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BBenenue

Isoliner - mpoBalmep MHCTPYMEHTOB Processing s MHTEPIOJIAIMNKU TOYEYHBIX OAHHBIX U
IOCTPOEHUS U30JuHnM. Aapo Kpurunra - anroputM KB2D u3 GSLIB. UHCTpyMeHTH pa3HeCeHbI
o OByM rpynmnam: «I'pupm m M30IUHUM» - CEMb MHCTPYMEHTOB OCHOBHOT'O IIOTOKA 00paboTKM, U
«JloTIOMHUTENbHBIE NHCTPYMEHTEI» - TPU CIIeIINaTu3UPOBAHHEIX pPacUu€eTa.

«2D Kriging (Touku — pacTp)» - OpZMHAPHEBIN UJIX IPOCTON KPUTHUHT II0 TOYE€YHOMY CJIOIO.

«301UHUHU U3 pacTtpa» - U30JIMHUHU (MmuHuM) KOHTYPHEIE ITIOJIMT OHBI (rmosica MexXOy U30JINHUSIMHU),
I'PAHHUIBI KOTOPHIX COBIIQOAIOT C JIMHUAMMH.

«BapuorpamMmmMHuasi KapTa (aHu3oTpomnus)» - nmoBepxHocTb y(h X, h y) ¢ olleHKOM a3uMyTa H
AHU30TPOIINHU OJISA yqéTa HaIlIPpaBJIEHHOCTHU B KPUT'UHTIE.

«Kpocc-Banupaliisi BapuorpaMMBI» - CKOJNIB3SIINM KOHTPOIb (leave-one-out) mjist mpoBEPKH H
nombopa mapaMeTpPOB KPUTHHTa IT0 onbKe, a He BU3yaslbHO.

«Co3pmaTh IpUMep CKBaXKWH (IZeMO0)» - reHepanus y4eOHOr 0 TOYeYHOI'0 CJIOS C IPOCTPAHCTBEHHOM
CTPYKTYPO# (KPOBJISI, MOIIHOCTh, COMAepzKaHHEe KOMIIOHEHTa) [jIsi OOy4YeHHWs W IIPOBEPKu 0e3
peanbHBIX OJaHHBIX.

B rpyIie «J1OTIONMHUTEJIbHEIE WHCTPYMEHTEI» OBaA CII€IUAJIN3UPOBAHHEBIX pacqéTa.

«KaTeropuanabHbIM MHONKATOPHBIN KPUTHHT» - KAPTa BEPOSITHOCTH KJIACCOB 10 KaTErOPHUAIbHOMY
MO0 (MUHTHII, TUTOTHUII): HAa KaXXObIH KJIaCC CTPOUTCS MHAMKATOP ¥ KPUTYETCS OTHOesbHO, Ha
BBIXOZI€ PACTP BEPOSITHOCTEMH, KapTa 30H U YBEPEHHOCTE.

«['ugpaBnmMYecKuil TrpagueHT ¥ HaIlpaBJIeHHe IIOTOKa» - 0 pacTpy Halopa CTPOUT MOAYIb
TUAPaBINYECKOr0 TpagueHTa, a3uMyT HalpaBJIeHUS MOTOKa (BHMU3 II0 T'PAJUEHTy) U TOYEUHBIN
CJIO BEKTOPOB IIOTOKA, KOTOPBIM cCpa3y odopMIseTcs CcTpenkamu. [umporeomoruss 06e3
TIPOHUIIAEMOCTH.

I[MTogxoouT mass OTMETOK IIjlacTa, MOIHocTed, ®MC, xumMuu u JII00BIX YMCJIOBBIX anI/I6YTOB
CKBaXHWH.



HeckonbkKo TEepMHHOB, KOTOpPHIE BCTPEdYalOTCs ganee. BapumorpaMMa OIIMCHIBAET, HACKOJIBKO
CUIbHEE PA3TMYalOTCSd 3HAUEHUS C POCTOM PACCTOSTHUS MeXAy Todkamu. CHUMII - YpOBEHb, Ha
KOTOPHIM OHa BHIXOOUT (OIM30K K OWCIEPCUH HOaHHBIX). Harret (ot auria. nugget, «adpderT
caMoOpoAKa») - CKA4YOK BapHOTrpaMMBI y HyJsI, TO €CThb pa3bpoc Ha CKOJb YrOOHO MaJlbIX
PaCCTOSTHUSIX, BEI3BAHHBIN M3MEPUTEILHLIM IITyMOM U MUKPOW3MEHUYMBOCTHIO. [lajee o TEKCTY -
IIPOCTO «HATTET».

YcTaHOBKA M pacIoOJIoKeHHue

OcHoBHOU cmocob - u3 oduimansHoro pemno3utopusi QGIS. OTkpoiite Mogynu — YmpaBieHue
¥ yCTaHOBKa Momyied — BKiagka «Bce», B moucke Habepute «Isoliner», BeIGepuTe mjaruH u
HaXXMuTe «YcTaHoBUTH». [Ipu ycTaHOBKe M3 perno3utopus QGIS caM coobiiaeT o0 BEIXOJE HOBHIX
Bepcuil u 0OHOBJISAET MJIaTUH I10 KHOIIKE.
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Puc. 1: MHCTpyMeHTH MOnyJisa B nmaHenu «O0paboTka»: mpoBaumep Isoliner ¢ gByms rpymnmamu -
«1. I'pupg u uzonuauu» (1.1-1.7) u «2. [JormomHUTENbHBIE UHCTPYMEHTHI» (2.1-2.3).

AnbTepHaTUBHBIN crioco® - u3 ZIP-gaiina. Momynu — VYmopaBlieHHMe M yCTaHOBKA MopyJeu —
YcranoBuTh u3 ZIP. 3T0 ymo6HO Ojist ohnaiH-YCTaHOBKY U IIPEeIpPeTu3HbIX COOPOK.

ITocne ycTaHOBKM MHCTPYMEHTH MOSBISIOTCS B maHenu «O0paboTrka» (Processing), mpoBaiimep
«Isoliner», rpynnsl «['pupg 1 U30TMHUN» U «[[OTIOTHUTEIbHBIE MHCTPYMEHTHI». TpeboBanus: QGIS
3.16+. BremHUX 3aBUCUMOCTEN HeT - Ucnonb3yioTca NumPy, GDAL u mTaTHBEIE aJIrOPUTMBI
Processing u3 coctaBa QGIS.



OOHOBJICHHE

ITpu ycranoBke u3 pemno3utopus QGIS moka3biBaeT yBeJOMJIEHNE O JOCTYIIHON HOBOM BepCUU
- 3HAYOK B CTPOKE COCTOSHHUS U CIIMCOK BO BKJIagke «OOHOBIseMbie» MeHeOzKepa MOMOYJIeH.
OOHOBJIEHUE BBITIOTHAETCS OOHOM KHONKOM. [Tpu ycTranoBke u3 ZIP HOBasi BepCUsl CTABUTCS TEM
XKe IIyTEM, IIOBEPX CTapPOH.

[TnaruH KOPPEKTHO Iepe3arpykaeTcs «Ha neTy», nepe3anyck QGIS He Tpebyetcs. [ GEICTPOM
mepe3arpy3ku Koma mpu pal3paborke ymoben momynb Plugin Reloader (kHomka «Reload a
plugin...»). BeibepuTe «Isoliner» - mpoBalifiep U BCe HHCTPYMEHTHI IIEPEPETUCTPUPYIOTCS Cpasy.

BBI30B cIipaBKH

B muarnore kaxXXpmoro MHCTpyMeHTa e€CTh KHOIIKa «(CropaBKa», OTKpBIBAIOLIasi 3TO PYKOBOACTBO
(PDF B KoMmmnyekTe IjiaruHa). [IpaBas maHenb Quajora OOIOJHUTEJILHO ITOKa3bIBaeT KPaTKYIio
IIOCKAa3Ky I10 UHCTPYMEHTY.

O6miast 1oruKa padoThl

TunoBou cuieHapuul COCTOUT U3 ABYX IIaroB:

2D Kriging: mo ToYe4YHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCSA pacTp (perynaspHas ceTKa
3HaYeHuH).

U3onuruu us pacTpa: II0 IIOJIYy4€HHOMY PacCTpPy CTPOATCA HU3OJIMHUHN U, IIPU HeOGXOJII/IMOCTI/I,
3aJINTbIe KOHTYPHEIE€ IIOJTUT OHEIL.

IlMaru HezaBucuMH: «HM30mMmHMM U3 pacTpa» paboTaroT C JIIOOBIM PacTPOM, HE TOJIBKO C
pe3ynbTaTOM KPUTHUHTA.

NHCTpyMEeHTH cobpaHbl B ABe Tpynmbl Processing. I'pynna «['pupg ¥ U30MUHUM» 3TO OCHOBHOM
IMOTOK 00pa®OTKH, OT KPUTHHTA OO0 HU30MUHHH. ['pymnna «JI[OMOIHUTEIbHEIE MHCTPYMEHTHI» 3TO
CIeIVaNN3uPOBaHHEIE PACYETH, KATErOPHAJIbHEIM WHOWKATOPHBEIM KPUTWHT, T'HOPaBINYECKUN
TpajueHT C HallpaBIeHWEeM MTOTOKA ¥ KPUTHHT C BHEIITHUM Oper¢oM.

Kak paﬁc"rae'r MoOyNk: CKBa¥XWHLI = rpya = W30NWHWA

1. CKBaMWHLI (TOYKW) 2. Mpyn (KpWrudr)

Puc. 2: Bech mpollecc Ha CreHepupPOBaHHOM MOpPHUMepe: CKBaxKUHEI C HU3MepeHusMu (cieBa)
TIpeBpaIlaTCsa B CIJIOIIHONM I'PUL KPUTHHIOM (B IIEHTPE), II0 KOTOPOMY CTPOSTCS U30JIUHUU U
KOHTYpPHEIE IIOJIUTOHEI (CIIpaBa).



NucrpymeHnt «2D Kriging (Touku — pacrtp)»

Oppunapsbiii (OK) unu npoctoit (SK) KpUTHHT 110 ToUuedHOMY cJiolo. CoBIafaloline TOUYKYU (OOuH
u TOT ke XY) yCpemHSI0TCS 0 Z. B y3nmax ceTKH 3HaYeHUS MCXOOHBIX TOYEK BOCIIPOM3BOLATCS
TOYHO (IIpK HYJIEBOM HarreTe).

KDMFMHF! oUueHKa B y3Jie - B3BelleHHoe CcpeagHee cocenen

CKBa¥WHBI
y3en (oueHWBaem)
Bec 20%
Bec 14%
Bec 14%
eec 11% *
?
Bec 21%
(@] Bec 20%
Yem banxKe CKBaXKWHa K y3ny, Tem Bonblue eé Bec.
Beca nonbupatoTca no eapuorpaMMe, a He NpocTo 1/paccTosHue.

Puc. 3: Kpuruur oleHuBaeT 3HAUYeHMWe B y3jie KaK B3BeIlleHHOe CpefqHee OMMKAUIINX CKBAXKUH:
yeM OIHKe CKBaXXKHWHa, TeM Oosbine e€ Bec. Beca momOupaloTcs 0 BapuorpaMme.

OCHOBHBIE TTapaMETPHI:

IMTapameTp YTo 3amaérT ITo ymonyaHuio / COBET
ToueuHHIN cIOM HcxomHble TOUKU (CKBAXKUHBI) -
O711 UHTEPIIOIAINHU.
TonbKo BeImEeNeHHEIE 00beKTE  CYHTaTh JIUIIB 110 BBIKII.
BBHIJEJIEHHBIM TOYKaM CJIOS.
INone 3nauenus (2) YucrnoBoit aTpubyT, KOTOPHIM 3aIllOMUHAETCS MeXay
WHTEPIIOJIUPYEeTCSA: OTMETKa 3anmyckKkamMu

mjacTa, MOIIHOCThL, ®MC,
XUMHS 1 T. II.
Tun kpuruHra OpouHaphbi# (OK) - mokanbao OK
OIIeHUBAET CpegHee caM.
IIpocTo#i (SK) - ucnonb3lyeTt
3amaHHoe «CpemHee».
Paguyc norcka Paguyc okHa moucka 0 (Bcs BEIOOPKA)
COCEeOHUX TOYEK BOKPYT y3ia.
0 = Bcs BHIOOpPKA.



[Tapametp

YTo 3amaéeT

ITo ymom4aHuio / COBET

MuH. 4H1CJI0 TOYEeK

Maxkc. 4ucio To4ek

Pasmep sueiiku
OxBart pacTtpa
O6pe3aTh 10 KOHTYPY
CKBaXXWH

Bydep obonouku

Macka o6pe3Ku

3arpy3uThb Ipoduib
06paboTKHU

Ecnu B OKHE MEHBIIIE TOYEK -
y3€eJI OCTa€TCs IyCTHIM
(nodata).

CKOJIPKO OMHKANIINX TOYEK
BKJIIOYAETCSI B CUCTEMY
KPUTHHTA.

ITar rpupa. 0 = aBTO =
min(oxBart)/50.
IIpssmoyronbHUK pacdéTa. ITo
YMOJITYaHHUIO - IIO CIIOIO.
Pactp o6pe3aeTcst BHITYKIOH
000JI09YKO#M BCEX TOYEK -
yOUpaeT 3KCTPAIIOJIALNIO B
IIYCTHIX yIyax.

Pacummiputs o6osouky Ha N
€OUHUIl KapThl HAPYXKY.
CBOU IIOJIUTOH BMECTO
000J109KY (IPUOPUTETHEE) -
yIOOOHO IJIT BOTHYTHIX
Y4aCTKOB.

IlomcTaBnsieT COXpaHEHHBIN
npoduss (HarreT, CTPYKTypa
BapHoOTrpaMMEI, OTCEB) IOBEPX
nonewu auamnora. CIircok
OOGHOBJISIETCS IIPU OTKPBLITHUU
OKHa.

1

24

MeJib4e = IIJlaBHee, HO
OOJIbIIe
I10 CJIOO

PEKOMEeHOYEeTCs BKII.

(1e BBIOpaH)




() 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.
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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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0. Insa crnaxuBanus 0.2-0.4
OT CHJIIa

chepruyeckas

ctp. 1 = 1 (3aMeHuUTe Ha =
OV CIIEPCHUIO)

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.

14



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.

CasaaTHue TpeHOa (perpeccusi-KpHMIrHHT)

OOBIYHEBIN KPUTHUHT OLIEHUBAET CpegHee JIOKAJIBHO, IT10 OKHY IIOMCKA, II0O3TOMY IIJIaBHO MEHAIOIIIeeCsa
IIO IIJIOIIagKW CpengHee OH OTCIIE2KHMBaAeT CaM. CroXHOCTh BO3HHMKAET, Kormga Y IIojid eCTb
BEIPpazKE€HHasd PEervoHalJIbHasd COCTaBJIdIOIlasi, HalIpuMep o61.uee IIageHue IIJlaCTa Ha Yy4YacCTKe.
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Torga skcliepuMeHTa/lbHas BapuorpaMMa CHIPOTO 3HA4YeHUS pas3dyBaeTCs: pafguyC 3aBHIIIEH,
mopora HeT, ¢opMa HAallOMHHAET CTEIEHHYIO0 MOOeJIb, ¥ Iom0o0paTh YCTOMYHUBYIO MOMIEIb TPYIHO.

®naxok CHATH MOJIHHOMHAIBLHBIH TPEH[ yOUpaeT PeruoHaIbHYI0 COCTABIISIONIYI0 METOOOM
HaWMEeHbLIINX KBagpaToOB Mepen KPUruHroM. [aibllle KPUTYIOTCS OCTATKH, a TPeHO nobaBiseTcs
K OlleHKe oOpaTHO. BapuorpamMMa OCTATKOB BO3BpalllaeTCsi K HOPMaJIbHOMY BHAY: BEIXOOUT Ha
TIOPOT C HAarTeTOM, M PaguyC OTpaXKaeT UCTHUHHHINA MacmiTab Koppessiuu, a He pa3Max TpeHMa.
ITone CTeneHsb TPeHaA 3aJaéT MJIOCKOCTh UJTM KBAIPATUYHYIO TOBEPXHOCTE.

Perpeccns-kpurukr Ha peaneHelx oTmeTkax Kpll (Ze): nomoraeT nokansxo, BpeanT raofanesHo

Beck Aeno3nT (136x41 kmM) PynHuk BKIMPY-2 (9.5x8 km) BKMPY-2: Tpenn paznysaeT
RK -20% RMSE, xymxe RK 425% RMSE, ny4we gapuorpammy celporo Ze
301 —+— cuipoe Ze

1 == ocratem

-
=z
= 400 4

N
=

L0 RMSE, M
=
LO0 RMSE, M
-
in

[N

o 10‘00 20‘00 30‘00 dO‘OD 50‘00 EObD
nar, M

Puc. 13: Casartue TPeHOa Ha pPeaJIbHBIX »OAaHHEBIX: IIOBEPXHOCTH IIJIaCTa C BEIPAXKE€HHBIM
PEeruoHaJIbHBEIM IIad€HHueM. TpeH;[ CHAT IMIOJIMHOMOM, KPHUI'OBAHBI OCTATKH, TPEHI BO3BpaH.IéH K
OII€HKE.

CHATHEe TpeHOa IOMoOraeT TaM, I'Ie NafgeHVWe OOHOPOOHO, B IpedeaxXx OJHOTO PyOHUKA WU
JIOKaJIbHOI'O ydacTKa. Ha BCio mjomapmb MeCTOPOXKOEeHUS cpa3ly ero IpUMEeHSTh He CTOWUT.
Cocepnue GJIOKM pa3sHECEHEHI IO BEICOTE, €OUHBIN IIOJIMHOM ONIMCHIBAET UX IIJIOXO, @ JIOKAJIbHBINA
KPUTHHT W 0e3 TOro AepXKUT MEHSIOIIEecs CpemHee, MO3TOMY CHSITHE TJI00aJIbHOTO TPEeH[a
TaM CKOpee BpeguT. YMeCTHOCTh BHAHA IO BapuorpaMMe. Eciu y CHIpOTO 3HAYEHUS paguyc
COIIOCTABUM C pa3MepoOM ydacTKa U HeT BHSITHOI'O IIOpOTra, TPEHN €CTh M €ro CTOUT CHATh. Eciu
BapuorpaMMa CHIPOTO 3HaUeHUS yXKe BEIXOOUT Ha IIOPOT C MajJkIM HarreToM, CHUMAaTh He4ero.

CreneHu 1 oOEIYHO mocTaTOuHO. CTeleHb 2 ONMMCHIBAET U3TUO, HO MOXKeT BOOpaThk B TPEHM YacCThb
peanbHON CTPYKTYPH], IIO3TOMY IIOC/IE €€ IIPUMEHEeHUs IIOCMOTPUTE Ha BapuorpaMMy OCTaTKOB.
Ecnu mopor u HarreT CTajud BBEIpaXKeHHl XyKe, BepHUTeCh K cTeneHu 1. ToT ke (prakoK ecThb
B nHCcTpyMeHTe Kpocc-Bajiuganusi BApHOrpaMMbl, TaM TPeH[ IlepenondupaeTcs Ha KaxKaoM
11are KOHTPOJISI, U BRIUTPHIII UJIM IIPOUTPHIII OT CHATHUS TPEeHOa BUIeH npsmo no RMSE.

BapuorpamMmmy mocie CHSITHSI TPEHIA 3aaBaliTe 10 OCTaTKaM. PacTp cTaHmapTHOM OIMOKY B 9TOM
pexkmMe 3TO OIINOKa KPUTMHTA OCTAaTKOB, TPEH[I CYUTAETCS HEeTePMUHUPOBAaHHBIM U COOCTBEHHOM
TIOTPENTHOCTH K Hel He mobaBiisieT.

BIOYHBIM KPUTHHT

OOBLIYHBIM KPUTHHT OLIEHWBAET 3HAYEHWE B TOUKe, B IIeHTpe s4eliku rpupma. Ho B ropHOM pOere
Yale HyKHa He ToYeYHas OTMETKa, a CpefHee MO MJIOIIagHu, Mo GJIOKY OTPabOTKM, MaHeIu UK
siuelike mopcuéTa 3amacoB. CogepkaHue IMOJIE3HOTO KOMIIOHEHTA B GJIOKE 9TO CpefgHEe MO0 ero
IJIOIIA[M, W OLIEHMBATh €r0 KaK 3HaueHHe B OOHOM TOYKEe He BIIOJIHE KOPPEeKTHO. [T 3Toro
CNIYXUT (1aK0K BIIOYHBIM KPUTHHT .

BxIIOUEHHEIN pEeKUM OIleHUBaeT CpefHee 110 S4YeliKe rpulia, a He 3HaYeHUe B e€ IleHTpe. fAdelika
MBICJIEHHO pa30uBaeTCs Ha CETKY Touek padmMepoM N XN, yucnio 3apaéTt mose [IucKpeTu3anus
010ka, NXN Ha siueHKy, U KOBapHalliul B CHUCTeMe KPUTHHTa YCPEeOHSIIOTCS MO0 3TUM TOYKaM.
Tak cucTeMa pelllaeTcs He OJI59 OOHOU TOYKY, a Cpa3y OJid Bcero 6JIoKa. JTOo KjaccuyecKas cxeMa
6;mouHoro kpuruura GSLIB.
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Y Omo4YHO¥M OIeHKM [Ba CHEeACTBUSA, o0a IOone3Hble [ MOACUYéTa 3amacoB. [I0BEpPXHOCTH
TTONyYaeTCs THa)ke TOYEYHOM, TOTOMY YTO yCpemHeHue o OJI0KYy TaCUT Menkue KonebGauus. U
CTaHOapTHas OIMOKa KPUTHWHTA BHIXOOUT HUXKE TOUYEYHOM, TTOTOMY YTO CpemHee MO TIJIOLIagu
OILleHMBaeTCsI HamEéxKHee, 4YeM 3Ha4YeHHe B OOHOU ToukKe. Pacmimata ogHa. BIOYHBIN KPUTHUHT HeE
BOCHPOUM3BOOUT ITPOOH B y3/1ax TOYHO. CpexmHee 110 OJI0KY, mTaXke IIEHTPUPOBAHHOMY Ha CKBazxKUHE,
He paBHO 3HAUEHWIO B CAaMOM CKBaXXWHE, ¥ 9TO 3aKOHOMEPHO.

[Ouckpetusanuu 4 x4 xBaTaeT Mo4YTU Bcerga. bombintee N cYuTaeTCs OOJIBINE, @ TOYUHOCThH PACTET
He3HauuTtenbHO. [Ipu N paBHOM equHUIlE OJIOYHBIN KPUTUHT BEIPOKAAETCS B TOUEYHBIN, IO3TOMY
MUHUMAaJbHOE 3HaueHUe II0JIg PaBHO OBYM, @ CaM PeXUM 10 YMOITYaHUIO BEIKITIOUYEH.

B/IOYHBI KPUTHHT COYETAaeTCsd CO CHATHEM TpeHpa. Kpurymortcss ocTaTku 1o OJIOKY, a TPEeH
mobaBisieTcs K orleHKe o0paTHO. CoyeTaeTCs OH M CO CTIaKHWBaHUEM T'PHUa, HO OOBIYHO OTHOTO
67I0YHOTO YCPEeOHEHUST OCTAaTOYHO U MOIMOTHUTEIbHOE CTIakKUBaHUe He HYKHO.

HNucTpymMeHnT «U30/IMHHHU U3 pacTpa»

CTpouT u30MWHWK (JIUHWU) M, 10 YMOJIYaHUIO, KOHTYPHBIE IIOJIMTOHHI. YPOBHU 3aHdal0TCS
PaBHOMEPHBIM IIIaroM HJIM SIBHBIM CHKMCKOM. ITapaMeTphI:
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Q Tpwra v u3oArHUK - 2. 30N0MHKK U3 pacTpa X

lNapameTphi KypHan ‘

Pactp [«

l :" Kpwrunr X - Ckeaxmbel (aemo) [USER:100001] - l > D

LWar nzonmuwii (0 = 2aaaTh YPOBHW Hike)

| 1.000000 3

HauansHeiid ypoeens (offset)

' 0.000000 :

fleHsble ypoeuu (uepea npoben) - npuopuTeTHee wara [HeobAzatensHo)

| |

I'nagHaa MaonmHma kaxaaa N-a (0 = Beikn.)

s :

MuH. AnuHa nuHun, ea. kaptil (0 = Bes punstpa)

[ 0.000000 t‘

Bvkybuueckoe crnaxueanue M20NWHWIA (CrywieHne rpuaa)

E 2

Crpyrnenune nunwii (Chaikin), ntepaumii (0 = eoikn))

0 <)

KMima nons sHadeHms

ELEV |

¥ [JonoaHuTenbHble NapameTpbl

Kanan
L <)

WzonuHum (nuHmnm)

|. ”J [CoxpanwTe Bo BpemeHHbIA dain] | l:]

V| OTKpbITh BBIXOAHOM hain NoCne 2aBepLIeHUA anropuTMa

KOHTYpHbLIE MOAMTOHL! [HeobAzaTenLHO|

| *, [CoxpanwTe BO BpemMeHHbIR dain] | u

V| OTKpbITh BbIXDAHOM haiin Nocne 3aBeplIeHns anropuTMa

|~

l 0% l OTMeHKTD
|. JononnutensHo ‘ I 3anycTuTb B NAKETHOM pexMMeE.. | BuinanHuts I 3aKpuiTh | [ Cnpaeka ‘

Puc. 14: OkHO uHCTpYMeHTa «M30MUMHNY U3 pacTpa.

ITapameTp YTo 3amaéT

ITo ymom4aHuio / COBET

Pactp

BxopmHo# pacTp (HampuMmep, -

pe3ynbTaT KpUTHHTa).
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[Tapametp

YTo 3amaéeT

ITo ymom4aHuio / COBET

IITar n3onuHNN

HauanpHaeill ypoBeHs (offset)

fBHEIE YPOBHU

I'maBHasA U30JIHUHUS KaxXKOas
N-a

MuH. gauHa JUHUUA

BHKY6quCKOGCFHamMBaHHe

Ckpyrnenue nuaui (Chaikin),
uTepanmuu

HUwMs mmosisg 3HaYeHus
Kanain (mom.)

WU3zonuuuu /| KOHTYpHEIE
TIOJIUT OHBI

PaBHOMepHEBIM mar o Z. 0 =
3apaTh «fBHBIE YPOBHU».
[IpuBsizKa CETKU YPOBHEU
(YpOoBHUY KpaTHHI IIaTry OT
offset).

Crnucoxk ypoBHEN yepe3
rmpobes. IIpuopuTeTHee 1Iara.
HecATUYHBIN pa3feuTeNsb -
3amnsaTas Uik TOYKa.

Kaxmpast N-g nuHusa
noMedaeTtcd is_index = 1 (gnsa
yTosmeHus). 0 = BBHIKJI.
OTOpachBaTh TUHUYU KOpOYe
nopora (ex. kapter). 0 = 6e3
dunwvTpa.

Crymenue rpuga (X2...x4)
OMKyOHM9IeCKOM
WHTEPIIONAIUe! Iepes
KOHTYPUHTOM - OCHOBHOM
c1toco0 CriiakuBaHUS
U30IUHUH, yOupaeT
«OKTaroHBI» OT TPyOO¥ CETKH.
PabGoTaeT ¥ OJIs IUHUMN, U OJIS
TIOJIUTOHOB. BHIKJI. = 0€e3
CTyILIEHHUS.

HomomHuTENbHOE JIETKOe
ckpyrnenue nuaui (Chaikin).
Cnabee 6uKyOUIECKOT0
CTJIaXHUBaHUA; OOBIYHO HEe
HY?KHO, €CJIX OHO BKJII0UeHO. 0
= BBIKJI.

Hmst aTpubyTa ypOBHS B
BBIXOOHBIX JIMHUSX.

Howmep kaHana BXOOHOIO
pactpa.

BreixogHbie criou. ITOIUTOHEBI
CTPOSITCS TI0 YMOITYaHUIO BO
BPEMEHHBIN CIIOH.

0

BBHIKJI. (X4 Ha rpybom rpume)

ELEV

BrixogHEBIE ITOJIS:

Crnon TTone

Tun

YTo comepxKUT

N3o0omuunu ELEV

Hz3onuaun

KoHTypHBIE TOTUTOHEL

is_index

ELEV MIN

YHUCIIO

meioe

YHCJIO
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3HadveHVe YPOBHA
IUHUN (UM 3a0aE€TCs
noneMm UMsa mois
3HAYEHHSI).

1 y rmaBHBIX
U30JIMHUN (Kaxaas
N-s1), unaue 0 - gjis
YTONIIEHUS.

Huxxauit ypoBeHb
mosica.



Crnon IMomne Tun YT0 comepKUT

Kontypasie nonmuroser ELEV MAX YUCJIO Bepxauii ypoBeHb
nnosca.

CrjiazkMBaHHE U330/ IMHUH

OcHOBHOU croco0 CriIaguTb U30JIUHUU B 9TOM MHCTPYMEHTE - OMKYOHYeCKoe CrijaakKHBaHHe:
Tpun Iepen KOHTYPUMHIOM CryllaeTcss OMKyOMuUecKoil uHTepmnojsaiuei (X2...X4), U KOHTYpPHI
cTposaTcs 1o 6omee Menkol ceTke. Ha rpy6oM rpume M30JIUHUN WHA4Ye BHITTIAOAT «OKTarOHAMM»
(BEepILIWHE CTABSATCS IO KpasM S4YeeK) - CrylieHue yOupaeT 3Ty yIrJIOBATOCTH TOIIOJIOTUYECKHU
yucto. PeanmmzoBano B umctom NumPy, 6e3 BHeIIHMX 3aBUCHUMOCTeN; nodata-TpaHULEI U
BHYTPEHHUE «OKHa» DAHHBIX COXpaHaw0TcA. CryllleHue OeWCTBYeT U Ha JIMHUU, U Ha KOHTYpPHEIE
TIOJTUTOHHBI - TPAHUIIBI TTOSICOB IIPU 3TOM COBMIAAAIOT C U30MUHUSAMU. LleHa - OosibIille gYeek (X4 =
B 16 pa3 Gosblle), IO3TOMY Ha OU€Hb KPYITHOM I'DHUle HAYHUTE C X 2.

[onoMHUTENBPHO eCTh JIETKOe CKpyriieHue nuHui anroputmom Chaikin (umcno urepanuii). OHO
cnabee 6GMKyOMYECKOTO M OOBIYHO He TPeOyeTCsi, eCu CrylIeHWe BKITIOYEHO; UMEET CMBIC/ KakK
OpICTpasl anbTepHATUBA Ha rpyboM rpuae, Koraa CTryIaTh HE XO4eTCH.

CrinaxuBaHue CaMoro II0J (rayccoBo, II0 PacTpy) - 3TO OTAe/IbHAaA Ollepalilisi, OHa BHIIIOJIHAETCA
He 37ech, a B uHCTpyMeHTe «2D Kriging»: TaMm oHO MOET 10 TPUAOY OO0 KOHTYpPHHTa U yOupaer
He YIJIOBATOCTh, a OyrpucrocTh moyis («ObrYbM TJIa3a» BOKPYr CKBaXwH). Bukybmueckoe
CTJIa’KHMBaHUeE ¥ I'ayCCOBO CrilazkKUBaHUe II0JIS JOIOIHAIOT IPYT ApyTa: IIePBOE JIEUUT yIJI0BaTOCTh
CeTKH, BTOpPOe - OYIPHUCTOCTb HaHHBIX. KOHTYPHEBEIM pacTp KpPUTHUHTA IIPU 3TOM HE MEHSETCS -
CTJIaXKVBaeTCs JIUITh BpeMeHHas KON,

KoHTypHBI€ IIOJIMTOHBI (ITosica)

KOHTypHBIE TIOJTUTOHEI - 9TO 3aJIUTHIE TOSICA MEXOYy COCEeTHUMU HU3IONUHUAMU. OHU CTPOSITCS
He KiaccupuKaiueh «CTyIMeHeK» pacTpa, a IOJUTOHM3allMed CaMUX CriIaXKeHHBIX HU30TUHUH
BMECTEe C KOHTYPOM BaJIMOHOM 0GIaCTH pacTpa: KOHIIE JIMHUN MPUTITUBAIOTCS K KOHTYPY, CETh
HOOMPYETCS M IMOJIMTOHU3yeTCs. [lmama3oH YPOBHEHW KaxKOOTO IMOSICa OMPEHEssieTCsl BEIOOPKOM
pacTpa B penpe3eHTaTUBHOU TOYKE IIOJIUTOHA.

bnaropmapss 3TOMy rpaHULbl IIOJIMTOHOB COBIIAAAIOT C H3OJIMHUSMU, a [OKPHITHE CIJIOLIHOE
(6e3 gwip). ITonuronsr HecyT nong ELEV MIN u ELEV _MAX. [To yMo4aHWUIO OHU CTPOSTCS BO
BpeMEeHHBIN CcI0M. YTOOH UX He CTPOUTH, OUUCTUTe IToJie «KOHTypHEIe IIOTUTOHEBI».

OdopmiieHue CiI0€B

JlmHuY: 3amaiiTe CUMBOJIMKY 10 IIPABUIy Ha OCHOBE is_index - rimaBHEIM M30JI0HUAM (is_index = 1)
mariTe OOMBINTYI0 TONIUHY. [Toanucs - o momnio ypoBHs (ELEV).

[TonuroHel CO30a0TCA C OOHUM CUMBOJIOM. [1JI 3a/TMBKHU 110 JUala30HaM 3ajalTe TpagyupoBaHHYIO
cuMmBonuky o ELEV MIN (unu ELEV_MAX).

Crio#l U30IMHUYM aBTOMAaTHUYEeCKHU IIOMeNIaeTCsa Hafl CJIOEM IIOJIMT'OHOB, YTOOB! JIMHNY OBLUIN BUIHEL
TTOBEPX 3aJIUBKH.

HUHCTPpYMEeHT «BapuorpaMMa (3KcnepuMeHTa/IbHas1)»

WHCTPYMEHT CTPOUT MO TOYKAM 3KCIIEPUMEHTAJILHYIO IOJIyBapUOorpaMMy, IPU HEOOXOOUMOCTH
nombupaeT 110 Hell Moaensb 1 BemaéT HTML-oTuét ¢ rpaduroM. OH He CUMTAET T'PULI U He BXOOUT
B PACUETHYIO LIETIOYKY KPUTUHTa HanpsaMylo. Ero 3ajaya guarHocTudeckasi: IoKa3aThb CTPYKTYPY
IPOCTPAaHCTBEHHOM HN3MEHYMBOCTH [MHAaHHBIX M IIOMOYhb 3afaTh IlapaMeTphl BapHUOTrpPaMMbI
OCO3HAHHO, IO BUOY o0jlaKa, a He Ha Ijas.
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3auyeM HYKEeH MpPeanpocMoTp

KpuruHr onupaeTcs Ha MOIeNIb BapHMOTpPaMMEI: HArTeT, IMOpor U pamuyc. OT HUX 3aBUCHT
BeCa IIpM MHTEPIOJNALINU U KapTa CTaHOapTHOU omubku. Co6Ia3HUTESIFHO IMOPYYUTH HOAOO0P
9TUX YUCeJI aBTOMaTHUKe U He OyMaTh O HuUX. Ha KiacTepu30BaHHOU pa3BedOYHOU CETU 3TO
oracHo. CKomieHuss OMU3KKUX CKBAXKUH [Al0OT OTPOMHOE YUCJIO ITap Ha KOPOTKUX PACCTOSHUSX U
MIPUOABINBAIOT OJIMKHIO YaCcTh BAPUOTPAMMEBI, II0O3TOMY aBTOHOOOOP IO TaKOoMy OOJIaKy JIerKo
BHIIAET YBEPEHHO HEIIPABUIILHLIN HArTeT. [IpempocMOTp CHUMAaET 3Ty IPoOIeMy: Te0JIoT BUOUT
caMo o0/IaKo Iap, HIOHUMAaeT, e JaHHBEIX MHOTO, a Tie MaJjlo, ¥ IIOATOHSIeT MOIe/Ib C HIOHUMaHueM
TOT'0, UTO O[O HEH JIeKUT.

HOQTOMY HOJI60p MOOeJid B MHCTPYMEHTE ONaH KdaK PEeKOMEeHOallusd, a He KaK TOTOBBIN pe3ybpTar.
Yucna, KOTODPEHIE OH IIpenjiaraeT, pa3yMHO CBEPUTh C BUOOM l"pa(bI/IKa X TOJIBKO IIOTOM II€PEHOCUTH
B KPDUI'MHT.

Kparkas Teopusi

ITonyBapuorpaMMa OIIUCHEIBAET, HACKOJIBKO CTAaTUCTUYECKM CBA3aHHI 3HAUYEHMWS IlapaMeTpa B
IOByX TOYKaX B 3aBUCHUMOCTH OT DACCTOSHUS MeXOy HUMH. [Ing mapel TOYEeK, Pa3HEeCEHHBIX
Ha paccrosiume h, Gep€Tcsi TOJIOBMHA KBagpaTa Pa3HOCTU WX 3HAYEHUM (IIOIyOuCIIEPCHs
IpupalieHus). 9TU BeIUYNHE YCPETHAIOTCS 10 MHTepBajlaM PacCTOSHUS (JlaraM), ¥ IIOojIy4daeTcs
kpuBas y(h). 9To Mepa He «cpemHell pa3HUUBI» 3HAYEHUH, a CTATUCTUYECKON HAAEXKHOCTU
IIpencKasaHUs 3HaUYeHUd 10 CoCeNy: YeM MEHBIIE Y, TeM TeCHee CBS3b.

Y TunuyHOU KpUBOU Tpu xapakTepuctuku. «Harrer» CO 3TO 3HaYeHHE, K KOTOPOMY CTPEMUTCS
Yy IIpXU CTPEMJIEHUH PACCTOsIHUSA K Hym0. OH oTpaxkaeT U3MEeHYUBOCTh Ha MaciuTabe Meabye, 4eM
mIar CeTH, IIJTIOC OIMOKY m3MepeHusi. «ITopor» 3To ypoBeHb, Ha KOTOPHIM KPHBas BEIXOOUT Ha
60mbIINX paccToAHUAX. [I0THBIN ITOPOT paBeH CYMMe HarreTa U CTPYKTYPHBIX BKJIaJIOB U B Ufease
0JIM30K K OUCIIepCUM maHHBIX. Paguyc (a) 9To paccTosiHMe, Ha KOTOPOM KPHBas BEIXOAUT Ha MOPOT
- TO eCTh Ha KOTOPOM IIPOCTPaHCTBEHHAas KOPPESalus clagaeT MPaKTUUYeCKU A0 HyJisA. [anbiine
9TOTO0 PACCTOSHUS TOYKM CTAaTHCTUYECKM He CBS3aHBL. [IJId 9KCIOHEHIMaJIbHOM M TayCCOBOU
MoOJeied IMOPOT HOCTUTAETCS aCUMITOTUYECKHU, II09TOMY PajuyC O HUX - 9OGEeKTUBHBIN.

HarreT u BKaabl B MHCTPYMEHTE 3adaHbl B aOCOMIOTHREIX eUHUIIaX OUCIIEPCUM ITapaMeTpa, a He
OOJISIMH OT eIUHUIEI. OPUEHTH] [IJIsI IIOJIHOI'0 IIOPOTa 9TO OUCIIEePCUS JaHHBIX, KOTOPas BLIBOTUTCS
B CBOOKE OTUYETA.
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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. 15: OkHO uHCTpyMeHTa «BapumorpamMma (sKcIepuMeHTaslbHas)», IPOKPYYEHO K pas3meny
«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. 16: OTmeTKa kpoBnu 1o mnacty Kpll, crpynnupoBaHHas mo BUAY Pa3BeOKMU: TOA3E€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

MOLWHOCTE, M

ColepraHue NoNeIHoro KOMNoHEHTa, %
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Puc. 17: Tpu TuIla mapaMeTpPOB OOHOTO IIJIacTa B eMUHOM OKHE: OTMEeTKa KPOB/IHU (II0YTH HYJIEBOH
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 caBuUTamTCs, a MSDR npuxoauT K eqUHHUIIE, ¥ KapTa OIMMOKN CTaHOBUTCS JOCTOBEPHOM.

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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BNNUNC aHW30TPONKK = = [NaBHan 0Ck

1000

500

nar no ceeepy h_y
o

-500

-1000

-1000 -500 0 500 1000

nar rno BOCTOKY h_x

Puc. 18: BapuorpamMMmHas KapTa: TEMHas (HM3Kas 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. 19: OkHO nHCTpyMeHTa «BapuorpamMmHasi KapTa (@HU30TPOIIHS)» 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.

YToOHI He IePEeHOCUTH YKCJla BPyYHYIO, B OKHE eCTh I10Jle 3alucaTh aHH30TPOIHIO B NPOGUIb.
BribepuTe paHee COXPaHEHHEBIM TPOQUIb, W a3uUMyT, KO3(pDUIMEHT ¥ pamuycC TJIaBHOU OCH
IOIUIIYTCS B HEro IIOBEpPX MOIOEeNIU U HarreTa, 3afaHHBIX B Bapmorpamwme. Ilpu cnenyoiei
3arpy3ke npodpung B 2D Kriging 3Tu 3HaueHUSA NOLOCTaBATCSI CaMU U MIOABATCS B HMONIIUCHU IIOL
cnuckoM npodunei. Ecnu paguyc ynépcs B OKHO, OH OCTAETCS IPEKHUM, 0OHOBIISIOTCS TOJIBKO
a3uMyT U KO3hPULIMEHT.

Ecmu ctpykrypa Omm3Ka K M30TPONHOW WM PAOWyC TJIaBHOM OCH OKA3BIBAE€TCS MEHBIIe
HECKOJILKMX S4YeeK KapThl, aHM30TPONUS He OIIEHUBAETCS U IIOMedaeTCd B OTUYETE KaK «He
BEIpaKeHa». B 3TOM ciydyae pafuyCHl JIeXaT Ha YPOBHE CETKM, U HANPaBJIEHHOCTh HEJOCTOBEPHA
- IpaBUJIbHEE COOOIIUTEL 00 3TOM, YeM BHIAATH CIIy4YaWHBINM a3uMyT. [loMoraeT yMeHBIIUTh MakKC.
Jlar WY YBEJIUYUTH YUCJIO OMHOB, YTOOBI Pa3peIIuTh OJTUKHIOI CTPYKTYPY.

31



Kornoa paguyc ynupaeTrcsi B OKHO

Ecmu BOOJIE TIIaBHOM OCH Y HE YCIIEBaEeT BHIMTHU Ha MOJIKY B IPeIesiax OKHA, PaguyC BO3BpaIllaeTCs
PaBHBIM MAakKCc. jIary, a B oT4éTe u 2KypHaiie HosBIIseTCS MPenypexkaeHre: pagnycC YIIePCcs B Makc.
j1ar, 9TO HUXKHSS OIleHKAa. DTO Ta Ke CUTyallus, YTO U OJIs1 OOLIYHOM BapuorpaMMEl (CM. pa3mgelt
«MakcuMallbHOE PacCTOSIHUE M BHIXOM Ha IJIaTO»): KPUBAsS HE BHIIIIA Ha IIJIaTO, U IOPOT MOJIyYeH
aKcTpamnonsnued. Ha KapTe mpu3HaK IPOCTOM - TEMHAas 30HA BOOIb TJIaBHOM OCH TSHETCS OO
caMoro Kpas.

B sTom ClIy4ae paauyC a B KDUTUHT IIEPEHOCUTH KdK €CThb HeJIb34: HAaCTOsIIasd OJINHA KOPPeJIdIun
Oorbllie OKHA, a KO3(OUIIMEHT aHU30TPONUN 3aHUKEH 110 BHIPAXKEHHOCTHU (IIoJjie Ha mele elne
QHU3O0TPOIHEeEe). ASUMYT ITPU 3TOM OOLIYHO OIIPEedeiEH HOPMaJsbHO. JIeYnTCs yBEMUYEeHUEM MaKC.
jlara, 4ToOBI KapTa 3aXBaTHJIa BHIXOM Ha MOJIKY. Ecu XKe y He BBHIXOOUT Ha IIOJNIKy Jaxke IIpHu
IIMPOKOM OKHE, B JAaHHBIX JOMUHUPYET TPEH - €ro yOUPaIT I0 UHTEPHOJISIUYN JTN60 YUUTHIBAIOT
COOTBETCTBYIOIIIMM BHUOOM KPUT'HMHTIA.

PacTp nmoBepxHOCTH

Ilo xemaHWIO KapTa COXpaHseTcs ellné U pacTpoM (mose PacTp moBepxXHOCTH). ITO Ta XKe
TIOBEPXHOCTh Y, HO B KOOpPAMHATAX Jjiara: Hadano B Touke (0, 0), pa3Mep nuKcesjia paBeH s4Yeiike
ynara. PacTp He MpuBsA3aH K MECTHOCTH - OH JIEKUT B IIPOCTPAHCTBE Pa3HOCOB, a HEe B IIJIaHE
MEeCTOPOXKIEeHUS, - U Hy’>KeH TeM, KTO X0UeT IOKPYTUTh KapTy Ha xoscTe QGIS, HamoXUTh CBOIO
LIBETOBYIO IIKAIy WX U3MEPHTH JIar JTUHEHKoH. [T caMO# OIeHKH aHM30TPOIIMH JHOCTATOUYHO
HTML-otuéTa.
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HNucTtpyMeHnT «Kpocc-Baiuganusi BapuorpaMMbI»

Kpocc-Banupaunsa: oueHkKa vs pakT

RMSE = 36.67
2007 'R = 0.869
100 ~
o
g o
[}
=
I
c —100
s
a
>
< —200 A
T
v
=
o
—300 1
—400 ~
—500 - —— wugaean (oueHka = akT)

-500 -400 -300 —-200 -100 O 100 200
hakTnyeckoe 3Ha4yeHue

Puc. 20: Vpgess Kpocc-Bajupaluy: OLIEHKY KPUTHHTa II0 OCTaJIbHBIM TOYKaM (II0 BepTHUKAaJIN)
CpaBHUBAWOT C pakToM (o ropu3oHTanu). Yem TecHee 006JIaKO JTOXKUTCS Ha OAUaroHasb OIleHKa
= (pakT, TEM TOYHee IIpefcKa3aHue.
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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
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L i o =
I X ad [ o
= 5 [
= ] - “t (9]
3 b ) v of £ 600
X 204 >
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200 1
= OLUEeHKa = aKT
0 T T T T T 0- ¥ u T T
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takT KCI, % oueHka — dakT, %

Puc. 21: 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 HypHan

TOUKM CO ZHEYEHHMAMM

Toneko BelAENEHHEIE 0BBEKTEI

Mone 3HaqeHka Z

Mone HoMepa ckBawMHE! (HeobAsaTensHo) [HeobAsaTensHo]

Tin KpMrkMHra
OpawHapHeii (OK)
Paguyc nowcka (0 = BcA Beibopka)
0.000000
MiH, 4WCNo TOYEK
1
Makc, YMCno Touek
24
3arpy3nTe Npodikne obpaboTiu

Tecr

Ty

-

Mpodune «TecT#: HarreT C0=12.32, Mayccosa, nopor C=27.37, paauyc a=1.033e+04. PacuéT nofinéT no

MPOGIII - NONSA HIDKE MTHOPUPYIOTCHA.

CoXpaHUTE Mpodmne Nog MeHeM {MycTo = He coxpaHaTh) [HeobAzaTensHo]

w [ononHHTENnbHbIE NapaMeT pbl

CpeaHEe ANA MPOCTOrD KPMIMHra
0.000000

Harret CO

_D.DUDDDD

CTpykTypa 1 - mogens
Ciepiueckan

CTpykTypa 1 * nopor/Bknaa C
1.000000

CTpykTypa 1 * panuyc Koppenawm a (0=asTa)
0.000000

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

0%

Ty

| BLINomHUTE | X

X

4, Kpocc-sanugauua
~| |BapMorpaMmoi

CKONE3AWMIA KoHTpons (leave-one-
out): KEWASA KEEHMHE N0 O4YEPEnN
WCKMIOYEETCA, 2E SHaYeHe
MPeACKE3EIBAETCA KPMIMHMOM Mo
OCTENEHEIM, W CPEBHMBAETCA ©
dEKTHYeCKIM, NoMaraeT
noaobpaTs Bapuorpammy (HarreT,
paaWyc, Mogens) No owmbke, a He
Ha rnas.

B #ypHan BbIBOAATCA METPMKM: ME
(cmewenne, k 0), RMSE (MeHslwe -
ny4we), MSOR ( 1 - BapuorpammMa
anexksaTHa no maawuTaby), .
MepefupaiiTe napaMeTpe! M
cpasHueaiTe RMSE n MSDR.

Cnoit ocTaTkos (onu,.) - ToukK o
CNEAYIOWWMA NONANMA:

* - 2CMW 33aaH0 «flone HoMepa
CKESHWHBI#;

« - PaKTHHEMDE 3HaHeHWE (DakT);

» Z_est - LeHKa KpMrMHGa no
ocTansHeM Todkam (LOO);

* EITOr - OLEHKE MUHYEC GaKT (MuHyC:
3EHMAEHO, MIOC: 38BbIWEHD);

» abs_error - Mogyne owmbike;

« std_resid - CTEHASPTHMIOBAHHEIA
QCTETOK: Error / CTaHASPTHY
oKy KpUriMHra, o sHakom (3To

HE Anaepous).

Mo Hemy BUAHO, rAe MOAEeNb
NpPOMaxXHBaETCA.

HTML-0TUET (no yMonuaHWuk)
OTKPLIBAETCA B NPOCMOTPLLMKE
PesyNETATOE: MHTEPAKTUBHEIA
rpadvk “oUeHKa vs haKT*,
rucTorpaMma ownbor u Tabnuua
METPMK,

Isoliner v1.8.0

OTHEHUTEL

3aKpEITE Cnpaeka

Puc. 22: Oxkuno uactpymeHnTa «Kpocc-Banupaius BapuorpaMMer». [Tosne «I1osie HoMepa CKBaXKUHEI»
BKJIIOYAET MOMAINCY CKBAXXWUH B OTYETE.

[TapameTpHr:

[TapameTtp

YTo 3amaéeT

ITo ymom4aHuio / COBET

Touku co 3HAaYEHUSIMHU

ITone 3HayeHUusa Z

ITone HOMepa CKBaXXUHEI

HcxomHele TOYKH (CKBAXKUHEL).
I[IpoBepsieMbIli YHUCIOBOMU
aTpubyT.

ITone ID pins mopmucen B
OTUYETEe U CJI0€ OCTATKOB.
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[Tapametp

YTo 3amaéeT

ITo ymom4aHuio / COBET

Tun xpuruHra, paguyc,
MHUH./MaKC. TO4YeK, HaIrTerT,

CTPYKTYPHI

CHSITh IOTMHOMUAIbHBIN
TPeH[
CreneHb TpeHOa

3arpy3uTh Ipodpuib
006paboTKu

CoxpaHuTh IPOdHUIL momg
UMEHEM

C110¥ OCTATKOB (TOYKH)

HacTpouiku KpuruHra u
Bapuorpammel. KoHTposb
CYUTaeT KPUTUHT POBHO C
HUMH, TTO3TOMY yOaUHBIA
Habop mepeHocuTcs B «2D
Kriging» 6e3 uameHeHUH.
Perpeccus-KpuruHr: TpeHp
nmepenondupaeTcs Ha KakKaoM
mare LOO, BLIUTPHILI BUAEH
no RMSE.

[ImockocTs unn
KBaZpaTHU4Has IIOBEPXHOCTE.
[TogcTaBUTH COXPAaHEHHYIO
MOfieJib TIOBEPX TTONIeM
ouanora.

CoxpaHUThH ITPOBEPEHHYIO
Mofiesib B Ipoduisb (c
QHU30TPOIINEN).

Touku ¢ monsAMU

Kak y «2D Kriging»

BBIKIJI.

1 (II710CKOCTB)

(e BBIOpaAH)

IIYCTO = Heé COXPAHATDH

Heo0s3aTeNnbHBIN

dakT/ommenka/ommubKa (CM.
TabIuLy IoIei HU¥Xe).
HNHTepaKTUBHBIN OTUET:
olleHKa vs pakKT, TUCTOTrpaMMa,
QQ-rpaduk, METPUKH.

OT4YéT 0 Kpocc-Banupaluu CO3JaéTCs 10 YMOITUYaHUIO

(HTML)

B XKypHan BEIBOOATCSI METPUKU:
ME (cpeoHee cMeIlleHHe) - CUCTeMaTrYeckas omuoka. JomxkHa ObITh 67113Ka K 0 (HeCMeIléHHOCTD).

MAE u RMSE - cpepHss U CpegHEKBafipaTU4YHas ommnbOKa MpefcKa3aHus. YeM MeHbIIe, TEM
touHee. Ho oguo#t RMSE HemocTaToO4HO: OHa MUHUMabHa IIPU HYJIeBOM Harrete (epeobydeHue),
XOTSI HEOTIPENEIEHHOCTD IIPU 3TOM OIleHeHa HeBEPHO.

MSDR (cTaHODapTH30BaHHAs OMIHOKA) - CPeOHUM KBagpaT OINOKHY, NeJIEHHON Ha CTaHAAPTHYIO
omubKy KpuruHra. JomxeH ObTh 01u30K K 1. Ecnu MSDR 3ameTHO Oonbine 1 - gucnepcus
HepnoolleHeHa (Harret uiau cusut Maisl). Ecimu mensbite 1 - mepeolieHeHa.

R - K05 GULMEHT KOPPENSIIIUY «OlleHKa - PakT».

ITonme3Ho pasnmudyaTh ABe CTOPOHEL. OO61IaKo «oleHKa - ¢pakT» u RMSE roBopsaT 0 TOYHOCTH
nmpencKa3aHusi. A HaCKOJILKO KOPPEKTHa caMa MOOejIb - TO €CTh BEPHO JIM BapuorpaMma
OIMCHLIBAET HEOIPENeIEHHOCTh - TTOKA3hIBAlOT CTaHAapTHU30BaHHbIe ommOKu: MSDR okono 1 u
gq-rpaduk. g KpuruHra 1ieHHE 00e cTOpoHE: ManeHbkass RMSE npu MSDR okorno 1 o3Hadaer,
4TO MOZIEJb U NMPENCKA3bIBAET XOPOIO, U He 0OMaHLIBAETCA B COOCTBEHHOM TOYHOCTU. 'HAThCH
TONbKO 3a RMSE Henb3s - OHa MHMHUMAaJbHa IIPH HYJIEBOM HArTeTe, THe HEeOIIPENel€HHOCTD
3aHUKEHa.

Ha mpakTuke nepebeprTe HECKOIBKO BapHaHTOB BapuOrpaMMEl M CpaBHUTEe. XopoInas MOJeb
maét ME okono 0, manyto RMSE u MSDR okosno 1. Ecnu RMSE TsHeT K HYJIeBOMYy HarTeTy,
a MSDR mnpu 3TOM OTPOMHBIM - 3TO NMpPU3HAK mepeobOyuenHus. HebGombinod HarreT KamubpyeT
HeOIIpeIeIEHHOCTb.

OnumoHanbHEIN CJIOU OCTATKOB (TOYKHU C IOIAMU: (PaKT - IO UMEeHEM IIPOBEPSAEMOTro 1104, Z est,
error, abs error u std resid. [T;mtoc HOMep CKBaXkKMHBI, €ClIU 3apaHo 1ojie ID) mokaswlBaeT, TOe
MopeJib TPOMaxXxuBaeTCsa: KPYIHEIE [0 MOAYJII0 OCTATKY - TPO0JIeMHbIE yY9aCTKM, CUCTEMaTUYeCKUe
3HAKU OCTATKOB - JIOKAILHEIN TpeHA. CIioil aBTOMaTUYeCKHU Ha3bIBaeTCs 10 IIPOBEPSAEMOMY IIOJII0
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¥ UCTOYHUKY, a y TI0JIeH 3aJaHbl ICEBOOHUMEI - TOHATHHIE Ha3BaHUA (BUAHEI B Tabuile aTpuOyTOB
U cBOUCTBax o). std resid - 3To cTaHOapTU30BaHHEIM OCTATOK (OLleHKa — (PaKT) / CTaHOapTHYIO
omMOKYy KPUTHHTA, CO 3HAKOM: MUHYC - KPUTHHT 3aHU3UJ, MJIIOC - 3aBLICUI (3TO HEe OUCIEPCUS,
mucrepcus Bcerga = 0).

ITomns ciost oCcTaTKOB:

ITone ITceBmoruUM Omnucanue

<HOMep CKBaXMWHbI> HoMmep cKBaXXUHEI 3HaueHue BLHIOPaHHOTO 1o ID
(ecnu 3amaHo «Ilojie HOMepa
CKBAXHUHEBI»).

<uMa nonas> ®axT (MM IOJIsT) dakTHYeckKoe 3HaYeHUe
TIPOBEPSIEMOTO II0JIS.

z est Omnenka kpurutra (LOO) OlleHKa 0 OCTaJIbHBIM TOYKaM
(leave-one-out).

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

abs error Mopaymnb omubKu AGcosioTHas BeTUYUHA OIIMOKY,
|error].

std resid CTaHO. OCTaTOK (outeHka — ¢pakxT) / cTaHOAPTHYIO

omubOKy KpUr'uHra, co 3HakoMm. He
nucnepcus (oHa = 0).

KpoMe cnoss ocTaTKOB HMHCTPYMEHT 110 yMomdaHuio dopmupyer HTML-otuéTt (Ha plotly):
WHTEPaAaKTUBHBLIN IpaduK «OIleHKa VS (haKT» C AMaroHajibio, THCTOrpaMma omubokr, QQ-rpaduk
OCTaTKOB U TabuIila METPUK C 6II0KOM peKoMeHpanui. B Tabnuity mobaBiieHa OUCIIEPCUS TaHHBIX
- opueHTHp mia cyMmapsHoro cuiina C0+C. Pagom ¢ Tabnulleit MeTPUK NOKa3kIBaeTcs OJIOK
«[TapaMeTpEl KPUTHHTa»: MepPeduCiIeHbl TOJIbKO HACTPOUKH, OTIHYAIOIIMECsS OT CTAaHOapPTHBIX
(HarreT, CUII, PaguyC, OTCEB U TakK Aajiee), YTOOLI ObIIIO BUOHO, KAKMMU [TapaMeTpPaMu IOTyIeHEb
ot meTpuku. Ha rpaduke «oreHka vs pakT» MIpu HaBEOEeHUH Ha TOUYKY BUOHBI HOMED CKBaXKWHBI
¥ 3HAYEHWs, a BOCEMb CKBa*XWH C HaWOOJBIIMMM 110 MOMYJII0 OCTAaTKaMM ITOANKUCAHBI HPSIMO
Ha rpaduke - ux ynob6HO IPOBEPUTH B MEPBYI0 odepenb. OTYET OTKPHIBAETCSA B IIPOCMOTPIIMKE
pe3ynbraTtoB QGIS (unu B 6pay3epe). Ecnu plotly B c6opke QGIS HeOgoCcTymneH, OTYET BCE pPaBHO
co3maéTcs - ¢ Tabuliedl MeTPUK, HO 6e3 rpaduKoB.

QQ-rpaduk ocrarkoB. [loka3bBaeT GpopMy pacupeneneHus omubok. OmubKu HOPMUPYIOTCS
Ha uX COOCTBEHHYIO OMCIIEPCUIO (Z-OIleHKAa) ¥ CPABHUBAIOTCS C HOPMAJILHBIM pacIipefeieHueEM,
mo3ToMy rpaduk uutaeTcs mo popme npu m060¥ KanubpoBKe. 3a MacuiTab HEOPENETEHHOCTHU
oTBedaeT oTHenbHO MSDR B Tabnuile MeTpuk. [Io ropu3oHTanmu - KBAHTUIIM HOPMAaIbHOTO
pacrpemesieHusi, 10 BePTHKAJIM - HOPMHUPOBaHHAs oIubOKa. Eciu ommOKH HOPMAabHEI, TOYKHU
JIOKATCS Ha KPAcHYI0 muaroHanab. OTKJIOHEHHSI YUTAIOTCS Cpa3y. 3arHyThle KOHIE (S-00pa3Ho)
- TSI2KEJIBIe XBOCTHI, TO €CTh KPYIHBIX ITPOMaxoB 00bille, 4eM npu HopMme. O6mmit n3rub myroiu -
aCUMMeTPUs, CTOUT IIOAyMaThk O TpaHchopMaluu 3HaueHui. OTOenbHast IpPyIia, OTOPBABIIASICS
OT JIMHUH, - YyzKasi COBOKYIHOCTh B [AaHHBIX, HalpuMep O0e3pynoHble TPoOLl M3 30H 3aMeIeHUs
(rme moyie3HOr0 KOMIIOHEHTA HpaKTU4YecKu HeT). HopManbHOCTL BaXKHa IIOTOMY, YTO Ha HeH
ocHoBaHEI MSDR 1 KapTa CTaHOapPTHOM ONIHMOKH.
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QQ-rpauk oWKNBOK: Kak YuTaTb hopMy

Hopma

TOYKW Ha AvaroHanu.
OwnbKM HopmansHbl - opma
pacnpeneneHusa B nopamke.

KBaHTUNN ownboK (z)
o
1

T T T T T
e = —l; 0 1
Teop. KBaHTUAK (HopM.)

Ckoc (acummeTpus)

[lyra BMecTo NpaMoin.

PacnpeneneHne HeCUMMETPUYHO -

MoxHo nonpoboBaTe TpaHchopMaUmio.
¥

f

3e]
1

KBaHTUAM owmbok (2)
o
1

_4_

-4 -2 0 2

Teop. KBaHTUAK (HopM.)

Puc. 23: Yetripe TunuuHbX Buga QQ-rpadrka ocTaTkoB: HOpMa (TOYKU Ha AUATOHAJIN), TAXKETBIE

KBaHTWUNW owunbok (z)

KBaHTUAKM owmbok (2)

THXENbIE XBOCThI

KoHubl 2arubatoTca (S).
KpynHbix npomaxos bonslue,
YeM Mpu HopMe.

T T T T T T T
~7.5 =30 =25 0.0 25 5.0 7.5
Teop. KBaHTUAW (HopM.)}

BTopas nonynsuus

_3_

06nako Ha NMHUW + OTOPBABIUAACH
rpynna e xeocTe. 370 be3spynHsie
CKBAMMHBI (30HBI 3aMeLleHus,
NONE3HOro KOMMOHEHTa MOYTH HeT).

s

-3 =2 -1 0 1 2 3

Teop. KBaHTUAW (HopM.)

XBOCTBI, aCUMMETPUA U BTOPAA IIOIIYIALINUA - OTOPBABIIAACS I'PYIIIIa B XBOCTE.

I'maBHOEe - 4YTO pgenaTh C pe3yilbTarTaMu. CMEBEICT MHCTPYMEHTAa B TOM, 4YTOOBl Iiepef
IIOCTPOEHUEM T'pHUAA yYTBEPOUTH WJIM IOIPABUTL BeCh HAaOOp ImapaMeTpoB, KOTODPHIM BHI 3aTEM
3apmagute B «2D Kriging». 910 u BaprorpaMmma (HarreT, CUJIJI, paguycC, MOfeIb, aHU30TPOIINA), U
HaCTPOWKU CaMOr'o KpUTHHTa (paguycC IMOKMCKa, MUHHMYM/MaKCHMyM TOYEK, THUII - OPOUHaPHBIN
UM IIPOCTOM): KPOCC-Banupallus CYUTaeT KPUTHMHT POBHO C TEMH K€ HaCTPOUWKaMU, IO3TOMY
yoa4YHbIM HaboOp IMepeHoCUTCs B MHCTPYMeHT «2D Kriging» 6e3 namenenuii. ITopssmok pelieHu:

* ME oxkomo 0, MSDR okono 1, RMSE u R Bac ycTpauBaioT - HaOOp MOXKHO yTBepPXKOaTh:
IIepPeHOCUTe 3TU XKe IlapaMeTpHl (BapuorpaMMy M HACTPOMKHU ITOHCKa) B «2D Kriging» u

CTPOUTE IIOBEPXHOCTE.

* MSDR 3ameTHO Gonblie 1 - KpUTHHT CJIMIIKOM «yBepeH B cebe», KapTa CTaHOapTHOM OMInOKU

OymeT 3aHUKeHa: yBeuubTe HarreT CO UM CUiI U MPOBEPLTE CHOBA.
* MSDR meHblIle 1 - HEOTIPeOeIEHHOCTD 3aBhIIII€HA: YMEHBIINTE HArTeT UJIH CUJLI.

38




* ME 3ameTHO oTnin4daeTcs oT 0 - cHCTeMaTH4YeCKUN COBUT: IIPOBEePhTE JaHHBIE U TUII KPUTHUHTA
(o mpoCTOro KPUTHHTA - 3alaHHOE CpenHee).

* Bonbmiast RMSE u Hu3ku# R - Momens MmJI0Xo mpeacKasbkiBaeT: MonpoOyiTe Opyrou pamuyc,
Mopesb WM aHU30TPONUIO (a3UMyT U OTHOIIeHUe oceli). Ecnu HMYero He moMoraeT - 3TO
npepmes DaHHBEIX: KOPOTKOMAacmTabHas U3MEHYHUBOCTL, KOTOPYIO CETh He JIOBUT (HaAIpuMeD,
30HEBI 3aMelleHus 110 PyAe - Ha rpaduKe BHIIIE 3TO BEpTUKAIbHAA 110JIoca IIpU (paKTe 0KOJIO
0).

Crnoii OCTAaTKOB IIO[ICKA3bIBAET TOYEUHO: I'fle OCTATKH KPYIIHBIE - TaM CTOMUT CI'YCTHUTL CEThb
(moGaBUTH CKBazKUWHKEI) WJIM MPOBEPUTh MPOOHL. I'Ie oCTaTKH CHUCTeMaTH4YeCKHd OOHOTO 3HaKa IO
IJTIOIIAMY - TaM JIOKAJIbHBIA TPEH, KOTOPHIM KPUTHUHT HE YIEII.

HUTor: 3TOT HUHCTPYMEHT - NOCIEemHUU mar mnepen ¢GUHANILHBEIM KpurmHroM. CHadana BH
KanuOpyeTe BapuorpaMmy 30ech Ho omrubke, 3aTeM Te XKe ITapaMeTpsl ctaBuTe B «2D Kriging»
- ¥ MIOBEPXHOCTh BMECTE€ C KapTOM CTaHOapPTHOM OIMMOKM ITOIy4daroTCsi 000CHOBAHHBIMU, a He
mogoOpPaHHBIMU CYOBEKTHUBHO.

3aMedYaHUE O CKOPOCTH: KOHTPOJIb PEIIaeT KPUTHHI CTOJIBKO pa3, CKOJIBKO TOYEK, II03TOMY
Ha Oombmux HaOoOpax (OECSTKH THICSY CKBAaXXKWH) BBIIOIHSETCS 3aMeTHO m[ojbine. Ilpu
HeO0OXOOMMOCTH YMEHBIIUTE BEIOOPKY.

MucTpyMeHT «Co3maTrh IpUMeEpP CKBazKuH (aemMo)»

HNucTpyMeHT «Co30aTh NpUMepP CKBaXKUH (OemMo)» GOpMUPYET TOUEUHEBIM CJION CO CIydalHBIMHU
KOOpAWHATaMM M TPeMsI CTPYKTYPHPOBAHHBIMH ITOJIIMHU: aOCOJIIOTHAsI OTMETKa KPOBJIM IIjlacTa
(roof), momaOCTS (thick) 1 comepzxkanue abcTpakTHOro KoMmoHeHTa X (%). [lnama30HE KPOBJIU U
MOIITHOCTH 3afjaHbl 10 0Opa3iy npoMeinuieHHoro miaacta (Kpll). MHCTpyMeHT npeqHa3Ha4yeH O
00y4YeHUs U TPOBEPKU KPUTHUHTA, U30JIMHUN U KpPOCC-Banupanuuu 6e3 pealbHBIX TaHHBIX.
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MapameTpel HypHan

ObnacTe (akcTeHT)

Y1cno cKBEMHMH
300

MMHWMYM HEHEHMA X
0.000000

MakaaMyM sHa4eHHA X
50.000000

MmaakocTs (aonA oxsaTa)

0.150000

w enbHbIE nap

KpoBns: maHuMymM, M (36c.)
-250.000000

Kposns: makamym, M (abc.)
-50.000000

MOLWHOCTB: MUHMMYM, M
1.000000

MOLHOCTE: MAKCUMYM, M

B.000000

0.350000
3epHo MCY (0 = cnyyaliHo)
0

CrBammHel (aemo)

[CoznaTe BpEMEHHEII ¢

0iA]

[Lona HarreTa (0T aMcnepoin)

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

Q Ipug n nzonunmm - 5. Cozgate NPUMED CKBAXMH (4EMO)

[4r] C i i

i

¥ | OTKpLITE BEIX0AHOA GaiAn Nocne 3aBEPLEHNA ANMOpHTHA

0%

| BeinonHuTE | 3aKpLITE CrpaBka

5. CozpgaTth npumMmep
cKBaXXuH (aemo)

CoznaéT ToueqHRIR cnofi
SCKBEWMH C0 CNYYaiHEIMA
KOOPAMHETEMH B Npenenax ofnacti
W 3H3YeHMeH aBcTpakTHOro
KOMMOHEHTE (X, %), MMEHOLLMM
MPOCTPEHCTEEHHYIO CTPYKTYDPY.
MpeaxasHaqed Ana ofiydenus n
MPOSEPKW MHCTPYMEHTOS Bes
PeankHEIX ASHHBIX.

OBnacTb 3aAa8ETCH SKCTEHTOM
(MorkHOD Mo CNOKD, MO XONCTY KapTh,
EPY4HYHD KOOPAMHETAMA Wik
PUCOBaHMEN). «[NaaKocTe* 3303ET
Paanyc KOppenAaUMH Kak a0mo
oxeaTa (Bonblwe - KpynHee
“MATHE®). «[loNA HArreTa» 3anaéT
A0MK0 AMCNEPCKM, MPHXOAALLYIOCA
Ha KOpPOTKOMBCLWTAGHEN Wwym (uem
EDJ'IbLLIE. TEM MEHbLUE
NpeACKasyeMocTs). B XypHan
EbIEOAWTCA CTAPTOEEA
EapMorpamMa - €€ YTO4HAT Kpocc-
BanMaaLmel,

MonA pesynsTaTa: Homep
CKBEWMHbI, abCoMoTHaR 0TMETKE
rposnm (roof), mowrocTe (thick) 1
cofepekaHue X, [ManasoHbl Kposnm
W MOLLHOCTI M0 YMONHaHo Brmsw
K PEAMBHEM KanMiHeIM 4EHHBIM; MX
MOMHO M3MEHWTE B pasnens
«[|ONONHUTENEHD .

Isoliner v1.8.0

OTHEHUTEL

Puc. 24: Okuo uHcTpyMeHTa «C030aTh IPUMeEP CKBaXKUH (IeM0)».

[TapameTpsr:

[TapameTp

YTo 3amaéeT

ITo ymom4aHuio / COBET

O01acTh (3KCTEHT)

Yucno CKBaXKUH
MuHEMYM / MAKCUMYM
3Ha4YeHus X

I'magkocThk (Donst oxBaTa)

[TpsaMOYTrONBbHUK reHepaluu
(o croro, XOMNCTYy,
KOOpIMHATaMM, PUCOBAHUEM).
CKOJILKO TOYEK CO3/1aTh.
[Irana30H comepXKaHUA
KOMIIOHEHTa.

Paguyc Koppensiiiuy Kak moJIs
oxBaTa: 00JIbllle - KPyIIHEEe
«OSITHA».
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I[TapameTtp Yrto 3amaér ITo ymomyaHnuto / COBeT

Kpogsssi, MOIITHOCTh: MUH/MaKC [luara3oHHl moned roof u Kak y Kpll
(Hom.) thick.
Hons warreta (Jor.) Homns oucnepcuu Ha 0.35

KOPOTKOMACIITAaOHBIN IITyM:
OoJIbIlle - HUXKEe

MIPeCKa3yeMOCThb.
[Mo6aBUTL KaTeropuaiabHOe INone mintype (CUNIBLBUHUT, BBIKII.
Iojie MUHTHIIA 3aMelleHue) ois
WHOUKATOPHOTO KPUTHUHTA.
[o6aBuTh moJe Hamopa ITosne head ¢ pervoHanbHBIM BBIKJI.
VKJIOHOM [Jis TpajueHTa
IIOTOKA.
3epnHo I'CY (Jor.) Bocripon3BoauMoCTh 0
regepauuu. 0 = ciay4anHo.
CKBazKHHHI (IeMO0) BBIXOOHOI TOUEYHEIN CJIOH. -
IToBepxHOCTh gpelda (pacTp) BKIOYNTE BHIBOL - IOJIYYUTE BBIKJI. (IIPOTMYIIIEH)
+ mone dz pactp s u none dz ans

BHeIITHEeTo apetida.

ITpu 3anycke B 2KypHasn BBIBOOUTCS CTApTOBas BaprorpaMMa (CyMMapHBIM CHUJIJI = OUCIEPCUU
IaHHBIX, Harrer, pagmyc). CreHepUpOBaHHEIE OaHHBIE NMEIOT BOCCTAHOBUMYIO BapuoIpaMMy,
IIO3TOMY Ha HUX YOOOHO OCBOMUTH BECH IIMKJI: MOCTPOUTH Irpup B «2D Kriging», 3aTem nzonuHuy,
U IPOBEPUTH lTapaMeTphl KPOCC-Baluaaluuen.

[IBe ranku M OTHENLHBIM BHIBON NOOABJIAIOT HeOoOs3aTeJIbHbIE MOJNSA [OJId O0ydYeHUS CMEeXKHBIX
WHCTPYMeHTOB. [1o00aBHUTh KaTeropHajJbHOe IIOJie MHHTHIIA JaéT Iojie mintype ¢ ¢oHOM
CUJIBBUHHUTA U OYaraMH 3aMellleHUs OJI1 KaTeropruaibHOTO MHOUKATOPHOr 0 KpuruHra. [Jlo0aBHTH
IIojie Hamopa fJaeT nojie head ¢ BEIpakeHHBIM PETrHOHAJIBHBIM VKJIOHOM IJIS TMAPaBINYECKOI0
rpagueHTa: kKpuryete head, momaére pacTp B MHCTPYMEHT IIOTOKA, M CTPEJIKM HOYT BHU3 IIO
CKJIOHY Hamopa. BKio4YéHHBIM BhBOL IIOBEpPXHOCTH Opedda CTPOUT OTHEBHBIM PacTPOM
TIagKyl0 CTOPOHHIOIO ITOBEPXHOCTh S, M3BECTHYIO BCIOAY, U mobaBnseT mojne dz, TMHEWHO C Hel
cBsi3aHHOe. Ha 3TO¥ mape ocBaMBalOT KPUTHHT C BHEIIHUM apeiidoM: kpuryete dz ¢ pacTpoM S
Kak gper¢oM ¥ CpaBHHBAeTe C OORIYHLIM KpUTHHToM dz 6e3 mpetida. Eciu BHIBOM ITOBEPXHOCTH
IIpoIyIneH, nojie dz He mobaByIsieTCs.

ITomns pe3dynbrara:

ITone Tun YT0 comepxKuUT

well TEeKCT Homep ckBaxxuHhI, popmat
SK-0001.

roof YUCII0 AGcomoTHas OTMEeTKa KPOBJIH
mjiacTa, M.

thick 4UCIIO MoutHoCTh Ij1acTa, M.

X YUCII0 ComepxkaHue abCTPAKTHOTO
KOMIIOHEHTa, %.

head 4HCJIIO Hamop (nbe3oMeTpuyecKuu
YPOBEHB), M. TONBKO C TalIKOu
Haropa.

mintype TEKCT MuHepanbHBIA THUII

(CUIBEBUHUT, YaCTHYHOE
3aMeleHne, KaMeHHAsa COJIb).
TonbKO C raJIKOW MUHTHUIIA.
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ITone Tun YT0 comepXKuUT

dz YHCJIIO 3HadyeHue, TNHEeHHO
CBSI3aHHOE C ITOBEPXHOCTHIO
openida. Tonbko Ipu
BKJIIOUEHHOM BBIBOME
IIOBEPXHOCTH apeida.

AHcTpyMeHT «IIpodunau o0OpadoTKu»

IMpoduns - 5TO UMEHOBaHHBEIM HAOOp HACTpPoeK 00pabOTKM OOHOTO TapaMeTpa: BapHorpamMMa
(marret CO, Tun momenu, mopor C, paguyc a, a3UMyT U OCU aHU30TPOTIUH) TIJTFOC OTCEB yparaHHBIX
mpo6 (mepueHTUIb, TPAHUIIE, PeXUM cpe3ku). IIpodunu yogoOHEI, KOrma B IPOEKTE HECKOJIBKO
IUIACTOB WM 30H C Pa3HOM M3MEHYWBOCTBHIO: OOWH pa3 momoOpasl MOHesb OJIs IUlacTa - |
TIePEUCIOoNb3yelllh €€ B KPUTHUHTe, He BBOS YKCJIa 3aHOBO.

ITpodunu xpausTca rnobambHO B HacTpoikax QGIS, mosToMy OOCTYIHBI BO BCEX MNPOEKTax:
cobpan Mofenb IjlacTa OXHAXKOBl - IPUMEHSEIb rae yrogHo. IIpodunbs onucHBaeT OJHY
CTPYKTYPY BapUOTPaMMEI - POBHO CTOJILKO, CKOJIBKO MCIIOJIb3yeT KPUTUHT.
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(2} Mpua u nsonusmm - 6. Mpedwin obpabotu X
- b
apameTpel | MypHan 6. I'IpochnH
. ob6paboTmn
MoKasaTh MCoK b YNpaEneHWE Npodunami
obpaboTkum, Mpoduns - 370
MNpodune (ans yaaneHua [ npocMoTpa) WMMEHDBEHHbIA Habop <BaprorpamMa
(CTpykTypa 1: HarreT, TMA, Nopor,
Tect = PagWyc, asMMyT, ock) + OTCEE
- v 2= o e YParaHHelx npof. Mpodwnm
MNpodune <Tect»: HarreT C0=12,32, Mayccosa, nopor C=27.37, paguyc a=1.033e+04. COXPAHSIOT «BapMOrpaMMas 1
WMa npoduna (ans «CoxpaHuTe BpYYHYID®*) [HeobasaTensHo] s pocc-BanMaaumax, a
noacTaenaeT «20 Kriging.
JNelicteme: MNoKasaTe Mook (B
¥ [JononHWTENbHbIE NapaMeT pbl HypHan), CoxpaHuTe BpydHYo (No
NonAM B «JononHUTENEHD ),
Monenb: Harret CO YOanuTE BeibpaHHElt, O4YMCTHTE
e BCe.
0.000000
. Crucku NpodMnel B BoiNaaakoLLmy
MoREn e nonax oBHOBNAKOTCA MPH OTKPBITHKM
Chepiueckan = OKHE: COXPEHUIA MpOdnb -
NEPeOTKPOMTE MHCTPYMEHT , yTobiE!
Mopenk: nopor/sknan C OH NoABNCA,
1,000000 — Isoliner v1.8.0
Mopens: paauyc KoppenawM a
0.000000 =
Mopens: asumyT, ©
0.000000 ==
Mogens: aHMsoTponKa (Manas rnasHas)
1.000000 =
OTces: nepueHTMNE obpeski, % (0 = Bewn.)
0.000000 =
OTCeB: HIKHAR rpaHiUa (nycTo = HeT) [HeoOssaTensHo]
He 3anaHo -
OTces: BepxHAsA rpaHiua (MycTo = HeT) [HeobasaTensHo]
He 3anaHo -
OTCeE: (PE3ETH K MPEHULE BMECTO YAANEHWA
0% OTHEHUTEL
JlononHATENBHD ™ | | 33NYCTUTL B NaKETHOM DERMME. ., | BomonHuTs 3aKpLITE CrpaBka

Puc. 25: OknHo wuHcTpyMeHTa «IIpodunu o6pabOTKM»: HOEeWcTBHEe, BHIOOP IPOGUIIA C €ero
rmapaMeTpaMMu CTPOKOM HHUXKe M IMOoJs OJid PYYHOTro BBOAa B pa3sfesie «JOTOJTHUTEJILHBIE
rmapaMeTpBI».

OTkyma 6epyrcsa npodpuin

* BapuorpaMmmMa - none CoxpaHuTh npoduiabs mom uMeHeM. CoxpaHsieTcs momoOpaHHas
Mozenb. KpuBas CTPOUTCSA U30TPOIIHOM, IIO3TOMY a3UMYT U OCH 3alIUCHIBAIOTCS HEUTPaTbHbIMU
(0 1) - aHM30TPONHUIO 3aJAl0T IO3XKE.

* Kpocc-Banumanusi - nojie CoxpaHUTh Npoduns noa uMmeHeM. CoxpaHsaeTCs IpoOBepeHHas
MOOeb BMECTe C 3aJaHHOM aHM30TPOMNMEeH. ITO OCHOBHOM CIIOCO0 IMOMYyYUTL HPOGUIL C
a3uMyTOM U OCSMH.

* IIpoduiu o0OpadoTKH - eticTBre COXpaHUTh BPYYHYIO: BCE 3HAYEHU S TPODUIIST BBOOSATCS
B [TOJIIX pa3fena [JonoIHUTEeIbHbIE IapaMeTpPhI.
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IIpumeHneHnue

B unctpymente 2D Kriging v 8 Kpocc-Banumanum nojie 3arpy3uTh npoduibs od0padoTku
MMOACTaBAsEeT BBHIOPAHHBIM TIPOGUIIL TOBEPX MNoJied pmaumanora. YTo HWMEHHO IIO[CTaBJIEHO,
nevartaeTcs B 2KypHarl.

Vnpasinenue

Cam uHCcTpyMeHT IIpoduin 00paboTKH yIpaBiisieT XpaHUIHUIEM Yepe3 mapaMeTp [leHcTBuHe:

IHeticTBUE Yrto gemnaet

ITokasaTs CIUCOK BriBoput B 2KypHan Bce npoduiu c ux
ImapaMeTpaMu.

CoxpaHUTh BPYYHYIO Coxpanset nnpoduns c uMeHeM u3 nonsg Ums
npodus 1o 3HadYeHUsIM II0JIel B
«J1OTIOMHUTEIBHO».

YpanuTh BEIOpPaHHBIN Ynanset npodub, BEIOPaHHBIN B I10JIE
IIpoduns.

O4ucTUTH BCE Ypansietr Bce mpodunu.

CoxpaHeHUe oA yKe CyLIeCTBYIOIUIUM UMeHeM Ilepe3anuchiBaeT npoduns. Criucku npoduieit B
BBITTQJAIOIINX TTOMSAX (BHIOOD IJI yOajleHUs, 3arpy3kKa B KPUTHUHTE) 0OHOBJISIOTCS TPU OTKPBITUU
OKHa MHCTPYMEHTAa: COXpaHUIU IPOPUIL - IepeoTKPONUTe MHCTPYMEHT, YTOOHl OH IOSBUJICSA B
CIICKE.

ITopm BHITA@AIOMIMM CHMCKOM IMPOQHUIA CTPOKON HMXKE MMOKA3BIBAIOTCS ITapaMeTphl BEIOPAHHOT O
npodunsa (HarreT, TUI, IOPOT, paguyc, a3uMyT, ocH, orceB). B 2D Kriging 1 Kpocc-Banuganuu
TaM e BEIBOOUTCSA HAllOMUHAHWE, YTO PACUET IMOUMET 110 PoduIIio, a He 1o moasaM auasnora. Ha
cbopkax QGIS 6e3 craporo API BuIXKeTOB ITOAINCH HE MOSABIISETCS - OCTAETCS OOBIYHEBIM CIIMCOK
(#a paboTy 9TO HE BIUSIET).

HUucTtpyMmeHnT «KareropuaabHbIH HHIUKATOPHBIM KPHUT HHI »

HWucTpyMeHT KaTeropuajabHbIH HHIMKATOPHBIH KPHUITHHT CTPOUT KapTy BePOSTHOCTHU
II0 KaTeropuajbHOMY IIOJII0: MHUHEPAJIbLHOMY THUIY, JUTOTHUILY, JII0OOOMYy TEKCTOBOMY KJIaccy.
B ornuume oT 0OBIYHOTO KPUTHHTA, KOTOPHIM HHTEPIOIUPYET YHCIIO, 30EeCh OIEHWBAETCH,
HACKOJIBKO BEPOSATEeH KaX[BIM KlacC B KaXKAOW TOYKe IIJIOIIany. DTO HyXKHO TaM, I'le BaXHa He
BEIMYWHA, a MPUHAJIEKHOCTD K THUITY: TIe OXKHUATh 3aMeIleHue, IIe CMEHSIeTCsI COCTaB IJIacTa,
T7ie IPOXOOUT I'PAaHUIla MEXKAY PAa3HOCTSIMMU.
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O'. Ipwa v nzcnuanm - 8, KateropnaneHelil MHAMKITOPHEIA KPHIAHT =

MapameTpel HoypHan

ToueuHEIA Cnoi
CreassHil (nemo) [USER: 100000] | [;@ "‘:1:-5\;} P
V| Toneko BeIDENEHHEIE 00BEKTE
KaTeropMansHoe none {knacc)
abe mintype b
Panuyc novcka {0 = BcA Beifopka)
i:u.t_zcu_:lut_m_ ‘ |

MEH. YMCno ToYeK

i

|4
Makc, yuono Todek

s

[4¥]

Pazmep aueiki (0 = asto, min{oxeat)/50)
0.00000 |2 | rpia: -
OXBaT pacTpa (Mo YMONYaHKI - o cnok) [HeobasaTensHo]
|He sanamo a K =
BEPOATHOCTH MO KNACCEM (MHOrononocHe)
| [CoxpariTs Bo BpeMeHHEIA daian] .
V| OTKpEITE BRIX0AHOM dalin NoCNe 3a5epWIEHUA aNroprTHE
KapTa s0H {CamMeiil BEPOATHLIA KNaco)
| [CoxpaniTs BO BpeMeHHsIA daiin]
V| OTKpEITE BRixOAHON dalin NoCNe 3a5eplWIeHA aNroprTHa
¥EEPEHHOCTE (MaKC. BEPOATHOCTE) [HeoDAZaTENLHD]
| [MponycTTe BeiBoa] a

OTEPRITE BRINOOHON alin Noche 33BEpWEHUA ANropiMTHE

! 0% OTMEHWUTL

JononHUTENBHO ™ | | 3anycTHTh B NAKETHOM PEXMME. ., | BeinonHWTE | 3aKpeITh Cnpaska

Puc. 26: OkHO nHCTpyMeHTa «KaTeropuanbHbIM HHOUKATOPHBIA KPUTUHT».

[TapameTpHI:
[TapameTtp Yro 3amaér ITo ymonyaHuIo / COBET
ToueuHBIN cIOU HcxomHBIEe TOUKH. -
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I[TapameTtp Yrto 3amaér ITo ymomyaHnuto / COBeT

KaTteropuanbHoe moine (kinacc) Ilome knmacca (MUHTHII, -
nutotui). [Iycteie u NULL He

unyT.
Paguyc nmoucka, MUH./Maxkc. [Touck u ceTka - Kak B «2D Kak y «2D Kriging»
TOUYEK, pa3Mep g4eiku, oxBaT Kriging».
BeposTHOCTHU IO K1accaM PacTp: omHa mosnoca Ha Knacc,
(MHOT'OIIOJIOCHBIN) M4 Kjlacca B OHNCAaHUU

IIOJIOCHI.
Kapra 30H (cambili BeposaTHENU PacTp Koma caMmoro -
KJ1acc) BEPOSITHOT'O KJIacca;

COOTBETCTBUE KOIOB B

XKypHan.
YBepeHHOCTh (MakKc. PacTtp makcumyma Heo0s13aTeTbHBIN
BEPOSITHOCTH) BEPOSITHOCTH: I'le KIacc

YBEPEHHEIU, TOe CIIOPHEBIN.

Kak cuuTaercs

KogupoBaTh Kimacchl uuciaamMu 1, 2, 3 ¥ UHTEPIIOIUPOBATh 3TOT KOO HEIb3s. Y KaTeTrOpuil HET
mopsifiKa, Kjlacc 3 He «aanblie» Kjacca 1, u cpemHee MeXOy HUMH GeCCMBICIeHHO. [loaToMy
UHCTPYMEHT HOET MHOUKATOPHBIM IyTEM. Ha KaxKOplM KJjlacC CTPOUTCS HHOWKATOP: eduHUIA
TaM, Tle CKBaxXKHHa 3TOro Kijacca, HOJIb Be3fe nHaue. KaXObii MHOUKATOP KPUTYEeTCS OTOENbHO
OpOVHAPHBLIM KPUTHUHTOM, KakK OOBIYHOE TMOoJie, ¥ HAa€T MOBEPXHOCTh OT HYIS OO0 EIUHWUIIHL,
9TO U €eCThb BEpPOsITHOCTh Kjlacca. BapuworpamMMma HMHOMKaTOpa IOOOMpPAETCsS aBTOMATUYECKH
chepryeckoil MOOenbio II0 3KCIIePUMEHTAILHON.

PasgenbHuIe WHOWUKATOPEI B CyMME€ H€ Oal0T POBHO €JWHHIYy M MOT'YT HEMHOI'O BBEIXOOUTH 3a
Ouaras3oH, 3TO M3BECTHOE CBOMCTBO MeETOAa. HO3TOMy OlleHKa KazXKaOoro KiaccCa 06pe3aeTCH B
HOJIb OOWH, a 3aT€éM BEPOATHOCTH II0 KJIaCCaM HOPMHUDPYIOTCA Tak, 4yTOOHI B KaxXOou sTyemKe X
CyMMa DPAaBHAJIAaCh €OUHUIIE.

Y10 Ha BBIXOIE

Tpu pe3ynbTaTa. MHOTOIOJIOCHBEIH PAacTp BEPOSITHOCTEH, OgHA II0J0ca Ha KJIacc, UMs KJlacca
3amucaHO B ONKCAHHWE IOJIOCH. KapTa 30H, KOO C€aMOro BEPOSTHOrO Kjlacca B SYeHKe,
COOTBETCTBHME KOIOB M KJIAacCOB medaTaeTcs B JKypHas. HeoOsi3aTenbHBIH PacTp YBEPEHHOCTH,
MaKCHMYM BEPOSITHOCTH B s4eiiKe, 10 HeMy BHUIHO, Te KJIaCC YBEPEHHEIH, a TTie 30HbI CIIOPST U
ITPOXOMUT TPaHMILA.
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Puc. 27: Pe3ynmbTaT KaTeropuajabHOTO MHOMKATOPHOTO KPUTHMHTAa: KapTa CaMOT0 BEPOSTHOTO
KJjlacca [0 MUHepaJbHOMY TUIY, (POH CHJIBBUHUTA C OdyaraMM 3aMeIeHUs, CBEpPXy HaHeCEHH
TOYKHU CKBaXKUH.

KaTteropuanbHbIi moaxopn yooOeH TeM, 4TO He TpeOyeT 3apaHee MPOBOAUTH rpaHuIly. He HyXKHO
peluraTh, CYWTAThH JIM YaCTUYHOE 3aMelleHue omacHBIM. KapTHUpPYIOTCS BCe THUIBEI KaK €CThb, a
HYXKHYI0 KOMOMHANMI0 KJIacCOB COOMPAIOT IIOTOM U3 BePOATHOCTEM. Pemkme KacCel ¢ MalbIM
YMCIIOM CKBaXXWH [AiOT MIYMHYIO BapHOTrpaMMy, MHCTPYMEHT IIpeaynpexkmnaeT 06 aToM B 2KypHal,
BEPOSITHOCTh 110 TAKOMY KJIACCy UMTANTe OCTOPOXKHO.

YT0oOH OCBOUTH MHCTPYMEHT 63 peanbHBIX JAaHHBIX, BKIouuTe B Co3marh IMpHMEpP CKBaXKHH
(memo) ranky [1o0aBUTh KaTeropHajibHoOe II0JIe MUHTHIIA. B ciioii goGaBuTCS moje mintype
¢ (oHOM CHJIBBUHHTA M OYaraMu 3aMeIleHus 10 o0pa3lly PyOHUKA, Ha HEM MHCTPYMEHT MOXKHO
Ccpa3sy IIporHarTh.

Auctpyment «Kpuruar c¢ BHemHHM apendom (External
Drift)»

HUuacTpyMeHT Kpurunr ¢ BHemrauM npeindom (External Drift) oreHuBaeT mose Mo TOYKaM,
KOTra OHO 3aKOHOMEPHO CBS3aHO C BEIMYMHOM, KOTOpas yKe M3BeCTHa BCIOOY B BHIE pacTpa.
Takoit pacTp Ha3wsIBalOT ApetidhoM. UM MoKeT OLITH CTPYKTypPHAasI HOBEPXHOCTh COCEIHETO MIIacTa,
rpy0asi pervoHaabHasi MOMEIb, ITIOBEPXHOCTL II0 PEOKOM CETKe WU CEeMCMHYEeCKUU aTpubyT.
OOBIYHBIM KPUTUHT BUOUT TOJIBKO CAMHU CKBaXKUHEI, a 30eCh K HUM Ho0OaBIIsgeTcss 3HaHue 0 hopme
TI0JIsI MeXKOy HUMM, 1 OIleHKa OIMpaeTcs Ha 3Ty GopMy TaM, rie CKBakKuH HeT.

HHCTpyMeHT cTouT B rpynne [1ONOJHMTE/NbHbBIE HHCTPYMEHTBI U OIIMpPaeTCs Ha TO IKe
anpo, 4to u 2D Kriging. MaTemMaTnKa KpUTUHTa He MEeHSeTCSA. MeHseTCs TOJIBKO TO, II0 4eMy
CHUMAaeTCs PeruoHanbHasi COCTaBIsoIasd.
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(Q fononnutensHele WHCTPYMeHTbI - 2.2 KpUruHT ¢ BHewHWM apeiidom (External Drift) X
MNapameTpebl XKypHan ‘
ToueuHbl cnow =
= " CkBaXuHbl (aemo) [USER:100001] il @gj % sl
Tonbko BblaeneHHble 0bbeKkThi
[None 3HaueHwus (7)
1.2 roof v
PacTp BHewHero apeiida (M3BecteH Bcroay)
:-' Kpurunr dz - CkeaxkuHbl (aemo) [USER:100001] >
CreneHb Apelida
1 (nMHerHbIR) o
Tun kpurmHra
OpaunHaptbiii (OK) b
Paanyc nowcka (0 = Bca Boibopka)
0.000000 =
MuH. uncao Touek
1 =
Makc. uucno Touek
24 v
Paamep auetiku (0 = aBTO, min(oxsar)/50)
0.00000 _A rpua: 59 x 51 (aeTo)
Oxsar pactpa (N0 yMoNYaHwio - no cnow) [HeobszatensbHo)
He 3apaHo L& i
Obpezatb N0 KOHTYPY cKeaxwuH (Bbinyknas obonouka) =
0% OTtmeHnTb
JononHutenbHo ~ 3anycTuTb B MaKeTHOM PEXMME... ] Bbinoanntb [ 3aKpbiTb Cnpagka

Puc. 28: OkHo uncTtpyMeHTa «Kpuruur c BHemnmHuM apeiidpom (External Drift)»: ToueuHbIl ciow,
mojye Z, pacTp CTOPOHHEM ITOBEePXHOCTHU Kak aperid u crerneHb gperida. ITorck, aHU30TpOIUS U
obpe3Ka - B «JIOTTOMHUTENBEHO», KakK y «2D Kriging».

[TapameTpsr:

[TapameTtp YTo 3amaét ITo ymomgaHuio / COBET
ToueuHBIl CIIOU HcxogHBIE TOYKHA. -

INTone 3Hauenus (Z) HHTeprionupyeMseiii aTpudyT. -
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[Tapametp

YTo 3amaéeT

ITo ymom4aHuio / COBET

PacTp BHemIHero apetida

Kanan pactpa gpetida (Horm.)
CrerneHb gpetida

Tun xpuruHra, paguyc,
MUH./MakKC., HaTTeT,
CTPYKTYPH

CrnapuTts rpup (I'aycc),
pamuyc CriakuBaHUS
PacTp kpurusra c gpeidpom

CraHpmapTHas omrubKa
KPUTHHTA

CTOpPOHHSS TOBEPXHOCTE S,
M3BeCTHas Bcioay. B ogHoOMU
CRS c Toukamu, HOKPHIBaET
00671acTh.

[Tonmoca MHOTOIIOJIOCHOTO
pactpa gpetida.

JInaetinas (a0+al-s) unm
KBaZpaTuU4Has CBA3b.
KpuruHr ocTaTkoB - KakK B «2D
Kriging».

Heob6s13aTenvHoe
CTakvBaHUE pPe3yJibTaTa.
BrixopmHas oneHka (mpeud +
KPUTHUHT OCTATKOB).
Heo6s13aTenbHBIN pacTp
CTaHIOAPTHOU OIMUOKH

1 (IMHEenHBIN)

Kak y «2D Kriging»

BBIKJI. / 1

IIPOIIyIlIleHn

OCTaTKOB.

B yéM oT/IMYHE OT CHSITHSI TPeHIa

®naxok CHATH NOMHHOMHAIBHBIN TpeHn y 2D Kriging omnuceiBaeT pernoHamIbHYIO
COCTaBJIAIONUIYIO IIOJIMHOMOM OT KOOPAWHAT, TO €CTh HAKJIOHHOW MJIM HU30THYTOW IJIOCKOCTBIO.
9TOo roOuTCs, KOTHa IajeHUe IIjlacTa OmHOpPOomHO U ero ¢opma mpocta. Ho ecnu y mons ects
BBIpazKeHHas CTPYKTypa, HOBTOPSIONIasi U3BECTHYIO IOBEPXHOCTD, IIJIOCKOCTEL €€ He ONUIIET.

BremHui gpeli¢ CHUMaeT peTHOHAJIbHYIO COCTaBJISIONIYVIO He TI0 KOOPAUHAaTaM, a 10 CTOPOHHEMY
pactpy. Ecnu, HanpuMep, KpPOBJsL MHTEPECYIOIIEro IJIacTa IIOBTOPSIET penbed MOACTUNIAIOIIETO,
IJISE KOTOPOI'O IIOBEPXHOCTH y2Ke ITOCTPOeHa, 3Ty CBI3b CHUMAIOT Perpeccruell Ha IIOACTUIAOIYIO0
IIOBEPXHOCTH, a KPUTYIOT yKe OTKJIIOHeHUs oT Heé. [Ipelid 3mech He GYHKUIMS MecTa Ha KapTe, a
yHKIINA 3HaYeHUs BHEIIHETO pacTpa B TOU XKe TouKe. BCE ocTanmbHOE COBIamaeT CO CHATUEM
IIONMWHOMUAIBHOIO TPEHAA. JTO Ta XKe CxeMa PerpPeCCUs-KPUTHUHT .

Kak cuuTaercs

Crayara pacTp gperida CUUTHIBAETCHA B KaXAOW CKBaXKWHEe, OMIMHEWHO [0 YEeTHIPEM COCEOHUM
d4edKaM. 3aTeM 3Ha4eHHe IIONId DPerpecCUpyeTcs Ha 95TO0 CUYWTAHHOE 3Ha4YeHUEe METOOOM
HaWMeHbIINX KBagpaToB. CTenmeHs Aperda 3anaét Bum cBsa3u. CTerneHb 1 9TO TUHEHHEIN qpetid
BUna 3HaueHue paBHO a0 miioc al Ha mpeid, oOurunHbIM BeIOOP mast External Drift. Ctenens 2
OIMCHLIBAET U30THYTYIO CBA3b C KBaApaToM Ipelida, HO MOXKeT BOOpaTh B cebs1 4acTh peasibHOM
CTPYKTYPH], IO9TOMY IIOCJIE HEE CTOUT IIOCMOTPETH Ha BApUOTrpaMMy OCTATKOB.

[anpile KPUTYIOTCST OCTATKM PErpecCcHy, POBHO Kak oOwrgyHoe mone B 2D Kriging, co cBoeit
BapuoOrpaMMoOi, IONCKOM U aHu30Tponuel. Ha nocienHeM 11are pacTp gpelida nepecuduTsiBaeTcs
Ha CEeTKY KpPUTHUHTA, U apelid nobaBisgeTcs K KPpUroBaHHOM OlleHKe ocTaTKOB o6paTHO. MTorosas
OlleHKa B KaX[oH sdYeliKe paBHa Ipeldy IIIOC KPUTUHT OCTaTKa. [IOCKONBKY Apelid M3BeCcTeH
BCIOy, OlleHKa MeX[y CKBajKMHaMU TIHETCS He K JIOKaJbHOMY CpeZHeMy, a K opMe BHeIIHelU
IIOBEPXHOCTH.
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B pazphiae
2 KpUrIH

AHHBIX BHRYHBIA KPHIUHE CTN3MHBIETCH K CpeaHeMY,
e Bl H T TOTHE TIPofl By sHewHeR noseprHocTy. KPUMWMHE € BHEWHWM Apeidiom no dz

BHewHaa noeepxHocTe (apeid) s

R

-120
-140
—160
—180
-200
-220

-240

Puc. 29: Kpurur ¢ BHeIIHUM OpeddoM Ha pa3pexXKeHHBIX CKBaxKMHaX (pacuét sgpom Isoliner).
CrneBa - BHEIIIHSSI ITIOBEPXHOCTE S (Opetid). B ieHTpe 0OLIYHBINM KPUTHHT 110 dZ: B pa3phiBe JaHHBIX
OlleHKa Crjla’kuBaeTcsa K cpemHeMy. CipaBa KpPUTUHI C BHEIIHUM OpelidoM o dz moBTOpseT
¢popmy BHelTHEeM TOBEPXHOCTHU TaM, I'Tle CKBaxKUH HeT. [IyHKTUpPOM 00BelIEH pa3phIB MaHHEIX.

CKBaXXWHBI, KOTOPHIE TIOMAaNiM 3a Mpefefbl pacTtpa mapedda, B mombop He MOYT, WHCTPYMEHT
coobmraeT B 2KypHani, CKOJIBKO UX OTOpOIIeHOo. 4elKu CeTKH, He IOKPHITEIE PacTpoM Apeida,
OOCTPOUTDH HEYEM, II09TOMY OHUM OCTAIOTCS IIyCTBIMU BMECTE CO CTAaHAAPTHOMN OMMUOKON B HUX.

ITapamMmeTpsbI

TouyeuHbIH CJIOHM ¥ MOJIe 3HaYeHuss Z 3amarorcad Kak B 2D Kriging. ITapamerp Pactp
BHEIITHEero aper@a 3TO U eCTh CTOPOHHSAS MMOBEPXHOCTDL, U3BeCTHAs Bciomy. Heobs3aTenbHEBIH
KaHa/I pacTpa apeiida BeIOHpPAET II0JI0CY MHOTOIIOJIOCHOTO pacTpa. IIoMCK, pa3Mep sSYeukH,
oxBaT, o0pe3Ka M0 KOHTYPY CKBaXXWH, HArTeT W CTPYKTYPhl BapHOTPaMMhbI, OTCEB yparaHHBIX
npo® m crilaxxuBaHHWe Trpupma paboTalOT M OMMCaHH TakK ke, Kak y 2D Kriging, ¢ temu xe
YMOJTYaHUSMHU.

BaxHoe ycioBue. PacTp apeticha ¥ TOUEUHBIN CHOM HOJIKHBEI OBITH B OJHOM CHCTEME KOOPOUHAT,
UHadYe 3HaudyeHHUe Opelida CHUMeTCS He B TOoM Touke. [Ipu HecoBmameHuu CRS HHCTpPyMEHT
npenynpexnaet B 2ZKypHars. PacTp mperida OoKeH MOKPHIBAaTh BCIO 06/1aCTh OLIEHKM, UHAYe 110
KpasiM IOSIBATCS IIyCTHIE STYEHKU.

BapuorpaMmMa 1mo ocrarkamM

Kak u nipu cHATUU TPeH[Oa, BapuorpaMMy 37ecCh 3aJaloT I10 OCTaTKaM pPeTrpecChi, a He 110 CBIPOMY
3"HaueHwuto. [locne cHsATHUSA Apelida BapuorpaMMa OCTaTKOB BO3BpaAlllaeTCsd K HOPMalbHOMY BU[Y,
BBIXOAUT Ha MOPOT C HATTETOM, ¥ PafuyC OTPaxkaeT UCTUHHBIM MacIITab JOKaIbHON KOPPEJISAIUH.
PacTp cTaHOapTHOM OMIMOKK B 3TOM PeXKHMe 3TO OIMMOKa KPUTHHTa OCTAaTKOB. [Ipeid cuuTaeTcs
OEeTEePMUHUPOBAHHEIM U COOCTBEHHOM IOTPEITHOCTH K Hell He nobaBisier.

Yno6uEIH crtocob momo6paTh BapuorpaMMy OCTATKOB, HE BRIXOS U3 UHCTPYMEHTA BapuOTPaMMEL,
IIOKa He NPegyCMOTPEH, II03TOMY OCTATKM OLEHUBAIOT IO AO0JIE CHSATOM OUCIEPCUU, KOTOPYIO
uHCTPpyMeHT medataeT B JKypHan. Ecnmu ppeiid ybpan 3amMeTHyI0 4dacTk pa3bpoca, CBsI3b C
BHEIITHEH IMOBEPXHOCTHIO peajibHa U Apeid ymecTeH. Eciu mouyTH HUYero He yoOparl, Ioje C 3TUM
pacTpoM He cBs3aHO, U 00bruHbI 2D Kriging gacT ToT XKe pe3ysbsTaT IPoIIe.
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NucTtpyMeHT «['HApaBIMYEeCKHH TIpPaJHEHT H HaIpaBJIeHHE
IOTOKa»

HWHcTpyMeHT I'mapaBIMYeCKHH TpaJHeHT H HalpaBJIeHHe IOTOKa paboTaeT C IojieM
Harmopa, TO eCThb C IIhe30MEeTPHUUECKOl MOBEePXHOCTHIO, ¥ ITOKA3hIBAeT, Kyla U HACKOJILKO KPYTO
TeuyéT moa3eMHas Boma. Ha Bxop momaércs pacTp Hamopa, o6eraHO pe3ynbraT 2D Kriging mo
VPOBHSIM B CKBaXXHWHaX. [ TUAPOre0Iora 9TO TaKOM Ke eCTeCTBEHHBIH IIaT TOCIIE TTOCTPOEHUST
TTOBEPXHOCTHY HATIOPA, KaK W30JIMHUHU TTOC/Ie KPUTUHTA.

Puc. 30: BekTophl IOTOKa Ha NHOBEPXHOCTHU HAIloOpa: CTPEJIKM UAYT BHU3 II0 I'PafueHTy, OT
BBICOKOTO Halopa (TEIUIble TOHA) K HU3KOMY (XOJIOOHEBIE), IIOBEPX M30JIMHUU Hamopa. [InuHa
CTPEJIKM PacTET C KPYTU3HOU IpagueHTa.

Ha Beixope Tpu cnos. PacTp Mogysisi rpagMeHTa I0Ka3bBA€T KPYTU3HY IIOBEPXHOCTH HAIIOPA,
TUOpPABIMYECKUN TpafueHT i paBeH Moaynio Vh u 6Ge3pasmepeH. PacTp a3umyTa XpaHUT
HalpaBJjieHWe NOTOKa B I'pagycax, T'Oe HOJIb 3TO CeBep, a OTCUET UMAET II0 YaCOBOM CTpPEJIKe.
ToyeuHBIl CIIOM BEKTOPOB MOTOKA IIPOPEIKEH I10 CETKE U cpa3y ohopMJIeH CTPeIKaMH, I03TOMY
KapTuHa GUILTPAIK BUOHA 03 HAaCTPOUKH CUMBOJIMKH.

HanpaBnenue cuuTaeTcss cTporo. Boma TedyéT BHM3 IIO0 TI'PafHeHTy, OT OOJBIIEro Hamopa K
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MEHBbIIEMY, II0O3TOMY CTPEJIKa CMOTPUT B CTOPOHY ITa€HHNSA IIOBEPXHOCTH. Ha momnorux y4acCTKax,
rIe HallOP IIOYTH IIOCTOAAHEH, HallpaBJIEHHWE He OIIPpeNeJyiIieHO, U a3uMYyT TaM OCTaéTcs IIYCTBEIM.

be3 npoHuaeMoOCTH

WHCTpYMEHT ONHCHIBaeT TeOMETPHUIO IO Halopa, HO HEe CKOpPOoCTh IIoTOoKa. CKOpOCTh
¢unpTpanuu 0o 3aKOoHY HapCyu paBHa MHUHYC Ko3hbunueHT (punbTpaumu K Ha rpagueHTt, u
oI Heé HyXeH caM KoaddunueHT K, KOTOPHI MHCTPYMEHT He 3alpallvBaeT U He CUYUTaeT.
HWnaue roBops, KapTa OTBedaeT Ha BONPOC KyHda U HAaCKOJIBKO KPyTO, HO He Kak 6wricTpo. Korma
nosaButca K mo mnomiagy, CKOPOCTh IONIYYUTCS YMHOXKEHHEeM TpafueHTa Ha IPOHUIIaeMOCThb
OTHENBLHBIM ITTarOM.

ITapaMeTpsI U CriIaKUBaHHEe

Bxonm 5To pacTp Hamopa ¥ ero KaHasi. [lapaMeTp BeKTOpPHI MOTOKA, IAr IMPOpeXXHUBaHHSI
3amaéT, yepes CKOJIbKO sTUeeK CTaBUTh CTPENKY, YTOOLI OHHM He CIIHBAINCh, II0 YMOIYaHHUI0 BOCEMb.
[TapaMeTp criakuBaHHE HAIOpa Iepes PacdyeéToM yOupaeT MeNKyIo psidb rpuaa, 3afgaéTcs B
H‘-IGfIKE[X, I10 YMOJIYaHHUIO BBEIKJIIOYEH.

I[TapameTp YTo 3amaéT ITo ymonmganuio / COBET

PacTp Hamopa BxopmHas mbe3oMeTpudecKas -
TTOBEPXHOCTE (0OBIIHO

pesynbrat «2D Kriging»).

Kanan (Hor.) [Tomoca BXOQHOTO pacTpa. 1
CrmaxuBaHUe Haopa Iepeq FacuT mywm rpupa mepeq 0
pacyeToM, sTUYeeK ouddepenmnupoBanueM. 0 =

0e3.
BekTopsl moTOKa: 1mar Yepes CKOJILKO sT9YeeK CTaBUTh 8

IpopexKnUBaHUS, TUeeK
lNipmpaBnuyeckuy rpagueHT
(Momyb)

Hanpasnenue roToka
(a3umyT)

BekTopHl TOTOKA (TOYKHU)

CTDPEJIKY.
BrerxopmHoi# pactp |Vh|.

BrIXOmHOM pacTp a3uMyTa
(BHU3 IIO TPAUEHTY).
TodeuHBIN CJIOU CTPEIOK

CO37aéTCs 110 YMOJI9YaHHUIO

CO3JaéTCs 10 YMOITUYaHUIO

(mons az, grad).

CriaxXuBaHUE BKJIIOYAIOT He [JIT KPAacoThl, a Mo cyilecTtBy. [NuddepeHInpoBaHue YCUIUBAET
IIyM, IIO3TOMY Aa’ke aKKypaTHHIN IPUI KPUTHWHTA CIIOCOO0eH HaTh HSITHUCTOE II0Jie TpajueHTa C
OEPTraHBIMU CTPenKaMu. JIETrKoe Criia’kvBaHWE BO3BpalllaeT KapTUHY K YHUTAaeMOMy BuAy. Toro
xKe 3¢pdekTa MOKHO TOOUTHCS, criiaguB caMm Hamop elle B 2D Kriging.

CTpe/IKHd U3 TOYeK

C1o# BEKTOPOB 9TO TOYKH, a CTPEJIKH PUCYET CUMBOIHKA. IIpeceT HaKJTagbIBaeTCsI aBTOMAaTHYECKH.
Mapkep-CTpesnika MOBOPaYMBAETCSA II0 TIOJII0 aZ, ITO9TOMY IMOKa3hkIBaeT HallpaBjieHHWe MOTOKa, a
pasMep MaciTabupyeTcs mo momo grad, To3ToOMy CTpenKa AJIUHHEe TaM, The TPafueHT Kpyye.
Pa3Mep 3apaH B MUITUMETPAX W HE 3aBUCUT OT MacinTaba KapTel. CUMBOIMKY MOKHO ITOMEHSITh
B CBOMCTBAax cios. Eciu HyzKHa KjlacCuYecKasl KBUBep-guarpaMMa, e IJIHHa CTPEJIKHM OTI0XKeHa
B eIMHUIIAX KapThl, MAapKep 3aMeHAI0T TeHepaToOpOM reOMeTPHH, PELelIT JIeXKUT B ITalKe CTUIIeH
PSAIOM C TIPECETOM.

ITomst c1os1 BEKTOPOB MIOTOKA:
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TTone Tuno YTOo comepXKUT

az 4HUCJIIO A3uUMyT HalpaBJIeHUS IIOTOKa,
rpanpycs (0 = ceBep, IO
4aCOBOM CTpeJIKe, BHU3 10
TpajueHTy).

grad YUCJIIO Mopnynb rugpaBIudeCcKoTo

rpagueHTa \

V4eOHBbIM IIHUKII

YToOBl IPONUTU BeCh IIyTh 6e3 pealbHBIX HAHHEBEIX, BKIOuYWTe B Co3marh HpHMMEP CKBaXKWH
(memo) ranky [HobdaBuTh mojie Hamopa. B cnoit pgoGasutcs monie head ¢ BrIpakeHHBIM
peruoHanbHBIM YKIOHOM. [locTporite mo Hemy rpunm B 2D Kriging, nogaiite pacTtp cioja, u
CTpEeJIKM NOWAYT BHU3 IO CKJIOHY Hamopa. TOoT XKe CKBO3HOM CLieHapWul, YTO U OJIs OCTaJIbHBIX

HHCTPYMEHTOB, TOJIBKO ITPO THOPOT€0JIOTHUIO.

TunuuyHbIe CHTYAIIHH U pellIeHus1

YTo BUOHO

[TpuuuHa

Pemienue

KoH1leHTpu4Yeckue «OBYbU
ria3a», KOHYCHI

VYrnoBaTbie U30JIMHUU
(«OKTaArOHBI»)

PapguanbHBEIE/BEEPHBIE TUHUU
B IIYCTHIX yTIax

N3onuHnm repecekamnTCs B
TYCTHIX MeCTax

ITonuroHsl OOHOTO IIBETA

KpuUruHr TOYHO MPOTATUBAET
3Ha4YeHUe Yyepes
CKBaXXWHHI-BLIOPOCH! (HarreT
0).

['pyOrIit TPUM: BEPIINHEL
CTaBSATCS 110 KpasM si4YeekK.

SKCTpaHOHHHI/IH 3a
IIpepgeiiaMu JaHHBIX.

PaHnb11e - ciiencTBue

CrIaXXMBaHUS KaxXKOOU JIMHUU.

[To ymongaHUIO CIOU

CO3OAETCI C OOHUM CHUMBOJIOM.

3apaTtp Harret CO (0.2-0.4 ot
cusia, B abCOJIIOTHRIX
eqUHUIaX nucnepcun). U/unu
BKJIIOUUTD CrllazkKUBaHUe
rpuga B «2D Kriging».
YBenuuuth «CKpyTriIeHHe
UHUN>» 00 3 UJIN YMEHBIIUTD
pa3mep sS4YeWKU B KPUTHUHTE.
Bxmouuth «O0pes3aTs Mo
KOHTYPY CKBaXKWUH» WU
3a7aTh MacKy OOpe3KH.
CriaxuBaHWE UOET I10 TIOJTI0
(B «2D Kriging»). YBenuuuTh
TaM PafuyC CrilakKuBaHUS
rpupa.

3apaTh rpagyupoOBaHHYIO
cuMBOJIMKY 1o ELEV_MIN.

JINLIeH3us U moaaepKKa

IInarun pacnpoctpaHsercs mop nunieH3umerr GNU GPL v2 unu HOoBee (GPL-2.0-or-later) - Toi
ke, yto u caM QGIS. ITonun#t TekcT B ¢datine LICENSE B komminekte. © OO0 «HMHbDOpM++»,

www.informpp.ru.
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