CooepikaHue

BBepgenue
YCTaHOBKA U PACHOTIOKEHHUE . . . v & v v v v e e v e e e et e e e e e e e e e e e e
OOGHOBIIEHUE . . + « 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
BBIZOB CIIP@BKM . . . . v v v v v vt e e e e e e e e e e e e e e e e e e e e e e e

OOmras JToruKa padorsl

Huctpyment «2D Kriging (Touku - pacrtp)»

ABTOMATUYECKUE BHAUCHUS . . . . . & « o v et e e e e e e e e e e e e e e e e e e
OOpe3Ka MO KOHTYPY CKBAKHMH . . . « « « 4 v v v e et e e e e e e e e e e e e e e e e
BapuorpaMMa UM HATTET . . . « v v v v v v v e e et e e e e e e e e e e e e e e e e e e e

HarreTt CO . . . . . . . o e e e e e e e e

CTPYKTYPH, PAOUYC ¥ @HUBOTPOIIHST . . . . .+ « v o oo v e e e e e e e e e e e e e e e
OTCEB YPATaHHBIX TIPOO . . . . . v v v o e i e e e e e e e e e e e e e e e e e e
CTaHOapTHAS OMIMOKA KPUTHHTA . . . « « + v v v v v v e e e e e e e e e e e e e e e e e

HuCcTpyMeHT «U30THHHHA H3 pacTpa»
CrnaXkuBaHME U30JIHHUU . . . . v v v v v v e e et e e e e e e e e e e e e e e e e
KOHTYpHBIE IOMUTOHEL (TTOSICA) « + -« « « « v v v e e e e et e e e e e e e e e e e e
OGOPMITEHHE CITOEB . . & 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

HNucTtpymeHnT «BapuorpaMMa (3KkcnepuMeHTaIbHasI)»
3a4yeM HyKEH IPEOIPOCMOTD .« .+ « « v v v v v v e e e e et e e e e e e e e e e e e e
KpaTRas TEODPUS . . . . . . o v 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 e
[TapaMeTPBI . . . . . . . o ot e e e e e e e e e e e e e e e e e
INosie TPYIOUPOBKY M PA3HOIIJIOTHOCTHAS PA3BEIOKA . . .+ « « + « « v v v v e e e e e e e v
Tpu TUNIUYHBIE TEOJIOTUYECKHME CUTYAIIMH . . . + « « v v v v e e e e e e e e e e e e e e
MaxkcuManbHOE PACCTOSHUE U BEIXOM HA TIJIATO . .+« « + v v v v e v e e e e e e e e e e
Pabouuit UK C KPOCC-BAMUOAIIEM . . . . . v« v v v v v et e e e e e e e e e e

HNucTtpymMmeHnT «BapuorpaMMHuasi Kapra (aHU30TPOIIHS)»
YTo TaKOe aHUIOTPOIHUSA U 3QUEM €€ BUMETD . . .+ .+ © v « « v v v v e e e e e e e e e e e
Kak YUTATh KADTY . .« v v v v v vt e e e e e e e e e e e e e e e e e e e e e e e e e e
[TapaMeTPBI . . . . . . o o ot e e e e e e e e e e e e e e e e
OlleHKa a3UMyTa, @aHU30TPOIUU M PATUYCA . . .« + v« v v o v e e e e e e e e e e e e e
Korpa pamuyc yOUPaeTCa B OKHO . . . .« . « v v v v e e v e e e e e e e e e e e e e e
PacTp MOBEPXHOCTH . . . . . 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

HNuacTpyMeHT «Kpocc-Banmuganusi BapuorpaMMbI»
HNuctpymeHnT «Co3maTh NpuMep CKBaXKHuH (IeMo0)»

HNucrpyment «IIpodpuru oopadoTKm»
OTKyma 0epyTcs TPOMDUIIE . . . . . . . v v v v et e e e e e e e e e e e e e e
TIPUMEHEHUE . . . . . . . o i o 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
VOPABIIEHHME . . . . . . o i i e e e e e e e e e e e e e e e e e e e

TunuaHbIC CHUTYyallHUHd U PEellIeHHusA

JInnmeH3us U mogaepzKKa

© 0 0 w WwNN



BBenenue

Isoliner - mpoBaliep HMHCTPYMEHTOB Processing [mOiasi WMHTEPHONSLMM TOYEYHHIX HAHHBIX U
IIOCTPOEHU S U30NIMHNN. Aapo Kpurunra - anroputm KB2D u3 GSLIB. I'pynna «I'pung v ©301uHAN »
COOEPXKUT CeMb MHCTPYMEHTOB.

«2D Kriging (Touku — pacTp)» - OPANHAPHEBIN UJIU IPOCTOU KPUTHUHT II0 TOYEYHOMY CJIOIO.

«301UHUHU U3 pacTtpa» - U30JIMHUHU (MmuHuM) KOHTYPHEIE ITIOJIMT OHEBI (rmosica MexXOy N30JINHUSIMHU),
T'PaHHUIIBI KOTOPHBIX COBIIaAalOT C JIMHUSIMMU.

«BapuorpaMmHassi Kapra (aEu3orpomnus)» - nmoBepxHocTh Y(h x, h y) ¢ omenkoil asumyra u
aHU30TPOINU IJIs YUETa HallpaBJIeHHOCTU B KPUTUHTE.

«Kpocc-Banupalivsi BapuorpaMMBI» - CKOJNB3SMINM KOHTPOIb (leave-one-out) mjst mpoBEpPKH U
moabopa mapaMeTPOB KPUTHUHTA 110 OIINOKe, a He BU3YaJIbHO.

«Co3gaThk TpuMep CKBaXKMH (IeMO0)» - TeHepalus y9eOHOT0 TOYeYHOT0 CJIOSI C IPOCTPaHCTBEHHOM
CTPYKTYPO# (KPOBJISI, MOIIIHOCTh, COMAEepPzKaHWEe KOMIIOHEHTa) [jIsi OOy4YeHWs W IpPOBepKu 06e3
peaJibHBIX TaHHBIX.

ITogxomuT [OJsT OTMETOK IIlacTa, MomiHocTed, ®MC, xuUMUM U TIOOBIX YMCJIOBHIX aTPUOyTOB
CKBasKHH.

HeckonbkKo TEpMHHOB, KOTOpPHIE BCTpPEdYalOTCs Oajee. BapuorpaMMa OIIMCHIBAET, HACKOJIBKO
CUIbHEE PAa3TMYalOTCsd 3HAUYEHUS C POCTOM PACCTOSTHUS MeXAy Todkamu. CHUMII - YpOBeHb, Ha
KOTOPHIM OHa BHIXOOUT (OIM30K K OWCIEPCHH HOaHHBIX). Harret (ot aurn. nugget, «adpdert
caMoOpoAKa») - CKA4YOK BapHUOTrpaMMBI y HyJs, TO €CTb pa3bpoc Ha CKOJb YrOOHO MaJlbIX
PaCCTOSTHUSIX, BEI3BAHHBIN M3MEPUTEILHBIM IITyMOM U MUKPOW3MEHUYMBOCTHIO. [lajee 0 TEKCTY -
TIPOCTO «HATTET».

YcTaHOBKA M pacIoJIoKeHHue

OcHoBHOU cmocob - u3 opuimansHoro peno3utopusi QGIS. OTkpoiite Mogynu — YmpaBieHue
¥ YCTaHOBKa Momyied — BKiagka «Bce», B moucke Habepute «Isoliner», BeiGepuTe mjaruH u
HaXXMuTe «YcTaHoBUTH». [Ipu ycTaHOBKe n3 peno3utopust QGIS cam coobiiaeT 0 BEIXOJE HOBBIX
Bepcuil u 0OHOBJISAET MJIaTUH I10 KHOIIKE.



WHCTpyMEHTBI aHaNKM33 n
#‘4' F' = .
Monae....

(- MpeobpasosaHue ofinaxa Touer

C:' Pactp — AHanws penceda

G Pactp — CosaaHwe

() Cevesoit aHanis

(2 Cron

() ¥npasneie naHHsMM ofnaka Touek
@ vaiine

() Database

@ Gprs

e Moaen

:@ Contour plugin

i GDAL

# Geometry Tools

B Isoliner

*  [pia 1 M30MMHIKM
4 1. 2D Kriging (To4km — pactp)

or 2. MsonuHMKM M3 pacTpa

i v v v v v v v v v v v v w
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% 5. CospaTb NpuMep ckeamH (nemo)
45 6. Mpodwnn obpaboTim

b ¢ OpenTopography

L4 ‘;f PostGIS Geoprocessing tools

b A Qgis2threejs

Puc. 1: MuCcTpyMeHTH Mopnyns B maHenu «O6paboTka»: rpynna Isoliner = «I'pupm v U30JIMHUN» U
€€ WHCTPYMEHTHI.

AnbpTepHATUBHEBEIM C1oco0 - u3 ZIP-gaiima. Momynu — VYmpaBieHHe W yCTaHOBKa MOOyJIed —
YcranoBuTh 3 ZIP. 310 yono6HO AJist onaiH-YCTaHOBKY U IIPENPeTu3HbIX COOPOK.

ITocnme ycTaHOBKM MHCTPYMEHTHI ITOSIBISIOTCS B maHenmu «O6paboTrka» (Processing), mpoBatimep
«Isoliner», rpynmna «I'pung u usonunumn». TpeboBanus: QGIS 3.16+. BHeIIHUX 3aBUCUMOCTEN HET
- ucnonb3yoTca NumPy, GDAL u mtaTHBIE anropuTME Processing u3 cocraBa QGIS.

OOHOBJICHHE

ITpu yctaroBke u3 peno3utopusa QGIS moka3riBaeT yBeOOMIJIEHHE O OOCTYIIHOU HOBOW BEPCHUU
- 3HAYOK B CTPOKE COCTOSHUS U CIIMCOK BO BKiagke «OOHOBIseMbIE» MeHemXKepa MOMYJIeH.
OOHOBIIEHUE BBITIOTHSAETCS OJHOM KHONKOU. ITpu ycTaHoBKe u3 ZIP HOBast BEPCHUSI CTABUTCS TEM
XKe IIyTEM, IIOBEPX CTapPOH.

ITmarue KOpPeKTHO mepe3arpyxKaeTcs «Ha JieTy», nepe3anyck QGIS He Tpebyetcs. I ObICTPO#
mepe3arpy3ku Koma IIpu pas3paboTke ymoberH momynb Plugin Reloader (kHomka «Reload a
plugin...»). BeibepuTte «Isoliner» - mpoBaiifiep ¥ BCE HHCTPYMEHTHI IIEPEPETUCTPUPYIOTCS CPasy.

BbI30B cripaBKHu

B muarnore kKaxXpmoro MHCTPyMEHTa e€CTh KHOIKa «ClpaBKa», OTKphIBalollas 3TO PYKOBOMCTBO
(PDF B KoMmmnjekTe IjlaruHa). [IpaBasi maHenb QuUajora OOIOJHUTEJILHO ITOKa3hIBaeT KPaTKYIo
IIOLNCKAa3KYy I10 MUHCTPYMEHTY.

O6miast 1oruKa padoThl

TunoBou culeHapuul COCTOUT U3 ABYX IIaroB:

2D Kriging: mo ToOYe4YHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCSA pacTp (perynaspHas ceTKa
3Ha4YEeHUN).



WN3onumHMMU W3 pacTpa: II0 IOJIyYEeHHOMY PacTPy CTPOSITCSA U3OJIMHUM U, IPU HEe0oOXOOMMOCTH,
3aJTUTHIE KOHTYPHHIE TTOJIUTOHEI.

[Ilaru He3aBUCHUMH: «M30MMHUM U3 pacTpa» paboTaloT C IOOBIM PacTPOM, HE TOJIBKO C
pe3ynbTaToOM KPUTHHTA.

Kak paﬁcrrae-r MoOyNk: CKBa¥XWHLI = rpya = W30NWHWA
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Puc. 2: Bech mpollecc Ha CreHepupOBaHHOM MOpPHUMepe: CKBaXXUHBI C HU3MepeHusiMu (crieBa)
TIpeBpaIlaTCsa B CIJIOIIHONW I'PUL KPUTHHIOM (B II€HTPE), II0 KOTOPOMY CTPOSATCS U30JIUHUU U
KOHTYpPHEIE IIOJIUTOHEI (CIIpaBa).

HNucTrpymenTt «2D Kriging (Touku — pacrtp)»

Oppunapssbiii (OK) unu npoctoi (SK) KpUTHHT 110 ToUuedyHOMY ciiolo. CoBIlafaroiine TOYKyu (OOuH
u ToT ke XY) yCpemHsIoTCs Mo Z. B y3max ceTKM 3HaYEeHUS MCXOOHBIX TOYEK BOCIIPOU3BOMSATCS
TOYHO (IIpU HYJIEBOM HarrTeTe).



KpWuruHr: oueHka B y3Jie - B3BelLleHHoe cpefHee cocenen

Bec 20%

O

Bec 14%

Q

Bec 11% *

Bec 21%

@)

Yem Bvxe cKBaXKMHa K Y31y, Tem Bonklue eé Bec.
Beca nonbupatoTcs No BapuorpamMMe, a He NpocTo l/paccTosHue.

CKBa»UHBbI
y3en (oueHnsaem)

g Bec 20%

Bec 14%

O

Puc. 3: KpI/Il"I/IHl" OLlIEHVWBa€T 3Ha4YeHHe B y3JIe KaK B3BEIIIEHHOE CpenHee OTUKAUIIUX CKBAXKUH:
yeM O/IMKe CKBaXKuHa, TeM Ooblie e€ Bec. Beca HOJIGI/IpaIOTCH II0 BapuorpaMme.

OCHOBHBIE TTAPaMETPHI:

[TapameTtp YTo 3amaét

ITo ymomgaHuio / COBET

ToueuHBIN CJTIOHN HcxomHbIe TOYKY (CKBAZXKUHEI)
OIS UHTEPHOISIINA.

Tosnbko BuImeJIeHHBIEe 00beKTh  CYuTaTh JIUIIL II0
BBITEJIEHHBIM TOYKaM CJIOS.

ITone 3HaueHusa (7Z) YucoBoi aTpudyT, KOTOPHIHM
WHTEPIIOJIUPYETCS: OTMEeTKa
macTa, MOIIHOCTh, ®MC,
XUMUS U T. II.

Tun kpuruHra OpounHaphbii (OK) - mokanbHO
OITeHMBAET CpegHee caM.
IMpocroti (SK) - ucnonblyet
3agaHHoe «CpemHee».

Pagunyc noucka Paguyc okHa moucka
COCEeHUX TOUYEK BOKPYT y3Ia.
0 = Bcs BLIOOPKA.

MuH. 4H1CJI0 TOYEK Ecnu B okHe MeHbIIle TOYeK -
y3€eJI OCTaéTCs IIyCTEIM
(nodata).

Makc. 941CJI0 TOYEeK CKOJIBKO OJIMZKAUIINX TOYEK
BKJIIOYAETCSI B CUCTEMY
KpUTHUHTA.

Pasmep sueiiku Tar rpupa. 0 = aBTO =
min(oxBat)/50.

BBIKIJI.
3allOMHHAEeTCAd MexXny

3alryCKaMu

OK

0 (Bcst BEIOOPKA)

24

MeJib4e = IIJlaBHee, HO
OOJIbIIe



[Tapametp

YTo 3amaéeT

ITo ymom4aHuio / COBET

OxBaT pacTpa
OG6pe3aTh 10 KOHTYPY
CKBaXUWH

Bydep obomoukn

Macka o06pe3ku

3arpy3uTh Ipodpuib
006paboTKu

I[IpssmoyronsHUK pacdéTa. 1o
YMOJITYaHUIO - II0 CJIOIO.

Pactp obpezaeTcs BHITYKIION
000JI0YKOM BCEX TOYEK -
yOupaeT 3KCTPAIIOJISIINUIO B
IIyCTHIX yTilax.

Pacmmiputs 0605m0yky Ha N
eOUHUILl KapThl HAPYXKY.

CBoOl1 IIOJIUTOH BMECTO
000710UKY (TPUOPUTETHEE) -
yIOOGHO IJIST BOTHYTHIX
Y4aCTKOB.

INoxocraBnsaeT COXpaHEHHBIN
npoduns (Harret, CTPyKTypa
BapHOTpaMMEI, OTCEB) TOBEPX
noneu guanora. Coucok
OOHOBJISIETCS IIPU OTKPLITHUU
OKHa.

II0 CJIOIO

PEKOMEeHOYyeTCs BKIL.

(ze BBIOpaAH)




() Tpua n uzonmnm - 1. 20 Kriging (Touin — pacrp)

MapameTpel HypHan

X

1. 2D Kriging (Toukn

TouedHeN cnoit

— pacrTp)

" CreammHel (nemo) [USER: 100000]

OpaMHapHEIAMpoCToi KpuriHr 20

| Taneko ssiaensHHsIe ofberTsl

Mone sHaueHua (Z)

no TouveyHomy cnowo (Aapo GSLIE
KB2D). BapWorpaMma: HarreT +
CTPYKTYPa (chepudeckan,
IKOIOHEHLMANBHEN , TEYCCOBa MM

|1.2;<

CTEMEHHERA) € 33MMYTOM 1

TN KPUrKMHra

| OpawnapHeni {OK)

i | aHusoTponmel, MoaxoauT ana
OTMETOK NNACTa, MOWHOCTER, $MC,
MMM W NS BEIX YHCNOBEIX
atpubyTos.

Pagwyc nowcka (0 = BcA Boibopka)

Papuyc nowcka 0 = no Bceid
BLibopKe; pasMep AqeikK 0 =

| 0.000000

| - | min{oxeat)f50; paguyc KoppenaLmM

MiAH, YWCNo TOYEK.

0 = max{oxsat)/3. Onuwia obpeski
YOMPAET SKCTPaNONALAIO BHE

|1

KOHTYPa CKBEHHH.

MaKC. 4MCnD To4ek.

| 24

|‘ | PaspafoTaHo npu noaaspke 000
«Hchopm ++: (www.informpp.ru).

Pazmep aueiikn (0 = aBTo, min{oxeaT),/50)

Isoliner v1.8.0

| 0.00000

|¢| rpua; 53 = 51 (asTo)

ONBaT pacTpa {No yMonuyaHuo - no cnoko) [HeoBAazaTensHo]

|He 3agaHo

| (&[]

Bydep obonouky, ea. KapTel

| OBpesaTh Mo KOHTYPY ckBawMH (Beinyknas obonouka)

| 0.000000

Macka obpeski (MomMrod M3 NpoekTa) - npuopuTeTHee obonouki [HeobAzaTensHo]

SarpysnTe npodkns obpaboTiu

|Tecr

NPOGINIC - NONS HIDKE MTHOPHDYIOTCA.
|| crnaawTe rpua (Fayec)

Panuyc rnamueaHua, aueek

Mpodwnk «Tect»: HarreT C0=12.32, Mayccosa, nopor C=27.37, paauyc a=1.033e+04. Pacu&T noiaéT no

| 1.000000 2=
w [onofnnTENbHLIE NapamMeT pbl
CpefHes ANA NPOCTOrD KPUMMHCE
| 0.000000 ] [~
| 0% | OTHEHUTE
|,[|,ononHu'reano '| |Banytrwrb B NAKETHOM DEXMME, .. | l BLINomHUTE | | 3aKpLITE | | CrpaBka

Puc. 4: OxHo uHctpyMeHTa «2D Kriging»:

CIIpaBKa.

OCHOBHEIE ITapaMeTpHl. CIipaBa - KpaTKas BCTPOeHHAas



Paguyc noucka v 4Mcio cocegHUX ToYek

BHE paguyca (He yyTeHs!)

B paguyce (y4TeHbl)
y3en

paoWyc novcka
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[lna oueHKK B y3ne BepyTcA TONBKO CKBaUHbI BHYTPU paavyca
(1 He BonblUe 3aAaHHOro MakcuMyMa bavxanimx).

Puc. 5: [Ins Kaxpgoro y3ia 0epyTcs TONBKO CKBaXXMHEI BHYTPHM paguyca HOMCKa U He Oomee
3aJaHHOTO uMcia OnuxKaiimux. ToYyku 3a paguycoM He y4acCTBYIOT.

ABTOMaTHYECKHE 3HAYCHHS
Pasmep sueiiku = min(mupuHa, BEIcOTa oxBaTa) / 50.
Papuyc koppensanuu BapuorpaMMbl = max(IIMpuHa, BEICOTa 0XBaTa) / 3.

Papuyc moucka (rmpu 0) = guaroHasnb oxBaTa, TO €CTb OepETcs BCS BEIOOPKA.

OOpe3Ka N0 KOHTYPY CKBaXKHWH

Kpurunr cumTaeT BeCh IPSMOYTOJbHBIM OXBAT, IMO3TOMY BHE O00OIAacCTH HAHHBIX 3HAYEHUS
SIBIISIIOTCSL 9KCTPAIONAIMEed M [JaloT apTedakThl (OIMHHLIE «BEEpPHBIE» H30IMHHHUM B IYCTHIX
yrinax). Ommus «O0pe3aTh IO KOHTYPY CKBaXKHWH» CTPOUT BBIIYKIYI0 OOOJIOYKY BCEX TOYEK
(c HeoOs3aTenmbHEIM OydepoM) M oOpe3aeT MO HEW pPacTp. OKCTpaAmoJsAlnus ucdesaeT. Eciu
(akTrueckas TpaHHIlAa ydJacTKa BOTHyTas, 3afalTe CBOM MONMUTOH B «Macke o0O6pe3Ku» - OH
IIPUOPUTETHEE OOOJIOYKH.



BapuorpaMmmMa 4 Harrert

cunn (CO + Q)

CO+C A

CTPYKTYPHbIA
Bknag C

nonyaucnepcua vy(h)

C0 A

HarreT CO

e e o ol e

0 paguyc a
paccTosiHMe MexX Ay Todkamu h

Puc. 6: Cxema Bapumorpammel: Harret CO, ctpykrypHbM BKiaag C, cumn (C0+C) u paguyc
KOppEeNSInN a.

Kpuruur onupaeTcs Ha MOJIeJlb BAPUOIPAMMEI - OHA ONKUCHIBAET, HACKOJIBKO CUJIBHO Pa3/IHYal0TCs
3HaYeHHs Z B [BYX TOYKAX B 3aBHCHUMOCTH OT PACCTOSIHHS MeXOy HuMH. [Io 3Toi Momesnu
KaXKOoM CcoCemHel CKBaXkKMHe Ha3HadaeTcs Bec. Momenb 3afaéTcs B pa3mesie «OmoTHUTETbHEIE
mapaMeTpPBI».



(2} Mpua v nsonusmm - 1. 20 Kriging (Touim — pactp) X

L3
MapameTpel | Hypran 1. 2D Kriging (Toukn
CrnaguTe rpua (Faycc) - s 4 paCTp)
Panwyc crnamuBaHia, AHeek OpAMHAPHEIAMPOCToR KpUruHr 20
3 no TodeuHomy cnoto (Aapo GSLIE
1.000000 - KB2D). BapWorpaMma: HarreT +

CTpYKTYpa (chepuueckan,
SKCMOHEHUMANbHaA, rayccosa unu
CTEMEHHERA) € 33MMYTOM 1

w [1oNonHATEeNLHEIE NAPaMET pbl

CpenHee ANs MpOCTOro KPUrnHra aHusoTpormel. MoaxonuT Ana
- OTMETOK MNACcTa, MOWHOCTER, BMC,
f:000¢0 X ¥MMAM W NOBBIX YACNOBEIX
Harret CO arpuliyTos.
2,589000 = Paauyc noucka 0 = no Boei
BbifopKe; pasMep A4elikn 0 =
CTpykTypa 1 * Mogens min{oxeat)f50; paguyc KoppenaLmM
0 = max{oxsat)/3. Onuwia obpeski
Faycoosa x YBUPEET SKCTPENOAALMID BHE

KOHTYPE CKBAMH,
CTpykTypa 1 - nopor/Bknaa C
1.051000 -

PazpaboTaHo n
A HopM ++3 (|

ogaemike 000
.informpp.ru).

CtpykTypa 1 - paauyc koppenswm a (0=asTo)

LD = Isoliner v1.8.0
CrpykTypa 1 - asumyT, ©
0.000000 -
CTpykTypa 1 * aHusoTponua (Manas rnasHas)
1.000000 -
¥paranHsie npofisl: nepueHTNL obpesku, % (0 = Beikn.)
0.000000
HipkHAR rpaHiLE 3Havenus {nycto = Het) [HeobasaTensHo]
He sapnaHo
BepxHAA rpaHkua sHa4eHna (MycTo = HeT) [HeobasaTensHo]

He sanaHo

CpezaTh K rpaHuue {(capping) BMECTO yAANEHUA

PacTp KpuruHra

[CoxpanKTE Bo BpEMEHHEIN balin]

V| OTKpBITE BEIX0AHOA AN NOCNE S3EEPLIEHWA ANTOPMTHA
CTaHnapTHas ownbka KpuriHra [HeobaszaTensHo]

[MponycruTs Brioa]

OTKpBITH BbIX0AHOH hain Nocne 3a5epleHra anropuTMa

| 0% OTHEHUTEL

JononHUTENEHD ™ | | 3aNYCTHTE B NGKETHOM DEXMME. .. | BeinonHuTE | 3aKpEITE Cnpaeka

Puc. 7: Paspen «[lononmHuTenbHLIEe TapaMeTphl» OKHa «2D Kriging»: Harretr CO, ogHa CTpyKTypa
BapuoOTpaMMbI (MOIENTh, TOPOT, Pafguyc, a3UMYT, @aHM30TPOIINUS) U OTCEB yparaHHBIX ITPO0 B KOHIIE.

Mogens BapuorpaMmmsbl: HarreT CO, cunn (CO + C) u paguyc KOppensalun a.

Harrer CO

Harrer - 9TO 3HaueHHe, K KOTOPOMY CTPEMHUTCS KpHUBAas BapHOTPaMMBLI IIPH PACCTOSTHHH,
cTpeMseMcsa K Hym0. TeopeTHYeCcKH, Ha HYJIEBOM PACCTOSHUM PacXOXKOeHUe MOJIXKHO OBITH
HyJIeBBIM (TOYKa CpaBHMBAETCS caMa C co0oif), HO Ha HpPaAaKTHUKE OCTAaéTcs cTymeHbkKa. OHa
OTpazKaeT TO, YTO HaHHBI€ Ha O4YE€Hb MaAJIbIX PACCTOAHUAX BCé PaBHO HE COBIIQAIOT: IIOTPEIITHOCTD
u3MepeHuss U OIU(POBKU, MHUKPOU3IMEHYMBOCTH Ha MaciuTabe MEHbIIe PACCTOSHUS MeXKOy
CKBaXXMHaMM, pacxoxaeHue ay0iell B O0HON TOUYKE.
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HarreT KpynHbIM NaaHoM

HarreT - 370 pa36poc Ha oYeHb Manblx PAacCTOAHWAX:
50 4 MOrPelIHOCTL N3MEPEHNA U MUKPOM3MEHYMBOCTE.
Yem 6onblie CO, TeM rnaxe W «CrnoKoMHee» pesynbTaT. cunn = CO0 + C = gucnepcus

nonyaucnepcus y(h)

10 A HarreT CO
(«ckayok» y Hyns)

Ha HyJsie TeopeTnyeckm 0,

___ HoKkpuBas cTapTyeT ¢ CO = MO[e/lb BapMOrpaMMbl

0 250 500 750 1000 1250 1500 1750 2000
paccTosHue Mexay Toukamu h

Puc. 8: HarreT KpyIrHBIM IIJTAaHOM: MOJIENIb CTApPTyeT y HyJIsA He ¢ 0, a co «ckayka» C0O. 3To pa3bpoc
Ha CBepXMaJibIX PACCTOSHUAX (IOTPEIIHOCTh U3MEPEHUsI, MUKPOU3MeH4YnBOCTh). [Tonka C0+C =
OUCIIEPCUU OaHHBIX.

Kak Harrer BiIusieT Ha pe3yJibTarT:

CO0 = 0 (mo yMOm4YaHMIO) - KDUTHUHT SBJISIETCS TOYHBIM MHTEPIIONISITOPOM: MOBEPXHOCTh 006s13aHa
IIPOUTH POBHO dYepe3 KaXOyid CKBaxKuHy. M3omupoBaHHAs CKBaXXHWHAa C BHIOPOCOM IO Z
IIpeBpallaeTcs B KOHYC («OBIYUI T'T1as3>»).

CO > 0 - KpUTHHT IIEPECTAET TOYHO BOCCTAaHABIUBATh 3HAUEHNE B TOUKE U3MEPEHUN U CTAHOBUTCS
CriaxkuBaTejieM: BONMM3W CKBaXXWHBLI OIlEHKA MOATSATUBAETCS K JIOKAJIbHOMY cpemHemy. Yem
6omnrine gonsg Harreta CO / (CO + C), TeM cunbHee CriaXkuBaHUe.

CO = Bech cuJII (YUCTHINM HATTET) - MPOCTPAaHCTBEHHAS CBSI3b TEPSIETCSI, IOBEPXHOCTh BEIPOXKOAETCS
B ITPOCTOE cpegHee. ITo mepedop.

BaxkHo - emuHunbl. Harrer CO u cumi 3amaioTcss B aOCOIOTHBIX €IHHHIIAX THCIEePCHH
JAaHHBIX (KBagpaT eguHull Z), a He B monsax 0-1. 3Hadenue «1» y cujja MO yMOIYaHUIO - 3TO
YCJIOBHOE 3HadeHHe, KOTOPOe MOYTH BCerga Hy>KHO M3MEHUTh: 3afaliTe cyMMapHbii cuni (CO +
BKJIambl CTPYKTYP C) OJTM3KHM K OUCIEPCHHM JaHHBIX. YPOBEHb CTIIakKUBaAHUS OMPEIessieT He
abcomoTHas BeJIMYMHA HarreTa, a ero mosasi B cuwnae CO / (CO + C). IIpakTu4yecKuii IMOPSAOOK:
BO3BMUTE CYMMapHBIN CUIJI = gucnepcuu, 3ateM HarreT = 0.2-0.4 ot Hero (to ecth 0.2-0.4 X
oucriepcuu - abcomoTHoe uucio, a He 0.2-0.4 Kak TakoBoe). YeM MeHbIlle HAarreT, TeM OOJIbIlle
meTasnel, HO U OOJIbIle TOKAIbHBEIX TUKOB. YeM Goibllle, TEM ITOBEPXHOCTL POBHEE, HO BO3MOXKHO
CTJIa’kKVMBaHUeEe pPeajibHOM CTPYKTYPHL. [MCIIepPCHUI0 HaHHBIX MHCTPYMEHT IedaTaeT B 2KypHal Impu
3alyCKe - 9TO U €CTh Balll OPUEHTHUP IJI BRIOOpa CHUILIA.

CTpPYKTyphbI, paguyCc U aHU30TPONIHUA

Cunn (IoiKa) 3TO YPOBeHb, Ha KOTOPHIM BEIXOOUT Bapuorpamma. OH CKJIafgbIBaeTCs U3 Harrera
CO u Bknapma cTpykTypel C. CTpyKTypa 3amaércs Momenbio (chepryeckas, 3KCIIOHEHUHMAbHAs,
rayccoBa WU CTelleHHas), noporoM C, paguycoM a, a3uMyTOM U aHU30TPOIUeH.

Cui: CMBICII H IIOPAOJOK BEJINIHUHBI. Cunn - 3To BerHI/IfI mpepgei pa3n1/1q1/1171 MeXOy TOYKaMu:
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HACKOJIBKO B CPeIHEM OTJIMYAIOTCS AajéKue APYT OT APyra CKBaxKWHBL. OH IPaKTHYECKH PaBeH
00OBIYHOM gucnepcuu maHHbX. [IpuMep mo KCI: cpenuee = 25 %, gucnepcus = 47.6 (%?), TO ecTb
0 = 6.9 %. 3Ha4uT, cyMMapHHU cuUiI 3agaéM = 47.6. Ecnu Harrer CO = 17 (mpumepHo 0.35
CHUJINIa), TO CTPYKTYPHBIM BKJIam nepBoi cTPpyKTyphl C = 47.6 — 17 = 30. Ha cam rpupg abCconMIOTHHIHM
MacIaTab He BIUSET - OJI OLIEHOK BazKHO TonbKo oTHoIreHue CO : C. Ho oH HyXkeH, 4TOOH KapTa
cTaHpmapTHOM omubku 1 MSDR B kpocc-Banupmauuu OBTM B peajbHOM MaciuTabe (CyMMapHBIN
cunn = gucnepcuu — MSDR = 1). [ToaToMy: He ocTaBiIsANUTe CUIIJI = 1 IO YMOT4YaHUIO, TOOHUMUTE
€ro 10 NUCIIepPCUU OaHHBIX.

Beioop Momenu. Cdepuueckas M SKCIOHEHIMaJIbHASA MOAXONSAT OJjis OOJBIIMHCTBA 3amad.
CremeHHass MOfeb HE MMEEeT CHUJIJIa M paguyca B OOBIYHOM CMBIC/IE: €€ NPUMEHSIOT, Korma
U3MEHYHUBOCTD PACTET C PACCTOSTHUEM U He BEIXOOUT Ha IT0JIKY (HeCTallOHapHOCTh IpUpallle i),
TIOJIsI IIopora W paguyca [jis He€ YCIOBHHL. ['ayCCOBY MOOENb IMPUMEHSHTE OCTOPOKHO: HpPHU
HYJIEBOM MJIM OYE€Hb MajJIOM HarTeTe OHA HA€T YMCJIEHHO HEYCTOMYUBYIO CUCTEMY W apTe(aKTHI
(ocuunnsauuy, oTpUllaTeNbHBIE Beca). IloaToMy mpu BhIOOpE IayCCOBOM MOOENM HHCTPYMEHT
MIPUHYOUTENBHO yOepzKUBaeT HeOOJIbIIIOW MUHMMAILHBIM HAarreT; II0 BO3MOXKHOCTH 3afaBalTe
ero U CaMH.

Tun naHHBIX U pe2KuM. [lof pa3Hble JaHHBIE HY2KHBI pa3HbIe HACTPOUKU. ['TagKkue CTPYKTypPHBIE
TOBEPXHOCTM (OTMETKM KpPOBIHW ¥ IIOHOOIIBE], MOIIHOCTH) Hydllle MOOENUPOBaTh HIUHHBIM
paguycoM UM CTEIEeHHOM MOIeNbio IIpu IIMpokKoMm (rimobanbHoM, 0) paguyce moOuMCKa - TOTHa
TIOBEPXHOCTh IIOJIydaeTCcs Tragkod. KoOpoTKuM paguyCc C JOKaJdbHBIM IIOMCKOM Ha TaKUX
OAaHHBIX I[aéT «OBIUBLM TJIa3a» u Pa3pPEIBEI OIIEHKHKW IIPKM CMEHEe COCTaBa COCEeIHHX CKBaXKHWH.
g kounenrparui u xuMmuu (OMC, ra3oomacHOCTh) KPUTHMHT paboTaeT B CBOEM ITpaBe: 30eCh
Ba’XKHBEI KOPPEKTHBIM HATrTeT M, IPU CHUJILHOM acCMMMETPUU paclpefeneHus, npeodpa3oBaHUe
OaHHBIX (CM. HUKEe PO yparaHHble IIPOOEHL).

Papuyc Koppensaiuy a - pacCTossHUE, Ha KOTOPOM BapHoTrpaMMa BEIXOOUT Ha IIOJNKY. Hablie 3TOro
PacCTOSIHUS TOYKHM IPAKTUYECKH HE BIIUSIOT APYT Ha mapyra. Ilpm O GepéTcst aBTOMaTH4YECKOe
3HadyeHUe max(oxBar)/3.

AuuzoTponusi 3amaéTCsd a3sWMyTOM TJIABHOM OCH ¥ OTHOIIEHMEM pAagUycoB (Mamas/TiaBHAasT).
3Hauenve 1 - M30TPOMHO (BIUSAHWE ONMHAKOBO BO BCEX HANPABIEHUAX). 3HAYEHWE MeHbIne 1
yKOpaumBaeT KOPPEJSAINIO IIONEePEK TJIaBHOM OCHU - IIOJIE3HO [HJIS BHITSHYTHIX I'€0JIOTMYECKUX

CTPYKTYD.

12



AHMBDTpOI‘IMH: BbITAHYTaA 3aneb W 3NNNNC NoOUCKa

Manad oCb

Ecnu 3anexb BRITAHYTA, KOPPENALWA BAONL HeE fanklie, 4eM Nomnepéx.
nnnnc 3afaéTca a3uMyTOM rNaBHON OCK W OTHOLIEHWEM DCei.

£, azmmyT

rnaBHan ocb
(Bonbluoit panuycy

Puc. 9: AHM30TpOIIUS: €C/IM 3ajIeXKb BBHITSIHYTA, KOPPEJsSus BOOIb HEE Hajibllie, YeM IIOIEPEK.

JJUIUIIC IOMCKA 3a0aéTCs a3UMyTOM I'JIaBHON OCH M OTHOIINEHUEM ocel (Masas/riaBHast).

[TapameTtp

YTo 3amaéeT

ITo ymom4gaHuio / COBET

CpenHee Oiist IPOCTOTO
KPpUTHUHTa
Harret CO

CTpyKTypa i - Mofesnb

Crtpykrypa i - nopor/Bknap C

CTpykTypa i - paguyc
KODPEJAIUN a
CTpykTypa i * a3umyT, °

Hcnons3yeTcsa TONBKO IIpHU
tumne SK.

«IITym»/CcKa4yOK BapruorpaMMBl
y uynda. IlogaBnseTt
JIOKaJNbHEIE TUKU. B
a0COIIOTHEIX eOVUHUIIAaX
OUCIIEPCHUMU.

dopmMa BapuoOrpaMMEL:
chepuueckas,
9KCIIOHEHIMalbHas, rayccosa,
CTelleHHas.

Bxknapn cTpyKTypHl B cuii (a6ce.

eguHULEL gucnepcuun). Cymma
C0+C = gucnepcuu gaHHBIX.

s cTpyKTyp 2 1 3: 0 = BBHIKJI.

[vcTaHIUA BEIXOHA HA IOJIKY.
0 = aBTO = max(oxBat)/3.
HamnpaBsieHue riaBHOU OCHU
QHU30TPOIIUH.
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OT CHJIIa

chepruyeckas

ctp. 1 = 1 (3aMeHuUTe Ha =
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0 (aBTO)
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CTpyKTypa i - aHU30TPOIIUA OTHoIIEeHNEe PafguyCcOB 1
(manas/rnaBHas) MOTIEPEK/BOOL ocH. 1 =
HU30TPOITHO.

Bapworpamma KCI (nnact Kpll): akcnepumeHT 1 mogenb

60 A e o
[ ] ® o
o
=)
>
=
=
(@)
aQ
]
C
o)
=
o
>
S
o
[y e
HarreT CO = 17
10 A
® 2KCNepuMeHT (Mo AaHHbIM)
— MOLefNb: chepnyeckan (a=13 KM) + Harret
O T T T

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

Puc. 10: DxcnepumentanbHas Bapuorpamma KCl mo mmacty Kpll m momoGpanHas Mopeib:
"HarreT CO=17, cuJa coBOaa C OUCIEPCUEN OaHHBLIX, paguyc =13 KM. TOYKM ganblile cuiiia -
peruoHaabHBIN TPEH.

Tak cxeMa BBITTISIOUT Ha PeabHBEIX JaHHLIX. BaprorpaMMy CTPOSIT IO CKBaXKMHaM: [JIs ITap TOYEK
CUYMTAIOT MOJIyIUCIEPCUI0 U YCPEOHSIOT 10 PACCTOSIHUSIM - ITOTy4YaeTcs: 001ako (3enEHbBIE TOUKH),
oA KOTOpoe Mmoag0uparoT Momensb (KpuBas). Ilo HeMy u 3amaloT MTapaMeTphl KPUTHHTA: BRICOTA
«CKa4Ka» y HyJs - HarreT CO, monka - cuin (00bI9HO O/IM30K K QUCIIEPCUH JaHHBIX), PACCTOSHUE
BBIXOJIa Ha TOJIKY - paguyc a. Ecnu Ha GONBIINX PACCTOSTHUSAX TOYKM YXOOST BHIINIE CHUJIJIA, KakK
3[IeCh, - 9TO PETrUOHAJIPHLINA TPeHM (HecTalmoHapHOCTL). Ero nmubo y4YuTHEIBAIOT OTHEJIFHO, ITu00
OTPaHUYUBAIOT PAOUyC ITOMUCKA.

OTceB yparaHHbIX IPoO

Vparauuele mpoOBl - aHOMAIbHO BBICOKHE (MIIHM OINMMOOYHBIE) 3HAUEHHUSI, KOTOPHIE MCKAXKaIOT
OIIEHKY: HECKOJIbKO «OOHaHII» II0 COMepPIKaHMI0 MOTYT MEePeTAHYTh Ha ce0s BCI0O KapTy rpeupna,
a sSBHBIe OIIMOKM (HampuMep, OTpULIATENIbHAsI MOIIHOCTD) IOPTST IIOBEPXHOCTb. MMHCTPYMEHT
«2D Kriging» 1mo3BonsieT orpaHUYUTh TaKue IPOOLI IPSMO IIPU pacuyéTe, 6e3 MpaBKU MCXOOHBIX
OaHHBIX. [lapaMeTpH - B pa3aesne «IOIMOIHUTENbHO».

OTceB U cpe3Ka - rpyObIf TPaKTUYHBIN MHCTPYMEHT IIPOTUB SBHEIX OIIUOO0K. [[JI9 KOHIIeHTpauui u
XUMUU OyObTE OCTOPOIKHEL: 9KCTPEMaIbHEIE 3HAYEHMS YaCTo He IIyM, a CUTHaJI (HalTpuMep, o4aru
3arpsi3HeHus), U cJierio 00pe3aTh XBOCTHL PacIIpefieIeHUs He CTOUT. [[JI9 CUJIbHO aCUMMETPUYHBIX
OaHHBIX KOPPEKTHee He oOpe3aTh NPoOH], a Ipeodpa30BaTh UX K OJIM3KOMY K HOPMAaJIbHOMY BHUOY
(morapudm, Box-Cox) unu npuMeHATh UHOUKATOPHBIM KPUTHUHT - 3TO y2Ke 3a paMKaMU OTCeBa, HO
MMEHHO TaK 00XOSTCS C TAXKEJIBIMU XBOCTAaMHU B T€OCTAaTUCTHUKE Py U 3arpsi3HEHUMN.
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OTceB yparaHHbix npob: oo u nocne (kpacHoe - Beibpochkl)

[lo oTceBa: «bbl4YbW rnasa» BOKPYr BLIBPOCOB Mocne oTceBa/cpesku: NoJse crokoiHoe

Puc. 11: OTceB yparausbx npo0 Ha IIpUMepe: ClieBa TPU BHIOPOCa [aioT «ObIYbY IrIa3a» (ropsadue
MsiTHA), CIIpaBa I10cjie CPe3KHU K BepXHEeM I'paHulIle II0Jie CIIOKONHOe.

IIBa pexuMa. «YOanuTb» - MPOOH BHE OOIMYCTUMOTO OHAlla30Ha BHIOPACHIBAIOTCS ([JIsT SIBHO
OuTHIX 3anuceit). «Cpe3aTth (capping)» - 3HaYeHUS BHE AUalla30HA NPUXKUMAIOTCS K T'DaHUIE,
a caMa TO4YKa ocTaércs B pacueTte. Cpe3Ka - KJIACCMYECKHUM TIPUEM [JIsi yparaHHBIX P00
10 COOepIKaHHUIO: ITOJIOXKEHUE TOUYKU He TEepPSeTCsI, HO €€ BIUsSHUE OrpaHuYuBaeTCs. Pexum
nepekiniodaeTcsa praxkoM «Cpe3aTs K rpaHulie (capping) BMeCTO yOaleHUI».

I'parunbI Mo adcosIoTy. « HUXKHSIA rpanuila» U « BepxHss rpaHuIla» 3aaioT IIOPOTH B eIUHUIIAX
Z nanpsaMmyio. [lycToe nose - rpaHulia He 3agaHa. OHU IpUOPUTETHee epleHTunsd. [IpumMmep: Onsa
MOIITHOCTHU IOCTaBbTe HUIKHIOIO IpaHuIly 0 - yUAyT OTpUIlaTeIbHBIE 3HAYEHU S, BEPXHIOIO, CKaxKeM,
30 - yAmeéT IBHBLIN BHIOpOC B 122 M.

I'paHUNBI 10 IEPUEHTWIIO. P-U IEePIeHTUIb - 9TO 3HaUYeHUe, HUXKe KOTOPOTOo JIeXKUT P% BCeX
npo6. Hanpumep, 5-if MePIEeHTHIIEL - ITOPOT, HUXKE KOTOPOTO TOJILKO 5% CaMBIX MaJlbIX 3HAYEeHUIH.
95-i1 - MOPOT, BHIIIIE KOTOPOTO 5% caMbIX O0IbINX. [TapaMeTp «HIepileHTu/Ib 00pe3ku, %» 3amaéT
YUCJIO P, U T'PaHUILI 6ePyTCa CUMMETPUYHO: OT P-ro Ho (100—p)-ro nepuenTuns. To ectv p = 2
O3HaYaeT «CYUTATh yparaHHLBIMU 2% caMbIX HU3KUX U 2% CaMBIX BEICOKUX ITP06»: BCE HUXKE 2-T0
u BoIme 98-ro mepueHTUAA MU0 ymanseTcs, mudo cpe3aercsa. YeM GOJbIle P, TEM arpecCUBHEE
o6pe3ka. P = 0 BHIKJTIOYAET MEePIeHTUIbHBEIN PeXuM. YI0OCTBO B TOM, YTO aOCOTIOTHEIE IIOPOTH
3HATh HE HYXKHO - OHU BBIYUCIISIOTCS II0 CAaMUM HAHHBIM M IOOXOAST K JII0OOMY pacIiipenesieHHuIo
u Macurady.

[IBYCTOPOHHOCTEL - BaiKHO [OJIsI XUMHH. [IepIeHTUWIbHHIN peXUM pexkeT oba XBOCTa - U
BEepXHUU, U HUXKHUHN. [I11 comepxkanui 3To onacHo: KCl = 0 B 30Hax 3aMellleHUs - peanbHad
TeoJIoTus, U 00pe3Ka HUXKHETO XBOCTAa OIIMO0YHO MOOHUMET «IIyCThie» y4acTKHu. [loaTomy mis
rpelifjla OTCeKalTe TOJILKO CBEPXY: OCTaBbTe «HUKHIOIO rpaHUIly» IIYCTON U 3afaliTe «BepxHIO0»
abcooToM (MMM MPUMEHSINTE NEepLeHTUNIb, MOHMMAas, 4YTO HU3 ToxKe OymeT 3aTpoHyT). s
OTMETOK U MOIITHOCTEM IBYCTOPOHHSS oOpe3Ka 0OBIYHO YMeCTHaA.

ITopsimok u xXypHan. OUIbTp NIPUMEHSETCS OO0 YCPeOHEeHUs coBHafaromux Todek. B XKypran
WHCTPYMEHTAa BBIBOOUTCS, CKOJIBKO P00 yAaseHo WiIK CPe3aHo M B KaKUX I'PAHUIAX - 9T0 YIOOHO
LIS KOHTPOJIS.
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CraHgapTHasi OIIMOKa KPUTrHHTra

KapTa cTaHAapTHOM OWNBKN KPUTMHIa

° CKBaXWHbI
.

11.0
10.5

10.0

(=]
w
CTaHOapTHada owmnbka

o
TeMHee (MeHbLLE) - PSIAOM eCTb CKBaXXWHbI, OLIEHKE MOXHO [0BEpPATh.
CeeTnee (Dosblle) - JaHHLIX MaNo, OLEHKa MeHee HaléXHa.

Puc. 12: Kapra cTtaHgapTHOM OIIUOKKU: TEMHOE Y CKBaXXUH (3€JIEHbIE TOYKHU) - OI[eHKE MOXKHO
IOBEPSTh, CBETJIOE B IYCTHIX yTJIaX - JaHHBIX MaJio.

Kpome camoii o1leHKY, KPUTHHT JAéT B KaXKI0M y3JIe TUCIIePCUIO OIITHOKY - MEPY HEOIPEIeIEHHOCTH.
Eé KopeHb, cTaHmapTHas OINMNOKa, BEIBOOUTCS Heo0s3aTeILHBIM BTOPHIM PACTPOM (IIapaMeTp
«CtanpmapTHass ommOKa KpuruHra» uHCTpymMeHTa «2D Kriging»). EgunHuuer - Te XKe, 49TO ¥y
UHTEPIIOINPYyEMOUN BETUYUHHI Z.

KmtoueBoe CBOMCTBO: CTaHOapTHas OIMOKA 3aBUCUT OT T'€OMETPUU PACIIONOXKEHUS CKBaXKUH
¥ MOMeJIM BapuorpaMMEI, HO He OT caMuX 3HaueHu# Z. [ToaTOMy 3TO KapTa HaAéXXHOCTH CETHU
HabOmoOeHni, a He pa3bpoca JaHHBIX. B TOuKe CKBaXKUHEI (IIPU HYJIEBOM HarreTe) OIInOKa paBHA
HYJIIO - TaM 3HaYeHNWe U3BECTHO TOYHO. [To Mepe yHameHust OT CKBaXKHH OHa PacTET, a B 00J1acTsax
0e3 maHHBLIX JOCTHUTAET MaKCUMyMa (IPUMEPHO KOPEHb U3 CUJIIA).

Kak uurarb. TéMHEIEe (Masbie) 3HAUEHHsI - OLEHKE MOXXHO [OBEpPSATh: PSIOOM IOCTATOYHO
ckBaxuH. CBeTnble (00IbIIHE) - OIIeHKA OePAKUTCS Ha JaIéKUX TOYKaX, GaKTUIEeCKU SKCTPAIIOJISIIHSI.
9To mepBhIe KAaHAUOATH Ha mopa3Bedky. CpaBHUBaATh ymoOHee OTHOCUTEJBHO (rae 6ombiie, Toe
MeHbIIIe), TTOTOMY YTO abCOJIOTHAs BeNIWYHWHA 3aBHUCUT OT MacinTaba BapuorpaMMbl (CHIa
S1 SILL).

BaxkHo. 3To MofenbHAs OIleHKAa: OHA BEPHA HACTOJIBKO, HACKOJILKO BEPHA 3afjaHHAas BapuorpaMma
(marrert, papmyc, anu3oTponusi). Ilpu HarreTe Oosbllle HyNIsS OmMOKa Yy CKBaXXKWH He HyJIeBas
- HArTeT 3ama€T HUXKXHUN «II0JI» HeoIpenel€HHOCTH. CTPOTMM NOBEPUTENIbHEIM HHTEPBAJIOM
CTaHOapTHas omuOKa He SBISETCS, HO KaK OTHOCHUTENIbHAs KapTa HeOoIpemeEHHOCTH OYeHb
Tmone3Ha.

Odopmiaenue. 3agaiTe CJIOI0 T'PaOyMPOBaAHHYIO CHMBOJIMKY II0 3HAYEHWIO (HampuMmep, OT
TEMHOTO K KPaCHOMY) - U Cpa3y BHUOHO, Te KapTa HaféxKHa, a Tae HeT.

HucrpymenTt «U30/ITMHHM U3 pacTpa»

CTpouT wu30AMHUU (JIMHUM) ¥, IO YyMOJYaHUIO, KOHTYPHHIE IIOJUTOHBI. YPOBHU 3aZaloTCs
PaBHOMEPHBIM IITaroM WJIU SIBHEIM CIIMCKOM. [lapamMeTpsi:
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(2} Mpug v wsonusmm - 2, WaonuHun us pactpa

MapameTpel HypHan

Pactp
= KpuruHr ¥ * CkBamiHe (aemo) [USER: 100000]
LWar nsonuHmni (0 = 3a0aTe YPOBHW HIDRE)
1.000000
HauqanbHelit yposerb (offset)
0.000000

ABHble ypoBHW (4epes npoben) - npropuTeTHEE Wara [HeobAsaTensHo]

[NaBHas M30MMHMA kawaas MN-a (0 = Boikn.)
5
MiH. ANMHa MuHAW, ed. kapTel (0 = 6es dunsTpa)
100.000000
CKpPYrNEHWE MHMIA, MTEPaWAi (0 = Beln.)
a
1MA nons sHa4YEHUA
ELEV
w [1ononHUTENbHbIE NapaMeT phbl
Kanan

i

Wsomadin (niaHim)

[CoxpanuTe B0 BpeM 1A haiin]

¥ | OTKpLITE BEIX0AHOA BaiAn NoCNe 33BEPLUEHNA ANMOpPHTHA
KOHTYpHeIE Nonurodsl [HeobazaTensHo]
[CoxpanuTe Bo BpEMEHHEIN daiin]

V| OTKpeITE BEIX0gHOIM daiin NoCne 3aBEpWEeHNA ANropTHA

| 0%

JlonNOoNHWTENBHD ™ | | 38NYCTHMTE B NaKETHOM DEXKMME, ..

[

i

2. MsonuHMUK u3
pacTpa

CTPOMT MSOMMHWA U3 PECTPE:
PEBHOMEDHLIN WaT MK AEHEIS
YpoBHKM (4epes npoben), rNasHble
(yToMWERHKIE) MZONMHM dnaroM
is_index, hMnbTp KOPOTKMX MAHMIA,

Crpyrnerne numvi (Chaikin) cnerka
CTNEHHMBAET KOHTYPEI M yEupaeT
“OKTaroHbl® 0T rpyboro rpuaa.
CrnamuBaHNE CaMOoro nons
BLINONHAETCA B MHCTPYMEHTE 2D
Kriging.

Mo YMONYEHMKD CTPOMT M KOHTYPHBIE
NOnMroHBl (noqca MEXAY
M30MUHIAMIA) BO BPEMEHHBIA CNoi -
WX rpaHmuel COBMALAKDT
H30MMHWAMK, NOKPBITHE CNAOWHOE.,
Y706kl KX HE CTPOWTD - OHKCTUTE
none *KDHT‘r'DHbIE NONArOHBI,

Mons: MMHAK - HEYEHWE YDoBHSA (Mo
ymonuanuio ELEV) mis_index (1 y
FNEBHbIX); nonurodsl - ELEV_MINS
ELEV_MAX {aManasoH noAca).

PazpaboTaro npu noagepxke 000
s Hhopm +-+: (www.informpp.ru).

Isoliner v1.8.0

OTHEHUTEL

| BeinonHuTE 3aKpEITE Cnpaeka

Puc. 13: OkHO UHCTpyMeHTa «M30IMHNY U3 pacTpa.

ITo ymomgaHuUio / COBET

ITapameTp Yro 3amaér
Pactp BxopgHoit pacTp (HanpuMmep,

pe3ynbTaT KpUTHUHTa).
PaBHOMepHEIM 1m1ar o Z. 0 =
3a7aTh «fBHEIE YPOBHU».
[IpuBsizKa CETKH YPOBHEU
(YpOBHUY KpaTHHI IIary OT

[ITar usonuHMHi
Hauanpaeill ypoBeHs (offset)

offset).
fBHEIE YPOBHU
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CHHCOK yPOBHEU Uepe3
rpober. IIpuopuTeTHee I1ara.
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[Tapametp

YTo 3amaéeT

ITo ymom4aHuio / COBET

I';1aBHag U30JIHMHUS KaxKOas
N-a

Kaxpasa N-a muHuga
noMmedaeTcd is index = 1 (gnsa

5

yTonieHus). 0 = BHIKII.
OT6packBaTh TUHUU KOPOYe -
nmopora (en. KapTe). 0 = 6e3
dunsTpa.

JIéErkoe CKpyTieHUe TUHUU
(Chaikin). YoupaeTt
«OKTaroHel» rpyooro rpupa. 0
= BBIK/. CrilaXKuBaHUe
CaMoro IIOJIS - B HHCTPYMEHTEe
«2D Kriging».

MuH. aauHa JTUHUNA

CkpyTieHUue TUHUHN, UTepaui 2 (3 ma rpybomMm rpumge)

VM3 nosns 3HaYeHus WUwms atpubyTa YpPOBHS B ELEV
BBIXOOHBIX TUHUAX.
Kanan (mom.) Homep kaHama BXOOHOTO 1

pactpa.
BreixomHEie ciion. IToIUTOHEI -
CTPOSTCS 110 YMOJIUaHHUIO BO
BPEMEHHELIN CJIOH.

H3onunuu / KoHTypHEIE
IIOJINT OHEI

BrixopmHbIe TOMNA: ¥ IMHUM - 3HaYeHUe ypoBHS (1o ymonmdanuio ELEV) u is index (1 y rinaBHBIX
usonuuui). Y nonuronos - ELEV MIN u ELEV MAX (gmana3oH 1osca).

CrjiazkuBaHUe U330/ IMHUHA

CriaxuBaHNWEe HU30JIMHUM B TOM MHCTPYMEHTE - 3TO JIETKOE€ CKPYTJIeHHE JTUHWN aIrOpPUTMOM
Chaikin (uucno urtepamuit). Ha rpyboM rpupe HW30JIUHUU WHA4Ye BHITIISAOIT «OKTaroHaMH», TakK
KaK BEpPIIMHBI CTABATCA I10 KpasiM si4eeK; CKpyTriieHne 3Tu yribl youpaet. [Tone yxke riagkoe (cM.
HUXKeE), I03TOMY CKPYTJIeHUe He CO3[aéT NepecedyeHui.

CryiaxuBaHHE CaMOTO I0JIs (TayCCOBO, IO PACTPY) BHIIOIHSAETCS HE 30€Ch, @ B UHCTPyMeHTe «2D
Kriging» - TamM 0HO UOET 1O IpUAy OO KOHTYPUHTA, TI03TOMY M30JIMHUU IIOJIy4YalOTCS IIJIaBHBIMU
U IPUHIOUNINAIBHO He IIepeceKaloTcs JaXKe B I'YCTHIX MecTaX. KOHTYpHEIM pacTp KPUTHHTA IpU
9TOM HEe MEHSIETCS - CTTIa’KMBAETCS JTUIh BpeMeHHas KOTHus.

Ecmu yTabl BCE elll€ pe3KOBaTH - YBeIUYbTE YUCJIO UTepaluil CKpyriaeHus (o 3) Ui YMeHbIITUTe
pa3Mep A4YeNKH B KpuUTruHre. Ecu TUHUU 3aMETHO «ye3KaloT» OT HCXOOHOW IIOBEPXHOCTH -
YMEHBIINTE PAANyC CrilaKuBaHU4 1ojs B «2D Kriging».

KoHTypHBbIE TOJIMTOHEI (II0sICa)

KoHTypHBIE TIOJTUTOHEI - 3TO 3aJIUTHIE MOSICA MEXAY COCETHUMU M30MUHUAMU. OHU CTPOSITCS
He KiaccuuKalued «CTyIleHeK» pacTpa, a HOJIMTOHM3allMel CaMHUX CriIaXXKeHHBIX H30TUHUN
BMECTE C KOHTYPOM BalUIHOM 00JIaCTH pacTpa: KOHITH TUHUN IPUTATUBAIOTCS K KOHTYPY, CETb
HOMUPYETCS W IOJIMTOHU3yeTCsA. [luama30H ypPOBHEH KaxaoTo IO0siCa OIpeessieTcs BRIOOPKOM
pacTpa B penpe3eHTaTUBHOM TOYKE MOJTUTOHA.

Bnaromapss sToMy TrpaHHLBLI TOJIUTOHOB COBIIaHalOT C HU30JIMHUSAMHU, @ IIOKPHITHE CIIJIOIIHOE
(6e3 grip). ITonuronsr HecyT nmonsgs ELEV MIN u ELEV MAX. [To yMOI4aHWIO OHU CTPOSITCS BO
BpeMeHHBIN cJioii. YTOOBI X HE CTPOUTH, OUUCTHUTE Iojie « KOHTypHBIE TTOJTUTOHEI».
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OdopmiieHue CiI0€B

JluHuu: 3apaliTe CHMBOJIUKY I10 IIPaBUJIy Ha OCHOBE is_index - rnmaBHBEIM U300HUAM (is_index = 1)
mariTe OOMBINTYI0 TONMIUHY. [ToAnucs - Mo momnio ypoBHs (ELEV).

[TonuroHsl CO30a0TCA C OOHUM CUMBOJIOM. [1J1 3a/TMBKHU 110 AUalla30HaM 3ajaliTe TpagyupoBaHHYIO
cuMBonuky o ELEV MIN (unu ELEV_MAX).

Ciio#l U30IMHUYM aBTOMAaTHYEeCKHU IIOMeIIaeTCs Hafl CJIOEM IIOJIMT'OHOB, YTOOB! JIMHNY OBLUIN BUIHEL
TTOBEPX 3aJIUBKH.

HUHCTPpYMEHT «BapuorpaMmMa (3KcnepuMeHTa/IbHas1)»

MHCTPYMEHT CTPOUT IO TOYKAM 3KCIIEPUMEHTAJIbHYIO IIOJIyBapUOorpaMMy, IPU HEeOOXOOUMOCTH
nombupaeT 110 Hell Moaensb 1 BemaéT HTML-oTuét ¢ rpadukoM. OH He CUMTAET TPUL U He BXOOUT
B PACUETHYIO LIETIOYKY KPUTHHTa HanpsaMylo. Ero 3ajaya guarHoctTudeckasi: IoKa3aThb CTPYKTYPY
IPOCTPAaHCTBEHHOM HN3MEHYMBOCTH [MHAaHHBIX M IIOMOYh 3afaTh IlapaMeTphl BapHUOTrpPaMMbI
OCO3HAaHHO, 110 BUAY obJiaka, a He Ha I'Jas.

3aueM HYyK€H IIPeanpocMoTp

Kpurver ommpaeTcsd Ha MOOEJIF BapuOTPaMMEl: HArTeT, Mopor u paauyc. OT HUX 3aBUCAT
Beca IIpU MHTEPIONALMU U KapTa CTaHOapTHOM omubku. Co6r1a3HUTESIFHO IOPYYUTH MOAOO0pP
9THUX YMCEeJ aBTOMaTHKe U He AyMaTb O HUX. Ha KjlacTepu30BaHHOM pPa3BEOOYHON CETU 3TO
oracHo. CKomyieHusT OJTM3KUX CKBAXKHMH Jal0T OTPOMHOE YMCJIO Hap Ha KOPOTKUX PACCTOSTHUSIX U
MIPUAABAUBAIOT OJIMKHIO YaCcTh BAPUOTPAMMEBI, IT0O3TOMY aBTOHOOOOP IO TaKoMy OOJIaKy JIerKo
BHIIAET YBEPEHHO HEIIPABUIILHLIN HArreT. [IpemmpocMoOTp CHUMAaET 3Ty IPoOIeMy: re0JioT BUOHUT
camo 006/1aK0 I1ap, HIOHMMAET, I'Ie JaHHBIX MHOTO, a Tle MaJio, ¥ IIOATOHSIEeT MOJEJTh C TIOHUMaHUEeEM
TOT'O, YTO IIOM HEM JIeKHUT.

ITosToMy mmombop MOmeNnu B MHCTPYMEHTE HaH KaK PeKOMEHOAllMs, a He KaK TOTOBBIM Pe3ybTarT.
Yucna, KOTOPBIE OH IIpedJjiaraeT, Pa3yMHO CBEPUTH C BUIOM I'paduKa ¥ TOJIBKO II0OTOM IIEPEHOCUTh
B KPUTHHT.

Kparkas Teopusi

ITonyBapuorpaMMa OIIUCEIBA€T, HACKONBKO CTATUCTUYECKM CBA3aHHI 3HAUYEHMWS IlapaMeTpa B
IByX TOYKaxX B 3aBUCHUMOCTH OT DACCTOSHUS MeXOAy HUMH. [ng mapel TOYEK, Pa3HEeCEHHEIX
Ha paccrosiuue h, Gepé€Tcsi IOJIOBMHA KBagpaTa Pa3HOCTU MX 3HAYEHUM (IOIyOucIepcus
IpupalieHus). 3TU BeJIUYMHE YCPEOHAIOTCS 10 MHTePBajlaM PacCTOSHUS (JlaraM), ¥ IIojIydaeTcs
kpuBag y(h). 9To Mepa He «cpemHell pa3HMUBI» 3HAYEHUH, a CTATUCTUYECKON HAAEXKHOCTU
IIpencKa3aHus 3HaUeHUs 110 COCENY: YeM MeHbIe y, TeM TeCHEE CBSA3b.

Y tunuyHOU KpUBOU TpU xapakTepuctuku. «Harrer» CO 3TO 3HaYeHUE, K KOTOPOMY CTPEMUTCS
Yy IIpU CTPEMJIEHUH PACCTOSIHUSA K Hym0. OH oTpaxkaeT U3MEeHYMBOCTh Ha MaciiuTabe Menbye, 4eM
mIar CeTH, TJIIOC OmuOKy u3MepeHus. «IIopor» 3To ypoBeHb, Ha KOTOPHIM KPUBas BEIXOOUT Ha
00bIINX pPaccTOAHUAX. [I0THBEIM TOPOT paBeH CYMMe HarreTa U CTPYKTYPHEIX BKJIaZIOB U B Ufeasne
OM30K K OUCIIepCUH JaHHBIX. Paguyc (a) 3TO pacCTosTHHEe, Ha KOTOPOM KPHBAs BHIXOOUT Ha IIOPOT
- TO eCTh Ha KOTOPOM IIPOCTPaHCTBEHHAas KOPPENSalus clafaeT IIPaKTUUYeCKU A0 HyJisA. [anbine
9TOTO0 PACCTOSHUS TOYKM CTAaTHCTUYECKM He CBS3aHBL. [IJI1 SKCIOHEHIMaJIbHOM U TayCCOBOU
MoOJIeied IMOPOT HOCTUTAETCS aCUMIOTOTUYECKHU, II09TOMY PajuyC O HUX - 9(GEeKTUBHBIN.

HarreT u BKagbl B MHCTPYMEHTE 3adaHbl B aOCOMIOTHREIX eUHUIIaX OUCIIEPCUM ITapaMeTpa, a He
TOJISIMH OT eMUHUITE. OPUEeHTHP OJIS IOJIHOTO IIOPOTa 3TO OUCIIEPCHS MaHHBIX, KOTOPasa BLIBOOUTCS
B CBOOKE OTYETA.
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ITapamMmeTpsbl

Q pra u nsonunmmn - 3, Bapnorpamma (3kcnepumenTansHan) b ¢
b
MapameTpel | Jypran | 3. Bapvorpamma
CoxpaHuTe npodune noa MmeHem {NycTo = He coxpaHaTe) [HeobazaTensHao] - (3I{CI'| epuMeHTanbHa
a)
w A P pPll CTPOMT W3OTPOMHYHD
SKCMEPUMEHTANBHYID
MiHMMYM Touek B rpynne, % oT ssibopiu (non 30 Touek) NONYB3PUOrPEMMY MO TOYKEM:
. ofinako nap ycpegHAETCA No
2.000000 v WMHTEPBANaM PaccToAHMA (naram).
) ) MoMoraeT YBMAETL CTPYKTYPY
Mopens ana noabopa LEHHBIX M NoaoBpaT BapMorpamMmy
s - FNasoM, a He YraakbIsaTe HarreT/
ABTF) {nyuwas no R2) paguyc,
v | YeToluMEan oueHka (Kpecou-XokuHoa) Mone rpyrnpoBki
{(HeobRsaTensHO): ANA Kakaoro
V| MNoxazaTs ofinako nap 3HEYEHWA NONA CTPOMTCA CBOA
KpuBas - YAoGHO CPaBHUTE
HanouTe 3305HH Y0 MOAEME BAPHOrPaEMHE] COBOKYMHOCTI PA3HOM NAOTHOCTM

(I'IUBEDXHDCTHaﬂ W NogsemMHan

Mopenb: HarreT CO & o
pasBeaKa) M NpoBepTh, obluad mv

0.000000 ok ¥ HAX CTPYKTYPa.
CTpykTypa 1 * Mogens Moabop mogeni (N0 yMonYaHUHo)
AaET HarreT CO, Bknan C, paawyca
Cibeprdeckan > W Modens, CoXPaHUTE WX B Npodis
{(none «CoxpaHiTe Npodwns Nom
CtpykTypa 1 * nopor feknan C WMeHeN=) M noacTassTe B <20

Krigings. MosHO HaNoHMTE Yie

1.000000 b 33A3HHYIO MOAENE, YTkl
CtpykTypa 1 - paauyc koppenawm a (0=asTo) CPABHNTE e ¢ oBnaraom,
0.000000 - HTML-o0T4ET OTKPEIBSETCA B
MPOCMOTPLUMKE PESYAETATOE: TOUKM
CTpykTypa 1 * asumyT, © Mo NaraM, Modenk 1 nogobpaqHas
. KPWEBERA, IMHUS AMCTIEPCAN ASHHBIX,
0.000000 == Cnoii-Tabmiua {onu.) conepsuT
: nar, y(h) u umcno nap ansa
CtpykTypa 1 * aHusoTponua (Manas rnasHan) necTpoeHMA B QGIS,
1.000000 15 Isoliner v1.8.0
¥paranHeie npobil: nepueHTUE obpesku, % (0 = Bown.)
0.000000 =
HipkHeR rpaHuUa sHaveHns {nycro = HeT) [HeobssaTensHo)
He zanaqo -
BepxHAs rpaHrua sHaqeHna (nycto = HeT) [HeobasaTensHo]
He 3anaHo o=
CpesaTh K rpaHuue {capping) BMECTO yAaneHus
Tafinmua sapuorpammel (nar, v, wwcno nap) [HeobasatensHo]
[CoznaTe BpEMEHHEIN =
| 0% OTMEHUTE
JlononHMTenbHo | | 3E8NYCTMTE B NEKETHOM PEXMME, .. | BhinonHuTe | SaKpelTe Cnpaska

Puc. 14: OxkHO uHCTpyMeHTa «BapuorpamMma (3KcIepuMeHTajlbHas)», IPOKPYYEHO K pas3mueny
«JloTOTHUTENbHBIE TApaMeTPhI»: mom0Op MOAEenu, OJHa CTPYKTypa (Momesnb, TOPOT, pPamuyc,
a3UMyT, aHU3OTPOIMS), OTCEB yparaHHHIX NMPo0 B KOHIle u Ione «CoxXpaHUTh NPOPUIL mox
UMEHEM>.

[TapameTtp YTo 3apaeT ITo ymonmuaHuio / COBET
Touxku co ToyeuHBIl CIOU CO -
3Ha4YeHUSIMU CKBaXUHaMU UJIU

mpobamu.
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[TapameTp

YTo 3amaeT

[To ymom4aHuio / COBET

ITone 3HaueHUusa 7

ITosne rpynmnupoBKU
(Heo00s3.)

Yucro naros

MakcuMalibHOe
paccTosiHUue

ITogoOpaTsk MOTeb
(pekoMeHpOaIMsI)

Mogpensb ois
nombopa (morr.)

MuHUMYM TOYEK B
rpynne, % (gom.)

YcTomuuBas oljeHKa
(Kpeccu-XokuHca)
(mor.)

ITokaszaTs 00J1aKO0
nap (morr.)

Hamnoxute
3alaHHYIO MOTeb
BapuoOrpaMMEI (IoII.)

YucnoBoit aTpubyT Oiist
aHa/iM3a: OTMEeTKa
IjacTa, MOIIHOCTD,
comepiKaHUe.

CTpOUT OTHENbHYIO
KPHUBYIO OJI51 KaXK0Ir o
3Ha4YeHus mons (Hamp.
BUI pa3BelKu) u
HaKJIaJbIBaeT UX Ha
oouH rpaduxk.

Ha ckonbko
UHTEPBajOB
paccTosTHUSA
pa3buBaeTcst 0061aK0
mnap.

HanbHUN Kpau
BapuoOrpaMME], B
eIquHUIaxX cjos (ms
MEeTPOBHIX KOOPOMHAT -
meTprl). 0 = nOJIOBUHA
IuaroHaau oxBaTa.
ABTOmOmOOp HArrera,
Imopora, paguyca u
TUTIa MOOEJIH;
pe3yabTar
3aloMUHAaeTCs O
IIOJCTAHOBKHU B «2D
Kriging».
3aduKCcupoBaTh TUII
MOAEeu UIU OCTABUTh
aBTOBHIOOD JIyUINEH 110
R2.

['pynner menbue
Imopora He CTPOSTCS U
TIEePEeYUCISIIOTCS B
xypHaarne. [lomn - 30
TOYEK.

CHUXKaeT BIUSHUE
penKux aHOMaJIbHBIX
map.

[oGaBnset Ha rpadpuk
HUCXOOHBIE TTaphl A0
yCpenoHeHUs.

PucyeT moBepx ob6naka
MOpesb C 3aJaHHBIMU
BPYYHYIO HAarreToM,
IIOPOTOM U PajuyCcoM -
yIoOHO CPAaBHUTH CBOIO
MOIEeNb C JaHHBIMHU.

3allIOMHMHAEeTCA MeXOy 3allyCKaMHu

BEIKIJI.
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[TapameTp

YTo 3amaeT

[To ymom4aHuio / COBET

Yparauubsie IpoOE
(mom.)

CoxpaHUTH IPOGUIL
mog UMeHeM

Tabnuia
BApHUOTPaMMEI

Otuét (HTML)

INepreHTHIL 0OPE3KH,
HUXHSIST 1 BEPXHSS
TPaHUIEI 3HAYEHHUST,
PEeXUM Cpe3aHus K
TpaHUIle BMECTO
yoaneHus. B camom
KOHIIe CITHCKA.

Ecnu 3anmonHuTs -
nmomoOpaHHas
(n30TpOmHAA) MOOENb
U TEKYyILINUN OTCEB
COXPaHAITCA Kak
mpoduns 06paboTKu
IO 9TUM UMEHEM.
BrixomuOU
CJIOH-TabIUIa C
TOYKaMHU
BapUOTPaMMEI
(CTONOILIBEI HUXKE).
OtuéT c o6maKoM,
nmomoOpaHHON KPUBOH
U MUHNEU OUCIIEePCUU
IaHHBIX.

BEIKII.

MyCTO

BPEMEHHEBIU CJI0U

BpeMeHHBIN Gaiin

HapaMeTpm C IOMETKOM «MIOII.» JIeXKaT B CBépHy'TOM pasneie HOIIOTHUTE/IbHbIE IIapaMeTphbl.

Ha Brixome dopmupyercss Oruét (HTML) ¢ rpadukoM, mogoOpaHHON KPUBOM WM JTMHUEH
OUCIIEPCUM IaHHEIX, a TaKXKe HeoOs3aTenbHas Tabiunma BapuorpaMMBbI - TOYKY 3KCIIEPUMEHTaTbHON
BapHOTpPaMMHEI B BUAE CJI0s 6€3 reoMeTpuH (110 CTPOKE Ha KaX[bIM jlar Kaxmou cepuwn). [To Hel
MOZKHO IIOCTPOUTH CBOM rpaduk B QGIS unu BEIrpy3uTh 3HaueHusd. E€ cTonO1Ik:

IMTomne Tun YTo comepKUT

series CTpOKa Cepusi: «Bce TOUKU» Mub0 3HaUYEHUE T0JIA
TPYIIIIMPOBKY, €CJIM OHO 3aJaHo.

lag mpobHoe CpepHee pacCTosiHME MeXKAY TOUKaMU B
WHTepBase (jlare), B eOUHUIAX CJIOS.

gamma npobHoe IMonymucnepcus y(h): cpenHee TOIOBUHEL
KBajgpaTa pa3HOCTel 3HaYeHUU 110 mapaM 5TOTro
nara (unm ycroiiumBas ouneHka Kpeccu-Xokunca,
€CJIX OHa BKJIIOYEHa).

npairs menoe Yucno map TO4YeK, IONaBIINX B Jiar. Maioe 94ucio

1ap - To4kKa BaprorpaMMEl HeHafeKHa.

ITojsie rPyNINIHUPOBKH U PAa3HOIIOTHOCTHAsI pa3BeaKa

Heob6si3aTenvHoe I1o1e rpynIIAPOBKH CTPOUT OTHOEJIFHYIO BAPUOTPaMMY [JIsI KazKIOT0 3HAUYEHUSI
oSl M HaKJIafblBaeT WX Ha OOMH rpaduk. ITo HYXKHO, Korga BhrIOOpkKa cobpaHa CeTaMU
pa3HOM NMPUPONHl U IJIOTHOCTH, HaAlIpUMeP ITOBEPXHOCTHOM U NOA3eMHOM pa3Benkoi. IlomaB B
TPYIIIUPOBKY BUJ Pa3BeOKM, MOXKHO YBUAETH, O0IIasi I y 9TUX COBOKYIHOCTEN CTPYKTypa HUIIH Y

Ka>kIoH CBOS.

CMereHre Pa3HOIUIOTHOCTHHIX CeTeM He co3maéT apTedakKToB caMo mo cebe, HO HCKaxXKaeT
o0mryio BapuorpamMMmy. [ImoTHas ceTb HAaéT MHOTO IIap Ha KOPOTKUX Jiarax W (QopMupyert



OTUKHIOIO YacTh KPUBOM, penKasi ceTh pabotaeT Ha ganbHuX. OgHA MOJelb, HAaTAHyTas Ha TaKoe
006J1aK0, OKa3kIBAETCSI CMECHIO [IBYX CTPYKTYP U He OIMMCHIBAaeT KOPPEKTHO HU OOHYy. ['pyImupoBKa
9Ty CMeCh TOKa3hBaeT, U pPelleHue, 3aKOHHO U OO0beOUHSITH COBOKYITHOCTH, OCTAéTCs 3a
reosioroM. JlekmacTepusalius K 00JIaKy map IIpu 3TOM He MpuMeHsieTcsi. E€ Beca mpeqHa3HaYeHEbI
IOJISS UCIIPABIIEHUS THCTOTPAaMMBI M CPeOHETO0, a He [Jid IIap BapHoTpaMMEI, TOe KaxXKmas Iapa
TIOJTHOTIPaBHA HE3aBHUCHUMO OT IJIOTHOCTH CETH.

OTMeTKa KpoBAW Mo TWNam passedkn (None Tun)

— 6 (n=5216): C0=23 a=3489m
= n {n=5022): C0=121 a=26598m
= nk {n=3919): C0=0 a=4566m
m— prn {N=1379): CO=T0 a=3686m
— g [N=858): CO=543 a=4186m

3000 1

2500 1

2000

yih)

1500

1000 A

500 A

3000 4000 5000

nar h, m

2000 6000

Puc. 15: OTmeTKa kpoBnu 1o mnacty Kpll, crpynnupoBasHHas mo BUAY Pa3BeIKMU: TOA3€MHAS CETh
JIEZKUT 3aMeTHO HuKe (00J1acTh ODHOPOIHEE), IeTalbHas Pa3BeKa JaeT BEICOKUY HarretT. Pa3uble
COBOKYIIHOCTU BUOHO Cpasy.

TpK THITHYHBbICE T'e0JIOTHYEeCKHe CUTyallHHn

OTMeTKM 3ajieraHusi, MOIIHOCTHM U COAepzKaHMUSA II0JIe3HOTO KOMIIOHEHTa UMeEeIOT pa3HbIe
reoCTaTUCTHYECKHNE XapaKTePUCTUKY, U II0JIE3HO BUOETh UX pAgoM. Ha uimocTpayuu IoKa3aHbl
BapHUOTPaMMBbI TPEX IAapPaMEeTPOB OMHOTO IIPOMEIIIIEHHOIO IJIaCTa, PAaCCUYUTaHHBIE B €UHOM OKHE
PacCTOSHUMU.

JKCNepUMeHTaNbHLIE BapUOrpaMMel TPEX TUMNOB NapaMeTpos (maxlag 6 KM, oOuH pyOHLIA Gnok)

MpoMBIWNEHHEIA NARCT: OTMETKE KPOBK, M
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Puc. 16: Tpu THUIla mIapaMeTpPOB OOHOTO IIJIacTa B eIUHOM OKHE: OTMEeTKa KPOBJIHU (II0OYTH HYJIEBOU
HarTeT, rlafgKasi IIOBEPXHOCTh), MOIIHOCTh (HarreT OKOJIO TpeTH, chepudeckasi) U comepzKaHue
(Harret comocTaBHUM CO BKJIa[iOM, IIIyMHLIM TapaMeTp).
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OTMeTKa KPOBIM 9TO TJIajKas MOBEPXHOCTh. HarreT MOYTH HYJEBOH, pamguyc OOMBIIOH, MOENb
O0nM3Ka K TayCCOBOM, KadyecTBO mombopa OdeHb BRICOKOe. COcemHME CKBAXKWUHBI [JAIOT IMOYTH
OOWHAKOBYIO OTMETKY, U3MEHUYMBOCTh KpymHoMaciuTabHas. KpuruHr paboTaeT yBepeHHO. 30€eCh
€CTb TOHKOCTh: TayCCOBa MOMEJIb C ITOYTH HYJIeBEIM HAarreToM YHCIeHHO HeyCTOWYMWBA U HAéT Ha
KapTe XapaKTepHble «ObIYbH TJ1a3a». HeGonbImoi HarreT CTOUT 3aAaTh BPYYHYIO.

MomtHOCTh 9TO MPOMEXYTOYHEIN ciydal. Harretr cocraBsisieT 3aMeTHYIO OOJIIO II0pOTa, pPajguyc
CpenHUU, Momens yalie chepudeckasa. OKOJIO TOJIOBUHLI U3MEHUYUBOCTU CTPYKTYPHAs, IIOJIOBUHA
MenkKoMaciITabHas. ITo TUIMYHAasA pabodas BapuorpamMma.

CozepxXaHUe TOJIE3HOTO0 KOMIIOHEHTa CaMBIM WIyMHEBEIM IapaMeTp. Harretr comocTaBuUM CO
CTPYKTYPHBIM BKJIQ[IOM HJIH ITPEBHIIIAET €T0, KpUBas MOOHUMAETCS MeJIeHHO, KaueCcTBO rmoagdopa
HUXe, U MOIOEJIb IIJIOXO OTJIIMYaeTCsda OT COCegHHUX THUIIOB. OCHOBH&S{ NU3MEHYUBOCTL CHUOUT Ha
maciTabe Menpue ceTu onpoboBaHUsI. KpUTMHT TaKOM mapaMeTp CUIILHO CTiIa’kKHMBaeT, a KPoCcC-
BanMpalius IToKas3kiBaeT O0mbInyio oimubKy. ComepkKaHue MIPeacKasyeMo XyxKe, YeM OTMETKH U
MOIITHOCTH, ¥ 9TO HOPMaJbHO.

MakcuMajibHOe PaCCTOsAHHE H BbIX0I Ha IIATO

Camas yacrtas omubka 3TO CIUIIKOM OOJbIIOe MaKCHMalbHOe paccTossHue. Ecnu ocTaBUTH
aBTOMATUYECKOE 3HAYEHWE B TIOJIOBUHY [OMArOHAJIM, HA BBITIHYTOM MECTOPOXKOEHWHM OKHO
pacTaruBaeTcs Ha OEeCATKH KUIOMEeTpPOB. Jlary HauMHAIOT CBS3BIBATh TOYKM 4Yepel3 Ge3pymHbIe
mpoBanlkl X MeXOJIOKOBEIE pAa3phHIBEl, BapuorpaMMa JIOBUT peruoHallbHHN TpEeHI BMECTO
JIOKaJIbHOU CTPYKTYPHI, a Moabop BHIOAET pamuyc OOJIBIIE CaMOIr0 OKHA M HOPOT B pa3bl BHIIIE
pucnepcun. [Ipu3Hak Oenbl IPOCTOM: paguyCc IIOOOOPaHHON MOIEJIM COIIOCTAaBUM C OKHOM MU
IIPEBHIIIAET €ro. DTO 3HAYNUT, YTO KPHBas He BHIIIJIA Ha IJIaTO ¥ IIOPOT IOJIyYeH 3KCTPaIOJIAIneH.

JleuuTCs 3TO yMEHbIIEHHeM MaKCUMaIbHOT'O PACCTOSHUS A0 JIOKAIbHOTO MaciTaba 1 TpOBEePKOH,
YTO BapuorpaMMa ycrejla BEIMTH Ha IMOoNKy. Ha mpuMepe comepzKaHUS OJHOIO IIJIacTa IPHU OKHE
6 KMJIOMETPOB ITOAOOpP [aBajl pafguyC OKOJI0O 9 KMJIOMETPOB M MOPOT HUXKE AUCIIEPCUU, TO €CTh
KpuBas elllé He BHIIIA Ha myaTo. [Ipu okHe 12 KMIIOMETPOB OHA BHIIIIA, JaB Paguyc OKoyo 18
KUJIOMETPOB M IIOJHBIM MOPOT, ONMU3KUYM K OUCIEPCUU HaHHBIX. PeanbHBIN paguyc KOPPENSIUu
OKa3saJsicsi 00mblIle, YeM BHUIEIOCh B Y3KOM OKHeE, 1 IIPaBUIbHEIM OTBET [ajla UMEeHHO IpOoBepKa Ha
BBIXOI KPMBOH Ha IIJIAaTO.

ITpu 3TOM OKHO He AOJIXKHO IlepellaruBaTh KpymnHble 6e3pynHble 30HH. Ha pa3BenodHOl ceTHu
UX BUIOHO IO IaJeHUI0 IIJIOTHOCTU TOYEK, U BapUOrpaMMy CjIefyeT CTPOUTH B IIpefejiaXx OgHOI'O
pynHOro 6/10Ka, MHa4e JIOKajbHas re0IoTUs CMEIIUBAETCI C PeTUOHATbHOM TEKTOHUKOM.

Pa0ouni HHK/I C KPOCC-BaJIMTAllHeH

BapuorpamMmma ma€T cTapToOByIO MOfeb, a nmpoBepseT eé Kpocc-Baaumanusi BapuorpaMMabl.
ITopsapmok Takoit. CHaudaja CTPOUTCS SKCIepUMeHTanlbHas BapuorpaMMa C MaKCUMaJlbHBIM
paccTosiHMEM, HPU KOTOPOM KpPHMBAas BBEIXOOWT HA IIJIaTO, U CHUMAIOTCS momoOpaHHBIE HAITET,
BKJIa[i, PamguyC M MOZIEesb. 3aTeM 39TH YHCJia IIEPEHOCSTCS B KPOCC-BaJIUOAUNIO ¥ OIEHUBAIOTCS
METPHUKHU CKOJIB3AIIEero KOHTpons. [TomoO6paHHYI0 M IPOBEPEHHYI0 MOJENb yIOOHO COXPaHUTH
Kak nmpodunb o6padboTKu (noe CoxpaHuTh NpodUIb MOa MMEHeM) U IOICTaBUThL €€ B 2D
Kriging nonem 3arpy3urs npoduiab o0pabdOTKH - CM. pa3fesl Ipo UHCTPyMeHT «IIpodunu
00paboTKM».

Cpennee cmemenre ME momXHO OBITH OKOJIO HYJIS, 3TO 3HAYUT, YTO CUCTEMAaTUIECKON OIIMOKH
HeT. CpemHekBagpaTuyHas ommbOka RMSE moka3wsiBaeT aOCONIOTHYI0 TOYHOCTh. OTHEIbHOTO
BHUMAaHUA 3acinyxkuBaeT MSDR, oTHOIIIeHME KBafipaTa OIMUOKY K QUCTIePCUM KpUruHra. Eciiu oHo
3aMeTHO 0O0JIbIlle eQUHULEI, KPUTUHT HENOOlleHUBAaeT HEeONpeneIeHHOCTh U KapTa CTaHAapTHOU
OomrnOKY 3aHUXKEHA.

I[TpaBgka MSDR penaeTcsd TOYHO, a He Ha rjia3. B opamHaApHOM KPUTHHTE OOMHOXKEHUE BCeu
BapuorpaMMHEI Ha TIIOCTOSTHHBIA MHOXKHUTEJIb He MEHSeT OLI€HKH, IIOCKOJIBKY BeCa 3aBHUCAT TOJIBKO
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oT ¢GopMHI KpHBOHM, a He OT e€ MacmTaba. MeHseTCs JHIIb AUCIEPCHUs KpuruHra. [losatomy
OOCTAaTOYHO YMHOXKHUTL HArTeT W BKJIQAbl Ha TeKylllee 3HaueHue MSDR, ocTaBuUB paguyc u
MOIeNb IIPEeXHUMU, U MOBTOPUTE Kpocc-Banupganuio. Metpuku ME, MAE, RMSE u R npu stom
He caBUTATCS, a MSDR npuxoOuT K eOUHHUIIe, U KapTa OIIMOKN CTaHOBUTCS YECTHOM.

ITocne MacmTaGUPOBAHUS IIONHHIM ITOPOT MOXKET OKa3aThCH BHINIE OUCIEPCHM MaHHEIX. Ha
KJIaCTePU30BAaHHOM CeTH 9ITO He omubka. HauwBHasg [OuCIepcuss 3aHUXKeHa, I[IOTOMY dYTO
TIJIOTHBIE CKOTIJIEHUST CKBAaXKWH €€ MepeTsSTUBAIOT, a UCTUHHAas pa3bpocka Io miiomanu OoJbIle.
ITpeBBIIIEHWE TIOPOTa HAM AUCIIEPCUEl 3[0eCh CJIECTBUE HEPABHOMEPHOU CETH.

T'oTOBYyI0 M TIIPOBEPEHHYIO MOAENb ocTaércs nepeHectu B 2D Kriging nns pacuéra rpupa, a
masbllle Tpu HeoO6xomuMocTyu B U330 IMHUHM M3 pacTpa.

NHCTpyMeHT «BapuorpamMMHasi KapTa (aHH30TPOIIMS) »

WHCTPYMEHT CTPOUT BapUOTPaMMHYIO KapTy - IIOBEPXHOCTL IIOJIyOUCIIEPCUU Y KaK (QYHKIIUIO
IByMepHOro BekTopa pa3Hoca (h x, h y). O6sruHas BapuorpaMma yCpegHsIeT BCe HallpaBJIeHUS B
ONHY KPUBYIO U HalIPaBJIIEeHHOCTh TepseT; KapTa XkKe II0Ka3klBaeT, KakK HeIPePEIBHOCTh ITapaMeTpa
3aBHCUT OT HaIIpaBJIEHUS. ITo Hen BUOHO, €CTh JIU B JAHHBEIX aHU3OTPOIIUA W Kyda CMOTPUT
OCh MaKCHUMAaJIbHOM HEeIIPEPBIBHOCTH. I/IHCTPYMGHT JZ[I/I&]"HOCTI/I‘-IGCKI/IIZ: Ir'pug OH HEe CHHUTaeT, a
IIoMoraeT OCO3HAHHO 3alaTh a3uMyT U aHU30TPOIIUIO B CTPYKTYype BapruorpaMMel «2D Kriging».

Y10 TaKoe AHHA3O0TPOIINAA H 3a4YeM eée BHIEeTb

W3oTpomnHas BaprorpaMMa IIpefnosaraeT, 9YTO CBSI3b 3HAUEHUU 3aBHCUT TOJIBKO OT PACCTOSHUSA
MeXOy TOYKaMH, HO He OT HalpaBJieHus. [171 CKIagdaThX U BEITIHYTHIX T€0JIOTUYECKUX TeJl 3TO
He TakK. Boomp mpocTupaHus IacT BhIIEpKaH, IIOIEPEK MeHseTcs ObICTpee: Ta XKe pa3Hulla B
OTMeTKaX KPOBNIM HabupaeTcs BAOJIb CKJIaJKU Ha KMJIOMETPHI, a BKPECT - Ha COTHIX MeTpoB. Ecnu
9TOT0 He y4eCTh, KDUTHUHT CIjla’kKUBaeT I10JIe OOUHaKOBO BO BCe CTOPOHHI ¥ Pa3MBIBAeT PEaIbHYIO
BBEITSIHYTOCTb CTPYKTYDHI.

BapuorpamMmMHasi KapTa BCKpBIBAeT HaNpPaBIEHHOCTh HANpPAMYyRo. [ KaxXXOoW maphl TO4YeK
OepéTcss He TONBKO PACCTOSTHME, HO U HallpaBlIeHHEe BEKTOpa MEeXOY HUMM, U IIOTYOUCIIEPCUS
IpUpalleHuss pacKiaagbliBaeTcs II0 OBYMEPHON ceTKe jaroB. TaM, rme y PacTET MeOJIeHHO u
KapTa OCTaéTcsi TEMHOM [ajieKo OT IIeHTpa, HEIpPEepPhIBHOCTL BBEICOKasA. TaM, Irme y pacTer
OBICTPO, HEIPEPLIBHOCTh HU3Kasg. O01acTh HU3KOM Y B CYMME BBITSITUBAETCS B 3JUIUIIC, AIMHHASA
OCh KOTOPOI'O M €CThb HalIpaBJIEHHUE MaKCHMaJIbHOH HEIIPEPHBIBHOCTU - OJId CKJIag4aTOCTHU 3TO
HaITpaBJIEHWE TPOCTUPAHUS.

Kak gurarsp KapTy

B meHTpe KapThl JI€KUT HYJIEBOM J1ar: 3HAa4YeHHE B TOYKe BCerda PaBHO caMo cebe, I03TOMY Y
37meCh paBHA HYJIIO U LIEHTP CaMbIl TEMHEIHN. [10 Mepe yoaneHus OT I[eHTPa TOYKHM Pa3HOCSTCS BCE
manblile ¥ y pacTe€T. Ock h X HanmpaBsieHa Ha BOCTOK, OCh h y Ha ceBep, MacuiTab 1o o6euM ocsiM
OIMHAKOBHIN. KapTa TOYeYHO-CUMMETPHUYHA: Ilapa U €€ 3epKaJIbHOEe OTPaXKeHUe [al0T OOHY U Ty
K€ TOJTyIUCIIEPCHIO, TT03TOMY PUCYHOK OOWHAKOB B IIPOTUBOIIOJIOKHEIX HAITPABJIEHUSX.

AHU30TpOmHUS YHTAeTCsa Mo ¢Gopme TEMHOM 30HEL. EcCim oHa Kpyrias - CTPYKTypa HM30TPOIIHA,
HaITpaBJIEHWE POJIM He urpaet. Eciu BHITIHYTA - BOOJIb €€ OJIMHHOM OCH Y HapacTaeT Me[JIeHHee,
TO €CTh B 9TOM HampaBlIeHWM 3HAYEHUS CBSI3aHBI Ha OOJIbIIEM PACCTOSHUU. [loBEepX KapThl
PUCYIOTCS TTOMICKAa3KU: OeJIBIM SJIIUIIC IO OIIEHEHHBIM PagWycaM M KpacHas IMyHKTUPHAS JTUHUS
110 TJIaBHOM OCH.
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Puc. 17: BapuorpamMMHas KapTa: TEMHas (HU3Kas Y, BEICOKAs HETPEPHIBHOCTE) 30HA BHITAHYTA 110
as3uMyTy 0Komo 135°. Benbl# 9JIIUIIC M KpacHas MIYHKTUPHA I'JIaBHAs OCh ITOKA3bIBAIOT OLIEHEHHOE
HallpaBJIEHUE U aHU30TPOIIHIO.
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ITapamMmeTpsbl

G Tpwa v wzonuHmm - 4. BaprorpamMmHan kapTa (asn3oTponia) >

MNapameTpol Hypuan

TOUKM CO IJHAUEHHAMN

2" Ocrarkn CV roof - Cxeasmte (gemo) [USER:100001] = IE&I %

QIBKD BbleneHHbIe obbekT

Mone asaueHma £

1.2 roof -
BuHoe Ha Nonyocs (4eTanmaauma KapTol)

15 =
Makc. nar, e eguHruax cion (0 = noa-guaroHani)

0.000000 =
¥ [lonoAHUTeNsHbIe NapaMerphi

MuH. uncno nap e Aueiike
5 -

Crugr (HTML) [HeobazarensHo]
Pactp nosepxHocTy (0N, 8 nar-koopiuHarax) [Heobaaatensa]

V| OTkpEITh BEXOAHOR Gaiin Nocne 33BEDLIEHKA AAMOPUTMA

0% OTMEHTR

HAonoasurensHo © 3anycTUTh B NAKETHOM peXCHME... Branonuuts 3akpeiTh Cnpaeka

Puc. 18: OkHO nHCTpyMeHTa «BapuorpamMMHasi KapTa (@HU30TPOIINS)» C PA3BEPHYTHIM pa3fieIoM
«JlonoIHUTENIbHBIE TTaPaMETPHI».

[TapameTp Yrto 3amaét ITo ymomyaHnuto / COBET
Touxku co ToyeuHEIN CIIOU CO -
3HAYEeHUusIMu CKBaXMHaAMU UJIU
mpobamu.
[Tone 3HaueHus Z YucmoBoi aTpubyT Ojisi  3allOMUHAETCS MEXKOY 3allyCKaMu

aHaJIn3a: OTMEeTKa
IIJ1IaCTa, MOIITHOCTE,

copepzxKaHue.

BuHOB Ha 101yoCh Ha ckomnbko siueek 15

(meTanusanus OeJIuTCs KaxXpaasa

KapTHI) nonyock nara. Kapra
IoJiy4aeTcsi pa3MepoM
(2N+1)x(2N+1).

Borbite 6UHOB -
meTasibHEEe KapTa, HO
MEHBIIIE TTap B TYEHKe
u OOJIbIIe IITyMa.
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[TapameTp YTto 3amaéTt ITo ymomyaHnuto / COBeT

Makc. nar, B Pa3mep okHa KapTe, B 0

eIVHUIIaX CII0s enuHUIAX cJos (os
MEeTPOBHIX KOOPAUHAT -
MmeTprl). 0 = noJIOoBUHA
OuaroHaau OxXBaTa.

MuH. 4uCIo nap B fA4elku, B KOTOPHIE 5

sa4denke (gor.) I0oIlajJio MeHBIIEe map,
OCTaBJIAIOTCA IIYCTEIMHU.
Otcekaer IIyMHEIE
OanbHUE JlaTH, Iae nap
Majo.

Otuéet (HTML) OTYET C XUTMAIIOM, BpeMeHHBIN daiin
9JITUIICOM, TJIaBHOU
OCBhIO U CBOIOKOM

OIIEHOK.
PacTp moBepxHOCTH IToBEepXHOCTBD Y KakK BBIKJI.
(om1.) pacTp B KoopauHaTax

nara (cMm. HuXKe). ITo
YMOJTYAHUIO He
CO3IOaéTcs.

ITapamMeTp C ITOMETKOH «OIL.» JIEXKUT B CBEPHYTOM pa3feie [1omoTHUTe IbHbIe MapaMeTpPhI.

OuneHKa a3uMyTa, aHU30TPOIIUM M paguyca

Kpome camoli KapThl MHCTPYMeHT BHIBOOUT B 2KypHan u B HTML-0oTYET TpU 4YHUCHA: a3UMYyT
riIaBHOU ocu (reorpaduueckuii, 0 - Ha ceBep, 110 YaCOBOM CTpenKe), KOOPDUITMEHT aHU30TPOITUHU
KakK OTHOIIIEHUE MaJIOM OCH K T'J1aBHOU (1 - ©30TPOIIHO, MEHBIIE - CUJIbHEE BEITIHYTOCTh) U paguycC
rinaBHOU ocu. OLeHKa yCTpPO€Ha TaK: IO KaXXOOMy HalpaBJIEHUIO HIIETCsS jar, Ha KOTOPOM Y
BBIXOJUT Ha MOJIKY (OJIM3KO K AMCIIEPCUHU ITaHHBIX), PaIUYyCHI CTJIaKUBAIOTCS 110 a3UMYTY, TJIaBHad
oCh 6epéTcs o HaubOoIbIIeMy PaguyCy, a Majas - IePIeHIuKyISIPHO eH.

OTU TpHU YHCJIa IOOCTAaBIAIOTCSA B CTPYKTYypPY BapuorpaMmel uHCTpyMeHTa «2D Kriging»: a3uMyT,
aHm3oTponus (Masasi/TiaBHas) ¥ pPaguyc a. 9TO U €CTh YUYET aHU30TPONUM B KpuruHre. OLieHKa
WHOMKATHUBHASA: €€ CTOUT CBEPUTH C (OPMOI CaMOT0 XUTMATlla, a He IEPEHOCUTh BCIEIYI0. ASUMYT
KaprTa oIpefenseT HaféKHee BCeTo; paguyc 1 Koadduinenrt - rpybee, 0CoOOEHHO Ha pa3pekeHHOU
CeTH.

Ecnmu cTpykTypa 65M3Ka K H30TPONMHON MM PAgUyC TIJIaBHOM OCH OKa3bIBAETCSI MEHBIIE
HECKOJIbKUX sTUeeK KapThl, aHWU3O0TPOIIMs He OLIEHWBAETCS M IIOMeYaeTCs B OTUYETE KaK «He
BBEIpaXkeHa». B 9TOM cilydae pafinyChl JiesKaT Ha YPOBHE CETKHU, ¥ HallPaBJIEHHOCTh HETOCTOBEPHA
- YeCTHee COOOIIUThL 00 9TOM, YeM BBIOATh CIIy4YalHBIA a3uMyT. [loMoTraeT YMEHBIIUTh MaKC. Jjlar
WJTH YBEJIUYUTD YUCJIO OUHOB, YTOOH PA3pPEIuTh OJIHMKHIOI CTPYKTYDY.

Korpga paguyc ynupaercsi B OKHO

Ecnu BOoosnb rimaBHOM OCH Yy He yCIieBaeT BEIMTH Ha ITOJIKY B IIpefesiaX OKHa, paguyc BO3BpallaeTcs
paBHBEIM MakKc. jiary, a B oTuéTte u 2KypHarie IIosBIIsIeTCS IIPeaynIpexXaeHne: pagnuyc YIEPCS B MakC.
jlar, 3TO HUXKHSS OIleHKa. JTO Ta JKe CUTyaIlus, YTO U OJIsT OOBIYHOM BapHOTpPaMMEI (CM. pa3mert
«MakcuManbHOEe PacCTOsSTHKE M BEIXOM Ha IIaTO»): KpUBas He BHIIIIA Ha IIJ1aTO, ¥ IIOPOT IOJIy4eH
oKcTpamnongiuen. Ha KkapTe mpu3Hak IPOCTOM - TEMHAsI 30HA BAOIb I'JITAaBHOM OCH TSHETCS OO0
caMoro Kpas.
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B aToM ciiydae paguyc a B KPUTHHT II€PEHOCUTE KaK eCTh HeJlb3si: HaCTOSIIas MJINHa KOPPeJIsaIun
Oonpllle OKHa, a KO3GPUIIMEHT aHN30TPONINK 3aHUXKEH IO BHIPAXKEHHOCTHU (TIOJie Ha [Aefle elné
AHU30TPOMIHEee). ASUMYT HPHU 3TOM OOLIYHO OIIpenesIEH HOPpMalabHO. JIeUUTCs yBeITnYeHneM MakKC.
jlara, 4TOoOBI KapTa 3aXBaTHJIa BHIXOM Ha MOJIKY. Ecu XKe y He BBEIXOOWUT Ha IIONIKy maxke IIpHu
IIMPOKOM OKHE, B JAaHHBIX JOMUHUPYET TPEH - ero yOUPaIT I0 UHTEPHOJISIIUY JTN00 YUUTHIBAIOT
COOTBETCTBYIOIITUM BUIOM KPUTHHTA.

PacTp nmoBepxHOCTH

ITo xeymaHWI0O KapTa COXpaHSETCS eIl€é U pacTpoM (mone PacTp moBepxXHOCTH). DTO Ta XKe
TIOBEPXHOCTH Y, HO B KOOpOMHATAX jara: Hadano B Touke (0, 0), pasaMep NUKCela paBeH S4eiike
nara. PacTp He mpuBsi3aH K MECTHOCTH - OH JIEKHUT B IIPOCTPAHCTBE Pa3HOCOB, a He B IIJIaHe
MECTOPOXKIEHUS, - U HyKeH TeM, KTO X04eT HOKPYTUTh KapTy Ha xojicte QGIS, HanoXuTh CBOIO
IBETOBYIO IIKaly UM U3MEPUTh Jar NTUHeWKou. [I71 caMou OILleHKH aHM30TPOIIHUH JAOCTATOYHO
HTML-oTuéTa.

HucTtpymeHnTt «Kpocc-Baiuaanusi BapuorpaMMbl»

Kpocc-Banupauua: oueHka vs pakT

RMSE = 36.67
20071 1R = '0.869
100 ~ .
)
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& —100 -
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< —200 A
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0
o
—300 1
—400 A
—500 - —— wuaean (oLeHKa = akT)

-500 -400 -300 —-200 -100 O 100 200
dakTr4eckoe 3HaveHne

Puc. 19: VMpgesi Kpocc-Bamupgaluu: OLIEHKY KPUTHUHTA II0 OCTaJbHBIM TOYKaM (II0 BEPTUKAIIH)
CpPaBHUBAIOT C (GaKTOM (110 TOpu30HTanu). YeM TecHee 00JIaKO JIOKHUTCS Ha OUATrOHAJb OLIEHKA
= ¢akT, TeEM TOUHEe IpelcKa3aHue.
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OueHKa vs dakT rucTtorpaMmma ownbok

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

1200 A
2 404 P X
£ - 1000 A
(@] > 8
3 we h
o 301, v s o 800 1
L i o =
I X ad [ o
= 5 [
= ] - “t (9]
3 b ) v of £ 600
X 204 >
m
x g
i 400 A
=
o

10 A
200 1
= OLUEeHKa = aKT
0 T T T T T 0- ¥ u T T
0 10 20 30 40 50 -20 -10 0 10 20 30 40
takT KCI, % oueHka — dakT, %

Puc. 20: Tak Buirmsagutr HTML-0TU€T Kpocc-Banmupalluu: cjieBa rpaduK «olleHKa vs (GaKT» C
ouaroHanbio u MeTpukamu (mpumep - KCl mo mnacty Kpll), cmpaBa ructorpaMMma OInmuOOK.
IInoTHOe 001aKO BOOIbL OUAroHalu - Momenb paboTtaer. ITormoca mpu dakTe 0K0jio 0 - 30HH
3ameleHusi. [mcTorpaMMa CUMMETPUYHA OTHOCUTEIbHO 0 - CMeIleHus HeT.

HWHCTPYMEHT IIpPOBEPsieT, HACKOIbKO YOaYyHO MMogoOpaHa BapHorpaMMa, METOOOM CKOJIB3SIIEro
KoHTpons: (leave-one-out): Kaxkpmasi CKBaxKMHa II0 oO4YepeOu MCKIIIOYAEeTCs, €€ 3HadyeHUe
IPenCcKa3kIBaeTCsI KPUTHHIOM II0 BCEM OCTallbHEIM, M CPaBHUBAETCSA C (AKTHYECKUM. Tak
rmapaMeTpHl (HarreT, paguyc, MOLEeJib) oabupaioTcs o omnbke, a He CyOBEKTUBHO.
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(2} Mpua m nsonusmm - 4, Kpocc-sanuaaums sapuorpammel

MapameTpel Hypran

TOUKM CO ZHEYEHHMAMM

Toneko BelAENEHHEIE 0BBEKTEI

Mone 3HaqeHka Z

- 8 é"%

X

4, Kpocc-sanugauua
BapuorpamMmsi

CKONE3AWMIA KoHTpons (leave-one-
OLIt:': Ka¥aas CcKBadKHa No o4epeu
MCKMIOY3ETCA, e8 SHaYeHWe
MPeACKE3EIBAETCA KPMIMHMOM Mo
0CTanbHbIM, 1 CPEBHMBAETCA C
dEKTHYeCKIM, NoMaraeT

i noaobpaTs Bapuorpammy (HarreT,
paaWyc, Mogens) No owmbke, a He
Mone HoMepa ckBawMHE! (HeobAsaTensHo) [HeobAsaTensHo] Hatnas
-
B #ypHan BbIBOAATCA METPMKM: ME
TiN KpMrHHra (cmewerne, Kk 0), RMSE (MeHblue -
ny4we), MSOR ( 1 - BapuorpammMa
OpamHapHsii (OK) - a0eKEaTHa no MacwTaby), R,
MepefupaiiTe napaMeTpe! M
Paguyc nowcka (0 = BcA Beibopka) cpasHuBaiTe RMSE 1 MSDR.
0.000000 = Cnoit ocTaTkos (onu,.) - ToukK o
CNEAYIOWWMA NONANMA:
MiH, 4WCNo TOYEK
7 " « - BCM 33AEH0 «(lone HoMepa
CKESHWHE#;
Bence R » - PaKTHYECKDE 3HaYeHMe (harT);
24 - otk
» Z_est - OLEHKE KPUTMHMa Mo
3arpy3uTk npodink obpafioTku ocTansHEM Toukan (LO0);
TecT - * EITOr - OLEHKE MUHYEC GaKT (MuHyC:

3EHMKEHO, MKOC: 33B6ILEHT);
Mpodune «TecT#: HarreT C0=12.32, Mayccosa, nopor C=27.37, paauyc a=1.033e+04. PacuéT nofinéT no

I'IdeJIIJ'IIO - NoNA HKE MCTHOPWUPYIOTCA. . abS_EI'I'DI' -MOgynb DLLIIIENH;

CoXpaHUTE Mpodmne Nog MeHeM {MycTo = He coxpaHaTh) [HeobAzaTensHo] « Std_resid - CTaHAAPTHIOEaHHBI
OCTETOK: Error / CTaHAEPTHYID
OWMBKY KPMrHra, co 3HakoM (3To
HE Anaepous).

w EeNbHbIE Nap TPbl

Mo Hemy BUAHO, rAe MOAEeNb
NpPOMaxXHBaETCA.

CpeaHee AnA NpoCTOrD KpUrMHNa

0.000000 = . )
HTML-oT4ET (N0 yMORNYEHWH)

Harret CO OTKPBIBEETCA B NPOCMOTPLMKE

PesyNETATOE: MHTEPAKTUBHEIA

0.000000 rpadvk “oUeHKa vs haKT*,
rucTorpaMma ownbor u Tabnuua
CTpykTypa 1 - mogens METPUK.
Cheprueckan - Isoliner v1.8.0
CTpykTypa 1 * nopor/Bknaa C
1,000000 =
CTpykTypa 1 * paauyc Koppenawm a (0=asTo)
0,000000 =
| 0% OTHEHWTE
JononHUTENEHD ™ | | 3aNYCTHTE B NGKETHOM DEXMME. .. | BeINonHUTE | 3aKpEITE Cnpaeka

Puc. 21: Oxkno uactpymeHnTa «Kpocc-Banupaius BapuorpaMMer». [Tosne «I1osie HoMepa CKBaXKUHEI»
BKJIIOYAET MOMAINCY CKBAXXWUH B OTYETE.

B XypHan BEIBOOATCSI METPUKU:
ME (cpeaHee cMeIlleHHe) - cucTeMaTudeckas omubka. [JomxkHa ObITh 61113Ka K 0 (HeCMeIléHHOCTS).

MAE u RMSE - cpenHssi U cpefHeKBagpaTUuHas olmbOKa IpefcKalaHus. YeM MeHbIle, TeM
TouHee. Ho ogao#t RMSE HemocTaTOYHO: OHa MUHMMabHa IIPYU HYyJIeBOM Harrete (mepeobydyeHue),
XOTSI HEOTIPEIeIEHHOCTh ITPY 9TOM OIleHeHa HeBEPHO.

MSDR (cTaHmapTH30BaHHAsI OIMHOKA) - CpeTHUIM KBagpaT OIUOKHY, MeIEHHON Ha CTaHOaPTHYIO
omubKy Kpurunra. lomxeH OvTh 651u30K K 1. Ecmu MSDR 3amerHo Gonbiie 1 - gucmepcus
HeJooLeHeHa (HarreT unu cuii Manbl). Eciu menbie 1 - mepeoneHeHa.

R - K03bOUITMEHT KOPPENSIIIUU «OIleHKa - GaKT».

ITone3no pasnuuyaThk ABe CTOpPOHBL. O61akKo «oieHKa - ¢akT» m RMSE roBOpSAAT 0 TOYHOCTH
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nmpenckKa3aHusi. A HaCKOJIbBKO KOpPpEeKTHa caMa MoOJejIb - TO €CTb YEeCTHO JIM BapuorpaMma
OIMCHLIBAET HEOIPENeIEHHOCTh - TTOKA3bIBAlOT CTaHAapTHU30BaHHBIE ommOKu: MSDR okono 1 u
gq-rpaduk. g KpuruHra 1eHHB 00e cTOpoHb: ManeHbKass RMSE npu MSDR okorno 1 o3Havaer,
4TO MOLEeJIb U IpefcKa3bliBaeT XOPOIlo, U He 00MaHBEIBaeTCI B COOCTBEHHOM TOYHOCTHU. 'HaThCH
TONbKO 3a RMSE Henb3s - OHa MHMHUMAaJbHa IIPH HYJIEBOM HArTeTe, THe HEeOIIPENeI€HHOCTD
3aHUIKEHa.

Ha mpakTtuke nepebeprTe HECKOIBKO BapHaHTOB BapuOTrpaMMEI M CpaBHUTEe. XopoInas MOJelb
maét ME okono 0, manyto RMSE u MSDR okosno 1. Ecntu RMSE TsaHeT K HYJIeBOMYy HarTeTy,
a MSDR mnpu 3TOM OTPOMHBIM - 3TO NMpPU3HAK mepeobOyueHus. HebGomblnod HarreT KamubpyeT
HeOoIIpenenéHHOCTb.

OnumoHanbHEIN CJI0M OCTATKOB (TOYKHU C IOIAMU: (PaKT - IO UMEeHEM IIPOBEPSAEMOTro 1104, Z est,
error, abs error u std resid. IInioc HOMep CKBaxXuHE], eCciIu 3amaHo mosne ID) moka3wlBaeT, raoe
MopeJib TPOMaxuBaeTCa: KPyIHEIE IT0 MOAYJII0 OCTATKM - TPO0JIeMHbIe y4aCTKH, CUCTeMaTUYeCKUe
3HaAKU OCTATKOB - JIOKAILHEIN TpeHA. CJioil aBTOMaTUYeCKHU Ha3bIBaeTCs 10 IIPOBEPSAEMOMY IIOJII0
¥ UCTOYHUKY, a ¥ IIOJIeH 3aiaHbl IICEBIOHMMEI - TIOHSATHLIE Ha3BaHU (BULHEI B TabnuIle aTpubyToB
U cBOMCTBax o). std resid - 3To cTaHOapTU30BaHHLINM OCTATOK (OLleHKa — (akKT) / CTaHZapTHYIO
omuOKy KPUTHHTA, CO 3HAKOM: MUHYC - KPDUTUHT 3aHU3WUJI, TIJIIOC - 3aBBICUJI (3TO HE AUCIIEPCUS,
oucnepcus Bcerga = 0).

[Tonst cmost oCTaTKOB:

ITone ITceBmoHUM OmnucaHue

<HOMep CKBaXMWHbI> Howmep ckBazKuHE 3HayeHue BeIOpaHHOTO noJsg ID
(ecnu 3amaHo «Ilojie HOMepa
CKBAXHUHEI»).

<uMms nons> QakKT (MM IOIA) dPakTU4YecKoe 3HadeHue
TIPOBEPSEMOTO IIOJIA.

z est Onexka kpurusra (LOO) OneHKa 10 OCTaJIbHBIM TOYKaM
(leave-one-out).

error Ommbka (omeHkKa — pakrT) OneHka MuHyC pakT. MuUHYC -
3aHMKEHO, IIJIIOC - 3aBHIIIEHO.

abs error Mopaynb omubKu AGcoioTHas BeTUYUHA OIMOKY,
|error|.

std resid CraH[O. oCcTaToOK (ouzeHka — ¢GaxT) / cTaHOAPTHYIO

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

KpoMe cnost oCcTaTKOB HMHCTPYMEHT 110 yMomdaHuio dopmupyer HTML-otuéTt (Ha plotly):
MHTEPaAKTUBHEIN I'paduK «OIleHKa VS (aKT» C MHaroHasblo, THCTOrpaMMa ommnbok, QQ-rpadur
OCTaTKOB U TabuIla METPUK C OIIOKOM peKoMeHarnui. B Tabnuity mobaBiieHa OUCIIEPCHUS TaHHBIX
- opueHTHp mis cymmapsHoro cuaa C0+4+C. Pamom ¢ Tabnullei MeTPUK MHOKa3kIBaeTCs OJIOK
«ITapaMeTpsl KPUTHHTa»: MEePEYUCIeHbl TOJIbKO HACTPOMUKM, OTIMYAIOIIUEeCs OT CTaHOapTHBIX
(marreT, cuJUI, paguycC, OTCEB U TaK Aasee), YTOOH ObIO BUOAHO, KAKUMU [TapaMeTpaMU IOJIy4eHE
9TU MeTpuku. Ha rpaduke «oleHKa vs GakT» IIpu HaBeJeHUM Ha TOUKY BUOHBI HOMEP CKBaXXMHHEI
¥ 3HAYEHWs, a BOCEMb CKBaXXWH C HaWOOJIBIIMMM II0 MOMYJII0 OCTAaTKaMM ITOANIKMCAHBI HPSIMO
Ha rpaduke - UX ymoOHO IPOBEPUTH B MEPBYIO odependb. OTYET OTKPHIBAETCSA B IIPOCMOTPIIUKE
pe3ynbraTtoB QGIS (unu B 6pay3epe). Ecnu plotly B c6opke QGIS HegocTymeH, OTYET BCE pPaBHO
co3maéTcd - ¢ Tabnuueil MeTpuUk, HO 6e3 rpaduKoB.

QQ-rpaduk ocraTkoB. [Ioka3bBaeT GopMy pacupemeneHus omuboK. OmubKu HOPMUPYIOTCSI
Ha uX COOCTBEHHYIO OUMCIIEPCUIO (Z-OIleHKAa) ¥ CPABHUBAIOTCSI C HOPMAJILHBIM pacIpefeieHuEM,
mo3ToMy rpaduk uutaeTcs 1mo popme npu m000% KanmbpoBKe. 3a MaciiTab HEONPENETEHHOCTH
oTBedaeT oTHenbHO MSDR B Tabnuie MeTpuk. IIo ropmsoHTamu - KBAHTUJIM HOPMAJILHOTO
pacnpefnesieHUsi, 10 BepTUKaNU - HOpMUpOBaHHasA oimubka. Eciu ommOKM HOpPMalabHEBIL, TOYKU
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JIOKAaTCS Ha KpPacHYIO auaroHanb. OTKJIOHEHHS YUTAIOTCS Cpa3y. 3arHyThle KOHIE (S-00pa3Ho)
- TSXKEJIBIe XBOCTHI, TO €CTh KPYIHBIX MPOMaxoB 00bIle, 4eM npu HopMme. O6mwuit u3rub nyroiu -
acCUMMETpPUs, CTOUT MOOYMaTh O TpaHchopMalum 3HaueHuil. OTHenbHas rpymmna, 0OTOpBaBIIasicsa
OT JIUHUH, - YyXkKas COBOKYIHOCTL B ODaHHEIX, HanpuMep 6e3pyOHble IPOOH M3 30H 3aMelleHUus
(roe mome3HOro KOMIIOHEHTA NpaKTU4eCcKu HeT). HopManbHOCTH BaXXHa IIOTOMY, YTO Ha Heu
ocHoBaHBE MSDR u KapTa CTaHOAPTHOM OIINOKH.

QQ-rpacuk ownboK: Kak YMTaTb hopMy

Hopma Taénble XBOCTbI

TOYKW Ha AWaroHanu. KoHubl 3arnbatoTcs (S).
34 OwubKW HopMansHel - hopma KpynHbix npomaxos bonsuwe,
pacnpefeneHuns B nopagke. 6 4 “emnpu Hopme.

KBaHTUIN olmnbok (z)
(=]

1
KBaHTUNW ownbok (z)
(=]

1

T T T T T T T T T T T T
-3 = —1 0 1 2 3 ~7.5 =50 -2.5 0.0 25 5.0 FiD
Teop. KBaHTUAKM (HopM.) Teop. kBaHTUAW (HOpM.)

Ckoc (acummeTpns) BTopas nonynsuuna

Pacnpepnenexne HeCMMMETPUYHO - rpynna e xeocte. 3710 bespyaHsie
MOXXHO MonpoboBaTe TpaHchopMaLmio. CKB@XKUHB! (30HbI 3aMELLeHUs,
? 5 | MonesHoro KOMNoHeHTa NOYTY HeT).

[lyra BMecTo npsaMon. 3 Obnako Ha NMHWA + OTOPBABLIAACA /,.

f

)8
I
[y
1

KBaHTAM owmbok (2)
o
1
KBaHTWAKM owmnbok (2)
o
1

|
—
L

-2 A

-4 -2 0 2 4 -3 =2 -1 0 1 2 3

Teop. KBaHTUAK (HOpM.) Teop. KBaHTUAW (HOpM.)

Puc. 22: YeTsipe TunnuyHex Buna QQ-rpadrka ocTaTKOB: HOpMa (TOYKY Ha AUATOHAJIHN), TAXKEbIe
XBOCTBI, aCHMMETPUA U BTOPasA HOHYJIS{]_[I/IH - OTOPBaBIIasACA rpynna B XBOCTeE.

I'maBHOe - 4YTO [#edaTh C pe3yjabTaraMu. CMBICI HMHCTPYMEHTaA B TOM, dYTOOBI Iiepen
TIOCTPOEHUEM T'pua YTBEPOUTL WUIU MOMNPaBUTL BeChb HAOOp IMapaMeTpPoOB, KOTOPLIM Bl 3aTEM
3apmagute B «2D Kriging». 310 u BaprorpaMma (HarreT, CUJIJI, paguyc, MOfielb, aHU30TPOIIU), U
HaCTPOMKU CaMOro KpUTHHTa (paguycC IOHCKa, MUHHMYM/MaKCHMyM TOYEK, THUII - OPAUHaPHBIN
N HpOCTOfI): KpOCC-Balugalinsd CHUTaeT KPUTHMHI' POBHO C TEMHU XK€ HaCTpOﬂKaMH, II03TOMY
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yIOa4yHBIM HAaOOD mepeHOoCuTCs B HHCTPYMeHT «2D Kriging» 6e3 uamenenuii. ITIopamoK pelieHmnii:

* ME okomno 0, MSDR oxkono 1, RMSE u R Bac ycTpauBaioT - HaOOp MOXKHO YTBEPXKOATh:
IIePEeHOCUTEe STU XKe IIapaMeTpHl (BapuorpaMMy KM HACTPOUKHU IMOKCKa) B «2D Kriging» u
CTPOMTE IIOBEPXHOCTD.

* MSDR 3ameTHO 60oJibIlle 1 - KpUTHHT CJIMIIIKOM «yBEPEH B cebe», KapTa CTaHAapPTHOM OMIMOKH
OymeT 3aHMXKeHa: yBenudybTe HarreT CO uau CUJII U IPOBEPLTE CHOBA.

* MSDR wmeHbltie 1 - HeONIpeaeJIEHHOCTE 3aBHIIIIeHA: YMEHbBIIUTE HArTeT U CUJII.

* ME 3ameTHO oTnnu4aeTcs oT 0 - CHCTeMaTU4YeCKUW COBUT: IIPOBEePhTE JaHHbIE U TUII KDUTHUHTa
(omst mpocTOro KPUTHHTA - 3allaHHOE CpefHee).

* Bomnpmmass RMSE u Hu3kui R - Mofens II0X0 OpeacKa3kiBaeT: IONPoOyiTe OPyroi pamuyc,
MOIelb WIX aHU30TPONHIO (a3uMMyT U OTHOIIeHHe oceit). Eciu HMYero He momoraeT - 3TO
mpenes JaHHBIX: KOPOTKOMAacIuTabHas M3MEHYMBOCTb, KOTOPYIO CETh He JIOBUT (HampuMep,
30HHI 3aMellleHUs 110 pyfe - Ha rpaduke BHIIIe 3TO BepTUKAIbHAA 0Jjioca IIpu (pakTe 0KOJI0
0).

Coii oCTaTKOB IIOfICKA3bIBA€T TOYEYHO: THEe OCTAaTKU KPYIHBIE - TaM CTOUT CTYCTUTb CETh
(mo6GaBUTh CKBAaXKHHEI) UKW MPOBEPUTh NPOOLI. I'Me OCTaTKM CHUCTEMATHUYECKH OTHOTO 3HaKa II0
TIJIOIIAOM - TaM JIOKAIbHBIN TPEH[, KOTOPHIM KPUTUHT HE YUEIl.

HWTor: 3TOT HHCTPYMEHT - IOCJeOHHN Imar Iepen O(uHaIbHBIM KpuUruHroMm. CHadajia B
KanubpyeTe BapuorpaMMy 3[ech IIo oIIuOKe, 3aTeM Te Ke ITapaMeTpHl cTaBuTe B «2D Kriging»
- U IIOBEPXHOCTh BMECTe C KapTOW CTaHAApTHOM OIIMOKK IOIydaloTCsl OOOCHOBaHHBIMU, a He
nomoOpaHHBIMU CyOBEeKTUBHO.

3ameyaHVe O CKOPOCTH: KOHTDOJIb pelllaeT KPUTHHT CTOJIBKO Pa3, CKOJIBKO TOYEK, II03TOMY
Ha Oosmpmux Habopax (mECATKM THICAY CKBAXKWH) BBIIOJHSETCS 3aMETHO mombiue. Ilpwu
HeoO0XOIUMOCTH YMEHBIIIUTE BEIOOPKY.

HHaCcTpyMeHT «Co3daTh NpUMeEpP CKBaxKHuH (AeMo)»

HWucTtpyMeHT «C030aTh OpUMeEpP CKBaXKUH (OeM0)» GOpPMUPYET TOUEUHEBIM CJION CO CIIydalHBIMU
KOOpAMHATAMU M TPEMsSI CTPYKTYPUPOBAHHBIMU ITOISIMM: aOCOMIOTHAs OTMETKAa KPOBJIM IIacTa
(roof), momHoOCTS (thick) 1 comepxkanue abcTpakTHOro KoMroHeHTa X (%). [lnama30Hb KPOBJIU U
MOIITHOCTH 3afaHbI 110 00pa3iy npoMbenuieHHoro miaacTta (Kpll). UHCTpyMeHT npegHa3HadYeH Ojst
00y4YeHUsI U IPOBEPKU KPUTHHTA, U30JIMHUM U KPOCC-Banupalnuy 6e3 peaibHBIX TaHHBIX.
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@ Ipug n nzonunmm - 5. Cozgate NPUMED CKBAXMH (4EMO)

MapameTpel Hypran

ObnacTe (akcTeHT)

Y1cno cKBEMHMH
300

MMHWMYM HEHEHMA X
0.000000

MakaaMyM sHa4eHHA X
50.000000

MmaakocTs (aonA oxsaTa)

0.150000

w [No eNbHble nap TPbl

KpoBns: maHuMymM, M (36c.)

5. CozpgaTth npumMmep
cKBaXXuH (aemo)

CoznaéT ToueqHRIR cnofi
SCKBEWMH C0 CNYYaiHEIMA
KDOpAWHATEMM B Npefenax ofinacti
W 3H3YeHMeH aBcTpakTHOro
KOMMOHEHTE (X, %), MMEHOLLMM
MPOCTPEHCTEEHHYIO CTPYKTYDPY.
MpearasHaqer ana ofydeHua n
NPOEEPKN MHCTRYMEHTOS Bes
PeankHEIX ASHHBIX.

OBnacTb 3aAa8ETCH SKCTEHTOM
(MorkHOD Mo CNOKD, MO XONCTY KapTh,
EPY4HYHD KOOPAMHETAMA Wik
pUCoBaHMEM). «[NaaKocTes 3a0aET
Paanyc KOppenAaUMH Kak a0mo
oxeaTa (Bonblwe - KpynHee
“MATHE®). «[loNA HArreTa» 3anaéT
00 AWCIEPCAM, MPHXOAALLYIOCA
Ha KOpPOTKOMBCLWTAGHEN Wwym (uem
Bonslwe, TEM MeHbLIE

npeackasyemocTs). B #ypHan
BLIBOOAWTCA CTapTOBaA
BapMorpamMa - €€ yTOYHADT Kpocc-
BanMaaLmeli,

i

-250.000000

Kposns: makamym, M (abc.)

i

-50.000000
Mons pesyneTaTa: HoMEp
CKEEMWHE, S0C0MIOTHAA 0TMETKS
rposnm (roof), mowrocTe (thick) 1
cofepaHue X, [IManasoHbl Kposnm
W MOLLHOCTI M0 YMONHaHo Brmsw
K PEANEHEIM KEMMAHEIM AEHHEIM; WX
MOMHO WSMEHWMTE B Pasaens
«[lonNonHATENEHD =,

MOLUHOCT: MAHIMYM, M

ir

1.000000

MOLUHOCTE: MBKCUMYM, M

ik

B.000000

[Lona HarreTa (0T aMcnepoin) ; -
Isoliner v1.8.0

ik

0.350000
3epHo MCY (0 = cnyyaliHo)
0

CrBammHel (aemo)

[CoznaTe BpemMeHHENi O

¥ | OTKpLITE BEIX0AHOA GaiAn Nocne 3aBEPLEHNA ANMOpHTHA

| 0% OTHEHWTE

JononHUTENEHD ™ | | 3aNYCTHTE B NGKETHOM DEXMME. .. | BeinonHuTE | 3aKpEITE Cnpaeka

Puc. 23: Okuo uHCcTpyMeHTa «C030aTh IpUMep CKBaXKUH (IeM0)».

ITapameTpsl: 06y1acTh (3KCTEHT - MOXKHO 3a7aTh II0 CJIOIO, IO XOJICTY KapThl, KOOPOAMHATAMU UJIN
pucoBaHUEM Ha KapTe). YUCI0 CKBakMH. MUHUMYM U MaKCUMyM 3HadeHUs X. [lnana3oHb KDOBIU
U MOIITHOCTH (110 yMon4daHuio - Kak y Kpll). I'magkocTs (Do oxBaTa - 3aJa€T PpaguyC KOppensiiuu:
OoipIlle 3HaAYEeHHWE - KpPymHee 00JIacTH OmHOPOmHOCTH). [onss HarreTa (@O OHUCIIEPCHH,
MIPUXOMSAIIAsICI Ha KOPOTKOMAacIITaOHBIM mrymM. Yem OoOmbIille, TEM HHUXKE NOPEACKA3yeMOCTh).
B pazgerne «lOTIOTHUTENILHO» - 3€PHO F'eHepaTopa CAy4dalHbIX YHUCeJT [IJIs BOCIIPOM3BOIAUMOCTH.

ITpu 3anycke B 2KypHasn BBIBOOUTCS CTapTOoBas BaprorpaMMa (CyMMapHBIM CHUJII = OUCIEPCUU
IaHHBIX, Harret, pagmyc). CreHepUpOBaHHEIE OaHHBIE NMEIOT BOCCTAHOBUMYIO BapuoIpaMMy,
II03TOMY Ha HHUX YIOOHO OCBOMUTH BECH IIMKJI: MOCTPOUTH Irpupn B «2D Kriging», 3aTem nzonuHmy,
U IPOBEPUTH ITapaMeTphl KPOCC-Baluaalumen.
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HucTpyMeHT «IIpodnaun oOpadoOTKH»

IMpoduns - 3T0 UMEHOBAHHBEIM HAOOP HACTPOoeK oO0pabGoOTKH OOHOTO IIapaMeTpa: BapuorpaMma
(marret CO, Tun mogmenu, mopor C, paguyc a, a3UMyT X OCU aHU30TPOIIHUHU) IIJIFOC OTCEB YparaHHBIX
mpo6 (IeprHeHTUuIb, TPAaHUIlb], PeXXUM cpe3Ku). [Ipodunu yooOHBI, KOTAa B IIPOEKTE HECKOJIBKO
IIJIaCTOB MM 30H C pa3HOM M3MEHUYMBOCTHIO: OOUWH pa3 momobpas Mopenb IJis mjacTa - U
IIePEenCIIoNb3yelllb €€ B KPDUTUHTEe, He BBOISA UMCJla 3aHOBO.

ITpodunu xpamsTcsa rinobambHO B HacTpoukax QGIS, mo3ToMy HOCTYIHH BO BCEX MNPOEKTax:
cobpay MOfenb IIjlacTa ONHAXKOBl - IIPUMEHSEINb I'fae yrogHo. IIpodwunbk OOHUCHBAEeT OOHY
CTPYKTYPY BapuorpaMMEI - POBHO CTOJIEKO, CKOJIBKO UCIIOJIL3yeT KPUTHHT.

Q@ I'pug n nzonuamm - & Mpodunn oGpaboTtrn e

MapameTpel | HypHan

6. Mpodunu

JLeicTemne
MokasaTe Mook
Mpodink (anA yaaneHua [ npocMoTpa)

Tecr

Mpodune «Tect=: HarreT C0=12.32, Mayccosa, nopor C=27.37, paguyc a=1.033e+04.

Wma npodmna (ana «CoxpaHTs Bpy4HYo=) [HeobasaTensHo]

v [ EenbHbIE Nap pPBl

Monens: Harret CO
0.000000
Mogens: Tin

Ciheprueckan

obpaboTn

YrpagneHue npodunamit
obpaboTku. Mpodune - 370
WMEHOEEHHEI Habop <BaphorpamMma
{CTpykTypa 1: HarreT, TMM, Nopor,
panuyc, asMMyT, oo4) + oTEB
yparaHHelx npof=. Mpodwnm
COXPAHAOT <Bapuorpammas u
«{pocc-sannaauma, a
noacrasnaeT =20 Kriging.

Jeiicreme: MNokasaTs ©
HypHan), COXpaHuTL B
NonsAM B +JononNHATENEHG ),
¥aaniTe BeifpaHHell, OUMcTHTE
BCE.

CrMcikk npodMnell B BeINaAaIoWHK
nonAx o6HOBNAKTCA MPK OTKPBITUM
OKHE! COXPEHMMM NPodKE -
NEPEOTKPOATE MHCTPYMEHT, YTobb!
OH NMNOABKUNCA.

Moaens: nopor sxknag C
1.000000 — Izoliner v1.8.0
Mogenb: paauyc KoppenaLwan a
0.000000
Mopenb: asumyT, ©
0.000000 -
Moaens: aHM30TponKA (Manas rnasHas)
1.000000 -
OTCeB: NepueHTMNL obpeski, % (0 = Boikn.)
0.000000
OTCEE: HUAHAA MPaHULE (NycTo = HeT) [HeobazaTensHo]
He zapaHo
OTCEE: BEPXHAA rPaHMua (NycTo = HeT) [HeobAzaTensHo]
He 3apaHo

OTces: CPE38Th K rpaHWUe BMECTO YASNEHMA

0% OTHEHWTHL

JononH|TenbHo ™ | | 3@NYCTHTL B NAKETHOM DEMHMME, ., | BbinonHWTe | 3aKpbITh Cnpaeka

Puc. 24: OxkuHo uncTpyMeHTa «IIpodunu o6paboTKM»: HOeuWcTBUe, BHIOOpP NHpoduns c ero
mapaMeTpaM{ CTPOKOM HWIKe U [OJs OJIs PYYHOrO BBOoma B pa3spgene «OMOJIHUTEIBHEIE
ImapaMeTpE».
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OTKkyna 6epyrcsi npopuiIn

* BapuorpaMmmMa - none CoxpaHuth npodunabs mom uMeHeM. CoxpaHsieTcs momoOpaHHas
Mozenb. KpuBas CTPOUTCSA U30TPOIIHOM, IO3TOMY a3UMYT U OCU 3alIUCHIBAIOTCS HEUTPAIbHBIMU
(0 u 1) - aHu30TPONUIO 3aal0T ITO3KeE.

* Kpocc-Banumanusi - nore CoxpaHuTh npoduns nog uMmeHeM. CoxpaHsaeTCs IpoBepeHHas
MOOeb BMECTe C 3aJaHHON aHM30TPOMNHEeH. ITO OCHOBHOM CIIOCO0 IMONMYyYUTh HPOGUIL C
a3uMyTOM U OCSMHU.

* IIpoduiu o0OpadoTKH - eticTBre COXpaHUTh BPYYHYIO: BCE 3HAYEHU ST TPODUIIST BBOISATCS
B [TOJIIX pa3fena [1onoIHUTEeIbHbIE NapaMeTpPhI.

IIpumeHnenue

B unctpymenTe 2D Kriging v 8 Kpocc-Banumanum nojie 3arpy3uTh npoduibs od0padoTku
MMOACTaBIseT BBHIOPAHHBEIM TIPOGUIIL TMOBEPX MOoJied pmaumasnora. YTo HWMEHHO IIO[CTaBJIEHO,
nevartaeTcs B 2KypHarl.

VYnpasinenue

Cam uHCcTpyMeHT IIpoduin o0paboTKH yIpaBiisieT XpaHUIUINEM dYepe3 mapaMeTp [leHcTBHe:

IHeticTBUE Yrto gemnaet

[Toxka3aTh CIUCOK BriBoguT B 2ZKypHas Bce IPouUiM C ux
mapaMeTpaMu.

CoxpaHUTh BPY4YHYIO CoxpaHseT npodunsb c uMeHeM U3 monss UmMst
npoduss 110 3HaYeHUIM I10JIed B
«J1OIIOMHUTEIBHO».

YnanuTh BEIOpPaHHBIN Ynanset npoduib, BEIOPaHHBIN B I10JIE
IIpoduns.

O4YHUCTUTE BCE Yoansiet Bce mpodunm.

CoxpaHeHUe [Oof yKe CyILIeCTBYIOIUIUM UMeHeM Ilepe3anuchiBaeT npodunsb. Cucku npoduieit B
BBITTQJAOIINX TTONSAX (BHIOOD OJI yOajleHUs, 3arpy3kKa B KPUTHUHTE) 0OHOBJISIOTCS TPU OTKPBITUU
OKHa MHCTPYMEHTAa: COXpaHUIU IPOPUIL - IepeoTKPONTe MHCTPYMEHT, YTOOHl OH IOSBUJICSA B
CIIHCKE.

ITom BRITTAOAIOIIMM CIHCKOM ITPOGUIIS CTPOKOM HMIKEe IT0KA3LIBAIOTCS MTapaMeTPhl BEIOPAHHOTO
npodunsa (HarreT, TUI, IOPOT, paguyc, a3uMyT, ocH, orceB). B 2D Kriging 1 Kpocc-Banuganuu
TaM JKe BBIBOOUTCS HAllIOMUHAHMWE, YTO PACUYET MOUAET 110 IMpoduIIio, a He 10 MOoJIIM muasora. Ha
coopkax QGIS 6e3 craporo API BUOKeTOB IMOAIINCH HE MOSBIISIETCS - OCTAETCS OOBIYHBIN CIMCOK
(Ha paboTy 3TO HE BIUSIET).

TunuuyHbIe CHTYAIIHH U pellleHus1

YTto BUOHO [TpuuuHa Pemenwue

Konnenrpudyeckue «ObIYbU KpuruHr TO4HO IPOTATUBaET 3apate HarreT CO (0.2-0.4 ot

ria3a», KOHYCHI 3HaYeHHe 4epes Cuisa, B aOCOIOTHRIX
CKBaXKUHBI-BLIOPOCH! (Harret eOVHHULAaX gucnepcuun). U/unm
0). BKJIIOYUTD CTIaXKWBaHUE

rpuga B «2D Kriging».
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Y10 BUOHO

[TpuuyuHa

Pemienue

VrnoBaTbie U30JIMHUU
(«OKTArOHBI»)

PaJII/IaJ'[beIe/BeepHBIe JINHUN
B IIYCTHIX yI'JIaX

HN3onuHnM repecekamnTCs B
TYCTBIX MeCTaX

[Tonurousl OOHOTO LIBETA

['pyOrIit TPUA: BEPIITUHEI
CTaBSITCS II0 KpasM sdeex.

SKCTpaHOHHHI/IH 3a
IIpenejalaMu JaHHBIX.

Panrpmie - cinencrBue

CrjlaKMBaHUA K&)KJIOﬁ JINHUHN.

ITo ymonmyaHnuio ciou

CO3[aéTCsa C OOHUM CHMBOJIOM.

VBenuuuth «CKpyTrieHue
JIMHUT» [0 3 UJIN YMEHBIIUTh
pa3Mep S4YEeNKU B KpUTHUHTE.
Brmtouuth «O6pe3aTh 10
KOHTYPY CKBaxKUH» WU
3aJaTh MacKy OOpe3KH.
CriaxvuBaHUEe UOET I10 TIOJII0
(B «2D Kriging»). YBenmuuuTth
TaM paguycC CriiakKuBaHUS
rpuma.

3apmaTh rpagyupoBaHHYIO
cuMmBouKy o ELEV_MIN.

JIMIeH3usI U MoaaepPkKKa

ITnarun pacnpocrtpausierca nop nuuieHsmerr GNU GPL v2 unu HoBee (GPL-2.0-or-later) - Toit
ke, uyto u caM QGIS. TTonumut TekcT B ¢daiine LICENSE B kommnnekte. © OO0 «HMubDOPpM++»,

www.informpp.ru.
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