ TIOJTUTOHBL TPHU CII0S 3aMEepPOB. -

BcmowM. pactp PacTp Omns masuMeTpuu. -

[TonHBIM epedeHb IOJIed BEIXOOHEBIX CJIOEB - B nmpuiiokeHuu IInoTHOCTH (memo) (paspen «Ilomns
OeMO-CJIOEB» B KOHIIE PYKOBOOCTBA).

4.01 Pa3pe3 no JIHHUHA

HNucTtpymMeHT Pa3pe3 mo JIMHHH CTPOUT I'e0JIOTMYECKUH pa3pe3 u3 Habopa MOBEPXHOCTEH. ITO
He IIPOCTO KpuBas OPo@usi, a MIIacThl KakK 3aJuThle MOJIOCHI MeXKOy KPOBIEH U IIOMIOIIBOM.
I[ToBepxXHOCTHU OOBIYHO ITOMYyYal0T KPUTUHTOM, @ UHCTPYMEHT cOOUpaeT X B pa3pes BAOIb 3aJaHHOMR
JTUHUH.

HNucTpyMeHT cTouT B rpynmne Pa3pe3 m paboTaeT Kak mocto6paboTkKa TOTOBEIX pacTpoB. CBOH
KPUTHHI OH HE BBIIIOJIHAET.

Kak 3amarTcsi 1mjIacThl

[ToBepXHOCTH TOZAIOTCSA CIHCKOM U YIOPSAOOYUBAIOTCS CBEPXY BHU3: KPOBIA, IMIOAOINBA, IIPHU
HeoOXOOMMOCTH cilenylolllasi KpOBIIS U Tak fajee. I1macTel CTPOSTCS KaK II0JIOCH MeXAy COCeHUMU
[IOBEPXHOCTSAMHM, 1I03TOMYy u3 N IIOBepxXHOCTelN mnonydaeTca N MHHYC OOMH IUIacT. s OTHOTO
IJlacTa [OCTATOYHO ABYX IIOBEPXHOCTEM, KPOBIU U MHOMOIUIBHL. [ IayKU IIJIaCTOB HOOaBJIANTE
IIOBEPXHOCTH 110 NOPAIKY 3aneranus. OgHa IOBePXHOCTh TOXKe IONyCTHMa, 3TO pa3pes 1o penbedy
0e3 IJIacTOB, CM. CJIeOYIOIIUH pasmert.

Pa3pes3 M0 OJHOM MOBEPXHOCTH

Opua IIOBEPXHOCTL 3TO 3aKOHHBIA CHy‘-IElfI, a He ommubka. Ilmactos Ipu Hel He GYJIGT 110
OIIpeneJqIEHNI0, 3aTO CTPOATCA JIMHUA penbe(ba, PaMKa, OCH C OTMETKaMH, YIJTIOBEIE TOYKHU U
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ompepgernieHue paspes3a. C 3TOTO TeoOTrHYeCcKUl pa3pe3 OOBIYHO ¥ HaYMHAETCS: CHavasa IpPoGUib
o IIMP, nmoBepx HETro nepecedeHus C IIJIaHOBOU reojioruei nHCTpyMeHTOM 4.05, a reonorus BHU3
pHCcyeTcs BPy4HYIO.

IMonockl mnacToB U 3a6op 3D B TaKOM MPOTOHE HE CTPOSITCS, W CJIOM [/ HUX HEe CO3TAI0TCS BOBCE.
IIycTo# C/0i B IPOEKTEe BHITJISIOUT IIOJIOMKO, XOTS BCE IIOCTPOEHO BEPHO, II03TOMY ero JIydlile He
co3maBaTh, YEM CO37laBaTh U IIPSTaTh.

Penbed BeIXOOUT cimoeM JIMHMHM MOBEPXHOCTEH Ha yepTezke. 3amaiiTe eMy CBOU CTHU/Ib JTUHUU U
MMOONKCH: YePTEK TO0POPMIISIETCS IOBEPX 3TOTO CIIOS.

Hus pamMku B TakoM pa3pe3e 3afaBaiiTe OTMETKOW B [OMOJHUTEJIBHHIX TapaMeTrpax. be3 Heé
paMkKa 0o0XKHWMAaeT JaHHBEEe C HeOOJBIIMM OTCTYIIOM, M PHCOBaTh mon penkedom Hergme. OTmeTKa
VYHUTEIBAETCS OO0 pacdéra BEepTHKAJbHOI0 MacmrTaba, I03TOMY B PeXKHWME OTHOLIEHHs rabapuToB
YepTEXK BHIXOOUT B MacmiTabe UMEHHO TOM paMKH, KOTOPYIO BH yBuauTe. OTMETKa BHIIE HAaHHBIX
UTHOPUPYETCS: 9TO HU3 paMKH, a He 00pe3Ka CBEpXY.

ITOpsiTOK IMOBEPXHOCTEH 3aaéT JepeBo CII0EB

9To TrnaBHOE, YTO HYXKHO 3HAThb IIPO MHCTPYMEHT. [IOPSIOK ITOBEPXHOCTEM HE BTOPOCTENEHHAs
neTrailb O(I)OpMJ'IeHI/IH, ad UCXOOHBIE NAHHLEIE HapaBHe C CaMUuMHu l"pI/I)IaMI/I. I/IMeHHO OH onpeuenﬂeT,
Kakad II0JIoca 4Yel IIJIacT.

ITo yMonmuaHuio OPSHOK OepETCSA U3 mepeBa CI0EB IPOEKTa, CBEPXYy BHU3, POBHO KAk MOKA3aHO
B naHenu Ciou. YUTO BUOWTE B IMaHEIW, TO M HOIy4YUTe Ha depTexke. OTMETKU B MYJIbTHCEJIEKTE
3a[]al0T, KaKue IIOBEPXHOCTU y49acTBYIOT, HO He B KAKOM OHU IIOPSIKE.

Orcroma mpocToe mpaBujio paboTel. Ilpexkpme YeM CTPOUTH pa3pes, Pa3/IoKUTE IMMOBEPXHOCTHU B
IMaHeIu CJI0EB IIO 3aJjIeTaHWIO: KPOBIIS BepxHeM BMeIalolllel BBEPXY, MOMOINBa HUXKXHEN BHU3Y.
[lepeTalliTe CIIOU MBIIILIO, €CIIM OHU MPUIIIN BIIEPEMEIIKY. ITO 3alMET ITOJIMUHYTHL ¥ 130aBUT OT
pa3dupaTenLCTB.

Ecnu mopsigoK HapyllleH, MHCTPYMEHT He BHIOACT OMMNOKYy. OH TOCTPOUT IIOJIOCH MEXKOY TEeMHU
rnapaMu, KOTOpPEIE BHI eMy Aanu. YacTh Imap OKaXkeTcs IePeBEPHYTOMN, ¥ HUX ITOIO0IIIBA BHIIIIE KPOBJIH,
Takue I0JIOCH 0TOPaCHIBAIOTCSI MoOIda. BHENTHe 3TO BHITJISOUT TaK: IJIaCTOB Ha UePTeXe MEHBIIIE,
YeM O0XKHJOAJIOCh, WJIM OHHU JieKaT B HENpPaBmomoAgoOHOW ITOCIeNoBaTEIbHOCTHU. YBUOEIU TaKOe -
IIEPBEIM [€JI0M IIPOBEPHTE IOPSANOK B ITAHENM CJIOEB, a He ITapaMeTPEl KPUTHHTA.

KOFH& IIOPpAOOK B [JepeBe II0 KaKHUM-TO MPUYNHAM HE€ TOOUTCS, CHHMHUTE TIaJIOUKy HOpﬂJlOK
MOBEPXHOCTEH M3 JepeBa CJI0€B MpoeKTa. Torma mopsgok 6epéTcss u3 I0C/ieqoBaTeIbHOCTH
OTMETOK B CIIMCKe, KaK B MPexXHUX Bepcusax. CIou, KOTOPHIX HET B [epeBe IMpoeKTa (moGaBIeHHbIe
(haioM mpsiMO B BUAXKETE), YXOOSAT B KOHEI] CIIKMCKA, COXPAHSIs B3aUMHEIN MOPSIIOK.

T'enepaTtop mpumepa (4.10) caM packKiagblBaeT IIIECTb IIOBEPXHOCTEMW B JlepeBe II0 3ajleraHuIo,
IIO3TOMY Ha O€eMO-HaHHBIX HUYEro IIepeKJlaablBaTh HE HY2XKHO.

BuIixoasbl

YepTék paspesa 3TO MOJUTOHBI B OCSX PACCTOSHUE BHOOIbL JUHWU U BBICOTA. BEICOTY MOXKHO
PacTSHYTb BEPTHUKANILHEIM IpeyBeInYeHreM, 4YTOOR TOHKUE IIAaCThHl YUTAIKUCh. DTOT CIIOH KIamyT
B MaKeT [leYaTH KaK I'OTOBHIH pa3pe3. CucTeMa KOOPOUHAT y HEro YCJIOBHANA, PaCCTOSIHIE U BHICOTA
B eOUHUIIAX KapPTHI.

JIMHWY TTOBEPXHOCTEH 9TO KaxX[as MoJaHHas MOBEPXHOCTb OTHOEJIbHON JIMHUEH B 0CSAX YepTexka, C
MIONIIMH Sec, sec_id, num ¥ name. Pa3prIBE 110 OTCYTCTBUIO NAaHHBIX COXPaHSIOTCS. I1pu pabGoTe ¢
IJIACTaMH CJIOM HeoOs3aTeNleH, KPOBIs W MOMNOIIBA ¥ TaK BUOHLI KaK Kpas II0JIOC, HO OH IMO3BOJISIET
MOANKCATh U OQOPMHUTL JIHHUIO KPOBJIM OTHOEJNBHO OT 3aJIMBKH. IIpH OOHON IIOBEPXHOCTH 3TO
eIMHCTBEHHBIH CJION C pernbedoM.

3abop 3D 3TO Te XxKe MOJIOCH], HO KaK BepTHUKanbHEIe CTeHKH PolygonZ B peanbHBIX KoopauHaTax. Mx
cMmoTpsAT B 3D Map View psimoM C IOBEPXHOCTSIMH KpUTHHTA: TPUM 3agaeTcsi penbedoM, a CTEHKHU
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pa3pe3a IIOKAa3BIBAIOT IIJIaACTHI B IIPOCTPAHCTBE.

BepTUKa/IbHBIM MacIITa0

lopuzoHTanbk pa3pes3a (AnmMHaA TUHUKU) U BEepPTUKalb (HECATKU METPOB IIJIaCTOB) HECOIIOCTaBUMHEI,
mosToMy 06e3 pacTsIKEeHHUS II0 BLICOTE YEPTEXK BHITJIIOUT IIJIOCKUM. MacmTab 3amaéTcss TpeMs
crocobamu.

Pexxum oTHOmeHnue macmTa®boB I':B (1:N) sT0o mpuBbIYHAs 4YepTEXKHasl 3anuch. 3HadeHue 50
o3nHauaeT [:B = 1:50, To ecTh BepTUKAILHEIN MacHITab KpynHee rOPHU30HTAIbHOTO B ISATHOECST Pas.
Tak 3amatoT MacmTab Ha KaJIMUHBIX pa3pes3ax, e TOPU30HTalb UAET KUJIOMeTpPaMu, a MOUTHOCTHA
U3MEPSIOTCSA MeTpaMu. MHOXKUTENDb PacTsIKeHUus paBeH N.

PeXyM MHOZKHMTEJIb 3TO TO XK€ YHCJIO, IOOaHHOe HaPsIMyl0, 663 4epTEXHON (HOPMYIIHPOBKH.

PexuMm otHomieHue I':B (mmmMpuHa:BBICOTAa 4YepTezka) paboraeT OoT rabapuToB: BHI 3amaéTe
XKejlaeMoe OTHOIIeHHe INMHUPUHBLL JINCTa K BeIcOTe (Hampumep 10), a MHOXWUTEJIh HHCTPYMEHT
CYMTAaeT caM II0 [JIMHE JIMHWK M pa3Maxy BHICOT. YI0OeH, Korja BaXXHO BIMCATh pa3pes B JIKUCT, a
He BBIIepKaTh 3alaHHEIA MacITao.

dakTUUYECKUN MHOXKUTEIb IIedaTaeTCsd B XKypHas. [ TOYHOTO HaJOXKEHWS CJIOEB OH [OOJIKEH
COBIIaZlaTh y pas3pe3a, CKBaxKMH M cocTaBa. B pexume I':B pas3pe3 (4.01) BUOUT Bechb pa3pes3 IO
BeicOoTe. CkKBaxkuHBI (4.02) OepyT MHOXKHUTENb U3 ONpefesieHUs U coBMellarTcs camu. CocTas
(4.03) cumTaeT OTHOIIEHME II0 OOHOMY IIJIAaCTy, IIO3TOMY OJIS HAJOXKEHUS BO3bMUTE MHOXKUTEID,
HamedaTtaHHbU 4.01, u 3amaiite ero B 4.03 B pexkMe MHOZKHUTEIb.

HecKo/JIbKO pa3pe30B 3a OJJHH IIPOrOH

ITo yMOTYaHUIO MHCTPYMEHT CTPOUT Pa3pe3 0 KaXAOW JIMHUHU CI0S. DTO OOBIYHBIN PEXKUM PaBGOTHI:
JTUHEUHHIH CJIoH ¢ mpodunsMmu obpabaThiBaeTCs IIETMKOM, 3allyCKaTb MHCTPYMEHT MO pal3y Ha
JIMHUIO He HyKHO. Ecyiu HyXKHHBI He BCe TUHWH, BHIOEJINTE HYKHBIE Ha KapTe U BKIOuYuTe TOMBKO
BbIlle/IeHHbIE 00BEKTHI ¥ ITapaMeTpa JuHuu. CHsITas rajoyka Pa3pes mo KaxKIoH JIMHUH CJI0S
BO3BpalllaeT MpeXXHee MoBeAeHWe, Pa3pes Mo MEPBOH JTUHUH.

Bce pa3pesbl mOmMafaoT B OOWH KOMIUIEKT CJIOEB U PA3/IMYAlOTCS aTpuOyTaMu, a He OTAEeIbHBIMU
CJIOSIMH Ha KaXObIH CTBOP. Tak uUX ymoOHO MOAMKUCHBATE U (DUIHLTPOBATh BEHIPAXKEHHEM, a CTUJIH He
MIPUXOOUTCS Ha3HA4YaTh 3aHOBO. MiMst pa3pe3a 6epéTcst U3 IMOJIsT TUHEHHOTO CJI0sI, €CJIM OHO 3a[laHo
mapaMeTpoM ITojie UMeHH pa3pe3a, HHadye pa3pe3bl HyMePYITCS 110 TOPSIKY.

Ha yepTexke pa3pes3sl pa3BOASTCS PACKIIagKOH B 001l 4epTEXKHOM cucTemMe KoopauHaT. CTOMKOH
CBepxXy BHH3 CTaBUT UX OOWH MOO OPYTHM C OOIIMM HYJIEM PACCTOSHHM, W JIEBBHIH Kpail y BCexX
coBlafaeT. B psim cjieBa HAIPaBO CTaBUT UX 00K 0 OOK C 00IIe#l 0TMETKOM BHICOTHI, TOT/A IIKaia
BBICOT CKBO3HasI IJIsI BCcero nucta. CeTKoM coueTaeT o0a IMpaBuia: CTPOKa MepPKUT OOIIYI0 OTMETKY,
cTosber - OOIINHM HOTb PACCTOSIHUM, YK CJIO CTOIOLIOB 3a1aéTCS B AOMOTHUTENbHEIX ITapaMeTpax. [lar
peméTKu 6epETCS OT CaMOI'0 KPYITHOTO YepTeKa III0C 3a30p, IO3TOMY YEePTEXKHU He ITepeceKarTcs,
Kak OBl HY pa3iUyYaiicCh OJIMHBEI CTBOPOB. 3a30p 3amaeéTcs moyei oT rabapura, mo ymondanuio 0.15.

BepTukanbHBIN MaciiTa® Ha BeCh MPOTOH OOuH. MHaye KOPOTKUI CTBOP M MIIMHHBIM BBIIIITH OBI
B Pa3HOM PACTSIXKEHWU MU CTajii OBl HECOIIOCTABUMBLI Ha OJHOM JIMCTE. B pexkXmMax OTHOIIEHUS
MaciTaboB ¥ MHOXKHUTEJIS 3TO IIPOCTO 3aJaHHOe 4YHCIIo. B pexwumMe OTHOMIEHUS TabapuTOB
MHOXXUTENIb CUUTAETCS 10 CaMO¥ MIMHHON NMUHHUU U 00IIeMy 1o Habopy pa3mMaxy BBICOT, IIO3TOMY
3ajaHHYI0 IIPOIOPIIUI0 TOYHO MOJIyYaeT CaMbIM IIMPOKUN UEPTEK, a OCTAJbHBIE BBHIXOISAT BHIIIE
HEero, HO B TOM ke MacIinTabe.

3abop 3D packimankoi He cMmelnaeTcsi. OH CTOUT B peaIbHEIX KOOPANHATAaX, Kaxkaas CTeHKA Ha CBOEM
ctBOpe, u B 3D Map View HaGop pa3pe30B BHITJIAAUT KaK HAaCTOSIINUHM 3a60p 10 IJIOIIaIH.

[TepBrIil pa3pes Bceraa Mojly4aeT HyJIeBOe CMeIleHNe, I09TOMY IIPOTOH 10 OMHOU JIMHUY HAET POBHO
TOT K€ YepTEXK, UTO U pPaHbIIIe.
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HBET II0JIOC: CIIPABOYHHK II'IaCTOB

Tlonocs! mmacToB KPACATCHA I10 UME€HU KPOBJIHX. bes CIIPABOYHHKA OBET CYUTAETCA OT CaMOI'O UMEHMN:
OH He IJIAIIeT MeXKYy IIPOroHaMu, HO OH YCJ'IOBHI:IfI.

Heob6s3aTenbHbIN Bx0g CIIpaBOYHHK IJIACTOB (Tad/1MIIa) feaeT IIBET OCMBICTIEHHBIM. CITPaBOYHUK
9TO0 OOBIYHBIM cio¥ mpoekTa, GeoPackage unu Tabnuua Excel, roe Ha KaxXAbIl MIacT U KaxXmoe
MeXXAYyIJlacThe IMPUXOOUTCA OOHA CTPOKA CBEPXY BHU3 IO pa3peldy. O0s3aTesIbHBEIX KOJIOHOK TPU:
KOl Tejla, HOMEp CBepXy BHU3 M TeJio. lIBeT HeoOg3aTeseH, HO UMEHHO pagu HEro CIPaBOYHUK
yaIe BCero u ImoaaroT.

KonoHsKa TeJ10 COOEPKUT CII0BO «IIaCT» UJIN «MeXKOyIlJIaCTbe», U 9TO 3aKO0H, a He Joragka. Beieectu
Teso U3 Koga Henb3d. [InacT AB 110 HallMCaHUIO BHITJISOUT KaK «A 1toc b», Ho 9TO 11eJIbHBIH IIaCT,
BHYTPU KOTOpPOro siexaT A, b, kopx A-A’ u A’. Mexnynnactee B-B 110 KOy He BEIBOOUTCSI BOBCE,
notoMy 4uTo macrta b B cnucke HeT, ectb AB. Onipenensiet Teso reosior, MallliHa He IepeCYUTHIBaEeT.

ITopsimok cBepxy BHHU3 HAET CIPABOYHUKY BTOPYIO CIOCOOHOCTh: HAXOOUTH TEJI0 MEXIOY OBYMS
rparunamu. Ecnu Ha paspese unyT Kposnu Kpll u Kpllla, To MeXOy HUMU II0 HOPSOKY JIEKUT
mexpynnactee Kpll-Kplll, u nmonoca mony4aeT ero uMs U 1BeT. [11acTel, KOTOPHIX Ha pa3pe3e He
0Ka3aJIoCh, IOMEeYalOTCs CePHIM, a UX [IepedYeHb IleYaTaeTCs B XKyPHaIl - 10 HeMy Cpa3y BUOHO, Yero
He XBaTaeT B HAOope ITOBEPXHOCTEN.

HMeHa CJI0€B OOBIYHO HE COBIIQAIOT C KOJAMM [OCJIOBHO, IIO3TOMY ITOMCK HOET JIECTHUIIEH OT
CTPOTOT0 K TEPIHMMOMY: TOYHBINM KOJ, 3aTeM 0e3 y4é€Ta perucrpa M KpauHUX IIpPoOesioB, 3aTeM
MMPUBEOEHHLINM BUM (CHST XBOCT POJIM _top, bottom, kposns, nopowsa, JIATMHCKHWE OBOUHUKH OYKB
CIIOXKEeHBI B KUPUIINIUITY), U HaKOHeIl TOT 2Ke Buf 6e3 anocTpodoB. Tak KpII top HAXOOUT KO KpII, a
A'B top HaxomuT Ab. CTporue Iaru UOYT IIEPBBIMU, IIO9TOMY €CJIM B CIPaBOYHUKE €CThb U AB, U A'B
KakK pa3Hble Tejla, KaXObIU IIOJIYYUT CBOE.

ToT xe cripaBOYHUK MOOaETCs B 4.02, 1 TOTOa ITOJIOCH ¥ KOJIOHKK CKBAaXKHH T'OBOPST Ha OMHOM SI3BIKE
KOOOB M COBITQAaoOT IO LIBETY.

ToToBEIM OOpasel A BepxHeKaMCKOrO MECTOPOXKAEHHUS JeXUT B manke templates BHyTpu
KaTaJjora IjlaruHa: 36 CTPOK OT ITOKPOBHEIX OTJIOXKEHUM OO0 HMKHEN KaMeHHOU COJM, C [IBeTaMHU U
Tenamu. ®aiis ecTh B ABYX BUOAX, plast reference vkmks.xlsx ¥ plast reference vkmks.csv. Bo3pMuTE €T0
3a OCHOBY ¥ IIPaBbTE MO CBOE MECTOPOXKAEeHNWE: KOJIOHKH TOJIIA U IPpUMedYaHue HeoOsa3aTeTbHEIE,
OHU YMTAIOTCS, HO MMOKA He HMCHOJIb3YIOTCSI, ¥ OCTaBJIEHH! IO Oymyllee pa3BUTHE.

ATpHUOYTHI BBIXOJHBIX CJI0E€B

Bce crmou paspesa HecyT OBa OOIMUX IIOJIsi: SeC C KMMeHeM pa3pe3a u sec_id ¢ HoOMepoM
00BbeKTa HMCXOOHON JUHWUU. [0 HUM MOAMUCHBAIOT 4YepTeXu, (GUIBTPYIOT CJIOW HAa OOWH CTBOP
¥ paCKpaIlWBaIOT Pa3pes3sl Mo-Pa3HoMYy.

OnpeaeneHre pa3pe3sa - [10 TMHUY Ha KaXIbIH pa3pes, C HCXOOHOM reoOMeTPHeH CTBOpa U IOJISIMHU,
KOTOPHIE YUTAIOT ITOCJIEAYIONINEe HHCTPYMEHTHI TPYIIIIHL:

TTone YTo comepxKUT

sec, sec_id WM pa3pesa v HOMep UCXOOHOM JTUHUM.

vex BepTukanbHOe IIpeyBenIudeHNE YepTexkKa.

step [ITar nukeTaxa, M (BePILINHEL IOMaHOU
BKJIIOUAIOTCS B IUKeTaX BCeraa).

zmin, zmax [rama30H OTMETOK depTexka.

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

OIMHOYHOTO pa3pesa.

Pa3pe3 (3D-3ab0p) - BepTUKaIbHEIE TOTUTOHE PolygonZ BHoiIb CTBOPA, IO OMHOMY Ha II/IacT:
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TTone

YTO comepKUT

sec, sec_id

bed
top, bot
t mean
seclen

HWwmsa paspesa v HOMep UCXOOHOW JIMHUU.

HOMep II7IaCTa CBEePXYy BHUI.

HMeHa MOBEPXHOCTEN KPOBIY U MOOOIIIBHI.
CpepHss MOUIIHOCTE IJIacTa BOOJIb CTBOPA, M.

IInuHa cTBOpa, M.

VrioBble TOYKH pa3pe3a: sec 1 sec id, num (Homep yrina), name (ums YI'-1, ¥I'-2, ...), pos (Bepx
unu HU3), d (muKeT, M), X U y (KOOpOMHATH Ha KapTe), az (a3uMyT cledyloIlero kKojeHa), label
(roToBas monmnuck). F'opu3oHTAIBHBIE OCH: sec, sec_id, elev (ormeTKka ocu, M) u label. Tabnuma
yraos: sec, sec_id, kind (tTun ctpoku) u text (cogepKuMoe s4enKH).

ITapamMmeTpsbI

[TapameTp

YTo 3amaéeT

[To ymom4aHuio / COBET

JInams pa3pesa

HOBerHOCTI/I CBEepPXYy BHU3

[TopsioOK IIOBEPXHOCTEM U3
mepeBa CIO0EB ITPOEKTa

Pa3pes mo Kaxgou JIMHUU CII0S

ITone umeHu paspesa

Packnagka HECKOIBKUX
pa3pe30B
[ITar BLIOOPKY BOOJIb TUHUU

BepTukanbHbIl MacirTad

3HaueHue macirabda

Cronb1i0B B ceTke (Horm.)

3a30p MexkOy paspe3aMu
(Iom.)

Bri6opka pactpa (Hoir.)
CrpaBOYHUK I1JIaCTOB
(Tabmuia)

Hwu3s pamku, otMeTKa (ZO1I.)

JInHenHLIN coi. 'oguTcs
ranoyka Toapko
BbIJIe/ICHHbIE 00 BHEKTHhI.
Crucok
PacCTpPOB-IIOBEPXHOCTEMH.
Hy>xHO MUHUMYyM OBeE.

[Topsamok 6epéTcs u3 maHeIu

Cnou cBepxy BHU3. CHSATas

raJI0OYKa BO3BpalllaeT IIOPAO0K

OTMETOK B CITMCKE.
[TakeTHBIN peXuM. CHATas
rajodka CTPOUT pa3pe3 1o
[IepBOU JIMHUU.

[Tone NUHENHOTO CII04, U3

KoToporo 6epércs ums. Ilycro -

HyMepalus 10 IOPSIaKy.
CTOnKOM, B PAL UJIA CETKOM.

Yepe3 CKOJIBKO €OUHUL] KapTH
O6path oTcY€eT. 0 - o pa3Mepy

AYenKH.

PexxumM: oTHOIIIEHUE
rabapuToB, MHOXKUTEIb WU
OTHOIIIeHHWe MacuiTabos I':B.

OTHoOIlIeHUuEe IIMPHHA:BBICOTA,
MHOXKHUTENb unu N u3 3alnucu

1:N.

Yuciio cTosbIioB OIs
packinagKud CEeTKOMH.

Ions oT rabapuTa yuepTexa.

BunuHerHo uiu OIUKAUIINHA.

LiBeT, Teno 1 NOPAOOK U3
OAHHBIX.

OnyckaeT paMKy, 4YTOOBI OBIIO

roe pucosarts. [lycto - 1o
OaHHBIM.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET
JluHuu OBEPXHOCTEU Ha BrIxoOgHOM TMHENWHHIN CJION, IO  CO3HaETcs
yepTexke JIMHUU Ha TTOBEPXHOCTh.
YepTéxk pa3pes3a (paccTossHue  BBIXOOHOM MOMUTOHAIBLHBIN co3maéTcs
X BBICOTA) ciou mys Maketa. He
CO3IaETCs IIPU OIHOM
ITOBEPXHOCTH.
3a6op 3D (PolygonZ) BBIXOOHOM CJI0M BEPTUKAIBHBEIX CO3HAETCS

CTEHOK B peayibHBIX
KoopaouHaTax. He co3maéTcs
IIPYU OOHOU IIOBEPXHOCTH.

Kaxxpgwrii miacT mosydaeT aTpuOyTH: HOMEpP, MMeHa KPOBIIM U IIOMOIIBE, CPEOHIOI MOIIHOCTDL U
OJIWHY pa3pes3a. PackpammBaiTe CI0M 10 HOMEPY IIJIacTa WM 10 MOIIHOCTU. TaM, re I0OBEPXHOCTh
He onpepnerneHa (nodata), mosioca pa3phBaeTCs, U IIJIacT pacnafaeTcs Ha HECKOJIBKO IIOJIMTOHOB.

Kak nmonpoooBarb Ha JeMO

ToToBeii y4ueOHBINM HabOp maéT wHCTpyMeHT Co3marh mpuMep mjisa pa3pe3a (4.10): mrecTh
IIOBEPXHOCTEHN CBEePXy BHM3, TPU JIMHUHU Pa3pe30B, ITapa CI0E€B Mmomenu OypeHus collar u interval
¥ MHOTOKaHa/JIbHEIE TPUALI IIJIacTOB. [JOBEPXHOCTH OH pacKijaAblBaeT B [epeBe 10 3ajieraHUIo caM,
a TpU IWHUU Pa3HOU AJIMHBEL U C PA3HBIM YMCJIOM M3JI0MOB yOOOHBI, YTOOH IIOCMOTPETh PAaCKIIamKy
U oOIIUii BepTUKANbHBIM MaciiTabd. 3allyCTUTE ero, 3aTeM IofaiiTe IMOBEPXHOCTU U JIMHUIO CIOAa,
napy collar u interval ¢ onpepgenenueM B CKBazKMHBI Ha pa3pe3e, a Irpup miacra (KaHansl 1/2/3)
B CocTaB maacTa Ha pa3pe3e. [lomHbl cocTaB Habopa B pasmerne 4.10.

Cssa3sb ¢ QGIS

IIpoctylo kKpuByl0 mOpodumass Mo OOHOMY TIpuAy CcTpouT IntaTHas maHenb Elevation Profile,
OTHENbHBIM WHCTPYMEHT [JIs 3TOTO He HyXKeH. Pa3pes3 ke MMOKa3hBaeT MMEHHO IJIaCThl MEeXKIY
IIOBEPXHOCTSIMM, Yero IINTAaTHHIE CPEenCcTBa He [menaloT. IToBepXHOCTh KpuruHra B 3D MOKHO
ImocMoTpeTh u 6e3 pa3pe3a: B 3D Map View 3amaiite rpup penbedoM.

4.02 CKBaKMHBI Ha pa3pe3e (Moaesjib OypeHus1)

HHCcTpyMeHT CKBaXKHHbI Ha pa3pe3e KIaIeéT CKBaXXHHBI Ha YepPTeXHU Pa3pe30B U3 IaphHl CI0EB
Mmopenu Oypenusi. OH cTout B rpynne Pa3pe3 1 paboTaeT makKeTHO: OOUH ITPOTOH 00CIyKHUBaET BCE
pas3pe3nl OTpeesieHusI.

Mopgens OypeHus

CKBazXMHEI OIIMCHIBAIOTCS OBYMS TaOIUIlaMU 10 MEHUMAJIbHOM MOJeN IopHEIX makeToB (Leapfrog,
Micromine, Datamine, Surpac). collar sTo ToueuHsIl cioi yctuii ¢ nonsamu hole_id (ugertudukarop,
cTpoka), z (orMeTKa ycThsi) 1 eoh (rnmybuna 3abost mo cTBomy). interval 3To obriyHas Tabnuia
vHTepBainoB c nonsaMu hole_id, from, to u code (ueMm KpacuM: MHAEKC IIJIacTa, JUTOTHUII, KJlacc).
I'myOGUHBEI CUMTAIOTCS TO CTBOJY OT YCThs, BHU3 IIOJIOKUTEJIFHBEIE, HE OTMETKAMHU, II03TOMY
HaAKJIOHHBIE CKBaXKMHEBEI MOJEJTh He JIOMAloT. JIfo0ble IpoYre KOJIOHKM TAOIHUIEI MHTEPBAIOB enyT B
aTpubyTHl YepTexka KakK eCTh.

Takyro napy Beigaét Co3maTh mpuMep Ojis1 pa3pe3a (4.10) u kopnopaTuBHas BHITPy3Ka. Ilos
00enx TabIUIl MHCTPYMEHT HaXOOUT CcaM I10 OKUIaeMbIM UMeHaM U PaclIPOCTPaHEHHBIM CUHOHUMaM
(Hole ID, elev, depth from, litho), peructp He BaxeH. BriGop mosnei cupsiTalH B OOTOJTHUTEIITEHEIE
rmapaMeTpHl U Hy2K€eH TOJIBKO AJIS HECTAaHAapPTHBIX CII0EB. YTO HAIIIOCH, IleYaTaeTCs B XKypHaJl OMHOMR
CTPOKOM.
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TepHnuMbBIH YUTATE/Ib

[aHHBIE YUTAIOTCSA 0e3 IpegBapUTesIbHON YMCTKH. [1yCcThie 1 HeYHCIOBBIE TIIyOHUHEI IIPOIIYCKAIOTCS,
nmepemnytanHbie from u to MEHSIOTCSI MecTaMM, HWHTEpBalibkl 3a 3a00eM PHUCYIOTCS KaK ecCTh,
MEPEXIECTH HE PAa3pPeIalTCsd W He IMPSYyTCsS, Pa3phIBEI MEXKOYy COCEeTHMMHN HHTEPBaJlaMU He
3aTIOHSIOTCS, UHTEPBaIbl 63 YCThs MPOMYCKalTCsA. BCé MpOMyIeHHoe U MPUHSITOE C OTOBOPKOM
CYHUTAETCS ¥ BEHIBOIUTCS B XKYPHAI KOPOTKOHM CBOAKOM. Ha YMCTHIX HaHHBIX CBOOKA COCTOUT U3 OMHOM
CTpoKHu. Pa3priB B KOJIOHKE Ha YePTeXKe O3HAYaeT, YTO Ha 3TH TTyOMHEI B TabJuIle MHTEPBAJIOB
HEeT CTPOK: HHCTPYMEHT PUCYeT HaHHBIe U HUYEro He JOOyMEIBAeT, a YKCJIO Pa3phLIBOB MedaTaeT B
CBOIKE.

ITakeTHOCTH H COBMeEIlleHHue

JIvHWY, BepTUKAIbHEINA MacTad ¥ pacKiagka 0epyTcs U3 ompefesieHus pa3pes3a, KOTOPoe BHIOAET
Pa3pe3 mo nauuuu. Kaxmas CKBaXKWHA IIPOEIUPYETCS Ha KaXkOylo JTMHUIO W TOoIlafgaeT Ha Te
YyepTexXkHu, K KOTOPBIM OHa Omnuxke Kopumopa (0 - Ha Bce). [MyOMHHI TIEePEBOOSTCS B OTMETKH
BEIUUTAHUEM U3 Z, MHOZKUTEJIb vexX OGH.[HfI U3 OoIIpeneijieHus, HOSTOMY KOJIOHKH JIOZKATCA Ha IIJIaCTHhI
II0 BLICOTE Oe3 IIOATOHKH.

Cno¥t ycTuH MOXKeT JieKaThb B OPYTrOoM CHCTeMe KOOpPOWHAT, YeM OoIpefejieHHe, HaOpuMep IIpHU
BBITPY3KE M3 KOPIIOPATHUBHOM 06a3bl B pabodell cucTteMe MpemnpusTusi. MHCTPYyMEHT IIepeBOOUT
YCThSI B CHCTEMY OTIpe[IeJIeHUsI CaM U ITedaTraeT 00 9TOM CTPOKY B XKypHaJl BMECTe C KOOPOUHAaTaMHu
TIepBOTo yCThs. ECIM KOPUOOP OKa3ascs MyCT, XKYpPHaJ Coo0IIaeT yaameHue OMuKauIIero yCThs OT
JIUHUY, U 0 3TOMY YHCJIy Cpa3y BUOHO, Y30K I KOPUOOP HIIH CJIOH XKUBYT B PA3HEIX MECTaX.

PaCKpaCKa H JIereéHaa

Coit mHTEPBAJIOB CPa3y BEIXOOUT pPacKpallleHHLIM: KaTerOpusa Ha KaXKabIM KO B IOPSAOKe IIEePBOTO
IIOsABJIEHM S CBEPXY BHU3, IBET HETEPMUHHUPOBAH OT CaMOI'O KOJa U HE MEHSAETCA MeX Oy IITPOTrOHaMMU
U MalmuHaMu. JlereHpa «KOJ - IIBET» IIOSBJIIETCS B IepeBe CJI0EB caMa. [locnenHell CTOUT cepas
KaTeropus mpodee, B Heé molamaeT BCE, YTO He COIMOCTABUIOCH C M3BECTHBIMU KOOAMU, IIO3TOMY
HU4YEero He Mcue3aeT Moirda. KomoHKu o6BegeHbl TOHKUM YEPHHIM KOHTYPOM M YUTAIOTCS IOBEPX
rmoioc pa3pesa. I[Tonock niacToB B Pa3pe3 mo JIMHHUM KPacCsATCS TEM XK€ MEeXaHM3MOM 110 UMEHU
KPOB/IM, MO3TOMY IIJIaCT, HAa3BAaHHHIM TEM Ke KOJOM, YTO B TaOiulle MHTEPBAJIOB, COBHAOaeT II0
LIBETY C KOJIOHKaMu caM co0oti. CTBOIBI PUCYIOTCSI TOHKOM Cepol JIMHUEHN OT yCThsA A0 3a605, yCThs
TOYKaMHU C KOPOTKOI moOnuchio. ITognuck 6epéTcs u3 mojisi number cjios ycTu#l (CHHOHHUMEI name
u label), a 6e3 Hero u3 hole id, cocTaBHON MOAeHTU(UKATOP HPH ITOM OCTAETCS B aTpuOyTax OJIs
CTHIKOBKH.

O0Ope3Ka o 4YepTexky U paMKe

ITo ymMom4yaHHI0 KOIOHKK 00pe3aioTcsi paMKOH depTezkKa - HHTePBAJIOM OTMETOK zmin M zmax Hus3
ompenenenusi. UHTepBan Ha KPOMKe IIOAPE3aeTcsi A0 KPOMKHM, MHTEPBaj LEIHKOM 3a PaMKOM
IIPOTYCKAeTCsI, CTBOJI ¥ MOAIMUCH 3a2KUMAIOTCS PaMKOM, CKBaXKMHa IETMKOM 3a PaMKOM BHITIagaeT
13 YepTexka. ['ajouka BHIKITI0YaeT 00PEe3Ky COBCEM.

PaMKa ogHa Ha BeCb UePTEXK, a KPOBJII BEPXHEN TOJIIU B KaXKIOM TOYKE CBOS, IIO3TOMY [JIsI Cpe3a
IO IIJIacTaM IofaiTe HeoOsi3aTeNbHLIN BXom YepTézk pa3pe3a - IOIUTOHH Monoc u3 Pa3pes3 mo
nuHauA. KOJTOHKY PeKyTCs 10 BepxXHel u HuXKHel orubarole MojI0C B CBOeH MO3UILINMY, CKBAXKMUHBI
He BHIJIE3AI0T 3a YEepTEXK, KaK B TOPHEIX ITaKeTaX. 3a KpaeM II0JIOC 3TOT BXOH He HEUCTByeT, TaM
npopmosikaeT paboTaTh paMKa.

IommycK B DOMMOIHUTENbHEIX TapaMeTpax PacliIupsieT PaMKy U 0JIOCH HapyXKy, B eIUHUIIAX OTMETKH.
O6pe3aeTcst TOMBKO reoMeTpusi, B aTpubyTax ztop u zbot ocTarTCst HACTOSAIINe OTMETKY HHTEPBaJa.
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uBeT KOJIOHOK: CIIPABOYHHK IIVIaCTOB

I[lo ymMomyaHWIO IIBET HHTEpBalla CUMTAETCS OT ero Kofa M He MEeHSeTCS MeXOy MHIPOTOHAMH.
Heobsi3aTenbHbI Bxon CHpaBOYHHK IUIACTOB (Ta0iaMIla) 3aMeHsieT 3T I[BeTa Ha IIBeTa
CIIpaBOYHHWKA: HaWOEHHBIE KOMOB KpPACSITCA W3 HEro, MIOPSAAOK KaTeropuil B JIETEHOEe HIOET
10 3aJeTaHUWI0 CBEpPXy BHU3, KOObI BHE CIPABOYHMKA COXPAHSAIOT TPEXHU# IBeT. B XypHaie
MTOSIBJISTIOTCST CBOJIKA YTEHMS U CTPOKA O TOM, CKOJIPKO KOIOB HAIIIIOCh.

CnpaBouHuK ¥ 4.01 1 4.02 MoxkeT OLITh OOWH U TOT K€, ¥ 3TO €ro CUJIbHAsI CTOpoHa. [Tosock yepTexka
HeCyT KOJI IIJIacTa, & MHTePBaJbl CKBaXXWH 9acTo HecyT nopony. Eciu B Tabinile MHTEPBAIOB €CTh
Iojle C MHOEKCOM IIlacTa, YKaXKHuTe ero Kak II0oJie Kofa W IIoJalTe TOT JKe CIPaBOYHMK, UTO B
4.01 - Torma KOJIOHKU COJIBIOTCS C IIOJIOCAMM IIO IIBETY, M Ha YepTeKe OCTaHEeTCS BUIOHO TOJIBKO
pacxoXaeHVe CKBaxKUHBI C IOCTPOEHHOU IIOBEPXHOCTHIO. ECiiM ke MHTepBaIbl HECYT JIMTOJIOTHUIO,
CIIPABOYHUK IIJIACTOB €1 He IOMOXKET, TaM HyKHa CBOS JIeTeHa.

IlapamMeTpsbI
[TapameTp YTo 3amaéTt ITo ymonmyaHuio
OnpemeneHue pa3pes3a JIuHuM, vex M packiagka oT -
Pa3pe3 o TUHUH.
YcTbst ckBaxkuH (collar) To4yeuHBIN CIOU YCTHUU. -
HHTepBankbl cKkBaxuH (interval) Tabnuila MHTEPBAIOB. -
Kopupgop oT nuHUU Bydep, eguauIer KapTh. 0 - 0
BCe CKBaXXHHBI Ha BCE pPa3pe3Hl.
O6pe3aTh UHTEPBAJILI IO Pamka zmin u zmax u3 BKJIIOYEHO
pamMKe yepTexka onpeneneHus.
YepTExk pa3pesa (mns [MTonurons: monoc u3 4.01, cpes mycTo
00pe3K) IO Oru0aloIIUM.
ITomnsa collar u interval (Jor.) IlepeomnpeneneHue HaxoOsaTCsI caMu
aBTOIIOMCKA II0JIEH.
[Tone nmopmucu ycths (Ho1r.) OTKyZa KOpOTKas IOOINCH number
YCThS.
Iomyck o6pe3kwu ([or.) Pacmiupenune paMKu U II0JI0OC, 0
€OUHUIIEI OTMETKH.
CripaBOYHUK NJIaCTOB IIBeT 1 IOPSAOOK KOOOB U3 IIyCTO
(Tabnuia) OAHHBIX.
HNHuTepBanbl CKBaXKUH (4epTExK) BepTuUKalbHBIE OTPE3KU C co3maéTcst
pacKpacKoM 1o Komy.
CTBOMBI CKBaXHUH (4ePTEXK) JIuHUM OT yCThs OO 3abos. co3maéTcsa
YcThs Ha uepTexe Touku c mognuckio U3 number. co3maéTcs
WuTepBansl ckBaxuH (3D) LineStringZ B peanbHBIX 10 3amIpocy

KOOpOWHaTax, TIyOuHa B Z.

BI)I6paHHbIe CJIOM 1 KOPHUOOP 3allIOMHHAIOTCA, CJ'Ie,'E[YIOU.II/Iﬁ 3aIlyCK B TOM K€ ITPOEKTEe OTKPhIBAETCA
C YyXKe IMoOCTaBJIEHHBIMHU BXOOaMHM.

4.03 CocTaB 1ji1acta Ha pa3pe3e

HUuctpymeHT CocTaB ItacTa Ha pa3pe3e KpacuT II0JIOCYy OOHOTO IIJIacTa IIo TPUAY COoCTaBa BOOMb
nuHny. OH 6ePET KPOBITIO, IOAOIIBY U I'PU COCTaBa, CBOM KPUTHHT He fejiaeT, 1 paboTaeT 110 OMHOMY
nnacTy 3a pa3. O cTout B rpymnne Pa3pes.

Tak ITOKA3BIBAIOT CMEHY JIMTOJIOTMYECKOI0 COCTaBa BHYTPH IIPOMEINIJIEHHOIO IIJIaCTa BIOOJb
pa3pesa. I'pupg cocTaBa FOTOBAT OTHEIBHO: COIepKaHue OORIYHEIM KPUTUHTOM, MUHEePAaIbHBIN THII -
MHOUKATOPHBEIM (MHCTpyMeHT KaTeropuajibHBIH HHIUKATOPHbIA KPHIHHT).
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IIBa pexKuMa

HempepriBHoe comepxkanue (KCl, HepacTBOPHUMEIM OCTATOK): IIOJIOCA pPEXeTCsS Ha TOHKHe
BepPTHUKAJILHEIE CPEe3Bl, KaXOLH CO cpegHMM 3HaueHueM. CTHUIbL CJI0S CTaBbTe T'PagUeHTHHIR
(rmo momro value), Torma BOOME ITOJIOCH BUIEH IIJIABHBIN IIepeXol CofepKaHus.

KaTteropuanbHEIU MUHEPAIbHBIN TUII UM (panuy (CUIBBUHUT, 3aMeIlleHNe, TajluT): CMeXKHEIE CPEe3bl
OOHOTO KJlacca CIMBaloTCS B danmanbHble 30HBE. CTHUIIL CTaBbTe IIO0 KaTeropusm (1o mnoimio class).
30HBI 3aMeleHNs BUOHL KaK CMeHa IIBeTa BOJIb JIUHUN.

ITapamMeTpsI

[TapameTp

YTo 3amaeT

ITo ymom4aHuio

JIurus pa3pesa
Kposnsa nmacra
ITopomBa miacTa
I'pupg cocTaBa

CocTaB

Ta ke nuHUus, 4TO U OJIs
pa3pesa.

PacTtp kposnu.

PacTtp momoIiBeI.

Pactp comepxaHus unm
KJacca.

HenpepeiBHOE unu

HEeIIPEpPBLIBHOE

KaTeropualbHOeE.

Yepes CKOIBKO €IHUHUI] OPaTh 0
otcueT. 0 - mo sTYenkKe.

Pexxum: orHOmeHue I':B unu I':B
MHOZKUTEJIb.

OTtHomeHue I':B unu 10
MHOXHUTEJb.

BunuHelHo Unu OIMXKaHIITUHT
(mmsa Kmacca Bcerga
OJIMXKAUIIINH).

BrIxogHBIE ITOJIUTOHEL B OCSIX
paccTosHUE X BLICOTA.
[Tonmurous! PolygonZ B
peasbHBIX KOOpAWHaTax.

IITar BEIOOPKH BOOJIEL JIMHUU
BepTukanbHbIN MacmTabd
3HaueHue MaciiTada

Bri6opka pactpa (Hoir.) OHIIMHENHO

CocTaB miacra (4epTéx) Cco3maéTCs

CoctaB mnacrta (3D) 110 3ampocy

3any0KaﬁTe WHCTPYMEHT IIO KaXKOOMY IIPDOMBIIIJIEHHOMY IIJIaCTy OTHEJIbHO, CO CBOMM I'DHUIOOM
COCTaBa. HOJ'IOCy COCTaBa KJIaguTe IIOBEPX YepTezKa pa3pe3a. II1s TOYHOTO HaAJIOXKEHUS BO3bBMUTE
MHOXKHWTEJIb, HalledaTaHHbIN WHCTPYMEHTOM Pa3pe3 MO0 JIMHHUM, U 3aJaliTe ero 30ecCh B pexume
MHO2KHTeEJIb (OTHOI_LIeHI/Ie I':B cuuTaeTcs 1o OOHOMY IIJIaCTy U OJIdd HAJIO2KEHUA He TOI[PITCH).

OnpeneneHue pa3pe3a H 001IHUe IMapaMeTpbl

l'eoMeTpuyecku pa3pes 3aal0T ABE BEIIU - TUHUS B PpeajibHOU CUCTEME KOOPAWHAT U BEPTHUKaJIbHBIN
MacmTab vex. MHCTpymMeHT Pa3pe3 IO JTHHHH BHOAET WX BMecTe KakK cioi OmpeaeieHHe
pa3pe3a: 10 TUHUU Ha KaXObIM pa3pes, C IoNIIMHU sec, sec id, vex, step, zmin, zmax, ox u oy. 3To
OOITHY MCTOYHUK IIPaBIHI.

UHCTPYMEHTH TEpPEeCeYeHus, TPOEKInU, OOpPaTHOW MPOEKIIMKM YUTAIOT JIMHUI0O M VEeX U3 3TOTr0
OTIpefieNIeHusI, MO3TOMY WX Pe3yJbTaThl JI0XKATCA Ha pal3pe3 0e3 Py4yHOM MOOTOHKM MaciiTaba.
ITocTpoiiTe pa3pe3 OOWH pas, OIpedeieHWe IIEPEHOCHUTCS BMECTe C IIPOEKTOM U IIOJAETCA B
OCTaJIbHBIE UHCTPYMEHTEI IPYIIIIHL.

Korma pa3pe30B HECKOJIBKO, OIlpeaeeHue HeceT ux Bce. UHCTpyMmeHTH IlepeceyeHrne MOBEePXHOCTEH
c paspe3oMm (4.04), IlepecedyeHue BeKTOpPOB c pa3pe3oM (4.05) u Ilepeceuenue TIN c
pa3pe3omM (4.06) o6pabaTriBaioT BeCh HaOOp 3a OOUWH ITPOTOH: KaXObIM pe3yJibTaT J0XKUTCS Ha
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CBOH 4epPTEXK 110 CMELIEHUIO U3 MOJIEN OX U Oy M mojydaeT mojs sec u sec_id. HyxkeH oguH pa3pe3
- mocTaBbTe QUIBTP HA CJIOM OUpEefeleHUs WIKM BHOEIWTE HYXKHYIO JIMHUIO, IIOPSNOK OOBLEKTOB
coxpansieTcsi. ECy B ompefieIeHuH OKaXKyTCs pPa3pe3kl C pa3HBIM Vex (Takoe ObIBAaeT, CIIN CKIIEUTh
ornpenesieHUsI OT Pa3HBIX 3aIllyCKOB), MHCTPYMEHT NPEOYIPEONUT, YTO YEePTEXKU HECOIIOCTABUMEI, U
IIOCOBETYET Iepeco0paTh UX OQHUM IIPOTOHOM.

HuctpyMmeHTH CocTaB IU1acTa Ha pa3pe3e (4.03), 4.07 u 4.08 moka paboTaloT 110 OOHOMY pa3pe3y
u O0epyT u3 ompemneneHus: mepBhii. CKBaxkKHHBI Ha pa3pe3e (4.02) obpabaThiBaloT BeChb HabOp
nakeTHO. [Ipy HECKONBKUX pa3pe3ax [IofgaBaliTe UM onpenesieHue, OTPUIbTPOBAaHHOE Ha HYXKHBINA
CTBOD.

Crnou oIpenesieHus, CoeJIaHHbIe ITPEe2KHUMU BEPCUAMMU IIJIarMHA, YUTAKOTCA II0-CTAPOMY. [Toneu sec
" OX B HUX HET, TIO3TOMY MMs BEIXOOUT ITYCTEIM, CMEIlleHKe HYJIEBBIM, U PE3YJIbTAaT JIO2KUTCSA POBHO
TakK 2Ke, KaK PaHBbIIIe.

HNucTtpymMeHT CocTaB mjlacTa Ha pa3pe3e IIpUHUMAaeT OlpelesieHHe pa3pe3a Heo0s3aTeIbHbIM
BXOJIOM: €CJIM OHO 3aJaHO, BepTUKaIbHBEIN MacmTab 6epéTcs U3 Hero, U I0Jioca COCTaBa TOYHO
JIOXKUTCS Ha IJIACTH MO BeIcoTe. CKBazKHWHBI Ha pa3pe3e paboTaioT TOJIBKO OT OIpedesieHwus,
OTHEeNnbHOr o BEIOOpPa MacIinTaba y HUX HeT.

Pazpes3 Takxke oOpe3aeT BHIKJIMHUBAHUS: TIOe KPOBJIS OIYCKAETCS [0 MOMOIIBHI, IJIaCT IIPOIafaeT,
[1oJIoca He CTpouTcs. Tak B 4eMO BTOPOU IPOMBIIIJIEHHBIN I7IaCT BEIKJIMHUBAETCHA K BOCTOKY.

I moMaHoM MUHUYN «Pa3pes o TUHUU» I10 3aIlIPOCY BLIOAET TPU CIIYKEOHBIX CIIOSI B OCAX YepTekKa.
YrioBele TOYKH CTABSTCS Ha KaXKIOM y3Jie IOMaHOM, CBepXy ¥ CHU3Y pa3pe3a. Y TOUKH II0JIs: HoMeD,
uMmsa (YT-1, ¥T'-2 ...), cTopoHa (BepX UM HU3), pacCTOSHUE BOOJb JIUHNY, NIJIaHOBHE X U Y, a3UMYT
OTpEe3Ka M IroToBad IIOAIINCE. CBepxy IIOOIINChIBAETCA MM, CHI/I3y - IIJIaHOBBEIE KOOPIOWMHATHI X u
Y, oKpyriieHue OO0 COTHIX. ABMMYT U PACCTOSTHHE OCTAIOTCS MOJISMU CJIOS - UX YOOOHO BLIHECTH B
Tabnuily MakeTa. [IpunaraeTcs CTU/Ib: BBEPXY TPEYTONbHUK BEPIINHOM BBEPX, BHU3Y MOJIKA.

OnumoHaNBHO BHIAAETCS TabNHIla YIJIOB - CIOU-TIOJIUTOHEL IOA pa3pe3oM. AuedKky jexkaT MeXOy
VIJIOBBIMK BEPTHKAJISIMK, T'PAHUIEI IIPOXONAT IO HUMU, OBE CTPOKM: IONIMHA W a3UMyT OTpe3Ka
MeKAy COCEeOHHMH yIJIaMH, IIOANIUCH 110 LEHTPY, 3anuBKa Oenasi. OHa PUCYeTCS IPSIMO Ha XOJICTE
¥ ye3KaeT B MaKeT BMeCTe C pa3pe3oM. YIJIOBHEe BePTUKAJH - JTUHUU Ha y3JiaX JIOMaHOU Ha BCIO
BEICOTY pa3pe3a. [Opu30HTabHbIE OCH - IMHUY PABHOM BEICOTHI C OTMETKAMH (10 YMOTYAaHUIO TISTh,
C XOpOWIMM OKPYTJIEHWEeM) OJIs IIKaJbl BRICOT. [10Ji YyepTeka pacCHIMpPEeHBl Ha NATh MPOIEHTOB
BBEPX M BHU3, YITIOBbIE TOYKU CUOAT HA 9TUX KpasX.

4.04 TlepecedyeHHe MMIOBEPXHOCTEH C pa3pe3oM

HUHcTpyMmeHT IlepecedyeHHe MOBEPXHOCTEH C pa3pe30M HaHOCUT MOBEPXHOCTU-TPUALI Ha pa3pes3
JINHUSIMU B OCSIX PACCTOSTHUE-BBICOTA. KaXKawiii rpu BEHIOMPAETCS BAOJIb TUHUY OTIPENEIEHUS, U €T0
CedeHUe JIOKUTCS Ha YePTEXK PANOM C IjtacTaMu. JImHUA u vex 0epyTCs U3 OIpenesieHus pa3pesa,
II03TOMY COBIafieHWEe C pPa3pe30M aBTOMaTHYeCKOe.

Tak Ha pa3pe3 HAHOCSAT BONOHOCHHIE TOPU3OHTH, MAPKUPYVIOIINE TOBEPXHOCTH, KPOBIIIO COJH,
TTOBEPXHOCTU aHOMasnui. Ha BXof - ompeneneHure pa3pe3a M CIKUCOK TPUIOOB, Ha BHIXOOE JIMHUU B
ocsix pa3pe3a (u mpu xKeynaHuu 3D-TUHUY B peaibHBIX KOOPAUHATAX).

IIpoernusi 06BEKTOB ¥ oOpaTHas IIPOEKIWS IIPOBEPEHEl Ha peaslbHEIX HAHHBIX UM MeTKy (Ddera)
GobIrie He HeCcyT. Pa3BépTKa CTEHKHU CTBOJIA OCTAETCS IOMEYEHHOM: OHa pabouasi, HO e€ mHTepdenc
1 Habop IPUMEPOB €l1€ YTOUHSIOTCH.

ITapamMmeTpsI
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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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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

OmnpeperneHue pa3pesa

[ToBEepXHOCTU-TPULEL

Cnou onpepenenus ot 4.01:
JIMHUS C IOJIIMH VeX U step.
3amaéT MuHUIO, MacuTad u
BBICOTY PaMKH.

CI1coK pacTpoOB, YbH CEUYEHUS
HAHOCSITCS Ha pa3pe3
TTUHUSIMH.

[ITar BLIOOPKHM BOOJIb THHUU Yepes CKOJILKO eauHuIll KapTel O
(IOom.) 6patpb oTcYéT. 0 - TOo pa3mepy

STYENKU.
Bri6opka pacTtpa (Hor.) BunuHeitHo uny 6uXKanummn. OumUHEeNHO
JIuHuu MOBEPXHOCTEN Ha BrIXOOHBIE TUHUU B OCSIX co3maéTcs
pa3pe3e (4epTex) paccTosiHKMe X BBICOTA.
JIuauu nmoBepxHocTel (3D) Brixomuble 3D-TMHUHN B 10 3a1pocy

PeallbHBIX KOOpOUHAaTaXx.

4.05 Ilepeceuenue BEKTOPOB C pa3pe30M

Ecnu moBepxHoCTH 4.04 HAHOCSTCS IPUOAMHU, TO 9TOT HHCTPYMEHT HAaHOCHUT Ha pa3pe3 BeKTOPHbBIe
00BEKTHI IT0 TOYHOMY IIEPECEYEHUIO C JINHNEH pa3pe3a. THUIl pe3yibTaTa 3aBUCHUT OT OOBEKTA.

JIluausi 63 OTMETKHM BBICOTHI (IIJIOCKas B IIJIaHE - Pa3JIOM, I'PaHUIla, KOHTYP) HAa€T BePTHKAJIb
Ha BCIO BBICOTY B CTaQHIIUM IlepecedeHus. M3BeCTHO, Ime pa3pes eé lepecekaeT N0 TOPU30HTANH,
HO He Ha KakKoH riybuHe, MOSTOMY MeTKa MOET Yepes3 BCI0 paMKy. JIuHus ¢ ormerkou Z (3D-
00BEKT, HAKJIOHHBIHM, KOHTYP IIOBEPXHOCTH) HAa€T TOUKY Ha PeabHOM BHICOTE B MECTE MePEeCeYeHuU s
- HalTpuMep, KOHTYP KPOBJIM C OTMETKOM JIOKUTCS TOYKOM POBHO Ha MJjIacT. ITouroH (30Ha B IjIaHe
- 3aMelleHne, MIaXTHOE MOoJie, TUIeH3U) JaéT BePTUKAJIBHYIO MOJIOCY Ha UHTEpBaje, rae paspes
UOET CKBO3b 30HY.

JIuHUS, vexX U BEICOTA paMKHu 0epyTcs U3 OIpefeeHus pa3pe3a - ero nuieT Pa3pes3 mo THHUH, U
B HEM Tellepb XPaHHUTCS BEPTHKAJIbHBIM pa3Max. [loaToMy misi 00beKTOB 0e3 Z MmomaBaTh HUYETO
He HyXHO. [IJ1s1 CTapeIX ompeaesieHu# 0e3 BRICOTHI OCTAETCS 3aIllaCHOM IyTh: YepTeézk pa3pe3a
HeoOs3aTeNbHBIM BXOJIOM HJIM AMAala30H Z B OOMNOJIHUTEJIBHEIX. Korma y o6beKTa ecTb Z, BBICOTA
He HyXHa - TOYKa CTAaBUTCS II0 OTMeTKe. [IycThle BBEIXOIBI HE CO3ITal0TCs: Pa3jioM HAET TOJIBKO
BEPTHUKAJIM, MapKeP - TOITbKO TOYKH, 30HA - TOIIBKO MOJIOCHI.

B oTnuune oT IIpoeKnuu 00HEKTOB Ha pa3pe3 (IpubIu3uTeIbHOM, 0 KOPUAOPY) 3TO TOYHOE
IepecedeHne - MeTKa MOSBISIETCS TOJIBKO TaM, TAe TeOMeTpUus peajibHO pexXeT JIMHUIO pa3pesa.
Ha BXOm MOXKHO TOfaTh Cpa3y HECKOIbKO CI0E€B (IMHWK ¥ IIOJIUTOHHI BIIEPEMEIKY) - Bce
oOpaboTaloTcsi 3a OOUH IIPOTOH, KaK CIMCOK NoBepxHocTeld B 4.04, a B BBIXOJAX I10JIe STC XPAHUT
CJIOM-UCTOYHUK KaxXXOou MeTKU. [leMo-reHepaTop BEIOAET pa3jioM, MapKep C Z 1 30Hy 3aMelleHus,
Iepecekarlue OeMo-pa3pes, - Ha HUX HHCTPYMEHT IIpoOyeTcs cpasy.

IlapaMeTpsbI

[TapameTp YTo 3amaéTr ITo ymonm4gaHnuio / COBET

Cnoiut onpepenenus ot 4.01: -
JIMHUS, VeX U BHICOTA PAMKH.

IO 00BeKTOB 0e3 Z 3Toro
DOCTATOYHO.

Onpenenenune pa3pes3a
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Cnou gns nepecedyeHus

YepTE€x pa3pesa

[TepeHoCcuUTb aTPUOYTHI
00BEKTOB Ha pa3pe3

COXpaHHTB UMSA UCXOOHOTO
CJI0sd

COXpaHHTB CTHJIb UCXOOHOI'O
CJ104

Jlunus penveda Ha yepTexe

JIuHuS HU3a Ha yepTexe

ITone HUKHEHM OTMETKH II0JIOC
U BepTUKaJeu

HuxHsst oTMeTKa 3TO rimyOuHa
ot Bepxa (Hor.)

Hu3s guanasona Z (Iom.)

Bepx gpuanazona Z ([Jom.)

BepTukanmu Ha pa3pese

Touknu rnepecedYeHud

[Tomockl 30H Ha pa3pese

JIUHUY U TIOJIUT OHBI
BIIEPEMEIIIKY, 3a OOUH IPOTOH.
B BEIXOmax moje Src XpaHuT
CJIOM-UCTOYHUK.

3amacHOM UCTOYHUK BHICOTHI
paMKHu OJIs CTaphIx
onpeneneHul 6e3 zmin/zmax.
[Tons uCXOOHBIX 0OBEKTOB
YXOOST B BEIXOOBI, YTOOHI
KPaCHUTh U IOOIIHUCHBATH METKH
10 CBOUM HAHHBIM.

BrIxon Ha3BIBAETCS 10
KCXOIHOMY CJIOIO0, KOTZla OH
OIMH.

Odopmnenue 6epéTcs y
KCXOTHOTO CJIOS, a He U3
IITAaTHOTO CTUMST MOOYJIS.
Croil TUHUY IIOBEPXHOCTEU OT
4.01. Bepx 30H U pa3jioMOB
JIOKUTCA 110 penbedy, a He 110
paMke.

ToT ke croM UIu ero 4acThb.
Hu3 30H ¥ pa3jioMOB TOXKUTCSA
10 TIOHOIIIBE, @ He TI0 pPaMKe.
Hwu3s kaxxmoro o6seKTa U3 ero
coOCTBEHHOTO aTpulbyTa.
[lepekmoyaeT YTeHUE IO C
a0COJIIOTHOM OTMETKH Ha
rIyOuHy.

HuxHss oTMeTKa paMKH, eClIx
HET HU OIIpPeneNeHus C
BBICOTOM, HU YepTezKa.
BepxHsisgs oTMeTKa paMKU B TOM
XKe Cly4ae.

Breixon miis nuHMi 63 Z
(paznomM, rpaHuIla): BEPTUKAIb
Ha BCIO BEICOTY.

Brixop Omnist nuHuM C Z (KOHTYP
C OTMETKOI): ToOYuKa Ha
peanbHOU BEICOTE.

BreIxopn Oyt MONIMTOHOB (30HA B
IIJTaHe): BepTUKalbHas Iojoca
Ha MHTEepBae.

I10 2KEeJIaHUIO

BKJIIOYEHO

BBIKJIFOYEHO

BBIKJIOUEHO

II0 2K€JIaHHUIO

I10 2KEeJIaHUIO

I10 2KeJIaHUIO

BEIKJIIOYEHO

0

co3maéTcsa

Cco3TaeTcs

co3maeTcs

ITycThie BEIXOABI HE CO3HAIOTCS: KazKObINM TUII 00BEKTa UOET TOIBKO B CBOM CJIOH.

HNMsa 1 CTHIb HCXOTHOT O CJI0sI

I[IBe rajmouykW [Ojs CiIydasi, KOTfla Ha BXOI IIOoJaH omuH cjod. O0e Mo yMOJYaHUIO BHIKJTIOUEHHI,
IIO3TOMY IpPEeXKHUEe IIPOTOHBI BOCITPOU3BOAATCS 063 U3MEHEeHUH.

CoxpaHsATHL UMS HCXOOHOTO CJI0si. BEIXOm Ha3bIBAaeTCS IO UCTOYHUKY: CJIOM TE€OJIOTUU HaeT
«T'eonoruss Ha pa3pe3e» BMECTO YHUBepcalbHOTO «IIomockl 30H Ha pa3pe3e». Eciu omuH Criou
pomusn cpa3ly HECKONbKO BUIOB O0BEKTOB, K MMEHU A00aBisieTCs BUM, MHA4Ye TPU CJIOS B IepeBe
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Ha3BIBAJIUCH O OONHAKOBO.

CoxpaHsTh CTHJIb HCXOTHOTO caosi. Opopmienrue 6epETCs y caMOro C/0s, a He U3 IITAaTHOTO
cTuns monyJiisi. BmecTe ¢ mepeHocoM aTpubyTOB 3TO CHUMAET IJIaBHYIO Py4YHYI0 paboTy Ha pa3pese:
KaTeropUlHas packpackKa TeOJIOTHM II0 MOJII0 JTOXKHUTCSA Ha IIOJO0CH KaK €CThb, IOBTOPSTh HalUTPYy
BPY4YHYIO He HyKHO. CTU/Ib IIEPEHOCUTCS, KOTda TUIl T€eOMETPUU COBIIAZAaeT: OJIUTOHBI B IIOJIOCHI,
MUHUYU 6e3 OTMeTKH B BepTHKasu. JIMHKWS C OTMETKOHN Z maéT TOYKY, IMHEeHHHINH CTU/Ib Ha Heé He
BCTAHET, U TaM OCTAETCs INTAaTHHIN.

CnoéB moiaHo HeCKOJIBKO - 00e ralouYKy MOJIYaT, IIOTOMY YTO BHIXOOEI CBOMST BCE UCTOYHUKY B OOUH
CJIOM, M B XKypHAJI yXOOUT CTPOKA II0YeMy.

Oo0pe3ka no penbedy ¥ THHUHA HU3A

30HEI U PAa3JIOMHBI II0 YMOJIYaHMIO PHCYIOTCSA Ha BCIH BBICOTY PaMKHU: HM3BECTHO, Irae 00BEeKT
rmepecekKaeT JIMHUIO, U HEeUu3BECTHO, Ha KaKoOu OH 1"]'[}76I/IH8. TpI/I Heo0Os3aTeTbHBIX IIapaMeTpa
CHHMAIOT 3TO OrpaHH4YeHHe I10 KpasiM.

JInausi penbeda Ha uyeprezke obOpesaer 0O0BEKTH cBepxXy. IlomaBaiiTe cjioM NUHUE penbeda,
KoTOpuIX BeIZa€T 4.01 Pa3pe3 mo auHHMH. Bepx 30H ¥ pal3/ioMoOB JISIKET M0 penbedy, a KpoMKa
TI0JIOCHI TIOBTOPUT €0 IIEPEJIOMEL, @ HEe OCTAaHETCS IIPSIMOM.

O6pe3kKa UOET UMEHHO II0 JIMHUK C YepTezKa, a He 1Mo pactpy LIMP, u 3To oco3HanHO. Pa3pes mor
CTPOUTHCS MO APYrO¥M MOBEPXHOCTH, M TOT{A PACTP C 4epTekoM pazoumyTcsi. Ob6pe3aTh HAMO II0
TOMY, 4YTO 4YeJIOBeK BUAUT Iiepep coOoM. Pa3pes3rl comocTaBisioTCA IO oo sec_id, mostoMmy B
IMaKEeTHOM ITPOTOHE KaXKObIH YePTEXK PeKeTCs CBOUM IIpoduiem.

JIuHus1 HU3a Ha YepTezxe obpe3aeT 00BEKTH CHU3Y W yCTPOEHa Tak ke. [lomaBalTe IMOOOIIBY,
IIOYBY IJIACTA MJIN T00YI0 HUKHIOIO IIOBEPXHOCTE C TOT'0 JXKe YepTexkKa. JINHUY HeT, HU3 0CTaETCs 10
paMKe.

Ecnu B clmoe HECKOJIBKO ITOBEPXHOCTEHN, oOpe3Ka UAET 10 orubarolleii: CBepxy M0 caMOM BBICOKOM,
CHHU3Y II0 CaMO¥ HU3KOM. [109TOMYy Bhixo JIMHMM MOBEPXHOCTEH HA YepTezKe TOOUTCS KaK eCTh,
IoJlaBaTh €T0 MOXKHO cpal3y B o6a Bxopma. Korga HyKHa omHa KOHKPETHAs ITOBEPXHOCTH, MOJANTe
cyo¥, oT¢UNILTPOBAHHEIN 110 II0JII0 Name.

KpoMKy cumTaioTCs B OOHUX U TEeX K€ CTAHIUAX, Y3Ibl 00emX NUHUN CBOHOSATCS B OOmmil Habop.
HMHave Bepx ¥ HU3, IOCUYHUTAHHLIE KAaXKOBIM IO CBOMM CTAHIIMSM, IIEPECEKINUCh OBl MeXKOY Y3JIaMu
¥ TI0JI0Ca BhHIIIIa ObI BEIBEPHYTOM. HU3 He MOgHUMAaEeTCsI BHIIIIE BepXa: TaM, T'oe JIMHUS HU3a IPOoIIia
Hapg penbedoM, IoIoca CXJIOMbIBAETCS ¥ O0BEKT He BHIOJAETCS BOBCe. UMCIIO Cpe3aHHBIX IIeTMKOM
revyaTaeTcCs B XKypHas, 0OBIYHO 3TO 30HHI, JIeXKaIle BhHIIIe penbeda.

ITote HUKHEH OTMETKH 3a]a€T HU3 IT0JI0C ¥ BepTUKaIeH MOMITYyYHO, U3 aTpu0yTa caMoro 00beKTa.
[To ymMon4YaHWIO 3HAYEHHWE UYHUTAeTCS KakK abCojoTHass oTMeTKa. ®IaXKOK B HOIOIHUTEIbHBIX
ImapaMeTpax IepeKioyaeT ero Ha TJIyOMHY OT BepxXa OOBEeKTa: 3TO yHoOHO, KOrfa B HAHHBIX
3alrcaHa MOIIMHOCTE 30HEI, a He e€ MogoIlBa. Huke paMKH HU3 He OIyCKAaeTCs HU B KaKOM CJIy4ae.

ATpuOYTHI O0OBEKTOB Ha pa3pe3e

®axok IIepeHOCHTH aTPHOYTHI 00HEKTOB Ha pa3pe3 BKIIIYEH 110 yMOTYaHui0. CMBICH ITPOCTOM:
TOJIOCH ¥ BEPTHUKAJIM Ha YepPTeKe KPacsITCS U MOAMMCHIBAIOTCS II0 BAIllMM XK€ ITOJIIM, 6€3 PYyYHOTO
CBSI3LIBAHMUS C MCXOOHBEIM CJIOEM.

C0éB momaéTcst HECKOJIBKO, CXeMbBI Y HUX Pa3HbIe, IO3TOMY KOJIOHKH CBOMSITCS B OOUH OOIIHH HaGop.
ITome, KOTOPOTO Y CJIOSI HET, OCTAéTCs IMyCcThiM. OMMHAKOBOE UMsI B PA3HEIX CJIOSX CUMTAETCS OOHOMH
KOJIOHKOMU, TUII OEPETCS OT IIEPBOTO CJIOS, T OHO BCTPETUIIOCE.

HNmena, coBmapmatomue co ciayxkebHbIMU (Sec, src, label, d, z, d1, d2), meperMeHOBHEIBAIOTCS C
cybdukcom. DTO He KOCMeTHKa: KOJIoOHKa d HECET pacCTOSHUE BIOOJIb pa3pe3a, U aTpudyT o6beKTa
C TeM XKe UMEeHEeM MOT4Ya MMOAMEHUJT Obl KOOPAWHATY, @ 3aMeTHUIX OBl 9TO yKe Ha YepTexke.

Ywucno C06paHHI>IX KOJIOHOK I1€49aTaeTCs B XKYPHaAJI.
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Yron A3HMYVYT IIaJeHHsl. JIuaus 6e3 OTMETKH II0 YMOJI9aHHUIO J:[aéT BepTHUKaAJIb: U3BECTHO e,
HEen3BEeCTHO IO KaKHM YIJIOM. Ecnm 3apgansl Yrojl 1 a3uMyT IIadJeHHus - IIOJIAMH IIO MMEHH HIIN
IIOCTOSIHHBIMHM Ha CJIOM, - BMECTO BEPTUKAJIK PUCYETCH Clie[ IIadeHNs OT IOBEPXHOCTU BHHU3, a I10JI0OCa
30HEI CTAHOBUTCH IIapaJlyieJIorpaMMOM.

Ha 4epTéK BHIXOOUT He UCTUHHBLIN yToJl, @ BUTUMBIH:
tg(BuanMmbiii) = tg(MCTUHHBIN) - coS(a3uMMyT MapeHus — a3uMyT paspesa)

Pa3pe3 BKpeCT MPOCTHUPAHUS MAa€T UCTUHHBIM YIroJj, pa3pe3 II0 MPOCTHUPAHUIO - HOJIb, ¥ OOBEKT
JIOKUTCS TOPU30HTAIbHO. A3UMYT pa3pe3a OepETcs 10 3BeHy, Ha KOTOPOM JIEXKUT IIepecedeHue,
MMO3TOMY Ha JIOMaHOM TPOodHIie HAKJIOH B Pa3HbIX MECTaX Pa3HbIH.

A3umyT 00s13aTEJIEH ¥ U3 TEOMETPUY He BRIBOOUTCS: OOUH U TOT Ke 0OBEKT MOXKET ITafaTh B JII00YI0
cTOpoHY. Be3 Hero OoOBEKTEl OCTAIOTCA BEPTHKAIBHBIMU - MOIYaJINBOE [OIYyIIeHHE <IIJIOCKOCThb
IIepPIeHNKYJIIPHA pa3pe3y» U eCTh dacTas omubka moctpoeHus. CTOPOHY HaKJIOHA 3afaBaTh He
Hafo, e€ pelraeT 3HaK KOCHUHYycCa.

IInuHa crema 3afaé€Tcsl MO TOPU3OHTAIM B MeTpaxX, HOJIb O3HadaeT A0 paMku. KopoTkuii cnep-
yKa3aTeJib 0OBIYHO OepyT B IIOJITOPa-OBa CaHTUMeTpa Ha nucte: mpu 1:2000 ato 30-40 M.

B aTpubytel nummytcsa Tpu uyucia: dip (uctuuebM), dip_az u app_dip (Bugumeii). MepuTh yrom
TPAHCIIOPTUPOM II0 UEPTEXKY HENb3S - BEPTUKANIbHBIN MaciTab MCKaXkaeT HapUCOBAHHBIM HAKJIOH,
KaK HMCKaxKaeT U BCE OCTaJIbHOe Ha pa3pese.

4.06 Ilepeceuenue TIN c pa3pe3oMm

Pactposeiit rpurp (4.04) - 9T0 z = f(x, y), OOHO 3HaYEHHUE BHICOTH Ha TOYKY IJIaHa. OIPOKUHYTYIO
CKJIaJKy OH IlepefaTh He MOJKET B IIPUHIIUIIE: HaJd OOHOUW TOYKOW y HEE HECKOJIbKO OTMETOK
OOHOU IIOBEPXHOCTU. IJTOT MHCTPYMEeHT pexeT pa3pe3oM TIN - HOBEPXHOCTh U3 HACTOSIIUX
3D-TpeyronbHUKOB, KOTOpPasi yMeeT HaBHUCAaTh.

MexaHrKa YHCTO reoMeTpuuecKas. Pa3pe3 - BepTHKalbHas INTOpPa BOOIb JIOMaHOW. KaxKObii
TpeyronbHuK TIN mepecekaeTcsi C BepTHUKaJIbHOM IIJIOCKOCTBIO CBOETrO0 CETMEHTa, HAaET OTPe30K
(cTaHUMs BOONL JTUHWHU, PeajibHaAs BBRICOTA), U BCe OTPE3KM COOMPAroTCS B TPacCy ITOBEPXHOCTH.
HaBucanue BHIXOOUT camMoO Co0OOM: Hal OOHOM CTaHUMEN OKa3hIBAaeTCH HECKOJIBKO OTPEe3KOB II0
BBICOTE, ¥ Tpacca 3aBOPa4YMBaETCs - KPBIJIbS ONPOKMHYTOM CKJIagKHU JIOKATCS KakK €CTh.

Ha Bxop - ciou 3D-monuronoB (PolygonZ, rpauu TIN, mpu 3TOM He-TPeyTroJIbHUKKA Pa30UBaIOTCS
BEepoM Ha TPEeYTONbHUKH) M IPH KeJlaHUW MeIn-CIou. JIMHUS U vex 0epyTcs U3 ompeneneHus
pa3pesa, BEICOTA - C caMuX I'paHel, moatomy ayid TIN 3amaBaTh HUUET0 He HYKHO. Kpome uepTéRHOM
TPacChl MOXKHO IIOJIyYUTh €€ U B peanbHbIX 3D-KoOpanHaTaX.

BaxxHoe orpannuyenue: memr QGIS - ato 2.5D, BEICOTa B HEM CKaJsp HA BepIIuHE, HaJ TOYKOH
CHOBa OOHO 3HAa4YeHUeE, OMPOKUHYTOE B Mellle He coxpaHseTcda. [IoaToMy HaBHCaHUE OAIOT TOJIBKO
Hacrtosmue 3D-rpanu ot reomoperiepa (Leapfrog, Micromine u momoGHBIe). Melll TpUHUMAETCS
ot OOIITHOCTHM, Ha OJHO3HAYHBIX ITOBEPXHOCTSX. [leMo-TeHepaTop BHIOAET ONPOKMHYTYI0 TIN-
CKJIaOKy - Ha Hel 3aBOPOT TPACCH BUIEH Cpa3ly.

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

NUHUS U veX. BeicoTa 6epéTcs
C caMUX I'paHewu.
I'panu TIN (PolygonZ) Cnou 3D-IONUTOHOB - TPaHU Heo0s13aTeIbHO
TIN oT reomopgennepa.
HaBucaHnuve u OIPOKUHYTOE
BOCIIPOU3BOISATCH.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Meiu-cnou (2.5D) Mem QGIS fjiss oOIIHOCTH. Heo0s3aTeIbHO
Hapg Touko# ogHO 3Ha4YeHUe,
OIIPOKUHYTOE B MelIlle He

COXpaHseTcs.
Tpacca TIN Ha pa3pese BrixogHas 2D-Tpacca B ocsax co3maéTcs
(uepTéxK) pas3pe3a, MOXKeT

3aBOpPaAvYUBaTHCS.
Tpacca TIN (3D) BrixogHas Tpacca B peajibHEIX IO 3alpocy

3D-KoopauHaTax.

IomaiiTe XOTs OBl OOUH M3 ABYX BXOOOB - rpanHu TIN umu Merr.

4.07 IIpoeknusi 00OLEKTOB Ha pa3pe3

HNuctpyMmeHT IIpoeKnusi 00beKTOB Ha pa3pe3 NPOoenupyeT TOYKH, JIMHUY U IIOJTUTOHBI Ha TUHUIO
pa3pesa. [Ins KaxXKpao¥d BEpPIIMHBEI FOPU30HTAIb 3TO PACCTOSHUWE BOOJIb JIUHUU IO €€ IIPOEKIIUH,
BBICOTA - OTMeTKa u3 3D-reoMeTpuy UM M3 BHIOPAHHOTrO mOJA. [lanbHUE OOBEKTH OTCEKAlOTCH
KOPHUIOPOM.

[Tapametp Yrto 3amaéT ITo ymonuaHuio / COBET

Onpepenenue pa3pesa Jluuusa pa3pesa Cc nojaeM vex -
(BepTUKaIBHOE
[IpeyBeJIn4YeHue).

OOBEKTHI OJIS ITPOEKIINH Crno#t, 06BEeKTHE KOTOPOTO -
MIPOELUPYIOTCS Ha MJIOCKOCTh
paspesa.

[Tone oTmeTKHU ATpubyT Z, eciiu reoMeTpus -
00BEKTOB 0e3 Z.

Kopupop oT nuHUU [MluprHa IIOJIOCH 3axBaTa OT 0
nuHuUU pa3pes3a. 0 = Bce
0OBEKTHI.

OOBeKTH Ha pa3pese (uepTexk) Brxom: 0OBEKTH B -
KOOpOWHAaTax yeprexka
paspesa.

3T10 06001IEHNE TPOEKIINY CKBAXKWH Ha JTI00bIe 0O0BEKTH: aHOMAJIMK, TOUYKM OmPOOOBaHMsI, TPACCHI,
KOHTYPHL. Pe3ynbpTaT B 0Csix pa3pe3a, KJIageTcs IIOBePX YepTexKa.

4.08 CopoennpoBaTrh C pa3pe3a

HHcTpyMeHT CIpoenupoBaTh C pa3pe3a JeaeT oopaTHoe: 00LEKThl, HAPHCOBAHHBIE HA YePTexkKe
pa3pesa, Bo3BpalllaeT B pealbHble KOOPOUHATE. ['OPU30HTAaIb BEPIIHHE YUTAETCS KaK PACCTOSTHHUE
BIOJIb JIMHUM (IaéT IIJIaH), BEICOTA - KaK OTMETKa Z = BBICOTA / veX. JIMHUuS u vex 6epyTcs U3 TOTO
JKe oIlpeeNIeHus, 110 KOTOPOMY CTPOMIICS YePTEXK.

[TapameTp Yrto 3amaérT ITo ymomyauuro / cCOBeT
OmnpepeneHue pa3pesa JImHUS pa3pe3a Cc IOIeM Vex. -
OOBEKTH C UepTezka pa3pes3a OOGBEeKTH B KOOPOUHATAX -

yepTexKa OJisd BO3BPATa B IIJIaH.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

OOBeKTHI B IJIale (C OTMeTKOM  BrIxoq: 0oOBeKTHI B IMJIAHOBBIX -
Z) KOOpOMHATaX C
BOCCTAHOBJIEHHON OTMETKOM.

Tak HaprCOBaHHBIY pyKaMM Ha pa3pe3e 00bEKT - KOHTYP 3aexXku, HapyIlleHue, TpaHulia - monagaeT
oOpaTHo B 1my1aH 1 B 3D ¢ oTMeTKOu Z.

4.09 Pa3BEépTKa CTEeHKH CTBOJIa (0eTta)

HNucTpyMeHT Pa3BépTKa CTEHKH CTBOJIa CTPOUT LMJIMHOAPUYECKUHN pa3pe3. Bokpyr ocu cTtBONa
Ha 3aJaHHOM paaumyce OGepEeTCs OKPYKHOCTh C YTJIOBEIM IIaroM (o ymomdauuio 1 rpamyc), u
IMOBEPXHOCTU-TPULBI BEIOMPAIOTCS BOOJIb HEE. Pa3BEpPTKA JIOKUTCS B OCU OJIMHA AYTU 10 OKPYKHOCTHU
- BBICOTA.

[TapameTp YTo 3amaéT ITo ymon4uaHuio / COBET
Ochb cTBOMA (TOYKA YCThS) TouKa ycTbsl CTBOJIA. -
Pagmyc cTBOna, en. KapTel Papguyc pa3BEéPTKU CTEHKHU. 4
[ToBEpPXHOCTHU-TPUOHI ['puael MOBEPXHOCTEH, -
(Mapkupytomme) OTMETKM KOTOPHIX HAHOCSATCS
Ha pa3BEPTKY.
YrnoBoi mar, rpagychl [ITar o6x0oma CTEHKHU I10 1
a3uUMYVTYy.
BepTukanbHbIl MaciurTad Pexum BepTHUKaIbHOTO OTHOILIEHUE

IpeyBenYeHus (OTHOIIEHUE
I':B 111 MHOXKUTEJD).

3HaueHue MacmTaba Yucro npeyBenluyeHus 1o 10
BEIODAHHOMY PEKUMY.

Bribopka pacTtpa (moi.) Cmoco6 CHSATHS 3HAUEHUS C -
Tpuaa ITOBEPXHOCTH.

Pa3BépTKa cTeHKM (myra X Brerxoq: pa3BépTKa CTEHKHU -

BBICOTA) CTBOJIA.

Kaxkpgass MapKupymoIasi IOBEPXHOCTh AAET JIMHUIO CBOETO MepPeCedYeHusI CO CTEHKOM CTBOJIA - IIPHU
TTaJleHu !’ TIJTaCTOB JIMHUY HAKJIOHEHH ¥ BOTHUCTH. OCh 3a4aéTCsT TOYEUHBIM CJI0EM YCThSI, PAguycC B
eOWHUIIaX KapTH, BEPTUKAILHEINA MaciiTab Kak y pa3pesa.

4.10 Co3gars mpuMep IJis1 pa3pe3a

HucTtpyMeHT Co3maTh HNpHMEp IJIsi pa3pe3a I'OTOBUT MHOJHBIA y4eOHBIM HAOOP OJIS T'PYIIIHL
Pa3pe3s, uTo6H 0TPOOGOBaThE €€ HHCTPYMEHTHI 03 KPUTHHTA PeaJIbHLIX JaHHBIX. B ITaHeIn OH CTOUT
B rpyune Pa3pes niocienHuM.

3a OOUWH MPOTOH BHIAAIOTCS MIECTh CTONKOM ITOBEPXHOCTEH C IajeHueM U ITepeMeHHON MOUTHOCThIO
(IATH IJIACTOB B NEPECIavBAHUM, BTOPOM M YETBEPTHIM NMPOMBINUIEHHBIE ¥ TOHKWE), TPU JTUHUU
pa3pe30B depe3 IJomanb (JloMaHas C OByMsS H3JIOMaMM, KOPOTKas NpsMas M HaAKJIOHHASA C
OOHMM M3JIOMOM), TOTOBas Iapa CJI0EB Mojaenu OypeHuss M [0 MHOTOKaHaJIbHOMY T'PHOY Ha
KaXK[bIM TPOMBINIIEHHBIN TytacT. KoHBeHIMSA KaHal0B rpuia mJjacTa: KaHam 1 - KpPOBs, KaHall
2 - mopoIliBa, KaHasbl 3 U fmajee - apaMeTpHl (34ech comepxKaHWe ¥ MUHEepPaJibHBIM TUII C 30HOHU
3aMeIleHus, OIS COOeP>KaHus y IIaCTOB HE3aBUCUMEIE, cCTOXacTudeckue). OnuH Qaii onuceBaeT
IJIaCT IEJIMKOM - KaK OJIOYHYI0O MOOejb, KyZa HOBHE ITapaMeTpH Ho0aBisiOTCA KaHanamu. s
WHCTPYMEHTOB IepecedeHusi nHoOaBJIeHb OEMOHCTPALIMOHHBIE BEKTOPHI: pa3jioM 06e3 OTMETKHU
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BBICOTHI, MapKUPYIOLUIUK KOHTYP C Z, 30Ha 3aMelleHus U onpokuHyTtas TIN-cknagka u3 3D-rpaneu
PolygonZ.

CKBakMHBI C HHTE€pPBaJIaMH OIIPOOOBaHHU 1

INTapa cmoéB Mopesnu OypeHUs BRIHAETCS I'OTOBOM, B TOM ke (popMaTe oOMeHa, B KOTOPOM BHITPYKaeT
l'eokoHCTPYKTOP. BMecTe ¢ Hell BHIJAETCS CIPABOYHHK IIVIAaCTOB JE€MO: Te XK€ KOObI, YTO CTOSAT B
WHTEePBaiax, C IOPSIOKOM 3ajieraHus, TeJIoM U IBeToM. [TocTaBiisieMuIi cipaBoYHUK 13 4.11 cobpan
1o BepxHeKaMCKOMY MECTOPOXKIEHUIO U KOIOB AeMO He 3HaeT, II03ToMy 6e3 CBOero CIIpaBOYHUKA
KOJIOHKM JIEMO OCTaBauch 6e3 IBeTa.

ITonoce: nnacTtoB B 4.01 meMo-cIpaBOYHUK He KPACUT, U 3TO He HeNOIellKa, a YCTPOUCTBO IIOUCKA.
[ImacT TaM ompepesisieTcs II0 UMeHaM CJIOEB KPOBJM U nmogomsk: y cinosi Kpll_top cHuMaeTcs posb
u octaercsa kox Kpll, 1o HeMy CIpaBOYHUK M oIlpalimnBaeTcsa. [IoBepXHOCTH JAeMO Ha3BaHEI IIPOCTO
HOMepaMHM U Kofa IJlacTa He HeCyT, I03TOMY I0JIOCHI OCTAIOTCS B IIBETaX M0 yMomdyaHuio. Ha cBoux
OaHHBIX, TMe CJIOM Ha3BaHHI KOOAMU IIJIaCTOB, TOT K€ CIIPABOYHUK KPACUT M IIOJIOCH, M KOJIOHKHU.
¥Ycrbs collar 5To TOUeYHBIN CJIOM C OTMETKOMN YCThd U INIyOMHOU 32605, mHTEepBaskl interval sTo
oObIvHast Tabuila ¢ TIIyOMHAMU O CTBOJTY OT YCThSI M KOOOM IIjTacTa.

I[Tostomy wumHCTpyMeHT 4.02 CKBazKMHBI Ha pa3pe3e npodyercss 6e3 CBOMX [OaHHHIX U 0e3
oOpamenus K 6aze: 3anyctute 4.10, 3aTem 4.01 o 10060 u3 TPEX NMuHUM, 3aTeM 4.02 ¢ 9TOM apoi,
oTIpefieJiIeHNeM pa3pes3a M OeMO-CTPaBOYHUKOM. KOJIOHKM CKBAaXXKWH TOyYaT I[BET U TOPSIOOK B
nereHpe. CKBaXKWHBI CTOSIT BOOJIb BCEX TPEX JIMHUU, TaK YTO KOJIOHKH JIATYT Ha JI000M 4ePTEXK.
Ta ke mapa 6e3 U3MEHEHUH TOOUTCS W OJIT TPEXMEPHOTO MPOCMOTpa: TaM IIyOMHAa yXOOUT B Z
HanpsMyio, 6e3 BepTUKaJILHOT0 MaciiTaba ¥ cCMellleHusI pacKIagKu.

MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)
_ T

Kanan 2 - NOAOLUBA (oTMeTku Z)

-+ 3.03: kpoBna=1, nogowea=2, cocTag=3

+ 3D-npocMoTp: «Tena NNacToB», KaHan napameTpa 3+

Puc. 29: KonBeHIUsT MHOTOKaHaJIbHOT'O I'pUa IIjlacTa: KaHalbl 1-2 HecyT reoMeTpuio (KpOBIsS U
IopouIBa), KaHasbl 3 U fajiee - mnapaMeTphl. OguH daiia KOpMUT UHCTPYMeHT 4.03.

Csom neMoO U UX aTPUOYThI

Cnoit T'eomeTpus ATpubyTH

JIuHuu pa3pe30B (IeMo) JIUHUS name (Pa3pe3s 1, 2, 3). Tpu
CTBOPA Pa3HOU OJINHBHI:
JIOMaHad C AByMd M3JIOMaMu
(BEpIIMHLI TPOBEPSIIOT
NUKeTaxK), KOpoTKas mpsMasi 1
HaKJIOHHAs C OOHUM HM3JIOMOM.
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Crnotu T'eomeTpus ATpubyTHI

Yctea collar (memo) TOYKU hole id, z (oTmeTKa ycThs), ech
(rmy6una 3a60s1), number ms
ITOLTINCH.

WuTepsansl interval (memo) Tabnuia hole id, from, to (rmy6uHEI 1O
CTBOJIY OT yCTbs), code
(MHOeKc 1mJacTa).

CrnpaBOYHUK IIJ1aCTOB (ZeMo) Tabnua code, order, body, color, strata.
ITom KoObl MHTEPBAJIOB EMO.

30Ha (gDeMo, IMOJIUTOH) TIOJIUTOH name. 1718 UHCTPYMEHTA
nnepecedeHus BeKTopos 4.05.

Pasnom (memo, 2D) JIUHUSA name. CeKkymias CTBOPa,
cMellleHa C U37I0Ma JINHUH.

Mapxkep ¢ Z (memo, 3D) TuHuA Z name. [ITpoBepka

Onpoxkunytas TIN (memo)

[ToBepxHOCTH 1...6
IMnact 1-1/2-11 npom.

TIOJIUTOHEI Z

pacTp
pacTp

3D-reomeTpuii B 4.05.

name. OIPOKUHYyTas CKIagKa
nis 4.06.

OpuH KaHajl OTMETOK.

Kanamnsi: 1 KpoBis, 2 MOOOIIBA,
3 comepxkaHue, 4 MUHTHII.

PaGouu#t nuKn mokasaH B pa3meine 4.01: moBepxHocTu uOyT B Pa3pe3 mo JIHMHHH, 1apa collar u
interval B CkBakMHBI Ha pa3pe3e, Irpuf cocTaBa B CocTaB IyIacTa Ha pa3pe3e, a [eMO-BEKTOPEI
u TIN B uHCTpyMeHTH nepecedeHusa 4.05 u 4.06. Tak Bcg rpylna pa3pe3a HDpPOKaTEIBAaeTCA Ha

COT'JIaCOBAaHHBIX NaHHBIX.

IIapameTpsI

[TapameTp

YTto 3amaeT

ITo ymomgaHUIio / COBET

O06acTh (3KCTEHT)

3epHo reHeparopa ([or.)

IToBepxHOCTSH 1...6

JIlunuu pa3pes30B (3 mIT.)

YcTesa ckBazxkuH collar

HMHTepBankbl CKBaxKuH interval

[MnacT 1-#% mpoM.

[IpsIMOYTOJIBHUK, B KOTOPOM
reHepupyeTcs Habop.
3epuo I'CY ona
BOCTIpOU3BOOUMOCTH. O -
CJIy4alHoO IIPU KaxKIooM
3amnycke.

[ITecThs PacTPOB CBEPXY BHU3:

KPOBJIU U IOIOIIBEI
BMEIIAIOMNX U ABYX
ITPOMBIIIIJIEHHEIX 1JTaCTOB.
Tpu cTBOpa yepes miuollamb
o1 rmomayu B 4.01.
HNHCTPYMEHT IO YMOJTYaHHUIO
CTPOHUT pas3pes 10 KaKOoMYy.
ToueuHBIN CIIOM MOOENTU
oypenus (hole id, z, eoh,
PointZ).

Tabnuila momenu GypeHus
(hole id, from, to, code, kcl).
MHoOTroKaHalbHbIN I'PULI:
KPOBJISI, IIOMOIIIBA,
cogepkaHue, MUHTHIIL.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

[MmacT 2-1 mpoM. To xe gJist BTOpPOro 10 3amIpocy
ITPOMBIIIJIEHHOTO IIJIacTa, I0JIs
He3aBUCUMEIE.

Paszmom, mapkep ¢ Z, 30Ha Iemo-BeKTOpPH myg 4.05: 110 3a1pocy

nuHus 6e3 Z, KOHTYDP C Z,
IIOJINTOH 30HHL.

Onpokunytasa TIN 3D-rpaHu OIPOKUHYTOU 110 3ampocy
cknanku ons 4.06.

IMonHbBIM TTIEPEeYeHD ITOJIEH BEIXOIHBIX CIIOEB - B IpuoxkeHuu [laHHbIE OJis1 pa3pe3a (pasmen «Iloms
OeMO-CJIOEB» B KOHIIEe PYKOBOLCTBA).

CTpYKTypHBIE 3JIEMEHTHI U CJIeIbI BEIX0Oa. [1eMo OTHaéT OBa CJI0S C aHAIUTUYECKUM 3TaJIOHOM
IJIS IPOBEPKU YTJIOB.

CTpYKTypHBIE 3JIeMEHTHl: TPU JIMHUU IIepPeceKaloT MpsMou Pa3pe3 2 mpu OOHOM HCTUHHOM YrIiie
25 rpamycoB M pa3HBIX a3uMyTax IafeHusi. BuguMble yriabl BEIXOOAT 25, 18.25 u HONb, oxKugaeMoe
3HAYEeHWEe 3allMCaHO B IIOJIe app_exp, mo3ToMy pe3ynbraT 4.05 cBepsieTcs YHWCIIOM, a HE Ha
rna3. [IpsiMo#i pa3pe3 BHIOpAaH HAPOYHO: Ha JIOMAaHOM a3UMYT 3BEHA MEHSIETCS II0 XOOy, W 9TaJIOH
rmepecTtaéT OLITh OJHO3HAYHBIM.

Cnenr! Beixoma mnisa 4.12: nmonorust (20 rpamycos), KpyTou (72) u HaMepeHHO IpsAMoU B mnaHe. I1o
IEePBBEIM IBYM MHCTPYMEHT 00513aH BEPHYTH UMcia u3 nojei dip true u az true. TpeTuii npoBepser
OTKa3 - 3ajIeTaHUe II0 IPSIMOMY Cllefly He onpeneieHo. KpyTol HyKeH OTHeIbHO: IOATOHKA 110 Z Ha
HEM IIOIJIELIa OB

4.11 O6pa3en cipaBOYHHKA IIJIACTOB

WHCTPYMEHT KJIaZIET B IIPOEKT ITIOCTaBIAeMbI 06pa3el] ClipaBOYHUKaA IIJIaCTOB - TOT CaMBbIN, KOTOPHIN
ynTaoT 4.01 1 4.02. HyXeH OH 110 IIPOCTOM NMpUUYnHe: oO6pa3ell 1exXuT ¢paiioM B KaTajore IIjlaruHa,
KyZHa II0JIb30BaTelNlb OOBIYHO He 3arjsgblBaeT. bes 3Toro mara CIpaBOYHUK IPUXOOUTCS HCKATh
pyKaMu, a He Haiifisg, IOOaTh B pa3pes IIePBYIO0 [ONaBUIVIOCs TabIuIly U IOIyYUTh YepTexk 6e3 1BeTa.

I[TapameTpoB y uHCTpyMeHTa HeT. OOWH IPOTOH - M cjoi CmpaBOYHHK IjIacToB (oOpa3em)
MOSIB/IIETCS B IPOEKTE U Cpa3y BUIEH B BHIIIaJalOIlleM CIUCKe NMHCTPYMEHTOB pa3pesa.

Y10 BHYyTPDH

Tabnuma 6e3 reoMeTpHH, OfHA CTPOKA Ha IIJIaCT MJIM MEXOYIUIacThbe, CBEPXy BHU3 IIO pa3pesy.
KonoHku: KOp Tejla, HOMED CBepXy BHHU3, Telo (IJIAaCT WINM MEeXAYIUIacThe), IIBET, a TaK¥kKe
Heo0s13aTeNIbHbIE TOJIIIA U TPUMeYaHue, KOTOPhle YUTAIOTCS, HO TI0KA He UCIIOIb3YIOTCH.

Oo6pa3zerr cobpaH no BepxHeKaMCKOMY MeCTOPOXKAEHUI0: 37 CTPOK OT MOKPOBHBIX OTJIOKEHHU 0
HUJKHEW KaMeHHOU comnu. s Opyroro MeCTOPOXKIOEHUs OH CIyXKUT ckKejleToM. CoxpaHUTE CJION B
¢aiin mraTtHEIMU cpefcTBaMu QGIS u mpaBbTe KOOHI, IIOPSAOOK M IIBETA IO CBOIO CTpaTUTrpaduio.

Teso 3amojIHsieT reojaor

OTO TJIaBHOE, YTO CTOUT IIOHATH IIPO CIIPABOYHUK, U IOTOMY IIOBTOPSAETCS 30eChb. Teno u3 Kofga He
BeIBOOUTCS. [Tnact AB 110 HanuCaHMIO BRITJIAOUT KakK «A IUTI0C B», HO 3TO [eNIbHBIM 11JIacT, BHYTPU
KoToporo jyiexaT A, b, kopx A-A’ u A’. Mexpaynnactee B-B 13 Kofa He BEIBOOUTCS BOBCE, IOTOMY
yTo nnacta b B cnucke HeT, eCcTb Ab. MHCTpYMEHT 3HaueHUs Tejla He IIepeCUYUTHIBAeT U B 3TOM
CMEBICJIE HE YMHE€e 4eJioBeKa, KOTOPBIY UX IPOCTAaBUII.

111



CocTaBHBIE TeJjia cepbie

B o6pasiie ects KpIlla+6 - coctaBHOe Teno, cymMa Kpllla, mexpynnactesa Kpllla-6 u Kplll6. Takue
KOHIJIOMEepAaTEl B CIIPAaBOYHUKE KPacsaTCS CEPHIM, TeM Ke OTTEHKOM, KaKUM IIJIaTuH IIoMedaeT
HeolloO3HaHHOe. [IpyyrHa B TOM, YTO IBET COCTABHOI'O TeJla M3 LIBETOB €r0 YacTel He BEIBOOUTCS:
YacTu MOTYT OBITH Pa3HBIX LIBETOB, U 1000 BHIOOD OBINT OBl MPOM3BOJIOM. CephI YUTAETCS Kak
«UBeT He 3afjlaH», U ero CTaBUT YeJIOBeK.

CocenicTBO 1IEJIOTO C YaCTSIMHU B OMHOM CITMCKE UMEET IIeHY, 0 KOTOPOM CTOUT 3HaTh. [IopsIOOK CBEPXY
BHM3 efnuH, mo3ToMmy Mexny KpIllo u KplIIIB Temeps j1exkaT OBa Teja, a He OOHO, ¥ ITapa TaKuX
TpPaHUIl Ha pa3pes3e JacCT Cepylo IIOJIOCY C IMepedyHeM BMECTO MMEeHU MeXAymnacTbsda. Ha KpymHo#
rpanynsapaocTtu, Mexay Kpllla+6 u KpIIIB, Bcé cxomuTcss oOBIYHBIM 06pPa30oM.

Tot ke ¢ain BHe QGIS

O6pa3eu JIEKUT B IIallKe templates BHYTPHM KaTaJiora IIjJIaruHa B IBYX BHaX, plast_reference_vkmks.xlsx
U plast_reference vkmks.csv. B kHure Excel ecTb BTOpOM MUCT C IpaBUjiaMU 3aloIHeHUs. IIpaBbTe
MI00BIM YIOOHBIM CITOCOO0M, MHCTPYMEHTHI Pa3pe3a IPUHuUMaloT u Tabnuily npoekta, u GeoPackage,
u CSV.

4.12 In1eMeHTHI 3aj/IeraHUs IO CJIeady BbIX0Oda

Cuuraet Yrojl 1 a3uMyT IIageHud I10 TpéXMepHOMy ciieny BBIXOHOaA I'PAHMIIBI HA IIOBEPXHOCTE.

[TapameTp YTo 3amaét ITo ymongaHuio / COBET
Crnensnl BRIXOOA JIuauu c otmeTtkamu (Z B -
BepLIIVHAaX).
OKHO, BEPIINH 0 - ogHO 3ajieraHIe Ha BeCh 0
cieq, “Ha4de CKOJIb3sIIlee OKHO.
HauwmenrIiiasg n30rHyTOCTh [Topor o6yCIIOBIEHHOCTH, 0.15
(mom.) HIUXKe KOTOPOro CcliefyeT OTKas.

OTKyma Oepércsi 3ajeranve. Eciu rpaHuila miaacTta MM pasjoMa omudpoBaHa C OTMETKaMH,
IIJIOCKOCTh M0 HeW BOCCTAHaBIIMBAETCS OMHO3HAYHO, a M3 IIJIOCKOCTH BHIMAIAlOT 00a 3jIeMeHTa
3aJieraHud. HpaBI/IJ'IO TpéX TOYEK - MUHUMAaJIbHBIA CHyT-IafI, 30eChb CHHUTAEeTCda IIO0 BCEM BEpPIIMHAM
cpasy.

MeTop mo ATBMEHAWHTEPY: HOPMAaJb K IJIOCKOCTH 3TO COOCTBEHHBIM BEKTOP MATPHUIIEI OPUEHTAIIUHN
IIpM HaAWMEHbIIEeM COOCTBEHHOM 3HadyeHWH. IIoAroHKa BuUga z = a'x + b-y + c IIPOIIe, HO
pa3BajuBaeTCs Ha KPYTBHIX 3ajieTaHUsIX, Toe Ko3(puIueHTH yXomsaT B OECKOHEYHOCThH. depes
coOCTBEHHBIE BEKTOPHI KPYTH3HA ITePecTaéT OBITh 0COOBIM CITydaeM.

IIpsiMo¥i B mjIaHe cjieq 3a/leraHHsi He ompeaesasieT. Yepe3 OOHy MPSIMyI0 B IIPOCTPAHCTBE
IpPoXoguT GeCKOHEeYHO MHOTO IIJIOCKOCTEH: OHM BPAIaloTCs BOKPYI He€é KaK CTPAHMIIEI BOKPYT
Kopellika. MHCTPYMEHT BHOUT 5TO II0 OTHOIIEHHIO COOCTBEHHBIX 3HAYEHWH M OTKa3bIiBaeT C
MIPUYHUHON BMECTO YBEPEHHOTO YKCjla U3 IIyMa OKPYTJIeHus. Mepa IuIleTcs B moje planar: HOMIb -
TOYKHM Ha MIPSIMOM, eAUHUIIA - pa3Max B IBYX HAIlPaBIIEHUSX.

CkjIaJKa JIOBHTCsI HEBsI3KOM. MeTo[ NpedmnosaraeT, YTO CJIef JIeKUT Ha ONHOM IJIOCKOCTH, a
OIWHHAS TPAHULA PEeOKO JIEXKUT: (GJIEKCypa, cMelleHue pas3sioMoM, neperu6. CpemHsisi HeBsI3Ka
TOYEK OT IJIOCKOCTH IUIIETCS B II0JIe rMS, U OOJIbIIIOE 3HAaUYeHNE 03HAYaEeT, YTO OTHOTO 3aJIeTaHusI
Ha Bechb cJiel] He cymecTByeT. Torma BKIIIOYaiiTe OKHO: 3ajieraHue CUYHUTAETCS II0 CKOJIb3SAIIeMy
y4aCcTKy, ¥ Ha BBIXofie OymeT ero M3MeHeHWe BOOJIb T'PAHMIIEI, YTO MHOJe3Hee OJHOTO CPemHero
Yucna.
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MecTo B memnouke. Brixon nogaérca npsamo B 4.05, roe mondg dip u dip az u oxupgamorca. Ecnou
penbed 3amaH TOPU3OHTAISIMU, a cJiefd IIJIOCKHM, MPOBEOUTE ero ciiepBa 4depe3 2.22 - OTMETKHU
CHUMYTCSI C IPUMBIKAIONIUX TOPU30HTAJIEH.

I'eosroruyeckasi Moaesib

I'pynma cobupaeT MHCTPYMEHTHI, paboTalolire He C OOHON MOBEPXHOCTHIO, @ C MAYKOW: KPOBIU U
MTOMOIIBEI COCEIHUX TeJI CBSI3aHBI MeXKay co00ii, U CBsI3b 3Ta TubO0 cobmogaeTcs, Mub0 HapylleHa.
I[TpoBepuTh €€ U ecTh IepBas 3afgada. Bropas - ©UMeTh IIO[ PyKOH 3aBeIOMO U3BECTHEBIM MaTepHua,
Ha KOTOPOM BU[IHO, TIle TPUOOBOE MIpefcTaBIeHne paboTaeT, a Tae mepecTaérT.

5.01 Cor;1acoBaHHOCTH IIAaYKH IIJIAaCTOB

KpoBnu ¥ mopoIIBE OOBIYHO CTPOSTCS ITOPO3HB: KaxKgasl IIOBEPXHOCTb WHTEPIIONIUPYETCS II0
CBOMM 3aMepaM U HUYEero He 3HaeT O CYILIeCTBOBaHMU cocegHUX. [IoKa IjiacThl BhIAEPIKaHBI, 3TO
CXOOHUT C PYK. B 30He BEIKJIMHWBAHUS, I'le MOUIHOCTb UAET K HYJIIO, [BE HE3aBUCUMO IIOCTPOEHHEIE
IIOBEPXHOCTU IIOYTH HEM30EeKHO IIepecekKaloTCsi, ¥ [ajblle apudMeTHKa II0 TaKOW IIayke HaeT
OTpULIATENILHEIE MOITHOCTA U 00BEMEI, @ Ha pPa3pe3e BUOHBI BLIBEPHYTHIE TTOIOCHI.

I/IHCTPYMGHT OTBe€4YaeT Ha BOIIPOC, €CTh JIU TaKHe MeCTa U I'l€ NMEHHO.

YT10 cuuTaercs

BBIKJIMHHBaHHE - MOIITHOCTh B IIpefesiaXx OONyCKa OT HyJs. ITO Teojiorusi, a He medeKkT, U B
OTHEJILHBLIN CUET.

OTpHHaTeHLHaH MOIITHOCTB - KPOBJIA IIJIaCTa HUZXKe €ro IIOOOIIBEI.

HepexnéCT coceneﬁ - IIOAOIIBA BHIIIEJIEXKAIIero OIIYCTHUJIaCh HHNXKe KPOBJIM HHUZKEeJIeXKallero.
HpOBepKa OTOeJIbHad U HEe CBOOUTCSA K npem;mymeﬁ: KaXOBIN IIJIACT II0 OOUHOYKE MOXKET OBITH e,
a BMeCTe OHHU IMePEKPHBIBAIOTCA.

HauMeHbIITHH 3a30p MeXOy COCeOsMH BBIIAaETCsS KAapTOi, a He TOIBKO YHCIOoM. YHCII0 TOBOPHT,
CKOJILKO, KapTa - T'le, U BTOpOe BaxKHee: TaM IIEPEeXJIECT U BO3SHUKHET IIPU CJIEOYIOIIeM IlepecueTe
IIOBEPXHOCTEN.

IIpu3HaK NepeBEPHYTOr0 MOPsIAKA CPabaTHIBAET, ECJIH IEPEXIIECT 3aHSI IIOUTH BCIO IIJIOIIANb, a
BHYTPH IIJIACTOB YKCTO. ['€0JIOTHST TaK He BHITJISIAUT: HACTOSIIUI [IePEeXIECT MECTHBIN U COCEICTBYET
C BHIKJIMHUBaHUEM. [10YTH HaBepHsKa IJIACThI IOJaHbl CHU3Y BBEPX.

[JonmyCcK BBEIKJIMHMBaHUS 3aJa€TCsa IlapaMeTpPpOM M II0 CMEICIIy pPaBeH TOYHOCTU IIOCTPOEHUS
IMOBEePXHOCTeH. IIpy HyIeBOM OONyCKe YHCIEHHBIN IITYM B 30HE CXOXKIOEHUS IOCHIIIJIETCS B OIIUOKH.

OTKyaa 0epéTcsi MOPsSAIoK IJIAaCTOB

ITopsimok 3ajieraHusi CBepXy BHU3 MHCTPYMEHT OepET U3 IOepeBa CI0EB IIPOEKTa, a eClIM IIoJaH
CIIPaBOYHMUK IIJIACTOB - U3 Hero. [Topamok Beibopa ¢aiioB B Auajore He 3HauuT HUYero: QGIS ero
He COXpaHseT, U IoJjlaraThCs Ha Hero Hejb3s. OTKyna B34T MOPANOK, ITedaTaeTcs B XKypHaJl.

CopaBOYHMK HIPUMEHSETCS, TOJIbKO €CJIM OMKCHIBAET MOOaHHBIE INIAcThl. UyKO0M CIPaBOYHHK, HE
COBITAAAIOINHM HH OOHUM KOIOM, HTHOPHPYETCS C COOOIIIeHUEM, a He 3aaéT CIIyJYalHbIN IOPSA0K.

Y10 Ha BBIXOIE

PacTp 30H c KojaMu: COTJIacOBaHO, BEHIKIMHUBaHNUE, OTPUIlaTeIbHas MOIIHOCTh, IepexnéecTt. Kapra
HaWMeHBIIIEr0 3a30pa A0 COCedHero IjlacTa. B XKypHan II0 KaxXKOOMYy IIJIaCTy MOET Ouala3oH
MOITHOCTH U IIJIOIIaAHX 30H, 110 KaXKI0oM ITape cocefed - HAUMEHBIIINM 3a30p U IIJIOIIaab IepexiecTa.
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[lnomiagu medaTalOTCsS B IeKTapaX, a He B s4edKax: ThICAYa sYeeK Ha MEeTPOBOM CeTKe M Ha
TPUAIIQTUMETPOBOM PA3IUYalOTCS B IEBSITHCOT Pas.

Yero HHCTPYMEHT He pellaeT

OTpuilaTe/lbHass MOIIHOCTh OLIBAae€T MOBYX IIPOUCXOXKOECHWH, W apuPMETHKON HUX He Pa3THUYHUTh:
ommubKa MHTEPIIONAIuY 1160 OIMPOKUIEIBaHUEe TIJIacTa Ha CKIajgKe. MHCTPYMEHT oTMedYaeT MecTa U
rmevyaTaeT YKCIIa, HO IPUTOBOPAa HEe BRIHOCHUT. Pa3muyaioT maHHBIE OypeHUs: eClIM KOOLI IO CTBOIY
UOYT HE B CTpaTI/IFpa(l)I/IT-IeCKOM IIopAOKe, 3TO IIPHM3HaK OIIPOKUOBIBAHUA, U CHUTAETCA OH IIPAMO II0
Momenu OypeHus.

OTAUYUTE Cpe3 OT BHIKIMHHUBaHUSA 0€3 MOBEPXHOCTH PACTBOPEHUsS Ha BXOIe TOXKe HeNb3s: y cpesa
MOIITHOCTDL OOPBIBAETCST HAa 3epPKase, V BRHIKIIMHUBAHUS KPOBJIS C IIOOIIBOM CXOOSATCS MEXKOy COOOH,
HO Ha KapTe 30H 00a ciydvasi BRITISOAT OJUHAKOBO.

5.02 Co3marps npuMep pa3pe3a (memo)

I/IHCprMeHT CTPOHUT y‘Ie6HbeI pPa3pe3 BEPXHEKaAaMCKOI'O THUIIa CO BCEeMHU CIIy4dasiMH, Padul KOTOPBIX
CyLlIeCTBYET OCTaJIbHAA I'PYIIIIA. [Tone3eH OH TEM, UTO OTBET U3BECTEH 3dapaHee: moboe pacxoxaeHnue
C HUM eCThb OIlnOKa WHCTPYMEHTA, a HE JaHHBIX.

YTo B IpumMepe

Ko/10HKa B35iTa U3 CIPAaBOYHMKA IIJIACTOB IIeJIMKOM, TPUAIATh IIIeCTh TNl CBePXY BHU3: MIOKPOBHEIE
OTJIOXKEHUS, HeCTPOIBETHASA W TEPPUTeHHO-KapOOHATHAs TOJIIM, COJITHO-MepTrejabHasl TOJIIIa,
oanbIllle COJIb C IIEePeXOmHOM ITayKOoM, ITOKPOBHOM KaMEHHOM COJIbi0, KapHAIIHTOBOM 30HON C
MEeXKOyIJIaCThIMU, CUJIbBUHUTOBEIMU IIJTaCTaMM, IIOACTUJIAIONIEN COJIbI0, MapKUPYIOIel TJIUHON U
HUXKHEHN Conbio. MeXOyIlIacThs 3TeCh TaKue Ke Tejla, KakK MJ1acThl.

JIexkadyasi CKJIaJKa B cepefuHe IJIoImamu. Y e€ 3aMKa BepTUKaJlbHas CKBaXKWHa IiepeceKaeT
OOHO ¥ TO K€ TeJI0 TPUIKAL: B TOPU30HTAILHOM KpEHITIe, B BepXHEU Oyre U B HUXKHEN, a CocefHee
BCKpPHIBAETCS ABaXAbl. Haym TOYKOM B IJTaHE OKa3bIBAETCS HECKOJIBKO KPOBEJIb, M OTMETKA IIePeCTaeT
ObITH PyHKITMEN OABYX KoopauHAT. HuKakas IMIOTHOCTL CETU 9TOTO HE UCIIPABUT.

BbBIKJIMHHMBaHHE CBOOUT MOIIHOCTh OOHOTO IIJlacTa K HYIIIO CriazxkKeHHOU CTYII€EHBIO ME€XKOYy OBYMA
I'PaHUIIaMHU. FpaHI/I].[I:I BEIOAIOTCA JIMHUAMHU - TEM CaMbIM BXOIOOM, KOTOprfI HY2KEH OJIs IIOCTPOEHUA
TPeHOa MOIITHOCTH.

Co/ISTHOM KYIIO/I CO CPe3aHHOH BEPXYINKOM CTOHUT B CTOPOHE OT CKJagku. KyIon momgHuMaeT
COJIb LIeJTUKOM, a ITOBEPXHOCTh PAaCTBOPEHUS Cpe3aeT MONHSITOe CBEPXY, U CPe3aeTCsi He OMHO TeJIo,
a BCsI KOJIOHKA BHU3 [0 YPOBHSI PACTBOPEHUsI. 3ePKAJI0 3TO KPOBJIsI He Ha3HAUYEHHOI'0 Teja, a TOTO,
KOTOPOE yIIeJIesio: B CTOPOHE OT KYII0Jia ITepexofHasi lauyka, Haj CBOLOM ITOKPOBHASI COJIb.

COHHHO-MepFeHLHaH TOJIIIa JIer'Jla Ha CPE€3aHHYIO COJIb U 3aIllOJIHAEeT BCE [0 ITOMOIIBEI TEPPUTEHHO-
K&pﬁOH&THOfI, II0O3TOMY HaA[ KYIIOJIOM OHA TOHKadA, a B CTOPOHE IIOJIHa4Ad.

rprIJILI B 30H€e CKJIaJAKH HEBEpPHBbI HAPDOYHO

I[ToBEPXHOCTH CTPOSITCS MO MEPBOMY CBEPXY BCKPBITHIO, TO €CTh POBHO TaK, KaK MX coOpas O
YyeJI0BeK, pa300paBIInuil 3aMephl U3 CKBAaKWH M He 3aMETHUBIINHN OIMPOKUOLIBAHUS. B 30He CKIagKu
OHU HeOeWCTBUTEIILHEI 110 IOCTPOEHHIO, ¥ 9TO COelaHo HaMepeHHO: 5.01 Ha Takux rpumax o0si3aHa
IMOKa3aTh IIEPEXJIECT M OTpPHUIlaTEeIbHbIe MOIITHOCTH. KOHTYpP 30HBI BHIHAETCS OTHAEIbHBIM CJIOEM,
4yTOOBI HE TPUHUMATh €€ 3a OMUOKY UHCTPYMEHTA.
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Y10 Ha BBIXOIE

I[ToBepXHOCTM MULIYTCS B MaNKy 10 (aiay Ha KOHTAKT U TPY3ATCA B TPYIIY B MOPSAKE KOTOHKH.
TpupnaTtek ceMb OTOENBHBIX CTPOK B OUAJIOTE OTKPHIBATH OBUIO OB HEYEM, IIO3TOMY B IIapaMeTpax
CTOUT OJHA IanKa.

Kpome moBepxHOCTeH BBIIAIOTCS 3€PKajl0 PAaCTBOPEHUS, KapTa BEIXOHa IIOf 3ePKaJjio, MOUIHOCTh
BOJIO3AIIMTHOMN TOJIIIM OT KPOBJIM TjacTta B mo 3epkasa, yCThd M MHTEPBAJIBI MOOenu OypeHus C
HOMEPOM BCKPHITHS B IOJIE€ entry, TPAHWIBI BHIKJITMHMBAHUS JTUHUSMH, KOHTYDP 30HBI CKJIAQOKU U
CHPaBOYHUK IJIACTOB C KOJAMU, IIOPSITKOM, BUIOM TeJla U IIBETOM.

Bcé meTepMHHHPOBAHO: OJHU U TE XK€ IIapaMeTpHl JaloT OOUH ¥ TOT XKe pa3pes.

Kak 3TuM nmojin»30BaThbCsl

IMocTpoiiTe mpuMep, moganTe ero moBepxHoctu B 5.01 u ybemuTech, YTO MEPEXIIECT HAXOOUTCS B
30HEe CKJIaJIKH, a BEIKJIMHUBAHUE TaM, TAe 3alaHbl 'PAaHULILL. 3aTEM IIPOBeUTE INHHUIO pa3pe3a uepe3
CBOJ, Kynosa mHCcTpyMeHTOM 4.01, momaB cIpaBOYHUK IIJIaCTOB: IIOJIOCH OOPEIBAIOTCSA Ha 3epKalle,
HaJl CBOOM BEpPXHETr0 Tejla HeT BOBCE, a CJiefyolllee 000pBaHO. DTO U eCTh KapTUHA, KOTOPYIO Ha€ET
9PO3UOHHEIN KOHTAKT, U I10 Hell yNoOHO MPOBEPATH, KaK BeIyT cebs pa3pe3kl Ha HaCTOSIINX TaHHBIX.

I'maposiorus pexk

I'pymiia oTBeYaeT Ha BOIIPOC, KOTOPHIM 000CHOBLIBAIOT 3aTOIIEHUE: 1O KAKOH OTMETKHU TTOJTHUMETCSI
BOMA IIPH 3aJaHHOM pacxXofie W KaKOH pacxopd IIPOXOOUT IPH 3aJaHHOU oTMeTKe. CBSA3b MeXIy
pacxomoM ¥ OTMETKOH CTPOHUTCS IO CTBOPY ¥ HA3LIBAETCS KPUBOM PacXOMOB.

3agava npuIia U3 IPaKTUKU: TUOPOJIOTHA CTPOSAT TaKue KPUBEIE B IIpOrpaMMax C PYYHBEIM BBOAOM,
TIe Iapbl PacCTOsIHME-OTMeTKa BOMBAIOTCS TalJuIeil II0 KaXKAOMy CTBOPY, a KO3(pbUIMEeHTH U
VKJIOHBI IIPOIMCHIBAIOTCS PyKaMu. MeXpay TeM BCE IIepedUClIeHHOe - JaHHBle, KoTopele B ['MC
yXe eCTh: PACCTOSIHUS CUOAT B T€OMETPUU CTBOPA, OTMETKU B IIpOMepax, YKJIIOH MeXAy CTBOpaMu
CUUTaAETCs U3 KAUJIOMeTpaxa.

BeTka caMocCToOsATeNIbHA M C TEOJIOTMYECKOM MOMesIbI0 He IepeceKaeTcsi, OOIIero y HHX TOIbKO
annapat npoduren.

6.01 CTBOpPHI U KPHUBHLIE PAaCXOd0B

I'MmaBHBIM WHCTPYMEHT TPynmbl. [I0 CTBOPY M OTMETKAM CTPOUT Tabmuuy u rpaduk 3aBUCUMOCTH
pacxoma OT OTMETKH.

Kak cuuraercst

ITpoduns GepéTcs MO BEPIIMHAM CTBOPA, OTMETKa M3 Z BepIIUHLL. IIpoMepeHHass OTMEeTKa TOYHee
mo60it Mofenu penbeda, IO3TOMY UCTOUHUKOM CIIyKUT caMa IeOMeTpUs CTBOpA, a He cpe3 LIMP.

IMpoduns menuTcs Ha JIEeBHIH Oeper, Pycno ¥ mpaBwiii Oeper. CuuTaTh pa3delbHO 00S3aTENbHO:
[IePOXOBaATOCTh IOWMEI U pPyCjia pa3judaeTcs B pa3bl, ¥ €OUHBIM CUET 3aHUXKAEeT PYCIOBYIO
cocTaBigmomyo. Ha KaXXgoM ydYacTKe CYWUTAIOTCS TIIJIONIagb JKHWBOTO CEYEHWs, IIUpPWHA II0
3epKajy, CMOYEeHHBIH IIepUMeTp U TUAPaBINYEeCKHUH pafuyc, 3aTeM pacxom 1o GopMyne MaHHUHTA.
CyMMapHBIH pacxon eCTh CyMMa y4aCTKOBHIX.

CMoueHHBIN mepuMeTp OepéTcs mo TBEPABIM TpaHHIlAM, TO €CTb II0 OHY M OTKocaM, 06e3
BepTI/IKaJ'IbHBIX FpaHI/ILI yT-IaCTKOB. MeTOI[I/IKI/I 30eChb paCXOJISITCH, u HpI/IHHTO npOCTeﬁmee nu3
COTJIAIIeHUH.
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YuyacTtku

3agaéTcs OOHMM M3 OBYX CIIOCO00B. JIuOGO CTBOP IPUXOOHT ONHOM JIMHHEH, a TPAHHIBl CTOST
B IIOJISIX PACCTOSTHUSMHU IO Ipodumo. JIubo Tpems TUHHUSIMU C IIOJIEM PONHM M OOIIMM MMEHeM
- Torga pa30WBKa JKWUBET B TeOMETPUHU, KaK THUAPOJIOTH ¥ PUCYIOT mpodwuiau. BTopoit cmocob
MIPEeNNoYTUTETbHEE: PACCTOSHUS BPYYHYIO HE HYKHHI.

IITepox0oBaTOCTHh U YKJIOH

BepyTcst 13 mosiel cTBOpa, a He U3 ITapaMeTPOB MHCTpPyMeHTa. [IprunHa He B yooOCTBE: CTBOPOB
MHOTO, V KaXKIOTO CBOM 3HAYEHMS, U IIapaMeTpaMHu 3TO He BEHIPA3WUTbh, a KaJIUuOPOBKA IIPHU ITOJIAX
CBOJUTCS K IIpaBKe TaOauIel. [TapaMeTpsl CIy2KaT YMOTYaHUeM IS CTBOPOB 0e3 mojiel, IPUHSITHIE
3Ha4YeHHUd IMeYaTaloTCs B XKypHal.

VKJIOH yMeeT CUHUTATHCS MO HeIMoYKe CTBOPOB: €C/IH 3aJaHbl KUJIOMETPaX U OTMETKHU [HA, YKJIOH
Kazxkaoro 6epéTcs K cocemHeMy 10 Pa3HOCTH OTMETOK U PACCTOSTHUIO BIOJIb PEKHU. B cymecTByomein
IIPAKTHUKE €TI0 IIPOIMMUCHIBAIOT OTHOCUTEJILHO IIPEeAeIayIiero CTBopa BPpy4YHylo, 30eChb Ta XK€ BeJINYUHa
BBIXOIOUT M3 aTPUOYTOB caMa.

IToisi 1 eTUHHUIIBI

CTBOpHI Ha BXOHe:

mnoje 4TOo eOUHUIEL

sec UMS CTBOPAQ, II0 HEMY TEKCT
TPYIIIUPYIOTCS TUHUU

km KHJIOMEeTPax OT YCThsA KM

role pOJIb MMHUM IPU TTofade TPeMs TeKCT: JIeBBIH, PYCJIO, IIPaBHIi
TNUHUSMHA

div 1, div_r TPaHUIIE YYaCTKOB, M

pacCTogHUSA 10 IPOPUITIO OT
HayvaJsa JUHUU

n_left, n_channel, n_right IIePOX0OBATOCT, MaHHMHTA II0 Oe3pa3mMepHas
y4acTKaM
slope VKJIOH BOOHOM ITIOBEPXHOCTH M/M

Tabnuua nmpomepoB Ha Bxoae 6.03: sec, dist - pacCTOsTHUE O CTBOPY B MeTpax, elev - abCOITIOTHASA
OTMEeTKa B MeTpax, km, ¥ Te JKe PACUETHEIE II0JISI, €CJI OHU ECTh.

Tabmuita pacxomoB 00eCHeYeHHOCTH: prob B HPOIEHTaX, g B KyOoMeTpax B CeKyHAy. Tabmuma
HabJTI0JaeMbIX YPOBHEH: level B MeTpax, label TEKCTOM.

Kpusas Ha BeIXOmE: level M, area M?, width M, perim M, radius M, v M/C, q M3/c, n 6e3pa3MepHas, slope
M/M.

IMogBan yepTeka: TO XKe IUIIOC depth avg CpemgHss riiyOumHa B MeTpax, slope ppm YKJIOH B ITPOMHUIITIE,
n_inv BeTMuuHa, oOpaTHast IIePOX0BATOCTH, q pct OIS OT CYMMapHOTO pacXoa B TPOIIeHTAaX, part _no
HOMEp y4acTKa.

OTMeTKHU 3eMJIH: dist PacCTOSIHHE IO CTBOPY B MeTpax, elev OTMETKa B METPaX, step PACCTOSIHHE IO
MIpenbIayIled TOYKH B MEeTpax.

YpoBHU: level M, q M3/C, prob IIPOIIEHTEI, label IOANHKCH, kind BHUMO YPOBHSA - prob PacCUE€THHIN, obs
HabII00aeMbIH.
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B KaKHuX eTHHHIIAX

Vkion 6e3pa3MepeH: OTHOIIEHUE IafeHus K [JIUNHEe, MEeTp Ha MeTp. B mossdx u mapamMeTpax OH
3apaércsa uMeHHo Tak, 0.0004, a He B nmpoMuiie. B nogBasne depTezka TOT K€ YKJIOH BBIBOOUTCS
OTHENBHBIM IIOJIEM B IIPOMUJIJIE, IOTOMY YTO B OTYETHHIX Tabmuiax mumryT Tak: 15.30 %o B mogBarse
9T0 0.0153 B mosne cTBOpa.

[ITepoxoBaToCcTh 3amaércsa Koabduinmentom Manuunra: 0.030 pna wucrtoro pycna, 0.070 pns
3apocmeit mouMel. CTporo roBopsi, Ko3dduimeHT He OGe3pa3MepeH, Pa3MEpPHOCTh MPSYETCS B
dbopmyrie, 1 moTOMY OHa MeTpPHUYEeCKas: Pacxof BEIXOOUT B KyOoMeTpax B CEKYHOY IIPH IIJIOMIAON B
KBaJIpaTHEIX MeTpax U papuyce B MeTpax. [Insa ¢yToB dpopmyna norpeboBasa OBl CBOET0 MHOXKUTEIIS.

B mopBane psgom ¢ KoadduiimeHToM uAET odpaTHAS eMy BEIUYUWHA, IOTOMY YTO Ha TMOPOCTBOPE
nmevaTtaioT uMeHHo eé: 10.00 B momBane coorBeTcTBYyeT 0.100 B mosme cTBOpa.

I[Tonas ¢ oxupmaeMbIMHM uMeHaMu - sec, km, div 1, div r, n left, n channel, n right, slope -
IIOOXBaTHIBAIOTCS 0e3 ydacTus IIOJIb30BaTesls, NOAXBaudeHHBIe Ie4aTaloTCs B XKypHasl. fBHBIN
BBIOOP BCerfa craplilie HalIeHHOTO.

YposHH

Pacxomsr o6ecrieueHHOCTH - 1, 5, 10 IIPOIEHTOB - MOmA0TCs TabIuIel map 00ecIeYeHHOCTh-Pacxo.
CuuTaTh UX U3 PAOOB HaOJIOOEeHWN MHCTPYMEHT He GepETCsI, 3TO TMAPOJIOTHYECKasi CTAaTUCTHUKA.
ITo KpI/IBOfI KaXKJOo0My pacxXxoly HaAaXOOUTCA OTMETKa, U YPOBHHU BBIXOOAT JIMHUAMHU B ‘-IepTé}KHbIX
KOOpOHWHATAaX C TOTOBEIMHU ITOOIHCSIMH Buma YBB1%, Kak X M HAHOCST Ha THOAPOCTBOpe. Pacxoq
BBIIIIe KPUBOH MAET IMpenoylnpexkIeHue, a He 9KCTPAIIOJISIIHIO.

Ha6mromaeMble YPOBHHM MOOAIOTCS CBOeM Tabulled: OTMeTKa M IIOAIHNCE. DTO 3aMep, a He pacuer,
Ha KpPUBYIO OH He OIUpAEeTCs U JIOKHUTCS PAOOM C pacdeTHBIMH, Bupa YB 472.90 X/2021. B cnoe
YpOBHEH Takue CTPOoKM noMeueHs! kind=obs, pacuétnrie kind=prob, 1 1o aTOMy II0JII0 UM 3aaETCSA
Pa3HbIUA CTUIIb.

IlogBan yepTrexa

[yt mucTa TUAPOCTBOPA OTHENBHO BHIOAETCS ITOABAJI - CTPOKA Ha y4YaCTOK C IIMPUHOMU, CpemHel
FHyﬁHHOfI, IJIOIIaab0 Ce€4YeHHsA, CMOYE€HHBIM IIEPUMETPOM, TUOPABIIMYECKUM PaOWyCOM, YKIJIOHOM
B IIpOMUJIIE, KO3(pPUIIMEeHTOM I11ePOX0BaTOCTH ¥ 060paTHOM eMy BETUYUHOM, CKOPOCTHIO, PACX0O0M U
morelt oT cymMmMapHOT0. OTMeTKa 3afaéTcs mapamMmeTpoM, 6e3 He€ 6epETcs nepBasi o 06eCIeYeHHOCTH.

PsimoM uOyT OTMETKU 3eMJIU U PACCTOSTHUS TOYKaMU - HUXKHUE CTPOKU TOro Ke depTexka. JIucT
cobmpaeTcs me4aTHONM KOMIIOHOBKOM: MHCTPYMEHT OTHAET HaHHBIE, 0hOpPMIIEHNE KUBET B I1abIoHe.

Y10 BaKHO 3HATh 0 MeToae

®opmyna MaHHUWHTa ONMCHIBAET YCTAHOBUBIIEECS PaBHOMEPHOe ABUXKeHMe. KpuBasg mo HeEU 3TO
TUOpaBIMYecKas XapaKTepPUCTUKa CTBOPA, a He PACYET BOJIHEBI IIOMYCKa, U MHCTPYMEHT OO0JIbIIIEeTo
He obeIraer.

YKJIOH BXOOUT B pacxon 1mog KOpHeM, ITO3TOMY omnOKa B HEM CKa3bIBaeTCs IIPpAMO. Ha PAaBHUHHEIX
PeKaX OH MaJl, 1 3Ha4Y€HHUe BCerna IiedaTaeTCs B 2KypPHalJl, YTOOBI IIPUHATOE OBIIIO BHOHO.

Y10 Ha BBIXOIE

Ta6n1/ma KpPIBOfI II0 y4aCTKaM M CYMMapPHO C IIJIOIIaAkIO, I.T.IHpPIHOfI, IIepuMeTpoM, paguycoM,
CKOPOCTBIO 1 PAaCXO0a0M Ha KaxXOol OTMETKE. HpOd)I/IJ'[I/I CTBOPOB, YPOBHH, IIOOBAJI U OTMETKHU 3€MJIN
OTOEeJIbHBIMU CJIOSIMHU B ‘{epTé}KHBIX KOOpOHHAaTaX.

Otuét HTML no KaxkpoMy CTBOPY: IPOoGuIb C HAHECEHHLEIMUA YPOBHSAMHU U I'PaHUIlAMM y4acCTKOB,
rpaduK 3aBUCHMOCTHM pacxofa OT OTMETKH C JUHUSIMU 00eCnedyeHHOCTH, Tabiula ypoBHEH u
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TabnuIla KpUBOM. PUCYHKM BCTPOEHBI B CAMy CTPAHUIYy, IO3TOMY OTUET OCTAETCS OOHUM (aiiiomMm,
KOTOPBIM MOKHO IIepeciaaThb.

6.02 I10/INTOH 3aTOI/ICHUS

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

OTMeTKy MOXXHO 3aJlaTh IIPSIMO, @ MOXKHO PacXOOoOM: TOrJa oHa 6epéTcs oOpaTHLEIM XOI0M II0 KPHUBOK
ot 6.01 - TeM caMBIM OBUKEHHEM, KOTOPOE Ha PYYHBIX IOCTPOEHUSAX PUCYIOT KPACHOU CTPEJIKOMU.
Kpusast momaétcst Tabnuinei, pacxon YUCIIOM, IIPUHSITAsd OTMETKA IIeYaTaeTCs B XKypHaJl.

WnctpyMeHT oTmenéH oT 6.01 HamMepeHHO: y Her'o Opyroil BXOHd ¥ OPYro# nmorpeburens, U TOHATH
BeCh PACY€T KPUBOM pagy OTHOTO IIOJINTOHA He3adyeM.

Mernkue nsTHa OTCEKAIOTCS IIO MJIOMIaAW: Ha PABHHHHOMW IIOUME OOUHOYHEBIE SYEUKU HUXKE ype3a
OaloT Kpall, KOTOPHIM K Pa3/IUBY OTHOIIEHUS He uMeeT. CBI3HOCTb C PYCJIOM He IIPOBEPSIETCS, U 00
9TOM CKA3adHO B }KypHane: SaMKHYTbIe IIOHHN2KEHHUA B CTOPOHE OT PEKU OCTaHYTCH B KOHType, U 3TO
BHUOHO Ha KapTe.

6.03 AmmopT Ta0/IUIl CTBOPOB

IIpeBpailaeT Tabully IPOMEPOB B CTBOPH C OTMETKAMH B BepIIHHAX.

CymiecTByIOIllie TIpOrpaMMbl OepxKaT NOpoduib IIapaMU pacCTOsSHHE OT Hadajla CTBoOpa H
abconoTHass OTMETKa, U 3a rombl paboThl Takux TabIWI] HaKaljIuBaeTCcss MHOTO. IlepebuBaTh
ux pykamu paznu nepexopa B 'MC He3zaueM.

Ecnmu cTBOPH yKe OoIu¢pOBaHL Ha KapTe, MOJalTe WX CIIOEM: IIPOMEPHI JIATYT BOOJIb HACTOSIIUX
JIMHUYM, ¥ PACCTOSIHUE II0 CTBOPY CTAaHET PAaCCTOSHUEM BHOJb JTUHWHU. CTBOP, [/ KOTOPOIrO JINMHUK
He HAIJIOCh, CTPOUTCS CXEMOM C IpeaynpexRaeHrueM, TPOMEePH! AJINHHEE TUHUN TPUKUMAIOTCS K €€
KOHIIY TOXe C IIpefynpexaeHueM.

Bes cost TUHUYN reOMeTPUs CTPOUTCS NPSIMBIMUA CTBOPAMH 110 a3UMYTY U KHJIOMEeTpaxKy. ITO CXema,
a He ChEMKa, ¥ Ha PaCyET KPUBOU OHA He BIUSET BOBCE: KPUBOM HYZKHBI PACCTOSIHUS BOOIb CTBOPA
1 OTMETKH.

BmecTe ¢ mpoduiieM IIepPeHOCSITCH PaCUETHBEIE CBOMCTBA, €CNIH OHU B TAOIHIlE €CTh: T'PAHUIILI
Y4aCTKOB, IIIePOX0BATOCTH U YKIIOH. be3 HuX BepHysach Ol TeOMETPHs, HO He PacuéT, U KpuBasi o
BOCCTAHOBJIEHHLIM CTBOPAM Pa30IIlIack OBl C MCXOOHOM.

6.04 Co3mars npuMep peku (aemMo)

YyeOHas LlenoYyKa CTBOPOB C U3BECTHHIM OTBETOM: HOJIMHA C PYCJIOM M ABYMS ITIOMMaMM, OTMETKH B
7 BEPIIWH, OIS y4aCTKOB, IIEPOXOBATOCTH, YKIIOHA ¥ KUJIOMeTpaka 3all0JTHEHHI.

Pyci10 1 ITOMMEI KMEIOT Pa3HYIO IIIePOX0BATOCTD, IO3TOMY Ha KPUBOM BUAHO, KaK BKIIOYAETCS ITOMMa:
mo OPOBOK PacXof PacTET KPYTO, BRIIIE MepejioMa moiMa go0aBisieT IJIoanb, HO Majio go6aBisieT
pacxofma.

Kpome cTBOpPOB BHIgaroTCsA Tabuila IPoOoMepoB - BxoAd AJisA 6.03 - ¥ IMOBEPXHOCTH AOJIMHBI PACTPOM,
Bxom miasA 6.02: pe3aTh 3aTOIJIEHWUIO HEYEro, MOKa [HOOJIMHA CYIIeCTBYEeT TOIBKO JTHUHUSIMMU.
[ToBEpPXHOCTh CTPOUTCS M3 TEX XKe CTBOPOB, UTO U KPUBHIE, ITOSTOMY IIOJIUTI'OH 3aTOIJIEHUS U
KpHBas pacxomoB I'OBOPSAT 00 OOHOM [OIHMHE, a He O IBYX ITOX0XKHX.

OTHGHBHLIM BBEIXOOOM I/IHéT 9TAaJIOHHad KpHBad, IOCYHUTAHHAA sAOPOM HAIIPAMYIO. Pacxoxpgenue ¢
TeéM, 4TO JacT 6.01 Ha aTHX XK€ CTBOpax, eCThb omrnbKa MHCTPYMEHTA, a He DaHHEBIX: OTBET U3BECTEH
3apaHee.
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Kaxk npoBepsaTh rpynny

IMTocTpotiTe mpumep, mopaite CTBOPHl B 6.01 u cBephbTe TAOMUIy KPUBOM C 3TAJIOHHOM - OHU
00s13aHBl COBIIACTh. 3aTeM IomaiTe Tabmuily mpoMepoB B 6.03 BMecTe CO CJIOEM CTBOPOB HEMO:
BOCCTAHOBJIEHHbIE CTBOPHI JIATYT IIOBEPX HCXOOHBIX M OafyT Ty XKe KpuBYI0. HakoHel, momaiite B
6.02 MOBEPXHOCTD MOIUHEI, KPUBYIO PACXOM0B M PACXOJ - IIOJIyYUTE KOHTYP 3aTOIIEHUS U TTyOuHY.

Yero B rpyiiiie 1nmoxkKa HeT

IIpoMepHl OTHAENbHBIM CIOEM TOYeK u cpe3d mpodunss ¢ IIMP gns cTtBopoB 6e3 Z. BaTtumeTpus:
BOCCTaHOBJIEHHE OHA MeXOy IIPOMEePHBIMU CTBOPAMU BHOJb PyClia - OTHeNIbHas 3ajada CO CBOeH
QHU30TPOIINEN, U 0 HEE KPUBBIE CYUTAIOTCS 110 IIOBEPXHOCTSAM, '€ OHO €CTh.

7.01 ®paKTajibHasi pa3MepPHOCTH

WHCTPYMEHT CTPOUT KapTy (ppakTaibHON pPa3sMepPHOCTH IIOBEPXHOCTHU BapUOIDaAMMHBIM METOMOM,
POOHEIM [JIA IIJIarvHa. B CKONB3sIIEeM OKHe CUMUTaeTCs JIOT-JIOI BapuorpaMma IIo jaraM OT OOHOM
mo N siueek, IO e€ HAKJIOHY ompefesseTcs IMoKazaTenb XépcTta H, a pa3MepHOCTh BHIUHCIISIETCS
Kak D = 3 - H. Ha rmagrux guddepeHupyeMeix ydactkax D okoIo0 2, Ha U3pe3aHHEIX U IIyMHBIX -
6n1uxke K 3. PaboTalT He CTONIBKO caMU 3HaYeHU s, CKOJIbKO UX IIepelafbl: UMU [IPOSIBISIOTCS 30HEI
TEeKTOHWYECKUX HapyIleHUl, IpaHullbl 6JI0KOB U CMeHa xapaKTepa penbeda KPOBIIHU.

I'pug D cpa3y moxHO nogath B 1.04 U301MHUM U3 pacTpa U MOJIyYUTh U30JIUHUU Pa3MEPHOCTH.
B pmomonmHUTENBHBIX apaMeTpax IPemyCMOTpeHa BO3MOXKHOCTH 3amucaTe H BTOPEIM KaHaAJIOM.
I'mo6anbuble D u H 1Mo BCceli TOBEPXHOCTHU BHIBOASATCS B XKypHaIl.

Kak yuTaTrh Kapry

AGcomoTHEIe 3HaueHUsI D BasKHEI MeHBIIEe, YeM MX Iepemnannl. JINHeHHEH ITepenal yepes miIolaab
- IMHeaMeHT, KaHOuOaT B TEKTOHUYEeCKoe HapylleHue. [T9THO MOBHIIIEHHON D - 30Ha MHTEHCUBHOU
CKJIaYaTOCTH UJIM U3Pe3aHHOro penbeda Kposnu. OOMIMPHLIE POBHBIE TIOJISI HU3KOH D - CIIOKOMHEIE
Os10km. [7151 YTEHUS MOXKHO IPUMEHUTH OJHOKaHaIbHYIO IICEBAOIIBETHYIO CUMBOJIMKY C KOHTPACTHOM
MajuTPON U Kinaccudukamyel KBAaHTUIIMHU. 15 OTYETHOTO IIJIaHa o rpuay D cTposaTcs U30IUHUU
c nosicaMu uHCTpyMeHTOM 1.04, 1 30HBEI HapyLIEeHUY OKOHTYPUBAIOTCS KaK N30T UIICHL.

Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H
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Puc. 30: CunTeTH4YeCKast KPOBJISI C AT OHAIbHOM 30HOM APOOIeHNs U €€ KapTa D: CIOKOMHEBIE OJI0KH
OKOJIO 2, 30Ha HapyIIeHU# NPOosiBUIaCh SPKUM JINHEAMEHTOM.
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BbIOOpP OKHA H JIaroB

Marnoe okHO (5-8 sueek) MOKa3kIBaeT MUKPOCTPYKTYPY U JIOKaIbHEIE HapylleHus, 6ombinoe (12-20)
- peruoHanbHBIE 30HHL. [Ipy COMHEHWM MOXKHO mocuurtaTthb 06a u cpaBHUTH. KommuecTBo naros 4
IIOOXOOUT IOYTH BCcerpma: OOJIbIle JIaroB - YCTOMYMBEE HAKJIOH, HO TOJIIle MUHUMAJBHEINA MacIiTad,
KOTOPHIM MeTon crocobGeH pa3numuuTb. OKHO U JlaT'd OTPaHWYEHbl PAa3MepPOM Ipupa, UHCTPYMEHT
NIPOBEPSIET 3TO CaM.

Pa0ouyu¥ HUKJI

Kposna nnacra u3 kpurunra nogaéercsa B 7.01 ¢ okaoM 8, nonydeHHBN rpufg D - B 1.04 A301MHENA
M3 pacTpa (kKaHan 1), ¥ ToBepX CTPYKTYPHOTO IIJIaHa J10KaTCsS U30JIMHUYN PAa3MEPHOCTH C II0SICaMMU.
I'mob6anbHOe D 13 )KypHasa - OMHO YKUCJIO Ha TIOBEPXHOCTh, II0 HEMY MOXKHO CPaBHUBATh YYACTKU WU
IJIaCThI MeXKay co00ii. PacTp goskeH OBITh B METPUYECKOM CUCTEME KOOPAUHAT. [eMO-II0OBEPXHOCTH
MOOXOOAT KakK €CTh.

IlapamMeTpsbI
I[TapameTp YTo 3afaéT ITo ymomgaHuio / COBET
[MToBepxHOCTE (pactp) I'pupn penbeda mnm 110608 TOBEPXHOCTU. -
[Monypaguyc OKHa, S4eekK Pasmep ckonb34Iero okKHa. 8
KomuyecTtso naros ([Jor.) Jlaru BapuorpaMmtl 1..N sdeek. 4
Kanasn BricoT ([o1.) Kanamn ¢ oTMeTKaMu. 1
3anucate H (Jom.) Mo6aBuTth H BTOPEIM KaHAIOM. BBIKJI

@®pakranbHasa pa3MepHocTs [pup D (u H npu ranke). -

7.02 Box-counting Mmacku

Knaccuueckuit box-counting mns OuHapHBEIX MacoK. PacTp OmHapusyeTcss mOporoM (OOBEKT -
3Ha4veHus OO0JIbIIEe ITOPOra), Macka IIOKPLIBAETCS SA4YeiKaMu yOBRIBAIOIIETO pa3Mepa, HakoH log N
ot log(1l/pa3mep) maéTt ogHy pa3MepHOCTh D Ha BCl0 Macky. JIuHelHBI® 00beKT AaéT D okomo 1,
MSATHO - OKOJIO 2, U3pe3aHHble KOHTYPHI 30H 3aMeIeHUs NN BRIPaboTaHHBIX IPOCTPAHCTB JI0KaTCH
MexXkay. TOUHOCTh Ha KOHEYHBIX MacKax nopsigka *+0.1, mo3ToMy MeTOX NMPUTOHEH [JISI CPaBHEHUS
MacoK Mexpay coboi, a He Kak abcoiioTHasi Mepa. Pe3ymbTaT BRIBOOUTCS B JKypHAl BMECTE C
TabnuIel pa3MePOB U CUETOB M BO3BPAIlaeTCss YUCIOM D, KOTOpOe MOXKHO HCIIOJIb30BaTh [aIbIIe
B Mopensax Processing.

OTKyaa 0epércst Macka

MaCKy MO2KHO B34Th HM3 KaHalJla MHMHTHUIIa I'PHUOA IIJlaCTa C IIOPOTrOM MeXKOy KOoOaMHu KIIaCCOB,
U3 TIpuga BEPOATHOCTH HWHIOMWKATOPHOI'O KPUTHMHI'a C IIOPOTOM 0.5, u3 KapTbl BEPOATHOCTHU
IIPEBHIIIEHNA C TIOPOrOM KOHOUIINY, N3 BEKTOPHBIX KOHTYPOB Bpra6OTOK UJIN 30H, MTPEeOaBAPUTEJIEHO
PaCTEPU30BaHHEBIX IIITATHBIM <<PaCTepI/I3aLII/IH (BeKTOp B paCTp)». CpaBHI/IBaTL uMeeT CMBICT D Macok
OOHOM IIPHUPOOEI Ha OOHOU CETKE: POCT U3PE3AHHOCTH KOHTYPaA 3aMellleHud OT I1JIaCTa K IIJIaCTy UJIn
OT roga K rogy - COHep}KaTeHBHbIﬁ CUT'HaJI.

[TapameTp YTo 3amaét ITo ymonmyanuio
Pactp macku JIi060i pacTp, Macka - 3Ha4YeHUs BHIIIE IOpora. -

IMopor I'panuna «06bHeKT/HOH». 0.5

Kanan (Jom.) Kauam pacTtpa. 1
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Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweana Koxa: HaknoH 1.254 (Teopwa 1.2619), R?*=0.999

24

-45  -40  -35 =30 -25 -20 -15 =10 2.0 25 30 35 4.0 45 5.0 5.5
log(1/pa3mep) log(1/pasmep)

Puc. 31: IlpoBepka OIIeHIIIMKOB Ha 3TajoHaX: KoBEp CepnuHCKOTo HaéT HakioH 1.8928 mpu
TeopeTtudeckux 1.8928, kpuBas Koxa - 1.254 npu 1.2619. Touku Ha IpsSIMOHU - CTEIIEHHON 3aKOH
BHIZEPIKaH.

7.03 Pa3MepHOCTH JIHHHUM H I'PAaHHUII

NHCTPYMEHT CUHTaeT Pa3MEepPHOCTb KaxKAOW JIWHUKW METOOOM LHMpPKyns (PuyappcoHa): JIMHUS
MIPOXOAUTCS XOpaaMu yOrIBaloIero pacteopa, HakiaoH log N ot log r maét D. IlpsaMas gaéT equHUILY,
u3pe3aHHas IUHUA - Gonbiie. [IoMTUrOHBI MPUHUMAIOTCSA HapaBHE C JUHUSIMU, ¥ HUX MepseTcs
BHEIITHEE KOJIbIO T'PAHUIIL], TTO9TOMY M3PE3aHHOCTH KOHTYPOB 30H M BOAOCOOPOB cumTaeTcs 0e3
MIpeaBapUTEeILHOTO IIpeobpa3oBaHus. BeIxom - Te Xe 00BLEKTH ¢ monasMu D u steps, cpemuee D
BEIBOOUTCS B JXKypHall. KopoTkme nuHUM monydaioT nmycroe D. Mertonm mpoBepeH Ha 3TaJjlOHAX:
kpuBas Koxa gaét 1.262 npu Teopetndeckux 1.2619.

r]llfli:ll"HOCTI/IKa CrIaKMBaHHUS U330/ IHHUHN

IlepecrnakeHHLIe HU30JIMHUK TEPSAIOT M3PE3aHHOCTh, U D mamaeT K emuHuiie. [Iopsamgok padOTHI
TaKOM: M30JIMHUU CTPOSITCHA OBAXKObI, 03 CTriIaxkuBaHWS W C pabouyuMu mapamMeTpamu, oba CJIos
MTPOTOHSIOTCS Yepe3 MHCTPYMEHT, cpemHue D u3 XypHaja cpaBHHBalTcs. [lajgeHue Ha COTHE -
KOCMeTHKa, ¢opMa coxpaHeHa. [lageHue Ha OeCATHE - CrJlakKUBaHUE ChelaeT TeOMEeTPUIO I0JIs, U
CKpYTJIEHUE CTOUT OCJIabuUTh UIIXM OCTAaBUTDh TOJILKO AeHcudukanmio. 1o momio D B aTpubyTax MOXKHO
HaWTHU U KOHKPETHBIE JINHUU, IOCTPafaBlliiie CUJIbHEEe TPOYUX.

Ipyrue npuMeHeHUs1

I/I3pe3aHHOCTL KOHTYPOB 30H B IIJIaH€, CPaBHEHHE HOEeTAaJIbHOCTHU OL[I/I(l)pOBKI/I I'PaHULl U3 PA3HBIX
HNCTOYHHNKOB, KOHTPOJIb T€HEPAJIN3allu IIPH IIOATOTOBKE MEeJIKOMACIITAOHLIX IIJIaHOB - Be3ne, raoe
«HACKOJIBKO U3BUJIMCTA JIMHUA» OOJI2ZKHO CTAaTh YHCJIOM.

[TapameTp Yrto 3amaér ITo ymonuaHuio

JInaun JIuHeNHbIN CII0M (M30IUHUM, KOHTYPHI). -
Jluaum c pasMepHOCTEIO Te Ke nmuHUU C monsMu D u steps. -
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7.04 Pa3MepHOCTh MHHKOBCKOIO (BEKTOPbI)

Box-counting HampsaMmyio 0o BeKTopaM, 0e3 pacTepus3aluu: JUHUKW U TPaAHUIL IIOJIMTOHOB
MMOKPHIBAIOTCSI CETKOM yOBhIBarollero pa3mepa, HakioH log N ot log(1l/pa3mep) maéT pa3MepHOCTh
MunkoBckoro. [IpssMas MuHNSA U rIagkKas rpaHulla JaloT D OKOJIo eJWHUIILI, pedHas ceTh - 1.1-1.5,
CUJIBHO u3pe3aHHas OeperoBast nuHUA - 00 1.3 u Beime. Kaxpaweiii 00beKT moydaeT mojst D mink
u D r2 (xagectBo jor-mor amnnporcumanuu, Huxe 0.85 olleHKe [OBEPATH Henb3sd). OTOENBHO
CUMTAEeTCsI W BBIBOOUTCA B XKypHan D cj10os Kak egQUHOT0 MHOXKECTBa: OJII PEeYHOU CeTU I3TO
Pa3MepHOCTh CETU LIeJIUKOM, ¥ OHa 3aKOHOMEPHO BHIIIIE Pa3MEePHOCTU OTHEIbHBIX PYKaBOB.

MerTtop momonHAeT DUPKYb U3 7.03: DUPKyIb MepsAeT U3BUJIMCTOCTh OOHOU JTUHUNW, MUHKOBCKHH -
3amo0JIHEHUE IIJIOCKOCTH HabopoM 00beKTOB. Pa3MepHOCTh BO3BPAIlaeTCs U YHUCJIOBBIM BBIXOIOM AJIST
Mmopenel Processing.

Puc. 32: Iemo-peku ¢ mopgmucsiMu D mink mo pykaBam: MOYTH TJIafKue PyKaBa HAlOT 3HAYEHUS
OKOJIO €OUHUIIEI, CETh I[EJINKOM - BHIIIIE.

[TapameTp YTo 3amaéT ITo ymonuanuio
JIMHUY WU TIOJIUT OHBI BeKTOpHLIN C/IOM, V TIOTUTOHOB -
6epyTCcs KOjblla TPaHHUII.
KonugyecTBO pa3aMepoOB CETKH, CTyneHel JIeCEeHKHU, CIINIIKOM 8
K (Jom.) 6ompinoe K yBOoOUT sTUeiiku

HUXXe OeTaJIbHOCTU JIUHUU U
3aHuxKaer D.

COBUTOB CETKH Ha pa3Mep Crny4aliHble CMEIIEeHUS, 3
(Oort.) 0epéTcss MUHUMAJIbHOE
IMOKPLITHE, ITPUBSI3Ka K CETKE
CHHMMAEeTCS.
®akTop ynnotHeHu ([Jom.) [ITar BEIOOPKM BIOOJIb 0.5

CerMeHTOB B JoJIax sueiky, O -
TOJILKO BEPIIHUHEI.
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7.05 Co3marps npuMmep ojist ppakTaaoB (IeMo)

l'enepaTtop yueOHBEIX OOBEKTOB MOJII BCel (paKTaJIbHOM TPYIIBI: BETBSIIIAsICS pPedyHas CeTh C
nmosieM order (IOPsSIHOK MPUTOKA), MOJIMTOH BojmocOopa C M3pe3aHHOM rpaHullell W OTHelbHas
OeperoBasi JIWHHS, IOCTPOEHHAs CPEeOUHHBIMH CMeIleHHusSMH. PekKu MOXKHO momaTh B 7.04 u
MMOTyYUTh Pa3MepPHOCTDb ceTu. beper u rpanwuiy Bogoc6opa - B 7.03 u 7.04, u CPaBHUTH [UPKYJIb C
MunkoBcKUM. Bomoc6op pacTepu3dyeTcs MITaTHEIM UHCTPYMEHTOM U CITY2KUT IpuMepoMm miist 7.02.

[TapameTp

Yrto 3amaeT

ITo ymonmgaHuio

OxBart

3epHo ([Hom.)

[Inomapk re"epanuu. -
I[ToBTOpsseMocTs mpuMepa. 1

THnUYHbIe CHTYAdIIHH H pellIeHus1

YTo BUOHO

[TpuuuHa

Pemenue

KoHIileHTpu4Yeckue «ObIYbu
ria3a», KOHYCHI

YrnoBarThie U30JIMHUU
(«OKTaroOHEBI»)

PapuanbHbie/BeepHBIE TUHUYN B
IIyCTHIX yTliax

HN30onuHuU repecekamTCs B
T'yCTHIX MeCTax

ITonuroHHI OOHOTO IIBETA

KpuUruHT TOYHO IPOTATUBAET
3HaudeHUe Yyepe3
CKBaXXMHHI-BLIOPOCH! (HarreT
0).

['pyOriit rpu: BEePIINHEL
CTaBATCS II0 KpasM s4YeeK.

SKCTpaHOHHHI/Iﬂ 3a IIpegejilaMn
OaHHBIX.

Panb1ie - ciiencTBue
CryIaXUBAHUS KaXKOOU JIMHUU.

ITo ymonmgaHuIO ClIok
CO3[aéTCcsa C OOHUM CHMBOJIOM.

3agate Harret CO (0.2-0.4 ot
cuina, B abCOIIOTHBIX
enuHUIlax gucnepcuun). U/unm
BKJIIOUUTH CrilaXuBaHUe Irpuga
B «2D Kriging».

YBenuunth «CKpyTriIeHNe
JIUHUW» 00 3 UJIU YMEHBIIUTD
pa3Mmep S4eWKU B KPUTUHTE.
Bxmiouuth «O0pes3aTh o
KOHTYPY CKBakKUH» WU 3a0aTh
MacKy 0Ope3Ku.

CrnaxkuBaHHe UIET II0 IOJTIOo (B
«2D Kriging»). YBenuuuTh TaM
pajmyc criakKuBaHUS TPULA.
3apaTh rpagyupOBaHHYIO
cuMmBouKy 1o ELEV _MIN.

IIpunoxenue. Isoliner 3a 15 MunyT

CBoMX HAHHHIX HEe HYKHO. B KaXXOoM clleHapuu IIePBBIH IIaTr CO3TaéT WK 3arpyzKaeT JaHHBIE caM,
IMO3TOMY IIPOUTH MaPIIPYT MOXKHO Ha MyCTOM IIPOEKTeE.

HWHcTpyMeHTOB B Moayie 48, 1 3TO IIyraeT nIpu nepsoM 3HakoMcTBe. Haunurte ¢ natu: 1.02, 1.04,
2.03, 2.13 1 4.01. OctanpHOEe HAWOETCS caMo, KOToa YIPETech B 3afayvy.

ITocne kaxmoro 1rara Har¥caHo, YTO OOJIXKHO IIOJIYy4YUTHCH. Ecnu IIOJIYYUIJIOCHE OPYroe, 3Ha4YUT CTOUT
OCTAaHOBUTLCA U pa306paTbc5{, a He UOTHU JaJIbIIie.

Cuenapuu 1. Y MeHsI TOYKH

ITsate MuHyT. CKBaXXKHMHBI, ITPOOLI, 3aMepEHI, Tt00ast HeperyjasapHas ceTh HaOIIOOeHUH.

IITar 1. 1.10 Co3paTh npuMep CKBaxXHuH (eMo) MUHUMYyM: HUYeTo 3a7jaBaTh He Hy?KHO, BCE I10
yMonm4aHuio. Ecnu y Bac eCTh CBOM TOUYKY, IIPOIyCTUTeE War. I101yyumcA: TOYeYHBIU CJION B IIPOEKTE.
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IIIar 2. 1.02 2D Kriging (Touku - pactp) MunumyMm: Touxku, Ilose 3HaueHHusi, Pazmep
siueku. OcTanbHOe M0 YMOMYaHuio. [Toayyumcs: pacTp U CJIOM CTaHOApTHOM omwuoOku. Omrmnbka
pacTéT TaM, roe TOYeK MaJio, ¥ 3TO IIEPBOE, Ha YTO CTOUT IIOCMOTPETh.

IIar 3. 1.04 U301uHuH U3 pacTpa MunumyM: Pactp, Ceuenune, CTHIbL H30ITHHUHA = CTPYKTypa
/ runicomeTpus. Cedenue nondbepuTe Tak, YTOOHI JIMHUYM OBUIO BUOHO, HO He CIIJIOITHAS IITPUXOBKA.
IToayyuumcsA: W30JIMHUU C IOOIUCAMM W KOHTYDHEIE II0sCa, TPaAHUIEL KOTOPHEIX COBIAZalOT C
TINHUSMHU.

Hamnpine mo BKycy: 1.05 u 1.06 mokaxXyT, eCTh I B HJaHHBIX aHu3oTpomnusd, 1.08 oieHuT meton
IePeKpPECTHOU ITPOBEPKOM.

Cuenapuu 2. MHe HyXKeH pejibed

I[IaTHaguaTh MUHYT. [7TaBHBIM CIIeHApUM: CTPOUM penbed, mpoBepsieM ero 4YucjiaMu U JIeYUM
HalgeHHoe.

IITar 1. 2.01 3arpy3ka IIMP nio pamke Munumym: Uctounuk penseda = GEDTM30, Pamka
3arpy3KH 1o uHTepecyoimei mectHocTu. GEDTM30 aTo Momens penbeda 6e3 jeca U IIOCTPOEK,
IOJIs1 IOCTPOEHUS TOPU30HTasel OHa ImogxoduT nydine, yeM Copernicus GLO-30, roe BrICcOTa CHSTa
o BepxymkaM. IToayuumcsa: pactp penbeda B cuCTeMe KOOPOUHAT IIPOEKTA.

IITar 2. 1.04 NU301uauu u3 pacrpa Muaumym: Pactp, Cedenue 5 unu 10 m. OcranpHOE 1O
yMonm4aHuw. IloayuumceA: CIou ropusoHTasen. [lansiie OH UIpaeT POJIb MUCXOOHEIX OaHHEBIX, KakK
ecny OBl BaM UX IIepeaiu.

ITar 3. 2.05 Ctok u agkkymyasanusa (D8) Munumym: IIMP u3 11ara 1. 3anonHeHre TOHUXKEHUHN
OCTaBbTE BKIIOUEHHBIM. [To1yuumcs: pacTphl HalpaBIeHUM CTOKA M HAaKOILJIEHHOM IIIOLIaaH.

IIIar 4. 2.06 PeuyHasi ceTb MUHUMYM: pacTp akKKymynsuuu u3 imara 3, [lopor BomocOopa B
siyerkKax. HauHuTe C ThICSTYM ¥ TOAOEepUTe Tak, YTOOHI CETh BHITIIAAE A IpaBaonono0Ho. [Toayuumcs:
JIMHUHW BOOOTOKOB, HAalIPpaBJIEHHBIE BHN3 I10 TE4YE€HHNIO, TO €CTh 'OTOBEIE TAJIbBETHU.

IIar 5. 2.09 Bepuiuabl MuanmyMm: IIMP u3 mara 1, Paguyc nmoucka B sdenikax. [loayuumcas:
TOYKH JIOKAJIBHEIX MAaKCUMYMOB C OTMETKaMH.

IIlar 6. 2.02 3arpy3Ka TOIOOCHOBBI II0 paMKe MwuHumyM: Ta ke Pamka. I3 OSM Gepure
TJIOIIaIHbIE BOOMOEMEI M CYXHe PYyClia, a PeKW U BEPIIMHBEI He OepuTe: OHU yKe MOCYUTAHBI I10
penbedy B marax 4 ¥ 5 U COTJIacOBaHHI C HUM, Torga Kak u3 OSM oHU HNpUAOYT U3 OPYroro
HCTOYHUKA U MOTYT He COBIIACTh C MaTpunei. IloayuumcAa: 0o OSTU CJI0EB B rpynne Tomorpadus.

IIIar 7. 2.03 Topo2Raster (penbed u3 BekTopoB) MuHumMyM: U30IMHMHU U3 IIara 2 U IoJie
BbICOTHI, TasibBeru u3 mara 4, TOYKu BBICOT U3 I1ara 5 u mojge oTMeTku, O3épa U ype3 BOObI
¥3 Iara 6 ¥ 1mojie OTMETKH ype3a, Pa3mep siuernku. OOPHIBEI ITOANTE, €CITH OHU €CTh B TOITOOCHOBE.
IToayyumcs: HOBHIM pacTp penbeda, IMIOCTPOESHHEBIN 10 TUITU3UPOBAHHLEIM BEKTOpPaM, a He 10 OOHUM
TOPU30HTAIISIM.

IIIar 8. 2.12 HeBsi3Ka ropu3oHTajied npotuB IIMP MutuMmym: [OpH30HTaIM U3 I11ara 2, moJjie
BbICOTHI, IIMP u3 mara 7. Iloaydyumcs: TOUYedHBIN CJIo¥ HeBA30K U oTdé€T HTML. CMmoTpuTre Ha
cpefHee CMeIleHMe U Ha OOJII0 TOYEK, IPOMaxXHYyBIIMXCSA OObIlle YeM Ha ITOJIOBUHY CEYEHUS.

IIIar 9. 2.13 Tuarsoctuka teppacuura IIMP Munumym: IIMP u3 mmara 7 u Ceuenue peiabeda,
TO XKe, YTO Ha Iare 2. [Toayyumcs: UHOEKC MPUTAKEHUS OTMETOK K YpoBHSAM. OKOJIO eTUHUIILI
O3HayaeT, YTO CTyIeHel HeT, ABa U BHIIIE O3HAa4YaeT TEPPACHUHT.

IIar 10. 2.14 YoOpars cTyneHH (CrjakKuBaHHEe C orpaHudeHueMm) HyxXkeH, TOIBKO eClHu
NpegbIOyIIui Iar Hamen teppacur. Munumym: IIMP co crymensimu, Ceuenue penbeda,
HUrepanusi 50. [Tosyuumcs: WUCHpaBIEHHBIH penbed M OTYET OO0 U mociie. HMHOEKC OOIXKeH
OIYCTUTHLCA K eIUHUIIE.
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Ecnm xoTuTEe IIPOBEPUTH HE CBOU OAHHLIE, a CAaM METOM, 3aMeHHuTe MIepBhid Imar Ha 2.10 [emo-
penbed c draxkoM OBpaKHO-0a/I0OUYHasI ceTh. Tora HCTHHHAS TOBEPXHOCTh U3BECTHA 3apaHee,
¥ BUIHO, YTO UMEHHO TePsIeTCs IpU nocTpoeHuu. OBparu TEPSIOTCS IIePBBIMU.

CBepuTh C UICTUHOM MOKHO OAByMs citocof6amu. HarmsamHo: TOCTPONTe U30IUHUY 10 BOCCTAHOBJIEHHOMY
penbedy Cc TeM Ke CeYeHUEM U HaJl0XKUTEe Ha T'OPU30HTAJIH I1ara 2 OPYTUM IIBETOM, TUHUM OOJIZKHEI
JleYb OAPYT Ha Opyra ¥ pa30MTHCh TOIBKO Ha MaKyIIKaX BRIIIE IIOCIegHeN roOpu30HTalu. YUCIeHHO:
KaJIbKYyJISITOP PacTPOB, BEIpaXkKeHUE «BOCCTAHOBJIEHHBEIM MHUHYC HMCTHHA», U CTaTUCTHUKAa Pa3HOCTU

B CBOMCTBax cjos. IIpu cedyeHun 5 M OKUOAETCS CpefHee OKOJIO HylIs U pa3bpoc mopsmKa MeTpa,

a HauOOJBIIIME PACXOXKAEeHMS Ha BepimuHax. Ecnu mo6GaBuUTh B Iar 7 TOYKW BEPUIMH M3 IIara
5, pacxXoXIOeHUs Ha MaKyIIKaX 3aMeTHO COXMYTCSI, ¥ 3TO POBHO TOT OTBET, 3aYeM Tomorpadsl
MMOAMNUCHIBAIOT OTMETKM BEPIIINH.

Cuenapuii 3. MHe Hy2KE€H pa3pe3
Tpu MUHYTHL.

IITIar 1. 4.10 Co3gaTrs NpuMep 41 pa3pe3a MuUHMMyM: HMYEro 3afgaBaTh He HYXKHO, BCE II0
yMmomuanuio. [Toaydyumcs: Habop cioéB B rpynmne [Ipumep paspesa.

IITar 2. 4.01 Pa3pe3 no guauu MuruMmyM: JIuausi pa3pe3a, [loBepxHOCTH CBepxXy BHH3,
BepTUKaabHBIH MacmITab. [Toyyumcs: 4epTEX pa3pe3a B MHKEHEPHOHU CUCTeMe KOOPAUHAT, C
0CsIMHU, OTMETKaMU U [I0JI0OCaMHU I1JIacTOB.

Kyma uaru ganbiiae

PyKOBOMICTBO OMMCHIBAET KaXKObI MHCTPYMEHT IIOOPOOHO, C ITapaMeTpaM{ W OTOBOPKaMHU. 30eCh
HaMEPEHHO HeT HY OILMH, HU TEOPHUH: 3ajlada CTPAHUIIEI ITPOBECTH BaC IO MOMYJII0 OOWH pas3, a
He 3aMeHUTh JOKyMeHTAIHIO.

IDanuvie OpenStreetMap: © yuactHuku OpenStreetMap, ODbL. Martpuia Copernicus GLO-30
pacmIpocTpaHseTcss CBOOOTHO.

IIpunoxenue. IToass memMo-cjaoen

CBopKa 11ojie Bcex reHepaTOpPOB IEMOHCTPAIIMOHHBIX JaHHHBIX C eMUHUIIaMU. 3HaYeHU S IeMOHCTPAIlMOHHEIE:
TaM, I'fie Benu4drnHa abCcTpakTHa, e QUHUITH YCIIOBHEI.

Boixoasl rpynnsl «Tonorpagusi»

Cnoit nuaul Peunasi cetrb (MHCTPyMeHT 2.06):

TTone Tun CMBICII, €IUHUIIL

order esioe nopsigok Ctpanepa
acc out opoOHOe aKKyMYJSIIUs B 3aMbBIKaHUU 3BEHA, SUueeK
length m ppoGHoe pmwHA 3BEHA, M

Cnoit nmonuroHoB Baccennsl (2.07): basin - Homep Gacceitna (11e10e), area_m?2 - IJIOUAab, M.
Cnoit Touek BepuiuHsl (2.09): z - BeIcOoTa, M, drop - IpeBLIIIIeHNE Ha, MUHUMYMOM OKHa, M. Ciou
TOTIIOOCHOBHI (2.02) HecyT name 1 osm_id, BOOOTOKY OONIOTHUTENHHO waterway, BomoéMEl water,
BepiuHE ele (BeicoTa, M), 00peIBE kind. TeMo-penbed (2.10) - pacTp 6e3 monei.
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CkBaxkuHbI (DeMo) - uHCTpyMeHT 1.10

Cnoii Touek CKBazKHHBI (IeMO0):

ITomne Tun CMBICJI, €OUHUIIEL

well CTpOKa UMS UM HOMEP CKBAaXKWHEI

roof opobHoe abCoJIIOTHASI OTMETKAa KPOBJIH
miacra, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobHoe comepikaHUe YCIIOBHOTO
KOMIIOHEHTa, IIPOIEHT (Oemo)

head opobHoe Harmop, M (Heobsi3aTeabHOe
moJie)

K opobHoe Ko3ppunmeHT QuIbTpaIny,
M/cyT (memo, HeoOs3aTeIbHOE)

T opobHoe BOIOIIPOBOAUMOCTH, M?/CcyT, T
= K-MoOIIIHOCTDb
(HeobOs13aTENIBbHOE)

mintype CTPOKa MUHTHII, KATEeTopus (oeMo
3aMeIlreHusi, Heo0s3aTelbHOoe)

dz opobHoe BeIUYMHA, TUHEWHO
CBsI3aHHasI C mpei¢oM, YCII.
(HeobOs13aTENIBLHOER)

Heo6si3aTenpHbii pacTp IloBepxHOCTH Apeda (IeMo) - CTOPOHHSISI TOBEePXHOCTD A/ KPUTHHTA
C BHEIIHUM [pendoM, YCiI. ell.

IIpodunu 31eKTpopa3BedKH - HHCTPYMEHT 1.11, pexxuM 371eKTpopa3BeaKH

Cnoui Touek IIpodunu anekTpopa3dBeaku (pk, EII, BII):

ITone Tun CMEBICJI, eDUHUIIBL

profile nemoe HOMep nIpodund

picket m ppoOGHOe TUKET OT Hadasia MPoPuUIIst, M

pk CTpOKa nuketT MeTKou [1K (Hanpumep ITK5+20)
z OpoOHOE OTMEeTKa ITOBEPXHOCTH, M

rho k opobHOe KaXylIIeecsi COMPOTuBIeHuEe pK, OM'M
rho true pmpoGHoe pk 6e3 mryma, OM-M (3TaAIOH)

sp IpoOHOe MOTeHIIMall ecTeCTBeHHOro nons EIT, mB
vp opobHoe BhI3BaHHad nonspuzauus BII, mB/B

IIpodunu ocemaHuu - HUHCTPyMeHT 1.11, pexxuM ocemaHuH

Croit Touek IIpodunu ocegauuii (Myiabaa, TypoB: N):

ITone Tun CMBICII, €QUHUIIEL

profile 1esoe HoMep mpodus

picket m opoOHOe TMHMKET OT Hadajia IpoguiIsi, M
pk CTPOKa MUKeT MeTKoM [TK

tour nenoe HOMep Typa HabJiomeHuH

z OpoOHOe OTMeTKa ITOBEPXHOCTU, M
settle OpoObHOe ocemaHKWe, MM

settle true mpob6HOe ocemanue 6e3 MIymMa, MM (3TaJIOH)
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ITone Tun CMBICJI, €OUHUIIEI

[HanHbIe Ojisi pa3pe3a - HHCTpyMeHT 4.10

* IToBepxHOoCTh 1...6 (PacTphl) - OTMETKU IIIECTH IIOBEPXHOCTEM CTOIKOM, M. CBepxy BHHU3: 1
KPOBJII BepxHeU BMellaromiel, 2 KPoBjsA U 3 IOOoIlBa 1-To0 IPOMEIIIIEHHOTO, 4 KPOBII U 5
TOfOIlIBa 2-T0 MPOMHBIIIJIEHHOTO, 6 ITOOOIIIBa HUKHENW BMeNIaloulen.

* JInauu pa3pe30B (FeMo) (JTMHUA): IToJie name - uMsa nuanun (Paspes 1, 2, 3).

* Ycresa collar (zemo) (touku): hole_id, z - otmeTka ycThs, eoh - rmy6una 3a6os1, number -
IOONUCE.

* UutepBansl interval (memo) (tabiumua): hole id, from, to - riyGuHBI IO CTBOJIY OT YCTh4,
code - MHIEKC IIJIacTa.

* IInact 1-ii mpom. (memo) u Ilnact 2-i mpoM. (gemMo) (MHOTOKaHAJIbHbIE PACTPHI): KaHam
1 kpoBna (M), KaHan 2 mopomBa (M), KaHan 3 cofjepzXaHWe (ODPOLEeHT), KaHal 4 MHHTUII
(kaTeropus 1 unu 2).

e PazioMm (memo, 2D) (JinHHUSA): name.

* Mapkep c Z (azemo, 3D) (JiuHUS C OTMETKOHU Z): name.

e 3oHa (DeMo, IMOJIMTOH) (IIOJIMTOH): name.

* Onopoxkunyrtasa TIN (memo) (3D-rpasu): name.

[HanHabie Ojisa PppaKTajioB - HHCTPyMeHT 7.05

¢ Peku (memo) (uHun): noje order (11eaoe) - TOPSIOOK NPUTOKA B MePAPXUU CETH.
* Bomocoop (meMo) (II0IUroH): II0oJie name.
* Beper (memo) (JIMHUA): II0JIe Name.

IInorHOCTH (HemMmo) - uHcTpyMeHT 3.08

Croit Touek [IeMO-TOYKH:

ITone Tun CMBICJI, eIUHUIIE

mass pgpo6Hoe Macca 3aMmepa (memo, 50 Ha TOYKY)
prec Ogpob6HOoe cuUrMa HeoIpemeléHHOCTH, M

Cnou nmuHu JeMo-THHHH:

ITone Tun CMEBICJI, eDUHUIIBL

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

prec IpoOHOEe MONyIIMPHHA KOpUOopa, M

from m ppo6HOe HavaNo MHTepBasa II0 JUHUU, M (MOXKET OBIThH ITIyCTO)
to m opoOHOe KOHeIl MHTepBaJjia II0 JTUHUHU, M (MOXKET OBITh IIYCTO)

Cnou noJuroHoB [1eMO-IIOJIMT OHbBI:

ITone Tun CMBICII, €IUHUIILL

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

BcmoMoraTtenbHbIM pacTp BecmoM. pacTp (Ja3uMeTpHusi) - TpaOdueHT 3HaYeHUU OIS Ja3UMeTPUYECKOr0
pexuma 3.07, ycin. en.
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IIpunoxenue. IINOTHOCTL IePEeMEHHOH OIOPHI: MOIIAr0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepanuu OeMo [0 TOTOBOTO Pe3yjibTaTa, C IOSICHEHHEM
KazKOoro riapameTpa. HpHMep IIOKA3bkIBAET, KaK IIPOBEPUTHL MHBAPHUAHT MaACCHI I'/tTa3aMU.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 Co3gaTh NpuMep AJIsA IJIOTHOCTH (IeMo).

¢ 001acThb (3KCTEHT) - TPaHUIlLl TeHepalinu. 3ajaliTe IPSIMOYTOIbHUK Ha KapTe HJIU II0 CJIOO.
ToguTcst mo6oM MeTPUYECKU OXBaT, HaIpUMepP KBaJapaT HECKOJIbKO KUJIOMETPOB.

e fSlyeHKa BCIIOM. PacTpa, M - [lIaT BCIIOMOTATEeIbHOT0 PacTpa [Jisd Ja3suMeTpuu. [10 yMOT4aHUIO
50, o meMo DoCTaTOYHO.

e 3epno I'CY (Jo1.) - TOBTOPSIEeMOCTE ITpuMepa. [Ipu omHOM 3epHe HaOOp OOUHAKOB.

Ha Beixopme yeTnipe cnos: [lemo-ToukH, [lemo-nuHuH, [IeMO-IIOIUTrOHBI 1 BecmoM. pacTtp. B nore
yKa3aHa 3anoxkeHHas Macca: Touku 500, nmuauu 200, nonuronsl 300, utoro 1000.

IITar 2. IInnoTHOCTH O TO4YKaM (3.07)

3anyctute 3.07 ILITOTHOCTH IO 3aMepaM Ha cjioe [1eMOo-TOUYKH.

* 3amMepsl - ci10l [1eMO-TOYKH.

* ITone maccehl - mass. Eciu ocTaBUTh IIYCTHIM, Macca KaXaoro oobekTa paBHa 1.

* ITosre TOYHOCTH - prec. [I71s ToOYeK 3TO CUIMa IayCCOBa IISiTHa B MeTpax. Yem OoJbIlle CUTMA,
TeM 6oJiee Pa3MbIT ¥ HU30K BKJIa[ TOYKH.

* Pa3zmep siYe€HMKH, M - [IIaT CETKHU pe3yiabTaTa. MeHblle siueiika - mogpobHee KapTa U J0JIbliie
cuét. Ha nmioTHOCTL B Macce Ha KM? pa3Mep S4elKU He BIUSEeT, TOJILKO Ha NEeTallbHOCTb.

* 00J1acCTh - OCTaBbTE IIYCTHIM, BO3BMETCS 10 CJIOIO.

* Hocurens 3a KpaeM - [IOHOPMHPOBATHh BHYTPH OEePXKUT BCI0O Maccy B obnactu, IloTepsarTs
Maccy oOTOpachHBaeT BHIIMIEAIIVIO 3a Kpad dYacTh C MOpenyIpexXpgeHueM. s TPOBEPKH
WHBapuaHTa 6epuTe JOHOPMHUPOBATE.

* Curma no ymordaHuIo ([1om.) - nogcraBasieTcs, Korga Iojie TOYHOCTU IyCcTo. Honb 03HadaeT
Oy SIYEeUKy.

ITpoBeprbTe nor: ctpoka Macca Bxoaa: 500. Macca Ha ceTke: 500. Pacxoxgenue: 0. 3T0 1 eCThb
WHBapHaHT - UHTETpaJl IJIOTHOCTU paBeH CyMMe Macc.

IIIar 3. II'TOTHOCTH HO JIMHUAM

3anyctute 3.07 Ha cnoe [leMo-ITHHHHA.

* ITosie TOYHOCTH - prec - 3[ech 3TO INOIyIINPHHA KOpUAopa B MeTpax. JIMHUS pa3Ma3biBaeTCs
B IIOJIOCY MSITKUX KPaéB.

* from_m / to_m (HJom.) - nonsa from_m u to_m. Y ogHOU OeMo-ITWHUU MHTEPBaJl 3amaH, U B
pe3ynbTaTe pa3Ma3biBaeTCs TOIBKO ero 4acTh. I1ycThie IOJig 03HAa4YaloT BCIO TMHUIO.

B more macca Ha cetke 200. Ecnmu BKITIOUEH pPeXXUM IIOTEPH MacCChl ¥ KOPUIOP BHIIIEN 3a Kpawu,
pacxoxkpaeHHe II0KaXeT, CKOJIBKO MacCHhI YIIJIO.

IIIar 4. II'TOTHOCTH IIO IIOJIMTOHAM U HJa3UMETPHUS
3anyctute 3.07 Ha cioe [1eMO-IIOJINT OHBbI.

» Be3 BcmoMoraTtesbHOTO pacTpa Macca IIOJIMTOHA PAaCKJIagbIBaeTCs PABHOMEPHO II0 €ro
TIJIOIAIH.

* BcmomM. pactp ([om.) - mogaiite BcmoM. pacTp u3s memo. Torga Ajisi MOJTUTOHOB BKITIOYAETCS
Oa3uMeTPHsi: Macca pacipenenseTcs TPOIOPLUUOHATbHO 3HAYEHUSIM PacTpa BHYTPH IIOJIUTOHA,
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a He POBHO. Ecmmu PaCTp BHYTPH IIOJIUTOHA IIYCT, HHCTPYMEHT OTKAThIBAETCA HA PAaBHOMEPHOE
W IMUIIEeT 3TO B JIOT.

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

IITar 5. CMemIaTh THIIBI Y€epe3 JOIHCHIBaHUE

Yro6rl coOpaTh TOUKY, TUHUU U IIOJIUTOHEI B OOUH PacTp, IporouuTe 3.07 TpUXKOH HOOPS,.

» [lepBHIil 3ayCK - KaK 00BIYHO, II0JIy4aeTe TPEXKaHaIbLHLIN PacTp.

* Bropoit u Tpetuii - B mapamMeTrpe [omHcaTh B CYIIECTBYIOIIHH pacTp ([Iom.) yKaxKurte
pacTp U3 IpPemBIOyIIero 3amnycka. MHCTpyMeHT yuTaeT TPU KaHaja, 0oOaBisieT HOBYIO Maccy
¥ BO3BpalllaeT 0OHOBIEHHLIN PACTP.

ITocme Tpé€x momMCHIBAHUYM CyMMapHasi Macca Ha ceTke paBHa 1000. Kanamnet 2 1 3 (Zm-0 u Zm) OJis
9TOTO U CJIy2KeOHbIe - OHU ITO3BOJISIIOT JOIMCHIBATh CEPUSIMHU U [IepkKaTh KapTy 9pPeKTUBHON CUTMBI
TOYHOMU.

IITIar 6. 3¢ddexkTUBHAA CUrMa

3agmaiiTe HeoOsi3aTenbHBIM BBEIXOO J@P@PeKTHBHaAsi cHrMa. JTO CpeOHeB3BeIlleHHass CurMa Io
ssiyerike - Kapta 3¢ ¢GeKTUBHON TOYHOCTHU. ['me IIOTHOCTh HaOpaHa TOYHBIMM HOCUTEJISIMH, CUTMa
Mana. I'me pasMasaHHBIMH I'PYOBIMHU IIPUBSI3KaMHU, BeIWKa. AHAIOT KPUTMHTOBOM OHCIEPCUU OIS
9TazKa IJIOTHOCTHU: ITOKA3EIBAET, I'Ile Pe3yIbTaTy MOXKHO MOBEPSTh, a IIe OH OePXKUTCS Ha I'PYOBIX
HOCUTEISX.

Kak uuTaTrh UTOT

Kanan 1 pe3synbsTaTta - IJIOTHOCTH B Macce Ha KM2. OTKpHIBaTe €ro ODHOKaHAaIbHOU IICEBOOLIBETHOMU
CUMBOJIMKOMU. [IiTHa IIJIOTHOCTHU - TaM, TAe CryIIalOTCsA HaJEeXKHble 3aMephl. THBapuaHT B JioTre
MOATBEPXK/IaeT, 4YTO Macca CoXpaHeHa M pe3ysbTaT KOPpeKTeH. Col A0IKeH ObITh B METPUYECKOM
CUCTeMe KOOpAWHAT, UHaue UHCTPYMEHT OTKaXKeTcs paboTaTs.

IIpengnpusaTuam

Isoliner pa3BuBaeTCs Ha 3afaydaxX peabHBLIX IPENNPHUATHI. MBI BHIIOJIHSEM OOPabOTKH IIOf,
periaMeHT IIPOM3BOLCTBA, 3aKJIl0YaeM [OOTOBOPHI TEXHUYECKOU IIOOAEepKKMU C TrapaHTHed Hu
BHeIpsieM MOOYJIb B MIPOM3BOACTBEHHBIN LIMKJI, BKIIIOYass MHTETPALNI0 C KOPIIOPaTUBHLEIMU Oa3aMu
maHHBIX. [Togpob6HocTu: https://www.informpp.ru/riaBHas-cTpaHUIla/IPENIPUATUIM

2KypHaJl ¥ IIaHeJ/Ib HHCTPYMEHTOB

Isoliner BegéT xKypHan paboTs B ¢daiine isoliner.log pspmom ¢ mpodunem QGIS. B Hayane ceanca
numrytcsa Bepcum nnaruHa, QGIS, NumPy u GDAL, 3aTeM uMs 3anyIleHHOTO MHCTPyMEHTa, €To
rmapaMeTpEl, BpeMsi cuéTa, a Ipu cboe - NOoNHLIN TpelicOek. OKHO pacuyéTa 3akKphlBaeTcs, a dain
OCTAETCsI, TO3TOMY ITPU OOpAIIEHNH AOCTATOYHO IIPUIIOKHUTD €TO0.

OTKpHITE JKypHaNI MOKHO Yepe3 Moaynu - Isoliner - 2Kypnas unu kHonkoi 2KypHai B okHe O
mwiaruHe. Ha nadenu naCcTpyMeHTOB Isoliner HaxomaTcs KapTa IJIOTHOCTU U OKHO «O IjIarTuHE».

JInmeH3usa U nmogaepKKa
I[InaruH pacopoctpansiercsa non nuneHsueir GNU GPL v2 unu HoBee (GPL-2.0-or-later) - Toiu

xe, uto u caM QGIS. Tlomawi TekcTt B ¢aiine LICENSE B kommiekte. © OO0 «HMubOpPM++»,
www.informpp.ru.
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