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BBengenue

Isoliner - mpoBaiigep UHCTPYMEHTOB Processing aisi MHTEPIIONSAIIUN TOUEYHBIX JaHHBIX, IOCTPOEHUS
M30JIMHUHN U paboTH ¢ penbedom. Aapo kpuruHra - anroputMm KB2D m3 GSLIB. MHCTPyMeEHTH
pa3HeCeHHI 110 ceMU rpymnnam: «I'pug u u30JIMHUN» - OCHOBHOM ITOTOK 00paboTKM OT AeKjlacTepu3aliuu
mo usonuHuii, «Tomorpadus» - penbed U3 OTKPHITHIX OAHHBIX M TUAPOJIOTUUYECKUU aHaIu3,
«JlomoMHUTE NIbHbIE MHCTPYMEHTHl aHaji3a» - CIellMajIM3UPOBaHHbBIE PACYETH OT MHOUKATOPHOTO
KPUTHUHTa A0 IIJIOTHOCTHU IIepeMeHHOMN OIlophH, «Pa3pe3» - IOCTpOoeHUEe IeO0JIOTUYECKHUX pa3pe3o0B,
«I'eonornyeckas moaenb» (6eTa) - COTJTaCOBAaHHOCTD MTAYKM IIJIaCTOB ¥ y4eOHBIM ITpUMEP pas3pesa,



«['upgponorust pek» - CTBOPHI, KPUBLIE PACXOOoOB M 3aTomnseHue, «®OpaKTalbHBHIM aHamu3» -
Pa3MepHOCTH NOBEPXHOCTEM, MAaCOK U JIMHUMU.

«2D Kriging (Touku — pacTp)» - OpAMHAPHBIN UJIX IIPOCTOM KPUTHUHT II0 TOYEYHOMY CJIOIO.

«301uHUU U3 pacTtpa» - U30JIMHUU (muHuM) n KOHTYPHBI€ ITOJTUT OHEL (rmosica MexXnoy U30JIMHUSIMHU),
I'DAaHHUIIBI KOTOPHIX COBIIaOAOT C IMHUAMMU.

«BapuorpamMmmMHuasi Kapra (aHm3orpomnus)» - moBepxHocTb y(h X, h y) c omeHKo#l a3uMyTa U
AHU30TPOIINHK OJIA yqéTa HaIIPaBJIEHHOCTHU B KPUI'MHT €.

«Kpocc-Banupmaliusi BapuOTrpaMMBI» - CKOJB3SAIINNA KOHTPOIb (leave-one-out) mist IIPOBEPKU U
nmogbopa mapaMeTpPoB KPUTHHTA I10 OIMOKe, a He BU3YyaIbHO.

«IIlpuMep CKBaXXWH (ZeMo)» - TeHepanus y4eOHOTO TOYEYHOrO CJIOS C IIPOCTPAHCTBEHHOU
CTPYKTYpPO# (KPOBJIS, MOIIHOCTh, COAepzKaHWE KOMIIOHEHTAa) OJii O00ydYeHuUs W MPOBEepKH 06e3
peanbHbIX JaHHBIX.

B rpyIIe «J1OTIONMTHUTEJIbHEBIE WHCTPYMEHTEI dHAaJIu3a>» CIIeIruaJIn3UPOBaAHHEIE paC‘{éTbI, HaIIpuMep:

«KaTeropuanpbHBIM MHOUKATOPHBIM KPUTHHT» - KapTa BEPOSITHOCTH KJIACCOB II0 KaTETrOpHaIbHOMY
MO0 (MUHTHUN, JTUTOTHUM): HAa KaXOBIM KJIaCC CTPOUTCS WHOAWMKATOP M KPUTYETCS OTHEJIbHO, Ha
BBEIXOJIE€ PACTP BEPOSITHOCTEH, KapTa 30H ¥ YBEPEHHOCTh.

«'ugpaBNIUYECcKUd TpafgueHT YW HalpaBJieHWe MOTOKa» - MO0 PacTPy Hamopa CTPOUT MOAYJIb
TUPABINYECKOT0 I'PAfiieHTa, a3UMYT HAllpaBJIEHUs IOTOKA (BHU3 10 TPAOUEHTY) ¥ TOYEYHBIN CIIOH
BEKTOPOB IIOTOKA, KOTOPHIH cpa3y oopMisieTcsi cTpeskaMu. ['uaporeonorus 63 IpOHUIIaeMOCTH.

IMogxomuT [yIsi OTMETOK IIJIacTa, MoIHOoCcTel, ®PMC, XUMUM U JTIIOOBIX YUCIIOBHIX aTPUOYTOB CKBAZKHH.

HecKo/IbKO TEpPMHHOB, KOTOpPHIE BCTPEUYAIOTCS [ajiee. BapuorpaMMa OIIMCHIBA€T, HACKOIILKO
CUNIbHEEe pPa3IUYaloTCsS 3HAUeHWs C POCTOM PACCTOSHUS MeXOy TodKamu. CHJIT - YPOBEHb, Ha
KOTOPHIM OHA BHIXOOUT (OMM30K K OUCHEPCHUM [OaHHBIX). Harret (oT aHrm. nugget, «addekrt
caMopopKa») - CKaUOK BapHOTPaMMEBI Y HYJISI, TO €CTh pa30poc Ha CKOJIb YTOIHO MaJIbIX PACCTOSHUSX,
BBI3BAHHBIN U3MEPUTEJIFHEIM IIIYMOM ¥ MUKPOU3MEHYHBOCTHIO. [lasiee Mo TEKCTY - TPOCTO «HATTET».

YcTraHOBKa M pacno/jioxkeHue

OcHoBHOM cmoco6 - u3 odunuanbHOro pemno3utopusi QGIS. OtkpoiiTe Monynu — YupasieHue u
yCTaHOBKa MOAyJel — BKnagka «Bce», B morucke Habepute «Isoliner», BbIOepUTE IJIarvH ¥ HAXKMUTE
«YcranoBuTh». IIpu ycraHoBKe u3 perno3utopuss QGIS caMm coobIaeT 0 BHEIXOOE HOBBIX BEPCUU U
OOHOBJISIET MJIaTMH 10 KHOIIKE.

BriGop KaHasia pacTpa BO BCEX MHCTPYMEHTAaX - BHINAAAIOIIUMK CIHCKaMKU C UMEHAaMH KaHaJIOB:
y MHOTOKaHa/IbHOTO T'pHfa IIJIacTa B CIKUCKAX YHUTAIOTCS <«KPOBJIS», IIOAOIIBa» W HMEHa CJIOEB
IIapaMeTpOB.

Bce mHCTpYMEHTH TpoBaiiepa, Kak OHU CTOST B naHenu O0padoTka. Crincok cobupaeTcs U3 Koma
npu cO0pKe PYKOBOICTBA, [I09TOMY OH He PaCXOOUTCS C IJIarMHOM.

1. I'pug 1 30 THHHH

.01 J[lekmacTepusanus (Beca)

.02 2D Kriging (Touku — pacTp)

.03 MuHMManbHas KpUBU3Ha (TOYKM — pPacTp)
.04 MI30n1mHMUY U3 pacTpa

.05 Bapuorpamma (3KcnepuMeHTalIbHAN)

.06 BapuorpamMMHas KapTa (@aHU30TPOIIHA)

.07 Kpocc-Banumanusi BapuorpaMMbl

.08 Kpocc-sanupauus metoga (LOO)

.09 [TpuMep ckBaxkuH (OemMo)

.10 [Ipumep reodpusndeckux npodunei (memo)

1
1
1
1
1
1
1
1
1
1

2. Tonorpadpus



.01 3arpy3ka LIMP no pamke

.02 3arpy3kKa TOIIOOCHOBEI II0 paMKe
.03 Topo2Raster (penved 13 BEKTOPOB)
.04 [TogrotoBKa penbeda

.05 CToK 1 akkymynsanus (D8)

.06 Peunas ceTp

.07 baccelHsl 1 BOmopa3aenbl

.08 YKIJIOH U 9KCIIO3UIUS

.09 BepLInHEL U IMEL

.10 TeMo-penbed

.15 OTY4ET IO CTBOPY

.16 Bomoc6op. JIuHuu 1 KOHTYPH (KaHaBhl, Kapbephl)
.18 Hacrhinmu 1 BeIeMKH (00BEMEBI PaboT)
.19 KaupumaTel 6POBOK U ITOMOIIB

.20 BpOBKU U1 IOMOOIIBE B paboTy

.21 Ilpumep kaprepa (oemo)

.22 TIpodunupoBaHUe OTKOCOB
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2. Tonmorpadmusi: TMarHOCTHUKA U IMpaBKa

* 2.11 Pa3nmenuTh TOPU30OHTAIHU OJIsI IIPOBEPKU

* 2.12 HeBsI3Ka ropusoHTaneu npotus LIMP

* 2.13 [luarsoctuka teppacura LIMP

* 2.14 CHATHE CTyIleHeH (CriaxkuBaHue C OTPaHUUYEHUEM)

3. HOHOJIHI/ITEJI]:HI:IE HHCTPYMEHTbI aHA/IU3a

* 3.01 KaTeropuanbHbIM UHOUKATOPHBIN KPUTUHT

.02 Kpurusr c sHemnuM gpedidom (External Drift)

.03 KapTa BepOSITHOCTH ITPEBHIIIIEHUST

.04 T'mapaBnuyecKuyl TpagueHT U HallpaBJIeHHe ITOTOKa
.05 YmenbHBIM pacxof (3akoH [lapcu)

.06 "'ayccosa cumynsauus (SGS)

.07 I[ImoTHOCTE IO 3aMepaM (IlepeMeHHas oIopa)

.08 [IpuMep OJIsd MIOTHOCTHU (meMo)

o
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4. Pa3pe3

.01 Pa3pes o nuEUMU

.02 CKkBaXXUMHH Ha pa3pe3e (MoOesnb OypeHus)
.03 CocrTas 1macTa Ha pa3pese

.04 TTepeceueHne MOBEPXHOCTEN C Pa3pe3oM
.05 IlepeceueHne BEKTOPOB C pa3pe3oM

.06 Ilepeceuenue TIN c pa3pe3om

.07 [Tpoeknust 06EKTOB Ha pa3pes

.08 Cripoe1iupoBaTh C pa3pes3a

.09 Pa3BépTKa CTeHKHU CcTBOJja (6eTa)

.10 [TpuMmep O pa3pe3a (memMo)

.11 O6pa3zerll clipaBOYHUKA IIJIaCTOB

.12 DIeMeHTHI 3ajieTaHus 1Mo Clefy BhIXoaa
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5. T'eomoruuyeckasi Mmoaean (d0era)

.01 CorJTacoOBaHHOCTD MAYKH IIJIACTOB

.02 [IpuMep pa3pe3sa (memo)

.03 C6opKa mauku oT peibeda

.04 Koppekiius MavKy 0 CTaTUCTHKE MOIIHOCTEMH
.05 MaHudect Momenu

.06 CKJTagl9aTOCTh TOBEPXHOCTHU

L]
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6. I'mgpoiorusi pex



* 6.01 CTBOPHI 1 KPHUBEIE PACXOMOB
* 6.02 [TomUroH 3aTOIJIEHUS

* 6.03 MMmopT TabmuIil CTBOPOB

* 6.04 I[Ipumep peku (memo)

7. ®paKTaJIbHBIH aHAIU3

* 7.01 ®paKTasabHas Pa3MeEPHOCTh

.02 Box-counting Macku

.03 Pa3MepHOCTh TUHUU U I'PaHUI]

.04 PasaMepHOCTh MUHKOBCKOTO (BEKTOPHI)
.05 ITpumep anst ppakTanos (gemo)

NN NN

Bcezo uncmpymenmos: 66

AnvrepHaTUBHHIM cnocob - u3 ZIP-paitna. Mopmynu - VYimpaBjieHHe U ycTaHOBKa Mopyled -
YcranoButhb u3 ZIP. 310 ynobHo Oy odpialiH-YCTaHOBKY U MPEIPEeIn3HbIX COOPOK.

Ilocnme ycTaHOBKM WHCTPYMEHTHI MOSBNAIOTCSA B IaHenu «0OO6paborka» (Processing), mposaiimep
«Isoliner», rpynmnel «I'pupg u wusonuHuUM», «Tomorpadusa», «IlONONTHUTENPHbIE WHCTPYMEHTHI
aHanmusa», «Pa3pe3», «['eomormueckas Momenb» (6eta), «I'mmpomorusi pek» u «OpaKTalbHEIH
aHanu3». TpeboBauHus: QGIS 3.16+. BHemHUX 3aBUCUMOCTeH HeT - ucnonb3lyiorca NumPy, GDAL u
IITaTHBIE aJITOPUTMHBI Processing u3 coctaBa QGIS.

OOHOBJ/ICHHUE

IIpu ycranoBke u3 peno3utopus QGIS mokal3riBaeT yBemoMJIEHHE O AOCTYIIHOM HOBOM BEpPCUU
- 3HAYOK B CTPOKE COCTOSIHUSI M CIHCOK BO BKiIagkKe «OOHOBNsieMble» MeHeIXepa MOAyJei.
OOHOBIIEHUE BHIIOIHSAETCS OOHOM KHONKOM. [Ipu ycTaHOBKe 13 ZIP HOBasl BepCUS CTABUTCS TEM XKe
IIyTEM, IIOBEPX CTapOM.

[InaruH KOPPEKTHO Iepe3arpyxKaeTcs «Ha JeTy», nepesanyck QGIS He TpebyeTcs. [Iyst OBICTPOI
repe3arpy3kKu Kopa IIpu pa3zpadorke ymodeH monyib Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBalifiep ¥ BCe MHCTPYMEHTHI I€PEPETUCTPUPYIOTCHA CPa3y.

BBI30B CIIpaBKH

B mmanore KaxXpaoro HHCTPyMeHTa eCTh KHOIIKa «CIipaBKa», OTKpHIBaloas 3To pykoBoacTtso (PDF B
KOMIJIEKTe IIaruHa). [IpaBas maHesnb Ouayora OONIOJIHUTEIbHO IT0OKa3hiBaeT KPATKYIO IIOOCKa3Ky
10 MHCTPYMEHTY. PYyKOBOACTBO U CBENEHUS O BEPCHUU MOOCTYIHHLI U 6€3 OTKPHITUS WHCTPYMEHTa:
MeHI0 Moagynu cogepxkut nogMmeHio Isoliner ¢ nynkrtamu O maaruHe (Bepcus, CChUIKU, UCTOPUS
usaMeHeHuni) u PykoBogcrso (PDF).

BBICTPBIM CTAPT

HWHCTPYMEHTOB B MJIaTWHE MOJ IIECTHAECAT, U BHIOMPATh U3 0OIIEro CIKUCKa TSIXKejlo. ITOT pa3men
YCTPOEH WHaye: He TI0 MHCTPYMEHTaM, a 1Mo 3ajadaM. HaliiuTe Ty, YTO MOX0’Ka Ha Ballly, U UOUTE
TIO IIIaram - OCTaJIbHOE MOXKHO HE YMTAaTh.

O611ee IpaBUIO OOGHO: HHCTPYMEHTHI HE JO0ragbIBal0TCsi, OHH CIIPAIITHBAIOT U JOKJIaJbIBAIOT.
IMoyTy KaXKabIi MUIIET B XKyPHAJ, YTO UMEHHO OH PEIInJI, ¥ 0YeMy II0JIyYUIIOCh CTOIIBKO OOBEKTOB,
a He uHaye. KypHaja CTOUT OTKPHIBAThb BCermga, 0OCOOEHHO B IIEPBHIE Pa3bl: TaM OOBIYHO U JIEXKUT
OTBET Ha BOIPOC «II0YEMY BEHIIIJIO HE TO».

ECTh CKBaxkKMHbI, Hy2K€H PacTp ¥ U30JIMHUHU

Camas yacTas 3ajayda ¥ caMas cTapasi: TOYKHU C 3aMepaMyu [IPEBPATUTh B IOBEPXHOCTD. [OCTATOYHO
OBYX UHCTPYMEHTOB.



1.02 2D Kriging cTtpouTt pacTp 1no ToukaMm. OpAuHapHbLINA KPUTHUHT OLIEHUBAEeT 3HaUeHNE B SUelKe
KaK B3BEIIeHHOe cpeaHee OMMKAWIIMX 3aMepOB, MPUYEM Beca OH HE BBHIAYMHBIBAET, @ BHIBOIUT
M3 TOr0, KaK OBICTPO 3HAYEHMS PACXOMSATCS C PACCTOSHMEM. 3afaTh HaAO IOJie 3HAYEHUS U
rnapaMeTphl MOfeINu: paguyc (Hasbllle Hero 3aMephl yKe HU O YEM He TOBOPST), mMOpor (00Iuii
pazbpoc) u Harret (pa30bpoc, OCTAIONINICSA Ha HYJIEBOM PACCTOSHUU - IIOTPEIIHOCTh 3aMepa IIJTI0C
M3MEHUYUBOCTDL MeJjib4e I1ara ceTH). Jd4eliky 6epuTe IPpUMEPHO B YETBEPTH-ISATYIO YaCTh CPETHETO
pacCTOSTHUS MeXOy CKBaKHMHAMH: MejIbuye He J0OaBUT TOUHOCTH, a CUUTAThCS OyIeT mOJIbIIe.

BmecTe ¢ mOBEPXHOCTHIO MHCTPYMEHT BHITAET KAapTy OHIMOKH KpuUruHra. CMOTpuTe €€ Bcerpa:
caMa IIOBEPXHOCTH BBRITJIAOUT OOMHAKOBO IJIafKO M TaM, I'Ie CKBaXXWH MHOTO, U TaM, T'Ie Pe3yabTaT
OepKUTCS Ha OOHOM Hal€KoM 3aMepe, a KapTa OIMOKU 3Ty pa3HUIly IOKa3biBaeT.

1.04 W301MHHM H3 pacTpa IpeBpallaeT MOBEPXHOCTh B TOPU30HTANM C IONNUCAMH, a IPU
HamoOHOCTH U B IIOJIUTOHEI Arana30HoB. CeueHre 3amaeTcs YUCIOM Ui IaroM. s penceda tTam
XKe ecTh (prraxkok Tomorpa¢uyuecKux IMOANUCEN: OHU Pa3BOPAYUBAIOTCS TaK, YTOOB BEPX CMOTPEN
Ha BBEICOKYIO CTOPOHY.

IMTorrpo6oBaTh 6€3 cBoux maHHHIX: 1.09 IIpuMep CKBaxkHuH (IeMO0) BLHIITAET TOTOBLIM HAOOP TOYEK C
pPeanruCcTUYHOU IPOCTPAaHCTBEHHOU CTPYKTYPOU.

Janbnre, Korga 3axo4eTcsi 000CHOBaHHUs1. [TlapaMeTpHl MOJeiu MOXKHO He IonbupaTthk Ha IJ1a3:
1.05 BapuorpammMma CTPOUT UX 10 CAaMUM JaHHEIM U pPUCyeT rpaduk, Ha KOTOPOM BUOHO, €CTh JIU B
OaHHBIX IPOCTPAaHCTBEHHAA CBSI3b Bo0OIIe. Eciu akcIiepuMeHTaIbHbIE TOUKHU JI0KATCS KakK I10I1ao,
HUKAKOHU MeTo[ e€ He co3fmacT. 1.06 BapumorpaMMHasi KapTa II0Ka3blBaeT aHU30TPOINIO - KOTma
CXOICTBO TSHETCS BIOJIb OOHOTO HAIpaBJIEHUS CUJIbHee, YeM IIOIEPEK, U 3TO Hajmo ydecThb. 1.08
Kpocc-Banmuganus (LOO) youpaeT KaXKayi0 CKBaXKUHY 110 OYepey, IPeficKa3biBaeT 3HaYEHUE I10
OCTaAJIBHBIM U BEIBOOUT PACXO02XKIOEeHHWe 4YHUCJIOM - HpHMOfI OTBET Ha BOIIPOC, HACKOJIBLKO MOZKHO BEPUTH
KapTe. YIa4HBIM Ha00Op TapaMeTpoB coxpaHsieTcs IpoduieM, YTOOb He HabupaTh ero 3aHOBO.

ECTh OTKpbITasi MECTHOCTD, HyK€eH peJibed H TOIIOOCHOBa

PanHMIE ¥ caMBIM XOJOBOM MyTh: CBOMX CHEMOK HET, a KapTa HyXHa. Bc€ GepéTcs M3 OTKPBITHIX
MCTOYHUKOB IpsiMo B QGIS, 6e3 ckaunBaHus apXUBOB PYKaMMU.

2.01 3arpy3ka IIMP mo paMKe KadaeT BBICOTHl II0 3agaHHOMY oxBaTy - Copernicus GLO-30
¥ OpyTue OTKpPHIThIe HaGopwl. [IpmxomuT pacTp B MeTpaxX, yXKe HPUBEOEHHBIM K METPUYECKOU
cucTeMe KoopOouHaT. TpuOIlaTh METPOB STYeHMKH - 9TO MacirTab mopsgka 1:25000: X0mIMEBI, TOTHHEI
¥ BOOPA3[ebl YUTAIOTCS, a OPOBKa Kapbepa HJIM OOPOXKHAas HaCHIIb - HET. [IOHMMaTh 3TO HAMO
cpa3y, UHaue OT pe3yJbTaTa KAYT HEBO3MOXKHOTO.

2.02 3arpy3Ka TOIOOCHOBBI IIO0 paMKe OepEéT II0 TOM Ke paMKe BEKTOPHYIO OOCTAHOBKY M3
OpenStreetMap: BoOHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHWs, Jec. BomHbIe OOBLEKTHl IIPUXOMIST
[MOJINTOHAMM, BKJII0Uasi COCTaBHEIE - 03€P0O C OCTPOBOM OCTAETCS 03€POM C BHYTPEHHUM KOJIbIIOM,
a He CIUJIOIIHBLIM MOJIMTOHOM. DTO TOT CJIOM, KOTOPHIM HAJIbIlle MTOJAETCS B MHTEPIOJIAIUIO YPE30M
BOJILI, €CJTU TTIOHAA00UTCS ITePEeCYUTHBATh pefbed.

CkauanHasi LIMP moutu Bcerga tpebyer 2.04 IloaroroBkH peiabeda: B OTKPHITHIX Habopax
BCTPEYAIOTCS IIYCTOTHI, IIyM U JIOKAJIbHEIE SIMEI, KOTOPEIX B IPUPOLE HET. 3allolHeHNe ITIOHUKEeHU!
3[leCh He KOCMeTHuKa - 6e3 Hero CTOK He CUHTaeTCs BOBCe, BOOA YTHIKAETCS B IIEPBYIO JKe JIOXKHYIO
aMmy. Ilocne moprorosku 2.05 CTOK M aKKyMYJIsIDUsS HA€T HallpaBlleHUs U HaKoIllleHue, 2.06
PeuHasi ceThb IIpeBpalllaeT HAKOIJIEHWE B JINHUU TAJIbBETOB C mopsigkamu, a 2.07 BaccedHbI "
BOJoOpa3aeabl peXxeT TePPUTOPUIO Ha BOZOCOOPEHL.

2.09 BepmiuHbI U SIMbI HaXOOUT XapaKTepHBIE TOYKU pesbeda - Te caMble OTMETKH, KOTOPHIE
Ha OyMaXKHOHM KapTe IOAIUCHBAIOT YuciIoM. BMmecTe ¢ TambBeramu u3 2.06 oHM 00pa3yioT CKeEJeT,
KOTOPLIN ITOTOM MOZKHO ImomaTh B 2.03 u mepecunTaTh penbed yxKe C Y4ETOM TUOPOJIOTHH.

M 3mech riIaBHBIN HIar, paJgd KOTOPOro BCEé mpeabiayilee M Oesjaaaloch. CkauvanHas [IMP
TUOPOJIOTUYECKU HEBEepHa: B HEM eCTh JI0KHBIE SIMBI, peKM MeCTaMU TEKYT B TOPYy, a 03épa UMEIOT
YKIIOH. McripaBnsaTe 9T0 ¢uUIbTpaMu OECCMEBICJIEHHO - 3al0JIHEHNE MOHUXKEHUH JIEYUT CHUMIITOM,
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HO He ONpu4YuHy. [IpaBUIBbHLIM OyTh OPYTOM: coOpaTh M3 CKAaYaHHOTO pacTpa CKejleT MEeCTHOCTH U
nmepecYuTarb MOBEPXHOCTH 3aHOBO C YYETOM TOTO, YTO MBI IIPO HEE Y3HAJIIH.

Bcé, uto mobriTo Ha mpemeimymux Irarax, uget B 2.03 Topo2Raster kaxkgoe CBOUM BXOHOM.
TopuzouTtanu u3 1.04 - XKECTKUMHU y3naMu. TOoUKU BHICOT u3 2.09 - Toxke KECTKUMH, U C BECOM
0OoJbllle eUHUIILI, €CJIN XOTUTE, YTOOH BEPIIIUHEI IIEPEBEIINBAIN BEPIIUHBI TOPU30HTAIeN B 0011IeH
ssyetike. TanbBeru u3s 2.06 - IpUHYKAEeHUEM ITafeHNsI BHU3 110 TeUEHUI0, II09TOMY PeKU Ha HOBOM
penbede rapaHTUPOBAHHO TEKYT BHU3. BogHble momurossl u3 2.02 - ype3oM BOOH, U 03€pa JI0KaTCsA
IIJIOCKOCTEIO, @ He C YKJIIOHOM. Ha BBIXOfle MO/Iy4aeTcs THAPOIOrH4eCKH KOPPEKTHHIH penbed,
4Yyero CKayaHHEBIM pacTp caM 1o cebe He maér.

WN3zonuuun u3 1.04 Hy>KHBL B 9TOM IIelI0YKe OBaXKIbl: CIIepBa KakK CIIoco0 MOCMOTPEeTh Ha MECTHOCTD,
a IOTOM Kak BxO0[ B IlepecuéT. Ceuenue OepuTe no Macmraby ¥ XxapakTepy MECTHOCTH - HA PaBHUHE
OATH METPOB, B ropaxX ABafllaTh OATh. [lWama3oH BEICOT MHCTPYMEHT IIOACKaXeT B XypHae.
CnuIikoM 4YacToe cedeHHUe 30eCh He IIOMOIIHUK: OHO IIePEeHECET B HOBBLIM pesbed IITyM MCXOOHOTO
pacTpa, pagu u3baBlIeHusI OT KOTOPOT'0 BCE U 3aTEBAJIOCh.

I[IpoBepuTh, UTO CTAJIO JIydllle, @ He MHAYe, TIOMOTaloT Te K€ MHCTPYMEHTHI, YTO U B CJIEOYIOIIEM
cienapun: 2.12 HeBsizka ropu3ontaaes nporus IIMP 1 2.13 [IuarHocTHKa TeppacHHra. A
2.05 CToK 110 HOBOMY pesibedy OOJIXKEH maTh PeKu 6e3 pa3priBOB U 6€3 JIOKHHEIX 03EP - 9TO caMas
HarjasggHas IpoBepKa.

EcTh TOnOm/JIaH C TOPU30HTAJISIMHU, Hy2K€eH peibed

3agavya o6paTHas IpeObIAyINeli: He MOCTPOUTh ITOBEPXHOCTH 10 PEIKUM TOYKaM, a BOCCTAHOBUTH €€
TI0 TIJTOTHBIM JTMHUSIM, KOTOPBIE y2Ke KTO-TO HapuCOBaJl.

3mect pabotaetr 2.03 Topo2Raster - MynbTHCeTOYHass MHTepnossnus mo MotuBaM ANUDEM.
['maBHOE OTNMMYME OT KPUTHMHTAa B TOM, YTO Y KaXXOOTO THIIA BXOda CBOSI POJb. ['OPU3OHTANU U
TOYKH BBICOT HOAIOT XKECTKHE Y3JIbl: TaM OTMEeTKa HPHUKOJIOTa. TambBeru 3adaloT MPUHYXKIEHUE
MMafieHusi BHU3 II0 TEUEHHIO, IO9TOMY PEKHU Ha IMOCTPOEHHOM peibede He TEKYyT B ropy. OOPHIBEI
paboTaroT 6apbepoM: BOOJb HUX Iepenaj He pa3Ma3blBaeTCs CrIa’kMBaHUEM. Ype3 BOMBI KJIameT
03€pa IJIOCKOCThIO UJIX HAaKJIOHSAET BOOJIb pycCiIa.

Ayeliky 3amaBaiiTe SBHO, MHAYE YMOTYaHME MOXKET OKa3aThCs TPy0ee TOTO, YTO BH XOTUTE YBUTNETD.
910 mepBoe, 060 YTO CHIOTHIKAIOTCS: HAa KUJIOMETPOBOM YYacTKe aBTOMATHYECKHU pa3Mep HaeT
TPUALATUMETPOBYIO S9eUKy, M YCTyIl B CEMb METPOB B TaAKOHM CeTKe IIPOCTO He CYIIecTBYeT.
HWHCTpyMeHT 00 9TOM IIpenynpexkaaeT B XKypHaje, HO JIydIle 3a7aTh cpasy.

I[IpoBepsATh pe3ynbTaT Hago He Ha rna3. 2.11 Pa3menuTs TOpPHU30HTAIHM OJIsd IOPOBEPKH
OTKJIafBIBAeT 4acTh nuuuii, 2.12 HeBsizKa ropu3oHTa/ied nporuB IIMP MepsieT, HaCKOJIBKO
IIOCTPOEHHAas IIOBEPXHOCTh Pa30lljiach C OTJIOXKEHHBIMU. DTO TOT XKe IIPUEM, YTO KPOCC-BaIugalus
B KPUTHHTE, U OH OTBEYaeT Ha TOT Ke Bompoc. OtaenbHo ecTh 2.13 [IMarHocTUKa TeppacHHra
- UWIIeT XapaKTepHbIM OedeKT HHTEPIONSIUU II0 TOPU30HTAJISIM, KOIfa IIOBEPXHOCTh BCTAET
CTYIIEHSIMM BOJIb UCXOOHLIX TUHUY, U 2.14 ero j1e4ur.

EcTh n/1I0THasA C'LéMKa, HYZXKHBbI ﬁpOBKI/I H IIOJOIIIBLI

Crémka c BIIJIA unm na3epHOr0 CKaHUPOBaHUSA Hae€T penbed, TOe YCTYyOBl BUOHBL, HO He
onudpoBaHbl. OITUdPOBEIBATL UX BPYYHYIO - OOJT0, U Isoliner ymeeT HaXOOuTh UX caM.

Mexanuka B 2.19 KanauoaTrbl OPOBOK M IIOOOINB TaKas: IIPM3HAK M3JIoMa 3TO He YKIIOH, a
CKOPOCTHh €ro u3MeHeHHusi. Ha poBHOM OTKOCe, [axke OTBECHOM, YKJIOH IOCTOSHEH M IIPU3HaK
Man. Benuk OH TaMm, e yYKJIOH MEHSIeTCs, TO €CTh Ha caMO¥ OpPOBKe M Ha CaMOM ITOMOIIBe. 3HAK
KPUBHU3HEI NEJIUT HaﬂﬂeHHbIe JINHUU Ha 6pOBKI/I U IIOOOIIIBEI dABTOMATHUYECKHU.

IIBa mapaMeTpa HEOYEBUOHEI, 1 00a CTOUT IMOHSATh. ba3a 3aMepa - IONyIINPHUHA OKHA, B KOTOPOM
MepsieTCs meperaj nonepék nuHuu. [lepeman B aTpubyTe drop CUMTAETCS UMEHHO B HEM, IT03TOMY
y OecsITUMETPOBOT0 YCTyma IIpu 0a3e B TpU STUYEHKM OH IOKaXeT TPH MeTpa, a He JecsaTb. bazy
3aaBalTe IO IIUPUHE OTKOCA B A4Yelikax. OTceduKa no nepemnanpy - uiabTp IIymMa, HO He Kputepui
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3HAYUMOCTH: (HOPMaJBLHOTO IIPHU3HAKa OPOBKM HE CYIEeCTBYET, M PEeIlaTh, YTO CUMTATh YCTYIIOM,
ocTaéTcs 4esioBeky. [109ToMy MHCTPYMEHT HAapOYHO OTHAET OOJIbllle HYyKHOI'0, KJIameT B aTPUOyTH
ymcia Ojst orbopa u rmedaTaeT OPOIEHTHUIN B XKYPHAI - Jajibllle Bhl OBUTAETe (PUIIBTP CJIOS, TS
Ha KapTy, U HUYEeT0 He IIepecUuThIBaeTe.

Hanpiie 2.20 BpoBKH U HMOIOIIBLI B Ppa0OTy CHUMaeT OTMETKH C pejbeda U codupaeT QOpPMEHI.
ITape! oIpenensioTCsA CIYyCKOM II0 CKJIOHY, a He 10 GJIM30CTH: BoJa C OPOBKH CKATHIBAETCS POBHO K
€€ moMmoIlBe, ¥ Ha KPUBOM OOPTY C y3KHMHU OepMaMu OHMzKaWInas 110 PaCcCTOSHUIO ITOIOIIIBA YacTO
MIPUHAMIeKUT cocemHeMy ycTymy. ®opMa - 3TO ofHa MOMOIIBAa M MHOXKECTBO OPOBOK IIpU HEH,
IMOTOMY YTO TPACCHUPOBKa PeXKeT OIUHHYI0O OPOBKY Ha Kycku. HemapHble IMHUM He IPOIAfaoT, a
YXOOST B OTOEJIbHBIM CJIOH C IPUYMHOM B aTPUOYTE: 3TO CTOUT OTKPHITh U IIOCMOTPETD.

I[TpoBepUTH CBA3KY LIETUKOM MOKHO Ha cuHTeTuKe: 2.21 IIpuMep Kapbepa (IeMo0) CTPOUT Kapbep
c yctynamu, 6epMamMu, Che37IOM, OTBAJiOM M KaHaBOM, a BMECTe C HUM MCTUHHBIE CTPYKTYPHBIE
nuHuu. [TonHOTa MeTeKTopa MepseTCcs YNCJIOM IPOTHUB HUX, a He Ha I'ja3.

Ectb Kapbeép B TOIIOIIVIaHEe, HO FOpHSOHTaJIeﬁ BHYTPH HET

Cnyyaii, KOTOPBIM BHITISAUT Oe3HAmEXKHBIM, ITOKa He pa3obparbcs. [1o HOpMaATUBY TOPU3OHTAIIU
BHYTPM IUIOWIAAHBLIX KapbepoB, BEIEMOK, HaCHIIeW U OTBajOB HE OHMHCBHIBAIOTCSI - COTJIaCyeTCs
TOJILKO BHEUTHUY KOHTYP. 3HAUUT pejbed 10 TAKOMY IIJIaHy UMeeT OLIPY POBHO TaM, T'Ie BEIpaboTKa,
¥ 3aII0JIHUTL €€ HeueM, KpoMe OPOBOK U ITOIOIIIB.

3arsos3fka B TOM, YTO y JTHHUM OTKOCa B YepTexke HET OTMETOK. Ho OHM eCTb y TOPH3OHTaNeH,
KOTOpPBIE K 9TUM JIMHUSIM TPUMBIKAIOT: HOPMATUB TPeOyeT MOBOOUTD X MO IMHUK OTTMCAHUS 00hEeKTa
y3710BBIMU TouKaMu. 2.22 IIpoduiupoBaHHe OTKOCOB COOHMpPAET 3TH TOYKH X BOCCTAHABIMBAET
10 HUM IIPOGUIL BCEH TUHUH - IePEeMEeHHYI0 OTMETKY M3 CaMHUX HAHHLIX, a He OJHO YHCJIO Ha BECh
00OBEKT.

Hansmie 2.20, Ho yxe 6e3 IIMP: korga y IUHUME eCTh CBOM OTMETKH, CIIyCK II0 CKJIOHY He HyKeH,
IIOJOUIBOM CUKTaeTCs OuKalas JIUHUSA HUKe OPOBKU. DTO BaXKHO, [IOTOMY UTO MHa4e II0JIydalics
KpYT - 4TOOBI IIOCTPOUTH pPejibed, HYy2KHEI ITaphl, a AJis Iap CIIyCKOM HyXKeH pejibed, KOTOPOro elIlle
HeT.

3ambeikaeT 2.03: ropu30HTANM KaK OOLIYHO, a ¢GOpPMEI mMomaioTcs Bo Bxombkl Bepx dopm u Hus
dopmM. [ToBepXHOCTL MeXKay OPOBKOM M ITOAOIIBOM CTPOUTCS METOOOM PACCTOSHUM, TEJIO YXOOUT
B MWHTEPHOJIAINIO XECTKUMU y3jlaMH, T'paHulla paboraer OGapbepoMm. Ilopora 3HA4YMMOCTH B
WHCTPYMEHTE HET HaMepPeHHO: Jalu OBEe CTOPOHHI - CTPOUTCS IMOBEPXHOCTD, JaJii OOHY - paboTaet
OapbepoM. PellieHne npuHUMAET YEI0BEK, KOTTla PUCYeT BTOPYIO JIMHUIO.

HyKeH reojioru4ecKHi pa3pes

Pa3pe3 B Isoliner - 3To He KapTUHKA, a cucTeMa KoopauHaTt. 4.01 Pa3pe3 mo JTHHHH IIpeBpalaeT
JIMHUIO Ha KapTe B IIJIOCKOCTh dYepTezKa C OCAMHU pacCTOSHUEe-BHICOTAa M BBIAET, KPOME CaMOTO
yepTexka, CIyKeOHBIM CJIOM ompeaejieHHe pa3pe3a. Bce ocTambHBIE WHCTPYMEHTHI T'PYIIITHL
MIPUHUMAIOT €ro Ha BXOH M 6jaromaps eMy KJIagyT CBOM OOBEKTHI B Te XKe KoopauHaThl. OTcroma
npaBusio: crnepsa 4.01, 1oToM BCE ocTanbHOe, U B noJie «OnpenenieHnre pa3pe3a» MOJAETCSA BBIXOI
4.01, a He ucxomHasi TUHUSI.

BepTtukanbHBIHM MaciiTad 3aaéTcst TpeMsi criocobaMu, 1 BLIOOP HeodeBUIOEeH. MHOKUTEND ITPOCT, HO
TpebyeT 3HAHUS OJIMHHBI Pa3pe3a: Ha KUJIOMETPOBOM IIPOQUIIe MHOKUTENb 3 [acT MJIOCKYIO JIEHTY.
OTHo1LIeHHe radapuTOB YepTeKa moAdupaeT MHOXKUTEJIhL CaMO TakK, YTOOH! ITMPUHA OTHOCHUJIACh
K BBICOTE KakK 3afiaHo, U paboTaeT Ha pa3pe3e Jiio00# OJIMHEL - HAYHUTE C Hero. M moMHUTE, YTO
ITPEBHILIEHNE MCKaXKaeT BCe YIIb: IpU MHOXUTene 10 HaKJIOH B 5 rpafiycoB JIAXKeT Ha OyMmary mop,
41, mO3TOMYy yTJIBI IO YEPTEXKY TPAHCIOPTUPOM HE MEPST.

[anbie Ha pa3pe3 HAHOCUTCS comepxkuMoe. 4.02 cTaBUT CKBAXKUHEI C UHTEPBaIaMu OITPOOOBaHMUSI,
4.04 TpPOBOOUT IIOBEPXHOCTU U3 pacTpoB, 4.03 HAHOCUT BEKTOPHBEIE OOBLEKTH II0 TOYHOMY
IepecevYeHuIo C IMHMEN. Y IToCJIefHero IPaBuUJiIo 10 TUILY O0bEeKTa: JI0CKas JIMHUS TaéT BePTUKATIb
(M3BECTHO T'Ie, HEM3BECTHO Ha KAKOU IIIyOHMHE), TPEXMEPHAs - TOYKY Ha PeaJlbHOM BHICOTE, IOJIUTOH
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- BEPTHUKAJIBHYIO IIOJIOCY. Ecnu 3amaHb Yroial U a3uMyT IIad€eHHNs, BEPTHUKAJIb IIPpEeBpalllaeTCsa B
HaKJIOHHBIX CJI€[I, a IOoJIoca - B IIapajjaneaorpaMm.

HauaTtpk mpoine Bcero ¢ memo: 4.10 IIpumMep st pa3pe3a (IeMo) BBIAET IMIeCTh IOBEPXHOCTEH,
MISTh IIJIaCTOB, TPU JIMHUM Pa3pPe30B, CKBAXKWHLI, 30HHI M CJIOW OJIS HPOBEPKH YIIOB mameHwus. Ha
HEM BCS LIeTIOYKa IIPOXOOUTCS 3a IIATh MUHYT, U OIIMOUTHCS HETHE.

HyXHbI 00b€MBI PadoOT

2.18 Hackinu U BBIEMKHM CpPaBHUBaeT [OBE IIOBEPXHOCTU U CUYMUTAET, CKOJIBKO BBIHYTO U
CKOJILKO yJI03keHO. OOBIYHO 3TO penbed mo paboT U ITOCHe, UMW MPOeKTHAas MOBEPXHOCTh IPOTUB
daKTHIECKOH.

Cumraercs o si9elikaM: PaA3HOCTh BHICOT YMHOXKAETCS Ha IJIOIIafb SYeWKU, II0JIOKUTEJIbHbBIE U
OTpHUIIATENIbHbIE CYMMHUDYIOTCS pa3gesibHo. OTCloma 04eBHUIHOE, HO BaXKHOE: TOYHOCTh O00BE€Ma
YIHPAEeTCsi B TOYHOCTH 00€HUX MOBEPXHOCTEH, 1 €CJTH OffHA U3 HUX ITOCTPOEHA 10 PeIKUM TOYKaM,
KpPaCHUBOE YMCJIO B OTUETE He 3HAYUT Hu4yero. Kapra ommbKu KpUTHUHTA U HEBSI3KA IO OTI0KEHHBIM
TOPU30HTAJISIM - KaK pa3 Ipo 3TO.

I'panuny cué€Tra 3amaBaiiTe IIOJIMTOHOM, NHaYe 00BEM IIOCYUTAETCS II0 BCEMY IIEPEKPHITUIO PACTPOB,
BKJTI04Yasi 00J1aCTH, KOTOPBIX PAabOTH HE KaCaIuCh. ITO BTOPOE, 000 YTO CIIOTHIKAIOTCS: Pa3HUIIA IBYX
IIMP mouyTu HMKOT[a He paBHA HYJIIO 3a IIpefenaMu BEIPaOOTKM, TaM TYJISeT ITyM ChEMKHU, U Ha
OO0JIBIION IIJIOIIaAU OH HaKalJIMBaeTCsS B 3aMeTHEIe KyOOMEeTpPHI.

OO01Ias1 TOoruKka padoTsl

Tumnoso# cieHapuii COCTOUT U3 ABYX LI1aros:

2D Kriging: mo TO4YeYHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCHA pacTp (perymnsapHas ceTkKa
3HaAYEeHUN).

HN3omuHuM U3 pacTpa: [0 MHOJYYeHHOMY PacTpPy CTPOSTCS HW3OIUHWU U, OPU HEeOOXOOUMOCTH,
3a/TUThIe KOHTYPHEIE TTOJIUTOHEL.

[ITaru HE3aBUCUMH: « U30TMHUY U3 PacTpa» paboTaloT C TIOOLKIM PaCTPOM, He TOJIFKO C PE3YIhTaTOM
KPUTHHTA.

HHCTpyMeHTHI cCOOpaHbl B TPU IPyHsl Processing. I'pymnma «['pum u U30IHHUK» 9TO OCHOBHOM ITOTOK
00paboTKM, OT KPUTHHTA A0 U30MuHHU. ['pymnna «JlOMOTHUTENbHEIE MHCTPYMEHTH aHallu3a» 3TO
CIleIMann3upPOBaHHbEIE PACYETHI, KATETOPUAIbHEIN MHONKATOPHBIM KPUTUHT, KPUTHUHT C BHEIIHUM
operidoM, rTugpaBINYeCKUY TPagueHT C HallpaBjieHUeM [I0TOKa, KapTa BEPOSATHOCTY IIPEBHIIEHNSI U
yOenbHEIN pacxop o Hapcu. I'pynna «Pa3pe3» 5T0 MOCTpOeHME Ie0I0TNUYeCKUX pa3pe30B 10 ITNHUU
U MMOATOTOBKA AEeMO-TaHHbBIX [JISI HUX.

1. I'puag 1 U30/JIMHUU

1.01 [Iexnacrepu3amnus (Beca)

HHCTPYMEHT IOTOBUT JaHHBIE Neped HHTepIosnuei. Korma mpo06h CTyIIeHH HepaBHOMEPHO, OIHU
6710k pa3bypeHHI IUIOTHEE APYrUX, HawWBHAs riiobajbHasi CTATUCTUKA CMeEIIaeTCs B CTOPOHY
repepa3BedaHHBIX y4acTKOB. Ecmm rTymie Oypunu OGoraThkle 30HH, CpegHee ¥ THCTOTpaMMa
3aBBIIIEHH, @ 9TO IPSIMO BIIMSET Ha MOACYET 3armacoB. Adeucras gekiactepusanusa (mopt GSLIB
declus) maét Kaxpoi mpobe Bec, OOpaTHHIM JIOKAJIBLHOM IIJIOTHOCTHU: B CKOIJIEHUM MEHbINE, Ha
ormube Gomnbine. [To B3BEIIEHHLIM OAHHLIM CYMTAETCS IIPeOCcTaBUTENIbHOE OeKIacTepH30BaHHOE
cpenHee.

Ha mosie HaknIaABIBAETCS CeTKa STYeeK, BeC MPOoOLl IPOIOPIINoHaJieH efuHUIIE, MeIEHHOM Ha YHUCII0
mpo0 B eé siuelike, 3aTeM Beca HOPMUPYIOTCS. Pa3Mep s4eliKu Hog0upaeTCss aBTOMATUYECKU: CBUII
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Kak paGoTaeT Moaynb: CKBaX}XWHb! = rpua — U30NNHUN

40 3. M3onuHuM M NonwuroHkl

1. CkBaWHLI (To4KK) 2. Fpua (KpwruHr)

Puc. 1: Bechb mpormecc Ha CreHepHupPOBAaHHOM IIPUMEpe: CKBAXWHBI C H3MEpPeHusIMHu (cieBa)
ITPEeBPAIAOTCAd B CIJIOIIHOW TPUMA KPUTHMHTOM (B IIEHTPE), II0 KOTOPOMY CTPOSITCS H30IUHUU U
KOHTYpPHEIE TIOJIUTOHEI (CIIpaBa).

110 pa3Mepam, BEIOOP 0 MUHUMYMY OEKJIaCTEPU30BAaHHOTO CPeqHEeTo (KOrfa CKOIMJIEHUS TIPUIIIUCh
Ha Ooratele 30HHI) MO0 IO MaKCHMyMy. MOXKHO 3ajaTh pa3Mep BpyuHyio. Ha perynsipHoi ceTu
OeKIacTepu3alus HU4ero He MeHsIET, BCe Beca PaBHHI.

[TapameTp Ha3uauenwue ITo ymonmuanuio

Touku cO 3HaUEHUSIMU [Tpo6EI. -

ITone 3Hauenus (Z) Yucnosoe moie. -

Pasmep sueiiku ABTO (CBUII) UIU PYYHOU. ABTO

Pazmep s4elKu Oy py4dHOTO CTopoHa SYelKH B py4YHOM 0

pexumMa pexume.

Lens cBuna (Hoir.) MuUHUMYM UJIIX MaKCUMYM MuHuMyM
CpenHero.

Yucmno pa3MepoB B CBUIIE CKOJILKO ssueeK mepebpaTh. 24

(Horm.)

CooTHOUEeHUE T4eUKU Y/X AHU30TPONINUS SUEUKU. 1

(Hom.)

CMellleHUY Ha4dajla CeTKU YcpenHeHUe IO cOBUATaM 4

(Oom.) CEeTKH.

Touku c BecamMu Cnoii Touexk c noyieM wt. -

HTML-otuéT CBopka, TUCTOTpPaMMa, KpUBasg II0 YMOJIYaHUIO
CpenHero.

Brixompi: ciioi Touek c rmojieM wt 1 HTML-0T4éT co cBOZIKOM (HauBHOE ITPOTUB [IeKJIaCTEPU30BaHHOTO
CpedHero), TUCTOTPaMMOM CHIPOM IIPOTUB B3BEIIEHHON W KPUBOM CpegHEro OT pa3Mepa S4YeUKH.
IlekmacTepu30BaHHOE CpedHee M3 XKypHana W OoT4é€Ta cTaBuTcs B 1.02 B mone CpemHee [Ojist
IPOCTOr0 KpUruHra, a nojie wt nomaércsa B 3.06 I'ayccoBa cUMYIsSIOUsS [JI B3BEIIEHHOTO
HOPMabHO-0aIIbHOTO IpeoOpa30Batusi. YparaHHbIe IPOOBI OTCEKAIOTCSA OTAEILHO, IePCEeHTUIILHBIM
KallaHMEeM B CaMHUX MHCTPyMeHTaX KPpUTUHTa U KPOCC-Balugaliuu.

1.02 2D Kriging (Touku - pacTtp)

Opzouaapsbil (OK) unu npoctoit (SK) KpuruHr no toueyHoMmy ciior. CoBnagarolliye TOUYKH (OOUH U
TOT ke XY) yCpemHsIoTCs 1Mo Z. B y3/max ceTKM 3HaYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOLSATCS TOYHO
(Ipu HyJIE€BOM HarreTe).

OCHOBHEBIE ITapaMeTPHL:

[TapameTp Yro 3amaér 14 [To ymonmuaHuio / cCoBeT

TouedyHEBIN CIIOM HcxomHble TOUKHU (CKBAXKUHBI) -

TTTTCT TTITTOANTTATTOOTTITITT



[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Tun KpuruHra

Panmuyc nmoucka

MuH. KOJIMYeCTBO TOUYEK

Makc. KoIn4ecTBO TOYEK

Pa3mep suerku
OxBaT pacTpa

O6pe3aTh M0 KOHTYPY CKBAXKUH

Bydep ob6onouku

Macka 06pe3Ku

Mopenu BapuorpamMm
(Tabnuia)

[Tpoduns u3 TabIUIIEL

Oppouraphsid (OK) - m1oKanbHO
OlLIeHMBAET cpedHee caM.
ITpocroii (SK) - ucmonb3yer
3amaHHOe «CpemgHee».
Papuyc okHa moucka COCegHUX
TO4Y€eK BOKPyT y3na. 0 = Bcsa
BBIOOpPKaA.

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

CKOJIbKO ONMHKANIINX TOYEK
BKJTIOYAETCS B CUCTEMY
KPUTHHTA.

Illar rpuga. 0 = aBTO =
min(oxBarT)/50.
[TpsaMoyronpHUK pacyéTa. 1o
YMOJTYaHHUIO - 10 CJIOI0.

PacTp o6pe3aeTcst BHITYKIIOH
000JI09YKOM BCEX TOYEK -
yOupaeT 3KCTPAIIOIALHIO B
IIYCTEHIX yIjax.

Pacmuputs 060504Kky Ha N
eOWHHUII KapThl HAPYXKYy.

CBOU IOJIUTOH BMECTO
000710UKY (IPHUOPUTETHEE) -
yOoOHO [T BOTHYTHIX
Y4aCTKOB.

TabGnmuuHbIHA CIION C
MogoOPaHHBIMU MOMIEISIMH.
Ecnu 3apgan, nonsa
BapuorpaMMEI B fUajiore He
YUTAIOTCH.

Wwms vHabopa B Tabnuue. Ilycto
OOIIyCTHUMO, KOTHa MPOQUIb B
TabnuIe oOguH.

OK

0 (Bcs BEIOOPKA)

24

MeJib4de = IIJlaBHee, HO OOJIbIIe
110 CJIOKO

PEKOMEeHOyeTCd BKII.

He 3adaH

MyCTO

ABTOMAaTHYE€CKHE 3HAYEeHHUSA

Pa3mep sgueiiku = min(mmupuHa, BEIcOTa oxBarta) / 50.

Papuyc Koppensuuy BapuorpaMMbl = max(mupuHa, BEICOTa oxBaTa) / 3.

Papuyc moucka (mpu 0) = guaroHasab oxBaTa, TO €CTbh OEPETCs BCS BRIOOPKA.

O0pe3Ka 0 KOHTYPY CKBazKHH

Kpurusr cuuTaeT BeCh MPSIMOYTOJILHBIN OXBAT, II03TOMY BHE 00/1aCcTH HAaHHBIX 3HAYEHUS SIBJISTIOTCS
9KCTpAIoIAIned U fJaioT apTredakThl (OJIUHHBIE «BeepHBLIe» M30JIMHUU B IIYCTHIX yriax). Onmus
«0O6pe3aTh 10 KOHTYPY CKBaXKWH» CTPOUT BEHIIIYKIIYI0 000JI0YKY BCeX TOUeK (C Heo0s3aTeNlbHEIM
OydepoM) u obpezaeT MO0 HeM pacTp. IJKCTpamonsuus ucuyesaeT. Ecnm dakTumyeckass rpaHHlla
y4acTKa BOTHYyTas, 3afaliTe CBOM ITOIUTOH B «MacKe 0Ope3Ku» - OH IIPUOPUTETHEE 000JIOYUKH.
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KpWruHr: oueHka B y3Jie - B3BelleHHoe cpefiHee cocelel

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

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

Pa.rwlyc nouvcka 1 4Yncso cocegHMX To4ek

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

paaguyc noncka

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

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

Puc. 3: [Ina Kaxporo ysna OGepyTcsi TONIBKO CKBaXKWHBI BHYTPH pPaguyca HOMCKa U He Ooiee
3alaHHOT0 Yucia Onmxkaumux. TOYKY 3a paguycoM He Y4acTBYIOT.
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cunn (CO + Q) i
CO+C 1 :
= |
> |
= CTPYKTYPHBbiIli
Q i Bknag C
1] 1
cC 1
@] 1
= i
I:[ |
> |
= I
e i 3
= Co e
HarreT CO i
0 ;
0 paguyc a

PacCToAHNE MeXay TOYKaMKn h

Puc. 4: Cxema BapuorpaMmsl: Harret CO, ctpyktypaBIU BKnaf C, cuin (C0+C) u paguyc Koppensauuu
a.

BapuorpamMmma u Harret

KpuruHr onmpaeTcsa Ha MOfeJib BapUOTPaMMEI - OHa OMKUCHIBAET, HACKOIBKO CHUJIBHO pPa3/In4yaloTCs
3Ha4YeHUs Z B OBYX TOYKaAX B 3aBUCUMOCTH OT PACCTOSHUS MeXAy HuUMHU. [lo 3TOoM Momenu
KaXJoM cocefHel CKBaxXKHWHe Ha3HadaeTCcs Bec. Mojenb 3afaeTcsi B pasfesie «I[oMoTHUTEIbHbIE
rmapaMeTphI».

Mopens BapuorpaMmmsbl: HarreT CO, cunmn (CO + C) u paguyc KOPpPenIsaluy a.

Harrer CO Harrer - 3T0 3HauyeHMe, K KOTOPOMY CTPEMUTCS KpHUBasg BapUOTpaMMbl IIpU
PacCTOSTHUM, CTPEMSIIIIEMCS K HYJTI0. TeopeTuiecky, Ha HyJIEBOM PACCTOSTHUU PACXOKAEeHNE TOJIKHO
OBITH HYJIEBEIM (TOYKa CpaBHUBAETCHA cama ¢ co0oil), HO Ha IpPaKTUKe OCTAETCs CcTynmeHbKa. OHa
OTpazKaeT TO, YTO JaHHBEIE Ha O4YE€Hb MaJIbIX PAaCCTOAHUAX BCE PaBHO He COBIIagalOT: IIOTPEITHOCTh
U3MEPEHUA U OHHd)pOBKH, MHUKPOU3MEHYUMBOCTE Ha MacIiiTabe MeHbIIle PaCCTOAAHUA MeXKOy
CKBaXXMHaMM, pacxoxkaeHue nyo6iel B OOHON TOYKE.

Kak Harret BnuseT Ha pe3yiibTarT:

CO = 0 (mo yMOm4aHWIO) - KPUTHHT SIBJIIETCS TOYHBIM HHTEPIOJIATOPOM: ITIOBEPXHOCTH 0Osi3aHa
MTPOMTH POBHO Yepe3 KaXKayio CKBaxkuHYy. 30/1mpoBaHHas CKBazKUHa C BLIOPOCOM 110 Z TpeBpallaeTcs
B KOHYC («OBIUMii Ty1a3»).

CO > 0 - KpUTHHT IIepecTaéT TOYHO BOCCTAaHABIMBATEL 3HAYEHNE B TOUKE N3MEPEHUH U CTAHOBUTCS
CTakKuBaTeeM: BOIM3U CKBAXKUHEBI OIleHKa MOOTSATUBAETCS K JIOKAJIbHOMY cpenHeMy. YeM GosbIiie
mons Harreta CO / (CO + C), TeM cuibHee CriaXKUBaHUe.

CO = Bech cuyuI (UUCTHIM HAITET) - IPOCTPAHCTBEHHAS CBSI3b TEPSETCS, IOBEPXHOCTH BEIPOXKIAETCS
B IIpOCTO€ cpefHee. ITo nepebop.

Baxno - egumunbl. Harretr CO u cuMIN 3a0al0OTCd B AaOCOJIOTHBIX €IHHHIIAX THCIEPCHH
ODaHHBIX (KBaIgpaT eguHHUI] Z), a He B gonsax 0-1. 3HadyeHue «1» y cHJJIa IO YMOJIYaHHUIO - 3TO
YCJIOBHOE 3HadeHHNe, KOTOPOe IOYTH BCeTrfga HYKHO M3MEHHUTh: 3ajanTe cyMMapHbU cuma (CO +
BKJIaAbl CTPYKTYp C) OJIM3KHM K AHCIEPCHH TaHHBIX. YPOBEHb CTIaXKUBaHUS OMNpemesseT He
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HarreT KpyrnHsIM raaHom

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

nonyaucnepcua y(h)

10 A HarreT CO
(«CKayok» y Hyns)
Ha Hyne TeopeTu4eckn 0,

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

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

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

abconroTHas BelMMYMHA Harrerta, a ero moiasi B cwuwie CO / (CO + C). IIpakTudecKui MOpPSAOOK:
BO3BMUTE CYMMAapHBIM CUJUI = gucnepcuu, 3ateM HarreT = 0.2-0.4 ot Hero (to ectp 0.2-0.4 X
oucrepcum - abcomoTHoe yucio, a He 0.2-0.4 kak TakoBoe). UeM MeHbIle HArreT, TeM OObllle
meTasied, HO W OOJbIle JIOKAJIbHBEIX NUKOB. YeM 0oblle, TeM IOBEPXHOCTH POBHEE, HO BO3MOXKHO
CTia’kuBaHUE pealbHOU CTPYKTYPHL. [IUCHEepCHIo OaHHBIX WHCTPYMEHT HedaTaeT B 2KypHan IIpu
3amnycKe - 3TO M €CTh Balll OPUEHTHUP IJid BeIOOpa Cuiia.

CTpYyKTypbl, paguMyCc M aHuU30Tpomusi Cumnn (moska) 39TO YpPOBEHb, Ha KOTOPBIA BBHIXOOUT
BapuorpamMma. OH ckmamgwiBaeTcsa u3 Harrera CO u Bkmama cTpykTyphl C. CTpPyKTypa 3aHaéTcs
Momenbio (chepuueckasi, SKCIIOHEHIIMaJIbHasI, TayCcoBa UJIM CTelleHHast), moporomMm C, paguycom a,
a3MMyTOM W aHU30TPOIIHUEU.

Cuia: CMBIC/I M HOPSAAOK BeJIWYHHBI. CUJII - 3TO BEPXHUN Npenesl pa3iuduil MeXay TOYKaMU:
HaCKOJIBKO B CpefHeM OT/IMYaloTCs HaléKue OPYTr OT Apyra CKBaXuHEL. OH OpaKTHU4YeCKU paBeH
o0bIyHOM mucnepcuu gaHHbX. [IpuMep o KCl: cpennee = 25 %, gpucnepcus = 47.6 (%?2), To eCcTb O
= 6.9 %. 3HaYUT, CyMMapHBIHN cuiii 3agaémM = 47.6. Ecnu Harret CO = 17 (mpumMepno 0.35 cunmna),
TO CTPYKTYPHHIN BKJIa[ MepPBOi CTPYKTYpPEl C = 47.6 — 17 = 30. Ha cam rpup abCOTIOTHBIM MaciiTab
He BIIUSET - OJISA OIIeHOK BaxkHO TonbKo oTHomeHue CO : C. Ho oH HyzKeH, YTOOH KapTa CTaHAapPTHOM
om6ku 1 MSDR B Kpocc-Banmupgauuu 6bUIHM B peajibHOM MaciTabe (CyMMapHBIN CUIJT = OUCIIEPCUU
— MSDR = 1). [TosToMy: He ocTaBngiTe CUII = 1 MO0 yMOT4YaHUIO, TOOTHUMHUTE €TI0 [0 AUCIIEPCUMN
OaHHBIX.

Beioop mopmenu. Cdepudeckas M OSKCHOHEHIMAJIbHAS IIOOXOOST [jIsi OOJBIMMHCTBA 3amad.
CremeHHasi MOJeJlb He MMEET CHJ/IJla ¥ paamyca B OOBIYHOM CMEICJIE: €€ IIPUMEHSIOT, KOorja
M3MEHYHUBOCTh PACTET C PACCTOSTHMEM M He BBEIXOOUT Ha ITOJIKY (HeCTallMOHAPHOCTh MpHUpalleHnit),
IIOJIsI TIOPOT'a U paguyca [jsi He€ YCIJIOBHHL. ['ayCCcoBy Mofesib IPUMEHSNTE OCTOPOKHO: IPU HYJIEBOM
WIM OYeHb MaJIOM HarTeTe OHa MaéT YHUCJIEHHO HeYyCTOMYMBYIO CUCTEMY U apTedaKTHl (OCITUIIISIINHY,
OTpHUIIaTENIbHBIE Beca). [loaToMy mpu BHIOOpPE TayCCOBOM MOOEIH HHCTPYMEHT IIPUHYOUTEIBHO
yoepKuBaeT HEGOJIBIION MUHUMAIbLHEIN HAarTeT. [0 BO3MOXHOCTH 3afjaBaliTe ero U CaMu.
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THUI JaHHBIX U peKuM. [lon pa3Hble JaHHbLIe HYKHEI Pa3Hble HaCTPOUKU. ['MagKue CTPYKTYpHEIE
IMOBEPXHOCTHU (OTMETKU KPOBJM U IIOJOIIBE], MOITHOCTH) JIy4Ille MOJENINPOBATh AIUHHLIM PaglyCcoOM
WU CTEIIEHHOM MOMEeNbi0 IPU IMUPOKOM (rimobanmpHoM, 0) pafmyce IOMCKa - TOT{la MOBEPXHOCTH
nonydaercs rinagkoi. KopoTkuit paguyc ¢ JIOKaJabHBIM TTOMCKOM Ha TaKWX HAHHBIX OAET «OBIYbU
rjIa3a» U pa3phiBEL OLIEHKM IIPU CMEHE COCTaBa COCeOHUX CKBaXXWH. [1711 KOHIEHTpaluil U XUMUU
(®MC, razoonacHOCTh) KPUTUHI paboTaeT B CBOEM IpaBe: 3[eCh BaXHHI KOPPEKTHEHIM HarTeT N,
IIPU CHUJIBHOM aCMMMETPHUHU pacupepeeHus, mpeobpa3oBaHMe OaHHBIX (CM. HUXKe IIPO yparaHHEBIE
ITPOOEI).

Pagunyc Koppensdauu a - pacCTOSTHHE, Ha KOTOPOM BapuorpaMMa BBIXOOUT Ha ITOJIKY. [lambIllie 3TOTO
PacCTOsIHUSI TOYKU IIPAaKTUYECKU He BIUSIOT OAPYr Ha apyra. [Ipu O GepéTcss aBTOMaTHYeCKOe
3HaueHHe max(oxsar)/3.

AHuzoTponus 3amaéTCd a3UMYyTOM TJIaBHOM OCHM M OTHOIIEHWEM pafuycoB (Masas/riaBHas).
3HaueHue 1 - U30TPONHO (BAMSHMNE OOWHAKOBO BO BCEX HAINpaBJIeHUSAX). 3JHaueHUe MeHbile 1
yKOpaYuBaeT KOPPENSlUUI0 IOIMEPEK TJIaBHOM OCH - TOJIE3HO [Jid BBITSHYTHIX TI'€0JIOTMYECKUX

CTPYKTYP.

AHU30TPONKUA: BITAHYTAA 3a0eXb W 2JUJTUMC MOUCKa

rnaBHas oCb
(BonbLUon panuyc)

Manad oChk

L asmmMyT

Ecnu 3anexb BbITAHYTa, KOPPENsUWs BAONbL HEE fanblue, YeMm Monepeéx.
InnUNc 3a0a8TcA as’MMyTOM MaBHOA OCA WM OTHOLWEeHWeM ocei.

Puc. 6: AHI/I3OTpOHI/IH: €CJIN 3aJiIeXKXb BBITAHYTaA, KOPPEIdlinsad BIOOJIb Heé gajibllle, 4eM r[or[epéK.
DJIIUIIC TTOMCKA 3aaeTCs A3UMyTOM TJIaBHOM OCH M OTHOIIIEHUEM OCeu (MaJ'IaH/FJ'IaBHaH).

[TapameTp Yrto 3apaérT ITo ymomuauuro / coBeT
CpenHee [t IPOCTOTO Hcnionbs3yeTcss TONBKO IIpU 0
KpPUTUHTa tune SK.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Harret CO «[Mym»/ckadyok BapuorpaMmel 0. [Insa crnaxkusaHus 0.2-0.4
y uyns. [logmaBnseT JIOKaJbHBIE  OT CHJLIIA
nuku. B abcomoTHEIX
eOUHUIIaX OUCTIEPCUMH.

CTpykTypa i - Momenb ®opMa BapuOTPaAMMEL: cepuyeckas
chepuyeckas,
9KCIIOHEHIMalbHas, rayccoBa,
CTelneHHas.

CtpykTypa i - nopor/Bknazg C Bknapg cTpykTypH B cuit (a6c. cTp. 1 = 1 (3amMeHuUTe Ha =

enuHUIE nucnepcuu). CymMMma OVCIIEPCHUIO)
C0+C = gucnepcuu gJaHHBIX.
s ctpykTyp 2 u 3: 0 = BHIKIIL.

CTpykTypa i - paguyc IucTaHnusa BEIXOAA Ha MIOJIKY. 0 (aBTO)
KOPPEISIIUA a 0 = aBTO = max(oxBar)/3.
CtpykTypa i - a3uMyT, ° Hanpasrnenue riaBHOU ocu 0
QHU30TPOIINU.
CTpyKTypa i - aHU30TPOIHUA OTHoOILIEHNE pPajguyCoB 1
(Manast/TnaBHasa) IONEePEK/BOonb ocu. 1 =
U30TPOIIHO.

Tak cxeMa BHITJISOWUT HA PeaJibHBEIX JaHHBIX. BapumorpaMMy CTPOSIT IO CKBAa’KWHAM: IJIS ITap TOYEK
CUUTAIOT IOJIYOUCIIEPCHUIO U YCPEOHSIOT II0 PACCTOSHUAM - II0JIydaeTcsa 0071aKko (3eJI€HBIe TOYKU),
Iof, KOTOpoe moaduparoT Momendb (KpuBasi). Ilo HeMy M 3afaloT mapaMeTphl KPUTHHTA: BHICOTA
«CKaykKa» y Hyna - Harret CO, nmonka - cus (06k9HO 6IM30K K AUCIIEPCUM OaHHBIX), PACCTOSTHUE
BBIXOZla Ha IOJIKY - paguyc a. Ecnm Ha OOJBIINX PACCTOSTHUSX TOYKU YXOHST BHIIIE CUJINIA, Kak
3[eCh, - 9TO PETHOHAJNBHHINA TPEH[ (HeCTalMOHApPHOCTH). Ero nubo yYMTHIBAIOT OTHEJIBHO, OO
OTPAaHMYMBAIOT PAJUyC IOUCKA.

OTceB yparaHHbIX IPOO

YparauHele IpoOBEl - @aHOMAJIPHO BBICOKHE (MM OMMOOYHEIE) 3HAYEHWs, KOTOPhIE MCKaXalT
OIIeHKY: HECKONbKO «OOHAHII» II0 COMEepKaHUI0 MOTYT MepeTsSHYTh Ha cebs BCIO KapTy rpeima, a
SIBHBIE OIIMMOKM (HampuMep, OTpHIlaTeNbHas MOIIHOCTH) TOPTSAT MOBEPXHOCThb. MHCTPYMeHT «2D
Kriging» mo3BosisieT orpaHUYUTh TaKKWe TPOOLI IPSAMO TpK pacuéTe, 6e3 MpaBKKU MCXOOHBIX JAHHBIX.
ITapamMeTpsl - B pa3aerne «JomoTHUTEIbHO.

OTceB u cpe3Ka - TpyObld IPAKTUYHHINA WHCTPYMEHT ITPOTHUB SIBHBIX OIMUOOK. [IJ1s1 KOHIIEHTPAIUN 1
XM GYJIBTG OCTOPOZKHBEI: 3KCTPEMaJIbHbIE€ 3HAYE€HUA 4aCTO HE IIIyM, a CUTHaJI (HaanMep, o4yaru
3arpsi3HeHus ), U Cjerno o6pe3aTh XBOCTH pacIlpemeeHus He CTOUT. [ CUIbHO aCUMMETPUYHBIX
OaHHBIX KOPPEKTHee He oOpe3aTh mpoOhl, a mpeodpa3oBaTh UX K OIM3KOMY K HOPMaJbHOMY BUMY
(morapudm, Box-Cox) unm OpuUMeEHSATh UHAUKATOPHBIM KPUTHUHT - 3TO YK€ 3a paMKaMH OTCeBa, HO
MMEHHO TaK 00XOISITCS C TAXKETBIMU XBOCTAMHU B T€OCTAaTUCTHUKE PYO U 3arPsi3HEHUN.

[IBa pexumMa. «YOanuTh» - IpoOHl BHE JOIIYCTUMOT'O AUalla30Ha BHIOPACKBAIOTCS (OJIs1 SBHO OUTHIX
3amnucel). «CpesaTth (capping)» - 3HaYeHHS BHe [uala30oHa IMPUKUMAIOTCA K TpaHHIle, a caMa
TO4YKa OCTaéTcs B pacué€re. Cpe3ka - KJIJaCCUYEeCKUM IPUEM [Jid yparaHHHIX IPo0 10 comepKaHUIO:
MTOI02KEeHHE TOYKHU He TePsIeTCs, HO e€ BIIUSTHYUE OrPaHUYNBaeTCs. PeXXUM mepeknodaeTcs GIakKoM
«Cpe3aTs K rpanuile (capping) BMeCTO yOaJeHUs».

I'panunbl mo adconoTy. «HuXHsS rpanuia» u «BepxHsis rpaHuUIla» 3a[al0T MOPOTH B €QUHHUIIAX
Z HampsaMmylo. IlycToe 1osie - rpaHuIla He 3amaHa. OHU IIPUOPUTETHee NepleHTuns. [Ipumep: onsg
MOIITHOCTH IIOCTaBbTe HUKHIOI IrpaHully 0 - yiOyT oTpuLaTeJibHBIe 3HaYE€HUS, BEPXHIOID, CKaXKeM,
30 - yiméT TBHBIH BEHIOPOC B 122 M.
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Bapunorpamma KC| (nnact Kpll): akcnepmMmeHT 1 Mogesb

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

nonyawncnepcus y(h)

"HarreT C0 = 17

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

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

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

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

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

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

Puc. 8: OTceB yparaHHbX mpo6 Ha IpuMepe: cjieBa TPHU BHIOpOCA AAIOT «OBIYBU Tjia3a» (ropsdyue
MsITHA), CIIPaBa MOCJie CPe3KK K BepXHe# IpaHulle moJjie CIIOKONHOoe.
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I'paHuLBI 10 MEPUHEHTHWIIO. D-U IIEPIEHTUIb - 9TO 3HaYeHUe, HUXKe KOTOPOTro JIEXKUT P% BCexX
mpo6. Hanpumep, 5-U mepHeHTUIb - IOPOT, HHUXKE KOTOPOTO TOJBKO 5% CaMBIX MajblX 3HAYEHUH.
95-#1 - mopor, BHIIE KOTOPOTO 5% cambIx 60mbimux. IlapaMeTp «IepPHeHTHIb 00pe3ku, %» 3aHaéT
3Ha4YeHUe P, U T'PaHUITLI O€PyTCS CUMMETPUYHO: OT p-ro mo (100—p)-ro nepuentunsd. To ects p =
2 O3HaydaeT «CUUTATh yparaHHBIMU 2% caMbIX HU3KUX U 2% cCaMBIX BEICOKUX IIP0O»: BCE HUKE 2-
ro u Beile 98-ro nepueHTUnsa nubo ymansgercs, mubo cpe3aeTcda. Yem Gonbllle P, TEM arpecCUBHee
obpe3ka. P = 0 BHIKTIOYAET MEPIeHTUILHBIN PeXUM. YOOOCTBO B TOM, YTO aOCOIIOTHBEIE OPOTH
3HATh HE HYXKHO - OHU BHIYMCIISIIOTCS 10 CAMUM JaHHBIM U HMOOXOAST K JII000MY pacHpenesieHuIo U
Macmraly.

IBYCTOPOHHOCTH - BaKHO [JIsI XUMHUH. [[eplIeHTUTBHBIN PEeXUM pexkeT oba XBOCTa - U BEPXHUMH,
v HuXKHUM. 171 comepxkauuii 310 omacHo: KCl = 0 B 30Hax 3aMellleHus - peajbHasi TeoJIoTus, u
00pe3Ka HUKHETO XBOCTA OIMIMO0YHO ITIOMHUMET «IIyCThIEe» y4acTKU. [[o3TOMYy OIS rpelima oTCeKaunTe
TOJIBKO CBepxy: ocTraBbTe «HUMXKHIOIO I'paHUIly» IOyCTOM U 3amaliTe «BepxHioio» abcomoToM (Mnu
MIPUMEHSUTEe MeplHeHTUIb, IIOHUMAas, YTO HU3 ToKe OymeT 3aTPOHYT). 11T OTMETOK U MOIITHOCTEH
OBYCTOPOHHSST 00pe3Ka 00BIYHO YMEeCTHa.

Ilopsimok m kKypHan. OunbTp IPUMEHSETCS OO0 yCPeOHEHHUs COBIamalommx TodekK. B XKypHan
WHCTPYMEHTAa BHIBOJUTCS, CKOIBKO IIP00 ymaneHO HJIM CPe3aHO ¥ B KaKUX I'PaHHUIAX - 9TO YOOOHO
OIS KOHTPOJIS.

CraHgapTHasi oIIMOKa KPpUTHHTa

11.0
10.5

10.0

(=]
w
CTaHgapTHadA owmnbka

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

Puc. 9: Kapra cTraHmapTHO¥ OIMMOKW: TEMHOE y CKBaXXUH (3€JI€HBIE TOYKH) - OI[EHKE MOXKHO
OOBEePATH, CBETJIOE B l'IyCTbIX yrnax - JAHHBIX MaAJIO.

Kpome camoii 011eHKH, KPDUTHUHT TAET B KaXKI0M y3Jie OUCIIePCHUI0 OIMOKY - Mepy HeolrpeneléHHOCTH.
E€ kopeHb, cTaHpmapTHas ommbKa, BHIBOOUTCA HeOOS3aTeNbHBIM BTOPHIM PACTPOM (ITapaMeTp
«CraHpapTHas omwmOKa KpuruHra» uHCTpyMeHTa «2D Kriging»). EguHunwe - Te e, 4TO y
WHTEPIIOJIUPYEMOU BEJINYUHEL Z.

KmtoyeBoe CBOMCTBO: CTaHOapTHas oOImuOKa 3aBHCUT OT Ie€OMETPHUM pPAaCIOOoXKEeHUS CKBaXKHUH
¥ MOOENIW BapHOTpPaMMbI, HO He OT camMux 3HadeHu# Z. [loaToMy 3TO KapTa HAOEXKHOCTHU CETHU
HaOmogeHn, a He pa3bpoca JaHHBIX. B ToOYke CKBaxXWHEBI (TPU HYJIeBOM HarreTe) olmmOKa paBHa
HYJIIO - TaM 3HaYeHHe U3BECTHO TOYHO. [To Mepe ymajeHHus OT CKBaXKMH OHa PACTET, a B 00JIaCTIX
6e3 maHHBIX JOCTUTAaeT MaKCHMyMa (IIPUMepPHO KOpeHb U3 CUJIIA).

22



Kak uyurarb. TéMHEIE (Maible) 3HAYEHUS - OLIeHKE MOXKHO JOBEPATH: PAOOM OOCTAaTOYHO CKBaXKUH.
CaeTtnbie (0ombIliue) - OIIEHKA MePXKHUTCS Ha HaIEKWX TOYKaX, (AaKTHUYECKH SKCTPAIOISIUS. ITO
IepBhIe KaHOUOATH Ha Jopa3Benky. CpaBHUBATL yooOHEEe OTHOCUTENLHO (TIe 60JIbIlle, TAe MEHbIIIE),
MOTOMY 4YTO a0COII0OTHAsA BeIUYMHA 3aBUCHUT OT MaciTaba BapuorpaMme (cumma S1_SILL).

BaxkHo. 3To MofgenbHAS OI[eHKA: OHA BEPHA HAaCTOIBKO, HACKOJIPKO BEPHA 3ajaHHasi BapuorpaMma
(marreT, paguyc, anu3oTponus). I1pu HarreTe 6oJbIlle HYJISA OMOKa y CKBazKMH He HyJieBas - HarreT
3aaéT HUKHUM «I0JI» HeompemenéHHOCTU. CTPOrMM JOBEPUTENIbHLIM MHTEPBAJIOM CTaHOapTHAas
omubKa He SIBIISETCS, HO KaK OTHOCUTENbHAS KapTa HeonpeneléHHOCTH OYeHb IToJIe3Ha.

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

CHsTHe TpeHaa (perpeccHsi-KpHTHHI)

OOGHIYHBIM KPUTHHT OLIEHWBAaeT CpemHee JIOKAIbHO, 10 OKHY IIOMCKA, II03TOMY IJIAaBHO MEHSIOIeecs

IO TJIOIIIaIM CPEeIHEee OH OTClIekKuBaeT caM. CJI0KHOCTh BO3HHUKAET, KOTA Y IIOJIS €CTh BRIpazkKeHHas
pervoHanbHas COCTaBISIONIAA, HAIpuMep obIlee mageHue jiacTa Ha ydacTtke. Torga sKkcnepuMeHTanbHast
BapuoOTrpaMMa UCXOHOT'0 3HAYEeHU s CKaXKaeTCs: PaOUyC 3aBHIIIIEH, TOpora HeT, popMa HallOMUHAEeT
CTeIleHHYIO0 MOJellb, ¥ Mog0o0paTh YCTOMYUBYIO MOIEINb TPYHOHO.

®naxoK CHATH MOJIHHOMHAIBHBLIM TpeH[d yOupaeT pPeruoHaabHYI0 COCTABJISIONIYI0 METOOOM
HaMMEHBIINX KBagpPaTOB Mepel KPUTUHTOM. [lanbllle KPUTYIOTCS OCTAaTKH, a TPeHO mo0aBaseTcs K
olleHKe oOpaTHO. BaprorpaMMa OCTaTKOB BO3BpAIllaeTCs K HOPMAIbHOMY BUY: BHIXOIUT Ha IIOPOT
C HATTeTOM, ¥ PafiuyC OTpakaeT MCTUHHBEIM MacinTa® KOppemnsiyuH, a He pa3Max TpeHma. Ilorme
CremneHb TPeHOa 3a0aéT IIJIOCKOCTh WX KBAAPaTHUYHYIO IOBEPXHOCTh.

Cnucoxk IIpeoOGpa3oBaHue 3HaYeHUsI 000OaBIseT jJorapudMUpPoOBaHue IOJII BeJIUYUH C pa3dpocoM
Ha TOPSOKH, TaKWX KaK KOo3(pPUIMeHT GUIbTPAIlMN HIKX BOIOIPOBOOMMOCTL. IIpm BEIGOpe In
KPUTYETCS HaTypaJIbHBIH JIoTapudM 3HaYeHM s, a OlIeHKa BO3BpaIIaeTcss 00paTHO Yepes3 9KCIIOHEHTY.
9To MeouaHHas, reoMeTpUYecKas OlleHKa, KOppeKTHas OIS I0Tr-HOpMallbHbIX ojieli. CTaHgapTHas
ommnbKa IepeCYMThIBAETCS B HUCXOOHBIE eOUHUITHL. Jlorapudm u3baBisgeT OT PYYHOTO CO3HaHUSI
oSt In B KaNbKYJISATOPE W IMIPUMEHSIEeTCS TOJIBKO K ITOJOXUTEJIbHBIM 3HaUeHUsIM. BapuorpaMmy u
HarTeT NPHU BKIIOUYEHHOM jIorapudMe 3amaBaiiTe B eOUHUIIAX In.

ParpeccMa-KpUrMHE Ha peanbHelx oTMeTkax Kpll (Z8): NoMoraeT NoKaneHo, BPeanT rnobansHo

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

—+— cupoe Zs r

800 | —e— ocraThn /

LOO RMSE, m
LOO RMSE, M
- e

o in

1

o
n

o
=]
L

o 1000 2000 3000 4000 5000 6000
nar, M

Puc. 10: Cusatue TPeHOa Ha PeaJIbHBIX TaHHEBIX: IIOBEPXHOCTH I1JIaCTa C BEIPAaKE€HHBIM DETrMOHAJIbHBEIM
IIagJeHHuEM. TpeHI[ CHAT IIOJITMHOMOM, KPHUI'OBAHBI OCTAaTKH, TPEH[, BO3BpaH.IéH K OII€HKe.

CHsaTHe TpeHOa IIOMOoTraeT TaM, Ifie MafeHWe OTHOPOMHO, B IIpefesiaX OMHOTO PYOHHWKA HIH
JIOKAJIbHOTO y4YacTKa. Ha BCIO TIoiaabk MECTOPOXKAEHUS Cpa3y ero MpUMeHsITh He CTouT. CocemHue
0JIOKH pa3HEeCeHHI II0 BEICOTE, €IUHLIN IOJIMHOM OIIMCBEIBAET UX IIJI0XO, a JIOKAJILHBIN KPUTHUHT U 6e3
TOTO OEepKUT MEHSIOIIeecss cpemHee, IMO3TOMY CHsTHE TI00ajlbHOTO TpeHOa TaM CKopee BpPemuT.
YMecTHOCTb BUOHA IO BapuorpaMMe. Eciu y CHIPOTO 3HAYEHUS PafuyC COIOCTAaBHM C pa3dMepoM
ydyacTKa M HeT BHSTHOTO IOPOTa, TPEH[ eCTh W e€ro CTOUT CHsSTh. ECiM BapumorpaMma CHIPOTO
3HAYEHUs yXKe BEIXOMUT Ha ITOPOT C MaJbiM HarTeToM, CHUMAaTh He4ero.
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Crenenu 1 o6vr9HO mocTaTouHO. CTENEHDb 2 OMMCHIBAET M3rub, HO MOXKET BOOpaThk B TPEHN YacCTh
peanbHOU CTPYKTYPH, IIO3TOMY IIOCJIE €€ IIPHMEHEHMs IIOCMOTPHUTE Ha BapuorpaMMy OCTAaTKOB.
Ecnmu mopor m HarreT CTajil BRIPAXKEHBI XyKe, BEPHUTECh K crteneHu 1. ToT ke (pazkoK ecTb B
nHcTpyMeHTe Kpocc-Banuganus BapuorpaMMbl, TaM TPEH[I Iepenoa0upaeTcs Ha KaXK oM I1are
KOHTPOJIS, ¥ BEIUTPHIII MJIU IPOUTPHIII OT CHATUSA TPeHaa BuAeH npsamo o RMSE.

BapuorpamMmy mociie CHATHS TPEH[a 3ajaBaiTe II0 OCTaTKaM. PacTp CTaHOApPTHOM OIINOKU B 9TOM
pexuMe 3TO OIIMOKAa KPUTHMHTA OCTATKOB, TPEH[ CUUTAETCS OeTEePMUHUPOBAHHBIM U COOCTBEHHOM
MOTPEIIHOCTH K Hel He mobaBiIsieT.

BIOYHBIH KPUTHHT

OOBIYHBINM KPUTHHT OIIeHNBAET 3HAUEHNE B TOYKE, B IIEHTPe S4Yeiku rpuna. Ho B TopHOM gere galie
HyXXHa He To4YeuyHas OTMEeTKa, a CpefgHee II0 IIIolnanu, 1o 670Ky oTpaboTKU, IMaHeIu UIU sSdyeiKe
nmogcyéTa 3anacoB. CopepzKaHue IIOJIe3HOT0 KOMITIOHEHTa B O6JI0Ke 9TO CpefgHee MO0 ero Iollany, u
OLIEHMBATh €ro KakK 3HaueHUWe B OJJHOM TOYKe He BIIOJIHE KOPPEKTHO. [IJI 3TOTO CIYKUT (JIazkKoK
B/I0YHBIM KPHUI'HHT .

BRIIOYEHHBIM pPEeXUM OIlEHMBAET CpedHee II0 sS4YelKe Ipuia, a He 3Ha4YeHue B €€ ILeHTpe.
Adelika MBICTIEHHO pa30uBaeTCsd Ha CETKy TodeK pa3MepoM NXN, KOTUYECTBO 3afa€T IIojie
Ouckperu3anusi 6;1o0ka, NXN Ha siueHMKy, U KOBapHallid B CHUCTeMe KPUTHUHTA YCPEeOHSIIOTCS
[0 9TUM TOYKaM. Tak CHCTeMa peInaeTcs He OjId OOHOM TOYKH, a Cpa3y OJiA Bcero 6Jjioka. JTo
KJlaccuueckKasi cxeMa 6rmouHoro kpuruura GSLIB.

Y 67104HOM OLIEHKHU [Ba CJIECTBUS, 00a I10JIe3HbIe I IOICYETa 3arnacoB. [IOBEpXHOCTE ITOJIy4aeTC s
rjla’ke TOYEYHOM, MOTOMY YTO yCpenHeHUe 1o OJI0KYy racuT Mejkue Kojebanus. Y craHpmapTHas
ommnOKa KPUTMHTA BBEIXOOUT HUXKE TOYEYHOM, IOTOMY 4YTO CpefHee IO IIOIIANU OLIEHUBAETCS
HaféXHee, 4YeM 3HaueHUe B OfHOM Touke. Pacnnara omHa. Bo4HBIM KPUTUHT HE BOCIPOHU3BOAUT
npoOsl B y37nax TodHO. CpefHee mo OJIOKy, fAaiKe IEHTPUPOBAHHOMY Ha CKBaxHHe, He DPaBHO
3HAYEHMIO B CaMOY CKBaXKMHE, U 3TO 3aKOHOMEPHO.

HOuckperusanuu 4x4 xBaTaeT NMOYTH Bcerfga. bosnbitee N cumTaeTcs HOJblIe, & TOYHOCTb PACTET
He3HauuTenbHO. [Ipu N paBHOM enuHuIle OJI0YHBIM KPUTHUHT BHIPOXKOAETCSH B TOYEUHEBIM, II03TOMY
MUHUMAJIbHOE 3HadYeHNUe II0JII PaBHO ABYM, @ CaM PeXUM I10 YMOJTYaHUIO BEIKITIOUEH.

BIOUHEBI KPUTHHT COYETAaeTCs CO CHSATHEM TpeHOa. KpPUTyIOTCsS OCTaTKu II0 OJIOKY, a TPeHf
nobaBinsieTcsa K ouneHKe o6paTHO. CoueTaeTcss OH M CO CrIaXkKWBaHUWEM I'PHIa, HO OOBIYHO OJHOTO
6JI09HOI'0 YCPeIHEeHUS JOCTaTOYHO U [OIOJIHUTEJIbHOE CTlaXKUBaHUe He HYKHO.

Pa3aomMsbl

Pazsniom 3mech 3TO TMHUSA, BOOJIE KOTOPOM ITOBEPXHOCTHL PBETCA. [Toma€éTcs OH CII0eM JIMHUM B II0OJie
Pa3maoMsbl, 1 TOT ke ciou npuHuMaioT 1.03 u 1.04.

Pa6oTtaeTr pasnom GapbepoM BausSHUS. 15T KaXKOOM OIeHMBAEMOM STUYEHUKN MHCTPYMEHT IIPOBOIUT
OTPEe30K K KaXK0My 3aMepy, ¥ €CIHU OTPE30K IepeceKaeT JIUHUI0, 3aMeP B BRIOOPKY 3TOM sTYEHKHU He
upeT. dyeiika BUIUT TOIBKO CBOE KPBIJIO, 3HAYEHM S 110 Pa3HBIE CTOPOHEBI PACXOISATCS, U IOBEPXHOCTh
BOOJIb JINHUM IIOTy4YaeT Pa3phIB.

Kprlio y s4eliku onpenessieTcs caMo, CTOPOHOM, C KOTOPOU JIeXKUT €€ LeHTP. [leuTh IIolaab Ha
GJIOKHM M CYMTATDh UX I10 OTHAEIbHOCTH HEe HYXKHO, ¥ CIHMCKa KPHIJIbeB MHCTPYMEHTY He TpebyeTcs.

JIuausi He o00s13aHa pacceKaTh IUIONIaAh HACKBO3b. Y 3aTyxXalol[ero pas3jioMa BIHUsSHUE
orubaeT ero KOHEI: 3aMep 3a KOHIIOM JIMHWH OCTAETCS BHUOUMBIM, W BBIIIE KOHIIA IMOBEPXHOCTH
CMBIKAEeTCS. DTO U eCTh OORIYHAS T'e0JIOTHS - CMeIlleHHe BO0JIb CMECTUTENIS ITaflaeT K HyJIi0, Pa3phiB
BBIKJIMHUBAETCH.

Y camoro KoHIla U30JIMHUM CTYIIAIOTCS U CXOOATCSA B Y3KUM IyYOK. Tak 3aTyxaromui pa3ioM U
PHUCYIOT Ha CTPYKTYpHOU KapTe. OToBOpKa TyT OfHA: B MOLENHU aMIUIUTYAa 1afaeT He ITOCTEIIEHHO,
a pa3oM, ItoToMy 4To 6aphep OmHapHEIH. [0 IocnenHel BePUIMHEL 3aMep 3a JINHKEeH He BUIEH BOBCE,
3a Hel BUIEH IIOJIHOCTBIO. 3HAUMUT BeCh CIaf IPUXOAUTCSA Ha OOHY sS4eHUKy, U IIyYOK II0IydaeTcs
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KOpo4de, 94eM Yy HACTO4IIero pa3jioMa, rge CMellleHue 3aTyXaeT Ha OJINHE, COIIOCTAaBHUMOM C CaMUM
CMECTHUTEJIEM.

IToueMy pa3/ioM He IEPEBOJUTCS B CETKY

Baprep nmpoBepsieTCs TOYHOU TeOMETPHUEN: IIepeCEKaeT JIM OTPE30K 3BEeHO NMMHNK. PacTpoBOM MaCKu
OapLepPHBIX TUYeeK HEeT, U 3TO 0CO3HAHHO.

PacTpoBas Macka uMeJa OBa HegocTaTKa. fd4uelika He epegaéT guaroHallb, IO3TOMY KOCOM pa3ioM
JIOKUJICSI B CETKY CTYNEeHbKaMH, M BCE, YTO CTPOUJIOCH II0 TAaKOMYy TI'PUAY, HacCJIefoBajio JIECEHKY.
XyxKe gpyroe: 1yd4 BUOUMOCTHU Ha4YWHAETCS B LIEHTPE OLEHWBAEMOU SYEUKM, U €CJIM caMa sS49eukKa
GaphpepHas, IepBas JXKe IPOoBepKa IIoIagala B MacKy. Takasi s4ueliKa He BUIela HU OOQHOTO 3aMepa
CO BCel mJoIllanu U yxonwuia B nodata. Booss pa3noMa B rpuae ocTaBajiaCh CTylieHYaTas IeJb.

C TOYHOI reoMeTpuel OAaphbepHBIX SYEeeK He CYIIEeCTBYEeT BOBCE. ['pH[ IMOJy4YaeTCs CIIJIOIIHBIM,
IIYCTHIX sSTY€EK BOOJIb IMHUK HET, a PA3phiB BUIEH CKAUYKOM 3HAYEHHUH MEXy COCEOIHUMHU TUeKaMu
10 pa3HBIE CTOPOHEL.

3amep, CTOSIMINYE TOYHO Ha pasjioMe, BUIAEH C 000uxX KpblibeB. CKBaXXWHA HA JIMHUU OPUHAIICKUT
00euM CTOpoHaM, U 0OTOpachIBaTh €€ He3a4YeM.

Ilena nmpudIHKeHUST

HpHﬁJ’[I/I}KeHI/Ie 30eCb OOHO, M €r0 CTOUT Ha3BaThb BCIIYX. ITo BugmMoOCTH OT61/IpaIOTC5{ TOJIBKO COCenn.
KOBapI/IaHI/II/I MeXKOy CaMUMHU 3aMepPaMi, U3 KOTOPEIX CKJIaObIBA€TCA CHUCTe€Ma KPUTWHI'da, OCTAIOTCA
€BKJINJOBBIMHU: OHU CHUTAIOTCA II0 IIPSAMOMY PACCTOAHHNIO, KaK €CJIA OBl pa3jyioMa He OBITIO.

3aHynaTh UX Henb3sd. Marpulla TOrga TepsieT II0JI0KUTENIPHYI0 OIpefeléHHOCTh, CHCTeMa
CTAHOBUTCS BHIPOKIEHHOW M KPUTHUHT pa3BaiuBaeTcsa. UMeHHO Ha 3TO HATHIKAJIKUCh Pa3paboTYuKu
M3BECTHHIX TTAKETOB, ¥ YaCTh U3 HUX yOpasia KPUTHHT C pa3JI0MaMHi COBCEM, OTITPABUB MOJIb30BaTeJIeH
Ha MUHUMAaJIbHYIO KPUBU3HY.

YTo 3TO 3HAYMUT Ha IpakKTHKe. Beca cocemeilt y caMoil THHWH pacCYMTAHBI 0e3 y4uéTa TOTO0, UTO
MeXAy OByMsI COCEOSIMU JIeXKUT pa3pniB. Ha paccTosHUAX opsAOKa paguyca KOppensuuu pa3Hula
npeHebpexxuMo Maa. Ha o4eHb 9acTOM CeTH y caMOM TMHUK KOHTPACT MOXKET CJlIerKa 3aHUKaThCH.
Pa3prIB IIpu 9TOM HUKYy[a He IeBaeTCs, OH JepPKUTCA 0TOOPOM cocellel, a He KOBapHUallUIMHU.

Kaxk IIPOBEPHUTH Ha yqeﬁnmx TJaHHBIX

HucTtpymerT 1.09 IIpuMep CKBazKHH YMeeT CO3TaBaTh pa3ioM caM. [lore AMIiauTyaga pa3jaoMa
3aaéT BeIUYNHY COBUTa: TeHEPaTOp IPOBOOUT IUHUIO ITOTEPEK IINIOIIAaY, He TOBOMS €€ OO0 KPaes,
v pubaBisieT aMIJIUTYAYy K 3HAYEHUIO Y BCEX CKBaXKWH 110 OOHY CTOPOHY. BEIIle KOHIIA TuHUM 006€e
CTOPOHEI OOWHAKOBEL, II03TOMY B Y4eOHEIX JaHHEIX CPa3y eCThb ¥ Pa3phIB, ¥ eT0 3aTyXalIuil KOHeT,.

JIuHuA BHIDAETCS OTHOEJILHBIM BbEIxomoM Pa3aom (memo). I[TopaiiTe eé B Pa3/10MBI 30€Ch, @ IIOTOM
Ty ke nuHuio B 1.04, u Bcs 11ennoyka cobepeTcs.

II71s1 mpoBepKu caMoro Oapbepa 6epruTe aMIJIUTYOy 3aMeTHO OOJIbIlle pafguyca KOPPEeNsuu: CKady0K
OymeT oueBupeH. [ mpoBepKu Kopumopa B 1.04 XBaTUT aMIIIUTY/ObI ITIOPSIOKA CEUEeHUS U30TUHUM.

ATpuOYT throw B BLIXOJHOM CJIO€ Pa3/jioMa CIIPaBOYHBIN. NHCTPYMEHTHL €r0 He YMTAloT: 6apbep Y HUX
YUCTO T€eOMETPUYECKUU U 0 BeJIMYUHE CMEIeHUs He 3HaeT.

1.03 MuHuMaibHasi KPpUBU3HA (TOYKH — pacTp)

WHCTPYMEHT CTPOUT TPHUA METOAOM MHWHUMAJIbPHOM KPUBU3HBI. [I0BEPXHOCTH BeOmET cebs Kak
TOHKAas yIpyras IIacTUHA, IIPOXOIsAIas Yyepe3 JaHHble C MUHUMYyMOM u3ruba, TO eCTh pelleHue
OUTapMOHMYECKOTO YpaBHeHUA. MeTO HeTOYHLIN: TaHHbIe BOCIPOU3BOLSITCSA MPUOIUKEHHO, 3aTO
MMOBEPXHOCTb MOJIy4aeTCsd MaKCHMaJIbHO TJIagKOH, MO3TOMY ero TPaguIIMOHHO 0epyT mjs KapT
reopu3nYECKUX MHOJIeH U MI0OBIX IIJIaBHHIX BEJIMUYMH. OTO OEeTepPMUHWPOBAaHHAs ajlbTEPHATHBA
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KPUTUHTY 0e3 mombopa BapuorpaMMEL. KpUTIHMHI, B OT/JIMYHE OT Hero, maéT OIeHKY C KapTou
CTaHIOAPTHOU OITHOKH.

HatsizkeHHMe ToaMeInBaeT MeMOpaHHBIM ujeH: mpu 0 9TO YMCTas MUHMMAJbHas KPUBU3HA,
npu 1 - HaTsgHyTas MeMOpaHa, Yy KOTOPOM MeHbIle BHIOPOCOB MexXpay mpobamu. HaTsskeHue Ha
TpaHuIle 3agaéTCsi OTHENbHO M IIOMOTaeT yOpaTb KpaeBhle IMepeyieéThl. PellleHuMe WTEepaTUBHOE,
MeTomoM BepxHei penakcanuu (SOR) ¢ 06XxomoM CeTKM OeBSTHIO [IBETAMU: Y3JIBI OQHOTO LIBETA HE
IIomafaioT B PACUETHHN MAGI0H OpYyT Opyra, I03TOMY OOHOBIISIOTCS pPa3oM M ycTonuuBo. CeTka
IIepecYnTHBAETCS, TTI0Ka Haubosbillee U3MeHeHWe y3jia He CTaHeT MEHbIle MOPora HeBsI3KH UITH
He MCYEePIIaeTCs YMCII0 UTepPalui.

CBoGoOHBIE Yy3JIBI CTApPTYIOT C ONHXKAHWIIEero 3HaYeHUs OaHHBIX, MO9TOMY Ha IIJIOTHHIX OAaHHBIX
CXOOMMOCTD ObpICTpasi. Ha oueHb pa3peKEHHBIX HaHHBIX UTEPAlUi HYKHO OOJIbIIE: YBEIUYbTE UX
JIMMUT WUJIA ITOPOT HEBS3KH.

[TapameTtp Ha3uauenue ITo ymonyanuio

ToueuHBIl CITOM [TpoOBI CO 3HAUEHHUEM. -

ITosne 3HaueHusd (Z) YucioBoe Ioje OJis -
WHTEPIIOISIINH.

OxBaT [IpsaMOyToNbHUK pe3ysbTaTa. 10 CJIOI0

Pa3mep sueliku 0 - aBTO, min(oxBart)/50. 0

HatsxxeHue 0 - MuHMMasbHas KpuBu3Ha, 1 - 0
MeMOpaHa.

ITopor HEeBSA3KHU 0 - aBTO, 0.01 mporeHTa 0
pa3Maxa JaHHEBIX.

MaxkcumMyM utepanui [ToToONOK YmcCia IpoOXOnoB 100000
SOR.

Hatsxenue Ha rpanutie (Jor.) HaTsgxkeHue Ha Kpaio CETKHU. 0

KosdpdunuenT penakcanuu Yckopenue SOR, pazymuao 1.5- 1.85

(dom.) 1.9.

AnusoTtponus (Jor.) OTHo1reHue oceit Y/X B 1
MeMOpaHHOM 4YJIeHe.

Pasnomer JIluHMY, BOOIB KOTOPBIX 110 JX€eJIaHUI0
TTOBEPXHOCTH PBETCS.

INpup (MUHUMAaJIbHAS BrixomHOU pacTp. -

KPHUBU3HA)

Brerxop - oOBIYHBIN rpu, TOTOBRIN A1t 1.04 U301uHUM U3 pacTpa. B )KypHan BEIBOOSTCS pasMep
CEeTKH, YHCJIO Y3JIOB-HAaHHBIX, YHCIIO I/ITepaLII/Iﬁ M HTOroBasi HeBsaA3Ka. Ecim OOCTUTHYT IIOTOJIOK
WTepalui, a HeBsI3Ka BHIIIE ITOPOra, MHCTPYMEHT 00 3TOM IIpeaynpexkmaeT.

Pa3iaomMsbl

Pazyiombl IOofiaroTCs TEM Ke cyioeM auHuiM, yto u B 1.02, Ho paboTaioT nHadve. B kpurunre 6apbep
pellaeT, KakKve 3aMepHl BUOUT suelika. 30eCh 3aMepOB HET, €CTh CETKAa y3JI0B, CBA3aHHBIX I1abI0HOM,
03TOMY Oaphep KUBET HA CBA3SX.

Pebpo Mexkny OBYMS COCEIHHMU y3JlaMU, IIepecedéHHOe JIMHKEN pa3oMa, BhIIafaeT 13 IabioHa.
CBsI3b MKy KPHIJIbSIMU 00PHEIBAETCSI, KaXKI0€ KPBIJIO PEIaeTCst caMo 110 cebe, ¥ TOBEPXHOCTD BIOJIb
JIMHUY PBETCsI. Pa3I10M IIpU 9TOM OCTAETCS IMHUEHN U B CETKY HE TIEPEBOIUTCS, TTO9TOMY KOCast IMHUS
He JIOXKUTCSI CTyIIEeHbKaMH, a KPBIJIO Y y3J1a OIpeneisseTCsl CaMO CTOPOHOM, C KOTOPOM OH JIEXKHUT.

V3esn, momaBmIiMii POBHO Ha JIMHUIO, ITPUIIMCHIBAETCSI K OOHOM CTOPOHe. Memnodb Ha BHA, HO
CyIIeCTBEHHAs: Pa3jioM, IIPOBEOEHHBIN IO OCH IAaXTHOM CETKH, IIPOXOOUT TOYHO depe3 LeHTPHI
Y3JI0B, U IIPU CTPOTroM pa3bope OH He ImepeKpnlI Obl Hu omHOro pedpa. [IpunucaThk Tako# y3es K
00erM CTOpOHaAM TOKe HeJIb3sI, OH ocTajicsl Obl 6e3 cocefieil 1 3aCThHII Ha CTapPTOBOM 3HAYEHUH, NaB
BOOJIb Pa3jioMa II10B U3 HECUMTAHHBIX Y3JI0B.
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ITonoca MeMﬁpaHLI BOOJIbB INMHHHA

Y MUHMMAaIbHON KPHUBU3HEI €CTh 0COOEHHOCTh, KOTOPOM HEeT ¥ KpUruura. Eé ma6iioH qoTSruBaeTcs
Ha [OBe SYeiKy B KaXXIyI0 CTOPOHY, a He Ha OOHY. 3HAYUT Y CaMOIl TMHUU OH BCE PaBHO IIepelarHyl
OBl pa3pEHIB, axke ecjiu cocemHee pedpo IIePeKPHITO.

BribpocuTh 13 mabiioHa OTAEeIbHBIE TOYKH HEJIb35: OH mepecTaHeT IPUbIuKaTh OUTapMOHUYECKOe
ypaBHEHUE, U PelIeHne IIoTepseT CMBICA. ITo3ToMy B IOJIOCE IMWUPUHOM OBa y3jla BOOJIb JTUHUU
pellleHne MepexoquT Ha MeMOpaHy II0 HeIIePEeKPHITEIM cocensiM. MemOpaHa paboTaeT 0 YeThIPEM
ONMMKAUIITUM y3JIaM U Pa3phIB AePKUT TOYHO. [lanbille OT MTUHUK CYHTAeT OOBIYHass MHHUMAJIbHAS
KPUBH3HA.

[TpakTuueckoe CIeOCTBUE OOHO: ¥ CaMOU JIMHUM IIOBEPXHOCTH UyTh MEHee rjiafgkasi, dyeM BOaiau
oT Heé. Ha KapTe 3TO He3aMeTHO, HO 3HaTh 00 3TOM CTOUT. TOT Ke mpuém mpumeHsercs B 2.03
Topo2Raster y oOpEIBOB, U 110 TOM XKe IIPUYNHE.

JIuHUS, KakK U B KPUTHHTE, He 00si3aHa paccekKaTh IJIOIIagbh HaCKBO3b: BHIIIE KOHIIA pa3jioMa peébpa
He IIePEKPHITH, 1 ITIOBEPXHOCTh TAM CMBLIKAETCsI.

1.04 A30;1MHUHU U3 pacTpa

CTpouT wu30IMHUKM (IMHUM) U, 10 YMONYAHWIO, KOHTYPHHIE TIOJUTOHBI. YPOBHU 3adalOTCs
PaBHOMEPHBIM IIArOM HJIH SIBHBIM CHKUCKOM. ITapaMeTphI:

[TapameTp Yrto 3amaér ITo ymomyaHnuto / cCoBeT
Pactp BxopgHoii pacTp (Hampumep, -
pe3ynbTaT KPUTHHTA).
[ITar n3onuHUN PaBHOMepHBIM mIar 110 Z. 0 = -
3amaTh «fBHBIE YPOBHU».
HauanbublM ypoBeHb (offset) [IpuBsi3Ka CETKM yPOBHEU 0
(YpOoBHU KpaTHEI IIIary OT
offset).
fBHBIE YPOBHU Cnucok ypoBHeU uepe3s -

npo6ern. [IpuopuTeTHEE IIara.
[lecATUYHBIN pa3OeTuTenb -
3amnsTasi WiIu TOYKa.

I'maBHas N30IUHUS KaxKaas Kaxpgass N-a9 nuHusa 5
N-a noMmedaeTcd is index = 1 (gnsa
yToniieHus). 0 = BHIKII.
MuH. gauHa ITUHUUA OTtOpackBaTh TUHUU KOPOYe -
mopora (ex. KapTe). 0 = 6e3
dunsTpa.
Bukybuyeckoe criaxkuBaHUE Crymenue rpupga (X2...x4) BBHIKJI. (X4 Ha rpybom rpupme)
OuKyOm4YeCcKOom

WHTEPIIONAINer epes
KOHTYPHHIOM - OCHOBHOM
crtoco0 criiaXkKuBaHUSI
U30JIMHUM, yOupaer
«OKTaroHEBI» OT I'Py00M CEeTKU.
PabortaeT u oyig MUHUHN, U OIS
TIOJIMTOHOB. BHIKJI. = 0€e3
CTYIIIeHUS.
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[TapameTp YTo 3amaeT ITo ymonuanuio / COBET
Cxkpyrnenue nuau#t (Chaikin), IIommoNMHUTEJIbHOE JIETKOE 2
uTepanumu ckpyrnenue nuaui (Chaikin).
Cnabee 6MKyOUIeCKOTO
CTJIaXKHUBaHus, OOBIYHO He
HYKHO, €CJI¥ OHO BKJII04eHO. 0
= BBIKJI.
3anucaTh 3HaUeHHe B Z YpoBeHb IUIIETCA B Z BEPIIMH  BBHIKJIL.
reoMeTpUu nuauu. HyXeH Oy sKcmopTta B
DXF: ABToKAJIl u Kpemo nHaue
KJIaayT TOPU30HTaJIM Ha
HYJIEBYIO OTMETKY.
CTtopoHa GepTIITPUXOB U CTopoHa CK/IOHa AJid MITPUXOB  aBTOMaTUYECKH
nognucen (mor.) OEeIpecCUOHHOTO CTUISA U
HalpaBJIeHUE
TornorpaduYeCcKux MoAnucei
pasom.
WM niosist 3Ha4YeHus Wmsa aTpubyTa YPOBHS B ELEV
BBIXOIOHBIX JIMHUSIX.
Kanan (mom.) Homep KaHala BXOIHOT'O 1

pactpa.

Brixomubie cinou. [ToIUTOHEBI -
CTPOSITCS II0 YMOJIYaHUIO BO
BPEMEHHBIU CJIOH.

W3onuruu /| KoHTypHEIE
[IOJIUT OHEL

BrIxomHEBIE IIOJIS:

TTone Tun

ELEV

Cnoi YTo comepKUT

HU3zonuanun YUCJIO 3Ha4YeHUE YPOBHSA
UHUU (UM 3a0aeTcs
noneMm UmMs nmosnsi
3HAYEHHS).

1 y rimaBHEIX U30JIMHUUT
(kaxmasa N-sa), uaauge 0
- 0711 YTOJIIIEHUS.
Huxuuit ypoBeHb
nosica.

BepxHuit ypoBeHb

II05Ca.

H3onuHun is_index 1Iesoe

KortypHbie nonuronsl ELEV MIN YUCJIIO

KoutypHbie monurorel ELEV _MAX YUCIIO0

CriaaxxKuBaHHEe M30/IMHHA

OcHOBHOM cmoco0 CriaguTh HW30JIMHUK B 3TOM HUHCTPYMEHTE - OMKYOHYeCKoe CriiaKHBaHHe:
TpUn nepel KOHTYPUMHIOM CryllaeTcsi OUKyOMYeCKONW WHTepmojsaiuein (X2...X4), ¥ KOHTYPHI
CcTposiTCA 10 Oojiee MenKou ceTkKe. Ha rpyboM rpupge M30JIMHUU MHAYe BHITIAOAT «OKTaroHaMU»
(BEpIIMHEI CTABATCS 110 KPasM S4YeeK) - CTylleHne yOupaeT 9Ty yIJI0BaTOCTh TOIIOJIOTUYECKYU YUCTO.
PeanuzoBano B umctom NumPy, 06e3 BHemHux 3aBucuMocTei. Nodata-rpaHuIlbl ¥ BHYTPEHHUE
«OKHa» [OaHHBEIX COXpaHswoTcsA. CrylleHHe OeUCTBYeT UM Ha JIMHUW, U Ha KOHTYPHBIE IIOJIUTOHBI
- TPaAHULEBI IOSICOB IIPU 3TOM COBIAHalOT C M3omuHUSAMHU. lleHa - Gosbie syeek (X4 = B 16 pas
0oJibIle), I0O3TOMY Ha OY€Hb KPYITHOM I'PUAE HAYHUTE C X 2.

IIOTIONTHUTENIPHO €CTh JIETKoe CKpyrieHue nuHuil anroputMom Chaikin (komuduecTBo uTepanmii).
OHo crabee GMKyOMYECKOTO U OOBIYHO He TpPebOyeTcs, eClu CryllleHHe BKII04YeHo. FiMeeT CMEBICT
Kak OBICTpast albTepHATHBA Ha rpy0OM Irpuae, Korga CryliaTh He X04eTCs.
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CrnaxxuBaHUe CaMOTO I0Jg (TayCccoBO, IO PacTpy) - 9TO OTAeIbHAas olepalusi, OHa BHIIOIHAETCS
He 37ech, a B mHCTpyMeHTe «2D Kriging»: Tam oHO HMOET IO TPUAY OO0 KOHTYpPUHTA U yOupaeT He
YIJI0BAaTOCTh, @ OYTPUCTOCTS OIS («OBIYbY I'JIa3a» BOKPYT CKBaXXWH). BuKyOudeckoe CrilakuBaHue
U rayCCOBO CrijlaXkuBaHUe N0JIs OONIONMHAIT APYT Apyra: epBoe JIEYUT YII0BaTOCTh CETKH, BTOPOE
- OyTPUCTOCTb JaHHBIX. KOHTYPHEIM pacTp KPpUTHHTA IIPKU 9TOM He MEHSEeTCH - CTJIaXKUBaeTCs JIUIh
BpeMeHHas KOIus.

KoHTYypHBbIE IIOJIUT OHBI (I10sICa)

KoHTypHBIE ITOMUTOHBI - 3TO 3aJIUTBEIE IIOSICA MEXKOY COCEeOHUMH HU30MUHHSIMU. OHH CTPOSITCSH
He Kiaccuduraimell «CTyIeHeK» pacTpa, a MOOJIMIOHM3allMed CaMWUX CriIa’kKeHHBIX H30JIUHUN
BMeCTe C KOHTYPOM BaJIMOHOM OOGIaCTH pacTpa: KOHIEI JIMHHUU MPUTITUBAIOTCSA K KOHTYPY, CETh
HOOUPYETCA U IOIUTOHM3YyeTcs. [[uama30H ypOBHEH KaXaoro Iosca OIpenenseTcs BHIOOPKOM
pacTtpa B pelpe3eHTaTUBHON TOYKE IIOJIUTOHA.

Braromapst 3ToMy rpaHUITE ITOJIMTOHOB COBIIAHAOT C U30JIMHUSAMMY, @ IIOKPHITUE CIUIOUTHOE (6e3 OBIP).
ITonuronsr HecyT nonsg ELEV MIN u ELEV_MAX. ITo yMOT49aHuIO0 OHU CTPOSITCS BO BPEMEHHEBIN CJION.
YTOOH UX HE CTPOUTH, OUYHUCTUTE I10JIEe <<KOHTypH]:Ie IIOJIUTOHBI».

OdopMmiaeHue CI0€B

Jlmaun: 3amaliTe CHMBOJIMKY IIO IIPaBUILy Ha OCHOBE is index - rIaBHEIM M3010HUAM (is index = 1)
mariTe 60MIBITYI0 TONIMHY. [ToAmuCs - 1o momnio ypoBHs (ELEV).

ITonuro#Hsl cO3mAIOTCSA C OOHUM CHUMBOJIOM. /151 3aJIMBKM 10 AMalla30HaM 3afaiTe rpagyupoOBaHHYIO
cuMmBonuKy 1o ELEV MIN (unu ELEV_MAX).

CJI0# M30JIMHUM aBTOMAaTHYECKH IIOMeEIAaeTCs Hal CJIOEeM IIOJIMTOHOB, YTOOBI JIMHUHN OBLJIM BUIHEI
ITOBEPX 3aJIUBKH.

3HaueHue B Z reoOMeTpuH

®naxxok 3amMcaTh 3HaYeHHe B Z TeoOMeTPHH MOJHUMAEeT BEPIIWMHBE KaXO0W NTUHUM Ha eé
COOCTBEHHYIO OTMETKY. M30/TMHUS 9TO JTMHUS PABHOTO YPOBHS, TO3TOMY Z y BCEX €€ BEPIINH OOUH
¥ PaBeH 3HAYEHUIO MOJIS.

Hyxuo 310 gna nepepauyu ropul3oHTaned B ABTOKAIL m Kpepo. CrampmaptHbM 3kcnopTt QGIS
(IIpoekT —» UMnopTt/3kcnopTt - IKcnopT npoekra B DXF) coxpaHsaeT OTMETKU Z BEPIINH, Hao
TONBKO CHSIThb ranouky IlpumaymurenbHo 2D. Be3 Z B reomerpun o6e IIPOrpaMMHEL KIaayT BCe
TOPU30HTANHU Ha HYJIEBYI0 OTMETKY, ¥ BBICOTY IPUXOOUTCS 3a4aBaTh BPYYHYIO 10 KaKOOU JIMHUU.

MHOTro49acTHOCTD CJIOS COXpPaHsAEeTCsA: U30JIMHUA OOHOT'O YPOBHSA OCTaEéTCs OOHUM 00BEKTOM CO BCEMU
CBOMMHM BETBSAMHU, YHUCIIO 00BEKTOB He MEHsEeTCd, ITIOAIINCH HE PAa3MHOXKAITCA.

Tomorpadudyeckue MOaAIIHUCH

Ha Tomorpaduueckoil KapTe Bepx HUGPH Ha IOPHU30OHTAJIM BCerga HaIlpaBJjieH BBEPX IIO CKJIOHY.
YwuTas KapTy, 10 OJHOMU ITOATIMCY IIOHUMAEIITh, TAe BhIIIE, HE CBEPSISICh C COCEQHUMU TOPHU30HTAJIIMH.

QGIS oTcuuTHIBAET BEPX MOONUCU OT HANpPaABIEHUS TUHUH, ITO3TOMY HOOHTHCS 3TOTO ITOBOPOTOM
TEKCTa Hejb3sl, a Hy2KHO 3a0aTh JIMHUSM OOHO HaIllpaBJIeHHE OTHOCUTENILHO CKIIOHA. DTO U HejlaeT
¢naxok Tomorpadpuyeckue nmognucH. B cioe ocraércsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
ocTaBeHa Kaxk On11a, 0 4TO pa3BépHYyTA.

ABTOMATHYECKUI BHIOOP CTOPOHHEI WMHOTHA OIMMOAETCsS, W TOTHA €eTro TEePeKTIYalT pyKaMu
mapaMeTpoM CTOpOHa OepruiTPHMXOB M MOAMHCEH. [lepekiodyaTenb AEWCTByeT Ha 00e JacTu
KapTHUHBI PA30M: M Ha CTOPOHY IITPUXOB, M HA HAIpaBJieHHWe Moamucei. IIpuMeHseTCsI OH POBHO
OWH pa3 - Pa3BOPOT JIUHUU CaM MEHSIET MeCTaMH JIeBO U IIPaBO, @ 3HAYUT ¥ 3HAK CTOPOHHI CKJIOHQ,
ITO9TOMY TIOBTOPHEIM ITEPEBOPOT BEPHYJI OHI IITPUXHU Ha IIPeKHee MecCTo.
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Be3 pa3penieHHsi mMepeBEéPHYTHIX MOAIHCEH 3TO He padoraer B HacTpoiikax MOONHUCEH
€CTh OIS II0Ka3a IEePEeBEPHYTHIX IOANNCEH, ¥ 110 YMONMYaHUIO OHa 3amnpemaeT ux. [Ipu TakoM
3anpete QGIS cam moBopaymBaeT TEKCT, YTOOBI OH YHUTAJICS CII€Ba HAIlPaBoO, M HAIlPaBJIeHUE TUHUU
IIepecTaéT Ha YTO-Tu00 BIIUSTH.

Tomorpadryeckas moONUCh IO ONpeneeHni0 OBIBAET IePEBEPHYTOM: Ha CKIJIOHE, 00palléHHOM Ha
10T, udpa YUTAETCS BBEPX HOraMu. I103TOMy OKa3 TePeBEPHYTHIX HAa0 Pa3pelaTh, a He 60POThCS
C HUM.

B cTtunsax CTpykrypa / runcoMmeTpus u [lenpeccusi (ITPUXHA BHU3) 3TO yKe HaCTpoeHo. Eciu
MOANINCHIBAETE CBOUM CTHUJIEM, BK/IIOUHUTE IMOKA3 IEPEBEPHYTHIX IOOIUCEN B pa3deiie OTPUCOBKHU,
nHaude (1aXkoK He JacT HUYero.

IMoomuch CTABUTCSI Ha IHHUIO B 000MX CTUIISAX IIOOIKNCH pa3MelaeTcs Ha CaMOUM TOPHU30HTAJIH,
a He HaM Hell, ¥ pa3phIBaeT €€. ITO MPUBHIYHBIN Tomorpaduueckuil mpueM: udppa YuTaeTcss BMeCcTe
C INHUEH, a He PALOM C Hell.

IIpenynpexXaeHue O IIOCKHX YPOBHAX

I/IHCTPYMGHT CaM IIPDOBEPSAET, HE II0IIajl JIN KaKOM-TO YPOBEHB C€4YEHMNs B IIJIOIIAOKYy C OKOJIOHYJIEBEIM
YKIJIOHOM, 4 €CJIX IIOIIaJl, ITUIIIeT 00 3TOM B KYPHaJIl: YPOBEHB, YHCJIO 3adEThIX A49€€eK U OOJII0 HaHHHIX.
Huuero IIpK 9TOM HE 6HOKI/IpyeTC5{, U30JIMHUU CTPOATCA KaK OOBIYHO.

3aueM 3TO HYXHO. Ha mmomanke, roe IIOBEPXHOCTh MEHSAETCA Ha MHJIJIMMETPHI, IIOJIOZKEHHEe
HN30JIMHUU OIIpeaesisaeTcsa He peﬂbe(bOM, a INyMOM MaTPHIIHIL. JIuHus TaM Ha4YWHAET BUIIATH,
PacCCHIIIaeTCAd Ha MHOZXKECTBO MEJIKUX KOJIeIl M BHITJIAOWMT KaK OOHa YTOJ'IIJ_IéHHaH. Knaccuueckui
MCTOYHUK TAKOU IIJIOIIAAKU - BOAHAS T'JIadb: HA MaTpuiie, HOHy‘-IGHHOfI II0 CTepeoIiiape, OHa CTOUT
Ha OJHOM OTMETKE C TOYHOCTBIO OO CAaHTHUMETPOB ¥ MO2KET 3aHMMATh IIOJIOBUHY IIJIOIIAON.

OTnuuuTh 9Ty 00JIE3Hh OT HOPMaJIbHOM PabOTH aJlTOPHUTMa Ha Ijla3 TPYHAHO, IIOTOMY YTO aJrOPUTM
oTrpaboTas BEpHO, @ BUHOBATH AaHHbIE. [109TOMy ITpOBEPKA U BEIHECEHA B XKYPHAJI YUCIIAMH.

HpaKTquCKoe pelieHnue OOBIYHO IIPOCTOE: 3aMAaCKUPOBAThk BOOHYIO I'lladb OO IIOCTPOEHUA 6o
CMECTUTHh YPOBHH. Ype3 BOOBI 3TO OTHEJIbHBIN 00BEeKT KapPThI, a HE TOPU30HTAJIb, 1 PHUCOBATh €ro
TOPHU3O0OHTAJIBIO HE CIIEeOYeET.

ITpoBepka UOET 3a OOUH IIPOXO[ II0 MACCHUBY U Ha PacTpax KPyIHee MIECTUNECATH MUJUINOHOB T9eeK
MIPOITyCKaeTCs, YTOOBl HEe TPaTUTh BpeMs. JIrobas ommbKa BHYTPU HEE TaCUTCs, IIOCTPOEHUE M3-3a
OUAarHOCTUKHU HEe CPhEIBAETCHA.

YBepeHHOCTH FOpH30HTaHeﬁ

[IpomomKeHUe TOU Ke MBICIIH, HO y2Ke C BO3MOXKHOCTBIO YTO-TO CHOelaTh. [lapaMeTp YBepeHHOCTH
TOPHU30HTAJ/IEH UMEEeT TPU IOJIOKEHHUS.

He cunTaTsk - NOBegeHUE IO YMOJIYaHHIO, HUYEero He MEHsEeTCs.

TonbKo moasa drop_min u drop_mean - TUHHK OCTAIOTCS LeJBIMH, HO KaXpaas IOJIydaeT OBa
TOJIsi: HAMMEHbBIIUY U CPegHUM nepemnaj BHICOT Ha A4YEeMKy BOOJIL Heé€. PellleHre 0CTAéTCsA 3a BaMU:
IOOO3PUTENIbHBIE YUYaCTKU BUOHEL BEIpaXkKeHUEeM Bua drop_min < 0.005, 1 BBl CaMU pelllaeTe, IpsATaTh
WX UJIU ITOKa3HIBaTh.

IMonsi 1 pa3pbIB HA HMOAO3PHTEIBHBIX yYaCTKaX - JIMHUS OOMOJHUTEJIBHO PBETCSA TaM, The
mepemnaj HUXe II0pora, M KycKu rmomedarTcsa moneM lowconf. Huuero He ymamsieTcs, CIpsATaTh
TTOMEeYEeHHOE MOXKHO (QUITBTPOM CJIOS.

ITouemy mOPOr 3adaéTCsI HOJ/Ied Ce4eHus1s MepHuTCcs He YKIIOH, a IIepelajl BEICOT Ha SYeiKy. DTO
BeJIMYMHA TOM XKe pa3MepHOCTH, UTO U ceueHue pejibeda, I03TOMY €€ MOXKHO IIPSIMO CPaBHUBAThL C
HUM, ¥ OOWH IIOPOT OOWHAKOBO paboTaeT Ha Pa3HBIX JaHHBIX.
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I[Tpumep. [Ipu cedyenum 0.5 M ¥ IMOpore B COTYIO OO0 IpaHHUIla IIPOXOOUT II0 5 MM Ha S4YEUKY.
IMosoru#i CKJIOH OAET Ha sSYeliKe CAaHTUMETPHI U IIOPOT IIPOXOOUT, BOOHAS I'Jlagb JAa€T MUJIIIUMETPHI
¥ He IIPOXOAuT. 3agaBaTh NOPOT abCOTIOTHEIM YKIIOHOM IIPUIIIJIOCH OB 3aHOBO IO KaXK/IbIM yJaCTOK.

ITopor HacTpawuBaeTCs B MOIOJHHUTENLHBIX IMapaMmeTpax, Ilopor mepemama Ha SAYEHKY, TOJISA
cedyeHnus, 1o ymondasuioo 0.01.

IToueMy pPBYTCsI TOJIBKO cepun OpfHa IOOO3PUTEINIbHAS BEPIINHA JIMHUIO HE PBET, U OBE TOXKeE.
Pa3prIB IPOUCXOOUT TOJIBKO TaM, THe HOAPSA UAYT Tpu u Oosiee ciabbIx BepIIWHEL MHade omHa
cnydadHas ILIyMHas s9edKa Kpolnuia OB TOPM30HTAJIb HA HOPMaJbHOM CKJIOHE, WM KapTa O
nopepesa 6e3 IPUYUHEL.

Yucno TPU 3alllUTO U IIapaMeTpPOM H€ BBIHOCUTCSH: HOJI6I/IpaTI: €ro IIOJIb30BAaTEeJII0 HE€ 3a 4YTO, a
TTUIIHAMN IIapaMeTpP B JUaAJIore CTOUT OJOPO2KEe, 4YeM KaXKeTCs.

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

HOpﬂJIOK B KOHBeﬁepe U cBooka PasMmeTka I/IHéT II0CJI€e IIOCTPOEeHuA U30JIMHUM U [0 (I)I/IJ'[I:Tpa
KOPOTKHX nuHuM. UHaue O6prBKI/I, OCTaBIIHMECHA OT pa3pe3aHud, IIOoIIaJIu OBI B CTAaTUCTUKY OJIMH U
YacThb JTUHUH OTCesiIach OBl OBa2KObI IIO0 PAQ3HBEIM IIPUYHHAM.

B KYPHAJl YXOOUT CBOOKaA: CKOJIBKO JIUHUHA IIPUIIJIO, CKOJIBKO KYCKOB IIOJIYYHJIOCH, CKOJIBKO U3 HUX
HUXKe IIyMa ¥ Kakas OoJist 00Ilei OJIMHBI OKa3aiach cjiaboii.

Yero HHCTPYMEHT He [ejiaeT OH He criaXkuBaeT IIJIOCKHUEe Y4acCTKH, YTOOBI JIMHUS repecTtala
BUJISITh. JTO ObIjla OBI Inmoggelsika HOaHHBIX: Ha BBIXOOE IIOJIYYHIIACh OBl POBHadA KW HEBEPHad
TOPHU30HTAJIb BMECTO pBaHOﬁ, HO COOTBeTCTBYIOIlIeﬁ TOMYy, 4YTO €CTb B MaTpHUIE. Pemenue o
TOM, IIOKA3bIBATh JIU cralhIi Y4acCTOK, OCTAETCS 3a YeJIOBEKOM.

Pa3aoMbl

Tot xe cno¥ nmuHUM, 4TO nomaBasics B 1.02 unu 1.03, momaéTcs cioma B mojie Pa3aoMsel. 30ech OH
OejaeT [Be Belllu.

IlepBoe: U30JIMHUK PEXKYTCS MO JIMHUK, TOYHO IIO0 Hel, a He IO rpaHMIlaM sdeek. Bropoe: cama
JIMHUS BXOOUT B CETh, II0 KOTOPOH CTPOSATCS KOHTYPHEBIE IMOJIUTOHLI, [I09TOMY IPAHHIIA MOSICA UOET
POBHO II0 Pa3joMy.

Pa3phIB IIpu 5TOM LIeJIMKOM BEKTOPHBIM. ['pUO OCTAa€TCS CIIOUIHBIM, OBIPOK B HEM HET, U BCE, YTO
CYUTaAETCs 1o TrpuAy, paboTaeT Kak 00BIYHO.

Kopunop y pa3joma
Opun mapameTp TpebyeT 0ObACHEHUS, IIOTOMY YTO 6€3 HETro Pe3yJIbTaT BHITJISAUT CTPAHHO.

I'pup CHJIOIIHOM, a 3HAYEeHHUS II0 Pa3HbIe CTOPOHEI pal3jioMa OTIMYAIOTCS Ha BCIO aMILUIATYOY,
M CKa4YOK IIPUXOOUTCS Ha Mapy CcOoCemHuX s4deek. KOHTypep pHCYeT B 3TOM IIPOMEKYTKE BCe
ITPOMEKYTOYHBEIE YPOBHH pa3oM. [Ipu aMmiuTyde B ABaAIlaTh METPOB M CEYEHWHM B OBa MeTpa
9TO [MECSATOK W3ONWHWHN B IIUPHUHE OOHOU sUYeKu. ['e0OTHUYECKOTO0 CMBICJIa Y HUX HET: 3TO
WHTEPHIOSILMS MOTIePEK pPa3phiBa, KOTOPOTO TIJTAaCT HE 3HAET.

IIIuprHa Kopuaopa y pa3jioMa 3aaéTcs B suelKax, II0 YMOJTYaHHUIO ofHa. IToloca TaKoH MU PUHEL
BBIPE3aETCS U3 U30JIMHUM, @ KOHIIEI 0CBOOOIUBIIINXCS TUHUN ITPUTITUBAIOTCS K caMOMy pa3noMy. Ha
KapTe OCTAaETCS YUCTHIN Pa3pHIB 110 JINHUHU.

Homnb oTKI0YaeT BeIpe3aHue. MeHbllle ss4eiikKu OpaTh He3auyeM: CKaYOK 3aHUMaeT POBHO STUEHKY.
3amMeTHO OOJIbINE - HAYHYT MPOIIafaTh U30JIMHUY, UAYIIHE BAOJb pa3jioMa 1o Aeny.
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YV 3aTyxaromero KoHIla OCTAéTCs KOPOTKHUM YYaCTOK YaCThIX HM30JIUHHUNA OJIHMHON OKOJIO IITHPHUHEI
KOpHuaopa. DTO BEPHO IO CMBICITY: Pa3pPhIB TaM COIIEN Ha HET, HOBEPXHOCTh CMBIKAETCS, ¥ PBATh €€
HeYeM.

HauMeHbIIIasi TOJIIIHHA IMOJJIMTOHA

TTopor 3amaéTcs B TYerKax U 0TCeKaeT y3KHe MTOMOCH MOsiCOB. TOMIMHA CUNTAETCs KaK yIBOeHHAas
IUIOIIadb Ha IMIepUMeTp: y OJIMHHOUN Y3KOM II0JIOCH OHA PaBHA €€ IMWpHUHEe IPHU 1000 OIuHe, Torma
KakK II0 TIJIOLIAgX TaKyIO MOJIOCY OT HOPMAJIBLHOTO T0siCa HE OTJIMYUTh.

IMopor 3agyMaH OPOTHUB OOPHIBKOB yV pa3phiBa TaM, I'le JMHUKU PAa3JIOMOB He MOOAHBI: Y Kapbepos,
006pEIBOB M Kpas obmactu. Ilo1b30BaThCsA MM HAOO0 OCTOPOKHO. Ha KpyTOoM ITOBEPXHOCTH C
YaCTBEIM CedyeHueM HOpMaHbeIﬁ II05IC MeXy COCeJHUMH YPOBHAMHU CaM IIO cebe yYxXKe H‘-IGfIKH, n
IIOPOT B STYEUKY BHIKOCUT KapTy. MHCTPyYMEHT mpenylpexkmaeT B XKypHale, eClu oTcesin OobIie
IIOJIOBUHEI ITOSICOB. IT0 yMOI4aHUIO IOPOT paBeH HYJH, TO eCTh OTCEBa HeT.

1.05 BapuorpaMmMa (3KCInepuMeHTa/IbHas)

WHCTPYMEHT CTPOUT MO TOYKaAM 3KCIEPUMEHTAbHYI0 IIOJIyBapuorpaMMmy, Opu HeoOXOOMMOCTHU
rmopbupaeT 1o Hel Moaens U BeImaéT HTML-oTuéT ¢ rpadukom. OH He CUUTAET TPUL U HE BXOOUT
B PACYETHYIO LIENIOYKY KPUTHHTA HaNpsMylo. Ero 3afjaya AMarHOCTUYECKas: ITO0Ka3aThb CTPYKTYPY
MIPOCTPAHCTBEHHOM U3MEHYHUBOCTH OAHHBIX U IOMOYh 3a7laTh TapaMeTPHl BAPHOTPAaMMbI OCO3HAHHO,
1o BuAy oGJiaka, a He Ha rjas.

3adyeM HYZKEH IPeanpocMoOTp

Kpurusar onupaeTcsi Ha MOAeIb BapUOTPaMMEL: HArTeT, MOpor ¥ paguyc. OT HUX 3aBUCAT Beca IIpU
WHTEPIIONSIIUY W KapTa CTaHmapTHOW omuOku. CoOa3HUTENIEHO MOPYYUTh HNOOOO0pP STHUX YUCE
aBTOMAaTUKe U He OyMaTh 0 HUX. Ha KjacTepur30BaHHON pa3BeqoYHOM ceTU 3TO onacHo. CKOIJIeHU
OJIM3KUX CKBaXXWH [al0T OTPOMHOE KOJIMYECTBO Iap Ha KOPOTKHUX PACCTOSHUSAX M IPUIABIUBAIOT
OIMIKHIOI0 9YaCTh BapUOTPaMMEI, II09TOMY aBTOIIOAOOP II0 TaKOMY 00J1aKy JIETKO BEIHAET YBEPEHHO
HeNPaBUIbHLIN HArreT. [IpeampocMoTp CHHMMAaeT 3Ty Ipo6ieMy: I'eojior BUOUT caMoO 0OJIaKo Iap,
MMOHUMAaET, IAe JaHHBIX MHOTO, a T{ie MaJjio, ¥ IMOATOHSET MOJIe/Ib C IOHUMAaHUEM TOTO, YTO IO Hel
JIEXKUT.

IMosToMy mombop MOIeNnu B MHCTPYMEHTE OaH KaK peKOMeHOallus, a He KaK IOTOBHEIM pe3ysbTaT.
Ymcra, KOTOPEE OH IIpejaraeT, pa3yMHO CBEPUTh C BUAOM IpaduKa U TOJILKO IIOTOM MEPEHOCHUTH
B KPUTHHT.

Kparkasn Teopus

INonyBapuorpaMma OIMCHIBAET, HACKOJIBKO CTAaTUCTUUYECKU CBSA3aHBI 3HAYEHUS IIapaMeTpa B OBYX
TOYKax B 3aBUCUMOCTHU OT PACCTOSTHUS MeXKIOy HUMHU. [1J151 Taphl TOYEK, pa3HECEHHBIX HAa PACCTOSTHUE
h, GepéTcs moyoBMHaA KBaZpaTa Pa3HOCTU UX 3HAYEHUM (MONyOuCIepCus NOpUpalleHus). ITU
BEJIMYUHEl YCPEOHSIOTCS II0 MHTEepBajlaM pPacCTOSHUA (jlaraM), U mojydaercsa Kpuas y(h). 9to
Mepa He «cpefHel pa3HULLI» 3HAYEeHWN, a CTaTUCTUYECKON HaOEXKHOCTHU IIpeCcKa3aHus 3HaUYeHU
IO coceny: 4eM MeHBIIe Y, TEM TeCHee CBS3b.

Y TunuuHOU KpUBOU Tpu XapakTepuctuku. «Harrer» CO 3T0 3Ha4YeHUe, K KOTOPOMY CTPEMUTCS Y
MIpU CTPEMJIEHUHU PACCTOAHUS K HyI0. OH OTpaXkaeT U3MEeHYUBOCTh Ha MaciiuTabe MeJibde, YeM Iiar
ceTH, IJIIOC OMNOKY m3MepeHusd. «I[Iopor» 3To ypoBeHb, Ha KOTOPHIN KPUBas BEIXOOUT Ha OOJIBIINX
paccrosiHusX. [1OTHBIM MOPOT paBeH CyMMe HArreTa U CTPYKTYPHBIX BKJIQAOB W B Hpeasie OIM30K
K OUCIEepPCHUM OaHHEIX. Paguyc (a) 9TO pacCTOsiHME, Ha KOTOPOM KpHBas BBIXOOUT Ha IIOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAsI KOPpEeNdalus cliafaeT NpakKTUUeCcKU A0 HysdA. [anbile 3TOTo
PacCTosSHUS TOYKM CTATUCTHUYECKU He CBA3aHEBL. [I7I1 S5KCIOHEHIHATbHOU U rayCCOBOM Momeseu
IOPOT TOCTUTAETCHA ACUMIITOTUUECKH, IO9TOMY PamuycC Oy HUX - 9O GEKTUBHBIN.
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Harrert u BKIagel B WHCTPYMEHTE 3dadaHEBI B a6 COJTIOTHRIX €OINHHNIIaX OHUCIIEPCHH IIapaMeTpa, a He
OOJISMH OT €OUHUIIHI. OpI/IeHTI/Ip OJIs IIOJIHOT'O IIOPOTra 3TO OUCIIEPCHUA OaHHBIX, KOTOPasa BEIBOOUTCSHA

B CBOIOKE OTYETA.

ITapamMmeTpsI

[TapameTp

YTo 3amaéT

ITo ymomgaHUIio / COBET

To4yKH cO 3HAYEHUSAMHU
ITone 3HaueHus Z

[Tone rpynnupoBKH (ZOII.)
[Tone BecoB meKnacTepusanuu
(mor.)

KomnuuecTBO 51aros

MakcuManbHO€E pacCTOsTHUE

[Togo6GpaThk MOJENb

Mopenb o mombopa (moir.)

YcToiiuuBas oleHKa (o)

YparauHbie IPOOHL:
MIePIeHTHIIbL 00pe3Ku (Iorm.)

Cpe3aTh K rpaHHUlle BMECTO
ynaneHus (Oor.)

Wwmst mpodusist oist TaGIuIlel

IOonucaTk B Tabmully Mogesei

Mopens BapuorpaMMHL (HOBas
TabnuIa)

Tabnuiia BaprorpaMMbl

Otuétr (HTML)

BxomHOM TOYEYHBIN CJIOH.
ATpubyT, 110 KOTOPOMY
CTPOUTCS BapHorpaMMa.
Pa3penvHEIE BapuorpaMMEL 110
KaTeropusm (HarrpuMmep, BU[
pas3BeOKu).

Beca u3 1.01 gns B3BeIIEeHHOU
OLIeHKH.

Yucno uHTEpPBaioB
PacCTOSTHUMH.

BepxHsisa rpaHulla PpacCTOSHUM.
0 = moyoBMHa AMaroHamau
oxBara.

ABTOmOmOOP MOOEIH 110
9KCIIEPUMEHTAJIbHBEIM TOYKaM
(pekomenmyeTcs).

Tun momenu: chepudeckas,
SKCIIOHEeHIMallbHas, rayccoBa,
CTemeHHas.

Omnenka Kpeccu-XoKHHCa,
MeHee YyBCTBUTEJIbHA K
BRIOpOCaM.

OTceB 3KCTpeMalIbHBIX
3HAYeHuH 110 nepueHTunio. 0 =
BBIKII.

Capping: 3KCTpeMyM
cpe3aeTcs K IOPory, a He
yoanseTcs.

HmMms HabGopa, IoJ KOTOPEIM
MOAeJTb 3aHOCUTCS B TaOIHUILy
MOIeJen.

CymecTBytomiaa Tabmulla, Kyna
3aHOCHUTCS pe3ysbTaT. CTPOKU
9TOT0 IPOPUIST 3aMEeHSIIOTCS.
Hosas tabnuna. Co3gaércs,
KOTa [OIINCHIBATE EIIé
HeKyna.

BrIxop: ytar, 3HaYeHUe vy,
KOJIMYEeCTBO I1ap.

Breixom: rpaduk obmaka map u
MOJEJIH.

BKII.

BBIKIJI.

BEIKIJI.

IIyCTO

He 3adaHa

co3maeTcs

I[TapameTp YTo 3amaéT ITo ymonuyaHnuio / coBeT
Touku co ToueunBIV CIION CO -
3HAYEeHUuIMu CKBaXXWHAMHU UIIU

npobamu.
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[Tapametp

Yrto 3amaérT

ITo ymomganuro / COBET

Ilone 3HaueHusa Z

ITone rpynnupoBKuU
(He006s3.)

KomnmuyecTBo 1aros

MaxkcuManbHOe
paccTosiHuEe

ITomo6paTs Momenb
(pexkomeHpanms)

Mopenb ois mombopa
(morm.)

MuHUMYM TOYEK B
rpynne, % (mor.)

YcToituuBas olleHKa
(Kpeccu-XokuHca)
(mor.)

IToka3aTs 06J1aKO
nap (mor.)

Hanoxute 3amaHHy1o
MOOEeNnb
BapHUOTrpaMMEI (IOII.)

YucmoBo# aTpubyT Oist
aHayM3a: OTMETKa
1jiacta, MOIIHOCTS,
copmepKaHUe.

CTpOUT OTHENBHYIO
KPUBYIO OJIS KaXXO0T0
3Ha4YeHus nossd (Hamp.
BU[ pPa3BeOKU) U
HaKJIaJBIBAeT WX Ha
OOUH rpaduk.

Ha ckomnbsko
UHTEPBaJOB
paccTosHUus
pa3buBaeTcs 061aK0
map.

HanpHUN Kpau
BapHorpaMMEL, B
eOuHUIax ciaos (ois
MEeTPOBBIX KOOPOUHAT -
MeTpHl). 0 = IMoJI0BUHA
ouaroHajy oxXBaTa.
ABTomonbop Harrera,
mopora, paguyca u
THIIa MOJIENH,
pe3ynbTar
3alOMUHAETCS s
TIIOOCTAHOBKHU B «2D
Kriging».
3aduKCUPOBATDH TUII
MOIEeJN UJIU OCTaBUTh
aBTOBLIOOD JIy4lleil 1o
R2.

I'pynmnel Menbye ropora
He CTPOSTCS U
TIEePEeYnCsaoTCs B
XKypHaie. ITox - 30
TOYEK.

CHUXKaeT BIUSHUE
penKux aHOMaJIbHBIX
nap.

IobGaBnset Ha rpaduk
UCXOOHBIE TTaphl OO
yCpegHEeHUs.

PucyeT noBepx o6n1aka
MOIeNb C 3adaHHBIMU
BPY4YHYIO HarreToM,
TIOPOTOM M PafiyCOM -
yIoOHO CPaBHUTH CBOIO
MOfeNIb C JaHHBIMH.

3alIOMHHAETCA MeXOYy 3allyCKaMu

BBIKIJI.
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

Yparauusie TpoOH ITepuenTUL 00PE3KHY, BBIKJL.
(mom.) HUXHSS U BePXHSIS

TPaHUIIEI 3HAUEHUS,

PexXUM Cpe3aHus K

TpaHulie BMECTO

yoanesus. B camoMm

KOHIIe CITHCKa.
Hwms nmpoduns ans HNmsa mabopa, mop IyCTO
TabIUITBI KOTOPHIM ITofgo0paHHas

U30TPOITHASA MOJENDb U

TEKyILIuU OTCEB

3aHOCATCA B TabIuIly

MOJeJien.
Tabmuia BrixogHOU BPEMEHHHIUN CIIOU
BapHUOTPaMMEI cnou-tabnuna c

TOYKaAMU BapuOrPaMMBbI
(cTOJIOLBI HUXKE).

Otuéet (HTML) OTUYEéT Cc 00JIaKOM, BpPeMeHHHIN harin
nomo6paHHONM KPUBOU U
JIMHUEU OUCIIEPCUMN
OaHHBIX.

I[TapaMeTphl C IIOMETKOM «IOII.» JIeXKaT B CBEPHYTOM pa3feie [1oIMoJIHUTE/IbHbIE ITapaMeTPhI.

Ha Brixome popmupyetcs Oraét (HTML) c rpadukrom, mogoOpaHHOM KPUBOM U JINMHUEH TUCIIEPCUA
OAaHHBIX, a TaKXe HeoOs3aTenpHas TabauIa BapHOrpaMMBbI - TOYKHM SKCIEePUMEHTaJIbHOM
BaproTrpaMMHbI B Bume cios 6e3 reoMeTpuu (10 CTPOKe Ha KaxX[ObIM jlar Kaxkpaoil cepuu). 1o Hew
MOJKHO IIOCTPOUTE cBoM rpaduk B QGIS unu BHITpy3uTh 3HaYeHUsA. E€ CTONOIIH:

ITone Tun YT0 comepRUT

series CTpPOKa Cepusi: «BCce TOUKKU» MO0 3HAUEHUE IIOJIS
TPYIIINPOBKHU, €CJIM OHO 3aJaHo.

lag opobHoe CpepHee pacCTOsTHUE MeXKAy TOUKaMU B UHTEpBajie
(;mare), B emmHUILIAX CJIOS.

gamma Ipob6Hoe IMonynucnepcus y(h): cpemHee MOJIOBUHEI KBagpaTa

pa3HOCTel 3HAa4YeHMU 110 ITapaM 3TOoTo jlara (unm
ycTouuuBas oneHka Kpeccu-XokuHCca, eCiiy OHa
BKJIIOY€EHA).

npairs nesioe KonuuecTBO mmap To4dek, onaBlIuX B jar. Masoe
KOJIMUEeCTBO I1ap - TOYKa BapuorpaMMEl HeHafleéXkHa.

IToie rPYyNIIMPOBKH U Pa3HOIUIOTHOCTHAs pa3BeaKa

Heo6s3atensHoe I[1ojie rpynnmupoOBKH CTPOUT OTHEIbHYIO BApHMOrpaMMy OISl KaXKOOr'o 3HAYEeHUS
MOJIsI ¥ HaKJagblBaeT WX Ha OOWH rpaduk. DTO HYKHO, KOTHa BHIOOpKa coOpaHa CeTsIMH Pa3HOM
MIPUPOMIH U IJIOTHOCTH, HalpUMeP ITOBEPXHOCTHOM U MOJA3€eMHOM pa3Benqkoii. [logas B rpynmnupoOBKY
BU[ Pa3BedKu, MOXKHO YBUIETH, O0IIas JIM Y 9TUX COBOKYITHOCTEM CTPYKTypa UM V KaXXI0! CBOS.

CMeleHve Pa3HOMJIOTHOCTHHIX CETEH HEe CO3TaéT apTedakToB caMo 110 cebe, HO UCKaXKaeT OOIIyI0
BapuorpaMmy. [ljnoTHasi ceTh OA€T MHOIO Iap Ha KOPOTKHUX Jiarax M GopMupyeT OIHUKHIOI
YacTh KPUBOM, pefkasi ceTb paboTaeT Ha manbHuMX. OOgHa MOfeNb, HaATAHYyTas Ha Takoe o06/ako,
OKa3hkIBAaeTCSI CMECHIO IBYX CTPYKTYP M He OIMCHIBAET KOPPEKTHO HU OOHYy. I'pynmnupoBKa 3Ty
CMecChb TOKAa3hIBAET, U pellleHUe, 3aKOHHO JIM O0BEeOUHSATH COBOKYITHOCTH, OCTAETCS 3a Te0JIOTOM.
[eknactepusanus K 007aKy map IPU 39TOM He OpuUMeHsieTcsi. E€ Beca IpemHa3HAYEHBHl [JIS
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HUCIIPABJIEHUA THCTOIrpPpaMMBI M CpPEeOHEero, a Heé [OJId IIap BapuorpaMMBbI, TI'I€ Kazxaas IIapa
IIOJITHOIIPaBHa HEe3aBHUCHUMO OT IIJIOTHOCTH CETH.

OTMeTKa KpoBAW No Tunam passenku (none Tun)

=  (n=5216): C0=23 a=34B9M
4 = n (n=5022): C0=121 a=2698m
3000 nk (n=3919): CO=0 a=4566m

— mn (N=1379); CO=T70 a=3686M
= (n=858): C0=543 a=4186m

2500 A

2000 A

yih)

1500 A

1000 4

0 1000 2000 3000 4000 5000 6000
nar h, m

Puc. 11: OTmMeTKa KpoBnu 1o miacty Kpll, crpynmupoBaHHas 1O BUAY Pa3BEOKU: TTOO3EMHAsT CETh
JIEKUT 3aMeTHO Huxke (0071acTh OOHOPOOHEee), meTaNlbHasl pa3BegKa NaéT BHICOKUM HarreT. Pa3Hble
COBOKYITHOCTH BHIHO CPa3y.

TpH THIIHMYHBIE I'eO0JIOTH4YeCKHe CUTyalluHu

OTMeTKH 3aJieraHud, MOITHOCTU M COOEP2KaHUA II0JIE3HOI'O KOMIIOHEHTA UMEIOT Pa3HBIE '€OCTAaTUCTUYECKUE

XapPaKTEPUCTUKH, U IIOJIE3HO BHUOETH UX PAOOM. Ha HUIINTIOCTPAIXUU IIOKA3adaHBEI BaPUOTPDAMMEI Tpex
IIapaMeTpPOB OOHOTO IIPOMHBIIIJIEHHOTI' O IIJIaCTa, PaCCYHUTaHHBIE B EINHOM OKHE paCCTOHHHﬁ.

JKCNepUMeEHTaNbHBIE BApWOrpaMMel TREX TUNOB NapameTpos (maxlag 6 kM, oouH pyaHbIA Bnok)

MPpOMBIWNEHHBIA NNACT: OTMETKE KPOBAM, M MOWHOCTE, M CofepsaHne NofeIHoro KOMNoHeHTa, %
2000 1 P 304 TETET LT
50

1750
254 _g o -0
e
1500 - s 40 4
.

2.0 P
1250 - o
- 30 4
% & ., = -2
£ 1000 - £ 154 P £ .'r‘.‘—r
7t _ﬂ-r.,-._u-'-"' X
750 o 20
104¢” p
4
500 .

0.5 4 10 4
250 4 rayccosa 3 h CHEpUHECKan rayccosa
— C0=19.2 C=18le+03 — C0=0.864 C=1.66 — CO=18.1 C=14.6
a=3061 M R*=0.008 a=4820 M R*=0.903 a=5611 M R*=0.917
T 0.0 T 0 T T
(1] 1000 2000 3000 4000 5000 6000 o 1000 2000 3000 4000 5000 6000 4] 1000 2000 3000 4000 5000 G000

narh, m nar h, m nar h, m

Puc. 12: Tpu Tuna napaMeTpPOB OJHOIO IIJlaCTa B eQUHOM OKHEe: OTMETKa KPOB/H (IIOYTH HYJIeBOU
HarTeT, TlagKas MOBEPXHOCTH), MOIIHOCTh (HArreT OKOJIO TPeTH, chepudecKas) U coOepzKaHue
(HarreT commocTaBUM CO BKJIQ[iOM, IIIYMHBINM ITapaMeTp).

OTMeTKa KpPOBJIM 3TO THafKas MMOBEPXHOCTh. HarreT MOYTH HYJI€BOM, pamuyc OOJBIION, MOMEIh
O61M3Ka K TayCCOBOM, KadyecTBO TOAOOpa OYeHBb BHICOKOoe. CocemHWE CKBAa*KWHBI [AAOT TOYTH
OOWHAKOBYI0O OTMETKY, M3MEHYHMBOCTh KpymHoMaciuTtabHasi. Kpuruur paboraeT yBepeHHO. 37ecCh
eCTb TOHKOCTh: TayCCOBa MOMEeJIb C IMOYTH HYJIEBHIM HAarTeTOM YHCIIEHHO HeyCTOHMYMBa W HaéT Ha
KapTe XxapaKTepHble «ObIYbY ria3a». HeGombIlod HarreT CTOUT 3aiaTh BPYYHYIO.
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MoIIHOCTh 9TO MPOMEXKYTOYHEINM ciydaid. Harretr cocraBnseT 3aMeTHYIO OO0 IIOPOTa, Pamuyc
cpenHUM, Momenb dalle chepudeckas. OKOJIO IIOJIOBUHEI U3MEHYHWBOCTY CTPYKTypHAs, IIOJIOBHHA
MenkKoMaciTabHas. ITo TUNIMYHAas pabodas BapuorpaMMma.

ComepkKaHuWe TIIOJIE3HOTO KOMIIOHEHTAa CaMbI IIYMHBIM TapaMeTp. HarreT CcomocTaBUM CO
CTPYKTYPHBIM BKJIQ[IOM HJTM MPEBHIIIAET €T0, KPUBAs MOOHUMAETCS MEAJIEHHO, KaueCcTBO moabopa
HUXEe, W MOIEJb IJIOXO OTIWYAEeTCH OT cocemHux TUloB. OCHOBHAasi M3MEHYUBOCTH CUOUT HA
Macmitabe Menb4e ceTH ompoOoBaHWA. KpUTMHT Tako#¥ ImapaMeTp CHUJIBHO CrJIaXkKHWBaeT, a KpPocc-
BaNUOaIlus MOKa3biBaeT OOMbINyo OImubKy. Comep:kaHue HpefcKa3yeMo XyXkKe, YeM OTMETKH U
MOIITHOCTH, ¥ 9TO HOPMaJIbHO.

MakcumMajabHOe PacCTOsiHHE MU BbBIXO0O Ha IIATO

Camas dYacras ommOKa 3TO CIMIIKOM OOIbIIoe MaKCUMalabHOE paccTossHue. EcCnu 0CTaBUTH
aBTOMATUYECKOE 3HAYEHWEe B TIOJIOBUHY [OHWAroHaXM, HA BHITIHYTOM MECTOPOXKOEHUW OKHO
pacTSIruBaeTCsd Ha OECSITKU KWIOMETPOB. Jlarm Ha4YWHAIOT CBA3BIBATH TOYKH Yepe3 Oe3pynHBIEe
ITPOBAJIEL ¥ MeKOJIOKOBEIE Pa3pPHIBEI, BApUOTrpaMMa JIOBUT PETMOHAIBHEIM TPEH BMECTO JIOKaIbHOU
CTPYKTYPHI, a mog0op BHIMAET paguyc OONbIle CaMOro OKHA ¥ IIOPOT B pas3bl BHIIE HUCIIEPCHM.
ITpu3Hak Tako!: paguyc MomoOpaHHOM MOAEIW COIOCTAaBUM C OKHOM WM IIPEBHIIIAET €ro. JTo
3HAYWT, YTO KPUBAs HE BHIIJIA HA TIJIATO M MOPOT MOJTyYeH KCTPATIOJISIINEH.

JleunTCs 3TO YMEHbIIeHHeM MaKCHMalIbHOI'0 PAaCCTOSHHUS [0 JIOKAJIbHOI0 MaciiTaba ¥ IIPOBEPKOI,
YTO BapuorpaMMa ycCIejla BEIMTH Ha MOJKy. Ha mpuMepe copepkKaHus OOHOTO IIJlacTa HPHU OKHE 6
KHUJIOMETPOB MoA0O0p faBajl pafguyC OKOJI0 9 KMJIOMETPOB M IIOPOT HUKE AUCIIEPCUU, TO ECTh KpUBas
elllé He BHIIIA Ha niaTo. [Ipu okHe 12 KMIOMETPOB OHA BHIIIIA, IaB PaguyCc 0KOmIo 18 KuIoMeTpoB
U TIOIHBIN IOpor, OMU3KUM K IUCIIEePCUY TaHHBIX. PeasbHBIN paguyc KOPPEessauu oKa3ascsa 00mbIle,
YyeM BHUOEJIOCh B Y3KOM OKHe, W ITPABUJIPHBIM OTBET Idajla UMEHHO IIPOBEepPKa Ha BBIXOO KPHUBOM Ha
IIJ1aTO.

ITpu 5TOM OKHO He MOJIZKHO IIepellaruBaTh KPyIHbIe 0e3pynHble 30HEL. Ha pa3BemodHOM ceTH UX
BUIHO 110 TTaZleHUIO IIJIOTHOCTHU TOYEK, ¥ BApUOTPaMMy CJIeIyeT CTPOUTE B IIpefieiaX OQHOTO PYyOHOTO
0JI0Ka, “Haue JI0KaJibHaS I'e0JIOTUS CMEeIINBaeTCsA C PEruOHaIbHON TeKTOHUKOM.

OTKy,'IIa B3s5JICs HarrerT

B pa3pexeHHOW ceTHW HArTeT MOYTH BCErda 3afaioT eOWHUIBl map To4eK, a He obnako. [IBe
CKBaXXWHHBI B OECSITKaX METPOB OPYI OT Opyra C HECOIOCTAaBUMBIMH 3HAYEHUSMH MTOTHUMAIOT
IIEePBHIY JIaT BHIIIE ITOPOTa, IOAO0PY OCTAETCS OMUCATH 3TO MOYTH YHUCTHIM HArT€TOM, ¥ KPUTHUHT I10
TaKO# MOJIeJ BO3BpaIllaeT CpefdHee BMECTO KapTHI.

ITosTOMy MHCTPYMEHT TIeYaTaeT B XKypHaJl pa300op MepBOro jiara: pacCTOSTHUE, YHUCIIO TTap B HEM U
3HAYEHWE y PSAAOM C OUCIIepCUel OaHHBIX. EC/iu y IepBOTO jlara yzKe BhIIIe 00Iel gucmepcuu, o6
3TOM COOOIIAETCS OTHAEIbHEIM IIPeAyIPeKIEeHUEM - ONMCATh TAKOE MOXKHO TOJIbKO HAarTeTOM.

CnemoM Ha3HBIBAIOTCS CaMble TSAXKEJIbIe ITapbl BHYTPU IEPBOTO Jiara: PacCTOSHME MEeXOY TOYKaMy,
o0a 3HaYeHMs, BKJIa[ Y U KOOPOUHATHE 00eux Todek. ITo KoopouHaTaM mapa HaXOOUTCs Ha KapTe
Ccpasy, U Janbllle 3TO BOIIPOC K aHHBIM. [IlepenyTaHHBIM TOPU30HT, 3HAK, eQUHUIILI - TH00 HaCTOoSIIas
MUKPOU3MEHYUBOCTh, ¥ TOT{Ia HArTET OTpaXKaeT HaHHEIE.

IIpH3HAKH HENPHUTIOTHOH MOIETH

[IBa mpH3HaKa HEMIPUTOOHOCTH HE COIIPOBOXKMAIOTCS OIMMOKON pacdéTa: IapaMeTpPHl BHIBOISTCS,
KPUTHHT 3aBepIIaeTcCs INTAaTHO U OaéT Iojie, O0JIM3Koe K MOoCcTossHHOMY. O0a BEHIBOOSTCS B XKypHAaIl
MIpenaynpeXxaeHnueM.

IMepBriii - KO3(pPuumeHT metepmuHanuu R? Huxke 0.1. Momenb NpakTUYeCKU He OIUCHIBAET
HabIIomaeMyo CTPYKTYPY, U IEPEHOCUTH €€ ITapaMeTphl B KPUTUHT HEOOIIyCTUMO.

BTopoii - momst HarreTa BHIIIE MOJIOBUHBEI CYMMapHOTO Iopora. CBsi3b Ha KOPOTKHX PACCTOSHUSIX
He pa3pelreHa: JTub0 CeTh pexe, 4eM CTPYKTYypa, KOTOPYIO IBITAIOTCSA YBUAETh, TUO0 B JaHHBIX TE
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CaMEI€ IIapPHI. Kle"HHF 110 TaKOU MOIEJH CTilaXkKHUBaeT OLIEHKY 00 CpeoHero, a Ha KapTe I[aéT «OBIYLH
T'Jla3a», Tyrue KOHLIEHTPUYEeCKHEe KOJIblla BOKPYT' OTOEJIEHEIX Hp06.

PaGouui HHKJI C KPOCC-Ba/IHAAIueH

Bapuorpamma maéT CTapTOBYIO MOfenb, a mpoBepseT eé Kpocc-Baauaamusi BapHOI PaMMObI.
IMopsimok Takoi. CHayaja CTPOUTCS OSKCIEepHMMEHTalbHas BapuorpaMMa C MaKCHUMAaIbHEIM
PacCTossHHUEM, IIPDW KOTOPOM KpPHBASA BBEIXOOWUT Ha IIJIaTO, U CHUMAIOTCA HOJIOGpaHH]:Ie HarrerT,
BKJIall, paguyC U MOJeJb. 3aTeM 3TU YuCja IIEePEeHOCATCS B KPOCC-BaIUAAIIMI0O U OIeHUBAIOTCH
MEeTPUKH CKOJIb3AIero KOHTPOJsA. ITomoOpaHHas W HpPOBEepPEeHHAas MOOesb 3aHOCUTCS B TaOIHITy
Momersel BapuorpaMum u nopcrasinsaeTcs B 2D Kriging nonsMu Mopenu BapuorpamMmm u IIpodpuis
M3 TAaOJHIIBI - CM. pa3ges «Tabmuila Momene BapruorpaMM».

Cpennee cmetnieHre ME qomKHO OBITH OKOJIO HYJISI, 9TO 3HAYHUT, YTO CUCTEMATHUYECKOM OIMOKY HeT.
CpenHekBagpaTtuyHas ommbka RMSE moka3biBaeT abCONMIOTHYIO TOUHOCTh. OTAENbHOTO BHUMAHU S
3acinyxkuBaeT MSDR, oTHOIlIeHHEe KBagpaTa OIMOKM K AUCIEPCHM KPUTHHTa. ECIIM OHO 3aMeTHO
0osbIlle eMUHUIIEI, KPUTHHT HEOOOIeHWBAET HEONPENEeIEHHOCTh M KapTa CTaHOAPTHOM OIIUOKHU
3aHMXKeHa.

IIpaBka MSDR pgenaeTcs TOYHO, a He Ha rjla3. B opAMHapHOM KpPUTMHTEe OOMHOXKEHWE BCeH
BapHOTpPaMMBblI Ha IOCTOSTHHBIA MHOXKHUTENh HE MEHSET OLIeHKH, ITOCKOJIbKY BeCa 3aBUCSAT TOJIBKO OT
bopmbI KpUBOH, a He OT eé MacIiTaba. MeHseTCs JINIIb OUCIIePCHUs KPUTHHTA. [I09TOMY JOCTAaTOYHO
YMHOZXKHUTH HarreT U BKJIaHbl Ha TeKylnee 3HadeHue MSDR, ocTaBuB paguyc U MOJENb NIPEXHUMY,
U IIOBTOPUTH Kpocc-Banupanuio. Metpuku ME, MAE, RMSE u R npu aToMm He caoBuraioTcs, a MSDR
MIPUXOOUT K eIUHUIIE, ¥ KapTa OIMOKY CTAaHOBUTCS JOCTOBEPHOI.

Ilocne wmacmTaOuUpPOBAHUS IIOJHEIM IIOPOT MOXKET OKa3aThCs BHIIIIe OUCIEPCHH HOaHHBIX. Ha
KJIaCTEPU30BAHHON CeTH 3TO He omubKa. HawBHas OuUCIepcus 3aHUXKeHa, IOTOMY YTO IIJIOTHBIE
CKOIIJIEHHSI CKBaXKUH €€ MePeTATUBAIOT, @ UCTUHHAA pa3dpocKa 1o nyomanyu 6obimne. [IpeBseHne
ropora Haj QUCIIepCcHuel 37ech CIeiCTBHEe HepaBHOMEPHOM CeTH.

T'oTOBYIO ¥ TPOBEPEHHYIO MOMEITH OCcTaéTcs mepeHectu B 2D Kriging nist pacuéTta rpupa, a gaiblile
npu HeobxogumocTy B U30;TMHUHK U3 pacTpa.

Ecnu panHBIE CTYIIEHE HEPAaBHOMEPHO, 3a7aiiTe Heo0s13aTeIbHOE II0JIe BeCOB wt U3 MHCTPYMEHTa
1.01 Jexknacrepu3anusi. Torga Kaxmas mapa TO4ekK OepeTcsi C BeCOM, PaBHBIM HPOU3BEOEHUIO
BECOB €€ KOHIIOB, U CKOIIJIEHUS He 3aBHIIMIAIOT OnuKHME jaru. CYETYUK ITap B OTUETE ITOKA3bIBAET
CEIPO€ 4YMCJIO IIap, a caMa Y CUUTaeTCsI B3BEIIeHHO.

TaOmuIa Moae/Iell BapHorpaMM

I[Topo6paHHas BaprorpaMMa 3TO Pe3y/IbTaT aHajIn3a JaHHbIX, a8 He HaCTPOMKa IIporpaMMsl. [ToaTomy
OHA XPaHUTCS TaOJUYHHEIM CJIOEM: ye3XKaeT BMEeCTe C IIPOEKTOM, IMoIlafaeT B CUCTEMY KOHTPOJIS
BepCUl, IepPeHOCUTCS MeXAy pabodyumMy MecTaMM U INpPaBUTCA B aTpubyTuBHOU Tabmuie QGIS
HapaBHE C IPOYUMU OaHHBEIMU.

CocTaB Tad/IHIIbI

OpHa cTpoKa ONUCHBAaEeT OOHY CTPYKTYPY BapuorpaMMEL. Takoe IpefcTaBlieHHe He OrpaHNuYuBaeT
YHCJIO BJIOKEHHBIX CTPYKTYP: IJII BTOPOM CTPYKTYPH [00aBiIsieTCa CTPOKA C TEM Ke HMEHeM
Opodunsg u struct = 2.

[Tone Tun CopepxkaHue

profile CTPOKa HWwms vabopa. [To Hemy Mopenb
BLIOMpPAETCS IPHU PacuéTe

field CTpOKa [Tosie 3HAYEHUS, K KOTOPOMY

1'101106paHa MOZIOEeJIb
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ITone Tun ConepxkaHue

struct emnoe HomMmep CTpYKTypHI, OT
eOUHUIIEI
model 1nesoe Momenb: 1 chepuueckas, 2

SKCIIOHEeHIIMaJIbHasi, 3
rayccosa, 4 cTereHHas

sill BeIlleCTBEHHOE Bkmapn ctpykTyphl C

range BellleCTBEHHOEe Paguyc Koppensauuu a

azimuth BeIlleCTBEHHOE A3UMyT I'JIaBHOU OCH, TpagyChl

anis BEIlleCTBEHHOE AHU30TPOIIHS, OTHOIIIEHNE
MaJlo¥ OCH K TJIaBHOU

nugget BEIIleCTBEHHOE Harret CO. OOmiuii oiist

mpPoGUIsi, TOBTOPSETCS B
KaXXJO! ero CTPOKe

val pct BEIIIeCTBEHHOE [TepueHTHIb 00PE3KHU
yparaHHbix 1po6. OOImui s
npoduns

val cap JIOTU4YECKOoe Cpe3Ka K rpaHulle BMECTO
yoanenus. OOIIUN as
npodus

fitted CTPOKa Iata mombopa

author CTPOKa KTo mogo6pan

note CTPOKa [TpuMedyaHue: 4eM IOTyUYEHEI

3HAYEeHHUs, 4YTO IIPOBEPEHO

ITomnst nugget, val pct M val cap OTHOCATCSA K IPOdUII0 IeIuKoM. PacxoxkaeHue MexXAy CTpPOKaMu
OOHOTO MPODUJIISL CUUTAETCS OMIMOKON BBOMAA: B XKypHaJl BEHIBOOUTCSA IpenynpeXaeHue, a B pacyer
OepéTcst 3HaUeHue IEPBOM CTPOKH.

Ctombelr model OOIyCKaeT M YHCJIOBOM KO, M Ha3BaHUE MOMEIH, PyCCKOe HJIM aHTauiickoe. Ilpu
3alnCcy HHCTPYMEHTOM HCIIOJIb3YeTCs KOZ.

IMopsimok padoThI

1.05 BapuorpammMa nogdupaeT MOJ€ENb U 3aHOCHUT €€ B Tabmuity. Ecnu Tabnuia elne He co3gaHa,
WHCTPYMEHT co3HaéT eé BrIxomoM Mopaens Bapuorpammsbl. Korpa Ttabnuila cymecTByeT, OHa
yKa3bBaeTcss B mosie [JomucarTh B TAaO/JIHIy MOOEIeH: CTPOKU 3TOr0 IPOGUIIS 3aMEHSIOTCS
HOBBIMH, CTPOKH OPYTHUX IPOoGUIe 0CTal0OTCsI HETPOHYTHIMHU. [IOBTOPHEBIN TOAGODP OOHOTO POoduIs
MMEHHO 3aMeHSIeT er0 CTPOKH, [TI09TOMY AyOIUKATH HEe HaKaIlJITMBAIOTCS.

1.06 BapuorpaMMHasi KapTa JOIUCHBAET B Ty 3Ke TalIuIly a3uMyT 1 KoaDGUITHEeHT aHU30TPOIINH,
a IIpU BO3MOXKHOCTHY U paguyC I'JIaBHOM ocu. Mopmenp, HarreT U BKJIaA OPU 3TOM He MEHSIOTCS: UX
onpepessieT OMHUHAIIpaBIeHHas BapuorpaMMa, a KapTa ONUCEBaeT TOJIBKO reoMeTpuio. OeHKa o
KapTe UHONKAaTUBHAS, U 3TO GUKCUPYETCS B IIOJIE note.

1.07 Kpocc-BaJauaamnusi BaApHOTrPaMMBbI YU TAeT MOEIb U3 TaOGIHITEL JIsT IIPOBEPKH.

1.02 2D Kriging 1 3.01 AHAUKaTOPHBIH KPUTHHT YUTAIOT MOfIesIb IIpu pacuéTe. Korma Tabnuiia
3a7jaHa, TOJIsi BApUOTPAaMMEI B IUAIOTE HE UCIIOJIB3YIOTCSI: ABAa MCTOYHUKA OIHUX U TEX XKe 3HAaUEeHUHN
Hen30eKHO PaCXOoHsiTCs, I09TOMY IIPUOPUTET OTHAAH TabJuIe, 0 Y4EM CO00IIIaeTCs B XKypHaie.

Pa3060p cTpok

CTpoKa C HepacIO3HAaHHON MOMOEesbi0, HEIIOJNOKUTEIbHEIM PaguyCOM HIIH IIOBTOPHBIM HOMEPOM
CTPYKTYPHl HPONYCKaeTCs, a NPUYMHA C HOMEPOM CTPOKM BBIBOOUTCS B KypHas. Pacduér mpu
3TOM IIPOMOJIXKAETCs II0 TOOHBEIM CTpoKaM. I[Ipodunsb, y KOTOPOro He OCTajioCh HU OOHOM TOOHOU
CTPYKTYPEI, B pe3yJbTaT He IIollafaeT.
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Pa36op mommycKaeT py4YHYIO ITPaBKy: PErUCTP UMEH CTOJIOIIOB He YUUTHIBAETCS, HeCITUYHAS 3allsaTas
1 Tpo0eJIBl B Pa3psagax Yuces He MeraoT. CHHOHUMEI UMEH CTOJIOIIOB ITPYU 3TOM HE IIPENYCMOTPEHH,
TTOCKOJIbKY Tabnuily GopMuUpPyeT caM IJIaryH.

1.06 BapuorpaMmMHasi KapTa (aHH30TPOIIHS)

WHCTPYMEHT CTPOUT BapUOTrPaMMHYIO KapTy - IOBEPXHOCTh HONYOUCIEPCUM Y KakK (YHKIIUIO
mByMepHoOro BekTopa pasHoca (h x, h y). O6rryHass BapuorpaMMa yCpeOHsIeT BCe HaIpaBJIEHUS B
OOHY KPHBYIO U HaAIlpPaBJIEHHOCTH TepseT. KapTa Ke moKa3kBaeT, KaK HENIPEPLIBHOCTEL ITapaMeTpa
3aBUCHUT OT HampasieHUus. [1o Hell BUOHO, €CTh JIU B ODAHHBIX aHU3O0TPOIMUS M Kyda CMOTPUT OChb
MaKCHMaJbHOU HEIPEPEBHOCTU. MHCTPYMEHT OMarHOCTUYECKNU: TPUL OH He CUUTAET, a IIoOMOoraeT
OCO3HAHHO 3ajJaTh a3uMyT ¥ aHU30TPONIHIO B CTPYKType BapuorpaMMsl «2D Kriging».

Y10 TaKOe aHU3O0TPOIHSI U 3aYeM €€ BHIeTh

H3oTpomHas BapuorpamMMa IIpefdIriojaraeT, YTO CBS3b 3HAYEHUHM 3aBHUCHUT TONIBKO OT PACCTOSHUS
MeXOy TOYKaMH{, HO He OT HallpaBieHus. [IJIs CKIaM4YaThiX ¥ BHITSHYTHIX I'€0JIOTUYECKUX TEJI 3TO
He TakK. Bmomb mpocTupaHus MJIacT BHIOEPKAaH, IIONMEPEK MeHseTcs OBICTpee: Ta XKe pas3HUIlA B
OTMETKaxX KPOBJIM HabupaeTcs BOOb CKJIaKM Ha KUJIOMETPHI, @ BKPECT - Ha COTHAX MeTpoB. Ecnu
39TOT0 He Y4eCTb, KPUTUHT CTJIa’kKUBaeT I0Jie OOMHAKOBO BO BCE CTOPOHHI U Pa3MEIBAET peaJibHYIo
BBITSIHYTOCTBH CTPYKTYPHL.

BapuorpaMmMHas KapTa BCKpPHIBaeT HallPaBJIEHHOCTDb HAMIPSAMYIO. [IJ15T KaXKO0oM Imaphl TOUYEeK O0epeTcs
He TOJIbKO PacCTOsIHUE, HO M HallpaBlIeHWe BEKTOpa MEXAYy HUMHU, U TTONYAUCIEePCUs TPUPAIeHU s
packiagbIBaeTCs IO IBYMEPHOM ceTKe jtaroB. TaM, Toe y pacTET MeAJIeHHO ¥ KapTa OCTAaETCsI TEMHOM
maJjieKo OT IIeHTpa, HelIPepPBIBHOCTDL BRICOKAs. TaM, I'Ie y PacTET OLICTPO, HeIIPEePLIBHOCTE HU3KAs.
OO6acTh HU3KOH y B CYMMe BHITSITMBAETCS B 3JIIMIIC, OJIMHHAS OCh KOTOPOTO X €CTh HalpaBJIeHUe
MaKCHUMaJIbHOM HETIPEPBIBHOCTH - [IJISI CKJIQMYaTOCTH 3TO HaIpaBJIEHHUE IIPOCTUPAHUS.

Kak uutars Kapry

B meHTpe KapTH JIEXKWUT HYJIEBOU Jiar: 3HA4YeHHWe B TOYKe BCerza paBHO caMo cebe, IO3TOMY Yy
30ech paBHA HYJIIO U LIEHTP CaMbIM TEMHBIN. [0 Mepe ymaneHus OT IIeHTPa TOYKM Pa3HOCSATCHA BCE
manbIne u y pacTeéT. Ock h x HampaBJieHa Ha BOCTOK, OCh h y Ha ceBep, Macutab 1mo o6emm 0ocCsiM
OOUWHAKOBHIN. KapTa ToueuHO-cCUMMeTpUYHA: ITapa U €€ 3epKalJibHOe OTPaKeHue [OaioT OOHY U Ty
XKe TOJIyZUCIIEPCUIO, II03TOMY PUCYHOK OOUHAKOB B IIPOTUBOIIOJIOKHEIX HAIIPABIEHUIX.

AHuzotrponus yuTaeTcsa o GopMe TEMHOM 30HEL. Ecim oHa Kpyriaas - CTPYKTypa H30TPOIIHA,
HaIlpaBJIeHUe POJIK He urpaet. Eciu BHITAHYTa - BIOJIb €€ IJIMHHOM OCH Yy HapacTaeT MefJjieHHee, TO
€CTh B 9TOM HaIllpaBIEeHUU 3HAYEHUS CBSI3aHHI Ha OOJBIIEM PacCTOSTHUU. [ToBEepPX KapThl PUCYIOTCS
MMOAOCKa3KU: OeJIbIf 3JIJIUIIC IO OIeHEHHBIM pafuycaM M KpacHas NyHKTUPHAs JUHUS 10 TJIaBHOM
oCH.

ITapaMeTpsbI
I[TapameTp Yro 3amaeT [To ymom4aHuio / COBET
Touku co ToueuHBIN CIIOU CO -
3HaA4YEeHUSAMU CKBaXXKUHaAMU UJIU
npobaMu.
ITone 3Hauenus Z YucnoBo# aTpubyT myid  3allOMHUHAETCS MEXKIY 3aIllyCKaMHu

aHaIM3a: OTMETKa
1J1acTa, MOIIHOCTD,
comepKaHUe.
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

BuHoOB Ha nonyock Ha ckomnpko ssueek 15
(meTtanmu3anusg KapThl) OeJIMTCSA KaxKmas
nonyock nara. Kapra
oJIy4aeTcs pa3MepoM
(2N+1)x(2N+1).
Bomnbiie 6UHOB -
meTajbHee KapTa, HO
MEHBIIIE I1ap B S4YelKe
u 0GOJIBINIE IITyMa.
Makc. nar, B Pa3mep okHa KapTHL, B 0
eIVHUIIax CJI0s eIVHUIAaxX cinos (mis
METPOBBIX KOOPOUHAT -
MmeTphl). 0 = IMoNMoBUHA
OuaroHaly oxBarTa.
MuH. KOTN4YEeCTBO fAyeliku, B KOTOpPHIE 5
nap B g4elike (OOI.) Ionajyo MeHbIIle 1Iap,
OCTaBJISIOTCS IYCTHIMH.
OTcekaeT UIyMHEIE
OajbHUeE JIaTH|, TOe nap
Majo.
Otuét (HTML) OTYET C XUTMAIIOM, BpeMeHHBIN (pain
9JIIUIICOM, TJIaBHOU
OCBbIO U CBOIKOI

OLIEHOK.
PacTp moBepxHOCTH [ToBepxXHOCTH y Kak BBIKII.
(omr.) pacTp B KOOpAUHATax

nara (cMm. Huxe). ITo
YMOJITYaHUI0 HE
CcCO3maeéTcs.

ITapamMeTp C TOMETKOM «HOTI.» JIEKUT B CBEPHYTOM pa3feie [1omoTHUTeIbHbIe MapaMeTPhI.

OneHKa a3UMyTa, aHU30TPOIIHH B paguyca

Kpome camolt kapTel UHCTPYMEHT BEIBOOUT B 2KypHan u B HTML-0T49€T Tpu Ymcia: a3uMyT ITJIaBHOU
ocu (reorpaduueckuii, 0 - Ha ceBep, IO YaCOBOU CTpPeJiKe), KO3DOPUIIMEHT aHMU30TPOIUU Kak
OTHOIIIEHWE MaJioi OCU K rjaBHOU (1 - M30TPOIIHO, MEHBIIE - CHUJIbHEE BBITIHYTOCTbH) M PajuycC
rinaBHOU ocu. OLleHKa yCTpOeHa TakK: 10 KaXAOMy HalpaBlIeHWI0 UIIEeTCs Jjiar, Ha KOTOPOM Y
BEIXOOUT Ha MOJKY (6JIM3KO0 K OUCIEPCUU OaHHEIX), PAOUYCHl CTJIAKUBAIOTCS IO a3UMYTY, TJIaBHASA
och 6epéTcs 1o HanboJIbIIEMY PanuyCy, a Maias - IePIeHIUKYIISIPHO eH.

OTU TP UYHUCJia IOLACTABIAITCHA B CTPYKTYPY BapuorpaMMEI MHCTpyMeHTa «2D Kriging»: asumyr,
aHM30Tponusa (Masasi/TiaBHas) ¥ paguyc a. OTO UM eCTb yYE€T aHM30Tponuu B Kpuruure. OieHKa
WHOWKATHUBHAS: €€ CTOUT CBEPUTH C GOPMOI caMOro XUTMalla, a He IIePeHOCUTDb BCHEIyl0. A3SUMYT
KapTa ompefernseT HaféKHee BCeTo, a Paguyc 1 KoaQhUuIueHT - rpydee, 0COOEHHO Ha pPa3pekeHHOH
CEeTH.

YToOK He TTIEPEHOCUTH YMCJla BPYYHYIO, B OKHE eCTh 1oJjie 3anmucaTh aHU30TPOIHUIO B NIPO(DHIIE.
Bribepute paHee COXpaHEHHBIM NPOPUIAL, U a3uMyT, Ko3pDUUUEHT U pafuyc TJIaBHOM oOcHU
OONUIIYTCS B HEro IOBEPX MOIeNIM U HarreTa, 3afJjaHHHEIX B Bapmorpamme. Ilpu crenyomiei
3arpy3ke npoduna B 2D Kriging 3Ty 3HauUeHUS IOACTABATCSA CaMM U IMOSIBATCS B IOOINCHU IIOT
cnuckoM mnpodunei. Ecnmu paguyc yonépcss B OKHO, OH OCTA€TCs IPEXKHUM, OOHOBJISIOTCS TOIBKO
a3uUMyT U KO3GhPULIMEHT.

Ecnu cTpyKTypa 6/113Ka K ©U30TPOITHOM HITH PafuyC TIaBHOM OCH OKAa3LIBA€TCSA MEHbBIIIe HeCKOIbKUX
siyeeK KapThl, aHU30TPONUS HE OIIeHWBAETCS M IOMEeYaeTCs B OTUETe KaK «He BhIpaxkeHa». B
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INNANC aHW30TPONKMKW = = rNaBHaA OCb

1000

500

nar no cesepy h_y
(=]

-500

-1000

-1000 -500 0 500 1000

nar Nno BOCTOKY h_x

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

HalpaBlIieHWEe ¥ aHU30TPOIHIO.
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9TOM CJIydae PafuycChl JieKaT Ha YPOBHE CETKH, W HAIMIPABJIEHHOCTb HEOOCTOBEPHA - IIPABUJIBHEE
coo0muTh 00 5TOM, YeM BBIOATh CIIydalHBIM a3uMyT. [loMoraeT yMeHBIIUTH MaKC. Jar MU
YBEIUYUTH KOJIMUECTBO OMHOB, YTOOHI PA3PEIIUTh OJTUKHIO CTPYKTYPY.

Korga paguyc ynupaercsi B OKHO

Ecnu BOOJb TJIaBHOM OCHU Y He yCIIeBaeT BRIWTH Ha IIOJIKY B IIpefeliaXx OKHa, paguyC BO3BpallaeTcs
PaBHBIM Makc. fary, a B ordéte u 2KypHarse MMosBIIsIeTCS IpeaynpexaeHue: Paguyc YIEPCcs B MaKcC.
jlar, 9TO HUXKHSS OIleHKa. JDTO Ta K€ CHUTyallus, YTO M OJIg OObIYHOM BapuorpaMMHI (CM. pa3men
«MakcuMaJIbHOE PAcCCTOSTHHME M BBIXOM Ha IIJIaTO»): KPUBAS He BBHIIIIA Ha IIJIaTO, W IOPOT IIOIy4YeH
9KCTpanossnueli. Ha KapTe Npu3HaK IIPOCTOM - TEMHAsI 30Ha BAOJIb I'TaBHOM OCH TSIHETCS 10 CAMOTI'0
Kpas.

B sTom CliIydae paguyC a B KPDUTUHT IIEPEHOCUTH KaK €CTh HEJIb3sd: HaCTOoAlllasd OJIMHA KOPpPelIalnnun
Oonblile OKHA, a K03(pPUIIMEeHT aHU3O0TPOIMHM 3aHUZKEH II0 BHIPAXKEHHOCTH (II0Jjie Ha Hese ele
QHU30TPOIHEee). AZUMYT IIPKU 3TOM OOLIYHO OHpeeréH HOPMAallbHO. JIeUUTCs yBeIUYeHHeM MakcC.
mara, 9yToOBl KapTa 3axBaTWila BEIXOA Ha MONKy. Eciu e y He BBIXOOUT Ha IIONIKY [axe MIPH
IIIIPOKOM OKHE€, B IaHHBIX JOMUHHUDPYET TPEHNO - €ro y61/1pa10T OO MHTEPIIOJIAIINHN nubo YYUTBIBAIOT
COOTBETCTBYIOIIIMM BUOOM KPUTHMHIA.

PaCTp IIOBEPXHOCTH

Ilo xeyaHWI0 KapTa COXpaHsETCs ellé U pacTpoM (mone PacTp mMOBEepPXHOCTH). DTO Ta XKe
IIOBEPXHOCTH Y, HO B KOOpPOMHATaX jara: Hadano B Touke (0, 0), pa3Mep IUKCela paBeH sg4elKe
nara. PacTp He mpuBsg3aH K MECTHOCTU - OH JIEXKHUT B IIPOCTPAHCTBE Pa3HOCOB, a He B IIJIaHe
MECTOPOXKIOEHUS, - U HyKEH TeM, KTO X04eT IMOKPYTUTh KapTy Ha xoycte QGIS, HanoXuTe CBOIO
LIBETOBYIO WIKAJly WM M3MEPHUTH Jlar JIUHEWKOH. [ caMoll OLleHKH aHU30TPOIMM AOCTATOYHO
HTML-otuéTa.

Ecnu maHHBIE CTYIIeHB HepaBHOMEPHO, 3aJaiiTe HeoOs3aTelIbHoe Iojie BeCOB Wt U3 HHCTPyMeHTa
1.01 Jexkmacrepu3anus. Torga Kaxmas Imapa TodekK 0epéTcs ¢ BeCOM, PaBHBEIM IIPOU3BEIEHUIO
BECOB €€ KOHIIOB, ¥ CKOIIJIEHMSI He 3aBHIIIAIOT OnuxKHHNe jgaru. CU4éTYnK map B OTYETE IMOKA3EIBAET
CBIPOE YHCJIO IIap, a caMa y CYUTAETCS B3BEIIeHHO.

1.07 Kpocc-Baiuganmusi BAPpHOTrPaMMbI

HHCTPYMEHT IIPOBEPSIET, HACKOJIPKO yOAaYyHO IomoOpaHa BapuorpaMMa, METOOOM CKOJIb3SIIEro
KoHTpons (leave-one-out): Kaxkgasi CKBaxXKHHa I10 OUepe/Iy UCKITI0YaeTCs, e€ 3HaueHte ITpeacKa3biBaeTCs
KPUTHMHI'OM II0 BCEM OCTAJILHBIM, U CDAaBHMBAETCHA C (I)aKTI/I‘-IeCKI/IM. Tak IIapaMeTpPHI (Hal"l"eT, paguyc,
Mofeb) ToaOuparTCcs 0 omubKe, a He CYyObEKTUBHO.

[TapameTpsr:

[TapameTp YTo 3amaéT ITo ymonmganuio / COBET

HcxopoHble TOUKU (CKBaXXKUHBI). -
[IpoBepsieMbIl YHCIIOBOU -
aTpudyT.

ITone ID gns mopgnucel B
OTYETEe U CJI0e OCTATKOB.

Touku co 3HAUEHUSIMU
I[Tone 3HaueHus Z

[Tosie HOMepa CKBAXXKUHEI HeoO0sI3aTenbHO

Tun KpurvHra, paguyc,
MUH./MaKC. TOU€eK, HaIrTeT,

CTPYKTYPHL

HacTpoiiku KpuruHra u
BapuorpaMmel. KOoHTpomb
CYHTAET KPUTHUHT POBHO C
HUMMU, I03TOMY yIAa4YHEBIH
Habop mmepeHocuTcs B «2D
Kriging» 6e3 uameHeHuUM.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

CHSTBD IIOJIMHOMHUAJILHBIA Perpeccus-KpuruHr: TpeHma BBIKIJI.
TPeH[ nmepenonbupaeTcsa Ha KakgoM
mare LOO, BEIUTPHIII BUOEH I10
RMSE.
CremneHb TpeHOA [TmockocTh unu KBagpaTuuHasi 1 (IIJIOCKOCTBH)
TTOBEPXHOCTbD.
Mogenu BapuorpamMm TabnMuYHBIN CJIOH C He 3ajJaH
(Tabnuia) MogoOpaHHLIMH MOMOEJISTMH.
[Tpoduns u3 TabIUIEI HNwms mabopa B Tabuiie. IIyCTO
Croit ocTaTKOB (TOYKH) Touku c moasIMu Heo0s3aTeIbHBIN

dakT/omterka/ommubKa (CM.

TabIuIy Ioe HUXKe).
OTuéT 0 Kpocc-Banmupaluu MHTepaKTUBHBIN OTUET: CO37aéTCs 0 YMOTYaHHUIO
(HTML) omleHKa vs akT, TUCTOTrpaMMa,

QQ-rpaduk, METPUKHU.

B ZKypHan BEIBOOSATCSI METPUKU:
ME (cpeoHee cMeIlleHHe) - CCTeMaTHYecKas omuroka. JJomxkHa ObITh 6/113Ka K 0 (HeCMeIlléHHOCTD).

MAE u RMSE - cpenHsia u cpefHeKBafpaTUYHas ollinOKa npefackasalHus. YemM MeHbIlle, TEM TOYHEE.
Ho opmnoit RMSE HepgocTaTO4YHO: OHa MUHMMajbHa IIPU HYJIeBOM Harrere (mepeobydeHUe), XOTH
HEeONpeNeIEHHOCTD IIPU 3TOM OlleHeHa HEeBEPHO.

MSDR (cTraHmapTH30BaHHasI OIIMOKA) - CPeOHUM KBagpaT OMMOKY, IeIEHHOW Ha CTaHIaPTHYIO
omubKy KpuruHra. HomxkeH ObITh O6nm3ok K 1. Ecomu MSDR 3ametHo Gomnbine 1 - gucrepcus
HeJoolleHeHa (HarreT WX CUJII Mailbl). Eciu MeHbine 1 - mepeolieHeHa.

R - K09 OULHUEHT KOPPENSIIIUU «OIeHKa - paKT».

ITonme3Ho pas3nau4yaTh OBe CTOPOHEL. O61IaK0 «olleHKa - ¢akT» ¥ RMSE ToBOpPSIT 0 TOYHOCTH
IIpegcKa3aHMsi. A HaCKOJIBKO KOPPEKTHa CaMa MOJejb - TO eCThb BEPHO JIM BapuorpaMma
OIMCHLIBAET HEONPENEJIEHHOCTD - IOKa3hkIBAlOT CTaHAapTHU30BaHHLIe omubku: MSDR okosno 1 u qg-
rpaduk. [ KpuruHra ueHHbs 06e cTopoHkl: ManieHbkasds RMSE npu MSDR okosio 1 o3Ha4aer, 4To
Mofenb U IIpefaCcKa3klBaeT XOPOIllo, ¥ He oOMaHbBIBaeTCsA B COOCTBEHHOM TOYHOCTHU. ['HATHCA TOIBKO
3a RMSE Henb3s - oHa MUHMMaIbHa IIPU HYJIEBOM HarTeTe, e HeollpedeIEHHOCTh 3aHHUKEeHa.

Ha npakTruke nepebepuTe HECKOIBKO BapHUAHTOB BapUOrpaMMbI ¥ CpaBHUTE. XOpoIIasi MOAEeIb HaéT
ME okomno 0, manyio RMSE u MSDR oxkono 1. Ecnu RMSE tareT K HysieBoMy Harrety, a MSDR nipu
3TOM OTPOMHBLIM - 3TO IPU3HAK NepeoldyudeHus. HebGombIol HarreT KaaubpyeT HeonlpeneIeHHOCTb.

OnmuoHanbHBIM CJIOM OCTATKOB (TOYKU C MONMSAMU: (aKT - II0J UMeHeM IIPOBepseMoro mond, z est,
error, abs error u std resid. IImioc HOMep CKBaXWHBI, €ClIU 3agaHo mosie ID) moka3bBaeT, rae
MOMeb ITPOMaxXuBaeTCsA: KPYITHEIE TI0 MOOY/II0 OCTATKHU - IPOOIEeMHBIE YYaCTKH, CUCTEeMaTUYeCKUe
3HaKM OCTATKOB - JIOKaJIbHBEIM TpeHA. Coil aBTOMaTHYeCKHW Ha3bIBAaeTCS I10 IIPOBEPSIEMOMY IIOJIIO
¥ UCTOYHUKY, a yV IIOJIel 3amaHbl IICEBOOHUMEI - IOHSITHLIE Ha3BaHUs (BUOHLI B Tabmuile aTpubyToB
U cBolcTBax mond). std resid - 3To cTaHZapTU30BaHHEIN OCTATOK (OlleHKa — (akKT) / CTaHOAPTHYIO
omMOKy KPUTHHTA, CO 3HAKOM: MHHYC - KPUTHUHT 3aHW3WJI, IJIIOC - 3aBBICUII (9TO HE OUCIIEPCHS,
oucnepcus Bcerga = 0).

ITosnst cj10s1 OCTATKOB:

TTone I[TceBopoHUM OnucaHue

<HOMEpP CKBaXWHbI> HoMmep CKBaXHUHHEI 3HauveHue BEIOpaHHOTO mois ID
(ecnu 3amaHo «Ilojie HOMepa
CKBaXKUHBI»).
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TTone IIceBogoHUM Onuca”nue

<ums nons> ®axT (UM I10JI) QaKTU4YeCKOe 3HaUeHue
ITPOBEPSIEMOTO TIOJIA.

z est Omnenka kpurutra (LOO) O1leHKa 10 OCTAJIbHBIM TOYKaM
(leave-one-out).

error Ommbka (omeHka — akrT) O1mieHKa MUHYC (akT. MUHYC -
3aHMKEHO, IJIIOC - 3aBBIIIEHO.

abs_error Mopaynb OmuoKM AOGCOJTIOTHAasI BeJInYMHa OIINOKH,
|error]|.

std_resid CTaHma. oCTaTOK (ouieHKa — ¢paxT) / CTaHOAPTHYIO

omubOKy KpUTUHTa, co 3HakKoM. He
oucnepcusd (oHa = 0).

KpoMe cr1os ocTaTKOB HHCTPYMEHT I10 yMomdaHuio popmupyeT HTML-oTuéT (Ha plotly): ”HTepaKTUBHEIN
rpaduk «oneHKa vs (pakT» C OByMs JUHUSMHU - cepol guaroHanbio 1:1 (upmeasn) um cuHeM NUHUENR
perpeccuu Best Fit, rucrorpamma omu6ok, QQ-rpadukr octaTkoB u Tabmuila METPUK C GIOKOM
pexkoMeHnpmaumit. Hakmon, coBur u yron Best Fit BEIBegeHBEl B METPUKM: 3TO MHOUKATOP YCJIOBHOTO
CMellleHus II0 Ouarna3oHy. HakimoH oKomo 1 - MeTonm OAMHAKOBO TOYEH Ha HU3KUX M BBICOKHX
3HAaYeHUAX, HAKJIOH MeHbllle 1 - BBEICOKME 3HadeHHUs 3aHUIKAIOTCSA, a HHU3KHNEe 3aBBIIIAIOTCS
(perpeccust K cpegHeMy, XapaKTepHas IMMOANNCH CTrilaXkKHBaloIIMX MeTonoB). B Tabnuiy moGaBieHa
OUCIIEPCUSI MOAaHHBIX - OPHUEHTUP mias cymmapHoro cuima CO+C. Psmom ¢ Tabmuiiein MeTPUK
nokasksiBaeTcs 610K «[TapaMeTphl KpUTUHTa»: IIePEeYUCIIEHHl TOJILKO HAaCTPOUKY, OTINYal0IIUecs OT
CTaHIOapPTHEHIX (HarTeT, CUJIJI, paguyC, OTCEB U TaK Agajiee), YTOOHI ObLIIO BUOHO, KAKUMU ITapaMeTpaMu
MMOJIYy4eHHl 3T MeTpuKu. Ha rpaduke «olneHkKa vs ¢aKT» IPU HaBeJeHUU Ha TOYKY BUOHBEI HOMED
CKBaXKWHBI M 3HAYEHHUS, @ BOCEMb CKBa*XKWH C HaAMOOJIBIIMMU 10 MOIYJII0 OCTAaTKaMM ITOOIHUCAHBI
MPsiMO Ha rpaduKe - uX ynoOHO IIPOBEPUTD B IePBYI0 ouepennb. OTUET OTKPHIBAETCS B IPOCMOTPIIIUKE
pe3ynbraTtoB QGIS (unu B 6pay3epe). Eciu plotly B c6opke QGIS HemocTymeH, OTYET BCE PaBHO
co3maéTcs - ¢ Tabnuiel MeTpUK, HO 6e3 rpaduKoB.

QQ-rpaduk ocraTrkoB. [Ioka3riBaeT ¢GopMy pachnpeneseHuss omuO0K. OmMUOKH HOPMHUPYIOTCS
Ha WX COOCTBEHHYIO HUCIEPCHUIO (z-OeHKa) M CPaBHUBAIOTCS C HOPMAJILHBIM pacIIipefesieHueM,
nmoaToMy rpaduk uyuTaeTcs 1o ¢popme npu 060 KanubpoBKe. 3a MacmiTab HeONpeneléHHOCTH
oTBeuaeT oOTHellbHO MSDR B Tabnuile MeTpuk. I[Io ropu3oHTanmu - KBAHTUIU HOPMAaJIbHOTO
pacmupepnesieHus, 0 BePTUKAIW - HOpPMHUpPOBaHHas omunOKa. Ecnu ommbKu HOpPMaabHBI, TOUYKHU
JIOKaTCsS Ha KpacHyl OuaroHamb. OTKJIOHEHHs YHTAIOTCS cpaly. 3arHyThle KOHIE! (S-o6pa3Ho)
- TSIXKEJIBIe XBOCTHI, TO €CTh KPYIHBIX ITPOMaxoB Oonbine, yeM mpu HopMe. OOmmi u3rud myrou -
acuMMeTpHus, CTOUT IIogyMaTh O TpaHchopmanum 3HadeHuu. OTOeNnbHas I'pyllla, 0TOPBaBIIASCS
OT JIUHUY, - YyXKasd COBOKYITHOCThL B TaHHBIX, HaTpuMep 0e3pynHble TpoOHl U3 30H 3aMelleHud (rae
[0JIe3HOT0 KOMIIOHEHTa NpaKTudecku HeT). HopManbHOCTh BajkHa IMOTOMY, UTO Ha HEM OCHOBaHBI
MSDR u KapTa CTaHOapTHOI OIMNOKH.

I'maBHOe - 4TO ge/IaTh C pe3yjabTraraMu. CMBEIC]I MHCTPYMEHTA B TOM, YTOOHI ITepef IIOCTPOEHUEM
TpuUga yTBEPAUTH WJIM IOIPaBUThH BeChb HAOOp mapaMeTpPoB, KOTOPHIM Bl 3aTeM 3amaguTe B «2D
Kriging». 910 m BapumorpamMMma (HarTeT, CHIIJI, pPaguyC, MOAENb, aHU30TPOIHSA), ¥ HACTPOUKHU
caMoro KpuruHra (paguyc mouckKa, MUHUMYM/MaKCHUMyM TOYEK, THUI - OPAUHAPHBIA WU IPOCTOM):
KpOCC-Balmuaalius CUYUTAeT KPUTMHT POBHO C TeMHU Ke HaCTPOMKaMu, IO3TOMY yIOadHBINM Habop
IepeHoCuTCs B MHCTPYMeHT «2D Kriging» 6e3 naMmeneHui. [1opsimoK pemeHn:

* ME okomo 0, MSDR okono 1, RMSE u R Bac ycTpaumBalmT - HabOp MOXKHO yTBEPXKIOAaTh:
IepeHOCUTe STU XKe IapaMeTphl (BapuorpaMMy U HacTpouKu mnoucka) B «2D Kriging» u
CTPONTE OBEPXHOCTb.

* MSDR 3ameTHO 6oJbilie 1 - KpUTHHT CIIMIIKOM «yYBepeH B cebe», KapTa CTaHOAaPTHOM OIMUOKU
OymeT 3aHUXKeHa: yBenuubTe HarreT CO UIIM CUILI ¥ IPOBEPHTE CHOBA.

* MSDR wmenb1e 1 - HeOIIpeOelEHHOCTD 3aBHIIIIeHa: YMEHBIINTE HarreT UJIU CUJIIL.

* ME 3ameTHO oTnu4aeTcs oT 0 - cCHCTeMaTU4YeCKUM COBUT: TPOBEPbTE NaHHBIE U TUII KPUTHUHTA
(ms IPOCTOr0 KPUTHHTA - 3afjaHHOEe CPemHee).
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Kpocc-Banupauma: oueHka vs pakT
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Puc. 14: Hpes Kpocc-Banupjalluu: OIEHKY KpPUTHWHTa II0 OCTaJbHBIM TOYKaM (II0 BEepPTUKAJIN)
CcpaBHUBAKT ¢ HakToOM (110 ropr3oHTanM). Yem TecHee 00/1aK0 JIOKUTCS Ha AUaroHalb OlleHKa =
daxT, TeM ToUHee IIpefCcKa3aHueE.
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OueHKa Vs (hakT FcTorpamma olwnbok
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Puc. 15: Tak Bmirnmsgut HTML-oTuéT Kpocc-Banmupmaliuu: cieBa rpaduk «omeHka vs (akT» cC
ouaroHanbio u MeTpukamu (mpumep - KCI mo nnacty Kpll), cnpaBa rucrorpamMmMma omubok. [TmoTHOE
006J1aKO BOONb AuaroHanu - Momesb paboTaeT. ITomoca mpu ¢dakTe okKomo O - 30HBI 3aMeIlleHus.
l'ncrorpamMmma cuMMeTpU4YHa OTHOCUTENIBLHO O - CMEIIeHUs HeT.

* Bompmrass RMSE u Hu3KHIE R - Momenb MJIOXO IpencKa3biBaeT: MOIMPOOyHTe OPyrod paguyc,
MOJeNb WU aHU30TPOIHNIO (a3UMMyT U OTHOIIEeHUWe oceil). Eciu HU4Yero He IoMoraeT - 3TO
mpenesl JaHHBIX: KOPOTKOMAacIITabHasi M3MEeHYUBOCTh, KOTOPYIO CETh HE JIOBUT (HAIIPUMED,
30HEI 3aMellleHNs 10 PyHe - Ha rpaduKe BHIIE 5TO BepTUKaIbHAas I10j10ca Ipu ¢akTe okKoio 0).

C10#i 0CTaTKOB ITOACKA3kIBAET TOUEYHO: TIe OCTAaTKH KPYITHBIE - TAM CTOUT CTYCTHUTh CEeTh (00aBUTh
CKBaXKWHBI) UJTH IPOBEPUTH IPOOHI. ['Ie 0CTaTKM CHCTEMATHYECKH OJHOT'0 3HAaKa M0 IJIOMIAAH - TaM
JIOKaJILHEIM TPEHM, KOTOPBIM KPUTHHT He yYerl.

HUTOr: 3TOT MHCTPYMEHT - IOCJIeOHMM IIar nepel ¢GUHAIbHLEM KpuruHromM. CHa4aJsa BH Kanubpyerte
BapuOrpaMMy 37IeCh IO OIMOKE, 3aTEM Te XKe MmapaMeTps cTaBuTe B «2D Kriging» - 1 TOBEpXHOCTH
BMECTe C KapTOM CTaHOAPTHOMW OMMOKM IIOTy4aioTcs OGOCHOBAHHBIMHM, a He IOA0OpPaHHBIMU
CyOBEKTHBHO.

3amMeuaHMe O CKOPOCTH: KOHTPOJIb pellaeT KPUTUHI CTOJIBKO pa3, CKOJILKO TO4YeK, II0STOMY Ha
Oomnbirux Habopax (OeCsaTKU THICSY CKBAXKWH) BHITIOJIHSIETCSI 3aMETHO HoJbIie. ITpu Heo0XoguMoCTH
YMEHBIIIUTE BEIOOPKY.

Ecnu maHHBIE CTYIIIeHB HepaBHOMEPHO, 3aJaiiTe HeoOsi3aTelIbHOe MoJie BeCOB Wt U3 HHCTPyMeHTa
1.01 Iexnmacrepu3sanusi. Metpuku ME, MAE, RMSE, MSDR u R Torga cuurtamoTCsa B3BEIIEHHO, 1
IUIOTHHIM KyCT CKBakKVH He JOMUHUDYET B OlleHKe KadecTBa. CaMa o1leHKa leave-one-out mpu 5ToM
He MEHSIEeTCs, B3BEIIIUBAETCS TOIBKO CBOOKA.

1.08 Kpocc-Bamnganusi metoga (LOO)

CKOJIb3SIINHI KOHTPOJIb [OJid MEeTOOa TI'PDHUIONPOBAHKA: KPHUI'MHI'a HWIIU MHUHHUMAaJIbHOM KPUBHU3HEI.
Kaxnas IIpoBepsaeMad TOYKa II0 o4Yepean MCKIII04YaeTCsd, eé 3HavYeHue IIpeacCcKa3biBaeTCd MeTOOOM
II0 OCTAJIBHBIM TOYKdaM M CPaBHHUBAETCA C (baKTOM. ITo ommbkKaM CYHUTAIOTCS METPUKHU, U I3TO
00BEeKTHUBHASA OIl€HKa Ka4YeCTBa MeToda, a TaKXKe c11o0co0 CPAaBHUTb METOOEI MEXKIYy co0oii Ha CBOHUX
OAaHHBIX.

HNuctpymeHT ornudaetrcss or 1.07 Kpocc-BajiMmoanmusi BapHoOIrpaMMBbI: Ta TOAOWpPaeT MOAEIb
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QQ-rpadmk ownboK: Kak YuTaTb hopmMy
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Puc. 16: YeTripe TunuuHbx Buma QQ-rpaduka oCTaTKOB: HOpMa (TOYKHU Ha AUAroHallu), TSXKENble

KBaHTUNK ownbok (z)

KBaHTUNKM owmnbok (z)

Ta)KEnble XBOCTHI

81 KoHuel 3arubaioTcs (S).
KpynHeix npomaxoe 6onsue,
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Teop. KBaHTUAKU (HOPM.)

XBOCTBI, aCUMMETPHSA U BTOPAA IMONIYJIALMA - OTOPBABIIAACHA I'PYIIIIa B XBOCTE.
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BapHUOTIrPaMMEBI OJId KPUTHHI'A, d 3Ta CPABHHUBAET METOObI TPUINPOBAHUSA KAaK TAKOBEIE 1 pa60TaeT B
TOM YHCJIe OJII MUHUMAaIbHOU KPHUBHU3HEI.

Metpuku: ME (cmemenue, 6nmuxe Kk 0), MAE u RMSE (menbme - nydmie), R (koppensnus
oneHku u ¢akTa). [y KpuruHra gomnonautenbHo MSDR (6nuxke K 1, ecnu MaciiTab cTaHOapTHOMR
ommmbku agekBaTeH). Ha rpaduke onenka/pakT gBe MMHUU: cepasi guaroHanb 1:1 (upmean) u CUHSSA
nuHus perpeccuu Best Fit. E€ HakIoOH, COBUT M Yroj BHIBEOEHHI B METPHUKU KaK HHAMKATOP
YCJIOBHOTO CMeNIeHHus II0 Amana3oHy. HakyioH okKono 1 - MeTOon OOMHAKOBO TOYEH Ha HU3KUX U
BBEICOKHMX 3HAYEHUIX, HAKJIOH MeHbIIe 1 - BLICOKME 3HAUYEHUS 3aHUKAIOTCS, A HU3KHUE 3aBLINIAIOTCSA
(perpeccus K cpegHeEMY, XapaKTepHas ITOANUCH CTJIa’kMuBaIOIIUX METO/IOB).

ITo o6pas3iy Surfer mocTymHel Tpu Belu. Ciayd4adHasi BHIOOpPKa u3 N TOYeK YCKOpPSIeT KOHTPOJIb
Ha OOJbIIMX OAHHEIX, IPU 3TOM B OLIEHKE KaX[OOW TOYKM y49aCTBYeT BCS BEIOOPKA, a HE TOJIBKO
IIOIMHOXKeCTBO. ®UIBTP 00/JIaCTH OIrPaHUYMBAET IIPOBEPKY IIOZOOIAacCThI0 IO OXBATy H IO
3HAYEHUIO Z, IOJIe3HO, YTOOH He CUUTATh KOHTPOJITh B U3BECTHHIX aHOManusx. Bydep uckaoyeHus
mo X u Y yOupaeT u3 OIEeHKHU TOYKHW B MPSIMOYTOITbHUKE BOKPYT IIPOBEPSIEMOM, 3TO HYXKHO [
CTYIIEHHHIX KJIaCTEPOB, MHaUe OIleHKa IIPOCTO IIOBTOPSET OMKaMIero cocena.

[TapameTp Ha3uauenue ITo ymonyaHuio

Touku co 3HAUYEHUSIMU ITpoOwI. -

ITosne 3Hauenus (Z) YucnoBoe moie. -

[Tonne HOMEpPA CKBaXKUHEL [71g mopmucel B OTYETE. -

Merton Kpuruur unu MuHuUManbHas Kpuruur
KpUBU3HA.

[IpoBepsieMBIX TOUEK 0 - aBTO, min(N, 100). 0

Bydep uckmiouenus no X, Y [TpssmoyronbHUK BOKPYT TO4YKHU, O
cocenu B HEM He y4aCTBYIOT.

[TapaMeTpsl KpUTuHTa BapuorpamMma u mMoucK (Kak B -
1.1).

[TapaMeTpsl MUH. KPUBU3HEI OxBarT, g4eliKa, HaTsIKeHUe, aBTO

(Oom.) IIOpOT, UTEepallnuu.

[TpoBePATH TOJIBKO B OXBaTe O6macTh KoHTpONs mo X/Y. Be3fge

(Oorm.)

[IpoBepATh pu Z B guana3zoHe OO6JacTh KOHTPOJS 110 HeT

(Jot.) 3HAYEHUIO.

3epno I'CY ([or.) 719 BOCIIPOU3BOAUMOCTH 0
BLIOOPKH.

OmubKu Kpocc-Banumaluu Coii Touek c nonsMu (pakra, -
OIIeHKHU ¥ OIIUOKH.

HTML-oTtuét I'paduxk onenka/daxr, 10 YMOJITYaHUI0

TUCTOTPpaMMa, METPHUKHU.

[ MUHUManIbHONW KPUBU3HBI MepPeolleHKa KaXXAoW TOYKM MIOET C TEIJIOTO CTapTa OT IIOJIHOTO
pelleHus, IO3TOMY OOUH NPOXON cuuTaeTcsa OvIcTpo. Ha odyeHb Goybinmx BeIOOpPKax yMeHbIIAUTe
YMCJIO IPOBEPSIEMEIX TOYEK.

Ecnu maHHBIE CTYIIEeHB HEPAaBHOMEPHO, 3aJaiTe HeoOsi3aTeIbHOe T0JIe BECOB Wt U3 HHCTPyMEHTa
1.01 Jexnacrepu3anus. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuTaioTcst B3BEIIEHHO, U
MJIOTHBIM KYCT CKBakKMH He JOMUHUPYET B OlleHKe KauecTBa. CaMa olleHKa leave-one-out mpu sToM
He MeHseTCsI, B3BEIIIMBAeTCs TOJILKO CBOIKA.

1.09 ITpuMep CKBaKuH (DeMO0)

HucTpyMeHT «IIpuMep CKBaKUH (AeM0)» GOpMUPYET TOYEYHEIN CJI0U CO CIIyYauHBIMM KOOPOUHATaMU
U TpeMs CTPYKTYPUPOBAHHBLIMHU IIOJIIMHU: aOCOMIOTHAS OTMETKa KPOBmU Inacta (roof), MOIIHOCTH
(thick) u comepzxkaHue abcTpakTHOro KOMIoHeHTa X (%). [Inana3oHbl KPOBIU M MOIIHOCTY 3afaHbl
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1o o6pa31y npomeinieHHoro mnacta (Kpll). UHCTpyMeHT TpeqHa3HaveH O 00y4YeHus U IIPOBEePKHU
KPUTHUHTA, U30JIMHUHM U KPOCC-Bamupanuu 0e3 peanabHBIX JaHHBIX.

[TapameTpsr:

[TapameTp

YTo 3amaeT

[To ymom4gaHuio / COBET

O6acTs (9KCTEHT)

HpHMOYTOHBHI/IK re”Hepanun
(110 c010, XOMCTY,
KOOpIOMHATaMH, PUCOBAHUEM).

KonunuecTBO CKBazKUH CKOJIBKO TOYEK CO3[aTh. 300
MuHMMYM / MAKCUMYM Iramna3oH comepXKaHusa 0/50
3HaueHus X KOMITIOHEHTA.

I'mapgkocTh (momst oxBaTa) Paguyc koppensauun kak monsa  0.15
oxBaTa: 00JIbIIIe - KPYIIHEee
«MOSITHa».

KpoBsi, MmomiHOCTh: MUH/MaKC  [uama3oHsl mosed roof u thick. xkak y Kpll

(ITor.)

Hons warrera (Jor.) Homnst mucnepcuu Ha 0.35
KOPOTKOMAaCIITaOHBIN IITyM:

OOJIbIIIE - HHUXKE
MIPEeCKa3yeMOCThb.

o6aBUTL KaTeropuaabHOe [Tone mintype (CUIBBUHUT, BBIKII.

ojie MUHTHIIA 3aMelleHue) oiis
MHOUKATOPHOTO KPUTHUHTA.

[loGaBuUTHL mOJIe HaIopa [Tone head c pernoHanbHEIM BBIKJI.
VKJIOHOM [JIsl TpafueHTa
IIOTOKA.

Ho6aButs monsa K u T u Hamop Hamop u nor-uopmanbHEIEe K BBIKII.
(M/cyT) u T = K-MOIIHOCTS 0714
yoenbHOro pacxopma ([dapcu).

3epno I'CY ([or.) Bocnpou3sBogumMocTh 0

CkBaXHuHEHI (meMo)
[ToBepxHOCTH apetida (pacTp)
+ 1one dz

redepanuu. 0 = ciy4auHO.
BrIXOmHOI TOYEYHEBIN CIIOH.
Bxi1iounTe BEIBO[ - IOJIYYUTE
pacTp s u noine dz ans

BBIKJI. (IIPOTIIYIIIEH)

BHEIITHEero apetda.

ITpu 3amycke B 2KypHan BBEIBOOUTCS CTapTOBasi BapuorpaMMa (CyMMapHBIH CHUJII = OUCIEPCHU
OaHHBIX, HarreT, panmyc). CreHepupoBaHHBIE [OaHHBIE HMEIOT BOCCTAHOBUMYIO BapuOTrpaMMy,
IM03TOMY Ha HUX YOOOHO OCBOUTHL BEChb LIUMKJI: TOCTPOUTH rpup B «2D Kriging», 3aTeM uU301uHUH, U
MIPOBEPUTH TapaMeTPhl KPOCC-BaTUAALINEH.

[IBe ramku m OTHENbHEIM BEIBOL HOOABIAIOT He0oOs3aTeNbHBEIE IO IJIsT OOydYeHUSI CMEXKHEBIX
WHCTPYMEHTOB. [100aBHUTh KaTeropuajbHOE II0JIé MHUHTHIA [aéT Ioje mintype ¢ ¢hoHOM
CUJIBBUHHWTA U O4YaraMM 3aMeEIleHHUd OJId KaTerOpHMaJIbHOIO MHOWMKATOPHOI'O KPUTHWHIA. ,HOGEIBI/ITB
Imojie Hamopa HaéT mojie head Cc BEIpa’KeHHBIM PETrMOHAILHBIM YKJIOHOM [JIS THUOPABINYECKOTO
rpagveHTa: Kpuryerte head, nogaére pacTp B UHCTPYMEHT IIOTOKA, ¥ CTPEJIKU UOYT BHU3 110 CKJIOHY
Hamopa. Bkmo4éHHBIH BEBOL IIOBEpXHOCTH apeHda CTPOUT OTHAEIbHBIM PACTPOM TJIAJKYIO
CTOPOHHIOIO TTOBEPXHOCTH S, U3BECTHYIO BCIOAy, U moOaBiseT moye dz, TMHEWHO C Hel CBsI3aHHOe.
Ha sToi1 mape ocBauWBalOT KPUTUHT C BHEIIHUM ApeldpoM: Kpuryete dz ¢ pacTpoM s Kak apeiipom u
CpaBHUBaeTe C OOBIYHEIM KpuruHroM dz 6e3 gpeiida. Eciu BEIBOM TOBEPXHOCTH MPOIYIIEH, nojie dz
He pobaBnseTrca. [anka [Job6aButh nmoiasa K u T u Hanmop reHepupyeT Halop U JOT-HOPMaJIbHBIE
nonst K (koabdunuenTt dbunbrpanuu, pa3dpoc Ha MOPAOKYA, KaK B peaslbHBIX OTKaudkax) u T =
K-momrocTs. Ha HMX ocBawmBaloT yaenbHBIM pacxopn o Hapcu: kpuryete K u T B «2D Kriging»
c nmpeo6pa3oBaHueM In (unu Bpy4HYyIO IOs Iln), IUIIOC HAIoOp, W IOHaéTe PacTPhl B «YOeIbHBIN
pacxon».
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IMTonsa pe3yiibTaTa:

ITone Tun YTOo comepXKUT

well TEKCT Howmep ckBaxxuHH, popMaTt
SK-0001.

roof YHUCJIIO AGcComoTHAsA OTMEeTKa KPOBJIH
mjiacra, M.

thick YUCIIO MommHOCTE n1acTa, M.

X 4HUCIIO CopepxaHue abCTPaKTHOT'O
KOMIIOHEHTa, %.

head YHUCJIIO Harmop (mbe3oMeTpudecKui

ypoBeHb), M. C rajikou Hamopa
unu rankor Ku T.

K YHUCIIO KospdpunuenT punprpanun,
M/cyT (JIOT-HOpMaibHO).
Tonpko c rankou K u T.

T YICJIIO BomommpoBogumocTts T =
K-momnOCTB, M?/CyT. TOJIBKO C
rankou Ku T.

mintype TEKCT MuHepaabHBIN TUI
(CHUTLBUHUT, YaCTUYHOE
3aMellleHne, KaMeHHas COJIb).
Tonbko € raakoy MUHTHIIA.

dz YUCIIO 3HaueHMne, TMHENHO CBSI3aHHOE
C IOBEPXHOCTHIO Apetida.
TonMbKO ITpU BKITIOYEHHOM
BBIBO[I€ TIOBEPXHOCTH apetida.

[TonHBIM TTIepedeHb IOJIed BHIXOOHEIX CJIOEB - B MpuIokeHUU CKBaKuUHBI (aemo) (pa3pen «Ilomns
IEeMO-CJIIOEB» B KOHIle PYKOBOLCTBA).

1.10 ITpuMep reodpu3nUeckux npodmwien (memMo)

HWHCTPYMEHT CO3HAaéT TOYEUHBIN CJION reo¢pu3ndecKux mpodusei mis oOyueHWs W OPOBEepPKH 6e3
peanbHBIX maHHBIX. CTPOSITCSA HECKOJIBKO MapajlIelbHEIX MPoduiied ¢ mukeraMu. [IpegycMoTpeHo
IOBa pexuMa.

JnekTpopa3Beaka. Boons nmpodunel 3afaHbl KaxKyllleecs conpoTuBnenue pk (OM M), moTeHIHam
ectectBeHHOro mnons EIl (MB) u Bri3BanHas nonsapusauusa BII (MB/B). B pmanrble 3amoxkeHa
HU3KOOMHAas aHOMaJIus - 00BOOHEHHAS UJIM 3aMeIllEHHas 30Ha. B Hell pK mpoBauBaeTCs C POHOBEIX
mecsaTkoB OM'M pmo emuuHul, a EIl maér oTpuuaTeNnbHBEIM MHUHHMYyM. TakKoe IIOBeleHHE OTBeYaeT
IIPOMEICJIOBOM IIpaKTUKE: HAWMEHBIIINE COINPOTUBJIEHUS XapaKTepHBl OJIS OCaJOYHBIX IIOPOZ,
TOTHa KakK COJIb, TUIIC U aHTUAPUT, Hao00OpPOT, BHICOKOOMHLI, @ OOBOOHEHUE M 3acCOJIeHHWE YBOOSAT
COTIPOTUBJIEHNE BHMU3. AHOMAaJINUA 3ajaHa KOMIIaKTHLIM IISITHOM, a He II0JIOCOM, M03TOMY IPOQUIN
He CUHXPOHHEI, ¥ IIPU UHTEPIIOIAIINY BUOEH JIOKaJIbHBIN OYar, a He CIJIOIIHAS JIeHTa.

Ocenmanusi (Myjabaa). 3HaYeHUe - ocefanue (MM) B BUIe MYJIbObl COBUKEHUS Haj OTPaboTaHHOM
IJIOIIAbIO, IT0 HECKOJIPKUM TypaM HabmogeHni. Mynbaa yrioy0asieTcst OT Typa K TYPy ¥ OTpaHUYeHa
10 MOZYJIIO OBYMS MeTpaMu. 3HaK eOUHEBIN: BHU3 (OTpUIIATENbHOE) MIN BeJINYUHA (II0JIOKUTEILHOE),
o BeIOOpPY. 1o KpasiM CTPOTO HYJIU - B CTOPOHE OT OTPabOTKU ocefaHus HeT. [1o OgHUM NMUKeTaM
MOJKHO IIOCUMTaATh Pa3HOCTh settle Mexxoy TypaMu U MOMYYUTH CKOPOCTEH OCENAHUS.

Pa6ouwnit MK moBTOPsieT ocHOBHOU: moisie rho k (unu settle) nHTEpnONUPyeTCS HHCTPYMEHTOM
1.02 2D Kriging mn60 MUHUMaIbHONW KPUBU3HOM, IO TPUAY CTPOSTCS U30JIUHUU UHCTPYMEHTOM
1.04, u aHOoManusg OKOHTypuBaeTcsd. [lojle Sp MOXKHO HWHTEPIOJIUPOBaTh TaK K€ U CPaBHUTH
muaumMyM EIT c npoBanoM pk. ITone rho_true (unu settle_true) - 3anoxkeHHoe 3HaYeHUe Oe3 1IyMa,
9TaJIOH IJI IPOBEPKU TOYHOCTH UHTEPIIOIILNHU.
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KpHrHHF HJIN MHHHMAJ/IbHAsA KPDHBH3HA

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

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

I[IpakTyecKu¥ BHIBOA: MO C mOpoduiner CTpouTe MUHMMAIbLHOW KpPUBU3HON, a KPUTHUHT
HpHMeHHﬁTe, KOr'la HaCTPOE€Ha aHU30TPOIINA BaPUOIrPaMMEI 110 reOMETPHUIO CETH.

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

[TapameTp YTo 3amaéT ITo ymonuanuio
O06sacTh (3KCTEHT) ['paHUIEI TeHepaluu. -
Pexum JJeKTpopa3BeaKa Uin JJeKTpopa3BeaKa
ocemaHus.
Ywucrno npodunei CKOMIBKO ITapainelbHbIX 4
npodunen.
Illar nukeToOB, M Paccrosaue mexay nuketamu. 20
®onosoe pkK, Om-M ([To1.) ConpoTuBIeHUE BHE 60
aHOMAaJINH.
MuunuManbHoe pK, OM-M ([Hor.) CoIpoTUBJIEHNE B IIeHTPE 10
MIsITHA.
Awvmutyna EIT, MB (Hor.) I'ny6buna muaumyma ETI, -100
00BIYHO MeHbIe 0.
Awvnnutyna BIT, MB/B (Horr.) Bricota anomanuu BII. 15
[IIym pxk ([do1.) Ions paszbpoca B 0.06

nor-macrrabe.
MakcuManbHOE ocefaHue, MM 'myOuHa MymbOH B mociaenHeM 400

(Oom.) Type.

Yucno Typos ([or.) CKOMIBKO IIUKJIOB OJISI PexXuMa 2
ocemaHu.

3HakK ocemanuda (Io1m.) Buu3 (oTpUllaTENbHOE) UTU Buus
BeIU4YMHA (IOJI0XUTEIBHOE).

OtMmeTKa: 6a3a u aMILIUTyda, M [InaBHEBIM penbed 120 u 15

(Oom.) TIOBEPXHOCTH.

leodpusnyeckue npodpunu Crno#t To4YeK C IIOJISIMU. -

INons smekTpopa3Benku: profile (Homep npoduns), picket_m (DukeT B MeTpax OT Hadaa Ipoduis),
pk (metka I1K, sanpumep [1K5+20), z (otmeTka noBepxHocTH, M), rho_k (px, Om-M), rho_true (px
0e3 myma), sp (EII, mB), vp (BII, mB/B).

IMonsa ocepauwnii: profile, picket_m, pk, tour (Hzomep Typa), z (oTMeTKa, M), settle (ocemanue, Mm),
settle_true (ocemanwve 6e3 mryma).

Tomorpadmusi: peabed U3 OTKPBITHIX TaHHBIX

I'pynma «2. Tomorpadmusi» OTBeYaeT Ha YaCTHIM 3ampoC: MAKCUMAJIbHO KadeCTBEHHAs MOMEITh
penbeda M3 OTKPHITHIX HAaHHBIX U3 KOPOOKHU. ITapamHbli BXof - 3arpy3uyuk LIMP 1mo paMke, K HEMY
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BeKTOpHas ToroocHoBa u3 OpenStreetMap, ssmpo Topo2Raster gnsg mocTpoeHus penbeda U3 TOUEK
¥ M30JIUHUM, W IOIHBIM THAPOJIOTUYECKUH Habop: 3alloOTHEeHNEe MOHUXKEHUM, CTOK U aKKyMYIISIIHS,
peyHas ceTb, 6aCCEWHHBI, YKIIOH C 9KCIIO3UIIMEH U BepIINHLL. Bes aHanuTuka Ha yuctom NumPy, 6e3
GRASS, SAGA u BHEWIHUX MOAYJIEN.

Psamom crourt rpynna «2. Tomorpadusi: tMarHoCTHUKa U IpaBKa». B He€ BEIHeCEeHB HHCTPYMEHTHI
MIPOBEPKH TOTOBOr0O penbeda: pasmerneHre TOPU3OHTaNel Ha HAOOpPH, HeBs3Ka mpoTuB LIMP u
TIOKCK TeppacuHra. OTmenbHas rpynia HyKHa [IOTOMY, YTO NOATPyNIl B Processing HeT, a mepxkaThb
IIPOBEPKY BHYTpU paboudell I1ellOYKY HEeYOOOHO: OHA pa3phiBaeT II0C/IeNoBaTEeIbHOCTh IIOCTPOEHUS.
Hywmepaiyss ”HCTPYMEHTOB IIPU 9TOM CKBO3HAas C Tolorpague.

Bce BEIXOOHBIE CJIOU IPYIIIHI CKIIAARIBAIOTCS B Ipynny Tomorpadusi nepeBa Clioés, YTOOL HE TOHYTh
cpenu pabouynx CJIOEB IPOeKTa. MHCTPYMEHTH I'PYIIIEI CTHIKYIOTCS OPYT C ApyroM. 3arpy34uk 2.01
OTHaéT roToByI0 MeTpudeckyi IIMP, koTopas 63 BCIKUX MaHUIYIAUuNA UOeT B usonuauu (1.04)
u B moboi pacuéTt rpynnbl. BomoToku u3 2.02 u peyHas ceTb u3 2.06 mOOXOOSAT TajbBeraMu B
Topo2Raster (2.03) KakK eCTh, IOTOMY YTO UX BEPIIUHEI UAYT BHU3 10 TEUEHUIO.

Puc. 17: TlonHas enoYkKa rpynnsl Ha JeMo-pebede: OTMBIBKA, PeYHasi CETh TOIIIUHOM 110 IMOPSIOKY
Crpanepa (2.06), rpanutisl 6acceinos (2.07) u BepiuHH (2.09).

[TonHBIA TIepedYeHb MOJIeH BBIXOMHBIX CJIOEB - B mpunoxeHuu IIpoduau 3jekTpopa3Benku /
IIpodunu ocemanui (pa3men «I1os 4eMo-CII0EB» B KOHIIE PYKOBOICTBA).
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2. Tomorpadpus

2.01 3arpy3ka IIMP o pamke

3arpyxaet LIMP mo pamMKe M3 OTKPBITOTO XpaHWJIHINA, 6€3 perucTpanuyd ¥ KJIo4Yed, Ha BHIOOD
U3 OBYX HMCTOYHUKOB. [IIUTKM pa3MepoM OOMH TIpamyc cobupaioTcsi B MO3awKy 0e3 IIIBOB U
MePEenpoeIrupy0TCa B METPUYECKYI0 CUCTEMY KOOPAMHAT C KyOuuecKoil mHTepnossaiuen. Criprie
rpagycHble TUIUTKHU B aHaAJIM3 He IIONnafaioT, no3ToMy ocobeHHOCTh GLO-30 ceBepHee 50 MMPOTH

(YKpYIIHEHHEBIH IIIaT 110 MOATroTe) oOpabaTHBaeTCsd aBTOMATHYECKH.

[TapameTp

YTo 3amaéT

[To ymomgaHUIio / COBET

HcTouHuK penbeda

Pamka 3arpy3ku

IleneBas CK

Pa3mep suelriku, M

Crnaouth penbed (FPDEMS)

T'ugponoruvyeckasi KOPPeKIUs

CrinaxuBaHue: OKHO
HOpMalew, sdyeek (moIr.)
CrmaxwuBaHHe: IOPOT
pas3nuuus HopMarsel, rpan
(mor.)

CrnaxxuBaHHUe: YUCIIO
OIpoxXomoB (mor1r.)

Epsilon yknona npu
3aloJIHeHuu, M ([JOoII.)

[Tpepen yucnaa IIUTOK 1x1

rpapyc (mor.)
LIMP (Mmetpuueckast CK)

GLO-30 (Copernicus, DSM:
BBICOTHI ITI0 KPOHAM ¥ KPOBJISIM)
unmu GEDTM30 (DTM 6e3 neca
U ITOCTPOEK, MAIIUHHOE
ob6yuenue o ICESat-2/GEDI).
Oxsart B mo6oit CK,
IIepPeCcUYUTHIBAETCSA B IPagyChl
aBTOMAaTUYECKH.
MeTtpuueckas CK BeIxopma.
[Tycto = CK mpoekTa, ecnu
MeTpuyeckas, uHade UTM mo
LEHTPY PaMKH.

[ITar BEIXOOHOT'O I'puaa II0Ciie
IIepenpoeIupPoOBaAHMSI.
CrimaxuBaHNE C COXpaHEHUEM
OpOBOK (CM. HUXKE). BBIKII. =
CBLIPOM pacTp UCTOYHUKA.
3amnonHeHnE JTOKHEIX
MMOHUKEHHUM, YTOOR BOoma
Teksia BHU3. CHATH [IJIs KapcTa
U MYJIbO OCEIaHMUsI.

CTtopoHa oOKHa QpunbTpa
HOpMalel, HedyeTHa.
CTporocTts COXpaHEeHUS
rpaHel: MeHBbIIIE -
arpeccUBHeEe COXpaHeHHUe.
BHelHuX 11aroB rmepecOopKu
BBICOT.

MuHMMaIbHEY YKIIOH Ha
O7I0CKOCTAX. 0 = MOOHATH
TOJIBKO SIMBI IO CJIMBA.
CTpaxoBKa OT CIUIIKOM
oonbIoi pamMku Ot GLO-30.
BrixogHoit pactp float32, crnoit
B rpynne Tomorpadus.

GLO-30

IIyCTO

30

BBIKIJI.

BKII.

11

15

0.001

25

HcTouHHK penabeda - kmoueBoii BbiOop. Copernicus GLO-30 5o 11n¢poBas MOenb IOBEPXHOCTH
(DSM): BBICOTHI CHUMAIOTCS 110 BEPXY KPOH U KPOBEJIb, Pa3faeTcs IytnuTKamu 1o rpagycy. GEDTM30
aTo udposas momens penbeda (DTM) or OpenGeoHub nog nuitensuet CC BY 4.0: jiec ¥ TOCTPOUKHU
CHSITHI MaIlIMHHEIM 00y4YeHueM mo maHHeIM ICESat-2 1 GEDI, nosTomMy nop mmonorom neca GEDTM30
3aMETHO TOYHEE, YTO IONTBEPKAEHO HE3aBUCHUMOU MPOBEPKOH. Pa3gaéTcsa emuHBIM I100aabHBIM
o6mauneiM GeoTIFF. [Insa necuctoro ITpukambss DTM 00OBIYHO MPEONOYTUTEIIFHEE, OJIST OTKPBITHIX

y4aCTKOB pPa3HHIA MaJia.

I[TapameTpsr:
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* PaMKa 3arpy3KH - oxBaT B 1106011 CK, BHYyTpY epPEeBOOUTCS B IPamyChI OIS BRIOOpPA TaHHBIX.

* ITeneBass CK - metpuueckas CK pesynprata. [lycToe 3HaYeHHE BKIIIOYAE€T aBTOMATHUKY:
O6epétcs CK mpoekTa, ecinu oHa MeTpudeckasi, nHade 30Ha UTM mo 1eHTpYy paMku. ['pagycHas
neneBasi CK OTKJIOHSIETCS C BHATHBIM COOOIIIEHUEM.

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

e 'magponorudyeckasi KOPPEKIHMs1i - BKJIIOYEHa [0 YMOJYaHUWIO: JIOXKHBIE I[IOHUXKEHUS
3amoJHSI0TCS cpa3y (cm. 2.04), 4yToOH BOofa Ha MOMAENH TeKja BHMU3. [ 3afady, IOe BaXKHEBI
3aMKHYTHIe KOTJIOBHUHEI (KapCT, MyJIbBLI OCefaHul), PpIakoK CHUMUTE.

* B HonoixaurenbHo: Epsilon ykjiona npu 3anonaenuu 1 Ilpenesn uuciia IUIMTOK (3amuTa
OT CJIy4YalHOM paMKM Ha MOJICTPaHBbI).

OTka3 ceTH UM paMKa IIeIMKOM B OKeaHe 3aBepIlaloTCA IIOHSATHHIM COOOIeHHeM, a He
nyCcTeIM pacTpoM. McTtouHuK paHHBEIX: Copernicus DEM © ESA, oTKpeITas JULIEH3US OONYyCKaeT
HCIIOJIb30BaHMe C YKa3aHUEM UCTOYHHUKA.

2.02 3arpy3kKa TOIOOCHOBHEI II0 paMKe

BekTopHbIN 6nu3Her 3arpy3duka [IMP: mo Toi ke pamMke 3abupaeTt u3 OpenStreetMap ciou gist
paboTwI ¢ penbedoM.

[TapameTtp Yro 3amaér ITo ymon4aHuIo / COBET

Pamka 3arpysku OxBart 3anpoca K OSM -
Overpass. [lepxkaTb CKPOMHBIM
- GoBIIIIE 3aIIPOCH CEPBED

pexer.

[Ipemen nnomagu paMKy, KB. CTtpaxoBKa OT Ype3MepPHOI0 0.5

TpamgycoB 3ampoca.

TaumayT 3ampoca, C Oxwupanme oTBeTa Overpass, 90
IIpU OTKa3e UIOET nepexon Ha
3epKaro.

BrIXOmHEBIE CIIOM: BOIMOTOKM, BOJOEMEI (IIJTOCKOCTH), BEPIINHEI C IToeM ele, o6preIBEL (Oapbeprl). Bece
nomazawT B rpynny Tomorpadus.

* BomoToku - peku, py4ubu U KaHanel. B OSM BOOOTOKU PUCYIOTCS BHU3 II0 TEYEHUIO, TO3TOMY
cyou roguTcs TajabBeraMu B 2.03 6€3 IOOTOTOBKMU.

* BogoéMBI - 3aMKHYTHIe KOHTYPHI O3€P U MPYHOOB, MJIOCKOCTH ITOCTOSHHOM BBICOTHI MOJIS
2.03. CocrTaBHBIE MYJIBTHUIIONUTOHBI (OObIINe 03€pa M3 HECKOJIBKUX way) IepBas BEpPCHs
TIPOIIyCKaeT.

* BepmuHBI C OTMETKaMH - TOUKHU natural=peak c BEICOTOU €le, TOTOBBIE OTMETKY BEPIIIUH OIS
2.03 u xoHTpOMNB Onsa 2.09.

e OOpPBIBEI M HACKIIH - INHUK pa3pbiBa penbeda misg 2.03.

* BeperoBasi JITUHHUS - TI0 YMOTYaHHUIO BEIK/II0UEeHa, Hy?KHa Ha IPUMOPCKUX TEPPUTOPUSIX.

Beixog B CK mpoekTa, nuHMM 00pe3arTcs o pamke. Ily6numuHble cepBepbsl Overpass MMEIOT
JIMMUTHI, TIPY OTKa3e OCHOBHOT'O CepBepa 3aIlpoC yXOOUT Ha 3epKajio, OJis OOJILIINX TEPPUTOPUM
yMeHbIIIalTe paMKy UM IOJHUMAaNTe Ipefen nnoiany B [lonoTHUTEIbHO. [[lanHble: © yYaCTHUKHU
OpenStreetMap, nmunen3us ODbL.

2.03 Topo2Raster (penbed U3 BEKTOPOB)

Ctpourt pesnbed 13 BEKTOPHBIX JaHHBIX MYJIbTUCETOUYHOM UHTEPIOJIAIINEN OT IPy0Oo CEeTKU K TOHKOH,
mo motuBaM ANUDEM. MHCTPYMEHT 3aKpHIBaeT KJIACCUYECKYIO0 3afaudy: eCTb OTIu(pPOBaHHBIE
TOPU30HTAJIHU TOIIOIJIaHa, OTMETKHU BEICOT, PEKU U 03€pa, HyKeH KOPPEKTHHIN TPUM.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

TouKku BBICOT

ITomne BBICOTHI TOYEK
H3onmuuun

ITomne BLICOTHI U30JIMHUU
TanbpBeru (BHU3 II0 TEYEHUIO)

OOpHIBH (Gapbephl
CTJIaXKUBaHU )

Bec u3amMepeHHBIX OTMETOK
(mor.)

Bepx ¢popm, Huz popm

[Torne cBs13u POPMEL

[Torne oTMeTKH CTOPOH HopM
(morm.)

OyHKINS GOPMEI TIOIIEPEK
(mor.)

O3épa u ype3 BOTbI
ITone oTmMeTKH ype3a

OxBart

Pasmep ssueliku, M
3anoJTHUTh TOHUXKEHUS B
uToTe

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

Cnoit oTMeTOK (HampuMmep,
BepmuHE 2.09).

ATpubyTt Z y TO4eK.

Crnolt ropu30HTAasNekn
(ouudposka nnaHa unu 1.04
o LIMP).

ATpulbyT YPOBHS Y U30JIUHUH.
JIuHUYM peK, BePUInHBL

HanpasieHsl BHU3. CeTs 2.06 u

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

o poBaHHOM TOPHU3OHTAIIH.
1 = Kak paHbiIe.

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

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

JIluHelHasa - IPOEKTHEIM OTKOC,

IIJIaBHAS - CKPYyTJIeHUE ¥
KPOMOK.

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

Pamka BrIxogma. IlycTo = 1o
BXOOHBIM CJIOSIM.

[Ilar BEIXOOHOTO TpHUAa.
l'upgporioruyeckast KOppeKuus
pe3ynbTarTa.

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

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

link

JIUHeNHas

IIyCTO

MIyCTO

30
BKIL.

60

0.01

0.001

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

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

Kaxmerii THII BXoOa paboTaeT CBOMM OTpPaHUYEHHEM:

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

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

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

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

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

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

BT
s Y

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

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

TpéxMepHBbIEe TaJIbBEru

TamnbBer 63 0TMETOK paboTaeT yCIIOBUEM: BOOJIb HET'O IIOAIEPKUBAETCS ITaieHre BHU3 110 TeYEHUIO,
a KakKas TaM BEICOTQ, pelllaeT UHTEPIIOIATOP 10 OKPYZKAaOIIUM OaHHEIM. EC/TN y TUHUU €CTh OTMETKU
BEPIINUH, OHU CTAHOBSTCS KECTKUMH y3JaMH, U IIPOMEP MO PYCiy HaYyWHAET 3afgaBaTh OHO, a He
IIOJCKa3kIBaTh HallpaBIeHUE.

OTMeTKHM TpU 3TOM OOWH pa3 NPUBOAATCA K IIaHAloMMM BHU3 II0 TedyeHWI0. [IpyumHa He B
aKKypaTHOCTH, a B YCTPOMCTBE pacuyéTa: U3MepPeHUs 10 PYCIy IIyMST, OTOeIbHbIe BePIIUHEL YXOIAT
BBEPX MO0 TEYEHWIO, U TAKOMW y3eq CIOopui Ob C IPUHYXKOEHWEM ITajJeHus Ha KaXXOod WTepalluw.
Penakcaiusi TpUIITUINBAET STYEHKY K OTMETKe, TPUHYXKIEHUEe TPOJaBIuBaeT €€ HUXKe, U TaK 110
Kpyry. [Tocye mpuBeeHUs IPUHYXKOEHNE CTAHOBUTCS IIyCTOM OTEepalyell U CIOPUTDh HE C YEM.
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HpaBKa I/I,E[éT TOJIBKO BHH3: OTMETKY BHIIIE I/I3MepeHHOﬁ HHCTPYMEHT H€ BBIOYMEIBAET. Eé
HanOObINIas BeIUYHNHAa IIeYaTaeTCs B KYyPHAaJI, " 110 Hel BUIOHO, HACKOJIBKO ITyMHBIM OBIIT IIpoMep.

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

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

HOBerHOCTL MeXKNny CTPYKTYPHBIMH JIMHUSAMH

Bxonm OOpBIBBI 3amaét Oaphep: Iepenay BOOJIb IMHUY He Pa3Ma3bIBAeTCsI, HO caM Iiepenay JINHUS
He 3afaeT, IIOTOMYy 4YTO OTMETOK y Heé HeT. [lapa BxozmoB Bepx ¢opm u Hus dopm permraet
o0paTHyI0 3afaudy - IIOCTAaBUTh POBHO Ty IIOBEPXHOCTh, KOTOpasl 3ajlaHa [OBYMS CTOPOHaAMHU C
U3BECTHEIMU OTMETKaMHU.

3ayeM 5TO HYXKHO, JIy4Ille BCEr0 CKa3aHO B OTPACIEBHIX TPeOOBaHUSAX K HU(POBEIM IMJIaHaAM:
penbed, CO3maHHBINM aBTOMAaTHYeCKM, HEOOXOOMMO HCIPABUTH B PyYHOM pPeXMMeE, COrJIacOoBaB C
BBICOTAMH ITOAIIOPHBEIX CTEHOK, OTKOCOB M HachIel. WHCTPYMEHT 3aMeHsIeT 3Ty NPeAlruCaHHYI0
PYYHYIO IIpaBKy IpaBujioM. BTopol agpecart - mjollafgHble Kapbephl, BEIEMKHU, HACHIIM U OTBAJIH:
TOPU30HTAJIM BHYTPU HUX II0 HOPMATHUBY He OMKCHIBAIOTCSA BOBCE, ¥ IOCTPOUTHL TaM peyibed O0JIbIle
He U3 4ero, KpoMe OPOBOK U IIOJOIIB.

CTopoHA - 3TO MHOXECTBO. B Bepx Miam HH3 BXOOUT JI000€ YHCJIO JIMHUH M TOYEK C OOHUM
3HaYeHNWEeM II0JIsS CBSI3U, M PACCTOSHHE CUMTAETCS OO0 O0ObeIuHEeHUS MHOXKeCTBa. M3 ogHOTo 3TOTO0
IIpaBUJIa BEIXOOAT BCE CIIydaMn: OTKOC 3TO 6pOBKa U IIOOOIBa, dMa 3TO 3aMKHYyTas 6pOBKa 1 TO4YKa Ha
IOHe, KaHaBa 9TO ABe OPOBKM U JTUHUS OHA, KOJbIleBas maMOa 9TO IBe 3aMKHYThIE TUHUH, 6eperoBoi
YCTyII 9T0 6POBKA M 4acTh ype3a. CMeIIuBaTh JIMHUU U TOYKH B OOQHOM CTOPOHE MOXKHO.

OTMeTKH GepyTCs 10 MIPHUOPUTETAaM: BEPIINHEL C Z, 3aTeM I10JIe OTMETKH, 3aTeM 00BeKT OCTaETCs
OGaprepoM u B ¢popmy He cobupaeTcs. [lopora 3HaYMMOCTH B MHCTPYMEHTE HET: HaJii ABE CTOPOHEI
- CTPOUTCS TMOBEPXHOCTD, [Aajii OfHY - paboTtaeTr OaphbepoM. PellieHre MpUHUMAaET YEI0BEK, KOTaa
pHCyeT BTOPYIO JTUHUIO.

Kak cumrTaercsi. COOTBETCTBHE TOYEK MEXKAY CTOPOHAMU He HIIeTCd. [ KaXXaou S4Yeuku
CYHMTAIOTCS TOYHEIE PACCTOSHUS OO 000MX MHOXKECTB BMECTE C OTMETKOM OIMKaMIlero MCTOYHUKA,
BEC PaBEH OTHOUIEHWIO PACCTOSHUMN, OTMETKa JIMHEeWHa 1o Becy. IlepexJiECT TeoMeTpHUu IIpU
9TOM HEBO3MOXKEH II0 ITOCTPOoeHuio. Tesno GopMBbI YXOOUT B MYIBTUCETKY KECTKUMHU y3JIaMU, a
ero rpaHulia OOMNOJNIHUTEJIbHO paboTaeT OapbepoM, YTOOBI BHEIIHWE MOaHHBIE HE IEepPEeTATUBaIn
IMOBEPXHOCTH Yyepe3 ycTyn. CxeMa pelakcallii He TPOraeTCs.

Ilena mertoma. bnuzkaiiiias ToYuKa M COOTBETCTBEHHAs TOYKA - Pal3Hble Bellu. IToka OTMeETKHU
MMOCTOSTHHEI, pa3HUIE HeT. Korga oTMeTKa GPOBKY MEHSIETCS BIOIb U30THYTOM (POPMBI, TOBEPXHOCTH
clerka YBOOUT OT IMHEeNYaToM, a Ha BOTHYTHIX yIjlaX BO3HUKAET MeauanbHas 0Ch, Toe OMuxKanImi
WCTOYHUK II€PEK/I0YaeTCsI CKAauyKOM M MOBEPXHOCTH mojy4daeT 3aroM. ObGa uyuciaa MepPSIOTCS
TecTaMHU Ha CHHTeTHKe: Ha PealbHON ChEMKe X MEPUTDH He IPOTUB Yero, aHaIUuTUYeCKOTro 3TaJloHa
TaM HeT.

YTo medyaTaeTcs B XKypHal. [lo kaxpou ¢dopme: 4HCIO A4YeeK Tela, MeduaHHas IMUPHUHA B
sTYerKaxX, PacxoXKaeHHue OTMETOK B MECTaX CXOXK[EHHUS CTOPOH M YUCIIO 00BEKTOB, IMPOMYIIEHHBIX
M3-3a OTCYTCTBUS 0TMEeTOK. OTHesIbHO IIpeaynpexaeHue o ¢opMax yxkKe OBYX sS4YeeK: B pacTpe TaKou
(opmMBI HET HU IIPU KaKOM MacIinTtabe, Hafio MeJIbYUTh TueiKy. OMUHOKKE CTOPOHBI 1 0OBEKTH 6e3
CBSI3U B XKYypPHAJI yXOOAT C IPUUYHUHOMN.

I'panua 00/1aCTH NOCTPOEHUST

[TonuroH orpaHUYMBaET IIOBEPXHOCTD TaK XkKe, Kak outer boundary B cucTeMax IpOEKTUPOBAHMUS: 3a
TpaHUIed pacTp He BEIMAéTcs, TaM nodata.

BaxHa He cama o6pe3Ka, a MOMEHT, KOrga OHa IIPMMEHSAEeTCH. Macka HakJagblBaeTCs IMOCJIe
HHTEPIIOIAINNY, a He OTCe4YeHHueM BXOOHBIX MOaHHBIX. Touku, TOPHU3OHTaA/IX W TaJIbBEIru 3a
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mpenenaMyd TPAHUIL IIPOTOJIKAIT (POPMHPOBATL IIOBEPXHOCTL Y CaMOM T'pPaHUIB], IIO3TOMY
Kpasi He 3aBOopauyuBaloTCcsa. Ecimu OB MBI BMECTO 3TOro oOpes3any BXOM, Y TPAHUILI BO3HUK OBI
HMCKYCCTBEHHBIN Ieperud: MHTEPIIOIATOPY CTaso OBl He Ha YTO ONEePEThCS C BHEITHEN CTOPOHHI.

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

2.04 TToagroroBKa peiabeda

TotoBut IIMP K aHanmm3y OBYMS HE3aBUCHUMBIMH MOAU(PUKAIIMSIMU, KaXaas BKIIOYAETCS CBOUM
(bmaxxkkoM, mopsIAOK GUKCHUPOBAH: CHavaJjla CrilakuBaHUe, IIOTOM 3allOTHEHHUE.

[TapameTp Yrto 3amaér ITo ymonuaHuio / COBET
Bxomnas IIMP PacTp penveda ons -
IIOATOTOBKH.
Crnanuth penbed (FPDEMS) CrnaxxmBaHue C COXpaHEHMEM  BHIKII.
OpOBOK (CM. HUIKE).
3amoIHUTD ITOHUKEHUS 3anoJTHeHWe JIOXKHBIX SIM BKII.
(TTnaumoxHa-Iapoy).
Epsilon ykmnona, M (0: TOnbKO MuHUMAaIbHBIN YKJIOH Ha 0.001
SIMBI) ockocTax. 0 = NOOHSATH SIMEI

oo cnuBa, 6oJIbllle HyNIS =
CKBO3HOU YKJIOH 1yig D8.

CrimaxuBaHUe: OKHO Cropona okHa punbTpa 11
HOpMalew, sueek (ImoIl.) HOpMalel, HeuyeTHa.
CrnaxuBaHHe: IOPOT CTporocTts COXpaHEeHUSA 15
pas3nuuus HopMa’sel, rpan rpaHel: MeHBbIIIE -

(mot.) arpeccUBHee.

CrnaxkmBaHUE: YUCIIO BHelHux 11aroB rnmepec6opKu 2
IpoxomoB (mor1r.) BBICOT.

I[TogrotoBnenHas LIMP BrixomHot pacTp float32. -

IMopsmok: cHayasa CrijlaXXuBaHUe, IIOTOM 3amnojiHeHue. O0e MomuduKanuy He3aBUCHUMEI, KaXas
cBOUM (JIazKKOM.

Criaagurs penbed (FPDEMS) y6upaeTr M30LITOYHYIO IIEPOXOBATOCTh CHYTHUKOBBIX MOMEJIEH.
CnoytHukoBele [IMP 3amrymiens], u oObIYHBIE (GUIBTPHL - CpeOHee, MeuaHa, raycC - PeXyT IIyM
BMecCTe ¢ OpOBKaMH, CTEHKaMM Teppac u 6eperamu: neperudnl 3aBanuBatoTca. FPDEMS (Lindsay,
Francioni, Cockburn, 2019) pa6oTaeT unade. OH olepupyeT He BLICOTAMM HAIIPSIMYIO, a II0IeM
HOpMaJiell TOBEPXHOCTM: CHadajla CUHMTAeT HOpMaJib KaxXKOoM sSTYeMKM, 3aTeM CTJIaXXUBaeT II0jie
HOpMaJjiel Tak, 9YTO COCell BXOOWUT B CpemHee C BECOM TeM OONbIINM, YeM OJIMKe ero HopMallbk K
neHTpanbHOM. Ha 6poBKe HOpManIM COCEeHeld pPe3KO PACXOXsATCs, BeC MafaeT, 'PaHb COXPaHSIETCH.
IToce 3TOTO BHICOTHI IOATSTMBAIOTCS IION CrjlaXkKeHHOe TII0jie HopMmaseil. B uTore mmockoe
BHITJIA’KUBAETCS, CTPYKTYpPHBIE MUHUH CTOSAT. Ilopor pa3nudusi HopMasieu (B [[ONOTHUTEIHLHO)
yIOpaBIisgeT CTPOTOCThIO: MEHbIIIE 3HAaYEHUE - arPEeCCUBHEE COXpaHeHue rpaHeli, 60bllle - CUIIbHEee
ofIee criaxuBaHue. MeTon M3HaYaILHO IIPEIJIOXKEH s MuaapHex [IMP, Ho 0IMHAKOBO MOJIe3eH
OJISI CIIyTHUKOBEHIX.

3anoJIHUTh NMOHHKEHHS MeTOoagOoM HH&HIHOH&-HE[pGy IIOOHUMaeT JIOZKHBbIE SMEHEI, YTOOLI IIOTOK
He ocTaHaBnuBajicd. [IOHUXKEHUS B PAaCTPOBHIX MOJEJIAX 4alle Bcero apredaKThl MHTEPIOIAINU
¥ IIyMa, TUOPOJIOTHYECKUlM aHanmm3 06e3 3amojHeHus oOphIBaeTcsi B mepBoi ke sime. Epsilon
YKJIOHA YIPaB/IseT PEeXUMOM: IIPU HYJIeBOM 3HAYEHHWH IIOOHMMAIOTCS TOJIBKO HACTOSIIUE SMEI
POBHO [0 YPOBHS CIIMBA, IIJIOCKNE YYAaCTKM OCTAIOTCS IJIOCKUMHU. [IpU IOJIOKUTENIHEHOM 3HaUYeHUN
(mo ymomuanuio 0.001 M) yepe3 IJIOCKOCTH OONOHUTEIBHO CTPOUTCS CKBO3HOU yKIIOH, u D8 Ha
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HUX CTAHOBUTCS omnpepesneH. [IJIg CTOKa M aKKyMyJISIIUM HYXKEH ITOJI0XKUTEJIbHLIN epsilon. A4eiku
Ha T'paHuIle Trpufa U psaoM ¢ nodata cuuTaroTCss CTOKaMHU. B OTYET mevaTaeTcss YHUCIO MOOHSITHIX
sTYeeK U MaKCUMaJIbHBIH MMOOBEM - YIOOHBIM MHOANKATOP KadecTBa ucxomuou [IMP.

Ta XKe rajouyka crjiaXXuBaHus ecTb B 3arpy3ke IIMP (2.01) pgna O6wICTpOro IyTHM IPSAMO NIPU
ckauuBaHuu. OTOenbHEIM HHCTPYyMeHT 2.04 HyXKeH, Korga penbed npumen He us 2.01, a us ceoux
OaHHBIX.

— ucxonHasa LUMP

230 A —— nocne 3anonHeHua (2.04)
2 220 A
o
'—
S
2 210 -
om

200 A

190 T

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

Puc. 19: ITpoduns uepes MOHUKEHHE: HCXOOHAas II0BEPXHOCTh U Pe3y/IbTaT 3all0IHeHus. 3aKpalleHa
MIOOHSITAsT YaCTh.

2.05 CtoK M akkymyiasanusa (D8)

CuuTaeT HallpaBJIeHUA CTOKa 110 BocbkMHU cocensaM (D8, Jenson-Domingue) ¥ akKKyMyIALNIO: CKOJIBKO
siYeeK CTeKaeT B Kaxk[ylo, BKItouas e€ caMmy. HampaBieHus KogupyloTcs Kak B ArcGIS: E=1, SE=2,
S=4, SW=8, W=16, NW=32, N=64, NE=128, ctok=0, nodata=255.

[TapameTp Yro 3amaér ITo ymon4aHuio / COBET
Bxomouas LIMP PacTp pennseda. -
3amnoIHUTL IOHUXKEHUS mepen  ['upgposorunyeckas KOppeKUus  BKIIL.
pacuéTtom mo D8, nHaye IMOTOK BCTAHET B
siMax.
Epsilon yknona npu MuHUMAaIbHBIY YKJIOH Ha 0.001
3aroJIHeHuu, M (JoIl.) IIJIOCKOCTSX.
HamnpaBneHus cToka (KOOb BreIxop: 6aliTOBEIN PacTp -
ESRI) HanpapneHuii. E=1, SE=2,

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

AKKyMynanus, sdeek Brrxop: float32, yucno ssueek -
BBHIIIIE TI0 TEYEHUIO.

CeMaHTHKa I'PaHUI] BLIOpaHa O0CO3HAHHO. fueiika Ha paMKe T'pHUOa YXOOUT HapyKy TOJIBKO KOTma y
Heé HeT 60Jiee HU3KOT'0 COcella BHYTPU, MHAUe PBaIUCh ObI IOTOKM, UAYIIINE BOOJL Kpasi. beperosas
siuyeiikKa, HaoOOpoT, MTbET B cocegHui nodata (Mope, BeIpe3) maxke HPH HaIuuuu Oolee HU3KOTO
cocefa Ha Cy1e.

®axk0K 3amOITHUTHh MOHHUZKEHHUS Iepe] PacueéToM BKIIOYEH 110 YMOJTYAHMIO: Ha Chipoi LIMP
IMOTOK OCTaQHABJIMBAETCSA B SIMaX U aKKyMyIsanus oOphiBaeTcs. PacuéT BEKTOPU30BaH MOJTHOCTHIO,
rpup 2000x2000 cuutaeTcs 3a CEKyHIHI.
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2.06 PeuHnasi ceTh

U3BnekaeT peuHyio ceTh u3 LIMP: sueliku ¢ akKyMyIsaLrel He HUKE TT0POoTra CBI3BIBAIOTCS B 3BEHBS
OT UCTOKOB U y3JIOB CJIUSTHUS BHU3 10 TE€YEHUIO.

[TapameTp YTo 3amaét

Bxomxas LIMP

ITo ymonm4gaHnuio / COBET

PacTp penbeda. -
1000

[Topor akKyMyISIuu, T9eeK MuHuMyM g4eek BomocOGopa
s Hadana pycna. ['yite cets -
MmeHbIre mopor. 1000 opu 30 m
npuMepHO 0.9 KB. KM.

3anoHUTL IOHUXKEHUS Iepen  ['upapororuyeckas KOppeKUus  BKIIL

pacuéTom IO TPACCUPOBKHU.

Epsilon yknona npu MuHMManbHEHA YKJIOH Ha 0.001

3aloJHeHuu, M (JoII.)
Peunas cetp

IIJIOCKOCTSIX.
Brixon: MTUHUY C monsiMu order -
(Ctpanep), acc_out, length m.
BepIInHE HallpaBIeHbl BHU3

10 TEYEHMUIO.

ITopor akkKyMyJassiIMM 3aJa€Tcsi B sSdYeillKax M O3Ha4YaeT IUIOIIamb BopmocOopa, C KOTOPOHM
Ha4yMHaeTCs peKa: IUIoIafgb BomocOopa MCTOKa, HefieHHas Ha IUlomanb gdedku. Hna IIMP 30
M ropor 1000 gaéTt Havano pek ¢ BogocOopa okono 0.9 KB. KM. MeHbIIIUY TOPOT HAET T'yIe CeTh.

INons BeIxOma: order - mopsnok Crpasnepa (y MCTOKOB 1, IpH CIWSHUM IOBYX PaBHBIX ITOPSOOK
pacTtéT), acc_out - aKKyMyJIsAIusg B 3aMbIKaHuu 3BeHa, length_m - nnuHa. Bepmuubl nuHMl unyT
BHU3 II0 TEUEHUIO, I03TOMY CJIOM 6e3 IMOATOTOBKY IOOXOOUT TajibBeraMu B 2.03 U cpaBHUBaAETCH
¢ BomoTtokaMu OSM u3 2.02: HaJloXXeHHe M3BIEUYEHHOM CEeTH Ha peajbHYI0 - OBICTpasi IIpoBepKa

KadecTBa [ IMP.

2.07 BaccedHBI H BOIOpPa3e/ibl

[lenuT TePPUTOPHIO Ha 6ACCEeHHEI CTOKA, TPAHMIILI IIOJIMTOHOB - BOMOPA3aeIbl.

[TapameTp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

Bxoguas LIMP
Touku 3aMBIKAHUS

[Topor akKKyMyIsIITUU YCThSI,
siyeeKk

3aIlloMHUTD MOHUXKEHUS ITepeqn
pacuyéTtom

Paguyc nIpuTaKKU TOYEK, M
(mom.)

Epsilon yknona npu
3aloJIHeHuH, M (JoII.)
BacceliHbl (IOIUTOHEI)

Baccelinbl (pacTp METOK)

PacTp penbeda.
TOYKH-CTBOPE 6ACCEHHOB.
[TycTo = GaCcCeWHEI OT YCTHEB
10 TIOPOTY.

[Topor njis yCThbeB, KoTraa
TOYKU He 3aJaHHI.
T'ugponorudeckass KOppeKIusa
o pacdyérTa.

Touka 3aMBIKaHUA
MPUTSATUBAETCS K MaKCUMYMy
AKKyMYyJISIIUM B 9TOM pajuyce.
MuHMMaIbHBHA YKJIOH Ha
IJIOCKOCTSX.

BEIXOoq: MOJTUTOHEI C TIOJIIMHU
basin, area m2.

Brrxon: pacTp 1eno4mCciIeHHBIX
MeTOK 6acCelHOB.

IIyCTO

1000

BKII.

150

0.001

IIBa pexunma. C ToukKaMH 3aMbIKAaHHsI KaXaas TOYKa IIPDUTATUBAETCA K sg4Yelke ¢ HauOOIbIlIeH
aKKYMYJ'IﬂHI/IeI;I B paguyce IIPUTAXKKA (I/IHa‘-Ie TOYKa, IIOCTaBJIEHHAsA Ha I'JIa3 PAO0M C peKOﬁ, CO6epéT
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KPOIIIeYHLIH CKJIOHOBEIM OacceiiH) M coOMpaeT Bechk BOomocOOp BEIIIe cebsi. Be3 Touek GacCerHBI
CTPOSITCS aBTOMATUYECKHM OT yCThEeB: g4eeK, OTKy[da IIOTOK IOKHOaeT T'PUA, C aKKyMyJlsalueil He
HUXKe Iopora. fddeiku, He HOMABIIME HU B OOMH OacCedH, mojy4daioT MeTKy O M B IIOJIUTOHBI HE
BBIBOJSITCS.

Ionst BRIXOma: basin - HOMED OacceliHa, area_m2 - IJIOIIaOb IIO YHUCIIy A4YeeK. HOIOIHUTEIBEHO
MOZKHO 3aIlMCaTh PACTp METOK. PasmeTka upér IIPBI2ZKKaMHN YKa3aTeJIteI II0 rpa(by CTOKa, IIO3TOMY
Oazxe OJINHHBIE N3BUJIMCTEIE BOJIOC60pr CUUTAIOTCSA 3a OOJIXM CEKYH[OHI.

2.08 YKJIOH B 3KCNIO3UIIHUSA

VkiioH B rpagycax U sKcmo3unus mo Anpy Horn 3x3, kak B gdaldem. 3kcmo3uius - a3suMyT
HalpaBJIeHUs CIIyCKa B rpagycax OT ceBepa II0 4acoBOU cTpenke: ceBep 0, BocTok 90. YV miockux
siyeeK 9KCIO3UIMs paBHA -1, uToOBl He IyTaTh €€ C ceBepHOU. fAueliku nodata u WX cocenu
nosny4aioT nodata: sapo 3X3 depe3 OBIPH HE CUUTAETCH.

[TapameTp YTo 3amaéT ITo ymonuaHnuio / COBET
Bxopgnast LIMP PacTp penveda. -
YK10H, rpagychH Brixop: pacTp ykinoHa (Horn -
3x3, kak gdaldem).
DKCIO3ULus, IpagyChl Brixon: a3uMyT CIIyCKa, -

IIJIOCKME y49acTKu = -1.

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

Puc. 20: YknoH (cneBa) u 9Kcno3ulius (crrpasa) neMo-penbeda. LIuknuueckast majauTpa 9KCIO3UITUU
cmmBaeT 0 u 360 rpanycos.

2.09 BepuiMHBI U SIMBbI

Haxogut BEPIINHEBI: AYENKHU, caMble BBICOKHE B KBAaOIpPaTHOM OKHE€ 3aO0adHHOTO paanycCa, C
IIPpEBHIIIEHNEM Had MUHUMYMOM OKHa HE€ MEHBbIIIe I10pora.

[TapameTp Yrto 3amaér ITo ymomyauuro / coBeT
Bxopguast LIMP PacTp penbeda. -
Papguyc okHa, M [TogaBnenue BTOpoCcTeneHHEIX 500

BEPIIKXH B 3TOM paguyce.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

MuHUMaIbHOE IIPEBHIIIIEHNEe, M

BepuiuHs (TOYKHM)

OtcekaeT MeJikKre OYTpHl HUXKE

II0PpOTra Hal OKPY2XKEeHHueM.
BrIxoq: TOYKH C MOJISAMU Z,

drop. JlekapcTBO Ojig MakKyIlIeK

BRIIIIE IOCTIeOHEN 3aMKHYTOMU
TOPU30HTAJIN.

20

Ilea ¢unbTpa paboTaloT B mape. Pagmyc OKHa OTCEKAeT BTOPOCTENEHHBIE MaKYIIKU PSIAOM C
TTIaBHOM: U3 ABYX BEPIIUH OJIHXKe paguyca ocTaéTcs 6ojiee BrICOKasi. MHHHMMaIbHOE MIPEeBLIIIIeHHe
OTCEeKaeT KOYKHY Ha PaBHUHE: JIOKAILHBIM MaKCUMYM, ITOTHUMAIOITUNCS Hall OKPECTHOCTHIO Ha METD,
BEPIIUHOUN He cunTaeTcs. [I7I0CKHe MaKyIIKH Jail0T OOHY BEPIIHUHY, a He POCCHIIIb.

INonsi BEIXOHA: Z - BhICOTa, drop - IIPEBHIIIEHWE Hajd MHUHUMyMOM OKHa. CloM cpaBHHBAaeTCS C
BepmuHaMu OSM u3 2.02: coBmameHue OTMETOK ele ¢ BeicoTamu IIMP - emé omHa OwIcTpas

IPOBEPKa JaHHEIX.

2.10 demo-penbed

Cnyx)eOHBIM TeHepaTop: CUHTETHYECKHUN pesibed M3 HAKJIOHHON PaBHUHEBI, XOJIMOB M MU3BHUIUCTOM
OOJIMHLI C IOCTOSTHHBLIM ITafieHreM. Penbed qeTepMUHHUPOBAH 110 3€PHY, MEXK/Y X0JIMaMMi OCO3HAHHO
OCTalOTCSI JTOKAIbHBIE MMOHUXKEHUS, YTOOR MHCTPYMEHTY 3aloJIHEeHUsT OBII0O YTO MOKa3hIBaTh. Bce
WUJITIOCTPAIIMY 9TOM T'IaBhl IOCTPOEHEI HAa HEM.

[TapameTp

YTto 3amaéeT

[To ymomr9aHuIO / COBET

[Mupuna, ssUueek
BricoTa, ssueek
Pa3smep sueliku, M
3epHO reHepaTopa

CK BhrIXOfa (MeTpu4uecKas)
KomMmnakTueuit int16 (morr.)

OeMo-penbed
Touku CTBOPOB (HeEMO)

Tpaccsl KaHaB (ZeMo)

Iomns mnoiamu mond 06/1acThb
pabort (morm.)

COBuUT OTMETKH IIJIOIIAOKH, M
(mor.)

[IpoekTHas TOBEPXHOCThH
(memo)

YyacTtku paboT (gemo)

Pa3mep gemo-rpuzna mo X.
Pa3zmep memo-rpupa mo Y.
Illar memo-rpuma.
Bocnipon3BoguMoCTh
CIIy4aWHOTO0 penbeda.
CucrteMa KOOpOuHAT
oeMo-pacTpa.
LHenmouncieHHBIN BBIXOM OJISI
IIOCTaBKM IeMO.

BrixomHOU pacTp.

Tpu TOYKM y TAJIbBETOB [JIs
HHCTpyMeHTa 2.15.

IIBe nmoMaHbIe IIOTIEPEK
TaJbBETOB AJII UHCTPYMEHTA
2.16.

Pasmep obmacTu mom
IIPOEKTHYIO OJIOIIaiKy.
YBomourt 6anaHc B IPUBO3HOMU
UM BEIBO3HOM I'PYHT.

[Tapa K penbedy s
WHCTPpyMeHTa 2.18.

Tpu nmomuroHa Ajst pa3déuBKU
BegomocTH 2.18.

300

300

30

42
EPSG:32640

BEIKIJI.

Cco3TaéTcs

co3maeTcsa

0.4
0
BEIKJI.

BBIKIJI.

NHCTPYMEHT CYLIECTBYET [JIsI IPUMEPOB PYKOBOJICTBA, TECTOB U paboThl 6e3 ceTu. 2KWBHIE TaHHBIE
maétr 2.01. ®naxok KoMmakTHbIH intl6 oTmaéT pacTp B LEJBIX MeTpax [/ MOCTAaBKUA HEeMO-

(pparmeHnToB.
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ITapa moBepxHOCTEH IjIsi 00HLEMOB

IIBa BBIXOMa, II0 YMOJTYAHHUIO BHIKJIIOUEHHBIX, HAIOT TOTOBYIO HMapy Ojis HHCTpyMeHTa 2.18 HacwInu
M BBIEMKH: IIPOEKTHYIO TUIOIMANKY M TOJHUTOHBI Y4acTKOB pabor. Ilmolfagka Topu30HTalbHAs,
CHapyZxu o6acty paboT OCTAETCS HaTypPaJIbHLIN penbed.

OTMeTKa TIIomanKu 6epeTcs CpemqHUM pesbeda BHYTPHU 00JIaCTH, ¥ 3TO HEe BKYCOBIIMHA, @ TOYHBIH
otBeT. OOBEM eCTh CyMMa pa3HOCTEHM, YMHOXKEHHAas Ha IJIOIafmb SYEeWKU, U HeTTO oOpallaeTcs
B HOJb POBHO TOTHA, KOTHA OTMETKa paBHA cpemHeMy. MemgwaHa OEUT IIOMOJIaM STYEWKH, a He
KyOoMeTprl, u OajlaHC IIPU HEeW He cXomuTcs. [[o3ToMy AeMo cpaly maéT collediuuics OajaHC, a
CIOBUT OTMETKY B OOIIOJIHUTENILHEIX ITapaMeTpax YBOOUT ero B IIPMBO3HOM UJIM BEIBO3HOU I'PYHT: BCE
TpU BepOukTa 2.18 mpoBepsA0TCa B OBa IIPOTOHA.

BMmecTte ¢ penbedoM BBIIAIOTCS TPU AEMO-TOYKM CTBOPOB M [BE HEMO-TPACCH KaHaB: HaropHas
KaHaBa BHIIIIE CAMOTO CHJIPHOTO TallbBeTra ¥ KIOBET HHXKe II0 CKJIOHY, 00e JIOMaHBIe C H3JIOMOM,
yTOOBI TPOBEPSIIaCh M PaCTepH3aIlys TPACChH C MOBOPOTOM. OHM CTaBSATCS Y CaMBIX CHUJIbHBIX
TaJbBETOB, PAa3HECEHHLIX MO I'PUAY, ¥ HAPOYHO COBUTAIOTCS Ha HECKOIBKO SYEeK B CTOPOHY OT
BOIOTOKA: TaK BUAHO, KaK MPUTSAKKA B UHCTPyMeHTe 2.15 Bo3BpalaeT CTBOP Ha BOAOTOK. Touku
OeTePMHUHUPOBAHLI TEM K€ 3€PHOM, UTO U pejibed.

OBpaxkHO-0a/I0YHAsI CEeTh

®nmaxoxk OBpaxKHO-0a/IoUHasi CeTh Bpe3aeT B pejbed TaabBerdn C KPYTHIMU OopTaMu u
OTBEPIIKAMM, BXOAAIIUMU ITIOL OCTPHIM yIJIOM. Bpe3 yrmy0msieTcss BHM3 IO TEYEHWIO, KaK y
HaCTOSILIIET0 OBpara: BepIInHa MeJiKasi, YCThbe TIyOoKoe.

Hy>keH 3TOT pexuM [Jjid MPOBEPOUYHBEIX HAOOPOB. Y3KUM Bpe3 MeXKAY COCEOHMMHU I'OPU30HTAISIMU
9TO CcaMOe TSKEJIoe MeCTO IS JII000M UHTEePIIONAIMU: FOPU30HTAIKM ero IIOYTH He OIUCHBAIOT,
¥ II0BEPXHOCTh, IIOCTPOEHHAas 110 HUM, cpe3aeT oBpar. Ha npodune nomepeék 3To BUOHO cpasy, a
MHCTPYMEeHTH 2.11 u 2.12 garoT 3TOMYy 4YHCIIO.

Kypma noxurcsa neMo

Ecnu oxBaT He 3afaH, OeMO JIOKUTCS K CJIOSM ITPOEKTa: X OOIIUI OXBAT MPUBOAUTCS K BRIOPAHHOM
cucTeMe KoopmmHAT u OepéTcs 3a MecTO yKiIagKu. B mycToM mpoekTe meBaTbCAd HEKyHOa, U OeMO
CO3MaéTCcs B YCIIOBHOM MeECTe, OJTHOM U TOM K€, YTOOBI TPHMepPHl PYKOBOICTBA BOCITPOU3BOMUIIHUCE.
B MecTHOU cucTeMe KOOPOWHAT, HAalpuMep PYTHUYHOM, YCIIOBHOE MECTO OKa3hIBAeTCS HAIEKO OT
paboumx maHHBIX, TTO9TOMY B MyCTOM MPOEKTe 3aAaBaiiTe mapameTp Kyaa momaoKuThL (0XBaT):
penbed JIAKET TyHOa, @ pa3Mep rpuaa MOCYUTAETCS OT OXBaTa M pa3Mepa sSUYelKu.

2. Tonorpadusi: TMarHOCTHKa U MpaBKa

2.11 Pa3genuTh TOPHU3O0HTAJIHN OJISI IPOBEPKHU

HHCTPYMEHT OenuT HaOop ropu30HTasel Ha OBa: IO OMHOMY CTPOSIT pefibed, 1o BTOPOMY IIPOBEPSIOT
pe3ynbTaT. HyKeH oH 3aTeM, YTOOHI ITOTYYUTD MUGPY, KOTOPYIO MOXKHO HPEIbSIBUTD.

3adyeM pa3aeasaTh

Co6a3H IIPOBEPUTL pebed IMPOCT: B3ATh MCXOMHBIE TOPHU3OHTAIM, CHSITH C IIOCTpoeHHou LIMP
3HA4YeHUd B UX TOYKaAX U IIOCHUTATH HEBA3KY. ]_[H(bpa BbIﬁHeT X0opoI1Iada, HO OHa u3MepdaeT He TO,
YTO KaXKeTC4d. I/IHTepHOHHTOp 9TU TOYKWU BUOEJI, OHU OBLIU BXOOHBEIMUW OaHHBIMHU, U BOCIIPDOUM3BECTHU
WX OH ITOYTH 00sI3aH. DTO IPOBEPKA BOCHPOU3BENEHUSI BXOHa, @ He TOYHOCTH IIpPedCcCKa3aHusl.

HacTosmias IIPOBEPKa Tpe6yeT OAaHHBIX, KOTOPHBIX MOOEJIb HEe BHIOEJIa. HUx u CO3JIaéT 3TOT
WHCTPYMEHT.
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Hoquy aeJImM II10 OTMEeTKaM, a He 110 00BEeKTaM

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

Kpaiiaue oTMeTKH Habopa BCerma OCTAlOTCs B ITIOCTPOEHHUU. 3a ImpemenaMu Habopa MHTEPIIOISTOP
9KCTPAIlONUPYET, M HEBSI3KA TaM u3Mepsiiia Obl He TO, pafiy Yero IIpoBEPKa 3aTeBaslack.
YT0 Ha BBIXOOE

IIBa ciosi, TOpU30HTAIH O/IsI IOCTPOEHHUsI 11 T OpHU30HTAaIH IJisi mpoBepKH. O6a IoIy4aloT IoJie
hold: 0 omnsa moctpoenus, 1 mnsa npoBepku. MucTpyMeHT HeBsi3Ka ropu3oHTaien nporus IIMP
9TO I10JIe Y3HAET caM U IledaTaeT aBe UUQPHI OTHENIHHO, II09TOMY IIPOIlle II0JaTh eMy 00be JUHEHHBIN
Habop, YeM CUYUTATh OBAXKIIHI.

PaGounii MOPsATOK

Paspenuts ropusonTtanu. [loctpouth penbed 1o HaGOPy [Ojig IMIOCTPOEHWS, HapUMep uepe3
Topo2Raster. Vi3aMmepuTh HEBA3KY 0 o6ouM Habopam cpaly. CpaBHUTE Be HUQPHL.

ITapaMeTpsI

[TapameTp

YTo 3amaeT

[To ymonm4aHuio / COBET

TopuzoHTanu (JINHUM)
ITone oTmMeTKu

Hcxonmubeii HaGop.
YucioBoe 1moJjie BEICOTHI
TOPU30HTAaIH.

OTkiagbiBaTh Kaxmayio N-1o [ITar mpopezKuBaHU 110 4

OTMETKY YPOBHSIM. 4 03HAYaeT, 4TO B
ITPOBEPKY YXOOUT IIPUMEPHO
YeTBEPTh.

Cposur Brioopa (Jlor.) CmMme1taeT BLIOOD YPOBHEH, 0

YTOOBI IIPOTHATHh IIPOBEPKY II0
PA3HBEIM IIOOMHOZKECTBAM.

2.12 HeBsi3Ka ropu3oHTasied nportus IIMP

HHCTpYyMEHT M3MepseT, HAaCKOJIbKO IIOCTpoeHHas LIMP BOCIIpOM3BOOUT KMCXOOHBEIE TOPU30HTAJIH.
B ToukKax BHOOIbL TOPUIOHTaIW OEpPETCS 3HAUEHHEe pacTpa W CPAaBHUBAETCS C OTMETKOM CcaMOu
ropu3oHTanu. HeBs3Ka monoxuTtenbHa TaMm, rae LIMP nexxXuT HuKe TOPU30HTaIN.

Kakue 4yHc/ia BbITAIOTCHA

CpelHee 3TO cMellleHUe: HEHyJIeBoe O3HauaeT, YTO IIOBEPXHOCTHL B IIEJIOM CIBUHYTa II0 BEICOTE.
CKO u RMSE »sTo pa3bpoc. Meguana MOAyJisg yCTOMYMBA K eOUHUYHLIM BHIOpOCaAM, MaKCUMyM
ITOKA3kIBAET XyHILIee MECTO Ha IJIOMIAIH.

OTmenbHO CYUTAETCS OO/ TOYEK, IPOMaxXHyBIINXCs OOJIbIle YeM Ha IIOJIOBUHY CedeHUs peibeda.
9TO HmpakTU4YecKas BeJMUYMHA: eC/Ii OHa 3aMeTHa, 'OPU30HTa/lb, IIPOBeOdEHHas II0 Takou LIMP,
BCTaAHET He TaM, rae Oblyla UCXOMHasl, ¥ KapTa IIepecTaHeT COBIIamaTh caMa C COOOM.

Ceuenue penbeda UHCTPYMEHT OIIpedessieT Mo Habopy OTMETOK caM, KaK HauMEHbIIIYI0 Pa3HOCTh
MeXOy COCEeTHHMM YypOBHsMH. Eciu HaGop coOpaH W3 pas3HBIX MCTOYHHUKOB, 3aJaliTe CEYeHHe
BPYYHYIO.
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IBe uudpsl BMECTO OTHOH

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

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

OTtuér

HTML-oTuéT comepKuT TabnmuIly 4Yucen mo HabopaM, THCTOrpaMMy HEBSI30K C OTMEYEeHHBIMHU
TPaHUIlAMU B TIOJIOBHHY CEeYeHUs, Pa3bpoc cpegHel HEBSI3KM II0 OTMETKaM M KOPOTKUM pa3bop:
€CTb JIV CUCTEMATUYECKOE CMeIlleHNe, BEJIUK JTU Pa30poCc OTHOCUTEIbHO CEYEHU s, 3aMeTHA JIN A0JIS
IIPOMax0B, eCTh I Pa3pPhiB MeXKAy BOCIIPOU3BEIEHUEM U IIPEACKa3aHUEM.

Pa36poc mmo oTMeTKaM CTOMT CMOTPETh BHMMAaTelbHO. Eciu HeBsi3Ka pacTET K BepIIMHAM WA K
TajJbBeraM, 9TO TOBOPUT O Cpe3aHuu (GOopM, a He O CIIy4alHOM IIIyMe.

CJ/10M TO4Y4EeK

Brimaé€Tcsi TOUeUHBIN CJIoM HEeBsi30K ¢ mojsiMu: fid_src (0O0BEKT MCXOOHOM TOpPM30HTau), elev
(otmetka), z_dem (3HaueHue LIMP), resid u abs_resid, hold. PackpackTte ero mo resid
pacxonﬂmeﬁcsi ]HK&HOﬁ - 1 MeCTa, rge IIOBEePXHOCTh CHUCTEMATHU4YECKH YXOOUT BHUH3 HUJIN BBEPX,
BUOHBI Cpa3y, 6€3 BCSIKOM CTaTUCTHUKMU.

ITapamMmeTpsbI

[TapameTp Yrto 3amaér ITo ymomuyauuro / coBeT

Cro# c otmeTKaMu. 'ogurcs -
00beIMHEHHBIN Habop C IoJjieM
hold.

YucIoBOe MOoJie BEICOTHI. -

TopuzoHTanu (JIMHUM)

Ilone oTmMeTKH

LIMP (mmocTpoeHHEI! penbed)

PacTp, KOTOpEBIU IIPOBEPSIEM.

Kaman IIMP (Jor.) Kanan pacTtpa. 1
[ITar onpo6oBaHMS BOOJIb 0 - TONIBKO BepIINHEL. Bosblie 0
TOPU30HTAITH Hy7s1 oOaBIIsIeT TOYKU Ha
OJIMHHBIX TPSIMBIX y4acTKaX.
Bri6opka pactpa (Hoir.) BunuHerHo uiu OJIUKAUIINHA. OHUIIMHENHO
s rmagkKoy MOBEPXHOCTH
TOuHee OMJIMHEHHO.
Ceuenue penbeda ([To.) 0 - orpeesuTh IO OTMETKAaM. 0
ToukHu HEBSI30K BrIXOOHOM TOYEUHEIN CJIOH. co3maéTcs
OTuéerT o HeBsI3Kax (HTML) Tabmnuia, rucTorpaMma, co3maeTcsa

pazbop.

2.13 IuarsocTtuka reppacunra IIMP

WHCTPYMEHT HIIIET TEPPACHUHT: XapaKTepHYI0 00Jie3Hb pejibeda, IOCTPOEHHOTO 10 TOPU30HTAJISIM.
CKJIOH MOET CTYIEHSIMH, BO3JIe YPOBHS TOPU30HTAIN TI0JIKa, MEXKAY YPOBHSIMU pe3kui copoc. Ha
OTMBIBKE 3TO BHITJTISOUT KaK CBameOHEBIN TOPT, Ha IPoduile KaK JeceHKa. YKIOHKE B TAKOM pefbede
HEBEPHEHI, @ PaCYETH CTOKA TI0 HEMY PBYTCH.
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IBa He3aBHCHMBIX IIPA3HaAKa

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

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

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

[IBa mpu3HaKa CTOUT CMOTPETh BMecTe. KpuBu3Ha ybenuTenbHa BU3yallbHO, HO €€ BCIIECKH OBIBAIOT
U OT HacTosmux popm penbeda, Hampumep 0T OPOBOK. [IpUTAKEHNE K YPOBHSIM [aE€T YHUCIIO, HO HE
IMOKa3hBaeT, I'Ime UMeHHO HapylleHue. BMecTe OHU O0TBeYaroT U Ha BOIIPOC «EeCThb JIN», ¥ Ha BOIIPOC
«roge».

Ceuenue penbeda

UHCTPpYyMEHT cuuTaeT a3y OTMETKH BHYTPHU CEUEHUS, TIO3TOMY CedueHue eMmy Heobxomumo. Ero
MOXKHO 3ajaTh BPYYHYIO WJIU IOJATH CJIOM TOPU30OHTAleHN: Torma 0epyTcs u cedeHue, u 6as3oBas
OTMeTKa OT peasibHOro Habopa. BTopoii nyThk HaméXkKHee, eCNIM OTMETKY He HAYWHAIOTCS OT KPYTJIOr0o
YHCIIa.

IInocKkue y4aCTKH B CUET He UOYT

f9elKyU C OKOJIOHYJIEBLIM YKJIOHOM UCKITIOHAIOTCS U3 MHIEKCa IPUTSIKeHus. [Topor 3agaércs mosen
CedYeHUs: TueliKa He YYUTHIBAETCS, €CJIU Ilepemna BHICOT Ha Hell MeHbllle COTON No/Iu cedeHus. ITpu
ceueruu 0.5 M 3T0 5 MM Ha sideliky. [lapameTp He y4HThIBaTh si4€HKH C IepenagoM MeHbIIe,
OOJISI CEYE€HMUsI JIEKUT B JOMOJTHUTEJIBHLIX, HOIb €T0 OTK/II0YAEeT.

Be3 aToro orceBa MHOEKC HCKaxKaeTcsd Ha 000U peanbHOM MaTpuile ¢ BomoémoM. OTMeTKH
BOOHOU T'JIag¥ CTOST Ha OOHOM MeCTe U BCe IIoIafmaloT B OOHY a3y BHYTPU CeUeHUs, U3-3a 4ero
pacmpepesnenue MepeKalinBaeTCs, a UHOEKC ye3:KaeT BHU3 U MOKA3bIBaeT JI0XKHOe O1aromoinydue.
Ha maTpulie, rae BomoxpaHUIUIle 3aHUMano 44.5 npolleHTa ILIolagyu, UHAeKC 6e3 oTceBa maBan
0.50 BmecTo 0.97, a mo ogHou cyie Berxoguiao 1.00.

Homns UCKIIIOUEHHHIX sSTYeeK IledaTaeTcs B KYPHAQaIl U II0IIaJaeT B OTYET. ITO BaXKHO BUMETh: €CIIH
UHCTPYMEHT BbI6pOCI/IJ'[ IIOJIOBUHY IIJIOIIAaAX, BBl OOJI2KHBI 3HAThb 00 9TOM, a H€é HCKAThb NMPUYNHY
U3MEHEHUsS Pe3yJibTaTa CaMOCTOATEJIBHO.

OTuéTr

HTML-oTuéT comepXuT TabIuIy Yucenl U THUCTOrpaMMy ¢a3hl, TO €CThb paclpenesieHrue OTMETOK
BHYTpU ceueHUsi. POBHas rucrtorpaMMa O3HauvaeT, 4YTO TeppacuHra HetT. [IuK B HyJie 03HA4aeT, YTO
OTMETKHU COOMPAIOTCsI Y YPOBHEH, 1 ITIOBEPXHOCTD CTyIIeHYaTas.

YeM JI€eUYUTH

TeppacHUHT JIEUUTCS CTPYKTYPHBIMU JIMHUSIMH (TanbBeru, OPOBKH, BOOOPA3MEbl) U YIIIIOTHEHHEM
WCXOOHBIX HAHHBIX, a He criaxwuBaHueMm. CriaxkuBaHHE YyOEepET CTyIeHu BMecTe C ¢GopMaMu
penbeda, u 1MUGPH CTAHYT JyYIlle TPKU TOM, YTO KapTa CTaHeT XyXKe.
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ITapaMeTpsbI

[TapameTp Yrto 3amaérT ITo ymonmgaHuio / COBET
IIMP (mpoBepsieMblil penbed) PacTp, KOTOpEBIY IPOBEPSEM. -
Kanan LIMP ([To.) Kanan pacTtpa. 1
Ceuenune penbeda 0 - B34TH U3 C/10s 0
TOPU30HTAJIEN.
l'opusonTanmu gnsa Heo6si3aTenbHBIN CIIOH, U3 -
onpeneeHus CeUeHn Hero 6epyTCs ceueHune u
0a3oBas OTMeETKaA.
[Tonme oTMeTKU TOPU30HTAJIEN YucnoBoe 1ojie BBICOTHL. -
bazoBasg oTMeTKa ypOBHEU OTCuY€T ypOBHEH, eciu 0
(Oom.) cedeHUe 3aJaHO BPYYHYIO.
[TonymuprHa I10JI0CH BOKPYT Ions ceyenus. Oxupgaemast 0.1
ypoBHA ([Tom.) IOJI paBHA YOBOEHHOMY
3Ha4YEeHUIO.
BepTukanbHasi KpUBU3HA BrIxomHOM pacTp. co3maéTcs
OTtuéTt o Teppacuure (HTML) Tab6muia, TucTorpaMmMa ¢assl, co3maéTcs

pazbop.

2.14 CHsiTHe cTyneHeH (CrilakuBaHHE C OTPaHHYEHHEM)

HWHCTPYMEHT JIEUUT TePPACHUHT: yOUpPaeT CTYIIeHU CO CKJIOHOB, He COBUTAs CaMU TOPU30HTAJIH.

Kak 3TO BO3MOXKHO

HOBerHOCTb CrilazKMBaeTCsaA HUTepPaTHuBHO, HO KaXXgol TO4YKe 3allpemeHo yXOOUuThb OT HMCXOOHOTIO
3HAYeHUs Oasbllie 3alaHHON JOIu ceueHus. [1o YMOJIYaHHUIO 3TO IIOJIOBMHA CE€4YE€HUud, TO €CTh POBHO
omnOKa KBAHTOBAHMSI: IIOBEPXHOCTH, IIOCTPOEHHAA IIO0O I'OPHU3OHTAJIAM C IIaroM Ce4YeHHUud, U Tak
N3BE€CTHaA HE TO4YHEe.

OTcroma gBa CBOMCTBA, pagu KOTOPHIX BCE U AelaeTcs. MeToI He MOXKeT BEIAyMaTh (pOPMBI TOHBIIIE,
YyeM IT03BOJIIeT UCXOHOEe CeYeHune, ITI0TOMY YTO pa3Max MPaBKHU OTpaHUYeH CBepxy. U OH He MOXeT
TTEPEKUHYTH TOUKY Yepe3 TOPU30HTAaJh, TaK KaK COBUT MEHbIIIE TTOTOBUHEHI IIaTa MEXKAY YPOBHSIMH.

Ha sTamoHHOM cTymneH4YaToM penbede MHIOEKC NpUTsIKeHUs mamaeT ¢ 5.00 go 1.13, a cpemHsas
omrbKa MPOTUB UCTUHHOM MoBepxXHOoCcTH ¢ 1.25 M mo 0.12 M.

JleueHHe caMoOIIpoOBepsieMoe

UHOekc mpUTSKeHUs K YPOBHAM CYHTAETCS A0 M IIOCJIe IpaBKH, 00e IUGPH YXOOAT B XKypHAI
BMeCTe C HaubonbmmM QakKTUIeCKUM COBUTOM ITOBEPXHOCTH. EC/IM mmoce nedyeHuss MHAEKC OCTaJICs
BBIIIIE OBOMKM, MHCTPYMEHT IPSIMO TOBOPUT, YTO CTYIIEHU HE YIIIJIU, U COBETYeT M0O0aBUTh UTEepaluii
WJIU TIPOBEPUTH CeUeHUe.

Otuét HTML copmepzKuT TabIHUIly YHUCEJI 00 U II0CJIe, IBe TUCTOrpaMMEl a3kl psooM U pa3bop. ITo
TOTOBBIM OKYMEHT [JIsI 3aKa34YMKa UIX PelieH3eHTa: BUOHO, YTO OBIIIO, YTO CTAJ0 U KaKOH IIEHOH.
Yero HHCTPYMEHT He JejiaeT

OH He BO3BpalllaeT TOTO, Yero B MaHHBIX HeT. Ecinu y3Kuil Bpes3 cpe3aH IIpU IIOCTPOeHUuu peibeda,
CTa’kMBaHWE €Tr0 He BOCCTAHOBUT: MPaBKa OrpaHWYEHa ITOJIOBUHOM CedYeHUs, a Bpe3 riuyoxe. Ha
BOIOHOM I'Tafy OH TOXe He ITOMOXKET, TaM Hy>KHa MacKa, a He CrilaKUBaHUe.
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ITapaMeTpsbI

[TapameTp Yrto 3amaérT ITo ymonmgaHuio / COBET
LIMP co cTtyneHsMu [TpoBepsieMbIlN pacTp. -
Kanan LIMP ([To.) Kanan pacTtpa. 1
Ceuenune penbeda 0 - B34TH U3 C/10s 0
TOPU30HTAJIEN.
l'opusonTanmu gnsa Heo6si3aTenbHBIN CIIOH, U3 -
orpenesieHusI CEYeHU s Hero OepéTcs mar.
[Tome oTMEeTKY TOPU30HTaJeHn YucnoBoe 1oJie BBICOTHI. -
HUTepanuuii crnaxxuBaHus Boselie 3HQUuUT riaxe. 50
[TormcoTHM XBaTaeT MOYTHU
BCerga.
JOmyCTUMEIN COBUT, NOJA Honsp 3anpeinaet npaBky 0.5
ceueHus (Jorm.) BOBCeE.
Penved 6e3 ctynenei BrrxopmHoi# pactp. co3maéeTrcs
OTtuéTt mo u nmocie (HTML) Tabmnuila, THCTOTPAMMEI, CO3TaeTcs

pasodop.

2. Tonmorpadus (mpogoakeHHE)

2.15 OTYéT Mo CTBOPY

WracTpyMeHT cuntaeT MophoMeTpUio Bogoc6opa OT CTBOPA - TOYKM 3aMEIKaHUS Ha BOJLOTOKE. DTO
KJlacCU4YecKas 3ajlada WHXKEHEPHOW THAPOJIOTUM M U3BICKAHWM: XapaKTepuCTUKu OaccedHa OT
3amaHHoOM Touku. MHCTPpyMeHTH 2.05 - 2.07 galoT CTOK, PEUYHYIO CeTh U 0AaCCEWHEI 10 TEPPUTOPUHU B
esaoM, a 2.15 oTBedaeT Ha BOIIPOC ITPO KOHKPETHHIA CTBOD.

Kak 3T0 padoTaer

Kaxkpgasa Touka CTBOpa NPUTATHBAETCS K sAdeliKe C HauOOJBIIEW aKKyMyJsIlned B pamuyce
MIPUTSAXKKY, IIO3TOMY CTBOP MOXKHO CTaBUTh Ha I'Jla3 PSIOM C TaJbBETOM, a He IlollafiaTh B TUYEUKY
BOOTOKA MBIIIEI0. OT MPUTSIHYTOH STYEHKU COOMPAETCs IOJHBEIM BOmOCOOp, IO HEMY CUMTAETCS
30Ha/JIbHAsA CTAaTUCTHUKA, a I'JIaBHEIM BOOOTOK TPACCUPYETCS BBEPX II0 PEILIETKE: U3 KaXkKION S4eUKUu
IIar B cocefia ¢ HauOObIlled aKKyMYJISAINeH, M0 si9eKy 6e3 IPUTOKOB.

BopmocOopEl coceqHUX CTBOPOB Ha OJHOM BOLNOTOKE BKJIAIBIBAIOTCA APYT B OpyTra: KaXKOBIM CTBOP
MMOTy4YaeT CBOM ITOJIHBIM GacCcelH, a He OCTATOK IIOCIIe BHIIIenexkalero. 9to oraudaeT 2.15 ot 2.07,
TIe TEPPUTOPHUS OEIUTCS Ha HellepeceKalomuecs 0aCCelHbI.

Y10 cuHuTaercs

ITokazaTensb ITone EnvauIe
[Tnomans 6accerina area_ km2  gm?
CpenHsst BHICOTA Z mean M
MuHMManrpHas BEICOTaA Z min M
MakcuMasibHasi BLICOTa Z 1max M
Cpenuwnii ykioH Oacceiina slope deg  rpagycel (Horn 3x3)
OTMeTKa CTBOpa Z _gauge M

[InuHa rmaBHOTO BomoTOKa stream km kM
[TageHMEe BOOOTOKA fall m M
Cpenuuii yKIIOH BOOOTOKa slope ppm  mpomwuiiie
Aygeex B 6accelriHe cells IIT.
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BenuuuHa, KOTOPYIO IIOCYUTATh HEe U3 4YEro, IMUIIEeTCAd IIYCThIM 3Ha4Y€HHeM, a He HynéM: HOJIb 3TO

n3MepeHue, IIyCcTto 3TO ero OTCyTCTBHUeE.

ITapamMmeTpsl

[TapameTp

YTto 3amaéeT

[To ymomrgyaHuIO / COBET

Bxomxas LIMP

To4ku CTBOPOB

Penved B MeTpax B
meTpudeckou CK.
To4yeuHEBIN CJIOU, II0 TOYKE Ha

CTBOP.

Papguyc nputsaxku, M (go1.) OKHO nIoMCKa MakKCUMaJIbHOU 150
AKKYMYISIITUH.

3aIl0IHUTL MOHUKEHMUSI [TogroToBKa penbeda nepen BKII.
pacyéToM CTOKa.

Epsilon yknona, M (gom.) HakoH 3achIIIKYA IPHU Kak B 2.04
3aIl0JTHEHUH.

Bomoc6opkl CTBOPOB [Tonmurous! ¢ aTpudyTamMu Mo co3maéTcs

(TTONTUTOHBI) Tabuile BHIIIIE.

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

KmtoueBnie M@ pHI 110 KaXKI0MYy CTBOPY AyOIUPYIOTCS B XKypHAaI Processing AByMs CTpOKaMu, YTOO®
pe3ynbTaT YyuTancsa 6e3 OTKPHITUSA TabIuILl aTpuOyTOB.

BpIcTpasi mpoBepKa Ha IeMO

3anyctute 2.10 demo-penbed: KpoMe pacTpa OH BHIZACT cjioli TOYKH CTBOPOB (AeMo) - Tpu
TOYKH Yy TalbBeroB, COBUHYTHIE B CTOPOHY OT BOOOTOKa. IlomaiiTe pembed u 3T TOuKu B 2.15 C
paguycoM IMPUTSIKKU II0 yMOT4YaHWIo. [IOTUTOHEL JISTYT II0 BOZOpa3desiaM, a B OTYETE Y CTBOPOB
OOHOTO BOAOTOKA COBIIAMET MafeHue u OyOeT pacTH YKJIOH BBEPX IO TEYEHUIO.

I'paHUIIBI IPUMEHUMOCTH

HNHCcTpyMeHT cuuTaeT MopdoMeTpuio OaccerHa U TOJIBKO €€. PacxXomrl, MOOy/IHU CTOKAa, TUAPaBIUKa
U CHeroTtasiHMe CO3HATEJIhHO He BXOOAT B 3aJauy: 9TO pacuéTHas THUOPOJIOTHUS 10 HOpPMaTHUBaM,
oTOoenbHas TeMa. EguwHunel npepnomnaratoTcss Merpudeckumu, [IMP B MeTpax B MeTpUYeCKOU
cucTeMe KOOpOMHAT.

Bopmoc6opsl cTposATCs 1O Tomojioruu penbeda. Ha Teppuropusax 06e3 YETKHUX T'PDAHUI] CTOKA -
IJIOCKUX TTOMMaX, TP THOPABIMYECKUX ITEePeToKax M IOAMOopax - Pe3yabTaT CIIeayeT IPOBepsTh
TUOPOOUHAMHUYECKHUM MOOETUPOBAHNEM.

2.16 Bogocoop. /IuHUH U KOHTYPHI (KaHaBbI, KapbepPhbI)

NHCTPYMEHT CYMTAET MJIOIIaab BomocOopa MpUEMHMKA: HaropHOM KaHaBHI, JIOTKA, KIOBETA JOPOTH
WM KOHTypa Kaphbepa. Bompoc cTaBUTCS TaK: KaKylO MJIOIIadb IIePeXBaThIBAET IMMPUEMHUK, €CIIHU
camoro npuéMuuka Ha [IMP e1é Her.

Kaxk 3To pab6oTaert

BpezaTs Tpaccy B penbed Os 3TOTo He HyKHO. Tpacca pacTepudyeTcs B s4elKH Ipufia, BCe OHU
6epyTcs IpUEMHUKAMU, ¥ BOHOCcO0Op coOMpaeTcs: KaK MHOXKECTBO SYeeK, YeH IMyTh CTOKA MIPUXOIUT
B M00yI0 STYEWKYy Tpacchl. Tpacca MozKeT OBITH JTOMaHOM, MOXKET IlepeceKaTh BOOOpa3mes, MOXKeT
BEIXOOUTH 3a paMKy LIMP - Hapy>KHas 4acTb IPOCTO HE y4aCTBYET.
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PacTtepuzanusi MUOET C IIaroM IIOTbSIYEHKH, MO3TOMY Ha M3JIOMax M OUAroHalsX TPacChl HET
ITPOITYCKOB, Yepe3 KOTOPHIE BOfa «IIPOTeKasia» Obl MUMO TPUEMHUKA.

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

KOHTyp BMEeCTO IHHHHA

Bxomom IIPUHUMAIOTCA U JINMHWUHW, Y TIOJIUTOHHI. IlonuroH cuurtaerca HpI/IéMHI/IKOM OeJINKOM: 1 KOHTYD,
U BCs IIJIOIIAOdb BHYTPH.

,]:[J'IH Kapbkepa 3TO IPHHIMUIINAJIBHO. BHYTpI/I OH [OeIIpeccud, IIoCJie 3allOJIHEHUA TIIOHUXKEHUH
HaIlpaBJIEHWsA CTOKaA TaM CTaHOBATCSA YCJIIOBHBIMU - IIOPAO0K 06x011a TIJIOCKOM 3aJIUTOH IIOBEPXHOCTHU
Ha3Ha4yaeT MX IMPOM3BOJILHO. ECIy MPUEMHMKOM B3STh TOJIBKO JIHHHIO 6OPTA, YaCTh BHYTPEHHHUX
sIYEEK «CTeYET» MUMO Heé [0 STUM YCJIOBHLIM HAIlPABIEHUSIM M YTAIIUT 3a coGoi BHelnHue. Omopa
Ha BCIO BHYTPEHHOCTb CHMMAET BOMPOC: YTO OBl HHU TBOPHJIOCH C HANPABIIEHUSIMU B sIMe, BCS €€
IIJI0IIaab y2Ke B BomocOope, a CHapy:KU Bofla TPACCUPYETCS II0 pPeaibHOMY penbedy.

BHyTpeHHUE KOJIbIla TOJINTOHA BXOOST B MPUEMHUK HapaBHE C OCTAJbHOM TIIOIAAbLI0 - BHEITHETO
penpeda BHYTPH KOHTypa HeT. MyJnbTUIONUTOH obOpabaTweiBaeTcst mo dacTsMm. OGBOOuUTH GOpPT
TMUHUEH 60JIbIlle He HY2KHO, II0JaETCS TOTOBHLIM KOHTYP.

Bpe3ka Tpaccel

OtmenbHas rajodka Bpe3aTrs Tpaccy B peibed oTBeuaeT Ha APYToM BOMPOC: YOEePKUT JIM KaHaBa
IIOTOK, €CJIM OHa MeJjibie MeCTHHIX ¢opM penbeda. Bpe3ka omyckaeT pesibed BOOIb TPacChH Ha
3aflaHHYI0 TTyOWHY, W OaJIbIlle CTOK CYUTAETCS YXKe 110 UBMEHEHHOMY peibedy.

Bpe3ka MeHSeT THOPOJIOTHI0 HAaMEPEeHHO, II03TOMY II0 YMOJIYAHHUIO BHIK/IIOYEHA, a pPe3yabTaT
3aBHUCHUT OT 3aJaHHOU TiIyOuMHBI. ®aKT BpPe3KH M TJIyOMHA IedYaTaloTCs B XKypHal ¥ IIOMafaioT B
HTML-oT4éT, 4TOOH! IT(PYy HENNb35 ObIJIO MPUHSATH 3a PACYET II0 UCXOOHOMY peibedy.

YT0 cuMTaeTcs

ITapaMmeTpsI

[Toka3zaTtenb ITomne Epuaune

IInomans Bogocbopa area_km2 kM2

CpepHss BBICOTA Z mean M

MunuManbHas BEICOTA Z min M

MakcuManbsHas BEICOTA Z max M

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

[Inomane NprEMHUKA seed km2 kM2

fgyeek nmpuéMHUKA trace cells 1T.

fgeek B BomocbHope cells IIIT.

[TapameTp

YTo 3amaéeT

[To ymMom4aHuio / COBET

BxomHas IIMP
Tpaccsl U KOHTYPEL

Bce 06BbeKTH KaK OIUH

BOHgOCOOp

Penved B MeTpax B
MmeTpudeckoi CK.

JIMHUY UIU IIOJIUTOHEI, IO

00BEKTY HAa TPUEMHUK.

OTOEeJIbHBIX.

O6uu#t Bomoc6op BMECTO
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Bpe3aTs Tpaccy B penbed [IpoBepka ymepKaHUA II0TOKA.  BBIKIL.

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

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

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

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

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

BbicTpasi npoBepKa Ha IeMO

2.10 Temo-penbed BhOaeT cioii Tpacchl KaHaB (OeMO0): HarOPHYIO KaHaBYy BHIIIE CUJILHOTO
TajJbBera M KIOBeT HHUXKe I10 CKJIIOHY, 00e moMaHble ¢ u3jioMoM. [TogatiTe penbed u 3TOT cioii B 2.16.
Bopoc60op momKeH jieub BHIIIE TPACC O CTOKY M VIIEPETHhCS B BOJOPA3IENTH, a HE B PaMKy I'pPHUAA.

I'paHUIIBI IPUMEHUMOCTH

I/IHCTPYMGHT OTBE€4YaeT Ha BOIIPOC O IIJIoIlagu, a He O pPacxopne. Pacxoper, MOaOyinIu CTOKa Hu
IIPOITyCKHAasA CIIOCOOHOCTHL KaHaBHI - paC‘-IéTHaH TUOPOJIOTHUA 110 HOPMaTHBaM, U B 3aJa4y HE BXOOAT.
EouHuie IIpenrojiaraloTCia METPUYECKUMMU.

Bomoc6Gopel CTPOSITCS MO Tomojioruu penbeda. Ha TeppuTopusx 6e3 YETKHUX T'PAHUI] CTOKA -
IJIOCKUX ITOMMaxX, IPHW THAPABIMYECKUX IIEPETOKax U MOAIOpax - Pe3yJbTaT CJIEAYeT IPOBEPSATH
TUOPONHHAMHYECKHM MOLOEIMPOBAHUEM.

2.18 HaceInu 1 BbieMKH (00BbE€MbBI padoT)

I/IHCTPYMGHT CUHTAET OOBEMBI 3€MIITHBIX pa60T MeXIOy OBYyMs ITOBEPXHOCTAMHU: YTO HACBKBIIIAHO,
YTO CHSTO U CXOOUTCH nu Oanauc. OH HY2XKE€H Be3[e, raoe eCTb ChbEMKaA 10 U IIOCJIe WU IIPOEKTHasA
IMIOBEPXHOCTh: IIJIOIaAKa IIOoO IIJIAaHWPOBKY, OTBAJI, KAapPbep, 3auJIeHue IIpylda, OoCeldaHusd 3eMHOM
IIOBEPXHOCTH.

dopMyna OpocTa 00 HENPUIUYMSA: PAa3HOCTh OTMETOK II0 siueilikaM, YMHOXKeHHAasl Ha IIoLlagb
sTYerKy. BCcs CII02KHOCTD MEeXXKUT He B HEHM, a BOKPYT He€, 1 00 3TOM OCTalIbHEIE Pa3delIh.

3HaK U MOBEPXHOCTh CPAaBHEHHSI

Pa3HoCTh cumTaeTcs «crajio MUHYC Obu1o». IlonozkuTenbHAsT PA3HOCTh 3TO HACHIIb, MaTepHal
moGaBneH. OTpullaTenbHas 3TO BhleMKa, MaTtepualn cHAT. B ArcGIS B mHcTpyMenTe Cut/Fill 3mak
o0paTHEBIM, IPU CBEPKe UMD 3TO CTOUT ITIOMHUTh.

I[ToBepxXHOCTL CpaBHEHUS 3afa€TCsI PaCTPOM HUJIU, €CJIU €€ HeT, OMHOM oTMeTKO# uucioM. OTMeTKa
yooOHa [OJisf IUIOIIANKM TOH IUIAHWPOBKY ¥ AJIs HOACYETA OT ype3a BOOHI: MOOABATH PacTp
IIOCTOSIHHOU BBICOTHI PaZlU 3TOTO HE HYXKHO.

I[IpuBeaeHHe K OIHOH CETKe

IIBe MaTpHUILI IIOYTH HUKOT[A HE JIeXXaT Ha OJHOM ceTkKe. XO3SHWHOM CeTKH OepéTcs mepBas
IMOBEPXHOCTDb, BTOPAas IIPUBOAUTCS K Hel OMIMHEWHO. BiaukaWimuil cocen 3[4eCh He TOOUTCS: OH
BO3BpalllaeT CTYIeHU, POBHO Te, UTO JIOBUT QUATHOCTUKA TepPpacuHra. 3a KpaeM JaHHBIX 00BEM He
CUMTAETCs, BEICOTEL HE SKCTPAIOJIUPYIOTCH.

B XypHas mmedaTaloTCs Hadallo CEeTKH, Iar M YUCJIO s4YeeK o0emx MaTpHIl, a TaKxKe OBIIO U
IpuUBeIeHre. ITO He YKpallleHre, a pabouyuii HHCTPYMEHT, CM. CJIENYIOIINN pas3men.
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IMoyeMmy mu@pbI PACXOIsATCs C IPYTHMH IMPOrpaMMaMH

IMouTu HUKOTHA He u3-3a Gopmysnel. BunuHelHOe TpuBeneHne 00BEM COXPAHSIET: Beca OUITUHEHKHN
B CyMMe [aloT eIWHUIly, I0O3TOMY COBUI CETKM caM 10 cefe HMYEero He MeHSeT. DTO 3aKpeIlyIeHO
TECTOM.

PacxoxgeHne OgaéT cocTaB sfueeK: UyTh MHade oOpe3aHHas paMKa, Apyras MackKa, IIojlara Ha
rpaHulle y4actka pa6ot. ITostomy mpu cBepke ¢ Civil, Kpego umu mo6oi gpyroil mporpaMmoit
CHadajla CpaBHUBANTe ONHUCaHWe CEeTKU U3 XKypHajla ¥ YMCJI0 YYTEHHBIX g4YeeK, M TOJIBKO IIOTOM
00BEMEL. B meBATH CclIydasx M3 OeCATH Ha 9TOM pa3bUpaTeIbCTBO M 3aKaHYUBAETCH.

MeépTBasi 30Ha

IIBe IIOBEPXHOCTH, ITOJIYYEHHEIE DAa3HBIMU CHOCO6aMI/I, BCerga InyMsT Ha CAHTHMETPHI. Bes otceuku
BeChb 3TOT (I)OH II0IMagaeT TO B HACHhIIlb, TO B BEIEMKY U 3adBHIIIIAET obe BEJIMYHWHBI, HE MEHAA HETTO.

MépTBas 30Ha 3aAaéTCS B METPaX: AYEHKH, TAe MOAY/Ib PA3HOCTH MEHbIIIE 9TOT0 YKCJIa, CYUTAIOTCS
HEeU3MeHHBIMU. [10 yMOJTYaHUIO OTCEYKHM HET. 3a/laBaliTe €€ 0CO3HAHHO W YKA3kIBalTE B OTUETE: OHA
BXOOUT B BEOOMOCTb OTAEILHOM CTPOKOW MMEHHO [JIs 9TOTO.

YyacTKu u 0aj1aHC

[ToUroHHl y4aCTKOB CYUTAIOTCS OTHEJIbHO, KaXIbIM CO CBOMMU YuciaMu. [Tonne Ha3BaHUSA ydacTKa
MOXKeT OBITh YMCJIOBEHIM UM TEKCTOBEIM. B BegoMocTu IO ydacTKaM €CTh CTPOKAa HTOTa, ¥ OHA
OOJIZKHA CXOOUTHCS C IIANKOM: 39TO IpOCTas W HaleXkHas IIPpOBepKa TOro, 4YTO pacTepu3alnus
Y4aCTKOB He II0Tepsjia U He 3a[BoujIa TYEUKU.

BepaukT mmo 6ayiaHCy CMOTPHUT Ha AOJII0 HETTO B 000POTeE, a He Ha ero Benu4yuHy. CTo KyOOB HEBSI3KHU
IIpu 000POTE B CTO THICSY 9TO OaaHc, a IIPU 000POTE B IBECTH KyOOB 9TO BHIBO3 MOJIOBUHEL. [[OIIYCK
3amaéTcs moel 060poTa, 0 YMOJTYAHUIO MISITh ITPOI[EHTOB.

BbeIxoabl

PacTp pa3HOCTH B MeTpax, MOJIOKUTEIbHOEe 3TO HaCHIIb. Bemomocte HTML ¢ mTorom, pa3éuBKOM
[0 y4acTKaM M omucaHueM ceTku. Co¥ Y4aCTKH ¢ 00BbEéMaMHU: Te JKe IIOJUTOHEI, YTO IToAalu Ha
BXO[I, IJII0OC 00BEMEI B aTpubyTax (fill vol, cut vol, net vol, IIoIIanu, HAaUOOBIINE OTMETKU, YHUCIIO
siYeeK U BepAuKT). BemoMocTh HyKHa OJIS COTrJIaCOBaHUSI, a MOOMNKUCATh YYaCTKH MPSIMO Ha KapTe
MOXKHO TOJIBKO aTpuOyTaMu, ITI0O3TOMY BHIXO OTHEIJIbHBIH.

®axok O0pe3ars pacTp Pa3HOCTH MO yYaCTKaM TacHUT PA3HOCTH 3a KOHTypoM paboT. 3a
KOHTYPOM OHa CKJIQObIBAETCs U3 IIIyMa C"béMKI/I, d PaCTdHYyTad Ha Heé IIBETOBad IIKaJla IMpd4YeT TO,
pamu dero pactp u cMoTpsaT. Ha umncna obpe3ka He BIUSAET: CTaTUCTUKA CUUTAETCS IO HEE, U B
BEIOMOCTH OCTalTCcs ob6a UTora, Mo BCei IUIOMIafu U 10 y4aCTKaM.

JIuHUS HYNIEeBHX PabOT OTHEbHBIM MHCTPYMEHTOM HE CTPOUTCS, M 9TO OCO3HAHHO: 3TO HU30JIUHUS
HYJIS II0 pacTpPy Pas3HOCTH, CTPOoiiTe e€ uHCTpyMeHTOM 1.04 VI301MHHUM U3 pacTpa.

ITapamMmeTpsI
[TapameTp YTto 3amaéT ITo ymonyaHuio / COBET
[ToBEPXHOCTH «CTaI0» [IpoekTHas UMK HOBasg ChbEMKa. oOs3aTeNlbHa
3amaéT CeTKy.
[ToBEpPXHOCTH «OBIJIO» HUcxopuas creMKa. I1ycTo - IyCTO
CpaBHEHHNE C OTMETKOMH.
OTMeTKa CpaBHEHUS, M Pa6oTaeT, Korga pacTpa 0
«OBIIIO» HET.
YuacTtku paboT (IIOIUTOHEI) Pa30uBKa BeQOMOCTH II0 IIyCTO
y4acTKaM.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

[Tone Ha3BaHUA y4acTKa YwucnoBoe uIu TEKCTOBOE. IyCTO

MépTBas 30Ha O BHICOTE, M Otceuka GpoHOBOTO LIyMa. 0

O6pe3aTh PacTp Pa3HOCTH 110 l'acut pa3HOCTH 3a KOHTYPOM. BBIKIJI.

y4acTKaM Ha ugucna He Bnuser.

Yyactku ¢ 06béMaMu [TonMUTroHBI y4aCTKOB C co3maéTcst

(TTONIMTOHBI) o6béMaMu B aTpubyTax.

IOonyck 6amaHca (gor.) IMonst o6opoTa AjIs1 BEPOAUKTA. 0.05

Pactp pa3nocTtu BrixogHOU pacTp, HACHIOb co3maéTcs
MIOJIOXKUTENbHA.

BemomocThs 06p€M0B (HTML) OTYET C UTOTOM M YHACTKaAMHU. co3maéTcs

BbicTpasi npoBepKa Ha IeMO

2.10 [Iemo-penbed BHIIOAET TI'OTOBYIO Iapy: BKIIOUUTe BHIXOOL IIpoeKTHasi IMOBEPXHOCThH
(memo) 1 YuacTKku padoTt (memo). [TomaiiTe IIOMAAKy KaK «CTalo», penbed KakK «ObII0», yIaCTKU
nmonuroHamMu. Haceimb v BbIeMKa 00s13aHbl BRIMTH PAaBHBIMHU YHMCJIO B YUCJIO, HETTO HYJIEBBIM, BEPOUKT
npo comepmmiics 6ananc. COBUT OTMETKM TIJIOMIAKK B MOIIOJTHUTEJILHLIX TapamMeTpax 2.10 yroaut
0amaHC B IPUBO3HOM MJIM BEIBO3HOM I'PYHT, TaK UTO BCE TPU BEPAUKTA IIPOBEPSIOTCS B IBa MPOTOHA.

CoBIafieHre HACBHIIH C BEIEMKOM IPHW HYJIE€BOM COBHUIE 3TO eIll€é ¥ He3aBHCHMas IIPOBEepPKa CaMoro
WHCTPYMEHTa: omubKa B GopMyie UiIx B IPUBEOEHUN CETOK 3[eCh ObI U BBIJIE3JIA.

I'paHMIIBI IPUMEHUMOCTH

O0BEM reoMmeTpudecKuii. Pa3prixjieHre, YIIOTHEHUE U ITOCIIONHBIE TPYHTHI 30€Ch HEe IPUMEHSIOTCS,
9T0 paboTa MPOEKTHUPOBIIMKA.

TOYHOCTH Yy TPAHUIIH PAabOT OTpefAensieTCs Pa3MepoM TYEeHKHU: 00bEM BAOITE KOHTYPa BCeTAa CMEIEH
Ha BEJINYUHY MOPSIOKA MOTysTYeKY Ha TOTOHHBINM MeTp rpaHullsl. Ha MeTKoM KOHTYpE TIPU KPYITHOM
si9efKe 3TO CMeIeHWEe MOXKET IIPEBBICUTHL caM OOBEM, ITOITOMY MEJIKME IJIOMIaAK{ CYHUTANTe Ha
CeTKe, COpa3MepHOM UX pa3Mepy.

HUHCTPYMEHT HE CTPOUT OTKOCH C 3aJl0KeHueM, OepMBI, TOCJIOWHEIE BEOOMOCTH ¥ HEe caxXKaeT
MTPOEKTHYIO TTOBEPXHOCTH Ha penbed. ITo paboTa CUCTEM aBTOMATU3WPOBAHHOTO TPOEKTUPOBAHMS.

2.19 KanauaaTbl OPOBOK H IOOOIIB

Haxomut MecTa, TAe YKJIOH MeHsIeTCs OBICTPee BCET0, M TPACCUPYET UX B TUHUN: OPOBKH U ITOAOIIBEI
yCTyIoB, 60pTa KapbepoB, KPOMKU HACHIIIEN 1 BPE30B.

[Tapametp Yrto 3amaér ITo ymonyaHuio / COBET

Bxoguas LIMP Pactp penveda mo rpyHTy, HE -
DSM. fdyetika U3 IIJIOTHOCTHU
cpéMku: 20-25 cm npu 20
TOYKaxX Ha KBaIpaTHEIN MeTp.
MuHuManbHBIN IIepenan, M Otceuka myma: rpebeHb 0.5
npu3Haka 00s3aH HaOpaTh
9TOT mepenap penbeda B 6aze

3aMepa.
MuHuMasbHas OJInHa JIUHUH, OTcekaeT OOPBIBKH. 10
siyeeKk
baza 3amMepa nepemnaga, sueek [lonylmvpuHa oKHa, B KOTOpoM 8
(Oort.) MepsieTcs Iepemna IonepeK

JIUHUH.
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IIpu3HaK H3/7I0Ma - 3TO rPaJgHeHT YKJIOHA, a He YK/JI0H. Ha poBHOM OTKOCe, faike OTBECHOM,
VKJIOH IIOCTOSTHEH U NpHU3HaK Mai. [Ipu3HaK BeNUK TaM, I'le YKIJIOH MEHSIeTCs, TO eCTh Ha caMOu
OpOBKEe M Ha CaMOM MoAoIBe. 3HAK IMPOMUIIFHON KPUBU3HLI JEIUT HaliJeHHBIE JIMHUM: BHITYKJIBINA
M3JIOM Ja€T OPOBKY, BOTHYTHIN ITOJOIIBY, ¥ 3TO yXonuT B nojie kind 3nauenusimu brow u toe.

HN310M 0e3 mepemnaga He U3JI0M. ['pebeHb IpU3HaKa 0TOpackIBAeTCs OO BCSKUX IIOPOTOB, €CNHU
B €r0 OKPECTHOCTY HeT 3aJaHHOIo Iepenafa penbeda. IIlyM MIOTHOW CHEMKU B CAHTHUMETPHI He
HabupaeT ero HUKOIrla, OKPECTHOCTh HAcTOsAMmel 6pOBKY HaOWpaeT Bcerma. OTO I'TIaBHBIN QUIIBTD,
1 OH QU3UYECKU, a He CTAaTUCTUYECKHUN: MOPOTH BHYTPEHHEN MaTeMaTUKM ITOOOMPaloTCsA caMu U
HapyXy He BbIHECEHHI.

Ilepenan MepsieTcsi B 0a3e 3aMepa, a He IO BCeH IIUPHHE yCTyma. JTO MepBoe, 060 YTO
CHOTHIKAIOTCS: Y OECATUMETPOBOTrO YCTyIIa Ipu 6a3e B TPU siuelKu mojie drop noKaxkeT TPU MeTpa,
a He JecATh. ba3a o ymon4aHuio 8 s4eeK B KaXKOyI0 CTOPOHY, Ha METPOBOU T4YEUKE 3TO +£8 M, 4ero
XBaTaeT Ha KapbepHHIM ycTym. [lluprHa oTKOCa M3BECTHA BaM, a HE MHCTPYMEHTY, IIO3TOMY Oa3y
3apaBayTe mo Hed. B XKypHasn 6a3a meyaTtaeTcs U B sYeWKax, U B MeTpax.

ITona Beixopa: kind, drop (mepenap, M), length_m, slope deg (cpemHuii YKJIOH CTOpPOH).
Cro#i mpUXOOWT pacKpallleHHBIM II0 Iepenany, OPOBKM TEMILIM, IOAOIIBEL XOJIODHEIM. Kitacchr
IIOSIBJISIIOTCS, TOJIBKO KOTHa Iiepemnag OeNCTBUTENIHPHO pPa3HBIM: Ha Kaphepe C OOUMHAKOBHIMU
ycTynaMu pa3bpoc eqUHUITHI IIPOIIEHTOB, U OejleHMe Ha KJIacChl pe3asio Obl IIyM, II03TOMY TaM
OCTaéTCs OOUH KJlacC Ha BUI.

ITopor 3HAYMMOCTH OCTA€TCs 4YejIoBeKy. DPopManbHOTrO Ipu3Haka OPOBKH He CYIIECTBYET,
pacrio3HaBaHUEe [EPKUTCSA Ha omnblTe Tonorpada. CymiecTByeT mepenan, KOTOPHIM BEl I'OTOBEI
CYMTaATh YCTYIIOM, ¥ OH Pa3HBIM Ha Kaphbepe, MOPOKHOM HACHIIM U OeperoBoM ycTyme. [ToaTomy
WHCTPYMEHT HapO4YHO OTHAET OOJbllle, 4eM HYKHO, BMECTe C YHCJIaMu [jig oTOOpa, a B XKypHall
IleyaTaeT IPOIeHTUIHN Iepelasa - TOTOBYIO IOACKa3Ky, Irie pe3aTrh. OTbéupaliTe GUIHTPOM CIIOS 110
nosto drop, TS0 Ha KapTy: IepPeCYUTHBATh IPKU 3TOM HUYEro He Halo.

2.20 BpoBKH H IOJOIIBLI B padoTy

IMpeBpartraeT MMHUYU OPOBOK U IOMAOIIB B paboune CTPYKTYpPHBIE JIMHUM: CHUMaeT OTMeTKHU ¢ [IMP,
cobupaeT ¢popMbl GPOBKA-IOIOIIBA ¥ PACKIABIBAET UX IO IBYM CJIOSIM.

CueHapueB OBa, H BTOPOM BaXHee NepBOro. IIepBoili O4YeBHOEH: NUHHUM Ipunuix us 2.19
[0 TIJIOTHOM CBhEMKe. BTOpoi - MUHHM yXKe eCTh B TOImOrpa@uueckoM KOMIIIIEKTe, Toe OpOBKHU
OIMCHIBAIOTCS 0043aTeIbHO U CBOMMH KOaMHu KjlaccudukaTopa. JIeTEKTOp TaM He Hy>KeH BOBCE, a
HYXXHO POBHO TO, YTO JeJaeT 3TOT MHCTPYMEHT: BU[ JINHUK 3aKOOMPOBAH, a Kakas OpPOBKa C KaKOM
rnmomomBoit 06pa3yioT GopMy - HET, U CBSI3b HPUXOAUTCS cobuparthb. TaKMX KOMIJIEKTOB MHOTO, a
IIJIOTHBIX CHEMOK Maro.

[Tapametp YTto 3amaéT ITo ymonyaHuUIo / COBET

Kanngupatse (BeIxon 2.19) JIMHEeMHbIN CJION C IoJIeM BUda. -
T'oguTCs U CJIOMH OPOBOK C
IOOOIIIBAMHU U3

TornorpamuYecKoro

KOMILJIEKTa.
LIMP Ta ke, uTo momaBanachk B 2.19. Heo0s3aTeIbHO
ITone Buma ITone co 3HAQUEeHUSIMHU brow u kind

toe.
OTceuka 10 Iiepenany, M IMToBTOpPSsieT punbTp 2.19, 0 (B3ATH BCE)

4TOOHI HE 3aBOAUTH OTHEJIHLHBIN
OTGUIBTPOBAHHEIN CJIOH.

[Ipepen nyTu CcIycka, M Hamnpllle 3TOrO CIIyCK 50
IIpeKpaliaeTcs, 1 6poBKa
YXOOUT B HETIAPHEIE.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Hons cornmacubx pob ([or.) Huxe aToit monu dopMma He 0.4
cobupaeTcs.

®opMBbI COOHMPAIOTCSI CIIYCKOM IO CKJIOHY, a He Mo 0/1u30CcTH. OT TpOOHLIX BEPIINH OPOBKU
HUOET CIIyCK IO HaIpaBJIEHWSM CTOKAa, II0OKa He BCTPETUTCS IIOMOINBAa, U ITOAOIIBEI TOJIOCYIOT. Tak
paboTtaeT pusmKa ycrymna: Boma ¢ 6pOBKM CKaTHIBAETCS 10 OTKOCY POBHO K ero mopoinse. Ha kpuBom
6opTy ¢ y3kuMu OGepmMamMu GnuzKaWInas mo PacCTOSHUIO IIOJOIIBA YaCTO IPUHALJIEXKUT COCETHEMY
yCTyITy, ¥ BEIOOP IO 6;1u30CcTH ommbaeTcs TaM, Ifie COycK mmpas. [Ipegern nyTu mepxuTe GJIM3KUM K
3aJI0OKEHUI0 OTKOCA: CJIMIIKOM OOJIBIION ITpeaes N03BOIUT 6poBKe N00ekaTh A0 U4yKOM MOOOIIBH U
COCTaBUThH C Hell MPaBaonomo6HyI0 JIOKHYIO ITapy.

IIMP HeoOsi3aTe/IbHA, H 3TO BaxKHee, UYeM KaxkKeTcs. CIIyCK IIO CKJIOHY OTBedYaeT Ha OOHH
BOIIpOC: Toe Hu3. Korma y muHuM eCTh COOCTBEHHBIE OTMETKHU (BBIXOM 2.22), OTBET YK€e B JaHHHIX, U
penbed He HyXKEH: IIOOONIBOM CYUTAETCS OIMKaUIIas JIMHUA, JleKallas Huxe OPOBKH.

Be3 artoro Tomorpaduueckuil clieHapuil Xomus 1mo Kpyry. YToOvl MOCTPOUTH penbed dopMamy,
HYKHEI IIaphl, @ YTOOB coOOpaTh Naphl CIIyCKOM, HyXKeH pejbed - KOTOPOTO €lll€ HeT, ero Kak pas3 U
ctposT. [Ipuxonuiock gesiaTh YepHOBOM mpoxon 2.03 1Mo ogHUM TOPM3OHTAJISIM, 3Has, YTO BHYTPU
Kaphbepa OH HeBepeH. Temeph NOPSAOOK MPAMOI: 2.22 maéT otMeTKH, 2.20 6e3 LIMP cobupaert mapsl,
2.03 CTPOUT IIOBEPXHOCTE.

C ILIMP pa6GoTaeT mpexXHWH COYyCK, U Ha KPUBOM OOPTy C y3KMMH OepMaMM OH TOYHEe: TaM
OnuzKaMIas mo PacCTOSHUIO TTOOOIIBA YACTO MPUHAIJIEXKUT COCEOHEMY YCTYILY.

®dopMa 3TO OdHA MOJONIBAa U MHOXECTBO OPOBOK IIpH HeM. TpacCHPOBKa pPexkeT NIUHHYIO
OpPOBKY Ha KYCKH: ChE3[ pa3phBaeT KOHTYP, MPU3HAK ITPEPHIBAETCS Ha IIOJIOTUX ydacTKaxX. Bce
KyCKH CIIYCKaAIOTCA K TOH 2XKe IIOOOIIBE, IIO3TOMY PE3YyJIbTAaT I'PDYIIINPYETCHA IIO IIOAOIIBE, a He
BBITIMCHIBAETCS ITapaMU: IIOOIIBA IIOMTafgaeT B BEIXOM OOUH Pa3, a €€ OPOBKHU I10JIy4YaloT o0Iiee mone
link. 9To TOT XKe B3TJISO, YTO ¥ B MIOCTPOEHUY IIOBEPXHOCTH MEXKOY CTPYKTYPHLIMM JIMHUSIMU, T'Ie
CTOPOHEI - MHOXKECTBA, a He OTHeIbHEIe JTIMHUH.

HenapHble JTHHHUH HE NMPOIANAIOT MOJIYa. TpeTHull Ccjok coOupaeT UX C IPUYHUHOU B aTpulbyTe:
CIIYCK He MOIIEN OO0 HMOIOINBE (Maq IIpefen myTH uiau OpoBKa JI0KHasT) Mu00 COyCK Pa30MIEncs I10
pa3HBIM IIOJONIBaM (JIMHUSA CKJIena IBa ycTyma). HauMmeHbIas gosl corlacHBIX IPo0 rmeyaTtaeTcs
B XXYPHaJI ¥ CIyXKUT yKa3aTeJIeM Ha TaKylo CKIIeHKY.

Brixonsl Bepx u Hu3 unyt LineStringZ c nonsamu kind u link, ormeTku cHsaTtel ¢ LIMP B reomeTtpuio.
39TO TOTOBLIE BXOObBI OJId IIOCTPOEHHA ITOBEPXHOCTHU U [OJId BBEII'DY3KH TpéXMepHBIMI/I JIMHUSIMHU B
ABTOKA]I u Kpepo.

2.21 ITpumep Kapbepa (aeMo)

CTtpouT meMo-Kapbep M, YTO BaKHee, UCTUHHLIE CTPYKTYpPHEIE TUHUU K HeMy. Ilapa pacTp-TuHUHU
CIIyXKHUT 9TAJIOHOM Ayt 2.19, BXOOOM [JIt ITOCTPOEHUS MOBEPXHOCTH U Y4eOHBIM MPUMEPOM, U BCE
9T0 6€3 3aKPBITHIX JaHHBIX.

[TapameTp Yrto 3apaérT [To ymonm4gaHnuio / COBET
[[TupuHa, BricoTa, s4yeek Pasmep rpuma. 400 x 300
Pazmep sueriku, m Tar rpuna. 1
3epHoO reHeparopa [ToBTOPSAEMOCTE: OOHO 3€pPHO - 7
OIOUWH U TOT K€ Kaphbep.
CK BrIXOma MeTtpuueckas. [Tpu MmecTHOHU EPSG:32640
CK mpoekTa BeIOupanTe €€ xe.
Ywuciio yCcTyImoB CKOJIBKO yCTYIIOB B OOPTY. 3
Bricota ycTtyna, M ([dom.) [IpesBrillIeHNE OOHOTO YCTYIIA. 10
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

ITym crémku, M (Ho.) WMuTanus norpenHocTu 0.03
IIJIOTHOM CHEMKM.
OTBamn, Cxopgsiasicsad KaHaBa HormonmHuTENbHBIE (OPMEL. BKJTIOYEHHI
(Oorm.)
Kyna nonoxuts (0xBarT) KnapéTt memMo Ha mMecTo, 10 CJI0sIM IIPOEKTa

pa3Mep He MeHseT.

CocraB penbeda momoOpaH Tak, 4TOOB Kaxkpas (opMa IIpoBepsijia CBOIO CTOPOHY AETEKTOopa.
ONNMUOTUYECKUN Kapbhep C YCTymaMu u 6epMaMHi HaéT IpaBuUiIbHBIE Mapbl. Che3[, Tpope3aroIui
YCTYIHI, 0A€T HACTOAUIMM PAa3pPhIB: Ha €ro Oyre MCTUHHLIE JIMHUKM OOPHIBAIOTCS, U KaHOHUOATHI
00s13aHBEl OOPEIBATBCS TaM ke. OTBall C MIJIOCKMM BepXOM Haé€T 3aMKHYTyI0 Imapy. Cxopsimascs
HaropHas KaHaBa Oa€T TPU JIMHWM, CXOISIIHUECs B TOYKY, - TOT CiIy4dad, Tme BeC IIOBEPXHOCTHU
MeKOy JIMHUSMH BBIPOZKIAETCS, & OTMETKA OCTAETCSI BEPHOM.

OxBaT KJIaJgéT AeMo Ha MeCTO M He MeHsieT ero pa3mep. PopMmel Kapbepa GU3INYHBL: YCTYI
10 m mpu oTkoce 7 M. PacTSHYTHIM OO0 KUJIOMETPOB Kaphep IIpeBpalraeTcs B OJIMH, Ha KOTOPOM
OeTeKTOpYy Hedero UCKaTh, I0O3TOMY pa3Mep 3amaioT TonbKo «[IIupura» u «BreicoTa». M oToensHO
IIPO CUCTEMY KOOPAWHAT: €CJIM V¥ IIPOEKTa OHa MeCTHAasl UJIM Hen3BeCTHas, Beibepute e€ ke B «CK
BeIXOma». [lepecyéTr oxBaTa W3 Hem3BeCTHOU cucTeMbl B UTM maéTt 6ecCMBICIUIly, U OEMO YeIeT
HEM3BECTHO KyIa.

BTopoii BEIXOM, MCTHHHBIE JIUMHUHU, HeceT mod kind (brow, toe, thalweg) 1 link, a oTMeTKu ne3ar B
reomeTpuu Z. I1o HEMY ITOJTHOTA ¥ TOYHOCTD JETEKTOPA MEPSIOTCS YUCIIOM, a He TJIa3aMu: IIOJIOKUTE
KaHOuOgaToB U3 2.19 moBepxX UCTUHHBIX JIMHUK U IIOCMOTPUTE, TOe OHU Pa30IIJIHCh.

2.22 IIpo¢dpunupoBaHHEe OTKOCOB

,L'Laé’r HEMBIM JINHUAM HpO(bI/IJ'H: II0 TOPU3O0OHTAJIAM, KOTOPEIE K HUM ITPUMBIKAIOT.

[TapameTp Yrto 3apaérT ITo ymonyaHuo / COBET
JIuaum 6e3 OTMETOK BpoBKU U MOJOIIBHL U3 -
KOMILJIEeKTa unu u3 2.20.
l'opusonTanmu Croil TOpU30HTAEN TOTO XKe -
KOMIIJIEKTA.
[Tone BEICOTEI TOPU30OHTANIEH ATpubyTt otmeTKu. [IycTo - Z ELEV
BEPIINH.
HOIlyCK IPUMBEIKAHUS, M Hackonpko KoHell 0.5
TOPU30HTAJIM MOXKET He JOUTH
OO TUHUH.

OTKyma 0epyrcsi OTMETKH. Y OpPOBKH B TOIOTpadrIecKoM YepTezke CBOeH OTMETKH HeT, U 3TO
OOJITO BRITIISAMENO TymukKoM. Ho HOpMaTuB TpeOGyeT HOBOOUTHL TOPHU3OHTANM [0 JIMHUKM OIMHUCAHMS
00BbeKkTa ¢ (popMHpPOBaHHEM Y3JIOBBIX TOYEK, UM KaxXfaasd TaKas TOYKa HEeCET OTMETKYy CBoei
ropusoHTanu. OTcoga mpoduab BCEH JTUHUK: epeMeHHas OTMeTKa M3 CaMHUX [AHHEIX, a He OJHO
YUCJIO Ha BeCh OOBEKT.

BaxHasa IIOIIPpaBKa, CTOUBIIAA OHOM penakKnry IIOCTAaHOBKU: TOPU30HTAJIbL HE PIJ],'éT 1100 6p0BKe. ITo
OTKOCaM I'OPHU3O0HTAJIX PEXKYTCA, U Ta EOqUHCTBEHHAA, YTO JIerjla BOOJIb 6pOBKI/I, JIO2KHUTCHA TakK JINIIIb
IIpHU COBIIaJ€HHWMW OTMETKH C Ce4YeHHEM, TO eCTb cnyqaﬁHo. PaboraeT uMeHHO IIPUMBIKaHHE, a He
COBIIaeHUue.

YTo cuuTaeTcs BCTpedeH. [lepeceyeHne TUHUY C TOPU30HTAJIBIO HACKBO3b ¥ KOHEI[ TOPU30HTAJIH
B IIpefesiaxX momycka. MeKay BCTpedaMu OTMETKA UHTEPIIOIHUPYETCS 10 AyTe JIMHUY, 32 KPpaWHUMU
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OEePXKUTCS MOCTOSTHHOM: 9KCTPAIIOIMPOBATh YKJIOH BIOJIb OPOBKK OMACHO, OH 4YacCTO JIOMAeTCs Ha
IIOBOPOTAX.

YecTHOCTH pe3yabTaTra. MeTo paboTaeT POBHO HaCTONBKO, HACKOJIBKO KOMIIJIEKT TOTIOJIOTHYECKHU
cornacoBaH. Eciu TOpM30OHTaAIM [0 JTMHWUKM HE HOBEIEHHBI, JIMHUS OCTAETCS HEeMOM ¥ YXOOUT B
OTHOEJNIBHBIN CJION C MPUYWHOU. YHCII0 OMOPHBIX TOYEK MIHUIIETCS B aTPUOYT n_samples M B XKYypHAN
MeOVaHOW M MUHUMYMOM: OJHA TOYKa 03HAYaeT IIOCTOSIHHYIO OTMETKY 110 BCEU JIMHUHU, ¥ 3TO BUTHO

cpasy.

MecTo B KoHBe#epe. Bruixon - LineStringZ, rotoBasi ctopoHa ¢bopMbl [y BxomoB Bepx dopm u
Hu3s dopm nucrpymenTa 2.03. BmecTe ¢ 2.20, KOTOPHIHM coOMpaeT maphl U 3al0JIHSIET 110JIe CBA3Y,
3TO 3aMBIKaeT Tonorpaduieckmii clieHapuii: IIollafHble KapbePhl, BEIeMKU, HACHIIIY U OTBAJIH, T'Ie
TOPU30HTAIU BHYTPH 110 HOPMATHUBY HE OMMCHIBAIOTCS, IIOTy49al0T IOBEPXHOCTh U3 OOHUX OPOBOK U
IIOMIOIIIB.

3. HOHOJ’IHHTGJ’IBHBIB HHCTPYMEHTBbI aHA/TU3ad

BBICOTHBIE OTMETKH KaK BTOpOﬁ HCTOYHHK

Tomonnan, npuineqmui u3 ABTOKaAa, YacTO He HeCeT Z y OGPOBOK M OTKOCOB: Tomorpad CTaBUT
OTMETKU OTHEILHLEIMU TOUKaMHU, a JIMHUM OCTaBJIsIeT IJIOCKUMU. [103TOMY BTOPHIM MUCTOUHUKOM UIOYT
BBICOTHBIE OTMETKH.

Touka MUHUIO He ITepeceKaeT, 3HAYUT BCTpedel cUUTaeTCs ONMM30CTh: TOYKa He Jasbllle OOIycKa
MIPUMBIKAHUS HOAET OIIOPHYIO OTMETKY Ha CBOEeM [OyroBOM KoopamHaTe. [lanbine BCE Kak C
TOPU30HTAJIIMHU - TPODUIIL CTPOUTCS 10 BCEMY PSANY OIIOPHBIX TOYEK.

Kynoa cTaBsITCSI BEPIITHHBI

OTMeTKa XKUBET B BEPIIWHE, a BCTPEYH CIIy4alOTCs Te IPUAETCS, T0O9TOMY BEPIIMHEI TPUXOTUTCS
no6aBnaTh. [IpaBUIIO TaKoeE.

Ecnu BepuinHa y2Ke CTOUT PSINOM CO BCTpedel, 6/uKe OONyCcKa IIPUBSI3KH, HOBasl He N00aBIsIeTCs.
BmecTo 5TOro BCTpeda OTHOCHUTCS K CYIIECTBYIOIIEN BepIINHE: OTMETKa 3aJa€TCs B HEU TOYHO, a
YUCJIO Y3JI0B JINHUU He PacTET.

Ecnu Onuxkanias BEPIIINHA OaJIbIIe, BEPIINHA BCTABJIAE€TCA B TOYKE BCTPEYH.

BcTaBku mpopekmBaTCd HAMMEHBIINM IIIaTrOM: OBe MOAPsL He OJImxKe 3afaHHOT0 paccTosHus. Ha
TYCTBIX TOPU30OHTaNsAX 0e3 39Toro JIWHUA obpacTaeT y3jnaMu I'yile, 4eM HYyKHO penbedy. [Ipoba,
KOTOPO# He [0CTalioCh BEPIIWHH, IPU 3TOM He MPOIafaeT - MPOGUIb CUUTAETCS IO BCEMY POy
mpo6, ¥ coceqHUE BEPIINHE K HEH TSIHYTCS.

3.01 KaTteroprajJabHbIH HHIHKATOPHBIH KPUTHHT

HUucTpymeHT KaTeropHajabHbIH HHIWUKATOPHBIM KPHUTHHI CTPOUT KapTy BEPOSITHOCTH II0
KaTeropuaabHOMY IIOJII0: MUHEPAJIbHOMY THUITY, JIUTOTHILY, TI000OMY TEKCTOBOMY Kjaccy. B oTnuyue
OT OOBIYHOTO KPHUTHHTA, KOTOPHIM MHTEPIOJNIMPYET BEINUYUHY, 30eCh OLIEHWBAETCs, HACKOJIbKO
BEPOATEH KaX[bIM KJlacC B KaX[OOU TOYKe IJIOWIaAM. JTO HYKHO TaM, I'le BaXHa He BeJIMYMHA, a
NIPUHAJIe)KHOCTh K TUIY: TOe OXUIOATh 3aMellleHue, TIe CMeHseTCa COCTaB IJIacTa, e IPOXOOUT
TpaHulla MeXay Pa3HOCTIMHU.

[TapameTpsr:
[TapameTp Yrto 3amaérT [To ymonmgaHuio / COBET
To4deuHsIl CIIOU HcxogHEIE TOYKU. -
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

KaTteropuansHoe none (knacc)

Pagnyc noucka, MyuH./Maxc.
TOYEK, pa3Mep SYeuKH, 0XBaT
Horns camopoaka

BeposiTHOCTH 110 KJTaccaM
(MHOTI'OIIOJIOCHBIH)

Kapta 30H (caMbIli BEPOSATHHIN
KJIAcC)

YBepeHHOCTH (MakKc.
BEPOSITHOCTb)

YPpOBHU BEPOATHOCTHU
Krnacc g KOHTypoB

BukyOuyeckoe criaxxuBaHUE
rpasuil (mor.)

Cxkpyrnenue rpanur (Chaikin),
uTepanmu (gor.)

['paHUIIBl YPOBHEH
BEPOSITHOCTHU (JTMHUH)

[Tonocel BEPOSATHOCTH

(TIOJIMT OHBI)

[Tone knacca (MUHTHII,
nutotuin). [Tycteie mw NULL He
UnyT.

ITouck u ceTKa - KaK B «2D
Kriging».

oy camMmoponKa B
nogoOpaHHOM BapHorpaMMe,
ot 0 mo 1. IlycTto - KaK
momo0Opanocsk.

PacTp: ogHa monoca Ha Kiacc,
UM Kjlacca B OIIMCaHUM
TIOJIOCHI.

PacTp Kopma camoro
BEPOSATHOTO KJlacca,
COOTBETCTBUE KOJIOB B
Kypsxar.

PacTp makcumyma
BEPOSITHOCTU: I'lie KJlacc
YBEPEHHEIN, '€ CIIOPHBIN.
YpoBHU OJisT BEKTOPHBIX
rpanut, gonu ot 0 mo 1.

HMmMs Kracca poOBHO Kak B IIOJIE

KJIaCCOB. HYCTO = BC€ KJIaCCHI.

Crymenue rpuga nepeq
KOHTYPHHIOM, KakK B 1.04.
HomomHuTeNIbHOE JIETKOE
CKpyTJIeHUeE.

JluHuu ypoBHEU C KJIaCCOM U
YPOBHEM.

[Tonoce! MeXay YPOBHSIMHU C
TOTOBOY pacKpacKOi.

Kak y «2D Kriging»

MyCTO

HeoO0s3aTelbHBIHR

0.250.50.75
MyCTO

X2

2
Heob6s3aTeIbHEBIN

Heo0s13aTeIbHbBIN

Kak cuuTaercs

KogupoBaTh Kiaccekl yucinaMu 1, 2, 3 ¥ HHTEPIOIHMPOBATH 3TOT KOO HeJb3s. Y KaTerOpuu HeT
MopsifiKa, Kjacc 3 He «maJbllie» Kiacca 1, U cpemHee MeXOy HUMH OeCCMBICIeHHO. [loaTomy
WHCTPYMEHT HOET WHOWKATOPHBIM nyTéM. Ha KaXXOblli KIacC CTPOUTCS WHAMKATOD: €IuHHUIA
TaM, I'le CKBaXkKMHA 3TOrO KJjlacCa, HOJIb Be3ne nHade. KaXarlli MHOUKATOP KPUT'YEeTCS OTHEJIBHO
OpOWHAPHBIM KPUTHUHITOM, KaK OOLIYHOE ITO/Ie, M MAa€T IIOBEPXHOCTH OT HYJII OO0 €OUHUIIL, 9TO U
€CTh BEPOSITHOCTD KJlacca. BaprorpaMma nHOMKaTopa ImoagdupaeTcs aBTOMaTU4ecKu cepruyeckom
MOMEJIbIO IO 9KCIIePUMEHTaIbHOMH.

PazmesipHBEIE MHOUKATOPEI B CYMME He Mal0T POBHO €OUHUIY ¥ MOTYT HEMHOT'O BRIXO[IUTH 3a AUAIIa30H,
9TO W3BECTHOE CBOMCTBO MeToma. [103TOMy OIleHKa KaXXOoro Kilacca obpe3aeTcss B HOJb OOWH, a
3aTeM BEPOSITHOCTH II0 KjIacCaM HOPMHPYIOTCS TaK, YTOOBI B KAXKIOM siUeliKe X CyMMa PaBHSIACh
eIuHuIe.

Korga ckBazkuHa He ImoIajia B CBOIO 30HY

O6plyHas xkanmoba: CKBaXkKMHA OIMACHOTO KJjlacCca HapucoBajlaCh BHE OMACHOM 30HHL. JTO He cOOM
mogbopa, a CBOMCTBO CaMOPOMKa, M Pa3o0paThCsA B HEM CTOUT OO TOT0, KaK KPYTUTh OCTAJIbHBIE
ImapaMeTpEHL.

POBHO B TOYKe 3aMepa KPUTHHT TOUEH ITpK TI000M CaMOPOAKe: OlleHKa B y37Ie, KOTOPHIH IET Ha YCThe,
paBHa caMoMy MHOUKATOPYy. HO y3es cCeTKM MOYTH HUKOT[A HEe CAAUTCs Ha yCThe. [Ipu HeHyJIeBOM
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MHJJ,I/IKaTOprII?I KPWUIrnHr: BEPOATHOCTb 30HbI 3aMeELLEHWA

- 0.8

=
[e)]
P(3zameLlueHune)

o
~

0.2

0.0

© cunbBUHUT (0)
@ 3ameleHue (1)

Puc. 21: MEOguKaTOPHBINM KPUTUHT Ha CUHTETHKE: CKBaXXMHEI C KaTeropueu (KpacHele - 3aMellleHue,
Oenble - CUIBBUHUT) IIPEBpaIlaloTCa B KapTy BEPOSTHOCTHU Kiacca. IToporom 0.5 u3 He€ pexkercs

KOHTYP OOMEHa.
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CaMOpPOJKe ITOBEPXHOCTL OKOJIO TOYKM TEPIIUT PA3pPhIB, U YKe B HECKOJIBKUX METPAX OT CKBaXKUHBI
OIleHKa IIPOBaJIMBaeTCsa K MeCTHOMY cpepHeMy. Ha cuHTeTHYeCKOM npuMmepe ¢ camopogkom 0.5 B
[ISATH MeTpax OT ONMHOYHOM CKBAaXKMHEI Kjlacca «B» BeposaATHOCTh nagaeT [0 0.47, To eCTh IOL IIOPOT
0.5, a mpu 06HYJIEHHOM caMopoake ocTaércs 0.97.

Otcloma napameTtp [Joiasti camMmopoaka. [IycToe nose ocTaBisieT aBTOIIOA00D Kak ecTb. Homnb menaer
IIOBEPXHOCTH TJIAOKOW y OAHHHBIX, U CKBaXKWHA YOEepPXKHUBAeT CBOU KjlacC B CBoed suerke. OOIas
OUCIIEPCUS IIPH IIEPEHOCE [OJNIM COXPAHSETCs, MEHSeTCS TOJIBKO I'JIafKOCTh, II03TOMY Maciitad
BEPOSTHOCTEH He MiIHIBET. [lomoOpaHHBIEe [ONK IO KjlaccaM IledaTaloTcs B 2KypHan, Tak dYTo
CHavajla MMeeT CMEICI IIPOCTO IIOCMOTPETh Ha HUX: OOJBIION CaMOPOJOK O3HAauaeT, YTO KJIaCChl
repeMellalHbl Ha KOPOTKUX PACCTOSHUSX, U 3TO COTepIKaTEeIbHLIN (haKT O JaHHLIX, @ He IIoMeXa.

O6HYJ'I${TB CaMOPOOOK HYZXKHO C OTKPBEITBIMH I'Jla3aMH. OH He BBEIOYMKa non60pa: OH H3MepdeT,
HaACKOJIBKO COCegHHEe CKBaXKHMHEI PaCXOOdATCA B KjlaCCe. Homnb o3HaugaeT penieHsrne C4uTaThb KaXObId
3aMep TOYHBIM U 00sI3aTebHLEIM K MCIIOJTHEHHIO. s KapT OIIaCHOCTH 3TO YaCTO ITPAaBUIIBHO,
IIOTOMY 4YTO ILI€Ha IIPOIIyCKa K II€Ha JIOKHOM TPEeBOTM HECHMMMETPUYHEI, HO KapTa IIOCJIE€ 3TOIO
CTAHOBHUTCS XKECTUEe U MSITHUCTEE.

BTopoe, oT 4ero 3aBUCHUT HollagaHue, - sdyerika. OlleHKa CUUTAEeTCS B IIeHTPe S4YEeUKH, U €CJId B
OIOHY S4Ye’Ky IOIajii CKBAa*XHWHBEI PAa3HBIX KJIaCCOB, HUKAKOM CaMOPOLOK UX He pa3BeHeT. Addelky
3aJaBaliTe Mejibue PaCCTOSHUSA MEXOY COCeOHUMM CKBaXKMHaMHU. TpeThe - rpaHHlla IIOJIUTOHA:
IIOJIOCHL BEPOSITHOCTU CTPOSITCS M3 pacTpa CO CrilaXWBaHUEM M CKpyrieHueM, oba HEMHOTO
OBUTAIOT JIMHUIO YPOBHSA OTHOCUTENBHO S4YeeK. EciM TOYKa BHIIIJIA 3a II0JIOCY Ha BOJIOCOK,
ITPOBEPbTE CHauaia 3TO, CHAB 00a CriakKUBaHUS.

YT0 Ha BBIXOIE

Tpu pe3ynbraTa. MHOTOIIOJIOCHBIM pacTp BepPOSITHOCTEM, OfHa IIojloca Ha KJjacc, UMs KJjacca
3allMcaHo B OIMHMCaHte I10JIoCkl. KapTa 30H, KOO caMOTr0 BEPOSITHOTO Kjlacca B siueliKe, COOTBETCTBHUE
KOIOB M KjlaccoB meuaTtaeTcss B ZKypHasn. HeoOs3aTenbHBIM pacTp YBEPEHHOCTH, MaKCUMyM
BEPOSITHOCTH B S4YelKe, II0 HEMY BUHO, I'le KJIaCC YBEPEHHEBIM, a I'le 30HbI CHOPSAT W IIPOXOOUT
TpaHuUIIa.

KapTta 3oH P{zameweHue) YEepeHHOCTE

- : , 10 - 10
64 . 3AMELIEHNE B i 64 i
5 4 5 54
7 0.6 0.6
= 44 1 . = Z 44
=49 " vactmumoe = z4
> > -
ER f f 3 0.4 34 0.4
2 [ 3 24
02 0.2
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Puc. 22: Pe3ynbTaT KaTEerOpUaTbHOTO WHANKATOPHOTO KPUTHHTA: KapTa CaMOTr0 BEPOSITHOTO Kjlacca
M0 MUHEpanbHOMY THTY, (OH CHUIBBHHHUTA C OYaraMHW 3aMEIIeHHUs], CBEPXy HAHECEHBI TOYKH
CKBAXXWUH.

Emé ogHO MOCTOMHCTBO 0OHAPYKMBAETCSA Ha JMaHHBIX C BEIOpocaMu. OOBYHBIN KPUTHUHT BEIHYXKOEH
WHTEPIIONUPOBAThL BEIUYMHY, U OOHA aHOMajbHas Impoba JIoMaeT BapuorpaMMy: Ilapa OJIM3KUX
TOYEK C HEeCOIIOCTAaBUMBIMHM 3HAYEHHSMM IOOHHMMAET HArTeT, ¥ KapTa BBIPOXKIAETCsS B CpemHee.
HupukaTtop paboTaeT He C BEMHYHUHONW, a C (aKTOM IIPHUHAOIEXKHOCTH K KJIACCy, MO3TOMY
aHOMaJIbHOE 3Ha4YeHNe B HEM HEOTJIMYUMO OT JII000T0 APYyTroro mo Ty XKe CTOPOHY mmopora. TaMm, rae
IMoKa3aTenb BeIET ceOst IUKO, a BOIIPOC 0 CYTH OBOUYHBIN, MHANKATOPHLIN ITYTh Hafi€KHee ITPSIMOM
WHTEPIIOIAIIUN.

KaTeropuanbHbii moaxon ymoOeH TeM, 4TO He TpeOyeT 3apaHee TMPOBOOUTH rpaHuIly. He HyXKHO
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peuiath, CUMTATh JU YaCTUYHOE 3aMelleHue omnacHbIM. KapTWpyioTcsa Bce THIEL KaK €CTh, a
HYXKHYI0 KOMOMHAIMI0 KJIacCOB COOHMpPAIOT IIOTOM K3 BEPOSATHOCTeN. Pemkme KjacCel ¢ MalbIM
YMCJIOM CKBaXKHMH [Al0OT ITYMHYIO BapHoTrpaMMy, MHCTPYMEHT IIpeaynpexpaeTr o6 atom B 2KypHaii,
BEPOSTHOCTH 10 TAaKOMY KJIaCCy YMTaNTe OCTOPOXKHO.

YToOB OCBOUTL MHCTPYMEHT 0e3 peasnbHBEIX HAHHEIX, BKIIOUYHTE B IIpuMep CKBaxkuH (IeMo)
ranky [1o0aBUTh KaTeropHajJibHOE II0JIe MHHTHIA. B cioi go6aBuTCs 1moje mintype ¢ GpoHOM
CUJIBBUHUTA ¥ OdYaraM{ 3aMeIleHHs Mo o0pas3ily PygHWKa, Ha HEM HHCTPYMEHT MOXKHO Cpas3y
IIPOTHATh.

IIpy HEPAaBHOMEPHOU CETH MOXKHO 3afaTh Heo0si3aTe/IbHOE I0jie BecoB wt u3 nHcTpymMeHTa 1.01
Oexmacrepu3anusi. Torga WHOMKATOP KaXKAOTO KJjlacCa KPUI'YETCS K ero HeKJIaCTepHU30BaHHOM
fojie, a He K HYJIIO, I09TOMY BHa/Id OT JaHHBIX BEPOSITHOCTb CTPEMHUTCS K IIPEICTAaBUTEIbHOMN JOJIe
Kjacca. be3 BecoB moBefieHNE IPEXKHEE.

BeKTopHme I'PaHHIIBI 110 BEPOATHOCTIIM

KapTa 30H oTBe4YaeT Ha BOMIPOC «KTO IMOOEIUII B T9EHKe», U 3TOT0 YacTO Maso. [IJIs IaHupPOBaHU S
Hy>KHee II0JIoca mepexofa: roe KiIacC YBePEeHHEIH, The CIOPHBIHM, Toe YBePeHHO OPYTroi. ITO marT
OBa HeoOsA3aTeIbHLIX BEKTOPHEIX BEIXOMA, 10 YMOIYAHUIO BEIKITIOUEHHEIX.

YpoBHU 3amatoTcsd mapaMeTpoM, o ymondasuio 0.25, 0.5 u 0.75, To eCTh YeThIPE MOJIOCH : YBEPEHHO
HET, OBe CIIOPHEBIE U YBEPEHHO Aa. JIMHUK HeCcyT KJIacC ¥ YPOBeHb. [I0TUTOHELI HECYT KJIacC, TPaHUIIL
nonnock B nonsax P_MIN u P_MAX u roToByio IOAIUCE ITONOCH B ntonie band Buga «0.25 - 0.5». ITo
9TOM MOAMHKCHU CJION Ccpa3y pacKpalllMBaeTCs KaTEeTOPUSMM OT 3eJIEHOTO K KPaCHOMY, HaCTpauBaTh
JIeTeHAy pyKaMu He HyXKHO.

OpgHa Iojloca MOXKET MpHexXaTh HEeCKOJNbKHMH OO0LeKTaMM, eCJIM OHa pas3buTa Ha OTHesIbHEHIEe
y4YaCTKH IJIOIIaAN. DTO HOPMAaIbHO ¥ YOIOOHO: TIIOIIAAN CYUTAIOTCS 10 KaXKI0MYy YYaCTKY OTIEJbHO.
B merenpe mpu 5TOM POBHO CTONBKO CTPOK, CKOJIBKO II0JIOC, IIOTOMY YTO pacKpacka HUIET II0 MOJI0Ce,
a He 10 OOHOM eé rpaHuIle.

I'paHUIILI CTPOSTCS IO KaHATy BEPOSITHOCTEH, a He IT0 KapTe 30H, U 9TO He MeJiouk. KapTa 30H XpaHUT
TOJIBKO TOOEOUTEJIS B TYEUKe, a TIe UMEHHO BHYTPHU SUYEWKY MPOIIla FPAaHULIA, B HEN yIKe ITOTEPSHO,
¥ KOHTYP TaKOW KapThl UAET CTYIEHSMU IO KpasM sueek. CriakyuBaTh TaKyl0 JIECEHKY 3HA4YUT
BBEIIYMBIBATh IIOJIOKEHUE TPaHUIlEL. [1ojie BepOSTHOCTEH 9Ty MHGPOPMAITUI0 OePXKUT, U KOHTYP II0
HeMYy JIOXKUTCS TyAa, Kyda ero CTaBUT caMa MOJEeJb.

ITpu gByX Kyaccax ypoBeHb 0.5 coBIamaeT C TpaHUIlel 30H: Kjacc mobexXkaaeT POBHO TaM, I'le ero
BEPOSITHOCTD BHIIIIE ITIOJIOBUHEL. I109TOMY OfiuH ypoBeHD 0.5 maéT 0ObIYHYyI0 OMHAPHYIO KapTy, TOIbKO
C TJIaJKOM TpaHWIed BMECTO CTymeHYaTou. IIlpu Tpéx m Golee Kjlaccax 3TO yXKe pa3HbIE BEIlH,
mobenuTh MOXKHO U ¢ 0.4, U 3MeCh CTPOUTCS MMEHHO BEPOSTHOCTL OBITH JMAaHHBEIM KJIACCOM, a He
TrpaHulia mobeauTens.

ITpu OByX Kilaccax BOucCHIBaiiTe B KjIacc Oj1si KOHTYPOB HHTEPEeCYIOInii. BepoSTHOCTH JOIOIHSIOT
OPYT Opyra OO eOUHUIIE, ¥ BTOPOI HabGop OymeT 3epKajIbHBIM Oy6JIeM IepBOro.

3.02 Kpurunr ¢ BHemrHuM apeudom (External Drift)

HUHcTpymMeHT Kpurunar ¢ BHemrHuM aperdom (External Drift) omenuBaeT mose mo Todkaw,
KOTHa OHO 3aKOHOMEPHO CBS3aHO C BEJIMYMHOM, KOTOpas yzKe M3BEeCTHa BCIOOY B BHUAE pacTpa.
Takoi pacTp Ha3wBaloT AperdoM. MM MoxKeT OLITh CTPYKTYPHAS IOBEPXHOCTh COCEOHEro MJjacTa,
rpybasi pervoHajibHas MOMAEJb, IIOBEPXHOCTb II0 PEOKON CEeTKe WU CEeUCMHUYECKHH aTpudyT.
OOBIYHBINM KPUTHUHT BUOUT TOJIBKO CaMM CKBAXKHMHBI, a 3MeCh K HUM O0o0aBiIsieTcs 3HaHUe o ¢opme
MOJIS MeXKIy HUMHU, U OlleHKa OnUpaeTcs Ha 3Ty ¢GOpMy TaM, I'Ie CKBaXXKUH HET.

HWHCTPYMEHT CTOUT B rpyiie [JONOIHUTEIbHBIE HHCTPYMEHTHI aHA/IN3a U ONIMpaeTCcsd Ha TO XKe
saapo, uto u 2D Kriging. MaTteMaTuKa KpuUruHra He MeHseTCsa. MeHsIeTCS TOJILKO TO, II0 YeMy
CHUMAaETCSI peTruoHalbHas COCTaBIgIoIas.

[TapameTpsr:
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

ToueuyHBIN CIIOU
ITone 3HaueHus (Z)
PacTp BHemIHero npeiida

Kanan pactpa mpetida ([orm.)
Crenensb gpetida

Tun KpuruHra, paguyc,
MUH./MaKc., HaITeT, CTPYKTYPHI
Crnaputs rpup (I'aycc),
pamuyc criakKuBaHUSA

PacTp kpurusnra c gpetidpom

CraHmapTHas ommbKa
KPUTHHTa

HcxonHble TOYKH.
HHTeprnonupyeMsldl aTpuoyT.
CTOpPOHHSS TOBEPXHOCTE S,
M3BeCTHas Bcioay. B ogHoMU
CRS c Toukamu, IOKPHIBAET
o0sacTsb.

[Tormoca MHOTOIIOIOCHOT'O
pacTpa gpetida.

JInuennas (a0+al-s) unu
KBaJlpaTHU4YHas CBSI3b.
Kpurusr octaTkoB - Kak B «2D
Kriging».

Heob6s13aTensHoe
CcrijlakMBaHUe pe3yJbTarTa.
BrixogHas otleHKa (mpeud +
KPUTHUHT OCTAaTKOB).
Heo6si3aTenbHBIN pacTp
CTaHOAPTHOM OIIMOKH

1 (MMHEeNHbIN)
Kak y «2D Kriging»

BRIKI. / 1

MPOMYIIEeH

OCTaTKOB.

B yéM oT/IMYHE OT CHATHSI TPpeHIa

®naxok CHATH IOTMHOMHAIbHBIN TPpeH y 2D Kriging onuceiBaeT pernoHaabHY0 COCTABIISIOIIYIO
IIOJINHOMOM OT KOOPOMHAT, TO €CTh HaKJIOHHOW WU U30THYTOM IIJIOCKOCTBIO. DTO TOOUTCS, KOr'Oa
nnajeHue IjlacTa OGHOPOOHO U ero ¢bopMa npocrta. Ho ecnu y mons ecTh BEIpaXkeHHast CTPYKTYPa,
IIOBTOPSIOIIAS U3BECTHYIO IIOBEPXHOCTS, IITIOCKOCTE €€ He OIUIIET.

BuemHul npetid cHUMaeT PeruoHaIbHYI0 COCTABISIONIYIO He II0 KOOpOWHATaM, a 10 CTOPOHHEMY
pactpy. Ecnu, HanpuMep, KpOBNs MHTEPECYIOIIETo IIflacTa MIOBTOPSeT pefbed MOACTHUIIAOIIETO,
OJ11 KOTOPOI'O IIOBEPXHOCTE YK€ MOCTPOEHA, 3Ty CBsA3b CHUMAIOT perpeccruei Ha MOACTUIIAOIIYIO
IIOBEPXHOCTD, a KPUTYIOT yKe OTKJIOHeHUsd oT Heé. [Ipeiid 3mech He GyHKUIMS MecTa Ha KapTe, a
byHKIINSA 3HaYeHUS BHEIIHETO pacTpa B TOW XKe TO4YKe. BCé ocTanmbHOE COBIAZaeT CO CHATHEM
[IOJIMHOMHUABPHOTO TPeHAa. ITO Ta JKe CXxeMa perpecCUsS-KPUTHUHT.

Kak cuuraercs

CHauama pacTp apedda CUMTHIBAETCS B KaXXOOW CKBAaXKHHE, OMITMHEHHO MO0 YEeTHIPEM COCEeOHUM
d4enkaM. 3aTeM 3HadeHUe II0JI Perpeccupyercs Ha 9STO CUYWTaHHOE 3HadeHUe MeTOoooM
HaWMEHBIINX KBaApaToB. CTeneHns apenda 3amaét Bup cBsizu. CTemneHb 1 9To NUHEHHBIH Apeid
BUOa 3HayeHue paBHO a0l mmioc al Ha gpeiid, oObIUHEIA BEIOOP mus External Drift. Cremenp 2
OIMMCHIBAET HM30THYTYIO CBSI3b C KBajipaTOM Opeida, HO MoxKeT BoOpaTh B ceOsi 4aCcThb peanbHOM
CTPYKTYPHIL, II03TOMY IIOCJIe HE€ CTOUT IIOCMOTPETh Ha BapUOrpaMMy OCTATKOB.

[Manbie KPUTYIOTCS OCTAaTKM Perpeccuu, POoBHO Kak oOwiyHOe momne B 2D Kriging, co cBoeit
BapMoOrpaMMOM, ITOMCKOM U aHM30Tpomnuel. Ha mocnegHeM 1miare pactp mperida nmepecyuThBaeTCs
Ha CeTKy KpPUTHHTa, U Aapeld moOaBisgeTcs K KPUTOBAaHHOM OIleHKE OCTAaTKOB oOpaTHO. MToroBas
OlleHKa B KaXK[oN s4YelKe paBHa IOpeldy IJIIOC KPUTHMHT ocTaTKa. [I0CKONBKY Apelid H3BeCTEH
BCIOOY, OIleHKa MeX[y CKBaXXMHaMM TSHETCS He K JIOKaJIbHOMYy CpefHeMy, a K ¢opMe BHEIIHEN
TTOBEPXHOCTH.

CKBaXKXHMHBI, KOTOPHIE OIIalIH 3a Ipeiessl pacTpa apeida, B 1ogbop He UAYyT, HHCTPYMEHT Coo0IaeT
B 2KypHami, CKOJIbKO MX OTOPOIIeHO. fAYelKU CEeTKH, He MOKPBIThIE PAacTPoOM apelida, HOCTPOUTH
HeYeM, IT03TOMY OHM OCTaIOTCs MYyCTHIMU BMECTEe CO CTaHOAaPTHOM OIIMOKON B HUX.

ATpHOYTHI CreHepPHPOBAHHOT O CJIOSI
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_ B pazpeiBe NaHHbX 0BbMHBIA KPUTHHT CTNAMABARTCA K CREOHEMY, _
BHELIHAR NoBEpXHOCTL (Apeind) s a nphrnn&wmmm!ﬂf.tﬂly sHewei nosepxiocty. KPUMMHE C BHEWHWM Apeddiom no dz
= = - o E E — =
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=140
—160
=180
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=240

Puc. 23: Kpurusr c BHemHUM OpeldoM Ha pa3pekeHHHIX CKBaXMHaX (pacdéTr sppom Isoliner).
CrneBa - BHEIIHSSA ITOBEPXHOCTSL S (Opeiid). B 1leHTpe OOBIYHEIM KPUTHHT 110 dZ: B pa3phiBe MTaHHEIX
OlleHKa CTilaXuBaeTcs K cpegHeMy. CipaBa KpUTHHT C BHEIITHUM ApeiidoM 1o dz moBTopseT GopMy
BHEIITHEW ITOBEPXHOCTHU TaM, I'le CKBaXXWH HeT. [[yHKTUPOM 00BEEH pPa3pPHIB JaHHHIX.

ITone Tun YTo cogepxuT

well TEKCT Hms1 cKBaKUHEL.

roof 4MCII0 OTMeTKa KPOBJIH, M.

thick 4UCIIO MomtHOCTE IITacTa, M.

X YICJIIO CopepxXkaHue IOJIE3HOT O
KOMIIOHEHTA, ITPOIEHTHI.

head 4HUCIIO Hamop (rugporeonoruyeckuu
BapHaHT JAHHBIX), M.

K 4UCIIOo Koadpdunuent punsrpaiuy,
M/CyT.

T YUCIIO BopgonpoBoguMoCTh, M2/CyT.

mintype TEKCT MuHepanbHBIN TUII (KIacC O
WHOUKATOPHOTO KPUTHUHTA).

dz YUCII0 [TorpemHoCTh OTMETKHY - OIS
B3BEIlIMBAHUSA U
9KCIIEPUMEHTOB.

HaGop momnelt 3akphiBaeT BCe MHCTPYMEHTHI IJIaruHa: mHTepnonupyhte roof m thick oOGrYHBIM
KpuruHroMm, X - C TpeHOoM, mintype - wuHAuKaTopHHIM, head/K/T - rugporeosorndyecKuMu
UHCTPYMEHTaMH.

ITapaMeTpsbI

ToyeuyHbIH CJIOH U IMOJIe 3HaYeHHs Z 3amaTcsa Kak B 2D Kriging. [TapameTp PacTp BHeUIHero
npemda 3TO ¥ eCTh CTOPOHHSISI TIOBEPXHOCTh, U3BECTHAs BCony. Heobsi3aTeNnbHEIN KaHall pacTpa
npeida BrIGUpaeT MOI0CY MHOTOIIOJIOCHOTO pacTpa. [IoMcK, pa3Mep siUeiKu, oxBaT, 00pes3Ka I1o
KOHTYPY CKBaXKWH, HAarTeT U CTPYKTYPH BapHUOTPaMMEI, OTCEB yparaHHBIX Npo0 U CriaxKuBaHUE
rpuma paboTaioT ¥ OIMMCAHH Tak ke, Kak y 2D Kriging, ¢ TeMu ke yMOTJYaHUSIMH.

Baxnoe ycroBue. PacTp mapetrida ¥ TOYEUHBIM CJIOM OOJIZKHBEI OBITH B OOHOM CHCTEMEe KOOPAHWHAT,
UHayve 3HadyeHUe pOpelida cHUMEeTCA He B TOM Touke. [Ipum HecoBmageHuu CRS MHCTPyMeHT
npenynpexpgaetr B XKypHasn. PacTp apeiida monkKeH IMOKPHIBATh BCIO 00J1aCTh OIEHKH, MHAYe IO
KpasiM ITOSIBATCS IIyCTHIE TUYEHKU.
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Bapumorpamma 1o ocrarkaMm

Kak u npu cHATUM TpeHOa, BapuorpaMmy 3OecCh 3aaloT II0 OCTaTKaM perpecCuy, a He IO CEPOMY
3"HaueHUo. I[Tocne cHaTua mOpelida BapuorpaMMa OCTaTKOB BO3BpalllaeTCs K HOPMAaJbHOMY BHULY,
BEIXOOUT Ha IIOPOT C HAITETOM, U pPamuyC OTpazkaeT MCTUHHEBIM MacmTal JIOKaJIbHOM KOPPEISIU.
Pactp cTaHmapTHOM OMMOKH B 3TOM PEXMUME 3TO OInbKa KPUTMHTA OCTaTKOB. [Ipelid cumnTaercs
OEeTEePMUHHUPOBAHHLIM M COOCTBEHHOM IOTPEIITHOCTH K Hell He IobaBiisierT.

Yoo6HEIM crioco® mogo6paTh BapuoTrpaMMy OCTATKOB, HE BHIXOMS U3 MHCTPYMEHTa BapHUOTPaMMEL,
[IOKa He IIPeayCMOTpPeH, IIO3TOMY OCTATKM OIl€eHMBAIOT IIO0 [OJIe CHSTOM [UCIIEPCUH, KOTOPYIO
WHCTPYMeHT nedaTaeT B 2KypHai. Ecnu npeiid ybpan 3aMeTHYIO 4acThb pa30poca, CBsI3b C BHEIIHEH
TMOBEPXHOCTHIO peajibHa U aperid ymecTteH. Eciu nmoytu HU4Yero He ybpari, Iojie C 3TUM PacTpPOM He
cBsizaHo, 1 o0bIuHbIM 2D Kriging macT ToT ke pe3ynbTaT Ipoliie.

3.03 KapTa BepOsATHOCTH NPEBbIIICHUSI

HNuctpymeHT KapTa BeposiTHOCTH NPEBBIIIEHUsI OTBEYaeT Ha BOIIPOC HE «CKONIBKO», a «KaKOBa
BEPOSTHOCTh, UTO 3HAUEHHE IIPEeBEICUT IIOpor». M3 pacTpa OIeHKHM KPHUTHHTa M pacTpa ero
CTAaHOAPTHOM OMIMOKH OH CTPOUT PACTpP BepOoATHOCTH OT 0 mo 1: B KaX[ou sS4eliKe BEepPOSTHOCTh
TOTO, UTO UCTUHHOE 3HaUeHHe BHIIIe 3aJaHHOTO ITopora.

HWHCTpyMeHT cTouT B rpymnne JlomonHHTe/lIbHbIe HHCTPYMEHTHI aHajIHM3a U paboTaeT Kak
nocroOpaboTKa, MOJOOHO TMApPaABINYECKOMY IpafueHTy. CBOero KpuUrMHIra OH He BHIIOJHSET U
okHo 2D Kriging He Tporaet, a 6ep€T yKe roToBble pacTprl. [loaToMy OH OfUMHAKOBO paboTaeT C
BEIXO[IOM OOBIYHOTO KPUTMHTA U KPUTHUHTA C BHEIIHUM ApeldoM.

Kak cuuTraercs

KpuruHr maéTt B KaXXOOM siueiiKe OLIEHKY U €€ CTaHOapTHYIO omubOKy. Eciu mMpUHSATL JIOKaJIbHOE
pacmpemesieHre 3HAYEHWS HOPMAJIbHBIM, TO €CThb BEJIMYHUHY B SYEHKe CUUTATh HOPMAJbHOH CO
CpPeOHUM PaBHBEIM OIl€HKE W CTaHOAaPTHHIM OTKJIOHEHWEM PaBHHIM OMIMOKE KPUTHHTA, BEPOSITHOCTH
IIPEBHIIIEHNS IOPOTra CYUTAETCSI OOHOU (opMyIoi depe3 GYHKIUIO HOPMAJIbHOTO PaclpeieieHus.
I'me olleHKa 3aMeTHO BEHIIIE TTOPOTa, BEPOSATHOCTh O/IM3Ka K eOUHUIIe, TOe HUXKe, 6JiM3Ka K HYIIIO,
a Ha caMOM IIOpOTe paBHa IOjloBUHe. YeM OoJibllle CTaHOapTHas oIuOKa, TeM 6ojiee IJIaBHBEIM
CTAaHOBUTCS IIEPEXO: BOAIM OT CKBaXXKMH YBEPEHHOCTHU MEHbIIIE, 1 BEPOSITHOCTh TsaHeTcs K 0.5.

OuUeHKa KpUruHra (Nnopor KoHanuum 26)

P{3HavyeHune > 26)

10

r 0.6

r 0.4

0.0

Puc. 24: CrneBa oOlleHKa KpUTHHTa C IIOPOrOM KOHOMIIMK, CIIpaBa KapTa BEPOSTHOCTH €ro
MpeBHINIEHUs. 3ejieHoe - OepéM YBEepeHHO, KpaCHOe - YBepeHHO He OepéM, 3a TpaHullei
pa3bypeHHOCTH KapTa cxoguTcst K 0.5.
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OTmenbHOTO KPUTHHTA OJIS 3TOTO He HY2KHO, IT03TOMY KapTa CTPOUTCS MTHOBEHHO. [JomyllleHue o
HOPMAaJIbHOCTH MeCTaMu rpyboBaTo, 0OCOOEHHO OJIsT CUIILHO CKOIIEHHBIX ITOJIeH BPOOE COmepzKaHUM
C IJIMHHLIM IIPaBBEIM XBOCTOM. TaM, I'me 3TO BaXKHO, TOYHee padoTaeT MHOWKATOPHBIM KPUTHHT II0
TmoporaM, KOTOPBIM He omupaeTcs Ha GopMy pacupeneeHus.

Kaxk IIOJIYYHUTH BX0OObI

3anyctute 2D Kriging (v KpUruHr ¢ BHEIIHHM OpeH@oOM) 10 CBOEMY IOJII0 M BKITIOYUTE
HeoOs13aTeNnbHLIN BHIBOI CTaHmapTHasi omimOKa KpuruHra. [lony4yuTe ABa pacTpa, OLEHKYy U
omuOKy, ¥ TojalTe UX ciofa. PeIIETKY y HUX COBIIAHAIOT, TAK KaK OHU M3 OJHOTO 3aIyCcKa, HO eCJIN
IMofaTh PAaCTPHI C Pa3HOM CETKOMH, omurbKa OymeT mpuBegeHa K CEeTKe OIeHKHU OUJIMHENHO.

ITapameTpsl

[TapameTp YTo 3amaéT ITo ymonmganuio / COBET

PacTp oreHKU (KPUTHUHT) PacTp oleHKM mons -
(pe3ymbTaT KpUTHUHTA).

PacTp cTaHOapTHOM OMINOKH PacTp cTaHOapTHOM OMINOKHN -

KPUTHUHTA TOTO Ke 3aIllycKa.

CtopoHa CunuTaTh BEPOSTHOCTD BHIIIE BEIIIIE
nopora P(Z>nopor) unu HUXKe
P(Z<mopor).

ITopor 3HadyeHHue, OTHOCUTEJILHO 0
KOTOPOT'O CYUTAETCS
BEPOSITHOCTb.

Kanamn pacTpa oueHKH, KaHal ITomoCchl MHOTOTIOJIOCHBIX 1

pacTtpa ommbku (Ilor.) pacTpoB.

Pactp BepostaHocTH (0...1) BrixogHOU pacTp BEPOATHOCTH. -

IIpumenenue

BOpTOBBIe COooepzXKaHud: IMOPOor' paBeH KOHIWMIKWHU, U KapPTa IIOKa3bIBa€T BEPOATHOCTB TOI'O, 4YTO
COOepzKaHue BEIIIE€ KOHIOWUIIUU. OTO HATrIsgHEee OOMHOUW JIMHUU II0 OIleHKe, IIOTOMY 4YTO Yy I'DAaHHUIIBI
PYOHOTI'O T€Jla YBEPEHHOCTH IIadd€T, U KapPTa BEPOATHOCTH 3TO ITOKA3bIBAET. 30HBI PHUCKa I10 J'[IOGOMY
II0POry: MOIIMHOCTE HHUXKE KpI/ITI/I‘-IeCKOI;I, OTMETKa BHIIIE MW HUXKE OMNaCHOH. KapTa BEPOATHOCTH
OOIIOJIHSAET KapPTy OLI€HKHU TaM, I'l€ BaKHa He TOJIBKO BEeJIN4YKHAa, HO U YBEPDEHHOCTE B HeWu.

3.04 I'uapaBIHYEeCKHH I'PaJHEHT M HallpaBJ/IeHHe MMOTOKa

HHCcTpyMeHT I'MapaBInYeCKHH I'PaJHEHT U HalpaB/IeHHe IMOTOKa paboTaeT C IojieM Halopa,
TO €CThb C IIbe30MEeTPHUYECKON ITOBEPXHOCTBIO, M ITOKA3hIBAeT, Kyda MW HACKOJIBKO KPYTO TEYET
nop3eMHas Boga. Ha Bxopm momaé€Ttcst pacTp Hamopa, 06srgyHo pe3dynbraT 2D Kriging mo ypoBHSM B
CKBaXXKHWHAaAX. ,]:[JIS{ rugporeoyiora 3To TaKOH XKe eCTeCTBEeHHBIHN IIar II0Cje IIOCTPOEHUA IIOBEPXHOCTHU
HAropa, KakK U30JIMHUHU ITOC/Ie KPUTHUHTA.

Ha BBIXOmE Tpu Cnosi. PacTp Moay/isi rpagHeHTa TOKa3blBaeT KPYTH3HY IIOBEPXHOCTH HAIOPa,
TUOpPaBIMYECKUNM TpafgueHT i paBeH wmomyiio Vh u 6Ge3pasmepeH. PacTp a3uMyTa XpPaHUT
HalpaBJjieHWEe IIOTOKa B TI'pafmycax, I'me HOJIb 3TO CEBEP, a OTCYET HUOET II0 YaCOBOM CTPEJIKe.
ToueuHEIl CII0M BEKTOPOB HNOTOKA IIPOPEXKEH II0 CEeTKe U Ccpaldy OPopMIIeH CTpesIKaMu, II03TOMY
KapTuHa ¢GUIbTpanuu BUgHa 63 HaCTPOUKU CUMBOJIMKH.

HanpaBneHHe CHUTAETCA CTPOTO. Boma TEUYET BHU3 110 T'PaduEeHTy, OT 00JILIIIeTO HaIlOPpa K MEHBIIIEMY,
IIO3TOMY CTpPEJIKa CMOTPUT B CTOPOHY IIaJeHHNs ITOBEPXHOCTH. Ha momorux y4dacCTKaX, Irme Hallop
IIOYTH IIOCTOsIHEH, HAlIpaBJIEHHWE HEe OIIpPpeneJIeHO, U a3UMYT TaM ocTaeTcs IIYCTBIM.
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Puc. 25: KapTa BepOSTHOCTHU IIPEBHIIIIEHUS C PACXOOAIIelcs Kanou u nepeiaomoM Ha 0.5. KpacHoe
- 3HaUYeHHe YBEePEHHO BHIIIE ITOPOra, CHHEee - yBePEeHHO HHUKe, OesIbli MosIcoK mo nuauu P=0.5 - 30Ha
HeoIpenenéHHOCTH (CIOpPHEIE 3HaUeHMs). YeM manbIlie OT CKBAaXKWH, TEM IIIHPE TTOSICOK.
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Prc. 26: BeKTOpEHI IIOTOKA Ha ITIOBEPXHOCTHU HAIlOpa: CTPEJIKYU UAYT BHU3 110 TPAOUEHTY, OT BEICOKOTO
Haropa (TEmIble TOHA) K HU3KOMY (XOJI0OAHBIE), TOBEPX U30JIMHUYM Hatopa. [[IuHa CTPeIKU PacTET C
KPYTU3HOU IpagueHTa.
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be3s IIPOHHUIIAEMOCTH

HWHCTPYMEHT OIMHMCHIBAET T'€OMETPUIO MOJI HAllopa, HO He CKOPOCTh IToToKa. CKOPOCTh pumbTpanmu
o 3akoHy [lapcu paBHa MUHYC Ko3apoduimeHt unbrpanmu K Ha rpagueHT, U OIS Heé HYyXKeH
caM ko3pdumueHT K, KOTOpPBEIMI MHCTPYMEHT He 3allpallliBaeT U He cuuTaeT. MHade TroBops,
KapTa OTBeYaeT Ha BOMNPOC Kyda M HACKOJIBKO KPyTO, HO He Kak OwicTpo. Korma ects K (umm
BOOONIPOBOOUMOCTS T) IO IIOIaAX, CKOPOCTE (UIbTPALIUY M PACX0[ CINTAeT COCETHUU UHCTPYMEHT
«YpenbHEIN pacxon (3akoH [lapcu)»: OH DOMHOXKAaeT 9TOT 'PafueHT Ha CBOUCTBA IIjlacTa.

HapameTpLI H CI'jIa2KHBaHHE

Bxom 3TO pacTp Hamopa X ero KaHajl. [lapamMeTp BeKTOpPHI IIOTOKA, IIIAr MPOpPeXHBaHHSI
3amaéT, yepes CKOJIbKO SYeeK CTABUThL CTPEJIKY, YTOOBI OHM He CIIMBAJIKCh, 10 YMOJTUYAaHUIO BOCEME.
[TapameTp criiazkMBaHHE HAIOpa mepeqa pacdyéToMm yOupaeT MENKyl psiOb rpuma, 3amaéTcs B
quﬁKaX, II0 YMOJIYaHHUIO BEIKJIIOYEH.

[TapameTp YTo 3amaét ITo ymonm4ganuio / COBET

Pactp Hanopa BxonHas nbe3oMeTpudYecKas -
ITOBEPXHOCTH (0OBIYHO
pe3ynbraT «2D Kriging»).

Kanan (Jom.) [Tomoca BxOOHOTO pacTpa. 1

CrimaxuBaHKe HAIlopa Iepeqm lacuT mym rpupa mepeq 0

pacuétomM, sTIeeK ouddepenupoBanueM. 0 =
Oes.

BekTopHl mOTOKa: IIar Yepes CKONMBKO AYEEK CTaBUTL 8

[IPOpeXKUBaHUS, TUeeK CTPEJIKY.

l'uapaBIu4ecKui rpagueHT Brixopguoi pactp |Vh|. -

(Monyb)

HampaBnenue nmoToka (a3uMyT) BrIxogHOU pacTp a3uMyTa CO3IaéTcs IO YMOJTYaHUIO
(BHU3 IIO TPAAUEHTY).

BeKkTOpHI mOTOKA (TOYKH) To4euHEBIl CJIOM CTPENOK (IOsT  CO3[aéTCs II0 YMOT4YaHHUIO
az, grad).

CriaxxuBaHHe BKJIIOYAlOT He IJIs KPacoTH, a o cyulecTBy. [IuddepeHIrpOoBaHUE yCHUIUBAET
IIyM, IIO9TOMY HaXKe aKKypaTHBIM I'DUI KPHUTHHTa CIIOCOOeH AaTh ISTHHUCTOE IIoJie rpafueHTa C
OépraHbIMU CTpeNikaMu. JIErkoe criaxkuBaHUe BO3BpalllaeT KapTHHY K YWTaeMoMy BuAy. Toro xe
abderTa MoKHO OOUTHCS, cTriiafguB caM Hamop eie B 2D Kriging.

CTpenKHu U3 ToOYeK

CJ10if BEKTOPOB 3TO TOYKHM, @ CTPEJIKK PUCYeT CUMBOJIMKA. [IpeceT HaKIa[bBaeTCsI aBTOMATUYECKH.
Mapxkep-CTpejika MOBOPAYMBAETCS IO MO0 Az, MO3TOMY ITOKA3bIBAeT HaIlpaBlIeHWE IIOTOKa, a
pa3Mep MacmTabupyeTcs mo moio grad, MO3TOMYy CTpeJiKa AJWHHEEe TaM, Tae T'PafiueHT Kpyde.
Pa3Mep 3amaH B MUJIIUMETPaxX ¥ He 3aBUCUT OT MacmTaba KapThl. CUMBOJIMKY MOXKHO IIOMEHSTH
B CBOICTBax cios. Eciu HyXKHa KlacCudYecKasi KBUBep-THarpaMma, I'ie OJIuHa CTPeIKHA OTI0XKeHa
B eMHHIIAX KapTH, MapKep 3aMeHsI0T IeHepaTopoOM IeOMETPHH, PELENT JIEXKUT B IanKe CTUJIeH
PSIIOM C IIPECETOM.

ITomst c1os1 BEKTOPOB IIOTOKA:
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ITone Tun YT0 comepXuT

az 4UCII0 A3uMyT HampaBJieHUS IOTOKa,
rpamychl (0 = ceBep, 10
49aCOBOU CTPENKe, BHU3 I10
rpagueHTy).

grad YUCII0 Mopnyib TUOPaBINYECKOTO
rpagueHTa \

VueOHBIM LIUKII

YUToOBI IPOUTH BeCh IIyTh 0e3 peaslbHEIX HAaHHEX, BKIIIounTe B IIpuMep CKBaxKuH (IeMO) rajiky
[IoGaBuTH mosjie Hanopa. B cnoit mobGaBuTcs mone head ¢ BhIpakKeHHBIM PErMOHAILHBIM YKJIOHOM.
IMocTporiTte o Hemy rpunm B 2D Kriging, nmomaiiTe pacTp cioja, U CTPENIKM MOWAYT BHU3 IIO
CKJIOHY Hamopa. TOoT Ke CKBO3HOU CIleHapui, 4TO M OJig OCTAJIbHBEIX WHCTPYMEHTOB, TOJILKO IIPO
TUIOPOTEO0JIOTHIO.

3.05 YaenbHbIN pacxoq (3akKoH [TapcH)

HNHCTPYMEHT YaeapHbIH pacxo No0aB/sieT K TeOMEeTPHUHM II0TOKA IIPOHUITaeMOCTh. I'MapaBIndeCKui
TpagueHT MMOKa3bkIBaeT, KyJa ¥ HaCKOJIbKO KPYTO MaJaeT Hamop, HO He CKOJILKO BOOHI TEYET. 3aKOH
IIapcu CBSI3BIBAE€T 3TU BEJIMYMHLI Yepe3 CBOMCTBA IIJlacTa: YeM BHIIIIE IIPOHUIIAEMOCTb U Kpyde
rpagueHT, TeM Oobine pacxom. M3 pacTpa Hamopa M PacTPOB CBOMCTB IJIaCTa MHCTPYMEHT CTPOUT
busnueckuii MOTOK, a He 6e3pa3MepPHBIN I'PATHEHT.

HHCTpYyMEHT cToUT B rpynie [1omoJIHHUTEIbHbIe HHCTPYMEHTHI aHa/Iu3a U paboTaeT Kak
nmoctobpaboTka. CBOM KPUTHUHT HE BHITIOJIHSIETCS: PACTPHI CBOMCTB T'OTOBSAT OTHOEIBHO KPUTUHTOM I10
TOYKaM UCIILITAHUMU.

YT0 cuMTaercs

CxkopocThb ¢punbTpanuu (yoeabHBIM pacxof) o 3aKoHy [lapcu paBHa IIPOoU3BeaeHNI0 KoaddulumeHTa
bunpTpanmu Ha rugpaBIudYeckud rpaguedT: q = K-|Vh|, pa3aMepHOCTs METP B CYTKHU. ITO 0OBEM BOMEI
Yyepe3 enHUITY IUIOIIAON CeYeHUsI B equHULY BpemeHu. Eciu BMecTo KoadduimenTa Gpunbrpauuu
3a7iaH pacTp BOJOIPOBOOUMOCTY, MHCTPYMEHT CUHUTAET PAcXoyl Yyepe3 eINHUITY IIMPUHEI ITOTOKa Q =
T-|Vh|, pa3amMepHOCTb KBafpaTHLIN MeTP B CYyTKHU. BomonpoBogmuMOCTE 3TO KO3GGUIINEeHT pUIbTpauuy,
YMHOZKEHHBIN Ha MOIITHOCTh, II03TOMY PAaCXO0[l Yepe3 MIHPUHY yKe YYUTHIBAaeT MOIITHOCTE IJIacTa U He
TpebyeT e€ oTmenbHO. HampaBnenue o60ux MOTOKOB COBIIAIAeT C HAITPaBIeHUEM IrpagueHTa, BHU3
0 CKJIOHY Haropa.

HcTuHHAS CKOPOCTh OBU2KEHUs BOIEI IIOJIyYaeTcs OeleHrueM yOoelbHOro pacxoma Ha 3(pHeKTUBHYIO
MIOPUCTOCTD, V = ¢/n. [IOpHCTOCTH B MaHHLIX OORIYHO HET, IO9TOMY HHCTPYMEHT €€ He 3aIpalinBaeT
¥ MCTUHHYIO CKOPOCTh HE CUHTAeT: NPH HEeOOXOOWMOCTH pas3feluTe pacTp ( Ha IIOPUCTOCTb B
pPacTpoBOM KaIbKyISTOPE.

Kak moayuyuts pactpel Ku T

CBolicTBa IJjlacTa HM3BECTHBI B TOYKaAX MCIBLITAaHUM (OTKayKW, HaJIMBEI), a HYXKHHI Bciomy. Hx
WHTEPIIOIUPYIOT KPUTHUHIOM, KakK t000e mojie. BakHasi TOHKOCTh: KO3GPUITMEHT (QUIbTPAIUN U
BOOOMNPOBOAMMOCTD ITOYUTH BCETIA IOT-HOPMAJIbHEI, UX 3HAaYEeHUs Pa30pocalbl Ha MOpsSIaKyu. Kpuruur
[0 CaMUM 3HA4YEeHUSM MCKA3UT Pe3ysbTaT, I03TOMY KPUTYIOT jorapudm. IIpoine BCero BKIIOYUTH
B «2D Kriging» mpeobpasoBaHue In: Torga Kpuryercs In, a pacTp BO3BpalllaeTCs yKe B UCXOTHBIX
eOUHUIIaX, U 30eCh Tajka In He HyxkHa. Eciu Xe BB KpPUTyeTe 3apaHee 3ajorapu¢pMUpPOBaHHOE
I1I0J1e, BKJIOUUTE B 3TOM I/IHCTPYMGHTG PaCTpBI KuT 3adaHbl KaK lll, U 3HAYEeHUusa BepHYTCH
9KCHOHMPOBaHMEeM. HamopHble u Ge3HANOpPHBIE IJIAaCTH pa3yMHEe KPUTOBaThb Pa3delbHO, Y HUX
pa3Has Gu3nKa MOITHOCTH.
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ITapaMeTpsbI

[Tapametp Yrto 3apaéT ITo ymonyaHuUIo / COBET

Pactp Hanopa [Tre3oMeTpuyeckas -
IIOBEPXHOCTH (Pe3ysbTaT
KPHUTHHTA 110 YPOBHAM).

PacTp kosdppuiuenTa CBoIlCTBO 1JIacTa 04 -

dunsrpaunu K (Mm/cyT) CKOPOCTH (pUIbTPALINH.
Heob6s3aTeneH, HO HyKeH XOTsd
ol oquH u3 K, T.

Pactp BogomposoguMmocTu T CBOMCTBO IIJIaCTa OJId pacxoja -
(M2/cyT) 4yepes IIUPUHY.
Pactpet K u T 3apan®! Kaxk In [TpuMeHUTE eXp K BXOOHEIM BBIKIJI.
pacTtpam (gisa mor-kpurusra K
nT).
CrnaxxmBaHue HaIlopa, S49eek lacuT mym Hanopa nepeq 0
ouddepeHTPOBAHUEM.
BekTopsl IOoTOKA: HIar Yepe3 CKOIBKO AY€€eK CTaBUThL 8
IpopeXKnUBaHUSA CTPENKY.
Kanans! pactpos ([Jo.) ITosmockl MHOT'OIIOJIOCHBIX 1
pacTtpoB Hamopa, K, T.
CkopocTh pumbTpaluu q BrixogHoi pacTtp q = K:|Vh]|. co3maéTcs, ecnu 3agaH K
(M/cyT)
Pacxop yepe3 mmpuny Q Brrxopuoit pactp Q = T-|Vh]|. co3paércd, ecnu 3aman T
(M2/cyT)
HampaBneHue 1motoka (a3uMyT) BHEIXOOHOM pacTp a3uMyTa. Heo0s3aTeIbHBIN
BeKTopHl mOTOKa (TOYKH) Cnoii cTpesioK (IIOBOPOT 10 @z, CO3HAETCS 10 YMOJITYaHUIO
pa3Mep II0 yOEJIbHOMY
pacxony).
IIpumenenue

I'me Boma mBuKeTCs OLICTPEe U I'Tie MeOJieHHee, OIleHKa IIPUTOKOB K BEIPAa00TKaM, 30HEI IOBLIIIIEHHOMN
dunpTpanuy BOOIh NPOHUIIAEMEIX TaueK. COBMECTHO C KAapTOW BEPOSITHOCTU IIPEBHIIIIEHUS MOXKHO
ITOKa3aTh He TOJIbKO OXKUIaeMbIM PacxXofl, HO U YBEPEHHOCTDb B HEM TaM, I'Ie TOYEK UCIILITaHUN MaJlo.

3.06 I'ayccoBa cumyiasanusa (SGS)

KpuruHr maét ogHy CriiazkKeHHYI0 IOBEPXHOCTD U OUCIIePCcHIo orleHKH. [TocmenoBaTenpHas rayccoBa
CUMYJIAIIMSL OTBeYaeT Ha OPYToM BOIPOC - KAaKOBa HeompenmesieHHOCTb. OHa CTPOUT aHCcaMOIIb
PaBHOBEPOATHEBIX peam/I3auI/1171: KaXasd BOCIIPOM3BOOUT THCTOIrPaMMy K BapuUOTrPaMMy OAaHHBIX,
IIPOXOOUT Yepe3 CKBaXXWHBI M TIOTOMY OCTAETCS IIEepINaBoi, a He crijiaxeHHOU. [lo Habopy
peanu3aluil B KaXO0M y3Jie HaOupaeTcs paclupefeleHlue 3HaUYeHUM, U 0TCI0a BUOHO, I'le OlleHKa
HapEXKHA, a TIe JaHHBIe MOTJarT.

Kak 3to paboTaeT. 3HaYeHHUS NEePEBOASTCS B HOpMajibHBIE Oariabl (normal score), 1 CUMyISIUS
UOET B rayCCOBOM ITPOCTPAHCTBE. Y3IIbI Ipuma OOXOOSITCSA B CIIy4alHOM IIOPSIAKE, B KaXKOOM y3Jie
MIPOCTOM KPUTHHT II0 COCEOsIM U yXKe CUMYJIHPOBAHHLIM TOYKaM [OaéT JIOKaJIbHOE CpefHee U
OUCIIEPCHUIO, U3 3TOT0 HOPMAJILHOTO pacupenesieHus PO3BITPHIBAETCS 3HAUEHUE, KOTOPOe TYT Ke
CTAHOBUTCSI 00yCIaBIUBAIOIINM OJISI CIIeOYIOIINUX y3JI0B. CKBaXKHHBI IPUBSA3LIBAIOTCA K OIHKANIINM
y3naM u GUKCUPYIOTCS BO BCEX pean3alusax. B KoHIle KaXXaasi peaan3alus IepPeBOOUTCs 00paTHO
B MCXOOHBIE eIMHUIIEI. BaprorpaMMa HOpMaJIbHBIX OaijioB Mog0HupaeTCss aBTOMAaTHYECKH, €€ TIOPOT
OJTHM30K K eIUHUIIE.

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

Peanuaauns 1 ( Realization 1

Peanunzauma 2

Peanuzaums 3

Cpeanes [E-type) / mean

CT. oTKnoneHwe [ std

Puc. 27: Aucambib peanu3lanuii SGS 1 IPoOU3BOOHEIE OT HETO CPefHee U HeoIPeOeléHHOCTh.

[TapameTp

YTto 3amaéeT

[To ymor9yaHuUIO / COBET

Touku (CKBaXKWHEI)
Ilone 3HaUYeHUus

TodyeuyHBIN CJION C JaHHBIMH.
YucmoBow aTpulbyT OIs

CUMYJISIIIAH.

Pasmep sueiiku [ITar rpupga. O - aBTO, 0
min(oxBaT)/50.

KonnyecTBo peanusauui CKOIBbKO IIPOTOHOB ycpenuaThb. 60 (50-100)

[Topor oTceuyku BkmiouaeT KapTy BEPOSITHOCTH  He 3afaH
IIPEBLIIIEHUS.

BeposTaocTts BBIIIE mopora HamnpaBneHure BepOSITHOCTH. oa

OxBaT pacTpa [IpsAsMOyTONBHUK pe3ybTaTa. 110 CJIOO

Mopenb BapuorpaMMul 6anmoB  Mopgenb Ojisi HOpMaIbHBIX aBToO

(Oom.) 0aJIoB.

Makc. Konu4ecTBO cocefgeii Ha  CKOJBKO TOYEK B IIPOCTOM 16

y3en (Hoir.) KPUTUHTE y37a.

Papguyc nmoucka ([orm.) 0 - aBTO, 3 paguyca 0
BapuOTrpaMMEHL.

3epno I'CY ([Ior.) st Bocripou3BOguMOCTH. 0 - 0
CIIy4alHOo.

ITone BecoB meknactepu3anuu  Beca wt u3 uactpymenTa 1.01, =HeT

(Oort.) Heo0s3aTeJIbHO.

Brixogbl 3TO pacTpel no aHcamb6nio. CpemHee (E-type) moxoxke Ha Kpuruar. CTaHaapTHOe
OTKJIOHEHHE II0Ka3hklBaeT HEOINPeOesIeHHOCTb, Malyl y CKBAaXWH X OOJBINYI0 BOAIHM OT HUX.
Kautunu P10, P50, P90 ouepuynBaiOT BEPOSITHBEIM AMalla30H, a BEepOATHOCTH NMPEBBINMIEHUS IIPHU
3aJlaHHOM IIOpOTe JaeT HellapaMeTPUYeCKylo ajJbTePHATUBY KapTe M3 UHCTPYMEHTA BEPOSITHOCTH.
BpewMmst pacTeT c pa3MepoM Ipuaa ¥ YHUCIOM peanu3aliuii, I09TOMY HauMHaNTe ¢ TPy0oH TYenKu.

Ecnu maHHBIE CTYILIEHE HEPABHOMEPHO, TTOJalTe moJjie BecoB wt u3 nHcTpyMeHnTa 1.01 [JekacTepu3amusi.
Torma HOpMasbHO-OanIbHOE HpeoOpa3oBaHHEe CTPOUT (QYHKIIHMIO paclpenesieHHsT C BecaMH, H
TucTOrpaMMa aHcam0JIsi He IIEPEKOIIIeHa B CTOPOHY IIepepa3BelaHHbIX O0TaTHIX YYaCTKOB.

Buabl KpHTHHTa: KaKOH BBIOpATh

ITom CITOBOM «KPUTHHT» B IIJIaTMHE JKUBET CEMEWCTBO METOIOOB, W BEIOOP MeXKOy HUMH BIIHSET
Ha pe3ynbTaT CUJIbHEE, YeM TOHKas HaCTPOMKa BapuorpaMMEL. Bce BUOBI pelllaloT OOHY U Ty Ke
CHUCTEMYy YpaBHEHHH C KOBapHAaIlUSIMU M3 BAapPUOTPAaMMEI. Pa3smuyaioTCs OHM TeM, YTO CUYMTAETCS
M3BECTHBEIM IPO CpefHee IIoJjie ¥ YTO MMEHHO OLIEHWBAETCS - TOYKA, OJIOK MM BEPOSTHOCTL. JTa
rjiaBa - HaBUraTop. [lapaMeTphl KaXXOOr0 HHCTPYMEHTA OIIMCAHBI B CBOUX I'JIaBax.

IIpocroi kpurunr (SK) mpemmnonaraer, 4To cpefHee MOJIs W3BECTHO 3apaHee M IIOCTOSHHO II0
mIomiagy. BOMu3u CKBaXKUH OIleHKa CIIeAyeT JaHHBIM, 10 Mepe yHoaJleHus CTATUBAeTCs K 3aJaHHOMY
cpegHeMy. BepuTe ero, Korfia CpefHee IOOTBEPKAEHO CTATUCTUKOH 110 IIPEICTAaBUTEIILHON BEIOOPKE
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TOTO JXe OOMEeHa, CPegHee «Ha IJa3» YBOOUT BCe Hemopa3OypeHHBIE Kpas B CTOPOHY OIIWOKM.
Brmrouaercst Berbopom tuna B 2D Kriging.

OpaouHapubiii Kpuruear (OK) cpenmero He 3HaeT U OIEHMBAET €ro JIOKAJbHO B KaxkmoO#
OKPECTHOCTH - 3a 9TO OTBedYaeT [ONOIHUTEIbHOE ypaBHEHHE C yYCIOBHEM «CyMMa BECOB paBHa
enouHulle». Boamu OoT CKBaXXWH OlLlEHKA TSIHETCS K cpemHeMmy OmuzKailnedl OKPeCTHOCTH, a He K
rinobanbHOMY. DTO BHIOOD IO YMOTYAHHIO: He 3HaeTe, C 4Yero HavyaTh, - HauHute ¢ OK.

Kpuruar c tpeHpgom (ranka cHaTus TpeHpa B 2D Kriging) - mna moned ¢ 3aKOHOMEPHBIM
peruoHanbHBIM YKJIOHOM: KPOBJISI Ha MOHOKJIMHAaNU, KpPBUIO ckiaafgku. [lommHoM 1-i umm 2-#
crenenu cHuMaetrca MHK, kpuryiorcsa octaTku, TpeHO BO3BpalllaeTCsa K OlleHKe. [IBa IIpaBuia:
BaprorpaMMy 3amaBalTe II0 OCTaTKaM (IIJIaTUH ITedaTaeT AOJII0 CHATON QUCIIEPCUHU - eCJIM OHA Maja,
TPEeHA He HYKEeH), ¥ He 9KCTPANoIuPyNTe KBaAPATUYHLIN TPEH JajieKo 3a 00JIaKO CKBaXKWH.

Kpuruur ¢ BHemHuMm ape#idom (rmasa 3.02) - Korma TpeHO H3BEeCTeH He Kak ¢opMmyia, a
KakK IIoJIe: CTPYKTYpHasl OBEPXHOCTh COCENHETrO IIJIacTa, peruoHasbHasi MOIENb, CEUCMHUYECKUU
aTtpubyT. CXema Ta ke - perpeccus Ha apeld, KpUTHMHT OCTATKOB, BO3BPAT PETPECCUMN.

BrnouyHbIi KpuruHr (mapametp muckpetusamnuu B 2D Kriging) oienuBaeT cpepnsee mo GIIOKY,
a He 3HaUeHMHe B TOYKe: IIpaBas 4YacCTh CHUCTEMEI YCPEOHSETCS II0 AMCKPEeTHu3alluu, OUCIEePCHUS
ommnOKY ITajlaeT, BEIOPOCH racsAaTcs. bepuTe ero jist momcyYeTa 3aracoB 10 CeTKe 0JIOKOB U IIOMHUTE
mpo 9hGEKT HOCUTENIA: TPpund OI0YHOTO KPUTHMHTAa 3aKOHOMEPHO IjlaXke TOYeYHOTO, CPaBHHUBATh
comepxkaHue IMPoOk 1 cofepzKaHue 6JI0Ka HAIIPSIMYIO HETb3s.

HUHpuKaTopHbii KpurvHr (rinasa 3.01) - mns KaTeropuil: MUHTHN, (allus, 30HaA 3aMelleHUus.
Kateropust nmpespaiaetrcss B uagukatop 0/1, kpuryercsa obsraabiM OK, pe3ynbTaT - BEPOSITHOCTD
KJjlacca B TOYKe, IOPOTOM M3 He€ IMOoy4daloT JoOMeHH. BapuorpaMmMa MHAMKATOPOB CBOS U OOBIYHO
KOpOYe BapuorpaMMbl COOepKaHusd.

I'ayccoBa cumynsinus (rnaBa 3.06) - He KPUTHUHT, a €ro OOIIOJIHEHME: BMECTO OOHOU Crila’keHHOU
ITOBEPXHOCTH aHCaMOJIb PaBHOBEPOSATHHIX IITEPIIIaBLIX Peannu3allnii, i3 KOTOPOTro HeonpeneleHHOCTh
BU[HA HaIPSIMYVIO.

IMMImapraaka

3agada Bup I'me Bkmio4yaeTcs
YHuBepcanvHEY ciy4dal, cTapT OppuHapsbU (OK) 2D Kriging, Tun o

mo6oH 3amayun YMOJITYaHUI0

IJaHHBIX MHOTO, CPeIHee ITpocToit (SK) 2D Kriging, Tun SK + cpentee
moMeHa 0O0CHOBaHO

KpoBns unu mogoirsa C C TpeHpgom 2D Kriging, cHsaTHe TpeHOa
pervoHanbHBIM YKIIOHOM

TpeHpO nu3BeCcTEH KaK pacTp C BHeIlTHUM Opeidom riaasa 3.02

3arachl 1Mo ceTke GJIOKOB brnoune 2D Kriging, ouckpeTu3anms
MuHTHUII, 3aMeIIeHNE, MHOUKaTOPHBIN rinasa 3.01

KaTeropuu

O1eHKa HEOITPEeNEenEHHOCTHU Cumynsuusa SGS rnaBa 3.06

OKpeCTHOCTh ITOWCKa 00Iasi [ajisd BCEX BUIOOB, M TPU IpaBHUIa CHUMAIOT OOJIBIIMHCTBO IIPOOIEM:
paguyc mopsigkKa paguyca BapuorpaMMbl, MaKCUMyM cocefedt 12-16, aHU30TPOIus OKPECTHOCTU
corilacoBaHa C aHU30TPOIMEN BapuorpaMMbl 13 BapUOTPaMMHOM KapTHI.

3.07 IIITOTHOCTH O 3aMepaM (mepeMeHHasi OImopa)

HWHCTPYMEHT CTPOUT KapTy IUIOTHOCTH, T'Ie 3aMep 3aJaH He TOYKOW, a HOCUTeJIeM KOHEYHOTO
pa3Mepa: TO4YKa C CUTMOUW HEOIPENEJIEHHOCTH, OTPE30K JUHUU (KOPUAOP MOJYIIMPUHBI) WU
nonuroH. EmyHryHas Macca 3aMepa pa3Ma3blBaeTCs IO CBOEMY HOCHUTEN0. Macca coxpaHseTcs,
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a IUIOTHOCTh OOpaTHa MJIoMIagyd HOCHUTENISI, II03TOMY TpyOble IIPUBSI3KKM CaMOOCHIabIsIOTCS
reoMeTpuYeckKHu, 0e3 MOpPoroB ¥ (UILTPOB. IDTO OIEHKa IIJIOTHOCTH (CKOJILKO W Tfhe), a He
WHTEPIONAINA 3HAaYEeHUA - OJId 3HAQYEeHUN OCTAETCS KPUT'WHT.

Tun reoMeTpruu OOWH Ha 3allyCK. CwMeliaTh TOYKY, IUHUM U IIOJIUTOHBLI MOXKHO CepHefI 3allyCKOB B
OOHWH PacCTp (pe}KI/IM OoIuchIBaHusI). I1o KaXKOgoMy THUIIY MaCCa paCKJIagbIBae€TCsd II10-CBOEMY:

e To4ka - rayCCOBO IISITHO C CUTMOM M3 TOJIST TOYHOCTH, 00pe3Ka Ha TpH CUTMbL. CUTrMa HUXKE
Oy TUYeNKY IIOOHUMAETCS [0 IOJIyTUYelKH.

* JIMHUSA - KOPUAOP MATKUX KPAEB: TMOJIMJIMHUSA VIIJIOTHSIETCS, Macca OeJINTCS 110 [AJINHEe, KaxXKaas
IIOATOYKaA - FayCCOB IPODUIIL ¢ curmMoii-nonymupuHoi. [Tong from m/to m BeIpe3aloT UHTepBal
10 MTMHENHOU IIPUBSI3KeE.

e IToIMroH - Macca OENMUTCS IO IIJIOIIagW PaBHOMEPHO 1100, B Ha3MMETPHUUYECKOM pPekKuMe,
IPOIIOPLIMOHANILHO BCIIOMOTATEIbHOMY PacTpy (HaceleHHMe, 3acTpoiika). [Ipu mycTom pacTpe
BHYTPH IIOJIUTOHA - OTKAT Ha paBHOMEPHOE.

BbIxoag M nHBapHaHT

OCHOBHOM BHIXO[ - TPEXKaHaJIFHEIM pacTp. Kanan 1 - njoTHOCTL B Macce Ha KM? (He 3aBHUCUT OT
pa3mepa stueriku). Kanamnbl 2 u 3 cinyxkeOHbIe (Xm-0 1 m), YTOOBI IOIIMCHIBAHNE CEPUSIMU U KapTa
3¢ PeKTUBHON CUTMEI OCTaBaJIUCh TOUHEIMU. Heobsa3aTeIbHEIM BTOPOU pacTp - CpefHeB3BellIeHHas
curMa Io s4Yelke, KapTa 3(pGeKTHBHOW TOYHOCTH: OHA OTHENseT IIJIOTHOCTh, 00eCIedYeHHYIO
TOYHBIMH TPUBSI3KaMM, OT pa3Ma3aHHON. DTO aHaJor KPUTMHTOBOM [OUCIEPCHU [OJIA 9TaXa
IIJIOTHOCTH.

MHBapuaHT: WHTErpan IJIOTHOCTH IO PacTPy paBeH cyMMe Macc Bxoma. CyuTaeTcss BCerma u
MUIIETCS B JI0T. PacxoXkaeHue - MPU3HAK TOT0, YTO HOCUTEIH BHIIIIK 3a 00J1aCTh, TOBEIEHUE 3a0aET
IepeKJIrovaTenb Kpas (ZIOHOPMUPOBATh BHYTPHU UJIH IIOTEPSITH MAaCCy C IPEOyIpPeXIeHNEM).

Kak uyurarhb

[1710THOCTE MOKa3BIBAET, T'Oe CrYIIAITCS 3aMepHl C YYETOM MX HaAEXKHOCTU. TouHas IpPHUBA3Ka
OaéT KOMITaKTHOE IISITHO, Tpy0as - pa3MbeIToe 1 HU3Koe. [To KapTe 3¢ GhEeKTUBHON CUTMBI BUIHO, T'Ie
IIJIOTHOCTH Ha6paHa TOYHBIMU HOCHUTEJISAMU, a I'l€ Pa3Ma3aHHBEIMHU - TaM JOBEPUA MEHEBIIIE.

[TapameTp Yro 3amaér ITo ymonmuaHu1o

3amepH

ITone macchl
ITone TouHOCTHU

ToukH, TUHUU WUJIH IIOJIUTOHEI
(ogmH THI).

Macca o6BexKTa.

Curma TOYKHU HUIIH
MMOJIyIINPUHA JIMHUH.

1
CUrMa [0 YMOJTYaHUIO

Pa3smep sueriku, M IIlar ceTkwu. 50

O6mnacTo OKCTEeHT. IO CJIOIO

Hocurens 3a KpaeM IToHOPMUPOBATL BHYTPU WU OIOHOPMHUPOBATH
IOTEPSATH Maccy.

CurMma 1o ymosyrganuto (Iom.) Korpga nmone To4HOCTH IIyCTO. nonysdenka

from m /to m (Horr.) Bripe3ka mHTEepBanla JIMHUU. BCS JIMHUS

Bcnowm. pactp (Hor.)
HomrcaTk B pactp ([o.)

I[TnoTHOCTDL

ddbdekTrBHASA cUrMa

[MasuMeTpus OJis IIOJIUTOHOB.
Cy1iecTByOIINMT
TPEXKaHaJILHBLIN PacTp.
TpéxkaHanbHBIM PacTp
(I7IOTHOCTE, 2M-0, Xm).

KapTa addpeKkTuBHOM TOUYHOCTU

(Heobs13aTEeJIbHO).
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OkxHO «KapTa IJIOTHOCTH» ((KHBOH IPEeIIIpoCMOTP)

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

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

3.08 IIpuMmep Ojisi IJIOTHOCTH (OeMo)

HHCTPYMEHT CO30aéT CHHTeTHYecKu# HaOop mns 3.07 ¢ M3BeCTHOM CyMMapHOM MAacCoOi, YTOOBI
IIPOBEPUTH UHBAPUAHT I'Ia3aMu. [lecsiTh TOYEK C pa3HBIMU CUTMaMHU (OT [oJel s4elKu A0 KPYIIHEIX,
Macca 500), nBe nmuHUM (Macca 200, y ogHOU BEIpe3Ka MHTepBana from m/to m), gBa monuroHa
(macca 300, oguH oA Da3MMETPHUIO) U BCIIOMOTaTEeJIbHBIM pacTp. MToro macca 1000.

ITporouuTte 3.07 Ha c0e TOYEK - MHTErpas IJIOTHOCTHU B jiore moJikKeH gaTh 500, Ha nuHuax 200, Ha
nonuroHax 300. ITons cnoés: mass, prec, from_m, to_m.

I[TapameTp YTo 3amaéT ITo ymom4anuio
OO6macTh (3KCTEHT) ['panuUIEl reHepanuu. -

f4elika BCIioM. pacTpa, M [ITar BcmoMoraTenbHOro pacrpa. 50

3epno I'CY (Ior.) I[ToBTOpPsSIEMOCTH IPHUMEPA. 1

IleMOo-TOYKM / TUHUHU / IOJTUTOHEL TpPU CJI0S 3aMEepOoB. -

BcoowMm. pactp PacTp niis masumeTpuu. -

IMonHEBIN HMepedYeHb IOJIed BREIXOOHEIX CJIOEB - B mpmiaoxeHuu ILmoTrHOCTs (memMo) (pa3men «Iloms
OeMO-CJIOEB» B KOHIIe PYKOBOACTBA).

4. Pa3zpe3

4.01 Pa3pe3 1o TUHUHA

HNucTpyMeHT Pa3pe3 mo JIMHHH CTPOUT I'€0JIOTMYECKHUH pa3pe3 u3 Habopa MOBEPXHOCTEH. ITO
He TPOCTO KpuBas Mpodwuis, a IJIacThl KaK 3ajIMThie IOJIOCHI MEXKAYy KPOBJIENM U TIOMOIIBOM.
IToBepxHOCTH OOBIYHO MOJIYYAIOT KPUTUHTOM, @ UHCTPYMEHT cOOMpPaeT UX B pa3pe3 BOOJIb 3aaHHOMN
JTUHUH.

HucTpyMeHT ctouT B rpynme Pa3pe3 m paboTaeT Kak MmoctodpaboTkKa TOTOBEIX pacTpoB. CBOH
KPUTHHI' OH HE BEBIIIOJIHAET.

Kaxk 3a3a10TCs1 IIaCThI

TToBepXHOCTH TOMAIOTCS CIIMCKOM ¥ YIOPSOOYHBAIOTCS CBEPXYy BHU3: KPOBMsS, IOMOIIBA, IIPH
HeoOXOMMOCTH CJIeAyIolllasi KPOBIIS U Tak majee. I17acThl CTPOSITCS KaK MOIOCH MEXAy COCeTHUMU
TTOBEPXHOCTSAMH, TTO3TOMY M3 N TOBEPXHOCTEM momydaeTcs N MHUHYC OOMH ITacT. [IJsi OmHOTO
IJlacTa JOCTAaTOYHO OBYX ITOBEPXHOCTEM, KPOBJIM Y MOMOWIBHL. [IJI1 IMAaYKW IIJIaCTOB A00aBiIsIATE
IIOBEPXHOCTH 110 MOPAQKY 3aneranus. OgHa MOBEPXHOCTH TOXKE OOIYCTUMA, 3TO paspes o penbedy
0e3 I1J1acTOB, CM. CJIeOyIOIIUi pasmert.
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Pa3pe3 mo oagHOM IIOBEPXHOCTH

OpgHa TOBEPXHOCThb 3TO 3aKOHHBIM Ciy4aill, a He omwuOka. [ImacToB npu Heil He OymeT 1o
OoIpefesyieHNI0, 3aTO CTPOSATCSA JUHUA penbeda, paMKa, OCM C OTMETKaMH, YIJIOBble TOYKH U
omnpeperneHue pa3pes3a. C 3TOro re0JIOTUYECKUY pa3pe3 OOBYHO U HaYWHAETCs: CHadasa IpoQuiIb
o LIMP, moBepx Hero nepecedeHus C IJIaHOBOU reojiorTuel nHCTpyMeHTOM 4.05, a reoorus BHU3
pucyeTcs Bpy4HYIO.

ITomock! mnacToB u 3a6op 3D B TaKOM IIPOTOHE He CTPOSATCS, U CJIOU [Jig HUX He CO3TAalTCS BOBCE.
[IycToii cnoi B MPOEKTE BRHITJISOAUT ITOJIOMKOM, XOTS BCE IIOCTPOEHO BEPHO, IIO3TOMY €T0 JIy4llle He
co3maBaTh, YeM CO37aBaTh U IIPATaTh.

Penbed BeIXOOUT crmoeM JIMHMHM MOBEPXHOCTEH Ha YepTezke. 3amaliTe eMy CBOU CTUIIb JTUHUU U
MIOJNHNCH: YePTEXK H00POPMIISETCS II0BEPX 3TOTO CIIOS.

Huz pamMKu B TakKOM pas3pe3e 3aflaBaiTe OTMETKOM B MOIOJIHUTEIbHHIX IIapaMeTpax. be3 Heé
paMKa o0xKMMaeT JaHHBIE C HEOONBIIMM OTCTYIOM, X PHUCOBATh IIOn penbedoMm Herme. OTMeTKa
VUYUTBHIBAETCS [0 pacyéTa BEepPTHUKaJIbHOIO MaciiTaba, IT03TOMY B PeXKHMME OTHOIIEHUS rabapuTOB
YepTEXK BHIXOOUT B MacinTabe MMEHHO TOM paMKM, KOTOPYIO Bl yBUAuUTe. OTMETKa BHIIIE AAaHHBIX
WTHOPUPYETCSA: 3TO HU3 PaMKHU, a He 00pe3Ka CBEpPXY.

ITopsAmOK MOBEPXHOCTEH 3aJaéT IepeBOo CII0EB

OTO TJIaBHOE, YTO HYXKHO 3HATh IIPO MHCTPYMEHT. [IopSAOOK ITOBEPXHOCTEW HE BTOPOCTEIeHHAas
meTanb ohOpPMIIEHUSI, a UCXOOHLIe MaHHLIE HapaBHeE C caMUMHU IpumaMiu. FIMeHHO OH oIpeaenser,
Kakag IIojioca 4el IIJIacT.

[To yMONT4aHHUIO MOPSIIOK 0epéTCs U3 [epeBa CI0EB MMPOEKTa, CBEPXy BHMU3, POBHO KaK IOKA3aHO
B maHenu Ciaou. YTO BUONWTE B IAHEIH, TO W MOIYy4YHUTe HA depTexe. OTMETKH B MYJIbTHUCEIEKTE
3aal0T, KaKKie IIOBEePXHOCTH yYaCTBYIOT, HO He B KAKOM OHH MOPSOKe.

Orcroma mpocToe IpaBujio pPaboTH. IIpexkme YeM CTPOUTH pa3pes, Pa3/IoKUTe IMMOBEPXHOCTH B
IaHe/IU CJIOEB IIO 3aJjieTaHHIO: KPOBJISA BepxHeM BMeIalolllell BBEPXY, IIOMOINBa HUXKHEU BHU3Y.
HepeTaLuHTe CJIOX MBIIIBIO, €CJIX OHU IIPHUIIIJIX BIIEPEMEIIKY. 9T0 SaﬁMéT IMIOJIMUHYTEI U I/I368BI/IT oT
pa3bupaTenbCTB.

Ecnu mopsimoK HapyIlleH, MHCTPYMEHT He BHIOACT OMmMOKy. OH IOCTPOUT IIOJIOCH MEXKOY TEeMHU
rmapaMu, KOTOpPBIE BBl eMy Adaiu. YacTh Imap OKaXkeTCs IepeBEPHYTOM, Y HUX ITOO0IIBA BHIIIIe KPOBJIH,
TaKHe II0JIOCHI 0TOPACHIBAIOTCS MOJIdYa. BHEIIIHEe 3TO BRITVISOUT TaK: IIJIACTOB Ha YePTeXke MEeHbIIe,
YyeM O0XKHAANioCh, UM OHU JIeKaT B HENpPaBmomOmoOHON ITOCIeN0BaTEIHbHOCTH. YBUOEIU TaKoe -
IIePBEIM [IE€JIOM IIPOBEPhTE IMOPSOOK B IIAHEIH CJIOEB, a He ITapaMeTPhl KPUTHUHTa.

Korma mopsamok B OepeBe IO KaKKWM-TO NPUYMHAM He TOOUTCH, CHUMUTe ranodky Ilopssmok
IMOBEPXHOCTEH M3 JepeBa CJI0€B IpoeKTa. Torga mopsgok 6epeTcsi u3 I0CIeqoBAaTEeIbHOCTH
OTMETOK B CITMCKE, KaK B ITPEXHUX Bepcusax. ClIou, KOTOPHEIX HET B IepeBe IMpoeKkTa (moOaBieHHbIE
(aiimoM npsaMo B BUAXKETE), YXOOAT B KOHEI] CIINMCKa, COXPaHAsa B3aUMHBIN ITOPSIOOK.

lenepatop npumepa (4.10) cam packilagblBaeT LIECTh IOBEPXHOCTEW B IOepeBe II0 3aJleTaHUIo,
IIO3TOMY Ha OeMO-ITaHHBIX HUYETro MePeKIaAbiBaTh HE HYKHO.

BbpIxoabl

YUepT€K paspe3a 3TO IIOJIMTOHBEL B OCSX PACCTOSHWE BHOOJIb JIMHUU M BBICOTA. BEICOTYy MOIXKHO
PacTsHyTb BEPTUKAJIBHEIM IIPeyBeIndeHneM, 4TOOB TOHKUE IIaCTH YUTaINUCh. DTOT CJION KJIamyT
B MaKeT MeYaTHh KakK TOTOBHIM pa3pe3. CucTeMa KOOPAUHAT y Hero yCJIoBHAsI, PaCCTOSTHUE U BEICOTA
B €IMHUIIAX KaPTHI.

JIMHUY MTOBEPXHOCTEH 3TO KaxXmas IoJaHHas IIOBEPXHOCTh OTOENbHON TUHMEeH B 0CSX dyepTexka, C
IIOJIIMH Sec, sec_id, num 1 name. Pa3prIBEI 10 OTCYTCTBUIO AaHHBIX COoXpaHsIoTcs. IIpu pabore ¢
IJIacTaMM CJION HeoOsi3aTesieH, KPOBJIS M MOMOIIBA ¥ TaK BUAHHBI KaK Kpas II0JI0C, HO OH IT03BOMISIET
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nmognucaTh M OQOPMUTL JIMHUIO KPOBJIM OTHEJIPHO OT 3aJUBKU. [IpM OOHON IMOBEPXHOCTU 3TO
€IMHCTBEHHEBIN CJION C pesibedoM.

3a6op 3D 3TO Te Ke II0JIOCH, HO KaK BepTUKalbHEle CTeHKU PolygonZ B peasibHEIX KOOpAUHaTax. Ux
cMoTpAT B 3D Map View psAgoM C IOBEPXHOCTSIMU KPUTHUHTA: TPUL 3a0aéTcs penbedoM, a CTeHKHU
paspesa IIOKa3bIBaloT IIJIACTHL B IPOCTPAHCTBE.

BepTHKaIbLHBIA MAacHITa0

TopusoHTanb paspesa (MIMHA JUHWHN) U BEPTHUKAIL (OECSITKH METPOB IIJIaCTOB) HECOIOCTABUMEI,
1M03TOMYy 06e3 pacCTSIXKEeHHUS II0 BLICOTE UepPTEX BHITIAOUT IJIOCKHUM. MaciiTtab 3amaéTcs TpeMs
crrocobaMu.

Pexxum oTHOomeHnue MacimutaboB I':B (1:N) sTo nmpuBbIYHas depTEXKHasl 3anuch. 3HadeHue 50
o3HauaeT [:B = 1:50, To eCcTh BepTUKAJILHBEIN MacliTab KpyHee TOPU30HTAIBHOTO B IMATHAECAT Pas.
Tak 3apmaroT MacmTab Ha KaJTMWHBIX pa3pe3ax, IOe TOPU30HTAalNb UAET KUJIOMETPAMH, @ MOIIHOCTH
U3MEPSIOTCSI MeTpaMu. MHOXKHUTENb PACTsIKeHusI paBeH N.

PeXxyM MHOZKHMTEJIb 3TO TO XK€ YMCJIO0, IOOaHHOe HapPsIMylo, 0663 4epTEXHON (OPMYIIMPOBKH.

PexxuMm oTtHomieHue I':B (mmmMpuHa:BBICOTA 4YepTezka) paboraeT oT rabapuToB: BHI 3amaETe
XKejlaeMoe OTHOIIeHHe INMHPUHBLI JIUCTa K BeIcOTe (Hampumep 10), a MHOXWUTEJIb HHCTPYMEHT
CYMTAEeT caM II0 [JIMHE JIMHWK M pa3Maxy BHICOT. YI0oOeH, Korja BaXXHO BIIMCATh pa3pes B JIKUCT, a
He BRIIepKaTh 3alaHHBIA MacITao.

®aKTUYEeCKMI MHOXKUTEJIh IedYaTaeTCcsd B KypHasl. [IJIT TOYHOIO HAJIOKEHWS CJI0EB OH IOJIKEH
COBIIaZaTh y pa3pe3a, CKBaXXWH U cocTaBa. B pexume I':B paspe3 (4.01) BUOUT BeCchb pa3pe3 IO
BeicOoTe. CkKBaxKuHEBI (4.02) OepyT MHOXKHUTENIb U3 ONpefesieHHWs U CcOoBMellarTcs caMu. CocTas
(4.03) cumTaeT OTHOIIEHMHE II0 OOHOMY ILJIAaCTy, IIO3TOMY OJII HAJOXKEHMUS BO3bMUTE MHOXKUTEID,
HamedaTtaHHbHU 4.01, u 3amanite ero B 4.03 B pexkMe MHOXKHUTEIb.

HecKo/IbKO pa3pe30B 3a OJUH MPOrOH

ITo yMOT9aHUIO UHCTPYMEHT CTPOUT pa3pe3 II0 KaxKAoU JIMHUU CJI0s. DTO OOBIYHLIN PeXXUM PabOoTH:
JIMHEUHHIN cJiol ¢ mpodunsamu obpabaThbiBaeTcs I[eJIMKOM, 3allyCKaTbh MHCTPYMEHT MO pPa3y Ha
JIMHUIO He HyKHO. Eciu Hy>KHEI He BCe JIUHUM, BHIOEINTE HyKHBIE Ha KapTe U BKounTte TOIBKO
BbIJle/IeHHbIE 00BEKTHI ¥ TapaMeTpa JuHuu. CHsiTas rajoyka Pa3pes mo KaxKI0H JIMHUH CJI0S
BO3BpalllaeT IIpeXKHee IOBeIeHNe, pa3pes II0 IePBOU TUHUU.

Bce pa3pesnl monapaioT B OOUH KOMIUJIEKT CJIOEB K Pa3lu4aloTcs aTpubyTaMy, a He OTHeJIbHEIMU
CIIOSTMM Ha KaXXKObIM CTBOP. Tak uX ymoOHO MOOMUCHBATL U (GUILTPOBATH BEHIPAXKEHUEM, a CTUIH He
MIPUXOAUTCS Ha3HavyaThb 3aH0BO. Ms pa3pe3a GepéTcs M3 MOJIsk TMHEHHOTO CJI0S, eCJIM OHO 3afaHo
napameTpom ITosie uMeHH pa3pe3a, HHaUe pa3pe3bl HyMePYyIOTCs [0 MOPSAKY.

Ha uepTexke pa3pessl pa3BOASITCS PACKIaJKOH B 00IIIel 4epTEKHOU crucTeMe KoopauHaT. CTONKOH
CBepxXy BHHM3 CTaBUT WX OOWH MOA APYTHUM C OOIIMM HYJIEM PACCTOSHHWW, W JIEBHIM Kpad y BCeX
coBmafaeT. B psin cjieBa HampaBO CTABUT UX OOK 0 OOK C 00IIe#l 0TMETKOM BHICOTHI, TOT/AA IIKaa
BBEICOT CKBO3Has IJIst BCero nucta. CeTKoM coyeTaeT oba IIpaBuia: CTPOKA OEPKUT OOIIYI0 OTMETKY,
cTonbelr - 061U HOJTb PACCTOSTHUM, YHCIIO CTOIOIIOB 3aaéTCs B MOIIOTHUTENbHBIX TapaMeTpax. [llar
peméTKu O0epETCsT OT CaMOro KPYIIHOTO YepTeKa IUII0C 3a30p, IO3TOMY YepTeXXHU He ITepeceKarTCs,
Kak OBl HY pa3/IUuYaliuCh IJIMHEI CTBOPOB. 3a30D 3aHaéTcs moied oT rabapura, mo ymondanuio 0.15.

BepTukanbHBIM MaciiTab Ha BeCh IMPOTOH OofuH. MHaye KOPOTKUM CTBOP M IJIMHHBIM BBHIIIIU OBI
B PAa3HOM PaCTSIXKEeHWH U CTajlu Obl HEeCOIIOCTAaBUMBLI Ha OOHOM JIMCTe. B pexuMax OTHOIIEHHUS
MacIITab0B ¥ MHOXKHTEIS 3TO IIPOCTO 3aJaHHOe YHCI0. B pexuMme OTHOIIEHHS rabapuUTOB
MHOXXHUTEIb CUUTAETCS 110 CaMOM [JIMHHON JIMHUK U 00IeMy 10 Habopy pa3Maxy BHICOT, IO3TOMY
3aJaHHYIO MTPOIIOPITHI0 TOYHO ITONIydYaeT CaMBIM ITWPOKUM YepTEXK, a OCTaJIbHbIe BHIXOIOST BHIIIIE
Hero, Ho B TOM XKe MaclIrabe.

3ab6op 3D packiankoi He cMmelllaeTcsi. OH CTOUT B peaJIbHBIX KOOPAMHATAX, KaXkaas CTeHKa Ha CBOEM
cTtBOpe, ¥ B 3D Map View HaOop pa3pe30B BHITISAOUT KaK HACTOSIIUN 3a00p O IIOIanu.

97



ITepBIl pa3pes Bcermga IoaydaeT HyJIeBoe CMellleHre, T03TOMY IIPOTOH II0 OTHOM TMHUY JaET POBHO
TOT K€ YepPTEXK, UTO U PaHbIIIe.

IIBeT mOJ/I0C: CHIPAaBOYHHK IIJIaCTOB

ITomocsl mnacToB KpPacCsAaTCsA 110 UMEeHU KPOBJIHN. bes CIIPaBO4YHHKa IIBET CHUTAETCA OT CaMOI'O MMEHMH:
OH He IJIdIIeT MeXYy IIPOroHaMu, HO OH yCJ'IOBH]:IfI.

Heo6s3aTenpHbllM Bx0n CIpaBOYHHK IIJIACTOB (TA0JIHMIIA) OejlaeT IIBET OCMEBICIIEHHBIM. CITPaBOYHUK
9TO OOBIYHEBIN cJio¥ mpoekTa, GeoPackage mnu TabGnuia Excel, rome Ha KaXObI¥ IIJ1acT U KaxKpaoe
MeXOyIJIacThe MPUXOOUTCS OOHA CTPOKA CBEPXY BHU3 IO pa3pedy. O0s3aTebHBIX KOJTOHOK TPH:
KOJI Tela, HOMEDP CBEPXYy BHH3 M TeJo. lIBeT HeoOs3aTesleH, HO UMEHHO Pagyu HErO CIIPAaBOYHUK
Yyalle BCero u IIoaaioT.

KonoHKa TeJio COOepKUT CIIOBO «IJTACT» U «MeXKAyIJIaCThe», U 3TO 3aKO0H, a He forajgka. BeiBecTu
TeJIo U3 Kofa Henb3sd. [Inact AB mo HaouCcaHUIO BHIIIAOUT KakK «A mimioc B», Ho 9To 1eIbHBIN MIJIACT,
BHYTPH KOTOpOro nexatT A, b, kopx A-A’ u A’. Mexnynnactee B-B 110 KOOy He BEIBOOUTCS BOBCE,
oToMy 4ToO 1yiacta b B criucke HeT, ecTb AB. OnpenensieT Teno reojior, MallliHa He IEPECUYUTHIBAET.

IMopsimok cBepxXy BHU3 HOAE€T CIPAaBOYHUKY BTOPYIO CIIOCOOHOCTBL: HAXOAUThL TEJIO MEXKOY HOBYMS
rpanunamMu. Ecnu Ha paspe3e unyTr Kposnu Kpll u Kpllla, To MeXOy HUMU I10 IOPSAOKY JIEKUT
mexpaynnactbe Kpll-Kplll, u monoca mony4aeT ero uMs U 1BeT. [11acTel, KOTOPHIX Ha pa3pe3e He
0Ka3aJioCh, IOMeYalOTCs CEPLIM, a UX [IepevYeHb ITleYaTaeTCs B XKypHal - 10 HeMy Cpa3y BUOHO, YeT0
He xBaTaeT B HAbope II0BEPXHOCTEN.

HNmMeHa Cj0€B OOBIYHO HE COBITAJAIOT C KOOaMH [OCJIOBHO, TIO3TOMY IOMCK HUAET JIECTHUIEH OT
CTPOTOr0 K TEPIMMOMY: TOYHBIM KOM, 3aTeM 0e3 y4éTa perucTpa U KpawHuxX TpoOesioB, 3aTeM
MIPUBEOEHHBIN BUM (CHSAT XBOCT POJIM _top, bottom, kposns, nomowsa, JIATUHCKHE OBOMHUKU OYKB
CIOXKeHBI B KHPHUJIJIUITY), U HAaKOHEI[ TOT ke By 6e3 armoctpodoB. Tak KpIl top HAXOOUT KO KpIl, a
A'6_top HaxOOuT Ab. CTpOTHeE IIaru UAYT IIEPBLIMU, ITIO9TOMY €CJIH B CITPABOUYHUKE €CTb W Ab, U A'b
KaK pas3Hble Tejla, KaXKIObIH TOJTyYUT CBOE.

ToTt ke CIIPABOYHHUK HOI[aéTCH B4.02, u TOorga oJI0CH U KOJIOHKU CKBaXKUH TOBOPAT Ha OOTHOM SA3BIKE
KOIOOB M COBIIQOAIOT IIO IIBETY.

ToToBeIi 0OOpazel] OjIsi BepxHeKaMCKOTO MECTOPOXOEHHUS JIeKUT B Ianke templates BHyTpH
KaTajiora IlaruHa: 36 CTPOK OT MOKPOBHLIX OTIOXKEHUM [0 HUXKHEN KaMeHHON CONU, C IIBeTaMu U
TesaMu. ®alinn eCcTh B ABYX BUOAX, plast reference vkmks.xlsx 1 plast reference vkmks.csv. Bo3bMuTe ero
3a OCHOBY U IIpaBbTe IOJ CBOE MECTOPOXKeHNUe: KOJIOHKU TOJIIa U IpUuMedYaHue HeoOs3aTeIbHEIE,
OHH YMTAIOTCSI, HO MOKa He MCIIOIb3YIOTCSI, ¥ OCTABIEHEI IO OyayInee pa3BUTHE.

ATpuOYTHI BBIXOIHBIX CIOEB

Bce cnom paspesa HecyT ABa oOmmMX IIOJI: S€C C MMeHeM pa3pe3a u sec_id ¢ HoOMepoMm
00beKTa HMCXOOHOM JMHUU. [I0 HUM IIOAIMCHBAIOT YEpPTEeXKH, (PUIBTPYIOT CJIOM Ha OOWH CTBOP
¥ PAcKpallnBaloT pa3pe3kl I0-Pa3HoMy.

OmnpeneneHue pa3pesa - 110 JIMHUY Ha KaXK OBl pa3pes, C UCXOMHOM TreoMeTpuel CTBOpa U IOJISIMH,
KOTOPBIE YMTAIOT MOCIEAYIOIHe HHCTPYMEHTEI TPYIIEL:

ITone YT0 comepxKUT

sec, sec id Hms pa3pe3a 1 HOMep UCXOOHOU JTUHUM.

vex BepTukanbHOe IIpeyBeIndeHNe YepTexkKa.

step [ITar nukeTaxa, M (BePIIMHEL JIOMaHOU
BKJIIOYAIOTCS B IMKeTaX BCeraa).

zmin, zmax [urama3oH OTMETOK YepTexka.

0X, Oy CMelnieHre yepTeka B packinagke. Homb y

ONMHOYHOTO pa3pesa.
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Pa3pe3 (3D-3a00p) - BepTUKaIbHEE TOTUTOHE PolygonZ BOoiIb CTBOPA, IO OMHOMY Ha IIJIacT:

Tlone

YTo comepXKUT

sec, sec_id
bed

top, bot

t mean
seclen

WM pa3pe3a U HOMepP UCXOOHOU JTUHUMU.

Howmep nnacra cBepxXy BHU3.

HNmena HOBerHOCTeﬂ KPOBJIX U IIOOOIIIBEI.
CpeJIHHﬂ MOIITHOCTSE IIJIaCTa BOOJIB CTBOPA, M.

IInuHa cTBOpA, M.

VriaoBble TOYKH pa3pe3sa: sec u sec_id, num (Homep yrna), name (umsa YI'-1, ¥I'-2, ...), pos (Bepx
unu Hu3), d (muKeT, M), X U y (KOOpOMHATH Ha KapTe), az (a3uMyT CIeOyIoIlero KojeHa), label
(rotoBas moxnuck). F'opu3loHTANIBHBIE OCH: Sec, sec id, elev (otmeTka ocu, M) u label. TabGauma
YIJI0B: sec, sec id, kind (tun cTpoku) u text (comepxkuMoOe SUEUKHU).

ITapameTpsl

[TapameTp

YTto 3amaéeT

[To ymor9yaHuIoO / COBET

JIurus pa3pesa

IToBepxHOCTH CBEPXY BHU3

[TopsimOK TTOBEPXHOCTEH U3
mepeBa CII0EB IPOEKTa

Pa3pe3 o KkaxkKpgou JTUHUM CII0S

[Tone umeHu pa3pesa

Packiagka HECKOJIBKUX
pa3pe30B
[ITar BLIOOPKHM BOOJIb THHUN

BepTukanbHBIN MacmTab

3HauyeHue Macuirada

Cronb1ioB B ceTke (Iorm.)

3a30p MeXOy pa3pe3aMu
(ITom.)

Bribopka pactpa (Hor.)
CrpaBOYHUK IIJIaCTOB
(Tabmuia)

Hus pamku, oTmMeTKa (gor.)

JluHeWHBIN criou. 'oguTcs
raimoyka TonbKo
BbIJI€JIEHHbIE OO BEKTHI.
Cnucok
PacTpPOB-IIOBEPXHOCTEM.
HyXHO MUHUMYM [OBE.
[Topsanmok 6epéTcsa u3 maHenu
Ciou cBepxy BHU3. CHATaAsA
rajouka BO3BpalllaeT NOPSATOK
OTMETOK B CIIHCKE.

[TakeTHBIN pexuMm. CHATaAA
rajodka CTPOUT pa3pes 1o
IepBOH JIMHUU.

[lone nUHEWHOTO CII0, U3
KoToporo 6epércs ums. [lycro -
HyMepanus 10 IOPSIKY.
CTOIIKOM, B pAO UM CETKOMU.

Yepes3 CKOIBKO €IUHUI] KapThl
6patpb oTCcYéT. 0 - IO pa3mMepy
AYEUKH.

PexxuM: oTHOIIIEHHE
rabapuToB, MHOXKUTEID UITH
OoTHoOIIIeHKWe MacIiTabos [':B.
OTHoIIIeHKWe NIMPUHA:BEICOTA,
MHOXKUTeNb unu N 13 3arucu
1:N.

Yucmo cTonb1oB ost
packiagKu CeTKOMH.

IOomns oT rabapuTa yepTezxa.

BunuHeHO Umu OIUKaANIITHH.
LIBeT, TENO U MOPSOOK U3
OAHHBIX.

OmnyckaeT paMKy, YTOOBI OBIIIO
roe pucosarts. Ilycto - o
OAHHBIM,
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET
JluHuu OBEPXHOCTEU Ha BrIxoOgHOM TMHENWHHIN CJION, IO  CO3HaETcs
yepTexke JIMHUU Ha TTOBEPXHOCTh.
YepTéxk pa3pes3a (paccTossHue  BBIXOOHOM MOMUTOHAIBLHBIN co3maéTcs
X BBICOTA) ciou mys Maketa. He
CO3IaETCs IIPU OIHOM
ITOBEPXHOCTH.
3a6op 3D (PolygonZ) BBIXOOHOM CJI0M BEPTUKAIBHBEIX CO3HAETCS

CTEHOK B peayibHBIX
KoopaouHaTax. He co3maéTcs
IIPYU OOHOU IIOBEPXHOCTH.

Kaxxpgwrii miacT mosydaeT aTpuOyTH: HOMEpP, MMeHa KPOBIIM U IIOMOIIBE, CPEOHIOI MOIIHOCTDL U
OJIWHY pa3pes3a. PackpammBaiTe CI0M 10 HOMEPY IIJIacTa WM 10 MOIIHOCTU. TaM, re I0OBEPXHOCTh
He onpepnerneHa (nodata), mosioca pa3phBaeTCs, U IIJIacT pacnafaeTcs Ha HECKOJIBKO IIOJIMTOHOB.

Kak nmonpodoBaTh Ha IeMO

loToBeIi yueOHBIM Habop maét umHCTpPyMeHT IIpumep masi pa3pe3a (memo) (4.10): 1mrecTh
TMOBEPXHOCTEN CBepXy BHU3, TPU JIMHUU Pa3pe3o0B, Iapa CI0EB Momenu OypeHus collar u interval
¥ MHOTOKaHa/JIbHEIEe TPUALI II71acTOB. [IoBEPXHOCTU OH packKijaAblBaeT B [epeBe II0 3aJera’Huio caM,
a TPYW NUHUK PAa3HOU OJIMHBEI U C PA3HBIM YHCJIOM HM3JI0MOB yOOOHEBI, YTOOB IIOCMOTPETh PAaCKIIamKy
1 o0IMi BePTUKAJILHBIM MaciiTab. 3amyCTHTE ero, 3aTeM IIofaliTe IMOBEPXHOCTHU U JIMHUIO CIOMa,
napy collar u interval ¢ onpepnenerueM B CKBazKHMHBI Ha pa3pe3e, a rpup iacra (KasHansl 1/2/3)
B CocTaB maacTa Ha pa3pe3e. [lomHbil cocTaB Habopa B pa3merne 4.10.

CBsa3b ¢ QGIS

IMpoctyro kpuByro Opodmias HO0 OZHOMY Ipupmy cCTpouT IrtaTHasas naHenb Elevation Profile,
OTOEeJIbHBIM MHCTPYMEHT [IJIs 3TOTrO0 He HyXKeH. Pa3pe3 ke mokasrplBaeT UMEHHO IIJIaCThl MeXOy
IIOBEPXHOCTAMH, Yero IITaTHHIE CpencTBa He HenaioT. [loBepxHOCTh KpuruHra B 3D MOXKHO
ITOCMOTPETh U 6e3 pa3pe3a: B 3D Map View 3agaiite rpun penbedoM.

4.02 CKBaXuHbI Ha pa3pe3e (MoaelIb OypeHust)

HHacTpyMeHT CKBaXKHHbI Ha pa3pe3e KIaJéT CKBAaXXKHHBEI HA YepPTeXHU Pa3pe30B U3 IapHl CI0EB
Mmopenu Oypenusi. OH cTouT B rpynne Pa3dpe3 u paboTaeT makKeTHO: OOUH ITPOTOH 00CITyXKHUBaeT BCe
pas3pe3ksl oIpeesieHus.

Mopens OypeHust

CKBaXKMHBI OIIMCHIBAIOTCS ABYMS TaOIuUIlaMU 110 MUHMMAaJIBHOM MOOesiu TOpPHEIX nakeToB (Leapfrog,
Micromine, Datamine, Surpac). collar sTo ToueuHsIti cinoi yctuii ¢ nonsamu hole_id (ugertudukarop,
cTpoka), z (otMeTKa ycThsi) 1 eoh (rnybuna 3abosi mo crTBoiy). interval 3to obriyHas Tabnuia
uHTepBasoB ¢ nonsamMu hole_id, from, to u code (ueM KpacuM: UHOEKC IJlacTa, JUTOTUI, KJacc).
'myOWHBI CYHUTAIOTCS II0 CTBOJIY OT YCTbSI, BHU3 IIOJIOKUTEJbHEIE, HE OTMETKaMH, M03TOMY
HaKJIOHHBIE CKBaXKMHBI MOMEJIb He ToMaloT. JItoOrle mpoyYne KOJIOHKK TaOIUIlEl MHTEPBAJIOB €Ay T B
aTpubyTH YepTexkKa KakK eCTh.

Takyio nmapy Boima€T IIpumep mjisi pa3pe3a (memo) (4.10) u xKoprmopaTuBHAs BHEIIpy3Ka. Ilojns
o0enx TabIUIl MHCTPYMEHT HaXOOUT CaM II0 OKUJaeMbIM UMeHaM U PacClIPOCTPaHEHHBEIM CUHOHUMaM
(Hole ID, elev, depth from, litho), peructp He BaxkeH. Bribop momel copsiTaH B OOIOJIHUTEILHEIE
mapaMeTpHL ¥ Hy2KEeH TOJIBKO AJIsI HECTaHOapPTHHIX CIOEB. YTO HAIIIIOCH, IIedYaTaeTCs B XKypHal ODHON
CTPOKOI.
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Hakx1oHHBIE CKBaKHHBI

TpeThs Tabnuila, HHKJIMHOMETPHsI, Heobsi3aTenbHa. be3 Heé CKBaXKKMHa CYUTAETCS BePTUKAIbHOM’:
riyOuHa 10 CTBOJIY IIE€PEBOMUTCS B OTMETKY BEIYMTAHWEM U3 YCThsI, © KOJIOHKA CTOUT B OJHOM TOYKeE
paspesa.

WHKIUHOMETPUS 3afaéT OCh 3aMepaMM: CKBaxkKWHa, I'JIyOMHA IO CTBOJIY, a3UMYyT OT CeBepa II0
YacOBOHU CTpeJiKe, 3eHUTHBIM yrojl OT BepTuKanu. Holb 3eHWTa 3TO BepTHKAIbHAas CKBaXKHHA,
OeBSHOCTO - TOPU30HTaJIbHAaA. Takoe corallleHue IPUHSITO B OYPOBOU HOKYMEHTAIIHH.

Ocp cTpoUTCAa METOOOM MHHUMAJIBHON KPUBU3HEL: MEXKIY COCEOHUMU 3aMepaMM CTBOJI CUUTAETCSI
Oyroi okpyzHOCTU. KacaTenbHBIM METOJ, IIPU KOTOPOM BECh YYaCTOK CUYMUTAETCS II0 HUKHEMY
3aMepy, Ipu peaKux 3aMepax YBOOUT 3a00i Ha [eCSITKU METPOB.

C MHKIMHOMETPHUENW MEHSIOTCS TPU Belu. VHTepBayibl BHIHOCATCS BOOIB OCH, ITOITOMY KPOBIIS
¥ TIOJOIIBA IIJTaCTa CTOSIT Ha PA3HBIX PACCTOSHUSAX IO pa3peldy. CTBOJI BHIXOOUT JIOMAHOM, a He
oTpe3koM. OTGOP IO KOPUAOPY UAET IO BCEH OCH, a He II0 YCThIO: CKBAXKUHA C JAJIEKUM YCThEM, HO
3a6oeM y caMo¥ JIMHUY, IPU 0TOOPE MO YCThIO He IoIajia Okl Ha YepPTEXK.

HaxkinoH Ha yepTexe C IIpeyBelIM4YeHHeM OTMETOK BBEITJIAOUT cinabee, yeM OH ecTb. OTMETKU
PaCTAHYTEHL B VeéX Pa3, a4 PACCTOsAHHE BOOJIb JIMHHUHWU HET, IIO3TOMY BUOUMBIN yroja CXuMaeTCsa
BO CTOJIBKO 2Ke€: IIPH VeX OKOJIO MIeCTUOeCATH CTBOJI C HAKJIOHOM COPOK IISATE I'PAaOyCOB BBITTIAONUT
BEPTHUKAJIBIO. I/IHCTPYMeHT BEIBOOUT B 2KyPHAJT YU CJIO HAKJIOHHBIX CTBOJIOB HanbobIllee CMellleHue
3a60s1 110 TOPU3O0HTA/IX - II0 HUM HaAKJIOH IIPOBEPAIOT YK CJIOM, a He I'JIa30M.

CKBaKHUHBI 0€3 HHTEPBAJIOB

Tabnulla MHTEepPBaloOB ToOXXe HeoOs3aTenbHa. be3 He€ Ha 4YepTEX UAYT CTBONLI U IIOAIKCH:
IIOJIOKEHUe U TNIyOMHY CKBa’KWH I10Ka3bIBAIOT M Ha CTaAuU IIPOEKTa, KOrfga TeoJIoTHs ellé He
onucaHa.

[1uHY CTBOJIa B 3TOM CiIy4Yae 3amaéT TonbKo 3aboi eoh. CkBaxkuHa 0e3 3a00si IPOIyCKaeTCs, U
YHCJIO TAaKUX BHIBOOUTCS B XKYPHAJI: BRIIYMEBIBATh IJTyOMHY HEIIPABUILHO.

Korga YCThsA U HHTEPBaAJIbI HEe CXO0OsATCA

Camas gacTas ommOKa KOMIIJIEKTa - HecoBnageHue hole id mexay Tabnmuuamu. YutaTeab cooOIaeT
He TOJIBKO YHMCJIO OCHPOTEBIINX MHTEPBAJIOB, HO U CaMHU KJIIOYH C obenx CTOPOH, a eCliu IIPpUYKrHa
pacro3HaéTcs, Ha3bIiBaeT €€ MPSIMO: pa3IudaeTcs TOJIBKO PETUCTP, CTPOKU HaOpaHBl B Pa3HHBIX
packiagkax, pa3ndalTCsa TOJIBKO mpobenamu. [TocnemHee 0cOGeHHO BaxkKHO: Kupumndeckas H u
natuHCcKas H Ha 5KpaHe HEOTIIUYUMHI.

Ecnu KimiouuW pasjaudaloTCs II0 CYIIeCTBY, IpUYMHA HE BHEIOYMBIBaeTCsA. Torma CBepsSiOT HOMepa
CKBaXXWH B OABYX TaOIUIlaX BPYYHYIO.

TepnuMbIH YHTaTEIb

[aHuuble unTaloTCcs 6€3 MpegBapUTesIbHON YMCTKU. [1yCcThle ¥ HEYUCIOBEIE TIyOMHEI IIPOITYCKAIOTCH,
nepenytannble from ¥ to MeHSIOTCS MecTaMM, UMHTEepBaJibl 3a 3a00eM pPHUCYIOTCS KaK €ecCTh,
IepexJIECThl He pa3pelraloTcsa U He NPSYyTCsAd, Pa3phIBEL MEXKIOY COCEeTHUMHM HHTepBalaMU He
3alOIHSIOTCS, UHTEPBaIbl 6€3 yCThs IPONYCKAIOTCSA. BCE IPOMyIeHHOe U NPUHATOE C OrOBOPKOM
CYMTAETCS ¥ BRIBOOUTCS B JKyPHAJI KOPOTKOM CBOOKOM. Ha YMCTHIX MaHHBIX CBOAKA COCTOUT U3 OTHOM
CTpoku. Pa3phiB B KOJIOHKE Ha YepTexkKe O3HadaeT, YTO Ha 3T IJIyOWHHI B TabJiulle WHTEPBAJIOB
HET CTPOK: MHCTPYMEHT PUCYET HaHHble U HUYEero He JOOYyMEIBAET, a YUCJIO Pa3phIBOB IeYaTaeT B
CBOIKE.

ITakeTHOCTH H COBMeEIIIeHuEe

JlvHWY, BepTUKAaIbHBIN MacmTab ¥ packiagka 6epyTcs U3 ONpefesieHust pa3pe3a, KOTOPOe BHIOAET
Pa3pe3 nmo nuamu. Kaxkpgas CKBaXXMHA IIPOENUPYETCS Ha KaxXKOylo JIMHUIO W IOIlafjaeT Ha Te
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YyepTexkHu, K KOTOPBIM OHa Onuxke kKopumopa (0 - Ha Bce). ['MyOMHEI MEePEBOOSTCS B OTMETKH
BBIUMTAHUEM U3 Z, MHOXKUTEIh VeX O0IIUH U3 OIpeIesIeHusI, T0O3TOMY KOJIOHKH JI0KATCS Ha IITaCTh
110 BEICOTE 0e3 IIOOTrOHKHU.

Cro#i ycTM#M MOKET JeXXaTb B APYrOd CHCTEeMe KOOpPAMHAT, YeM OIpefesieHue, HalpuMep Opu
BEITPY3KEe W3 KOPIIOPATUBHOM 6a3bl B paboueil cucteMe mpemnpusaTtusi. UHCTPYMEHT MePEeBOOUT
YCTBSI B CHCTEMY OIIPEIEJIEHUs CaM U IIedaraeT o0 3TOM CTPOKY B XKypHAaJI BMECTE C KOOPOUHATAMU
IIepBoro ycthsa. Eciiyu KOpuoop oKasasics IyCT, KypHAJ Ccoo0IIaeT yaaneHue 6IuKauInero yCTbs OT
JIMHUH, U 110 3TOMY YHCIIY CPa3y BUIHO, Y30K JIM KOPUIOP UM CIOU XUBYT B PAa3HLIX MECTaX.

Packpacka ¥ j1eresHga

Coit mHTEPBAJIOB CPa3y BEIXOOUT PaCKpallleHHBIM: KaTerOpusa Ha KaXKabIM KO B IOPSAOKE IIePBOTO
IIOsABJIEHM S CBEPXY BHU3, IBET HETEPMUHHUPOBAH OT CaMOI'O KOJa U HE MEHSAEeTCA MeX Oy IITPOTrOHaMU
U MamuHaMu. JlereHpa «KOJ - IIBET» IIOSIBIIIETCS B IepeBe CI0EB caMa. [locnenHell CTOUT cepas
KaTeropus mpodee, B Heé molamaeT BCE, YTO He COIMOCTABUIOCH C M3BECTHBIMU KOOAMU, IIO3TOMY
HUYEero He ucye3aeT Moirda. KomoHKu 00BegeHBl TOHKUM YEPHHIM KOHTYPOM M YUTAIOTCS HOBEPX
rmoioc pa3pe3a. [Tonock niacToB B Pa3pe3 mo JIMHHUM KPacsATCS TEM XK€ MEeXaHW3MOM 110 UMEHU
KPOB/IM, IO3TOMY IIJIaCT, Ha3BAaHHHIM TEeM Ke KOJOM, YTO B TaOiulle WHTEPBAJIOB, COBHAOaeT II0
LIBETY C KOJIOHKaMu caM co0oti. CTBOIBI PUCYIOTCSI TOHKOM Cepol JIMHUEHN OT yCThSA A0 3a605, yCThs
TOYKaMHU C KOPOTKOM momnuchio. ITogmuck 6epéTcs u3 mojisi number cjios ycTuil (CHHOHHUMEI name
u label), a 6e3 Hero u3 hole id, cocTaBHOM MAeHTU(UKATOP HPH ITOM OCTAETCS B aTpuOyTax OIS
CTBIKOBKH.

OOpe3Ka o 4epTeKy U paMKe

ITo yMom4aHWIO KOIOHKHM 00pe3aloTCs paMKOM depTeXka - MHTEPBAJIOM OTMETOK zmin ¥ zmax u3
ompefmesnienusi. MHTepBajll Ha KPOMKE TOAPEe3aeTCs [0 KPOMKH, MHTEepBall IIeIUKOM 3a PaMKOH
MIPOTIyCKAETCsI, CTBOJI ¥ MOATUCH 3a’KMMAIOTCS PAaMKOM, CKBa)KMHA IETMKOM 3a PaMKOW BHITIAAaeT
13 yepTexka. ['alloyKa BEIK/II0YaeT 00pe3Ky COBCEM.

PaMKa ogHa Ha BeChb UepPTEXK, a KPOBJISI BEPXHEN TOJIIU B KaXKIOM TOYKe CBOS, II0O3TOMY [JIS Cpe3a
IO IJIacTaM mofaiiTe HeoOs3aTenbHBIH BXxon YepTeéxK pa3pes3a - IOIUTOHH Mojioc u3 Pa3pe3 mo
nmuHuH. KOJTOHKY pexXyTCcs mo BEPXHEH U HUXKHeN orubarolnell IT0oI0C B CBOEH MO3UIINY, CKBaXKUHEI
He BHIJIE3AI0OT 3a YEePTEXK, KaK B TOPHBIX ITaKeTaX. 3a KpaeM II0JIOC 3TOT BXOO He HEeWCTByeT, TaM
mpoposxkaeT paboTaTh paMKa.

IloIrycK B HOMOMHUTENbHAIX TapaMeTpax PaciIupsieT PaMKYy U I0JIOCH HapyXKy, B eIUHUIIAX OTMETKH.
O6pe3aeTcs TOMBLKO reoMeTpus, B aTpubyTax ztop u zbot ocTaroTcs HacToOsIIIe OTMETKY HHTEpPBaa.

IIBeT KO/JIOHOK: CIPAaBOYHHUK IJIACTOB

I[lo ymomuaHMIO IIBET MHTEepBajla CYUTAETCSI OT €ro KoJa M He MEHSeTCs MeXKAy IIPOroHaMu.
Heob6si3aTenbHbilt Bxon CHpaBOYHHMK IUIACTOB (Ta0jMia) 3aMeHseT 3T IIBeTa Ha IBeTa
CIIpaBOYHMKA: HaWJeHHBIE KOXOB KpPAcCITCA U3 HEro, NOpPSAAO0K KaTeropuili B JIeTeHOe HIOET
[0 3aJieTaHUI0 CBEPXy BHU3, KOOBE BHE CIpPaBOYHMKA COXPaHAIOT IpeXHUU IBeT. B XypHaie
MIOSIBNISIIOTCS CBOOKA UTEHMS U CTPOKAa O TOM, CKOJIBKO KOIOB HAIIIOCh.

CuopaBouHuK y4.01 1 4.02 MoxKeT ObITh OOUH U TOT K€, ¥ 3TO €TI0 CUJIbHAasA CTOPOHA. [ToJioCck uepTexa
HEeCYT KOl 1IJIacTa, a MHTepPBaJibl CKBAaXXWH YacTO HecyT nopony. Eciu B Tabiuile MHTEPBAJIOB €CTh
[IoJie C MHAEKCOM IIjlacTa, YKaXKMTe ero Kak Iojle KOofJa M IIoJauTe TOT JKe CIIPAaBOYHHK, YTO B
4.01 - Torma KOJIOHKU COJBIOTCS C IIOJIOCAMM II0 IIBETY, M Ha YepTeKe OCTAaHEeTCS BUIOHO TOJIbKO
pacxoxkpaeHre CKBaxKUHBI C IIOCTPOEHHOM ITIOBEPXHOCTHIO. ECiiM Ke MHTepBalbl HECYT JIMTOJIOTHIO,
CIIPAaBOYHMUK IIJIaCTOB €M He IIOMOXKET, TaM HyzKHa CBOA JIeTeH[a.

ITapamMmeTpsI
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[TapameTp YTo 3amaéT ITo ymonmuanuio

OnpepneneHue pa3pes3a Jluuuy, vex U packjagka OT -
Pa3pe3 o TUHHH.

YcTes ckBaxxuH (collar) To4euyHEIN CIION YCTUH. -

HNuTepBansl ckBaxkuH (interval) Tabimuila MHTEPBAJIOB. -

Kopupop ot nuHuu Bydep, eguauIe kapTh. 0 - 0
BCe CKBaXXMHHI Ha BCE Pa3pesHl.

OOpe3aTh UHTEPBAJILI 10 PaMka zmin u zmax u3 BKJTIOYEHO

paMKe yepTexa onpeneneHus.

YepTExk pa3pesa (ons IMTonmuronsl monoc u3 4.01, cpe3 mycTo

o0Ope3Ku) 10 OruOAIOITUM.

ITons collar u interval (Hor.) [Tepeonpenenenue HaXOMOsITCS CaMU
aBTOIIOMCKaA MOJIEH.

[Tone mopmucu ycths (Hoir.) OTKyIa KOpPOTKas IOAIINCH number
VCThA.

IMomyck o6pe3ku ([lor.) PacmupeHnue paMKu ¥ I0JI0C, 0
eOUHULIEI OTMETKH.

CnpaBOYHUK MJIaCTOB IIBeT ¥ IOPSAAOK KOMOB U3 IIyCTO

(Tabnuia) OAHHBIX.

HMHTepBabl CKBaXXMH (UepTéxk) BepTuKanbHBIE OTPE3KH C co3maéTcs
packpacko 1o Komy.

CTBOMBI CKBaXKUH (YEPTEK) JImauM oT ycThs A0 3abos. co3maéeTcs

YcTha Ha uepTexke Touku c mognmuckio U3 number. co3maéTcs

WuTepBansl ckBaxkuH (3D) LineStringZ B peanbHBIX 110 3ampocy

KOOpOuHaTax, rmyouHa B Z.

BBIGpaHHBIe CJIOM 1 KOPUIOOP 3alIOMHMHAKTCH, cnenyroumﬂ 3allyCK B TOM ZKe€ IIPDOEKTEe OTKPEIBAETCA
C yXKe IIOoOCTaBJIEHHBIMHU BXOOAMH.

4.03 CocTaB 1j1acTa Ha pa3pe3e

HNucTpyMeHT CoCTaB IjIaCcTa Ha pa3pes3e KPacUT IMOI0Cy OAHOTO TJacTa Mo TPUAY COCTaBa BAOITh
muuun. OH 6epET KPOBITIO, TOAOIIIBY U I'PUI COCTAaBa, CBOM KPUTHHT He [eflaeT, ¥ paboTaeT 1o OMHOMY
IJIacTy 3a pa3. OH cTouT B rpymnie Pa3pes.

Tak IIOKa3HBAIOT CMEHY JIMTOJIOTMYECKOT'0 COCTaBa BHYTPHW IIPOMEIINIJIEHHOI'O IIJIacTa BHOJIb
pa3pesa. I'pup cocTaBa roTOBAT OTAEIBHO: COEPKaHue OOBIYHBIM KPUTUHTOM, MUHEPAJIbHBIN THII -
WHOUKATOPHHIM (MHCTPYMeHT KaTeropmaaibHbIH HHINKATOPHBIH KPHUTHHT).

IIBa pexuma

HenpepriBHoe copepxkanue (KCl, HepacTBOpPMMEBIN OCTaTOK): IIOJIOCA PEXEeTCS Ha TOHKUe
BepTUKAaJIbHBIE Cpe3Bl, KaXAhW CO CpegHUM 3HadeHueM. CTUIb CJI0S1 CTaBbTe I'pagUueHTHHIU
(o nomio value), Torma BOOIE IIOJIOCH BUEH IIJIaBHEBIM IIePeXo COmepKaHuUI.

KaTteropuanbHbI MUHEPaIbHBIN TUII UM paluu (CUIBBUHUT, 3aMeIlleHue, TaJiuT): CMeXKHEIEe CPe3bl
OIOHOTO KJlacca CIMBalTCA B (anmanbHble 30HB. CTUIbL CTaBbTE IO KaTeropusm (mo mosro class).
30HBI 3aMeIeHns] BUAHLI KaK CMeHa 1IBeTa BIOJIb JIUHUMN.

ITapaMmeTpsI
[TapameTp Yro 3amaér ITo ymonmuaHu1o
JIuaMs pa3pesa Ta ke nMuHUSA, 9TO U O -

paspesa.
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

Kposnsa nmacra
ITopoiBa miacTa
I'pupg cocTaBa

PacTtp kposnu.

PacTp momoIiBeI.

PacTp comepxanusa unm
Kiacca.

Cocrasn HempepriBHOE uTH HEeIIpepLIBHOE
KaTeropuasbHOe.

[ITar BLIOOPKY BOOJIb IMHUU Yepes CKOIBKO eIuHULl 6paTh 0
otcueT. 0 - mo ssYenkKe.

BepTukanbHbIl MacurTad Pexuwm: oTHOmIeHue I':B unm I':B
MHOXKHUTEb.

3HaueHne MaciiTada OTtHomenue I':B unu 10
MHOXKHUTEb.

Bri6opka pactpa (Hoir.) BunuuerHo unu OIUXKANIIUHA OHIIMHENHO
(mnsa Kmacca Bcerga
OIMXKAUIIIHNH).

CocTaB miacra (4epTéx) BrIXOogHBIE TIOJIMTOHEL B OCAX co3maéTcst
paccTosiHMe X BRICOTA.

[Tonmurons! PolygonZ B
peanbHBIX KOOpOUHATAaX.

CoctaB mnacrta (3D) 110 3ampocy

BaHYCKaﬂTe WHCTPYMEHT IIO KaXOOMY IIPDOMBIIIJIEHHOMY IIJIaCTy OTHOEJIbBHO, CO CBOMM I'DHUIOOM
COCTaBa. HOJ'IOCy COCTaBa KJIaguTe IIOBEPX YepTezKa pa3pe3a. II1s TOYHOTO HaAJIOXKEHUS BO3bMUTE
MHOXKHUTEJIb, HalledaTaHHbIN WHCTPYMEHTOM Pa3pe3 MO0 JIMHHUM, U 3aJaliTe ero 30ecCh B pexume
MHO2KHTeEJIb (OTHOI_LIeHI/Ie I':B cuuTaeTcs 1o OOHOMY IIJIaCTy U OJIsd HAJIO2KEHUA He TOJ:[I/ITCH).

OmnpenesieHHe pa3pe3a U 00IIHe IMapaMeTpPhI

l'eoMeTpHUYeCKM pa3pes3 3a7aloT OBE BEIIY - TUHUSA B peasjlbHOM CUCTeMe KOOPAMHAT U BepTUKAJIbHBIN
MacmTab vex. MHcTpymMeHT Pa3pe3 mo JHHHMH BHOAET WX BMECTe KakK cioi OmpeaeeHHe
pa3pe3a: 10 IUHUU Ha KaXOLIU pa3pes, C IoIaMu sec, sec id, vex, step, zmin, zmax, ox u oy. 310
00N MCTOYHUK IIPaBOHI.

WHCTPYMEHTH IepecedYeHus, MPOeKIINH, oOpaTHOM IIPOEKIMM YHTAIOT JIMHHI0O U VeX M3 3TOr0
ompefie/ieHus, MO3TOMY HX Pe3yJIbTaThl JIOXKATCA Ha pa3pe3 0e3 pydyHO# IIOOrOHKH MacIiiTaba.
ITocTpoiiTe pa3pe3 OOWH pas3, ompefeleHHe IIePEeHOCUTCS BMeCTe C IIPOEKTOM U IIOJaéTcs B
OCTaJIbHble MHCTPYMEHTHI T'DYIIITHL.

Korma pa3pe30B HECKOJIBKO, OIlpeeeHre HeceT ux Bce. UHCTpyMeHTH IlepecedyeHne MOBEePXHOCTEH
c pa3pe3oMm (4.04), IlepecedyeHue BeKTOpPOB C pa3pe3oM (4.05) u Ilepeceuenume TIN c
pa3pe3omM (4.06) o6pabaTeiBalOT BeCh HAOOP 3a OOMH IIPOTOH: KaX[ObIM pe3yiabTaT JO0XKUTCS Ha
CBOU YePTEXK II0 CMEIIEHNIO U3 II0JIeH OX M Oy U IoJiydaeT 1o sec u sec_id. HykeH onuH pa3pe3

- TIoCcTaBbTe (UIBTP Ha CJION OIpENEeIeHUWs WM BHIOEJINTE HYKHYIO JIMHUIO, TOPSAOOK 0OBEKTOB
coxpansieTcsi. ECnu B onpeneneHuy OKaXXyTCs pa3pe3kl C pa3HbIM Vex (Takoe ObIBAeT, eCJIM CKIIEUTh
oInpefesieHUsI OT Pa3HBIX 3aIllyCKOB), MHCTPYMEHT NPEOYIPEOUT, YTO YePTEeXKU HEeCOIIOCTABUMEI, U
IIOCOBETYET nepecodpaTh UX OOGHUM IIPOTOHOM.

HNuctpymenTs CocTaB miacTta Ha pa3pe3e (4.03), 4.07 u 4.08 moka paboTaloT 110 OMHOMY pa3pe3y
u 6epyT m3 ompeneneHus IepBhii. CKBaxKUHBI Ha pa3pe3e (4.02) obpabaTeiBaloT BeCcb HabGOp
makeTHO. [Ipu HECKOJILKUX pa3pe3ax IIogaBaiiTe MM omnpepeseHue, oTPUIbTPOBAaHHOE Ha HYXKHBIHN
CTBODP.

Crnowu onpepneneHus, CoeJlaHHbIE TPEXKHUMH BEPCUSIMH IIJIarviHa, YUTAIOTCS ITo-cTapomy. Ilomei sec
¥ OX B HUX HET, TIO3TOMY MMSI BEHIXOIUT MyCTHIM, CMeIlleHue HYJIeBLIM, U Pe3ynbTaT JIOZKUTCSA POBHO
TaK ke, KakK paHbIIIe,

HHCTpYMEHT CocrTaB mjaacra Ha pa3pe3e IIpUHUMAeT OIIpedeJIeHHue pPa3pe3a Heo0s13aTeTbHbIM
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BXOJIOM: €CJIM OHO 3aflaHO, BEPTUKAIbHBEIA MacmTab 6epéTcs U3 Hero, W IoJjioca COCTaBa TOYHO
JIOKUTCS Ha IUIACTH IO BeICoTe. CKBazKHWHBI Ha pa3pe3e paboTaioT TOJBKO OT OIpPedesIeHus,
OTHEeNbHOT 0 BhIOOpPa MacinTaba y HUX HET.

Pa3pe3 TaKXe 06pe3aeT BEIKJIMHWBAHUSA: I'I€ KPOBJIA OIIYCKa€TCs OO ITOOOIIBEI, ITJIaCT IIPOIlagaeT,
II0JI0OCa He CTPOUTCHA. Tak B gemo BTOpOﬁ HpOMI:IHIJ'IGHHI:IfI IIJIaCT BBIKJIMHUBAETCA K BOCTOKY.

151 moMaHoOM MUHUYN «Pa3pes mo TUHUKW» 110 3alIPOCY BHIOAET TPHU CITy2KEOHBIX C/I0S B OCSAX YepTezKa.
YriioBEle TOYKH CTaBATCS Ha KaXkA0M y3Jie JIOMaHOM, CBepXy U CHU3Y pa3pesa. Y TOUKHU II0JIisd: HOMeD,
umsa (YI'-1, YI'-2 ...), cTopoHa (Bepx MU HU3), PACCTOSITHUE BOOJIb JIUHUM, NJIaHOBEIE X U Y, a3UMYyT
OTpe3Ka M roToBasA moamnuch. CBepxy IMOANUCHIBAETCS MMS, CHU3Y - NJIAHOBHIE KOOpPAWHATH X U
Y, oKpyrieHue OO0 COThIX. ABMMYT M PACCTOSIHHE OCTAIOTCS IIOJISIMU CJIOSI - UX YIOOHO BEIHECTH B
Tabnuily MakeTa. [IpuaraeTcsi CTUIb: BBEPXY TPEYTOJbHUK BEPIINHON BBEPX, BHU3Y MOJIKA.

OmIMOHANTBLHO BEIMAETCS TAOGNIHUIlA YTTIOB - CJIOM-TIOJIMTOHEI IO pa3pe3oM. Aueiiku jiekaT MeXKIy
VTJIOBBIMM BEPTHUKAJISIMU, TPAHUIIEI ITPOXOMST IO HUMHU, OBE CTPOKM: IJIMHA M a3UMYyT OTpe3Ka
MeXKy COCETHWMHU yTJIaMH, TIOATIUCH IO HEeHTPY, 3anuBKa 6emasd. OHa PUCYeTCS MPSIMO Ha XOJICTE
¥ ye3’KaeT B MaKeT BMECTEe C pa3pe30M. YTJIOBHIE BEPTUKAJH - JIMHUU Ha y3jlaX JIOMAHOM Ha BCIO
BBICOTY pa3pe3a. [Opu30HTaIbHEIE OCH - TMHUK PABHOM BEICOTHI C OTMETKAMH (110 YMOJTUAHUIO IIATh,
C XOpOIIMM OKPYTJIeHHeM) [JIs IMKaJlkl BRICOT. [10NIsT YepTeka paclIMpeHbl Ha MATh IIPOIEHTOB
BBEPX M BHU3, YIJIOBBIE TOYKU CUOAT HA 9TUX KPasX.

¥r-1 ¥r-2 ¥r-3 ¥T-4
A A A A

SKR-006 SKR-019 o, SKRO13

X 462354 X 8929.82 X17527.87
¥ 17386.26 ¥ 19403.63 ¥ 19216.34 ¥ 21270

d 4755.39 4651.14 433991

Aa 64.90 9231 65.55

Puc. 28: OdopmneHue pa3pe3a: paMKa C YIJIOBBIMH BEpPTHUKAISIMU U TPEYTrOIbHUKAMY,
TOPU30HTAIbHEIE OCH C OTMETKaMU cjieBa U TabIuila yIjIoB oM Pa3pe3oM.
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4.04 TlepecedyeHue NMOBEPXHOCTEH C pa3pe3oM

HNHcTpyMmeHT IlepeceuyeHHne MOBEPXHOCTEH C pa3pe30M HaHOCUT MOBEPXHOCTU-TPUALI HAa pa3pes
JINHUSIMU B OCSIX PACCTOSTHUE-BEICOTa. Kakawiii rpup BEIOMPAETCS BOOJIb JIUHUY OIPENEIeHNs, U ero
CcedeHUe JIOKUTCS Ha YePTEXK PANOM C IjtacTaMu. JImHusa u vex 6epyTcs U3 oIpenesieHus pa3pesa,
ITO9TOMY COBHafieHHWe C pa3pe30M aBTOMaTHYeCKOe.

Tak Ha pa3pe3 HAHOCSIT BOOOHOCHBLIE TOPHU30HTH, MAPKHUPYIOIINE TOBEPXHOCTH, KPOBJIIO COJIH,
IMOBEPXHOCTH aHoManui. Ha BXom - ompemesieHHe pa3pe3a M CIHCOK TPUOOB, Ha BHIXOMOEe JTMHUU B
ocsiX pas3pe3a (u mpu XkKejgaHuu 3D-TMHUY B PeaJIbHBIX KOOPOUHATaX).

ITpoekiusi 060HEKTOB ¥ OOpaTHAs IIPOEKITHS ITPOBEPeHHl Ha peasibHEIX HAHHBIX M METKy (0era)
OorbIlie He HeCcyT. Pa3BEpTKa CTEHKU CTBOJIa OCTAETCS IOMEYEHHOM: 0Ha pabouasi, HO e€ uHTepdec
1 Habop IPUMEPOB ell1€ YTOUHSIIOTCH.

ITapamMmeTpsbI
[TapameTp Yrto 3amaér ITo ymomyauuro / coBeT
Onpenenerue pa3spesa Cnoii onpepnenenus oT 4.01: -
JIMHUS C HOJIIMU vexX U step.
3apmaéT nuHuo, MaciTab u
BBICOTY PaMKH.
[ToBEpPXHOCTHU-TPUOHI CHnucok pacTpoB, YbU CEUYEHUST -
HAHOCSITCS Ha pa3pe3
TUHUSIMHA.
[ITar BLIOOPKY BOOJIb TUHUU Yepe3 CKONMBKO eguHuIl KapTel 0
(IOorm.) OpaTh oTcu€eT. 0 - IO pa3Mepy
STYEUKH.
Bribopka pactpa (Hoi.) BunuHerHo nin OJIUKAUIIUHA. OUIMHENHO
JluHuU TOBEPXHOCTEN Ha BrIxomHEBIE JIMHUU B OCSAX Cco37maéeTcs
pa3pese (4epTeExK) paccTossHHEe X BBICOTA.
JIuauu nmoBepxHocTen (3D) Brixogabie 3D-TUHUHU B 10 3ampocy

PeaJIbHBEIX KOOPOWNHATAaXx.

4.05 IlepeceuyeHre BEKTOPOB C pa3pe30M

Ecnu noBepxaocTtH 4.04 HAHOCATCA TPUOAMHU, TO 3TOT UHCTPYMEHT HAHOCUT Ha pa3pe3 BEKTOPHBIE
00BEKTHI IT0 TOYHOMY IIEPECEYEHHUIO C JIMHUEN pa3pe3a. THUIl pe3yibTaTa 3aBUCHUT OT OOBEKTA.

JIluausi 63 OTMETKM BBICOTHI (IIJIOCKas B IIJIaHE - Pa3/IOM, TPaHUIla, KOHTYP) Ha€T BePTHKAJIb
Ha BCIO BBICOTY B CTaQHIIUM IlepecedeHus. M3BeCTHO, Ime pa3pes eé lepecekaeT N0 TOPU30HTANH,
HO He Ha KakKoH riy6uHe, IMOSTOMYy MeTKa MOET Yepes3 BCI0 paMKy. JIuHus ¢ ormerkou Z (3D-
00'BEKT, HAKJIOHHEBIHM, KOHTYD MOBEPXHOCTH) HAET TOYKY HA PEaIbHOM BHICOTE B MECTE IIEPEeCeYeHUsT
- HaIpuMep, KOHTYP KPOBIU C OTMETKOM JIOKUTCS TOYKOM POBHO Ha mjacT. [IonuroH (3oHa B IjlaHe
- 3aMellleHUe, IITaXTHOe II0Jle, IUIeH3Us) JaéT BePTHKa/JIbHYIO I0JIOCY Ha UHTepBase, rae pa3pes
UOET CKBO3b 30HY.

JIuHUS, veX U BEICOTA paMKHu 0epyTcs U3 OIpeeeHus pa3pe3a - ero nuieT Pa3pe3 mo THHUH, U
B HEM Tellepb XPaHUTCS BEPTHKAJIBHBIM pa3Max. [loaToMy misi 00beKTOB 0e3 Z MmomaBaTh HUYETO
He HYXHO. /151 CTapeIXx ompeAesieHni 0e3 BRICOTHI OCTAETCS 3aIllaCcHOM IyTh: UepTék pa3pe3a
HeoO0si3aTeIbHBIM BXOOOM WIIHM OHAIA30H 7Z B OONONHUTENbHBIX. Korma y o6beKTa ecTh Z, BEICOTa
He HyXHa - TOYKa CTAaBUTCS II0 OTMeTKe. [IycThle BBEIXOIOBI HE CO3Tal0TCs: Pa3jIoM HAET TOJIBKO
BEePTHKAIIM, MapKep - TOJIbKO TOYKHU, 30HA - TOJIBKO IIOJIOCHI.

B oTnuune oT IIpoeknmuu 00BEKTOB Ha pa3pe3 (IpubIu3uTebHOM, 0 KOPUAOPY) 3TO TOYHOE
IepecedeHne - MeTKa MOSBISIETCS TOJIBKO TaM, TAEe TeOMeTpus peajibHO pexeT JIMHUIO pa3pesa.
Ha BXOm MOXKHO TOflaTh Cpa3y HECKOIbKO CJI0€B (IMHWUM ¥ TIOJIUTOHHI BIIEPEMEINKY) - BCe
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o6paboTaloTcs 3a OOHMH IIPOTOH, KaK CIIMCOK IMoBepxHOocTel B 4.04, a B BHIXO[AX ITOJI€ SIC XPaHUT
CIIOU-MCTOYHUK KaxKAoi MeTKH. [leMo-reHepaTop BEIIAET pa3jioM, MapKep C Z ¥ 30HYy 3aMeIlleHus,
Iepecekarolye IeMo-pa3pes, - Ha HUX HHCTPYMEHT ITpo0yeTcs cpasy.

ITapaMmeTpsI

[TapameTp

YTo 3amaéT

ITo ymomgaHUIio / COBET

OmpepneneHue pa3pes3a

Cnou gns nepecedyeHus

YepTExK pa3pes3a

[IepeHOCUTDL aTPUOYTHI
00BEeKTOB Ha pa3pe3

COXpaHHTB HUMsSA UCXOOHOTO
CJI04d

COXpaHHTB CTHUJIb UCXOOHOT'O
CJI04

Jluuus penpeda Ha YepTexKe

JIuruS HU3a Ha yepTexe

ITonne HUXKHEN OTMETKH II0JIOC
U BepTUKaJeu

HuxHsst oTMeTKa 3TO rimyOuHa
oT Bepxa (Horm.)

Hu3s guanasona Z (Iom.)

Bepx gpuanazona Z ([Jom.)

BepTukanmu Ha pa3pese

Touku nepeceyeHus

[Tomockl 30H Ha pa3pese

Crnou onpenenenus ot 4.01:
JIMHUS, VeX U BEICOTA PaMKHU.
s 06BeKToB 6e3 Z 3Toro
OOCTATOYHO.

JIUHUY U TIOJTUT OHBI
BIIEPEMEIIIKY, 3a OJWH IPOTOH.
B BEIXOmax moie Src XpaHuT
CJIOV-UCTOYHUK.

3amacHOM UCTOYHUK BHICOTHI
paMKHU OJIst CTaphIx
onpeneneHuit 6e3 zmin/zmax.
[Tonss BCXOOHBIX 0OBEKTOB
YXOOST B BEIXOOBI, YTOOHI
KPaCHUTh ¥ IIOOIIHUCEIBATH METKH
II0 CBOUM HAHHBIM.

BrIxon Ha3BIBAETCS 10
KCXOIHOMY CJIOIO0, KOTZla OH
OIMH.

Odopmnenue Gepércs y
KCXOIHOTO CJIOS, a He U3
IITAaTHOTO CTUIST MOOYJIS.
Croyi MUHUYA TTOBEPXHOCTEU OT
4.01. Bepx 30H U pa3jioMOB
JIOKUTCA IO penbedy, a He 110
paMke.

ToT ke cro¥ UIKu ero 4acThb.
Hu3 30H 1 pa3jioMOB TOXKUTCSA
10 TIOIOIIIBE, @ He TI0 pPaMKe.
Hwu3s kaxxmoro o6seKTa U3 ero
coOCTBEeHHOTO aTpubyTa.
[lepekino4daeT YTeHUE OIS C
a6COJIIOTHOM OTMETKH Ha
rnyouny.

HuxHss oTMeTKa paMKH, eClIt
HET HU OIIPeneseHus C
BBICOTOM, HU YepTezkKa.
BepxHsis oTMeTKa paMKU B TOM
XKe Cly4ae.

Breixon miist nmuHMM 63 Z
(paznomM, rpaHuIla): BEPTUKAIb
Ha BCIO BEICOTY.

Brixop Omist nuHuM C Z (KOHTYP
C OTMETKOH): TOYKa Ha
peanbHOM BEICOTE.

BreIxop Ojist MOJIUTOHOB (30HA B
IJIaHe): BepTUKaIbHas 1oJjoca
Ha WHTEepBae.

I10 2KeJIaHUIO

BKJIIOYEHO

BEIKJIIOYEHO

BBIKJIOUYEHO

II0 2KEeJIaHHUIO

I10 2KEeJIaHUIO

I10 2KeJIaHHIO

BBIKJITOYEHO

0

co3maéTcsa

co3maéeTcs

co3maéTcsa
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IIycThie BEIXOOLI HE CO3HAIOTCS: KazKObIHA TUII 00beKTa UOET TOIBKO B CBOH CJIOH.

HWMs1 1 CTH/IBL HCXOTHOI'O CJIOSI

I[IBe rajmouykw [Ojs CiIydasi, KOIfla Ha BXOI IIoJaH omuH cjioM. O0e MO yMOJYaHHWIO BBHIKJIFOUEHHI,
MMO3TOMY IpPEXKHUE ITPOTOHBI BOCITPOU3BOAATCS 663 U3MEHEHUN.

CoxpaHsITh HMsI HCXOOTHOTO CJI0si. BEIXOm Ha3BIBAETCS 0 MCTOYHUKY: CIIOM TEOJIOTHMU HaET
«T'eonoruss Ha pa3pe3e» BMECTO YHUBepcanbHOTO «Ilomockl 30H Ha pa3pe3e». Ecnu omuH crou
pomumn cpa3ly HECKONIbKO BUIOOB O0BEKTOB, K MMEeHU O00aBiIsieTCsl BUM, MHA4Ye TPU CJIOS B IepeBe
HA3BIBAJIMCEH OB OMUHAKOBO.

CoxpaHsTh CTHJIb HCXOTHOTO caosi. Opopmienre GepETCs y caMOro Cj0s, a He U3 IITAaTHOTO
cTuns Mmonyiisi. BmecTe ¢ mepeHocoM aTpubyTOB 3TO CHUMAET I'JIaBHYIO Py4YHYIo paboTy Ha pa3pese:
KaTeropurHas packpacka re0JIOTHU II0 IIOJII0 JIOXKUTCS Ha MOJIOCH KaK €CTh, IIOBTOPATH IalUuTPy
BPY4YHYIO He HyKHO. CTUJIb IIEPEHOCUTCS, KOTma TUIl TeOMETPUM COBIAfaeT: IIOJIUTOHEL B IIOJIOCHI,
MUHUYU 6e3 OTMETKH B BepTHKasu. JIMHKUS C OTMETKOHN Z maéT TOYKY, IMHEeHUHHINH CTU/Ib Ha Heé He
BCTAHET, U TaM OCTaETCS IITaTHEBIN.

Cno€éB moiaHo HECKOJIBKO - 00e TalouYKK MOJIYaT, IOTOMY YTO BHIXOOHI CBOMISIT BCE UCTOYHUKY B OOUH
CJIOM, U B XKypHAJI yXOOUT CTPOKA II0YeMy.

OoOpe3kKa 1o peirbedy U THHHN HA3A

30HEI U PA3JIOMHBI II0 YMOJIYaHMIO PHCYIOTCSA Ha BCIO BBICOTY PaMKHU: HM3BECTHO, I'Oe 00BEeKT
IIepecekaeT JIMHHWIO, U HEeHn3BECTHO, Ha KaKou OH THY6I/IH6. TpI/I Heo0s13aTeIbHBIX IIapaMeTpa
CHHMAIOT 3TO OrpaHHYeHHe I10 KpasiM.

JIuausi penbeda Ha uyepreke obOpesaer 0O6BEKTH cBepxy. IlomaBaiiTe cjioM nuHUE penbeda,
KoTOpuIX Brigaé€T 4.01 Pa3pe3 mo auHMH. Bepx 30H ¥ pal3ioMoOB JISIKET M0 penbedy, a KpoMKa
TI0JIOCH IIOBTOPUT €0 IIePEJIOMEL, @ He OCTAHEeTCS IIPSIMOM.

O6pe3ka UOET UMEHHO II0 JIMHUU C YepTezKa, a He 1Mo pactpy LIMP, u 3To oco3HanHOo. Pa3pes mor
CTPOUTHCS MO APYIO¥M MOBEPXHOCTH, M TOT{A PACTP C YepTekoM pazoumyTcsi. Ob6pe3aTh HAMO IO
TOMY, 4YTO 4YeJIOBeK BUAUT Ieper coOol. Pa3pes3rl comocTaBisioTCA IO Moo sec_id, mosatoMmy B
IMaKeTHOM IIPOTOHE KaXKIOHIM YePTEXK PEKETCS CBOUM IIpoduiIeM.

JIuHus1 HU3a Ha YepTezxe obpe3aeT 00BEKTH CHU3Y W yCTPOEHa Tak ke. [lomaBailTe IOXOIIBY,
IIOYBY IJIACTa MJIM TI00YI0 HUKHIOIO IIOBEPXHOCTE C TOT'0 JXKe YepTexkKa. JINHUY HeT, HU3 0CTaETCs 10
paMKe.

Ecnmu B clmoe HECKOJIBKO TTOBEPXHOCTEM, oOpe3Ka UAET 1Mo orubarollleii: CBepxy II0 caMOl BLICOKOH,
CHHU3Y TI0 CaMO¥ HU3KOM. [109TOMY BhIxo[ JIMHUHM MOBEPXHOCTEH HA YepTezKe TOOUTCS KaK eCTh,
IoJlaBaTh €T0 MOXKHO cpaly B o6a Bxoma. Korga HyKHa omHa KOHKPETHAs IOBEPXHOCTH, MOJANTe
ciio¥, oT¢UNIbLTPOBAHHEIN 110 II0JII0 Name.

KpoMKy cumTaloTCs B OOHUX U TeX K€ CTAHIUAX, Y3/Ibl 00emX TUHUN CBOMOSATCS B oOmIMii Habop.
HHave Bepx ¥ HU3, IOCUUTAHHBLIE KAXKOBIM IO CBOMM CTAHIIMSIM, IIEPECEKINUCh OBl MeXKOY Y3JIaMu
U II0JI0Ca BhHIIIIa ObI BEIBEPHYTOM. HU3 He MOgHMMAaETCsI BHIIIIE BepXa: TaM, T'oe JIMHUS HU3a IPOoIIia
Hapg penbedoM, II0ojIoca CXJIOMLIBAETCS M O0OBLEKT He BHIOAETCS BOBcCe. YMCIIO Cpe3aHHBIX IIeTHKOM
revyaTaeTcs B XKypHa, 0OBIYHO 3TO 30HHI, JIeXKaIIe BHIIIEe penbeda.

ITote HUKHEH OTMETKH 3aJa€T HU3 IT0JI0C ¥ BePTUKAJIeH MOMITYYHO, U3 aTPpUOyTa cCaMoro 00beKTa.
[To ymMon4YaHWIO 3HAYEHWE UYUTAeTCS KakK abCosoTHass oTMeTKa. ®PraXKOK B HOMOIHUTEIbHEIX
ImapaMeTpax IIepeKioYyaeT ero Ha TJIyOMHY OT Bepxa OOBEeKTa: 3TO yAoOHO, KOrfa B HAHHBIX
3alrcaHa MOIIMHOCTL 30HEI, a He e€ MooIliBa. Huke paMKH HU3 He OIyCKAaeTCs HU B KaKOM CIIy4ae.

ATpuOyTHI 00BEKTOB Ha pa3pe3e

®axok IIepeHOCHTH aTPHOYTHI 00HEKTOB Ha pa3pe3 BKIIIYEH 110 yMOTYaHui0. CMBICH ITPOCTOM:
TOJIOCH ¥ BEPTHUKAJIM Ha YepPTeKe KPacsITCSA U MOAIMMCHIBAIOTCS II0 BAIlIMM XKe IT0JIAM, 6€3 PYyYHOTO
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CBSA3BIBaHUSA C UCXOOHBIM CJIOEM.

Cro€B nnofaéTcsa HeCKOJIBKO, CXeMEL Y HUX Pa3HEle, I03TOMY KOJIOHKY CBOISITCS B OOUH 00Iuii Habop.
ITome, KOTOPOTO Y CJIOS HET, OCTAETCSA IMyCcThIM. OMMHAKOBOE MM B PA3HBIX CJIOSAX CUHUTAETCS OIHOM
KOJIOHKOM, TUIl 6€PETCS OT IIEePBOI'0 CJI0s, I'le OHO BCTPETUIIOCh.

HNmMeHa, coBmaparomiue co ciayxkebHbiMu (sec, src, label, d, z, d1, d2), mepeuMeHOBHIBAIOTCSA C
cybdukcoM. DTO He KOCMeTHKa: K0JIoHKa d HeCET pacCcTosSHUE BIOOJIb pa3pe3a, U aTpudyT o0beKTa
C TEM Ke MMEeHEM MOoJjT4a ITOJAMeHUI Obl KOOPAWHATY, a 3aMeTHJIH OBl 9TO YXKe Ha 4epTexke.

Yucmo coOpaHHBIX KOMOHOK MeYaTaeTCs B KypHall.

Yron n A3HMYVT IIaJeHHs. JIunus 6e3 OTMETKHU II0 YMOJI9aHHUIO )IaéT BEePTHUKAJIb: U3BECTHO rpge,
HEen3BEeCTHO IIOO KaKHM YI'JIOM. Ecnm 3apmaHbl Yroj ¥ a3uMyT IIageHHus - IIOJIAMH IIO0 MMEHH HIIN
MIOCTOSSHHBIMHY Ha CJIOH, - BMECTO BEPTUKAJIK PUCYETCH Clie[ IIadeHus OT IOBEPXHOCTU BHHU3, a II0JI0OCa
30HEI CTAHOBUTCH IIapaJlyieJIorpaMMOM.

Ha 4epTéxK BHIXOOUT He UCTUHHLIN yTroJl, 8 BATUMBIH:
tg(BuonMmbin) = tg(MCTUHHBIK) - coS(a3uMyT nmapgeHus — a3uMyT pa3pesa)

Pa3pe3 BKpeCT MPOCTHUPAHUS MAa€T UCTUHHBIM YIroJj, pa3pes3 II0 MPOCTHUPAHHUI0 - HOJb, ¥ OOBLEKT
JIOXKUTCS TOPU30HTAJIbHO. A3UMYT pa3pe3a 0epéTcs Mo 3BeHY, Ha KOTOPOM JIEXKUT IIepecedeHue,
TTO9TOMY Ha JIOMaHOM TpoduIie HAKJIOH B Pa3HbIX MECTaX Pa3HbIH.

A3umyT 00s3aTeNIEH ¥ U3 TEOMETPUYU HE BRIBOOUTCS: OOUH U TOT K€ 0OBEKT MOXKET MafaTh B JIIO0YIO
cTOpoHY. Be3 Hero OoOBEKTH OCTAIOTCA BEPTHUKAIBHBIMU - MOJIYaJIMBOE [HOIYIIEHUE <IIJIOCKOCThb
IIePIeHONKYJIIPHA pa3pe3y» U eCTh dacTas omubka mocTpoeHus. CTOPOHY HaKJIOHA 3afaBaTh HE
Hafo, e€ pelraeT 3HaK KOCHUHYycCa.

[nuHa cnema 3afJaéTcda IO TOPU3OHTAJM B MeTpaX, HOJIb O3HadaeT OO paMKu. KopoTkuil cnepm-
yKa3aTeJib 0OBIYHO O6epyT B IIOJITOPa-OBa CaHTUMeTpa Ha nucte: mpu 1:2000 ato 30-40 M.

B aTpubytel nummyTcs Tpu uyucia: dip (uctuuHbM), dip_az u app_dip (Bugumeblii). MepuTh yrom
TPAHCIIOPTUPOM II0 YEPTEXKY HENIb3S - BEPTUKAIbHBINM MaciiTab MCKaXkaeT HapUCOBaHHBIM HAKJIOH,
KaK MCKaXKaeT M BCE OCTaJbHOE Ha pa3pese.

4.06 Ilepeceuyenue TIN c pa3pe3oMm

Pactposriit rpup (4.04) - 970 z = f(x, y), OOHO 3HaYEHHUE BHICOTH Ha TOYKY IJIaHa. OIPOKUHYTYIO
CKJIafKy OH IepefgaTh He MOXKET B IPUHIUINE: Hal ONHOMW TOYKOM y HEE€ HEeCKOJIbKO OTMETOK
OOHOU IIOBEPXHOCTU. ITOT MHCTPYMEHT pexeT pa3pe3oM TIN - HOBEPXHOCTh U3 HACTOSIIUX
3D-TpeyronsHUKOB, KOTOpas yMeeT HaBUCATh.

MexaHrKa YHCTO reoMeTpuuecKas. Pa3pes3 - BepTHKalbHas INTOpPa BOOIb JIOMaHOW. KaxKObii
TpeyronbHuK TIN mepecekaeTcsi C BepPTHUKaJIbHOM IIJIOCKOCTBIO CBOETO0 CETMEHTa, HAaET OTPe30K
(cTaHumMs BOONL JTUHWUU, pPeajibHas BHICOTA), U BCe OTPE3KM cOOMpPAloTCsS B TPacCy IIOBEPXHOCTH.
HaBucanue BBIXOOUT caMoO Co0OOM: Hal OOHOM CTaHUMEN OKAa3hIBAETCH HECKOJIBKO OTPEe3KOB IIO0
BBICOTE, ¥ Tpacca 3aBOpPa4YuBaETCs - KPBIJIbSI OIPOKMHYTOM CKJIagKHU JIOKATCS KakK €CTh.

Ha Bxop - cimou 3D-monuronoB (PolygonZ, rpanu TIN, mpu 3TOM He-TPeyTroOJIbHUKUA Pa30uBaIOTCS
BeepoM Ha TPEYrOoNbHUKH) U IIPU JKeIaHUKW MelI-CJI0H. JIMHUS U vex 6GepyTcs U3 OIpemeeHus
pa3pe3sa, BLICOTA - C CaMUuX rpaHei, mosTomMy mjist TIN 3afaBaTh HUYETo He Hy>KHO. KpoMe 4epTEKHOM
TPacChl MOXKHO MONIYYUTDb €€ U B peanbHbIX 3D-KoopauHaTax.

BaxkHoe orpannuyenue: mem QGIS - ato 2.5D, BeIcOTa B HEM CKallIp Ha BepIInHE, HaJl TOYKOH
CHOBa OOHO 3HA4Y€HUE, OIPOKUHYTOE B Mellle He coxpaHseTcda. [Ioa3ToMy HaBHCaHUE OAlOT TOJIBKO
Hacrtosmue 3D-rpanu ot reomopesuiepa (Leapfrog, Micromine u nmomoGHBIe). Melll TpUHUMAETCS
ot OOITHOCTM, Ha OMHO3HAYHBIX IMOBEPXHOCTAX. [leMo-reHepaTop BHIOAET OonpokuHyTyio TIN-
CKJIaOKy - Ha Hel 3aBOPOT TPAacCCH BUIEH Cpa3ly.
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ITapaMeTpsbI

[TapameTp

YTto 3amaeT

ITo ymonmgaHuio / COBET

OnpemeneHue pa3pes3a

I'panu TIN (PolygonZ)

Mermni-cnou (2.5D)

Tpacca TIN Ha pa3pese
(uepTéxK)

Tpacca TIN (3D)

Cnoit onnpenenenus ot 4.01:
NUHUS U vex. BreicoTa 6epéTcs
C caMUX I'paHewu.

Crnou 3D-TIOJTUTOHOB - TPaHU
TIN oT reomopgennepa.
HaBucanuve u OIpoOKWHYyTOE
BOCITPOU3BOMSITCS.

Merm QGIS amst 0OIITHOCTH.
Hapg Touko# ogHO 3HaYeHUe,
ONIPOKUHYTOE B Mellle He
COXpaHsIeTCH.

BrixogHasi 2D-Tpacca B ocsax
pas3pesa, MOXKeT
3aBOpPAYUBATHCS.

BrIxopmHas Tpacca B peabHBIX
3D-KoopouHaTax.

Heo0s3aTeIbHO

Heo0s13aTeIbHO

co3maéTcsa

II0 3aIIpoCy

IMopatiTe X0Ts GBI OOUH U3 OBYX BXOMOB - rpaHu TIN unu merm.

4.07 IIpoekunusi 00LEKTOB Ha pa3pe3

HNuctpymeHT IIpoeKnusi 00beKTOB Ha pa3pe3 NPoenupyeT TOYKH, JIMHUY U TTOJIUTOHBI Ha TUHUIO
paspes3a. [Ing KaXpaol BepIIWHBE I'OPU30HTAIb 3TO PACCTOSHUE BOOJIb JIMHUU IO €€ IIPOEKIIUU,
BBICOTA - OTMeTKa u3 3D-reoMeTpuy UM M3 BEIOPAHHOIO NHONA. [lanbHUE OOBEKTH OTCEKAIOTCH

KODPHUIOPOM.
[TapameTp Yro 3amaér ITo ymon4aHuIo / COBET
OmnpepneneHue pa3pes3a JImuus pa3pesa c IOJIEM Vex -

(BepTUKaIbHOE

[IpeyBeNUYEHNE).

OOBEKTHI IOJIs TPOEKIINU

[Tone oTmMeTKU

Kopupop ot nuHuu
CoxpaHAaTh UM UCXOTHOTO
cnosa

CoxXpaHATh CTUJIb UCXOTHOTO

CJI104

OOBeKTH Ha pa3pese (UepTex)

Crnoit, 06BeKTH KOTOPOT'O
MTPOEIUPYIOTCS Ha MIIOCKOCTh
paspe3sa.

ATpubyt Z, ecinu reoMeTpus
00BbEeKTOB 0e3 Z.

[MupuHa IOJIOCH 3axBaTa OT
nuHuYU pa3pes3a. 0 = Bce
00OBEKTHI.

HMst BEIXOHA CTPOUTCS OT
MMEHHU UCTOYHUKA.
Odopmnenue GepéTcs y
€caMoro CJIOS, a He U3
IITATHOTO CTUJIS.

Bhrxon: oG BEKTH B
KOOpOWHAaTax yeprexka
paspesa.

CHATO

CHSATO

970 0600IIeHre MPOeKIINY CKBaKUH Ha I00ble 00BeKThl: aHOMaIuH, TOYKKM ONPOOOBAHMS, TPACCHI,
KOHTYpPHI. Pe3ynbTaT B 0CsIX pa3pesa, KJIaJeTcsa IT0BepX YyepTezxka.
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HWMs1 1 CTH/Ib HCXOTHOI'O CJIOS

IIBe ramoyku [Ajsl TeX, KTO y2Ke HacTpousl odhopMJieHue B MJjaHe. FiMs BHIXOHa CTPOUTCSI OT UMEHU
WCTOYHUKA, a opopMmIieHre OepEeTcst y camMoro cjosi. KaTeropuiHbIN CTUITE JIOKUTCS Ha pa3pe3 Kak
€CTh, U JIeTeH[a OCTaeTcs npexHel. Tak ke ycTpoeHo B IlepecedueHUH BEKTOPOB C pa3pe3oM
(4.05).

CTunp TepeHOCUTCs, KOorma THUII IeOMEeTPUM BBIXOJlAa COBIIafaeT C TUIOM HCTOYHUKA. TOYKM
MTPOEIMPYIOTCS TOYKAMHU, IIOJIMTOHHI II0JIOCAaMH - TaM O0(GOpMJIeHHe BCTAET OOWH B OOWH. JIMHUS C
OTMETKOM Z Ha€T Ha pa3pe3e TOUKYy, U NHHelNHoe opopMIeHNe Ha HEE He BCTAHET: B 9TOM ClIydae
OCTaéTCs IITaTHHIM CTUJIb, O YEM CKa3aHO B JXKypHare.

4.08 CopoenupoBaTh C pa3pe3a

HucTpyMeHT CipoenupoBaTh C pa3pe3a genaeT oopaTHOe: 00bEKThl, HAPHUCOBAHHBIE Ha YePTekKe
pa3pesa, Bo3BpalllaeT B peajabHble KOOPAWHATH. [ OPU30HTaNb BEPIINHEI YUTAETCS KaK PACCTOSTHUE
BMIOJNTh MUHUU (OAET IIJIaH), BEICOTA - KaK OTMEeTKa Z = BHICOTA / veX. JIMHUS U vex 0epyTCs U3 TOTO
XKe OIpefieneHus, 10 KOTOPOMY CTPOUJIICS YePTEXK.

[TapameTp Yrto 3apaéT ITo ymonyaHuUIo / COBET
OnpepeneHue paspesa JIuHusa pa3pesa C IOJIEM VeX. -
OOBEKTH C yepTexka pa3pesa OO6BEKTH B KOOPOMHATAX -

yepTexka [JIsd Bo3BpaTa B IIJIaH.
OOBeKTHI B IJIaHe (C OTMeTKOM  BrIXon: 00BEeKTHI B IIJIaHOBEIX -
Z) KOoOpauHaTax C

BOCCTaHOBJIEHHO! OTMETKOM.

Tak HapHCOBAHHEIN PyKaMu Ha pa3pe3e 00BEeKT - KOHTYP 3aJeXu, HapylleHue, TPaHulla - TomagaeT
ob6paTHo B myad 1 B 3D ¢ oTMeTKOU Z.

4.09 Pa3BEépTKa CTEHKH CTBOJIa (0eTa)

HNucTpyMeHT Pa3BépTKa CTEHKH CTBOJIa CTPOUT LMJIMHOPUYECKUHN pa3pe3. Bokpyr ocu cTBONA
Ha 3aJaHHOM pafamyce OepéTcs OKPYKHOCTH C YIJIOBHIM HIaroM (mo yMmomdaHuio 1 rpapmyc), u
TMOBEPXHOCTHU-TPUIBI BHIOUPAIOTCS BOOJIL He€. Pa3BEPTKA JIOKUTCS B OCU [IJIMHA OYTH 110 OKPYKHOCTHU
- BEICOTA.

[TapameTp Yrto 3apaérT ITo ymom4gaHnuio / COBET
Ocs cTBOJIA (TOYKA YCTHS) Touka yCcThsl CTBOJA. -
Papguyc cTBOma, ed. KapThl Paguyc pa3BEPTKU CTEHKH. 4
[ToBepPXHOCTHU-TPUOHI ['pugel MOBEPXHOCTEH, -
(Mapkupyitomme) OTMETKH KOTOPHIX HAHOCSTCS
Ha Pa3BEPTKY.
YrnoBo# miar, rpagychl [ITar o6x0oma CTeHKHU I10 1
a3UMYyTYy.
BepTukanbHHIN MaciiTad PexxuM BepTHUKAJILHOTO OTHOIIIEHUE

IpeyBenuYeHus: (OTHOIIIEHUE
I':B 111 MHOXHUTEJD).

3HaueHue Macmtaba YHucro npeyBenvyeHus 1o 10
BLIOPAHHOMY PEXKUMY.

Bri6opka pacTtpa (moir.) Crioco0 CHATUSA 3HAYEHUS C -
rpuma IMOBEePXHOCTH.

Pa3BépTKa cTeHKH (myra X Brixomd: pa3BEpTKa CTEHKU -

BBICOTA) CTBOJIA.
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Kaxkpaa mMapkupyolllas I0BePXHOCTh JAET JIMHUIO CBOETO IIepeCcedeHusl CO CTEHKOU CTBOJIa - IIpHU
NafeHUY I1aCcTOB IMHUYM HAKJIOHEHH ¥ BOJTHUCTHL. OCh 3aa€TCSI TOYEYHEIM CII0€M YCThs, pafguycC B
eOUHUIIaX KapThl, BEPTUKAJIbHLIN MaciuTab Kak y pa3pesa.

4.10 IIpumep o151 pa3pe3a (meMo)

HuctpymeHT IIpuMep aj1si pa3pe3a (IeMo) rOTOBUT IIOTHBIHN yueOHBIH Habop A1 rpynns Paspes,
4TOOHI OITPOOOBATh €€ MHCTPYMEHTH 03 KPUTHHTA PeaJIbHBIX JaHHBIX. B ITaHesn OH CTOUT B IPYIIIIe
Pa3pe3 nocinegHuM.

3a ooWH NPOTOH BBIAAIOTCSA MIECTh CTOIKOUN IIOBEPXHOCTEHU C MaJeHUeM U IepeMeHHOU MOIIHOCTBIO
(IATH MJIACTOB B IlepeciauBaHUM, BTOPON U YETBEPTHIM ITPOMEBIIIJIEHHBIE U TOHKUE), TPU JTUHUU
pa3pe30B uepes Mollanb (JloMaHasd ¢ OByMs M3JIOMaMH, KOPOTKas IIpsMas M HaKJIOHHAS C OOHUM
M3JIOMOM), TOTOBAs Iapa CJI0EB Mofieny OypeHusi, TabIuila MHKJIMHOMETPHUY U [0 MHOTOKaHaIbHOMY
TPUOY Ha KaXXObIM NPOMBIIUIEHHBIM miacT. Kaxkmasi TpeThsa CKBaXuHa B Habope HaKJIOHHAS:
3eHUT OT 45 mo 70 rpamycoB ¢ HaGOpoM IO CTBOJIY, a3UMYT BOOJIbL JTUHUN pa3pe3oB. CKBaXKUHA,
HaKJIOHEHHAs ITOIEPEK pa3pesa, IIpPoelrpoBanachk Obl ITIOYTH B TOYKY, U IIPOBEPUTH IO HEM BBIHOC
WHTEPBalIoOB BOOJIb ocu ObLIO OB He Ha YeM. OcTalbHbIE CKBAazKWHBI BEPTUKAJIbHEIE, YTOOH Ha OTHOM
Habope OBLIO BUOHO ¥ TO, U Opyroe noBenmeHue. KoHBeHIIWS KaHAJIOB I'pupa Iacra: KaHam 1 -
KPOBJI, KaHal 2 - IOAOLIBA, KaHaIH 3 U Jajiee - IapaMeTpHl (3mech comepkKaHue U MUHepPaIbHBIN
THUII C 30HOU 3aMeIleHUs, IO COOepzKaHUS y IIJIaCTOB HE3aBUCHMBIE, CTOXacThudeckue). OnuH
daiin onuchBaeT macT LEMKOM - KakK OJI0YHYI0O MoAesb, KyZa HOBHE IIapaMeTphl H00aBJISAIOTCSA
KaHamaMmu. [[JI1 MHCTPYMEHTOB IepecedeHus moOaBJIeHbl JeMOHCTPAIllMOHHBIE BEKTODHI: Pa3JIOM
6e3 OTMETKH BBICOTEI, MAapPKUPYIOIINHN KOHTYP C Z, 30Ha 3aMelleHuss 1 onpokuHyTas TIN-ckimamka
u3 3D-rpaueit PolygonZ.

CKBazKUHBI C HHTEpPBaJlaMH1 ONIPOOOBaHHUSA

ITapa crio€B Momesnu OypeHus BHIIAETCSA TOTOBOM, B TOM XKe opmaTe o6OMeHa, B KOTOPOM BHIT'DYZKaEeT
l'eokoHCTPYKTOP. BMecTe ¢ Hel BHIIAETCS CHPABOYHHUK IJIACTOB E€MO: Te e KOIHI, YTO CTOST B
WHTepBaJax, C IOPAIKOM 3ajieTaHus, TeJIOM U IBeToM. [locTaBnseMsuIli cipaBoYHUK u3 4.11 cobpaHn
o BepxHekaMCKOMYy MEeCTOPOXKOEHUIO ¥ KOOOB eMO He 3HAET, M03TOMYy 6e3 CBOEro CIpaBOYHUKA
KOJIOHKM JIEMO OCTaBauCh 0e3 1BeTa.

IMomnoce! nnactoB B 4.01 meMo-CIIpaBOYHUK He KPacHUT, U 3TO He HeZonOesKa, a YCTPOUCTBO IIOUCKA.
ITnacT Tam onpenesisieTcs 10 MMeHaM CJI0EB KPoBiau U nomoiuBkl: v ciios Kpll_top cHuMaeTcs pomb
u octaércsa koxm Kpll, no HeMy CIpaBOYHHUK U OIpalIrBaeTcs. [IoBepXHOCTH JIeMO0 Ha3BaHBI IIPOCTO
HOMepaMHM U Kofia IIJlacTa He HECYT, II03TOMY IT0JIOCH OCTAIOTCS B IIBETaX I10 yMoa4YaHuio. Ha cBoux
OaHHBIX, TA€ CJIOM Ha3BaHBI KOLaMU IIJIACTOB, TOT XK€ CIIPABOUYHMK KPaCHUT M IIOJIOCH, ¥ KOJIOHKH.
Ycrbsa collar 510 TOYeUHEIN CIIOM C OTMETKOU YCThs U I''IyOuHOM 326051, mETEepBaIbl interval sTo
oOpIyHast Tabnuila ¢ rIyOMHAMY II0 CTBOJIY OT YCThS M KOOOM IIjIacTa.

I[Tostomy uHCcTpyMeHT 4.02 CKBaXuHBI Ha pa3pe3e npodyercsa 6e3 CBOUX [OaHHEIX U 0e3
obparmenus K 6aze: 3anyctute 4.10, 3aTem 4.01 mo 110001 U3 TPEX MUHUH, 3aTeM 4.02 ¢ 9TOM mapoH,
onpefesieHNEM pa3pe3a U OeMO-CIPaBOYHMKOM. KONMOHKHM CKBaXKWH NOJIydaT IIBET U MOPSNOK B
nerenpge. CKBaxKWHBI CTOSAT BOOJIP BCEX TPEX JIMHUM, TaK YTO KOJIOHKM JIATYT Ha JII000H YepTEX.
Ta ke mapa 6e3 U3MEHEHUU TOOUTCSA U AJIT TPEXMEPHOTO MPOCMOTPa: TaM I'JIyOMHA yXOOUT B Z
HanpsaMyio, 6e3 BepTUKaJIbHOTO MaciiTaba U CMellleHUs pacKJIamKu.

CjI0M IeMO H UX aTPHOYTHI
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MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)

Kanan 2 - MOAOLUBA (oTmeTku Z)

|

-+ 3.03: kpoBna=1, nogowea=2, cocTag=3

-+ 3D-npocMoTp: «Tena nnacToes, KaHan napameTpa 3+

reoMeTpMAa nnacTta

napameTpbl (bnoyHan mogens)

Puc. 29: KoHBeHIUS MHOTOKaHaJIbHOTO I'pUMa IIjlacTa: KaHalbl 1-2 HecyT reoMeTpuio (KpOBas U
TOMOIBa), KaHalkl 3 U fajee - mapaMeTphl. OOquH ¢daia KopMUT UHCTPyMeHT 4.03.

Cnou

I'eomeTpus

ATpubyTHI

JIunuu pa3pe30B (AeMo)

Yct1a collar (memo)

HHTepBansl interval (memo)

CnpaBOYHUK IIJIACTOB (ZeMO)
30Ha (geMo, IMOJIUTOH)
Pasnowm (memo, 2D)

Mapkep ¢ Z (zemo, 3D)
Onpoxkunytas TIN (gemo)

IMToBepxHOCTE 1...6
IMnact 1-1/2-%1 ipoMm.

JINHUSA

TO4YKH

Tabnuila

Tabnuia
MIOJINTOH
JIAHUS

nuHuSa Z

TIIOJIUTOHEI Z

pacTtp
pacTtp

name (Pa3pes 1, 2, 3). Tpu
CTBOPA Pa3HOU OJINHBI:
JIoMaHas C OBYMS U3JIOMaMu
(BEpUIMHEI IPOBEPSIIOT
IHMKeTaxXX), KOPoTKas npsaMas u
HaKJIOHHAS C OOHUM HU3JIOMOM.
hole id, z (otmeTKa ycThs), ech
(rmy6buna 3a60s1), number ms
ITOOTIUCH.

hole id, from, to (rmy6uHEI 1O
CTBOJIy OT yCThsI), code
(MHOEeKc 1JacTa).

code, order, body, color, strata.
ITox KoObl MHTEPBAJIOB IEMO.
name. [1719 UHCTPpyYMEHTA
rnepecedyeHuss BEKTOPOB 4.05.
name. Cekyias CTBOpa,
cMellleHa C U3JI0Ma JINHUU.
name. [IpoBepka
3D-reomeTpuii B 4.05.

name. OIPOKKUHYyTas CKIagKa
ons 4.06.

OnuH KaHajl OTMETOK.

Kanansl: 1 xpoBns, 2 IOOOWIBa,
3 comepkaHue, 4 MUHTHIIL.

PaGouu#t uKa mokasaH B pa3merne 4.01: moBepxHocTu uUOyT B Pa3pe3 mo JTHMHHH, mapa collar u
interval B CkBazKUHBI Ha pa3pe3e, rpuf coctaBa B CocTaB IUIacTa Ha pa3pe3e, a JeM0-BEKTOPEI
u TIN B uHCTpyMeHTH InepecedeHusa 4.05 u 4.06. Tak Bcg rpyla pa3pe3a HpOKaTEIBAaeTCA Ha

COI'JlIaCOBaHHBIX NaHHBIX.

ITapaMeTpsbI
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

O6macTh (9KCTEHT) [TpsIMOYTONILHUK, B KOTOPOM 3a7aTh II0 IPOEKTY
reHepupyeTcst Habop.
3epHo reHeparopa ([or.) 3epno I'CY gns 0

BOCIIPOU3BOOUMOCTH. O -
CcJIy4alHoO ITPY KaxKIooM
3amycke.
IToBepxHOCTE 1...6 [ITecTs pacTpPOB CBEPXY BHUS: CO3[arTCs
KPOBJIU U TIOIOIIBEI
BMEIIAIOMNX U ABYX
ITPOMBIIIIJIEHHBIX TIJTaCTOB.
JIlunuu pa3pes30B (3 IT.) Tpu cTBOpa Yepes IIoIagb CO3[aroTCcs
oiist momayu B 4.01.
HNHCTPYMEHT II0 YMOJTYaHHUIO
CTPOHUT pa3pes 10 KaKOoMYy.

Ycresa ckBaxkuH collar TouyeuHBIN CJION MOJEeNH Cco3maéeTcs
oypenus (hole id, z, eoh,
PointZ).

HMHTepBabl CKBaxKuH interval Tabnuila momernu OypeHus CcO3maéeTcs
(hole id, from, to, code, kcl).

ITnact 1-# mpomM. MHorokaHaIbHBIN TPUL;: 110 3a1pocy

KPOBJIsS, IIOOOIIIBA,
comepzkKaHue, MUHTHII.

[TmacT 2-1 mpoM. To ke gnsa BTOporo 110 3ampocy
IIPOMBIIITIEHHOTO IIJIacTa, I0Ig
HEe3aBUCUMEIE.

PaznoMm, mapkep c Z, 30Ha IOemo-BekTOpPH myg 4.05: 10 3ampocy

nuHusa 6e3 Z, KOHTYp C Z,
IIOJINTOH 30HHL.

Onpokunytasa TIN 3D-rpaHu OIPOKUHYTOU 110 3a1pocy
cknagku gia 4.06.

IMonHbIM TTIEPEeYeHb IT0JIEH BEIXOIHBIX CIIOEB - B IpuoxkeHuu [aHHbIE OJis1 pa3pe3a (pasmen «Iloms
OEeMO-CJIIOEB» B KOHIIe PYKOBOACTBA).

CTpyKTypHBIE 3JIEMEHTHI U CJIeJbI BEIX0da. [1eMo OTHaET OBa CJIOS C aHAIUTUYECKUM 3TaJI0OHOM
IJIS IPOBEPKU YTJIOB.

CTpyKTypHBIE 3JIEMEHTHI: TPHU NTUHUU IlepeceKalT mpsaMou Pa3pe3 2 mpu OOHOM HMCTUHHOM yTie
25 rpagycoB ¥ pa3HBIX a3UMyTax HafeHus. Bugumele yriel BRIXOZAT 25, 18.25 1 HOMIBb, 0XKUOaeMoe
3HaYeHVEe 3alrCaHO B IIOJie app_exp, nostoMmy pelynbTaT 4.05 cBepsieTcda 4YUCIOM, a He Ha
rna3. [IpsiMo#i pa3pe3 BHIOpAaH HAPOYHO: Ha JIOMAaHOM a3UMYT 3BEHA MEHSIETCS II0 XOIy, W 9TaJIOH
rmepecTtaéT OLITh OJHO3HAYHBIM.

Cnene! Beixoma mnsa 4.12: nonoruut (20 rpamycoB), KpyTou (72) u HaMepeHHO IpsAMoU B nnaHe. I1o
IIEPBLIM ABYM WHCTPYMEHT 00513aH BEPHYTH Yucia u3 nonien dip true u az true. TpeTuit mpoBepsieT
OTKa3 - 3aJIeTaHUe 110 IPSIMOMY Cllefly He onpeneneHo. KpyTol HyKeH OTHeNIbHO: IOATOHKA 110 Z Ha
HEM TIOILIbIIa OFI.

4.11 O6pa3en cupaBOYHHKA IIAaCTOB

HWHCTPYMEHT KJIaf€T B TPOEKT IIOCTaBIsIeMbI 00pa3el] CIPaBOYHHUKA IIJTACTOB - TOT CAMBIH, KOTOPHIH
yurtaioT 4.01 u 4.02. HykKeH OH IT0 TPOCTOM nNpuyunHe: oopaser] IeKuT ¢aiIoM B KaTajore IjlaruHa,
Kylla TI0Jb30BaTejib OOLIYHO He 3arjsiAbiBaeT. be3 3TOro Iara CIIpPaBOYHUK IPUXOOUTCS UCKATh
PykKamu, a He Hal[s, IIOOaTh B pa3pe3 IIePBYI0 IMOMaBIIYIOCS TaOIUIy U IOTYyYUTh 4epPTEXK 6e3 1BeTa.
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I[lapameTpoB y HHCTpyMeHTa HeT. OOWH IPOTOH - U cjio¥ CHmpaBOYHHK IIIacTOB (oOpa3em)
MOSIBMISIETCSI B IPOEKTE U CPpa3y BUMEH B BHIIIAJAOIIEM CIIMCKe MHCTPYMEHTOB pa3pesa.

910 BHYTPH

Tabnuita 6e3 reoMeTpuu, OJHA CTPOKA HA IIJIAaCT UM MEXKOYIJIacThe, CBEPXY BHHU3 II0 pa3pesy.
Komonku: Kom Teja, HOMEP CBepXy BHU3, Teno (IJjacT WM MEXOYIIacThe), IIBET, a TaKXkKe
HeoOsi3aTeIbHEIE TOJIIA ¥ TPUMeYaHue, KOTOPhIe YUTAIOTCSI, HO TTOKa He MCI0JIb3yIOTCS.

O6paser cobpaH no BepxHeKaMCKOMY MECTOPOXKAEHMUI0: 37 CTPOK OT ITOKPOBHBIX OTJIOXKEHUM [0
HUXKHEU KaMeHHOU conu. [ Opyroro MeCTOPOXKOEHUs OH CIIyKUT cKejleToM. CoOXpaHUTE CJIOU B
daiin mratHEIMU cpefcTBaMu QGIS u mpaBbTe KOMHI, IIOPSIIOK M IIBETA IO CBOIO CTPATUTPadUio.

Tenmo 3anmojIHsIET reojior

OTO IJIaBHOE, YTO CTOHUT IIOHSATH IIPO CIIPAaBOYHUK, U IIOTOMY IIOBTOPSAETCS 3[eCh. Tesio u3 Kofa He
BeIBOOUTCA. [Inact AB 110 HanuCaHMUIO BRITJIAOUT KakK «A IUTI0C B», HO 3TO IeNIbHBIN 1IJIacT, BHYTPU
KoToporo jyiexaT A, b, kopx A-A’ u A’. Mexpynnactee B-B 13 Kofa He BLIBOOUTCS BOBCE, IIOTOMY
4TOo mnacrta b B criucke HeT, ectb Ab. MHCTpYMEeHT 3Ha4YeHUs Tejla He IIePeCUYUTHBaeT U B 3TOM
CMBICJIe He YMHee 4eJIoOBeKa, KOTOPBIY UX IIPOCTaBUIL.

CocTaBHBIE TeJia cepble

B o6pasite ects KpIlla+6 - cocTaBHOe Teno, cymma Kpllla, mexxpynmactess Kpllla-6 u Kplll6. Takue
KOHTJIOMEpATHEl B CIPABOYHUKE KPACSTCS CEPEIM, TeM K€ OTTEHKOM, KaKMM IIJIaruH IIoMedaeT
HeOoT03HaHHOe. [IpyYrHa B TOM, YTO IIBET COCTABHOTO TeJjia M3 IIBETOB €r0 4YacTel He BEIBOOUTCS:
YacTu MOTYT OBITH pa3HBIX LIBETOB, U 000U BHIOOD ObINT OBl MPOU3BOJIOM. CephIf YHUTAETCS Kak
«IIBET HE 3aJlaH», ¥ eT0 CTABUT YEJIOBEK.

CoCenCcTBO ILIEJIOr0 C YaCTSAMHU B ODHOM CIIMCKE MMEET IIEHY, 0 KOTOPOU CTOUT 3HaTh. [lopSamoK cBepXy
BHU3 enuH, mo3Tomy Mexny KpIllo u KpllIB Temeps jiexkaT OBa Teja, a He OOHO, ¥ ITapa TaKUX
TPaHUIl Ha pa3pe3e AacT CepPylo I0JIOCY C IepeYHeM BMECTO MMEeHU MeXAymiacTthsa. Ha KpymHoMi
rpauynapaocTtu, Mexay KplITla+6 u KpIIIB, Bcé cxomuTcs oOBIYHBIM 06pa3oM.

Tot ke daia sue QGIS

O6paserr 1exkuT B nanke templates BHyTpu KaTajora IjaruHa B IBYX BUaX, plast reference vkmks.x1sx
U plast_reference_vkmks.csv. B kuHure Excel ecTs BTOpOU NHCT C IIpaBUjlaMU 3amnojiHeHusA. [IpaBbTe
MI00BIM YIOOHBIM CITOCOO0M, MHCTPYMEHTHI pa3pe3a IPUHUMAIOT U Tabnuiy mpoekrta, u GeoPackage,
u CSV.

4.12 JneMeHTHhI 3a/IeraHus 110 CjIeay BbIX0da

Cuuraet Yol 1 a3UMYT IIad€HHusA I10 TpéXMepHOMy Cliely BeIXOO4d I'PAHHUIIBI HA IIOBEPXHOCTh.

[TapameTp Yrto 3amaér ITo ymomyauuto / cCOBeT
Cnepnrnl BEIXOIA JIuuuu c orMmeTKaMu (Z B -
BEpINMHAaX).
OKHO, BEpPIINH 0 - ogHO 3aneraHue Ha BeChb 0
Clel, “Ha4de CKOJIb3sllee OKHO.
HaumMeHbIlasg n30THYTOCTh [Topor o6yCIIOBIEHHOCTH, 0.15
(mom.) HHKe KOTOPOTro cJjiefyeT OTKa3.

OTKYJIa 6epéTCﬂ 3asteranue. Ecnu I'PaHHUlla IIJIaCTa HMJIX PA3JIOMa OHI/I(I)pOBaHa C OTME€TKaMH,
IIJIOCKOCTh IO HEeM BOCCTAHABIMBAETCS OOHO3HAYHO, a M3 MJIOCKOCTH BHIIAZarT ofa sIeMeHTa
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3aneranus. IIpaBuiIo TPEX TOYEK - MUHUMAJIbHBIM ClTy4dal, 37eCh CYHUTAETCs 10 BCeM BepIIuHaM
cpasy.

MeTopn 1o ATBMEHOWHTEPY: HOPMaJIb K IIJIOCKOCTH 3TO COOCTBEHHLIN BEKTOP MaTPHUIILI OPUEHTAINN
IIpM HaWMeHbIleM COOCTBEHHOM 3HaueHuu. [logronka BuUga z = a-x + b-y + ¢ IIpolle, HO
pa3BajiMBaeTCsd Ha KPYTHIX 3ajieTaHUudax, rae Ko3(pPuIueHTH yXomsAT B OECKOHEUYHOCTh. depes3
CcoOCTBEHHEIE BEKTOPHI KPYTU3HA IIEPECTAET OBITH OCOOBIM CIIydaeM.

I[IpsiMmoii B mjIaHe cjie[ 3a/IeraHHsi He ompeaesasier. Yepe3 OOHy MPSIMYI0 B IIPOCTPAHCTBE
TPOXOOUT GECKOHEYHO MHOTO IIJIOCKOCTEHM: OHM BPAIaloTCs BOKPYT He€ KaK CTPAHUIIBI BOKPYT
KOpelllka. MHCTPYMEHT BUAWUT 3TO IO OTHOLIEHWIO COOCTBEHHBIX 3HAYEHWH ¥ OTKA3bIBAET C
MIPUYNHON BMECTO YBEPEHHOTO YHCJIa U3 IyMa OKPYTJIeHus. Mepa nuIneTcs: B moje planar: Homb -
TOYKY Ha IPSIMOM, efUHUIA - pa3MaX B OBYX HAIIPABJIEHUSX.

CkJIafKa JIOBHTCsI HEeBsSI3KOM. MeTo[ NpedronaraeT, YTO Clief JIeKUT Ha ONHOM IIJIOCKOCTH, a
OIVHHAS TPaHUIlA PEOKO JIeXKUT: (ekcypa, cMeleHue pasyioMoM, neperub. CpenHsis HeBs3Ka
TOYEeK OT IJIOCKOCTH IUIIETCS B I10JIe rms, U 60JIbIIoe 3HaYeHUe 03HavaeT, YTO OOHOTr0 3aeTaHus
Ha BEeChb CJIef He cyIecTByeT. Toraa BKITIOYAWTE OKHO: 3aJieraHWe CYUTAETCS 10 CKOJIb3SIIEMY
y4acTKy, U Ha BeIXOome OymeT ero M3MeHeHWe BOOJIb I'PDAHUIIE, YTO IOJIe3HEEe OJHOT'O CPEeIHEro
4YHCcIa.

Mecto B memnouke. Beixon nogaércs npsimo B 4.05, roe mons dip u dip az u oxupatorcs. Ecnou
penbed 3amaH TOPU30OHTAIAMM, a Cief IIJIOCKWM, IPOBEOUTe ero cliepBa udepe3 2.22 - OTMETKH
CHUMYTCSI C IIPUMEIKQIOIIUX TOPU3OHTAJIEN.

I'eororndyeckasi Moaejib

I'pymnmna cobupaeT MHCTPYMEHTHI, paboTalolue He C OJHOM ITOBEPXHOCTHIO, a C MAYKOH: KPOBIHU U
TTOOOIIBEI COCEIHUX TEJl CBSI3aHHI MexXKay co0oM, U CBsI3b 3Ta Mub0 cobimomaeTcs, TuO0 HapylleHa.
IIpoBepuTh €€ U eCTh IIepBas 3ajada. Bropas - UMeTh IIOJl PYKOH 3aBeIoOMO M3BECTHEIH MaTepHall,
Ha KOTOPOM BU[IHO, T'Ile TPUO0OBOE IIpefcTaBiIeHne paboTaeT, a Tae MepecTaér.

5. 'eos1toruueckasi moaesin (0era)

5.01 Corj1acoBaHHOCTE IIQYKH II)IACTOB

KpoBnu ¥ momomBEI OOBIYHO CTPOSTCS IIOPO3HBb: KaXKAasi HOBEPXHOCTh HHTEPIIOIUPYETCS IIO
CBOMM 3aMepaM M HU4YEero He 3HaeT O CYIIeCTBOBAaHWUM COCENHUX. ITOKa TMIacTHl BHIAEPIKAHHI, 9TO
CXOIMT C PYK. B 30HEe BHIKJIMHUBAHUS, I'I€ MOIIHOCTh UOET K HYIIIO, BE€ HE3aBUCHUMO IIOCTPOEHHEIE
IIOBEPXHOCTH IOYTH Heu30eXKHO MepeceKaioTCsd, W Hajblle apudMeTHKa II0 TAaKOW MHadyke OaéT
OTpPHUIIATEIbHBIE MOIITHOCTH ¥ 0OBEMEI, a Ha pa3pe3e BUOHLI BEIBEPHYTHIE ITOIOCH.

I/IHCTPYMGHT OTBE€4YaeT Ha BOIIPOC, €CTh JIM TaKKHe MeCTa U I'lne UMEHHO.

Y10 cuHuTaercs

BbBIKJIMHUBaHHE - MOIIHOCTb B IIpefejiax OONyCKa OT HyJs. DTO Teojiorusi, a He gedekT, u B
OTOENILHLIN CYET.

OTpHHaTeHLHaﬂ MOIITHOCTB - KPDOBJIA IIJIaCTa HU2XKe €r0 IIOOOIIIBEI.

ITepexT€cT coceleM - IOMOIIBA BHIIIENIEXKAIIero OIyCTHUIaCh HUXKEe KPOBIIM HUKeIeXKalllero.
ITpoBepKa OTHENbHAS ¥ HE CBOOUTCS K IIPEAbIAYINel: KaXKIbIH IIJIacT 10 OOUHOYKE MOXKET OBITh I1eJT,
a BMECTe OHU ITepeKpPHIBAIOTCS.

HauMeHbIIMH 3a30p MEXOy COCEeOsMH BBEIIAETCS KApTOi, a He TOJILKO YHCIOM. YHCJI0 TOBOPHT,
CKOJILKO, KapTa - I'le, ¥ BTOPOe BazKHee: TaM IEPEXIECT U BOSHUKHET IIPU CJIEAYIOIIEM IIepecueTe
IIOBEPXHOCTEM.
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HpH3HaK nepeBépHyToro IMOpPsAIKa Cpa6aTbIBaeT, eClin nepexnéCT 3adHAJI IIOYTH BCIO IIJIOIIadb, a
BHYTPH IIJIaCTOB YHUCTO. l'eomorus Tak He BHEITJISOUT: HACTOSIINM nepexnéCT MECTHBIU U COCelnCTByeT
C BRHIKJIMHUBaHUEM. [TouTHu HaBE€PHsAKaA IIJIaCThI IIOOAaHBI CHU3Y BBEPX.

HOHYCK BBEIKJIMHUBAHU S 3anaéTc;{ IIapaMeTpoOoM H II0 CMEICJIIY PaBE€H TOYHOCTHU IIOCTPOEHUA
HOBerHOCTefI. HpI/I HYyJI€eBOM IOOIIyCKe YU CJIeHHBIN ITYyM B 30HE€ CXO02KIOEHUA IIOCHIIITIETCA B OILITHOKH.

OTKyma 0epéTcsi HOPSI0K IUIAaCTOB

Iopsimok 3ameraHusi CBEPXY BHU3 MHCTPYMEHT OepET M3 mepeBa CIOEB MPOEKTa, a eClu IogaH
CIIPABOYHUK IIJIACTOB - U3 Hero. [Topsamok BEIOOpa (aiiioB B Auayore He 3HauuT Hudero: QGIS ero
He COXpaHseT, U IIojlaraThbCs Ha HeTo Hefb3sA. OTKyHa B3SAT IOPSAAO0K, IledaTaeTCs B XKypHal.

COpaBOYHMK HMPUMEHSAETCS, TOJIbKO €CJIM OMNKCHIBAET IMOOaHHBIE IINTAcThl. UYyKO0H CIPABOUYHHK, HE
COBIIAHAIOIINYN HI OOHUM KOIOM, HTHOPHPYETCS C COOOIIIeHHEeM, a He 3a[aéT CIyJYalHbIH IOPSIOoK.

Y9TO0 Ha BBIXOJE

PacTp 30H ¢ KOgaMu: COTJIacOBaHO, BEHIKJIMHUBaHWE, OTpUIlaTeIbHAs MOIIHOCThE, IepexiecTt. Kapra
HaWMEHBIIIET0 3a30pa A0 COCEOHEero IjlacTa. B XKypHal II0 KaxXXOoMy IIJIacTy MOET Ouala3oH
MOIITHOCTH U IIJIOIIAAX 30H, II0 KaXKI0M ITape cocefel - HAUMEHBIINH 3a30p U IIJIOIIaab IepexiécTa.

[Imomamgu medyaTalOTCA B TeKTapax, a He B sg4YedKaX: ThHICAYA S4YeeK Ha MEeTPOBOM CeTKe M Ha
TPUOLATUMETPOBOM Pa3IUYaIOTCSA B IEBITHCOT pas.

Yero HHCTPYMEHT He peliaeTt

OTpunaresibHass MOIIHOCTb OBIBAET [BYX MPOUCXOXKIOEHUM, U apuPMeTUKON HUX HEe Pa3TUYUTh:
omnbKa UHTEPIIONISAIUY TN00 ONIPOKUALIBaHUeE IIJIacTa Ha CKilagke. MHCTPYMEHT oTMedaeT MecTa U
rmevyaTaeT YHUCJIa, HO IPUTOBOPA HEe BRIHOCUT. Pa3nmuyaroT maHHBIE OypeHUS: €CNIM KOOBI IO CTBOIY
UOyT He B cTpaTurpadruyeckoM nopsigKe, 3TO IPU3HAK ONNPOKUALIBAHUS, U CIUTAETCS OH IIPSMO I10
Mopenu OypeHus.

OTnuuuTh Cpe3 OT BHIKJIMHUBaAHUA 0e3 IIOBEPXHOCTHU PACTBOPEHUA Ha BXOOE TOXKe HEeJIb34d: Y Cpe3a
MOIITHOCTB O6pBIBaeTC5I Ha 3eépPKaJjie, Y BEIKIIMHUBAHWA KPOBJIA C TIOHOOIIBOM CXOOATCS MexXOy coboi,
HO Ha KapTe 30H oba ClIy4dasd BBITTIAOAT OOUHAKOBO.

5.02 IIpumep pa3pe3a (memMo)

I/IHCpr'MeHT CTPOUT yqe6H131171 pa3pe3 BEPXHEKaAMCKOI'O THUIIa CO BCEMHU CIIy4dasiMH, padr KOTOPBIX
CyLlIeCTBYET OCTaJIbHAA I'PYIIIIA. [Tone3eH OH TeM, UTO OTBET U3BECTEH 3dapaHee: noboe pacxoxpageHnune
C HUM eCThb OIlnOKa WHCTPYMEHTA, a HE JaHHBIX.

YTo B mpuMepe

Ko1oHKa B3s5iTa 13 CIPABOYHUKA I1JIAaCTOB II€JIMKOM, TPUAIATh IIIECTh Tl CBEPXY BHU3: TOKPOBHEBIE
OTJIOKEHUS, IIeCTPOIIBETHAsA U TepPpPUTreHHO-KapOOHaTHAs TOJIIM, COJISTHO-MeprenbHas TOJIIIa,
OanbIlle COJIb C IIEPEexXOmHOM ITayKoM, ITOKPOBHOM KaMeEHHOM COJIbI0, KapHaIJIHWTOBOM 30HOU C
MEeXKOYIIaCTbIMU, CUIbBUHUTOBEIMU IJTaCTaMU, ITOACTUJIAIONIEN COJIbI0, MAapKUPYIOIIel TITUHON U
HUXKHEH COJIbI0. MeXOymIacThs 30eCh TaKue Xe Tejla, KakK IJIacTHI.

JIexkadyas cKjIaJKa B cepefuHe IJIoImanu. Y e€ 3aMKa BepTUKallbHas CKBajkKWHa IIepeceKaeT
OOHO M TO K€ TeJI0 TPUIKAH: B TOPU30HTAJILHOM KpPHIJIE, B BEPXHEH [yre W B HUKHEM, a COCeqHee
BCKpBIBaeTCs ABaxabl. Hayy TOYKOM B IJTaHe OKa3kIBaeTCS HECKOIBKO KPOBEJIh, U OTMETKA IEePECTAET
ObITH PyHKITMEN OBYX KOoOpauHAT. HUKaKas IMJIOTHOCTL CETU 3TOTO HE UCIIPABUT.

BBIKJIMHUBaHHE CBOOUT MOIIHOCTE OOHOTO IIJTacTa K HYIIIO CriazxkKeHHOU CTYII€EHBIO MEXKOYy OBYMA
I'PaHUIIaMH. FpaHI/IL[BI BEIJAIOTCA JIMHUAMHA - TEM CaMBIM BXOOOM, KOTOprfI HY2KEH OJId IIOCTPOEHUudA
TPpeHOa MOITHOCTH.
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CoistHOM KyIIoJI CO Cpe3aHHOﬁ BerY]J.IKofI CTOHUT B CTOPOHE OT CKIJIQIOKH. KYHOJ'I IIOOHHUMAaeET
COJIb IEJIMKOM, a IIOBEPXHOCTE PaCTBOPEHUA Cpe3aeT IIOAHATOE CBEPXY, U Cpe3aeTCd He OOHO TeJlo,
a BC4d KOJIOHKA BHH3 OO YPOBHA PAaCTBOPEHUA. 3epKaﬂo 9TO KPOBJId HE Ha3HA4YE€HHOI'O TeJjia, a TOoro,
KOTOpPOE yueJsiejyio: B CTOPOHE OT KYIIOJIa IIepeXoagHasd IIa4Ka, Haa CBOOOM IIOKPOBHAA COJIb.

Cons{Ho-Mepreanas{ TOJIIlIA JIeTJIa Ha CPE3aHHYIO COJIb U 3aIlOJIHAET BCE IO ITOOOIIBEHI TEePpPUTreHHo-
Kap6OHaTHOﬁ, IIO9TOMY HA KYIIOJIOM OHA TOHKAf, a B CTOPOHE IIOJIHAsA.

I'puasbl B 30HE CKJIAQJKH HeBEePHbI HAPOYIHO

I[ToBEPXHOCTH CTPOSITCSA IO MEPBOMY CBEPXY BCKPBITHIO, TO €CTh POBHO TakK, KaK uMX coOpas O
YeJI0BeK, pa30o0paBIlInii 3aMepPhl U3 CKBaXKMH M HE 3aMETHUBIINYN OMMPOKUALIBaHUS. B 30He CKiagku
OHM HeOeWCTBUTEIILHEI II0 IIOCTPOEHUIO, U 3TO CHAeJiaHO HaMepeHHO: 5.01 Ha Takux rpuaax obs3aHa
IMOKa3aTh IIEPEeXJIECT M OTPHUIlATEeIbHbIE MOIITHOCTH. KOHTYp 30HBI BHIJAETCS OTOEIbHBIM CJIOEM,
4yTOOBI HE TPUHUMATh €€ 3a OMUOKYy UHCTPYMEHTA.

9T10 Ha BBIXOTIE

HOBerHOCTI/I MMAMIYTCA B IIAIIKy IIO (bafmy Ha KOHTAKT U I'PDY34ATCsA B I'DYIIITY B IIOPAOKE KOJIOHKH.
TpI/IJIHaTL CéMb OTHOEJIBHBEIX CTPOK B OHAJIOT€ OTKPHBIBATH OLITIO GBI He4YeM, IIO3TOMY B IIapaMeTpax
CTOHUT OOHa IIaIlKa.

Kpome moBepxHOCTeH BBIIAIOTCS 3€PKajI0 PAaCTBOPEHUS, KapTa BBEIXOHA IIOf 3ePKajio, MOUIHOCTh
BOMIO3AIIMTHOMN TOJIIIM OT KPOBJIM TjacTta B [o 3epkasa, yCThSd M MHTEPBAJIBI MOOenu OypeHus C
HOMEPOM BCKPHITHS B IOJiEe entry, TPAHWIBI BHIKIITMHMBAHUS JTUHUSIMH, KOHTYDP 30HBI CKIAQOKU U
CHPaBOYHUK IJIACTOB C KOJAMU, IIOPSITKOM, BUIOM TeJla U IIBETOM.

Bcé meTepMHHHPOBAHO: OIHU U Te XKe IIapaMeTpHl JaloT OOUH ¥ TOT XKe pas3pes.

Kaxk 3THM II0JIL30BaThCsl

IMocTpoiiTe mpuMep, mogarTe ero moBepxHocTu B 5.01 u ybenuTech, YTO MEPEXIIECT HAXOOUTCS B
30HE CKJIa[IK¥, a BEIKJIMHUBAHME TaM, TIe 3afaHbl TPaHUIIbl. 3aTEM IIPOBEAUTE JIMHUIO pa3pe3a 4yepes
CBOJ Kymoja uHctpyMeHTtoMm 4.01, nogaB CIIpaBOYHUK IIJIACTOB: IIOJIOCH OOPHIBAIOTCS Ha 3epKajle,
HaJ CBOAOM BEepXHEro Tejla HET BOBCe, a Clenyiollee 000pBaHO. TO U €CTh KapTHUHA, KOTOPYIO Ha€T
9PO3UOHHBIM KOHTAKT, ¥ IO Hel yOoOHO IPOBEPSTh, KaK BemyT ce0si pa3pe3kl Ha HACTOSAIUX JaHHbIX.

5.03 Coopka ma4yku oT penabeda

Komnonka CTPOUTCHA CBEPXY BHU3, TEJIO 3a TEJIOM IIO CIIPDABOYHUKY. L1 KaXKaoro Teja HUHTEPIIONINPYyeTCA
MOIDHOCTE IIO CKBAXHHAM, IIOOOIIBA IIOJIYy4YAe€TCd BBIYUTAHMEM MOIIIHOCTHU H3 BHIIIIEJIeZKalllelt
ITIOBEPXHOCTH, U OHA 2K€ CJIY2KHUT BEPXOM [JIsA CIIEAYIOIIEero.

ITouemy 3TO HagEKHO

Ecnm wmomHOCTH HEeOTPHULATEeJIbHBI, IIOBEPXHOCTHM HE€ MOI'yT IIepeCeYbCsa: OHHU IIOJIy4YalOTCA
BBEIYMTaHHEM OOHaA U3 upyroﬁ. HerOTI/IBOpeT-II/IBOCTb BEIXOOUT IIO IIOCTPOEHHIO, a He HpOBepKOﬁ
rmocjie. 3To TjIaBHOE JOCTOMHCTBO CXEMEI, U OHO BaXKHee eé IIPOCTOTHEI.

YeM 3a 3TO IUIATAT

OmubKa KaXIOOM MOIIHOCTU CKJIQObIBAE€TCS C IpegelgyImmmMu, 1 K HUXKHMM TeJlaM HaKOIIJIEHHOe
OTKJIOHEHHE CII0COOHO IIPEBBICUTE CaMy MOIIIHOCTS. CxemMa romuTcs OIS HeFHYGOKI/IX IIa4eK Hu
WH2KEHEPHEBIX 3aaa4, roe BerHI/II;I KOHTAKT M €CTh JHEBHAaA IIOBEPXHOCTh.

7151 TTyOOKHWX TIa4veK ITOflaliTe OIMOPHOM ITPOCIIEKEHHBIM KOHTAKT M YKaXKHUTE, YbeW KPOBJIEH OH
cnyxuTt. Torma c6opka MOET OT HETO B 00€ CTOPOHEBI, BHU3 BEHIYMTAHMEM U BBEPX NpHOABIIEHUEM,
U omubKa OEeIUTCs ITOIoIaM.
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YTO0 cCUMTAaeTCsI MOIMIHOCTHIO

MorrHoCTh OEPETCS MO CTBOJIy ¥ IPUBOAWTCS K BEPTHUKANM IO YIJIy TMageHWs: y HaKJIOHHOM
CKBAXXWHBI BCKPHITAsi MOITHOCTD OOJIbIIe UCTUHHOMN, U 6€e3 IMOIpaBKy CyMMapHas MOITHOCTDb a4k
3aBBIIAETCS. YTOJI YUTAETCHA U3 II0JIS ¥ YCThs, 6€3 Hero CTBOJI CUHUTAETCS BEPTUKAILHEIM.

OTcyTCcTBUE Tejla B CKBaXHWHE 3TO HOJIb, @ He NPONyCK. MexX[Oy TaKoW CKBaXKMHOM U COCedHeM
MOIITHOCTD YXOOUT B HOJIb, ¥ TEJIO BHIKJIMHUBAETCSI caMo, 0e3 OTeTbHOT0 MeXaHU3Ma.

JIMHUHM KOHTaKTa

TaM, rOe Teno BHIXOOWUT Ha MOBEPXHOCTh, MOIIHOCTH BCErO BHIIIEJIeXKalllero paBHa HYJIIO IO
oIpenesieHHI0 TPAHHUIIL, ¥ 9TO 3HAaYEeHHE U3BECTHO, a He OI[eHEHO. Y3IIbl TUHUU ITPOPEKUBAIOTCS C
IIIaTOM HOPSiAKa STYeHKHU: T'yCTOTa OIM(POBKY He OOJIKHA IIpeBpallaThCs B BEC.

5.04 KoppeKIusi Ma4YKH 10 CTaTHCTHKE MOUIHOCTEH

[IpaBUT yHacnemoBaHHYIO IIa4YKy, KOTOPYI0O HUKTO He CTaHeT IepecobupaTh 3aHOBO. ITo 3aMepam
CUMTAETCS CTaTHUCTHUKA MOIIHOCTH KaXKIoTro Teja, 6epEeTcs HOBEePUTEIbHEIN HHTEPBAJ, X MOIIHOCTH
Ha I'pUe Cpe3aloTCs 10 ero IpaHuIlaM: BCE, YTO BHIIIJIO 3a HUX, 3aMeHsIeTCsI caMou rpanuiei. M3
HUCIIPABJIEHHBIX MOIITHOCTEH avykKa cobupaeTcss 3aHOBO.

Yucno s4yeek IIPHU 3TOM HE MEHAEeTCsd, B OTJInN4YUEe OT BI:I6paCBIBaHI/IH: MeCTO OCTaéTCH, 0683Bpe}KeHa
TOJILKO BeIW4YKWHa. B cTaTuCTUKE aneM HA3BIBAE€TCSA BUH30PHUPOBAHHUEM.

CpesaHue oTmenseT apTedakT HHTEPIIONSIMH OT TeoJIOTHKM. MOIIHOCTL BHe HHTepBajla Ha
BBIJEP2XKAHHOM TeJle IMTOYTHU HaBEepPHSKa €CTh PAa3rOH MeTOoda MeXIy CKBaXHMHAaMH, a HE HACTOsIlee
yTonileHue. TaM, rae Tejlo 3aKOHOMEpPHO MeHsSeT MOIIHOCTh, WHTEepBall IIMWPOK, W IIpaBKa He
cpabaThHIBaerT.

CraTucTuka Oep€Tcs M3 3aMepoB, €ClIM OHU HomaHbl. be3 HUX MHTEepBaJl CUMTAETCS II0 CaMOMY
TpUny, u 3TO cnabee: TPUA yXKe COOEPKUT apTedaKT, KOTOPHIHA MBI uilleM. MHCTPpyMeHT 00 3TOM
mpenymnpexnaerT.

5.05 ManudecT Mmogenn

3amuchIiBaeT, KaKyl POJIb UIpaeT KaXKObIM CJI0M MPOEKTa: OMOpHAas ITOBEPXHOCTh, KOHTAKT Teja,
3epKajio, YCThsl, MHTEPBAJIE, 3aMePHl OCH, CIIPABOYHUK, Ha3eMHbIEe HAaOIIIOIEeHNsI, CTBOP, Pa3pes.

ITocme cOOpKM IIPOEKT HpeBpalllaeTcsa B Kydy pacTpoB M Tabmui] 6e3 SIBHOU CTPYKTyphl. UTO u3
3TOT0 YTO, 3HAET II0JIb30BATEJIb, HO I'0JIOBa He IepefaéTcsa BMecTe C IPoekKToM. MaHudecT KUBET
B II0JIb30BaTEILCKUX CBOMCTBax mpoekTa QGIS - miraTHOe MecTo, KOTOpoe coxpaHseTcs: B daiine
IIPOEKTa U IIEPEHOCUTCS BMECTE C HUM.

ITpaBuio, KOTOPOE BaXkKHee IIPOYMUX: MHCTPYMEHTH YUTAIOT MaHUPeECT, HO He TpebyooT ero. EcTh
poH - BXOOBI HaxoOaTcs caMu. HeT posielt, mOTOMY 4YTO IIPOEKT YYyKOU MJIM YHACJIeOBaHHbBIM, - BCE
paboTaeT 1Mo sBHOMY BhIOOPY. MaHudecT cokpaliaeT IIyTh, @ He CTAHOBUTCS yCIOBUEM PabOTHI.

Ponmu yramplBaloTCS IO MMEHaM CJIOEB U BBIOAIOTCS TaOnuIlell Ha HPOBEPKY: MMS HUYEro He
rapauTupyetT. UyKue poiu, 3anucaHHble APYTUMH MOOYISIMU, COXPAHSIOTCS: MaHUGECT oOIui, u
BBEIUHMINATH HE3HAKOMOE 3HAYUT JIOMaTh COCeNsAM paboTy.

5.06 CK/1ag4aTOCTh NOBEPXHOCTH

CunTaeT, HAaCKOJIPKO MOBEPXHOCTh CMSITA, IT0 Pa3bpPoCy OTMETOK BOKPYT MECTHOTO HaK/IOHA.

CKJ’I&JI‘-I&TOCTB MEPHUTCA IIO IIOBEPXHOCTH, a HEe II0 MOIIHOCTH: INUJIMHAPHYECKasa CKJagKa C
IIOCTOSIHHOM MCTUHHOM MOIITHOCTBIO CYIIIECTBYET U II0 MOIITHOCTH HEBUOWMaA BOBCE.

HpHMaH OucCliepCcud OTMEeTOK He I'OOUTCH. Ha 06LT.[eM HAKJIOHE OHa BeJIMKa BCIOOYy, U CITOKOUHBIN
CKJIOH IIOJIy4YaeT TY XKe OLIEHKY, 4YTO CMsATasd 30Ha. HOSTOMY B KaXKJOM OKHE€ ITOATOHAETCH IIJIOCKOCTDb
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¥ CUMTAeTCs pa3dpoc OCTAaTKOB BOKPYT HeE: HAaKJIOH YXOOUT, U3BHUIIMCTOCTEL OCTAETCS. TpeHO UMEeHHO
NUHEeWHLIN, KBaJpaTUYHEIH BoOpa Obl B cebs1 4aCcTh CaMOM CKIam4aTOCTH.

OQHO OKHO HUYETro He pelnaer. [JUCIIepcusi 3aBUCUT OT MacIinTada, ¥ IPaBUIbHAS Mepa 3TO CKOPOCTh
eé pocTa Cc pa3MepoM OKHa. Hak/JI0oH B JBOMHOM JjiorapudMe U eCTb 3Ta CKOPOCTh: Ha CIIOKOWHOM
IIOBEPXHOCTH OH OKOJIO HYJISI, Ha CMSITON 3aMeTHO OOJIbIIIe.

OcTaToK MOBEPXHOCTH BHIOAETCS OTHENIBHO W TOOUTCS BXOOOM I (paKTaIbHOM Pa3MEpPHOCTH: Ha
OeTPEeHOUPOBAHHON TMOBEPXHOCTH HAKJIOH BAapUOTPAaMMEI OMMCHIBAET M3BUJIIMCTOCTh, a He oblilee
majleHue CIos.

Mo1iHOoCTh U3 0a3bl OCTAETCS BTOPBIM, HE3AaBUCUMBIM IIPDU3HAKOM CKJIaO4YAaTOCTHU: OHa BCKPHEITAdA, a
He MCTHHHAaA, U Ha KPEBIJIe paCTéT TeM CUuJIbHee, 4eM Kpy4de 3aJIeraHHue. IOBa Pa3HBIX U3MEPEHN,
CXOMSIINXCS B OMHOM MeCTe, HafJexKHee OqHOTO.

I'maposorusi pexk

I'pynrma oTBevaeT Ha BOIIPOC, KOTOPHIM 000CHOBLIBAIOT 3aTOIJIEHUE: MO KAaKOM OTMETKHU ITOTHUMETCS
BOJa IIpM 3aJaHHOM pacxofe W KaKOW pacxXxop HPOXOOUT IIPHU 3aJaHHOU OTMeTKe. CBSA3b MEXKOY
pacxomoM ¥ OTMETKOM CTPOUTCS II0 CTBOPY W Ha3bIBAeTCsS KPUBOM PacXOIoB.

3afaya MpHUIa U3 MPAKTUKK: THAPOJIOTH CTPOSIT TaKKe KPUBHIE B IPOrPaMMax C PYYHBIM BBOMIOM,
THe maphl PacCTOSTHHE-OTMETKa BOMBAIOTCS TAOMUIEW MO Ka)KAOMYy CTBOPY, a KO3(pOUIMEHTH u
VKJIOHBI IIPOTUCHIBAIOTCS pyKaMu. MeXOy TeM BCE NepeduCJIEHHOe - OaHHble, KoTopwkie B ['MIC
y2Ke eCTb: PAaCCTOSTHUS CULST B TEOMETPUM CTBOPA, OTMETKM B IIpOMepax, YKIOH MeXIy CTBOPaMH
CUHTaeTCs U3 KUjoMeTpaxa.

BeTKa caMOCTOSITETbHA ¥ C TEOJIOTMYECKON MOJEesbi0 He TepeceKaeTcs, O0Iero y HUX TOJBKO
arrmnapar mpodunen.

6. I'magpoiorus pek

6.01 CTBOpPHI U KpUBHIE PACXOI0B

I'maBHBIM WHCTPYMEHT Tpynmnbel. [I0 CTBOPY M OTMETKaM CTPOUT Tabmuuy u rpaduk 3aBUCUMOCTH
pacxoma OT OTMETKHU.

Kak cuuraercsa

ITpoduns GepéTcs Mo BepllmHaAM CTBOPa, OTMETKa U3 Z BepIInHEL. [IpoMepeHHass OTMeTKa TOYHee
mo6oi Mogenu penbeda, IIO3TOMY HCTOYHHKOM CIIY2KUAT CaMa I'eOMETPHsI CTBOPA, a He cpe3 LIMP.

IMpoduns menuTcsa Ha JieBHIN Oeper, Pycno u mpaBwiii 6eper. CuuTaTh pa3denbHO 005S3aTEIbHO:
IIIEPOX0OBATOCTh TMOMMBI M pyCja pas3jndaeTcs B pPas3bkl, M EeOUHBIM CYET 3aHUXKaeT PYCJIOBYIO
cocraBnsionlylo. Ha KaXxpmoM ydYacTKe CYMTAIOTCS IUIOMIAdb XKMBOTO CeYeHUd, IIUpUHA II0
3epKaiy, CMOYEeHHEIN [IepUMETpP U TUAPaBINYEeCKUN pafguyc, 3aTeM pacxof 1o dopMmyine MaHHUHTa.
CyMMapHBIU PacXof €CThb CyMMa y4aCTKOBEIX.

CMmoueHHBI TepuMeTp OepéTcs Mmoo TBEPABIM TpaHHllaM, TO €CTb II0 OHY M OTKocaM, 06e3
BEPTUKAJILHBIX T'PAHUI y4acTKOB. MeTOOuKM 30eCh pPacxXoOsdaTcs, U IPUHATO NIpOCcTelllee U3
COTrJIalleHuN.

YuacTku

3amaétcsi OOHUMM U3 OBYX croco6oB. JInbGo CTBOP NPUXOOUT OOHON JWHWEHN, a TPAHUIEl CTOST
B IIOJISIX PACCTOSHUAMM 0O mpodumto. JIubo TpeMs JIMHUSIMHU C IOJEeM POIU U OOIIMM MMEHEM
- Torga pa30WBKa JKWUBET B TeOMETPUH, KaK THUAPOJIOTH ¥ PUCYIOT mpodwuiau. Btopoi cmocob
MIPeAnoYTUTEIbHEE: PACCTOSHUS BPYYHYIO HE HYKHEI.

120



IITepoxoBaTOCTH M YK/IIOH

BepyTcsa u3 mosei cTBOpa, a He M3 MAapaMeTPOB MHCTPyMeHTa. [IpuynHa He B yooOCTBE: CTBOPOB
MHOI'0, ¥ KaKIOTO CBOM 3HAYEHWs, M IIapaMeTpaMH 3TO He BHIPA3UTh, a KalTUOPOBKA IIPU IOJISIX
CBOOUTCS K IpaBKe Tabnuurl. [lapaMeTpEl coyKaT yMOT9aHUeM IJIsi CTBOPOB 0e3 Iojiel, IPUHATHEE
3HAYEHUs MeYaTaloTCcs B XKypHarl.

YKi0H YMeeT CHUTATHCA IIO IIEeIMOYKe CTBOPOB: €CJIM 3aaHbl KUJIOMETPAXK M OTMETKHU OHA, YKIIOH
Kaxnaoro 6epéTCH K coCcegHeMy I10 Pa3HOCTH OTMETOK U PACCTOAHHUIO BOOJIb PEKH. B CYH.IGCTBYIOLL[efI
IIPAaKTHUKE €r0 IIPOIMUCEIBAIOT OTHOCUTEJIBHO IIPEeAbIayIIero CTBopa BPy4YHYIO, 3aeCh Ta XKe BeJINYKHa
BEIXOOUT U3 anHGYTOB CaMa.

IMonst u emquHUuNbl  CTBOPH Ha BXOIe:

mojue 4TO €OUHUIILL

sec UM CTBOPA, II0 HEMY TEKCT
TPYIIUPYIOTCS TUHUA

km KHUJIOMETPaXK OT YCThs KM

role pPOJIb MTUHWUY MIPU MOAAYe TPEMSI TEKCT: JIEBBIN, PYCJIO, TPABHIN
JIMHUSIMU

div 1, div_r IPaHULEL YIaCTKOB, M

pPacCTOSHUSA 110 IPOPUITIO OT
Ha4dalla JINMHUU

n_left, n_channel, n_right 1I1epOX0BaTOCTL MaHHUHTA 110 Oe3pa3mMmepHast
y4acTKaM
slope YKJIOH BOOHOU IIOBEPXHOCTH M/M

Tabmuila mpoMepoB Ha Bxome 6.03: sec, dist - pacCTOsIHUE 10 CTBOPY B MeTpax, elev - aOCOMIOTHAS
OTMETKa B MeTpax, km, ¥ Te€ K€ PACYETHBIE II0JIsI, €CJIH OHU €CTh.

Tabmuila pacxomoB 00eCHeYeHHOCTH: prob B HPOIEHTaX, q B KyOoMeTpax B CeKyHmy. Tabmuma
HabJTI0JaeMbIX YPOBHEH: level B MeTpaxX, label TEKCTOM.

KpuBast Ha BeIXOfie: level M, area M?, width M, perim M, radius M, v M/C, q M3/c, n 6e3pa3MepHasi, slope
M/M.

IMogBan yepTexka: TO XKe IUIIOC depth avg CpemHss riIyOuHa B MeTpax, slope ppm YKJIOH B ITPOMHUIITIE,
n_inv BeTuunHa, oOpaTHast IIIePOX0BAaTOCTH, q pct OIS OT CYMMapHOTO pacXoa B IIPOIIeHTAaX, part no
HOMEp y4acTKa.

OTMeTKHU 3eMJIU: dist pacCTOSIHHE II0 CTBOPY B MeTpaX, elev OTMETKa B METpPaX, step PACCTOSIHHE IO
MIpenbIayIlled TOYKH B MeTpax.

YpoBHU: level M, q M3/C, prob IIPOIIEHTHI, label IOAMHKCH, kind BHUA YPOBHSA - prob PacUE€THHIH, obs
HaOJII0Tae MBI,

B Kakux eTUHHUIIAX YKJIOH Oe3pa3MepeH: OTHOIIEHUE ITafeHus K IINHe, MeTP Ha MeTp. B nomnsax u
rmapaMeTpax OH 3amaéTcs mMeHHO Tak, 0.0004, a He B mpoMuJie. B moxBase depTexka TOT 3Ke YKJIOH
BBIBOIMTCSI OTAEIbHLIM II0JIEM B IIPOMUIIJIE, [IOTOMY YTO B OTYETHHIX Tabmuilax ouinyT Tak: 15.30 %o
B moaBase 3T1o 0.0153 B mose cTBOpa.

[ITepoxoBaToCcTk 3amaércs kKoapdunmentTom ManuuHra: 0.030 mna wucrtoro pycna, 0.070 pns
3apociiedt moiiMel. CTporo roBops, Ko3dgduiueHT He Oe3pa3MepeH, pPa3MEPHOCTh NPAYETCS B
dbopmyne, u TOTOMy OHa MeTpuUecKasi: PacXof BRIXOOUT B KyODOMeTpax B CEKYHIY IIPHU MJIOWIany B
KBaJIpaTHBIX METPax U papuyce B MeTpax. [Insg ¢yToB ¢popmysa morpeboBana 65l CBOETO MHOXKHUTEIIS.

B nopBane psgoM ¢ KoadduieHToM UAET oOpaTHAsA eMy BelIUW4YMHA, IIOTOMY YTO Ha T'HIPOCTBOPE
neyartaioT uMeHHO e€: 10.00 B mogBane coorBeTcTByeT 0.100 B mmosyie cTBOpa.
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I[Tongs ¢ oxupmaeMbIMHM uMeHaMu - sec, km, div 1, div r, n left, n channel, n right, slope -
IIOOXBaTHIBAIOTCSI 0e3 ydacTus IIOJIb30BaTesls, NOAXBaudeHHBIe IedaTaloTCs B XKypHasl. fBHBIN
BBIOOP BCerya crapllle HauIeHHOTO.

YpoBHH

Pacxomsr o6ecrieueHHOCTH - 1, 5, 10 IIPOIeHTOB - momaTCs TabmuIel map o6ecineYeHHOCTh-Pacxo].
CuyuTaTh UX U3 PANOB HaOJIOOEeHUM MHCTPYMEHT He OepETCs, 3TO TMAPOJIOTUYEecKasl CTaTHUCTHUKA.
I[To KpuBOM KaxXOOMY pacxody HaXOOUTCS OTMETKA, ¥ YPOBHHU BBIXOOST JTUHUSMHU B UEPTEKHBIX
KOOpOHMHAaTaX C TOTOBBIMHU IToAmucsMU Bumga YBB1%, Kak mx M HaHOCST Ha THOPOCTBOpe. Pacxon
BRIIIIe KPUBOM Ma€T NpenyInpexkaeHue, a He 9KCTPAIloIAIINIO.

Ha6mnromaeMble YPOBHUM MOOAIOTCS CBOEM Tabuied: OTMeTKa U IOAINCH. DTO 3aMep, a He pacuer,
Ha KPUBYIO OH He OMNUPAEeTCs M JIOXKUTCSA PAOOM C pacueTHhIMHU, Bupma YB 472.90 X/2021. B cnoe
YPOBHEM TaKue CTPOKU noMeueHH kind=obs, pacuéTHrie kind=prob, 1 1o aTomMy 1010 UM 3aHaETCSA
Pa3HbBIM CTUJID.

ITogBan yeprexka

1 mucTa THOPOCTBOPA OTHENbHO BHIODAETCS IIOOBAJl - CTPOKA Ha yYaCTOK C IIMPHUHOMN, CpemHem
TIyOMHOM, IIOMIAAbI0 CEYEHUsI, CMOUYEHHBIM IIEPUMETPOM, TUAPABINYECKHUM PaguyCoOM, YKIIOHOM
B IIpOMUJLIE, KO3(GDHUITMEHTOM IIIePOX0OBATOCTH ¥ 00PATHOM eMy BETUYMHOM, CKOPOCTBIO, PACX0A0M U
mojiel oT cymMmmapHoro. OTMeTKa 3amaéTcs mapaMeTpoM, 6e3 Heé 6epéTcsi mepBasi o 06eCIeYeHHOCTH.

PsmoM uMOyT OTMETKH 3€MJIM M PACCTOSHHS TOYKaMHU - HUXKHHE CTPOKM TOTO Ke depTexka. JIuCT
cobupaeTcs meYaTHOM KOMIIOHOBKOM: MHCTPYMEHT OTHAET HaHHBIE, 0hOpPMIIEHNE KUBET B I1abJI0He.

YT10 BasXKHO 3HATh 0 MeToae

®opmyna MaHHUHTa ONMCHIBAaE€T YyCTAHOBUBIIEECS PaBHOMEPHOe ABUXKeHMe. KpuBasg mo HeU 3TO
TUOpaBIMYecKas XapaKTepPUCTUKa CTBOPA, a He PACYE€T BOJIHBI IIOMYCKa, U MHCTPYMEHT OOJIbIIIEeTro
He obeIraer.

YKJIOH BXOOUT B pacxon 1mog KOpHeM, ITO3TOMY omrnOKa B HEM CKa3hbIBaeTCs IIpAMO. Ha PAaBHUHHEIX
PeKaxX OH MaJl, U SHa4YeHHUe BCeraa IiedaTaeTCs B XKypPHalJl, 9TOOBI IIPDUHATOE OBLIO BHOHO.

YT0 Ha BBIXOIE

Tabmuila KpUBOM IO ydYacTKaM M CyMMAapHO C IJIOIIaAblo, IIMPUHOMN, IIEPUMETPOM, PamuyCoM,
CKOPOCTBIO M PACX0OoM Ha Kaxkaoi oTMeTKe. IIpodusu CTBOPOB, YPOBHU, IIOOBAI U OTMETKU 3€MIIH
OTHENbLHLEIMH CJIOSSMH B YePTEXKHEIX KOOPOHUHATAX.

Otuétr HTML mo kKaxXXgoMmy CTBOPY: MPO(UIbL C HAHECEHHLIMU YPOBHSMU U I'PAaHUIIAMU YYaCTKOB,
rpaduK 3aBUCHMOCTH pacxofa OT OTMETKU C JUHUIMU 00ecnedyeHHOCTH, Tabiula ypoBHEH u
Tabuila KpuBOW. PUCYHKM BCTPOEHHI B CaMy CTPAHUILY, IO3TOMY OTUYET OCTAETCS OOHUM (alyioMm,
KOTOPBIM MOKHO IIepeciaaThb.

6.02 ITo/IMTOH 3aTOIVICHUS

Pexert IIOBEPXHOCTH OTMETKOU BOIHI U BI:IJIaéT KOHTYD 3aTOIIJIEHUA U PACTP FHyﬁI/IHBI.

OTMeTKy MOXKHO 3aJlaTh IPSIMO, @ MOKHO PACX0IOM: TOTHa OHa OepETCs 0OpaTHEIM XOIOM 110 KPUBOU
oT 6.01 - TeM caMBbIM OBUIKEHHEM, KOTOPOE Ha PYYHBIX IIOCTPOEHUAX PUCYIOT KPACHOU CTPEJIKOM.
Kpusas momaétcst Tabnuiel, pacxo YUCJIOM, IPUHSTAsd OTMETKa IeYaTaeTcs B XKypHaJl.

HUuctpyMeHT oTmenéH oT 6.01 HaMepeHHO: ¥ HEro OPYTro¥ BXO4 U OPYro¥ noTpebuTenb, U TOHATH
BeCh PaCY€T KPUBOU pafy OOHOTO IIOJIUTOHA He3adeM.
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YPOBeHL BIOOJIb PEKH He€ IIOCTOsIHEH

BBer II0 TEYEHHUIO OH BEHIIIE, U CPE3 BCEM MJIOMIagu OOHOM OTMETKOM 3ajIiBaeT OOJINHY TaM, I';je OJHO
HUXKe 3TOU OTMETKHU, XOTS Boaa TyOa He JOXOOUT. HOSTOMY YPOBHH IIOOAIOTCHA IO CTBOPAM: U3 HUX
IIOOHMMAaeTCs IIOBEPXHOCTE BOOEBI, 1 FJIyﬁI/IHa CUHUTAETCS OT HeE.

EcThk mBa nyTu. ['0OTOBBIE YPOBHU JIMHUSMU - OEPETCSA BHIXOI YPOBHH IO CTBOpPAM Ha KapTe U3
6.01. Vinu xkenaeMbIM pacxof IO yKe IMOCUUTAHHOM KPUBOW: TOJAIOTCS CTBOPHI Ha KapTe, Tabiuia
KPWBOM ¥ YHCJIO, U TI0 KaXKOOMY CTBOPY OTMETKa HaXOOUTCSI OOPATHBEIM XOOOM.

BTopo#i nmyTh OoTBedaeT Ha YacCTHIM BOIIPOC O KaTacTpoduYeCKOM ClleHapuu. KpuBas oT pacxoma
HEe 3aBHCHUT, OHA XapaKTEepPUCTHKA CTBOPA, IMO3TOMY J000M pacxof, a HEe TOJBKO PACYETHEHIH,
pexetcs 6e3 mepecuéTa 6.01. CTBOP, Y KOTOPOT'O PACXOJ BHIIIE]I 3a BePX KPUBOM, IIPOITyCKAETCS C
MpeaynpexaeHueM: KpUBasi CTPOUTCS OO0 Bepxa ITPoGuJis, U BHIIIE HErO0 OTMETKY B35Th HEOTKYy[a.
Ecnu Takue clieHapuu HYXKHBI, IIOOHUMHUTE BEPXHIOI OTMETKY B 6.01, ¥ KpuBas IPOMOONIKUTCS C
3aracom.

YepTEXKHBIN CJIOM YPOBHEU OJig KapThH HEe TOOUTCHA: ¥ HETO 0 TOPU30OHTAIM PACCTOSHKE BOOJIb
CTBOpa, a He KoopauHaTa. MHCTPYMEHT 3TO PacHo3HAET U OTKa3hblBaeT C OObSICHEHUEM, KaKOM
BBIXO[ OpaTh.

MeJkue OsSTHA OTCEKAIOTCS IO IJIOIIaAu: Ha PABHUHHOW ITOMMe OOWHOYHBIE TYEHKUW HHUXKE ype3a
OaloT Kpall, KOTOPHIHM K Pa3/IUBY OTHOLIEHUS He uMeeT. CBI3HOCTb C PYCJIOM He IIPOBEPSIETCs, U 00
9TOM CKa3aHO B XKypHaJjie: 3aMKHYThHIE TTOHUXKEHUS B CTOPOHE OT PEKU OCTAHYTCS B KOHTYpPE, U 9TO
BUIHO Ha KapTe.

6.03 UmnopT Tad/IMI CTBOPOB

ITpeBpaliiaeT TaGIUIy TPOMEPOB B CTBOPHI C OTMETKAMHU B BEPIITMHAX.

CyliecTBylllie MIpOorpaMMbl [AepzkKaT IIpoduIb OapaMM pPacCTOSHKWE OT Hadajla CTBopa M
abcosiioTHasT OTMETKa, W 3a rombl paboThel Takux TabnuIl HaKallJIMBaeTCcsl MHOTro. IlepeOuBaTh
ux pykamu papgu nepexopa B 'MC He3aueMm.

Ecmu cTBOPH yKe OoIu¢p)pOoBaHL HAa KapTe, MOgalTe WX CJIIOEM: IIPOMEPHI JIATYT BOOJIb HACTOSIIUX
JINHUM, ¥ PACCTOSHUE TI0 CTBOPY CTAaHET PaCcCTOSTHUEM BHOIb MuHWU. CTBOP, AJIT KOTOPOTO TUHUM
He HAIIJIOCh, CTPOUTCS CXEeMOH C IpeaynpexaeHrueM, IPOMepH! OINHHee TUHUN IPUXKUMAIOTCS K €€
KOHIIy TOXe C IpeaylIpexneHueM.

Be3 cos nuHNYN reoMeTpus CTPOUTCS NPSAIMEIMU CTBOPAMU 110 a3UMYTy M KUJIOMeTpaxy. ITO CXeMa,
a He CbEMKA, ¥ Ha pacyeéT KPUBOU OHA He BJIMSET BOBCE: KPUBOU HYKHEI PACCTOSIHUS BAOJIb CTBOPa
U OTMETKHU.

BMmecTe ¢ mpoduiieM IIepeHOCSITCH PacCuETHEIE CBOMCTBA, €CNTH OHU B TAOIHIlEe eCTh: T'PAHUITLI
Y4aCTKOB, IIIePOX0BATOCTH U YKIOH. be3 HuX BepHysach Ol TeOMETPHS, HO He PacuéT, ¥ KpuBasi o
BOCCTAHOBJIEHHLIM CTBOPAaM Pa30IIIack OBl C MCXOOHOM.

6.04 IIpumep peku (aemo)

YuyebHas Oelmo4YKa CTBOPOB C U3BECTHBIM OTBETOM: OOJIMHA C PYCJIIOM U OBYMA nouMaMM, OTMETKH B
Z BEPIINH, II0JIS Y94aCTKOB, III€POX0OBATOCTH, YKIIOHA U KUJIOMEeTPaxXa 3allOJTHEHHI.

Pycrno u moiiMBI UMEIOT Pa3HYyIo IEPOXOBATOCTE, I09TOMY Ha KPHMBOM BUIHO, KaK BKIIIOUAETCS ITOMMa:
mo OPOBOK PAcxXof PacTET KPYTO, BEIIIIE epejioMa IoiiMa go0aBiseT IIolanb, HO Mao moOaBiseT
pacxoma.

KpomMe cTBOpOB BHIgar0TCs TabuIila IPOMepPoB - Bxomd Ot 6.03 - ¥ IMOBEPXHOCTH HOJIMHBEI PACTPOM,
BXxom miast 6.02: pes3aTh 3aTOIJIEHWI0O HEYero, MO0Ka M[OJIMHA CYIeCTBYeT TOJIbKO JIUHUSMU.
TToBEpXHOCTL CTPOMUTCSH W3 TeX Ke CTBOPOB, YTO W KPWUBHIE, ITIO9TOMY IOJUTOH 3aTOIJIEHUS U
KPHBasi PpacxooB I'OBOPST 00 OJHOM MOIUHE, a He 0 IBYX ITOXOKHUX.
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OTHeNnbHBIM BBIXOMOM MOET 3TAJIOHHAS KPHBAsi, IIOCUHMTAHHAS SOPOM HAIpsMyl. PacxoxkmeHue C
TeM, 4TO AacT 6.01 Ha 3THX JKe CTBOpPAx, eCTh omnbKa MHCTPYMEHTA, a He MaHHbLIX: OTBET U3BECTEH
3apaHee.

Kak npoBepsTsh rpymnny

IToctpoiiTe mpumMmep, momaiTe CTBOPHl B 6.01 u cBephTe TaGMIy KPUBOM C ITAJIOHHOU - OHU
00s13aHEI COBITACTh. 3aTeM momaiTe Tabmuily mpoMepoB B 6.03 BMecTe CO CII0eM CTBOPOB HOEMO:
BOCCTAHOBIIEHHbIE CTBOPHI JIATYT IIOBEPX HMCXOOHBIX M OAOyT Ty XKe KpuByio. HakoHell, nmomaiite B
6.02 MOBEPXHOCTDH HOIUHEI, KPUBYIO PACXOOO0B M PACXO[ - IIOJIyYUTE KOHTYP 3aTOIIEHUS U TITyOHHY.

Yero B rpynmne moxa HerT

IIpoMepHl OTOENbHBIM CIIOEM TOYeK u cpeld mpodunst ¢ LIMP mns cTtBopoB 06e3 Z. BatumeTtpus:
BOCCTQHOBJIEHME OHA MeEXOy IPOMEPHLIMH CTBOpPaMM BHOIb pycCja - OTAeNIbHaAsA 3aJada CO CBOeH
QHU30TPOIINEN, U 1O HEE KPUBBIE CYUTAIOTCS 110 ITIOBEPXHOCTSAM, '€ OHO €CTh.

7. PpaKkTaJILHBIA aHAIH3

7.01 ®paKTajgibHasAi pa3MePHOCThb

WHCTPYMEHT CTPOUT KapTy ppaKTanbHOU pPa3MepPHOCTH IOBEPXHOCTU BapUOTPAMMHBIM METOIOM,
POOHBIM i IJjIarvHa. B CKONb3sieM OKHe CUMTAEeTCs JIOT-JIOT BapuorpaMma IO jlaraM OT OOHOU
mo N sdeek, IO e€ HaAKJIOHY OIpefessieTcss mokKasaTesb Xépcta H, a pa3MepHOCTh BHIYUCISIETCS
kak D = 3 - H. Ha rimagkux nuddepeHupyeMrix ygactkax D okomIo 2, Ha U3pe3aHHBIX U IIYMHBIX -
6nuxke K 3. PaboTaloT He CTONIBKO CaMM 3Ha4YeHUs, CKOJILKO UX Ilepelnafbl: MU IIPOSIBIISIOTCS 30HEBI
TEKTOHWYECKUX HapyIIeHU!, IPaHuIlbl 6JI0KOB M CMeHa XapaKTepa peiibeda KPOBJIIH.

I'pun D cpa3y moxHO nogats B 1.04 U301mHuM U3 pacTpa U NOJIyYUTh U30JIUHUN Pa3MEPHOCTH.
B pomonmHUTENBbHBIX apaMeTpax IpenyCcMOTpeHa BO3MOXKHOCTL 3amnucarTb H BTOPHIM KaHaIOM.
I'no6anbubie D u H 1o Bcel TOBEPXHOCTYU BHIBOOATCS B XKypHall.

Kak uurars KapTty

AGcomoTHbIe 3HaUeHUsT D BazKHEI MEHbIIe, YeM UX Iepernanbl. JINHeNHbH ITepenas yepe3 miIoilanb
- TMHeaMeHT, KaHOuOaT B TEKTOHUYECKoe HapylleHue. [T9THO MOBHIIIEHHOM D - 30Ha MHTEHCUBHOM
CKJIaYaTOCTH UJIN U3Pe3aHHOro penbeda Kposiu. OOMIMPHLIE POBHLIE TTOJIS HI3K0M D - CIIOKOMHEIE
OJIOKH. ,]1)'[5{ YTEeHHUs MO2XKHO IIDUMEHUTHh OOJHOKAaHAIbHYIO IICEBOOLBETHYIO CUMBOJIUKY C KOHTpaCTHOﬁ
MaJUTPOM U Kiaccuuraue KBaHTUAIMU. 7151 OTYETHOTO TIJIaHa Mo rpuAy D CTPOsITCA N30IUHUU
c nosicaMu uHCTpyMeHTOM 1.04, 11 30HLI HapyLIeHUY OKOHTYPUBAIOTCS KaK U30TUIICHI.

Bbi060Op OKHa U j1aros

Maroe okHO (5-8 siueek) MOKa3kBaeT MUKPOCTPYKTYPY U JIOKabHEIE HapyiieHus, 6ombinoe (12-20)
- peruoHanbHBIE 30HHL. [IpM COMHEHWM MOXKHO mocuuTaTh 06a u cpaBHUTH. KommuecTBo naros 4
IIOOXOOUT OYTH BCerpma: OOJIbIle JIaTr0B - YCTOMYMBEE HAKJIOH, HO TOJIIIEe MUHUMAJIBHEIA MacIiTab,
KOTODEIM MeTon crocobeH pa3nu4duTh. OKHO W Jlar¥ OrpaHUYeHbl pa3MepoM rpuia, UHCTPYMEHT
IIPOBEPSIET 3TO CaM.

PaGouuit HuKII

Kposns niacta u3 kpuruara nogaétcs B 7.01 ¢ okHom 8, monyyenusiil rpun D - 8 1.04 U30/1THHAHA
U3 pacTpa (kaHan 1), ¥ moBepx CTPYKTYPHOTO IIJIaHa I10KaTCAd U30JIMHUY PAa3MEPHOCTH C II0SICaMMU.
I'mob6anbHOE D 13 )KypHala - OMHO YHUCJIO Ha TOBEPXHOCTh, II0 HEMY MOXKHO CPaBHUBATh YYaCTKU WU
IJIaCTH MeXKIOy co00i. PacTp momKeH OBITH B METPHUYECKOM CUCTeMe KOOPAUHAT. [[eMO-II0BEPXHOCTH
IMOOXOOAT KaK eCThb.
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Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H
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Puc. 30: CunTeTudeckas KpOBJIs C IMaroHaIbHOM 30HOU APOo0IeHus U e€ KapTa D: cnoKoitHEIe 6J10KU
OKOJIO 2, 30Ha HapyUIeHUH IPOSBUIACH IPKUM JIMHEAMEHTOM.
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[TapameTp

YTo 3amaéT

ITo ymom4aHuio / COBET

[MToBepxHOCTE (Pactp)
IMonypamuyc OKHa, SUeeK
KommnuyecTtso nmaros ([Jor.)
Kanasn BricoT ([o1.)
3amucaTtek H (Jorm.)
®pakTanbHas pa3MepPHOCTh

I'pun penveda unu 110601 TOBEPXHOCTH.

Pa3mep cKOnb34Iero oKHa.
Jlaru BapuorpaMmtul 1..N sideexk.
Kanan ¢ oTmMmeTKaMu.

Mob6aBuTh H BTOPEIM KaHAJIOM.
I'pupg D (v H nipu ranke).

oo

BBIKJI

7.02 Box-counting Mmacku

Knaccuueckuii box-counting mns OuHapHBEIX MacokK. PacTp OuMHapusyeTcs IOpOroM (0OBEKT -
3Ha4YeHus OO0JIbIIEe ITOPOoTa), MackKa MOKPHIBAETCHA STYedKaMy yOBIBAIOIIETO pa3Mepa, HakiIoH log N
ot log(1l/pa3mep) maéT ogHy pa3MepHOCTh D Ha BCIO MackKy. JImHelHBIH 00beKT maéT D okomo 1,
IIATHO - OKOJIO 2, HU3pe3aHHbI€ KOHTYPEI 30H 3aMEIleHUuA UJIN BBIpa6OTaHHbIX IIPOCTPAHCTB JIOZKAaTCA
MexXkay. TOYHOCTh Ha KOHEeYHBIX MacKax nopsigka *£0.1, mosToMy MeTO[ IIPUTOOEH [/ CpaBHEHUS
MacoK MexXpny coboil, a He KaK abcojioTHass Mepa. Pe3ynbTaT BHIBOOUTCSA B JKYypHaJll BMECTe C
TabuIlel pa3MepoB U CYETOB M BO3BPAIIAETCS YHUCIOM D, KOTOPOE MOKHO HCIIOJIb30BATh HaJIbIIe
B Mopensax Processing.

Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweaa Koxa: HaknoH 1.254 (Teopua 1.2619), R?=0.999

4.0
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log(1l/pa3zmep)
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[TapameTp YTo 3amaéT ITo ymonuaHnuio

ITopor I'panunia «06beKT/HOH». 0.5
Kanan (Jom.) Kaumamn pacTpa. 1

7.03 Pa3MepHOCTHh IMHUH U I'PaHHUIL

WHCTpYMEHT cuuTaeT pPa3MepHOCTh KaxKAOW JIUHUKW MEeTOOOM LUpKynsa (PuuappacoHa): JIHUHUSA
ITPOXOOUTCS XOpaaMu yORIBaIOIero pacTeopa, HakyioH log N ot log r maét D. IIpsaMas gaéTt equHUILY,
n3pe3aHHas TUHUS - Gonbire. [IoMUTOHB MPUHUMAIOTCSA HAapaBHE C JUHUSIMU, ¥ HUX MepPsSeTcs
BHeIIIHee KOJIbIIO0 TPAHUIE], TTO3TOMY HM3PEe3aHHOCTb KOHTYPOB 30H U BOHOCOOPOB cuuTaeTcs 6e3
IpegBapUTesIbHOTO Ipeobpa3oBaHus. Berxon - Te Xe 00BEeKTH C monsaMu D u steps, cpegHee D
BBIBOOUTCA B XKypHan. KopoTkue nuHUM monydaloT nycrtoe D. Merton HmpoBepeH Ha 3TaloHaX:
KpuBas Koxa gaét 1.262 npu Teopetudeckux 1.2619.

,]:[I/Ial"HOCTIfIKa CriIaXMBaHHsI H30JIMHHUM

IlepecrnazkeHHLIEe HU30JIMHUN TEPSAIOT M3PE3aHHOCTh, U D mamaeT K emuHuiie. [Iopsamok pabOTHI
TaKOM: M30JIMHUY CTPOSITCSA OBaXKObl, 0e3 CriIaxkuBaHWS WM C paboyuMu mapaMeTpamu, oba CJIos
MIPOTOHSIOTCSA Yepe3 MHCTPYMEHT, cpedHue D uM3 XypHaja cpaBHHBalTcsa. [lageHue Ha COTHE -
KOCMeTHKa, ¢dopMa coxpaHeHa. [lageHue Ha OecATHE - CrilaXkUBaHUE ChelaeT TeOMEeTPUIO T0JIsd, U
CKpyTJIeHWe CTOUT OCJIa0UTh UJIM OCTABUTH TOJIBKO meHcudukaimio. [1o mosmio D B aTpubyTax MOXKHO
HaWTU U KOHKPETHRIE JINHUHU, IOCTPafaBlliiie CUJIbHEE ITPOYUX.

IIpyrue npuMeHeHHs1

H3pe3aHHOCTh KOHTYPOB 30H B IIJlaHE, CPAaBHEHWE MOETAJIbHOCTH OIM(POBKM I'DAHUIl M3 PA3HBIX
MCTOYHHMKOB, KOHTPOJIb TeHepaan3alluy IPK IIOATOTOBKE MEJIKOMAacCIITAaOHEIX IIJIAHOB - Be3de, Ihe
«HACKOJIbKO U3BUJIMCTA JIMHUS» OOJIZKHO CTATh YHUCIIOM.

[TapameTp Yrto 3amaér ITo ymonmuyaHuio

JInaun JluHeNHbIN CII0U (M30IMHUY, KOHTYPHI). -
JIuHuu c pa3aMepHOCThI0 Te XKe nuHuuU C nonsmMu D u steps. -

7.04 Pa3MepHOCTh MHHKOBCKOIO (BEKTOpPHbI)

Box-counting Hampsamylo 1m0 BeKTopaM, 0e3 pacTepus3aluu: JUHUKW U TPaAHUIL IIOJIMTOHOB
MMOKPHIBAIOTCSI CETKOM yOhIBarollero pa3mepa, HakioH log N ot log(1l/pa3mep) maéT pa3MepHOCTh
MunkoBcKoro. [IpsMas MuHNSA U rIagkKas rpaHulla JaloT D OKOJIo eJWHUIILI, pedHas ceTh - 1.1-1.5,
CUJIBHO u3pe3aHHas OeperoBasi nuHUA - A0 1.3 u Beime. Kaxpmweii 00beKT mojiydaeT mojisi D mink
u D r2 (xkadectBo Jor-inor anmpokcuMmanmu, Huxke 0.85 omeHKe O0BepATh Henb3sd). OTOeIbHO
CUMTAEeTCs W BBIBOOUTCA B XKypHan D ciI0os Kak eOQUHOT0 MHOXKECTBa: OJIsI PEeYHOU CeTU I3TO
Pa3MepHOCTh CETU LIeJIUKOM, ¥ OHa 3aKOHOMEPHO BHIIIIE Pa3MEPHOCTU OTHEIbHBIX PYKaBOB.

MerTop pomonHSAET DUPKYb U3 7.03: TUPKyIb MepPSAeT U3BUJIMCTOCTh OOHOU JTUHUNW, MUHKOBCKHH -
3amo0JIHEHUE IIJIOCKOCTH HabopoM 00beKTOB. Pa3aMepHOCTh BO3BPAIlaeTCs ¥ YHUCJIOBBIM BBIXOIOM AJIST
Mmopenel Processing.

[TapameTp YTo 3amaéT ITo ymomyanuio

JIMHUY UK TTOJTUTOHBI BeKTOpHBIN CIOHM, ¥ MOMTUTOHOB -
6epyTCcs KOmblla TPaHHUII.
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

KonmuuecTBO pa3MepoB CETKH,
K (Oom.)

COoBUTroB CEeTKH Ha pa3Mep

(Horm.)

®akTop yminoTHeHus ([om.)

CTymneHel JIeCEHKH, CIUIIKOM
6ombimoe K yBOOUT TUYEHKU
HUXKEe OeTaJlbHOCTH JIMHUU U
3aHuxkaet D.

Crny4aliHble CMeEIlleHUs,
OepéTcst MUHUMAJTbHOE
ITOKPBITHE, IIPUBS3Ka K CETKE
CHHMAaeTCs.

[ITar BEIOOPKM BIOOJTH
CEerMeHTOB B mojsax suenku, O -
TOJTPKO BEPIIHUHEI.

8

0.5

7.05 IIpumep njisi ppakTayioB (HemMo)

lenepaTtop y4ebHBIX 00BEKTOB [Ojid BceM (GpaKTajbHOM TPYIIBEL: BETBAMIAACA pPedYHasA CEeTh C
moneM order (HOPSHOK IIPUTOKA), IOJIMTOH BOomocOOpa C M3pe3aHHON TIpaHUIled M OTHOesIbHas
OeperoBasi TWHHS, IOCTPOEHHAs CPEeOUHHBIMH CMeIleHHusSMH. PeKu MOXKHO momaTh B 7.04 u
MMOTyYUTh Pa3MepPHOCTb ceTu. beper u rpanuiy Bogoc6opa - B 7.03 u 7.04, u CPaBHUTH HUPKYJIb C
MunkoBckuM. Bomoc60op pacTepu3dyeTcs MITaTHEIM UHCTPYMEHTOM UM CITYKUT IpuMepoMm st 7.02.

[TapameTp

Yrto 3amaéT

ITo ymosi4yaHuUIO

OxBart

3epHo ([orm.)

[Inomape re"epanuu. -
I[ToBTOpsieMocTs mpumMepa. 1

THnUuYHbIE CHTYAdIIHH H pellIeHusl

YTo BUOHO

[TpuuuHa

Pemenue

KoHIileHTpuYecKkue «ObIYbu
ria3a», KOHYCHI

YrnoBaTbie U30JIMHUU
(«OKTaroOHBI»)

PapuanbHbIle/BeepHBIE TUHUMN B
IIyCTHIX yTIllax

HN30onuHuU niepecekarmTCs B
T'yCTHIX MecCTax

ITonuroHLI OOHOTO IIBETA

KpUTHHT TOYHO ITPOTSITUBAET
3Ha4YeHUe Yepes
CKBaKUHBI-BEIOPOCH! (Harret
0).

['pyOriii rpud: BEPIIMHEL
CTaBATCS 110 KpasgM si4yeek.

SKCTpaHOHHHI/IH 3a IIpengejilaMn
OaHHBIX.

Panbie - ciiencTBue
CriIakUBaHUS KaXKOOM JTMHUU.

ITo ymomgaHuIO CIou
CO3[aéTCcsa C OOHUM CHMBOJIOM.

3apmats Harret CO (0.2-0.4 ot
cuJia, B aGCOMIOTHBIX
eguHHUIax gucnepcuu). U/unu
BKJIIOUUTH CrilaXuBaHUe Irpuia
B «2D Kriging».

YBenuuuth «CKpyriieHue
JIUHUU» 00 3 UJIU YMEHBIIUTh
pa3Mep SUYe’KU B KPUTHUHTE.
Brmounuth «O6pe3aTh o
KOHTYPY CKBakKUH» WU 3a0aTh
MacKy 0Ope3Ku.

CrnaxkvuBaHUe MIET II0 IOJTIO (B
«2D Kriging»). YBenuuuthk TaM
pajmyc criakKuBaHUS IPUIA.
3apaTh rpagyupOBaHHYIO
cuMBouKy 1o ELEV_MIN.

IIpunoxkenue. Isoliner 3a 15 MmuHyT

CBoMX HAHHHIX HEe HYKHO. B KaXXmoM clleHapuu IIEePBBIH IIaTr CO3TaéT WK 3arpyzKaeT JaHHBIE caM,
IMO3TOMY IIPOUTH MapPIIPYT MOXKHO Ha MyCTOM IIPOEKTE.
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L i

Puc. 32: Jemo-peku ¢ nmopnucaMu D mink mo pykaBaM: IIOYTH TJlafiKie pPyKaBa [al0T 3HAYEHUS
OKOJIO €eQUHUIIEI, CETh LIEJINKOM - BHIIIIE.

HWHucTpyMeHTOB B Monyie 48, ¥ 9TO myraeT Ipu nepBoM 3HakKoMcTBe. Haunute ¢ natu: 1.02, 1.04,
2.03, 2.13 u 4.01. OctanbHOe HaWOETCS caMo, KOToa YIPETECH B 3afiayvy.

ITocme KkaXkmoro mara HallxCaHO, YTO [JOJI2KHO ITOJIYYUTBCH. Ecnu IIOJIYYHUJIOCHh OPYyroe, 3Ha4YuT CTOUT
OCTaHOBUTLCA U pa306paTbc5{, a He UOTU JaJlbIlie.

Cuenapuu 1. Y MeHsI TOUYKH

ITate MuryT. CKBaXKHHBI, TPOOLI, 3aMepHI, Tt00asd HeperyasipHas ceTb HabJIIOOeHU .

IIar 1. 1.09 IIpumep ckBaxuH (@eMo0) MuUHUMyM: HUYEro 3ajaBaTh He HYXKHO, BCE IIO
yMmonuaHuioo. Eciu y Bac eCcThb CBOM TOUYKH, NPONycTuTe IIar. IloayuumcsA: TOYEYHBIN CJION B
IIPOEKTe.

IIar 2. 1.02 2D Kriging (Toukm - pacrtp) MunumyMm: Toukxkwu, Ilone 3Hadvenusi, Pa3zmep
stuerku. OCTaNbHOE 10 YMOTYAHUIO. [T04y4umcsi: pacTp U CIOM CTAaHHApPTHOHN ommOKu. Omrmnbka
pacTéT TaM, roe ToOYeK MaJio, ¥ 3TO IIepBOe, Ha YTO CTOUT IIOCMOTPETh.

IIIar 3. 1.04 U301uHuH U3 pacTpa MunumyM: Pactp, Ceuenue, CTHIL H30ITHHUM = CTPYKTypa
/ runicomeTpusi. CedyeHue nmogdbepuTe Tak, YTOOB TMHUYM OBLIIIO BUOHO, HO HE CIIJIOIITHAS IITPUXOBKA.
1'[0/1y11um0ﬂ: U30JIMHUKU C IIOAIIMCAMHKU KM KOHTYPHBI€ IIOSICAQ, TPAHUIBI KOTOPBIX COBIIQOAKT C
TUHUSIMHA.

Hamneie mo Bkycy: 1.05 u 1.06 mokaXyT, eCTh TN B OJaHHBIX aHu30Tponusda, 1.08 oueHuT Meton
IMepPeKpPECTHOM IPOBEPKOM.

Cuenapuu 2. MHe Hy2KeH peibed

I[MaTHapguaTe MUHYT. [71aBHBIM ClleHapHUM: CTPOUM peibed, IPOBEPseM €ero 4YucjaMu M JIeYUM
HalleHHOe.
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IIlar 1. 2.01 3arpy3ka IIMP nio pamke Munumym: UcTounuKk penbeda = GEDTM30, Pamka
3arpy3KH 10 uHTepecyoileir mecTHocTu. GEDTM30 aTo Momens penbeda 6e3 jeca U IIOCTPOEK,
IJI IIOCTPOEHUS TOPU30HTaNed oHa mogxomuTt ny4diie, yeM Copernicus GLO-30, raoe BEICOTa CHATa
1o BepxywkaM. IToaydumcs: pacTp penbeda B CUCTEME KOOPOUHAT IIPOEeKTa.

IIar 2. 1.04 U301uauu u3 pacrpa Muaumym: Pactp, Ceuenne 5 unu 10 M. OcTtanbHOe IO
yMmomn4daHuto. ITosnyyumcs: cjiodl ropu3oHTanel. [lanbille OH UTpaeT POJIb MCXOOHBIX HAHHBIX, KakK
ecnu OBl BaM HX Imepenalu.

IIar 3. 2.05 Ctok u akkymyiasanus (D8) Muuumym: IIMP u3 miara 1. 3anonHeHNe IOHUXKEHUN
0OCTaBbTE BKIIOUEHHBIM. [To/1yuumcsi: pacTphl HalpaBIeHUM CTOKAa M HAaKOILJIEHHOM! IIIOIIaaH.

IIIar 4. 2.06 PeyHasi ceTb MUHUMYM: PacTp akKKyMynsuuu u3 Irara 3, [Iopor BomocOopa B
siueriKax. HauHuTe C ThICSTuM 1 IToaOepuTe Tak, YTOOH CETh BHITIIsAAE A IpaBaonono0Ho. IToayuyumcs:
JTUHUY BOOOTOKOB, HallpaBIeHHEIE BHU3 10 TEYEHHIO, TO ECTh T'OTOBLIE TalIbBETH.

IIar 5. 2.09 Bepumnabl MuaumyMm: IIMP u3 mara 1, Paguyc nmoucka B s4detikax. [loayuumcas:
TOYKU JIOKAJTbHBIX MAaKCUMYMOB C OTMETKaMHU.

IIIar 6. 2.02 3arpy3Ka TOIOOCHOBBI II0 paMKe MwuHumMyM: Ta ke Pamka. I3 OSM Gepure
IJIOIMIafHEIe BOOOEMEL U CyXHe pPycja, a PeKH U BepIIMHEL He OepHTe: OHM yxKe IIOCYUTAHEBI II0
penbedy B marax 4 ¥ 5 U COTJIacOBaHHL C HUM, Torga Kak u3 OSM oHU HNpUOYT U3 OPYroro
MCTOYHWKA U MOTYT He COBIIACThb C MaTputei. IToayuumcs: 0o nsSTU C0€B B rpynne Tomorpadus.

IIIar 7. 2.03 Topo2Raster (penbed 3 BeKTOopoB) MuHumMyM: U30IHHHM U3 IIara 2 U IOJie
BbICOTHI, TasibBeru u3 mara 4, TOYKH BBICOT U3 I1ara 5 u moje oTMeTKu, O3épa U ype3 BOObI
¥3 I1ara 6 ¥ mmojie OTMETKH ype3a, Pa3mep siuernku. OOPBIBEL ITOAMTE, €CIIM OHU €CTh B TOITOOCHOBE.
INoayyumcasa: HOBHIU pacTp penbeda, IOCTPOEHHEBIN 10 TUTHN3UPOBAHHEIM BEKTOpaM, a He 10 OOHUM
TOPU30HTAJISM.

IITar 8. 2.12 HeBsi3Ka ropu3ouTajied npotuB IIMP MunuMmym: [OpH30HTaIM U3 I11ara 2, mojie
BbICOTHI, IIMP u3 miara 7. [Toaydyumcs: TOUYeYHBIN CJIO¥ HeBA30K U oTuéT HTML. CMoTpuTe Ha
cpefHee CMeIlleHNe W Ha OOJII0 TOYEK, IPOMaxXHYyBIIUXCS OOJIbIle YeM Ha ITOJIOBUHY CEYEHUS.

IIMar 9. 2.13 Iuarsoctuka teppacuara IIMP Munumym: IIMP u3 mara 7 u Ceuenue penbeda,
TO XKe, 4TO Ha wmare 2. [loayyumcsa: UHOEKC NPUTSAXKEHUS OTMETOK K YpOBHAM. OKOJIO €TUHUIILI
O3HAYaeT, YTO CTyIeHel HeT, ABa U BHIIIe O3HAa4YaeT TePPACUHT.

IIar 10. 2.14 CHATHe cTyneHeH (CriIaXuWBaHHe C orpaHuYeHHeM) HyXeH, TOJIBKO eCliu
MpembIoyIIui Imar Hamen teppacuar. MuaumyMm: IIMP co crymensimu, CeueHnue penbeda,
HUrepauuut 50. ITosayuyumcs: WCIPaBIEHHHN penbed M OTUYET OO0 U Iocjae. MHOeKC mOoIKeH
ONYCTUTHLCSH K eQUHULIE.

Ecnm xoTuTe IMPOBEPUTH HE CBOU OAaHHLIE, a CaM METOM, 3aMeHHuTe mepBhid Imar Ha 2.10 Iemo-
penbed c prnaxkoMm OBpazKHO-0a/I09HasI ceTh. Torga NCTUHHAS IOBEPXHOCTh U3BECTHA 3apaHee,
U BUOHO, 4YTO UMEHHO TePAEeTCsA IIPU IIOCTPOEHUHN. OBpal"I/I TEPAITCSA IIE€PBBIMU.

CBepuTh C UICTUHOM MOKHO AByMs crtocob6amu. HarnsamHo: ITOCTPoNTe U30IUHUY 10 BOCCTAaHOBJIEHHOMY
penbedy Cc TeM Ke CeYeHUEM U HaJl0XKUTe Ha TOPU30HTAJIHU 11ara 2 APYTUM IIBETOM, TUHUU OOJIZKHEI
JleYb OAPYT Ha Opyra ¥ pa30MTHCH TOIBKO Ha MaKyIIKaX BRIIIE ITOCIegHEeN ropu30HTaau. Y1UCIeHHO:
KaJIbKYJIATODP PaCTpPOB, BBEIPAXKEHUE «BOCCTAHOBJICHHBIHA MHWHYC MCTHHa», U CTaTUCTHUKA PA3HOCTHU

B CBOMCTBax cyiosi. IIpyu cedyeHUU 5 M 0KMOAETCS CpemHee OKOJIO HyJsa M pa3dpoc mopsgka MeTpa,

a HaubOobIIMe PACXOXKMAEHHS Ha BeplIrHax. Ecnu mo6aBuTh B mIar 7 TOYKM BEPIIMH U3 Iara
5, pacxXoXmeHUs Ha MaKyIIKaX 3aMeTHO COXMYTCSI, U 3TO POBHO TOT OTBET, 3aYeM Tomorpadsl
MMOANKCHIBAIOT OTMETKM BEPIINH.

Cuenapuu 3. MHe Hy2KE€H pa3pe3

Tpu MUHYTHL.
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IIlar 1. 4.10 IIpuMep as1i pa3pe3a (@emMo) MUHMMyM: HUYEro 3afaBaTh He HYXKHO, BCE II0
yMom4aHuio. [Toaydyumcsi: Habop cnoés B rpymmne [IpumMep paspesa.

ITar 2. 4.01 Pa3pe3 no jguauu MuauMmyM: Jluausi pa3pe3a, [IoBepxHOCTH CBepXy BHH3,
BepTuKaabHbIA MacIITab. [To1y4umcs: 4epTéx pa3pe3a B MHXKEHEPHOH CUCTeMe KOOPOUHAT, C
0CSIMM, OTMeTKaMHU U II0JI0CaMU IIJIacTOB.

Kyma uartu ganpiiae

PYKOBOJICTBO OTUCHIBAET KaXKIbIN WHCTPYMEHT HOJIpOGHO, C IIapaMeTpaMu U OIrOBOPKaMMH. 3mech
HaMEpPEHHO HEeT HHUu OIIINM, HU TEeOPpHHU: 3aa4ad CTPAaHHILI IIPOBECTH BAC IIO MOOYJIIO OOWH Pa3, a
HEe 3aMEHHUTh NOKYMEHTAlUuIo.

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

IIpunoxkenue. ITojst ;eMo0-C/I0€B

CBopka nmojneu Bcex TeHepaToOpPoOB I€eMOHCTPAIITMOHHEBIX NaHHBIX C ETUHHUITaMU. 3HaueHUg OEMOHCTPAIIMOHHEIE:
TaM, I'je BeJIN4YHHa a6CTpaKTHa, €OUHHNIEBI YCIIOBHHEI.

Beixoasl rpynnsl «Tonorpagusi»

Cnoit nuauii Peuynasi cetrb (MHCTPyMeHT 2.06):

Ilone Tun CMBICJI, €IMHUIIL

order eoe nopsimok Crtparnepa
acc out OpoOHOe aKKyMYJSIIWs B 3aMEIKAHUU 3BEHA, S4eeK
length m pgpoGHoe pnuHa 3BeHa, M

Croit monuronoB Bacceunst (2.07): basin - Homep GaccetiHa (iiesoe), area_m2 - IIOIMagb, M2,
Cnoit Touexk Bepmiunsbl (2.09): z - BricOoTa, M, drop - IpeBHIIIIeHUE Hal MUHUMYMOM OKHa, M. Cjiou
TOTIOOCHOBHI (2.02) HecyT name 1 osm_id, BOOOTOKY OONOTHUTEIFHO waterway, BomoéMEl water,
BepmuHE ele (BricoTa, M), 06peiBH kind. TeMo-penbed (2.10) - pacTp 6e3 momnei.

CkBaxkuHBI (HeMo) - uHCTpyMeHT 1.10

Cnoit Touek CKBaXKHHBI (IeMO0):

ITone Tun CMBICH, €IUHUIIEI

well CTpOKa UMS UK HOMEP CKBAaXKWHEI

roof opobHoe abCcoJTIoTHAsT OTMETKA KPOBJIU
IIacTa, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobHOe comiepKaHue yCIIOBHOTO
KOMIIOHEHTa, IIPOIEHT (gemo)

head opobHoe Hamop, M (Heobs3aTeJIbHOE
moJie)

K opobHoe KoadduimeHT GUIbTPaAIUH,

M/cyT (memo, HeoOs13aTeIbHOE)
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ITone Tun CMBICJI, e UHUIIEI

T opobHoe BOZOOIIPOBOAUMOCTH, M?/CcyT, T
= K-MoOIIIHOCTDb
(HeobOs13aTEILHOE)

mintype CTPOKa MUHTHII, KATEeropus (oeMo
3aMelreHns1, HeoOs3aTeaIbHOoe)

dz opobHoe BeIUYMHA, TUHEWHO

CBsI3aHHAas C Operdom, yCil.
(HeobOs13aTENIBbHOE)

Heo6si3aTenpHbii pactp IloBepxHOCTH Apeida (IeMo) - CTOPOHHSISI TOBEPXHOCTD A/ KPUTHHTA

C BHEWIHUM OpendoM, yCIl. ef.

IIpodunu 31eKTpopa3BedKH - HHCTPYMEHT 1.11, pexkuM 371eKTpopa3BeaKH

Cnou Touek IIpodunu anekTpopa3dBeaku (pk, EII, BII):

ITone Tun CMEBICJI, eDUHUIIBL

profile nemoe HOMep nIpodund

picket m ppoOGHOe TUKET OT Hayasia NPoPuUIIsT, M

pk CTpOKa nuketT MeTKou [1IK (Hanpumep ITK5+20)
z OpoOHOE OTMEeTKa IIOBEPXHOCTH, M

rho k OpobHOe KaXylIIeecsi COMPOTUBIeHUE pK, OM'M
rho true ppoGHoe pk 6e3 mryma, OM M (3TaANIOH)

sp OpoOHOEe MOTeHIIHall ecTeCTBeHHOTro nons EIT, mB
vp opobHoe BhI3BaHHad nojspuzauus BII, mB/B

IIpodunu ocemaHum - HUHCTPyMeHT 1.11, pexxuM ocemaHuH

Cnoit Touek IIpodunau ocemgauui (Myabaa, TYpoB: N):

Ilone Tun CMBICTI, eqUHHUIIEL

profile 1esoe HoMep npodus

picket m opoOHOe TMHMKET OT Hadajia mpoguiIsi, M
pk CTpPOKa nMUKeT MeTKoM [TK

tour 1esyoe HOMep Typa HalbJomeHuH

z opoOHOe OTMEeTKa IIOBEPXHOCTH, M
settle OpoObHOe ocemaHKWe, MM

settle true mpo6HOe ocemanue 6e3 MrymMa, MM (3TaJIOH)

HauHbIE O/ pa3pe3a - HHCTpyMeHT 4.10

* IToBepxHOCTL 1...6 (PacTphl) - OTMETKU IIECTH IIOBEPXHOCTEM CTONKOM, M. CBepxy BHHU3: 1
KPOBJISL BepXHEU BMellarmiel, 2 KPoBJsa U 3 IoOollBa 1-ro0 IPOMEBIIIIEHHOTO, 4 KPOBIS U 5
IOAOIIBa 2-T0 IPOMBIIIJIEHHOTO, 6 ITOOOIIIBa HMKHEW BMeNIaloIlen.

e JIuauu pa3pe30B (IemMo) (JTHHUSA): IT0oJIe name - uMs nuaun (Paspes 1, 2, 3).

* Ycrbsa collar (memo) (Touku): hole id, z - otmeTKa ycThs, eoh - rnmy6una 3a60s1, number -

TOIIIUCH.

* UuarepBassl interval (memo) (tabiuua): hole_id, from, to - riny6GuHLI IO CTBOJIY OT YCTh4,

code - UHOEKC macTa.
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e IInact 1-#1 mpoMm. (memo) u Ilmact 2-i mpoM. (memMo) (MHOTrOKaHaJIbHEIE PACTPHI): KaHaIl
1 kpoBns (M), KaHan 2 mopomiBa (M), KaHamn 3 cojepzKaHue (OPOIeHT), KaHal 4 MHUHTHUIL
(kaTeropus 1 unu 2).

* Paznom (memo, 2D) (TuHUS): name.

* Mapkep c Z (mzemo, 3D) (iuHUSA C OTMETKOU Z): name.

* 30oHa (meMoO, MOJIMTOH) (IIOJIUTOH): name.

* Onpoxkunyrtas TIN (memo) (3D-rpanu): name.

[Hanuabie Ojisa PppaKTajaoB - HHCTPyMeHT 7.05

* Peku (memo) (muuUU): nojne order (11e0e) - MOPSAOOK IPUTOKA B MEPAPXUU CETH.
* Bomocoop (meMo) (IIoIuroH): Imojie name.
* Beper (memo) (JIMHUS): II0JIe Nname.

IInmoTHOCTH (HEeMoO) - uHCTpyMeHT 3.08

Cnoit Touek [1eMO-TOUYKH:

ITone Tun CMBICJI, eOUHUIILI

mass pgpo6Hoe Macca 3aMmepa (memo, 50 Ha TOYKY)
prec Ogpob6HOe CcuUrMa HeoIpemeléHHOCTH, M

Crnoit nuaUY [IleMo-THHHH:

ITone Tun CMBICII, €OUHUIIHI

mass IpoO6Hoe Macca 3aMmepa (memo, 100 Ha TUHUIO)

prec IpoOHOEe MONyIIMPHHA KOpUOopa, M

from m pgpoGHOEe HaYamo WHTEPBAA IO JIMHUU, M (MOXKET OBITH IIyCTO)
to m opoOHOe KOHEIl MHTepBaJjia 10 JIMHUM, M (MOXKEeT OBITh ITYCTO)

Croi nourodoB [IeMO-IIO/IMT OHbBI:

ITone Tun CMBICII, eUHUIIEI

mass pgpobHoe Macca 3aMmepa (memo, 150 Ha TOIUTOH)
dasy 1eroe 1 - monmuroH mon gasuMeTpuio, 0 - paBHOMEPHBIHN

BcnomorarenbHEIN pacTp BermoM. pacTp (ma3uMeTpHsI) - TPafyeHT 3HaYeHU N 151 0a3UMeTPUIECKOT0
pexwuma 3.07, yci. eq.

IIpunoxenue. IINMOTHOCTL IePEeMEHHOH OMOPHI: MOIIAr0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepanuu OeMo [0 TOTOBOTO pe3yjbTaTa, C IOSICHEHHEM
KaXpaoro napamMmerpa. [IpuMmep nmokaselBaeT, KakK IIPOBEPUTH UHBAPUAHT MacCHL I'Jla3aMU.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 IIpuMep OJis1 IJIOTHOCTH (TeMo).

* O0s1acTh (3KCTEHT) - TPAHUIIEI TeHePaluy. 3afaiiTe IPIMOYTOJIbHUK Ha KapTe WU I10 CJIOI0.
ToguTcst mo60oM MeTpUYEeCKUI OXBaT, HaIpuMep KBaJpaT HECKOJIFKO KUJIOMETPOB.

132



e flyeHKa BCIIOM. PacTpa, M - [lIaT BCIIOMOTATEIbHOTO PAacTpa [Jisd Ja3uMeTpuu. [10 yMoT4aHUIOo
50, o meMo DoCTaTO4YHO.
¢ 3epno I'CY (Jom.) - TOBTOPsIEeMOCTE ITpuMepa. [Ipu ogHOM 3epHe HaOOp OOUMHAKOB.

Ha Beixopme yeTwipe cnos: [lemo-ToukH, [lemMmo-1uHuH, [IeMO-IIOJIUTOHBI 1 BecmoM. pacTtp. B nore
yKa3aHa 3aJioxkeHHasda Macca: Touku 500, nuuuu 200, monurousl 300, mtoro 1000.

IIar 2. IIlnmorHOCTH O TO4YKaM (3.07)

3anyctute 3.07 ILITOTHOCTH IO 3aMepaM Ha cjioe [1eMO-TOYKH.

* 3amMepsl - ci10# [IeMO-TOYKH.

* ITore Mmaccel - mass. Eciii 0cTaBUTh IyCTHIM, Macca KaxXkaoro o0beKra paBHa 1.

* ITore TOYHOCTH - prec. [IJIs ToOYeK 3TO CUIMa rayCCOBa IIsiTHa B MeTpax. YeMm O0bIlle CUTMA,
TeM Oojlee Pa3MBIT X1 HU30K BKJIagd TOYKH.

e Pa3Mep sAA9YEHKH, M - IIar CeTKU pe3yjIbTaTa. MeHbIle sueika - MoapobHee KapTa U HOJIbIIe
cuéT. Ha mnoTHOCTL B Macce Ha KM? pa3Mep S4YelKU He BIUSIEeT, TOJILKO Ha OeTaJlbHOCTh.

* 00J1aCThb - OCTaBbTE IIYCTHIM, BO3BMETCS IO CIIOIO.

* Hocurens 3a KpaeM - [ITOHOPMHPOBATHh BHYTPH OEePXKUT BCIO Maccy B obnactu, IloTepsaTs
Maccy OTOpacHBaeT BHIIIEAIIVIO 3a Kpa¥ dYacTh C MOpenynpexpgeHueM. s TPOBEPKH
VHBapuaHTa 0epuTe JOHOPMHUPOBATh.

* Curma mo ymoixdauauio ([Jo1.) - mogcTaBisgeTcs, KOTAa Mojle TOYHOCTY nycTo. Honb o3HavdaeT
HONysTYeuKy.

ITpoBepswTe nor: ctpoka Macca Bxoaa: 500. Macca Ha ceTke: 500. Pacxoxgenue: 0. 3T0 1 eCTh
WHBApHaHT - UHTETpaJsl IJIOTHOCTU paBeH CyMMe Macc.

IITar 3. II'TOTHOCTH IIO JIMHUSIM

3anyctute 3.07 Ha cinoe [leMoO-ITHHHHA.

* TTojie TOYHOCTH - Prec - 3[ech 3TO MOIyMUPUHa KOpUuaopa B MeTpax. JInHUSA pa3Ma3biBaeTcs
B IIOJIOCY MSITKUX KPaéEB.

* from_m / to_m (Jom.) - nons from_m u to_m. YV ogHOM meMo-IUHUK WHTEepPBaja 3adaH, U B
pe3yJibTaTe pa3Ma3blBaeTCs TOMBKO €T0 4acTh. [IyCcThie TOJIsT 03HAYaI0T BCIO JIMHUIO.

B more macca Ha cetke 200. Ecnu BKITIOUEH pPeXKUM ITIOTEPH MacCChl U KOPUIOP BHIIIEN 3a Kpawu,
pacxoxpaeHNe II0KaXeT, CKOJIBKO MacCHI YIIJIO.

IITar 4. II'TOTHOCTH IO MOJIMTOHAM H HJa3UMETPHsI

3anyctute 3.07 Ha cioe [1eMO-IIOJINT OHBbI.

* Be3 BcmoMoraTenabHOTO pacTpa Macca I[IOJHUTOHA pacKIagblBaeTCs PaABHOMEPHO IO €ro
IO oM.

* BcmomM. pactp ([om.) - mogaiite BcmoM. pacTp u3s memo. Torga Ajisi MOJTUTOHOB BKITIOYAETCS
Oa3uMeTPHsi: Macca paclpenenseTcs IPOMOPLUUOHATPHO 3HAYEHUSIM PacTpa BHYTPH IIOJIUTOHA,
a He poBHO. Eciiu pacTp BHYTPH MOJIUTOHA IIYCT, UHCTPYMEHT OTKATHIBAETCS HA PABHOMEDPHOE
¥ THUIIEeT 3TO B JIOT.

Macca Ha cetke 300 B o6oux pexXuMax, MEHSETCS TOJIbKO ¢dopMa paclpefeeHuss BHYTPHU
IIOJIUTOHOB.

IITar 5. CMemiaTh THOBI Yepe3 JONHUCHIBaHHE

Yro6rI coOpaTh TOUKHU, TUHUU U IIOJIUTOHEI B OOUH PacTp, nporouuTe 3.07 TpUXKOHI TOOPSL,.

* TlepBHI# 3aMyCK - KaK 0OBIYHO, TOTy4YaeTe TPEXKAHAIBHEINA PACTp.
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* Bropoit ¥ TpeTuil - B mapaMmeTpe domHcarTh B CYIHECTBYIOIIHH pacTp ([om.) yKaxuTe
pacTp U3 IpepbiayIlero 3amycka. MHCTPyMeHT YuTaeT TPU KaHana, Ho0aBiseT HOBYIO MacCy
¥ BO3BpaIllaeT 0OHOBIEHHEIM PacTp.

ITocne Tpé€x momuCHIBaHUM CyMMapHasi Macca Ha ceTke paBHa 1000. Kanamnet 2 1 3 (Zm-0o ¥ Zm) OJis
9TOTO U CJIy2KeOHbIe - OHU ITO3BOJISIIOT JOIMCHIBATh CEPUSIMHU U IepkKaTh KapTy 9pPeKTUBHOM CUTMBI
TOYHOMH.

IITar 6. 9¢ddexkTuBHASA cCUrMa

3apanTe HeoOsi3aTeNbHBIM BHXOA JP@PEeKTHBHaAsT CHUrMa. IJTO CPeJHEeB3BEIlIeHHAs CHUTMa IIo
syelKe - KapTa 3¢p(GeKTUBHON TOYHOCTH. ['[le IIIOTHOCTh HabpaHa TOYHLIMH HOCUTEJISIMH, CHUTMa
Mana. I'me pasmMasaHHBIMH I'PDYOBIMHU IIPUBSI3KaMHU, BeIWKa. AHAIOT KPUTHMHTOBOUM OHCIIEPCUU OJIS
9Tazka TJIOTHOCTH: ITOKA3kIBAET, TAe Pe3yIbTaTy MOXKHO [OBEPSTh, a TTie OH MepP:KUTCA Ha IPyOBIxX
HOCHUTETSX.

Kaxk yurartrs UTOI

Kanan 1 pe3ynbsTaTta - IJIOTHOCTE B Macce Ha KM2. OTKpEIBAUTE €ro OOHOKaHAaJIbHOU IICEBOOLIBETHOU
CUMBOJIMKOU. [IiTHa IJIOTHOCTU - TaM, TOe CryIIalOTCs HaJeXXHble 3aMephl. MHBapuaHT B Jiore
MMOATBEPKIAET, YTO Macca CoOXpaHeHa U pe3yiabTaT KoppeKTeH. CIoM moIKeH OBITh B METPUYECKOM
crucTeMe KOOpPOWHAT, MHaYe MHCTPYMEHT OTKaxKeTcs paboTaTh.

IIpepnpusaTusaMm

Isoliner pasBuBaeTcsi Ha 3afadaxX peajbHBIX IpefupustTuii. ME BHIIOTHSIEM OOPabOTKU IIOf
periaMeHT I[IPOM3BOACTBA, 3aKJl04aeM [OOTOBOPHI TEXHUYECKOU IOOOEpKKU C TapaHTUed U
BHeIIpseM MOIYJIb B IPOM3BOACTBEHHBIN LIMKJI, BKJIIOYas MHTETpalluio ¢ KOPIIOpaTUBHEIMU Oa3zaMu
maHHBIX. [Togpo6HocTu: https://www.informpp.ru/rinaBHasi-cTpaHuIla/IPEIIPUATUAM

2KypHaJl ¥ maHe/Ib HHCTPYMEHTOB

Isoliner BegéT xkypHan paboTs B daiine isoliner.log pspmom ¢ mpodunem QGIS. B Hayasne ceaHca
numrytcsa Bepcum nnaruHa, QGIS, NumPy u GDAL, 3aTeM uMs 3alylleHHOTO MHCTPyMEHTa, €To
rmapamMeTpsl, BpeMs Cc4é€Tra, a mpu cboe - monHBIM TpericOek. OKHO pacyéra 3aKphBaeTcs, a dain
OCTaETCsl, IO3TOMY IIPU OOpalleHNH AOCTATOYHO IIPUIIOKHUTD €rO0.

OTKpBITE KypHaNI MOXKHO 4epe3 Moaynau - Isoliner - 2Kypnras unu kHonkoi 2KypHai B okHe O
wiaruHe. Ha nanenu naCcTpyMeHTOB Isoliner HaxomaTcs KapTa IJIOTHOCTU U OKHO «O IjIaTUHE».

JInmeH3us U nmogaepxkKKa
I[InaruH pacnpoctpansiercsa nopn nuneHsueir GNU GPL v2 unu HoBee (GPL-2.0-or-later) - Toi

xKe, uTo u caM QGIS. Tlomnnuiii TekcT B ¢aiine LICENSE B kKommuekTte. © OO0 «HMHbOpPM++>»,
www.informpp.ru.
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