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BBenenue

Isoliner - mpoBaiigep UHCTPYMEHTOB Processing aisi MHTEPIIONISAIIUY TOUEYHBIX JaHHBIX, IOCTPOEHUSA
M30JIMHUHN U paboTel C penbedom. Aapo kpuruHra - anroputMm KB2D u3 GSLIB. MHCTpyMeEHTH
pa3HeCeHHI 110 ceMU rpymnnam: «'pug u u30JIMHUN» - OCHOBHOM ITOTOK 00paboTKM OT AeKjlacTepu3aliuu
mo usonuHuii, «Tomorpadus» - penved U3 OTKPHITHIX OAHHBIX U TUAPOJIOTUUYECKUU aHaIu3,
«JlonmonHUTENbHEIE NHCTPYMEHTHI aHaNIu3a» - CIelualn3upPOBaHHBIE PACUYETHl OT MHOUKATOPHOTO
KPUTHWHTA [0 IJIOTHOCTH IEePEMEHHOU OmOopH], «Pa3pes3» - mOCTpoeHUEe TeolOTnYeCKUX pa3pes3os,
«I'eonoruyeckas mopenb» (6eTa) - COTJIaCOBAaHHOCTD ITAYKM IIJIaCTOB ¥ y4eOHEBIM MpUMep pa3pesa,
«[upponoruss pek» - CTBOpPH, KPUBHIE PacxomoB MU 3aTomnneHue, «OpakTalbHBEU aHaIu3» -
Pa3MepHOCTH ITOBEPXHOCTEM, MAaCOK U JIMHUM.

«2D Kriging (To4ku — pacTp)» - OpAMHAPHBIN UJIK IIPOCTON KPUTHHT II0 TOUEYHOMY CJIOIO.

«30omuHMH U3 pacTpa» - U30JIUHUM (JIMHUM) ¥ KOHTYPHEIE IIOJIUTOHEI (II0sica MeXOYy U30JIMHUSIMU),
TPaHUIEI KOTOPHIX COBOANAIOT C TUHUSIMU.

«BapuorpamMmMmHuasi Kapta (aHu3oTponusi)» - moBepxHOCTh y(h X, h y) c oumeHko¥ asumMyTa u
QHU30TPONINM IJISI YIE€Ta HAIPABJIIEHHOCTUA B KPUTHHTE.

«Kpocc-Banupjaiiuss BapuOTrpaMMBI» - CKOJB3AIIUNW KOHTPOIb (leave-one-out) Ons IPOBEPKU U
nopbopa mapaMeTpPoOB KPUTHUHTA 110 OMIMOKe, a He BU3yaslbHO.

«IIpuMep CKBaXXWH (meMo)» - TeHepauus y4eOHOTO TOYEYHOTO CJIOSI C MPOCTPAHCTBEHHOU
CTPYKTYpPOH (KPOBIISI, MOIIHOCTh, COOepzKaHHe KOMIIOHEHTa) OJsi Oo0ydeHHs W IMPOBEepKH 0Oe3
peanbHBIX JaHHBIX.

B rpyiime <<,]:[OI'IOJ'IHI/ITeJ'IbeIe WHCTPYMEHTHI aHaJIn3a» CIlelInaIu3UPOBAaHHEBIE paC‘-IéTbI, HaIllpuMep:

«KaTeropuajbHbEN WHOIAKATOPHBIM KPUTHHT» - KAPTa BEPOSITHOCTH KJIACCOB II0 KaTeropHaIbHOMY
moa0 (MUHTHI, JIMTOTHII): HA KaXKOBIH KJIACC CTPOMTCS HHOMKATOP M KPUTYeTCS OTHENIbHO, Ha
BEIXOMI€ PACTP BEPOSITHOCTEM, KapTa 30H U YBEPEHHOCTb.

«[mopaBImYecKul TpafyueHT K HaIpaBeHHe II0TOKa» - II0 pacTpy HAIopa CTPOUT MOAYJIb
TUOPaBINYECKOr 0o TpafueHTa, a3uMyT HallpaBJIeHUs I0TOKa (BHU3 10 TPAgUEHTY) U TOUEYHEBIN CII0U
BEKTOPOB I10TOKa, KOTOPHIH cpa3y obopMiseTcs cCTpenkaMu. ['uaporeonorus 6e3 IpOHUIIAEMOCTH.



TMogxomuT [OyIsi OTMETOK IINTacTa, MomHocTel, ®MC, XUMUH U JTIOOBIX YUCIOBBEIX aTPUOYTOB CKBAaXKHH.

HeckonbKO TepMHHOB, KOTOphIE BCTpPEUAIOTCS [ajiee. BapuorpaMMa ONKCHIBAeT, HACKOIIBKO
CUbHEE Pa3lUYaloTCsd 3HAUYeHUS C POCTOM PACCTOSHHS MexXKOy Toukamu. CHIIT - YypPOoBeHb, Ha
KOTOPBIM OHa BHIXOOUT (OMM30K K OWCIEPCHU MOaHHBIX). Harretr (or aurn. nugget, «adpderT
CaMOpOAKa») - CKAUOK BapUOTPAMMEI Y HYJIsI, TO €CTb Pa30pOC Ha CKOJIb YTOAHO MaJIbIX PACCTOSTHUSX,
BBI3BAHHLIN U3MEPUTEJIBHEIM IIIYMOM ¥ MHKPOU3MEHUYHBOCTRIO. [lasiee 0 TEKCTY - IPOCTO «HATTET».

YcTraHOBKA M pacnojiokKeHue

OcHoBHOM cnoco6 - u3 odpunuansHoro peno3utopuss QGIS. Otkpoiite Monynu — YnpasneHue u
yCTaHOBKa MOMyJel — BKIagka «Bce», B moucke Habepute «Isoliner», BbIOepUTe IIaruH U HAXKMUTE
«YcTaHoBuTh». [Ipu ycTaHoBKe u3 pemno3utopus QGIS cam cooOiaeT 0 BHIXOOe HOBBIX BEPCUH U
OOHOBJISIET IIJIATHH 10 KHOMKE.

BriGop KaHaa pacTpa BO BCeX MHCTPYMEHTaX - BBINIQJAIOIIMMU CIMCKaM{U C UMeHaMHU KaHaJloB:
y MHOTOKaHa/JIbHOTI'O T'pUfa IJIaCTa B CIUMCKAX YUTAIOTCA «KPOBJS», «IIOHOIIBa» M MMeHa CJIOEB
rapaMeTpOB.

Bce mHCTpyMEHTH ITpoBaliiepa, Kak OHU CTOST B maHenu OdpadoTka. Crimcok cobupaeTcs u3 Koma
Ipu cOOpPKe PYKOBOICTBA, TO9TOMY OH HE PAaCXOOUTCS C TIJIAaTrAHOM.

1. I'pua 1 K30/ IMHUHA

.01 [IekmacTepus3anus (Beca)

.02 2D Kriging (Touku — pacTp)

.03 MuHuManbHasa KpuBU3HA (TOUYKHU — pacTp)

.04 30MuHUM U3 pacTpa

.05 Bapuorpamma (sKclepuMeHTalIbHasNA)

.06 BapuorpaMMHas KapTa (@aHU30TPOIIHSI)

.07 Kpocc-Banuganus BapuorpaMMEL

.08 Kpocc-Banupauusa metomna (LOO)

.09 IIpuMmep cKkBaxXuH (ZeMo)

.10 ITpumep reodusnyeckux npodunei (memo)

.11 Bpe3ka nogpo6HOil MOBEPXHOCTH B PETMOHAJILHYIO
.12 MBA: mynbTuCETOYHEIE B-cliytaliHbl (TOYKHM — pacTp)

1
1
1
1
1
1
1
1
1
1
1
1

2. Tonorpadpus

.01 3arpy3ka LIMP o pamke

.02 3arpy3Ka TOIIOOCHOBHI 10 paMKe

.03 Topo2Raster (penbed u3 BEKTOPOB)

.04 [TogroroBka pemnbeda

.05 CTOK 1 akkyMmynsanus (D8)

.06 Peunas ceTs

.07 BaccelHb U BOmopasnerikl

.08 YKJIOH ¥ 3KCIIO3UIIUSA

.09 BepIuHEL U STMEI

.10 [leMo-penbed

.15 OTY4ET 10 CTBOPY

.16 Bomoc6Oop. JIuHuu 1 KOHTYpPH (KaHaBhl, KaphePHI)
.17 OTY4ET 110 TOTOBOMY BOZIOCOOPY

.18 Hacuinmu 1 BeIeMKH (00BEMEBI PaboT)

.19 KaupmnaTel 6POBOK ¥ IOOOIIB

.20 BpoBKM U MOAOIIBH B PaboTy

.21 Ilpumep kaprepa (gemo)

.22 IIpodunupoBaHmre 0TKOCOB

.23 JIUHUU CTOKa OT TOYEeK, TUHUU U KOHTYPOB

L]
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2. Tonmorpadmusi: TMarHOCTHUKA U IMpaBKa



* 2.11 Pa3menuTh TOPU3OHTAJIU OJIS IIPOBEPKU

* 2.12 HeBs3ka ropu3onTaneu npotus LIMP

e 2.13 [luarHOCTHUKA Teppacuara LIMP

* 2.14 CHATHE CTyII€HEN (CrilaxkuBaHMe C OTPaHUUYEHUEM)

3. [lonmoTHUTE/ILHbIE HHCTPYMEHTBHI aHAJIN3ad

* 3.01 KaTeropuanbHbIi MHOUKATOPHBEIM KPUTUHT

.02 Kpurusr ¢ sBHemHuM apetidpom (External Drift)

.03 KapTa BepOSTHOCTH ITPEBHIIIIEHU S

.04 TugpaBIUYeCKUM TpagueHT U HallpaBJIeHHe IOTOKa
.05 YOenbHBIM pacxop (3akoH [lapcu)

.06 'ayccoBa cumynsanus (SGS)

.07 [I;moTHOCTE 110 3aMepaM (IlepeMeHHasi oropa)

.08 IIpuMep Oig IMJIOTHOCTH (OeMo)

.
w wwwwwuw

4. Pa3pe3

.01 Pa3pes o nuHUM

.02 CKBaxkKMHHI Ha pa3pe3e (Momesb OypeHuUs)
.03 Cocras macTa Ha pa3pese

.04 TlepeceyeHure TOBEPXHOCTEN C pa3pe3oM
.05 [TepeceyeHure BEKTOPOB C pa3pe3oM

.06 [Ilepeceuenue TIN c pa3pe3zoMm

.07 IIpoeknmst 06 bEKTOB Ha pa3pes

.08 CripoerupoBaTh C pa3pes3a

.09 Pa3BépTka cTeHKM CTBOJIa (6eTa)

.10 IIpumep mns paspesa (memo)

.11 OOpa3zerl cripaBOYHUKA IIJIaCTOB

.12 D1eMeHTHI 3aJieTaHusd 110 Cliefy BeIXona

B R R T T T L I T N

5. 'eomoruuyeckasi Mmoueas (0era)

.01 CoryzacoBaHHOCTD IIa4YKM IIJIaCTOB

.02 IIpumep paspe3sa (gemo)

.03 COopKa mayku oT penbeda

.04 KoppeKius madyky 110 CTaTUCTUKE MOMIHOCTEH
.05 ManudecTt Mmogenu

.06 CKJ1Ia@d4aTOCTh IOBEPXHOCTU

L]
[, IO, O, IO, O, B0

6. l'mgponorusi pex

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

* 6.03 MMmopT TabmuIil CTBOPOB

* 6.04 I[Ipumep peku (memo)

7. PpakTaJIbHBIA aHAIN3

* 7.01 ®paKTajgbHas Pa3MEPHOCTh

* 7.02 Box-counting macku

* 7.03 Pa3MepHOCTEL TUHUN U I'PaHUIl

* 7.04 Pa3aMepHOCTh MUHKOBCKOTO (BEKTOPHI)
e 7.05 ITpumep mist ¢ppakTanoB (gemo)

Bcezo uncmpymenmos: 70

AnbTepHaTUBHEIM crnocob - u3 ZIP-gaitma. Momynu — VYmnpaBneHue W yCTaHOBKa Mopyjen —
YcranoBuTh u3 ZIP. 3T0 ymo6HO i o¢ialH-yCTaHOBKHU U Mpeapeln3HbIX COOPOK.

Ilocne ycTaHOBKM HHCTPYMEHTH IOSIBIISIOTCS B ImaHenu «O6paboTka» (Processing), mpoBaiimep
«Isoliner», rpynnel «I'pupg u wusonuHuM», «Tomorpadusa», «IlONONTHUTENbHbIE WHCTPYMEHTHI
aHanmusa», «Pa3pe3», «['eomormueckas Mmomenb» (6eta), «I'mmpomorusi pek» u «OpaKTalTbHEIH



aHanu3». TpeboBauwus: QGIS 3.16+. BHeITHUX 3aBUCUMOCTEH HET - ucnoab3yoTca NumPy, GDAL u
IITaTHBEIE aNrOpUTMEL Processing u3 cocraBa QGIS.

OOHOBJIEHHE

I[Ipu yctanoBke m3 pemno3utopus QGIS moka3rlBaeT yBeOOMJIEHHE O OOCTYIIHOM HOBOM BEPCHUU
- 3HAQYOK B CTPOKE COCTOSIHUSI M CIHUCOK BO BKiIagke «OOHOBIIsSIEMEBIe» MEHeIXKepa MOOyJIei.
OOHOBJIEHNE BHIIIOIHSIETCS OOHOM KHONKOM. [Ipu ycTaHOBKe M3 ZIP HOBast BEPCUSI CTABUTCS TEM XKe
IIyTEM, ITOBEPX CTAPOM.

[ImaruH KOPPEeKTHO Ilepe3arpyxkaeTcs «Ha JeTy», nepe3anyck QGIS He TpebyeTcs. [ OBICTPOM
rmepe3arpy3KH Kofa IIpu pa3paboTke ymobeH momyib Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBaiifiep ¥ BCe MHCTPYMEHTHI IEePEPETUCTPUPYIOTCSA CPa3y.

BbI30B CcIIpaBKHu

B mmanore KaXxporo HHCTpyMeHTa eCTh KHOIIKa «CIpaBKa», OTKpPHIBalolas 3To pykoBoacTtso (PDF B
KOMIUIEKTe IyarvHa). [IpaBas nmaHendb Ouanora OOMOJIHUTENIBHO IIOKa3bklBaeT KPaTKyIo IOACKa3Ky
II0 MHCTPYMEHTY. PyKOBOIOCTBO W CBeOeHUS O BEPCUU OOCTYIHE U 6e3 OTKPHTHUS WHCTPYMEHTa:
MeHI0 Moaynau cogepuT nogMeH:o Isoliner ¢ nyakramu O mtaruHe (BepCusi, CCBHIIKH, HCTOPUS
u3MeHeHui) u Pykosoagcrso (PDF).

BBICTPBIH CTAapT

HWHCTPYMEHTOB B IJIaTWHE IIO[ IIIECThIECSAT, U BEIOMPATh U3 00IEero CoucKa TSKeJo. DTOT pas3fmer
YCTPOEH WHaYe: He 110 MHCTPYMEHTaM, a Io 3amadaM. Halute Ty, YTO IIOX0zKa Ha Ballly, U UOUTE
IO IIfaraM - OCTAaJIbHOE MOXXKHO He YHUTAaTh.

OOI1iee IpPaBUJIO OOHO: HHCTPYMEHTHI He HoraJgbIBal0TCsI, OHH CIPAIIHBAIOT H TOK/JIadbIBAIOT.
IMouTy KaXKObIi MUIIET B XKyPHAJ, YTO UMEHHO OH PEInI, ¥ I0YeMy IIOJIyYUIOCh CTOIIBKO 0OBEKTOB,
a He wHadve. KypHan CTOUT OTKPHIBAThb BCerma, OCOOEHHO B IIEPBBIE Pa3bl: TAM OOBIYHO U JIEKUT
OTBET Ha BOIIPOC «IIOYEMY BEHINIIO HE TO».

ECTh CKBa2KHHBI, HYZKEeH PaCTp H H30/IHHHHA

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

1.02 2D Kriging cTpouT pacTp 1o ToukaM. OpauHapHBIM KPUTHUHT OLleHUBaeT 3HaUYeHNUe B SUelKe
KaK B3BellleHHOe cpefHee OIMKaWIIMX 3aMepoOB, MPUYEM Beca OH He BHIIYMEIBAET, @ BLIBOOUT
U3 TOT0, KaK OBICTPO 3HAYEeHUS PacXoOsTCs C pPacCTOSHHEM. 3afaThb HaAo IIojle 3HAYeHus U
rmapaMeTpsl MOAeIn: paguyc (Hasbllle HEro 3aMephl y2Ke HU O YEM He TOBOPST), MOpor (0OIIuii
pa3bpoc) u Harret (pa3Gpoc, OCTAIOIIUICS Ha HYJIEBOM PACCTOSHUU - ITIOTPEITHOCTD 3aMepa IITI0C
M3MEHYUBOCTh MeJIbYe Ilara ceTH). A4elKy OepuTe MPUMEPHO B YETBEPTL-ISATYIO YaCTh CPEOHETO
pacCcTosTHUSA MeXOy CKBaXKMHaMU: Mejlbue He J0OaBUT TOUHOCTH, @ CUMTAThCS OyIeT HoJIblie.

BMecTe ¢ mOBEPXHOCTBIO MHCTPYMEHT BHIOAET KapTy OINMOKH KpuruHra. CMOTpUTE €€ Bcerpga:
caMa IIOBEPXHOCTH BEITJISAUT OOWHAKOBO TJIAJKO M TaM, Ile CKBaXXKWH MHOTO, U TaM, I'le pPe3yabTaT
OepKUTCS Ha OOHOM HaleKOM 3aMepe, a KapTa OImuOKY 3Ty Pa3HUIly IIOKa3kIBaeT.

1.04 U301uHMH M3 pacTpa OpeBpalllaeT IIOBEPXHOCTb B TOPU3OHTANIXM C MOAIHKCSAMU, a MpPHU
HamoOHOCTH U B IOJIUTOHEL 1ana3oHoB. CeyeHMe 3aaéTCsA YUCJIOM UH maroM. s penbeda TaMm
XKe ecTh (pi1axkoK TomorpadpuyecKux MOONKUCEH: OHM Pa3sBOPAYMBAIOTCS TakK, YTOOBI BEPX CMOTPEN
Ha BBICOKYIO CTOPOHY.

ITonmpo6oBaTth 6e3 cBoux maHHLIX: 1.09 IIlpuMep CKBazkuH (IeMO0) BHIOAET TOTOBREIM HAOOP TOYEK C
peanucTuYHON IPOCTPAHCTBEHHOU CTPYKTYPOU.
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danbime, Korga 3axXo4eTcsi 000CHOBAaHHUs. [TapaMeTphl MOen MOXKHO He Mog0upaTh Ha Iiia3:
1.05 BapuorpaMmMa CTPOUT UX 10 CAaMUM JaHHBIM U pUCyeT rpaduk, Ha KOTOPOM BUOHO, ECTh JIU B
OaHHLIX IIPOCTPAHCTBEHHANA CBSA3b BOOOIE. ECnu sKcIiepuMeHTaTbHEIe TOYKHY JI02KATCsI Kak II0Iajlo,
HUKaKOM MeToq e€ He co3macT. 1.06 BapuorpaMMHasi KapTa II0Ka3blBaeT aHU30TPOIIUIO - KOTma
CXO[ICTBO TSTHETCS BIOIb OJHOTO HaNpaBlIeHUS CUJIbHEe, YeM IIONEPEK, U 3TO Hamo ydecTb. 1.08
Kpocc-Banmugamusi (LOO) youpaeT KaxXayl0 CKBaXXUHY 110 o4Yepeny, IIpeackKa3biBaeT 3HaUYeHHe 10
OCTaJIbHBEIM U BHIBOIUT PAcCX0XKIeHMe YHUCIJIOM - IIPSIMOM OTBET Ha BOIIPOC, HACKOJILKO MOKHO BEPUTH
KapTe. YOauyHEIN HaG0Op MapaMeTpPoOB COXpaHseTcs mpoduiaeM, 4ToOs He HabupaTh ero 3aHOBO.

ECTh OTKpBITasi MECTHOCTh, Hy2k€H pejibed U TOIIOOCHOBa

PanHHMI ¥ caMBIM XOJOBOM MHyTh: CBOMX CHEMOK HET, a KapTa HyXXHa. Bcé 0epéTcsi M3 OTKPBITHIX
MCTOYHUKOB IIpsiMo B QGIS, 6e3 ckauynBaHUS apXUBOB PYKaMH.

2.01 3arpy3ka IIMP mo paMKe KadaeT BHICOTHI II0 3agaHHOMY oxBaTy - Copernicus GLO-30
U OPyrue OTKPHIThie HaOophl. IIpMXOomuMT pacTp B MeTpaxX, yXkKe NPUBEOEHHBIM K METPUYECKOM
cucteMe KoopaouHaT. TpuallaTh METPOB STYEMKH - 9TO MaciuTab nmopsaka 1:25000: X0mIMBI, TOTUHEI
¥ BOZOpas3mesnbl YUTAIOTCS, a OPOBKa Kapbepa UKW JOPOXKHAasA HACHIIL - HeT. [IoHuMaThL 9TO Hamo
cpa3y, uHade OT pe3yJbTaTa KAYT HEBO3MOXKHOTO.

2.02 3arpy3ka TONOOCHOBBI II0 paMKe OepeéT Mo TOU XKe paMKe BEKTOPHYI0 OOCTaHOBKY U3
OpenStreetMap: BoOHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHUs, JeC. BomHble OOBEKTH IIPUXOOST
MMOIUTOHAMM, BKJII0Yas COCTABHBIE - 03€P0 C OCTPOBOM OCTAETCSI 03€POM C BHYTPEHHHM KOJIBIIOM,
a He CIIJIOIIHLIM HOJIMTOHOM. DTO TOT CJIOM, KOTOPBIM HaJibIlle ITOJAaETCS B MHTEPIOJISAIUIO YPEe30M
BOJIBI, €CJIH IIOHAA00UTCS ITePEeCYUTHBATh pejibed.

CkauanHass LIMP moutu Bcerma Tpebyetr 2.04 IToaroroBku penbeda: B OTKPHITHIX Habopax
BCTpPEYarOTCs MyCTOTHI, IITyM U JIOKaJIbHEIE SIMBI, KOTOPHIX B IPUPOAE HET. 3all0JIHEeHUEe ITIOHNKEeHNNU
37mech He KOCMeTHKa - 6e3 Hero CTOK He CUUTaeTCd BOBCe, BOLa YTHIKAETCS B IIEPBYIO XKe JIOKHYIO
saMmy. [Tocne nmogroroBku 2.05 CTOK M aKKyMYJ/JISIIUsI JA€T HallpaBleHUsd U HakomueHue, 2.06
Peunasi ceTh IIpeBpalllaeT HAKOIJIEHHE B JIMHWHM TAJILBEroB C mopsgkamu, a 2.07 BacceMHBI u
BOJOpa3[aeIbl PeXKET TEPPUTOPUIO HAa BOTOCOOPHL.

2.09 BepmuHBI U sSIMBI HaXOOUT XapaKTepPHBIE TOUKU penbeda - Te caMble OTMETKHU, KOTOPhIE
Ha OyMaXHO¥ KapTe IOAIKUCHIBAIOT YUCIOM. BMecTe ¢ TanbBeramu u3 2.06 oHu 00pa3yioT CKeJeT,
KOTOPLIN IIOTOM MOKHO ITofaTh B 2.03 u mepecuuTaTh penbed yKe C Y4ETOM T'UOPOJIOTHH.

M 31mech rjIaBHBIN HIAr, paJd KOTOPOro BCE mpeamiayinee W menanochk. CkauyanHas L[MP
TUOPOJIOTUYECKY HeBepHa: B HEelM eCTh JI0XKHBIE SIMBI, peKH MeCTaMU TeKYyT B TOPYy, a 03épa UMEIOT
YKIOH. McnpaBisaTh 3TO0 pumbTpaMu OeCCMBICJIEHHO - 3allOIHEHUNE IOHUXKEHUN JIEYUT CHUMIITOM,
HO He Ompu4YuHYy. [IpaBUNIBHLIM OyTh OPYTOM: coOpaTh M3 CKAYaHHOTO pacTpa CKejleT MEeCTHOCTH U
InepecyYuTarTb MNOBEPXHOCTH 3aHOBO C YYETOM TOT'O, UTO MBI ITPO HEE Y3HAJIH.

Bcé, uto mobriTOo Ha mpemeimymux Irarax, uget B 2.03 Topo2Raster kaxkgoe CBOUM BXOHOM.
TopuzouTtanu u3 1.04 - kECTKUMHU y3naMu. TOUKU BHICOT u3 2.09 - Toxke KECTKUMH, U C BECOM
OoJsbllle eUHUIIEI, €CJIM XOTUTE, YTOOH BEPIIUHEI ITIEPEBEIINBAIU BEPIINHBI TOPU30OHTAlIel B 001IIeH
ssyetike. TanbBeru u3 2.06 - IPpUHYXKAEHUEM ITafeHUsI BHU3 110 TeUEHUI0, II09TOMY PeKU Ha HOBOM
penbede rapaHTUPOBAHHO TEKYT BHU3. BogHble momurossl u3 2.02 - ype3oM BOOH, U 03€pa JI0KaTCs
IIJIOCKOCTBIO, @ He C YKJIIOHOM. Ha BBIXOfle MO/Iy4aeTcs THAPOIOrH4eCKH KOPPEKTHHIH penbed,
Yyero CKayaHHEIM pacTp caM 1o cebe He maér.

WN3zonuuun u3 1.04 Hy>KHBL B 9TOM IIelTI0YKe OBaXKIObl: CIepBa KakK CIIoco0 MOCMOTPEeTh Ha MECTHOCTD,
a IOTOM Kak Bx0[ B IlepecuéT. Ceuenue OepuTe no Macmraby ¥ XxapakTepy MECTHOCTH - Ha PaBHUHE
OATh METPOB, B ropaxX OBafllaTh OATh. [lWama3oH BEICOT MHCTPYMEHT IIOACKaXeT B XypHae.
CnuIikoM 4YacToe CedeHUe 30eCh He IIOMOIIHUK: OHO IIEePEeHECET B HOBBLIM pesbed IITyM MCXOOHOTO
pacTpa, pagu u3baBlIeHusT OT KOTOPOT'0 BCE U 3aTEBAJIOCh.

I[IpoBepuTh, UTO CTAJIO JIydYllle, @ He MHAYe, [TIOMOTraloT Te K€ MHCTPYMEHTHI, YTO U B CJIEOYIOIIeM
ciuenapun: 2.12 HeBsizka ropu3ontaaes nporus IIMP 1 2.13 [IlnarHocTHKa TeppacHHra. A
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2.05 CToK 110 HOBOMY pesibedy HOJIXKEeH maTh PeKu 0e3 pa3phiBOB U 6e3 JIOKHEIX 03Ep - 9TO caMas
HarJIsimHas IpPoBEpPKa.

ECTh TONOIJIaH C TOPU30HTAJISIMH, HY2KeH penbed

3agada 06paTHa${ Hpenbmymeﬁ: He IIOCTPOUTH IIOBEPXHOCTH II0 PEeOKNM TOYKAdM, d BOCCTAHOBHUTD eé
I10 IIJIOTHBEIM JIMHHUSAM, KOTOPEBIE YK€ KTO-TO HapHuCOBalJl.

3meck paboraer 2.03 Topo2Raster - mynbTHCETOYHAsT MHTepHossaius mo motuBam ANUDEM.
I'maBHOE oTIH4YHe OT KPUTHMHI'da B TOM, 4YTO Yy KaXKOOI'0O TUIIa BXOOa CBOsSA DPOJIb. FOpI/I3OHTaJ'[I/I n
TOYKM BBICOT HAIOT XKECTKUE y3JIbl: TaM OTMeTKa NIpuKojioTa. TambBeru 3agaloT NPUHYXKIOEHUE
MajleHusl BHU3 [0 TEUYEHHUIO, IO3TOMY PEKHM Ha IIOCTPOEHHOM peiibede He TEKYT B ropy. OOpPBIBEI
paboraioT GaprepoM: BHOJIF HUX Ilepenaj He pa3Ma3blBaeTCs CTIa’kKMBaHWEM. Ype3 BOOBl KJIaféT
03€pa IUIOCKOCThHIO UJIM HAKJIOHSET BIOJb PyClia.

dyeliKy 3amaBaliTe SBHO, “HA4Ye yMOJTYaHUE MOXKET 0OKa3aThCs rpybee TOro, YTO BHl XOTUTE YBUIETh.
9To mepBoe, 060 YTO CIOTHIKAIOTCS: Ha KUJIOMETPOBOM Y4YaCTKe aBTOMATUYECKHUU pa3Mep HaéT
TPUALIATUMETPOBYIO STUEHWKY, M YCTYIl B CEMb METPOB B TAKOH CETKE IIPOCTO He CYILIEeCTBYET.
HNHCTpyMeHT 06 9TOM IpenynpexkaaeT B XKypHae, HO JIydIne 3aaTh cpasy.

[TpoBepsATs, pe3ynbTaT Hago He Ha rna3. 2.11 Pa3menuTh TrOPH30HTAIM OJISI IPOBEPKH
OTKJIa[BIBAeT 4acTh nuuuii, 2.12 HeBsizka ropu3oHTasied nporus IIMP MepsieT, HaCKOJIBKO
IMOCTPOEHHAas MOBEPXHOCTh PA30IIIIach C OTJIOXKEHHBIMU. DTO TOT XKe ITPUEM, YTO KPOCC-BaIugalus
B KPUTHHTE, U OH OTBeYaeT Ha TOT ke Bompoc. OtaenbHO ecTh 2.13 JIlMarHocTUKa TeppacHHra
- UWIIeT XapakKTepHbIM nedeKT HHTEPIIONSIIUKU II0 TOPM30HTAJISIM, KOIfa IIOBEPXHOCTh BCTAET
CTYIEeHSIMHU BOOJIb MCXOOHBIX TUHUM, U 2.14 ero 1edur.

EcTh n10THAsA C'BéMKa, HY2XKHDbI 6pOBKH H IIO0JO0IIIBbBI

Crémka c BIIJIA unm na3epHOr0 CKaHUPOBaHUSA HAET penbed, TOe YCTYOBl BUOHBI, HO He
onudpoBaHbl. OIUdPOBLEIBATL UX BPYYHYIO - HOJIT0, U Isoliner ymMeeT HaXOOUTh UX CaM.

Mexanuka B 2.19 Kanaumarbl OpOBOK M IIOOOINB TaKas: IIPU3HAK M3JI0Ma 3TO He YKIIOH, a
CKOpPOCTH €ro u3MeHeHMsi. Ha pOBHOM OTKOCe, JaKe OTBECHOM, YKJIOH ITOCTOSHEH U IIpU3HaK
MaJs. Benuk oH TaM, TOe YKJIOH MEHSETCs, TO eCTh Ha caMol OpOBKe M Ha CaMOM MOXoIIBe. 3HAK
KPHUBU3HBI JeIUT HalWleHHbIe IMHUY Ha OPOBKHU U IIOIOIIBE aBTOMATHUYECKH.

IlBa mapaMeTpa HeEO4YEeBUHHI, 1 00a CTOUT NMOoHATh. Ba3a 3aMepa - HOyIIHPUHA OKHA, B KOTOPOM
MepsieTcs mepernap nonepéxk nuHuu. Ilepenan B atpubyTe drop CYUTAETCS UMEHHO B HEM, IO3TOMY
V OecATUMEeTPOBOI0 yCTyla Ipu 0a3e B TpU SYEWKU OH IIOKaxXeT TPU MeTpa, a He mecdaTh. basy
3aZjaBaiTe IO IMUPUHE OTKOCA B A4Yeikax. OTCeYKa Hmo nepenangy - GuiIbTp UryMa, HO He KpUTEPUH
3HAYUMOCTH: (HOPMaJbHOTO IIpH3HaKa OPOBKM He CYyIeCTBYEeT, M PeIlaTh, YTO CUUTATh YCTYIIOM,
oCTaéTcs 4esioBeky. [103ToOMy MHCTPYMEHT HapOYHO OTHAET OOIbINe HYKHOTO, KJIaAET B aTPUOYTEHI
ymcra Ajs orbopa M redaTaeT HNPOLEHTUIN B XKYPHAJl - fajibllle Bhl ABUTaeTe (QUIILTP CJIOS, TS
Ha KapTy, U HUYeTo He IIepecuuThIBaeTe.

Hanpire 2.20 BpoBKH U HMOIOIIBLI B PadOTy CHUMaeT OTMETKH C pejbeda u codupaeT GOpPMEHI.
ITapbl oIpemensIoTCs CIIYCKOM II0 CKJIOHY, a He mo OJIM30CTH: Bofa C OPOBKM CKATBHIBAETCS POBHO K
€€ omoIlBe, ¥ Ha KPUBOM OOPTY C y3KMMHU OepMaMu OyuzKaWInas 1o PacCTOSHUIO ITOOIIBA YacTO
MPUHAJIEKUT cocemHeMy ycTymy. dopMma - 3TO OfHA IMOMAOINBA U MHOXKECTBO OPOBOK IIPU HEMH,
IIOTOMY YTO TPACCHUPOBKAa PeXKeT OIUHHYI0 OPOBKY Ha Kycku. HemapHble TMHUM He IIPOIAfaioT, a
YXOOSAT B OTHAENbHBIN CJION C IPUYMHOM B aTPUOYTE: 3TO CTOUT OTKPBITH U IOCMOTPETD.

I[TpoBepUTH CBA3KY LIETMKOM MOKHO Ha cuHTeTHuKe: 2.21 IIpuMep Kapbepa (IeMo0) CTPOUT Kapbep
C yCTyIlamu, OepMaMu, Che37IOM, OTBAJIOM ¥ KaHaBOMW, a BMECTE C HUM HCTUHHEBIE CTPYKTYPHEIE
nuHuu. ITonHoTa OEeTEeKTOpPa MepdAeTCsa YHUCJIOM IIPDOTUB HUX, a HE Ha I'Jla3.
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ECTh Kapbep B TONOIIaHEe, HO TOPU30HTa/IeH BHYTPH HET

Crny4daii, KOTOPHIY BHITIAAUT Oe3HAAEKHBIM, TTOKa He pa3obparthkcsi. 1o HOpMATHUBY TOPU3OHTAH
BHYTPH IUIOIIATHEIX KapbepPOB, BEIEMOK, HACHIIEN M OTBAJIOB HE ONMHCHIBAIOTCSI - COTJIACYETCS
TOJIPKO BHEIITHUY KOHTYP. 3HAUYUT pelbed 10 TaKOMY IIJIaHy UMeEeT ObIPY POBHO TaM, I'Tie BEIPaboTKa,
¥ 3aTI0JIHUTEL €€ HeueM, KpoMe OPOBOK U TTOIOIIIB.

3arso3gka B TOM, YTO Yy JTUHUU OTKOCa B UepTexKe HeT OTMEeTOK. Ho OHM eCcThb y TOpHM30HTAaJleH,
KOTOPBIE K 9TUM TUHUSM NPUMBIKAIOT: HOPMaTUB TPeOyeT MOBOOUTh UX [0 JINHUU ONUCAaHUI 00beKTa
y310BEIMU TOuKaMu. 2.22 IIpoduiupoBaHHe OTKOCOB COOMpPAET 3TU TOYKH U BOCCTAHABJIMBAET
10 HUM TIPO(}UIb BCEl JIMHUU - IePEMEHHYI0 OTMETKY M3 CaMUX OaHHLIX, @ He OOHO YUCJIO Ha BeChb
0OBEKT.

Hanemre 2.20, Ho yxke 0e3 IIMP: xorga y TUHUME €CTh CBOM OTMETKM, CIIYCK 110 CKJIOHY He HYXKEH,
MOMOINIBOM CUUTAETCA OIuKanasg TUHUSA HUXKe OPOBKU. DTO BaXHO, IOTOMY YTO MHAYe [I0Iydaics
KpYT - 94TOOBI IIOCTPOUTH pejibed, HYyKHEI Iaphl, a OJIA [Tap CIyCKOM HYXKeH peiibed, KOTOPOro eIlé
HEeT.

3ambikaeT 2.03: ropusloHTanu Kak oO6BIYHO, a (opMHI momaroTcsd Bo Bxonsl Bepx dopm u Hus
dopmM. [ToBepxXHOCTL MeXKAy OPOBKOM U IOMAOIIBOM CTPOUTCSI METOOOM PACCTOSHUM, TEJIO YXOOUT
B WHTEPHOJISANUI0 XKECTKUMM y37amMu, rpanuiia pabortaer OGaprepoMm. [lopora 3HAYMMOCTH B
VHCTPYMEHTE HET HaMePEeHHO: Jajii ABe CTOPOHEH - CTPOUTCS IIOBEPXHOCTH, Hajiu OOHY - paboTaeT
OaprepoM. PemreHne MpuHUMAaET Y€JIOBEK, KOTHa PUCYET BTOPYIO JIMHUIO.

HyKeH reojioru4ecKuu pa3pes

Pa3pe3 B Isoliner - 3To0 He KapTUHKA, a cucTeMa KoopauHart. 4.01 Pa3pe3 mo JTHHHH IIpeBpalaeT
JIMHUIO Ha KapTe B IIJIOCKOCTh dYepTezKa C OCAMHU pacCTOSHUEe-BHICOTAa U BBIJAET, KPOME CaMOTO
yepTexka, CIIyKeOHBIM CJI0M ompeaeieHHe pa3pe3a. Bce ocTanbHBIE WHCTPYMEHTHI T'PYIIITHL
MPUHUMAIOT €ro Ha BXOH M 6jaromaps eMy KjIagyT CBOM OOBEKTHI B Te XKe KoopauHaThl. OTcroma
npaBusio: crnepsa 4.01, 1oToM BCE ocTanbHOe, U B noJie «OnpenesieHne pa3pe3a» MOJAETCSA BBIXO]I
4.01, a He ucxomHasi IUHUSI.

BeptukanbHbIN MaciiTab 3agaéTcs TpeMs criocofaMu, 1 BEIOOD HeodeBuneH. MHOKUTENE IPOCT, HO
TpebyeT 3HAHUS OJIMHBI Pa3pe3a: Ha KUJIOMETPOBOM IIPOoGUiie MHOKUTENb 3 [acCT MJIOCKYIO JIEHTY.
OTHo1LIeHUe radapuTOB YepTekKa moadrpaeT MHOXKHUTEJIbL CaMO Tak, YTOOH! IMPUHA OTHOCHUJIACh
K BBICOTE KakK 3afilaHo, U paboTaeT Ha pa3pe3e J1i000# OUHEL - HAYHUTE C Hero. Y moMHUTE, YTO
IIPEBHIIIIEHNE UCKAXKaeT BCE YIIIB: Tpu MHOXKUTee 10 HaKJIOH B 5 rpagycoB isKeT Ha GyMary mog,
41, mO3TOMYy YTJIBI IO YEPTEXKY TPAHCIOPTUPOM HE MEPSAT.

[anbine Ha pa3pe3 HAHOCUTCS comepxkuMoe. 4.02 CTaBUT CKBAXKUHEI C UHTEPBaaMu OITPOOOBaHUSI,
4.04 TpPOBOOUT IIOBEPXHOCTU U3 pacTpoB, 4.053 HaAHOCUT BEKTOPHBIE OOBLEKTH II0 TOYHOMY
IepecedYeHuIo C IMHUEN. Y IToCJIeHero IPaBuUJiIo 110 TUILY O0beKTa: IJI0CKas JIMHUS TaéT BePTUKATIb
(M3BECTHO I'Ie, HEM3BECTHO Ha KAKOU I'TIyOrMHe), TPEXMEPHAas - TOYKY Ha PeaIbHOM BEICOTE, IIOJIUTOH
- BepTHUKalIbHYI0 Nonocy. Eciau 3ajaHbl yron W a3uMyT NafeHus, BepTUKaslb IIpeBpalllaeTcs B
HaKJIOHHBIM CJief], a II0JIoCa - B IlapajuIejiorpaMM.

HauaTtpk mpoine Bcero ¢ memo: 4.10 IIpumMep ajisi pa3pe3a (IeMo) BBEIIAET MIeCTh IOBEPXHOCTEH,
IISATh IJIACTOB, TPU JIMHUK Pa3pPe30B, CKBAXKWHEI, 30HBEI U CJIOW [JIs HPOBEPKH YIIOB mameHus. Ha
HEM BCS LIETIOYKa ITPOXOOUTCS 3a HSITh MUHYT, ¥ OIIUOUTHCS HETIe.

HyXHbI 00b€MBI PadoOT

2.18 Hackinu U BBIEMKH CPaBHUBAET [BE IIOBEPXHOCTH U CYMUTAET, CKOJILKO BBIHYTO U
CKOJIBKO yJioxKeHo. OOBIYHO 3TO penbed Oo paboT W mocie, WM HPOEKTHAs MOBEPXHOCTH IIPOTHB
daKTHIECKOM.

CumuTaeTcs II0 SYEeHKaM: Pa3HOCTE BBICOT YMHOXKAETCsA Ha IIJIOIIadb H‘-IeﬁKH, IIOJIOZKUTEJIbHBIE U
OTpHUIIATENIbHEIE CYMMHUDYIOTCS pa3mesnbHo. OTCioga 0OYEeBUAHOE, HO BaXKHOE: TOYHOCTH 00BEMa
YIHPAeTCsi B TOYHOCTH 00eHuX MOBEPXHOCTEH, 1 €CJTH OfJHA U3 HUX ITOCTPOEHA 110 PeIKUM TOYKaM,
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KPacCHBOE YKCJIO B OTUETE He 3HAUUT HU4Yero. Kapra omuOKY KPUTHHTa U HEBSI3Ka 10 OTJIOXKEHHEIM
TOPHU30HTAISIM - KaK pPa3s Ipo 3TO.

I'panuily cuéTa 3ajjaBaiiTe IMOTUTOHOM, MHAYe 00HEM IMTOCYUTAETCS 10 BCEMY ITEPEKPHITHIO PACTPOB,
BKJII04as 06/1acTy, KOTOPHIX pabOTHI He Kacaluch. ITO BTOPoe, 000 YTO CIOTHIKAIOTCS: Pa3HUIlA ABYX
IIMP moyTm HUKOT[A HE paBHA HYJI0 3a ONpefgejaMu BHIPAOOTKH, TaM TyISIeT IIyM ChEMKH, M Ha
0O0JIBIION IIJIOMIAAY OH HAKAIJIMBAETCS B 3aMeTHEIE KyOOMETPEL.

OO011as1 TOoruKa padoTsl

Tumnoso# ciieHapui COCTOUT U3 ABYX IArOB:

2D Kriging: mo TOYe€YHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCA pacTp (perymnsapHas ceTKa
3HaYeHUuH).

HN3onuHuM M3 pacTpa: [0 MHOJIYYEeHHOMY PacTpPy CTPOSITCA HW30JWHUU U, HPU HEOOXOOUMOCTH,
3aJIUTHIE KOHTYPHEIE TTOJTUTOHEI.

[Ilaru He3aBUCUMEBI: «M30TMHUK U3 pacTpa» PaboTaloT C TIOOLIM PACTPOM, He TOJIBKO C Pe3yJIbTaTOM
KPUTHHTA.

HNHCTpyMeHTH cOOpaHbl B TPU IPynnsl Processing. I'pymnma «['pum u U30IUHUK» 3TO OCHOBHOM ITOTOK
06p860TKI/I, OT KPUTHWHI'a O0 U30JIMHUN. prrma <<,]101'[OJ'[HI/ITeJ'IbHBIe UHCTPYMEHTHEI aHallu3a» 3TO
CIienraJIn3upPOBaHHEIE paC‘-IéTbI, KaTeI‘OpI/IaJIbHHﬁ I/IHJZ[I/IKaToprII;I KPUTUHT, KPDUTUHT C BHEIIIHUM
operidhoM, TUAPaABINYECKUM TPagueHT C HalpaBieHUeM IT0TOKa, KapTa BePOSITHOCTH ITPEBHIIIEHUST U
yOenbHBIM pacxop 1o Hapcu. I'pymnma «Pa3pe3» 9TO IIOCTPOEHME I'e0IOrNYeCKUX pa3pe30B I10 TUHUN
U IMOATOTOBKA AEMO-TaHHBIX JIS HUX.

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

50
40 3. M3onuHuM M NonwuroHkl
1. CkBaWHLI (To4kK) 2. Fpua (KpwruHr) - - .
P L %) ¢ e i
. ™ % - X 3 i
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- - Vil 2 s? 10 E = BT
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Puc. 1: Beckp 1mpollecc Ha CreHepupPOBAaHHOM IIpMMepe: CKBaXKMHBI C H3MepeHUusMH (cieBa)
IIpeBpaIaloTCsa B CIJIOIIHONW T'PUI KPUTHHIOM (B IIEHTPE), II0 KOTOPOMY CTPOSTCS M3OJIMHUU U
KOHTYPHEIE IIOJIUTOHEI (CIIpaBa).

ITogocHOBa

Ha manenu Isoliner ects kHomkKa IlomocHOBa: KapTa MM KOCMOCHHUMOK IIOI HAHHBIE OOHUM
nBuxkeHneM. OTMEThTE HYXKHBIE UCTOYHUKHU, HaxkMuUTe [[00aBHTH, U CJIOU JIATYT B OpoeKT. OKHO
OCTAETCsI OTKPBITHIM, IIOTOMY YTO IIOHOCHOBHI IIOOOMPAIOT, TISIAS Ha KapTy: HoOaBUIIM OOHY,
IIOCMOTPEJIN, DOOaBUIIU OPYTYIO.

B moctaBKe ceMb HCTOYHHUKOB - OpenStreetMap, OpenTopoMap, KOCMOCHUMKH, TOIIOOCHOBAQ,
cxXeMa, OTMBIBKa pejibeda U YKIOHBL. ¥ KOCMOCHUMKOB PSIIOM C MMEHEM IIOMEYeHO, YTO €CTh
MMOJIyIIPO3pPayuHbIil BapuaHT: OH KJIAAETCs IIOBEPX [AHHBEIX, a HEe IIOO HUX, U II0 HEMY CBEPSIOT
ITOJIOKEHUE.

14



®naxok IT0I0KHUTH OO OCTa/IbHbIE C/IOM OIyCKaeT JM00aBIeHHOEe B CAMbLIM HU3 IepeBa, YTOOBI
IIOMOCHOBA He 3aKphIBalia paboTy.

CBou ucTouHuK mobasBnsieTcs 0e3 mpaBKu Koma. Hactpoiite cioit B QGIS kKak 00BIYHO, 3aTeM IIPaBOH
KHOITKOW B fiepeBe CII0EB IKCHOPT - CoxpaHUTh KaK (ail ompemeIeHHsI CI0sI U TOJIOXKUTE
MMOJIYYEHHBIN .qlr B IIAIIKY basemaps IIJIarvHAa. [IOpPsSOK B CIMCKe 3afaéTCs YUCIJIOBHIM ITpedUKCOM
uMeHH ¢daiina. OnpeneseHue CI0sa BEIOpPAHO He CIIyYaliHO: B HEM y2Ke JIeKUT U CTPOKa IMOOKITIOUeHHUSsI,
M CHCTeMa KOOPAMHAT, U CTUJIb C IIPO3PaYHOCThI0, @ COOPAaHHBIN BPYUYHYIO afpec 3TO TepseT.

TTolOCHOBEI OTHAIOTCS B BEO-TPOEKITMH, a TMIPOEKT OOBIYHO paboTaeT B MECTHOM cucteme. Ecimu y
CHCTEMHI KOOPOUHAT IIPOEKTa 3adaH JaTyM, Iepexol CYUTAaeTCs U IIOJOCHOBa coBMelnaeTcs. Ecmu
OaTyM He 3adaH, CHUMOK CMECTHUTCS MOJda, II09TOMY OKHO IIpemymnpexmgaeT o0 3TOM 3apaHee, [0
moOaBJIEHUS.

1. I'pua 1 U30/ITHHUHA

1.01 [Iexnacrepu3amnus (Beca)

HWHCTPYMEHT rOTOBUT JaHHBIE IIeped HHTepIosanuei. Korma mpo06hl CTyIIeHH HEPaBHOMEPHO, OIHU
06710Km pa30ypeHBl IIJIOTHEE APYTUX, HawBHasl riobanbHAasi CTAaTHUCTHKA CMEIIAaeTCsi B CTOPOHY
repepasBeNaHHBIX y49acTKOB. Ecmu rymie Oypunu OoraThie 30HB, CpefHee M THUCTOrpaMMa
3aBBIIIEHBI, @ 3TO IPSIMO BIIUSIET Ha IIOACYET 3aracoB. fAyencrast geknactepulanus (mopt GSLIB
declus) maét kaxpou mpobe Bec, OOpaTHHIM JIOKAJIbHOM IIJIOTHOCTHU: B CKOIJIEHUM MEHbBIIE, Ha
otmnbe Oosbiie. [TI0o B3BeIIEHHBEIM MAHHBIM CUMTAETCS IIPEOCTAaBUTEIbHOE MEeKJIaCTepH30BaHHOE
cpenHee.

Ha nosne HaknapreiBaeTCs CeTKa UeeK, BeC IPpoObl IPONopINoHalleH eIuHNIe, TeIEHHON Ha YHCII0o
npob B e€ siuelike, 3aTeM Beca HOPMUPYIOTCA. PasMep suelku nog0upaeTcss aBTOMaTUYeCKU: CBUIL
10 pa3Mepam, BEIOOP 10 MUHUMYMY OEeKJIacTePU30BaHHOT0 CpeqHeTo (KOor'ha CKOMJIEHUS IIPUIINUCH
Ha OGoraTeie 30HBI) MO0 MO MAaKCHUMyMy. MOXKHO 3afiaTh pa3Mep BPyuYHYI0. Ha perynsipHoil ceTu
OeKacTepru3alus HU4Yero He MeHsIeT, BCe BeCca PaBHHI.

[TapameTp Ha3uauenue ITo ymomyaHuio

TOYKH CO 3HAYEHUSIMHU ITpoOwI. -

[Tone 3uavenus Z (IycTo: U3 Yucnosoe noje. ITycTo - -

TeoMeTpHH) oTMeTKa 6epéeTcs u3 Z TOYKH.

Pazmep sueliku ABTO (CBUII) UIU PYYHOU. ABTO

Pazmep s4yeliku Ois pydHOTO CTOpOHa sT4YeUKU B pyYHOM 0

pexuma pexumMme.

Llens cBuna ([or.) MuUHMMYM UM MaKCUMyM MuHEMyM
CpemHeTo.

Yucio pa3MepoB B CBUIIE CKOIBKO A4eek nepebparts. 24

(Oom.)

CooTHoIlleHNE STYeUKHu Y/X AHU30TPOIIUS TUYEUKH. 1

(Oom.)

CMmemieHuM Hadajla CETKHI YcpenHeHMe 10 cOBUTaM 4

(Oom.) CEeTKH.

Touku c BecaMu Crnou Touexk c nmoneM wt. -

HTML-otuéT CBofka, TUCTOTpaMMa, KpuBasi 10 YMOJTYaHHUIO
CpenHerTo.

Brixomsi: ciio#t Touek ¢ moneM wt u HTML-0T4€T co CBOIKOM (HAaBHOE IPOTUB OEKIaCTEPU30BAHHOIO
CpefHero), TUCTOTPaMMOM CHIPOU HPOTHUB B3BEIIEHHOW M KPUBOM CPEOHETrOo OT pa3Mepa S4YEeuKH.
IlekmacTepu30BaHHOE CpelHee M3 XKypHala U OoT4e€Ta cTaBuUTCcsI B 1.02 B mone CpenmHee Ojisi
IpPOCTOro KpuruHra, a nojie wt nomaércsa B 3.06 T'ayccoBa CHMYJISAIMS [JI B3BEIIEHHOTO
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HOpMaJ'II:HO-6aJIJ'IBHOTO HpeO6pa3OBaHI/IH. YPaFaHHLIe HpOGbI OTCEeKaITCs OTOEJIbHO, IIEPCEHTUJIEHBEIM
KaIllaHXuEM B CaMUuX MHCTPYMEHTaX KPUTHUHTI'a XU KPDOCC-BalXuOalluun.

1.02 2D Kriging (Touku - pacTtp)

OpousaapubE# (OK) unu npoctou (SK) KpUuruHr 1mo TouedHoMy ciior. CoBrnagaronue TOYKU (OOUH U
TOT ke XY) yCpemHsIoTCs 110 Z. B y3/1ax ceTKM 3HaYeHUs UCXOOHBIX TOYEK BOCIIPOU3BOLOATCS TOYHO
(Ipu HyJI€BOM HarreTe).

KpWruHr: oueHka B y3Jie - B3BelleHHoe cpefiHee cocelel

CKBa»KUHbI
y3en (oueHnBaem)

Bec 20%

O

Bec 14%

Q

Bec 14%

O

eec 11% *

O

Bec 21%
(@) Bec 20%

Yem Banke cKBaKuHa K y3ny, Tem Bonblue eé Bec.
Beca nopbupatoTcs No BapuorpaMMe, a He NpocTo 1/paccTosHue.

Puc. 2: Kpuruur olleHuBaeT 3HaYEeHHe B y3JIe KaK B3BEIlIeHHOe cpefiHee OIMKANIINX CKBAXKUH: YeM
OmmmzKe CKBaXXMHa, TeM Oonbliine eé Bec. Beca mom0upaioTcs IO BapuorpaMme.

OCHOBHEIE TTapaMeTPhI:

[TapameTp Yro 3amaér ITo ymon4aHuio / COBET
ToueuHBIN CJIOU HcxonoHble TOUKU (CKBAa>KUHEL) -

0711 UHTEPIIONIINHU.
TombKO BeIIENNE€HHBIE 00BbEKTH ~ CUMTaTh JIUIID 110 BBIKIJI.

BBHIJEJIEHHEIM TOYKaM CJIOS.
[Tone 3HaueHus Z (IycTo: U3 YucnoBoit aTpubyT, KOTOPHIM 3allOMUHAaeTCsI MeXay
TeoOMEeTpHUN) WHTEPIIOJIUPyeTCSa: OTMeTKa 3alyckamMu

njacTa, MOIHOCTh, OMC,

xumusd. Ilycto - oTmMmeTKa

OepéTtcst u3 Z reoOMeTpPUn.
[Tpeo6pa3oBaHMEe 3HAYEHUS In mns mor-HopMaJibHBIX HeT

BenuuuH (K, T, comepxkaHus c

OJIMHHBIM XBOCTOM): KPUTYETCS

In(Z), oltleHKa BO3BpalllaeTCs

qepes exp.
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[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

JIoKasibHas1 aHU30TPON UL

OOBIYHO aHW30TPONUS 3a0aETCS OOHUM a3WMyTOM Ha BeCh y4acTOK. TaM, roe pyOHBIE 30HBI WU
TeOXMMHUYEeCKHe OpeoJibl u3rubaioTcs, 3TOr0 Majlo: HalpaBjieHWe BHITIHYTOCTH MEHSEeTCS II0
IJIOIManiy.

IMone mpocTUpaHMUs B TOYKAX BKIIOYAET JIOKAJILHBEIM pPeXHM. Y KaxXmoil mpoOLl CBOE 3HaUeHHEe B
rpagycax OT ceBepa, U B KaX[oU s4YeliKe KPUTUHT yCPeOHsSeT ero M0 TeM XKe 3aMepaM, KOTOphIe
OepéT B pacuéT. Bcst cucTeMa mpu 9TOM pellaeTCs II0 OJHOM MOOesiu: pa3Hbie MOMENH IS Pa3HbIX
rap 3aMepoB caesianu Obl MaTPHUIy He IOJIOKUTEJIbHO OIpeneIéHHOM.

I[IpocTupaHue IMOHMMAETCS KakK OCb, a He KakK HampaBleHHe. Ilepuom y HEro CTO BOCEMBbIECST
rpagycos, mostoMy 170 m 10 oTnuyaroTcs Ha OBafgUaTh I'pagyCcoB, a HE Ha CTO IIECTbOECAT, U
yCcpegHeHHWe UOAET Yepe3 yAaBoeHHBIN yroji. OObIYHOEe cpedHee majio OBl 34eCh IEPIEHOUKYISIP K
UCTHUHE, u oImbKa Obljia OBl TUXOM: KapTa BHITSHYJIACh OBl IIOMEPEK CTPYKTYPHI U BHITHIsSIOEena OBl
3aKOHOMEPHOU.

KoadduimmmenT cxkaTus ocTaéTcsi OOIIMM i ydacTKa: MeHSIeTCs TOJIbKO HampaBjieHue. Bropoi
MEHSIOMINKCS MapaMeTp Aajl Okl BO3MOXKHOCTE HOOOTHATH KapTy IO OKUIaHKue, a KPOCC-BaTuaaIus
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Paguyc noMcka v YWCo cocegHWX ToYek

BHE paguyca (He y4TeHbl)

B paanyce (yyTeHsl)
y3en

paguyc nowncka

[lns oueHkK B y3ne BepyTCA TONbKO CKBaXWHbI BHYTPW paauyca
(1 He bonblie 3a0aHHOM0 MakcuMyMa bavkanwnx).

Puc. 3: [Insa kaxpgoro y3l1a GGPYTCH TOJIBKO CKBAZXKWHBEI BHYTPHU pPaguyCa IIOMCKa " HE€ Oonee
3aJaHHOI'0O YHCJla Onmuxkanmmux. ToYyky 3a PaguyCcoM He Y4aCTBYIOT.

3TOro He IIOKaxXeT.

Tam, roe HampaBIeHUS COCeOed PACXOMSTCs, JTOKAIbHBEIM MOBOPOT He MpPUMEHseTcsa u paboTaeT
ob1ass Mofiennb. BeigyMbIBaTh HallpaBJjIeHUE TaM, I'le eTo HeT B JaHHBIX, HEIIPABUIILHO.

Pe3ynbTaT MPOBepsiliTe Kpocc-Bamupallrell Ha yoepzKaHHOIN BeIOOpKe. JIoKanmbHas aHU30TPOITHS
meJjlaeT KapTy IIOXO0XKel Ha reoJIOTHYEeCKYI0 UAel0, ¥ B 9TOM €€ CHJIa U €€ OIIaCHOCTh: IPU HEBEPHOM
IIPOCTUPAHUY KPUTHHT BRITIHET aHOMAJIMK BIOJbL OIIHOKH.

VYparaHHbIie IpoObI OTAEIBHBIM CJI0E€M

OT6pOH_IeHHbIe OTCE€BOM TOYKH MOZKHO ITOJIYYUTH BBIXOOOM: KOOPAOWHATHI, 3HAYEHUE U IIPDUYHUHA -
HMXKe WU BRINIE KaKOM T'PaHUIIHI. ITo YMOJIYaHHUIO BBIXO/MO BEIKJIFOYEH.

CMmoTpeTs ux cTouT. OTCEB I10 NMEPLEHTUIIIO He OT/INYaeT omKUOKy 3aMepa OT HacTosIel aHoMalIuy,
a pelleHure 3TO Te0JIOTUYECKOe: CKOIIJIEHUE OTOPOIIEHHBIX TOYEK B OMTHOM MeCTe OOBIYHO O3HAdaeT
He Opak, a HEYYTEHHOE TeJIO.

ABTOMaAaTHYE€CKHEe 3HAYeHUs

Pa3mMep siuetiku = min(imupuHa, BeIcoTa oxBaTa) / 50.
Paguyc Koppensanuu BaprorpaMMEBl = max(IInprHa, BEICOTa oxBaTa) / 3.

Papuyc noucka (mpu 0) = guaroHajb oxBaTa, TO €CTh 6epETCs BCSA BRIOOPKA.
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OOpe3Ka o0 KOHTYPY CKBazkuH

KpuruHr cuutaeT BeCh IIPSIMOYTOJIBHBIN OXBAaT, IIO3TOMY BHe 00JIaCTU MaHHBIX 3HAYEHUS SIBISIIOTCS
SKCTpamonsaiuel U maioT apTedakTH (OJIMHHBIE «BeepHBIE» U30IMHUM B IIYCTHIX yriax). Omums
«O06pe3aTh M0 KOHTYPY CKBAXKHMH» CTPOUT BBITYKIYIO OOOJIOYKY BCEX TOYeK (C HeoOs3aTeIbHBIM
Oydepom) m obpezaeT mo HeM pacTp. IDKCTpamosanus ucyesaer. Ecmu dakTuyeckass TrpaHUIa
y4acTKa BOTHYTas, 3aJaliTe CBOM ITOIUTOH B «Macke 0O0pe3Ku» - OH IIPUOPUTETHEE 000JIOYKH.

BapuorpamMmMa M Harrert

cunn (CO + Q) i
CO+C - ;
£ !
> !
= , CTPYKTYPHBbIi
g : Bknapn C
)] 1
C 1
v i
= 1
=) |
> |
S 1
=) i \
C  Co- i
HarreT CO :
0 i
0 paguyc a

paccTofsHMe Mexay To4ykamu h

Puc. 4: Cxema BapuorpaMMmsl: HarreT CO, ctpyktypHbIi BKinag C, cunin (C0+C) 1 paguyc KOppesaiuu
a.

KpuruHr onmpaeTcsa Ha MOfeJib BapuOTPaMMEl - OHa ONMKUCHIBAET, HACKOJIBKO CUJIBHO pPa3/In4yaloTCs
3Ha4YeHUsd Z B OBYX TOYKAX B 3aBUCUMOCTHU OT PACCTOSHUS MeXAy HUMH. [Ilo 3TOM Momenu
KaXXJIoM cocefHel CKBaxXKHHe Ha3HadaeTCs Bec. Mojiesnb 3afaeTcsi B pasfesie «I[oMoMHUTEIbHbIE
rmapaMeTphI».

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

Harrer CO Harrer - 3T0 3Ha4yeHMe, K KOTOPOMY CTPEMHTCS KpHWBas BapUOTPAaMMbI ITPU
PacCTOsTHUU, CTPeMSIIEMCS K HYJITI0. TeopeTHUYeCKH, Ha HYJIEBOM PACCTOSTHUU PACX0XKIEHUE NOIXKHO
OBITH HYJIEBHIM (TOYKa CpaBHUBaeTCS caMa C co00l), HO Ha IpaKTUKe OCTaeTcs cTyneHbKa. OHa
OTpaXxaeT TO, YTO JaHHBIE Ha OYE€Hb MAaJIbIX PACCTOSTHUSX BCE PABHO HE COBIIAHAIOT: IIOTPEIIHOCTh
“3MepeHUsT W OUMGPOBKYU, MHUKPOU3MEHUYHMBOCTH HA Maciita0e MeHbIIe pPaCCTOSHUSA MeXKIY
CKBaXkKMHAMM, PacxoxkaeHue my06rel B OOHOM TOYKE.

Kak Harrer BIuseT Ha Pe3y/IbTaT:

CO0 = 0 (mo yMom4aHMIO) - KPUTHUHT SIBJIIETCS TOYHBIM MHTEPIIOJISITOPOM: IIOBEPXHOCTb 0Osi3aHa
ITPONUTH POBHO Yepe3 KaXkKayio CKBaxkuHy. M30/1MpoBaHHas CKBazKKWHAa C BLIOPOCOM 110 Z IPEeBPallaeTcs
B KOHYC («OBIUMH T'J1a3»).

CO > 0 - KpUruHr IIepecTaéT TOYHO BOCCTAaHABIMBATh 3HAYEHNE B TOUKE U3MEPEHUN U CTAHOBUTCS
crilaxkuBaTesieM: BOMU3M CKBaXKMHEHI OIleHKa IMOATSITUBAETCS K JIOKaJIbHOMY cpemHemy. Yem Gonbiie
moist Harreta CO / (CO + C), TeM cunbHee criakuBaHUe.
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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.

CO = Bech cuyuI (UUCTHIM HAITET) - IPOCTPAHCTBEHHAS CBSI3b TEPSETCS, IOBEPXHOCTh BEIPOXKIAETCS
B IIpOCTOe cpenHee. ITo nepebop.

Baxuo - eguHunbl. Harrer CO u cuil 3agaloTcsi B aGCOJIOTHBIX €OUWHHMIIAX JHCIEPCHH
ODaHHBIX (KBaZpaT eguHHUI] Z), a He B gonsax 0-1. 3HadyeHue «1» y cHJIJIa IO YMOJYaHHUIO - 3TO
YCJIOBHOE 3HadeHHe, KOTOpPOe MOYTH BCeTrfga HYKHO M3MEHHUTh: 3ajanTe cyMMapHbU cuma (CO +
BKJIagbl CTPYKTYyp C) OJIM3KHM K JUCHEPCHH JAaHHBIX. YPOBEHL CrJIa)kKWBaHUS ONpefesisieT He
abconioTHas BeJIMYKWHA Harrerta, a ero monsi B cwuwie CO / (CO + C). IlpakTudecKud mOpsAOOK:
BO3BMHUTE CYMMAapHBIN CHUJII = Oucrepcuu, 3ateM Harretr = 0.2-0.4 oT Hero (to ecth 0.2-0.4 X
oucIepcuu - abcomoTHoe yucio, a He 0.2-0.4 kak TakoBoe). YeM MeHbINIe HArTeT, TeM OOJbIIIe
meTasiel, Ho U OOJbllle JIOKaJIbHEIX NMKOB. YeM Oombllle, TeM IIOBEPXHOCTH POBHEE, HO BO3MOXKHO
CrjlakKvBaHUE peajbHOU CTPYKTYpHL. [IUCIEPCHI0 DaHHBIX UHCTPYMEHT IedaTaeT B 2KypHal IIpu
3amyckKe - 3TO ¥ €CTh Balll OpPUEHTUD IJid BeIOOpa cusia.

CTpYyKTyphl, paguMyc M aHuU30Tpomus Cumnn (moska) 3TO YpPOBEHb, Ha KOTOPBIA BBEIXOOUT
BapuorpamMma. OH ckiapgbiBaeTcsa u3 Harrera CO u Bkimaga cTpykKTyphl C. CTpPyKTypa 3afaéTcs
Momenbio (chepudeckas, 3KCIIOHEHIIMaJIbHAas, TayCCoBa UJIM CTeleHHas), moporom C, pajguycoM a,
a3UMYTOM U aHU30TPOIIUEN.

Cuia: CMBIC/I M HOPSAOOK BeJIWYHHBI. CUJII - 3TO BEPXHUM penesl pa3Iuduil MeXOy TOYKaMU:
HaCKOJIBKO B CpefHEM OT/IMYaloTCs Hal€Kue OPYr OT Apyra CKBaXuHEL. OH NpPaKTHUYECKU paBeH
0oOBIYHOM mucmepcuu maHHbX. [IpuMep mo KCl: cpemree = 25 %, oucnepcus = 47.6 (%?), To eCTb O
= 6.9 %. 3HauuT, CyMMapHBIN cuil 3agaéM = 47.6. Ecnu Harret CO = 17 (mpumMepso 0.35 cunmna),
TO CTPYKTYPHHIN BKJIa[ ePBOM CTPYKTYPEL C = 47.6 — 17 = 30. Ha cam rpup abCcoIOTHEIM MaciiTab
He BIIUSAET - OJIS OIIeHOK BaXHO TonbKo oTHomeHue CO : C. Ho oH HyKeH, 4TOOH KapTa CTaHIapTHOM
omu6ku 1 MSDR B Kpocc-Banugauuu 6bUIH B peajibHOM MaciiTabe (CyMMapHBIN CUIJT = OUCIIePCUU
— MSDR = 1). [TosToMy: He ocTaBngauTe CUI = 1 10 yMOI4YaHUIO, IOOHUMUTE €T0 OO0 OUCIEPCUN
OaHHBIX.

Brioop wmomenu. Chepuyeckas W 9SKCIOHEHIMAbHAs IOOXOOAT [ys OOJBITHHCTBA 3aady.
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CreneHHass MOfOenb He WMeEET CHJJIa M paguyca B OOBIYHOM CMEBICJIE: €€ INPUMEHSIOT, KOTha
M3MEHYUBOCTb PACTET C PACCTOSIHMEM U He BBIXOOWUT Ha MOJIKY (HECTAaMOHAPHOCThL IIPUpPAIleHUN),
TIOJISI ITIOPOTa M Paguyca AJIs He€ YCIOBHHL. ['ayCCOBY MO eJTh HPUMEHSIUTE OCTOPOKHO: IPY HYJIEBOM
WM OYEeHBb MaJIOM HarTeTe OHa HAéT YKUCJIEHHO HEYCTOMYUBYIO CUCTEMY U apTedaKTh (OCITUIIISIINH,
OTpUlIaTENbHEIE Beca). [103ToMy Tpu BHIGOPE TayCCOBOM MOMAENN WHCTPYMEHT TPUHYOUTEBHO
yOoepzKuBaeT HEOOJIBIION MUHUMAIbLHLIN HArTeT. [0 BO3MOXKHOCTH 3afjlaBaliTe eT0 U CaMu.

Tun maHHbBIX U pekuM. [lon pa3Hble JaHHEIE Hy2KHBI Pa3HBIEe HACTPOUKU. ['Tagkue CTPYKTYpPHEIE
IMOBEPXHOCTHU (OTMETKH KPOBJIM U IIOMOIIBEI, MOIITHOCTH) JIy4Ille MOIEIUPOBATh MJIMHHLIM PaguyCOM
WM CTETIeHHOM MOMenbi0 NMpU IMPOKoM (rimobanbHoM, 0) pammyce MOMCKa - TOT{a MOBEPXHOCTh
nojydaercs riaagkoi. KopoTkuit paguyc ¢ JIOKaJbHBIM IIOMCKOM Ha TAKWX HAHHBIX OAET «OBIYBbU
Ta3a» U pa3phIBEl OLIEHKM IIPU CMEHE COCTaBa COCEOHUX CKBaxKWH. [IJI KOHIEHTPalU# U XUMUU
(®MC, ra300mIacHOCTL) KPUTHHT padoTaeT B CBOEM IIpaBe: 3[eCh BaxKHLI KOPPEKTHHIM HArTeT H,
IIPU CUJIPHOM aCUMMETPHM pacupefefieHus, Ipeodpa3oBaHue JaHHBIX (CM. HUXKE PO yparaHHBIE
ITPOOEI).

Papuyc KOppessiiy a - paCCTOsSIHHE, Ha KOTOPOM BapHorpaMMa BEIXOOUT Ha MHOJIKY. IlajbIlie 3TOTO
paccTosTHMS TOYKM MHPAKTHYECKH He BIHSIOT OPyr Ha Opyra. Ilpu O GepéTcsa aBTOMaTHYeCKOe
3HayeHue max(oxsaT)/3.

AumsoTponus 3ama€Tcsi a3UMYTOM TJIaBHOM OCH ¥ OTHOIIEHWEM pPaguycoB (MaJsiasi/TiaBHas).
3HayeHne 1 - M30TPOMHO (BNMHSHUE OOWHAKOBO BO BCEX HAIIPABIEHUSX). 3HadyeHUe MeHbIie 1
YKOpadyuBaeT KOPPENSINI0 IOIEePEK TJIaBHOM OCHU - TOJIE3HO [OJisi BBITSIHYTBHIX TI'€0JIOTUYECKUX

CTPYKTYP.

AHW30TRONWUSA: BbITAHYTANA 3aseXb U 3MNNC NOUCKa

rnagHas oCk
(bonblion paguyc)

Manaa ocb

L @3lmMyT

Ecnu 3aneb BLITAHYTA, KOpPensauwa BAONL Heé fanblue, YeM nonepéx.
INNUNC 3a0a8TCA a3sMMyTOM MaBHONW OCA W OTHOLWEeHWeM ocel.

Puc. 6: AHM3OTPOMUS: €CNIU 3ajieKb BHITSIHYTA, KOPPEeJSAIUs BOOJbL He€ [manibllle, 4eM IIOIEpPEK.
DINIUIIC NTOKCKa 3aa€TCs a3UMYTOM I'JIaBHOM OCH M OTHOIIEHUEM ocel (MaJsiasi/TiaBHas).
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

CpepHee Oy IPOCTOTO
KpUTHHTA
Harret CO

CTpykTypa i - MOogenb

CTpykTypa i - mopor/Bknazn C

CtpyKTypa i - paguyc
KOPpPENSaIuy a
CTpykTypa i - a3uMyT, °

CTpyKTypa i - aHU30TPONUA

Hcrione3yeTcst TONBKO IIPU
tune SK.

«IyMm»/cKa40K BapruOTrpaMMEL
y Hyns. IlofaBsisieT T0OKaJIbHEIE
nuku. B aBCONMIOTHRIX
eOUHUIlaX OUCIEePCUU.

®opmMa BapUOTpaMMHI:
chepuueckas,
SKCIIOHEeHIIMalbHas, rayccoBa,
CTeIleHHas.

Bxkiapg cTpyKTypH B cuiui (a6c.
eguHULIH gucrnepcun). Cymma
C0+C = gucrnepcuu HaHHBIX.
st cTpykTyp 2 u 3: 0 = BBIKJL.
HucTaHnusa BEIXOOA Ha IIOJIKY.
0 = aBTO = max(oxBar)/3.
HamnpaBnenue rinaBHOU ocH
QHU30TPOIIUH.

OTHOLIEHNE PaguyCOB

0

0. Ona crnaxuBauusd 0.2-0.4
OT CHJIJIa

chepudeckas

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

0 (aBTO)

0

(Manmasi/TnaBHAA) MO EPEK/BOONL ocu. 1 =
M30TPOITHO.
Bapunorpamma KC| (nnact Kpll): akcnepmMmeHT 1 Mogesb
60 ® o
® ® o
[ ]
=
>
x
=
Q
o
o
c
(9
=
=
>
[~
o
C
HarreT CO0 = 17
10
@ IKCNepuMeHT (No AaHHbIM)
m— MOLENb: Cpepuyeckan (a=13 KM) + HarreT
0 T T T

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

paccTosiHie h, KM

Puc. 7: DkcnepumenTanbHas BapuorpamMma KCl mo mmacty Kpll u nmomoGpanHHas MoOfeb: HaArret
CO0=17, cumnn coBIaj Cc JUCIIepCUeN JaHHbIX, paguyc =13 kM. ToUuKu manbllie CUJIIa - pETUOHAJIbHBIN
TPEeH..

Tak cxeMa BBHITJISOUT Ha PeaJiIbHBIX NaHHBIX. BapuorpaMmy CTPOMAT IO CKBaXKMHaM: OJIA IIapP TO4YEK
CUHHUTAIOT IIOJIYOUCIIEPCUIO U YCPEOHAIOT II0 PACCTOAHUAM - IIOJTy4daeTCHd o611aKo (3eHéHbIe TOYKH),
100 KOTOpoe€e HOJI6I/IpaIOT MO[OeJlb (KpI/IBaH). ITo HeMy " 3a0al0T IIapaMeTpPhl KPUIMHI'd: BBICOTaA
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«CKauyKa» y Hyns - HarreT CO, monka - cuiin (0O0BYHO OIM30K K OUCIIEPCUM OaHHBIX), PACCTOSHUE
BBIXOIla Ha ITONKY - paguyc a. Ecimm Ha OOJBIINX PACCTOSTHUSX TOYKM YXOMST BHIIIE CHIIIA, KAk
37IeCh, - 9TO PETrHOHAJIbHBIM TPeHI (HecTalumoHaApHOCTh). Ero mubo y4YuTHIBAIOT OTHENbHO, IHu6O
OTPAHUYMBAIOT PAANyC MOUCKA.

OTCceB yparaHHbIX IIP0OO

Yparauuble TpPoOOH - aHOMAJIbHO BBEICOKME (MM OIMOOYHBIE) 3HAYEHUS, KOTOPHIE HCKaXKaloT
OLIeHKY: HEeCKOJIbKO «OOHaHII» II0 COHIep3KaHUI0 MOTYT IepeTsSHYTh Ha cebs BCIO KapTy rpeia, a
SIBHBIE OIMMOKM (HAmpuMep, OTpUIATelIbHAs MOLIHOCThL) MOPTAT HOBEPXHOCThb. MHCTpPyMeHT «2D
Kriging» mo3Bomnsier orpaHuYuTh TaKrue IPOOLI IPSIMO IIpU pacuéTe, 6e3 IpaBKU MCXOOHEIX JAHHBIX.
I[TapameTps! - B pa3gene «J[OMOTHUTETLHO».

OTCeB ¥ Cpe3Ka - TPyObIi IPAaKTUUYHBEIM HHCTPYMEHT HIPOTUB SIBHEIX OIMMOOK. [IJI1 KOHIIEHTPAIIUH U
XUMHHK OyObTe OCTOPOXKHEI: 9KCTPEeMalbHEIe 3HAaYEeHUs YacTO He IIIyM, a CUTHal (HampuMep, ouard
3arpsisHEeHus), U CJIeIno o6pe3aTh XBOCTHI pacipenesieHusT He CTOUT. [IJIT CUIBHO aCUMMETPUYHBIX
OaHHBIX KOPPeKTHee He oOpe3aTh IMPoOH], a mpeobpal3oBaTh UX K OIU3KOMY K HOPMAJIbHOMY BUOY
(morapudmMm, Box-Cox) unm npuMeHSATh HHAUKATOPHBIM KPUTHHT - 9TO YK€ 3a paMKaMH OTCEBa, HO
WMEHHO TaK OOXOASATCS C TSIKEJTBIMU XBOCTAMU B TEOCTAaTUCTUKE PY[I U 3aTPSI3HEHUH.

OTceB yparaHHbiXx Npob: go 1 nocne (kpacHoe - BbIbpoChHI)

[lo oTceBa: «bbl4bM rNasa» BOKpYr BbIBpocoB Mocne oTceBa/cpesku: Nnone CrokorHoe

Puc. 8: OTceB yparanHeix mpo6 Ha MpPUMeEpPE: CJIeBa TPU BHIOPOCa HalT «OBYBH Ta3a» (ropsuue
OsiTHA), CIIpaBa MOCJie CPe3KU K BepXHEeU I'paHHUIle I10JIe CIIOKOMHOe.

[IBa pexumMa. «YIanmuTh» - IpoOBl BHE MOIYCTUMOTO Arana30Ha BEIOPacHBaOTCS (OISt SBHO OUTHIX
3anuceli). «Cpe3aTth (capping)» - 3HaueHUsS BHe IOHMala3oHa NPUXKMMAIOTCSA K T'pPaHUIlE, a caMa
TOYKa OCTAéTCs B pacuére. Cpe3ka - KJIaCCUYECKUM MIPUEM [IJId yparaHHBIX TPo0 IO COmepKaHUI0:
TIOJIOKEHUE TOUKHU HE TePSIEeTCS, HO €€ BIUSHUE OrpaHUYMBaeTCsA. PexXxuM nmepekiaodaeTcs GakKkoM
«Cpe3saTs K rpaHulie (capping) BMeCTO yoaJeHUs».

I'paHunbl Mo adcomoTy. «HUXHAS rpaHulia» U « BepxHss rpaHUIla» 3a0al0T IOPOTH B eIUHUIIAX
Z manpsaMmyro. IlycToe nosne - rpaHulla He 3amaHa. OHU npuopurteTHee nepueHTtunsg. [Ipumep: ong
MOIITHOCTY IIOCTaBbTe HUKHIOIO IrpaHunly 0 - yiOoyT oTpullaTelIbHEIEe 3HAaYEHUsI, BEPXHIOI, CKaXkKeM,
30 - yipéT IBHBIN BEHIOpOC B 122 M.

I'paHuLbl IO MEPUHEHTH/IIO. P-U NEPIEeHTUNb - 3TO 3HaYeHUe, HUXKe KOTOPOTro JIeXUT pP% Bcex
npo6. Hampumep, 5-if MepPIeHTHIIL - ITOPOT, HUXKEe KOTOPOTO TOJNLKO 5% CaMbIX MaJjlbIX 3HAYEHMH.
95-i1 - TIOpOT, BRIIIIE KOTOPOTO 5% caMbIX OobmIuX. [lapaMeTp «IeplHeHTUIb 00pe3Ku, %» 3amaéT
3HA4YEeHUEe P, U T'PAHUILI O€PYTCS CUMMETPUYHO: OT pP-ro mo (100—p)-ro nepuentuns. To ects p =
2 O3HaAydaeT «CUUTATh yparaHHBIMU 2% caMBIX HU3KUX U 2% caMBbIX BEICOKUX IP0O»: BCE HUKE 2-
ro u Bhime 98-ro mepueHTUNsA 160 ymanseTcs, mubo cpel3aeTcs. Yem GoJbIile p, TEM arpeCcCUBHEE
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obpes3ka. P = 0 BHIK/IIOYAET NEPLEeHTUILHBIN PeXUM. YA0OCTBO B TOM, YTO aOCOIOTHLIE ITOPOTH
3HATHh HE HYKHO - OHU BHIYUCIISIOTCS 10 CAMUM OAHHBIM U IIOAXOOAT K JII060MY pacrpeneeHuio 1
Macmraly.

IBYCTOPOHHOCTS - BaXKHO [JIsI XUMHUMH. [IepIIeHTUILHLIN PEeXXUM pexkeT ob6a XBOCTa - U BEPXHU,
u HuXXHUM. [Ons cogepxkaHuit 9To omacHo: KCl = 0 B 30HaxX 3aMellleHUs - peasibHasl T'€0JIOTUs, U
o0pe3Ka HUKHETO0 XBOCTA OIINO0YHO IOTHUMET «IIYCThIE» YIACTKHU. [109TOMY [JIs rpelifa OTCeKaiTe
TOJIBKO CBEPXY: OCTaBbTe «HMXKHIOIO TpaHHIy» HNyCTOM W 3amaiTe «BepxHioo» abcoamoToM (UIu
MIPUMEHSHUTE MePLUEeHTUIIb, IIOHUMAas, YTO HU3 Toxke OymeT 3aTpoHyT). [IJIT OTMETOK ¥ MOIIHOCTEMN
OBYCTOPOHHSSA 00pe3Ka O0BIYHO YMECTHa.

Ilopsipok m KypHan. QUIbTp IPUMEHSETCA OO0 yCPEeOHEeHWUs COBIamalouux Touek. B XKypHan
WHCTPYMEHTAa BBEIBOOUTCS, CKOJILKO P00 yOaJieHO WM CPEe3aHO M B KAaKWX I'PaHUIAX - 9TO yooOHO
IJIs1 KOHTPOJIA.

CraHgapTHasi OIIMOKAa KPUTHHIa

KapTa cTaHOapTHOM OWWDOKN KpUTrMHra
o =

o CKBaXWHbI
O

&

11.0
10.5

10.0

o
w
CTaHOgapTHada owmnbka

o
TeMmHee (MeHbllUe) - PAAOM eCTh CKBaXXMHbI, OLLeHKe MOXHO LOBEPATh.
CeeTnee (bonblue) - faHHLIX Maso, OLEeHKa MeHee HafexHa.

Puc. 9: Kapra cTaHmapTHO¥M OIMMOKW: TEMHOE y CKBaXKUH (3€I€HBIE TOYKH) - OI[EHKE MOXKHO
OOBEPATH, CBETJIOE B l'IyCTbIX yrnax - JAHHBIX MaJIO.

Kpome camMoii OlleHKH, KpUTHHT HAaéT B KazKOOM y3Jie OUCIIEPCHUI0 OIMUOKHY - MEPY HEOTIPEIEeIEHHOCTH.
Eé kopeHb, CcTaHmapTHas OIIMOKa, BBEIBOOUTCS HeOO0S3aTeIbHBIM BTOPHIM PACTPOM (IapaMmeTrp
«CTtaHpapTHas ommOKa KpuUruHra» HHCTpyMeHTa «2D Kriging»). EguHune - Te e, 4TO y
WHTEPIOIUPYEMOM BETUUYUHEI Z.

KmioueBoe CBOMCTBO: CTaHOapTHas oOIIuOKa 3aBUCUT OT I€OMETPHH pPAaCIIOI0XKEeHUS CKBaXKHH
U MOJelId BapuOTpaMMEI, HO He OT caMuX 3HaueHu# Z. [1o3TOMy 9TO KapTa HaAE>KHOCTH CETU
HabOmomeHu#, a He pa3dpoca mMaHHBIX. B Touke CKBaXKWHE (IpHU HYyJIEBOM HarreTe) ommbKa paBHaA
HYJIIO - TaM 3HaueHUe U3BECTHO TOYHO. [To Mepe ymaneHus OT CKBa*KMH OHa PacTET, a B 06/1acTax
0e3 maHHBIX JOCTUTaeT MaKCUMyMa (IPUMEPHO KOPEHb M3 CUIIJIA).

Kak uyurarb. TéMHEIE (Maible) 3HAYEHUS - OLIeHKE MOXKHO JOBEPATh: PANOM OJOCTAaTOYHO CKBaXKUH.
CaeTtnbie (0ombIliHe) - OIIEHKA MEePXKHUTCS Ha HaIEKWX TOYKaX, (AaKTHUYECKH SKCTPAIONSIUS. ITO
IepBBIe KaHOUOATH Ha Jopa3Benky. CpaBHUBATL yooOHEE OTHOCUTENLHO (TIe 60JIbIlle, TAe MEHbIIIE),
IMOTOMY 4YTO a0COI0OTHAsA BeIUYMHA 3aBUCHUT OT MaciuTaba BapuorpaMme (cumma S1_SILL).

BazxHo. 9TO MOoZenbHas OLleHKa: OHa Be€pPHa HaCTOJIBKO, HACKOJIBKO BE€PDHA 3addaHHaAs BapuorpaMMa
(marrer, paguyc, aHI/I3OTp01'II/I$I). HpI/I HarreTe 60JIbIlle HyJA ommbKa Y CKBaXKUWH He HyJieBad - HalrTeT
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3a,uaéT HUXHUM «IIOJI» HeOHpe,E[eJ'IéHHOCTI/I. CTpOl"I/IM OJOBEPUTEJIbHBIM HMHTEPBAJIOM CTaHIOAapPTHasA
ommbKa He SIBJISI€TCsA, HO KaK OTHOCHUTEJIbHAas KapTa HeOHpeHeHéHHOCTI/I O4YeHb II0JIE3HA.

Odopmiaenue. 3apaiiTe CJI0I0 rPagyUPOBAHHYI0 CUMBOJIMKY 10 3HAQYEHUIO (HAallpUMep, OT TEMHOTO
K KpacHOMY) - U cpa3y BUAHO, TIle KapTa HaJl€XKHa, a e HeT.

CHsTHe TpeHOa (PerpecCusi-KpUrHuHI)

OOBIYHBIM KPUTHHT OLIEHWUBAET CPEOHEE JIOKAJIBFHO, TT0 OKHY MTOUCKA, TTO3TOMY TIJITABHO MEHSIOIIEEeCs

IO TIJIOLIAOU CPegHee OH OTCIeKMBaeT caM. CII0)KHOCTb BO3HUKAET, KOTHa V OIS €CTh BEIPAKeHHA T
pervuoHanbHas COCTAaBISIONIAA, HAIpuMep oblee mageHue mIacTa Ha ydacTke. Torga sKkcnepuMeHTaabHast
BapHroTrpaMMa MCXOTHOTO 3HaYEHU S UCKazXKaeTCs: PaiuyC 3aBHIIIEH, ITIOpPora HEeT, ()opMa HallOMHUHAET
CTETIeHHYIO MOMEeNb, ¥ TOJ00paTh YCTOMYNBYIO MOJIETh TPYIHO.

®naxok CHSTHh NMOTHHOMHAIBHBIH TPEHJ yOUpaeT PEeruoHalbHYI0 COCTABISIOUIYI0O METOOOM
HaWMEHBIIINX KBagpPaTOB Mepel KPUTUHTOM. Jlanbllle KPUTYIOTCS OCTAaTKH, a TPeHO mJo0aBlseTcs K
olnieHkKe oOpaTHO. BapuorpamMMa OCTaTKOB BO3BpalllaeTCsi K HOPMaJIbHOMY BHAY: BEIXOOUT Ha MOPOT
C HaAIrTeTOM, ¥ PafWyC OTpazxaeT MCTUHHBINM MacinTa® KOppensluuu, a He pa3Max TpeHpma. Ilone
CreneHb TPeHAA 3a0aéT MIOCKOCTDb MM KBAaIPATUUHYIO TTOBEPXHOCTh.

Cnucok Ilpeodopa3oBanue 3Ha4YeHHsI NOOABISIET JorapudMUPOBaHUE OJIST BEJIMYUH C Pa3bpocom
Ha MOPSOKH, TAaKUX KakK Ko3dpodumueHT GumbTpanuu MIX BOOOIIPOBOOHMMOCTh. IIpu BEIGOpe In
KPUTYETCSI HaTypaJIbHBIH JTorapudM 3HaYeHH s, a OlleHKa BO3BpallaeTcss 00paTHO Yepe3 9KCIOHEHTY.
9To MenmaHHAas, TeOMeTPUYECKas OlleHKa, KOPPEKTHAs IJIS JIOr-HOPMAaJIbHBIX Imojiek. CTaHmapTHAs
omubKa TePeCYUTHIBAETCS B MCXOOHBIE eOWHUIH. Jlorapudm u30aBIseT OT PYYHOTO CO3MAHUSI
MOJIsA In B KaNbKyNATOPE ¥ MPUMEHSIETCS TOIBKO K TOJIOXKUTEJIbHBIM 3HaYEeHUsIM. Bapuorpammy u
HarTeT MPU BKIIOYEHHOM JloTapudMe 3amaBaiiTe B egUHUINAX In.

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

Bece nenoanT (136x41 km) PyaHuk BKMPY-2 (9.5%8 km) BKMPY-2: Tpena pasnyeaer
REK -20% RMSE, xyme RK +25% RMSE, nyqwe Bapuorpammy colpore Ze
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Puc. 10: Custue TPEeHOa Ha PeaJIbHBIX NJaHHBIX: IIOBEPXHOCTH ITJIaCTa C BEIPAaXKE€HHBIM DETMOHAJIBHEIM
IIageHueM. TpeHn CHAT IIOJIMHOMOM, KPHUTI'OBaHBI OCTAaTKH, TPEHO BOSBpaH.IéH K OIIEHKe.

CHsiTHe TpeHOa IIOMOraeT TaM, IIe MaJieHWe OOHOPOOHO, B IpefesjaX ONHOr0 PYOHWKA WA
JIOKAJILHOT'0 y4acTKa. Ha BCIo IIomags MeCTOPOXKAEHHUS Cpa3y ero IPUMeHsITh He CTOUT. CocemHue
6HOKI/I Pa3HEeCEeHEI I10 BBICOTE, eJIHHBIfI ITIOJINHOM OIIMCHEIBAET UX IIJIOXO, a JIOKAJILHBINA KPUTHUHT U 683
TOTO [IEPKUT MEHSIONIeecs CpefHee, MO3TOMY CHSITHE TJI00aJbHOrO TPeHAa TaM CKOpee BPemuT.
YMeCTHOCTh BUAHA II0 BapuorpamMMe. EClu y CHIpOTO 3HAaUYEHHUs PaguyC COIOCTAaBUM C Pa3MeEpPOM
y4acTKa M HEeT BHSTHOTO IIOPOra, TPEH[ eCTh U ero CTOMT CHSITh. ECIM BapuorpaMma CHEIPOTO
3HAYEHHs yKe BBIXOIUT Ha IMOPOT C MaJbIM HAarreToM, CHUMAaTh HEYEro.

Crenenu 1 o6pIYHO AocTaTo4yHO. CTeleHb 2 OMMCHIBAET U3rub, HO MOXKET BOOpaTh B TPEH[ YacCTh
peanbHOM CTPYKTYPH, IIO3TOMY IIOC/Ie €€ IPUMEHEeHUS MOCMOTPUTE Ha BapuorpaMMy OCTaTKOB.
Ecnu mopor m HarreT CTalil BHIPaXKeHHl Xy’Ke, BEpHUTeCh K cTeneHu 1. ToT ke ¢akoK ecThb B
nHCcTpyMeHTe Kpocc-Banuganus BapuorpaMMbl, TaM TPEH[I IepenogdupaeTcs Ha KaxKooM IIare
KOHTPOJISI, ¥ BEIUTPHIII WUIIU IIPOUTPHIII OT CHATUS TPeHOa BuaeH npsamo nmo RMSE.

BapuorpamMmy mociie CHATHS TPeHOa 3afiaBaiiTe o ocTaTKaM. PacTp CTaHOApTHOM OMIMOKY B 9TOM
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pexumMe 3TO oImnbKa KPUTMHTa OCTATKOB, TPEHO CUUTAETCS OeTepPMUHUPOBAHHLIM M COOCTBEHHOM
MMOTPEIIHOCTH K Hel He moOaBIIsieT.

B/I0YHBIA KPUTHHT

OOBIYHLINM KPUTHHT OIleHHBAeT 3HaUeHue B TOYKe, B IIEHTPe TYeiku rpuna. Ho B ropHOM gesie galie
HyKHa He TOYedHas OTMETKAa, a CpedHee II0 IJIOIIanH, 1o 610Ky OoTPabOTKU, ITaHeu UK sT9erKe
nopacyéTa 3amnacoB. CogepxKaHue MOIE3HOT0 KOMIIOHEHTA B 0JIOKE 9TO CpeHee I0 ero IJIoanu, u
OLIEHMBATh €ro KakK 3HaYeHUWe B OJHOM TOYKE He BIOJIHE KOPPEKTHO. [IJIsT 9TOTO CIYKUT (hJIazKOK
B/I0OYHBIM KPUTHHT .

BkmoUyéHHBIM pPeXUWM OlleHMBaeT CpelHee II0 sS4YelKe T'puma, a He 3HaueHHe B e€ IleHTpe.
Adelika MBICTIEHHO pa30uBaeTCsd Ha CETKy To4deK pa3MepoM NXN, KOTUYECTBO 3afaéT IIoJe
Ouckperu3anusi 6;1o0ka, NXN Ha si4eHMKy, ¥ KOBapHallii B CHCTEMe KPUTHMHTA yYCPEeOHSIOTCS
[0 3TUM To4YKaM. TakK cucremMa pellaeTcs He [OJjid OOHOM TOYKHU, a cpa3y Ajsd Bcero 610ka. ITo
Kjlaccuueckasi cxeMa 6rmouHoro kpuruura GSLIB.

Y 671109HOM OLIEHKY ABa CJIEOCTBUs, 00a II0JIe3HbIE A1 IIOACYETA 3anacoB. [loBepXHOCTD IOTydaeTcs
rjiaxke TOYEYHOU, IMOTOMY YTO yCpegHeHue mo OJ0Ky racuT Menkue kKomnebauwus. M craHmapTHas
omnOKa KPUTMHTa BBIXOOUT HUXKE TOYEUHOM, IMOTOMY YTO CpegHee II0 TIJIOUIaAM OlleHUBaAeTCs
HaéXXHee, YeM 3Ha4YeHUe B OJHOM Touke. PacmiaTta omHa. BinoYHBIM KPUTUHT HE BOCIPOU3BOOUT
mpoOrl B y3max To4HO. CpemHee mo OJI0Ky, Hake IEHTPUPOBAHHOMY HA CKBaXKMHE, HE PaBHO
3HAYEHUIO B CAMOU CKBaXXWHE, ¥ 9TO 3aKOHOMEPHO.

OuckpeTtusanuu 4x4 xBaTaeT IIOUTH Bcerjga. bombiliee N cUMTaeTCs MOJIbIle, @ TOYHOCTh PaCTET
He3HauyuTesNbHO. [Ipu N paBHOM enuHuUIlEe GI0OYHBIM KPUTHUHT BHIPOXKIAETCSH B TOYEUHEIM, IIO3TOMY
MUHUMAaJIbHOE 3HaYeHue M10JIT PaBHO ABYM, a CaM PEeXKUM M0 yMOJTYaHWIO BEIK/IIOYEH.

BrIOYHEIE KPUTHHT COYETAeTCs CO CHSATHEM TpeHOa. KpUTyloTCs OCTaTKH II0 GJIOKY, a TpeHf
mobOaBisieTcss K olleHKe oOpaTHO. CoyeTaeTcs OH M CO CTIaXKMUBaHMEM T'pHIa, HO OOLIYHO OJHOTO
OJI0YHOTO YyCPEeOHEeHUST MOCTaTOYHO U JOMOTHUTEIbHOE CTIaXkKUBaHUe He HYKHO.

Pa3iaoMbl

Pa3noMm 3mech 9TO TMHUS, BOOJIL KOTOPOM IIOBEPXHOCTh PBETCA. [logaéTcsa OH cjioeM JIMHUU B II0JIe
Pa3zmomsl, u TOT ke cjoi npuHuMamT 1.03 u 1.04.

Pab6oTtaeTr pasnom GapbepoM BIUAHUSA. [ KaXKOAOM OIleHMBaeMOU S4YeUWKU MHCTPYMEHT IIPOBOIAUT
OTPE30K K KaXXA0MY 3aMepy, U eCJIM OTPE30K MTepeceKaeT JINHUIO, 3aMeP B BEIDOPKY 3TOH TYEHKU HE
UpeT. fdueiika BUOUT TOIBKO CBOE KPBIIO, 3HAYEHU S 110 Pa3HEIE CTOPOHEL PACXOISATCS, U IOBEPXHOCTD
BIOOJIb JIMHUHU I10JIYy4aeT Pa3pPhIB.

Kpriio y a4ediku onpenesnsieTcss CaMo, CTOPOHOM, C KOTOPOH JIEXKUT €€ IeHTp. [enuTs Iiomans Ha
OJIOKM M CYUTATh UX IO OTAETFHOCTH HE HYKHO, U CIIMCKa KPHITbEB MHCTPYMEHTY He TpebyeTcs.

JIuHusi He oO0siI3aHA PpacceKarhb IUIOIIAAbh HACKBO3b. Y 3aTyXalolIeT0 pa3jioMa BIUSHHE
orubaeT ero KOHEI: 3aMep 3a KOHIIOM JIMHWM OCTAE€TCSI BUOUMBIM, M BBIIIIE KOHIIA IOBEPXHOCTH
CMBIKAETCS. ITO U €CTh OOBIYHAS TE0JIOTHS - CMEIlleHue BOJIb CMECTUTENIS afaeT K HYJII0, Pa3phiB
BBIKJIMHUBAETCH.

Y caMoro KoHIla M30JIMHUHU CTYIMAIOTCS U CXOOATCS B Y3KHHM IMy4oK. Tak 3aTyxarolluil pasiioM M
PHCYIOT Ha CTPYKTYpPHOM KapTe. OTOBOpKa TyT OOHA: B MOOEJIH aMIUIUTYOa IIaJaeT He ITOCTEIIeHHO,
a pa3omMm, ToToMy 4To Oapbep OmHapHLIN. [0 IToCcIeHel BepIINHLI 3aMep 3a JIMHUEN He BUIEH BOBCE,
3a Hen BUOEH IIOJTHOCTHIO. 3Ha4YUT BEChb CIlaq IIPUXOOUTCA Ha OOHY H‘-IGfIKy, U IIy4YOK II0JIy4YaeTCsa
KOpoYe, 4eM y HACTOSIIEro pa3joMa, TOe CMellleHre 3aTyXxaeT Ha [JIMHEe, COTIOCTaBUMOU C CaMUM
CMECTUTEJIEM.

ITouemy pa3/I0M He MEPEBOJUTCS B CETKY

Bapbep nipoBepsieTCs TOUHOU FeOMETPHUEN: IepeceKaeT JIM OTPE30K 3BeHO ITUHUN. PacTpoBol MacKu
OapbepHBIX STYEEK HET, ¥ 9TO OCO3HAHHO.
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PacTpoBas Macka uMeja IBa HegocTaTKa. duelika He Iepefa€T guaroHalb, IO3TOMY KOCOM pa3ioM
JIOKUJICSI B CETKY CTYIEeHbKaMH, M BCE, UTO CTPOUJIOCH II0 TAaKOMy I'PHUAY, HacJiemoBajio JIECEHKY.
Xyxke gpyroe: JIyd BUOMMOCTH HAaUYMHAETCS B I[EHTPE OIleHWBAEMOM SYEWKM, U €CIIM caMa SdeiKa
OapbepHas, IIepBas Ke IIPOBepKa IIomajana B MacKy. Takas siueiika He BUOesia HU OJHOTO 3aMepa
CO BCel miollanu 1 yxonuna B nodata. Booss pa3nomMa B rpuae ocTaBajach CTyIlieHYaTas IIeJlb.

C TouHOU FeOMeTpI/IefI 6apbeprIX A49eeK He CyIIeCTBYeT BOBCE. FpI/IJI II0JIy4aeTCs CIIJIOIIHEBIM,
ITIyCTEIX A4€€K BOOJIb JIMHWU HET, a PAa3PEIB BUOEH CKaYKOM 3Ha4YeHUH MeXy COCeoTHUMU SYeuKaMu
II0 Pa3HEBEI€ CTOPOHEI.

3amep, CTOSIMIVYM TOYHO Ha pas3jioMe, BuAeH ¢ 006oux KpbibeB. CKBaXKMHAa Ha JIMHUU OPUHAIIEKUT
o6euM CTOpOHaM, U oTOpachHBaTh €€ He3aYeM.

Ilena nmpuoIHKEeHUST

HpI/I6HI/I}KeHI/Ie 30eCb OOHO, 1 €r0 CTOUT Ha3BaThb BCIIYX. Ilo BuguMoOCTH OT6I/IpaIOTC5I TOJIBKO CcOoCenu.
KOBapI/IaHI/II/I MeXOy CaMHMHU 3aMepPaMiy, U3 KOTOPEBIX CKJIaAbIBA€TCA CHUCTE€Ma KPUI'MHI'A, OCTAI0OTCA
€BKJIMOOBBIMHU: OHU CUHUTAIOTCSA II10 IIPAMOMY PAaCCTOAHHIO, KaK €CIIN OBl Pa3jioMa He OBIIIO.

3aHynmsaTh WX HeIb3sd. MaTpwuila TOTHa TepsieT IONOXKUTENbHYI0 ONpedenéHHOCTh, CHUCTEMa
CTAHOBUTCS BRIPOKOEHHOM M KPUTHHT pa3BaiuBaeTcs. UMEeHHO Ha 3TO HATHIKAJUCh Pa3paboTYuKu
M3BECTHHIX ITAKETOB, ¥ YaCTh U3 HUX yOpasia KPUTHHT C Pa3JI0MaMM COBCEM, OTIIPABUB IIOJIb30BaTEJIEN
Ha MUHUMAJIbHYIO0 KDUBU3HY.

YTo 3TO 3HAYUT Ha IpakKTHKe. Beca cocemeit y camMol TUHWM pacCYWTaHbl 0e3 ydyéTa TOTO0, UTO
MeXAy OBYMSI COCEHsIMU JIeXKUT pa3phiB. Ha paccTosHUAX OpsAOKa paguyca KOppensuuu pa3Hula
npeHebpexxuMo Mana. Ha oueHb 4acToM ceTH y caMOil TUHUK KOHTPACT MOKET CJIerKa 3aHUKaThCH.
Pa3peIB IIpu 9TOM HUKYy[a He [eBaeTCsI, OH JepPKUTCS 0TOOPOM cocemei, a He KOBapHUallusIMH.

Kak nmpoBepuTh Ha YI4€OHBIX JaHHBIX

HuCcTpyMeHT 1.09 IIpuMep CKBazKuH yMeeT CO3[aBaTh pa3jioM caM. [lome AMIUIMTYaa pa3jioMa
3aa€T BeIUYNHY COBUTa: TeHepaTop IPOBOOUT JIUHUIO IIOIEPEK IIJIOIIany, He IOBOMS €€ OO0 KPaes,
u IpubaBiIsieT aMIUIUTYOY K 3HAUEHUIO Y BCeX CKBaXKMH I10 OOHY CTOPOHY. Brimie KoHIla nuHUU 00€
CTOPOHBI OIMHAKOBEI, II09TOMY B Y4€OHHIX MaHHLIX CPa3y €CTh U Pa3phIB, U €ro 3aTyXaloui KOHeII.

JInHuS BHIIAETCSA OTHOEJILHBIM BeIXomoM Pa3mom (memo). [ToparliTe e€ B Pa3/10MBI 30€Ch, a IIOTOM
Ty ke nuHuio B 1.04, u BCs 11emToyka co6epéeTcs.

II71s1 mpoBepku caMoro 6apbepa 6epruTe aMIJIUTYy 3aMETHO OOJIbIIIE Pafguyca KOPPENSIINU: CKadY0K
OyneT oueBupeH. g mpoBepku Kopupopa B 1.04 XBaTUT aMIUTUTYObI ITIOPSOKA CEUEHUS U30JTUHUM.

ATpuOyT throw B BLIXOOHOM CJIOE Pa3jioMa CIIPAaBOYHEIN. MHCTPYMEHTH €T0 He YHUTAIOT: 6aphep y HUX
YUCTO T€OMETPUUYECKHH U O BEJIMYUHE CMEIIeHNUs He 3HAET.

1.03 MuHEMaJIbHasi KPpUBHU3HA (TOYKH — pacTp)

WHCTPYMEHT CTPOUT TPHUIO METOAOM MHHMMAJIbHOM KPUBU3HBEL. [l0BEpPXHOCTb BemET cebsT Kak
TOHKAs yIpyras IIacTHHA, IPOXOAsinas yepe3 JaHHble C MUHUMYyMOM u3ruba, TO eCTh pelleHue
OUTapMOHUYECKOTO ypaBHEHUSI. MeTOI HeTOYHHIN: JaHHbIe BOCIPOU3BOMOSITCS MPUOIUKEHHO, 3aTO
MMOBEPXHOCTb MOJIy4aeTCsd MaKCHUMaJIbHO TJIagKOM, MO3TOMY €Tr0o TPafgUIIMOHHO 0epyT mjis KapT
reo@u3nYecKux MOJied W JI0OBIX IIJIAaBHBIX BEIHYMH. OJTO OeTepPMUHHPOBAHHAS ajlbTepPHATHBA
Kpuruury 06e3 momOopa BapuorpaMMbl. KpurwmHI, B OTIHMYME OT HEro, OAaéT OLEeHKYy C KapTou
CTaHIOAPTHOM OIIUOKH.

HartsizkeHue mnopMenInBaeT MeMOpaHHBIM u4neH: npu 0 3TO 4YmWcTas MUHUMAJbHAs KPUBU3HA,
npu 1 - HaTsAHyTasd MeMOpaHa, y KOTOPOM MeHbIe BEHIOPOCOB Mexpay mpobGamu. HaTskeHue Ha
rpaHulle 3aJa€TCs OTHAEIbHO M TOMOoTaeT yOpaThk KpaeBhle MepesieThl. PellleHWe HUTepPaTUBHOE,
MeTonoMm BepxHel penakcaiuu (SOR) c 06xomom ceTKU [eBSTHIO IIBETAMU: y3JIBl OJHOTO IIBETa He
IomafaioT B pacyeTHHIM mabjoH OPYT Opyra, HO9TOMY OOHOBIISIOTCSA pa3oM M ycTolumBo. CeTka
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IepecyYUTHIBAETCS, IT0Ka Haubolblllee U3MeHeHHe y3Jla He CTaHeT MeHbIlle Mopora HeBsA3KH WU
He UCYEepPIIaeTCsl YUCI0 UTEPAIU.

CBoOomHBIE Y3JIBI CTAPTYIOT C ONMKaAMWIIEro 3HAa4YeHUS HAHHBIX, MO3TOMY HA IIJIOTHBIX MaHHBIX
cxoguMOCTh ObIicTpasi. Ha o4eHb pa3pexkEHHBIX HAaHHBIX UTepalluii HY:KHO OOJbINe: YBEIUYbTE UX

JIUMUT HUJIU IIOPOT" HEBA3KH.

[TapameTp

Ha3HaueHue

ITo ymomganuio

ToueuyHBIN CIIOU
[Tone 3HaueHusa Z (IycTo: U3
TeOMEeTPHUH)

[TpoGBI CO 3HAYEHUEM.
YucioBoe IoJie OJis
WHTepHoasuuu. I[IycTo -
oTMeTKa 0epeéTcs U3 Z TOUKH.

OxBat [TpsMOYTONILHUK pe3yJibTaTa. 110 CII0I0

Pa3mep ssuemiku 0 - aBTO, min(oxBat)/50. 0

HaTtsxeHue 0 - MuHMManbpHaa KpuBu3Ha, 1 - 0
MeMOpaHa.

[Topor HeBsS3KU 0 - aBto, 0.01 mpomenTa 0
pa3Maxa JIaHHBIX.

MaxkcumMyM utepanui [ToToONOK YmCiia IPOXOHO0B 100000
SOR.

Harsizxxkenue Ha rpanuile (Jom.) HaTsXkeHue Ha Kpaio CETKH. 0

KoaddunmueHnTt penakcanuu Yckopenue SOR, pasymuo 1.5 - 1.85

(Oot.) 1.9.

Anuzorponus (or.) OTtHoiieHue oceut Y/X B 1

MeMOpaHHOM YJIeHe.
JIvHWUM, BOOJIL KOTOPHIX
IIOBEPXHOCTH PBETCH.
BrixogHOU pacTp. -

PaznomMer II0 2KEeJIaHHUIO

Ipun (MUHUMAIIbHAS
KpPHUBU3HA)

BeIxon - OOBIYHBIN TPy, TOTOBLIHN st 1.04 U301MHUM U3 pacTpa. B XKypHan BEIBOOSTCS pasMep
CEeTKH, YMCJIO Y3JIOB-HAHHBIX, YUCJIO UTEpaluil U HUTOroBasi HeBA3Ka. ECIM OOCTUTHYT IIOTOJIOK
WTepalri, a HeBsA3Ka BHIIIE II0POTa, UHCTPYMEHT 00 9TOM IIpeAyIpekaaeT.

PsgoM c momeM pa3Mepa SUYEWKM ITOKA3kIBAETCSI Pa3Mep CEeTKU: CKONMbKO SYEeeK BHIMOET IIpHU
3amaHHOM pasperneHnu. OH MEePEeCYUTHIBAETCS MPU BBOAE. MeTom UTEPAUMOHHLIN, U YHUCIIO TYEEK
HaJo BUIETH A0 3allyCKa, a He B XypHaJe IIocje: BOBOoe Oojiee KPymHas sS4elKa 3TO BUYETBEPO
MeHbIle paboTEl. CBEHIIIE YeTHIPEX MUJUIMOHOB sT9eeK NHCTPYMEHT IIpenynpeknaeT OTOeIbHO.

OOpe3ka 1Mo Macke paboTaeT TaK XKe, KaK B KPUTHUHTE: IOJIMTOH M3 IpoeKTa JubOo BHITYKIas
obGonouka Touek c Oydepom. 3a mpemenamMu o0IacTHM HAaHHBIX METOH BCE PABHO IIPOMOJIKAET
IIOBEPXHOCTh, ¥ 3TO II0JIe JIy4Ile yopaTh cpasy.

Pa3iomsbl

Pa3noMEl TOogaloTcsl TEM XKe CJIoeM JIMHuM, 4To U B 1.02, HO paboTatoT mHavye. B kpuruure 6aprep
pelIaeT, KaKme 3aMephl BUAUT SUeiKa. 30ech 3aMePOB HET, €CTh CETKA y3JI0B, CBA3aHHEIX ITabJIOHOM,
II03TOMY Oapbep KUBET Ha CBA3SIX.

Pe6Gpo MexkOy AByMsI COCETHUMHU y3JIaMU, TTIepeceuéHHoe TUHUEH pa3jioMa, BhITagaeT u3 mabioHa.
CBsI3b MeXKIy KPBUTbIMU 00PHIBAETCSI, KaXKI0€ KPBIJIO PEIIAeTCst caMo 10 cebe, M TOBEPXHOCTD BIOOJTh
JIMHUY PBETCS. Pa3ioM Ipu 9TOM OCTAETCsI TUHKUEH U B CETKY He ITIePeBOIUTCS, II03TOMY KOcast TUHUS
He JIOKUTCS CTYHeHbKaMH, a KPBIJIO Y y3JIa OIIPefesieTCs CaMO CTOPOHOM, C KOTOPOM OH JIEXKHUT.

V3eq, moImaBIIMi POBHO Ha JIMHHIO, NPUIIMCLIBAETCS K OOHOH CTOpPOHe. Mejioub Ha BHI, HO
CyIIeCTBEHHANA: Pa3jioM, NPOBEOEHHEIM II0 OCH IMAaXTHOM CETKH, IIPOXOOUT TOYHO Yepe3 IeHTPHI
Y37I0B, ¥ IIPHU CTPOTOM pa3bope OH He HmepeKphUI Obl HM OOHOTro pebpa. IlpumucaTh TakKoi y3eml K
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obeumMm CTOPOHAM TO2K€ HeJIb34, OH OCTaJICA ObI 6e3 coceeu 1 3aCTHII Ha CTapTOBOM 3HAYEHHUH, NAB
BOOJIb Pa3JjiOMa IIIOB M3 HECUYUTAHHEIX Y3JI0B.

ITonoca meMOpaHbI BIOJIbL THHHH

Y MHUHMMabHOM KPUBU3HBI ECTh 0COOEHHOCTD, KOTOPOU HET y KpuruHura. Eé 1mabimoH moTsruBaeTcs
Ha [IBe STYEeUKHU B KaXKOyI0 CTOPOHY, a He Ha OOHY. 3HaUMUT Y CaMOU IMHUY OH BCE PaBHO IIepellaruyn
OBl pa3pHIB, IaXKe ecjiu cocemHee pedpo IIePeKpPHITO.

BriOpocuTh u3 1mabGIoHa OTAeNbHEIE TOYKK HeIb3s: OH MepecTaHeT NPuGIuKaTh GUrapMOHUYECKOe
ypaBHEHMe, U pelleHue MOTepseT CMBICI. I103ToOMy B II0JIOCEe IIMHPHHOM OBa y3/a BOOJIb JTUHUHN
peleHne IepexoquT Ha MeMOpaHy II0 HEIEPEKPHITHIM coceqsiM. MemOpaHa paboTaeT 10 YeTHIPEM
6HH)K&fI]J.IHM y3J1aM U PA3PEIB OJEPXKUT TOYHO. ,[[anbme OT JIMHUU CHUTAET 06BI‘-IHa${ MWHUMAJIbHAA
KpUBU3HA.

I[IpakTU4YeCcKOe CJIEICTBUE OOHO: ¥ CaMOW JIMHUM IIOBEPXHOCTH UyTh MeHee TjlafKasi, yeM Baaau
oT Heé. Ha KapTe 3TO He3aMeTHO, HO 3HAaTh 00 3TOM CTOHUT. TOT Ke mpuém mpuMeHsercsa B 2.03
Topo2Raster y 00pHIBOB, U 110 TOHU Ke IIPUYUHE.

JIVHUs, KaK ¥ B KPUTUHTE, He 005g3aHa pacCeKaTh MJIOIIaah HaCKBO3h: BHIIIE KOHIIA pa3joMa pébpa
He IIePEeKPHITH, 1 ITIOBEPXHOCTh TaM CMBLIKAeTCsI.

1.04 A30;1MHUM U3 pacTpa

CtpouT wu30AMHUU (IMHUU) U, IIO0 YMOJTYaHUIO, KOHTYPHble IIOJIMIOHBI. YPOBHU 3a0al0TCs
PaBHOMEPHBIM IIIarOM WX SIBHBIM CIIMCKOM. [lapaMeTpshI:

[TapameTp Yrto 3apaérT [To ymonm4gaHnuio / cCOBET
Pactp BxopgHoii pacTp (Hampumep, -
pe3ynbTaT KPUTHHTA).
[ITar n3onuHUM PaBHOMepHEIM mar 1mo Z. 0 = -
3a7aTh «fBHBIE YPOBHU».
Hauanbubill ypoBeHb (offset) [IpuBsi3Ka CEeTKU YPOBHEN 0
(ypoBHU KpaTHHI IIary OT
offset).
SIBHBIE YPOBHU Crnucok ypoBHEH yepe3s -

npoben. IIpuopuTeTHEE MIara.
HecaTUYHBIA pa3meluTeb -
3alldTad UJIU TOYKaA.

I'maBHas U30IHMHHUS KaxKaas Kaxpgas N-a nuHusa 5
N-a noMmedaertcd is_index = 1 (mnsa
yTonieHusa). 0 = BBIKII.
MuH. oIuHA JTAHUU OTOpacHBaTh JIUHUKA KOpPoUe -
mopora (en. kapTe). 0 = 6e3
¢punbTpa.
Bukybuyeckoe criaxuBaHUe Crymenue rpuga (X2...x4) BHIKJI. (X4 Ha rpybom rpupme)
OuKyOm4YecKom

UHTEPIOoNAIuen mepeq
KOHTYPHHIOM - OCHOBHOU
crtoco0 CTrila’kKuBaHUS
U30JINHUM, yOupaeT
«OKTaTOHBI» OT I'PyOOM CETKU.
PaboTtaeT u oyig MUHUHA, U OJId
IIOJINTOHOB. BHIKJI. = 0€3
CTYIIIeHUS.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Cxkpyrnenue nuau#t (Chaikin),
uTepanum

3amnucarh 3HaueHue B Z
reoMeTpUu

[TpopexuBaHKe KOHTYPOB,
OOJIs SYeMKHU (moIl.)

CtopoHa 0epriTpuxoB U
nognucen (mo.)

HwMs ot 3HaueHus
Kanan (mom.)

WN3zonuanu /| KoHTypHEIE
[IOJIUTOHEL

Tena 1mosscoB (3aMKHYTEHIE
000JI0YKH)

[lommomHUTEIbHOE JIETKOE
ckpyrnenue nuaui (Chaikin).
Cnabee 6MKyOUIeCKOTO
CTiIa’kKWBaHUs, OOBIYHO HE
HYKHO, €CJI¥ OHO BKJII04eHO. 0
= BBIKII.

OTMETKM y U30JIMHUMN U Y
nosicoB. Insa DXF, ABToKA]I,
Kpeno u 3D.

Y6upaet BepUIUHEBI, OTCTOSIIITHE
OT TUHUU MeHbIIle 3aJlaHHON
oonu syevku. dopma
coxpaHsieTcs, 00LEM (alina
nagaet. 0 = BHIKII.

CTOopoHa CKJIOHA AJis IITPUXOB
OEeNpPeCcCUOHHOTO CTUJIS U
HalpasJieHue
TorlorpaduyYeCcKux MoAnucei
pa3omM.

Wwmsa aTpubyTa ypOBHS B
BBIXOIOHBIX TUHUIX.

Homep kKaHaa BXOOHOTO
pactpa.

Brixogarbie ciou. [Tonuroset
CTPOSITCS 10 YMOJIUYaHHUIO BO
BPEMEHHBIN CJIOH.

TpeTuii BLIXOM: TOT K€ MOSC
3aMKHYTHEIM TeoM. 1o
YMOJIYaHUIO IPOIIyCKaeTCs,
CJION CO3[aETCS TOIBKO €CJIN
3ayiaTh Ha3HAYEHHE.

2

CHATO

0.25

ABTOMATHU4YECKHU

ELEV

MTPOTIYCK

BrIxomHbIE I10JIS:

Cnou ITone Tun YT0 comepKuUT

H3zonuuuu ELEV YUCJIO 3HaueHUe YPOBHS
JIUHUY (UMA 3a0aéTcs
noneMm UMs mmoist
3HAYEHHsI).

HUzonnHun is index nesoe 1 y rmaBHBIX U30JIMHUYU
(kaxpmasa N-a), uaauge 0
- 711 YTOJIIEHUs.

KouTtypHsiie nonuroner ELEV _MIN YUCIIO0 Huxxauit ypoBeHb
rnosica.

KonTypHBle nomurosel  ELEV._MAX YUCJIO BepxHuit ypoBEHB
nosca.

Tena osicoB ELEV MIN, YUCIIO OTMeTKY HUXKHEHN U

ELEV_MAX BEepXHEU KPHIIIKHU

Tesna.

Tena mosicos shell eioe 1 y Temna - oTIu4aer

€To OT TIJIOCKOT0
mmosica 6e3 pasbopa
TeOMEeTPHH.
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HpﬂMLIe I'PaHHA Ha 4YepTeake IMosicoB

He BcsiKasi TMHUSA Ha BBIXOOE 9TO M30JMHUS. [I0TUTOHEI IIOSICOB COOMPAIOTCS U3 TPEX MCTOYHUKOB
Cpa3y: caMuxX H30JIMHHN, KOHTypa O0JacTH C HAaHHBIMM W JIMHUUA Pas3noMoB. [lepBhie IIJIaBHEIE,
BTOPBIE U TPETHHU IIPSMEIE.

KoHTyp o6macTu ug€T no peébpaM sdeeK pacTpa, II0O3TOMY HA€T CTYIEHUYATYIO UIU CTPOTO IPSIMYI0
rpauuiy. OHa MOSBISETCSA Ha Kpario IJIOMIafy WM BOKPYT YUYAaCTKOB 0e3 MaHHEBIX - TaM, TOe y3ell He
Habpal HYyKHOT'O YHCJIa Cocee.

JluHusT pas3nomMa pexeT mosica mo cebe. YV 3aTyxalomero KoHIIa pal3jioMa Pas3phiB HE HCYe3aeT
MTI'HOBEHHO: C OOHOM CTOPOHHI OT ITOCJIEHErO 3BeHa Gaphep eIlé AeHCTBYEeT, C APYyroM yXxKe HEeT,
1 HaOOpHI cocelell y COCeOIHUX si9eeK pacxodsTcs. ITosaToMy y KOHIA pal3jioMa HOPMAaJIbHBI U
CTyllleHue U30IUHUYN, 1 HeOOJIBIIION MOSIC C TIPSIMOM I'PaHbIO IT0 CAaMOM TUHUH.

9TOo CBOMCTBO MOfeNH, a He cOoi pacuéTta. Eciu Takoit 06py06oK MeIaeT, MPOOIuTe JIMHUIO pa3ioMa
3a Impeensl IUIOIIaau: Yallle BCeTo pa3JjioM Ha KapTe HapHCOBaH KOpPoYe, YeM OH €CThb, ¥ IIPOMJIUTh
ero mIpaBH/IbHEee, 4YeM CrIaKHuBaTh Pa3phHIB.

CrjiaxxuBaHUe U330/ IMHUU

OcHOBHOM crnoco® CIIaguTh HU30JIUHUU B 3TOM HMHCTPYMEHTE - OMKyOHUYeCKoe CrIakMBaHHe:
TpUn mnepel KOHTYPUMHIOM CryllaeTcsi OUKyOMYeCKOUW wHHTepmnojsaiueil (X2...X4), ¥ KOHTYPHI
cTposiTcad 1o 6ojiee MenKoU ceTke. Ha rpyboM rpupge M30JIMHUU MHAYe BHITISAOAT «OKTaroHaMU»
(BEPIIMHEI CTABSTCS IO KPAsAM SYE€K) - CTyLIeHue yOupaeT 9Ty yII0BaTOCTh TOMOJIOTUYECKHU YHUCTO.
PeanuzoBarno B umctomM NumPy, 6e3 BHemHux 3aBucuMocTei. Nodata-rpaHuIlbl ¥ BHYTPEHHUE
«OKHa» [OaHHBIX COoXpaHsioTcs. CrylleHne OeNCTBYeT W Ha JIMHUW, U Ha KOHTYPHBIE IIOJIUTOHBI
- TPaAHULBI IOSICOB MIPU 3TOM COBIIAfalOT c M3onuHUSAMHU. lleHa - Gosblle siyeek (X4 = B 16 pas
00JIbIle), I0O3TOMY Ha OYeHb KPYITHOM I'PUAE HAYHUTE C X 2.

IoIOMTHUTEJNIPHO eCTh JIETKoe cKpyrieHue nuuuit anroputmom Chaikin (komuuecTBo uTepanmii).
OHo crabee OGMKyOMYECKOTO U OOBIYHO He TpPeOyeTcsi, eClu CTyIlleHHue BKIIo4YeHo. FiMeeT CMEBICT
Kak OBICTpas ajilbTepHATHBa Ha rpyboM rpupe, Korfaa CrymaTh He XO4eTCs.

CrnaxuBaHHe CaMoOro II0Js (rayccoBO, IO PacTpy) - 9TO OTAEeJbHAdA Ollepalllsi, OHa BHIIIOJIHAETCS
He 37ech, a B uHCTpyMeHTe «2D Kriging»: TaM OoHO MAET MO TPUAY [0 KOHTYPUHTA U yOUpaeT He
yIJI0BATOCTh, & OYTPUCTOCTD 1Mo («OBIYbY I'1a3a» BOKPYT CKBaXWH). Bukybudeckoe criiakuBaHue
¥ TayCCOBO CIJIa’KMBaHWeE II0JIS OOIONHAIOT OPYT APyra: IepBoe JIeYUT YIIIOBATOCTh CETKH, BTOPOE
- OyTPUCTOCTD MaHHBIX. KOHTYPHEIH pacTp KPUTHHTA IIPU 9TOM HE MEHSETCS - CTIa’KHUBaeTCs JIUIIh
BpeMeHHas KOIHSsI.

KoHTypHBIE IOJIUTOHBI (IIOsICa)

KoHTypHBIE IIOJIMTOHBI - 3TO 3aJIUTBHIE II0SICA MEXKOy COCEeOHMMH H30MUHUSIMU. OHH CTPOSITCH
He Kiaccudukaimell «CTyIeHeK» pacTpa, a MOOJHUIOHM3allMel CaMWX CriIaKeHHBIX H30JIMHHH
BMECTE C KOHTYPOM BaJIUOHOM 00IaCTH pacTpa: KOHITH JTUHUU IPUTATHBAIOTCS K KOHTYPY, CeTh
HOOWUPYETCS ¥ IMOMUTOHM3yeTcs. [Iuama30H ypOBHEM KaXoTo Iosica OIpenesieTcsi BBIOOPKOM
pacTpa B penpe3eHTaTUBHON TOYKE IIOJIUTOHA.

Brnarogaps 9ToMy rpaHUIIE IIOJIMTOHOB COBIAAAIOT C U30JIMHUSAMH, a IOKPHITHUE CIJIONIHOE (6e3 OBIp).
[MTonuronst HecyT nonss ELEV _MIN u ELEV_MAX. ITo yM0T4aHWIO OHY CTPOSITCS BO BPDEMEHHBIU CIIOU.
YUTOOBI UX HE CTPOUTH, OUUCTUTE N0Jie «KOHTYpHEBIE TOJTUTOHEI».

Tena mosicoB

ITosic cam mo cebe HOBEPXHOCTb: Y HEro eCTh KOHTYD, HO HET HU Hu3a, HU oOvéma. Tperunt
BBIXO[ OAET TOT 2Ke II0SIC 3aMKHYTBHIM TeJIOM - KphKa cHu3y Ha ELEV MIN, KprllIKa CBEPXY
Ha ELEV MAX, 60KOBEIEe CTEHKH II0 BCEM KOJIbIlaM, BKJTIOYas ALIPHL. TaKoOe TeJI0 CYUTAET O0BEM,
peXeTcs IJIOCKOCTBIO C 3aKPBITHIM CPE30M UM IIEPEHOCUTCS B IPOrpaMMEBI, KOTOPHIE IOHUMAIOT
TOJILKO 3aMKHYTEIe 000JIOUKHY.
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3aMKHYTOCTb ITPOBEPSIETCS IO €OUHCTBEHHOMY IPABUITY: KaXmoe peOdpo 000T0YKYM MPUHAMIEIKUT
POBHO OBYM I'paHsAM. BHyTpeHHee KOJIbIIO IIOJIy4YaeT CBOI0 CTEHKY HapaBHE C BHEITHWM, MHA4e
000710YKa HE COMKHETCS BOKPYT OTBepCTHs. Tena, He MPOIIEAINNe IIPOBEPKY, CUYUTAIOTCT U
MUIITYTCS B XKYPHAJ YHUCIIOM.

Brixog 1o YMOJI9aHHUIO IIPOIIYCKAETCs: B II0JIe CTOUT IIPOIIYCK BEIBOA4, 1 CJION He CO3I[aéTC5{, II0OKa He
3a0aTb eMy Ha3Ha4YeHue uiin BpeMeHHLIfI croi. Tena 3aMeTHO TsAXKeJlee MIOCKUX IOSICOB, II09TOMY
BKJIIOYATh UX CTOUT IIOM 3a4avy, a He BCermga.

OdopmiaeHHne CI0€B

Jluauu: 3apgaliTe CUMBOJIMKY IIO IIPaBUJIy Ha OCHOBe is index - rinaBHBEIM u30710HUAM (is index = 1)
matiTe 6OMBITYI0 TONIUHY. [ToANHCE - 10 oo ypoBHS (ELEV).

I[TonuroHsl CO3AIOTCSA C OOHUM CUMBOJIOM. I/ 3aJIUBKM 10 AMalla3oHaM 3afaiTe rpagynpoOBaHHYIO
cumBonuky o ELEV MIN (unu ELEV_MAX).

Croit U30IMHUYM aBTOMATHMYECKU IIOMeINaeTcsl Haf CJI0eM IIOJIUTOHOB, YTOOH! JIMHUU OBLIM BHUIHEI
TTOBEPX 3aIUBKH.

3HauyeHHE B Z reOMEeTPHHU

®naxxok 3anmucarb 3HaUYe€HHE B 7Z IreOMETPHH IIOJHMMaeT BEPIIMHBI KaXKOoW JUHUM Ha eé
COOCTBEHHYI0O OTMETKY. U30IUHUS 3TO JIMHUS PABHOTO YPOBHS, ITO3TOMY Z y BCEX €€ BEPUINH OIUH
U paBeH 3HA4YeHUIO MOJIA.

KOHTYpHBIHN ITOMUTOH KIAAETCs IIJIOCKO, Ha BEPXHIOK I'PAHHUIy CBOETro II0sica - Ha Ty Xe OTMETKY,
YTO BEPXHsIs KPHIIIKA ero Tesia. CTOMKa MOsSICOB U MaéT CTYIeHYaTy0 OBEPXHOCTD, a ITOJIUTOHEL C
TeJlaMu JIOXKAaTCs APYT Ha Opyra 6e3 3a3opa.

OTMeTKH BIOIb OMHOTO KOJIbIIa ITPoO0BaIy OBaXK/Ibl: IOPOTOM II0 CEPEeOUHE IT0sICa ¥ BLIOOPKOM caMo
nmoBepxHocTu. O0a pa3a Ha TPEXMEPHOM ClieHe BEIXOOUIN JIeHTH, ye32KaloIue Mo BeicoTe. [IpuyunHa
He B OTMETKAaX: HEIJIOCKOe KOJIbIIO ABUXKOK TPUAHTYJIMPYET B IIJIaHe, ¥ MEeXK/y BepIIUNHAMH Pa3HOH
BBICOTHI HATSATHUBAIOTCS [JIMHHBIE TOHKHE TPEYTOJbHUKYU Yepe3 BeCh MO0siC. BHICOTY mepzKaT CTEHKHU
TeJla, a He HaKJIOH IIJIOIagKH.

Hyx#no 3to mns nepemauu ropusoHtanein B ABTOKAII u Kpepo. CtammaptaBIU 3KcmopT QGIS
(ITpoekT —» UMnopt/3kconopt = IKconopT npoeKra B DXF) coxpaHseT OTMETKHU Z BEPIINH, Hago
TONBKO CHATH ranoduky IIpuryautenbHo 2D. Be3 Z B reomeTpuu 00e IMporpaMMHEl KIagyT BCe
TOPU30HTAJH Ha HYJIEBYIO OTMETKY, U BEICOTY IIPUXOAUTCS 3aJaBaTh BPYUYHYIO 10 KaXKIOU TNHUH.

MHOro4aCTHOCTSD CII0S COXpPaHAETCsA: U30JIMHUA OOHOT'O YPOBHHA OCTaércs OOHHUM 00BEKTOM CO BCEMU
CBOMMH BETBSIMH, UHCJIO OOBEKTOB HE MEHSEeTCH, IIOAIINMCHY HE€ PA3MHOZXKAKTCHA.

IIpopekuBaHHEe KOHTYPOB

KoHTypep CTaBUT BepIINHY Ha KaXX[0M IIepeCedeHUN YPOBHSA C peOpoM sSYelKU, U Ha MoapOoOHOM
TpUuLe INHUS HECET BePIIUH O0JIbIle, YeM HYKHO e€ ¢dopme. [lapameTtp IIpopekuBaHne KOHTYpPOB
yOupaeT BEPIIWHE, OTCTOSIINE OT CIPSMIISAIONIeN JIMHMYU MEHbBIe 3afaHHON OONHU SYeWKW: IIPHU
mosie 0.25 u si9edike B ISITb METPOB OTOpPAcCHIBAETCS BCE, YTO YKIJIOHSETCS MEHBIIE YeM Ha MEeTP
C 4eTBEPTHIO.

dopMa IIpu ITOM COXpPaHSIETCs, a 00BEM CIO0S IamaeT B Pas3bl - 9TO BaXKHO U OJIA YyepTexka, W O
TPEXMEPHOM CLeHH!, 1 A nepenayuu B ABTOKA]L. [TpopexkuBaHue UOET A0 MOJIUTOHU3ALNY, II0O3TOMY
TPAHUIIHL IIOSICOB M IIOCJIe HEero COBIIaAaloT C U30IUHUSIMU. HOMMb OTKITI0OYaeT.

Tonmorpadudyeckue MOaAIIHUCH

Ha Tomorpaduueckoil KapTe Bepx HHUGPH Ha IOPHU30OHTAJIU BCerga HaIlpaBJIeH BBEPX IIO CKJIOHY.
YuTas KapTy, 10 OJHOM ITOATIMCY IIOHUMAEIITh, TAe BhIIIE, HE CBEPSISICh C COCEMHUMU TOPHU30HTAJIIMH.
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QGIS oTcuuTHBaEeT BepX IMOOMNKUCH OT HAITPaBIEHUS JIMHUY, IIO03TOMY HOOUTHCS 3TOTO IOBOPOTOM
TEeKCTa Hejb3sl, a Hy2KHO 3a[aTh JIMHUSM OJHO HaIIPaBJIeHNE OTHOCUTENBHO CKJIOHA. DTO U AejlaeT
¢pnaxok Tomorpadpuyeckue nmognucH. B cioe ocraercsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
OoCTaB/ieHa Kak Oblyta, 0 4TO pa3BépHYTA.

ABTOMATHYECKUI BHIOOP CTOPOHBEI WHOTHA OIMMOAETCS, W TOTHA €T0 IEePEeKIIIYalT pPyKaMu
rmapameTpoM CTOpOHA OEepriuiTPpUXOB M moamuceu. [IlepekinoyaTenh OelcTByeT Ha o0e 4acT
KapTHUHBI Pa30M: ¥ Ha CTOPOHY IITPUXOB, U Ha HampaBlieHue mopmnuced. [IpuyMeHsIeTCcsT OH POBHO
ONYH Pa3 - Pa3BOPOT JIUHUHU CaM MeHsIeT MeCTaMHu JIeBO U IIPAaBo, a 3HAYUT U 3HAK CTOPOHEI CKIIOHA,
TTO9TOMY TIOBTOPHBIHM TTEPEBOPOT BEPHYJT OHI IITPUXHU Ha TIPEXKHEE MeCTO.

Be3 pa3spelieHHsi IepeBEéPHYTHIX MOAMHCEH 3TO He paboraer B HaAcTpoiKax IOAMIHCEH
€CTh OIIIIUS TOKa3a IePEBEPHYTHIX MOAIMCEN, W 0 YMOJITYaHUIO OHA 3alpellaeT ux. [Ipu TakoM
3amnpete QGIS caM goBopaunBaeT TEKCT, YTOOLI OH YHTAJICS CJIeBa HAIlpaBo, U HapaBIeHHue JTUHUN
IIepecTaéT Ha YTO-TU00 BIIUATH.

Tomorpaduyeckast moAnuCh IO OIIpeneIeHnI0 OBIBAET IIEPEBEPHYTOM: Ha CKIIOHE, 00paIIéHHoOM Ha
10T, IIu(dpa YUTAETCSI BBEPX HOraMu. I109TOMY IIOKa3 IepeBEPHYTHIX Hafo pa3pemiaTh, a He 00poThCsI
C HUM.

B cTtunsax CTpykrypa / runcoMmeTpus u [lenpeccusi (LITPHXH BHU3) 3TO yKe HaCTpoeHO. Eciu
IIOAIINChIBaeTe CBOMM CTHJIEM, BKJIIOUHUTE IIOKA3 nepeBépHmix HOHHHCGfI B pa3neiie OTPUuCOBKH,
nHave (1axkoK He JacT HUYero.

ITognmuch CTAaBUTCSI HA JIMHUIO B 000UX CTUIISX HOONIUCH Pa3MeIlaeTcss Ha caMO¥ TOPU30HTAIH,
a He HaJ Hel, ¥ pa3phIBaeT €€. DTO NPUBLIYHLIN TOIMOrpadryecKuit IpuéeM: udpa YuTaeTCss BMecTe
C TUHWEH, a He PSAOOM C Hell.

IIpeapynpexkaeHue 0 IJIOCKUX YPOBHSIX

WHCTPYMEHT caM IPOBEPSET, He IIOIal I KaKOU-TO YPOBEHD CeYEeHHUS B IIJIOMIAIKY C OKOJIOHYJIEBEIM
YKJIOHOM, ¥ €CJIH II0TaJl, TUIIeT 00 3TOM B )KypHaJI: YPOBEHB, YMCJIO 3aJ€THIX sT9€€eK U MOJII0 HaHHEIX.
Huyero npu 3ToM He 6IIOKUPYETCS, U30JIMHUU CTPOSATCSA KakK 0OBIYHO.

3ayeM 3TO HYXKHO. Ha miollagke, rae MHOBEPXHOCTh MEHSIETCS Ha MUJIIMMETPEHI, II0JI0XKEeHUe
W30JIMHUM OmpefesseTcs He penbedoM, a IIyMOM MaTpPHUIbl. JIMHWS TaM HaYWHAET BUIISTH,
pacceimaeTcss Ha MHOXKECTBO MENKWX KOJeIl M BHEITIISAOUT KaK OfHa yTONIIEHHas. Kimaccudeckui
MCTOYHMK TAKOM IJIOIIAAKX - ITOBEPXHOCTh BOMBI: Ha MaTpPHIle, MOYyUYEeHHOHW IO cTepeolape, OHa
CTOUT Ha OOHOM OTMETKE C TOYHOCTBIO 10 CAHTUMETPOB U MOXKET 3aHHMATh II0JIOBHUHY ILIOIIAIH.

OTnuyuThk 3Ty 60JIe3HE OT HOPMAJIFHOM PabGOTH aJrOpPUTMa Ha I'J1a3 TPYAHO, IOTOMY YTO aJirOpUTM
oTpaboTas BEpHO, a BUHOBATH HaHHEIE. [l03TOMYy ITpOBEepKa U BEIHECEHA B KypPHAJ YMCIaMU.

HpaKTquCKOG pelieHue OOBIYHO IIPOCTOE: 3aMAaCKHNPOBATE ITIOBEPXHOCTEL BOOEI 10 ITIOCTPOEHU A 160
CMECTUTHL YPOBHHU. Ype3 BOOEBI 3TO OTHeJ'IBHBIfI 00BEeKT KapPThI, a HE TOPU30HTAJIb, © PHUCOBATh €Io
TOPHU3O0OHTAJIBIO HE CIIEeOYyeT.

[TpoBepKa UOET 3a OOWH ITPOXO[ IO MAaCCUBY U Ha pacTpax KPyIIHee IeCTUAEeCATH MUIJIMOHOB TYeeK
MIPOITyCKaeTCsi, YTOOBI HE TPATUTh BpeMs. JIroOas ommbKa BHYTPU HEE TaCUTCs, IIOCTPOEHUE M3-3a
OMArHOCTHKH He CPLIBAETCH.

YBepeHHOCTh rOPHU30HTAIeH

ITpomomnxkeHMe TOU Ke MBICJIM, HO YK€ C BO3MOXKHOCTEIO YTO-TO cAesaTh. [lapaMeTp YBEpeHHOCTH
FOpH3OHTaHeﬁ MMeeT TPU IMOJIOKEeHUA.

He cuuTaTth - I0BEOEHUE 110 YMOJI9YaHUIO, HUYEero He MeHAeTCsd.

TonbKo monsi drop min u drop_mean - TUHHM OCTAIOTCS LeJBIMHM, HO KaXpgas IOoJIydaeT OBa
IIOJI: HAaMMEHBIIINY U CPeOHUM Iepenap BEICOT Ha S4elKy BOOJIb Heé€. PelleHre ocTaeTcs 3a BaMU:
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IIOOO3pPUTEJIbHBEIE YIAaCTKHN BUOHBI BRIPDA2KE€HNUEM BUOA drop_min < 0.005, ¥ BEI CAMHU pelllaeTe, IIPsiTaThb
X UJIX IIOKa3bIBATh.

ITonss ¥ pa3phIB HAa NMOJO3PHUTEIBLHBLIX yYaCTKaxX - JIMHUS OOTOJHUTEILHO PBETCS TaM, TOe
mmepemnaj HUXKe IIopora, ¥ KycKu moMmedaiorcs moneM lowconf. Huuero He ymanseTcs, CIPSTaTh
TMOMEYEHHOE MOXKHO QUITBTPOM CJIOS.

ITouemy mopor 3agaéTcs MOJIed cedeHuss MepHuTCs He YKIIOH, a IIepellajl BEICOT Ha S4eiKy. DTo
BEIMYMHA TOHM K€ PAa3MEPHOCTH, YTO U CeYeHUe penbeda, I03TOMY €€ MOXKHO IIPSIMO CPaBHUBATE C
HHM, ¥ OOHMH IIOPOT OOMHAKOBO PabOTaeT Ha PA3HLIX JaHHEIX.

[Mpumep. IIpu cedernuu 0.5 M U IOpPOTe B COTYIO OO0 I'PaHUIIA IPOXOOWUT IO D MM Ha SUYEUKY.
ITomoru#t CKJIOH Ha€T Ha sS4YelKe CAHTUMETPHl U IIOPOT IIPOXOOUT, IOBEPXHOCTH BOOBLI HAET
MUJUTIMETPH M HEe HPOXOOUT. 3agaBaTh HOPOr abCOMIOTHEIM YKJIOHOM IIPUINIOCH OB 3aHOBO IIOF,
KaXXObIA YYaCTOK.

[Topor HacTpauWBaeTCs B [OIOJHUTEJIbHBIX MMapaMerpax, Ilopor mepemaga Ha sST9YeMKY, OIS
ceuyeHnus, 1o ymondanuio 0.01.

ITouemy pBYTCsI TOJABKO cepuu OpfHa MOJO3PUTENIbHASA BEPIIWHA JIMHUIO HE PBET, U ABE TOXKE.
Pa3peIB IPOUCXOOUT TOJIBKO TaM, I'He HOAPSA UAYT Tpu u Oosiee ciabbIX BepIIWHEL. MHade omHa
cilydadHasl IIyMHAs s49edKa Kpolmuia Obl TOPU30HTANlb HA HOPMAJIbHOM CKJIOHE, M KapTa Ol
rnopepesa 6e3 IPUYUHEL.

Yucno TPU 3alllUTO U IIapaMe€TPOM H€ BBIHOCUTCSH: HOJI6I/IpaTb €ro IIOJIb30BaTEeJII0 HE€ 3a 4YTO, a
JTUIIHUMN IIapaMeTp B Juajiore CTOUT OOPOXKEe, YEM KaXKeEeTCH.

KYCKI/I OeNdAT 'PaHNYHYIO BEPIINHY, IIO3TOMY B reOMETPUU He BO3HUKAET Pa3phiBa: COCeJHHUE YaCTUu
CTBIKYIOTCA TOYKa B TOYKY.

ITopsADoOK B KOHBeHepe M CBOAKa Pa3sMerka MOET IOCe MOCTPOSHUST M30MUHUE U 00 QUILTPa
KOPOTKUX nuHui. MHaYe oOPHIBKH, OCTABIIMECS OT pa3pe3aHus, Imomanu Okl B CTATUCTUKY OJIUH U
4acTb JTUHUM OTCesinach ObI OBAXK/LI IT0 Pa3HBIM IPUYUHAM.

B KypHas yXoouT CBOOKAa: CKOJIBKO JIMHUY IIPUIIIIO, CKOJIBKO KYCKOB IIOJIYYMIJIOCH, CKOJIBKO U3 HUX
HUXKe IITyMa U Kakas 0ojs o0llel OJIMHBEL OKa3aiach cj1aboi.

Yero HHCTPYMEHT He [ejiaeT OH He criaxwuWBaeT IIJIOCKHe Y4acCTKH, YTOOBI TMHUS rnepecTrtalia
BUJISAThL. JTO Onljia OHI nmoggeJika HOAaHHBIX: Ha BBIXOOE IIOJIYYMIIACh OBl POBHasA W HEBEPHad
TOPHU30OHTAJIb BMECTO pBaHOﬁ, HO COOTBeTCTBy'IOH.[eI;I TOMYy, 4YTO €CTh B MaTpHIE. Pemienue o
TOM, IIOKA3bIBATh JIU craObIi Y4acCTOK, OCTAETCS 3a YeJIOBEKOM.

Pa3iombl

ToT xe cno¥ nmuHUH, 4To nomaBasics B 1.02 unu 1.03, momaéTca cioga B mojie Pa3moMsel. 30ech OH
oejaeT [Be BeIllu.

TTepBoe: M30IMHUN PEKYTCS MO JIMHUM, TOYHO IO HEM, a He IO rpaHUIlaM sdeek. Bropoe: cama
JINHUS BXOOUT B CETH, TTI0 KOTOPOM CTPOSITCS KOHTYPHBIE TIOJIMTOHEI, TTO9TOMY TPaHUIIA TOsica UAET
POBHO IO Pa3JIoMy.

Pa3peIB IIpK 3TOM LETUKOM BEKTOPHBIM. I'DUA OCTAETCS CIIJIOIIHBIM, ABIPOK B HEM HET, ¥ BCE, YTO
CYUTAETCS 10 TPUAy, paboTaeT Kak OORIYHO.

Kopugop y pa3ioMma

OpuH mapameTp TpebyeT 0O0bICHEHUS, IIOTOMY 4TO 6€3 HEro Pe3yJIbTaT BHITJISIAUT CTPAHHO.
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I'pup CHOJIOIIHOM, a 3HAYEeHHUS II0 Pa3HbIe CTOPOHHI pal3jioMa OTIMYAIOTCS Ha BCIO aMIUIATYOY,
M CKA4YOK IIPUXOOUTCS Ha Mapy COCemHuX s4deek. KOHTypep pHUCYeT B 3TOM ITPOMEKYTKE BCE
IIPOMEXKYTOYHbIE YPOBHU pa3oM. IIpM aMOIuTyde B OBaAAIaTb METPOB M CEYEHWM B OBa MeTpa
9TO [MECSATOK W30NMWHWHN B IIWUPUHE OJHOU sUYelKu. ['e0NOTMYECKOTO0 CMBICJIa Y HUX HET: 3TO
WHTEPHIOSLINS MOTIEPEK Pa3phiBa, KOTOPOTO TIJIAaCT HE 3HAET.

[ITupuHa Kopugopa y pa3jioMa 3aJaeTcs B s4eliKax, II0 YMOT4aHUI0 ogHa. [Tonoca TaKo¥ MUPUHEL
BEIPE3aeTCs U3 N30JIMHUY, & KOHITH 0CBOOOIUBIINXCS JIMHUY IPUTATHUBAIOTCS K caMoMy pasnomy. Ha
KapTe OCTaeTCs YUCTHIYU pa3phIB II0 JIMHUU.

Honb oTKmio4aert BEIPDE3aHUE. MeHbllle SYeUKHn 6paTB He3a4YeM: CKa4YOK 3aHHMMaeT POBHO H‘-Iefle.
3amMeTHO OOJIbIIe - HAQYHYT IIPOIIagAaTh U30JIMHUY, UOYIIXE BOOJIb PA3JIOMa IIO Oelly.

Y 3aTyxalollero KoHIla OCTAETCS KOPOTKHUM y4acCTOK YaCThIX M30JIUHHUHM [OJIUHONM OKOJIO IIWPUHEBI
KOpHAopa. ITO BEPHO 110 CMEICJIY: pa3phIB TaM COIIEJ Ha HET, IIOBEPXHOCTh CMBIKAETCS, U PBATh €€
HedeM.

HauMeHbIIIasi TOJIIIIHHA MOJIUTOHA

TTopor 3amaéTcs B AYeiKax U 0TCEeKaeT y3KKe II0JIOCH IT0sICoB. TOIIIHHA CUUTAeTCs KaK YIBOeHHAd
IIOIIAdb Ha IMIepUMeTp: Yy OJIMHHOU Y3KOM II0JIOCH OHA PaBHA €€ IMWpHUHEe IPHU JI000H OIuHe, Torma
KakK II0 IJIOMIaAN TaKyIo IIOJIOCY OT HOPMAaJIbHOTO I0siCa He OTJIMYHUTh.

ITopor 3agyMaH IpOTHB OOPHIBKOB Y pa3phiBa TaM, I'Ie JIMHUK Pa3jIOMOB He IIOHAHH: ¥ Kaphepos,
00pEIBOB U Kpas ob6mactu. Ilo1b30BaThCsA MM HAOO0 OCTOPOKHO. Ha KpyToM ITOBEPXHOCTHU C
YaCTHIM CeYeHMEeM HOPMAaJbHBLIN MOSC MeXOy COCEIHUMU YPOBHSIMH caM MO cebe yxke TYehKu, u
TTOPOT B TYEUKY BHIKOCUT KapTy. MHCTPYMEHT TpenynpekmaeT B KypHaJe, €CIU OTCesyT OOobIile
IIOJIOBHMHHEI ITOSICOB. I10 yMOT9aHUIO IOPOT PaBEH HYJIIO, TO ECTh OTCEBA HET.

OTMeTKH Z y IOSICOB

lamouka oTMeTOK Z paboTaeT ¥ Ha HMOIUTOHAX IOSICOB. I10SC JIEXKUT MEXKOYy OBYMS YPOBHSIMU, U
€ero Kojblla UOYT II0 HUM: BHEITHee II0 OOHOMY, BHYTPEHHee II0 COCefHeMy. BepImuHE momydaioT
OTMETKHU 5TUX YPOBHEMU, M IIJIOCKUM IIOSIC CTAHOBUTCS HAKJIOHHOM I'paHbIO, @ BCSA CTOIKa II0SICOB -
CTYII€HYaTOM! IIOBEPXHOCTHIO.

OTMeTKa BepIIMHBEI OepPETCsT BRIOOPKOM M3 pacTpa W MOATATUBAETCH K YPOBHIO H30JIMHUU, €CIIU
TOoT Onmxke TpeTtu cedeHus. [IOOTSKKA HYKHA IIOTOMY, YTO CrJla’kKMBaHWE YBOOUT BEPIIUHY C
TOYHOI'O IIOJIOXKEHMS H30JIMHWM, a OTMeTKa o0s3aHa OBITH POBHO YPOBHEM: MHA4Ye COCEIHUE
Iosica Pa30UyTCs MO BEICOTE Ha ofuieM pebpe, ¥ BMECTO CIUIOIIHOM ITOBEPXHOCTH BBIMAET HAaGOD
HECOMKHYTHIX JIOCKYTOB.

IlogTsaxka I/IJIéT TOJIBKO K CBOMM OBYM YPOBHAM. BepmHHa Ha paMKe 00acTH WK Ha JIMHUHT pas3iaoMa
He JIeXKUT HU Ha KaKOM M30JIMHUH, €€ 0OTMEeTKAa 3TO penbe(b, U TAHYTb eé K YYy2KOMY YPOBHIO HEJIb34 -
ITOBEPXHOCTH IIOJIydHIIa Okl CTYIIEHBKY Ha POBHOM MeECTe.

ITosic, YacTh BEPIIMH KOTOPOI'O BHIIIJIA 3a ITIOKPBLITHE PACTPA, OCTAETCS IIJIOCKUM IIETUKOM: ITOIUTOH
C OBIpoM B oTMeTKax B 3D maéT mpoBai mo HyJs.

1.05 BapuorpaMmmMa (3KCcriepuMeHTa/IbHAs)

WHCTPYMEHT CTPOUT MO TOYKaAM 3KCIIEPUMEHTAbHYIO IIOJyBapuorpaMMy, HOpH HeoOXOOMMOCTHU
nonbupaeT 1o Helt moxesnb U BuimaéT HTML-oTuéT ¢ rpadukom. OH He CUUTAET T'PUM U HE BXOOUT
B PaCUY€ETHYIO LIENIOYKY KPUTUHTa HanpsaMywo. Ero 3ajadya guarHocTudeckasi: IoKa3aTh CTPYKTYPY
IPOCTPaHCTBEHHOM U3MEHYUBOCTU JaHHBIX U IIOMOYb 3alaTh IapaMeTPhl BApHOrpaMMbl OCO3HAHHO,
1o BuAy oGJlaka, a He Ha rjas.
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3auyeM HyZKeH IPeaIpoCMOTP

KpuruHr onupaeTtcsi Ha Mofesib BApUOTPaMMEBl: HArTeT, IMopor u panuyc. OT HUX 3aBUCST Beca IIpu
WHTEPIIONSIUN M KapTa CTaHOapTHOW omuOKu. COOJa3HUTENBFHO MOPYYHTH HOOO0P I9THUX YUCE
aBTOMAaTHKE ¥ He AyMaTh 0 HuX. Ha KjlacTepru30BaHHOU pa3BefOYHOU CETH 3TO onacHO. CKOIJIeHU
6J'II/I3KI/IX CKBaXKMH OAIOT OIrPOMHOE€ KOJIMYECTBO IIaPp Ha KOPOTKHX PACCTOAHUAX U IIPHUOABIIXMBAIOT
OJTMKHIOI0 YaCTh BapHUOTPAMMEI, ITIO3TOMY aBTOIIOOO0OP II0 TaKOMY 00/IaKy JIeTrKO BHIZAET YBEPEHHO
HeIlpaBUIbHBEIN HarreT. [IpegmpocMOTp CHUMAaET 3Ty IpoOjieMy: reojior BUOUT caMo 0OJaKo Iap,
IOHMMAET, I'le HJaHHBEIX MHOTO, a IIe MaJio, ¥ IIOATOHsSIeT MOAelb C IOHNMaHueM TOT0, YTO IIo[ Hel
JIeXKHUT.

ITosTomy mopmbop MOfeNm B MHCTPYMEHTE [aH KaK PeKOMeHMallus, a He KaK I'OTOBHIM pe3ysbTarT.
Yucra, KOTOPHIE OH IIpefjaraeT, pa3yMHO CBEPUTH C BUAOM Ipaduka U TOJILKO IIOTOM IEPEHOCUTH
B KPUTUHT.

KpaTkas Teopus

ITonyBapuorpaMma OIMCHIBAET, HACKOIBKO CTAaTUCTUYECKU CBSI3aHLI 3HAYEHUS ITapaMeTpa B OBYX
TOYKaX B 3aBUCUMOCTHU OT PACCTOSTHUS MeXK Ay HUMH. [IJ1s ITapsl TOYEK, pa3HEeCEHHBIX Ha PacCTOSIHUE
h, GepéTcs monoBMHA KBagpaTa PA3HOCTH HX 3HAYEHUM (MIONyOUCIIepPCHUs NPUpPAIIEHUsd). ITU
BEJIMYUHEL YCPEOHSIOTCS II0 IIIaraM PacCTOsHUS, U nony4daeTrcsa Kpusad y(h). Ilar 3gech - uHTEpBan
paccTosiHUN MeXKay TOYKaMH ITaphl: BCe Maphl, pa3HECEHHBIE HAa PaCCTOsITHHUE OT h oo h mmroc mupuHa
1mara, gJalT OOHY TOYKY KPHBOM. TO Mepa He «CpefHel pa3HUIbl» 3HaYeHUM, a CTaTUCTUYECKOHU
HaAEXXHOCTH IIpeNCcKa3aHus 3HaYeHUS 110 COCEly: YeM MeHbIIIe Y, TEM TECHEE CBS3b.

Y TunnyHOM KpUBOU Tpu XapakTepuctuku. «Harrer» CO 3T0 3Ha4YeHHe, K KOTOPOMY CTPEMUTCS Y
IIPU CTPEMJIEHUHU PACCTOSHUS K Hy/I10. OH OTpaXkaeT U3MEHYUBOCTh Ha MaciuTabe MeJib4de, 4eM Iiar
CceTH, ILTI0C omnbKy n3Mepenusi. «ITopor» 3ToO ypoBeHb, Ha KOTOPBIM KPUBAs BHIXOOUT Ha OOBIINX
paccrosiHusX. ITomHBIN TOPOT paBeH CYMMe HarreTa U CTPYKTYPHBIX BKIAIOOB M B upaeasne O0IM30K
K OUCIIEPCUU OaHHBIX. Pamuyc (a) 9TO paccTOosiHME, Ha KOTOPOM KpHBasi BHIXOOUT Ha IOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAs KOPPeNsaius CliafaeT MpakKTUUYeCcKH A0 HysdA. [lanbile 3TOTO
paccTosHUS TOYKM CTATUCTUYECKU He CBSA3aHEBL. [IJIg S5KCIOHEHIIHATbHON M rayCCOBOM Momesen
IIOPOT OOCTUTAETCS aCUMITOTUYECKHU, IO9TOMY PajguyC O HUX - 9)(GEKTUBHBIN.

HarreT 1 BKIaabl B UHCTPYMEHTE 3adaHbl B aOCOMIOTHREIX eOUHUIIaX OUCIIEPCUM ITapaMeTpa, a He
OOJIIMH OT emuHUIEI. OPHEeHTHP OJIS IMOJIHOTO IIOPOora 3TO MUCIEePCHUs HJaHHLIX, KOTOPas BEIBOJUTCS
B CBOJKE OTUYETA.

ITapamMmeTpsl

[TapameTp YTo 3amaéT ITo ymonmuaHnuio / COBET

Touku cO 3HaUEHUSIMU BxoOHO# TOYEYHEIN CIIOM. -

[Tone 3Havenus Z (IycTo: u3 ATpubyT, 110 KOTOPOMY -

TeoMeTpPHH) cTpouTcs BapuorpaMmma. Ilycro
- U3 Z TO4YKHU.

[Tone rpynnupoBKH (ZOII.) Pa3penvHEIE BapyoOrpaMMEL 110 -
KaTeropusM (HalrpuMep, BUL
pa3BenKH).

[Tone BecoB meknactepusanuu  Beca u3 1.01 gns B3BelleHHOU -

(mom.) OIIeHKH.

KonuyecTBO 11ar0B Yucio UHTEepPBaioB -
PacCTOSHUS.

MakcumanbHO€E pacCTOSHUE BepxHsa rpanuila paccrtoauuii. 0
0 = monmoBMHA gUaroHanu
oxBara.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

[Tomo6paThk MopAemnb ABTomon6op Momenu 1o BKIJL.
9KCIIEPUMEHTAJIbHBIM TOYKaM
(pekoMeHpayeTCs).

Mogens onsg mog6opa (mor.) Tun mopenu: chepudeckas, -
9KCIIOHEHIMaJIbHas, rayCCcoBa,
CTelleHHas.

YcToriuuBast onieHKa (IorI.) Ouenka Kpeccu-XokuHCa, BBIKII.
MeHee 4yBCTBUTEJIbHA K
BRIOpOCAM.

Yparauubsie IpPoOHL: OTceB 3KCTpeMaJlbHBIX 0

MepLeHTUIbL 00pe3Ku (Io1.) 3Ha4YeHUU 10 nepueHTuno. 0 =
BBIKII.

Cpe3saTh K Ir'paHulie BMECTO Capping: skcTpeMyMm BBIKIJI.

yoaneHus (moir.) cpes3aeTcs K IOpory, a He
yOanseTcs.

Ums mpoduns aist TaGauiik HWwms Habopa, 1oy KOTOPEIM MyCTO
Mopelb 3aHOCUTCS B TabIuIly
MopeJsien.

Iomucate B Tabnuiy momeneir  CymecTByrolasi Tabuila, Kyoga He 3afaHa
3aHOCHUTCA pe3ynbrar. CTpoKu
9TOT0 IIPOPUIST 3aMEHSIOTCH.

Mogpens BapuorpamMmel (HoBass ~ HoBast Tabnuna. Co3gaércs, co3maéeTcs
Tabua) KOTla MOIIUCHIBATE €IIé
HeKyna.
Tabmuita BapuorpaMMEL Brixon: paccTosiHue, 3Ha4YEeHUE -
Yy, KOJTUY€eCTBO Iap.
Otuét (HTML) Brrxon: rpaduk o6maka nap u -
MoOfeJy.

OTOpoIIeHHBIE TOYKM MOXKHO TOJIYYUTh OTHEJIBHBIM CJIOEM: BHIXO[l YparaHHbI€ MPOOBI OTHAET
KOOPIMHATH], 3HAUYEHHE U NPUUYUHY - HUXKEe UM BBIIE KaKOW rpaHulibl. [1o yMOI4aHWUIO BBEIXO[,
BBIKJTIOYEH.

CMmoTpeTs ux cTOUT. OTCEB II0 IEPUEHTHIIO He OTIIMYaeT OMIMOKy 3aMepa OT HacTOsIIIel aHOMAaJIuH,
a pelleHne 3TO re0JIOTHYeCKoe: CKOIUIEHNE OTOPOIIEeHHBIX TOYeK B OHOM MeCTe OOBIYHO O3HadaeT
He Opak, a Hey4YTEHHOE TeJlO.

I[TapameTp Yro 3amaeT ITo ymom4aHuio / COBET
Touku co ToueuHBIN CIIOU CO -
3HAQUYEeHUIMU CKBaXMHaMU UIU
npobaMu.
ITone 3Hauyenus Z YwucnoBod aTpubyT myid  3allOMHHAETCS MEXKIY 3allyCKaMHu
(mycTo: u3 aHanu3a: OTMeTKa
TEeOMEeTPHUN) 1j1acTa, MOIUIHOCTS,

copepxkanue. Ilycto -

u3 Z TOYKHU.
[Tone rpynnupoBKu CTpOUT OTOENBHYIO BBIKII.
(1e00653.) KPUBYIO AJIS1 KAXKO0T0

3Ha4YeHus Mo (Hamp.

BU[ pa3BeOKu) u

HaKJ/aOblBaeT UX Ha

onuH rpaduk.
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[Tapametp

Yrto 3amaérT

ITo ymomganuro / COBET

KomuuecTBO IIaros

MaxkcuMmanbHOe
paccrosHue

ITomo6paTh Momemnb
(pekomeHmaIms)

Mopenb os mombopa
(mor.)

MuHMMYM TOYEK B
rpynne, % (mor.)

YcTokiyuBas olleHKa
(Kpeccu-XokuHca)
(mor.)

IToka3aTs 006J1aKO
nap (mort.)

HamnoxuTh 3aJaHHYIO
MO[ieJib
BapHoOTrpaMMEI (IOII.)

YparauHbie IpoOk!
(mor.)

HWmsa npodunsa onsa
TaAOIHUIIEI

Ha ckomnsko
WHTEPBAJIOB
paccTosTHUS
pa3buBaeTcs 061aK0
mnap.

anpHUN Kpau
BapHUOTrpPaMMEI, B
eguHuIlaxX cios (s
METPOBEIX KOOPIOHUHAT -
MeTpHl). 0 = moJI0BUHA
ouaroHajy oxXBaTa.
ABTomopn6op Harrera,
mopora, paguyca u
THUIIa MOMIEH,
pe3yabTaT
3anoOMUHAEeTCs s
TIOOCTAHOBKHU B «2D
Kriging».
3aduKCHUpPOBaATh THUII
MOMEIH UIU OCTaBUTh
aBTOBBIOOD JIYUIIEl 110
R2.

I'pynnbl Menbue mopora
He CTPOSATCS U
IEePEeYnCIISIIOTCS B
XKypHarne. [Ton - 30
TOYEK.

CHUXKaeT BIUSHUE
PenKux aHOMaIbHBIX
map.

[loGaBnsieT Ha rpaduk
UCXOOHBIE TTaphl 40
yCpegHEeHUs.

Pucyet moBepx o6naka
MOMeNb C 3aJaHHbBIMHU
BPYYHYIO HAarTe€TOM,
TIOPOTOM U PafuyCcoM -
yIoOHO CPaBHUTH CBOIO
MOMeb C JaHHBIMH.
INepieHTUIL OOPE3KH,
HUXKHSS U BEPXHSIS
TPaHUIIEl 3HAYEHUS,
pexXuM cpe3aHus K
TpaHullie BMeCTO
ymaneHusi. B camom
KOHIIE CITHCKA.

HNmsa wabopa, mopm
KOTOPHIM ITofo0paHHas
U30TPOITHASA MOJIENDb U
TEKyIIUUA OTCEB
3aHOCSTCS B TaOIUITy
MOIeJeH.
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

Tabmnuia BrixogHoOM BPEMEHHBIU CIIOM
BapHUOTrPaMMBbI cIIoH-TabIuIa C
TOYKaMH BapHuOTPaMMBbI
(cTONOILIEI HUXKE).
OtuéTt (HTML) OTuéT c 06IaKoM, BpeMeHHBIN (pain
nonoOpaHHOM KPUBOM U
TNUHUEN OUCIIEPCUM
OaHHBIX.

HapaMeTpLI C TIOMETKOM «JIOIl.» JIeXKaT B CBépHYTOM pas3neiie HOono/ITHAUTE/IbHbIE IIapaMeTpPhl.

Ha Brixome popmupyetcs Oraét (HTML) c rpadukrom, mogoOpaHHON KPUBOH U JIMHHUEH THUCIIEPCUU
OAHHBIX, a TakXe HeoOs3arenbHas Ta0aMma BapHOrpaMMbI - TOYKH 9SKCIEPHMEHTAIbHOU
BapHoOTPaMMEI B BUIE CJIosi 0e3 reoMeTpuu (II0 CTPOKE Ha KaxKABbIM Iar Kaxkpgou cepuu). ITo Hel
MOZKHO ITIOCTPOUTH CBOM rpaduk B QGIS unu BHIrpy3uTh 3HaYeHusA. E€ cTONOIIH:

ITone Tun YT0 comepXKuT

series CTpOKa Cepusi: «BCe TOUKU» MuO0 3HaUEHUE I0JII
TPYIIIMPOBKU, €CJIM OHO 3aJiaHo.

lag opobHoe CpepHee pacCcTOsTHUE MeXAy TOUYKaMU ITapbl BHYTPHU
I1ara, B eMUHUIAX CJIOS.

gamma IpobHOoe IMonymucnepcus y(h): cpegHee MOTOBUHEL KBapaTa

pa3HOCTelU 3HaUYEeHUU 10 IapaM 39TOTro 1ara (uimn
ycTouuuBas oneHKa Kpeccu-XoKuHCa, eClid OHa
BKJIIOYEHA).

npairs menoe KonmyecTBO map ToO4eEK, IIOMaBIINX B Iar. Mamoe
KOJIMYECTBO IIap - TOYKA BApUOTPaMMEI HeHaOEXKHa.

IMTosie TPYIIIHPOBKH M PAa3HOIUIOTHOCTHAsI pa3BeaKa

Heob6s3aTenbHoe I1ojie rpynnmupoOBKH CTPOUT OTHOEJIFHYIO BapHoTrpaMMy IJid KaXKIOTo 3HAaYeHUS
IIOJISI ¥ HaK/IaObIBAeT WX Ha OOuH rpaduk. ITO HYXKHO, KOrga BeIOOpKa coOpaHa CeTIMHU Pa3HOU
MIPUPOOH U IIJIOTHOCTH, HaIPUMEP ITOBEPXHOCTHOM U ITOA3€MHOM pa3Beqkoi. [logaB B rpynmupoOBKY
BU[ Pa3BedKU, MOXKHO YBUOETH, OOIIAs JIM Y 9TUX COBOKYITHOCTEM CTPYKTypa UJIM V KaXKI0! CBOS.

CMeleHre pPa3HOMIOTHOCTHHIX ceTed He co3maéTr apTedakToB camo mo cebe, HO HCKaXKaeT
o06I1Iy0 BapuorpamMmy. IIjoTHasi ceThb HAaéT MHOTO IIap Ha MaJIbIX PACCTOSHHUSIX W (OPMHPYET
ONMKHIOI0O YacThb KPUBOM, pemkas ceTb paboTaeT Ha manpHux. OmHa Momenb, HATSHyTas Ha
Takoe 0O0JIaKO, OKAa3hIBAETCS CMEChI0 IBYX CTPYKTYp M He OIHCHIBAET KOPPEKTHO HU OMHY.
I'pynmupoBKa 3Ty CMeChb ITOKA3bIBAeT, W peIllleHHe, 3aKOHHO 1M O0BEeIUHSATH COBOKYITHOCTH,
ocTaétcs 3a TeoyioroM. [leknacTepus3anusi K o0OJlaKy Iap MpU 3TOM He TpuMeHsieTcs. E€ Beca
IIpegHa3HaYeHbl [JIs MCOPAaBJIEHUS THCTOTPAaMMBI M CPeIHEero, a He [Jis IIap BapHoTrpaMMEI, rhe
KaxKjas mmapa IIOJHOIpaBHa HE3aBUCUMO OT IIJIOTHOCTHU CETH.

Tpn THIIHYHBIE I'eOJIOTHYeCKHe CUTYallHHu

OTMeTKM 3ajieraHusi, MOIIHOCTU U COOepP2KaHu4 II0JIE3HOT'0 KOMIIOHEHTa KMEIOT Pa3HbIe 'eOCTaTUCTHUYECKHe
XapPaKTEepUCTUKH, U IIOJIE3HO BUOETH UX PAIOM. Ha HUIINMIOCTPAaIWK IIOKa3aHEBEl BapPUOI'PaMMEI Tpex
IIapaMeTpPOB OOHOI'O IIPOMEIIIJIEHHOTI O I1JIaCTa, PAaCCYUTaHHBIE B €JMHOM OKHE paCCTOHHHﬂ.

OTMeTKa KpPOBIH 3TO TJafKas MOBEPXHOCTh. Harretr mouTu HYIeBOM, paguyc OOMNBIIONW, MOTEIh
O67M3Ka K rayCCOBOI, KadyecTBO IoA0OOpa OdYeHb BBICOKOe. CocemHHe CKBaXKHHBI HAIOT MOYTHU
OOWHAKOBYIO OTMETKY, U3MEHYMBOCTh KpymHoMaciuTtabHasi. Kpuruuar paboTraeT yBepeHHO. 30eCh
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OTMeTKa KpoBAW No Tunam passenku (none Tun)

=— 6 (n=5216): CO=23 a=3489M

4 = n (n=5022): C0=121 a=2698m
3000 — Kk (N=3919): CO=0 a=4566m
— hn (N=1379): CO=70 a=3686M
— 0 (n=858): C0=543 a=4186m

2500 A

2000 A

yih)

1500 A

1000 -

0 1000 2000 3000 4000 5000 6000
nar h, m

Puc. 11: OtmeTka kposnu o mnacty Kpll, crpynnupoBaHHas IO BUOY Pa3BeOKU: OO3eMHas CETh
JIeXXUT 3aMeTHO HuxXKe (0671acTh OTHOPOOHee), meTanbHasd pa3BedKa JaéT BEICOKHU HaArreT. Pa3Hbie
COBOKYITHOCTH BUIHO Cpas3y.

3KcnepuMeHTanbHble BapUorpaMMel TPEX TUMNOB NapaMeTpor (maxlag 6 kM, oaAuH pyaHkIA Bnok)

MpoMbWwNeHHbIA NASCT: OTMETKE KPOBAK, M MOWHOCTE, M CofepHaHne NoneIHoro KOMNoHeHTa, %
2000 A UCTHEETA e e e e Ty IS O Ny R Py . .- ., |-,
50
1750 1
2.5 ’.,..-r.-.-.-.-
1500 1 o* di
2.0
1250
= = —. 309
S E ] £
£ 1000 1 £15 £
750 20 e
1e1¢ B
500 L]
0.5 4 104
250 4 rayccosa h chiepuHeckan rayccosn
=— C0=192 C=18le+03 — C0=0.864 C=166 — CO=19.1 C=14.6
a=3061 M R==0.008 0=4820 M R'=0.993 am5611 M R*=0.917
y T T T 0.0 y y T 0 y T T T y
(4] 1000 2000 3000 4000 5000 6000 o 1000 2000 3000 4000 5000 6000 4] 1000 2000 3000 4000 5000 6000
narh, m nar h, m nar h, m

Puc. 12: Tpu Tuna napaMeTpPOB OJHOTO IIJlaCTa B eQUHOM OKHEe: OTMETKa KPOBJH (IIOYTH HYJIEeBOM
HarTeT, riIafgkasi IIOBEPXHOCTH), MOIIHOCTh (HArreT OKOJIO TpeTHu, chepudecKasi) U coOepzKaHue
(HarreT ComoCcTaBUM CO BKJIQJIOM, IITYMHBIN ITapaMeTp).
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eCTb TOHKOCTh: TayCCOBa MOMEeJIb C IMOYTH HYJIEBHIM HAarreTOM YHCIIEHHO HeyCTOHWYMBa W JaéT Ha
KapTe XapaKTepHble «ObIYbY ra3a». HeGombIloi HarreT CTOUT 3aiaTh BPYYHYIO.

MoOmIHOCTE 3TO IPOMEXKYTOUHBIM ciaydau. Harrer cocraBnsieT 3aMeTHYIO OO0 IIOpora, pagmyc
cpenHui, Momens yale chepudeckasi. OKOJIO MOJIOBUHBE U3MEHUMBOCTU CTPYKTYpPHAasi, IOJIOBUHA
MenKoMacmTabHasd. ITo TUnNMYHasa pabodas BapuorpaMma.

ComepxkaHue TIIOJIE3HOTO KOMIIOHEHTA CaMBIM IIyMHBIM IlapaMeTp. Harrer comoctaBuUM CO
CTPYKTYPHEIM BKJIaAOM HJIN IIPEBHIIIAET €Tr0, KpruBasad IIOOJHWUMaeTCd MEOJIEHHO, Ka4eCTBO Hon60pa
HHWXKe, U MOJAeJIb IIJIOXO OTJIIn4YaeTCda OT COCegHHUuX TUIIOB. OcHOBHAsI M3MEHYUBOCTD CUOUT Ha
Macitabe Mesnpde ceTu ompoboBaHusi. KpUTHMHT TakKo¥M mapaMeTp CHUIILHO CrilaXXuBaeT, a KPOCC-
BaUOalus MOKa3biBaeT OONbIIyI0 OIMOKY. ¥ OTMETOK M MOIIHOCTEM HarreT Huxe MU mombop
yCTOMYHBEE; Y COIEePKaHUSI 9TO CBOMCTBO CAaMOI'0 mapaMeTpa, a He OInOKa JaHHBIX.

MakcuMajabHOe PacCTOosiHMe H BbBIXO0 Ha IIATO

Camass vacTasi omwumbOKa 3TO CJIMIIKOM OONbIIOE MaKCHUMajbHOE PacCTosiHue. ECIM 0CTaBUTH
aBTOMAaTHYECKOe 3Ha4deHWe B II0JIOBMHY [OWaroHaliy, Ha BBEITIHYTOM MECTOPOXOEHUH OKHO
PacCTAruBaeTCsd Ha OEeCATKH KHWJIIOMETPOB. Ha OGomnpmmux PaCCTOAAHUAX B IIaPHl IIOIIAagalOT TOYKH
yepe3 6e3pyOHbIe IIPOBAsbl U MeXOJIOKOBEIE PAa3PHIBEI, BaprorpaMMa JIOBUT PETHUOHANIBHEIM TPeH[
BMECTO JIOKAIbHOM CTPYKTYPHI, a Toa00p BLIAAET paguyc O0JbIlle CaMOro OKHa U IOPOT B Pa3kl BHIIIIE
oucnepcuu. [[pr3HaK TaKOH: paguyc momoOpaHHON MOOEJIM COIIOCTAaBUM C OKHOM HJIHM IIPEBHIIIAET
ero. 9To 3HAYMT, YTO KPUBas HEe BHIIIIA Ha IJIATO M HMOPOT IIOJIyYeH SKCTPATIOSIUEH.

JledyuTcs 3TO yMEeHbIIEHHEM MaKCHUMAaJIbHOTO PACCTOSHUS M0 JIOKAILHOTO MacIiiTaba ¥ IPOBEPKOH,
4YTO BapuorpaMMa ycCIliejia BHIUTH Ha NoNKy. Ha mpuMepe comepzKaHUS OOHOTO IIjlacTa IIPU OKHe 6
KHMJIOMETPOB o000 [aBaa paguyc OKojo 9 KMJIOMETPOB M MOPOT HUXKE OUCIIEPCUU, TO €CTh KpUBas
elllé He BHIIIA Ha niaTo. [Ipu okHe 12 KUJIOMETPOB OHa BHIIIA, IaB Paguyc OKoiIo 18 KUIoMeTpoB
Y TIOJIHBIN OPOT, OMU3KUHM K HUCIIEPCUY JaHHBIX. PealbHBIA PaguyC KOPPEISIUU 0Ka3alics O0JIbIle,
YeM BHIEJIOCh B Y3KOM OKHE, U HpaBI/IHBH]:IfI OTBET OaJla MMEHHO ITPOBEPKa Ha BBIXO[N KpI/IBOfI Ha
ILIaTo.

HpI/I 9TOM OKHO H€ HOOJIZKHO IIepellaruBaTh KPYIITHBIE 6e3pyngIe 30HHI. Ha pa3Be)10qH0171 CeTHn HuX
BHUOHO I10 ITaAEeHUIO IIJIOTHOCTHU TOYEK, U BapHUOrpaMMy CjieayeT CTPOUTH B IIpeaejiaX OOHOI'O PYOHOTI' O
6HOKa, HWHa4de JIOKaJIbHas I'eOJIOTHUA CMeIlInBaeTCsAa C peFI/IOHaJIbHOfI TEKTOHUKOM.

OTKyna B3s1JICSI Harret

B pa3pexeHHON ceTu HArTeT MOYTH BCErda 3afali0T eOWHUILI IIap TO4YeK, a He o0yako. [Be
CKBaXXWHHI B OECSITKaX METPOB OPYT OT OpPyra C HECOIOCTAaBUMBIMU 3HAYEHUSIMH TMOTHUMAIOT
TIEPBHIH HIAT BHIIIE TOPOTA, TOAO0PY OCTAETCS OTMUCATH 3TO MOYTH YMCTHIM HArTETOM, U KPUTHHT T10
TAaKOW MOJEJM BO3BpAIlaeT CPeAHEE BMECTO KaPTHI.

I[TosToOMy MHCTPYMEHT medYaTaeT B )KypHaa pa30op IIepBOro Iara: PpacCTOSHUE, YUCIIO ITap B HEM U
3HAYEHUE Yy PSAAOM C QUCHepcred maHHBIX. ECy y mepBoro IIara y»kKe BeIIle 00Iel qucnepcuu, 00
3TOM COODIIIaeTCs OTAEIbHBIM IIPEeAyIIPEeXAeHNEM - OIIUCATh TaKOEe MOXKHO TOJILKO HarreTOM.

CrnemoM Ha3BIBAIOTCSI CaMbIe TSKENbIe IMaphl BHYTPH IIEPBOTO IIara: PacCTOsSHUE MeXKOy TOYKaMU,
o0a 3HaYeHUs, BKJIaH Y M KOOpOuUHATHE o0eux ToueK. [Io KoopauHaTaM ITapa HaXOOUTCS Ha KapTe
Cpa3sy, u Jasblile 3TO BOMIPOC K TaHHBIM. [lepenyTaHHbIN TOPU30HT, 3HAK, € IUHUIIE - TUO0 HaCTOSIIas
MHKPOM3MEHYHNBOCTh, ¥ TOT[lAa HAarreT OTpaxkaeT JaHHEIe.

IIpUu3HAKH HENIPHUT OTHOH MO/IeIH

I[IlBa mpu3HaKa HEMPUTOOHOCTH HE COIIPOBOXKMOAIOTCS OIMMOKOM pacyéTra: ImapaMeTPHl BBIBOMSTCS,
KPUTHUHT 3aBeplIaeTCs INTAaTHO U OAET Iojie, 6Jin3Koe K nmocTosHHOMY. O6a BHIBOOASATCS B XKypHall
OpenynpexXgeHueM.

IlepBriti - Koaddunment merepMmuHanuum R? Huxke 0.1. Mopenp HpPaKTHYECKH HEe OIIHCHIBAET
HabII0maeMy0 CTPYKTYPY, ¥ IEPEHOCHUTH €€ IMapaMeTPHl B KPUTHUHT HEeOOIIyCTHUMO.
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BTopoii - momst HarreTa BHIIIE MOJIOBUHBEI CYMMapHOTO Iopora. CBsi3b Ha KOPOTKHX PACCTOSTHUSIX
He pa3pelreHa: 1ub0 CeTh pexe, 4eM CTPYKTYypa, KOTOPYIO IBITAIOTCSA YBUAETh, TUO0 B JaHHBIX TE
camble TTapbl. KpUTHHT 110 TaKO¥M MOJENH CTJIa’kKMBaeT OI[EeHKY 0 CPeOHETO, a Ha KapTe JaéT «ObIYbr
riIasa», Tyrue KOHIIEHTPUYEeCKHe KOJIblla BOKPYT OTHOELHEIX ITPo0.

PaGounii MUKJI C KPOCC-Ba/InAIlHeH

BapuorpaMma »aéT cTapTOBYIO MOIesb, a IIpoBepseT e€é Kpocc-Banupganusi BapHoOrpaMMBEL.
llopsimok Takou. CHadajla CTPOUTCS 9SKCIepUMeHTallbHas BapuorpaMMma C MaKCHUMallbHEIM
paccTosiHUEM, TIPW KOTOPOM KpWBas BHIXOOUT Ha IMJIaTO, M CHUMAIOTCS IOOOOpAHHBIE HATTET,
BKJIall, paguyC U MOIeNb. 3aTeM 3TH YHCJIa IIEPEHOCSATCS B KPOCC-BAIUAAIIMI0O U OIeHUBAIOTCH
METPUKH CKOJIB3SIEro KOHTPOJIsA. [TomoGpaHHas W HpPOBEpPEeHHAs MOAEesb 3aHOCUTCS B TabOIHITy
Mopersel BapuorpaMum u nopcrasinseTcsd B 2D Kriging nonsMu Mopenu Bapuorpamm u Ilpopuis
M3 TabIuLkI - CM. pa3fen «Tabnuiia MoAenel BaprorpamMM».

Cpenuee cMmelneHre ME momKHO OBITH OKOJIO HYJIsI, 9TO 3HAYHT, YTO CUCTEMATHUYECKOU OIITUOKU HET.
CpenuekBampaTudHas omrbka RMSE mokaskiBaeT aOCOMIOTHYIO TOUHOCTh. OTOEIPHOTO BHUMAaHUS
3aciyxkuBaeT MSDR, oTHOIIIeHHE KBaapaTa OIIMOKM K ANCIEPCHU KPUTMHTra. ECIIM OHO 3aMeTHO
0osbIlle eNUHUIEI, KPUTUHT HEIOOIeHUBAeT HEONPENeJIEHHOCTh M KapTa CTaHOApPTHOM OIIUOKU
3aHUKeHa.

ITlpaBka MSDR pemaeTcsa TOYHO, a He Ha rja3. B opauHapHOM KPUTHHTEe OOMHOXEHHE BCeH
BapUOTrpaMMEl Ha IOCTOSTHHBIM MHOXKHUTEJIb HE MEHSET OLIEHKH, [IOCKOJIbKY BECa 3aBUCSAT TOJIBKO OT
dbopmbI KpUBOH, a He OT €€ MaciuTaba. MeHseTCs JINIIb AUCIIEPCUs KpUTuHTa. [103TOMY AOCTaTOYHO
VMHOXKUTH HarTeT U BKJIafdbl Ha TeKyllee 3HadeHue MSDR, ocTaBuB paguyc U MOOelb IPEXKHUMU,
U IIOBTOPUTH Kpocc-Banupannw. Metpuku ME, MAE, RMSE u R npu atoMm He cosurarTcs, a MSDR
MIPUXOOUT K eOUHHIIE, U KapTa OIMUOKY CTAHOBUTCS HOCTOBEPHO.

ITocme macmTaOWMpPOBAHMS IIOJIHBEIM IIOPOT MOZKET OKa3aThCsl BHIIIE MOUCHEPCHM HOaHHBIX. Ha
KJTaCTepU30BaHHOM CeTH 9TO He omubka. HawmBHasd AuCIepCcHUs 3aHUXKEHa, ITIOTOMY YTO IIJIOTHBIE
CKOTIJIEHUSI CKBA>KMH €€ TIePeTSATUBAIOT, a MCTUHHAA pa3bpocka 1o mioianu 6osbine. ITpeBHIieHe
rmopora Haj QUCIIEPCHUEN 3IeCh CIIEICTBHE HEPAaBHOMEDPHOM CETH.

T'oTOBYIO U IPOBEPEHHYIO MOfeNb ocTaéTcs nepeHectu B 2D Kriging nisa pacuyéra rpuma, a ganbliie
mpu HeobxoguMocTy B U30/ITMHHUM U3 pacTpa.

Ecnu maHHBIE CTYIIeHB HEPAaBHOMEPHO, 3afaiiTe HeobOsi3aTe/IbHOE 110JIe BECOB Wt U3 HHCTPyMeHTa
1.01 [dexmacrepu3anusi. Torga Kaxmas Imapa Todek 0OepEéTcss C BeCOM, PaBHBIM ITPOU3BEIEHUIO
BECOB €€ KOHIIOB, M CKOIIJIEHHS He 3aBHIIIAI0T ONMHUXKHHWE PacCTosHus. CUETUHMK IIap B OTYETE
IMOKAa3kIBAeT ChIPOEe YHCJIO Iap, a caMa Y CYUTAeTCs B3BEIIeHHO.

TadMia MogejieH BapHorpaMM

ITogo6paHHas BapuorpaMMa 3TO Pe3ynbTaT aHaIu3a JaHHEIX, a He HaCTPOMKa IIPorpaMMEl. IToaToMy
OHa XPAaHUTCH TAOGIMYHLIM CJIOEM: ye3XKaeT BMeCTe C IIPOEKTOM, IoIlajaeT B CHCTEMY KOHTPOIIS
BEPCUU, TTEPEHOCUTCS MeXOy pabodymMy MecTaMHu U IIPaBUTCS B aTpuOyTuBHOU Tabmuie QGIS
HapaBHE C IIPOYMMMU NaHHBIMU.

CocTaB Ta0/IUIIbLI

OpHa CTpoOKa ONUCHBAET OOHY CTPYKTYPY BapuorpaMMEl. Takoe mpefcTaBjieHHe He OTPaHUYUBaET
YMCJIO BJIOKEHHBIX CTPYKTYP: [JIS BTOPOM CTPYKTYPHl HOOABJISIETCS CTPOKA C TEM Ke HMEHEeM
npodunsg u struct = 2.

ITone Tun CopepxkaHue

profile CTpOKa HWwms Habopa. [To HemMy Mopenb
BRIOMpAETCS IPU PacuéTe
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ITone Tun ConepxkaHue

field CTpOKa [Tone 3HaYeHUsA, K KOTOPOMY
nogobpaHa Momenb

struct menoe Howmep CTpyKTypEHI, OT
€OUHUIIbI

model eoe Mogpens: 1 chepuueckas, 2

9KCIOHEHIIMaJIbHast, 3
rayccona, 4 cTeneHHas

sill BeIlleCTBEHHOE Bxkrnap ctpyktypsl C

range BellleCTBEHHOE Papguyc koppensauum a

azimuth BellleCTBEHHOE A3UMYT I'JIaBHOM OCH, TPamyChHl

anis BellleCTBEHHOE AHU30TPONNSA, OTHOIIIEHHUE
MaJIOM OCH K I'JIaBHOM

nugget BeIlleCTBEHHOE Harret CO. OO0 ois

npoduisi, TIOBTOPSETCS B
KaXKJoM ero CTpoke

val _pct BEIIeCTBEHHOE [TepueHTUbL 06PE3KU
yparaHHBIX IIpo6. O6mIui s
npodus

val cap JIOTU4EeCKoe Cpe3sKa K rpaHulle BMECTO
yoanenus. OO ayis
npodunsa

fitted CTpOKa Iarta mop6opa

author CTpPOKa KTo mogoGpan

note CTpOKa [TpuMedyaHue: 4YeM IIOTyUYEHE

3HAYEeHMSsI, YTO IIPOBEPEHO

ITomst nugget, val pct M val cap OTHOCSATCS K PO meaukKoM. PacxoxkpeHue MexKOy CTPOKaMHU
OOHOTO MPODUIIST CUUTAETCS OIIMOKONW BBOOA: B XKYPHAJl BRLIBOOUTCS NpPEOyHpexXaeHue, a B Pacuéer
OepéTcsi 3HaYEeHUE IIEPBOM CTPOKH.

Cronber; model [OIIyCKaeT ¥ YHCJIOBOM KOJ, M Ha3BaHWE MOMEJIM, PYCCKOe UM aHTrnuiickoe. ITpu
3alMCU UHCTPYMEHTOM MCIOTb3YeTCS KOf.

OrMeTKa U3 reoMeTpuu

ITone 3HaueHus Z Heo0sI3aTeIbHO B KPUTHUHT e, MUHUMAIbHOM KPUBU3HE, BApHUOrpaMMe, BapuorPaMMHOMN
KapTe, 00enxX KpoCcc-BaluOallusaX U OeKnactepu3anuu. Ecinu mone He yKa3aHO, OTMeTKa 0epeTcs us
TpeThel KOOPOUHATH TOYKH.

[laHHBIE YacTO MPUXOOAT UMEHHO TakK: TOYKM PointZ m3 CbEMKU WU BHEITPY3KHU, I'Ie 3HAUEHUE yKe
B TeOMETPUHU, U 3aBOAUTH Pagu HETO OTHENILHLIN CTON0eI] He3auyeM.

Ecnu Y TO4Y€EK €CTb " ZB reoMeTpHH, U I1ojie CO 3Ha4YeHnueM, OHM MOT'YT O3HA4YaThb PA3HOeE: Z. OOBIYHO
OTMETKa ChEMKH, a IIoJe - HHTEePIIOJINPyeMas BeJIMYHHa. 1 MOIITHOCTEMN U COJIep}KaHI/Iﬁ IIojsie
YKa3bIBalOT ABHO.

Crnoit 6e3 Z u 6e3 yKa3aHHOI'O II0JII OTBEPraeTCs C COOOIIeHNEM, a He POHSIET PACUYET B CEPeqUHe.

ITopsAmoK padoThI

1.05 BapuorpammMa nogdupaeT MOJENb U 3aHOCUT €€ B Tabmuily. Ecnu Tabnuila elieé He co3daHa,
WHCTPYMEHT CO3[aéT e€ BeIXomoM Moaenab BapHorpaMmbl. Korma Tabmuila CymiecTByeT, OHa
yKa3belBaeTcs B mosie [lomHcaTh B TAO/JIHIy MOAe/IeHM: CTPOKH 3TOT0 IPOMUIS 3aMEeHSIOTCS
HOBBEIMH, CTPOKH OPYTUX IPOGUIIEH 0CTaIOTCSI HETPOHYTHIMU. [IOBTOPHEIHM TOOO0P OOHOTO IPOQUIII
MMEHHO 3aMeHseT ero CTPOKH, [T03TOMY OyOIUKaTHE He HaKallJIMBAaIOTCS.
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1.06 BapuorpaMMHasi KapTa JOIIMCHIBAET B TY 2Ke TaOIUITy a3UMYT U KO3(DDUITMEeHT aHU30TPOIIUH,
a IIpY BO3MOXHOCTH U PafUyC T'JIaBHOM ocu. Mopmesnb, HarreT U BKJIa[ OPU 3TOM HEe MEHSIOTCS: UX
olpemesnsieT OMHHMHAIIPaBIeHHAas BapHrorpaMMa, a KapTa OMKMCHBAET TOJIBLKO reoMeTpuio. OneHKa I10
KapTe MHONKATHUBHAS, U 9TO (UKCHUPYETCH B IIOJIE note.

1.07 Kpocc-Baanaunﬂ BapPpHOI'PpaMMBbI YUTAET MOOEJIb U3 Ta6J'II/ILU:I OJIs1 IIDOBEPKHU.

1.02 2D Kriging 1 3.01 UHOUKAaTOPHBIN KPUTHHT YHUTAIOT MOMeIh Ipu pacuyére. Korma Tabnuiia
3aflaHa, I0JI BAPUOTPAaMMEI B THAIOTe He UCII0JIb3YIOTCSI: Ba MCTOYHUKA OMHUX U TeX XKe 3HaUeHUH
Hen30exKHO PACXOOSITCs, ITI0O3TOMY IPUOPUTET OTHAH Tabiuie, 0 Y€M COOOIIaeTCs B XKypHae.

Pa36op cTpok

CTpoka C HepacCIlO3HAHHOU MOMAesbl0, HEIIOJIOKUTEJIbHBIM PaguyCcOM MJIM IIOBTOPHLIM HOMEPOM
CTPYKTYpPHl NPONYyCKaeTCs, a NpUYMHA C HOMEPOM CTPOKH BEIBOOUTCSA B XKypHas. Pacuér mpu
39TOM IIPOIOJIZKAEeTCSA II0 TOOHBIM CTpoKaM. IIpodunb, ¥y KOTOPOro He OCTAlOCh HU OOHOM TOOHOM
CTPYKTYPHL, B pe3yIbTaT He IIonafaerT.

Pazfop momyckaeT py4YHYIO ITPaBKy: PETrUCTP UMEH CTOJIOIOB HE YUUTHIBAETCS, HECSITUYHAS 3aIsATast
1 Tpo0eJIkl B Pa3psaaax yruces He MelnaloT. CHHOHUMEL UMEH CTOJIOIIOB ITPU 3TOM HE IPENYCMOTPEHHL,
ITOCKOJILKY TabnuIily GOpMUPYET caM IIJIaruH.

1.06 BapuorpamMmmHasi KapTa (aHH30TPOIIHSI)

WHCTPYMEHT CTPOUT BapUOTrPaMMHYIO KapTy - IIOBEPXHOCTL MOJIYyOUCHEPCHUU Yy KakK (QYHKIINIO
OByMepHOro BekTopa pasHoca (h x, h y). OGruHas BapuorpaMMa yCpenHseT BCe HallpaBJIEHUS B
OOHY KPUBYIO X HAIlPaBJIEHHOCTL TepseT. KapTa ke MoKa3hBaeT, KaK HelIPEePHIBHOCTL IIapaMeTpa
3aBUCUT OT HampasieHus. [Io Hell BUAHO, €CTh JIM B JAHHBIX aHU3OTPOIMUS U KyAa CMOTPUT OCh
MaKCHMaJbHOU HENpepLIBHOCTA. MHCTPYMEHT OMarHOCTUYECKUN: TPUL OH He CYUTAeT, a IloMoraeT
OCO3HAHHO 3afaTh a3UMyT ¥ aHU30TPOIINIO B CTPYKTYype BapuorpaMmsl «2D Kriging».

YT0o TaKoe aHU3O0TPOINHS U 3a4YeM €€ BHIETh

HN3oTponHas BapuorpaMma IIpefIlionaraeT, YTO CBS3b 3HAYEHUU 3aBUCHUT TOJIBKO OT PaCCTOSHUSA
MeXAy TO4YKaMU, HO He OT HalpaBieHusd. [ CKIamg4daThIX U BEITIHYTHIX I'€0JIOTUYECKUX TeJl 3TO
He Tak. Boonp mpocTupaHus IIacT BHIAePKaH, IIONEPEK MeHseTcs OBICTpee: Ta JXKe pa3Hulla B
OTMeTKaxX KpPOBJIM HabMpaeTCsl BOOJb CKJIaAKU Ha KUJIOMETPHI, a BKPECT - Ha COTHSX MeTpoB. Ecnu
3TOT0 He y4eCThb, KDUTHHT CTJIa’kKuBaeT II0JIe OOWHAKOBO BO BCE CTOPOHEI U Pa3MBIBAET PeabHYIO
BEITSTHYTOCTb CTPYKTYPHI.

BapuorpaMMHasi KapTa BCKpPEIBaeT HaIllPaBI€eHHOCTDb HAMIPSAMYI0. [IJI1sT KaXXKIoMl Imaphl TOYeK 6epertcs
He TOJILKO PAaCcCTOsIHHEe, HO ¥ HaIlpaBlieHWe BeKTopa MeXOy HUMH, U IIONyOUCIIepCus IIpupalleHus
packiagbIBaeTCs IO OBYMEPHOM CeTKe pacCTosSHUM. TaM, rae y pacTéT MedJIeHHO ¥ KapTa OCTaéTCs
TEMHOU [aJIeKO OT LIEHTPa, HEIPEPHIBHOCTD BRICOKASA. TaM, I'fie y pacTET OBICTPO, HEIIPEPLIBHOCTD
Hu3Kasg. O6GMacTh HU3KOHM y B CyMMeE BBITATMBAETCS B OJUIHIC, OJIWHHAS OCh KOTOPOTO M €CTh
HallpaBJIeHKWe MaKCHUMaJIbHON HEeIIPEePLIBHOCTH - [JIsI CKJIaJYaTOCTH 9TO HAlpaBJIeHHe IPOCTUPAHUA.

Kak gyurTarsh KapTy

B 11eHTpe KapTH JIEXKUT HYJIEBOE PACCTOsIHUE: 3HaUYeHMe B TOYKE BCETTla PaBHO caMo cebe, T03ToMy
Y 3Oech paBHA HYJIO U IIEHTP CaMbIi TEMHEIHA. [10 Mepe ymasieHus OT [eHTPa TOYKHU PA3HOCSITCS BCE
manbire u y pactét. Ock h x HampaBieHa Ha BOCTOK, ock h y Ha ceBep, macitab mo o6euM ocsim
onvHAKOBHIY. KapTa ToueyHO-cUMMeTpUYHA: I1apa U €€ 3epKajibHOe OTPaXkKeHMe NaioT OOHY U Ty XKe
MOy IUCIIEPCUIO, TIO9TOMY PUCYHOK OMUHAKOB B IIPOTHUBOIIOJIOKHEIX HAIPABIEHUIX.

AuuzoTponusi yuTaeTcs mo (GopMe TEMHOM 30HHEL. ECIM OHa Kpyriaas - CTPYKTypa HM30TPOIIHA,
HaMpaBJIeHUE POJIK He urpaeT. Eciu BHITSIHYTA - BOOJb €€ IIUHHOM OCH Yy HapacTaeT MeIJIEHHEe, TO
€CTb B 9TOM HaIITpaBIeHUU 3HAUYEHHsI CBsI3aHBl Ha O0bIlIeM pacCTossHUHU. [IoBepxX KapThl PUCYIOTCS
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TMOACKa3Ku: OeJbI 3JUIUIIC 10 OLEHEHHBIM paguycaM M KpacHas MyHKTUPHAs JUHUS II0 TJIaBHOU

ocCH.

1000

500

nar no cegepy h_y
(=]

-500

-1000

INNANC aHW30TPONKMKW = = rNaBHaA OCb

-1000 -500

0

500

1000

nar Nno BOCTOKY h_x

Puc. 13: BapuorpamMMmHasi KapTa: TEMHas (HU3Kas y, BEICOKas HEIPePLIBHOCTh) 30Ha BBHITSIHYTaA I10
a3uMyTy okKojyio 135°. Benblll 3JIUIIC U KpacHas MyHKTUPHAS I'JlaBHas OCh II0Ka3bIBAIOT OIleHEHHOE
HaIpaBlieHUe U aHU30TPOIIHUIO.

ITapaMeTpsbI

I[TapameTp YTo 3amaéTt ITo ymom4anuio / COBET
Touku co TodyeuyHsI CIIOM CO -

3HAYEHUSIMU CKBaKMHaAMU WU

ITone 3uaueHusa Z
(mycTo: u3
TeOMEeTpPHUH)

BunrOB Ha nonyoce
(meTanulamnusa KapThl)

npobaMmu.

YucnoBoit aTpubyT Oiis
aHaIu3a: OTMEeTKa
IJ1acTa, MOIIHOCTE,
cogepxkasue. Ilycro -
U3 Z TOYKHU.

Ha ckonpko siueexk
OeNUTCS Kaxmas
IMOJIyoCh OKHa. KapTa
IOJTy4aeTCsI pa3MepoM
(2N+1)X%(2N+1).
Borpbiie 6UHOB -
meTajbHee KapTa, HO
MEHBIIIe TIap B sT4YelKe
u OoJbllle LUIyMa.
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

Makc. paccrossHuue, B Pa3Mep OKHa KapThl, B 0

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

MuH. KOIM4YeCTBO fA4geliku, B KOTOpPHIE 5

rnap B s4euke (gor.) TI0omayo MeHBbIIEe I1ap,
OCTaBJISIOTCS IIYCTHEIMHA.
OTcekaeT LIyMHBIE
majabHUE PAaCCTOSHUS,
rae map Marjo.

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

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

paccTossHHUS (CM. HUXKE).
[To ymonm4anuio HE
CO3aéTcs.

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

OneHKa a3uMyTa, aHH30TPOIIUH U paguyca

KpomMme camoii KapThl MHCTPYMeHT BhIBOOUT B 2KypHan u B HTML-0T4YET Tpu Ymcia: a3uMyT I'JIaBHOM
ocu (reorpaduyeckuit, 0 - Ha ceBep, IO YacoBOU cTpenke), Ko3¢bbUIIMEHT aHU3O0TPOIIHUU KakK
OTHOIIIEHHEe MaJiol OCHU K TrjiaBHOU (1 - M30TPOIIHO, MEHbIIE - CHJIbHEEe BBITAHYTOCTb) M Pajuyc
riaaBHOU ocu. OIleHKa yCTpOeHa TakK: 10 KaXOOMy HallpaBJIEHUIO UIIETCS PacCTOSHUE, Ha KOTOPOM
Y BEIXOOUT Ha MOJIKY (6IM3KO0 K AMCIIEPCUU JaHHBIX), PaAUyChl CTJIa’KUBAIOTCA 10 a3UMYTY, TJlaBHAs
och 6epéeTcs no HauboJNblIeMY PaguyCy, a Majas - IepPIeHauKyIsIpHO el.

OTH TpPU 4YUCa IOLNCTABJISAITCA B CTPYKTYypPy BapuorpaMmbl mHCTpyMeHTa «2D Kriging»: a3uMmyT,
aHU3O0TpoNnus (Masnas/riaBHas) U paguyC a. TO U eCTh yUE€T aHM30Tponuu B KpuruHre. OLeHKa
WHOWKATUBHAS: €€ CTOUT CBEPUTHL C GOPMOM CaMOro XuTMara, a He IePeHOCUTh BCIIEIyio. A3UMYT
KapTa oIIpefesisieT Hal€XKHee BCero, a paguyc u KoahdUIreHT - rpydee, 0cOOEHHO Ha pa3pekeHHON
CeTH.

YUToOBI HE IIEPEHOCUTD YUCIIa BPYYHYIO, B OKHE €CTh I10Jle 3anucaTh aHU30TPONHUI0 B IPOdHIE.
Bribepute paHee COXpaHEHHBIM NOPOQUAL, U a3uMyT, KO3(pDUIMEHT U pafuyc TJIaBHOM OCHU
OONUIIYTCA B HEro IIOBEpX MOMOeNW U HarreTa, 3ajaHHEIX B Bapumorpamme. [Ipu cnepyromieit
3arpy3ke npoduna B 2D Kriging 3Ty 3HaueHUSA IMOACTABATCA CaMM U IMOSABSATCS B MOOINCHU IIOT
cuuckoM npodwunei. Ecnu paguyc ymépcs B OKHO, OH OCTAETCSI MPEXKHUM, OOHOBIISIIOTCS TOJIBKO
a3uUMyT U KO3 GULIMEHT.

Ecnu cTpykTypa 6/113Ka K ©U30TPOITHOM MJTM PafuyC TJTIaBHOM OCHU OKa3bIBA€TCS MEHBIIIE HECKOIBKUX
sTYeeK KapThl, aHU30TPOIIHS HE OIIEHWBAETCS U IIOMeYaeTCsI B OTYETE KaK «He BhHIpaxkeHa». B aToMm
clIydae pafuycChl leXKaT Ha YPOBHE CETKH, ¥ HallPaBJIeHHOCTh HEIOCTOBEPHA - IPaBUIbHEE COOOIIUTD
006 9TOM, YeM BHIOATh CIyYaWHBIN a3uMyT. [loMoraeT yMEHBIIUTh MaKC. PACCTOSTHHE HUITH YBEITUYUTh
KOJIMYeCTBO OMHOB, YTOOBI Pa3PEeIIuTh OJTUKHIO CTPYKTYPY.

Korpga paguyc ynupaercsi B OKHO

Ecnmu BOOJib TTIABHOM OCH y HE YCIIEBAeT BBHIMTH Ha IIOJIKY B MpefeliaX OKHA, PaJuyC BO3BpaIllaeTCs
PaBHBEIM MaKC. PAaCCTOSHHIO, a B 0T4éTe u JKypHaJsie MoSBISETCS NpeayIpexXaeHne: paguyc yIepcs
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B MaKC. PacCTOSTHHE, 9TO HUKHSS OLIEHKA. ITO Ta XK€ CUTyallMsl, YTO U [/ OOBIYHON BapUOTPaMMEBI
(cm. pazmen «MaKcuMabHOE PaCCTOSTHUE U BRIXO[ Ha IIJIaTO»): KpUBas He BBIIIIA Ha I1JIaTO, ¥ IIOPOT
[IOJIy4Y€eH 9KCTpanonanuei. Ha kapTe npu3HakK IPOCTOM - TEMHAas 30HA BAOJIb TJIaBHOM OCU TSIHETCS
OO caMOoTo Kpasd.

B sToM ciydae paguycC a B KPUTUHT II€PEHOCUTh KakK eCTh HeJlb3s: HacTodllasa IJIMHA KOPPeJsaluu
Oonblie OKHA, a KO3G(UIMEHT aHW30TPOIIMU 3aHWXKEH 10 BHIPAXKEHHOCTH (IIOJie Ha Oeje eIle
QHU30TPONIHEE). A3UMYT IPU 3TOM OOBIYHO OIIPEeHNeJIEH HOpMallbHO. JleuuTcs yBelnmdeHWeM Makc.
paccTosiHus, YTOOR KapTa 3axBaTHIa BEIXO[ Ha HOJIKY. Eciu Ke y He BBIXOJOUT Ha IIOJIKY JaxKe P
IIMPOKOM OKHE, B [JaHHBIX TOMUHUPYET TPEHI - eT0o YyOUparoT 00 MHTEPIOoNAUnU Tu60 YyYUTHIBAIOT
COOTBETCTBYIOUIMM BUIOM KPUTHHTA.

PacTp moBepxHOCTH

I[To XkenaHUI0O KapTa COXpaHSAeTCS eIle€ M pacTpoM (mojie PacTp moBepxHOCTH). JTO Ta XKe
IMOBEPXHOCTh Y, HO B KOOpAMWHATaX PAacCTOSHUSA: Haudaso B Touke (0, 0), pasaMep IuKceya paBeH
sg4erKe KapTel. PacTp He NpuUBsS3aH K MECTHOCTH - OH JIEKUT B IIPOCTPAHCTBE PA3HOCOB, a HE B
IJlaHe MECTOPOXKIEHUS, - U Hy2KEeH TeM, KTO XO4eT NOKPYTUTh KapTy Ha xojcTte QGIS, Hanoxuth
CBOIO IIBETOBYIO HIKAIy WA M3MEPUTL PaACCTOSHUE JTMHENKOoU. 1711 caMOoM OIleHKM aHU30TPOIIHUU
moctatouno HTML-oTuéTa.

Ecnu maHHBIE CTYIIeHB HepaBHOMEPHO, 3amaiTe HeoOsi3aTelIbHOe 1ojie BeCOB Wt U3 HHCTPyMeHTa
1.01 Jexknmacrepu3anus. Torga Kaxmas Iapa TodekK 0epeéTcs ¢ BeCOM, PABHBEIM ITPOU3BEIEHUIO
BECOB €€ KOHIIOB, M CKOIIEHUS He 3aBBIIIAIOT ONMXKHMWE paccTosHus. CUETUYMK ITap B OTYETE
IMOKa3kIBaeT CHIPO€e YHUCJIO 1ap, a caMa Yy CUUTaeTCs B3BEIIEHHO.

1.07 Kpocc-Bayiuganusi BapuorpaMMabI

NHCTPYMEHT IIPOBEPSET, HACKOJIPKO yOa4yHO IomoOpaHa BapuorpaMma, METOOOM CKOJIb3SIIEro
KOHTpPoIs (leave-one-out): Kaxkaas CKBazKMHA [0 OYepeay UCKII0YaeTC s, eé 3HaYeHUe ITPeICcKa3bkiBaeTCs
KPUTUHTOM IT0 BCEM OCTAJIbHLIM, ¥ CPaBHUBAETCS C aKTUYECKUM. TakK ImapaMeTphl (HarreT, paguyc,
MOIesb) moadupaTcs 1o omnbKe, a He CyOBEKTHUBHO.

[TapameTpsr:

[TapameTtp

YTo 3amaéT

ITo ymMom4aHuio / COBET

To4yKH CO 3HAYEHUSAMHU
ITone 3HaueHus Z

ITone HOMepa CKBaXXWHEI
Tun KpuruHra, paguyc,

MHH./MaKcC. TO4YeK, HaIrTeT,
CTPYKTYDEI

CHSTDH OJIMHOMHAIbHBINA
TPEeH[

CremeHb TpeHOA
Mopenu BapuorpaMm

(Tabuia)
[Tpoduns u3 TabOIUIIEL

HcxonoHble TOYKY (CKBA>KUHBI).
[IpoBepsieMbId YUCIIOBOU
aTpubyT.

[Tone ID gns mmognucei B
OTYETE U CJI0OEe OCTATKOB.
HacTpoiiku KpuruHra u
BapuorpamMmMmsul. KOHTpOIb
CYHUTAET KPUTHUHT POBHO C
HUMH, I03TOMY YIaYHBIN
Habop nepeHocuTcs B «2D
Kriging» 6e3 uameHeHUN.
Perpeccus-KpuruHr: TpeHn
nmepenonbupaeTcsa Ha KakKgoM
mare LOO, BLIUTPHIII BUOEH 110
RMSE.

[1moCKOCTDL MK KBagpaTUdHas
ITOBEPXHOCTb.

TabmuYHBINA CIIOM C
MOgOOpPaHHLIMH MOMOEJISTMH.
HNms Habopa B Tabnulle.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Croit oCTaTKOB (TOYKH) Touku ¢ monsaMu Heo0s13aTeTbHBIN
dakT/o1teHKa/ommubKa (CM.
TabIUIly ITOIel HUXKe).
OTYET 0 Kpocc-Balugaluuu WHTEepaKTUBHEIN OTYET: CO37aéTCs II0 YMOT4YaHHUIO
(HTML) olleHKa vs akT, TUCTOTpaMMa,
QQ-rpaduk, METPUKHU.

B XKypHan BEIBOOSITCSI METPUKU:
ME (cpeoHee cMeIllleHHe) - CUCTeMaTrYecKas ommbka. [JomxkHa 66Tk 67113Ka K 0 (HECMEIlIEHHOCTD).

MAE u RMSE - cpefHss 4 cCpefHeKBaAgpaTUuYHas omrbKa mpegckasanusi. YeM MeHbIlle, TEM TOYHEe.
Ho omuo#t RMSE HegocTaTO4YHO: OHAa MWHMMalbHa IIPU HYJIeBOM HarreTre (mmepeoOydeHue), XOTs
HeomnpeneneHHOCTh IIPU 3TOM OlleHeHa HeBEPHO.

MSDR (cTraHmapTH30BaHHasi ONIMOKA) - CpeOHUIM KBagpaT OMMOKHU, MeIEHHON Ha CTaHOapPTHYIO
omnbKy Kpurusra. HomkeH ObiTh 0/m30k K 1. Eciim MSDR 3amerHo Gonbiie 1 - gucnepcus
HeJoolleHeHa (HarTeT UK CUJUI Majkl). Ecinu MeHbine 1 - mepeolieHeHa.

R - K03hDUIITMEHT KOPPENSIIINU «OlleHKa - PaKT».

ITone3Ho pasnmuyaThk [OABe CTOPOHBEL. OO6ako «oieHkKa - (pakT» u RMSE roBopsST 0 TOYHOCTH
npeackKa3aHHMsi. A HACKOJIBKO KOPpPEKTHa caMa MOJejJdb - TO €CThb BEepHO JIM BapuorpaMMa
OIMCHIBAET HEONPENENIEHHOCTD - I0OKa3hkIBalOT CTaHAapTHU30BaHHbBIe omubku: MSDR okomno 1 u qg-
rpaduk. 11 KpUTHHTA IIeHHE 00e CTOPOHE: ManeHbKasd RMSE mpu MSDR okoio 1 o3HagaeT, 4To
MOMeb U ITPeaCcKa3bklBaeT XOPOIIo, ¥ He 0OMaHBIBA€TCSI B COOCTBEHHOM TOYHOCTH. ' HATHCSA TOIBKO
3a RMSE Henb34 - OHa MUHKUMAalbHA IIPU HYJIEBOM HarTeTe, INe HEONPENEeIeHHOCTh 3aHNXKEeHa.

Ha npakTuke nepebepuTe HECKOIBKO BapUaHTOB BapUOrpaMMEI U CpaBHUTE. X0OpoIllas MOe/Ib HaeT
ME oxkono 0, manyto RMSE 1 MSDR okono 1. Ecnu RMSE TsiHeT K Hy/neBomy Harrety, a MSDR npu
9TOM OTDOMHEIH - 9TO IPU3HAaK nepeobydenusi. He6onbmioi Harret KanubpyeT HEOIPEOEeJIEHHOCTD.

OnumoHaNnbHEIM CI0M OCTATKOB (TOUKU C IMOISIMH: (HakT - IIOL UMEeHeM IIPOBepseMoro mons, z_est,
error, abs error u std resid. Ilnioc HOMep CKBaXWuHEI, eClIu 3adaHo mose ID) mokasblBaeT, rae
Mofeb IPOMaxuBaeTCs: KPYIIHEIE II0 MOOYJII0 OCTaTKU - IPOOIeMHBIEe Y4aCTKU, CUCTeMaTUdecKue
3HAKM OCTaTKOB - JIOKaJbHEIM TpeHA. Cioil aBTOMaATUYECKHU HA3bIBAETCS 10 IIPOBEPSIEeMOMY IIOJIIO
¥ UCTOYHUKY, a y IT0JIe} 3aJaHbl ICEBIOHUMEI - IOHATHEIE Ha3BaHUA (BUAHEL B Tabiuue aTpubyToB
U CBOMCTBax 1oisg). std resid - 3To cTaHmapTU30BaHHBINM OCTATOK (OlleHKa — (akT) / cTaHOapTHYIO
omMOKYy KPUTHHTA, CO 3HAKOM: MHHYC - KPUTHUHT 3aHU3UJI, IJIIOC - 3aBBICUJI (3TO HE AUCIIEPCHS,
oucnepcus Bcerga = 0).

ITomnst cmost OCTATKOB:

TTone I[TceBmoHUM OnucaHue

<HOMep CKBaXMHbI> Howmep ckBaxkuHEI 3HayeHUe BeIOpaHHOTrO nonsg ID
(ecnu 3amano «Iloye HOMepa
CKBAXHUHEI»).

<uma nona> ®akT (MM II0JIST) daKTHYeCKoe 3HaUYeHUe
ITPOBEPSEMOTO TIOJIA.

z est Ouenka kpurunra (LOO) O1leHKa 110 OCTaJIbHBIM TOYKaM
(leave-one-out).

error Ommbka (oreHKa — pakrT) OneHka MuHYyC pakT. MUHYC -
3aHMZKEHO, IIJIIOC - 3aBHIIIIEHO.

abs_error Mopaynb omubKu AOCoJIIOTHAS BEeIUYnHA OIINOKHY,
|error|.
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TTone IIceBogoHUM Onuca”nue

std resid CraHp. ocTaToOK (outeHka — ¢akT) / CTaHOAPTHYIO
omnOKy KPUTHHTA, CO 3HaKoM. He
nucnepcus (oHa = 0).

KpoMe c11ost ocTaTKOB MHCTPYMEHT 110 yMomdaHuio popmupyeT HTML-oTuéT (Ha plotly): uHTEepaKTUBHBIH
rpaduK «oleHKa vs pakT» ¢ OByMs TUHUSMHU - CepoM guaroHasnbio 1:1 (upmean) m cuHeM NUHUEN
perpeccun Best Fit, ructorpamma omu60k, QQ-rpaduk OCTAaTKOB M TabHIla METPUK C OJIOKOM
pexkomeHnpanuii. HaksoH, caBur u yron Best Fit BriBeieHBEI B METPUKM: 9TO UHOUKATOP YCJIIOBHOTO
CMellleH!s 0 Oguana3oHy. HakinoH okono 1 - MeTon OOWMHAKOBO TOYEH Ha HU3KUX U BBICOKUX
3HAYEeHUAX, HaKJIOH MeHbIlne 1 - BBICOKME 3Ha4YeHUS 3aHUKAIOTCS, a HH3KME 3aBBIIIaloTCS
(perpeccust K cpemHeMy, XapaKTepHas MMOONUCH CTrilaXXuBalolIuX MeTomoB). B Tabnuiy mobaBneHa
OUCHepPCUs HAHHBIX - OPHUEHTHP Oy cyMmMMmapHoro cuiia CO0+C. Psagom ¢ Tabnuiledi MeTPUK
MMoKa3kiBaeTcs 610K «[lapaMeTphl KPUTHHTAa»: ITIEPEYUCIIEHBI TOJIBKO HACTPOUKY, OTIIMYAOIIUECS OT
CTaHOAPTHHIX (HATrTeT, CUJIJI, PAAUYC, OTCEB M TakK Aajee), YTOOBI OBIII0 BUAHO, KAKMMU ITapaMeTpaMu
MMOJIy4eHHl 9TH MeTpuku. Ha rpaduke «oneHka vs ¢aKT» IpU HaBeJEeHUU Ha TOYKY BUIHBI HOMED
CKBaXXWHBI U 3HAYEHWUS, a BOCEMb CKBaXXWH C HAWOOIBIIUMHU II0 MOIYIIIO OCTAaTKAaMHU IOMAIINCAHBI
IIPsIMO Ha rpaduKe - uX yooOHO IIPOBEPUTD B IePBYI0 ouepensb. OTUET OTKPHEIBAETCS B HIPOCMOTPIIHUKE
pe3ynbraToB QGIS (unmu B 6pay3epe). Ecinu plotly B c6opke QGIS HemocTymeH, OT4ET BCE pPaBHO
co3maéTcs - ¢ Tabnuiel MeTpPUK, HO 6e3 rpaduKoB.

QQ-rpaduxk ocrarkoB. [loka3wiBaeT GopMmy pacmpenesieHus: omuOoK. OmMUOKM HOPMUPYIOTCS
Ha UX COOCTBEHHYIO OUCIEPCUI0 (z-OlleHKa) U CPaBHUBAIOTCSA C HOPMAJILHLIM paclipefesieHHeM,
Mo3TOMy rpaduK duTaeTcs o ¢opMme mpu 000 KanmubpoBkKe. 3a MacmTabd HeonpemenéHHOCTH
oTBeuyaeT orHeabHO MSDR B Tabmuile MeTpukK. [Io0 TOPM3OHTAIW - KBAHTHUIHM HOPMAJIbHOTO
pacmpepnesieHusi, IO BEePTHUKAIW - HOPMUPOBaHHas OIMHOKa. Ecmu ommbKM HOPMalabHBI, TOYKH
JI0KaTCs Ha KpPacHYI0 mguaroHasb. OTKIIOHEHMS YUTAIOTCS cpaly. 3arHyThle KOHIBEI (S-00pa3Ho)
- TSIXKENbIe XBOCTHI, TO €CThb KPYIIHBIX ITPOMaxoB OoJibllle, yeM IIpu Hopme. OO6muit u3rud gyrou -
acUMMETpPUs, CTOUT IIoAyMaTh O TpaHchopmalnum 3HaveHuim. OTOeNnbHas r'pylia, 0TOPBaBIIASsCS
OT JIMHUY, - YyXKasi COBOKYIITHOCTE B MaHHBIX, HalTpuMep 0e3pymHble IpoOkl U3 30H 3aMeIleHus (rae
IOJI€3HOT'0 KOMIIOHEHTAa ITpaKTu4Yecku HeT). HopManbHOCTh BazkHa MOTOMY, YTO Ha HEM OCHOBAHEI
MSDR u kapTa CTaHAapTHOM OIIUOKH.

I'maBHOe - 94TO ge1aTh C pe3yjabTaTaMu. CMBICII HHCTPYMEHTA B TOM, YTOOHI lepef IOCTPOeHUEM
TpuOa yTBEPOUTH WJIM IONPABUTh BeChb HAOOP mapaMeTpoB, KOTOPHIM BEI 3aTeM 3amamute B «2D
Kriging». 9To m BapuorpamMma (HarreT, CHJIJI, pPaguyC, MOIeNlb, aHMU30TPOINHUsS), U HACTPOUKU
caMOro KpUTuHTa (paguyc IOKMCKa, MUHUMYM/MakKCUMyM TOYEK, THI - OPAUHAPHBIN WIN IIPOCTOM):
KpoCC-BaluJalus cuuTaeT KPUTHHI POBHO C TeMU JKe HacTpoiKaMM, II03TOMY YOadHBIN Habop
nepeHocuTcsa B MHCTPyMeHT «2D Kriging» 6e3 uamenenuii. I[Iopsimok pemeHuun:

e ME okomo 0, MSDR okono 1, RMSE u R Bac ycTpauBaioT - HaG0Op MOXKHO yTBEPXKOATh:
TIepeHOCUTe 9TU XKe IapaMeTphl (BapuorpaMMy M HaCTpOMKM moucka) B «2D Kriging» u
CTPOUTE IIOBEPXHOCTE.

* MSDR 3ameTHO 6ojibilie 1 - KpUTHHT CIIUIIKOM «yYBepeH B cebe», KapTa CTaHIAapPTHOM OIMUOKU
OymeT 3aHuXKeHa: yBenuubTe HarreT CO uiu CUJIN U TPOBEPLTE CHOBA.

* MSDR meHbIle 1 - HEOIIPeOeNEHHOCTD 3aBhIllIeHa: YMEHBIINTE HarreT UJIU CUJII.

* ME 3ameTHO oTnu4daeTcs oT 0 - cucTeMaTU4YeCKUY COBUT: ITPOBEPLTE JaHHBIE M THUII KPUTHHTA
(o7 mpocToro KpUruHra - 3aflaHHOe CpenHee).

e Bonbmmast RMSE u Hu3KHME R - MOomenb IIJI0X0 IIpeacKa3hiBaeT: IIONPOOyHTe OpPyroi pamuyc,
Mofesilb UM aHU30TPONMI0 (a3MMYyT U OTHOIIEeHHe ocei). Ecnmu HMYEero He moMoraeT - 3TO
npenern OaHHBIX: KOpoTKoMacinTabHasi M3MEHYMBOCTH, KOTOPYIO CEeTh He JOBUT (HampuMep,
30HEI 3aMellleHus 10 Pye - Ha rpaduKe BHIIIE 5TO BepTUKAIbHAas Iojoca npu ¢akTe okojo 0).

Cro¥ 0CTaTKOB ITOJICKAa3bIBAET TOYEYHO: TIe OCTaTKU KPYITHHIE - TAM CTOUT CTyCTUTh CETh (HOOaBUTH
CKBAXKWHBI) WU ITPOBEPUTH IPOOHL. I'Te 0CTaTKM CUCTeMaTHYEeCKH OJHOT0 3HaKa II0 IIOoIanu - TaM
JIOKAJTLHEIM TPEHM, KOTOPBIM KPUTUHT HE yYErl.
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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.

HTOr: 9TOT HMHCTPYMEHT - IOCIeOHUH IIar nepen GUHAIbHEIM KpuruHromM. CHavaJsia BH Kanubpyerte
BapHoTrpaMMy 3[eCh 110 OIMUOKe, 3aTeM Te XKe ImapaMeTphl ctaBuTe B «2D Kriging» - 1 mOBEPXHOCTH
BMECTE C KapTO¥M CTaHOApTHOM OIMOKM II0JIydaroTcs OOOCHOBaAHHBEIMHU, a He IomoOpaHHBIMU
CyOBEKTUBHO.

3amMedaHHWe O CKOPOCTH: KOHTPOJIb PelllaeT KPUTHUHT CTOJIBKO Pa3, CKOJIbKO TOYEeK, IO3TOMY Ha
6onbIux Habopax (AeCATKU THICSY CKBAXKWH) BBIIIOTHSIETCS 3aMETHO AoJibIe. [Ipu HeoOXOAMMOCTH
YMEHBIITUTE BHIOOPKY.

Cam KPUTHMHI Ha TI'YCTHIX OAHHBIX CYHUTAETCHA GBICTpO: 3aMepPEBl PACKJIaAbIBAIOTCsA IIO KJIETKaM
pa3MepoM B paguycC MOMCKA, U B KaXKO0HU sTuelike mepedupaloTcs TOIBKO COCEIHNE KIIETKH, a He BCS
BeIOOpKa. Ha cTa mrecTumecsaTH THICAYAX IUKETOB 3TO [Oal0 YeTHIPEXKpaTHoe yckopeHue. OTOGOp
IIPXU 3TOM TOYHEBIM, OIleHKA He MEeHSIETCS.

Ecnu maHHBIE CTYIIEeHB HEPAaBHOMEPHO, 3aaiTe HeoOsi3aTeIbHOEe 1I0JIe BECOB Wt U3 MHCTPyMEHTa
1.01 Jexnacrepu3anusa. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuTaioTCs B3BEIIEHHO, U
IJIOTHBIN KYCT CKBAaXKUH He JOMUHUPYET B OlleHKe KauecTBa. Cama olleHKa leave-one-out mpu 3TOM
He MeHSeTCs, B3BEeIINBAaeTCsI TOJILKO CBOIKA.

1.08 Kpocc-Banmugamusi metoga (LOO)

CKOMb3AUIMYA KOHTPOIb OIS METOoda TPUAWPOBAHMA: KPUTHMHTa MM MUHUMAJIbHOW KpPUBU3HBEL.
Kaxpas mpoBepsieMasi TOUKa 0 OUepeayn UCKITI0YaeTCs, e€ 3HaueHue IIpeacKa3biBaeTCsI METOOOM
II0 OCTaJbHBIM TOYKAM M CpaBHHBaeTcs C ¢akToMm. [Io ommbKaM CYHUTAIOTCS METPUKH, U ITO
00BbeKTHBHAS OlleHKA KavyeCTBa METO/a, a TaKKe CIoco® CpaBHUTb METOALI MeKAy COO0¥ Ha CBOUX
OAHHBIX.

HUucTpyMeHT oTiudaercs oT 1.07 Kpocc-Baauaoamusi BapHOTPaMMBbI: Ta MOAOMPAET MOMEITh
BapUOTPaMMHI IJIE KPDUTHUHTA, @ 9Ta CPaBHUBAET METOMB TPUANPOBAHUS KaK TaKOBEIE U paboTaeT B
TOM YWHCJIE OJIT MUHMMaJIbHON KPUBU3HHI.

Metpuku: ME (cmemenne, 6nmuxe Kk 0), MAE u RMSE (menbme - nyume), R (koppensous
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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,
6 4YeM Mnpu HopMme,
4 7 -
2 <
0 <
_2 .
—4 A .
—6
-8 -
T T T T T T T
=15 =50 =235 0.0 2.5 5.0 T35
Teop. KBaHTWAK (HopM.)
BTopas nonynauusa
31 06nako Ha nuHUK + OTOpBaBLUAACH "
rpynna B xgocTe. 3To bespynHsle /
CKBa)WHBI (20HbI 3aMeLleHmns, g
5 | MOJE3HOro KOMMOHEHTa NokTy HeT).| ¢
1 =
0 <
-1 A
g
-2 1
_3 -
=3 —2 = 0 il 2 3

Teop. KBaHTUAKU (HOPM.)

XBOCTBI, aCUMMETPHSA U BTOPAA IMONIYJIALMA - OTOPBABIIAACHA I'PYIIIIa B XBOCTE.
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oneHKHM U ¢pakTa). 11 KpUTHHTa momonauTenbio MSDR (6muxe K 1, ecnu MaciiTad cTaHOapPTHOR
ommbOKu ajmekBaTeH). Ha rpaduke ornenka/pakT OBe TUHWK: cepas guaroHanb 1:1 (upmean) u CUHSS
nuHus perpeccuu Best Fit. E€ HakIoOH, COBUT M yrojl BHIBEOEHHI B METPHUKU KaK HMHAMKATOP
YCIIOBHOTO CMeIIeHus II0 Ouara3oHy. HakiloH okoyo 1 - MeTod OOMHaKOBO TOYEH Ha HU3KUX U
BBICOKWX 3HAYEHMAX, HAKJIOH MeHbIlle 1 - BLICOKME 3HaUYeHUs 3aHUXKAl0TCS, a HU3KHNE 3aBHIIIAI0TCS
(perpeccus K cpegHeMy, XapaKTepHas MOOIUCH CTJIa’kKUBAIOIIUX METOMIOB).

ITo o6pa3iy Surfer mocTymHel Tpu Belmu. CaydadHass BBIOOPKA 13 N TOUeK YCKOpPsSieT KOHTPOITh
Ha OOJIbIIUX OAaHHEBIX, IIPX 3TOM B OIl€HKE Ka}KHOfI TOYKH y4YaCTBYET BCHA BbIGOpKa, a He TOJIBKO
MOAMHOXKECTBO. PUIALTP 00/IaCTH OTPAaHMYMUBAET IIPOBEPKY NOHNOOJIACTHIO IO OXBaTy U IIO
3HAYEHUIO Z, I0JIE3HO, YTOOH HE CUUTATh KOHTPOJIb B U3BECTHLIX aHOManusax. bBydep HCKIioueHus1
mo X u Y ybupaeT u3 OLIEHKM TOYKH B IPSIMOYTOJIbHUKE BOKPYT IPOBEPSIEMOM, 3TO HYKHO OIS

CTYIIEHHHIX KJIACTEPOB, MHAUE OIleHKa IIPOCTO MIOBTOPSET OJIMKaMIIero cocema.

[TapameTp

Ha3naueHue

ITo ymom4aHuio

Touku co 3HAUYEHUSIMU

[Tone 3HaueHus Z (IycTo: U3
TeoOMeTpHUH)

[Tome HOMepPa CKBaXKUHBI

[TpoO6®I.

Yucnosoe none. IlycTo -
oTMeTKa 0epéTcs U3 Z TOUKH.
I71st moOIucel B OTYETE.

MeTtoqg Kpurusar unm MUHUMaIbHaS Kpuruur
KpHBU3HA.
[TpoBepsieMEIX TOYEK 0 - aBTO, min(N, 100). 0
Bydep uckmouenus o X, Y [TpssMoyTONBPHUK BOKPYT TOouku, O
cocefu B HEM He y4acCTBYIOT.
[TapaMeTpsl KpUTHHTA BapuorpamMa u mouck (Kak B -
1.1).
[TapamMeTpsl MUH. KPDUBUIHEL OxBarT, gs4elKa, HaTsIKeHue, aBTO
(Jot.) IIOpoT, UTEpalnn.
[IpoBepATHL TOIBKO B OXBaTe O6macTh KoHTpong o X/Y. Be3ge
(Oorm.)
[TpoBepsaTs npu Z B guamnaszoHe O01acTb KOHTPOJISA IO HET
(Oom.) 3HA4YeHHIO.
3epno I'CY ([or.) 151 BOCIIPOU3BOAUMOCTH 0
BBIOOPKH.

OmmbKM KPOCC-BaTUOAIINT

HTML-otuér

Crno#t Touek c monsiMu ¢pakrTa,
OLIEHKH U OIIUOKH.
I'paduk orleHKa/paxT,

110 YMOJTYaHHIO

TUCTOTPaMMa, METPUKH.

711 MUHUManIbHOM KPHUBU3HBI MIepPeolleHKa KaXXOoOW TOYKH HOET C TEIJIOTO CTapTa OT IIOJIHOTO
pelleHusi, ITO3TOMY OOWH HPOXOM cuuTaeTcs OpICTPo. Ha odyeHb GonbInuxX BRIOOPKAX yMEHBIIIAWUTE
YHCJIO IPOBEPSIEMEIX TOUEK.

Ecnu maHHBIE CTyIIleHBl HEPpaBHOMEPHO, 3afialiTe HeoOsi3aTeIbHOE I10JIe BeCOB Wt U3 MHCTPYMEHTa
1.01 Jexnmacrepu3sanusi. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuraioTcs B3BEIIEHHO, U
IJIOTHBIN KYCT CKBaXKWH He JOMUHHUPYET B OlleHKe KadyecTBa. CaMa olleHKa leave-one-out npu aToM
He MeHsIeTCsI, B3BEIIIMBAETCsI TOJILKO CBOIOKA.

1.09 ITpuMmep CKBaxkKuH (IeMo0)

HNHcTpyMeHT «IIpuMep CKBaKUH (OeM0)» GOpMUPYET TOUYEYHBIN CII0M CO CIIyYalHbIMM KOOPAUHAaTaMU
U TpeMs CTPYKTYPHPOBAHHBLIMH ITOJIIMH: aOCOIIOTHAsE OTMETKa KPOBNH InacTa (roof), MOIIHOCTH
(thick) u comepxkaHue abcTpakTHOTO KOMIIoHeHTa X (%). [Inamna3oHbl KPOBIX UM MOIITHOCTH 3a[aHbI
1o oO6pa31y npomeiunieHHoro minacta (Kpll). MHCcTpyMeHT npeqHa3HavyeH [ajid o0y4eHUs U IPOBEPKU
KPUTHWHTA, U30JIMHUYM U KPOCC-Banupanuu 6e3 peajlbHBIX JaHHBIX.
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I[TapameTpsr:

[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

O067acTh (3KCTEHT)

KonnuyecTBO CKBaKUH
MuHuMyM / MAKCUMYM
3HaueHus X

I'magkocTh (DoJist oXxBaTa)

KpoBisi, MOIIHEOCTE: MUH/MaKC

(Horm.)

Hons Harreta (Horr.)

[1o6GaBUTL KaTeropuaibHOE
Iojie MUHTUIIa

o6aBuTH mojie Haopa

o6asuts monsg K u T u Hamop

3epuo I'CY (Hor.)

CxkBaxuHH (4eMo0)
[ToBepxHOCTHL Opelida (pacTp)
+ mone dz

[TpsIMOYTOJILHUK TeHepalun
(mmo cnoto, XOJCTY,
KOOpOUHATaMU, PUCOBAaHUEM).
CKOMIBKO TOYEK CO3[aTh.
Iuana3oH comepxXaHus
KOMIIOHEHTA.

Pagmyc Koppensiiuu Kak OgoJs
oxBaTa: 00JIbIle - KPYIIHEE
LIIATHaA».

Owuarmna3oHtbl monew roof u thick.

Ions pucnepcuu Ha
KOPOTKOMACIITAOHBIN IITyM:
0oJIbIle - HUXKE
MIPeaCcKa3yeMOoCThb.

[Tone mintype (CUIBBUHUT,
3aMellleHne) Oiasd
WHOWKATOPHOTO KPUTHUHTA.
ITone head c pervoHanbHEIM
VKJIOHOM [JI ITpafueHTa
ITOTOKA.

Hamop u nor-uopmansHbie K
(M/cyT) u T = K-MOIIHOCTSD OIS
yoenbHOTO pacxopna ([dapcu).
Bocnipon3BoguMoCTh
resgepanuu. 0 = ciaydainHo.
BrixogHOU TOYEYHBIN CITON.
BktounTE BHIBOL - TIOJIYYUTE
pacTp s u none dz ms
BHeIITHeTo gpetida.

300

0/50

0.15

Kak y Kpll

0.35

BEIKIJI.

BEIKII.

BEIKIJI.

BBHIKJI. (IIPOIIyILEH)

ITpu 3amycke B KypHaJ BEIBOOWUTCSI CTApTOBasi BapuorpaMma (CyMMapHBIM CHUJII = OUCIEPCUU

OaHHBEIX, HarreT, papmyc). CreHepupoBaHHBIE [OaHHBIE HNMEIOT BOCCTAHOBUMYIO BapuOrpaMMYy,
IMO3TOMY Ha HUX YOOOHO OCBOUTBL BECH IIUKI: ITOCTPOUTH rpuf B «2D Kriging», 3aTeM u30JIMHUH, U
IIPOBEPUTH IIapaMeTpPhl KPOCC-Balumalnei.

[IBe TajmKu ¥ OTHEJIbHBEIM BHIBOL HOOABSIOT HeOOs3aTesibHble MOJIA [jIs OOYUYeHUS CMEeXHBIX
WHCTPYMEHTOB. [100aBUTH KaTeropuajibHOE€ IIOJIe MHUHTHIA [aéT Ioje mintype ¢ ¢doHOM
CUJIbBUHUTA M O4YaraMM 3aMeIlNeHUs OJIS KaTerOpHaJIbHOTO WHOUKATOPHOTO KpuruHra. [1o6aBHTH
noJjie Hamopa HaeT mnone head c BEIpaKeHHBIM PETUMOHAILHBIM YKIOHOM [JI THUOPABINYECKOTO
rpagueHTa: kpuryete head, nogaéTte pacTp B MHCTPYMEHT IOTOKA, ¥ CTPEJIKU UAYT BHU3 II0 CKJIOHY
Harmopa. Bkmo4éHHBIN BEBOL IIOBEepXHOCTH Operda CTPOUT OTHAEIbHBIM PACTPOM TIAdKyIO
CTOPOHHIOIO ITIOBEPXHOCTH S, U3BECTHYIO BCIOAY, U HobaBiseT moje dz, THHEeNHO C Hell CBSI3aHHOE.
Ha aTolt mape ocBaWBalOT KPUTHUHT C BHEITHUM OpelidoM: Kpuryete dz ¢ pacTpoM S Kak IpendoM u
CpaBHHUBaeTe C OOBYHBIM KpuruHroM dz 6e3 mpetida. Eciiu BEIBOL MOBEPXHOCTH IIPONIYIIEH, moie dz
He mobaBisieTcs. 'anka [Jo6aButh mosasi K u T 1 Hamop reHepupyeT HAmop U JIOr-HOPMAaJIbHBIE
nons K (koadpduument unbrpanmu, pasbpoc Ha MOPSIOKKA, KaK B peaJjibHBIX OTKaykax) m T =
K-momguocts. Ha Hux ocBamBarT ymenbHEIU pacxon mo apcu: kpuryete K u T B «2D Kriging»
c nmpeob6pa3oBaHueM In (unu BpyuHyIo moig ln), IIoc Hamop, U IomaéTe PacTpPhl B «YOeIbHBIN
pacxon».

ITonsa pe3ynbrara:
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ITone Tun YT0 comepXuT

well TEKCT Homep ckBaxXuHH, GopmMaT
SK-0001.

roof 4HCIIO AGcomoTHas OTMEeTKa KPOBJIH
IjIacTa, M.

thick YUCJIO MouIHOCTS IjIacTa, M.

X YHUCIIO CopepzxkaHue aOCTPaKTHOTO
KoMmoHeHTa, %.

head YUCIIO Hamop (mbe3oMeTpuYecKui

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

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

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

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

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

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

1.10 IIpumep reopusnuecKkux npoduiaeu (memMo)

HWHCTPYMEHT CO3[aéT TOYEUHBIN CJI0M reodu3udeckux mpodumneit mms oOydeHusT U IPOBEPKU Oe3
peanbHBIX OaHHBIX. CTPOSTCS HECKOJIBKO IIapalyiebHbBIX Ipoduiei ¢ nukeraMu. IIpemycMoTpeHo
IOBa pexkuMa.

dneKTpopa3BenKa. Boonb npoduneil 3agalbl Kaxylleecss COIpoTuBineHue pK (OM M), IoTeHIMan
ectectBeHHoro mons EIl (MB) u Bri3BanHas momnspu3amnus BII (MB/B). B manHBIE 3amoxkeHa
HU3KOOMHAas aHOMaus - O0BOOTHEHHAS MU 3aMelléHHass 30Ha. B Hel pK mpoBanuBaeTcs C (OHOBLIX
mecssTkoB OM'M pmo emunwull, a EIl maéT oTpuUaTeNnbHBIM MHUHUMYM. Takoe IOBeeHUE OTBEYaeT
ITPOMEBICJIOBOM IIPAKTUKE: HAWMEHBIIINE CONPOTUBJIIEHUS XapaKTepHBl OJIS OCaJOYHBIX IIOPO.,
TOTHA KakK COJIb, THIIC U aHTHUAPUT, HAao00pPOT, BEICOKOOMHBI, @ OOBOOHEHHWE M 3aCOJIEHHWE YBOOST
COIIPOTUBIIEHNWE BHMU3. AHOMaJIUs 3aaHa KOMITaKTHBIM IISITHOM, a He II0JIOCOM, IT03TOMY HPOQUIH
He CUHXPOHHEI, ¥ IIPU UHTEPIIONSIINY BUIEH JTOKAIbHBIN OYar, a He CIJIOIIHAS JIeHTa.

Ocenanusa (myiabaa). 3HadeHUe - ocefaHue (MM) B BHUJe MyJIbObl COBUXKEHUS Hap oTpaboTaHHOU
IJIOIIAABIO, II0 HECKOJIBKUM TypaM HabmogeHui. Mynbaa yriybisieTcst OT Typa K TyPY ¥ OrpaHuYeHa
10 MOAYJIIO ABYMS MeTpaMu. 3HaK eIHUHEBIN: BHU3 (OTpUIIaTENbHOE) NI BeJIMYUHa (II0JIOKUTENILHOE),
1o BeIOOPY. 1o KpasiM CTPOTO HYJIM - B CTOPOHE OT OTPabOTKU ocefaHus HeT. 1o OgHUM IMUKeTaM
MOXKHO IIOCUUTaTh Pa3HoCTh settle Mexxny TypaMu ¥ IIOJIy4YUTh CKOPOCTh OCENaHUS.

Pabouuit Uk noBTopseT ocHOBHOU: mone rho_k (unu settle) nuTepnonupyeTca MHCTPYMEHTOM
1.02 2D Kriging 1160 MUHUMaIbHONM KPUBU3HOM, MO TPUAY CTPOSITCS U30JIUHUU UHCTPYMEHTOM
1.04, v aHOManusg OKOHTypHBaeTcs. Ilojle Sp MOXHO HHTEPIIOIMPOBaAThH TaK K€ U CPaBHUTH
muauMyM EIT ¢ mpoBanoMm pk. ITone rho_true (unu settle_true) - 3anoxkeHHoe 3HaYeHUe 6e3 MIyMa,
9TAJIOH OJIA IIPOBEPKU TOYHOCTU MHTEPIIOIALTNN.
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KpHrHHF HJIN MHHHMAJ/IbHAsA KPDHBH3HA

Teopusnueckue Mpodunau - XxapaKTepHBIH CiIydai Ojs BEIOOpa MeToma MHTEPIONISIUu. JaHHBIe
IIJIOTHEIE BOOJb IpoGuied M pa3pekeHHble MeXOy HUMH, a caMa Belu4YwHa (COMMPOTHBIIEHHE,
nmoteHnyan) GU3nYecKy rinagKasi ¥ HempephiBHAs.

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

I[IpakTuyecKuil BHIBOA: MOJsI C mnOpoduner CTPouTe MUHUMAJILHOWM KPUBU3HOMH,

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 ymoii4yaHuUIO

O06sacTh (3KCTEHT)
Pexum

Ywucrno npodunei

HIar nuKeToB, M
®onosoe pkK, Om-M ([To1.)

MunuManbHOEe pK, OM-M ([Jo1.)
Awvmutyna EIT, MB (Hor.)

Awvnnutyna BIT, MB/B (Horr.)
Mywm px (Jom.)

MakcuManbHOE ocefaHue, MM

(Oor.)

Yucno Typos ([or.)
3HakK ocemanuda (Io1m.)
OTrMmeTka: 6a3a U aMIIIUTyOa, M

(Oor.)

leodpusnyeckue npodpunu

['paHUIIBEI TeHEePaluu.
JJeKTpopa3BeaKa Uin
ocellaHus.

CKOJIBKO ITapajuiesIbHbIX
npodunen.

PaccTossHMe MexXay MUKeTaMHu.
ConpoTuBIeHUE BHE
aHOMaJIuU.

ComnpoTuBieHNE B IIEHTPE
MIsSITHA.

I'ny6buna muaumyma ETI,
06bIYHO MeHbIIe 0.

BricoTa anomanuu BII.

Ions paszbpoca B
jior-Macurrabe.

I'my6buHa MynbObl B IOCIegHEM
Type.

CKOJIBKO IIMKJIOB OJI pekXuMa
ocefmaHUM.

Bru3s (oTpunatenbHOe) UIN
BeIUUYVHA (IIOJI0XKUTEBHOE).
[TnaBHBIY penbed
[TOBEPXHOCTH.

Coii ToOYek C IOJISIMHU.

JJeKTpopa3BeaKa
4

20
60

10
-100

15
0.06

400
2
BHus

1201 15

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).

1.12 MBA: myabTHCETOYHBbIEe B-cIiyTadHBI (TOYKH — pPacTp)

TpeTuii criocob MOMTYYUTE HOBEPXHOCTD U3 TOYEK, ITocjie Kpuruhra (1.02) ¥ MUHUMaIbHOM KPUBU3HEI
(1.03). YuTaTh €T0 CTOUT BMECTE C HUMHU: HOMEP CTOUT ITOCIEIHUM IIPOCTO IIOTOMY, YTO UHCTPYMEHT
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IIOABHUIJICA IIO3ZKeE.

Meton JIu, Bonmbepra u Illmua 1997 roma. Bepétcsi rpybasi peméTka KOHTPOJIBHBEIX TOYEK, II0
HeM CTpouTCcs Kybuueckuii B-crinavia, mpubnuxkaromnuil qansele. [IpubnuxkaeT oH rpy6o, TO3TOMY
CYUTAETCS OCTATOK - PA3HOCTh MEXK[Y 3aMepPOM U TeKYIIel TOBEPXHOCTHIO, - PEIIETKa yABanuBaeTCH,
U OCTaATOK IpuOIMKaeTcs 3aHOBO. TaK YPOBEHb 3a YPOBHEM: KaX[BIM CIeOYIONIUM MOOXBaThIBAET

TO, YTO HE CMOT IIPEIbIMYIITHI.

[TapameTp

YTo 3amaeT

[To ymom4aHuio / COBET

Touku ¢ 3amepamu / [Tome
3HA4YeHusa

Bxom.

OxBart [To yMoJT4yaHUIO 110 TOYKaM. 10 TOYKaM
Pasmep sayeiku [Togpo6HOCTh 3alUCH B PaCTp. 0
0 - IATHCOT A4YeeK MO OJINHHOU
CTOpPOHE.
HaugamnpHas pemérka no X, o Papgnyc BnussHusA. Pa3Hble 44
Y YUCJia 10 OCAM HaloT
QHU30TPOIIUIO.
Ywucno ypoBHEN I'mapgkocTth. OOouH-OBa OAOT 8
TPeHM, BOCEeMb 1 OOJIbIIe
cazkaloT IMOBEPXHOCTDb Ha
3aMepHL.
OO6pe3aTh BHITYKIIOHN 3a npepenamMu o6aka BKJIIOYEHO
000JI0UKO# TOUEK ITOBEPXHOCTh OEPKATDh HEIb3S.
HuxHsisa 1 BepXHSAS I'PaHUIIBI OU3MYeCKN BO3MOKHBIN IyCTO
pe3ynbTaTa OuanasoH BeJIW4YuHHL. I[IycTo -
He OTPaHUYHUBATE.
3amac BOKpyr o6onmouku (mom.) Pacmupenue o6pes3ku. 0
OcTaHOBKa 10 HEBSA3Ke (Oo11.) [TpekpainaeT apobneHue 0
pansbllie cpoka. 0 - He
IIPOBEPSATE.
IIpepen pa3Mepa pacTpa, MJIH  Brillle HETO UHCTPYMEHT 50

gyeek (Joi.)

OTKa3blBaeTcs paboTaTh.

YemM Oepér

Cucrtema ypaBHeHUH He pemaeTcs: BoobOme. KoadhduimeHT pemEeTKY CYUTAETCS SIBHO, B3BEIIEHHOU
CYMMOM IO TOYKaM, IIOIaBIIUM B HOCHUTEJIb CBOETO cIjiaiiHa. [ToaTomy paboTa MuHENHHA [0 YUCITY
TOYEK, a IIaMATh 3aBHCUT TOJILKO OT pa3Mepa pemleTKu. KpurmHr Ha KaXKpaou s4eliKe pellaeT
CHCTEMY IIO COCEIsIM, U Ha JeCsaTKe MHJIJIMOHOB 3aMepOB 3TO HECONOCTaBUMEIE BeIllW: MUJIJINOH
ToueK MBA GepéT 3a CEKYHHI.

ViupaBieHue penéTKkaMu

HavanbHasi peméTKa 3aJaéT paguycC BIUSHUS: YeM OHa rpybee, TeM Aasiblle PACXOOUTCS 3aMep.
Pa3Hble 4KCila S4Y€eK 0 OCSIM [OaloT aHU3O0TPOIIMIO - HAa Pa3BeIOYHOW CETH, BEITAHYTOH IIO
IIPOCTUPAHUIO, 3TO TO, UTO HYXKHO, ¥ 3aMaéTCs OHO IPsAMO, 6€3 MOIOeI BapuoTPaMMEI.

Yucro ypoBHeEM ympaBiseT TJIafKoCThio. KaxKOplii ypOBeHBb BABOE IOAPOOHEEe M BOBOe OJIMXKe K
OaHHBIM: OOUH-IBA OAlOT TIaOKUM TPEH, BoCeMb U OOMbIle CcaXkaloT MOBEPXHOCTh Ha 3aMepHI.

CHsaTHE TpEeHaa

KoadduiineHT pemeTkn CUnuTaeTcsa GopMyIon, TUHEeHHOM 10 3HAYeHUI0. 3HAYUT OInubKa PacTET
BMECTE C BeJIMYMHOM OTMETKH, a He C eé pa3dopocom. TaM, Ime HOCUTEIb OQHOCTOPOHHUM - Kpai
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00JIacTH UIHN IIyCTO€ MeCTO BHYTPHU oGaka TOYEK, - SBHaMeéHaTeJIb MaJl, U KOS(b(bI/I].[I/IeHT pa3jieTaeTcsa
IIPOIIOPILIMOHAJIBHO caMOU OTMETKE: IIOBEPXHOCTH B IIYCTOTE HBEIPSAET K HYIJIIO.

YucrioM ypoBHEW 3TO He JIEUMUTCS: KaKObIM CJIEAYIOIINN YPOBEHb HaciegyeT Ty ke Oepmy. Ha
ITPOBEPOYHOM penbede 0OKOJIO IBYXCOT METPOB C IIYCTHIM KpyroM pamuycom 250 M ImpoMax B KpyTe
moxomun go 30 M, a B ero ueHTpe BMecTo 199 Brixoguno 169.

I[To3TOMy MHCTPYMEHT CHMMAET TPEHI MJIOCKOCThIO Mepel MOATOHKOM ¥ BO3BpallaeT ero o6paTHO
B K09Gh(}HUITMEHTH HYJIEeBOTO YPOBHS. [IpoMax B TOM »Ke IIYCTOTE CTAHOBUTCS MEHBINIE MeTpa.
HacTpoiiku [is 9TOr0o HEeT: Tfie 3HAaYEeHUsS OKOJIO HYJIsI, CHATHE TPEeH[aa He MeHsieT HUYero, a rae
Oanexo - youpaet omnbKy, TPOTOPIIMOHATEHYI0 CaMOM BETUUMHE.

OTciofia ke ClefyeT, YTO oOpe3Ka BBINYK/JIOH 000JI0YKOH H IPaHHIbI 3HAYEHHH IyCTOTY
BHYTpH ofyiaka He jedar. O00I09Ka OTCEKaeT TO, YTO CHAPYKM, a I'PAHULEl IPEBPAIA0T SIMY
B TIJTIOCKYIO IIJIONIAJKy Ha ypOBHE TpaHuIlbl. POpMy BOCCTAHOBUTHL HEYEM: B IIYCTOM MECTEe HYKHEI
OaHHBIE,

Yero He maéT

Hu ommbGKM OIIeHKH, HM MOOENH KOBapHWalliu, HU BECOB, KOTOPHIE MOXKHO MIPETBbSIBUTL. ITO
aIllIPOKCUMATOP, @ He OIEHIIWK: OH He 3HaeT, HAaCKOJIbKO XOPOII ero OoTBeT. Kpocc-Bamumanus
MmeToma (1.08) u KapTa omuOKM K HeMy HenpuMeHUMEL. OTCIofa U rlaBHOe IpUMeHeHNe B pa3BegKe:
CTPOHTH MM TPEH[, a OCTAaTKH YTOYHSITh KPHTHHIOM - Y BacC [Jid 3TOT0 €CTb KPUTHHT C
BHEIITHUM TPEHOOM.

TToBepXHOCTH TJIagKasi IO MMOCTPOEHHUIO, C HETPEPHIBHOM MMPOU3BOOHOU. [I71sT penbeda U TPEHOOB 3TO
IIJIIOC, OJIS COOePIKaHuM MUHYC: IUKYU CTJIa’kKUBAIOTCS, a Ha ITOJICYETe 3aacoB 9TO POBHO TO, 3a YTO
TEeOCTATUCTUKY U PYTaioT.

TouyHOro IMonagaHus B 3aMepPHI XKOaTh HEJIb3s MakKe TaM, I'ie HaHHBIe ITOCTOSHHBL. Ha ITOCTOSTHHOM
3Ha4YEeHUU OTKJIOHEHMEe IIPY OJHOM YPOBHE IOXOOUT OO TPETH pa3Maxa, IIPU TPEX ITafaeT BOecsATePoO,
IIPU BOCBMHU HCUYe3aeT. JDTO NPHUPOOa MeToHa, a He omwubKa cuéTa: KpaeBble KO3(hGUITMEHTHI
HepgoOupaloT BKJIAM, U KaXKOLIM CIeOyIOIINi YPOBEeHb MOOXBATHIBAET OCTATOK.

I'paHuIBI pe3yabTaTa

AnmpokcuMaTop He 3HaeT, YTO comepKaHue He OBIBAaeT OTPUIIATEIbLHEIM, a JoJisd He ObIBaeT GO0JIbIle
eOguHUIB. MexXay 3aMepaMy TIagkKas IOBEPXHOCTh 3a OHAIla30H IMMPOCKAKWBAeT - OCOOEHHO TaM,
T7ie PSOOM CTOSIT CHUJIBHO pPa3Hble 3HAYEeHUST, U 0COOEHHO Y Kpas o6ji1aka Touek. Ha morHopMambHBIX
OAHHBIX BPOAEe COMepKaHUI OHA JIETKO YXOOUT Ha IOJITOPHI THICTYH HUXKE HYTIS.

I'panunsl cpe3aloT pe3ynbTaT K (usnyecku BO3MOXKHOMY. Cpe3 Imojie3Hee, 4eM BHUI «Kak
MMOJIyYUJIOCh», HO OH 2Ke U [pPU3HaK: B XKypHaJl NHUIIETCS, CKOJBKO SYeeK CPe3aHO CHU3Y U
CBepXy, KaKylo IOJIIO IJIOIIagyu 3TO COCTABUJIO ¥ HACKOJILKO HajleKo IMOBEPXHOCTH yxomumna. Eciu K
TpaHUIle IIpUIKaTa OecsTas 9acTh IJIoMany M 0OJblle, TaM IIOBEPXHOCTh He OIleHEeHa, a cpe3aHa:
3aMepoB PSAOOM HET, W CIUIa¥H yXOOUT KyAa YrogHO. JleduTcs 5TO He IpaHUIlaMH, a PEeIIETKOU
norpy0ee, MEHBIIIUM YHUCJIOM YPOBHEM nnu 60j1ee y3KMM 0XBaTOM.

71 BeIWUYMWH, KOTOPHe He OBIBAIOT OTPHUIIATEIbHEIMEU M MEHSIOTCS Ha IOPSOKH - COmepzKaHHs,
ITPOHUIIAEMOCTD, - IIPABUJIbPHEE HE Cpe3aTh, a CTPOUTH ITOBEPXHOCTH IIO JIOTAapUMMy BEIUUYUHBI U
BO3BpalllaTh €€ Yepe3 dKCHOHEHTY. Torma HOMb HEJOCTUZKUM I10 IIOCTPOEHUIO, U IIJIaTO Y TPAHHUIIEL
He BO3HHKaeT.

Oo0pe3ka

3a nmpepesiamu o6j1akKa TOYEK Yy KPAaeBhIX KO3GGUIIMEHTOB HET JaHHBIX, U IIOBEPXHOCTDb YXOOUT Kyfa
YIOOHO - Ha pa3Befo4YHOM CeTH ITO BUOHO KakK 3aApaHHBIE YINHl pacTpa. IloaToMy pe3yneTar 1o
yMoT4aHUIO0 o0pe3aeTcCsl BHIIIYKIJION OOOJIOUKOM TOYEeK, a 3alac BOKPYI Heé 3aJaéTCsl OTHEJIbHO.
CHATh 00pe3Ky MOIKHO, HO TOTHA 3a KOHTYPOM CETH HOJIYYHUTCS KapTUHKA, KOTOPYIO HEIb3s
IpPegbABNATEH KaK OIEHKY.
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1.11 Bpe3Ka moapoOHOH MOBEPXHOCTH B PErHOHAIBHYIO

HHCTPYMEHT CIIMBaeT OBE MOBEPXHOCTH OOHOM BEJMYUHBI B OOHY: IMOOPOOHYI0O Ha Y4aCTOK U
peruoHabHYI0 Ha BCIO OKPYry. 3ajada IIOBTOpPSETCS y TomorpadoB M THAPOJIOTOB - AeTalbHas
ChbEMKa B OTKpHITYyI0o LIMP, - HO oT penbeda He 3aBuUCUT. KyCcT pa3BegOUYHBIX CKBaXHWH B
pervoHanbpHyI0 MOMENb KPOBIM TIJjlacTa, [AeTallbHBIM y4YacTOK omnpoOoBaHMS B OOIIyI0 KapTy
comepiKaHUM: YCTPOMCTBO TO XKe, BeIudnHa modast.

Ha Bxom maoyT mBa pacTpa M MOJIMIOH 30HHI Bpe3Ku. Ha BBIXOme OOWH pacTp B 3aJaHHLIX OXBaTe U
pas3peleHuH.

[TapameTp YTo 3amaét [To ymongaHnuio / COBET
[TompoOHas MOBEPXHOCTH Pactp yuactka. Ero cetka -
CTaHOBUTCS paboueii.
PervonanbHast MIOBEPXHOCTh PacTp okpyru. ITpuBoguTcs K -
CeTKe IMMOgPOOHO].
30Ha Bpe3KH (IIOJTUTOHEI) I'me ocTaéTcsa mompoOHas -

IMOBEPXHOCTh. [JomKHa OBITh
yKe e€ MOKPHITUS.

[MMupuHa nmepexona, s4YeeK Koms11o, B KOTOPOM OOHA 4
permuoHaabHOU TOBEPXHOCTHU IIOBEPXHOCTH IIEPEXOOUT B
IPyryio.
CHsTHE CHCTEMAaTUIECKOT O MepuaHa 110 KOJIBLLY, MeOuaHa
pacxoXaeHus HaKJIOHHAA IIJIOCKOCTh UJIH He
CHUMAaTh.
OxBarT pe3ynbTaTa ITo peruoHanbpHOM, IO 110 PerHOHAIbLHOU
ITOOPOOHOM MK 3adaHHBIH
BPYYHYIO.
Adelika pe3ynbpTata 0 - KaK y mogpo6Hoit 0
[IOBEPXHOCTH.
[Ipepen pasMepa pe3ynbTarta, Briiie Hero UHCTPyMEHT 50
MJIH sST9eeK (mor.) OTKa3klBaeTcs paboTaTh.
MuHMMyM S49€€eK IIEPEKPBITUA  HuzKe 3TOro 4yucia rnomnpasKa 200
(mot.) CYHMTAETCS HeHaOEKHOM, u 00

9TOM ITHUINIETCS B XKypHa.

[IBe CTyIleHH, 1 OHH PAa3HOH NMPHPOIbI

CucreMaTHYeCKoOe pacxoxkmaeHue. Y penbeda 3TO pa3Hble BEPTUKAIbHBIE CUCTEMBI: ITOOPOOHAS
CBhEMKA UOET B MECTHOM, OTKPHITEIEe HAOOPH B reoupgHoi - COP30 va EGM2008, SRTM na EGM96.
PacxoxpgeHue m3MepsieTCs MeTpaMHM M OOWHAKOBO IO BCEMY y4acCTKy. Y T€OJIOTHH TO XK€ MECTO
3aHMMAaIOT pa3Hble METOOUKHY YBSI3KU: OPyras ornopa OypeHus, molpaBKa Ha KEPH IPOTHUB KapoTaxa.

Crnaguth ero Henb3s. CrmaguTcs Kpad, a BCSA pPeruoHaNbHasd 4YacTh OCTAHETCS TIOOHSTOH
WM OTYIIEHHOM, M BomocOop moemeT. IToaToOMy pacxokOeHWe CHUMAEeTCS 3apaHee, MO KOJIBIY
MIEPEKPHITHST BOKPYT 30HHEI BPE3KH, THe 00€ TOBEPXHOCTHU ECTh.

BepéTcst MmeguaHa, a He cpegHee. B KOJIbIIO TONAagal0T KPHIIIHM, KPOHBI, OMUHOYHBIE CKBAa’KUHEI, U Y
pamapHBIX HaO0OPOB 3TO BEHIOPOCH! B HECSTKM METPOB: CPeqHee OHM yTalaT 3a co00¥, MeiaHa yCTOUT.
HaknoHHas MIOCKOCTh HYKHA TaM, TIe YYaCTOK BBITSIHYT Ha AECSITKHU KUIOMETPOB U IOIIPaBKa
yCIIeBaeT YIIOJI3TH; Mepel HOOTOHKOM BEIOPOCH! KOJIbIla OTCEKAIOTCS 0 IPOIEHTUIISIM.

Ha mocTtossHHOM PacCXoxXOeHnru MedraHa KU IIJIOCKOCTh OAIOT OI[PIHaKOBLIfl pe3yibTaT, U 3TO He
omubKa: MJIOCKOCTL TI0 KOJIpy C HEeM3MEeHHOM HEeBSI3KOU BEIPO2KOAETCsA B KOHCTAHTY. Paznuna
MeXOy pPexXrHMaMU II0SABJIA€TCSA TOJIBKO TaM, I'lé PaCXOXKOeHrue MEHsAEeTCs I10 IIJIOIaau. HonpaBKa
MMUIIEeTCA B 2KyPHAJI YUCJIOM, 110 HEMY M BUOHO, YTO IIPOUCXOOUT.

TpeTuil pexuM, «HE CHUMaTb», HYXKeEH, Korma o0e ITOBEPXHOCTH 3aBEIOMO B OOHOH CHUCTEME U
mpaBKa TOJIKO MCIIOPTUT - HAllpUMep, MogpoOHast ¥ peruoHasibHasi MOMEJH ITOCUMTAHBl U3 OMHUX
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U TeX XKe CKBaxXwuH. B 2KyPHaAJl IIPpKU 3TOM BCé PAaBHO BBEIBOOUTCA MeIHMaHaA IIO KOJIbLY: €CJIK OHa
3aMEeTHO OTJIMYHa OT HYJIsA, CTOUT IIepegyMaThk.

HecoBnanenue ¢popM Ha CThIKE. 37Iech paboTaeT BeC, a He BHIpe3aHHas AbIpKa C IIOCJIenyIoei
WHTepHonsnuei. BHyTpr 30HBI BeCc NMoOpoOHOM enuHuUIa, 3a 6ydpepoM HOb, B KOJbIle IJIaBHHIN
nepexon o (YHKIMKM C HY/JIeBOM IIPOM3BOOHOM Ha KOHIAX. [lepexonm BBIXOOUT TJIagKUM IIO
IIOCTPOEHHIO, a He N0 (aKTy CrilaXuBaHMHS, W B II0B He MomnagaeT Qopma, IpuUayMaHHas
WHTEePIonsnuen. JIMHeNHbIN nepexon najl Obl IepejioM YKIIOHA POBHO Ha I'PaHUIlE KOJIbIla, TaM, Ie
€r0 U BRICMATPUBAIOT T'UOPOJIOTHU.

OxBaT ¥ pa3penieHue pe3yjiabTaTa

OxBaT 110 yMOT4YaHUIO OEPETCS M0 PErMOHAIbLHON OBEPXHOCTH: CIIUBKY [EJIal0T PAay BCE OKPYTH,
a He paJu KyCKa Io[ y4acTKOM. MOKHO B34Th OXBaT IMOAPOOHOM MJIM 3afaTh PaMKy BPYUHYIO.

f4elika 3agaéTcs OTHENbHO, U Ha OONBIIIOM OXBaTe 3TO 00s13aTenbHO. ITogpobHas ChEMKa OBIBAET
CAHTHUMETPOBOM, a perrMoHaIbHas - TPUAIATUMETPOBOM Ha OeCATKH KuiloMeTpoB. CIIIMBKA B IIare
mogpoOHOI mana OBl PacTpP, KOTOPOTO He OBIBaeT: IMSATHOECSIT KHJIOMETPOB HPU SAYeHKe IIATh
CaAaHTUMETPOB 9TO TPUJLIMOH s4eeK. [Ipu sdelike B MeTP OCTAHETCS [Ba C MOJIOBUHOM MHUIIMApPOA,
IIPY OSITH MEeTPaxX CTO MUJIMOHOB, IPU TPUAIIATHA - MEHbIIIE TPEX MUJIMOHOB.

ITosToMy nepen paboToi cuuTaeTCsa pa3Mep Pe3yabTaTa, ¥ IPU IPEBHIIIEHUH IIPefesia UHCTPYMEHT
OTKa3blBaeTcsl paboTaTh, Ha3bBas MOOXOOSIIVI0 si9elKy. [Ipemen 3amaéTcs B OOMOJHUTEIIBHBIX
ITapaMeTpax, 0 YMOTYaHHUIO MAThIECAT MUJIITHOHOB SUeeK.

IToompoOHOCTE BHYTPY 30HLI BPE3KH OTPaHUYEHA TUEeHKOM pe3ybTaTa, a He ChEéMKOM: CAaHTUMETPOBAS
ChbEMKA B IISITUMETPOBOM TI'PHU[E OACT IISTUMETPOBYIO ITOOPOOHOCTh. ECcnu HyXKHa BCS OEeTalbHOCTD,
Cy3bTe 0XBaT IO OKPECTHOCTEM y4acTKa.

IIpu ykpynHeHuu noppobHas IIOBEPXHOCTh OCPEINHSETCS, a He BbIOMpaeTcs Io y3nmaM. Bribopka
0epET 3HaUeHUe B y3JIe U TepseT BCE, 4TO ObIII0O MEXKAy HUMH, a Ha IOOPOOHOM ChEMKE 3TO U €CTh
caMa ImogpoOHOCTb.

O6e TOBEPXHOCTH PEXKYTCH [0 paMKe pe3yabTaTa U IPUBOAATCS K €T0 CETKE BMECTE C IIyCTOTaMu: Y
ILIMP mycToTa momeudeHa CIy2KeOHBIM 3HaYEeHUEM, U eT0 00s13aTesIbHO ON03HaTh. IHaye OHO UMET B
pacuéT KakK HacTosAIllas OTMeTKa, KOJIbIIO IIePEeKPHITH I HaXOOUT JaHHEIe TaM, '€ UX HET, U IoIIpaBKa
ye3xkKaeT B 0€CCMBICNIUILY - Ha BUI PacTp IIPOCTO BcTaBjieH 6e3 Iepexona. B xKypHan nuineTcs gois
siYyeeK C MaHHBIMU y KaXKI0M ITOBEPXHOCTHU: €C/IU Y TTOAPOOHOM OHA MOA03PUTEIbHO BeJIUKa, 3HAUYUT
IIycTOTa B €€ (aliyie He IOMeYeHa, U 9TO Hafo MOIPAaBUTh OO CIIUBKU.

Y HaKJIOHHOM IIJIOCKOCTH B XKypHall UAYT €€ KpaliHWe 3Ha4YeHHUs II0 IT0/I0. IIJI0CKOCTh CUHUTaAeTCs
II0 KOJbIy BOKPYT y49acTKa, a IPUMEHsIeTCS KO BCEMY OXBaTy, M Ha OOJbBIION paMKe OHa MOXKET
yexaTb AJajieKOo 3a IIpefesbl TOT0, YTO BHUIEJA: eClIM pa3bpoc MoIpaBKM 3aMeTHO OO0JIbIle CaMOTO
pacxoxpeHusi, OepuTe MeguaHy.

30Ha Bpe3KH JOJIZKHA OBITH YK€ ChEMKH

KomnbI10 mepekphITHs 6ePETCS CHAPYKHU 30HEL. ECu mogpo0Hble JaHHEIe 00PEIBAIOTCSA POBHO II0 HEH,
MIEePeKpPBITUS HEeT U PacX0oXOeHHWe CHSITh He II0 YeMy. MHCTPYyMEeHT TOBOPUT 00 3TOM IIPSIMO U He
CIIMBaeT MOIYa: MOJTYajiuBasi CIIMBKa dajia Obl CTYIeHb BO BECh HATyM, a Y3HAIOT O Hel, Korjaa Ha
IIIBE€ BCTAHET ITOTOK.

OTcrofa npaBUIO: PUCYHTE 30HY BPE3KU BHYTPU HOKPHITUSA TTOAPOOHOMN CHEMKH, C OTCTYIIOM XOTS OBl
B IIUPUHY IIepexona.
YTo nucarth B XKyPHa/I H Ha YTO CMOTPeTh

I/IHCTp}/'MeHT cooﬁmae’r YHUCJIO sAYe€eK IIePEKPBITHUA, PACXOXKIEeHHE OO0 IIOIIPAaBKU MeOuaHOU u
pa36pOCOM II0 IIPOLIEHTUJIAM, OCTATOK IIOCJI€ IIOIIPABKHU U IIepellang MeXOy COCeOIHHMHU SYeKaMu
OTHAEJIEHO B IIIBE€ U I10 OCTAJIbHOMY IIOJIIO.
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IMocnenHsisg mapa U €CTh Mepa MpuEMKU. Eciu clIMBKa yaasach, Iepernaj B IIIBe He BHIAEJISEeTCS Ha
(dbone ob6rraHOTO PEnbeda. Ha mpoBepoYHOI CIleHe co caABuUroM 12.4 M pydyHasi CIIMBKA qaBasia Ha IIIBe
ycryn 14.5 M, HHCTPYMEHT Ja€t 2.6 M npu ¢oHe monsg 2.55 M. Korga moB 3ametHO Gomnblile GoHA,
9TO TUINETCS B XYpHAJI IpeaynpexmeHueM: 0OBIYHO PacXOoXKeHUe CHSATO HEBEPHO WU TIePexo[
CJIIUIIKOM y3KHUU.

[Iporaibl BHYTPU NOAPOOHOM MOBEPXHOCTHU 3aKPHIBAIOTCSI PETHOHAIBLHOM, OTAEIPHOI'O 3all0JTHEHU S
He TpebyeTcs.

OTcrofa BakHOE OTJIMYKE OT PYYHOro crmocoba, KOTOPHIM 3Ty 3apavy pemaitoT B QGIS: Bripe3aTs
OBIPY B peruoHabHOM 1Mo 6ydepy BOKPYT MacKM, CKJIEUTh U 3al0JIHUTh IIYCTOTY UHTEPIIOIALMEN.
3mech Oplpa He BHIPE3aeTCs BOBCe, U IYCTHIX AYeeK He BO3HUKAEeT - B KOJiblle 00e IIOBEPXHOCTHU
O6epyTcs ¢ BecoM. UHTEepnonsuus B oeipe npugyMasa Osl popMy, KOTOPOU B TaHHEIX HET, a BeC 6epeT
TO, YTO YK€ eCTh C OBYX CTOPOH, U MEHSIET UX HOJIIO.

W rnaBHOe: CTymeHbKa Ha IIIBeé BO3HUKAET He OT crocofa CKJIENMKH, a OT CUCTEMATHUYEeCKOTro
pacxoxpeHuss Mexnay Habopamu. Eciu ero He CHSTH, IIIOB OCTAHETCS BO BECh JaTyM, YeM OBIPY HU
3anosHsi. Ha IpoBepoYHOM ClieHe 3aKPHITh OEIPY PeruoHalbHON 0e3 CHSITHUSA PacXOXKOeHUs HaéT
ycTyn 14.4 M, a CIIMBKa C IONpaBKoy - 1.62 M npu doHe penbeda 2.18 M.

Ecnu B pe3ysbTaTe BCE K€ 0Ka3aJiuCh IYCThie SUYeWKU, UX YUCJIO MUIIEeTCA B XKypHal. [lycTto MoxkeT
OBITH TOJIBKO TaM, TIe HET HU OJHOM U3 ABYX MOBEPXHOCTEN: OORIYHO pPeruoHa bHas He TTOKPLIBAET
3aJaHHBIA OXBAT.

Tomorpadusi: peabed U3 OTKPBITHIX TaHHBIX

I'pynna «2. Tomorpadgusi» oTBeyaeT Ha YaCThHIM 3aIlpOC: MaKCHMaJbHO KadeCTBEHHas MOMeslb
penbeda M3 OTKPHITHIX MAaHHBIX U3 KOpobku. ITapamuriil Bxof - 3arpy3uuk LIMP mo paMke, K HEMY
BEKTOpHas TolloocHoBa u3 OpenStreetMap, simpo Topo2Raster ans noctpoenus peiabeda U3 TOUEK
¥ U30JIMHUM, U MOJIHEIN I'MOPOJIOrnYecKui Habop: 3al0IHEeHNE ITOHUXKEHUN, CTOK M aKKyMYJISIINS,
peyHas ceTb, 6aCCEWHHBI, YKJIIOH C 9KCIIO3UIINEH 1 BepIINHLL. Bes aHanuTuka Ha ynctom NumPy, 6e3
GRASS, SAGA u BHEIIHUX MOOYJIEN.

Psamom crourt rpynna «2. Tomorpadusi: tMarHOCTHUKa U MIpaBKa». B He€ BEIHECEHBl UHCTPYMEHTHI
MIPOBEPKU TOTOBOTO pefbeda: pas3nesieHWe TOPU30OHTajlel Ha HabOophl, HeBA3Ka npotuB LIMP u
nouck Teppacunra. OToenbHas Ipymna Hy’KHa [I0OTOMY, 4TO IOArpynn B Processing HeT, a mepXarthb
IIPOBEPKY BHYTpU pabouedl 1enodky HeynoOHO: OHa pa3phIBAET II0CIENOBATEIEHOCTh IIOCTPOEHHUS.
HymMmepaiyusa HHCTPYMEHTOB IIPU 3TOM CKBO3Has C ToIorpaduei.

Bce BBEIXOHBIE CJIOM T'PYIIIIH CKIIaAbIiBaloTCs B rpynny Tomorpadusi nepeBa Ci10€B, YTOOL HE TOHYTh
cpenu pabo4ux CI0EB MpoeKTa. MHCTPYMEHTHI TPYIIIILL CTHIKYIOTCS OPYT C ApyroM. 3arpy3uyuk 2.01
OTHaéT roToByI0 MeTpudueckyio IIMP, koTopas 63 BCIKUX MaHUIYIAUuNd UOET B usonuauu (1.04)
u B Jm0060¥M pacuyéT rpyunmnbl. Bomotoku u3 2.02 u peuHas ceTh u3 2.06 mogxoOsT TajIbBETaMH B
Topo2Raster (2.03) KaK eCTh, IOTOMY YTO UX BEPIIUHEI UAYT BHU3 10 TEUEHUIO.

IMonuBIM TepedYeHb ITOEeM BBIXOOHBIX CJIOEB - B mpunoxeHuwn IIpodunu smekTrpopa3BegkHn /
IIpodunu ocemanui (pasmen «I1oas memMo-clI0€B» B KOHIIE PYKOBOMICTBA).

2. Tomorpadusn

2.01 3arpy3ka IIMP no pamke

3arpyxaet LIMP mo paMKe M3 OTKPBHITOTO XPaHHJIHINA, 03 perucTpaluyd ¥ KIIdYed, Ha BHIOOD
M3 OBYX HMCTOYHWKOB. [IIWTKM pasMepoM OOMH Ipamyc coOMpaioTcsi B MO3awKy 0e3 IIBOB U
MEPENPOEIUPYIOTCA B METPHUYECKYIO0 CUCTEMY KOOPAMHAT C KyOm4ecKou mHTepuossinuei. CrIpbie
TpagyCHBIE MIJIMTKY B aHANIW3 He IOIIafaloT, mosToMy ocoberHHocTh GLO-30 ceBepHee 50 MIMPOTEHI
(YKpYIIHEHHEIH IIaT 110 JHOAroTe) o6pabaTrBaeTCd aBTOMaTUYECKH.
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Puc. 17: ITosHas nenovYka rpynmnsl Ha JeMo-pefibede: OTMBIBKA, peYHasi CETh TOIIIUHOM 110 MOPSIAKY
Crpanepa (2.06), rpanuiisl 6acceinos (2.07) u BepiuHH (2.09).
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

HcTouHuK penbeda

Pamka 3arpysku

IHeneBasa CK

Pa3mep suelriku, M

Crnamuth penbed (FPDEMS)

T'ugponoruyeckasi KOPPeKIUs

CrmaxxuBaHue: OKHO
HOpMaleu, s4eek (moIl.)
CrnaxuBaHHe: IOPOT
pa3nuuusg HopMaseu, rpan
(mor.)

CrnaxxuBaHue: YUCJIO
IPOXOHOB (HO1I.)

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

[Tpepen yuciaa IIUTOK 1x1

rpagyc (gor.)
LIMP (metpuueckasi CK)

GLO-30 (Copernicus, DSM:
BBICOTHI IT0 KPOHAM U KPOBJISIM)
unu GEDTM30 (DTM 6e3 neca
U TIOCTPOEK, MAIIMHHOE
obyuenue o ICESat-2/GEDI).
Oxsar B nroboi CK,
IIePEeCUYUTHIBAETCS B I'PagyChl
aBTOMaTHUYECKH.
Metpuueckasa CK Brixona.
IIycto = CK mipoekrTa, eciu
MmeTpuyeckas, usaye UTM 1o
LIEHTPY PaMKH.

[ITar BRIXOOHOT'O T'pua II0ociie
IepenpoerupoBaHus.
CrnaxkuBaHHE C COXpaHEHUEM
OpOBOK (CM. HUXKE). BBIKJI. =
CBIPO¥ pPacTp MCTOYHUKA.
3anoJiHeHue JTOXKHBIX
MMOHUKEHUH, YTOOB BOma
Tekya BHU3. CHSTD IS KapcTa
U MYJIbII OCeJaHMs.

Cropona okHa punbTpa
HoOpMarseln, HeuéTHasl.
CTporocTts COXpaHeHUS
rpaHel: MeHBbIIe -
arpeccuBHEE COXpaHeHUe.
BHelrHux 11aroB nmepec6opKu
BBICOT.

MuHMMaIbHEU YKJIOH Ha
IJI0CKOCTAX. 0 = MOOHATH
TOJILKO SIMBI IO CIIMBA.
CTpaxoBKa OT CIUIIKOM
6onbiroi pamku gnst GLO-30.
BrrxogHoit pactp float32, crioit
B rpynie Tomorpadus.

GLO-30

IIyCTO

30

BBIKIJI.

BKII.

11

15

0.001

25

HcTounHK penabeda - kmoueBoit Bbioop. Copernicus GLO-30 510 1ingpoBas Moenb TOBEPXHOCTH
(DSM): BBICOTHI CHUMAIOTCSI 110 BEPXY KPOH ¥ KPOBEb, pa3maéTcs IIIUTKaMu 1o rpagycy. GEDTM30
910 mudporast momens penbeda (DTM) ot OpenGeoHub nopn nunien3ueit CC BY 4.0: nec u moCTpOMKHU
CHSATHEL MAaIIMHHLIM 00y4yeHueM 1o gasueiM ICESat-2 u GEDI, nostomy nop nonorom neca GEDTM30
3aMeTHO TOYHEe, YTO MOATBEPIKAEHO HE3aBUCUMOU MPOBEPKOH. Pa3gaéTcsa emuHBIM Trj106aabHBIM
o6mauneiM GeoTIFF. nsa necuctoro Ilpukambss DTM 00OBIYHO NPENNOYTUTESIEHEE, OJIST OTKPBITHIX

Y4aCTKOB pPa3HHUIIa MaJjla.

[TapameTpsr:

* PamMmka 3arpy3kKH - oxBaT B Jif000i CK, BHyTpu mepeBOOUTCS B I'PaAyChl OJIs BEIOOpa JaHHBIX.
* ITeneBasi CK - merpuueckas CK pesynbrata. [IycToe 3HadeHHME BKIIIOYaeT aBTOMATHKY:
6epérca CK nmpoekTa, ecinu oHa MeTpudeckas, nHade 3o0Ha UTM 1o 11eHTpYy paMku. ['pangycHas

neneBasi CK OTKJIOHSEeTCSI C BHITHBEIM COOOIIEHUEM.
* PasMep siueHMKH, M - 110 ymonuaHuio 30, pogHoe paspetinerue GLO-30.

* T'uagponoruyeckasi KOppeKnusi -
3amonHAITCS cpa3y (cM. 2.04), uToOBI BOma Ha MOOesIM TeKjia BHU3. [IJ1s 3amady, rae BazKHEI

BKJIIOY€Ha II0 YMOJIYaHHUIO:

3aMKHYTEI€ KOTJIOBUHEI (KapCT, MYJIbOBL ocemaHul), CI)J'Ia}KOK CHUMMUTE.

63

JIOZKHBIE IIOHH2KEHUA



* B JononxaurenbHo: Epsilon ykjioHa npu 3anonaenuu 1 IIpegesn yuciia IUIMTOK (3alIuTa
OT CIIy4YalHOM paMKM Ha IIOJICTPaHBHI).

OTka3 ceTHM WuJIM paMKa IIeIUKOM B OKeaHe 3aBepINaloTCSA IMOHSATHBIM COOOIIeHHeM, a He
IMyCTHIM pacTtpoM. McTtouruk pmauHBIX: Copernicus DEM © ESA, oTKphITasg IULEH3US OOIyCKaeT
KCIIOJIb30BaHUE C YKa3aHUEM UCTOYHUKA.

2.02 3arpy3kKa TONOOCHOBBI II0 paMKe

BexkTopHbiit 6mu3Her 3arpy3duka LIMP: mo Toit ke pamke 3abupaeTt u3 OpenStreetMap crou gjis
paboThl ¢ penbedoM.

[TapameTp YTo 3amaét ITo ymonmgaHnuio / COBET

Pamka 3arpy3ku Oxsart 3anpoca kK OSM -
Overpass. [lepKaTb CKPOMHEIM
- OOJIBIITIE 3aTPOCHL CEPBED

pexer.

IIpenmen nnomiagu paMKH, KB. CTpaxoBKa OT YpEe3MEPHOTO 0.5

TpagycoB 3amnpoca.

TaiimayT 3ampoca, ¢ Oxwupanue orBeTa Overpass, 90
IIpU OTKa3e UAET IIepexon Ha
3epKaio.

BBIXOQHBIE CJTOM: BOJOTOKHM, BOOOEMEI (TIJIOCKOCTH), BEPIIUHE C TIojieM ele, oGpriBEI (Gapheptl). Bece
MomagaoT B rpynny Tomorpadus.

* BoooToKH - peky, py4ybu U KaHaiel. B OSM BOOOTOKU PUCYIOTCSA BHU3 10 TEYEHUIO, II09TOMY
cnou roguTcs TanbBeraMu B 2.03 6€3 HOATOTOBKM.

* BOomoéMBI - 3aMKHYTHIE KOHTYPHI O3€p M TIPYOOB, IIJIOCKOCTH ITOCTOSTHHOM BBICOTHI [
2.03. CocraBHBIE MYJILTUIIONUTOHBI (OOJbIINE 03€pa M3 HECKOJIbKUX way) IiepBas Bepcus
IIpOIIyCKaeT.

* BepmiuHBI C OTMETKaMM - TOUYKU natural=peak c BEICOTOM €ele, TOTOBEIE OTMETKM BEPIIIUH OIS
2.03 u koHTpONE Onsa 2.09.

* OOpBIBBI U HACKINH - TUHUYU pa3phiBa penbeda mis 2.03.

* BeperoBasi IMHUS - 110 YMOJTYaHUIO BHIKJTIOUEHA, HY2KHA Ha IPUMOPCKUX TEPPUTOPUSIX.

Brixom B CK mpoekTa, nuHuUM oOpe3aioTcsa o paMmke. [Iy6muunbie cepBephl Overpass HMeEIOT
JIMMUTEL, IIPU OTKa3e OCHOBHOTO CEPBepa 3ampoC YXOOWUT Ha 3epKasio, Ojis OOJBIIUX TEPPUTOPUHN
yMeHbIIIalTe PaMKy U IIOJHUMaNUTe [IpeaesI oilany B [IonoIHUTEeIbHO. [laHnHble: © y4aCTHUKU
OpenStreetMap, nunen3us ODDbL.

2.03 Topo2Raster (penbed U3 BEKTOPOB)

Ctpourt pesnbed 13 BEKTOPHBIX TAHHBIX MYJIbTUCETOYHON HHTEPHOJIAIINEHN OT IPy00i CEeTKY K TOHKOH,
no motuBaM ANUDEM. HMHCTPYMEHT 3aKphBaeT KJIAaCCUYECKYyI0 3afady: eCTb OTIu(pPOBaHHEIE
TOPU30HTAJIU TOIIOIJIaHa, OTMETKHU BEICOT, PEKU U 03€pa, HyKEeH KOPPEKTHHIN rpuj.

[TapameTp Yrto 3amaéT ITo ymonyaHuIo / COBET
Touku BEICOT Crno# 0OTMETOK (HalmpuMep, -
BepuuHE 2.09).
[Tone BEICOTEL TOYEK ATpubyT Z y TO4eK. -
N3onuHnun Coii ropu3soHTanei -
(ouudpposka nnaHa unu 1.04
o LIMP).
[Tosne BEICOTH M30JIMHUY ATpubyT YyPOBHS Y U30IUHUH. ELEV
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

TanbpBeru (BHU3 II0 TEYEHHUIO)

OOpEIBHI (OapbephI
CTJIaXXUBaHUA)

JInauu PeK, BEPIINHEBI

HampasieHsl BHU3. CeTb 2.06 u

OSM nogxodaT Kak eCThb.
JImHUM, BOOIb KOTOPHIX
rnepernan He pa3Ma3biBaeTCH.

Bec u3aMepeHHEIX 0TMETOK B o0Oweit siuelike u3MepeHue 1
(mor.) IepeBelINBaET BEPIINHY
o poBaHHOM TOPHUIOHTAIIH.
1 = kaxk paHsbIle.
Bepx ¢dopm, Hus popm CTOopoHHI POPM C OTMETKaMU: -
OpOBKHU U ITOOOIIBE, TPeOHYU U
OCHOBaHWUS, BepIINHA TOYKOM.
CwMm. pa3gen «IToBepxHOCThH
MeXKy CTPYKTYPHBIMU
TUHUSIMEI».
[Tosne cBs3u GOPMEI OpuHakoBOe 3HaYEeHHE Y BCEX link
00BEKTOB O0HOM (POPMEL.
[Tone oTMeTKH CTOPOH HopM Ecnu y nuHuy Het Z. -
(mor.)
OyHKIHSA (OPMEI IIOIIEPEK JluHelHasa - IPOEKTHBIM OTKOC, JIMHEWHAas
(mot.) IJjIaBHas - CKpyTJIeHuEe y
KPOMOK.
O3épa u ype3 BOHbI [11mocKOCTH BOHOEMOB. -
[Tonne oTmMeTKM ype3a OTtmMmeTKa ype3sa. [Iycto = Z IyCTO
y3710B (HAKJIOH) UJIU MUHUMYM
Oepera.
OxBat Pamka BrIXOma. IlycTto = 1o IIyCTO
BXOOHBIM CJIOSIM.
Pa3mep sueliku, M [Ilar BEIXOOHOTO TpHUOa. 30
3anoIHUTL TOHUXKEHUS B Tupponorudeckas KOppeKUus  BKIIL
uTore pe3ynbTarta.
HUTepanuii crnaxxuBaHus Ha [TpoxomoB BHYTPEHHETO 60
YPOBEHEG (HOII.) CryIa’XUBaHUS I10JId.
MuHuManbHOE MageHue l'apaHTHPOBaHHKEIN YKJIOH 0.01
TajbBera, M/g4elky (mor.) BIOOMb peK.
Epsilon yknona npu MuHUMAaIbHBIN YKJIOH Ha 0.001

3aloJHeHuu, M ([OoII.)
Pemnbed

TIJIOCKOCTSIX TIPY 3aTIOTHEHUH.
BrrxogHoi pactp float32.

Hy>KHBI TOYKH UJTH U30JIUHUHU (XOTS OBl OOWH UCTOYHUK BHICOT). [IpropuTeT OTMETKHU ype3a: Z y3/10B

(HaKJIOH PeKH) BHIIIE TI0JI OTMETKH (IIJIOCKOCTH), IT0JIe BhIIIe MUHUMYMa Oepera.

Kaxmwiit TUII BXxoma pa60TaeT CBOUM OTPaHUYEHUEM:

¢ To4YKH BBICOT U H30JIHHHUH - JKECTKHUE Y3JIEI, IIOBEPXHOCTH YePe3 HUX ITPOXOOUT TOYHO. Hy}KeH

XOTsI ObI OOWH M3 9TUX CJIOEB, Y KaXKI0T0 BEIOMPAETCS YHCIIOBOE II0JIE€ BBICOTHI.

TanbBeru - NIpUHYOUTEILHOE MOHOTOHHOE IIaJeHHe BHU3 10 TeYeHHI0. BepHuHBEl TUHUNA
OOJIZKHBI MATH BHU3 IO TeYeHHI0: BogoToKu OSM (2.02) u peunas ceTh (2.06) mogxodsaT Kak
ecTh. MUHHMMAJIbHOE TIafleHue Ha TYelKy 3amaéTcs B [1OMOTHUTEIHbHO.

OOpPBIBEI - OapLeprl criiaxkuBaHus. [IOBePXHOCTH II0 CTOPOHAaM 00phLIBa He3aBUCHMEI, ITIepenas
He pa3Ma3biBaeTcsa. CaMa JIMHUS IIUPUHON B SUYENKY II0JIydaeT IIPOMEXYTOYHYIO BEICOTY, 9TO
OorpaHUYeHUe IIePBOU BEPCUU.

Vpe3 Boasbl - TPU IPHUOPUTETA BEICOTHI HAa KazK LM 00BEKT, CJION MOXKET CMEITUBAaTh TUITHL. Eciu
y IIONMUTOHA TPEXMEPHBIE BEPIINHE (3amaH Z B y3/1axX), ype3 HHTEPIIOIUPYETCS 10 UX BEICOTAM
U HAKJIOHSETCS BOOJIb PyClia - TaK 3aflaéTCs IaJieHNe YPOBHS PeKU OT UCTOKA K yCThI0. Ecnu Z
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HeT, HO 3aIl0JTHEHO IT0JIe OTMETKHU, 00BEeKT HepPKUTCS TOPU30HTAIbLHOM IIIIOCKOCTRIO0. Eciu HeT
HU TOTO, HU APYTOr0, YPOBEHDb OEPETCA aBTOMATHUUYECKH 10 MUHUMYMY IpHUJIeTaInero 6epera.
PasHoTHUIIHEIE OOBEKTHL B OMHOM CJI0€ Pa30uparoTCs KaXK bl CBOeH BETKOM: 03€P0 IIIOCKOCThIO,
pekKa HaKJIOHOM.

BrayTpu paboTaeT OBYXTaKTHHIN IIUKJI Ha KaXKJIOM YPOBHE CETKU: MeMOpaHHOe CrjIakKUBaHUE CTaBUT
KapKac W JepPKUT OrpaHUYEeHUsI, 3aTeM IIOIMPOBKA MUHMMAIILHON KPUBH3HOM (cTeHcun Bpurrca)
ybupaeT MeMOpaHHOE CMeIeHNe MeXKIy KPUBBIMU U30IUHUSIMU. Ha KpyroBoM TecTe (memo-penbed,
TOPU30HTAJH Yepe3 4 M, BOCCTAHOBJIEHHE, CPABHEHUE C OPUTHHAJIOM) ITOJIMPOBKA CHUZKAET OIIUOKY
NpUMEPHO Ha TpeTh. OCTATOYHHIM MaKCUMyM OIIMOKM XMWBET Ha BEPIIWHAX BHIIIE IOCJIEeTHEN
TOPU30HTAJIM, IIO3TOMY OTMETKM BEpPIIMH BO BXOOHBEIX HAHHBIX 3aMETHO YJIY4YINalOT MaKYIIKM -
MMEHHO TaK TOMorpadhl ¥ MOAIHCHIBAIOT KAPTHI.

4

Puc. 18: CneBa BXOOHBIE OTPaHUYEHMS: YIIJIOTHEHHBIE HU30JIMHUU (IIBET IO BHICOTE) W TJIaBHHIHA
TasnbBer. CripaBa BOCCTAHOBJIEHHBIN pebed.

OxBaT 10 yMOJI4aHUIO OepEeTcs IO CJIOAM C OTCTYIOM [OBe s4yelKu. Bce ciou mpusBomsaTca K CK
IIePBOT0 3aJAHHOT0 CJI0SI, OHA NOJI)KHA OBITh METPHUUECKOH. OUHAbHOE 3al0/IHEeHHEe MMOHUKEeHUH
BKJIIOUEHO 110 YMOJIYaHUIO, €T0 JIOTUKAa onucaHa B 2.04.

TpéxMepHbIe TaJIbBErH

TaneBer 63 OTMETOK pPabOTaeT YCIIOBUEM: BOOJIb HETO MOANEPKUBAETCS ITafleHNe BHU3 10 TEYEHUIO,
a Kakasl TaM BEICOTA, pelllaeT UHTEPIIOJISATOP II0 OKPYXKAIOIIUM JaHHEIM. ECIU y TMHUU €CTh OTMETKHU
BEpPIINH, OHU CTAHOBATCS XKECTKUMH y3JlaMH, M IIPOMEP N0 PYCily HaduuHaeT 3afaBaTh OHO, a He
IIOACKa3kIBaTh HalIpaBJIEeHUE.

OTMeTKM OpU STOM OOWH pPa3 IPUBOAATCS K NafalolluM BHU3 10 TedeHH0. [IpuyuHa He B
aKKypaTHOCTH, a B YCTPOUCTBE pacuéTa: U3MEPEeHUs II0 PYCJIIy IIYMST, OTOEJIbHBIE BePIIUHEI YXOOST
BBEPX IO TEYEHHUIO, ¥ TAKOM y3eJ cropuil OBl C HPUHYXKOEHWEM HageHus Ha KaXXIOoW HUTepalluu.
Penakcamus npUIINUINBaeT SYEHKY K OTMETKe, IPUHYKAEeHUE ITPOOaBINBaeT €€ HUXKe, U Tak II0
Kpyry. ITocrne mpuBeneHus: IPUHYKAEHNE CTAHOBUTCS IIYCTOM olepaluel U CIIOPUTh HE C YeM.

HpaBKa I/IJIéT TOJIBKO BHH3: OTMETKY BHIIIE I/I3MepeHHOI;'I HMHCTPYMEHT H€ BBIOYMEBEIBAET. Eé
HanbOobIllasd BeIUYHNHa IIeYaTaeTCs B 2KYyPpHaJll, 4 110 Hel BUIOHO, HACKOJIBKO ITYMHBIM OBITT IIpoMepD.

OTHOenbHO CYUTAIOTCS STYEHKH, TTIe OTMETKa TaJIbBera PAaCcXOAUTCS C APYTUM y3JI0M OOJIBIIlE YeM Ha
ISATH CAaHTUMETPOB. OOBIYHO 3TO IIepecedeHle pycila C TOPU30HTaIb0, 1 TaM I1obexXIaeT TalbBer.
Yucrio TakKuX MeCT BEIBOOUTCS MIpenypexkIeHreM: MoJjida pellaTh TakKo! CIIOp Heab3s.

JluHus 6e3 OTMETOK BeOeT cebsl Kak MIpexkye, Pa3HOTUIIHBIM CJI0M pa3bupaeTcs Mo 00beKTaM.
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HOBerHOCTL MeXKOYy CTPYKTYPHBIMH JIHMHUSIMHA

Bxom OOpBIBBI 3aaéT Gaphep: Iepemnan BOoiIb JUHUY He pa3Ma3bkiBaeTCsI, HO caM Ileperaj JIMHUS
He 3afa€T, IIOTOMY 4YTO OTMETOK y Heé HeT. [lapa BxomoB Bepx ¢opm u Hus dopm perraet
o0paTHyI0 3amady - IIOCTAaBUTh POBHO Ty IIOBEPXHOCTh, KOTOpasli 3ajlaHa [OBYMS CTOPOHAMHU C
M3BECTHBIMU OTMETKaMH.

3ayeM 3TO HYXKHO, CKa3aHO B OTPacCjIeBhIX TPeOOBaHUAX K IIU(MPOBEIM MJjlaHaM: penbed, CO3TaHHbIN
aBTOMATUYECKHU, HEOOXOAUMO UCIIPABUTL B PYYHOM PEXKUME, COTJIACOBAB C BEICOTAMM IMOOIOPHBIX
CTEHOK, OTKOCOB ¥ HacCHIIel. UHCTPYMEHT 3aMeHSEeT 3Ty IPEANNCaHHYI0 PYYHYIO TPABKY IIPABUJIOM.
Bropoit ampecart - nioagHele Kapbephl, BEIEMKH, HACHIIN ¥ OTBAJIBl: TOPU30HTAIN BHYTPU HUX 110
HOPMAaTHUBY HE OMKCHIBAIOTCS BOBCE, U IIOCTPOUTH TaM pejibed 00sbIille HEe U3 4eTro, KpoMe OGPOBOK U
MO[IOIIIB.

CTopoHa - 3TO MHOXKECTBO. B Bepx MM HHU3 BXOOUT JI000€ YHUCIIO JIMHUNW U TOUYEK C OOHUM
3HaYeHNWeM II0JIsS CBSI3HM, W PACCTOSHNE CUMTAETCS OO0 o0bemIuHeHHs MHOXKeCTBa. M3 ogHOTo 3TOTO0
ITpaBuJIa BEIXOISAT BCE CITy4au: OTKOC 9TO OPOBKa U IIOJIOIIBA, sIMa 3TO 3aMKHyTas OpOBKa U TOYKa Ha
OHe, KaHaBa 9TO ABe OPOBKM U IWHUS OHA, KOJIbIleBasd faMba 3TO IBe 3aMKHYTHIE JINHUY, 0€PEeTroBOoi
YCTYII 9T0 OpPOBKa M 4acCTh ype3a. CMeIIuBaTh TUHUY ¥ TOYKHU B OOHOM CTOPOHE MOKHO.

OTMeTKH 6epyTCs II0 MPUOPUTETAM: BEPIINHEL C Z, 3aTEM II0JIe OTMETKH, 3aTeM 00BEKT OCTAETCSA
O6aprepoMm u B hopMy He cobupaeTcsi. [lopora 3HaYMMOCTH B MHCTPYMEHTE HET: JaJli OBE CTOPOHE
- CTPOUTCS TOBEPXHOCTH, Majii OfHY - paboTtaeTr OaphbepoM. PellieHre MpuHUMAaET YelI0BeK, Koraa
pUCYeT BTOPYIO TUHUIO.

Kak cumTaercsi. COOTBETCTBHE TOYEK MEXAY CTOPOHAMU He HIIeTCd. [ KaXKaou S4YeuKku
CUMTAIOTCSI TOUHBIE PACCTOSTHHS 0 000X MHOXXECTB BMECTe C OTMETKOM OJIMKaNIero HCTOUHHUKA,
BEC paBeH OTHOIIEHMWIO PACCTOSHHM, OTMETKa JIMHelHa II0 Becy. [lepexJiECT reoMeTpuu IIpHU
3TOM HEBO3MOXKEH II0 MOCTPOeHHuIo. Teno ¢(pOpMBbI YXOOUT B MYJIbTUCETKY XKECTKUMH y3JaMU, a
ero rpaHulia OOHOJNIHUTEJIbHO paboTaeT OapbepoM, UTOOHI BHEIIHWE MOaHHBEIE HE MIEepPeTATUBaIn
IIOBEPXHOCTH Uyepes ycTyn. CxeMa pelakcaluy He TPOraeTcs.

Ilena mMmertoma. bnmzkaiias TOYKa M COOTBETCTBEHHAs TOYKA - Pal3Hble Belmu. IIoka oTMeTKHu
MMOCTOSIHHEI, Pa3HUIIH HeT. Korga oTMeTKa OPOBKY MEHSIETCS BIOIb U30THYTOM (POPMBI, IOBEPXHOCTH
CclerkKa yBOOUT OT MMHEWYaTOH!, a Ha BOTHYTHIX yTJIaX BO3HUKAET MenaJibHas 0Ch, I'Te OIuKanmi
WCTOYHUK IIEPEKITIYaeTCsI CKAaYKOM M MOBEPXHOCTH moay4daeT 3amoMm. O6Ga uuciaa MEpPSIIOTCS
TecTaMU Ha CUHTETHUKE: Ha PeasilbHOM ChEMKE UX MEPUTD He IIPOTUB Yero, aHaTUTUYEeCKOT 0 dTaloHa
TaM HeT.

Y10 medyaTraeTcsa B KypHas. [lo kKaxpgol ¢opMe: UHCIIO Sg4UeeK Tejla, MeOWaHHas IIMPHUHA B
H‘-IGIZK&X, pacxoxigeHne OTMETOK B MeCTaX CXOXKIOEHHA CTOPOH U YHUCIIO O6'BeKTOB, IIPOMMYIIEHHBIX
13-3a OTCYTCTBUS OTMeTOK. OTOeNbHO IpenynpexaeHue o ¢popMax ykKe OBYX S4eeK: B pacTpe TaKou
¢dopMBI HET HM IPU KaKoM MacliuTabe, Hago MeIbYUTh ss4eiKy. OIUHOKNE CTOPOHHI 1 00BEKTH 6e3
CBSI3M B XKYypPHAJI YXOOAT C MPUUYHUHOMN.

I'paHHuIIa 00/I1aCTH MOCTPOEHHUS

[TonuroH orpaHUYMBaET ITIOBEPXHOCTD TaK XkKe, Kak outer boundary B cucTeMax IPOEKTUPOBAHMSI: 3a
TpaHUIled pacTp He BHOAETCs, TaM nodata.

BaxxHa He cama o0Ope3ka, a MOMEHT, KOTfla OHa MpHUMeHseTcs. Macka HakKIafkIBaeTCs TOCJIe
WHTEPIIOSIINY, a He OTCeYeHHEeM BXOOHBIX HAHHEIX. TOYKM, TOPM3OHTANIH ¥ TalbBerd 3a
mpegeslaMyd TPAHUILI ITPOHOOJIZKAIOT (POPMUPOBATH IIOBEPXHOCTh y CaMOM TPAHUIIEl, TOITOMY
Kpasi He 3aBopauyuBaloTcsa. Ecimu OBl MBI BMECTO 3TOro oOpes3any BXOM, Y TPAHUILI BO3HUK OBI
HMCKYCCTBEHHBIN meperud: MHTEPIIOIATOPY CTaso OBl He Ha YTO ONEePeThCS C BHEIITHEN CTOPOHHI.

Cro¥t rpaHUIB TTOaBanTe B 11000 CUCTEME KOOPAWHAT, TeOMETPHUS IIEPEBOOUTCS caMa. B XKypHai
ImeyaTaeTcsi, CKOJIBKO sS4eeK 0Ka3aJioCh BHYTPM UM KakKas 39TO HOod Ijolnamu. Eciu BHyTpu He
0Kas3aJloCh HU OOHOM, pacuéT IpephBaeTCsAd C yKasaHUeM HPOBEPUTH CUCTEMY KOOPOWHAT: dallle
BCEro JeJI0 UMEeHHO B HeH.
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2.04 TToogroroBKa peinbeda

T'otoBut LIMP K AHaJIn3y OBYMS HE€3aBHUCHUMBIMHU MOJII/I(l)I/IKaLII/IHMI/I, Kaxngasi BKIIIOHYAaeTCsd CBOHM
(bJ'[a}KKOM, IIOPAO0OK d)HKCPIpOBaH: CHa4ajla CrilaXKMBaHHe, IIOTOM 3allOJITHEHHE.

[Tapametp YTto 3amaéT ITo ymonuaHuio / COBET
Bxopguas LIMP PacTp penveda gns -
IMOATOTOBKH.
Crnanuth pensed (FPDEMS) CrnaxkmBaHME C COXpaHEHHWEM  BHIKII.
OpOBOK (CM. HUIKE).
3amoMHUTDL IIOHUKEHUS 3amonHeHNE TOKHBIX M BKIJI.
(TTnaumona-Iapoy).
Epsilon ykmnona, M (0: TOnbKO MuHMMaIbHEU YKJIOH Ha 0.001
SIMBI) II0cKocTax. 0 = MOOHATH SIMBI

oo cnuBa, 6oJbllle HyJIS =
CKBO3HOU YKJIOH 1yig D8.

CrrmaxuBaHUe: OKHO Cropona okHa punbTpa 11
HOpMarlew, sueek (ImoIr.) HOpMarel, HeuyeTHa.
CrmaxuBaHHe: IOPOT CTporocTts COXpaHEeHUS 15
pasnuuusa HopMalsel, rpan rpaHel: MeHbIIIEe -

(mot.) arpeccUBHee.

CrnaxkmBaHMe: YUCIIO BHelHuX 11aroB rnmepec6opKu 2
IIPOXOHOB (HOo1I.) BBICOT.

I[TogrotoBnenHas LIMP BrixomHou pactp float32. -

INopsimok: cHadasa CcriakuBaHue, MOTOM 3amnoiiHeHue. O6e MommpUKaIUy He3aBUCUMEBI, KaxKaas
cBOUM (JIazKKOM.

Criaaguts penbed (FPDEMS) y6upaeTr HM30LITOYHYIO IIIEPOXOBATOCTh CHYTHUKOBBIX MOMEJIEH.
CoytHukoBeie [IMP 3amrymiens], u 0oObIYHEIE (UIBTPHL - CPpeAHEe, MeuaHa, raycC - PeXYyT IIyM
BMecCTe ¢ OpOBKaMH, CTeHKaMM Teppac u 6eperamu: neperudnl 3aBanuBatoTca. FPDEMS (Lindsay,
Francioni, Cockburn, 2019) pa6oTaer uHade. OH olepupyeT He BLICOTAMM HAIIPSIMYIO, a IIOIeM
HOpMaJiel ITOBEPXHOCTHU: CHauajla CYUTAEeT HOpMallb KaXAou S4YelKH, 3aTeM CrJIakKUBaeT IIoJie
HOpMajel Tak, YTO COCell BXOOWUT B CpemHee C BECOM TeM OONbIINM, YeM OJIUKe ero HopMallb K
LeHTpanbHOM. Ha 6poBKe HOpMaIM COCEIed pPe3KO PACXOIsATCs, BeC MafaeT, I'PaHb COXPAHSIETCH.
ITocne 3TOrO0 BBICOTH TOATATHUBAIOTCSA IION CrJjla’keHHOe IIojle HopMaieil. B uTore mnockoe
BHITJIA2KUBAETCS, CTPYKTYpPHBIE MUHUH CTOSAT. Ilopor pa3nudusi HopMasieu (B [[ONOTHUTEIHLHO)
yIIpaBiIseT CTPOTOCThIO: MEHbIle 3HaYEeHNUe - arpeCcCUBHee COXpaHeHue IpaHel, OOJIbIlle - CUIbHEe
obI1lee criaxkuBaHWe. MeTon U3HAYaIbHO IPEeIIOKeH st MuaapHex IIMP, HO 0ogMHAKOBO II0JIe3eH
OJIs1 CIyTHUKOBEIX.

3amo/THUTh MOHHIKEHHsI MeTomoM IlmaHmmoHa-IlapOy MOOHMMAaET JIOXKHBIE SMBI, YTOOBI MOTOK
He OCTaHaBiIMWBaiCs. [JIOHUKEHUS B PACTPOBLIX MOMEJISX Yallle BCero apTedakKThl MHTEPIIOJISIINYT
U IlIyMa, TUOPOJIOTMYECKUM aHanm3 0e3 3aronHeHus1 oOphIiBaeTcsi B IepBoi ke siMe. Epsilon
VKJIOHAQ YIIPaBIsSeT PeXWMOM: IPU HYJI€BOM 3HAUEHUU IOMHUMAIOTCS TOJIBKO HACTOSIIHNE SMBI
POBHO [0 YPOBHS CJIMBA, IIJIOCKHE Y4aCTKU OCTAIOTCS IJIOCKMMHU. [IpU IOIOKUTEIbHOM 3HAaUYEeHUU
(mo ymomuanuio 0.001 M) yepe3 IJIOCKOCTH AONOJHUTEIBHO CTPOUTCS CKBO3HOM YKIIOH, u D8 Ha
HUX CTAaHOBUTCS ompemnesneH. I CTOKa M aKKyMYISIIUN HYKEH ITOI0XKUTEeJIbHLIN epsilon. ddeiknu
Ha IpaHulle rpuma 1 psgoM ¢ nodata cYMTalOTCS CTOKaMH. B OTYET mmevaTaeTCs YUCIIO IMOOHSITHIX
sTyeeK ¥ MaKCUMaJIbHBEIHM MMOOBEM - YIOOHBIN MHONKATOP KadecTBa ucxomuou [IMP.

Ta XKe rajioyka CriaxkuBaHus ecTb B 3arpy3ke [IMP (2.01) mnsa OBICTPOrO IyTH IIPSAMO TIPH
ckauuBaHuU. OTOenbHBIN UHCTPYMeHT 2.04 HyXKeH, Korga penbed npumeén He u3 2.01, a u3 cBoux
OaHHBIX.
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Puc. 19: ITpoduns uepes MOHUKEHHE: HCXOOHAs II0BEPXHOCTh U Pe3y/IbTAaT 3all0IHeHus. 3aKpalleHa
MIOOHSITAsI YaCTh.

2.05 CtoK m akkKymyiasanus (D8)

CuunTaeT HalpaBJIeHUS CTOKa I10 BocbMHu cocensM (D8, Jenson-Domingue) 1 akKKyMyJIsAL1I0: CKOJIbKO
sTYeeK CTeKaeT B KaxXK[ylo, BKIouas e€ camy. HampaBrneHus KogupyloTcs Kak B ArcGIS: E=1, SE=2,
S=4, SW=8, W=16, NW=32, N=64, NE=128, ctok=0, nodata=255.

[TapameTp YTo 3amaeT ITo ymongaHnuio / COBET
Bxopgnas LIMP PacTp penbeda. -
3amoHUTD IIOHUXKEeHUA nepen  [Maoposioruyeckasi KOpPeKIIus BKII.
pacuyéTtom oo D8, nHadue MOTOK BCTAHET B
sIMax.
Epsilon ykiona npu MuHUMAaIbHBIN YKJIOH Ha 0.001
3amoJIHeHUU, M ([o1I.) MIJIOCKOCTSIX.
HampaBnenus cToka (KOO BrIxop: 6aiiTOBREIM pacTp -
ESRI) Hanpapnenusi. E=1, SE=2,

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

AKKyMynamus, sdeek Brrxop: float32, yucmo ssueek -
BBIIIIE 10 TEUYEHUIO.

CeMaHTHKa I'paHUIl BEIOpaHa OCO3HAHHO. fuyelika Ha paMKe IpHOa YXOOUT HApyXKy TOJBKO KOTAa y
Heé HeT O0lee HU3KOTO cocella BHYTPH, MHAYe PBAJINChH OB TOTOKM, UOYIIME BAOJEL Kpasi. BeperoBas
siyelika, HaoO0opoT, MEET B cocemHud nodata (Mope, BeIpe3) maxke mpu Hamuyuum 00ee HU3KOTO
cocefa Ha Cylie.

®1ak0K 3amOTHUTHh MOHHZKEHHUSI Iepe PacueéToM BKIIOYEH 110 YMOJTYaHHUIO: Ha Chipoi LIMP
IIOTOK OCTAHABJ/IMBAETCSA B siMaX U aKKyMYJIAIIUA OﬁprBaeTCH. Pacuér BEKTOPHU30BaH ITOJIHOCTEIO,
rpupg 2000x2000 cuntaeTcs 3a CEKyHIHI.

2.06 PeuHas ceThb

W3BnekaeT peuHyio ceTh u3 LIMP: gueliku ¢ akKyMyIsanuel He HUKe [10pora CBA3EIBAIOTCS B 3B€HbS
OT UCTOKOB U Y3JIOB CJIUSHUSA BHU3 I10 TEUYEHUIO.

[TapameTp Yrto 3apaérT ITo ymonyaHuio / COBET

Bxopgnasi LIMP PacTp penbeda. -
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[Topor akKyMyasSILUuH, TIYeeK

3amoMHUTD IIOHUXKEHUSA IEPE]
pacuétom

Epsilon yknona npu
3arojHeHuu, M (Jort.)

Peunas cetn

MuHuMyM g4eek BomocOGopa
O7s Hadana pycna. ['yme cets -
MmenbIre mopor. 1000 opu 30 m
npuMepHO 0.9 KB. KM.
l'upgporioruyeckast KOppeKuus
0O TPaCCUPOBKHU.
MuHMManbHBN YKJIOH Ha
IJIOCKOCTSX.

BrIxop: nuHUYU C IToIsSMu order
(Ctpanep), acc_out, length m.
BepmuHbl HaTpaBieHB BHU3
10 TeYEHUIO.

1000

BKII.

0.001

ITopor akkKyMyJIsiIMM 3aJa€Tca B sAdYelKax U O3HaudaeT IJomanbk BomocOopa, C KOTOPOH
Ha4YMHAETCS peKa: IUIoIagb BomocOopa MCTOKa, HOeJiIeHHas Ha Ivlomamb sdeviku. [na IIMP 30
M ropor 1000 maéT Hayaso pek ¢ BogocOopa okomo 0.9 KB. KM. MeHBIIINM ITOPOT Ja€T T'yIIlE CETh.

IMTona Beixoma: order - mopsamok Crtparnepa (y MCTOKOB 1, IIpM CIWSHUU OBYX PaBHBIX MOPSITOK
pacTét), acc_out - aKkKyMyJIAIlusa B 3aMbIKaHUHU 3BeHa, length _m - gnvHa. BepimuHbl TUHUN UOYT
BHU3 II0 TEUEHUIO, T0O3TOMY CJIOM 6€e3 MOATOTOBKHU ITOAXOOUT TaibBeraMu B 2.03 M cpaBHUBAETCH
¢ BogoTtokaMu OSM u3z 2.02: HamoXKeHUe U3BJIEUEHHON CETH Ha peaJibHYIo - OBICTpasi IpoBepKa

KauecTBa LIMP.

2.07 Bacce¥MHbI B BoaoOpa3aeJibl

IMenuT TepPUTOPUIO Ha OACCEHHEI CTOKA, IPAHUIILI ITIOJTUTOHOB - BOTOPA3IEJIkl.

[TapameTp

YTto 3amaeT

[To ymonmgaHuio / COBET

Bxomxas IIMP
Touku 3aMBIKaHUSA

[Topor aKKyMYISIINH YCThS,
siueek

3amnoJHUTE IOHUXKEHUST mepen
pacuétom

Pamuyc IPUTSKKYA TOYEK, M
(mor.)

Epsilon yknona npu
3aloJHeHuu, M ([Oo1I.)
BacceliHb! (IIOJIUTOHEBI)

BacceliHbl (pacTp METOK)

Pactp penneda.
Touku-cTBOPHI OACCENHOB.
[TycTo = GacCeUHEl OT YCTHEB
10 TIOPOTY.

ITopor gnsa ycTeeB, KOrga
TOYKY HE 3aaHbl.
l'upgposioruyeckast KOppeKuus
IO pacuéTa.

Touyka 3aMBIKAHUS
NPUTSATUBAETCS K MAaKCUMYyMy
aKKyMYJISIIUHU B 3TOM pajuyce.
MuHUMAaTbHBIN YKIIOH Ha
TJIOCKOCTSX.

BBIXOm: TOMUTOHBI C TIOISIMHU
basin, area m2.

BrIxoz: pacTp IeI04nCiIeHHBIX
MeTOK 6acCelHOB.

MyCTO

1000

BKII.

150

0.001

IBa pexuma. C TOYKaMH 3aMbIKAHHMsI KaXIas TOYKA IPUTATHBAETCH K sA4YeiKe ¢ HAauGOJIbIIeH
aKKyMyJISIel B paguyce MIPUTSXKKY (MHaYe ToOYKa, IIOCTaBJIeHHas Ha Tlia3 PSAIoM C PeKO#, co0epéT
KPOIIIeYHEIH CKJIOHOBEIM OacceliH) M coOupaeT Bech BomocOop Bhimmie cebsi. be3 Touek GacCelHEI
CTPOSATCA aBTOMATH4YE€CKHU OT YCTBEB: d4Y€€eK, OTKyHdad IIOTOK IIOKHuOaeT rpun, C aKKYMYJIHLII/IefI He
HHUXKe Iopora. Adueiku, He MOIAaBIIMe HU B OOUH OacCeiH, mojay4aioT MeTKy O ¥ B IIOJHUTOHBI He

BEIBOOATCHA.
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IMons Beixoma: basin - Homep GacceiiHa, area_m?2 - mjomangb IO YUCIYy sT9eeK. [[OMOITHUTETBHO
MOKHO 3aIlrcaTh pacTp MeTOK. Pa3aMeTKa MOET IMPHIKKAMHU yKasaTejel 1o rpady CTOKa, IO3TOMY
make MIMHHBIE U3BUJIUCTHIE BOMOCOOPHI CUUTAIOTCS 3a MO CeKYH/IHL.

IMonss WCXOmMHOTO OOBEKTa IIEPEeHOCATCS B BHIXOM: BLHIOEPHUTE HYXKHBIE B HOIOIHUTEILHEIX
ImapaMeTpax, ¥ B BomocOope IOSBSATCS Ha3BaHHE PEKH, HOMEpP CTBOpa MM 4YTO TaM ecTh. bes
9TOr0 B BHIXO[I€ OCTAETCS TOJIBKO HOMED, W Yel 3TO BOOoCcOOop, MPUXOOUTCS UCKATh B HCXOTHOM CJIOe.
ITpu coBmafeHNy UMEHH K IIPUIIEAIIeMY IO fo0aBIsgeTcs npeduKC Src .

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.

ITonst uCXOOHOTO OOBEKTAa IIEPEHOCSTCS B BHIXOM: BHIOEPHUTE HYXKHBIE B OIMOJTHUTEIHLHBIX
ImapaMeTpax, ¥ B BogocOope IOSBSATCS Ha3BaHUWEe PeKU, HOMep CTBOpa MM 4YTO TaM eCTh. be3l
9TOTO B BHIXOJIE€ OCTAETCSI TOJILKO HOMED, U Yel 5TO BOOOCOOD, MPUXOAUTCS UCKATh B MCXOOHOM CJIOE.
[Ipu coBMafieHWH UMEHHU K IPHUIIEIIeMy II0JI0 H00aBsieTcss mpedukc Src .

Kak 3To pab6oTaer

Kaxkpgas Touka cCTBOpa NPUTATHUBAETCS K sA4Yelike C HauOOJIBIIEM aKKyMyJsAIMed B pamuyce
MIPUTSKKY, TI09TOMY CTBOP MOXKHO CTaBUTh Ha I'Jla3 PSAAOM C TaJIbBETOM, a He IIonafaTh B S4YEUKY
BOZOTOKA MHIBI. OT IPUTSHYTON STYEHUKH COOMpAaeTCs IOJHBIA BOLOCOOpP, IO HEMY CYHUTAETCS
30Ha/IbHAS CTATHUCTHUKA, @ IJIaBHBIM BOOOTOK TPACCHUPYETCS BBEPX II0 PEIIETKe: U3 KakKIOoU TYeUKHN
IIar B cocefia ¢ HaubonbIIel aKKyMYyJIAIneH, 00 ss4elky 6e3 IIPUTOKOB.

Bopmoc6opsl cocegHUX CTBOPOB Ha OOHOM BOOOTOKE BKJIAABLIBAIOTCS OPYT B Apyra: KaxXKObli CTBOP
MoJIy4aeT CBOM MOJIHBIM 6acceiiH, a He OCTAaTOK ITOCIEe BHIIIENnexKalero. 9to ornuyaet 2.15 ot 2.07,
The TePPUTOPHUS OeIUTCs Ha HellepeceKarolnecs 0acCerHEI.

YT0 cuMTaeTcs

[Toxa3aTens ITone Epuaune

[Tnomans 6accerina area km2 kM2

CpenHsig BeICOTa Z mean M

MunarManbHas BBICOTA Z min M

MakcumanbHast BEICOTA Z max M

Cpenuwnii ykioH Oacceiina slope deg rpagycel (Horn 3x3)
OTMeTKa cTBOpa Z gauge M
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IToka3aTenb Tlone EguHuie:

I[lnuHa rmaBHOTO BOmOTOKa stream km &M

ITageHue BOOmoTOKa fall m M
CpenHuli yKJIOH BoOOTOKa slope ppm mpomwusie
Aueex B 6acceiine cells IIIT.

BenuuuHa, KOTOPYIO IIOCHYUTATh HE U3 4YEero, IMUIEeTCd IMyCThIM 3Ha4Y€HHueM, a He HynéM: HOJIb 3TO
u3MepeHue, IyCTto 3TO €ro OTCyTCTBHE.

ITapamMmeTpsbI

[TapameTp Yro 3amaér ITo ymonyaHuIo / COBET

Bxomnas IIMP Penved B MeTpax B -
meTpuueckou CK.

Touku CTBOPOB To4euHEBIN CJIOH, 110 TOYKE Ha -
CTBOD.

Papguyc nputsaxku, M (go1m.) OKHO nIouCKa MakKCuMaJIbHOU 150
AKKYMYISIITUH.

3aroTHUTE MOHNUKEHUS [ToprotoBKa penkeda mepeq BKII.
pPacyéToM CTOKa.

Epsilon yknoHna, M (gor.) HaxJi0H 3acChIlKY IIpU Kak B 2.04
3aIl0JIHEHUMN.

Bomoc6opsl CTBOPOB [TonuroHsl ¢ aTpubyTaMu 10 co3maéeTrcs

(TIOJTUTOHEI) Tabuile BHILIE.

OTtuért o crBopam (HTML) Tabmuita Ha KaXXIOBIH CTBOP. co3maéTcsa

KmtoueBrie nudpH 110 KazXKI0My CTBOPY AyOIUPYIOTCS B KYypHAaI Processing AByMsi CTPOKaMu, YTOOR
pe3ynbTaT yuTancs 6e3 OTKPHITUSA TabIUILl aTPUOYTOB.

BbrIicTpasi npoBepka Ha OeMo

3anyctute 2.10 [demo-penbed: KpoMe pacTpa OH BhIZAcT cjioli TOYKH CTBOpPOB (IeMo0) - Tpu
TOYKH Y TaJbBETOB, COBUHYTHIE B CTOPOHY OT BomoToKa. IlopmatiTe pembed u 3TH TOYKHU B 2.15 C
pamguycoM IPUTSIKKU II0 yMOM4YaHuIo. [IOIUTOHEL JISTYT IO BOomopa3desiaM, a B OTYETE Y CTBOPOB
OOHOTO BOOOTOKA COBIIAMNET MafgeHue u OyOeT pacTH YKJIOH BBEPX O TEYEHUIO.

I'paHUIIBI IPUMEHHUMOCTH

UnaCcTpyMeHT cunTaeT MopdomMeTpuio HacceliHa M TONBKO e€. Pacxomer, MOOyIu CTOKA, THOPAaBIINKA
U CHeTOTasHHEe CO3HaTeJbHO He BXOOAT B 3afauy: 3TO pacyYE€THas THUOPOJIOTUS II0 HOpMaTHBaM,
oTOesbHas TeMa. EguHunbl npepnosaraloTcsa Merpudeckumu, [ IMP B MeTpax B MeTpHUYECKOU
cucreMe KOOpOUHAaT.

Bomoc6Gopel CTPOSITCS MO Tomojioruu penbeda. Ha Teppuropusx 6e3 YETKHUX TI'PAHUI] CTOKA -
IJIOCKUX ITOMMaxX, NP THAPABIMYECKUX IIePeTOKax ¥ MOAIOopax - Pe3yJbTaT CJIeAyeT IPOBEPSATh
TUOPONHHAMHYECKHM MOOEIMPOBAHUEM.

PacuéT o CII 33-101-2003

I'uOoposIoru CYMTAIOT CTOK II0 HOPMATHBHOM METOOHWKE, W OBE BEIWYWHEI B HEHM OIIPEIensiioTCS
dbopmMyaMu, KOTOpEIE HE COBIIAHAOT C (u3nyecKuMu. llapamMeTp CedYeHHe TOPHU30HTAIeH
BKJTIOYAET UX PACUET, HOJIb OTKITIOYAET.

CpenHui YKJIOH CKJIOHOB ICK cunTaercs 1mo ¢popmyie
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Ick = h - 2li/ (2A),

rae h - ceueHue ropusoHTaney, 2li - cymmapHasi iinHa TOPU30HTAJIe! B Ipefienax Bogocoopa, A - ero
TIoIiagb. ['OpU30HTaNMM Pagyu 9TOrO HE CTPOSTCS: IJIMHA CYHUTAETCS MOACYETOM IEPEXOA0B Yepes
YPOBEHb MEXOY COCEIHUMHU sSTUeMKaMU U BHIBOOUTCS B oJjie Sp_iso_km.

Ick 3TO He Qusmueckuit ykmoH. Ha mimockoctu popmysna maéT MONOBUHY TAHTEHCA, IMOTOMY YTO
OBOMKA B 3HAaMeEHATEeJIe YUYMTHIBAET OBYCTOPOHHOCTH CKJIOHOB: BOAA CTEKAeT K BOTOTOKY C 000mxX
OOPTOB ONMUHEL. BenynHa OCMBICTIEHHA TOMBKO BHYTPpH MeTonuKu CIT, T09TOMY JIEXKHUT OTHEIbLHEIM
TIOJIEM PSIIOM C GU3NYECKUM YKIOHOM, a He BMECTO HETO.

CpenHeB3BelIEHHbIH YK/IOH BOJOTOKA CUHTAETCS KaK IIPOM3BeNeHHe dYaCTHBEIX YKJIOHOB
y4aCTKOB MeXK[Oy TOUYKaMu Imeperubda mpoduisi, KaXKabli B CTEIIeHHW OOJIM CBoel miIuHEL. Ha poBHOM
mpoduie coBlamaeT C IPOCTHIM ITafeHHeM Ha OJIMHY, Ha JIOMaHOM HA€T MEHbIIe: peKa C KPYyThIM
BEPXOBLEM U IIOJIOTHMM HH30BbEM OIHHM OTHOIIIEHHEM He OIIHMCLIBAETCH.

[1719 cpaBHEHUS B BHIXOE OCTAIOTCA U ¢pusmdyeckue BenuduHb: slope_deg - cpeqHUll yKIIOH T4eeK
1o MeTony XopHa, stream_ppm - TIafleHNe BOJOTOKa, AeI€HHOE Ha ero AJIUHY.

2.16 Bogocoop. /IMHUHA U KOHTYPbI (KaHABbI, Kapbephbl)

HWHCTPYMEHT cUMTaeT IIIolnaab BogocOopa MpUEMHHKA: HarOPHOM KaHaBHI, JIOTKA, KIOBETA OJOPOTH
UM KOHTypa Kaphkepa. Bompoc cTaBUTCS TaK: KaKylO IJIOIIadb IIepeXBaThIBAET NMPUEMHUK, €CIIU
caMmoro npuéMHuka Ha [IMP e1é Her.

ITonss ucxomHOTO OOBEKTA IIEPEHOCATCS B BEIXOH: BEHOEpHUTe HYXKHBIE B [OOIOJHUTEIIBHEBIX
ImapaMeTpax, ¥ B BogocOope IOSBSATCS Ha3BaHWE PeKU, HOMep CTBOpa MM 4YTO TaM eCTh. be3
9TOTO0 B BEIXOl€ OCTAETCS TOJIBKO HOMED, U Yel 3T0 BOZOCOOp, IPUXOOUTCS UCKATh B UICXOIHOM CJIO€.
ITpu coBMafieHUW UMEHU K MPHUIIEIIeMy 00 fo6aBisieTcs mpeduKc Src_.

Kaxk 3To pab6oTaert

BpezaTs Tpaccy B penbed Oy 3TOro He HyKHO. Tpacca pacTepu3yeTcs B S4elKU Ipunia, BCe OHU
6epyTcs IpUEMHUKAMU, ¥ BOHOocOop coOupaeTcs: KaK MHOXKECTBO STYeeK, YeH MyTh CTOKA MPUXOIUT
B M00yI0 sSTYEKYy Tpacchl. Tpacca MozKeT OBITH TIOMaHOM, MOXKET IIepeceKaTh BOOOpPa3mes, MOXKeT
BEIXOOUTE 3a paMKy LIMP - Hapy>KHas 4acTb IPOCTO HE y4aCTBYET.

PaCTepI/I3aI_II/I5I I/IJIéT C IlIaroM MOJIbAYEMNKH, IIO3TOMY Ha H3JIOMaX KW [OJUaroHalidX TpPaCChl HET
IIPOITYCKOB, 9epe3 KOTOPhIE BOOA «IIPOTEeKaJla» OBl MMMO HpI/IéMHI/IKa.

Bopmoc6opsl cocemHUX Tpacc BKJIaABIBAIOTCS OPYT B Apyra: HUXKHSIS II0 CKJIOHY KaHaBa IOJIydaeT U
TO, YTO IIepexXBaThIBAE€T BEPXHASA. ITO TO K€ IIOBENEHUE, YTO Y CTBOPOB B 2.15, U OHO IpPaBUJIBHOE -
Kaxkjas Tpacca I1ojly4JaeT CBOU IIOJIHBEIM BOZocOOp, a He OCTaTOK.

KoHTyp BMeCTO JTUHUU

Bxomom IIPUHUMAIOTCA U JINMHUHW, Y TTIOJIMTOHHI. ITonmuron cuurtaercsa I'IpI/IéMHI/IKOM LOEeJIMKOM: U KOHTYD,
U BCH IIJIOIIaOb BHYTPH.

[nsi kapbepa 9TO NPHUHIWIKAJILHO. BHYTpM OH [Qempeccus, IOCe 3aloJIHEHUS TOHUKEHUUN
HaIPaBJIEHUS CTOKA TaM CTAHOBSITCS YCIIOBHBIMU - IOPSAOK 00X0a IJIOCKOHM 3aJIMTOM ITIOBEPXHOCTH
Ha3Ha4YaeT WX MMPOU3BOJIBHO. ECiIM MPUEMHUKOM B3SITh TOJIBKO JIMHUIO OOpPTa, YaCTh BHYTPEHHUX
sTYeeK «CTeUET» MUMO Heé 110 9TUM YCJIOBHBEIM HalpaBJIEHUSIM M yTAlIUT 3a cobol BHelHKUe. Omopa
Ha BCIO BHYTPEHHOCTb CHUMAaeT BOMNPOC: UTO Obl HY TBOPUJIOCH C HANPaBJIEHUSIMU B sMe, BCI €€
IJIOIIamb yKe B BomocOope, a CHapy»Ku Boa TPAaCCUPYETCS O PearbHOMY pebedy.

BHyTpeHHVE KOJbIla IIOJINTOHA BXOOST B IPUEMHUK HapaBHE C OCTAJIbHOM IJIOIAALIO0 - BHEITHET O
penveda BHYyTpM KOHTypa HeT. MynbpTUIONUTOH oOpabaThiBaeTcss mo dYacTsaMm. OOGBoguTb OGOpPT
NuHuEeH O0JbIIe He HYy2KHO, ITOJAéTCs IOTOBBINM KOHTYP.

80



Bpe3ka Tpaccsl

OTmenbHas ranodka Bpe3aTs Tpaccy B peabed oTBeYaeT Ha OPYTOM BOMPOC: YAEPKHUT T KaHaBa
IIOTOK, €CNTM OHa Mejbde MeCTHBIX (opM penbeda. Bpeska omyckaeT penbed BEOJIE TPACCH Ha
3a[laHHYIO TIIyOWHY, U Jablle CTOK CIUTAETCH yKe 10 U3MEeHEHHOMY penbedy.

Bpe3ka MeHsIeT TUAPOJIOTHUIO HaMEPEHHO, II03TOMY II0 YMOJIYaHMIO BHIK/IIOYEHA, a pe3ysbTaT
3aBHUCUT OT 3afaHHOM rinyO6mHBl. PaKT Bpe3KM U IIyOMHA IedaTaloTCAd B XXKypHal U II0OMafaioT B
HTML-oT4éT, 4TOOH IM(DPY HENB3S OBIJIO IPUHSATH 3@ PACYET II0 UCXOOHOMY penbedy.

YT10 cuMTaeTcs

IToka3zaTtens ITomne Epuaune

IInomans Bogocbopa area km2  xm?

CpepHss BBICOTA Z _mean M

MunrManbHas BEICOTA Z min M

MakcuManbsHas BEICOTA Z max M

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

[Inomane NprEMHUKA seed km2 kM2

fAdeek nmpréMHUKa trace cells mmiT.

fgeek B Bomocbope cells IIIT.

ITapaMmeTpsI

[Tapametp Yrto 3amaér

BxomHas IIMP

ITo ymMom4aHuio / COBET

Penved B MeTpax B -
meTpuyeckou CK.

JIMHUY UK TTOJIUTOHEI, TI0 -
00BEKTY Ha IPUEMHUK.

Tpaccsl U KOHTYPEL

Bce 00beKTH KaK OIMH O61mmuit Bogoc60p BMECTO BBIKJI.

Bozmoc6op OTHEJTbHBIX.

BpesaTth Tpaccy B penbed [TpoBepka ymepKaHUSA IOTOKA.  BHIKIL.

I'nmybuHa Bpe3Ku, M (Ior.) HackonbpKo onyCcTUTE penbed 2.0
BIOJIb TPACCHI.

3anoMHUTL TOHUXKEHUS [TonroToBKa penbeda mnepen BKJI.
pacyeToM CTOKa.

Epsilon yknona, M (gom.) HakmoH 3achIIKYA IpHU Kak B 2.04
3aII0JIHEHUH.

Bomoc6ops Tpacc (monmuronsl)  [TonuroH®! ¢ aTpubyTaMu 1m0 Cco3maéTCs
TabuIle BHIIIE.

Otuér no Tpaccam (HTML) Tabnuila Ha KaXayio TPaccy. co3maéeTrcs

BricTpas npoBepka Ha IeMoO

2.10 Temo-penbed BhOaeT cioii Tpacchl KaHaB (OeMO): HaTOPHYI0O KaHaBy BEIIIE CUJILHOTO
TaJibBera M KIOBET HUXKeE I10 CKJIIOHY, 00e moMaHble ¢ u3jiomoM. [TogariTe penbed u 3TOT cioii B 2.16.
Bopoc60op momKeH jieub BHIIIE TPACC O CTOKY U VIIEPEeThCS B BOJOPA3esikl, a He B paMKy I'puaa.

rpaHHHLI IIPHAMEHHUMOCTH

I/IHCpr'MeHT OTB€4YaeT Ha BOIIPOC O IIJIOIlagu, a He O pacxone. Pacxopsr, MOOyJiXx CTOKa Hu
IIPOITyCKHAaA CII0COOHOCTH KaHaBHI - paC‘{éTHaH TUOPOJIOTHUA I1I0 HOPMATHUBAM, U B 3ala49y HE BXOOAT.
EguauIe IIpenroyaraloTCca MeTpUu4YeCKUMU.
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Bomoc6opel CTPOSITCS MO Tomojioruu penbeda. Ha TeppurTopusx 6e3 YETKHUX T'PAHUI] CTOKA -
IJIOCKUX ITOMMaxX, IPHW THAPABINYECKUX IIEPETOKax ¥ MOAIOpax - Pe3yJbTaT CJIEAYeT IPOBEPSATh
TUOPONHHAMHYECKHM MOLOEIMPOBAHUEM.

2.17 OT49€T Mo rOTOBOMY BOTOCOOpPY

UrCcTpyMeHT cuntaeT MOpGOMETPHIO IO FOTOBBIM II0JIUTOHAM BOZOCOOPOB: IIJIOMIanb, CPETHIO U
KpaliHrue OTMEeTKH, CPeIHUH YKIOH OacceliHa, OJIMHY I'JIaBHOTO BOOOTOKA U IIaJleHUe.

OH HyXeH TaM, Toe BogocOop yKe eCThb: HapuCOBaH PYKaMH, B3AT U3 YyXKOTO MPOEKTa, MOCYUTAH
OpPYTroM mporpaMMoi. I'paHULIEI HE TTEPECYUTHIBAIOTCS - PACUYET UOET MO TOMY TOJIMTOHY, KOTOPBIHM

Mofanu, nHadye OTBeT ObLI OHI PO APYTOi BOJOCOOpP.

[TapameTp

YTo 3amaéeT

[To ymom4aHuio / COBET

BxomHas IIMP

[Tomurous! BomocO60poB

PacTp oTMeETOK, 110 KOTOPOMY
CUMTAIOTCS XapaKTEePUCTUKH.
I'oTOBBIE KOHTYPEI, 110
KOTODPBIM CUUTATE.

Touyku 3aMBIKaHUSA CtBopsl. IlycTo - TOUYKa IyCTO
6epéTcs Mo HanubOoIbIIeH
AKKyMYJISIIUN BHYTPU
MIOJIUTOHa.
CuutaTh OJIMHY BOOOTOKA U Tpebyet TpaccupoBku o LIMP  BkJtoueHO
nageHue U 3aMETHO J0poXKe
OCTaJIbHOTO.
Paguyc nputsaXkKu ToO4ekK IIBUTaeT CTBOP K SAUYEUKE C 0
(mot.) HauOoblIe! aKKyMynsauuei
mo6IM30CTH.
3amoIHUTD TIOHUKEHU (TOII.) Be3 3anonHeHus Boga BKJIIOUEHO

Bomoc6opst ¢
XapPaKTepUuCTUKaMu

OCTaHaBJIMBAETCS B JIOKAJIBHBIX
amax ITMP.

BrIxon: Te 3Ke IMOJIUTOHEI C
OOMMCAHHBIMHU IIOJISIMHU.

Touka 3aMbIKaHHS

IOnuHa BOOOTOKA U MHafJeHHEe OTCUYMTHIBAIOTCS OT TOYKH, Kyoa CTEeKaeT BOHOa. HpI/I IIOCTPOEHUHN
Bonoc6opa OHa M3BECTHa U3 CTBOPA, a Y TOTOBOI'O IIOJIUTOHA €€ HerT.

Ecnu Touku 3amaHbl, O€PyTCST OHHW: CTBOP WINETCS BHYTPHM KaxXK[OTO IONUTOHa. Ecnu He 3agaHHI,
OepéTcs adeika ¢ HaubOIbIIEeH aKKyMYJISIIIUel BHYTPYU KOHTYpa.

HWMeHHO ¢ HanboJblllel aKKyMyJIsiel, a He caMasi Hu3Kasi. Hu3sImast Touka MOXKeT OKa3aThCs B sIMe
BHYTPH IIJIOIIAAU WIIH Ha KPalo, 3aeBIlIeM COCEIHIOI0 MOIHHY, ¥ BOMOTOK MOTSHYJICS Ohl He Tyma. B
mosie outlet 3amrcano, Kakoi crioco6 cpaGoTalt ojisi KaXkIoro MOJIUTroHa.

BomoTok oO6pe3aeTcst rpaHUIIel ITOJIUTOHA: JIMHA CYUTAETCS BHYTPH 3aJaHHOTO BogocOopa, a He T0
BCei Tpacce, KOTOpasi MOXKEeT YUTH 3a er0 IPe/ieJh.

ITonst MCXOOHBIX ITOIUTOHOB COXPAHSIOTCS, PACUYETHHIE MOMMCHIBAIOTCS K HUM. [IpM COBIafeHUU
MMEHHU K PacUYETHOMY MHOJII0 mobaBisieTcs cydhdukc.

PacueéT o CII 33-101-2003

T'upgposyoru CYUTAIOT CTOK II0 HOPMAaTHBHOM METONMWKE, M [BEe BEeJIWYWHEI B HeU OIpPeHesIsiioTCS
dbopMynaMu, KOTOpHE HE COBIAAalT C (uandeckuMmu. [lapamMeTp cedeHHEe TOPH30HTaIeH
BKJII0YaeT UX PACY€T, HOJIb OTKJIIOYaeT.
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CpenHui YKJIOH CKJIOHOB ICK cunTaeTrcs 1mo ¢popmyie
Ick = h- Zli/ (24),

roe h - ceuenue ropusouTanei, Xli - cyMmmapHas gIrHa TOPpU30HTAJIeH B Ipederax Bogocoopa, A - ero
IIomianb. 'OpU30HTaNIM pagyu 3TOrO He CTPOSTCS: OJIMHA CUHUTAETCsS MOACYETOM IEePeX0foB 4Yepes
YPOBEHb MEXIY COCEIHUMU ST4elKaMU U BHIBOOUTCS B oJie Sp_iso_km.

Ick aTO He Qu3mueckuit ykinoH. Ha mmockoctu opmyrna maéT MOIOBUHY TaHTEHCA, IIOTOMY UTO
OBOMKA B 3HAMeHaTejle YYUTHIBAET ABYCTOPOHHOCTH CKJIOHOB: BOJa CTEKaeT K BOLOTOKY C 000uX
OOPTOB ONMHEL. BemnynHa OCMBICTIEHHA TOMBKO BHYTpH MeToguKu CIT, T09TOMY JIEXKHUT OTHETLHBIM
TOJIEM PSITOM C GU3NYECKUM YKJIOHOM, a HE BMECTO HETO.

CpengHeB3BeUIEHHbIH YK/IOH BOJOTOKA CUHTAETCS KaK IIPOW3BeNeHHWe dYaCTHBEIX YKIIOHOB
y4aCTKOB MeXKy TOYKaMu Ieperuda mpodusi, KaXKabsli B CTEIIEHH OOJIM CBOoel miauHbL. Ha poBHOM
mpoduie CoOBIagaeT C MPOCTHIM MafieHWeM Ha IJINHY, Ha JTOMaHOM HAaéT MEeHbIIe: peKa C KPYTHIM
BEPXOBLEM M IIOJIOTUM HH30BhEM OJHHM OTHOIIIEHHEM He OIIHCLIBAETCH.

[l cpaBHEHUS B BBIXOME OCTAIOTCS U Gu3ndeckue BeauduHb: slope_deg - cpegHuil YKIIOH ST4eeK
mo Metony XopHa, stream_ppm - afieHre BOOOTOKA, AeJIEHHOE Ha ero AJIHHY.

2.18 Hacsinu ¥ BbIeMKH (00BbE€MBI padoT)

UHCTPYMEHT cuYMTaeT OOBEMBI 3EeMJISTHBIX Pab0T MEeXAOy ABYMS MOBEPXHOCTSIMM: YTO HACHIIAHO,
YTO CHATO M cxomutcs nu Oananc. OH Hy>KeH Be3fe, TIe eCTh CbEMKA OO0 U II0CJIe MJIM IPOEKTHAas
IIOBEPXHOCTE: IIJIOMIafKa IIOf IIJIAHMPOBKY, OTBaj, Kapbep, 3aujieHre IIpyha, OCedaHUs 3eMHOU
TTOBEPXHOCTH.

®dopMmyJila MPOCTa [0 HEIPUIUYMS: PA3HOCTH OTMETOK II0 sSYelKaM, YMHOXKEeHHas Ha IIIoIanb
sTYelKy. Bcs CII02KHOCTDH MEeXXKUT He B Hel, a BOKPYT Heé, 1 00 3TOM OCTalIbHEIE Pa3desiH.

3HaK U IIOBEPXHOCTHh CPAaBHEHHSsL

Pa3HOCTL cuuTaeTcss «CTajo MHUHYC Ovlmo». IlojoKuUTeNnbHasi Pa3HOCTb 3TO HACHIIbL, MaTepuan
moGaBneH. OTpuIllaTenbHAass 3TO BhIeMKa, MaTepualn cHAT. B ArcGIS B uHcTpyMenTe Cut/Fill 3Hak
00paTHBIM, IPHU CBEPKE UMD 3TO CTOUT IIOMHUTh.

I[ToBepXHOCTh CpaBHEHUS 3aMAa€TCS PACTPOM HUJIH, €CJTU €€ HET, OMHOM OTMeTKOM uyucyioM. OTMeTKa
yooOHa [Ons IUIOIIAfKM IIOf IIAaHWPOBKY U MOJIsS IOACYETa OT ype3a BOOHL: IIofaBaTh pPacTp
IIOCTOSIHHOM BBICOTHI PaZidl 9TOTO HEe HYXKHO.

IIpuBeneHHe K OTHOH CeTKe

IIBe MaTpuIbl ITOYTH HUKOT{A He JeXaT Ha OOHOM ceTKe. XO3SIMHOM CeTKH OepeTcsi mepBas
ITOBEPXHOCTh, BTOpPasi IMPHUBOOUTCS K Hell OMIMHENHO. Biumxkaulmmii cocen 30eCh He TOOUTCS: OH
BO3BpalllaeT CTYII€HH, POBHO T€, YTO JIOBUT OUArHOCTHUKA TeppacuHra. 3a KpaeM JaHHEIX 00BEM He
CUYHTAETCs, BEICOTHEI HE 3KCTPAIIOINPYIOTCS.

B XypHas ImedyaTalioTcs Hayallo CeTKH, Iar ¥ YHCJIO s4YeeK o0eux MaTpHIl, a TaKxkKe OBLII0 JIu
IpuBedeHue. ITO He YKpallleHre, a pabouyuil HHCTPYMEHT, CM. CIIeNYIOIINH pas3men.

IMoyeMmy mu@psI PacXoagsTCsi C IPYTHMH IMPOrpaMMaMH

IMouTu HUKOTOa He u3-3a GopMyIibl. BunuHeliHOe npuBeneHre 00LEM COXpPaHseT: Beca OUIUMHEWKU
B CyMMe [al0T €OUHHUILY, II09TOMY COBHUI CETKH caM II0 cefe HMYEero He MeHsIeT. DTO 3aKPEeIlJIeHO
TECTOM.

PacxoxneHne OgaéT cocTaB fueeK: UyTh MHade oOpe3aHHas paMKa, Apyras MacKa, IIojlara Ha
rpaHulle y4acTtka pa6ot. ITostomy npu cBepke ¢ Civil, Kpego umu mo6oi gpyroil mporpaMMmoit
CHadajla CpaBHUBANTe ONUCaHWe CEeTKU U3 XKypHalla U YMCJI0 YYTEHHBIX g4eeK, M TOJBKO IIOTOM
00BEMEL. B meBATH CciIydasx M3 DecATH Ha 3TOM pa30upaTebCTBO M 3aKaHYUBAETCH.
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MeépTBasi 30Ha

IIBe IIOBEPXHOCTH, IIOJIYY€HHEI€ PA3HBIMHU crocobaMu, BCerga myMsaT Ha CAHTUMETPHIL. bes3 oTceuknu
BECH 3TOT (1)0H II0IMagaeT TO B HACHhIIlb, TO B BEIEMKY U 3aBHIIIIAET obe BEJINYUHEBI, HE MEHASA HETTO.

MeépTBas 30Ha 3aIaéTCs B METPAX: SUEHKH, IIe MOAY/Ib Pa3HOCTH MEHBIIIE 3TOTO YHUCIIa, CYUTAIOTCS
Heu3MeHHBIMHU. [0 yMOT4YaHUIO OTCEUYKHU HET. 3ajaBaliTe e€ 0CO3HAHHO U YKa3kIBalTe B OTUETE: OHA
BXOIUT B BEJOMOCTb OTHEJIbHOM CTPOKOUW MMEHHO [IJIsl 3TOTO.

YuyacTKH u 0aj1aHC

TToUTOHBI YY4aCTKOB CYUTAIOTCS OTHOENIbHO, KaXKIbIi CO CBOMMH YKC/IaMu. I1ojie Ha3BaHUSA ydacTKa
MOXeT OBITh YMCJIOBBIM HMJIM TEKCTOBBIM. B BEHOMOCTH IIO0 y4YacTKaM €CTb CTPOKa HTOTa, ¥ OHa
OOJIZKHA CXOOWTHCS C IIAIIKOW: 3TO IIPOCTasi ¥ HaméKHas IIPOBepKa TOTO, UTO pacTepu3alus
y4aCTKOB He ToTepsijia ¥ He 3aJiBOuJIa TYEHKH.

BepoukT 1mmo 6aytaHCy CMOTPHUT Ha [OJII0 HETTO B 000pOTe, a He Ha ero BenuuyuHy. CTo KyOOB HEBSI3KHU
pu 060POTe B CTO THICSTY 9TO OaslaHC, a Mpu 060pOTe B OBECTU KyGOB 3TO BHIBO3 ITOJIOBUHEIL. [[OMyCK
3amaéTrcs gorei o60poTa, IO YMOJTYAHUIO MSATh POIEHTOB.

BbpIxXoabl

PacTp pa3HOCTH B MeTpax, IMOJIOKUTEIbHOE 3TO HaCHIIb. BemoMocTs HTML ¢ uTorom, pa3ouBKOM
[0 yYacTKaM M omucaHueM ceTku. Cnol Y4aCcTKH ¢ 00BbE€MaMHu: Te XKe ITOJUTOHBI, YTO IToAalu Ha
BXOJI, IIJTIOC 00BEMHEI B aTpubyTax (fill vol, cut vol, net vol, IJIOIIaAu, HauOOJIBIIINE OTMETKM, YHUCIIO
sg4YeeK U BepOuKT). BegoMocThs HyKHa [OJIsT COTJIaCOBaHUS, a IOANMCATh y4aCTKU ONPSIMO Ha KapTe
MOZKHO TOJILKO aTpulyTaMH, II03TOMY BHIXOI OTHEIbHBIN.

®raxoxk OOpe3aTh pacTp Pa3HOCTH MO yYaCTKaM TacHUT Pa3HOCTH 3a KOHTypoM paboT. 3a
KOHTYPOM OHAa CKJIagBIBAETCS M3 IlIyMa ChbEMKH, a PAaCTSIHyTas Ha HEE I[BETOBas IIKajla IPSYeT TO,
pamu 4ero pacTp U cMOTpSAT. Ha uucia oOpe3ka He BIMSET: CTATUCTHKA CUMTAETCS [0 Heé, W B
BEIOMOCTH OCTAIOTCsi 00a UTOTa, IO BCEH IIIOIMIAAMN U 10 yYaCTKaM.

JIuuus HyNneBHIX paboT OTHENTbHLIM WHCTPYMEHTOM HE CTPOUTCS, U 9TO OCO3HAHHO: 9TO MU30JIUHUSI
HYJIS II0 pacTpPy Pa3HOCTH, CTPoiiTe e€ uHCcTpyMeHTOM 1.04 U301MHHUM U3 pacTpa.

ITapaMeTpsbI
[TapameTp YTo 3amaét ITo ymonganuio / COBET
[ToBEPXHOCTH «CTaI0» [TpoekTHas uiIu HOBas ChEMKa. 00s3aTesibHa
3amaéT ceTKy.
[ToBepPXHOCTH «OBITIO» HUcxopHas cveMKa. I1ycTo - IyCTO

CpaBHEHHE C OTMETKOM.
Pab6oraeT, Korga pacTpa 0
«OBITIO» HET.

OTMeTKa CpaBHEHUS, M

YyacTku paboT (IIOJIUTOHEI) Pa3buBKa BeqOMOCTH II0 IIyCTO
y4acTKaM.

[Tonne Ha3BaHUA y4acTKa YucnoBoe uiu TEKCTOBOE. IyCTO

MeépTBas 30Ha II0 BEICOTE, M Otceuka GpoHOBOTO LTyMa. 0

O06pe3aTh pacTp Pa3HOCTH 110 l'acut pa3HOCTH 3a KOHTYPOM. BBIKIJI.

y4acTKaM Ha uyucna He BIUsET.

YyacTku c 06bEMaMu [TonUTOHEL Y4aCTKOB C co3maéeTrcs

(TIOJIUT OHEL) o6bEéMaMu B aTpubyTax.

Iomyck 6anaxca (mortr.) Iomnst o6opoTa Oy BEPOUKTA. 0.05

Pactp pa3srsoctu BrIxopmHOM pacTp, HaCHIIIb Cco37maeTcs
[IOJIOKUTEIbHA.

Bemomocths 06b€M0B (HTML) OTYET C UTOTOM M Y4aCTKaMHU. CcO3TaeTcs
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BpicTpasi mpoBepKa Ha IeMO

2.10 [Iemo-penbed BHITAET TI'OTOBYIO Iapy: BKIOUuTe BhIXOOH IIpoeKTHasi IMOBEPXHOCThH
(memo) 1 YuacTKu padoTt (memo). [TomaiiTe IIOMAAKy KaK «CTalo», penbed KakK «ObII0», yIaCTKHU
nmonuroHamMu. Haceimb v BbIeMKa 00s13aHbl BEIMTH PABHBIMHU YHMCJIO B YHCJI0, HETTO HYJIEBHIM, BEPOUKT
po comepmmiics 6ananc. COBUT OTMETKM IJIOIIAAKU B HOIIOJTHUTEJILHLIX TapamMeTpax 2.10 yBoaut
0aaHC B MPUBO3HOM MJIM BEIBO3HOU I'PYHT, TaK YTO BCE TPU BEPAUKTA IIPOBEPSIOTCS B IBa MPOTOHA.

CoBrafieHre HACBHIIIM C BEIEMKOM IPHU HYJIE€BOM COBHUIE 3TO eIll€é M He3aBHCHMas IIPOBEepPKa CaMoro
WHCTPYMEHTa: oubKa B GopMyie UiIx B IPUBEOEHUN CETOK 3[eCh ObI U BBIJIE3JIA.

I'paHUIIBI IPUMEHHUMOCTH

O0BEM reoMeTpudecKuii. Pa3prixjieHre, VIIOTHEHUE U ITOCIIONHEIE TPYHTHI 30eCh He IPUMEHSIOTCS,
9T0 paboTa MPOEKTHUPOBIIUKA.

TOYHOCTH Yy TPAHUIIH PAabOT OTpeAensieTCs pa3MepoM TUeHKu: 00bEM BAOITE KOHTYPa BCeTAa CMEeIeH
Ha BEJIMYWHY MOPSIOKA MOTysTYeKY Ha TTOTOHHBIN MeTp rpaHullsl. Ha MEeTKOM KOHTYPE TIPU KPYITHOM
si9efKe 3TO CMEIIeHWE MOXKET IPEBBICUThL CaM OOBEM, ITOITOMY MEJIKME MJIOMIAAKKA CYHUTANTEe Ha
CeTKe, COpa3MepHOM UX pa3Mepy.

NHCTPYMEHT HE CTPOUT OTKOCH C 3aJioKeHWeM, 0epMbl, ITOCJIIOMHBIE BEIOMOCTH M He caXKaeT
ITPOEKTHYI0 MOBEPXHOCTh Ha penbed. ITo paboTa CHCTEM aBTOMATHU3UPOBAHHOIO IIPOEKTUPOBAHUSI.

2.19 KanaumaTrhl OPOBOK M IIOJOIIB

Haxomut MecTa, TAe YKJIOH MeHsIeTCs OBICTPee BCETo, M TPACCUPYET UX B MTUHUN: OPOBKY U ITOHOIIBEI
yCTyIoB, 60pTa KapbepoB, KPOMKH HACHIIIEN 1 BPE30B.

[TapameTp YTo 3amaéT ITo ymongaHnuio / COBET

Bxoguas LIMP Pactp penveda mo rpyHTY, HE -
DSM. fddyetika U3 IIJIOTHOCTHU
cpéMku: 20-25 cm opu 20
TOYKaxX Ha KBaJIpaTHHIN MeTp.
MuHuManbHBM Iepenan, M Otceuka myma: rpebeHb 0.5
npu3Haka 00s13aH HaOpaTh
9TOT Iepenap penbeda B 6a3e

3aMepa.
MuHuManbHas gjivHa JINHUH, OTcekaeT OOPBIBKH. 10
siyeek
baza 3amMepa nepenafga, sueek [lonylmupuHa OKHa, B KOTOpoM 8
(Jot.) MepsieTCs Iepernan IonepeK

JIUHUU.

IIpu3HaK M3jI0Ma - 3TO IPaJgUeHT YKJIOHA, a He YKJIOH. Ha pOBHOM OTKOCe, JaXke OTBECHOM,
VKJIOH IIOCTOSIHEH U NMpU3HaAK Mas. [Ipu3HaK BeJUK TaM, I'le YKJIOH MeHSeTCs, TO eCTh Ha caMoi
OpoOBKe M Ha caMoO¥ MopjouBe. 3HaK NPOGUIbHON KPUBU3HLI OEJIUT HAWOEHHbIE JIMHUU: BBITYKIIBIN
M3JIOM Ja€T OPOBKY, BOTHYTHIM ITOMIOIIBY, U 3TO yXonuT B mojie kind 3HaueHusimu brow u toe.

HN310M O0e3 mepernaga He U37I0M. [ pebeHb IpU3HaKa O0TOPACHIBAETCS A0 BCSIKHX IIOPOTOB, €CIIH
B €r0 OKPeCTHOCTH HeT 3afaHHOro Iepemnama penbeda. IIyM IIJIOTHOW CHEMKM B CAHTHMETPHI He
HabupaeT ero HUKOT{Aa, OKPECTHOCTDh HACTOsAIel OPOBKU HabupaeT Bcerma. DTO TJIaBHBIH GUILTD,
¥ OH pHU3NUECKNH, a He CTaTUCTUUYECKUH: TOPOTH BHYTPEHHEH MaTeMaTHUKU MOOOHUPalOTCs CaMM U
HapyXy He BLIHECEHHI.

Ilepenan MepsieTcst B 0a3e 3aMepa, a He IO BCeH HIHPHUHE yCTyma. JTO IIepBoe, 000 YTO
CIIOTBHIKAIOTCSI: Y HeCSITUMETPOBOI0 YCTyIla IIpu 0a3e B TpU si4eiku moje drop rmokKaxeT TPU MeTpa,
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a He mecsaTh. baza mo ymondaHuio 8 s4eek B KaXKOyI0 CTOPOHY, HA METPOBOU s4deike 3TO =8 M, 4ero
XBaTaeT Ha KapbepHHU ycTym. lIlupmHa oTkoca M3BEeCTHA BaM, a He HHCTPYMEHTY, I03TOMYy 06a3y
3apiaBayiTe 1Mo Hel. B xxypHas 6a3a redyaTtaeTcs U B T4eiKax, U B MeTpax.

ITons Beixoma: kind, drop (mepenap, M), length_m, slope deg (cpemHuii yKJIOH CTOPOH).
Croli mpuUXOOuUT pacKpalleHHLIM II0 mepelnany, OPOBKM TEIJIREIM, IIOHOIIBH XOJOOHBIM. Kitaccel
MOSIBMISIIOTCSI, TOJIBKO KOTIa Mepelap HOeHCTBUTEIPHO Pa3HBIM: Ha Kapbepe C OOMHAKOBBIMHU
yCcTylmaMu pa30poC eOuHUIIL ITPOLIEHTOB, M [eleHue Ha KJacChl pe3ajo OBl IITyM, IIO3TOMY TaM
OCTAETCs OOUH KJlacC Ha BHUI.

ITopor 3HAYMMOCTH OCTAETCs dYejIoBeKy. PopManbHOTO Tpu3HakKa OPOBKM HE CYIECTBYET,
pacio3HaBaHHWEe [OEPXKUTCS Ha OmbiTe Tomorpada. CyIllecTByeT mepenapn, KOTOPHIH BHI T'OTOBEHI
CUMTaTh YCTYIIOM, ¥ OH Pa3HBIM Ha Kaphbepe, HOPOKHOM HACHIIN U OeperoBoM ycTyme. IToaToMmy
WHCTPYMEHT HaApO4YHO OTHAET OOJbllle, 4eM HYKHO, BMECTe C YHCJIaMu [jis OoTOOpa, a B XKypHall
rmevaTaeT MIPOIEHTHUIH TTepernaja - TOTOBYIO MOAICKa3Ky, rae pe3aTh. OToéupaiiTe QUILTPOM CIIOS 10
moJtio drop, TAsSAs Ha KapTy: IePecuYuTHBATh IPYU 9TOM HUYETO He Haflo.

2.20 BpoBKH H IOJOIIBHI B padoTy

IMpeBpartiaeT MUHUYU OPOBOK U IOMAOIIB B paboune CTPYKTYpPHBIE JIMHUM: CHUMaeT OTMeTKHU ¢ [IMP,
cobupaeT ¢popMbl O6POBKA-MOIOIIBA U PACKIAABIBAET UX IO IBYM CJIOSIM.

CuenapueB aBa. [lepBhlii: TuHUKM Opunuid u3 2.19 1o OJI0THOM ChEMKe. BTOpoi: NUHUU yKe
ecTb B TOmOrpa¢puIecKOM KOMIIJIEKTe, ITie OPOBKU OIMCHIBAIOTCS 0053aTeIbHO M CBOMMHU KOOaMHU
Kjaccudukartopa. [leTeKTop TaM He HyzKeH BOBCe, a Hy2KHO POBHO TO, UTO JeJIaeT 3TOT UHCTPYMEHT:
BU[ JIMHUM 3aKOOWPOBAH, a Kakasi OpoBKa C KaKOH ITOOOIIBO¥M 00pa3yroT GopMy - HET, U CBSI3b
MPUXOOUTCS coOupaTh. TaKUX KOMIIJIEKTOB MHOTO, a IJIOTHBIX CHEMOK MaJlo.

[TapameTp YTo 3amaér ITo ymongaHnuio / COBET

Kaupupath! (BeIxom 2.19) JInHeWHBIN CJIOH C IIoJIeM BHUOa. -
T'oguTcst U croi 6POBOK C
IOOOIIIBAMHU U3

Tornorpamu4YeCcKoro

KOMIIJIEKTA.
LIMP Ta ke, uTo momaBasachk B 2.19. Heo0s3aTeIbHO
ITone Buma ITone co 3HaYEeHUSIMHU brow u kind

toe.
Otceuka 10 nepenany, M IMToBTOpsieT punbTp 2.19, 0 (B3sTH BCE)

4yTOOLI HEe 3aBOOUTH OTOEJIbHBIN
OTQUIBTPOBAHHEIU CIION.

[Ipepen nytu ciycka, M Harplle 3TOro CIIyCK 50
nmpekpamaeTcs, 1 6poBKa
YXOOUT B HETIapHEIE.

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

®opMBbI COOUPAIOTCSI CIIYCKOM IO CKJIOHY, a He mo O0/1u30ctH. OT IPOOHBIX BEPIINH OPOBKHU
I/IJIéT CITyCK IIO HAITPaBJIEHUAM CTOKaQ, IIOKa He€ BCTPETUTCHA ITOOOIIBaA, WU IIOOOIIBBEI I'OJIOCYIOT. Tak
paboTaeT pu3uKa ycTyna: Boga ¢ 6pOBKU CKaThIBAE€TCS 10 OTKOCY POBHO K ero nopnoirse. Ha kpuBoMm
00opTYy C y3KkuMH OepMaMu OGIuzKaNINas 10 PACCTOSTHUIO ITOAOIIBA YaCTO IIPUHAMIEXXUT COCEOHEMY
YCTYITy, ¥ BEIOOD ITO0 OJIM30CTH ommbaeTcs TaM, Te COyCK IIpaB. [Ipegern oyTu mepxkuTe GIU3KUM K
3aJI0KEeHHI0 OTKOCA: CJIMIIKOM OOJIBIIION ITpeaesl HO3BOIUT OPOBKe N00ekaTh A0 Uy2KOU MOMOIIBH 1
COCTaBUTh C HEM MTPaBAOIOA00HYIO JIOKHYIO ITapy.

IIMP HeoOsi3aTenbHa. CIIyCK 10 CKJIOHY OTBeYaeT Ha OOWH Bompoc: rae Hu3. Korgma y muHui
eCTb COOCTBEHHEIE OTMETKHM (BBIXOH 2.22), OTBET yXKe B JAHHHIX, U penbed He HYKeH: MOOOUIBOM
cuuTaeTcs OnuKaWInas TUHUSA, JTeXallas Huxe OPOBKH.
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Be3 aToro TomorpadguuecKuil CIleHapu¥ XOOui Mo Kpyry. YTOOH IOCTPOUTH penbed dopMamy,
HYZKHBI IIaphl, @ YTOOB cOOPaTh Mapkl CIIyCKOM, HyKeH pejbed - KOTOPOTO eIll€ HEeT, eTro KakK pa3 U
ctposat. [Ipuxonunock genaTh 4epHOBOM npoxon 2.03 1o ogHUM TOPM30HTAJIIM, 3Has, 4YTO BHYTPU
Kapbepa OH HeBepeH. Tenmephb HOPSAOOK MPsAMOI: 2.22 maéT otMeTKH, 2.20 6e3 LIMP cobupaert mapsl,
2.03 cTPOUT NOBEPXHOCTE.

C LUMP pabGoTaeT IpexXHWH CIYCK, ¥ Ha KPUBOM OOPTy C y3KMMH OepMaMM OH TOYHee: TaM
OruzKaWIas 10 PAaCCTOSTHUIO IIOIOIIBA YacTO MPUHAJIEKUT COCETHEMY YCTYIY.

®opmMa 3TO OIHA MOJOIIBA U MHOXKECTBO OPOBOK IpPH HeH. TpacCHpPOBKA PEXeT MIUHHYIO
OPOBKY Ha KYCKHM: Che3[ Pa3phiBaeT KOHTYP, MPU3HAK TPEPHIBAETCS HA TMOJIOTHX ydacTKax. Bce
KYCKH CIIYCKalOTCs K TOH JKe IIOMOIIBEe, I03TOMY pPe3yJbTaT T'PYIIHPYETCS MO IIOHNOIIBEe, a He
BBIITKCHIBAETCS TTapaMu: IIOOIIIBA OlafaeT B BEIXOO OOWH Pa3, a €€ OPOBKH IIOTy4YaloT 00Iee mose
link. 3T0 TOT ke B3TJISI[I, YTO U B IIOCTPOEHUH TTOBEPXHOCTHU MEXKIY CTPYKTYPHBIMH TUHUSIMU, TE
CTOPOHEI - MHOKECTBA, a He OTMIeNIbHEIe JIMHUH,

HenmapHble JTHHHH He MPOIAIAIOT MOJI4Ya. TpeTHul cjoi coOHpaeT UX C IPUUYHUHONW B aTpuOyTe:
CIIyCK He HOIIEN OO0 IMOMOIIBH (MaJjl Ipemesl IIyTH KM OPOBKa JI0XKHAasI) IU00 CIIyCK Pa3OIlEsIiCs II0
Pa3HBIM IIOIOINIBaM (JIMHUS CKJIeW/a OBa ycTyma). HaumMeHbIast mosst COTIacHBIX P00 mevaTtaeTcs
B JXXKYPHAJI ¥ CIIyKUT yKa3aTeJIeM Ha TaKylo CKIIEHKY.

Brixomet Bepx 1 Hu3 unyT LineStringZ ¢ monsmu kind u link, otmeTku cHaTH ¢ LIMP B reomeTpuio.
9TO TOTOBBLIE BXOOBI OJIS IOCTPOEHUS ITIOBEPXHOCTU M [OJIST BHITPY3KU TPEXMEPHBIMU TUHUSMHU B
ABTOKA]l 1 Kpepo.

2.21 IIpumep Kapbepa (aeMo)

CTpouT meMo-Kaphep M HCTUHHBIE CTPYKTYPHBIE JIMHWKU K HeMmy. Ilapa pacTp-IMHUU CITyKUT
aTayoHoM myisg 2.19, BXomoMm OJisi MOCTPOEHUS TMTOBEPXHOCTH U YUEeOHBIM IPUMEPOM, U BCE 3TO 6e3
3aKPHBITHIX JAHHBIX.

[TapameTp YTto 3amaéT ITo ymonyaHuio / COBET
[Mupuna, BricoTa, sueek Pasmep rpupa. 400 x 300
Pa3mep suelriku, M Illar rpumga. 1
3epHO reHepaTopa [ToBTOPSAEMOCTE: OMHO 3€PHO - 7
OOWH M TOT K€ Kaphep.
CK BrIXOza MeTtpuueckas. [Ipu mecTHOU EPSG:32640
CK npoekTa BrIOupaiiTe €€ xe.
Ywucno ycTynoB CKOIBbKO yCTYIIOB B OODPTY. 3
BricoTta ycTyna, M ([orm.) [TpeBBIllIEHUE OOHOTO YCTYyIIA. 10
Mym cpeémku, M (Ho1r.) HNmMmuTanms morpenrHocT 0.03
IIJIOTHOM CHEMKMU.
OtBaj, Cxopsamiascsa KaHaBa [omonmHUTEIbHBIE (POPMHI. BKJTIOYEHEI
(Oom.)
Kyna nomoxuts (0xBart) KnapgéTt memo Ha MecTo, 110 CJIOSIM ITPOEeKTa

pa3Mep He MeHseT.

CoctaB penbeda momobpaH Tak, 4TOOB Kaxpas ¢opMa MOpPOBepsijia CBOIO CTOPOHY HETEKTopa.
ONIUITUYECKUHN Kapbep C yCTymaMu M OepMaMu HA€T IpaBUJIbHBIE Iaphl. Ches3md, mpope3aroiui
YCTYTH, MAaéT HACTOANINM PAa3pPhIB: Ha €ro [yre MCTHUHHBIE THUHUKW OOPHIBAIOTCS, ¥ KaHOUOATHI
00s13aHBl OOpHIBAThCS TaM kKe. OTBaJl C MIJIOCKUM BEPXOM HOA€T 3aMKHYTYI0 Imapy. Cxopsimasics
HaropHas KaHaBa [a€T TPU JIMHWUM, CXOISIIMECS B TOYKY, - TOT Cjy4ail, roe BeC IIOBEPXHOCTHU
MeXAy JTUHUSMU BBIPOXKIOAETCS, & OTMETKA OCTAETCS BEPHOU.

OxBaT KJIaJgéT JeMO Ha MeCTO U He MeHsieT ero pasmep. PopMel Kapkepa (QU3UYHBL: YCTYII
10 m mpu oTkoce 7 M. PacTSHYTHIM A0 KMJIOMETPOB Kaphep IIpeBpaIaeTcs B OIWH, HA KOTOPOM
OEeTEeKTOPYy Heuero UCKaTh, II09TOMYy pa3Mep 3analT Toinbko «IIupruHa» u «BeicoTa». ¥ oTOensHO
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IIPO CUCTEMY KOOPAWHAT: €CJIM Y IIPOEKTa OHa MEeCTHAasl UJIM Hen3BeCTHas, Beibepute e€ ke B «CK
BeIXOma». [lepecyéT oxBaTa W3 Hem3BeCTHOU cucTeMbl B UTM maéTt 6ecCMBICIUIlY, U OeMO yeIeT
HEM3BECTHO KyIa.

BTopoii BEIXOM, MCTHHHBIE JIMHUHU, HeceT 1mod kind (brow, toe, thalweg) u link, a oTMeTKu ne3kar B
reomeTpuu Z. [To HeMy II0JTHOTa ¥ TOYHOCTh JETEKTOPA MEPSAIOTCS YUCJIOM, a He TJla3aMU: II0JI0KUTE
KaHOUOAToB 13 2.19 noBepX UCTUHHBIX JIMHUN ¥ IIOCMOTPUTE, I'le OHU PA30ILINCE.

2.22 IIpo¢dpunupoBaHHE OTKOCOB

HaéT HEMBIM JIMHUAM HpO(bI/IJ'H: I10 TOPU3OHTAJIAM, KOTOPBEIE K HUM IMTPUMBIKAIOT.

[Tapametp Yto 3amaér ITo ymonyanuto / COBET
Jluauu 6e3 OTMETOK BpoBKY ¥ IOOOIIBEL U3 -
KoMIeKTa wiu u3 2.20.
l'opusonTanmu Croil TOpU30HTAIEN TOTO XK€ -
KOMIIJIEKTA.
[Tone BEICOTEI TOPU3OHTANIEH ATpubyTt otmeTKu. [IycTo - Z ELEV
BEPIINH.
HOIlyCK IPUMBIKQHUS, M Hackompko KOHeI] 0.5
TOPU30HTAIN MOXKeT He OOUTH
0O JIWHUU.

OTKyma 0epyrcsi OTMETKH. Y OpPOBKH B TOIOTpPadHUIeCcKOM YepTeike CBOeH OTMETKH HeT, U 3TO
OOJITO BRITJIAOEsIO TynmukoM. Ho HopMaTuB TpeOyeT OOBOOUTH TOPU3OHTANIH OO0 JIUHUH OMHMCAHUS
00BbeKkTa ¢ (popMHpPOBaHHEM Y3JIOBBIX TOYEK, U Kaxfaasd TaKas TOYKa HEeCET OTMETKY CBoeil
ropusonTanu. OTcoga mpoduab BCEH JIMHUK: IepeMeHHas OTMeTKa M3 CaMHX [AHHEIX, a He OJHO
YKCJIO Ha BeCh OOBEKT.

BaxHasa II0IIPpaBKa, CTOUBIIAA OHOM penakKnry IOCTaHOBKU: TOPU30HTAJIbL HE I/III,'éT 1o 6POBKe. ITo
OTKOCaM I'OPHU3O0HTAJIX PEXKYTCHA, U Ta EOqUHCTBEHHAd, YTO JIerJla BOOJIb 6pOBKI/I, JIOZKHUTCHA TakK JINIIIb
IIpHU COBIIaJeHHWHN OTMETKH C Ce4YeHHEM, TO eCTb CJ'Iy‘-IElfIHO. PaboraeT uMeHHO IIPUMBIKaHHE, a He
COBIIaeHUe.

YTo cuHuTaeTCs BCTpedeH. [lepeceyeHne TUHUY C TOPU30HTAJIBIO HACKBO3b ¥ KOHEI[ TOPU30HTAJH
B TIpefesiaxX momycka. MeKay BCTpeuaMu OTMETKA WHTEPIOMHUPYETCS 10 AyTe JTMHUY, 32 KpaWHUMU
OEePKUTCS TTOCTOSIHHOW: 9KCTPAIOJINPOBATh YKJIOH BOOJIL OPOBKU OIACHO, OH YacTO JIOMAeTCs Ha
IIOBOPOTAax.

IIpenensl MeToma. MeTon paboTaeT POBHO HACTOIBKO, HACKOJIBKO KOMIIIEKT TOMIOJIOTHYECKH
cornacoBaH. Eciu TOPM30HTaIM [0 JTUHWUKM HE HOOBEIOEHHI, JIMHUS OCTAETCS HEeMOW ¥ YXOOUT B
OTHOEJNbHBIN CJION C MPUYWHOM. YHCII0 OMOPHBIX TOYEK MHUIINETCS B aTPUOYT n_samples M B XKypHAN
MeOWaHOW M MUHUMYMOM: OJHA TOYKa 03HAYaeT ITOCTOSIHHYIO OTMETKY I10 BCEU JTMHUU, ¥ 9TO BUTHO
cpaasy.

MecTo B KoHBe#epe. Bruixon - LineStringZ, rotoBasi ctopoHa ¢bopMbl [y BxomoB Bepx dopm u
Hu3s d¢popm nucrpymenTa 2.03. Bmecte ¢ 2.20, KOTOPHIHM coOMpaeT maphl U 3al0JIHSIET T0JIe CBA3H,
3TO 3aMBIKaeT Tonorpaduieckuii clieHapuii: IIollagHble KaphePhl, BEIEMKU, HACHIIIY U OTBAJIH, I'Ie
TOPU30HTAIX BHYTPH 110 HOPMATHUBY HE OMUCHIBAIOTCS, IIOTyYal0T HOBEPXHOCTh U3 OOHUX OPOBOK U
IIOIOIIIB.

2.23 JIMHUH CTOKA OT TOYEK, THHHUH U KOHTYPOB

Kynma cTreuéT Bozma u3 3agaHHOro Mecra. OT KaXXAo¥ CTapTOBOM AYENKHU MHCTPYMEHT UIOET BHU3 110
CKJIOHY II0 HalpaBJIeHuSAM CTOKa D8 u pucyeTt npouvaeHHBIN IyTh JTUHUEU.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Bxomxas LIMP

OTKyna cTekaet

[TpuéMHUKYU

Penbed B MeTpax B METPOBOM
cucTteMe KOOpAauHarT.

To4YKH, TUHUY UJTU KOHTYPHL.
Touka HaéT OmHYy TYEUKY,
JIUHUS TYEUKHU 10O COOOH,
TIOJIUTOH BCE SYEUKHU BHYTPH.
BomoéMel, peku, KaHaBHI.
Tpacca ocTaHaBIMBaeTCH,
OpHUAs B HUX.

OcTaHaBIMBaThHCSA Ha OcTaHOB B g4eliKe, Kyna 0
BOOOTOKE: IIOPOT, TYeeK cTekaeT 60bIlle 3alaHHOTO
yucna sueek. [Topor ToT Xke,
410 B 2.13. 0 = BHIKIL.
OcTaHaBIMBaTHCA Ha OcTaHOB TaM, I'ge NI0TOK 0
BBITIOJIa2KMBaHUU: VKIIOH, TepseT cuiny. 0 = BHIKIIL.
rpagycH
[I1vHa oJI0roro y4acTka, M Kopoue 3Tol guHE IOIKa 50
IIPOIIYCKaeTCs.
30Ha 3apOXIOEHUS: YKIIOH, OT6op Tpacc, y KOTOPBIX €CTh 0
TpagychHl OOCTAaTOYHO KPYTOU y4acToK. 0
= He IIPOBEPATE.
InrHa 30HEL 3aPOXKIEHUA, M Kaxko# mjuHE TOIXKeH ObITh 100
KPyTOU y4acCTOK.
OOpHBIBaTh TPACCY IIpH Tpacca oOpEIBAETCS, BIUBIINCL CHSATO
CIIUSHUHU B y2Ke IIPOUAEeHHYIO.
CriaxuBaHUE TPACCHI, CkpyrneHue neceHku D8 nnsa 0
urepauui (go.) yepTexka. OTMETKU He
MEHSITCH.
[TepeHecTH IOJIS UCXOOHOTO Kakue aTpuOyTH HCTOYHHKA -
obbekTa (morr.) JIeYb B TPACCY.
3amoMHUTD BIIaOUHEI [Tnaumon-ap0y nmepen BKJI.

TPaCCUPOBKOM: MHAYe IIyTh
TOHET B IEPBOU XKe sIME.

IInomamHabie HCTOYHUKH. KaHaBa B BOCEMb sTYeeK HAéT BOCEMbBb JIMHUM, KOHTYD OTBajia CTOJIBKO,
CKOJIBKO sfiYeeK OH HaKphiBaeT. HuiKe 1O CKJIOHY TpPacChl CXOOSATCS B OOHO Pycyio, u 6e3 oOpHIBa
[0 HEMY IPOUOET Kaxpasd: ThICA4da sSYeeK OTBajla HacCT THICAYY KONWM omHOro pycia. ®rmaxkok
OOpbIBaTh TpPaccy MPH CIHSIHHH IIpeBpallaeT Ny4YOoK B [epeBo, TOe Kaxaasa sdeilika mpoulmeHa
OOWH Pa3, a CBSI3HOCTh COXPAHSETCH - TPAacca JOBOOUTCS A0 MECTa CITUSTHUS.

30Ha 3apoKaAeHHsI 0OTOMPAET TPACCH [0 KPYTU3HE: OCTAIOTCS T€, Y KOTOPHIX €CTh YYaCTOK Kpyde
3aJaHHOTO yTJjla M He KOopode 3alaHHOM OJIMHEL. TaK MIIYT CXOI JIAaBUHEI - OHA CPBIBAETCS TaM, rae
CKJIOH OEePXKUT KPYTU3HY Ha IIPOTSIXKEHUH, a He B ogHOM ssueiike. OOLIYHBIE ITOPOTH 25 IPagyCcoB U
COTHS METPOB, IIMHA HaWOeHHOr 0 y4acTKa IIHUIIeTCs B IIOJIe steep m.

BeinonazkuBaHHue 00PLIBAET TPACCY y HOMHOXKMUS CKJIOHA, Ha Teppace, Ha IMouMe. YKIIOH MepsieTcCs
OCPEeOHEHHO II0 ITOCIeHUM MeTpaM IIyTH, U OJINHa 9TOI'0 y4acTKa 3aJaeTCs PAAOM: KOPOTKasd IT0JIKa
BHYTPHU KPYTOT'O CKJIOHA CpefHee He YPOHUT U IIPONYCKAeTCs, HACTOs]IIee BEIIIOJIaXXKUBaHUEe YPOHUT.
Pexxetcs o Hauasny y4acTKa, 9TO U €CThb MECTO, I'le IIOTOK pacTeKaeTCs.

IMoyemy B rpaaycax. IToporu 3amaiTCs yIJIOM, a HE OTHOIIEHUEM: JIJABUHHLIE ¥ T€OTEXHUYIECKUE
KPUTEPUH IUINYT B rpagycax, ¥ pacTp yKJIOHa y Tomorpada Toxe B rpagycax.

IIpryMHA OCTAaHOBKHM ITHUINIETCS B IIOJIE reason ¥ Pa3MYaeT YETHIPE CIIydasi: CTOK - HUXKe HEeKy[a,
Kpa# JIHCTA - penbed KOHYUIICS, IPUEMHHK - TPUIIITH B 3a[JaHHBIN BOMOEM UJIK BOJOTOK, CIMSTHHE
- Tpacca BIUJIACh B YK€ MPOUOEHHYIO.
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ITons BEIXOOA: src_id HOMep HCXOOHOTIO 06'I>eKTa, cells 49HCJIO A4Y€eK, length_m OJIMHA IIYTH, drop_m
rnnepemnan, slope CpeJI[HI/Iﬁ VKIJIOH, z_start ¥ z_end OTMETKH KOHIIOB, reason IDHYMHA OCTAaHOBKH.

Tpacca D8 upéT mo BOCHEMM HAIPaBIEHUSM U IIOTOMY BBEITTISOUT JI€CEHKOM mop 45 rpamycoB. ITo
CBOMCTBO MeTOfa, a He omubKa: CrjlaXXuBaHUe CKPYTJSIeT JIOMaHYIO OJIs YepTeXka, OTMETKU IpHU
39TOM He MEeHAI0TCA. JIMHUS CTOKa IOKAa3hBaeT IYTh IO TOIOJIOTUU pefbeda U He YUYUTHIBAET HU
BIUTHIBAHUE, HU IIOOTIOD, HU TPYOHI.

3. HOHOHHHTGHBHBIG HHCTPYMEHTBbI aHA/TU3ad

BBICOTHBIE OTMETKH KaK BTOpOﬁ HCTOYHHK

Tomonan, nmpuineqmui u3 ABTOKafa, YacTO He HeCET Z y OPOBOK M OTKOCOB: Tomorpad CTaBUT
OTMETKU OTHOEJIbHBIMU TOYKAaMU, a JINHUU OCTaBJIAeT IJIOCKUMU. [103TOMY BTOPEIM UCTOYHUKOM UOYT
BBICOTHBIE OTMETKH.

Touka MUHWIO He TepeceKaeT, 3HAYNUT BCTPedel CYUTAETCs OJIM30CTh: TOYKAa HE Jasibllle OOIycKa
NPUMBIKAHUS [OAET OIOPHYI0 OTMETKYy Ha CBOel AOyroBoM KooppauHaTe. [lanbille BCE KakK C
TOPU30HTAJISMU - IPOPUIL CTPOUTCS II0 BCEMY PSAY OIOPHEIX TOYEK.

Kyna craBsiTCSA BEepIIMHBI

OTMeTKa XKHUBET B BepUIivHe, a BCTPEe4Yu CIIy4aloTCd rge HpI/IHéTCH, II0O3TOMY BEPIINHEI IIPUXOOUTCA
HOGHBHFITB. HpaBI/IJ'IO TaKoe.

Ecnu BeplinHa yzKe CTOUT PSAOOM CO BCTpedel, OnumxKe OOIIyCcKa IPUBA3KY, HOBas He NoOaBIsgeTCH.
BMecTo 5TOTO BCTpeda OTHOCUTCS K CYILECTBYIOIIelN BepIINHEe: OTMETKa 3afaé€Tcs B Hel TOYHO, a
YMCJIO Y3JI0B JIWHUN HE PacTET.

Ecnu Onukamnias BEPIIIMHA OaJIbIIe, BEPIINHA BCTABJIAE€TCA B TOYKE BCTPEYH.

BcTaBKM IIPOPEXKUBAIOTCS HAMMEHBIIIUM IIIaroM: OBe IMOOpPsO He OMKe 3aJaHHOTro paccTosiHusg. Ha
TYCTBIX TOPU30HTAJISAX 0e3 3TOro JNMMHUSA oOpacTaeT y3jlaMu Tyllle, YeM HYXKHO penbedy. ITpoba,
KOTOPOM He MOCTAJIOCh BEPIIWHEI, IIPHU 3TOM He MPOoIafaeT - MPOGUIb CIYUTAETCS II0 BCEMY DPSIOY
po6, ¥ coceqHUE BEPIIUHE K HEel TSHYTCS.

3.01 KareropuaJbHbIH HHIUKATOPHbIM KPHUTHHT

HUuacTpymMeHT KaTeropmaabHbIH HHAIWKATOPHBIM KPHUIHHI CTPOUT KapTy BEPOSITHOCTH IIO
KaTeTropuaabHOMY IIOJII0: MUHEPAJIbBHOMY THITY, JIUTOTHILY, TI000MYy TEKCTOBOMY Kjlaccy. B oTnuuue
OT OOBIYHOTO KPHUTHHTA, KOTOPHIM MHTEPIIONMPYET BEJIMUYUHY, 30eCh OLIEHWBAETCs, HAaCKOJIbKO
BEPOATEH KaX[bIM KJIacC B KaX[OM TOYKe IJIOIaAu. DTO HYKHO TaM, Toe BaXXHa He BeJIMYMHA, a
MIPUHAJIe)KHOCTh K TUNY: TOe OXUIATh 3aMellleHNe, TIe CMeHsIeTCS COCTaB IJjlacTa, e IPOXOOUT
TpaHulla MeXay Pa3HOCTIMU.

[TapameTpsr:
[TapameTp Yrto 3amaér ITo ymomyanuto / cCOBeT
ToueuHEIN CIIOU HWcxomHEIE TOYKHA. -

KaTteropuanbHoe nomne (kimacc) Ilone Kinacca (MUHTHII, -
nutoTtut). [Tycteie u NULL He

unyT.
Pagmyc moucka, MuH./Maxc. ITouck u ceTka - KaK B «2D Kak y «2D Kriging»
TO4YEK, pa3Mep S49YeuKy, oXBaT Kriging».

Iomns caMmopoaka Homns camoponKa B IyCTO

mogoOpaHHOM BapuorpaMMe,
ot 0 oo 1. ITycro - kak
rmomo6pa’socs.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

BeposiTHOCTH 110 KJTaccaM
(MHOT'OIIOJIOCHBIH)

Kapra 30H (caMbIii BEPOSITHBIN
KJ1acc)

Pactp: ogHa nosnoca Ha Kiacc,
UM Kjlacca B OIIMUCaHUU
IIOJIOCHL.

Pactp xopma camoro
BEPOSITHOTO KJlacca,
COOTBETCTBUE KOOB B
Kypnar.

YBepeHHOCTh (MakKc. PacTp makcumyma Heo0sI3aTeIbHBIH
BEPOSITHOCTD) BEPOSATHOCTH: I'le KJlacc
YBEPEHHEIN, TOE CIIOPHEBIN.
YpoOBHU BEPOSATHOCTH YpoBHY OJ11 BEKTOPHEBIX 0.250.50.75
rpasul, gonu ot 0 mo 1.
Kmnacc st KoHTypoB HNMs Kmacca pOBHO Kak B II0Jie  IIYCTO
KyaccosB. IlycTo = Bce Kj1acCCHI.
BukyOuyeckoe criaxkuBaHUE CrylueHue rpuga nepeq X2
rpasui (mor.) KOHTYPHUHTOM, Kak B 1.04.
Ckpyrnenue rpanuil (Chaikin), TomomHUTENIbHOE TETKOE 2
urtepamnuiu (go.) CKpyTJIEeHHE.
['paHuULIEl yPOBHEU JluHVMY ypOBHEU C KJIaCCOM U Heo0sI3aTeIbHBIH
BEPOSATHOCTHU (JIMHUM) YPOBHEM.
[Tomocsl BEPOSITHOCTH [Tomocsl MeXOY YPOBHSIMHU C Heo0sI3aTeTbHBIN

(TIONTUTOHBI)

TOTOBOU pacKpacKOI.

O6pe3Ka 110 Macke Takas xke, Kak B 1.02: monuroH u3 npoekra jJubo BHITyKIas 000JI0YKa TOUYEK C
O0ydepom. Macka mpuMeHSIETCS KO BCEM TPEM BEIXOHaM - BEPOSITHOCTSIM, 30HaM U YBEPEHHOCTH.

Kaxk cuuraercs

KogupoBaTh Kimaccwel uuciaaMu 1, 2, 3 ¥ MHTEPIOJIHMPOBATh 3TOT KOM HEJb3sA. Y KaTeropuil HET
Mopsifika, Kjacc 3 He «HaJibllie» Kiacca 1, U cpemHee MexXAy HUMH OeccMBICIeHHO. [loaTomy
WHCTPYMEHT HUOET MHOWKATOPHBIM OyTéM. Ha KaxXKabli KJacC CTPOUTCS HUHOWKATOP: eOuHHIla
TaM, TOe CKBaXKWHa 3TOTr0 KJjlacca, HONb Be3lde UHadve. KaXXAbW MHONKATOP KPUTYETCS OTOEJIBHO
OpOWHAPHLIM KPUTHUHIOM, KaK OOBIYHOE MOoJie, ¥ HAéT IIOBEPXHOCTb OT HYJIS OO0 eOUHUIIL, 3TO U
eCTb BEPOSITHOCTH KJjlacca. BapuorpaMma mHAWKATOpPa ITOAOMPaETCss aBTOMAaTHYECKH ChepruiecKoi
MOIEJIBIO 10 9KCIIepUMeHTaIbHOM.

PasgenbHEBIE WHOWKATOPEI B CyYMMe He Jal0T POBHO €IJMHUITY 1 MOTYT HEMHOT' O BEIXOOUTHE 3a JUMAlla30H,
9TO M3BECTHOE CBOMCTBO MeTOJa. HOSTOMY OLIEHKa KaXKOoro KilaCCa 06p63&eTC5{ B HOJIb OOWH, a
3aTeéM BE€POSATHOCTH II0 KJIaCCaM HOPMHUHPYIOTCA Tak, 4yTOORI B KaXOou A4enKe UxX CyMMa PaBHAJIACb
€InHHUIIE.

Korga ckBazkuHa He ImoIajia B CBOIO 30HY

OOnIyHast XxKanoba: CKBaXKHMHa OIIACHOTO Kjacca HapHCOBajach BHE OMACHOM 30HBEI. JTO He cOoi
rmogbopa, a CBOMCTBO CaMOPO{Ka, M Pa30o0paThCsA B HEM CTOUT OO0 TOT0, KaK KPYTUTh OCTAJIbHBIE
rmapaMeTpHL.

PoBHO B TOYKe 3aMepa KPUTUHT TOYEH ITpU JTIF000M CaMOpOJIKe: OIleHKa B Y3JIe, KOTOPHIH JIET Ha YCTHE,
paBHa caMoMy MHOUKATOPy. HO y3en ceTkKy nmo4TH HUKOTZA He CaOuTCs Ha yCThe. [Ipu HeHylIeBoOM
CaMOpPOJKe ITOBEPXHOCTL OKOJIO TOYKM TEPIIUT PA3pPhIB, U YKe B HECKOJIBKUX METPAX OT CKBAaXKUHBI
OIleHKa IIPOBaInBaeTCsa K MeCTHOMY cpepHeMy. Ha cuHTeTH4YeCKOM nmpuMmepe ¢ camopogkom 0.5 B
[ISITH MeTpax OT ONMHOYHOM CKBAaXKMHEI Kj1acca «B» BeposaATHOCTH nagaeT mo 0.47, To eCTh IOL IIOPOT
0.5, a mpu 06HYyNIEHHOM camMopoake octaércs 0.97.

Orcropa nmapameTtp Jdojst camopoaka. ITycToe mose ocTasiseT aBTOIoOA00p Kak ecTs. Homb menaer
IIOBEPXHOCTb IJIaJIKOM y JaHHBIX, U CKBaykKMHa yHepXKUBaeT CBOM KjacC B CBoel suelike. OOmas
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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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OUCIepPCUs HPH IIepeHoCce MO COXPaHsSeTCs, MEHSIeTCS TOJIBKO TJIaJKOCTh, II03TOMY MacIiTab
BEPOSTHOCTEH He MiIBIBET. [lomoOpaHHBIE [OMM IO KjlaccaM ItedaTatoTcs B 2KypHam, Tak dYToO
CHaydajla MMeeT CMEICJI IIPOCTO MOCMOTPETh Ha HUX: OOIBIION CaMOPOAOK O3HAYaEeT, YTO KJIACCHI
ImepeMeniaHbl Ha KOPOTKUX PACCTOAHUAX, U 3TO conep}KaTeanHﬂ d)aKT O OAHHBIX, a HEe II1oMeXa.

O6HyJ’IHTB CaMOpPOOOK HY2KHO C OTKPBITEIMH I'JIa3daMH. OH He BEIOJYMKa r[o;:[60pa: OH H3Mep4derT,
HaACKOJIBKO COCegHHEe CKBAXKHWHBI PACXOOATCsA B KJIaCCe. Homnb o3Haygaer pelnieHue CHuTaThb KaXObINU
3aMep TOYHEIM H 00513aTeNIbHLIM K HCIIOJTHEHUIO. s KapT OIIaCHOCTH 3TO YaCTO ITIPaBHUIIBHO,
IIOTOMY 4YTO I€Ha IIPOIIyCKa U IIe€Ha JIOZKHOM TPEeBOTrM HECHMMMETPUYHEI, HO KapTa IIOCJIe 3TOI'O
CTAHOBHUTCS XECTUE U MSITHUCTEE.

BTopoe, oT 4ero 3aBucHUT nonagaHue, - s4dekika. OlleHKa CUUTAETCS B LIEHTPe SIYEUKH, U eClIU B
OIOHY S4Ye’Ky MOoIajii CKBa*XHWHBI Pa3HBIX KJIAaCCOB, HUKAKOM CaMOPOMOK UX He pa3BeHeT. Adduelky
3ajaBaliTe Melbde PACCTOSHUS MeXKIOYy COCEeOHUMU CKBaXkKMHaMU. TpeThe - IpaHUIlA IIOJIMTOHA:
TOJIOCEl BEPOSITHOCTH CTPOSITCSA M3 pPacTpa CO CriaXkKWBaHWEM W CKpyrijieHueM, oba HEMHOTO
OBUTAIOT JIMHUIO YPOBHS OTHOCUTENBHO s49eeK. EciIM TOdYKa BBIININIA 3a IIOJIOCY HAa BOJIOCOK,
[IPOBepbTE CHavasa 9To, CHAB 00a CriakKuBaHUSs.

9T10 Ha BBIXOOE

Tpu pesynpraTa. MHOTOIIOJIOCHBIM pacTp BEePOSITHOCTEHM, OJHa IOJIoca Ha KJjacc, UMs Kjacca
3amMcaHo B OIMCcaHue noJiockl. KapTa 30H, KOO caMOro BepOsSITHOTO KJlacca B S4eliKe, COOTBETCTBUE
KOIOB M KjlacCOB meuaTtaeTcss B ZKypHasy. HeoOs3aTenbHBEIM pacTp YBEPEHHOCTH, MaKCHUMyM
BEPOATHOCTHU B quﬁKe, II0 HEMY BUIOHO, I'l€ KJIaCC YBepeHHBIﬁ, a Irme 30HHBI CIIOPAT W IIPOXOOUT
rpaHuIa.

KapTta 3oH P{zameweHue) YEepeHHOCTE

- : , 10 - 10
64 . 3aMELIEHNE & i 64 i
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= 44 1 . = Z 44
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> > -
ER f f 3 0.4 34 0.4
2 [ 3 24
02 0.2
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04 0 04
] a 2 4 L] -
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Puc. 22: Pe3ynpTaT KaTeropuaabHOI0 HHOUKATOPHOI'O KPUTUHTA: KapTa caMoIr'0 BEPOSATHOI'O Kjlacca
II0 MHUHEPAJILHOMY THIIY, (l)OH CUJIBBUHHWTaA C O4YaraMu 3aMellleHnsa, CBePXYy HaHeCEeHEI TO4YKH
CKBaXWH.

B

Emé ogHO MOCTOMHCTBO 0OHAPYyKMBAETCS Ha JMaHHBIX C BEIOpocaMiu. OOBYHBIN KPUTHUHT BEIHYXKOEH
VHTEPIOINPOBaTh BEIMUMHY, W OOHA aHOMAallbHas mpoba JIoMaeT BapHOTpaMMy: Iapa OIHU3KUX
TOYEK C HECOIOCTAaBUMBIMU 3HAUEHUSIMU ITOOJHUMAaeT HAaTTeT, ¥ KapTa BHIPOXKIOAETCS B CpedHee.
UnagukaTop paboTaeT He C BEIWYMHON, a C (AaKTOM TPUHAAIERKHOCTH K KJIAcCy, MO3TOMY
aHOMaJlbHOEe 3HaYeHUe B HEM HEeOTJIMYHMO OT JII000T0 OPYyTroro Mo Ty Ke CTOPOHY mmopora. TaMm, rae
IMoKa3aTenb BeJeT cebst IUKO, a BOIIPOC 0 CYTH OBOUYHBIN, MHANKATOPHLIHN ITyTh HaféKHee MTPsSMOM
WHTEPIIOSIINH.

KaTeropuanbHbii momxon yooOeH TeM, 4To He TpeOyeT 3apaHee IPOBOOUTH rpaHully. He HYXHO
pemaTth, CUUTATh JIM YACTUYHOE 3aMellleHue omnacHHIM. KapTUPYIOTCS BCe THUIIBI KaK €eCTh, a
HYXKHYI0 KOMOWHAIIMIO KJIacCOB COOMPAIOT IIOTOM K3 BEPOSATHOCTEW. Pemkume KIacChl C MaJibIM
YHCJIOM CKBaXKWH OAlOT UIYMHYIO BApHOTrpaMMy, MHCTPYMEHT IpenynpexpaeT o6 stom B 2KypHau,
BEPOSITHOCTH II0 TAKOMY KJIACCy YHUTaNTe OCTOPOXKHO.

YT0oOB OCBOUTH MHCTPYMEHT 0e3 peasibHBIX HAaHHBIX, BKIOuYuTe B IIpmMep CKBaxkuH (IeMo)
ranky [Jo0aBHTHh KaTeropHajlibHOe I0JIe MHHTHIIA. B cioi mobaBuTcs mone mintype ¢ ¢poHoOM
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CUNTBBUHHTA M OdYaraM{ 3aMeIleHHs [0 o0pas3ily PyOHHKA, Ha HEM HHCTPYMEHT MOXKHO Cpasy
ITPOTHATh.

ITpu HepaBHOMEPHOM CETH MOXKHO 3afilaTh HeoO0si3aTeJIbHOE T10Jie BeCcoB wt u3 mHCTpyMeHTa 1.01
Oexknacrepu3anus. Torga MHAUKATOP KaXMOOro Kiacca KPUTyeTCs K ero [eKjlacTepu30BaHHOU
IooJie, a He K HYJIIO, II03TOMY BIaJi OT HaHHBLIX BEPOSATHOCTH CTPEMUTCS K IIPENCTaBUTEIbHOU [oJie
Kitacca. be3 BecoB moBefeHMEe IpeXHee.

BeKTOopHBIE I'PAaHUIIBI 10 BEPOSITHOCTSIM

KapTa 30H 0TBe4aeT Ha BOIPOC «KTO MOGEHUII B T4eiiKe», ¥ 9TOr0 4aCcTO Maslo. [IJIs mIaHupPOBaHUS
HyXKHee I10JI0Ca IIepexofa: Irae KIacC YBePEeHHBIH, IIe CIIOPHLIHM, Iie YBEePEeHHO APYrof. DTO HAioT
oBa H6065{3aTeHBHbIX BEKTOPHBIX BbIXOOA4, I10 YMOJIYaHUWIO BEIK/TIOYEHHBIX.

YpoBHU 3apaioTcs mapaMeTpoM, 1o ymosrdanuio 0.25, 0.5 u 0.75, To eCTh YeThHIpe IOJIOCH: YBEPEHHO
HET, IBE CIIOPHLIE ¥ YBEPEHHO Oa. JINHUY HeCyT KJIacC U YPOBEeHb. [I0TUTOHEI HECYT KJIacC, TPaHUIIbI
nosnockl B nonsax P_MIN u P_MAX u roToByio IOANUCEH IT0I0CH B ntonie band Buma «0.25 - 0.5». ITo
9TOU MMOAMIHUCU CJION Cpa3y pacKpalluBaeTCs KaTerOpUusIMM OT 3€eJIEHOTO K KpaCHOMY, HacTpauBaTh
JIeTeHOy PyKaMH He HYXHO.

OpgHa 1moJjioca MOXKET IIpuexaTh HECKOJIBKUMM O0beKTaMH, €CJii OHa pa3buTa Ha OTHEeJIbHBIE
Y4aCTKH MJIOMIaAu. DTO HOPMaJIbHO ¥ YOOOHO: IIJIOIIaOH CUUTAIOTCS 10 KaXKI0MYy yYaCTKY OTHEeNIbHO.
B nerenme mpu 3TOM POBHO CTOJIBKO CTPOK, CKOJIBKO ITOJIOC, IOTOMY YTO pacKpacka MOET II0 II0JIOCe,
a He II0 OJHOM €€ rpaHUIIe.

I'paHUIILI CTPOSTCS IO KaHaTy BEPOSITHOCTEH, a He IT0 KapTe 30H, ¥ 9TO He MeJioub. KapTa 30H XpaHUT
TOJIBKO ITOOEauTe s B SsUeliKe, a rme UMeHHO BHYTPU STYEeHKH ITPOIIia TPaHuIla, B HEeH yX&Ke II0TepPsIHOo,
M KOHTYP TAaKOH KapTH HUOET CTYIEHSMHU II0 KpasM sfdeek. CrilakuBaTh TaKyl0 JT€CEHKY 3HAYUT
BBIIYMBIBATh IIOJIOZKEHUE T'PDAaHUITLL. I10jIe BEpOSTHOCTEH 3Ty MHGOPMAIIUIO OEePKUT, U KOHTYP IO
HeMYy JIOXKHUTCS TyMa, KyJla ero CTaBUT caMa MOMEeb.

ITpu gByX Kjaccax ypoBeHb 0.5 coBIlamaeT Cc rpaHUIlEed 30H: Kjlacc mobexkaaeT POBHO TaM, I'le ero
BEPOSITHOCTH BHIIIIE TTOJIOBUHEL. [103TOMY OofiviH ypoBeHSb 0.5 HaéT 0ObIYHYI0 OMHAPHYIO KapTy, TOTBKO
C TJIagKOM TpaHuIleil BMECTO CTyleHuaToi. IIpu Tpéx u 6ojiee Kiaccax 3TO yXKe pas3Hble BEIlH,
nmobenuTh MOXKHO U ¢ 0.4, ¥ 3MeCh CTPOUTCS MMEHHO BEPOSITHOCTH OBITH MAHHHIM KJIAaCCOM, a He
TpaHulia Io0eauTens.

ITpu OByX Kilaccax BOKCHIBaiiTe B KiIacc Ojisi KOHTYPOB HHTEPECYIOInii. BepoSTHOCTH JOIOIHSIOT
OPYT Opyra OO0 eOUHUIIE, M BTOPOI HabGop OymeT 3epKajlbHBIM Oy6JIeM IepBOro.

3.02 Kpurunr ¢ saemrHuM apeudom (External Drift)

HUucTpymeHnT Kpurunr ¢ BHemrHuMm ape#dom (External Drift) omenuBaeTr mose mo Todkaw,
KOTa OHO 3aKOHOMEPHO CBSI3aHO C BEJIMYUWHOU, KOTOpas yXKe H3BeCTHa BCIOOY B BUOE pacTpa.
Tako# pacTp Ha3bBaioT aperidoMm. UM MoxKeT OBITh CTPYKTYPHAsI IOBEPXHOCTh COCEHETO IIJIacTa,
rpybasi pervoHajibHasi MOMAEJb, IIOBEPXHOCTb II0 PEOKOM CeTKe WM CEeUCMHUYECKHuH aTpudyT.
OOBIYHBIM KPUTHHT BUOUT TOJBKO CaMM CKBAaXKMHEI, a 3[eCh K HUM [00aBisieTCsa 3HaHUE O ¢hopMe
[IOJIL MEXKOy HUMH, U OlleHKa OIlMpaeTcs Ha 9Ty (opMy TaM, I'le CKBaXKUH HeET.

HWHCTpyMEHT CTOUT B rpynie [ONMOJIHUTE/IbHbIe HHCTPYMEHTHI aHa/IM3a U OIIUpaeTCs Ha TO XKe
sapo, uTto u 2D Kriging. MaTeMaTuKa KpUTrMHTa He MeHsieTCsS. MeHsIeTCSI TOJIbKO TO, II0 YeMY
CHUMAaeTCSI perruoHanbHasa COCTaBIgoIas.

[TapameTpsr:

[TapameTp Yrto 3amaér ITo ymomuyauuto / coBeT
TodeuHIl CIOU HcxomHble TOYKH. -

[Tone 3HaueHud (Z) HWHTepnonupyeMsiii aTpubyT. -
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

PacTp BHemHero apetida

Kanan pactpa gpetida (o)
CreneHs apeiida

Tun KkpuruHra, paguyc,
MUH./MaKC., HarTeT, CTPYKTyPHL
Crnamuts rpup (Iaycc),
pamuyc criaxkKuBaHUSA

PacTp kpuruHra c gpeidom

CraHmapTHas omubKa
KPUTHUHTA

CTOpPOHHSISI TIOBEPXHOCTS S,
U3BeCTHas BCOAy. B ogHOU
CRS c Toukamu, TOKpPHEIBAET
00/1aCTh.

ITormoca MHOTOIIOIOCHOTO
pacTpa gpeiida.

JIuneninas (a0+al-s) unu
KBafpaTU4YHas CBS3b.
Kpurusar octaTkos - Kak B «2D
Kriging».

Heo0Os3aTensHOE
CcrilakvBaHUe pe3ybTaTa.
BrixomHast orieHKa (mpeid +
KPUTHUHT OCTATKOB).
Heo0si3aTenbHEBIN pacTp
CTaHIOAPTHOU OIUOKHN

1 (MUHEeMHBIN)
Kak y «2D Kriging»

BBRIKJ. / 1

IPOIyIeH

OCTaTKOB.

B uéM oT/IMYHE OT CHATHS TPeHIa

®maxo0K CHATH MOJIMHOMHAILHBIHN TpeHa v 2D Kriging onrchiBaeT perHoHaTbHYI0 COCTABIISIOITYIO
IIOJIMHOMOM OT KOOpAHMHAT, TO €CThb HaAKJIOHHOM HJIU I/I3OT‘HYTOﬁ IIJIOCKOCTBIO. DTO TOOUTCHA, KOTroa
nafeHue IjlacTa OGHOPOOHO U ero ¢bopMa npocrta. Ho ecnu y monst ecTh BHIpaXkKeHHas CTPYKTYDa,
MIOBTOPSIOIIAsA U3BECTHYIO IIOBEPXHOCTD, IIJIOCKOCTh €€ He OIHUIIIET.

Buemnuil gpetid cHUMaeT peruoHalibHYI0 COCTABISIONIYIO He 10 KOOpAHWHAaTaM, a 10 CTOPOHHEMY
pactpy. Ecnu, HanmpuMmep, KpOBJIs MHTEPECYIOUIEero IIjlacTa IIOBTOPSET penbed IIOACTHUIIAIONIETO,
IJIS KOTOPOTO IIOBEPXHOCTh y2Ke IIOCTPOEHAa, 3Ty CBSA3b CHUMAaIOT perpeccruell Ha MOACTUJIAIOIYIO
IIOBEPXHOCTh, @ KPUTYIOT yKe OTKIJIOHeHUs OoT Heé. [Ipeid 3mech He QYHKIIMSI MecTa Ha KapTe, a
byHKIMSA 3HAUEeHUS BHEIIHEro pacTpa B TOM Ke TOoukKe. BCE€ ocTambHOE COBIIaJaeT CO CHSITHEM
MMOJIMHOMHUABPHOTO TPeHa. JTO Ta XK€ CXxeMa perpecCUs-KPpUTHUHT.

Kak cuuTaercsa

Craugana pacTp Opeida CUUTHIBAETCS B KaX[OOW CKBaKMHE, OMIMHEWHO II0 YETHIPEM COCEOHUM
dyelKaM. 3aTeM 3HaueHWe IIONIsI pPerpeccupyeTcsa Ha I3TO CUUTAHHOE 3Ha4YeHUEe MEeTOOOM
HaWMEHBITUX KBafapaToB. CTrenens apeuda 3amaét Bup cBsizu. CTemneHs 1 9TO NMUHEHHBIH apeid
Bupda 3HaveHwe paBHO al mmioc al Ha mpeld, obOwbruHBIM BhIOOP mmst External Drift. Crtemenp 2
OINMCHIBAET U30THYTYIO CBA3b C KBajpaToM Opelda, HO MoxkeT BoOpaTh B ceOs 4acTh peajbHOMU
CTPYKTYPHL, IO3TOMY IIOCJIE HEE CTOUT IIOCMOTPETH Ha BApUOTrpaMMy OCTaTKOB.

I[arnpile KPUTYIOTCS OCTATKM Perpeccuy, POBHO Kak oOwprgHOe mosie B 2D Kriging, co cBoeit
BapuoOrpaMMoOM, ITIOMCKOM U aHu30Tponueli. Ha nocnegueM miare pactp gpelida nepecyuTeBaeTCs
Ha CeTKy KpPUTHUHTa, U apeid nobaBnsgeTcss K KPUTOBAaHHOM OIleHKEe OCTATKOB oOpaTHO. MToroBas
OlleHKa B KaXMOoM sg4deliKe paBHa Opeldy IIIOC KPUTMHT ocTaTKa. [I0CKONBKYy Opeld H3BECTEeH
BCIOly, OIleHKa MeX[y CKBaXXMHaMU TSHETCS He K JIOKaJlbHOMY cpefHeMy, a K ¢dbopMe BHEIIHEU
ITIOBEPXHOCTH.

CKBaXMHBI, KOTOPHIE TTOTIaJIA 3a IPedekl pacTpa apeiida, B mog0bop He UAYT, MHCTPYMEHT CO00IIaeT
B 2KypHam, CKOITbKO WX OTOpOIIeHO. HJYelKH CEeTKU, He TOKPHITHIE PAacTPOM mAperda, HJOCTPOUTH
HeYeM, T03TOMY OHM OCTAIOTCS MYCTHIMU BMECTE CO CTAaHOAPTHOM OIMUOKOM B HUX.

ATpuUOYTHI CTeHepHPOBAHHOT O CJIOS
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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 — =

=120
=140
—160
=180
=200
—220

=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 YTo 3amaéTt ITo ymonmgaHuio / COBET

Pactp Hamnopa I[Tre3omMeTpUYecKas -
IIOBEPXHOCTH (pe3ybTaT
KPUTUHTA 10 YPOBHSIM).

PacTtp koaddunmuenTta CBOMCTBO IIJIaCcTa OJIs -

dunprpanmu K (M/cyT) CKOpPOCTH pUIbTPALIN.
Heo6s3aTeneH, HO Hy>KeH X0Ts
Onl omuiH U3 K, T.

Pactp Bopgonposogumoctu T CBOUICTBO m1acTa OjId pacxoma -
(M?/cyT) 4yepes IMUPUHY.
Pactpet K u T 3amans Kak In [IpuMeHUTH eXp K BXOOHBEIM BBIKII.
pacTtpam (Ois mor-kpuruura K
uT).
CrnaxkmBaHMe HaIllopa, S4eek lacut mym Hamopa nepep 0
ouddbepeHIPOBaHUEM.
BekTOpHI IOTOKa: IIar Yepes CKOIBKO YeeK CTaBUThL 8
IpOpeKUBaHMUA CTPEJIKY.
Kanansl pactpos ([Io1.) ITos10CHI MHOTOIIOJIOCHBIX 1
pacTtpoB Hanopa, K, T.
CkopocTb GunbTpaIuu g BrrxopHoit pactp q = K-|Vh]|. co3maéTcs, ecnu 3agaH K
(M/cyT)
Pacxopn gepes mupuny Q Brixopguoi pactp Q = T+|Vh]|. co3paéTcs, ecnu 3agad T
(M2/cyT)
HamnpaBnenue noTtoka (a3uMyT) BrIXOgHOU pacTp a3uMyTa. HeobOs3aTeIbHBIN
BekTopEsl OTOKA (TOYKHU) Crnoit cTpesioK (IIOBOPOT IO @z, CO3AaETCS 10 YMOJIYaHUIO
pa3Mep 10 yOeIbHOMY
pacxony).
IIpumenenue

I'me Boma mBuzKeTCs ObICTPee U I'TIe MeOJIeHHee, OIleHKa IIPUTOKOB K BEIPAa00TKaM, 30HHI TOBLIIIIEHHOM
dunpTpalu BOOIb NPOHUIIAEMEIX TaueK. COBMECTHO C KapTOW BEPOSITHOCTU IIPEBLIIIIEHUS MOXKHO
IMOKa3aTh He TOJIbKO OXKHUIaeMbIl pacxXofl, HO U YBEPEHHOCTDb B HEM TaM, T'le TOYEK UCIILITaHUN MaJlo.

3.06 I'ayccoBa cumyiasanusa (SGS)

KpuruHr maét ogHY CTilazkKeHHYIO IIOBEPXHOCTh U AUCIIePCUIO OlleHKU. [locmemoBaTesibHAS rayccoBa
CUMYIISLUS OTBeYaeT Ha OPYroM BOMNPOC - KaKoBa HeolpemelnéHHOCTb. OHa CTpPoOuT aHcaMmOIJib
PaBHOBEPOSTHBIX peanu3aliii: KaxKmas BOCIPOU3BOAUT THCTOIPaMMy U BapuUOTpPaMMy OaHHBIX,
MTPOXOOUT UYepe3 CKBaXXWHBI M TOTOMY OCTAE€TCS IIEepINaBO¥, a He crilaxeHHOu. [lo Habopy
peanu3anui B KaxXaoM y3Jie HabupaeTcs pacipeneseHue 3HaYeHUH, ¥ OTCIOla BUIHO, TIe OlleHKa
Hag€xKHa, a I'le JaHHbIe MOoJT4Yar.

Kak 310 paboTaeT. 3HaueHHUS MEePEBOOSTCS B HOpMajbHBIe Oaribl (normal score), ¥ CUMYyISIUS
UOET B TayCCOBOM IIPOCTPAHCTBE. Y3/bl Irpuma oO0XOOsATCS B CIyYalHOM IIOPSAKEe, B KaXIOM y3JjIe
IIPOCTOM KPUTHHT II0 COCEOAM M yXKe CUMYJIWPOBAaHHHIM TOYKAM MOAaéT JIOKAJlbHOEe cpedHee H
OUCIIEPCUI0, U3 9TOTO HOPMAJIbHOTO pachpeneleHusT PO3BITPHIBAETCS 3HAYEHUEe, KOTOpoe TYT XKe
CTAHOBUTCSI 00yCIaBIUBAIOIINM OJISI CJIEOYIONINUX y3JI0B. CKBaXKUHBI IPUBA3LIBAIOTCA K OIHKAUIINM
y3naM u GUKCHUPYIOTCS BO BCeX pean3alluax. B KoHIIe KaxKgasi peaan3alius IepPeBOOUTCs 00paTHO
B MCXOOHBIE eIUHHUILI. BaprorpaMMa HOpPMaJIbHEIX OaIIoB IMOOO0HUPAaeTCss aBTOMATHYECKH, €€ IIopor
OJIM30K K eIUHHUIIe.

O6pe3ka mo Macke Takas xke, Kak B 1.02, u mpuMeHsIeTCS K KaxXOou peanu3aruu. Ha OosbimoM
aHcaM0Jie 9TO 3aMeTHOE BpeMs: eCJIM OHO MellaeT, oO0pe3aliTe CTONKY OTHENIbHO IIOC/ie pacyera.
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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

7 9

i

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

ITapamMmeTpsbI

[TapameTp

YTo 3amaeT

[To ymom4gaHuio / COBET

Touku (CKBazKMHEI)
[Tone 3HaueHUSA

TouyeuyHBIN CJIOM C DJAHHBIMH.
YucnoBoil aTpubyT Oiis

CUMYJISITAN.

Pazmep sueliku [Tar rpupa. O - aBTO, 0
min(oxsarT)/50.

KonuuyecTBo peanuzanui CKOJIBKO IIPOTroHOB ycpenHATh. 60 (50-100)

ITopor oTceuku BxiroyaeT KapTy BEPOSITHOCTA  He 3aJaH
MIPEBHIIIEHUS.

BeposaTtrocTs BbIIIE nopora HamnpasieHue BepOsSITHOCTH. Ja

OxBaT pacTpa [TpssMOYTOJILHUK pe3yJibTaTa. 10 CJIOI0

Mogens BapuorpaMMel 0aioB  Momens [asi HOPMaJIbHBIX aBTO

(Oort.) 0aJIjIoB.

Makc. Konu4decTBo cocefelt Ha CKOJILKO TOYEK B IPOCTOM 16

y3en ([Jor.) KpUTHHTE y3Ja.

Papguyc moucka ([or.) 0 - aBTO, 3 pagmyca 0
BapuOTrpPaMMHI.

3epno I'CY ([or.) IInst BoCcIIpou3BOoauMOCTH. O - 0
CIIy4auHo.

[Tone BecoB meknacTtepulanuu  Beca wt u3 unctpymerTa 1.01, Hert

(Oom.) Heo06s3aTeIbHO.

Brerxogbl 3TO pacTpel mo aHcambnio. CpemHee (E-type) moxoxke Ha Kpuruar. CTaHOapTHOE
OTKJIOHEHHUE I10Ka3hIBaeT HEONPENeJIEHHOCTh, Majyl0 y CKBaXXUH U OOJIBINYI0O BOAJIM OT HUX.
KeauTtunu P10, P50, P90 ouepunBaioT BEPOSTHHIY OUana3oH, 8 BeposaATHOCTH NpPeBBIMIEeHUus I1pU
3aJaHHOM IIOpOTe JaéT HellapaMeTPUYeCKylo aJlbTepHATUBY KapTe U3 HHCTPYMEeHTa BEPOSTHOCTH.
Bpemst pacTET ¢ pa3MepoM Tpufa U YUCIIOM peann3allui, I03TOMY HauuHaWTe C TpyOoH sSTYerKu.

Ecnu maHHEBIE CTYIIIEHE HEPAaBHOMEPHO, ITofauTe mojie BecoB wt u3 uactpyMmeHnTa 1.01 [Jekj1acrepu3anusi.
Torma HOpManbHO-OamnbHOE HOpeoOpa3oBaHUE CTPOUT (GYHKIIMIO pacIpelesieHHs C BecaMu, U
TucTOorpaMMa aHcaMO0Jisl He IIepeKoIlleHa B CTOPOHY Ilepepa3BeNaHHbIX 60TaTHX Y4aCTKOB.

Buabl KpUruHra: KakoM BeIOparh

Ilog cmoBoM «KPHUT'UHI'» B IIJIaTUHE XKHUBET CEMeMHCTBO MEeTOoOoB, u BbIﬁOp MEeXKIOYy HUMH BIIUSAET
Ha pe3yJIbTaT CUJIbHEeEe, 4YeM TOHKasd HaCTpOfIKa BapuOTrpaMMEHI. Bce Bughbt penrarT OOHY U Ty XKe
CucreMy ypaBHeHI/Iﬁ C KOBapHallUsiMH M3 BAPHUOI'PAMMEI. PaznuyaioTcs OHU Te€M, YUTO CUUTAETCS
HN3BECTHEBIM IIPO CpegHee IIoJjie U 4YTO MMEHHO OII€HHMBaeTCsda - TOYKa, OJIOK HIIH BEPOATHOCTE. JTa
I'JlaBa - HaBUT'AaTOP. HapameTpH KaXOOro MHCTPYMEHTa OIIMCAaHBI B CBOUX I'JlaBaX.
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IIpocto¥ kpurunr (SK) mpenmnosaraet, YTo CpefgHee IIOJIs U3BECTHO 3apaHee U IIOCTOSIHHO II0
momany. B61u3m cKBaXkuH OIleHKa CIIeqyeT JaHHEIM, [10 Mepe yOaJleH!s CTATUBaeTCs K 3aaHHOMY
cpegHeMy. BepuTe ero, Korfa cpefHee NOATBEPKAEHO CTATUCTUKOH I10 IIPEICTaBUTEIILHON BEIOOPKE
TOTO Xe [OMeHa, CpefHee «Ha IJa3» YBOOWUT BCe Hemopa3OypeHHBIe Kpasi B CTOPOHY OIIHOKM.
Bknroyaetcs BeiOopom tuna B 2D Kriging.

OpouHapubid kpuruar (OK) cpemHero He 3HaeT M OIEHHBAET €ro JIOKaJIbHO B KaxKOoH
OKPECTHOCTH - 3a 3TO OTBEYAEeT [IOIOJIHUTEIIbHOE yYPaBHEHHE C YCJIOBHEM «CyMMa BECOB paBHa
eguHUIle». Boanmm oT CKBa*KWH OIleHKA TSAHETCS K CpefHeMy OnuzKaWiled OKpPEeCTHOCTH, a He K
rnobGanbHOMY. ITO BHIOOP IO YMOJTYAaHUIO: HE 3HAaeTe, C 4ero HayaTh, - HauuuTe ¢ OK.

KpuruHr c tpeHmom (ranka cHsaTus Tpenpma B 2D Kriging) - ons moneit ¢ 3aKOHOMEPHBIM
pervoHanbHBEIM YKJIOHOM: KPOBJISI Ha MOHOKJIMHaAIM, KpPbUIO ckiaagku. [lonuHom 1-1 unmm 2-u
crenieHu cHuMaeTrca MHK, KpuryrmoTcs OCTaTKu, TPEHI BO3BpalllaeTCA K OLieHKe. [IBa IpaBuia:
BapuorpaMMy 3ajaBaiiTe 10 OCTaTKaM (IJIarvH I1edaTaeT AOJII0 CHATON AMCIIEPCUH - €CJIU OHA Majla,
TPEeHO He HyXKeH), ¥ He 9KCTPAIlONUPYHTe KBaIpPaTUYHLIN TPEHM majlekKo 3a 00J1aK0 CKBaXKHH.

Kpuruar ¢ BHemmHuM apeidom (rnasa 3.02) - Korma TPeHI HM3BEeCTeH He Kak (GopMmyna, a
KakK IIoJie: CTPYKTypHas OBEPXHOCTh COCENHETrO IjlacTa, peruoHasbHas MOIENb, CEeMCMHUYECKUU
aTpubyT. CxeMa Ta Ke - perpeccus Ha gpelid, KpUTHHT 0CTATKOB, BO3BPAT PETPECCUH.

BiouHbId KpuruHr (mapametp nuckpetusanuu B 2D Kriging) oneHuBaeT cpenHee mo GIIOKY,
a He 3HAUYeHWe B TOUYKe: IIpaBasg 4aCTb CUCTEMHI YCPEOHSETCS 10 OUCKPEeTU3aluM, OUCIIEePCUs
OIINOKYU ITafiaeT, BEIOPOCH racsAaTcs. bepuTe ero ojis nofacdéTra 3anacoB II0 CeTKe OJIOKOB U IIOMHUTE
po adderT HOcuTens: rpunm GJI0YHOTO KPUTHHIA 3aKOHOMEPHO Ijlake TOYEeYHOTO, CPaBHUBATh
copmepzKaHue IpoOHl ¥ comepKaHue 0JI0Ka HAIPSIMYI0 HEJIb34.

HMHOUKaTOPHBIH KPHUrHHr (rimaBa 3.01) - mms KaTeropwii: MUHTHI, (alusi, 30HA 3aMeIeHUs.
Kareropus npespartiaetrcsa B unpukatop 0/1, kpuryercsa obsrdHbiM OK, pe3ynbTaT - BEPOSATHOCTD
KJjlacca B TOYKeE, IOPOrOM M3 HEE IOJIy4aioT JOMEHH. BaprorpaMMa WHOMKATOPOB CBOSI U OOBIYHO
KOpOYe BapuorpaMMBbI COTePKaHUA.

I'ayccoBa cumynsinus (r1aBa 3.06) - He KDUTUHT, a €ro AOIOJIHEeHUEe: BMECTO OJHOU CriIaXKeHHOU
ITOBEPXHOCTU aHCaMOJIb PAaBHOBEPOSITHHIX IITEPIIIaBLIX peanu3allnii, 13 KOTOPOTro HeOHIpeneIeHHOCTh
BUHA HAIPSIMYIO.

IIImapraaka

3apmauya Bun I'me BKIo4aeTcs
YHuBepcanbHHY ciy4dal, ctapt OppuHapHbT (OK) 2D Kriging, Tun o

060t 3amayu YMOTYAHUIO

IHaHHBIX MHOT'O, CpefHee ITpoctou (SK) 2D Kriging, Tun SK + cpenzee
moMeHa 000CHOBaHO

KpoBns unu mogoirBa C C TpeHOoOM 2D Kriging, cHaTHE TpEeHOa
peruoHaabHBIM YKJIOHOM

TpeHn n3BeCTeH KakK pacTp C BHemHUM apeidom rnasa 3.02

3armachl 1o ceTke GJIOKOB Brnounei 2D Kriging, puckpetu3anus
MuHTHII, 3aMelleHue, NHOuKaTOPHBIN riasa 3.01

KaTeropuu

O1eHKa HEONIPEeOeIEHHOCTU Cumynsanusa SGS rnasa 3.06

OKpecTHOCTh IIOMCKa 00Iasi [OJis BCeX BUIOOB, M TPH HpPaBHUIa CHUMAIOT OOJIBIIHHCTBO IIPOOIEeM:
paguyc IIOpsifKa pafuyca BapHoOrpaMMEBI, MAaKCHUMyM cocemei 12-16, aHM30TPOIHUS OKPECTHOCTH
corylacoBaHa C aHMU30TPOIKUEH BapuOrpaMMEl U3 BAPHOTPAMMHOM KapTHI.
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3.07 IIITOTHOCTH MO 3aMepaM (mepeMeHHasi OImopa)

UHCTPYMEHT CTPOUT KapTy IJIOTHOCTH, THe 3aMep 3aJaH He TOYKOH, a HOCHUTEIeM KOHEUYHOTO
pasMepa: TOYKa C CHUTMOM HEOIPENEeNIEHHOCTH, OTPE30K JHWHUYU (KOPUZOP IOJYIIMPUHEI) WIIN
noynmron. EpuHuYHAs Macca 3aMepa pa3Ma3bBaeTCs II0 CBOEMY HOCHUTeII0. Macca coxpaHsiercs,
a IJIOTHOCTb oOpaTHa IIJIoIIanu HOCHUTENs, II03TOMYy IpyOble IIPUBA3KH C€aMO0OCabiIsioTCs
reoMeTpHUYecKy, 06e3 IMOPOroB M (GUIBTPOB. ODTO OI[€HKA MJIOTHOCTM (CKOJIBKO U TfHe), a He
WHTEePIONISNUA 3HaUYeHUs - [IJI5 3HaYeHUN 0CTaETCS KPUTHHT.

Tun reoMeTpuu OOMH Ha 3amycK. CMeIaTh TOYKHU, TUHUN U MOJIMTOHBI MOXKHO CEepHel 3aIllyCKOB B
OOWH PacTp (pexkuM JOIUCHBaHMU). [10 KaKAOMy THITY Macca pacKIagblBaeTCs II0-CBOEMY:

* To4ka - rayCCOBO MATHO C CUT'MOM U3 MOJISI TOYHOCTHU, 00pe3Ka Ha TpU CUrMbL. CUTrMa HUXKE
IONySTYeUKY ITIOOHUMAETCS 00 IOy TYeUKU.

* JIMHUA - KOPUOOP MATKUX KPa€EB: IONMUINHUSA VIIJIOTHAETCS, Macca OeNIuTCS 110 OJINHe, KaXKaas
TIOIOTOYKaA - FayCCOB IMPOGUJIIb C CUTMOM-IONTyImupuHo. [Tonng from m/to m BeIpe3aloT MHTepPBall
110 TUHENHOU IPUBSI3KeE.

* IToruroH - mMacca HOEeNUTCS IO IJIOIagW PaBHOMEPHO /160, B Aa3UMETPUUECKOM PEKUME,
IPOIOPLMOHANILHO BCIIOMOTATEIbHOMY PacTpy (HaceneHue, 3acTpoiika). [Ipu mycTtom pactpe
BHYTPHU IIOJIUTOHA - OTKaT Ha paBHOMEDHOeE.

Bbixog u HHBAPHAHT

OCHOBHOM BBIXO[l - TPEXKaHAIbHLIM pacTp. KaHan 1 - NJIOTHOCTE B Macce Ha KM? (He 3aBUCHUT OT
pa3Mepa stuetiku). Kananer 2 u 3 cny)e0Hble (X2m-0 ¥ Xm), 4TOOH ONIKUCHIBAHNE CEePUSIMHU U KapTa
3(MHEeKTUBHOM CUTMEI OCTAaBaIMNCh TOUHLIMH. Heo0s3aTeIbHEIN BTOPOM PAcTp - CPemHeB3BeIIeHHAS
curMa 1o sg4Yedke, Kapra 3(PpGEeKTUBHOW TOYHOCTH: OHA OTHENSEeT IIJIOTHOCTh, 0OEeCIeYeHHYIO
TOYHBIMH I[PUBA3KaMM, OT pa3Ma3aHHOU. OTO aHajJol KPUTMHTOBOU [OUCHIEPCHUU OJI STaxka
IIJIOTHOCTH.

WHBapuaHT: MHTerpan MIJIOTHOCTH [0 pacTpy paBeH CyMMe MacC Bxoma. CuuTaeTcsa Bcerga U
IIHUIIEeTCS B JI0T. PacxoxaeHue - IPU3HAK TOI'0, YTO HOCUTEIIH BHIIINH 3a 00J1aCTh, IIOBeIeHNe 3a0aéT
MepeKJsYaTesib Kpas (JOHOPMUPOBATL BHYTPU UJTU IIOTEPSITH MAaCCy C IPEAyIpPeXaAeHUEM).

Kak uurarthb

[ImoTHOCTE MOKa3BIBAeT, I'le€ CTYIMAIOTCS 3aMephl C YYETOM MX HAOEXKHOCTH. TouHas IPUBSI3Ka
OaéT KOMITaKTHOE IISITHO, Ipy0asi - pa3MeITOe U Hu3Koe. [1o KapTe aHeKTUBHOM CUTMBI BUOHO, THE
IJIOTHOCTh HaOpaHa TOYHBIMU HOCUTEJISIMU, a I'lle pa3Ma3aHHBIMU - TaM [JOBEPUS MEHbIIIE.

[TapameTp YTo 3amaéTr ITo ymomganuio

3amepsl

I[Tone macchl
ITone TouHOCTHU

Touku, TUHUY WU IIOJIUTOHEI
(omuH THUI).

Macca o6BeKTa.

Curma TO4YKHU HIIH
MONMyIIUPUHA JTUHUH.

1
CUIrMa II0 YMOJITYaHUIO

Pazmep sueliku, M [ITar ceTkwu. 50

Ob6mnacTb DKCTEHT. 10 CJIOIO

Hocurenb 3a KpaeM IToHOPMUPOBaTh BHYTPU UIIHU IOHOPMHPOBATh
IIOTEPSATH Maccy.

CurMma no ymonganuto ([om.) Korpa nosie TO4HOCTH IIYCTO. nojaysdenka

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

Bcoowm. pactp (Hom.)
Homnwucatk B pacTtp ([Hor.)

ITnoTHOCTB

Ha3uMeTpus OJisd IOIUTOHOB.
Cy1iuecTByoOLIUT
TPEXKaHANIbHBEIN PacTp.
TpéxkaHanbHEIN PacTp
(mmoTHOCTE, 2M-0, Xm).
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[TapameTp YTo 3amaéT ITo ymonmuanuio

dddekTuBHAA cUTMa Kapra a¢pdbekTuBHOM TOYHOCTH -
(Heob0s13aTEeNIbHO).

OkHO «KapTa IVIOTHOCTH» (KHBOHU IMPEIIPOCMOTP)

JImnoM MHCTPyMeEHTa CIyXKUT OTHesibHOe OKHO KapTa miaorHocTH Ha naHenu Isoliner. Cresa
3afaloTCs CJIOM U MOJsfA, CIpaBa HAOET NPeAIpOCMOTP Ha Ipy0OH CeTKe: OH CUYUTAeTCs 3a
MUJITMCEKYHIBI, I03TOMY CHTMa K pa3Mep s4elKHU MeHSI0T KapTUHKY Cpasy, a He II0Clle 3allycKa.
BHU3y IOCTOSTHHO TOPUT UHBApHUaHT: Macca BXOfia, Macca Ha CEeTKe U [I0JIsl, IOTePsSIHHas Ha Kpalo.

Kuonka [deMo co3maér yueOHBIM Habop uHCTpyMeHTOM 3.08. KHOomKa 3anmucarh pacTp 3allyCKaeT
TIOJTHBIN PacYéT TeM ke anroputmMoM 3.07 m KIageT pe3ysibTaT Ha KapTy Y2Ke OJeThIM: IICEBOOLIBET
C MIPO3PAaYHLIMU HYISIMU, U30JIMHUU IIJIOTHOCTU U CJIoM 3(pPeKTUBHOM CUTMHI KaK KapTa OOBEPUS.
®opwma Processing octaércst ot Mopeel U IaKeTHBIX IIPOTOHOB, PO pacyeTa y HUX obIee.

3.08 IIpuMmep OJisi IJIOTHOCTH (IeMo)

NHCTPYMEHT cO3maéT CUHTeTHYeCKUM Habop mana 3.07 ¢ u3BeCTHOM CyMMapHOMW MacCoM, YTOOHI
MIPOBEPUTH UHBApPUaHT I'la3aMu. [lecsTh TOYEK C pa3HBIMU CUTMaMM (OT JoJiel SYEUKU J0 KPYITHHIX,
Mmacca 500), nBe nmuuum (Macca 200, y omHOU BHIpe3Ka WHTepBaia from m/to m), gBa monuroHa
(macca 300, oguH o[ ma3uMETPHUIO) U BCIIOMOTATEeJIbHBIN pacTp. MToro macca 1000.

ITporouuTte 3.07 Ha ClI0e TOYEK - MHTErpas IIJIOTHOCTHU B JioTre moJikKeH naTh 500, Ha nuHusx 200, Ha
nonuronax 300. ITonst cnoés: mass, prec, from_m, to_m.

[TapameTp Yrto 3amaér ITo ymonyaHui0
O6macTh (9KCTEHT) ['paHuIlbEl reHepaluu. -

f4gelika BCrioM. pacTpa, M [ITar BcmoMoraTensHOrO pacrpa. 50

3epro I'CY (Hor.) [ToBTOpsSIEMOCTHL IPUMEPA. 1

HeMo-To4YKY / TUHUU / IONIUTOHEL TPU CJI0sI 3aMEPOB. -

Bcnowm. pactp Pactp onsa masumeTpumn. -

ITonHBIM epedeHb IOJIeN BHIXOMHEBIX CJI0EB - B mpuiioxkeHuu IInoTHOCTH (memo) (paspen «Iloms
OeMO-CJIOEB» B KOHIIe PyKOBOACTBA).

4. Pa3pe3

4.01 Pa3pe3 10 ITUHUHA

HucTpyMeHT Pa3pe3 mo JIHHHH CTPOUT Ie0JIOTHYECKHH pa3pe3 u3 Habopa IOBEPXHOCTEH. ITO
He TPOCTO KpuBas Mpoduas, a IIacThl KaK 3ajIUThie IOJIOCHI MEXKOy KPOBIIEH U TMOMOIIBOM.
I[ToBepxHOCTH OOBIYHO MOJTYYAIOT KPUTHHTOM, @ HHCTPYMEHT COOMpaeT uX B pa3pe3 BOOIb 3aaHHOM
JIUHUH.

HUnctpymeHT ctouT B rpynmne Pa3pe3 u paboTaeT Kak nmocrobpaboTka TOTOBHIX pacTpoB. CBoM
KPUTHHT OH HE BHIIIOJIHSIET.

Kak 3a3aloTcs1 IyIaCThI

[ToBepXHOCTH TOHAIOTCS CIMCKOM U YIOPSAOOYUBAIOTCS CBEPXY BHU3: KPOBJSA, IMOAOIIBA, IIPHU
HeoOXOOMMOCTH CjIenylolliasi KPOBJIS U Tak fgajiee. [1macTel CTPOSITCS KaK IIOJIOCH MEXAY COCeTHUMU
IIOBEPXHOCTSIMM, 1T03TOMYy u3 N IIOBepxXHOCTeN moiydaeTcsa N MHHYC OOMH IUIacT. s OJHOTO
IjIacTa [OCTAaTOYHO ABYX IIOBEPXHOCTEM, KPOBIM UM MHOMOIIBHI. [/ ITAaYKU TIJIaCTOB HOOaBIISANTE
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IIOBEPXHOCTH I10 MTOPSIAKY 3asieranusi. OfHa TOBEPXHOCTh TOXKE HOMYCTHUMa, 3TO pa3pes Mo pensedy
0e3 IJIaCTOB, CM. CJIeAYIOLIHi pa3gerl.

Pa3pe3 mo OIHOM IMOBEPXHOCTH

OmHa TOBEPXHOCTH 3TO 3aKOHHBLIM Ciy4ad, a He ommbKa. [ImacToB mpu HeW He OymeT II0
OIIpenesIeHUI0, 3aTO CTPOSTCA JNHUHUS penbeda, paMKa, OCH C OTMETKaMH, YIJIOBble TOYKH U
oIpepeneHue pa3pe3a. C 93TOro reojloruueckuil paspe3 OOBIUHO U HauyMHaeTCd: CHadasla IPopuIlb
o LIMP, noBepx Hero nepecedeHus C IIaHOBOU reojioruel nHCTpyMeHTOM 4.05, a reosorus BHU3
pHuCyeTCs BPYUHVIO.

ITomock! mmacToB 1 3a60p 3D B TaKOM IIPOTOHE HE CTPOSITCS, W CJIIOU OJIT HUX HEe CO3TaloTCs BOBCE.
[TycToit cnoil B MPOEKTE BRHITJISOAUT IIOJIOMKOM, XOTS BCE IIOCTPOEHO BEPHO, IIO3TOMY €T0 JIy4llle He
Cco37maBaTh, YeM CO37TaBaTh U NIPSATaTh.

Penbed BEIXOOUT ciioeM JIMHHMH IMOBEPXHOCTEH Ha YepTexke. 3afaiiTe eMy CBOH CTUIL JTUHUU U
MIOAIINCH: 4YePTEK Mo0oGOPMIISIETCS IIOBEPX 3TOT'0O CIIOS.

Hu3 pamMKm B TakKOM pa3pe3e 3alaBaiiTe OTMETKOM B HOIOJIHUTEJIBHBIX IlapaMeTpax. be3 Heé
paMKa o6XMMaeT JaHHble ¢ HEOONBIIMM OTCTYIOM, W PHUCOBATh IOX penbedoMm Herpme. OTMeTKa
VUUTHIBAETCS [0 pacyéTa BEepPTHUKaJIbHOIO MacuiTaba, IO3TOMY B PeXKUMe OTHOUIeHUsS rabapuToB
YyepTEXK BEIXOOUT B MaciiTabe MMeHHO TOM paMKM, KOTOPYIO Bl yBUOUTe. OTMeTKa BHIIIEe HaHHBIX
WTHOPUPYETCH: 9TO HU3 PaMKH, a He 00pe3Ka CBEpPXY.

Bepx paMKu 3afa€Tcsd TakK XKe U [0 TOM XKe IIpUUYMHE: YepTEXK YacTO IIPOMOOJIKAIOT BBEPX,
4yTOOBI BOIIM YCThS CKBAXXMH, OTMETKU YPOBHS BOMOBLI MJIM IOAIMCH, KOTOPHEIX HET CPeOu CaMUuxX
MMOBEPXHOCTEMN. Bepx HUXKe HU3a OTBEPraeTcs - paMKa BEIBEPHYJIach ObI Han3HaHKY.

BmecTe ¢ paMKO¥ CTOUT 3afaTh ¥ IIar OTMETOK Ha ocsx. [Io yMom49aHWIo IOONMCH BEIOMPAIOTCS
OKPYTJIEHHEIMH YHCJIaMU II0 UX KOJIMYECTBY, U 9TO yHOOHO, II0Ka paMKa caMa o maHHBIM. Korpa
paMKa 3afaHa 4YHCJIaMM, IONMHCHU XOUeTCS TEeMHU JKe YHCJIaMM: Iar [Ba OPH paMKe OT CTa
MATUAECITH OO0 CTa CEMHUMECSTH MAaET POBHO T€ OTMETKM, KOTOPHIE OXKHOaellb yBuUAeTh. Hoib
BO3BpAlllaeT aBTOMAaTUYECKUI BHIOOD.

CBsi3Ka [TOJIe3Ha Ha CepUH Pa3pe30B: OMMHAKOBAS paMKa U OMUHAKOBBIE ITOAIIMCH II03BOJISIOT KJ1aCcTh
YepTeXkKH PSAAOM Ha JITUCT 6e3 IOATOHKH.

ITopAXOK MOBEPXHOCTEH 3aJaéT IepeBo CII0EéB

9To TrnaBHOE, YTO HYXKHO 3HATh IIPO MHCTPYMEHT. [IOPSIOK IIOBEPXHOCTEM HE BTOPOCTENEHHAas
meTanb oOpPMIIEHMSI, a UCXOOHEIe MaHHBIe HapaBHE C CAMHUMHU I'pugaMiu. IMEHHO OH OIpeaessieT,
KaKas IoJioca Yel TJIacT.

ITo YMOJI9YaHHUIO ITOPAOOK 6epéTCﬂ U3 OepeBa CJIOEB IIPOEKTa, CBEPXYy BHHU3, POBHO KadK IIOKdA3adHO
B nmaHenu Cnaom. UTo BUAWTE B IIAHENIH, TO U IIOJIY4YHUTE Ha 4YepTexkKe. OTMETKH B MYJIBTHUCEJIEKTE
3a4al0T, KaKHe IIOBEPXHOCTHU Y4aCTBYIOT, HO HE B KAKOM OHHU IIOPAIOKE.

Orcropma mpocToe mpaBujio paboTel. Ilpexkpme YeM CTPOUTH pa3pes, Pa3/IoKUTE IMOBEPXHOCTHU B
MMaHeIu CJIOEB IIO 3aJjieraHHWIO: KPOBIIS BepxHeM BMellalollleli BBEPXY, MOMOINBAa HUXKXHEN BHU3Y.
INepeTaluTe CIOW MHIIIBIO, €CJIH OHU HPHUIIIIN BIIEPEMEIIKYy. DTO 3aMET MOJIMUHYTH 1 U30aBUT OT
pa3dupaTenLCTB.

Ecnmu mopsigoK HapyIlleH, MHCTPYMEHT He BHIOACT OMMUOKy. OH TOCTPOUT IOJIOCH MEXKOY TEeMHU
rnapaMu, KOTOpPEIE BbI eMy Aanu. YacTh Imap OKaXkeTcs IePeBEPHYTOMN, ¥ HUX ITOIO0IIIBA BHIIIIE KPOBJIH,
Takue I0JIOCH 0TOPaCHIBAIOTCSI MoIdya. BHeNIHe 3TO BHITJISOUT TaK: IJIaCTOB Ha UepPTeXe MEHBIIIE,
YeM OXKHJOAJIOCh, WJIM OHU JieKaT B HENpPaBmomoAgoOHOW ITOCIenoBaTEIbHOCTH. YBUOEIU TaKoe -
IIEPBEIM [I€JIOM IIPOBEPLTE IIOPSANOK B ITAHENM CJIOEB, a He ITapaMeTPEl KPUTHHTA.

Korpa IIOPpAOOK B [JepeBe II0 KAaKHUM-TO IMPUYWHAM HE€ TOOUTCS, CHHMHUTE IaJIOUKy HOpHJlOK
HOBerHOCTeﬁ U3 OepeBa CJIOEB IIPOEKTa. Torpa IIOPAO0K 6€péTCH K13 I10CJIeJOoBaTEeJIbHOCTHU
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OTMETOK B CITHMCKe, KaK B IIPEeXHUX Bepcusax. CIIoMu, KOTOPHEIX HET B JepeBe IMpoeKTa (mobaBleHHEbIe
darinom mpssMo B BUAKETE), YXOOST B KOHEIl CITMCKA, COXPaHIsd B3aUMHBIH ITOPSIIOK.

lenepatop npumepa (4.10) cam packilagbliBaeT LIECTh IIOBEPXHOCTEN B HOepeBe II0 3aJieTaHUIo,
IIO3TOMY Ha IeMO-TaHHBLIX HUYETro IepeKIagblBaTh He HYKHO.

BbIixoasl

YepTEéK paspesa 9TO MOJUTOHBI B OCSX PACCTOSHUE BIOOJIbL JUHWHU U BBICOTA. BEICOTY MOXKHO
PacTSIHYTb BEPTUKAILHLIM IIpeyBeInYeHueM, YTOOb TOHKHE IIJIaCThl YHTAIHUCh. DTOT CIION KIIamyT
B MaKeT [eYaTu KakK TOTOBHIN pa3pe3. CucTeMa KOOPOWHAT y HETO YCJIOBHAS, PACCTOSIHIE U BBICOTA
B UHUIIAX KapPTHI.

JInuun HOBerHOCTeﬁ 9TO KaXasd IIoJaHHasa IMOBEPXHOCTH OT,'E[eJIbHOI;I JIUHUEHN B 0CIX yepTrexKa, C
nonsamu sec, sec_id, num 1 name. Pa3prIBhI 110 OTCYTCTBUIO JaHHEIX coxpaHsiorcs. [Ipu paboTe ¢
IJIacTaMU CJION HeoOsi3aTesieH, KPOBJIS W MOMOIIBA ¥ TaK BUOHEI KaK Kpas II0JI0C, HO OH II03BOMSIET
rnmoamucath U OQOPMUTH JIMHUIO KPOBJIM OTHEJBHO OT 3aJIMBKU. [IpW OOHOM ITOBEPXHOCTH I3TO
€IMHCTBEHHLIN CJION C pesibedoM.

3ab6op 3D 3TO Te XKe MOJIOCH], HO KaK BepTHUKalbHEIe CTeHKU PolygonZ B peanbHBIX KOOpauHaTax. Mx
cMotpaT B 3D Map View psimoM C IOBEPXHOCTSAMU KPUTHHTA: TPUL 3afaéTca peibedoM, a CTEHKHU
pa3pe3sa II0Ka3bIBalOT IJIaCThl B IPOCTPAHCTBE.

BepTHKaIbLHBIM MacIITa0

T'opu3oHTalk pa3pes3a (OJHMHA JTUHHUKM) U BEePTHKAIb (JECSITKA METPOB IIJIACTOB) HECOIOCTaBHMEI,
IM03TOMYy 06e3 pacCTSXKEeHHUS II0 BLICOTE UepPTEXK BHITIIANUT IJIOCKHUM. MaciiTtab 3amaéTcs TpeMs
criocobaMu.

Pexxum orHOomenue macmrTaboB I':B (1:N) 570 nmpuBbIYHas depTeXKHas 3anuch. 3HadeHue 50
o3Hauaet [:B = 1:50, To ecTh BepTUKAJILHEIN MacliTab KpylHee TOPU30HTAIBHOTO B MATHAECAT Pas.
Tak 3apmarT MacmTab Ha KaJIMWHBIX pa3pe3ax, IOe TOPU30HTalb UAET KUJIOMETPAMH, @ MOIIHOCTH
U3MEPSAIOTCSI MeTpaMi. MHOXKHUTEJIb PaCTsIKeHusI paBeH N.

PeXxyM MHOZKHMTEJIb 3TO TO JXK€ YMCJI0, IOJaHHOe HalpPsIMylo, 063 4epTEXHON (HOPMYIIMPOBKH.

Pexxum oTrHomieHue I':B (mmupuHa:BbICOTA 4YepTezka) paboraeT oT rabapuToB: BBl 3amaETe
KejlaeMoOe OTHOIIeHHe IIMHPHUHBEl JIKUCTa K BhICOTe (Hampumep 10), a MHOXHUTEIb HHCTPYMEHT
CYMTAeT caM II0 [JIMHEe JIMHWK M pa3Maxy BHICOT. YI0oOeH, KOrja BaXXHO BIIMCATh pa3pes B JIUCT, a
He BHIIepKaTh 3alaHHBIA MacITao.

®aKkTHUUYECKUN MHOXKHUTEIb MedaTaeTCs B XKypHasl. s TOYHOTO HAJOXKEHWUS CJIOEB OH HOJIKEH
COBIIaZaTh y pa3pe3a, CKBaXXWH M cocTaBa. B pexuwme I':B paspe3 (4.01) BUOUT Bechb pa3pes IO
BricoTe. CkBaxKuHEBI (4.02) OepyT MHOXKUTEJIb U3 OIIpedeNieHusi U coBMellaioTcsa camu. CocTaB
(4.03) cumTaeT OTHOIIEHMWE II0 OOHOMY ILJIAaCTy, IIO3TOMY AJII HaJOXKEHMUS BO3bBMUTE MHOXKHUTEID,
HanedaTaHHBIY 4.01, 1 3apatiTe ero B 4.03 B pexXMe MHOXKHUTE/Ib.

Hecko/IbKO pa3pe30B 3a OUH IPOrOH

ITo yMoT9aHNIO MHCTPYMEHT CTPOUT Pa3pe3 10 KaXKIO0M JIUHUHU CJIOS. DTO OOBIYHBIN PEXUM PabOTHI:
TMUHEWHBIW cro¥ ¢ mpodunsmu oOpabaTeIBaeTCs IIEIMKOM, 3allyCKaTh MHCTPYMEHT IO pa3y Ha
JUHUIO He HYKHO. ECcnu HyKHBI He BCe JIMHUM, BRIIENIUTE HY>KHBIE Ha KapTe U BKIIOYUTE TOJIBKO
BbIIe/IeHHbIe 00bEKThI  ITapaMeTpa TuHuu. CHITasA rajouka Pa3pes Mo KaxKIoH JIHHUH CJI0SA
BO3BpalllaeT IIpexHee IIOBeMleHNe, pa3pe3 110 IePBOM TUHUU.

Bce pa3pe3sl momafaoT B OOWH KOMIIJIEKT CJIOEB ¥ Pa3/TMYaloTCs aTpubyTaMu, a He OTHEIbHBIMU
CIOSIMHU Ha KaXK[blHM cTBOP. Tak ux ynoOHO MOANUCHBATEL U (GUIBTPOBAThH BHIPAXKEHUEM, a CTUIU He
IIPUXOAUTCS Ha3HadyaTh 3aHOBO. MiMsa pa3pe3a 6epéeTcs K3 0N TUHENHOT0 CJIOs, eCNIU OHO 3afaHo
napaMeTtpoM Iloie uMeHnH pa3pe3sa, HHade pa3pe3bl HyMepyOTCS 10 IOPAOKY.
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Ha gyepTexke pa3pes3sl pa3BOAATCS PACKIIagKOH B 00IIeH YepTEKHOM cucTeMe KoopauHaT. CTOMKOH
CBepXy BHH3 CTAaBUT WX OOHWH IIOI OPYTUM C OOIIWM HYJIEM PAcCTOSHUMN, W JIEBHIM Kpal y BCex
coBmagaeT. B psig cjieBa HalpaBO CTABUT UX OOK 0 OOK C 00IIe#dl 0TMETKOM BBICOTHI, TOT/AA IIKaia
BBEICOT CKBO3Has IJIst BCero nmucta. CeTKoM coyeTaeT oba IIpaBua: CTPOKA OEePKUT OOIIYI0 OTMETKY,
cTtonber - 00U HOTb PACCTOSHMM, YK CJIO CTOIOLIOB 3afaETCS B AOMIOIHUTENbHEIX ITapaMeTpax. [lar
pemeéTKu 6epETCs 0T caMOro KPYIIHOTO YepTezKa IUII0C 3a30pP, I09TOMY YepTeKHU He IlepeceKarTcs,
Kak OBl HY pa3/IuYaliiCh IJIMHEI CTBOPOB. 3a30D 3aHaéTcs moiel oT rabapura, mo ymondanuio 0.15.

BepTukanbHBIM MaciiTa® Ha BeCh IMPOTOH OofuH. MHaye KOPOTKHUU CTBOP M IJIMHHEBIN BBIIIIU OBI
B PA3HOM PACTAXKEHUUH U CTaJlk 6bI HeCOIIOCTaBUMBI Ha OOHOM JIUCTE. B pexrnMax OTHOIIEHUA
MacImTaboB M MHOXKHTEJSI 3TO MPOCTO 3aJaHHOe YKCII0. B pexkume OTHOIIEHUS rabapuToB
MHOXXHUTEIb CUYUTAETCS 10 CaMOM [JIMHHON JIMHUK U 00IeMy 0o Habopy pa3Maxy BBICOT, IO3TOMY
3aaHHYIO ITPOIIOPITHI0 TOYHO ITONIy4aeT CaMBIM ITMPOKUM YepTEXK, a OCTaIbHbIe BHEIXOOSAT BHIIIE
Hero, Ho B TOM e Maclrabe.

3abop 3D packnmamkoi He cMmelaeTcsi. OH CTOUT B PeaIbHEIX KOOPAMHATAaX, KaXxKaasi CTEeHKA Ha CBOEM
cTBope, u B 3D Map View HaGop pa3pe30B BHITIAOUT KaK HaCTOSAMIUM 3a60p 10 IJIoIagHu.

ITepBrIl pa3pes Bcerga mojaydaeT HyJIeBoe CMellleHKe, I03TOMY IIPOTOH II0 OTHOM IMHUY JaET POBHO
TOT Ke YepPTEK, UTO U PaHbIIIE.

IIBeT moJ/I0C: CIPAaBOYHHUK IIJIAaCTOB

IMosock ny1acToOB KPacATCS 110 UMeHHU KPOBIK. be3 cipaBoYHUKA IIBET CUUTAETCSA OT CaMOT0 UMEHHU:
OH He IJIAIIEeT MeXOy IPOTroHaMM, HO OH YCJIOBHBIN.

Heo6s13aTenbHbl Bxon CIpaBOYHHUK IIJIACTOB (TAa0JIHMIIA) JejlaeT IIBET OCMBICIIEHHBIM. CITpaBOYHUK
9TO OOBIYHBIN C/O¥ mpoekTa, GeoPackage mmu Tabmuila Excel, rome Ha KaxObIM IIJIAcT U KaXKaoe
MeXKOYyIlJIaCcThe IMPUXOOUTCS OOHA CTPOKA CBEPXY BHU3 IO pa3pedy. O0s3aTebHBIX KOIOHOK TPH:
KOJl Tela, HOMEDP CBEPXy BHH3 M Tejio. lIBeT HeoOs3aTesleH, HO UMEHHO Pagyu HETrO CIIPAaBOYHUK
Yyallle BCero u IoaioT.

KomoHKa Tes10 COOgepKUT CJI0BO «IIJIAaCT» UJIM «MeXOYIIacThe», U 9TO 3aKOH, a He Joragka. BeiBectu
TeJIo U3 Kofa Henb34d. [Imact AB 1o HallMCaHMUIO BEITJIAOUT KakK «A 1iioc b», HO 3TO LeIbHBIN I1JIacT,
BHYTPH KOTOpOro nexarT A, b, kopx A-A’ u A’. Mexnynnactee B-B 110 KOOy He BEIBOOGUTCS BOBCE,
noTomy 4uTo yiacta b B ciucke HeT, ecTs AB. OnpenesnsieT Teno reojior, MalllviHa He IEPECYUTHIBAET.

IMopsimok cBepxXy BHU3 HOAE€T CIPAaBOYHUKY BTOPYIO CIIOCOOHOCTBL: HAXOOUThL TEJIO MEXKOY OBYMS
rpanuniamu. Ecnu Ha paspese unyT Kposnu Kpll m Kpllla, To MeXOy HUMU I10 IOPSOKY JIEKUT
mexpaynnactbe Kpll-Kplll, u monoca mony4aeT ero uMs U 1BeT. [11acTel, KOTOPHEIX Ha pa3pe3e He
0Ka3ajIoCh, IOMEYAIOTCA CEPEIM, a UX IIEPEYeHb [IeUYaTaeTCs B XKyPHAJ - 10 HEMY Cpa3y BUOHO, YET0
He XBaTaeT B HAOope IMOBEPXHOCTEH.

HNmeHa CcjI0€B OOBIYHO HE COBITAJAIOT C KOOAaMH [IOCIOBHO, TTO3TOMY IOMCK HUMAET JIECTHUIEH OT
CTPOTOTO K TEPIHMOMY: TOYHHIHM KO, 3aTeM 0e3 yuéTa perucrtpa M KpalHUX IpoOeyoB, 3aTeM
MIPUBEOEHHBIM BUM (CHSAT XBOCT POJIM _top, bottom, kposns, nomowsa, JIATUHCKHE OBOMHUKU OYKB
CIOXKEHHI B KHPUJIJIMITY), U HAKOHEI] TOT ke By 6e3 armoctpodos. Tak KpIl top HAXOOUT KOM KpIl, a
A'6_top HaxoOguT Ab. CTpOTHeE Iaru UAYT IIEePBLIMU, ITIO9TOMY €CIIH B CIIPABOYHUKE €CTb U Ab, U A'b
KaK pas3HbIe Tejla, KaXK/IbIH IIOJIyYUT CBOE.

ToTt ke CIIPABOYHHUK HO,E[aéTCH B4.02, u TOorga MOJI0CH 1 KOJIOHKU CKBaKUH TOBOPAT Ha OOTHOM SA3BIKE
KOOOB U COBIIaAalOT IIO IIBETY.

ToToBeIi OOpazel AT BepxHEeKaMCKOTO MECTOPOXOEHMS JIeXXKWUT B Ianke templates BHyTpH
KaTajiora ITarduHa: 36 CTPOK OT MOKPOBHLIX OT/I0OXKEHUHN [0 HUKHEN KaMeHHOU CONHU, C IIBeTaMU U
TenaMu. Paiinn eCcTh B ABYX BUOAX, plast reference vkmks.xlsx 1 plast reference vkmks.csv. Bo3bMuTe ero
3a OCHOBY M IIPaBbTE II07] CBOE MECTOPOKAEHNE: KOJIOHKY TOJIIIA 1 IIpHMedYaHue HeoOs13aTelbHbIE,
OHM YMUTAIOTCSI, HO MOKAa He UCIIOIb3YIOTCSI, ¥ OCTABIEHEI IO OyayInee pa3BUTHE.
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ATpuOyTHI BHIXOTHBIX C/IOEB

Bce crmou pa3spe3a HecyT ABa oOmMX IOJIA: S€C C MMeHeM pa3pe3a u sec_id ¢ HoOMepom
00BbeKTa HUCXOOHOM JHUHUH. [0 HUM ITOANKUCHIBAIOT YEpPTEeXKH, (PUABTPYIOT CJIOM Ha OOWH CTBOP
¥ PaCKpalllMBalOT Pa3peskl I0-Pa3HoOMYy.

OnpepeneHue pa3pes3a - 10 TMHUY Ha KaXKObIM pPa3pes, C UCXOOHOM TeOMeTPHUeER CTBOPA U MOSIMH,
KOTOPEIE YHUTAIOT IIOCJIeAYIOINe HHCTPYMEHTHI TPYIIIIEL:

ITone YTo comepXuUT

sec, sec_id HmMms pa3pe3a 1 HOMEP UCXOOHOU JTUHUMU.

vex BepTukanbHOe IIpeyBeIndeHNe YepTexKa.

step [ITar nukeTaxa, M (BePIIMHLI JOMaHOU
BKJ/II0YAIOTCS B ITIMKETaX BCerja).

Zmin, zmax [Inama3oH OTMETOK YepTezxkKa.

0X, 0y CMelreHue yepTexka B packiagke. Homb y

OIMHOYHOTO pa3pesa.

Pa3pe3 (3D-3a00p) - BepTukanbHble cTenku MultiPolygonZ Bmonb cTBOpa, 1o OOHOM Ha IJIACT:

ITone YT0 comepKuT

sec, sec_id HWwms pa3pes3a ¥ HOMeP UCXOOHOU JTUHUU.

bed Homep mnacTa cBepxy BHHU3.

top, bot HMMeHa 1ToBePXHOCTEM KPOBIU U IIOMOIIBHL.

t mean CpepHsas MOIIHOCTH IJIacTa BOOJIb CTBOPA, M.

seclen I[InuHa cTBOpPA, M.

color LIBeT miacTa CTPOKOM #RRGGBB, TOT e, UTO Ha YepTexXKe.

CTeHKa pPexeTCsl II0 3BEHbSIM TPACCHI: CBOE IIOJIOTHHUINE Ha 3BEHO, U BCE OHU COOPaHEI B OOUH
MHOTOYaCTHHHN 00BeKT. OOgHMM KOJIBIIOM CTEHKY OTHaBaTh HEJb35: KOJIBIIO «BepX TyOda, HU3
00paTHO» BBHIXOOUT OJIMHHBIM U CUJILHO HEBBIITYKI/IBIM, @ IBUXKKH TPEXMEPHBIX CIIEH TPUAHTYIUPYIOT
TaKOe BEEpPOM OT IIEPBOM BEPUIMHBEL - pa3pe3 IIONy4YaeTCs OLIPSBBIM. YeTHIPEXYTOJIbHUK 3BeHa
TIJIOCKHUH IO ITIOCTPOEHUIO, IIOTOMY YTO [Ba COCEIHUX y3J1a 3aJlal0T BEePTUKAIbHYIO IIJIOCKOCTh, U 00e
OTMETKH JIeXKaT B HEeH.

IIBeT mmacTa MOET ABYMS MyTSIMU Cpa3y: KaTerOPUSIMM Ha CJioe, KaK Ha YepTexke, W MoJjieM color
B arpubyTax. CUMBOIHUKY YWTAIOT HE BCE MOTPEOUTENM - TPEXMEpPHAsi CIleHa KPAaCUT IO CBOEMY
IIpaBUIy, a noapsanuuKky cuMBonuka QGIS HemocTymHa BOBCE, - IO3TOMY IIBET IPOXyOIMpOBaH B
OAaHHBIX.

VYrioBble TOYKH pa3pe3a: sec 1 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 CIEeOyIoIlero kKojeHa), label
(roTroBasa nopnuck). F'opu3oHTaAIBHBIE OCH: sec, sec_id, elev (orMeTKka ocu, M) u label. Tadnuma
yraoB: sec, sec_id, kind (tun ctpoku) u text (comepzKuUMoe TUYenKH).

ITapaMeTpsbI
[TapameTp YTo 3amaéT ITo ymonm4gaHuio / COBET
JIunusa pa3spesa Jluneunwt cioi. 'ogutcsa -

ranoyka Toabko

BbITeJIEHHbIE O0BEKTHI.
[ToBepxHOCTHU CBEPXY BHU3 Crucok -

PacTpPOB-IIOBEPXHOCTEM.

Hy>xHO MUHUMYyM [Be.
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[TapameTp Yrto 3amaéT ITo ymonuanuio / COBET
[TopsioOK IIOBEPXHOCTEU U3 [Topsanmok 6epéTcsa u3 maHenu BKJIIOYEHO
ImepeBa CJI0EB IIPOEKTa Cou ceepxy BHU3. CHATasd
rajioyka BO3BpalllaeT IOPSATOK
OTMETOK B CIIHCKE.
Pazpe3s o kaxpou muHuM cnosa IlakeTHEIN pexxuM. CHATas BKJIIOYEHO
rajodka CTPOUT pa3pes 1o
IIepBOU JIMHUMU.
[Tone umeHu pa3pesa [Tone MuHEWHOTO CJI0S, U3 -
KoToporo 6epétcs ums. [lycro -
HyMepalus 10 IOPSIKY.
Packnanka HECKOJIBKUX CTOnKOMH, B psif UJIN CETKOU. CTONIKOH
pa3pe30B
Ilar BEIGOPKY BOOJIb IMHUHU Yepes CKONBKO equHUIl KapTel 0

BepTukanbHbIN MaciiTab

6pathb oTCcUéT. 0 - IO pa3mMepy
SAYEHKH.

PexxuM: oTHOIIEHHE
rabapuToB, MHOXUTENDb UITH
oTHoOILIIeHKWe MacITabos [:B.

oTHOlIEeHUEe TabapuToOB

3HaueHue MacirTaba OTHOIIIeHUEe IIHPHUHA:BBICOTA, 10
MHOKUTeJb unu N 13 3arucu
1:N.
Cronb61oB B ceTke ([o1.) Yucio cToa0oB oI 2
pacKiIagKu CETKOM.
3a30p MeXOy pa3pe3aMu HOomns oT rabapuTa yepTezxka. 0.15
(Oort.)
Bri6opka pactpa (Hor.) BunuHeiHO MM GIUXKaNIINN, OUIUHENHO
CrnpaBOYHHUK IIIaCTOB LIBeT, TeO U MOPSOOK U3 IIyCTO
(Tabmuiia) OaHHBIX.
Hus pamku, oTmMeTKa (or.) OmyckaeT paMKy, 4YTOOBI OBIZIO  IIYCTO
roe pucoBarts. [lycto - o
TAaHHBIM.
Bepx pamku, oTMeTKa (IOII.) ITogHuMaeT paMKy: YCTbSA IyCTO
CKBaKWH, YPOBHH BOIHI,
nognucu. I1ycTo - 1o maHHBIM.
IITar oTMeTOK Ha ocsax (mor.) ITopnucu ¢ 3agaHHBIM IIIarOM 0
BMECTO OKPYTTIEHHBIX 110
Konmu4yecTBy. O -
ABTOMAaTUUYECKH.
JIuHMY TOBEPXHOCTEN Ha BrIxomHoOM JIUMHEWHBIH CJIOH, IO  CO3[aE€TCs
yepTexe JIMHUY Ha ITOBEPXHOCTS.
YepTéxk pa3pesa (paccTossHue  BBIXOOHOM MOMUTOHABHBIN co3maéeTcs
X BBICOTA) cJioM OJist MakeTa. He
CO3Ma€ETcs IIPU OTHOM
ITOBEPXHOCTH.
3ab6op 3D (PolygonZ) BrIXOOHOM CIOM BEPTUKANBHLIX CO3MAETCH

CTEHOK B peayibHBIX
KoopaouHaTax. He co3maéTcs
IIPU OOHOU IIOBEPXHOCTH.

KaxX[piit maacT mojydaeT aTpPuUOYTH: HOMEpP, MMeHa KPOBIW U IOMOIIBH, CPEIHIO MOIITHOCThH U
OIWHY pa3pes3a. PackpalliuBaiiTe CJI0H 10 HOMEPY IJIacTa W 10 MOIITHOCTU. TaM, Tfie TOBEePXHOCTh
He ompefeneHa (nodata), mosioca pa3peIBAETCs, U MIACT PaclafaeTcss Ha HECKOIIBKO MOJTUTOHOB.
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Kak monpo06oBarh Ha IeMO

ToToBeii yueOHBIM Habop Haé€r uHCTpyMeHT IIpumep masi pa3pe3a (memo) (4.10): 1mIecTh
IMOBEPXHOCTEH CBepPXy BHM3, TPU JIMHUHU Pa3pe30B, ITapa CI0E€B Momenu OypeHus collar u interval
¥ MHOTOKaHaIbHEIE TPUALI I7TacTOB. [I0BEPXHOCTU OH pacKiafAblBaeT B [epeBe 10 3aJera’Huio caM,
a TpYW NTUHUU PAa3HOM AJIMHEL U C PA3HBIM YHMCJIOM M3JI0MOB yHOOOHEI, YTOOH IIOCMOTPETh PACKIIaKy
1 o0ImMY BepTUKAJILHBIN MacuiTab. 3amycTUTe ero, 3aTeM IofaliTe IMOBEPXHOCTU U JIMHUIO CIOMA,
napy collar u interval ¢ onpeneneHrueM B CKBazkKUHBI Ha pa3pe3e, a rpup iacra (Ka"ansl 1/2/3)
B CocTaB maacTa Ha pa3pe3e. [TonHbl cocTaB Habopa B pasmerne 4.10.

CBa3s ¢ QGIS

IIpoctyo kKpuByl0 mOpodumas mo OOHOMY TIpuUAy CTpouT IntaTHasas maHenb Elevation Profile,
OTHENbHBIM WHCTPYMEHT [JIsi 3TOTO He HyXKeH. Pa3pes3 ke MMOKa3hBaeT MMEHHO IIJIaCThl MEeXKIY
IIOBEPXHOCTSIMM, Yero IINTAaTHHIE CPEenCcTBa He [menaloT. IToBepXHOCTh KpuruHra B 3D MOKHO
ImocMoTpeTh u 6e3 pa3pe3a: B 3D Map View 3amaiite rpun penbedoM.

4.02 CKBaXuHBI Ha pa3pe3e (MoaeiIb OypeHust)

HNHaCcTpyMeHT CKBaKHHBI Ha pa3pe3e KIaJEéT CKBaXXKHWHBEI Ha YePTEeXKU pPa3pe30B U3 Iaphl CI0EB
Momenu Oypenusi. OH cTouT B rpynme Pa3pe3 u paboTaeT TaKeTHO: OOWH IMTPOTOH 00CITyKUBaEeT BCe
pas3pe3nl OTIpefieIeHNsI.

Mopens OypeHust

CKBaXXHMHBI OIIMCBHIBAIOTCS OBYMs TaOIMIIaMU II0 MUHHMAJIBHOM MOOe N TOPHEIX nakeToB (Leapfrog,
Micromine, Datamine, Surpac). collar 3To Toue4H&IH ci10i ycTu ¢ nonamu hole_id (uopentudurarop,
cTpoka), z (oTMeTKa ycTbsi) u eoh (rmybunHa 3abost mo cTBOiy). interval aTo oOrryHass Tabmuia
uHTepBanoB ¢ nonsaMu hole_id, from, to u code (ueM KpacuM: MHAEKC IIJlacTa, JIMTOTHUII, KJlacc).
'myOUHBI CYHUTAIOTCA II0 CTBOJY OT YCTbSI, BHU3 IIOJIOKUTEJIbHBEIE, HE OTMETKaMH, M03TOMY
HAKJIOHHBIE CKBAaXKMHBLI MOOEJIb He JIOMarioT. JItoOble mpoYyre KOMOHKHU TaOmIUIlkl MHTEPBAIOB edyT B
aTpuOyTH YepTezka KaK eCThb.

Takyio mapy Beiga€T IIpumep ajisti pa3pe3a (memo) (4.10) u KoprnopaTuBHAasi BRITpPy3Ka. [losis
06ewnx TabIUIl MTHCTPYMEHT HaXOUT CaM I10 OKHUIaeMbIM UMEHaM U PAaCIIPOCTPaHEHHBIM CHHOHUMAaM
(Hole ID, elev, depth from, litho), peructp He BaxkeH. Bribop momei cupsitaH B [OIOJTHUTEILHEIE
rapaMeTpHl ¥ HY2KEeH TOJIBKO AJI1s1 HECTaHOaPTHHIX CJI0EB. YTO HAIIIOCH, ITedaTaeTCs B )KypHasl OIHOM
CTPOKOM.

Hakx1oHHBIE CKBaKHHBI

TpeThs Tabnuila, HHKJIKHOMETPHs, Heobsi3aTenbHa. be3 Heé CKBaXXKKMHa CYUTAETCS BePTUKAIbHOM’:
riyOuHa II0 CTBOJIY IE€PEBOMUTCS B OTMETKY BEIYUMTAHWEM U3 YCThsI, © KOJIOHKA CTOUT B OJHOM TOYKE
paspe3sa.

NHKIUHOMETPUS 3a[aéT OCh 3aMepaMM: CKBaxkWHa, TJIyOMHA 1O CTBOJIY, a3UMYyT OT CeBepa II0
YacOBOHI CTpeJKe, 3eHUTHBIM yrojl OT BepTuKanu. Holb 3eHWTa 3TO BepTHKAIbHas CKBaXKHHA,
OeBSIHOCTO - TOPU30HTaJIbHAaA. Takoe corallleHrue IPUHSITO B OYPOBOU HOKYMEHTAIIHH.

Ocp cTpoUTCAa METOOOM MHHUMAJIbHON KPUBU3HEL: MEXKIY COCEOHUMU 3aMepaMM CTBOJI CUUTAETCs
Oyroi okpyxHOCTU. KacaTenbHBI METOf, ITPU KOTOPOM BECh YYaCTOK CUYUTAETCS II0 HUKHEMY
3aMepy, Ipu peaKux 3aMepax YBOOUT 3a00i Ha IeCSITKU METPOB.

C MHKIMHOMETPHUENW MEHSIOTCS TPW Belnu. VHTepBaJibl BHIHOCATCS BOOIB OCH, TTOITOMY KPOBIISA
¥ TIOJOIIBA IIJTaCTa CTOST Ha PA3HBIX PACCTOSHUSAX IO pa3peldy. CTBOJI BBIXOOUT JIOMAHOM, a He
oTpe3koM. OTGOP MO0 KOPUIOPY UIAET IO BCEH OCH, a He II0 YCThIO: CKBaXKWHA C JAJIEKUM YCThEM, HO
3a6oeM y caMo¥ JIMHUY, IPU 0TOOPE MO YCThIO He IoIajia Okl Ha YepTEXK.
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HakioH Ha yepTeXke C IpEeyBeIMYEHMEM OTMETOK BHITISOUT ciabee, 4eM OH ecTh. OTMETKH
pacTAHYTHL B VeX pPa3, a pacCTOSHUE BOONb JIMHWM HET, IIOSTOMY BUIHMBIM YTOJ CXKHUMAaeETCS
BO CTOJIBKO Ke€: IIPU VeX OKOJIO IIECTHUAECSATH CTBOJI C HAKJIOHOM COPOK IISAITh T'PALyCOB BHITJISOUT
BEPTHUKAJILI0. MTHCTPYMEHT BHIBOAUT B XKypPHAaJI YMCJIO HAaKJIOHHBIX CTBOJIOB U HauboIbIllee CMelIeHue
3a00s 110 TOPHU30HTAM - II0 HIM HaKJIOH [IPOBEPSIOT YUCIIOM, a He I'JIa30M.

CkBaxkKuHbI 0e3 HHTEPBAJIOB

Tabnuila MHTEPBAJIOB TOXe HeoOsi3aTenbHa. Be3 HeE Ha 4YEPTEX HMAYT CTBOJIBI M IOOIUCH:
MOJI0KeHHWe U TIyOMHY CKBaXXKHUH ITOKA3HIBAIOT M Ha CTAAWM I[POEKTAa, KOTga TreoJIOTHs eIlé He
omHucaHa.

[InuHYy CTBOJIa B 3TOM CiIy4dae 3afgaéT ToibKo 3aboii eoh. CkBaxkuHa 6e3 3a00s IPOIyCKaeTcs, U
YUCJIO TAaKUX BEIBOOUTCHA B 2KYPHAJI: BEIDYMEIBATh l"J'[y61/IHy HEeIIPaBUJIBHO.

Korga YCThsdA 1 HHTEPBAJIbI HE CXOOATCHA

Camas gacTtas ommbKa KOMIIJIEKTa - HecoBnageHue hole id mexny Tabnuuamu. YutaTeab coob1aeT
He TOJIBKO YHCJIO OCHUPOTEBIINX WHTEPBAIOB, HO ¥ CaMU KJIIOYU C 00eUX CTOPOH, a €C/IU MPUYHUHA
pacrmo3HaéTcsi, HAa3blBAeT €€ MPSIMO: Pa3lINdYaeTCsl TOJIbKO PEerucTp, CTPOKM HaOpaHBI B Pa3HBIX
packJlagKax, pas3nudyaloTcs TOJIBKO npobemamu. [TocnenHee 0COOEHHO BaXKHO: Kupwindeckas H u
naTuHcKas H Ha 9KpPaHe HEeOTJIINYHNMEI.

Ecnu Kmo4u pas3yuyaloTcs MO CYIIEeCTBY, MPUYMWHA HEe BBHIOYMBIBAeTCs. TOrfa CBEPSIOT HOMEepa
CKBAXXWH B IBYX TaOIULIax BPyYHYIO.

TeponuMbIH YHTaTEIb

[aHHBIE YUTAIOTCSA 0e3 IIpegBapUTesIbHON YHMCTKHU. [1yCcThie 1 HeYHCIOBBIE TIIyOHUHEI IIPOITYCKAIOTCH,
nmepemnytanHbie from u to MEHSIOTCSI MecTaMM, HWHTEepBalikl 3a 3a00eM PHUCYIOTCS KaK ecCTh,
MEPEXIECTH HE Pa3peIalTCcsd W He IMPSYyTCsS, Pa3phIBEI MEXKIOYy COCEeTHUMHN HHTEPBaJlaMU He
3aTIOTHSIOTCS, UHTEPBaIbl 63 YCThs MPOMYCKalTCsA. BCé MPOMyIeHHoe U MPUHSITOE C OTOBOPKOM
CYUTAETCS ¥ BEHIBOTUTCS B XKYPHAI KOPOTKOHM CBOAKOM. Ha YMCTHIX HaHHBIX CBOOKA COCTOUT U3 OMHOM
CTpOoKHU. Pa3priB B KOJIOHKE Ha YePTeXKe O3HAYaeT, YTO Ha 3TH TTyOMHEI B TabuIle MHTEPBAJIOB
HEeT CTPOK: HHCTPYMEHT PUCYeT OJaHHBIe U HUYEro He JOOyMEIBAeT, a YKCJIO Pa3phLIBOB medaTaeT B
CBOIKE.

IIakeTHOCTH H COBMeIllleHHe

JluHuY, BepTUKanbHEN MacmTab ¥ packiagka 0epyTcs U3 OIpefelieHus pa3pe3a, KOTOPoe BEOAET
Pa3pe3 mo auauH. Kaxpmas CKBakKMHaA IIPOELUPYyeTCS Ha KaXXOyI0 JIMHUIO M IIoNlafjaeT Ha Te
YyepTexkM, K KOTOPHIM OHa Onuxke kKopumopa (0 - Ha Bce). 'myOuMHBI NepeBOOSTCA B OTMETKHU
BBIYUTAHUEM U3 Z, MHOXKUTEJIb VeX O0IIUY U3 onpefesieHus, TO3TOMY KOJIOHKHU JI03KaTCS Ha IJIacThl
10 BHICOTE 6€3 IOATOHKM.

Crmon ycTuu MOXKET JieXaTh B APYrO¥ CHUCTEME KOOPOUHAT, YEeM OIpeNeieHue, HalpuMep IIpu
BBITPY3KE M3 KOPIOPaTHUBHOM 6a3bl B pabodel cucrteMe mpemnpusatus. MHCTPYMEHT IEePEeBOAUT
YCThsI B CUCTEMY OIpenesIeHusI caM M medaTaeT 00 3TOM CTPOKY B XKypHaJl BMECTe C KOOpOUHATaAMU
IepBOTO yCThs. ECIM KOpUAOP OoKa3aJjicd MyCT, XKypHaJll coolIlaeT ynajneHue OImKauiIlnero yCThsa OT
JIMHUU, U 10 3TOMY YHCIIy Cpa3y BUOHO, V30K JIM KOPUOOP MJIHM CIIOU XKUBYT B PA3HBLIX MECTaX.

Packpacka u nere’Haa

Cro¥t “UHTEePBAJIOB Cpa3y BHIXOOHUT PAaCKpAIIEeHHBIM: KaTerOpHs Ha KaXKObIH KO B IIOPSIOKE IIEPBOTO
MMOSIBIIEHUSI CBEPXY BHU3, IIBET HETEPMUHUPOBAH OT CAMOT0 KOfa ¥ He MEHSIeTCS MeXKIYy IPOTOHaAMHU
¥ MalllnHaMu. JIeTeHa «KOf - IIBeT» IMOSBJISIETCS B JepeBe CIoEéB cama. [locimenHel CTOUT cepas
KaTeropus mpodee, B Heé MollafaeT BCE, YTO He COIMOCTABUIOCH C M3BECTHBIMU KOOAMHU, IIO3TOMY
HHUYero He ucue3aeT Moida. KolmoHKu oO0BeOeHbl TOHKUM YEPHEIM KOHTYPOM M YMTAIOTCS IOBEPX
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nosoc pa3pesa. [Tonoce nnacTtoB B Pa3pe3 mo JIHHUM KPacATCA TEM XKe MeXaHW3MOM 110 UMeHU
KPOBJIM, IIO3TOMY IIJIaCT, Ha3BaHHHLIM TeM JKe KOIOM, YTO B TabiuIle WHTEPBAJIOB, COBHAfAeT II0
LIBETY C KOJIOHKaMu caM co00ti. CTBOIBI PUCYIOTCSI TOHKOM CEPOM JIMHUEN OT YCThs A0 3a00s1, yCThs
TOYKaMU C KOPOTKOM nmoxnuchio. ITognuck 6epéTcsa us nojisi number ciost yctuil (CHHOHUMEI hame
u label), a 6e3 Hero u3 hole id, cocTaBHOM UAeHTU(DUKATOP IPU ITOM OCTAETCS B aTpubyTax OJid
CTHIKOBKU.

OOpe3Ka o 4epTekKy U paMKe

ITo ymMom4yaHHUI0 KOIOHKK 00pe3aloTCcss paMKOH depTezkKa - HHTePBAJIOM OTMETOK zmin M zmax Hus3
ompepnerneHusi. UHTepBan Ha KpPOMKe IIOApe3aeTcsi A0 KPOMKH, MHTEPBajl ILEIHKOM 3a PaMKOH
IIPOTyCKAaeTCsI, CTBOJI ¥ MOAIMCH 3a2KUMAIOTCS PAaMKOM, CKBaXKWHa IETMKOM 3a PaMKOM BHITIagaeT
13 YepTexka. ['ajlouka BHKIII0YaeT 00PEe3Ky COBCEM.

PaMka ogHa Ha BeChb YepTEXK, a KPOBJIA BepxXHeM TOJIIIM B KaXKA0W TOYKe CBOS, IIO3TOMY [Ji cpe3a
IO IIJIacTaM IofaiTe HeoOsi3aTeNbHLIN BXon YepTézk pa3pe3a - IOJUTOHH Monoc u3 Pa3pes3 mo
nuHuA. KOJTOHKY PeKyTCs 0 BepxXHel 1 HuXKHel orubarole MoI0C B CBOeH MO3UIINMY, CKBAXKMUHBI
He BHIJIE3AI0T 3a YEepPTEXK, KaK B TOPHEIX ITaKeTaX. 3a KpaeM II0JIOC 3TOT BXOA He HEUCTBYET, TaM
npopmosikaeT paboTaTh paMKa.

HOHYCK B OJOITOJTHUTEJIBHBIX ITapaMeTpPaX PaCIIUPAET PAaMKY U IIOJIOCEI HAPYXKY, B eJUHUIIaX OTMETKH.
O6peaaeTCH TOJIBKO reOMEeTpPHusi, B anI/I6y'TaX ztop u zbot ocTaroTcs HaCTosAIlne OTMETKH MHTEPBaAJla.

IIBeT KOJIOHOK: CIIPaBOYHHK IIJIAaCTOB

I[lo ymMonmuaHMIO IIBET MHTEpBajla CYUTAETCSI OT €ro Koja M He MEeHSeTCs MeXAy IIPOroHaMu.
Heo6s3aTenbHblli Bxon CHpaBOYHHK IUIACTOB (TaO/MMIIa) 3aMeHSeT 9TH IIBeTa Ha IIBeTa
CIIpaBOYHMWKA: HaNOeHHBIe KOOBl KpacsATCSd U3 HEero, IOPSAOOK KaTeropud B JereHae UIET
[0 3aJIeTaHUIO CBEPXy BHU3, KOOH BHE CIpPaBOYHUKA COXPAHSAIOT INpPeXHUU nBeT. B xKypHane
MMOSIBISIOTCS CBOOKA YTEHUS U CTPOKAa O TOM, CKOJIbKO KOJOB HAIIIJIOCh.

CuopaBouHuK y 4.01 u 4.02 MoxeT ObITh OOUH U TOT K€, ¥ 3TO €0 CUJIbHAS CTOPOHA. [ToJIoCkH uepTexa
HEeCyT KOJI IJlaCcTa, a UHTEePBaJIbl CKBaXKWH 4acTO HecyT nopoay. Eciu B Tabiuile MHTEPBAIoOB €CTh
[oJjie C MHOEKCOM IlIacTa, YKaXKWTe er0o KakK IIoJjie KoJa U IofaiiTe TOT K€ CIIPAaBOYHUK, YTO B
4.01 - Torma KOJIOHKM CONBIOTCS C TIOJIOCaMM IO IIBETY, U Ha YepTeXe OCTaHeTCSHA BUOHO TOJIbKO
pacxoxkaeHre CKBaXXWHBI C ITOCTPOEHHOM ITOBEPXHOCTHIO. ECnM ke MHTEepBalIbl HECYT JIMTOJIOTHIO,
CIIPABOYHMUK IIJIaCTOB €M He IIOMOXKET, TaM Hy>KHa CBOS JIeTeH[a.

ITapaMeTpsbI
[TapameTp YTo 3amaét ITo ymom4aHuio
OmnpeneneHue pa3pesa Jluuuu, vex ¥ pacKiaagka OT -
Pa3pe3 o TuHUH.
YcTes ckBaxxuH (collar) To4euyHEBIN CJION YCTUH. -
HNuTepBansl ckBaxkuH (interval) Tabimuila HHTEPBAJIOB. -
Kopupop ot nuHuu Bydep, eguauIe KapTh. 0 - 0
BCe CKBaXXKMHEI Ha BCE Pa3pPe3Hl.
O6pe3aTh UHTEPBAJILI 10 PaMka zmin u zmax u3 BKJTIOYEHO
paMKe yepTexa onpeneneHus.
YepTéxk pal3pesa (mnas [Tonmurons! monoc u3 4.01, cpe3 mycTo
00pe3Ku) II0 Oru0AaIOIIHM.
[Tonsa collar u interval (Jor.) [lepeonpenenenue HaXO[sTCs caMu
aBTOIMOMCKA IOJIEN.
[Tone mopmucu yctbs (Horr.) OTKyIoa KOpPOTKas MOAIINCH number
YCThS.
Iomyck o6pe3kwu ([lor.) PacmmpeHnue paMKu U I0OJI0C, 0

eOUHUIILI OTMETKH.
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[TapameTp YTo 3amaéT ITo ymonmuanuio

CIpaBOYHUK IIJIACTOB LIBeT 1 TOPSITOK KOMOB U3 MyCTO

(Tabnuia) OAHHBIX.

HMHTepBanbl CKBaXXMH (UepTéxk) BepTuKanbHBIE OTPE3KH C co3maéTcs
packpackoi 1o Komy.

CTBOMBI CKBaXKUH (YEPTEK) Jlmaum oT ycThs Ao 3abos. co3maéeTcs

YcTha Ha uepTexke Touku c mogmuckio U3 number. co3maéTcs

WuTepBansl ckBaxuH (3D) LineStringZ B peanbHBIX

KOOpOuHaTax, rmyouHa B Z.

IO 3aIpocy

BBIGpaHHBIe CJIOM 1 KOPUIOOP 3alIOMHMHAKTCH, cnenyroumﬂ 3allyCK B TOM ZKe€ IIPDOEKTEe OTKPEIBAETCA
C YXKe IIoOCTaBJIEHHBIMHU BXOOAMH.

4.03 CocTaB 1j1acTa Ha pa3pe3e

HNucTpyMeHT CoCTaB IjIaCcTa Ha pa3pes3e KPacUuT MOI0Cy OAHOTO TJIacTa Mo TPUAY COCTaBa BAOITh
nuuun. OH 6epET KPOBITIO, MOAOIIIBY U I'PUM COCTAaBa, CBOM KPUTHHT He [efiaeT, ¥ paboTaeT 1Mo OMHOMY
IJIacTy 3a pa3. OH cTouT B rpymnie Pa3pes.

Tak ©IOKa3HBAIOT CMEHY JIMTOJIOTMYECKOT'0 COCTaBa BHYTPHW IIPOMEIINIJIEHHOI'O IIJIacTa BHOJIb
pa3pesa. I'pup cocTaBa roTOBAT OTAEIBHO: COIEPrKaHue OOBIYHBIM KPUTUHTOM, MUHEPAJIbHBIN THII -
WHOUKATOPHHEIM (MHCTPYMeHT KaTeropmaaibHbIH HHINKATOPHBIH KPHUTHHT).

IIBa pexuma

HenpepriBHoe copepxkanue (KCl, HepacTBOpPMMEBIN OCTaTOK): IIOJIOCA pPEXeTCsd Ha TOHKUe
BepPTUKAaJIbHBIE Cpe3Bl, KaXAhW CO CpegHUM 3HadeHueM. CTUib CJI0s1 CTaBbTe TI'pagUueHTHHIU
(o nomio value), Torma BOOIE IIOJIOCH BUEH IIJIaBHEIN IIePeXon COmepKaHuUI.

KaTteropuanbHbBI MUHEPaIbHBIN TUI UM (paluuu (CUIBBUHUT, 3aMellleHue, TaJiuT): CMeXKHEIE CPEe3bl
OOHOTO KJlacca CIMBalTCA B (anmanbHble 30HB. CTUIbL CTaBbTE IO KaTeropusm (mo mosro class).

30HEI 3aMeNIeHnsI BUOHE KaK CMeHa IIBeTa BOOJIb INHUMU.

ITapaMeTpsl

[TapameTp

YTo 3amaéeT

ITo ymonmuaHu1o

JInaus pa3pesa

Kposnsa nacra
ITopomrBa miacTta
I'pupm cocraBa

Ta ke nMuHUSA, 9TO U O
pa3pesa.

PacTp kposnu.

PacTp nopo1se.

PacTp copepxkaHusa umn
KJlacca.

Cocrasn HempepriBHOE uu HeIIpepLIBHOE
KaTeropuasbHOe.

[ITar BeIOOPKY BOOJIb TMHUU Yepe3 CKOMBKO eIUHUIl OpaTh 0
otcueT. 0 - mo sTYenkKe.

BepTukanbHbIE MacurTad Pexuwm: oTHOIIeHue I':B unm I':B
MHOXKHUTEb.

3HaueHue MaciiTada OTtHomeHue I':B umn 10
MHOXKHUTEIb.

Bribopka pactpa (Horr.) BunuHelHo uin OIUXauIInm OMJIMHENHO

(mms Kymacca Bcerga
ONIUKaAUIINH).
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[TapameTp YTo 3amaéT ITo ymonmuanuio

CocTaB miacra (4epTéx) BrIxogHBIE TIOJIMTOHEL B OCAX co3maéTcs
paccTosiHKME X BRICOTA.
Cocras miacra (3D) ITonmurous! PolygonZ B 10 3a1pocy

PealIbHBIX KOOpOUHAaTax.

3anyCKa171Te WHCTPYMEHT IIO KaXOOMy IIPDOMBIIIJIEHHOMY IIJIaCTy OTHOEJIbBHO, CO CBOMM I'DHUIOOM
COCTaBa. HOHOCY COCTaBa KJlaguTe IIOBEPX YepTezXKa pa3pe3a. 711 TOYHOTO HaJIOXKEeHUS BO3bMUTE
MHOXKHUTEJb, HalledaTaHHbIN HMHCTPYMEHTOM Pa3pe3 Mo JIMHUM, U 3aJaliTe ero 30ecCh B pexunuMme
MHO2KHTeJIb (OTHOH.IeHI/Ie I':B cuuTaeTtcs mo OOHOMY IIJIaCTy M OJIdd HAJIO2KEHUA He TOI[I/ITCH).

OnpenesieHHe pa3pe3a U 00IIHe IMapaMeTpPhI

l'eoMeTpuYeCcKH pa3pes 3a4al0T OBE BEIIY - TUHUSA B peajlbHON CUCTeMe KOOPAMHAT U BePTUKaJILHEIN
Mmacmtab vex. MHcTpymMeHT Pa3pe3 mo JIMHHMH BHIAET MX BMecCTe Kak cioi OmpeaeieHue
pa3pe3a: II0 IVHUU Ha KaXXObIU pa3pes, ¢ IOoJIsIMU sec, sec_id, vex, step, zmin, zmax, ox u oy. 9T0
00IINY UCTOYHUK IIPABIHL.

HWHCTPYMEHTH TIepecedeHus, MPOeKIINH, OOpaTHOW IIPOEKIIMM YHTAIOT JIMHUI0O M VeX M3 3TOr0
ompefieNieHus, MO3TOMY WX Pe3yJIbTaThl JI0XKATCA Ha pa3pe3 0e3 pydyHO# IIOOTOHKW MacIiiTaba.
ITocTpoiiTe pa3pe3 OOWH pa3, OmpefelieHHWEe IEPEHOCHUTCS BMECTe C IIPOEKTOM U IOJaéTcs B
OCTaJTbHBIE MHCTPYMEHTHI TPYIIIIHL.

Korma pa3pe30B HECKOJILKO, OIIpeeieHne HeceT ux Bce. MucTpyMeHTH IlepecedyeHne MOBEepXHOCTEH
c pa3pe3oMm (4.04), IlepeceyeHHue BeKTOpOB c pa3pe3oMm (4.05) u Ilepeceuenue TIN c
pa3pe3omM (4.06) o6pabaTeiBalOT BeCh HAOOP 3a OOMH IIPOTOH: KaX[bIM pe3yiabTaT JIOXKUTCA Ha
CBOM 4epTEXK I10 CMEIIEeHUIO U3 TOJIeH 0X U Oy U MojIydaeT noJjis sec u sec_id. HyxkeH onuH pa3pes

- IMoCTaBbTe (UILTP Ha CJION OIPEJeNneHUs WM BHIOEJINTE HYXKHYIO JTUHHUIO, MOPSIOOK O00BEKTOB
coxpansieTcs. Ecu B ompefeneHuN OKaxKyTCsI pa3pe3kl C pa3HBIM vex (Takoe OLIBAeT, eCITH CKIIEUTh
ompenesieHusI OT Pa3HBIX 3aIlyCKOB), MHCTPYMEHT HNPEOYIPEINUT, YTO YEePTEXKHU HECOIIOCTABUMEI, U
IIOCOBETYEeT IIepecodpaTh UX OQHUM IPOTOHOM.

HNucTpymenThs CocTaB mIacTta Ha pa3pe3e (4.03), 4.07 u 4.08 noka paboTaroT 110 OGHOMY pa3pes3y
u 6epyT u3 ompeneneHus IepBhii. CKBaxKUHbI Ha pa3pe3e (4.02) obpabaThiBaloT BeCcb Habop
nmakeTHO. [Ipy HECKONMBKUX pa3pe3ax MofaBalTe MM omnpeaereHue, OTOUIbTPOBAHHOE Ha HYXKHBIN
CTBOD.

Cnou onpepeneHus, cCoejlaHHbBIe IIPEXKHUMY BePCUSAMHU IIJIarMHa, YUTAIOTCA IT0-cTapoMmy. [lonel sec
U OX B HUX HET, IO3TOMY UM BBEIXOOUT IIYCTBEIM, CMeIlleHUe HYJIEBEIM, U Pe3yJIbTaT JIOKUTCS POBHO
Tak XkKe, KakK paHblIle.

HucTpyMeHT CocCcTaB IjlacTa HAa pa3pe3e IpPHHUMAaeT oIpefeleHHe pa3pe3a HeoOsI3aTelbHBIM
BXOZIOM: €CJIM OHO 3afJaHO, BEPTHUKAJIbHBIM MaciTab 0epEéTcs M3 HEero, M IMojioca COCTaBa TOYHO
JIOXKUTCS Ha TIIAaCTH MO BEICOTe. CKBaZKHWHBI Ha pa3pe3e paboTaloT TOMBKO OT OMpefeNeHusd,
OTHEeNTbHOT0 BEIOOpa MaciiTaba y HUX HET.

Pa3pe3 TaKZXKe o6pe3aeT BEIKJIMHUBAHUSA: T'H€ KPOBJIA OIIYCKaA€TCs OO IMOOOIIBHI, ITJIACT IIPOIIadaerT,
II0JI0Ca He CTPOUTCA. Tak B memo BTOpOﬂ HpOMI:IH.IJ'IGHHI:IfI I1JIaCT BBIKJIIMHHWBAETCSA K BOCTOKY.

7151 nomaHOM MUHNYM «Pa3pes3 mo TUHUK» 110 3aIPOCY BEIOAET TPHU CITy2KEOHBIX CJI0S B OCAX YepTezKa.
YrnoBble TOYKU CTaBATCA Ha KaxKI0M y3Jie TOMaHOM, CBEPXY M CHU3Y pa3pe3a. Y TOUKHU I0JIsA: HOMED,
umsa (¥I'-1, YI'-2 ...), cTopoHa (Bepx Ui HU3), paCCTOSHUE BOOIb TMHUU, MJIAaHOBEE X U Y, a3UMYT
OTpe3Ka M roToBasi NMoanuchk. CBepxXy MHOAMUCHLIBAETCS MMS, CHU3Y - IIJIaHOBbIE KOOPOMHATH X U
Y, oKpyrieHue OO0 COTHIX. ABMMYT M PACCTOSHHE OCTAIOTCS IOJISIMU CJIOSI - UX yYIOOHO BBEIHECTHU B
Tabnuily MakeTa. [IpuaraeTcsi CTUIb: BBEPXY TPEYTOJIbHUK BEPIINHON BBEPX, BHU3Y IOJIKA.

OmnuMoHaNMbHO BHIOAETCS TabJMIla YTIIOB - CIOU-TIOIUTOHH MOH pa3pe3oM. A4Yeiky jmexkaT MexXOy
YTJIOBBIMM BEPTHUKAJISIMU, TPAHUIIBI ITPOXONST TMOI HUMHU, ABE CTPOKM: OJIMHA M a3UMYT OTpe3Ka
MeXKJy COCETHWMHU YTJIaMH, MOOIIUCH IO LNEeHTPY, 3anuBka Oemasa. OHa PUCYeTCS IPSIMO Ha XOJICTE
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¥ ye3xXkKaeT B MaKeT BMECTe C pa3pe3oM. YTJIOBhIe BEPTHKAIM - TUHUK Ha y3JIaX JIOMaHOM Ha BCIO
BBICOTY pa3pe3a. ['Opu30HTaIbHBIE OCH - TUHUN PABHOM BHICOTH C OTMETKAMH (10 YMOTYaHUIO HSTh,
C XOPOIIMM OKPYTJIEHMEM) IJIS IIKajbl BHICOT. II0JIg YepTeska pacIIMpeHbl Ha NSTh IIPOIEHTOB
BBEPX M BHU3, YTJIOBLIE TOYKU CUAAT HA 9TUX KPasX.

¥r-1 ¥r-2 ¥r-3 ¥T-4
A A A A

SKR-006 _SKR-019
. g

X 462354 X 8929.82 X 1752787
¥ 17386.26 ¥ 19403.63 ¥ 19216.34 ¥ 21270

d 4755.39 4651.14 433991

Aa 64.90 9231 65.55

Puc. 28: OdopmneHne pa3pe3a: paMKa C YIJIOBEIMHM BepPTHUKAJISMHU U TPEyrojbHUKaMHU,
TOPU30HTAJIPHEIE OCH C OTMETKaMH CJieBa M Tabnuila yriioB IO pa3pe3oM.

4.04 TlepeceuyeHue NMOBEPXHOCTEH C pa3pe30oM

HuctpyMeHT [IepeceueHne MOBEPXHOCTEH C pa3pe30M HAaHOCUT ITOBEPXHOCTHU-TPUIL Ha paspe3
JIMHUSIMH B 0CSIX PAaCCTOSTHUE-BEHICOTA. KaXXKObIi Ipujl BEIOMPAETCs B0 TUHUY OIpPeOeIeHus, U ero
cedyeHUe JIOKUTCS Ha YePTEXK PSIOOM C IIylacTaMu. JIMHUS U vex OepyTcs U3 ompemnesieHus pa3pesa,
IIO9TOMY COBIIafIeHHe C Pa3pe30M aBTOMAaTUYECKOe.

Tak Ha pas3pe3 HAHOCSAT BOOOHOCHBLIE TOPM30HTHl, MApPKUPYIOIINE ITOBEPXHOCTHU, KPOBJIIO COJH,
TIOBEPXHOCTH aHOMasnui. Ha BXO[ - ompemeneHue pa3spes3a M CIIMCOK I'PHUOOB, Ha BHIXOOE JIMHUU B
ocsiX pa3pe3sa (u npu xKejauuu 3D-TUHUK B peallbHBIX KOOPAHUHATaXx).

ITpoekiusi 06HEKTOB ¥ OOpaTHAs MPOEKIHMS MPOBEPEeHBl Ha peasibHBIX HAHHBIX U METKy (0era)
Oorbirie He HecyT. Pa3BEpTKa CTEHKU CTBOJIa OCTAETCS IOMEeYEeHHOM: 0Ha pabouasi, HO e€ uHTepdeiic
¥ HaOOp MPUMEPOB eIllé YTOUHSIIOTCS.
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ITapaMeTpsbI

[TapameTp

YTto 3amaeT

ITo ymonmgaHuio / COBET

OnpemeneHue pa3pes3a

[ToBEPXHOCTU-TPUOHI

IIar BBIGOpKI/I BOOJIb IMHUN

(Oor.)

Bribopka pactpa (Hoi.)
JluHUU TOBEPXHOCTEN Ha
paspe3se (4epTéxK)

Cnoit onnpenenenus ot 4.01:
JINHUS C HOJIIMU veX U step.
3agaéT nuHU, MaciTab u
BBICOTY PaMKH.

CHucoK pacTpOB, YbH CEUYEHUS
HAHOCSITCS Ha pa3pe3
TUHUSIMHU.

Yepe3 CKOMbKO €IMHUIl KapThHI
OpaTh oTCcU€eT. 0 - IO pa3Mepy
STYEUKH.

BunuHeHo UMK OIMXAUIINH.
BEIXOOHEIE TUHUH B OCSIX
paccTosiHKe X BBHICOTA.

OUJIMHEWHO
Cco3TaéTcs

Brixopmuble 3D-THMHUN B
peanbHBEIX KOOpOWHAaTaX.

JIluauu noBepxHocTen (3D) 110 3ampocy

4.05 IlepeceyeHHe BEKTOPOB C pa3pe30oM

Ecnu noBepxaocTtH 4.04 HAHOCATCA TPUOaMH, TO 3TOT UHCTPYMEHT HAHOCUT Ha Pa3pe3 BEKTOPHLIE
00BEKTHI IT0 TOYHOMY II€PECEYEHUIO C JINHMEN pa3pe3a. THUIl pe3yJibTaTa 3aBUCHUT OT OOBEKTA.

JIuausi 6e3 OTMETKM BBICOTHI (IIJIOCKas B IIJIaHE - Pa3JioM, IpaHUIla, KOHTYP) Ha€T BePTHKAJIb
Ha BCIO BBICOTY B CTaHIIUM IlepecedeHusa. MI3BeCTHO, Ime pa3pes eé lepecekaeT 10 TOPU30HTANH,
HO He Ha KakKoH riy0uHe, IIOSTOMYy MeTKa MOET Yepe3 BCI0 paMKy. JIuHus ¢ ormerkou Z (3D-
00BEKT, HAKJIOHHEBIHM, KOHTYD IOBEPXHOCTH) HAET TOYKY Ha PeaJIbHOM BHICOTE B MECTe IIepeCcedeHusI
- HaIpuMep, KOHTYP KPOBIU C OTMETKOM JIOKUTCS TOYKOM POBHO Ha macT. [IonuroH (3oHa B IjlaHe
- 3aMellleHue, IITaXTHOe II0Jle, IUIeH3Us) JaéT BePTHKaJIbHYIO I0JIOCY Ha UHTepBase, rge paspes
UOET CKBO3b 30HY.

JIuHUS, vexX 1 BHICOTA paMKu 0epyTcs U3 OIpeeeHus pa3pe3a - ero numeT Pa3pe3 mo THHUH, U
B HEM Tellepb XPaHUTCS BEPTHUKAJIBHBEIM pa3Max. [loaTomy aisi 00beKTOB 6e3 Z momaBaTh HUYETO
He HyXHO. [IJI CTaphIX ompeneneHui 6e3 BHICOTH OCTAETCS 3allacHOM NyTh: YepTEék pa3pe3a
HeoOsi3aTEeTbHEIM BXOOOM WIW AMAala30H Z B JONOMHUTENbHEX. Korma y o6bekTa ecThb Z, BEICOTaA
He HyXKHa - TOYKa CTABUTCS IO OTMEeTKe. [IyCThle BBEIXOOBE HE CO3TAIOTCS: PA3JIOM HAET TOJIBKO
BEPTHKAJIM, MapKep - TOJIbKO TOYKHU, 30HA - TOJIBKO ITOJIOCHI.

B oTnmune or IIpoeknmuu 00BEKTOB Ha pa3pe3 (IpubIu3uTeIbHOM, 10 KOPUAOPY) 3TO TOYHOE
IlepecedeHne - MeTKa NOSBISIETCS TOJIBKO TaM, TOe TeOMeTpUus peajibHO pPeXeT JIMHUIO pa3pesa.
Ha BXOm MOXKHO TMOfaTh Cpa3y HECKOIBKO CJI0€B (JIMHWK U TIOJIUTOHHI BIIEPEMEINKY) - BCE
oOpaboTaloTcs 3a OOUH IIPOTOH, KaK CIMCOK IoBepxHocTeld B 4.04, a B BBIXOHAX I10JIe STC XPAHUT
CJIOM-UCTOYHUK KaXOou MeTKH. [leMo-TreHepaTop BEIOAET pa3jioM, MapKep C Z 1 30Hy 3aMelleHus,
Ilepecekarolre geMo-pa3pes, - Ha HUX HHCTPYMEHT IIpoOyeTcs cpasy.

ITapamMmeTpsl

[TapameTp Yrto 3amaéT ITo ymonyaHuio / COBET

Omnpepenenue pa3pesa Cnoi1 onpepnenernus oT 4.01: -
JINHUS, VeX U BEICOTA PAMKH.
IO 00BeKToB 6e3 Z 3Toro

OOCTaTO4YHO.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Cnou gns nepecedyeHus

YepTE€x pa3pesa

[TepeHoCcuUTb aTPUOYTHI
00BEKTOB Ha pa3pe3

COXpaHHTB UMSA UCXOOHOTO
CJI0sd

COXpaHHTB CTHJIb UCXOOHOI'O
CJ104

Jlunus penveda Ha yepTexe

JIuHuS HU3a Ha yepTexe

ITone HUKHEHM OTMETKH II0JIOC
U BepTUKaJeu

HuxHsst oTMeTKa 3TO rimyOuHa
ot Bepxa (Hor.)

Hu3s guanasona Z (Iom.)

Bepx gpuanazona Z ([Jom.)

BepTukanmu Ha pa3pese

Touknu rnepecedYeHud

[Tomockl 30H Ha pa3pese

JIUHUY U TIOJIUT OHBI
BIIEPEMEIIIKY, 3a OOUH IPOTOH.
B BEIXOmax moje Src XpaHuT
CJIOM-UCTOYHUK.

3amacHOM UCTOYHUK BHICOTHI
paMKHu OJIs CTaphIx
onpeneneHul 6e3 zmin/zmax.
[Tons uCXOOHBIX 0OBEKTOB
YXOOST B BEIXOOBI, YTOOHI
KPaCHUTh U IOOIIHUCHBATH METKH
10 CBOUM HAHHBIM.

BrIxon Ha3BIBAETCS 10
KCXOIHOMY CJIOIO0, KOTZla OH
OIMH.

Odopmnenue 6epéTcs y
KCXOTHOTO CJIOS, a He U3
IITAaTHOTO CTUMST MOOYJIS.
Croil TUHUY IIOBEPXHOCTEU OT
4.01. Bepx 30H U pa3jioMOB
JIOKUTCA 110 penbedy, a He 110
paMke.

ToT ke croM UIu ero 4acThb.
Hu3 30H ¥ pa3jioMOB TOXKUTCSA
10 TIOHOIIIBE, @ He TI0 pPaMKe.
Hwu3s kaxxmoro o6seKTa U3 ero
coOCTBEHHOTO aTpulbyTa.
[lepekmoyaeT YTeHUE IO C
a0COJIIOTHOM OTMETKH Ha
rIyOuHy.

HuxHss oTMeTKa paMKH, eClIx
HET HU OIIpPeneNeHus C
BBICOTOM, HU YepTezKa.
BepxHsisgs oTMeTKa paMKU B TOM
XKe Cly4ae.

Breixon miis nuHMi 63 Z
(paznomM, rpaHuIla): BEPTUKAIb
Ha BCIO BEICOTY.

Brixop Omnist nuHuM C Z (KOHTYP
C OTMETKOI): ToOYuKa Ha
peanbHOU BEICOTE.

BreIxopn Oyt MONIMTOHOB (30HA B
IIJTaHe): BepTUKalbHas Iojoca
Ha MHTEepBae.

I10 2KEeJIaHUIO

BKJIIOYEHO

BBIKJIFOYEHO

BBIKJIOUEHO

II0 2K€JIaHHUIO

I10 2KEeJIaHUIO

I10 2KeJIaHUIO

BEIKJIIOYEHO

0

co3maéTcsa

Cco3TaeTcs

co3maeTcs

HYCTLIB BBEIXOOBI HE CO3Al0TCS: KaKObIM THUII 0o0beKTa UOET TOIHKO B CBOM CJIOM.

HWMs1 1 CTH/IBL HCXOTHOI'O CJIOSI

I[IlBe ramoyKW [OJs CiIydasi, KOIfla Ha BXOI IIoJaH omuH cjo. O0e Mo YyMOJYaHHUIO BBHIKJTIOUEHHI,
IMO3TOMY IpPEeXKHUE IIPOTOHBI BOCITPOU3BOOATCS 063 U3MEHEHUH.

CoxpaHsATH HUMS HCXOOHOIO CJI0si. BEIXOm Ha3bIBAaeTCS IO UCTOYHHUKY: CJIOM TE€OJIOTUU HaeT
«T'eonoruss Ha pa3pe3e» BMECTO YHUBepcalbHOTO «IIomockl 30H Ha pa3pe3e». Ecnu omuH Ciou
pomusn cpa3ly HECKONIbKO BUIOB O00BEKTOB, K MMEHU O00aBiIsieTCs BUM, MHAuYe TPU CJIOS B IepeBe
Ha3bIBaIHUCh OBl OOUHAKOBO.
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CoxpaHsITh CTHWIb HCXOTHOTO Cj10si. Odbopmiierne GepETCS y CaMOro CJIOs, a He M3 IITAaTHOTI'O
cTuis Monynsi. Bmecte ¢ mepeHocoM aTpubyTOB 5TO CHEMAaeT I'TIaBHYIO PY4HYIO paboTy Ha pa3pese:
KaTeropuiiHas pacKpacka Te0JIOTHH IO TI0JTI0 JIOXKHUTCS Ha ITOJIOCH KaK €CTh, ITIOBTOPSATEH MAaIUTPy
BPYYHYIO He HYyXHO. CTUIb MEPEHOCUTCS, KOTHA TUI TEOMETPUU COBMIAAAET: MOJIMTOHEl B TIOJIOCHI,
nmuHuY 6€3 OTMETKHU B BepTuKanu. JIMHUS C OTMETKOM Z maéT TOYKY, TMHEWHHIM CTUIb Ha HEeé He
BCTAHET, U TaM OCTAETCS LITATHHIN.

CII0€B ITOaHO HECKOJIBKO - 00€ TaJI0YKH MOJI9aT, IOTOMY YTO BEIXOIEL CBOISAT BCE HICTOYHUKY B OINUH
CJION, U B XypHaJl yXOOUT CTPOKa [104YeMy.

O0pe3ka no penbedy U TUHUHU HHU3A

30HEI W PA3JIOMB II0 YMOJTYAHMWIO PHUCYIOTCSI HA BCIO0 BBICOTY PaMKHW: H3BECTHO, TI'fle OOBEKT
repecekaeT JIMHWIO, ¥ HEW3BECTHO, Ha KaKoW OH TinybmHe. Tpu HeoOs3aTeNbHBIX IapaMeTrpa
CHUMAIOT 3TO OTPAHUYEHUE IO KPasM.

JInausi penbeda Ha UyeprTezke obOpesaeT 0O0BEKTH cBepxy. IlomaBaiiTe CJIoM JUHUHE pernbeda,
KOTOphIY BeIfa€T 4.01 Pa3pe3 mo auHMH. Bepx 30H ¥ pal3jioMOB JIAKET N0 pebedy, a KpoMKa
IIOJIOCHI IIOBTOPUT €0 IIePeJIOMBI, @ He OCTAHETCS IIPSIMOM.

O6pe3ka MOET UMEHHO II0 JIMHUU C YepTexkKa, a He o pactpy LIMP, u 3To oco3uanHo. Pazpes mor
CTPOUTLCS IO OPYro¥ MOBEPXHOCTU, M TOTHA PacTp C 4epTekoM pasoumytcsa. O6pesaTs HaAmo IO
TOMY, YTO 4YeJIOBEK BUAUT mepepn coOoi. Pa3pes3rl comocTaBisiOTCSA IO moio sec_id, mostoMmy B
IMaKeTHOM ITPOTOHE KaXKIbIH YePTEK PexKeTCsI CBOUM IPOoGUIIeM.

JIuHusT HU3a Ha 4yeprTezke oOpe3aeT 00LEKTHI CHU3Y U yCTPOeHa Tak Xke. [logaBaiiTe mOmoOIIBY,
MOYBY TIJIacTa UK J1I00yI0 HUXKHIOI0 IOBEPXHOCTH C TOTO XKe dYepTexka. JINHUK HeT, HU3 OCTAETCH 110
paMKe.

Ecnu B cl1oe HECKOJIPKO ITOBEPXHOCTEH, 0O0pe3Ka UAET M0 orubarollei: CBepXy IO CaMO¥ BBICOKOM,
CHHU3Y I10 CaMO¥ HU3KOoM. [ToaToMy Bhixo JIMHMM MOBEPXHOCTEH HA YepTezKe rOOUTCS KaK eCTh,
IMogaBaTh er0 MOXKHO cpa3y B 00a Bxoma. Korma HyXHa ofHa KOHKpPETHAas IMOBEPXHOCTh, HMomaunTe
crio#, oTGUILTPOBAHHLIN ITI0 IIOJTI0 NAame.

KpoMKM cUMTaioTCsS B OOHUX U TeX JKe CTAHIUSAX, Y3Ibl 00emX TUHWIN CBOMOSTCS B oOmIuil Habop.
HNHauye BepxX M HU3, MOCYUTAHHBIE KaXKOLIH 110 CBOMM CTAHIIUSAM, IIEPECEKINUCH OB MEXKOY y3JIaMu
¥ TI0JI0CA BHINIIa OBl BHLIBEPHYTOM. HU3 He TOgHUMAaETCs BHIIIIE BepXa: TaM, Te JTMHUS Hu3a MIPoIIia
Haj penbedoMm, TToIoca CXJIOMBIBAETCSA M OOBEKT He BHIIAETCS BOBCEe. YMCIIO CPEe3aHHBIX IIETUKOM
IevyaTaeTCs B XKyPHaI, OOBIYHO 9TO 30HHI, JIEJKAIIUE BHIIIE perbeda.

IToie HUKHEH OTMETKH 33a1a€T HU3 II0JIOC ¥ BEPTUKAJIEH MOLUITYYHO, U3 aTpubyTa caMoro 00beKTa.
ITo ymomuaHMIO 3HaudeHUe YHTaeTca KakK abcomioTHas orMeTka. OIaXXoOK B [OIOJHUTEIIBHEBIX
IIapaMeTpax IepeKIIoYaeT ero Ha IJIyOMHY OT Bepxa OOBeKTa: 3TO yAoOHO, Korma B HAHHBIX
3ammcaHa MOIITHOCTE 30HHI, a He e€ ToollBa. Huke paMKy HU3 HE OMTyCKAeTCs HU B KaKOM CJTydae.

ATpudOyTHI 00BEKTOB Ha pa3pe3e

®naxok ITepeHOCHTH aTPUOYTHI 00HLEKTOB Ha pa3pe3 BKJIIOUEH 110 yMoT4aHuio. CMBICH IPOCTOMU:
TIOJIOCHI ¥ BEPTUKAJIM Ha YePTeKe KPACSITCS U MOOMUCHBAIOTCS IO BAIllUM K€ IMOJIIM, 63 py4YHOro
CBSI3BIBAHUS C UCXOOHEIM CJIOEM.

C0éB momaéTcst HECKOJIBKO, CXeMHBI Y HUX Pa3HbIe, IO3TOMY KOJIOHKH CBOMSTCS B OOUH OOIIHH HabOP.
ITose, KOTOPOTO y CJIOST HET, OCTAETCS ITyCTHIM. OOUHAKOBOE UMSI B PA3HBIX CJIOSIX CUYUTAETCS OMHOM
KOJIOHKOM, TUTI 6EPETCSA OT IIEPBOTO CJIOSA, Te OHO BCTPETUIIOCE.

HMmeHa, coBmapmamImue co ciayxkeOHbIMEU (sec, src, label, d, z, d1, d2), meperMeHOBBEIBAIOTCS C
cybdukcom. DTO He KOCMeTHKa: KOJIOHKa d HEeCET pacCTOSHUE BIOOJIb pa3pe3a, U aTpudyT o0beKTa
C TEM Ke MMEeHEM MOojTda ITOJAMeHUI Obl KOOPAWHATY, a 3aMeTHJIH OBl 9TO YXKe Ha 4epTezxke.

Yucno COGp&HHBIX KOJIOHOK I1€4YaTaeTCsda B XKYpPHalJI.
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Yron A3HMYVYT IIaJeHHsl. JIuaus 6e3 OTMETKH II0 YMOJI9aHHUIO J:[aéT BepTHUKaAJIb: U3BECTHO e,
HEen3BEeCTHO IO KaKHM YIJIOM. Ecnm 3apgansl Yrojl 1 a3uMyT IIadJeHHus - IIOJIAMH IIO MMEHH HIIN
IIOCTOSIHHBIMHM Ha CJIOM, - BMECTO BEPTUKAJIK PUCYETCH Clie[ IIadeHNs OT IOBEPXHOCTU BHHU3, a I10JI0OCa
30HEI CTAHOBUTCH IIapaJlyieJIorpaMMOM.

Ha 4epTéK BHIXOOUT He UCTUHHBLIN yToJl, @ BUTUMBIH:
tg(BuanMmbiii) = tg(MCTUHHBIN) - coS(a3uMMyT MapeHus — a3uMyT paspesa)

Pa3pe3 BKpeCT MPOCTHUPAHUS MAa€T UCTUHHBIM YIroJj, pa3pe3 II0 MPOCTHUPAHUIO - HOJIb, ¥ OOBEKT
JIOKUTCS TOPU30HTAIbHO. A3UMYT pa3pe3a OepETcs 10 3BeHy, Ha KOTOPOM JIEXKUT IIepecedeHue,
MMO3TOMY Ha JIOMaHOM TPOodHIie HAKJIOH B Pa3HbIX MECTaX Pa3HbIH.

A3umyT 00s13aTEJIEH ¥ U3 TEOMETPUY He BRIBOOUTCS: OOUH U TOT Ke 0OBEKT MOXKET ITafaTh B JII00YI0
cTOpoHY. Be3 Hero OoOBEKTEl OCTAIOTCA BEPTHKAIBHBIMU - MOIYaJINBOE [OIYyIIeHHE <IIJIOCKOCThb
IIepPIeHNKYJIIPHA pa3pe3y» U eCTh dacTas omubka moctpoeHus. CTOPOHY HaKJIOHA 3afaBaTh He
Hafo, e€ pelraeT 3HaK KOCHUHYycCa.

IInuHa crema 3afaé€Tcsl MO TOPU3OHTAIM B MeTpaxX, HOJIb O3HadaeT A0 paMku. KopoTkuii cnep-
yKa3aTeJib 0OBIYHO OepyT B IIOJITOPa-OBa CaHTUMeTpa Ha nucte: mpu 1:2000 ato 30-40 M.

B aTpubytel nummytcsa Tpu uyucia: dip (uctuuebM), dip_az u app_dip (Bugumeii). MepuTh yrom
TPAHCIIOPTUPOM II0 UEPTEXKY HENb3S - BEPTUKANIbHBIN MaciTab MCKaXkaeT HapUCOBAHHBIM HAKJIOH,
KaK HMCKaxKaeT U BCE OCTaJIbHOe Ha pa3pese.

4.06 Ilepeceuyenue TIN c pa3pe3oMm

Pactposniit rpup (4.04) - 9T0 z = f(x, y), OODHO 3HAYEHUE BHICOTH Ha TOYKY IJIaHa. OIPOKUHYTYIO
CKJafKy OH IlepefaTh He MOXKET B IPUHUUIIE: Haj OOHOM TOUYKONM y HEE HECKOJIBKO OTMETOK
OOHOU IOBEPXHOCTU. ITOT MHCTPYMeHT pexeT pa3pe3oM TIN - mOBEpPXHOCTH U3 HACTOSIIUX
3D-TpeyronsHUKOB, KOTOpas yMeeT HaBUCATh.

MexaHUKa YHCTO reoMeTpuUuecKas. Pa3pe3 - BepTHKalbHas IITOpa BIOJb JIOMaHOM. Kaxpablit
TpeyronbHUK TIN mepecekaeTcs C BEPTHKAJIBHOM IIJIOCKOCTHIO CBOETO CETMEHTA, HAa€T OTPE30K
(cTaHums BOONL JWHUU, peajibHaAs BHICOTA), U BCe OTPE3KM COOMPAIOTCS B TPACCy IIOBEPXHOCTH.
HaBucanue BHIXOOUT caMoO Co0OOM: Hal OOHOM CTaHUMEN OKa3hIBAaeTCH HECKOJIBKO OTPEe3KOB IIO0
BBICOTE, ¥ Tpacca 3aBOPa4YUBaEeTCs - KPBIIbS OIIPOKWHYTOU CKIIaAKU JI0XKaTCs KakK eCThb.

Ha Bxop - cimou 3D-monuronoB (PolygonZ, rparnu TIN, mpu 3TOM He-TPeyTroJIbHUKUA Pa30uBaIOTCS
BEepoM Ha TPEYrOoNbHUKHU) U IIPU JKeNaHWKW MelI-CJI0H. JIMHUS U vex 6GepyTcs U3 OmpeneeHus
pa3pesa, BLICOTA - C CaMUX rpaHei, mosTomy mjisi TIN 3aaBaTh HUYET0 He HYyKHO. KpoMe 4epTEKHOM
TPaccChl MOXKHO MOJIyYUTDb €€ U B peanbHBIX 3D-KoopauHaTax.

BaxkHoe orpannuenue: mem QGIS - 3to 2.5D, BhicOTa B HEM CKaJlIp Ha BepINHE, HaJl TOYKOM
CHOBa OOHO 3Ha4YeHHUe, OIPOKUHYTOe B Mellle He CoxXpaHseTcsa. [Io3ToMy HaBuCaHKe OalOT TOJIBKO
Hactosmue 3D-rpanu oT reomomeninepa (Leapfrog, Micromine u momo6HBIe). MeIl IPUHUMAETCSI
ons OoOIIHOCTH, Ha OOHO3HAYHHIX ITOBEPXHOCTSX. [leMo-reHepaTop BHLIOAET OIMPOKMHYTyIO0 TIN-
CKJIaIKy - Ha Hel 3aBOPOT TPACCHl BUIEH Cpa3y.

ITapaMeTpsbI
[TapameTp YTo 3amaét [To ymonmganuio / cCOBET
OnpepeneHue pa3pe3a Cnoit onpepnenernus oT 4.01: -

NUHUS U veX. BreicoTa 6epéTcs
C cCaMUX I'paHewu.
I'panu TIN (PolygonZ) Crnou 3D-TIONTUTOHOB - TPaHU Heo0s3aTeIbHO
TIN oT reomopennepa.
HaBucaHnve u OIPOKUHYTOE
BOCIIPOU3BOISATCH.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Meiu-cnou (2.5D) Mem QGIS fjiss oOIIHOCTH. Heo0s3aTeIbHO
Hapg Touko# ogHO 3Ha4YeHUe,
OIIPOKUHYTOE B MelIlle He

COXpaHseTCH.
Tpacca TIN Ha pa3pese BrixogHas 2D-Tpacca B ocsax co3maéTcs
(uepTéxK) pas3pe3a, MOXKeT
3aBOpPaAvYUBaTHCS.
Tpacca TIN (3D) BrixogHas Tpacca B peajibHEIX IO 3alpocy
3D-KoopauHaTax.
3aMKHYTbIE CEYEHUS Komnbila ceueHusi, cCOOpaHHBIE 10 3ampocy
(TIONTUTOHEI) U3 OTPE3KOB.
[lepeHecTH IOJIST UCXOOHOTO HNmMeHa monen yepes3 3a0daTyio. -
obbekTa (mor.) UpnyT B KONbIIA.
IOIIyCK CMBEIKaHUS KOJIer] B eguHunax yeprtexa. KoHITH 0.001
(mot.) COCEHUX TPEYTOJIbHUKOB

COBIIAAAIOT TPUOIUKEHHO.

IMopatiTe X0Tst OBI OMWH U3 ABYX BXOMOB - rpanu TIN mmu mer.

ueIIO‘IKPI H 3aMKHYThbI€ CeYeHHUs

Pe3ka maéTr mo OoTpe3Ky Ha TPEYrONbHUK, a V OOOJIOUKM HMX HECSATKH THICAY. TaKue OTPE3KH
CIIMBAIOTCS B IEIIOYKU, U Ha YEePTEXK UMAET OOHA MOJUIMHUS Ha I[eIIOYKY: CII0eM M3 OTPE3KOB HU
TOAIHCaTh, HA BHIOPATh, HU ODOPMHUTh.

Lenouyku CO6I/IpaIOTCH II0 HCTOYHHKY: KaXOad obotouka pexeTCd CBOMMHU TPEYIrOJIbHUKAMU, U
MellaTh UX B O6].T.IYIO Ky4y HEJIb34 - COCeHHEe TeJla COIUJINCH OHI B OOHY JIMHUIO.

3aMKHYTBHIE IIEIIOYKHM AOINOJHUTENIbHO BBEIXOOSAT ITOJUTOHAMHU: y 0O0OIOYKH 3TO TEIO B pa3pese, C
MIJIOIaAbI0, KOTOPYIO MOKHO CYUTATDh U ITOAIINCHIBATh.

Konelo nony4aeTcs: caMo, €ClIHU IIelI0YKa COMKHYIach. [JOMBIKaTh BCE ITOAPSAM HEJIb3s, U BOT [TIoYeMYy.
3aMKHYTHIH KOHTYP TapaHTHPOBAH TOJIPKO Y 3aMKHYTOM 00o0mouku. CedeHue moBepxHOCTH - TIN
penbeda, KPOBIU ILJIACTa, 1I0060# OTKPHITOM I'PAHU - PA30MKHYTO 110 IIOCTPOEHUIO, eT0 KOHIIEI JIeJKaT
Ha Kparlo IToBepxXHOCTU. COeNUHUTE UX 3HAYUT TPOBECTH XOPAY, KOTOPOU B MaHHLIX HET, ¥ IOCYUTATh
[0 Hel IIoliagb, KOTOPOU He CyIIeCTBYeET.

IToaTOMYy IlemoYKa, He COMKHYBIIIAsICS caMa, OCTAETCS MUHUEM U B MOJIMTOHBI HEe UIOET, a B XKypHal
UOET YMCJIO LIe0YeK, U3 HUX 3aMKHYTHIX ¥ OTKPBITHX, ¥ HauOOJIBbIINK 3a30p MeXay KoHllamu. Eciu
pe3ayack 3aMKHyTass 000/1049Ka, a IIEMMOYKM BHIIUIM OTKPHITEIMM, 3a30p U MOACKAXKET: YBEIUYbTE
OOITyCK CMBIKaHU . KOHITBI OTPE3KOB OT COCEOHUX TPEYTrOJIbHUKOB COBIAAAIOT JIUIIL TPUOTUKEHHO,
U JOITyCK CBOOHUT UX B OJWH y3€l.

BHYTpeHHee KOJIBIIO COGI/IpaeTCH OTOEeJIbHO OT BHEIIIHEero, IIO3TOMY Ceé4deHHne TeJla C IIOJIOCTEIO J:[aéT
OBa IIOJIMTOHA, a HEe OJWH.

TTonst UCXOMHOTO OOBLEKTa MEePEHOCATCS B KOIbIla, €CIIH MEePedYUCIuTh UX UMeHa depe3 3amsaTyio.
CroéB TpaHei OLIBaeT HECKOJIBKO, TIOJIST ¥ HUX pas3Hble, U IOJie, KOTOPOTO B CII0€ HET, OCTaHEeTCS
MIyCTBIM. 3HAYEHHUS KJIaAyTCA TEKCTOM, YTOOH He pa30upaTh THUIILI HA CTOPOHE BhIXOma. KpoMe HuUX
V KaXXOOH LEeTIOYKH eCTh ITPU3HaK 3aMKHYTOCTH closed ¥ 3a30p gap B KOHIIaX, a y IIOJIUTOHOB eIIé U
IIOIIadb B eMUHUIIAX YepTezKa. I10JI1 MCTOYHMKA ITIePEeHOCSITCS U B JIMHUY, U B TIOJIUTOHEL.

4.07 IIpoeknusi 00LEKTOB Ha pa3pe3

HNuacTpyMeHT IIpoeKIisi 00EKTOB Ha pa3pe3 IPOelupPyeT TOUKHU, JTMHUU U MOJTUTOHBL Ha TUHUIO
pas3pe3a. [ns KaX{moW BepIIMHBI TOPU30HTAJNIb 3TO PACCTOSHUE BOOJb JIMHUU OO €€ IIPOEKLWH,
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BEICOTA - OTMETKA W3 3D-reoMeTpuu WIIM K3 BLIOPAHHOTrO moJs. [lanbHHEe OOBEKTHI OTCEKAIOTCS
KOPHUIOPOM.

[TapameTp YTo 3amaéTr ITo ymonmuanuio / COBET
Omnpepenenue pa3pesa JIuuus pa3pesa C MoJIeEM Vex -
(BepTUKaANIBHOE
[IpeyBeJIn4YeHue).
OOBEKTHI IOJIS ITPOEKIINU Crno#t, 06BEeKTH KOTOPOTO -
ITPOEIUPYIOTCS Ha MJIOCKOCTh
pa3pesa.
[Tone oTmMeTKU ATpubyT Z, eciu reoMeTpus -
00BbEKTOB 0e3 Z.
Kopupop ot nuHuu [MMuvpuHa IOJIOCH 3axBaTa OT 0
nuHuUYU pa3pes3a. 0 = Bce
0OBEKTHI.
CoxpaHSATb UMSI UCXOTHOTO HMs BBIXOHOA CTPOUTCS OT CHSTO
cios MMEHU UCTOYHMKA.
CoxpaHsTh CTUIIb UCXOOHOTO Odopmnenue GepéTcs y CHSITO
cios caMoro cJiosi, a He U3

IITAaTHOTO CTHUIIS.

OOBeKTH Ha pa3pese (uepTexk) Brxom: 0OBEKTH B -
KOOpOHWHaTax yeprexka
paspesa.

910 06001IeHNEe MPOEKIMHU CKBaKWH Ha J1I00kle 00 bEKTH: aHOMaJIUM, TOYKU OMPOOOBaHMS, TPACCHI,
KOHTYpPHI. Pe3ynbTaT B 0csaxX pa3pesa, KJIageTCcs II0BepX YepTexka.

Bce pa3pe3sI onpeeieHusI

NucTpyMeHT paboTaeT mo BCeM pa3pe3aM ONpelesieHus, a He Mo IepBoMy. KaxXmwbii 0O6BHEKT
BBIHOCUTCSI Ha TOT YEPTEXK, K IUHUK KOTOPOI'O OH IToNajl B KOPUIOP, U B aTpUOyTax OCTAIOTCSI UM
pa3pesa ¥ ero HoOMeD - 10 HUM pe3yIbTaT OEeIUTCS Ha YepTeXU. YepTexKU pa3HOCATCS CMeIlleHueM
U3 omnpeneneHus, Kak B 4.01.

lanoyka BBIHOCHTH Ha BCe pa3pe3bl CHUMAaeT OTOOpP IO KOPHUMAOPY, U OOBEKT JIOXKUTCA Ha
KaXK[BIM 94epTEX. ITO HYXKHO [JISI TUHUNM CaMUX CTBOPOB U IJIT 00BEKTOB, OOLIMX Ha BCIO MJIOMIAMh:
II0 PacCTOSIHUIO OHU IIolafjany Obl TOJIBKO Ha CBOM pa3pes.

HAMs1 ¥ CTHJIB HCXOTHOI'O CJIOS

IIBe TamOYKM [JId TeX, KTO y2Ke HacTPous ohopMieHHe B maaHe. UMs BEIXofla CTPOUTCS OT UMEHU
MCTOYHMKA, a oopmiieHue 6epeTcs y caMoro ciiosi. KaTerOpuiHbBIN CTUIIb JTOKUTCS Ha pa3pes Kak
€CTh, U JIETEHMA OCTaéTCs mpexHel. Tak xke ycTpoeHo B I[lepecedyeHHH BEKTOPOB C pa3pe3oM
(4.05).

Ctunb IIEPEHOCUTCs, KOrga THII I'€eOMETPHM BBEIXOJa COBIIaJaeT C THIIOM MCTOYHHKA. Touku
IIPOEUPYIOTCA TOYKAMMH, ITOJIUTOHEI IIOJIOCAMU - TaM O(bOpMHeHI/Ie BCTaET OOWH B OOUH. JIuHUuS C
OTMETKOM Z HaéT Ha pa3pes3e TOUKY, U JTUHEHHOoe obopMIIeHHe Ha HEE He BCTAHET: B 9TOM CJIydae
0CTaéTCs WITATHBIN CTUIIb, O Y4EM CKAa3aHO B XKypHAJle.

4.08 CopoenupoBaTh C pa3pe3a

HUHcTpyMeHT CIpoenHpoBaTh C pa3pesa fenaeT o0paTHoe: 00beKTh, HAPHCOBAHHEIE Ha YePTekKe
pa3pe3a, BO3BpalllaeT B peajbHbie KOOPAUHATH. [[0OpU30HTAIb BEPIIMHEI YUTAETCS KaK PACCTOSTHUE
BIOJIb TUHUU (MA€T MJIaH), BBICOTA - KAK OTMETKa Z = BBICOTA / vex. JIMHus u vex 0epyTcs u3 TOro
JKe OIpefesieHus, II0 KOTOPOMY CTPOUJICS YEePTEXK.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

OnpeneneHune pa3pes3a JIuHuSa pa3pesa C IoJIEM VEX. -
OOBEeKTH C UepTeka pa3pesa OOBEeKTH B KOOPOUHATAX -
yepTexka [JIs Bo3BpaTa B IIJIaH.
OOBEeKTHI B IIJIaHe (C OTMEeTKOH Brixon: 00BbEeKTH B INIAHOBBIX -
Z) KOoOpauHaTax C
BOCCTaHOBJIEHHON OTMETKOM.

Tak HaprCOBaHHBIM pyKaMM Ha pa3pe3e 00bEKT - KOHTYP 3ajexXu, HapyIlleHue, TPaHulia - IonagaeT
oOpaTHo B my1aH 1 B 3D ¢ oTMeTKOu Z.

ManudecTt MoaesId BMECTO CIIMCKa CII0€B

HuacTpyMeHT MaHudgect Mmogenau (5.05) 3anuchiBaeT B CBOMCTBA IIPOEKTa, KaKylo POJIb UTpPaeT
KaKIOBbIA CJIOW: OIIOpHAas ITOBEPXHOCTh, KOHTAKT TeJla, YCThs, MHTEePBalbl, 3aMepPhl OCH, CIIPaBOYHUK.
Pa3pes 1 CKBaXKUHBI 3Ty Pa3METKY YUTAIOT.

Ecnmu moBepxHocTH B 4.01 He 3amaHbl, OepyTCs BCe CJIOM C POJBI0 KOHTAKTa Tejla, B IOPSOKe
mepeBa cno€B. Ecnu B 4.02 He 3amaHBl YCThS, UHTEPBAIL UM MHKIMHOMETPHUS, KaXKOBIM U3 9TUX
BXOJIOB HIIETCS 10 CBOeM poiu. B3siToe u3 mMaHudecTa Ha3bIBAaeTCSA B XKypHaljie MOUMEHHO, YTOORI
IIOCTAHOBKA He OCTajlaCh He3aMeUYeHHOH.

IpaBumno omHO: MaHWdECT coKpallaeT IIyTh, HO He CTAaHOBUTCS yCIOBHUEeM paboTel. HeT ponew,
IIOTOMY YTO ITPOEKT YyzKOU WJIM YHACJIEOBAaHHEIH, - BCE paboTaeT M0 IBHOMY BHIOOPY, KaK paHbIIIe.

OOpaTHBIHN XO/I: MPaBKa KOHTAKTa Ha pa3pe3e

Llukn 3aMbIKaeTcsl TakK. ['e0Jyior BUOUT Ha depTeXke, YTO KOHTAKT IIjlacTa NPOBeNEH HEBEPHO, U
PHUCyeT ero IpaBUJIbHO JIMHUEHN B OCAIX pa3pe3a. MHCTPyMeHT BO3BpallaeT 3Ty JIUHUIO B IJIaH C
OTMETKOU Z y KaKIO¥ BEPIINHEL.

lanoyka OTmaBaTh BePIUIMHAMM ITPEBPAIlaeT PE3Y/IbTAT B TOYKHU. DTO HYKHO IIOTOMY, YTO JaIbIIle
OTMETKH UMYT B IOCTPOEHME TIOBEPXHOCTH, a TyAa NPUHUMAIOTCSA HaOTI0AeH!s TOUKaMU: B KDUTUHTE
Takas TOYKa 3aKpeIiseT MOBEPXHOCTh TOYHO IIPU HYJIeBOM HarreTe, B Topo2Raster craHoBuTCs
KECTKUM Y3JIOM.

[Tose Src moMedaeT Ipoucxoxaenne. KOHTAKT, CHSTHIN C pa3pe3a, 9TO HHTePIIpeTallns, a He 3amep,
¥ B 00IIe¥ BEIOOPKE CO CKBaXXKMHAMH €r0 Hago OT/IMYaTh. [10 9TOMY IT0JII0 TOYKE 3aJal0T MEeHbIIN
BeC IOJIEM BECOB NeK/IaCTepHU3allii, U PUCYHOK MEPEeCcTaéT BECUTh CTOJIbKO K€, CKOTbKO CKBaXKHHA.

Packomn: Bce dopTa cpa3y

Y packoria uau Kapbepa IO KaXKIOOW CTeHKe CTPOHUTCS CBOM pa3pes3. UepTexkKu JI0XKATCSI Ha OOUH
XOJICT PSANOM, Pa3HECEHHEIE CMEIlleHUEeM U3 OIIpeiefieHu . ['e0Jior prUCyeT CJIou Ha KaXKI0oM dYepTexke
110 OPTO(OTO CTEHKHU.

OOpaTHBEIM X0[ BO3BpalllaeT HapPHCOBAaHHOE B IIJIaH, M KaXObIM OOBEKT CAOUTCS Ha JIMHUIO CBOETO
pa3pes3a: MHCTPYMEHT BHIOMpaeT pa3pes3 II0 TOMY, B Ubel II0JI0oce depTexka OOBEeKT HapHCOBaH.
PaccTosiHre BOOJIb OCH OTCYMTAHO OT Hadajla CBOEro pa3pe3a, W Ha YyzKOM JTUHUHU OHO YKa3bIBaJIO
ObI HE TyZOa.

TUI TeoMeTpPUH COoXpaHseTcs. TOYKKM BO3BPAIAIOTCS TOYKAMH, JIUHWU JIHHUSMH, TOJIUTOHBI
BEPTHUKAJIBHBIMHY TJIOMIAASIMU. BepTuKanbHast IIoIaAb IPaBUIbHO BEIIAOUT B 3D, HO B IIJIaHe 3TO
I0JI0Ca Ha JIMHUY pa3pe3a C HYJIEBOU IIIOIIaabi0, ITI03TOMY IJIS PACUETOB II0 Hel 0epyT BEPIITUHEL.

[anbllle KOHTAKTH CO BCeX CTEHOK COOUPAIOTCS B ONHY BBIOOPKY, K HUM [00aBISIOTCS TOYKU
KpPOBJIM, CHSITHle BHYTPU packomna, ¥ 1o o06ieidl BEIOOPKE CTPOUTCS IIOBEPXHOCTh. KOHTaKTHI C
pa3pe3a 3TO HHTepIpeTanus oo dororpaduy, a CHAThIE TOUYKU - UHCTPYMEHTAaIbHBIN 3aMep,
II09TOMY IIPOMCXOK[IEHNEe CTOUT IIOMETUTH I10JIEM SI'C U 3afaTh Pa3HbIM BEC B KPUTHUHTE.
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4.09 Pa3BEépTKa CTEHKH CTBOJIa (0eTa)

HUracTpyMeHT Pa3BEépTKa CTEHKH CTBOJIA CTPOUT IUIMHOPUYECKUN pa3pes3. Bokpyr ocu cTBoma
Ha 3aJaHHOM papuyce O0epéTcs OKPYKHOCThb C YIJIOBHIM miaroMm (o ymondanwio 1 rpamyc), u
ITIOBEPXHOCTU-TPUIEL BEIOMPAIOTCS BOOJIb Heé. Pa3BEpPTKA JIOKUTCS B OCH OJIMHA OYTH 110 OKPYXKHOCTH
- BBICOTA.

[TapameTtp Yro 3amaér ITo ymonyaHuio / COBET
Och cTBOJIa (TOYKA YCThS) Touka yCThsI CTBOJA. -
Paguyc cTBOna, en. KapTel Papguyc pa3BEépPTKU CTEHKHU. 4
[ToBepXHOCTU-TPULEL 'pupgbl HOBEPXHOCTEN, -
(Mmapkupytomue) OTMETKU KOTOPBIX HAHOCATCS
Ha pa3BEPTKY.
YrnoBou mar, rpagycChl [ITar o6xoma CTEHKH II0 1
a3uMyTy.
BepTukanbHbIN MaciiTabd PexxuM BepTHKaILHOTO OTHOIIIEHUE

mpeyBenndeHus (OTHOIIEHUEe
I':B 11y MHOXUTEID).

3HaueHue MaciiTaba Ywucrno npeyBeIudYeHus 10 10
BEIOPAHHOMY PEXKHUMY.

Bri6opka pactpa (mor.) Cnoco6 CHSITUS 3HAYEHUS C -
rpuaa IOBEPXHOCTH.

Pa3BépTKa cTeHKM (Oyra X Brrxon: pa3BépTKa CTEHKU -

BBICOTA) CTBOJIA.

Kaxkpgass MapKupymoIllasi IOBEPXHOCTh HAET JIMHUIO CBOETO IMepeCcedYeHusI CO CTEHKOM CTBOJIA - IIPHU
TTaJleHuH’ TIJTaCTOB JIMHUM HAKJIOHEHH ¥ BOTHUCTH. OCh 3a4aéTCsT TOYEUHBIM CJI0EM YCThSI, PafguycC B
eOUHUIIaX KapTH, BEPTUKAILHEINA MaciiTab Kak y pa3pesa.

4.10 IIpumep o151 pa3pe3a (meMo)

HNucTtpymenT IIpuMep aJisi pa3pe3a (IeMo) TOTOBUT MOJIHBIN yueOHbIM HaOop O rpynnsl Paspes,
yTOOHI OITPOOOBATh €€ MHCTPYMEHTH 63 KPUTHHTa PeasIbHBIX JaHHBIX. B ITaHesu OH CTOUT B IPYIIIIe
Pa3pe3s nmocnegHuM.

3a OWH IIPOTOH BBLIOAIOTCS IIECTh CTOIKOM ITOBEPXHOCTEM C ITafleHuEeM U IIepEMEHHON MOITHOCTBIO
(IsITH MJIACTOB B IIepecauBaHUM, BTOPOM M YETBEPTHIM ITPOMEBIIIJIEHHLEIE U TOHKWE), TPU JTUHUUN
pa3pe30B uepes IIoIanb (JloMaHasd ¢ OBYMS M3JI0MaMU, KOPOTKasd IIpsAMas U HaKJIOHHAs C OOHUM
M3JIOMOM), TOTOBAs apa CJI0EB Mofienu OypeHusi, TabIuila HHKJIMHOMETPHUH 1 II0 MHOTOKaHaIbHOMY
TPUOY Ha KaXXObI OPOMBIIIIEHHBIM IjlacT. Kaxkmasi TpeThs CKBaXwWHa B Habope HaKIIOHHAS:
3eHUT OT 45 mo 70 rpamycoB ¢ HaGOpPOM IO CTBOJIY, a3UMYyT BHOJIF NTUHUN pa3pe3oB. CKBaXKWHA,
HaKJIOHEHHAs ITOIEPEK pa3pesa, IPoelupoBanachk Obl IIOYTH B TOYKY, U IPOBEPUTH IO HEM BBIHOC
WHTEPBAJIOB BIOIb OCH OLINIO ObI He Ha YeM. OcTaNlbHEIE CKBAXKUHLI BEPTUKaIbHBIE, YTOOH Ha OMHOM
Habope OBIJIO BUOHO ¥ TO, W OApyroe moBemeHue. KoHBeHITMS KaHAJOB Ipupa IjlacTta: KaHam 1 -
KPOBJISI, KaHaN 2 - IOOOIIBa, KaHalkl 3 U Jalee - TapaMeTpHl (30echk comepKaHue U MUHePalbHBIN
TUII C 30HOW 3aMeIeHMs, IO COOepzKaHusd Y MJIaCTOB HE3aBUCHUMEBIE, CTOXacTH4Yeckue). OnuH
daiin omucHBaET MIACT IIEJIMKOM - KaK OJI0OYHYI0 MOfenb, Kyda HOBBIE ITapaMeTpPhl H00aBISIIOTCS
KaHanmaMu. [1ss MHCTPYMEHTOB IlepecedeHus: moOaBleHbl IeMOHCTPAIMOHHBEIE BEKTOPHI: Pa3yioM
0e3 OTMETKM BLICOTHI, MAapPKUPYIOIINM KOHTYP C Z, 30Ha 3aMelleHus U onpokunyrtas TIN-cknamka
u3 3D-rpanet PolygonZ.

CKBazKHHbI C HHTEepBa/IaMH 0Hp06OBaHI/Iﬂ

ITapa croéB Momesnu 6ypeHus BHIIAETCSA TOTOBOM, B TOM XKe opMaTe o6MeHa, B KOTOPOM BHITPYZKaeT
I'eOKOHCTPYKTOP. BMecTe ¢ Hel BHIAAETCS CIPAaBOYHHK IUIACTOB AEMO: Te K€ KOObI, UYTO CTOST B
WHTEePBaJjax, C IOPSOKOM 3ajieTaHusi, TEJIOM U IIBETOM. I1oCTaBIIsieMbli clipaBOYHUK U3 4.11 co6paH
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II0 BerHeKaMCKOMy MECTOPOXKIOEHUIO 1 KOOOB I€MO He 3HaAeT, II0O3TOMY 6e3 cBoero CIIpPaBOYHHKaA
KOJIOHKH OeMO OCTaBaJIuCh oe3 IIBETa.

IMomnoce! nnactoB B 4.01 meMo-CIIpaBOYHUK He KPacuT, U 3TO He HeZonOesKa, a YCTPOUCTBO IIOUCKA.
IInacT TaMm onpefnesnsieTcs 10 MMeHaM CJI0EB KPOBiIu U nomoiuBkl: v ciios Kpll_top cHuMaeTcs pomb
u octaérca koxm Kpll, o HeMy CIpaBOYHUK U OIIpalInBaeTcs. [I0BepXHOCTHU JIeMO0 Ha3BaHEI IIPOCTO
HOMepaMHM U Kofia IIJIacTa He HECYT, II03TOMY II0JIOCH OCTAlOTCS B IIBETaX I10 yMol4aHuio. Ha cBoux
OaHHBIX, TO€ CJIOM Ha3BaHBI KOLaMU IIJIaCTOB, TOT XK€ CIIPAaBOUYHMK KPaCHUT M IIOJIOCH], ¥ KOJIOHKH.
Vcerbsa collar 310 ToYeUHEIN CIIOM C OTMETKOM yCThs U I''IyOuHOM 326051, MHETEepBaIbl interval sTo
o6pIyHast Tabnuila ¢ TIyOMHAMY II0 CTBOJIY OT YCThS M KOOOM IIjIacTa.

I[Tostomy uHCcTpyMeHT 4.02 CKBaXuHBI Ha pa3pe3e npodyercsd 6e3 CBOUX OaHHEIX U 0e3
obpamenus K 6a3e: 3anyctute 4.10, 3aTem 4.01 o 110001 U3 TPEX MUHUH, 3aTeM 4.02 ¢ 9TOM mapoH,
ompenesieHHEM pa3pe3a U [AeMO-CIPAaBOYHHUKOM. KOJOHKM CKBaXXWH IIOJIyYaT I[BET W IOPSOOK B
nerenpge. CKBaxKWHBI CTOAT BOOJIP BCEX TPEX JIMHUM, TaK YTO KOJIOHKM JIATYT Ha JII000# 4YepTEX.
Ta ke mapa 6e3 U3MEHEHUU TOOUTCSA U AJIT TPEXMEPHOTO MPOCMOTPA: TaM I'JIyOMHA yXOOUT B Z
HampsiMyio, 6e3 BePTUKATBLHOTO MacIinTaba ¥ CMeIleHUsT pacKJIagKu.

MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)
reoMeTpusa nnacra
Kanan 2 - NOAOLUBA (oTMeTku Z)

napameTpbl (bnoyHan mogens)

-+ 3.03: kpoBna=1, nogowea=2, cocTag=3
+ 3D-npocMoTp: «Tena NnacToe», KaHan napameTpa 3+

Puc. 29: KonBeHIIUsT MHOTOKaHaJIbHOTO I'pUIa IIjlacTa: KaHalbl 1-2 HEeCyT reoMeTpui0 (KpOBIS U
MOOOIIBa), KaHalkl 3 U fajee - mnapaMeTpsl. OguH dhaia KOPpMUT UHCTPYMeHT 4.03.

Ciou 1eMo u uxX aTpuOyTHI

Cnout T'eomeTpus ATpubyTHI

Jluanu pa3pes30B (meMo) JIUHUSI name (Pazpes 1, 2, 3). Tpu
CTBOpa Pa3HOM OJIMHHI:
JIoMaHas C OBYMS M3JIoMaMH
(BepIIMHEI IPOBEPSIOT
NUKeTaxXK), KOpoTKas npsaMas 1
HaKJIOHHAs C OOHUM H3JI0MOM.

Yctes collar (memo) TOYKH hole id, z (otmeTKa ycThs), eoh
(rmy6una 3a60s51), number ms
TIOJIINCH.

HWnuTepsasnsl interval (memo) Tabnuia hole id, from, to (rnmy6uHE 1O

CTBOJIy OT yCTbs1), code
(MHOEeKC IIJ1acTa).

CripaBOYHUK MJIACTOB (IeMo) Tabnuila code, order, body, color, strata.
ITog xoOBI MHTEPBAJIOB AEMO.
3oHa (ZeMo, IOIUroH) [IOJINTOH name. [I719 UHCTPYMEHTa

nepecedeHus BeKTOpos 4.05.
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Cnoit T'eomeTpus ATpubyTHI

Pasnom (memo, 2D) JIUHUSA name. CeKkymiasi CTBOPa,
cMellleHa C U37I0Ma JINHUH.

Mapxkep ¢ Z (memo, 3D) UHUS Z name. ITpoBepka

OnpokunyTtas TIN (memo)

IToBepxHOCTE 1...6
IMnact 1-1/2-11 nmpom.

IIOJIUTOHEI Z

pacTtp
pacTtp

3D-reometpuii B 4.05.

name. OIpPoOKWHYyTas CKIagKa
ons 4.06.

OpuH KaHal OTMETOK.

Kanamnsi: 1 KpoBis, 2 MOOOIIBA,
3 comepxkaHue, 4 MUHTHII.

Pabouuit 1uKI mokasaH B pa3gene 4.01: moBepxHocTu uoyT B Pa3pe3 mo JIUMHHUH, 1apa collar u
interval B CkBakMHBI Ha pa3pe3e, Irpuf cocTaBa B CocTaB IyIacTa Ha pa3pe3e, a [eMO-BEKTOPEI
u TIN B uncTpyMeHTH nepecedeHusa 4.05 u 4.06. Tak Bcg rpylna pa3pe3a ODpOKaTEIBAeTCA Ha

COT'JIaCOBAaHHBIX NaHHBIX.

ITapamMmeTpsI

[TapameTtp

YTo 3amaéT

ITo ymMom4aHuio / COBET

O6sacTh (3KCTEHT)

3epHo reHeparopa ([or.)

IToBepxHOCTSH 1...6

Jluanu pa3pes30B (3 mIT.)

YcTes ckBaxkuH collar

HMHTepBankbl CKBaxKuH interval

[MnacT 1-% mpoM.

[Mnact 2-1 mpom.

Pa3znowm, mapkep c Z, 30Ha

Onpokunytasa TIN

[TpsIMOYTOJILHUK, B KOTOPOM
reHepupyeTcs Habop.

3epno I'CY gnsa
BOCTIpOU3BOOUMOCTH. O -
CIy4aWHO IIPU KaXXaoM
3aImycke.

[ITecTs pacTpPOB CBEPXY BHU3:
KPOBJIM ¥ TIOHOIIBEI
BMeIIAIomuX U ABYX
IIPOMBIIIJIEHHBIX 11JIaCTOB.
Tpu cTBOpa Yepes miollamb
ons nomaum B 4.01.
WHCTPYMEHT II0 YMOJIYaHHUIO
CTPOUT Pa3pes Mo KakaoMy.
TodeuHEBIl CITOY MOOENHN
oypenus (hole id, z, eoh,
PointZ).

Tabmuita momesnu GypeHus
(hole id, from, to, code, kcl).
MHoroKaHalnbHbIN I'PUL;:
KPOBJIsi, TIOAOIIIBA,
cogepiXaHue, MUHTHIIL.

To xe gnst BTOporo
ITPOMBIIIJIEHHOTO I1JIacTa, ITOJIs
HEe3aBUCUMEIE.
IOemo-BekTOpH my1g 4.05:
nuHus 6e3 Z, KOHTyp C Z,
IIOJIUTOH 30HHI.

3D-rpaHu ONIPOKUHYTOU
cknagku ais 4.06.

3a4aTh I10 IIPDOEKTY

0

CO30aKTCA

CO30alTCA

Cco3TaéeTcs

co3maéTcs

10 3aIPOCy

I10 3a1pocCy

10 3aIpPOCy

II0 3a1pocCy

TTonHEBIHN ITepedeHb II0JIeH BEIXOMHEIX CJIOEB - B IpuIoXkeHu [laHHBIE O pa3pe3a (pasmen «Iloms
OeMO-CJIOEB» B KOHIIe PYKOBOACTBA).
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CTpPYKTypHBIE 3JIEMEeHTHI U CjIedbl BBIX0da. [IeMo OTHAéT OBa CJIOS C aHATUTHUYECKUM 3TAJIOHOM
OJISI ITPOBEPKHU YTJIOB.

CTPYKTypHBIE 3JIEMEHTHI: TPU JIMHUU IIepeceKaroT NpsaMod Pa3pe3 2 mpu OogHOM MCTUHHOM yrJie
25 rpafycoB ¥ pa3HBIX a3uMyTax nafgeHus. BuguMmeie yriasl BEIXoOAT 25, 18.25 u Honb, oxupgaeMoe
3HaueHUe 3alucaHo B IIOJie app_exp, mos3ToMy pe3ynabTaT 4.05 cBepseTcs 4YuCIOM, a He Ha
rna3. [IpsiMoii pa3pe3 BEIOpAaH HAPOYHO: Ha JIOMAaHOM a3WMyT 3BeHa MEHSETCS II0 X0y, W 3TaJIOH
IIepecTaéT ObITh OMHO3HAYHEIM.

Cnenrl BeIxoma myisg 4.12: nonoruit (20 rpamycoB), KpyTo (72) U HaMepeHHO IpsAMOU B miaHe. I1o
MePBHEIM IBYM MHCTPYMEHT 00513aH BEPHYTH Umcia u3 nojei dip true u az true. TpeTuii npoBepser
0TKa3 - 3ajleTaHue 110 IPSIMOMY Cllefly He onpenesieHo. KpyTol HyKeH OTHelIbHO: IOATOHKA 110 Z Ha
HEM ITOmJIbLIa OBI.

4.11 O6pa3en cupaBOYHHKA IIAaCTOB

HWHCTPYMEHT KIaOET B IIPOEKT MOCTaBIIsSIEMEIN oOpa3ell CopaBOYHUKA IIJIaCTOB - TOT CAMBIN, KOTOPHIH
yutaioT 4.01 u 4.02. HykeH OH I10 TPOCTOM NpuYnHe: oOpaser JIeKuT ¢GaiiaoM B KaTajore IjIariHa,
KyIla II0Jb30BaTejib OOBIYHO He 3arjsigbiBaeT. bes 3Toro Irara CIIPaBOYHUK IPUXOOUTCS MCKATh
pykam#, a He HaW[s, IIofiaTh B pa3pes IMePBYIO ITONaBIIyIOCS TabJIMIy U TOTyYUTh 4ePTEK Oe3 I[BeTa.

I[TapameTpoB y uMHCTpyMeHTa HeT. OOUH IPOTOH - U cjo¥ CnpaBOYHHK mjIacToB (0oOpa3em)
MIOSIBJISIETCS B IIPOEKTE M CPa3y BUAEH B BEINAAAIOIIEM CIIMCKE MHCTPYMEHTOB pa3pesa.

YrTo BHyTpH

Ta6m/1ua oe3 reoMeTpHrny, OOHa CTPOKa Ha IINIaCT HUJIM MEeXKOYIIIIaCThkEe, CBEPXY BHHU3 IIO Pa3pesly.
Komonku: kom Temna, HOMEp CBepXy BHHU3, TeEJIO (HHaCT uin Me}KHyT[J'IaCT]:e), IOBET, a TaKXe
HeoOs13aTeJIbHBIe TOJIIIa U IIpUMeYaHue, KOTOPhI€ YUTAIOTCs, HO IIOKa He UCIIOJIb3YIOTCA.

O6pa3er cobpaH no BepxHeKaMCKOMY MECTOPOXKOEHHUI0: 37 CTPOK OT ITOKPOBHBIX OTJIOXKEHUMN [0
HUXKHEN KaMeHHOU conu. [I1s Opyroro MeCTOPOXKAEHUS OH CIIyXKHUT cKerleToM. CoxXpaHUTE CJIOU B
daiin mratHeIMU cpeacTBaMu QGIS u mpaBbTe KOMHI, IIOPSIIOK U IIBETA IIOA CBOIO CTPATUTPadUIo.

Temo 3anmojIHsAET reojior

OTO TJIaBHOE, YTO CTOUT IIOHATH IIPO CIIPABOYHUK, U IIOTOMY IIOBTOPSAETCS 30eChb. Teno u3 Kofga He
BeIBOOUTCS. [InacTt AB 110 HanuCaHMUIO BHITJIAOUT KakK «A IUTI0C B», HO 3TO [eJIbHBIN 11JIacT, BHYTPU
KoToporo jsexaT A, b, kopx A-A’ u A’. Mexpaynnactee B-B 13 Kofga He BEIBOOUTCS BOBCE, IIOTOMY
yTo nyacta b B cnucke HeT, eCcTb Ab. MHCTPYMEHT 3HaueHUs Tejla He IMepeCUYUTHIBAET U B 3TOM
CMEICJIE HE YMHEe 4eJjioBeKa, KOTOPBIY UX IPOCTAaBUII.

CocTraBHBIE TeJia cepble

B o6pasiie ects KpIlla+6 - cocTaBHOe Teno, cymma Kpllla, mexpynmacTtess Kpllla-6 u Kplll6. Takue
KOHTJIOMEpAaTHEl B CIPABOYHUKE KPACATCS CEPEIM, TeM K€ OTTEHKOM, KaKMM IIJIaruH IIoMedaeT
Heomo3HaHHoe. [IpuYyrHa B TOM, YTO IIBET COCTABHOTO Tejla M3 IIBETOB €r0 YacTel He BHIBOJUTCS:
YacTu MOTYT OBITH pa3HBIX LIBETOB, U 000U BHIOOD ObINT OBl MPOU3BOJIOM. CephIfl YHUTAETCS Kak
«IIBET HE 3aJlaH», ¥ €T0 CTABUT YEJIOBEK.

CoCenCcTBO ILIEJIOr0 C YaCTSAMU B OOHOM CIIMCKE UMEET LIEHY, 0 KOTOPOU CTOUT 3HaTh. [lopSamoK cBepxy
BHU3 enuH, mo3Tomy Mexny KpIllo u KpllIB Temeps jiexkaT OBa Teja, a He OOHO, U ITapa TaKuX
TPaHUIl Ha pa3pe3e AacT CePyIo I0JIOCY C IepeYyHeM BMECTO MMEeHU MeXXAyIiacTthsa. Ha KpymHoM
rpaunynsapaocTtu, Mexay KplIla+6 u KpIIIB, Bcé cxomuTcss oOBIYHBIM 06pa3oM.

Tot ke daia sue QGIS

O6paserlr 1exkuT B nanke templates BHyTpu KaTajora IjaruHa B IBYX BUaX, plast reference vkmks.x1sx
U plast_reference vkmks.csv. B kHure Excel ecTh BTOPOM HHUCT C IMpaBUIaMU 3alojHeHUs. IIpaBbTe
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MI0OBIM YIOOHBIM CITOCOO0M, HHCTPYMEHTHI pa3pe3a NPUHUMAIOT U Tabnmuiy mpoekrta, u GeoPackage,
u CSV.

4.12 9n1eMeHTHhI 3a/IeraHMus IO CjIeay BhIX0Oa

Cuuraet YroJl 1 a3UuMyT IIadeHUud I10 TpéXMepHOMy ciieny BBIXOHOaA I'PAHMIIBI HA IIOBEPXHOCTE.

[TapameTp YTo 3amaét ITo ymonm4gaHuio / COBET
Crnennl BEIXOIA JIuauu c ormetkamu (Z B -
BepIIVHAaX).
OKHO, BEPILINH 0 - ogHO 3aneranve Ha BECh 0
ciieq, Ha4Ye CKOJIb34Illee OKHO.
HauwmMenriiass n30rHyTOCTh [Topor o6yCIIOBIEHHOCTH, 0.15
(mom.) HUXKe KOTOPOro CcliefyeT OTKas.

OTKyma Oepércsi 3ajeranre. Eciu rpaHuila miaacTta MM pasjioMa omudpoBaHa C OTMETKaMH,
IIJIOCKOCTh M0 Hel BOCCTAHaBIMBAETCS OMHO3HAYHO, a M3 IJIOCKOCTH BHIMAHAl0T 00a 3jIeMeHTa
3aJieraHud. HpaBI/IJ'IO TpéX TOYEK - MUHUMAaJIbHBIA cnyqaﬁ, 30eChb CHHUTaeTCda IIO0 BCEM BEPIIMHAM
cpasy.

MeTop mo ATbBMEHAUHTEPY: HOPMaJb K IJIOCKOCTH 3TO COOCTBEHHBIM BEKTOP MATPHUIIEI OPUEHTAIUHN
IIpM HaAWMEHbIIeM COOCTBEHHOM 3HaYeHWH. IIOATroOHKa BuUOa z = a'x + b-y + c IIPOIle, HO
pa3BajuBaeTCsI Ha KPYTHIX 3alieTaHUsIX, Tme Ko3(puIueHTH yXomsT B OECKOHEYHOCTh. depes
CcoOCTBEHHBIE BEKTOPHI KPYTH3HA ITePecTaéT OBITh 0COOBIM CIIydaeM.

I[IpsiMo¥i B mjIaHe cjieq 3a/leraHHsi He ompenaesasieT. Yepe3 OOHy MPSIMYI0 B IIPOCTPAHCTBE
MPOXoguT OGECKOHEYHO MHOTO IIJIOCKOCTEHM: OHM BPAIAIOTCS BOKPYT HEE KaK CTPAHUIIEI BOKPYT
Kopellika. MHCTPYMEHT BHOUT 3TO II0 OTHOIIEHHIO COOCTBEHHBIX 3HAYEHWH M OTKA3bIBaeT C
MIPUYHUHON BMECTO YBEPEHHOTO YKCjla U3 IIyMa OKPYTJIeHHus. Mepa IUIleTcs B moje planar: HOMIb -
TOYKHY Ha MPSIMOM, eqUHHUIIA - pa3MaxX B OBYX HaAIIPaBIEeHUSX.

CkIaiKa JIOBHTCsI HEBSA3KOM. MeTo MpernosiaraeT, 4To CJie[ JIeKUT Ha OOHOW IIJIOCKOCTH, a
OIWHHAS TPaHWUIlA PEOKO JIeXKHUT: (rekcypa, cMelleHue pasyioMoM, meperut. CpemHsis HeBsi3Ka
TOYEK OT IJIOCKOCTH MHUIIETCS B II0JIe rms, ¥ 00JIbIIIOe 3HAYEeHHe 03HaYyaeT, YTO OMHOr0 3a/IeraHust
Ha BeCh Cjef] He CyIlecTByeT. Torma BKIIIOYANTE OKHO: 3aJieraHWe CYHUTAETCS II0 CKOJIb3SIIEMY
y4acCTKy, ¥ Ha BBIXOfle OymeT ero W3MeHeHHe BIOJIb T'PAHUIIL, YTO II0JIe3Hee OMHOTO CpPemdHEero
YuCa.

MecTo B memnouke. Brixon nogaérca npsmo B 4.05, roe mondg dip u dip az u oxupgaiorca. Eciou
penbed 3amaH TOPU3OHTAISIMU, a CJied IIJIOCKUM, MPOBEOUTEe ero ciepBa 4depe3 2.22 - OTMETKHU
CHUMYTCS C IPUMBIKAIOUIUX TOPU30HTAJIEN.

I'eororuueckasi MoaeIb

I'pynna cobupaeT MHCTPYMEHTH, paboTalonie He C OMHOM ITOBEPXHOCTHIO, @ C MAaYKOM: KPOBJIU U
ITOMOIIBEI COCEIHUX TEJNl CBSI3aHHI MexXKay co0ol, U CBsI3b 3Ta MUO0 cobimomaeTcs, TuO0 HapylleHa.
ITpoBepuTh €€ U ecThb IepBas 3amava. Bropas - UMeTh o[ PYKOH 3aBeqoMO M3BECTHBIM MaTepHall,
Ha KOTOPOM BH[IHO, I'le TPUO0BOE IIpecTaBiIeHne paboTaeT, a IIe MepecTaér.

5. 'eororuueckasi Mmogejab (0eta)

5.01 Corj1acoBaHHOCTS IIAYKH II)IACTOB

KpOBJ’II/I 1 IIOOOIIIBEI OOBIYHO CTPOATCsA IIOPO3HB: KaXHOasd IIOBEPXHOCTE HWHTEPIIOJIMPYETCHA IIO0
CBOMM 3aMeépPaM W HHUYEro He 3HaeT O CyYLIeCTBOBaAHMWMN COCEOHHUX. Iloka mmacTsl BEIIEP2KAHBI, 3TO
CXOOouT C PYK. B 30He BLIKIMHUBaAHUS, I'Ie MOIIHOCTD I/I)IéT K HYJIIO, IB€ HE3ABUCHUMO IIOCTPOEHHEIE
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IIOBEPXHOCTH IIOYTH Hen30exXKHO IIEpeCeKalrTCsAa, U HOaJIbIle apI/I(I)MeTI/IKa IO TaKOU ITadyKe J:[aéT
OTpHUllaTEeJIbHBEIE MOIITHOCTHU U O6'I:éMBI, a Ha pa3pe3e BUOHBI BEIBEPHYTEIE ITOJIOCHI.

I/IHCTDYMGHT OTBe4YaeT Ha BOIIPOC, €CTh JIM TaKKue MeCTa U I'lieé UMEHHO.

Y9TO0 cuHTaeTcsa

BBIKJIMHHBaAaHHE - MOIITHOCTh B IIpedesiaXx HONyCKa OT HyJsa. ITO Teojiorusi, a He medeKT, U B
OTHEJILHBLIN CUET.

OTpKHaTeHbHaH MOIITHOCTB - KPOBJIA IIJIaCTa HUZKe €ro IIOOOIIBEI.

IIepexyiIéCT cocemed - IOMOIIBA BHIIIENIEKAINET0 OIMYCTHUIaCh HUKE KPOBIH HHUXKEIeXkKallero.
IIpoBepka oTHesIbHAS U HE CBOOUTCS K IIPEIBIAYIeH: KaXXObIH IJIacT 10 OMUHOYKE MOXKET OBITh 1181,
a BMEeCTe OHH ITepeKpPHIBalTCs.

HauMeHbIIHH 3a30p MeXOy COCeOsIMH BBIIAETCS KAapTOi, a He TOIBKO YHCIOM. YHCII0 TOBOPHT,
CKOJIBKO, KapTa - TIe: TaM IePEeXJIECT U BOZHUKHET IIPU CIIEOVIOIEeM IIePecUYETe IOBEPXHOCTEH.

IIpu3HaK NepeBEPHYTOr0 MOpPsigKa cpabaThBaeT, €CJIU IIePeXJIECT 3aHAJI IOYTH BCIO IIJIOMIAAh, a
BHYTPH TIJIACTOB YHUCTO. [ €0IOTHS TaK HE BHITJISIAUT: HACTOSIIUHN TTePEXIECT MECTHBIM U COCEICTBYET
C BHIKJTMHUBaHMEM. [10UTH HaBEpHSKA MJIACTH MOAAHBI CHU3Y BBEPX.

HO]'IYCK BHIKJIMHUBAHUS 3adaéTcs ImapaMeTpoM MW II0 CMBEICJIy pPaB€H TOYHOCTHU IIOCTPOEHUA
HOBerHOCTeﬁ. HpI/I HYJIEBOM HOOIIYCKeEe YK CJIeHHBIN IITyM B 30HE€ CXOXKOEHMS IMOCHIIIJIIETCA B OILITMOKH.

OTKyaa 0epeéTcsi MOPsIIOK MJIaCTOB

ITopsimok 3ajieraHusi CBepXy BHU3 MHCTPYMEHT OepEeT U3 [epeBa CJIOEB IIPOEKTa, a ecliy IIoJaH
CIIPaBOYHMUK IIJIACTOB - U3 Hero. [Topanok Beibopa ¢aiioB B Auajore He 3HauuT HUYero: QGIS ero
He COXpaHseT, U IIoJjlaraThCs Ha Hero Hejb3sd. OTKyna B34T IMOPANOK, ITedaTaeTcs B XKypHaJl.

CopaBOYHUK HNPUMEHSIETCS, TOJIBKO €CJIM OMKCHIBAET MOOaHHBIE IIACThl. UyKOH CIPaBOYHHK, HE
COBITAAAIONINYM HH OOHUM KOIOM, HTHOPUPYETCS C COOOIIIEHUEM, a He 3alaéT CIIyJYalHbIN TOPSA0K.

Y10 Ha BBIXOJE

PacTp 30H Cc KOJaMHu: COTJIaCOBAHO, BEIKIIMHUBAaHKWE, OTPUIlATENIbHAS MOIIHOCTE, mepexnécT. KapTa
HaWMEHBIIIET0 3a30pa OO0 COCEJHETrO TJjlacTa. B XypHajn M0 KaX[aoMy IIJIacTy HOET Auama3oH
MOIITHOCTH ¥ TIJIOLIAOX 30H, IO KaXK[I0# Tape cocefei - HAMMEHBIIIWHM 3a30p U IIJIOMIaah TePeXIECTa.

[lnmomiagy medaTalOTCsS B IeKTapaxX, a He B s4elKax: ThICSYa si9yeeK Ha MEeTPOBOM CeTKe W Ha
TPUOIIQTUMETPOBOM PA3IUYalOTCs B IEBSITHCOT Pas.

Yero MHCTPYMEHT He pellaer

OTpunartesibHasi MOIIHOCTH OBIBAET [ABYX MPOUCXOXKIOEHUM, ¥ apu(PMEeTUKON WX HE PA3TUYUTh:
ommubKa UHTEPIIOIAITNU Bpnz{e]e) OIIPOKHOBIBaAHME IIJIaCTa Ha CKJIagKe. I/IHCpr'MeHT OoTMe4dYaeT MeCTa u
rmevyaTaeT YKUCJIa, HO TPUTOBOPA HE BHIHOCUT. Pa3muyatoT maHHBIE OypeHUS: €C/IU KOOBI IO CTBOITY
UOYT HE B CTpaTUrpadudecKoM MOPSIAKE, 9TO IPU3HAK ONMPOKUABIBAHUS, U CIUTAETCS OH IIPSIMO II0
Mopenu OypeHus.

OTnUYUTh Cpe3 OT BHIKIIMHUBaHUSA 6€3 IOBEPXHOCTH PACTBOPEHUS Ha BXOJe TOXKE HeNb3s: y cpe3a
MOIITHOCTDL OOPBIBAETCS Ha 3epKaJjie, V BEIKIUHUBAHUS KPOBIIS C IOMOIIBOM CXOOSITCS MEKIY COOOMH,
HO Ha KapTe 30H o0a cjiy4as BHITJIAOSAT OOUHAKOBO.

5.02 IIpumep pa3pe3a (memo)

HWHCTPYMEHT CTPOUT y4eOHBIM pa3pe3 BEPXHEKAaMCKOTrO THIA CO BCEMHU CIydasMU, Pagu KOTOPBIX
CyUIeCTBYEeT oCcTajbHad rpymnna. [1ojie3eH oH TeM, YTO OTBET U3BECTEH 3apaHee: JTII000e pacxoKaeHre
C HUM eCTb oImuOKa UHCTPYMEHTa, a He MaHHBIX.
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YTo B mpuMepe

KoJsioHKa B3siTa U3 CIIPaBOYHMKA IIJIaCTOB LIETUKOM, TPUAIATE IECTh TEJI CBEPXY BHU3: IOKPOBHBIE
OT/IOXKEHUs, MeCTPOIBETHAS W TEPPUTeHHO-KapOOHATHAas TOJIIH, COJITHO-MepTelbHasi TOJIIA,
OasbIlle COJIb C MEepPexXOdHOW MHadYKOlW, MOKPOBHOM KaMEHHOM COJIbI0, KapHAJIJIMTOBOM 30HOU C
MEeXKOYIJIaCThIMU, CUJIbBUHUTOBEIMU IIJTaCTaMM, IIOACTUJIAIONIEN COJIbIO0, MapKUPYIOIel TJINHON U
HUXKHEUN COoJblo. MeXOymnnacThbsa 30eCh TaKMe XKe Tejla, KakK I1aCThI.

JIexxauasi CKJIagKa B cepefuHe MJOIIaau. Y €€ 3aMKa BepTUKajbHas CKBaXKMHa IlepeceKaeT
OIHO M TO K€ TeJI0 TPUXKOLI: B TOPU30HTAJIbHOM KphIJIe, B BepXHel Ayre U B HUXKHEH, a cocegHee
BCKpBIBaAeTCs OBaxKabl. Hayl TOUKOM B ITJlTaHEe OKa3bIBAETCS HECKOIJILKO KPOBEJIb, I OTMETKA IIePEeCTaéT
ObITE PyHKITMEN OABYX KOOpaMHAT. HUKakas IMIOTHOCTb CETH 3TOTO HE UCIIPABUT.

BbBIKIMHHMBaAHHE CBOOUT MOIIHOCTh OOHOTO IIjlacTa K HYIIIO CriazxkKeHHOU CTYII€EHBIO ME€XKOYy OBYyMHA
I'DaHULIaMU. FpaHI/I].[I)I BEIOAIOTCA JIMHUAMHU - TEM CaMbIM BXOIOOM, KOTOprﬁ HY2KEH OJIs1 IIOCTPOEHHnA
TPeHOa MOIITHOCTH.

CoJISTHOM KYIIOJI CO CPe3aHHON BEPXYIIKOM CTOHUT B CTOPOHE OT CKJIagKu. KyIon mogHuMaeT
COJIb LIeJTUKOM, a ITIOBEPXHOCTh PAaCTBOPEHUS Cpe3aeT MONHSTOe CBEPXY, U CPe3aeTCsi He OMHO TeJIo,
a BCsI KOJIOHKA BHU3 [0 YPOBHSI PACTBOPEHUsI. 3ePKAJI0 3TO KPOBJIsi He Ha3HAUYEHHOI'0 Teja, a TOTO,
KOTOPOE yIIeNiesio: B CTOPOHE OT KYII0Jia ITepexofHasi Iadyka, Haj CBOLOM ITOKPOBHASI COJIb.

COHHHO-MepI’eHLHaH TOJIIA JIerJla Ha CPE€3aHHYIO COJIb U 3aIllOJIHAEeT BCE [0 ITOMIOIIBEI TEPPUTEHHO-
Kap60HaTHOﬁ, IIO3TOMY Ha[ KYIIOJIOM OHA TOHKad, a B CTOPOHE IIOJIHa4Ad.

rpHJIbI B 30H€ CKJIaJKH HeBepPDHbI HAPOYHO

IToBEpXHOCTH CTPOSITCSA MO IEPBOMY CBEPXY BCKPBITHIO, TO €CTh POBHO TakK, KakK mx cobpas Ow
YeJIoBeK, pa306paBInii 3aMephl U3 CKBAaXKWH ¥ HE 3aMETUBIINUHN ONMPOKUALIBaHUS. B 30He CKIagKu
OHU HeJleVCTBUTENbHEL 10 IOCTPOEHNIO, ¥ 9TO CAejlaHo HamepeHHO: 5.01 Ha Takux rpunax obsizaHa
IIOKa3aTh HEePEexXJIECT M OTPHUIlaTeIbHBIe MOIIHOCTH. KOHTYp 30HBI BBIHAETCS OTHENIBHBIM CJIOEM,
4yTOOHI HE IPUHUMATD €€ 3a OIMMOKY HHCTPYMEHTA.

Y10 Ha BBIXOE

IToBepXHOCTM MUMIYTCS B IANKy 0 (aiiiy Ha KOHTAKT U TPY3ATCSA B I'PYIIY B MOPSAKE KOJIOHKM.
TpuamaTh ceMb OTOENIbHBIX CTPOK B MUANIOTE OTKPHIBATEH OBIIIO OBl HeYeM, MO3TOMY B IIapaMeTpax
CTOUT OfHA TamkKa.

KpomMe moBepxXHOCTEH BBHIHAIOTCS 3€PKaji0 PAacCTBOPEHHS, KapTa BBIXOOa MO 3epPKajio, MOIIHOCTh
BOMO3AIIMTHOM TOJIIN OT KPOBJIM IIjlacTa B m0o 3epKana, YCThs U MHTEPBaIbl MOOENu OypeHus C
HOMEPOM BCKPBITHUS B II0JI€ entry, rpaHMIlBl BHIKIIMHUBAHUS JIMHUSIMH, KOHTYP 30HBI CKJIAQOKU U
CIIPABOYHHUK IIJIACTOB C KOJaMH, IIOPSIIKOM, BUIOM TeJla U IIBETOM.

Bcé meTepMHUHHUPOBAHO: OOHU U T€ XKe ITapaMeTpHl JaloT OOUH ¥ TOT XKe pa3pes.

Kak 3TuM II0JI530BaThCs

ITocTpoiiTe mpuMep, MomaiTe ero moBepxHocTH B 5.01 u ybemuTech, YTO MEPEXJIECT HAXOOUTCS B
30He CKJIaJIKH, a BRIKJIIMHUBaHKWeE TaM, TOe 3aJaHbl TPaHUIlbl. 3aTeM IPOBEOUTe TUHUIO pa3pesa yepes
CBOJI Kymojia nHCTpyMeHToM 4.01, momaB CIIpaBOYHHUK IIJIACTOB: IOJIOCH OOPHIBAIOTCS Ha 3€pKaile,
HaJl CBOJIOM BepXHEro Tejla HEeT BOBCe, a CJiefyrolnee 000pBaHO. ITO U €CTh KAPTUHA, KOTOPYIO JAéT
S9PO3UOHHEIN KOHTAKT, ¥ IT0 Hel yooOHO IPoBEPSITh, KaK BedyT ce0st pa3pe3hbl Ha HACTOSIIIUX JaHHBIX.

5.03 Coopka madyku oT penbeda

KomoHKa CTpOUTCS CBepXy BHU3, TEJIO 3@ TEJIOM II0 CIPABOYHUKY. [[JI9 KaXKI0T0 Tejla UHTEPIIOIUPYETCS
MOIITHOCTh IO CKBaXXMHAaM, IIOIOINBA MOJIy4YaeTCs BHEUHMTAHHEM MOIIHOCTH U3 BHIIIEIEXalleh
TTOBEPXHOCTH, ¥ OHA XK€ CIyKUT BEPXOM [JIST CJIEQYIOUIETO.
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IMoyeMy 3TO HAAEKHO

Ecnu MoLIHOCTU HeOTpHUuLlaTeJIbHBI, IIOBEPXHOCTHU HE€ MOTI'yT IIepeCe4YbCsda: OHH IIOJIy4YalOoTCsA
BEIYUTaHHMEM OIOHa H3 npyroﬁ. HerOTHBOpqu/IBOCTb BEIXOOUT IIO IIOCTPOEHHIO, a He HpOBepKOﬁ
II0CIjIe.

YeM 3a 3TO IVIATAT

OmmbKa KaXKao¥M MOIIHOCTH CKJIQBIBAETCS C IPEOBbIAYIIUME, U K HUXKHUM TelaM HaKOIJIEHHOEe
OTKJIOHEHHWE CIOCOOHO MHPEBBICUTH CaMy MOIIHOCTb. CxeMa TOOUTCSA OJig HETTyOOKUX ITavyeK U
WHXKEeHEPHHBIX 3afiay, TOe BePXHUU KOHTAKT U €CTh JHEeBHas IT0BEPXHOCTh.

g rny6oKMX Madek MomaiTe OMOPHOM MPOCNEeXEHHBIM KOHTAKT M YKaxKUTe, Ybeill KPOBJIEH OH
cnyxut. Torga c6opka UOET OT HEro B 00e CTOPOHE], BHU3 BLHIYUTAHUEM U BBepX HpubaBiIeHUEM,
u omuOKa OeJTUTCS IIOIOoJIaM.

Y10 CUHTAEeTCsI MOIIHOCTHIO

MormtHocTs GepéTcs IO CTBOJy U IIPUBOOUTCSA K BEPTHKANM II0 YIJIy IafeHus: y HaKJIOHHOU
CKBa’XKWHBI BCKPHITasi MOIIHOCTL OOJIbIle UCTUHHOM, 1 6e3 IOIIpaBKU CyMMapHas MOIIHOCTD IIadykKu
3aBHIIIAETCS. YTOJI YUTaeTCS U3 II0JIS ¥ YCThs, 6e3 Hero CTBOJI CUMTAETCS BEePTUKAIbLHEIM.

OTCYTCTBI/IG TeJla B CKBaXHWHE€ 3TO HOJIb, d HE€ IIPOIIyCK. MG}KJIY TAaKOM CKBaXXKWHOUW U COCeOHeN
MOIITHOCTE YXOOUT B HOJIb, U T€JIO BEIKJIMHUBAETCsA CaMo, 6e3 OTOEJIBHOTI'O MeXaHHu3Ma.

JIMHUHM KOHTaKTa

TaM, roe Teno BHIXOOWUT Ha [OBEPXHOCTh, MOIIHOCTH BCErO BHIINIeeXKalllero paBHAa HYIIIO IO
OIlpefesiIeHUI0 TPaHUIL, U 9TO 3HaUEHUE U3BECTHO, a He OIIeHEHO. V3Bl TUHUN IPOPEXKMBAIOTCS C
IaroM nopsigka S4euKu: I'yCcToTa oIudPOBKY He JOJIXKHa IIpeBpalaThCs B BeC.

5.04 KoppeKuus Ma4KH [0 CTAaTHCTHKE MOIIHOCTEH

[IpaBUT yHACJIEMOBAaHHYIO ITAaYKy, KOTOPYI0 HUKTO HE CTaHeT mepecobupaTh 3aHOBO. ITo 3aMepam
CUMTAETCS CTAaTHUCTHUKA MOII[HOCTHU KazK/I0r0 Teja, 6epéTCcsi MOBePUTENTbHLIN HHTEePBaJ, U MOITHOCTH
Ha TpUe CPe3aloTCs MO0 ero IPpaHuIlaM: BCE, YTO BHIIIIO 3a HUX, 3aMEHSIeTCs caMOl rpaHuiiei. U3
HCIIPaBJIEHHBIX MOIIHOCTEH MMayKa COOMpPaeTcs: 3aHOBO.

Yucro s9eek Ipu 9TOM He MEHSIETCS, B OTJIMYHE OT BEIOpPaCHIBAHUsI: MECTO OCTAaETCs, 00e3BpeKeHa
TOJILKO BeJIMUrHA. B cTaTHUCTHKe ITPKHéM Ha3kIBA€TCS BUH30PUPOBAHUEM.

CpezaHue otgenseT apredakT HHTEPIOISIIMH OT TeojiorTuu. MOIIHOCTE BHE HHTEepBaja Ha
BBIIEP2KaHHOM TeJjie IIOYTH HaBepPHsKa eCTh Pas3TOH MeTolda MeXOy CKBaKHHaMH, a He HacTosIee
yTomnmeHue. TaMm, rge Telo 3aKOHOMEPHO MeHSeT MOIIHOCTh, MHTEpPBal IIMPOK, X IIpaBKa He
cpabaThIBaerT.

CraTtuctuka 6Gepeércs u3 3aMepoB, €C/IM OHM IONaHBl. be3 HUX WHTEepBald CUUTAETCS MO CaMOMYy
Tpumy, u 9TO ciabee: TPUL yXKe COOEPKUT apTedaKT, KOTOPHIM MHI uieM. MHCTPpyMeHT 00 3ToM
mpenympexaaerT.

5.05 ManudecT MmoaeIHn

3al'II/ICI:;IBaeT, KaKyI pPOJIb UIrpaetT Ka}KHBIfI cyou IIPOEKTa: OIIOPHad IMOBEPXHOCTHL, KOHTAKT TeJla,
3epKaso, YCThs, UHTEPBAJIbl, 3aMepHl OCH, CIIPABOYHUK, Ha3eMHbIe HaOTI0geHus, CTBOP, pa3pes.

ITocrne cOOpPKHU MIPOEKT IIpeBpalllaeTcs B Ky4Yy pPacTpoB M Tabmui 6e3 sSBHOW CTPYKTYpHL. YTO u3
9TOT'0 YTO, 3HAET II0JIh30BaTesIb, HO I'OJI0BAa He MepemaéTcss BMECTe C IIPOeKToM. MaHudecCcT KUBET
B II0JIh30BaTEILCKUX CBOMCTBax ImpoekTa QGIS - miraTHoe MecTo, KOTOpPOe coxpaHseTcs: B daline
IIPOEKTa U IIEPEHOCUTCA BMEeCTE C HUM.
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ITpaBuiI0: UHCTPYMEHTHI YUTAIOT MaHUGDECT, HO HE TPeOYIOT ero. ECTh POty - BXOOH HAXOOSITCSI CaMH.
HeT pomneii, mOTOMY YTO IIPOEKT UYKOM WM YHACIeOOBaHHLIN, - BCE paboTaeT mo SBHOMY BHIOODY.
ManugecT cokpaliaeT OyTh, @ He CTAHOBUTCS YCJIOBHEM PabOTHI.

Ponu YyragbeIBalOTCA II0 HMMEHaM CJIOEB U BBIOAIOTCA Taﬁnuueﬁ Ha IIPDOBEPKY: MMA HHNYEro He
T'apaHTUPYeET. qy}KHe poJixu, 3allMCaHHBIE OPYTUMHU MOOYJIAMH, COXPAHAKTCA: MaHPI(l)eCT O6LHHfI, n
BEIYHMIITAQTh HESHAKOMOE 3HAYUT JIOMATh COCEOsaM pa60Ty.

5.06 Cx/j1ag4aTOoCTh HOBEPXHOCTH

CuuTaeT, HaCKOJIbKO MMOBEPXHOCTH CMSTA, IT0 Pa30POCy OTMETOK BOKPYT MECTHOTI'O HaKJIOHA.

CKmag4aToCThb MEPHUTCA IIO IIOBEPXHOCTH, 4 HE€ II0 MOITHOCTH: IHUIJIMHIPHWYECKadA CKJIagKa C
MIOCTOSSHHOU MCTUHHOU MOIITHOCTBHIO CyHaieCTByeT U I10 MOIITHOCTHU HEeBHUONWMa BOBCeE.

Ipssmas gucmepcusi OTMETOK He rouuTcsa. Ha oOireM HaKIOHe OHAa BeluKa BCIOOY, M CIIOKOWHEIHN
CKJIOH MOJIy4aeT Ty 2Ke OLIeHKY, UTO CMsTas 30Ha. II09ToOMy B KazKOOM OKHE IIOATOHSEeTCS MIIOCKOCTh
¥ CUMTAETCs pa3dpoc OCTAaTKOB BOKPYT HEE: HAaKJIOH YXOOUT, U3BUIIMCTOCTE OCTAETCS. TpeHO UMEeHHO
JTUHEeWHLIN, KBaJpaTUYHEIM BoOpas Ol B cebs1 4aCTh CAMOM CKIam4aTOCTH.

OmHO OKHO HHUYEro He pelnaeT. [Juciepcus 3aBUCUT OT MacInTabda, ¥ IpaBUIbHAST Mepa 9TO CKOPOCTh
e€ pocTa C pa3MepoM OKHa. HakjIoH B MBOMHOM jorapudMe M €CTh 3Ta CKOPOCTh: Ha CIIOKOMHOM
TIOBEPXHOCTH OH OKOJIO HYJISI, Ha CMATOM 3aMeTHO GoJbliie.

OcCTaToOK MOBEPXHOCTH BHIOAETCS OTHOENIbHO M TOOUTCS BXOOOM OIS (paKTaIbHOM Pa3sMEpPHOCTH: Ha
OEeTPEeHONPOBAaHHON MOBEPXHOCTH HAKJIOH BAapHOTPAMMBI OIIMCHIBAET U3BUIIMCTOCTH, a He 00IIee
majleHue CIos.

MOIIHOCTh U3 0a3kl OCTAETCS BTOPHEIM, HE3aBUCUMBIM ITPU3HAKOM CKJIaMYaTOCTH: OHA BCKPHITAsS, a
He MCTHUHHAS, ¥ Ha KpbIIe PacTéT TeM CHullbHee, YeM Kpyde 3ajeranue. [IBa pa3HBIX U3MEPEHHUSI,
CXOMISIINXCS B OMHOM MecTe, HafgExKHee OqHOTO.

I'mapoiiorusi pex

I'pymnma oTBe4YaeT Ha BOIIPOC, KOTOPEIM 0OOCHOBLIBAIOT 3aTOIIIEHHE: JO KAKOW OTMETKH IIOTHUMETCS
BOMa IIPY 3aJaHHOM pacXofe M KaKOH pacxod IPOXOOUT IIPH 3aJaHHOU oTMeTKe. CBSI3b MeXKOy
pacxomoM ¥ OTMETKOM CTPOUTCS IO CTBOPY M HA3bIBAETCSI KPUBOM PacXOHOB.

3ajaya mpuIlljia U3 OPaKTUKU: THOPOJIOTH CTPOSAT TaKue KPUBHIE B IIporpaMMax C PyYHBIM BBOAOM,
Te Iaphl pacCTOsIHHMEe-OTMeTKa BOMBAIOTCSA Tabnuiled IO KaXKIOMy CTBOPY, a KO3(DGUIMEHTH U
VKJIOHBI IIPOMUCHIBAIOTCSI pPyKaMu. MexXnOy TeM BCE IlepeducyieHHoe - JaHHble, KoTopele B ['MIC
y2Ke eCTh: PAaCCTOSHUSA CUOAT B TeOMETPUU CTBOPa, OTMETKU B IIpoMepax, YKJIOH MeXOy CTBOpaMu
CUuTaeTCs U3 KUujIoMeTpaxa.

BeTka caMocTOsATENbHA W C TEOJIOTMYECKOW MOMEJIbI0 He IepeceKaeTcCsi, OOIIero Yy HHUX TOIbKO
annapaTt npoduieu.

6. I'uaposiorusi pexk

6.01 CTBOpPHI U KpUBbIE PACXOd0B

I'maBHBIM MHCTPYMEHT rpynnsl. [Io cTBOPY ¥ OTMETKaM CTPOUT Tabniuuy u rpaduk 3aBUCUMOCTHU
pacxonga OT OTMETKH.

Kak cuuTaercs

I[Ipoduns GepéTcs MO BEpPIIMHAM CTBOPA, OTMETKa U3 Z BEepIIMHBL. [IpoMepeHHass OTMEeTKa TOYHee
mo6oi Mogenu penbeda, IIO3TOMY HCTOYHHKOM CIIYKUT caMa IeOMEeTPHsI CTBOpa, a He cpe3 LIMP.
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IMpoduns menuTcs Ha JIeBHIH Oeper, Pycno ¥ mpaBwiii O6eper. CuuTaTh pa3delbHO 005S3aTENbHO:
IIIEPOXOBATOCTh IIOMMBI M PYyCjla Pa3IWYaeTCs B Pas3bl, U E€OUHBIM CYET 3aHMWKAET PYCJIOBYIO
cocraBistionlylo. Ha KaXpoM ydYacTKe CYHMTAIOTCS IUIOIIAAbh ZKMBOTO CEYEHWs, IIWPUHA II0
3epKajly, CMOUYEHHBIHM TTIepUMETP ¥ TUAPABINUYECKUHN PAagUyC, 3aTEM pacxof mo Gopmyrne MaHHUHTA.
CyMMapHBIN pacxop eCTb CyMMa y4aCTKOBHIX.

CMoOueHHBIN mepuMeTp OepéTcs MmO TBEPOBIM TIpaHHIlaM, TO €CThb II0 OHY M OTKocaM, 06e3
BEPTHUKAJIbHBIX TPAHUI] y4aCTKOB. MeTOOUKM 3IeCh pPacXOHSATCS, W IIPHUHSATO IIPOCTEHINee U3
COTJIAIIeHUHN.

Y4yacTtku

3agaéTcsa OmHUM M3 ABYX CIIO0CcO00B. JIuGO CTBOP NPUXOOUT OMHOM JIMHMENW, a TPAHHULEBl CTOST
B IOJISIX PACCTOSTHUAMHU IO Mpodumio. JImGo Tpems TUHUSIMU C TIOJIEM POJU U OOIIMM UMEHEM
- Torga pa3buBKa XUBET B TeOMETPUHU, KaK TUOPOJIOTHM U puCyioT mpodunu. Bropoit crmocod
IpefnoYTUTeIbHEE: PACCTOSTHUS BPYUYHYIO He HYKHEL.

IITepoxoBaTOCTH M YK/IIOH

BepyTcs U3 mosel cTBOpa, a He U3 ITapaMeTpPOB MHCTpyMeHTa. [IprunHa He B yooOCTBEe: CTBOPOB
MHOTO, V KaXKIOTO CBOM 3HAYEHMS, W IIapaMeTpaMHu 3TO He BEIPA3UTbh, a KaJTUOPOBKA IIPHU ITOJIIX
CBOOUTCS K MpaBKe TaOMuIlel. I[lapaMeTprl CIyKaT yMOJTYaHUeM [IJIsT CTBOPOB 6e3 MojieH, MPUHITH e
3HAUYEHMS MeYaTaloTCs B XKypPHAII.

YKJIOH yMEET CYUTATHCS MO HEeNMO0YKe CTBOPOB: €C/TH 3alaHbl KUJIOMETPaX M OTMETKM OHA, YKIIOH
Kaxkyoro 6epéTcs K cocemHeMy 10 Pa3HOCTH OTMETOK M PACCTOSTHUIO BIOJIb PeKHU. B cyIecTByomiei
IIPAKTHUKE €0 IPOIHCHIBAIOT OTHOCUTEILHO IIPEABIAYIIIET0 CTBOPA BPYYHYIO, 3€Ch Ta JKe BeJINYHUHAa
BBIXOIOUT M3 aTPUOYyTOB caMa.

INonss u equHUNbI CTBOPH Ha BXOIeE:

mnoje 4TOo eOUHUIEL

sec UMS CTBOPAQ, II0 HEMY TEKCT
TPYIIIUPYIOTCS TUHUU

km KHJIOMEeTPax OT YCThs KM

role pOJIb TMHUM IPU ITofade TPeMs TeKCT: JIeBBIH, PYCJIO, IIpaBHIi
TNUHUSMHA

div 1, div_r TPaHUIIE YYaCTKOB, M

pPacCTogHUSA 10 IPOPUITIO OT
HayvaJsa JUHUU

n_left, n_channel, n_right I1IePOX0BATOCT, MaHHMHTA II0 Oe3pa3mMepHas
y4acTKaM
slope VKJIOH BOOHOM ITIOBEPXHOCTH M/M

Tabnuua nmpomepoB Ha Bxope 6.03: sec, dist - pacCCTOSTHUE O CTBOPY B MeTpax, elev - abCOTIOTHASA
OTMETKa B MeTpax, km, ¥ Te JKe PACUETHEIE II0JISI, €CJI OHU €CTh.

Tabmuia pacxomoB 00eCHeYeHHOCTH: prob B HPOIEHTaX, q B KyOoMeTpax B CeKyHmy. Tabmuma
HabJII0JaeMbIX YPOBHEH: level B MeTpax, label TEKCTOM.

Kpusas Ha BeIXOmE: level M, area M?, width M, perim M, radius M, v M/C, q M3/c, n 6e3pa3MepHas, slope
M/M.

IMogBan yepTexXka: TO XKe IUIIOC depth avg CpemHss riiyOumHa B MeTpax, slope ppm YKJIOH B ITPOMUIITIE,
n_inv BeTuunHa, oOpaTHast IIIePOX0BATOCTH, q pct OIS OT CYMMapHOTO pacXofa B IIPOIIeHTAaX, part no
HOMEp y4acTKa.
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OTMeTKHU 3eMJIH: dist PacCTOSIHHE IO CTBOPY B MeTpax, elev OTMETKa B METPaX, step PACCTOSIHHE IO
MIpenbIayIled TOYKW B METPaX.

YpOBHI/I: level M, q Mm3/c, prob TIIPOIIEHTHI, label IIOAIIMCH, kind BHJ, YPOBHS - prob paC‘-IéTHbeI, obs
HaOJII0MaeMBbIH.

B xakux eguHUNIAX YKJIOH 6e3pa3MepeH: OTHOILIEeHUE NTafleHud K JJINHe, MeTp Ha MeTp. B monsax u
rmapaMeTpax OH 3amaéTcs uMeHHO Tak, 0.0004, a He B mpoMuJIe. B momBane yepTexka TOT XKe YKIOH
BBIBOIOMUTCSI OTAENIbHBIM II0JIEM B TPOMUIIJIE, IOTOMY YTO B OTYETHHIX Tabmuilax ouimyT Tak: 15.30 %o
B noaBaiie 3To 0.0153 B mmosie cTBOpA.

[ITepoxoBaTocTh 3amaércsa Koabduinmentom Manuunra: 0.030 pgna wucrtoro pycna, 0.070 pns
3apociiedi moiMel. CTporo roBops, Ko3adgdumnueHT He Oe3pa3MepeH, pPa3MepPHOCTL NPAYETCHS B
dbopmyrie, 1 moTOMY OHa MeTpPHUYECKas: Pacxof BEIXOOUT B KyOOMeTpax B CEKYHOY IIPH IIJIOMIAON B
KBaJIpaTHEIX MeTpax U papuyce B MeTpax. [Insa ¢dyToB dpopmyna norpeboBana OBl CBOETO0 MHOXKUTEIIS.

B mopBane psgom ¢ KoadduimeHToM uAET obpaTHAs €My BEIUYUWHA, IOTOMY YTO Ha TMOPOCTBOPE
nmevataioT uMeHHo eé: 10.00 B momBane coorBeTcTBYyeT 0.100 B mosme cTBOpa.

I[Tonas ¢ oxupmaeMbIMu uMeHaMu - sec, km, div 1, div r, n left, n channel, n right, slope -
IIOOXBaTHIBAIOTCSI 0e3 ydacTus IIOJIb30BaTeslsl, MOAXBaudeHHBIe IedaTaloTCsl B XKypHasl. fBHBIN
BBIOOP BCerfa crapllle HauIeHHOTO.

YpoBHH

Pacxomsr o6ecrieueHHOCTH - 1, 5, 10 IIPOIEHTOB - MOmaTCs TabmuIel map o6ecneYeHHOCTh-Pacxo.
CuuTaTh UX U3 PANOB HaOJIOOEeHUM MHCTPYMEHT He OepEeTCs, 3TO TMAPOJIOTUYEecKasl CTaTHUCTHUKA.
ITo xpuBOM KaxKOOMY PacxXody HaXOOUTCS OTMETKA, M YPOBHU BBIXOOST JTUHUSMHU B UEPTEKHBIX
KOOpAOMHATax C TOTOBHIMU HopmnucsaMu Buga YBB1%, Kak ¥X M HaHOCAT Ha rugpocTBope. Pacxon
BBIIIIE KPUBOM Ma€T NMpenynpexkaeHue, a He 9KCTPAIIoISAIINIO.

Ha6mromaeMble YPOBHHM MOHAIOTCSA CBOEM TabJuIed: OTMETKa U IOAIHNCE. DTO 3aMep, a He pacuer,
Ha KPUBYIO OH He OMUPAETCs M JIOXKUTCSA PAOOM C pacueTHhIMU, Bupma YB 472.90 X/2021. B cnoe
YpPOBHEU Takue CTPoku nomeudeHs! kind=obs, pacuéturie kind=prob, 1 1o aTomMy mosio uM 3agaéTcs
Pa3HbBIM CTUJID.

YepTEK CTBOPOB OTHHM CJI0OE€M

Bechb uepTéxK TUAPOCTBOPA BEIXOOUT OJHUM CJIOEM: HPOGUIb, TPAHUIL YIaCTKOB, YPOBHHU U ITOOBAIl.
YacTtu pasnuuarTcs mojneMm kind, u odhopmineHue BelmaeTcs CTHUIEM Ha HETO - JINCT COOMpaeTcs
OOWH Pas3, a gajbllle MEeHSIOTCS TOJIbKO JTaHHEIE.

OTMeTKa 3eMITH JIEXKUT B Z BEPIIUH MPOQUIIs, TO3TOMY OTAETbHBIM TOYEUHHIH CI0N pagyu MOAIUCEH
He HyXeH. BepTukanpHOe NOpeyBelWYeHHWEe 3amaéTcs mapaMeTpoM OTHOIIEHHEe MacuITaOoB,
BEePTHKa/Ib K TOPU30HTAJIH: [10 YMOJIYAHUIO OECSTh, KAK HAa TMOPOCTBOPAX M 4epTAT. YepTék
CTPOUTCS B COOCTBEHHOM WHXKEHEPHO! CHCTEMe KOOPOUHAT, K MECTHOCTH OH He IIPUBS3aH.

ITogBan dyeprexka

ITogBan He coOGUpaeTcs U3 OTAENbHHIX TUueeK. XapaKTEePUCTUKU YYacTKa Ha OTMETKE I10[iBaJjia BUCST
B aTpuOyTax caMo¥ JMHUU y4acCTKa - IIUPUHA, CPENHSISA I'JIyOuHa, IJIoMaAb CeYeHUsI, CMOYEeHHBIN
MMepuMeTp, TUAPAaBINYECKUHN paguycC, YKIIOH B ITPOMHUJIIE, KOODDUITUEHT IIIePOX0BATOCTHU U oOpaTHas
€My BeJIM4YMhHa, CKOPOCTh, Pacxof W [O0Jid OT cyMMapHOro. CTpOKH mofBajia PUCYIOTCS CTHJIEM IIO
9THUM IIOJISIM, ITO3TOMY IIpaBKa JaHHBIX He TpebyeT mepecOOPKH JIHUCTA.

OTMeTKa 3amaéTcs mapamMerpom OTMeTKa IJ/IsI MOOBaIa YepTexka. bes Heé 0epeTcss HauBLICIIIHH
u3 paC‘-IéTHbIX ypOBHeﬁ: I104BaJI CHUTAIOT Ha BBICOKOHU BOLeE. HpI/IHHTaH OTMETKa IIeYaTaeTCd B
KypHa.
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PsmoM MOyT OTMETKHU 3€MJIM M PACCTOSHUS - HUXKHUE CTPOKH TOT'O XKe 4yepTexka. JIuCT cobupaercs
MMeYaTHOM KOMITOHOBKOM: MHCTPYMEHT OTHAET MaHHBIE, 0(hOPMIIEHHE XKUBET B I1abJIOHE.

Y10 BaKHO 3HATh O MeToae

®opmyna MaHHUWHTa ONMCHIBAaE€T YCTAHOBUBIIEECS PaBHOMEPHOe ABHKeHMe. KpuBasg mo HEU 3TO
TUOpaBInYecKas XapaKTepUCTUKa CTBOPA, a He PAacyYeT BOJIHEI IIOIYCKa, U MHCTPYMEHT OO0JIbIIIeTro
He obeIraer.

YKJI0H BXOOUT B pacxon 1mog KOpHeM, ITIO3TOMY omnOKa B HEM CKa3bIBaeTCs IIPpSAMO. Ha PABHUHHEIX
PEeKax OH MaJl, U 3Ha4YeHHue BCerga redaraeTCd B 2KypHall, YTOOBI IIPUHATOE OBIIIO BHOHO.

YT0 Ha BBIXOIE

Tabmuila KpUBOM IO yYacTKaM M CYyMMAapHO C MJIOMIAMbI0, INMHUPHHOMN, IEPUMETPOM, PamuyCoM,
CKOPOCTHIO U PacxofoM Ha KaxKaou oTMeTKe. [Ipodunu cTBOPOB, YPOBHHU, ITOABAJl 1 OTMETKH 3eMJIU
OTOEeJIbHBIMU CJIOSIMHU B ‘-IepTé}KHBIX KOOpOHWHAaTaX.

Otuétr HTML mo kKaxXOgoMmy CTBOPY: IPO(UIL C HAHECEHHLIMU YPOBHSIMU U I'PAaHMIIAMU YYaCTKOB,
rpaduK 3aBUCHMOCTH pacxofa OT OTMETKH C JUHUAMU 00ecnedyeHHOCTH, Tabiula ypoBHeEH H
Tabnuila KpuBOW. PUCYHKM BCTPOEHHI B CaMy CTPAHUILY, IO3TOMY OTUYET OCTAETCS OOHUM (alioM,
KOTOPBIM MOXKHO II€peciaTh.

I'paduKk KpHBOH pacxoaoB

KpuBas oTmaéTcsd BEeKTOPHBIM UYepTeKOM: JIMHHUS, OCH, IIKajdbl C 3acedykKaMU U IIOOIHNCIMHU,
MYHKTUPHBIE 3acCeYKU YpOBHEU obecreyeHHOCTU. TOT cambiii rpaduk, KOTOPHIM BCTABIAIOT B
OTYET, TOJILKO €T0 MOXKHO IIPaBUTh KaK OOBIYHBIN CJIOM.

YTO OTKIagbIBAeTCS MO TOPHM3OHTAJIM, BEHIOMpAETCs ITapaMeTpoM: pacxon Q, IIIolmamb XKHUBOTO
ceuenust W uim cpemHsisi CKOpocTh V. CKOPOCTb HYy2KHa TaM, T'Ile KpUBYIO YUTAIOT HE pPajiu Pacxoma,
a pagu pa3MEIBa: MOIIyCTUMAasi Hepa3MbIBAIOIas CKOPOCTh TPYHTA CPAaBHUBAETCS IMIPSIMO I10 TpaduKy.

I'paduk UOET OTHENBLHBIM CIIOEM ¥ B COOCTBEHHBIX OCSIX: IO TOPU30HTAJIM BEIOpaHHAas BETUYNHA, 10
BepTUKau oTMeTKa. COBMEIIATh ero ¢ MpoduIeM CTBOPA B OMHOM CJIO€ HEJTb35 - METPHI PACCTOSTHUS
1 KyOOMEeTpH B CEKyHIYy HECOIOCTaBUMEI, 00Iero macmraba y HUX He cymecTtByeT. Ha muct o6a
KJIagyTCS MakKeTOM.

IITar mikanbl OTMETOK CTaBUTCS B METpP OJid HOPMATHUBHOI'O 4YepTeXKa, IIar IIKaJIbl PaCXoda HOJIb
03HAYaeT OKPYTJIble YKCA IO pa3dMaxy. CTBOPHI PACKJIaABIBAIOTCS B PSIM, KAXKOBIH B CBOEM OJIOKE.

VpoBHU 00€CIIeYeHHOCTH IIPUXOOST PAacXO0oM, a OTMETKa [JIs 3acedku 6epeTcst oOpaTHHIM XOOOM
110 TOM XKe KPUBOM: 3acedKa JIOKUTCS Ha Heé TOYHO, a He PSIOoM. YPOBEeHb BHe [ralla30Ha KPHUBOH
IIPOIIyCKaeTCs.

ITone kind B aTpubyTax pa3nuyaeT 4acTU YepTexka: curve, axis, tick, mark, label. ITo Hemy
HacTpauBaeTcsi 0popMIIeHHE.

6.02 ITo/IMTOH 3aTOIVICHUSA

PeskeT mMOBEPXHOCTh OTMETKOM BOMHI U BHIIAET KOHTYP 3aTOIJIEHUS M PacTp TIyOUHHI.

OTMeTKy MOXXHO 3aJlaTh IIPSIMO, @ MOXKHO PacXOOoM: TOrIa oHa 6epéTcs oOpaTHLEIM XOI0M II0 KPHUBOI
oT 6.01 - TeM caMBbIM OABHZKEHHEM, KOTOPOE Ha PYYHHIX ITOCTPOEHUSX PUCYIOT KPAaCHOM CTPENIKOH.
KpuBast momaétcst Tabnuiei, pacxom YUCIIOM, IIPUHSITAsd OTMETKA IMeYaTaeTCcs B XKypHaJl.

HNucTpyMeHT oTmesnieéH ot 6.01 HaMepeHHO: Y HEro APYro¥ BXOA U APYroM moTpebuTenb, U TOHATH
BeCh PaCU€T KPUBOU pajyu OOHOTO IIOJINTOHA 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

HHCTPYMEHT CTPOUT KapTy (PppakTasbHOM pPa3MepHOCTH MOBEPXHOCTH BapUOTPaMMHBIM METOHOM,
POOHBEIM [OJId IIJIarKMHaA. B CKOJIB34IIeM OKHE CHHMTAETCs JIOI-JIOI' BapuorpaMMa II0 IIaraM OT OJIHOﬁ
mo N sg4eex - IIaT OIUH 3TO COCEOHME STYEUKH, I1aTr YeThIPe 9TO STYEeUKU Yepe3 TPH, - 10 €€ HaKJIOHY
ompenenseTcs MMokKa3aTenb Xépcta H, a pa3aMepHOCTh BHUUCAseTCS Kak D = 3 - H. Ha rimagkux
ouddepeHIUpPyeMbIX ydacTKax D 0K0Ji0 2, Ha M3pPEe3aHHBIX W IIYMHBIX - OnMuxKe K 3. 3Ha4YeHUS
D pmaroT ypoBeHb M3PE3aHHOCTH, Ilepenafbl D MOKa3bBAlOT T'PAHULIB: UMHU HPOSBIISIOTCS 30HBI
TEKTOHUYECKUX HapyIIeHUH, IPaHuIL OJI0KOB U CMEeHa XapakTepa peibeda KpOBJIH.

I'pun D cpa3y moxkHO nofgath B 1.04 W30/IMHUH U3 pacTpa U IOJIyYUTh U30JIMHUU Pa3MEPHOCTH.
B momonHuTENBHBIX apaMeTpax NPemyCMOTpeHa BO3MOXKHOCTL 3anucaTth H BTOpHIM KaHaIOM.
I'mobanbuble D u H 1o Bceli TOBEPXHOCTHU BEIBOOATCS B XKypHall.

Kak uurTaTh Kaprty

AOGcomoTHEIE 3HAUeHUsT D BaxKHBI MEHbIIIe, YeM UX Hepernanbl. JINHeHHbIN ITeperan Yepes MIJIoIlanb
- INHEeaMeHT, KaHOugaT B TEKTOHUYECKOe HapylleHue. [1aTHO noBeIIeHEHON D - 30Ha UHTEHCUBHOU
CKJIaYaTOCTH UJIN U3PE3aHHOro penbeda Kposiu. OOMIMPHLIE POBHBIE TOJISI HU3K0M D - CIIOKOMHEIE
6HOKI/I. J:[J'[H YTEeHHA MOXKHO TPDMMEHUTHh OJHOKAHAJIBHYIO IICEBOOIBETHYIO CUMBOJINKY C KOHTpHCTHOI:I
MaTUTPOM ¥ Knaccudukaumen KBaHTUASIMH. [IsT OTYETHOTO IJIaHa 1o rpuny D CTPOsSTCS U30TUHUN
c nosicaMu uHCTpyMeHTOM 1.04, 11 30HLI HapylIeHUH OKOHTYPUBAIOTCS KaK U30TUIICHI.

BbIOOp OKHA U IIIAroB

Marmnoe okHO (5-8 siueek) rmoKa3blBaeT MUKPOCTPYKTYPY U JIOKaJIbHEIE HapylleHus, 6omnbimoe (12-20)
- pervoHa/IbHBEIE 30HEL. [IpW COMHEHWM MOXKHO ITOCYHMTaTh 00a u cpaBHUTH. KonmmyecTBO maros 4
IIOIXOOUT IIOYTH Bcerga: OOJIbIlle IIaroB - YCTOMYKWBee HAKJIOH, HO TOJIIle MUHUMAIIbHEIM MaciTad,
KOTOPHIM MeTon crocobeH pa3nmuyuTb. OKHO M IIard OrpaHUYeHbl pa3MepoM Tpupaa, UHCTPYMEHT
IPOBEPSIET 3TO CaM.

Pa®ouuii MUK

Kposns niacta u3 kpurunra nogaércsa B 7.01 ¢ okHoM 8, monyyenuslil rpun D - 8 1.04 U30/1THHAHA
U3 pacTpa (kaHan 1), 1 ToBepx CTPYKTYPHOI'O IIJIaHa JI0KAaTCs U30JINHUY Pa3MepPHOCTH C OsICaMu.
I'mo6anpHOE D 13 )KypHAasa - 0IHO YHUCJI0 Ha IOBEPXHOCTD, II0 HEMY MOXKHO CPaBHMBATD YYACTKYU UIIH
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Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H

3.0

2.8

2.6

24
-3 22
=10

2.0

Puc. 30: CunTeTudeckas KpOBJIs C IMaroHaIbHOM 30HOU APOo0IeHus U e€ KapTa D: cnoKoitHEIe 6J10KU
OKOJIO 2, 30Ha HapyUIeHUH IPOSBUIACH IPKUM JIMHEAMEHTOM.

=
tn

=
(=]

w

=]

IIJIaCTEL ME2KIOY co00}i. PaCTp OOJI2ZKEeH OBITD B MeTqueCKOﬁ cucreMe KOOpOWHAT. HGMO—HOBerHOCTI/I
IIoagxXoosaT KaK €eCThb.

ITapamMmeTpsI

[TapameTp YTo 3amaéT ITo ymom4aHuio / COBET
IToBepxHOCTE (Pactp) I'pupn penbeda unm 1060 MOBEPXHOCTH. -

[Monypaguyc OKHa, S4eeK Pa3Mep cKOnb34Iero oKHa. 8

KomuuecTso 1mraros ([Jorr.) [llaru BapuorpaMMEI OT OogHOM 1o N siueek. 4

Kanasn BricoT (Ho1.) Kanamn ¢ oTmMeTKaMu. 1

3anucate H (Jom.) Mo6aBuTh H BTOPEIM KaHAIOM. BBIKII

@®paxkranbHasa pa3MepHocTs [pup D (1 H npu ranke). -

7.02 Box-counting macku

Knaccuueckuit box-counting mms OuHapHBEIX MacokK. PacTp OmHapusyeTcss mOporoM (OOBEKT -
3HaueHus 0O0JIbIIEe ITOPOra), Macka IIOKPHIBAETCS SA4YeiKaMu yOBRIBAIOIIETO pa3Mepa, HakIoH log N
ot log(1l/pa3mep) maéTt ogHy pa3MepHOCTh D Ha BCl0 Macky. JIuHelHBIH 00beKT AaéT D okomo 1,
MSATHO - OKOJIO 2, U3pe3aHHble KOHTYPHI 30H 3aMeIeHNs NN BRIPaboTaHHBIX IPOCTPAHCTB JI0XKaTCS
MeXxkay. TOUHOCTh Ha KOHEYHBIX MacKax nopsigka *+0.1, mo3ToMy MeTOX NPUTOHEH [JISI CPaBHEHUS
MacoK Mexpay coboif, a He Kak abcoiioTHasi Mepa. Pe3ynbTaT BRIBOOWUTCS B JKypHAlI BMECTE C
TabnuIey pa3MepPoOB U CUETOB M BO3BpPAIlaeTCss YUCjIoM D, KOTOpoe MOXKHO HCIIOJIb30BaTh AaIbIlle
B Mopensax Processing.

Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweaa Koxa: HaknoH 1.254 (Teopua 1.2619), R?=0.999
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[TapameTp YTo 3amaéT ITo ymonuaHnuio

Pactp macku JIi060i pacTp, Macka - 3Ha4eHUsd BHIIIE Iopora. -
IMTopor I'paHuIita «00LEKT/POH». 0.5
Kanan (Jom.) Kawan pacTpa. 1

7.03 Pa3MepHOCTH IMHUH U I'PaHHUIL

HWHCTPpYMEHT CcYMTaeT Pa3MEepPHOCTh KaxXKAoW JUHUM MeTOJoM LupPKyJns (PudaprcoHa): TUHUS
MIPOXOAUTCS XOpaaMu yOrIBaloIero pacteopa, HakiaoH log N ot log r maét D. IIpsaMas naéT equHUILY,
u3pe3aHHas JIUHUA - Gonbiie. [IoMTUrOHB MPUHUMAIOTCSA HapaBHE C JUHUSIMU, ¥ HUX MepseTcs
BHeIIIHee KOJIbIIO TPaAHUIE], ITO3TOMY HM3pPe3aHHOCTb KOHTYPOB 30H U BOHOCOOPOB cuuTaeTcs Oe3
MIpeaBapUTeILHOTO IIpeoOpa3oBaHus. BeIxom - Te xKe 00BLEKTHI ¢ monsMu D u steps, cpemuee D
BBIBOOUTCS B XKypHan. KopoTkue nuHUM nonydaroT nyctoe D. Merton HmpoBepeH Ha 3TaloOHAaX:
kpuBas Koxa maet 1.262 npu Teopetudeckux 1.2619.

HH&I‘HOCTHK& CriIaX¥BaHHsI H30IMHHUA

IlepecrnazkeHHbIe HU30JIMHUU TEPSIOT M3PE3aHHOCTh, U D mamaeT K emumHuile. [Iopsagok pabOTHI
TaKOM: M30JIMHUY CTPOSITCS OBaXKAabl, 06e3 CriaxXuBaHUS M C pabouyuMu mapamMeTpamu, oba CJIos
IIPOTOHAIOTCS 4Yepe3 MHCTPYMEHT, cpegHue D w3 XKypHasjna cpaBHUBAKTCs. [laleHre Ha COTEHIE -
KOCMeTHKa, popMa coxpaHeHa. [lafieHre Ha [ecsThie - CrllaXkUBaHUe ChedaeT I'eOMETPHUIO II0JIs, U
CKpPyTJIEHHWE CTOUT OCJIa0UTh MJIM OCTABUTH TOJILKO HeHcudukaimio. [1o mosmio D B aTpubyTax MOXKHO
HaAWTHU U KOHKPETHLIE TUHUHU, ITIOCTPaIaBIINe CUIIbHEE ITPOYUHNX.

IIpyrue npuMeHeHUus

H3pe3aHHOCTh KOHTYPOB 30H B IJIaHE, CPaBHEHUE [OEeTalbHOCTH OIMN(PPOBKU I'PAHUI] U3 PA3HBIX
WCTOYHWUKOB, KOHTPOJIb TeHepaan3alluy IIPU IIOATOTOBKE MeJIKOMacIITaOHbIX IIJIaHOB - Be3fde, Ihe
«HACKOJIBKO U3BUJIKCTA JIMHUSA>» OOJIKHO CTATh YKCJIOM.

[TapameTp YTo 3amaét [To ymonm4aHuio

JIuaun JIuHeWHBIN cJToM (M30JIMHUM, KOHTYPHI). -
JIvHum c pa3aMepHOCThI0 Te XKe nuHuYU C nonsaMu D u steps. -

7.04 Pa3dMepHOCTh MHHKOBCKOIO (BEKTOpPbI)

Box-counting HampsiMyio II0 BeKTopaM, 0e3 pacTepu3alluM: JUHUM U TPaHULL IIOJIUTOHOB
MMOKPHIBAIOTCSI CETKOM yOBIBAIOIIET0 pa3Mepa, HakioH log N oT log(1l/pa3smep) maéT pa3sMepHOCTh
MuHnKOBCKOro. [IpsiMas MuHMSA U I'IagkKas rpaHUlla 4aloT D OKOJIO eJWHUIILI, pedHas ceTh - 1.1-1.5,
CUJIbHO K3pe3aHHas OeperoBas nMuHUA - 0o 1.3 u Bhuime. Kaxnrii 06veKT monydaeT mnons D mink
u D r2 (xayectBo jor-jor amnnporcuMaiuu, Huxe 0.85 olleHKe [OBEPATH Henb3s). OTOENBHO
CUMTAEeTCsI W BBIBOOUTCA B XKypHan D ci1os Kak eOQUHOT0 MHOXKECTBa: OJIsI PEeYHOU CeTU I3TO
Pa3MepHOCTb CETU LIETUKOM, ¥ OHa 3aKOHOMEPHO BHIIIIE Pa3MEPHOCTHU OTHETbHBIX PYKaBOB.

MeTopn momonHsAeT HUUPKyIb u3 7.03: IUPKyJIb MepseT U3BUIUCTOCTh OOQHOU NUHUYU, MUHKOBCKUY -
3amo0JIHEeHUE IIJIOCKOCTH HabopoM 00BeKTOB. Pa3aMepHOCTh BO3BpAIllaeTCs U YHUCJIOBBIM BBIXOIOM AJIST
moperiel Processing.

[TapameTp Yrto 3amaérT ITo ymonuaHuio

JIMHVMY UM TTOJIUTOHEL BeKTOpHBIU CJIOH, YV IIOIMTOHOB -
6epyTCcs KOjblla TPaHMUII.
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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.

142



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,
a y Copernicus GLO-30 BriCOTa CHATa II0 BEPXyILIKaM, X TOPU3OHTAJIU 10 HEMY IIOBTOPSIOT KPOHEL.
INoayyumcas: pacTp penbeda B cucTeMe KOOPOUHAT IIPOEKTa.

IIar 2. 1.04 U301uauu u3 pacrpa Muraumym: Pactp, Ceuenne 5 unu 10 M. OcTtanbHOE IO
yMmon4daHuto. ITosnyyumcs: cjiodl ropu3oHTanel. [lanpille OH UTpaeT POJIb MCXOOHBIX HAHHEIX, KakK
eciu OBl BAM HX Imepenalu.

IIar 3. 2.05 Ctok u akkymyasanus (D8) Muuumym: IIMP u3 miara 1. 3anonHeHNe IOHUXKEHUN
OCTaBbTE BKIIOUEHHBIM. [To1yuumcsi: pacTphl HalpaBIeHUM CTOKAa M HAaKOILJIEHHOM! IIIOMIIaaH.

IIIar 4. 2.06 PeuyHasi ceTb MUHUMYM: PacTp akKKyMynsuuu u3 Irara 3, [lopor BomocOopa B
siueriKax. HauHuTe C ThICSTuM 1 ToaOepuTe Tak, YTOOHI CETh BHITIIsAAE A IpaBaomnono0Ho. IToayuyumcs:
JUHUY BOOOTOKOB, HallpaBIeHHEIE BHU3 10 TEYEHHUIO, TO ECTh F'OTOBLIE TalIbBETH.

IIar 5. 2.09 Bepumuabl MuaumyMm: IIMP u3 mara 1, Paguyc nmoucka B sdetikax. [loayuumcas:
TOYKU JIOKAJTbHBIX MAaKCUMYMOB C OTMETKaMHU.

IIIar 6. 2.02 3arpy3Ka TOIOOCHOBBI IIO0 paMKe MuHumMyM: Ta ke Pamka. I3 OSM Gepure
IJIOIIamHEle 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 HNpUAOYT U3 APYroro
MCTOYHWKA U MOTYT He COBIIACThb C MaTputei. Iloayuumcs: 0o ISTU CI0EB B rpynne Tomorpadus.

IIIar 7. 2.03 Topo2Raster (penbed u3 BeKTopoB) MuHumMyM: U30IHHMM U3 IIara 2 U IOJie
BbICOTHI, TasibBeru u3 mara 4, TOYKH BBICOT U3 IIara 5 u moje oTMeTKu, O3épa U ype3 BOObI
u3 I1ara 6 ¥ 1mojie OTMETKH ype3a, Pa3mep siuernku. OOPBIBEI ITOAMTE, €CIIM OHU €CTh B TOITOOCHOBE.
INoayyumcsa: HOBHIU pacTp penbeda, IOCTPOEHHEBIN 10 TUTHN3UPOBAHHEIM BEKTOpaM, a He 10 OOHUM
TOPU30HTATISM.

IITar 8. 2.12 HeBsi3Ka ropu3oHTajied npotuB IIMP MunuMmym: [OpH30HTaIM U3 I11ara 2, mojie
BbICOTHI, IIMP u3 miara 7. [Toaydyumcs: TOUYeYHBIN CJIO¥ HeBA30K U oTuéT HTML. CMoTpuTre Ha
cpefHee CMeIlleHMe W Ha OOJII0 TOYEK, IPOMaxXHYyBIIMXCS OOJIbIle YeM Ha ITOJIOBUHY CEYEHMS.

IMar 9. 2.13 Iuarsoctuka teppacuara IIMP Munumym: IIMP u3 miara 7 u Ceuenue penbeda,
TO XKe, 4TO Ha wmare 2. [loayyumcsa: UHOEKC NPUTSAXKEHUS OTMETOK K YpOBHAM. OKOJIO €OUHUIILI
O3HAYaeT, YTO CTyIeHel HeT, ABa U BHIIIe O3Ha4YaeT TePPACUHT.

IIar 10. 2.14 CHATHe cTyneHeH (CriIaXxkuBaHHe C orpaHuYeHHeM) HyXeH, TOJIBKO eCliu
MpembIoyIIui Imar Hamen teppacur. MuanumyMm: IIMP co crymensimu, Ceuenue penbeda,
HUrepauuit 50. ITosayuyumcs: KCIPABIEHHHN penbed M OTUET OO0 U Iocjae. MHOeKC mOoIKeH
ONYCTUTHLCSH K eQUHULIE.

Ecnm xoTuTe IMPOBEPUTH HE CBOU OAaHHLIE, a CaM METOM, 3aMeHHuTe mepBhid mar Ha 2.10 [Iemo-
peabed c prnaxkoMm OBpazKHO-0a/109HasI ceTh. Torga HCTUHHAS IOBEPXHOCTh U3BECTHA 3apaHee,
U BUOHO, 4YTO MMEHHO TePAEeTCs IIPU IIOCTPOEHUHN. OBpal"I/I TEPAITCSA IIE€PBBIMU.

CBepuTh C UICTUHOM MOKHO OAByMs crtocob6amu. HarnsamHo: ITOCTPoNTe U30IUHUY 10 BOCCTAaHOBJIEHHOMY
penbedy Cc TeM Ke CeYeHUEM U HaJl0XKUTe Ha TOPU30HTAJIY 11ara 2 APYTUM IIBETOM, TUHUU OOJIZKHEI
JleYb OAPYT Ha Opyra ¥ pa30MTHCh TOIbKO Ha MaKyIIKaX BRIIIE ITOCIegHEeN ropu30HTaau. Y1UCIeHHO:
KaJIbKYJIATODP PacCTpPOB, BEIPAzKEHUE «BOCCTAHOBJICHHBIHA MHWHYC MCTHHa», U CTaTUCTHUKA PA3HOCTHU

B CBOMCTBax Cyiosi. IIpyu cedyeHUU 5 M 0XKMOAETCS CpemHee OKOJIO HyJsa M pa3dpoc mopsgka MeTpa,

a HaubOobIlIMe PACXOXKMAEHHS Ha BepliuHax. Ecnu mobaBuTh B mIar 7 TOYKM BEPIIMH U3 Iara
5, pacxXoXmeHUs Ha MaKyIIKaX 3aMeTHO COXMYTCSI, U 3TO POBHO TOT OTBET, 3aYeM Tomorpadsl
MMOANHCHIBAIOT 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.
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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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