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1 BeeaneHue

Isoliner - mpoBaugep HMHCTPYMEHTOB Processing OJI1 WHTEPHOIALUUA TOYEYHBIX
OaHHBIX U [IOCTPOEHUA UIOJIUHUU. AOpo KpUTruHTra - aaroputm KB2D u3 GSLIB.
['pynna I'pua 1 H30JIMHUM COOEPKUT YEeThHIpe UHCTPYMEHTA.

2D Kriging (TOYKH — pacTp) - OpAUHAPHBIN UJIN IPOCTON KPUTUHT 10 TOUEYHOMY
CJIOIO.

HN301muauu u3 PacCTpa - U30JIMHHHN W KOHTYPHBIE IIOJIMI'OHEIL (mosica MexXny
U30JIMHUSAMU), I'PAaHUIIBEI KOTOPBIX COBIIaAalOT C IMHUAMMU.

Kpocc-Baiugamnusi BApHOTrPaMMBbl - CKOJIB3SAIINN KOHTPOIb OJISI IPOBEPKHU U
rnmogbopa mapaMeTpPoOB KPUTHHTA IT0 OIIMOKeE, a He BU3YaJIbHO.



Co3maTh NpUMeEP CKBaXKHUH (IeMO0) - TeHepallnus y4eOHOro TOYeYHOro CJIOS C
ITPOCTPAHCTBEHHOU CTPYKTYPOU (KPOBIISI, MOIITHOCTH, COAepKaHue KOMIIOHEHTA)
7151 00y4eHUs U ITPOBEPKU 0€3 peaTbHLIX TaHHBIX.

[MTogxoOuT AJIsS OTMETOK IIjlacTa, MoITHocTel, ®MC, XUMUM U JTIIOOBIX YHUCIIOBBIX
aTpuOyTOB CKBaXKMH.

HeckonbKO TEPMUHOB, KOTOPhIE BCTpedYaloTCs Aasee. BapuorpaMMa OnUCHIBaET,
HACKOJIbKO CUJIbHEE Pa3IUYaloTCsd 3HAYeHUsS C POCTOM PACCTOSTHUS MEXKOY
ToukKaMu. CHUJII - YypOBEeHb, Ha KOTOPHIM OHaA BBIXOOUT (OJIM30K K AUCIEPCUU
maHHBIX). HarreT (0T aHriI. nugget, «3¢GEKT caMOpOoKa») - CKaUOK BapuOTrpaMMBbI y
HyJs, TO eCTh pa30poC Ha CKOJIb YyrOOHO MajbIX PaCCTOSHUSX, BBI3BaHHBIU
U3MEPUTEJILHLIM IITYMOM U MUKPOU3MEHYUBOCTHIO. [lajee Mo TEKCTY - IPOCTO
«HarreT».

1.1 YcraHoBKa 1 pacnosioXxeHue

OcHOBHOU c11oco0 - u3 opuimanbHOro peno3utopus QGIS. OTkpoiite Mogynu —
YnpaBneHue U yCTaHOBKa MoAyJiel — BKjlagkKa Bce, B moucke Habepurte Isoliner,
BLIOEPHUTE MJIarMH ¥ HaXMHUTE YCTAHOBHUTD. [IpU yCTaHOBKE M3 PEIO3UTOPHUSI
QGIS caM co00IIIaeT 0 BEIXOle HOBBIX BEpCUM U OOHOBJISIET IIJIaTUH 10 KHOTIKE.
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HHcmpymeHmubr MoOyas 8 naHeau O6padomka: 2pynna Isoliner — I'pud u
U30/1IUHUU C YeMblPbMs UHCMPYMEHMAaMmu.

AnbTepHaTUBHBIN crioco0 - u3 ZIP-daiina. Mooynu — YmopaBieHue M YCTaHOBKA
MopayJien — YcTaHOBUTH u3 ZIP. 9To ymoOHO pnsa odJalH-yCTaHOBKU U
MIpeapesn3HbIX COOPOK.

[Tocne yCTaHOBKY MHCTPYMEHTHI MTOSIBJIAIOTCS B MaHenu O0padoTka (Processing),
mpoBatifep Isoliner, rpymnma I'pua u u3omuHUA. TpeboBaHus: QGIS 3.16+. BHenTtHUX
3aBHCUMOCTEU HET - UCHIOJIb3YI0TCA NumPy, GDAL U IITaTHLIE aJITOPUTMEI Processing
u3 coctana QGIS.



1.2 OO6GHoOBAeHUe

[Ipu ycTtanoBke u3 peno3utopusa QGIS moka3biBaeT yBeOOMJIEHUE O OOCTYIHOU
HOBOM BEpPCHUU - 3HAUOK B CTPOKE COCTOSAHUSA U CIHUCOK BO BKJIaOKe
Oo0HOB/IsIeMbIe MeHemxkepa Mopynei. OOHOBJIEHHE BBIMIOJIHAETCS OMHOM
KHOMIKOMU. [Ipu ycTaHOBKe U3 ZIP HOBas BEPCUS CTABUTCS TEM XKe IIYTEM, ITOBEPX
CcTapou.

[ImarvH KOPPEKTHO mepe3arpyKaeTcs «Ha JIeTY», mepe3alryck QGIS He TpebyeTcs.
Il OpICTpOM ITepe3arpy3Ku Koma Ipu pa3dpaboTke ynodbeH Moayib Plugin Reloader
(kHOIKa Reload a plugin...). BeibepuTe Isoliner - mpoBaligep U BCe UHCTPYMEHTHI
IIepeperucTpupyrTCcsa cpasy.

1.3 BbI30B cnpaBKu

B pguanore KaxXgoro MHCTpyMeHTa eCTh KHOIIKa CIipaBKa, OTKpBIBAWOIIAsA 3TO
pykoBoacTBO (PDF B KOMILJIEKTe IUIaruHa). IlpaBas maHenb [guasora
OOIIOJIHUTEJIbHO II0OKA3kIBaeT KPaTKYIO IIOACKa3Ky [10 UHCTPYMEHTY.

2 O6w,as normka pabortbl
TumnoBou clieHapuy COCTOUT U3 ABYX ILIIaros:

2D Kriging: 10 TOUEYHOMY CJIOIO ¥ YHUCJIOBOMY IIOJIIO Z CTPOUTCS pacTp (perynsgapHad
CeTKa 3HaUYeHUMN).

Hz3onuHuu us PacTpa: II0 IIOJIYYEHHOMY pPaACTPy CTPOATCA HUI3O0JIMHHUU U, IIPU
HGOGXOJII/IMOCTI/I, 3aJINThI€ KOHTYPHEIE ITOJIUT OHEI.

[llaru He3aBHCUMEL: M30JIMHHH M3 pacTpa padoTarlT C JIIOOBIM pPacTpoM, He
TOJIBKO C Pe3yJIbTaTOM KPUTHHTA.

Kak paboTaeT MofyJfib: CKBaXXWUHbI — rpna — U30JNHAN

50

40 3. U30nnHUM 1 NOANTOHBI
1. CKBaXXKMHbI (TOYKM) 2. pua (KpUruHr)
L4

Becb npouecc Ha ceeHepupo8aHHOM NPpUMepe: CKBAMNCUHbBL C UBMePeHUAMU
(cseea) npespaw,aromcsi 8 CnA0WHOL 2pud Kpu2uHa0M (8 ,eHmpe), N0 Komopomy
CMpPOAMCS U30AUHUU U KOHMYPHbBLE NOAU20HbL (CNpasa).
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OpnouHapHBIU

UHCcTpYyM

eHT 2D Kriging (Touku = pactp)

(OK) wmnm 1npocTtou (SK) KPUTHHT 1O

TOYE€4YHOMY CIJIOIO.

CoBnapgarliiye TOYKU (OOUMH U TOT XkKe XY) yCpeOHSTCd o Z. B y3nax ceTku
3HaYEeHUs UCXOOHBIX TOYEK BOCIIPOU3BOOATCS TOUHO (IIPU HYJIEBOM HarreTe).

KpWUruHr: oueHkKa B y3fe - B3BeLleHHoe cpeaHee cocepei

Bec 14%

Q

Bec 11%

O

c

Bec 219

Yem Bavxke ckBaunHa K yany, Tem bonblue eé Bec.
Beca noabupaioTcA No BapvorpaMMe, a He NPOCTo 1/paccTofHue.

CKBaXMWHbI
y3en (oueHnsaem)

*

Bec 20%

O

Bec 14%

O

Yo
Bec 20%

o

KpueauHe oueHusaem 3HaveHue 8 y3/e Kak 838eweHHoe cpedHee baudcatiwux
CKBAJCUH: UeM b.audice cKkeadcuHa, mem boavuie eé sec. Beca nodbuparomces no

gapuozpamme.

OCHOBHEBIE TapaMeTPHI:

[TapameTp

YTo 3amaer

[To ymonuanuso /
COBET

ToueyuHEbBIN CIIOU

TonbKo
BBI[IEJICHHELIE
00BLEeKTEI

Ilone 3HaueHUusa

(2)

Tun kpuruera

Papuyc noucka

MuH. yucio
TOUYEK

HcxomHble TOUKHU (CKBAXKHWHBI) OJIs1
UHTEPIIOJISALIUN.

CuuTaTh IUILIE 10 BEIAEIEHHBIM TOYKaM
CJIOSsA.

YucmoBol aTpulyT, KOTOPHIU
WHTEPIIOINPYETCS: OTMEeTKa IIjIacTa,
MOIITHOCTE, PMC, XuUMUS U T. II.

OppousapHbU (OK) - TOKaIbHO
olleHuBaeT cpenHee caMm. [IpocToiu (SK) -
UCHOJIb3yeT 3afanHoe CpenHee.

Papmyc okHa IorcKa COCeTHUX TOUYeK
BOKPYT y371a. 0 = BCsI BLIOOPKA.

Ecnu B OKHE MEHBIIIE TOYEK - Y3eIl
OCTaETCs MyCTHIM (nodata).

BBIKII.

3allOMUHaEeTCs
MEeXKIY
3anycKaMu

OK

0 (BCs1 BLIOOPKA)



[TapameTp

YTo 3amaer

[To ymonuanuso /
COBET

Maxkc. uucio
TOUYEK

Pa3mep ssueriku

OxBaT pacTpa

O6pe3aTh Mo
KOHTYPY
CKBaKWH

Bydep
000JI0YKHU

Macka o6pe3ku

CrmaguTh rpun
(I'aycc)
Paguyc
CTJIaKMBaHMUSI,
sg4yeeKk

CKONBKO ONMUKaAUIINX TOYEK
BKITIOYaAE€TCAd B CUCTEMY KPUT'HMHT A.

[ITar rpuma. 0 = aBTO = min(oxBaT)/50.

[TpsiMOyTOJILHUK pacyéeTa. [1o
YMOJTYaHHUIO - II0 CJIOIO.

PacTp o6pe3aeTcs BHIIIYKIION
000JI0YKOM BCEX TOUEK - yOUpaeT
SKCTPAIOJISIIUIO B ITyCTHIX yTIaX.

PacmupuTs 0607104Ky Ha N eTUHUI]
KapTHl HAPYXKY.

CBO¥ ITIOJIUTOH BMECTO 000JI0OUKH

(mpuopuUTETHEE) - yIOOHO [IJIsT BOTHYTHIX

y4acCTKOB.

FB.YCCOBO CTr'JIa2KHBaHH € BBIXOOHOTI'O
rpuga. ITo YMOJIT9aHHUIO BEIKITIOYEHO.

Paguyc rayccoBa ¢punbTpa B S9YenKax.

Bornpbiiie paguyc - rimaxe rpuf U yxe
ouaa30H 3HAYEeHUH.

24

MeJIbue =
IIJIaBHee, HO
OOJIbIIIE

IIO0 CJIOIO

PEKOMEHOYEeTCA
BKII.

0

BBIKIJI.



(@ rpua u usonunmm - 20 Kriging (Touku — pactp) X

MNapavetpsi | XypHan ' 2D Kriging (Toukun —
ToueuHsit cnoit - pacrtp)
Creaxbl (2emo) [USER: 100000] ~| *\

Mone 3HaueHus (2)

12 -
Tun kpurera
OpavrapHsii (OK) -

Paauyc nowaxa (0 = Bc swibopra)

0.000000 v

M. WiCno Touex.

1 i
MaKc. Wicno Tosex

24 $
Pasmep sueiikn (0 = asTo, min(oxsaT)/50)

0.00000 ¢
OxsaT pacTpa (no yMon4aHuo - no cnoro) [HeobssatensHo]

He 33030 o
V| OfipesaTs no KOHTYPY cxBaxmH (Beinyknas obonouxa)
Bydep obonoury, ea. kapTsi

0.000000 s

Macxa obpesiu (nonuroH us NpoeKTa) - NpHopH obonoun )|

P [ononHuTenbHbie napamerpbi
PacTp Kkpurwra

V| OTipBiT BIX0AHOi daiin NoCTe 3aBepWEHIS ANTOpHTHE

CranpapTHas oumbka kpurinra [HeobsisatensHo]

0% e —

AONONHUTENLHO ~ | | 3aNYCTUTL B NAKETHOM DEXMME. .. BoinonHuT 3aKpeiTo Cnpaska

OkHo uHcmpymeHma 2D Kriging: ocHo8Hble napamempbl. Cnpasa - Kpamkas
8CMpPOEeHHAs CNpaska.

Paﬂmyc NMOUCKa W HUCJI0 coceHUX TOYeK

O BHe paguyca (He yuTeHsl)

B paguyce (yuTeHbl)
ysen o

o panouyc noMcka

o
L

o

[lns oueHKn B y3ne GepyTca TONbKO CKBaXKMHBI BHYTPU pamuyca
(4 He BoNblWe 3afaHHOrO MaKCMMyMa BanKafLLKX).

15 kascdoezo y31a 6epymcs moabKo CK8AMCUHblI BHYMPU paduycad Nnouckda U He
60see 3a0aHH020 Yyucaa baudxcatiwux. Touku 3a paduycom He yuacmasyom.



3.1 ABTOMAaTHU4eCKue 3Ha4YeHUA
Pasmep ssueriku = min(IMUprHA, BEICOTa OxBaTa) / 50.
Papguyc Koppensiuuu BapuorpaMMbl = max(IIIMPHUHA, BEICOTa OxXBaTa) / 3.

Pagwnyc moucka (rmpu 0) = muaroHasb 0XBaTa, TO eCTh 0ePETCs BCs BRIOOPKA.

3.2 OG6pe3Ka no KOHTYPY CKBaXXUH

Kpurusr cuurtaeTr BeCh IPAMOYTOJIBHBEIM 0XBaT, IO3TOMY BHE 00JIaCTU HaHHBIX
3HAYEeHUS SIBJISAIOTCS S9KCTPAINOSAuel U 0aloT apTedaKThl (OJIUHHBIE «BEEPHBIE»
HW30JIMHUM B MYCTHIX yriax). Onnus O0pe3arh MO0 KOHTYPY CKBaXKHWH CTPOUT
BBIITYKJIYIO 000JIOUKY BCEX TOUYEK (C HeoOsi3aTenbHBIM OydepoM) u obpes3aeT 1o
HeMl pacTp. JKcTpamonsanus ucdel3aeT. Ecnum ¢pakTudyeckas rpaHHIla ydacTKa
BOTHYyTas, 3afalTe CBOM NOMUTroH B Macke 0Ope3KH - OH IIpUOPUTETHee
000JI0UKU.

3.3 BapuorpamMma v HarreTt

cunn (COo + Q)
CO+C A

CTPYKTYPHbIA
Bknapg C

nonyaucnepcus y(h)

CO 1

HarreTt CO

USRI, (U SRR ST  [—————

0 f
0 paguyc a
paccTosHuMe MeXxay To4kaMu h

Cxema sapuoepammbl: Hazeem CO, cmpyKkmypHbll 8kaa0 C, cuaa (C0+C) u paduyc
Koppeasayuu a.



@ pwa n wsonmrumm - 20 Kriging (roukn — pactp) X

MNapavetpsi | XypHan ' 2D Kriging (Touku —
pacrp)

W [lononHuTenbHbIE NapaMeTphi
YparanHiie npobii: nepueTHb 0Bpeski, % (0 = ssikn.)
1.000000 s
HioKHAR rpaHMLa Hauers (1yCTo = HeT) [HeoBssaTensHo]
He 3ana+o
Bepxvan rpariLa 3Haverws (nycTo = Het) [HeobssaTenbHo]

He 3anaHo

CpesaTs K rparmue (capping) BMECTO yaaneHns

Cpenvee An% NPOCTOrO KpUrHFa

0.000000 $
Harret CO

0.200000 $
CrpykTypa 1 Moaens

Coepuieckan -
CTpyKTypa 1 * nopor fsknaa C

1.000000 $
CrpyKTypa 1 panuyc Koppensuwm a (0=asTo)

0.000000
CTpyxTypa 1 - asumyT, ©

0.000000 s
CTpyKTypa 1 - aHusoTponUs (Manas/rnasHas)

1000000 =
CrpykTypa 2 * Monens

Coeprieckas =
CrpyxTypa 2 - nopor/sknaa C (0 = seikn.)

0.000000
CrpyxTypa 2 - paauyc Koppensum a (0=asTo)

0.000000
CrpyxTypa 2 * asumyT, °

0.000000 $
CpyKTypa 2 * aHu30TpONMS (Manas/rnasHas)

1.000000 s
CrpyxTypa 3 - Monens

Coepuieckan -

CrpykTypa 3 * nopor/sknaa C (0 = bikn.)

0.000000

Paszdea [lonoarHumeibHble napamempbuwl okHa 2D Kriging: omcea8 ypa2aHHbiX
npob, Hazeem CO u 00 MPEX CMPYKMYyp 8apuo2pammbl.

Kpuruur omnupaeTrcs Ha MOOeIb BapHOrpaMMBI - OHa OMNMCHIBAeT, HAaCKOJIbKO
CUJIbHO Pa3/7IudaloTCsa 3Ha4YeHUS Z B IBYX TOYKax B 3aBUCUMOCTH OT PAaCCTOSTHUS
MexXay HUMU. [1o 3TOM Momenu KaxKAgou COCeqHel CKBaXXUHe Ha3HaudaeTCs BecC.
Momenb 3ama€Tcs B pa3nese [JOMOITHUTE/ IbHBIE IIapaMeTPhI.

Mogpens BapuorpaMmsl: Harret CO, cuiii (CO + C) ¥ paguyC KOPPEIALUH a.
Harrert CO

Harrer - 3T0 3HaueHHe, K KOTOPOMY CTPEMHUTCS KpHBasi BapuOTpPaMMBI IIpU
PacCTOSIHUH, CTPEMAINEMCS K HYII0. TeopeTudecKHd, Ha HYJIEBOM PaCCTOSHUU
pacxoxaeHue OOIXKHO OBITh HYJIEBBIM (TOYKa CpaBHUBAETCS caMa ¢ co00l), HO Ha
IpaKTHUKe OCTaAeTCs CTyleHbKa. OHa OTpakaeT TO, UYTO JaHHBIEe Ha OU€Hb MaJlbIX
PaCCTOSIHUSIX BCE PABHO HE COBIIAMAIOT: IIOTPEITHOCTh U3MEPEHUS U Ol POBKH,
MHUKPOU3MEHYMBOCTb Ha MacIlTabe MeHbIIle PACCTOSTHUS MeXKOy CKBa*XMHAMH,
pacxoxneHue gy0en B OMHOM TOYKE.



HarreT KpynHbIM NaaHoM

HarreT - 3To pa3bpoc Ha 04eHb Manblx PacCTOAHUAX:
50 { MOrPEIIHOCTE N3MEPEHUsA U MUKPON3MEHYMBOCTE.
Yem 6Gonblie CO, TeM rnaxe 1 «CNokonHee» pe3yneTarT. cunn = CO + C = gucnepcus

nonygucnepcus y(h)

104 HarreT CO
(«CcKayok» y Hynq)

Ha Hy/e TeopeTuyecku 0,
__ Ho KkpuBas cTapTyeT ¢ CO

m— MOeNlb BapuorpamMmbl

0 250 500 750 1000 1250 1500 1750 2000
paccTosHWe Mexay ToYKamu h

Hazzem kpynHuimM naaHom: moOenb cmapmyem y Hyas He ¢ 0, a co «cKkadka» CO.
9mo pa3bpoc Ha ceepxmaiblx PACCMOAHUSAX (N02PEWHOCMb U3MepeHUs,
MuKpou3meH4dusocmy). [Toaka CO+C = ducnepcuu OAHHbBIX.

Kaxk HarreTt BiusieT Ha pe3yJibTarT:

CO = 0 (mo yMOJIYaHUIO) - KPUTUHI SABJISETCS TOYHBIM HWHTEPIIOJISATOPOM:
IIOBEPXHOCTH 00sI3aHa IIPOUTHU POBHO Yepe3 KaXKAylo CKBaxXxuHy. U3onupoBaHHasa
CKBaskKMHa C BLIOPOCOM 110 Z ITpeBpaIiaeTcs B KOHYC («ObBIYUM T1a3»).

CO > 0 - KpUIHMHI IlepecTaeT TOYHO BOCCTaAHaBIWBaATh 3HAUYEHHWE B TOYKE
W3MEpEeHUd U CTAHOBUTCS CrjlakuBaTejieM: BOJIM3U CKBaXXKMHBI OIleHKa
MMOATATUBAETCS K JIOKaJIbHOMY cpenHeMy. Yem Ooribliie mons HarreTta CO / (CO + C),
TeM CUJIbHee CIJIaKuBaHue.

CO = Becb cuan (YUCTBIM HATTET) - IIPOCTPAHCTBEHHAs CBSI3b TEPSIETCH,
IMOBEPXHOCTH BHIPOXKAAETCS B IIPOCTOE CpenHee. ITo nepebdop.

BazkHo - eguHHIBI. Harret CO U cHJIJI 3a0al0TCsI B a0OCOJIIOTHBIX €THHHIIAX
OUCIIEPCHUM NAaHHBIX (KBaJpaT eqUHUI] Z), a He B JoiAx 0-1. 3HadyeHue «1» y cujljia
II0 yYMOJIYAaHUIO - 3TO YCJIOBHOE 3HaYeHUue, KOTOpOoe IIOYUTU Bcerma HYXKHO
M3MEHUTh: 3ajaiTe CyMMapHBIM cuiaa (CO + BKIaOkl CTPYKTYp C) OIM3KHM K
OUCIIEPCHH MTAaHHBIX. YPOBEHb CIrJIaKWBaHUS oOmNpenesisieT He abCOoJIoTHAas
BeJIMYMHA HarTeTa, a ero mojasi B cuyuie CO / (CO + C). [TpakKTU4YeCKUU MOPSOOK:
BO3bMUTE CYMMapHBIN CUJIJT =~ QUCIIEPCHUH, 3aTeM HarreT = 0.2-0.4 OT Hero (TO eCTb
0.2-0.4 x gpucnepcuu - abCOMIOTHOE YMCIIOo, a He 0.2-0.4 KaK TaKoBoe). YeM MeHbIIIe
HarreT, TeM OOJIbIlle JeTajieli, HO 1 OOJIbIlIe JIOKAJIbHEIX MUKOB. YeM OoJIbIlle, TeM
IIOBEPXHOCTh pPOBHEE, HO BO3MOXKHO Crjla)kMBaHHE pealbHOU CTPYKTYPHL.
I¥crepcuo HaHHBIX UHCTPYMEHT IeyaTtaeT B 2KypHaJl IIpU 3allyCKe - 3TO U €CTh
Balll OPUEHTHUP [1JIsI BEIOOpa CHUIa.

CTpPYKTYpBHI, paiuyC H aHU30TPOIHUS

Cunn (mojika) 9TO YPOBEHb, HA KOTOPBIM BBEIXOOUT Bapuorpamma. OH
CKJafmbiBaeTcsa u3 Harrera CO M BKIamoB CTPYKTyp C. IOCTYmHO OO TpPEX



BJIOKEHHBIX CTPYKTYpP (Momenu: chepumyecKas, 3KCIIOHEHIIMalbHas, IayCCOBa,
crernieHHas). CTPYKTYPHI 2 ¥ 3 BKIIIOYAIOTCS HEHYJIEBLEIM ITIOPOroM C.

Clii: CMBICII H IOPSATOK BeJIMYUHBI. CUJIT - 3TO BEPXHUY Ipefesl pa3indyuu
MeXK[Oy TOYKaMM: HaCKOJIbKO B CpeJHEeM OTJIMYalOTCs AaJieKue ApPYyr OT Apyra
CckBaXuHBL. OH NPaKTUYECKU paBeH OOBIYHOM OUCIIepPCUM OaHHBIX. [Ipumep 1o
KCl: cpenHee = 25 %, OUCIIEPCUS = 47.6 (%?), TO €CTh O = 6.9 %. 3HAYUT, CyMMapPHBIN
CUIJI 3afgaeM = 47.6. Ecnu HarreT CO = 17 (mpuMepHO 0.35 cUJjijia), TO CTPYKTYPHBIHN
BKJIA[ IIePBOM CTPYKTYPHI C = 47.6 - 17 = 30. Ha cam rpum abCOMIOTHBIN MacHiTab He
BIIUSET - IJI OLIEHOK BasKHO TOJIbKO OoTHOIIeHue CO : C. Ho oH Hy>KeH, 4TOOBI KapTa
CTaHOapTHOM omMOKM U MSDR B KpoccC-Balupgaluu OLIIM B pealbHOM MacIiuTabe
(CyMMapHBIU CUJLI = guciiepcuu — MSDR = 1). [IosTOMYy: He OCTaBJIAUTE CUJLI = 1 11O
YMOJIYaHUIO, IOOHUMUTE €TI0 OO0 OUCIIePCUU JaHHBIX.

Paguyc KOppessiiiuy a - PacCTOsIHWEe, Ha KOTOPOM BapHOTpaMMa BBIXOOUT Ha
nonky. JlasbIlle 3TOr0 PAcCTOSIHUSA TOYKU IIPAKTHUUYECKM He BIUSIOT OPYTr Ha
opyra. IIpu 0 6epéTcst aBTOMaTHYECKOe 3HaYeHUe max(0XBarT)/3.

AHuU3oTpOnUs 3afa€Tcsi a3uMyTOM TJIaBHOM OCH M OTHOIIEHHEM paguyCoB
(Manas/rnaBHas). 3HadeHUMe 1 - HU30TPOIHO (BIUSHHUE OOMHAKOBO BO BCEX
HaIlpaBJIeHUSX). 3HAUYEeHHEe MeHbIlle 1 yKOopauuBaeT KOPPENSIUI0 IIONEPEK
T'JIaBHOM OCH - ITI0JIE3HO AJIS BEITIHYTHIX T€0JIOTUYECKUX CTPYKTYP.

AHI/I3OTp0I'II/IF|: BbITAHYTaA 3aneXxb W 3A11MNC NONCKa

rnaeHas ocb
(BonbLluoi paaunyc)

Manana oCb

asmmyT

Ecnn 3anexb BLITAHYTa, KOPPENALKMSA BAONb HEE Aaliblue, YeM Monepex.
3nnunc 3afaeTca asvMyTOM IIaBHOW OCA 1 OTHOLLIEHWEM OCcei.

AHu3omponus: ecau 3aa1edcb 8bIMsAHYMA, KoppeaAauus 8001b Heé daavule, yem
nonepek. 314unc noucka 3a0aémcs a3uMymom 2/1d8HOU OCU U OMHOWeHUeM
ocell (manas/enasHas).



ITo
YMOJITYaHUIO /

[TapameTp YTo 3amaér COBET

CpepHee nns Hcnions3yeTcsa TONBKO IIpu TUtie SK. 0

IIPOCTOT0 KPUTHMHTA

Harret CO «lym»/CKa4OK BapuorpaMmsel y Hyss. 0. Iisa
[lopaBrnsieT TOKalIbHEIE ITUKU. B CrJIaXMBaHUS
a0COJTIOTHBIX e MUHUIIAX OUCIIEPCUH. 0.2-0.4 oT cumna

CtpykTypai-Mmomens ®opma BapuorpaMMbl: cpepudeckasi, chepudeckKas
9KCIIOHEHIIMaJIbHasA, FayCCoBa,

CTelleHHad.
CTpyKkTypai- Bkag CTpyKTYphI B cuiii (abc. CTp.1=1
nopor/Bkiap C eguHULE nuciepcuu). Cymma CO+C = (3aMEeHUTe Ha =
OUCIIEPCUU JaHHBIX. [[JI1 CTPYKTYP 2U OUCIEPCHIO)
3: 0 = BBIKJL
CTpykTypai-paguyc JucTaHLMA BbIXOHOa Ha II0JIKY.0=aBTO O (aBToO)
KOppPEendiuu a = max(0oxXBarT)/3.
CTpyKkTypai- HamnpaBreHue rjiaBHOU OCU 0
a3uMyT, ° AHU30TPOIINN.
CTpyKkTypai- OTHoOLIEHVE PaguyCOB 1
QHU30TPONUA IIOIIEPEK/BOOIb OCHU. 1 = U30TPOIIHO.

(Majasi/TIaBHaL)

Bapunorpamma KCl (nnact Kpll): 3kcnepyMeHT U Mmogenb

60 .'0..

nonyancnepcusa y(h)

‘HarreT CO = 17

10 A
@® IKCnepuMmeHT (No AaHHbIM)
m— MOLENb: Chepuyeckan (a=13 KM) + HarreTt

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

JKkcnepumeHmanvHas sapuozpamma KCl no naacmy Kpll u no0obpaHHas mooenb:
Haezzem C0=17, cusaa cosnas c ducnepcuet 0aHHbulX, paduyc =13 km. Touku daavwe
CU/1/1a - Pe2UOHAAbHbIU MPEHO.

Tak cxema BBITJISOUT Ha PeaJIbHBEIX OTaHHBIX. BapHorpaMMy CTPOAT TIIO
CKBaXWHaM: [OJId IIap TOYEK CYUHTAIOT IIOJNIYOHUCIIEPCHIO KW YCPEOHAIOT IIO



PACCTOSTHUSIM - IOoTy4aeTcss 00/1aKo (3eI€HbIe TOYKH), 0[] KOTOPOe Moa0upaioT
mopenb (KpuBad). [Io HeMy U 3aal0T mapaMeTphl KPUTHMHTA: BBICOTA «CKadykKa» y
HyJsg - HarreT CO, momkKa - cujUl (0OOBIYHO OJIM30K K OUCIIEPCUU [HAHHBIX),
paccTosiHME BHIXOOA Ha ITOJIKY - paguyc a. Eciiyu Ha GOIbIIINX PACCTOSTHUSAX TOUYKH
YXOOST BHIIIE CUJIIA, KaK 3[eCh, - 3TO peruoHalIbHBIN TPEeH[ (HECTAallMOHAPHOCTh).
Ero nu60 y4uTHIBalOT OTHOENBHO, THO0 OTpaHUYMBAIOT pagnyC ITOKCKa.

3.4 OrtceB yparaHHbIX Npo6

YparaHuHbie TpoOHI - aHOMAJIbHO BEICOKUE (UJIM OIINOOYHbIE) 3HAaYEHUSI, KOTOPhIE
MCKaXaloT OIIeHKY: HECKOJIBKO «0O0HAHII» 10 COAePXKaHUI0 MOTYT IIePeTSIHYTh Ha
cebsi BCIO KapTy Trpeiga, a sBHBIE OIIMOKKM (HampuUMep, OTpHUIlaTelIbHas
MOILIHOCTBE) IOPTAT IIOBEPXHOCTh. MHECTpYMEeHT 2D Kriging 1103BOJIAET OTPAHUYUTH
TaKue MPOOLI ITPSIMO IPU pacuéeTe, 03 MpaBKU UCXOOHBIX HaHHLIX. [[apaMeTpEH - B
pa3nerie [JOMOIHUTEILHO.

OTceB yparaHHbix Npob: 0o n nocne (KpacHoe - BbIBpoCHI)

[lo oTceBa: «6bi4blM rnasa» BOKpYr BeIBpocoB Mocne oTceBa/cpesKu: rnosie CrokoliHoe

40
50 35
o 30

40

i

| 25
30 20
20 15
10

10

Omces ypazatHbuix Npob Ha npumepe: c/1ee8a mpu 8vib6poca arom «bblubU 2/1a3a»
(20psAuUe namHa), cnpasa nocJjie cpe3ku K sepxHell 2paHuu,e noJie CnokKolHoe.

w

[IBa pexuma. YIaauTh - TpoOLl BHE JOIYCTUMOIO AUana30Ha BEIOpPaCHIBalOTCS
(mnst sBHO OUTHIX 3amuceil). Cpe3arhb (capping) - 3Ha4YeHUs] BHe [Oualla30Ha
OpUXKMMAIOTCSI K TpaHHUIle, a caMa TO4YKa OCTaeTcs B pacuere. Cpe3ka -
KJIaCCUYECKUM MPUEM [JI yparaHHBIX P00 10 COmepKaHUI0: IOJIOKEHNE TOYKHU
He TepsieTCs, HO €€ BIUSHUE OTPaHUYNBaeTCs. PexXuM repekitodaeTcs praxkKoM
Cpe3arb K rpaHHuIie (capping) BMECTO yIa/I€eHHSsI.

I'parunsl o adconotry. HUKHsISI rpaHuiia 1 BepxHsisi rpaHHIia 3a7aioT
IIOporu B eOuHUIlaX Z HanpsaMmyro. Ilyctoe 1mosne - rpaHulla He 3agaHa. OHU
IpUOPUTETHEE MEepLeHTusnsa. llpuMep: O MOIIHOCTUA IIOCTaBbTe HUKHIOIO
rpasuny 0 - yUAYT OTpULIATEIbHBIE 3HAUYEHUS, BEPXHIOI, cKaxeM, 30 - YUOET
SIBHBIN BEIOPOC B 122 M.

I'paHMIBI IO MEPIIEHTHUIIIO. p-1 EPILEHTUIIb - 9TO 3HAaUEHUE, HUXKE KOTOPOro
J1eKUT p% Bcex npo6. Hampumep, 5-1 mepreHTHIb - IIOPOT, HUXKe KOTOPOT'0 TOJILKO
5% caMbIX MalbIX 3HAYEHUMU. 95-1 - IOPOT, BHIIIE KOTOPOTO 5% CaMBIX OOJIBIINX.
[TapaMeTp mepHEeHTHIb OOPe3KH, % 3aJaeT YHUCJI0O p, U I'PaHUILI OepyTcs
CHUMMETPHUYHO: OT p-TO A0 (100-p)-TO HePLEeHTUsd. To eCThb p = 2 03Ha4YaeT «CUUTaTh
yparaHHbIMU 2% CaMBbIX HU3KUX U 2% CaMBbIX BBICOKUX IPOO»: BCE HUXKE 2-TO U



BERIIIE 98-TO MEePLEeHTUIS 00 ymanseTcs, mubo cpe3aeTtcs. Yem OoibIe p, TeM
arpeccuBHee o0pe3Ka. P = 0 BHIKJIIOYaeT IePLeHTUIbHBINA PEeXXKUM. Y T0OCTBO B TOM,
4TO a0COTIOTHRIE IIOPOTH 3HATh He HY2KHO - OHY BEIYKUCJISIOTCS 10 CAMUM JaHHBEIM
U IOAXOMOST K JII000MY pacupeneneHuio U Mmacuitaoy.

[IBYCTOPOHHOCTH - BaXKHO JJIsI XUMHHU. [[eplIeHTUIBHBIN PEeXUM pexkeT oba
XBOCTa - U BEePXHUU, U HUXKHUU. [I719 comepzKaHUM 3TO onacHO: KCl = 0 B 30HaxX
3aMelleHusl - peajbHasd Teojiorus, U obpe3Ka HUXKHEro XBOCTa OIIUOOYHO
IIOOHUMET «IIyCTHIe» y4acTKuU. [I03TOMy [Jis rpeiliila OTCEKauTe TOJILKO CBEpXY:
ocTtaBbTe HMIKHIOIO rPaHUIIY IIYCTOM U 3apmaliTe BepxHI00 aOCOIOTOM (MU
MIPUMEHSANUTE IEepPIeHTUsb, IIOHUMasi, 4YTO HU3 ToxXKe OymeT 3aTpoHyT). [sg
OTMETOK ¥ MOIIITHOCTEM IBYCTOPOHHSSA 00pe3Ka 0OBIYHO yMeCTHa.

Ilopsimoxk M KypHaj. OUILTP NPUMEHAETCSI OO0 YCPeOHEHUs COBIIafaloIluX
Touek. B 2KypHan uHCTpyMeHTa BEIBOJUTCS, CKOJILKO P00 yameHo UiIu cpe3aHo
U B KaKUX I'PaHUIIaxX - 3TO yOOOHO /151 KOHTPOJISA.

3.5 CraHpapTHas oWMOKa KPUTMHra

PTHOM OWNBKM KPUrMHIa

s & CKBaXWHBI
. . -

KapTa cTaHpa

o
u
CTaHOapTHadA ownbka

* .
TemHee (MeHbLUe) - PAIOM eCTb CKBaXKMHBI, OLIEHKE MOXHO 10BepsTh.
CeeTnee (6onblle) - AaHHbIX Maso, OLeHKa MeHee HaaéxHa.

Kapma cmaHOapmHol owubKu: mEéMHOe Yy CK8AXCUH (3e/1EHble MOUKU) - OUeHKe
MOJMCHO 008€epsMmb, ceem/ioe 8 NyCmMuiX y2aax - 0AHHbIX MA0.

KpoMe caMoii O1leHKH, KPUTHUHT Oa€T B KaXKI0M y3JI€ IUCIEePCUIO OIINOKU - MEPY
HeonpeneleHHOCTH. E€ KopeHb, CTaHOapTHas ommbKa, BBIBOOUTCS
HeoOsI3aTEeNbHLIM BTOPBIM pacTpoM (mapameTp CrTraHmapTHasi oOHIIHOKa
KPHUMIUHIa UHCTpyMeHTa 2D Kriging). ETVHUIIEI - Te Ke, YTO Yy UHTEPIIOJINPYyEeMOU
BEJINYUHEI Z.

KmioueBoe CBOMCTBO: CTaHOapTHass ommmbOKa 3aBUCUT OT TeOMeTpuu
pacIionoKeHus CKBaXXMWH U MOJEJI BapuorpaMMEbl, HO HE OT caMUX 3Ha4YeHU Z.
[TosToMy 3TO KapTa HaZE€XKHOCTU CeTU HabiomeHU, a He pa3bpoca JaHHBIX. B
TOYKe CKBaXWHHI (IPHA HYJI€BOM Harrere) omnbOKa paBHa HYJIIO - TaM 3HaUYeHUe
M3BEeCTHO TO4YHO. [Io Mepe ynaneHus OT CKBaXXKMH OHa PacTET, a B o6acTax 6e3
OaHHBIX JOCTUTAeT MaKCUMyMa (IIPUMEPHO KOPEeHb U3 CUJIJIA).



Kak uyurTaTrh. TEMHEIE (Majble) 3HAUEHUS - OIeHKE MOXKHO OOBEPSATH: PAOOM
OOCTAaTOYHO CKBaXKWH. CBeTible (OOJbIIVE) - OIleHKa [OEepPXKUTCA Ha OalEKux
TOYKaxX, PaKTUUYECKHU IKCTPANoNanus. DTO IepBble KaHOAMUOATH Ha OOpPa3BEOKy.
CpaBHUBaTh ynoOHee OTHOCUTENbHO (rge Oosblile, TOe MEHbIIE), IOTOMY 4YTO
abcomoTHAsA BeIMYrHa 3aBUCUT OT MacITaba BapuorpaMmsl (cuiia S1_SILL).

BaxkHo. DTo MopenbHas OIleHKa: OHa BepHa HACTOIbKO, HACKOJILKO BepHa
3aJlaHHasl BapuorpaMma (HarreT, paguyc, aHu3oTponus). [Ipu Harrere 6o0sbie
HyJIgd omuOKa Yy CKBaXMH He HyJieBas - HArTeT 3aJaéT HUXHUU «II0JI»
HeonpenenéHHOCTU. CTPOTUM [OOBEPUTENbHLIM WHTEPBAJIOM CTaHOapTHas
omnbKa He SIBISIETCS, HO KaK OTHOCUTEJIbHAsI KapTa HeoIllpeneIEHHOCTU O4Y€eHb
IoJie3Ha.

Odopmienue. 3apmaiiTe CJI0I0 TpPaZyUpPOBAHHYIO CUMBOJIMKY II0 3HAYEHUIO
(HammpuMep, OT TEMHOT0O K KpaCHOMY) - U Cpa3y BUOHO, I'Te KapTa HaoeXHa, a Tae
HeT.

3.6 CrahaxkuBaHue rpmaa

Onuusa Criaapurs rpupg (I'aycc) (1o ymMOI4aHUIO BBIKJIIOUEHA) CrJla’kKuBaeT
BBIXO[JHOU I'PUM I'ayCCOBEIM (UIBTPOM. BEIXOOHOM pacTp yKe CrilaXkeH, U UMEHHO
10 HEMY 3aTeM CTPOATCSA HU3O0JIMHUM, IO3TOMY YPOBHM COBIAAalT C TEM, YTO
BHIOHO B JereHae. JIMHUHU IIOTy4aloTCs MJIaBHBIMUA M HE MepeceKaloTcsd maxXKe B
T'YCTBIX MEeCTax.

CrimaxuBaHUe CyXKaeT [Ouana30H 3HadeHuu: dYem Oosbile Papmyc
Crjla’kMBaHHsI, sideeK, TeM TIJlaXKe I10Jie U TeM CUJIbHee KpallHue 3Ha4deHUs
MOATATUBAIOTCS K CpegHeMy, N03TOMY KpaWHHe YPOBHU HU30JIMHUU MOTYT
UCYEe3HYTh. ECMU HYXHBI H30JIMHUU II0 MCXOOHBIM OaHHLIM 0e3 CyKeHUusd,
OCTaBbTE OIIIIUIO BEIKJIIOYEHHO.

4 UHCcTpyMeHT N30anHUK n3 pactpa

CTpOUT U30MUHUU (JIMHUHU) U, II0 YMOITUYAHUIO, KOHTYPHbIE IIOJIUTOHBL. YPOBHU
3a1al0TCSI PAaBHOMEPHBIM LIIarOM UJIM IBHBIM CIUCKOM. [TapaMeTpsI:



@ pua 1 wsoAMHMN - Visonurin us pactpa

MapaveTpsl | KypHan

Pactp

Lar wsonuHwii (0 = 3aRaTb YPOBHM HIDKE)
1.000000
HauansHeii yposers (offset)

0.000000

Sisrule ypostu (sepes npoben) - npuopuTeTHee wara [HeobssaTensHo)

TnasHas usonuHmns kaxaas N-a (0 = sbikn.)
5
Mun. amaa v, en. kapTbl (0 = 6es hunbTpa)
0.000000
V| Craaxsats
Paavyc craxvsaruts o, seex (0 = 6es Hero)
2.000000
Cipyrnerwe nwwih, wTepaui (0 = soKa.)
1
VMg nons sHauerns
ELEV
W [1ononHuTenbHbIE NapamMeT phi
Kanan

1

Visonam (v

V| OTKPBITB BbIXOAHOI Balin NOCNE 3BEPWEHNS ANMOPUTMA

KoHTypHsle nonuroke! [HeobszatensHo]

V| OTkpBITS BEIX0AHOi daiin NOChe 3aBepLEHIS anTopHTHE

AononHUTENbHO ¥ | | 3aNYCTUTL B NAKETHOM PEXUME. ..

»
W3onuHum u3 pacrpa

BononHnTs 3aKpeiTh Cnpaska

OKHO uHcmpymeHma U301uHuUuU u3 pacmpa.

[TapameTp

YTo 3amaéeT

ITo
YMOJITYaHUIO /
COBET

Pactp
ITar n3onuHUNR
HauyanpHBIR

YPOBEHE (offset)
fBHEIE YPOBHU

I'maBHas

HN30JIMHUA KaXKOasd

N-a

MuH. gjiuHa JTUHUU

CxkpyrineHue

JIMHUM, UTepaLuu

NwMmsa nnong
3HQUYEHUSa

Kanan (mom.)

BxopgHOU pacTp (HanpuMep, pe3yJjibTaT
KpPUTHUHTIa).

PaBHOMepHBIY AT 110 Z. 0 = 3a0aTh
fIBHBIE YPOBHHU.

[IpuBsi3Ka CETKU YyPOBHEU (YPOBHU
KpaTHEI I1ary ot offset).

Crircok ypoBHeU uepe3 mpoder.
[IpuoputeTHee 1mara. [leCaTUYHBIN
pa3genuTersb - 3ansaTas Uik ToOYKa.

Kazxkpgas N-s1 muHUSA noMedaeTcs is_index =1
(oJis yTouueHus). O = BBIKJIL.

OtOpachiBaTh TMHUY KOpPOUe Imopora (ef.
KapThl). 0 = 6e3 punbTpa.

Jlerkoe ckpyrinenue nuHuu (Chaikin).
Yo6upaeT «OKTaroHkbl». 0 = BBIKJIL.

HNwmsa anI/I6y'Ta YPOBHSA B BEIXOOHBIX
JIMHUAX.

HOMep KaHaJla BXOOHOT' O paCTpa.

2 (3Harpybom
rpune)
ELEV



ITo
YMOJIYaHUIO /

[TapameTp YTto 3amaér COBET
N3onuunuu / Brixonubie ciou. [IOTUTOHEI CTPOSAATCSA IO -
KoHTypHEIE YMOJTYaHHUIO BO BDEMEHHEBIN CJION.

IIOJIUTOHEI

BeIXOOmHBIE ITOJIS: ¥ IUHUM - 3HaUYEHHeE YPOBHA (110 yModaHuio ELEV) u is_index (1y
TJIAaBHBIX U30JIMHUM). Y TONMUTOHOB - ELEV_MIN u ELEV_MAX (Ouara30H II05ca).

4.1 CKpyraeHue IMHUNA

CkpyriieHue yOupaeT «OKTaroHBI»: Ha IpPyOOM Tpupae BEpPIINHBI CTAaBSATCS II0
KpasiM S4eeK, M JIMHUM BHITJSOAT YrJIOBaThIMU. JIETKOE CKpPYTIeHue JIMHUMN
(amropuTM Chaikin, 4K CJI0 UTEpaluil) CrilaXkKUBaeT CaMU JINHUH, I10Jie IIPU 3TOM He
MEHSAETCS.

Ecnu yrnel BCE eIN€ pe3KOoBaThl, yBeJIWYbTE YUCIO UTepauuul (o 3) uiu
YMEHBIIIUTE pa3Mep sA4euku B KpuruHre. CriaxuBaHUE CaMOTr0O IO
BEITIOJIHSIETCS B MHCTPYyMeHTe 2D Kriging.

4.2 KOHTypHble noauroHbl (nosca)

KOHTypHBIE IIOJIUTOHBI - 3TO 3aJIMTHIE IIOSICAa MEXOY COCEOHHMU U30JIMHUSIMHU.
OHHU CTpoOsATCS He Kiaccupukallmell «CTyIeHeK» pacTpa, a MOJIUTOHM3alueun
caMUX CTJIa’KeHHBIX U30JIMHUU BMECTe C KOHTYPOM BaJIUAHOM o0jlacTU pacTpa:
KOHIIBI JINHUY MIPUTATUBAIOTCA K KOHTYPY, CETh HOOUPYETCS U IIOJIUTOHU3YETCH.
IInanma30oH ypoOBHEM KaXKOOTo TIosica OIpefesisieTcs BBIOOPKOW pacTpa B
penpe3eHTaTUBHOU TOYKE IIOJIUTOHA.

brnaromaps aToMy rpaHUIbl IIOJIMTOHOB COBIIAZalOT C U30JIMHUSIMU, @ IIOKPHITUE
cunomHoe (6e3 pbip). [lonuronel HecyT 1monss ELEV_.MIN u ELEV_MAX. Ilo
YMOJTYaHUIO OHU CTPOSITCSI BO BpeMEHHHIH citoi. YTOOBI X HE CTPOUTh, OUUCTUTE
nosie KOHTypHbI€E HOJIMT OHBI.

4.3 OdopMneHue cnoés

JIuHUY: 3aaliTe CUMBOJIMKY 110 IIPAaBUJIy Ha OCHOBE is_index - FJTaBHBIM U30JIOHUSIM
(is_index = 1) ma#iTe OGIBIYIO TONMIIUHY. [TOATINCE - ITO 00 YPOBHS (ELEV).

I1onIUTOHEI CO30A0TCs C OGHUM CUMBOJIOM. [IJ1s1 3aJIMBKU 110 [Uala3oHaM 3ajauTe
rpagyupoBaHHYI0 CUMBOIUKY 110 ELEV_MIN (uiu ELEV_MAX).

Croli M30JIMHUM aBTOMATHUYECKU TOMEINAeTCsl Hal CJI0eM IIOJIUTOHOB, YTOOHI
JIMHUU OBIIIN BHIOHHEI IIOBEPX 3aJINBKH.

4.4 TwvnuyHble CUTYaUUU U peLLEeHUS

YTO BUOHO [IpuuynHa Penienue
KoHueHTprUueckue KpuruHr TouHo 3apmath Harret CO (0.2-0.4 oT
«OBIYBY TJIa3a», MIPOTSATUBAET cuia, B abCOMIOTHBIX

KOHYCBHI 3HaUYeHUe Yyepe3 eOVHUIIaX OUCIIEPCUN).



Y10 BUOHO

[TpuyuHa

Perienue

YrinoBaThbie u30nMHUN
(«OKTaroHbI»)

PapuanbvHbIE /BEEPHEIE
JIVHUY B IYCTHIX yIjiax

N30nmuHnn
mepeceKkarTCs B
T'YCTBIX MecTax

ITonuroHs! OMHOT O
IIBETa

CKBasKUHBI-BEIOPOCHI
(HarreT 0).

['pyOrIii Tpum;:
BEPIINHEI CTaBSATCH I10
KpasiM sTYeeK.

ODKCTpamoasausa 3a
nmpenmenaMiy OaHHBIX.

Pe3koe nosie: psgom
OKa3bIBAIOTCS Pa3HbIEe
YPOBHH.

[To ymom4aHUIO CII0U
CO3JaeTCd C OOHUM
CHUMBOJIOM.

W /unu yBeTU4YUTH pagmyc
CTIa’XWBaHUS ITOJIS.
YBenuuuth CKpyrjieHue
JIMHUH [10 3 UJIU YMEHBIIUTh
pa3Mep S4YetKYU B KPUTHHTE.

Bkmiouuts O0Ope3aTh mo
KOHTYPY CKBazKHH WA
3ajaTh MacKy OOpe3KH.

Brimtouuts Criiaguts rpup,
(I'aycc) B 2D Kriging u
rnopobpaTts paguyc.
3agaTh rpafyUupPOBaHHYIO
CUMBOJIUKY 110 ELEV_MIN.

5 NHcTpyMeHT Kpocc-Banuaaumsa BapuorpaMmmol

OueHKa vs haKT

501 [ME=+0.05 RMSE=4.59
MSDR=0.80 R=0.747

N w B
o S o
R Tha i L

o

oueHka KpuruHra (LOO), %
b

=
o
i

—— oueHKa = (aKkT

rctorpamma owmnboK

1200 +

1000 +

800 1

4yacToTa

600

400

-10 0 10 20 30 40
oueHka — dakT, %

0 10 20 30 40 50
hakT KCI, %

=20

Tak 8viensi0um HTML-omuém Kpocc-eaiudauuu: ca1eed 2paduk «oueHKa vs pakmy»
c 0uaz2oHanvio u Mempukamu (npumep - KCl no naacmy Kpll), cnpasa
2ucmozpamma owubok. ITromHoe 06.1ako 80016 Ouaz2o0Haau - mooeib pabomaem.
ITonoca npu ¢pakme 0k010 0 - 30HbL 3amMew,eHUA. ' ucmozpamma cumMmempuyHa
omHocumesibHo 0 - cMeuw,eHus Hem.

HNHCTPYMEHT IIpOBEPSIET, HACKOJILKO yOa4YHO nofgo0paHa BapruorpaMMa, METOIOM
CKOJIb34IIIeT0 KOHTPOJiA (leave-one-out): KazxKOasd CKBaxXWHa [0 oOYepenu
WCKIII0YaeTCs, e€ 3HaUeHH1e IMPpeCcKa3bIiBaeTCsI KPUTHHIOM 110 BCEM OCTAJIbHBIM, 1
cpaBHUBaeTCsa C (akTudeCcKMM. TakK HapaMeTphl (HarreT, Paguyc, MOIEJIb)
nmonOuparoTCcs o OmInOKe, a He CYObEKTHUBHO.



@ Tpua v usonuHmn - Kpocc-8annaauus sapHorpammst x

»
NapaveTpsl | Kypsan Kpocc-sanupaums
TO4KM CO SHAYEHNAMIA -~ BapuorpaMmmbi

Cxsaxmmel (nemo) [USER: 100000] ~| €9 Ql

Mone swaueris Z
12 -
Mone Homepa ckeaxiHs! (HeobasaTensHo) [HeobssaTensho]
abe well ~
Tun kpurira
Opavwaprsiit (OK) v
Paauyc noucka (0 = scs Boibopka)
0.000000
My, S4CT0 ToueK
1
MaKc. Wicno Todex
24 -
¥ [ononuuTensHbie napameTpbl
YparanHsie npobii: nepueHTns 06peskn, % (0 = Boikn.)
0.000000
HiokHs rpara sHavernn (nycTo = Her) [HeoBasaTensHo]
He 3anario
BepxHas rpaniUa sHadeHis (nycTo = Het) [HeofssaTensHo]
He 3anaro

CpesaTb K rpaHiue (capping) BMECTO yaaneHns

Cpenree AN NPOCTOro KpUriHra

0.000000
Harrer CO

0.000000
CrpyxTypa 1 * Mogens

Chepiueckan
CrpyKTypa 1 * nopor feknaa C

1.000000
CTpyKTypa 1 * paauyc Koppensism a (0=asT0)

0.000000
CrpykTypa 1 - asmyT, ©

0.000000 B

CTpyKTYPa 1 - aHmsoTporma (Manas/riasHas)

OxHo uHcmpymeHma Kpocc-eaaudauusi aapuozpammul. [1o1e Ilone Homepa
CKB8AaJCUHbI 8K/110UAem noONnucu CK8AxXCcuH 8 omueme.

B 2KypHaJsi BLIBOOATCSA METPUKU:

ME (cpeaHee cMeIlleHHe) - CiCTeMaTh4YecKas ornoKa. [lonxkHa ObITh O1u3Ka K 0
(HECMEeIlEHHOCTD).

MAE u RMSE - cpefHss U CpefHeKBaApaTU4dHas omnOKa Ipencka3aHus. Yem
MeHbIlle, TeM To4yHee. Ho omHoM RMSE HeOOCTAaTOYHO: OHa MHHHMAaJIbHA MIPU
HYJIEBOM HarreTe (lepeo0ydeHue), XOTsI HEOIIPeaeIEHHOCTh IIPU 3TOM OIleHeHa
HEBEPHO.

MSDR (CTaHTapTH30BaHHasI ONIMOKA) - CPeOHUM KBaJpaT OIINOKY, JeI€HHO’
Ha CTaHIOAPTHYIO OIMMOKY KpuruHra. [lomxeH ObITh O01M30K K 1. Ecimu MSDR
3aMeTHO OoJibllle 1 - OUCIIEpPCUs HedoolleHeHa (HarreT WM CUJII Manbl). Ecnu
MeHBbIIIe 1 - IepeolleHeHa.

R - KO3 PULMEHT KOPPETALINN «OLIeHKA - PaKT».

Ha npakTuke mepebepuTe HECKOJIBbKO BapHMaHTOB BapuOTrpaMMBI U CpPaBHUTE.
Xoporimas mogenb gaeT ME okosio 0, Manyto RMSE 1 MSDR okoro 1. Eciiz RMSE TssHET
K HyJIEBOMY Harrety, a MSDR Ipu 3TOM OTPOMHLIH - 9TO IIPU3HAK IIepeo0ydyeHu .
Hebomnbioi HarreT KaaubpyeT HEOIIPENEeJIEHHOCTh.



OnmuoHaIbHBEIM CJIOM OCTATKOB (TOYKHM C TONAMMH: (akKT - [OI0d HNMEHEM
IIpOBEPSEMOTO I10J14, Z_est, error, abs_error U std_resid. [[71F0C HOMep CKBaXKUHEI, €CIIU
3amaHo 1osie ID) moKa3kIBaeT, rae MOOejib IpoMaxuBaeTCa: KPyIIHEIe 10 MOLOYJII0
OCTaTKH - TPOOJIEMHBIE YYACTKU, CHCTEMATUYECKE 3HAKU OCTATKOB - JIOKATbHBIN
TpeHa. Cj1oi aBTOMaTUY€CKU Ha3bIBAa€TCS 10 IPOBEPSIEMOMY MOJII0 U KUCTOYHUKY,
a y IoJjiel 3afaHbl IICEBOOHUMEI - MOHSATHBIE Ha3BaHUSA (BUOHBI B Tabmulle
aTpuOyTOB M CBOMCTBaX IIOJS). std_resid - 3TO CTAHOAPTHU30BAHHBIM OCTATOK
(o1leHKa - aKT) / CTaHOAPTHYIO OMIMOKY KPUTHUHTA, CO 3HAKOM: MUHYC - KPUTUHT
3aHU3UJI, IIJII0C - 3aBBICUJI (3TO He OQUCIIEPCUs, QUCIIePCUus Bceraa = 0).

[Tosns ci108 OCTAaTKOB:

ITone I[IceBmoHUM Onucanue

<HOMep Homep 3HayeHue BEIOpaHHOTO moJis ID (ecyiu 3ajaHo

CKBaXMWHbI> CKBa>KMHBEI IIo1e HOMepa CKBazKHUHBI).

<ums nona>  @akT (UMA QaKTHYEeCKOe 3HaYEeHHUE ITPOBEPSIEMOTO I10JIH.
I10JIS)

z est OneHka O1eHKa 10 OCTAJIbHBEIM TOuKaM (leave-one-out).
Kpurusra (LOO)

error OmmbKa Ouenka MuHYyC pakT. MUHYC - 3aHUKEHO,
(oLleHKa - (paKT) IIJIIOC - 3aBRIMIEHO.

abs error Mopynb AOcoroTHas BeJIM4YuHa OIMIn0OKY, |error|.
OIINOKH

std resid CtaHp. ocTaToOK (OIleHKa - ¢paKT) / CTaHOapPTHYIO OIINOKY

KPUTHUHTa, CO 3HaKOM. He gucnepcus (oHa = 0).

KpoMme ciioss 0CTaTKOB MHCTPYMEHT IO yMoiadaHuioo popmupyeT HTML-oT4ET (Ha
plotly): MHTepaKTUBHBIM I'paUK «OleHKa vs PaKT» C OuaroHasbio, THCTOrpaMMa
omm0boK, QQ-rpaduK OCTAaTKOB U TabnUIla METPUK C OJIOKOM peKoMeHmalui. B
Tabnuity go6aBieHa OJUCIIEPCUS JaHHBIX - OPUEHTHUP OJISI CyMMapHoro cuisa CO+C.
Pssimom c Tabnuieii MeTpPUK ImOKa3biBaeTcsi 0ok IlapaMeTpbl KpHMIrHHrA:
[IepeYuCcsieHbEl TOJIBKO HACTPOWKM, OTJIMYalolliyecss OT CTaHOApPTHHIX (HAITeT,
CUJIJI, pafiuyC, OTCEB U TaK Hasee), YTOOB OBIJIO BUOHO, KaKMMU ITapaMeTpaMu
MIOJTy4eHBl 3T MeTpuKU. Ha rpaduke «olieHKa vs pakT» TP HaBeJEeHUHN Ha TOUYKY
BUIHBI HOMED CKBa*XWHBI U 3HAYEHUS, @ BOCEMb CKBaXXKWH C HauOOIBIIUMU IIO0
MOAYJII0 OCTaTKaMM ITOANHKCAHBI MPSAMO Ha rpaduke - ux ygoOHO IIPOBEPUTH B
nepByio ouepenab. OTYET OTKPHIBAETCS B IIPOCMOTPINMNKE Pe3yabTaToB QGIS (Mu B
6pay3epe). Ecnu plotly B cOopKe QGIS HeqOCTyIIeH, OTYET BCE PaBHO CO3[AETCH - C
TabnmuIled MeTpuK, HO 6e3 rpaduKoB.

QQ-rpacduk ocTaTKoB. [Toka3biBaeT ¢GopMy pacupemeneHus: omubok. OmubKu
HOPMHPYIOTCS Ha WX COOCTBEHHYIO OUCIIEPCHUIO (z-OIleHKa) M CPAaBHUBAIOTCS C
HOPMaJbHBEIM pacIpefesieHrueM, II03TOMY TrpaduK 4YHUTaeTcs o ¢GopMe IIpu
mr000# KanuOpoBKe. 3a MacuiTad HeonpeneleéHHOCTH OTBeYaeT OTaeIbHO MSDR B
Tabnuile MeTpUK. [1o TOPHU30HTAIN - KBAHTHUIM HOPMAJIbHOTO PaclIpeneeHus, 1o
BEPTUKAJIM - HOPMHpPOBaHHas omuOKa. Ecmu ommbKM HOPMAaJbHBI, TOYKH
JIOXKATCsA Ha KpacHyl OuaroHasnmb. OTKIOHEHHS YHUTAIOTCS Cpal3y. 3arHyThie
KOHITHI (S-00pa3HO0) - TIXKEIbIe XBOCTHI, TO €CTh KPYITHBIX IPOMaxXx0oB O0JIbIlle, YeM



npu HopMme. OOmwmi wu3ru® [Oyro - acUMMETPHUS, CTOUT IIoAyMaTh O
TpaHchopMauuu 3HadeHuu. OTOenbHas T'PYyINIa, OTOPBABIIAsACHA OT JIMHUH,
yyKasi COBOKYIIHOCTb B MHOaHHBIX, HampuMmep Oe3pymHble IIPOOBI M3 30H
3aMelleHus (TOe I0JIe3HOro KOMIIOHEHTa IIpaKThdecKu HeT). HopManbHOCTH
BaskKHa ITIOTOMY, UTO Ha He¥l ocHOBaHbI MSDR ¥ KapTa CTaHAapTHOM OIINOKMU.

QQ-rpagmk owmnboK: Kak YynuTaTb hopmMy

Hopma TsaXEnble XBOCThI

Touku Ha AnaroHanu. | Konuer sarubarorca (S).
OlwmbkM HOpMankHE - hopMa KpynHbIx npoMaxos 6onblue,
pacnpefieNeHus B MopsfKe. 6 YeMmnpu Hopme.

KBaHTWIM olwmbok (z)
o
L
KBaHTWUAKW owmbok (z)
o

—2

-2 -4

-3 A
_87

T T T T T T T T T T T T
-3 -2 -1 0 1 2 3 -75 =5.0 =25 0.0 2.5 5.0 7.5
Teop. KBaHTUAMW (HopM.) Teop. KBaHTUAW (HopM.)

CKoC (acumMmMeTpus) BTopas nonynaumna

Lyra BMecTo npamMon. 31 Obnako Ha nuHun + OTOpBABLUAACA 5
PacnpefeneHne HECUMMETPUYHO - rpynna B xocTe. 3To 6e3pyaHsle /
| 'MoxHo nonpoboBaThk TpaHchopMaLmio. CKBaMMWHBI (30HbI 3aMELLEHUS,

F; 5 | MONe3HOro KOMMOHEHTa MOYTH HeT).

/

KBaHTWUNK owmnbok (z)
o
L
KBaHTUNW ownbok (z)
o

-2

-4

—3

T T T T T T T T T
-4 -2 0 2 4 -3 -2 -1 0 1 2 3
Teop. KBaHTWAW (HopM.) Teop. KBaHTWAW (HOpM.)

Yembipe munu4Hbix 8uda QQ-2paguka ocmamkos: Hopma (MoyKu Ha 0ud20Haau),
MANMCENble X80CMbl, ACUMMEMPUSA U 8MOPASA NONYAAYUSA - OMOPBABWAACA
2pynna e xgocme.

I'maBHOe - 4TO gesaTh C pe3yjabTaraMu. CMBIC]I HHCTPYMEHTA B TOM, UTOOBI
repen IMOCTPOEHUEM I'puaa YTBEPOUTDL UJIU IIOIIPABUTH BeCh HAOOp ImapaMeTpPOoB,
KOTOPHIA BHlI 3aTeM 3afjamguTe B 2D Kriging. 9To U BapuorpaMmMma (HarreT, CHUJIT,
paguyc, MOfeilb, aHU30TPOIMS ), U HACTPOUKM CaMOI'0 KpUTHHTa (paguyc IIOUCKa,
MUHUMYM/MaKCUMyM TOYEK, TUII - ODAMHAPHBIU UJIN IPOCTOM): KPOCC-BaIugalus
CUMTaeT KPUTUHI POBHO C TEMH XKe HaCTPOMKaMHM, ITO3TOMY YHOadyHBIM HaOOp
IIePeHOCUTCS B UHCTPYMeHT 2D Kriging 6e3 uameHeHnunu. [IopsAmoK pelieHnn:



+  ME okoio 0, MSDR oko0J10 1, RMSE 1 R Bac yCcTpauBaloT - HAO0Op MOKHO
yTBEepPXKIOaTh: IEPEHOCUTE 3TU Ke IapaMeTphl (BapuorpaMMy U HaCTPOUKH
nnoucka) B 2D Kriging U CTpOUTe IIOBEPXHOCTh.

+  MSDR 3amMeTHO OoJIblile 1 - KpUTHHT CIIUIIIKOM «yBepeH B cebe», KapTa
CTaHOapTHOU omnOKY OyIeT 3aHUKeHa: yBeJIn4ubTe HarreT CO UIu CUJII U
IIPOBEPLTE CHOBA.

- MSDR MeHblIIE 1 - HEONTPEOEIEHHOCTh 3aBhIIIIeHa: yMEHBIIIUTE HarTeT UJin
CHJIJL

+  ME 3aMeTHO OT/IM4aeTCs OT 0 - CHCTEMaTU4YECKUU COBUT: IPOBEPHTE
OAHHBIE U TUI KPUTHHTA (OJIA IIPOCTOr0 KPUTHHTa - 3alaHHOE CpefHee).

. Bomnbirtast RMSE ¥ HU3KHH R - MO EJIb IJIOXO0 ITPeIcKa3kIBaeT: IIOMMPo0yuiTe
OPYTrou paguycC, MOLEb NI @HU30TPOIIXIO (a3UMYT U OTHOILIEHUE OCEN).
Ecnu HU4Yero He IOMOTaeT - 3TO IPeesl JaHHbIX: KOPOTKOMAacITabHas
U3MEHYUBOCTH, KOTOPYIO CETH HE JIOBUT (HallpuMep, 30HLI 3aMeIeHU I10
pyZne - Ha rpaduKe BHIIIIE 3TO BePTUKaIbHas IIoj0ca IIpu akTe 0KOoJio 0).

Croi OCTaTKOB ITOACKA3bIBAET TOYEYUHO: I'le OCTATKH KPYIHBLIE - TaM CTOUT
CTYCTUTH ceTh (H0o0aBUTL CKBaXXWHBI) MU IIPOBEPUTH IIPoOHL. I'me ocTtaTKu
CHUCTeMaTUYEeCKH OOHOTO 3HAaKa IO IJIOIIAOM - TaM JIOKAJIbHBIM TPEH[, KOTOPBIHN
KPUTHUHT He YUEIL

WTOr: 3TOT MHCTPYMEHT - MOCIEOHUHU IIar Iepen (pUHaIbHBIM KPUTUHTOM.
CHauyajyla BB KanubpyeTe BapuorpaMMmy 30eCh IIO OIIMOKe, 3aTEM Te XKe
napaMeTpsl cTaBuTe B 2D Kriging - ¥ TOBEPXHOCTh BMECTE C KapTOU CTaHAapTHOU
OITMOKM MMOTy4aloTCsa 000CHOBAaHHLIMHY, @ He MO00paHHbIMU CyObeKTUBHO.

3aMedaHHe 0 CKOPOCTH: KOHTPOJIb PeIllaeT KPUTUHT CTOJIBKO Pa3, CKOJIBKO TOYEK,
IMO3TOMY Ha O0IbIINX Habopax (HeCATKHU ThHICSY CKBAaXKMH) BHITIOJTHSAETCS 3aMETHO
mosnbite. [Tpu HeoOXOOUMOCTHU YMEHBIITHUTE BHIOOPKY.

6 NHcTpyMeHT Co3paTh NpuMep CKBaXKuH (aemo)

HNucTpyMeHT Co3maTh NpHUMeEP CKBaXKHUH (eMO0) GopMUpPyeT TOYEYHBIA CIIOU
CO CIy4YauWHBIMH KOOpAWHaTaMU U TpeMsd CTPYKTYPUPOBAHHBIMU IIOISIMMU:
abcoyIioTHAsT OTMEeTKa KPOBJIM ImacTa (roof), MOIIHOCTL (thick) ¥ comepzKaHUe
abcTpakTHOTO KoMIoHeHTa X (%). [Juama30Hbl KPOBJIM ¥ MOIIHOCTH 3aJlaHbl 11O
oOpas3uy mnpoMeuiiuieHHoOro minacta (Kpll). MHCTpyMeHT IIpenHa3HadeH [OJist
00y4YeHUsT U MPOBEPKU KPUTHHTA, U30IUHUN U KPOCC-Banuaaluu 6e3 peabHBIX
OAaHHBIX.



@ Tpua v usonuHmm - Cosaats npuMep cKeaxuH (aemo) X

Napametpsl | XKypran " Cospats npumep
Obnacrs (xcren) | cxksawwuH (aemo)
Hucno ckBaxmH

300
Mitvym SHavenvs X

0.000000 s
MaKaamym sHaders X

50.000000 =
TnaakocTs (o5 oxBaTa)

0.150000 s
v [lononHuTenbHbIE NapaHeTpbi

Kposnsi: mrsaym, M (a6c.)
-250.000000
Kposns: makamym, u (abc.)

-50.000000

MOLLHOCTB: MAHIMYM, M

1.000000
MOLUHOCTB: MaKTAMYM, M

8.000000 3
Zons Harreta (0T aucnepam)

0.350000 :
3epro ICH (0 = cnysaiio)

0

Craamurisi (aeno)

V| OTKPLITL BEIX0AHOI halin NOCNE 3BEPWEHNR ANTOPUTMA

AononHuUTensHO ~ | | 3aNYCTUTL B NAKETHOM PEXMME. .. BoinonHUTL 3aKpeiTh Cnpaska

OkHo uHcmpymeHma Co30amsb npumep CK8adHcuH (0emo).

[TapaMeTpel: 00/1aCTh (3KCTEHT - MOXKHO 3aJaTh IO CJIOI0, IO XOJICTY KapTHI,
KOOpOWHATAMM HJIM PHCOBAaHMEM Ha KapTe). YHCI0 CKBaXWH. MUHUMYM H
MaKCHUMYM 3HaueHus X. [l1arna30Hbl KPOBIX U MOIITHOCTH (10 YMOJTYaHUIO - KaK y
Kpll). 'magKoCTh (mOJIst OXBaTa - 3a[aéT PaguyC KOppensiuu: O0JIbilne 3HaYeHNe -
KpymHee o007acTH OOHOPOmHOCTH). [lonmsg Harreta (Oonss  OUCIEPCHH,
MIPUXOOSAIAsiCI Ha KOpoTKoMacimTabHBIM IymM. Yem Oosbine, TeM HUXKE
nmpeacka3yeMocTh). B pasgene [TOmOJIHHTEIBHO - 3€PHO TeHepaTopa
CTy4YalHBIX YUCEI [IJIsI BOCITPOU3BOTUMOCTH.

[Tpu 3anycke B 2KypHasn BEIBOOUTCS CTapTOBas BapuorpaMma (CyMMapHBIA CHUJLIT
~ QUCIIEPCUM [OaHHBIX, HaArreT, paguyc). CreHepupoBaHHBIE OaHHBIE HMEIOT
BOCCTAHOBUMYIO0 BapHOrpaMMy, IIO3TOMY Ha HUX yOOOHO OCBOUTH BECH IIUKII:
mocTpouTh rpuf B 2D Kriging, 3aTeM M30JIMHUHU, ¥ TIPOBEPUTH IIapaMeTPHl KPOCC-
BaJIMallien.

7 JIuueH3ua n noaaepKka

[InaruH pacnopoctpaHsieTcd nop nuier3ueit GNU GPL v2 unu HoBee (GPL-2.0-or-later)
- TOu XKe, 94To U caM QGIS. [TonHEIM TEeKCT B ¢aitne LICENSE B komiiekte. © OO0
«MHpOPM++», www.informpp.ru.
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