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BBengenue

Isoliner - mpoBaiigep UHCTPYMEHTOB Processing aisi MHTEPIIOISAIIUY TOUEYHBIX JaHHBIX, IOCTPOEHUSA
U30JIMHUM U paboThl c penbedom. Aapo kpuruHra - aaroputMm KB2D u3 GSLIB. MHCTpyMeHTH
pa3HeCeHHI 110 ceMU rpymnnam: «'pug u U30JIMHUN» - OCHOBHOM ITOTOK 00paboTKM OT AeKjlacTepu3aliuu
mo usonuHuii, «Tomorpadbus» - penbed U3 OTKPHITHIX OAHHBIX U TUAPOJIOTUUYECKUU aHaIu3,
«JlonmonHUTENbHEIE NHCTPYMEHTHI aHaNN3a» - CIelualn3upPOBaHHBIE PACUYETHl OT MHOUKATOPHOTO
KPUTHUHTa A0 IJIOTHOCTHU IIepeMeHHON OIOopH, «Pa3pe3» - IMOCTpOeHUEe IeOJIOTUYEeCKUX pa3pe3O0B,
«'eonmornyeckass Mopmenb» (6eTa) - COrjlacoOBAHHOCTL IIaYKM IIJIaCTOB U y4eOHEIM IIpuMep pa3pesa,
«[upponorusti pek» - CTBOpPH, KPUBHIE PacxoOmoB M 3aTomnneHue, «OpakTalbHBEIU aHaIu3» -
Pa3MepHOCTHU [TOBEPXHOCTEN, MaCOK U JIUHUM.

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

«W3onuHMY U3 pacTpa» - U30JIUHUM (JIMHUM) ¥ KOHTYPHEIE IIOJIUTOHEI (II0sica MeXOY U30JIMHUSIMU),
TPaHUIBI KOTOPHIX COBOANAIOT C TUHUSIMHA.

«BapuorpammHasa KapTa (aHusorponus)» - noBepxHocTh y(h x, h y) ¢ ouneHkoill asuMmyTa u
QHU3O0TPOIINHU IJIS YYETa HAIIPaBJIEHHOCTH B KPUTHUHTE.

«Kpocc-Banupaiuss BapuOTpaMMBI» - CKOJB3AINIUNM KOHTPOIb (leave-one-out) O IPOBEPKU U
nonbopa mapaMeTpPoOB KPUTHUHTA 110 OMMOKe, a He BU3yaslbHO.

«[IpuMep cKBaxKuH (meMo)» - TreHepalus yd4eOHOrO TOYEYHOrO CJIO0S C IITPOCTPAHCTBEHHOMH
CTPYKTYpPO# (KPOBJIS, MOIIHOCTb, COOEepXKaHWEe KOMIIOHEHTA) [y Oo0y4eHuss W HPOBEepKH 06e3
peasbHEIX JaHHEBIX.

B rpynne «JonoMHUTENIFHBIE MHCTPYMEHTHl aHa/IM3a» CIIelMain3upoBaHHbIe PACUYETH, HalTpUMED:

«KaTeropuaabHbIH MHOINKATOPHLIA KPUTHHT» - KapTa BEPOSTHOCTH KJIACCOB IO KATEeropHaIbHOMY
om0 (MUHTHI, JIMTOTHMII): HA KaXKOBIA KJIACC CTPOMTCS HHOMKATOP M KPUTYETCS OTHENIbHO, Ha
BEIXOII€ PACTP BEPOSITHOCTEM, KapTa 30H ¥ YBEPEHHOCTb.

«'UOpaBNIUYEeCKUN TpPagueHT M HalpaBjieHWe II0TOKa» - II0 pacTpy Halopa CTPOUT MOMYIb
TUIPABINYECKOT0 IPafiieHTa, a3UMyT HallpaBJIeHUs IOTOKA (BHU3 10 TPAOUEHTY) U TOYEYHBIN CIIOH
BEKTOPOB II0TOKA, KOTOPHIHM cpa3dy odhopMisieTcs: cTpenkamMu. ['upporeosiorusi 6€3 MPOHUIIAEMOCTH.

TMogxomuT myIsi OTMETOK IIfTIacTa, MomHocTel, ®PMC, XuMUH 1 JTIOOBIX YUCIIOBBIX aTPUOYTOB CKBAZKHH.

HecKoJIbKO TEpPMHHOB, KOTOPLIE BCTPEUAIOTCS [ajiee. BapuorpaMMa OIIMCHIBA€T, HACKOJBKO
CUNIbHEEe PAa3IMYalOTCS 3HAUeHWs C POCTOM PACCTOSHUS MeXOy ToukKamu. CHIII - YPOBEHBL, Ha
KOTOPHIH OHA BBIXOOUT (OMHM30K K OUCIEPCHH [HOaHHBIX). Harret (oT aHria. nugget, «addexrt
caMopofKa») - CKaUYOK BapHOTPaMMEBI Y HYJISI, TO €CTh pa30poc Ha CKOJIb YTOIHO MaJIbIX PACCTOSHUSX,
BBI3BAHHBIN U3MEPUTENILHLIM IIIYMOM M MUKPOU3MEHYHUBOCTHIO. [lanee Mo TEKCTY - TPOCTO «HArreT».

YcTraHOBKA M pacmnojiokKeHue

OcHoBHOU cnoco6 - u3 obpunuansHoro peno3urtopus QGIS. Otkpoiite Monynu — YnpasneHue u
yCTaHOBKa MOMyJel — BKnagka «Bce», B moucke Habepute «Isoliner», BbIOepUTe IJIaruH U HAXKMUTE
«YcTaHoBuTh». [Ipu ycTtaHoBke u3 pemo3uTtopus QGIS cam cooOiaeT 0 BHIXOME HOBBIX BEPCUU U
OOHOBJISIET IJIaTMH 10 KHOIIKE.



BriGop KaHajla pacTpa BO BCEX MHCTPYMEHTAaX - BHINAMAAIOIIUMM CIHCKaMKU C UMEHaMH KaHaJIOB:
y MHOTOKaHAa/IbHOTO T'pHfa IIJIacTa B CIKCKAX YUTAIOTCS «KPOBJIS», «IIOAOIIBa» W HMEHa CJIOEB
IIapaMeTpoB.

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

1. I'pug 1 30 TUHHH

1.01 [IekmacTepu3alus (Beca)
* 1.02 2D Kriging (Touku — pactp)
1.03 MuHuManbHas KpUBU3HA (TOYKHU — PacTp)
1.04 Vi3omuHUM 13 pacTpa
¢ 1.05 Bapuorpamma (3KcnepuMeHTaJIbHAa)
1.06 BapuorpamMMHas KapTa (aHU30TPOIIMA)
1.07 Kpocc-Banmupganusi BaApuorpaMmbl
1.08 Kpocc-sanupauus metoga (LOO)
1.09 [TpuMep ckBaxkuH (OemMo)
1.10 [Ipumep reodpusndeckux npodunei (memo)

2. Tonorpadpus

.01 3arpy3ka LIMP 1o pamke

.02 3arpy3Ka TOIIOOCHOBHI 10 paMKe

.03 Topo2Raster (penbed u3 BEKTOPOB)

.04 [ToororoBka pemnbeda

.05 CToK 1 akkymynsanusa (D8)

.06 Peunas ceTs

.07 baccelHb ¥ Bogmopa3nenbl

.08 YKJIOH ¥ 3KCIIO3UIIUSA

.09 BepIuHE 1 STMEBI

.10 [leMo-penbed

.15 OT4YET 110 CTBOPY

.16 BomocOop. JIuHuu 1 KOHTYpPH (KaHaBhl, KaphePHI)
.17 OT4YET 110 TOTOBOMY BOmOCGOpYy

.18 Hacruinmu 1 BeIeMKH (00BEMEI PaboT)

.19 KaupunaTel GPOBOK U IIOOOIIB

.20 BpoBKM U MOAOIIBH B PaboTy

.21 Ilpumep Kaprepa (gemo)

.22 IIpodunupoBanmre OTKOCOB

.23 JIUHUU CTOKa OT TOYEeK, TUHUU U KOHTYPOB
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2. Tonmorpadmusi: TMarHoCTHUKAa U IMpaBKa

* 2.11 Pa3menuTh TOPUI30OHTAIHU OJISI IIPOBEPKU

* 2.12 HeBsi3Ka ropusoHTaneu npotus LIMP

* 2.13 [luarHocTuka Teppacunra LIMP

* 2.14 CHATHE CTyIleHeH (CriaxkuBaHue C OTPaHUUYEeHUEM)

3. I]];Ol'[OJIHIfITEEJ'I]:HI:IEE HHCTPYMEHTbI aHA/IN3a

* 3.01 KaTeropuanbHbIM UHOUKATOPHBIN KPUTUHT

.02 Kpurusr c sHemHuM gpedidom (External Drift)

.03 KapTa BepOSITHOCTH ITPEBHIIIIEHUST

.04 'mapaBnuyecKuyl TpagueHT U HallpaBJIeHHeEe ITOTOKa
.05 YmenbHBIM pacxof (3akoH [lapcu)

.06 "'ayccosa cumynsauus (SGS)

.07 [ImoTHOCTE 11O 3aMepaM (IlepeMeHHas oIopa)

.08 [IpuMep [OJIsd MIOTHOCTH (meMo)
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4. Pa3pe3



.01 Pa3pes o nuHUMN

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

.04 TlepeceyeHure TOBEPXHOCTEN C pPa3pe3oM
.05 [TepecedyeHure BEKTOPOB C pa3pe3oM

.06 ITepeceuenue TIN c pa3pe3om

.07 [Ipoeknust 00BLEKTOB Ha pa3pes

.08 CripoerupoBaTh C pa3pes3a

.09 Pa3BépTka cTeHKM CTBOJIa (6eTa)

.10 IIpumep mns paspesa (memo)

.11 Ob6pazel cupaBOYHUKA I1JIaCTOB

.12 37eMeHTH 3aJjieTaHus 10 CJIey BhIXOma
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5. 'eomoruuyeckasi Mmoaeas (0era)

.01 CoryzacoBaHHOCTD ITa4YKM IIJIaCTOB

.02 IIpumep paspesa (gemo)

.03 COopKa mayku oT penbeda

.04 KoppeKius madku 110 CTaTUCTUKE MOIIHOCTEN
.05 ManudecTt Mmogenu

.06 CKJ1Iad4aTOCTh IOBEPXHOCTU

L]
[, IO, RO, IO, O, R0

6. l'mgponorusi pex

* 6.01 CTBOPHL U KPUBEIE PACXOOB
* 6.02 IIoUIroH 3aTONJIEHUS

* 6.03 MMmopT TabmuIil CTBOPOB

* 6.04 [Tpumep peku (gemo)

7. PpakTaJIbHBIA aHAIN3

* 7.01 ®pakKTajgbHas Pa3MEPHOCTh

* 7.02 Box-counting Mmacku

.03 PasaMepHOCTh TUHUY U TPaHUIL

.04 PasamMepHOCTE MUHKOBCKOTO (BEKTOPHI)
.05 [Tpumep Oy ppakTanos (HemMo)

NN NN

Bcezo uncmpymenmos: 68

AnbTepHaTUBHEIM crnocob - u3 ZIP-gaiima. Momynu — VYmnpaBneHue UM yCTaHOBKa MopAyed —
YctanoBuTh u3 ZIP. 3T0 ymo6HO i odialH-yCTaHOBKHU U Ipeapeln3HbIX COOPOK.

Iocne ycTaHOBKH HHCTPYMEHTH IIOSIBIISIOTCS B ImaHenu «O6paboTka» (Processing), mpoBaiimep
«Isoliner», rpynnel «I'pupg u wusonuHuM», «Tomorpadusa», «IlONONTHUTENbHbIE WHCTPYMEHTHI
aHanu3za», «Pa3pe3», «['eomorudeckass momesnb» (6eta), «[mpupomoruss pek» u «dpaKTanbHBIN
aHanu3». TpeboBauus: QGIS 3.16+. BHeItHMX 3aBUCUMOCTEN HET - ucnob3yoTcas NumPy, GDAL u
IITaTHBIE aITOPUTMHEI Processing u3 coctaBa QGIS.

OOHOBJ/ICHHUE

IIpu ycramoBke u3 peno3utopus QGIS moxka3riBaeT yBemoMJIEHHE O OOCTYIIHOU HOBOU BEPCUU
- 3HAYOK B CTPOKE COCTOSIHWUSI M CIHCOK BO BKiIagkKe «OOHOBNsieMble» MeHeIXepa MOOyJei.
OOGHOBIEHUE BHIIOJIHAETCI OOHON KHONKOMU. [Ipu ycTaHOBKe 13 ZIP HOBas BepCUS CTAaBUTCS TeM XKe
IIyTEM, IIOBEPX CTApPOU.

[InaruH KOPPEKTHO Ilepe3arpyxKaeTcs «Ha JieTy», nepesanyck QGIS He TpebyeTcs. [I1st GBICTPOI
repe3arpy3kKu Koga Ipu pa3spaboTke ymoden monyib Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBalifiep ¥ Bce MHCTPYMEHTHL I€PEPETUCTPUPYIOTCHA CPa3y.



BbI30B CcIIpaBKHu

B muanore Kaxaoro UHCTPyMeHTa eCTh KHONKa «CrpaBKa», OTKpHIBaloas 3To pykoBonacTso (PDF B
KOMIUIEKTe IylarvHa). [IpaBas nmaHens Ouanora OOMOJHUTENIBHO IIOKa3klBaeT KPaTKYyIo IIOACKa3Ky
II0 MHCTPYMEHTY. PyKOBOIOCTBO W CBemeHUS O BEPCUU OOCTYIHE U 6e3 OTKPHITUS WHCTPYMEHTa:
MeHI0 Momynau cogepuT nogMeH:o Isoliner ¢ nyakramu O mtaruHe (BepCusi, CCBIIKH, HCTOPUSI
u3MeHeHui) u Pykosoagcrso (PDF).

BBICTPBIH CTApT

HWHCTPYMEHTOB B IJIaTWHE IIO[ IIeCThIECSAT, ¥ BEIOMPATh U3 00Iero CoucKa TSKeJjo. DTOT pas3fmert
YCTPOEH WHaYe: He 110 MHCTPYMEHTaM, a Io 3agadyaM. Haliure Ty, YTO IMOX0zKa Ha Ballly, U UOUTE
II0 IIaraM - OCTAJIbHOE MOXKHO HE YHUTATh.

OOI1iee IpPaBUJIO OOHO: HHCTPYMEHTHI He ToraJgbIBal0TCsI, OHH CIPAIIHBAIOT H TOK/JIadbIBAIOT.
IMouTy KaXKObIi MUIIET B XKyPHAJ, YTO UMEHHO OH PEIInJI, ¥ I0YeMy IIOJIyYUIOCH CTOIIBKO 0OBEKTOB,
a He wHadve. KypHan CTOMT OTKPHIBAThb BCerma, OCOOEHHO B IIEPBHIE Pa3bl: TAM OOBIYHO U JIEKUT
OTBET Ha BOIIPOC «IIOYEMY BEHINIIO HE TO».

ECTh CKBaXKHHBI, HYZKEeH PaCTp H H30/IHHHHA

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

1.02 2D Kriging cTtpouT pacTp 1o ToukaM. OpauHapHBIM KPUTHUHT OLleHUBaeT 3HaUYeHUE B SUelKe
KaK B3BellleHHOe cpefHee OIMKaWIIMX 3aMepoOB, MPUYEM Beca OH He BHIIYMEIBAET, @ BHIBOOUT
M3 TOT0, KaK OBICTPO 3HAYEeHHUS PacXoOsTCs C pPacCTOSHHEM. 3afaThb HaAo IIojle 3HAYeHus U
rmapaMeTpsl MOOeIn: paguyc (Hasbllle Hero 3aMephl y2Ke HU O YEM He TOBOPST), MOpor (0OIIuii
pa3bpoc) u HarreT (pa3dpoc, OCTAIOIIUICS Ha HYJIEBOM PACCTOSHUH - IIOTPEITHOCTD 3aMepa IITI0C
M3MEHYUBOCTh MeJib4e Ilara ceTH). A4elKy OepuTe MPUMEPHO B YETBEPTL-ISATYIO YaCTh CPEOHETO
pacCcTosTHUSA MeXOy CKBaXXMHaMU: Mejlbue He 10OaBUT TOUHOCTH, @ CUMTAThCS OyIeT IoJIblie.

BwmecTe ¢ IIOBEPXHOCTBIO MHCTPYMEHT BbI,E[aéT KapTy OIIHOKH KPHI'HHIa. CMOTpI/ITe eé BCerga:
CcaMa IIOBEPXHOCTH BBRITTIAOUT OOMHAKOBO I'/TAAKO X TaM, I'ie CKBaKUH MHOI'O, U TaM, Irie pe3yjabTaT
OEPXKUTCSA Ha OOHOM IaneKom 3aMepe, a KapTa onrnoKu 9Ty pa3HUIY ITOKA3bIBAET.

1.04 U301uHHMH M3 pacTpa OpeBpalllaeT IIOBEPXHOCTb B TOPW3OHTANIX C MOAIHKCSAMU, a MpPHU
HamoOHOCTH U B IOJIUTOHEL 1ana3oHoB. CedeHMe 3aaéTCA YUCJIOM UiH maroM. s penbeda TaMm
XKe ecTh (pi1axkoK TomorpadpuyecKux IMOANUCEH: OHM Pa3sBOPAYMBAIOTCS TakK, YTOOBI BEPX CMOTPEN
Ha BBICOKYIO CTOPOHY.

ITonnpo6oBaTts 6e3 cBoux AaHHLIX: 1.09 IIpuMep CKBazkuH (IeMO0) BHIAAET TOTOBRIN HAOOP TOYEK C
peanucTuYHON IPOCTPAHCTBEHHOU CTPYKTYPOU.

danbiie, Korga 3axo4eTcsi 000CHOBaHHs1. [TapaMeTphl MOOENM MOXKHO He momOupaTh Ha TIjia3:
1.05 BapuorpaMmMa CTPOUT UX 10 CAaMUM JaHHBIM U pUCyeT rpaduk, Ha KOTOPOM BUOHO, €CTh JIU B
OaHHBIX ITPOCTPAHCTBEHHAS CBsI3b BOOOIe. ECiiu aKCIIepuMeHTaIbHbIE TOUYKH JI0KATCsI Kak II0I1alo,
HUKaKOM MeToq e€ He co3macT. 1.06 BapuorpaMMHasi KapTa II0Ka3blBaeT aHU30TPOIIHIO - KOTIa
CXO[ICTBO TSTHETCS BIOIb OJHOTO HaOpaBlIeHUS CUJIbHEe, YeM IIONEPEK, U 3TO Hamo ydecTb. 1.08
Kpocc-Banmumanusi (LOO) youpaeT KaxXay0 CKBaXXUHY 110 o4Yepeny, IIpeacka3biBaeT 3HaYEeHHE 10
OCTa/JIbHBIM U BHIBOIUT PACX0XKIEHUE YHUCIIOM - IIPSIMOM OTBET Ha BOIIPOC, HACKOJILKO MOXKHO BEPUTH
KapTe. YOauyHBEIN HaG0Op MapaMeTPoB coXpaHseTcs mpoduieM, 4ToOs He HabupaTh ero 3aHOBO.

ECTh OTKpBITasi MECTHOCTh, Hy2keH pejibed U TOIMOOCHOBa

PaHHMI ¥ caMbIli XOIOBOM IIyTh: CBOUX CHEMOK HET, a KapTa HyXKHa. Bcé 6epeTcst m3 OTKPHITHIX
MCTOYHUKOB IpsiMo B QGIS, 6e3 ckauynBaHUS apXUBOB PYKaMH.
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2.01 3arpy3ka IIMP nmo paMkKe KadaeT BBICOTH II0 3agaHHOMYy oxBaTy - Copernicus GLO-30
¥ OpyTue OTKpHEIThIe HaGopwl. [IpmxomuT pacTp B MeTpaxX, yXKe HPUBEOEHHBIM K METPUYECKOU
cucTteMe KoopOouHaT. TPpUAIlaTh METPOB STYEHKH - 9TO MacirTab mopsagka 1:25000: X0mIMBI, TOTHUHEI
¥ BOOOpPa3mesibl YUTAIOTCS, a OpOBKa Kapbepa UJIM OOPOXKHAas HaCHIIb - HET. [IOHMMaTh 3TO HAMO
cpa3sy, UHaue OT pe3yJbTaTa XKAYT HEBO3MOXKHOTO.

2.02 3arpy3ka TONMOOCHOBBI IO paMKe 0epéT Mo TOH Ke paMKe BEeKTOPHYI0 OOCTaHOBKY W3
OpenStreetMap: BoOHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHWs, jec. BomHbIe OOBLEKTHI IPUXOMIST
[IOJINTOHAMM, BKJII0Uasi COCTABHEIE - 03€P0O C OCTPOBOM OCTAETCS 03€POM C BHYTPEHHUM KOJIBIIOM,
a He CIIJIOIIHBIM TOJIMTOHOM. DTO TOT CJIOM, KOTOPBIN HaJjibIlle MOJAETCs B MHTEPIIOISIINI0 YPe30M
BOMHI, €CJTH TTOHaA00UTCS IIePECUYUTHIBATEL penbed.

CkauanHasi [IMP moutu Bcerma TpebGyer 2.04 IToaroroBKu penbeda: B OTKPHITHIX Habopax
BCTpPEYaroTCs MyCTOTHI, IITyM U JIOKaJIbHEIE SIMBI, KOTOPHIX B IPUPOAE HET. 3alloIHeHNe ITIOHNXKEeHUR
37ech He KOCMEeTHKa - 06e3 Hero CTOK He CUHTAeTCs BOBCE, BOHOA YTHIKAETCS B IEPBYIO XKe JIOKHYIO
samy. ITocne nogroroBku 2.05 CTOK M aKKyMYJISIIMsI [Ta€T HalpaBjieHUs U HakomjeHue, 2.06
PeuHasi ceThb MpeBpalllaeT HAKOIMJIeHHE B JIMHUU TaJIbBETOB C mopsimkamu, a 2.07 BacceHHBI H
BOJOpa3deIbl PeKeT TEPPUTOPUIO HAa BOTOCOOPEHL.

2.09 BepmiuHbI U sSIMbI HaXOOUT XapaKTepHBIE TOUKU pesibeda - Te caMble OTMETKH, KOTOPHIE
Ha OyMakKHOM KapTe IOANUCHBAIOT YuciIoM. BMecTe ¢ TanmbBeramu u3 2.06 oHM 00pa3yIoT CKEJeT,
KOTOPBLIM ITOTOM MOKHO ITomaTh B 2.03 u mepecuuTaTh penbed yxKe C Y4ETOM T'UOPOJIOTHH.

M 3mech riIaBHBIN HIar, paJgH KOTOPOro BCEé mpeabiayiilee M Oesjdaoch. CkauvanHas LIMP
TUAPOJIOTUYECKN HEeBepHa: B HEM eCTh JIOKHBIE SIMBI, peKM MeCTaMU TEKYT B TOPYy, a 03épa UMeIOT
yKIIOH. McripaBnsaTe 3T0 ¢uiabTpaMu OECCMEBICJIEHHO - 3al0JIHEHME MOHUXKEHUH JIEYUT CHUMIITOM,
HO He mpu4mHy. [IpaBUILHBEIN OyTh APYTO#M: co0paTh M3 CKAa4YaHHOTO pacTpa CKeJjIeT MECTHOCTH U
nepecyuTarb MOBEPXHOCTH 3aHOBO C YYETOM TOT'0, UTO MBI ITPO HEE Y3HAIIH.

Bcé, uto moGeITO Ha mpempimymiux Irarax, ugéT B 2.03 Topo2Raster kKaxpgoe CBOMM BXOOOM.
lopusonTanu u3 1.04 - XKECTKUMHU y37naMH. TOYKU BHICOT U3 2.09 - ToXe JKECTKUMH, U C BECOM
00JIbIlle eAUHUIIBI, €CJTTU XOTUTE, YTOOH BEPIIMHEI II€PEBEIINBAJIN BEPIINHL TOPU30HTaIe B 00IIIei
sggeiike. TanbBeru u3 2.06 - IpUHYXKOEeHUEM IIafeHUs BHU3 10 TEYEHUIO, II03TOMY PEKH Ha HOBOM
penbede rapaHTUPOBAHHO TEKYT BHU3. BomHble monuroHs! u3 2.02 - ype3oM BOIH, U 03€pa JIOKATCA
IIJIOCKOCTBIO, @ He C YKJIIOHOM. Ha BBIXOfle TIO/Iy4aeTcs THAPOIOTHYeCKH KOPPEKTHHIH pebed,
4Yero CKa4aHHHIN pacTp caM o cebe He OaérT.

N3zonuuaun n3 1.04 Hy>XKHBI B 9TOH IIEIIOYKE ABAXK/Bl: CIIePBa KakK CII0C00 MOCMOTPETh Ha MECTHOCTD,
a IIOTOM Kak BXo[I B iepecuéT. CeueHue OepuTe 1o Macitaby 1 xapakTepy MECTHOCTHU - Ha PaBHUHE
NATH METPOB, B ropax ABafllaTh OATh. [lWama3oH BBEICOT MHCTPYMEHT IIOfCKaXeT B XKypHalle.
CnumkoM 4acToe ceueHUe 3[4eCh He ITOMOIIHUK: OHO IIEpeHEeCET B HOBHIU pebed IITYyM MCXOOHOTO
pacTpa, pagy n30aBJIeHUsI OT KOTOPOTO BCE U 3aTEBAJIOCK.

I[TpoBepuTh, UTO CTAJO JIydllle, a He MHaUe, IOMOTralOoT Te JKe MHCTPYMEHTH], YTO U B CJIEOYIOIeM
cueHapuu: 2.12 HeBsi3ka ropu3oHtajied nporuB [IMP u 2.13 [IuarHoCTHKa TeppacuHra. A
2.05 Crok 110 HoBOMY penbedy OOIKeH JaTh peKu 0e3 pa3pelBoB U 0e3 JTOXKHEBIX 03€D - 3TO caMas
HarasggHas IpoBepKa.

ECTh TONOIJIaH C TOPHU3O0HTAJISIMH, HY2KeH penbed

3agaya oOpaTHas IpenbIayIeii: He IOCTPOUTh IIOBEPXHOCTh II0 PEIKHUM TOYKaM, a BOCCTAHOBUTE €€
II0 IIJIOTHHIM JIMHHSIM, KOTOPBIE YKe KTO-TO HapuCOBall.

3meck paboraer 2.03 Topo2Raster - mynbpTHCeTOYHass MHTepnoisaims mo motuBam ANUDEM.
I'maBHOE oTnmMuyue OT KPpUTMHTIa B TOM, 4YTO Yy KaXIOOIr'O THUIIa BXOHOa CBOS POIJIb. FOpI/I3OHTaJ'[I/I n
TOYKH BBICOT OAIOT JKECTKue Y3JIBl: TaM OTMETKa IIPHUKOJIOTa. TanbBeru 3a0al0T IIPUHYXIEeHHNue
MageHuss BHU3 M0 TEYEHHUIO, IO3TOMY PEKU Ha IIOCTPOEHHOM penbede He TeKyT B ropy. OOpPBIBEI
paboraroT 6aphepoM: BOOIb HUX Ilepenan He pa3Ma3bIiBaeTCs CTiIaXKUBaHUEM. YPe3 BOMbl KIameT
03€épa IJIOCKOCThIO UIU HAKJIOHSET BOOJIb PycClia.
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Ageliky 3amaBaiiTe SIBHO, MHA4Y€e YMOITYaHME MOXKET OKAa3aThCs IPy0ee TOTo, YTO BE XOTUTE YBUIETE.
3T10 mepBoe, 000 YTO CIOTHIKAIOTCSA: HAa KUJIOMETPOBOM yYacTKe aBTOMATHYECKUU pa3Mep HaeT
TPUOLIATUMETPOBYIO SYEHKy, W YCTyIl B CeMb METPOB B TaKO# CeTKe IIPOCTO He CYIIeCTBYeT.
HUHCTPYyMEHT 00 3TOM TpenynpexkaaeT B XKypHase, HO JIydlle 3afaTh cpasy.

I[IpoBepsATh pe3ynbTaT Hago He Ha rna3. 2.11 Pa3genuTs TOPHU30OHTAIH OJIsd IPOBEPKH
OTKJIaAblBaeT 4JacTh nuHuii, 2.12 HeBsizka ropu3onTajied nporusB IIMP mepsieT, HACKOIBKO
IIOCTPOEHHAas IIOBEPXHOCTh Pa30Ijiach C OTJIOKEHHBIMU. DTO TOT XKe IIPUEM, YTO KPOCC-BaIugalus
B KpUTHHTE, I OH OTBedaeT Ha TOT Ke Bompoc. OTmensHo ecTh 2.13 [IHarHoCTUKa TeppacHHIa
- UIIEeT XapaKTepHBIM OeheKT UWHTEPIIONSIIMKM [0 TOPM30HTAJISIM, KOrfla IIOBEPXHOCTH BCTAET
CTYIIEHSAMHM BAOJIb UCXOOHBIX TUHMNM, U 2.14 ero j1e4dur.

ECTh IUIOTHasi Cb€MKa, Hy2KHbI OPOBKH H IIOJOIIBLI

CréMmka ¢ BIIJIA unmu 1na3epHOr0 CKaAaHMPOBAHUA [HOaET pesnbed, TOe YCTYIL BUOHBE, HO He
oundpoBansl. OnudpPOBLIBATL UX BPYYHYIO - 4OJT0, U Isoliner ymeeT HaXOOUTh UX CaM.

Mexannka B 2.19 Kanaumarbl OPOBOK H MOOOIIB TaKas: MPU3HAK HM3JI0Ma 9TO He YKIIOH, a
CKOPOCTh €ro u3MeHeHHusi. Ha poBHOM OTKOCe, faxke OTBECHOM, YKJIOH IIOCTOSHEH M IIpU3HaK
Masn. Benuk oH TaMm, rie YKIJIOH MEHSIETCS, TO eCTh Ha caMoli OpOBKe U Ha CaMOU IIOOOIIBe. 3HAK
KPUBU3HBI OeJIUT HaWgeHHbIe ITMHUY Ha OPOBKHU U ITOMOIIBLEI aBTOMATHUYECKH.

[IBa mapaMeTpa HeO4YeBUIHE], U 00a cToUT NNoHATh. Ba3a 3aMepa - DONyMNPUHA OKHA, B KOTOPOM
MepsieTcs Imeperaj Nonepék nuHuu. Ilepemnan B aTpubyTe drop CYUTAETCSI UMEHHO B HEM, IO3TOMY
y OeCcSITUMETPOBOT0 YCTyma Ipu 0a3e B TpU STUEWKU OH IOKaXKeT TPH METpa, a He mecsaThb. bazy
3aJaBaliTe IO IIUPUHE OTKOCA B A4Yetikax. OTCceduKa no nepemnany - GuiabTp IIymMa, HO He Kputepui
3HAUMMOCTHU: PopManmbHOrO MpU3HaKa OPOBKM He CYIIECTBYET, U pellaTh, YTO CYUTAThL yCTYIIOM,
ocTaéTcs 4enoBeKky. [109ToMy MHCTPYMEHT HAPOYHO OTHAET OOJbIlle HY2KHOTO, KJIaJeT B aTPUOYTHI
Yycla ajs oToopa M ledaTaeT IMIPOLEHTUN B XKYpPHAJ - Janbllle Bh ABUTaeTe QUIbLTP CJIOS, TISIOs
Ha KapTy, ¥ HUYero He IIepecuYnuTHIBaeTe.

Iamnpire 2.20 BpoBKH U MOOOIIBEI B padOTy CHUMaeT OTMETKH C pejibeda u codbupaeT QOPMHI.
ITape! onpenensioTCs CIIyCKOM IIO CKJIOHY, a He 110 GJIM30CTHU: BoJa C OPOBKM CKaTHIBAETCS POBHO K
€€ TIoOolIBe, ¥ Ha KPUBOM OOPTY C y3KUMU OepMaMu OyuzKaWInas 110 PaCCTOSHUIO ITOJOIIIBA YacTo
MPUHAMJIEXUT cocemHeMy ycTymy. dopma - 3TO omHa MOOOIIBA WM MHOXKECTBO OPOBOK IIpHW HEW,
IIOTOMY YTO TPAaCCHUPOBKA pPeXKeT ONUHHYIO0 OPOBKY Ha KycKu. HemapHble TUHWUHM He IIPOIAfaloT, a
yXoOodaT B OTJIGJ'IBHBII:I CJIOH C HpPI‘-IHHOﬂ B anI/I6YTe: 3TO CTOUT OTKPHITE U IIOCMOTPETE.

I[TpoBepuUTH CBA3KY LIEMUKOM MOXKHO Ha cuHTeTuKe: 2.21 IIpuMep Kapbepa (IeMo) CTPOUT Kapbep
c ycrtynaMmu, 6epMaMu, Che€3[I0M, OTBAJIOM M KaHaBOM, a BMECTe C HUM MCTUHHBIE CTPYKTYpPHBIE
nuHuU. [TonHOTa IeTEeKTopa MEPSETCS YHUCIIOM ITPOTUB HUX, a He Ha IJas.

ECTh Kapbep B TONOIIaHEe, HO TOPU30HTa/Ie BHYTPH HET

Crnydaii, KOTOPHIY BRITTIAAUT Oe3HAAEKHBIM, TTOKAa He pa3o0parthkces. I1o HOpMATHUBY TOPU3OHTAIH
BHYTPH IUIOIIAAHLIX KapbepPOB, BEHIEMOK, HACHIIEH M OTBAJIOB HE OMHCHLIBAIOTCSI - COTJIACYETCS
TOJIPKO BHEIITHUY KOHTYP. 3HAUYUT pefibed 10 TaKOMY IJIaHy UMEET ObIPY POBHO TaM, I'Ie BEIPaboTKa,
¥ 3aII0JIHUTL €€ HeueM, KpoMe OPOBOK U IIOIOIIB.

3arso3gka B TOM, 4YTO y JIMHUU OTKOCA B 4epTexXke HET OTMeTOK. Ho OHU eCcTh y TOpHU3OHTaleH,
KOTOPEIE K 9TUM JIMHUSM IIPHUMEIKAIOT: HOPMATHB TpeOyeT MOBOOUTE UX OO0 IMHUU OIMHMCAHUSI 00hEeKTa
y3NOBEIMM TO4YKaMu. 2.22 I[IpocduaupoBaHHe 0TKOCOB COOMpPAET 3TH TOUYKH X BOCCTAHABIMBAET
110 HUM TIPoGUIL BCeH TUHUYU - TIePeMEeHHYI0 OTMeTKY M3 CaMHUX HAHHBIX, a He OIHO YHCJIO Ha BeCh
00BEKT.

Haneire 2.20, Ho yke 0e3 IIMP: xorga y TUHUM €CTh CBOM OTMETKM, CIIYCK IO CKJIOHY He HYXKEH,
TOMOINBOM CUUTAEeTCS OIUKalIas TUHUSA HUXKe OPOBKU. DTO BaXKHO, IOTOMY YTO MHAYe [I0Tydaics
KpYT - 4TOOBI IIOCTPOUTH pejibed, HYyKHHI Maphl, a OJIA ITap CIyCKOM HYXKeH pesibed, KOTOPOro eIé
HeT.
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3ambikaeT 2.03: TOpM30HTAIM KaK 0OLIYHO, a ¢GOpMEI MomaioTcs Bo Bxombl Bepx dopm n Hus
dopmM. [ToBepXHOCTL MeXKAy OPOBKOM M ITOAOIIBON CTPOUTCS METOOOM PACCTOSHUM, TEJIO YXOOUT
B HWHTEPHIOJISAINIO KECTKUMHM y3jlaMH, T'paHuria paboraer OGapbepom. Ilopora 3HAYMMOCTH B
WHCTPYMEHTE HET HaMEePEHHO: Jajik IBE CTOPOHHI - CTPOUTCS IMOBEPXHOCTD, JaJii OOHY - paboTaet
OaprepoM. PelrteHue mpuHUMaET YeJIOBEK, KOTAa PUCYET BTOPYIO JIMHUIO.

HyKeH reojioru4ecKui pa3pes

Paspes B Isoliner - 3T0 He KapTUHKA, a cucTeMa KoopauHat. 4.01 Pa3pe3 mo JTMHHUHU TIpeBpaIlaeT
JIMHUIO Ha KapTe B IIJIOCKOCTh YepTezKa C OCSIMU PacCTOSHUEe-BHICOTA M BBIJAET, KPOME CaMOTO
yepTexka, CIyKeOHBIM CIIOM ompeaejieHHe pa3pe3a. Bce ocTanmbHBEIE HWHCTPYMEHTHI T'PYIIITHL
MIPUHUMAIOT €r0 Ha BXO. M 6naromaps eMy KjIagyT CBOM OOBEKTHI B Te Ke KoopawHaThl. OTcroma
npaBuJsio: crnepsa 4.01, moToM BCE ocTanbHOE, U B moJie «OnpeneneHnre pa3pe3a» MOJAETCSA BBIXO
4.01, a He ¥cxXOoOHAas JINHUA.

BepTukanbHBIH MacTab 3agaéTcs TpeMsi Criocob6aMu, U BEIGOP HeoueBUAeH. MHOKUTEJIb IPOCT, HO
TpeOyeT 3HaHUS OJIMHBEL pa3pe3a: Ha KUJIOMETPOBOM IIPOdHIie MHOXKUTENh 3 HACT IJIOCKYIO JIEHTY.
OTHoUIeHHe radapuTOB YepTezka moadupaeT MHOXKHUTEJIhL CaMO TakK, YTOOH! IMPHUHA OTHOCHUJIACh
K BBICOTE KakK 3afiaHo, U paboTaeT Ha pa3pe3e JioO0i OUMHEI - HAYHUTE C Hero. Y moMHUTE, YTO
MIPEBHIIIIEHNE UCKAXKaAET BCE YTJIB: Tpu MHOXKUTeNe 10 HAaKIOH B 5 rpagycoB NsKeT Ha OyMary mof,
41, MO3TOMY YTJIBI IO YEPTEKY TPAHCIIOPTUPOM HE MEpST.

Ianbine Ha pa3pes HAHOCUTCS comepxkuMoe. 4.02 cTaBUT CKBAXKUHEI C UHTEPBaJIaMU OITPOOOBaHMUSI,
4.04 TpPOBOAUT IIOBEPXHOCTHU U3 pacTpoB, 4.03 HAHOCUT BEKTOPHBIE OOBEKTH II0 TOYHOMY
TepecevYeHuto C IMHMEN. Y ToCJIefHero IPaBuUJiio IO TUIY O0bEKTa: MJI0CKas JIMHUS TaéT BEPTUKAIb
(M3BECTHO I'Ie, HEU3BECTHO Ha KaKOM I'1yObuHe), TPEXMEpPHas - TOYKY Ha pealbHOMN BHICOTE, ITOTUTOH
- BEepTHUKAJbHYIO Iojocy. Ecnu 3amaHBl yTrojl U a3uMyT NafeHMs, BepTUKallb IIpeBpalllaeTcs B
HaKJIOHHBIM cJief], a II0JIoCa - B IlapajijIejiorpaMM.

HauaTtpk mpoine Bcero ¢ memo: 4.10 IIpumMep st pa3pe3a (IeMo) BBEIAET IMIeCTh IOBEPXHOCTEH,
MISITH IIJIACTOB, TPU JIMHUM Pa3pPe30B, CKBAXKWHLI, 30HHI M CJIOW OJIS HPOBEPKH YIIOB mameHwus. Ha
HEM BCS LIETIOYKa IIPOXOOUTCS 3a IISATh MUHYT, U OIIMOUTHCS HETHE.

HyKHbI 00b€MBI padoT

2.18 HacpIinu M BBIEMKH CpPaBHUBAET [BE MOBEPXHOCTH M CYMUTAET, CKOJIbKO BBIHYTO H
CKOJIBKO yJI0KeHO0. OOBIYHO 3TO penbed Oo padoT W mocie, WM HPOEKTHAs MOBEPXHOCTH IIPOTHUB
¢paKTHIECKOH.

CuuTaeTcs II0 SYeMKaM: Pa3HOCTh BBICOT YMHOXKAETCSA Ha IIJIoLUIadb H‘-IeI;IKI/I, IIOJIOZKUTEJIbHEBIE U
OTpHUIIATENIbHbIE CYMMHUPYIOTCS pa3aenibHo. OTCIola 0YeBHUOHOE, HO BaXXHOE: TOYHOCTH O0O0BEMa
yIHpaeTcsi B TOYHOCTH 00eHX MOBEPXHOCTEH, ¥ €CJTH OflHA U3 HUX ITIOCTPOEHA I10 PeIKUM TOUYKaM,
KpacuBOE YKCJIO B OTUETE He 3HAUMUT HU4Yero. Kapra ommbGKy KPUTUHTA U HEBSI3Ka T10 OTJIOKEHHBEIM
TOPHU30HTAISIM - KaK pa3s Ipo 3TO.

I'paHully c4éTa 3aJaBaiiTe IMOJIUTOHOM, HHaUYe 00BEM IIOCUUTAETCS 10 BCEMY IIEPEKPEITHIO PACTPOB,
BKJTIOYast 0071aCTH, KOTOPHIX PAabOTH HE KacaliuCh. ITO BTOPOE, 000 YTO CIIOTHIKAIOTCS: PAa3HUIIA ABYX
LIMP mouTu HHUKOT[a He paBHA HYJIIO 3a IpedelaMHu BEIPaOOTKH, TaM TYJSeT ITyM ChEMKHU, U Ha
OOJIBITION IIJIOIagX OH HaKallJIMBAeTCS B 3aMeTHHIE KyOOMETPHI.

Oo0miast 1oruka padoTsl

TunoBou ciieHapuu COCTOUT U3 ABYX IIaroB:

2D Kriging: mo ToYe4YyHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCS pPacTp (perynspHas ceTKa
3Ha4YEeHUN).

HM30/IMHUM W3 pacTpa: [0 MHOJYUeHHOMY PacTpPy CTPOSTCH H3OIHHUU M, HPU HEOOXOOUMOCTH,
3aTUThle KOHTYPHEIE TTOJIUTOHEI.
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[[Taru He3aBUCUMEI: «30TMHUY U3 pacTpa» paboTaloT ¢ TI0OBIM PACTPOM, He TOJIBKO C Pe3yJIbTaTOM
KPUTHUHTA.

HNHCcTpyMeHTH coOOpaHEl B TPU rpynnsl Processing. I'pynmna «I'pum u U30TMHUM» 3TO OCHOBHOM ITOTOK
00paboTKM, OT KpPUTHHTA A0 uU30nuHuil. I'pynna «JIlomoMHUTENbHEIE MHCTPYMEHTH aHalii3a» 3TO
cIelmranu3upoBaHHbIE PACUYETH], KaTeropualbHbEIM MHOWKATOPHBIM KPUTUHT, KPUTUHT C BHEITHUM
opetidoM, rumpaBnuUecKul rpafueHT C HallpaBleHUueM II0TOKa, KapTa BePOSITHOCTU IPEBHIIIIEHNS U
yOenbHBIN pacxop 1o Hapcu. I'pymnma «Pa3pe3» 9TO IIOCTPOEHMEe Ie0IOrnYeCKUX pa3pe30B I10 TUHUN
U IMOATOTOBKA AEMO-TAaHHEBIX OIS HUX.

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

50
40 3. M3onuHuM ¥ NONWIroHb
1. CkBaWHLI (To4kK) 2. Fpua (KpwruHr) -
’ ’l ™ .‘. .
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s T » z *
L L] . y ... .9 .
. o 8®0 PO . * 20 5
Na & 4 - . " L} 5
o T ) ¥ i .
y - ‘. .t ... . . - -. ‘.ﬁ 4
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. . 84 e 3 5
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Puc. 1: Becp mpormecc Ha CreHepupOBaHHOM IIpMMepe: CKBaXKUHBI C H3MepeHusaMu (ciena)
IpeBpamialTCa B CIJIOIMIHOW T'PUL KPUTHUHIOM (B IIEHTPE), IO KOTOPOMY CTPOSATCS H30JIMHUU U
KOHTYPHEIE IIOJIUTOHEI (CIIpaBa).

1. I'pua ¥ U300/ IHHUHA

1.01 [Jexnacrepu3anusa (Beca)

HNHCTPYMEHT IOTOBUT JaHHBIE IIepeq UHTepIoIsauuei. Korma mpo0Osl CTyIeHH HEPaBHOMEPHO, OIHU
O0/moku pa30ypeHBl MJIOTHEe OPYTruX, HaumBHas Trjo0albHasi CTAaTHUCTHKA CMeEINaeTCss B CTOPOHY
repepasBeJaHHLIX y4YacTKoB. Ecmu ryme Oypunu OoraThle 30HBI, CpegHee U THCTOrpaMMa
3aBHIIIEHE], a 3TO MPSMO BIHSET Ha IIOACYET 3amacoB. Adueuncrtas meknactepusanus (mopt GSLIB
declus) maéT Kaxmoi mpoOe Bec, OOPATHHIM JIOKAJILHOM IIJIOTHOCTH: B CKOIJIEHHMM MEHbINe, Ha
otmube Oombiie. [10 B3BEIIEHHBEIM JAHHBIM CYMTAETCS IIPEOCTAaBUTEIbHOE MEKIaCTepPU30BaHHOE
cpeqnHee.

Ha mose HakamkIBAETCSI CETKA STYEEK, BEC MPOOHI MPONOPIMOHAJIEH eIUHULIE, TEJIEHHOW Ha YHUCIIO0
mpob B eé siuelike, 3aTeM Beca HOPMUPYIOTCS. PasMep sueliKu mogOupaeTcsi aBTOMaTUYEeCKU: CBHII
110 pa3Mepam, BEIOOP 0 MUHUMYMY OEeKJIaCTeEPH30BaHHOT0 CpeqHero (KOorfa CKOMJIEHUS IIPUIIIUCH
Ha OoraThie 30HBI) M0G0 MO0 MaKCUMyMy. MOXKHO 3aaTh pa3Mep BpyuHyio. Ha perymspHOi ceTu
OeKIacTepu3alusa HU4Yero He MeHsIeT, BCe Beca PaBHHI.

[TapameTp Ha3znaueHnue ITo ymomnuyaHuio
Touku co 3HAaYEHUSIMU [TpoOEL. -

[Tone 3HaveHud Z (IIycTo: U3 Yucnosoe noe. Ilycro - -

reoMeTpUu) oTMeTKa 0epéeTcs u3 Z TOYKH.

Pa3mep sueliku ABTO (CBHUII) UJTU PYYHOH. ABTO

Pa3mep ayeliku Oy py4HOTO CTOopoHa SYeUKU B PYYHOM 0

pexuMa pexumMme.
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[TapameTp

HazxaueHue

ITo ymon4aHuUIO

Llens cBuna ([om.)

Yucmno pa3MepoB B CBUIIE
(Hort.)

CooTHoIIeHUEe sYeuKHu Y/X
(Oort.)

CMellieHU# Ha4dajia CeTKU

(Jor.)

Touku c BecaMu
HTML-oTuéT

MUHUMYM HUJTH MaKCUMYM
cpemHero.
CKOJILKO ssueeK mepebpaTh.

AHU30TPONIUS SUEUKU.

YcpenHeHme 1o coBUraM
CEeTKHU.

Cnoii Touexk ¢ nojyeM wt.
CBopka, TUCTOTpPaMMa, KpuBas
CpemHerTo.

MurumymMm

24

4

110 YMOJTYaHUIO

Brixompi: ciioi Touek c rmojieM wt 1 HTML-0T4éT co cBOfIKOM (HanBHOE ITPOTUB [IeKJIaCTEPU30BaHHOT O
CpeIZHero), TUCTOTPaMMOM CHIPOM IIPOTUB B3BEUIEHHOM W KPUBOM CpegHEro OT pa3Mepa S4YeUKH.
I[leknacTepr3oBaHHOE CpefHee M3 XKypHajia U oTuéTa cTaBuTcsa B 1.02 B mone CpemHee mJist
IPOCTOr0 KpUruHra, a nojie wt nomaércsa B 3.06 I'ayccoBa CUMYISIOUsS [JI B3BEIIEHHOTO
HOPMaIbHO-0aIIbHOT0 IpeoOpa30Batusi. Y paraHHble IPOOBl OTCEKAIOTCS OTHAEILHO, TIEPCEeHTUTEHBIM

KaIllaH¥uEeM B CaMUuX MHCTPYMEHTaX KPUTUHI'a 1 KPDOCC-BalXuOalluu.

1.02 2D Kriging (Touku - pacTtp)

Opousaaphubi (OK) unu npoctou (SK) KpuruHr mo TouedHoMy ciior. CoBragaroniue TOUYKYU (OOUH U
TOT ke XY) yCpemHsIoTCs 110 Z. B y3/ax ceTKM 3HaYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOLSATCS TOYHO

(Ipu HyJI€BOM HarreTe).

OcHOBHEIE TapaMeTpHL:

[TapameTp

YTto 3amaeT

[To ymonmgaHuio / COBET

TouyeuyHBIN CJIOU
TosbKO BHIIEIeHHBIEe 00BEKTHI

[Tone 3HaueHus Z (IycTo: U3
TeoOMeTpPHUH)

[Tpeobpa3oBaHue 3HAYEHUS

Tun KpuruHra

Panmuyc nmoucka

MuH. KOJIH4eCTBO TOYEK

HcxomHble TOUKU (CKBAXKUHBI)
OJIsT UHTEePIOJISIINH.

CuuTaTh JIUILb 110
BBIAEJIEHHBIM TOYKaM CJIOS.
YucnoBoi aTpudbyT, KOTOPHIH
WHTEPIIOIUPYETCS: OTMETKa
mJjacTa, MOIIHOCTh, PMC,
xumusd. Ilycto - oTmMeTKa
OepéTcst U3 Z reoMeTpHUu.

In ons nor-HopMaJibHBIX
BenuuuH (K, T, comepxkaHus C
OJIMHHBIM XBOCTOM): KPUT'YETCS
In(Z), olrleHKa BO3BpalllaeTcs
yepes exp.

OpounHapHHi# (OK) - moKanbHO
OlLIeHMBAET CpegHee caM.
ITpocroii (SK) - ucnons3yer
3amaHHoe «CpenHee».

Paguyc okHa moucCKa COCeOHUX
TOYeK BOKPYT y3ia. 0 = Bcs
BLIOOPKA.

Ecnu B OKHe MeHbIIIe TOYEK -
y3€eJl 0OCTAETCs MyCTHIM
(nodata).
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Makc. KOnu4ecTBO TOYEeK CKOIBKO GIMKANUIINX TOYEK 24
BKJIIOUAETCSA B CUCTEMY
KpUTUHTA.
Pazmep sueliku IITar rpupa. 0 = aBTO = MeJb4e = IIJIaBHEee, HO [IOJIbIIe
min(oxBart)/50.
OxBat pacTpa [IpsaMoyronpHUK pacyéTa. I1o 10 CJIOIO
YMOJTYaHMUIO - IO CJIOIO.
O6pe3aTh 0 KOHTYPY CKBaxkKuH PacTp o6pe3aeTcs BHITYKION PEKOMEHAYETCS BKII.

000JI0YKOM BCEX TOYEK -
yOUpaeT 3KCTPATIOIALNIO B
IIYCTBIX YTJIax.

Bydep obonouknu Pacmuputs 060m0o4ky Ha N 0
eOVHUI KapTH HapyXKy.
Macka 06pe3Ku CBOM IIOTUTOH BMECTO -

000J109KHU (IPUOPUTETHEE) -
yIOOHO IJIT BOTHYTHIX

Y4aCTKOB.
Mopenu BapuorpaMm TaOIUYHBIN CJION C He 3ajJaH
(Tabnuia) MogoOpPaHHLIMH MOOEJISTMH.

Ecnu 3apaH, mons
BapHoOTpaMMhbI B IaJioTe He
YUTAIOTCH.
[Tpodusns u3 TabIUIIBL HNms Habopa B Tabnuue. [Iycto  mycTo
OOIIyCTUMO, Korfa mpoduis B
TabmnuIle OoyH.

JIoKajIbHas1 aHU30TPON UL

OOBIYHO AHM3OTPOIHUS 3aMaETCA OOHMM a3MMYTOM Ha BeCh y4acTOK. TaM, rie pyOHLIE 30HBI HITH
TEOXUMHUYECKHEe OpEeOoJIbl M3Tu0aloTCs, 3TOTO0 Majio: HaOpaBJeHHe BBITIHYTOCTH MEHSeTCS MO0
IJIOIIAOH.

ITone mpocTupaHus B TOYKAX BKIIIOYAET JIOKAJIBLHBIA PEeXRUM. Y KaxXKAgoW mpoObl CBOE 3HAYEHUE B
rpafiycax OT CeBepa, M B KaXK[o# sueke KPUTHUHT YCPEOHSET ero 1Mo TeM Ke 3aMepaM, KOTOphIe
OepéT B pacuéT. Best cucTemMa mpH 3TOM PeENIaeTcs M0 OOHOM MOMAENH: Pa3Hbie MOOEH AJIsT Pa3HBIX
rmap 3aMepOoB Chesiany Obl MAaTPHUITY HE MOJIOKUTEIIBHO ONPENeIEHHOMN.

[IpocTupaHue IMOHUMAaETCS KakK OCh, a He KakK HalpasleHUe. Ilepuon y HeEro CTO BOCEMBIECAT
rpanycos, mostoMy 170 u 10 oTnuyarTcsa Ha OBafgUaTh I'pagyCcoB, a He Ha CTO LIECTbOECAT, U
ycpegHeHUWe UMET 4Yepe3 yABOeHHBIN yroji. OObIYHOe cpedHee majio OBl 34eCh NMEPIEHOUKYISIp K
uctuHe, u omubKka Oblyla OB TUXOM: KapTa BBEITAHYJIACh OBl IIONEPEK CTPYKTYPH M BHITIIAAEsa OB
3aKOHOMEPHOU.

KoadduimenT cxkaTus ocTaéTcst oOIIMM [Jid ydacTKa: MEHSIeTCsS TOJIbKO HampaBjieHue. Bropoit
MEHSIOMINHUCS MapaMeTp Aajl 6kl BO3MOKHOCTE HOOOTHATE KapTy IO OKUIaHKUe, a KPOCC-BaJIuOaIus
9TOTO He MOKaxkKerT.

Tawm, roe HaIlIpaBJIEHUA cocemen pacxomdaTcsH, JIOKaJIbHBIN IIOBOPOT HE IIPDUMEHSAETCA U pa60TaeT
o61.ua;[ MO[OeIlb. BLIJIYMBIBaTB HaIllpaBJIEHHWE TaM, I'T€ €IrOo HET B MdHHBIX, HEIIPABUJILHO.

Pe3ynbTaT mpOBepsifiTe KpoCC-Banupaluel Ha yOepzKaHHOU BeIOOPKe. JIoKambHAs aHU30TPOITHUS
meJlaeT KapTy IIOXO0XKel Ha reoJIOTUYECKYIo UAEI0, ¥ B 9TOM €€ CHUJIa U €€ OITaCHOCTh: IPU HEBEPHOM
ITPOCTUPAHUY KPUTUHT BHITTHET aHOMAJIUU BIOIb OMIMOKH.
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KpWruHr: oueHka B y3Jie - B3BelleHHoe cpefiHee cocelel

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

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

Pa.rwlyc nouvcka 1 4Yncso cocegHMX To4ek

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

paaguyc noncka

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

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

Puc. 3: [Ina Kaxporo ysna OGepyTcsi TONIBKO CKBaXKWHBI BHYTPH pPaguyca HOMCKa U He Ooiee
3alaHHOT0 Yucia Onmxkaumux. TOYKY 3a paguycoM He Y4acTBYIOT.
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YPal"aHHLIe l'IpOﬁLI OTOeJIbHBIM CJIoeM

OT6pOH.IeHHbIe OTCEBOM TOYKH MOZXKHO IIOJIYYUTH BBIXOOOM: KOOPOHWHATEI, 3HAYEHUE U IIPHUYHHA -
HUXK€e WM BHIIIE KaKOu T'PaHUIIEL. ITo YMOJIYaHHIO BBIXOMO BBEIKJIIOYEH.

CMoTpeTh ux cTouT. OTCEB TI0 MePIIeHTUII0 He OT/INYaeT OIMOKY 3aMepa OT HaCTOsIeld aHOMaJInH,
a pellleHne 3TO Te0JIOTUYECKOe: CKOTIIeHNEe OTOPOIIIEHHBIX TOYEK B OTHOM MecCTe OOBIYHO O3HA4YaeT
He Opak, a HeyYTEHHOE TEeJIO.

ABTOMaTHYeCKHE 3HAYEHHU ST
Pasmep sueiiku = min(mupuHa, BEICOTa oxBarta) / 50.
Paguyc Koppensuyuy BapuorpaMMbl = max(IInprHa, BEICOTa oxBaTa) / 3.

Papuyc nmoucka (mpu 0) = guaroHaab oxBaTa, TO €CTh OEPETCS BCS BRIOOPKA.

OOpe3Ka N0 KOHTYPY CKBaskuH

Kpurusar cuuTaeT BeCh MPSIMOYTOJILHBLIN OXBAT, II03TOMY BHE 00/1aCTH HAHHBIX 3HAYEHUS SIBJISTIOTCS
9KCTpaNoNIAnue U JaioT apTredakThl (OIUHHBIE «BeePHBIE» M30JIMHUU B IIYCTHIX yrijax). Onnus
«O0pe3aTh IO KOHTYPY CKBaXKUH» CTPOUT BBIMYKIYI0 000JI0YKY BCEX TOYeK (C HeoOs3aTelIbHBIM
OoydepoMm) m obOpezaeT mo Hel pacTp. JKCTpamonsalus ucdesaer. Ecnu dakTudeckas rpaHuUNa
ydacTKa BOTHYTasl, 3afaliTe CBOM IMOIUTOH B «Macke 00pe3Ku» - OH IIPUOPUTETHEE 000JIOYKH.

BapuorpamMmMa M Harrert

cunn (COo + C) i
CO+C - :
= i
> i
o CTPYKTYPHBbIi
s : Bknapg C
1] 1
: 1
(W] 1
= i
|:[ 1
> |
= I
o ! |
= Co- TmmmmsSmmmmmssssssomoooooo--o-
HarreT CO i
0 !
0 paguyc a

paccToAHE MeXxay TOYKaMn h

Puc. 4: Cxema Bapuorpammsl: HarreT CO, ctpyktypHbii BKiazg C, cumnn (C0+C) u paguyc Koppensauuu
a.

Kpuruur onupaeTrcs Ha MOOeIb BAPUOTPAMMEI - OHA OMHMCHIBAET, HACKOIBEKO CUILHO Pa3TUUal0TCs
3HaueHWs Z B [BYX TOYKAX B 3aBUCHUMOCTH OT PACCTOSHUS MeXAy HUMH. [Io 3TOM Momenu
KaXJo¥ cocegHeM CKBaXkKWHe Ha3HaudaeTcs Bec. Mopenb 3amaéTcs B pa3feie «OMOHUTENbHBIE
ImapamMeTpHI».

Mopens BapuorpaMmsul: HarreT CO, cuii (CO + C) u paguyc KOppensiuu a.
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Harrer CO Harrer - 3TO 3HauYeHWe, K KOTOPOMY CTPEMUTCH KpWUBas BapUOTPaAMMBI IIPU
PacCTOSTHUM, CTPEMSIIEMCS K HyJIi0. TeopeTndecky, Ha HyJIeBOM PACCTOSTHIU PAcX0KaeHNe TOJIZKHO
ObITH HYJIEBHIM (TOYKa CPaBHMBAETCS caMa C co00l), HO Ha HNPaKTUKE OCTAaETCs cTynmeHbKa. OHa
OoTpaXkaeT TO, YTO JaHHbLIE HA OYEHBb MaJjbIX PACCTOSTHUAX BCE PaBHO He COBIIAAAIOT: TOTPEUIHOCTD
“3MepeHuss U OIUPPOBKU, MUKPOU3MEHUMBOCTb Ha MaciuTabe MeHBIIe PaCCTOSHUS MeXIy
CKBaXXWHAMM, PacxoxkaeHue ay6iieil B OTHON TOYKE.

HarreT KpynHbIM N1aHOM

HarreT - 370 pa3bpoc Ha 04eHb ManblXx PacCTOAHWUAX:
50 4 MOrpewWwHoCTL M3MEPeHNA N MUKPON3MEHYMBOCTS.
Yem bonbwe CO, TEM rNae W «CrNoKOAHee» pe3ynbTarT. cunn = CO + C = aucnepcus

nonyaucnepcus y(h)

10 A HarreT CO
(«ckavok» y Hynq)

Ha Hyne TeopeTuyeckn 0,

___ Hoxpueas cTapTyet ¢ CO = Mo[eJlb BapUOrpaMmMbl

0 250 500 750 1000 1250 1500 1750 2000
paccTosHue Mexdy To4kamu h

Puc. 5: HarreTt KpynHBIM IIJTAHOM: MOOEJIb CTapTyeT y Hyns He ¢ 0, a co «ckauka» C0. 3To pazbpoc
Ha CBEPXMaJlbIX PACCTOSHUAX (IIOTPEIIHOCTh M3MEPEeHUs, MUKPOU3MEeHUYUBOCTh). ITonka CO+C =
OUCIEePCUU JaHHBIX.

Kak Harret BnuseT Ha pe3yiibTarT:

CO0 = 0 (mo yMOm4aHWIO) - KPUTHHT SIBJIIETCS TOYHBIM HHTEPIOJIATOPOM: ITIOBEPXHOCTH 0O0si3aHa
MIPOMTH POBHO Yepe3 KaXkK/yio CKBaxkuHy. 30/1MpoBaHHas CKBazKUHa C BLIOPOCOM 110 Z TpeBpalllaeTcs
B KOHYC («OBIUmMii Ty1a3»).

CO > 0 - KpUTHHT IIepecTaéT TOYHO BOCCTaHABIMBAThL 3HAYEHNE B TOUKE N3MEPEHUH U CTAHOBUTCS
CTakKuBaTeeM: BOIU3U CKBAXKUHEI OIleHKa MOAOTSATUBAETCS K JIOKAJIbHOMY cpenHeMy. YeM Gobiie
mons Harreta CO / (CO + C), TeM cuibHee CriaXKUBaHUe.

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

Baxno - egununbl. Harretr CO u CcMIN 3a0al0OTCd B AaOCOMIOTHBIX €IHHHIIAX THCIEPCHH
ODaHHBIX (KBaZgpaT eguHHUI] Z), a He B gonsax 0-1. 3HadyeHue «1» y cHJJIa IO YMOJIYaHHUIO - 3TO
YCJIOBHOE 3HadeHHMe, KOTOPOe MOYTH BCeTrga HYKHO M3MEHHUTh: 3ajanTe cyMMapHbU cuml (CO +
BKJIaObl CTPYKTYp C) OJIM3KHM K OHCIEPCHH TaHHBIX. YPOBEHb CTIaXXKWBaHUS OMNpemesseT He
abconioTHas BeM4YKHA Harrerta, a ero monsi B cwwie CO / (CO + C). IlpakTudecKuid NOpPSAOOK:
BO3BMHUTE CYMMAapHBIM CHUJII = Oucrepcuu, 3ateM Harretr = 0.2-0.4 oT Hero (to ecth 0.2-0.4 X
oucmepcuu - abcomoTHOoe yucio, a He 0.2-0.4 kak TakoBoe). YeM MeHbIIIe HArTeT, TeM OOJbIIe
meTasiel, HO ¥ OOJMbINe JIOKAJIbHEIX MUKOB. YeM 00JbIlle, TeM MOBEPXHOCTh POBHEE, HO BO3MOIKHO
CrilakKWBaHUE peajbHOU CTPYKTYpHL. [IUCIEePCHI0 DaHHBIX UHCTPYMEHT IledaTaeT B 2KypHal IIpu
3amycKe - 3TO U €CTh Balll OPUEHTUP MOJIsd BEIOOpa CUiIia.
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CTpyKTYyphl, paguyc M aHu3o0Tponusi Cunn (IofKa) 9TO YPOBEHb, Ha KOTOPHIU BBIXOOUT
BapuorpaMmMma. OH ckiapgbiBaeTcsa u3 Harrera CO u Bkiaga cTpyKTyphl C. CTpyKTypa 3afaéTcs
Momenbio (chepudeckas, 3KCIIOHEHIIMaIbHAas, TayCCcoBa UJIN CTeleHHas), noporom C, paguycoMm a,
a3UMYTOM U aHU3O0TPOIUEN.

CH/UI: CMBICJI B OPSANOK BeJIUYUHBI. CHUIJ - 3TO BEPXHUM IIpefes pa3luduil MeXay TOYKaMM:
HACKOJIbKO B CpefHEM OTJIMYAlOTCS Oajl€Kue APYr OT Opyra CKBaxKWHBL. OH NpaKTUYEeCKU pPaBeH
00OBIYHOM mucmepcuu maHHbIX. [IpuMep mo KCl: cpemnee = 25 %, aucnepcus = 47.6 (%?2), To eCTb O
= 6.9 %. 3HauuT, CyMMapHBIHU cuiul 3agaeM = 47.6. Ecnu Harret CO = 17 (mpumepso 0.35 cunmna),
TO CTPYKTYPHBIN BKJIa[ epBoM CTPYKTYpEl C = 47.6 — 17 = 30. Ha cam rpup abcosioTHEIM MaciiTab
He BIIUAET - OJIS OIIeHOK BakHO ToiIbKo oTHomeHue CO : C. Ho oH HyKeH, 4TOOH KapTa CTaHOapTHOU
ommbKku 1 MSDR B Kpocc-Banugaluy ObLIN B pealbHOM MacInTabe (CyMMapHBIHA CUMIIT = OUCIIEPCHU
— MSDR = 1). [loaTOMYy: He OoCTaBisgiTe CUJIJI = 1 IO YMOJNYaHUIO, IIOOHUMUTE €r0 OO0 AUCIIEPCUHU
OaHHBIX.

Brioop mMopenu. Cdepuueckas U 9SKCIOHEHIMalbHas IIOOXOOAT Oy OONBIIMHCTBA 3adad.
CreneHHass Mofelnb He HMeeT CHUJIJIa U paguyca B OOBIYHOM CMEBICJIE: €€ IIPUMEeHSIOT, Korpa
M3MEHYUBOCTb PACTET C PACCTOSSHMEM U He BBIXOAUT Ha MOJIKY (HeCTalMOHapHOCThL IIpUpPAIeHU),
II0JISI IOPOTa U pajuyca A Heé YCIIOBHEL. ['ayCcCOBy MOMENb IPUMEHSIUTE OCTOPOKHO: IIPU HYJIEBOM
WIIM OYEeHb MaJIOM HarTeTe OHa Ha€T YHUCIIEHHO HEYyCTOWYUBYIO CUCTEMY M apTedaKTHl (OCITUIIIAINN,
oTpullaTenbHble Beca). [losToMy npu BrIOOpE rayCCOBOM MOIOENN UHCTPYMEHT IPUHYIUTEJIHHO
yOoepxKuBaeT HeOOJBIION MUHUMAaIbHLIM HarreT. [1o BO3MOXKHOCTH 3afjaBaliTe ero U CaMu.

THUI JaHHBIX U peKuM. [lon pa3Hble JaHHbLIe HYKHEI Pa3Hble HaCTPOUKU. ['MagKue CTPYKTYpPHEIE
IMOBEPXHOCTHU (OTMETKU KPOBJM U IIOHOIIBE], MOITHOCTH) JIy4Ille MOJENNPOBATh AIUHHLIM PaglyCcoOM
WU CTETIeHHOM MOMenbio IPU IMUPOKOM (rimobanmpHoM, 0) pafuyce IOMCKa - TOT{la MOBEPXHOCTH
nonydaercs rinagkoi. KopoTkuit paguyc ¢ JIOKaJabHBIM TTOMCKOM Ha TaKWX HAHHBIX OAET «OBIYbU
rjIa3a» U pa3phiBEL OLIEHKM IIPU CMEHE COCTaBa COCeOHUX CKBaXWH. [1711 KOHIEHTpaluil U XUMUU
(O®MC, razoomnacHOCTb) KpUTMHT paboTaeT B CBOEM IIpaBe: 37€Ch BaXXKHBI KOPPEKTHBIM HArTeT W,
IIPY CHUJIBHOM aCMMMETPHUHU pacupepneneHus, mpeobpa3oBaHMe OaHHBIX (CM. HUXKE IIPO yparaHHEBIE
ITPOOEI).

Pagunyc Koppensauu a - pacCTOSTHHE, Ha KOTOPOM BapuorpaMMa BBIXOOUT Ha ITOJIKY. [lambIlie 3TOTO
paccTosiHUSI TOYKU IIPAaKTUYECKM He BIUSIOT OAPYr Ha apyra. [Ipu O GepéTcss aBTOMaTHYeCKOe
3HaueHHe max(oxsar)/3.

AHuzoTponus 3amaéTCd a3UMYyTOM TJIaBHOM OCHM M OTHOIIEHWEM pamuycoB (Masas/riaBHas).
3HaueHue 1 - U30TPONHO (BAMSHMNE OOWHAKOBO BO BCEX HAINpaBJIeHUSAX). 3JHaueHUe MeHbine 1
yKOpaYuBaeT KOPPENSLUUI0 IOIEPEK TJIaBHOM OCH - TOJIE3HO [JId BBITSHYTHIX TI'€0JIOTMYECKUX

CTPYKTYP.

[TapameTtp Yro 3amaér ITo ymon4aHuIo / COBET
CpenHee OJis IIPOCTOTO Hcnone3yeTcs TONBKO IIPHA 0

KpPUTHUHTa tumne SK.

Harret CO «[ITym»/cKa4yOK BapuorpaMMEl 0. Ons crnaxkusauud 0.2-0.4

y Hyns. [TomaBiseT JTOKaIbHEIE OT CHIIIA
OUKU. B aGCOMIOTHEIX
eOuHUIIaX OUCIIePCHUH.

CrTpykTypa i - MOZenb ®opMa BapHUOTPaMMEI: chepuyeckas
chepuyeckas,
SKCIIOHEHIMabHasd, rayccoBa,
CTeIleHHas.

CrtpykTypa i - mopor/Bknazg C Bknapg cTpyKTypH B cui (a6c. cTp. 1 = 1 (3aMeHuUTe Ha =

eOuHUIE gucnepcuu). CymMMma OUCIIEPCHUIO)
C0+C = pgucrnepcuu HaHHBIX.
Onst cTpyKTyp 2 1 3: 0 = BBIKII.
CtpykTypa i - paguyc Ouctarnus BEIXOOA Ha IIOJIKY. 0 (aBTO)
KOPPENIIuu a 0 = aBTO = max(oxBart)/3.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Ctpyktypa i - a3umyT, ° HamnpaBnenue rinaBHOU ocH 0
QHU30TPOIINH.

CTpyKTypa i - aHU30TPONUA OTHOLIEHNE PaguyCOB 1

(Manmasi/TnaBHAA) MO EPEK/BOONL ocu. 1 =
U30TPOITHO.

Tak cxeMma BBITJIIOUT Ha peanbHBIX JaHHBIX. BapuorpaMMy CTPOSIT IO CKBaXXKWHAM: IJIS Tap TOYeK
CYMTAIOT IONYOUCIIEPCUIO U YCPEOHSIOT [0 PACCTOSTHUSM - ITOJIydaeTcs 00/1aKo (3e/IéHble TOYKH),
o KoTopoe mombupaioT Momenb (KpuBas). Ilo HeMy M 3afaioT MMapaMeTpPhl KPUTHHTA: BHICOTA
«CKauyKa» y Hyns - HarreT CO, monka - cuiin (0O0BIYHO OMM30K K OUCIIEPCUM OaHHBIX), PACCTOSHUE
BBIXOZla Ha ITONKY - paguyc a. Ecmm Ha OGOJBIINX PACCTOSTHUSX TOYKM YXOMST BHIIIIE CHIIIA, KAk
37IeCh, - 9TO PETrHOHAJIbHBIM TpPeHI (HeCTalunmoHApHOCTh). Ero mubo y4YWUTHIBAIOT OTHENbHO, 16O
OTPaAaHUYMBAIOT PAgUyC IIOKUCKA.

OTCceB yparaHHbIX P00

Vparau#bie TPOOBEI - AHOMAJIbHO BBICOKHME (UM OIMMOOYHLIE) 3HAYEHHS, KOTOPHEIE MCKAXKaioT
OIIeHKY: HEeCKOJIbKO «OOHAHII» II0 COIepPKaHHI0 MOTYT IIepPeTIHYTh Ha cebs BCIO KapTy rpelma, a
SIBHBIE OIMMOKM (HampuMep, OTPUIlaTelIbHas MOIIHOCTh) IOPTST IMOBEPXHOCTb. MHCTpyMeHT «2D
Kriging» mmo3BonsieT OrpaHUYUTh TaKue MPOOHI IPSIMO IIPHU pacuyéTe, 6e3 IIPaBKU MCXOOHBIX JaHHEIX.
ITapaMeTps! - B pa3maene «JomomTHUTEeIbHO».

OTceB u cpe3Ka - IpyObIi TPAaKTUYHBIN UHCTPYMEHT IMIPOTUB SIBHBIX OMIUOOK. [/151 KOHIIEHTpAIUi 1
XUMUU OyObTe OCTOPOXKHEL: SKCTPeMalbHEIE 3HAYEHUS YacTO He IIIyM, a CUTHaJl (HanpuMep, odaru
3arpsA3HEHUs), U Cleno oOpe3aTh XBOCTHL PACIpPeNesIeHus He CTOUT. [IJ1s1 CUIIBHO aCUMMETPUYHBIX
OaHHBIX KOPPeKTHee He oOpe3aTh IIPoOH], a mpeobpa30oBaTh WX K OIU3KOMY K HOPMAJIbHOMY BHUOY
(morapudmMm, Box-Cox) unm npuMeHSATh HHAUKATOPHBIM KPUTHHT - 9TO YK€ 3a paMKaMH OTCEBa, HO
MMEHHO TaK 00XOISATCS C TAXKETBIMU XBOCTAMU B T€OCTAaTUCTUKE PYA U 3arpsi3HEHUN.

[IBa pexkuMa. «YIanuTh» - TPOOHLI BHE AOIIyCTUMOT'O AMana30Ha BeIOpachIBalOTCS (/11 IBHO OMTHIX
3anucelt). «Cpe3ath (capping)» - 3HaYeHUs BHe IOMala3oHa MPUXKMMAIOTCSA K T'PaHUIlE, a caMa
TOYKa OCTAéTCs B pacuére. Cpe3ka - KJIaCCUYECKUM MPUEM [JI YparaHHBIX NPo0 IO COmepKaHUI0:
ITOJI0KEeHNEe TOUKM He TEPSIETCS, HO €€ BIUSIHUE OrpaHUYUBaeTCsa. PexkuM repekiodaeTcs ¢pIaxkKKoMm
«Cpe3saTs K rpaHulie (capping) BMeCTO yOoaJeHUs».

I'panunsl no adconioTy. «HuxHAg rpaHuna» u «BepxHas rpaHulla» 3af4aloT IIOPOTU B eIMHUIIAX
Z HanpsMmyto. [TycToe mone - rpaHulia He 3amaHa. OHU IIPHOPHUTETHee NepleHTUnd. [Ipumep: onga
MOIITHOCTY IIOCTaBbTEe HUKHIOIO rpaHuny 0 - yUAyT OTpPUIIATENIbHBIE 3HAUEHNUS, BEPXHIOI0, CKaXeM,
30 - yAméT IBHBIN BEHIOPOC B 122 M.

I'paHuLIbI IO MEPUEHTH/IIO. P-U NIEPIEHTUNb - 9TO 3HaYeHUe, HUKe KOTOPOro JIeXUuT pP% BCex
nmpo6. Hanpumep, 5-U mepLeHTUIb - IOPOT, HUXKE KOTOPOTO TOJIBKO 5% cCaMBIX MajblX 3HAYEHUH.
95-i1 - TIOpOT, BEIIIIE KOTOPOTO 5% caMbBIX OOJbIINX. [IlapaMeTp «IeplHeHTUIb 00pe3Ku, %» 3amaéT
3HAYEHUE P, ¥ TPAHUILI O€PYTCSI CUMMETPUYHO: OT pP-ro mo (100—p)-ro neprentuns. To ects p =
2 O3HaA4YaeT «CUUTATh yparaHHBIMH 2% CaMBIX HU3KHUX U 2% CaMBbIX BEICOKUX ITP006»: BCE HUXKE 2-
ro ¥ BhImie 98-ro nmepueHTUnsI Mubo ymanseTcs, 1ubo cpe3aeTrcs. Yem Oombllle P, TeM arpecCuBHee
obpe3ka. P = 0 BHIKIIOYaAET NEPUEeHTUILHLIN peXuM. YOOOCTBO B TOM, YTO abCOJIIOTHEIE IIOPOTHU
3HATh HEe HYXKHO - OHY BHIYHUCISIIOTCS II0 CAaMHUM JaHHBIM M HMOOXOOST K JTII000MY pachpemeieHuIo U
Macmraly.

IIBYCTOPOHHOCTSH - BAasKHO [JISI XUMHUH. [IepIEHTUIILHLIN PEXXUM pekeT ob6a XBOCTa - ¥ BEPXHUH,
u HuxXHUM. s cogepxkaHuii 9To omacHo: KCl = 0 B 30Hax 3aMeIleHUsI - peasibHasl T€OJIOTHs, U
o0pe3Ka HUXKHET0 XBOCTa OIMO0YHO ITIOOHUMET «IIYCThie» y4acTKuU. [lo9TOMY AJist rpeiiga oTceKanTe
TONIBKO CBEPXY: OoCcTaBbTe «HUXKHIOIO TpaHHIy» HyCTOM M 3amaiiTe «BepxHioo» abCcomioToM (MIu
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AHM30TPONKUSA: BbITAHYTAA 3a0eXb WU 3UJIUMC MOUCKaA

rnaegHas ocb
(bonblwion paauych

Manas oCb

£ asamyT

Ecnu 3aneb BbITAHYTA, KOppenauWa BAONb Heé Aafblue, YeM nonepéx.
InnUnc 3a0aeTcA asuMyTOM FMaBHoR OCA W OTHOLIEHWEM ocei.

Prc. 6: AHU30TpPONUS: €CIU 3ajieXb BHITIHYTA, KOPPEIAINs BOOJIL HE€ [ajbllle, 4eM IIOIEepEK.
DJIIUIIC TTOMCKA 3afaéTCs a3MMYyTOM TJIaBHOM OCHU U OTHOIIIEHHWEM Ocel (MaJjiasi/TiiaBHas).
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Bapunorpamma KC| (nnact Kpll): akcnepmMmeHT 1 Mogesb

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

nonyawncnepcus y(h)

"HarreT C0 = 17

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

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

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

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

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

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

Puc. 8: OTceB yparaHHbX mpo6 Ha IpuMepe: cjieBa TPHU BHIOpOCA AAIOT «OBIYBU Tjia3a» (ropsdyue
MsITHA), CIIPaBa MOCJie CPe3KK K BepXHe# IpaHulle moJjie CIIOKONHOoe.
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TMIPUMEHSIHTe TePIEeHTH/Ib, TTIOHUMasi, YTO HU3 TOXe OymeT 3aTpoHyT). [JIsT OTMETOK ¥ MOIIHOCTEH
OBYCTOPOHHSS 00pe3Ka 00BIYHO YMECTHa.

Ilopsimok m kKypHan. QunbTp IpPUMEHSETCA OO0 yCPEeOHEeHWs CoBIamaromux Todyek. B XKypHan
WHCTPYMEHTAa BHIBOJUTCSI, CKOJIBKO HNPO0 ymaleHo UM Cpe3aHO M B KaKUX I'PAaHHIAX - 9TO yIOOHO
OJI1 KOHTPOJIA.

CraHOapTHasi OIIHOKAa KPUTHHIa

KapTa cTaHoapTHON OWWBKW KpUrMHra

= o

< CKBaMWHbI
- '

&

11.0
10.5

10.0

(=]
w
CTaHOapTHas ownbka

o
Temuee (MeHblUe) - PAAOM eCTh CKBAXKMHbI, OLEHKE MOXHO N0BEpATh.
CeeTnee (bonblue) - AaHHBIX Mao, OLIEHKa MeHee HaléXHa.

Puc. 9: Kapra cTaHmapTHOM OMIMOKU: TEMHOE YV CKBaXXWH (3€IE€HBIe TOYKM) - OIEHKE MOXKHO
OOBEPsITh, CBETJIOE B MYCTHIX yIIaX - JaHHBIX MaJlo.

Kpome caMoii o11eHKH, KPUTHUHT JAET B KaXKA0M y3Jie OUCIIEPCHUI0 OMNOKY - MEPY HEOTIPENEIEHHOCTH.
E€ KopeHb, cTaHpmapTHas omuOKa, BHIBOOUTCSA Heo0OS3aTeNbHBEIM BTOPHEIM pPacTpoM (IIapaMeTp
«CTtaHpmapTHasi ommOKa KpUTHMHTa» HWHCTpyMeHTa «2D Kriging»). EgwHumer - Te ke, 4TO y
WHTEPIOIUPyeMOM BEeTUYUHEL Z.

KmtoueBoe CBOMCTBO: CTaHOapTHas oIInOKa 3aBHCUT OT TeOMETPUM pPaCIOOKEHUS CKBaXKUH
U MOAenu BapuoTrpaMMbl, HO He OT caMux 3HadeHu# Z. [loaToMy 3TO KapTa HaOEXKHOCTU CETHU
HabmogeHu, a He pa3bpoca AaHHBIX. B ToOYKe CKBaXXMHEI (IPU HYJIEBOM Harrete) ommOKa paBHA
HYJIIO - TaM 3Ha4YeHWe U3BECTHO TOYHO. [0 Mepe ymasnieHus: OT CKBA’KWH OHA PAaCTET, a B 00J1acTIxX
0e3 maHHBIX JOCTUTAET MaKCUMyMa (IPUMEPHO KOPeHb U3 CUJIIA).

Kak uurarb. TEMHEIE (Mallble) 3HAYEHHUS - OIIEHKE MOKHO JOBEPSATh: PSIOOM JOCTAaTOYHO CKBAaXKHH.
CseTtnbie (OOmbIlIME) - OIlEHKA AEePXKUTCS Ha HAJIEKUX TOYKaX, (GaKTUUYECKU SKCTPAIONSIIUS. ITO
IepBble KaHOUOATH Ha Jopa3Benky. CpaBHUBATL yIoOHee OTHOCUTENILHO (e 6obIle, Toe MeHbIIIE),
IIOTOMY 4YTO aGCOMIOTHASA BeIUYWHA 3aBUCUT OT MacinTaba BapuorpaMMmer (cumma S1 SILL).

BazkHo. 9To MofenbHas OlleHKa: OHa BepHa HaCTOIbKO, HACKOIbKO BepHAa 3ajjlaHHas BapuorpaMma
(marrert, paguyc, auu3oTpoIusd). [Tpu HarreTe Gosbiie HyJIs oImruOKa y CKBaXKMH He HyJIeBas - HarTeT
3aaéT HUXKHUN «II0JI» HeolpemeléHHOCTU. CTPOTUM MOBEPUTEJILHLIM MHTEPBAJIOM CTaHAapTHAas
ommnbKa He SIBIISIETCS, HO KaK OTHOCHUTEIIbHAs KapTa HeonpeneIeéHHOCTH OYeHb II0oJIe3Ha.

Odopminenue. 3agaliTe CJI0I0 TPAfyHPOBAaHHYIO0 CUMBOJIUKY 110 3HaUEHUIO (HaIpuMep, OT TEMHOTO
K KpacHOMY) - ¥ Cpa3y BUAHO, T'Ie KapTa HaOE€xXKHa, a IJae HeT.
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CHsTHe TpeHaa (perpeccHsi-KpHTHHI)

OOGHIUYHEBIM KPUTHHT OLIEHWBaeT CpedHee JIOKAIbHO, 10 OKHY IIOMCKa, II0O3TOMY MJIaBHO MEHSIOIeecs

IO TJIOIIIaIM CPEeIHee OH OTClIekuBaeT caM. CJI0OKHOCTh BO3HHUKAET, KOTA Y IIOJIS €CTh BRIpazkKeHHas
pervoHanbHas COCTaBIISIONIANA, HAIpuMep obIee mageHue mjacTa Ha ydacTtke. Torga skcnepuMeHTaabHast
BapuorpaMMa UCXOHOT'0 3HAYEeHU s KCKaXKaeTCs: PagUyC 3aBHIIIIEH, TOpora HeT, popMa HallOMUHAEeT
CTeIleHHYIO0 MOJellb, ¥ Mog0o0pPaTh YCTOMYUBYIO MOIEIb TPYHOHO.

®naxoK CHATH MOJIHHOMHAIBHBLIM TpeH[d yOupaeT pPerduoHaabHYI0 COCTaBJISIONIYI0 METOOOM
HaMMEHBIINX KBagpPaTOB Mepel KPUTUHTOM. [lanbIlle KPUTYIOTCS OCTAaTKH, a TPeHO Ho0aBaseTcs K
olieHKe oOpaTHO. BapuorpamMMa O0CTaTKOB BO3BpalllaeTCsi K HOPMAJIbHOMY BHAY: BEHIXOOUT Ha MOPOT
C HATTeTOM, ¥ PafinyC OTpaxkaeT MCTUHHBEIM MacinTa® KOppemnsiuH, a He pa3Max TpeHma. Ilorme
CremneHb TPeHOa 3a0aéT IIJIOCKOCTh WIKX KBAAPaTHUYHYIO IOBEPXHOCTh.

Cnucok IIpeoOGpa3oBaHue 3HaYeHUsI N0OaBIseT jJorapudMUpPoOBaHue OJIS BeJIUYUH C pa3dpocoM
Ha TOPSOKH, TaKUX KaK KOo3(pPUIMEeHT (GUIbTPAIlMH HIKX BOIOIPOBOOMMOCTL. IIpm BEIGOpe In
KPUTYETCSI HaTypaJIbHBIH JIorapudM 3HaYeHM S, a OlIeHKa BO3BpaIIaeTcss 00paTHO Yepes3 9KCIIOHEHTY.
9To MeouaHHas, reoMeTpUuYecKas olleHKa, KOppPeKTHas OIS I0Tr-HOopMallbHbIX ojieli. CTaHgapTHas
omunbKa IepeCYMTHIBAETCS B HUCXOOHBIE eOUHUITHL. Jlorapudm u3baBisgeT OT PYYHOTO CO3HaHUSI
MMOJIsi In B KanbKyJISITOPE U IMIPUMEHSETCS TONbKO K MOJIOXKUTENbHBEIM 3HaYEeHUsIM. BapuorpamMmmy u
HarreT NPHU BKIIOYEHHOM jIorapudMe 3amaBaiiTe B eOUHUIIAX In.

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

Beck aeno3anT (136x41 kM) PyaHwk BKMPY-2 (9.5%8 kM) BKMPY-2: Tpenpa pasgyeaet
RK -20% RMSE, xyxe RK +25% RMSE, nyywe BapuorpaMMy ceiporo Ze
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Puc. 10: CHsTHe TpeHOa Ha pealbHbIX JaHHLIX: IOBEPXHOCTH IIJIaCcTa C BEIPaKEHHBIM PETNOHAIbHEIM
IIageHueM. TpeHn CHAT IIOJIMHOMOM, KPHUI'OBaHEBEI OCTAaTKH, TPEH B03BpaI_LIéH K OIIEHKEe.

CHsiTHe TpeHOa IIOMOraeT TaM, e MajJieHWe OOHOPOOHO, B MpefesjaX ONHOr0 PYOHHKA WU
JIOKAJILHOT'0 y4acTKa. Ha BCIo IIomaas MeCTOPOXKAEHHUS Cpa3y ero IPUMeHsITh He CTOUT. CocemHue
6HOKI/I Pa3HEeCEeHEI I10 BEICOTE, eJIHHBIfI ITIOJINHOM OIIMCHEIBAET UX IIJI0OXO, a JIOKAJILHBINA KPUTHUHT 1 683
TOTO [IEPKUT MEHSIoNIeecs CpefHee, MO3TOMY CHSITHE TJI00aJbHOrO TPeHAAa TaM CKOpee BPemuT.
YMeCTHOCTh BUAHA II0 BapuorpamMMe. EClu y CHIpOTO 3HAaUYEHHUs PaguyC COMOCTAaBUM C Pa3MeEpOM
y4acTKa M HeT BHSTHOTO IIOPOra, TPEH[ eCTh U ero CTOMT CHSITh. ECIM BapuorpaMma CHEIPOTO
3HAYEHHs yKe BBIXOIUT Ha IMOPOT C MaJIbIM HarreToM, CHUMAaThb HEYEro.

Crenenu 1 o6p9HO AocTaTo4YHO. CTemeHb 2 OMMCHIBAET U3rub, HO MOXKET BOOpPATh B TPEH[ YacCTh
peanbHOM CTPYKTYPH, IIO3TOMY IIOC/Ie €€ IPUMEeHEeHUS MOCMOTPUTE Ha BapuoOrpaMMy OCTATKOB.
Ecnu mopor m HarreT CTalil BHIPaAXKEHBI Xy’Ke, BEepHUTeCh K cTeneHu 1. ToT ke ¢akok ecThb B
nHCcTpyMeHTe Kpocc-Banuganusi BapuorpaMMbl, TaM TPEH[I Iepenog0upaeTcs Ha KaxkooM Inare
KOHTPOJISI, ¥ BEIUTPHBIII WUIIU IIPOUTPHIII OT CHATUS TPeHOa BuaeH npsamo nmo RMSE.

BapuorpaMmy mocie CHATHS TPeHOa 3ajiaBaiiTe o ocTaTKaM. PacTp CTaHOApTHOM OMIMOKY B 9TOM
pexuMe 3TO ommbKa KPUTHHTa OCTATKOB, TPEHO CUMTAETCS HeTEPMUHHPOBAHHLEIM U COOCTBEHHOM
TOTPEITHOCTH K Hel He noOaBJIsierT.

B/IOYHBIH KPHUTHHT

OOBIYHBIHN KPUTHUHT OII€HNBAET 3HA4YE€HNEe B TOYKE, B IIEHTPEe STYEUKU rpuga. Hos TOPHOM [feJie 4allie
HY2KHA Heé TO4Ye4dYHasi OTMETKaQa, a CpegHee II0 IIJIoIIaau, II10 6J'IOKy OTpa6OTKI/I, HaHeIu UIN sS49elKe
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mozfcuyéTa 3amnacoB. ComeprKaHKe MMOJIe3HOT0 KOMIIOHEHTa B OJI0Ke 3TO CpefHee I10 ero IJIOLafu, U
OIIEHWBATh €Tr0 KaK 3HaueHWe B OOHON TOYKE HE BIIOJIHE KOPPEKTHO. [ 3TOT0 CIIYXKHUT (hrakoK
B/IOYHBIA KPUTHHT.

BrIIOYWEHHEBIM peXXUM OIleHMBAeT CpedHee II0 s4YelkKe Ipuila, a He 3Ha4YeHUe B €€ ILeHTpe.
Adelika MBICIIEHHO pa3buBaeTCa Ha CETKy TodeK pa3MepoM NXN, KOIUYeCTBO 3aja€T IIojie
Ouckperu3anusi 0;10ka, NXN Ha sA4YeHKy, ¥ KOBapHallMd B CHCTeMe KPUTHHTA YCPeOHSIOTCS
M0 3TUM TOYKaM. Tak CHUCTeMa pellaeTcs He [Jjid OOHOM TOYKH, a cpa3ly mjIs Bcero 0j10Ka. ITo
KJlaccudeckas cxeMma O6iouyHoro kpuruura GSLIB.

Y 67104HOM OIIeHKY ABa CIeACTBUS, 00a IIoJie3HkbIe OIS TOACYETa 3aracoB. [I0BepXHOCTE MOJTy4YaeTCs
riIaxke TOYEYHOM, ITOTOMY 4YTO yCpeOHeHHe II0 OI0KYy racuT MenKue Kojebanus. M cTaHmapTHas
omrOKa KPUTHMHTA BBIXOOUT HHUXKE TOYEUHOM, IMOTOMY YTO CpegHee II0 TJIOMIaAM OIeHWBAEeTCS
HaJléXXKHee, UYeM 3HadyeHUe B OOHOM TOouKe. PacmmaTa ogHa. BlIOYHEBIM KPUTUHT HE BOCIIPOU3BOIUT
nmpoObl B y3nmax TO4YHO. CpepmHee mo OJIOKY, [ake LIEHTPUPOBAHHOMY Ha CKBaKWHE, HE PaBHO
3HA4YEeHUIO B CaMOU CKBaXUHE, U 3TO 3aKOHOMEPHO.

IOuckpetusanuu 4x4 xBaTaeT IMOYTHU Bcerga. bomnbinee N cuuTaeTCs OOJIbIIE, @ TOYHOCTh PACTET
He3HauuTeIbHO. IIpu N paBHOM emuHUIE OIOYHBIA KPUTUHT BHIPOXKOAETCS B TOYEUHBIHM, IIO3TOMY
MUHMMaJIbHOEe 3HaYeHHe M0JId PaBHO ABYM, a cCaM PeKUM I10 YMOJTYaHUIO BEIKIIIOUEH.

BIoYHBI KPUTHHI COYETAeTCs CO CHATHEeM TpeHma. KpurymoTcs ocTaTKu mo OJI0OKy, a TPEeH[
mobaBysieTcst K olieHKe oO6paTHOo. CodyeTaeTCss OH M CO CTJIakKWBAaHWUEM TPUAd, HO OOBIYHO OIHOTO
6GJIOYHOTO yCpeOHEeHUsI MOCTAaTOYHO ¥ MOIIOJIHUTEIbHOE CTIaKuBaHue He HYXKHO.

Pa3iomsbl

Pa3noM 3mech 9TO JIMHUS, BOOJIL KOTOPOM ITOBEPXHOCTh PBETCS. [lomaéTcs OH cjioeM JIMHUM B I10JIe
Pa3momMsbl, 1 TOT Ke ciou npuHuMaioT 1.03 u 1.04.

Pab6oTtaeTr pasnom GapbepoM BausgHUSA. 15 KaXKOo¥ OIleHMBAeMOM STYEWKU MHCTPYMEHT IIPOBOMUT
O0TPEe30K K KaXKJI0My 3aMepy, ¥ eC/IU OTPE30K IepeceKaeT JIMHUI0, 3aMeP B BLIOOPKY 3TOU STYEHKU He
UOeT. fueiika BUAUT TOJILKO CBOE KPHIIIO, 3HAUYEHMS 110 Pa3Hble CTOPOHBI PACXOSATCS, U IOBEPXHOCTh
BOOJIb JIMHUU TI0JIy4YaeT pa3phIB.

Kpro y s4eliku onpenesseTcss caMo, CTOPOHOM, C KOTOPOU JIEXKUT €€ LeHTp. [lenuTh Iomanb Ha
OJIOKY U CYUTATDH UX II0 OTHEJIbBHOCTHU HE HY2KHO, U CIIMCKaA KPBIJIbEB MHCTPYMEHTY He Tpe6yeTcs{.

JIuHusi He 00s13aHaA pacCeKaThb IUIonIadb HACKBO3b. y 3aTyXalliero pas3jioOMa BIIMAHHE
orubaeT ero KOHeI: 3aMep 3a KOHIOOM JIMHHUHK OCTA€TCs BUOUMBLIM, U BRIIIIE KOHIIA IIOBEPXHOCTD
CMBIKAETCS. DTO 1 €CTh OOLIUYHAS T'e0JIOTHS - CMellleHHe BOOJIL CMECTUTES IafaeT K HYJIIO, PAa3PEIB
BEIKJIMHHUBAETCA.

Y camoro KOHIla U30JIWHUM CTYIIAIOTCS U CXOOATCS B y3KUM IIy4YOoK. Tak 3aTyxamoIIuil pas3sioM U
PHUCYIOT Ha CTPYKTYpHOU KapTe. OroBopka TyT OgHa: B MOOENN aMIUINTyOa afaeT He IIOCTENeHHO,
a pasoMm, ToToMy 4To 6apbep 6mHapHLIN. [[o TocIefHel BepUINHEI 3aMep 3a JIMHUEN He BUIEH BOBCe,
3a Hel BUIEH NIOJHOCTHIO. 3HAUUT BECh CHIal IPUXOOUTCS Ha OOHY SAYEHNKy, M IIYYOK IMOIydaeTcs
KOpOdYe, 4eM y HaCTOAINEro pa3joMa, TOe CMellleHNe 3aTyXaeT Ha [IJIMHe, COIIOCTaBUMOU C CaMUM
CMECTUTETIEM.

IToueMy pa3/ioM He IEPEBOJUTCS B CETKY

Baphep mpoBepsieTCst TOUHOM TeOMeTPHE: IepeceKaeT I OTPE30K 3BeHO TUHUH. PacTPOBOM MacKu
OapbepHBIX STYEEK HET, ¥ 9TO OCO3HAHHO.

PacTpoBas Macka uMeja IBa HegocTaTKa. d4uelika He IIepefa€T guaroHalb, I09TOMY KOCOM pa3jioM
JIOKUJICSI B CETKY CTYIeHbKaMH, M BCE, UTO CTPOUJIOCH II0 TAaKOMy I'PHUAY, HacJiefmoBajio JIECEHKY.
Xyxe gpyroe: JIyd BUAMMOCTH HAaUYMHAETCS B I[EHTPE OIleHWBAEMOM SYEWKM, U €CIIM caMa SdeiKa
OapbepHas, IIepBas ke IIPOBepKa IIomajana B MacKy. Takas siueiika He BUOeJia HU OJHOTO 3aMepa
CO BCel miollanu 1 yxonuna B nodata. Booss pa3nomMa B rpuae ocTaBajach CTyIlieHYaTas IIeJlb.
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C TouHOU l"eOMeTpI/IefI 6apbeprIX A49eeK He CyLIeCTBYeT BOBCE. FpI/IJI II0JIYy4aeTCd CIIJIOIIHBIM,
ITIyCTEIX A4€€K BOOJIb JIMHWU HET, a PAa3PEIB BUOEH CKaYKOM 3HaA4YEeHUH MeXy COCeTHUMU SYeuKaMu
II0 Pa3HEBEI€ CTOPOHEI.

3aMep, CTOSIIHNE TOYHO Ha pas3jioMe, BUOEH ¢ 060uX KpbUibeB. CKBaXXKKMHA HA JIMHUYU IPUHAOIEKUT
o06euM CTOpOHAaM, U oTOpachHBaTh €€ He3aYeM.

Ilena nmpuoIHKEeHUST

HpI/I6J'[I/I}KeHI/Ie 30eChb OOHO, M €r0 CTOUT Ha3BaThb BCIIYX. Ilo BuguMoOCTH OT6I/IpaIOTC5I TOJIBKO CcOoCenu.
KOBapI/IaHI/II/I MeXOy CaMHMHU 3aMepPaMiy, U3 KOTOPBIX CKJIaAbIBA€TCA CUCTE€Ma KPUI'MHI'A, OCTAIOTCA
€BKJIMOOBBIMHU: OHKU CUHUTAIOTCSA II10 IMIPAMOMY PAaCCTOAHHWIO, KaK €CJIX OBl Pa3jioMa He OBITIO.

3aHynsaTh WX HeIb3sd. MaTpwuila TOTHa TepsieT IIONOXKUTENbHYI0 ONpedenéHHOCTh, CHCTeMa
CTAHOBUTCS BRIPOKOEHHOM M KPUTHHT pa3BauBaeTcs. UMeHHO Ha 3TO HAaTHIKAJIKUCh Pa3paboTyuKu
M3BECTHHBIX ITAKETOB, ¥ YACTh U3 HUX yOpasia KPUTHHT C Pa3JI0MaMM COBCEM, OTIIPABUB IIOJIb30BaTEJIEN
Ha MUHUMAJIbHYIO0 KDUBU3HY.

YTo 3TO 3HAYMUT Ha IpPakKTHKe. Beca cocemeil y camMol TWHWM pacCYWTaHbI 0e3 y4yéTa TOTO0, UTO
MeXAy OBYMSI COCEHsIMM JIeXKUT pa3phiB. Ha paccTosHUAX mopsAOKa paguyca KOppensuuu pa3Hula
npeHebpexxuMo Mana. Ha oueHb 4acToM ceTH y caMOi TUHUK KOHTPACT MOKET CJIerka 3aHUKaThCH.
Pa3peIB IIpu 9TOM HUKYy[a He JeBaeTCsI, OH JepPKUTCS 0TOOPOM cocelei, a He KOBapHUallusIMH.

Kak npoBepuTh Ha Y4€OHBIX JaHHBIX

HuCcTpyMeHT 1.09 IIpuMep CKBazKuH yMeeT CO3aBaTh pa3jioM caM. [lome AMIuiuTyaa pa3jioMa
3aja€T BeIUYNHY COBUTa: TeHepaTop IPOBOOUT JIUHHUIO IIOTIEPEK IIJIOIIaay, He TOBOMS €€ OO0 KPaes,
1 TpubaBiIsieT aMIUIUTYOY K 3HAUEHUIO Y BCeX CKBaXKMH I10 OOHY CTOPOHY. Brimie KoHIla nuHUM 00e
CTOPOHBI OIMHAKOBEI, IIO9TOMY B Y4€OHHIX MaHHLIX CPa3y €CTh U Pa3phIB, U €ro 3aTyXaloui KOHell.

JInHuS BHIIAETCSA OTHOEJILHBIM BbeIXomoM Pa3mom (memo). [TopailiTe e€ B Pa3/10MBI 30€Ch, a IIOTOM
Ty ke nuHuio B 1.04, u BCs 11emmoyka cobepéeTcs.

[I7151 mpoBepku caMoro Oapbepa 6epruTe aMIJIUTYy 3aMEeTHO OOJIbIIIEe Pafguyca KOPPENSIIUU: CKauY0K
OyneT oueBupeH. [y1a mpoBepku Kopupopa B 1.04 XBaTUT aMITUTYObI ITIOPSOKA CEUEHUS U30JTUHUM.

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

1.03 MuHHMaJ/IbHasi KPpUBH3HA (TOYKH — pacTp)

WHCTPYMEHT CTPOUT TPHUIO METOIOM MHHMMAJIbHOMW KPUBU3HBEL. I[l0oBEpXHOCTb BemeT cebst Kak
TOHKAs yIpyras IIacTHMHA, IPOXOAsinas yepe3 JaHHble C MUHUMYyMOM u3ruba, TO eCTh pellleHue
OUTapMOHUYECKOTO ypaBHEHUsI. MeTOI HeTOYHLIN: JaHHbIe BOCIPOU3BOMOSITCS MPUOIUKEHHO, 3aTO
MMOBEPXHOCTb MOJIy4aeTCsd MaKCHUMaJIbHO TJIagKOM, MO3TOMY €T0 TPafgUIIMOHHO OepyT mjis KapT
reo@u3nYecKux MOoJied W JI0OBIX IIJIAaBHBIX BEIHYMH. OJTO OeTepPMUHHPOBAHHASA ajlbTepPHATHBA
Kpuruury 06e3 momOopa BapuorpaMMbl. KpurwmHI, B OTIHMYME OT HEro, HAaéT OLEeHKY C KapTou
CTaHIOAPTHOM OIIUOKH.

HartsizkeHue mopMeInInBaeT MeMOpaHHBIM uneH: npu 0 3TO 4YmWcTas MUHUMAJbHAs KPUBU3HA,
nmpu 1 - HaTsAHyTasd MeMOpaHa, y KOTOPOM MeHbIIe BEHIOPOCOB Mexpay mpobGamu. HaTsskeHue Ha
TpaHulle 3aJa€TCs OTHAENIbLHO W TOoMoTaeT yOpaThk KpaeBhle MepesieThl. PellleHWe HUTepPaTUBHOE,
MeTonoMm BepxHel penakcaiuu (SOR) ¢ 06xomom ceTKu OeBSTHIO IIBETAMU: y3JIBl OJHOTO ILIBETa He
IomafaioT B pacyEeTHHIM mabjoH OPYT Opyra, HIO3TOMY OOHOBIISIOTCSA pa3oM M ycTolumBo. CeTka
IIepPeCYUTHBAETCS, ITI0Ka HanboJbIllee U3MEHEHNE y3jla He CTAaHET MEHbIIlEe HOPOra HEeBSI3KH UJIN
He HcYepIlaeTCs YMCJI0 UTepalui.

CBoOopmHbBIE Y3JIBI CTAPTYIOT C ONMKaAMWIIEro 3HAa4YEeHUS HAHHBIX, MO3TOMY Ha IIJIOTHBIX HaHHBIX
cxoguMOCTh ObIicTpasi. Ha o4eHb pa3pexkEHHBIX JAaHHBIX UTepalluil HYy:KHO OObINe: YBEIUYbTE UX
JIUMUT WU TIOPOT HEBSA3KHU.
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[TapameTp Ha3uauenwue ITo ymonmuanuio

ToyeuHBI CIIOU [Tpo6rI CO 3HAUYEHUEM. -

[Tone 3HaueHusa Z (IycTo: U3 YucnoBoe moje Ois -

TeoMeTpPHH) uHTepnonanuu. Ilycro -
oTMeTKa 0epeéTcs u3 Z TOUKH.

OxBat [TpsMOYTONILHUK pe3yibTaTa. 10 CJIOI0

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

HatsaxeHnue 0 - MuHMManpHas KpuBu3Ha, 1 - 0
MeMOpaHa.

ITopor HeBA3KH 0 - aBTO, 0.01 mpouienTa 0
pa3maxa JaHHBIX.

MaxkcumMyM utepanui [ToTONOK YmCiia IpPOXOn0OB 100000
SOR.

Hatsxenue Ha rpanutie (Jom.) HaTsaxkxeHue Ha Kpaio CETKHU. 0

Kosdduient penakcanuu Yckopenue SOR, pasymuo 1.5 - 1.85

(dom.) 1.9.

AnusoTtponus (Hor.) OTHoiieHue oceut Y/X B 1
MeMOpaHHOM YJIeHe.

PaznomMer JIluuuu, BOOIb KOTOPHIX 10 XKelaHuIo
TTOBEPXHOCTH PBETCS.

Ipun (MUHUMAJIbHAS BrixomHOU pacTp. -

KPHUBU3HA)

BreIxon - oOBIYHBIN Py, TOTOBLIN A1t 1.04 U301uHUM U3 pacTpa. B XKypHan BEIBOOSTCS pa3Mep
CEeTKH, YMCJIO Y3JIOB-HAaHHBIX, YHCIIO I/ITepaLII/Iﬂ M HTOroBasi HeBsaA3Ka. Ecim OOCTUTHYT IIOTOJIOK
WTepalri, a HeBsI3Ka BHIIIE IIOPOra, MHCTPYMEHT 00 3TOM IIpeaynpexkmaeT.

PamoMm c monem pa3Mepa S4YeWKHM IIOKA3bIBAeTCS pa3Mep CEeTKU: CKOJBKO S4YeeK BHIUAET IIpHU
3amaHHOM pas3perneHnu. OH MePEeCYUTHBAETCS MIPU BBOAe. MeTom MTEPAUMOHHBIN, U YUCIIO STYEeK
HaJo BUIETH OO0 3allyCKa, a He B XypHaJe IIocjie: BOBoe Oojiee KPyIHas s4eliKa 3TO BUYETBEPO
MeHbIe paboTrl. CBHIIIE YETHIPEX MUJIIIMOHOB SUYEEK NMHCTPYMEHT HNpeaynpexaaeT OTHeIbHO.

OOpe3ka 1o Macke paboTaeT TakK XKe, KaK B KPUTHUHTE: IOJIMTOH M3 IpoeKTa AubOo BHITYKIas
obGonouka Touek c Oydepom. 3a mpemenaMu o0IacTM HAaHHBIX METOH BCE PABHO IIPOMOJIKAET
IIOBEPXHOCTH, ¥ 3TO II0JIe JIy4Ile yopaTh cpa3y.

Pa3i1ombl

Pa3moMEI TTOHAIOTCS TeM Ke CJI0oeM JIWHHM, uTo U B 1.02, Ho paboTaioT nHadye. B Kpurunre 6apnep
peliaeT, KakKye 3aMephl BUIUT ssueliKa. 3IeCh 3aMePOB HET, €CTh CETKa y3JI0B, CBI3aHHBIX IIIabI0HOM,
Mo3TOMYy Oaphep KUBET Ha CBA3X.

PeOpo MexkOy AByMsI COCEOHUMU y3JIaMu, IepecedéHHoe TUHUEelH pa3joMa, BelTagaeT u3 mabioHa.
CBsi3b MEXKOY KPBUTbSIMU 0OPBIBAETCS, KazKI0€e KPHIJIO PeIIaeTCst caMo 1o cebe, ¥ TOBEPXHOCTh BOOJIb
JIMHUY PBETCS. Pa3yioM Ipu 3TOM OCTAETCS TIMHUEH U B CETKY HE TI€PEBOUTCS, IO3TOMY KOCast JIMHUS
He JIOXKUTCS CTYIIeHbPKaMH, a KPHIJIO Y y3JIa ONPENeIseTCsl CaMO CTOPOHOM, C KOTOPOM OH JIEXKUT.

V3en, momaBIIMM POBHO Ha IWHUIO, IIPUIIHMCHIBAETCSI K OOHOM CTOPOHe. Memnouyb Ha BHU[, HO
CyIIeCTBEeHHANA: Pa3jioM, NPOBEOEHHEIM II0 OCH IMAaXTHOM CETKH, IIPOXOOUT TOYHO Uepe3 IeHTPHI
y3JI0B, ¥ IIPU CTPOroM pa3bope OH He IMepeKpEHIT Ol HU OmHOro pebpa. IIpumucaThk TaKoH y3en K
o06enM CTOpPOHAM TOXKe HeJlb3s5I, OH ocTajics Okl 63 cocemel U 3acThHII Ha CTAPTOBOM 3HAYEHUM, MaB
BIIOJIb Pa3JioMa IIT0OB M3 HEeCUHUTAHHEBIX y3JI0B.

IMonoca MmeMOpaHbI BIOJIbL THHHH

Y MHUHMMaTbHOM KPUBU3HBI ECTh 0COOEHHOCTDH, KOTOPOU HET y KpuruHra. E€ 1mabioH moTsruBaeTcs
Ha [IBe SYeWKH B KaXKyI0 CTOPOHY, a He Ha OOHY. 3HQUMUT Y CaMO¥ TUHUY OH BCE PaBHO IIepeIIaruysl
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OBl pa3pHIB, Maxke ecJik cocemHee Pebpo IMEePEKPHITO.

BribpocuTh 13 mabIoHa OTAEeNIbHBIE TOYKH HeJIb35: OH IepecTaHeT IPUOIuKaTh OUTapMOHHUUYECKOe
YPaBHEHHE, U PelIeHunue nmorepsaeTr CMBICII. HOQTOMY B II0JIOCE IHI/IpI/IHOfI OBa y3Jla BOOJIb JIMHUU
pellleHne IepexonuT Ha MeMOpaHy II0 HeIIePeKPLITEIM cocensiM. MemOpaHa paboTaeT 0 YeThIPEM
ONMUKAUIIIUM y37IaM U Pa3phiB OePKUT TOYHO. [lanbille OT TUHUK CYHTAeT OOBIYHAas MHHHUMAaJIbHAS
KPUBHU3HA.

[TpakTHYecKoe CJIeCTBHE OOHO: Y CaMOM JIMHHWM IIOBEPXHOCTb YyTh MEHee TJlafKas, YeM BaaIu
oT Heé. Ha kapTe 3T0O HE3aMETHO, HO 3HaTh 00 3TOM CTOUT. TOT Ke mpuéM nmpumensiercsa B 2.03
Topo2Raster y oOpEIBOB, U 10 TOM XKe IIPUYNHE.

JIuHMuS, KaK 1 B KPpHUTHUHTE, HE o6si3aHa PacCCeKaTh IIJIoIIagb HAaCKBO3b: BEIIIIE KOHIIA Pa3JIOMa pé6pa
He IIePEKPHBITEI, ¥ IIOBEPXHOCTh TaM CMBEIKA€TCs.

1.04 A30/1MHHUH U3 pacTpa

CTpouT wu30IMHUKM (IMHUKM) U, II0 YMONYAHWIO, KOHTYPHEIE TIOJMUIOHBI. YPOBHU 3amaloTCs
PaBHOMEPHBIM IIAarOM HJIH SIBHBIM CHMCKOM. [TapaMeTpHi:

[Tapametp Yrto 3amaéT ITo ymonyaHuio / COBET
Pactp BxopHoi1 pacTp (Hanmpumep, -
pe3ysbTaT KPUTuHTa).
[ITar n3onuHUMN PaBHOMepHGEIM HIar 1o Z. 0 = -
3amaTh «fBHEIE YPOBHU».
Hauanpabill ypoBeHs (offset) [IpuBsi3Ka CeTKU yPOBHEU 0
(YpOBHU KpaTHEHI IIIATy OT
offset).
fBHEIE YPOBHU Criucoxk ypoBHEU 4epes -

npober. IIpuopuTeTHee IIara.
[NecaTUYHBIN pa3neauTens -
3ansTas Uau To4kKa.

I'maBHas M30JIMHUS KaxKaas Kaxpas N-a muHusa 5
N-s noMmedaeTcd is index = 1 (gnsa
yronieHus). 0 = BEIKIIL.
MuH. gIvHa JTUHAN OTtOpaceBaTh TUHUHN KOPOYe -
rmopora (en. kapTe). 0 = 6e3
dunsbTpa.
Bukybuyeckoe criaxxuBaHUE Crymenue rpuga (X2...x4) BBHIKJI. (X4 Ha rpybom rpume)
OuKyOHM9IeCKOM

WHTEPIIONAINe! epeq
KOHTYPHHIOM - OCHOBHOM
crroco0 criiakuBaHUS
W30JIMHUM, yOupaeT
«OKTarOHBI» OT T'Py0O0¥ CETKH.
PaboraeT u oyigd MUHUHN, U OIS
IIOJIMTOHOB. BEIKJI. = 0e3

CTYILIEHUS.
Ckpyrnenue nuHu#t (Chaikin), IommoIHUTEJILHOE JIETKOEe 2
uTepanum ckpyrinenue nuaui (Chaikin).

Cnabee 6uKyOGUIECKOT0
Cr'JIa2KUUBaHUSI, 0OBIYHO HE
HYKHO, €CJI¥ OHO BKJII04eHO. 0

= BBIKJI.
3anucaTh 3HaUYEHUE B Z OTMETKM y U30JIMHUU U Y CHATO
reoMeTpuu nosicoB. Insa DXF, ABToKA]I,

Kpeno u 3D.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[TpopexuBaHue KOHTYPOB,
OOJIS TYerKHU (moIl.)

CtopoHa OepriTpuxoB U
nopnucen (mor.)

UmMsa monsg 3HaYeHUus
Kanan (mom.)

W3onuruu /| KoHTypHEIE
[IOJIUT OHEL

Terna mosicoB (3aMKHYTHIE
000JI0YKH)

Y6upaeT BepUINHEBI, OTCTOSIIINE
OT JIMHUY MEHbIIIe 3aJaHHOMI
monu guyeuku. Popma
coxpaHsieTcs, 00LEM daiina
nagaeT. 0 = BHIKII.

CTOopoHa CKJIOHA AJis ITPUXOB
OenpecCUOHHOTO CTUIIS U
HaIllpaBJieHUe
TorlorpaduyYeCcKux MoAnucei
pas3om.

HNmMms aTpubyTa YPOBHS B
BBIXOOHBIX TUHUSX.

HoMmep kaHama BXOOHOTO
pacTtpa.

BreixomgHbie ciiou. IToMHUTOHEL
CTPOSITCS 10 YMOJITYaHUIO BO
BPEMEHHBI CIIOU.

TpeTuii BEIXOM: TOT K€ MOSIC
3aMKHYTEIM TenoM. [1o
YMOJITYaHUIO IPOIIyCKaeTCs,
CJIOM CO3HAaéTCs TOIBKO €CJIu
3afaTh Ha3HaUYEeHUe.

0.25

ABTOMATHU4YECKHU

ELEV

IIPOIIyCK

BrIxonHbIE ITOJIA:

Cnoit [Momne Tun YTo comepKUT

Uszonuaun ELEV YUCJIO 3Ha4YeHUE YPOBHSA
UHUU (UM 3a0aeTcs
nonem UmMs nmosns
3HAYEHH).

H3onuHun is_index 1Iesoe 1 y rimaBHEIX U30JIMHUU
(kaxmasa N-sg), uaauge 0
- OJIS1 YTOJIIIEHUS.

KortypHbie nonuronsl ELEV MIN YUCIIO Huxuuit ypoBeHb
nosica.

KontypHrie nonurousl ELEV MAX YUCJI0 BepxHuii ypoBeHb
rnosica.

Tena nosscoB ELEV MIN, YUCIIO OTMeTKY HUXKHEHN U

ELEV MAX BEpPXHEU KPHIIIKU

Tena.

Temna nosicos shell nenoe 1 y Tena - oTnn4aer

€ro OT IIJIOCKOI'0
mmosica 6e3 pasbopa
TeOMEeTPHH.

IIpsiMbIe TPaHU Ha YepTezKe IOsICOB

He BcsiKast TMHUS Ha BBIXOOE 9TO U30JMHUS. [I0JTMTOHEI ITOSICOB COOMPAIOTCS U3 TPEX UCTOYHUKOB
Cpa3y: caMuxX H30JIMHHN, KOHTypa O0JIaCTH C HAaHHBIMM W JIMHUM Pas3noMoB. [lepBhie IIJIaBHEIE,

BTOPHIE U TPETHU IIPSIMEIE.

KoHTyp o6macTtu ug€T no pebpaM ssdyeeK pacTpa, II03TOMY HA€T CTYIEHYATYIO UIU CTPOTO IPSIMYI0
rpanuiy. OHa MOSBIsSETCSA Ha Kpalo IJIOMIafyd M BOKPYT YUYAaCTKOB 0e3 mMaHHEBIX - TaM, TOe y3ell He

Ha6pan HY2KHOTI'O 9HCJIla cocemen.
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JluHuS pas3fnoMa pexeT mosica mo cebe. YV 3aTyxalolero KOHIIA pal3jioMa pPas3phiB He HcYe3aeT
MTHOBEHHO: C OOHOM CTOPOHHI OT ITOCJIEIHEro 3BeHa Gaphep eIlé OeHCTBYEeT, C OAPYyroM yXxKe HeT,
u HabOpHI cocemell y COCEOHUX siYeeK pacxomsarTcs. IIo3ToMy y KOHIIa paljioMa HOPMalbHHI U
CTyIIIeHUe U30JIMHUM, U HeOOJIBIIION OSIC C IPSIMOM I'PaHblo 10 CaMOM JIMHUM.

9TO CBOMCTBO MOAEeNH, a He c6oi pacuyéTa. Eciu Tako# 06pyOOK MellaeT, IPOoaIuTe JTUHUI0 pPa3jioMa
3a Ipeessl IIOIAaK: Yallle BCero pa3jioM Ha KapTe HapHCOBAaH KOPOYe, YeM OH €CThb, U MIPOIJIUTh
ero mpaBUJIbHEe, YeM CrilaXkKUBaTh Pa3PHIB.

CrjiaxxuBaHUe U330/ IMHUU

OcHOBHOU croco® CriIaguTh M3ONIMHUK B 3TOM HHCTPYMEHTe - OMKyOMYECKOe CIJIaKUBaHHE:
TpUn Tepel KOHTYPUMHIOM CryllaeTcsi OMKyOMYeCKOUW WHTepmojsaiuein (X2...X4), U KOHTYPHI
cTposiTca 1o 06ojyiee MenKou ceTke. Ha rpybom rpupge M30JIMHUU MHAYe BHITISIOAT «OKTaroHaMU»
(BepUIMHEI CTABATCA 10 KpasM STYeeK) - CrylieHue youpaeT 9Ty yriloBaTOCTh TOIOJIOTUYECKHU YUCTO.
PeanuzoBano B uumctoM NumPy, 6e3 BHemHux 3aBucuMocTei. Nodata-rpaHuIlBI ¥ BHYTpPEHHUE
«OKHa» NaHHBIX COoXpaHATcA. CrymeHue OeNUCTByeT W Ha JUHUW, U Ha KOHTYPHBIE IIOJIUTOHEBI
- TPaAHULEBI IOSICOB IIPHU 3TOM COBIIAHalOT C M3onuHUSAMH. lleHa - Gosbine sigeek (X4 = B 16 pas
00JIbIle), IO3TOMY Ha OY€Hb KPYITHOM I'PUAE HAYHUTE C X2,

[omomHUTENBHO €CTh JIETKOe cKpyrieHue nuHui anroputMoM Chaikin (komuuecTBo uTepaumii).
Ono cnabee GuKyOHYecKoro u OOBIYHO He TpPebyeTcs, eciiu CrylleHHue BKIIIOUeHO. MiMeeT CMEICH
Kak ObICTpas anbTepHATHBA Ha IPy0OM I'DHIE, KOrHa CryIaTh He XO4eTCH.

CrmaxuBaHNE CaMOT0 II0Jig (rayccoBO, IO PacTpy) - 3TO OTHeJIbHAs ollepalysi, OHa BHIIOIHSAETCS
He 30ech, a B uHCTpyMeHTe «2D Kriging»: TaM oHO MOET IO TPUAY OO0 KOHTYpPHHIa U yOupaeT He
YTI0BATOCTD, @ OYTPUCTOCTD IMOJIs («OBIYbY T'JTa3a» BOKPYT CKBaXKMuH). BUKyOudeckoe CriaxKuBaHUe
M TayCCOBO CTiIaXKMBaHHe MOJIST OOMOHSIIOT APYT Apyra: IepBoe JIEUUT YIII0BaTOCTh CETKU, BTOPOE
- OyTrpUCTOCTb MAaHHBIX. KOHTYPHBIM pacTp KPUTHUHTA IIPKU 9TOM HE MEHSIETCS - CTJIazKUBaeTCs JTUIID
BpEeMEHHas KOIIui.

KoHTypHBIE NOJIUTOHBI (IOosica)

KOoHTypHBIE TIONIMTOHBI - 9TO 3AJUTHIE IIOSICA MEXMAY COCemHUMU HU3I0NuHUAMU. OHU CTPOSTCS
He Kraccudukalmed «CTyImeHEeK» pacTpa, a IOJUTOHM3allMed CaMWX CTIaXXeHHBIX W30TUHUHN
BMECTE C KOHTYPOM BaJIMAHOM 0OGIACTH pacTpa: KOHLEI JIMHUN MPUTITUBAIOTCSA K KOHTYPY, CETh
HOOWUPYETCS M IOJIMTOHU3YeTCs. [[Mama3oH YPOBHEH KaXX[AOoTro Iosica OIpPefessieTCsl BBIOOPKOH
pacTpa B penpe3eHTAaTUBHOM TOYKE IIOJIUTOHA.

Briaromapsi aToMy IpaHUIIL IIOJINTOHOB COBIIAHA0T C U30JIMHUSAMMY, a IIOKPHITUE CILIoNIHOoe (6e3 OBID).
[MTonuronel HecyT nonst ELEV_ MIN u ELEV._MAX. ITo ymM0I4aHUI0 OHU CTPOSITCSI BO BDEMEHHBIU CIIOH.
YUTOORI UX HE CTPOUTH, OUUCTUTE NTosle «KOHTypHEIE ITOJTUTOHBI».

Tena mosicoB

ITosic cam 1o cebOe TOBEPXHOCTh: V¥ HEro eCTh KOHTYP, HO HET HU HHU3a, HU oOBEMa. Tperuit
BBIXOI HAET TOT K€ IO0SIC 3aMKHYTHIM TEeJIOM - KpHIIMKa cHu3ly Ha ELEV MIN, KpuIIIka CBepxy
Ha ELEV MAX, 60KOBBEIEe CTEHKH II0 BCEM KOJIbIlaM, BKJIIOYAas OLIPHL. TaKoe TEJI0 CYUTAET O00BEM,
peXeTcs IJIOCKOCTBIO C 3aKPBITHIM CPE30M M IIEPEHOCUTCS B IPOrpaMMEBI, KOTOPHIE IIOHMMAIOT
TOJILKO 3aMKHYThEIE 000JIOYKH.

3aMKHYTOCTb ITPOBEPSIETCS IO €OUHCTBEHHOMY IPABUITY: KaXmoe peOdpo 000I0YKYM MPUHAMIEIKUT
POBHO OBYM I'paHsAM. BHYTpeHHee KOJIbIIO IOJy4YaeT CBOI0 CTEHKY HapaBHE C BHEITHWM, WHA4e
000/109Ka He COMKHETCS BOKDPYr OTBepcTusa. Tena, He MpOIIenIINe IIPOBEPKY, CUUTAIOTCI U
MTUIITYTCS B XKYPHAJ YHUCIIOM.

BBIXO[I TTO yMOJTUaHUIO TIPOMTYCKAETCS: B TIOJIE CTOUT MIPOTYCK BEIBOMA, ¥ CIIOM HE CO3[aETCsI, TTIOKa He
3amaTh €My Ha3HA4YeHUE UJIM BPEeMEHHEIN cJioH. Tena 3aMeTHO TsiKejiee MJIOCKUX MOSICOB, IO3TOMY
BKJIIOYATh UX CTOUT IIOM 3afady, a He BCerma.
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Odopmaenne ciI0éB

JluHuu: 3amaliTe CUMBOJIMKY IIO IIPABUIIy Ha OCHOBE is index - r1aBHBEIM M30/10HUAM (is index = 1)
mariTe OOBINTYIO TONIHUHY. [I0ANKUCE - IO MO0 YpoBHS (ELEV).

[TonuroH®! CO3JAITCS C OMHUM CHUMBOJIOM. [171 3a7IMBKY 110 [Uana30HaM 3afalTe rpafyupOBaHHYIO
cumBonuky o ELEV MIN (unu ELEV_MAX).

Crioli U30JIMHUIN aBTOMATHYECKHU IIOMeIllaeTcs Had CJIOeM IMIOJIMTOHOB, YTOOB! JIMHUU OBLIIM BUIHEBI
TIOBEPX 3aJIMBKH.

3HayeHHe B Z reOMEeTPHH

®naxxok 3ammcaTrh 3HaYeHHE B Z TeOMETPHH IIOJHMMAET BEPIIMHBEI KaXXOOW JUHUM Ha €€
COOCTBEHHYIO OTMEeTKY. M307IMHUSA 3TO TMHUS PABHOT'O YPOBHS, IIO3TOMY Z Y BCEX €€ BepPIINH OOUH
¥ paBeH 3HAUYEHUIO TTOJIS.

KOHTypHBIfI IIOJIUTOH KJ'[aJIéTCH IIJIOCKO, Ha BEPXHIOIO I'PAHUITy CBOEI'O ITI0sICa - Ha Ty XK€ OTMETKY,
YTO BEPXHAA KPHIIIKA €ro TeJla. CTomnKa mosiCOB U J:[aéT CTYyII€H4YaTYIO ITIOBEPXHOCTH, d IIOJIMTOHEI C
TeJlIaMH JIO2KATCsA OPYI Ha Opyra oe3 3a30pa.

OTMeTKH BIOJIb OMHOTO KOJIbITa ITPoO0BaIN IBAXK/IL: IOPOTOM II0 CEPeOUHEe II0sICa ¥ BEIOOPKOM CaMOi
nmoBepxHocTu. O6a pa3a Ha TPEXMEPHOM CIleHe BBIXOIUIIH JIEHTH, Ye3Kalollie o BeicoTe. [TpuunHa
He B OTMEeTKaX: HEeMJIOCKOe KOMbII0 ABUXKOK TPUAHTYIUPYET B MJIaHe, U MeXKOy BepIIMHaMU pPa3HOM
BBICOTHI HATSATHUBAIOTCS OJIMHHEIE TOHKHE TPEYTOJIbHUKKM Yepes3 Bech MOosiC. BHICOTY mepskKaT CTEeHKHU
Tesa, a He HaKJIOH IIJIOIagKH.

HyxHo 3T0o pgng mepemauu ropusoHTaneidr B ABTOKAIL u Kpepo. CrammapTaBIM 3kcmopT QGIS
(IIpoekT —» UMnopTt/3kcnopTt - IKcnopt npoekra B DXF) coxpaHsaeT OTMETKU Z BEPIIUH, HAa0
TONBKO CHATH ranouky IIpunyautenbHo 2D. Be3 Z B reomeTpuu 00e IIporpaMMH KjIagyT BCe
TOPU30HTAId Ha HYJIEBYIO OTMETKY, ¥ BEICOTY IPUXOOUTCS 3afaBaTh BPYYHYIO 10 KaXXOOW JIMHUM.

MHOTr049acTHOCTD CJIOS COXPaHsAETCsA: U30JIMHUA OOHOI'O YPOBHSA OCTaETCs OMHUM 00BEKTOM CO BCEMU
CBOMMHU BETBsAMH, YHUCIIO 00BLEeKTOB He MEHsEeTCd, IIOAIINCHY HE PAa3MHOXKAITCA.

IIpopexxuBaHUe KOHTYPOB

KoHTypep CTaBUT BEPIIMHY Ha KaXK[AOM IIepPECeYEeHUN YPOBHS C PeOpoM sTYeHKHU, U Ha MOAPOOHOM
TpUOe TUHUS HeCET BEPIIUH O0JIbIle, 4eM HyKHO eé ¢popMme. [TapameTp IIpopekuBaHHE KOHTYPOB
yOupaeT BEPIIUHBI, OTCTOSIINE OT CIPSIMIISIONIEN JIMHUY MEHbIlle 3aJlaHHOM MONMU STYEeMKUu: IIpHU
mosie 0.25 u syelike B ISITb METPOB OTOpPACHIBAETCS BCE, YTO YKIIOHSIETCS MEHbBIe YeM Ha MeTp
C YeTBEPTHIO.

dopMa pU 3TOM COXPAHSIETCs, a 00BEM CJI0s TMajlaeT B Pa3hl - 9TO BaXKHO W OJIS YepTexXka, U I
TPEXMEPHOHU CLIEHE!, U s mepemayun B ABTOKA]I. TTpopexuBaHue UOET [0 TOTUTOHU3AIINY, TO3TOMY
TPAHUIILI TIOSICOB U TIOCJIE HET'0 COBIIAAlOT C M30JIMHUSIMU. HOJTb OTKITIOYAET.

TonorpadudecKue MOIIMHCH

Ha Tomorpaduueckoit Kapte BepxX LMPH Ha TOPU30HTAIM BCETTa HAMpPABJIEH BBEPX IO CKIIOHY.
YuTas KapTy, 110 OOHOM IIOAIMCY IIOHUMAEIh, TI€e BHIIIE, HE CBEPSISACH C COCETHUMU IOPU30HTAISIMU.

QGIS oTcuuTHBaET BepPX IMOANKUCHU OT HAITPABIEHUS JIMHUU, IIO03TOMY HOOUTHCS 3TOT'O IOBOPOTOM
TEeKCTa Heb3s, a Hy2KHO 3a[aTh JIMHUSAM OJHO HaITpaBJIeHME OTHOCUTEIBLHO CKJIOHA. DTO U AejlaeT
draxox Tomorpaduueckue nognucH. B crnoe octaércsa none up_side: 1 o3Havaer, 4TO IUHUSA
ocTaBleHa Kak Oriita, 0 4TO pa3BépHYyTa.

ABTOMaTH4YeCcKUY BEHIOODP CTOPOHE WHOTrHa OIIMOAEeTCs, W TOrga ero IIePeKII0YaloT pyKaMu
mapaMeTpoM CTOpPOHA OEpPruiTPHX0OB M MOAMHCeH. [lepekiodyaTeNb OeHCTByeT Ha 00e JacTu
KapTUHBEL Pa30M: U Ha CTOPOHY IITPUXOB, U Ha HalpaBlieHue mnopmnucei. [IpuMeHsIeTCsI OH POBHO
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OOWH Pa3 - Pa3BOPOT JIMHUYU CaM MEeHseT MeCTaMH JIeBO U IPaBo, a 3HAYUT U 3HAK CTOPOHHEI CKJIOHA,
IIO3TOMY IIOBTOPHEIM ITIEPEBOPOT BEPHYJI OBl IITPUXU Ha IIPEXKHEE MECTO.

Be3 pa3penieHusi MepeBEéPHYTHIX MONINHCEH 3TO He padoraer B HacTpo#Kax ITOOIHCEH
€CTh OIIIIMS TOKa3a IIePeBEPHYTHIX MOAIMCEH, ¥ [0 YMOJIYaHMIO OHA 3ampellaeT uxX. I[Ipu TakoMm
3amnpete QGIS caMm goBopauyuBaeT TEKCT, YTOOBI OH YHTAJICS CJIeBa HAIIPaBO, U HapaBlieHNe TUHUYN
IepecTaéT Ha YTO-Tub0 BIUATH.

Tomorpadryeckas MOANIKUCH IO OIPeAeNeHu0 OBIBAET IMIEPEBEPHYTOMN: Ha CKIIOHE, 00paIIéHHOM Ha
1or, udpa YUTAaeTCS BBEPX HOraMu. I109TOMY ITOKa3 MepeBEPHYTHIX HAMl0 pa3pemniaTh, a He 60POThCS
C HUM.

B cTtunsax CTtpykrypa / runcoMmerpus u [lenpeccusi (ITPUXHA BHU3) 3TO yKe HacTpoeHO. Ecnu
MIOOIINCHIBAETE CBOUM CTHUJIEM, BKJIIOUHUTE ITOKA3 II€PEeBEPHYTHIX IIOOIUCEN B pa3dejle OTPUCOBKH,
nHaude (aXkoK He JacT HUYero.

IMogmuch CTABUTCS HA IMHUIO B 000UX CTUIIAX IIOAIIKNCH pa3MeIaeTcsa Ha CaMOM TOPHU30HTAJIH,
a He HaJl HeH, U pa3phiBaeT €. DTO IPUBLIYHLIN TOTTOrpadruyeckuil mpueM: nnudpa YUTaeTCA BMECTE
C IMHUEH, a He PALOM C Hel.

IIpeapynpekaeHue O IJIOCKHX YPOBHSIX

HWHCTPYMEHT caM IPOBepseT, He IOMasl I KaKOH-TO YPOBEeHb CeYeHHUS B MJIOMIAKy C OKOJIOHYJIEBEIM
YKIJIOHOM, ¥ €CJIH IIOMaJl, TUIIeT 00 3TOM B XKypHall: YPOBEHb, YHCJIO 3aJ€THIX si9eeK U MOJTI0 TaHHBIX.
Hudyero nmpu 3ToM He OJIOKHPYETCS, U30JIMHUU CTPOSATCS KaK OOBIYHO.

3aueM 3T0 HyXHO. Ha miomapke, rage IIOBEPXHOCTh MEHSETCS Ha MUJIIMMETPH, IMOJIOKEHUEe
W30JIMHUU ONpefenseTca He penbedoM, a IIyMOM MaTpullbl. JIMHUS TaM Ha4YWHAET BUIISTH,
paccheimaeTcss Ha MHOXKECTBO MEJIKUX KOJIel ¥ BHITTISIOUT KaK OOHa yTonméHHas. Kimaccuueckuit
MCTOYHUK TAKOM IIJIOIIAAKU - BOOHAS TIafb: Ha MaTpHUIle, IIOJYyUYEeHHOM [0 CTepeoIiape, OHa CTOUT
Ha OJHOM OTMETKE C TOUYHOCTBHIO 10 CAHTUMETPOB U MOXKET 3aHMMAaTh II0JIOBUHY ILJIOMIaAH.

OTnuyuTh 9Ty 00JIE3HE OT HOPMa/JbHOM PabOTH aJrOpPHUTMa Ha Ijila3 TPYAHO, IIOTOMY YTO ajirOPUTM
oTpaboTas BepHO, @ BUHOBATH AaHHbIe. [I09TOMYy ITpoOBEPKa U BhIHECEHA B XKYypHAJI YHUCJIaMU.

ITpakTH4yeckoe pellleHre OOBIYHO ITPOCTOE: 3aMaCKHPOBATh BOOHYIO Tadb OO IIOCTPOEHHus Iubo
CMECTHUTh YPOBHHU. Ype3 BOOHI 3TO OTHAENbHBINM 00BEKT KapThl, @ HE TOPU30HTalb, U PHUCOBAThH €T0
TOPHU30HTAJbIO HE CIIeayeT.

ITpoBepKa MOET 3a OOUH MTPOXO[ 10 MAaCCUBY U Ha pacTpax KPYITHEe IeCTUAEeCATU MUJIJINOHOB T4eeK
MIPOIyCcKaeTcs, YTOOBl He TpaTuTh BpeMs. Jlrob6as ommbKa BHYTPU HEE TaCUTCs, IIOCTPOEHUE U3-3a
OUarHOCTUKY HEe CPHIBAETCH.

VBepeHHOCTHh rOPU30HTaAIeH

ITpomomkeHWe TOH Ke MBICITH, HO y2Ke C BO3MOXKHOCTBIO YTO-TO cAejaTh. [lapamMeTp YBepeHHOCTh
TOPHU3O0HTAJIeH UMeeT TPHU II0JI0KEHHUSI.

He cuuTaTth - IOBEIEHUE II0 YMOJIYaHHNIO, HUYEero He MEeHsEeTCs.

TonpKo moas drop_min H drop_mean - JIUHUW OCTAIOTCAd LI€JILIMH, HO KaXOad II0JIydaeT [OBa
MIOMISl: HAUMEHBIIHUN U Cpe)Z[HI/Iﬁ Imeperiang BEICOT Ha quﬁKy BIOOJIb Heé. PelnleHne ocTaéTcs 3a BaMU:
IMOOO3pPHUTEJIbHBEIE YIAaCTKM BUOHBI BRIPDA2KE€HNEM BUOA drop_min < 0.005, ¥ BEI CAMHU peIllaeTe, IIPsiTaTb
X HUJIX IIOKa3bIBATh.

IMonss u Pa3pPbIB Ha IMOOJO3PHUTE/IBHBIX YYaCTKaX - JIMHUA OOIIOJIHUTEJIBHO pBéTCH TaM, rpge
rmepemnan HUuxe 1mopora, ¥ KyCKu IIOMe4dYarTCd IIoJIeM lowconf. Huuero e yoandeTcsa, CIIPATAThb
IIOME€4YEeHHO€ MO2KHO (bI/IJ'II)TpOM CJI04.
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ITouemy mopor 3agaéTcsi MOJIed ce4eHuss MepHuTCs He YKIIOH, a IIepellajl BEICOT Ha S4eiKy. DTo
BETMYMHA TOHU K€ PAa3MEPHOCTH, YTO U CeYeHUe penbeda, I03TOMY €€ MOKHO IIPSIMO CPaBHUBATE C
HHM, ¥ OOHMH IIOPOT OOMHAKOBO PabOTaeT Ha PA3HLIX JaHHEIX.

IMpumep. [Ipu ceuyenum 0.5 M ¥ MOpPOTre B COTYIO MO0 T'PAHUIlA MPOXOOUT IO 5 MM Ha STYEHKY.
IMoyoruii CKJIOH JA€T Ha sTYEeWKe CAaHTUMETPHI U TTOPOT IPOXOOUT, BOOHAS TJIagb HAET MUJIJITMMETPHI
¥ He IPOXOJUT. 3aaBaTh IOPOT abCOIIOTHREIM YKJIOHOM IIPUIIIIOCH OBl 3aHOBO IO KaXKOEIH yIaCTOK.

[Topor HacTpauWBaeTCs B [OOIOJHUTEJbHBIX MapaMerpax, Ilopor mepemama Ha SI9YEHKY, OIS
ceueHnus, 1o ymondanuio 0.01.

IMouyeMy PBYTCA TOJBKO cepur OfHa IIOO0o3puUTeIbHAas BepIIMHA JIUHHUIO He PBET, U IBE TOXKe.
Pa3peIB IPOUCXOOUT TOJMBKO TaM, Irme HOOpPSAd HUOYT TpH W Oojee ciabbIX BepIIMHLL. MHadYe omHa
cilydaiiHas IMyMHas sdeidKa Kpomwuiaa Obl TOPM30HTAJIb Ha HOPMAaJbHOM CKIIOHE, M KapTa O
nmopenesna 6e3 IPUYUHEI.

Yucno TPU 3alllUTO KU IIapaMeTPOM H€ BBIHOCUTCH: HOJI6I/IpaTb €r0 IIOJIb30BaTeJII0 HE€ 3a 4YTO, a
JIUITHUM IIapaMeTp B uajiore CTOUT OOPOKEe, HEM KaXKeETCH.

KYCKI/I OEeJIAT TPDAHUYHYIO BEPIIKWHY, IIO3TOMY B TreOMETPHUHU HE BOSHUKAET PA3pPhIBa: COCEOIHUE YaCTU
CTBIKYIOTCA TOYKa B TOYKY.

ITopaANoOK B KOHBeHepe M CBOOKa Pa3MeTka MOET IOCIe MOCTPOSHUSI U30IUHAN U 00 GUIbLTPa
KOPOTKUX nuHui. MHadye OOPHEIBKH, OCTABIIMECS OT pPa3pe3aHus, Iomanu Okl B CTATUCTUKY OJIUH U
YacThb TUHUHN OTCesinach ObI OBAXK/ILI IT0 PA3HBIM TPUYUHAM.

B XKypHaJ yXOOUT CBOAKA: CKOJIBKO JIMHUM IIPUIIUIO, CKOJIBKO KYCKOB ITOJIYYHUIOCH, CKOJIBKO U3 HUX
HHUXKe IIyMa ¥ Kakas OoJis 00Ied OJIMHBI OKa3alach ciaboi.

Yero HHCTPYMEHT He [aejiaerT OH He CriIaxKHBaeT MJIIO0CKHEe Yy4aCTKH, YTOOBI JIMHUS rnepecrtajia
BHUJISAThE. JTO OnIjia ORI ImogaeJika HOaHHBIX: Ha BBIXOOE IIOJIY4YMIIAaCh OBl POBHasd KW HEBEPHad
TOPHU30HTAJIb BMECTO pBaHOfI, HO COOTBeTCTBYIOH.IeI;I TOMYy, 4YTO €CTh B MaTpHIeE. Pemienue o
TOM, IIOKA3bIBATh JIH CJIAOBIHN Y4acCTOK, OCTAETCs 3a YeJIOBEKOM.

Pa3jomsbl

ToT ke cnoi nmuHUH, 4To nomaBasicsa B 1.02 unu 1.03, nomaéTca ciofa B 1mojie Pa3moMsel. 30ech oH
JeJiaeT [Be Bellu.

IlepBoe: M30MMHUN PEXKYTCSA IO JIUHHUM, TOYHO IO HEH, a He II0 TPaHHIlaM sg4eek. Bropoe: cama
JINHUS BXOOUT B CEThb, 10 KOTOPOM CTPOSATCA KOHTYPHBIE TIOJIMTOHEI, II03TOMY I'pPaHUIlA IT0sica UNET
POBHO II0 Pa3noMmy.

Pa3phIB IIPH 3TOM ILETMKOM BEKTOPHEIH. I'py 0CTaéTCs CIIIOIIHEIM, OBIPOK B HEM HET, W BCE, UTO
CUUTAETCS 110 TPpUAy, paboTaeT KakK 0OBIYHO.

Kopugop y pa3jioMma

Opun mapameTp TpebyeT 0ObsICHEHUS, IIOTOMY 4TO 6€3 HEro Pe3yJIbTaT BHITJISIAUT CTPAHHO.

I'pupg cOsollHOM, a 3Ha4vYeHHs II0 pa3Hble CTOPOHBI pas3joMa OTJIMYalOTCSd Ha BCI0O aMIJIHTYOY,
¥ CKaA4YOK MNPUXOOUTCSA Ha Mapy cocegHUxXx sfg4dyeeK. KOHTypep pHUCyeT B 3TOM NPOMEXYTKE BCe
MMPOMEXKYTOYHLIE YPOBHU pa3oM. I[Ipu aMmonuTyde B OBafllaThb METPOB M CeYEeHUU B ABa MeTpa
9TO HECATOK M3O0JIMHWY B IIMPUHE OOHOU SYEeUKU. ['e0JIOTMYEeCKOTrO CMEIC/Ia Y HHX HET: 3TO
WHTEPIIONSAIMS IONEepPEK pa3phiBa, KOTOPOTO II/IaCT He 3HAEeT.

IIInpuHa KOpHIOPa y pa3/IoMa 3aJaéTcs B TUelKaX, 10 YMOITYaHUIo OgHa. [Tomoca TaKoM IMTUPUHEL
BLIPE3aeTCs U3 U30JIMHUM, a KOHIIEI 0CBOOOOUBIIIUXCS JIMHUM ITPUTSATUBAIOTCS K caMoMy pa3iomy. Ha
KapTe OCTAaETCS YUCTHIM pa3phIB I10 JIMHUU.
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Homnp oTkmiovaet BBEIPpE€3aHHe. MeHbllle TYEUKHN 6paTI> He3a4YeM: CKa4Y0K 3aHHMaeT POBHO H‘-Iefle.
3amMeTHO OOJIbIIIe - HAQYHYT IIPOIlagaTh U30JIMHWHK, UOYIITKMEe BOOJIb Pa3jioMa II0 OeJly.

YV 3aTryxaromero KoHIla OCTAETCSd KOPOTKUM yYaCTOK HACThIX M30JIUHUU OJIMHOU OKOJIO IITUPUHBI
Kopuaopa. ITO BEPHO II0 CMBICITY: Pa3phIB TaM COIIIETT Ha HET, IIOBEPXHOCTb CMBIKAETCS, U PBATh €€
HeYeM.

HauMmeHbIIasi TOJMIIHHA IIOIMHTOHA

ITopor 3amaéTcs B TUYeMKaxX U OTCEeKaeT y3KHe IIOJIOCH IT0sICoB. TOIIIMHA CUUTAeTCsI KaK YIBOeHHAas
IJIOIIAdb Ha MEePUMETP: y OJIMHHOM Y3KOM ITOJIOCH OHA PaBHA €€ IMWpPUHE IPHU 000 OIuHe, Torha
KakK 10 IJIOMIaM TaKyIo II0JIOCY OT HOPMAaJIbHOTO I0siCa HE OTJIMYHUTh.

ITopor 3agyMaH IPOTHUB OOPHIBKOB ¥ pa3phiBa TaM, T'Te JIMHUK Pa3jIOMOB He TMOHAHH: ¥ Kaphepos,
0OpHIBOB M Kpasi o6nactu. IIonb30BaThCsI UM HaJAO0 OCTOPOKHO. Ha KPyTOM TTOBEPXHOCTH C
YaCTHIM CEeYEeHMEM HOPMAJbHBIN MOSC MEXAY COCETHUMU YPOBHSMH caM o cebe yke SYelKu, u
IIOPOT B SYEWKY BEHIKOCHUT KapTy. MHCTPyMEHT IpenynpeskpaeT B KypHaJle, €CJIU OTCesJI OoJbile
IIOJIOBHHEI I105ICOB. IT0 yMOon4aHuio IOpor paBeH HYJIIO, TO €CTh OTCEBA HET.

OT™MeTKH Z y TOSICOB

l'anouka oTMeTOK Z paboTaeT U Ha IOJIUTOHAX II0SICOB. ITosC JIEXKUT MeXOy OByMS YDPOBHSIMH, U
€ero Kojblla UAYT II0 HUM: BHEIIHee II0 OJHOMY, BHYTPEHHEE 110 COCeOHEMY. BepIIMHEI omy4daoT
OTMETKHU 9TUX YPOBHEU, U IIJIOCKHU MOSIC CTAHOBUTCS HAKJIOHHOM I'DaHbI0, & BCA CTOIKA II0SICOB -
CTyleH4YaTO} MOBEPXHOCTEIO.

OTMeTKa BepIIuHBE 6epEeTcs BHIOOPKON M3 pacTpa M IOATATUBAETCHA K YPOBHIO H30JIMHHUU, €CIIU
TOT OnuXkKe TpeTu cedeHwus. [IOATSXKKA HyXKHA IIOTOMY, YTO CrilakKWBaHWE YBOOUT BEPINHUHY C
TOYHOTO IIOJIOKEHUS M30IWHWH, a OTMeTKa oOsi3aHa OBITh POBHO YPOBHEM: HMHA4e COCEOHUEe
Tmosica Pa30MayTCs MO BHICOTE Ha 001eM pebpe, ¥ BMECTO CIIJIOIIHOM TTOBEPXHOCTH BHIUAET HabOP
HECOMKHYTHIX JIOCKYTOB.

IMopTsKKa UOET TOJIBFKO K CBOMM OBYM yPOBHSM. BepiinHa Ha paMKe 06J1aCTH UK Ha JIMHUY Pa3jioMa
He JIeXKUT HU Ha KaKOU M30JIMHUY, €€ OTMeTKa 3TO penbed, U TAHYTh €€ K 4yKOMY YPOBHIO HEJIL34 -
IMOBEPXHOCTD MOJIy4nia OBl CTYIIEHBKY Ha POBHOM MeECTE.

ITosic, YacTh BEPIUIMH KOTOPOI'O BHIIIIA 3a ITIOKPHITUE PAaCcTPa, OCTAETCS IIJIOCKUM LIETUKOM: ITOJTUTOH
C OpIpol B oTMeTKax B 3D maéT mpoBasl [o HyJs.

1.05 BapuorpaMmMma (3KCInepuMeHTa/IbHAs)

HHCTPYMEHT CTPOUT II0 TOYKAM SKCIEPUMEHTAJIPHYIO IIOJTYBAapHUOTpaMMy, IPU HEeO0OXOOUMOCTU
nogbupaeT 1o Hel mMomentb u Beiga€T HTML-oTuéT ¢ rpadukoM. OH He CUUTAET I'PUL U HE BXOOUT
B PACUETHYIO LIeN0YKY KpPUTUHTa HanpsaMylo. Ero 3ajada guarHocTudeckasi: MoKa3aThb CTPYKTYPY
IMPOCTPAHCTBEHHON U3MEHUYUBOCTH TaHHBIX U IIOMOYb 3alaTh ITapaMeTphl BApUOTrpaMMbl 0CO3HAHHO,
1o BHUOy o0Jlaka, a He Ha IJjas.

3ayeM HyKeH HPeanpocMoTp

Kpurunr onupaeTcss Ha MOAeIb BapuoTrpaMMhbl: HArTeT, Mopor U paguyc. OT HUX 3aBUCAT Beca IIpU
WHTEPIONSIUN U KapTa CTaHJapTHOU omubku. Co6/a3HUTENILHO MOPYYUTh HNOOOOpP STHUX YUCEeI
aBTOMATHKE U He OyMaTh 0 HuX. Ha KimacTepu30BaHHON Pa3BeHOYHOM CEeTH 3TO omacHO. CKOMIeHUs
OIM3KUX CKBaXKWH OAIOT OTPOMHOE KOJMYECTBO Iap HAa KOPOTKUX PACCTOSTHUSX M HIPUOABIUBAIOT
OIMKHIOI0 YaCTh BapUOrPaMMEI, II09TOMY aBTOIIOAOODP II0 TaKOMY 00J1aKy JIETKO BEIIAET YBEPEHHO
HEeTpaBUIbHEIN HaArreT. [IpeanpocMOTp CHUMAaET 3Ty NMPoO6IeMy: reojior BUAUT caMO 00JIako Iap,
TMOHUMAaET, IAe JaHHBIX MHOTO, a TTle MaJjlo, ¥ IMMOATOHSAET MOJie/Ib C TOHUMAaHUEM TOTO, YTO IIOI Hel
TIEeXKUT.
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IMosToMy mombop MOIeNnu B MHCTPYMEHTE OaH KaK pPeKOMeHOallus, a He KaK IOTOBBEIM pe3ysbTaT.
Yucra, KOTOPEIE OH IIpejaraeT, pa3yMHO CBEPUTH C BUAOM IpaduKa U TOJILKO IIOTOM MEPEHOCHUTH
B KPUTHHT.

Kparkas Teopus

[NonyBapuorpaMma OIMCHIBAeT, HACKOJIBKO CTAaTUCTUYECKU CBSA3aHBI 3HAUEHUS IIapaMeTpa B OBYX
TOYKax B 3aBUCUMOCTHU OT PACCTOSTHUS MeXKIOy HUMMU. [1J15 maphl TOYEK, pa3HECEHHBIX HAa PACCTOSTHUE
h, Gepércsa moysoBMHaA KBaZpaTa Pa3HOCTU UX 3HAYEHUU (MONyOuCIepCus OpUpalleHusd). ITU
BEJIMYUHEl YCPEOHAIOTCS II0 MHTepBajlaM pPacCTOSHUA (jlaraM), U moiydaercsa kKpuBas y(h). 9to
Mepa He «CcpefHeM pa3HUIIbl» 3HAUEeHUM, a CTaTUCTUYECKOM HalE>KHOCTH IIpeicKa3aHus 3HaYeHU s
10 coceqly: YeM MEHBIIIE Y, TeEM TECHEE CBSA3b.

Y TunuuHOU KpuBOU Tpu XapakTepuctuku. «Harrer» CO 370 3Ha4YeHUe, K KOTOPOMY CTPEMUTCS Y
IIPU CTPEMJIEHUHU PacCTOAHUA K HyI0. OH OoTpaxkaeT U3MeHYUBOCTh Ha MaciiuTtabe Mesibde, 4eM I1ar
cetu, WIIOC OMOKY uaMepeHus. «I[lopor» 3TO ypoBeHb, Ha KOTOPHIYA KPUBAs BEHIXOOUT Ha OOJIBIITUX
paccrosiHusX. I1oHBEIM TOPOT paBeH CyMMe Harreta U CTPYKTYPHBIX BKIQAOB W B Hpealle OJIM30K
K OHUCIIePCUH OaHHBIX. Pamuyc (a) 9TO paccTossHME, Ha KOTOPOM KpHBas BBIXOOUT Ha IIOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAs KOPpEeNdalus cliafaeT NpakTUdeCcKU A0 HysdA. [anbile 3TOTo
PacCTOsSHUS TOYKM CTATHUCTHUYECKU He CBSA3aHEBL. [I7I S5KCIOHEHIIWAIbHOU U rayCCOBOU MOomeleu
IIOPOT HOCTUTAETCSA ACUMIITOTUUECKH, IO9TOMY PafuycC I HUX - 9hGEKTUBHBIN.

HarreT u BKajgbel B MHCTPYMEHTE 3aflaHbl B aOCOJIIOTHHIX eUHUIIAX OUCIIEPCHM TTapaMeTpa, a He
OOJISIMU OT €eJUHUIIEI. OpI/IeHTI/Ip OJisdd IIOJIHOT' O nopora 9TO JII/ICI'[epCI/IH OAaHHBIX, KOTOpaH BEIBOOUTCA
B CBOJKE OTUYETa.

ITapaMmeTpsI

[TapameTp Yrto 3amaér ITo ymomyauuto / COBET

BxomgHOM TOYEYHBIN CIIOH. -
ATpubyT, 110 KOTOPOMY -
CTpOUTCS BapuorpaMmma. I1ycTo

- U3 Z TOYKH.

PaspgenvHBEIE BapUOTpaMMEL IO -
KaTeropusM (HalrpuMep, BUL
pas3BeOKu).

Touku co 3HAaYEHUSIMU
[Tone 3HadeHus Z (IycTo: U3
TeOMEeTPHUN)

[Tone rpynnupoBKH (Oo11.)

[Tosne BeCOB meKacTepu3alnuu
(mom.)

KomnuuyecTBo s1aros
MakcuManbHOE PaCCTOSTHUE
[TogoGpaThk MOJEND
Mopenb ons mopbopa (morr.)

YcTottuuBas oleHka (moIl.)

Yparauubsle TpPOOHL:
MepLeHTUbL 00pe3Ku (Io1.)

Beca u3 1.01 gns B3BEIIEHHOW -

OILIEHKH.
Yucio uHTEpBaJIoB
PacCTOSTHUM.

BepxHssa rpaHula paCCTOSTHUN.
0 = mosoBMHA OUaroHalu
oxBarTa.

ABTomon6op Momenu 1o
9KCIIEPUMEHTAJIbHBIM TOYKaM
(pekoMeHpayeTCs).

Tun mopenu: chepudeckas,
9KCIIOHEHIIMalbHas, rayCccoBa,
CTemeHHas.

Ouenka Kpeccu-XokuHCa,
MeHee 4yBCTBUTEJIbHA K
BRIOpOCAM.

OTCeB 3KCTpeManIbHBIX
3HaYeHuH 110 nepueHTunio. 0 =
BBIKII.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Cpe3aTh K rpaHHUlie BMECTO
yaoaneHus (moir.)

Wwmst mpodusist aiist TaGIuITEL

IonucaTk B Tabmuily Mogesei

Mopens BapuorpaMMH (HOBas
Tabnuia)

Tabmuila BapruorpamMMbl

Otuéetr (HTML)

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

HNmMmsa HabGopa, mo KOTOPHIM
MOIEeNb 3aHOCUTCS B TabOIUITy
MofeJien.

CymecTByomas Tabnuila, Kyma
3aHOCUTCH pe3ynbTaT. CTpoKUu
9TOT0 IIPOPUIST 3aMEHSIIOTCS.
Hosas tabnuna. Co3gaércs,
KOTa [OIIMCHIBATE €I
HeKya.

Brrxopq: nar, 3HaueHwue vy,
KOJIMYECTBO map.

Brerxon: rpaduk o6maka map u
MOIEIH.

BEIKIJI.

IIyCTO

He 3aJaHa

co3maéTcs

OTOpoIleHHBIE TOYKM MOXKHO TOJIYYUTh OTHEJIBHBIM CJIOEM: BHIXO[l YparaHHbli€é HMPOOBI OTHAET
KOOPOWHATH, 3HAUEHWE W NPUYUHY - HUKE UM BHIE KAaKOW TpaHuIbl. [10 yMOTYaHWUIO BBIXO[
BBIKJTIOYEH.

CMoTpeTh ux CTOUT. OTCEB IO IEPLEHTHUIIO HE OTINYaeT OUIMOKY 3aMepa OT HAaCTOsIIIeH aHOMAaJINuH,
a pelleHue 9TO re0JIOTHYECKoe: CKOIJIEHHEe OTOPOIIEHHBIX TOYEeK B OHOM MEeCTe OOBIYHO O3HAYaeT

He Opak, a HEYYTEHHOE TeJIO.

I[TapameTp Yro 3amaéT ITo ymom4aHuio / COBET
Touku co ToueuHBIN CIIOU CO -
3HAYEeHUSIMHU CKBaXXKMHaMU WU

ITone 3HaueHusa Z
(mycto: u3
TeoMeTpHH)

IToJie rpynmnupoOBKU
(Heo006s3.)

KomnuuecTBO naros

MakcuMasibHOe
paccTosiHue

npobamu.

YucnoBoi aTpubyT Oiis
aHanu3a: OTMeTKa
1jiacTa, MOIIHOCTS,
copmepxkanue. Ilycto -
U3 Z TOYKHU.

CTpOI/IT OTOEJIbHYIO BBIKIJI.

KPUBYIO A7 KaXXO0Tr 0
3Ha4YeHus mons (Hamp.

BU[ pa3BeOKy) u
HaKJIaJbIBaeT UX Ha

onuH rpaduk.

Ha ckonsko 15
UHTEPBaJOB

paccTosTHUS

pa3buBaeTcs 061aK0

nap.

HanpHuUN Kpau 0
BapHorpaMME], B

eOuHUIax ciaos (os
METPOBHIX KOOPOUHAT -
MeTpHl). 0 = moJIOoBUHA
OuaroHaju oxXBaTa.
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[Tapametp

Yrto 3amaérT

ITo ymomganuro / COBET

ITomo6paTh Momenb
(pexoMeHmaIms)

Mopenb os mombopa
(mor.)

MuHUMYyM TOYEK B
rpynne, % (mor.)

YcTokiyuBas olleHKa
(Kpeccu-XokuHca)
(mor.)

IToka3aTs 006J1aKO0
nap (mort.)

Hamoxurs 3aaHHYIO

MOJiesb
BapHOTrpaMMEI (IOII.)

YparauHbie IpoOE!
(mor.)

HWmsa npodunsa onsa
TaOIHUIIEI

Tabnuia
BapHOTPaMMEI

Otuét (HTML)

ABTomnon6op Harrera,
mopora, paguyca u
THIIa MOJTIEIH,
pe3ynbTaT
3anoOMUHAEeTCs OIS
OACTAaHOBKHU B «2D
Kriging».
3aduKCHUpPOBATh THUII
MOMEIH UIU OCTaBUTh
aBTOBLIOOD JIy4lleil 1o
R2.

I'pynmer Menbue mopora

HE CTPOSATCH U
IEPEYUCIIIIOTCS B
XKypHarne. [Ton - 30
TOYeK.

CHUKaeT BIUSHUE
PEeOKUX aHOMAaJIbHBIX
map.

[loGaBnsieT Ha rpaduk
HCXOOHEIE IIaPEI OO
yCpenHeHUsl.

Pucyet noBepx o61aka
MOJEeIb C 3aJaHHBIMU
BPYYHYIO HaITETOM,
IIOPOTOM ¥ PafuyCcoM -

yImoOHO CpaBHUTH CBOIO

MOMeb C JaHHBIMH.
ITepieHTHIbL 0OPE3KH,
HUXHSIS U BePXHIA
T'PaHUIEI 3HAYEHNA,
PexXUM Cpe3aHus K
TpaHHIle BMECTO
yoaneuus. B camom
KOHIIe CITHCKa.

HNmsa wabopa, mop

KOTOPHIM ITofo0paHHas

U30TPOITHAS MOIENDb U
TEKyIIUUA OTCEB
3aHOCSTCS B TaOIUITy
Mopgeen.

BrIxomHOM
cioi-tabaua

TOYKaMH BapPUOTPAMMEL

(cTOJNIOLBI HUXKE).
OTuéT c 06J1aKOM,

mogoOpaHHOM KPUBOM U

JIMHUEU OUCIIEPCUN
OaHHBIX.

BKII.

ABTO

BBIKIJI.

BBIKIJI.

BBIKIJI.

BBIKIJI.

IIyCTO

BPEMEHHEBIN CJIOU

BpeMeHHHIN darin

I[TapaMeTphl C TOMETKOM «IOI.» JIeXKaT B CBEPHYTOM pa3feiie [OIMOJIHUTE/IbHBIE IapaMeTPhI.

Ha Brixome dopmupyetcst OTuét (HTML) ¢ rpadurom, mogqoOpaHHOM KPUBOM U IMHUEH OUCIIEPCUN
OaHHBIX, a TaKXe HeoOs3aTenbHas Tabauma BapHOrpaMMBI - TOYKHM SKCIEepPUMEHTaJIbHOMU
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BapHOTrpaMMEI B BHe CJIosd 6e3 reoMeTpuu (II0 CTPOKe Ha KaXKMOLIH JIar Kaxkmoi cepuu). I1o Hel
MOIKHO ITIOCTPOUTDH CBOM rpaduk B QGIS unu BEIrPy3uTh 3HaYeHUsA. E€ CTONOIIH:

TTone Tun YTto comepxKUT

series CTpOKa Cepusi: «Bce TOUKU» MO0 3HAUYEHUE TOJIA
TPYIIUPOBKY, €CJIM OHO 3a/JaHo.

lag npobHoe CpenHee pacCTosTHUE MeXIy TOYKaMU B UHTepBase
(;tare), B eMUHHIIAX CJIOS.

gamma Ipo6HOoe IMonynucnepcus y(h): cpenHee MOJIOBUHEL KBagpaTa

pa3HoCTel 3HQUEeHUH 10 TapaM 39TOro jiara (uiam
ycTou4uBas olleHKa Kpeccu-XokKuHca, eciu OHa
BKJIIOYEHA).

npairs eoe KomnuecTBo mmap To4ek, IIONaBIIKX B J1ar. Marsoe
KOJIMYEeCTBO IIap - TOYKa BapuorpaMMEl HeHaEKHa.

IMojie TPYIIIHPOBKH H PAa3HOIUIOTHOCTHAsA pa3BeaKa

Heo6s3aTenbHoe [1ojie TPYNIHAPOBKH CTPOUT OTHOEIbHYIO BApUOTPAaMMYy OISt KaXKOOT0 3HAYEHUST
TOJIT ¥ HaKJIaAbIBaeT WX Ha OOWH rpaduK. ITO HYKHO, KOTHa BhIOOpPKa coOpaHa CEeTIMHU Pa3HOM
IIPUPOIEL U TIJIOTHOCTH, HATIPUMED TOBEPXHOCTHOM U OA3EMHOM pa3Benkoi. ITogas B rpynnupoOBKY
BUJ pa3BeOK{, MOXKHO YBUIETH, 00IIas JIU Y 9TUX COBOKYITHOCTEHN CTPYKTypa UJIM y KaXKOOU CBOS.

CMmellleHMEe PAa3HOMJIOTHOCTHHIX CETEeM He CO3MaéT apTedaKToB caMo I10 cebe, HO MCKaxKaeT 00IIyIo
BapuorpaMmy. IImoTHasi ceTh HAa€T MHOTO Hap HA KOPOTKUX jarax u ¢GopMupyeT OIHKHIOI
YacTh KpPUBOM, pemkasi ceTh paboTaeT Ha panbHux. OgHa Mopenb, HaTsSHyTas Ha Takoe o0Jako,
OKa3bIBAETCSI CMEChI0 [IBYX CTPYKTYpP M HE OIHKCHIBAET KOPPEKTHO HHM OXHY. [pPyNmuUpOBKa 3Ty
CMeCh TIOKA3bIBAET, U PeIlleHHe, 3aKOHHO JIM OOBbeOUHSTH COBOKYIIHOCTH, OCTAETCS 3@ I'€0JIOTOM.
IekmacTtepusamus K 00aKy IIap IIPH 3TOM He OpuMeHsieTcs. E€ Beca IpemHa3HAYeHHl [
UCIIPDaBJIEHUA THUCTOIrPDaMMBI M CpPEeOJHEero, a He OJid IIap BapPUOrpaMMBbI, I'l€ KaXOasd IIapa
IIOJIHOIIPaBHA HE3aBUCUMO OT IJIOTHOCTU CETH.

OTMeTKa KpoBAW Mo Tunam passenki (none Tun)

=  (n=5216): C0=23 a=34B9M
4 = n (n=5022): C0=121 a=2698m
3000 = Nk (N=3919): CO=0 a=4566m
= hMn (N=1379): CO=70 a=3686M
= 0 (n=858): C0=543 a=4186m

2500 A

2000 A

yih)

1500 A

1000 4

(1] 1000 2000 3000 4000 5000 6000
nar h, m

Puc. 11: OtmeTtka kposnu o minacty Kpll, crpynnupoBaHHas 10 BUOY Pa3BEeOKU: IOO3E€MHAs CETh
JIEKUT 3aMeTHO HuxXKe (00/1acTh OMHOPOAHEE), JeTalbHAsAd pa3BeaKa [aéT BHICOKUM Harret. PasHble
COBOKYITHOCTH BUTHO Cpas3y.
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Tpn THIIHYHBIE T'e0JIOTHYeCKHe CUTydallHHu

OTMeTKH 3ajIeTaHusi, MOIITHOCTH 1 COOeP2KaHus I0JIe3HOTr0 KOMIIOHEeHTa UMEIOT Pa3Hble Te0CTaTUCTUYECKHe
XapaKTepPUCTUKH, U MOJIE3HO BUIOETH UX pPsimoM. Ha wmiamiocTpaliuy IoKal3aHBI BApUOTPAMMBI TPEX
rmapaMeTPOB OJHOI'0 IPOMEIIIIIEHHOT0 MJIacTa, PACCYNTAHHEIE B eUHOM OKHE PAaCCTOSTHUM.

JKCNepUMeHTaNbHLIE BADMOrpaMMel TREX TUNOB NapaMeTpoR (maxlag 6 kM, 0fWH Py AHLIA GRok)

MpoMbWwNeHHbIA NASCT: OTMETKE KPOBAK, M MOWHOCTE, M CoflepMaHue NoneiHoro KOMNoHedTa, %
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Puc. 12: Tpu Tuna napaMeTpPOB OOHOIO IIJIaCTa B €QUHOM OKHE: OTMETKa KPOBJU (IOYTH HYJIEBOU
HarTeT, IJlafKas IIOBEPXHOCTH), MOIIHOCTh (HArreT OKOJIO TpeTH, chepudeckas) U copepKaHuUe
(HarreT comocTaBUM CO BKJIQlOM, IITyMHEIU ITapaMeTp).

OTMeTKa KpPOBNM 3TO TafKas IIOBEPXHOCTh. HarreTr moduTw HyJeBOW, paguyc OOIbIION, MOIEb
01M3Ka K TrayCCOBOM, KadecTBO Imombopa O4YeHb BEICOKOe. CocemHHME CKBA’*KMHBI OAOT ITOYTH
OOVWHAKOBYI0O OTMETKY, M3MEHYHBOCTh KpymHoMmaciuTtabHasi. Kpurunr paboraeT yBepeHHO. 31ech
€CTb TOHKOCTh: TayCCOBa MOMEJIb C IMOYTH HYJIEBHIM HArreTOM YHCJIEHHO HEyCTOMYMBa W HAE€T Ha
KapTe XxapaKTepHble «ObIYby r1a3a». HeGoJbIlnoi HarreT CTOUT 3aiaTh BPYYHYIO.

MOIITHOCTh 9TO MPOMEXKYTOYHEHINM Ciydaid. Harret cocTaBmseT 3aMeTHYIO OO0 MOPOTa, PamuycC
CpenHUH, Momenb 4alle chepudeckas. OKOJIO IOJOBUHE U3MEHUYMBOCTH CTPYKTypHAs, IIOJIOBHHA
MeJIKoMacInTabHast. 9To TUIUYHas paboyasi BaprorpaMma.

CopepxaHue TOJIE3HOTO KOMIIOHEHTa CaMBIM NIYMHBIM ItapaMeTp. Harrer comocTtaBuUM CO
CTPYKTYPHBIM BKJIQ[IOM MJIM IIPEBHIIIAET €ro, KpUBas MOAHUMAaETCSd MeOjeHHO, KayeCTBO monbopa
HUXe, U MOOesb IIJIOXO0 OT/JINYaeTcs OT CoceOHUX TuUmoB. OCHOBHas W3MEHYWBOCThH CUOUT Ha
Macitabe Menbp4ye ceTH ompo6GoBaHUSA. KPUTMHT TakO#M mapaMeTp CHUJIBHO CrJIaXKWBAaeT, a KPocCc-
BalMOaIus oKal3biBaeT Oosblryio omubKy. ComepzkaHHWe HPeAcKasyeMo XyXKe, 4eM OTMETKH U
MOIITHOCTH, ¥ 3TO HOPMAJILHO.

MaxkcuMajabHOe PacCTOosiHMEe U BBIXO0 Ha IIATO

Camasi yacras omwuOKa 9TO CIHMIIKOM OOJBIIIOE MaKCHMalbHOEe paccTosiHue. Eciu oCcTaBUTH
aBTOMaTU4YeCKOe 3HadeHWe B IIOJIOBUHY [OUaroHajau, Ha BHITIHYTOM MECTOPOXKOEHUU OKHO
pacTAruBaeTCcs Ha OECATKM KUJIOMEeTpPOB. Jlary HAYMHAIOT CBA3bIBATh TOYKU dYepe3 Oe3pynHbIE
IIPOBAJIE ¥ MeKOTOKOBEIE Pa3pPHIBEI, BAPUOTPaMMa JIOBUT PETUOHATBHEIM TPEH BMECTO JIOKaIbHOM
CTPYKTYPH, a mog0op BHIDAET paguyc OOJbIIEe CcaMOro OKHA ¥ IIOPOTI B pPa3bl BHIIIE OUCIIEPCHM.
I[Tpu3HaK Tako!: pamuyC IMOmOOPaAHHOM MOOEIW COIOCTAaBHM C OKHOM WM IIPEBHIIIAET €ro. ITO
3HAYUT, YTO KPUBas He BHIIJIA Ha IJIaTO U IIOPOT MOJIY4YeH 9KCTPanosauue.

JleuuTcs 3TO YyMEHbBIIEHNEM MaKCUMaJIbHOI'0 PAaCCTOSHUSA [0 JIOKAJILHOI'0 MaciiTaba U IPOBEPKOMH,
4YTO BapuorpaMMa ycIeJjla BEIMTH Ha NoJKy. Ha npuMepe comepskaHUsS OOHOTO IIJIacTa IPU OKHE 6
KWJIOMETPOB ITof60p JaBall paguyc OKOJIO 9 KMJIOMETPOB U IOPOT HUXKe OUCIIEPCUHU, TO eCTh KPHUBas
elllé He BHIIIA Ha niaTo. [Ipu okHe 12 KMJIOMETPOB OHA BHIIILIA, IaB Paguyc 0Koo 18 KUIoMeTpoB
Y TIOTHBIN ITOPOT, OMU3KUY K IUCIIePCUY TaHHBIX. PeaTbHBIN paguyC KOPPEessaiiuu oKa3ascsa O0IbIle,
4yeM BUIEJIOCh B Y3KOM OKHe, U IPABUJIBHBIM OTBET Oajla MMEHHO IIpOBepKa Ha BBIXO[ KPUBOU Ha
ILJIATO.
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HpI/I 3TOM OKHO H€ OOJIZKHO IIepellaruBaThb KPYIITHBIE 66‘3py,[[HI>Ie 30HHEL. Ha pa3BeJ10‘-IHOﬁ CeTHu Hux
BHUOHO II0 ITaAE€HUIO IIJIOTHOCTHU TOYEK, U BapHUOrpaMMy CjieayeT CTPOUTH B IIpeaeyiaX OOHOI'O PyOHOTI'O
6J'IOKa, HWHa4de JIOKaJIbHasd Ie0JIOTHud CMeIllInBaeTCsa C peFI/IOHaHBHOﬁ TEeKTOHUKOM.

OTKyna B3s1JICSI HAarreT

B pa3pexxeHHON ceTu HArreT MIOYTHU BCerga 3afaloT eOWHUILI IIap TO4YeK, a He o0yiako. [Be
CKBaXXWHHBI B OECSITKaX METPOB OPYT OT OpPyra C HECOIOCTAaBUMBIMU 3HAYEHUSIMH MOTHUMAIOT
TIEPBHIY JIar BHIIIE ITOPOTa, TOA00PY OCTAETCS OMMCATh 9TO MOYTH YUCTHIM HATTETOM, ¥ KPUTHUHT 110
TAaKOW MOJEJX BO3BpAIllaeT CPegHEEe BMECTO KaPTHI.

I[TosToMy MHCTPYMEHT IledYaTaeT B KypHa pa300p MepBOTro jiara: PacCTOSHUE, YUCIO Iap B HEM U
3HaAYeHHe y PSAAOM C AucIepcuel MaHHBIX. ECIu y TIepBOTO jlara yxKe BHIIe 00Iel auciepcun, 06
5TOM COOOIIIAETCS OTAETBHBIM MTPEAyIPeXAeHUEM - OTTMCATh TAKOE MOXKHO TOJTBKO HAarTeTOM.

CrnemoM Ha3BIBAIOTCS CaMble TSXKEJbIe ITaphl BHYTPH IIEPBOTO Jlara: PacCTOSHHE MEeXOy TOYKaMH,
o0a 3Ha4YeHUs, BKJIA[ Y M KOOpPOUHATHE o0enx ToueK. [Io KoopauHaTaM ITapa HaXOOWUTCS Ha KapTe
Ccpasy, u JalibIlle 3TO BOIIPOC K TaHHBIM. [lepenyTaHHbIN TOPU30HT, 3HAK, € UHUIIE - TUO0 HACTOSIIas
MHKPOM3MEHYHUBOCTh, ¥ TOT[a HAarreT OTpaXkaeT JaHHEIe.

IIpu3HAKH HENIPHUT OTHOH MOeIH

IIBa mpum3HakKa HEMIPUTOJHOCTH HE COIIPOBOXKIAIOTCS OMIMOKOM pacuyéTra: mapaMeTpPhl BHEIBOOSITCS,
KPUTUHT 3aBepIllaeTcs MITaTHO W JaéT mojie, 6/1M3Koe K mocTossHHOMY. O6a BBIBOASTCS B XKypHAaI
MpeaynpexKaeHueM.

IlepBriti - Koabdunment merepMmuHanuu R? Huxke 0.1. Mopgenp HpPaKTHYECKHW He OIIHCHIBAET
HabmIIOmaeMy0 CTPYKTYPY, ¥ IEPEHOCUTH €€ IapaMeTpPhl B KPUTHHT HEOOITyCTHUMO.

BTopoii - moms HarreTra BHIIIIE MOJIOBUHBI CYMMapHOTO Imopora. CBs3b Ha KOPOTKUX PACCTOSTHUIX
He pa3pelleHa: MO0 CeTh pexe, YeM CTPYKTYypa, KOTOPYIO IBEITAIOTCSA YBUOETh, TUO0 B MAHHBIX Te
camble nmapel. KpUruHT o Tako# MOOeny CTIa’kMBaeT OLEHKY 0 CPEOHETO, a Ha KapTe JHaéT «ObIYbu
rjlaza», Tyrve KOHIIEHTPUYeCKHe KOIblla BOKPYT OTHEJIbHEIX IIP00.

PaGouui MHKJI C KPOCC-BaITHAAIueH

Bapuorpamma pmaéT CTapTOBYIO MOfenb, a mpoBepseT eé Kpocc-Baauaamusi BapHOI PaMMObI.
IMopsimok Takoi. CHayajla CTPOUTCS OSKCIEepHMMEHTalbHas BapHorpaMMa C MaKCHUMAaIbHBEIM
PacCcCTossHHUEM, IIPDW KOTOPOM KpPHBASA BBEIXOOWUT Ha IIJIaTO, U CHUMAIOTCA HOHOGpaHH]:Ie HarrerT,
BKJIall, paguyC U MOJeJib. 3aTeM 3TU YuCja IEPEHOCATCS B KPOCC-BaIUAAIIMI0O U OIeHUBAIOTCH
METPUKH CKOJIb3AIero KOHTPOJsA. ITomoOpaHHas W HpPOBEepPEeHHas MOOesb 3aHOCUTCS B TaOIHITy
Momersel BapuorpaMum u nopacrasinseTcs B 2D Kriging nonsMu Mopenu BapuorpamMm u IIpodpuis
M3 TAaOJHIBI - CM. pa3ges «Tabmuila Momenel BapuorpaMM».

Cpennee cmetnieHre ME qomKHO OBITH OKOJIO HYJISI, 9TO 3HAYHUT, YTO CUCTEMATHUYECKOM OIMOKY HeT.
CpenHekBagpaTtuuHas ommnbka RMSE moka3biBaeT abCOMIOTHYIO TOUHOCTh. OTAENbHOTO BHUMAHU S
3acinyxuBaeT MSDR, oTHOIIIeHHE KBadpaTa OMMOKM K AUCIEPCHM KPUTHMHTa. ECIIM OHO 3aMeTHO
0osbIlle eOUHUIIEI, KPUTHHT HEIOOIeHWBAeT HEONPEOeIEHHOCTh M KapTa CTaHOAPTHOM OIMUOKH
3aHMXKeHa.

IIpaBka MSDR pgenaeTcs TOYHO, a He Ha rjla3. B opaAMHapHOM KpPUTWHTEe OOMHOXKEHUWE BCeH
BapHOTpaMMBblI Ha IOCTOSTHHBIA MHOXKHUTENh HE MEHSIET OLIEHKH, ITOCKOJIbKY BeCa 3aBUCSAT TOJIBKO OT
(bopmbI KpUBOH, a He OT eé MacIinTaba. MeHseTCs JIUIIb OUCIIePCHUs KPUTHHTA. [I09TOMY JOCTAaTOYHO
YMHOZXKHUTH HarreT U BKJIaObl Ha TeKylnee 3HadeHue MSDR, ocTaBuB paguyc U MOJENb IPEXHUMY,
U IIOBTOPUTH Kpocc-Banupanuio. Metpuku ME, MAE, RMSE u R npu aToMm He caoBuraioTcs, a MSDR
MIPUXOOUT K €IUHUIIE, ¥ KapTa OIMOKY CTAaHOBUTCS JOCTOBEPHOI.

ITocne MaClHTEIGI/IpOBaHI/IH TIOJIHBIN IIOPOT MO2XKeET OKa3aTbCsdA BHIIIIE OUCIIEPCHUU OAaHHBIX. Ha
KHaCTepI/IBOBaHHOﬁ ceTH 3TO He ommunbOKa. HauBHas OUCIIEPCHUSA 3aHHN2KEHa, IIOTOMY 4YTO IIJIOTHEIE
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CKOIIJIEHHSI CKBaXKHH €€ NMepeTAruBaioT, a HCTHHHAS pa30pocKa mo mioimany 0osbiie. [IpeBwleHne
Iopora Haj JUCIepCHel 3[eCh CIIeCTBHe HePaBHOMEPHOM CETH.

T'oToBYyIO 1 TPOBEPEHHYIO MOfieNTb OcTaéTcs nepeHectu B 2D Kriging s pacuéra rpuna, a ganbliie
npu HeobxogquMocTu B U30/IMHUU U3 pacTpa.

Ecnu maHHBIE CTyIIleHbl HEPAaBHOMEPHO, 3afialiTe HeoOs13aTeIbHOE I10JIe BeCOB Wt U3 MHCTPYMEHTa
1.01 Jexkmacrepu3anus. Torga Kaxmas Imapa TodekK 0epeéTcs ¢ BeCOM, PABHBEIM IIPOU3BEIEHUIO
BECOB €€ KOHIIOB, ¥ CKOIIJIEHUSI He 3aBHIAIOT OnuxkHNe jgaru. CU4éTYNK Hap B OTYETE IMOKA3EIBAET
CBIPO€E YHCJIO IIap, a caMa y CYMTaeTCs B3BEIIeHHO.

Ta0uIia MoaejieH BapHorpaMM

IMomo6paHHas BapuorpaMMa 3TO Pe3yIbTaT aHaIu3a JaHHEIX, a He HaCTPOIMKa IIPorpaMMEI. IToaToMy
OHa XPAHUTCS TAGIUYHLIM CJIOEM: ye3XKaeT BMeCTe C IIPOEKTOM, IOoIlaJaeT B CHUCTEMY KOHTPOJIS
BEPCHUM, IEePEHOCUTCS MeXOy pabodyumMy MecTaMHu U IIPaBUTCS B aTpuOyTuBHOU Tabmuie QGIS
HapaBHE C IIPOYMMMU NaHHBIMU.

CocTaB Tad/ MBI

OnHa CcTpOKa ONKCEBaEeT OOHY CTPYKTYpPY BapuorpaMMEL. TakKoe IpencTaBleHNUe He OrpaHUYUBaeT
YHUCJIO BJIOZKEHHBIX CTPYKTYpP: OJId BTOpOﬁ CTPYKTYPEL J:[OﬁaBJ'IHeTCH CTPOKa C TeM 2Ke HMeHeM
npoduss u struct = 2.

ITone Tun CopepxkaHue

profile CTPOKa HNwms mHabopa. [To HemMy Momenb
BRIOMPAETCS IPHU PacuéTe

field CTpOKa [Tone 3Ha4YeHUs, K KOTOPOMY
nonobpaHa Mofenb

struct uejoe HomMep CTPYKTYypHI, OT
€OUHUIIHI

model 1nesoe Mopmenb: 1 chepuueckas, 2

9KCIIOHEeHIInajJbHasg, 3
rayccosa, 4 cTeleHHas

sill BeIleCTBEHHOE Bkmapn ctpykTyphl C

range BellleCTBEHHOEe Paguyc Koppensauuu a

azimuth BeIlleCTBEHHOE A3MMyT I'ITaBHOU OCH, I'PagyChl

anis BEILleCTBEHHOE AHU30TPOIIKS, OTHOILIIEHNE
MaJio¥ OCH K TJIaBHOU

nugget BEIIeCTBEHHOE Harret CO. OOiiuii oiist

npodurs, IOBTOPSIETCS B
KaXOou ero CTpokKe

val pct BEIeCTBEHHOE [TepueHTHIb 00PE3KHU
yparasHbix mpo6. OOmui as
npodunsa

val cap JIOTUYEeCKoe Cpe3ka K rpaHulle BMeCcTO
yoanenus. OO ayis
npodus

fitted CTPOKa Iata mombopa

author CTPOKa KTo mogoGpan

note CTPOKa [IpruMeudaHue: 4YeM IOJIyYEHEI

3HA4YE€HHNsd, YTO IIPOBEPEHO

ITomst nugget, val pct ¥ val cap OTHOCSITCS K IIPOGUIIIO IeTHuKOM. PacxoxaeHue MexXOy CTPOKaMU
omHOTO IMpoduIsT cuuTaeTcs OMIMOKOM BBOIA: B XKypHaJl BHIBOOUTCS IIpeOynpexkaeHue, a B pacyeT
OepéTcs 3HaUeHue IePBOi CTPOKH.
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CTOJ'I6€‘L[ model OOIIYyCKaeT U YHUCIIOBOM KOM, M Ha3BaHHE MOMOEIH, PyCCKO€e HUuIIu QHTJINHCKOE. HpI/I
3allMCH UHCTPYMEHTOM HUCIIOJIB3YETCs KO[.

OTMeTKa U3 reoOMeTpuu

IMomne 3HaueHus Z He00sI3aTeIbHO B KPUTHHTEe, MUHUMAJILHOM KPUBU3HE, BaprorpaMMe, BapuOTrpaMMHOM
KapTe, 00enx Kpocc-BaJmgalusax U geknacrepul3auuu. Ecimu rmone He yKa3aHO, OTMETKa OepeTcs us
TPeThel KOOPOUHATH TOUKU.

IHaHHBIE YaCTO IIPUXOOAT UMEHHO TaK: TO4YKH PointZ u3 chreéMKU uIu BEITPY3KH, I'l€ 3HAYEHUue yxKe
B reoMeTpHuHu, U 3aBOOUTH pagu HEro OTHOEeJIbHBIN CTOJ'[6eI_[ He3a4deM.

Ecnu y Touek ecTh ¥ Z B TEOMETPUH, U II0JIE CO 3HAYEHHUEM, OHM MOTYT O3HAa4YaTh pa3Hoe: Z 0OBIYHO
OTMETKa CHhEMKM, a I0Jie - UHTEPIIoJupyeMas BejuuuHa. [IJIT MOIITHOCTEM U COfepKaHuM Ioje
yKa3bIBalOT SBHO.

Crnoit 6e3 Z u 6e3 yKa3aHHOI'O II0JISI OTBEPraeTCs C COOOIIeHWeM, a He POHSIEeT PacdyéT B CepequHe.

ITopsimoK padoThI

1.05 Bapuorpamma nondupaeT MOJellb U 3aHOCUT €€ B Tabmuily. Ecnu Tabnuia elie He co3daHa,
WHCTPYMEHT CO30aéT e€ BeIxomoM Mogmens BapuorpaMmbl. Korga Tabnuna CymecTBYeT, OHA
yKa3belBaeTcs B MoJsie [ommcarh B TaO/JHMIy MoOAeIeH: CTPOKH 3TOT0 IPOdUIS 3aMEeHSIOTCS
HOBBEIMH, CTPOKH APYTUX IPOGUIIEH 0CTAIOTCSI HETPOHYTHIMH. [IOBTOPHEIH TOAO0P OJHOTO IIPOGUIIS
NMEHHO 3aM€eHdeT ero CTPOKH, IIO3TOMY I[y6J'II/IKaTBI He HaKallJIUBAIOTCHA.

1.06 BapuorpaMMHasi KapTa JOTIUCHIBAET B Ty Xe TaOuIly a3uMyT U KO3DGUITMEHT aHU30TPOITUH,
a Opu BO3MOXKHOCTH U PAOUyC TTIABHOM ocu. Mofesnb, HAarTeT U BKJIA[A OPU 3TOM HE MEHSIIOTCS: UX
oIpenesisieT OMHUHAIIPaBIIEHHAsI BAPUOTPAaMMa, a KapTa OIKUCHBAET TOJIBKO reoMeTprio. O1ieHKa 1o
KapTe MHANKATUBHAS, U 3TO GUKCUPYETCS B TIOJIE note.

1.07 Kpocc-Bauaamusi BApHOTrpaMMbI YUTAeT MOJEeIb U3 TaOIHITH [JIsT IIPOBEPKU.

1.02 2D Kriging 1 3.01 IHANKaTOPHBIH KPUTHHT YUTAIOT MOJEJIb IIpu pacuyéTe. Korma Tabnuia
3apaHa, IIOJIsI BApUOTPaMMEI B INAJIOTe He UCIIONIb3YIOTCA: OBa MCTOYHMKA OOHUX U TeX JKe 3HaYeHu!
Hen30eKHO PACXOOSITCS, IIO3TOMY IIPUOPUTET OTHAH TabJuile, 0 4éM CcOooOIIaeTCs B KypHare.

Pa306op cTpok

CTpoka C HepacIO3HAHHOM MOJENbIO, HEIMOJIOKUTEIbHEIM PafuyCcOM UJIM IIOBTOPHBIM HOMEPOM
CTPYKTYpPHl HPONYCKaeTCs, a NPUYMHA C HOMEPOM CTPOKH BEIBOOUTCS B KypHas. Pacyuér mpu
9TOM IIPOJOIXKAETCS II0 TOOHHIM CTpoKaM. IIpodusb, y KOTOPOTO HE OCTaJoCh HU OOHOM TOHOHOM
CTPYKTYPEI, B pe3yabTaT He molagaeT.

Pa36op momyckaeT py4YHYIO TPaBKy: PETUCTP UMEH CTOJIOIOB He YYUTHBAETCS, HeCATUYHAS 3asaTas
1 Tpo0eJIBl B Pa3psagax 9ruces He MeraloT. CHHOHUMEL UMEH CTOJIOIIOB ITPYU 3TOM HE IIPENYCMOTPEHH,
IIOCKOJIBKY Tabnuiuy GpopMupyeT caM IIIaruH.

1.06 BapuorpaMMHasi KapTa (aHU30TPOIIHS)

WHCTPYMEHT CTPOUT BapUOTrPaMMHYIO KapTy - IOBEPXHOCTh HIONYOUCIEPCUN Y KakK (GYHKIIUIO
mByMepHoro BekTopa pasHoca (h x, h y). O6riyHass BapuorpamMMa yCpeOHsIeT BCe HalpaBJIEHUS B
OOHY KPHBYIO U HaAIpPaBJIEHHOCTH TepsaeT. KapTa Ke moKa3kBaeT, KaK HENIPEPLIBHOCTEL ITapaMeTpa
3aBUCHUT OT HampasieHUus. [lo Hell BUOHO, €CTh JIU B ODAHHBEIX aHU3O0TPOIHUS M Kyda CMOTPUT OChb
MaKCUMalbHOU HEIpePLIBHOCTU. UHCTPYMEHT OUarHOCTUYEeCKUN: TPUL OH He CUHUTAaET, a TIoMoraeT
OCO3HAHHO 3aJaTh a3uMyT ¥ aHU30TPONIHIO B CTPYKType BapuorpaMMsl «2D Kriging».
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YTo Takoe AHHU30TPOIINs B 3a49eM eé BHIETH

H3oTpomHas BapHorpaMMa IIpefrojiaraeT, YTO CBS3b 3HAYEHHUHM 3aBHUCUT TOIBKO OT PACCTOSHUS
MeXOy TOYKaMH{, HO He OT HalpaBieHus. [IJIsi CKIa4YaThiX ¥ BHITSHYTHIX I'€0JIOTUUECKUX TEJl 3TO
He TaK. Boomb mpocTupaHUs IJIacT BHIOEPZKAaH, IIOMEPEK MeHseTcss ObICTpee: Ta Ke pal3HuIla B
OTMeTKaX KPOBIY HaOWpaeTCs BOOJNEL CKJIaOKX Ha KUJIOMETPH, a BKPECT - Ha COTHSAX MeTpoB. Eciu
9TOTO HE yYeCTh, KPUTHUHT CTIa’KHUBaeT T0Jjie OOUHAKOBO BO BCE CTOPOHHI M Pa3MBIBAET PEanbHYIO
BBEITSTHYTOCTb CTPYKTYPHI.

BapuorpaMmHasi kKapTa BCKPHIBAeT HAllPaBJIEHHOCTb HANPSAMYI0. [IJIsT KasKao# mapel To4ek 6epeTcs
He TOJIbKO PacCTOsIHUE, HO U HaIlpaBjeHUe BeKTopa MeXAy HUMU, U IOIyIUCIePCUs IpUpalieHus
packiiagbIBaeTCs 110 IBYMEPHOM CeTKe j1aroB. TaM, e y pacTET MeIJIEHHO U KapTa OCTAETCsI TEMHOM
maJjieko OT IIeHTpa, HEIIPEPHIBHOCTDL BhICOKasA. TaM, IIe y pacTET OLICTPO, HEIPEPLIBHOCTh HU3KAS.
O6acTh HU3KOM y B CyMMe BHITATUBAETCS B 3JUIUIIC, OJIMHHAS OCh KOTOPOTO U €CTh HallpaBJIeHUEe
MaKCHMaJIbHON HEIIPEPHIBHOCTH - OJISI CKJIag4YaTOCTH 9TO HapaBJIeHWE MPOCTUPAHUSA.

Kak auraTth Kapry

B meHTpe KapThl JIEKUT HYJIEBOM JIar: 3HAYEHHEe B TOYKE BCerga pPaBHO caMo cebe, MO3TOMYy Y
37ech paBHaA HYJIIO W I[EHTP CaMbli TEMHEBIN. [10 Mepe ymaneHus: OT [eHTPa TOUYKKW Pa3HOCSITCS BCE
manbeIine u Yy pacTér. Ock h X HampaBjieHa Ha BOCTOK, OCh h y Ha ceBep, MacmTab 1mo 06emM 0CsSIM
omuHaKOBHIM. KapTa ToueyHO-CHMMETPHYHA: ITapa U €€ 3epKajbHOe OTpPaxKeHUe MAaloT OOHY U Ty
XKe IMOYOUCIIEPCUIO, ITI09TOMY PUCYHOK OOMHAKOB B IPOTUBOIIOIOKHBIX HAallpaBIeHUIX.

AHuzoTponus uyuTaeTcs mo dopmMe TEMHOM 30HEL. EcCim oHa Kpyrias - CTPYKTypa HM30TPOIIHA,
HaIlpaBJIeHUE POJIK He urpaet. Eciu BHITAHYTa - BOOJIb €€ IJIMHHOM OCH Yy HapacTaeT MefJieHHee, TO
€CTh B 3TOM HaIIPaBJIEHUU 3HA4YEHUA CBSA3aHEBEI Ha OOJIBbIIIEM PaCCTOAHUU. HOBer KapPTBI PUCYIOTCA
MMOOCKa3KU: OeJIbIM SJIJIMIIC IO OIeHEHHBIM pafuycaM M KpacHas MyHKTUPHAs JUHUS 10 T'JIaBHOM
OCH.

ITapaMeTpsbI

I[TapameTp YTo 3amaéT [To ymom4aHmio / COBET
Touku co TodeuHBIN CIIOU CO -

3HAYEHUAMU CKBaXXUHaAMU UJIU

ITone 3HaueHusa Z
(mycrto: u3
TeoMeTpPHH)

BuHOB Ha MTOIYyOCh
(meTamu3aius KapTh)

Makc. nar, B
eOMHUIIAX CJI0S

npobamu.

YucnoBoi aTpudyT Oiis
aHaJIu3a: OTMeTKa
IJ1acTa, MOIITHOCTS,
copepxkanue. Ilycto -
u3 Z TOYKH.

Ha ckonbKOo ssgueek
OenuTcsa Kaxkmas
nonyock nara. Kapra
oJIy4aeTcs pa3MepoM
(2N+1)x(2N+1).
Bonbine OUHOB -
meTanbHee KapTa, HO
MEHBbIIIE I1ap B S4YelKe
u 06OJIbINe IIIyMa.
Pa3mep okHa KapTHL, B
equHUIaxX cios (o
METPOBBIX KOOPOUHAT -
MmeTphl). 0 = moIoBUHA
OuaroHajid oXBaTa.

3alIOMHHAETCSA MeXOYy 3allyCKaMu

15
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I[TapameTp YTo 3amaeT ITo ymom4anuio / COBET

MUuH. KOJIM4YeCTBO f4geliku, B KOTOpPHIE 5
rmap B ss4erke (Oor.) IIOIIaJI0 MEHBIIE TIap,
OCTaBJIIIOTCS IYCTEIMHA.
OTcekaeT LIyMHBIE
OanbHUE JlarTu, TOe map
Mmario.
Otuéet (HTML) OTYET C XUTMAIIOM, BpPEMEeHHBIN (aiin
3JIJTUIICOM, TJIAaBHOM
OCBIO I CBOTTKOM

OIIEHOK.
PacTp moBepxHOCTH TToBEPXHOCTH Yy KakK BBIKJI.
(om.) pacTp B KOOpOWHATAX

nara (cMm. Huxe). ITo
YMOTYaHUIO HE
CO3aéTcs.

HapaMeTp C IOMETKOM «IOII.» JIEXKUT B CBépHYTOM pa3neie HomoJTHATEeIbHbIE IIapaMeTpsbl.

OneHKa a3uMyTa, aHH30TPOIIUH B paguyca

KpomMme camoii KapThl HHCTPYMeHT BhIBOOUT B 2KypHan u B HTML-0T4Y€T Tpu Yucia: a3uMyT I'JIaBHOM
ocu (reorpaduyueckuit, 0 - Ha ceBep, IO YacOBOU cTpenke), Ko3bGUIIMEHT aHU3O0TPOIIHUU KakK
OTHOIIIEHHWEe MaJjio OCU K rjiaBHOU (1 - M30TPOIIHO, MEHBIIE - CHUJIbHEE BBITAHYTOCTbH) M PajuycC
rinaBHOU ocu. OIleHKa yCTpO€Ha TakK: IO KaXAOMy HaNpaBJIeHWI0 HUIIEeTCS Jjiar, Ha KOTOpOM Y
BBIXOIUT Ha NOJIKY (OJIM3KO0 K OMCIEPCUU JaHHBIX), PAOUyCHl CTIaXXMBaIOTCA 110 a3UMYTYy, TJIaBHAA
oCh 6epEeTcs 1Mo HaubOoIbIIeMy PagUyCy, a MaJjlas - HePIeHIuKYISIPHO eH.

OTH TPU 4YUCIa IIOLACTAaBJISAKTCA B CTPYKTYypPy BapuorpaMmbl mHCTpyMeHTa «2D Kriging»: a3uMmyT,
aHM30Tponus (Masasi/TiaBHasi) ¥ pPaguyc a. OTO M €CTb yYE€T aHM30Tponuu B Kpuruure. OieHKa
WHOWKATUBHAS: €€ CTOUT CBEPUTHL C GOPMOM CaMOTro XMUTMara, a He IePeHOCUTh BCIIEIYi0. ABUMYT
KapTa oIIpefesisieT HaJ€XKHee BCero, a paguyc u KoahdUIireHT - rpydee, 0cOOEHHO Ha pa3pekeHHOU
ceTH.

YUToOBI He IIEPEHOCUTD YUCTia BPYYHYIO, B OKHE eCTh I10Jle 3anucaTh aHU30TPONHUI0 B IPOGHIIb.
Bribepute paHee COXpPaHEHHBIM NOPOQGUAL, U a3uMyT, KO3(pDUIMEHT U pafuyc TIaBHOM oOcCHU
OONUIIYTCA B HEro IIOBEpX MOMOelW U HarreTa, 3ajaHHEIX B Bapmorpamme. [Ipu cnenpyromieit
3arpy3ke npoduna B 2D Kriging 3Ty 3HaueHUSA IMOACTABATCA CaMM U IMOSBSATCA B IOOIMCHU IIOT
cuuckoM npodunei. Ecnu paguyc ymépcs B OKHO, OH OCTAETCS MPEXKHUM, OOHOBIISIIOTCS TOJIBKO
a3uUMyT U KO3hGUILMEHT.

Ecnu cTpykTypa 6/113Ka K ©U30TPOITHOM MJTM PafuyC TJTIaBHOM OCH OKa3bIBA€TCS MEHBIIIE HECKOIBKUX
siYyeeK KapThl, aHU30TPONHUSI HE OIleHUWBAETCSI U IOMedYaeTcs B OTUETEe KaK «He BhIpaxkeHa». B
3TOM CjIy4dae paguycCHl jiekaT Ha YPOBHE CETKU, M HallpaBJIeHHOCTh HEJOCTOBEPHA - IIpaBUJIbHEE
coobmuTh 06 3TOM, YeM BBIOATH CIIy4alHBIM a3uMyT. [loMoraeT yMeHBIINTH MaKC. Jar IR
YBEIUYUTH KOJIMUECTBO OMHOB, YTOOBI PA3PEIIUTh OJTUKHIOI CTPYKTYPY.

Korpga paguyc ynupaercsi B OKHO

Ecnu BOOJIb TTIABHOM OCH y HE YCIIEBAEeT BBHIMTH Ha IIOJIKY B IpefeliaXx OKHA, pafuyC BO3BpalIllaeTCs
PaBHBEIM Makc. JlaTy, a B oTuéTe u 2KypHaie MosSBIsSeTCs NpeaynpexXaeHue: paguyc yIIépcs B Makc.
jlaT, 9TO HUXKHSAS OIEeHKA. ITO Ta XKe CUTyallus, YTO W [Jid OOBLIYHOM BapHOTpPaMMbI (CM. pa3men
«MakcuManbHOE PACCTOSTHUE W BHIXOQ Ha IIJIaTO»): KPUBAS HE BHIIIIA HA MJIAaTO, W MOPOT TOJyYeH
3KCTpamnonsuuei. Ha kapTe Mpu3HaK OIPOCTOM - TEMHAS 30HA BOOJIb TTTaBHOM OCH TSIHETCS IO CAMOT0
Kpasi.
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INNANC aHW30TPONKMKW = = rNaBHaA OCb

1000

500

nar no cesepy h_y
(=]

-500

-1000

-1000 -500 0 500 1000

nar Nno BOCTOKY h_x

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

HalpaBlIieHWEe ¥ aHU30TPOIHIO.
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B aTOM ciydae paguycC a B KPUTHHT IEePEHOCHUTh KaK €CTh HeJlb3s: HaCcTOosIas OJTHHA KOPPEeIIsIiny
0osnbllle OKHA, a KO3(pPHUIIMEeHT aHM30TPOINH 3aHWXKEH II0 BBIPAXKEHHOCTH (IIojie Ha mese eIneé
QHM30TPOIHEE). AZUMYT IIPHU 3TOM OOBIYHO ONpENENéH HOPMaJIbHO. JIeUUTCS yBENUYEHMEM MakcC.
JIlara, YTOORI KapTa 3aXBaTWHJIa BEIXOHO Ha IIOJIKY. Ecmu xe Y H€ BBIXOOUT Ha IIOJIKY HOaXe IIPpu
IIMPOKOM OKHE, B MAHHBIX TOMUHUPYET TPEHM - eT0 yOUPAIOT OO0 MHTEPIIONSAINY TU00 YIUTHIBAIOT
COOTBETCTBYIOIINM BHUIOM KPUTHUHTA.

PacTp moBepxHOCTH

I[lo xeyaHWI0 KapTa COXpaHSETCsS eIleé U pacTpoM (mone PacTp HmOBEpPXHOCTH). DTO Ta XKe
IIOBEPXHOCTh VY, HO B KOOpOMHATaX Jjiara: Havano B Touke (0, 0), pa3aMep ONUKCela paBeH sSuelKke
nara. PacTp He mpuBsizaH K MECTHOCTH - OH JIEKMT B IIPOCTPAHCTBE Pa3HOCOB, a He B IIJIaHe
MECTOPOXKIEHUs, - U HyKeH TeM, KTO XO04eT IOKPYTUTh KapTy Ha xoncte QGIS, HaloXKUTH CBOIO
IIBETOBYIO IIIKajly WA W3MEPUTHL Jiar JTMHEeWKou. [I711 caMoil OLleHKM aHU30TPOIIMM OOCTATOYHO
HTML-oTuérTa.

Ecnu panHBIE CTYIIEHBE HEPaBHOMEPHO, 3a7aiiTe Heo0s13aTeIbHOE II0JIe BeCOB wt U3 MHCTPYMEHTa
1.01 HJexknacrepu3anusi. Torga Kaxmas mapa TO4ekK OepEeTCs C BeCOM, PaBHBIM HPOU3BEOEHUIO
BECOB €€ KOHI[OB, U CKOIIJIEHUS He 3aBHIIMIAIOT OiukHUE jaru. CYETYUK TTap B OTUETE TTOKA3bIBAET
CEIPO€E YMCJIO IIap, a caMa Y CUUTaeTCsI B3BEIIeHHO.

1.07 Kpocc-BayiHganusi BapuorpaMMabI

Kpocc-Bannpauna: oleHKa Vs pakT

RMSE = 36.67
2007 'R'= 0.869
100 A .

o
S o
1o}
—
I
= —100 -
s
o
X
¢ —200 A
T
o
=
S

—300 A

—400 A

—500 - —— uaean (oueHKa = ¢akKT)

-500 —-400 -300 —-200 -100 O 100 200
thakTMYeckoe 3HavyeHue

Puc. 14: Hpes Kpocc-Banupalluu: OIIEHKY KPUTHHra II0 OCTaJbHBIM TOYKaM (II0 BEpPTUKAIIH)
CpaBHUBAIOT C (pakTOM (O ropu30HTasM). YeM TecHee 00IaKO JIOKHUTCS Ha OAUaroHasb OIeHKa =
(akT, TeM TOUHee IIpenCcKa3aHUe.
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OueHKa Vs (hakT

rMcTorpaMmmMa owMbokK

50 7 'ME=+0.05 RMSE=4.59
MSDR=0.80 R=0.747
1200 A
2 40 b
) A -3 1000 -
o 5 e
g A i © 800
| U5 i ! ©
I < fad - =
= A o
E t - ) o
s K R <. sk € 600
< 20 4 .
(3]
x
5 400 A
=3
o
10 4
200 A
= OLeHKa = (haKT
0 . . : : . i
0 10 20 30 40 50 -20
chakT KCI, %

-10 0 10 20 30 40
oueHKa — dakT, %

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.

FI/ICTOFpaMMa CHUMMETPHUYHA OTHOCHUTEJIBHO 0 - cMemIeHus HET.

I/IHCTPYMGHT IIpOoBEPAET, HACKOJIBKO yIa4YHO nono6paHa BapuorpaMMa, ME€TOOOM CKOJIB3AIIIETO

KoHTpons (leave-one-out): Kaxkasi CKBaxXKHHa I10 OUepey UCKITI0YaeTCs, e€ 3HaueHue ITpeqcKa3biBaeTCs
KPUTHMHI'OM II0 BCEM OCTAJILHBEIM, U CDaBHMBAETCHA C (I)aKTI/I‘-IeCKI/IM. Tak IIapaMeTpPEHI (Hal"l"eT, paguyc,
MoOfeb) ToaOuparTCs 0 omubKe, a He CYyObEKTUBHO.

[TapameTpsr:

[TapameTp

YTto 3amaéeT

[To ymor9aHuIO / COBET

Touku co 3HAUEHUSIMU
ITone 3HaueHUus Z

ITone HOMepa CKBaXKWHEI
Tumn KpurvHra, paguyc,

MMH./MakKC. TOY€K, HarTeT,
CTPYKTYPHL

CHSTDH MOJIMHOMHUAIbLHBIN
TPeH[

CremneHb TpeHOaA
Mopenu BapuorpamMm

(Tabnuia)
[Tpoduns U3 TaOIUIIED

HcxopHble TOUKU (CKBaXKUHEI).
[TpoBepsieMEBIN YMCIIOBOU
aTpudyT.

ITone ID gnsa nopmucey B
OTYETE U CJI0Oe OCTATKOB.
HacTpoiiku Kpuruura u
BapuorpaMMbl. KOHTPOIb
CUMTaeT KPUTHHT POBHO C
HHUMM, II03TOMY VOAYHBIN
Habop mmepeHocuTcs B «2D
Kriging» 6e3 uameHeHUM.
Perpeccus-KpuruHr: TpeHm
nepenonoupaeTcs Ha KaxXaoM
mare LOO, BEIUTPHIII BUOEH I10
RMSE.

[TmocKOCTD MK KBagpaTu4Has
ITOBEPXHOCTh.

TabmuuHEIN CIIOM C
MogoOPaHHBIMU MOMIEISIMH.
HNmMmsa Habopa B Tabmuiie.
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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.

50



QQ-rpadmk ownboK: Kak YuTaTb hopmMy

Hopma

TouKM Ha AVaroHanu.
OWKBKKN HOpMankHbI - hopma
pacrnpeneneHus B Nopaakxe.

KBaHTUNW owmnbok (z)
o
L

T T T T T
=3 =2 -1 0 1
Teop. KBaHTWUAK (HOpM.)

Ckoc (acuMmeTpua)

Ilyra BMecTo NpAMoiA.

PacnpeneneHue HECUMMETPUYHO -

MoxHo nonpoboBaTe TpaHcthopMaLKio.
F
.

.

¥ 27
o

o

o

=

El

o 04
=

=

= s om
=

€&

@

x =2 4
_4_

-4 -2 0 2
Teop. KBaHTUAW (HOpM.)

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.

51




HTOr: 9TOT MHCTPYMEHT - MOCIeOHUH IITar nepen GUHAILHEIM KpuruHroM. CHavaJsia BH Kanubpyerte
BapHoOTpaMMy 3[eCh 110 OIMUOKe, 3aTeM Te XKe ImapaMeTphl ctaBuTe B «2D Kriging» - 1 HOBEPXHOCTH
BMECTE C KapTOM CTaHOApPTHOM OIMMOKM II0JIy4aloTCs OO0OCHOBAHHBEIMHU, a He I0m0O0paHHBIMU
CyOBEKTUBHO.

3amMeyaHVe O CKOPOCTH: KOHTDOJIb pelllaeT KPUTHHI CTOJIBKO pa3, CKOJIbKO TOYeK, II09TOMY Ha
6onbiux Habopax (AeCATKU THICSY CKBaXKWH) BBIIIOIHSIETCS 3aMETHO AoJIbIe. [Ipu Heo6XOmMMOCTH
YMEHBIIIUTE BHIOOPKY.

Cam KPUTHUHTI Ha T'YCTBIX HOAHHBIX CUHTAETCHA GBICTpO: 3aMepPEBl PACKJIaAgbIBAIOTCsA IIO KJIETKaM
pa3MepoM B paguycC MOMCKA, U B KaXKO0HU siuelike mepebuparTcs TONBKO COCEIHNE KIIETKH, a He BCS
BrIOOpKa. Ha cTa IIecTuaecsiTH ThHICAYaX ITMKETOB 3TO [aj0 YeTHIPEXKpaTHOe yckopenue. OTGop
IIPKU 3TOM TOYHEBIM, OIleHKA He MEHSIETCS.

Ecnu maHHBIE CTYIIEeHB HEPAaBHOMEPHO, 3aaiiTe HeoOsi3aTeIbHOe 1I0JIe BECOB Wt U3 MHCTPyMEHTa
1.01 Jexnacrepu3anusa. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuTaioTCs B3BEIIEHHO, U
TIJIOTHBIN KYCT CKBAaXKWH He JOMUHUPYET B OlleHKe KauecTBa. Cama olleHKa leave-one-out mpu 3TOM
He MeHSeTCs, B3BeIlINBaeTCsI TOJILKO CBOOKA.

1.08 Kpocc-Banugamusi metoga (LOO)

CKOMB3AIIMN KOHTPOJIb OJIS MEeToma TPUOMPOBaAHUS: KPUTUHTA WM MHUHUMAaJIbHOM KPHUBUIHHL.
Kaxpas mpoBepsieMasi TOUKa 0 OUepean UCKII0YaeTCs, e€é 3HaueHue IIpeacKa3biBaeTCsI METOOOM
II0 OCTAJIbHBIM TOYKAM M CpaBHHUBaeTcsa C ¢akToMm. [Io ommbKaM CYHUTAIOTCS METPUKH, U 3TO
00BbeKTHBHAS OlleHKA KavyeCTBa METO/a, a TaK¥Ke CIoco® CpaBHUTb METOOLI MeKAy COO0¥ Ha CBOUX
OAHHBIX.

HNuacTpyMeHT oTiudaeTcsa oT 1.07 Kpocc-Baauaoalisi BapHOTpPaMMBbI: Ta MOAOMpPAeT MOMEITh
BapUOTPaMMEHI IJIE KPDUTHUHTA, @ 9Ta CPaBHUBAET METOMB TPUANPOBAHUS KaK TaKOBEIE U paboTaeT B
TOM YWHCJIE OJII MUHMMaJIbHON KPUBU3HHI.

Metpuku: ME (cmemenne, 6nmuxe Kk 0), MAE u RMSE (menbme - nyume), R (koppensous
oneHku u ¢pakTa). 15 KpuruHra gomnonautenbao MSDR (6muxke K 1, ecnu MaciiTa®b cTaHOapPTHOMR
ommbku amekBaTeH). Ha rpaduke onenka/pakT gBe MUHUU: cepasi guaroHanb 1:1 (upmeamn) u CUHSS
nuuus perpeccuu Best Fit. E€ HakIoOH, COBUT M Yrol BHIBEOEHHI B METPUKU KaK HUHAMKATOP
YCJIOBHOTO CMeIIeHHUs 110 Amana3oHy. HakjoH okKono 1 - MeTon OOMHAKOBO TOUYEH Ha HU3KUX U
BLICOKUX 3HAUEHUSX, HAKJIOH MeHblle 1 - BEICOKME 3HaUeHUs 3aHUKAIOTCS, @ HU3KHNE 3aBBIIIAI0TCS
(perpeccus K cpegHeMy, XapaKTepHas MOANMCH CTJIazKMBAIOIIUX METOIOB).

ITo ob6pa3iy Surfer mocTymHel Tpu Belu. Ciay4adHasi BHIOOPKa n3 N TOYeK yCKOpPsSeT KOHTPOJIb
Ha OONBIIMX HAHHHIX, IIPH 3TOM B OIlEHKE KaXKIOW TOYKM y4JaCTByeT BCS BEIOOpPKA, a HE TOIbKO
MMOOMHOXKECTBO. PHIABTP O00JIACTH OTPAaHMYMBAET IIPOBEPKY MHOMOOJIACTBI0O IO OXBAaTy M IIO
3HAYEHWUIO Z, TT0JIe3HO, YTOOH HE CYUTATh KOHTPOJIb B U3BECTHHIX aHOMaJNIX. Bydep HCKII0YeHH s
mo X u Y ybupaeT U3 OLIEHKU TOYKU B IPSIMOYTOJTbHUKE BOKPYT IIPOBEPSIEMOM, 3TO HYXKHO OIS
CTYIIEHHHIX KJIAaCTEPOB, MHAYE OIleHKa IIPOCTO ITOBTOPSET OJIMKaMIIero cocena.

[TapameTp Ha3unauenue ITo ymonuanuio

Touku co 3HAUEHUSIMU [TpoOsHi. -

[Tone 3HaueHus Z (ImycTo: U3 Ywucnosoe none. Ilycto - -

TeOMEeTpPHUH) oTMeTKa 0epeéTcs U3 Z TOUKH.

[Tonne HOMEpPA CKBaXKMHEL [nst mopmuced B OTYETE. -

Merton Kpuruur unu MuHuUManbHas Kpuruur
KpUBU3HA.

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

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

[TapaMeTpsl KpUTUHTa BapuorpamMma u mMouck (Kak B -
1.1).
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[TapameTp

HazxaueHue

ITo ymon4aHuUIO

HapaMeprI MHWH. KDUBU3HEI

(Oor.)

[TpoBepPATH TOTBKO B OXBaTe

(Jor.)

[TpoBepaATs nIpU Z B Auara3oHe
(Do)

3epuo I'CY (Hor.)

OmmbKy KPOCC-BaTUOAIINHT

HTML-oTuéT

OxBarT, guelKa, HaTsIXKeHue,
TIOPOT, UTepallnuu.
O6macTb KOHTpOJsa mo X/Y.

O6macTb KOHTPOJIS 110
3HAYEHUIO.

II7151 BOCITPOM3BOOUMOCTH
BLIOOPKH.

Crno#t To4dek c monsiMu ¢pakrTa,
OIIEHKHU U OIINUOKMU.

I'paduk orreHka/daxr,
THCTOTPaMMa, METPHUKH.

aBTO

Be3e

HET

M0 YMOTYaHUIO

711 MUHUManIbHOMW KPUBU3HBI MePeOlleHKa KaXKAOoW TOYKM HMIOET C TEIJIOTO CTapTa OT IIOJIHOTO
pelleHus, MO3TOMY ONWH MPOXOM cuuTaeTcsa OvIcTpo. Ha odyeHb Goybinux BhIOOpPKaxX yMeHbIIAUTe

YHUCJIO IIPOBEPsAEMEBIX TOYEK.

Ecnu maHHBIE CTYIIeHB HEPaBHOMEPHO, 3amaiTe Heobsi3aTelIbHOe MoJjie BeCOB Wt U3 HHCTPyMeHTa
1.01 exnmacrepu3sanusi. Metpuku ME, MAE, RMSE, MSDR u R Torga cuutamTCsa B3BEIIEHHO, 1
IUIOTHHIYM KyCT CKBakKVH He JOMUHUDYET B OlleHKe KadecTBa. CaMa o1leHKa leave-one-out mpu 5ToM
He MEHSETCS, B3BEIIIUBAETCS TOIhKO CBOOKA.

1.09 IIpuMmep CKBazKHuH (OeMo0)

HucTpyMeHT «IIpuMep CKBaKUH (AeM0)» GOpMUPYET TOYEYHEIN CJI0U CO CIIyYauHBIMM KOOPOUHATaMU
U TpeMs CTPYKTYPHUPOBAHHBLIMM IOJITMHU: abCOIOTHAs OTMETKa KPOBNU IiacTa (roof), MOIIHOCTH
(thick) u cogepxkanue abcTpakTHOr0 KOMIOHeHTa X (%). [Juama30Hbl KPOBJIM M MOITHOCTH 3aaHbl
1o o6pa31y npomeinieHHoro mnacta (Kpll). MHCTpyMeHT mpeqHa3HaveH Oy 00y4YeHus U IIPOBEePKHU

KPUTHHIQ, U30IUHUUN U KpPOCC-BaJIugalinun oe3 PealIbHBIX JaHHBIX.

[TapameTpsr:

[TapameTp

YTo 3amaéeT

[To ymom49aHuio / COBET

O6acTs (9KCTEHT)

KonuuecTBO CKBaxkuH
MuHMMYM / MAKCUMYM
3Ha4YeHusa X

I'magkocTh ([oJIsi oxBaTa)

KpoBmnsi, MOIITHOCTh: MUH/MaKC

(Jor.)

Hons warrera (Jor.)

o6aBUTL KaTeropuaabHOe
I10JIe MUHTHIIA

[Mo6aBuTH moJie Haopa

[TpsAMOYTOTPHUK TE€HEePaIuu
(o cnoro, XOJnCTYy,
KOOpOHUHATaMM, PECOBAHUEM).
CKOIBKO TOYEK CO3TaTh.
[Irama30H comepKaHus
KOMITOHEHTA.

Paguyc xoppensanuu Kak OoId
oxBaTa: 00JIbIIIe - KPYIIHEe
IISATHa».

Iuamna3ousl monew roof u thick.

Hons pucnepcuu Ha
KOPOTKOMAaCIITaOHBIN IITyM:
OoblIle - HuXe
IIPEeCKa3yeMOCThb.

[Tone mintype (CUIBBUHUT,
3aMelleHue) Oiis
MHOUKATOPHOTO KPUTHUHTA.
[Tone head ¢ pervoHanbHBEIM
VKJIOHOM [JIsl TpafueHTa
IIOTOKA.

53

300

0/50
0.15
Kak y Kpll
0.35

BEIKIJI.

BBIKIJI.



[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

HoGaButs nonsa K u T u Hanop Hamnop u nor-sopmanbsHeie K BBIKIJI.
(M/cyT) u T = K-MOIIHOCTSD /I
yoenbHOTO pacxopa ([dapcu).

3epno I'CY ([or.) Bocmnpou3sBonuMocCTh 0
resgepanuu. 0 = ciaydainHo.
CxkBaxuHH (4eMo) BEIXOOHOU TOYEYHEIN CIIOH. -
[ToBepxHOCTH Opelida (pacTp) BxrtounTe BEIBO[ - IOJIyUYHUTE BBHIKJI. (IIPOIIyILEH)
+ momne dz pacTp s u none dz s

BHeIITHeTo apetida.

ITpu 3anmycke B 2KypHan BEIBOOUTCS CTapTOoBas BapuorpaMMa (CyMMAapHBIM CUJUI = OUCIIEPCUU
OaHHEBEIX, HarreT, papmyc). CreHepupoBaHHBIE [OaHHBIE HMEIOT BOCCTAHOBUMYIO BapuOTrpaMMYy,
IIO3TOMY Ha HUX YOOOHO OCBOUTBL BECH IIUKI: ITOCTPOUTH rpuf B «2D Kriging», 3aTeM U30JIMHUH, U
IIPOBEPUTH IIapaMeTpPhl KPOCC-Balumalmnei.

[lBe TajmKu ¥ OTHEJIbHBEIM BHIBOL HOOABISIOT HeOOs3aTesibHble MOJIA [OjIs OOYUYeHUS CMEeXHBIX
WHCTPYMEHTOB. [100aBUTHh KaTeropuajlbHOE€ IIOJIE MHUHTHIA [aéT Ioje mintype ¢ ¢doHOM
CUJIbBUHUTA M O4YaraMM 3aMeIleHUs OJIS KaTerOpHalbHOTO WHOWKATOPHOTO KpuruHra. [1o6aBHTH
noJjIie Hamopa [aeT mnone head c BEIpaKeHHBIM PETMOHAILHBIM YKIIOHOM [ THOPABINYECKOTO
rpagueHTa: Kkpuryete head, nogaéTe pacTp B MHCTPYMEHT IOTOKA, ¥ CTPEJIKU UAYT BHU3 II0 CKJIOHY
Harmopa. BKmo4éHHEIN BBEIBOL IIOBEepPXHOCTH Operda CTPOUT OTHAEIbHBIM PACTPOM TJIAfKYIO
CTOPOHHIOIO ITIOBEPXHOCTH S, U3BECTHYIO BCIOAY, U HobOaBiseT moje dz, THHEeNUHO C Hell CBI3aHHOE.
Ha aTol mape ocBaWBalOT KPUTHUHT C BHEITHUM OpelidoM: Kpuryete dz ¢ pacTpoM S Kak OpendoM u
CpaBHHUBaeTe C OOBYHBIM KpuruHroM dz 6e3 ppetida. Eciu BEIBOL MOBEPXHOCTH IIPONIYIIEH, moie dz
He mobaBisieTcs. ['anka [JoGaButh mosasi K u T u Hamop reHepupyeT HAIop U JOr-HOPMAaJIbHEIE
nons K (koadduument unbrpanmu, pasbpoc Ha MOPSOKHA, KaK B peaJjibHBIX OTKaykax) m T =
K-momguocts. Ha Hux ocBamBaroT ymenbHEIU pacxon mmo apcu: kpuryete K u T B «2D Kriging»
¢ npeobpa3oBaHueM In (unm BpydYHYIO MO ln), IJIIOC HAMoOp, ¥ MOOAETE PACTPHl B «YOEIbHBIN
pacxon».

ITonsa pe3dynbrara:

ITone Tun YTOo comepXKUT

well TEKCT HoMmep ckBaxkuHEH, GopMaT
SK-0001.

roof YHUCII0 AGcomoTHAs OTMEeTKa KPOBJIH
miacTa, M.

thick YUCJII0 MoIHOCTE I1acTa, M.

X YHUCIIO CopepzxkaHue aOCTPaAKTHOTO
KOMIIOHEHTa, %.

head YUCIIO Hamop (mbe3oMeTpuYecKui

ypoBeHb), M. C rajkoi Haropa
uny rankon Ku T.

K YUCIIO KospdpunuenT punprpanun,
M/cyT (JIOT-HOpPMaiabHO).
Tonpko c rankou Ku T.

T YUCII0 BomompoBogumocTts T =
K-momuocTs, M2/cyT. TONIBKO C
rankou Ku T.

mintype TEKCT MuHepanabHBIN TUIL
(CMIBBMHUT, YaCTUYHOE
3aMelleHne, KaMeHHasl COJib).
TONBKO C raJIkO¥ MUHTHIIA.
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ITone Tun YT0 comepXuT

dz 4UCII0 3HauyeHUe, INHENHO CBSI3aHHOE
C TIOBEPXHOCTHIO Apeida.
TonbKO TP BKIIIOYEHHOM
BHIBOJIE TIOBEPXHOCTH Opetida.

ITonHEIM HmepeuYeHb I10JIel BHIXOOHBIX CJI0EB - B npuiaoxkeHur CKBaxKuUHBI (IemMo) (pasmen «Iloms
OeMO-CJIOEB» B KOHIIe PYKOBOACTBA).

1.10 ITpuMep reodpu3nyeckux npodmwien (memo)

UHCTPYMEHT CO3MAET TOYEYHBIN CIOM reodusmueckux mpodusiei s o0ydeHus U MPOBEpPKH 0e3
peanbHBIX HaHHEIX. CTPOSITCS HECKOJIBKO ITapajUleIbHEIX Ipoduiel ¢ nuketaMu. [IpegycMoTpeHo
IOBa peXxuMa.

JnekTpopa3Benka. Boons nmpodunel 3afadbl KaxKyllleecs conpoTuBnenue pk (OM M), moTeHIam
ectectBeHHOro mons EIl (MB) u Bmi3BanHas nonsapusauus BII (MB/B). B pmanrble 3amoxkeHa
HU3KOOMHas aHOMaJIus - OOBOOHEHHA UJIU 3aMelll€éHHas 30Ha. B Hell pK IpoBamBaeTCsa ¢ POHOBEIX
mecsaTkoB OM'M pmo emunul, a EIl maér oTpuUaTeNnbHBEIM MHUHUMYM. Takoe IOBeleHME OTBedYaeT
IIPOMBICIIOBOM IIPAKTUKe: HAVUMEHBIINE COIPOTUBIEHUS XapaKTEPHHI [/ OCAAOYHBIX IOPOL,
TOTHA KakK COJIb, TUIIC U aHTUAPUT, Hao00pPOT, BRICOKOOMHBI, @ OOBOOHEHUWE M 3acCOJIeHWE YBOOSAT
COTIPOTUBJIEHUE BHU3. AHOMAJIU 3afaHa KOMIIaKTHBIM IISITHOM, a He II0JIOCO#M, IM03TOMY IpPOoQUIn
He CUHXPOHHEI, ¥ IIPU UHTEPIIOIAIINY BUOEH JIOKaJIbHBIM OYar, a He CIJIOIIHAS JIeHTa.

OcemaHusi (Myjabaa). 3HaYeHUe - ocefanue (MM) B BUIe MYJIbObl COBUKEHUS Hajd OTPabOTaHHOM
IJIOIIAIbIO, IT0 HECKOJIPKUM TypaM HabogeHni. Mynnbaa yrioyoasieTcst OT Typa K TYPy ¥ OTpaHUYeHa
10 MOAYJIIO ABYMS MeTpaMu. 3HaK eOUHEBIN: BHU3 (OTpUIIATENbHOE) UIU BeJIMYUHA (II0JIOKUTEIILHOE),
mo BeIOOPY. ITo KpasiM CTPOTO HYJH - B CTOPOHE OT OTPabOTKU ocemaHus HeT. [Io ogHUM ImUKeTaM
MOZKHO IIOCUHUTATh Pa3HOCTh settle Mexxny TypaMu ¥ ITOMy4YUTh CKOPOCTb OCENaHUsI.

Pa6ouwnii 1IMKJI TTOBTOPsieT ocHOBHOU: moyie rho k (unu settle) nHTEepnonupyeTCcsa HHCTPYMEHTOM
1.02 2D Kriging mn60 MUHUMaIbHONW KPUBU3HOM, MO TPUAY CTPOSTCS U30JIUHUU UHCTPYMEHTOM
1.04, u aHoManusi OKOHTypuBaeTcsd. [lojle Sp MOXKHO HWHTEPIIOJIUPOBaATh TaK K€ U CPaBHUTH
muaumMyM EIT c npoBanoM pk. ITone rho_true (unu settle_true) - 3anoxkeHHoe 3HaYeHUe 6e3 1IyMa,
3TaJIOH OJI IPOBEPKU TOYHOCTYU MHTEPIIOJISAIINH.

Kle"KHl" HJIN MHHHMAJ/IbHAsI KPDUHBHU3HA

Teodpusnueckue IPOPUIHN - XapaKTePHLIH CiIy4dall, roe BEIOOp MeToma MHTEPIIOJSIINY BaxkHee ero
HAcTpoMKu. [laHHBIE MJIOTHBIE BOOJIb TpodunIel U pa3pexkeHHbe MeXAy HUMHU, a caMa BeJIMYuHa
(commpoTuBIIeHNEe, IOTEHITHAI) GU3NUECKHU TIafKas U HellpephiBHA.

KpurvHr BepHO OTpazkaeT HEPaBHOMEPHOCThL CeTU: 6€3 HACTPOWKU aHU3OTPOIIUU BapUOTPAMMBI
OH TSHET CTPYKTYPY BOOJb JIMHMHM CBLEMKU, W IIOJie pacllaflaeTCA Ha IOJIOCH BOOJb ITUKETOB.
MunuManbHasd kKpuBu3Ha (1.03) HaBga3bBaeT GU3MUYECKM OCMBICJIEHHYIO TJIaOKOCTb M CIIWBaET
pa3po3HeHHbIe TPOGUIH B CBI3HYIO IOBEPXHOCTD, IO3TOMY AT IPODUITLHON CHEMKU U ITOTEHITUATLHEIX
rmojey OHa OOBIYHO IIPeAnoYTHUTEeNnbHee. To XKe CIpaBemiMBO U [Jid IOons SP: MuHuUMyM EII
[IPOSIBNISIETCS IIeJIbHEIM TEJIOM, a He CToI0llaMu. flpdye Bcero 3To BUIHO Ha OCeNaHUSX: MyJbOa
CIBUXKEHUS - KOMIIaKTHasI OCECUMMEeTpPHUYHas BOPOHKA, U KPUTHHT PacKaTHIBAET €€ B JIEHTY BOOJIb
npodunen, Torga KaKk MUHUMaJbHasgd KPUBU3HA BOCCTAHABIMBAET Yallly C YETKUM IIEHTPOM.

I[IpakTuyecKui BHIBOA: MO C mOpoduinel CcTpoiTe MUHMMAILHOW KpPUBU3HON, a KPUTHUHT
HpI/IMeHS{ﬂTG, KOr'la HaCTPO€Ha aHU30TPOIINA BaPUOIPaMMEI 110 reOMETPHUIO CETH.

O6nacThk 3aHaéTCsT 9KCTEHTOM. PexXuM, [uana3oHbl, YHUCJI0 TYPOB M OTMETKY TTOBEPXHOCTH MOXKHO
M3MEHUTH B pasfesie [1ONMOITHUTEIHHO.
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

O671acTs (3KCTEHT)

FpaHI/II_IbI reHepanuu.

Pexum JJeKTpopa3BenKa Uiun JJeKTpopa3BedKa
ocemaHUs.
Ywucrno npodune CKOMIBKO ITapainelbHbIX 4
npodunen.
[ITar MuKeTOB, M Pacctosanue mexnay nuketamu. 20
®onoBOE pK, OM M ([or1.) ComnpoTuBIeHUE BHE 60
aHOMaJIuH.
MunuManbHoe pK, OM-M (Jor.) CoIpoTHUBJIEHNE B IIeHTPE 10
mnsiTHA.
Awvmiutyna EIT, MB (Hor.) I'ny6buna muaumyma ETI, -100

0OBIYHO MeHbIIe 0.

Awvnnutyna BIT, MB/B (Horr.) BricoTa anomanuu BII. 15

[Iym px ([dot.) Ions pasbpoca B 0.06
jor-macimrabe.

MakcuManbHOE OceJjaHue, MM I'myOuHa MymnbOhH B mociuemaem 400

(Jot.) Type.

Yucno Typos ([orm.) CKOJIbKO LIUKJIOB OJISI pexXumMa 2
OCelaHuH.

3HakK ocemauuda (Iom.) Buu3 (oTpullaTenbHOE) UITU Buus
BeJIM4YMHA (IOJI0XUTEIbHOe).

OtmMmeTka: 6a3a u amriuTyga, M [lnaBHBIN penbed 1201 15

(Oor.)

leodpusnyeckue npodunu

[TOBEPXHOCTH.
C10# To4eK C IIOJISIMHU. -

IMons anekTpopa3Benku: profile (Homep npoduns), picket_m (muket B MeTpax OT Haudasia Ipoduis),
pk (metka ITK, manpumep I1K5+20), z (otmeTKa noBepxHoctyu, M), rho_k (px, Om-Mm), rho_true (px
6e3 myma), sp (EII, mB), vp (BII, mB/B).

INons ocemauuii: profile, picket_m, pk, tour (Homep Typa), z (0TMeTKa, M), settle (ocemanue, Mm),
settle_true (ocemanue 6e3 1myma).

Tomorpadus: peabed U3 OTKPBITHIX TaHHBIX

I'pynna «2. Tomorpadgmusi» oTBedYaeT Ha YaCThIM 3alpoC: MaKCHMaJbHO KadeCTBEHHas MOMeslb
penbeda M3 OTKPHITHIX MAaHHBIX U3 KOpPoOKu. ITapamubiil Bxof - 3arpy3uuk LIMP mo pamMke, K HEMY
BEeKTOpHas TonoocHoBa u3 OpenStreetMap, sapo Topo2Raster s mocTpoeHus penbeda U3 TOUEK
Y U30JIMHUM, U IOJIHHEIY TUAPOJIOTUUYECKUY HaOOop: 3allojIHeHNe TOHUXKEHUM, CTOK U aKKyMYJISIINS,
peuHasi ceTh, 6aCCeWHE, YKJIOH C 9KCIIO3UIINEeN U BePITUHLL. Bes aHanuTuKa Ha ynctoM NumPy, 6e3
GRASS, SAGA u BHEIIHUX MOOYJIEN.

Psamom crout rpynmna «2. Tomorpadusi: tfHarHOCTHKA U IpaBKa». B He€ BEIHECEHBI HHCTPYMEHTHI
ITPOBEPKU T'OTOBOTO penbeda: pa3gesieHHe TOpPU3OHTaned Ha Habophl, HeBsi3Ka IpoTuB LIMP u
MMOUCK TeppacuHra. OTaenbHasd rpyIla Hy2KHa IIOTOMY, YTO IOATpyHn B Processing HeT, a mep¥KaTh
IIPOBEPKY BHYTPHU paboduell MeIIOYKKU HEeyOOOHO: OHA pa3pHIBaeT II0CJIe0BATEILHOCTD IIOCTPOEHUS.
HyMepaiusa HHCTPYMEHTOB IIPU 3TOM CKBO3Has C ToIorpaduei.

Bce BBEIXOMHBIE CJIOM T'PYIIITEI CKIIaAbIBal0TCs B rpynny Tomorpadusi nepeBa Ci1oés, 4TOOL HE TOHYTh
cpenu pabouyux CI0EB MpoeKTa. MHCTPYMEHTHI TPYIIIIEI CTHIKYIOTCS OPYT C ApyroM. 3arpy3uuk 2.01
OTHAET roToByI0 MeTpudeckyio LIMP, koTopas 63 BCIKUX MaHUNYISHUM ugeT B usonuuuu (1.04)
u B mM00O0M pacyéT rpynmbl. Bomotoku u3 2.02 u peuHas ceTh u3 2.06 momxoOsT TajibBEraMH B
Topo2Raster (2.03) KaK ecTb, IOTOMY YTO UX BEPIIUHEI UOYT BHU3 II0 TEYEHUIO.

ITonHBIM TIepedYeHb MOJIEM BHIXOOHBIX CJIOEB - B mIpuiioxkeHuu IIpodunau 3nekTpopa3Beaku [
IIpodunu ocemanui (pasmen «I1oJst eMO-CII0EB» B KOHIIE PYKOBOZCTBA).
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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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2. Tomorpadpus

2.01 3arpy3ka IIMP o pamke

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

(YKpYIIHEHHEBIH IIIaT 110 MOATroTe) oOpabaTHBaeTCsd aBTOMATHYECKH.

[TapameTp

YTo 3amaéT

[To ymomgaHUIio / COBET

HcTouHuK penbeda

Pamka 3arpy3ku

IleneBas CK

Pa3mep suelriku, M

Crnaouth penbed (FPDEMS)

T'ugponoruvyeckasi KOPPeKIUs

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

CrnaxxuBaHHUe: YUCIIO
OIpoxXomoB (mor1r.)

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

[Tpepen yucnaa IIUTOK 1x1

rpapyc (mor.)
LIMP (Mmetpuueckast CK)

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

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

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

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

GLO-30

IIyCTO

30

BBIKIJI.

BKII.

11

15

0.001

25

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

y4aCTKOB pPa3HHIA MaJia.

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

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

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

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

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

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

2.02 3arpy3kKa TOIOOCHOBHEI II0 paMKe

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

[TapameTtp Yro 3amaér ITo ymon4aHuIo / COBET

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

pexer.

[Ipemen nnomagu paMKy, KB. CTtpaxoBKa OT Ype3MepPHOI0 0.5

TpamgycoB 3ampoca.

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

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

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

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

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

e OOpPBIBEI M HACKIIH - INHUK pa3pbiBa penbeda misg 2.03.

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

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

2.03 Topo2Raster (penbed U3 BEKTOPOB)

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

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

TouKku BBICOT

ITomne BBICOTHI TOYEK
H3onmuuun

ITomne BLICOTHI U30JIMHUU
TanbpBeru (BHU3 II0 TEYEHUIO)

OOpHIBH (Gapbephl
CTJIaXKUBaHU )

Bec u3amMepeHHBIX OTMETOK
(mor.)

Bepx ¢popm, Huz popm

[Torne cBs13u POPMEL

[Torne oTMeTKH CTOPOH HopM
(morm.)

OyHKINS GOPMEI TIOIIEPEK
(mor.)

O3épa u ype3 BOTbI
ITone oTmMeTKH ype3a

OxBart

Pasmep ssueliku, M
3anoJTHUTh TOHUXKEHUS B
uToTe

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

Cnoit oTMeTOK (HampuMmep,
BepmuHE 2.09).

ATpubyTt Z y TO4eK.

Crnolt ropu30HTAasNekn
(ouudposka nnaHa unu 1.04
o LIMP).

ATpulbyT YPOBHS Y U30JIUHUH.
JIuHUYM peK, BePUInHBL

HanpasieHsl BHU3. CeTs 2.06 u

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

o poBaHHOM TOPHU3OHTAIIH.
1 = Kak paHbiIe.

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

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

JIluHelHasa - IPOEKTHEIM OTKOC,

IIJIaBHAS - CKPYyTJIeHUE ¥
KPOMOK.

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

Pamka BrIxogma. IlycTo = 1o
BXOOHBIM CJIOSIM.

[Ilar BEIXOOHOTO TpHUAa.
l'upgporioruyeckast KOppeKuus
pe3ynbTarTa.

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

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

link

JIUHeNHas

IIyCTO

MIyCTO

30
BKIL.

60

0.01

0.001

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

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

Kaxmerii THII BXoOa paboTaeT CBOMM OTpPaHUYEHHEM:

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

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

* TanbBeru - IIPUHYOUTENbHOE MOHOTOHHOE MajeH’e BHU3 110 TeYeHHI0. BepIIuHBl TUHUU
OONXKHBI MATU BHU3 MO0 TeueHMuIo: BogoTokKu OSM (2.02) u peyHas ceTb (2.06) moaxomsaT Kak

60



ecTb. MUHUMAaNLHOE NTafleHNe Ha S4YelKy 3afaéeTcsa B [1OMOITHUTEIBHO.

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

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

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

BT
s Y

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

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

TpéxMepHBbIEe TaJIbBEru

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

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

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

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

HOBerHOCTL MeXKNny CTPYKTYPHBIMH JIMHUSAMH

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

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

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

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

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

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

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

I'panua 00/1aCTH NOCTPOEHUST

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

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

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

2.04 TToagroroBKa peiabeda

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

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

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

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

(mot.) arpeccUBHee.

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

I[TogrotoBnenHas LIMP BrixomHot pacTp float32. -

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

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

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

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

— ucxonHasa LUMP

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

200 A

190 T

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

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

2.05 CtoK M akkymyiasanusa (D8)

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

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

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

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

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

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

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

[TapameTp YTo 3amaét

Bxomxas LIMP

ITo ymonm4gaHnuio / COBET

PacTp penbeda. -
1000

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

3anoHUTL IOHUXKEHUS Iepen  ['upapororuyeckas KOppeKUus  BKIIL

pacuéTom IO TPACCUPOBKHU.

Epsilon yknona npu MuHMManbHEHA YKJIOH Ha 0.001

3aloJHeHuu, M (JoII.)
Peunas cetp

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

10 TEYEHMUIO.

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

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

KadecTBa [ IMP.

2.07 BaccedHBI H BOIOpPa3e/ibl

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

[TapameTp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

Bxoguas LIMP
Touku 3aMBIKAHUS

[Topor akKKyMyIsIITUU YCThSI,
siyeeKk

3aIlloMHUTD MOHUXKEHUS ITepeqn
pacuyéTtom

Paguyc nIpuTaKKU TOYEK, M
(mom.)

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

Baccelinbl (pacTp METOK)

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

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

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

BEIXOoq: MOJTUTOHEI C TIOJIIMHU
basin, area m2.

Brrxon: pacTp 1eno4mCciIeHHBIX
MeTOK 6acCelHOB.

IIyCTO

1000

BKII.

150

0.001

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

Ionst BRIXOma: basin - HOMED OacceliHa, area_m2 - IJIOIIaOb IIO YHUCIIy A4YeeK. HOIOIHUTEIBEHO
MOZKHO 3aIlMCaTh PACTp METOK. PasmeTka upér IIPBI2ZKKaMHN YKa3aTeJ'I(3171 II0 rpa(by CTOKa, IIO3TOMY
Oazxe OJINHHBIE N3BUJIMCTEIE BOJIOC60pr CUUTAIOTCSA 3a OOJIXM CEKYH[OHI.

IMonss uCXOOHOTO OOBEKTa IIEPEHOCSTCS B BHIXOM: BHIOEPUTE HYXKHBIE B HOIOJTHUTEIHLHBIX
mmapaMeTpax, ¥ B BomocOope IOSBATCS Ha3BaHHE PEKH, HOMEpP CTBOpa MM YTO TaM ecTh. bes
9TOT0 B BHIXO[IE€ OCTAETCSI TOIIBKO HOMEP, U Yeli 3TO BogocOOp, IPUXOOUTCS UCKATh B HCXOTHOM CJIO€.
IIpu coBnameHUNW UMEHHU K IIPUIIeRNIeMy 107110 fo6aBisieTcss mpeduKc Src .

2.08 YKJIOH B 3KCIO3HUIIHUSA

VkioH B rpagycax u skKcmo3unms mo saapy Horn 3x3, kak B gdaldem. 3kcmo3uius - a3suMyT
HaIlpaBJIEHUs CIIyCKa B I'pajiycax OT ceBepa II0 4acoBoi cTpesike: ceBep 0, BocTok 90. ¥V mmockux
siyeeK 9KCIIO3UIHNS paBHa -1, 4TOOB He IIyTaTh €€ C ceBepHOM. Adelikm nodata m ux cocemm
nosny4aioT nodata: sapo 3X3 depe3 OBIPH HE CUUTAETCH.

[TapameTp YTo 3amaét ITo ymonmganuio / COBET
Bxopguas LIMP PacTp penbeda. -
Vki10H, rpagycsl Breixon: pactp yknoHa (Horn -
3x3, kak gdaldem).
DKCIO3ULMS, TPagyCHl Brixop: a3uMyT CIIyCKa, -

IJIOCKHE y4acTKu = -1.

350
“ 5
300
6
250
5
200
-4
L3 150
- —
L 100
- - 2
e/ B ”
= 0

Puc. 20: YkioH (creBa) u 3kcrno3uliud (cupaBa) gemMo-penbeda. LIuknnyeckas manmuTpa 9KCIO3ULNU
cumBaeT 0 1 360 rpagycos.

2.09 BeplIuHbI U SIMbI

Haxogut BEPIINHEBI: SAYENKU, caMble BBICOKHE B KBAaIpPaTHOM OKHE€ 3a0aHHOI'O paanmycCa, C
IIPEBHIIIIEHEM Had MUHHUMYMOM OKHA HE€ MEHLbIIe ITopora.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Bxomxas LIMP
Pagmyc okHa, M

PacTp penveda. -
I[TogaBneHMEe BTOPOCTEIIEHHBIX 500
BEpPILIMH B 3TOM paguyce.

Otcekaet Menkue Oyrpel Huxke 20
IIopora Hall OKPYKEeHUEM.

BEBIXO[I: TOYKY C IIOJISIMHU Z, -
drop. JIekapcTBO [/t MaKyIlleK
BHIIIIE TIOCJIEOHEN 3aMKHYTOU
TOPU30HTAIIH.

MuHUMAaIbHOE IIPEeBHIIIIEHNUE, M

BepmuHb (TOYKHM)

IlBa ¢unpTpa pabotaroT B mape. Pagmyc OKHa OTCEKaeT BTOPOCTENEHHBIE MAaKYIIKW PSIOOM C
TJIaBHOM: U3 OBYX BePIINH OJIMKe paguyca ocTaéTcs 6oee BEICOKasi. MHUHMMAaIbHOE IIPEBHIIIEHUE
OTCeKaeT KOUYKM Ha PaBHUHE: JIOKAJIbHEIM MaKCUMYM, IOTHUMAIOIIUHICS Hall OKPECTHOCTHIO Ha MEeTp,
BEPIIMHOMN He cuuTaeTcs. [IJTOCKMe MaKyIIKM JAi0T OOHY BEPIIUHY, a He POCCHITb.

Ilonst BBEIXOmA: Z - BhICOTA, drop - IIPEBHIIEHWE Had MHUHUMyMOM OKHa. Clo¥ CpaBHHMBAETCS C
BepmuHaMu OSM wu3 2.02: coBnameHue OTMeTOK ele ¢ BbicoTamMu IIMP - emé omHa OnicTpas
ITPOBEPKA MaHHBIX.

2.10 demo-penbed

CHy}Ke6HLIfI reHepaTop: CUHTETUYECKUN penbe(b 13 HAKJIOHHOU PAaBHHHEI, XOJIMOB U U3BUJIUCTOU
OOJIMHBI C IIOCTOAHHBIM IIaJE€HUEM. Penbe(b OETEPMUHUPOBAH II0 3€PHY, ME2KYy XOJIMaMKX OCO3HAHHO
OCTalOTC4 JIOKaJIbHBIE ITOHMUXKEHUI, 4YTOOBI WHCTPYMEHTY 3allOJIHEHUA OBIJIO YTO TOKA3EIBAThL. Bce

WJIJTIOCTPAIIUU 3TOU T'JIaBhl IOCTPOEHBI HA HEM.

[TapameTp Yrto 3amaér ITo ymomyaunuto / cCoOBeT

[MlupuHa, sTdeek Pa3smep memo-rpuga mo X. 300

BricoTa, sidueek Pasmep memMo-rpupa 1o Y. 300

Pazmep sueliku, m [Tar memo-rpuga. 30

3epHO reHepaTopa BocnipoussooumMocTh 42
ciaydyaWHoro penbeda.

CK BrIXOma (MeTpu4ueckas) CucremMa KoopauHaT EPSG:32640
IeMo-pacTpa.

KomMmnakTHbIl intl6 (morr.) ILlenounciaeHHBIN BLIXOM OIS BBIKII.
IIOCTaABKH [EeMO.

IDemo-penbed BrixogHOU pacTp. -

Touku CTBOPOB (HEMO) Tpu TOYKM y TAIbBETOB O co3maéTcsa
UHCTpyMeHTa 2.15.

Tpacch KaHaB (IeMo) I[IBe moMaHbIe IIOTIEPEK co3maéTcs
TaabBETOB OJISI UHCTPYMEHTA
2.16.

o miIolany non 001acTh Pasmep o6macTu mom 0.4

pabort (morm.) IIPOEKTHYIO IJIOIIafKYy.

COBUT OTMETKHU MJIOIAIKM, M YBomuT 6anmaHC B IIPUBO3HOM 0

(mom.) WU BEIBO3HOU I'PYHT.

[IpoekTHas ITOBEPXHOCTD [Tapa k penbedy Ois BEIKJI.

(memo) HHCTpyMeHTa 2.18.

YyuacTku paboT (gemo) Tpu monuroHa ays pa30uBKU BBIKII.

BegomocTu 2.18.

UHCTPYMEHT CyIIIECTBYET OJIsI IPUMEPOB PYKOBOACTBA, TECTOB U PaboThl 6e3 ceTu. 2KuBLIe maHHBIE
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maér 2.01. ®Onaxoxk KoMmakTHbIM intl6 oTmaéT pacTp B IedbIX MeTpax OJisi MOCTABKH IEeMO-
¢dparmeHTOB.

ITapa moBepxHOCTEH Jisi 00HLEMOB

IIBa BRIXOZa, IO YMOJIYAHUIO BEIKJTIOYEHHEBIX, JAlOT TOTOBYIO napy Ojsa nacTtpyMeHTa 2.18 Haceinm
H BBbIEMKH: IIPDOEKTHYIO IIJIOINAOKYy N IIOJIMTOHBEI Y4aCTKOB pa60T. HJ’[OHI&JIK& T'OPU3O0OHTaJIbHasd,
cHapyxku obmacTu paboT 0CTAETCsI HAaTypPanIbHBIN penbed.

OtmMmeTKa mIomIanky 6epeTca cpemHUM penbeda BHYTPU 00J1aCTH, ¥ 3TO He BKYCOBIIIMHA, & TOYHBIN
orBeT. OOBEM e€CTh CyMMa pa3HOCTeM, YMHOXKEHHAas Ha IUIOIanb SYeWKM, U HEeTTO obpalmaeTrcs
B HOJIb POBHO TOTHa, KOTrJa OTMEeTKa paBHa CpefHeMy. MenuaHa [OeNUT MOIONIaM S4YeUKU, a He
KyOoMeTpHI, 1 0ajlaHC IIPU HeM He cxomurtcs. [loaToMy AeMo cpal3y maéT colemuuuics OanaHC, a
COBUT OTMETKH B ONOIIOJIHUTEJIBHEIX IIapaMeTpPaX YBOOUT €TI0 B HpI/IB03H0ﬁ WJIN BHIBO3HOM T'PDYHT: BC€e
TpU BepoukTa 2.18 npoBeps0TCsa B OBa IIPOTrOHA.

BmecTe ¢ penbedoM BBIOAIOTCS TPU OEMO-TOYKH CTBOPOB M OBE MEMO-TPACCH KaHaB: HaropHas
KaHaBa BHIIIIE CAMOTO CHJIPHOTO TaJlbBETa ¥ KIOBET HMXKE II0 CKJIOHY, 00e JIOMaHBIE C H3JIOMOM,
yTOOBl TPOBEPSIIACh M pacTepu3allns TPAcCH C MOBOPOTOM. OHM CTaBSITCS yV CaMbIX CHITBHBIX
TaJILBET0B, Pa3HECEHHLIX MO0 TPHUOY, W HAPOYHO COBUTAIOTCS Ha HECKOILKO SYeeK B CTOPOHY OT
BOIOTOKA: TaK BUOHO, KaK MPUTAXKKA B UHCTpyMeHTe 2.15 Bo3BpalllaeT CTBOP Ha BOOOTOK. TOuKu
OeTePMUHUPOBAHH TEM Ke 3ePHOM, YTO U penbed.

OBpaxkHOo-0a/T04YHasI CeTh

®maxoxk OBpaxKHO-0a/I0OYHAsI CeTh Bpe3aeT B pejbed TalabBern C KPYTHIMH OopTaMu u
OTBEpPIIKaMM, BXOOSIIMMHU IOL OCTPBIM yrjiioM. Bpez yrmy6isieTcd BHH3 OO0 TEYEHHIO, KakK y
HACTOSIIIIEr0 OBpara: BepIlinHa MeJjiKasi, YCThe TIy6oKoe.

HyeH 3TOT peXuM [Jjid IPOBEPOUYHEIX HAaOOPOB. Y3KUM Bpe3 MeXAy COCeOHUMU IOPU30HTaIIMU
3TO caMoOe TSKEJI0e MeCTO AJis 000U UHTEePHOAIIUM: TOPU3OHTANIM €Tr0 IOUYTU He ONKCHBAIOT,
U NTOBEPXHOCTH, IIOCTPOEHHAA II0 HUM, cpe3aeT oBpar. Ha npodurne nomepék 3To BUOHO Cpasy, a
UHCTPYMeHTH 2.11 u 2.12 garmT 3TOMYy 4YHCIIO.

Kypa nmoxurcs neMo

Ecnu oxBaT He 3afiaH, IEeMO JIOKUTCS K CJIOSIM IIPOeKTa: UX OOIIHNI OXBAaT MPUBOAUTCS K BEIOPAHHOM
cucTeMe KOOpawHAT u OepéTcs 3a MeCcTO YKiIaAgKu. B mycToM mpoeKTe [eBaThbCsd HEKyha, U JAeMO
CO3MaéTCs B YCIIOBHOM MECTE, OHOM U TOM K€, YTOOBI MPHUMEPH PYKOBOACTBA BOCITPOU3BOOUIIHUCE.
B MecTHO¥ cucTeMe KOOPOWHAT, HANPUMEP PYTHUYHOM, YCIIOBHOE MECTO OKa3bIBAETCS HATIEKO OT
pabounx maHHBIX, IIO3TOMY B IIYCTOM IIPOEKTe 3amaBaiiTe mapaMerp Kyma HOJIOXKHTH (OXBar):
penbed JISAKET TyHa, a pa3Mep rpuaa IOCYUTAeTCsS OT OXBaTa M pa3Mepa STYerKu.

2. Tomorpadus: fMarHOCTHKAa H MpaBKa

2.11 Pa3geiuTh TOPU30OHTAIMN /IS IPOBEPKHU

HNHCTPYMEHT menuT HaOOp rOpu30HTAJIEH Ha OBa: 10 OMHOMY CTPOSIT pefibed, 10 BTOPOMY IIPOBEPSIOT
pe3ynbTaT. HyXKeH OH 3aTeM, 4TOOHI ITOMy4YUTh MUGPY, KOTOPYIO MOXKHO TPEIbIBUTS.

3adyeM pa3deaaTh

Co6a3H IIPOBEpPUTH penbed IMPOCT: B3SATh MCXOMHBIE TOPU3OHTAIM, CHSTH C IIOCTpoeHHOou LIMP
3HAYEeHUs B UX TOYKAX U IOCYMUTATh HEeBs3Ky. Lludpa BHIUOET XOpOIlasi, HO OHa U3MepPsieT He TO,
4TO KaxeTcsi. UHTEepPIOoNsITOP 3TU TOYKU BHUOEN, OHU OBIIM BXOOHBIMU HAaHHBIMM, ¥ BOCIPOU3BECTU
WX OH MOYTH 0053aH. ITO IPOBEPKA BOCIIPOU3BENEHHSI BX0a, @ He TOYHOCTHU IIpeICcKa3aHusl.
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HacTosmiasa IIPOBEPKa Tpe6yeT OAaHHBIX, KOTOPHBIX MOOEJIb HEe BHIOEJIa. HUx u CO3JIaéT 3TOT
WHCTPYMEHT.

HO‘IeMy aeJIMM II0 OTMeTKaM, a He II0 00BLeKTaM

YOpaTk U3 IIOCTPOEHUS OTHOEJIbHBIE 3BEHbSI OMHOMN TOPU30HTAIM OECCMBICIIEHHO: COCEIHUE 3BEHbS
TOTO K€ YPOBHS TOMCKaXyT OTBET, M IIPOBEPKa OKaXKeTCs 3aBHIIIEHHOH. [T03TOMY OTIOXEHHBIN
YPOBEHb HCUe3aeT IeJINKOM, CO BCEMU CBOMMH 3BEHbSIMU. BOCCTAHOBUTL €T0 HHTEPIIOISATOP MOXKET
TOJIFKO IO COCEOHUM YPOBHSIM, a 3TO M €CTh IIPefCcKa3aHue.

KpailiHre oTMeTKH Habopa BCerma OCTAlOTCs B IIOCTPOEHHU. 3a ImpemenaMu Habopa MHTEPIIOIATOP
9KCTPAIIOJIUPYET, ¥ HEBA3Ka TaM u3Mepsiia Obl He TO, pagu Yero IIpoBepKa 3aTeBasiach.
Y10 Ha BBIXOE

IIBa ciost, Topu30HTAIH I/Is1 HOCTPOEeHHUsI 11 I Opu30HTaIM AJisi mpoBepKH. O6a II0Iy4aloT II0Jie
hold: 0 gnst mocTpoenus:, 1 mis nmpoeepku. MHcTpymMeHT HeBsi3Ka ropu3onTasieud nporus IIMP
3TO 1OJIe Y3HAET caM M IledaTaeT [ABe IUGPHI OTAEIbHO, I0O3TOMY IIPOIIE ITOJaTh eMy 00beIUHEHHBIN
Habop, 4eM CUUTATh OBaKOHI.

PadouuH nMopsimok

Paspmenuth ropuloHTanu. Iloctpouth penbed 1m0 HAOGOPY O/ IIOCTPOEHUS, HAIPUMEDP uepe3
Topo2Raster. FI3aMepuTh HEBA3KY 0 060uM HabopaM cpa3y. CpaBHUTH ABe HUQPHL.

ITapaMeTpsbI

[TapameTp

YTto 3amaeT

[To ymom4aHuUIO / COBET

lopuzoHTanu (JIMHUM)
ITone oTmMeTKH

Hcxonublit Habop.
YuCIoBOE MOJie BEICOTHI
TOPU30HTAIIH.

OTknapeiBaTh KaXkayio N-1o [Ilar mpopeXXuBaHUS I10 4

OTMETKY YPOBHSAM. 4 03HaA4aeT, 4TO B
MIPOBEPKY YXOOUT MPUMEPHO
4eTBEePTh.

Cposur BeIOOpa ([or11.) CwmeliiaeT BEIOOP YPOBHEH, 0

4TOOHI TPOTHATH TPOBEPKY MO
Pa3HBIM OOMHOXKECTBAM.

2.12 HeBsi3Ka ropu3oHTa/ieu nporus IIMP

HHCTpYyMEHT uU3MepsieT, HACKOJIBKO IIOCTpoeHHas LIMP BOCIpPOM3BOOUT KWCXOOHBEIE TOPU30HTAJIU.
B Toukax BOomb TOpPuU30OHTanIu OepETCS 3HAUYEeHHEe pacTpa M CpPaBHUBAETCS C OTMETKOM caMou
ropusoHTanu. Hessizka nmonoxurenbHa TaM, roe LIMP nexxut Hu>Ke TOPU30HTATIN.

Kakue yucia BbIIaloTCs

CpenHee 3TO CMellleHUEe: HEHYJIEBOE O3HAYaeT, UTO IIOBEPXHOCTh B IIeJIOM CABMHYTA II0 BEICOTE.
CKO u RMSE »T0 pa3bpoc. MeguaHa MOOyJisg YCTOMYHBA K €OUHUYHLIM BHIOpOCAM, MakKCHUMYyM
IIOKa3bIBaeT XyAlllee MeCTO Ha IJIOIany.

OTHOenbHO CUUTAETCS AO0JIST TOYEK, IPOMaxXHYBIIUXCS 0O0JIbIle YeM Ha ITOJIOBUHY cedeHUs pesbeda.
OTO mpakTUYecKas BeJIMYMWHA: €C/JIM OHa 3aMeTHa, TOPU30HTallb, IPOBefEHHas o Takou LIMP,
BCTAHET He TaM, rae OblJla UCXOOHAs, ¥ KapTa MepecTaHeT COBIAJaTh caMa C coOOo.
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Ceuenune penbeda HHCTPYMEHT ONpemessieT 10 Habopy OTMEeTOK caM, KaK HauMEeHbIIYI0 Pa3HOCThb
MeXOy cocegHMMHU ypoBHSMU. Eciu Habop cobpaH W3 pa3HBIX HCTOYHHKOB, 3alaliTe CedyeHUe
BPYYHYIO.

IBe uudpsl BMECTO OTHOH

Ecnu B cnoe ecthb mose hold ot unctpymenrta 2.11, HeBsI3Ka CUNTAETCS OTOEIBHO IS IOCTPOCHUS U
OJIs1 TPOBEPKH, U B XKypPHAI YXOOsAT 06e CTPoKu. IlepBasi TOBOPUT, KaK MOJIe/Ib BOCIIPOU3BOIUT BXO,
BTOpas - KaK OHa IpefcKa3siBaeT. BTopas Bcerma xyKe IepBoO#, ¥ 9TO HOpMaJibHO. CMOTpeTh Hamo
Ha pa3phiB MEXIy HUMHU: €CITU OH BEJIMK, MOJeJjib XOPOIIIO 3alIOMHUHAET U TJI0X0 0000IaeT, TO eCTh
dbopma penreda MeROy TOPU30HTAJIIMUA BOCCTAHABIIMBAETCS HEBEPHO.

Be3s mons hold uHCTpyMeHT cuuTaeT OOHY IMOPY M HOpPeOyIpexkmaeT B XKypHalle, 4TO I3TO
BOCIIPOM3BEAEeHNE BXOfa.

OTtuéTr

HTML-0oT4é€T comepRUT Tabnuily uyucen mo HabopaMm, TUCTOTPAaMMy HEBSI30K C OTMEYEHHBIMU
TpaHUIIaMU B IIOJIOBUHY CeYeHWs, pa3bpoc CpemHel! HEBS3KH II0 OTMETKaM M KOPOTKuM pa3bop:
€CTh JIU CUCTEMATHUUeCKOe CMeIIleHNe, BeJIUK JI Pa30pOC OTHOCUTEIIFHO CEUEHU ST, 3aMeTHA JIU [OJIs
IIPOMAaxXO0B, €CTh JIM Pa3phIB MeXY BOCIIPOU3BeNeHUEM U IIpeCcKa3aHueM.

Pa3bpoc mo oTMeTKaM CTOUT CMOTPETh BHUMAaTenbHO. Eciu HeBs3Ka pacTET K BepIIMHAM UIU K
TanbBeraM, 3TO TOBOPUT O cpe3aHuu GopM, a He 0 CIydalHOM IIyMe.

CJ/104 TOUYEeK

BrimaéTcsti TOUeYHBIM CJIoM HEeBsI30K ¢ mojsiMu: fid_src (0OBEKT MCXOOHOM TOpPM30OHTasu), elev
(otmeTka), z_dem (3HauenHue L[IMP), resid u abs resid, hold. PackpaceTte ero mo resid
pacxopsieiicst IIKAIoW - U MeCTa, I'le MOBEPXHOCTh CUCTEMATUYECKM YXOOUT BHHU3 MJIM BBEPX,
BUOHBI Cpa3y, 0€3 BCSIKOM CTaTUCTUKMU.

ITapaMmeTpsI

[Tapametp Yrto 3amaéT ITo ymonyaHuIo / COBET

Cno#t c otMeTKaMu. 'oguTcs -
00beqUHEHHBIM HAaOOp C IojIeM
hold.

YucnoBoe Mmojie BICOTHI. -
PacTp, KOTOPLIH ITPOBEPSIEM.

l'opuzoHTanu (JIMHUM)

[Tone oTmeTKHU
IIMP (nmocTpoeHHLIN penbed)

Kanan IIMP (Horm.) Kanan pactpa. 1
[ITar ompo6oBaHus BIOIb 0 - TONBbKO BepIIUHEL. bombiiie 0
TOPU30HTAJHU Hyns mo0aBjsieT TOYKHU Ha
OJIMHHBIX TPSIMBIX y9aCTKax.
Bri6opka pacTtpa (Hor.) BunuHelHo UM 6IuXKanuImnm. OuIMHENHO
71 T7TagKoU MOBEPXHOCTU
TOYHee OUIITMHENHO.
Ceuenue penbeda ([o.) 0 - omrpenenuTh IO OTMETKaM. 0
Touku HEBSI30K BrIXOmHOM TOYEYHBIN CIIOH. co3maeTcs
OtuéT o HeBsizkax (HTML) Tab6mnuita, rucTorpaMMma, co3maéTcs

pazbop.

2.13 Iunarsocruka reppacunra IIMP

HWHCTPYMEHT HINET TePPACHUHT: XapaKTepHYI0 60je3Hb penibeda, TOCTPOEHHOTO 10 TOPU30HTATISIM.
CKJIOH MAET CTYIIeHsIMM, BO3Jie YPOBHSI TOPU30HTA/IU II0JIKA, MEX/AY YPOBHSIMHU pe3kuii copoc. Ha
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OTMEIBKE 3TO BHITJIIOUT KaK CBameOHBIN TOPT, Ha Npoduie Kak JeceHKa. YKIIOHE B TaKOM pelnbede
HEBEPHHI, @ PACYETHI CTOKA II0 HEMY PBYTCSI.

,]:[Ba HEe3aBHCHMBIX IIPU3HaAKa

BepTHKanbHAasA KPUBHU3HA 3TO BTOPAs IPOM3BOIHAS BIOJb CKIIOHA. Y CTYIIeHYATOMH ITOBEPXHOCTH
OHa HaéT BCIJIECKW Ha cOpocax ¥ IMOYTH HY/JIM Ha MONKaX, a BCS KapTWHA II0JI0CAMU MTOBTOPSIET
PHCYHOK Topu30HTasel. PacTp KpUBU3HBI BLITAETCS Ha BEIXOM, M TEPPACUHT Ha HEM BUMEH I'Ia3aMH,
0e3 BCSKOM CTAaTHUCTHUKH.

IIpuTsizkeHHEe OTMETOK K YPOBHSIM O3TO IIpsSIMasl IIpOBepKa [0 caMuM 3HadeHusM, 0e3
IIPOM3BOAHEIX. Y 3IOPOBOY IIOBEPXHOCTH OTMETKHM MEXIY COCEOHHMM YPOBHSIMH pacIlIpeneieHb
0ojiee-MeHee PAaBHOMEPHO, II09TOMY HOJIS si9eeK B Y3KOU I10JIOCE BOKPYT YPOBHS OM3Ka K MIMPUHE
9TOM TOJIOCH], M OTHOIIIEHNE BHIXOOUT OKOJIO €MUHUIIEL. Y TeppacUupPOBaHHOM ITOBEPXHOCTHU OTMETKU
JINTIHYT K YPOBHSIM, ¥ OTHOIIIEHUE PACTET.

YuTaeTrcs: oTHoOIIeHHue TakK. OKONIO eIUHUIIL - TPU3HAKOB HeT. [TonTopa - MoBO MOCMOTPETh PacTp
KPUBU3HEI T'JTa3aMu. [IBa U BEHIIIE - TEPPACUHT.

[lBa mpu3HaKa CTOUT CMOTPETh BMecTe. KprBr3Ha yOeuTenbHa BU3yalbHO, HO €€ BCIIIECKH OBIBAIOT
¥ OT HacTosux GopM penbeda, HampuMep OT OPOBOK. [IPUTAKEHNE K YPOBHSAM AAET YKUCIIO, HO HE
ITOKA3kIBAET, TTle UMEHHO HapylleHne. BMecTe OHM OTBEUYAIOT M HA BOIPOC «ECTh JIM», U Ha BOIIPOC
«roe».

Ceuenue penbeda

UnacTpyMeHT cunTaeT a3ly OTMETKH BHYTPHU CEUEHUS, II09TOMY cedeHUe eMy Heobxomumo. Ero
MOXKHO 3afiaTh BPYYHYIO WU IIOJATh CJIOM TOPH30HTajel: Torma 0epyTcs M ceueHue, W 6a3oBas
OTMeTKa OT peayibHOTro Habopa. BTopoi myTh Hafi€KHee, eC/IM OTMETKH He HaUYWHAIOTCS OT KPYTJIOTO
Yucna.

IInnocKkue y4acTKH B CYET HE HAYT

SyelKu C OKOJIOHYIEBBIM YKJIOHOM HMCKIIOYAIOTCS U3 MHAEKCa NPUTsIXKeHus. [Tlopor 3agaéTcs monen
cedyeHUs : s4elKa He YUYUTHIBAETCSI, €CIIU IIepellaj BEICOT Ha Hell MeHbllle COTOM gonu ceueHus. [Ipu
ceueruu 0.5 M 3T0 5 MM Ha A4eliky. I[lapameTrp He yYuTBIBAaTh I4€HKH C [IepenajioM MeHbIIIe,
OOJISI CEYEeHHsI JIEXKUT B NOIOTHUTEIBHEIX, HOJIb €TI0 OTKJII0YaeT.

Be3 3TOro OTCeBa WMHIEKC HMCKaXKaeTcs Ha JiIo00M peasbHOM MaTpulle C BogoéMoM. OTMeTKHU
BOIHOM TJIafy CTOAT Ha OJHOM MecCTe U BCe IolafaloT B OfHY a3y BHYTPU CEYEHUS, U3-3a Yero
pacmpepesieHNe TTePEeKaIIUBaAeTCs, @ MHAEKC ye3KaeT BHMU3 U MOKA3LIBAET JIOXKHOE 0JIaronojIydue.
Ha matpuiie, rae BomoxXpaHUIHINE 3aHUMano 44.5 mpolleHTa IUIOMagu, MHOeKC 0e3 OoTceBa maBal
0.50 BmecTo 0.97, a o ogHo¥ cytie Berxoguso 1.00.

ITomst MCKITIOUEHHBIX sTYeeK ITeYaTaeTCs B XXypPHAI U MOMagaeT B OTYET. ITO BaXKHO BUOETDH: €CIIU
WHCTPYMEHT BBLIOPOCHJI IIOJIOBUHY IIIOIIAAM, BB JOMXKHBI 3HATh 00 9TOM, a He MCKATh IPUYUHY
U3MeEHEeHHUs pe3yibTaTa CaMOCTOSITEJILHO.

OTuéTr

HTML-0oT4éT comepKuT TabJuIy YHCel U THCTOrpaMMy ¢a3bl, TO €CThb paclpeneeHue OTMETOK
BHYTPHU cedeHusi. POBHas rucTorpaMma O3HadaeT, YTO TEPPacUHra HeT. [IuK B HyjIe 03Ha4YaeT, YTo
OTMEeTKH COOMPAIOTCs V YPOBHEH, U MTOBEPXHOCTE CTyIIeHYaTasd.

YeM JICUHUTH

TeppacHUHT JIEUUTCS CTPYKTYPHBIMU JIMHUSMH (TanabBeru, OPOBKHM, BOJOPA3[EIbl) U YIIJIOTHEHUEM
WCXOOHBIX HAHHBIX, @ He criaxkuBaHueMm. CriaxkuBaHUe YOEpET CTYyIeHU BMecTe C ¢opMamu
penveda, u UMPPH CTAHYT Jydllle IPU TOM, UTO 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.
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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 U NMOJOUIBHI B padoTy

ITpeBpaiaeTr TUHUY OPOBOK U ITOAOIIB B paboune CTPYKTYPHBIE JIMHWN: CHUMaeT OTMeTKu ¢ [IMP,
cobupaeT ¢popMbI OPOBKA-IOIOINBA ¥ PACKIABIBAET UX IO IBYM CJIOSM.

CueHapueB [Ba, H BTOPOHM BakKHee NEPBOro. [IepBLlli OYEBHUIOEH: JUHUM HIPUIIIH u3 2.19
[0 TJIOTHOM CBhEMKe. BTOpoi - MUHHM yXKe eCTh B TOIOrpa@uueckoM KOMIIIEKTe, Tme OpOBKHU
OIMCHIBAIOTCS 0053aTeIbHO M CBOMMH KOOaMH KilaccudukaTopa. [IeTEKTOp TaM He HyKeH BOBCE, a
Hy}KHO POBHO TO, 4YTO OeJjiaeT 3TOT I/IHCTPYMGHT: BUO JIMHUM 3aKOOKWMPOBAH, a KaKasd 6pOBKa C KaKOfI
MOMAOINBOM 00pa3yioT (GopMy - HET, U CBS3b NMPUXOOUTCS cobupaTb. TaKuxX KOMIIJIEKTOB MHOTO, a
IJIOTHBIX CHEMOK MaJIo.

[TapameTp YTo 3amaéTr [To ymonmganuio / cCOBET

Kaupupgats! (Bexom 2.19) JInHeWHEIN CJIOH C IIoJIeM BHUOa. -
T'oguTcst U croit 6POBOK C
IOOOIIIBAMHU U3

TornorpauuecKoro

KOMIIJIEKTA.
LIMP Ta e, uTo momaBajachk B 2.19. Heo0s3aTeNIbHO
[Tone Buga ITone co 3HaYeHUSIMHU brow u kind

toe.
OTceuka 10 nepenany, M IToBTOpPsieT punbTp 2.19, 0 (B3sTH BCE)

4yTOOBI HE 3aBOOUTH OTOEJIbHBIN
OTQUIBTPOBAHHLIU CIIOMN.

[Ipepen nytu Ccrycka, M Harplie 3TOro CIIyCK 50
IpekpaliaeTcs, u OpoBKa
VXOOUT B HETIapHEIE.

Homns cormacHbix 1po6 (or.) Huxe sTo#t monu ¢popma He 0.4
cobupaeTcs.

®opMBbI COOHPAIOTCSI CIIYCKOM IO CKJIOHY, a He Mo O1u3octH. OT IPOOHBIX BepIINH OPOBKHU
UOET CIIyCK IO HaIpaBJIEHWSM CTOKA, IT0OKa He BCTPETUTCS ITOMAOINBA, W MOAOIIBEI TOJIOCYIOT. Tak
paboTaeT pu3uKa ycTyna: Boga ¢ 6pPOBKM CKaTHIBAETCS IT0 OTKOCY POBHO K er0 mopmomrBe. Ha kpuBoMm
00OpTYy C y3KuMH OepMaMu OIHzKANINAS 10 PACCTOSTHUIO ITOMAOINBA YaCTO IIPUHAMOIEXKUT COCEOHEMY
YCTYIy, ¥ BLIOOP 110 G/IM30CTH olmubaeTcss TaM, e CIIYCK ITpaB. IIpemen myTu gepxKuTe OIU3KUM K
3aJI0KEeHHI0 OTKOCA: CJIMIIKOM OOJIBIIION ITpenesl HO3BOIUT OPOBKe N00ekaTh A0 UyKOU MOMOIIBH U
COCTaBUTh C HEH MPaBOOIOA00HYIO JIOKHYIO ITapy.

IIMP HeoOsi3aTe/IbHA, M 3TO BaKHee, YeM KaxkKeTcsi. CIIyCK II0 CKJIOHY OTBeYaeT Ha OIOWH
BOIIpOC: Toe Hu3. Korga y TUHUM eCcTb COOCTBEHHBIE OTMETKH (BHIXOM 2.22), OTBET yXKe B MAaHHBIX, U
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penbe(b HEe HYXKEeH: TIOOOIIIBOM CUMTAETCS OnmuxKamIas JINHWS, JIeXKalllad HUuXKe 6pOBKI/I.

Be3 aroro TomorpaduuecKuil ClleHapu¥l XOOui mo Kpyry. YToOv MOCTpOUThH penbed dopmamy,
HYZKHBI TIaphl, @ YTOOB coOOpaTh Mapkl CIIyCKOM, HYKeH pejbed - KOTOPOTO €Ill€ HEeT, ero Kak pa3 u
cTposAT. [Ipuxogusiock menaTh 4epHOBOHU ITpoxod 2.03 1Mo ogHMM TOPU30HTAISAM, 3Has, YTO BHYTPHU
Kapbepa OH HeBepeH. Tenephb NOPAOOK MPsAMOM: 2.22 maéT otMeTKH, 2.20 6e3 LIMP cobupaert mapsl,
2.03 CTpPOUT MOBEPXHOCTD.

C IUMP pabGoTaeT IpeXHUH CIYCK, ¥ Ha KPUBOM OOPTy C y3KMMH OepMaMM OH TOYHEe: TaM
OuzKaiInas o pacCTOSHUIO IIONOIIBA YacTO IPUHANIEXKUT COCEJHEMY YCTYILY.

®dopMa 3TO OdHA MOTOIIBA U MHOXKECTBO OPOBOK IPH HeHM. TpacCHpOBKa pPexXeT OIUHHYIO
OpPOBKY Ha KYCKH: Che3[ pa3phiBaeT KOHTYP, IPHU3HAK IIpephIBAaeTCs Ha IIOJIOTUX ydacTKaX. Bce
KYCKM CIIyCKalOTCSI K TOM Ke TOHOIIBe, II03TOMY pe3yJbTaT T'PYNIIMPYeTCSa IIO IIOHOIIBE, a He
BBIIIKCHIBAETCS TTapaMu: IIOMIOIIIBA IOIafaeT B BEIXOM OOWH Pa3, a e€ OPOBKH IIOTy4YaioT 0011ee mose
link. 9To TOT ke B3ris[, YTO ¥ B IIOCTPOEHUHN TOBEPXHOCTU MEXKIOY CTPYKTYPHBLIMU TUHUSIMHU, TIOe
CTOPOHHBI - MHOXKECTBA, a He OTHOEeNbHbIE TUHUH.

HenmapHble JTHHHH He MPOIAXAaOT MOJI4Ya. TpeTull cjaoi cobupaeT UX C IPUUYUHOU B aTpulbyTe:
CITyCK He HOIIEN [0 MOAOIIBH (MaJjl IpemeI MyTH uiiu OPOBKa JI02KHAasI) Iu00 CIIyCK Pa3OIIEsICs I10
Pa3HBIM IIOIOIIBaM (JIMHUS CKJIena OBa ycTyma). HamMmeHbIast mosst COrIacHBIX P00 rmevaTtaeTcs
B XKYypHAaJI U CJIyKUT yKa3aTeJjieM Ha TaKyl CKJIEUKY.

Brixonsl Bepx 1 Hu3 unyt LineStringZ ¢ nonamu kind u link, otmeTku cusatel ¢ LIMP B reomeTpuio.
9TO TOTOBBIE BXOOHI /IS IIOCTPOEHUS IIOBEPXHOCTH M [OJIS BEITPY3KM TPEXMEPHBIMU JTUHUSMHU B
ABTOKA]I u Kpepo.

2.21 IIpumep Kapbepa (aeMo)

CTpouT meMo-Kapbep M, YTO BaxKHee, UCTUHHLIE CTPYKTYpPHEIE TUHUU K HeMy. Ilapa pacTp-TMHUHU
CIIyXKHUT 3TAJIOHOM Ayt 2.19, BXOOOM [JIt ITOCTPOEHUS IOBEPXHOCTH U Y4eOHBIM MPUMEPOM, U BCE
9TO 6€3 3aKPHITHIX JaHHBIX.

[TapameTtp Yrto 3apaérT [To ymonmgaHnuio / COBET
[[Tupuna, BricoTa, s4yeek Pasmep rpuma. 400 x 300
Pazmep sueliku, M [Tar rpuna. 1
3epHO reHepaTopa [ToBTOPSAEMOCTH: OOHO 3E€PHO - 7
OIOUWH U TOT K€ Kaphbep.
CK BrIXOma MeTtpuueckas. [Ipu mecTHOU EPSG:32640
CK mpoekTa BeIOupauTe €€ xe.
Ywuciio yCcTyImoB CKOJIBKO yCTYIIOB B OOPTY. 3
Bricota yctyna, M ([dom.) [IpesBrillIeHNE OOHOTO YCTYyIIA. 10
[MIym ceémku, M (Ho1r.) HmMmuTaiys morpemniHocTu 0.03
IIJIOTHOM CHEMKMU.
OtBan, Cxopamiasicsa KaHaBa [ononHuTENbHLIE (POPMEL. BKJIIOYEHEL
(Lor.)
Kyna nomoxuTts (0xBart) KnapéTt memo Ha MecTo, IO CJIOSIM IIPOEKTa

pa3Mep He MEeHMeT.

CoctaB penbeda momoOpaH Tak, 4TOOB Kaxpas ¢opMa OpOBepsijia CBOIO CTOPOHY HETEeKTopa.
JNNMUNOTUYECKUN Kaphep C yCTymaMu ¥ GepMaMHu Ha€T IpaBuiIbHBIE Mapbl. Che3[, Mpope3aromui
YCTYIH, 0A€T HACTOSANUINM PAa3pPhIB: Ha €ro Oyre MCTHUHHLIE JTUHUK OOPHIBAIOTCS, ¥ KaHOUOATHI
00s13aHBl OOPHIBATBCS TaM 2ke. OTBall C MIJIOCKMM BEPXOM HTAaE€T 3aMKHYTYIO mapy. Cxopsimasics
HaropHas KaHaBa [a€T TPU JIMHUM, CXOOAIIMEecs B TOYKY, - TOT Cjiydail, rIe BeC IIOBEPXHOCTU
MEeXKIy TUHUSIMHU BHIPOXKOAETCS, 8 OTMETKa OCTAE€TCS BEPHOM.

OxBaT KJIagéT JeMo Ha MeCTO W He MeHsieT ero pa3mep. Popmel Kapbepa GUINYHBL: YCTYT
10 m mpu oTKoce 7 M. PacTSHYTHIM OO KMJIOMETPOB Kaphep IIpeBpallaeTcs B OIHMH, Ha KOTOPOM
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OEeTeKTOpYy Hedero MCKaTh, I0O3TOMY pa3Mep 3amaioT TonbKo «IllumpmHa» u «Bricota». U oTOensHO
IIPO CHUCTEMY KOOPAWHAT: eCJIM V¥ IIPOEKTa OHa MeCTHas WM Hen3BeCcTHas, Beibepute e€ ke B «CK
BeIXOma». [lepecyéTr oxBaTa W3 HEem3BeCTHOU cucTteMbl B UTM maéTt 6ecCMBICTUIly, U OEMO YeOeT
HEU3BECTHO KyIa.

BTopoii BEIXOM, MCTHHHBIE JIMHUHU, HeceT mod kind (brow, toe, thalweg) u link, a oTmMeTKu neart B
reomeTpun Z. I1o HeMy IIOJTHOTa ¥ TOYHOCTD JETEKTOPa MEPSIOTCS YHUCIIOM, a He TJla3aMu: II0JIOKUTE
KaHOuOaToB U3 2.19 moBepxX UCTUHHBIX JIMHUU W IIOCMOTPUTE, TOe OHU Pa30IIIHCh.

2.22 TIpo¢durupoBaHHe OTKOCOB

HaéT HEMBIM JIMHUAM HpO(bI/IJ'Ib II0 TOPU30HTAJIAM, KOTOPEIE K HUM IIPUMBIKAIOT.

[TapameTp YTo 3amaer ITo ymongaHuio / COBET
JIuaum 6e3 OTMETOK BpoBKY 1 OOOILIBE U3 -
KoMIIsieKTa unu u3 2.20.
l'opusonTanmu Croii TOpU30HTAIEN TOTO XK€ -
KOMIIJIEKTA.
[Tome BEICOTHI TOPU30OHTAIENR ATpubyt otmeTku. IlycTo - Z ELEV
BEPIINH.
IoIyCK IpUMBIKaHUS, M HackonbKo KOHeI] 0.5
TOPU30HTAJIM MOXKET He [MOUTHU
IO JIMHUMH.

OTKyma 0epyrcsi OoTMETKH. Y OpPOBKH B TOIOTrpadrIecKoM YepTezke CBOeH OTMETKH HeT, U 3TO
OOJITO BRITIISAMENO TynukoM. Ho HOpMaTuB TpeOGyeT HOBOAWTH TOPHU3OHTANIM [0 JIMHUU OIMUCAHUSI
00BbeKkTa ¢ (popMHpPOBaHHEM Y3JIOBBIX TOYEK, M Kaxfaasd TaKas TOYKa HECET OTMETKYy CBoei
ropusoHTanu. OTcioga IpoduIb BCeH JTUHUM: epeMeHHas OTMeTKa M3 CaMHUX [AHHEIX, a He OJHO
YUCJIO Ha BeCh OOBEKT.

BaxHasa IIOIIPaBKa, CTOUBIIAA OOHOM penaKnry IIOCTAaHOBKU: TOPU30HTAJIbL HE I/II[éT 10 6p0BKe. ITo
OTKOCaM IOPM30HTAJIU PEXKYTCsA, U Ta EIUHCTBEHHAas, YTO JIer'Jla BOOJIb 6pOBKI/I, JIOZKHUTCs TakK JIUIIIb
IIpHU COBIIaJ€HHWHU OTMETKH C Ce4YeHHEM, TO eCThb CJIy‘-IB.fIHO. PaboraeT uMeHHO IIPDUMBEIKaHHE, a He
COBIIa€eHUe.

YrTo cuuTaeTcsi BCTpeden. [lepeceuenne MTMHUHU C TOPU30HTAIIBIO HACKBO3b M KOHEI[ TOPHU30HTAIIN
B IIpefiesiaxX Jomycka. MexXay BCTpedaMy OTMETKa HHTEPIIOIHUPYETCs MO0 Ayre JTUHUHU, 32 KPpaWHUMU
OEePXKUTCS MOCTOSTHHOM: 9KCTPAIIOIMPOBATh YKJIOH BIOJIb OPOBKK OMACHO, OH YacCTO JIOMAeTCs Ha
IIOBOPOTAX.

IIpenensr MeToma. MeTom paboTaeT POBHO HACTOIBKO, HACKOJIBKO KOMIIJIEKT TOMIOJIOTHYECKH
coriacoBaH. EciM TOpPHU30HTAIM OO JIMHUM He HOBEOEeHEH, JTHHUS OCTAéTCsI HeMOH W yXOOuUT B
OTHOENbHLIN CIIOM C MPUYMHON. YMCIIO OMOPHBIX TOYEK ITHIIETCS B aTPUOYT n samples ¥ B XKypHAaI
MeOuaHOW M MUHMUMYMOM: OHA TOYKa O3HAYaeT IIOCTOSTHHYIO OTMETKY I10 BCeH JIMHUY, U 3TO BUOHO
cpaasy.

MecTo B KoHBe#epe. Bruixon - LineStringZ, rotoBasi ctopoHa ¢bopMbl Ajs BxomoB Bepx dopm u
Hus dopm nacrpymenTa 2.03. BmecTe ¢ 2.20, KOTOPHIH coOMpaeT maphl U 3al0JIHSIET I10JIe CBA3Y,
9TO 3aMHEIKaeT TonnorpadpruecKuil ClieHapui: IJoagHble Kapbephl, BBIEMKY, HACHIIU U OTBAJIEL, I'e
TOPU30HTAIN BHYTPH 110 HOPMATHUBY HE OMMCHIBAIOTCS, II0Ty49al0T IIOBEPXHOCTh U3 OOHUX OPOBOK U
IIOOOIIB.

2.23 JINHUH CTOKA OT TOYEK, TUHUH U KOHTYPOB

Kyma cTeuéT Boma u3 3amaHHOro Mecta. OT KaXKAo#l CTapTOBOM SAYENKU MHCTPYMEHT UIOET BHU3 I10
CKJIOHY IIO HallpaBJIeHUAM CTOKa D8 u pucyeT NpouaeHHBIN NyTh TUHUEHN.
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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
5 4 5 54
7 0.6 0.6
= 44 1 . = Z 44
=49 " HacTWyHoE X z4
> > -
ER f f 3 0.4 34 0.4
2 [ 3 24
02 0.2
CHMBBANKT
14 . 1 14
0.0 4 0.0
04 0 04
] a 2 4 L] -
X, KM

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) - BepTHUKaJIbHLIE TONTUTOHE PolygonZ Bmonmbk CTBOpPa, IO OOHOMY Ha I1JIacCT:

ITone YTo comepXuUT

sec, sec_id Wwms pa3pes3a u HOMep UCXOOHOU JTUHUU.

bed HomMmep mnacra cBepxy BHHU3.

top, bot HMMeHa 1ToBEePXHOCTEM KPOBIU U ITOMOIIIBHL.

t mean CpenHssa MOUIIHOCTE IJIacTa BOOJIb CTBOPA, M.
seclen [InuHa cTBOpPA, M.

VrioBble TOYKH pa3pe3a: sec 1 sec_id, num (Homep yrina), name (ums YI'-1, ¥I'-2, ...), pos (Bepx
unu HU3), d (muKeT, M), X U y (KOOpOMHATH Ha KapTe), az (a3uMyT CJedyloIlero kKojeHa), label
(roToBasa nmonmnuck). F'opu3oHTAIBHBIE OCH: sec, sec_id, elev (orMeTKka ocu, M) u label. Tabnua
yraos: sec, sec_id, kind (tTun ctpoku) u text (cogepKuMoe S4enKH).

ITapaMeTpsbI
[TapameTp Yrto 3amaérT ITo ymonm4gaHuio / COBET
JIunusa pa3spesa JluHenHbIN cioi. 'oguTcs -

rajiouka TonbKo
BBIE€JIEHHbIE OO BEKTHI.
[ToBepxXHOCTHU CBEPXY BHU3 Crucok -
PacTpPOB-IIOBEPXHOCTEMN.
Hy>XHO MUHUMYM [Be.
[TopsioOK IIOBEPXHOCTEU U3 [Topsamok 6epéTcs u3 maHenu BKJIIOYEHO
mepeBa CJI0EB IIPOEKTa Cinou cBepxy BHU3. CHATas
rajo4ka BO3BpalllaeT IIOPSALOK
OTMETOK B CIIHCKE.
Paspe3 mo kaxmoi nuHuM crnosi  [lakeTHBIN pexxuM. CHsITas BKJIIOYEHO
rajodka CTPOUT pa3pe3 1o
[IepBOU JTUHUU.
[Tone nmeHU paspesa [Tone NUHENHOTO CIIOK, U3 -
KoToporo 6epétcs ums. I1ycro -
HyMepanus II0 IOPSAOKY.
Packnanka HECKOJIBKUX CTOnKOMH, B P UM CETKOM. CTONKOM
pa3pe30B
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[Iar BBI60pKI/I BOOJIb IMHUN

BepTukanbHbIN MacTabd

3HaueHune MaciiTada

Cronb1ioB B ceTke ([or.)

3a30p MexXAay paspe3aMu
(Oorm.)

Bribopka pactpa (Hoi.)
CripaBOYHUK TIJIAaCTOB
(Tabnuua)

Hwu3s pamku, otmeTKa (ZO1I.)

Bepx pamku, oTmMeTKa (gor.)

IITar oTMeTOK Ha ocax (moIr.)

JIuHUY ITOBEPXHOCTEN Ha
yepTexe

YepTéK pa3pesa (paccTossHUE
X BBICOTA)

3a6op 3D (PolygonZ)

Yepes CKOMbKO €AMHUIL KapTHI
6paThb oTCcuéT. 0 - IO pasMepy
SAYEeUKH.

PexxuM: oTHOIIEeHHE
rabapuToB, MHOXKUTEIDb UITH
oTHomIeHue maciitabos I':B.
OTHoIIeHNE MIMPHUHA:BLICOTA,
MHOXKHUTEeJb uiu N u3 3aIliucu
1:N.

Ywuciio cTosabIoB Ois
packiagKud CEeTKOMU.

Ions ot rabapuTa yepTexa.

BunuHerHo UMK OIMXKANIINH.
LiBeT, Ten0 ¥ NOPAOOK U3
IaHHBIX.

OmnyckaeT paMKy, 4YTOOBI OBIIIO
rme pucoBartk. [IycTo - mmo
OaHHBIM.

[TogHMMaeT paMKy: yCTbs
CKBaxXWH, YPOBHU BOMHI,
nopnucu. [1ycTo - 110 JaHHBIM.
IMognucu ¢ 3amaHHBIM IIATOM
BMECTO OKPYTJIEHHBIX II0
Konm4yectBy. O -
aBTOMATUYECKH.

BrIxomHOU JTUHEMHBIN CJIIOH, IO
JIMHUY Ha TOBEPXHOCTD.
BrIxomHOM MOMHUTOHATLHEIN
cJiou mjissi Makerta. He
CO37aeTCs IPU OOHOU
TTOBEPXHOCTH.

BrixogHOU CIOM BEPTHUKAIbHBIX
CTEHOK B peaslbHBIX
KoopaouHaTax. He co3maércs
IIPU OOHOM ITIOBEPXHOCTH.

0

OTHOILIIEHNWE Ta0apUTOB

10

2
0.15

OUIMHENHO
MIyCTO

MyCTO

IIyCTO

Cco3TaéeTcs

co3maeTcsa

CcOo3TaeTcs

Kaxppiii mmacT monydaeT aTpuOyThl: HOMEP, UMeHa KPOBIM M TIOMOIIBLI, CPEAHIOI MOIIHOCTL U
OJIWHY pa3pes3a. PackpammmBaiTe CJI0M 10 HOMEPY IIJIacTa UJIM 10 MOIIHOCTHU. TaM, e IOBEPXHOCTh
He onpepneneHa (nodata), mosioca pa3phBaeTCs, U IJIaCT pacnafaeTcs Ha HECKOJIBKO IIOJIMTOHOB.

Kak nmonpodoBaTs Ha 1eM0

ToToBeIi yueOHBI Habop maét mHCTPyMeHT IIpumMep masi pa3pe3a (memo) (4.10): 1mecTh
IIOBEPXHOCTEM CBEPXy BHU3, TPU JUHUHU Pa3pPe30B, mapa CI0E€B momenu Oypenus collar u interval
¥ MHOTOKaHa/IbHEIe TPUALI Ij1acToB. [JoBEpXHOCTH OH packKijaAblBaeT B [epeBe 10 3aJeraHUuIo caM,
a TPU JIUHUU PA3HOM OJIMHBI U C PA3HBIM YHUCJIOM M3JIOMOB YOOOHEI, YTOOLI IOCMOTPETDL PACKIAOKy
1 o0IMM BePTHUKAJILHBIM MaciiTab. 3amyCTHTE ero, 3aTeM IIofaliTe MMOBEPXHOCTU W JIUHUIO CIOMa,
napy collar u interval ¢ onpepenernueM B CKBazKMHBI Ha pa3pe3e, a Irpup miacra (KaHansl 1/2/3)
B CocTaB maacTa Ha pa3pe3e. [lomHbl cocTaB Habopa B pa3merne 4.10.
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CBa3s ¢ QGIS

IIpoctyro kpuByr0 mnpodumss Mo OOHOMY TIpuay cTpouT IntaTHas mnaHenb Elevation Profile,
OTHEJNbHEIM MHCTPYMEHT OJIsl 3TOTr0 He HyXeH. Paspe3 ke Moka3blBaeT MMEHHO IIJIACTHl MEXKIY
IIOBEPXHOCTSIMY, 4Yero IITATHBIE CPencTBa He pnenaioT. IloBepxHocTh KpuruHra B 3D MOXKHO
IMoCMOTpPeTh U 6e3 pa3pe3a: B 3D Map View 3amaiite rpun penbedoM.

4.02 CKBaXKuHBbI Ha pa3pe3e (MoaeiIb OypeHus1)

HNucTpyMeHT CKBazKHHBI Ha pa3pe3e KIaméT CKBaKMHHI Ha YePTEeXKHU Pa3pe30B U3 IMaphl CII0EB
Momenu Oypenusi. OH cTOUT B rpyniie Pa3pes3 u paboTaeT TaKeTHO: OOUH ITPOTOH 00CITyKUBaeT BCe
pas3pe3nl OTIpeiesIeHusI.

Mopens OypeHus

CKBaXXWHBI OMMUCHIBAIOTCS OBYMsI TaOIUIlaMH 10 MUHUMAJIbHON MOOENH TOpHEIX makeToB (Leapfrog,
Micromine, Datamine, Surpac). collar 3To ToueuH&IH ci0it ycTui c nonamu hole_id (upentudurarop,
CTpoOKa), z (oTMeTKa yCThs) U eoh (rnybuHa 3abos mo crTBoiy). interval sTo oOwruHas Tabmuiia
nHTepBanoB ¢ nonsMu hole_id, from, to 1 code (ueM KpacuM: MHAEKC IIJlacTa, JIMTOTHUII, KJlacc).
I'myOWHBI CYHUTAIOTCA II0 CTBOJY OT YCTbSI, BHU3 IIOJIOKUTEJIbHBEIE, HE OTMETKaMH, M03TOMY
HAKJIOHHBIE CKBAXKHHELI MOOEJIb He JIOMaioT. JItoOble mpoyYre KOMOHKH TaOIUIlEl MHTEPBAIOB edyT B
aTpuOyTH YepTeka KaK eCThb.

Takyio mapy Beiga€T Ilpumep ajasi pa3pe3a (memo) (4.10) u KoprmopaTuBHAas BRITpy3Ka. [losis
o6eunx TabIUIl MTHCTPYMEHT HaXOOUT CaM I10 OKHUIaeMbIM UMEeHaM U PAacCIIPOCTPAaHEHHBIM CHUHOHUMAaM
(Hole ID, elev, depth from, litho), peructp He BaxkeH. Bribop momei cupsiTaH B [OIOJTHUTEILHEIE
rapaMeTpHl M HY2KEeH TOIBKO AJIs1 HECTaHOaPTHHIX CJI0EB. YTO HAIIIOCH, ITeYaTaeTCs B JKypHaJI OJHOM
CTPOKO1.

Hak/I0HHBbIE CKBazKHHBI

TpeTbs TabIulla, HHKJIMHOMETPHSI, HeobGsi3aTenbHa. be3 Heé CKBaXXKHA CYNTAETCS BePTHUKAIbHOM:
riyOuHa II0 CTBOJIY IIE€PEBOMUTCS B OTMETKY BEIYUMTAHWEM U3 YCThsI, H KOJIOHKA CTOUT B OJTHOM TOYKeE
paspesa.

NHKIVHOMETPHUS 3amaéT OCh 3aMepaMM: CKBaXkKMHa, TIyOWHa II0 CTBOJIYy, a3UMYyT OT CeBepa IIO
YacoBOM CTpeJIKe, 3€HUTHHIM yrojl OoT BepTuKanu. Hojib 3eHWTa 3TO BepTHUKaJbHas CKBaXKWHA,
OEeBSHOCTO - TOPU30HTalNbHasA. Takoe coryallleHre IPUHATO B 6YpPOBOM HOKYMEHTAILMHU.

Ochb CTPOUTCSI METOOOM MUHHMMAIbHON KPUBU3HEI: MEXKAY COCEOHUMU 3aMepPaMHU CTBOJI CYUTAETCS
Oyrou okpyxHOCTH. KacaTenbHBIM METOH, IPU KOTOPOM BECh y4aCTOK CYHMTAETCS II0 HUXKHEMY
3aMepy, IIPpU PeOKuX 3aMepax YBOOUT 3a00¥ Ha MeCSTKHU METPOB.

C uUHKIHHOMETpHeH MEeHSIOTCA TPHU Belnu. MHTepBalbl BHIHOCSTCSH BOOJbL OCH, IIO3TOMY KPOBIIS
¥ TIOHOINBA IIJIACTA CTOST Ha Pa3HBIX PACCTOSHMSAX MO pas3pe3y. CTBON BHIXOOWUT JIOMAHOM, a He
oTpe3koM. OTOOP IO KOPUOOPY UAET II0 BCEH OCH, a He TI0 YCThIO: CKBaXKHMHA C HAJIEKUM yCTheM, HO
3a60eM y caMo¥ JTMHUY, IPU 0TOOPE MO YCThIO He IToIajia Okl Ha YepPTEXK.

Hakmnor Ha yepTexe C IIpeyBelIn4YeHHueM OTMETOK BEITJIAOUT cna6ee, yeM OH ecTb. OTMETKH
PaCTAHYTEL B VéX pPa3, a PAaCCTOsAsHHE BOOJIb JIMHUMU HET, IIO3TOMY BUIUMBIHT yrojga CXuMaeTcCsa
BO CTOJIBKO 2Ke€: IIPH VeX OKOJIO MIEeCTUOeCAdTH CTBOJI C HAKJIOHOM COPOK IIATE I'PAaOyCOB BBITTIAOWUT
BEPTHUKAJIBIO. I/IHCTPYMBHT BBEIBOOUT B 2KyPHaJT YKMCJIO HAKJIOHHBIX CTBOJIOB HanbobIllee CMellleHue
3a60s 110 TOPHU3O0OHTA/IX - II0 HUM HaKJIOH IIPOBEPAIOT YKMCIJIOM, a He I'JIa30M.

CKBaKHUHBI 0€3 HHTEPBAJIOB

Tabnuila MHTEpPBalOB TOXXe HeoOs3aTenbHa. be3 He€ Ha YepTEXR UAYT CTBOJLI U IIOHOIKCH:
IMOJIOKEHUEe W TNIyOMHY CKBAXKMH ITOKA3BIBAIOT ¥ HA CTAAWM ITPOEKTA, KOrja TeoJIoTHUs eIlle He
onucaHa.
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[nuHy cTBONA B 9TOM CJiydyae 3amaéT ToJIbKO 3aboit eoh. CkBaxkmHa 6e3 3a60si IpPONyCKaeTcs, U
YHCJIO TAKUX BEIBOOUTCS B JKyPHAaJl: BEILYMEBIBATh IIyOMHY HEIIPABUIIBHO.

Korga YCThdA KU HHTEPBaAJIbI HEe CXO0OsATCA

Camas gacTas ommubKa KOMIIJIEKTa - HecoBnameHue hole id mexay Tabnmunamu. YutaTeab cOoOIIaeT
He TOJIBKO YHMCJIO OCHPOTEBIINX MHTEPBAJIOB, HO U CaMHU KJIIOYH C obenx CTOPOH, a eCliu IIPpUuYKrHa
pacrio3HaéTcs, Ha3bBaeT €€ MPSMO: Pa3nudyaeTCs TOJBKO PEruCTpP, CTPOKM HaGpaHBI B Pa3HBIX
packiagkax, pa3nudaloTcs ToJIbKo npobenamu. [locnenHee 0oco6eHHO BaXHO: Kupunndeckas H u
JmaTuHCKass H Ha 3KpaHe HEeOTIUYHUMEL.

Ecnu kmouu pPa3ilnuvdarnTCda II0 CyIIeCTBY, IIPDHYKWHA HE BBEIOYMBIBAE€TCH. Torpga CBEPAIOT HOMEPa
CKBAXHWH B IBYX Ta6n1/1uax BPYYHYIO.

TepnuMbIH YHTATEIb

Ilauuble unTaloTcs 6€3 MpegBapUTeIbHON YMCTKU. [1yCcThie ¥ HEYNCIOBEIE TITIYOUHEI ITPOITYCKAIOTCS,
nepenytauHbeie from u to MeEHSIOTCSI MeCTaMM, MHTEpBalbl 3a 3a00eM pPHUCYIOTCS KaK €ecCTh,
MepexJIECTHl He pas3pellaloTCs U He MPSAYYTCS, Pa3phIBEI MEXOY COCEOHUMU WHTEpPBajlaMU He
3aMO0JIHSIIOTCSI, MHTEePBaJbl 03 yCThS IPOIyCKaloTCsA. BCé mpomyIlleHHOe U MPUHSTOE C OTOBOPKOMH
CUUTAETCS U BEIBOOUTCS B XKypHaJl KOPOTKOU CBOOKOM. Ha 4YMCTEIX JaHHBIX CBOOKA COCTOUT U3 OOHOU
CTpoKu. Pa3phiB B KOJIOHKE Ha 4YepTexke O3HayaeT, YTO Ha 3T IJIyOWMHHI B TabJulle WHTEPBAIOB
HeT CTPOK: MHCTPYMEHT PUCYET HaHHBIE€ 1 HUYEro He OOOYyMEIBA€T, a YHUCJIO PA3PEIBOB II€4YaTaeT B
CBOJIKE.

ITakeTHOCTH H COBMeEIlleHue

JIuHUY, BepTUKAIbHEIN MaciTab ¥ pacKilagka OepyTcs U3 ollpenesieHus pa3pes3a, KOTopoe BEIIaéT
Pa3pe3 mo nauuuu. Kaxmgas CKBaXKHMHA IIPOEIUPYETCS Ha KaxXkOylo JIMHUIO M MOoIlagaeT Ha Te
YyepTexkHu, K KOTOPBIM OHa Onuxke Kopumopa (0 - Ha Bce). [TyOMHHI TEePEBOOSTCS B OTMETKH
BEIUYUTAHUEM U3 Z, MHOZKUTEJIb VEX 0611[1/1171 u3 OoIIpenesieHus, HOSTOMy KOJIOHKH JIOZKATCS Ha IIJIaCTHhI
II0 BLICOTE Oe3 IIOATOHKH.

Crno#t ycTuHl MOXKeT JieXKaThb B OPYTrOM CHCTeMe KOOpPOWHAT, YeM oIpefelieHHe, HaOpuMep IIpH
BBITPY3KEe M3 KOPIIOpPATHBHOM 06a3bl B pabodell cucTteMe MpPeOnpusTus. NHCTPYMEHT IIepeBOOUT
YCThSI B CHCTEMY OIIPEMEIEHHs CaM U medaTaeT 00 3TOM CTPOKY B XXKypHaJl BMECTE C KOOpPAUHATaMU
TIepBOT0 yCThs. ECIIM KOPUIOP OKa3ascs MyCT, ZKYPHaJ Coo0ITaeT yaameHue OMuKauIero yCThs OT
JIMHUY, U 0 3TOMY YHCJIy Cpa3y BUOHO, Y30K I KOPUOOP HJIH CJIOH XKUBYT B PA3HEIX MECTaX.

Packpacka u 1eresHaga

Coil mHTEPBAJIOB CPa3y BEIXOOUT PaCKpalleHHLIM: KaTerOpusa Ha KaXKObIM KOJ B IOPSAOKE IIEPBOTO
MMOSIBJIEHUSI CBEPXY BHU3, IIBET IeTEPMUHUPOBAH OT CaMOT'0 KOfia ¥ He MEHSIeTCS MeXK/y IIPOroHaMu
1 MallnHaMu. JlereHOa «KOI - IIBET» IIOSIBIISIETCS B mepeBe CI0EB caMa. [lociemHed CTOUT cepas
KaTeropus mpodee, B Heé MolafaeT BCE, YTO He COIOCTABUIOCH C U3BECTHBIMU KOOAMU, IIO3TOMY
HU4YEero He ucdye3aeT Mojida. KoJoHKHU O6B8HGHBI TOHKHNM ‘-IépHBIM KOHTYPOM KW YUTAIOTCA IIOBEPX
rmoyioc paspesa. ITonock njacTtoB B Pa3pe3 mo JIMHUM KPAcCSATCS TEM XKe MeXaHW3MOM 110 UMEHU
KPOB/IM, IO9TOMY IIJIaCT, Ha3BAaHHHIM TEM Ke KOJOM, UTO B TaOiulle MHTEPBAJIOB, COBHAOaeT II0
LIBETY C KOJIOHKaMu caM co00ti. CTBOILI PUCYIOTCS TOHKOM Cepo¥ THHUEH OT YCThI 00 3a00s, yCTh
TOYKaMHU C KOPOTKOM moanuchio. ITognuck 6epéTcs u3 mojisi number cjios ycTu#l (CHHOHUMEBI name
u label), a 6e3 Hero u3 hole id, cocTaBHOM HAeHTU(HUKATOP HPHU ITOM OCTAETCS B aTpubyTax AJIs
CTBIKOBKH.

OOpe3Ka o 4epTeKy U paMKe

ITo yMom4aHWIO KOMOHKM 00pe3aloTCs paMKOM depTeka - MHTEPBAJIOM OTMETOK zmin ¥ zmax u3
onpenenieHus. MHTepBaj Ha KPOMKe IIOfpe3aeTcss OO KPOMKM, WHTepBasl I[eJIMKOM 3a PaMKOH
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IIPOIYCKAETCs, CTBOJI U ITOMIIKMCH 3a’KMMAIOTCSI PAMKOM, CKBaXKHMHa I[€JITHKOM 3a PAMKOU BBHIIAmaeT
13 yepTexka. ['alouka BEIKIIIOYaeT 06PEe3Ky COBCEM.

PamKa omHa Ha BeCb YepTEXK, a KPOBIS BePXHEH TOMIK B KaXKI0OW TOYKE CBOsSI, TTIO9TOMY [JIs Cpe3a
IO TIJIacTaM TojalTe HeoOs3aTeNbHENM BXon YepTékK pa3pe3a - MOMUTOHH nooc u3 Pa3pes3 mo
auHAH. KOJTOHKY PexXKyTCs 10 BepxXHel 1 HuXKHel orubarollel IIoI0C B CBOeH MO3ULINY, CKBAXKHUHBI
He BHIIe3al0T 3a YepTEéxX, KaK B TOPHBIX MMAKeTaX. 3a KpaeM II0JIOC 3TOT BXOI He MeHCTByeT, TaM
IIpomonXxKaeT paboTaTh paMKa.

HOHYCK B OOIIOJTHUTEJIBHBIX ITIapaMeTpaX PaCliupsaeT PaMKY U IIOJIOCEI HAPYXKYy, B €eJUHUIIaX OTMETKH!.
OGpe3aeTcst TOIBKO TEOMETPHUsI, B aTpubyTax ztop u zbot ocTaioTcst HacTOSIIMEe OTMETKY HHTEPBAIa.

IIBeT KOJIOHOK: CIIPAaBOYHHK II'IaCTOB

I[lo yMonIYaHWIO IIBET HHTEpBajla CUMTAETCS OT ero KoJa M He MEeHSeTCS MeXOy MIPOTOHAMH.
Heobsi3aTenbHE Bxon CHpaBOYHHK IUIACTOB (Ta0jMIla) 3aMeHsieT 3TH I[BeTa Ha IBeTa
CIIpaBOYHHWKA: HaWOeHHBIE KOMOBI KpPACSITCA W3 HEro, MHOPSAOOK KaTeropuil B JIeTEHOe HIOET
[0 3aJIeTaHWI0 CBEPXY BHU3, KOOB BHE CIPaAaBOYHMKA COXPAHSIOT IPEXHHUU IBeT. B XKypHae
MIOSIBJISIIOTCSI CBOJIKA UTEHHUS UM CTPOKA O TOM, CKOJIBKO KOIOB HAIIIIOCh.

CnopaBounuk y4.01 u 4.02 MoxeT OBITh OOQUH U TOT K€, ¥ 3TO €T0 CUJIbHasA CTOpoHa. [ToJiockl uepTexa
HeCyT KOJ IIJIaCTa, a UHTepPBaJbl CKBaXXUH 4acTo HecyT nopony. Ecnu B Tabnulle HHTEPBaJIOB €CTh
Iojle C MHOEKCOM IIjlacTa, YKaXKHUTe ero Kak IoJjie Kofa W IIoJalTe TOT JKe CIPaBOYHUK, YTO B
4.01 - Torma KOJIOHKM COJIBIOTCS C IIOJIOCaMM IO IBETYy, U Ha 4YepTeXKe OCTAaHEeTCS BUOHO TOJILKO
PacxoxaeHne CKBaAXKHWHEBI C HOCTpoeHHOfI IIOBEPXHOCTEIO. Ecnou xe WHTEePBaJIbl HECYT JIMTOJIOTUIO,
CIIPaBOYHUK IIJIaCTOB €U He IOMOXKET, TaM HyKHa CBOS JIeTeH[a.

ITapaMeTpsI
[TapameTp Yrto 3amaér ITo ymonyaHui0
OmnpepeneHue pa3pesa JImauM, vex U packiagkKa OT -
Pa3pe3 o TUHMH.
YcTbs ckBaxkuH (collar) To4yeuHBIN CIOM YCTUH. -
WnTtepBansl ckBaXkuH (interval) Tabnuila MHTEepPBaIOB. -
Kopupmop oT nuHuUu Bydep, eguHuIsl KapTh. O - 0
BCe CKBaXKMHEI Ha BCe pPa3pe3Hl.
O6pe3aTh UHTEPBAJILI IO Pamka zmin u zmax u3 BKJIFOYEHO
paMKe yepTexka omnpeneneHus.
YepTéxk pa3pesa (Onsg [Tonmurons nonoc u3 4.01, cpe3 mycto
00pe3K) 10 Oru0aroIIUM.
ITonsa collar u interval (Jorr.) IlepeomnpeneneHue HaxoOsTCsI caMu
aBTOIIOMCKaA IT0JIeH.
[Tone nmopmucu ycths (Ho1r.) OTKyZa KOpOTKas IOAIINCH number
YCThS.
Oonyck o6pe3ku (Horr.) Pacimmpenue paMKu U I0OJI0C, 0
€OUHUIIEI OTMETKH.
CrpaBOYHUK I1JIaCTOB LiBeT 1 IOPAOOK KOOOB U3 IyCTO
(Tabmuia) OaHHBIX.
HHuTepBannl CKBaXKMUH (4epTékK) BepTuKalbHBIE OTPE3KU C Cco3maéTCs
packKpackou I10 KOmoy.
CTBOMBI CKBaXHUH (4ePTEXK) JIuHUM OT yCThs A0 3abos. co3maeTcsa
YcThs Ha yepTexke ToukHu ¢ HOAIIHCEIO U3 number. co3maércs
WuTepBansl ckBaxuH (3D) LineStringZ B peanbHBIX 10 3a1pocy

KoopauHaTax, rinyouHa B Z.

BriGpaHHBIE CIIOM ¥ KOPUIOOP 3allOMUHAIOTCS, CJIEAYIOIINM 3alyCK B TOM K€ IIPOEKTEe OTKPHLIBAETCS
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C yXKe IIoOCTaBJIEHHBIMHU BXOOAMH.

4.03 CocTaB mjiacra Ha pa3pe3e

HUHcTpyMeHT CocTaB IUIaCTa HAa pa3pe3e KPACHT I10JIOCY OQHOIO0 IIjlacTa [0 TPUAY COCTaBa BIOJb
nuHur. OH 6epET KPOBJIIO, IIOAOIIBY U I'PUJI COCTaBa, CBOM KPUTHHT He [ejlaeT, ¥ paboTaeT 1o OMHOMY
macTy 3a pa3. OH cTouT B rpynie Pa3pes.

Tak MOKa3EIBAIOT CMEHY JIMTOJIOTMYECKOI'O0 COCTaBa BHYTPU IIPOMEIIIIEHHOIO IIjlacTa BHOJb
pa3pesa. I'pupg cocTaBa roTOBSAT OTHAEIBHO: COEPKaHue OOBIYHBIM KPUTUHTIOM, MUHEPAJIbHBIN THII -
WHOUKATOPHHEIM (MHCTPYMeHT KaTeropuajaibHbIH HHINKATOPHBIH KPHUIHHT).

IIBa pexuma

HenpepriBaoe comepxkanue (KCI, HepacTBOPHMMBIM OCTATOK): IIOJIOCA PEXKETCS Ha TOHKHUe
BEPTHUKAJIEHBIE CPESIHI, Ka}KHBIfI CO CpegHHMM 3Ha4Y€eHHueM. CTUIb CJI0S CTaBbTE TpaHHeHTHbeI
(mo mosmio value), Torma BOOIb TIOJIOCH BUMIEH TIJIaBHEBIM ITepexo[] ComepKaHus.

KaTeropuanbHbIN MUHEPATbHBIN TUII UTH Qaliuy (CUIBBUHUT, 3aMellleHue, TalluT): CMEeXKHEIEe CPe3bl
OIOHOTO KJIacCa CIIMBAIOTCA B (almanbHEIe 30HB. CTHIIL CTABLTE IO KAaTeropusm (mo moiio class).
30HEBI 3aMellleHsI BUAHL KaK CMeHa IIBeTa BOOJIb JINHUH.

ITapaMeTpsbI

[TapameTp Yrto 3amaér ITo ymon4aHuio

Ta e ITUHUS, 4YTO U OJIs -
paspesa.

JInaus pa3pesa

Kposna nnacta
[TopoiBa mtacra
I'pup cocrasa

PacTtp kposnu. -

PacTp nmogomBeL.
PacTp cogepxanus umu
KJlacca.

Cocras HemnpepreiBHOE UH HeIIPePBIBHOE
KaTeropuasbHOe.

[ITar BEIOOPKM BHOOJIb JIMHUU Yepes CKOIBLKO eIuHUI] OpaTh 0
orcuérT. 0 - mo syelike.

BepTukanbHbIM MacirTab Pexuwm: oTHOIIeHUe [':B unu I':B
MHOXKUTEbD.

3HaueHue MacmTaba Otnowmenue I':B unu 10
MHOXKUTED.

Bri6opka pacTtpa (Hor.) BununeitHo unym 6MuxKanummnn OuIMHENHO
(onms Knacca Bcerga
ONMUzKaAUIING).

Cocras macTa (4epTex) BrIXOoOHBIE ITOJIUTOHEL B OCSIX co3maéTcs
PacCTOsSHME X BLICOTA.

Cocras mnacTta (3D) [MTonurons PolygonZ B 110 3ampocy

PeallbHBIX KOOPpOWHATaX.

3aHYCKaﬂTe WHCTPYMEHT IIO KaXKOOMY IIPDOMBIIIJIEHHOMY IIJIaCTy OTHEJIbBHO, CO CBOMM I'DHUIOOM
COCTaBa. HOJ'IOCy COCTaBa KJIaguTe IIOBEPX YepTezKa pa3pe3a. II1s1 TOYHOTO HaAJIOXKEHUS BO3bBMUTE
MHOXKHUTEJIb, HalledaTaHHbIN WHCTPYMEHTOM Pa3pe3 MO0 JIMHHUM, U 3aJaliTe ero 30eCh B pexume
MHO2KHTeEJIb (OTHOI_LIeHI/Ie I':B cuuTaeTcs 1o OOHOMY IIJIaCTy U OJIdd HAJIO2KEHUA He TOJ:[I/ITCH).

Omnpepenenue pa3pe3a M 00IIHe IapaMeTpPhl

FeOMeTpI/I‘IeCKI/I Pa3pe3 3aJal0T OBE€ BEIIU - INHUA B peaHBHOﬁ cucreMe KOOpOuHaT 1 BepTHKaJ’[bHLIfI
MacIirtadb vex. I/IHCTDYMGHT Pa3pe3 II0 JIMHHUHA BI:IJIaéT X BMECTEe KaK CJIou OnpeneHeHHe
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pa3pe3a: II0 JUHUY Ha KaXXAbIM pa3pes, ¢ moIsIMu sec, sec_id, vex, step, zmin, zmax, ox u oy. 9T0
00IIIMY UCTOYHUK ITPABIHL.

NHCTPYMEHTHI IIepecedYeHusi, MPOEKIMM, 00paTHOM MPOEKIUH YUTAIOT JIUHWIO M VEX U3 3TOTO
oIpefeNieHus, II03TOMY UX DPe3ylbTaThl JIOKATCHA Ha pa3pe3 0e3 pydyHOU IIOOTOHKM MacliTaba.
ITocTpoiiTe pa3pe3 OOWH pa3, ONpefelieHHEe IIEPEHOCHUTCS BMeCTe C IIPOEKTOM U IIOJa€Tcs B
OCTaJlbHble MHCTPYMEHTHI IPYIIIIH.

Korma pa3pe30B HECKOJIBKO, OIlpeaeeHrne HeceT ux Bce. UHcTpyMmeHTH IlepeceueHne moBepxXHOCTEH
c pas3pe3oMm (4.04), IlepecedyeHHue BeKTOpPOB c pa3pe3oM (4.05) u Ilepeceuenue TIN c
pa3pe3omM (4.06) o6pabaTriBaioT BeCh HAOOpP 3a OOWH ITPOTOH: KaXKOHIM pe3yJIbTaT JTOXKUTCS Ha
CBOHM 4epTEXK 0 CMEILIEHUI0 U3 TTOJIEN OX U Oy M MOIydaeT mojs sec u sec_id. HyxkeH oguH pa3pe3

- TIocTaBbTe (GUIBTP Ha CJION OIpEeNeNeHHsl WU BHIOENINUTE HYKHYIO JIMHUIO, IMOPSIOOK 0O0BHEKTOB
coxpansieTcsi. Eciu B ompefieieHuH OKaxKyTCs pPa3pe3kl C pa3HBIM Vex (TakKoe ObIBAaeT, eCITH CKIIEUTh
ompenesleHnuss OT Pa3HBIX 3aHyCKOB), WHCTPYMEHT IIpenynpeguT, 4TO 4YepPTeXU HEeCOIIOCTABUMEI, U
IIOCOBETYET IIepecobpaTh UX OOHUM ITPOTOHOM.

HNucTtpymeHnTH CocTaB miacTa Ha pa3pe3e (4.03), 4.07 u 4.08 noka paboTaioT 110 OHHOMY pa3pe3y
u OepyT u3 ompenereHus ImepBhi. CKBaxkHHBI Ha pa3pe3e (4.02) ob6pabaThiBaioT BeCb Habop
nakeTHO. [Ipy HECKONBKUX pa3pes3ax lofaBaiiTe UM oIpeneeHne, OTOUILTPOBAHHOE Ha HYXKHBIN
CTBOD.

Crnou onpemeneHus, coejlaHHBIe TPEXKHUMH BePCUSMHU IIJIarvHa, YUTAIOTCA ITo-cTapomy. ITomei sec
¥ OX B HUX HET, ITI03TOMY HMMSs BHEIXOOUT MyCTHIM, CMEIIeHWe HYIeBBEIM, U Pe3YJIbTAaT JIOKHUTCS POBHO
TakK ke, Kak paHbIIIe.

HNucTpyMeHT CocTaB IUIacTa Ha pa3pe3e NpUHUMAaeT OIpefefieHre pa3pe3a HeoOs3aTelbHBIM
BXOOOM: €CJIM OHO 3a[laHO, BEPTUKAJIbHBLINM MacmTad 0epeTcsa M3 Hero, W IoJjioca COCTaBa TOYHO
JIOKHUTCSA Ha IUIACTH H0 BhICOTe. CKBaKHHBI Ha pa3pe3e paboTaloT TOJILKO OT OIpemeeHus,
OTHeNbHOro BeIGopa Maciitaba y HUX HET.

Pa3pe3 TaKXe O6p€3&8T BEIKJIMHUBAHUA: THE€ KPOBJISA OIIyCKae€TCd OO IIOAOILIBEI, ITJIACT IIPOIIadaeT,
II0JI0OCa He CTPOUTCA. Tak B memo BTOpOﬂ HpOMbILT.IJ'IGHHbeI IIJIaCT BHIKJIIMHHUBAETCSA K BOCTOKY.

s moMaHoOM MUHUYN «Pa3pes o TUHUKU» I10 3aIIPOCY BLIOAET TPU CIIYKEOHBIX CII0SI B OCAX YepTezkKa.
YriioBBlE TOYKY CTABSITCS Ha KaXOOM y3Jie JIOMaHOM, CBEPXY U CHU3Y pa3pe3a. Y TOUKHU MOJIsd: HOMED,
umsa (YT'-1, YT-2 ...), cTopoHa (BepX WM HU3), pacCTOSIHUE BOOJb IUHUU, NIJIaHOBEE X U Y, a3UMYT
OTpe3Ka M roroBas Nopgnuchk. CBepxy HONNUCHIBAETCS MMS, CHU3Y - IIJIaHOBble KOOPOMHATH X U
Y, OprrJ’IeHI/Ie 0O COTHIX. A3I/IMYT U PaCCTOsAHHE OCTAIOTCHA IIOJIAMH CJIOA - UX YJIOGHO BEIHECTU B
Tabnuily MakeTta. [IpunaraeTcss CTHU/Ib: BBEPXY TPEYTONbHUK BEPIINHOM BBEPX, BHU3Y MOJIKA.

OmnIMoHambHO BHIOAETCS TabJHIla YIJIOB - CJIOM-IOJIMTOHBLI HOO pa3pe3oM. AueiKu j1exkaT MeXOy
YTJIOBEIMHM BEPTHUKAJISIMHM, TPAHUIEI IIPOXOMOAT OO HUMU, OBE CTPOKM: OJIMHA M a3WUMYT OTpPe3Ka
MeKOy COCeOHUMH yTJIaMH, ITOAIKCH II0 [EeHTPY, 3aluBKa Oemasi. OHa PUCYEeTCs IPSIMO Ha XOJICTE
¥ ye3XkKaeT B MakKeT BMECTe C pa3pe3oM. YTJIOBhe BEPTUKAJIM - JIMHUK Ha y3jIaX JTOMaHOM Ha BCIO
BBICOTY pa3pe3a. [opu30HTaIbHBIE OCH - TUHUH PABHOI BEICOTHI C OTMETKAMH (IO YMOIYAHUIO MISTh,
C XOPOIIMM OKPYTJIEHHEeM) IOJIsS IIKajbkl BEICOT. II0JIs YepTeka pacIIMpPeHbl Ha MSITh IPOIEHTOB
BBEPX W BHH3, YIJIOBbIE TOYKU CUIOSAT Ha 9TUX KpasX.

4.04 TlepeceuyeHue NMOBEPXHOCTEH C pa3pe3oM

HUHcTpyMeHT IlepeceuyeHHe MOBEPXHOCTEH C pa3pe30M HaHOCUT MMOBEPXHOCTU-TPUALI Ha pa3pe3
JINHUSIMU B OCSIX PACCTOSTHUE-BEICOTAa. KaXkawrii rpup BEIOMPAETCS BOOJIb TUHUY OIIPENEIEHUS, U €r0
CedeHUe JIOKUTCS Ha YePTEXK PSIOOM C IjtacTaMu. JImHuS u vex 6epyTcs U3 onpenesieHus: pa3pesa,
II09TOMY COBHafieHHWe C pa3pe30M aBTOMaTHUYeCKoe.

Tak Ha pa3pe3 HAHOCSIT BOOOHOCHLIE TOPHU30HTH, MAPKHUPYIOIINE MOBEPXHOCTH, KPOBIIO COJIH,
IIOBEPXHOCTH aHoMainuii. Ha BXom - ompemesieHHe pa3pe3a W CIHCOK TPUMOB, Ha BHIXOMOE JIMHUU B
ocsiX paspe3a (u mpu xKejgaHuu 3D-TMHUY B PeaJIbHBIX KOOPOUHATAaX).
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X 462354
Y 17386.26

yr-2
A

X 8929.82
Y 1940363

X1367718
¥ 1921634

X 1752787
¥ 21012.70

d 475539

4651.14

433991

6555

Puc. 28: OdopmneHue pa3spesa:

PaMKa C VIJIOBEIMM Be€pPTHKAJIIMHU
TOPHU3O0OHTaJIbHBEIE OCH C OTMETKaMMU CJIEBa U T&6J’II/IHa YT'JIOB IIOA Pa3pe30M.
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Ipoeknusi 06BbEKTOB ¥ oOpaTHas IPOEKIIWsS IIPOBEPEHHl Ha pealbHBEIX JaHHBIX ¥ MeTKy (0era)
GobIrie He HecyT. Pa3BépTKa CTEHKU CTBOJIa OCTAETCSI MIOMEYEHHOM: 0Ha pabouasi, HO e€ nHTepdec
1 Habop IPUMEPOB €III€ YTOUHSIIOTCH.

ITapamMmeTpsI
[TapameTp Yro 3amaér ITo ymonyaHuio / COBET
OmnpepmeneHue pa3pesa Crnou onpenenenus ot 4.01: -
JIMHUS C IIOISIMHU Vex U step.
3agaéTt nuHUI0, MacuTad u
BBICOTY PaMKMH.
[ToBepXHOCTU-TPULHL Coucok pacTpoB, YbW CEUEHUS -
HAHOCSITCS Ha pa3pe3
JTUHUSMHU.
[ITar BLIOOPKYM BOOJIb THHUU Yepes CKOJILKO eauHuIll KapTel O
(IOom.) 6patpb oTcyéT. 0 - IO pa3mepy
STYEUKU.
Bri6opka pactpa (Ho.) BunuHeitHo Uy 6IUXKaNuIIN. OuIUHENHO
JIuHUU MOBEPXHOCTEN Ha BEIXOOHEBIE TUHUU B OCSIX co3maéTcs
pa3pe3e (4epTex) paccTosiHKMe X BBICOTA.
Jluanu noepxHOCTEN (3D) Brixognarele 3D-nuHUY B 10 3amIpocy

PeallbHBIX KOOPpOWHAaTaXx.

4.05 IlepeceuyeHue BEKTOPOB C pa3pe30M

Ecnu IIOBEPXHOCTH 4.04 HaHOCATCS rpugaMy, TO 3TOT MHCTPYMEHT HAaHOCHUT Ha Pa3pe3 BEKTOPHbIE
00OBEKTHI TIO TOYHOMY ITepeCedeHHnuIo C IUHUuEHU pa3pesa. Tun pe3yinbTaTa 3aBUCHUT OT oOBeKTa.

JluHus ©0€3 OTMETKH BBICOTHI (IIJIOCKAas B IJIaHE - PA3/IOM, I'PaHUIla, KOHTYDP) HAaéT BEePTHKAIb
Ha BCIO BBICOTY B CTaHIIUM IIepecedeHus1. MI3BeCTHO, Ime pa3pes e€ IepeceKkaeT 10 TOPU30HTAaNY,
HO He Ha KaKoW riy0uHe, M03TOMYy MeTKa HOET Yepe3 BCI0 paMKy. JIuHus ¢ ormeTkou Z (3D-
00BEKT, HAKJIOHHHIHM, KOHTYP IIOBEPXHOCTHU) JHAa€T TOYKY Ha pealbHOM BLICOTE B MECTE ITepeCeYeHu s
- HallpuMep, KOHTYP KPOBJIU C OTMETKOM JIOKUTCS TOYKOM POBHO Ha mjacT. [TonuroH (30Ha B IjlaHe
- 3aMellleHNe, MIaXTHOE [I0JIe, THUIeH3KI) JaéT BePTHUKAJIBLHYIO IIOJIOCY Ha UHTepBae, Ime paspes
HUOET CKBO3b 30HY.

JIuHus, vexX ¥ BEICOTa paMKu OepyTCs U3 ompefeneHus pa3pesa - ero nuiieT Pa3pe3 mo THHUH, U
B HEM TeNepb XPAHUTCS BEPTUKANIbHBIN pa3Max. [loaTomy mist o6beKTOB 6€3 Z momaBaTh HUYETO
He HYXHO. [IJIsI CTaphIX ompenesieHHH 0e3 BBICOTHI OCTAETCS 3aIllaCHOM IyTh: YepTeék pa3pe3a
HeoOs3aTeNbHBIM BXOOM HJIM AUAlla30H Z B OOHOJIHUTEJIbHBEIX. Korma y o0beKTa ecTb Z, BHICOTA
He HyXKHa - TOYKa CTAaBUTCS 10 OTMeTKe. [IyCThle BEIXOMBI HE CO3[al0TCS: PA3JIOM MAéT TOJIBKO
BEPTUKAJIM, MapKep - TOJIbKO TOYKH, 30HA - TOJIBKO ITOJIOCHI.

B ornuune ot IIpoekunuHu 00BHEKTOB Ha pa3pe3 (MpubiIu3uTEeNbHOMN, II0 KOPUAOPY) 3TO TOYHOE
IepecedeHne - MeTKa IIOSIBNIAETCS TOIBKO TaM, I'le TeOMETpPHUsSI pPealbHO peXeT JUHUIO pa3pesa.
Ha Bxom MOXKHO IIOJaTh Cpa3y HECKOJIBKO CJIO0€B (JIMHUY U IIOJINTOHEL BIIEPEMEIKY) - BCE
o6paboTaioTcs 3a OOMH IIPOTOH, KaK CIIMCOK IoBepxHOCTeld B 4.04, a B BRIXOJAX IT0JI€ SIC XPAHUT
CJIOM-UCTOYHUK KaxKOo¥ MeTKU. [leMo-reHepaTop BHIOAET pa3jioM, MapKep C Z 1 30HYy 3aMelleHus,
Iepecekalolme qeMo-pa3pes, - Ha HUX UHCTPYMEHT Ipo0yeTcs cpasy.

ITapamMmeTpsi
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

OmnpeperneHue pa3pesa

Cnou gng nepecedyeHus

YepTéxK pa3pes3a

[TepeHOCHUTDL aTPUOYTHI
00'BEKTOB Ha pa3pe3

COXpaHHTB HUMSA UCXOOHOTO
CJI04

COXpaHHTB CTHUJIb NCXOOHOTO
CJI04

JInnus penveda Ha yepTexe

JIuHUS HM3a Ha yepTexe

ITone HUKHEI OTMETKH II0JIOC
U BepTUKaleun

HuxkHss oTMeTKa 3TO ri1yOuHa
oT Bepxa (Hor.)

Hu3s nuanasona Z (Iom.)

Bepx npuanazona Z ([om.)

BepTukanu Ha pa3pese

Touku nnepecedyeHus

[Tonock! 30H Ha pa3pe3e

Cnou onpepenenus ot 4.01:
JIMHUSI, VeX U BEICOTA PaMKH.
IO 00BeKTOB 6e3 Z 3Toro
IOCTATOYHO.

JIMHUY U IIOJIUTOHBI
BIIEPEMEIIIKY, 3a OJWH IPOTOH.
B BEIXOZax moJjie Src XpaHUT
CJION-UCTOYHUK.

3armacHOM MCTOYHUK BBICOTEI
paMKHU OJIsT CTaphIx
omnpepnesnieHud 6e3 zmin/zmax.
[Tomns nCXOmHBIX 0OBEKTOB
YXOOST B BEIXOOBI, YTOOHI
KPacUTh U MOAIINCHBAThE METKHU
II0 CBOUM HaHHBIM.

BrIixom Ha3wIBAeTCH I10
HUCXOOHOMY CJIOIO, KOT[a OH
OOMH.

Odopmnenue 6epéTcs y
MCXOOHOTO CJIOSI, a He U3
IITAaTHOTO CTUIST MOOYJIS.
Coil TUHUY IOBEPXHOCTEU OT
4.01. Bepx 30H ¥ pa3IoOMOB
JIOKUTCA IO penbedy, a He 110
paMkKe.

ToT 2Ke CJIou UJIM ero 4YacCThb.
Hu3 30H 1 pa3jioMOB TOXKUTCSI
110 TIOAOIIBE, a He 10 paMKe.
Hu3s xkaxkpmoro o6beKTa U3 ero
CcoOCTBEHHOTO aTpudyTa.
[lepekinoo4daeT 4YTeHUE OIS C
a0COIOTHOM OTMETKH Ha
rIIyOuHy.

HuxHSs 0oTMEeTKa paMKU, eCIIU
HeT HU OoIIpefesieHus C
BBICOTOM, HU YepTezkKa.
BepxHsis oTMeTKa paMKHU B TOM
XKe cIydJae.

Brixon miis muHUi 6e3 Z
(pa3nomM, rpaHuIla): BEPTHUKAIIb
Ha BCIO BEICOTY.

Breixop gmnis nuHUY ¢ Z (KOHTYD
C OTMETKOM): TOYKa Ha
peanbHOM BEICOTE.

BrIxon mOjist TOMUTOHOB (30HA B
IJjiaHe): BepTUKalbHAasI I10Jioca
Ha MHTEepBae.

I10 2KeJIaHHIO

BKJIIOYEHO

BBIKJIOYEHO

BEIKJIIOYEHO

I10 2KEeJIaHUIO

I10 2KeJIaHUIO

II0 2K€JIaHHUIO

BBIKJIOUEHO

0

co3maeTcsa

Cco3TaéTcs

co3maeTcsa

IIycThie BEIXOOLI HE CO3HAIOTCS: KazKObIH TUII 00beKTa UAET TOIBKO B CBOM CJIOH.

HWMs1 1 CTHJIb HCXOTHOI'O CJIOSI

I[IBe rajmouykw [Ojs CiIydasi, KOrfla Ha BXOI IIOoJaH oOuH cjod. O0e Mo yMOJYaHWIO BHIKJTIOUEHHI,
IMO3TOMY IPEXKHUE ITPOTOHBI BOCITPOU3BOAATCS 663 U3MEHEHUH.
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CoxpaHsITh UMSsI HCXOOHOIO CJI0si. BrIXom Ha3bIBAae€TCS 10 UCTOYHUKY: CJIOM TE€OJIOTMU HaET
«T'eonoruss Ha pa3pe3e» BMECTO yYHUBepcanbHOTO «IIomocel 30H Ha pa3pe3e». Ecnu omumH criou
pomun cpa3y HECKOJIIBKO BHUMOB 00BEKTOB, K UMEHU HOOaBJISIETCSA BUJ, MHAYE TPHU CIIOS B IepeBe
Ha3BIBATUCh OBl OMUHAKORO.

CoxpaHsITh CTHJIb MCXOTHOro cjosi. OdopmMmienue 6epETCsS y caMOT0 CJIOsI, a He U3 IITAaTHOTO
cTust MomyJiisi. BMmecTe ¢ mepeHOCOM aTpuOyTOB 3TO CHUMAET I'JIaBHYIO PYYHYI0 paboTy Ha pa3pese:
KaTeropuiHas packpacka I'€0JIOTHH IIO IIOJII0 JIOKUTCS Ha II0JIOCH KaK eCThb, IIOBTOPSATHL IIaIUTPY
BPYYHYIO He HYKHO. CTUJIb IIEPEHOCUTCS, KOT[ia TUIl TEOMETPUM COBIAHAET: IIOJUTOHEI B IIOJIOCHI,
nuHuKu 0e3 OTMETKH B BepTUKanu. JIMHWS C OTMETKOM Z maéT TOYKYy, TUHEWHHIW CTHJIb Ha Heé He
BCTAHET, ¥ TaM OCTAETCS IITATHBIHN.

CI10€B IMOJaHO HECKOJIBKO - 00€ TaJI0YKH MOJT9aT, IOTOMY YTO BEIXOOEI CBOIST BCE UCTOUYHUKY B OIVH
CIJIOH, ¥ B XKypHAJ yXOOUT CTPOKA IOYEMY.

O0Ope3ka no penbedy U THHUHA HH3A

30HEI U pPA3JIOMBl II0 YMOJIYQHHUIO PUCYIOTCS HA BCIO BBICOTY PaMKU: U3BECTHO, I'e OOBEKT
repecekaeT JIMHWIO, ¥ HEW3BECTHO, Ha KakKoW OH TinyOmHe. Tpu HeoOs3aTeNbHBIX IIapaMeTrpa
CHUMAIOT 3TO OTPAHUYEHUE IO KPasM.

JInausi penbeda Ha 4deprTeke obOpe3aeT 00BEKTHl CBepXy. IlomaBaiiTe cjoi NMUHUN penbeda,
KOTOphIX Briga€T 4.01 Pa3pe3 mo auHMHU. Bepx 30H ¥ pal3jioMOB JIXKET MO penbedy, a KpoMKa
II0JIOCHL TIOBTOPUT €r'0 IIePEJIOMEBI, @ HE OCTAHETCS IIPSIMOIA.

O0Ope3ka MOET UMEHHO II0 JIMHUU C YepTexXka, a He 1o pactpy LIMP, u 3Tto oco3uanHo. Pa3pes mor
CTPOUTHLCS N0 OPYro¥ MOBEPXHOCTH, M TOTHA PacTp C 4epTekoM pazoumytcss. Ob6pe3aTs HaAHO IO
TOMY, YTO 4YeJIOBEK BUAUT mepern coboi. Pa3pes3rl COMOCTABISIOTCSA IO Moo sec_id, mostoMmy B
ITaKeTHOM IIPOTOHE KaXKOHU YePTEXK PeKeTCSI CBOUM IIpoduiIeM.

JInHUsI HU3a Ha 4yepTezke obpe3aeT 00BLEKTHI CHM3Y M yCTPOeHa Tak Xke. [lofgaBaiiTe IOmOIIBY,
IIOYBY IIJIaCTa UJIX JIIO6YIO HH2KHIOIO IIOBEPXHOCTE C TOI'O K€ YepTexKa. JInaun HeT, HUu3 0oCTaéTcs 1o
paMKe.

Ecnu B clmoe HECKOJIBKO ITOBEPXHOCTEH, oOpe3Ka UAET M0 orubarolllei: CBepXy II0 CaMO¥ BHICOKOM,
CHU3Y II0 caMoi HU3KOH. [ToaTomy BEIxo[ JIMHHUH MOBEPXHOCTEH Ha YepTexkKe FOOUTCSA KaK eCTh,
IofaBaTh €ro MOXKHO cpa3y B o6a Bxoma. Korma HyXKHa OfHa KOHKpPEeTHas IIOBEPXHOCTH, ITOJanTe
co¥, oT¢UIBTPOBAHHEIM I10 ITOJII0 Name.

KpOMKI/I CHUTAIOTCA B OOHUX U TeX 2K€ CTAaHLHUAX, y3JIbL obeux TUHUMN CBOOATCA B 06H.II/II‘;1 Ha60p.
Huaue BepX U HU3, ITIOCYUTAaHHEIE KaXObI 10 CBOMM CTAHIIUSAM, IIepeceKIIuChb (931 MeXOy y3JIlaMHu
U II0JIOCA BHIIIIA OBI BbIBepHYTOfI. Hwu3s He mogHMMAaETCS BHIIIE BepXa: TaM, I'le JINMHUA HH3a IIPOIIljia
Hafg peﬂbe(I)OM, TI0JIOCA CXJIOIIBIBAETCS U OOBLEKT He BbIJIaéTCH BOBCce. Yucimno CPEe3aHHHBIX ITEeJIMKOM
rme4yaTaeTcCd B KYypPHaII, 0OBIYHO 3TO 30HEI, JIeKalllkie BHIIIIe penbe(ba.

ITote HUKHEH OTMETKH 3a1a€T HU3 II0JIOC ¥ BEPTUKAJIeH MOUITYYHO, U3 aTPpubyTa cCaMoro 00beKTa.
I[To ymom4yaHUWIO 3Ha4YeHUe dYHTAeTCAd KakK abcomoTHas orMeTka. OJIakOK B [OIOJHUTEIIBHBIX
IlapaMeTpax IEePeKIIoYaeT ero Ha IIyOMHY OT Bepxa OOBeKTa: 3TO ymoOHO, KOorma B HAHHBIX
3alMcaHa MOIHOCTE 30HHI, a He eé TooIBa. Huke paMKH HU3 HE OMyCKAaeTCs HU B KaKOM CJIydae.

ATpudOyTHI 00BEKTOB Ha pa3pe3e

®naxok IIepeHOCHTH aTPHUOYTHI 00HEKTOB Ha pa3pe3 BKJIIYEH 110 yMoT4aHuio. CMBIC ITPOCTOM:
TOJIOCHL ¥ BEPTUKAJIM Ha YepTeKe KPacsaTCS U MOANMCHIBAIOTCS II0 BalllUM XKe I0JIAM, 6e3 Py4YHOTro
CBSI3BIBAHUS C MCXOOHEIM CJIOEM.

Cro€B TofaéTcsa HeCKOJIBKO, CXeMEIL Y HUX Pa3HEIe, I03TOMY KOJIOHKY CBOISITCS B OOUH 00IIHi Habop.
TTone, KOTOPOTO Yy CJIOST HET, OCTAETCS MyCTHIM. OMUHAKOBOE UM B PA3HEBIX CJIOSIX CUMTAETCSI OMHOM
KOJIOHKOM, TUTI OEPETCS OT MTEPBOTO CHO0S, TIe OHO BCTPETUIIOCH.
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HMmeHa, coBmapmarmue co ciayxeOHbIMU (sec, src, label, d, z, d1, d2), meperMeHOBBEIBAIOTCS C
cybdukcom. DTO He KOCMeTHKa: KOJIOHKa d HEeCET pPacCTOSHUE BIOOJIb pa3pe3a, U aTpudyT o0beKTa
C TEM Ke MMEeHEM MOojT4a ITOJAMeHU/I Obl KOOPAWHATY, a 3aMeTHJIH OBl 9TO YXKe Ha YepTexke.

Yucno COGpElHHBIX KOJIOHOK I1€4YaTaeTCsda B XKYpPHalJl.

Yron n A3HUMYVT IIaJeHHs1. JIunus 6e3 OTMETKHU II0 YMOJI9aHHUIO J:[aéT BepTHKaAJIb: U3BECTHO Irpge,
HEen3BEeCTHO IO KaKHM YI'JIOM. Ecnm 3apganbl Yrojl 1 a3uMyT IIafgeHHusa - IIOJIAMH IIO0 MMEHH HIIN
IIOCTOSIHHBLIMHY Ha CJIOM, - BMECTO BEPTUKAJIU PUCYETCH Clie[ IIadeHns1 OT IOBEPXHOCTU BHU3, a I10JI0OCa
30HEI CTAHOBUTCS IIapaJlyieJIorpaMMOM.

Ha 4epTéK BHIXOOUT He UCTUHHLIN yTroJl, a BUTUMBIH:
tg(BuomMmbin) = tg(MCTUHHBIK) - cos(a3uMyT napeHus — a3uMyT pa3pesa)

Pa3pe3 BKpeCT MPOCTUPAHUS MAaET UCTUHHBIN YroJj, pa3pes3 II0 MPOCTHUPAHHUI0 - HOJb, ¥ OOBEKT
JIOKUTCS TOPU30HTAIBbHO. A3UMYT pa3pe3a OepETcs 0 3BeHy, Ha KOTOPOM JIEXKUT IlepecedeHue,
TMO3TOMY Ha JIOMaHOM TIpoduIie HAKJIOH B Pa3HbIX MECTaX Pa3HbIH.

AzumyT 0053aTeJIeH ¥ U3 TEOMETPUYU HE BRIBOOUTCS: OOUH U TOT K€ 0OBEKT MOXKET MTafaTh B JIIO0YI0
cTOpoHy. Be3 Hero OoOBEKTEl OCTAIOTCS BEPTHKAIBHBIMU - MOIYaJIBOE [OIyIIeHHE <IIJIOCKOCThb
IIePIeHONKYJIIPHA pa3pe3y» U eCTh dacTas omubka mocTpoeHus. CTOPOHY HaKJIOHA 3afjaBaTh He
Hafo, e€ pelraeT 3HaK KOCHUHYycCa.

[nuHa ciema 3afJaéTcda IO TOPU3OHTAJKM B MeTpaX, HOJIb O3HadaeT OO paMKu. KopoTkuil cnepn-
yKa3aTeJib 0OBIYHO OepyT B IIOJITOPa-OBa CaHTHUMeTpa Ha nucte: mpu 1:2000 ato 30-40 M.

B aTpubytel nummytcs Tpu uyucia: dip (uctuuHbM), dip_az u app_dip (Bugumeiii). Meputh yromn
TPAHCIIOPTUPOM II0 YEPTEXKY HENIb3S - BEPTUKAIbHBINM MaciTab MCKaXkKaeT HapUCOBAaHHBIM HAKJIOH,
KaK HMCKaxKaeT U BCE OCTaJIbHOe Ha pa3pese.

4.06 Ilepeceuyenue TIN c pa3pe3oMm

Pactposniii rpurp (4.04) - 970 z = f(x, y), OGHO 3HAYEHUE BHICOTH Ha TOYKY IJIaHa. OIPOKUHYTYIO
CKJafKy OH IepefaTh He MOXKET B IPUHIUNE: HaL ONHOMW TOYKOW y HEE€ HEeCKOJIbKO OTMETOK
OOHOU IIOBEPXHOCTU. ITOT MHCTPYMeHT pexeT pa3pe3oM TIN - HOBEPXHOCTH U3 HACTOSIIUX
3D-TpeyronsHUKOB, KOTOpas yMeeT HaBUCATh.

MexaHrMKa YHCTO reoMeTpuyecKas. Pa3pes3 - BepTHMKalbHasA IITOpPa BOOJb JIOMaHOU. KaxKObii
TpeyronbHuK TIN mepecekaeTcsi C BepPTHUKaJIbHOMN IIJIOCKOCTHIO CBOETrO0 CETMEHTa, HAaET OTPEe30K
(cTaHums BOONL JTUHWU, pPeajibHaAs BHICOTA), U BCe OTPE3KM COOMPAIOTCA B TPAcCCy IIOBEPXHOCTH.
HaBucanue BBIXOOUT caMoO Co0OOM: Hal OOHOM CTaHUMEN OKa3hIBaeTCH HECKOJIBKO OTPEe3KOB IIO0
BBICOTE, ¥ Tpacca 3aBOpPa4YuBaeTCs - KPBIJIbS OIPOKMHYTOM CKJIagKH JIOXKATCS KakK €CTh.

Ha Bxop - cimou 3D-monuronoB (PolygonZ, rpauu TIN, mpu 3TOM He-TPeyTroJIbHUKUA Pa30uBaiOTCS
BEepoM Ha TPEYrOoNbHUKHU) U IIPU JKeMaHWW Mell-CJI0H. JIMHUS U vex 6epyTcs U3 OIpemeeHus
pa3pesa, BLICOTA - C CaMUX rpaHe, mosTomMy mjist TIN 3afjaBaTh HUUET0 He Hy>KHO. KpoMe 4epTEKHOM
TPacChl MOXKHO MOJIYyYUTDb €€ U B peanbHBIX 3D-KoopauHaTax.

BaxkHoe orpannuyenue: mem QGIS - ato 2.5D, BhicOTa B HEM CKallIp Ha BepIInHE, HaJl TOYKOH
CHOBa OOHO 3Ha4YeHHe, OIPOKUHYTOe B Mellle He CoxXpaHseTcsa. [Io3ToMy HaBuCaHKe JalOT TOJIBKO
Hacrosmue 3D-rpanu ot reomopesuiepa (Leapfrog, Micromine u nmomoGHbIe). Melll TpUHUMAETCS
onss OOIIHOCTH, Ha OMHO3HAYHHIX ITOBEPXHOCTSX. [leMo-reHepaTop BHIOAET OIMPOKMHYTyIO0 TIN-
CKJIaOKy - Ha Hel 3aBOPOT TPACCH BUIEH Cpa3ly.

ITapaMeTpsbI
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

OmnpeperneHue pa3pesa

I'paru TIN (PolygonZ)

Mein-cno# (2.5D)

Tpacca TIN Ha pa3spese
(uepTéx)

Tpacca TIN (3D)

Cnou onpepenenus ot 4.01:
JIUHUS U veX. BeicoTa 6epéTcsa
C caMUuX rpaHei.

Crnou 3D-IOIUTOHOB - 'paHu
TIN oT reomopennepa.
HaBucaHte U OIIPOKUHYTOE
BOCIIPOU3BOISATCS.

Mermr QGIS gyt oOIIHOCTH.
Hap Touko¥M OOHO 3HAYEHHUeE,
ONIPOKHHYTOE B MeIIle He
COXpaHseTCH.

BrixogHas 2D-Tpacca B ocsax
paspe3a, MOXKeT
3aBOpavYHBaTHCS.

BrixomHast Tpacca B peaJibHBIX
3D-kKoopOuHaTax.

Heo0s13aTeIbHOo

Heo0s3aTeIbHO

co3maeTcsa

II0 3ampocCy

IMopatiTe X0Tst OBI OMWH U3 ABYX BXOMOB - rpanu TIN mmu mer.

4.07 IIpoeknusi 00LEKTOB Ha pa3pe3

HucTtpyMeHT IIpoeKIusi 00beKTOB Ha pa3pe3 NPoerupyeT TOYKH, JIMHUY U IIOJTUTOHE Ha TUHUIO
pa3pes3a. [ns KaXXgoM BEPIIMHEI TOPU30HTAIb 3TO PACCTOSHUE BOOIb JIMHUM OO €€ MHPOEKIHUH,
BBICOTA - OTMeTKa u3 3D-reoMeTpuy WM M3 BEIOPAHHOIrO moJjisA. [lajibHME OOBEKTH OTCEKAIOTCS
KOPUIOPOM.

[TapameTp Yrto 3amaérT ITo ymomyaHnuro / coBeT
OmnpepeneHue pa3pesa JImHUS pa3pe3a Cc IoIeM vex -

(BepTuKampHOE

IpeyBeIndeHue).

OOBEKTHI OJIT TPOEKIINHU Cnoii, 06beKTH KOTOPOTO -
IIPOEIUPYIOTCS Ha MJIOCKOCTh
pas3pesa.

ATpubyt Z, ecnu reoMeTpus -

00BLEeKTOB 0e3 Z.

ITone ormeTKH

Kopupgop ot nuHuu [MMupuHa IOJIOCH 3axBaTa OT 0
nuHuY pa3pesa. 0 = Bce
OOBEKTHI.
COXpaHSITB UM UCXOOHOTI'O HNmsa BEIXOOa CTPOUTCHA OT CHATO
CJIOsA MMEeHU NCTOYHUKA.
CoxpaHsaTh CTUJIE UCXOOHOTO Odopmnenue 6epéTcs y CHSTO
cIost €caMoro CJIosi, a He U3

IITATHOTO CTHJIS.

Brixon: oOBEKTHL B -
KOOpIMHATax Yeprexka

pa3pe3a.

OOBeKTH Ha pa3pese (4epTEXK)

970 00001IeHe TPOEKIINK CKBAXKUH Ha JI00bEIe 00BLEKTE: aHOMAJINH, TOYKKW ONPOOOBAHMUSA, TPACCHI,
KOHTYPHL. Pe3ynbTaT B 0CsIX pa3pe3a, KIageTcs MoBepX YepTexka.
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Bce pa3pe3sl onpeaeieHus

HUucTtpyMeHT paboTaeT mo BCeM pa3pe3aM ONpelesieHus, a He IO nepBoMy. KaxXnmweili 0O6BHEKT
BEIHOCUTCS Ha TOT YEPTEXK, K JITUHUYU KOTOPOTO OH IIONajJ B KOPUAOP, ¥ B aTpUOyTax OCTAIOTCS UMS
pa3pesa M ero HOMeD - 10 HUM pe3yIbTaT OeNUTCS Ha YepTeXU. YepTeKU pa3HOCATCSI CMeIleHueM
U3 ompenenieHus, Kak B 4.01.

lanoyka BBIHOCHTH Ha BCe pa3pe3bl CHUMAaeT OTOOpP IO KOPHUOOPY, XU OOBEKT JI0XKUTCS Ha
KaXXObIH 4epTEXK. ITO HYKHO [JIs TUHUKE CaMHUX CTBOPOB U IJIsT 0OBEKTOB, OOIIINX Ha BCIO MJIOIIAAb:
110 PACCTOSIHUIO OHM IIONafasay OBl TOJIBKO Ha CBOH pas3pes.

HNMs1 M1 CTH/IBL HCXOTHOI'O CJIOSI

[IBe rajo4Ykm O TeX, KTO y’Ke HacTpousn odopmieHne B myaHe. Ms BEIXOma CTPOUTCS OT UMEHU
WCTOYHUKA, a opopmIleHre OepETcst y camMoro cjiosi. KaTeropuiHbIN CTUIIE JIOKUTCS Ha pa3pe3 Kak
ecTh, U JIeTeHfa ocTaéTcs npexHell. Tak xke ycrpoeHo B IlepecedyeHHH BEKTOPOB C pa3pe3oM
(4.05).

CTunp IEpPEeHOCHUTCSI, KOTHAA THUIl TE€OMETPHUH BBIXOHA COBIIAJAET C THUIOM WMCTOYHHWKA. TOYKHU
IIPOETMPYIOTCS TOYKaMH, IIOJIMTOHEI IIOJIOCAMHU - TaM 0(OpMJIIEHME BCTAET OOWH B OonuH. JIMHUS C
OTMETKOM Z Ha€T Ha pa3pe3e TOUKYy, U JIHHeNHOoe opopMIIeHIe Ha He€ He BCTAHET: B 9TOM CiIydae
OCTaEéTCs MITAaTHHIM CTUIIb, O YEM CKa3aHO B XKypHaJe.

4.08 CopoenupoBaTh C pa3pe3a

HucTpyMeHT CipoenupoBaTh C pa3pe3a fgeaeT oopaTHOe: 00BEKTH, HAPUCOBAHHBIE HA YEPTEKE
paspesa, Bo3BpalllaeT B pealbHble KOOPOUHATHE. ['OPU30HTAIb BEePIINHE YUTAETCS KaK PACCTOSTHUE
BIOJIb JIMHUM ([AéT IIJIaH), BEICOTA - KaK OTMETKa Z = BBICOTA / veX. JIMHuS u vex 6epyTcs U3 TOTO
XKe ompefereHus, I0 KOTOPOMY CTPOHJIICS YepTEX.

[TapameTp Yro 3amaér ITo ymon4aHuIo / COBET
OmnpepmeneHue pa3pesa JInHus pa3pe3a Cc IOJIeM VeX. -
OOBEeKTH C uepTeka pa3pesa OOGBEeKTH B KOOPOUHATAX -

yepTexKa [Jid Bo3BpaTa B IIJIaH.
OOBeKTH B IJIaHe (C OTMEeTKOM  BrIxon: 00BeKTHI B IJIAHOBEIX -
Z) KoOpOuHaTax C

BOCCTAHOBJIEHHON OTMETKOM.

Tak HapHCOBAHHLINA PyKaMHu Ha pa3pe3e 00LeKT - KOHTYP 3ajIeXu, HapyllleHue, TPaHuIla - IolamaeT
obGpaTHo B 1y1ald 1 B 3D ¢ oTMeTKOM Z.

MaHI/I(l)eCT MOIOe/IX BMeCTO CIIHCKa CJIOEB

HNuctpymenT Manudect moaenu (5.05) 3anuchiBaeT B CBOMCTBA IPOEKTa, KaKyl0 POIb UI'PAET
KaXK[ObI¥ CJIOM: OMOPHAas IIOBEPXHOCTb, KOHTAKT TeJjla, YCThbsI, MHTEPBAJIbl, 3aMePHl OCH, CITPAaBOYHUK.
Pa3pes 1 CKBaXKHUHEBI 3Ty Pa3MeTKy YUTaloT.

Ecnmu moBepxHocTu B 4.01 He 3amanbl, OepyTCs BCe CJIOM C POJBI0 KOHTaAKTa Tejla, B IOPSOKe
mepeBa cnoés. Ecnu B 4.02 He 3afaHbl YCThs, UHTEPBAJIBl UJIM UHKIUMHOMETPUS, KaXKOBIM U3 3TUX
BXOJIOB HIIEeTCS 10 CBOoel poyu. B3siToe u3 MaHudecTa Ha3blBAeTCSA B XKypHalie MOUMEHHO, YTOORI
IIOCTAHOBKA He 0CTalach He3aMeUYeHHOH.

IIpaBuio OOHO U OHO BakHee ynoOcTBa: MaHUGECT COKpalllaeT IIyTh, HO He CTAHOBUTCS YCIIOBUEM
paboThl. HeT poreii, ToOTOMY 4TO IIPOEKT YyKOM MJIM YHACJIEOBAHHEIM, - BCE paboTaeT Mo SBHOMY
BEIOOPY, KaK paHbIIIE.
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OOpaTHBIHN XO/I: MpPaBKa KOHTAKTa Ha pa3pe3e

LIy 3aMbIKaeTcs TaK. ['e0Jjior BUOUT Ha 4depTeXke, YTO KOHTAKT IIJlacTa NPOBeNEH HEBEepHO, U
pHUCyeT ero IpaBUJIBHO JIMHUEHN B OCIX pa3pe3a. MHCTPyMeHT BO3BpallaeT 3Ty JIUHUIO B IJIaH C
OTMETKOU Z y KaKI0! BEPIINHEL.

lanoyka OTmaBaTh BEePUIMHAMM ITPEBpalllaeT Pe3yIbTaT B TOYKHU. DTO HYKHO IIOTOMY, YTO JabIlle
OTMETKH UIYT B IOCTPOEHME TIOBEPXHOCTH, a TyAa NTPUHUMAIOTCSA HaOTI0ge s TOUKaMU: B KDUTUHTE
TakKasi TOYKa 3aKPeIIseT MOBEPXHOCTh TOYHO NPHU HYJIeBOM HarreTe, B Topo2Raster cTtaHOBUTCS
XKECTKUM Y3JIOM.

[Tose Src moMedYaeT Ipoucxoxaenne. KOHTAKT, CHSTHIN C pa3pe3a, 9TO HHTePIIpeTallus, a He 3amep,
¥ B 00IIed BEIOOPKE CO CKBaXXKMHAMH €r0 Ha[o OT/IMYaTh. [10 9TOMY IT0JII0 TOYKE 3aJal0T MEHbIIUH
BEC I0JIEM BECOB OeK/IaCTepHU3allii, U PUCYHOK MEePeCcTaéT BECUTh CTOJIbKO K€, CKOTbKO CKBaXKHHA.

Packomn: Bce 6opTa cpa3y

Y packoma umu Kapbepa 0 KaX[O0M CTeHKe CTPOUTCS CBOM pa3pe3. UepTekHu JI0KATCA Ha OOUH
XOJICT PSIIOM, pa3HeCEHHBIE CMeIlleHueM U3 ONpeIeieHus. I'eosior pucyeT CJIOM Ha KaXkIoM YepTexke
110 OpTO(hOTO CTEHKHU.

OOpaTHBIM XO[ BO3BpalllaeT HapHCOBAHHOE B IIJIaH, M KaXObIH OOBEKT CAOUTCS HA JIMHUIO CBOErO
pa3pes3a: HHCTPYMEHT BHIOMpaeT pa3pes3 II0 TOMY, B Ubel II0JIoce uepTexka OOBLeKT HapHCOBaH.
PaccTosiHMEe BOOJIb OCH OTCUMTAHO OT Haydajla CBOEro pas3pe3a, M Ha YyzKOM JTUHWH OHO YKa3bIBaJlo
OBbI HE TyIa.

Tun reomMeTpuu coxpaHseTrcs. TOYKKM BO3BpAIIAIOTCS TOYKAMU, JIUHUHU JIMHUSMH, TIOJIUTOHBI
BEPTUKAJIBHBIMMU IIJIOIIagsAMU. BepTI/IKaHBHaH IIJIoIIanab IIPaBUJIBHO BRITJTIAOUT B 3D, HO B IIJIaHE 3TO
II0JI0Ca Ha JIMHUU pa3pe3a C HyJIeBOH IIJIOMIagbio, TIO9TOMY OIS PACYETOB IO Hel 6epyT BEPIIUHEL.

IanpIille KOHTAKTHI CO BCEX CTEHOK COOMPAIOTCS B OOHY BBHIOOPKY, K HUM OOOABJISIOTCS TOYKHU
KPOBJIM, CHSTBHIE BHYTPH pacKoma, W IO 00Iei BHIOOPKE CTPOUTCS ITIOBEPXHOCTh. KOHTAKTHI C
pa3pes3a 3TO0 HHTepnpeTanus o doTorpaduu, a CHATHEIE TOUYKU - MHCTPYMEHTAJbHBIM 3aMep,
IIO3TOMY IIPOUCXOXKIOEHHUEe CTOUT IIOMETHUTH II0JIEM SI'C U 3adaTh pa3HbIﬁ BeC B KPpUT'UHTE.

4.09 Pa3BEépTKa CTEHKH CTBOJIa (0eTa)

HNucTpyMeHT Pa3BépTKa CTEHKH CTBOJIa CTPOUT LMJIMHOPUYECKUHN pa3pe3. Bokpyr ocu cTBONa
Ha 3aJaHHOM pafamyce OepéTcs OKPYKHOCTh C YIJIOBHIM IIaroM (mo yMomdaHuio 1 rpapmyc), u
TMOBEPXHOCTHU-TPUILI BHIOUPAIOTCS BOOJIL He€. Pa3BEPTKA JIOKUTCS B OCU [IJIMHA YT 110 OKPYKHOCTHU
- BEICOTA.

[TapameTp YTo 3amaéT ITo ymonm4gaHnuio / COBET
Ocs cTBOJIA (TOYKA YCTHS) Touka ycThsl CTBOJIA. -
Papmyc cTBONA, en. KapTH Paguyc pa3BEéPTKU CTEHKH. 4
[ToBEpPXHOCTHU-TPUOHI ['pugel MOBEPXHOCTEH, -
(Mapkupyitomme) OTMETKH KOTOPHIX HAHOCSTCS
Ha pa3BEPTKY.
YrnoBo# miar, rpagychl [ITar o6x0ma CTeHKHU I10 1
a3UMYyTYy.
BepTukanbHEN MaciTabd PexxuM BepTHUKAJILHOTO OTHOIIIEHUE

IIpeyBenudYeHus: (OTHOIIIEHUEe
I':B unu MHOXHUTEID).

3HauyeHue MacmTaba YHucro npeyBenuyeHus 1o 10
BLIOPAHHOMY PEXKUMY.
Bribopka pactpa (morr.) Cnoco6 CHATHS 3HAaYEHUS C -

rpuaa IOBEPXHOCTH.
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Pa3BépTKa CTeHKH (myra X BreIxop: pa3BépTKa CTEHKH -
BBEICOTA) CTBOJIA.

Kaxkpass MapKupPyOIas IOBEPXHOCTh HAéT JIMHUIO CBOETO MepecedeHus CO CTEHKOM CTBOJIA - IIPH
MafeHuH IIIacTOB JIMHUY HAKJIOHEHBI ¥ BOTHUCTHL. OCh 3aIaéTCSI TOYEYHEIM CJI0€M YCThs, paguycC B
eOWHUIIaX KapThl, BEPTUKAILHLINA MacilTab KakK y pa3pesa.

4.10 IIpumep o151 pa3pe3a (meMo)

HNucTtpymenT IIpuMep aJisi pa3pe3a (IeMo) TOTOBUT MOJIHBIN yueOHbIM Habop O rpynnsl Paspes,
4yTOOHI OITPOOOBATh €€ MHCTPYMEHTH 063 KPUTHHTa PeasIbHBIX JaHHBIX. B ITaHesu OH CTOUT B IPYIIIe
Pa3pe3s nocinemgHuM.

3a OWH IIPOTOH BHIOAIOTCS IIECTh CTOIKOM ITOBEPXHOCTEM C ITafleHuEM U IePEMEHHON MOITHOCTLIO
(IsATH MJIACTOB B IIepeclauBaHUM, BTOPOM U YETBEPTHIM ITPOMEBIIIJIEHHLIE M TOHKWE), TPU JTUHUU
pa3pe30B uepes miollanb (JloMaHasi ¢ ByMs M3JIOMaMU, KOPOTKas IIpsMas M HaKJIOHHAs C OOHUM
M3JIOMOM), TOTOBAs apa CJI0EB Mofienu OypeHusi, TabIuila MHKJIMHOMETPHUH 1 [0 MHOTOKaHaIbHOMY
TPUOY Ha KaXXObIM OPOMEIIIIEHHBIM IjlacT. Kaxkmasi TpeThsd CKBaXXwMHa B Habope HaKIIOHHAS:
3eHUT OT 45 mo 70 rpamycoB ¢ HaGOpPOM IO CTBOJIY, a3UMYT BOOJIF NTUHUN pa3pe3oB. CKBaxKWHA,
HaKJIOHEHHAs ITOIEPEK pa3pesa, IPoelupoBanachk Obl IIOYTH B TOYKY, U IPOBEPUTH IO HEM BBIHOC
WHTEPBAJIOB BIOIb OCH ObINTO ObI He Ha YeM. OCTalbHEIE CKBAXKUHLI BEPTUKaIbHBIE, YTOOH Ha OMHOM
Habope OBIJIO BUOHO ¥ TO, W OApyroe mnoBemeHue. KoHBeHITMS KaHAJOB I'pupa IjlacTta: KaHam 1 -
KPOBJIS, KaHal 2 - IIOAOIIBA, KaHalkl 3 U fajiee - TapaMeTpHl (3[ech comepxkKaHue U MUHepPaIbHBIN
TUII C 30HOU 3aMeINeHMs, IO/ COmepzKaHUsd y MJIaCTOB He3aBUCHUMEIE, CcTOXacTH4deckue). OOuH
daiin omMcHBaET mIACT IIEJIMKOM - KaK OJI0OYHYI0 MOfenb, KyJa HOBBIE ITapaMeTpPhl H00aBISIIOTCS
KaHamaMu. [I711 MHCTPYMEHTOB IlepecedeHUs HoOaBJIEeHHl IeMOHCTPAlMOHHBEIE BEKTODPHI: Pa3jioM
6e3 OTMETKH BBICOTBI, MAPKUPYIOIINH KOHTYP C Z, 30Ha 3aMellleHus1 ¥ ompokuHyTas TIN-ckmamka
u3 3D-rpaunet PolygonZ.

CKBazKHUHBI C HHTEPBaJIaMH ONPOOOBaHUS

ITapa coér Mopenyu OypeHUs BEILAETCS TOTOBOM, B TOM Ke (popmate 06MeHa, B KOTOPOM BEII'PYKAeT
l'eokoHCTPYKTOpP. BMecTe ¢ Hell BHIJAETCS CIPAaBOYHHK IJIAaCTOB JE€MO: T€ XK€ KOOHI, YTO CTOAT B
WHTEepBasjax, C MOPSIIKOM 3ajieTaHus, TeJIOM U IBeToM. [locTaBnsseMbIt cripaBoYHUK u3 4.11 cobpan
1o BepxHeKaMCKOMY MeCTOPOXKIOEHUIO X KOOOB AeMO He 3HaeT, T03ToMy 0e3 CBOero CipaBOYHUKAa
KOJIOHKM JIeMO OCTaBaluch 6e3 11BeTa.

ITonocer nnacTtoB B 4.01 meMo-CIpaBOYHUK HE KpPaCUT, U 3TO HE HEOONEJIKa, a YCTPOUCTBO IIOUCKA.
[ImacT TaM ompepenseTcs II0 UMeHaM CJIOEB KPOBJM U mogomskl: y ciosd Kpll_top cHuMaeTcs posib
u octaétcsa kon Kpll, mo HeMy ClipaBOYHUK U OIpalIrBaeTcs. [IoBepPXHOCTHU IeMO0 Ha3BaHBI IIPOCTO
HOMepaMHU U KOofa IIjIacTa He HeCyT, II03TOMY IIOJIOCH OCTAl0TCS B IIBeTaxX 10 yMoiadaHuio. Ha cBoux
OaHHEBIX, TMe CJIOM Ha3BaHHI KOOAMU IIJIaCTOB, TOT K€ CIIPABOYHUK KPACUT M IIOJIOCH, M KOJIOHKHU.
Ycrbs collar 3To TOUEYHBIH CJION C OTMETKOH YCThs U ITyOuHOM 3a00s, HHTEepBaJskbl interval aTo
oObruHas Tabnuila ¢ TIybMHAMM IO CTBOJTY OT YCThSI M KOOM IIjlacTa.

I[Tostromy wuuHcTpyMeHT 4.02 CKBaXKuUHBI Ha pa3pe3e npodyercss 6e3 CBOUX [OaHHBIX U 0e3
obpamenus K 6aze: 3anyctute 4.10, 3aTem 4.01 o m060¥ u3 Tpéx nuHUM, 3ateM 4.02 ¢ 9TOM Tapoi,
OIpefesieHueM pa3pe3a M OeMO-CIIPAaBOYHUKOM. KOJIOHKM CKBaXKWH TOyYaT I[BET U IOPSHOK B
nerenpe. CKBasKWHEI CTOSIT BOOJIb BCEX TPEX JIMHUU, TaK YTO KOJIOHKH JIATYT Ha JII000M 4epTEXK.
Ta ke mapa 6e3 U3MEHEHUN TOOUTCS W OJIT TPEXMEPHOTO MPOCMOTPA: TaM IJIyOMHA YXOOUT B Z
HanpsMylo, 6e3 BepTUKaJIbLHOTO MaciiTaba ¥ cMellleHus pacKIagKu.

Ciou 1eMO U UX aTPpUOyTHI
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MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)

Kanan 2 - MOAOLUBA (oTmeTku Z)

|

-+ 3.03: kpoBna=1, nogowea=2, cocTag=3

-+ 3D-npocMoTp: «Tena nnacToes, KaHan napameTpa 3+

reoMeTpMAa nnacTta

napameTpbl (bnoyHan mogens)

Puc. 29: KoHBeHIUS MHOTOKaHaJIbHOTO I'pUMa IIjlacTa: KaHalbl 1-2 HecyT reoMeTpuio (KpOBas U
TOMOIBa), KaHalkl 3 U fajee - mapaMeTphl. OOquH ¢daia KopMUT UHCTPyMeHT 4.03.

Cnou

I'eomeTpus

ATpubyTHI

JIunuu pa3pe30B (AeMo)

Yct1a collar (memo)

HHTepBansl interval (memo)

CnpaBOYHUK IIJIACTOB (ZeMO)
30Ha (geMo, IMOJIUTOH)
Pasnowm (memo, 2D)

Mapkep ¢ Z (zemo, 3D)
Onpoxkunytas TIN (gemo)

IMToBepxHOCTE 1...6
IMnact 1-1/2-%1 ipoMm.

JINHUSA

TO4YKH

Tabnuila

Tabnuia
MIOJINTOH
JIAHUS

nuHuSa Z

TIIOJIUTOHEI Z

pacTtp
pacTtp

name (Pa3pes 1, 2, 3). Tpu
CTBOPA Pa3HOU OJINHBI:
JIoMaHas C OBYMS U3JIOMaMu
(BEpUIMHEI IPOBEPSIIOT
IHMKeTaxXX), KOPoTKas npsaMas u
HaKJIOHHAS C OOHUM HU3JIOMOM.
hole id, z (otmeTKa ycThs), ech
(rmy6buna 3a60s1), number ms
ITOOTIUCH.

hole id, from, to (rmy6uHEI 1O
CTBOJIy OT yCThsI), code
(MHOEeKc 1JacTa).

code, order, body, color, strata.
ITox KoObl MHTEPBAJIOB IEMO.
name. [1719 UHCTPpyYMEHTA
rnepecedyeHuss BEKTOPOB 4.05.
name. Cekyias CTBOpa,
cMellleHa C U3JI0Ma JINHUU.
name. [IpoBepka
3D-reomeTpuii B 4.05.

name. OIPOKKUHYyTas CKIagKa
ons 4.06.

OnuH KaHajl OTMETOK.

Kanansl: 1 xpoBns, 2 IOOOWIBa,
3 comepkaHue, 4 MUHTHIIL.

PaGouu#t uKa mokasaH B pa3merne 4.01: moBepxHocTu uUOyT B Pa3pe3 mo JTHMHHH, mapa collar u
interval B CkBazKUHBI Ha pa3pe3e, rpuf coctaBa B CocTaB IUIacTa Ha pa3pe3e, a JeM0-BEKTOPEI
u TIN B uHCTpyMeHTH InepecedeHusa 4.05 u 4.06. Tak Bcg rpyla pa3pe3a HpOKaTEIBAaeTCA Ha

COI'JlIaCOBaHHBIX NaHHBIX.

ITapaMeTpsbI
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

O6macTh (9KCTEHT) [TpsIMOYTONILHUK, B KOTOPOM 3a7aTh II0 IPOEKTY
reHepupyeTcst Habop.
3epHo reHeparopa ([or.) 3epno I'CY gns 0

BOCIIPOU3BOOUMOCTH. O -
CcJIy4alHoO ITPY KaxKIooM
3amycke.
IToBepxHOCTE 1...6 [ITecTs pacTpPOB CBEPXY BHUS: CO3[arTCs
KPOBJIU U TIOIOIIBEI
BMEIIAIOMNX U ABYX
ITPOMBIIIIJIEHHBIX TIJTaCTOB.
JIlunuu pa3pes30B (3 IT.) Tpu cTBOpa Yepes IIoIagb CO3[aroTCcs
oiist momayu B 4.01.
HNHCTPYMEHT II0 YMOJTYaHHUIO
CTPOHUT pa3pes 10 KaKOoMYy.

Ycresa ckBaxkuH collar TouyeuHBIN CJION MOJEeNH Cco3maéeTcs
oypenus (hole id, z, eoh,
PointZ).

HMHTepBabl CKBaxKuH interval Tabnuila momernu OypeHus CcO3maéeTcs
(hole id, from, to, code, kcl).

ITnact 1-# mpomM. MHorokaHaIbHBIN TPUL;: 110 3a1pocy

KPOBJIsS, IIOOOIIIBA,
comepzkKaHue, MUHTHII.

[TmacT 2-1 mpoM. To ke gnsa BTOporo 110 3ampocy
IIPOMBIIITIEHHOTO IIJIacTa, I0Ig
HEe3aBUCUMEIE.

PaznoMm, mapkep c Z, 30Ha IOemo-BekTOpPH myg 4.05: 10 3ampocy

nuHusa 6e3 Z, KOHTYp C Z,
IIOJINTOH 30HHL.

Onpokunytasa TIN 3D-rpaHu OIPOKUHYTOU 110 3a1pocy
cknagku gia 4.06.

IMonHbIM TTIEPEeYeHb IT0JIEH BEIXOIHBIX CIIOEB - B IpuoxkeHuu [aHHbIE OJis1 pa3pe3a (pasmen «Iloms
OEeMO-CJIIOEB» B KOHIIe PYKOBOACTBA).

CTpyKTypHBIE 3JIEMEHTHI U CJIeJbI BEIX0da. [1eMo OTHaET OBa CJIOS C aHAIUTUYECKUM 3TaJI0OHOM
IJIS IPOBEPKU YTJIOB.

CTpyKTypHBIE 3JIEMEHTHI: TPHU NTUHUU IlepeceKalT mpsaMou Pa3pe3 2 mpu OOHOM HMCTUHHOM yTie
25 rpagycoB ¥ pa3HBIX a3UMyTax HafeHus. Bugumele yriel BRIXOZAT 25, 18.25 1 HOMIBb, 0XKUOaeMoe
3HaYeHVEe 3alrCaHO B IIOJie app_exp, nostoMmy pelynbTaT 4.05 cBepsieTcda 4YUCIOM, a He Ha
rna3. [IpsiMo#i pa3pe3 BHIOpAaH HAPOYHO: Ha JIOMAaHOM a3UMYT 3BEHA MEHSIETCS II0 XOIy, W 9TaJIOH
rmepecTtaéT OLITh OJHO3HAYHBIM.

Cnene! Beixoma mnsa 4.12: nonoruut (20 rpamycoB), KpyTou (72) u HaMepeHHO IpsAMoU B nnaHe. I1o
IIEPBLIM ABYM WHCTPYMEHT 00513aH BEPHYTH Yucia u3 nonien dip true u az true. TpeTuit mpoBepsieT
OTKa3 - 3aJIeTaHUe 110 IPSIMOMY Cllefly He onpeneneHo. KpyTol HyKeH OTHeNIbHO: IOATOHKA 110 Z Ha
HEM TIOILIbIIa OFI.

4.11 O6pa3en cupaBOYHHKA IIAaCTOB

HWHCTPYMEHT KJIaf€T B TPOEKT IIOCTaBIsIeMbI 00pa3el] CIPaBOYHHUKA IIJTACTOB - TOT CAMBIH, KOTOPHIH
yurtaioT 4.01 u 4.02. HykKeH OH IT0 TPOCTOM nNpuyunHe: oopaser] IeKuT ¢aiIoM B KaTajore IjlaruHa,
Kylla TI0Jb30BaTejib OOLIYHO He 3arjsiAbiBaeT. be3 3TOro Iara CIIpPaBOYHUK IPUXOOUTCS UCKATh
PykKamu, a He Hal[s, IIOOaTh B pa3pe3 IIePBYI0 IMOMaBIIYIOCS TaOIUIy U IOTYyYUTh 4epPTEXK 6e3 1BeTa.
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I[lapameTpoB y HHCTpyMeHTa HeT. OOWH IPOTOH - U cjio¥ CHmpaBOYHHK IIIacTOB (oOpa3em)
MOSIBMISIETCSI B IPOEKTE U CPpa3y BUMEH B BHIIIAJAOIIEM CIIMCKe MHCTPYMEHTOB pa3pesa.

910 BHYTPH

Tabnuita 6e3 reoMeTpuu, OJHA CTPOKA HA IIJIAaCT UM MEXKOYIJIacThe, CBEPXY BHHU3 II0 pa3pesy.
Komonku: Kom Teja, HOMEP CBepXy BHU3, Teno (IJjacT WM MEXOYIIacThe), IIBET, a TaKXkKe
HeoOsi3aTeIbHEIE TOJIIA ¥ TPUMeYaHue, KOTOPhIe YUTAIOTCSI, HO TTOKa He MCI0JIb3yIOTCS.

O6paser cobpaH no BepxHeKaMCKOMY MECTOPOXKAEHMUI0: 37 CTPOK OT ITOKPOBHBIX OTJIOXKEHUM [0
HUXKHEU KaMeHHOU conu. [ Opyroro MeCTOPOXKOEHUs OH CIIyKUT cKejleToM. CoOXpaHUTE CJIOU B
daiin mratHEIMU cpefcTBaMu QGIS u mpaBbTe KOMHI, IIOPSIIOK M IIBETA IO CBOIO CTPATUTPadUio.

Tenmo 3anmojIHsIET reojior

OTO IJIaBHOE, YTO CTOHUT IIOHSATH IIPO CIIPAaBOYHUK, U IIOTOMY IIOBTOPSAETCS 3[eCh. Tesio u3 Kofa He
BeIBOOUTCA. [Inact AB 110 HanuCaHMUIO BRITJIAOUT KakK «A IUTI0C B», HO 3TO IeNIbHBIN 1IJIacT, BHYTPU
KoToporo jyiexaT A, b, kopx A-A’ u A’. Mexpynnactee B-B 13 Kofa He BLIBOOUTCS BOBCE, IIOTOMY
4TOo mnacrta b B criucke HeT, ectb Ab. MHCTpYMEeHT 3Ha4YeHUs Tejla He IIePeCUYUTHBaeT U B 3TOM
CMBICJIe He YMHee 4eJIoOBeKa, KOTOPBIY UX IIPOCTaBUIL.

CocTaBHBIE TeJia cepble

B o6pasite ects KpIlla+6 - cocTaBHOe Teno, cymma Kpllla, mexxpynmactess Kpllla-6 u Kplll6. Takue
KOHTJIOMEpATHEl B CIPABOYHUKE KPACSTCS CEPEIM, TeM K€ OTTEHKOM, KaKMM IIJIaruH IIoMedaeT
HeOoT03HaHHOe. [IpyYrHa B TOM, YTO IIBET COCTABHOTO TeJjia M3 IIBETOB €r0 4YacTel He BEIBOOUTCS:
YacTu MOTYT OBITH pa3HBIX LIBETOB, U 000U BHIOOD ObINT OBl MPOU3BOJIOM. CephIf YHUTAETCS Kak
«IIBET HE 3aJlaH», ¥ eT0 CTABUT YEJIOBEK.

CoCenCcTBO ILIEJIOr0 C YaCTSAMHU B ODHOM CIIMCKE MMEET IIEHY, 0 KOTOPOU CTOUT 3HaTh. [lopSamoK cBepXy
BHU3 enuH, mo3Tomy Mexny KpIllo u KpllIB Temeps jiexkaT OBa Teja, a He OOHO, ¥ ITapa TaKUX
TPaHUIl Ha pa3pe3e AacT CepPylo I0JIOCY C IepeYHeM BMECTO MMEeHU MeXAymiacTthsa. Ha KpymHoMi
rpauynapaocTtu, Mexay KplITla+6 u KpIIIB, Bcé cxomuTcs oOBIYHBIM 06pa3oM.

Tot ke daia sue QGIS

O6paserr 1exkuT B nanke templates BHyTpu KaTajora IjaruHa B IBYX BUaX, plast reference vkmks.x1sx
U plast_reference_vkmks.csv. B kuHure Excel ecTs BTOpOU NHCT C IIpaBUjlaMU 3amnojiHeHusA. [IpaBbTe
MI00BIM YIOOHBIM CITOCOO0M, MHCTPYMEHTHI pa3pe3a IPUHUMAIOT U Tabnuiy mpoekrta, u GeoPackage,
u CSV.

4.12 JneMeHTHhI 3a/IeraHus 110 CjIeay BbIX0da

Cuuraet Yol 1 a3UMYT IIad€HHusA I10 TpéXMepHOMy Cliely BeIXOO4d I'PAHHUIIBI HA IIOBEPXHOCTh.

[TapameTp Yrto 3amaér ITo ymomyauuto / cCOBeT
Cnepnrnl BEIXOIA JIuuuu c orMmeTKaMu (Z B -
BEpINMHAaX).
OKHO, BEpPIINH 0 - ogHO 3aneraHue Ha BeChb 0
Clel, “Ha4de CKOJIb3sllee OKHO.
HaumMeHbIlasg n30THYTOCTh [Topor o6yCIIOBIEHHOCTH, 0.15
(mom.) HHKe KOTOPOTro cJjiefyeT OTKa3.

OTKYJIa 6epéTCﬂ 3asteranue. Ecnu I'PaHHUlla IIJIaCTa HMJIX PA3JIOMa OHI/I(I)pOBaHa C OTME€TKaMH,
IIJIOCKOCTh IO HEeM BOCCTAHABIMBAETCS OOHO3HAYHO, a M3 MJIOCKOCTH BHIIAZarT ofa sIeMeHTa
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3aneranus. IIpaBuiIo TPEX TOYEK - MUHUMAJIbHBIM ClTy4dal, 37eCh CYHUTAETCs 10 BCeM BepIIuHaM
cpasy.

MeTopn 1o ATBMEHOWHTEPY: HOPMaJIb K IIJIOCKOCTH 3TO COOCTBEHHLIN BEKTOP MaTPHUIILI OPUEHTAINN
IIpM HaWMeHbIleM COOCTBEHHOM 3HaueHuu. [logronka BuUga z = a-x + b-y + ¢ IIpolle, HO
pa3BajiMBaeTCsd Ha KPYTHIX 3ajieTaHUudax, rae Ko3(pPuIueHTH yXomsAT B OECKOHEUYHOCTh. depes3
CcoOCTBEHHEIE BEKTOPHI KPYTU3HA IIEPECTAET OBITH OCOOBIM CIIydaeM.

I[IpsiMmoii B mjIaHe cjie[ 3a/IeraHHsi He ompeaesasier. Yepe3 OOHy MPSIMYI0 B IIPOCTPAHCTBE
TPOXOOUT GECKOHEYHO MHOTO IIJIOCKOCTEHM: OHM BPAIaloTCs BOKPYT He€ KaK CTPAHUIIBI BOKPYT
KOpelllka. MHCTPYMEHT BUAWUT 3TO IO OTHOLIEHWIO COOCTBEHHBIX 3HAYEHWH ¥ OTKA3bIBAET C
MIPUYNHON BMECTO YBEPEHHOTO YHCJIa U3 IyMa OKPYTJIeHus. Mepa nuIneTcs: B moje planar: Homb -
TOYKY Ha IPSIMOM, efUHUIA - pa3MaX B OBYX HAIIPABJIEHUSX.

CkJIafKa JIOBHTCsI HEeBsSI3KOM. MeTo[ NpedronaraeT, YTO Clief JIeKUT Ha ONHOM IIJIOCKOCTH, a
OIVHHAS TPaHUIlA PEOKO JIeXKUT: (ekcypa, cMeleHue pasyioMoM, neperub. CpenHsis HeBs3Ka
TOYEeK OT IJIOCKOCTH IUIIETCS B I10JIe rms, U 60JIbIIoe 3HaYeHUe 03HavaeT, YTO OOHOTr0 3aeTaHus
Ha BEeChb CJIef He cyIecTByeT. Toraa BKITIOYAWTE OKHO: 3aJieraHWe CYUTAETCS 10 CKOJIb3SIIEMY
y4acTKy, U Ha BeIXOome OymeT ero M3MeHeHWe BOOJIb I'PDAHUIIE, YTO IOJIe3HEEe OJHOT'O CPEeIHEro
4YHCcIa.

Mecto B memnouke. Beixon nogaércs npsimo B 4.05, roe mons dip u dip az u oxupatorcs. Ecnou
penbed 3amaH TOPU30OHTAIAMM, a Cief IIJIOCKWM, IPOBEOUTe ero cliepBa udepe3 2.22 - OTMETKH
CHUMYTCSI C IIPUMEIKQIOIIUX TOPU3OHTAJIEN.

I'eororndyeckasi Moaejib

I'pymnmna cobupaeT MHCTPYMEHTHI, paboTalolue He C OJHOM ITOBEPXHOCTHIO, a C MAYKOH: KPOBIHU U
TTOOOIIBEI COCEIHUX TEJl CBSI3aHHI MexXKay co0oM, U CBsI3b 3Ta Mub0 cobimomaeTcs, TuO0 HapylleHa.
IIpoBepuTh €€ U eCTh IIepBas 3ajada. Bropas - UMeTh IIOJl PYKOH 3aBeIoOMO M3BECTHEIH MaTepHall,
Ha KOTOPOM BU[IHO, T'Ile TPUO0OBOE IIpefcTaBiIeHne paboTaeT, a Tae MepecTaér.

5. 'eos1toruueckasi moaesin (0era)

5.01 Corj1acoBaHHOCTE IIQYKH II)IACTOB

KpoBnu ¥ momomBEI OOBIYHO CTPOSTCS IIOPO3HBb: KaXKAasi HOBEPXHOCTh HHTEPIIOIUPYETCS IIO
CBOMM 3aMepaM M HU4YEero He 3HaeT O CYIIeCTBOBAaHWUM COCENHUX. ITOKa TMIacTHl BHIAEPIKAHHI, 9TO
CXOIMT C PYK. B 30HEe BHIKJIMHUBAHUS, I'I€ MOIIHOCTh UOET K HYIIIO, BE€ HE3aBUCHUMO IIOCTPOEHHEIE
IIOBEPXHOCTH IOYTH Heu30eXKHO MepeceKaioTCsd, W Hajblle apudMeTHKa II0 TAaKOW MHadyke OaéT
OTpPHUIIATEIbHBIE MOIITHOCTH ¥ 0OBEMEI, a Ha pa3pe3e BUOHLI BEIBEPHYTHIE ITOIOCH.

I/IHCTPYMGHT OTBE€4YaeT Ha BOIIPOC, €CTh JIM TaKKHe MeCTa U I'lne UMEHHO.

Y10 cuHuTaercs

BbBIKJIMHUBaHHE - MOIIHOCTb B IIpefejiax OONyCKa OT HyJs. DTO Teojiorusi, a He gedekT, u B
OTOENILHLIN CYET.

OTpHHaTeHLHaﬂ MOIITHOCTB - KPDOBJIA IIJIaCTa HU2XKe €r0 IIOOOIIIBEI.

ITepexT€cT coceleM - IOMOIIBA BHIIIENIEXKAIIero OIyCTHUIaCh HUXKEe KPOBIIM HUKeIeXKalllero.
ITpoBepKa OTHENbHAS ¥ HE CBOOUTCS K IIPEAbIAYINel: KaXKIbIH IIJIacT 10 OOUHOYKE MOXKET OBITh I1eJT,
a BMECTe OHU ITepeKpPHIBAIOTCS.

HauMeHbIIMH 3a30p MEXOy COCEeOsMH BBEIIAETCS KApTOi, a He TOJILKO YHCIOM. YHCJI0 TOBOPHT,
CKOJILKO, KapTa - I'le, ¥ BTOPOe BazKHee: TaM IEPEXIECT U BOSHUKHET IIPU CJIEAYIOIIEM IIepecueTe
IIOBEPXHOCTEM.
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HpH3HaK nepeBépHyToro IMOpPsAIKa Cpa6aTbIBaeT, eClin nepexnéCT 3adHAJI IIOYTH BCIO IIJIOIIadb, a
BHYTPH IIJIaCTOB YHUCTO. l'eomorus Tak He BHEITJISOUT: HACTOSIINM nepexnéCT MECTHBIU U COCelnCTByeT
C BRHIKJIMHUBaHUEM. [TouTHu HaBE€PHsAKaA IIJIaCThI IIOOAaHBI CHU3Y BBEPX.

HOHYCK BBEIKJIMHUBAHU S 3anaéTc;{ IIapaMeTpoOoM H II0 CMEICJIIY PaBE€H TOYHOCTHU IIOCTPOEHUA
HOBerHOCTefI. HpI/I HYyJI€eBOM IOOIIyCKe YU CJIeHHBIN ITYyM B 30HE€ CXO02KIOEHUA IIOCHIIITIETCA B OILITHOKH.

OTKyma 0epéTcsi HOPSI0K IUIAaCTOB

Iopsimok 3ameraHusi CBEPXY BHU3 MHCTPYMEHT OepET M3 mepeBa CIOEB MPOEKTa, a eClu IogaH
CIIPABOYHUK IIJIACTOB - U3 Hero. [Topsamok BEIOOpa (aiiioB B Auayore He 3HauuT Hudero: QGIS ero
He COXpaHseT, U IIojlaraThbCs Ha HeTo Hefb3sA. OTKyHa B3SAT IOPSAAO0K, IledaTaeTCs B XKypHal.

COpaBOYHMK HMPUMEHSAETCS, TOJIbKO €CJIM OMNKCHIBAET IMOOaHHBIE IINTAcThl. UYyKO0H CIPABOUYHHK, HE
COBIIAHAIOIINYN HI OOHUM KOIOM, HTHOPHPYETCS C COOOIIIeHHEeM, a He 3a[aéT CIyJYalHbIH IOPSIOoK.

Y9TO0 Ha BBIXOJE

PacTp 30H ¢ KOgaMu: COTJIacOBaHO, BEHIKJIMHUBaHWE, OTpUIlaTeIbHAs MOIIHOCThE, IepexiecTt. Kapra
HaWMEHBIIIET0 3a30pa A0 COCEOHEero IjlacTa. B XKypHal II0 KaxXXOoMy IIJIacTy MOET Ouala3oH
MOIITHOCTH U IIJIOIIAAX 30H, II0 KaXKI0M ITape cocefel - HAUMEHBIINH 3a30p U IIJIOIIaab IepexiécTa.

[Imomamgu medyaTalOTCA B TeKTapax, a He B sg4YedKaX: ThHICAYA S4YeeK Ha MEeTPOBOM CeTKe M Ha
TPUOLATUMETPOBOM Pa3IUYaIOTCSA B IEBITHCOT pas.

Yero HHCTPYMEHT He peliaeTt

OTpunaresibHass MOIIHOCTb OBIBAET [BYX MPOUCXOXKIOEHUM, U apuPMeTUKON HUX HEe Pa3TUYUTh:
omnbKa UHTEPIIONISAIUY TN00 ONIPOKUALIBaHUeE IIJIacTa Ha CKilagke. MHCTPYMEHT oTMedaeT MecTa U
rmevyaTaeT YHUCJIa, HO IPUTOBOPA HEe BRIHOCUT. Pa3nmuyaroT maHHBIE OypeHUS: €CNIM KOOBI IO CTBOIY
UOyT He B cTpaTurpadruyeckoM nopsigKe, 3TO IPU3HAK ONNPOKUALIBAHUS, U CIUTAETCS OH IIPSMO I10
Mopenu OypeHus.

OTnuuuTh Cpe3 OT BHIKJIMHUBaAHUA 0e3 IIOBEPXHOCTHU PACTBOPEHUA Ha BXOOE TOXKe HEeJIb34d: Y Cpe3a
MOIITHOCTB O6pBIBaeTC5I Ha 3eépPKaJjie, Y BEIKIIMHUBAHWA KPOBJIA C TIOHOOIIBOM CXOOATCS MexXOy coboi,
HO Ha KapTe 30H oba ClIy4dasd BBITTIAOAT OOUHAKOBO.

5.02 IIpumep pa3pe3a (memMo)

I/IHCpr'MeHT CTPOUT yqe6H131171 pa3pe3 BEPXHEKaAMCKOI'O THUIIa CO BCEMHU CIIy4dasiMH, padr KOTOPBIX
CyLlIeCTBYET OCTaJIbHAA I'PYIIIIA. [Tone3eH OH TeM, UTO OTBET U3BECTEH 3dapaHee: noboe pacxoxpageHnune
C HUM eCThb OIlnOKa WHCTPYMEHTA, a HE JaHHBIX.

YTo B mpuMepe

Ko1oHKa B3s5iTa 13 CIPABOYHUKA I1JIAaCTOB II€JIMKOM, TPUAIATh IIIECTh Tl CBEPXY BHU3: TOKPOBHEBIE
OTJIOKEHUS, IIeCTPOIIBETHAsA U TepPpPUTreHHO-KapOOHaTHAs TOJIIM, COJISTHO-MeprenbHas TOJIIIa,
OanbIlle COJIb C IIEPEexXOmHOM ITayKoM, ITOKPOBHOM KaMeEHHOM COJIbI0, KapHaIJIHWTOBOM 30HOU C
MEeXKOYIIaCTbIMU, CUIbBUHUTOBEIMU IJTaCTaMU, ITOACTUJIAIONIEN COJIbI0, MAapKUPYIOIIel TITUHON U
HUXKHEH COJIbI0. MeXOymIacThs 30eCh TaKue Xe Tejla, KakK IJIacTHI.

JIexkadyas cKjIaJKa B cepefuHe IJIoImanu. Y e€ 3aMKa BepTUKallbHas CKBajkKWHa IIepeceKaeT
OOHO M TO K€ TeJI0 TPUIKAH: B TOPU30HTAJILHOM KpPHIJIE, B BEPXHEH [yre W B HUKHEM, a COCeqHee
BCKpBIBaeTCs ABaxabl. Hayy TOYKOM B IJTaHe OKa3kIBaeTCS HECKOIBKO KPOBEJIh, U OTMETKA IEePECTAET
ObITH PyHKITMEN OBYX KOoOpauHAT. HUKaKas IMJIOTHOCTL CETU 3TOTO HE UCIIPABUT.

BBIKJIMHUBaHHE CBOOUT MOIIHOCTE OOHOTO IIJTacTa K HYIIIO CriazxkKeHHOU CTYII€EHBIO MEXKOYy OBYMA
I'PaHUIIaMH. FpaHI/IL[BI BEIJAIOTCA JIMHUAMHA - TEM CaMBIM BXOOOM, KOTOprfI HY2KEH OJId IIOCTPOEHUudA
TPpeHOa MOITHOCTH.
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CoistHOM KyIIoJI CO Cpe3aHHOﬁ BerY]J.IKofI CTOHUT B CTOPOHE OT CKIJIQIOKH. KYHOJ'I IIOOHHUMAaeET
COJIb IEJIMKOM, a IIOBEPXHOCTE PaCTBOPEHUA Cpe3aeT IIOAHATOE CBEPXY, U Cpe3aeTCd He OOHO TeJlo,
a BC4d KOJIOHKA BHH3 OO YPOBHA PAaCTBOPEHUA. 3epKaﬂo 9TO KPOBJId HE Ha3HA4YE€HHOI'O TeJjia, a TOoro,
KOTOpPOE yueJsiejyio: B CTOPOHE OT KYIIOJIa IIepeXoagHasd IIa4Ka, Haa CBOOOM IIOKPOBHAA COJIb.

Cons{Ho-Mepreanas{ TOJIIlIA JIeTJIa Ha CPE3aHHYIO COJIb U 3aIlOJIHAET BCE IO ITOOOIIBEHI TEePpPUTreHHo-
Kap6OHaTHOﬁ, IIO9TOMY HA KYIIOJIOM OHA TOHKAf, a B CTOPOHE IIOJIHAsA.

I'puasbl B 30HE CKJIAQJKH HeBEePHbI HAPOYIHO

I[ToBEPXHOCTH CTPOSITCSA IO MEPBOMY CBEPXY BCKPBITHIO, TO €CTh POBHO TakK, KaK uMX coOpas O
YeJI0BeK, pa30o0paBIlInii 3aMepPhl U3 CKBaXKMH M HE 3aMETHUBIINYN OMMPOKUALIBaHUS. B 30He CKiagku
OHM HeOeWCTBUTEIILHEI II0 IIOCTPOEHUIO, U 3TO CHAeJiaHO HaMepeHHO: 5.01 Ha Takux rpuaax obs3aHa
IMOKa3aTh IIEPEeXJIECT M OTPHUIlATEeIbHbIE MOIITHOCTH. KOHTYp 30HBI BHIJAETCS OTOEIbHBIM CJIOEM,
4yTOOBI HE TPUHUMATh €€ 3a OMUOKYy UHCTPYMEHTA.

9T10 Ha BBIXOTIE

HOBerHOCTI/I MMAMIYTCA B IIAIIKy IIO (bafmy Ha KOHTAKT U I'PDY34ATCsA B I'DYIIITY B IIOPAOKE KOJIOHKH.
TpI/IJIHaTL CéMb OTHOEJIBHBEIX CTPOK B OHAJIOT€ OTKPHBIBATH OLITIO GBI He4YeM, IIO3TOMY B IIapaMeTpax
CTOHUT OOHa IIaIlKa.

Kpome moBepxHOCTeH BBIIAIOTCS 3€PKajI0 PAaCTBOPEHUS, KapTa BBEIXOHA IIOf 3ePKajio, MOUIHOCTh
BOMIO3AIIMTHOMN TOJIIIM OT KPOBJIM TjacTta B [o 3epkasa, yCThSd M MHTEPBAJIBI MOOenu OypeHus C
HOMEPOM BCKPHITHS B IOJiEe entry, TPAHWIBI BHIKIITMHMBAHUS JTUHUSIMH, KOHTYDP 30HBI CKIAQOKU U
CHPaBOYHUK IJIACTOB C KOJAMU, IIOPSITKOM, BUIOM TeJla U IIBETOM.

Bcé meTepMHHHPOBAHO: OIHU U Te XKe IIapaMeTpHl JaloT OOUH ¥ TOT XKe pas3pes.

Kaxk 3THM II0JIL30BaThCsl

IMocTpoiiTe mpuMep, mogarTe ero moBepxHocTu B 5.01 u ybenuTech, YTO MEPEXIIECT HAXOOUTCS B
30HE CKJIa[IK¥, a BEIKJIMHUBAHME TaM, TIe 3afaHbl TPaHUIIbl. 3aTEM IIPOBEAUTE JIMHUIO pa3pe3a 4yepes
CBOJ Kymoja uHctpyMeHTtoMm 4.01, nogaB CIIpaBOYHUK IIJIACTOB: IIOJIOCH OOPHIBAIOTCS Ha 3epKajle,
HaJ CBOAOM BEepXHEro Tejla HET BOBCe, a Clenyiollee 000pBaHO. TO U €CTh KapTHUHA, KOTOPYIO Ha€T
9PO3UOHHBIM KOHTAKT, ¥ IO Hel yOoOHO IPOBEPSTh, KaK BemyT ce0si pa3pe3kl Ha HACTOSAIUX JaHHbIX.

5.03 Coopka ma4yku oT penabeda

Komnonka CTPOUTCHA CBEPXY BHU3, TEJIO 3a TEJIOM IIO CIIPDABOYHUKY. L1 KaXKaoro Teja HUHTEPIIONINPYyeTCA
MOIDHOCTE IIO CKBAXHHAM, IIOOOIIBA IIOJIYy4YAe€TCd BBIYUTAHMEM MOIIIHOCTHU H3 BHIIIIEJIeZKalllelt
ITIOBEPXHOCTH, U OHA 2K€ CJIY2KHUT BEPXOM [JIsA CIIEAYIOIIEero.

ITouemy 3TO HagEKHO

Ecnm wmomHOCTH HEeOTPHULATEeJIbHBI, IIOBEPXHOCTHM HE€ MOI'yT IIepeCeYbCsa: OHHU IIOJIy4YalOTCA
BBEIYMTaHHEM OOHaA U3 upyroﬁ. HerOTI/IBOpeT-II/IBOCTb BEIXOOUT IIO IIOCTPOEHHIO, a He HpOBepKOﬁ
rmocjie. 3To TjIaBHOE JOCTOMHCTBO CXEMEI, U OHO BaXKHee eé IIPOCTOTHEI.

YeM 3a 3TO IUIATAT

OmubKa KaXIOOM MOIIHOCTU CKJIQObIBAE€TCS C IpegelgyImmmMu, 1 K HUXKHMM TeJlaM HaKOIIJIEHHOe
OTKJIOHEHHE CII0COOHO IIPEBBICUTE CaMy MOIIIHOCTS. CxemMa romuTcs OIS HeFHYGOKI/IX IIa4eK Hu
WH2KEHEPHEBIX 3aaa4, roe BerHI/II;I KOHTAKT M €CTh JHEBHAaA IIOBEPXHOCTh.

7151 TTyOOKHWX TIa4veK ITOflaliTe OIMOPHOM ITPOCIIEKEHHBIM KOHTAKT M YKaXKHUTE, YbeW KPOBJIEH OH
cnyxuTt. Torma c6opka MOET OT HETO B 00€ CTOPOHEBI, BHU3 BEHIYMTAHMEM U BBEPX NpHOABIIEHUEM,
U omubKa OEeIUTCs ITOIoIaM.
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YTO0 cCUMTAaeTCsI MOIMIHOCTHIO

MorrHoCTh OEPETCS MO CTBOJIy ¥ IPUBOAWTCS K BEPTHUKANM IO YIJIy TMageHWs: y HaKJIOHHOM
CKBAXXWHBI BCKPHITAsi MOITHOCTD OOJIbIIe UCTUHHOMN, U 6€e3 IMOIpaBKy CyMMapHas MOITHOCTDb a4k
3aBBIIAETCS. YTOJI YUTAETCHA U3 II0JIS ¥ YCThs, 6€3 Hero CTBOJI CUHUTAETCS BEPTUKAILHEIM.

OTcyTCcTBUE Tejla B CKBaXHWHE 3TO HOJIb, @ He NPONyCK. MexX[Oy TaKoW CKBaXKMHOM U COCedHeM
MOIITHOCTD YXOOUT B HOJIb, ¥ TEJIO BHIKJIMHUBAETCSI caMo, 0e3 OTeTbHOT0 MeXaHU3Ma.

JIMHUHM KOHTaKTa

TaM, rOe Teno BHIXOOWUT Ha MOBEPXHOCTh, MOIIHOCTH BCErO BHIIIEJIeXKalllero paBHa HYJIIO IO
oIpenesieHHI0 TPAHHUIIL, ¥ 9TO 3HAaYEeHHE U3BECTHO, a He OI[eHEHO. Y3IIbl TUHUU ITPOPEKUBAIOTCS C
IIIaTOM HOPSiAKa STYeHKHU: T'yCTOTa OIM(POBKY He OOJIKHA IIpeBpallaThCs B BEC.

5.04 KoppeKIusi Ma4YKH 10 CTaTHCTHKE MOUIHOCTEH

[IpaBUT yHacnemoBaHHYIO IIa4YKy, KOTOPYI0O HUKTO He CTaHeT IepecobupaTh 3aHOBO. ITo 3aMepam
CUMTAETCS CTaTHUCTHUKA MOIIHOCTH KaXKIoTro Teja, 6epEeTcs HOBEePUTEIbHEIN HHTEPBAJ, X MOIIHOCTH
Ha I'pUe Cpe3aloTCs 10 ero IpaHuIlaM: BCE, YTO BHIIIJIO 3a HUX, 3aMeHsIeTCsI caMou rpanuiei. M3
HUCIIPABJIEHHBIX MOIITHOCTEH avykKa cobupaeTcss 3aHOBO.

Yucno s4yeek IIPHU 3TOM HE MEHAEeTCsd, B OTJInN4YUEe OT BI:I6paCBIBaHI/IH: MeCTO OCTaéTCH, 0683Bpe}KeHa
TOJILKO BeIW4YKWHa. B cTaTuCTUKE aneM HA3BIBAE€TCSA BUH30PHUPOBAHHUEM.

CpesaHue oTmenseT apTedakT HHTEPIIONSIMH OT TeoJIOTHKM. MOIIHOCTL BHe HHTepBajla Ha
BBIJEP2XKAHHOM TeJle IMTOYTHU HaBEepPHSKa €CTh PAa3rOH MeTOoda MeXIy CKBaXHMHAaMH, a HE HACTOsIlee
yTonileHue. TaM, rae Tejlo 3aKOHOMEpPHO MeHsSeT MOIIHOCTh, WHTEepBall IIMWPOK, W IIpaBKa He
cpabaThHIBaerT.

CraTucTuka Oep€Tcs M3 3aMepoB, €ClIM OHU HomaHbl. be3 HUX MHTEepBaJl CUMTAETCS II0 CaMOMY
TpUny, u 3TO cnabee: TPUA yXKe COOEPKUT apTedaKT, KOTOPHIHA MBI uilleM. MHCTPpyMeHT 00 3TOM
mpenymnpexnaerT.

5.05 ManudecT Mmogenn

3amuchIiBaeT, KaKyl POJIb UIpaeT KaXKObIM CJI0M MPOEKTa: OMOpHAas ITOBEPXHOCTh, KOHTAKT Teja,
3epKajio, YCThsl, MHTEPBAJIE, 3aMePHl OCH, CIIPABOYHUK, Ha3eMHbIEe HAaOIIIOIEeHNsI, CTBOP, Pa3pes.

ITocme cOOpKM IIPOEKT HpeBpalllaeTcsa B Kydy pacTpoB M Tabmui] 6e3 SIBHOU CTPYKTyphl. UTO u3
3TOT0 YTO, 3HAET II0JIb30BATEJIb, HO I'0JIOBa He IepefaéTcsa BMecTe C IPoekKToM. MaHudecT KUBET
B II0JIb30BaTEILCKUX CBOMCTBax mpoekTa QGIS - miraTHOe MecTo, KOTOpoe coxpaHseTcs: B daiine
IIPOEKTa U IIEPEHOCUTCS BMECTE C HUM.

ITpaBuio, KOTOPOE BaXkKHee IIPOYMUX: MHCTPYMEHTH YUTAIOT MaHUPeECT, HO He TpebyooT ero. EcTh
poH - BXOOBI HaxoOaTcs caMu. HeT posielt, mOTOMY 4YTO IIPOEKT YYyKOU MJIM YHACJIeOBaHHbBIM, - BCE
paboTaeT 1Mo sBHOMY BhIOOPY. MaHudecT cokpaliaeT IIyTh, @ He CTAHOBUTCS yCIOBUEM PabOTHI.

Ponmu yramplBaloTCS IO MMEHaM CJIOEB U BBIOAIOTCS TaOnuIlell Ha HPOBEPKY: MMS HUYEro He
rapauTupyetT. UyKue poiu, 3anucaHHble APYTUMH MOOYISIMU, COXPAHSIOTCS: MaHUGECT oOIui, u
BBEIUHMINATH HE3HAKOMOE 3HAYUT JIOMaTh COCeNsAM paboTy.

5.06 CK/1ag4aTOCTh NOBEPXHOCTH

CunTaeT, HAaCKOJIPKO MOBEPXHOCTh CMSITA, IT0 Pa3bpPoCy OTMETOK BOKPYT MECTHOTO HaK/IOHA.

CKJ’I&JI‘-I&TOCTB MEPHUTCA IIO IIOBEPXHOCTH, a HEe II0 MOIIHOCTH: INUJIMHAPHYECKasa CKJagKa C
IIOCTOSIHHOM MCTUHHOM MOIITHOCTBIO CYIIIECTBYET U II0 MOIITHOCTH HEBUOWMaA BOBCE.

HpHMaH OucCliepCcud OTMEeTOK He I'OOUTCH. Ha 06LT.[eM HAKJIOHE OHa BeJIMKa BCIOOYy, U CITOKOUHBIN
CKJIOH IIOJIy4YaeT TY XKe OLIEHKY, 4YTO CMsATasd 30Ha. HOSTOMY B KaXKJOM OKHE€ ITOATOHAETCH IIJIOCKOCTDb
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¥ CUMTAeTCs pa3dpoc OCTAaTKOB BOKPYT HeE: HAaKJIOH YXOOUT, U3BHUIIMCTOCTEL OCTAETCS. TpeHO UMEeHHO
NUHEeWHLIN, KBaJpaTUYHEIH BoOpa Obl B cebs1 4aCcTh CaMOM CKIam4aTOCTH.

OQHO OKHO HUYETro He pelnaer. [JUCIIepcusi 3aBUCUT OT MacIinTada, ¥ IPaBUIbHAS Mepa 3TO CKOPOCTh
eé pocTa Cc pa3MepoM OKHa. Hak/JI0oH B JBOMHOM JjiorapudMe U eCTb 3Ta CKOPOCTh: Ha CIIOKOWHOM
IIOBEPXHOCTH OH OKOJIO HYJISI, Ha CMSITON 3aMeTHO OOJIbIIIe.

OcTaToK MOBEPXHOCTH BHIOAETCS OTHENIBHO W TOOUTCS BXOOOM I (paKTaIbHOM Pa3MEpPHOCTH: Ha
OeTPEeHOUPOBAHHON TMOBEPXHOCTH HAKJIOH BAapUOTPAaMMEI OMMCHIBAET M3BUJIIMCTOCTh, a He oblilee
majleHue CIos.

Mo1iHOoCTh U3 0a3bl OCTAETCS BTOPBIM, HE3AaBUCUMBIM IIPDU3HAKOM CKJIaO4YAaTOCTHU: OHa BCKPHEITAdA, a
He MCTHHHAaA, U Ha KPEBIJIe paCTéT TeM CUuJIbHee, 4eM Kpy4de 3aJIeraHHue. IOBa Pa3HBIX U3MEPEHN,
CXOMSIINXCS B OMHOM MeCTe, HafJexKHee OqHOTO.

I'maposorusi pexk

I'pynrma oTBevaeT Ha BOIIPOC, KOTOPHIM 000CHOBLIBAIOT 3aTOIJIEHUE: MO KAaKOM OTMETKHU ITOTHUMETCS
BOJa IIpM 3aJaHHOM pacxofe W KaKOW pacxXxop HPOXOOUT IIPHU 3aJaHHOU OTMeTKe. CBSA3b MEXKOY
pacxomoM ¥ OTMETKOM CTPOUTCS II0 CTBOPY W Ha3bIBAeTCsS KPUBOM PacXOIoB.

3afaya MpHUIa U3 MPAKTUKK: THAPOJIOTH CTPOSIT TaKKe KPUBHIE B IPOrPaMMax C PYYHBIM BBOMIOM,
THe maphl PacCTOSTHHE-OTMETKa BOMBAIOTCS TAOMUIEW MO Ka)KAOMYy CTBOPY, a KO3(pOUIMEHTH u
VKJIOHBI IIPOTUCHIBAIOTCS pyKaMu. MeXOy TeM BCE NepeduCJIEHHOe - OaHHble, KoTopwkie B ['MIC
y2Ke eCTb: PAaCCTOSTHUS CULST B TEOMETPUM CTBOPA, OTMETKM B IIpOMepax, YKIOH MeXIy CTBOPaMH
CUHTaeTCs U3 KUjoMeTpaxa.

BeTKa caMOCTOSITETbHA ¥ C TEOJIOTMYECKON MOJEesbi0 He TepeceKaeTcs, O0Iero y HUX TOJBKO
arrmnapar mpodunen.

6. I'magpoiorus pek

6.01 CTBOpPHI U KpUBHIE PACXOI0B

I'maBHBIM WHCTPYMEHT Tpynmnbel. [I0 CTBOPY M OTMETKaM CTPOUT Tabmuuy u rpaduk 3aBUCUMOCTH
pacxoma OT OTMETKHU.

Kak cuuraercsa

ITpoduns GepéTcs Mo BepllmHaAM CTBOPa, OTMETKa U3 Z BepIInHEL. [IpoMepeHHass OTMeTKa TOYHee
mo6oi Mogenu penbeda, IIO3TOMY HCTOYHHKOM CIIY2KUAT CaMa I'eOMETPHsI CTBOPA, a He cpe3 LIMP.

IMpoduns menuTcsa Ha JieBHIN Oeper, Pycno u mpaBwiii 6eper. CuuTaTh pa3denbHO 005S3aTEIbHO:
IIIEPOX0OBATOCTh TMOMMBI M pyCja pas3jndaeTcs B pPas3bkl, M EeOUHBIM CYET 3aHUXKaeT PYCJIOBYIO
cocraBnsionlylo. Ha KaXxpmoM ydYacTKe CYMTAIOTCS IUIOMIAdb XKMBOTO CeYeHUd, IIUpUHA II0
3epKaiy, CMOYEeHHEIN [IepUMETpP U TUAPaBINYEeCKUN pafguyc, 3aTeM pacxof 1o dopMmyine MaHHUHTa.
CyMMapHBIU PacXof €CThb CyMMa y4aCTKOBEIX.

CMmoueHHBI TepuMeTp OepéTcs Mmoo TBEPABIM TpaHHllaM, TO €CTb II0 OHY M OTKocaM, 06e3
BEPTUKAJILHBIX T'PAHUI y4acTKOB. MeTOOuKM 30eCh pPacxXoOsdaTcs, U IPUHATO NIpOCcTelllee U3
COTrJIalleHuN.

YuacTku

3amaétcsi OOHUMM U3 OBYX croco6oB. JInbGo CTBOP NPUXOOUT OOHON JWHWEHN, a TPAHUIEl CTOST
B IIOJISIX PACCTOSHUAMM 0O mpodumto. JIubo TpeMs JIMHUSIMHU C IOJEeM POIU U OOIIMM MMEHEM
- Torga pa30WBKa JKWUBET B TeOMETPUH, KaK THUAPOJIOTH ¥ PUCYIOT mpodwuiau. Btopoi cmocob
MIPeAnoYTUTEIbHEE: PACCTOSHUS BPYYHYIO HE HYKHEI.
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IITepoxoBaTOCTH M YK/IIOH

BepyTcsa u3 mosei cTBOpa, a He M3 MAapaMeTPOB MHCTPyMeHTa. [IpuynHa He B yooOCTBE: CTBOPOB
MHOI'0, ¥ KaKIOTO CBOM 3HAYEHWs, M IIapaMeTpaMH 3TO He BHIPA3UTh, a KalTUOPOBKA IIPU IOJISIX
CBOOUTCS K IpaBKe Tabnuurl. [lapaMeTpEl coyKaT yMOT9aHUeM IJIsi CTBOPOB 0e3 Iojiel, IPUHATHEE
3HAYEHUs MeYaTaloTCcs B XKypHarl.

YKi0H YMeeT CHUTATHCA IIO IIEeIMOYKe CTBOPOB: €CJIM 3aaHbl KUJIOMETPAXK M OTMETKHU OHA, YKIIOH
Kaxnaoro 6epéTCH K coCcegHeMy I10 Pa3HOCTH OTMETOK U PACCTOAHHUIO BOOJIb PEKH. B CYH.IGCTBYIOLL[efI
IIPAaKTHUKE €r0 IIPOIMUCEIBAIOT OTHOCUTEJIBHO IIPEeAbIayIIero CTBopa BPy4YHYIO, 3aeCh Ta XKe BeJINYKHa
BEIXOOUT U3 anHGYTOB CaMa.

IMonst u emquHUuNbl  CTBOPH Ha BXOIe:

mojue 4TO €OUHUIILL

sec UM CTBOPA, II0 HEMY TEKCT
TPYIIUPYIOTCS TUHUA

km KHUJIOMETPaXK OT YCThs KM

role pPOJIb MTUHWUY MIPU MOAAYe TPEMSI TEKCT: JIEBBIN, PYCJIO, TPABHIN
JIMHUSIMU

div 1, div_r IPaHULEL YIaCTKOB, M

pPacCTOSHUSA 110 IPOPUITIO OT
Ha4dalla JINMHUU

n_left, n_channel, n_right 1I1epOX0BaTOCTL MaHHUHTA 110 Oe3pa3mMmepHast
y4acTKaM
slope YKJIOH BOOHOU IIOBEPXHOCTH M/M

Tabmuila mpoMepoB Ha Bxome 6.03: sec, dist - pacCTOsIHUE 10 CTBOPY B MeTpax, elev - aOCOMIOTHAS
OTMETKa B MeTpax, km, ¥ Te€ K€ PACYETHBIE II0JIsI, €CJIH OHU €CTh.

Tabmuila pacxomoB 00eCHeYeHHOCTH: prob B HPOIEHTaX, q B KyOoMeTpax B CeKyHmy. Tabmuma
HabJTI0JaeMbIX YPOBHEH: level B MeTpaxX, label TEKCTOM.

KpuBast Ha BeIXOfie: level M, area M?, width M, perim M, radius M, v M/C, q M3/c, n 6e3pa3MepHasi, slope
M/M.

IMogBan yepTexka: TO XKe IUIIOC depth avg CpemHss riIyOuHa B MeTpax, slope ppm YKJIOH B ITPOMHUIITIE,
n_inv BeTuunHa, oOpaTHast IIIePOX0BAaTOCTH, q pct OIS OT CYMMapHOTO pacXoa B IIPOIIeHTAaX, part no
HOMEp y4acTKa.

OTMeTKHU 3eMJIU: dist pacCTOSIHHE II0 CTBOPY B MeTpaX, elev OTMETKa B METpPaX, step PACCTOSIHHE IO
MIpenbIayIlled TOYKH B MeTpax.

YpoBHU: level M, q M3/C, prob IIPOIIEHTHI, label IOAMHKCH, kind BHUA YPOBHSA - prob PacUE€THHIH, obs
HaOJII0Tae MBI,

B Kakux eTUHHUIIAX YKJIOH Oe3pa3MepeH: OTHOIIEHUE ITafeHus K IINHe, MeTP Ha MeTp. B nomnsax u
rmapaMeTpax OH 3amaéTcs mMeHHO Tak, 0.0004, a He B mpoMuJie. B moxBase depTexka TOT 3Ke YKJIOH
BBIBOIMTCSI OTAEIbHLIM II0JIEM B IIPOMUIIJIE, [IOTOMY YTO B OTYETHHIX Tabmuilax ouinyT Tak: 15.30 %o
B moaBase 3T1o 0.0153 B mose cTBOpa.

[ITepoxoBaToCcTk 3amaércs kKoapdunmentTom ManuuHra: 0.030 mna wucrtoro pycna, 0.070 pns
3apociiedt moiiMel. CTporo roBops, Ko3dgduiueHT He Oe3pa3MepeH, pPa3MEPHOCTh NPAYETCS B
dbopmyne, u TOTOMy OHa MeTpuUecKasi: PacXof BRIXOOUT B KyODOMeTpax B CEKYHIY IIPHU MJIOWIany B
KBaJIpaTHBIX METPax U papuyce B MeTpax. [Insg ¢yToB ¢popmysa morpeboBana 65l CBOETO MHOXKHUTEIIS.

B nopBane psgoM ¢ KoadduieHToM UAET oOpaTHAsA eMy BelIUW4YMHA, IIOTOMY YTO Ha T'HIPOCTBOPE
neyartaioT uMeHHO e€: 10.00 B mogBane coorBeTcTByeT 0.100 B mmosyie cTBOpa.
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I[Tongs ¢ oxupmaeMbIMHM uMeHaMu - sec, km, div 1, div r, n left, n channel, n right, slope -
IIOOXBaTHIBAIOTCSI 0e3 ydacTus IIOJIb30BaTesls, NOAXBaudeHHBIe IedaTaloTCs B XKypHasl. fBHBIN
BBIOOP BCerya crapllle HauIeHHOTO.

YpoBHH

Pacxomsr o6ecrieueHHOCTH - 1, 5, 10 IIPOIeHTOB - momaTCs TabmuIel map o6ecineYeHHOCTh-Pacxo].
CuyuTaTh UX U3 PANOB HaOJIOOEeHUM MHCTPYMEHT He OepETCs, 3TO TMAPOJIOTUYEecKasl CTaTHUCTHUKA.
I[To KpuBOM KaxXOOMY pacxody HaXOOUTCS OTMETKA, ¥ YPOBHHU BBIXOOST JTUHUSMHU B UEPTEKHBIX
KOOpOHMHAaTaX C TOTOBBIMHU IToAmucsMU Bumga YBB1%, Kak mx M HaHOCST Ha THOPOCTBOpe. Pacxon
BRIIIIe KPUBOM Ma€T NpenyInpexkaeHue, a He 9KCTPAIloIAIINIO.

Ha6mnromaeMble YPOBHUM MOOAIOTCS CBOEM Tabuied: OTMeTKa U IOAINCH. DTO 3aMep, a He pacuer,
Ha KPUBYIO OH He OMNUPAEeTCs M JIOXKUTCSA PAOOM C pacueTHhIMHU, Bupma YB 472.90 X/2021. B cnoe
YPOBHEM TaKue CTPOKU noMeueHH kind=obs, pacuéTHrie kind=prob, 1 1o aTomMy 1010 UM 3aHaETCSA
Pa3HbBIM CTUJID.

YepTEK CTBOPOB OTHHM CJI0E€M

Bech uepTéxK TUAPOCTBOPA BEIXOOUT OJHUM CJIOEM: HPOGUIb, TPAHUIIL YIaCTKOB, YPOBHH U ITOOBAIl.
YacTtu pasnuuarTcs mojeMm kind, u odhopmineHue BelmaeTcs CTHUIEM Ha HETO - JINCT COOMpaeTcs
OOWH pas, a gajbllle MeHSIOTCS TOJIbKO JTaHHEIE.

OTMeTKa 3eMJTH JIEXKUT B Z BEPIIUH MPOGUIIs, TO3TOMY OTAETbHBIM TOYEUHHIN CIION pagyu MOANUCEH
He HyXeH. BepTukanpHOe HOpeyBeluYeHHWEe 3amaéTcs mapaMeTpoM OTHOIIEHHEe MacuITaOoB,
BEePTHKA/Ib K FOPU30HTAJIH: [10 YMOJIYAHUIO OECSITh, KAaK HAa TUOPOCTBOPAxX M 4epTAT. YepTék
CTPOUTCS B COOCTBEHHOM WHXKEHEPHO! CHCTeMe KOOPOUHAT, K MECTHOCTH OH He IIPUBSI3aH.

ITogBan yeprexka

ITogBan He coOGUpaeTcs U3 OTAENbHHIX TUyeeK. XapaKTEePUCTUKHU YYacTKa Ha OTMETKeE I10[iBaJjla BUCST
B aTpuOyTax caMo¥ JIMHUU y4YacCTKa - IIUPUHA, CPENHSSA TIyOuHa, IJIoMaAb CeYeHUsI, CMOYEeHHBIN
IMepuMeTp, TUAPaBINYECKUM paguyc, YKIIOH B ITPOMHUJIIE, KOODDUITUEHT IIIePOX0BATOCTH U oOpaTHas
€My BeJIn4YHhHa, CKOPOCTh, PacxXofd M [O0Jid OT cyMMapHOro. CTpOKH mofBajia PUCYIOTCS CTHJIEM II0
9THUM IMOJISIM, II03TOMY IIPAaBKa JaHHBIX He TpebyeT mepecOOPKU JTUCTA.

OTtmMmeTKa 3amaércs mapaMmerpoM OTMeTKa 151 mMoaBaia 4yeprexka. be3 Heé OepETcs HauBHICIITAHT
M3 PACUETHBIX YPOBHEM: MOABall CUMTAIOT Ha BEICOKOU Bome. IIpuHSATas OTMETKa IIeYaTaeTcs B
KypHal.

PsmoM MOyT OTMETKHU 3€MJIM M PACCTOSHUS - HUXKHUE CTPOKH TOT'O XKe 4YepTexka. JIuCT cobupaercs
IMeYaTHOW KOMITOHOBKOM: MHCTPYMEHT OTHAET MaHHBIE, 0hOpPMIIeHHEe XKUBET B I1abJIOHE.

Y10 BaKHO 3HATh 0 MeToae

®opmyna MaHHUWHIa ONMCHIBAET YyCTAHOBUBIIEECS PaBHOMEPHOe ABHUKeHHMe. KpuBasg mo HeEU 3TO
TUOpaBIMYEeCKasi XapaKTepPUCTUKA CTBOPA, a He PACYET BOJIHEBI IIOMYCKa, U MHCTPYMEHT OO0JIbIIIEeT0
He obeIraer.

VKJIOH BXOOUT B Pacxof I1of KOPHEM, ITI03TOMY ollnOKa B HEM CKa3bIBaeTCs MpsiMo. Ha paBHUHHBIX
pekax OoH MaJl, ¥ 3HaYeHHue BCerfa IedaTaeTcs B XKypHas, YTOOb HPUHSATOEe OBIIIO BUIHO.
YT0 Ha BBIXOIE

Tabmuila KpUBOM IO yYacTKaM M CyMMAapHO C IJIOMIaAblo, IIMPHHOMN, IIEPUMETPOM, PamuyCcoM,
CKOPOCTHIO M PAcXofoM Ha Kaxkaou oTMeTKe. IIpodusu CTBOPOB, YPOBHH, IIOABAI U OTMETKU 3€MJIH
OTHENLHLEIMH CJIOSSMH B Y€PTEXKHEIX KOOPAHUHATAX.
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Otuét HTML mo KaxkpgoMy CTBOPY: Npodusib C HAaHECEHHLIMU YPOBHSIMHU U I'PaHUIlAMM y4acCTKOB,
rpad®uK 3aBHCHMOCTH pacxofja OT OTMETKH C JUHHUSIMU 00eCHedYeHHOCTH, Tabiulla YPOBHEH H
Tabnuila KpuBOK. PUCYHKM BCTPOEHHI B CaMy CTPAHUILY, IIO3TOMY OTUYET OCTAETCS OOHUM GalioM,
KOTOPBIM MOXKHO II€peciaTh.

I'paduk KpHBOH pacxoaoB

KpuBasi oTma€Tcs BEKTOPHBIM YepPTEeKOM: JIMHHUS, OCH, IIKadbkl C 3aceYKaMM U ITOOIIHCSIMH,
MMyHKTUPHBIE 3aCeYKU YpPOBHeM obecrieueHHOCTH. TOT caMbeiii rpaduK, KOTOPHIM BCTaBIISIOT B
OTYET, TOJILKO €r0 MOXXHO MPAaBUThL KaK OOLIYHBIM CJIOH.

YTo OTKIagbIBaeTCS MO TOPHM3OHTAJIM, BHIOMPAETCsS ITapaMeTpoM: pacxon Q, IIomamb XKHUBOTO
ceuenust W unu cpemHssi CKOpocTh V. CKOPOCTh HY2KHa TaM, Tle KPUBYIO YUTAIOT HE pPajiu Pacxoma,
a pagu pa3MbIBa: OOIIyCTUMAas Hepa3MbIBaOIIasi CKOPOCTb I'PYHTa CPaBHUBAETCS MPSIMO 110 rpadukKy.

I'paduk UOET OTOENBHBIM CII0EM U B COOCTBEHHBIX OCSX: II0 TOPU30HTAJIM BhIOpaHHAs BeJIUYHUHA, 110
BepTHUKAJIM OTMeTKa. COBMeNaTh ero ¢ mpoduIeM CTBOPA B OMHOM CJI0€ HeJIb35 - METPHI PACCTOSTHU S
1 KyOOMETPHl B CEKYHMY HECOIIOCTaBUMEI, 001ero mMacmraba y HUX He cymecTtByeT. Ha nuct oba
KJTaOyTCSd MakKeTOM.

IIar mkasabl OTMETOK CTaBUTCSH B METPp OJId HOPMATHUBHOI'O 4YepTeXKa, IIar' IIKaJIbl PaCXoda HOJIb
O3HA4YaeT OKPYTIJIbI€ 9K CJIla II0 pa3Maxy. CTBOpr PacCKIagbIBalOTCA B PAL, KaXObIU B CBOEM OJI0Ke.

YpoBHU 00€CIIEYeHHOCTH IIPUXOOSAT PACXOI0OM, a OTMETKA [JIs 3acedku 0epeTcsi oOpaTHHIM XOOOM
110 TOM Ke KPUBOM: 3acedKa JIOKUTCS Ha HEe€ TOYHO, a He PSOoM. YPOBEHb BHe [I1alla30Ha KPHUBOU
IPOIyCKaeTCs.

ITone kind B aTpubyTax pa3nuyaeT dacTU depTexka: curve, axis, tick, mark, label. ITo Hemy
HacTpauBaeTcs 0HOpPMIIEHHE.

6.02 ITo/IMTOH 3aTOIVICHUS

Pexert IIOBEPXHOCTH OTMETKOU BOIHI U BBIJIaéT KOHTYD 3aTOIIJIEHUA U PaCTpP FHYGI/IHBI.

OTMeTKy MOXXHO 3aJlaTh IIPSIMO, @ MOXKHO PacXOgoM: TOra oHa 6epéTcs oOpaTHLEIM XOIOM IT0 KPUBOH
ot 6.01 - TeM caMBIM OBUXKEHHUEM, KOTOPOE Ha PYYHBIX IOCTPOEHUSAX PUCYIOT KPACHOU CTPEJIKOU.
Kpusas momaétcst Tabnuiei, pacxon YUCIJIOM, IIPUHSITAasd OTMETKA IMeYaTaeTCs B XKypHaJl.

HUuctpyMeHT oThenéH ot 6.01 HaMepeHHO: y HEro OPYTro¥ BXO4 U APYro¥ noTpeduTenb, U TOHATH
BeChb PaCY€T KPUBOH pafy OOHOTO IIOJIUTOHAa He3adyeM.

VpoBeHb BIOJIb PEKH HE MMOCTOSTHEH

BBepx 110 TeEYEHUIO OH BHIIIE, U CPe3 BCeH MJIOIIaau OQHOM OTMETKOM 3aJIMBaeT OOJIMHY TaM, TIe THO
HHUJKe 3TOM OTMETKH, XOTS Bofa TyHa He moxonuT. [I09ToMy ypOBHHU MOIAIOTCS II0 CTBOpPaM: M3 HUX
MMOJHUMAETCS ITOBEPXHOCTH BOMEI, ¥ TTyOMHA CUMUTAETCS OT HEE,

EcTer gBa nyTu. [0OTOBBIE YPOBHU JIMHUSMU - OEPETCSA BHIXOI YPOBHH IO CTBOPAM Ha KapTe U3
6.01. Minu xkenaeMbIM pacxof IO yKe IMOCUUTAHHOM KPUBOW: TOJAIOTCS CTBOPHI Ha KapTe, Tabnuiia
KPUBOM U YHCJIO, U IO KaXKIOMY CTBOPY OTMETKa HaXOOUTCS OOPATHHEIM XOOOM.

BTopoli nmyTh oTBedaeT Ha YacCTHIM BOIIPOC O KaTacTpodHYeCKOM ClleHapuu. KpuBas oT pacxoma
He 3aBHUCHUT, OHA XapaKTepPUCTHKA CTBOpPA, IMO3TOMY Ji000M pacxof, a He TOJLKO PaCYETHEHIH,
pexetcs 6e3 mepecuéTa 6.01. CTBOpP, Y KOTOPOT'O PACXOJ BHIIIE]I 3a BePX KPUBOM, IIPOITyCKAETCS C
MpeaynpexaeHueM: KpUBasi CTPOUTCS [0 Bepxa IMPoGuis, U BHIIIE HEIr0 OTMETKY B35Th HEOTKYy[a.
Ecnu Takue clieHapuu HYXKHBI, IIOOHUMUTE BEPXHIOI OTMETKY B 6.01, ¥ KpuBas IPOMONIKUTCS C
3aracom.

YepTEXKHBIN CJIOM YPOBHEU OJid KapTH HEe TOOUTCHA: ¥ HETO IO TOPU3OHTAJIM PAcCTOSHKE BOOJIb
CTBOpa, a He KoopauHaTa. MHCTPYMEHT 3TO PacHo3HAET U OTKa3hblBaeT C OObSICHEHUEM, KaKOoM
BBIXO[ OpaTh.
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MeJkue OsSTHA OTCEKAIOTCS IO IJIOMIaAu: Ha PAaBHUHHOM ITOMMe OOWHOYHBIE TYEHKM HHUXKE ype3a
OalOT Kpall, KOTOPHIHM K Pa3/IUBY OTHOLIEHUS He uMeeT. CBI3HOCTb C PYCJIOM HE IIPOBEPSIETCS, U 00
9TOM CKa3aHO B XypHaJjie: 3aMKHYTHIE TTOHUXKEHUS B CTOPOHE OT PEKU OCTAHYTCS B KOHTYpPEe, U 9TO
BHIHO Ha KapTe.

6.03 UmnopT Tad/IM1I CTBOPOB

IIpeBpailaeT TabuIly IPOMEPOB B CTBOPH C OTMETKAaMH B BEPIINHAX.

CyliecTByolllie MIpOorpaMMbl [epzkKaT IIpoduIb OapaMM pacCTOSHMWE OT Hauajla CTBopa u
abcosiioTHasT OTMETKa, W 3a rogbl paboThl Takux TabnuIll HaKallJIMBaeTCcsi MHOro. IlepeOGuBaTh
Ux pykamu pagu nepexopga B 'MC He3auem.

Ecnmu cTBOPH yKe OoIu¢p)poBaHL HAa KapTe, MOJalTe WX CIIOEM: IIPOMEPHI JIATYT BOOJIb HACTOSIIUX
JIMHUM, U PACCTOSIHUE II0 CTBOPY CTAaHET PAacCCTOSHUEM BOOIb JTMHUM. CTBOP, [/ KOTOPOIr'O JINMHUU
He HaIJIOCh, CTPOUTCS CXEeMOM C IpenynpexaeHrueM, TPOMepHl AJINHHEE TUHUN TPUKUMAIOTCS K €€
KOHIIY TOXe C IIpefynpexaeHueM.

Bes cost TUHUYN reOMeTPusi CTPOUTCS OPSIMBIMUA CTBOPAMHU 110 a3UMYTY ¥ KUJIOMEeTpaxKy. ITO CXema,
a He ChEMKA, ¥ Ha PaCUY€ET KPUBOM OHA He BIUSET BOBCE: KPUBOM HYZKHBI PACCTOSTHUS BOOIb CTBOPA
1 OTMETKH.

BmecTe ¢ mpoduieM IIepeHOCSTCH PacCuETHEIE CBOMCTBA, €CNTH OHU B TAOIHIlE eCThb: T'PAHUIILI
Y4aCTKOB, IIIePOX0BATOCTH U YKIIOH. be3 HuX BepHysach Ol TeOMETPHS, HO He PacuéT, U KpuBasi o
BOCCTAHOBJIEHHBLIM CTBOPAaM Pa30IIiack OB C MCXOOHOM.

6.04 IIpumep peku (aemo)

YuebHas Oelnmo4YKa CTBOPOB C U3BECTHBIM OTBETOM: OOJIMHA C PYCJIIOM U OBYMSA nouMaMM, OTMETKH B
Z BEPIIHNH, II0JIA Y4AaCTKOB, IIEPOX0BATOCTH, YKIJIOHA U KUJIOMETPAa2Ka 3allIOJIHEeHEI.

Pyci10 1 TOMMEI HMEIOT Pa3HyIo IITePOX0BATOCTh, IO9TOMY Ha KPUBOM BUIHO, KaK BKIIOYAETCS ITOMMa:
mo OPOBOK PacXof PAacTET KPYTO, BRIIIE IepejioMa noMa go0aBiisieT ImiIoanb, Ho Majio fo0aBiseT
pacxofma.

KpomMe cTBOpOB BHIgarOTCs TabIHIla IPOMEPOB - Bxomd Ojist 6.03 - ¥ IMOBEPXHOCTH HOJIMHBLI PACTPOM,
Bxom miast 6.02: pes3aTh 3aTOIVIEHHWIO HEYero, IOKa M[OJIMHA CYINeCTBYeT TOJIbKO JIMHUSMU.
TToBEpXHOCTL CTPOMUTCSH W3 TeX Ke CTBOPOB, YTO W KPWUBHIE, ITIO9TOMY IMOJUTOH 3aTOIJIEHUS U
KPHBasi PacxooB T'OBOPST 00 OJHOM MOIUHE, a He 0 IBYX ITOXOKHUX.

OTHmenbHBIM BEIXOIOM MOET STaJIOHHAs KpHBas, MOCYHTAHHAS SOPOM HAIpsAMylo. PacxoxkmeHue C
TeM, 4TO AacT 6.01 Ha 3THX XXe CTBOpPax, eCTh omnbKa MHCTPYMEHTA, a He MaHHbLIX: OTBET U3BECTEH
3apaHee.

Kak nmpoBepsaTs rpynny

IMoctpoiiTe mpumMep, momaiTe CTBOPHI B 6.01 u cBephTe TaGHMIy KPUBOM C 3TAJIOHHOU - OHU
00s13aHBl COBIIACTh. 3aTeM mopmaiTe Tabnuily npomMepoB B 6.03 BMecTe CO CJIOEM CTBOPOB HOEMO:
BOCCTAHOBJIEHHBIE CTBOPHI JIATYT MOBEPX MCXOOHBIX U OJaOyT Ty XKe KpPUBYI0. HakoHel], rogaliTe B
6.02 TOBEPXHOCTD [OJIMHBI, KPUBYIO PACXOMOOB M PACXO[] - ITIONYYHUTE KOHTYP 3aTOMJIEHUS U TIIyOUHY.

Yero B rpynmne mokKa HeT

IIpoMepHl OTOENbHBIM CIIOEM TOYeK u cpe3 mpodunss ¢ IIMP mns cTtBopoB 6e3 Z. BatumeTpus:
BOCCTAHOBJIEHVE Ha MeXIOy IPOMEPHBIMU CTBOpPaAaMHU BOOJIb PyCia - OTAeJIbHAsS 3ajada CO CBOel
QHU30TPOIHEN, U 1O HEE KPUBBIE CYUTAIOTCS 110 TTIOBEPXHOCTSAM, I'l€ IHO €CTh.
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7. ®paKkTaJIbLHBIA aHATH3

7.01 ®paKkTaabHasi pa3MEePHOCTH

WHCTPYMEHT CTPOUT KapTy (ppakTaibHON pPa3sMepPHOCTH IIOBEPXHOCTH BapUOIDaAaMMHBIM METOMOM,
POIHBIM IJIs IJIaTWHA. B CKONB3sIIeM OKHE CYMTAaeTCs JIOT-JIOI BapuorpaMMa IIO jlaraM OT OFHOU
mo N sidueek, IO e€ HAKJIOHY ompefesseTcs IToKa3laTelb XépcTa H, a pa3MepHOCTh BHIUHCIISIETCS
Kak D = 3 - H. Ha rmagrux guddepeHupyeMeix ygactkax D okoI0 2, Ha U3pe3aHHEIX U IIyMHBIX -
61uxe K 3. PaboTaoT He CTONIBKO caMU 3HaYeHUs, CKOJIBKO UX IIepellafbl: UMU [IPOSIBNISAIOTCS 30HEI
TEeKTOHWYEeCKUX HapyIlleHUl, IpaHullbl OJI0KOB U CMeHa XxapaKTepa penbeda KPOBIIU.

I'pup D cpa3y moxHO nogath B 1.04 U301mHuM U3 pacTpa U NOJIy4YUTh U30JIUHUU Pa3MEPHOCTH.
B ponmonmHUTENBHBIX apaMeTpax IPenyCMOTpeHa BO3MOXKHOCTH 3anucarte H BTOPEIM KaHaJIOM.
I'mo6anbuble D u H 1Mo Bceli TOBEPXHOCTHU BHIBOOSATCS B XKypHaJl.

Kak yuTarsh KapTy

AGcosmoTHEIE 3HaYeHUs D BazKHBI MEHbBIIIE, YeM UX Hepenagbl. JIMHEeNHLIN Tepenay yepes miIouanb
- IUHEeaMeHT, KaHOUOaT B TEKTOHMYEeCKoe HapylleHue. [I9THO MoBHIIeHHOM D - 30Ha MHTEHCUBHOU
CKJIaf4yaTOCTH UJIM U3pe3aHHOr o penbeda KpoBnu. OOIIMPHEIE POBHBIE IT0JIS HU3KOU D - CIOKOMHEIE
6s10KH. [17151 YTeHUsI MOXKHO IPUMEHHUTH OJHOKaHAaIbHYIO IICEBOOIIBETHYIO CHMBOJIUKY C KOHTPACTHOM
MaJuTPON U Knaccudukaumen KBaHTUISIMH. 151 OTYETHOTO IJIaHa IO rpuny D CcTposAaTCsS U30IUHUN
C mossicaMu UHCTpyMeHTOM 1.04, 1 30HBI HapyLUIeHN OKOHTYPUBAIOTCSA KaK U30THUIICHL.

Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H
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Puc. 30: CunTeTudeckas KpOBJIs C IMaroHaIbHOM 30HOM Apo0ieHNus U e€ KapTa D: cIoKoiHEIe 6J10KU
OKOJIO 2, 30Ha HapYyUIEHUH MIPOSBUIACH SPKUM JIMHEAMEHTOM.
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BbBIOOpD OKHA H JIaroB

Maroe okHO (5-8 sTueek) MOKa3bkBaeT MUKPOCTPYKTYPY U JIOKaIbHEIe HapyIlleHus, 6omibinoe (12-20)
- peruoHasbHLIE 30HEHI. [P COMHEHHH MOXKHO IOCYHTAThL 00a u cpaBHUThH. KommuecTBo j1arop 4
MMOOXOOUT MOYTU BCcerha: OOJIbIlle 1aroB - YCTOMYMBee HAKJIOH, HO TOJIIlEe MUHUMAIbLHBINA MacIITal,
KOTOPBIH MeToq crocofeH pasnuuuTb. OKHO ¥ JlaT¥M OTrPaHWYEHHl Pa3MepoM TpPHUOa, UHCTPYMEHT
IIPOBEPSIET 3TO CaM.

Pa®ouuis MUK

KpoBnsa nnacrta u3 Kpurura nogaérca B 7.01 ¢ okHoM 8, nonyuenHslil rpun D - 8 1.04 A301uHNH
U3 pacTpa (KaHan 1), ¥ moBepX CTPYKTYPHOTO IIJIaHa JI0KaTCSA U30JIMHUU Pa3MEePHOCTH C II0sICaMu.
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I'moGanbHOE D 13 XKypHasa - OMHO YHCJIO Ha IOBEPXHOCTh, 10 HEMY MO2KHO CPaBHUBATh YYaCTKU UIIH
IJIaCThI MeXKIOy co00i. PacTp momKeH OBITh B METPHUYECKOM CUCTEMe KOOPAUHAT. [[eMO-II0BEPXHOCTH
IOOX0OsT KaK eCThb.

ITapamMmeTpsI
[TapameTp Yrto 3amaét ITo ymonmyaHnuio / COBeT
[ToBepxHOCTH (pacTp) I'pup penbeda unm 11000 ITOBEPXHOCTH. -
[Tonypaguyc OKHa, s4eek Pa3mep Ckonp34Iero oKHa. 8
Kommnuectso naros ([Jor.) Jlaru BapuorpaMMtl 1..N siueexk. 4
Kanamn BricoT ([Jo1.) Kanamn ¢ oTMeTKaMu. 1
3anucatk H (Jom.) Io6aBuTh H BTOPHIM KaHaJIOM. BBIKJI

O®pakTanbHas pa3dMepHocTs ['pupg D (u H npu ranke). -

7.02 Box-counting Mmacku

Knaccuyeckuit box-counting mns OGuHapHBEIX MacoK. PacTp OmHapusyeTcs IOpPoroM (OOBEKT -
3HaueHus OO0JIbIIIe ITOPOra), MacKa IIOKPLIBAETCS SAYeiKaMu yOBRIBAIOIIETO pa3Mepa, HakoH log N
ot log(l/pa3mep) maéTt ogHy pa3MepHOCTh D Ha BCIO Macky. JIuHeWHBIE 00beKT AaéT D okomo 1,
MSATHO - OKOJIO 2, U3pe3aHHble KOHTYPHI 30H 3aMeIeHUs iU BRIPaboTaHHBIX TPOCTPAHCTB JI0KATCH
Mexkay. TOYHOCTh Ha KOHEeUYHEBIX MacKax nopsgka +0.1, mosTomMy MeTon IPUTOJeH OJIs CPaBHEHUS
MacoK MexXmy co0o#, a He KakK aOComioTHas Mepa. Pe3ymbTaT BEIBOOUTCS B JKypPHAJl BMECTE C
TabnuIel pa3MepPoOB U CUETOB M BO3BPAIlAaeTCs YHUCJIOM D, KOTOpOEe MOXKHO HCIIOJIb30BaTh [aIbIIle
B Mopensax Processing.

Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweana Koxa: HaknoH 1.254 (Teopwa 1.2619), R?*=0.999

-45  -40  -35 -30 -25 -20 -15 -10 20 25 30 35 4.0 45 5.0 5.5
log(1/pa3mep) log(1/pasmep)

Puc. 31: TlpoBepka OIIeHIIIMKOB Ha I3TajoHax: KoBép CepnuHCKOTro HaéT HakmoH 1.8928 mpu
Teopetudueckux 1.8928, kpuasa Koxa - 1.254 npu 1.2619. Touku Ha OpsSIMOU - CTEIEHHOU 3aKOH
BBIIEPIKaH.

OTKyaa 6epéTcsi MacKa

MackKy MOKHO B3ATh W3 KaHajla MHUHTWIA TPHUAA TJlacTa C MOPOTOM MeXAy KOmaMu KJIacCoB,
U3 TpHUOa BEPOSATHOCTH WHOWKATOPHOIO KpuruHra c moporoM 0.5, M3 KapThl BEpPOATHOCTHU
ITPEBHIMIEHUS C IIOPOTOM KOHOUITNY, U3 BEKTOPHBIX KOHTYPOB BEIPAOOTOK HJIM 30H, TPEIBAPUTEIIHEHO
pacTepu30BaHHBIX IITAaTHHIM «PacTepu3anus (BeKTOp B pacTp)». CpaBHUBATh UMEET CMBICTT D Macok
OOHOM TPUPOOLI Ha OMHOM CeTKe: POCT U3PE3aHHOCTH KOHTYpPa 3aMeIl[eHUs OT IIJIacTa K IIJIacTy TN
OT TOfla K TOMY - COmepKaTeIbHBINM CUTHAIT.
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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.
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Puc. 32: Jemo-peku ¢ nmopnucaMu D mink mo pykaBaM: IIOYTH TJlafiKie pPyKaBa [al0T 3HAYEHUS
OKOJIO €eQUHUIIEI, CETh LIEJINKOM - BHIIIIE.

HWHucTpyMeHTOB B Monyie 48, ¥ 9TO myraeT Ipu nepBoM 3HakKoMcTBe. Haunute ¢ natu: 1.02, 1.04,
2.03, 2.13 u 4.01. OctanbHOe HaWOETCS caMo, KOToa YIPETECH B 3afiayvy.

ITocme KkaXkmoro mara HallxCaHO, YTO [JOJI2KHO ITOJIYYUTBCH. Ecnu IIOJIYYHUJIOCHh OPYyroe, 3Ha4YuT CTOUT
OCTaHOBUTLCA U pa306paTbc5{, a He UOTU JaJlbIlie.

Cuenapuu 1. Y MeHsI TOUYKH

ITate MuryT. CKBaXKHHBI, TPOOLI, 3aMepHI, Tt00asd HeperyasipHas ceTb HabJIIOOeHU .

IIar 1. 1.09 IIpumep ckBaxuH (@eMo0) MuUHUMyM: HUYEro 3ajaBaTh He HYXKHO, BCE IIO
yMmonuaHuioo. Eciu y Bac eCcThb CBOM TOUYKH, NPONycTuTe IIar. IloayuumcsA: TOYEYHBIN CJION B
IIPOEKTe.

IIar 2. 1.02 2D Kriging (Toukm - pacrtp) MunumyMm: Toukxkwu, Ilone 3Hadvenusi, Pa3zmep
stuerku. OCTaNbHOE 10 YMOTYAHUIO. [T04y4umcsi: pacTp U CIOM CTAaHHApPTHOHN ommOKu. Omrmnbka
pacTéT TaM, roe ToOYeK MaJio, ¥ 3TO IIepBOe, Ha YTO CTOUT IIOCMOTPETh.

IIIar 3. 1.04 U301uHuH U3 pacTpa MunumyM: Pactp, Ceuenue, CTHIL H30ITHHUM = CTPYKTypa
/ runicomeTpusi. CedyeHue nmogdbepuTe Tak, YTOOB TMHUYM OBLIIIO BUOHO, HO HE CIIJIOIITHAS IITPUXOBKA.
1'[0/1y11um0ﬂ: U30JIMHUKU C IIOAIIMCAMHKU KM KOHTYPHBI€ IIOSICAQ, TPAHUIBI KOTOPBIX COBIIQOAKT C
TUHUSIMHA.

Hamneie mo Bkycy: 1.05 u 1.06 mokaXyT, eCTh TN B OJaHHBIX aHu30Tponusda, 1.08 oueHuT Meton
IMepPeKpPECTHOM IPOBEPKOM.

Cuenapuu 2. MHe Hy2KeH peibed

I[MaTHapguaTe MUHYT. [71aBHBIM ClleHapHUM: CTPOUM peibed, IPOBEPseM €ero 4YucjaMu M JIeYUM
HalleHHOe.
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IIlar 1. 2.01 3arpy3ka IIMP nio pamke Munumym: UcTounuKk penbeda = GEDTM30, Pamka
3arpy3KH 10 uHTepecyoileir mecTHocTu. GEDTM30 aTo Momens penbeda 6e3 jeca U IIOCTPOEK,
IJI IIOCTPOEHUS TOPU30HTaNed oHa mogxomuTt ny4diie, yeM Copernicus GLO-30, raoe BEICOTa CHATa
1o BepxywkaM. IToaydumcs: pacTp penbeda B CUCTEME KOOPOUHAT IIPOEeKTa.

IIar 2. 1.04 U301uauu u3 pacrpa Muaumym: Pactp, Ceuenne 5 unu 10 M. OcTtanbHOe IO
yMmomn4daHuto. ITosnyyumcs: cjiodl ropu3oHTanel. [lanbille OH UTpaeT POJIb MCXOOHBIX HAHHBIX, KakK
ecnu OBl BaM HX Imepenalu.

IIar 3. 2.05 Ctok u akkymyiasanus (D8) Muuumym: IIMP u3 miara 1. 3anonHeHNe IOHUXKEHUN
0OCTaBbTE BKIIOUEHHBIM. [To/1yuumcsi: pacTphl HalpaBIeHUM CTOKAa M HAaKOILJIEHHOM! IIIOIIaaH.

IIIar 4. 2.06 PeyHasi ceTb MUHUMYM: PacTp akKKyMynsuuu u3 Irara 3, [Iopor BomocOopa B
siueriKax. HauHuTe C ThICSTuM 1 IToaOepuTe Tak, YTOOH CETh BHITIIsAAE A IpaBaonono0Ho. IToayuyumcs:
JTUHUY BOOOTOKOB, HallpaBIeHHEIE BHU3 10 TEYEHHIO, TO ECTh T'OTOBLIE TalIbBETH.

IIar 5. 2.09 Bepumnabl MuaumyMm: IIMP u3 mara 1, Paguyc nmoucka B s4detikax. [loayuumcas:
TOYKU JIOKAJTbHBIX MAaKCUMYMOB C OTMETKaMHU.

IIIar 6. 2.02 3arpy3Ka TOIOOCHOBBI II0 paMKe MwuHumMyM: Ta ke Pamka. I3 OSM Gepure
IJIOIMIafHEIe BOOOEMEL U CyXHe pPycja, a PeKH U BepIIMHEL He OepHTe: OHM yxKe IIOCYUTAHEBI II0
penbedy B marax 4 ¥ 5 U COTJIacOBaHHL C HUM, Torga Kak u3 OSM oHU HNpUOYT U3 OPYroro
MCTOYHWKA U MOTYT He COBIIACThb C MaTputei. IToayuumcs: 0o nsSTU C0€B B rpynne Tomorpadus.

IIIar 7. 2.03 Topo2Raster (penbed 3 BeKTOopoB) MuHumMyM: U30IHHHM U3 IIara 2 U IOJie
BbICOTHI, TasibBeru u3 mara 4, TOYKH BBICOT U3 I1ara 5 u moje oTMeTKu, O3épa U ype3 BOObI
¥3 I1ara 6 ¥ mmojie OTMETKH ype3a, Pa3mep siuernku. OOPBIBEL ITOAMTE, €CIIM OHU €CTh B TOITOOCHOBE.
INoayyumcasa: HOBHIU pacTp penbeda, IOCTPOEHHEBIN 10 TUTHN3UPOBAHHEIM BEKTOpaM, a He 10 OOHUM
TOPU30HTAJISM.

IITar 8. 2.12 HeBsi3Ka ropu3ouTajied npotuB IIMP MunuMmym: [OpH30HTaIM U3 I11ara 2, mojie
BbICOTHI, IIMP u3 miara 7. [Toaydyumcs: TOUYeYHBIN CJIO¥ HeBA30K U oTuéT HTML. CMoTpuTe Ha
cpefHee CMeIlleHNe W Ha OOJII0 TOYEK, IPOMaxXHYyBIIUXCS OOJIbIle YeM Ha ITOJIOBUHY CEYEHUS.

IIMar 9. 2.13 Iuarsoctuka teppacuara IIMP Munumym: IIMP u3 mara 7 u Ceuenue penbeda,
TO XKe, 4TO Ha wmare 2. [loayyumcsa: UHOEKC NPUTSAXKEHUS OTMETOK K YpOBHAM. OKOJIO €TUHUIILI
O3HAYaeT, YTO CTyIeHel HeT, ABa U BHIIIe O3HAa4YaeT TePPACUHT.

IIar 10. 2.14 CHATHe cTyneHeH (CriIaXuWBaHHe C orpaHuYeHHeM) HyXeH, TOJIBKO eCliu
MpembIoyIIui Imar Hamen teppacuar. MuaumyMm: IIMP co crymensimu, CeueHnue penbeda,
HUrepauuut 50. ITosayuyumcs: WCIPaBIEHHHN penbed M OTUYET OO0 U Iocjae. MHOeKC mOoIKeH
ONYCTUTHLCSH K eQUHULIE.

Ecnm xoTuTe IMPOBEPUTH HE CBOU OAaHHLIE, a CaM METOM, 3aMeHHuTe mepBhid Imar Ha 2.10 Iemo-
penbed c prnaxkoMm OBpazKHO-0a/I09HasI ceTh. Torga NCTUHHAS IOBEPXHOCTh U3BECTHA 3apaHee,
U BUOHO, 4YTO UMEHHO TePAEeTCsA IIPU IIOCTPOEHUHN. OBpal"I/I TEPAITCSA IIE€PBBIMU.

CBepuTh C UICTUHOM MOKHO AByMs crtocob6amu. HarnsamHo: ITOCTPoNTe U30IUHUY 10 BOCCTAaHOBJIEHHOMY
penbedy Cc TeM Ke CeYeHUEM U HaJl0XKUTe Ha TOPU30HTAJIHU 11ara 2 APYTUM IIBETOM, TUHUU OOJIZKHEI
JleYb OAPYT Ha Opyra ¥ pa30MTHCH TOIBKO Ha MaKyIIKaX BRIIIE ITOCIegHEeN ropu30HTaau. Y1UCIeHHO:
KaJIbKYJIATODP PaCTpPOB, BBEIPAXKEHUE «BOCCTAHOBJICHHBIHA MHWHYC MCTHHa», U CTaTUCTHUKA PA3HOCTHU

B CBOMCTBax cyiosi. IIpyu cedyeHUU 5 M 0KMOAETCS CpemHee OKOJIO HyJsa M pa3dpoc mopsgka MeTpa,

a HaubOobIIMe PACXOXKMAEHHS Ha BeplIrHax. Ecnu mo6aBuTh B mIar 7 TOYKM BEPIIMH U3 Iara
5, pacxXoXmeHUs Ha MaKyIIKaX 3aMeTHO COXMYTCSI, U 3TO POBHO TOT OTBET, 3aYeM Tomorpadsl
MMOANKCHIBAIOT OTMETKM BEPIINH.

Cuenapuu 3. MHe Hy2KE€H pa3pe3

Tpu MUHYTHL.
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IIlar 1. 4.10 IIpuMep as1i pa3pe3a (@emMo) MUHMMyM: HUYEro 3afaBaTh He HYXKHO, BCE II0
yMom4aHuio. [Toaydyumcsi: Habop cnoés B rpymmne [IpumMep paspesa.

ITar 2. 4.01 Pa3pe3 no jguauu MuauMmyM: Jluausi pa3pe3a, [IoBepxHOCTH CBepXy BHH3,
BepTuKaabHbIA MacIITab. [To1y4umcs: 4epTéx pa3pe3a B MHXKEHEPHOH CUCTeMe KOOPOUHAT, C
0CSIMM, OTMeTKaMHU U II0JI0CaMU IIJIacTOB.

Kyma uartu ganpiiae

PYKOBOJICTBO OTUCHIBAET KaXKIbIN WHCTPYMEHT HOJIpOGHO, C IIapaMeTpaMu U OIrOBOPKaMMH. 3mech
HaMEpPEHHO HEeT HHUu OIIINM, HU TEeOPpHHU: 3aa4ad CTPAaHHILI IIPOBECTH BAC IIO MOOYJIIO OOWH Pa3, a
HEe 3aMEHHUTh NOKYMEHTAlUuIo.

Hauubsie OpenStreetMap: © yuyactHuku OpenStreetMap, ODbL. Matpuiia Copernicus GLO-30
pacmpocTpaHseTcss CBOOOIHO.

IIpunoxkenue. ITojst ;eMo0-C/I0€B

CBopka nmojneu Bcex TeHepaToOpPoOB I€eMOHCTPAIITMOHHEBIX NaHHBIX C ETUHHUITaMU. 3HaueHUg OEMOHCTPAIIMOHHEIE:
TaM, I'je BeJIN4YHHa a6CTpaKTHa, €OUHHNIEBI YCIIOBHHEI.

Beixoasl rpynnsl «Tonorpagusi»

Cnoit nuauii Peuynasi cetrb (MHCTPyMeHT 2.06):

Ilone Tun CMBICJI, €IMHUIIL

order eoe nopsimok Crtparnepa
acc out OpoOHOe aKKyMYJSIIWs B 3aMEIKAHUU 3BEHA, S4eeK
length m pgpoGHoe pnuHa 3BeHa, M

Croit monuronoB Bacceunst (2.07): basin - Homep GaccetiHa (iiesoe), area_m2 - IIOIMagb, M2,
Cnoit Touexk Bepmiunsbl (2.09): z - BricOoTa, M, drop - IpeBHIIIIeHUE Hal MUHUMYMOM OKHa, M. Cjiou
TOTIOOCHOBHI (2.02) HecyT name 1 osm_id, BOOOTOKY OONOTHUTEIFHO waterway, BomoéMEl water,
BepmuHE ele (BricoTa, M), 06peiBH kind. TeMo-penbed (2.10) - pacTp 6e3 momnei.

CkBaxkuHBI (HeMo) - uHCTpyMeHT 1.10

Cnoit Touek CKBaXKHHBI (IeMO0):

ITone Tun CMBICH, €IUHUIIEI

well CTpOKa UMS UK HOMEP CKBAaXKWHEI

roof opobHoe abCcoJTIoTHAsT OTMETKA KPOBJIU
IIacTa, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobHOe comiepKaHue yCIIOBHOTO
KOMIIOHEHTa, IIPOIEHT (gemo)

head opobHoe Hamop, M (Heobs3aTeJIbHOE
moJie)

K opobHoe KoadduimeHT GUIbTPaAIUH,

M/cyT (memo, HeoOs13aTeIbHOE)
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ITone Tun CMBICJI, e UHUIIEI

T opobHoe BOZOOIIPOBOAUMOCTH, M?/CcyT, T
= K-MoOIIIHOCTDb
(HeobOs13aTEILHOE)

mintype CTPOKa MUHTHII, KATEeropus (oeMo
3aMelreHns1, HeoOs3aTeaIbHOoe)

dz opobHoe BeIUYMHA, TUHEWHO

CBsI3aHHAas C Operdom, yCil.
(HeobOs13aTENIBbHOE)

Heo6si3aTenpHbii pactp IloBepxHOCTH Apeida (IeMo) - CTOPOHHSISI TOBEPXHOCTD A/ KPUTHHTA

C BHEWIHUM OpendoM, yCIl. ef.

IIpodunu 31eKTpopa3BedKH - HHCTPYMEHT 1.11, pexkuM 371eKTpopa3BeaKH

Cnou Touek IIpodunu anekTpopa3dBeaku (pk, EII, BII):

ITone Tun CMEBICJI, eDUHUIIBL

profile nemoe HOMep nIpodund

picket m ppoOGHOe TUKET OT Hayasia NPoPuUIIsT, M

pk CTpOKa nuketT MeTKou [1IK (Hanpumep ITK5+20)
z OpoOHOE OTMEeTKa IIOBEPXHOCTH, M

rho k OpobHOe KaXylIIeecsi COMPOTUBIeHUE pK, OM'M
rho true ppoGHoe pk 6e3 mryma, OM M (3TaANIOH)

sp OpoOHOEe MOTeHIIHall ecTeCTBeHHOTro nons EIT, mB
vp opobHoe BhI3BaHHad nojspuzauus BII, mB/B

IIpodunu ocemaHum - HUHCTPyMeHT 1.11, pexxuM ocemaHuH

Cnoit Touek IIpodunau ocemgauui (Myabaa, TYpoB: N):

Ilone Tun CMBICTI, eqUHHUIIEL

profile 1esoe HoMep npodus

picket m opoOHOe TMHMKET OT Hadajia mpoguiIsi, M
pk CTpPOKa nMUKeT MeTKoM [TK

tour 1esyoe HOMep Typa HalbJomeHuH

z opoOHOe OTMEeTKa IIOBEPXHOCTH, M
settle OpoObHOe ocemaHKWe, MM

settle true mpo6HOe ocemanue 6e3 MrymMa, MM (3TaJIOH)

HauHbIE O/ pa3pe3a - HHCTpyMeHT 4.10

* IToBepxHOCTL 1...6 (PacTphl) - OTMETKU IIECTH IIOBEPXHOCTEM CTONKOM, M. CBepxy BHHU3: 1
KPOBJISL BepXHEU BMellarmiel, 2 KPoBJsa U 3 IoOollBa 1-ro0 IPOMEBIIIIEHHOTO, 4 KPOBIS U 5
IOAOIIBa 2-T0 IPOMBIIIJIEHHOTO, 6 ITOOOIIIBa HMKHEW BMeNIaloIlen.

e JIuauu pa3pe30B (IemMo) (JTHHUSA): IT0oJIe name - uMs nuaun (Paspes 1, 2, 3).

* Ycrbsa collar (memo) (Touku): hole id, z - otmeTKa ycThs, eoh - rnmy6una 3a60s1, number -

TOIIIUCH.

* UuarepBassl interval (memo) (tabiuua): hole_id, from, to - riny6GuHLI IO CTBOJIY OT YCTh4,

code - UHOEKC macTa.
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e IInact 1-#1 mpoMm. (memo) u Ilmact 2-i mpoM. (memMo) (MHOTrOKaHaJIbHEIE PACTPHI): KaHaIl
1 kpoBns (M), KaHan 2 mopomiBa (M), KaHamn 3 cojepzKaHue (OPOIeHT), KaHal 4 MHUHTHUIL
(kaTeropus 1 unu 2).

* Paznom (memo, 2D) (TuHUS): name.

* Mapkep c Z (mzemo, 3D) (iuHUSA C OTMETKOU Z): name.

* 30oHa (meMoO, MOJIMTOH) (IIOJIUTOH): name.

* Onpoxkunyrtas TIN (memo) (3D-rpanu): name.

[Hanuabie Ojisa PppaKTajaoB - HHCTPyMeHT 7.05

* Peku (memo) (muuUU): nojne order (11e0e) - MOPSAOOK IPUTOKA B MEPAPXUU CETH.
* Bomocoop (meMo) (IIoIuroH): Imojie name.
* Beper (memo) (JIMHUS): II0JIe Nname.

IInmoTHOCTH (HEeMoO) - uHCTpyMeHT 3.08

Cnoit Touek [1eMO-TOUYKH:

ITone Tun CMBICJI, eOUHUIILI

mass pgpo6Hoe Macca 3aMmepa (memo, 50 Ha TOYKY)
prec Ogpob6HOe CcuUrMa HeoIpemeléHHOCTH, M

Crnoit nuaUY [IleMo-THHHH:

ITone Tun CMBICII, €OUHUIIHI

mass IpoO6Hoe Macca 3aMmepa (memo, 100 Ha TUHUIO)

prec IpoOHOEe MONyIIMPHHA KOpUOopa, M

from m pgpoGHOEe HaYamo WHTEPBAA IO JIMHUU, M (MOXKET OBITH IIyCTO)
to m opoOHOe KOHEIl MHTepBaJjia 10 JIMHUM, M (MOXKEeT OBITh ITYCTO)

Croi nourodoB [IeMO-IIO/IMT OHbBI:

ITone Tun CMBICII, eUHUIIEI

mass pgpobHoe Macca 3aMmepa (memo, 150 Ha TOIUTOH)
dasy 1eroe 1 - monmuroH mon gasuMeTpuio, 0 - paBHOMEPHBIHN

BcnomorarenbHEIN pacTp BermoM. pacTp (ma3uMeTpHsI) - TPafyeHT 3HaYeHU N 151 0a3UMeTPUIECKOT0
pexwuma 3.07, yci. eq.

IIpunoxenue. IINMOTHOCTL IePEeMEHHOH OMOPHI: MOIIAr0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepanuu OeMo [0 TOTOBOTO pe3yjbTaTa, C IOSICHEHHEM
KaXpaoro napamMmerpa. [IpuMmep nmokaselBaeT, KakK IIPOBEPUTH UHBAPUAHT MacCHL I'Jla3aMU.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 IIpuMep OJis1 IJIOTHOCTH (TeMo).

* O0s1acTh (3KCTEHT) - TPAHUIIEI TeHePaluy. 3afaiiTe IPIMOYTOJIbHUK Ha KapTe WU I10 CJIOI0.
ToguTcst mo60oM MeTpUYEeCKUI OXBaT, HaIpuMep KBaJpaT HECKOJIFKO KUJIOMETPOB.
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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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