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BBeoenue

Isoliner - mpoBatigep MHCTPYMEHTOB Processing st MHTEPIIONSIIINY TOYEYHBIX HaHHBIX, IOCTPOEHUS
U30JIMHUN U paboTh ¢ penbedom. Aapo kpuruHra - aaroput™ KB2D u3 GSLIB. MHCTpyMeHTH
Ppa3HeCceHHl 110 ceMU rpynmnaM: «I'pug ¥ U30JITUHUN» - OCHOBHOM MOTOK 00paboTKM OT JeKIacTepu3aliuu
mo wuslonuHuM, «Tomorpadpus» - penbed U3 OTKPHITHIX HaHHBIX U TUOPOJOTMYECKUN aHallu3,
«JlonmomHUTENIbHbIE MHCTPYMEHTHl aHajin3a» - CIelUajn3upPOBaHHbBIE PACYETH OT MHOUKATOPHOTO
KPUTHUHTa OO0 IJIOTHOCTU IIepPeMeHHOU OIOpPH, «Pa3pe3» - MOCTpOeHUE IeOJIOTUYECKUX pa3pe3O0s,
«T'eonornyeckas mMoaenb» (6eTa) - COrJIaCOBAaHHOCTD ITAYKM IIJIaCTOB U y4eOHEIM mpUMep pa3pesa,
«'ugponorusi pek» - CTBOPH, KPUWBEIE pacxomoB M 3aToljieHue, «OpakKTajabHBEIM aHalIu3» -
Pa3MepHOCTH MOBEPXHOCTEM, MAaCOK U JIMHUMU.

«2D Kriging (To4ku — pacTp)» - OpAMHAPHBIN MUJIH IIPOCTOM KPUTHHT II0 TOYEYHOMY CJIOIO.

«H30/IMHUY U3 pacTpa» - U30JIMHUU (IMHUU) ¥ KOHTYPHEIE ITOJIUTOHE (ITosica MEXKOY U30JIMHUSMU),
TPaHUIBI KOTOPHIX COBOAAAIOT C TUHUSMU.

«BapumorpammHasa KapTa (aHusorponus)» - noBepxHocTh y(h x, h y) ¢ oneHkoil asuMmyTa u
QHM30TPOIUY [JIsI YIETa HAITPABIEHHOCTHA B KPUTHUHTE.

«Kpocc-Banupamusi BapuOTpaMMBI» - CKONB3AIIMN KOHTPONb (leave-one-out) mnst mTpoBepKU U
rnmogbopa mapaMeTpPoOB KPUTHHTA I10 OIMOKe, a He BU3YyaIbHO.

«[IpuMep cKBaxKuH (meMo)» - TreHepalus ydYeOHOrO TOYEYHOrO CJIO0S C ITPOCTPAHCTBEHHOMH
CTPYKTYpPOH (KPOBIISI, MOIIHOCTh, COOepzKaHHWEe KOMIIOHEHTAa) MJii Oo0ydYeHWs W TPOBEepKH 06e3
peanbHBIX TaHHEIX.

B rpyIIe «J1OTIOTHUTEJIbHEBIE WHCTPYMEHTEI aHaJIu3a>» CIIeIrUaJIN3UPOBaHHEIE paC‘-IéTBI, HaIIpyuMep:

«KaTeropuanbHbLIN WHONKATOPHBIN KPUTHHT» - KapTa BEPOSITHOCTH KJIACCOB IO KATErOPUAILHOMY
OJTI0 (MWHTHII, JIUTOTHII): HAa KaXKOBIM KJIACC CTPOUTCS WHOWKATOP M KPUTYETCS OTHOEbHO, Ha
BBEIXOJIE PACTP BEPOSITHOCTEH, KapTa 30H ¥ YBEPEHHOCTh.

«'uapaBIUYECKU# TpafueHT ¥ HalpaBjieHWe IMOTOKa» - MO0 PacTPy Hamopa CTPOUT MOAYJIb
TUAPABIMYECKOTO TPafiueHTa, a3UMYT HallpaBIEeHU S IOTOKA (BHU3 IO TPAOUEHTY) ¥ TOYEUHBIN CITON
BEKTOPOB MOTOKa, KOTOPHIH cpa3y ohopMiIsieTcs cTpenkaMmu. ['umporeonorus 6e3 IpOHUIIaeMOCTH.

IMogxomuT [myIsi OTMETOK IIjIacTa, MomHocTel, PMC, XuMUM U JTIOOBIX YUCIIOBHIX aTPUOYTOB CKBAZKHH.

HeckonbKO TEpPMHWHOB, KOTOpPhLIE BCTpeUYalOTCsS [Oajee. BapuorpaMMma OIIKMCHIBAET, HACKOIBKO
CUJIbHEE pPa3IM4YaloTCd 3HAUYeHUsS C POCTOM PACCTOSHUSA MeXAy TodkKamu. CUJII - YPOBEHb, Ha
KOTOPBIM OHa BHIXOOUT (OGIM30K K OUCIIepcUM HaHHBIX). Harret (oT aHria. nugget, «addekTt
caMopofKa») - CKaUOK BapHOTPaMMEBI Y HYJISI, TO €CTh Ppa30poc Ha CKOJIb YTOIHO MaJIbIX PACCTOSHUSX,
BBI3BAHHBIN M3MEPUTENIbHEIM IIIyMOM M MUKPON3MEHYMBOCTRIO. [lajiee 110 TEKCTY - IIPOCTO «HAIrTET».

YcTraHOBKa M pacIo/jiozkKeHue

OcHoBHOM cmoco6 - u3 odunuanbHOoro pemno3utopus QGIS. OtkpoiiTe Monynu — YipasleHue U
yCTaHOBKa MOAyJiel — BKnagka «Bce», B morucke Habepute «Isoliner», BLIOepUTE IIJIaruH U HAXKMUTE
«YcTaHoBUTH». [Ipu ycTaHoBKe u3 pemno3uTopus QGIS cam coofiaeT 0 BHIXOMe HOBBIX BEPCUHU U
OOHOBJISIET MJIaTMH 10 KHOIIKE.

BriOop KaHajla pacTpa BO BCeX MHCTPYMEHTAX - BRINAMAIONIMMM CIIMCKAMM C MMEHAM{ KaHaJIoB:
Yy MHOTOKaHaJIbHOTO TpHOa IJIacTa B CIOMCKAX YMUTAIOTCS «KPOBJS», «IIOMOIIBAa» W HMEHA CJIOEB
ImapaMeTpOB.

Bce mHCTpYMEHTHI ITpoBaiiiepa, Kak OHU CTOST B naHenu O0padoTka. Crincok cobupaeTcs U3 Koma
npu c60pKe PYKOBOICTBA, [I09TOMY OH He PaCXOOUTCS C IJIarMHOM.

1. I'pug U N30 TUHHH

e 1.01 Ieknmactepu3alius (Beca)
* 1.02 2D Kriging (Touku — pactp)



1.03 MuHMMaJbHas KpuBU3HA (TOYKU — PACTP)
1.04 VI30MmmHUYN U3 pacTpa
1.05 BapuorpamMma (3KcnepuMeHTalIbHaN)

° 1.
1
1
1
1

06 BapuorpamMMHas KapTa (AHU30TPOIUS)

.07 Kpocc-Banupalusi BapuorpaMMbl

.08 Kpocc-Banupanust metoga (LOO)

.09 [TpuMep CKBaxkKuH (OeMo)

.10 IIpumep reodpusndeckux npoduneu (qemo)

2. Tonorpadus

L]
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.01 3arpy3ka LIMP no pamke

.02 3arpy3kKa TOIIOOCHOBEI 110 paMKe
.03 Topo2Raster (penbed 1u3 BEKTOPOB)
.04 [ToorotoBKa pemnbeda

.05 CToK 1 akkymynsamus (D8)

.06 PeuHas ceThb

.07 bacceliHbl 1 BOOoOpa3aoebl

.08 YKJIOH ¥ 9KCHO3ULUSA

.09 BepHmuHEL U IMEL

.10 [lemo-penbed

.15 OT4YET 110 CTBOPY

.16 BomocOop. JIuHuY U KOHTYPH! (KaHaBbl, KApbepHl)
.18 Hacruinmu 1 BeIeMKH (00BEMEI PaboT)
.19 KaupmumaTel 6POBOK U ITOMOIIB

.20 BpoBKM U MOAOIIBH B PaboTy

.21 Ilpumep kaprepa (oemo)

.22 TIpodunupoBaHUe OTKOCOB

2. Tomorpadmusi: TMarHoCTHUKAa U IMpaBKa

2.
° 2.
e 2.
e 2.

11 Pa3genuTh TOPU30OHTAHU IOJISI IIPOBEPKU

12 HeBsizka ropu3oHTajelu npotus LIMP

13 IuarHocTHUKa Teppacunra LIMP

14 CHATHE CTylleHeld (CriaKuBaHKUE C OTPaHUYEHUEM)

3. JomoJIHUTEIbHbIE HHCTPYMEHTEI aHa/In3a

* 3,
.02 Kpurunr c BHemHuM ngpetipom (External Drift)

.03 KapTa BepOSITHOCTH IIPEBHIIIEHU S

.04 T'ugpaBnuyYecKull rpagueHT U HallpaBJIeHHEe ITOTOKa
.05 YenbHBIM pacxof (3akoH [lapcu)

.06 'ayccosa cumynanusa (SGS)

.07 [I;moTHOCTE 1O 3aMepaM (IlepeMeHHas oropa)

.08 IIpumep Ons nIOTHOCTH (OeMo)

o
wwwwwwuw

01 KaTeropuanbHBIM UHOUKATOPHEIN KPUTUHT

4. Pa3pe3

o
L R R L L L

.01 Pa3pes o nuHUMU

.02 CKBaXXUMHHI Ha pa3pe3e (Momesb OypeHus)
.03 CocTas mjiacTa Ha pa3pese

.04 [IepeceuyeHune MOBEPXHOCTEH C pa3pe3oM
.05 [lepecedyeHune BEKTOPOB C pa3pe3oM

.06 Ilepeceuenne TIN c pa3pe3om

.07 ITpoekiusa o0OeKTOB Ha pa3pes

.08 CripoeI1iupoBaTh C pa3pes3a

.09 Pa3BépTKa cTeHKU CcTBOJIa (6eTa)

.10 [Tpumep Oy pa3pesa (memo)

.11 O6pa3el; cupaBOYHUKA IIJIAaCTOB



* 4.12 JIeMeHTHl 3ajJIeraHus I10 ciiely BeIXOOa

5. Teostoruuyeckasi Mmogesin (0era)

.01 CornacoBaHHOCTD ITIaYKM I1JIaCTOB

.02 IIpumep paspesa (memo)

.03 COOpKa mayku oT penbeda

.04 KoppeKius nadky 110 CTaTUCTHUKE MOIIHOCTEN
.05 ManudecTt Mmogenu

.06 CKJ1Iamd4aTOCTh IOBEPXHOCTU

L]
[, IO, RO, IO, IO, B0

6. F'mgponorusi pex

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

* 6.03 MMmopT TabmuIil CTBOPOB

* 6.04 [Ipumep peku (memo)

7. ®paKTa/IbHLIA aHAIH3

* 7.01 ®paKTagbHas Pa3MEPHOCTh

* 7.02 Box-counting macku

.03 Pa3aMepHOCTh TMHUY U TPaHUIL

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

N NN

Bcezo uncmpymenmos: 66

AnbTepHaTUBHEIM cnocob - u3 ZIP-gaitma. Mopmynu — VYmnpaBneHWMe UM yCTaHOBKa MoAOyjlend —
YctanoBuTh u3 ZIP. 3T0 ymo6HO i odialH-yCTaHOBKH U Ipeapeln3HbIX COOPOK.

IMocrne ycTaHOBKH HHCTPYMEHTH IOSIBIISAIOTCS B maHenu «O6paboTka» (Processing), mpoBaiimep
«Isoliner», rpynmnel «I'pupg u wusonuHUM», «Tomorpadusa», «IlONONMHUTENbHbIE WHCTPYMEHTHI
aHanmusa», «Pa3pe3», «['eomormueckas Mmomdenb» (6eta), «I'mmpomoruss pek» u «OpaKTalbHEIH
aHanu3». TpeboBauus: QGIS 3.16+. BHeIIHMX 3aBUCUMOCTEN HET - ucnob3yoTcd NumPy, GDAL u
IITaTHBIE aITOPUTMHEI Processing u3 coctaBa QGIS.

OOHOBJ/ICHHUE

IIpu ycramoBke u3 peno3utopus QGIS moxkal3riBaeT yBemoMJIEHHE O OOCTYIIHOM HOBOM BEpPCUU
- 3HAYOK B CTPOKE COCTOSIHWUSI M CIHCOK BO BKiIagkKe «OOHOBNsieMble» MeHeIXepa MOAyJei.
OOHOBIEHUE BHIIOJIHSAETCI OOHON KHONKOMU. [Ipu ycTaHOBKe 13 ZIP HOBasl BepCUS CTAaBUTCS TeM XKe
IIyTEM, IIOBEPX CTApOM.

[lnaruH KOPPEKTHO Ilepe3arpyxaeTcs «Ha JeTy», nepesanyck QGIS He TpebyeTcs. [Iyst GBICTPOI
repe3arpy3kKu Kopa Ipu pa3padorke ymoden monyinb Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBalifiep ¥ Bce MHCTPYMEHTHI I€PEPETUCTPUPYIOTCSA CPa3y.

BBI30B CIIpaBKH

B gmanore KaxXaoro HHCTPyMeHTa eCTh KHOIIKa «CIipaBKa», OTKpHIBaloias 3To pykoBoacTtso (PDF B
KOMIJIeKTe IuIaruHa). IlpaBas maHesnb Oouajora OOIOJIHUTEIBHO ITOKa3hiBaeT KPATKyIO IOOCKa3Ky
10 MHCTPYMEHTY. PyKOBOOACTBO U CBENEHUS O BEPCHUU MNOCTYIHHI U 6€3 OTKPHITUS WHCTPYMEHTa:
MeHI0 Moagynu cogepxkut nogMmeHio Isoliner ¢ nynkrtamu O mjaaruHe (BepCus, CChUIKU, UCTOPUS
usMeHeHuni) u Pykoogcrso (PDF).

BBICTPBIM CTAPT

HWHCTPYMEHTOB B MJIaTWHE MOJ IIECTHAECSAT, U BHIOMPATh U3 0OIIEro CIKUCKa TIXKejo. ITOT pa3men
YCTPOEH WHaye: He TI0 MHCTPYMEHTaM, a 1o 3ajadaM. HaliiuTe Ty, YTO IOX0’Ka HA Bally, U UOUTE



IIO IITaraM - OCTaJIbHOE€ MO2KHO H€ YUTATh.

O6111ee IpaBUIO OOGHO: HHCTPYMEHTHI HE JO0ragbIBal0TCsi, OHH CIIPAIIIHBAIOT U JOKJIaJbIBAIOT.
IMoyTy KaXObIM NMULIET B XKyPHAJ, YTO UMEHHO OH PEInJI, ¥ IT0YeMy IIOJIyYUI0Ch CTOITBKO OOHEKTOB,
a He uHaye. KypHaj CTOUT OTKpPHIBAThb BCermga, OCOOEHHO B IIEPBHIE Pa3bl: TaM OOBIYHO U JIEXKUT
OTBET Ha BOIPOC «II0YEMY BHIIIJIO HE TO».

EcTth CKBaAZKHHBI, HY2K€H PaCTp U U30/IHHHUHA

Camas yacTas 3afjaya ¥ caMas cTapasi: TOYKU C 3aMepPaMu IIPEBPATUTD B TOBEPXHOCTE. [I0CTaTOYHO
OBYX UHCTPYMEHTOB.

1.02 2D Kriging cTpouT pacTp 1o ToukaM. OpauHapHbIM KPUTHHT OLleHUBaeT 3HaUeHNe B SUelKe
KaK B3BellleHHOe cpefHee OnMKaNIIMX 3aMepOB, MPUYEM Beca OH HE BHIIYMEIBAET, @ BHIBOJUT
U3 TOro, KakK OBICTPO 3HAYEHUS PacXOHOsATCSI C PacCTOAHMEM. 3afaTh HaAo IOJie 3HAYEeHUS U
rmapaMeTpEl MOfeIu: paguyc (gasbllle Hero 3aMephl yKe HU 0 4YEM He TOBOPSAT), mopor (00Imui
pas3bpoc) u Harrer (pa3bpoc, OCTAIIIUICST Ha HYJIEBOM PACCTOSHUU - IIOTPEILIHOCTE 3aMepa IIII0C
M3MEeHYUBOCTb MeJibue Iara cetu). dueliky 6epute IPUMEPHO B YETBEPTH-IIATYIO YaCTh CPEeIHEro
pacCcTosTHUSA MeXOy CKBaKMHaAMM: Mejlbuye He J0OaBUT TOYHOCTH, @ CUMTAThCS OyIeT HOJIblie.

BMmecTe ¢ MOBEpPXHOCTBI0O MHCTPYMEHT BBEIIAET KApTy ONIMOKH KpHUTrHHra. CMOTpHUTe €€ Bcerma:
caMa MOBEePXHOCTh BBEITJISOAUT OOUHAKOBO TJIafgKO M TaM, T'Ie CKBaXKWH MHOTO, M TaM, TIe pe3yabTaT
OepKUTCS Ha OMHOM JaJIEKOM 3aMepe, a KapTa OIIUOKH 3Ty Pa3HUIYy TOKa3bIBaeT.

1.04 A301uHHMHU M3 pacTpa OpeBpalllaeT IIOBEPXHOCTb B TOPU3OHTANX C MOMAIHNCSMU, a MPHU
HagoOHOCTH U B IIOJIUTOHHI MHana30HoB. CeueHue 3amaéTCs YUCIOM uiy maroM. s penbeda Tam
XKe ecTh (iraxkok TonmorpaduyUecKux MOAINMNCEN: OHU Pa3BOPayYMBAIOTCS TakK, YTOOHI BEPX CMOTpPEN
Ha BBICOKYIO CTOPOHY.

IMTorrpo6oBaTh 6€3 cBoux maHHEIX: 1.09 IIpuMep CKBaxKuH (IeMo0) BLHIITAET TOTOBEIM HAOOP TOYEK C
peanucTuYHON IPOCTPAaHCTBEHHOU CTPYKTYPOU.

anbine, Korga 3ax04eTcsi 000CHOBaHHUsA. [TlapaMeTphsl MOofie Il MOXKHO He IToa0upaTh Ha Ijia3s:
1.05 BapuorpamMmMa CTPOUT UX II0 CAaMUM JaHHBIM U pUCyeT rpadukK, Ha KOTOPOM BUOHO, €CTh JIU B
OaHHBIX ITPOCTPAHCTBEHHAS CBsI3b BooOIIe. Eciu 3KCIIepuMeHTaIbHbIe TOUKHY JI0KATCsI Kak II0Iaslo,
HUKaKO¥M MeToq e€ He co3pacT. 1.06 BapuorpaMMHasi KapTa IT0Ka3hbiBaeT aHU30TPOIIHIO - KoTraa
CXOJIICTBO TSIHETCS BIOJIb OJTHOTO HAIpaBJIEHUS CUJIbHEEe, YeM IIOTIEPEK, U 3TO Hajo ydecTh. 1.08
Kpocc-Banmumanusi (LOO) yOupaeT KaxXay0 CKBaXUHY 110 o4Yepenu, IIpeackKa3biBaeT 3HaYeHHUe 10
OCTaJIbHBEIM U BEIBOIUT PACX0XKIeHUe YHUCJIOM - IIPSIMOi OTBET Ha BOIIPOC, HAaCKOJIbKO MOXKHO BEPUTH
KapTe. YIauHLIN HaGOp ITapaMeTpPOB COXpPaHsieTcs: mpoduneM, 4ToOk He HabUpaTh ero 3aHOBO.

ECTh OTKpBITasi MECTHOCTh, Hy2k€H pejibed U TOIIOOCHOBa

PanHMY ¥ caMBIM XOOOBOM HyTh: CBOMX CHEMOK HET, a KapTa Hy»XXHa. Bcé 0epéTcsi U3 OTKPBITHIX
MCTOYHUKOB IIpsiMo B QGIS, 6e3 ckauynBaHUS apXUBOB PYKaMH.

2.01 3arpy3ka IIMP mo paMKe KadaeT BHICOTHI II0 3afaHHOMYy oxBaTy - Copernicus GLO-30
U IOPyrue OTKPHIThie HaOophl. IIpMXOomuT pacTp B MeTpaxX, yXKe NPUBEOEHHBIM K METPUYECKOM
cucteMe KoopauHaTt. TpualaTh METPOB STYEUKH - 9TO MaciuTab nopsaaka 1:25000: X0mIMBI, TOTHUHEI
¥ BOZOpas3mesnbl YMTAIOTCSI, a OPOBKa Kapbepa UK JOPOXKHAasA HACHIIL - HeT. [JoHuMaTsL 9TO Hamo
cpa3y, UHade OT pe3yJbTaTa KAYT HEBO3MOXKHOTO.

2.02 3arpy3ka TONMOOCHOBBI N0 paMKe OepEéT M0 TOU XKe paMKe BEKTOPHYI0 OOCTaHOBKY U3
OpenStreetMap: BogHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHUs, JeC. BomHble OOBEKTH IIPUXOOST
MMOIUTOHAMM, BKJII0Yasi COCTABHBIE - 03€P0 C OCTPOBOM OCTAETCSI 03€POM C BHYTPEHHHM KOJIBIIOM,
a He CIIJIOIIHBIM HOJIMTOHOM. DTO TOT CJIOM, KOTOPBIM HaJIbIlle ITOJAaETCS B MHTEPIOJISAINIO YPEe30M
BOMEI, €CJIH ITIOHAAO0OUTCS IIePEeCYUTHIBATEL penbed.

CkauanHass LIMP moutu Bcerma Tpebyetr 2.04 IToaroroBku penbeda: B OTKPHITHIX Habopax
BCTpPEYarOTCs MyCTOTHI, IITyM U JIOKaJIbHEIE SIMBI, KOTOPHIX B IPUPOAE HET. 3alloJIHEeHUe ITIOHNKEeHNNU
37eCh He KOCMeTHKa - 63 HEeTO CTOK He CUUTAETCS BOBCE, BOOA YTHIKAETCS B IIEPBYIO K€ JIOXKHYIO
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saMmy. [Tocne nmogroroBku 2.05 CTOK M aKKyMYJ/JISIITMsI JA€T HalpaBleHUs U HakomneHue, 2.06
PeuyHasi ceTh IpeBpallaeT HAKOIIEHHE B JIMHHUM TAJbBEroB C mopsgkamu, a 2.07 BacceHHbI H
BOOOpPa3desIbl peXKeT TePPUTOPHUIO Ha BOOOCOOPEI.

2.09 BepmuHbI U SIMbI HaXOUT XapaKTepHBEIE TOYKU pejibeda - Te caMble OTMETKHU, KOTOpHIE
Ha OyMaXKHOM KapTe IOANUCHBAIOT YuciIoM. BMecTe ¢ TanbBeramu us 2.06 oHU 00pa3yioT CKeJeT,
KOTOPEHIHM ITIOTOM MOKHO 1momaTth B 2.03 u mepecuuTaTh pebed yKe C YIETOM TUOPOJIOTHH.

M 31mech rjIaBHBIN IIAr, paJd KOTOPOro BCE mpeamiayinee W menanoch. CkauanHas L[MP
TUOPOIIOTUYECKU HEBEPHA: B HEM €CTh JIOXKHBIE SIMBI, PEKM MECTaMU TEKYyT B rOPy, a 03épa UMeIOT
YKIOH. McnpaBisaTh 3TO pumbTpaMu OECCMBICJIEHHO - 3allOIHEHUE IMOHUXKEHUN JIEYUT CHUMIITOM,
HO He MpuuYuHy. [IpaBUIBHBIN IIYTh APYTroM: coOpaTh U3 CKAYaHHOTO pPacTpa CKeleT MEeCTHOCTHU U
InepecyuTarb MOBEPXHOCTH 3aHOBO C YYETOM TOT'O, UTO MBI ITPO HEE Y3HAJIH.

Bcé, uto moGriTOo Ha mpempimymux Irarax, ugét B 2.03 Topo2Raster kaxkgoe CBOMM BXOHOM.
TopuszouTtanu u3 1.04 - KECTKUMH y3naMu. ToUKM BEICOT u3 2.09 - Toxke KECTKUMH, U C BECOM
Oobllle eUHUITHI, €CJIN XOTUTE, YTOOH BEPIIIUHEI IIEPEBEIINBAIU BEPIIUHBI TOPU30HTAIel B 0011IeH
ssyetike. TanbBeru u3 2.06 - TPUHYXKAEHUEM ITafeHUsI BHU3 110 TeUYEHUI0, II09TOMY PEeKU Ha HOBOM
penbede rapaHTUPOBAHHO TEKYT BHU3. BogHble momurossl u3 2.02 - ype3oM BOOH, U 03€pa JI0KaTCSA
IIJIOCKOCTHIO, a He C YKJIOHOM. Ha BHIXOIe IoydYaeTcs THAPOIOrHYeCKH KOPPEKTHBIN peibed,
Yyero CKa4yaHHBIM pacTp caM 1o cebe He maér.

WN3zonuuun u3 1.04 Hy>KHBI B 9TOM IIeII0YKe OBaXK[bl: ClIepBa KakK CIIoc0o0 MOCMOTPETh Ha MECTHOCTD,
a IIOTOM Kak BXo[ B IlepecuéT. CeueHue OepuTe o Macimraby ¥ xapakTepy MEeCTHOCTHU - Ha PaBHUHE
IATh METPOB, B ropax ABafllaTh OATh. [lWama3oH BEICOT WHCTPYMEHT IIOACKaXeT B XypHAale.
CnuIIkoM 4YaCToe CedeHHUe 30eCh He IIOMOIIHUK: OHO IIePeHEeCET B HOBBIM pesbed IITyM MCXOOHOTO
pacTpa, pagu n36aBIeHusT OT KOTOPOT'0 BCE U 3aTEBAJIOCh.

I[IpoBepuTh, YTO CTa0 Ay4llle, @ He MHa4e, IIOMOTal0T T€ XK€ UHCTPYMEHTHI, YTO M B CIEOYIOIIEM
cuenapuu: 2.12 HeBsizka ropu3ontaae npotus IIMP 1 2.13 [IlnarHocTHKa TeppacHHra. A
2.05 CToK 110 HOBOMY pesibedy HOJIXKEH maTh PeKu 0e3 pa3phiBOB U 6e3 JIOKHHEIX 03€P - 9TO caMas
HarasgHas IIpoBepKa.

ECTh TONOIJIaH C TOPU30HTAJISIMH, HYy2K€eH penbed

3agada 06paTHa${ Hpeﬂblﬂymeﬁ: He IIOCTPOUTH IIOBEPXHOCTH II0 PEAKHNM TOYKaM, a BOCCTaHOBUTD eé
I10 IIJIOTHBIM JIMHUSAM, KOTOPBIE YK€ KTO-TO HapuCOBalJl.

3mect pabotaetr 2.03 Topo2Raster - MynbTHCeTOYHass MHTepnossanus mo MotuBaM ANUDEM.
I'maBHOE OTNMMYME OT KPUTHMHTAa B TOM, YTO Y KaXKOOTO THUIIA BXOOA CBOSI POJIb. ['OPU3OHTANIU U
TOYKH BBICOT HOAIOT XKECTKHE y3JIbl: TaM OTMETKa HPHUKOJIoTa. TambBeru 3amaloT MPUHYXKIEHHe
MafieHusi BHU3 II0 TEUEHHIO, IOITOMY PEKHU Ha IMOCTPOEHHOM peibede He TEeKyT B ropy. OOPHIBEI
paboTaroT 6apbepoM: BOOJb HUX Iepenaj He pa3Ma3blBaeTCs CrilazkMBaHUEM. Ype3 BOMHl KJIameT
03€pa IJIOCKOCTHIO UJIH HAaKJIOHSAET BAOJIb PyCiIa.

A4elKy 3amaBaiiTe SBHO, MHA4YE YMOTYaHME MOXKET OKa3aThCs TPy0ee TOTO, YTO BH XOTUTE YBUNETD.
9T10 mepBoe, 060 YTO CIOTHIKAIOTCS: HAa KHUJIOMETPOBOM YYaCTKe aBTOMATHYECKUN pa3Mep HaeT
TPUOLATUMETPOBYIO STYEWKYy, M YCTyIl B CEMb METPOB B TAKOM CeTKe IPOCTO He CYIIeCTBYeT.
WnacTpyMeHT 00 9TOM IIpenynpexkaaeT B XKypHase, HO JIydllle 3afaTh cpasy.

I[IpoBepsATh pe3ynbTaT Hago He Ha rna3. 2.11 Pa3menuTs TOPHU30HTA/IM OJIsd NPOBEPKH
OTKJIafBIBAeT 4acTh auuuii, 2.12 HeBsizKa ropu3oHTa/ied nporusB IIMP MepsieT, HaCKOJIBKO
IMOCTPOEHHAas MOBEPXHOCTh PA30IIach C OTJIOXKEHHBIMU. DTO TOT XKe ITPUEM, YTO KPOCC-BaIugalus
B KPUTHUHTE, U OH OTBeYaeT Ha TOT Ke Bomnpoc. OtmenbHo ecTh 2.13 [IMarHocTHKaAa TeppacHHra
- UIIeT XapakKTepHbIM nedeKT HHTEPIIONSIIUKU II0 TOPM30HTAJIsIM, KOIfla ITOBEPXHOCTh BCTAET
CTYIIEHSIMHU BIOJIb UCXOOHBIX TUHUM, U 2.14 ero j1e4ur.
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EcTs mIoTHaAs C'I:éMKa, HYZ2KHDbI 6POBKH H IIOJOIIIBbI

Cpémka c BIIJIA unu 71a3epHOTO CKAHWPOBAHUS HAET penbed, TrOe yCcTymbl BUOHB, HO HE
onudpoBaHbl. OundpoBEBaTL UX BPYYHYIO - HOIT0, ¥ Isoliner ymeeT HaXOOUTH UX CaM.

Mexanuka B 2.19 Kangumarbl OPOBOK M MOOOIIB TaKas: MPU3HAK M370Ma 3TO HE YKJIOH, a
CKOpPOCTb €r0 u3MeHeHusi. Ha pOBHOM OTKOCe, Jaxke OTBECHOM, YKJIOH IIOCTOSIHEH U IIPU3HAK
Main. Benuk oH TaMm, e YKJIOH MeHseTCsI, TO eCTh Ha caMoli OpOBKe U Ha caMOU IOAoIIBe. 3HaK
KPUBU3HEI [e/IUT HalileHHbIe IMHUYU Ha OPOBKU U IIOJOUIBE aBTOMaTHUYECKU.

[IBa mapaMeTpa HeO4YeBHUAHEI, 1 00a CTOUT IOHATH. Bba3za 3aMepa - IONyIIUPHHA OKHA, B KOTOPOM
MepsieTCs Iepernaj nonepék nuuuu. Ilepenan B aTpubyTe drop CYUTAETCSI UMEHHO B HEM, IO3TOMY
V OecATUMETPOBOT0 YCTyma Ipu 0a3e B TpU SYEWKU OH IOKaxXKeT TPU MeTpa, a He fmecdaThb. basy
3ayiaBaliTe IO MIMPUHE OTKOCa B suelkax. OTceduKa o nepemnany - uibTp mryma, Ho He KpUTEpUi
3HAYUMOCTH: (HOPMaJLHOTO MPHU3HAKa OPOBKM HE CYIIECTBYET, M PEeIlaTh, YTO CUMUTATh YCTYIIOM,
OCTaéTcs 4eJioBeky. [109ToMy MHCTPYMEHT HapOYHO OTHAET OOJIbIlle HYy?KHOT'0, KJIafgeT B aTPUOyTH
ymca Ayt oTbopa u rmedaTaeT OPOIEHTHUIN B XKYPHAIl - ajibllle Bhl ABUTAETe (DUIIBTP CJIOS, TS
Ha KapTy, U HUYETO0 He IIepeCcUnThIBaeTe.

Hanpire 2.20 BpoBKH U HMOIOIIBEI B pa0OTy CHUMaeT OTMETKH C pejbeda U cobupaeT QOpPMEI.
ITape! oIpenensioTCsA CIYyCKOM II0 CKJIOHY, a He 0 GJIM30CTH: BoJda C OPOBKH CKATHIBAETCS POBHO K
eé moMmoIlBe, ¥ Ha KPUBOM OOPTY C y3KHMHU OepMaMu OHMzKaMInas 10 PaCCTOSHUIO ITOOIIIBA YacTO
MIPUHAMIeKUT cocemHeMy ycTymy. ®opMa - 3TO ofHa MOMOIIBa M MHOXKECTBO OPOBOK IIpU HEW,
IMOTOMY YTO TPACCHUPOBKAa PeKeT OIUHHYI0O OPOBKY Ha KycKu. HemapHble IMHUM He IIPOIIafaioT, a
YXOOSAT B OTOEJIbHBIM CJION C IPUYMHOM B aTPUOYTE: 3TO CTOUT OTKPHITh U IIOCMOTPETD.

I[TpoBepUTH CBA3KY LIETUKOM MOKHO Ha cuHTeTuKe: 2.21 IIpuMep Kapbepa (IeMo0) CTPOUT Kapbep
c yctynamu, 6epMaMu, Che37I0OM, OTBAJiOM M KaHaBOM, a BMECTe C HUM HMCTUHHHIE CTPYKTYPHBIE
nuHuu. [TonHOTa meTeKTopa MepsieTcs YHCJIOM NPOTHUB HUX, a He Ha Ija3.

ECTh Kapbep B TONOIIaHEe, HO TOPU30HTAa/IeH BHYTPH HET

Cnyu4aii, KOTOPBLIM BBITJISIAUT Oe3HAmEXKHBIM, IIOKa He pa3obpaTbcs. [Io HOpMATHUBY TOPU3OHTAIIH
BHYTPH IUIOLIAAHBLIX KapbepoB, BEHIEMOK, HaCHIIe U OTBaJiOB HE OMHUCBIBAIOTCSI - COTJIaCyeTCS
TOJIPKO BHEIIHUM KOHTYP. 3HA4YUT pelbed 10 TAaKOMY IIJIaHy UMEET OLIPY POBHO TaM, rae BHIPAOOTKa,
U 3aIIOTHUTH €€ HeueM, KpoMe OPOBOK U MOIOIIB.

3arso3gkKa B TOM, YTO Y JIMHUU OTKOCa B UepTexKe HeT OTMETOK. Ho OHM eCTh y TOpH30OHTAaJeH,
KOTOPHIE K 9TUM JIMHUSM IIPUMBIKAIOT: HOPMATHB TPeOyeT MOBOOUTE UX 0 TUHUHU OMMHMCAHUSI 00beKTa
y3n10BEIMU TOuKaMu. 2.22 IIpoduiupoBaHue OTKOCOB COOMpPAET 3TH TOYKM U BOCCTAHABJIMBAET
10 HUM IPO(}MIb BCEU JIMHUU - IePEMEHHYI0 OTMETKY M3 CaMUX OaHHBIX, @ He OOHO YUCJIO Ha BeCh
00BEKT.

Hanbire 2.20, Ho yxke 0e3 IIMP: Kkorga y THHUA €CTh CBOM OTMETKH, CIIYCK M0 CKJIOHY He HYXKEeH,
IIOJOWIBOYM CYMUTAETCS ONUKaNIIasi TNHUSA HUKe OPOBKU. DTO BaXKHO, IOTOMY YTO MHAYe II0JTydalics
KPYT - 4TOOBI IOCTPOUTH penbed, HyKHHI APk, a AJIS Hap COyCKOM HYyXKeH pebed, KOTOPOro ermlé
HeT.

3ambikaeT 2.03: ropusoHTanu Kak oO6BIYHO, a (OopMH moparTca Bo Bxonsl Bepx dopm u Hus
dopm. [ToBepxHOCTL MeXAy OPOBKOM M MOJOUIBOM CTPOUTCS METOOOM PAaCCTOSIHUM, TEIO YXOOUT
B WHTEPHOJSANUI0 XECTKUMH y371aMu, rpaHuiia paboraer OGaprepoM. [lopora 3HaYWMMOCTH B
WHCTPYMEHTE HET HaMEPEHHO: Jajii IBE CTOPOHHI - CTPOUTCS ITOBEPXHOCTD, JaJii OOHY - paboTaer
OaprepoM. PelteHre MpUHMMaET YeJIOBEK, KOTa PUCYET BTOPYIO JIMHUIO.

HyXeH reoJIorH4ecKHi pa3pes3

Paz3pes B Isoliner - 3To He KapTHUHKA, a cucTeMa KoopauHaTt. 4.01 Pa3pe3 mo JIMHHUHU IIpeBpaliiaeT
JIMHUIO Ha KapTe B IIJIOCKOCThL 4YepTeXKa C OCAMH PaCCTOdHHEe-BBICOTa U BbIJlaéT, KpoMe CaMoro
yepTexka, CIIyKeOHBIM CJI0l ompeaeieHHe pa3pe3a. Bce ocTanbHBEIE WHCTPYMEHTHI T'PYIIIIHI
MMPUHUMAIOT eTro Ha BXond W Omarogaps eMy KiagyT CBOM OOBEKTHI B Te Ke KoopauHaThl. OTcloma
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mpaBuio: cuepsa 4.01, moToM BCE ocTanbHOe, U B mone «OmpeneneHre pa3pe3a» MOmaeéTCs BHIXO]I
4.01, a He ucxomHasi TUHUSI.

BepTukanbHBIHM MaciiTab 3amaéTcs Tpems criocobaMu, 1 BEIOOP HeodeBUOEeH. MHOKUTEND ITPOCT, HO
TpeOyeT 3HaAHUS OJIMHBL pa3pe3a: Ha KUJIOMETPOBOM Ipoduiie MHOXKUTENDb 3 HacT ILIOCKYIO JIEHTY.
OTHOIIeHMe radapuTOB YepTezKa IogdupaeT MHOKUTEIL CaMO TaK, YTOOBI IIMPHHA OTHOCHUIIACh
K BBICOTE KakK 3amaHo, u paboTaeT Ha pa3pes3e J000U AIWHE - HAYHUTE C HeTo. U moMHUTE, 4TO
IIPEeBHIIIIEHNE NCKaXKaeT BCe Yl Ipu MHOXKUTeNe 10 HakIOH B 5 rpagycoB IskeT Ha OyMmary nop
41, m103TOMY YTJIHI 110 YE€PTEXKY TPAHCIOPTUPOM HEe MepAT.

IManbie Ha pa3pe3 HAHOCUTCS comepxkuMoe. 4.02 CTaBUT CKBAaXKUHBI C UHTEPBaaMu OITPOoOOBaHUSI,
4.04 TpoOBOOWUT IIOBEPXHOCTU U3 pacTpoB, 4.05 HAHOCUT BEKTOPHBIE OOBEKTH II0 TOYHOMY
IIepecedeHuIo C JINHNEH. Y MOCJIeqHEero IPaBuiIo 0 TUIY OOBEKTa: IIJIOCKAS JIUHUS Ta€T BEePTUKAIIb
(m3BECTHO I'Ie, HEM3BECTHO Ha KaKOoU I'IIyOrHe), TPEXMEepHAas - TOYKYy Ha PeaIbHOM BEICOTE, IIOJIUTOH
- BEePTUKAJbHYIO0 Iojocy. Eciu 3amaHBl yrojl U asuMyT HaJeHUus, BepTUKallb IIpeBpallaeTcs B
HaKJIOHHEBIN CJie[], a II0JI0Ca - B IlapajuIeyiorpaMM.

HauaTsk mpoite Bcero ¢ gemo: 4.10 IIpumMep ajisi pa3pe3a (IeMo) BHIIAET MIECTh TOBEPXHOCTEMN,
MSTh IIJIaCTOB, TPU JIMHHUM Pa3pe30B, CKBaXKMHBI, 30HHI U CJION AJI IPOBEPKU YIIOB mameHus. Ha
HEM BCS LIENOYKa ITPOXOAUTCS 3a HSITh MUHYT, ¥ OIIUOUTHCS HETIe.

HyKHbI 00b€MBI PadoT

2.18 HachIinu M BBIEMKH CpPaBHUBAET [IBE IMOBEPXHOCTH M CYUTAET, CKOJIbKO BBIHYTO H
CKOJIBKO yJi0xKeHO0. OOBIYHO 3TO penbed mo paboT W mocie, WM HPOEKTHAs MOBEPXHOCTH IIPOTHB
¢pakTHUECKOH.

CuuTaeTcs IO sYelKaM: PAa3HOCTb BHICOT YMHOXKAEeTCsS Ha IIJIONIaAb STYEWKU, MOJIOKUTEIbHEIE U
OTpHUIIATENIbHbIE CYMMHUPYIOTCS pa3aenibHo. OTCIofla 0YeBHUOHOE, HO BaXXHOE: TOYHOCTH OO0BEMa
yIHpaeTcsi B TOYHOCTH 00eHX MOBEPXHOCTEH, ¥ €CJTH OflHA U3 HUX ITIOCTPOEHA 110 PeIKUM TOUYKaM,
KPAacHUBOE YKCJIO B OTUETE HE 3HAUUT HU4Uero. Kapra ommbGKy KPUTUHTA U HEBSI3Ka I10 OTJIOKEHHBIM
TOPHU30HTAISIM - KaK pa3s Ipo 3TO.

I'paHully c4éTa 3aJaBaiiTe IOJUTOHOM, MHaUYe 00BEM IIOCUUTAETCS 10 BCEMY IIEPEKPHITHIO PACTPOB,
BKJII0Yast 00JIaCTH, KOTOPHIX PAabOTHI HEe KaCaluCh. ITO BTOPOE, 000 YTO CIOTHIKAIOTCS: Pa3HUIIA IBYX
IIMP mouyty HUKOTr[a He paBHA HYJIIO 3a IIpefelaMHu BEIPAaOOTKH, TaM TYJSeT ITyM ChEMKHU, U Ha
OOJIBIIION IIJIOIagXM OH HaKallJIMBAeTCS B 3aMETHHIE KyOOMETPHI.

OO011as1 TOorukKa padoTshl

TumnoBou CHeHaprI COCTOHUT U3 OBYX IIAros:

2D Kriging: mo ToYe4YyHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCS pacTp (perynsipHas ceTKa
3Ha4YeHUuM).

WNzonuHumM u3 pacTpa: [0 MOJIYYEHHOMY PacTpy CTPOSITCA HW30JIUHUU U, NPU HEOOXOOUMOCTH,
3a/IUThle KOHTYPHEIE IOJIUTOHHI.

[[Taru He3aBUCUMEI: «30TMHUY U3 pacTpa» paboTaloT ¢ TI0OLIM PACTPOM, He TOJIBKO C Pe3yJIbTaTOM
KPUTHHTA.

HNHCTpyMeHTH cOOpaHEl B TPU IPynnsl Processing. I'pynmna «I'pum u U30JITMHUM» 3TO OCHOBHOM ITOTOK
00paboTKM, OT KpPUTMHTa A0 u30nuHui. I'pynna «JloMOTHUTENbHEIE MHCTPYMEHTH aHalii3a» 3TO
CcIelranu3upoBaHHbEIE PACUYETH], KaTeropualbHbIM MHOWKATOPHBIM KPUTUHT, KPUTUHT C BHEITHUM
opetipoM, rumpaBnuUecKul rpafueHT C HallpaBleHUueM II0TOKa, KapTa BEPOSITHOCTU IPEBHIIIIEHNS U
yoenbHEIN pacxop o Hapcu. ['pynna «Pa3pes» 3To IOCTPOEHUE I'e0JIOTHYECKUX Pa3pPEe30B 110 JINHUYU
U IIOATOTOBKA AEMO-TaHHBIX /IS HUX.
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Kak paGoTaeT Moaynb: CKBaX}XWHb! = rpua — U30NNHUN

40 3. M3onuHuM M NonwuroHkl

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

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

1. I'puag 1 U330 IMHUU

1.01 [Iexmacrepu3amnus (Beca)

HWHCTPYMEHT IOTOBUT JaHHBIE IIeped HHTepIosnuei. Korma mpo6h CTyIIeHE HepaBHOMEPHO, OIHU
6710k pa3bypeHBI IUIOTHEE APYrUX, HawBHAs rijiobajbHasi CTATUCTUKA CMEIIaeTCs B CTOPOHY
repepa3BedaHHBIX y4acTKOB. Ecmu rTymie Oypunu OGoraTkle 30HH, CpefgHee ¥ THCTOTpaMMa
3aBBIIIIEHH], @ 9TO IPSIMO BIIMSET Ha MOACYET 3aracoB. Adeuncras gekiacrepusanus (mopt GSLIB
declus) maét kaxmoi mpobe Bec, OOpaTHHIM JTOKAJIbHOM IIJIOTHOCTHU: B CKOIJIEHUMM MEHbINE, Ha
ormube Gomnbie. [To B3BEIIEHHLIM OAHHLIM CUMTAETCS IIPenCcTaBUTENIbHOe HeKIacTepHu30BaHHOe
cpenHee.

Ha mosie HaknIaABIBAeTCS CETKa STYeeK, BeC MpOoOLl IPOIOPIMoHaJieH eIUHUIIE, MeIEHHOM Ha YHUCII0
po6 B e€ siuelike, 3aTeM Beca HOPMUPYIOTCA. Pa3Mep sTueliku mogbupaeTcs aBTOMAaTUUYECKU: CBUTI
10 pa3Mepam, BEIOOp 0 MUHUMYMY [EKJIaCTEPU30BAaHHOTO CPEeAHETro (KOTga CKOMJIEHUS MPHUIIITNCh
Ha GoraTeie 30HBI) MU6OO MO MaKCMMyMy. MOXKHO 3afJaTh pa3Mep BpyuHylo. Ha perymnspHON ceTu
OeKIacTepus3alus HU4ero He MeHsIeT, BCe Beca PaBHHI.

[TapameTp Ha3uauenue ITo ymonuanuio

Touku co 3HAUYEHUSIMU ITpoOHL. -

[Tone 3HaveHus Z (IycTo: U3 Ywucnosoe none. Ilycro - -

TeoOMeTpPHUH) oTMeTKa 0epéTcs u3 Z TOUKH.

Pa3mep sueliku ABTO (CBUII) UNIU PYYHOMU. ABTO

Pazmep suyelku Ois pydHOTO CTOpoHa TYEeUKH B PyYHOM 0

pexumMa pexume.

Llens cBuna (dor.) MuHMMYM UJIM MAaKCUMYM MuHMMyM
CpenHero.

Yucio pa3MepoB B CBUIIE CKOIBKO A4eek mepebparts. 24

(dom.)

CooTHoleHue g49erku Y/X AHU30TPONINSA TUYEUKH. 1

(Oor.)

CMmelneHnY Hadajla CETKH YcpenHeHMe 10 cOBUTaM 4

(Oot.) CeTKH.

Touku c BecamMu Cioii Touexk c noneM wit. -

HTML-otuéT CBopmka, TUCTOTpPaMMa, KpUBasi 1O YMOJTYaHHUIO
CpenHero.
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Brixompr: ciioi Touek c rmojieM wt 1 HTML-0T4éT co cBoKOM (HanBHOE ITPOTUB IeKJIaCTePU30BaHHOT O
CpefHero), TUCTOTPaMMOM CHIPOM MPOTUB B3BENIEHHOM M KPHUBOM CpemHEro OT pa3Mepa S4YeuKu.
[lekmacTepu30BaHHOE CpeldHee U3 XKypHala U oT4€Ta cTaBuTca B 1.02 B mone CpemHee Oisi
IPOCTOr0 KpPUruHra, a nojie wt nmomaércsa B 3.06 I'ayccoBa cUMYISIOUsS [JIT B3BEIIEHHOTO
HOpPMabHO-0aIIbHOTO ITpeodpa3oBaHusi. Y paraHHbie ITPoOkl 0TCEKAIOTCS OTOENbHO, ITIEPCEeH TUTbHBIM
KalaHUeM B CaMUX MHCTPyMeHTaX KPUTMHTa U KPOCC-BaTugaliuu.

1.02 2D Kriging (Touku - pacTtp)

OpouHaphbii (OK) unu npoctoi (SK) KpUTHHT 110 ToUYedHOMY cJiolo. CoBIlagaronine TOUYKYU (OOUH U
TOT ke XY) yCcpemHSAITCA 0 Z. B y3/1ax CeTKH 3HaUYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOAATCS TOYHO
(Ipu HyJIEeBOM HarTeTe).

KpWruvHr: oueHka B y3Nne - B3BelleHHoe cpeHee cocenem

CKBa»MHbI
y3en (oueHWBaem)

Bec 20%

O

gec 14%

Q

Bec 14%

O

eec 11% *

O

Bec 21%
@] Bec 20%
O

Yem Bavke ckBaKuHa K y3ny, Tem Bonblue eé Bec.
Beca nopbupatoTca No BapuorpaMMe, a He NpocTo 1l/paccTosHue.

Puc. 2: KpuruHr oileHMBaeT 3HaUeHUe B y3Jie KaK B3BEIlIeHHOe CpefHee OIUKANIINX CKBAXKUH: YEM
OnmKe CKBaXKuHa, TeM Oonbliie e€ Bec. Beca mombupaloTcs 1o BapuorpaMMme.

OCHOBHBIE TAPAMETPHI:

[TapameTp YTo 3amaéT ITo ymonm4gaHnuio / COBET
ToueuyHBIN CIIOM HcxopmHble TOUKHU (CKBaXKUHBI) -

OJIsI UHTEPIIOJISIINH.
TonBKO BEIIENIEHHBIE 00 BEKTHI CuuTaTh TUIIb II0 BBIKIJI.

BBIAEJIEHHBIM TOYKaM CJIOS.
[Tone 3HaveHus Z (IycTo: U3 YucoBoit aTpubyT, KOTOPHIHM 3allOMUHAETCSI MeXOy
TeOMEeTPHUH) UHTEPIOIUPYyEeTCS: OTMETKA 3alrycKaMu

mjacTa, MOUIHOCTh, ®MC,
xuMmus. IlycTo - oTMeTKa
OepéTcs U3 Z reOMeTPUH.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[Ipeobpa3oBaHue 3HAYEHUST

Tun KpuruHra

Papgnyc mmoucka

MuH. KOJIMYECTBO TOUYEK

Makc. KoJIn4ecTBO TOYEK

Pa3mep sueriku
OxBaT pacTpa

O6pe3aTh M0 KOHTYPY CKBAXKUH

Bydep o6onouku

Macka o6pe3Ku

Mogpenu BapuorpamMm
(Tabnuia)

[Tpoduns u3 TabIUIIEL

In mns mor-HopMasibHBIX
BenuuuH (K, T, comepkaHus c
OJIMHHBIM XBOCTOM): KPUTYETCS
In(Z), olteHKa BO3BpalllaeTCs
yepes exp.

Oppounaphbiy (OK) - 1oKanbHO
OlIEHUBAET CpeIHee caM.
ITpoctoit (SK) - ucmonb3yer
3amaHHOe «CpemHee».

Panuyc okHa nmoucka cocegHUx
TO4Y€eK BOKPyT y3na. 0 = Bcda
BBIOOpPKA.

Ecnu B OKHe MeHbIIIe TOYEK -
y3eJI OCTAETCA IIyCTHIM
(nodata).

CKOJIBKO OMHKAUIINX TOYEK
BKJIIOYAETCSI B CUCTEMY
KPUTUHTA.

Illar rpuga. 0 = aBTO =
min(oxBaT)/50.
[TpsaMoyronbHUK pacyéTa. 1o
YMOJTYaHUIO - IO CJIOI0.

PacTp o06pe3aeTcs BRIIYKIION
0060JI09YKO#M BCEX TOYEK -
yOupaeT 3KCTPAIIOJIAIHIO B
IIYCTBIX yTJIaX.

Pacmuputs 06004ky Ha N
€OUHUII KapThl HAPYXKY.

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

TabGnmuuHbIH! CIIOM C
MogoOPaHHBIMU MOMIEISIMU.
Ecnu 3apgan, nonsa
BapHOTPaMMEI B IUAJIOTe He
YUTAIOTCH.

Wwms vHabopa B Tabnuue. Ilycto
OOIYyCTUMO, Korfaa mpoduib B
TabnuIe oOguH.

HET

OK

0 (Bcs BEIOOPKA)

24

MeJib4e = IIJlaBHee, HO OOJIbIIe
I10 CJIOIO

PEKOMEeHOyeTCd BKII.

He 3adaH

MyCTO

JIokanbHas1 aHU30TPONHUSL

OOBIYHO aHW30TPONUS 3a0AaETCS OOHUM a3WMyTOM Ha BeCh y4acTOK. TaM, roe pyOHBIE 30HBI WU
TeoXUMHUYeCKHe OpeoJibl u3rubaioTcs, 3TOr0 Majio: HalpaBjleHWe BHITIHYTOCTH MEHSeTCS II0

IIjIoniaau.

IMone mpocTupaHMWs B TOYKAX BKJIIOYAET JIOKAJILHBEIM pPeXUM. Y Kaxmoil mpoOLl CBOE 3HaUeHHEe B
rpagycax OT ceBepa, U B KaX[OU s4YelKe KPUTHHT yCPeOHSeT ero Mo TeM XKe 3aMepaM, KOTOphIe
OepéT B pacuéT. Bcs cucTeMa mpu 9TOM pelllaeTCs II0 OJHOM MOOesiu: pa3Hbie MOMENH IS Pa3HbIX
rap 3aMepoB caesianu OBl MaTPHUIy He TOJIOKUTEJIbHO OTIpeneIéHHOM.

I[IpocTupaHue IMOHUMAaeETCS KaK OCh, a He KakK HalpasieHue. Ilepuon y Hero CTO BOCEMBIECHAT
rpagycos, moatoMy 170 m 10 oTnuyaroTcs Ha OBafgUaTh I'pagyCcoB, a He Ha CTO IIECTbOECAT, U
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Paguyc noMcka v YWCo cocegHWX ToYek

BHE paguyca (He y4TeHbl)

B paanyce (yyTeHsl)
y3en

paguyc nowncka

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

Puc. 3: [Insa kaxpgoro y3l1a 6GPYTCH TOJIBKO CKBAZXKWHBEI BHYTPHU pPaguyCa IIOMCKa " HE€ Oonee
3aJaHHOI'0O YHCJla Onmuxkanmmux. ToYyky 3a PaguyCcoM He Y4aCTBYIOT.

ycpenHeHHe HOET Yepe3 YOBOeHHEINW yroi. OOEYHOEe cpegHee pano OBl 3TeCh IEPIEeHOUKYIAP K
ncTuHe, M omubKa Oblyla OB TMXOM: KapTa BBEITSIHYHIACh OBl ITONEPEK CTPYKTYPH M BHITIIAAEsa OB
3aKOHOMEPHOH.

Koadduiment cxkaTtus ocTaéTrcsa oOIIUM [OJig ydacTKa: MeHseTCd TOJbKO HamlpaBjieHue. Bropoi
MEHSIOIIMUCS ITapaMeTp Hajl 6kl BO3MOXKHOCTS IIOJOTHATh KapTy IIOM OXKUIaHUE, a KPOCC-BaINOallus
9TOT0 He IIOKaXkeT.

Tam, roe HampaBIeHUS COCeOed PAcCXOMsTCs, TOKAIbHBIM MOBOPOT He MPUMEHseTCcsa u paboTaeT
ob11ast Mofienb. BeigyMbIBaTh HAlIpaBJjIeHUEe TaM, I'’le eTo HeT B JaHHBIX, HEIIPABUIILHO.

Pe3ynbTaT MPOBepsiliTe Kpocc-Bamupalrell Ha yoepzKaHHOIN BeIOOpKe. JIoKanmbHas aHU30TPOITHS
meJjlaeT KapTy IIOXO0XKel Ha reoJIOTHYECKYI0 UAel0, ¥ B 9TOM €€ CHJIa U €€ OIIaCHOCTh: IPU HEBEPHOM
IIPOCTUPAHUY KPUTHHT BRITIHET aHOMAJIMK BIIOJIb OIIHOKH.

VYparaHasie IpoObI OTAEILHBIM CJI0€M

OT6pOH_IeHHbIe OTCE€BOM TOYKHU MOZKHO ITIOJIYYUTH BBEIXOOOM: KOOPAOWHATHI, 3HAYEHUE U IIPDUYHUHA -
HUXKEe WUJIU BEINIE KAaKOM T'DAHUIIHI. ITo YMOJIYaHHUIO BBIXO/MO BEIKJIFOYEH.

CMmotpeTs ux cTouT. OTCEB I10 NMEPLEHTUIIIO He OT/InYaeT omKUOKy 3aMepa OT HacTosIel aHoMalIuy,
a pelleHue 3TO Te0JIOTUYECKOe: CKOIIJIEHUE OTOPOIIEHHBIX TOYEK B OMTHOM MeCTe OOBIYHO O3HAYaeT
He Opak, a HEYYTEHHOE TeJIO.

ABTOMaAaTHYE€CKHEe 3HAYeHHUs

Pa3mMep siueltiku = min(imupuHa, BeIcoTa oxBaTa) / 50.

Paguyc Koppensanuu BaprorpaMMBl = max(IIHprHa, BEICOTa oxBaTa) / 3.
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Papuyc moucka (mpu 0) = guaroHasab oxBaTa, TO €CTh OePETCs BCSA BRIOOPKA.

OOpe3Ka 0 KOHTYPY CKBazKHH

KpuruHr cuuTaeT BeCh MPSIMOYTOJILHLIN OXBAT, II03TOMY BHE 00/1acTy HAaHHLIX 3HAYEHUS SIBJISTIOTCS
9KCTpAaIoIAnue U pmaioT apredakThl (OJIMHHBIE «BeepHBbIe» M30JMHHUU B IIYCTHIX yriax). Omnmnus
«0Obpe3aTh 10 KOHTYPY CKBaXKWH» CTPOUT BEHIIIYKIIYI0 000JI0YKY BCeX TO4YeK (C Heo0s3aTeNlbHEIM
OydepoM) u obpe3aeT IO HeM pacTp. IJKCTpamonsuus ucuyesaeT. Ecnm ¢pakTuyeckass rpaHHlla
y4acTKa BOTHYyTas, 3aaliTe CBOM ITOMUTOH B «MacKe 0Ope3Ku» - OH IIPUOPUTETHEE 000JIOUKH.

BapuorpaMMa M Harrert

cunn (CO + C) i
CO+C A -
= i
> |
= CTPYKTYPHbI
8 : Bknan C
Q 1
cC 1
U 1
= i
3 i
= i
= |
2 -
CO TommmmTommommoomoomoooomoooe-
HarreT CO i
0 !
0 paguyc a

paccToaHne Mexay ToO4KaMun h

Puc. 4: Cxema BapuorpaMmsl: HarreT CO, ctpyktypHEIU BKinag C, cunn (C0+C) 1 paguyc KOppensainu
a.

Kpurusr onmpaeTrcs Ha MOOeIb BAPUOTPAaMMEI - OHA OIMCHIBAET, HACKOJIBKO CHUJIBHO Pa3JIMYaroTCs
3HAa4YeHWs Z B [OByX TOYKAX B 3@BHUCHMMOCTH OT DPACCTOSHUS MeXny HuMH. [lo 3TOM Mopmenu
KaXOo¥ cocelHed CKBaXKWHe Ha3HadaeTcs Bec. Mopesnb 3aJaeTcsa B pa3mesie «J[OIMOIHUTEIbHEIE
rmapaMeTphI».

Mogens BapuorpaMmmel: HarreT CO, cunn (CO + C) u paguyc KOPpPensalua a.

Harrer CO Harrer - 3TO 3HadeHWe, K KOTOPOMY CTPEMUTCSH KpWUBasi BapHUOTrPaMMBI IIPU
PacCTOSTHUM, CTPEMSIIEMCS K HyJI0. TeopeTniecky, Ha HyJIeBOM PACCTOSTHIU PAcX0KaeHNe TOJIZKHO
ObITH HYJIEBBIM (TOYKa CpPaBHUBAETCS caMa C co00l), HO Ha HNpPaKTUKE OCTAaeTCs cTynmeHbKa. OHa
OoTpaXkaeT TO, YTO JaHHbLIE HA OYEHBb MaJjbIX PACCTOSTHUAX BCE PaBHO He COBIIAAAIOT: TOTPEUIHOCTD
n3MepeHus U OIUPPOBKU, MUKPOU3MEHUMBOCTh Ha MacinTtabe MeHBIIe PaCCTOSHUS MeXIy
CKBaXXWHAMM, pacxoxkaeHue ny0Jieil B OMHON TOYKE.

Kak Harret BnusieT Ha pe3yibpTar:

CO0 = 0 (mo yMoOm4aHUIO) - KPUTHHT SIBJISIETCS TOYHBIM HHTEPIIOJIATOPOM: IIOBEPXHOCTH 00si3aHa
MIPOMTH POBHO Yepe3 KaXkKayio CKBaxuHy. 301upoBaHHas CKBaXKUHa C BLIOPOCOM 110 Z TpeBpalllaeTcs
B KOHYC («OBIYUM I'JIa3»).
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HarreT KpyrnHsIM raaHom

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

nonyaucnepcua y(h)

10 A HarreT CO
(«CKayok» y Hyns)

Ha Hyne TeopeTuyecku 0,

___ HOKpuBas cTapTyeT c CO = MOfEJIb BAPUOrPAMMBbI

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

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

CO > 0 - KpUTruHT IIepecTaéT TOYHO BOCCTaHABIMBATh 3HAYEHNE B TOUKE U3MEPEHUN U CTAHOBUTCS
crilaxkuBaTesieM: BOMU3M CKBaXKMHEI OIleHKa IMOATSITUBAETCS K JIOKaJIbHOMY cpenHemy. Yem Gombiie
moiist Harreta CO / (CO + C), TeM cunbHee criakuBaHUe.

CO = Bechb cuia (YUCTHIM HATTET) - IPOCTPAHCTBeHHAS CBA3Db TEPSIETCS, TIOBEPXHOCTh BHIPOXKIAETCS
B IIPOCTOE CpemHee. ITO mepebdop.

Baxno - emununbl. Harrer CO u cuyn 3afaloTcd B aOCOJIOTHBIX €IUHHIIAX TUCIEPCHU
OAaHHBIX (KBagpaT emumHuL Z), a He B pmonax 0-1. 3HadeHue «1» y cuija IO YMOJTYaHHUIO - 9TO
YCJIOBHOE 3HadeHHe, KOTOPOe MOYTH BCeTrga HYXKHO M3MEHHUTh: 3ajaniTe cyMMapHbi cuma (CO +
BKJIagbl CTPYKTYyp C) OITM3KHM K JHCHEPCHH MTAaHHBIX. YDPOBEHb CTIaXKUBaHUS ONpEHesseT He
abconroTHass BelMM4YMHA Harrerta, a ero moysi B cwwuie CO / (CO + C). IlpakTUdYecKui HOPSAOOK:
BO3BMUTE CYMMAapHBIM CUJUI = gucnepcuu, 3ateM HarreT = 0.2-0.4 oTr Hero (to ecth 0.2-0.4 X
oucrepcuu - abcomoTHoe yucio, a He 0.2-0.4 kak TakoBoe). UeM MeHbIle HArreT, TeM OObIlle
meTasied, HO U OOJbIlle JTOKalIbHBEIX MUKOB. YeM 00Jbllle, TEM IOBEPXHOCTh POBHEE, HO BO3MOXKHO
Crjla’kKMBaHUE peajbHOM CTPYKTYpHI. [IMCIepPCHIO0 MaHHBIX MHCTPYMEHT IiedaTaeT B 2KypHanl IIpu
3amycCKe - 3TO M €CTh Balll OPUEHTHUP AJId BrIOOpa CUIIIa.

CTpyKTYypbl, paguyCc U aHu30Tponusi Cunn (mojka) 3TO YPOBEeHb, Ha KOTOPHIM BEIXOOUT
BapuorpamMma. OH ckmamgbiBaeTcsa u3 Harrera CO u Bkmaga cTpyKTyphl C. CTpPyKTypa 3aHaéTcs
Mopenbio (chepuueckasi, SKCIIOHeHUIMalbHasA, TayCccoBa UM CTelleHHas), moporoMm C, paguycoM a,
a3UMyTOM U aHU30TPOIUEN.

Cuaa: CMBIC/I M NOPSAAOK BeJIWYHHBI. CUJII - 3TO BEPXHUM Npenesl pa3iuuuil MeXay TOYKaMU:
HACKOJIbKO B CpeIHEM OTJIMYAIOTCS OajéKue OAPYr OT Apyra CKBaxKuHbl. OH MpPaKTUYECKU paBeH
oOpIyHOM mucnepcuu gaHHbX. [IpuMep mo KCl: cpenree = 25 %, gucnepcus = 47.6 (%?2), To eCcTb O
=~ 6.9 %. 3HauuT, CyMMapHHIHM cwi 3agaéM = 47.6. Ecnu marretr CO = 17 (mpumepHo 0.35 cumnna),
TO CTPYKTYPHHIN BKJIa[ NepBoi CTPYKTYpPEl C = 47.6 — 17 = 30. Ha cam rpupg abCOTIOTHBIM MacIiTab
He BIIUSET - OJISA OIeHOK BaxkHO TonbKo oTHomeHue CO : C. Ho oH HyzKeH, YTOOB KapTa CTaHOapPTHOM
ommOku 1 MSDR B Kpocc-Banmupgauuu ObUIH B peajibHOM MaciinTabe (CyMMapHBIN CUMIJT = OUCIIEPCUU

19



— MSDR = 1). [TosToMy: He ocTaBngauTe CWI = 1 10 yMOI4YaHUIO, IOOHUMHUTE €TI0 OO0 AUCIEPCUN
OaHHBIX.

Beioop wmopenu. Cdepuyeckass u OSKCIOHEHIMAIbHAS IIOOXOOST M OOJNBIIMHCTBA 3amay.
CrteneHHass MOOeNlb He MMEET CHJIJIa U pamuyca B OOBIYHOM CMBIC/IE: €€ IITPUMEHSIOT, Korma
M3MEHYUBOCTDb PACTET C PACCTOSTHMEM M He BHIXOOUT Ha ITOJIKY (HeCTallMOHAPHOCTL ITpUpalleHuit),
IIOJIsI ITIOPOTa M Paguyca OJjIsi Heé YCIOBHHL. ['ayCCOBy MOOe b HPUMEHSHUTEe OCTOPOKHO: IPH HYJIEBOM
WJIM OYEeHb MaJIOM HarTeTe OHa MaéT YHUCJIEHHO HEYyCTOMYMBYIO CUCTEMY M apTedaKTHl (OCITUIIISIINY,
oTpHUIlaTeNIbHBIE Beca). [loaToMy mnpu BHIOOpPE TayCCOBOM MOAEIU MHCTPYMEHT IPUHYOUTEIIBHO
yIoepzKuBaeT HeOOIbIIION MUHUMAIbHEIN HarreT. [10 BO3MOXHOCTH 3aJaBaTe ero U CaMu.

TUn JaHHBIX U peKuM. [lon pa3Hble JaHHbLIE HYKHEBEI Pa3Hble HaCTPOUKU. ['Magkue CTPYKTYpHEIE
IIOBEPXHOCTHU (OTMETKU KPOBJIM U IIOJOIIBE], MOITHOCTH) JIy4Ille MOOEINPOBATh OJIUHHLIM PaglyCcoOM
WM CTEIIEHHON MOMEJIbI0 IpH MUPOKOM (riiobampHoM, 0) pammyce IIOWCKa - TOTHa IIOBEPXHOCTH
rnomydaercs rinagkoi. KopoTkuii paguyc ¢ JIOKaIbHBIM ITOMCKOM Ha TAKWX HAHHBIX OAET «ObIYBbU
rjla3a» U Pa3phIBHI OL[EHKU IIPU CMEHE COCTaBa COCEIHUX CKBaXKUH. [T KOHIEHTPAUUi U XUMUUN
(®MC, razoonacHOCTh) KpUTUHI paboTaeT B CBOEM IpaBe: 3[eCh BaXHHI KOPPEKTHHIM HarTeT N,
IIPU CHUJIBHOW aCMMMETPHUHU pacupepeneHus, mpeobpa3oBaHMe OaHHBIX (CM. HUXKE IPO yparaHHBIE
MTPOOEI).

Pamuyc Koppensanuu a - pacCTOsIHKE, Ha KOTOPOM BapuorpaMMa BEIXOOUT Ha IIOJIKY. Ilajibllle 3TOro
PacCTosIHUSI TOYKU IIPAaKTUYECKU He BIUSIOT OAPYr Ha apyra. IIpu 0 GepéTcs aBTOMaTHYECKOe
3HaueHHe max(oxsarT)/3.

AunsoTponus 3ama€Tcs a3WMYTOM TIJIaBHOM OCH ¥ OTHOIIEHHWEM paguycoB (Manasi/TiaBHasd).
3HaueHue 1 - M30TPONHO (BAMSHMNE OONMHAKOBO BO BCEX HAIIpaBJIeHMUSX). 3HaueHUe MeHbIine 1
yKOpa4YuBaeT KOPPENSLHUI0 IOIEPEK TJIaBHOM OCH - TOJIE3HO [Jid BBITSIHYTHIX I'€0JIOTMYECKUX

CTPYKTYP.

[TapameTp Yro 3amaéT ITo ymonyaHuIo / COBET
CpepnHee Oy IPOCTOTO Hcnone3yeTcs TONBKO IIPHU 0
KpUTHUHTa tumne SK.
Harret CO «Tym»/cKa4yOK BapuoOrpaMMEl 0. Ona crnaxkuBarusa 0.2-0.4
y Hynd. [logaBnseT noKalbHBEIE OT CUJLIA
nuku. B aBCONMIOTHRIX
eOUHUIlaX OUCIEePCUU.
CtpykTypa i - MOzenb dopMa BapuOrpaMMHL: chepuueckasa
chepuyeckas,
SKCIIOHEHIMabHasd, rayccoBa,
CTeIleHHas.

CTpykTypa i - mopor/Bknaz C Bknapm cTpykTypel B cuni (abc.  ctp. 1 = 1 (3aMeHUTE HaA =

eguHULOH gucnepcun). Cymma OHCIIEPCHUIO)
C0+C = gucrnepcuu HaHHBIX.
st cTpykTyp 2 u 3: 0 = BBIKJL.
CtpykTypa i - paguyc [ucrannusa BEIXOOA Ha IIOJIKY. 0 (aBTO)
KOPpEeNauu a 0 = aBTO = max(oxBar)/3.
CTpykTypa i - a3uMyT, ° HamnpasneHue riaBHOU OCH 0
QHU30TPOIIUH.
CTpyKTypa i - aHU30TPONUA OTHOLIEHNE PaguyCOB 1

(Manmasi/TnaBHAA)

MMOIIePEK/BOOIIL ocu. 1 =
M30TPOITHO.

Tak cxeMma BBITTIIOUT Ha pPeabHBIX JaHHBIX. BapuorpaMMy CTPOSIT IO CKBa*KWHAM: IJIS ITap TOYeK
CUMTAIOT IOJIYAUCIEPCHUI0 U YCPEOHSIOT 10 PACCTOSTHUSM - IIoJIy4daeTcs: 001ako (3e1€Hble TOYKM),
IIO7l KOTOPOe mom0uparoT Momenb (KpuBas). [Io HeMy ¥ 3agaloT mapaMeTphl KPUTHWHTA: BBEICOTA
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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 KCl (nnact Kpll): aKcnepumMeHT 1 Mogenb
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m— MOJENb: Chepnyeckasn (a=13 KM) + HarreT
0 T T T

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
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Puc. 7: DkcnepumenTanbHas BapuorpamMma KCl mo mmacty Kpll u nogmoGpanHHas Mofeb: Harret
CO0=17, cumna coBIaj Cc JUCIIEPCUEN JaHHBIX, paguyc =13 kM. Touku manbllie CUJIIa - peTUOHAIbHBIN
TPEH.

«CKauyKa» y Hyns - HarreT CO, monka - cuin (0OBIYHO OIM30K K OUCIIEPCHUM OaHHBIX), PACCTOSHUE
BBIXOZla Ha ITONKY - paguyc a. Ecmm Ha GOJBIIINX PACCTOSTHUSX TOYKM YXOMST BHIIIE CHUIIIA, Kak
37IeCh, - 9TO PETHOHAJIbHBIM TpPeHI (HecTalmoHaApHOCTh). Ero mubo y4YuUTHIBAIOT OTHENbHO, 6O
OTPAaHUYMBAIOT PAINyC MOUCKA.

OTceB yparaHHbIX IIPoOO

Vparauneie mpoOHl - aHOMAJILHO BEICOKHE (MM OIMMOOYHEIE) 3HAYEHMS, KOTOPhLIE MCKaXKaioT
OLIeHKY: HEeCKOJIbKO «OOHaHII» II0 COIep3KaHUI0 MOTYT IepeTsSHYTh Ha cebs BCIO KapTy rpeia, a
SIBHBIE OIMMOKM (HanopuMep, OTPULATENbHAs MOIIHOCTBL) IOPTSAT IMMOBEPXHOCTb. MHCTpyMeHT «2D
Kriging» mo3BoisieT OorpaHUYUTh TaKue MPOOHI IPSIMO IPHU pacuéTe, 6e3 IIPaBKU MCXOOHBIX JaHHEIX.
I[TapameTps! - B pa3gene «J[OMOTHUATETHLHO».

OTceB U cpe3Ka - IpyOBId TPAKTUYHBIN UHCTPYMEHT ITPOTUB SIBHBIX OIIUOOK. [I7151 KOHIIEHTpAIUi 1
XUMUU OyObTEe OCTOPOXKHEL: SKCTPEeMabHbIe 3HAYEHUS YacTo He IIIyM, a CUTHaJl (HanpuMmep, odaru
3arpsisHeHus), U cierno obpe3aTh XBOCTHl pacIpeleneHus: He CTOUT. [ CUIbHO aCUMMETPUYHBIX
OaHHBIX KOPPeKTHee He oOpe3aThk IIPOOH], a mpeobpa30oBaTh UX K OIM3KOMY K HOPMAJIbLHOMY BHUOY
(morapudm, Box-Cox) unm NpuMeHSATh HHAUKATOPHBIM KPUTHUHT - 9TO YK€ 3a paMKaMH OTCeBa, HO
MMEHHO TaK 00XOISATCS C TAXKETBIMU XBOCTAMHU B TEOCTATUCTUKE PYA U 3arpPs3HEHUN.

[IBa pexuma. «YOanuTe» - IpoObl BHE TOIMYCTUMOT'O AUala3oHa BHIOpackBalOTCA (OJI1s1 IBHO OUTHIX
3amnucen). «Cpes3aTthk (capping)» - 3HaueHHS BHe Ouala30Ha NPUKUMAKIOTCA K TpaHHIlE, a caMma
TOYKa OCTaéTcs B pacuére. Cpes3Ka - KIIaCCUYECKUM MPUEM [IJIs YyparaHHBIX NPo0 IO COmepKaHU0:
MIOJIOKEHUE TOYKY HE TePSIETCS, HO e€ BIUSHUE OrpaHUYUBaeTCsa. PexxuM nepekntodaeTcs GrakKoM
«Cpe3sarTs K rpaHulie (capping) BMeCTO yOoaJeHUs».

I'panunsl o adconoTy. «HuxHAA rpanuna» u «BepxHas rpaHuila» 3a4aloT IIOPOTU B eIMHUIIAX
Z vanpsiMyto. [TycToe mone - rpaHulia He 3amaHa. OHU IIPHOPUTETHee INepleHTUnd. [IpumMep: ons
MOIITHOCTY IIOCTaBbTEe HUXKHIOIO rpaHully 0 - yUAyT OTpUIlaTENIbHBIE 3HAUEHNUS, BEPXHIOI0, CKaXeM,
30 - yiméT TBHBIN BEIOPOC B 122 M.
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OTceB yparaHHbiXx Npob: go 1 nocne (kpacHoe - BbIbpoChHI)

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

Puc. 8: OTceB ypara"Hbx Ipo6 Ha IpuMepe: cjieBa TPHU BHIOpoca AaioT «OBIYbU TIjlasa» (ropsuue
MsITHA), CIIpaBa II0CJie CPe3KU K BEpXHEM rpaHUlle 1I0Jie CIIOKOMHOeE.

I'paHuUIBI 10 IEPUEHTWIIO. P-U IEepPIeHTUIb - 9TO 3HaYeHUe, HUXKe KOTOPOTro JIEXKUT p% Bcex
npo6. Hampumep, 5-if MEepIeHTHIIL - ITOPOT, HUXKE KOTOPOTO TOJNLKO 5% CaMbIX MajlbIX 3HAYEHMHH.
95-i1 - TIOpOT, BRIIIIE KOTOPOTO 5% caMbIX Oobmiux. [lapaMeTp «IeplueHTUIb 00pe3Ku, %» 3amaéT
3HAYEeHUEe P, U TPAHUILI O€PyTCS CUMMETPUYHO: OT pP-ro mo (100—p)-ro nepuentunsd. To ects p =
2 O3HaAy4aeT «CUUTATh yparaHHBIMU 2% caMBIX HU3KUX U 2% caMBbIX BEICOKUX ITP0O»: BCE HUKE 2-
ro u Beille 98-ro nepueHTUnsA Mubo ymansercs, mubo cpe3aeTcda. Yem Goblile p, TeM arpecCcUBHee
o6pe3ka. P = 0 BHIKITIOYAET MEePIEeHTUILHLIN pexXuM. YOOOCTBO B TOM, UTO aOCOJIIOTHEIE IIOPOTH
3HATh He HYXKHO - OHU BBIYUCIISIIOTCS II0 CAMUM OAHHBIM M IOOXOIOAT K JTI000MY paclpeneieHruio 1
Macmraly.

IIBYCTOPOHHOCTSH - BAaXKHO [IJIsI XUMHUMH. [1epIIeHTUILHLIN PEeXXUM pekeT ob6a XBOCTa - U BEPXHUMH,
u HuXHUN. 15 comepxaHuit 3To omnacHo: KCl = 0 B 30Hax 3aMeIlleHUs - peajibHasl T'e0JIOTUs, U
o6pe3Ka HUKHET0 XBOCTa OIMIMO0YHO ITIOMHUMET «IyCThe» y4acTKU. [[o3TOMYy OJIs rpeiiga oTceKaunTe
TOJIBKO CBEPXY: OCTaBbTe «HMXKHIOIO TpaHuIy» HNyCTOM M 3amaiiTe «BepxHioo» abCcomioToM (MIu
IIpUMEeHSANTe MepleHTub, IOHNMasi, YTO HU3 ToxXe OyIOeT 3aTpPOHYT). IIJIsT OTMETOK U MOLIHOCTeH
OBYCTOPOHHSS 00pe3Ka 00bIYHO YMEeCTHa.

Ilopsimok m kKypHan. OunbTp IpPUMEHSETCS OO0 yCPeOHEHHUs COoBIamalommx TodekK. B XKypHan
MHCTPYMEHTa BBEIBOOUTCSI, CKOJIBKO ITPO0 yHajeHO WM CPEe3aHO M B KaKUX IPaHMIIAX - 9TO YIOOHO
IJISI KOHTPOJIA.

CraHgapTHasi OIIMOKa KPUTHHIa

Kpome camoli o11eHKH, KPDUTUHT TAET B KaXKI0M y3Jie OUCIIePCUI0 OIMOKY - Mepy Heollpene1éHHOCTH.
E€ kopeHb, cTaHpmapTHas omubKa, BBHIBOOUTCA HeOoOS3aTeNbHBIM BTOPHIM PACTPoOM (ITapaMeTp
«CraHpapTHas omwmOKa KpUTruMHra» HWHCTpyMeHTa «2D Kriging»). EguHune - Te e, 4TO Y
UHTEPHIOIUPYEMOU BEJINYUHEL Z.

KmnioueBoe CBOMCTBO: CTaHAApTHAs OIMMOKA 3aBHCHUT OT Te€OMETPHUM PAaCIOJIOKEHWsS CKBaXKUH
U MOJEeNU BapUOrpaMMBI, HO He OT caMux 3HadeHuU Z. [IosToMy 5TO KapTa HamE€XHOCTHU CETH
HabmogeHu, a He pa3bpoca MaHHBEIX. B TOYKe CKBaXKUHEI (IPU HYJIEBOM HarreTre) ommOKa paBHa
HYJIO - TaM 3HaueHHe U3BeCTHO TO4HO. [Io Mepe ynaneHUs OT CKBaXKWH OHa PacTeT, a B 0651acTsax
0e3 maHHBIX JOCTUTAET MaKCUMyMa (IPUMEPHO KOPEHDb U3 CUJINIA).

Kak uyurarb. TéMHBIE (Maible) 3HAYEHHUS - OIIEHKEe MOXKHO JOBEPSATH: PSAOOM JOCTAaTOYHO CKBAXKHH.
CaeTtnbie (0ombIliue) - OIIEHKA MEPXKHUTCSA Ha HaIEKWX TOYKAX, (GAKTHUYECKU SKCTPAIONSIUS. ITO
TepBble KaHOUOATH Ha Aopa3BenKy. CpaBHUBAThH yooOHEe OTHOCUTENLHO (e 00JIbIlle, TAe MEHbIIIE),
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KapTa cTaHOapTHON OWWBKN KpUTrMHra
o = -

&

o CKBaXWHbI
O

11.0
10.5

10.0

o
w
CTaHOgapTHaA owmnbka

o
TemHee (MeHblUe) - PAAOM eCTh CKBaXXMHbI, OLleHKE MOXHO LOBEpPSATh.
CeeTnee (bonblue) - faHHLIX Maso, OLEeHKa MeHee HafexHa.

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

IMOTOMY 4YTO a0COI0OTHAsA BeIUYUHA 3aBUCHUT OT MaciuTaba BapuorpaMme (cumma S1_SILL).

BaxkHo. 3To MofgenbHAS OI[eHKA: OHA BEPHA HAaCTOIBKO, HACKOJIPKO BEePHA 3alaHHAasl BapuorpaMma
(marreT, paguyc, anu3oTponus). IIpu HarreTe 6oJIbIlle HYJISA OMOKa y CKBazKMH He HyJieBas - HarreT
3alaéT HUKHUMU «II0JI» HeompemenéHHOCTH. CTPOrMM JOBEPUTENIbHBIM MHTEPBAJIOM CTaHOapTHAas
omubKa He SIBISIETCS, HO KaK OTHOCUTENbHAs KapTa HeonpeneléHHOCTH OYeHb IToJIe3Ha.

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

CHsiTHe TpeHaa (perpeccHsi-KpHTHHI)

OOGHIYHBIM KPUTHHT OLIEHWBAET CpedHee JIOKAIbHO, II0 OKHY IIOMCKa, II0O3TOMY IJIaBHO MEHSIOIeecs

IO TJIOIIIAIM CPEeIHEee OH OTClIekuBaeT caM. CJI0OKHOCTh BO3HHUKAET, KOTMA Y IIOJIS €CTh BRIpazkKeHHas
pervoHanbHas COCTaBIISIONIANA, HAIpUMep oblee mageHue jiacTa Ha ydacTtke. Torga skcnepuMeHTanbHas
BapuoOTrpaMMa UCXOHOT'0 3HAYEHU I UCKaXKaeTCs: PaOUyC 3aBHIIIIEH, TOpora HeT, popMa HallOMUHAEeT
CTeIleHHYIO0 MOJIellb, ¥ IIoO00paTh YCTOMYHBYIO MOIEINb TPYHOHO.

®naxoK CHATH MOJIHHOMHAIBHBLIM TpeHd yOupaeT perduoHaabHYI0 COCTABJISIONIYI0 METOOOM
HaMMEHBIIINX KBaOpaTOB Mepel KPUTUHTOM. [labllle KPUTYIOTCS OCTATKH, a TPeHI mo0aBIseTCsa K
olnieHke oOpaTHO. BapuorpamMMa 0CTaTKOB BO3BpalllaeTCsi K HOPMAJIbHOMY BUAY: BEIXOOUT Ha MOPOT
C HATTeTOM, ¥ PafiuyC OTpakaeT MCTUHHBEIM MacinTa® KOppemnsiyuH, a He pa3Max TpeHma. Ilorme
CremneHb TPeHOa 3a0aéT IIJIOCKOCTh WIX KBAAPAaTHUUYHYIO IOBEPXHOCTh.

Cnucoxk IIpeoOGpa3oBaHue 3HaYeHUsI N0OaBIseT jJorapudMUpPoOBaHue IOJII BeJIUYUH C pa3dpocoM
Ha TOPSOKH, TaKWX KaK KOo3(pPUIMEeHT (GUIbTPAIlMH HIKX BOIOIPOBOOMMOCTL. IIpm BEIGOpe In
KPUTYETCSI HaTypaJIbHBIH JIoTapudM 3HaYeHM S, a OlIeHKa BO3BpaIIaeTcss 00paTHO Yepes3 9KCIIOHEHTY.
9To MeouaHHas, reoMeTpUYecKas olleHKa, KOppeKTHas OIS I0Tr-HOpMalbHBIX ojieli. CTaHgapTHas
ommbKa ITepecCYMThIBAETCS B UCXOOHEIE eOUHUITHL. Jlorapudm u3baBisgeT OT PYYHOTO CO3HaHUSI
oSt In B KANbKYJISATOPE W IIPUMEHSIETCS TOJBKO K ITOJOXUTEJIbHBIM 3HaUeHUsIM. BapuorpaMmy u
HArTeT NpPHU BKIIOYEHHOM jIorapudMe 3amaBaiiTe B eOMHUIIAX In.

CHsaTue TpeHda IIoOMOraeT TaM, I'me IIaJeHue OOHOPOOHO, B IIpenejlaX OOHOI'0O PYOHWKaA WIIU
JIOKAJIBHOTI'O y4aCTKa. Ha Bcro nimomans MECTOPOXKOEHUA Cpa3dy ero IpuMeHsATb HE CTOUT. CocepgHue
OJ10KMU Pa3HeCEeHEHI I10 BEICOTE, €IVHBIN ITOJIMHOM OIIHMCHLIBAET UX IIJIOXO, a JIOKAJIbHBIM KPDUTHUHT 1 0e3
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Perpeccua-KpurinHr Ha peanbHelx oTmeTkax Kpll (Z8): noMoraeT NoKansHo, BpeanT raobansHo

Bece nenoanT (136x41 km) PyaHuk BKMPY-2 (9.5%8 km) BKMPY-2: Tpena pasnyeaer
REK -20% RMSE, xyme RK +25% RMSE, ny4we BapWorpammy Celporo Ze

—+— cupoe Zs r

800 | —e— ocraThn /

LOO RMSE, m
LOO RMSE, M

o 1000 2000 3000 4000 5000 6000
nar, M

Puc. 10: CusaTue TPEeHOAa Ha PeaJIbHBIX TaHHBIX: IIOBEPXHOCTH ITJIaCTa C BEIPAXKE€HHBIM DETrMOHAJIbBHEIM
IIageHueM. TpeHu CHAT IIOJIMHOMOM, KPHUT'OBAHBI OCTAaTKH, TPEHO BO3BpaI.T.IéH K OII€HKe.

TOTO [IEPKUT MEHSIOIIeecs CpefHee, MO3TOMY CHSITHE TJI00aJbHOrO TPeHOa TaM CKOpee BPemuT.
YMeCTHOCTh BUAHA II0 BapuorpamMMe. EClu y CHIpOTO 3HAaUYEHHUs PaguyC COIOCTAaBUM C Pa3MEpPOM
y4acTKa W HEeT BHSTHOTO IIOPOra, TPEH[ eCTh U ero CTOMT CHSITh. ECIM BapuorpaMma CHEIPOTO
3HAYEHHs yKe BBIXOIUT Ha IMOPOT C MaJIbIM HAarreToM, CHUMAaTh HEYEro.

Crenenu 1 o6p9HO gocTaTo4yHO. CTEemeHb 2 OMMCHIBAET U3rub, HO MOXKET BOOpPaTh B TPEH[ YacCTh
peanbHOM CTPYKTYPH, IIO3TOMY IIOC/Ie €€ IPUMEHEeHUS NOCMOTPUTE Ha BapuorpaMMy OCTATKOB.
Ecnu mopor m HarreT CTalil BhIPaXKeHHI Xy’Ke, BEepHUTeCHh K cTeneHu 1. ToT ke ¢akok ecTdb B
nHCcTpyMeHTe Kpocc-Banugamnusi BapuorpaMMbl, TaM TPEH[I IepenogdnpaeTcs Ha KaxKooM IIare
KOHTPOJISI, M BEIUTPHBIII WUIIU IIPOUTPHIII OT CHATUS TPeHOa BuaeH npsamo nmo RMSE.

BapuorpamMmy mocie CHATHS TPeHOa 3ajiaBaiiTe o ocTaTKaM. PacTp CTaHOApPTHOM OMIMOKKU B 9TOM
pexuMe 3TO ommbKa KPUTHHTa OCTATKOB, TPEHO CUNTAETCS HeTEPMUHHUPOBAHHLEIM U COOCTBEHHOM
IIOTPEITHOCTH K Hel He noOaBJIsierT.

B/I0YHBIM KPUIHHT

OOBIYHEBIM KPUTHHT OLIEHUBAET 3HAUYEHWE B TOYKE, B I[EHTPe TYelKy rpupa. Ho B ropHOM fere dalie
Hy2KHa He TOYedYHas OTMeTKa, a CpeJHee IO IJIoangy, no 6JI0OKy oTpaboTKM, TaHeIu Wi sS9eliKe
noacuéra 3anacoB. ComepzKaHUe IIOJIE3HOTO KOMIIOHEHTA B GJIOKE 3TO CpemHee IO ero IJIOIanu, U
OIleHWBATh €r0 KaK 3HaYeHHe B OHON TOYKe He BIIOJTHE KOPPEKTHO. I 3TOTO CIYXKHUT (PrIakok
B/IOYHBIH KPUTHHT.

BrIIOUEHHEIM peXXUM OIleHUBaeT CpefHee II0 g4elike Ipuia, a He 3Ha4YeHUe B e€é IeHTpe.
Adelika MBICTIEHHO pa30uUBaeTCs Ha CETKy ToueK pasMepoM NXN, KOIUYECTBO 3amaéT IIoje
Ouckperu3anusi 0;10ka, NXN Ha siueHMKy, ¥ KOBapHallMd B CHCTEMe KPUTHUHTA YCPEeOHSIIOTCS
10 3TUM TOo4YKaM. Tak cucTeMa peliaeTcs He [Jid OOHOM TOYKHU, a cpa3y Ajs Bcero 6i0kKa. ITo
KJlaccudeckas cxeMa 6youHoro kpuruura GSLIB.

Y 61109HOM OLIEHKY ABa CJIEOCTBUs, 00a IOJIe3HBIE OIS TOACYETA 3anacoB. [loBepXHOCTD OTydaeTcs
rjlaXke TOYEYHOM, IOTOMY YTO yCpemHeHWe II0 610Ky racut Mefnkue KonebaHus. Y cranpgapTHas
ommOKa KPUTMHTA BBIXOOWT HUXKE TOYEYHOM, IMOTOMY YTO CpPegHee II0 IJIOIAAM OIEeHWBAETCS
HaéXHee, YeM 3Ha4YeHUe B OHOM Touke. PacmiaTta omHa. BlnoYHBIM KPUTUHT HE BOCIPOU3BOOUT
npoOsl B y3nmax To4HO. CpepmHee mo OJIOKY, Oa)ke LIEHTPUPOBAHHOMY Ha CKBaXKWHe, HE PaBHO
3HAYEHWIO B CAMOM CKBaXXWHE, U 3TO 3aKOHOMEPHO.

OuckpeTtuzanuu 4xX4 xBaTaeT IIOUTH Bcerpa. bombiliee N cUHMTaeTCs MOJIbIIIE, & TOYHOCTh PACTET
He3HauyuTesbHO. [Ipu N paBHOM enuHuIlEe OIOYHBIA KPUTUHT BHIPOXKIAETCS B TOYEUHEBIM, IIO3TOMY
MHWHHWMAJIbBHOE 3HAYEHHE II0JId PAaBHO ABYM, a CaM PEXKHUM II0 YMOJIYaHWIO BEIKJIIOYEH.

BouYHBI KPUTHHI COYETAeTCs CO CHSATHEeM TpeHma. KpurymoTcs ocTaTkKu mo OJI0Ky, a TPeH[
moGaBisieTcsT K olleHKe obpaTHO. CoueTaeTCss OH M CO CIJIakKMBaHWEM TI'puia, HO OOBIYHO OOHOTO
6JIOYHOTO yCpPeOHEeHUSI MOCTAaTOYHO U MOIOJIHUTEIbHOE CTJIaKMBaHue He HYXKHO.
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Pa3jiombl

Pas3noM 3mech 9TO TMHUSI, BOOJIbL KOTOPOM ITOBEPXHOCTh PBETCS. [lomaéTcss OH CjIoeM JIMHUM B I10JIe
Pa3momMsbl, 1 TOT ke ciou npuHuMaioT 1.03 u 1.04.

Pa6oTaetr pasnom GapbepoM BIuUSHUS. [J151 KaXKOOM OIeHMBAEMOU STYEWKW MHCTPYMEHT IIPOBOJUT
OTPEe30K K KaXKJI0My 3aMepy, ¥ eC/IU OTPE30K IIepeceKaeT JIMHUI0, 3aMep B BLIOOPKY 3TOM sTYEMKU He
UOeT. fueiika BUOAUT TOJILKO CBOE KPHIIIO, 3HAYEHUS 110 Pa3Hble CTOPOHBI PACXOISATCS, U IOBEPXHOCTh
BOOJIb JIMHUU TI0JIy4YaeT pa3phIB.

Kprio y s4eliku onpenessieTcsl caMo, CTOPOHOM, C KOTOPOU JIEXKUT €€ IeHTp. [leuTh IIoianb Ha
OJIOKY ¥ CYUTATDH UX II0 OTHEJIBHOCTHU HE HY2KHO, U CIIMCKa KPBIJIbEB MHCTPYMEHTY He TpeﬁyeTCH.

JIuHusi He 00s13aHaA pacCeKaThb IUIoImIadb HACKBO3b. y 3aTyXalliero pa3jioOMa BIIMAHHE
orubaeT ero KOHeI: 3aMep 3a KOHIOOM JIMHHUHU OCTA€TCs BUOUMBIM, M BRIIIIE KOHIIA IIOBEPXHOCTH
CMBIKAETCS. DTO U €CTh OOLIYHAS T'e0JIOTHA - CMelleHue BOOJIb CMECTHUTEIIA IIadadeT K HYJII0, PAa3PEIB
BEIKJIMHHUBAETCA.

Y camoro KoHIla U30JIMHUM CTYIIAIOTCS U CXOOATCSA B Y3KUM IyYOK. Tak 3aTyxaromui pa3iioM U
PHUCYIOT Ha CTPYKTYpHOU KapTe. OToBOpKa TyT OfHa: B MOLENHU aMIUIUTYAa IafaeT He ITOCTEIIEHHO,
a pa3oM, IToToMy 4To 6aphep OuMHapHEIHN. [10 IOCNenHel BEPIINHEL 3aMep 3a JINHKEH He BUIEH BOBCE,
3a Hel BUIEH IIOJIHOCTBIO. 3HAUMUT BeCh CIaf IPUXOAUTCS Ha OOHY sS4eUKy, U IIYyYOK II0IydaeTcs
KOpode, 4eM y HacCTOSAIIEro pasjoMa, r'je CMellleHue 3aTyxaeT Ha [JIMHe, COIIOCTaBUMOU C CaMUM
CMEeCTUTEIIEM.

IToueMy pa3/ioM He IEPEBOJUTCS B CETKY

Baphbep mpoBepsieTcst TOUHOM reOMeTPHel: mepecekaeT I OTPE30K 3BeHO TUHUH. PacTPOBO#M MacKu
OapbepHBIX STYEEK HET, ¥ 9TO OCO3HAHHO.

PacTpoBas Macka uMeJsia gBa HeOCTAaTKa. ueiika He IepegaéT AuaroHasib, I03TOMY KOCOHM Pa3jioM
JIOXKUJICA B CETKYy CTyIEHBKaMM, W BCE, YTO CTPOMJIOCH IIO0 TAKOMY I'DHUIY, HACIeOoBaso JIECEHKY.
Xyxke gpyroe: Iyd BUOUMOCTH HAaYUHAETCS B IIEHTPe OLlEHMBAeMOU sTUelMKU, M eClM caMa sTdelKa
OapbepHas, mepBas ke IMPOoBepKa IoIajajia B MacKy. Takas sg4elika He BUOeIa HU OJHOTO 3aMepa
CO BCel Tiomany 1 yxoauiia B nodata. Bmonk pa3noma B Ipufe OCTaBajlaCh CTyIeHYaTasl MIeb.

C TouHOU l"eOMeTpI/IefI 6apbeprIX A49eeK He CyILIeCTBYET BOBCE. FpI/IJI II0JIy4aeTCd CIIJIOIIHBIM,
IIYCTEIX A4€€eK BOOJIb JIMHWK HET, a PAa3PEIB BUOEH CKaYKOM 3Ha4YeHUH MeXOy COCeTHUMU SYelKaMu
I10 Pa3HEBEI€ CTOPOHEI.

3amMmep, CTOSAIINY TOYHO Ha pa3jioMe, BUIOEH ¢ 060ux KpbibeB. CKBakKUHA Ha JIMHUU TPUHAOJIEKUT
o6euM CTOpOHAaM, U oTOpachHIBaTh €€ He3aYeM.

Ilena npuoIHKEeHHUST

HpI/I6J'[I/I}KeHI/Ie 30eChb OOHO, M €0 CTOUT Ha3BaThb BCIIYX. ITo BuguMocCTU OTGI/IpaIOTCH TOJIBKO COoCenn.
KOBapI/IaHI/H/I MeXOy CaMHMHU 3aMepPaMiy, U3 KOTOPEIX CKIIaObIBA€TCsA CHCTE€Mad KPUTHHI'd, OCTAIOTCA
€BKJIMOOBBIMHU: OHU CUHUTAIOTCS I10 IMIPAMOMY PACCTOAHHIO, KaK €CJIX OBl Pa3jioMa He OBITIO.

3aHynsaTh WX HeIb3sd. MaTpwuila TOTHa TepsieT ION0XKUTENbHYI0 ONpedenéHHOCTh, CHCTeMa
CTAHOBUTCS BHIPOKOEHHOW M KPUTHHT pa3BauBaeTcs. UMeHHO Ha 3TO HAaTHIKAJIKUCh Pa3paboTYuKu
M3BECTHHIX TTAKETOB, ¥ YACTh U3 HUX yOpasia KPUTHHT C Pa3JI0MaMK COBCEM, OTITPABUB MOJIb30BaTEJIEN
Ha MUHUMAJIbHYIO KDUBU3HY.

YTo 3TO 3HAYMUT Ha IpPakKTHKe. Beca cocemeilt y camMol NTHHWM pacCYWTaHbI 0e3 ydyéTa TOTO0, UTO
MeXOy OBYMSI COCEMsIMU JIeXKUT pa3phiB. Ha paccTosHUAX MOpsAOKa paguyca KOppensuuu pa3Hula
npeHebpexxuMo Mana. Ha oueHb 4acToM ceTH y caMOi TUHUK KOHTPACT MOXKET CJIerka 3aHUKaThCH.
Pa3peIB IIpK 9TOM HUKYy[a He [eBaeTCsI, OH JepPKUTCS 0TOOPOM cocelei, a He KOBapHUallusIMH.
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Kak IIPOBEPHUTH Ha yqeﬁnmx TJaHHBIX

HUnactpymenT 1.09 [IpuMep CKBazxKHWH YMEET CO3aBaTh pPa3yioM caM. [lojie AMIUIHTYDA pa3jioMa
3aaéT BeJIMYUHY COBUTA: TeHEePaTOp IPOBOOUT JIMHUIO IOIEPEK MJIOMIany, He TOBOOS €€ OO0 KPaés,
v ipubaBisieT aMIUIUTYyAy K 3HAYEHUIO Y BCeX CKBaXKWH 110 OOHY CTOPOHY. BEIllle KOHITa TuHUM 006€
CTOPOHEBI OMWHAKOBHEI, TO3TOMY B Y4eOHBIX TAHHBIX CPa3y €CTh U Pa3pPHIB, ¥ €T0 3aTyXaloIUil KOHeII.

JInHuA BHIDAETCSA OTHOEJILHBIM BeIXomoM Pa3mom (memo). [TopatiTe e€ B Pa3/10MBI 30€Ch, @ IIOTOM
Ty ke nuHuio B 1.04, u BcA 11elmoYKa cOOepEeTCS.

I71s1 mpoBepkKu caMoro Oapbepa 6epruTe aMIJIUTYAy 3aMEeTHO OOJIbIIe pafguyca KOPPENSIIUNA: CKaY0K
OyneT oueBupeH. [y mpoBepKu Kopupopa B 1.04 XBaTUT aMIUITUTY/ObI ITIOPSIOKA CEUEHUS U30JTUHUM.

ATpuOyYT throw B BEIXOJHOM CJIOE Pa3jioMa CIIPAaBOYHEIM. MHCTPYMEHTH €70 He YHUTAIOT: 6aphep y HUX
YUCTO TEOMETPUUYECKHUH U O BEJIMYUHE CMEIIeHUs He 3HAET.

1.03 MuHEMaJIbHasi KPpUBHU3HA (TOYKH - pacTp)

WHCTPYMEHT CTPOUT TPHUIO METOAOM MHHMMAJIbHONW KPUBU3HEL. [l0oBEpXHOCThL BemET cebsT Kak
TOHKAs yIpyras IIacTHHA, IPOXOAsInasi yepe3 JaHHble C MUHUMyMOM u3ruba, TO eCTh pellleHue
OUTapMOHUYECKOTO ypaBHEHUsI. MeTOI HeTOYHLIN: JaHHbIe BOCIPOU3BOOSITCS MPUOIUKEHHO, 3aTO
IMOBEPXHOCTb MOJIy4aeTCsd MaKCHUMaJIbHO TJIagKOM, MO3TOMY €T0 TPafguIIMOHHO 0epyT miIs KapT
reo@u3nYecKux MOoJied W JI0OLIX IIJIABHBIX BEIHYMH. JTO OeTepPMUHHPOBAHHASA ajlbTepPHATHBA
KpuruHry 6e3 mopmbopa BapuorpaMMmbl. KpuruHr, B OTJIMYME OT HEro, AAéT OIeHKY C KapTou
CTaHIOAPTHOM OIIUOKH.

HartsizkeHMe TomMeInInBaeT MeMOpaHHBIM u4ieH: npu 0 3TO 4YWCTas MUHUMAJbHAs KPUBU3HA,
nmpu 1 - HaTsAHyTasd MeMOpaHa, Y KOTOPOM MeHbIe BEHIOPOCOB Mexpay mpobGamu. HaTsizkeHune Ha
TpaHulle 3ama€TCs OTHAEIbHO M TOMOTaeT yOpaThk KpaeBhle MHepesieThl. PellleHne HUTepPaTUBHOE,
MeTonoM BepxHel penakcaiuu (SOR) ¢ 06xomoM ceTKU [eBSTHIO IIBETAaMU: y3JIBl OJHOTO IIBETa He
MomajfaloT B PacyEeTHHIM mabIoH OPYT Opyra, HO3TOMY OOHOBIISIOTCA pa3oM M ycTodumBo. CeTka
TIEPEeCYUTHIBAETCS, TTI0Ka HauboJbIllee U3MEHEHNE y3Jla He CTAHET MEHbIIE MOPOra HEeBSI3KH UJN
He UCcYepIlaeTCs YMCJI0 UTepalui.

CBoOomHBIE Y3JIBI CTAPTYIOT C ONMZKAMWIIEro 3HAa4YeHWS OAHHBIX, MOSTOMY Ha IIJIOTHBIX HaHHBIX
CcxXoOuMOCTh OricTpasi. Ha oueHb pa3pexkEHHBIX HaHHBIX UTepaluil Hy>KHO OOJIbIlle: YBEIUYbTE UX
JIUMUT WU HOPOT HEBA3KU.

[TapameTp Haznauenue ITo ymonm4aHuio
ToyeuHBIN CIIOU [TpoOBI CO 3HAUEHUEM. -
[Tone 3HaueHusa Z (OIycTo: U3 Yucnosoe mose Ojs -
TeOMETPHUH) uHTepnonauun. [lycro -
oTMeTKa 6epeéTcs U3 Z TOUKH.
OxBart [IpssMOyTONBHUK pe3yibTaTa. 110 CJIOIO
Pa3mep ssueriku 0 - aBTO, min(oxBaT)/50. 0
HaTtsxxeHue 0 - MuHMManbHas KpuBu3Ha, 1 - 0
MeMOpaHa.
[Topor HeBsSI3KU 0 - aBto, 0.01 mporeHnTa 0
pa3maxa JaHHHIX.
MakcumMyM urepanum [ToTonok Yucna NPoOxXonoB 100000
SOR.
Harsixxenue Ha rpanuiie (Hom.) HaTtskeHue Ha Kpaio CETKH. 0
KoaddunmeHTt pemakcanuu Yckopenue SOR, pazymuao 1.5- 1.85
(Hdom.) 1.9.
Anuszorponus (o) OTtHoiieHue oceut Y/X B 1
MeMOpaHHOM YJIeHe.
Paznomer JluauU, BOOIb KOTOPHIX 10 XKeJIaHUIO0

ITOBEPXHOCTH PBETCH.
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[TapameTp Ha3uauenwue ITo ymonmuanuio

Npup (MUHUMaIbHASA BrixogHOU pacTp. -
KPUBU3HA)

Brrxoq - oObpIuHEIYM Ipumd, roToBEM Mt 1.04 U307 THHHH U3 pacTpa. B XXypHa BEIBOOSTCS pasMep
CEeTKM, YMCJIO y3JI0B-OJaHHBIX, YHCJIO UTEepalii M MTOroBas HeBsA3Ka. ECIM OOCTUTHYT IIOTOJIOK
WTepalyi, a HeBs3Ka BHIIIEe II0POoTa, MHCTPYMEHT 00 9TOM IIpedyIpexkaaerT.

PagoMm ¢ monem pa3Mepa sSYeMKH ITOKaA3bIBAETCS pa3Mep CETKU: CKONIBKO sS4YeeK BBIUIOET IIPHU
3aJaHHOM pa3pelieHnu. OH NepecyYuTHIBAeTCA IIPU BBOJe. MeTod UTepalliOHHbIN, U YHUCIIO A4eeK
HaJo0 BUIETH [0 3allyCcKa, a He B JKypHaJie mocie: BOBoe 0ojlee KpymHas siyelikKa 3TO BYETBEPO
MeHbIle paboThl. CBHIIIIE YETHIPEX MUJIIIMOHOB SSUeeK MHCTPYMEHT HNpeayInpexaaeT OTaeIbHO.

OOpe3ka 1m0 Macke paboTaeT TaK Ke, KaK B KPUTHHTE: IIOJIMTOH M3 IIPOEKTa /MO0 BHITYKIIAs
o6osouka Touek c Oydepom. 3a mpemenamMu 0OIACTH HAHHBIX METO[ BCE PaBHO IIPOAOIKAET
TTOBEPXHOCTH, ¥ 3TO TI0JIe JIy4Ille yopaTh cpa3y.

Pa3aomMbl

Pa3zjiomMbI TOIa0TCS TEM Ke cjioeM nuHuiM, 9yTo U B 1.02, HO paboTaioT nHadve. B kpurunre 6apbep
pellaeT, Kakve 3aMephl BUOUT suelika. 3[eCh 3aMePOB HET, €CTh CETKA y3JI0B, CBA3aHHBIX I1abI0HOM,
Mo3TOMYy Oaphep JKUBET Ha CBA3AX.

Pebpo Mexkny OByMsI COCEIHHMMU y3JlaMM, IIEpeCeYE€HHOe JTUHUEN pa3jioMa, BhIIafaeT 13 IabioHa.
CBsI3b MKy KPBITTbIMH 00PEIBAETCSI, KaXKI0€ KPBIJIO PeIaeTCs caMo 110 cebe, ¥ TOBEPXHOCTD BIOJIb
JIMHUY PBETCsI. Pa3I0M IIpU 9TOM OCTAETCS IMHUEH U B CETKY HE TI€PEBOIUTCS, TTO9TOMY KOCas IMHUST
He JIOXKUTCSI CTyIIEeHbKaMH, a KPHIJIO Y y3J1a OIpeeisseTCsl CaMO CTOPOHOM, C KOTOPOM OH JIEXKUT.

V3en, momaBIIMM POBHO Ha JIMHHUIO, NPUIIMCHLIBAETCS K OOHOH CTOpPOHE. Mejoyb Ha BHI, HO
CyllleCTBeHHasl: Pa3jioM, IIPOBENEHHEBIM II0 OCH IMaXTHOMW CETKH, ITPOXOOUT TOUHO Uepe3 IeHTPHI
Y37I0B, ¥ IIPU CTPOTOM pa3bope OH He mepeKphlI OBl HU OOHOTro pebpa. IlpumucaTthk Takou y3ei K
o6enM CTOpPOHAM TOXKe HeJlb3s5I, OH ocTajics Okl 63 cocemed U 3aCThHINI Ha CTAPTOBOM 3HAYEHUH, MaB
BIOJIb Pa3jioMa III0B U3 HECUUTAHHEIX Y3JIOB.

IToxoca MeMﬁpaHLI BOOJIb IMHHHA

Y MHHUMAaIbHOW KPUBU3HBI €CTh 0COOEHHOCTDh, KOTOPOI HEeT y KpuruHra. Eé 1abmoH moTsruBaeTcs
Ha OBe SYefKy B KaXXIyI0 CTOPOHY, a He Ha OOHY. 3HAYUT Y CaMOI IMHUHU OH BCE PAaBHO IIepelIarHy1
OBl pa3pHIB, Iaxke ecjiu cocemHee pedpo IePeKPHITO.

BriGpocuTh U3 1mabJioHa OTHAEIbHBIE TOUKY HEJIB35: OH IIepecTaHeT IpubinKaTh OUrapMOHUYECKOoe
ypaBHEHUE, U pelleHue MoTepseT cMbici. [ToaToMy B mojioce MIMPUHOM [OBa y3ja BOOJL JIMHUU
pelleHne IepexoouT Ha MeMOpaHy 110 HETIEPEeKPHITHIM cocensiM. MemOpaHa paboTaeT 0 YeThIPEM
OIMKAUIIIUM y3/71aM U Pa3pPhIB OEPKUT TOYHO. [lanbllle OT TUHUM CUMTAET OObIYHAS MUHUMAaJIbHAS
KpPUBU3HA.

[TpakTHU4eckoe CJIeICTBUE OMHO: Y CaMOM JIMHUM IIOBEPXHOCTb YyTh MEHee TJlafKas, YeM BaaiIu
oT Heé. Ha kapTe 3T0O He3aMeTHO, HO 3HaTh 00 3TOM CTOUT. TOT Ke mpuéM npumensiercsa B 2.03
Topo2Raster y 06pEIBOB, U 110 TOU XKe IIPUYUHE.

JIuHUS, KaK U B KPUTHHTE, He 00si3aHa pacceKaTh IJIOIIagbk HAaCKBO3b: BHIIIE KOHIIA pa3jioMa pébpa
He IIEPEKPHITH, ¥ ITIOBEPXHOCTh TaM CMBIKAETCSI.

1.04 A30;1MHHUH U3 pacTpa

CTpouT wu30IMHUKM (IMHUM) U, 10 YMONYAHWIO, KOHTYPHHIE TIOJIUTOHBI. YPOBHU 3adaloTCs
PaBHOMEPHBIM IIArOM HJIM STBHBIM CHOMCKOM. [TapaMeTphi:
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Pactp
Tar nsonuHUM

Hauanbuabill ypoBeHs (offset)

fIBHEIE YPOBHU

['maBHAS M30IHHUA KaxKaas
N-a

MuH. gnuHa ITUHUUA

BI/IKY6I/I‘IGCKOG CrjIazKMBaHHUeE

Cxkpyrnenue nuau#t (Chaikin),
uTepanum

3amnucaTth 3HaueHue B Z
reoMeTpUuu

CtopoHa GepriTpuxoB U
nopmnuced (morr.)

M4 monsd 3HaYeHUus
Kanan (mom.)

W3onuruu /| KoHTypHEIE
[IOJIUT OHEL

Bxomnou pacTtp (Hanpumep,
pe3ybTaT KPUTMHTa).
PaBHOMepHEIH mar mo Z. 0 =
3amaTh «fBHBIE YPOBHU».
[IpuBsi3Ka CETKU yPOBHEH
(YpoBHUY KpaTHHI IIary OT
offset).

Cricoxk ypoBHEU 4epes
mpober. IIpuopuTeTHee I1ara.
OecATUYHBIN pa3feuTeNb -
3amsaTas Uiau TOYKa.

Kaxpnass N-g nuHus
noMedaeTtcd is_index = 1 (gnsa
yToseHus). 0 = BBHIKJI.
OTOpaceBaTh TUHUHN KOPOYe
rmopora (ex. kapTer). 0 = 6e3
dunsTpa.

Crymenue rpuga (X2...x4)
OUKyOHM9IeCKOH
WHTEPIIONAINeH Iepeq
KOHTYPUHTOM - OCHOBHOM
crioco® criaxkKuBaHUS
U30IUHUM, yOupaeT
«OKTaroHbI» OT TPyOO¥ CETKH.
PaboraeT u myig MUHUH, U O
IIOJIMTOHOB. BEIKJI. = 0e3
CTYILIEHHUS.

IIomoMHUTEJIbHOE JIETKOE
ckpyrnenue nuaui (Chaikin).
Cnabee 6MKyOHUIECKOTO
CTJIaKMBaHMsI, OOBIYHO HEe
HYKHO, €CJI¥ OHO BKJII04eHO. 0
= BBIKIJI.

YpoBeHDb NUIIIETCS B Z BEPIIHUH
nuHuu. HyXeH Oy sKcropTa B
DXF: ABToKAJl u Kpemo nHaue
KJIagyT TOPU30HTAIHU Ha
HYJIEBYIO OTMETKY.

CTopoHa CKJIOHA AJIs IITPUXOB
OenpecCUOHHOTO CTUIIS U
HaIlpaBJieHUe
TornorpaduYeCcKux MoAnucei
pas3om.

HNmMms aTpubyTa YPOBHS B
BBIXOOHBIX TUHUSX.

HomMmep KaHama BXOOHOTO
pactpa.

BreixogHbie ciiou. ITOIHUTOHEL
CTPOSITCSI TI0 YMOITYAHUIO BO
BPEMEHHLIUN CIIOH.

BBHIKJI. (X4 Ha rpybom rpume)

BEIKIJI.

dABTOMATHU4YE€CKHU

ELEV

BrIxomHbIE IIOJIS:
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Cnoit IMomne Tun YTo comepKUT

HU3sonmuuu ELEV YUCJIO 3HaueHUEe YPOBHS
NUHUY (UM 3ag0aéTcs
noneMm AMst mmois
3HAYCHHS).

HU3zonurauu is_index nesoe 1 y rmaBHBEIX U30JIUHUN
(kaxpmasa N-a), usauge 0
- O0JIs1 YTOJILIEHUS.

KontypHsrie nonuronsl ELEV MIN YUCIIO0 Huzxxauii ypoBeHb
nosca.

KortypHble nonurorsl ELEV MAX YUCJIO BepxHuit ypoBeHb
nosca.

CriaaxxuBaHHue U330/ IHHHUH

OcHOBHOM Ccmoco0 CTIagWTh HU30JIUHUU B 3TOM HHCTPYMEHTE - OHMKyOHMYeCKoe CriIazkMBaHHe:
Tpup mepel KOHTYPUHIOM CryllaeTcsi OMKyOMYeCKOW wWHTepmojsaiuein (X2...X4), #© KOHTYPHI
cTposiTca 1o 06ojiee MenKou ceTke. Ha rpyb6oM rpupe M30JIMHUM MHAYe BHITISIOAT «OKTaroHaMU»
(BEPIIIMHBI CTABSITCS 10 KPasiM S4eekK) - CTyIlleHre yOUupaeT 3Ty YII0OBATOCTh TOIIOIOTUYECKU YHCTO.
PeanuzoBano B uumctoM NumPy, 6e3 BHelrHux 3aBucuMocTei. Nodata-rpaHullbl U BHYTPEHHUE
«OKHa» [aHHBIX CoxXpaHsioTcs. CrylleHue OeNCTBYeT UM Ha JIMHUW, U Ha KOHTYPHBIE IIOJIUTOHBI
- TPAHWUIIEI TIOSICOB MPH 3TOM COBHANAIOT C HM30JuHUAMHU. LleHa - Gonbine siueek (X4 = B 16 pas
00JIbIIIe), TO3TOMY Ha OYE€Hb KPYITHOM I'DUAE HAYHUTE C X2.

[lommomHUTENIBbHO €CTh JIETKOe cKpyrieHue nuuuil anroputMoM Chaikin (komuuecTBo uTepaumii).
Ono cnabee GuKyOMYeCKOTOo U OOBIYHO He TPeOyeTCs, eCliu CTyIeHWe BKITIOUEeHO. MiMeeT CMEICT
Kak ObICTpas anbTepHATHBA HA IPy0OM I'DHUIE, KOTa CryIaTh He XO4YeTCH.

CrnaxxuBaHME CaMOTo IO (rayCccoBO, IO PacTpy) - 9TO OTAEeNbHAs Olepalus, OHa BHIIOIHSIETCS
He 3[IeCh, a B MHCTpyMeHTe «2D Kriging»: TaMm oHO UOET IO I'pUAY OO KOHTYpUHTa U yOupaeT He
yIJI0BAaTOCTh, @ OYTPUCTOCTS OIS («OBIYbY T'JIa3a» BOKPYT CKBaXKWH). Bukybuueckoe criiaXXuBaHue
U rayCCOBO CrIaXkKMBaHUe II0JIs1 OOIIOJHSIT OPYr Apyra: IepBOe JIEUYUT yIiI0oBaTOCTh CETKU, BTOpOe
- OyrpucToCTh mAaHHBEIX. KOHTYPHEIN pacTp KPUTHHTA IIPU 3TOM HE MEHSETCS - CTJIaXKUBAETCS JIUIIb
BpeMeHHas KOIus.

KoHTypHBIE IOJIUT OHBI (II0sICa)

KOoHTypHBIE TIONIMTOHBI - 9TO 3AJUTHIE IIOSICA MEXMAY COCeIHUMU HUIONUHUAMU. OHU CTPOSTCS
He Kraccudukalmed «CTyIeHEeK» pacTpa, a IOJUTOHM3allMed CaMWX CIIaXXeHHBIX W30TUHUHN
BMECTE C KOHTYPOM BaJIMAHOM OOACTH pacTpa: KOHIEI JIMHUN MPUTITUBAIOTCSA K KOHTYPY, CETh
HOOWPYETCS ¥ TOMUTOHU3yeTCsi. [luama30H YPOBHEN KaxKOOTO II0siCa OIPENeNsieTCs BBIOOPKOM
pacTpa B penpe3eHTaTUBHOU TOYKE IIOJIUTOHA.

Briaromapst aToMy rpaHUIIE IIOJINTOHOB COBIIANAOT C U30JIMHUSMHY, a IIOKPHITHE CILIoNTHOe (6e3 OBIp).
[Monuronte: HecyT nonst ELEV_ MIN u ELEV._MAX. ITo ymM0I4aHUI0 OHU CTPOSITCS BO BDEMEHHEIU CIIOH.
YUTOOBI UX HE CTPOUTH, OUUCTUTE NTosle «KOHTypHEIE ITIOJIUTOHBI».

OdopmiaeHHue CI0€B

JluHuwM: 3amaiiTe CUMBOJIUKY IIO IIPaBUIIy Ha OCHOBe is index - rmaBHBEIM U30JI0HUAM (is_index = 1)
maiTe GOJBINTYIO TOMIMUHY. ITognuce - mo moto ypoeHsa (ELEV).

ITonuroHe! CO30a0TCs C OGHUM CUMBOJIOM. [I71s 3aJIMBKHU II0 Auana3oHaM 3ajaliTe rpagyupoOBaHHYIO
cuMmBonuky 1o ELEV _MIN (unu ELEV_MAX).

Crioi U30JIMHUN aBTOMATHYECKHU IIOMeIllaeTcs Had CJIOEeM IMIOJIMTOHOB, YTOOB! JIMHUU OBLIIM BUIHBI
IIOBEPX 3aJIUBKH.
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3HayeHHe B Z reOMEeTPHH

®naxxok 3ammcaTrh 3HaYeHHEe B Z reOMEeTPHH IMOJHWMAET BEPIIMHBEI KaXOOW JTUHUM Ha €€
COOCTBEHHYIO OTMETKY. M30/TMHUSA 3TO IMHUS PABHOTO YPOBHS, IIO3TOMY Z Y BCEX €€ BEPIINH OOUH
¥ pPaBeH 3HAYEeHUIO IIOJIS.

HyxHo 3T10 Ons nepemayu ropusoHTanein B ABTOKAIl u Kpepo. CtammapTHBIU 3kcmopT QGIS
(IIpoekT —» UMnoprt/3kcnopt - IKcnopt npoekra B DXF) coxpaHseT oTMeTKU Z BEPUIIWH, HANo
TONBKO CHATH ranodky IIpunyautenbHo 2D. Be3 Z B reoMmeTpuu 00e IIporpaMMH KjIagyT BCe
TOPU30HTAJU Ha HYJIEeBYI0 OTMETKY, ¥ BBICOTY IIPUXOOUTCS 3afaBaTh BPYYHYIO 10 KaXK[0U JINHUU.

MHOro4aCTHOCTE CJI0S COXPaHSAETCsA: U30JIMHUA OOHOT'O YPOBHSA OCTaeTCcs OOHUM 00BEKTOM CO BCEMU
CBOMMHU BETBSAMH, YHUCIIO 00BEKTOB HE MEHSEeTCHd, ITIOAIINCHY HE PAa3MHOXKAKTCHA.

TonorpadudecKre MOIIMHCH

Ha Tomorpaduueckoil KapTe Bepx Hu(PH Ha TOPU3OHTAJIU BCerga HaIlpaBJIeH BBEPX IIO CKJIOHY.
YuTtas KapTy, II0 OOHOU IOOINCHU IOHUMAaeEIhb, TAe BHIIEe, He CBEPASIChH C COCEOHUMU IOPHU30HTAISIMHU.

QGIS oTcuuTHBaET BepX IMOOMNKUCHU OT HAITPABIEHUS JIMHUY, IIO03TOMY HOOUTHCS 3TOTO IOBOPOTOM
TEKCTa Hejb3s, a Hy2KHO 3a[aTh JIMHUSM OJHO HaIIPaBJIeHHWE OTHOCUTENIBHO CKJIOHA. DTO U AejlaeT
¢pnaxok Tomorpadpuyeckue nmoognucH. B cioe ocraercsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
oCTaB/IieHa Kak Oblyia, 0 4TO pa3BEpHYyTA.

ABTOMaTHYeCKU# BHIOOP CTOPOHBI HHOTrOa omwubaeTcss, WU TOrJa €ero IepeKIYaloT pPyKaMu
rmapameTpoM CTOpOHA OEepriuiTpUXOB M moamuceu. [IlepekiioyaTenh OelcTByeT Ha o0e 4acT
KapTUHH pPa3oM: ¥ Ha CTOPOHY IITPUXOB, M Ha HallpaBJjieHUe Imopamnuceil. [IpuMeHsaeTCA OH POBHO
OOHWH pPa3 - Pa3BOPOT JIMHUU CaM MEHSJAEeT MeCTaMMU JIEBO U IIPaBO, a 3HAYUT U 3HAK CTOPOHEI CKJIOHA,
ITO9TOMY IIOBTOPHEIM MePEeBOPOT BEPHYJI OB IITPUXU Ha MpPeKHee MeCTo.

Be3 pa3pelieHHsi MepeBEéPHYTHIX MOAMHCEH 3TO He paboraer B HacTpoiKax IOAMHCEH
€CTh OIIIIUS TO0Ka3a IEePEBEPHYTHIX MOAIMCEN, W 0 YMOJIYaHUIO OHA 3alpellaeT ux. [Ipu TakoM
3amnpete QGIS caMm goBopauYnBaeT TEKCT, YTOOLI OH YHTAJICS CJIeBa HAIIPaBo, U HapaBlIeHHe JTUHUYN
IIepecTaéT Ha YTO-Tu00 BIIUATH.

Tomorpaduyeckast IoANKCH IO OIIpeneIeHnI0 OBIBAET ITEPEBEPHYTOM: Ha CKIIOHEe, 00paIiéHHoOM Ha
0T, IM(dpa YUTAeTCS BBEPX HOraMu. I109TOMY IIOKa3 IepeBEPHYTHIX Hafo pa3pemiaTh, a He 00pOoThCSI
C HUM.

B cTtunsax CTpykrypa / runcoMmeTpus u [lenpeccusi (ITPUXH BHU3) 3TO yKe HaCcTpoeHO. Eciu
IIOAIINChIBaeTe CBOMM CTHJIEM, BKJIIOUHWUTE IIOKaA3 nepeBépHmix nounnceﬂ B pa3neiie OTPUuCOBKH,
vHaude (axkoK He JacT HUYEero.

ITognmuch CTaBUTCS HA JIMHUIO B 000UX CTUIISX NOONIUCH Pa3MeIlaeTcss Ha CaMO¥ TOPU30HTANIH,
a He HaJ Hel, ¥ pa3phIBaeT €€. DTO NPUBLIYHLIN TOIMOrpadryecKuil IpuéM: 1udpa YuTaeTCs BMecTe
C TUHWEH, a He PSAIOM C Hell.

IIpeapynpexkaeHue 0 IJIOCKUX YPOBHSIX

WHCTPYMEHT caM IPOBEPSET, He IIOTal I¥ KaKOU-TO YPOBEHD CeYEeHHUS B IIJIOMIAIKY C OKOJIOHYJIEBEIM
YKJIOHOM, YU €CJIH II0TaJl, MUIIeT 00 3TOM B JKypHal: YPOBEHbB, YMCII0 3aJl€THIX sT9€€eK U MOJTI0 MaHHEIX.
Huyero npu 3ToM He 6JIOKUPYETCS, U30JIMHUU CTPOSATCA KakK 00BIYHO.

3aueM 3TO HYXHO. Ha mnomagke, rie IIOBEPXHOCTb MEHSETCSI Ha MUJIIUMETPH], TOJIOXEHUEe
U30JIMHUU OIIpefensaeTcs He penbedoM, a IIyMOM MaTpHUIBL. JIMHUS TaM HadyWHaAEeT BUJIATH,
paccheiaeTcsi Ha MHOXKECTBO MEJIKMX KOJIell ¥ BHEITJISOUT KakK OOHa yTojméHHas. Kimaccuueckuit
HCTOYHUK TAKOM IIJIOIIAOKU - BOOHAS I'JIaflb: Ha MaTpUlle, IOJIy4YeHHOM 10 CTepeoIlape, OHa CTOUT
Ha OOHOM OTMETKE C TOYHOCTHIO IO CAHTUMETPOB ¥ MOXKET 3aHMMaTh IOJIOBUHY IIJIOMIaau.
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OTnuuuTh 3Ty 60JIE3Hh OT HOPMaJIbHOM PabOTH alTOPHUTMa Ha Ijila3 TPYHOHO, IIOTOMY YTO alrOPUTM
oTpaboTas BEpPHO, @ BUHOBATH AaHHbIE. [I09TOMY ITpOBEPKA U BEIHECEHA B XKYPHAJI YUCIIaMH.

[IpakTuyeckoe pelleHre OOBIYHO MIPOCTOE: 3aMAaCKHUPOBATh BOOHYIO I'JIagb OO IIOCTPOEHUs OO
CMECTUTh YPOBHHU. YPE3 BOIH 9TO OTHENBHBIM OOBEKT KapTH, a He TOPU30HTajb, ¥ PUCOBATH €r0
TOPU30HTANbIO HE CIIeAyeT.

ITpoBepKa UOET 3a OOUH IIPOXO[ I10 MACCHUBY U HA PacTpax KPyIHee MIECTUNECATH MUJUIMOHOB TYeeK
MIPOITyCKaeTCsi, YTOOBI HE TPAaTUTh BpeMs. JIrobas ommbKa BHYTPU HEE TaCUTCs, IIOCTPOEHUE M3-3a
OUAarHOCTUKU He CPLEIBAETCHA.

YBepeHHOCTH ropn30HTa11e171

[TpomonxkeHMe TOU Ke MEBICIIM, HO YK€ C BO3MOXKHOCTEIO 4YTO-TO caesaTh. [lapaMeTp YBEpeHHOCTH
TOPHU30HTAJ/IeH UMEET TPU IOJI0KEHHUS.

He cunTaTsk - IOBegeHUE IO YMOJI9aHUIO, HUYEero He MeHAeTCs.

TonbKo monsa drop_ min u drop_mean - JTUHHK OCTAlOTCS LeJBIMH, HO KaXpgas IIOJIydaeT OBa
TOJIsi: HAMMEHBIIWY U CPeOHUM mepemnaj BHICOT Ha AYeUKy BOOJIb Heé€. PellleHre 0CTaéTCsa 3a BaMu:
MO03pUTENbHEIE YYaCTKY BUIHEI BHIPAKeHUEM BUMA drop_min < 0.005, ¥ BBl CAMU pellaeTe, IPSITaTh
WX UJIU TTOKa3HIBATh.

IMonsi 1 pa3pbIB HAa HMOAO3PHTEIBHBIX yYaCTKaX - JIMHUS OOMOJHHUTEJIBHO PBETCSA TaM, Ihe
repemnay HUXe IIopora, U KyCKu romedarTcsa moneM lowconf. Huuero He ymamsieTcs, CIpsATaTh
TTOMEeYEeHHOe MOXKHO (QUITBTPOM CJIOS.

ITouemy mOPOr 3aHaéTCsI JOJ/Ied Ce4eHHus1s MepHuTCs He YKIIOH, a IIepeIaj BEICOT Ha SYeiKy. DTO
BeJIMYMHA TOM XKe pPa3MepPHOCTH, UTO U ceueHue pejbeda, I0O3TOMY €€ MOXKHO IIPSIMO CPaBHUBAThL C
HUM, ¥ OOHWH IIOPOT OOMHAKOBO paboTaeT Ha Pa3HBIX JaHHBIX.

IMpumep. IIpu cedyernuu 0.5 M U TOpPOTe B COTYIO HOJI0 T'PaHHUIla HNPOXOOUT MO O MM Ha SUYEHUKY.
ITomoru#t CKIOH JAET Ha AYelKe CAaHTUMETPHI M IIOPOT ITPOXOAUT, BOOHAS TIafgb AaéT MUJIITMMETPRI
U He TIPOXOOuT. 3afaBaTh NOPOT abCOMIOTHEIM YKJIOHOM ITPUIIIOCH OBl 3aHOBO IIOJ KaXK[bIM y4acTOK.

[Topor HacTpauWBaeTCs B [OIMOJIHUTEJIbHBIX MMapaMerpax, Ilopor mepemaga Ha sI9€HMKY, HOJIS
ceuenus, 11o ymongasuo 0.01.

IMoyeMmy pBYTCs TOJBKO cepum OfHa MOAO3pHUTEIbHAsT BEPIIMHA JTUHUIO HE PBET, U [BE TOXKeE.
Pa3prIB IPOMCXOOUT TOJBKO TaM, TAe HOOpsA MAOYT Tpu u Oomee ciabvlx BepumimHbl. MHa4Ye omHa
cayyaWHas IIyMHas sS4Yelka Kpoiruiaa Obl TOPM30HTAllb Ha HOPMAJIbHOM CKJIOHE, M KapTa Obl
nopenena 6e3 TPUYUHEI.

Yucsio TpH 3allIMTO ¥ IIapaMeTPOM He BHIHOCHUTCS: ITOOOMpaTh ero MHOJh30BaTeJII0 He 3a 4YTOo, a
JIMIIHKAI ITapaMeTp B QUAJIore CTOUT OOPOXKe, YeM KaXKeTCH.

Kycku mensT rpaHUYHYIO BEPIIUHY, IO3TOMY B T€OMETPHUHY He BO3HUKAET pa3phiBa: COCEOHUE YaCTHU
CTBIKYIOTCSI TOYKa B TOUKY.

ITopsAmoOK B KOHBeliepe M CBOAKAa Pa3Merka uOéT II0OCe IMMOCTPOSHUS U30MUHUE U 00 GUIbLTpa
KOPOTKHX NMuHUM. MHaye 0OPHIBKY, OCTABIIMECS OT Pa3pe3aHus, Imonaau Okl B CTAaTUCTUKY OJIUH U
YacTh JIMHUHU OTCesiJIach ObI MBAXKIHI 10 PA3HBIM HPUYHHAM.

B XxypHan yXoguT CBOOKA: CKOJIBKO JIMHUU IIPUIIIIO, CKOJIBKO KYCKOB IIOJIy4YUIOCH, CKOJIBKO M3 HUX
HUXKe IIyMa ¥ Kakas OoJist o0Ilei OIMHBI 0Ka3aiach cjiaboi.

Yero uHCTpyMEHT He gejtaer OH He CrylaXkXWBaeT MJIOCKUE y4aCTKH, YTOOH JIMHUSA MepecTasa
BUJISATE. JTO ObTa OB HOAHOENKAa OAHHBIX: Ha BBHIXOAE HOIy4YwiIack OBl POBHAsT M HEBEpHASA
TOPU30HTAIb BMECTO PBAHOM, HO COOTBETCTBYWOIIEM TOMYy, 4YTO €CTb B Martpulie. PerieHue o
TOM, TIOKA3bIBATh JIU CJIaOBIM y4aCTOK, OCTAETCS 32 YEJIOBEKOM.

32



Pa3jiombl

ToT ke cno¥ nuHUM, 4To nomasBasicsa B 1.02 unu 1.03, nomaéTca ciofa B mojie Pa3aoMsel. 30ech OH
mesiaeT [Be Bellu.

IlepBoe: M30MUHUN PEXKYTCSA IO JIUHHUM, TOYHO IO HEH, a He II0 TPaHHUIaM S4eek. BTopoe: cama
JINHUS BXOOUT B CEThb, 10 KOTOPOM CTPOSATCS KOHTYPHBIE IIOJIMTOHEI, II03TOMY I'pPaHUIlA I10sica UNET
POBHO II0 Pa3noMmy.

Pa3phIB IIPH 3TOM ILIETMKOM BEKTOPHEIH. I'pu 0CTAaéTCs CIIOIIHEIM, OBIPOK B HEM HET, W BCE, UTO
CUMUTAETCS II0 TpUAy, paboTaeT KakK 0OBIYHO.

Kopupop y pa3ioMma
OpuH mapamMeTp TpebyeT 0ObsICHEHUS, IIOTOMY 4TO 6€3 HEro Pe3yJIbTaT BHITJISIAUT CTPAHHO.

I'pup CIJIOIIHOM, a 3HAYEHHS II0 Pa3HEIe CTOPOHEI pas3jioMa OTIMYAIOTCS Ha BCIO aMIUIATYOY,
M CKAYOK IIPUXOOUTCS Ha Mapy COCemHMX sdeeK. KOHTypep pHCYeT B 3TOM IIPOMEXKYTKe BCe
IIPOMEeKYyTOUYHBIe YPOBHH pas3oM. [IpyM aMIIUTyOe B OBafIlaTh METPOB M CeYEHHWH B OBa MeTpa
9TO MOECSITOK M3O0JIMHUUN B IMUPHUHE OOHOM SYeHKU. ['e0JIOTMYEeCKOTrO0 CMBIC/Ia Y HUX HET: 3TO
WHTEPIIOISIHUS ITONEePEK pa3phiBa, KOTOPOTO IJIacT He 3HAEeT.

IIInpuHa KOpHIOPa y pa3/ioMa 3a0aéTcs B TUuelKax, 10 YMOITYaHUIo OgHa. [Tomoca TaKoM MU PUHEL
BLIPE3aeTCs U3 U30JIMHUM, a KOHIIEI 0CBOOOOUBIIIUXCS JIMHUM ITPUTATUBAIOTCS K caMoMy pa3iomy. Ha
KapTe OCTAaE€TCS YUCTHIM pa3phrIB I10 JIMHUU.

Honpb oTkmo4aeT BHIpe3aHue. MeHbIe S4YelKu OpaTh He3adyeM: CKa4OK 3aHMMaeT POBHO STYEHKY.
3amMeTHO OOJIbIIIE - HAUHYT IIPOIlaiaTh U30JIMHUU, UAYIIHE BOOJIb pal3jioMa Mo OeJly.

Y 3aTyxaroIilero KOHIa OCTAETCS KOPOTKUM y4aCTOK YACTHIX M30IUHUM [JIUHONM OKOJO IITUPHUHBI
Kopuaopa. ITO BEPHO 110 CMBICJTY: Pa3phIB TaM COIIIET Ha HET, IIOBEPXHOCTb CMBIKAETCS, U PBATh €€
HeYeM.

HaumMmeHbIIasi TOJMIIHHA IIOIMTOHA

ITopor 3amaéTcs B TYeMKaxX U 0TCEeKAaeT y3KHe II0JIOCH IT0sIcoB. TOJIIIMHA CUYUTAeTCsI KaK YIBOeHHAas
IJIOIIadb Ha MEPUMETP: Y IJIMHHOM Y3KOM ITOJIOCH OHA PaBHA €€ IMWPUHE IPHU 000 OIuHe, ToTrha
KakK IO TIJIOMIaqX TaKyIo MOJIOCY OT HOPMAalIbHOTO II0siCa He OTIIUYUTh.

ITopor 3agyMaH TPOTUB OOPHIBKOB Y pa3phiBa TaM, THe JIMHUK PA3jIOMOB HE TIOHAHH: ¥ Kaphepos,
00pBIBOB U Kpasi o6nactu. Ilonb30BaThCsI UM HAJZO0 OCTOPOZKHO. Ha KPyTOM IOBEPXHOCTH C
YaCTHIM CeYeHMEM HOPMAJbHBIN MOSIC MEXAY COCETHUMU YPOBHSMU caM IO cefe ykKe SYelKu, U
IIOPOT B SYEeWKY BHIKOCHUT KapTy. MHCTpyMeHT IpenynpekpaeT B KypHalle, €CIU OTCesl OoJblile
TIOJIOBMHEI TTOSICOB. I10 yMOJTYaHUIO TOPOT PaBEH HYIII0, TO €CTh OTCEBA HET.

1.05 BapuorpaMmMa (3KCnnepuMeHTa/IbHAs)

UHCTPYMEHT CTPOUT IO TOYKaAM SKCIEPHMEHTAJIbHYIO II0JIyBapHOoIrpaMMy, IIPHM HeOOXOOMMOCTH
nopgOupaeT 1Mo Hel momesb U BeigaéT HTML-oTuéT ¢ rpadpukoM. OH He CUMUTAET I'PUM ¥ HE BXOOUT
B PACYETHYIO LIETIOYKY KPUTUHTa HanpsaMywo. Ero 3ajadya quarHocTudeckasi: mIoKa3aTh CTPYKTYPY
IPOCTPaHCTBEHHOM N3MEHYUBOCTU JAaHHBIX U IIOMOYb 3alaTh IapaMeTPhl BapUOrpaMMbI OCO3HAHHO,
o Buny obJaka, a He Ha I'j1as.

3aueM HY2KEH IIPEeInpoCcMOTp

Kpurusr onupaeTcsi Ha MOZeslb BAPUOTPAaMMBL: HArTeT, IOpor 1 paguyc. OT HUX 3aBUCSAT Beca IIpHu
VHTEPHONISIUNY ¥ KapTa CTaHmapTHO# omubku. Co0JIa3HUTENBPHO HOPYYUTH IOOOOP 3TUX YHCEe
aBTOMAaTHKe U He MyMaTh 0 HUX. Ha KiIacTepru30BaHHON pa3BeqOYHON CeTH 9TO omacHO. CKOIIIeHUST
OMIM3KKUX CKBAXXKWH [A0T OTPOMHOE KOJIMYEeCTBO Map Ha KOPOTKUX PACCTOSHUSX W MPUOABIUBAIOT
OTMKHIOI0 YaCTh BAPUOTPAMMEI, TTO9TOMY aBTOTIOAOOP IO TaKOMY 00/aKy JIETKO BEITAET YBEPEHHO
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HeraBHJ’IBHbeI HarTerT. HpeJIHpOCMOTp CHHUMAET 3Ty r[po6J'[eMy: TreoJior BUOUT CaMO 0611aKo0 I1ap,
IIOHMMAET, TAe ODaHHBEIX MHOTO, a IIe MaJio, ¥ IIOATOHSEeT MOAENb C IOHMMaHUEM TOTO, YTO II01 HeH
JIEZKMUT.

HOSTOMy HOJI60p MOIOe/IM B MHCTPYMEHTE OaH KaK PEeKOMEeHOallud, a Heé KakK TOTOBBIN pe3yJibTarT.
Yucna, KOTOPHEIE OH IIpenjiaraeT, pa3yMHO CBEPUTHL C BUOOM rpa(bHKa X1 TOJIBKO IIOTOM II€PEHOCHUTH
B KPUT'HUHT.

KpaTrkasa Teopus

[TonyBapuorpaMMa OIUCEIBAET, HACKOIBKO CTATUCTUYECKU CBJI3aHBI 3HAUEHUS IIapaMeTpa B OBYX
TOYKaXx B 3aBUCHMMOCTHU OT PACCTOSHUS MeXKIOYy HUMU. [1715 Taphl TOYEK, pa3HECEHHBIX Ha PACCTOSHUE
h, Gepércs moyoBMHA KBagpaTa PA3HOCTH WX 3HAYEHUM (MONyOuCIIepCus OpUpalleHusd). ITU
BEJIMUUHEL YCPEOHSIOTCS II0 MHTepBajlaM PacCTOsSHUS (jlaram), u monydaercsa Kpusas y(h). 9to
Mepa He «cpefHel pa3HULILI» 3HAYEHWH, a CTaTUCTUYECKON HaOEXKHOCTHU IIpefcKa3aHus 3HaYeHU
[0 coceny: 4eM MeHbIle y, TeM TeCHee CBS3b.

Y TunuyHOM KpUBOU TpU XapakTepuctuku. «Harrer» CO 3T0 3Ha4YeHHe, K KOTOPOMY CTPEMUTCS Y
IIPU CTPEMJIEHUHU PACCTOSHUS K HyI10. OH OTpaXkaeT U3MEHYUBOCTh Ha MaciuTabe MeJib4de, 4eM Iar
CceTH, ILTI0C omubKy n3Mepenusi. «ITopor» 3ToO ypoBeHb, Ha KOTOPBIM KPUBAs BHIXOOUT Ha OOBIINX
paccrosiEusx. ITomMHBIN TOPOT paBeH CYMMe HarreTa U CTPYKTYPHBIX BKIAOOB M B upaeasne O0IM30K
K OUCIIePCUU OaHHBIX. Pamuyc (a) 9TO paccTosiHME, Ha KOTOPOM KpHBasi BHIXOOUT Ha IOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAsI KOPpeNsalus cliafaeT MpakKTUUYeCcKH A0 HyssA. [lanbile 3TOTO
paccTosHUS TOYKM CTAaTUCTUYECKU He CBA3aHBL. [IJIg S5KCIIOHEHIIHAJTbHON M rayCCOBOM Momesen
IIOPOT OOCTUTAETCS aCUMITOTUYECKHU, IO9TOMY PajguyC O HUX - 9)(GHEKTUBHBIN.

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

ITapamMmeTpsl

[TapameTp Yrto 3amaéT ITo ymonyaHuio / COBET

BxoOgHOM TOYEYHBIN CJIOH. -
ATpubyT, 110 KOTOPOMY -
cTpouTCcs BapuorpaMmma. Ilycro

- 3 Z TOYKH.

Pa3penvHEIE BapyoOrpaMMEL 110 -
KaTeropusM (HalrpuMep, BUL
pa3BenKH).

Touku cO 3HAYEHUSIMU
[Tone 3HaueHus Z (IycTo: u3
TeOMEeTPHUH)

[Tone rpynnupoBKH (ZOII.)

[Tome BecoB meKnacTepu3anuu

Beca n3 1.01 gnis B3BeIIeHHOM -

(mom.) OIIeHKH.

KonuyecTBO maros Yucio UHTEepPBaioB -
PacCTOSTHUMH.

MaxkcuManbHOEe PacCTOsTHUE BepxHsisa rpaHuiia pacctostuuii. 0
0 = monmoBMHA gUaroHanu
oxBara.

[Tomo6paTk MOAEeb ABToOmon60p MOOesnu 1o BKJI.
9KCIIEPUMEHTAJIbHBIM TOYKaM
(pekomenayeTcs).

Mopenb o mombopa ([oir.) Tun momenu: chepudeckas, -
9KCIIOHEeHIMalbHas, rayccoBa,
CTemeHHas.

YcToituuBas oueHKa (Oo1m.) Onenka Kpeccu-XokuHca, BBIKIJI.

MeHee 4yBCTBUTEJIbHA K
BEIOpOCaM.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

YparaHuble TPOOHL:
MEepPIEeHTUIIb 00Pe3Ku (JTOoII.)

CpesaTh K rpaHulie BMECTO
ynaneHus (Oor.)

Nms npoduns mias Tabmulilbl

IHonwucaTk B TaOmuUIly Mogesiei

Mopent BapuorpaMMEI (HOBas
Tabnuiia)

Tabmuila BapuorpamMmsbl

Otuetr (HTML)

OTCeB 3KCTpeManbHBIX
3HAYEHUH I10 mepleHTumo. 0 =
BBIKIJI.

Capping: 3KCTpeMyM
cpe3aeTcs K Iopory, a He
yhoasnseTcs.

HNmMms Habopa, Io[ KOTOPHIM
MOAeJb 3aHOCHUTCS B TaOIHUITy
MOpeen.

CymecTBytomas Tabnuiia, Kyma
3aHOCHUTCS pe3ynbTaT. CTPOKM
9TOr0 NMPOoGUIIT 3aMEHSIIOTCS.
HoBas ta6nuia. Co3maércs,
KOr[ga OOIIMCHIBATH eIrne
HeKyIa.

Brixoq: mar, 3HaYeHue v,
KOJIM4YEeCTBO map.

Breixop: rpaduk obnaka map u
MO EJIH.

0

BBIKIJI.

IIyCTO

He 3adaHa

co3maeTcsa

OT6pOH.IeHHLIe TOYKKH MOZKHO ITOJIY4UTH OTHEJIbBHBIM CJIOE€M: BBIXOIO YparaHHLIe l'lpOﬁLI OTJIaéT
KOOPOWHATEI, 3HAYE€HHWEe U IIPDUYHNHY - HHUXKe HNJIN BBIIIEe KaKou I'DAHUIIEL. ITo YMOJI9YaHUIO BBIXOO
BEIKJIIOYEH.

CMoTpeTh ux cTouT. OTCEeB I0 MePIIeHTUII0 He OT/INYaeT OIMMOKY 3aMepa OT HaCTOsIIel aHOMaJINH,
a pellleHre 3TO Te0JIOTUYECKOE: CKOMIeHNEe OTOPOIIIEHHBIX TOYEK B OHOM MecCTe OOBIYHO O3HAa4YaeT

He OpakK, a HEYYTEHHOE TEJIO.

I[TapameTp YTo 3amaéT ITo ymonyaHnuio / coBeT
Touku co ToueuHHIN CIIOM CO -
3HAYEeHUSIMU CKBaXHWHAMHU HJIH

TTlone 3HauyeHusa Z
(mycTo: u3
TeOMETPHUH)

[Tone rpynnupoBKu
(He006s3.)

KomuyecTBO 51aroB

MaxkcuManbHOe
paccTtossHuEe

npobamu.

YucmoBo# aTpubyT Omst
aHaiu3a: OTMeTKa
mJacta, MOIIHOCTD,
cogepxkanue. Ilycro -
n3 Z TOYKHU.

CTpOUT OTHEIILHYIO BBIKJI.
KPUBYIO OJIS KaXXO0T0
3Ha4YeHUs nossd (Hamp.

BU[ pPa3BeOKU) U
HaKJagblBaeT UX Ha

OOUH rpaduk.

Ha ckonbsko 15
UHTEPBAaJIOB

paccTosiHUs

pas3buBaeTcs 061aKo0

map.

HansHUN Kpaun 0
BapUOTPaMMEHI, B

eOuHUIax ciaos (mis
MEeTPOBBIX KOOPOMWHAT -
MeTpHl). 0 = IMoJI0BUHA
ouaroHay 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.

37



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, %

2000 3.0
50 4
1750 oY
e 251 e e
e
1500 /./' ol 401
2.0 /‘/
1250 .,l
[ 3 30
£ 1000 E1s o £ o ® o
= = 7 = e
7 a0 8880
750 . ./. 20 -__._'_.
500 4 L]
0.5 101
&0y 4 rayccosa chepuNecKan rayccoea
250 )) — C0=19.2 C=1Hle+03 — C0=0.864 C=1.66 — C=19.1 C=14.6
-” a=3061 M R*=0.008 a=d820 m Ri=0.993 am5611 M R*=0.917
0 0.0

v T T r 4 u + + ™ T 0 T T - E '
o 1000 2000 3000 4000 5000 6000 (v} 1000 2000 3000 4000 5000 6000 a 1000 2000 3000 4000 5000 6000
narh, m nar h, m nar h, m

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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Heo0s3aTeJIbHO

Kak y «2D Kriging»

BEIKIJI.

1 (IJIOCKOCTB)

HEe 3aJaH
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

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

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

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

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

R - K03hDUIITMEHT KOPPENSIIINU «OlleHKa - PaKT».

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

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

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

ITomnst cmost OCTATKOB:

TTone I[TceBmoHUM OnucaHue

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

51

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.
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0.01

0.001

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

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

Kaxmerii THII BXoOa paboTaeT CBOMM OTpPaHUYEHHEM:

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

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

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

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

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

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

BT
s Y

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

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

TpéxMepHBbIEe TaJIbBEru

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

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

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

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

HOBerHOCTL MeXKNny CTPYKTYPHBIMH JIMHUSAMH

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

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

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

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

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

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

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

I'panua 00/1aCTH NOCTPOEHUST

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

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

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

2.04 TToagroroBKa peiabeda

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

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

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

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

(mot.) arpeccUBHee.

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

I[TogrotoBnenHas LIMP BrixomHot pacTp float32. -

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

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

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

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

— ucxonHasa LUMP

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

200 A

190 T

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

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

2.05 CtoK M akkymyiasanusa (D8)

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

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

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

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

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

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

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

[TapameTp YTo 3amaét

Bxomxas LIMP

ITo ymonm4gaHnuio / COBET

PacTp penbeda. -
1000

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

3anoHUTL IOHUXKEHUS Iepen  ['upapororuyeckas KOppeKUus  BKIIL

pacuéTom IO TPACCUPOBKHU.

Epsilon yknona npu MuHMManbHEHA YKJIOH Ha 0.001

3aloJHeHuu, M (JoII.)
Peunas cetp

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

10 TEYEHMUIO.

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

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

KadecTBa [ IMP.

2.07 BaccedHBI H BOIOpPa3e/ibl

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

[TapameTp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

Bxoguas LIMP
Touku 3aMBIKAHUS

[Topor akKKyMyIsIITUU YCThSI,
siyeeKk

3aIlloMHUTD MOHUXKEHUS ITepeqn
pacuyéTtom

Paguyc nIpuTaKKU TOYEK, M
(mom.)

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

Baccelinbl (pacTp METOK)

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

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

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

BEIXOoq: MOJTUTOHEI C TIOJIIMHU
basin, area m2.

Brrxon: pacTp 1eno4mCciIeHHBIX
MeTOK 6acCelHOB.

IIyCTO

1000

BKII.

150

0.001

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

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

2.08 YKJIOH B 3KCNIO3UIIHUSA

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

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

IIJIOCKME y49acTKu = -1.

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

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

2.09 BepuiMHBI U SIMBbI

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

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

BEPIIKXH B 3TOM paguyce.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

MuHUMaIbHOE IIPEBHIIIIEHNEe, M

BepuiuHs (TOYKHM)

OtcekaeT MeJikKre OYTpHl HUXKE

II0PpOTra Hal OKPY2XKEeHHueM.
BrIxoq: TOYKH C MOJISAMU Z,

drop. JlekapcTBO Ojig MakKyIlIeK

BRIIIIE IOCTIeOHEN 3aMKHYTOMU
TOPU30HTAJIN.

20

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

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

IPOBEPKa JaHHEIX.

2.10 demo-penbed

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

[TapameTp

YTto 3amaéeT

[To ymomr9aHuIO / COBET

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

CK BhrIXOfa (MeTpu4uecKas)
KomMmnakTueuit int16 (morr.)

OeMo-penbed
Touku CTBOPOB (HeEMO)

Tpaccsl KaHaB (ZeMo)

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

COBuUT OTMETKH IIJIOIIAOKH, M
(mor.)

[IpoekTHas TOBEPXHOCThH
(memo)

YyacTtku paboT (gemo)

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

BrixomHOU pacTp.

Tpu TOYKM y TAJIbBETOB [JIs
HHCTpyMeHTa 2.15.

IIBe nmoMaHbIe IIOTIEPEK
TaJbBETOB AJII UHCTPYMEHTA
2.16.

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

[Tapa K penbedy s
WHCTPpyMeHTa 2.18.

Tpu nmomuroHa Ajst pa3déuBKU
BegomocTH 2.18.

300

300

30

42
EPSG:32640

BEIKIJI.

Cco3TaéTcs

co3maeTcsa

0.4
0
BEIKJI.

BBIKIJI.

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

(pparmeHnToB.
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ITapa moBepxHOCTEH IjIsi 00HLEMOB

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

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

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

OBpaxkHO-0a/I0YHAsI CEeTh

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

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

Kypma noxurcsa neMo

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

2. Tonorpadusi: TMarHOCTHKa U MpaBKa

2.11 Pa3genuTh TOPHU3O0HTAJIHN OJISI IPOBEPKHU

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

3adyeM pa3aeasaTh

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

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

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

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

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

PaGounii MOPsATOK

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

ITapaMeTpsI

[TapameTp

YTo 3amaeT

[To ymonm4aHuio / COBET

TopuzoHTanu (JINHUM)
ITone oTmMeTKu

Hcxonmubeii HaGop.
YucioBoe 1moJjie BEICOTHI
TOPU30HTAaIH.

OTkiagbiBaTh Kaxmayio N-1o [ITar mpopezKuBaHU 110 4

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

Cposur Brioopa (Jlor.) CmMme1taeT BLIOOD YPOBHEH, 0

YTOOBI IIPOTHATHh IIPOBEPKY II0
PA3HBEIM IIOOMHOZKECTBAM.

2.12 HeBsi3Ka ropu3oHTasied nportus IIMP

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

Kakue 4yHc/ia BbITAIOTCHA

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

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

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

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

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

OTtuér

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

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

CJ/10M TO4Y4EeK

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

ITapamMmeTpsbI

[TapameTp Yrto 3amaér ITo ymomuyauuro / coBeT

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

YucIoBOe MOoJie BEICOTHI. -

TopuzoHTanu (JIMHUM)

Ilone oTmMeTKH

LIMP (mmocTpoeHHEI! penbed)

PacTp, KOTOpEBIU IIPOBEPSIEM.

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

pazbop.

2.13 IuarsocTtuka reppacunra IIMP

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

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

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

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

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

Ceuenue penbeda

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

IInocKkue y4aCTKH B CUET He UOYT

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

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

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

OTuéTr

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

YeM JI€eUYUTH

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

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

pazbop.

2.14 CHsiTHe cTyneHeH (CrilakuBaHHE C OTPaHHYEHHEM)

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

Kak 3TO BO3MOXKHO

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

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

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

JleueHHe caMoOIIpoOBepsieMoe

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

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

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

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

pasodop.

2. Tonmorpadus (mpogoakeHHE)

2.15 OTYéT Mo CTBOPY

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

Kak 3T0 padoTaer

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

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

Y10 cuHuTaercs

[TokazaTenb ITomne Epurnns
IInourams Gaccelina area_km? KM?
CpenHsst BHICOTA Z mean M
MuHMManrpHas BEICOTaA Z min M
MaxkcuMasnbHasi BEICOTa Z 1max M
Cpenuwnii ykioH Oacceiina slope deg  rpagycel (Horn 3x3)
OTMeTKa CTBOpa Z _gauge M

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

n3MepeHue, IIyCcTto 3TO ero OTCyTCTBHUeE.

ITapamMmeTpsl

[TapameTp

YTto 3amaéeT

[To ymomrgyaHuIO / COBET

Bxomxas LIMP

To4ku CTBOPOB

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

CTBOP.

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

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

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

Bomoc6opkl CTBOPOB [Tonmurous! ¢ aTpudyTamMu Mo co3maéTcs

(TTONTUTOHBI) Tabuile BHIIIIE.

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

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

BpIcTpasi mpoBepKa Ha IeMO

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

I'paHUIIBI IPUMEHUMOCTH

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

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

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

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

Kaxk 3To pab6oTaert

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

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

KOHTyp BMEeCTO IHHHHA

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

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

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

Bpe3ka Tpaccel

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

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

YT0 cuMTaeTcs

ITapaMmeTpsI

[Toka3zaTtenb ITomne Epuaune

IInomans Bogocbopa area_km2 kM2

CpepHss BBICOTA Z mean M

MunuManbHas BEICOTA Z min M

MakcuManbsHas BEICOTA Z max M

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

[Inomane NprEMHUKA seed km2 kM2

fgyeek nmpuéMHUKA trace cells 1T.

fgeek B BomocbHope cells IIIT.

[TapameTp

YTo 3amaéeT

[To ymMom4aHuio / COBET

BxomHas IIMP
Tpaccsl U KOHTYPEL

Bce 06BbeKTH KaK OIUH

BOHgOCOOp

Penved B MeTpax B
MmeTpudeckoi CK.

JIMHUY UIU IIOJIUTOHEI, IO

00BEKTY HAa TPUEMHUK.

OTOEeJIbHBIX.

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

Bpe3aTs Tpaccy B penbed [IpoBepka ymepKaHUA II0TOKA.  BBIKIL.

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

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

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

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

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

BbicTpasi npoBepKa Ha IeMO

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

I'paHUIIBI IPUMEHUMOCTH

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

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

2.18 HaceInu 1 BbieMKH (00BbE€MbBI padoT)

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

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

3HaK U MOBEPXHOCTh CPAaBHEHHSI

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

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

I[IpuBeaeHHe K OIHOH CETKe

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

B XypHas mmedaTaloTCs Hadallo CEeTKH, Iar M YUCJIO s4YeeK o0emx MaTpHIl, a TaKxKe OBIIO U
IpuUBeIeHre. ITO He YKpallleHre, a pabouyuii HHCTPYMEHT, CM. CJIENYIOIINN pas3men.

74



IMoyeMmy mu@pbI PACXOIsATCs C IPYTHMH IMPOrpaMMaMH

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

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

MeépTBasi 30Ha

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

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

YyacTKu u 0aj1aHC

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

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

BbeIxoabl

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

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

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

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

[Tone Ha3BaHUA y4acTKa YwucnoBoe uIu TEKCTOBOE. IyCTO

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

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

y4acTKaM Ha ugucna He Bnuser.

Yyactku ¢ 06béMaMu [TonMUTroHBI y4aCTKOB C co3maéTcst

(TTONIMTOHBI) o6béMaMu B aTpubyTax.

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

Pactp pa3nocTtu BrixogHOU pacTp, HACHIOb co3maéTcs
MIOJIOXKUTENbHA.

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

BbicTpasi npoBepKa Ha IeMO

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

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

I'paHMIIBI IPUMEHUMOCTH

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

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

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

2.19 KanauaaTbl OPOBOK H IOOOIIB

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

[Tapametp Yrto 3amaér ITo ymonyaHuio / COBET

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

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

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

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

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

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

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

2.20 BpoBKH H IOJOIIBLI B padoTy

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

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

[Tapametp YTto 3amaéT ITo ymonyaHuUIo / COBET

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

TornorpamuYecKoro

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

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

4TOOHI HE 3aBOAUTH OTHEJIHLHBIN
OTGUIBTPOBAHHEIN CJIOH.

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

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

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

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

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

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

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

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

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

2.21 ITpumep Kapbepa (aeMo)

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

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

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

pa3Mep He MeHseT.

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

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

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

2.22 IIpo¢dpunupoBaHHEe OTKOCOB

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

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

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

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

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

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

cpasy.

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

3. HOHOJ’IHHTGJ’IBHBIB HHCTPYMEHTBbI aHA/TU3ad

BBICOTHBIE OTMETKH KaK BTOpOﬁ HCTOYHHK

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

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

Kynoa cTaBsITCSI BEPIITHHBI

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

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

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

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

3.01 KaTteroprajJabHbIH HHIHKATOPHBIH KPUTHHT

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

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

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

KaTteropuansHoe none (knacc)

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

BeposiTHOCTH 110 KJTaccaM
(MHOTI'OIIOJIOCHBIH)

Kapta 30H (caMbIli BEPOSATHHIN
KJIAcC)

YBepeHHOCTH (MakKc.
BEPOSITHOCTb)

YPpOBHU BEPOATHOCTHU
Krnacc g KOHTypoB

BukyOuyeckoe criaxxuBaHUE
rpasuil (mor.)

Cxkpyrnenue rpanur (Chaikin),
uTepanmu (gor.)

['paHUIIBl YPOBHEH
BEPOSITHOCTHU (JTMHUH)

[Tonocel BEPOSATHOCTH

(TIOJIMT OHBI)

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

ITouck u ceTKa - KaK B «2D
Kriging».

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

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

PacTp Kopma camoro
BEPOSATHOTO KJlacca,
COOTBETCTBUE KOJIOB B
Kypsxar.

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

HMmMs Kracca poOBHO Kak B IIOJIE

KJIaCCOB. HYCTO = BC€ KJIaCCHI.

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

JluHuu ypoBHEU C KJIaCCOM U
YPOBHEM.

[Tonoce! MeXay YPOBHSIMHU C
TOTOBOY pacKpacKOi.

Kak y «2D Kriging»

MyCTO

HeoO0s3aTelbHBIHR

0.250.50.75
MyCTO

X2

2
Heob6s3aTeIbHEBIN

Heo0s13aTeIbHbBIN

O6pe3ka Mo Macke Takas ke, Kak B 1.02: MOMUToH U3 IMpoeKTa Mub0o BEINYKJiIasi 000JI0YKa TOYEK C
O0ydbepoM. MacKa MpUMEHSETCST KO BCEM TPEM BHIXOAM - BEPOSITHOCTSIM, 30HAM M YBEPEHHOCTH.

Kak cuuTaercs

KogupoBaTh Kmaccel uuciaaMu 1, 2, 3 ¥ MHTEPIOJIHNPOBATE 3TOT KON HEeJb3sA. Y KaTeropuil HeT
MopsifiKa, Kjacc 3 He «maJibllie» Kiacca 1, ¥ cpemHee MeXOy HUMH OeCCMBICIeHHO. [loaTomy
WHCTPYMEHT HUOET UHOUKATOPHBIM HOyTéM. Ha KaxXKAabplli KjlacC CTPOUTCS HHOWKATOP: eOuHUuIla
TaM, TOe CKBaxKMHa 3TOTO KJjlacca, HOJIb Be3lde MHade. KaxXAb MHOMKATOP KPUTYETCS OTOEJILHO
OpOWHAPHBIM KPUTHUHIOM, KaK OOLIYHOE ITO/e, M HAa€T IOBEPXHOCTH OT HYJISI OO0 €OUHUIILI, 9TO U
€CTh BEPOSITHOCTD KJlacca. BaprorpaMma nHOMKaTopa ImoadupaeTcs aBTOMaTU4YeCcKu cepuyeckon
MOIEJIbIO 10 9KCIIePUMEHTaTbHOM.

Pa3pmenbHBIE MHOMKATOPH B CyMMe He Tal0T POBHO eUHUITY ¥ MOTYT HEMHOTO BEIXOIUTh 3a AUATIa30H,
3TO HM3BECTHOE CBOMCTBO MeToda. II03TOMy OIlleHKa KaxKOoro Kjaacca oOpes3aeTcs B HOJMb OOHH, a
3aTeM BEPOSITHOCTH II0 KjIacCaM HOPMHPYIOTCS TakK, YTOOBI B KAXKIOM siUeliKe X CyMMa PaBHSIACh
eIuHuIe.

Korga ckBazkuHa He IIoInajia B CBOIO 30HY

O6pIyHast xkajmoba: CKBaXXKMHA OITACHOTO KJlacCa HapHCOBajlaCh BHE OMACHOM 30HHL. JTO He COOM
rmopbopa, a CBOMCTBO CaMOPOAKa, U pa3o0paThbCsd B HEM CTOUT OO TOTO, KaK KPYTHUTb OCTAJIbHBIE
ImapaMeTpEHL.
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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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PoBHO B TOUKe 3aMepa KPUTHHT TOYEH ITpU JTII000M CaMOpPOKe: OIleHKa B y3JIe, KOTOPBIH JIET Ha YCThe,
paBHa caMoMy MHOMKATOPY. Ho y3en ceTKu IOYTH HUKOTTA He CafuTCS Ha ycThe. [Ipu HeHylIeBOM
caMOpO[Ke IIOBEPXHOCTh OKOJIO TOYKHM TEPIIUT Pa3pPHIB, U Y2KE B HECKOJILKUX METpPaX OT CKBaXKHHEI
OlleHKa ITPOBaJIMBaeTCs K MeCTHOMY cpemHeMy. Ha cuHTeTHYeckoM nmpumepe ¢ camoponkoMm 0.5 B
MISITY MEeTPax OT OOMHOYHOM CKBaXKMHEI Kacca «B» BeposiTHOCTSH ntagaeT mo 0.47, To eCThb IO ITOPOT
0.5, a mpu oOHYJIEHHOM caMopopake ocTaercs 0.97.

Ortcroma mapametp [lost caMmopoaka. [TycToe moje ocTaBiseT aBTonoa6op Kak ects. Homb menaeT
IIOBEPXHOCTH TJIafKOM y NaHHEIX, U CKBaXKWHa yIepKUBaeT CBOM KjlacC B cBoell suerke. OOIas
OUCTIePCUS TPU TIEePEeHOCe NOJIM COXPaHSEeTCs, MEHSIeTCS TOJIbKO TJIaJlKOCTh, IIO3TOMY MacIiiTab
BepOATHOCTEeH He NibIBET. [lomoOpaHHBIE [OONK IO KJjlaccaM IledaTaloTca B 2KypHaji, Tak d4To
CHavaja mMeeT CMEIC/ IIPOCTO MOCMOTPETh Ha HUX: OOMIBIION CaMOPOMOK O3HA4YaeT, YTO KIIACCHI
repeMenialbl Ha KOPOTKUX PACCTOSTHUAX, U 9TO CoflepKaTeNIbHBIN (aKT O JaHHLIX, a He IoMeXa.

OOHYNIATH CAaMOPOJOK HYXKHO C OTKPBITEHIMU Trna3amu. OH He BRIAyMKa mnombopa: OH HM3MepsieT,
HACKOJIBKO COCEeOHME CKBaKUHBI PACXOOATCHA B Kilacce. Holmb 03HauaeT pellleHue CUUTaTh KakK OB
3aMep TOYHHIM U 00sg3aTelIbHBEIM K UCHOJIHEHMIO. [IJiT KapT ONAacHOCTH 3TO YacCTO IPaBUIBHO,
IIOTOMY 4YTO IleHa IIPOIlyCKa M IleHa JIOXKHOW TPeBOTM HECHMMETPUYHB], HO KapTa II0CJIe 3TOTO
CTQHOBUTCS XKECTUE U NATHUCTEE.

BTopoe, oT 4ero 3aBUCHUT NollafgaHue, - s4yekika. OlleHKa CUMTAETCS B IIEHTPe S4YEeUKH, U eClid B
OOHY SYEHNKY Iomajii CKBa*XWHHBI Pa3HBIX KJIaCCOB, HUKAKOW CaMOPOOOK WX He pPa3BeleT. A4delky
3aJaBalTe MeJjibue PaCCTOSTHUS MeEXKOYy COCeOHUMM CKBaXXMHaMU. TpeThe - rpaHulla IIOJIUTOHA:
IIOJIOCHI BEPOSITHOCTH CTPOSITCSI M3 pacTpa CO CIJIakKMBaHWEM U CKpyriaeHueM, obfa HEMHOI'O
OBUTAIOT JNIMHUIO YPOBHS OTHOCUTENBHO f4YeeK. Ecmu Todka BHIIUIA 3a I[I0OJIOCY Ha BOJIOCOK,
IIPOBepbTE CHadasa 3To, CHAB 00a CriakKuBaHUS.

Y9TO0 Ha BBIXOJE

Tpu pesynpraTta. MHOTOIIOJIOCHBIM pacTp BEePOSITHOCTEHM, OJHa IOJIoca Ha KJjacc, UMs Kjacca
3aIMcaHo B OIMCcaHue noJiockl. KapTa 30H, KOO caMOro BepOsSITHOTO KJlacca B sSs4eliKe, COOTBETCTBUE
KOIOB M KjlaccoB meuaTtaeTcss B ZKypHas. HeoOs3aTenbHBEIM pacTp YBEPEHHOCTH, MaKCHUMYyM
BEPOATHOCTHU B s{qeﬁKe, II0 HEMY BHUIOHO, I'i€ KJiaCC YBepeHHBIﬂ, a Irme 30HHBI CIIOPAT W IIPOXOOUT
rpaHulia.

KapTta 3oH P{zameweHue) YEepeHHOCTE

- : , 10 - 10
64 . 3aMELIEHNE & i 64 i
5 4 5 54
7 0.6 0.6
z 44 1 " = Z 44
=49 " vactmumoe = 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: Pe3ynbpTaT KaTerOpUaTbHOTO HHANKATOPHOTO KPUTHHTA: KapTa CaMOT0 BEPOSITHOTO Kjlacca
M0 MHUHEPanbHOMY THIy, (OH CHIBBHHHUTA C OYaraMu 3aMENIeHUs], CBEPXYy HAHECEHBI TOYKH
CKBAXXWH.

Emié ogHO HOCTOMHCTBO O0OHAPYXKUBAETCSA Ha HAHHBIX C BhIOpocaMu. OOBIYHBIN KPUTHHT BRIHYKOIEH
VHTEPIOIUPOBAaTh BEJIMYMHY, U OOHA aHOMAaJibHas mpoba JIoMaeT BapuorpaMmy: Iapa OIM3Kux
TOYEK C HECOIIOCTAaBUMEBIMK 3HAUYEHUSIMU IIOOHMMAaeT HaIrTeT, ¥ KapTa BEIPOXKIAETCS B CpPeOHee.
UugukaTop paboTaeT He C BeIWYWHOM, a C (aKTOM IIPUHAMAIERKHOCTH K KJIAcCy, IO3TOMY
aHoOMaJbHOE 3Ha4YeHVe B HEM HEOTJIMYHUMO OT JII000T0 IPYroro o Ty Ke CTOPOHY mopora. TaMm, roe
TMoKa3aTenb BeOET cefsi AUKO, a BOMIPOC 10 CYTH OBOUYHHIN, MHOWKATOPHBIN Ty Th Haf€XKHEe MPSIMOU
VHTEPIOISLNH.
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KaTeropuaneubii nmomxopn ymoO0eH TeM, 4TO He TpeOyeT 3apaHee IPOBOOUTH rpaHully. He HyKHO
pemaTth, CUUTAThH 1M YaCTUYHOE 3aMellleHWe OIacHHBIM. KapTUPYIOTCS BCe THUIIBI KaK €CTh, a
HYXKHYI0 KOMOMHAIIMI0 KJIacCOB COOMpPAIOT IIOTOM U3 BepOSTHOCTeN. Pemkue KiacCel C MalbIM
YMCJIOM CKBaXKWH [Al0T IIYMHYIO BapHorpaMMy, MHCTPYMEHT IpenynpexaaeTr o6 stom B 2KypHar,
BEPOSTHOCTH 10 TAaKOMY KJIACCy YUTalTe OCTOPOXKHO.

YToOB OCBOUTL MHCTPYMEHT 0e3 peasybHBIX HAHHHIX, BKIIOUYHTE B IIpuMep CKBaxkKuH (IeMo)
ranky J1o0aBHTh KaTeropHajJibHOE Iojie MHHTHIA. B cioi go6aBuTcs moje mintype ¢ GpoHOM
CUJIBBMHHTA ¥ OodYaraMy 3aMeIleHHus o o0pas3ily pygHWKA, Ha HEM HMHCTPYMEHT MOIKHO Cpasy
IIPOTHATh.

ITpu HepaBHOMEPHOM CETHW MOXKHO 3aJaTh HeoOsi3aTenbHOe moje BecoB wt u3 mHCTpyMeHTa 1.01
Hexnacrepu3anusi. Torga MHOUKATOP KaXKOOT0 KJjlacca KPUTYETCS K ero OeKJIacTepPU30BaHHOU
mosie, a He K HYJIIO, II09TOMY BIaJlX OT HAHHEIX BEPOSITHOCTE CTPEMUTCS K IIPEICTAaBUTEIIFHOM NOJie
Kiacca. be3 BecoB oBegeHue IpexKHee.

BeKTOpHBIe I'PaHHIIBI I1I0 BEPOATHOCTIAM

KapTa 30H OTBe4aeT Ha BOIIPOC «KTO MOGEHusI B T4eiKe», ¥ 9TOTO YacTO Maslo. [IJisi mIaHUupPOBaHUS
Hy»XKHee T10JI0Cca IIepexofa: e KIacC YBepPEeHHLIH, TIe CIIOPHBIHM, TIe YBePEeHHO APYroi. DTO JaioT
OBa Heo0A3aTeIbHLIX BEKTOPHBIX BEIXOMAA, II0 YMOIYAHHUIO BEHIKITIOYEHHEIX.,

YpoBHU 3amaloTcs napamMeTpoM, no ymondasuio 0.25, 0.5 u 0.75, TO eCTh YeThIPE IOJIOCH: YBEPEHHO
HET, OBe CIIOPHEBIE U YBEPEHHO Aa. JIMHUK HeCyT KJIacC ¥ yPOBeHb. [I0IUTOHELI HECYT KJlacC, TPaHUIIE
nonnockl B nonsax P_MIN u P_MAX u rotoByio IOANUCH ITONOCH B tonie band Buga «0.25 - 0.5». ITo
3TOU MOAIMCHU CJIOM Cpa3y pacKpalluBaeTcCs KaTeropusMu OT 3eJIEHOT0 K KpaCHOMY, HacTpauBaTh
JIeTeHOY pPyKaMM He HYXKHO.

OpHa Mmojioca MOXKET IIpHexXaTh HECKONIbKHMHM OObeKTaMM, €CIIM OHa pa30uTa Ha OTHebHBIEe
YYaCTKH IIOIaan. DTO HOPMAIbHO U YIOOHO: IIJIOMAAH CYUTAIOTCS 110 KaXIOMY y4aCTKy OTHEeIIbHO.
B nereHpe mpu 9TOM POBHO CTOILKO CTPOK, CKOJIBKO II0JIOC, IIOTOMY YTO pPacKpackKa HUIOET II0 II0JI0Ce,
a He TI0 OMHOU eé TpaHulle.

['paHUILIBI CTPOSTCS IO KaHally BEPOsITHOCTEH, a He 10 KapTe 30H, ¥ 9TO He MeJloyb. KapTa 30H XpaHuT
TOJIBKO ITOOEeuTE s B SUeliKe, a rie UMEeHHO BHYTPU STYEHWKH ITPOIIIa FPaHUIla, B HEH yXKe ITIOTEePSHO,
M KOHTYP TAKOM KapTHl UOET CTYIEHSMHU 110 KpasM sidyeek. CriiakmBaTh TaKyl0 JI€CEHKY 3HAYUT
BLIOYMEIBATH IIOJIOKEHUE T'paHUIlbl. [1oe BeposaTHOCTEM 3Ty MHGOPMAIINIO OePKUT, U KOHTYP II0
HeMY JIOKUTCS TyHa, KyJda ero CTaBUT caMa MOJEIb.

IIpu gByx Knaccax ypoBeHb 0.5 coBmagaeT c rpaHUIled 30H: KjIacc mobeKgaeT POBHO TaM, T'Ae ero
BEPOSITHOCTH BHIIIIE IIOJIOBHUHEL. [10oaTOMYy OofuH ypoBeHSb 0.5 gaéT o6beI4HyI0 OMHAPHYIO KapTy, TOJIBKO
C TJIaJKOM TpaHHlled BMeCcTO cTymeH4YaTou. IIpu Tpéx m Gojee Kjlaccax 3TO yXKe pa3HbIe BellH,
mobenuTs MOXKHO U ¢ 0.4, M 3[eCh CTPOUTCS UMEHHO BEPOSTHOCTL OBITH JMAHHBIM KJIACCOM, a He
TrpaHulia mo0eIuTens.

IIpu OBYX Kilaccax BOuCHIBakiTe B K/Tacc mjIsi KOHTYPOB WHTEPECYIOINi. BeposSTHOCTH OOIOIHSIIOT
OPYT Apyra [0 eOUHUIIE, ¥ BTOPOH Habop OymeT 3epKajIbHBIM Ay0JIeM IEepPBOrO.

3.02 Kpurunur ¢ BHemrtHuM apeundom (External Drift)

HUuactpyMeHnT Kpurunr ¢ BHemHuM apeidom (External Drift) oienuBaeT mose IO TOYKaM,
KOTZa OHO 3aKOHOMEPHO CBSI3aHO C BEJIWYMHOM, KOTOopas yXKe M3BeCTHA BCIOAy B BUOe pacTpa.
Takoi pacTp Ha3bBalOT AperdomM. MM MoxKeT OLITh CTPYKTYPHAsSI IOBEPXHOCTh COCEOHErO IJIacTa,
rpybass pervoHasjibHas MOMAEesb, ITOBEPXHOCTb II0 PEOKOM CeTKe WU CeNCMUYEeCKui aTpubyT.
OOBIYHBIM KPUTUHT BUOUT TOJBKO CaMU CKBaXKMHHI, a 3[IeCh K HUM pfobaBiisieTcsa 3HaHUE O ¢hopMe
[OJIg MeXKIOy HUMH, U OlleHKa OIUpaeTcsd Ha 3Ty (OpMy TaM, TIe CKBaXXUH HeT.

HWHCcTpyMeHT cTOUT B rpyiie [1OnOJIHUTE/IbHBIE HHCTPYMEHThI aHa/IM3a U OIIUpPaeTCs Ha TO XKe
saapo, 4to u 2D Kriging. MaTteMaTuka KpuUTrMHTa He MeHseTCsd. MeHsIeTCS TOJILKO TO, II0 YeMy
CHHMaeTCs pernoHalbHasl COCTaBIIAIIIaA.
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I[TapameTpsr:

[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

ToueuyHBIN CIIOU
ITone 3HaueHus (Z)
PacTp BHemIHero npeiida

Kanan pactpa gpetida (Hor.)
CreneHnsb gpetida

Tun KpurvHra, paguyc,
MUH./MaKC., HaITE€T, CTPYKTYPHI
Crnaputs rpup (I'aycc),
paguyc criaXuBaHHUS

PacTp kpurusra c gpetidpom

CraHmapTHas ommbKa
KPUTHHTa

HcxonHblEe TOUKU.
HHTeprnonupyeMsld aTpuoyT.
CTOpPOHHSS TOBEPXHOCTE S,
U3BeCTHas Bcioay. B ogHoOMU
CRS c Toukamu, IOKPHIBaET
0o0acTsb.

[Tormoca MHOTOIIOIOCHOT'O
pacTpa gpetida.

JInnennas (a0+al-s) unu
KBafjpaTU4Has CBS3b.
KpuruHr octaTkos - Kak B «2D
Kriging».

Heob6si3aTensHoe
CcrijlakMBaHUe pe3yJibTarTa.
BrixopmHas oneHka (mpeud +
KPUTHUHT OCTAaTKOB).
Heo6si3aTenbHBIN pacTp
CTaHOAPTHOM OIIMOKH

1 (IMHEeNHEbIN)
Kak y «2D Kriging»

BRIKI. / 1

MPOTYIIEeH

OCTaTKOB.

B yéM oT/IMYHE OT CHATHSI TPpeHIa

®naxok CHATH IOJITMHOMHAIbHEIN TpeH y 2D Kriging onuceiBaeT pernoHaabHY0 COCTaBIISIOIIYIO
TTOJTMHOMOM OT KOOPOWHAT, TO €CTh HAKJIOHHOM WMJIYM MU30THYTOM MJIOCKOCTHIO. DTO TOOUTCSH, KOTAA
IajieHue IlacTa OOHOPOIHO U ero ¢opma npocta. Ho ecnu y mons ecth BEIpaXkKeHHAs CTPYKTYPA,
IIOBTOPSAIOIIAas: U3BECTHYIO IOBEPXHOCTD, IIJIOCKOCTh €€ He OIUIIET.

BuemHul npetid cCHUMaeT PeruoHaIbHYI0 COCTABISIONIYIO He II0 KOOpOWHATaM, a 10 CTOPOHHEMY
pactpy. Ecnu, HanpuMep, KpOBNs MHTEPECYIOIIETOo IIJlacTa IIOBTOPSeT pefbed MMOACTHUIIAOIIETO,
OJI1 KOTOPOTI'O IIOBEPXHOCTH y2Ke IOCTPOEeHa, 3Ty CBA3b CHUMAIOT perpeccuei Ha MOLCTUIAOIIYIO
IIOBEPXHOCTH, a KPUTYIOT yKe OTKJIOHeHUs oT Heé. [Ipeiid 3mech He GyHKIMS MecTa Ha KapTe, a
yHKIINSA 3HaYeHUS BHEIIHETO pacTpa B TOW XKe TO4YKe. BCé ocTanmbHOE COBIAfaeT CO CHATHEM
[IOJIMHOMHUAIBHOTO TPeHAa. ITO Ta Ke CXxeMa perpecCUs-KPUTHUHT.

Kak cuuraercs

CHaugasna pacTp apedda CUMTHIBAETCS B KaXXOOW CKBaXKHMHE, OMITMHEHHO MO YEeTHIPEM COCEeOHUM
sd4enkaM. 3aTeM 3HadeHUe II0JIs Perpeccupyercss Ha O9STO CUYWTAHHOE 3HadeHHe MeTOooM
HaWMEHBIINX KBaApaToB. CTeneHns aperda 3amaét Bup cBsizu. CTemneHb 1 9To NUHEHHBIH Apeid
BuOa 3HayeHHe paBHOo a0l mmioc al Ha gpeiid, oObIUHEIM BEIOOP mas External Drift. Cremenp 2
OIMMCHIBAET M30THYTYIO CBS3b C KBajipaTOM Opeida, HO MoxKeT BoOpaTh B ceOsi 4aCcTb peanbHOM
CTPYKTYPHL, II03TOMY IIOCJIe HE€ CTOUT IIOCMOTPETh Ha BapuorpaMMy OCTATKOB.

Ianbie KPUTYIOTCS OCTAaTKM Perpeccuu, POoBHO Kak oOwryHOoe momne B 2D Kriging, co cBoeit
BapMoOrpaMMOM, ITOMCKOM U aHM30Tpomnuel. Ha mocnegHeM 1miare pactp mperida nepecyuThBaeTCs
Ha CeTKy KpPUTHHTa, U Aapend mobaBisgeTcss K KPUTOBAaHHOM OIleHKE OCTAaTKOB oOpaTHO. MToroBas
OlleHKa B KaXK[oN s4YelKe paBHa IOpeldy IJIIOC KPUTHMHT ocTaTKa. [IoCKONBKYy Apelid H3BEeCTEH
BCIOOY, OIleHKa MeX[y CKBaXKMHaMM TSHETCS He K JIOKaJIbHOMYy CpeOHeMy, a K (opMe BHEIIHEN
TTOBEPXHOCTH.

CxBaXUHBI, KOTOPHIE IIOTIAJIY 3a ITPEebl pacTpa apetida, B mogbop He UAYT, MHCTPYMEHT COOOIIIaeT
B 2KypHa, CKOJIbKO MX OTOPOIIEHO. fAYelKy CEeTKH, He MOKPHIThIE PAacTPOM aperida, HJOCTPOUTH
HedeM, T03TOMY OHM OCTAIOTCS MyCTHIMU BMECTEe CO CTaHOAaPTHOM OIMUOKON B HUX.
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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.

ATpHUOYTHI CTEHEePHPOBAHHOT O CJIOSI

ITone Tun YTO comepXKUT

well TEKCT WMs1 CKBaXKUHHL.

roof 4MCII0 OTMeTKa KPOBJIH, M.

thick 4UCII0 MoIIHOCTS IIJIacTa, M.

X YICJIIO CopepzKaHHue IIOJIE€3HOTO
KOMIIOHEHTa, IIPOIEHTHI.

head YMCII0 Hamnop (rupporeosyioruiyecKkui
BapHUaHT JaHHBIX), M.

K 4UCIIO Koaddunuent bunsrparum,
M/CyT.

T YUCIIO BopmomnpoBoguMOCTE, M?/CYT.

mintype TEKCT MuHepanbHBIU THI (KJIaccC A4
WHANKATOPHOTO KPUTHUHTA).

dz 4UCII0 [TorpemHoCTh OTMETKHY - OJIS
B3BEIINBaAHUSA U
9KCIIEPUMEHTOB.

HaGop momned 3akphiBaeT BCE MHCTPYMEHTHI MJjlaTuMHA: MHTEepronupyhte roof m thick oObIYHBEIM
KpuruaroMm, X - C TpeHOoM, mintype - wuHpukaTtopHbM, head/K/T - rupgporeonorudecKuMU
MHCTPYMEHTAMMU.

ITapaMmeTpsl

ToueuHbIH C/IOH ¥ IMOJIe 3HaYeHus Z 3amaoTcs Kak B 2D Kriging. [Tapametrp PacTp BHenIHero
operda 3TO ¥ eCTh CTOPOHHSIST TOBEPXHOCTh, U3BECTHAs BCioAy. Heobsi3aTenbHEINM KaHall pacTpa
operda BrIGUpPaAeT MOI0CY MHOTOIIOJIOCHOTO pacTpa. I[IoMCK, pa3Mep siUeiku, oxXBaT, oOpes3Ka Io
KOHTYPY CKBAXWH, HarT€T W CTPYKTYPH BapHOTPaMMEI, OTCEB yparaHHBIX NMPoO M CTriIakKUBaHUE
rpuma paboTaroT ¥ OIMMCAHH Tak ke, Kak y 2D Kriging, ¢ TemMu ke yMoT4YaHUSIMHU.

Baxnoe ycrnoBue. PacTp maperida ¥ TOYEUHBIM CJIOM OOJIKHBEI OBITH B OOHON CHUCTEME KOOPAMWHAT,
vHaye 3HaueHue papeiidpa cHumMeTrcs He B ToM Touke. [Ipu HecoBmamenum CRS wuHCTpyMeHT
npenynpexmnaeT B XKypHan. Pactp mpeiida monkeH MOKpPHIBaTh BCIO 00/1aCTh OLIEHKH, MHa4de I10
KpasM IOSBATCS IIyCThHIE TUYENKU.
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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

106



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.

ITogBan yeprexka

1 mucTa THOPOCTBOPA OTHENbHO BHIODAETCS IIOOBAJl - CTPOKA Ha yYaCTOK C IIMPHUHOMN, CpemHem
TIyOMHOM, IIOMIAAbI0 CEYEHUsI, CMOUYEHHBIM IIEPUMETPOM, TUAPABINYECKHUM PaguyCoOM, YKIIOHOM
B IIpOMUJLIE, KO3(GDHUITMEHTOM IIIePOX0OBATOCTH ¥ 00PATHOM eMy BETUYMHOM, CKOPOCTBIO, PACX0A0M U
mojiel oT cymMmmapHoro. OTMeTKa 3amaéTcs mapaMeTpoM, 6e3 Heé 6epéTcsi mepBasi o 06eCIeYeHHOCTH.

PsmoM uMOyT OTMETKH 3€MJIM M PACCTOSHHS TOYKaMHU - HUXKHHE CTPOKM TOTO Ke depTexka. JIuCT
cobupaeTcs meYaTHOM KOMIIOHOBKOM: MHCTPYMEHT OTHAET HaHHBIE, 0hOpPMIIEHNE KUBET B I1abJI0He.

YT10 BasXKHO 3HATh 0 MeToae

®opmyna MaHHUHTa ONMCHIBAaE€T YyCTAHOBUBIIEECS PaBHOMEPHOe ABUXKeHMe. KpuBasg mo HeU 3TO
TUOpaBIMYecKas XapaKTepPUCTUKa CTBOPA, a He PACYE€T BOJIHBI IIOMYCKa, U MHCTPYMEHT OOJIbIIIEeTro
He obeIraer.

YKJIOH BXOOUT B pacxon 1mog KOpHeM, ITO3TOMY omrnOKa B HEM CKa3hbIBaeTCs IIpAMO. Ha PAaBHUHHEIX
PeKaxX OH MaJl, U SHa4YeHHUe BCeraa IiedaTaeTCs B XKypPHalJl, 9TOOBI IIPDUHATOE OBLIO BHOHO.

YT0 Ha BBIXOIE

Tabmuila KpUBOM IO ydYacTKaM M CyMMAapHO C IJIOIIaAblo, IIMPUHOMN, IIEPUMETPOM, PamuyCoM,
CKOPOCTBIO M PACX0OoM Ha Kaxkaoi oTMeTKe. IIpodusu CTBOPOB, YPOBHU, IIOOBAI U OTMETKU 3€MIIH
OTHENbLHLEIMH CJIOSSMH B YePTEXKHEIX KOOPOHUHATAX.

Otuétr HTML mo kKaxXXgoMmy CTBOPY: MPO(UIbL C HAHECEHHLIMU YPOBHSMU U I'PAaHUIIAMU YYaCTKOB,
rpaduK 3aBUCHMOCTH pacxofa OT OTMETKU C JUHUIMU 00ecnedyeHHOCTH, Tabiula ypoBHEH u
Tabuila KpuBOW. PUCYHKM BCTPOEHHI B CaMy CTPAHUILY, IO3TOMY OTUYET OCTAETCS OOHUM (alyioMm,
KOTOPBIM MOKHO IIepeciaaThb.

6.02 ITo/IMTOH 3aTOIVICHUS

Pexert IIOBEPXHOCTH OTMETKOU BOIHI U BI:IJIaéT KOHTYD 3aTOIIJIEHUA U PACTP FHyﬁI/IHBI.

OTMeTKy MOXKHO 3aJlaTh IPSIMO, @ MOKHO PACX0IOM: TOTHa OHa OepETCs 0OpaTHEIM XOIOM 110 KPUBOU
oT 6.01 - TeM caMBbIM OBUIKEHHEM, KOTOPOE Ha PYYHBIX IIOCTPOEHUAX PUCYIOT KPACHOU CTPEJIKOM.
Kpusas momaétcst Tabnuiel, pacxo YUCJIOM, IPUHSTAsd OTMETKa IeYaTaeTcs B XKypHaJl.

HUuctpyMeHT oTmenéH oT 6.01 HaMepeHHO: ¥ HEro OPYTro¥ BXO4 U OPYro¥ noTpebuTenb, U TOHATH
BeCh PaCY€T KPUBOU pafy OOHOTO IIOJIUTOHA He3adeM.
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YPOBeHL BIOOJIb PEKH He€ IIOCTOsIHEH

BBer II0 TEYEHHUIO OH BEHIIIE, U CPE3 BCEM MJIOMIagu OOHOM OTMETKOM 3ajIiBaeT OOJINHY TaM, I';je OJHO
HUXKe 3TOU OTMETKHU, XOTS Boaa TyOa He JOXOOUT. HOSTOMY YPOBHH IIOOAIOTCHA IO CTBOPAM: U3 HUX
IIOOHMMAaeTCs IIOBEPXHOCTE BOOEBI, 1 FJIyﬁI/IHa CUHUTAETCS OT HeE.

EcThk mBa nyTu. ['0OTOBBIE YPOBHU JIMHUSMU - OEPETCSA BHIXOI YPOBHH IO CTBOpPAM Ha KapTe U3
6.01. Vinu xkenaeMbIM pacxof IO yKe IMOCUUTAHHOM KPUBOW: TOJAIOTCS CTBOPHI Ha KapTe, Tabiuia
KPWBOM ¥ YHCJIO, U TI0 KaXKOOMY CTBOPY OTMETKa HaXOOUTCSI OOPATHBEIM XOOOM.

BTopo#i nmyTh OoTBedaeT Ha YacCTHIM BOIIPOC O KaTacTpoduYeCKOM ClleHapuu. KpuBas oT pacxoma
HEe 3aBHCHUT, OHA XapaKTEepPUCTHKA CTBOPA, IMO3TOMY J000M pacxof, a HEe TOJBKO PACYETHEHIH,
pexetcs 6e3 mepecuéTa 6.01. CTBOP, Y KOTOPOT'O PACXOJ BHIIIE]I 3a BePX KPUBOM, IIPOITyCKAETCS C
MpeaynpexaeHueM: KpUBasi CTPOUTCS OO0 Bepxa ITPoGuJis, U BHIIIE HErO0 OTMETKY B35Th HEOTKYy[a.
Ecnu Takue clieHapuu HYXKHBI, IIOOHUMHUTE BEPXHIOI OTMETKY B 6.01, ¥ KpuBas IPOMOONIKUTCS C
3aracom.

YepTEXKHBIN CJIOM YPOBHEU OJig KapThH HEe TOOUTCHA: ¥ HETO 0 TOPU30OHTAIM PACCTOSHKE BOOJIb
CTBOpa, a He KoopauHaTa. MHCTPYMEHT 3TO PacHo3HAET U OTKa3hblBaeT C OObSICHEHUEM, KaKOM
BBIXO[ OpaTh.

MeJkue OsSTHA OTCEKAIOTCS IO IJIOIIaAu: Ha PABHUHHOW ITOMMe OOWHOYHBIE TYEHKUW HHUXKE ype3a
OaloT Kpall, KOTOPHIHM K Pa3/IUBY OTHOLIEHUS He uMeeT. CBI3HOCTb C PYCJIOM He IIPOBEPSIETCs, U 00
9TOM CKa3aHO B XKypHaJjie: 3aMKHYThHIE TTOHUXKEHUS B CTOPOHE OT PEKU OCTAHYTCS B KOHTYpPE, U 9TO
BUIHO Ha KapTe.

6.03 UmnopT Tad/IMI CTBOPOB

ITpeBpaliiaeT TaGIUIy TPOMEPOB B CTBOPHI C OTMETKAMHU B BEPIITMHAX.

CyliecTBylllie MIpOorpaMMbl [AepzkKaT IIpoduIb OapaMM pPacCTOSHKWE OT Hadajla CTBopa M
abcosiioTHasT OTMETKa, W 3a rombl paboThel Takux TabnuIl HaKallJIMBaeTCcsl MHOTro. IlepeOuBaTh
ux pykamu papgu nepexopa B 'MC He3aueMm.

Ecmu cTBOPH yKe OoIu¢p)pOoBaHL HAa KapTe, MOgalTe WX CJIIOEM: IIPOMEPHI JIATYT BOOJIb HACTOSIIUX
JINHUM, ¥ PACCTOSHUE TI0 CTBOPY CTAaHET PaCcCTOSTHUEM BHOIb MuHWU. CTBOP, AJIT KOTOPOTO TUHUM
He HAIIJIOCh, CTPOUTCS CXEeMOH C IpeaynpexaeHrueM, IPOMepH! OINHHee TUHUN IPUXKUMAIOTCS K €€
KOHIIy TOXe C IpeaylIpexneHueM.

Be3 cos nuHNYN reoMeTpus CTPOUTCS NPSAIMEIMU CTBOPAMU 110 a3UMYTy M KUJIOMeTpaxy. ITO CXeMa,
a He CbEMKA, ¥ Ha pacyeéT KPUBOU OHA He BJIMSET BOBCE: KPUBOU HYKHEI PACCTOSIHUS BAOJIb CTBOPa
U OTMETKHU.

BMmecTe ¢ mpoduiieM IIepeHOCSITCH PacCuETHEIE CBOMCTBA, €CNTH OHU B TAOIHIlEe eCTh: T'PAHUITLI
Y4aCTKOB, IIIePOX0BATOCTH U YKIOH. be3 HuX BepHysach Ol TeOMETPHS, HO He PacuéT, ¥ KpuBasi o
BOCCTAHOBJIEHHLIM CTBOPAaM Pa30IIIack OBl C MCXOOHOM.

6.04 IIpumep peku (aemo)

YuyebHas Oelmo4YKa CTBOPOB C U3BECTHBIM OTBETOM: OOJIMHA C PYCJIIOM U OBYMA nouMaMM, OTMETKH B
Z BEPIINH, II0JIS Y94aCTKOB, III€POX0OBATOCTH, YKIIOHA U KUJIOMEeTPaxXa 3allOJTHEHHI.

Pycrno u moiiMBI UMEIOT Pa3HYyIo IEPOXOBATOCTE, I09TOMY Ha KPHMBOM BUIHO, KaK BKIIIOUAETCS ITOMMa:
mo OPOBOK PAcxXof PacTET KPYTO, BEIIIIE epejioMa IoiiMa go0aBiseT IIolanb, HO Mao moOaBiseT
pacxoma.

KpomMe cTBOpOB BHIgar0TCs TabuIila IPOMepPoB - Bxomd Ot 6.03 - ¥ IMOBEPXHOCTH HOJIMHBEI PACTPOM,
BXxom miast 6.02: pes3aTh 3aTOIJIEHWI0O HEYero, MO0Ka M[OJIMHA CYIeCTBYeT TOJIbKO JIUHUSMU.
TToBEpXHOCTL CTPOMUTCSH W3 TeX Ke CTBOPOB, YTO W KPWUBHIE, ITIO9TOMY IOJUTOH 3aTOIJIEHUS U
KPHBasi PpacxooB I'OBOPST 00 OJHOM MOIUHE, a He 0 IBYX ITOXOKHUX.
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OTHeNnbHBIM BBIXOMOM MOET 3TAJIOHHAS KPHBAsi, IIOCUHMTAHHAS SOPOM HAIpsMyl. PacxoxkmeHue C
TeM, 4TO AacT 6.01 Ha 3THX JKe CTBOpPAx, eCTh omnbKa MHCTPYMEHTA, a He MaHHbLIX: OTBET U3BECTEH
3apaHee.

Kak npoBepsTsh rpymnny

IToctpoiiTe mpumMmep, momaiTe CTBOPHl B 6.01 u cBephTe TaGMIy KPUBOM C ITAJIOHHOU - OHU
00s13aHEI COBITACTh. 3aTeM momaiTe Tabmuily mpoMepoB B 6.03 BMecTe CO CII0eM CTBOPOB HOEMO:
BOCCTAHOBIIEHHbIE CTBOPHI JIATYT IIOBEPX HMCXOOHBIX M OAOyT Ty XKe KpuByio. HakoHell, nmomaiite B
6.02 MOBEPXHOCTDH HOIUHEI, KPUBYIO PACXOOO0B M PACXO[ - IIOJIyYUTE KOHTYP 3aTOIIEHUS U TITyOHHY.

Yero B rpynmne moxa HerT

IIpoMepHl OTOENbHBIM CIIOEM TOYeK u cpeld mpodunst ¢ LIMP mns cTtBopoB 06e3 Z. BatumeTtpus:
BOCCTQHOBJIEHME OHA MeEXOy IPOMEPHLIMH CTBOpPaMM BHOIb pycCja - OTAeNIbHaAsA 3aJada CO CBOeH
QHU30TPOIINEN, U 1O HEE KPUBBIE CYUTAIOTCS 110 ITIOBEPXHOCTSAM, '€ OHO €CTh.

7. PpaKkTaJILHBIA aHAIH3

7.01 ®paKTajgibHasAi pa3MePHOCThb

WHCTPYMEHT CTPOUT KapTy ppaKTanbHOU pPa3MepPHOCTH IOBEPXHOCTU BapUOTPAMMHBIM METOIOM,
POOHBIM i IJjIarvHa. B CKONb3sieM OKHe CUMTAEeTCs JIOT-JIOT BapuorpaMma IO jlaraM OT OOHOU
mo N sdeek, IO e€ HaAKJIOHY OIpefessieTcss mokKasaTesb Xépcta H, a pa3MepHOCTh BHIYUCISIETCS
kak D = 3 - H. Ha rimagkux nuddepeHupyeMrix ygactkax D okomIo 2, Ha U3pe3aHHBIX U IIYMHBIX -
6nuxke K 3. PaboTaloT He CTONIBKO CaMM 3Ha4YeHUs, CKOJILKO UX Ilepelnafbl: MU IIPOSIBIISIOTCS 30HEBI
TEKTOHWYECKUX HapyIIeHU!, IPaHuIlbl 6JI0KOB M CMeHa XapaKTepa peiibeda KPOBJIIH.

I'pun D cpa3y moxHO nogats B 1.04 U301mHuM U3 pacTpa U NOJIyYUTh U30JIUHUN Pa3MEPHOCTH.
B pomonmHUTENBbHBIX apaMeTpax IpenyCcMOTpeHa BO3MOXKHOCTL 3amnucarTb H BTOPHIM KaHaIOM.
I'no6anbubie D u H 1o Bcel TOBEPXHOCTYU BHIBOOATCS B XKypHall.

Kak uurars KapTty

AGcomoTHbIe 3HaUeHUsT D BazKHEI MEHbIIe, YeM UX Iepernanbl. JINHeNHbH ITepenas yepe3 miIoilanb
- TMHeaMeHT, KaHOuOaT B TEKTOHUYECKoe HapylleHue. [T9THO MOBHIIIEHHOM D - 30Ha MHTEHCUBHOM
CKJIaYaTOCTH UJIN U3Pe3aHHOro penbeda Kposiu. OOMIMPHLIE POBHLIE TTOJIS HI3K0M D - CIIOKOMHEIE
OJIOKH. ,]1)'[5{ YTEeHHUs MO2XKHO IIDUMEHUTHh OOJHOKAaHAIbHYIO IICEBOOLBETHYIO CUMBOJIUKY C KOHTpaCTHOﬁ
MaJUTPOM U Kiaccuuraue KBaHTUAIMU. 7151 OTYETHOTO TIJIaHa Mo rpuAy D CTPOsITCA N30IUHUU
c nosicaMu uHCTpyMeHTOM 1.04, 11 30HLI HapyLIeHUY OKOHTYPUBAIOTCS KaK U30TUIICHI.

Bbi060Op OKHa U j1aros

Maroe okHO (5-8 siueek) MOKa3kBaeT MUKPOCTPYKTYPY U JIOKabHEIE HapyiieHus, 6ombinoe (12-20)
- peruoHanbHBIE 30HHL. [IpM COMHEHWM MOXKHO mocuuTaTh 06a u cpaBHUTH. KommuecTBo naros 4
IIOOXOOUT OYTH BCerpma: OOJIbIle JIaTr0B - YCTOMYMBEE HAKJIOH, HO TOJIIIEe MUHUMAJIBHEIA MacIiTab,
KOTODEIM MeTon crocobeH pa3nu4duTh. OKHO W Jlar¥ OrpaHUYeHbl pa3MepoM rpuia, UHCTPYMEHT
IIPOBEPSIET 3TO CaM.

PaGouuit HuKII

Kposns niacta u3 kpuruara nogaétcs B 7.01 ¢ okHom 8, monyyenusiil rpun D - 8 1.04 U30/1THHAHA
U3 pacTpa (kaHan 1), ¥ moBepx CTPYKTYPHOTO IIJIaHa I10KaTCAd U30JIMHUY PAa3MEPHOCTH C II0SICaMMU.
I'mob6anbHOE D 13 )KypHala - OMHO YHUCJIO Ha TOBEPXHOCTh, II0 HEMY MOXKHO CPaBHUBATh YYaCTKU WU
IJIaCTH MeXKIOy co00i. PacTp momKeH OBITH B METPHUYECKOM CUCTeMe KOOPAUHAT. [[eMO-II0BEPXHOCTH
IMOOXOOAT KaK eCThb.
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Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H
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Puc. 30: CunTeTudeckas KpOBJIs C IMaroHaIbHOM 30HOU APOo0IeHus U e€ KapTa D: cnoKoitHEIe 6J10KU
OKOJIO 2, 30Ha HapyUIeHUH IPOSBUIACH IPKUM JIMHEAMEHTOM.
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ITapaMeTpsbI

[TapameTp

YTo 3amaéT

ITo ymom4aHuio / COBET

[MToBepxHOCTE (Pactp)
IMonypamuyc OKHa, SUeeK
KommnuyecTtso nmaros ([Jor.)
Kanasn BricoT ([o1.)
3amucaTtek H (Jorm.)
®pakTanbHas pa3MepPHOCTh

I'pun penveda unu 110601 TOBEPXHOCTH.

Pa3mep cKOnb34Iero oKHa.
Jlaru BapuorpaMmtul 1..N sideexk.
Kanan ¢ oTmMmeTKaMu.

Mob6aBuTh H BTOPEIM KaHAJIOM.
I'pupg D (v H nipu ranke).

oo

BBIKJI

7.02 Box-counting Mmacku

Knaccuueckuii box-counting mns OuHapHBEIX MacokK. PacTp OuMHapusyeTcs IOpOroM (0OBEKT -
3Ha4YeHus OO0JIbIIEe ITOPOoTa), MackKa MOKPHIBAETCHA STYedKaMy yOBIBAIOIIETO pa3Mepa, HakiIoH log N
ot log(1l/pa3mep) maéT ogHy pa3MepHOCTh D Ha BCIO MackKy. JImHelHBIH 00beKT maéT D okomo 1,
IIATHO - OKOJIO 2, HU3pe3aHHbI€ KOHTYPEI 30H 3aMEIleHUuA UJIN BBIpa6OTaHHbIX IIPOCTPAHCTB JIOZKAaTCA
MexXkay. TOYHOCTh Ha KOHEeYHBIX MacKax nopsigka *£0.1, mosToMy MeTO[ IIPUTOOEH [/ CpaBHEHUS
MacoK MexXpny coboil, a He KaK abcojioTHass Mepa. Pe3ynbTaT BHIBOOUTCSA B JKYypHaJll BMECTe C
TabuIlel pa3MepoB U CYETOB M BO3BPAIIAETCS YHUCIOM D, KOTOPOE MOKHO HCIIOJIb30BATh HaJIbIIe
B Mopensax Processing.

Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweaa Koxa: HaknoH 1.254 (Teopua 1.2619), R?=0.999
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[TapameTp YTo 3amaéT ITo ymonuaHnuio

ITopor I'panunia «06beKT/HOH». 0.5
Kanan (Jom.) Kaumamn pacTpa. 1

7.03 Pa3MepHOCTHh IMHUH U I'PaHHUIL

WHCTpYMEHT cuuTaeT pPa3MepHOCTh KaxKAOW JIUHUKW MEeTOOOM LUpKynsa (PuuappacoHa): JIHUHUSA
ITPOXOOUTCS XOpaaMu yORIBaIOIero pacTeopa, HakyioH log N ot log r maét D. IIpsaMas gaéTt equHUILY,
n3pe3aHHas TUHUS - Gonbire. [IoMUTOHB MPUHUMAIOTCSA HAapaBHE C JUHUSIMU, ¥ HUX MepPsSeTcs
BHeIIIHee KOJIbIIO0 TPAHUIE], TTO3TOMY HM3PEe3aHHOCTb KOHTYPOB 30H U BOHOCOOPOB cuuTaeTcs 6e3
IpegBapUTesIbHOTO Ipeobpa3oBaHus. Berxon - Te Xe 00BEeKTH C monsaMu D u steps, cpegHee D
BBIBOOUTCA B XKypHan. KopoTkue nuHUM monydaloT nycrtoe D. Merton HmpoBepeH Ha 3TaloHaX:
KpuBas Koxa gaét 1.262 npu Teopetudeckux 1.2619.

,]:[I/Ial"HOCTIfIKa CriIaXMBaHHsI H30JIMHHUM

IlepecrnazkeHHLIEe HU30JIMHUN TEPSAIOT M3PE3aHHOCTh, U D mamaeT K emuHuiie. [Iopsamok pabOTHI
TaKOM: M30JIMHUY CTPOSITCSA OBaXKObl, 0e3 CriIaxkuBaHWS WM C paboyuMu mapaMeTpamu, oba CJIos
MIPOTOHSIOTCSA Yepe3 MHCTPYMEHT, cpedHue D uM3 XypHaja cpaBHHBalTcsa. [lageHue Ha COTHE -
KOCMeTHKa, ¢dopMa coxpaHeHa. [lageHue Ha OecATHE - CrilaXkUBaHUE ChelaeT TeOMEeTPUIO T0JIsd, U
CKpyTJIeHWe CTOUT OCJIa0UTh UJIM OCTABUTH TOJIBKO meHcudukaimio. [1o mosmio D B aTpubyTax MOXKHO
HaWTU U KOHKPETHRIE JINHUHU, IOCTPafaBlliiie CUJIbHEE ITPOYUX.

IIpyrue npuMeHeHHs1

H3pe3aHHOCTh KOHTYPOB 30H B IIJlaHE, CPAaBHEHWE MOETAJIbHOCTH OIM(POBKM I'DAHUIl M3 PA3HBIX
MCTOYHHMKOB, KOHTPOJIb TeHepaan3alluy IPK IIOATOTOBKE MEJIKOMAacCIITAaOHEIX IIJIAHOB - Be3de, Ihe
«HACKOJIbKO U3BUJIMCTA JIMHUS» OOJIZKHO CTATh YHUCIIOM.

[TapameTp Yrto 3amaér ITo ymonmuyaHuio

JInaun JluHeNHbIN CII0U (M30IMHUY, KOHTYPHI). -
JIuHuu c pa3aMepHOCThI0 Te XKe nuHuuU C nonsmMu D u steps. -

7.04 Pa3MepHOCTh MHHKOBCKOIO (BEKTOpPHbI)

Box-counting Hampsamylo 1m0 BeKTopaM, 0e3 pacTepus3aluu: JUHUKW U TPaAHUIL IIOJIMTOHOB
MMOKPHIBAIOTCSI CETKOM yOhIBarollero pa3mepa, HakioH log N ot log(1l/pa3mep) maéT pa3MepHOCTh
MunkoBcKoro. [IpsMas MuHNSA U rIagkKas rpaHulla JaloT D OKOJIo eJWHUIILI, pedHas ceTh - 1.1-1.5,
CUJIBHO u3pe3aHHas OeperoBasi nuHUA - A0 1.3 u Beime. Kaxpmweii 00beKT mojiydaeT mojisi D mink
u D r2 (xkadectBo Jor-inor anmpokcuMmanmu, Huxke 0.85 omeHKe O0BepATh Henb3sd). OTOeIbHO
CUMTAEeTCs W BBIBOOUTCA B XKypHan D ciI0os Kak eOQUHOT0 MHOXKECTBa: OJIsI PEeYHOU CeTU I3TO
Pa3MepHOCTh CETU LIeJIUKOM, ¥ OHa 3aKOHOMEPHO BHIIIIE Pa3MEPHOCTU OTHEIbHBIX PYKaBOB.

MerTop pomonHSAET DUPKYb U3 7.03: TUPKyIb MepPSAeT U3BUJIMCTOCTh OOHOU JTUHUNW, MUHKOBCKHH -
3amo0JIHEHUE IIJIOCKOCTH HabopoM 00beKTOB. Pa3aMepHOCTh BO3BPAIlaeTCs ¥ YHUCJIOBBIM BBIXOIOM AJIST
Mmopenel Processing.

[TapameTp YTo 3amaéT ITo ymomyanuio

JIMHUY UK TTOJTUTOHBI BeKTOpHBIN CIOHM, ¥ MOMTUTOHOB -
6epyTCcs KOmblla TPaHHUII.
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

KonmuuecTBO pa3MepoB CETKH,
K (Oom.)

COoBUTroB CEeTKH Ha pa3Mep

(Horm.)

®akTop yminoTHeHus ([om.)

CTymneHel JIeCEHKH, CIUIIKOM
6ombimoe K yBOOUT TUYEHKU
HUXKEe OeTaJlbHOCTH JIMHUU U
3aHuxkaet D.

Crny4aliHble CMeEIlleHUs,
OepéTcst MUHUMAJTbHOE
ITOKPBITHE, IIPUBS3Ka K CETKE
CHHMAaeTCs.

[ITar BEIOOPKM BIOOJTH
CEerMeHTOB B mojsax suenku, O -
TOJTPKO BEPIIHUHEI.

8

0.5

7.05 IIpumep njisi ppakTayioB (HemMo)

lenepaTtop y4ebHBIX 00BEKTOB [Ojid BceM (GpaKTajbHOM TPYIIBEL: BETBAMIAACA pPedYHasA CEeTh C
moneM order (HOPSHOK IIPUTOKA), IOJIMTOH BOomocOOpa C M3pe3aHHON TIpaHUIled M OTHOesIbHas
OeperoBasi TWHHS, IOCTPOEHHAs CPEeOUHHBIMH CMeIleHHusSMH. PeKu MOXKHO momaTh B 7.04 u
MMOTyYUTh Pa3MepPHOCTb ceTu. beper u rpanuiy Bogoc6opa - B 7.03 u 7.04, u CPaBHUTH HUPKYJIb C
MunkoBckuM. Bomoc60op pacTepu3dyeTcs MITaTHEIM UHCTPYMEHTOM UM CITYKUT IpuMepoMm st 7.02.

[TapameTp

Yrto 3amaéT

ITo ymosi4yaHuUIO

OxBart

3epHo ([orm.)

[Inomape re"epanuu. -
I[ToBTOpsieMocTs mpumMepa. 1

THnUuYHbIE CHTYAdIIHH H pellIeHusl

YTo BUOHO

[TpuuuHa

Pemenue

KoHIileHTpuYecKkue «ObIYbu
ria3a», KOHYCHI

YrnoBaTbie U30JIMHUU
(«OKTaroOHBI»)

PapuanbHbIle/BeepHBIE TUHUMN B
IIyCTHIX yTIllax

HN30onuHuU niepecekarmTCs B
T'yCTHIX MecCTax

ITonuroHLI OOHOTO IIBETA

KpUTHHT TOYHO ITPOTSITUBAET
3Ha4YeHUe Yepes
CKBaKUHBI-BEIOPOCH! (Harret
0).

['pyOriii rpud: BEPIIMHEL
CTaBATCS 110 KpasgM si4yeek.

SKCTpaHOHHHI/IH 3a IIpengejilaMn
OaHHBIX.

Panbie - ciiencTBue
CriIakUBaHUS KaXKOOM JTMHUU.

ITo ymomgaHuIO CIou
CO3[aéTCcsa C OOHUM CHMBOJIOM.

3apmats Harret CO (0.2-0.4 ot
cuJia, B aGCOMIOTHBIX
eguHHUIax gucnepcuu). U/unu
BKJIIOUUTH CrilaXuBaHUe Irpuia
B «2D Kriging».

YBenuuuth «CKpyriieHue
JIUHUU» 00 3 UJIU YMEHBIIUTh
pa3Mep SUYe’KU B KPUTHUHTE.
Brmounuth «O6pe3aTh o
KOHTYPY CKBakKUH» WU 3a0aTh
MacKy 0Ope3Ku.

CrnaxkvuBaHUe MIET II0 IOJTIO (B
«2D Kriging»). YBenuuuthk TaM
pajmyc criakKuBaHUS IPUIA.
3apaTh rpagyupOBaHHYIO
cuMBouKy 1o ELEV_MIN.

IIpunoxkenue. Isoliner 3a 15 MmuHyT

CBoMX HAHHHIX HEe HYKHO. B KaXXmoM clleHapuu IIEePBBIH IIaTr CO3TaéT WK 3arpyzKaeT JaHHBIE caM,
IMO3TOMY IIPOUTH MapPIIPYT MOXKHO Ha MyCTOM IIPOEKTE.

131



L i

Puc. 32: Jemo-peku ¢ nmopnucaMu D mink mo pykaBaM: IIOYTH TJlafiKie pPyKaBa [al0T 3HAYEHUS
OKOJIO €eQUHUIIEI, CETh LIEJINKOM - BHIIIIE.

HWHucTpyMeHTOB B Monyie 48, ¥ 9TO myraeT Ipu nepBoM 3HakKoMcTBe. Haunute ¢ natu: 1.02, 1.04,
2.03, 2.13 u 4.01. OctanbHOe HaWOETCS caMo, KOToa YIPETECH B 3afiayvy.

ITocme KkaXkmoro mara HallxCaHO, YTO [JOJI2KHO ITOJIYYUTBCH. Ecnu IIOJIYYHUJIOCHh OPYyroe, 3Ha4YuT CTOUT
OCTaHOBUTLCA U pa306paTbc5{, a He UOTU JaJlbIlie.

Cuenapuu 1. Y MeHsI TOUYKH

ITate MuryT. CKBaXKHHBI, TPOOLI, 3aMepHI, Tt00asd HeperyasipHas ceTb HabJIIOOeHU .

IIar 1. 1.09 IIpumep ckBaxuH (@eMo0) MuUHUMyM: HUYEro 3ajaBaTh He HYXKHO, BCE IIO
yMmonuaHuioo. Eciu y Bac eCcThb CBOM TOUYKH, NPONycTuTe IIar. IloayuumcsA: TOYEYHBIN CJION B
IIPOEKTe.

IIar 2. 1.02 2D Kriging (Toukm - pacrtp) MunumyMm: Toukxkwu, Ilone 3Hadvenusi, Pa3zmep
stuerku. OCTaNbHOE 10 YMOTYAHUIO. [T04y4umcsi: pacTp U CIOM CTAaHHApPTHOHN ommOKu. Omrmnbka
pacTéT TaM, roe ToOYeK MaJio, ¥ 3TO IIepBOe, Ha YTO CTOUT IIOCMOTPETh.

IIIar 3. 1.04 U301uHuH U3 pacTpa MunumyM: Pactp, Ceuenue, CTHIL H30ITHHUM = CTPYKTypa
/ runicomeTpusi. CedyeHue nmogdbepuTe Tak, YTOOB TMHUYM OBLIIIO BUOHO, HO HE CIIJIOIITHAS IITPUXOBKA.
1'[0/1y11um0ﬂ: U30JIMHUKU C IIOAIIMCAMHKU KM KOHTYPHBI€ IIOSICAQ, TPAHUIBI KOTOPBIX COBIIQOAKT C
TUHUSIMHA.

Hamneie mo Bkycy: 1.05 u 1.06 mokaXyT, eCTh TN B OJaHHBIX aHu30Tponusda, 1.08 oueHuT Meton
IMepPeKpPECTHOM IPOBEPKOM.

Cuenapuu 2. MHe Hy2KeH peibed

I[MaTHapguaTe MUHYT. [71aBHBIM ClleHapHUM: CTPOUM peibed, IPOBEPseM €ero 4YucjaMu M JIeYUM
HalleHHOe.
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IIlar 1. 2.01 3arpy3ka IIMP nio pamke Munumym: UcTounuKk penbeda = GEDTM30, Pamka
3arpy3KH 10 uHTepecyoileir mecTHocTu. GEDTM30 aTo Momens penbeda 6e3 jeca U IIOCTPOEK,
IJI IIOCTPOEHUS TOPU30HTaNed oHa mogxomuTt ny4diie, yeM Copernicus GLO-30, raoe BEICOTa CHATa
1o BepxywkaM. IToaydumcs: pacTp penbeda B CUCTEME KOOPOUHAT IIPOEeKTa.

IIar 2. 1.04 U301uauu u3 pacrpa Muaumym: Pactp, Ceuenne 5 unu 10 M. OcTtanbHOe IO
yMmomn4daHuto. ITosnyyumcs: cjiodl ropu3oHTanel. [lanbille OH UTpaeT POJIb MCXOOHBIX HAHHBIX, KakK
ecnu OBl BaM HX Imepenalu.

IIar 3. 2.05 Ctok u akkymyiasanus (D8) Muuumym: IIMP u3 miara 1. 3anonHeHNe IOHUXKEHUN
0OCTaBbTE BKIIOUEHHBIM. [To/1yuumcsi: pacTphl HalpaBIeHUM CTOKAa M HAaKOILJIEHHOM! IIIOIIaaH.

IIIar 4. 2.06 PeyHasi ceTb MUHUMYM: PacTp akKKyMynsuuu u3 Irara 3, [Iopor BomocOopa B
siueriKax. HauHuTe C ThICSTuM 1 IToaOepuTe Tak, YTOOH CETh BHITIIsAAE A IpaBaonono0Ho. IToayuyumcs:
JTUHUY BOOOTOKOB, HallpaBIeHHEIE BHU3 10 TEYEHHIO, TO ECTh T'OTOBLIE TalIbBETH.

IIar 5. 2.09 Bepumnabl MuaumyMm: IIMP u3 mara 1, Paguyc nmoucka B s4detikax. [loayuumcas:
TOYKU JIOKAJTbHBIX MAaKCUMYMOB C OTMETKaMHU.

IIIar 6. 2.02 3arpy3Ka TOIOOCHOBBI II0 paMKe MwuHumMyM: Ta ke Pamka. I3 OSM Gepure
IJIOIMIafHEIe BOOOEMEL U CyXHe pPycja, a PeKH U BepIIMHEL He OepHTe: OHM yxKe IIOCYUTAHEBI II0
penbedy B marax 4 ¥ 5 U COTJIacOBaHHL C HUM, Torga Kak u3 OSM oHU HNpUOYT U3 OPYroro
MCTOYHWKA U MOTYT He COBIIACThb C MaTputei. IToayuumcs: 0o nsSTU C0€B B rpynne Tomorpadus.

IIIar 7. 2.03 Topo2Raster (penbed 3 BeKTOopoB) MuHumMyM: U30IHHHM U3 IIara 2 U IOJie
BbICOTHI, TasibBeru u3 mara 4, TOYKH BBICOT U3 I1ara 5 u moje oTMeTKu, O3épa U ype3 BOObI
¥3 I1ara 6 ¥ mmojie OTMETKH ype3a, Pa3mep siuernku. OOPBIBEL ITOAMTE, €CIIM OHU €CTh B TOITOOCHOBE.
INoayyumcasa: HOBHIU pacTp penbeda, IOCTPOEHHEBIN 10 TUTHN3UPOBAHHEIM BEKTOpaM, a He 10 OOHUM
TOPU30HTAJISM.

IITar 8. 2.12 HeBsi3Ka ropu3ouTajied npotuB IIMP MunuMmym: [OpH30HTaIM U3 I11ara 2, mojie
BbICOTHI, IIMP u3 miara 7. [Toaydyumcs: TOUYeYHBIN CJIO¥ HeBA30K U oTuéT HTML. CMoTpuTe Ha
cpefHee CMeIlleHNe W Ha OOJII0 TOYEK, IPOMaxXHYyBIIUXCS OOJIbIle YeM Ha ITOJIOBUHY CEYEHUS.

IIMar 9. 2.13 Iuarsoctuka teppacuara IIMP Munumym: IIMP u3 mara 7 u Ceuenue penbeda,
TO XKe, 4TO Ha wmare 2. [loayyumcsa: UHOEKC NPUTSAXKEHUS OTMETOK K YpOBHAM. OKOJIO €TUHUIILI
O3HAYaeT, YTO CTyIeHel HeT, ABa U BHIIIe O3HAa4YaeT TePPACUHT.

IIar 10. 2.14 CHATHe cTyneHeH (CriIaXuWBaHHe C orpaHuYeHHeM) HyXeH, TOJIBKO eCliu
MpembIoyIIui Imar Hamen teppacuar. MuaumyMm: IIMP co crymensimu, CeueHnue penbeda,
HUrepauuut 50. ITosayuyumcs: WCIPaBIEHHHN penbed M OTUYET OO0 U Iocjae. MHOeKC mOoIKeH
ONYCTUTHLCSH K eQUHULIE.

Ecnm xoTuTe IMPOBEPUTH HE CBOU OAaHHLIE, a CaM METOM, 3aMeHHuTe mepBhid Imar Ha 2.10 Iemo-
penbed c prnaxkoMm OBpazKHO-0a/I09HasI ceTh. Torga NCTUHHAS IOBEPXHOCTh U3BECTHA 3apaHee,
U BUOHO, 4YTO UMEHHO TePAEeTCsA IIPU IIOCTPOEHUHN. OBpal"I/I TEPAITCSA IIE€PBBIMU.

CBepuTh C UICTUHOM MOKHO AByMs crtocob6amu. HarnsamHo: ITOCTPoNTe U30IUHUY 10 BOCCTAaHOBJIEHHOMY
penbedy Cc TeM Ke CeYeHUEM U HaJl0XKUTe Ha TOPU30HTAJIHU 11ara 2 APYTUM IIBETOM, TUHUU OOJIZKHEI
JleYb OAPYT Ha Opyra ¥ pa30MTHCH TOIBKO Ha MaKyIIKaX BRIIIE ITOCIegHEeN ropu30HTaau. Y1UCIeHHO:
KaJIbKYJIATODP PaCTpPOB, BBEIPAXKEHUE «BOCCTAHOBJICHHBIHA MHWHYC MCTHHa», U CTaTUCTHUKA PA3HOCTHU

B CBOMCTBax cyiosi. IIpyu cedyeHUU 5 M 0KMOAETCS CpemHee OKOJIO HyJsa M pa3dpoc mopsgka MeTpa,

a HaubOobIIMe PACXOXKMAEHHS Ha BeplIrHax. Ecnu mo6aBuTh B mIar 7 TOYKM BEPIIMH U3 Iara
5, pacxXoXmeHUs Ha MaKyIIKaX 3aMeTHO COXMYTCSI, U 3TO POBHO TOT OTBET, 3aYeM Tomorpadsl
MMOANKCHIBAIOT OTMETKM BEPIINH.

Cuenapuu 3. MHe Hy2KE€H pa3pe3

Tpu MUHYTHL.
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IIlar 1. 4.10 IIpuMep as1i pa3pe3a (@emMo) MUHMMyM: HUYEro 3afaBaTh He HYXKHO, BCE II0
yMom4aHuio. [Toaydyumcsi: Habop cnoés B rpymmne [IpumMep paspesa.

ITar 2. 4.01 Pa3pe3 no jguauu MuauMmyM: Jluausi pa3pe3a, [IoBepxHOCTH CBepXy BHH3,
BepTuKaabHbIA MacIITab. [To1y4umcs: 4epTéx pa3pe3a B MHXKEHEPHOH CUCTeMe KOOPOUHAT, C
0CSIMM, OTMeTKaMHU U II0JI0CaMU IIJIacTOB.

Kyma uartu ganpiiae

PYKOBOJICTBO OTUCHIBAET KaXKIbIN WHCTPYMEHT HOJIpOGHO, C IIapaMeTpaMu U OIrOBOPKaMMH. 3mech
HaMEpPEHHO HEeT HHUu OIIINM, HU TEeOPpHHU: 3aa4ad CTPAaHHILI IIPOBECTH BAC IIO MOOYJIIO OOWH Pa3, a
HEe 3aMEHHUTh NOKYMEHTAlUuIo.

Hauubsie OpenStreetMap: © yuyactHuku OpenStreetMap, ODbL. Matpuiia Copernicus GLO-30
pacmpocTpaHseTcss CBOOOIHO.

IIpunoxkenue. ITojst ;eMo0-C/I0€B

CBopka nmojneu Bcex TeHepaToOpPoOB I€eMOHCTPAIITMOHHEBIX NaHHBIX C ETUHHUITaMU. 3HaueHUg OEMOHCTPAIIMOHHEIE:
TaM, I'je BeJIN4YHHa a6CTpaKTHa, €OUHHNIEBI YCIIOBHHEI.

Beixoasl rpynnsl «Tonorpagusi»

Cnoit nuauii Peuynasi cetrb (MHCTPyMeHT 2.06):

Ilone Tun CMBICJI, €IMHUIIL

order eoe nopsimok Crtparnepa
acc out OpoOHOe aKKyMYJSIIWs B 3aMEIKAHUU 3BEHA, S4eeK
length m pgpoGHoe pnuHa 3BeHa, M

Croit monuronoB Bacceunst (2.07): basin - Homep GaccetiHa (iiesoe), area_m2 - IIOIMagb, M2,
Cnoit Touexk Bepmiunsbl (2.09): z - BricOoTa, M, drop - IpeBHIIIIeHUE Hal MUHUMYMOM OKHa, M. Cjiou
TOTIOOCHOBHI (2.02) HecyT name 1 osm_id, BOOOTOKY OONOTHUTEIFHO waterway, BomoéMEl water,
BepmuHE ele (BricoTa, M), 06peiBH kind. TeMo-penbed (2.10) - pacTp 6e3 momnei.

CkBaxkuHBI (HeMo) - uHCTpyMeHT 1.10

Cnoit Touek CKBaXKHHBI (IeMO0):

ITone Tun CMBICH, €IUHUIIEI

well CTpOKa UMS UK HOMEP CKBAaXKWHEI

roof opobHoe abCcoJTIoTHAsT OTMETKA KPOBJIU
IIacTa, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobHOe comiepKaHue yCIIOBHOTO
KOMIIOHEHTa, IIPOIEHT (gemo)

head opobHoe Hamop, M (Heobs3aTeJIbHOE
moJie)

K opobHoe KoadduimeHT GUIbTPaAIUH,

M/cyT (memo, HeoOs13aTeIbHOE)
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ITone Tun CMBICJI, e UHUIIEI

T opobHoe BOZOOIIPOBOAUMOCTH, M?/CcyT, T
= K-MoOIIIHOCTDb
(HeobOs13aTEILHOE)

mintype CTPOKa MUHTHII, KATEeropus (oeMo
3aMelreHns1, HeoOs3aTeaIbHOoe)

dz opobHoe BeIUYMHA, TUHEWHO

CBsI3aHHAas C Operdom, yCil.
(HeobOs13aTENIBbHOE)

Heo6si3aTenpHbii pactp IloBepxHOCTH Apeida (IeMo) - CTOPOHHSISI TOBEPXHOCTD A/ KPUTHHTA

C BHEWIHUM OpendoM, yCIl. ef.

IIpodunu 31eKTpopa3BedKH - HHCTPYMEHT 1.11, pexkuM 371eKTpopa3BeaKH

Cnou Touek IIpodunu anekTpopa3dBeaku (pk, EII, BII):

ITone Tun CMEBICJI, eDUHUIIBL

profile nemoe HOMep nIpodund

picket m ppoOGHOe TUKET OT Hayasia NPoPuUIIsT, M

pk CTpOKa nuketT MeTKou [1IK (Hanpumep ITK5+20)
z OpoOHOE OTMEeTKa IIOBEPXHOCTH, M

rho k OpobHOe KaXylIIeecsi COMPOTUBIeHUE pK, OM'M
rho true ppoGHoe pk 6e3 mryma, OM M (3TaANIOH)

sp OpoOHOEe MOTeHIIHall ecTeCTBeHHOTro nons EIT, mB
vp opobHoe BhI3BaHHad nojspuzauus BII, mB/B

IIpodunu ocemaHum - HUHCTPyMeHT 1.11, pexxuM ocemaHuH

Cnoit Touek IIpodunau ocemgauui (Myabaa, TYpoB: N):

Ilone Tun CMBICTI, eqUHHUIIEL

profile 1esoe HoMep npodus

picket m opoOHOe TMHMKET OT Hadajia mpoguiIsi, M
pk CTpPOKa nMUKeT MeTKoM [TK

tour 1esyoe HOMep Typa HalbJomeHuH

z opoOHOe OTMEeTKa IIOBEPXHOCTH, M
settle OpoObHOe ocemaHKWe, MM

settle true mpo6HOe ocemanue 6e3 MrymMa, MM (3TaJIOH)

HauHbIE O/ pa3pe3a - HHCTpyMeHT 4.10

* IToBepxHOCTL 1...6 (PacTphl) - OTMETKU IIECTH IIOBEPXHOCTEM CTONKOM, M. CBepxy BHHU3: 1
KPOBJISL BepXHEU BMellarmiel, 2 KPoBJsa U 3 IoOollBa 1-ro0 IPOMEBIIIIEHHOTO, 4 KPOBIS U 5
IOAOIIBa 2-T0 IPOMBIIIJIEHHOTO, 6 ITOOOIIIBa HMKHEW BMeNIaloIlen.

e JIuauu pa3pe30B (IemMo) (JTHHUSA): IT0oJIe name - uMs nuaun (Paspes 1, 2, 3).

* Ycrbsa collar (memo) (Touku): hole id, z - otmeTKa ycThs, eoh - rnmy6una 3a60s1, number -

TOIIIUCH.

* UuarepBassl interval (memo) (tabiuua): hole_id, from, to - riny6GuHLI IO CTBOJIY OT YCTh4,

code - UHOEKC macTa.
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e IInact 1-#1 mpoMm. (memo) u Ilmact 2-i mpoM. (memMo) (MHOTrOKaHaJIbHEIE PACTPHI): KaHaIl
1 kpoBns (M), KaHan 2 mopomiBa (M), KaHamn 3 cojepzKaHue (OPOIeHT), KaHal 4 MHUHTHUIL
(kaTeropus 1 unu 2).

* Paznom (memo, 2D) (TuHUS): name.

* Mapkep c Z (mzemo, 3D) (iuHUSA C OTMETKOU Z): name.

* 30oHa (meMoO, MOJIMTOH) (IIOJIUTOH): name.

* Onpoxkunyrtas TIN (memo) (3D-rpanu): name.

[Hanuabie Ojisa PppaKTajaoB - HHCTPyMeHT 7.05

* Peku (memo) (muuUU): nojne order (11e0e) - MOPSAOOK IPUTOKA B MEPAPXUU CETH.
* Bomocoop (meMo) (IIoIuroH): Imojie name.
* Beper (memo) (JIMHUS): II0JIe Nname.

IInmoTHOCTH (HEeMoO) - uHCTpyMeHT 3.08

Cnoit Touek [1eMO-TOUYKH:

ITone Tun CMBICJI, eOUHUIILI

mass pgpo6Hoe Macca 3aMmepa (memo, 50 Ha TOYKY)
prec Ogpob6HOe CcuUrMa HeoIpemeléHHOCTH, M

Crnoit nuaUY [IleMo-THHHH:

ITone Tun CMBICII, €OUHUIIHI

mass IpoO6Hoe Macca 3aMmepa (memo, 100 Ha TUHUIO)

prec IpoOHOEe MONyIIMPHHA KOpUOopa, M

from m pgpoGHOEe HaYamo WHTEPBAA IO JIMHUU, M (MOXKET OBITH IIyCTO)
to m opoOHOe KOHEIl MHTepBaJjia 10 JIMHUM, M (MOXKEeT OBITh ITYCTO)

Croi nourodoB [IeMO-IIO/IMT OHbBI:

ITone Tun CMBICII, eUHUIIEI

mass pgpobHoe Macca 3aMmepa (memo, 150 Ha TOIUTOH)
dasy 1eroe 1 - monmuroH mon gasuMeTpuio, 0 - paBHOMEPHBIHN

BcnomorarenbHEIN pacTp BermoM. pacTp (ma3uMeTpHsI) - TPafyeHT 3HaYeHU N 151 0a3UMeTPUIECKOT0
pexwuma 3.07, yci. eq.

IIpunoxenue. IINMOTHOCTL IePEeMEHHOH OMOPHI: MOIIAr0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepanuu OeMo [0 TOTOBOTO pe3yjbTaTa, C IOSICHEHHEM
KaXpaoro napamMmerpa. [IpuMmep nmokaselBaeT, KakK IIPOBEPUTH UHBAPUAHT MacCHL I'Jla3aMU.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 IIpuMep OJis1 IJIOTHOCTH (TeMo).

* O0s1acTh (3KCTEHT) - TPAHUIIEI TeHePaluy. 3afaiiTe IPIMOYTOJIbHUK Ha KapTe WU I10 CJIOI0.
ToguTcst mo60oM MeTpUYEeCKUI OXBaT, HaIpuMep KBaJpaT HECKOJIFKO KUJIOMETPOB.
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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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