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Isoliner - mpoBaliiep UHCTPYMEHTOB Processing [jid MHTEPIONAINY TOYEUHBIX JaHHBIX, IOCTPOEHUS
M30JIMHUHN B paboTH ¢ penbedoM. Aapo KpuruHra - aaroputMm KB2D us GSLIB. MHCTPYMEHTH
Pa3HeCeHHI 110 CeMU IpyInaM: «I'pumg ¥ N30 IMHUHN» - OCHOBHOM ITOTOK 00pabOoTKH OT AeKJlaCTepU3alluu
mo uslonuHuM, «Tomorpadpus» - penbed U3 OTKPHITHIX OAaHHBIX U TUAPOJIOTMYECKUN aHallu3,
«JlommonHUTENbHEIE MHCTPYMEHTHI aHajiu3a» - CIeluain3upPOBaHHbBIE PACYETHl OT MHOUKATOPHOTO
KPUTHUHTa OO0 IJIOTHOCTU IIePEeMEHHOU OIOpH, «Pa3pe3» - mOCTpOeHUE IeO0JIOTUYEeCKUX pa3pe3os,
«['eomornueckasi Momenb» (6eTa) - COTJIacCOBAaHHOCTH ITAYKU IIJIACTOB U y4eOHBIN IIpUMeEp pa3pesa,
«I'moposnorusi pek» - CTBOPH, KPUBBIE pPacCXOOoB M 3aTolljieHue, «®OpaKTaJlbHBIM aHaIu3» -
Pa3MepHOCTH ITOBEPXHOCTEM, MaCOK U JIMHUM.

«2D Kriging (To4ku — pacTp)» - OpEUHAPHBIN UJIX IIPOCTOM KPUTHUHT II0 TOYEYHOMY CJIOIO.

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

«BapuorpamMMHasi Kapra (aHmsorpomnus)» - moBepxHocTb y(h x, h y) c omeHKo#l a3uMyTa U
AHU30TPOIINU OJIA yqéTa HaIIPaBJIEHHOCTHU B KPDUI'MHTE.

«Kpocc-Banupmaliusi BapuOrpaMMBI» - CKOJB3SIIUNM KOHTPOIb (leave-one-out) Ost IIPOBEpPKU U
rnmombopa mapaMeTPOB KPUTHUHTA IO OMIKOKe, a He BU3yasbHO.



«[IpuMep ckKBaxKuH (meMo)» - TreHepalus ydYeOHOrO TOYEYHOIO CJIO0S C ITPOCTPAHCTBEHHOMH
CTPYKTYpPO# (KPOBIISI, MOIIHOCTh, COAepzKaHHWEe KOMIIOHEHTAa) OJisi Oo0ydYeHWUs W MPOBepKH 06e3
peanbHBIX TaHHEIX.

B rpyiIme «J1OTIOTHUTEJIbHEBIE WHCTPYMEHTEI aHaJIu3a>» CIIeIruaJIN3UuPOBaHHEIE paC‘-IéTBI, HaIIpyuMep:

«KaTeropuanbHbLIN WHONKATOPHBINM KPUTHHT» - KapTa BEPOSITHOCTH KJIACCOB IO KATErOPUATIBLHOMY
OJTI0 (MWHTHII, JIUTOTHII): HAa KaXKABIM KJIACC CTPOUTCS WHOWKATOP UM KPUTYETCS OTHOEIbHO, Ha
BBEIXOJIE PACTP BEPOSITHOCTEH, KapTa 30H ¥ YBEPEHHOCTh.

«T'uapaBNIUYECcKUd TpafueHT MW HalpaBjieHWe IMOTOKa» - MO0 PacTPy Hamopa CTPOUT MOAYJIb
TUAPABIMYECKOTO TPafiueHTa, a3UMYT HallpaBIeHUS OTOKA (BHU3 IO TPAOUEHTY) U TOYEUHBIH CITON
BEKTOPOB IMOTOKa, KOTOPHIH cpa3y opopMiIsieTcs cTpenkaMu. ['umporeonorus: 6e3 IpOHUIIaeMOCTH.

IMogxomuT myIsi OTMETOK IIjIacTa, MomHocTel, ®PMC, XuMUM U JTI0OBIX YUCIIOBHIX aTPUOYTOB CKBAZKHH.

HecKo/IbKO TEpPMHHOB, KOTOPHIE BCTPEUAIOTCS [ajiee. BapuorpaMMa OIIMCHIBA€T, HACKOILKO
CUNIbHEEe PAa3IUYalOTCS 3HAUEeHHs C POCTOM PACCTOSHUS MeXOy TouKamMu. CHJIINT - YpPOBEHb, Ha
KOTOPHIMH OHA BBIXOOUT (OMM30K K OUCIEPCHH [OaHHBIX). Harret (oT aHri. nugget, «addekrt
caMopofKa») - CKaUOK BapHOTPaMMEBI Y HYJISI, TO €CTh pa30poc Ha CKOJIb YTOIHO MaJIbIX PACCTOSHUSX,
BBI3BAHHBIN U3MEPUTEILHBIM IIIYMOM M MUKPOU3MEHYHUBOCTHIO. [lanee mo TEKCTY - TPOCTO «HATTeT».

YcTraHOBKaA M pacCrno/jiozkKeHue

OcHoBHOM cmoco6 - u3 odunuanbHOoro pemno3utopusi QGIS. OTtkpoiiTe Monynu — YiupasieHue u
yCTaHOBKa MOMyJiel — BKnagka «Bce», B morucke Habepute «Isoliner», BLIOepUTE IJIaruH U HAXKMUTE
«YcTaHoBuTh». [Ipu ycraHoBke u3 pemno3uTopus QGIS cam coobiaeT 0 BHIXOE HOBBIX BEPCUHU U
OOHOBJISIET MJIaTMH 10 KHOIIKE.

BriOop KaHajla pacTpa BO BCeX MHCTPYMEHTAX - BRINAMAIOIIMMM CIIMCKAMM C MMEHAM{ KaHaJIoB:
Yy MHOTOKaHaJIbHOrO TpHa IJIaCTa B CIMCKAX YMTAIOTCS «KPOBIS», «IOMOIIBAa» M HMEHA CJIOEB
ImapaMeTpOB.

Bce mHCTpYMEHTH ITpoBaliiepa, Kak OHU CTOST B naHenu O0padoTka. Cricok cobupaeTcs U3 Koma
npu c60pKe PYKOBOICTBA, [I09TOMY OH He PaCXOOUTCS C IJIarMHOM.

1. I'pua U 30 TUHHH

.01 [IekmacTepusanus (Beca)

.02 2D Kriging (Toukmu — pacTp)

.03 MuHuManbHas KpuBU3HA (TOUYKHU — pacTp)

.04 U301MHUM U3 pacTpa

.05 BapuorpamMmma (3KcrepuMeHTaIbHA)

.06 BapuorpamMMHasi KapTa (@aHU30TPOIIHSI)

.07 Kpocc-Banmupmanusi BapuorpaMMEbl

.08 Kpocc-Banupanuus metoga (LOO)

.09 IIpumep cKkBaxXkuH (ZeMo)

.10 IIpuMep reopusndeckux npodunei (qemo)

.11 Bpe3ka mogpo0OHO# MOBEPXHOCTH B PETHOHAIILHYIO
.12 MBA: mynbTHCeTOUYHBIE B-crilaliHbl (TOYKU — pPacTp)
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2. Tonorpadusn

.01 3arpy3ka LIMP o pamke

.02 3arpy3kKa TOIIOOCHOBEI 110 paMKe
.03 Topo2Raster (penbed 13 BEKTOPOB)
.04 [ToorotoBKa pemnbeda

.05 CToK 1 akkymynsamus (D8)

.06 PeuHas ceTb

.07 bacceliHbl 1 BOOOpa3aebl

.08 YKIJIOH U 3KCITIO3UIUS

.09 BepHmnHELL U AMEL
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.10 [Temo-penbed

.15 OTYET 10 CTBOPY

.16 Bomoc6Oop. JIunuu 1 KOHTYPH (KaHaBhl, KapPhePHI)
.17 OT4YET 110 TOTOBOMY BOmOCOGOpy

.18 Hacrhinmu 1 BeieMKU (00BEMBI PaboT)

.19 KaupgunaTel 6pOBOK U ITOIOIIIB

.20 BpoBKM ¥ TOJOIIBEL B paboTy

.21 Ilpumep Kapbepa (memo)

.22 IIpodunupoBaHue 0TKOCOB

.23 JIUHUU CTOKA OT TOYEK, TUHUU U KOHTYPOB

2. Tomorpadus: THarHOCTHKAa H IMpaBKa

2.
2.
2.
2.

11 Pa3menuTs TOPU30HTAJIH OJIS IIPOBEPKU

12 HeBsizka ropu3oHTasel nmpotus LIMP

13 [Tuarsoctuka teppacutra IIMP

14 CHATHE CTylleHed (CriaKuBaHKWEe C OTpaHAYEeHHEM)

3. JonmoIHUTEIbHbIE HHCTPYMEHTHI aHa/Iu3a

3.
.02 Kpurusr ¢ BHemHuM apenidom (External Drift)

.03 KapTa BeposAITHOCTU IIPEBHIIEHUS

.04 TugpaBnuYecKuil rpagueHT U HallpaBJIeHUe ITOTOKa
.05 YmenbHBIM pacxoq (3akoH [lapcu)

.06 "'ayccoBa cumynsanus (SGS)

.07 [I7TOTHOCTE 11O 3aMepaM (IlepeMeHHas oropa)

.08 IIpuMep Ons NIOTHOCTH (OeMo)
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01 KaTteropuanbHbIM UHOUKATOPHBIN KPUTUHT

4. Pa3pe3

B R LR T T T T N~ S S S

.01 Pa3pes o nuHUM

.02 CKBakKMHHI Ha pa3pe3e (Momesnb OypeHuUs)
.03 CocTas mJjiacTa Ha pa3pese

.04 [lepeceyeHmre TOBEPXHOCTEN C pPa3pe3oM
.05 [TlepeceyeHue BEKTOPOB C pa3pe3oM

.06 ITepeceuenne TIN c pa3pe3om

.07 IIpoekiusa oOBEKTOB Ha pa3pes

.08 CripoeriupoBaTh C pa3pes3a

.09 PazBépTka cTeHKU cTBOJa (6eTa)

.10 IIpumep O pa3pesa (memo)

.11 O6pa3el; cupaBOYHMUKA IIJIACTOB

.12 DIIeMeHTHI 3aJIeTaHus 10 CIedy BeIXOma
.13 CopepzKaHu4 IO IIJIaCTy B YCThIX

5. T'eororuuyeckasi Mmogejan (d0era)

[, C, B, IO, RO, )|

.01 CorTacoBaHHOCTD MAYKH IIJIACTOB

.02 [IpuMep pa3pesa (memo)

.03 C60opKa mauku oT penbeda

.04 KOoppekIius mayky 0 CTaTUCTUKE MOUITHOCTEU
.05 ManudecTt Momenu

.06 CKJTaZ4aTOCTh TOBEPXHOCTHU

6. I'mapoiorusi pexk

* 6.01 CTBOpHI ¥ KPUBEIE PACXO0B
* 6.02 [TomuroH 3aToOIIEHUS

* 6.03 UMmopT TaGIKUII CTBOPOB

* 6.04 IITpumep peku (memo)

7. ®paKkTaJIbHBIA aHAIH3



.01 ®pakTanbHas Pa3MEPHOCTD

.02 Box-counting macku

.03 Pa3aMepHOCTh JIMHUY U TPaHUIL

.04 PasaMepHOCTh MUHKOBCKOTO (BEKTOPHI)
.05 [Tpumep s ppakranos (oemo)

o
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Bcezo uncmpymenmos: 71

AnvrepHaTUBHBIM cnocob - u3 ZIP-paitna. Mopmynu — VYimopaBieHue U ycTaHOBKAa Mopyled -
YcranoButhb u3 ZIP. 310 ynobHO Oy opialiH-YCTaHOBKY U MPEIPEIU3HbIX COOPOK.

ITocnme ycTaHOBKM WHCTPYMEHTHI MOSBNSIOTCSA B IaHenu «OO6paboTka» (Processing), mposaiimep
«Isoliner», rpymnmbl «['pupg u wusonuHuM», «Tomorpadusa», «IONONTHUTENIPHbIE WHCTPYMEHTHI
aHanmusa», «Pa3pe3», «['eomormuyeckas Momenb» (6eta), «I'mmpomorusi pek» u «dOpaKTalTbHEIH
aHanu3». TpeboBauHus: QGIS 3.16+. BHemHUX 3aBUCUMOCTEN HeT - ucnonb3lyiorca NumPy, GDAL u
IITaTHBIE alITOPUTMHEI Processing u3 coctaBa QGIS.

OOHOBJIEHHE

ITpu ycranoBke mu3 peno3utopuss QGIS moka3rlBaeT yBeOOMJIEHUE O OOCTYIIHOW HOBOU BEPCUU
- 3HAYOK B CTPOKE COCTOSIHUS U CIHUCOK BO BKIagke «OOHOBIsieMbIe» MeHeOXKepa MOMyJeH.
OOHOBJIEHUE BHITIOIHSAETCS OOHOM KHONKOM. [Tpu ycTaHOBKe 13 ZIP HOBasi BEPCUS CTABUTCS TEM XKe
IIyTEM, ITOBEPX CTapOM.

[InaruH KOPPEKTHO Ilepe3arpyXxKaeTcs «Ha JeTy», nepesanyck QGIS He TpebyeTcs. [I1st OBICTPOI
rnepe3arpy3kKu Koga IIpu pa3zpadorke ymodeH momayinnb Plugin Reloader (kHomka «Reload a plugin...»).
Bribepute «Isoliner» - mpoBalifiep ¥ BCe MHCTPYMEHTHI I€PEPETUCTPUPYIOTCSA CPa3y.

BBI30B CIIpaBKH

B mgmanore KaxXporo MHCTPyMeHTa eCTh KHOIIKa «CIipaBKa», OTKphIBalolas 3To pykoBoacTtso (PDF B
KOMIIJIEKTe IIaruHa). [IpaBas maHesnb Ouayora OONOJHUTEIbHO ITOKa3blBaeT KPATKYIO IIOOCKAa3Ky
II0 MHCTPYMEHTY. PyKOBOJCTBO U CBEOEHUS O BEPCHU OOCTYIHBEI U 03 OTKPHITUS HHCTPyYMEHTAa:
MeHI0 Moaynau cogepxuT nogmeH:o Isoliner ¢ nyakramu O miaruHe (Bepcusi, CChIIKH, UCTOPUS
usMeHenui) u PykoBogcrso (PDF).

BBICTPBIM CTAPT

HWHCTPYMEHTOB B MJIaTWHE O] IIECTHhAECAT, U BHIOMPATh U3 0OIINEro CIKUCKa TSIXKejo. ITOT pa3men
YCTPOEH HHaue: He II0 MHCTPYMEHTaM, a Io 3amadyaM. HafiiuTe Ty, YTO IIOX0XKa Ha BaIlly, U UOUTE
IO IIfaraM - OCTaJIbHOE MOXXHO He YUTAaTh.

O611ee IpaBUIO OQHO: HHCTPYMEHTHI HE JO0ragbIBal0TCs, OHH CIIPAITHBAIOT H JOKJIAJbIBAIOT.
IMouTu KaXOHY MUIIET B XKYPHAaJ, YTO UMEHHO OH PN, ¥ II0494eMY II0JIy4YUIIOCh CTOJIBKO OOBEKTOB,
a He uHa4ve. KypHaja CTOUT OTKPHIBATh BCermga, OCOOEHHO B IIEPBBEIE Pa3bl: TaM OOBIYHO U JIEXKUT
OTBET Ha BOIIPOC «II0YEMY BEHIIIJIO HE TO».

ECTh CKBaiXKHHBI, HYZ2K€H PacCTp 1 H30/IHHHHA

CaMmas yacTas 3aflada U caMas cTapasi: TOUKU C 3aMepaMU IIPeBPaTUTh B IIOBEPXHOCTD. [1ocTaTOYHO
OBYX UHCTPYMEHTOB.

1.02 2D Kriging cTpourt pacTp o ToukaM. OpouHapHLINM KPUTUHT OLleHUBaeT 3HaYeHUe B T4eiike
KaK B3BEIIEHHOEe CpefHee OJIMKAWIIUX 3aMepoB, MPUYEM Beca OH He BHIAYMEIBAET, @ BBIBOOUT
U3 TOro, Kak OBICTPO 3HAYEHUS PACXOOATCSH C PACCTOSHUEM. 3afaTh HaHo I[ojie 3HAYEeHUs Hu
rmapaMeTpsl MOAEeIN: paguycC (Jasbllle HEro 3aMephl y2Ke HU O YEM He TOBOPST), mMOpor (00Iuii
pas3bpoc) u Harrert (pa3bpoc, ocTaIIUIiCSA Ha HYyJIEBOM PACCTOSHUY - IIOI'PEIIHOCTh 3aMepa ILIIC
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NU3MEHYUBOCTH MEJIb4Ye IIlara CeTI/I). H‘-IGI;IKY 6epI/ITe IIPUMEPHO B YETBEPTHL-IIATYIO 9aCThb CPEOHETO
PaCCTOAHUA ME2XKYy CKBaXXMWHaMH: MeJIb4Ye He JIO68.BI/IT TOYHOCTH, a CHUTATHBCA 6y,E[eT OOJIbIIIE.

BmecTe ¢ mOBEPXHOCTHIO MHCTPYMEHT BHITAET KapTy OHIMOKH KpuruHra. CMOTpuTe €€ Bcerpa:
caMa IOBEPXHOCTh BHITJISIAUT OOUHAKOBO TJIafKO U TaM, T'e CKBaXXWH MHOTO, ¥ TaM, T'Ile pe3ysbTaT
OepKUTCS Ha OOHOM Hal€KOM 3aMepe, a KapTa OIMOKU 3Ty pa3HUIly TIOKa3blBaeT.

1.04 N301MHHH B3 pacTpa IIpeBpallaeT IIOBEPXHOCTh B TOPU30OHTAIM C MOOMNUCSIMHU, a IIPHU
HagoOHOCTH U B IIOJIUTOHEI MHUana30HoB. CeueHue 3amaéTCs YUCIOM Uy maroM. s penseda Tam
XKe ecTh (praxkok Tomorpa¢uyuecKux IMOANUCEN: OHM Pa3BOPAYUBAIOTCS TakK, YTOOB BEPX CMOTPEN
Ha BBICOKYIO CTOPOHY.

IMonmpo6oBaTh 6€3 cBoux maHHEIX: 1.09 IIpuMep CKBaxKHH (IeMo0) BLHITAaET TOTOBLEIM HAOOP TOUEK C
PeannuCcTUYHOU IPOCTPAHCTBEHHOU CTPYKTYPOU.

Oanbire, Korga 3axo4eTcsi 000CcHOBaHHUs. [JlapaMeTprl Mofesid MOXKHO He ITonbupaTth Ha Ijas:
1.05 BapuorpamMmMa CTPOUT UX 10 CAaMUM JaHHEIM U PUCyeT rpaduk, Ha KOTOPOM BUOHO, €CTh JIU B
OaHHBIX IPOCTPaHCTBEHHAs CBSI3b BooOIIe. Eciu skcIiepUMeHTalIbHbIE TOUKHU JI03KATCS KakK II0I1ao,
HUKaAKOHU MeTo[ e€ He co3macT. 1.06 BapumorpaMMHasi KapTa II0Ka3blBaeT aHU30TPOIINIO - KOTa
CXOICTBO TSHETCS BIOJIb OOHOTO HAIIpaBJIEHUSI CHUIIbHEee, YeM IIOIEPEK, U 3TO Hajmo ydecThb. 1.08
Kpocc-Banumanus (LOO) youpaeT KaXKayi0 CKBaXKHUHY 110 OYepeay, IpecKa3biBaeT 3HaYEeHUE I10
OCTaAJIBHBIM U BBEIBOOUT PACXO02XKIOEeHHWE YHUCIJIOM - HpHMOfI OTBET Ha BOIIPOC, HACKOJIBKO MOZKHO BEPUTH
KapTe. YIa4HBIN Ha0Op TapaMeTpoB coxpaHsieTcs IpoduieM, YTOOL He HabupaTh ero 3aHOBO.

Ectb OTKPBITasi MECTHOCTH, HY2K€H peJILe(l) MU TOIIOOCHOBa

PanHMIM ¥ caMBIM XOJOBOM MyTh: CBOMX CHEMOK HET, a KapTa Hy»XHa. Bcé 6epeTcs M3 OTKPBITHIX
HCTOYHUKOB IIpsMo B QGIS, 6e3 ckaunBaHUS apXUBOB PYKaMH.

2.01 3arpy3ka IIMP nmo paMkKe KadaeT BBICOTH II0 3afgaHHOMYy oxBaTy - Copernicus GLO-30
¥ OpyTue OTKPHIThIe HAaGopwl. [IpmxomwT pacTp B MeTpaxX, yXKe HPUBEOEHHBIM K METPUYECKOU
cucTteMe KoopOouHaT. TPUAIlaTh METPOB SIYEHKH - 9TO MaciTad mopsaaka 1:25000: X0mIMBI, TOTHHEI
¥ BOOPA3[ebl YUTAIOTCS, a OPOBKa Kapbepa HJIM OOPOXKHAas HACHIINb - HET. [IOHMMaTh 3TO HAMO
cpa3y, UHaue OT pe3yJbTaTa KAYT HEBO3MOXKHOTO.

2.02 3arpy3ka TONMOOCHOBBI IIO0 paMKe 0epéT Mo TOH Ke paMKe BEeKTOPHYI0 OOCTaHOBKY W3
OpenStreetMap: BoOHBIE MJIOIIAOM, PEKH, OOPOTH, 3MaHWs, jJec. BomHbIe OOBLEKTHl IIPUXOIST
IMOJINTOHAMM, BKJII0Uasi COCTABHEIE - 03€P0O C OCTPOBOM OCTAETCS 03€POM C BHYTPEHHUM KOJIbIIOM,
a He CIIJIOIIHBIM TIOJIMTOHOM. DTO TOT CJIOM, KOTOPBIN HajIbIlle MOJAaéTCsI B UHTEPIIOISAIINI0 YPEe30M
BOMOHI, €CITH TTOHaA00UTCS IIePECUYUTHIBATEL penbed.

CkauanHasi LIMP moutu Bcerma TpebGyer 2.04 IToaroroBKu penbeda: B OTKPHITHIX Habopax
BCTpPEeYaroTCs MyCTOTHI, IITyM U JIOKaJIbHEIE SIMBI, KOTOPHIX B IPUPOAE HET. 3alloTHeHNe ITIOHNXKEeHUR
37ech He KOCMEeTHKa - 6e3 Hero CTOK He CUHTAeTCs BOBCE, BOOA YTHIKAETCS B IEPBYIO XKe JIOKHYIO
samy. ITocne nogroroBku 2.05 CTOK M aKKyMYJISIIMsI [a€T HalpaBjieHUs U HakomjeHue, 2.06
PeuHasi ceThb MpeBpalllaeT HAKOMJIeHHWE B JIMHUU TaJIbBETOB C mopsimkamu, a 2.07 BacceHHBI U
BOOOpPa3desIbl peXXeT TEPPUTOPHUIO Ha BOOOCOOPHI.

2.09 BepmiuHbI U sSIMbI HaXOOUT XapaKTepHBIE TOYKU pesbeda - Te caMble OTMETKH, KOTOPHIE
Ha OyMakKHOHM KapTe IOANUCHBAIOT YuciIoM. BMecTe ¢ TambBeramu u3 2.06 oHM 00pa3yioT CKeEJeT,
KOTOPLIN ITOTOM MOZKHO ITomaTh B 2.03 u mepecunTaTh penbed yxKe C Y4ETOM TUOPOJIOTHH.

M 31mech IjIaBHBIM IIAr, paJgd KOTOPOro BCE mpeabigyinee M aeanochk. CkauanHas LIMP
TUOPOJIOTUYECKU HeBePHA: B HEH €CTb JIOKHBIE SIMbI, PpEKM MECTaMH{ TEKYyT B I'OPY, a 03€pa UMEIOT
ykiI0H. cpaBnisiTh 3T0 puiabTpamMu GECCMBICTIEHHO - 3allOJTHEHUE ITOHWKEHUU JIEUUT CUMIITOM,
HO He Ipu4uHy. [IpaBUIbHEIN IIyTh OPYroil: cobpaTh U3 CKAYaHHOTO pacTpa CKeJIeT MeCTHOCTH U
epecYUTaTh MOBEPXHOCTH 3aHOBO C YUETOM TOTO, YTO MHEI ITPO HEE y3HAIIH.

Bcé, uto moOriTo Ha mpepeimymux Irarax, ugeT B 2.03 Topo2Raster kaxXpgoe CBOUM BXOOOM.
TopusonTanu u3 1.04 - XECTKUMHU y3naMu. TOUKU BHICOT u3 2.09 - ToXKe JKECTKUMH, U C BECOM
0oJblile €eMUHUIIE, €CJIM XOTUTE, YTOOHI BEPIIUHEI IIepeBelInBalii BEPIINHEL TOPU30HTallel B 00111et
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ssyetike. TanbBeru u3 2.06 - TPpUHYXKAEHUEM ITafeHUs BHU3 110 TeUEHUI0, II09TOMY PEeKU Ha HOBOM
penbede rapaHTUPOBAaHHO TEKYT BHU3. BogHble momurossl u3 2.02 - ype3oM BOLH, U 03€pa JI0KaTCS
IIJIOCKOCTBIO, @ He C YKJIIOHOM. Ha BBIXOfle MO/Iy4aeTCs THAPOIOrH4eCKH KOPPEKTHHIH penbed,
Yyero CKayaHHEIM pacTp caM 1o cebe He maér.

WN3zonuuun u3 1.04 Hy>KHBL B 9TOMU IIelTI0YKe OBaXKIbl: ClepBa KakK CIIoco0 MOCMOTPEeTh Ha MECTHOCTD,
a IOTOM Kak Bx0[ B IiepecuéT. Ceuenue OepuTe no Macmraby ¥ xapakTepy MECTHOCTH - Ha PaBHUHE
IATH METPOB, B ropaxX OBafllaTh OATh. [lWama30H BEICOT MHCTPYMEHT IIOACKaXeT B XypHae.
CnuIikoM 4YacToe CedeHUe 30eCh He IIOMOIIHUK: OHO IIePEeHECET B HOBBLIM pesbed IITyM MCXOOHOTO
pacTpa, pagu u3baBlIeHusT OT KOTOPOT'0 BCE U 3aTEBAJIOCh.

I[IpoBepuTh, 4TO CTal0 Ay4llle, @ He MHa4e, IOMOTal0T T€ XK€ UHCTPYMEHTHI, 4YTO U B CIEOYIOIIeM
cienapun: 2.12 HeBsizka ropu3ontaaes nporus IIMP 1 2.13 [IlnarHocTHKa TeppacHHra. A
2.05 CToK 110 HOBOMY pesibedy HOJIXKEH maTh PekKu 6e3 pa3priBOB U 6e3 JIOKHHEIX 03EP - 9TO caMas
HarjasggHas IpoBepKa.

EcCTh TONOIJIaH C TOPU30HTAJISIMH, Hy2K€eH penbed

3agavya o6paTHas IpeObIayIneii: He MOCTPOUTh IIOBEPXHOCTh II0 PEIKUM TOYKaM, a BOCCTAHOBUTH €€
TI0 TIJTOTHBIM JTMHUSIM, KOTOPBIE Y2Ke KTO-TO HapuCOBaJl.

3mect pabotaetr 2.03 Topo2Raster - MmynbTHcCeTOYHass MHTepHnossanus mo motuBaM ANUDEM.
['maBHOE OTNMMYME OT KPUTHMHTAa B TOM, YTO Y KaXXOOTO THIIA BXOda CBOSI POJIb. ['OPU3OHTANIU U
TOYKHM BBICOT HOAIOT XKECTKHE y3JIbl: TaM OTMETKa HPHUKOJIOTa. TambBeru 3agaloT MPUHYXKIEHUE
MMafieHusi BHU3 I10 TEUEHHIO, IO9TOMY PEKHU Ha IMOCTPOEHHOM pejbede He TEKYyT B ropy. OOPHIBEI
paboTaroT 6apbepoM: BOOJb HUX Iepenaj He pa3Ma3blBaeTCs CrIa’kMBaHUEM. YpPe3 BOMBI KJIameT
03€pa IJIOCKOCThIO UJIX HAaKJIOHSET BOOJIb pycCiIa.

Ayeliky 3amaBaiiTe SIBHO, MHAYE YMOTYaHME MOXKET OKa3aThCsI TPy0ee TOTO, YTO BH XOTUTE YBUETD.
3T10 mepBoe, 060 YTO CIOTHIKAIOTCS: HAa KHUJIOMETPOBOM YYacCTKe aBTOMATHYECKUN pa3Mep HaeT
TPUOLATUMETPOBYIO S9eWKy, M YCTyIl B CEeMb METPOB B TaAKOHM CeTKe IIPOCTO He CYIIeCTBYeT.
HWHCTpyMeHT 00 9TOM IpenynpexkaaeT B XKypHaje, HO JIydIlne 3ajaTh cpasy.

I[IpoBepsATh pe3ynbTaT Hago He Ha rna3. 2.11 Pa3menuTs TOPHU30HTAIHM OJIsd IPOBEPKH
OTKJIa[BIBAeT 4acTh jauuuii, 2.12 HeBsizKa ropu3oHTa/ied nporuB IIMP MepsieT, HaCKOJIBKO
IIOCTPOEHHAas IIOBEPXHOCTh Pa30lljiach C OTJIOXKEHHBIMU. DTO TOT XKe IIPUEM, YTO KPOCC-BaIugalus
B KPUTHHTE, U OH OTBEYaeT Ha TOT Ke Bomnpoc. OtaenbHo ecTh 2.13 [IMarHocTUKa TeppacHHra
- WIIeT XapaKTepHbIM OedeKT HHTEPIIONSIUU II0 TOPU30HTAJISIM, KOIfa IIOBEPXHOCTh BCTAET
CTYIIEHSIMM BOJIb UCXOOHLIX TUHMUY, U 2.14 ero j1e4ur.

EcTh n/10THasA C'LéMKa, HYZXKHBbI ﬁpOBKI/I H IIOJOIIIBLI

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

Mexanuka B 2.19 Kanauaarbl OpOBOK M IIOOOINB TaKas: IIPM3HAK M3JIoMa 3TO He YVKIIOH, a
CKOPOCTHh €ro u3MeHeHHusi. Ha poBHOM OTKOCe, [axke OTBECHOM, YKJIOH IOCTOSHEH M IIPU3HaK
Man. Benuk OH TaMm, e yYKJIOH MEHSIeTCs, TO eCTh Ha caMoOl¥ OpPOBKe M Ha CaMOM ITOfOIIBe. 3HAK
KPUBHU3HEI NEJIUT HaﬁﬂeHHbIe JINHUU Ha 6p0BKI/I U IIOOOIIIBEI dABTOMATHUYECKH.

IIBa mapaMeTpa HEOYEBUOHEI, 1 00a CTOUT IMOHSATh. ba3a 3aMepa - IONyIINPHUHA OKHA, B KOTOPOM
MepsieTCs meperaj nonepék nuHuu. [lepemnan B aTpubyTe drop CUMTAETCS UMEHHO B HEM, ITI03TOMY
y OecITUMETPOBOT0 YCTyma IIpu 0a3e B TpU STUEHKM OH IOKaXeT TPH MeTpa, a He mecsaTb. basy
3aaBalTe IO IIUPUHE OTKOCA B A4Yelikax. OTCcedYKa o nepemnangy - uiabTp IrymMa, HO He Kputepu
3HAYUMOCTH: ¢GHOpManbHOTO IIpH3HakKa OPOBKU He CYyIIeCTByeT, M PeIlaTh, YTO CUUTATh YCTYIIOM,
ocTaéTcs 4enoBeKky. [109ToMy MHCTPYMEHT HAPOYHO OTHAET OOJIbIne HY2KHOTO, KIIaJéT B aTPUOYTHI
yucia ajs oToopa U MedaTaeT IIPOLEHTUIIN B XKYPHAJ - Janbllle Bh ABUTaeTe QUILTP CJI0S, TISOs
Ha KapTy, ¥ HUYEero He IIepecuYuThHIBaeTe.
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Hanpire 2.20 BpoBKH H HMOOOIIBLI B PadOTy CHUMaeT OTMETKH C pejbeda u codbupaeT QOPMEHI.
[Tapbl OIpPEmensIIoTCS CITYCKOM II0 CKJIOHY, a He m0 OJIM30CTH: Bofa C OPOBKM CKATBIBAETCS POBHO K
€€ ToMmoIlBe, ¥ Ha KPUBOM OOPTY C y3KMMHU OepMaMu OyuzKaWInas 1o PacCTOSHUIO ITOOIIBA YacTO
MpUHAIJIEKUT cocemHeMy ycTyimy. ®opMa - 3TO OAHA IOMOINBA U MHOXKECTBO OpPOBOK IIPU HEH,
IIOTOMY YTO TPACCHUPOBKa PexKeT OIUHHYI0 OPOBKY Ha Kycku. HemapHble TMHUM He IPOIAfaioT, a
VXOOSAT B OTHAENbHBIM CJION C IPUYMHOM B aTPUOYTE: 3TO CTOUT OTKPBITH U TIOCMOTPETD.

I[TpoBepUTH CBA3KY LIEITMKOM MOXKHO Ha cuHTeTHuKe: 2.21 IIpuMep Kapbepa (IeMo0) CTPOUT Kapbep
C yCTyIlamu, OepMaMu, Che3IOM, OTBAJIOM ¥ KaHaBOMW, a BMECTE C HUM HCTUHHEBIE CTPYKTYPHEIE
nuHuu. [TonHoTa OEeTEeKTOpPa MepAeTCsa YHUCJIOM IIPDOTUB HUX, a HE Ha I'Jla3.

ECTh Kapbep B TONOIIaHE, HO TOPU30HTa/Ied BHYTPH HET

Crnydaii, KOTOPHIY BRITTIIAUT Oe3HAAEKHBIM, TTOKa He pa3o0paThcsi. ITo HOpMaTHUBY TOPU3OHTAIH
BHYTPY IUIOIIAAHBIX KapbepOB, BEHIEMOK, HACHIIEH W OTBAJIOB HE OMHCHLIBAIOTCSI - COTJIACYeTCS
TOJIPKO BHEIITHUY KOHTYP. 3HAYUT pesibed 10 TaKOMY IUIaHy UMEEeT OLIPY POBHO TaM, I'ie BEHIPaboTKa,
¥ 3aII0JIHUTL €€ HeueM, KpoMe OPOBOK U IIOIOIIB.

3arso3gka B TOM, 4YTO y JIMHHWU OTKOCA B 4epTeXe HET OTMeTOK. Ho OHU eCTh y TOpHU3OHTAalEH,
KOTOPEIE K 9TUM JIMHUSM IIPHUMEIKAIOT: HOPMATHB TPeOyeT MOBOOUTE UX 0 IMHUU OIMHMCAHUSI 00heKTa
y310BEIMU TouKaMu. 2.22 IIpoduiupoBaHHe OTKOCOB COOMpPAET 3TH TOYKH M BOCCTAHABIMBAET
110 HUM IIPoGUIL BCeH TUHUHU - IePeMEeHHYI0 OTMETKY M3 CaMHUX HAHHLIX, a He OJHO YHCJIO Ha BeCh
00BEKT.

Hanvuie 2.20, Ho yxke 0e3 IIMP: korga y IUHUME €CTh CBOM OTMETKY, CIIyCK II0 CKJIOHY He HyKeH,
IIOJOLIBOY CUMTaEeTCs OUKalias JIUHUSA HUKe OPOBKU. DTO BaKHO, [IOTOMY UTO MHa4e I10JIydalicsa
KpYT - 4TOOBI IIOCTPOUTH pPejibed, Hy2KHEI ITaphl, a OJIf Iap CIIyCKOM HyXKeH pesbed, KOTOPOro eIle
HeT.

3ameikaeT 2.03: ropuzoHTanM Kak 0OBIYHO, a (GOpPMEI momarTcsa BO Bxonel Bepx dopm u Hus
¢dopm. IToBEpXHOCTL MeXOYy OPOBKOM U TOIOINBOM CTPOUTCS METOOOM PACCTOSHUM, TEIO YXOOUT
B MHTEPHIOJIAINIO XECTKUMU y3jlaMHU, T'paHunia paboraer 6GapbepoMm. Ilopora 3HAYUMOCTH B
WHCTPYMEHTE HEeT HaMePEHHO: Oalli IBE CTOPOHHI - CTPOUTCS ITOBEPXHOCTD, Jalu OOHY - paboTaeT
GapbepoM. PelrreHue MpUHUMAET YeJIOBEK, KOTHa PUCYET BTOPYIO JTMHUIO.

Hy2KeH reojioru4ecKuu pa3pes

Pa3pe3 B Isoliner - 3To He KapTUHKA, a cucTeMa KoopauHat. 4.01 Pa3pe3 mo JTHHHH IIpeBpalaeT
JIUHUIO Ha KapTe B IIJIOCKOCTb YepTexXa C OCSIMM PACCTOSIHHEe-BHICOTa U BHITAET, KPOME CaMOro
yepTexka, CIyXkKeOHBIM CJIOM oOIpeneieHHe pa3pe3a. Bce ocTanbHbIE HWHCTPYMEHTHI T'PYIITHI
MIPUHUMAIOT eT0 Ha BXoHd M Omaromaps eMy KIafgyT CBOM OOBEKTHI B Te 3Ke KoopauHaThl. OTcloma
mpaBuio: cuepsa 4.01, moToM BCEé ocTanbHOe, U B Iojie «Omnpenenenue pa3pe3a» NOJaETCs BBIXOT,
4.01, a He UCXOOHASA TUHUA.

BepTukanbHBIH MacIiTab 3amaéTcs TpeMs cltocofaMu, 1 BEIOOP HeodeBuaeH. MHOXKHUTEIb IPOCT, HO
TpebyeT 3HAHUS OIUHBEI pa3pes3a: Ha KUJIOMETPOBOM IIPoduiie MHOKUTEINL 3 MacT IJIOCKYIO JIEHTY.
OTHOLIeHHEe Ta0apUTOB YepTezkKa ImogdupaeT MHOKHUTEJIL CaMO TakK, YTOOH! IITMPUHA OTHOCHUIIACh
K BBICOTE KaK 3alaHo, U paboTaeT Ha pa3pe3e 000N OIUHBEL - HAYHUTE C HeTo. M IMOMHUTE, YTO
ITPEBHIINIEHNEe HCKaXKaeT BCe YTIIbl: Tpu MHOXKHUTeNe 10 HaKIIoH B 5 rpagyCoB JISTXKeT Ha OyMary 1o
41, mO3TOMYy yTJIBI IO YEPTEXKY TPAHCIOPTUPOM HE MEPAT.

IManbie Ha pa3pe3 HAHOCUTCS comepxkuMoe. 4.02 CTaBUT CKBAXKUHBI C UHTEPBaaMu OITPOOOBaHUSI,
4.04 TpPOBOOUT IIOBEPXHOCTU U3 pacTpoB, 4.03 HaAHOCUT BEKTOPHBIE OOBEKTH II0 TOYHOMY
IepecedYeHuIo C IUHUEN. Y IIoCIefHero IIPaBuiIo 10 TUILY O0beKTa: IJI0CKasa JINHUSA TaéT BePTUKATb
(M3BECTHO I'Ie, HEM3BECTHO Ha KAKOU I'IIyOrMHe), TPEXMEpPHAas - TOYKY Ha PeaIbHOM BEICOTE, IIOJIUTOH
- BEepTHUKalIbHYI0 Nonocy. Eciu 3ajaHbl yron W a3uMyT NafeHus, BepTHUKaslb IIpeBpallaeTcs B
HaKJIOHHEIM CJief], a II0JI0Ca - B IlapaJuIeyiorpaMM.

HauaTtsk mpoite Bcero ¢ gemo: 4.10 IIpumMep ajisi pa3pe3a (IeMo) BHIIAET IMIeCTh TOBEPXHOCTEH,
MISATHh IJIAaCTOB, TPU JIUHUK Pa3pPe30B, CKBAXKWHEI, 30HBI U CJIOW [Jis HPOBEPKH YIIIOB mameHus. Ha
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HEM BCs Oerro49Ka IIPOXOOUTCA 3a IIATh MUHYT, U OIIHOUTHCS Herpge.

HyXHbI 00b€MBI padoT

2.18 Hackinmu U BBIEMKH CPaBHUBAET [BE ITIOBEPXHOCTH U CYMUTAET, CKOJIBKO BBIHYTO U
CKOJIBKO yJI02KeHOo. OOBIYHO 3TO penbed mo paboT M mocie, WM HPOEeKTHAs MOBEPXHOCTH IIPOTHB
daKTHIECKOM.

CuuTaeTcs MO fAYeHKaM: PAa3HOCTh BHICOT YMHOXKAETCS Ha IINIOMambh AYEHKH, MOJIOKUTETbHEIE U
OTpUIIATENIFHEIE CYMMUPYIOTCS pa3mesibHo. OTComa 0OYEeBUOHOE, HO Ba)KHOE: TOYHOCTH 00BLEMa
YIHPaeTCsi B TOYHOCTH 00eHUX MOBEPXHOCTEH, 1 €CJTH OffHA U3 HUX ITOCTPOEHA 10 PeIKUM TOYKaM,
KPACHUBOE YKCJIO B OTUETE HE 3HAUUT HUYero. Kapra omuOKY KPUTUHTA U HEBSI3Ka 10 OTJIOKEHHBIM
TOPU30HTAJISIM - KaK pa3 Ipo 3TO.

I'panully cuéTa 3ajlaBaiiTe MMOTUTOHOM, MHAYe 00HEM IMTOCYUTAETCS 10 BCEMY ITEPEKPHITHIO PACTPOB,
BKJII04as 00/1acTy, KOTOPHIX pabOTHI He KacaIUuCh. ITO BTOPOe, 000 YTO CIOTHIKAIOTCS: Pa3HUIA ABYX
IIMP moyTu HUKOT[A HE paBHA HYJI0 3a ONpefgeraMu BHIPAOOTKHU, TaM TyIsSIeT IIyM ChEMKH, M Ha
OOJIBIION IIJIOWIAAY OH HAKAIJIMBAETCS B 3aMETHEIE KyOOMETPEL.

OO011as1 TOoruKa padoTshl

Tumnoso# ciieHapui COCTOUT U3 ABYX LIArOB:

2D Kriging: mo TOYe€YHOMY CJIOI0 M YHCJIOBOMY IIOJII0 Z CTPOUTCHA pacTp (perymsapHas ceTkKa
3HaYeHUuH).

HN3onmuHuM u3 pacTpa: [0 MHOJIYYEeHHOMY PacTpPy CTPOSITCA HW30JIWHWU U, HPU HEOOXOOUMOCTH,
3aJIUTHIE KOHTYPHEIE TTOJTUTOHEL.

[Ilaru HE3aBUCUMEI: «M307TMHUK U3 pacTpa» PaboTaloT C TIOOLIM PACTPOM, He TOJIBKO C Pe3yIbTaTOM
KPUTHHTA.

HHCTpyMeHTH cOOpaHbl B TPU IPynsl Processing. I'pymnma «['pum u U30IUHUK» 3TO OCHOBHOM ITOTOK
06pa6OTKI/I, OT KPUTHUHI'a O0 U30JIMHUN. prnna <<,]:[01'[OJ'[HI/ITeJ'II:HBIe UHCTPYMEHTEI aHaJIku3a» 3TO
CIienraJIn3upOBaHHEIE paC‘-IéTbI, KaTeI‘OpI/IaJ'IbHHﬁ I/IHJZ[I/IKaToprII;I KPUTUHT, KPDUTUHTI C BHEIITHUM
operidhoM, TUAPABINYECKUM TPAagueHT C HalpaBIieHHEeM IT0TOKa, KapTa BePOSITHOCTH ITPEBHIIIEHUST U
yoenbHBIM pacxop 1mo Hapcu. I'pymma «Pa3pe3» 9T0 ITOCTPOEHNE I'e0IOrNYeCKUX pa3pe30B I10 TUHUN
U IMOATOTOBKA AEeMO-TaHHBIX [JIS HUX.

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

50
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Puc. 1: Bechb mpormecc Ha CreHepUpPOBAaHHOM IIPHMEpe: CKBAXWHBI C H3MEpPEeHUsIMHu (cieBa)
MTPEeBPAIAOTCAd B CIIJIOUIHOW TPUMA KPUTHMHIOM (B IIEHTPE), II0 KOTOPOMY CTPOSITCS H30IUHUU U
KOHTYPHBIE TIOJTUTOHEI (CIIpaBa).
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3aHYCK H3 MOIOEe/IM U U3 CKPHIITaA

OKHO ITapaMeTpPOB 3allOMUHAET BBeIEHHbLIE 3HAYCHUS U IONCTABIISAET UX IIPH CIIEOYIOIIEeM 3allyCKe
TOT0 XK€ HHCTPYMEHTA. DTO yIOOHO MPHU IIOBTOPHBIX MPOTOHAX IO TeM Ke JaHHBIM U paboTaeT Kak
paHbIIIe.

Ha BBLI30B U3 KOHCTPYKTOPA MOfeJiel UM U3 CKPUIITa 3TO He pacIpocTpaHseTcs. TaM mapaMeTp®hl,
KOTOpBIE BHI3OB He 3afal, 6epyTcs u3 o0bsSIBIEHUS CaMOI0 MHCTPYMEHTAa, a He U3 TOro, YTO OBIIO
BBEIEHO B OKHe HakKaHyHe. MHaue OOWH M TOT K€ CKPHUIIT CUMTan OBl ITO-pa3HOMY Ha pPa3HBIX
MalllMHaX, B pa3HbIX npodunsax QGIS u mpocTo B pa3Hble OHM, a II0 XKYypHAJy 3TO He 4YHUTaJIOCh
O6b1. Ecoi HeioCTalomIMi ITapaMeTp OTJIUYAEeTCs OT TOTO, UTO JIEKUT B MaMSATH OKHA, UHCTPYMEHT
numeT 00 3TOM B XKYpPHAJI M Ha3kIBAeT apaMeTp.

OTcroga IIPABUJIO OJIA MofeJieli: 3aJlaBaliTe B BEHI3OBE BCe IIapaMeTpPhI, SHAYEHU A KOTOPHIX BA2KHbBI OJIA
pe3yJibTaTa. YmMmomnuanue WHCTPYMEHTA U3BECTHO U 3allMCAHO B 3TOM PYKOBOOCTBE, IIaMsATbE OKHA He
N3BeCTHa HUKOMY, KpoMe TOUM MAaIIWHEBI, TOe OHa CII0XKMNIAacCh.

ITomocHOBa

Ha manenu Isoliner ects kHOomKa IlomocHOBa: KapTa MM KOCMOCHHWMOK IIOI HAHHBIE OOHUM
nBuxkeHneM. OTMEThTE HYXKHBIE UCTOYHUKY, HaxkMHUTe [[00aBHTh, U CJIIOU JIATYT B OpoeKT. OKHO
OCTAE€TCs OTKPBITHIM, IIOTOMY YTO IIOHOCHOBHI IIOAOMPAIOT, TIISAAA Ha KapTy: HoOaBUIIM OOHY,
IIOCMOTpPeJIHU, Do0aBuIu OPYTYIO.

B moctaBKe cemMb HMCTOYHUKOB - OpenStreetMap, OpenTopoMap, KOCMOCHMMKH, TOIIOOCHOBA,
cxXeMa, OTMBIBKa pejibeda U YKIIOHBI. ¥ KOCMOCHUMKOB PSIIOM C MMEHEM IIOMEeYeHO, YTO €CTh
MMOJIyIIPO3payuHbIil BapuaHT: OH KJIAAETCs IIOBEPX [AaHHBEIX, a He IO HUX, U II0 HEMY CBEPSIOT
IIOJIOKEHUE.

®naxok IT0I0XKHUTH IO OCTAJIbHBIE CJIOH OIIyCKaeT JmoOaBIeHHOE B CaMbIf HU3 fepeBa, YTOO
TOOCHOBA He 3aKphIiBaja paboTy.

CBoM HCTOYHHK mobaBnseTcs 0e3 mpaBKu Koma. HacTtpoiite cnoii B QGIS Kak 00BIYHO, 3aTeM IIPaBOH
KHOIIKOI B JepeBe CJI0E€B IKcmopT - CoxpaHHTh KaK (paMiI ompeae/IeHHsI CJI0sI U IOJIOXKHUTE
MIOIydEeHHBIN .qlr B IIANKy basemaps IIJIarvHa. [IOpSAOOK B CIHCKEe 3aJa€TCS YUCIIOBBIM IIPeOUKCOM
uMeHu ¢paiina. OnpeneneHue CI0s BEIOPAHO He CIy4YalHO: B HEM y2Ke JIeKUT U CTPOKAa IMOOKITIOYEHHUS,
U CUCTeMa KOOPOWHAT, ¥ CTHJIb C IPO3PAaYHOCTHIO, @ COOPaHHLIM BPYYHYIO agpec 3TO TepsierT.

IToOCHOBEI OTHAIOTCS B BeO-IPOEKIIMY, a IIPOEKT OOLIYHO paboTaeT B MECTHOU cucTteme. Eciu y
CHCTEeMEI KOOPIMHAT MPOeKTa 3afaH MaTyM, IIepexofl CYNTAeTCS U MOIOCHOBA CoBMellaeTcs. Ecnu
OaTyM He 3afaH, CHUMOK CMECTHUTCS MOJda, IO3TOMY OKHO IIpeaymnpexaaeT o0 3TOM 3apaHee, MO
moOaBJIEHUS.

1. I'Ppua ¥ K30/ ITHHUU

1.01 [exnacrepu3amnus (Beca)

HWHCTPYMEHT rOTOBUT JaHHBIE Iepen nHTepnossiuei. Korma mpoOs CryIleHbE HEPaBHOMEPHO, OIHU
O6710Km pa3bypeHBl INIJIOTHEEe OPYTruX, HauBHas rjiobajbHas CTaTUCTUKa CMeILIaeTcs B CTOPOHY
rmepepasBedaHHBIX y4acTKOB. Ecmu ryine Oypunu OoraThie 30HH, CpemHee W THCTOTpaMMa
3aBHIIIEHB], @ 3TO MPSIMO BIIHSET Ha IIOJACYET 3amacoB. Aduencras mekinactepus3anus (mopt GSLIB
declus) maéTt Kaxmoi mpoOe Bec, OOpATHHIM JIOKAILHOM IIJIOTHOCTHU: B CKOIJIEHWMM MEHbINE, Ha
otmmnbe Oombirte. 1o B3BEIIEHHBEIM OAHHBIM CYMTAETCS IIPEOCTAaBUTEIbHOE MEKIaCTepPU30BaHHOE
CpenHee.

Ha mone HakmagbeIBaeTCs CeTKa S4YeeK, BeC mpoOsl IPOIOPIIMOHAIeH eIuHUIe, TeJIEHHON Ha YKUCIIO
mpob B e€ siuelike, 3aTeM Beca HOPMUPYIOTCSA. PasMep s4eliKu nog0upaeTcsi aBTOMAaTUYECKU: CBHUII
I10 pa3Mepam, BbIﬁOp II0 MUHUMYMY OEKJIaCTEPU30BaHHOT'O CPEOHEr o (KOI"I[a CKOIIJIEHUSA IIPUIIINCH
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Ha GoraTeie 30HBI) MO0 IO MakKCUMyMy. MOXKHO 3afjaTh pa3Mep BpyuHylo. Ha perymspHO! ceTu
meKacTepusalus HU4ero He MeHsIeT, BCe Beca PaBHHL.

[TapameTtp

HazHnaueHue

ITo ymonyaHuio

Touku co 3HAYEHUSIMU

[Tone 3HaveHus Z (ImycTo: U3
TeOMEeTPHUN)

Pasmep syeiku

Pazmep ssuediKu OISt pyYHOTO
pexuMa

Llens cBuna (or.)

Yucso pa3Mepos B CBUILE
(Oom.)
CooTHolIeHue ss4ueiku Y/X

(Oor.)

CMmelIeHnd Hadajla CeTKHA

(Mom.)
Touku c BecaMu
HTML-oTuéT

ITpoOwI.

Yucnosoe none. Ilycro -
oTMeTKa 0epéTcs u3 Z TOUKH.
ABTO (CBUII) UIU PYYHOU.
CTopoHa STYeVKU B PyYHOM
pexume.

MUHUMYM HJIH MaKCHMyM
CpenHero.

CKOIBKO A4eek mnepebparts.

AHU3O0TpONUS TUYEUKU.

YcpenHeHUe 110 COBUTaM
CeTKH.

Croit Touek ¢ mojieM wit.
CBopka, TUCTOTpaMMa, KpuBas
cpenHero.

ABTO

MurrMyM

24

4

IO YMOTYaHUIO

Brerxomsi: cito#t Touek ¢ moneM wt u HTML-0T49€T co cBOKOM (HaBHOE IPOTUB IEKIaCTEPU30BAHHOIO
CpefHero), TUCTOTPaMMOM CHIPOU HPOTHUB B3BEIIEHHOW M KPHUBOM CPEOHEro OT pa3Mepa S4YeuKH.
IlekmacTepu30BaHHOE CpelHee M3 XKypHala U OoT4e€Ta cTaBuTcsa B 1.02 B mone CpemHee Ojisi
IIPOCTOr0 KpuUruHra, a nojie wt momaércsa B 3.06 T'ayccoBa CHMYJISAIMS M7 B3BEIIEHHOTO
HOPMaIbHO-0aIILHOTO ITpeoOpa30oBaHusi. Y paraHHbIE ITPOOBI OTCEKAI0TCS OTOEILHO, ITIePCeHTUTbHBIM

KallaHWEeM B CaMUX MHCTPYMEHTaX KPUTHMHI'a U KPOCC-BaJIMOallnH.

1.02 2D Kriging (TOo4Ku — pacTp)

Oppunaphsbi (OK) unu npoctoi (SK) KpuruHr mo touedHomy ciioro. CoBagaoliye ToOYKYu (OOUH U
TOT ke XY) yCpemHSAITCA 10 Z. B y3/max ceTKU 3HaYeHUS UCXOOHBIX TOYEK BOCIIPOU3BOOATCSI TOYHO

(mIpu HyJIEBOM Harrerte).

OCHOBHBIE TAPAMETPHI:

[TapameTp

YTto 3amaéeT

[To ymorgyaHuUIO / COBET

ToueuHBIN CJIOU
ToNBKO BhIAEJIEHHBIE 00BEKTHI

[Tomne 3HaueHus Z (IycTo: U3
reoMeTpUH)

[Tpeobpa3oBanue 3HAYEHUST

HcxomHble TOUKHU (CKBaXKUHBI)
OJI UHTEPIIOJISIINH.

CuuTaTh JIUIIb I10
BBIIEJIEHHBIM TOYKaM CJIOH.
YucoBoit aTpubyT, KOTOPHIM
UHTEPIOIUPYyEeTCS: OTMETKA
mjacTa, MOIIHOCTE, DMC,
xumusd. [lycto - oTmMeTKa
OepéTcs U3 Z reoOMeTPUH.

In g5t mor-HopMaJsibHBIX
BenmmuuH (K, T, comepzxkaHus c
OJIUHHBIM XBOCTOM): KPUTYETCS
In(Z), omrleHKa BO3BpalllaeTcs
4yepes3 exp.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Tun KpuruHra

Panmuyc nmoucka

MuH. KOJIMYeCTBO TOUYEK

Makc. KoIn4ecTBO TOYEK

Pa3mep suerku
OxBaT pacTpa

O6pe3aTh M0 KOHTYPY CKBAXKUH

Bydep ob6onouku

Macka 06pe3Ku

Mopenu BapuorpamMm
(Tabnuia)

[Tpoduns u3 TabIUIIEL

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

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

CKOJIbKO ONMHKANIINX TOYEK
BKJTIOYAETCS B CUCTEMY
KPUTHHTA.

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

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

Pacmuputs 060504Kky Ha N
eOWHHUII KapThl HAPYXKYy.

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

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

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

OK

0 (Bcs BEIOOPKA)
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MeJib4de = IIJlaBHee, HO OOJIbIIe
110 CJIOKO

PEKOMEeHOyeTCd BKII.

He 3adaH

MyCTO

JIoKasibHas1 aHU30TPON UL

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

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

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

KoadduimmmenT cxkaTus ocTaéTcsi OOIIMM i ydacTKa: MeHSIeTCs TOJIbKO HampaBjieHue. Bropoi
MEHSIOMINKCS MapaMeTp Aajl Okl BO3MOXKHOCTE HOOOTHATH KapTy IO OKUIaHKue, a KPOCC-BaTuaaIus
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KpWruHr: oueHka B y3Jie - B3BelleHHoe cpefiHee cocelel

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

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

Pa.rwlyc nouvcka 1 4Yncso cocegHMX To4ek

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

paaguyc noncka

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

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

Puc. 3: [Ina Kaxporo ysna OGepyTcsi TONIBKO CKBaXKWHBI BHYTPH pPaguyca HOMCKa U He Ooiee
3alaHHOT0 Yucia Onmxkaumux. TOYKY 3a paguycoM He Y4acTBYIOT.
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9TOT'0O HE ITOKaXKerT.

TaMm, roe HampaBJIeHUSI cOcCefel PacXOMsiTCS, JIOKAIbHBIM IIOBOPOT HE IPUMEHSETCs W paboraeT
o011ast Mofiesib. BEIAyMEBIBAaTh HaIpaBlIeHWe TaM, TMie eTo HeT B JaHHBIX, HETIPABUJIBHO.

Pe3ynbTaT IpPOBepsiiiTe Kpocc-Banupallrell Ha yOepzKaHHOI BeIOOpKe. JIoKanmbHAs aHU3O0TPOIIHS
meJjlaeT KapTy IIOXO0XKel Ha reoJIOTHYeCKyIo UAel0, ¥ B 9TOM €€ CHJIa U €€ OIIaCHOCTh: IPU HEBEPHOM
MTPOCTUPAHUY KPUTHHT BHITTHET aHOMAJIMU BIOIb OITHOKH.

VYparaunHbie mpoObI OTHAEIBHBIM CJI0€M

OT6pOH.IeHH]:>Ie OTCE€BOM TOYKH MOZKHO ITOJIYYUTH BBEIXOOOM: KOOPAWHATHI, 3HA4YE€HHUE U IIPDUYHHAa -
HUZKEe HUJIN BEIIIE KAaKOM I'PaHUIIHI. ITo YMOJIYaHHIO BBIXOMO BBIKJIFOYEH.

CMmotpeTs ux cTouT. OTCEB 10 MEPIEHTUITIO He OT/INYaeT omuOKy 3aMepa OT HaCTOSAIIel aHOMaIuy,
a pellleHUe 3TO I'e0JIOTUYeCcKoe: CKOIJIeHUe OTOPOIIeHHBIX TOYEK B OMHOM MeCTe OObIYHO O3HadaeT
He Opak, a HEyYTEHHOE TEeJIO.

ABTOMAaTH4YECKHE 3HAYE€HHUSI

Pa3mep ssueliku = min(iupuHa, BbIcOoTa oxBaTa) / 50.
Paguyc Koppensauum BaprorpaMMBl = max(IInprHa, BEICOTa oxBaTa) / 3.

Papuyc nmoucka (rmpu 0) = guaroHasb oxBaTa, TO €CTh 6epPETCS BCSA BRIOOPKA.

OOpe3Ka Mo KOHTYPY CKBazkKuH

KpI/Il"I/IHl" CUUTaeT BeChb HpﬂMOyTOJIbeIfI OXBaT, IIO3TOMY BHE ob6J1acTu OAaHHBIX 3HAYEHUA ABJIAIOTCA
9KCTpamonsiuel U maioT apTedakThl (OJIMHHBIE «BEepPHBIE» U30MUHUM B IIYCTHIX yriax). Omuus
«0O06pe3aTh IO KOHTYPY CKBaXKHMH» CTPOUT BBITYKIYIO OOOJIOYKY BCEX TOUeK (C HeoOs3aTelIbHBIM
O6ydepom) m obpe3aeT mo Hel pacTp. IKCTpamoisaius ucdesaeTr. Ecmu dakTHdeckass TpaHHUIa
ydacTKa BOTHYTas, 3afalTe CBOM IMOMUTIOH B «Macke 00pe3Ku» - OH IIPUOPUTETHEE 000JIOYKH.

BapuorpamMmMa M Harrert

Kpurusr omnupaeTcs Ha MOMe/Ib BApHOTPaMMEL - OHA OIKMCHIBAET, HACKOJILKO CHIIBHO Pa3jIMdaioTCs
3HaUeHWs Z B OBYX TOYKAX B 3aBHUCHUMOCTH OT PACCTOSHUSA MeXOy HuUMH. [Io 3TOM Momenu
KaXXOoW cocemHel CKBa*kKMHEe Ha3HayaeTcs Bec. Momenb 3afaéTcsi B pasmesie «JlOTmOTHUTETbHBIE
rmapaMeTphI».

Mopens BapuorpaMmsul: Harret CO, cum (CO + C) u paguyc KOppensiyu a.

Harrer CO Harrer - 3T0 3HayeHMe, K KOTOPOMY CTPEMHTCS KpHBasg BapUOTPAaMMbI ITPU
PacCTOsTHUY, CTPeMSIIEMCS K HYJITI0. TeopeTUYeCcKH, Ha HYJIEBOM PACCTOSTHUU PACX0XKIEHUE NOIXKHO
OBITH HYJIEBBIM (TOYKa CpaBHUBaETCS caMa C co00l), HO Ha IpPaKTUKe OCTaeTCs cTyneHbKa. OHa
OTpazXaeT TO, YTO JaHHBIE Ha OYE€Hb MaJIbIX PACCTOSIHUSX BCE PABHO HE COBIAMAIOT: IIOTPEIIHOCTh
“3MepeHUsT W OUM(MPOBKYU, MHUKPOU3MEHYHMBOCTH HA MaciiTa0e MeHbIIe pPaCCTOSHUSA MeXKIY
CKBaXKMHAMM, PacxoxkaeHue my0Oel B OOHOM TOYKE.

Kak Harret BnusieT Ha pe3yJibTarT:

CO0 = 0 (mo yMom4aHHIO) - KPUTUHT SIBJITETCS TOYHBIM MHTEPIIOJISITOPOM: IIOBEPXHOCTb 0Osi3aHa
ITPONUTH POBHO Yepe3 KaXkKayio CKBaxkuHy. M30/1upoBaHHas CKBazKKWHAa C BLIOPOCOM 110 Z TPeBpalllaeTcs
B KOHYC («OBIUMH T'JIa3»).

CO > 0 - KpUruHr IMepecTaéT TOYHO BOCCTAaHABINBATh 3HAYEHNE B TOUKE U3MEPEHUN U CTAHOBUTCS
CcrilaxkuBaTesieM: BOTU3M CKBaXKMHEI OIleHKa IMOATSITUBAETCS K JIOKaJIbLHOMY cpenHemy. Yem Gonbiie
moist Harreta CO / (CO + C), TeM cunbHee criakuBaHUe.
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cunn (CO + Q) i
CO+C A -
= i
> i
= i CTPYKTYPHBIN
8 i Bknan C
o)} 1
C 1
U 1
= |
= 1
> i
= |
: _—
CO 1 ToTmmTmTmoomomsoooooo—oooooee
HarreT CO i
0 !
0 paguyc a

paccToaHne Mexay ToO4KaMun h

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

HarreT KpynHbIM NAaHOM

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

40 4

nonyaucnepcus y(h)

10 A HarreT CO

(«ckavok» y Hynq)
Ha Hyne TeopeTu4eckn 0,

HO KpWBasa ctaptyeT c CO —— Mozenk BapMorpaMMel

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

Puc. 5: HarreTt KpynHBIM IIJTAHOM: MOOEJIb CTapTyeT y Hyns He ¢ 0, a co «ckayka» C0. 3To pasbpoc
Ha CBEePXMaJIbIX PACCTOSTHUSAX (IOTPEIIHOCTh U3MEPEHUsI, MUKPOU3MeH4YnBOCTh). [lonka CO0+C =
OUCIEePCUU JaHHBIX.
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CO = BeCh cuii (YUCTHIN HArTET) - IPOCTPAHCTBEHHAS CBSI3b TEPSIETCS, IIOBEPXHOCTh BEIPOKIAETCS
B IIPOCTOE CpefHee. ITO nepebop.

Baxno - emuHHnbl. Harretr CO u cuinm 3agalOTCsi B AaOCOJIOTHBIX €IHHHIIAX THCIEPCHH
OAaHHBIX (KBagpaT emuHuI Z), a He B monax 0-1. 3HadeHWe «1» y cusja II0 YMOJYaHHUIO - 9TO
YCJIOBHOE 3HaudeHHe, KOTOpOoe IIOYUTH BCerga Hy>KHO M3MEHHTh: 3afaiTe cyMmapHbU cumi (CO +
BKJIagbl CTPYKTYyp C) OJITM3KHM K JHCHEPCHH HAaHHBIX. YDPOBEHb CrlIakKUBaHUS ONpemesseT He
abCcoIoTHAs BeIWYMHA Harrerta, a ero mosiasi B cuwwie CO / (CO + C). [pakTuUecKuil MOPSIOK:
BO3BMHUTE CYMMAapHEBIM CUJUI = gucrnepcuu, 3ateM HarreT = 0.2-0.4 oT Hero (to ecth 0.2-0.4 X
oucnepcuu - abcomoTHOoe 4yucio, a He 0.2-0.4 kak TakoBoe). UeM MeHbIIIe HArTeT, TeM OObIlIe
meTasied, HO ¥ OOMbIle JTOKAIbHBEIX MUKOB. YeM 0obllle, TeEM OBEPXHOCTh POBHEE, HO BO3MOXKHO
Crijla’kvBaHMWE pealbHOM CTPYKTYpHL. [MCIIEPCHIO0 MaHHBIX MHCTPYMEHT IedaTaeT B 2KypHan IIpu
3amycKe - 9TO M €CTh Balll OPUEHTHU]P IJIs BRIOOpa CUIIIA.

CTpyKTYyphbl, paguyCc U aHu3oTponusi Cuan (mojika) 3TO YPOBeHb, Ha KOTOPHIM BEIXOOUT
BapuorpamMma. OH ckmameiBaeTcsa u3 Harrerta CO u Bkmagma cTPyKTyphl C. CTPyKTypa 3aHaéTcs
Mopenbio (chepuueckasi, SKCIIOHEHIIMallbHasA, TayccoBa UJIM CTeIlleHHas), moporoM C, paguycoM a,
a3UMYTOM U aHU3O0TPOIIUEN.

CuiuL: CMBICJI M NOPSATOK BeIHYHHBI. CUJII - 9TO BEPXHUU NpPefesl pa3Iuduy MexXay TOYKaMu:
HACKOJIbKO B CpefHeM OTJIMYAIOTCS OajleKue APYr OT Opyra CKBaXKuHBL. OH NpakKTUYeCKU pPaBeH
oObIuHOM mucnepcuu maHHbX. [IpuMep mo KCl: cpenree = 25 %, gucnepcus = 47.6 (%?2), To eCTb O
= 6.9 %. 3HaYUT, CyMMapHBIM cuin 3agaém = 47.6. Ecnu Harret CO = 17 (mpumMepno 0.35 cumnna),
TO CTPYKTYPHBIN BKIIaf repBoi cTpyKTyphl C = 47.6 — 17 = 30. Ha cam rpupg a6CcomoTHEIM MacITad
He BIIUSET - OJIS OIeHOK BaxXHO TonbKo oTHomeHue CO : C. Ho oH HyzKeH, YTOOB KapTa CTaHOapPTHOMH
ommOku 1 MSDR B Kpocc-Banupganuu ObUIH B peaibHOM MaciinTabe (CyMMapHBIN CHMIJT = OUCIIEPCHU
— MSDR = 1). [TosToMy: He ocTaBiIguTe CUII = 1 IO YMOJIYaHMUIO, IIOOHUMHUTE €r0 OO0 OUCIEPCUH
OaHHBIX.

Bbibop mMopmenu. Cdepurdyeckas M OSKCHOHEHUIMANbHAs IOOXOOAT [JIg OOJBIMIWHCTBA 3amad.
CreneHHass Mofenb He MMeeT CHJIa W paguyca B OOBIYHOM CMEBICJIE: €€ IIPUMEHSIOT, KOTrha
M3MEHUYUBOCTDL PACTET C PACCTOSTHMEM U He BHIXOOUT Ha ITOJIKY (HeCTalMOHAapHOCThL IIpUpaIleHui),
II0JISI ITOpOTa U pajuyca OJist Heé YCIIOBHEL. ['aycCcoBy Monennb IPUMEHSINTe OCTOPOKHO: IIPU HYJIEBOM
WJIM OYeHb MaJIOM HarTeTe OHa Ha€T YHCJIEHHO HEeyCTOMYUBYIO CUCTEMY M apTedaKTHl (OCIUIISAIINY,
oTpHUIlaTeNibHBIE Beca). [losToMy mnpu BeIOOpE TayCCOBOW MOAeIU UHCTPYMEHT NPUHYOUTENIHLHO
yoepzKuBaeT HeOOJBIION MUHUMAIBLHEIM HArreT. [1o BO3MOXKHOCTH 3afjaBaliTe eT0 U CaMu.

THI JaHHBIX U pexkKuM. [lof pa3Hble JaHHBIE HY>KHBI pPa3Hble HACTPOUKU. [ TagKue CTPYKTYypPHEIE
IIOBEPXHOCTH (OTMeTKI/I KPOBJIX U IIOOOIIBEI, MOIJ_[HOCTI/I) JIy4iiie MOOeJInpoOBaThk NJIMHHBEIM PaguyCoOM
WU CTEIeHHOM MOoMenbio NpU MUPOKOM (rimobanbHoM, 0) pamuyce IOMCKa - TOTHA IMOBEPXHOCTH
nojydaercs rinagkoi. KopoTkuit paguyc ¢ JIOKaJbHBEIM IIOMCKOM Ha TAKWX OAaHHBIX OAET «OBIYBU
ra3a» U pa3phIBHL OIEHKU IIPM CMEHE COCTaBa COCETHUX CKBaXKUH. [ KOHIEHTpaUui U XUMUHU
(®MC, ra300macHOCTh) KPUTHHT padoTaeT B CBOEM ITpaBe: 3[eCh BaxKHLI KOPPEKTHBIM HArTeT H,
IIpU CUJIBHOM aCUMMETPHUM pacupefefieHus, Ipeobpa3oBaHue JaHHBIX (CM. HUXKE IIPO yparaHHBIE
ITPOOEI).

Paguyc Koppensamnuu a - paCCTOSTHHE, Ha KOTOPOM BapuorpaMMa BBEIXOOUT Ha IIOJIKY. [lanbIlie 3TOrO
PacCTOSIHUSI TOYKH IPAKTHYECKH He BIMAIT ApPYr Ha apyra. IIpu 0 Gepércs aBTOMaTHYecKoe
3HauyeHue max(oxsaT)/3.

AuuszoTponus 3ama€Tcsi a3UMYTOM TJIaBHOM OCH ¥ OTHOIIEHWEM pPaguycoB (Masasi/riaBHas).
3HayeHne 1 - M30TPOMHO (BNMHAHUE OOWHAKOBO BO BCEX HAIIPAaBIE€HUSIX). 3HadyeHUe MeHbIile 1
YKOpadyMWBaeT KOPPEJSIHNI0 IOIEePEK TIJIaBHOM OCH - TOJIE3HO [OJISI BBITSIHYTHIX TI'€0JIOTUYECKUX

CTPYKTYP.

[TapameTp Yrto 3amaérT ITo ymomnmuauuro / coBeT
CpenHee [t IPOCTOTO Hcnionbe3yeTcss TONBKO IIpU 0
KpPUTUHTa tune SK.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

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

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

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

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

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

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

OTceB yparaHHbIX IPOO

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

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

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

I'panunbl mo adconoTy. «HuXHsS rpanuia» u «BepxHsis rpaHuUIla» 3a[al0T MOPOTH B €QUHHUIIAX
Z HampsaMmylo. IlycToe 1osie - rpaHuIla He 3amaHa. OHU IIPUOPUTETHee NepleHTuns. [Ipumep: onsg
MOIITHOCTH IIOCTaBbTe HUKHIOI IrpaHully 0 - yiOyT oTpuLaTeJibHBIe 3HaYE€HUS, BEPXHIOID, CKaXKeM,
30 - yiméT TBHBIH BEHIOPOC B 122 M.
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AHM30TPONKUSA: BbITAHYTAA 3a0eXb WU 3UJIUMC MOUCKaA

rnaegHas ocb
(bonblwion paauych

Manas oCb

£ asamyT

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

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

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

nonyawncnepcus y(h)

"HarreT C0 = 17

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

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

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

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

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

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

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

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

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

CraHgapTHasi oIIMOKa KPpUTHHTa

11.0
10.5

10.0

(=]
w
CTaHgapTHadA owmnbka

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

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

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

KmtoyeBoe CBOMCTBO: CTaHOapTHas oOImuOKa 3aBHCUT OT Ie€OMETPHUM pPAaCIOOoXKEeHUS CKBaXKHUH
¥ MOOENIW BapHOTpPaMMbI, HO He OT camMux 3HadeHu# Z. [loaToMy 3TO KapTa HAOEXKHOCTHU CETHU
HaOmogeHn, a He pa3bpoca JaHHBIX. B ToOYke CKBaxXWHEBI (TPU HYJIeBOM HarreTe) olmmOKa paBHa
HYJIIO - TaM 3HaYeHHe U3BECTHO TOYHO. [To Mepe ymajeHHus OT CKBaXKMH OHa PACTET, a B 00JIaCTIX
6e3 maHHBIX JOCTUTAaeT MaKCHMyMa (IIPUMepPHO KOpeHb U3 CUJIIA).
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Kak uyurarb. TéMHEIE (Maible) 3HAYEHUS - OLIeHKE MOXKHO JOBEPATH: PAOOM OOCTAaTOYHO CKBaXKUH.
CaeTtnbie (0ombIliue) - OIIEHKA MePXKHUTCS Ha HaIEKWX TOYKaX, (AaKTHUYECKH SKCTPAIOISIUS. ITO
IepBhIe KaHOUOATH Ha Jopa3Benky. CpaBHUBATL yooOHEEe OTHOCUTENLHO (TIe 60JIbIlle, TAe MEHbIIIE),
MOTOMY 4YTO a0COII0OTHAsA BeIUYMHA 3aBUCHUT OT MaciTaba BapuorpaMme (cumma S1_SILL).

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

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

CHsTHe TpeHaa (perpeccHsi-KpHTHHI)

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

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

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

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

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

Bece nenoanT (136x41 km) PyaHuk BKMPY-2 (9.5%8 km) BKMPY-2: Tpena pasnyeaer
REK -20% RMSE, xyme RK +25% RMSE, nyywe BapuorpammMy celpore Ze
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Puc. 10: Cusatue TPeHOa Ha PeaJIbHBIX TaHHEBIX: IIOBEPXHOCTH I1JIaCTa C BEIPAaKE€HHBIM DETrMOHAJIbHBEIM
IIagJeHHuEM. TpeHI[ CHAT IIOJITMHOMOM, KPHUI'OBAHBI OCTAaTKH, TPEH[, BO3BpaH.IéH K OII€HKe.

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

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

BIOYHBIH KPUTHHT

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

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

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

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

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

Pa3aomMsbl

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

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

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

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

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

IToueMy pa3/ioM He IEPEBOJUTCS B CETKY

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

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

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

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

Ilena nmpudIHKeHUST

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

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

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

Kaxk IIPOBEPHUTH Ha yqeﬁnmx TJaHHBIX

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

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

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

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

1.03 MuHuMaibHasi KPpUBU3HA (TOYKH — pacTp)

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

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

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

[TapameTtp Ha3uauenue ITo ymonyanuio

ToueuHBIl CITOM [TpoOBI CO 3HAUEHHUEM. -

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

TeoOMEeTpPHUN) uHTeprnonsanuu. [Iycto -
oTMeTKa 0epéTcs u3 Z TOUKH.

OxBart [TpssMoOyTONBbHUK pe3yibTaTa. 10 CJIOIO

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

HatsxxeHue 0 - MuHEMManbHasa KpuBu3Ha, 1 - 0
MeMOpaHa.

[Topor HEeBSA3KU 0 - aBto, 0.01 mponeHTa 0
pa3Maxa JaHHBIX.

MakcumyM uTepanuu [ToTomoK 4YHcCiia IPOXOO0B 100000
SOR.

Harsxenue Ha rpanutie (Jor.) HaTsxkeHue Ha Kpaio CETKHU. 0

KosdpdpunueHnT penakcanuu Yckopenue SOR, pasymuo 1.5 - 1.85

(Oom.) 1.9.

Anusotponus (Horm.) OTtHomleHue ocent Y/X B 1
MeMOpaHHOM 4YJieHe.

PaznomMmer JImHUM, BOOIb KOTOPHIX 110 KeJIaHUI0
IIOBEPXHOCTH PBETCH.

Ipup (MUHUMAaJbHASA BrixomHOU pacTp. -

KPUBU3HA)

Brerxop - oOBIYHEIN rpuf, ToTOBIHM A1t 1.04 U301uHUM U3 pacTpa. B )XKypHan BEIBOOSTCS pa3Mep
CEeTKM, YMCJIO y3JI0B-OJaHHBIX, YHCIIO0 UTEepaluii M MTOroBas HeBs3Ka. ECIM OOCTUTHYT IIOTOJIOK
UTepaluii, a HeBsI3Ka BHIIIE ITOPOra, MHCTPYMEHT 00 3TOM IIpenynpexXmaeT.

PsamoM c mojieM pa3Mepa SUYEHKH II0KA3bIBAETCS pa3Mep CETKH: CKOJBKO siYeeK BBIUOET IIPU
3amaHHOM pa3spemenuu. OH MepPecYUTHIBAETCS IIPU BBOJE. MeTOn UTEPAMOHHBIN, U YHUCIIO STUYEeK
HaJ0 BUIETH [0 3allyCKa, a He B JKypHaJie mocie: BOBoe 0ojlee KpymHas si9yedKa 3TO BYETBEPO
MeHbIe paboThl. CBEIIE YETHIPEX MUJIJIMOHOB SUYEEK UHCTPYMEHT NpeaynpexaaeT OTOeIbHO.

OOpe3ka 1m0 Macke paboTaeT TaK Ke, KAK B KPUTHHIE: IIOJIMTOH M3 IIPOEKTa /MO0 BEHITYKJIAS
obosouka Touek c Oydepom. 3a mpemenamMu 0OOIACTH HAHHBEIX METO[ BCE PaBHO IIPOHOIXKAET
ITIOBEPXHOCTE, ¥ 3TO II0JIe JIy4Ille yopaTh cpa3y.

Pa3aomMbl

PazjiomMbI TOIa0TCS TEM Ke cjioeM nuHuM, 9yTo U B 1.02, HO pabGoTaioT nHave. B kpurunre 6apbep
pellaeT, KakKve 3aMephl BUIUT ssUeliKa. 3IeCh 3aMePOB HET, €CTh CETKA y3JI0B, CBA3aHHBIX I1abI0HOM,
o3TOMy H6aphep KUBET Ha CBA3AX.
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Pebpo Mexkay OBYyMsI COCEOHHMHU y3JlaMH, ITIepeceuéHHoe TMHUEeH pasjioMa, BelIagaeT u3 IabioHa.
CBsI3b MEKIY KPHIJIbSIMHU 0OPEIBAETCS, KazKa0e KPBIJIO PEIIaeTCs caMo 110 cebe, ¥ TOBEPXHOCTD BIOIb
JIMHUY PBETCsI. Pa3JI10M IIpU 9TOM OCTAETCS IMHUEH U B CETKY He TIePEeBOIUTCS, II09TOMY KOCas IMHUSI
He JIOKUTCS CTyIeHbKaMHM, a KPHIJIO ¥ y3JIa OMpefenseTCcss CaMO CTOPOHOM, C KOTOPOH OH JIEXKUT.

V3eqn, momaBIIMKA POBHO Ha JIMHHUIO, NPUIIMCHIBAETCS K OOHON CTOpPOHe. Mejouyb Ha BHMO, HO
CyllleCTBeHHasi: Pa3jioM, IIPOBENEHHEBIM II0 OCH IMAaXTHOMW CETKH, ITPOXOOUT TOYHO depe3 IIeHTPHI
Y370B, ¥ IIPU CTPOTOM pa3bope OH He HmepeKphUI OBl HU OOHOTro pebpa. IlpumucaThk Takou y3ei K
o6euM CTOpPOHAM TOXKe HeJlb3s5I, OH ocTajics Okl 63 cocemed U 3acCThHII Ha CTAPTOBOM 3HAYEHUH, MaB
BIOJIb Pa3JIoMa III0B U3 HECUUTAHHEIX y3JIOB.

ITooca MeMOpaHbI BOOIb THHHHA

Y MUHUMAaTbHOM KPUBU3HBI €CTh 0COOEHHOCTh, KOTOPOM HeT y KpuruHura. E€ 1maboH moTsruBaeTcs
Ha [IBe s4elKU B KaXKIyI0 CTOPOHY, a He Ha OOHY. 3HQUUT Y CaMOl JIMHUY OH BCE PaABHO IIepellaruys
OBI Pa3pEIB, AaXKe eClIu cocemHee pedpPo IEePEeKpPHITO.

BribpocuTh 13 mabIoHa OTAEeNIbHBIE TOYKH HeJIb35: OH IepecTaHeT IPUOIuKaTh OUTapMOHHUYECKOe
YPaBHEHHE, U PelIeHunue nmorepsaeT CMBICII. HOQTOMY B II0JIOCE IHI/IpI/IHOfI OBa y3Jla BOOJIb JIMHUU
pellleHne IepexonuT Ha MeMOpaHy II0 HeIIePeKPLITEIM cocensiM. MemOpaHa paboTaeT 10 YeThIPEM
ONMUKAUIIIUM y3JIaM U Pa3phiB OeP2KUT TOYHO. [lanbille OT IUHUK CUYHTAeT OOBIYHAas MHHHUMAaJIbHA
KpPUBHU3HA.

[TpakTHYecKoe CJIeICTBHE OOHO: Y CaMO¥ JIMHWM IIOBEPXHOCTb YyTh MEHee TJIafKas, YeM BaaIu
oT Heé. Ha kapTe 3TO HE3aMEeTHO, HO 3HaTh 00 3TOM CTOUT. TOT Ke mpuéM mpumeHnsiercsa B 2.03
Topo2Raster y 06pHIBOB, U 110 TOU XKe IIPUYUHE.

JIuHMuS, KaK 1 B KPpHUTHUHTE, HE o6si3aHa PacCCeKarTh IIJIoIagb HAaCKBO3b: BEIIIIE KOHIIA Pa3JIOMa pé6pa
He IIePEKPHBITEI, ¥ IIOBEPXHOCTh TaM CMBIKAQ€TCs.

1.04 A30;1MHHUH U3 pacTpa

CTpOI/IT U30IUHUMN (JIUHUMN) U, II0 YMOJI9YaHUIO, KOHTYPHEI€ IIOJIMT'OHHEI. YPOBHI/I 3aal0TCA
PaBHOMEPHBIM IIIarOM HJIX ABHBIM CIIMCKOM. HapaMeprI:

[TapameTp Yrto 3amaérT ITo ymonuaHuio / COBET
Pactp BxopHoi1 pacTp (Hanmpumep, -
pe3ybTaT KPUTHHTA).
[ITar n3onuHUMN PaBHOMepHGEIM mIar 1mo Z. 0 = -
3amaTh «fBHBIE YPOBHU».
Hauanbpabill ypoBeHs (offset) [IpuBsi3Ka CeTKU yPOBHEU 0
(ypoBHU KpaTHHI IIary oT
offset).
fBHEIE YPOBHU Criucoxk ypoBHEU yepes -

npobes. IIpuopuTeTHee IIara.
[NecaTUYHBIN pa3neauTensb -
3ansTas Uiau To4kKa.

I'maBHas M30JIMHUS KaxKaas Kaxpas N-a muHusa 5

N-s noMmedaeTcd is index = 1 (gnsa
yronieHus). 0 = BEIKIIL.

MuH. gIvHa JIUHAN OTtOpaceBaTh TUHUHN KOpOYe -
rmopora (en. kapTer). 0 = 6e3
dumnbTpa.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Buky6u4yecKoe CriaXXxuBaHUe

Cxkpyrnenue nuauit (Chaikin),
uTepaumni

3amnucarh 3HaueHue B 7
reoMeTpPHH

ITpopexuBaHKE KOHTYPOB,
IOJISI TYerKu (OoII.)

CTtopoHa GepTrIITPUXOB U
noamnuceu (gor.)

HMs4 110711 3HAYEHUS
Kanan (mom.)

WNzonuanu /| KoHTypHEIE
[IOJIUTOHEL

Tena 1mosscoB (3aMKHYTHIE
000JI0YKH)

CrymeHnue rpuga (x2...x4)
OUKyOHUIeCKOH
UHTEPHONSAIUEN IIepen
KOHTYPUHIOM - OCHOBHOH
criocof criazkuBaHUs
U30JINHUM, yOupaer
«OKTaTOHBI» OT I'PyOOM CETKH.
PabGoTaeT u Oyisd MTUHUM, U OIS
IIOJIMTOHOB. BEIKJI. = 6e3
CTYIIeHUS.

[lommomHUTETbHOE JIETKOE
ckpyrnenue nuaui (Chaikin).
Cnabee 6MKyOHUIECKOTO
CTiIa’kKMBaHUs, OOBIYHO HE
HY2KHO, €CII OHO BKJII0UeHO. 0
= BBIKII.

OTMeTKY y U30JIMHUU U ¥
nosicoB. I DXF, ABToKA]TI,
Kpemo u 3D.

Y6upaeT BepIIUHEBI, OTCTOSIITHE
OT IUHUU MEHbIIIE 3aJaHHON
monu stueriku. ®opma
coxpaHsieTcsi, 00bEM daiina
nagaet. 0 = BHIKII.

CTopoHa CKJIOHA AJis IITPHUXOB
OEepPeCCUOHHOT0 CTUJISA U
HalpaBJieHUe
TonorpaduiecKux mognucei
pa3om.

HWwmst atpubyTa YPOBHS B
BBIXOOHBIX TUHUSX.

Howmep kaHaja BXOOHOTO
pactpa.

Brixogarbie cinou. [Tonuroset
CTPOSITCS TI0 YMOJIUYaHHUIO BO
BPEMEHHLIN CIIOH.

TpeTuit BLIXOM: TOT XKe II0SIC
3aMKHYTHEIM TenoM. I1o
YMOJIYaHMIO MPOIyYCKaeTCs,
CJIOM CO3HaéTCs TOIBKO €CJIn
3a7aTh Ha3Ha4YeHUe.

BBIKJI. (X4 Ha rpyboM rpume)

CHATO

0.25

aBTOMaTHU4Y€ECKHU

ELEV

IPONIYCK

BrIXogHEBIE TTOIA:

Crnou ITome Tun YTo comepXKUT

HU3zonueuu ELEV YUCJIIO 3HaueHUe YPOBHS
JIMHUY (UM 3a0aéTcs
noneMm UmMs mons
3HAYEeHHs ).

HUzonnuauu is_index nejoe 1 y r1aBHBIX U30JIMHUYU
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Cnoit IMomne Tun YTo comepKUT

KouTtypHrie nonuronsl ELEV _MIN YUCJIO Huxuusi ypoBeHb
rnosica.

KortypHsbie nonurounsr ELEV MAX YUCIIO0 Bepxauii ypoBeHb
rnosica.

Tena osicoB ELEV MIN, YUCIIO OTMeTKY HUXKHEN U

ELEV MAX BEPXHEU KPBIIIKYU

Tena.

Tena mosicoB shell emoe 1 y Temna - oTIn4aeT

€To OT TIJIOCKOT0
mosica 6e3 pasbopa
TeOMEeTPHH.

IIpsiMble rPaHU Ha YePTEkKe MOSICOB

He Bcsikasi TMHUSA Ha BBIXOOE 9TO M30JUHUS. [TI0IUTOHEI IIOSCOB COOMPAIOTCS U3 TPEX MCTOUYHUKOB
Cpaldy: caMHuX H30JIMHHH, KOHTypa 00JacTH C HAaHHBIMM W JIMHUNA pas3noMoB. [lepBble IIJIaBHEIE,
BTOPBIE U TPETHHU IIPSMEIE.

KouTyp obnactu ugéT mo peébpamM s4eek pacTpa, I03TOMY HaET CTYHEeHYAaTYIO UJIU CTPOTO MPSIMYIO
rpanuny. OHa MOSBISIETCSA Ha Kpalo IJIOIIaAu M BOKPYT Y4acTKOB 6e3 MaHHEBIX - TaM, T'Ae y3eJl He
Habpas Hy:KHOT'O 4ucJla cocefei.

JluHuS pas3fnoMa pexeT mosica mo cebe. YV 3aTyxalolmero KoHIIa pal3jioMa pPas3phlB He HcYe3aeT
MTHOBEHHO: C OOHOM CTOPOHHI OT ITOCJIETHErO 3BeHa Oaphep eIé OeHCTBYEeT, C APYyroM yXxKe HeT,
u HabOpHI cocemell y COCEOHUX siyeeK pacxomsarcs. IIo3ToMy y KOHIla pa3jioMa HOPMalbHHI U
CTyIIleHUe U30JIMHUM, U HeOOJIBIIION OSIC C IPSIMOM I'PaHblo 10 CaMOM JIMHUM.

9TO0 CBOMCTBO MOAEeNH, a He c60i pacuyéTa. Eciu Tako# 06pyOOK MellaeT, IPOaIuTe TUHUI0 Pa3jioMa
3a Ipeessl IIOIAaK: Jallle BCero pas3jioM Ha KapTe HapHCOBAaH KOPOYe, YeM OH €CThb, U MIPOIJIUTh
ero mpaBuJIbHEe, YeM CriIaXkKHUBaTh Pa3PHIB.

CriiaxkuBaHHe M30/IMHHH

OcHoBHOM cnoco® CTIaguTh WU30JIMHUU B 3TOM HMHCTPYMEHTe - OMKyOHMYeCKoe CriiaKWBaHHeE:
Tpuna mepel KOHTYPUHIOM CryllaeTcsi OMKyOMYecKOW HHTepmojsiuein (X2...X4), ¥ KOHTYPHI
cTposaTcsa 1o Gojiee Meskoil ceTke. Ha rpy6oM rpume M30JIMHUN WHAYe BBHITJISAOAT «OKTaroHaMH»
(BepILIMHBI CTABSATCS MO KpasiM S4YeeK) - CTylieHne youpaeT 3Ty yriIoBaTOCTh TOTIOJIOTUYECKHU YHUCTO.
PeanuzoBano B umctom NumPy, 6e3 BHemrHux 3aBucuMocTel. Nodata-rpaHullbl U BHYTPEHHUE
«OKHa» [OaHHEBEIX COXpaHsawTcsA. CrylleHHe OeUCTByeT U Ha JIMHUW, U Ha KOHTYDPHEIE IIOJIUTOHBI
- 'PaHULEI TIOSICOB IPU 3TOM COBHAAAIOT ¢ mM3onuHUsIMU. LleHa - Gosmbire sdeek (X4 = B 16 pas
0oJblIIe), IO3TOMY Ha OYeHb KPYIIHOM I'pUAe HAYHUTE C X 2.

I[lommomHUTEIbHO €CTh JIETKOe CKpyrieHue nuHui anroputMoM Chaikin (komnuecTBO mTepaumii).
OHo cnabee OUKYOMYECKOTO M OOLIYHO He TpeOyeTcCs, eClM CryIllleHHe BKII4YeHO. FiMeeT CMBICTT
Kak OBICTpas albTepHaTHBa Ha rpyOoM rpume, Koraa CryliaTh He XOUeTCs.

CrnaxuBaHHe CaMoOro IIOJs (rayCcoBO, IO PacTpy) - 9TO OTAEeNbHAsA Ollepalllsi, OHa BBHIIIOJIHSIETCS
He 3[0ech, a B uHCTpyMeHTe «2D Kriging»: TaM 0HO UAET IO I'PUOY OO KOHTYPHUHTa U yOUpaeT He
yIJI0BaTOCTh, a OYTPUCTOCTSD 1o («OBIYbY I'Ta3a» BOKPYT CKBaXuH). Bukybudeckoe crinaxuBaHue
U rayCCOBO CrilaXXHBaHWe MOJIs OOIOJHSIT APYT Apyra: IepBoe JIEUUT YIII0BaTOCTh CETKU, BTOPOE
- OyTpUCTOCTD HaHHBEIX. KOHTYDHBIN pacTp KPUTHUHTA IIPU 9TOM He MEHSETCS - CTJIaXKUBaeTCs JIUIIb
BpeMeHHas KOIUs.

KonTypHBIE HIOJIHUIOHBI (IIOsica)

KOHTypHBIe IIOJIMTOHBI - 3TO 3aAJIUTHIE II0OsACa MeXKIOY COCeOHMMHN HN3O0JIMHUAMMN. Onu CTPOATCA
HE KJ'IaCCI/I(bI/IKaHI/IeI;I «CTyII€eHeK» DPacCTpa, a IONUTOHM3allMell CaMUX CTJIaXXe€HHBIX HN30JINHUHU

32



BMECTE C KOHTYPOM BaJIUTHOM 00JIaCTH pacTpa: KOHITH JTUHUU IMPUTATHBAIOTCS K KOHTYPY, CeTh
HOOUPYETCS ¥ IMOMUTOHM3yeTcs. [Iuama30H ypOBHEHM KaXoTo Iosica OIpenesieTcsi BBIOOPKOM
pacTpa B penpe3eHTaTUBHON TOYKE IIOJIUTOHA.

Brnarogaps 9ToMy rpaHUIIH IIOJIMTOHOB COBIAAAIOT C U30JIMHUSAMH, a IOKPHITHUE CIJIONIHOE (6e3 OBIp).
[Monuronst HecyT nonsg ELEV_MIN u ELEV_MAX. ITo yM0T4aHUIO OHY CTPOSITCS BO BPDEMEHHBIU CIIOU.
YUTOOBI UX HE CTPOUTH, OYUCTUTE NoJie «KOHTYpPHEBIE TOJTUTOHEI».

Tena mosicoB

ITosic cam mo cebe HOBEPXHOCTb: Y HEro e€CTh KOHTYD, HO HET HU Hu3a, HU oOvéma. Tperuht
BBIXO[ OAET TOT 2Ke II0SIC 3aMKHYTBHIM TeJIOM - KphilKa cHu3y Ha ELEV MIN, KprllIKa CBepXY
Ha ELEV MAX, 60KOBEIEe CTEHKHM II0 BCEM KOJIbIlaM, BKJIIOYas ALIPHL. TaKoe TeJI0 CYUTAET O0BEM,
peXeTcs IJIOCKOCTBIO C 3aKPBITHIM CPE30M UM IIEPEHOCUTCS B IPOrpaMMEBI, KOTOPHE IOHUMAIOT
TOJILKO 3aMKHYTEIe 000JIOUKHY.

3aMKHYTOCTb ITPOBEPSIETCS II0 €OUHCTBEHHOMY IIPaBUIIY: KaXkpgoe peOpo 000I0YKY IIPUHAMIEIKUT
POBHO IOBYM I'PaHsAM. BHyTpeHHee KOJIBIIO IIOIy4YaeT CBOI0 CTEHKY HapaBHe C BHEITHUM, HHade
00070YKa HE COMKHETCS BOKPYT OTBEpCTHsA. Tefa, He MPOIIEAIINe ITPOBEPKY, CUUTAIOTCT U
MUIITYTCS B XKYPHAJ YHUCIIOM.

Brixopm o YMOJI9aHHUIO IIPOIIYCKAETCs: B II0JI€e CTOUT IIPOITIYCK BEIBOIA4, 1 CJION He CO3I[aéTCH, IIOKa He
3a4aTb eMy Ha3Ha4YeHHue Ujinu BpeMeHHbIﬁ crou. Tena 3aMeTHO TsAXKeJlee MIOCKUX IOSICOB, IIO3TOMY
BKJIIOYATh UX CTOUT IIO[ 3adavy, a He BCermga.

Odopmaenne ciI0€B

Jlmaun: 3amaliTe CHMBOJIMKY IIO IIPaBUILy Ha OCHOBE is index - rIaBHEIM M3010HUAM (is index = 1)
matiTe 6OMTBITYI0 TONIUHY. [ToANHCE - 10 om0 ypoBHS (ELEV).

ITonuro#Hsl co3malOTCSA C OOHUM CHUMBOJIOM. /151 3aJIMBKM 10 AMalla3oHaM 3afaiTe rpagydpoOBaHHYIO
cuMmBonuky 1o ELEV MIN (unu ELEV_MAX).

Crnoit U30IMHUYM aBTOMATHMYEeCKU IIOMeIlaeTcsl Haf, CJI0eM IIOJIUTOHOB, YTOOH! JIMHUU OBLIM BHUIHEI
TTOBEPX 3aIUBKH.

3HauyeHHE B Z reOMEeTPHHA

®maxok 3anmucarh 3HAUYEeHHEe B 7Z reoMeTPHH IMOOHMMAET BEPIIMHB KaXKOOW JIMHUU Ha ee
COOCTBEHHYIO OTMETKY. M30IUHUS 3TO JIMHUS PABHOTO YPOBHS, II03TOMY Z y BCEX €€ BEePIUINH OIUH
U paBeH 3HAYEHUIO I0JId.

KOHTYpHBIN IOJUTOH KJIAAETCS IJIOCKO, Ha BEPXHIOI I'DAHHUIY CBOETO II0siCa - Ha Ty XK€ OTMETKY,
YTO BEPXHssI KPHIIKa ero Tejia. CTomKa I0sICOB M MaéT CTYIIeHYaTyI0 MOBEPXHOCTD, a IMOJIUTOHH C
TeJlaMu JIOXKAaTCS APYT Ha Opyra 6e3 3a3opa.

OTMeTKH BIOIb OMHOTO0 KOJIbIla ITpoO0BaIy OBaXK/Ibl: IOPOTOM I10 CEPeIUHE IT0sica U BLIOOPKOM caMo
nmoBepxHocTu. O6a pa3a Ha TPEXMEPHOM ClieHe BEIXOOUIX JIeHTHI, ye3Kalolue Mo BeIcoTe. [IpuynHa
He B OTMETKAaXx: HEIJIOCKOe KOJIbIIO ABUXKOK TPUAHTYJIMPYET B IIJIaHe, M MEeXK/y BepIIHnHAMHU Pa3HOH
BBICOTEI HAaTATHUBAIOTCSA OJIMHHBIE TOHKHWE TPEYTOJIbBLHUKU Yepe3 BeCh II0MAC. BbICOTy Oep2KaT CTeHKH
Tejla, a He HaKJIOH IIJIOIagKH.

Hyx#no 3to gns nepemauu ropusoHtanein B ABTOKAIl u Kpepo. CtammaptaBIU 3KCcmopT QGIS
(ITpoekT —» UMmopt/3KcunopT - IKcuopt npoeKra B DXF) coxpaHsieT OTMETKHU Z BEPIINH, HAmd0
TONBKO CHATH ranodky IIpuryautenbHo 2D. Be3 Z B reomeTpuu 00e IporpaMMHEl KIagyT BCe
TOPU30HTAJNM Ha HYJIEBYI0 OTMETKY, ¥ BBICOTY IPUXOOUTCS 3afaBaTh BPYYHYIO 10 KaKOOM JTUHUU.

MHOro4acTHOCTS CJI04 COXpPaHAETCsA: U30JIMHUA OOHOT'O YPOBHHA ocTaércs OOHUM 00BEKTOM CO BCEMU
CBOMMH BETBSIMH, UHUCJIO 00BEKTOB HE MEHSIEeTCH, IIOAOIINMCHY HEe PA3MHOXKAITCHA.
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IIpopekuBaHHEe KOHTYPOB

KoHTypep CTaBUT BEPIIMHY Ha KaKOOM IIepecedYeHur YPOBHS C peOpoM SYelKu, U Ha mOgpoOHOM
TpULe INHUS HECET BePIIWH O0JIbIlle, YeM HyKHO e€ dopme. [lapameTrp IIpope:kuBanne KOHTYpPOB
yOupaeT BEPILIWHE], OTCTOSIINE OT CIPSAMIIAIONIEN JIMHUYU MEHbBIe 3afaHHOM OONHU SYeWKW: IIPU
mosie 0.25 u siyerike B ISIThb METPOB OTOpPAcCHIBAETCS BCE, YTO YKJIOHSETCS MEHBIIE YeM Ha MeTp
C YeTBEPTHIO.

dopMa IIpU ITOM COXpaHsIETCs, a 00BEM CIO0S IamaeT B pPas3bl - 9TO BaXKHO U OJIA YyepTexka, U O
TPEXMEPHOM CLieHH!, 1 A1 nepenaydu B ABTOKA]L. [TpopexkuBaHue UOET A0 IOJIUTOHU3ALNY, II0O3TOMY
TPaAHUIIEL IIOSICOB U IIOCJIe HErO COBIAAaloT ¢ U30NMuHUSAMU. Holb OTKIII04aerT.

Tomorpadudyeckue MOIAIHUCH

Ha Tomorpaduueckoil KapTe Bepx HHU(PH Ha IOPHU30OHTAJIM BCerfa HaIlpaBJjIeH BBEPX IIO CKJIOHY.
YuTas KapTy, II0 OGHOM IOOINCYU IOHUMAaeIb, TOe BHIIIe, He CBEPASICH C COCEOHUMU I'OPHU30HTATISIMMU.

QGIS oTcuuTHIBAaET BEPX MOOMUCU OT HANpPaBIEHUS TUHUH, ITO3TOMY HOOHTHCS 3TOT'O ITIOBOPOTOM
TEeKCTa Hejb3sl, a Hy2KHO 3a0aTh JIMHUSM OJHO HaIIpaBJIeHHE OTHOCUTENIbHO CKIJIOHA. DTO U OejlaeT
¢pnaxok Tomorpadpuyeckue nmognucH. B cioe ocraércsa nosne up_side: 1 o3HadaeT, 4YTO TUHUSA
ocTaBieHa Kak On11a, 0 4TO pa3BépHYyTA.

ABTOMATHYECKUI BHIOOP CTOPOHHEI WMHOTHA OIMMOAETCsS, W TOTHA €eTr0 TepPeKTIYalT pyKaMu
mapaMeTpoM CTOpOHa OepruiTPpHMXOB M MOAMHCEH. [lepekiodyaTenb AEWCTByeT Ha 00e 4YacTu
KapTHUHBI PA30M: M Ha CTOPOHY IITPUXOB, W Ha HAIpaBJieHWe moamucei. I[IpuMeHseTCss OH POBHO
OWH pa3 - Pa3BOPOT JIMHUU CaM MEHSIET MeCTaMHU JIeBO U IIPaBO, @ 3HAYUT U 3HAK CTOPOHBI CKJIOHA,
ITO9TOMY TIOBTOPHBIM ITEPEBOPOT BEPHYJI OHI IITPUXHU Ha IIPeKHEee MeCTo.

Be3 pa3spellieHHsi IIepeBEéPHYTHIX MOAMHCEH 3TO He paboraer B HacTpo#Kax IOAIHCEHR
€CTh OIIIMS TO0Ka3a IePEeBEPHYTHIX MOAIMCEN, ¥ M0 YMOJIYaHUIO OHA 3ampelraeT ux. [Ipu TakoM
3anpete QGIS caM goBopaynBaeT TEKCT, YTOOBI OH YHTAJICS CJieBa HAIlpaBo, U HallpaBlieHNe TUHUU
MepecTaéT Ha YTO-Tu00 BIUSATH.

Tomorpadryeckas MOANKUCH IO OIPEeAeIeHN0 OBIBAET IMTEPEBEPHYTOM: Ha CKIJIOHE, 00paIIéHHOM Ha
1or, udpa yuTaeTCs BBEPX HoramMu. I103TOMy ITOKa3 NepeBEPHYTHIX HAMl0 pa3pemniaTh, a He 60poThCs
C HUM.

B ctunsax CTpyKrypa / runcoMmeTpus u [lenpeccusi (WITPUXU BHU3) 3TO yKe HacTpoeHo. Ecnu
MIOANKCHIBAaE€TE CBOUM CTHUJIEM, BKJIIOUHUTE IIOKa3 IEPEBEPHYTHIX IOAINCEN B pa3felie OTPUCOBKH,
nHade (aXkKoK He JacT HUYero.

IMoamuch CTAaBUTCS HA JIHHUIO B 000uX CTUIISX HOONUCH Pa3MeIlaeTcs Ha CaMOM TOPU30HTAIIH,
a He HaJ Hel, ¥ pa3phIBaeT €€. DTO NPUBLIYHLIN TOMOrpadruecKui mpuéM: 1udpa YUTaeTCss BMecTe
C IMHUEH, a He PAOOM C HeM.

IIpenynpexKaeHHue O IIOCKHX YPOBHSX

HWHCTPYMEHT caM IPOBEPSET, He IoIall ¥ KaKOU-TO YPOBEHD CeYeHHUS B IJIOMIAIKY C OKOJIOHYJIEBEIM
YKJIOHOM, ¥ €CJIM IIoMajl, numeT o6 9TOM B XKypPHAI: YPOBEHB, YHUCIIO 3a€THX TY€EK U JOJIIO0 JAHHBIX.
Huyero nmpu 3TOoM He GJIOKHPYETCS, U30JIMHUU CTPOSATCS KakK 0OBIYHO.

3aueM 3TO HYXKHO. Ha mnomiagke, rae HOBEPXHOCTb MEHSETCS Ha MUIIJIMMETPH], ITOJIOXKEHUE
U30JIMHUM OIIpefesnseTcs He penbedoM, a IIyMOM MaTpullkl. JIMHMS TaM HadyMHAEeT BUIISTD,
paccheinaeTcss Ha MHOXKECTBO MeJIKUX KOJIEll ¥ BHITTISIOUT KaK OOHa yTomméHHas. Krmaccuueckuit
HCTOYHUK TaKOM IJIOMIagKM - IIOBEPXHOCTb BOAHI: Ha MaTpHIle, IIOJIYYeHHOM II0 CTepeollape, OHa
CTOUT Ha OJHOM OTMETKE C TOUHOCTBHIO 1O CAHTUMETPOB U MOXKET 3aHMMAaTh II0JIOBUHY ILJIOMIaAH.

OTNMUYuThH Ty 0011e3Hb OT HOpM&J’IBHOI:I paGOTBI AJITOPUTMa Ha I'Jla3 TPYAHO, IIOTOMY 4YTO aJITOPUTM
OTpa60TaH BE€PHO, a BUHOBATHI HaHHEIE. HOSTOMY IIPOBEPKA Y BEIHECEHA B XKYPHAJl YUCJIAMHU.
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[TpakTH4YeckKoe perieHre 0OBIYHO IPOCTOE: 3aMaCKUPOBATh MOBEPXHOCTh BOOHI IO IOCTPOEHUS Tu00
CMECTHUTh YPOBHHU. Ype3 BOOHI 3TO OTHAENbHBIM 00BEKT KapTh, @ HE TOPU30HTalIb, U PUCOBAThH €T0
TOPHU30HTAJbIO HE CIIeayeT.

ITpoBepKa MIOET 3a OOUH ITPOXO[ 10 MAaCCUBY U Ha pacTpax KpPyIIHee IeCTUNEeCATU MUJIJINOHOB T4eeK
MIPOIyCcKaeTcs, YTOOBl He TpaTuTh BpeMs. JIrob6as ommbKa BHYTPU HEE TacUTCs, IOCTPOEeHUEe U3-3a
OUarHOCTUKY He CPEIBAETCH.

VBepeHHOCTHh rOPHU30HTAIeH

ITpomomkeHWe TOM Ke MBICITH, HO YK€ C BO3MOXKHOCTBIO YTO-TO cAejaTh. [lapamMeTp YBepeHHOCTh
TOPHU3O0HTAJIEH UMeeT TPHU II0JI0KEHHUSI.

He cuuTaTth - IOBEEHUE I10 YMOJIYaHUIO, HUYEro He MeHAeTCsA.

TonbKo moast drop_min H drop_mean - JIUHUW OCTAIOTCAd LIEJILIMH, HO KaXKOad II0JIydaeT [OBa
MIOMIS: HAUMEHBIIHUU U Cpe,E[HI/Iﬁ IIeperang BEICOT Ha quﬁKy BIOOJIb Heé. PelneHne ocTaéTcs 3a BaMU:
IMOOO3PUTENIbHBIE YIAaCTKM BUOHBI BRIPDA2KEHUEM BUOA drop_min < 0.005, ¥ BEI CAMHU PEIIaeTe, IIPsiTaTb
WX UJIN IIOKA3bIBATh.

Ions u Pa3pPbIB Ha IMOOJO3PHUTE/IBHBIX YYadaCTKaX - JIMHUA OOIIOJTHUTEJIBHO pBéTCH TaM, rge
rmepemnan HuUuxe 1mopora, ¥ KyCKu IIOMe4YalTCA IIoJIeM lowconf. Huuero ue yoandeTcsa, CIIPATATh
IIOME€4YEeHHO€ MO2KHO (bI/IJ'II:TpOM CJIO4.

ITouemy mopor 3agaéTcs MOJIed cedyeHuss MepuTcs He VKIIOH, a IIepelajl BEICOT Ha S4eiKy. DTo
BeJIMUYMHA TOU XKe pPa3MepHOCTH, UTO U ceueHue pebeda, I03TOMY €€ MOXKHO IIPSIMO CPaBHUBATH C
HUM, U OOUH IIOPOT OOUHAKOBO paboTaeT Ha Pa3HbIX JaHHBIX.

ITpumep. IIpu cedyernuu 0.5 M U IOpore B COTYIO HOJII0 IPaHUIla MPOXOOUT IO 5 MM Ha SYEUKy.
ITonmoru¥i CKIOH [Ja€T Ha s49elKe CaHTHUMETPhl U IIOPOr IIPOXOAUT, IOBEPXHOCTb BOOBI HAET
MUJUIEMETPHL ¥ He NIPOXOAUT. 3afaBaTh IOPOr abCOMIOTHEIM YKJIOHOM IIPUIIOCH OBl 3aHOBO IIOT
KaXkJBIU y4acCTOK.

ITopor HacTpauWBaeTCs B [OIMOJIHUTEJbHBIX MapaMerpax, Ilopor mepemaga Ha sT9YeHKY, OIS
cedyeHusi, 110 ymondanuio 0.01.

ITloueMy pPBYTCsI TOJIBKO cepun OpfHa IIOOO3PUTEJIbHAS BEPIINHA JIMHUIO HEe PBET, U OBE TOXKeE.
Pa3prIB IPOUCXOOUT TOJIBKO TaM, THe HOAPSA UOYT Tpu u Oosiee ciabbIx BepIIuWHEL. MHade omHa
cnydadHas ILIyMHas s9edKa Kpolnuia OBl TOPM30HTAJIb HA HOPMaJbHOM CKJIOHE, M KapTa O
nopepesa 6e3 IPUYUHEL.

Yucno TPU 3alllUTO U IIapaMeTpPOM H€ BBIHOCUTCH: HOJI6I/IpaTI: €ro II0JIb30BATEJII0 HE€ 3a 4YTO, a
TTUIIHAMN IIapaMeTp B guajiore CTOUT OJOPO2Ke, HeEM KaxKeTCs.

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

HOpﬂJIOK B KOHBeﬁepe U cBooka PasmeTka I/IJIéT II0CJI€ IIOCTPOEeHuA U30JIMHUM U [0 (I)I/IJ'[I:Tpa
KOPOTKHX nuHuh. UHaue O6prBKI/I, OCTaBIINECHd OT pa3pe3aHud, IIOoIIaJIu OBI B CTaTUCTUKY OJIMH U
YacTh JTUHUH OTCEesiIach OBl AOBazKbI 110 PAa3HBIM IIPUYKXMHAM.

B KYPHAaJl YXOOUT CBOOKaA: CKOJIBKO JIUHUHA IIPUIIJIO, CKOJIBKO KYCKOB IIOJIYYHJIOCH, CKOJIBKO M3 HUX
HUXKe IIyMa ¥ Kakas OoJist o0Ilei OJIMHBI OKa3aiach cjiaboii.

Yero HHCTPYMEHT He [aejiaeT OH He criaXkmBaeT IIJIOCKHUe Y4acCTKH, YTOOBI JIMHUS rnepecTtala
BUJISAITL. JTO ObIjla OBI Imoggelsika HOaHHBIX: HaA BBIXOOE IIOJIYYHIIACh OBl POBHadA KW HEBEPHad
TOPHU30HTAJIb BMECTO pBaHOfI, HO COOTBeTCTBYIOH.Ieﬁ TOMY, 4YTO €CTb B MaTpHUIie. Pemenue o
TOM, IIOKa3bIBATh JIU cralbhIi Y4acCTOK, OCTaETCS 3a YeJIOBEKOM.
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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.

OTMeTKH Z y IIOSICOB

l'anouka oTMeTOK Z paboTaeT W Ha IIOJIUTOHAaX II0sICOB. ITosC JIeXUT MeXOy OByMS YDPOBHSMH, U
ero Kojblla UAYT 10 HUM: BHEIIHee II0 OJHOMY, BHYTPEHHEE [0 COCefHeMy. BepIuHEl nomy4daioT
OTMETKHU 9TUX YPOBHEU, U IJIOCKHU MOSIC CTAHOBUTCS HAKJIOHHOM I'DaHBbI0, a BCS CTOIKA IIOSICOB -
CTyIIeH4YaTO! II0BEPXHOCTHIO.

OTMeTKa BepHIMHBE OepPETCsS BLIOOPKOM M3 pacTpa W MHOATSATUBAETCS K YPOBHIO M30IUHUHU, €CITH
TOT OnuzKe TpeTw cedyeHus. [loaTskKa HyXKHa I[IOTOMY, YTO CrjlaXXWBaHWE YBOAUT BEPIIUHY C
TOYHOTO IIOJIOKEHMS M30JIMHUM, a OTMeTKa o0s3aHa OBITH POBHO YpPOBHEM: MHAuYe COCemHUE
rmosica pa3oyAyTcs IO BEICOTe Ha obmeM pebpe, ¥ BMeCTO CIIJIOUIHOYW ITOBEPXHOCTU BHIMIET Habop
HECOMKHYTEHIX JIOCKYTOB.

TTooTsXKa UAET TOJIBKO K CBOUM IBYM YPOBHSM. BepimHa Ha paMKke 00/1aCTH UITH Ha TUHUY pa3aoMa
He JIeXKUT HU Ha KaKOU U30JIMHUH, €€ 0OTMETKA 3TO penbed, U TAHYTh €€ K 4y2KOMY YPOBHIO HEJIb34 -
ITOBEPXHOCTH ITOy4uiIa Okl CTYIIEHbKY Ha POBHOM MECTE.
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ITosic, YacTh BEPIUIMH KOTOPOT'O BHIIIIJIA 3a ITIOKPHITUE pPacTpa, OCTAETCS IIJIOCKUM LIETUKOM: TTOJITUTOH
C OeIpol B oTMeTKax B 3D maéT mpoBasl [mo HyJd.

1.05 BapuorpaMmMa (3KCrnepuMeHTa/IbHAs)

HHCTPYMEHT CTPOHUT II0 TOYKAM SKCIEPHUMEHTAJIbHYIO IIOJTyBapuorpaMMy, IIPU HeoOXOOUMOCTU
rmogOupaeT o Heil Momenb u BHgaéT HTML-oTuéT ¢ rpadurom. OH He CYHUTAET T'PUI U He BXOOUT
B PACUETHYIO IIeNI0YKYy KpPUTUHTa HanpsaMylo. Ero 3ajada guarHoctudeckas: IoKa3aThb CTPYKTYPY
HpOCTpaHCTBeHHOfI U3MEHYUBOCTHU OAaHHBEIX U IIOMOYE 3a44aTh ITapaMeTPhl BAPpHUOTrPaMMBbI OCO3HaHHO,
o Bupny obJjiaka, a He Ha I'j1as.

3ayeM HyKeH HPeanpocMoOTp

KpuruHr onupaeTcs Ha MO[eJIb BapuorpaMMEbl: HarreT, mopor U paguyc. OT HUX 3aBUCAT Beca IpHu
WHTEPIIONSIIMY U KapTa CcTaHpapTHON omubku. Co6lIa3HUTENbHO MOPYYUTH IMOAOO0OpP 3TUX YUCEN
aBTOMaTHUKe U He AyMaTh 0 HuX. Ha KjlacTepu30BaHHOU pa3BefOYHOU CETH 3TO OonacHO. CKOIIJIEeHUS
OMHM3KUX CKBAXWH OAIOT OIPOMHOE KOJIHYECTBO Iap Ha KOPOTKHUX PACCTOSTHHUAX W HMPHUIABINBAIOT
OJIMKHIOI0 YacCTh BapUOTPaAMMEI, II03TOMY aBTOIIOAOOP IO TaKOMY 0OJIaKy JIeTKO BHIIAET YBEPEHHO
HeIpaBUIbHBEIN HaArreT. [IpegmpocMOTp CHHMAaeET 3Ty IpobjieMy: reojor BUOUT caMo 0OG/akKo Iap,
IOHMMaAET, I'Ie JaHHBIX MHOTO, a I'le MaJio, ¥ MOATOHsIeT MOOesb C IIOHMMaHUeM TOI'0, YTO IO Hel
JIeXKHUT.

ITosToMy mopmbop MOmenu B MHCTPYMEHTE [aH KaK PeKOMeH[allus, a He KaK I'OTOBHIM pe3ysbTarT.
Yucna, KOTOPHIE OH IpeiaraeT, Pa3yMHO CBEPUTH C BUOOM I'padrKa M TOIBKO ITOTOM IIEPEHOCUTH
B KPUTHHT.

Kparkas Teopusn

[NTonyBapuorpamMma OIMCHIBaAeT, HACKOJIBKO CTaTUCTUUYECKU CBSI3aHBI 3HAUEHUS IIapaMeTpa B OBYX
TOYKax B 3aBUCUMOCTHU OT PACCTOSHUS MeXKIy HUMU. [1715 Tapkl TOYeK, pa3HEeCEHHBIX Ha PACCTOsHUE
h, Gepércss momoBWHa KBajmpaTa Pa3HOCTH WX 3HAYEHWH (MOJYOUCIIEPCUS NIPUPAIIEHUSd). ITH
BEIMYUHEL YCPEOHAIOTCA II0 IITaraM pacCcTosAHuS, U nonydaeTrcsa KpuBad y(h). Illar 3mecs - uHTepBan
paccTosHUN MeXKOy TOYKaMU I1aphl: BCe Iaphl, pa3HEeCEHHBIE Ha paccTossHUE OT h 0o h miroc mupuHa
1ara, gJaloT OOHY TOYKY KPHMBOM. 3TO Mepa He «CpefHel pa3HUIbl» 3HaUYeHUM, a CTaTUCTUYECKOHU
HaEXHOCTU NpelcKa3aHUusd 3HaUeHUS 110 COCEeNy: YeM MEeHBbIIEe Y, TeEM TeCHee CBSA3b.

Y TunuyHOU KpuBOU TpuU XapakTepuctuku. «Harrer» CO 3TO 3HaYeHHE, K KOTOPOMY CTPEMUTCS Y
IIPU CTPEMJIEHUHN PACCTOSHUS K HyI10. OH OTpaXkaeT U3MEHYUBOCTh Ha MaciuTabe MeJibye, 4eM Iar
ceTH, IIIOC OMKUOKy u3mMepeHus. «IIopor» 3To ypoBeHb, Ha KOTOPHIM KPUBAS BHIXOAUT Ha OOJIBIINX
paccrosiEusx. ITomHBIN TOPOT paBeH CyMMe HarreTa U CTPYKTYPHBIX BKIAOOB M B upaeasne OIU30K
K OJUCIIepCHuU JaHHBIX. Paguyc (a) 9TO paccTossHHE, Ha KOTOPOM KpHBasA BBIXOOUT Ha IIOPOT - TO
€CTh Ha KOTOPOM IIPOCTPAHCTBEHHAs KOPPENSIUs CllagaeT NMpPakKTUUYeCcKU A0 HyssA. [Janbile 3TOTO
PacCTOAHUS TOYKM CTaTUCTUYECKU He CBdA3aHBL. 11 SKCIOHEHIIMAJIBHOM U rayCCOBOW MOOeJieu
IIOPOT OOCTUTAETCS aCUMITOTUYECKHU, II03TOMY PajuyC O HUX - 9OGEKTUBHBIN.

HarreT u BKIambl B UHCTPYMEHTE 3adaHbl B aOCOMIOTHBEIX eOUHHUIIAX OUCIEPCUM ITapaMeTpa, a He
OOJISIMU OT emuHUILI. OpUEeHTHUP OJIS MOJIHOTO IIOPOora 3TO AUCIEPCUS HJaHHBIX, KOTOpPas BEIBOOUTCS
B CBOJKE OTUYETA.

ITapaMeTpsbI

[TapameTp YTo 3amaéTr ITo ymonm4ganuio / COBET
Touku CO 3HaUYEHUSIMU BxoOHO# TO4YEYHBIM CIIOM. -

[Tone 3HaveHus Z (mycTo: U3 ATpubyT, 110 KOTOPOMY -

TeOMeTpHUH) CTpouTCs BapuorpaMmma. Ilycrto

- U3 Z TOYKH.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[Tone rpynnupoBKHU (ZOII.)

[Tone BeCOB meknacTepu3anuu
(mor.)
KonmyecTBO 1H1aros

MakcuManbHOE PacCCTOSHUE

ITogoGpaThk MOAEIh

Mopenb os mombopa (moir.)

YcToiiuuBas olnieHKa (o1I.)

YparaHuubie TPOOHL:
MepLeHTUIbL 00pe3Ku (Io1I.)

Cpe3aTsb K TpaHHUIle BMECTO
yoaneHus (moir.)

Wms mpodusns aiist TaGIuIIkL

IomucaTk B TaGnuIly Momenei

Mopens BapuorpaMMH (HOBas
Tabnuia)

Tabmuiiia BapruorpaMMEL

Otuét (HTML)

Pa3pmenbHblE BAPUOTPAMMEI I10
KaTeropusm (HalrpuMep, BU[
pas3BeOKu).

Beca u3 1.01 mgmst B3BEIIEHHOMU
OILIEHKH.

Yucio uHTEepBaioB
pacCTOSTHUS.

BepxHssa rpaHula paCCTOSTHUN.
0 = momoBWHa guaroHaiu
oxBarTa.

ABTomon6op Momenu 1o
9KCIIEPUMEHTAJIbHBIM TOYKaM
(pekoMeHayeTCs).

Tun mopenu: chepudeckas,
9KCIIOHEHIMaJIbHas, rayCCoBa,
CTemeHHas.

Ouenka Kpeccu-XokuHCa,
MeHee YyBCTBUTEJIbHA K
BRIOpOCAM.

OTceB 3KCTpeMaIbHEIX
3HaYeHuH 110 nepueHTunio. 0 =
BBIKII.

Capping: 3KCTpeMyM
cpe3aeTcs K IOopory, a He
yOanseTcs.

HWmMmsa Habopa, moa KOTOPHIM
MOIeNb 3aHOCUTCS B TabOIUITy
MofeJien.

CymecTByomas Tabauilia, Kyma
3aHOCHUTCA pe3ynbraT. CTpOKHu
9TOT0 IIPOPUIST 3aMEHSIIOTCS.
Hosas tabnuna. Co3gaércs,
KOTa [OIIMCHIBAThE €I
HeKyoa.

Brixon: paccTosiHre, 3Ha4YEHUE
Y, KOJIMYECTBO map.

Brrxon: rpaduk o6maka nap u
MOfeJy.

BKII.

BBEIKIJI.

BEIKIJI.

IIyCTO

HEe 3aJaHa

co3TaéeTcs

OTOpoIIIeHHBIE TOYKM MOXKHO TOJIYYUTh OTHEJIBHBIM CJIOEM: BHIXO[l YparaHHbli€ HMPOOBI OTHAET
KOOPIMHATH], 3HAUEHNE U NPUUYUHY - HUXKe UJIM BBIIIE KaKOM TIpaHulibl. [1o yMOI49aHWUIO BBIXOT,
BBIKJTIOYEH.

CMmoTpeTs ux cTouT. OTCEB I10 NEPLEHTUITIO He OT/INYaeT oKUOKy 3aMepa OT HacTosIel aHoMalIuy,
a pellleHHe 3TO IeoJIOTUYeCKoe: CKOIJIEeHNe OTOPOIIEeHHBIX TOYEK B OMHOM MeCTe OObIYHO O3HadaeT
He Opak, a HEyYTEHHOE TeJlO.

ITapameTp Yro 3amaéeT [To ymom4aHuio / COBET
Touku co TodyeuHBI! CIIOU CO -
3HAYEHUSIMHU CKBaXXKMHaMU WU

npobaMu.

38



[Tapametp

Yrto 3amaérT

ITo ymomganuro / COBET

Tlone 3HaueHusa Z
(mycrto: u3
TeOMETPHUH)

[Tone rpynnupoBKu
(He0063.)

KomunuecTBo IIaros

MaxkcuMmanbHOe
paccTosiHuEe

IMTogo6paTh MOOEesb
(pekoMeHmaIms)

Mopenb os mombopa

(morr.)

MuHMMYM TOYEK B
rpynne, % (mor.)

YcToriuuBas olleHKa
(Kpeccu-XokuHca)
(mort.)

IToka3aTs 001aKO0
nap (mor.)

Hamoxurs 3aJaHHYIO

MOfenb
BapuoOTrpaMMHI (ZOII.)

YucmoBo# aTpubyT Omist
aHaM3a: OTMETKa
1jiacta, MOIIHOCTS,
cogepxanue. Ilycro -
u3 Z TOYKU.

CTpOUT OTHENBHYIO
KPUBYIO OJIST KaXKO0T0
3HA4YeHUs 107 (Hamp.
BU pa3BeOKu) U
HaKIagblBaeT UX Ha
OOUH rpadukK.

Ha ckomnsko
UHTEPBaJoB
paccTosHUus
pa3buBaeTcst 0611aK0
mnap.

anpHUN Kpau
BapuoOTrpaMMEHI, B
equHuIAX cJosa (onIsa
METPOBEIX KOOPIOHUHAT -
MeTpHl). 0 = moJI0BUHA
OuaroHalxd OXBaTa.
ABTomnon6op Harrera,
nmopora, paguyca u
THIIa MOJEIH,
pe3ynbTar
3allOMUHAETCs OIS
TIONCTAHOBKHU B «2D
Kriging».
3aduKCHUpPOBaATh TUII
MOMEIH U1 OCTaBUTh
aBTOBHIOOD JIYUIIEl I10
R2.

['pynmel Mesnbpye Imopora
He CTPOSTCA U
TIePEeYUCITIOTCS B
XxypHare. [Tox - 30
TOYEK.

CHUuXKaeT BIUSHUE
penKux aHoOMaJIbHBIX
nap.

[oGaBnsieT Ha rpaduk
UCXOOHBIE MTaphl A0
yCpegHEeHUs.

Pucyet moBepx o6naka
MOIeJb C 3afaHHBIMU
BPYYHYIO HAarTeToM,
TIOPOTOM M PaguyCOM -
yIoOHO CPpaBHUTH CBOIO
MOIEeNb C HaHHBIMHU.

3alIOMHHAETCA MeXOYy 3allyCKaMu

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

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

TPaHUIIEI 3HAUEHUS,

PexXUM Cpe3aHus K

TpaHulie BMECTO

yoanesus. B camoMm

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

U30TPOITHASA MOJENDb U

TEKyILIuU OTCEB

3aHOCATCA B TabIuIly

MOJeJien.
Tabmuia BrixogHOU BPEMEHHHIUN CIIOU
BapHUOTPaMMEI cnou-tabnuna c

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

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

Ha Brixome popmupyetcs Oraét (HTML) c rpadukrom, mogoOpaHHOM KPUBOM U JINMHUEH TUCIIEPCUA
OAaHHBIX, a TaKXe HeoOs3aTenpHas TabauIa BapHOrpaMMBbI - TOYKHM SKCIEePUMEHTaJIbHOM
BaproTrpaMMHEI B BUMe cJiosl 6e3 reoMeTpuu (II0 CTPOKe Ha KaKABIM Iar Kaxkaou cepuu). 1o Hem
MOJKHO IIOCTPOUTE cBoM rpaduk B QGIS unu BHITpy3uTh 3HaYeHUsA. E€ CTONOIIH:

ITone Tun YT0 comepRUT

series CTpPOKa Cepus: «BCce TOYKH» TuO0O 3HAUEHUE 101
TPYIIHUPOBKY, €CIIM OHO 3aJaHo.

lag opobHoe CpenHee pacCcTOsTHUE MeXKAy TOYKaMU ITapsl BHYTPU
I1ara, B eIUHUIAX CJIOA.

gamma npobHoe IMonyoucnepcus y(h): cpegHee MOMOBUHE KBagpaTa

pa3HOCTel 3Ha4YeHUU 110 ITapaM 3TOTOo Iara (Uiu
ycTouuuBas oneHka Kpeccu-XokuHCca, eCiiy OHa
BKJIIOY€EHA).

npairs nejoe KonmuecTBo nmap Todek, HONAaBIINUX B IIar. Mamnoe
KOJIMUEeCTBO I1ap - TOYKa BapuorpaMMEl HeHafleéXkHa.

IToie rPYyNIIMPOBKH U Pa3HOIUIOTHOCTHAs pa3BeaKa

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

CMellleHre Pa3HOIUIOTHOCTHBRIX CeTell He co3maéT apTedakToB caMo 1o cefe, HO HCKaxaeT
o06mIy0 BapuorpamMmy. IIjoTHasi ceTb HA€T MHOTO IIap Ha MaJIbIX PACCTOSTHHUSIX W (OPMHPYET
O/IMKHIOI0O YacThb KPUBOM, pelkasi ceThb paboraeT Ha manpHux. OmHa Mopenb, HATSHyTas Ha
Takoe 00JIaKO, OKA3BkIBAETCS CMECHIO [BYX CTPYKTYpP M HE OIHCHIBAET KOPPEKTHO HU OMHY.
I'pynmupoBKa 3Ty CMeCh IIOKa3bIBAaeT, M pellleHue, 3aKOHHO JiM OOBbEeOUHSITb COBOKYIIHOCTH,
oCTaéTcs 3a reojioroM. [leknacTepusanus K o0jlaKy map IpH 3TOM He mpuMeHsieTcsi. E€ Beca
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IIpegHa3Ha4Y€eHBI OJId HCIIPAaBJIEHHMA THCTOIPAMMEBI 1 CPEOHEro, a Heé [OJId IIap BapuUOrpaMMBEI, rge
KaX[Oas Iapa IIOJIHOIIPaBHa HEe3aBUCHUMO OT IIJIOTHOCTHU CETH.

OTMeTKa KpoBAW No Tunam passenku (none Tun)

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

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

2500 A

2000 A

yih)

1500 A

1000 4

0 1000 2000 3000 4000 5000 6000
nar h, m

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

TpH THIIHMYHBIE I'eO0JIOTH4YeCKHe CUTyalluHu

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

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

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

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

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

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

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

narh, m nar h, m nar h, m

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

OTMeTKa KpPOBJIM 3TO THafKas MMOBEPXHOCTh. HarreT MOYTH HYJI€BOM, pamuyc OOJBIION, MOMEIh
O61M3Ka K TayCCOBOM, KadyecTBO TOAOOpa OYeHBb BHICOKOoe. CocemHWE CKBAa*KWHBI [AAOT TOYTH
OOWHAKOBYI0O OTMETKY, M3MEHYHMBOCTh KpymHoMaciuTtabHasi. Kpuruur paboraeT yBepeHHO. 37ecCh
eCTb TOHKOCTh: TayCCOBa MOMEeJIb C IMOYTH HYJIEBHIM HAarTeTOM YHCIIEHHO HeyCTOHMYMBa W HaéT Ha
KapTe XxapaKTepHble «ObIYbY ria3a». HeGombIlod HarreT CTOUT 3aiaTh BPYYHYIO.

41



MoIIHOCTh 9TO MPOMEXKYTOYHEINM ciydaid. Harretr cocraBnseT 3aMeTHYIO OO0 IIOPOTa, Pamuyc
cpenHUM, Momenb dalle chepudeckas. OKOJIO IIOJIOBUHEI U3MEHYHWBOCTY CTPYKTypHAs, IIOJIOBHHA
MenkKoMaciTabHas. ITo TUNIMYHAas pabodas BapuorpaMMma.

CopmepzkaHue IIOJIE3HOT0 KOMIIOHEHTa CaMBIM IITyMHBIE ITapaMeTp. Harretr comocTaBUM CO
CTPYKTYPHBIM BKJIa[IOM HMIU ITPEBBIIIAET €r0, KpUBas IMOOHUMAaETCSI MeOJIeHHO, KauecTBO mmoagbopa
HUXKe, U MOOejb IIJIOXO OTJIMYaeTCs OT cocemHuX TuioB. OCHOBHAs M3MEHYMBOCThH CUOUT Ha
MacmTabe Menbuye ceTu onpobGoBaHus. KpUTMHT TakKoW mapaMeTp CHUJIBHO CrjlaXkKHBaeT, a KPOCC-
BajUmaIs IIOKa3hklBaeT OOJIBIIYI0 OIIMOKY. ¥ OTMETOK M MOIIHOCTEM HarTeT HUXKe U 1ombop
yCTOUYMBEE; YV COMepKaHMUsI 9TO CBOMCTBO CaMOI'0 ITapaMeTpa, a He oImbKa JaHHBIX.

MakcumMajabHOe PacCTOsiHHE MU BbBIXO0O Ha IIATO

Camass yacTas omwuOKa 93TO CIHMIIKOM OOJbIIOEe MaKCHMalbHOe pacCTosiHue. Eciu oCcTaBUTH
aBTOMaTU4YeCKOe 3HaueHWe B I[IOJIOBUHY [OWaroHasny, Ha BHITIHYTOM MECTOPOXKOEHUU OKHO
pacTSIruBaeTCsd Ha OECATKU KuJoMeTpoB. Ha OOnbIIMX PacCTOSHUAX B Iaphl MMOMAAAIOT TOYKH
yepe3 Oe3pynHBIE IIPOBAJE M MeKOJIOKOBEIE PA3PEIBEL, BApUOrpaMMa JIOBUT PerHOHAIbHEIN TPEHT,
BMECTO JIOKAJIbHOM CTPYKTYPHI, @ MoAa00p BEIOAET pamguyc G0JIbIIIE CAaMOT'0 OKHA U ITOPOT B PAa3kI BHIIIIE
mucnepcuu. [Ipu3Hak TakoM: pagmyc nogo0paHHON MOOEsIM COIOCTaBUM C OKHOM WJIM IIPEBHIIIAET
ero. 9To 3HAYUT, YTO KPUBasd He BHIIIJIA Ha IUIATO ¥ MOPOT IOJIyYeH SKCTPAIoIsanue.

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

ITpu 3TOM OKHO He HOJIZKHO IIepellaruBaTh KPyInHbIEe 60e3pynHble 30HH. Ha pa3BemodyHOM CeTH uX
BUIHO 110 TTaZleHUIO IIJIOTHOCTHU TOYEK, ¥ BApUOTPaMMy CJIeIyeT CTPOUTE B IIpefieiaX OQHOTO PYyOHOTO
0JI0Ka, “Haue JI0KaJibHaS I'e0JIOTUS CMEeIINBaeTCsA C PEruOHaIbHON TeKTOHUKOM.

OTKy,'IIa B3s5JICs HarrerT

B pa3pexeHHOW ceTHW HArTeT MOYTH BCErda 3afaioT eOWHUIBl map To4eK, a He obnako. [IBe
CKBaXXWHHBI B OECSITKaX METPOB OPYI OT Opyra C HECOIOCTAaBUMBIMH 3HAYEHUSMH MTOTHUMAIOT
MIEePBHIY LIAT BHIIIE ITOPOTa, ITOAO0PY OCTAETCS OMMUCATh 9TO MOYTHU YUCTHIM HAITETOM, ¥ KPUTHHT I10
TaKO# MOJIeJ BO3BpaIllaeT CpefdHee BMECTO KapTHI.

I[TosTOMy HHCTPYMEHT IIedYaTaeT B XKypHal pa30op IepBOro Iara: pacCTosSHUE, YUCIIO0 IIap B HEM U
3HaAUYeHHe y PSIOOM C OUCHepcHed maHHBIX. ECu y mepBoro IIara yzKe BbIIle 00Ileld Ouciepcuu, 00
3TOM COOOIIaeTCsI OTAENbHLIM IIpeyIpeRKaeHueM - OIKCATh TaK0e MOXKHO TOJILKO HarTeTOM.

CnemoM Ha3BIBAIOTCS CaMble TSXKEJIbIe IIaphl BHYTPHU IIE€PBOTO IIara: PacCTOsSHUE MeXKOy TOYKaMy,
o0a 3HaYeHMs, BKJIa[ Y U KOOPOUHATHE 00eux Todek. ITo KoopouHaTaM mapa HaXOOUTCs Ha KapTe
Ccpasy, U Janbllle 3TO BOIIPOC K aHHBIM. [IlepenyTaHHBIM TOPU30HT, 3HAK, eQUHUIILI - TH00 HaCTOoSIIas
MUKPOU3MEHYUBOCTh, ¥ TOT{Ia HArTET OTpaXKaeT HaHHEIE.

IIpH3HAKH HENPHUTIOTHOH MOIETH

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

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

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

PaGouui HHKJI C KPOCC-Ba/IHAAIueH

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

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

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

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

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

Ecnu panHBIE CTYIIEHE HEPAaBHOMEPHO, 3a7aiiTe Heo0s13aTeIbHOE II0JIe BeCOB wt U3 MHCTPYMEHTa
1.01 Jexknacrepu3anusi. Torga Kaxmas mapa TO4ekK OepeTcsi C BeCOM, PaBHBIM HPOU3BEOEHUIO
BECOB €€ KOHIIOB, M CKOIUIEHMS He 3aBHIIIAIOT ONIMXKHUWE paccTosHus. CUETUYUK ITap B OTYETE
IIOKa3bIBaeT ChIPOE YHUCJIO [1ap, a caMa y CYUTaeTCs B3BEIIEHHO.

TaOmuIa Moae/Iell BapHorpaMM

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

CocTaB Tad/IHIIbI

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

[Tone Tun CopepxkaHue

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

field CTpOKa [Tosie 3HAYEHUS, K KOTOPOMY

1'101106paHa MOZIOEeJIb
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ITone Tun ConepxkaHue

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

SKCIIOHEeHIIMaJIbHasi, 3
rayccosa, 4 cTereHHas

sill BeIlleCTBEHHOE Bkmapn ctpykTyphl C

range BellleCTBEHHOEe Paguyc Koppensauuu a

azimuth BeIlleCTBEHHOE A3UMyT I'JIaBHOU OCH, TpagyChl

anis BEIlleCTBEHHOE AHU30TPOIIHS, OTHOIIIEHNE
MaJlo¥ OCH K TJIaBHOU

nugget BEIIeCTBEHHOE Harret CO. OOmiuii oiist

mpPoGUIsi, TOBTOPSETCS B
KaXXJO! ero CTPOKe

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

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

fitted CTPOKa Iata mombopa

author CTPOKa KTo mogo6pan

note CTPOKa [TpuMedyaHue: 4eM IOTyUYEHEI

3HAYEeHHUs, 4YTO IIPOBEPEHO

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

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

OTMeTKa U3 reOMeTpHHA

ITone 3HaueHus Z He00sA3aTEeTbHO B KDUTUHT €, MUHUMAa/IbHON KPUBU3HE, BAPHUOrpaMMe, BapuOTPaMMHOM
KapTe, 06enx KPOoCC-BanIupgallusaxX U geKiacTtepu3anuu. Ecimu noje He yKa3aHo, OTMeTKa 0epeTcst u3
TpeThell KOOPOUHATH TOYKH.

IaHHBIE YaCTO IIPpUXOOsaAT KMEHHO TaK: TOYKHN PointZ u3 creéMKU unu BEITPY3KH, I'l€ 3HAYEeHUue yxKe
B reoMeTpuu, U 3aBOOUTHL pagu HEro OTHOEeJIbHBIN CTOJ'I68LI He3a4deM.

Ecnu y Touek ecTh ¥ Z B TEOMETPUH, U T10JIEe CO 3HAYEHHUEM, OHHM MOTYT O3Ha4YaTh pa3Hoe: Z 0OBIYHO
OTMETKa CHhEMKM, a IOJie - UHTEepPIoupyeMas BejuuuHa. [IJIT MOIIHOCTEN U COfepIKaHuU Ioje
YKa3bIBalOT BHO.

Crnoit 6e3 Z u 6e3 yKa3aHHOI'0O II0JISI OTBEPraeTCs C COOOIIeHNEeM, a He POHSIET PAcUYéT B CepequHe.

ITopsinoK padoThI

1.05 BapuorpamMmma nonbupaeT MOOENb U 3aHOCUT e€ B Tabnuny. Ecnu Tabnuila emié He co3maHa,
WHCTPYMEHT CO37aéT eé BHIXOOOoM Moaenb BapHorpaMmbl. Korga Tabiuiia CyIIecTByeT, OHa
yKa3hiBaeTcs B mojie [omucarh B TAOMHIly MOOEIeH: CTPOKH 3TOT0 MPOGUIS 3aMeHSIOTCS
HOBBIMH, CTPOKM APYTUX IPOGUIIEH 0CTAIOTCSI HETPOHYTHIMU. [TOBTOPHEIHM MOAO0P OJHOTO IIPOGUIISA
MUMEHHO 3aMeHsIeT eT0 CTPOKH, II03TOMY OyOIMKATh He HaKalJIMBaIOTC.

1.06 BapuorpaMMHasi KapTa JOIKUCHBAET B Ty Xe TaOIuIly a3uMyT U KO9DGUITUEHT aHU30TPOIINH,
a Opu BO3MOXKHOCTH U PAmUyC I'IaBHOU ocu. Mofpesnb, HArTeT U BKJIa[d IPU 3TOM He MEHSIOTCS: UX
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ompemesnsieT OMHMHAIIPaBIeHHas BaprorpaMMa, a KapTa OMMKMCHBAEeT TOJIBKO reoMeTpuio. OmeHKa I1o
KapTe WHAMKATHUBHAS, ¥ 9TO (UKCUPYETCS B IIOJIE note.

1.07 Kpocc-BajJTuaanusi BApHOTrPaMMBbI YUTAET MOJEIb U3 TaOIHITH /1T IIPOBEPKH.

1.02 2D Kriging 1 3.01 AHANKaTOPHBIH KPUTHHT YUTAIOT MOJeJIb ITpu pacuéTe. Korma Tabnuia
3apaHa, IIOJIsI BApUOTPaMMEI B INAJIOTe He UCIIOIb3YIOTCA: OBa MCTOYHMKA OOHUX U TeX JKe 3HaUeHu!u
Hen30eKHO PaCXOOsITCS, IIO3TOMY IIPUOPHUTET OTHAH Tabuile, 0 4éM cooOIlaeTCs B KypHae.

Pa3060p cTpok

CTpoKa C HepacIO3HAHHOM MOIEJbI0, HEIOJIOKUTENbHEIM PafuyCOM UJIM IIOBTOPHBIM HOMEPOM
CTPYKTYPHl IIPOIIyCKAeTCs, a IpPHYMHa C HOMEpPOM CTPOKM BEIBOOUTCS B XKypHal. Pacuér mpu
3TOM IIPOMAOJIZKAETCS II0 TOAHBIM cTpoKaM. [Ipodusb, y KOTOPOrOo HE OCTaloCh HU OOHOM TOOHOM
CTPYKTYPHI, B pe3yJbTaT He molagaeT.

Pa36op mommycKaeT py4YHYIO ITPaBKy: PETrUCTP UMEH CTOJIOIIOB He YUUTHIBAETCS, HeCITUYHAS 3allsaTas
1 Tpo0OeJIBl B pa3psagax Yuces He MeraoT. CHHOHUMEI UMEH CTOJIOIIOB ITPY 3TOM HE IIPENYCMOTPEHH,
TTOCKOJIbKY TaONnuIly GopMupPyeT caM IJIaryH.

1.06 BapuorpaMmMHasi KapTa (aHH30TPOIIHS)

WHCTPYMEHT CTPOUT BapUOTrPaMMHYIO KapTy - IOBEPXHOCTh HIONYOUCIEPCUN Y KakK (YHKIIUIO
mByMepHoro BekTopa pasHoca (h x, h y). O6rryHass BapuorpamMMa yCpeOHsIeT BCe HaIpaBJIEHUS B
OOHY KPHBYIO U HaAIlpPaBJIEHHOCTH TepsgeT. KapTa ke moKa3kBaeT, KaK HENIPEPLIBHOCTEL ITapaMeTpa
3aBUCHUT OT HampasieHUus. [1o Hell BUOHO, €CTh JIU B ODAHHBIX @HU3O0TPOIHNS M Kyda CMOTPUT OChb
MaKCHUMaJbHOU HEeIPEePEBHOCTU. MHCTPYMEHT OMarHOCTUYECKNU: TPUL OH He CUUTAET, a IIOMOoraeT
OCO3HAHHO 3ajJaTh a3uMyT ¥ aHU30TPONIHIO B CTPYKType BapuorpaMMsl «2D Kriging».

Y10 TaKOe aHU3O0TPOIHSI U 3aYeM €€ BHIeTh

H3oTpomnHas BapuorpaMma IIpefliojiaraeT, YTO CBSI3b 3HAYEHUU 3aBUCHUT TOJIBKO OT PaCCTOSHUSA
MeXAy TOYKaMU, HO He OT HalpaBieHud. 119 CKIamg4daThiX U BEITIHYTHIX I'€0JIOTMUYECKUX TEJ 3TO
He TakK. Bmomb mpocTupaHus MJIacT BHIOEPKAaH, IIOMEPEK MeHseTcs OBICTpee: Ta XKe pa3HUIlA B
OTMETKaxX KPOBJIM HabupaeTcs BOOJb CKJIaKM Ha KUJIOMETPHI, @ BKPECT - Ha COTHAX MeTpoB. Ecnu
9TOr0 He y4eCThb, KPUTUHT CrJlaXkKHBaeT II0Jie OOMHAKOBO BO BCe CTOPOHBI U Pa3MbIBaeT peajibHYIo
BBITSIHYTOCTBH CTPYKTYPEL.

BapuorpaMmMHas KapTa BCKpPHIBAeT HallPaBJIEHHOCTDb HAMIPSAMYIO. [IJI15T KaXKO0oU Imaphl TOUYEK OepeTcs
He TOJIbKO PAaCcCTOsIHUE, HO M HalpaBIeHWe BEKTOpa MEXAYy HUMHU, U TTONYAUCIEePCUs TPUPAIeHU s
packiagbIBaeTCs 0 ABYMEPHOM CETKe PACCTOsIHUM. TaM, THe y pacTET MEJIEHHO U KapTa OCTAaETCs
TEMHOI [alieKo OT IIeHTPa, HeIPEePLIBHOCTL BHICOKAA. TaM, I'e y PacTET OLICTPO, HEIIPEePLIBHOCTD
Hu3Kas. O61acTb HU3KOM Yy B CyMMe BBITSTHMBAETCS B JJUIMIC, OJMHHAS OCb KOTOPOTO M €CTh
HalpaBJIeHWEe MaKCHUMaJIbHON HETIPEPLIBHOCTH - [JIsI CKJIaA49aTOCTH 9TO HapaBJIeHUE TPOCTUPAHUS.

Kak uutars Kapry

B neHTpe KapTH JIEXKUT HYJIEBOE PACCTOsIHNE: 3HaYeHNEe B TOUYKe BCerfa paBHO caMo cebe, T03ToMy
Y 30€eCh paBHA HYJIIO U IIeHTP CaMbIli TEMHEIN. [10 Mepe ynasieHus OT [eHTPa TOYKU Pa3HOCATCS BCE
manbIine u Yy pactér. Ock h x HampaBJieHa Ha BOCTOK, OCh h y Ha ceBep, Macutab 1mo o6emm 0oCsM
OOUHAKOBHIM. KapTa ToueuHO-CUMMETPUYHA: [1apa U €€ 3epKaJlbHOe OTpaXxkeHue JaloT ONHY U Ty XKe
MIOJIyOUCIIEPCHUIO0, TO9TOMY PUCYHOK OOMHAKOB B IPOTHUBOIIOJIOKHEIX HAalTPaBIEHUIX.

AHuzotponus yuTaeTcsa o GopmMe TEMHOM 30HEL. Ecim oHa Kpyriaas - CTPYKTypa H30TPOIIHA,
HaIlpaBJieHUe POJIU He urpaet. Eciu BHITAHYTa - BIOJIb €€ IJIMHHOMN OCH Yy HapacTaeT MefJjieHHee, TO
€CTh B 9TOM HaIllpaBIeHUN 3HAYEHUS CBSI3aHHI Ha OOJBIIEM PacCTOSTHUU. [ToBEepX KapThl PUCYIOTCS
MMOAOCKa3KU: OeJIbIfl 3JIJIUIIC IO OLEHEHHBIM pafuycaM M KpacHas NyHKTUPHAs JUHUS 10 T'JIaBHOM
ocH.
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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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ITapaMeTpsbI

I[TapameTp Yro 3amaéT [To ymom4aHuio / COBET
Touku co TodyeuHBIN CIIOMU CO -
3HAYEHUSIMU CKBaXXMHAMU UIU
npobamu.
Ilone 3HaueHUs Z YucnoBo# aTpubyT Oyid  3allOMHHAETCS MeXKIY 3aIllyCKaMHu
(mycrto: u3 aHaIMu3a: OTMEeTKa
TeOMEeTPHUN) IjiacTa, MOIITHOCTS,

comepxkasnue. Ilycto -
u3 Z TOYKU.
BuHoOB Ha momyochk Ha ckonpko siueek 15
(meTanmu3aius KapThl) [OeIUTCS KaxKaas
nojyock okHa. Kapra
oJIy4aeTcs pa3MepoM
(2N+1)x(2N+1).
Bomnbie 61UHOB -
meTasibHee KapTa, HO
MEHBbIIIE I1ap B S4YelKe
u 0O0JIbINe IIyMa.
Makc. paccrossiHve, B Pa3Mep OKHa KapThl, B 0
eOUHUIIax CJI0s eOUuHUIaxX cinos (ons
MEeTPOBBIX KOOPOWHAT -
MeTphl). 0 = moIoBUHA
OuaroHajld oxBaTa.
MuH. KOTM4YEeCTBO fAdyeliku, B KOTOPHIE 5
nap B g4elike (OOI.) rmorajo MeHbIIIe 11ap,
OCTAaBJISAIOTCS IIYCTBIMHU.
OTcekaeT UIyMHEIE
OanbHUEe PacCTOSHUS,
rOe map Maso.
OtuéTt (HTML) OTYET C XUTMAIIOM, BpPEMEeHHBIN (ain
3JIIUIICOM, TJIaBHOU
OCBIO U CBOOKOU

OLIEHOK.
Pactp nnoBepxHOCTU [ToBepxXHOCTH y Kak BEIKJI.
(omr.) pacTp B KOOpOUHAaTax

paccTosgHUus (CM. HUXKE).
[To ymonmgauuio HE
co3maéTcs.

ITapamMeTp C TOMETKOM «HOTL.» JIEKUT B CBEPHYTOM pa3peiie [omoIHUTeIbHbIEe apaMeTPhI.

OneHKa a3uMyTa, aHU30TPOIIHH B paguyca

Kpome camoit kapTsl UHCTPYMeHT BEIBOOUT B 2KypHan u B HTML-0T4€T Tpu Yucia: a3suMyT TJIaBHOU
ocu (reorpaduueckuii, 0 - Ha ceBep, IO YAcCOBOHU CTpesike), KO3hGUIIMEHT aHU30TPOIMNU KaK
OTHOIIIEHWE MaJlo¥ OCHU K riaBHOH (1 - M30TPOIHO, MEHLIIE - CHJIbHEEe BBITIHYTOCThH) U PAmmMyC
rinaBHOM ocu. OIleHKa yCTpOoeHa TakK: 10 KaXA0My HallpaBJIEHUIO UIIETCS PacCTOSHUE, Ha KOTOPOM
Y BEIXOOUT Ha MOJIKY (67IM3K0 K AMCIIEPCUHU aHHBIX), PaAUYChI CTJIa’KUBAIOTCA 10 a3UMYTY, TJIaBHAs
och 6epéTcs mo HaubosbIIeMy PagnuyCy, a Majas - IepPIeHIuKyJISIPHO e,

OTH TPUM UYHCIa MOACTABJIAITCA B CTPYKTYpPYy BapuorpaMmhbl mHCTpyMeHTa «2D Kriging»: asumyr,
aHM30TpONUuA (Manasi/TIaBHas) ¥ paguycC a. OTO M eCTh y4E€T aHu30Tponuu B Kpururre. OneHKa
WHOVKATHUBHAS: €€ CTOUT CBEPUTH C (OPMOM caMOro XUTMalla, a He IIepPeHOCUTh BCIIEIyl0. ASUMYT
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KapTa ompefernseT HalléKHee BCero, a Paguyc 1 Koa@GUuIueHT - rpydee, 0COOEHHO Ha pa3pekeHHOH
ceTH.

YToOH HE NTIEPEHOCUTH YHMCJIa BPYYHYIO, B OKHE €CTh 110Jjie 3anmucaTh aHU30TPOIIHIO B IPO(DHIIE.
Bribepute paHee COXpaHEHHBIM NPOPUAL, U a3uMyT, Ko3pDUIUEHT U pafuyc TJIaBHOM ocHu
OONUIIYTCS B HEro IOBEPX MOIENIM U HarreTa, 3afJjaHHHEIX B Bapumorpamme. Ilpu crenyomiei
3arpy3ke npoéduna B 2D Kriging 3Ty 3HaueHUA IOACTABATCSA CaMM U MOSIBATCA B IOOINCHU IIOT
cunuckoM mpodunei. Ecnmu paguyc yoépcss B OKHO, OH OCTA€TCs IPEKHUM, OOHOBJISIOTCS TOJIBKO
a3uUMyT U KO3hPULIMEHT.

Ecnu cTpykTypa 6/113Ka K U30TPOITHOM MJIM PafuyC TJIaBHOM OCH OKa3bIBAeTCS MEHbBIIIEe HECKOIBKUX
siYyeeK KapThl, aHU30TPOIIUS He OIleHUBAeTCs U IIOMedYaeTCs B OTUETE KaK «He BhIpaxkeHa». B aToMm
ClIydae pafuycCHl JieXKaT Ha YPOBHE CETKY, ¥ HAIPaBJIEHHOCTh HEOOCTOBEPHA - TPABUIbHEE COOOIITUTE
00 3TOM, YeM BBIIATH CIIy4alHEIM a3uMyT. [loMoraeT yMeHbIIUTE MaKC. PACCTOSHUE UJIX YBEIUYUTH
KOJINYECTBO OMHOB, YTOOBI PA3PeIIuTh OTUKHIO CTPYKTYPY.

Korpga paguyc ynupaercsi B OKHO

Ecnu BOOJnb TJIaBHOU OCHU Y He yCIIeBaeT BHIMTH Ha IIOJIKY B IIpefeliaX OKHa, paguyC BO3BpallaeTcs
PaBHBIM MakKC. PACCTOSIHHIO, a B oT4yéTe u 2KypHaJie IMOsSBAsSETCs IpenylpexaeHrue: paguyc yIepcs
B MaKC. PaCCTOsSIHUE, 3TO HUXKHSS OIleHKa. DTO Ta XKe CUTyallus, YTO U AJIs OOBIYHOM BapuOTrpaMMbI
(cm. pa3men «MaKcUMaJbHOE PACCTOSTHUE U BRIXOM Ha IJIaTO»): KpUBas He BRIIIIA Ha IJIaTO, U IIOPOT
[MOJIy4YeH 9KCTparnonanueii. Ha kapTe npu3HakK IIPOCTOM - TEMHAas 30HA BAOJIb TJIaBHOM OCU TSIHETCS
IO caMoTo Kpas.

B stoMm Cliydae paguyC a B KPDUTUHT IIEPEHOCUTH KaK €CTh HEJIb3sd: HaCTOoAllasd OJIMHA KOPPelIalInn
OombIlle OKHa, a KOS(b(l)I/ILII/IeHT AHU3O0TPOIINKU 3aHHUW2KEH IIO0 BBEIPA2KEHHOCTH (mone Ha mene emé
aHI/I3OTpOHHee). ASI/IMYT IIpA 3TOM OOGBEIYHO onpenenéH HOPMaAJIBHO. JleunTcsa yBeIIn4yeHnneM MdAKC.
PacCcCTOAHUA, YTOOBI KapTa 3aXBaTHJIa BEIXOO Ha IIOJIKY. Ecnu xe Y He BBEIXOOUT Ha IIOJIKY OaXxe IIPpHU
IIIMPOKOM OKHE€, B IaHHBIX JOMUHHUDPYET TPEHNO - €ro y61/1paI0T OO MHTEPIIOJIAIINHN 160 YYUTBIBAIOT
COOTBETCTBYIOIIIMM BUOOM KPUTHMHIA.

PaCTp IIOBEPXHOCTH

ITo xenaHWIO KapTa COXpaHsAeTCs ell€ U pacTpoM (mose PacTp moBepxHOCTH). JTO Ta Xe
IIOBEPXHOCTh y, HO B KOOpOWHATaX PacCTOsSTHUA: Hadasno B Touke (0, 0), pasMep nmuKcena paBeH
sd4eliKe KapTel. PacTp He mpuBsA3aH K MECTHOCTU - OH JIEXKHUT B IIPOCTPAHCTBE Pa3HOCOB, a He B
IIJIaHEe MECTOPOXKIEHUS, - U Hy2KEH TeM, KTO XO4eT NOKPYTUTh KapTy Ha xojcTte QGIS, HanoXxuth
CBOIO IIBETOBYIO IIIKAJIy MJIM M3MEPUTh PACCTOSHUE JHUHEeMNKoU. [ caMo#l OIleHKM aHU30TPOINU
moctatouno HTML-oTuéTa.

Ecnu manHBIE CTYIIEHB HEPABHOMEPHO, 3aAaliTe He00A3aTEIFHOE TT0JIe BeCOB Wt M3 MHCTPYMEHTa
1.01 HJeknacTtepHu3anusi. Torga Kaxmas mapa TOUueK 0epEeTcs C BeCOM, PaBHBEIM HPOU3BEOEHUI0
BECOB €€ KOHIIOB, M CKOIJIEHHS HE 3aBHIIIAI0T ONMXKHHWE PaccTosHus. CUETUYMK ITap B OTYETE
TTOKAa3kIBAeT CHIPOE UHMCIIO IIap, a caMa Y CYUTAETCs B3BEIIIeHHO.

1.07 Kpocc-Baiuganmusi BApHOTr PaMMbI

HNHCTPYMEHT IIPOBEPSIET, HACKOJIPKO yOAadyHO IomoOpaHa BapuorpaMMa, METOOOM CKOJIb3SIIEero
KoHTpons (leave-one-out): Kaxkasi CKBaxXkKHHa I10 OUepeiy UCKITI0YaeTCs, eé 3HaueHue ITpeqcKa3biBaeTCs
KPUTHMHI'OM II0 BCEM OCTAJILHBIM, U CDAaBHMBAETCHA C (l)aKTI/I‘-IeCKI/IM. Tak IIapaMeTpPhI (HaFFeT, pamouyc,
Mofeb) IoaOuparTCcs 10 omubKe, a He CYyObEKTUBHO.

I[TapameTpsr:
[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET
Touyku co 3HaUEeHUAMU HicxonHble TOYKYU (CKBaXKWUHHI). -

48



[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

ITone 3HaueHUus Z
[Tone HOMepa CKBaXKWHEI

Tun KpuruvHra, paguyc,
MWH./MaKC. TOY€EK, Harrer,
CTPYKTYPHI

CHSTDH MOJIMHOMHATIBLHBIN
TpeH[

CremneHb TpeHIa

Mopenu BapuorpamMm
(Tabnuia)

[Tpoduns U3 TabOIUIIED
Cro# ocTaTKOB (TOYKHM)

[TpoBepsieMBIN YUCIIOBOU
aTpudbyT.

ITone ID gna nognuceu B
OTYETE U CJI0e OCTAaTKOB.
HacTtpoiiku Kpurusara u
BapuorpaMmbl. KoHTpoIb
CUYMTaeT KPUTHHT POBHO C
HUMMU, II03TOMY VIOAaYHBIN
Habop mmepeHocuTcs B «2D
Kriging» 6e3 nuaMeHeHuU.
Perpeccus-KpuruHr: TpeHM
nepernonbupaeTcs Ha KaxXOoOM
mare LOO, BEIUTPHIII BUOEH I10
RMSE.

[TnocKOCTh UK KBafgpaTUYHAas
IIOBEPXHOCTb.

TabnuyHbIN CJIOHU C
MogoOPaHHBIMU MOMEISIMU.
HNmMmsa Habopa B Tabmuiie.
Touku c momsaMu

Heo0s3aTeJIbHO

Kak y «2D Kriging»

BEIKIJI.

1 (II710CKOCTD)
He 3ajaH

IIyCTO
Heo0s3aTenbHBIA

dakT/ommerka/ommubKa (CM.
TabnuIly mojied HUuXe).
HNHTepaKTUBHBIN OTYET:
oImleHKa vs akT, THCTOrpaMMa,
QQ-rpadpuk, METPUKHU.

OT4YéT 0 KpOoCC-BaTuaaIuu CO3TaéTCs IO YMOJTYAHUIO

(HTML)

B XKypHas BLIBOOSATCA METPUKU:
ME (cpeoHee cMeIlleHHe) - CCTeMaTuYecKas omuroka. [JomxkHa ObITh 6/113Ka K 0 (HeCMeIlléHHOCTD).

MAE u RMSE - cpenHsia u cpegHeKBafpaTUYHas Olln0Ka npefacka3alHus. YeM MeHbIlle, TEM TOYHEE.
Ho omnao#t RMSE HemocTaTO4YHO: OHa MHMHMMAaIbHa HPU HYJIEBOM Harrete (mepeoOydeHue), XOTS
HeONpeNeléHHOCTDb IIPU 3TOM OlleHeHa HEBEPHO.

MSDR (cTraHmapTH30BaHHasI OIIHUOKA) - CPeOHUM KBagpaT OMMOKY, IeIEéHHOW Ha CTaHOapTHYIO
ommbOKy Kpurufara. [HomkeH ObiTh 0730k K 1. Ecim MSDR 3amerHo Gonpmie 1 - gucmnepcus
HeIoolleHeHa (HarreT UK CUJII Mailbl). Eciu MeHblne 1 - mepeolieHeHa.

R - K03 dULMEHT KOPPETIAIINN «OIleHKaA - QaKT».

IMTonme3Ho pas3naudyaTh OBe CTOPOHEL. O67aKo «olleHKa - ¢akT» ¥ RMSE TOBOPSIT 0 TOYHOCTH
npengcka3aHMs. A HACKOJIBKO KOPpPEKTHa caMa MOJelb - TO €CTh BEepHO JIM BapHorpaMMa
OIMCHIBAET HEOIIPENEIEHHOCTD - IIOKAa3kIBAlOT CTaHAapTHU30BaHHBIE omubKu: MSDR okoso 1 u g-
rpaduk. [17151 KpuruHra ueHHbs 06e cTopoHbl: ManieHbkass RMSE npu MSDR okosio 1 o3Ha4aer, 4To
Mofeb U IIPeaCcKa3klBaeT XOPOIllo, ¥ He oOMaHBIBaeTCsA B COOCTBEHHOM TOYHOCTU. ['HATHCHA TOIBKO
3a RMSE Henb34 - OHa MUHUMAaJlbHA IIPU HYJIEBOM HAarTeTe, Ioe HeOonpeJeleéHHOCTh 3aHMXKeHa.

Ha npakTuke nepebepuTe HECKOIBKO BaPUAHTOB BapUOTPAMMEI ¥ CPaBHUTE. X0POIlas MOAeIb JaéT
ME oxkono 0, manyro RMSE u MSDR okono 1. Ecnu RMSE taHeT K HyneBoMy Harrety, a MSDR nipu
3TOM OTPOMHBIY - 9TO IPU3HaK nepeodyuenns. HebGobIIoM HAarTeT KamubpyeT HEOIPeaeIEHHOCTD.

OniuoHaNbHBIN CJIOM OCTATKOB (TOYKM C IONSAMU: (akT - IO[ UMEHeM IIPOBEPSIEMOTO IIOJis, Z est,
error, abs error u std resid. [I;mioc HOMep CKBaXKUMHEI, €ClU 3aZaHo nosie ID) mokasblBaeT, rme
MOZeJb IPOMaxuBaeTCs: KPyMHbIe II0 MOAYJII0 OCTaTKU - TPOoOIeMHble YYaCTKH, CUCTEMaTUYeCKHe
3HAaKH OCTATKOB - JIOKAJIbHBIN TPEeHNO. Croii aBTOMAaTHUYEeCKHU Ha3bIBAETCS IIO mpoBepsaeMOoOMy IIOJIIO
¥ UCTOYHUKY, a y IIoJlell 3aJaHbl ICEBIOHUMEI - IIOHATHEIE Ha3BaHUA (BUOHEL B Tabnuile aTpubyToB
U cBoMcTBax o). std resid - 3To cTaHZapTU30BaHHEIM OCTATOK (OlleHKa — (akT) / CTAaHOApPTHYIO
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Kpocc-Banupauma: oueHka vs pakT

RMSE = 36.67
2007 |r'=0.869
100 A
o
S o
©
[
I
= —100 -
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X
g —200 1
I
[
=
o
—300 A
—400 A
—500 - —— unaean (oueHKa = ¢akKT)

—-500 —-400 —-300 —-200 -100 O 100 200
hakTUHecKoe 3HavYeHune

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

OoImMOKYy KPUTHHTA, CO 3HAKOM: MHHYC - KPUTHUHT 3aHW3WJI, IJIIOC - 3aBBICUII (9TO HE OHCIIEPCHS,
oucnepcus Bcerga = 0).

ITonst cj10s1 OCTATKOB:

TTone I[TceBmoHUM OnucaHue

<HOMEp CKBaXWHbI> HoMmep CKBaXKHUHHEI 3HauyeHue BEIOpAaHHOTO mois ID
(ecnu 3amaHo «Ilojie HOMeEpa
CKBaXXUHEBI»).

<uMs nons> ®akKT (UM IIOJISA) dakTHYeckoe 3HaUeHUe
IPOBEPSIEMOTO IIOJIS.

z est Omenka kpurutra (LOO) O1leHKa 10 OCTaJIbHBIM TOYKaM
(leave-one-out).

error Ommubka (omneHka — ¢akrT) OneHka MUHYC hakT. MUHYC -
3aHUKEHO, IJTIOC - 3aBHIIIEHO.

abs _error Momysb omuoKu AGcommoTHAs BeTUYWHA OIITHOKY,
|error]|.

std resid CraHp. ocTaToOK (ouzeska — ¢axkT) / CTaHOAPTHYIO

ommbKy KpUTHUHTA, CO 3HaKoM. He
oucnepcus (oHa = 0).

Kpome c110s 0CTaTKOB MHCTPYMEHT 110 yModaHuio ¢opmupyer HTML-otuét (Ha plotly): ”HTepaKTUBHBIN

rpaduK «omeHKa vs ¢akKT» C OBYMS JMHUSMHU - CepoM AmaroHanbio 1:1 (upgean) m cuHel NUHUEHU
perpeccuu Best Fit, ructorpamma omu60ok, QQ-rpaduk oCcTaTKOB M Tabnuila METPUK C OJIOKOM
pexkomenpanuii. HaksoH, caBur u yromn Best Fit BeIBeieHBl B METPUKM: 9TO UHOUKATOP YCIIOBHOTO
CMelIlleHUs II0 Ouamna3oHy. HakimoH okKoilo 1 - MeTon OAMHAKOBO TOYEH Ha HU3KUX M BBEICOKHX
3HAYEeHUSIX, HaKJIOH MeHbIlle 1 - BBICOKME 3HAYeHMWS 3aHUIKAIOTCS, a HH3KHEe 3aBHIIIaloTCS
(perpeccus K cpegHeMy, XapaKTepHas IMOANMNCH CTrilaXkKMBalolux MeTonoB). B Tabnuily moGaBieHa
OUCIIEPCUS MOAaHHBIX - OPUEHTUP mias cymmapHoro cumima CO+C. Psmom ¢ Tabmuiein MeTPUK
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MMoKa3kiBaeTcs 610K «[lapaMeTphl KPUTHHTa»: ITIEPEeYUCIIeHBl TOJIBKO HACTPOHUKY, OTIIMYAOIINECs OT
CTaHOAPTHHIX (HArTeT, CUJLI, PAAUYyC, OTCEB U Tak Aajiee), YTOOB ObIII0O BUAHO, KAKMMH ITapaMeTpaMu
Moy4YeHsl 9Tu MeTpuku. Ha rpaduke «oreHka vs GakT» OpU HaBEOEeHUM HA TOYKY BUOHBI HOMEP
CKBaXXWHBI U 3HAYEHWUS, a BOCEMb CKBAXXWH C HAUOOIBIIMMHU 10 MOIYIIIO OCTAaTKAMH{ HOAIIHCAHBI
MIPsIMO Ha rpaduKe - uX yIoOHO ITPOBEPUTH B ITIEPBYI0 ouepensb. OTYET OTKPHIBAETCS B ITPOCMOTPIIUKE
pe3ynbraTtoB QGIS (unu B 6pay3epe). Ecnu plotly B c6opke QGIS HeOocTymeH, OTYET BCE PaBHO
co3maéTcs - ¢ TabuIel MeTPUK, HO 6e3 rpaduKoB.

QQ-rpaduk ocraTrkoB. [loka3riBaeT ¢GopMy pachpepesieHusi omubOoK. OMMOKH HOPMHUPYIOTCS
Ha UX COOCTBEHHYIO OUCIEPCHUIO (z-OlleHKa) U CPaBHUBAIOTCSA C HOPMAJILHBIM pacIipefesieHUueM,
noatoMy rpaduk uuTaeTrcsd 1o ¢popme npu arobdoi KanubpoBkKe. 3a MacmTald HeonpeneleéHHOCTU
oTBeuaeT OTHenbHO MSDR B Tabmuile MeTpPUK. [0 TOpPHU30HTaIX - KBAHTUIHM HOPMAJIBHOTO
pacupepesieHus, II0 BEPTUKAJINM - HOpMHpOBaHHas omubka. Eciu omubKM HOPMABHEBEL, TOYKH
JIOKATCAd Ha KpacHyl auaroHanb. OTKJIOHEHWS YHTAIOTCS cpaly. 3arHyThle KOHIE! (S-o6pa3Ho)
- TSIJKEJIbIe XBOCTHI, TO €CTh KPYIHBIX ITPOMaxoB Gonblne, yeM mpu HopMe. OOmmit u3rubd myroiu -
aCUMMeTpUs, CTOUT NOOyMaTh O TpaHchopManuu 3HadeHui. OTOesibHaAsA T'Pylila, OTOPBaBLIASCS
OT JIMHUY, - YyXKasad COBOKYITHOCTh B aHHBIX, HAalTpuMep 0e3pynHble IpoOHl U3 30H 3aMelleHud (rae
[I0JIe3HOT0 KOMIIOHEHTa ITpaKTudecku HeT). HopManbHOCTh BajKHa IOTOMY, UTO Ha HEM OCHOBaHEI
MSDR u KapTa CTaHOapTHOM OIMHOKH.

I'maBHOe - 4TO gej1aTh C pe3yjabTaTaMu. CMBICII HHCTPYMEHTa B TOM, YTOOHI lepef IOCTpoeHueM
Tpufa yTBEPOUTH UM IIONPaBUTh Bechb HAOOp IapaMeTpoB, KOTOPHIM BHl 3aTeM 3amaguTe B «2D
Kriging». 910 m BapuorpamMMa (HarreT, CHJIJI, pagUuyC, MOAENIb, aHU30TPOIHSA), U HACTPOUKHU
caMoro KpuUTuHTa (paguyc oKNCKa, MUHUMYM/MakKCUMyM TOYeK, THUI - OPAUHAPHBIN WIW IIPOCTOM):
KpOCC-BalIuJanusl CUMTaeT KPUTWHI POBHO C TEMU JKe HacCTpPOUKaMH, II03TOMY YOadHBIM Habop
repeHocuTcs B uHCTpyMeHT «2D Kriging» 6e3 n3menenunii. [lopsagok pelieHu:

* ME okomo 0, MSDR okono 1, RMSE u R Bac ycTpaumBalT - Habop MOXKHO yTBEPXKIOATh:
TIepeHOCUTE 9TU XKe IapaMeTphl (BapuorpaMMy M HaCTpOMKM moucka) B «2D Kriging» u
CTPOUTE ITOBEPXHOCTbD.

* MSDR 3ameTHO 6oJibllie 1 - KDUTHHT CIIMIIKOM «yYBepeH B cebe», KapTa CTaHOaPTHOM OIIUOKU
OyneT 3aHUXKeHa: yBenuuybTe Harret CO MM CUJIT ¥ TIPOBEPHTE CHOBA.

* MSDR wmeHb1iie 1 - HeOIpeOeIEHHOCTD 3aBhHIIeHA: YMEHbBIINUTE HAarreT UIW CUJIII.

* ME 3ameTHO oTnu4aeTcs oT 0 - cucTeMaTH4eCKUY COBUT: IPOBEPLTE JaHHBIE U TUI KPUTHHTA
(mst MpoCTOro KPUTHHTA - 3afaHHOE CpeHee).

* Bosmpmrass RMSE u HuM3KHE R - Momenb MJI0X0 IpeacKa3biBaeT: MOIMPOOyHTe OPyrod paguyc,
MOIeNb WU aHU30TPONHUIO (a3MMyT U OTHOIIeHUe ocei). Eciu HUYero He moMoraeT - 3TO
mpenesl OaHHBIX: KOpOTKOMAacIiTabHass M3MEeHYUBOCTh, KOTOPYIO CETh HE JIOBUT (HAIPUMED,
30HHI 3aMellleHUs 10 PyAe - Ha rpaduKe BHIIIE 9TO BepTUKaJIbHAaA ojoca npu ¢akte okoo 0).

Cro# 0CTaTKOB IOACKA3kIBAET TOYEYHO: TIe OCTATKU KPYIIHEIE - TAM CTOUT CTYCTUTD CETh (ZOOaBUTH
CKBa’KWHBI) UJIU IPOBEPUTH IPOOHL. I'Ie ocTaTKu cucTeMaTHd4eCcKyd OOHOI'0 3HaKa II0 IIOMIAny - TaM
JIOKaJILHEIY TPEHM, KOTOPBIM KPUTHHT He yYerl.

HTOr: 9TOT MHCTPYMEHT - IOCIeOHUM ITar nepen ¢GUHAIbHEIM KpuruiromM. CHavaJsia BH Kanubpyerte
BapuoOrpaMMy 37leCh I10 OIIHuOKe, 3aTeM Te e ITapaMeTps! cTaBuTe B «2D Kriging» - ¥ TOBepXHOCTH
BMECTE C KapTOM CTaHOApPTHOM OIMMOKM II0JIydaroTcs OOOCHOBAHHBEIMU, a He I0omoO0paHHBIMU
CyOBEKTUBHO.

3amMeyaHVe O CKOPOCTH: KOHTDOJIb PelllaeT KPUTHUHT CTOJIBKO Pa3, CKOJIbKO TOYEeK, II09TOMY Ha
O6onpmmx Habopax (OecsTKY THICAY CKBAXKWH) BHITIOHSIETCS 3aMETHO Josikiie. [Ipyu Heo6X0mUMOCTH
YMEHBIIUTE BEIOOPKY.

CaM KDUTHHT Ha TYCTHIX HOAHHBIX CYHUTAETCS OBICTPO: 3aMephl PAcKJIafgbIBAIOTCSA IO KJIeTKaM
pa3MepoM B pafuycC MOMUCKA, U B KaXKI0H siuelike 1epebuparTcs TONbKO COCEHNE KIIETKHU, a He BCSA
Beibopka. Ha cTa mrectupecsiTu ThICAYax IMUKETOB 3TO [aJ0 YETHIPEXKpaTHOe yckopeHue. OTGOP
IIPYU 3TOM TOYHEIM, OIleHKa He MEeHSEeTCs.

Ecnu maHHBIE CTYIIeHB HEPaBHOMEPHO, 3amaiiTe HeoOsi3aTelIbHOe MoJIe BECOB Wt U3 HHCTPyMEeHTa
1.01 Iexnmacrepu3sanusi. Metpuku ME, MAE, RMSE, MSDR u R Torga cuuTaiTCsa B3BEIIEHHO, 1
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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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MIJIOTHBIA KYCT CKBAKMH He IOMHUHHUDPYET B OII€HKe Ka4YeCTBa. Cawma o1leHKa leave-one-out IIPX 3TOM
He MEHseTCs, B3BEIIINBaAEeTCs TOJIBKO CBOOKaA.

1.08 Kpocc-Banugmanusi metoaa (LOO)

CKONB3SAMIMNNA KOHTPOIb OJII MeETOOa TI'PUAMPOBAHMUS: KPUTMHTA HIM MUHUMAJIbHOM KPUBU3HHI.
Kaxpmast mpoBepsieMasi TO4YKa I10 oUyepenyu UCKIIIoYaeTCs, e€ 3HaueHue NpeacKa3biBaeTcs MEeTOOOM
II0 OCTaJbHBIM TOYKAM M CpaBHUBaeTCsA C ¢akToMm. [Io ommbKaM CYHUTAIOTCS METPUKU, U ITO
00BbeKTHBHAS OlleHKA KavyeCTBa METO/a, a Tak¥Ke CIoco® CpaBHUTh METOALI MeXAy Co0O0M Ha CBOUX
OAaHHBIX.

HucTpyMeHT ornudaercss oT 1.07 Kpocc-Baiuoanmusi BapHOIpPaMMBbI: Ta TOAOMpaeT MOMOENb
BapHOTPaMMEI [JIsT KPUTHHTA, a 9Ta CPAaBHUBAET METOOLI T'PUANPOBAHMUS KaK TaKOBhLIEe U paboTaeT B
TOM YHCJIe IOJIsI MUHUMAaJIbHOM KPUBU3HHL.

MeTtpuku: ME (cmemienue, 6nuxke K 0), MAE u RMSE (menbmie - nydine), R (koppensuus
oneHku u ¢akTa). 151 Kpuruura gornonautenbHo MSDR (6nuxke K 1, ecnu MaciiTab cTaHOapTHOMR
ommbOKu ajmekBaTeH). Ha rpaduke oreHka/pakT OBe JIMHWK: cepas guaroHans 1:1 (upmea) U CUHSSA
nuHus perpeccuu Best Fit. E€ HakIoH, COBUT M yroj BHIBEOEHHI B METPHUKU KaK HHAMKATOP
YCJIOBHOTO CMeIIeHus 10 Amana3oHy. HakyioH okKoio 1 - MeTOn OOUHAKOBO TOYEH Ha HU3KUX U
BBICOKHMX 3HAYEHUAX, HAKJIOH MeHbIIe 1 - BLICOKNE 3HAUYEeHUS 3aHUKAIOTCSA, A HU3KHUE 3aBLINIAIOTCSA
(perpeccus K cpegHeMY, XapaKTepHas ITOANUCH CTJIa’kKMBaIOIIUX METOIOB).

ITo o6pa3uy Surfer goctymHel Tpu Belu. Ciay4dadHasi BHIOOpPKa u3 N TOYeK YCKOPSIeT KOHTPOJIb
Ha OONbIINX [OAHHEIX, IIPU 3TOM B OLEHKE KaX[OOW TOYKM y49aCTBYeT BCS BEIOOPKA, a He TOJIBKO
MTOJIMHOXKECTBO. ®PHUIBTP OO0JIACTH OTPaAaHWYHMBAET IIPOBEPKY IIOM00JIacThI0 II0 OXBAaTy M IIO
3HAYEHUIO Z, TOJIe3HO, YTOOK He CUNTATh KOHTPOJTh B U3BECTHHIX aHOManusx. Bydep uckaoyenus
mo X u Y yOupaeT U3 OIEeHKU TOYKH B MPSIMOYTOTbHUKE BOKPYT MPOBEPSIEMOM, 3TO HYXKHO [
CTYWIEHHHIX KJIACTEPOB, MHAYUE OLIEHKA IIPOCTO HOBTOPSAET OIMKAMNIIEr0 cocena.

[TapameTp

HazHaueHue

ITo ymomyaHuio

Touyku cO 3HAYEHUSIMHU

[Tone 3HaveHud Z (IycTo: U3
TeOMEeTPHUH)

ITonne HOMepa CKBaXXWHEI

[TpoOwI.

Yucnosoe noe. Ilycro -
oTMeTKa 0epéTcs u3 Z TOUKH.
Ins mopmucey B OTUETE.

MeToqg Kpurusar unm MUHUMaIbHAas Kpuruur
KpHUBU3HA.
[TpoBepsieMEIX TOUEK 0 - aBTO, min(N, 100). 0
Bydep uckmwouenus no X, Y [TpssMOyTONIBHUK BOKPYT TOouku, O
coceiu B HEM He y4aCTBYIOT.
[TapaMeTpsl KPpUTHHTa Bapuorpamma u mmouck (Kak B -
1.1).
[TapaMeTpsl MUH. KDUBU3HEI OxBarT, A4elKa, HaTsaXKeHue, aBToO
(Tot.) IIOpor, UTEepalunu.
[IpoBepATH TOIBKO B OXBaTe O6macTte KoHTpOnsa o X/Y. Be3ge
(Oom.)
[IpoBepsATh pu Z B guama3zoHe OO61acTh KOHTPOJIS II0 HeT
(Oom.) 3HA4YEeHHIO.
3epno I'CY ([or.) 151 BOCIIPOU3BOUMOCTH 0
BBIOOPKH.

OmubKu KPOCC-Banumaliniu

HTML-oTuéT

Cnot Touexk C monaMu GakTa,
OIIEHKHU U OIIUOKH.

I'paduk orreHka/daxT,
THCTOTPaMMa, METPUKH.

I10 YMOJIYaHHUIO

1 MUHUMAJIbHOU KPUBUI3HEI II€PEOL€HKa KaXOou TOYKH I/IJIéT C TEmuaoro CTapTa OT IIOJIHOTO
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penieHud, II03TOMY OOWH IIPOXOO CHHUTAETCA 6bICTpO. Ha oueHb GOJNBLIIHX BI)I60pKaX YMeHbmaﬁTe
YU CJIO IITPOBEPAEMEIX TOYEK.

Ecnu maHHBIE CTYIEHB HEPAaBHOMEPHO, 3afaiiTe HeoOs3aTeIbHOE TI0JIe BECOB Wt U3 HHCTPyMEHTa
1.01 Jexnacrepu3anusa. Metpuku ME, MAE, RMSE, MSDR u R Torma cuuTaioTCs B3BEIIEHHO, U
IIJIOTHBIN KYCT CKBaXKWH He JOMUHUPYET B OlleHKe KauecTBa. CaMa olleHKa leave-one-out mpu 3ToM
He MeHsSEeTCsI, B3BEIINBAeTCs TOJILKO CBOJKA.

1.09 ITpuMmep CKBaXKuH (IeMo0)

HHucTpyMmeHT «IIpuMep CKBaxXuH (OeMo)» GOpMUPYET TOUYEUHBIN CII0M CO CITyYaHbIMM KOOPAUHATaMU
U TpeMs CTPYKTYPHUPOBAHHBLIMH ITOJIIMH: aOCOIOTHAsT OTMETKa KPOBNH InacTa (roof), MOIIHOCTH
(thick) u comepxkaHue abcTpakTHOTrO KOoMIoHeHTa X (%). [Inamna30HbEl KPOBIX M MOIITHOCTH 3a[aHbI
1o o6pa3ny npomeiuieHHOro minacta (Kpll). MHCTpyMeHT mpeqHa3HaveH [ajid o0y4YeHus U IIPOBEPKU
KPUTHUHTA, U30JIMHUN U KPOoCcc-Banumanuu 6e3 peanbHBIX TaHHBIX.

[TapameTpsr:

[Tapametp Yrto 3apaéT ITo ymonyaHuo / COBET

O6macTh (9KCTEHT) [TpsAMOYTONIPHUK TeHepauuu -
(mmo cnoto, XOJCTY,

KOOpOWHATaMU, PUCOBAaHUEM).

KonnuyecTBO CKBazKHH CKOJILKO TOYEK CO3[aTh. 300
MuHUMYM / MAaKCUMyM [Inana3oH comepXaHus 0/50
3HaUYeHus X KOMIIOHEHTa.

I'magkocTh (DoJist oxBaTa) Pagmyc koppensauum Kak OOIA 0.15
oxBaTa: 0O0JIbIlE - KPYIIHEE
«ISITHa».

Kposns, momiHOCTh: MUH/MakKc  Huamnma3oHu nosei roof u thick. xak y Kpll

(IMTom.)

Hons Harreta (Horr.) Homns gucnepcuu Ha 0.35
KOPOTKOMACIITAOHBIN IITyM:

OOJIbIlIE - HHUXKE
IPeacKa3yeMOCThb.

IMo6aBuTL KaTeropuanbHOE [Torne mintype (CUJILBUHUT, BEIKJI.

Iojle MUHTHIIA 3aMellleHne) Ois
MHONKATOPHOT O KPUTHHTA.

o6aBuUTH moJjie Haopa ITone head c pervoHanbHEIM BBIKJI.
VKJIOHOM [Jid TpajueHTa
IIOTOKA.

[oGaButs nonsa K u T u Hanop Hamnop u nor-sopmanbHeie K BBIKIJI.
(M/cyT) u T = K-MOIIHOCTSD A1
ymenbHOTO pacxopna ([dapcu).

3epno I'CY ([or.) Bocmnpou3BonuMocCTh 0

CxkBaxuHH (OeMo)
[ToBepxHOCTH Opelida (pacTp)
+ mone dz

resgepanuu. 0 = ciaydanHo.
BrixogHOU TOYEYHBIN CIION.
BkIiouuTE BHIBOL - TIOJIYYUTE
pacTp s u none dz s
BHeIITHeTo gpetida.

BBHIKJI. (IIPOIIyILEH)

[Ipu 3anycke B KypHan BEIBOOUTCS CTApTOBasl BapuorpamMma (CyMMapHBIM CUJINT = OUCIEPCUU
OaHHEBEIX, HarreT, pammyc). CreHepupoBaHHBIE [OaHHBIE HNMEIOT BOCCTAHOBUMYIO BapuOTrpaMMYy,
IMO3TOMY Ha HUX YOOOHO OCBOUTBL BECH IIMKI: IMOCTPOUTH rpuf B «2D Kriging», 3aTeM u30/IMHUH, U
IIPOBEPUTH IIapaMeTpPhl KPOCC-Banumalnei.

[IBe TamKW ¥ OTHEJIbHBIM BBIBOO OOOABISIOT HeOoOsS3aTeNlbHBIe MOJIA [JIsi OOYUYeHHsS CMEeXKHEIX
WHCTPYMEHTOB. [100aBHTh KaTeropHajibHOe II0JIe MHHTHIIA [aéT Ioje mintype ¢ ¢doHOM
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CUJIbBMHUTA M O4YaraMM 3aMeIleHUs OJIT KaTerOpHaIbHOTO MHOWKATOPHOTO KpuruHra. [1o6aBHTH
noJjie Hamopa [aeT 1none head c BEIpaKeHHBIM PETUMOHAILHBIM YKJIIOHOM [Ji THOPABINYECKOTO
rpagueHTa: Kpuryete head, nogaéTte pacTp B MHCTPYMEHT IOTOKA, ¥ CTPENIKU UAYT BHU3 II0 CKJIOHY
Haropa. Bkmo4éHHBIN BEBOL IIOBEepXHOCTH Operda CTPOUT OTHAEIbHBIM PACTPOM TIAdKyIO
CTOPOHHIOIO ITOBEPXHOCTH S, U3BECTHYIO BCIOOY, U HobaBiseT moje dz, TMHEeNUHO C Hell CBSI3aHHOE.
Ha aTol mape ocBaWBalOT KPUTHUHT C BHEITHUM OpelidoM: Kpuryete dz ¢ pacTpoM s Kak IpendoM u
CpaBHHUBaeTe C OOLBIYHLIM KpUrnHroM dz 6e3 mpetida. Eciiu BEIBOL MOBEPXHOCTH IIPONIYIIEH, Ioie dz
He mobaBisieTcs. ['anka [ToG6aButh mosasi K u T 1 Hamop reHepupyeT HAIop W JIOr-HOPMAaJIbHBIE
nons K (koadduument unbrpanmu, pasbpoc Ha MOPSIAKKA, KaK B peaJjibHBIX OTKaykKax) m T =
K-momnuocTts. Ha Hux ocBamBaroT ymenbHEIU pacxop mo apcu: kpuryete K u T B «2D Kriging»
c npeob6pa3oBaHueM In (unu BpyuHyio moisg Iln), IIoc Hamop, U IomaéTe pacTphl B «YOeIbHBIN
pacxon».

ITonsa pe3ynbrara:

ITone Tun YT0 comepXKuT

well TEKCT HoMmep ckBaXuHH, dopMaTt
SK-0001.

roof 4HCJIIO AGcomoTHas OTMETKa KPOBJIH
mjiacTa, M.

thick 4UCIIO0 MotHOCTE II1acTa, M.

X 4UCII0 CopeprxaHue abCTPaKTHOTO
KOMIIOHEHTa, %.

head YUCIIO Hamnop (mbe3oMeTpudecKui

ypoBeHb), M. C rajnkoi Hamopa
unu rankou Ku T.

K 4UCIIO Koapdunuent punsrpaiuy,
M/cyT (JIOT-HOpMaJbHO).
Tonpko c rankou Ku T.

T Y1 CJIO BomomnposogumocTts T =
K-momutaocTs, M2/cyT. TOJIBKO C
rankou Ku T.

mintype TEKCT MuHepanbHBIU THUIL
(CUNTBLBUHUT, YaCTUUYHOE
3aMelleHne, KaMeHHAas COJIb).
TomnbKO C TaJIKOW MUHTHIIA.

dz YHUCIIO 3HayeHMWe, TMHENHO CBSI3aHHOE
C ITOBEPXHOCTHIO Apeda.
TonbKO IIpU BKITIOYEHHOM
BHIBOJIE TIOBEPXHOCTH Apetida.

ITonHBIN epeudeHb I10JIel BLIXOOHBIX CIIOEB - B npunoxkeHuru CKBaxKuHBI (1emMo) (pasmen «Ilomns
OeMO-CJIOEB>» B KOHIIEe PYKOBOACTBA).

1.10 IIpumep reopusndeckux npoduieu (aemMo)

NHCTPYMEHT CO3HAéT TOYEYHBIN CJION reo¢du3nyvecKux mpodused nnsd oOydyeHUs U OPOBepKH 6e3
peanbHBIX OaHHBIX. CTPOSATCSA HECKOJIBKO IIapasljiebHBIX Ipoduieil ¢ nukeTaMu. IIpeqycMoTpeHo
IBa pexumMa.

JneKTpopa3BenKa. Boonb nmpoduned 3amaHbl Kaxylleecs colrpoTuBnenue pk (OM-M), moTeHIMan
ectectBeHHoro mons EIT (MB) u Bri3BaHHas momnsipu3anus BII (MB/B). B maHHBIE 3amoxkeHa
HU3KOOMHasl aHOMAaJIus - OOBOOHEHHAS UJIY 3aMellléHHas 30Ha. B Hell pK IIpoBaimBaeTCs ¢ POHOBBIX
mecsiTkoB OM'M mo emuuwull, a EIl maéT oTpuIlaTeNnbHEIM MHHUMYM. Takoe IOBeeHHE OTBedaeT
ITPOMBICJIOBOM TIPpaKTHMKEe: HaAWMEHBIINE CONPOTHUBIEHUS XapaKTEpHHBI OIS OCaJOYHBLIX TMOPO[,
TOTHa KakK COJIb, THIIC U aHTHOPUT, Hao00pOT, BEICOKOOMHLI, @ OOBOOHEHHWE M 3aCOJIEHHEe YBOOST
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COIIPOTHUBJIEHHUE BHU3I. AHoManus 3aJaHa KOMIIAKTHBIM IISSTHOM, a He IOJIOCOH, II03TOMY HpO(bI/IJ'II/I
He CMHXPOHHEI, Y IIPW MHTEPIIOJIAIINY BUOEH JIOKaNIbHBIM O4Yar, a He CIJIOIIHAas JIeHTa.

Ocenmanus (Mmyjabaa). 3HaYeHUe - ocefaHue (MM) B BUe MYJIbObl COBUKEHUS Hajd oTPaboTaHHOM
IJIOIIAIbIO, II0 HECKOJIBKUM TypaM HabogeHmit. Mynbaa yriny6aseTcs OT Typa K Typy ¥ OTpaHu4YeHa
10 MOAYJII0 IByMSI MeTpaMu. 3HaK eQUHEBIN: BHU3 (OTpUIlaTeIbHOE) UK BeJIUYnHA (II0JI0KUTEJIbHOE),
rio BeiGopy. [lo KpasiM CTPOro HYJNH - B CTOPOHE OT O0TPaboOTKU ocemaHus HeT. [Io ogHUM IUKeTam
MOXKHO IIOCYUTATh Pa3HOCTEH Ssettle MeXXay TypaMu U IIOJIy4UTh CKOPOCTEH OCEHaHUSs.

Pabouuit 1Ky moBTopsieT ocHOBHOM: mosie rho_k (unu settle) nHTEpHONUPYyETCS MHCTPYMEHTOM
1.02 2D Kriging mu60 MUHUMaIbHONW KPUBU3HOM, IO TPULAY CTPOSTCS U30IUHUU UHCTPYMEHTOM
1.04, u a"HoMmanusg OKOHTypuBaeTcs. [lojie Sp MOXKHO WHTEPIIOIUPOBATh TaK XKe U CPaBHUTH
muauMyM EIT ¢ mpoBanom pk. ITone rho_true (unu settle_true) - 3aoxkeHHoe 3HaYeHue 6e3 IIyMa,
9TAJIOH IJI IPOBEPKU TOYHOCTH UHTEPIIOIALINHU.

KpHI‘HHI‘ HJIA MUHHHMa/IbHasi KPUBHU3Ha

l'eodusmueckre npodunu - xapakKTepHBIN ciy4dal Oy BelI6opa MeToma MHTepHonIsuui. [aHHEBIEe
IJIOTHBIE BOOIb Ipodusedl M pa3pekeHHbIe MEeXAy HUMH, a caMa BelIn4YuHa (CONMPOTHBIIEHUE,
noTeHIMan) GU3nYeCcKy IriagKas U HeTpeprIBHAS.

Kpurunr BepHO oTpakaeT HepaBHOMEDPHOCTL CeTU: 0e3 HAaCTPOWKU aHU3O0TPOIIMHM BapUOTPaMMBI
OH TSHET CTPYKTYPY BOONb JIMHMU CBLEMKU, W IIOJIe paclajaeTcs Ha IIOJIOCH BAONbL ITUKETOB.
MwunumanbHass KpuBusHa (1.03) HaBs3blBaeT (QU3UYECKM OCMEBICJIEHHYIO T'JIafKOCTh U CIIMBaeT
pa3po3HeHHBIE TPOGUIIH B CBSI3HYIO IOBEPXHOCTD, IIO3TOMY IOJIS TPODUITLHON ChEMKHU U ITOTEHITHATBHBIX
rnmojey oHa OOBIYHO IIpPeAnoYTHUTENbHee. To XKe CIpaBemMBO U [ Ions Sp: MuHumMyMm EII
MIPOSBIISIETCS LIEJIBHBIM TeJIOM, a He cTojbnaMu. fApye BCero 9TO BUOHO Ha OCeNaHUAX: MyJbOa
COBUXKEHUS - KOMIIaKTHas OCECHMMeTpHUYHasi BOPOHKA, U KPUTHHT PacKaTHIBaeT €€ B JIEHTY BOOJb
npodunen, Torga Kak MUHUManbHas KPUBU3HA BOCCTAHABIMBAET Yallly C YETKUM IIEHTPOM.

[IpakTuyecKuyl BBHIBOH: IIOJIA C HOpoduiIeld CTPOUTE MHHUMAIbHOU KpPUBUIHOMU,
IpUMEHsUTe, KOTHa HaCTpOeHa aHU30TPONIUS BApUOTPaMMEL 10T FTeOMETPUIO CEeTH.

a KPUTUHT

O6macThb 3aJIaéTC5I 9KCTEHTOM. PexXuM, guaria3oHbl, YHCIIO TYPOB U OTMETKY IIOBEPXHOCTHU MO2KHO
N3MEHUTH B pa3faeiie T OMmMOJITHUTEIBHO.

[TapameTp YTo 3amaér ITo ymonyaHuio

O6sacTh (3KCTEHT) ['paHUIEI TeHepaIluu. -

Pexum JJeKTpopa3BeaKa uin JJeKTpopa3BeaKa
ocemaHus.

Ywucrno npodumnen CKOMIBKO ITapaineabHbIX 4
npodunen.

IITar nukeToB, M Paccrosaaue mexnoy nuketamu. 20

®onoBoe pK, Om-M ([Tor1.) ConpoTuBIEeHUE BHE 60
AaHOMAaJIUH.

MunuManbHoe pK, OM-M ([Hor.) CoIpoTHUBJIEHHNE B IIeHTPE 10
OSTHA.

Awmnnutynga EIT, mB ([Jor.) 'my6una muaumymMma EII, -100
00bIuHO MeHbIe 0.

Amvnnutyna BIT, MB/B (Horr.) Bricota anomanuu BII. 15

MIym pxk ([Tor.) Ions pasbpoca B 0.06
jor-macimarabe.

MakcuManbHOE OocegaHue, MM 'myOuHa MymnbOH B mocienHeM 400

(Oom.) Type.

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

3HakK ocemanuda (Io1m.) Buu3 (oTpuUllaTeNbHOE) UITU Buus

BeJuuuHa (II0JIOXKUTEJIbHOE).
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[TapameTp

YTto 3amaéeT

ITo ymon4aHuUIO

OtMmeTKa: 6a3a ¥ aMILUTUTYyOaQ, M

(Oor.)

leodpusuyeckue npodpunu

[InaBHHIN penbed
TIOBEPXHOCTH.
C0oi To4ekK C IIOJISIMHU.

1201 15

IMons anekTpopa3Benku: profile (Homep npoduns), picket_m (mukeT B MeTpax OT Haudasia Ipoduis),
pk (metka ITK, Hanpumep I1IK5+20), z (otmeTka nmoBepxHocTy, M), rho_k (px, Om-M), 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 myma).

1.12 MBA: myinbTHCETOYHBbIEe B-ciytadiHbI (TOYKH — pPacTp)

Tpetuii crtoco6 HOTy4YUTh ITIOBEPXHOCTE U3 TOUEK, mocyie Kpuruura (1.02) u MUHMMaTbHOM KPUBUIHEL
(1.03). YuTaTh €Tr0 CTOUT BMECTE C HUMHU: HOMED CTOUT IIOCIEOHUM IIPOCTO IIOTOMY, YTO UHCTPYMEHT

IIOSABUIICA IIO3ZKeE.

Meton JIu, BonbGepra u Illmua 1997 roma. Bepétcs rpybasi pemiéTka KOHTPOJIBHBEIX TOYEK, IIO
HEeUN CTPOUTCS KyOmueckui B-crinaiiH, mpubnuXKarouil qanHele. [IpubnuxkaeT oH rpy6o, TO3TOMY
CYUTAETCS OCTATOK - PA3HOCTh MEXK/Y 3aMepPOM U TEKYIIel TOBEPXHOCTHIO, - PEIIETKA yOABaNBaETCH,
¥ OCTATOK IpUOIHKAETCs 3aHOBO. TaK YpPOBEHb 3a YPOBHEM: KaXK[bLIM CIEeOYIOIINM ITOOXBATHIBAET

TO, 9TO HE CMOT npenbmymnﬂ.

[TapameTtp

YTo 3amaéT

ITo ymMom4aHuio / COBET

Touku ¢ 3amepamu / ITone
3Ha4YeHUsA

OxBar

Pa3mep syeiku

HauanbHas peméTka 1mo X, 1o
Y

Yucno ypoBHEHR

O6pe3aTh BHITYKIIOHN
000J109KO TOUeK

HuxXHSS ¥ BepXHSS I'PaHULIbI
pe3ynbTara

3armac BOKpyr 00601049KH ([IO11.)

OcTaHOBKA II0 HeBs3Ke (morl.)

[Ipemen pa3Mepa pacTpa, MJIH
sg4eeK (OoII.)

Bxom.

ITo ymoOI4aHHUIO 11O TOYKaM.
I[Togpo6HOCTL 3adKUCH B PaCTP.
0 - IATBCOT sTYEEK MO OIMHHOU
CTOpOHE.

Paguyc BnusHusa. Pa3Heie
YmcIla Mo OCSM HaloT
QHM30TPOIIHUIO.

I'mapkocTtb. OOQUH-OBa OAIOT
TPEH, BOCEMb U OOJIbIIIe
caXaloT TIOBEPXHOCTh Ha
3aMepHI.

3a nmpepmenamu o6s1aka
TMOBEPXHOCTD IEePKATh HENIb34.
®u3nYeCcKU BO3MOKHEIN
Ouarna3oH BeJIu4duHH. [IycTo -
He OTPaHUYUBaTh.
Pacmmpenre o6pe3kn.
[TpekpariiaeT gpobneHue
paHbille cpoka. 0 - He
IIPOBEPSTE.

Berimie Hero UHCTPYMEHT
OTKa3LIBAeTCs PaboTaTkb.

II0 TOYKaM

0

44

BKJIIOUEHO

MyCTO

50

YeMm OepéT

CucreMa ypaBHeHUH He pemtaeTcss Boobire. KoahduiineHT pemeéTKU CYUTAETCS IBHO, B3BELIEHHON
CYMMO#M TI0 TOYKaM, IIONaBIINM B HOCHUTEJIb CBOET0 CIUlaiiHa. I1oaToMy paboTa nuHENHA 10 YUCITY
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TOYEK, a IaMATh 3aBUCHUT TOJIBKO OT pa3Mepa pemeTku. KpuruHr Ha Kaxkpol S4YerKe pelaeT
CHUCTEMY IIO COCEHOSIM, U Ha [OeCsATKe MHUJUIMOHOB 3aMeEpPOB 3TO HECOIOCTABUMEIE BEIW: MUJIIUOH
ToueK MBA Gep€T 3a CEKyH/HI.

YnpagsieHnue perérkaMu

HauanwHas pelll€éTKa 3afaéT pajuyc BIUSHUSA: YeM OHa Ipybee, TeM [Oajbllle PACXOOUTCS 3aMep.
Pasnrle uynciaa sf4eek IO OCIM [AIOT aHWU30TPONIHIO - Ha Pa3BEOOYHOU CETH, BBITIHYTOU IIO
MIPOCTUPAHUIO, 3TO TO, YTO HYXKHO, ¥ 3a[a€TCsA OHO NpsaMo, 6€3 Mofie/ Il BapuOTrPaMMEL.

Yucno ypoBHEH yIpaBiseT TJIaJKOCThio. KaXKOblii ypoBeHBb BOBOE ITOAPOOHEe M BOBOE ONIHXKE K
OaHHBIM: OMWH-IBA OAIOT TJTaOKUH TPEH, BOCEeMb U 0O0JIbIIle Ca’kaloT IIOBEPXHOCTh Ha 3aMEPHI.

CHsiTHe TpeHaa

Koadduiment pemeéTku cuutaercss GopMyon, JTUHENHON IO 3HAYEHUI0. 3HAYUT OIubKa PacTET
BMECTe C BeJIMYHHOM OTMETKH, a He C eé pa3bpocomM. Tam, rie HOCUTEIb OJJHOCTOPOHHHUM - Kpai
o0J1acTH UK MyCTOE MEeCTO BHYTpU 00JlaKa TOYeK, - 3HaMeHaTe b MaJl, ¥ K0o3(pPUITMEeHT pa3eTaeTcs
ITPOTIOPIIMOHAJILHO CaMOM OTMETKE: TTIOBEPXHOCTh B IMIyCTOTE HEIPSET K HYIIIO.

YucioM ypoBHEH 3TO He JIEUMTCS: KaXKObIM CJIeOYIOIIWM YPOBEHb HaciemyeT Ty ke Oemy. Ha
IIPOBEPOYHOM pejibede OKOJIO IBYXCOT METPOB C IIYCTHIM KpPyroM pamuycom 250 M Impomax B KpyTe
moxomgui mo 30 M, a B ero 1ieHTpe BMecTo 199 Brixoguno 169.

I[To3TOMYy MHCTPYMEHT CHUMAaEeT TPEH[ TJIOCKOCTHIO TTepe MOATOHKOM ¥ BO3BpAaIlaeT ero o6paTHO
B K03Gh(HUUMEHTH HYJIEBOTO YpPOBHs. IIpomMax B TO# Ke IyCTOTE€ CTAHOBUTCS MEHBIIE MeTpa.
HacTpo#iku [jisi 9TOro HeT: e 3HAa4YeHHUsI OKOJIO HyJsd, CHATHE TPEeHOa He MeHseT HHUYero, a Iae
maJjieko - youpaeT omubKy, ITPOIIOPLHHOHAIBHYIO CaMOM BEJIMYUHE.

OTcrofia ke ClefiyeT, YTO oOpe3Ka BBINYK/JIOH 000/JI0YKOH M IPaHHIbI 3HAYEHHH IMyCTOTY
BHYTPH o0/Iaka He jedar. O00JI0YKa OTCEKAeT TO, YTO CHAPYXKM, a TPAHUILI IIPEBPAIAIOT SIMY
B IJIOCKYIO IIJIOIIAJKy Ha YPOBHE rpaHuIlEl. POpMy BOCCTAHOBUTL HEYEeM: B IIYCTOM MECTEe HYKHEI
OaHHBIE.

Yero "He maéerT

Hu omwmbKM OIeHKH, HM MOOENH KOBapHWallih, HU BECOB, KOTOPBHIE MOXKXHO IPETBLIBUTL. IJTO
aNMIpoOKCUMAaTOp, @ He OIeHINMK: OH He 3HaeT, HAaCKOJIbKO XOPOIIl ero OTBeT. Kpocc-Bamumalius
MmeTtoma (1.08) u kapTa omubKK K HEMY HelmrpuMeHUMBI. OTCIOOa U T'JIaBHOE ITPUMEHEHNE B Pa3BeIKe:
CTPOMTHL MM TPEHI, a OCTAaTKM YTOYHATh KPHIHHIOM - V Bac [/ 3TOTO0 €CTh KPUTHUHT C
BHEIITHUM TPEHIIOM.

IToBepxHOCTH I'IamKas 110 IOCTPOEHUIO, C HEITPEPHIBHOM ITPOou3BOaHOMN. [111st penbeda U TPEHIOB 3TO
ITIOC, IJIS COmepzKaHUY MUHYC: IIMKU CTJIaXkKMBAIOTCS, a Ha IIOACYETE 3allacoB 3TO POBHO TO, 3@ YTO
reoCTaTUCTUKY U pyraror.

TouyHOro ImomagaHus B 3aMepHI XKIOaTh HeJIb3s maxke TaM, rie HaHHBIe IIOCTOSHHEL. Ha IIOCTOTHHOM
3HAYEHUHU OTKJIOHEHUE IIPH OJHOM YPOBHE HOXOOUT A0 TPETH pa3Maxa, IpH TPEX MafaeT BAECITePO,
P BOCBMH HCUYe3aeT. JDTO MNPHUPOOa MeToma, a He OomubKa CcuéTa: KpaeBble K03(hGUITHEHTEI
HemoOupaloT BKJIal, M KaXKAbIH CJIENYIOINN YPOBEHb ITIOIXBATHBAET OCTATOK.

I'panuubl pe3yiabTrara

AnmipokcuMaTop He 3HAET, YTO cofep:KaHue He OBIBAET OTPUIIATEIBHEIM, a A0/ He ObBaeT OO0IbIe
eouHUIEL. MeXay 3aMepaMM TjafKas MOBEPXHOCTh 3a AMAIla30H MPOCKAKWBAET - OCOOEHHO TaM,
THe PSIIOM CTOSIT CUJIPHO Pa3Hble 3HAUEHUS, M 0COOEHHO y Kpas o6jaka Touyek. Ha TorHOpMambHBIX
OAHHBIX BPOAE COOePKaHUM OHA JIETKO YXOOUT Ha IIOJITOPHL THICIYU HUXKE HYJIS.

I'paHuIltl Cpe3alT pe3ynbTaT K (usudeckd BO3MOXKHOMY. Cpes3 moje3Hee, 4eM BHUI «KakK
MIOIy4YHJIOCh», HO OH K€ M NPH3HAK: B KypHAaJl IMIIETCS, CKOJIbKO sS4YeeK CpPe3aH0 CHHU3Y Hu
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CBepXy, KaKylo IOJIIO IIJIOIMIagyu 3TO COCTABUJIO ¥ HACKOJILKO JajieKo IMOBEPXHOCTH yxomumna. Eciu K
TpaHUIle IpUIKAaTa OecsaTas 9acTh IJIoMany M 0Oblle, TaM IIOBEPXHOCTh He OIleHeHa, a cpe3aHa:
3aMepoB PSAOOM HET, W CIUIa¥H yXOOUT KyAa YrogHo. JleduTcs 5TO He IpaHUIlaMH, a PEeIIETKOU
norpy0ee, MEHBIIIUM YHUCJIOM YPOBHEM nnu 60ee y3KMM 0XBaTOM.

711 BEeJIU4YUH, KOTOPHBIE HE OBIBAIOT OTpULIAQTEJIbBHEIMU W MEHAIOTCA Ha IMOPAOKHKW - COOEeP2KaHU/,
IIPOHHUIIAE€MOCTDH, - IIPAaBHUJIbBHEE HE Cpe3aTh, a CTPOUTH ITOBEPXHOCTH IIO J'IOl"apI/I(bMy BE€JIMYWHHBI 1
BO3BpalllaThb ee Yyepes3 3KCIIOHEHTY. Torga HONME HEAOCTUKHUM I10 IIOCTPOEHUIO, U IIJIaTO Y I'PAHUIIEI
He BO3HHKaEeT.

Oo0pe3Kka

3a nmpepgesiamu o6j1akKa TOYEK Yy KPAaeBhIX KO3G(GUIIMEHTOB HET AAHHBIX, U IIOBEPXHOCTDb YXOOUT Kyfa
YIOOHO - Ha pa3Befo4YHOM CeTH 3TO BUOHO KaK 3ajpaHHEBIe yITEL pacTtpa. [loaToMy pel3yibTaT IO
yMoJT4aHHuIO0 oOpe3aeTcCsl BHIIYKIJION OOOJIOUKOM TOYEeK, a 3alac BOKPYI Heé 3aJaéTCsl OTHEJIbHO.
CHATh 00pe3Ky MOIKHO, HO TOTHa 3a KOHTYPOM CETH TOJIyYUTCS KapTUHKA, KOTOPYIO HEIb3s
IPEIBSBISAThH KaK OIEHKY.

1.11 Bpe3Ka mMoapoOHOH MOBEPXHOCTH B PErHOHAIBHYIO

HWHCTPYMEHT CIIMBaeT OBE IOBEPXHOCTM OOHOM BEJIMYMUHBI B OOHY: IMOOPOOHYI0O Ha Y4aCTOK U
peruoHanbHYyI0 Ha BCIO OKPYry. 3ajada IIOBTOpPSAETCHA y TomorpadoB M THAPOJIOTOB - AeTalbHas
ChbEMKa B OTKpHITyi0o LIMP, - HO oT penbeda He 3aBuUCUT. KyCcT pa3BegoOdYHBIX CKBaXHWH B
pervoHanpHyI0 MOMENb KPOBJIM TIJjlacTa, [AeTalbHBIM y4YacTOK omnmpoOoBaHMS B OOIIYI0 KapTy
comepsKaHUM: YCTPONUCTBO TO Ke, BeJIMUMHA J1I00as.

Ha BxXom maoyT mBa pacTpa ¥ MOJIMIOH 30HHI Bpe3Ku. Ha BBIXOme OOWH pacTp B 3aJaHHBIX OXBaTe U
pas3peleHuH.

[TapameTp Yro 3amaér ITo ymon4aHuio / COBET

ITogpo6Hast MOBEPXHOCTh PacTtp yuactka. Ero cetka -
CTAaHOBUTCS paboyen.

Pactp okpyru. [IpuBogurcs kK -
ceTKe TOgpPOoOHOM.

I'me ocTaércs mompoOHas -
IMOBEPXHOCTD. [JonKHa OBITh

yX&Ke e€ IMOKPBITHUS.

PernonanbHas IIOBEPXHOCTH

3oHa Bpe3KH (IIOJTUTOHBI)

[MlupuHa nepexona, s9eek Konbeio, B KOTOpOM OfHa 4
peFHOHaHBHOﬂ IIOBEPXHOCTH IIOBEPXHOCTH IIEepPpexXoguT B
APYyTyIo.

CHATHE CUCTEMATHUYECKOTO
pacxoxKnoeHunusda

MepuaHa 110 KOJIBLLY,
HaKJIOHHAs IJIOCKOCTDb UJIH He
CHUMAaThb.

ITo pervoHasnbHOM, 10
MOOPOOHOM UMK 3aHaHHBIN

MeIuaHa

OxBaT pe3yJbTaTa 10 PETUOHATLHOM

BPYYHYIO.

fAgelika pe3ynbTaTa 0 - KaK y mogpoOHOM 0
IIOBEPXHOCTH.

IIpenen pa3Mepa pe3ynbTara, Beriiie HEro UHCTPYMEHT 50

MITH si9eeK (mor.) OTKa3hkIBaeTCs paboTaTsb.

MuHUMYyM sideeK IepeKpruiTuss  HwuxXe 5TOro 4ucna nompaska 200

(morm.)

CUnTaeTCs HeHAOEeXKHOM, U 00
9TOM ITHIIETCS B XKypHaJl.
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[IBe CTyIleHH, © OHH PA3HOH IIPHUPOILI

CucreMaTH4YeCKoe pacxoxkaeHue. Y penbeda 3TO pa3Hble BEPTUKAIbHBIE CUCTEMBI: ITOAPOOHas
ChEMKAa UOET B MECTHOM, OTKPLITEIE HAaGOpHI B reounHoi - COP30 ma EGM2008, SRTM Ha EGM96.
PacxoxkpeHne u3MepsieTCcsl MeTpaMHM M OAMHAKOBO II0 BCEMY Y4YacTKy. Y T'€0JIOTUU TO XKe MEeCTO
3aHMMAIOT pa3Hble METOOUKHU YBA3KM: IPyTras onopa O0ypeHus, IolrpaBKa Ha KePH MPOTUB KapoTazka.

Crnaguthk ero Henb3sd. CrilaguTcs Kpa#, a BCSA peruoHajJbHas YacTb OCTAHETCsS MOOHSTOH
WM OMNYIIeHHOM, ¥ BomocOop moemeT. ITo3TOMy pacxXoX{eHHe CHHMAeTCs 3apaHee, IO KOJBIY
MMEPEKPBITHUS BOKPYT 30HBI BPE3KH, I'Ie 00e TOBEePXHOCTH €CTh.

Bepétrcsa menuaHa, a He cpegHee. B KOJbIo monagaioT KPHIIIY, KPOHB, OOUHOYHEIE CKBAXKUHEI, U Y
pamapHBIX HaOOPOB 3TO BHIOPOCH! B IECSATKHM METPOB: CpegHee OHU yTaIlaT 3a CO00M, MeinaHa YCTOUT.
HaknoHHast IJIOCKOCTb HYXKHAa TaM, Te y4YacTOK BHITSHYT Ha OECATKM KHJIOMETPOB M MOMNpaBKa
yCIIeBaeT YIIOJI3TH; Iepel HOOTOHKOM BEIOPOCH KOJIbIla OTCEKAIOTCS 10 HPOIeHTUIISM.

Ha mocTosIHHOM pacXO0XK[OEeHWM MefuaHa U IIOCKOCTb HAIOT OMHMHAKOBBIM PE3yJIbTaT, U 9TO HE
ommbOKa: TJIOCKOCTb MO KOJIBIy C HEM3MEHHON HEeBSI3KOM BHIPOXKOAETCS B KOHCTaAHTY. Pa3Hura
MeXKOy pexXHuMaMU IIOSIBISEeTCS TOJBKO TaM, I'le pacxXoXOeHue MeHseTCs o mioimanu. [Tonpaska
OUIIEeTCS B XKypHaJI YUCJIOM, II0 HEMY ¥ BUIOHO, YTO IPOUCXOOUT.

Tpetuil pexXuM, «He CHHUMAaTh», HyXKeH, Korga obe ITOBEPXHOCTU 3aBEOOMO B OOHOM CUCTEME U
IIpaBKa TOJIPKO MCIOPTUT - HAIpUMep, IogpoOHas M PervuoHalbHas MOLEU IIOCYUTAHE U3 OTHUX
¥ TeX JKe CKBaxKWH. B XypHaJl IpKH 3TOM BCE PaBHO BHIBOOUTCS MeOuaHa IO KOJbIY: €ClId OHa
3aMEeTHO OTIHUYHA OT HYJIsI, CTOUT mepeayMaTh.

HecoBnagenue ¢opM Ha cThIKe. 31ech paboTaeT Bec, a He BhIpe3aHHas ObIpKa C IOoCJIedyIoIei
WHTEePIOoNsnue. BHyTpyu 30HBI BeCc MOApPOOHO¥ emmHuIA, 3a OydepoM HOJb, B KOJbIe ITJIaBHBIN
nepexon mo QYHKIMU C HYJIEBOM IIPOM3BOOHOM Ha KOHIIaX. Ilepexon BBIXOOUT TJIaOKUM II0
IIOCTPOEHUIO, a He N0 (aKTy CriiaXKuBaHWsd, ¥ B IIOB He IomafgaeT Qopma, IpUAyMaHHas
UHTepIonsiuel. JInHeWHbIN mepexo ma Obl TepeoM yKJIOHa POBHO Ha IpaHuIle KOIbIla, TaM, roe
€ro ¥ BEICMATPHUBAIOT TUAPOJIOTH.

OxBaT H pa3peunieHHe pe3yJjabTaTa

OxBaT IO yMOJTYaHUIO OEPETCS MO0 PETUOHAJIPHOM TOBEPXHOCTHU: CIIMBKY OEJIal0T Pagy BCEU OKPYTH,
a He pajy KyCKa Iof y9acTKOM. M0OKHO B3ATh OXBaT OAPOOHON MK 3a4aTh PAMKY BPYYHYIO.

Adelika 3amaéTcsa OTHENBbHO, ¥ Ha OOIbIIOM OxBaTe 3TO 00s3aTenbHO. [logpoOHass chéMKa ObIBaeT
CaHTI/IMeTpOBOfl, a peruoHaJIbHa4d - TpHHHaTHMeTpOBOfI Ha OeCATKH KHUJIIOMETPOB. CmimBKa B IIare
mompoOHOM mama OB pacTp, KOTOPOTO He OBIBAET: MSITHOECST KHUJIOMETPOB TPU STYEHKe TISITh
CAaHTUMETPOB 3TO TPUJUIUOH sidyeeK. IIpu siueiike B METP OCTAHETCS OBa C IIOJIOBUHOM MUJIIHApPIA,
IIPY ISITH METPax CTO MUJIJTMOHOB, IIPYU TPUAIIATHU - MEHbIIIe TPEX MUJIJIMOHOB.

IMTosTomy mepen paboTOl CYUTAETCS pa3Mep Pe3yabTaTa, U IPU IIPEBHIIIEHUHY TPeNesia UHCTPYMEHT
OTKa3bIBaeTcss paboTaTh, Ha3bIBas MOOXOOsIIyo s4delky. IIpemen 3amaéTcss B OOIMOIHUTEITBHBIX
rmapaMeTpax, o0 YMOTYaHUIO MAThOECSIT MUJIIIMOHOB SUYEeK.

ITogpoGHOCTL BHYTPH 30HEI BPE3KHY OTpaHuYeHa TYeHKOM pe3yIbTaTa, a He ChéMKOM: CAHTUMEeTPOBas
ChEMKA B ISITUMETPOBOM T'PHUfE HACT IATUMETPOBYIO MOAPOOHOCTh. ECiiu HyXKHa BCS OEeTaIbHOCTD,
Cy3bTe OXBaT 10 OKPECTHOCTEH yJacTKa.

IMpu yKpymHEHUHU MOOpoOHas IIOBEPXHOCTL OCPEIHSIETCS, a He BHIOMpaeTcs IO y3jaM. BriGopka
OepéT 3HAUYEHUE B y3JIe U TePSET BCE, YTO OBIIIO MEXAYy HUMHU, a Ha IMOoApPoOHOM CHEMKE 3TO U €CTh
caMa IIoOpOoOGHOCTb.

O0e TOBEPXHOCTH PEKYTCS [0 paMKe pe3yjIbTaTa U IPUBOASTCS K €TI0 CETKE BMECTE C ITyCTOTaMU: Y
LIMP nmycToTa momedeHa Cly:Ke0OHBIM 3HAa4YE€HUEM, U eT0 00s13aTeJIbHO ON03HaTh. IHa4Ye OHO UMET B
pacuéT Kak HacTosAIllasi OTMETKa, KOJIbIIO ITePEeKPHITUS HaXOOUT JaHHbIe TaM, Te UX HeT, ¥ IolIpaBKa
ye3xkaeT B 0eCCMBICITULY - Ha BUJ PacTp IIPOCTO BCcTaBlieH 6e3 mepexona. B xkypHan numeTcs KOs
si9eeK C JaHHBIMH y KaK[O0M MOBEPXHOCTHU: €CJIX Y TOOPOOHOM OHAa MONO3PUTEIbHO BEJINKA, 3HAYUT
IIycTOoTa B €€ (daline He IOMedYeHa, U 5TO Hafo IOIPaBUTh OO CIIUBKU.
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Y HaKJIOHHOM IIJIOCKOCTH B XypHall UOYT €€ KpaiHue 3HAYEeHMs II0 I0J110. [IJI0CKOCTh CYHTAETCS
II0 KOJIBITY BOKPYT y4YacTKa, a IPUMEHsSIeTCS KO BCeMY OXBaTy, W Ha OOJIBIIION paMKe OHa MOXKEeT
yexaTh majieKO 3a Ipefesbl TOTO, YTO BHOENA: eClIu Pa3dpoc IOMpaBKU 3aMeTHO OOJIBIle CaMoro
pacxoxpeHus, OepuTe MeguaHy.

30Ha Bpe3KH JOJIZKHA OBITH YK€ ChEMKH

Komnbiio mepekpriTUst 6epPETCS CHAPYXKYU 30HbL. Eciu mogpoOHble maHHBIE 00PBIBAIOTCS POBHO 110 HEM,
MMEPEKPHITUS HET U PAacXOXKIeHHe CHSITh He 1o yeMy. MHCTPYMEHT roBOPUT 00 9TOM IIPSIMO U He
CIIMBaeT MOIYa: MOJTYajiuBasi CIIMBKa Jasa Obl CTYIeHb BO BeCh HATyM, a Y3HAIOT O Hel, Korjaa Ha
IIIBE€ BCTAHET IIOTOK.

OTcrofa npaBUIO: PUCYHTE 30HY BPE3KU BHYTPU HOKPHITUSA TTOAPOOHON CHEMKH, C OTCTYIIOM XOTS OBl
B IIUPUHY IIepexona.

Y10 nucarb B 2KyPHA/I 1 Ha 4YTO CMOTpeThb

I/IHCTPYMGHT coonaeT YHUCJIO sAYe€eK IIePEKPBITHUA, PACXOXKIEeHHE OO0 IIOIIPaBKU MeOuaHOU u
pa36pOCOM II0 IIPOIEHTUJIAM, OCTATOK IIOCJI€ IIOIIPABKHU U IIepellan MeXOy COCeOIHHMHU dYeKaMu
OTOEJIbHO B IIIB€ U I10 OCTAJIBHOMY IIOJIIO.

HOCJ’[GI[HHH IIapa U eCTh Mepa l'IpI/IeMKI/I Ecnu cmmmBKa yoalach, nmeperan B IIIB€ HE BBEIAEJISAETCA Ha
(one obrryHOTO PENTbeda. Ha mpoBepoyHOI ciieHe co caBurom 12.4 M pydyHas CIIMBKA JaBajia Ha IIIBe
yctyn 14.5 M, UHCTPYMEHT fmaét 2.6 M npu ¢poHe nons 2.55 m. Korga 1moB 3ameTHO Gorbliie (oHa,
9TO MUIIETCA B XYypHaJI NpenylnpexkaeHWeM: 00BIYHO PacX0XKIeHUe CHSITO HeBEePHO UJIU IIepeXOol
CIIMIIKOM Y3KHM.

ITporaJsel BHYTPH MOAPOOHOM ITOBEPXHOCTH 3aKPHIBAIOTCS PETMOHABHOM, OTOEJIFHOTO 3all0JTHEHU S
He TpebyeTcs.

OTciofa BaXKHOe OT/IMYKE OT PYYHOTO croco6Ga, KOTOPHIM 3Ty 3amady pemraioT B QGIS: BeIpe3aTh
OBIPY B PETHOHAIBHOU 1O Gydepy BOKPYT MACKH, CKIEUTh U 3aIlOJIHUTh IIYCTOTY UHTEPIOISIUEH.
3mechk OBIpa He BBIPE3aeTCsI BOBCE, W IYCTHIX STYEEK He BO3HUKAET - B KOJIbIle 00€ IMOBEPXHOCTH
OepyTcs ¢ BecoM. MHTePITONSIuS B ObIpe IpuayMasia 06l hopMy, KOTOPO# B HAHHEIX HET, a BeC Oepér
TO, YTO YK€ eCTb C IByX CTOPOH, ¥ MEHSET UX [I0JIIO.

W rnaBHOe: CTynmeHbKa Ha IIIBe BO3HUKAeT He OT crocofa CKJIEHWKH, a OT CUCTeMaTHU4eCKOro
pacxoxmeHus MexXnay Habopamu. Eciiu ero He CHSATH, IIIOB OCTAHETCS BO BECh JaTyM, YeM OLIPY HHU
3anosHsi. Ha TpoBepoYHOM CIieHe 3aKPHITh OBIPY PErHOHANIbHON 0e3 CHSITUSA PAaCXOXKAEHUS HaET
ycTyn 14.4 M, a CIIUBKa C IONpaBKou - 1.62 M npu ¢poHe penveda 2.18 M.

Ecnu B pe3yJibTaTe BCE Ke OKa3aJlucCh IIyCTEIE SSYENKU, UX YHCJIO IIUIINETCS B KYpHalJl. Hy'CTO MOZKeT
OBITh TOJIBKO TaM, roe HeT HU OOHOU U3 OBYX HOBerHOCTeI;I: OOBIYHO pernoHal/ibHasA He IIOKPEIBAeT
3aJaHHBIN OXBaT.

Tomorpadusi: peabed U3 OTKPBITHIX TaHHBIX

I'pynma «2. Tomorpadmusi» oTBeyaeT Ha YaCTHIM 3aIlpoC: MaKCHMalbHO KadeCTBEHHas MOMeslb
penbeda M3 OTKPHITHIX HAaHHBIX U3 KOPOOKuU. ITapamHbli BXoH - 3arpy3uyuk LIMP 1mo paMke, K HEMY
BEeKTOpHas TonoocHoBa u3 OpenStreetMap, siopo Topo2Raster mist mocTpoeHust penbeda U3 TOUEK
Y W30JIMHUY, U TIOJIHBEIM TUAPOJIOTHYECKUN HAaOOp: 3aIll0THEHNE TTOHUXKEHUM, CTOK U aKKyMYJISIIHS,
peuHast ceTb, 6aCCEMHBI, VKIIOH C 9KCIO3UITHel 1 BepIIuHbl. Bess aHanuTrKa Ha yuctoM NumPy, 6e3
GRASS, SAGA u BHEIIHUX MOAYJIEH.

PspoMm ctout rpynma «2. Tomorpadusi: THarHOCTUKAa U IpaBKa». B He€ BEIHECEHbl UHCTPYMEHTHI
IIPOBEPKU TOTOBOTO penbeda: pa3mesieHHe TOPHU3OHTaled Ha HaOOpH, HeBs3Ka ImpoTuB LIMP u
IIOMCK TeppacuHra. OTaenbHas rpylna Hy>KHa II0TOMY, Y4TO IIOATPYIII B Processing HeT, a gepXkarTb
MIPOBEPKY BHYTPHU paboyelt eIIOoYKU HEYAOOHO: OHA pa3phIBaeT II0CJIEI0BATEILHOCTD ITOCTPOEHUS.
HymMmepalius H"HCTPYMEHTOB ITPU 3TOM CKBO3Has C TOIorpaduei.
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Bce BEIXOOHBIE CIIOU IPYIIIE CKIIAABIBAIOTCS B rpynny Tomorpadusi nepeBa Cl10€B, YTOOL HE TOHYTh
cpenu pabGouux CII0EB IMpoeKTa. MHCTPYMEHTH! I'PYIIIE CTHIKYIOTCSI APYT C APyroM. 3arpy3uuk 2.01
OTHaéT roToByI0 MeTpudeckyi IIMP, koTopas 6€3 BCIKUX MaHUIYIAUNNA uOeT B usonuauu (1.04)
u B nrob6oi pacuéTt rpynnbl. BomoToku u3 2.02 u peyHas ceTb u3 2.06 mMOOXOOSAT TajbBeraMu B
Topo2Raster (2.03) kak ecTh, IOTOMY UTO UX BEPIINHH UAYT BHU3 I10 TEUEHUIO.

Puc. 17: ITonHas Leno4YkKa rpynnksl Ha geMo-pefibede: OTMBIBKA, peYHasi CETh TOIIIUHOM 110 MOPSIAKY
Crpanepa (2.06), rpanuiisl 6acceinos (2.07) u BepiuHH (2.09).

TMonHLIE TIepedYeHb MOJIeH BBIXOOHBIX CJIIOEB - B mpuiloxeHuu IIpoduaH 3jmeKTpopa3BeakKH [
IIpodunu ocemanu# (pa3gen «I1oms 4eMo-CI0EB» B KOHIIE PYKOBOICTBA).

2. Tonorpadus

2.01 3arpy3ka IIMP o pamke

3arpyxaet LIMP mo paMKe M3 OTKPHITOTO XpaHUHINA, 06€3 PEerucTpauuyd M KITIOYed, Ha BHIOOP
U3 OBYX HCTOYHUKOB. [IMUTKM pa3MepoM OOWH Ipamyc cobupalTcs B MO3aumky 0e3 IIBOB H
IIePENpPOEenUPYIOTCS B METPUYECKYIO CUCTEMY KOODPHOHMHAT C KyOmdecKol mHTepunomnsanuen. CEIpele
rpaAycHbIE IIJIUTKHW B aHAJIM3 HE MIOIafaioT, mo3ToMy ocobernHocTh GLO-30 ceBepHee 50 MIUPOTH
(YKpPYIIHEHHEIY IIar 10 HoJrore) oOpabaThBaeTCs aBTOMaTHieCKH.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

HcTouHuK penbeda

Pamka 3arpysku

IHeneBasa CK

Pa3mep suelriku, M

Crnamuth penbed (FPDEMS)

T'ugponoruyeckasi KOPPeKIUs

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

CrnaxxuBaHue: YUCJIO
IPOXOHOB (HO1I.)

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

[Tpepen yuciaa IIUTOK 1x1

rpagyc (gor.)
LIMP (metpuueckasi CK)

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

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

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

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

GLO-30

IIyCTO

30

BBIKIJI.

BKII.

11

15

0.001

25

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

Y4aCTKOB pPa3HHUIIa MaJjla.

[TapameTpsr:

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

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

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

BKJIIOY€Ha II0 YMOJIYaHHUIO:

3aMKHYTEI€ KOTJIOBUHEI (KapCT, MYJIbOBL ocemaHul), CI)J'Ia}KOK CHUMMUTE.
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* B JononxaurenbHo: Epsilon ykjioHa npu 3anonaenuu 1 IIpegesn yuciia IUIMTOK (3alIuTa
OT CIIy4YalHOM paMKM Ha IIOJICTPaHBHI).

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

2.02 3arpy3kKa TONOOCHOBBI II0 paMKe

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

[TapameTp YTo 3amaét ITo ymonmgaHnuio / COBET

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

pexer.

IIpenmen nnomiagu paMKH, KB. CTpaxoBKa OT YpEe3MEPHOTO 0.5

TpagycoB 3amnpoca.

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

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

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

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

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

* OOpBIBBI U HACKINH - TUHUYU pa3phiBa penbeda mis 2.03.

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

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

2.03 Topo2Raster (penbed U3 BEKTOPOB)

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

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

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

TanbpBeru (BHU3 II0 TEYEHHUIO)

OOpEIBHI (OapbephI
CTJIaXXUBaHUA)

JInauu PeK, BEPIINHEBI

HampasieHsl BHU3. CeTb 2.06 u

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

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

3aloJHeHuu, M ([OoII.)
Pemnbed

TIJIOCKOCTSIX TIPY 3aTIOTHEHUH.
BrrxogHoi pactp float32.

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

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

Kaxmwiit TUII BXxoma pa60TaeT CBOUM OTPaHUYEHUEM:

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

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

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

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

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

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

4

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

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

TpéxMepHbIe TaJIbBErH

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

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

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

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

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

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

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

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

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

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

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

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

I'paHHuIIa 00/I1aCTH MOCTPOEHHUS

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

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

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

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

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

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

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

(mot.) arpeccUBHee.

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

I[TogrotoBnenHas LIMP BrixomHou pactp float32. -

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

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

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

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

2.05 CtoK m akkKymyiasanus (D8)

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

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

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

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

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

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

2.06 PeuHas ceThb

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

[TapameTp Yrto 3apaérT ITo ymonyaHuio / COBET

Bxopgnasi LIMP PacTp penbeda. -
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

[Topor akKyMyasSILUuH, TIYeeK

3amoMHUTD IIOHUXKEHUSA IEPE]
pacuétom

Epsilon yknona npu
3arojHeHuu, M (Jort.)

Peunas cetn

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

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

1000

BKII.

0.001

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

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

KauecTBa LIMP.

2.07 Bacce¥MHbI B BoaoOpa3aeJibl

IMenuT TepPUTOPUIO Ha OACCEHHEI CTOKA, IPAHUIILI ITIOJTUTOHOB - BOTOPA3IEJIkl.

[TapameTp

YTto 3amaeT

[To ymonmgaHuio / COBET

Bxomxas IIMP
Touku 3aMBIKaHUSA

[Topor aKKyMYISIINH YCThS,
siueek

3amnoJHUTE IOHUXKEHUST mepen
pacuétom

Pamuyc IPUTSKKYA TOYEK, M
(mor.)

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

BacceliHbl (pacTp METOK)

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

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

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

BBIXOm: TOMUTOHBI C TIOISIMHU
basin, area m2.

BrIxoz: pacTp IeI04nCiIeHHBIX
MeTOK 6acCelHOB.

MyCTO

1000

BKII.

150

0.001

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

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

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

2.08 YKJIOH B 3KCNIO3UIIHUSA

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

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

IIJIOCKME y49acTKu = -1.

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

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

2.09 BepuiMHBI U SIMBbI

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

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

BEPIIKXH B 3TOM paguyce.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

MuHUMaIbHOE IIPEBHIIIIEHNEe, M

BepuiuHs (TOYKHM)

OtcekaeT MeJikKre OYTpHl HUXKE

II0PpOTra Hal OKPY2XKEeHHueM.
BrIxoq: TOYKH C MOJISAMU Z,

drop. JlekapcTBO Ojig MakKyIlIeK

BRIIIIE IOCTIeOHEN 3aMKHYTOMU
TOPU30HTAJIN.

20

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

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

IPOBEPKa JaHHEIX.

2.10 demo-penbed

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

[TapameTp

YTto 3amaéeT

[To ymomr9aHuIO / COBET

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

CK BhrIXOfa (MeTpu4uecKas)
KomMmnakTueuit int16 (morr.)

OeMo-penbed
Touku CTBOPOB (HeEMO)

Tpaccsl KaHaB (ZeMo)

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

COBuUT OTMETKH IIJIOIIAOKH, M
(mor.)

[IpoekTHas TOBEPXHOCThH
(memo)

YyacTtku paboT (gemo)

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

BrixomHOU pacTp.

Tpu TOYKM y TAJIbBETOB [JIs
HHCTpyMeHTa 2.15.

IIBe nmoMaHbIe IIOTIEPEK
TaJbBETOB AJII UHCTPYMEHTA
2.16.

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

[Tapa K penbedy s
WHCTPpyMeHTa 2.18.

Tpu nmomuroHa Ajst pa3déuBKU
BegomocTH 2.18.

300

300

30

42
EPSG:32640

BEIKIJI.

Cco3TaéTcs

co3maeTcsa

0.4
0
BEIKJI.

BBIKIJI.

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

(pparmeHnToB.
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ITapa moBepxHOCTEH IjIsi 00HLEMOB

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

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

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

OBpaxkHO-0a/I0YHAsI CEeTh

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

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

Kypma noxurcsa neMo

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

2. Tonorpadusi: TMarHOCTHKa U MpaBKa

2.11 Pa3genuTh TOPHU3O0HTAJIHN OJISI IPOBEPKHU

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

3adyeM pa3aeasaTh

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

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

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

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

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

PaGounii MOPsATOK

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

ITapaMeTpsI

[TapameTp

YTo 3amaeT

[To ymonm4aHuio / COBET

TopuzoHTanu (JINHUM)
ITone oTmMeTKu

Hcxonmubeii HaGop.
YucioBoe 1moJjie BEICOTHI
TOPU30HTAaIH.

OTkiagbiBaTh Kaxmayio N-1o [ITar mpopezKuBaHU 110 4

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

Cposur Brioopa (Jlor.) CmMme1taeT BLIOOD YPOBHEH, 0

YTOOBI IIPOTHATHh IIPOBEPKY II0
PA3HBEIM IIOOMHOZKECTBAM.

2.12 HeBsi3Ka ropu3oHTasied nportus IIMP

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

Kakue 4yHc/ia BbITAIOTCHA

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

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

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

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

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

OTtuér

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

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

CJ/10M TO4Y4EeK

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

ITapamMmeTpsbI

[TapameTp Yrto 3amaér ITo ymomuyauuro / coBeT

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

YucIoBOe MOoJie BEICOTHI. -

TopuzoHTanu (JIMHUM)

Ilone oTmMeTKH

LIMP (mmocTpoeHHEI! penbed)

PacTp, KOTOpEBIU IIPOBEPSIEM.

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

pazbop.

2.13 IuarsocTtuka reppacunra IIMP

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

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

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

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

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

Ceuenue penbeda

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

IInocKkue y4aCTKH B CUET He UOYT

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

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

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

OTuéTr

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

YeM JI€eUYUTH

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

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

pazbop.

2.14 CHsiTHe cTyneHeH (CrilakuBaHHE C OTPaHHYEHHEM)

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

Kak 3TO BO3MOXKHO

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

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

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

JleueHHe caMoOIIpoOBepsieMoe

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

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

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

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

pasodop.

2. Tonmorpadus (mpogoakeHHE)

2.15 OTYéT Mo CTBOPY

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

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

Kak 3To pab6oTaer

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

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

YT0 cuMTaeTcs

IToka3aTtens ITone Epvaune

IInomane 6acceitHa area km?2 KM?

CpenHsisg BeICOTa Z mean M

MunrManbHas BEICOTA Z_min M

MakcumanbpHasa BEICOTA Z_max M

CpepnHuii yKiioH GacceifHa slope deg rpanycs (Horn 3x3)
OTmeTKa cTBOpa Z_gauge M
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I[TokazaTenb IMTomne Eguanne
IInvHa ri1aBHOTO BOOOTOKa stream km KM
ITagmeHue BomoTOKa fall m M
CpenHul yKJIOH BOOOTOKA slope ppm IPOMHUJIIE
CpenHuil yKIJIOH CKJIOHOB Ick mmo CII sp_slope ppm IPOMHUJIIIE
CyMMapHasi OirHa rOPHU30HTaIeH sp_iso km KM
CpenHeB3BeLIEeHHBIN YKIOH BOgoTOKa 1o CII  sp stream ppm npomuine
I[InvHa peuyHOl ceTH BHYTPHU BogocOopa net km KM
I'ycTtoTa peuyHou cetu net dens KM Ha KM2
fgeek B GacceiiHe cells IIIT.

[IaTh moyeld BHH3Y TaOIMIIEI 3aMIOHSIOTCS TOMBKO TOTOa, KOTHA BKIIIOYEHBI COOTBETCTBYIOIINE
ImapaMeTpEl: TPYU IOJs ¢ nIpedUKCOM SP_ IIPU 3afjaHHOM CEeYeHUU TOPU30HTaseH, OBa Imois net_
IIPX 3aJaHHOM II0POTe aKKyMyIsIuu. MMiHaye OHM OCTAIOTCS ITYCTBHIMH.

BenuuuHa, KOTOPYIO IIOCHYUTATh HE U3 4YEero, InUIeTCd IMyCTbIM 3Ha4Y€HHueM, a He Hy'J'IéM: HOJIb 3TO
nu3MepeHue, ImyCTto 3TO €ro OTCyTCTBHE.

TpHu OINHBI, KOTOPHIE JIETKO NMepenyrarh

B Tabmuile aTpuOyTOB PSOOM CTOST TPH IIONSA C OAMHAMH, W II0 KOPOTKMM KMMeEHaM OHH He
pasnuyaloTcs. B 3aromoBkax TaGauIel aTPUGYTOB CTOST MONIKUCH CJIOBAMH, HO IIPH BHITPy3Ke B CSV
Uy pu paboTe Yepes BeIpAXKEHUsI OCTAIOTCS KMEHa, [I09TOMY pa3HHIla Ha3BaHa 3[eCh IIPSIMO.

stream_km - qyimHa ryraBHOT 0 BOOOTOKA, OT CTBOPA BBEPX 110 HanMOOJIbIIeH aKKyMYJISIIUY 10 UCTOKA.
OpHa MUHUS, IPUTOKU B HEE HE BXOMAT.

net_km - gnvHa BCceM pPeYHOU CeTH BHYTPH BomocOOpa, TIaBHBIH BOOOTOK BMECTE C IIPUTOKAMHU.
3amoIHAETCS IPY 3aJaHHOM IIOPOTe aKKYMYJISIIUH.

sp_iso_km - qivHa ropu30HTAj/IeH, a He BOMOTOKOB. OTO MHOXHUTEJb Xli B ¢popMyse cpemHero
yKJIOHa CKJIOHOB 110 CII, m oH Ha OBa mopsaKa OO0JibIlle AJIUHBL CETHU: TOPU3OHTAIM UOYT II0 BCEM
IJIoIany Yyepes KaXkaoe cedeHue 110 BrIcoTe. 11 BogocOopa B 54 KM? IpU CeYeHUU 5 M II0IydaeTcs
okoJjio 2800 KM, ¥ 3TO HOpMaJIbHO.

ITapaMmeTpsbI

[TapameTp YTo 3amaét [To ymonmgaHnuio / cCOBET

Bxomxas IIMP

Penved B MeTpax B -
MmeTpudeckou CK.

ToYyKu CTBOPOB TouyedHBIN CIIOM, IO TOYKE Ha -

CTBOP.

CeueHne TOpPU30HTANEN OIS Bxmouaet nnons sp_. Honb 10

pacuéra o CII, m OTKIIIO4YaeT.

[Topor akKyMyJNIALUU OISt Bxirouaert nionsg net . Honb 0

OJIMHBLI PEUYHOU ceTH, siueek OTKJIIOYaerT.

Papguyc npuTsxku, M (gort.) OKHO ITI0MCKa MaKCHUMallbHOH 150
AKKyMYJISIIUH.

3amnoJIHUTE IIOHUXKEHU S [TogroroBka penbeda nepen BKIL.
pPacyeéToM CTOKa.

Epsilon yknona, M (gorr.) HaxkiioH 3aceiku npu Kak B 2.04
3aIl0THEHUH.

Bomoc6opEl CTBOPOB [TonuroHB! C aTpUOyTaMH 110 Cco3maéTCs

(TIOJIMTOHBI) TaGJIKIle BEIIIE.

Otuyér mmo ctBopam (HTML) Tabmuila Ha KaXXabIM CTBOP. co3maéeTcs
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KmnioueBrsie 111G IT0 KaxKI0MY CTBOPY OyOIHPYIOTCS B XKypHAaII Processing IByMs CTPOKaMH, YTOOEI
pe3ynabTaT YUTaNCST 6€3 OTKPHITUS TaOIUITEI aTPUOYTOB.

BricTpass npoBepKka Ha JeMoO

3anyctute 2.10 Jemo-penbed: KpoMe pacTpa OH BHZACT cjioli TOYKH CTBOPOB (eMo) - TpHU
TOYKH y TalbBeroB, COABMHYTHIE B CTOPOHY OT BOAoOTOKa. IlomaiiTe penved u oTM TOukmM B 2.15 C
paguycoM IIPUTSAKKYU II0 yMondaHUI0. [IONUTOHEL I4TyT II0 Bogopa3gesaM, a B OTUETe y CTBOPOB
OOHOTO BOLOTOKA COBIALET NafeHKe U OymeT pacTH YKIIOH BBePX II0 TeUEHUIO.

rpaHHHBI IIPHMEeHHMOCTH

HNHcTpyMeHT cuuTaeT MopdoMeTpuio 6acceiita U TOILKO e€. Pacxonpl, MOOY/IX CTOKA, TUAPaBINKa
U CHeTOoTasHHEe CO3HaTeJbHO He BXOOST B 3afauy: 3TO pacyE€THas TUOPOJIOTHUS II0 HOpMaTHBaM,
OoTHOenbHasl TeMa. EOWHUILI IpenrosiaraloTcs MeTrpudeckuMu, [IMP B MeTpax B MeTpHYECKOU
cucrteMe KOOpIUHAT.

BopocGopel cTposATcs 1o Tomojyioruu penbeda. Ha Teppuropusx 6e3 "ETKUX TI'PAHUI] CTOKa -
IUIOCKUX IIOMMaxX, IPU TUOpaBINYECKUX IIepeTOoKax U IOAIopax - pe3ysbTaT CJIedyeT IPOBEPATH
TUAPOOUHAMHUYECKUM MOIEJINPOBAHUEM.

PacuéTt o CII 33-101-2003

T'UOpoJIOTH CYUTAIOT CTOK [0 HOPMATHBHOM METOOWKE, U [BE BEIMYMHBLI B HEU ONpenessiioTCs
dbopMyiaMu, KOTOpEIE HE COBIAHAIOT C (u3nyecKuMu. IlapamMeTp CedYeHHe TrOpPHU30HTaIeH
BKJIIOYAeT UX PACUYET, HOJIb OTKIIIOYAET.

CpenHuil YKJIOH CKJIOHOB ICK cunTaercs mo ¢popmyie
Ick = h - X1i/ (2A),

rme h - ceueHre ropusoHTaney, 2li - cymmapHasi iinHa TOPU30HTAJIe! B Ipefienax Bogocoopa, A - ero
maomanb. [opu30HTanu pagu 3TOTO He CTPOATCS: OJIMHA CUYUTAETCS IMOOCYETOM IIEPEXONOB duepe3
YPOBEHb MEXOY COCEIHUMHU sSTUeMKaMM U BHIBOOUTCS B ojie Sp_iso_km.

Ick 3TO He Qu3mueckuit ykimoH. Ha mimockoctu popmysna maéT MONOBUHY TAHTEHCA, IMOTOMY YTO
OBOMKA B 3HaMeEHATEeJIe YUYMTHIBAET OBYCTOPOHHOCTH CKJIOHOB: BOAA CTEKAeT K BOTOTOKY C 000mxX
OOPTOB ONMUHEL. BemnynHa OCMBICTIEHHA TOMBKO BHYTPpHU MeTonuKu CIT, T09TOMY JIEXKHUT OTHEIbLHBIM
TOJIEM PSIIOM C GU3NYECKUM YKIOHOM, a He BMECTO HETO.

CpenHeB3BelIEHHbIH YK/IOH BOJOTOKA CUHTAETCS KaK IIPOM3BeNeHHe dYaCTHBEIX YKIOHOB
y4aCTKOB MeXKOy TOUYKaMu Imeperubda mpoduisi, KaXKabsli B CTEIIeHHW OOJIM CBoel mIuHEL. Ha poBHOM
mpoduie coBllamaeT C IPOCTHIM ITaJeHWeM Ha OJIMHY, Ha JIOMAaHOM HA€T MEHbIe: peKa C KPYyThIM
BEPXOBLEM U IIOJIOTHMM HH30BbEM OIHHM OTHOIIIEHHEM He OIIHMCLIBAETCH.

[719 cpaBHEHUS B BRIXOE OCTAIOTCA U ¢pusmdeckue BenuduHb: slope_deg - cpeqHUll yKIIOH T4€eK
1o MeTony XopHa, stream_ppm - TIaJleHNe BOJOTOKa, AeI€HHOE Ha ero AJIUHY.

IauHa pedHOM CeTH

[TapaMeTp MOPOT aKKyMYJISIIIMH [JIsI IJIMHBI PEYHOM CeTH BKIIoYaeT nonisd net_km u net_dens,
HOJIb OTKJTIOYaeT.

CeThb 9TO TYEMKH, B KOTOPHIX aKKYMYJISAIINS QOCTUTIIA ITIOPOTa, TO eCTh TOT XKe IIPU3HaK BOIOTOKA, YTO
B 2.06 PeuHasi ceTh. [[TMHA CUUTAETCS MO 3BEHBLSIM PEIIETKH CTOKA, THMaroHalIbHOE 3BEHO BECUT
KOPEeHb U3 IBYX Pa3MePOB STUEHKH, IIO3TOMY YHCJIO COBIAOAeT C OJINHOM JIUHUM, KOTOPBIE ITIOCTPOMIIA
ObI 2.06 Ha TOM XKe ITOpOTe.

3BEHO 3aCYUTHIBAETCSI, TOJIBKO Korga o0e ero s4edKu BHYTPH BomocOopa. 3BEHO, yXomsiiee 3a
I'paHULly, IPDUHAOJIEXKUT Y2Ke COCeJHEMY BOJIOCGOpy, U IIPUIITMCEIBATh €TI0 CI0ga 3HA4YHnJIO OBI CYUTATD
OJHY PEKY OBaXK[Hhl.
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ITopor pemaetr, 94TO CYUTATh BOOOTOKOM, U IJIMHA CETH MEHSETCS BMeCTe C HUM B pa3bl: Ha
MaJIeHbKOM II0POTe€ CEeTh IIPOpacTaeT B KaXKAyIo JIOXKOUHY, Ha 60JIBIIOM OCTAIOTCS TOJIBKO KPYIIHEIE
BOHOTOKH. [ToaToMy 4mciio 6e3 yKa3aHHUS IOpora He 3HAYUT HUYETO, M B KyPHAaJ IIOPOT IHIIETCS
PAZOM C OJINHOU.

FYCTOTa CeTHu net_dens 9TO OJIMHA CeTH, Jel€HHas Ha IJIollagb Bonoc60pa, B KHJIOMETpPAaxX Ha
KBaJIpaTHbeI KHUJIOMETDP. Benuuuna 6e3pa3MepHa51 II0 CMBICJIY XU CPABHHMAs MeXOYy fOacceiiHaMu, B
OTIIUYHUE OT CaMOM OJIUHHI.

2.16 Bogocoop. /IMHUHN M KOHTYPHI (KaHaBbl, Kapbephbl)

HWHCTPYMEHT CUMTAET MJIolaab BomocOopa MpuéMHHWKA: HaropHOM KaHaBHI, JIOTKA, KIOBETa JOPOTH
UM KOHTypa Kapbepa. Bompoc cTaBUTCSA TaK: KaKylo IIJIOIIafb IIepeXBaThIBaeT NMPUEMHUK, €CIU
caMmoro npuéMHuka Ha [IMP emnié HeT.

IMonss MCXOmMHOTO OOBEKTa IIePEeHOCSTCS B BHIXOO: BHIOEPHUTE HYXKHEIE B MOMOJIHUTEIBHEIX
ImapaMeTpax, ¥ B BogocOope IOSBATCS Ha3BaHHE PEKH, HOMEpP CTBOpa MM 4YTO TaM ecTh. bes
9TOT0 B BHIXO[Ie OCTAETCS TOJIBKO HOMEP, B Yel 3TO BOOOCcOOp, MPUXOOUTCS UCKATh B UCXOTHOM CJIoe.
ITpu coBmafeHny UMEHH K IIPUIIEAIIeMYy IO 00aBIsgeTCs IpeduKC SIc .

Kaxk 310 pa6oTaer

BpesaTh Tpaccy B penbed O 3TOrO He HYyKHO. Tpacca pacTepu3lyeTcs B SUelKHU I'pPupa, BCe OHU
OepyTCcs IpUEMHUKAMHU, ¥ BOHOCOOp coOMpaeTCcs: KaK MHOXKECTBO Y€€k, Yel IIyTh CTOKAa IMPUXOIUT
B m00yIi0 STYelKy Tpacchl. Tpacca Mo3KeT OLITH JIOMaHOM, MOXKET IepeceKaTh BOAOPa3nes, MOXKET
BBIXOOUTE 3a paMKy LIMP - HapyzKHas 4acTb IIPOCTO He y4acCTByeT.

PacTtepuzanusi MUOET C IIaroM IIONTbSIYEHKH, IO3TOMY HaA M3JIOMax M OUAroHallsX TPacChl HET
ITPOITYCKOB, Yepe3 KOTOPHIE BOfa «IIPOTeKasia» Obl MUMO TPUEMHUKA.

BomocGopHs! coceiHUX TPacC BKJIAObIBAIOTCS APYT B Opyra: HUXKHSAS MO CKJIOHY KaHaBa MOIydaeT U
TO, YTO TIEPEXBATHIBAET BEPXHSSA. DTO TO JKe TOBEJEHNE, YTO V¥ CTBOPOB B 2.15, ¥ OHO TIpaBUIIBEHOE -
KaXkgas Tpacca Moy4JaeT CBOU IOJIHEIM BOHOCOOP, a HEe OCTATOK.

KOHTyp BMEeCTO IHHHHA

Bxomom IIPUHUMAIOTCA ¥ JINMHUHY, X TIOJIUTOHHI. IlonuroH cuutaercsa l'[pI/IéMHI/IKOM OeJINKOM: 1 KOHTYD,
" BCs IIJIOIOAOdb BHYTPH.

11 Kapbepa 3TO NTPUHIUOIHWAIbHO. BHYTPM OH [mempeccusi, HOCHe 3allOHEeHUS IOHUKEHHUU
HaITpaBJIEHUsI CTOKA TaM CTAHOBSITCS YCIIOBHBIMHU - ITOPSITOK 00X0/1a MIIOCKOM 3a/IUTOM ITIOBEPXHOCTH
Ha3Ha4YaeT UX IIPOU3BOJIbHO. ECciy mpUEMHUKOM B3SITh TOJBKO JTUHHUIO O60pPTaA, YacTb BHYTPEHHUX
sTYEeeK «CTEeYET» MUMO He€ 10 9TUM YCJIOBHBLIM HallpaBI€HUSIM U yTAUIUT 3a co6oit BHelrHue. Omopa
Ha BCIO BHYTPEHHOCTb CHHMAaeT BOMOPOC: YTO ObI HM TBOPHUJIOCH C HANIPABJIEHUSIMH B sIME€, BCS €€
IJIOIIAdb YK€ B BOJocOOpe, a CHapyXKM BOoAa TPAaCCUPYETCS 0 PeabHOMY penbedy.

BHyTpeHHUE KOJIbIla TOJINTOHA BXOOST B MPUEMHUK HapaBHE C OCTAJbHOM TIOIAAbLI0 - BHEITHETO
penbeda BHYTPH KOHTypa HeT. MynbTUIONUTOH obOpabaTweiBaeTcst 1Mo dacTsMm. OGBOOuTh GOpPT
TUHUEH 60JIbIlle He HY2KHO, I0JaETCS TOTOBHLIHM KOHTYP.

Bpe3ka Tpaccel

OTmenbHas rajoyka Bpe3aTs Tpaccy B peibed oTBeuaeT Ha APYTroM BOMPOC: YOEePXKUT JIM KaHaBa
IIOTOK, €CJIH OHa MeJjibie MeCTHHIX ¢opM penbeda. Bpe3ka omyckaeT pesbed BOOIb TPacChl Ha
3aJlaHHYI0 TTyOUHY, W OaJIbIlle CTOK CYUTAETCS YXKe 110 U3BMEHEHHOMY peibedy.

Bpe3ka MeHSeT TUOPOJIOTHI0 HAaMEpPEeHHO, IIO3TOMY II0 YMOJIYAHHUIO BHIK/IIOYEHA, a pPe3yabTaT
3aBHUCHUT OT 3aJaHHOU TIyOuMHBI. PaKT BpPe3KH M TJIyOMHA IedYaTaloTCs B KypHal U IIOMafaioT B
HTML-oTuéT, 4TOOH! TGPy HENMb35 ObIJIO MPUHSATH 3a PACYET II0 UCXOTHOMY peibedy.
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9T10 cuMTaeTcs

IToka3aTenb ITone EnpuHuIeE

IInomans Bogocbopa area km2  xm?

CpenHsig BeICOTa Z _mean M

MuHuManbHas BEICOTa Z min M

MakcuManbvHas BEICOTA Z max M

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

[Inomane IpUEMHUKA seed km2 kM2

fueek npuéMHUKA trace cells 1.

fgeek B BomocbHope cells IIT.

ITapamMeTpsI

[TapameTtp

YTo 3amaéT

ITo ymMom4aHuio / COBET

BxomHas IIMP

Tpaccsl U KOHTYPEI

Penved B MeTpax B
meTpuyeckou CK.

JIMHUY WU TTOJIUTOHEI, 10
00BEKTY Ha IPUEMHUK.

Bce 00beKTH KaK OIMH OO61uit BogocO60p BMECTO BBIKIJI.

BOomocOop OTHEJIbHBIX.

BpesaTth Tpaccy B penbed [TpoBepka yoepKaHUA IOTOKA.  BHIKIL.

I'mybuHa Bpe3KH, M (IOo1.) HackonbKo OnyCTUTE penbed 2.0
BIOJIb TPACCHI.

3anoHUTL TOHUXKEHUS [TonroToBKa penbeda mnepen BKIJI.
pacyéToM CTOKa.

Epsilon yknona, M (gor.) HakJioH 3achIinKu Opu Kak B 2.04
3aI0JIHEHUN.

Bomoc6ope! Tpacc (IOIHUTOHE) [TonuroHs! ¢ aTpubyTaMu 110 co3maeTcs
TabIuIle BHIIIE.

Otuér no Tpaccam (HTML) Tabnuila Ha KaXOyio Tpaccy. co3maéeTrcs

BricTpas npoBepKka Ha IeMoO

2.10 Temo-penbed BHOaeT cioii Tpacchl KaHaB (OeMO0): HarOPHYI0O KaHaBy BEIIIE CUJILHOTO
TaJibBeTa M KIOBET HUXKeE I10 CKIIOHY, 00e moMaHble ¢ u3jiomoM. [TogatiTe penbed u 3TOT cioii B 2.16.
Bopoc60op moKeH jieub BHIIIE TPACC MO CTOKY M VIIEPEeThCSA B BOJOPA3ENikl, a He B paMKy I'puaa.

l"pammum IIPHAMEHHMOCTH

I/IHCpr'MeHT OTB€4YaeT Ha BOIIPOC O IIJIOIlagXW, a He 0 pPacxone. Pacxopsr, MOOyJiXx CTOKa Hu
IIPOITyCKHAasA CII0COOHOCTDL KaHaBHI - pacqéTHa;{ TUOPOJIOTUA I10 HOPMATHBAM, U B 3aa4y HE BXOOAT.
EguauIe IIpenIrojaraloTCda MeETPpU4YEeCKUMHU.

Bopmoc6opsl cTposATCs 1O Tomojioruu penbeda. Ha Teppuropumsax 06e3 YETKMX T'PAHUI] CTOKA -
IIJIOCKUX HOfIMaX, IIPpU TUAPABJIIMYECKHUX IIE€PETOKaX M IIOAIIOPAaxX - pe3yJnbTaT CliegyeT IIPOBEePATH
TUOPOOMHaAMUYECKUM MOOEeTUPOBAHUEM.

2.17 OTYE€T MO rOTOBOMY BOI0OCOOPY

NHCTPYMEHT cyuTaeT MOP(POMETPHIO 10 TOTOBBIM IIOJIMTOHAM BOOOCOOPOB: MJIOIaab, CPETHIOI U
KpallHie OTMEeTKH, CPeIHUM YKIOH 6accelHa, OJIMHY I'JIaBHOTO BOAOTOKA U TTaJleHUe.
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OH HyXXeH TaM, rie BogocOop yKe eCTh: HapMCOBaH PyKaMH, B3ST U3 YyzKOTO IIPOEKTa, IIOCYUTaH
Opyroi# mporpamMmoii. ['paHULIbI He IEePEeCUYUTHIBAIOTCS - PACUYET UOET II0 TOMY IIOJIUTOHY, KOTOPHIHA

Mofanayu, nHavye OTBET OBUI OB ITPO APYTOM BOJOCOOp.

[TapameTp

YTto 3amaeT

ITo ymonmganuio / COBET

Bxomxas IIMP

[TomuroHs! BomocHopoB

PaCTp OTMETOK, II0 KOTOPpOMY
CYHHUTAIOTCSA XapPaKTEPUCTUKH.
['oToBBIE KOHTYDPEI, IIO
KOTOPBIM CHHUTATBh.

ToukY 3aMBEIKaHUSA CtBopst. [IycTo - TOUKa IIyCTO
OepéTcst o HaubOoIbIIen
AKKYMYISIIIUY BHYTPH
IIOJINTOHA.
CuuTaTh OJIUHY BOOOTOKa U TpebyeT TpaccupoBku 1o [IMP  BKIIoueHO
nageHue U 3aMeTHO JOpPOXKe
OCTaJIbHOTO.
CeyeHue ropusoHTaneu Ojs Bxkmtogaet nons sp_. Home 10
pacuéta o CII, m OTKJTIOYaeT.
[Topor akKyMynanquu Oiist Bkmnouaet nons net . Honb 0
OJIMHBEL PEYHOHU CeTHU, TUeeK OTKJIIOYaerT.
Pamuyc nputsakKu ToO4ekK IIBUTaEeT CTBOP K STUEUKe C 0
(mom.) HauObOoJIbIIeH aKKyMYISaIuen
mo6IM30CTH.
3anoJIHUTD TTOHUXKEHUs ([OIT.) be3 3amonHeHus Boga BKJIIOYEHO
OCTaHaBJIMBAETCS B JIOKAJIbHBIX
amax IIMP.
Bomoc6ops! ¢ BreIxop: Te 2Ke IOJIUTOHEL C -
XapakKTepUCTUKaMu OOTUCAHHBIMU MOJISIMU.
ITo1s1 BBIXOOHOTO CI0sA
ITokasaTtenb ITone EpuauIe
IInomans BogocHopa area km?2 KM?
CpenHssa BEICOTa Z mean M
MwuHuManbHas BBICOTaA Z min M
MakcumasnbHas BEICOTa Z_max M
CpepHuii yKJI0H BogocHopa slope mean rpagych (Horn 3x3)
OTMeTKa TOYKU 3aMBIKQHUS Z_gauge M
[InuHa ri1aBHOTO BOOOTOKA stream km KM
ITageHue BomoTOKa stream fall m M
CpenHul yKJIOH BOOOTOKA stream ppm IPOMHUJIIIE
CpenHuil yKIJIoOH CKJI0oHOB Ick mmo CII sp_slope ppm IPOMHUJIIIE
CyMMapHas [JIiHa TOPH30HTaIeH sp_iso km KM
CpenHeB3BeUIIEHHBIN YKIOH BOZOTOKa 1o CII  sp stream ppm npomuine
[InuHa peuyHO ceTH BHYTPHU BogocOopa net km KM
I'ycTroTa peuyHou cetu net dens KM Ha KM2
Cmoco6 BeIOOpPA TOYKHM 3aMEIKAHUS outlet -
fgeek B BomocHope cells IIIT.

ITons ¢ Hpe(bI/IKCOM SP_ 3aIllOJIHAIOTCA IIPDH 3aJdHHOM CE€YeHHNHU TOpH3OHTaHeﬁ, II0JIA net_ IIpu
3aaHHOM ITIOPOIre aKKyMYJIAIWU, I10JId BOOOTOKA IIPpH BK/IIOYEHHOM rajiouke OJIMHBEL. B oCcTanmbHBIX

ClIy4asiX OHU OCTAIOTCs IIYCTBIMU: IIYCTO 3TO OTCYTCTBUE N3MEPEHNS, a HE HOJIb.
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Tpu gIUHEL B 9TOM TabIuIle JIETKO IIePenyTaTh, ¥ pa3HuIla MeXOy HUMHU CyllecTBeHHas. stream_km
9TO OJIWHA I'JIaBHOTO BOOOTOKA, OMHOU NWHUY OT TOYKM 3aMBIKaHMWI OO MCTOKa. net_km sto gnuHa
BCe¥ CeTH BMECTe C IIPUTOKaMu. SP_iso_Kkm 5To ninHa ropu30HTaIe, MHOXKUTEb 2li B hopmyre
yKJIoHa cKkJioHOB 1o CII, u oHa Ha [Ba mopspgka Gombllle OJIUHBEL CETU: TOPU3OHTAJIM UAYT 110 BCe
IUIOIIAIM Yepe3 KaXkaoe cedeHue mo BeicoTe. [ BogocH6opa B 54 KM? IIPU CEYEHUU 5 M BHIXOTOUT
okoJj10 2800 KM, ¥ 3TO BEpHOE YHCJIO, a He COOM.

B 3zarosioBkax Tabmuitkl aTpuOyTOB CTOST IIOAIMCH CJIOBAMH, HO IIPU BHIPy3Ke B CSV u B
BHIPaAXKEHUSIX OCTAIOTCS MMeHa I10JIeH.

Touka 3aMbIKaHUSA

,]:[J'II/IHH BOOOTOKA M IIa€HHE€ OTCYHHUTBIBAIOTCA OT TOYKH, Kyda CTeKaeT BOIa. HpI/I IIOCTPOEHUNn
BomocOopa OHa M3BECTHA U3 CTBOPA, a y TOTOBOTO IIOJIUTOHA €€ HeT.

Ecnu Touku 3amaHBl, 0epyTCsS OHU: CTBOP MINETCS BHYTPU KaxKOOTro MOJWUTOHA. Ecnu He 3amaHHl,
OepéTcs suelika ¢ HaubOoJIbIIeH aKKyMyJIsIiuell BHyTPU KOHTYypa.

HNmMmeHHO ¢ HauboIbIIed aKKyMYyJIAIINel, a He caMas Hu3Kasa. Huamas Touka MOKEeT 0Ka3aThCs B IMe
BHYTPH IIJIOIIAAN MJIX Ha Kpalo, 3afieBIIeM COCEIHIO MOIUHY, ¥ BOOOTOK IIOTSHYIICSA OHl He TyHma. B
mosie outlet 3anucano, Kakoi crroco® cpaboTa Oy KaxkOooro IOIUToHa.

BopmoTok o6pe3aeTcst TpaHUIlel MOIUTOHA: IINHA CYUTAETCS BHYTPH 3aJaHHOTO BogocOopa, a He 110
BCeHU Tpacce, KOTopasi MOXKeT YUTH 3a €ro IIpeneribl.

Tlons HCXOOHEIX IIOJIMTOHOB COXPaAaHAKTCH, paC‘{éTHBIe OOIIUCHIBAIOTCSA K HUMM. HpI/I COBIIageHUN
UMEHU K pacdEeTHOMY ITomt0 mobasnsieTcs cyddukc.

PacuéTt o CII 33-101-2003

T'uOposioTH CYMTAIOT CTOK MO HOPMAaTUBHON METONWKE, M OBE BEJIUYWHHI B HEU OIPEHESISTIOTCS
dbopmMyaMu, KOTOpHIE He COBIAAAiOT C (usnyeckumu. IlapamMeTp CedYeHHEe TOPH3OHTAIeH
BKJIIOYAET WX PACYET, HOIb OTKIII0YAET.

CpeaHHU# YKIIOH CKJIOHOB ICK cunTaercs mo popmyre
Ick = h - 2li/ (24A),

roe h - ceuenne ropusonTanei, 2li - cymmapHasi ojvHa TOPU30HTANIE! B mpeaenax Bogocbopa, A - ero
miomansk. [Opu30HTaIM pagy 3TOT0 HEe CTPOSATCA: OJIMHA CYUTAETCS HMOACUYETOM IIEePEeXOHOB dYepe3
YPOBEHb MeXKIYy COCETHUMHU sSTYelKaMM U BEIBOOUTCS B I10Jie Sp_iso_km.

Ick aTo He ¢u3zmyeckui yKmoH. Ha mimockoctu ¢opMyna maéT MOJIOBHMHY TAHTEHCA, IIOTOMY YTO
OBOMKA B 3HAMeHaTeJle YYUTHIBAEeT OBYCTOPOHHOCTH CKJIOHOB: BOfla CTEKaeT K BOOOTOKY C 0O0ouxX
6OpPTOB DONMHHLL. BenmmynHa OCMBICIEHHA TOJTBKO BHYTPH MeTomuKu CII, T03TOMY JIeKUT OTHEIbHBIM
IoJieM PSmoM C pU3UUYEeCKHUM YKJIOHOM, a He BMECTO Hero.

CpeaHeB3BeIlIEHHBbIH YK/JIOH BOJOTOKA CYHTAETCS KaK IIPOM3BEIeHHe dYaCTHHIX YKIOHOB
y4aCTKOB MeX[y TOYKaMu Ieperubda mpodussi, KaXKabli B CTEIIeHU OOJIM cBoel miuuHbl. Ha poBHOM
npoduie coBnamaeT C IPOCTHIM ITaJleHHEM Ha OJIMHY, Ha JIOMaHOM Ha€T MeHbIle: peKa C KPYTHIM
BEPXOBLEM U IIOJIOTUM HM30BHEM OTHUM OTHOIIEHUEM He ONMCHIBAETCH.

II71st cpaBHEHUS B BEIXOJIE OCTAIOTCS ¥ ¢pU3nUYeCcKre BeTMYNHE: slope_mean - cpemHU# YKIIOH T4eekK
1o MeTony XopHa, stream_ppm - TajieHue BOOTOKa, AeIéHHOe Ha ero [IuHY.

[I1uHA peYHOH CeTH

[TapaMeTp MOPOT aKKYMYJISIIMH [UIsI [UIMHBI PEYHOM CeTH BKIIIoYaeT nois net_km u net_dens,
HOJIb OTKJIIOYaeT.

CeThb 9TO TUEHKHU, B KOTOPHIX aKKYMYJISIIUSI OCTUTJIa IOPOTa, TO eCTh TOT Ke IMPU3HaK BOOOTOKA, UTO
B 2.06 PeyHnasi ceTh. [[TrHa CYUTAETCS II0 3BEHBSIM PEHIETKH CTOKA, OUarOHAJIbHOE 3BEHO BECHUT
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KOPEeHb U3 IByX Pa3MepoB TUEHKH, IO3TOMY YHCJIO COBIIaaeT C MJINHOMN IUHUM, KOTOPEIE ITIOCTPOUIA
ObI 2.06 Ha TOM XKe IIOpoTe.

3BEHO 3aCYHUTHIBAETCS, TOJIBKO KOTrma o0e ero siueliku BHYTPH BomocOopa. 3BEeHO, yXOmsIlee 3a
TpaHUIly, TPUHAAIEKUT yKe COCEqHEMY BOOOCOODY, ¥ MIPUITMCHIBATH €T0 CIOfla 3HAYMUII0 OB CUUTATh
OOHY PEKY OBaXK[IHI.

ITopor pemaetr, 94TO CYUTATh BOOOTOKOM, ¥ [IJIMHA CETH MEHSETCS BMeCTe C HHUM B pa3bl: Ha
MaJIeHbKOM II0pOTe CeTh IIpopacTaeT B KaXKAyIo JT0XKOUHY, Ha O0IBIIOM OCTAIOTCS TOJIBKO KPYIIHEIE
BOmOTOKM. [ToaToMy 4uciio 6e3 yKa3aHUs IOpora He 3HAYUT HUYETro, M B KYypPHAaJ IIOPOT IUIIETCS
PAZOM C OJINHOU.

I'ycrora cern net_dens 3To AnvHa ceTH, OeJIEHHAs Ha IUIOMIAmbk BomocOopa, B KUJIOMETpax Ha
KBaApaTHBIM KUJIOMeTP. BennuwmHa 6e3pa3MepHasi 110 CMBICIY ¥ CPaBHHUMAas MexXay OacceiiHaMH, B
OTJINYME OT CAMOU OJINHEI.

2.18 Hacwinu ¥ BbieMKH (00BbE€MbBI padoT)

I/IHCTPYMGHT CUMTAET OOBEMBLI 3€MIITHBIX pa60T MeXOy OBYyMs ITOBEPXHOCTAMHMU: YTO HACKBIIIAHO,
YTO CHSTO M CXOOUTCHA iU Oanmanc. OH HYZXKEH Be3[e, raoe eCTb ChbEMKaA [I0 U IIOCJIe WU IIPOEKTHasA
IIOBEPXHOCTh: IIJIOIIaKa IIOoA IIJIAaHMPOBKY, OTBAJI, KAaPbEp, 3auJIeHue IIpylda, OoCeldaHusd 3eMHOM
IIOBEPXHOCTH.

dopMyna mpocTa 00 HENPUIUYMSA: PAa3HOCTh OTMETOK II0 siueiikaM, YMHOXKeHHas Ha IUIoIagb
sTYerKy. BcA CII02KHOCTD NEeXXKUT He B HEM, a BOKPYT He€, 1 00 3TOM OCTalbHEIE Pa3delIH.

3HaK U MOBEPXHOCTHh CPAaBHEHHSI

Pa3HoCTh cumTaeTcs «crajno MUHYC ObUI0». IlOoNOXKWMTenbHAsT PA3HOCTh 3TO HACHIIb, MaTepHal
moGaBneH. OTpullaTenbHass 3TO BhIeMKa, MaTtepuain cHAT. B ArcGIS B mHcTpyMenTe Cut/Fill 3mak
oOpaTHHIM, IPU CBEPKE TP 3TO CTOUT IIOMHUTh.

IToBepXHOCTL CpaBHEHUS 3afa€TCS PaCTPOM HUJIU, €CJIU €€ HeT, OMHOM oTMeTKO# uucyioM. OTMeTKa
ygoOHa [OJif IUIOIIANKM TOH IUIAHWPOBKY Y AJIs HOACYETA OT ype3a BOOLI: MOOABAThH PacTp
IIOCTOSIHHOU BBICOTHI PaZi¥ 3TOTO HE HYXKHO.

I[IpuBeaeHHe K OIHOM CETKe

IIBe MaTpHUILI IIOYTH HUKOTMA HE JIeXXaT Ha OJHOM ceTkKe. XO3SIWHOM CeTKH OepéTcs mepBas
IMOBEPXHOCTDb, BTOPAsi IMPUBOAUTCS K HelW OMIMHEWHO. BiuKaWimuil cocen 3[4eCh He TOOUTCS: OH
BO3BpalllaeT CTYIIeHU, POBHO Te, YTO JIOBUT QUATHOCTUKA TepPpacuHra. 3a KpaeM JaHHBIX 00BEM He
CUMTAETCs, BEICOTEL HE SKCTPAIOJIUPYIOTCH.

B XypHay medaTaiTCs Hadallo CeTKH, Iar M YHCJIO s4YeeK o0emx MaTpHIl, a TaKxKe OBLIO Iu
IpuBeIeHre. TO He YKpallleHre, a pabouyuil HHCTPYMEHT, CM. CJIENYIOIINN pas3men.

ITouemy nudpe1 pacxogaTCcsa ¢ IPYTrHMH IPOrpaMMaMH

IMoutu HUKOTOA He u3-3a (GopMyIibl. BunuHeliHOe TpuBeeHne 00BEM COXPaHsIET: Beca OUITUHEWKH
B CyMMe [ai0T €OQUHHUILY, TI09TOMY COBHUI CETKM caM II0 cefe HMYEero He MeHsIeT. DTO 3aKPEIlJIeHO
TECTOM.

PacxoxpeHne Ha€T COCTaB sTYeEeK: YyTh MHaue oOpe3aHHasl paMKa, Opyras MackKa, IoJjIara Ha
rpaHulle y4acTka pa6ot. ITostomy mpu cBepke ¢ Civil, Kpego umu m060i Opyrod mporpaMMoi
CcHayajla CpaBHHMBaNTe OIMCaHWE CEeTKH M3 JXKypHalla M YHCJI0O YVYTEHHBIX g4eeK, U TOJILKO IIOTOM
00BEMEL. B meBsATH Cy4Yasix U3 HeCSITH Ha 3TOM Pa3bupaTenbCTBO U 3aKaHYUBAETCS.

86



MeépTBasi 30Ha

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

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

YuyacTKH u 0aj1aHC

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

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

BbpIxXoabl

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

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

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

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

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

OTMeTKa CpaBHEHUS, M

YyacTku paboT (IIOJIUTOHEI) Pa3buBKa BeqOMOCTH II0 IIyCTO
y4acTKaM.

[Tonne Ha3BaHUA y4acTKa YucnoBoe uiu TEKCTOBOE. IyCTO

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

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

y4acTKaM Ha uyucna He BIUsET.

YyacTku c 06bEMaMu [TonUTOHEL Y4aCTKOB C co3maéeTrcs

(TIOJIUT OHEL) o6bEéMaMu B aTpubyTax.

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

Pactp pa3srsoctu BrIxopmHOM pacTp, HaCHIIIb Cco37maeTcs
[IOJIOKUTEIbHA.

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

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

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

I'paHUIIBI IPUMEHHUMOCTH

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

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

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

2.19 KanaumaTrhl OPOBOK M IIOJOIIB

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

[TapameTp YTo 3amaéT ITo ymongaHnuio / COBET

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

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

JIUHUU.

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

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

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

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

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

2.20 BpoBKH H IOJOIIBHI B padoTy

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

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

[TapameTp YTo 3amaér ITo ymongaHnuio / COBET

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

Tornorpamu4YeCcKoro

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

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

4yTOOLI HEe 3aBOOUTH OTOEJIbHBIN
OTQUIBTPOBAHHEIU CIION.

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

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

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

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

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

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

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

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

2.21 IIpumep Kapbepa (aeMo)

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

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

pa3Mep He MeHseT.

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

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

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

2.22 IIpo¢dpunupoBaHHE OTKOCOB

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

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

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

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

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

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

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

2.23 JIMHUH CTOKA OT TOYEK, THHHUH U KOHTYPOB

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

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Bxomxas LIMP

OTKyna cTekaet

[TpuéMHUKYU

Penbed B MeTpax B METPOBOM
cucTteMe KOOpAauHarT.

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

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

TPaCCUPOBKOM: MHAYe IIyTh
TOHET B IEPBOU XKe sIME.

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

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

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

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

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

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

3. HOHOHHHTGHBHBIG HHCTPYMEHTBbI aHA/TU3ad

BBICOTHBIE OTMETKH KaK BTOpOﬁ HCTOYHHK

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

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

Kyna craBsiTCSA BEepIIMHBI

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

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

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

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

3.01 KareropuaJbHbIH HHIUKATOPHbIM KPHUTHHT

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

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

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

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

Iomns caMmopoaka Homns camoponKa B IyCTO

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

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

BeposiTHOCTH 110 KJTaccaM
(MHOT'OIIOJIOCHBIH)

Kapra 30H (caMbIii BEPOSITHBIN
KJ1acc)

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

Pactp xopma camoro
BEPOSITHOTO KJlacca,
COOTBETCTBUE KOOB B
Kypnar.

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

(TIONTUTOHBI)

TOTOBOU pacKpacKOI.

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

Kaxk cuuraercs

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

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

Korga ckBazkuHa He ImoIajia B CBOIO 30HY

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

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

Orcropa nmapameTtp Jdojst camopoaka. ITycToe mose ocTasiseT aBTOIoOA00p Kak ecTs. Homb menaer
IIOBEPXHOCTb IJIaJIKOM y JaHHBIX, U CKBaykKMHa yHepXKUBaeT CBOM KjacC B CBoel suelike. OOmas
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MHJJ,I/IKaTOprII?I KPWUIrnHr: BEPOATHOCTb 30HbI 3aMeELLEHWA

- 0.8

=
[e)]
P(3zameLlueHune)

o
~

0.2

0.0

© cunbBUHUT (0)
@ 3ameleHue (1)

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

KOHTYP OOMEHa.
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OUCIepPCUs HPH IIepeHoCce MO COXPaHsSeTCs, MEHSIeTCS TOJIBKO TJIaJKOCTh, II03TOMY MacIiTab
BEPOSTHOCTEH He MiIBIBET. [lomoOpaHHBIE [OMM IO KjlaccaM ItedaTatoTcs B 2KypHam, Tak dYToO
CHaydajla MMeeT CMEICJI IIPOCTO MOCMOTPETh Ha HUX: OOIBIION CaMOPOAOK O3HAYaEeT, YTO KJIACCHI
ImepeMeniaHbl Ha KOPOTKUX PACCTOAHUAX, U 3TO conep}KaTeanHﬂ d)aKT O OAHHBIX, a HEe II1oMeXa.

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

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

9T10 Ha BBIXOOE

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

KapTta 3oH P{zameweHue) YEepeHHOCTE

- : , 10 - 10
64 . 3aMELIEHNE & i 64 i
5 4 5 54
7 0.6 0.6
= 44 1 . = Z 44
=49 " HacTWyHoE X z4
> > -
ER f f 3 0.4 34 0.4
2 [ 3 24
02 0.2
CHMBBANKT
14 . 1 14
0.0 4 0.0
04 0 04
] a 2 4 L] -
X, KM

Puc. 22: Pe3ynpTaT KaTeropuaabHOI0 HHOUKATOPHOI'O KPUTUHTA: KapTa caMoIr'0 BEPOSATHOI'O Kjlacca
II0 MHUHEPAJILHOMY THIIY, (l)OH CUJIBBUHHWTaA C O4YaraMu 3aMellleHnsa, CBePXYy HaHeCEeHEI TO4YKH
CKBaXWH.

B

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

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

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

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

BeKTOopHBIE I'PAaHUIIBI 10 BEPOSITHOCTSIM

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

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

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

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

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

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

3.02 Kpurunr ¢ saemrHuM apeudom (External Drift)

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

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

[TapameTpsr:

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

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

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

PacTp BHemHero apetida

Kanan pactpa gpetida (o)
CreneHs apeiida

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

PacTp kpuruHra c gpeidom

CraHmapTHas omubKa
KPUTHUHTA

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

ITormoca MHOTOIIOIOCHOTO
pacTpa gpeiida.

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

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

1 (MUHEeMHBIN)
Kak y «2D Kriging»

BBRIKJ. / 1

IPOIyIeH

OCTaTKOB.

B uéM oT/IMYHE OT CHATHS TPeHIa

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

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

Kak cuuTaercsa

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

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

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

ATpuUOYTHI CTeHepHPOBAHHOT O CJIOS
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_ B pazpeiBe NaHHbX 0BbMHBIA KPUTHHT CTNAMABARTCA K CREOHEMY, _
BHELIHAR NoBEpXHOCTL (Apeind) s a nphrnn&wmmm!ﬂf.tﬂly sHewei nosepxiocty. KPUMMHE C BHEWHWM Apeddiom no dz
= = - o E E — =

=120
=140
—160
=180
=200
—220

=240

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

ITone Tun YTo cogepxuT

well TEKCT Hms1 cKBaKUHEL.

roof 4MCII0 OTMeTKa KPOBJIH, M.

thick 4UCIIO MomtHOCTE IITacTa, M.

X YICJIIO CopepxXkaHue IOJIE3HOT O
KOMIIOHEHTA, ITPOIEHTHI.

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

K 4UCIIOo Koadpdunuent punsrpaiuy,
M/CyT.

T YUCIIO BopgonpoBoguMoCTh, M2/CyT.

mintype TEKCT MuHepanbHBIN TUII (KIacC O
WHOUKATOPHOTO KPUTHUHTA).

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

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

ITapaMeTpsbI

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

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

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

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

3.03 KapTa BepOsATHOCTH NPEBbIIICHUSI

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

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

Kak cuuTraercs

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

OuUeHKa KpUruHra (Nnopor KoHanuum 26)

P{3HavyeHune > 26)

10

r 0.6

r 0.4

0.0

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

Kaxk IIOJIYYHUTH BX0OObI

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

ITapameTpsl

[TapameTp YTo 3amaéT ITo ymonmganuio / COBET

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

PacTp cTaHOapTHOM OMINOKH PacTp cTaHOapTHOM OMINOKHN -

KPUTHUHTA TOTO Ke 3aIllycKa.

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

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

Kanamn pacTpa oueHKH, KaHal ITomoCchl MHOTOTIOJIOCHBIX 1

pacTtpa ommbku (Ilor.) pacTpoB.

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

IIpumenenue

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

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

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

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

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

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

HapameTpLI H CI'jIa2KHBaHHE

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

[TapameTp YTo 3amaét ITo ymonm4ganuio / COBET

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

Kanan (Jom.) [Tomoca BxOOHOTO pacTpa. 1

CrimaxuBaHKe HAIlopa Iepeqm lacuT mym rpupa mepeq 0

pacuétomM, sTIeeK ouddepenupoBanueM. 0 =
Oes.

BekTopHl mOTOKa: IIar Yepes CKONMBKO AYEEK CTaBUTL 8

[IPOpeXKUBaHUS, TUeeK CTPEJIKY.

l'uapaBIu4ecKui rpagueHT Brixopguoi pactp |Vh|. -

(Monyb)

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

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

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

CTpenKHu U3 ToOYeK

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

ITomst c1os1 BEKTOPOB IIOTOKA:
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ITone Tun YT0 comepXuT

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

grad YUCII0 Mopnyib TUOPaBINYECKOTO
rpagueHTa \

VueOHBIM LIUKII

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

3.05 YaenbHbIN pacxoq (3akKoH [TapcH)

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

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

YT0 cuMTaercs

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

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

Kak moayuyuts pactpel Ku T

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

[TapameTp YTo 3amaéTt ITo ymonmgaHuio / COBET

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

PacTtp koaddunmuenTta CBOMCTBO IIJIaCcTa OJIs -

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

Pactp Bopgonposogumoctu T CBOUICTBO m1acTa OjId pacxoma -
(M?/cyT) 4yepes IMUPUHY.
Pactpet K u T 3amans Kak In [IpuMeHUTH eXp K BXOOHBEIM BBIKII.
pacTtpam (Ois mor-kpuruura K
uT).
CrnaxkmBaHMe HaIllopa, S4eek lacut mym Hamopa nepep 0
ouddbepeHIPOBaHUEM.
BekTOpHI IOTOKa: IIar Yepes CKOIBKO YeeK CTaBUThL 8
IpOpeKUBaHMUA CTPEJIKY.
Kanansl pactpos ([Io1.) ITos10CHI MHOTOIIOJIOCHBIX 1
pacTtpoB Hanopa, K, T.
CkopocTb GunbTpaIuu g BrrxopHoit pactp q = K-|Vh]|. co3maéTcs, ecnu 3agaH K
(M/cyT)
Pacxopn gepes mupuny Q Brixopguoi pactp Q = T+|Vh]|. co3paéTcs, ecnu 3agad T
(M2/cyT)
HamnpaBnenue noTtoka (a3uMyT) BrIXOgHOU pacTp a3uMyTa. HeobOs3aTeIbHBIN
BekTopEsl OTOKA (TOYKHU) Coii CTpesioK: IIOBOPOT IIO CO3IaéTcs M0 YMOJTYaHUIO

IIOJIIO az, pa3Mep IIO IIOJIIO q.

YTO 1€XHUT B CJIOE CTPEJIOK

YV KaxX[I0# CTPeNKY YeTHIPe MOJIS. az 9TO a3UMYT IIOTOKA B T'Paycax, ITI0 HeMy CTpeJjiKa T0OBOPaYnBaeTCs.
q 3TO caMo 3Ha4YeHUe pacxofa, II0 HeMy CTpeJika MacmTabupyeTcs. kind TOBOPUT, KaKasi UMEHHO
BEJIMYMHA MTOCYUTAHA: flux 3TO CKOPOCTh pumbTpanuu, flux width 9TO pacxon Yepes IIUPHUHY. units
TIOBTOPSIET €OUHULYY U3MEPEHUS: m/day UITH m2/day.

Bup BenmuuMHEBEL U eIMHULIA JIeXKaT B CJioe He OJiA KpacoThl. [Ipu 3agaHHoM K B mose g momagaeT
CKOPOCTh (UIbTPAIIMU B MeTpPaxX B CyTKH, ITpU 3afaHHOM T - pacxop 4epes3 MIMPUHY B KBaJpPaTHHIX
MeTpax B CyTKH. Yucila HECOIIOCTAaBHUMEBI, a CJIOM BHEIITHEe OOWHAKOBHEI, U 0e3 9TUX [OBYX IIOIEH
OTJIUYUThL OOWH 3allyCK OT OPYroro Hemb3s. 3HAYEHUs I10JIedl He IePeBOOsSTCSA: 9TO OaHHBIE, U
ITIPOEKT, OTKPHITHIHM C aHTTUNCKUM MHTePdecoM, YUTaeTCs TakK XKe.

Ecnu He 3aman HU K, HE T, M”HCTPYMEHT OTKA3BIBAETCS CUYUTATh M TOBOPUT 00 3TOM: Pacxof IIO
Ilapcu aTO mpou3BefeHWe TpafveHTa Ha OOHO W3 HUX. [IJI1 OgHOTO JIUINb I'pPafiueHTa Haropa C
HallpaBlIeHHWEeM IT0TOKa eCTh OTHE/IbHEIN HHCTPYMEHT, [ HapaB/IM4YeCKHH I'PAIHEHT.

IIpumenenue

I'me BOoga gBUXeETCH 6BICTpee urne MmeajieHHee, OeHKa IIPDUTOKOB K B'praGOTKaM, 30HBI IOBLIIIIEHHOM
(l)I/IJ'IBTpaLII/II/I BOOJIb IIPOHUILIAEMBIX ITaYeK. COBMECTHO C KapTOfI BEPOATHOCTH IIPEBHIIIIEHNA MO2KHO
IIOKa3aTh He TOJIbKO 0XKHUIOaeMbIA pacxon, HO U YBEPEHHOCTh B HEM TaM, roe TOYeK UCIIbITaHWM Majlo.

3.06 'ayccoBa cumyiasausa (SGS)

KpuruHr maéT ogHy CTIaXKeHHYI0 MOBEPXHOCTDb U OUCTIEPCUIO OlleHKH. [TocmeqoBaTebHas rayccoBa
CUMYJIIIIUSI OTBEYAeT Ha OPYTroM BOIPOC - KAKOBa HeompemeleéHHOCTb. OHa CTPOUT aHCaMOITb
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PaBHOBEPOSTHBLIX peanu3aluii: KaxKmas BOCIIPOU3BOAUT THCTOTPAaMMy M BapuoTpaMMy OaHHBIX,
MTPOXOOUT UYepe3 CKBAaXXWHBI M IOTOMY OCTAE€TCS IIepINaBO¥, a He crilaxeHHOU. [lo Habopy
peanu3anui B KaXKaoM y3Jjie HabupaeTcs pacrpeneeHue 3HaYeHWH, ¥ OTCIOla BUHO, TIe OIleHKa
Hag€XKHa, a I'le JaHHbIe MOoJT4Yar.

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

oy

o8

Puc. 27: Aucam6bnb peanu3danuit SGS 1 Ipou3BOAHBEIE OT HETO CPEHEE U HEOIIPEOEIEHHOCTD.

Kak 310 paboTaeT. 3HaUeHHUS MEePEBOOSTCS B HOpMajbHBIe Oaribl (normal score), U CUMYyISIUS
UOET B FayCCOBOM IIPOCTPAHCTBE. Y3IIHI TPpuOga OOXOOSITCSA B CIyYadHOM IIOPSOKe, B KAXIOM y3Jie
IIPOCTOM KPUTHUHT II0 COCEOsIM U yzKe CHMYIHPOBAHHBIM TOYKaM [HaéT JIOKaJIbHOE CpefgHee Hu
OUCIEePCHI0, U3 3TOT'0 HOPMAJIPHOTO paclpenesieHus PO3BITPHIBAETCS 3HAUEHHE, KOTOPOe TYT Ke
CTAHOBUTCS 00YyCIaBIUBAIOIINM [JIS CIIEOYIOMINX y3710B. CKBaKUHHBI IPUBSI3LIBAIOTCS K OTHUKAUIITIM
y31aM u GUKCHUPYIOTCS BO BCEX peau3aluax. B KoHIle Kaxgasi peaan3alius IePeBOOUTCs 00paTHO
B MCXOOHBIE eIUHUIILEI. BaprorpaMMa HOPMAaJIbHLIX OAIJIOB ITOAO0HUPaeTCss aBTOMAaTHUYECKH, €€ IIOPOT
O6/IM30K K eIUHUIIE.

OOpe3ka o0 MacKe Takas ke, Kak B 1.02, ¥ mpuMeHseTcs K KaxXaoi peanusanuu. Ha 60IbIIOM
aHcam0Jie 9TO 3aMETHOE BpPeMsi: €CJIIM OHO MelIaeT, oOpe3aliTe CTONKY OTHENIbHO IIOCJIe pacyéera.

ITapaMeTpsI

[TapameTp Yro 3amaér ITo ymon4aHuio / COBET

Touku (CKBazKUHEBI)
ITonne 3HaueHUsa

TouyeuyHBIN CJIOM C JaHHBLIMH. -

YucnoBoi aTpudbyT Oiis

CUMYJISAIAH.

Pazmep sueliku MTar rpupa. 0 - aBTO, 0
min(oxBart)/50.

KonuyecTBo peanusauunu CKOIBKO IIPOTOHOB ycpemHATh. 60 (50-100)

ITopor oTceuku BxiogaeT KapTy BEPOSITHOCTU  He 3aJaH
[IPEBLILIEHUS.

BepostrocTs BbIIIE nopora HanpasneHue BEPOSITHOCTH. oa

OxBaT pacTpa [TpAMOyTONBbHUK pe3yiabTaTa. 110 CII0I0

Mopenb BapuorpaMMul 6annoB  Mopgenb OJisi HOpMaIbHBIX aBTO

(Oor.) 0OaJlIoB.

Makc. Konu4ecTBO cocefeit Ha  CKONBKO TOYEK B IIPOCTOM 16

y3en (Hoi.) KPUTHHTE y3J1a.

Pamuyc moucka (Jor.) 0 - aBTO, 3 pammyca 0
BapHOTpaMMBI.

3epno I'CY ([or.) s Bocrmpou3BoguMocTHu. O - 0
CIIy4alHOo.

ITone BecoB meknacrepu3anuu  Beca wt u3 uactpymerTta 1.01, Her

(Jor.)

Heo0s3aTeJIbHO.

Brixomel 9TO pacTphl mmo aHcamOmio. Cpemuee (E-type) moxoxke Ha Kpuruur. CrtaHmapTHoe
OTKJIOHEHHEe IT0Ka3hklBaeT HEONPeOesIeHHOCTb, Malyl y CKBAXWH M OOJBIIYI0 BOAIHM OT HHX.
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Kautunu P10, P50, P90 ouepunBaioT BEPOSITHREIM AHAlla30H, a BEepOsATHOCTH NMPEBBINIEHUSI IIPHU
3alaHHOM IIOpOre JaéT HellapaMeTPUYeCKylo aJlbTePHATUBY KapTe M3 UHCTPYMEHTa BEPOSTHOCTH.
Bpemst pacTET ¢ pa3MepoM Irpufa U YUCJIOM peann3aluii, I03TOMY HaunHaWTe C TpyOoi sT9YerKH.

Ecnu maHHbBIE CTYIIeHB HEPAaBHOMEPHO, IToJakTe mojie BecoB wt u3 nHcTpymeHnTa 1.01 [Iek1acTepu3amusi.
Torma HOpMasbHO-O0A/IbHOE MHpeoOpa3oBaHME CTPOUT (YHKIWIO pacIpenereHuss C BecaMu, U
THCTOTpaMMa aHcaMOJIs He IIepeKollieHa B CTOPOHY Iepepa3BelaHHbIX 60raThIX YI4aCTKOB.

Buabl KpUIHHIa: KaKOH BIOpaTh

ITog crmOBOM «KPUTMHT» B IIJIaTUHE JKWBET CEMEWCTBO METONOB, M BHIOOp MeXAy HUMU BIIUSET
Ha pe3y/abTaT CUJIbHEE, YeM TOHKas HACTpPOUKa BapuorpaMMEL. Bce BUOBI pelllaloT OOHY U Ty XKe
CUCTEMYy YpaBHEHHMU C KOBapUalUsIM{ U3 BapHorpaMMbl. Pa3nmnyaloTCsa OHU TeM, YTO CUUTAEeTCH
M3BECTHBIM PO CPeJHee II0Jie ¥ YTO MMEHHO OLIEHWBAETCS - TOYKA, OJIOK MJIM BEPOSITHOCTBL., JTa
TyIaBa - HaBuUrartop. [lapaMeTpsl KaxKA0Tr0o MHCTPYMEHTA ONMCaHHE B CBOUX I'JIaBax.

IIpocrTo# kpurunr (SK) mpemnmnosaraet, YTO CpefHee II0JIs U3BECTHO 3apaHee U IIOCTOSIHHO II0
mromany. B6M3u CKBaXKWH OIleHKAa CIIEOyeT JaHHBIM, [0 MeEPE yOaJIeHUsI CTATUBAETCS K 3aaHHOMY
cpenaeMy. Bepurte ero, Korga cpefHee IOOTBEPKAEHO CTATUCTHUKOM 10 IIPEICTaBUTEIFHON BEIOOPKE
TOTO JXKe [OMeHa, CpefHee «Ha IJa3» YBOOWUT BCce Henopa3OypeHHEIE Kpas B CTOPOHY OIINOKM.
Bknroyaetcs BeiOopom Ttuna B 2D Kriging.

OpouHapubiii Kpuruar (OK) cpenmero He 3HaeT U OIEHMBAeT €r0 JIOKAJbHO B KaxkmOH
OKPECTHOCTH - 3a 3TO OTBeYaeT HOMOJIHUTEJIbHOEe YpaBHEHUE C YCJIOBUEM «CyMMa BECOB paBHa
eguHHIle». Bmamm OoT CKBaXKMWH OIleHKA TSHETCS K CpemHeMy OnuKaWIlel OKpPEeCTHOCTH, a He K
rino6anbHOMY. DTO BHIOOD IO YMOJTYAHUIO: HE 3HAETE, C 4Yero HavaTth, - HauHuTe ¢ OK.

Kpurusar c tpeHpgom (ranka cHatus TpeHpma B 2D Kriging) - mna nonel ¢ 3aKOHOMEPHBIM
peruoHaabHBIM YKJIOHOM: KPOBJISI Ha MOHOKIMHAaNY, KpBUIO ckiaagku. [lommaoM 1- wnm 2-i
cTeneHu cHuMaeTca MHK, KpuUryroTcsa oCcTaTKM, TPeHI BO3BpallaeTcs K OIlleHKe. [IBa mpaBumia:
BapHorpaMMy 3amaBalTe II0 OCTaTKaM (IIJIaTUH ITedaTaeT AOJII0 CHATOU QUCIIEPCUHN - eCNIM OHA Maia,
TPEH[I He HYXKEeH), ¥ He 9KCTPAIoJIMPYHTe KBaJPaTUYHHIN TPEH JajleKo 3a 0071aKo CKBaXKUH.

Kpuruar ¢ BHemnHuM ape#dom (rnasa 3.02) - Korma TPeHI HM3BECTEH He Kak (opmyna, a
Kak IIoJIe: CTPYKTYpPHAas ITOBEPXHOCTh COCEOHEro IIjlacTa, peruoHajibHas MOJeNb, CEeMCMUYECKUM
aTpubyT. CXema Ta ke - perpeccus Ha aperid, KpUTMHT OCTaTKOB, BO3BPAT PETrPECCUH.

BiounbId KpuruHr (mapametp nuckpetusanuu B 2D Kriging) onenuBaeT cpenuee mo GIIOKY,
a He 3HA4YEeHWE B TOUYKe: IIpaBas 4aCTb CUCTEMHI YCPEmHSETCS 110 OUCKPEeTHU3alluM, OUCIIEPCUs
OoIINOKY TTaflaeT, BEIOPOCH racAaTcs. bepuTe ero ojis nofacyeTa 3arnacoB 10 CeTKe 0JIOKOB U IIOMHUTE
npo 3dderT HOCUTeNd: Tpup OGJIO0YHOTO KPUTMHTa 3aKOHOMEPHO TIjIakKe TOYEeYHOTO, CPaBHUBATH
copmepzKaHue IpoOkl U comepKaHue 0JI0Ka HAIPSIMYI0 HEIb3s.

AHOUKaTOPHBIH KPHUrHHr (rimaBa 3.01) - mas KaTeropwii: MUHTHII, (alusi, 30HA 3aMeIeHHUs.
KaTeropus npesparttaercs B unpukatop 0/1, kpuryercsa obsryabiM OK, pe3ynbTaT - BEPOSATHOCTD
KJjlacca B TOYKe, IIOPOTOM M3 Heé IIoJy4daloT JoMeHHl. BapuorpaMmMa MHAMKATOPOB CBOS U OOBIYHO
KOpOYe BapuorpaMMbI COIepKaHUI.

I'ayccoBa cumynsinus (rnaBa 3.06) - He KDUTHUHT, a €ro AONOJIHeHUEe: BMECTO OJHOU CriaXkKeHHOH
ITOBEPXHOCTY aHCaMOJIb PaBHOBEPOSTHEIX ITTEPITAaBLIX Pealnu3allnii, 13 KOTOPOTro HeonpeneIeHHOCTh
BUOHA HAIPAMYIO.

Tnmapranka

3amauga Bun I'me BkmMouaeTcs
YHuBepcanbHHM ciiydal, ctapt OppuHapHbi (OK) 2D Kriging, Tumn o

no60M 3amagu YMOJTYaHUIO

HaHHBIX MHOT'O, CpeIHEeEe ITpocroit (SK) 2D Kriging, Tun SK + cpenzee

moMeHa 000CHOBAHO
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3agada Bun I'me BKJIIO4WaeTcs

KpoBns unu nogoirsa C C TpeHgom 2D Kriging, cHaTHe TpeHOa
peruoHaabHBIM YKJIOHOM

TpeHO n3BeCTEH KaK pacTp C BHeIlTHUM Mpeiidom riaasa 3.02

3amacel 1o ceTke OJIOKOB BrnouHsIl 2D Kriging, guckpeTu3anus
MuHTHI, 3aMeIlleHNE, MHOUKaTOPHBIN rnaBa 3.01

KaTeropuu

O1eHKa HEOIPeNeNEHHOCTHU Cumynsauusa SGS riasa 3.06

OKpecCcTHOCTh MOMCKa OOIasi AjIs BCEX BUOOB, M TPU IIPaBHUjIa CHUMAIOT OOJBIIMHCTBO ITPOOIEeM:
paguyc mopsiiKa paguyca BapuorpaMMbI, MAaKCUMyM cocemed 12-16, aHM30TPOIHUS OKPECTHOCTU
corjlacoBaHa C aHU30TPOIIHEeH BaprOTrPaMMbI 13 BApUOTPAMMHOM KapTHL.

PaBHBIE PacCTOsTHHSI Ha TPaHHIle 0TOOpa

Ha mpaBuU/ILHOM CETH 3aMepOoB y3eJI OIeHKH YaCcTO OKA3LIBAeTCs PABHOYIAIEH Cpa3y OT HECKOJIBKUX
mpob6. Cocemelt OepéTCsi CTOIBKO, CKOJIPKO 3aJaHO MaKCHMyMOM, ¥ T'paHHIla O0TOOpa pacceKaer
TPYIIY PABHEIX PACCTOSHUM: MECTO OTHO, TPEeTeHIeHTOB HeCKOJIBKO.

BriGop uMAET IO caMUM HOaHHBIM - MeHbIIas KoopAauHata X, NMPHU pPaBHBIX X MeHbIIas Y, MpU
COBIIAZIEHUU U N0 HeW MeHbIllee 3HadyeHUMe. Kiiod BeIOpaH TaK HaMepeHHO, IIOTOMY 4YTO OH He
3aBUCHUT OT TOT'O, B KAKOM IIOPsIOKe MPOOHI 3aIcaHbl BO BXOOHOM cijioe. TOT Ke CJI0o¥, COXpaHEHHBIN
B OPYTrOM IIOpPsAOKe, HaéT Ty Ke KapTy. [IopsamoK ypaBHeHUM B CUCTEMe ITPUBOOUTCS K OQHOMY BHULOY
[I0 TOMYy 2Ke KJII04Yy U II0 TOM XKe IIPpUYHHE: IepeCTaHOBKa ypaBHEHUU MaTeMaTH4eCKU HUYEeTo
He MeHseT, HO apu¢MeTHKa C IIJlaBalolleld TOYKOW He acColmaTHBHA, U IIOCIEOHUE pa3psmbl
pacxoaunuch OHI.

I[TpaKTUYECKUH CMEICI IIPOCTOM. DKCIOPT TOTO Ke Habopa u3 6a3kl C OPYTrodl COPTHUPOBKOH,
o0benuHEHNE CI0EB B IPYIOM MOPSOKEe, TOBTOPHAS BHIIPY3Ka - HUYTO U3 9TOr0 OOMIbINE HEe MEHSIET
OTMETKM Ha KapTe.

Korga cucrema He pelriaeTrcsi

CucTteMa KpuruHra OBIBaeT BEIPOKAEHHONW. OOBIYHBIE IPUYUHEL - COBIIafA0IINe TPOOE C Pa3HBIMHU
3HAYEHUSAMH, HYJIEBOM HArTeT ¥ BapuorpaMma, Ipu KOTOPO# MaTpulla TepseT oO0yCIOBIIEHHOCTE. B
TaKOM y3Jie OlleHKa OepeTcs 3allaCHBEIM CIIOCO00M, II0 OOpaTHEIM PACCTOSHUSIM [0 TeX XKe cocefel,
a OUCHepcusi NpUHUMaeTCs HaubOoJIbIle BO3MOKHOM.

9To MMEHHO 3allac, a He KPUTHHT, ¥ KapTa CTaHOAPTHOM OIMMOKM B TAaKUX SYEMKaxX 3aBHIIIEHA.
[ToaTOMy MHCTPYMEHT IIEPEYUC/IAET MX B XKYypHAJie: YMCIIO sS9YeeK U HOJII0 OIIEHEHHOW IIJIOIIagu.
EpuHUYHBIE SYEUKH UOYT COOOIIeHreM, OO OT IPOIIeHTa U BHIINE - IpenylIpexaeHneM. [I0sSBHUIOCEH
IpeaynpexaeHne - CMOTPETh Hallo He Ha KapTy, a Ha BapuorpaMMy U Ha COBIIAAAIOIINe TPOOHI.

3.07 IIlmoTHOCTH IO 3aMepaM (ImepeMeHHasi oImopa)

HWHCTPYMEHT CTPOUT KapTy IUIOTHOCTH, T'Ie 3aMep 3aJaH He TOYKOW, a HOCHUTEeIeM KOHEYHOTO
pa3Mepa: TOYKa C CUTMOM HEOIPEeHesIEHHOCTH, OTPe30K JIMHUU (KOPUOOP HONYIIUPUHBI) WU
MonuroH. EmuHMYHAs Macca 3aMepa pa3Mas3bIBaeTCs [0 CBOEMY HOCHTEeN0. Macca COXpaHseTcs,
a IUIOTHOCTh OOpaTHa MJIoMIagyd HOCUTENS, II03TOMY TpyOble IIPUBSI3KKM CaMOOCHIabISIOTCS
reoMeTpuYecku, 0e3 MOpPOoroB U (UILTPOB. IDTO OIEHKA IIJIOTHOCTH (CKOJLKO W Tfe), a He
UHTEPIONAINA 3HAYEeHUA - OJId 3HAQYEeHUM OCTAETCS KPUTUHT.

Tun reoMeTpruu OOWH Ha 3allyCK. CwMemiaTh TOYKY, IUHUM U IIOJIUTOHBI MOXKHO Cepneﬂ 3allyCKOB B
OOUH PaAacCTp (pe}KI/IM OoIuCchIBaHus). I1o KaKJJoOMy THUIIY MaCCa paCKJIagbIBaeTCd II0-CBOEMY:

* Touka - rayCCOBO IISITHO C CUTMOM M3 MOJIST TOYHOCTH, 00pe3Ka Ha TPHU CUTMbL. CUTrMa HUXKE
ONIySTYeNKY ITIOOHUMAETCS [0 IOy T4YelKu.
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e JIMHMSA - KOPUOOP MIATKUX KPa€EB: MOJIMJINHUS VIIJIOTHSIETCS, Macca OeJIUTCs 110 AJIuHe, KaXaas
TIOITOYKaA - FayCCOB MPOGUJIIb C CUTMOM-IoNyImupuHou. [Tong from m/to m BeIpe3aloT HHTepPBall
110 TUHENHOU IPUBI3Ke.

* IToruroH - mMacca HOeNUTCS IO IJIOIagW PaBHOMEPHO 160, B Ja3UMETPUUECKOM PEeKUME,
TPONIOPLMOHATBHO BCIIOMOTATEILHOMY pacTpy (HacejieHUe, 3acTpoiika). [Ipu mycTtoM pactpe
BHYTPH IIOJIUTOHA - OTKAT Ha paBHOMEPHOeE.

BpIxoo 1 HHBApPHAHT

OCHOBHOM BHIXOI - TPEXKaHabHBINA pacTp. Kaxam 1 - OIOTHOCTE B Macce Ha KM? (He 3aBHCUT OT
pa3Mepa stuetiku). Kananer 2 u 3 cnyke0Hble (Xm-0 ¥ Xm), 4TOOH IONKUCHBAHNE CEePUSIMHU U KapTa
3¢ ¢GEKTUBHON CUTMEI OCTaBaJIMCh TOYHEIMU. Heo6s13aTeIbHBIN BTOPOU PaCTp - CPedHEB3BEIlIeHHA
curMa Io sg4dedke, Kapra 3(pHEeKTUBHOW TOYHOCTH: OHA OTHENSET IIJIOTHOCTh, 0OeCIe4YeHHYIO
TOYHBIMH [pPUBSA3KaMM, OT pa3Ma3aHHOU. ODTO aHajJol KPUTMHTOBOU [OUCHIEPCHUU OJI 9Taxa
IIJIOTHOCTH.

WHBapuaHT: MHTerpan IJIOTHOCTH [0 pacTpy paBeH CyMMe MacC Bxoma. CuuTaeTcsa Bcerga U
MUIIETCS B J10T. PacxoxmeHue - MPpU3HaK TOr'0, YTO HOCUTEJIH BHIIILIN 3a 00J1aCTh, ITIOBEAEeHME 3a0aET
repeKJsoYaTesb Kpas (QOHOPMUPOBATh BHYTPU UJTU ITOTEPSATH MAcCy C IPenynpexXaeHueM).

Kak uurarthb

[ImoTHOCTE MOKA3BIBAET, I'l€ CTYIAIOTCS 3aMephl C YYETOM MX HAOEXKHOCTH. TouHas IpPUBSI3Ka
OaéT KOMITaKTHOE IISITHO, Ipy0ast - pa3MbITOe U Hu3Koe. [1o KapTe aHeKTUBHOM CUTMBI BUOHO, THE
IJIOTHOCTh HaOpaHa TOYHLIMM HOCUTEJIIMH, a I'le pa3Ma3aHHBIMU - TaM JOBEePUS MEHbIIIe.

[TapameTp Yrto 3amaérT ITo ymonmuaHuio

3amepH

ITone macchl
I[Tone TouHOCTHU

Pa3mep ssueliku, M
O6acTo
Hocurens 3a KpaeM

CurMma 1o ymosdanuio (Iorm.)
from m /to m (Hor.)

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

I[TnoTHOCTDL

OdbdexkTrBHASA cUrmMa

TO‘-IKI/I, JIMHWHW UJIN IIOJINT OHBIL -

(oguH THI).

Macca o6BekKTa.

Curma TOYKHU KT
MMOJIyIINPUHA JIMHUH.

IITar ceTkn.

DKCTEeHT.

IToHOPMUPOBATL BHYTPU WU
MMOTEPSITH MACCY.

Korpa mone TOYHOCTHU IIyCTO.
Bripe3ka uHTepBaia TUHUU.
HasuMeTpus OJisd IOIUTOHOB.
Cy1iecTByoOIINM®
TpPEXKaHANLHLIN pacTp.
TpéxkaHalbHEIHN pacTp
(IIOTHOCTE, 2M-0, Xm).

KapTa addpeKkTuBHOM TOUYHOCTU

(Heobs13aTEeNIbHO).

1
CUurMa 110 YMOJI9YaHHUIO

50
IO CJIOIO
OOHOPMHUPOBATH

nonysdeunka
BCS TUHUSA

OkHO «KapTa IJIOTHOCTH» (KHBOHU MPEIIPOCMOTP)

JIuom MHCTPyMEHTa CIIyKUT OTHenbHOoe OKHO Kapra miaoTrHocTH Ha naHenu Isoliner. Crea
3a0al0TCsl CJIOM W IO, CIpaBa UAET IPEeNNIpOCMOTP Ha rpy0boil ceTKe: OH CUYUTaeTCs 3a
MUJUTUCEKYHIBI, IO3TOMY CUTMa ¥ pasMep STUeWKU MEHSIOT KapTUHKY Cpa3y, a He IOCJie 3amycKa.
BHM3y HOCTOSTHHO TOPUT MHBAPWAHT: Macca BXOJa, Macca Ha CeTKe U [OJis, IOTePSTHHAs Ha Kpaio.

Kuonka [deMo co3maéT yueOHBIM Habop uHCcTpyMeHTOM 3.08. KHOomKa 3anucarh pacTp 3alycKaer
ITOJIHBEIM pacyeT TeM xe anroputMmoM 3.07 u KnameéT pe3ynbTaT Ha KapTy y2Ke OOeThIM: IICEeBOOILIBET
C TIPO3paYHBLIMU HYISIMU, U30JIMHUU TJIOTHOCTU U CJIOM 3(PpHEeKTUBHOM CUTMHI KakK KapTa OOBEpUS.
dopma Processing ocTaéTcs mjist Mofgesed U MaKeTHHIX IIPOTOHOB, SIIPO pacuyéTa y HuXx obliee.
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3.08 IIpuMmep OJisi IJIOTHOCTH (OeMo)

HHCTPpYMEHT CcO37aéT CUHTeTudeckKuil Habop mns 3.07 ¢ M3BECTHOM CyMMapHOM MacCoM, YTOOBI
[IPOBEPUTH UHBAPUAHT I'/la3aMu. [1eCcATh TOUEK C pa3HBEIMU CUTMaMU (OT HoJield S4elKU 00 KPYIHEIX,
Mmacca 500), oBe nuauu (Macca 200, y omHOI BhHIpe3Ka MHTepBajia from m/to m), ABa monuroHa
(macca 300, oguH oM ma3uMETPHUIO) U BCIIOMOTATEeJIbHEBIM pacTp. MToro macca 1000.

IMporouuTte 3.07 Ha cI0e TOYEK - MHTErpas IJIOTHOCTHU B jiore moJikKeH maTh 500, Ha nunauax 200, Ha
nonuroHax 300. ITons cnoés: mass, prec, from_m, to_m.

I[TapameTp YTo 3amaéT ITo ymom4aHuio
OO6acTh (3KCTEHT) I'panHUIEl reHepanuu. -

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

3epno I'CY ([or.) I[ToBTOPSIEMOCTEL TPUMEPA. 1

IleMo-TOYKM / TUHUHU / IOTUTOHEL TpPU CJI0sS 3aMepOoB. -

BcoowMm. pactp Pactp nnsa masumeTpuu. -

IMonuBIM mepedYeHb IOJIEW BHIXOOHBLIX CIIOEB - B npunoxenuu IlnorHocThs (memMo) (pa3gen «Iloms
OeMO-CJIOEB» B KOHIIe PYKOBOACTBA).

4. Pa3pe3

4.01 Pa3pe3 1o TUHUHA

HucTpyMeHT Pa3pe3 mo JIMHHH CTPOUT Ie0JIOTUYECKHH pa3pe3 u3 Habopa MOBEPXHOCTEH. ITO
He IIPOCTO KpuBas HOpodus, a IJIacThl KakK 3ajJUThle IMOJIOCHI MeXKAy KPOBJIEW U IIOOOIIBOM.
I[ToBepXHOCTH OOBIYHO ITOMYYal0T KPUTUHIOM, @ MHCTPYMEHT coOUpaeT uX B pa3pes BAOIb 3aJaHHOMN
JTUHUH.

HHCcTpyMeHT cTouT B rpynmne Pa3pe3 u paboTaeT Kak MmoctobpaboTKa TOTOBEIX pacTpoB. CBOI
KPUTHUHT OH HE BHITIOJTHSET.

Kaxk 3a1a10TCs1 IVIaCThI

[ToBepXHOCTH TOJAIOTCSA CIHCKOM U YIOPSAOOYUBAIOTCS CBEPXY BHU3: KDPOBIA, IMOAOINBA, IIPHU
HeoOXOOUMOCTH ciIenylolllasi KpOBIIS U Tak fajee. I1macThl CTPOSTCS KaK II0JIOCH MeXAy COCeHUMU
IIOBEPXHOCTSAMM, 03TOMYy u3 N IOBepxXHOCTeM mnonydaeTca N MHHYC OOUH IUIacT. s OTHOTO
IJIaCTa [OCTATOYHO ABYX IIOBEPXHOCTEM, KPOBIU U NOMOUIBHL. [ IauyKy IIJIaCTOB HOOaBJISANTE
IIOBEPXHOCTH 110 NOPAIKY 3ajeranusa. OgHa I0BEPXHOCTh TOXKe IONyCTHMa, 3TO pa3pes o penbedy
6e3 IJIacTOB, CM. CJIeOYIOIIUM pasmert.

Pa3pes3 mo OIHOH MOBEPXHOCTH

OpmHa TOBEPXHOCTH 3TO 3aKOHHBLIM Ciy4ad, a He omwumbKa. [ImacToB mpu HeW He OymeT IIo
OIIpenesIeHUI0, 3aTO CTPOSTCA JNHUHUS penbeda, paMKa, OCH C OTMETKaMH, YIJIOBble TOYKH U
oIpepeneHue pa3pe3a. C 3TOro reosjloruueckuil paspe3 OOBIUYHO U HauyMHaeTCsa: CHadasla IPodulb
o LIMP, moBepx Hero nepecedeHus C IIaHOBOU reojioruel nHCTpyMeHTOM 4.05, a reoorus BHU3
pHuCyeTCs BPYUHVIO.

ITomock! mmacToB 1 3a6op 3D B TaKOM IIPOTOHE HE CTPOSITCS, W CJIOU OJIT HUX HEe CO3TaloTCs BOBCE.
ITycToit cnoi B MPOEKTE BRHITJISOAUT IIOJIOMKOM, XOTSI BCE IIOCTPOEHO BEPHO, IIO3TOMY €T0 JIy4llle He
Cco37maBaTh, YeM CO37aBaTh U NIPSATaTh.

Penbed BEIXOOUT cioeM JIMHHMH MOBEPXHOCTEH Ha YepTexe. 3afaiiTe eMy CBOH CTUIbL JTUHUU U
MMOATINCH: 4YePTEK M00GOPMIISIETCS ITIOBEPX 3TOT'0O CIIOS.
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Huz pamMKu B TakKOM pas3pe3e 3aflaBaiTe OTMETKOM B MOIOJIHUTEIbHEIX IIapaMeTpax. be3 Heé
paMKa o0XKMMaeT JaHHbIE C HEOONBIIMM OTCTYIOM, X PHUCOBATh IIOn penbedomM Herme. OTMeTKa
VUYUTBHIBAETCS OO0 pacyéTa BEePTHUKaIbHOIO MacirTaba, IIO3TOMY B PEXKHMME OTHOLIEHUS rabapuTOB
YepTEXK BHIXOOUT B MaciTabe MMEHHO TOM paMKM, KOTOPYIO Bl yBUAuTe. OTMETKA BHIIIE AaHHBIX
WTHOPUPYETCS: 3TO HU3 PaMKHU, a He 00pe3Ka CBEpXy.

Bepx paMkKu 3agaéTcs TakK XK€ M [0 TOM XKe IIPUYMHE: YepTEXK YacTo ITPOMOJIZKAioT BBEPX,
4TOOBI BOIIUIM YCThSI CKBaXKMH, OTMETKH YPOBHS BOMBI HJIM ITOAIIMCH, KOTOPBIX HET CPEOu CaMHuX
IMOBEPXHOCTEH. Bepx HUXKe HU3a OTBEPTraeTCs - paMKa BHIBEPHYJIACch ObI HaM3HAHKY.

BmecTe ¢ paMKOM CTOUT 3afaTh ¥ IMIar OTMETOK Ha ocsixX. [Io yMomuyaHUIo MOANIMCH BLIOMpPAIOTCS
OKDPYTJIEHHBEIMU YUCJIaMM 110 UX KOJIWYECTBY, U 3TO yOOOHO, IT0OKa paMKa caMa II0 JaHHBIM. Korma
paMKa 3amaHa YWCIaMM, IONIMCH XO4YeTCs TEMHU JKe YMCJIaMM: Imar OBa OPU paMKe OT CTa
IATUOECATH OO CTa CEMHUIECSATU HAET POBHO Te OTMETKH, KOTOpPHE OXHuAaellb yBupmeTrb. Hoib
BO3BpalllaeT aBTOMaTUYE€CKUM BLIOOD.

CBsi3Ka ImoJjie3Ha Ha CepHrHU pa3pe30B: OOMHAKOBAS PAMKa ¥ OOMHAKOBBIE ITIOOIIXMCH IIO3BOJIAIOT KJIaCTh
YepTexu PAOOM Ha JIUCT 0e3 mOATOHKH.

ITopsimOK MOBEPXHOCTEH 3aJaéT JepeBo CII0EB

9To TriaBHOE, YTO HYXKHO 3HATh IIPO MHCTPYMEHT. [IOpsSOoK MIOBEPXHOCTelM He BTOPOCTENeHHas
meTanbk opOPMIIEHMSI, a UCXOOHBEIe MaHHBIe HapaBHE C CAMHMHM rpugaMu. MMeHHO OH OIpemeserT,
Kakad II0JIoca 4Yel IIJIacT.

ITo ymomuauuio MOpsimoK OGepeTcsa M3 JepeBa CJIOEB IIPOEKTa, CBEPXY BHU3, POBHO KaK ITOKa3aHO
B maHenu Ciou. YUTO BUOWTE B MAaHENH, TO M MOMy4YUTe Ha dyepTexke. OTMETKU B MYJIbTHCENEKTE
3aal0T, KaKHe ITOBEPXHOCTH yYaCTBYIOT, HO HE B KAKOM OHU TOPSAKE.

OTcioma mpocrtoe mpaBwio paboTel. Ilpexkpe WeM CTpPOUTH pa3pes, Pa3/IOKUTE IIOBEPXHOCTH B
IIaHeJIU CJIOEB IIO 3aJIeTaHHUIO: KPOBJISA BepxXHEN BMeIIalolleld BBEPXY, IIOHOOINIBa HUXKHEU BHU3Y.
[TepeTamuTe CJIOM MBIIIBIO, €CJIM OHU HNPUIIIIM BIIEPEMEINIKY. DTO 3aMMET MOJIMUHYTH U U30aBUT OT
pa3bupaTenbCTB.

Ecnu mopsimoK HapyIlleH, MHCTPYMEHT He BHIOACT OMmMOKy. OH TOCTPOUT IIOJIOCHI MEXKOY TEeMHU
rapaMu, KOTOpPBIE BBl eMy Aaiu. YacTh ITap OKaXkeTCs IePeBEPHYTOM, Y HUX ITO[IOIIIBA BHIIIIE KPOBJIH,
TaKue TOJIOCH OTOPAaCHIBAIOTCS MOJIYa. BHEITHEe 9TO BHITJISIAUT TaK: MJIaCTOB Ha YepTeXXe MEHBIIIe,
YeM O0XKWAAJioCh, WUJIM OHU JIeKaT B HENpPaBHomOAmoOHOM ITOCIeN0BaTEIbHOCTHA. YBUOEIU TaKOe -
MIEPBLIM [IEJIOM ITPOBEPHTE MOPANOK B MAHEJIU CJIOEB, a HEe TapaMeTPhl KPUTHHTA.

Korpa mopsfok B [epeBe IO KaKMM-TO NpUYMHAM He TOOUTCS, CHUMHUTe ranodky Ilopsimok
IIOBEPXHOCTEH M3 JepeBa CJI0EB mpoeKTa. Toraa ImopsigoK O0epeéTcst M3 II0CIIenNoBaTelbHOCTH
OTMETOK B CIMCKEe, KaK B IPexkHUX Bepcusx. CIIou, KOTOPHIX HET B lepeBe mpoeKTa (moOaBIeHHEIe
daiimoM mpssMo B BUOXKETE), YXOOSAT B KOHEI CIIMCKa, COXPaHsIs B3aUMHBIN ITOPSIIOK.

I'emepartop npumepa (4.10) camM packiagbiBaeT IIECTh IIOBEPXHOCTEM B OepeBe II0 3aJIeTaHUIo,
II0O9TOMY Ha [eMO-JaHHBIX HUYero epeKiaablBaTh He HYXKHO.

BbeIxoabl

YepTék paspesa 3TO MOJUIOHBI B OCSX PACCTOSHUE BIOOIbL JUHWU U BBICOTA. BEICOTY MOXKHO
PacTSHYTb BEPTHUKANILHEIM IpeyBeInYeHreM, 4YTOOB TOHKUE IIJIaCThHl YUTAIKUCh. DTOT CIIOW KIamyT
B MaKeT IIeYaTH KaK TOTOBHIH pa3pe3. CrucTeMa KOOPOUHAT y HEro YCJIOBHASA, PAaCCTOsSHUE U BHICOTA
B eOUHUIIAX KapPTHI.

JIMHWY TTOBEPXHOCTEH 9TO KaxXK[as MMoJaHHas MOBEPXHOCTb OTHOEJIbHON JIMHUEH B 0CSAX YepTexka, C
IIONIIMH Sec, sec_id, num 1 name. Pa3prIBE 110 OTCYTCTBUIO AAaHHBIX COXPaHSIOTCS. I1pu pabGoTe ¢
IJIACTaMH CJIOM HeoOs3aTesleH, KPOBIIs W MOMNOIIBA ¥ TaK BUOHLI KaK KpPas II0JIOC, HO OH IMO3BOJISIET
MOANKCATh U OQOPMHUTL JIHHUIO KPOBJIM OTHOENIBHO OT 3aJIMBKH. IIpH OOHON IIOBEPXHOCTH 3TO
€IMHCTBEHHBIH CJION C pernbedoM.
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3abop 3D 3TO Te XxKe MOJIOCH], HO KaK BepTHUKalbHEIe CTeHKH PolygonZ B peanmbHBIX KOOpauHaTax. Mx
cMoTpsAT B 3D Map View psimoM C IOBEPXHOCTSIMH KpHUTHHTA: TPUM 3adaeTcs penbedoM, a CTeHKHU
pa3pesa IoKa3bIBalOT IJIaCThl B IPOCTPAHCTBE.

BepTUKaabHBIH MacUITa0

lopuszoHTanb pas3pes3a (OJIMHaA TUHUKU) U BEepPTUKab (OeCATKU METPOB IIJIAaCTOB) HECOIIOCTaABHMHEI,
Mo9TOMY 0€e3 pacTsSIKEHHUS II0 BLICOTE YEPTEXK BBITJIIOUT IIIOCKUM. MacmTtabd 3amaéTcs TpeMs
crocobamu.

PexuMm oTHOomeHne MacmrTa6oB I':B (1:N) sTo mpuBLIUHASA YepTEKHAs 3amuchb. 3HadeHune 50
o3Hauaet [':B = 1:50, To eCcTh BEepPTHKAJIFHBEIN MacIITab KPyIHEE TOPU3OHTAIBHOTO B IIATHAECSAT Pas.
Tak 3apatoT MaciTab Ha KaTUWHEIX pa3pes3ax, Iode TOPU30HTalbh UAET KUIOMEeTPaMu, a MOITHOCTH
U3MePAITCS MeTpaMu. MHOXUTENIb pacTsaKeHus paseH N.

PeXyM MHOZKHTEJIb 3TO TO XK€ YHUCJIO, TOOAHHOE HANPsAMYI0, 63 4epTEKHONU (HOPMYITUPOBKH.

PexxuMm oTHomieHue I':B (mmmMpuHHa:BbBICOTa 4YepTezka) paboraeT oT rabapuToB: BHI 3amaéTe
XKejlaeMOe OTHOIIEHWe IMUPUHBE JINCTa K BeICOTe (HampuMmep 10), a MHOXUTENIb HUHCTPYMEHT
CYMTaeT caM IO [JIMHEe JUHUU U Pa3Maxy BHICOT. YHobeH, Korfa BaXkKHO BOKCATh pa3pes3 B JIUCT, a
He BBIIep3KaTh 3aJaHHBIN MacIITab.

®aKTUUYECKUN MHOXKUTEIb IedaTaeTCs B XKypHas. [ TOYHOTO HalOXKEHWS CJIOEB OH [OOJIXKEH
COBIIafiaTh y pa3pes3a, CKBaxKUH M cocTaBa. B pexume I':B paspes3 (4.01) BuguT Bech pa3pe3 IO
BeicoTe. CkBaxkuHbl (4.02) OGepyT MHOXKUTEJIb U3 OIpeleNieHus U coBMeInaioTcs camu. CocraB
(4.03) cumTaeTr OTHOLIEHUWE IO OOHOMY IIJIacTy, IIO3TOMY OJIS HAJIOXKEHUS BO3BMUTE MHOXKHUTEIID,
HanedaTtaHHbIM 4.01, u 3amaniTe ero B 4.03 B peXXuMe MHOXKHTEIb.

HeckonbKo Ppa3pe30B 3a OOHUH IIPOIrOH

ITo yMOTYaHUIO MHCTPYMEHT CTPOUT Pa3pe3 0 KaXAOW JIMHUHU CI0s. DTO OOBIYHBIN PEXKUM PabGOTHI:
TTUHEUHHINH CJIoH ¢ mpodunsMmu obpabaThiBaeTCs I[eIMKOM, 3allyCKaTb MHCTPYMEHT MO pa3y Ha
JIMHUIO He HyKHO. ECyu HyXKHHI He BCe IWHHH, BHIOEJINTE HyKHBIE Ha KapTe U BKIOuYuTe TOIBKO
BbIlle/IeHHbIE 00BEKTHI ¥ TapaMeTpa JuHuu. CHsITas rajoyka Pa3pes mo KaxKIoH JIMHUH CJI0S
BO3BpalllaeT NpexXHee MoBeAeHWe, pa3pes Mo EPBOM JTUHUH.

Bce pa3pesbl mOmMafaoT B OOWH KOMIUIEKT CJIOEB U PA3/IMYAOTCS aTpuOyTaMu, a He OTAEIbHBIMU
CJIOSIMHM Ha KaXKObIM CTBOP. Tak UX yIOOHO MOAMUCHBATE U (GUIBTPOBAThH BEHIPA’KEHUEM, a CTUIIH He
IPUXOOUTCS Ha3HA4YaTh 3aHOBO. MiMs1 pa3pe3a 6epéTcs U3 MOJIst TUHEWHOTO CJI0SI, €CJIM OHO 3a/laHO
mapaMeTpoM ITojie UMeHH pa3pe3a, HHaye pa3pe3bl HyMePYITCS 110 ITOPSIKY.

Ha yepTexke pa3pes3sl pa3BOASsTCS PACKIIagKOH B 00IeH 4epTEXKHOM cucTeMe KoopauHaT. CTOMKOH
CBEpPXy BHM3 CTaBUT UX OOUH NOA APYTUM C OOIIUM HYJIEM PACCTOSHUU, U JIEBHIM Kpal y BcexX
coBIlafaeT. B psio cjieBa HAIPaBO CTAaBUT UX 00K 0 OOK C 00IIe#dl 0TMETKOM BHICOTHI, TOTA IIIKaia
BBICOT CKBO3HasI IJIsI BCero nucta. CeTKoM coueTaeT o0a ITpaBuia: CTPOKa MepPKUT OOIIYI0 OTMETKY,
cTober - OOIIMHM HOTb PACCTOSTHUM, YK CJIO CTOIOIIOB 3a1aéTCS B AOMIOIHUTENbHEIX ITapaMeTpax. [lar
peméTKu 6epETCS OT CaMOI'0 KPYITHOTO YepTeKa III0C 3a30p, IO3TOMY YePTEXKHU He ITepeceKarTcs,
Kak OBl HY pas3/UyYaiiucCh OJIMHBEI CTBOPOB. 3a30p 3amaeéTcs moiei oT rabapura, mo ymondanuio 0.15.

BepTukanbHBIE MaciiTa® Ha BeCh NPOTOH OOuH. MHaue KOPOTKHUI CTBOP M MJIMHHBIM BBIIITH OBI
B Pa3HOM PACTSIXKEHWH MU CTajii OBl HECOIIOCTABUMBLI Ha OJHOM JIMCTE. B pexkXmMax OTHOIIEHUS
MacITaboB W MHOXKHUTEJIS 3TO IIPOCTO 3aJaHHOe 4YHCIIO0. B pexwuMe OTHOMIEHUS TabapuUTOB
MHOXXHUTENIb CUUTAETCS 10 CaMO¥ [IMHHON NUHHUU U 00IIeMy 1o Habopy pa3mMaxy BBICOT, IIO3TOMY
3a[aHHYIO IIPOIOPIIUI0 TOYHO MOJIyYaeT CaMbIM IIMPOKUN 4UEePTEK, a OCTAJIbHBIE BBHIXOIST BHIIIE
Hero, HO B TOM ke MacIinTabe.

3abop 3D packnankoi He cMmelnaeTcsi. OH CTOUT B peaIbHEIX KOOPANHATAaX, Kaxkaas CTeHKA Ha CBOEM
cTBOpe, u B 3D Map View HaGop pa3pe30B BHITJIAOUT KaK HAaCTOSIINUM 3a60p 10 IJIOIIaIH.

[TepBrIil pa3pes Bceraa Mojly4aeT HyJIeBOE CMeIlleHKe, I09TOMY IIPOTOH 10 OLHOU JIMHUY HAET POBHO
TOT K€ YepTEK, UTO U pPaHbIIIe.
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IIBeT monoc: CIIPABOYHHK IIVIaCTOB

Tlonocs! mmacToB KPACATCHA I10 UME€HU KPOBJIHX. bes CIIPABOYHHKA OBET CYUTAETCA OT CaMOI'O UMEHMN:
OH He IJIAIIeT MeXKYy IIPOroHaMu, HO OH YCJ'IOBHI:IfI.

Heob6s3aTenbHbIN Bx0g CIIpaBOYHHK IJIACTOB (Tad/1MIIa) feaeT IIBET OCMBICTIEHHBIM. CITPaBOYHUK
9TO0 OOBIYHBIM cio¥ mpoekTa, GeoPackage unu Tabnuua Excel, roe Ha KaxXAbIl MIacT U KaxXmoe
MeXXAYyIJlacThe IMPUXOOUTCA OOHA CTPOKA CBEPXY BHU3 IO pa3peldy. O0s3aTesIbHBEIX KOJIOHOK TPU:
KOl Tejla, HOMEp CBepXy BHU3 M TeJio. lIBeT HeoOg3aTeseH, HO UMEHHO pagu HEro CIPaBOYHUK
yaIe BCero u ImoaaroT.

KonoHsKa TeJ10 COOEPKUT CII0BO «IIaCT» UJIN «MeXKOyIlJIaCTbe», U 9TO 3aKO0H, a He Joragka. Beieectu
Teso U3 Koga Henb3d. [InacT AB 110 HallMCaHUIO BHITJISOUT KaK «A 1toc b», Ho 9TO 11eJIbHBIH IIaCT,
BHYTPU KOTOpPOro siexaT A, b, kopx A-A’ u A’. Mexnynnactee B-B 110 KOy He BEIBOOUTCSI BOBCE,
notoMy 4uTo macrta b B cnucke HeT, ectb AB. Onipenensiet Teso reosior, MallliHa He IepeCYUTHIBaEeT.

ITopsimok cBepxy BHHU3 HAET CIPABOYHUKY BTOPYIO CIOCOOHOCTh: HAXOOUTH TEJI0 MEXIOY OBYMS
rparunamu. Ecnu Ha paspese unyT Kposnu Kpll u Kpllla, To MeXOy HUMU II0 HOPSOKY JIEKUT
mexpynnactee Kpll-Kplll, u nmonoca mony4aeT ero uMs U 1BeT. [11acTel, KOTOPHIX Ha pa3pe3e He
0Ka3aJIoCh, IOMEeYalOTCs CePHIM, a UX [IepedYeHb IleYaTaeTCs B XKyPHaIl - 10 HeMy Cpa3y BUOHO, Yero
He XBaTaeT B HAOope ITOBEPXHOCTEN.

HMeHa CJI0€B OOBIYHO HE COBIIQAIOT C KOJAMM [OCJIOBHO, IIO3TOMY ITOMCK HOET JIECTHUIIEH OT
CTPOTOT0 K TEPIHMMOMY: TOYHBINM KOJ, 3aTeM 0e3 y4é€Ta perucrpa M KpauHUX IIpPoOesioB, 3aTeM
MMPUBEOEHHLINM BUM (CHST XBOCT POJIM _top, bottom, kposns, nopowsa, JIATMHCKHWE OBOUHUKH OYKB
CIIOXKEeHBI B KUPUIINIUITY), U HaKOHeIl TOT 2Ke Buf 6e3 anocTpodoB. Tak KpII top HAXOOUT KO KpII, a
A'B top HaxomuT Ab. CTporue Iaru UOYT IIEPBBIMU, IIO9TOMY €CJIM B CIPaBOYHUKE €CThb U AB, U A'B
KakK pa3Hble Tejla, KaXObIU IIOJIYYUT CBOE.

ToT xe cripaBOYHUK MOOaETCs B 4.02, 1 TOTOa ITOJIOCH ¥ KOJIOHKK CKBAaXKHH T'OBOPST Ha OMHOM SI3BIKE
KOOOB M COBITQAaoOT IO LIBETY.

ToToBEIM OOpasel A BepxHeKaMCKOrO MECTOPOXKAEHHUS JeXUT B manke templates BHyTpu
KaTaJjora IjlaruHa: 36 CTPOK OT ITOKPOBHEIX OTJIOXKEHUM OO0 HMKHEN KaMeHHOU COJM, C [IBeTaMHU U
Tenamu. ®aiis ecTh B ABYX BUOAX, plast reference vkmks.xlsx ¥ plast reference vkmks.csv. Bo3pMuTE €T0
3a OCHOBY ¥ IIPaBbTE MO CBOE MECTOPOXKAEeHNWE: KOJIOHKH TOJIIA U IPpUMedYaHue HeoOsa3aTeTbHEIE,
OHU YMTAIOTCS, HO MMOKA He HMCHOJIb3YIOTCSI, ¥ OCTaBJIEHH! IO Oymyllee pa3BUTHE.

ATpHOYTHI BHEIXOJHBIX CJIOEB

Bce crmou pa3pe3a HecyT ABa oOmIMX TMOJNsA: SeC C MMeHeM pa3pe3a u sec_id ¢ HoOMepom
00beKTa HUCXOOHOUW JHHUH. [0 HHUM IIOONKMCHIBAIOT YepPTEeXKH, PUILTPYIOT CJIOM Ha OOHH CTBOP
¥ PaCcKpaIlMBalOT pPa3peskl I0-Pa3HoOMYy.

OnpenesieHue pa3pes3a - 10 TUHUU Ha KaXXObIM pa3pes, C MCXOHOM reOMeTpHelN CTBOpa U IIOISIMH,
KOTOPHIE YHUTAIOT IIOCJIeAyIoIle NTHCTPYMEHTHI I'PYIIIIHL:

ITone YT0 comepXuT

sec, sec_id HWwmsa paspesa v HOMep UCXOOHOU JTUHUM.

vex BepTukanbpHOE IIpeyBeInUYeHNE YepTexKa.

step Illar nmukeTaxa, M (BepPIIUHEL TOMaHOM!
BKJ/II0YAlOTCS B IIMKETaX Bcerja).

zmin, zmax IIramna30H OTMETOK depTexka.

0X, Oy CwMellleHHe YepTexka B packiagke. Homb y

OOWHOYHOI'O pa3pe3a.

Pa3pe3 (3D-3a00p) - BepTukanbHble cTeiku MultiPolygonZ Bmonb cTBOpa, 10 OOHOM Ha IJIACT:
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ITone YT0 comepxKuT

sec, sec_id Hwms pa3pes3a ¥ HOMeP UCXOOHOU JTUHUU.

bed Homep mnacTa cBepxy BHU3.

top, bot HMeHa MOBEPXHOCTEN KPOBIYM U MOOOIIIBHI.

t mean CpenHsiss MOIITHOCTE IIJIacTa BOOJIbE CTBOPA, M.

seclen IInuHa cTBOpa, M.

color LiBeT mmacTa CTPOKOM #RRGGBB, TOT XK€, UTO Ha YepTexkKe.

CTeHKa pPexeTCs II0 3BEeHbSIM TPACCHI: CBOE IIOJIOTHHUINE Ha 3BEHO, W BCE OHU COOPaHEI B OOUH
MHOl"O‘I&CTH]:Iﬁ 06'beKT. OJZ[HI/IM KOJIBIIOM CTEHKY OTOaBaThb HEJIb3s: KOJIBIIO «BEpPX TyHda, HHU3
00paTHO» BBEIXOOUT OJIMHHBIM U CHUJIBHO HEBBIITYKI/IBEIM, @ IBUXKKN TPEXMEPHBIX CIIEH TPUAHTYIUPYIOT
TakKoe BEEpOM OT IIEPBOM BEPUIMHBEL - pa3pe3 IIONy4YaeTCs OLIPSBBIM. YeTHIPEXYTOIbHUK 3BeHa
TIJIOCKUH I10 ITIOCTPOEHHI0, IIOTOMY YTO [Ba COCEIHUX y3J1a 3aJal0T BePTUKAIbHYIO IIJIOCKOCTh, ¥ 00e
OTMETKM JIeXKaT B HEH.

IIBeT mmacTa UOET ABYMS MyTSIMU Cpa3y: KaTerOPUSIMM Ha Cjioe, KaK Ha YepTexke, W MoJjeM color
B aTpubyTax. CUMBONMHUKY YUTAIOT HE BCE MOTPEOUTENHM - TPEXMEpPHAasi CIleHa KPAaCUT MO CBOEMY
IIpaBuly, a NOAPSIOYuKy cuMBonuka QGIS HemocTymHa BOBCE, - IO3TOMY IIBET NMPOXyOIMpOBaH B
OAHHBIX.

VriaoBble TOYKH pa3pe3a: sec 1 sec_id, num (Homep yrna), name (umsa YI'-1, ¥I'-2, ...), pos (Bepx
unm Hu3), d (DuKeT, M), X U y (KOOpOWHATHE Ha KapTe), az (a3uMyT cledymollero KomeHa), label
(roTroBas nopmnuck). F'opu3oHTAIBHBIE OCH: sec, sec_id, elev (orMeTKka ocu, M) u label. Tadnuma
yraoB: sec, sec_id, kind (tun cTtpoku) u text (cogepzKuMoe SUenKH).

ITapaMeTpsbI
[TapameTp YTo 3amaét ITo ymonm4gaHnuio / COBET
JIlunusa pa3spesa JluuennwlM cioi. 'ogutcsa -

rajouka ToabKo
BbIJI€/IeHHbIEe 00 bEKThI.
[ToBepxHOCTHU CBEPXY BHU3 Crucok -
PacTpPOB-IIOBEPXHOCTEM.
Hy>XHO MUHUMYM [Be.
[TopsioOK IOBEPXHOCTEU U3 [Topsamok 6epéTcs U3 maHenu BKJIIOYEHO
ImepeBa CJI0EB IIPOEKTa Cou cBepxy BHU3. CHATas
rajouka BO3BpalllaeT MOPSIOOK
OTMETOK B CIIMCKE.
Pa3pe3s o kaxkpoi muHUM cinosa IlakeTHEIN pexxuM. CHATasS BKJIIOYEHO
rajodka CTPOUT pa3pes 1o
[IepBOU TUHUU.
[Tone umeHU pa3pela [Tone nuHEWHOTO CII0S, U3 -
KoToporo 6epétcs ums. [1ycro -
HyMepalus 0 IOPSIKY.

Packnanka HECKOJIBKUX CTOnKOMH, B psAf UM CETKOU. CTONKOU
pa3pes30B
[ITar BEIOOPKM BHOOJIL IMHUU Yepes CKONBKO equHUIl KapTel 0
6pathb oTCcuéT. 0 - IO pasmMepy
STYEUKN.
BepTukanbHbIN MaciiTabd PexuM: oTHOIIIEHUE OTHOLIEeHUE TabapuToOB

rabapuToB, MHOXKUTEDb UITH

oTHoIIeHue Macitabos I':B.
3HaueHue MacirTaba OTHoOIlIeHNWEe IIHPHUHA:BBICOTA, 10

MHOXKUTENb unu N u3 3anucu

1:N.
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[TapameTp

YTto 3amaéeT

ITo ymomgaHuUIio / COBET

Cronb61oB B ceTke ([o1.)

Yucno cTonbuoB As
packiafgKu CeTKOH.

2

3a30p MeXOy pa3pe3aMu Iomns ot rabapuTa yepTexka. 0.15
(Dom.)
Bri6opka pacTtpa (Hor.) BunuHeiHo unym 6IuXKanm. OuIUHENHO
CrpaBOYHUK IIJIaCTOB LiBeT, TeoO U MOPSAOOK U3 IIyCTO
(Tabmuia) OAHHBIX.
Hu3s pamku, oTMeTKa (ZOII.) OmnyckaeT paMKy, 4YTOOBI OBIZIO  ITYCTO
roe pucosarts. [lycto - o
OaHHBIM.
Bepx pamku, ormeTKa (Hort.) [TogHUMaeT paMKYy: YCThs IIyCTO
CKBaXKWH, YPOBHU BOIHI,
nognucu. I1ycTo - 1o maHHBIM.
IITar oTMeTOK Ha ocsax (mor.) IMTopmucu c 3agaHHBIM IIIAaTOM 0
BMECTO OKPYTTIEHHBIX 110
Konmu4yecTBy. O -
ABTOMAaTHUYECKHU.
JIuHUYM ITOBEPXHOCTEH Ha BrIxomHOM JTUHEWHBIA CJIOH, IO  CO3[aE€TCs
yepTexke JIMHUU Ha TOBEPXHOCTh.
YepTexk pa3pes3a (paccTosHue  BBIXOOHOU IMOIUTOHAIBHBIN Cco37maéeTcs
X BBICOTA) cJiou mnst MakeTa. He
CO3Ma€Tcs IPU OTHOMU
[TOBEPXHOCTH.
3ab6op 3D (PolygonZ) BrIXOOHOM CIO¥M BEPTUKANBHLIX CO3MAETCH

CTEHOK B PeanbHBIX
KoopouHaTax. He co3maércs
IIPKU OOHOM IIOBEPXHOCTH.

Kaxkpgpi#t myacT mosydaeT aTpuOyTh: HOMEpP, MMeHa KPOBJIM U IIOHOIIBHE, CPEOHIOI MOIIHOCTDL U
ONIMHY pa3pe3a. PackpaluBaiiTe CI0M 10 HOMEPY IJIacTa UJIU 110 MOUTHOCTH. TaM, rfie TOBEPXHOCTh
He ompepneneHa (nodata), mosyioca pa3prBaeTCs, U IJIaCT paclafaeTcsa Ha HECKOJILKO IIOJIMTOHOB.

Kak monpo6oBarhb Ha IeMO

ToToBeIli yueOHBI Habop maéT umHCTPyMeHT IIpumMep mass pa3pe3a (memo) (4.10): 1recThb
IIOBEPXHOCTEH CBepPXy BHM3, TPU JIMHHUHU Pa3pe30B, Mapa CI0€B Momenu OypeHus collar u interval
¥ MHOTOKaHaJIbHbEIE TPUOBI IIJIaCTOB. [I0BEPXHOCTHU OH pacKjadblBaeT B IepeBe II0 3ajleTaHMuIo caM,
a TpYU NTUHUU Pa3HOM AJIUHBEI U C PA3HBIM YMCJIOM M3JI0MOB yOOOHBI, YTOOH IIOCMOTPETh PACKJIamKy
¥ o0muM BepTUKAJLHBIN MacumiTab. 3amycTUTe ero, 3aTeM IofaliTe IMOBEPXHOCTU U JIMHUIO CIOZA,
napy collar u interval ¢ onpegenenueM B CKBazKMHbI Ha pa3pe3e, a rpuf miacrta (KaHansl 1/2/3)
B CocTaB maacTa Ha pa3pe3e. [TomHbll cocTaB Habopa B pasmerne 4.10.

Cea3p ¢ QGIS

IIpoctyio kKpuByl0 OpoduIs HO OTHOMY TIpuUAy CTpouT IntaTHasa maHenb Elevation Profile,
OTHGJ‘IBHBII:I UHCTPYMEHT [OJIsi 3TOI'0 HE HYXKEH. Pa3pe3 2Ke ITOKA3bIBA€T MMEHHO IIJIaCThl MEXKIYy
IIOBEPXHOCTSAMM, YEro IITaTHBEIE CPEeOCcTBa HEe OeJIaloT. HOBerHOCTb KPDUTMHTa B 3D MOZXKHO
nocMoTpeTh 1 6e3 pa3pes3a: B 3D Map View 3amaiiTe rpup penbedomM.

4.02 CKBaxXuUHBI Ha pa3pe3e (MoaeiIb OypeHust)

HUHcTpyMeHT CKBaXKMHBI Ha pa3pe3e KIaféT CKBaXXHWHBI Ha YePTeXHW Pa3pe30B U3 ITaphl CIIOEB
Mopmenu Oypenusi. OH CTOUT B rpymnne Pa3pes u paboTaeT MakKeTHO: OOUH IIPOTOH 00CITy?KMBaEeT BCE
paspe3sl oIpeaesieHus.
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Mopenb OypeHust

CKBaXXHMHBI OIIMCBHIBAIOTCS OBYMs TaOIMIlaMy II0 MUHHMAaJbHOM MOOesu TOPHEIX nakeToB (Leapfrog,
Micromine, Datamine, Surpac). collar 3To Toue4HEIH c10o ycTh ¢ nonamu hole_id (uopertudurarop,
cTpoka), z (oTMeTKa ycThbsi) u eoh (rmybunHa 3abost mo cTBOiy). interval 3To oOrryHass Tabmuia
nHTepBanoB ¢ nonamu hole_id, from, to u code (YeM KpacuM: UHAEKC IjlacTa, TUTOTHII, KJacc).
FJ'IY6I/IHBI CUHUTAIOTCA IIO CTBOJIY OT YCTbsi, BHH3 IIOJIOZKHUTEJIbPHBIE, HE€ OTMETKaMHK, II03TOMY
HAKJIOHHBIE CKBAaXKMHBI MOMAEJIb He JIOMaloT. JItoOble mpoyYre KOMOHKM TaOIUIlkl MHTEPBAIOB edyT B
aTpuOyTH YepTexkKa KakK eCTh.

Takyio nmapy Beiga€T Ilpumep agjist pa3pe3a (memo) (4.10) u KopmopaTuBHasi BRITpy3Ka. [loss
00eunx TabIUIl MTHCTPYMEHT HaXOOUT CaM I10 OKHUIaeMbIM UMeHaM U PaCIIPOCTPaHEHHBIM CHUHOHUMAaM
(Hole ID, elev, depth from, litho), peructp He BaxkeH. Bribop mosiei cupsitaH B [OOIOJTHUTEILHEIE
rapaMeTpHl ¥ Hy2KEeH TOJIBKO AJI1 HECTaHOapPTHHIX CJI0EB. YTO HAIIIIOCH, ITedaTaeTCs B XKypHaJI OOHOU
CTPOKOH.

Hakx1oHHBIE CKBaKHHBI

TpeThs Tabnuila, HHKJIHMHOMETPHsI, Heobsi3aTenbHa. be3 Heé CKBaXXKKMHa CYUTAETCS BePTUKAIbHOM:
riyOuHa 10 CTBOJIY II€PEBOMUTCS B OTMETKY BEIYMTAHWEM U3 YCThsI, U KOJIOHKA CTOUT B OJTHOM TOYKE
paspesa.

MHKIMHOMETPHUS 3afaéT OCh 3aMepaMM: CKBaXKWHa, TIyOMHA II0 CTBOJIy, a3UMYyT OT CeBepa II0
YaCOBOM CTpeJiKe, 3eHUTHBIH yron OT BepTHKanu. Holb 3eHHUTAa 3TO BepTHUKAIbHAS CKBaXKMHA,
OeBSHOCTO - TOPU30HTaIbHasA. Takoe cornalieHne IPpUHITO B GYPOBON MOKYMEHTAIINH.

Och CTPOUTCA METOOOM MHHMMAJIPHOM KPUBU3HBI: MEXKIY COCEOHUMHU 3aMepaMMi CTBOJI CHUTAETCS
Oyroi okpyxHocTU. KacaTenbHBIN METOM, IIPU KOTOPOM BECh YYaCTOK CUYUTAETCS II0 HUXKHEMY
3aMepy, Ipu peaKux 3aMepax YBOOUT 3a00l Ha IeCSITKU MeTPOB.

C uUHKIMHOMETpHEeH MEeHSIOTCS TpU Bellu. MHTepBanbl BHIHOCSTCS BOOJb OCH, IIO3TOMY KPOBIIS
¥ IIOMIOIIBA IJIaCTa CTOSAT Ha PA3HBIX PACCTOSIHUSAX 110 pa3pe3y. CTBON BBIXOOWT JIOMAaHOM, a He
oTrpe3koM. OTOOP IO KOPUAOPY UAET 110 BCEM OCH, a He 110 YCThIO: CKBaXKMHA C JaJIéKUM YCTheM, HO
3a60eM y caMOi JIMHUH, ITPU 0TOOPE MO0 YCTHIO He mornajsa Obl Ha 4epTEXK.

Haxkinor Ha yepTexe C IIpeyBelIn4YeHHueM OTMETOK BBITJIAOUT cinabee, yeMm OH ecTb. OTMETKHU
PaAaCTAHYTEL B vVeX Pa3, a4 PACCTOsHHE BOOJIb JIMHHUU HET, IIO3TOMY BUOUMBIN yrojia CXHMaeTCsAa
BO CTOJIBKO 2Ke€: IIPH Ve€X OKOJIO MEeCTUIEeCATHU CTBOJI C HAKJIOHOM COPOK IIATH I'PagyCOB BBITJTIAOUT
BEPTHUKAJIBIO. I/IHCTpYMeHT BEIBOOUT B 2KyPHAJT YU CJIO HAKJIOHHBIX CTBOJIOB HaubobIllee CMellleHue
3a60s1 110 TOPU3O0OHTAJIX - II0 HUM HAKIJIOH IIPOBEPAIOT YKUCJIOM, a4 He I'JIa30M.

CKBakKHuHBI 0e3 HHTEepPBAJIOB

TaGnuila MHTEPBAJIOB TOXe HeobOsi3aTenbHa. Be3 HeE Ha 4YEPTEX HAYT CTBOJBL M IOOIUCH:
TIOJIOXKEHWEe M TJIyOMHY CKBaXKWH ITOKA3bIBAIOT M Ha CTAAUM IIPOEKTa, KOTga TeOoJIoTHs ellé He
omucaHa.

[1uHY CTBOJIa B 3TOM CiIy4dae 3amaéT TonbKo 3aboi eoh. CkBaxkuHa 0e3 3a00s IIPOIIyCKaeTCs, U
YHUCJIO TAKUX BEIBOOUTCHA B 2KYPHAJI: BEIIYMEBIBATH T‘J'[y61/IHy HeIIPpaBUJIBEHO.

Korga YCThsd © HHTEPBAJIbI HE CXOOATCA

Camas gacTas ommOKa KOMIIJIEKTa - HecoBnageHue hole id mexkay Tabnuuamu. YutaTeab coobIaeT
He TOJIbKO YMCJIO OCUPOTEBIINX UHTEPBAJIOB, HO ¥ CaMU KJII04YU C 00euX CTOPOH, a ecJii IpUYnHa
pacro3HaéTcs, Ha3blBaeT €€ MPSIMO: pa3jIudaeTcs TOJIBKO PETUCTP, CTPOKM HaOpaHBl B Pa3HBIX
packiagkax, pa3indalTcsa TOJIBKO npobenamu. ITocnemHee 0co6eHHO BaXXHO: Kupwndeckas H u
natmHCcKas H Ha sKpaHe HEOTIIUYUMEI.

Ecnu K04y pas3lndyaloTcs II0 CYIIeCTBY, IPHYKWHA He BHEIOIYMEBIBAeTCSA. TOorma CBepsioT HoMepa
CKBaXWH B OBYX TaOIHIIaX BPYYHYIO.
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TepnuMbIH YHTaTEIb

[aHHBIE YUTAIOTCSA 0e3 IpegBapUTesIbHON YMCTKH. [1yCcThie 1 HeYHCIOBBIE TIIyOHUHEI IIPOIIYCKAIOTCS,
nmepemnytanHbie from u to MEHSIOTCSI MecTaMM, HWHTEpBalibkl 3a 3a00eM PHUCYIOTCS KaK ecCTh,
MEPEXIECTH HE PAa3pPeIalTCsd W He IMPSYyTCsS, Pa3phIBEI MEXKOYy COCEeTHMMHN HHTEPBaJlaMU He
3aTIOHSIOTCS, UHTEPBaIbl 63 YCThs MPOMYCKalTCsA. BCé MpOMyIeHHoe U MPUHSITOE C OTOBOPKOM
CYHUTAETCS ¥ BEHIBOIUTCS B XKYPHAI KOPOTKOHM CBOAKOM. Ha YMCTHIX HaHHBIX CBOOKA COCTOUT U3 OMHOM
CTpoKHu. Pa3priB B KOJIOHKE Ha YePTeXKe O3HAYaeT, YTO Ha 3TH TTyOMHEI B TabJuIle MHTEPBAJIOB
HEeT CTPOK: HHCTPYMEHT PUCYeT HaHHBIe U HUYEro He JOOyMEIBAeT, a YKCJIO Pa3phLIBOB MedaTaeT B
CBOIKE.

IIakeTHOCTHh H COBMeIllleHHe

JluHuY, BepTUKaIbHEN MacmTab ¥ packiagka 0epyTcs U3 OIpefesieHus pa3pe3a, KOTOPoe BEOAET
Pa3pe3 mo auauH. Kaxpmas CKBakKMHa IIPOENUPYyeTCSa Ha KaXXOyI0 JIMHUIO M IIoNafjaeT Ha Te
YyepTexku, K KOTOPHIM OHa Onuxke kKopumopa (0 - Ha Bce). 'myOuMHBI NepeBOOSTCA B OTMETKHU
BBIYUTAHUEM U3 Z, MHOXKUTEJIb VeX O0IIUYN U3 onpefesieHNus, TO3TOMY KOJIOHKHU JI03KaTCS Ha IJIacThI
10 BHICOTE 6€3 IOATOHKM.

Crmon yctuu MOXKET JieXaThb B APYrO¥ CHUCTEME KOOPOUHAT, YEeM OIpeNeieHue, HalpuMep IIpu
BBITPY3KE K3 KOPIOPaTHUBHOM 6a3bl B pabodel cucteMe mpemnpusatus. MHCTPYMEHT IEePEeBOAUT
YCThiA B CUCTEMY OIIpEenejIeHrusA CaM U I1edaTaeT 00 3TOM CTPOKY B XKYPHaJI BMe€CTe C KOOpOAWHATaMU
IepBOTO yCThs. ECIM KOpUAOP OKazaJjicd MyCT, XKypHaJl coolIllaeT ynajgeHue OIMKauiIlero yCThsa OT
JIMHUU, U 10 3TOMY YHCIIy Cpa3y BUOHO, V30K JIX KOPUOOP MJIHU CIIOU XKUBYT B PAa3HBLIX MECTaX.

Packpacka u nere’Haga

Crno#t MHTEePBAJIOB Cpa3y BHIXOOUT pPacKpalleHHBIM: KaTerOpus Ha KaKALIN KO B IIOPSAOKE IIEPBOTO
MIOSIBIIEHUS CBEPXY BHU3, IIBET HETEPMUHUPOBAH OT CAMOT0 KOa ¥ He MEHSIEeTCS MeXIy IIPOTOHaMU
¥ MalInHaMu. JlereHIa «KO[ - IIBeT» IIOSBJISIETCS B JepeBe CI0€B caMa. [locnmenHell cTouT cepas
KaTeropus mpo4yee, B Heé MolafaeT BCE, YTO He COMOCTABUIOCH C U3BECTHBEIMU KOOAMU, IIO3TOMY
HUYero He ucudez3aeT Mojida. KojloHKM 00BefeHbl TOHKUM YEPHHIM KOHTYPOM M YUTAIOTCS MOBEPX
noyioc paspesa. [Tonoce ninactoB B Pa3pe3 mo JIMHUM KPAcCATCA TEM XKe MeXaHW3MOM 110 UMeHU
KPOBJIM, IIO3TOMY IIJIaCT, Ha3BaHHHIM TeM JKe KOIOM, YTO B TaOiuIle WHTEPBAJIOB, COBHAOAeT II0
LIBETY C KOJIOHKaMu caM co00ti. CTBOIBI PUCYIOTCSI TOHKOM CEPOM JIMHUEHN OT YCThS A0 3a00s1, yCThs
TOYKaMHU C KOPOTKOM moxnuchio. IToanuck 6epéTcsa us nojisi number cjost yctuil (CHHOHMMEI hame
u label), a 6e3 Hero u3 hole id, cocTaBHOM UAeHTU(DUKATOP HIPU ITOM OCTAETCS B aTpubyTax AJis
CTHIKOBKH.

OOpe3Ka o 4epTekKy H paMKe

ITo yMonm4aHHWI0 KOIOHKK 00pe3aloTcs paMKOH depTezka - HHTepPBAJIOM OTMETOK zmin M zmax Hus3
ompepnerneHusi. UHTepBan Ha KpPOMKe IIOApe3aeTcss A0 KPOMKHM, MHTEePBaj ILEIHKOM 3a PaMKOMH
ITPOITYCKAETCs, CTBOJI M IOAIKUCH 3aKMMaIOTCS PAMKOM, CKBaXKMHa IIE€JIMKOM 3a PaMKOU BBITIaaeT
13 YepTexka. ['ajouka BHKIII0YaeT 00Pe3Ky COBCEM.

PaMka ogHa Ha BeChb YePTEXK, a KPOBJIA BepXHEM TOJIIIM B KaXKA0W TOYKe CBOS, IIO3TOMY [JI cpe3a
IO IIJIacTaM IofaiTe HeoOsi3aTeNbHLIN BXom YepTézkK pa3pesa - IOJUTOHH Monoc u3 Pa3pes3 mo
auHuA. KOITOHKY PeKyTCs 10 BepxXHel U HuXKHel orubarolled MoI0C B CBOeH MO3UILINY, CKBAXKMUHBI
He BHIJIE3AIOT 3a YEepPTEXK, KaK B TOPHEIX ITaKeTaX. 3a KpaeM II0JIOC 3TOT BXOA He HEUCTBYET, TaM
npopmosikaeT paboTaTh paMKa.

HOHYCK B OOITIOJTHUTEJIBHBIX ITapaMeTpPaX PaCIIuPAET PAaMKY U IIOJIOCEI HAPYXKY, B eJUHUIIaX OTMETKH.
O6peaaeTCH TOJIBKO reOMEeTpPHus, B anI/I6y'TaX ztop u zbot ocTaroTcs HacCTOosAIlNe OTMETKH MHTEPBaAJla.
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IIBeT KOJIOHOK: CIIPABOYHHK II'IaCTOB

I[lo ymMomyaHWIO IIBET HHTEpBalla CUMTAETCS OT ero Kofa M He MEeHSeTCS MeXOy MHIPOTOHAMH.
Heobsi3aTenbHbI Bxon CHpaBOYHHK IUIACTOB (Ta0iaMIla) 3aMeHsieT 3T I[BeTa Ha IIBeTa
CIIpaBOYHHWKA: HaWOEHHBIE KOMOB KpPACSITCA W3 HEro, MIOPSAAOK KaTeropuil B JIETEHOEe HIOET
10 3aJeTaHUWI0 CBEpPXy BHU3, KOObI BHE CIPABOYHMKA COXPAHSAIOT TPEXHU# IBeT. B XypHaie
MTOSIBJISTIOTCST CBOJIKA YTEHMS U CTPOKA O TOM, CKOJIPKO KOIOB HAIIIIOCh.

CnpaBouHuK ¥ 4.01 1 4.02 MoxkeT OLITh OOWH U TOT K€, ¥ 3TO €ro CUJIbHAsI CTOpoHa. [Tosock yepTexka
HeCyT KOJI IIJIacTa, & MHTePBaJbl CKBaXXWH 9acTo HecyT nopony. Eciu B Tabinile MHTEPBAIOB €CTh
Iojle C MHOEKCOM IIlacTa, YKaXKHuTe ero Kak II0oJie Kofa W IIoJalTe TOT JKe CIPaBOYHMK, UTO B
4.01 - Torma KOJIOHKU COJIBIOTCS C IIOJIOCAMM IIO IIBETY, M Ha YepTeKe OCTaHEeTCS BUIOHO TOJIBKO
pacxoXaeHVe CKBaxKUHBI C IOCTPOEHHOU IIOBEPXHOCTHIO. ECiiM ke MHTepBaIbl HECYT JIMTOJIOTHUIO,
CIIPABOYHUK IIJIACTOB €1 He IOMOXKET, TaM HyKHa CBOS JIeTeHa.

ITapaMeTpsbI
[TapameTp YTo 3amaéTr ITo ymomgaHuio
OnpeneneHue pa3pes3a JIuHuM, vex M packiagka oT -
Pa3pe3 o TUHUH.
YcTbst ckBaxkuH (collar) To4yeuHBIN CIOU YCTUU. -
HNuTepBansl ckBaxkuH (interval) TaOimuila HHTEPBAJIOB. -
Kopupmop oT nuHUU Bydep, enuauIs: KapTh. 0 - 0
BCe CKBaXKHWHBI Ha BCE pPa3pesHl.
O6pe3aTh UHTEPBAJILI 10 Pamka zmin u zmax u3 BKJIIOYEHO
pamMKe yepTexka onpeneneHns.
YepTExK pa3pesa (Oms [Tonurons! nonoc u3 4.01, cpes mycrTo
00pe3K) IO Oru0aloIIUM.
ITomnsa collar u interval (Jor1.) IlepeomnpeneneHue HaxoOsaTCsI caMu
aBTOIIOMCKA II0JIeH.
[Tone nmopmnucu ycThs ([o.) OTKyna KOpOoTKas MOAMNUCH number
YCThS.
Iomyck o6pe3kwu ([or.) Pacmiupenune paMKu u II0JIOC, 0
€OUHUIIEI OTMETKH.
CripaBOYHUK TIJIAaCTOB LiBeT 1 MOPSINOK KOOOB U3 IIyCTO
(Tabnuia) OAHHBIX.
HNHuTepBanbl CKBaXKMUH (4epTEXK) BepTUKalbHBIE OTPE3KU C co3maéTcs
packKkpacKoM 1o Komy.
CTBOMBI CKBaXHUH (UepPTEXK) JlmHUM OT yCThs OO 3ab0s. co3maéTcsa
YcThs Ha uepTexe Touku c mognuckio U3 number. co3maéTcs
WuTepBansl ckBaxuH (3D) LineStringZ B peanbHBIX 10 3ampocy

KOOpOWHaTax, TyOuHa B Z.

BriGpaHHBIE CIIOM ¥ KOPUOOP 3allOMUHAIOTCS, CJIEAYIOIINN 3alyCK B TOM K€ ITPOEKTE OTKPHIBAETCS
C yKe IIOICTaBJI€HHLIMY BXOJaMMU.

Packpacka 1o cogepzKaHHIO

YerBéprasa Tabnuila, XUMHsI, HeoOs3aTenbHa. C Hell KOIOHKa KPaCUTCs He MO KOOy IIacTa, a I1o
comepKaHUIO: BEIOEpUTE I10JIe, W TOJIOCH TOJIy4aT HENPEepPHIBHYIO HIIKaly OT OJiemHO# K T'yCTOH.
Pa3Max 3HauYeHHH, MearuaHa | YHCJI0 IIPo0 Co 3HaUeHHEeM YXOOsT B XKypHaJl: 6e3 9TUX YHCeN T'yCTOH
IIBET HEeUYeM HCTOJIKOBATD.

ITpu 3agaHHOM XUMHUHU KOJTOHKA PEeXeTCs MPodaMH, a He IJIacTaMu. JTO Opyrasi Hapes3Ka, ¥ B OQHOM
CJI0e OHM He COBMEIA0TCs: TPo0y 6epyT Mo KepHYy, TPAHUIIH IIJIACTOB MPOBOSAT 0 OTMIMCAHUIO, U
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OIHa IT0JI0Ca He MOXKEeT OBITh OMHOBPEMEHHO U TeM, U OPYTUM. MHTEepBaJIbl TUTOJIOTHH B 9TOM CJIydae
Ha YepTEXK He UAYT, U HHCTPYMEHT TOBOPUT 00 3TOM B XKypHaJe.

IIpob6a 6e3 3HAYEHUST OCTAETCsI CEPOM ITOIOCOM, a He IpoIlafaeT C YepTexa. ITO He KOCMEeTHKa:
ITPOTaBIIIas I0JI0OCa YUTAETCS KaK OTCYTCTBUE KEPHA, Yero B MaHHBIX HET.

T'oTOBEIN 1IBET KazKOOH MOJIOCH! ITUIIETCS B anI/I6YT ccolor, Kak U IIPpH paCKpacKe II10 KOOy, II09TOMY
medaTHasd KOMIIOHOBKA U Yy2KHe€ CTHUJIU BUOAT TO K€, 4YTO XU 3KPaH.

4.03 CocTaB 1j1acTta Ha pa3pe3e

HucTtpymeHrT CocTaB ITacTa Ha pa3pe3e KPacUT II0JI0CYy OOHOTO IIacTa II0o TPUAY COoCTaBa BOOJIb
nuHuu. OH 6epEeT KPOBIIIO, ITIOOIIBY U I'PU COCTaBa, CBOM KPUTHUHT He fefiaeT, U paboTaeT 110 OMHOMY
naacTy 3a pa3. OH cTtout B rpynmne Pa3pes.

Tak TOKa3hBAalOT CMEHY JIMTOJIOTMYECKOTO COCTaBa BHYTPHW IIPOMEIIIJIEHHOTO IIJIacTa BAOIH
paspe3a. I'pun cocTaBa TOTOBSIT OTHOEJIBHO: COEPIKaHWe OOBIYHBIM KPUTHHTOM, MUHEPATbHBIM THII -
WHOUKATOPHHIM (MHCTPYMeHT KaTeropmajaibHbIH HHINKATOPHBIH KPUTHHT).

IBa pexxuMa

HempepriBHoe comepxkanue (KCl, HepacTBOPHUMEIM OCTATOK): IIOJIOCA pPEXeTCsd Ha TOHKHe
BepPTHUKAJILHEIE CPEe3Bl, KaXOLH CO cpegHMM 3HaueHueM. CTHUIbL CJI0S CTaBbTe T'PAgUEeHTHHIR
(rmo momro value), Torma BOOME ITOJIOCH BUIEH IIJIABHBIN IIepeXol CofepKaHus.

KaTteropuanbHEIU MUHEPAIbHBIN TUI UM (pauum (CUIBBUHUT, 3aMeIlleHNe, TajiuT): CMeXKHEIE CPEe3bl
OOHOTO KJjlacca CIMBaloTCs B danmanbHble 30HE. CTHUIIL CTaBbTe IIO0 KaTeropusM (1o mnoimio class).
30HBI 3aMeleHNs BUAHL KaK CMeHa IBeTa BIOJIb JIUHUN.

ITapaMeTpsbI

[TapameTp

YTto 3amaeT

ITo ymonm4aHuio

JIurus pa3pesa

Kposnsa miacrta
[TopomBa mmacTa
I'pupg cocraBa

Ta xe nuHUus, 4TO U OJIs
paspesa.

PacTtp kpoBmnu.

PacTtp momoIiBeI.

Pactp comepxanus unm
KJjiacca.

CocTaB HempepriBHOE BtH HeIIpephLIBHOE
KaTeropuasbHOe.

[ITar BEIOOPKH BOOJIb JIMHUH Yepes CKOIBKO eTUHUI] OpaTh 0
oTc4€rT. 0 - o g4elkKe.

BepTukanbHbIN MaciiTabd Pexuwm: oTtHOIIEeHUE I':B unu I':B
MHOXKUTEbD.

3HaueHue Macirraba OtHomenue I':B unu 10
MHOXKUTEbD.

Bribopka pactpa (Hoi.) BunuuerHo unu OIUXKAUIIUHA OMIIMHENHO
(mms Kmacca Bcerma
ONIUKAUIINH).

CocTaB miacra (4epTéx) BrIxogHBIE TIOJIUTOHEL B OCAX co3maéTcst
paccTosiHKMe X BRICOTA.

Cocras miacra (3D) [Tonurous! PolygonZ B 10 3a1pocy

peabHBIX KOOPAUHATAaX.

3aHYCKaﬁTe WHCTPYMEHT IIO KaXKOOMY IIPDOMBIIMIJIEHHOMY IIJIaCTy OTHEJIbHO, CO CBOHMM I'DHUIOOM
COCTaBa. HOJ'IOCy COCTaBa KJIaguTe IIOBEPX YepTezKa pa3pe3a. II1s TOYHOTO HAJIOXKEHUS BO3bBMUTE
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MHOXKHUTEJIb, HalledaTaHHbIN HWHCTPYMEHTOM Pa3pe3 IO JIMHUM, U 3aJaliTe ero 3JecCh B pexnuMme
MHO2KHTeJIb (OTHOH.IeHI/Ie I':B cuuTaeTcs mo OOHOMY IIJIaCTy U OJIsd HAJIO2KEHU He TOI[I/ITCH).

OmnpenesieHre pa3pe3a H 00IIHe IMapaMeTpPhI

l'eoMeTpHUYECKM pa3pes3 3a4al0T OBE BEIIY - TUHUS B peaslbHOM CUCTeMe KOOPAMHAT U BEePTUKAJIbHEIHN
MacmTab vex. MHcTpymMeHT Pa3pe3 mo JIHHHH BHOAET WX BMeCcTe KakK cnoi OmpeaereHHe
pa3pe3a: 10 TUHUU Ha KaXObIU pa3pes, C IoIIMHU sec, sec id, vex, step, zmin, zmax, ox u oy. 3To
OOIIMY MCTOYHUK IIPaBHI.

WHCTPYMEHTH IepecedYeHus, MPOeKIH, oOpaTHOM IIPOEKIUM YMTAIOT JIMHWI0O M VeX M3 3TOr0
ompe[eNieHus, IIO3TOMY MX Pe3yJIbTaThl JIOXKATCS Ha pa3pe3 0e3 PydHOH IIOArOHKM MacIiuTada.
[TocTpoiiTe pa3pe3 OOWH pa3, OIpedelieHHe IIEePEHOCHTCS BMECTe C IIPOEKTOM H IOmaéTCs B
OCTaJIbHbI€ NMHCTPYMEHTHI I'DYIIIIHI.

Korma pa3pe30B HECKOJIBKO, OIlpeneeHrne HeceT ux Bce. UHCcTpyMmeHTH IlepeceyeHne MOBEePXHOCTEH
c pa3pe3oMm (4.04), IlepecedyeHue BeKTOpPOB c pa3pe3oM (4.05) u Ilepeceuenue TIN c
pa3pe3omM (4.06) o6pabaTeiBalOT BeCh HAOOP 3a OOMH IIPOTOH: KaXObIH pe3yiabTaT J0XKUTCS Ha
CBOU YepTEXK 110 CMEIeHNIO U3 II0JIeH OX M Oy U IOoJiydaeT Iojs sec u sec_id. HykeH onuH pa3pe3

- TIoCTaBbTe (UIBTP Ha CJIOM OIpPENENeHHs WM BHIOENINTE HYXKHYIO JIMHUIO, IOPSAOOK O0OBEKTOB
coxpansieTcsi. ECu B olpefieIeHUH OKaXKyTCs pa3pe3kl C pa3HbIM Vex (Takoe ObIBAeT, eCJIN CKIIEUTh
omnpenesieHUsI OT Pa3HBIX 3aIllyCKOB), MHCTPYMEHT NPEOYIPEONUT, YTO YEePTEXKU HECOIIOCTABUMEI, U
IIOCOBETYET Ilepeco0paTh UX OOHUM ITPOTOHOM.

HNuctpymeHTH CocTaB miacTa Ha pa3pe3e (4.03), 4.07 u 4.08 moka paboTaloT 110 OOHOMY pa3pe3y
u OepyT m3 ompepneneHus: mepBhii. CKBaxKHUHBI Ha pa3pe3e (4.02) obpabaTeiBaloT BeChb HabOp
nakeTHO. [Ipy HECKONMbKUX pa3pe3ax IIogaBalTe UM onpeneseHue, OTPMIbTPOBAaHHOE Ha HYXKHHBIU
CTBOD.

Crnou OoIipenesieHus, CoeJIaHHbIe ITIPEe2KHUMUA BEPCUSAMHU IIJIalMHA, YUTAIOTCA II0-CTAPOMY. IToneu sec
" OX B HUX HET, TIO3TOMY MMs BEIXOOUT IIYCTEIM, CMEIlleHKe HYJIEBBIM, U PE3YJIbTAT JIO2KUTCSA POBHO
TakK 2Ke, KaK PaHBbIIIe.

HUuctpymeHT CocTaB mjacTra Ha pa3pe3e IIpUHUMaeT OlpeleseHNe pa3pe3a Heo0s3aTeIbHbIM
BXOAOM: €CJIM OHO 3a[jlaH0, BEPTUKAJILHBEIM MacinTab 6epeéTcs U3 HEero, W IoJjioca COCTaBa TOYHO
JIOKUTCS Ha IUIACTH IO BeIcoOTe. CKBAazKHWHBI Ha pa3pe3e paboTaioT TOJIBKO OT OIpedesieHwus,
OTHEeNbHOT 0 BHIOOpPa MacIinTaba y HUX HeT.

Pa3pe3 TaKXKe o6pe3aeT BEIKJIMHUBAHUSA: I'I€ KPOBJIA OIIYCKa€TCs OO IMOOOIIBEI, ITJIaCT IIPOIIagaeT,
II0JI0Ca He CTPOUTCH. Tak B memo BTOpOfI HpOMbIHIHeHHbeI IIJIaCT BBIKJIMHUBAETCA K BOCTOKY.

151 moMaHOM MUHUYN «Pa3pes3 mo TUHUKW» 110 3alIPOCY BHIOAET TPHU CITy2KeOHBIX CII0SI B OCSAX YepTezkKa.
YriioBEle TOYKH CTaBSITCS Ha KaXkXA0OM y3Jie JIOMaHOM, CBepXy U CHHU3Y pa3pe3a. Y TOUKHU II0JIs: HOMED,
uMmsa (YT'-1, ¥T'-2 ...), cTopoHa (BepxX UM HU3), pacCTOSHUE BOOJb JIUHNY, IJIaHOBHE X U Y, a3UMYT
OTpe3Ka M roToBas moamnuchk. CBepxy IMOOMUCHIBAETCS WMS, CHU3Y - NJIAHOBHIE KOOpPAWHATH X U
Y, oKpyriieHue g0 COTHIX. A3UMYT U PACCTOSTHHE OCTAIOTCS MOJIIMU CJIOS - UX YOOOHO BLIHECTH B
Tabnuiy MakeTta. [IpunaraeTcs CTU/Ib: BBEPXY TPEYTONbHUK BEPIINHOM BBEPX, BHU3Y IIOJIKA.

OmnIMoHambHO BHIHAETCS TaOJIHIIA YTJIOB - CJIOM-IOJIMTOHBLI HOM Pa3pe3oM. AYeidKu JjiexkaT MeXKay
YI'JIOBEIMU BE€PTHUKAJIAMHU, T'PDAHHUIBI IIPDOXOOAT IIOO HUMMHM, OBE CTPOKHU: OJIMHA U a3UMYT OTPE3Ka
MeXK[y COCEeIHHUMHU yIlaMU, IIOOIIUCH 10 IeHTPY, 3anuBka Oenasd. OHa pucyeTcs IPsIMO Ha XOJICTe
U ye3xKaeT B MaKeT BMeCTe C pa3pe3OM. YTJIOBBIE BEPTUKANU - IUHUU Ha y37axX JIOMaHOU Ha BCHO
BBICOTY pa3pe3a. ['opru30HTaIbHEIE OCH - TUHUYU PABHOU BEICOTHL C OTMETKaMU (10 YMOTYaHUIO IIITh,
C XOpOIINM OKDYTJIEHMEM) OIS WOIKanbl BEICOT. IIoNsdg 4YepTeka pacIIMpeHBl Ha NATh IIPOIEHTOB
BBEPX XU BHU3, YI'TIOBBIE€ TOYKH CUOSAT Ha 3TUX KpasaX.

4.04 TlepeceuyeHue NMOBEPXHOCTEH C pa3pe30oM

HuctpymeHT IlepeceueHne MOBEPXHOCTEH C pa3pe30M HAaHOCUT ITOBEPXHOCTH-TPUIL Ha paspe3
JIMHUSIMU B OCSIX PACCTOSTHUE-BBICOTa. KaKObli Ipup BEIOMPAETCS BOOJIb IMHUY OIIPEIETIEHUSI, U €T0
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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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Cé4dYeHHue JIOZKUTCA Ha I-IepTé}K pAOOM C IIJIaCTaMH. JIuaua u vex 6GPYTC5{ U3 OIIpenesyieHnda pa3pela,
IIO3TOMY COBIIa€HHE C Pa3Pe30M aBTOMaTHUYECKOe.

Tak Ha pa3pe3 HAHOCSAT BONOHOCHHIE TOPU3OHTH, MAPKUPYVIOIINE TOBEPXHOCTH, KPOBIIIO COJH,
TTOBEPXHOCTU aHOoMasnui. Ha BXof - ompeneneHnre pa3pe3a M CIKUCOK TPUIOB, Ha BHIXOOE JIMHUU B
ocsix pa3pe3a (u mpu xKeynaHuu 3D-TUHUY B peaibHBIX KOOPAUHATAX).

ITpoeknusi 06BEKTOB ¥ OoOpaTHaAsT NPOEKIWS IIPOBEPEHEl Ha peasibHEIX HAHHBIX UM MeTKy (Ddera)
GobIre He HeCcyT. Pa3BEpTKa CTEHKU CTBOJIA OCTAETCS IOMEYEHHOM: OHa pabodasi, HO e€ mHTepdec
1 Habop IPUMEPOB €I YTOUHSIOTCH.

ITapaMeTpsI
[TapameTp Yrto 3amaér ITo ymomyauuto / COBET
OmnpepeneHue pa3pesa Crnou onpenenenus ot 4.01: -
JIMHUS C IOJISIMHU Vvex U step.
3amaéT nuHuo, MacmTab u
BBICOTY PaMKH.
[ToBEPXHOCTU-TPULHI CIucoK pacTpoOB, YbW CEUEHUS -
HAHOCSITCS Ha pa3pe3
JTUHUSIMMU.
[ITar BLIOOPKY BOOJIb TUHUU Yepes CKONMBKO €IUHUIl KapTel 0
(Oorm.) O6paTh oTcu€T. 0 - 0 pa3Mepy
STYEUKHU.
Bri6opka pactpa (Hoir.) BunuHerHo uin OJIUKAUIINHA. OUIIUHENHO
JIuaMYM ITOBEPXHOCTEHN Ha BrIixogHBIE TUHUU B OCSIX co3maéTcs
pa3pe3e (UepTex) paccTosiHKMe X BBICOTA.
JIunuu nmoBepxHocTel (3D) BrixogHble 3D-TUHUU B 10 3ampocy

PeallbHBIX KOOPpOWHAaTaX.

4.05 IlepecedyeHHe BEKTOPOB C pa3pe30M

Ecnu IIOBEPXHOCTH 4.04 HaHOCATCS rpugaMy, TO 3TOT MHCTPYMEHT HAaHOCHUT Ha Pa3pe3 BEKTOPHbIE
O0OBEKTHI IT0 TOYHOMY ITepeCedeHHnuIo C IUHuEHU pa3pesa. Tun pe3yiabTaTa 3aBUCUT OT 00BeKTa.

JluHusT 0€3 OTMETKHM BBICOTHI (IIJIOCKas B IIJIaHE - PA3JIOM, TPaHUIIA, KOHTYP) HAa€T BePTHKAJIb
Ha BCIO BBICOTY B CTaHIUU IlepecedeHusi. I3BeCTHO, I'je pa3pe3 eé liepeceKaeT 10 TOPU30HTAIH,
HO He Ha KaKo# riy0HHe, M03TOMYy MeTKa HOET Yepe3 BCI0 paMKy. JIuHus ¢ ormeTkou Z (3D-
00BEKT, HAKJIOHHEIM, KOHTYP IIOBEPXHOCTHU) JAa€T TOYKY Ha pealbHOM BLICOTE B MECTE IIepeCcedeHu s
- HallpuMep, KOHTYP KPOBJIU C OTMETKOM JIOKUTCSA TOYKOU POBHO Ha mjacT. [TonuroH (30Ha B IjlaHe
- 3aMelleHne, MIaXTHOE [I0JIe, TUIeH3N) JaéT BePTHKAJIBLHYIO IIOJIOCY Ha UHTepBae, Ime paspes
HUOET CKBO3b 30HY.

JIunuwus, vex 1 BLICOTaA paMKM OepyTcs U3 OIIpeIesieHus pa3pesa - ero nuilet Pa3pe3 mo JIUHUH, U
B HEM Telleph XPaHUTCS BEPTUKANbHEIM pa3Max. [1oaToMy nnss oObeKTOB 06e3 Z momaBaTh HUYETO
He HYXHO. [IJIsI CTaphIX ompedesieHu# 0e3 BBICOTHI OCTAETCS 3allaCHOM IyTh: YepTeézk pa3pe3a
HeoOs3aTeNbHBIM BXOMIOM HJIM AUAlla30H Z B OOHOJIHUTEJIPHBEIX. Korma y oO6beKTa ecTb Z, BHICOTA
He HYXKHa - TOYKa CTABUTCS 110 OTMeTKe. I[IyCcThle BHIXOOHI HE CO3MAIOTCS: Pa3jioM HaéT TOIBKO
BEpPTUKAJIM, MapKep - TOIbKO TOYKHU, 30HA - TOIBKO ITOJIOCHI.

B ornuune ot IIpoekunuu 00bHEKTOB Ha pa3pe3 (MpubIU3UTENbHOM, II0 KOPUAOPY) 3TO TOYHOE
rnepecedeHre - MeTKa IIOSIBIISIETCS TOJBKO TaM, I'le TeOMETPHS pPeanbHO pexkeT JIMHHUIO pa3pe3a.
Ha BXOpm MOXHO IIofiaTh Cpa3y HECKOJIBKO CJI0EB (JIMHWUKM U TIOJIUTOHBI BIIEPEMEIIKY) - BCE
oO6paboTaioTcs 3a OOWH IIPOTOH, KaK CIIMCOK IoBepxHOCTed B 4.04, a B BHIXOJAX I10JIe SIC XPAHUT
CIIOM-MCTOYHUK KaxKOou MeTKU. [leMo-reHepaTop BBEIIAET pal3yioM, MapKep C Z ¥ 30HYy 3aMeIlleHus,
repeceKalolie JeMo-pa3pes, - Ha HUX HHCTPYMEHT NpobyeTcst cpasy.
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ITapaMeTpsbI

[TapameTp

YTto 3amaeT

ITo ymonmgaHuio / COBET

OnpemeneHue pa3pes3a

Crou fOjisa riepecedyeHus

YepTEXK pa3pesa

[TepeHOCHTH aTPUOYTHL
00BEKTOB Ha pa3pe3

COXpaHHTB M UCXOOHOT O
CJI04

COXpaHHTB CTHJIb UCXOOHOTI' O
CJI04d

Jluuusa penveda Ha YepTexe

JIuaus HU3a Ha YepTexe

[Tone HUXKHEN OTMETKU I10JI0C
U BepTUKaneu

Huxuss oTMeTKa 910 rmyOmHa
ot Bepxa (Hor.)

Hu3z guanasona Z ([om.)

Bepx nmuamnasoHa Z ([To.)

BepTukanu Ha pa3pese

Touku nepecedyeHus

[Tomockl 30H Ha pa3pese

Cnoit onnpenenenus ot 4.01:
JIUHUS, VeX U BEICOTA PAMKH.
Onst 00beKTOB 0e3 Z 3TOT0
OOCTATOYHO.

JIMHUY U TTOJIUT OHEI
BIIEPEMEIIIKY, 32 OJMH ITPOTOH.
B BrIXO#ax moje Src XpaHuT
CJIOM-UCTOYHUK.

3anacHO MCTOYHUK BEICOTHI
PaMKH OJIsi CTaphIX
ompepeneHud 6e3 zmin/zmax.
ITossa HCXOOHBIX 00OHEKTOB
YXOISIT B BBIXOIBI, YTOORI
KPacCuTh U IOAIUCHBATL METKH
IO CBOMM HAaHHEIM.

Brixonm Ha3wIBaeTCS 110
HCXOOHOMY CJIOI0, KOT[ia OH
OJIMH.

Odopmnenue Gepércs y
HMCXOOHOTO CJIOSI, a He U3
HITaTHOTO CTUJISI MOOYJIA.
Coil TUHUU TOBEPXHOCTEN OT
4.01. Bepx 30H U pa3ioMOB
JIOKUTCS IO penbedy, a He 1o
paMke.

ToT ke ciou UIN ero 4acTh.
Hwu3 30H 1 pa3/710MOB JTOKUTCH
10 TIOIOIIIBE, a He II0 PaMKe.
Hu3 Kaxkmoro o0beKTa U3 ero
cobCcTBEeHHOTO aTpudyTa.
[TepekmnoyaeT 4YTeHUE MO C
abCOIIOTHOM OTMETKH Ha
rIIyoOuHY.

HuxHsg oTMeTKa paMKH, eCliu
HET HU OIIpedeNIeHus C
BEICOTOM, HU yepTezKa.
BepxHsiss oTMEeTKa paMKH B TOM
XKe ciy4dae.

Brixoqn miia nmuHui 6e3 Z
(pa3nomMm, rpaHuIla): BEPTHUKAIb
Ha BCIO BEICOTY.

Beixop o nuHUYM C Z (KOHTYP
C OTMETKOM): TOYKa Ha
peasibHOU BBHICOTE.

BrIxom Oyt mOIUTOHOB (30HA B
IJIaHe): BepTUKalbHas moJjioca
Ha WHTepBale.

II0 2K€JIaHHUIO

BKJIIOUEHO

BEIKJIIOYEHO

BEIKJIIOYEHO

I10 2KeJIaHUIO

I10 2KeJIaHHIO

I10 2KEeJIaHUIO

BEIKJIFOYEHO

0

co3TaéTcs

co3maéTcsa

co3TaeTcs

ITycTrle BEIXOOEL HE CO30AI0TCS
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HWMs1 1 CTH/Ib HCXOTHOI'O CJIOS

IIBe rajmodyku Ojs ClIy4asd, KOrga Ha BXOO IIOOaH OOHWH crnoui. O6e mo YMOJI9YaHUIO BBIKJIIOYEHHI,
IIO3TOMY IIPEXKHUE IITPOTrOHBI BOCIIPOU3BOOATCA 06e3 N3MeHEeHHH.

CoxpaHsATH UMSI HCXOOHOTIO CJI0si. BEIXOm Ha3bIBaeTCS 10 UCTOYHUKY: CJIOM T€OJIOTUU HaeT
«T'eonoruss Ha pa3pe3e» BMECTO YHUBepcalbHOTO «IIomockl 30H Ha pa3pe3e». Eciu omuH Crou
pomun cpa3ly HECKONIbKO BHIOB O0BEKTOB, K MMEHU H00aBIsIeTCs BUM, MHA4Ye TPU CJIOS B IepeBe
Ha3BIBANIUCh OBl OOUHAKORBO.

CoxpaHsITh CTH/Ib HCXOTHOIO Cj0si. OdhopmiieHre GepETCS y caMOro CJIosi, a He M3 IINTAaTHOI'O
cTuIs Moxnyns. Bmecte ¢ mepeHocoM aTpubyToOB 3TO CHIMAaeT I'TTaBHYIO PYy4HYIO paboTy Ha pa3pese:
KaTeropurHas packpacka Ie0JIOTHU IIO IIOJII0 JIOXKUTCH Ha MOJIOCH KaK €CTh, IIOBTOPATH IaIUuTPy
BPY4YHYIO He HyKHO. CTUIb IIEPEHOCUTCS, KOT'da TUII T€OMETPUU COBIIafaeT: IIOJIUTOHEL B IIOJIOCHL,
nuHuYu 6e3 OTMETKM B BepTUKanu. JIMHUS C OTMETKOM Z maéT TOYKYy, TUHEWHBIM CTHUJIb Ha HEeE He
BCTaHET, U TaM OCTa€ETCS IITaTHEHIN.

CI10éB 11oJ1aHO HECKOJIBKO - 00€ TaJIoOYKH MOJTYaT, IIOTOMY YTO BEIXOOHI CBOAST BCE UCTOYHUKY B OOUH
CJIOH, U B XXyPHAaJI yXOOUT CTPOKA II0UYEMY.

O0pe3ka no penbedy U ITUHUU HU3A

30HBI W PA3JIOMBI II0 YMOJTYAHWIO PHUCYIOTCS HaA BCI0 BBICOTY PAMKHW: W3BECTHO, TI'Te OOBEKT
rmepecekaeT JIMHUIO, U HEW3BECTHO, Ha KakKoW OH rinybmHe. Tpu HeoOs3aTeNbHBIX IapaMeTrpa
CHMMAIOT 3TO OTPAHUYEHUE 10 KPasiM.

JInausi penbeda Ha uyeprezke obOpe3aer 0OBEKTH CBepXy. IlomaBaiiTe CJioM JUHUHE penbeda,
KOoTOpuiY BeIZA€T 4.01 Pa3pe3 mo auHMH. Bepx 30H ¥ pal3jioMOB JIAKET 0 penbedy, a KpoMKa
IIOJIOCHL IIOBTOPUT €0 IIEPEJIOMEL, & HE OCTAHETCS IIPSIMOIM.

OOpe3ka ugeT UMEHHO 110 IUHUM C YepTexka, a He 1o pactpy LIMP, u aTo oco3HaHHO. Pa3pe3 mor
CTPOUTHLCS MO OAPYrO¥M MOBEPXHOCTH, WM TOT{A PACTP C 4epTexkoM pazoumyTcs. Ob6pes3aTh HAMO IO
TOMY, YTO YeJIOBEK BHUOUT mHepern co0oi. Pa3pes3rl COIOCTABJISAIOTCS II0 MO0 sec_id, mosTtomy B
IMaKEeTHOM ITPOTOHE KaXKIbIH YePTEXK PeKeTCsS CBOUM Ipodumem.

JIuHUsT HU3a Ha 4deprTezke oOpe3aeT 00BLEKTHI CHU3Y U yCTpOeHa Tak Xke. [logaBaiiTe MOmOIIBY,
IIOYBY IIJIACTA MJIU T00YI0 HUKHIOIO IIOBEPXHOCTH C TOT'O XK€ YepTexkKa. JINHUYM HEeT, HU3 0CTAETCs 10
paMKe.

Ecnmu B cl1oe HECKOJIPKO ITOBEPXHOCTEHN, oOpe3Ka UAET 10 orubarolleii: CBepXy 10 caMOM BBICOKOM,
CHHM3Y II0 CaMO# HU3KOH. [To3ToMy BEIXOn JIMHHMH IOBEPXHOCTEH Ha YepTexkKe IOOUTCS KaK eCTh,
IMogaBaTh ero MOXKHO cpa3y B 00a Bxoma. Korpga HyXHa ofHa KOHKpPEeTHas IIOBEPXHOCTh, MoaainTe
CII0, OT¢GUIBTPOBAHHEIM II0 IIOII0 NaIne.

KpoMKy cUMTaioTCs B OOHUX U TEX K€ CTAHIUAX, Y3/Ibl 00emMX TUHUU CBOMOSTCS B oOmmii Habop.
HWHave BepX W HU3, MOCUNUTAHHBIE KaXXOLIH 10 CBOMM CTAHIIMSAM, TIEPECEKITUCh OBl MeXOy y3JaMu
1 TI0JI0CA BHIIIA ObI BEIBEPHYTOM. HU3 He TOmHUMAaeTCS BEHIIIIE BepXa: TaM, e JTHHUSA HU3a IIPOoIia
Hap penbedoM, TTO0ca CXJIOMBIBAETCSA U OOBEKT HE BHIIAETCS BOBCE. UMCIIO CPE3aHHBIX IIETUKOM
rmevyaTaeTcs B XKypHas, 0OBIYHO 3TO 30HHI, JIezKallie BhHIIIe penbeda.

ITo/ie HMUKHEH OTMETKH 3aaéT HU3 II0JI0C ¥ BePTUKaJel IMOMITYYHO, U3 aTpubyTa caMoro 00heKTa.
[To ymMon4YaHWIO 3HAYEHHE UYUTAeTCS KakK abcCojoTHas oTMeTKa. PIaXKOK B HOMOIHUTEIbHEIX
ImapaMeTpax IIepeKioYyaeT ero Ha TJIyOMHY OT BepxXxa OOBEeKTa: 3TO yAoOHO, KOorfa B HAHHBHIX
3amurcaHa MOIIHOCTH 30HHI, a He e€ MmofaolBa. Huxke paMKu HU3 HE OMyCKAeTCs HU B KAKOM CJTydae.

ATpuOyTHI 00BEKTOB Ha pa3pe3e

®naxok IIepeHOCHTH aTPHOYTHI 00BEKTOB Ha pa3pe3 BKITIOYEH 10 yMOT9aHuio. CMBICH TPOCTOM:
IIOJIOCHI ¥ BEPTUKAJIM Ha YepTeke KPACSITCS U MOOIUCHIBAIOTCS II0 BalllMM Ke IT0JIIM, 6e3 py4YHOro
CBSI3BIBAHUS C UCXOOHEIM CJIOEM.
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CnoéB momaéTcst HECKOJIBKO, CXeMBI Y HUX pa3HbIe, IO3TOMY KOJIOHKH CBOMSITCS B OOUH OOIIHE Habop.
ITome, KOTOPOTO Y CJIOST HET, OCTAETCS IMyCcThIM. OMMHAKOBOE UMSI B PA3HBIX CJIOSIX CUUTAETCS OIHOM
KOJIOHKOM, TUII 6€PETCS OT IIEePBOTO CJIOS, THe OHO BCTPETHUIIOCE.

HmMmena, coBmaparomiue co ciayxeOHbiMu (sec, src, label, d, z, d1, d2), mepenMeHOBHEIBAIOTCS C
cybdukcoM. ITO He KocMeTHUKa: KoJIoHKa d HeCcET paccTosgHUe BIOJIb pa3pe3a, U aTpudyT o6beKTa
C TeM XKe UMeHeM MOoJI4a ITOOMeHUI Okl KOOPOUHATY, @ 3aMeTH/IN OBl 9TO y2Ke Ha YepTexke.

Yuciio coOpaHHBIX KOJIOHOK IIe4YaTaeTCs B KypHAJl.

Vroa 1 a3uMyT nameHusi. JIuaus 0e3 OTMEeTKHU II0 YMOJIYaHHI0 HAéT BepTHUKaAJlb: U3BECTHO TIe,
HEU3BECTHO 10 KaKuM yTJioM. Ecnm 3amaHbl yrojl ¥ a3suMyT IafeHUs - MOISIMHU II0 UMEHU UIHU
IMOCTOSTHHBIMHY Ha CJIOH, - BMECTO BEPTHUKAJIU PUCYETCS CJIEe[ ITafleHUs OT IIOBEPXHOCTU BHU3, a II0JIoCa
30HBI CTAHOBUTCS IIapaiieiorpaMMOM.

Ha uepTéxK BEIXOAUT HE UCTUHHBIN yTOJI, a BHOUMBIH:
tg(BuamMMbIn) = tg(MCTUHHBIR) - cos(a3uMyT MapgeHus — as3uMyT pa3pesa)

Pa3pe3 BKpecT MPOCTHUpPAHUS HAET UCTUHHBIM YIrOJI, Pa3pe3 0 MPOCTUPAHUIO - HOJIb, © OOBEKT
JIOXKUTCS TOPU30HTAIbHO. A3UMYT pa3pes3a OepéTcs 1o 3BeHYy, Ha KOTOPOM JIEXKUT IlepecedeHue,
[I09TOMY Ha JIOMaHOM IIpoduiie HaKJIOH B Pa3HBIX MeCTaxX Pa3HBIH.

A3I/IMYT oOsi3aTeyIeH U U3 reOMEeTpPHU HEe BEIBOOUTCA: OOWH U TOT K€ 00BEKT MOKET IIagaTh B JIIO6Y]EO
CTOPOHY. be3 Hero o6beKTH OCTalOTCS BEPTUKAJIBHBIMHU - MOJIYaJIKBO€ HOOIIYIIIE€HHNE <IIJIOCKOCTHb
IIEePIIeHOIUKYJIISIPHA pa3pe3y» U €CThk YacCTad ommbKa IIOCTPOEHUAA. CTOpOHy HaAKJIOHA 3aJaBaTh HE
HaJo, eé penraeT 3HakK KOCHUHYCa.

[InuHa crema 3afaéTcs IO TOPU30OHTAJM B MeTpaxX, HOJIb O3HAaYaeT OO0 paMKu. KopoTkuiét cnepm-
yKa3aTesb 00BIYHO 6epyT B ITONTOPAa-OBa caHTUMeTpa Ha nucTte: pu 1:2000 sTo 30-40 M.

B aTpubyTthl nuimrytcs Tpu uucna: dip (uctuuub), dip_az u app_dip (Bupumeit). Meputh yron
TPAHCIIOPTHUPOM II0 YEPTEXKY HENb3s - BEePTUKAIbHBIN MacIITab MCKakaeT HapuCOBAaHHBIM HAKJIOH,
KaK MCKaXKaeT M BCE OCTaJbHOE Ha pa3pese.

4.06 Ilepeceuyenue TIN c pa3pe3oMm

Pactposriit rpup (4.04) - 9T0 z = f(x, y), OAHO 3HAYEHHUE BHICOTH Ha TOYKY IJlaHa. OIPOKUHYTYIO
CKIaIKy OH IlepefaTh He MOXKeT B IPHUHIOUINE: HaJ ONHOW TOYKOU y HeE€ HECKOJIBKO OTMETOK
OOHOU IIOBEPXHOCTU. IJTOT MHCTPYMEeHT pexeT pa3pe3oM TIN - MOBEpPXHOCTh M3 HACTOSAIIUX
3D-TpeyronbHUKOB, KOTOPasi yMeeT HaBUCATh.

MexaHUKa YHCTO TeOMeTpUuecKasi. Pa3pe3 - BepTHKalbHas IITOpa BOOIb JIoOMaHOM. Kaxmblit
TpeyronbHuK TIN mepecekaeTcsi C BepPTHUKaJIbHOM IIJIOCKOCTHIO CBOETO CETMEHTa, HAaE€T OTPEe30K
(cTaHUMS BOONL JTWHWHU, PeajibHas BBICOTA), ¥ BCE OTPE3KH COOMPAIOTCS B TPACCy IIOBEPXHOCTH.
HaBucaHue BBIXOOUT caMO CO0OM: Hal OOHON CTAHIIMEeNW OKa3hIBAeTCS HECKONIbKO OTPE3KOB II0
BBLICOTE, ¥ TPacCa 3aBOPAYMBAETCS - KPBUIbS OMMPOKUHYTOM CKIIAOKH JI03KaTCS KakK €CThb.

Ha Bxop - ciou 3D-moauronoB (PolygonZ, rpanu TIN, mpu 3TOM He-TPEYTrOJIbHUKU Pa3buUBaiOTCs
BEepoM Ha TPEYrOJLHUKH) U IIPU JKeJaHWU MeIl-CJI0H. JIMHUS u vex 6epyTcsl U3 OIpenesieHust
pa3pesa, BLICOTa - C CaMUuX rpaHel, mosToMy A1t TIN 3ajaBaTh HU4Yero He Hy?KHO. KpoMe uepTExKHOMU
TPacChl MOXKHO IIOJIyYUTh €€ U B peanbHBIX 3D-KoopauHaTax.

Baxnoe orpannudenue: mem QGIS - 3To 2.5D, BbIcOTa B HEM CKajigp Ha BepIIWHE, Hall TOUYKOMU
CHOBa OOHO 3HadYeHNe, OIPOKWHYTOE B Mellle He coxpaHseTcsd. [Io3ToMy HaBucaHUe OAIOT TOJIBKO
Hacrtosmue 3D-rpanu ot reomoperiepa (Leapfrog, Micromine u momoGHBIe). Melll TPUHUMAETCS
oI OOIITHOCTHM, HAa OMHO3HAYHBIX ITOBEPXHOCTSX. [leMO-TeHepaTop BHIOAET OHPOKMHYTYyIO TIN-
CKJIa[Ky - Ha He’ 3aBOPOT TPacCCHl BUIOEH Cpa3ly.

ITapaMmeTpsI
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

OnpeneneHune pa3pes3a Cnou onpepenenus ot 4.01: -
JUHUS U vex. BricoTa 6epéTtcs
C caMUuX rpaHei.
I'panu TIN (PolygonZ) Cnou 3D-IIOJIUTOHOB - T'PaHu Heo0s3aTeIbHO
TIN oT reomopennepa.
HaBucaHue 1 OIIPOKUHYTOE
BOCIIPOU3BOISATCS.
Merr-cnoi (2.5D) Mermr QGIS gyt oOIIHOCTH. Heo0s3aTeIbHO
Hap Touko¥M OOHO 3HAYEHHUeE,
OIIPOKUHYTOE B Mellle He

COXpaHseTCs.
Tpacca TIN Ha pa3pese BrixogHas 2D-Tpacca B ocsax co3maéTcs
(uepTéx) paspe3a, MOXKeT
3aBOpPauYMBaThHCS.
Tpacca TIN (3D) BrixomHas Tpacca B peajlbHEIX  II0 3alpoCy
3D-kKoopOuHaTax.
3aMKHYThEIE CEYEeHUS Konwna ceuennsi, cobpaHHble 10 3ampocy
(TIOJTUTOHEI) U3 OTPE3KOB.
[lepeHecTHu OIS UCXOOHOTO HWmMeHna nonen yepes 3a0daTyio. -
o6bekTa (morr.) HUpyT B KOJIBIIA.
[onyCK CMBIKaQHUS KOJIeI] B enuannax yeprexka. KoHmn! 0.001
(mom.) COCEOHUX TPEYTOJIbHUKOB

COBIIaMAIOT IPUOIUKEHHO.

IMopatiTe X0Tst GBI OMUH U3 ABYX BXOHOB - rpanu TIN unu mer.

LHemo4yku u 3aMKHYThIE€ CeéYeHHus

Pe3ka maéT 1o OTpe3Ky Ha TPEYTroNbHUK, a y OOOJIOYKM MX [EeCATKHU ThICSY. Takue OTpPEe3KHU
CIMBAIOTCA B LETIOYKU, U Ha YEePTEXK UMAET ONHA MOJMUIMHUS Ha I[eNOYKY: CJI0eM U3 OTPEe3KOB HU
MMOAIINCAaTh, HU BHIOPATh, HU OPOPMUTS.

ITenmouku coOHMpalOTCsI MO MCTOYHHKY: Kaxkpaasi 000JI0UKa pPeXkKeTCsl CBOMMU TPeyroJbHUKaMU, U
MeIIIaTh UX B OOIIYI0 Ky49y HE/Ib3s - COCeQHUE TeJjla COLIIUCEH OBl B OMHY JIUHUIO.

3aMKHy'TbIe OEeIrno4YKHr HOOIIOJTHUTEJIbBHO BHIXOOAT IIOJIMTOHAMHU: Y 0060JIOYKH 3TO TENI0 B pa3pese, C
IIJIOIIadb0, KOTOPYIO MO2KHO CHUTATh U IIOOIINCEIBATE.

Komnelo nonyyaeTcs caMo, €CIIU IIeTI0YKa COMKHYIach. [JOMBIKaTh BCE ITOAPSAM HEJIb3s1, U BOT IOYEMY.
3aMKHYTHIM KOHTYD I'apaHTUPOBAH TOJIBKO V 3aMKHYTOM 000m0uku. CeueHue MOBepxHOCTH - TIN
penveda, KpOBJH IyIacTa, 10060 OTKPHITOM I'PAaHU - PA30OMKHYTO I10 IIOCTPOEHUIO, €T0 KOHIIBI JIeXKaT
Ha Kpalo noBepxHocTU. COeQUHUTH UX 3HAUUT IIPOBECTHU XOPAY, KOTOPOU B aHHLIX HET, ¥ IOCUUTATh
10 HeH MJIoIaAb, KOTOPOU He CYIIEeCTBYeT.

ITosToMy IlenIOYKa, He COMKHYBIIASICS caMa, OCTAETCS JIMHUEN U B IIOJIUTOHEL He UOET, a B XKypHAI
UIET YUCIIO I[eITOYEeK, U3 HUX 3aMKHYTHIX ¥ OTKPHITHX, ¥ HauOOJBITHHN 3a30p MeXKay KOHIIaMu. Eciu
pes3anack 3aMKHyTasi 000JI0YKa, a HEMOYKH BHIIITH OTKPHITHIMHU, 3a30p ¥ IOOCKAXKeT: YBEIUYhTe
OOTYCK CMBIKaHUs. KOHIIEI OTPE3KOB OT COCEIHUX TPEYTOJIHPHUKOB COBIIAMAOT JTUIb TPUOTUKEHHO,
¥ JOTYCK CBOOWUT UX B OOUH y3€Jl.

BHyTpeHHee KOJIBIIO CO6I/IpaeTC5{ OTHOEJIBHO OT BHEIIIHEIr' O, II03TOMY Ce4YeHHe Tejia C IIOJIOCThIO maéT
OBa IIOJIMTOHAa, a HEe OOUH.

IMonst mcxogHOro oO6BHEKTa IIEPEeHOCATCAd B KOJIblla, €CJIM IMEPEYUCIINTh UX MMEHa 4Yepe3 3alldTYIO.
Cnoés rpaHefI OBIBAaE€T HECKOJIBKO, ITOJIS Y HHUX PA3HEBIE, U II0JIe, KOTOPOIro B CJI0€ HET, OCTaHEeTCA
IIyCTEIM. 3HaueHUg KJIagyTCsa TEKCTOM, YTOORI HE pa36npaTL THUIIBI Ha CTOPOHE BBIXOMOA. KpOMe HHUX
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y KaXIOou IIeIIOYKU eCThb IIPpH3HAK 3aMKHYTOCTHU closed ¥ 3a30pD gap B KOHIIAX, a y IIOJIUTOHOB eU.Ié n
IIjiomagb B €JUHUIIaX YepTezxKa. ITons mcTouHuKa IIEPEHOCATCA U B JIMHNHU, U B IIOJIMTOHEI.

4.07 IIpoeknusi 00LEKTOB Ha pa3pe3

HNuctpyMeHT IIpoeKIisi 00eKTOB Ha pa3pe3 IPOoelupPyeT TOUKY, TUHUY U TTOTUTOHB Ha TUHUIO
pas3pe3a. [nsg KaxXpgoW BEpPIIMHLI TOPU30HTAJNIb 3TO PACCTOSHUE BOOJb JIMHUU OO €€ IPOEKLWH,
BEICOTA - OTMeTKa u3 3D-reoMeTpuu WM U3 BeIOPAHHOTO TOJs. [anmbHUE O0OBEKTH OTCEKAIOTCS
KOPUOPOM.

[TapameTp YTto 3amaéT ITo ymonyaHuio / COBET
OmnpeneneHue pa3pesa JIuuus pa3pesa C MoJjIeEM Vex -
(BepTUKaNIBHOE
[IpeyBeJIndeHune).
OOBEKTHI OJIS TPOEKIINHU Crno#t, 06BeKTH KOTOPOTO -
MIPOELUPYIOTCS Ha MJIOCKOCTh
paspesa.
[Tone oTMeTKU ATpubyT Z, eciu reoMeTpus -
00BbEKTOB 0e3 Z.
Kopupop ot nuHuu [MMupuHa IOJIOCH 3axBaTa OT 0
nuHuYU pa3pes3a. 0 = Bce
00OBEKTHI.
CoxpaHSATb UMSI UCXOTHOTO WMs BBIXOOA CTPOUTCS OT CHSITO
crios MMEHU UCTOYHMKA.
CoxXpaHATh CTUJIb HCXOJHOTO Odopmnenue Gepércs y CHSTO
cios caMoro cJiosi, a He U3

IITAaTHOTO CTHUIIS.

OOBeKTH Ha pa3pese (uepTé€xk) Brxom: 0OBEKTH B -
KOOpOWHAaTax yeprexka
paspesa.

310 06001IEeHe TPOEKIINY CKBAXKUH Ha JTI00bIe 00BEKTH: aHOMAJINH, TOUKM OMPOOOBaHMsI, TPACCHI,
KOHTYpPHL. Pe3ynbTaT B 0csaxX pa3pesa, KJIageTcs II0BepX YepTexka.

Bce pa3pe3slI onpeeieHust

HNucTpyMeHT paboTaeT mo BCeM pa3pe3aM ONpelesieHus, a He Mo InepBoMy. KaxXmwbiii 0O6BHEKT
BBIHOCUTCSI Ha TOT YEPTEXK, K JUHUK KOTOPOT'O OH IToNajl B KOPUIOP, U B aTpUOyTax OCTAIOTCSI UMS
pa3pesa ¥ ero HoOMeD - 10 HUM pe3yIbTaT OeIUTCS Ha YepTeXU. YepTexKU pa3HOCATCS CMeIlleHueM
U3 omnpeneneHus, Kak B 4.01.

lanoyka BBIHOCHTH Ha BCe pa3pe3bl CHUMAaeT OTOOpP IO KOPHUMAOPY, U OOBEKT JOXKUTCA Ha
KaXK[bIM 4epTEX. ITO HYXKHO /IS TUHUN CaMUX CTBOPOB U IJIT 00BEKTOB, OOLIMX Ha BCIO MJIOMIAh:
II0 PacCTOSIHUIO OHU II0Nlafjasny Obl TOJIBKO Ha CBOM pa3pes.

HAMs1 ¥ CTHJIB HCXOTHOI'O CJIOS

IIBe TamOYKM [JI TeX, KTO yKe HacTpous ohopMieHue B miaaHe. UMs BEIXOla CTPOUTCS OT UMEHU
HMCTOYHUKA, a opopMiieHre 6epeTcs y caMoro ciosi. KaTeropuiHbIM CTUIIb JIOXKUTCS Ha pa3pes Kak
€CTb, U JIeTeHIa OCTaéTCs MpexkHel. Tak ke ycTpoeHo B IlepecedeHHH BEKTOPOB C pa3pe30M
(4.05).

Ctunp IIEPEHOCUTCs, KOrga THII T'€eOMETPHM BBEIXOJa COBIIadaeT C THIIOM MCTOYHHKA. Touku
IIPOEUuPYIOTCA TOYKAMH, ITOJIUTOHEI IIOJIOCAMU - TaM O(bOpMHeHI/Ie BCTaET OOWH B OOUH. JIuHUuS C
OTMETKOM Z HaéT Ha pa3pes3e TOUKY, U JTUHEHHOoe odhopMIIeHHe Ha HEE He BCTAHET: B 9TOM CJIydae
0CTaéTCs WITATHBIN CTUIIb, O YEM CKA3aHO B XKypHAJle.
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4.08 CopoenupoBaTh C pa3pe3a

HucTpyMeHT CIpoenupoBaTh C pa3pe3a JenaeT oopaTHoe: 00beKThl, HAPHUCOBAHHLIE Ha YePTexkKe
pa3pesa, Bo3BpalllaeT B peajabHble KOOPAUHATH. ['OPU30HTaNIb BEPIINHE YUTAETCS KaK PACCTOSTHHE
BIOJIb JINHUM (AET IIJIaH), BEICOTA - KaK OTMETKa Z = BBICOTA / veXx. JIMHusS u vex 6epyTcsi U3 TOTO
Ke OIpefieNieHus, TT0 KOTOPOMY CTPOHUIICS YePTEXK.

[TapameTp YTo 3amaéT ITo ymonm4gaHnuio / COBET
OnpepneneHue pa3pesa JlmHus paspesa Cc NOJIEM VeX. -
OOBEeKTH C YepTezka pa3pesa OOBEeKTH B KOOPOHUHATAX -

yepTexka [JIsI BO3BpaTa B MJIaH.
OOBeKTHI B IJIaHe (C OTMeTKON  BrIXon: 00BEKTHI B IIJIaHOBEIX -
Z) KOOpauHaTax C

BOCCTAHOBJIEHHON OTMETKOM.

Tak HapKHCOBAHHEIN PYKaMHu Ha pa3pe3e 00BEeKT - KOHTYP 3ajeXu, HapylleHue, TPaHuUlla - ToIagaeT
obpaTHo B mmnaH 1 B 3D ¢ oTMeTKOu Z.

Manudect MoageId BMeCTO CIIUCKaA CII0E€B

HucTpymMerT MaHudect monenu (5.05) 3anuchiBaeT B CBOMCTBA IIPOEKTa, KaKyl0 POJIb UI'paeT
Ka}KHHﬂ CJION: OIIOPHAas IIOBEPXHOCTh, KOHTAKT TeJla, YCThsA, UHTEePBaJIbl, 3aMEPHhI OCH, CIIPDABOYHUK.
Pa3spes u CKBaXKWHEI 3Ty pa3MeTKy YUTAIOT.

Ecnu moBepxHocTu B 4.01 He 3amaHbl, OepyTCs BCe CJIOM C POIBI0 KOHTAKTa Teja, B IOPSIOKe
mepeBa cnoéB. Ecnu B 4.02 He 3amaHBl YCThSA, UHTEPBAIL UJINM MHKIMHOMETPHUS, KaKOBIM U3 9TUX
BXOJIOB HIIETCS 10 CBOeH pomu. B3siToe u3 maHumdpecTa Ha3bIBaeTCSA B XKypHaJie MOUMEHHO, YTOORI
IIOACTAaHOBKA He OCTajlaCh He3aMe4YeHHOU.

IIpaBuno ogHO: MaHU(ECT COKpAIllaeT IIyTh, HO HE CTAHOBUTCA ycnoBueM paboTei. HeT ponei,
IIOTOMY YTO ITPOEKT YyXKOU MJIM YHACJIeIOBAHHLIM, - BCE paboTaeT 110 IBHOMY BEIOOPY, KaK PaHbIIIE.

OOpaTHBIH X0/I: MPaBKa KOHTAKTa HAa pa3pe3e

[lukn 3aMBIKaeTcs TaK. ['eosior BUOUT Ha 4depTeXe, UYTO KOHTAKT IIJlacTa IPOBeOEH HEBEPHO, U
PHCyeT ero IpaBUJILHO JIMHHEN B 0CAX pa3pe3a. MHCTPyMeHT BO3BpalllaeT 3Ty JIMHUIO B IIJIaH C
OTMETKOM Z y KaKIO0¥ BEPIIUHHI.

lamouyka OToaBaTh BepUIMHAMM IIpeBpaliaeT pe3yabTaT B TOYKHU. DTO HY2KHO IIOTOMY, YTO Jajbllle
OTMETKHU UAYT B IOCTPOEHUE ITIOBEPXHOCTH, a Ty[Aa IPUHUMAIOTCS HAOIIOAeHUS TOYKAMU: B KDUTUHTE
Takas TOYKa 3aKpeIUIsdeT IOBEPXHOCThH TOYHO IIPM HyJIeBOM HarreTe, B Topo2Raster cranoBurcs
XKECTKHUM y3JIOM.

ITome src momeyaeT IIPOUCXOXKIOEHHNE. KOHTaKT, CHATEIN C pa3pe3a, 3TO UHTEePIIpeTallud, a He 3aMeED,
u B o011eit BbI60pKe CO CKBaXXMHaMM ero Hano otjiaudatsk. [1o 3TOMY IIOJIIO TOYKE 3aO4al0T MEHBIIUH!
BeC I10JieM BECOB OJeKJIaCTepUu3allu, U PUCYHOK HepeCTaéT BECHUTH CTOJIBKO 2K€, CKOJIBKO CKBazKHHaA.

Packomn: Bce dopTa cpa3y

YV packoma uiau Kapbepa II0 KaXaol CTeHKe CTPOUTCS CBOM pa3pes3. UepTexku JIOKATCSA Ha OOUH
XOJICT PSIOM, pa3HEeCEHHBIE CMEIeHUEM U3 ONpeIeieHus. 'e0sioT pUCyeT CJIOM Ha KaXkKI0M YepTexke
110 OPTO(MOTO CTEHKHU.

O6paTHBIM XO7 BO3BpalllaeT HaPUCOBAHHOE B IJIaH, ¥ KaXKOBIM OOBEKT CAAUTCS Ha TUHUIO CBOETO
pas3pe3a: MHCTPYMEHT BHIOMpaeT pa3pe3 0 TOMY, B Ybel IIOJIOCE HepTeka OOBEeKT HapHCOBaH.
PaccTossHMe BOOIb OCH OTCUHTAHO OT Haydajla CBOEro pa3pe3a, W Ha YYKOH JIMHUU OHO yKa3hIBaJIO
OBbI HE Tyma.

129



Tun reomeTpuu coxpaHsieTcsi. TOYKHM BO3BPAIIAIOTCS TOYKAMH, JIUHUMW JIUHUSMHU, IIOJIUTOHEI
BEPTUKAJIBHEIMY NJIOMIAnsIMU. BepTUKanbHAS IJIOMAanh IPABUILHO BEIMIIAOUT B 3D, HO B Iy1aHe 9TO
II0JI0Ca Ha JIMHUM pa3pe3a C HyJIeBOU IIOIIAnbio, IIO3TOMY [JISI PACYETOB 110 HEell OepyT BEPIIUHEL.

IanpIille KOHTAKTHI CO BCEX CTEHOK COOMPAIOTCS B OOHY BHIOOPKY, K HMM [O00OABJIAIOTCA TOUYKHU
KPOBJIM, CHSTBHIE BHYTPH pacKoma, W II0 00Ieid BBIOOPKE CTPOUTCS IIOBEPXHOCTh. KOHTAKTHI C
pa3pes3a 3TO MHTepmnpertaius 10 ¢oTorpaduu, a CHATEHIE TOYKH - MHCTPYMEHTANILHBIN 3amep,
IMO3TOMY IIPOUCXOXKIEHNE CTOUT MOMETUTH IIOJIEM SI'C ¥ 3a7aTh PAa3HBIM BEC B KPUTHHTE.

4.09 Pa3BEépTKa CTEHKH CTBOJIa (0eTa)

HNucTpyMeHT Pa3BépTKa CTEHKH CTBOJIa CTPOUT LMJIMHOPUYECKUHN pa3pe3. Bokpyr ocu cTtBONa
Ha 3aJaHHOM paamyce OepETCs OKPYKHOCTh C YTJIOBEIM IIaroM (o ymomdauuio 1 rpamyc), u
IMOBEPXHOCTU-TPULB! BEIOMPAIOTCS BOOJIb HEE. Pa3BEpPTKA JIOKUTCS B OCU OJIMHA AYTH 10 OKPYKHOCTHU
- BEICOTA.

[TapameTp YTo 3amaéTr ITo ymomyaHnuto / COBET
Och cTBOJIA (TOYKA YCThS) Touka yCcThs CTBOJA. -
Pagmyc cTBOna, en. KapTel Papguyc pa3BEépPTKU CTEHKHU. 4
[ToBepXHOCTU-TPULEL I'pupbl HOBEPXHOCTEMH, -
(MapkupyIoue) OTMETKM KOTOPHIX HAHOCSATCS
Ha pa3BEPTKY.
YrnoBou mar, rpagycChl Illar o6xoma CTEHKHU II0 1
a3uMyTy.
BepTukanbHbll MacrTad PexxuM BepTUKaIbHOTO OTHOIIIEHNEe

mpeyBenudeHus (OTHOIIEHUE
I':B 11y MHOXKUTEID).

3HaueHue MaciiTtaba Ywucno npeyBeIudYeHus 10 10
BBIOPAHHOMY PEXKHUMY.

Bri6opka pacTpa (mo.) Cnoco6 CHSTUS 3HAYEHUS C -
rpuaa IOBEPXHOCTH.

Pa3BépTKa cTeHKU (myra X Brrxon: pa3BépTKa CTEHKU -

BBICOTA) CTBOJIA.

Kaxpas MapKUpPYyOIasi IOBEPXHOCTh HAET JIMHUIO CBOETO MepecedeHus CO CTEHKOM CTBOJIA - IIPHU
MafieHuH II1aCTOB JIMHUHK HAKJIOHeHBI ¥ BOTHUCTHL. OCh 3aaéTCsI TOYEYHEIM CJI0€M YCThs, PaguycC B
eOWHUIIaX KapThl, BEPTUKAILHEINA MacIiliTab KakK y pa3pesa.

4.10 IIpumep o015 pa3pe3a (meMmo)

HNuctpymeHT [IpuMep aj1si pa3pe3a (IeMo) roTOBUT IIOTHBIHM yueOHBIHM Habop Ay rpyninsl Pa3pes,
4TOOHI OITPOOOBATH €€ MHCTPYMEHTH 063 KPUTHHTA PeaJIbHBIX JaHHBIX. B IMaHesin OH CTOUT B I'PYIIIe
Pa3pe3s nociegHuM.

3a OiMH MIPOTOH BHIAAIOTCS IIECTh CTOMKOW ITOBEPXHOCTEH C MajleHUueM U IIePeMeHHOU MOIIHOCTHIO
(IATH MJIACTOB B NEpPECIauBaHWM, BTOPOH M YETBEPTHIM IIPOMBIINUIEHHBIE M TOHKWUE), TPU JIUHUU
pa3pe30B Yepea3 IUIOIanb (JloMaHas C OBYMS M3JI0MaMM, KOPOTKas IpsMasi ¥ HaKJIOHHAsI C OMHUM
M3JIOMOM), TOTOBAs Iapa CII0EB Momenu OypeHus, Tabmuila MHKIMHOMETPHUH U 110 MHOTOKaHaIbHOMY
TPUOy Ha KaX[Obli TPOMBIIUIEHHBIM miacT. Kaxkmas TpeThsd CKBaXkKMHa B Habope HaKIIOHHAS:
3eHUT OoT 45 o 70 rpamycoB ¢ HaGOPOM IIO CTBOJIy, a3UMyT BHOJIb JIMHUN pa3pe3oB. CKBaXKWHA,
HaAKJIOHEHHAs MONMEPEK pa3pe3a, IPOEIupoBajach Obl MOYTH B TOYKY, U IMPOBEPHUTH 10 HEH BHIHOC
WHTEPBAJIOB BOOJIb OCH OBIIO OB He Ha yeM. OcTaJbHbIe CKBAKUHEI BEPTUKAJIbHEIE, YTOOBI HA OTHOM
Habope OBIJIO BUOHO ¥ TO, M Apyroe mnoBemeHue. KoOHBeHIMS KaHAJOB I'pupa Ijlacta: Ka”am 1 -
KPOBJIsI, KaHas 2 - TIOMIOIIBA, KaHanel 3 ¥ Aajnee - TapaMeTPH (3[ech cogepKaHue U MUHEePaTbHBIN
TUII C 30HOW 3aMeIleHUs, oM COAepXKaHus y TJIaCTOB HEe3aBUCHMEIE, cTOXacTudeckue). OguH
(daiin omMCHIBAET IJIACT ILIEJTUKOM - KaK OJIOYHYIO MOIEeNb, Kyda HOBBIE ITapaMeTpPHl H00aBIISIIOTCS
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KaHamaMmu. [[JI1 MHCTPYMEHTOB IepecedeHus moOaBJIeHbl JTEeMOHCTPAIllMOHHBIE BEKTODHI: PA3IOM
6e3 OTMETKH BBICOTHI, MAaPKUPYIOIINHM KOHTYP C Z, 30Ha 3aMelleHus: 1 onpokuHyTas TIN-ckimamka
u3 3D-rpaneit PolygonZ.

CKBazKUHBI C HHTEpPBaJlaMH ONPOOOBaHUSA

ITapa ciio€B Momesnu OypeHus BHIIAETCS TOTOBOM, B TOM Ke hopMmaTe o6MeHa, B KOTOPOM BHIT'PYZKaET
T'e0KOHCTPYKTOP. BMecTe ¢ Hell BHIAETCS CIPABOYHHK IIACTOB IEMO: Te K€ KOObI, UYTO CTOST B
WHTEPBAaiax, C MOPSOKOM 3aJeTaHus, TeJIOM U I1BeToM. [locTaBisieMbIii cripaBoYyHUK u3 4.11 cobpan
1o BepxHEeKaMCKOMY MeCTOPOXKAEHHUIO U KOIOB IeMO He 3HaeT, T03TOMYy 6e3 CBOero CIipaBOYHUKA
KOJIOHKH IeMO OCTaBaJINCh 6e3 IIBeTa.

IMomnoce! nnactoB B 4.01 meMo-CIIpaBOYHUK He KPacHUT, U 3TO He HeZonesKa, a YCTPOUCTBO IIOUCKA.
ITnacT Tam ompenesisieTcs 10 MMeHaM CJI0EB KPOBiau U nomoiuBkl: v ciioss Kpll_top cHuMaeTcs pomb
u octaérca kKoxn Kpll, no HeMy CIpaBOYHUK U OIIpalIrBaeTcs. [IoBepXHOCTH JeMO0 Ha3BaHBI IIPOCTO
HOMepaMHM U Kofia IIJlacTa He HECYT, II03TOMY IT0JIOCH OCTAlOTCS B IIBETaX I10 yMoa4YaHuio. Ha cBoux
OaHHBIX, TA€ CJIOM Ha3BaHBI KOLaMU IIJIACTOB, TOT XK€ CIIPABOUYHMK KPAaCHUT M IIOJIOCH], ¥ KOJIOHKH.
¥Ycrbsa collar 310 TOYeUHEIN CIIOM C OTMETKOU YCThs U I'IyOuHOM 326051, mETEepBaIbl interval sTo
o6bIyHast Tabnuila ¢ TIyOMHAMY II0 CTBOJIY OT YCThS M KOOOM IIjIacTa.

I[Tostomy uHCcTpyMeHT 4.02 CKBaXuHBI Ha pa3pe3e npodyercsa 6e3 CBOUX [OaHHEIX U 0e3
obpamenus K 6aze: 3anyctute 4.10, 3aTem 4.01 mo 10001 U3 TPEX MUHUH, 3aTeM 4.02 ¢ 9TOM mapoH,
onpenereHUeM pa3pe3a U AeMO-CIpaBOYHMUKOM. KOJOHKM CKBaXKWH IIOJIydaT LBET U IOPSANOK B
nerenpge. CKBaxKWHBI CTOSAT BOOJIP BCEX TPEX JIMHUM, TaK YTO KOJIOHKM JIATYT Ha JII000M YepTEX.
Ta ke mapa 6e3 U3MEHEHUN TOOUTCSA U AJIT TPEXMEPHOTO MPOCMOTPA: TaM IJIyOMHA yXOOUT B Z
HanpsaMyio, 6e3 BepTUKaJIbHOTO MaciiTaba U CMellleHUs pacKJIamKu.

MHorokaHanbHblh rpug nnacra (GeoTIFF)

Kanan 1 - KPOBJIAl (oTMeTKn Z)
_ T

Kanan 2 - NOAOLUBA (oTMeTku Z)
m rapameTEH (E”-IOHHE”' MOD'EJ"’)

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

+ 3D-npocMoTp: «Tena NNacToB», KaHan napameTpa 3+

Puc. 29: KonBeHIIUs MHOTOKaHaJIbHOTO I'pUOa IIjlacTa: KaHalbl 1-2 HEeCyT reoMeTpui0 (KpOBIs U
TOMOIBa), KaHalkl 3 U fajee - mapaMeTphl. OOquH ¢daia KopMUT UHCTPyMeHT 4.03.

Cj10M IeMO U UX aTPHOYTHI

Cnout T'eomeTpus ATpubyTHI

Jluruu pa3pe3oB (ZeMo) JIVHUSA name (Pa3spe3 1, 2, 3). Tpu
CTBOpa Pa3HOM [OJIMHHI:
JloMaHas C OByMS U3JI0MaMHu
(BepIIMHEI IPOBEPSIOT
MUKEeTaX), KOPOTKas nmpsaMas u
HaKJIOHHAS C OOHUM HU3JIOMOM.
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Crnotu T'eomeTpus ATpubyTHI

Yctea collar (memo) TOYKU hole id, z (oTmeTKa ycThs), ech
(rmy6una 3a60s1), number ms
ITOLTINCH.

WuTepsansl interval (memo) Tabnuia hole id, from, to (rmy6uHEI 1O
CTBOJIY OT yCTbs), code
(MHOeKc 1mJacTa).

CrnpaBOYHUK IIJ1aCTOB (ZeMo) Tabnua code, order, body, color, strata.
ITom KoObl MHTEPBAJIOB EMO.

30Ha (gDeMo, IMOJIUTOH) TIOJIUTOH name. 1718 UHCTPYMEHTA
nnepecedeHus BeKTopos 4.05.

Pasnom (memo, 2D) JIUHUSA name. CeKkymias CTBOPa,
cMellleHa C U37I0Ma JINHUH.

Mapxkep ¢ Z (memo, 3D) TuHuA Z name. [ITpoBepka

Onpoxkunytas TIN (memo)

[ToBepxHOCTH 1...6
IMnact 1-1/2-11 npom.

TIOJIUTOHEI Z

pacTp
pacTp

3D-reomeTpuii B 4.05.

name. OIPOKUHYyTas CKIagKa
nis 4.06.

OpuH KaHajl OTMETOK.

Kanamnsi: 1 KpoBis, 2 MOOOIIBA,
3 comepxkaHue, 4 MUHTHII.

PaGouu#t nuKn mokasaH B pa3meine 4.01: moBepxHocTu uOyT B Pa3pe3 mo JIHMHHH, 1apa collar u
interval B CkBakMHBI Ha pa3pe3e, Irpuf cocTaBa B CocTaB IyIacTa Ha pa3pe3e, a [eMO-BEKTOPEI
u TIN B uHCTpyMeHTH nepecedeHusa 4.05 u 4.06. Tak Bcg rpylna pa3pe3a HDpPOKaTEIBAaeTCA Ha

COT'JIaCOBAaHHBIX NaHHBIX.

ITapamMmeTpsl

[TapameTp

YTto 3amaeT

ITo ymomgaHuUIio / COBET

O6acTh (3KCTEHT)

3epHo reHeparopa ([or.)

[ToBepxHOCTSH 1...6

JIlunuu pa3pes30B (3 mIT.)

YcTesa ckBazxkuH collar

HMHTepBabl CKBaxkKuH interval

[MnacT 1-#% mpoM.

[Inact 2-% mpomM.

[TpsIMOYTOJILHUK, B KOTOPOM
reHepupyeTcs Habop.

3epuo I'CY ona
BOoCTIpou3BOOUMOCTH. O -
CcJIy4yalHo IIpU KaxKIooM
3amycke.

[ITecTh pacTPOB CBEPXY BHU3:
KPOBJIU U IOIOIIBEI
BMEIIAIOMNX U ABYX
ITPOMBIIIIJIEHHEIX T17TaCTOB.
Tpu cTBOpa yepes miaollamb
nisa rmomayu B 4.01.
HWHCTPYMEHT II0 YMOJIYaHHUIO
CTPOUT Pa3pe3 Mo KaxkaoMy.
ToueuHBI CIIOM MOOENTU
oypenus (hole id, z, eoh,
PointZ).

Tabnuila momesnu OypeHus
(hole id, from, to, code, kcl).
MHoOroKaHalIbHbIN I'PULI:
KPOBJISI, TIOMOIIIBA,
cogepkaHue, MUHTHIIL.

To ke mis BTOPOTO
IIPOMBIIIJIEHHOTO IIJIaCTa, M0
He3aBUCUMEIE.
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[TapameTtp Yrto 3amaéT ITo ymonyaHuio / COBET

Pa3znowm, mapkep c Z, 30Ha HeMo-BeKTOpPHI Onsd 4.05: 10 3amIpocy
nuHusa 6e3 Z, KOHTYp C Z,
IIOJIUTOH 30HBHI.

Onpokunrytasa TIN 3D-rpaHu OIIPOKUHYTOM 110 3aIpocy
cknagku g 4.06.

ITonHEBIN ITepeYeHb I10JIel BEIXOOHBIX CIIOEB - B IPpUIokKeHuu [laHHBIe OJIsi pa3pe3a (pa3gen «Ilons
OeMO-CJIOEB>» B KOHIIEe PYKOBOACTBA).

CTpPYKTypHBI€E 3JIEMEHTHI H CJIebl BBIX0a. [IeMo O0THaET qBa CHO0S C aHATUTUYECKUM 3TaTI0HOM
OJIs1 TPOBEPKM VTJIOB.

CTpyKTypHEIE 3JIEMEHTHI: TPU JIMHUU IIepeceKarT npsaMou Paspe3 2 mpu OOHOM MCTUHHOM yrIjie
25 rpapgycoB ¥ pa3HBIX a3uUMyTax DageHus. Bugumele yriiel BEIXOZAT 25, 18.25 u HONB, 0OXXKUjaeMoe
3Ha4YeHUe 3allcaHO B II0Jie app_exp, nostoMy pel3ynbTraT 4.05 cBepsieTcs 4YHCIIOM, a He Ha
rna3. [IpssMoii pa3pe3 BLIOpaH HApPOYHO: Ha JIOMAaHOM a3UMYT 3BeHa MEHSETCS IO X0y, U 3TaJIoH
IepecTaéT OBITh OMHO3HAYHBIM.

Cnenpl BeIxoma miis 4.12: nmomorut (20 rpamycoB), KpyTou (72) U HaMepeHHO IpsMoi B miaHe. I1o
IIEPBEIM IBYM MHCTPYMEHT 00s513aH BEPHYTH YMcCila u3 nojei dip true m az true. TpeTuii mpoBepsiet
0TKa3 - 3aJIeTaHue I10 IPSIMOMY Cliefly He onpefneneHo. KpyToi HyKeH OTHeIbHO: IOATOHKA I10 Z Ha
HEM IIOIJIbLIA OHI.

4.11 O0pa3en coupaBOYHHKA IUIACTOB

NHCTPYMEHT KJIafI€T B ITPOEKT IIOCTABIIeMbI 0O pa3el] ClIpaBOYHHUKA IIJIACTOB - TOT CAMBIH, KOTOPHIH
ymurtaioT 4.01 u 4.02. Hy>keH OH I10 ITPOCTOM npuumHe: obpaser IexkuT paiijoM B KaTajore IjiaruHa,
Kylla II0Jb30BaTejib 0OLIYHO He 3arjsiabiBaeT. be3 3Toro Iara CIpaBOYHUK IPUXOOUTCS UCKATh
pyKaMmu, a He Ha#fs, TOOATh B pa3pe3 MePBYIO MONABUIYIOCS TaOIUITy U MOTyYUTh Y4epTEXK 6e3 uBeTa.

I[TapameTpoB y mHCTpyMeHTa HeT. OOuH IPOTOH - U cio¥ CHmpaBOYHHK IIacTOB (0oOpa3ei)
MIOSBJISIETCS B IIPOEKTE M Cpa3y BUIEH B BHIIafalollleM CIUCKe NHCTPYMEHTOB pa3pe3a.

Y10 BHYTpH

Tabnuma 6e3 reoMeTpHH, OfHA CTPOKA Ha IIJIaCT MJIM MEXOYIUIacThe, CBEPXYy BHU3 II0 pa3pesy.
KonoHku: KOn Tejla, HOMED CBepXy BHHU3, TelOo (IJIacT WINM MEeXAYIUIacThe), IIBET, a TaK¥kKe
Heo0sI3aTeNIbHbIE TOJIIIA U TPUMeYaHue, KOTOPhle YUTAIOTCS, HO TI0KA He UCIIOIb3YIOTCH.

Oo6pa3zerr cobpaH mo BepxHeKaMCKOMY MECTOPOXKAEHUI0: 37 CTPOK OT MOKPOBHBIX OTJIOKEHHU IO
HUJKHEN KaMeHHOU comnu. [JIs Opyroro MecTOPOXKIOEHUs OH CIyXKUT cKerleToM. CoxpaHUTE CJION B
¢aiin mratHEIMU cpefcTBaMu QGIS u mpaBbTe KOMOBI, IIOPSAIOK M IIBETA IO CBOIO CTpaTUTrpaduio.

Tes1i0 3anoIHsIET TE€0JIOT

9TO TJIaBHOE, YTO CTOUT IOHSATH IIPO CIIPAaBOYHUK, U IIOTOMY IIOBTOPSETCS 3O4eCh. Tesio u3 Koma He
BeIBOOUTCA. [Inact AB 110 HanuCaHMWIO BHITJIAOUT KakK «A IUII0C B», HO 9TO enpHBIY 1I71acT, BHYTPU
KoToporo nexart A, b, kopx A-A’ u A’. Mexpaynnactee b-B 13 Kola He BEIBOOQUTCSI BOBCE, IOTOMY
yTo nnacta b B cnucke HeT, ectb AB. MHCTpyMEHT 3Ha4YeHUs Tejla He IIEePEeCUYUTHBAeT U B 3TOM
CMBICJIe He YMHee 4eJIOBeKa, KOTOPHIY UX IIPOCTaBUIL.

CocTaBHBIE Te/la cepble

B o6pasiie ects KpIlla+6 - cocTaBHOe Teno, cymma Kpllla, mexagynmactesas Kpllla-6 u Kplll6. Takue
KOHI'JIOMEPAThlI B CIIPAaBOYHHKE KpPacCAdTCdA CepPeIM, TeéM XK€ OTTEeHKOM, KaKHuM IIJIaruH IIoMe4dYaeT
HeoIlo3HaHHoOe. IIpuYrHa B TOM, YTO IIBET COCTABHOTO TeJjla M3 IIBEeTOB €r0 YacTel He BBIBOOUTCS:
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YacTH MOTYT OBITH Pa3HBIX IIBETOB, W JI000I BHIOOD OHIT OBl MPOM3BOJIOM. CephIii YUTAETCS Kak
«IIBET He 3afiaH», ¥ er0 CTAaBUT YEJIOBEK.

CocencTBO LIEJIOTO C YaCTSIMU B OMHOM CIIMCKe UMeET IIeHYy, 0 KOTOPOU CTOUT 3HaTh. [lopsAnOK CBEPXY
BHU3 enuH, nmoaTomy Mexny Kplllo u KpIIIB Temephb nmexaT OBa Teja, a He OOHO, M IIapa TaKux
TpaHuI] Ha pa3pe3e JacT CEPYIO IIOJIOCY C MepedyHeM BMEeCTO MMeHM MeXAayIulacTbda. Ha KpymHOU
rpanynsapHocTtu, Mexkay KplIlla+6 u KpIIIB, Bcé cxomuTCsi OOBIYHBIM 00Pa30M.

Tort xe daiut e QGIS

OO6pa3zerr 1exuT B nanke templates BHyTpH KaTajora njaruHa B IBYX BUOAX, plast reference vkmks.x1sx
U plast_reference vkmks.csv. B kHure Excel ecTh BTOPOM MUCT C IpaBuUjiaMU 3aloIHEeHUs. IIpaBbTe
JTI00BIM YIOOHBIM CITOCO00M, MHCTPYMEHTHI pa3pe3a MPUHUMAIOT U Tabully npoekTta, u GeoPackage,
u CSV.

4.12 9n1eMeHTHI 3a/IeraHMs IO CjIeay BhIX0aa

Cuuraet Yrojl 1 a3uMyT IIadeHud I10 TpéXMepHOMy ciieny BBIXOHOaA I'PAaHMIIBI Ha IIOBEPXHOCTE.

[TapameTp YTo 3amaét ITo ymonmganuio / COBET
Crnennl BEIXOOA JIuauu c otmeTtkamu (Z B -
BepIIVHAaX).
OKHO, BepUInH 0 - omHO 3ayeraHue Ha BECh 0
ciieq, Ha4Ye CKOJIb3dIlee OKHO.
HawumeHnbIltass U30THYTOCTh [Topor o6yCIOBIIEHHOCTH, 0.15
(mot.) HUZXKEe KOTOPOTo CJIefyeT OTKa3.

OTKyma Oepércs 3ajeranme. Eciou rpaHuila miacTa WX pasnoMa oludpoBaHa C OTMETKaMH,
IIJIOCKOCTh TI0 Hell BOCCTAaHABIMBAETCS OMHO3HAYHO, a M3 MJIOCKOCTH BHIIAHAOT o0a 31MeMeHTa
3ajyieraHusi. [IpaBUIO TPEX TOYEK - MUHUMAJBHEIN ClIydal, 3meCch CYMTAETCS 1O BCEM BepIIMHAM

cpasy.

MeTopm 110 ATbMEHOUHTePY: HOPMaJlb K IIJIOCKOCTH 3TO COGCTBEHHEBIM BEKTOP MAaTPHUIIEI OPHUEHTAIIUHN
TP HaWMEeHbBINIeM COOCTBEHHOM 3HaueHHu. [IOATOHKa BUMA z = a'x + b'y + c IIpoOIIe, HO
pa3BaIMBaeTCsI Ha KPYTHIX 3ajieTaHUSX, Tme Ko3(DGUIMEeHTH yXOomsaT B 0ECKOHEeYHOCTh. Yepe3s
COOCTBEHHBIE BEKTOPHI KPYTU3HA IEePeCcTaET OLITH 0COOBIM ClIydaeM.

IIpsiMo¥i B mjIaHe cjieq 3a/IeTaHHsi He ompeqessieT. Yepe3 OOHY MPSIMYI0 B IIPOCTPAHCTBE
IPOXoouT GEeCKOHEeYHO MHOTO IIJIOCKOCTEH: OHM BpPAIaioTCsS BOKPYI He€ KaK CTPAHMIIEI BOKPYT
Kopellika. MHCTPYMEHT BHOWUT 5TO II0 OTHOIIEHWIO COOCTBEHHBIX 3HAYEHWH ¥ OTKa3bIiBaeT C
MIPUYMHON BMECTO YBEPEHHOT0 YHCJIa U3 IIyMa OKPYT/IeHusi. Mepa muineTcs B mosie planar: HOJb -
TOYKHM Ha MIPSIMOU, e[UHUIIA - pa3MaXx B [BYX HaIlpaBIIEHUSX.

CkiIagKa JIOBUTCSA HEeBsSI3KOH. MerTtop IIpefroiaraeT, 4TO Ciieq JIE2KHUT Ha OOHOHU TIJIOCKOCTH, a
OJINHHadA T'PaHWUIla PEOKO JIe2XKHUT: d)neKcypa, CcCMelnIeHne pa3jioMOoM, neperH6. Cpe,'E[HHH HEeBsA3Ka
TOYEK OT IJIOCKOCTH ITHIINETCS B IIOJIe rms, 1 00JIbIlIoe 3HaUeHre 03HavaeT, YTO OOHOTO 3aJIeTaHus
Ha BeChb Cjiea He CYIIeCTBYET. Torma BKIO4YalTe OKHO: 3ajieTaHMe CUUTAEeTCS TI0 CKOJIb3d4A1IEMY
Y4aCTKy, U Ha BEIXOOE 6y,ueT €ro M3MEHEeHMrEe BIOOJIb I'PDAaHHUIIBI, YTO IIOJIE3HEee OOHOI'O0 CpPpedHEero
YHuCIIa.

MecTo B memnouke. Brixon nogaérca npsamo B 4.05, roe mong dip u dip az u oxupganorcsa. Ecnou
penbed 3amaH TOPU3OHTAISIMU, a CJiefd IIJIOCKUM, MPOBEIUTE ero ciiepBa 4depe3 2.22 - OTMETKHU
CHUMYTCS C IPUMBIKAIONIUX TOPU30HTAJIEH.
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4.13 CogepXaHusA IO IIACTY B YCThAX

CBopuT mipo6GBl OTPOOOBAHUS K OOHOMY YKCJTY Ha CKBAXKWHY U KJTAQOET €T0 B TOYKY YCThSI. ITO BXO[
OJIs1 KpUTHHTA: JaJibIlle KapTa comepxkanuii ctpoutcs 1.02, kak mobas gpyrasi KapTa, CBOUX CPEICTB
VHTEPUIOISIINY 30eCh HET.

NHCTPYMEHT 3aMbIKAEeT HEToYKYy OT 6a3bl 0 KapThl. | €0OKOHCTPYKTOP BHIIPYKaeT IIPOoOH TabmuIlei
chem, pa3pe3 KpacuTcsa o HuM B 4.02, a 30ech Te XKe NPoOLl IpeBpalaloTCsa B TOUKYU, 10 KOTOPHIM
CUMTaEeTCs IJIoUIagHOE pacupenesieHue.

IMToyeMy CTHIKOBKA HAET IO I TyOMHAM

Hape3ka ompo6oBaHuMsSI U Hape3Ka JIUTOJIOTHM COBIAZaloT pengko. [Ipoba MOXKeT nekaTb BHYTPH
IjIacTa, IepeceKkaTh TPAHUIy OBYX WJIM IIOKPHIBATH HECKOJIBKO: TPOOYy 6epyT IO KEPHY, a TPAHUIIEL
ITPOBOMSIT IO OTIUCAHUI0. [I09TOMY CTHIKOBAThH IO HOMEPY 3alKUCH HEIb3sI, CTHIKYIOT 10 TIyOHHaM OT
YCTBhSI.

Bec mpo6HI 9TO [OIKHA €€ MepeKpPLITUA ¢ IacToM. [Tpo6a, momasiias B IJIACT HAIOJIOBUHY, X BECUT
IIOJIOBUHY CBOEM ONIMHLI. EC/TM ITacT BCKPBIT CTBOJIOM OBaXK[abl, 00a MHTEepBajla CBOOSITCS B OOHO
YHCJIO, ¥ BEC KaxKOOr'0 3TO [INHAa, oOeclieuyeHHasT JaHHBIMH.

OTcyTCcTBYyOIIEE COePKaHHUEe He HOJIb

ITpaBuno, pagu KOTOPOro MHCTPYMEHT YCTPOEH UMEHHO TaK. Y pa3HbIX IPEeANPUSTHNA pa3Hbli Habop
KOMIIOHEHTOB: I'Ie-TO eCThb 6pOM 1 MOIITHOCTS, I'Ie-TO HET. HyCTaH g4YerKa O3HAa4YaeT, 4YTO KOMIIOHEHT
He OIpenesiay, a He 94TO ero HeT B IIOpPoJe.

IMTosToMmy mpoba 6e3 3HAYEHMUs MO KOMIIOHEHTY BHIIAfaeT W3 CPEIHEro BMECTE CO CBOMM BECOM.
IMopcTaHoOBKa HYJIA Oana OBl 3aBeOMO 3aHUXKEHHOe CpegHee, U TeM CUIbHee, YeM peke KOMIOHEHT
BCcTpedaeTcsi. CUMTaTh TaK JUCKPUMHUHAHTHYIO (DYHKIINIO 3HAYUT IIOJIYYUTh YBEPEHHBIN 1 HEBEPHBIN
OTBET.

BwMmecTe co CpeoHuM B criou KTIaJIéTCH OXBaT IMO KaXKIO0OMYy KOMIIOHEHTY OTOEJIbHO: KaKas OO0JIA
MOIITHOCTH IIJIaCTa oGecrieueHa OAaHHBIMHW UMEHHO I10 HEMY. y XJIOPHUCTOT'O KaJInsA OXBAaT MOXKeET OBITh
IIOJIHBIM, y 6p0Ma IIOJIOBUHHBIM, 1 OOHO 06Luee YHCJIO 3TO CKPHIJIO OFHL.

ITapaMeTpsbI

[TapameTp Yrto 3apaérT ITo ymonganuio / COBET

Yctbs ckBaxkuH (collar, Touku) TodYeuHBIN CITIOM YCTHEB. -

HWHTepBassl 10 CTBOLY JIutosyorus c KogaMu IJIacTOB. -

(interval, Tabmnuma)

[Tpo6rr ompoboBaHus (chem, [TpoO®I ¢ TIIyOMHAMU U -

Tabnuia) CoflePKaHUSIMU.

[Momnsa comepKaHuM Kakye KOMIIOHEHTHI CHUTATh. BRIOMPAETCS U3 ITOIeH

TabIHUIEI ITPOO

Kop nimacra OnouH Koo U3 HOoJIs Koaa "Hanpumep Kpll
WHTEPBAJIOB.

HawumenbImui oxBaT mjacTa ITopor gnsa moMeTKHu 0.5

npobamu (Io.) HEHaOEXKHBIX.

ComepxkaHHUSA B YCThSIX BrIXOomHOM TOYEYHEBIN CIIOH. -

IMTons I/IJIeHTI/I(l)I/IKaTOpa n I"JIY6I/IH HIIYyTCsA IIO0 OXKHOA€MBIM HMMEHaM CaMH, 3aJaBaTb UX BPYYHYIO
HY2KHO TOJIBKO Ha HECTAaHOAPTHBIX NaHHBIX.
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YTO B BHIXOZHOM CJIO€

Touka YCTbsA, KOL IIJIaCTa, MOITHOCTH IIJIaCTa II0O CTBOJIY, OXBaAT HpOﬁaMI/I, YHCJIO 3aEBIIIUX Hp06, a
Oaljblile I10 ABa II0JIsd Ha KOMIIOHEHT: CaMO COOep2KaHHe XU OXBaT II10 HEMY (COV_).

3HaUYeHUs C HU3KUM 0XBAaTOM M3 CJIOSI He BHIOPACHIBAIOTCS: PeIaTh 3a MOIb30BaTelsI, KaKoi 0XBaT
OOCTaTOYeH, HempaBulbHO. OTOUpaTe O IOJII0 Cover Tepeq Mmofadell B KPUTHUHT, a UHCTPYMEHT
MUIIET B XKYPHAaJ, CKOJIbKO TaKUX CKBaXKWH.

IMepekpeiTusa IP0o0 MexKOy COO0M CUMTAIOTCS M IIOHaHaloT B CBOOKY. [IBe mpoOLI Ha OOHY I'IyOHHY
3TO CIOP B MaHHEIX, ¥ MOJIYaTh O HEM HEJIb34.

I'eonnornuyeckasi MmogeJjib

I'pymnna cobupaeT MHCTPYMEHTHI, paboTalollue He C OJHOM ITOBEPXHOCTHIO, a C MAaYKOM: KPOBIH U
MTOMOIIBEI COCEHUX TeJI CBSI3aHBI MeXKy c000ii, U CBsI3b 3Ta Tubo cobmogaeTcs, Mub0 HapylleHa.
ITpoBepuTh €€ U ecTh IiepBas 3afgada. Bropas - ©UMeTh IIO[ PyKOU 3aBeIOMO U3BECTHEIM MaTepHual,
Ha KOTOPOM BHOHO, TTe I'PUOOBOE IMpencTaBleHue padoTaeT, a Irfe IIepecTaeérT.

5. 'eotoruueckasi Mmogejab (0eta)

5.01 Corj1acoBaHHOCTS IIAQYKH II)TACTOB

KpoBnyu ¥ MOOOWIBEI OOBIYHO CTPOSTCS IIOPO3HBL: KaXKgasi MOBEPXHOCTh HHTEPIIOIHUPYETCS IIO0
CBOMM 3aMepaM M HHYero He 3HAET O CYIIeCTBOBAHMH cOocemHuX. [IoKa IIacTHl BEIOEPXKAHEI, 3TO
CXOIHT C PYK. B 30He BHIKJIMHHUBAHUS, I'I€ MOIIHOCTh HOET K HYIIIO, B€ HE3aBUCHUMO IIOCTPOEHHEIE
IMOBEPXHOCTH TOYTH Hen30eXKHO MepeceKaloTCs, W Hajibllle apu@MeTHKa II0 TaKOW MHadke OaéT
OTPHUIIATEIbHBIE MOIITHOCTH ¥ 00BEMEI, @ Ha pa3pe3e BUAHLI BEIBEPHYTHIE ITOIOCHI.

HWHCTpYMEHT OTBeYaeT Ha BOIIPOC, eCTh JIU TaKue MecCTa U I'Ie UMEHHO.

9TO0 cuHTaeTcs

BBIKJIMHHBAaHHE - MOIITHOCTh B IIpedesiaX OONyCKa OT HyJsa. ITO Teojiorusi, a He medeKT, U B
OTHEJILHBLIN CUET.

OTle.IaTeJIbHaH MOIITHOCTB - KPOBJIA IIJIaCTa HUZKe €TI0 IIOOOIIBEI.

IIepexyiIéCT cocemed - IOMOIIBA BHIIMIENIEKAINET0 OIMYCTHUIaCh HUKE KPOBIH HHUXKEIeXkKallero.
IIpoBepka oTHesIbHAS U HE CBOOUTCS K IIPEIBIMYIeH: KaXXObIH IJIacCT 10 OMUHOYKE MOXKET OBITh 11871,
a BMEeCTe OHH ITepeKpPHIBalTCS.

HauMeHbIIHH 3a30p MeXOy COCeOsMH BBIIAETCS KApTOi, a He TOIBKO YHCIOM. YHCII0 TOBOPHT,
CKOJIBKO, KapTa - TIe: TaM IIePEeXJIECT U BOZHUKHET IIPU CJIIEOVIOIEM IIePecUYETe IOBEPXHOCTEH.

IIpu3HaK NepeBEPHYTOr0 MOPsigKa cpabaThBaeT, €C/IU IIePeXJIECT 3aHAJI IOYTH BCIO IIJIOIAAb, a
BHYTPH TIJIACTOB YHUCTO. [ €0IOTHS TaK HE BHITJISIAUT: HACTOSIINHN TTEePEeXIECT MECTHBIM U COCEICTBYET
C BHIKJTMHUBaHUEM. [10UTH HaBepHSKA MJIACTH MOAAHBI CHU3Y BBEPX.

HO]'IYCK BHIKJIMHUBAHUSI 3adaéTCs ImapaMeTpoM MW II0 CMBEICIIy pPaB€H TOYHOCTHU IIOCTPOEHHA
HOBerHOCTeﬁ. HpI/I HYJIEBOM HOOIIyCKeEe YK CJIeHHBIN IITyM B 30HE€ CXOXKOEHMS IMOCHIIIJIIETCSA B OILITMOKH.

OTKyma 0epéTcsi MOpPsI0K MIaCcTOB

ITopsimok 3ajieraHus CBepPXy BHU3 MHCTPYMEHT OepET U3 OepeBa CJIOEB IIPOEKTa, a eClIM IIoJaH
CIIPaBOYHMUK IIJIACTOB - U3 Hero. [Topamok Beibopa ¢aiiioB B Auajore He 3HauuT HUYero: QGIS ero
He COXpaHseT, U IoJjlaraThCs Ha Hero Hejb3sd. OTKyna B34T IMOPANOK, ITedaTaeTcs B XKypHaJl.

CopaBOYHUK HNPUMEHSETCS, TOJIbKO €CJIM OMMCHIBAET MOOaHHBIE IIAcThl. UyKO0M CIpPaBOYHHK, HE
COBITAAAIONINHM HU OOHUM KOIOM, HTHOPHPYETCS C COOOIIIEHUEM, a He 3aaéT CIIyYalHbIN ITOPSA0K.
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Y9T10 Ha BBIXOIE

PacTp 30H c KojaMu: COTJIacOBaHO, BEHIKIMHUBaHNUE, OTPUIlaTeIbHAs MOIIHOCTh, Iepexnéect. Kapra
HaMMeHBIIIET0 3a30pa A0 COCEedHero IjlacTa. B XKypHan II0 KaxXKOOMYy IIJIaCTy MOET Ouala3oH
MOITHOCTH U IIJIONIaaX 30H, 110 KaXK/I0M ITape cocefed - HAUMEHBIINM 3a30p U IIJIOIIaab IepexIeécTa.

[Imomagu medyaTalOTCsA B reKTapaxX, a He B sg4YedKaxX: ThHICAYA S4YeeK Ha MEeTPOBOM CeTKe W Ha
TPUOLATUMETPOBOM Pa3IUYaIOTCSI B IEBATHCOT pas.

Yero HHCTPYMEHT HE peniaet

OTpunartenbHasi MOIIHOCTEL OLIBAET [OBYX MPOMCXOXKIOEHUH, ¥ apuPMETUKOH WX HEe PaA3TUUUTh:
ommubKa MHTEPIIOIAIUY 1160 OMMPOKUIEIBAHUE TIJIacTa Ha CKagKe. MHCTPYMEHT oTMedYaeT MecTa u
rmevyaTaeT YKMCIIa, HO IPUTOBOpPa He BRIHOCHUT. Pa3muyaioT maHHBIE OypeHUs: eClIM KOOLI IO CTBOIY
UAOyT HE B CTpaTI/IFpa(l)I/IT-IeCKOM IIOpPAOKe, 3TO IIPHM3HaK OIIPOKUOBIBAHUA, U CHUTAETCA OH IIPAMO II0
Momenu OypeHus.

OTnuuuTh Cpe3 OT BHIKJIMHUBAHUA 0e3 IIOBEPXHOCTH PACTBOPEHUA Ha BXOOE TOXKe HEeJIb34d: Y Cpe3a
MOIITHOCTBb O6pI>IBaeTCH Ha 3eépKajie, Y BEIKIIMHUBAHUA KPOBJIA C TIOOOIIIBOM CXOOATCS MexXnOy CO60ﬁ,
HO Ha KapTe 30H oba ClIy4as BBITTIAOAT OOJWMHAKOBO.

5.02 IIpumep pa3pe3a (memo)

UHCTPYMEHT CTPOUT yUeOHBIM pa3pe3 BEPXHEKAMCKOTO THIIA CO BCEMH CIydasMM, Pamu KOTOPHBIX
CYLIECTBYET OCTaslbHas rpymnma. [lone3eH OH TeM, YTO OTBET U3BECTEH 3apaHee: II000€e PacxoXaeHue
C HUM eCThb omnOKa MHCTPYMEHTA, a He JaHHEIX.

YTo B npuMepe

Kos1oHKa B3s5iTa U3 CIIPABOYHUKA I1JIACTOB II€JIMKOM, TPUAIATH IIIECTh TEJI CBEPXY BHU3: IOKPOBHBIE
OTJIOKEHUS, IIeCTPOIIBETHAs U TepPpUTreHHO-KapOOHaTHAs TOJIIM, COJSHO-MeprenbHas TOJIIIa,
Oanbllle COJib C TEPEexXOmHOM ITayKoM, ITOKPOBHOM KaMeEHHOM COJIbl0, KapHAIJIMTOBOM 30HOU C
MEeXKOYIIaCTbIMU, CUIbBUHUTOBEIMHU IIJTaCTaMM, ITOACTUJIIAIONIEN COJIbI0, MapKUPYIOIIel IITUHON U
HUXKHEN CONIbI0. MeXOymIacThs 3[0eCh TaKue Xe Tejla, KakK MJIacTHI.

JIexkadyasi CKjIaJKa B cepefuHe IJIoImanu. Y e€ 3aMKa BepTUKallbHas CKBajkKWHa IIepeceKaeT
OOHO U TO XK€ TeJI0 TPUAKOLI: B TOPU30HTAJIbHOM KpBUIE, B BepXHEU Oyre U B HUXKHEN, a coceqHee
BCKpBIBaeTCs ABaxabl. Hap TOYKOM B IJTaHe OKa3kIBaeTCs HECKOIBKO KPOBEJIb, U OTMETKA IePECTAET
OBITH PyHKITMEN OBYX KOOpaMHAT. HUKaKas IMIOTHOCTL CETU 9TOTO HE UCIIPABUT.

BBIKIMHHBaHHE CBOOUT MOIIHOCTE OOQHOTO IIJTacTa K HYIIIO CriazxkKeHHOM CTYII€EHBIO MEeXYy OBYyM:
I'PaHUIIaMHU. FpaHI/I]_[BI BBHIOAIOTCA JIMHUAMU - TEM CaMbIM BXOOO0M, KOTOprﬁ HY2KEH [OJId IIOCTPOEHUudA
TPpeHOga MOITHOCTH.

CoJISIHOM KYIIOJI CO CPe3aHHOM BepXYyUIKOM CTOMT B CTOPOHE OT CKJIAJKH. KyIloj mogHHMaeT
COJIb I[€JIMKOM, @ IIOBEPXHOCTh PACTBOPEHHUS Cpe3aeT MOOHATOe CBEePXY, X Cpe3aeTcs He OIHO TeJlo,
a BCSI KOJIOHKA BHM3 [0 YPOBHSI PACTBOPEHMSI. 3epKajio 3TO KPOBJIs He Ha3HAYEHHOIo TeJla, a TOro,
KOTOpOE yIIe/Iesio: B CTOPOHE OT KyIT0ojia IepexoqHas madyka, Hafl CBOLOM IIOKPOBHAS COJIb.

COHHHO-MepFeHBHaH TOJIIlIa JIeTJIa Ha CPE3aHHYIO COJIb ¥ 3aIlOJIHAET BCE IO ITOOOIIBEI TEPPUTEHHO-
Kap60HaTHofI, IIO3TOMY HA KYIIOJIOM OHA TOHKAf, a B CTOPOHE IIOJIHAA.

rpHI[bI B 30H€ CKJIaJKH HEBEPHBbI HAPDOYHO

I[ToBEpPXHOCTU CTPOSITCS IO MEPBOMY CBEPXY BCKPHITHUIO, TO €CTh POBHO TakK, KakK ux coOpamn Onl
Yes0BeK, pa300paBIlInii 3aMephl U3 CKBaXKUH U HE 3aMeTHUBIINWIN ONMPOKUOLIBaHUS. B 30He CKiagku
OHHU HeOeHWCTBUTEIILHEI 10 IOCTPOEHHIO, 1 9TO COejlaHo HaMepeHHO: 5.01 Ha Takux rpumax o0si3aHa
[MoKa3aTh IIePEXJIECT M OTpUIlaTEeNIbHBIE MOIIHOCTH. KOHTYp 30HBEI BHIHAETCS OTHEIBHBIM CJIOEM,
4yTOOBI HE TPUHUMATh €€ 3a OIHuOKYy MHCTPYMEHTA.
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Y9T10 Ha BBIXOIE

I[ToBepXHOCTM MULIYTCS B MaNKy 10 (aiay Ha KOHTAKT U TPY3ATCA B TPYIIY B MOPSAKE KOTOHKH.
TpupnaTtek ceMb OTOENBHBIX CTPOK B OUAJIOTE OTKPHIBATH OBUIO OB HEYEM, IIO3TOMY B IIapaMeTpax
CTOUT OJHA IanKa.

Kpome moBepxHOCTeH BBIIAIOTCS 3€PKajl0 PAaCTBOPEHUS, KapTa BEIXOHa IIOf 3ePKaJjio, MOUIHOCTh
BOJIO3AIIMTHOMN TOJIIIM OT KPOBJIM TjacTta B mo 3epkasa, yCThd M MHTEPBAJIBI MOOenu OypeHus C
HOMEPOM BCKPHITHS B IOJIE€ entry, TPAHWIBI BHIKJITMHMBAHUS JTUHUSMH, KOHTYDP 30HBI CKJIAQOKU U
CHPaBOYHUK IJIACTOB C KOJAMU, IIOPSITKOM, BUIOM TeJla U IIBETOM.

Bcé meTepMHHHPOBAHO: OJHU U TE XK€ IIapaMeTpHl JaloT OOUH ¥ TOT XKe pa3pes.

Kaxk 3THM II0JIL30BaThCsl

IMoctpoiiTe mpuMep, moganTe ero moBepxHocTu B 5.01 u ybemuTech, YTO IMEPEXIIECT HAXOOUTCS B
30HE CKJIa[IK¥, a BEIKJIMHUBaAHME TaM, TIe 3aJaHbl TPaHUIIbl. 3aTEM IIPOBEAUTE JIMHUIO pa3pe3a 4yepes
CcBOZ Kymnoja uHctpyMeHToM 4.01, mogaB CIIpaBOYHUK IIJIACTOB: IIOJIOCH OOPHIBAIOTCSA Ha 3epKalle,
HaJl CBOOOM BEPXHEro Tejla HeT BOBCe, a CJiefyolilee 000pBaHO. DTO U €CTh KapTUHA, KOTOPYIO TaéT
9PO3UOHHBIM KOHTAKT, ¥ IO Hel yOOOHO IPOBEPSTh, KaK BemyT ce0s pa3pe3kl Ha HaCTOSAIUX JaHHbIX.

5.03 Coopka ma4yku oT penabeda

Komnonka CTPOUTCHA CBEPXY BHU3, TEJIO 3a TEJIOM IIO CIIPDABOYHUKY. L7151 KaXKOoro Tesna HUHTEPIIOIINPYyeTCA
MOIITHOCTE ITIO CKBaXHWHaM, IIOOOIIIBa IIOJIy4Ya€TCsA BBIYUTaHHMEM MOIIHOCTHU U3 BHIIIIEJIeZKalllet
ITIOBEPXHOCTH, U OHA 2K€ CJIY2KHUT BEPXOM [JIsA CIIEAYIOIIEero.

ITouemy 3TO HagEKHO

Ecnm wmomHOCTH HEeOTPHULATEeJIbHBI, IIOBEPXHOCTHM HE€ MOI'yT IIepeCeYbCsa: OHHU IIOJIy4YalOTCsA
BEIYMTaHHEM OOHaA U3 upyroﬁ. HerOTI/IBOpeT-II/IBOCTb BEIXOOUT IIO IIOCTPOEHHIO, a He HpOBepKOﬁ
IIociie.

YeM 3a 3TO IUIATAT

Omubxa KaXOOM MOIIHOCTU CKJIQObIBAETCS C IpegelgyImMuy, 1 K HUZKHUMM TeJlaM HaKOIIJIEHHOe
OTKJIOHEeHHE CIIOCOOHO IIPEBBICUTE CaMy MOIIIHOCTS. CxemMa romuTcCs OIS Hel".TIYGOKI/IX IIa4eK Hu
WH2XKEeHEPHLBIX 3aaa4, rge BerHI/Iﬁ KOHTAaKT U €CThb JHEeBHas IIOBEPXHOCTE.

151 TTy0OOKHWX TIa4veK ITOflaliTe ONMOPHOM ITPOCIIEKEHHBIM KOHTAKT M YKaXKHUTE, YbeW KPOBJIEW OH
cnyxut. Torma c6opka MOET OT HETO B 00e CTOPOHEI, BHU3 BHIYMTAHMEM U BBEPX IpHOaBJIEHUEM,
¥ ommOKa OeIUTCS II0IIoJIaM.

Y10 cCYUTAEeTCsA MOIIHOCTHIO

MoutHOCTh 6epéTC5{ II0 CTBOJIy W IIPDHUBOOUTCA K BEPTHKAJIUM II0 YIJIy IIaO€HUusdaA: Yy HaKJIOHHOH
CKBAXKHHBI BCKPBITAasd MOIITHOCTB OoJbIlle UCTUHHOM, 1 6e3 IIOIIPAaBKHU CyMMapPHAasaA MOITHOCTE IIa4YKH
3aBHIIIIAETCS. YTOJI YUTAaEeTCHI U3 OIS Y YCTh4, 06e3 Hero CTBOJI CUUTAETCS BEPTUKAJIBHBIM.

OTcyTcTBUE Tella B CKBaXXWHe 3TO HOJIb, a He MPONYyCK. MeX[Oy TaKOW CKBaXXMHOU U cOCefHEHU
MOIITHOCTB YXOOUT B HOJIb, Y T€JIO BHIKJIMHUBAETCS caMo, 0e3 OTHOEeJIbHOTO MeXaHU3Ma.
JIMHMY KOHTaKTa

Tam, rme Teno BBIXOOUT Ha IIOBEPXHOCTh, MOIIHOCTBE BCEr0 BEBHIIIEJIe2XKAIlleTr0 PaBHa HYJIIO IIO
OIIpenejleHnuIo I'PaHUIbl, 1 3TO 3HAYE€HHUEe N3BECTHO, a HE OLIEHEHO. Y35s1 nuHUM IIPOPEXKUBAIOTCA C
II1aroM IIopsagkKa AYEUKU: T'yCTOTa OI_[I/I(prBKI/I He OO0JI2ZKHa ITpeBpallaThbCia B BEC.
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5.04 KoppeKuusi Ma4KH [0 CTAaTHCTHKE MOIIHOCTEeH

[IpaBUT yHacnIemoOBaHHYIO [TA4YKy, KOTOPYIO HUKTO He CTaHET mepecobupaTh 3aHOBO. ITo 3amepam
CUYMTAETCS CTAaTUCTHKA MOIIHOCTH KaXKI0To Tejla, 6epEeTCs HOBEPUTEIbHEIN NHTEPBAJ, ¥ MOIITHOCTH
Ha I'pUe Cpe3aloTCs 10 ero IPpaHuIlaM: BCE, UTO BHIIIJIO 3a HUX, 3aMEeHseTCsI caMou rpanuiei. M3
HUCITPABJIEHHBIX MOIITHOCTEH mayka coOupaeTcss 3aHOBO.

Yucno s4yeek IIPHU 3TOM HE€ MEHAEeTCsdA, B OTJInN4YUEe OT BI:I6paC'bIBaHI/IH: MECTO OCTAETCH, 0683Bpe}KeHa
TOJILKO BeIM4YMHa. B cTaTuCTUKe aneM HA3BIBAETCS BUH30PHUPOBAHHUEM.

CpesaHue oTmenseT apTedakT HHTEPIONSIMH OT TeoJIOTHKM. MOIIHOCTL BHE HHTepBajia Ha
BBIJEP2XKAHHOM TeJjle IMTOYTHU HaBEepPHSKa €CTh PAa3rOH MeTOoda MeXIy CKBaXHMHaMH, a HE HACTOsIlIee
yToniieHue. TaM, rae Telo 3aKOHOMEpPHO MeHsSeT MOIIHOCTh, MHTEepBall IMWPOK, W IIpaBKa He
cpabaThHIBaerT.

CraTuctuka Oep€Tcs M3 3aMepoB, €CJIM OHU HomaHbl. be3 HuX MHTEepBaJl CUMTAETCS II0 CaMOMY
TpUny, U 3TO cnabee: TPUA yXKe COOEPKUT apTedaKT, KOTOPHIHA MBI uilleM. MHCTpyMeHT 00 3TOM
IpeaymnpexmaaerT.

5.05 ManudecT Mmoaenn

3amuchIiBaeT, KaKyl POJIb UIpaeT KaXKOBIM CII0M HPOEKTa: OMOpHAas ITOBEPXHOCTh, KOHTAKT Teja,
3epKa’so, YCThs, MHTEPBAIbl, 3aMePHl OCH, CITPAaBOYHUK, Ha3eMHEIe HaOIIoqe s, CTBOP, pa3pes.

ITocme cOOpKM IIPOEKT HpeBpalllaeTcsa B Kydy pacTpoB M Tabmuil 6e3 SIBHOU CTPYKTyphl. UTO u3
3TOT0 4YTO, 3HAET II0JIb30BaTEJIb, HO I'0JI0Ba He IlepelaéTcs BMecTe C IPOoeKToM. MaHudecT KUBET
B II0JIb30BaTEILCKUX CBOMCTBax mpoekTa QGIS - miraTHOe MecTo, KOTOpoe coxpaHseTcs: B daiine
IIPOEKTa U IIEPEHOCUTCS BMECTE C HUM.

ITpaBuJiO: MHCTPYMEHTHI YUTAIOT MaHUGECT, HO He TPeOyIoT ero. ECTh poiiu - BXOABI HAXOASATCS CaMU.
HeT porseii, moTOMy 4YTO IMPOEKT UYKOM UM YHaCIeOOBaHHLIU, - BCE paboTaeT M0 SBHOMY BHIOODY.
ManudecT cokpaiiaeT OyTh, @ He CTAHOBUTCS YCIOBHUEM pPabOTHI.

Ponmm yramgplBaloTCS IO MMEHaM CJIOEB U BBIOAIOTCSA TaOnIuIlel Ha MOPOBEPKY: MMS HUYEro He
rapauTupyetT. UyxKue poyiu, 3anucaHHble APYTUMH MOOYISIMU, COXPAHSIOTCS: MaHUGECT oOIui, u
BBEIUHMINATH HE3HAKOMOE 3HAYUT JIOMaTh COCensiM paboTy.

IToBepxHOCTH, coenanHble cOopKol mayku (5.03), pacmo3HaroTcst 6e3 moramok. COOpKa BHIK/IaObIBAET
ux ¢aiylaMu U OpU 3aIluCU IIoMedaeT KaxXKObli (aiii ero poibio, IO3TOMY MeTKa edeT BMECTe C
daiimoM: cJioff MOXKHO IIepPeMMeHOBaTh, IEPEHECTH B APYroM IIPOEKT UM OTHATh COCENY, POJib
oCTaHeTcCs IIpU HEM. PaHbIlle Takue IIOBePXHOCTH Ha3bwBanuch «01 KO » 1 HU IIof OOHY IIOACKAa3Ky
II0 UMEeHHU He IIOOXO0OuJIvu, TO €CTh COOCTBEHHELIE BBIXOOBI MOOYJIsA OCTaBaJINCh HEPA3ME4YEeHHBIMH.

HcTouHuku ponu OepyTcs IO CTaApIIMHCTBY: CHadalla MaHU(eEeCT MpoeKTa, 3aTeM MeTKa B ¢aiine,
3aTeM OorajkKa II0 UMeHH. PellleHue 4deloBeKa, 3alMCaHHOe B MaHU(ECT, He mepeOuBaeTCs HU
daiinom, HI DOTAIKOM.

5.06 CK/1ag9aTOoCTh NOBEPXHOCTH

CuuTaeT, HaCKOJIBKO IIOBEPXHOCTHh CMATaA, I10 pa36pocy OTMETOK BOKPYT MECTHOI'O HAaKJIOHA.

Ckmag4aToCTh MEPHUTCA IIO IIOBEPXHOCTH, a He II0 MOIIDHOCTH: IIHUJIHMHAPHYEeCKasa CKIadgKa C
IIOCTOSIHHOM MCTHUHHOM MOIITHOCTBHIO CyaieCTByeT U I10 MOIITHOCTHU HEeBUOVWMa BOBCE.

Ipsimas gucmepcusi OTMETOK He roauTcs. Ha obireM HaKIOHe OHAa BelWKa BCIOAY, W CIIOKOWHEIHN
CKJIOH MOJIy4aeT Ty 2Ke OLIeHKY, UTO CMsTas 30Ha. II09ToMy B KazKOOM OKHE IIOATOHSeTCS MIIOCKOCTh
¥ CUMTAETCs pa30dpoc OCTAaTKOB BOKPYT HEE: HAaKJIOH YXOOUT, U3BHUIIMCTOCTEL OCTAETCH. TpeHO UMEeHHO
TUHEeWHLIN, KBaJpaTUYHEIM BoOpas Obl B cebs1 4aCcTh CAMOM CKIam4aTOCTH.

OQHO OKHO HUYETro He pelnaer. [JUCIIepCcrsi 3aBUCUT OT MacIinTada, ¥ IpPaBUIbHAS Mepa 3TO CKOPOCTh
eé pocTa c pa3MepoM OKHa. Hak/IoH B JBOMHOM JjiorapudMe U eCTb 3Ta CKOPOCTh: Ha CIIOKOWHOM
TIOBEPXHOCTH OH OKOJIO HYJISI, Ha CMSITOM 3aMETHO OOJIbIIIE.
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OcCTaTOK MOBEPXHOCTH BHIOAETCS OTHOENIbHO M TOOUTCS BXOOOM OIS (paKTaIbHOM Pa3sMEpPHOCTH: Ha
OEeTPEeHONPOBAaHHOM MOBEPXHOCTH HAKJIOH BAapHOTPAMMBI OMIMCHIBAET U3BUIIMCTOCTH, a He o0IIee
majleHue CIos.

MOIIHOCTE U3 0a3kl OCTAETCS BTOPHIM, HE3aBUCUMBIM ITPU3HAKOM CKJIaMYaTOCTH: OHA BCKPHITAs, a
He MCTHUHHAS, ¥ Ha KpbIIe pacTéT TeM CHullbHee, YeM Kpyde 3ajieraHue. [IBa pa3HBIX U3MEPEHHUSI,
CXOISIINXCSI B OMHOM MecTe, HafgExKHee OqHOTO.

I'mapoiiorusi pex

I'pymnma oTBe4YaeT Ha BOIIPOC, KOTOPLIM 0OOCHOBBLIBAIOT 3aTOIIIEHHE: JO KAKOW OTMETKH IIOTHUMETCS
BOMla IIPY 3aJaHHOM pAacXofe M KaKOH pacxod IPOXOOUT IPH 3aJaHHOU oTMeTKe. CBSI3b MeXKOy
pacxomoM ¥ OTMETKOM CTPOUTCS IO CTBOPY M HA3bIBAETCSI KPUBOM PacXOHOB.

3aZaya mpuIlljia U3 OPaKTUKU: THOPOJIOTH CTPOSAT TaKue KPUBHIE B IIporpaMMax C PyYHBIM BBOAOM,
e Tmaphl pacCTOsSHHMEe-OTMeTKa BOMBAIOTCSA Tabmuilel Mo KaXKIOOMy CTBOPY, a KO3(GUIMEHTH U
VKJIOHBI IIPONMCHIBAIOTCSI pPyKaMu. MexXOy TeM BCE IlepeducyieHHoe - JaHHble, KoTopele B ['MIC
y2Ke eCTh: PaCCTOSHUSA CUOAT B TeOMETPUU CTBOPa, OTMETKU B IIpoMepax, YKJIOH MeXOy CTBOpaMu
cuuTaeTcs U3 KUjIoMeTpaxa.

BeTka camocTOsATENbHA W C TEOJIOTMYECKOW MOMEJIbI0O He IepeceKaeTcsi, OOIIero Yy HHUX TOIbKO
annapaTt npoduieu.

6. I'uaposiorusi pex

6.01 CTtBOpPHI U KpUBHIE PACXOA0B

I'MmaBHBIM WHCTPYMEHT TPynmbl. [I0 CTBOPY W OTMETKaAM CTPOUT Tabmuiy u rpaduk 3aBUCUMOCTH
pacxoma OT OTMETKH.

Kak cuuraercsa

IIpoduns GepéTcs MO BEPIIMHAM CTBOPA, OTMETKa M3 Z BEepIINHBL. [IpoMepeHHass OTMEeTKa TOYHee
mo6oi Momenu penbeda, IO3TOMY HCTOYHHKOM CIIY2KUT CaMa IeOMeTpPHsI CTBOpa, a He cpe3 LIMP.

IMpoduns menuTcs Ha JIeBHINA Oeper, Pycno u mpaBwiii 6eper. CuuTaTh pa3debHO 005S3aTENbHO:
IIIEPOXOBATOCTh TOMMBI M pyCjla pPa3jn4yaeTcs B Pas3bkl, M EeOUHBIM CYET 3aHUXKAeT PYCJIOBYIO
cocTtaBnsamomyn. Ha KaXpmoM ydacTKe CYHUTAIOTCA IUIOWaAb XKUBOTO CeYeHUus, IMIHpUHa II0
3epKajy, CMOYEeHHEIH TIepUMEeTpP U TUOPaBINYEeCKUN paguyc, 3aTeM pacxop 1o dopMmyine MaHHUHTa.
CyMMapHBIUM Pacxof €CThb CyMMa y4aCTKOBEIX.

CMmoueHHBI mepuMeTp OepéTcs MmO TBEPABIM TIpaHHIlaM, TO €CTb II0 [OHY M OTKocaM, 0e3
BEPTUKAJIbHEIX TPAQHUIl y4acTKOB. MeTOOUKH 3IOeCh pPACXOHOATCS, W IPUHATO IIPOCTEUINee U3
coralleHun.

YuyacTku

3amaétcsi OOHUM U3 ABYX Croco6oB. JIuGo CTBOP NMPUXOOUT OOHON JWHWEHN, a TPAHUIEI CTOST
B IIOJISIX PACCTOSSHUAMM HO Tpoduiao. JIubo Tpems JIMHUSIMHU C HOJEM POIU U OOIIMM MMEHEM
- Torga pa30uWBKa KXMBET B I'eOMETPHH, KaK T'HOPOJIOTHM K PHUCYIOT npoduim. Bropoit crocob
MIPEeNIoYTUTEIbHEE: PACCTOSHUS BPYYHYIO HE HYKHHI.

IITepoxoBaTOCTH U YK/IIOH

BepyTcst u3 momnel cTBOpa, a He M3 MTapaMeTPOB MHCTPyMeHTa. [IprnynHa He B yooOCTBEe: CTBOPOB
MHOTO, V KaXKJOTO CBOUM 3HA4YEHMS, U IapaMeTpaMM 3TO He BHIPA3UTh, a KaJIuOPOBKa IIPU IOJIAX
CBOIOUTCA K IpaBKe Tabmuilel. [lapaMeTprl ciIyKaT yMOTYaHUEM [Jig CTBOPOB 6e3 Mojiel, IPUHSThHIE
3HaQUEeHUd I1eYaTaloTCs B XKypHaI.
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VKJIOH yMeeT CUHUTATHCS MO HeIMoYKe CTBOPOB: €CJIH 3aJaHbl KUJIOMETPaXx U OTMETKHU [HA, YKJIOH
Kaxkaoro 6epéTcs K cocegHeMy 110 Pa3HOCTH OTMETOK M PACCTOSTHUIO BIOJIb PEKHU. B cymecTByomen
IIPAKTHUKE €TI0 IIPOIMMUCHIBAIOT OTHOCUTEJILHO IIPEeAbIayIiero CTBoOpa BPpy4YHYyI0, 30eCh Ta XK€ BeJINYUHa
BBIXOIOUT M3 aTPUOYTOB caMa.

IIoassi ¥ e TUHUIIBI CTBOpr Ha BXo[e:

rojie 4TO €OUHUIIEL

sec WMSsI CTBOPA, IO HEMY TEKCT
TPYIIUPYIOTCS JTUHUU

km KHWJIOMETPaXk OT YCThS KM

role POJIb IVHUY [IPU IIOAA4Ye TPEMSI TEKCT: JIEBBIN, PYCJIO, ITPABHIN
TTUHUSIMU

div 1, div r TPAHUIIBl YIaCTKOB, M

PacCTOsIHUS 10 IPODUITIO OT
HavaJla IUHUU

n_left, n_channel, n_right IIIepoX0BaTOCTh MaHHUHTA I10 6e3pa3MepHas
y4acTkaM
slope VKJIOH BOOHOU MOBEPXHOCTHU M/M

Tabmuita mpoMepoB Ha Bxome 6.03: sec, dist - pacCTOsIHUE IO CTBOPY B MeTpax, elev - aBCOMIOTHAS
OTMETKa B MEeTpPax, km, ¥ T€ K€ PACYETHHIE MOJIST, €CITU OHU €CThb.

Tabmuila pacxomoB 00eCHIeYeHHOCTH: prob B HPOIEHTaX, q B KyOoMeTpax B CeKyHay. Tabmuma
HabOII0MaeMEIX YPOBHEH: level B MeTpax, label TEKCTOM.

KpuBas Ha BeIXOfe: level M, area M?, width M, perim M, radius M, v M/C, q M3/c, n 6e3pa3MepHas, slope
M/M.

TMomBan yepTexka: TO JKe TIJTIOC depth avg CpeMHss TTyOMHA B MeTpax, slope ppm YKJIOH B ITPOMHUIITIE,
n_inv BeTMunHa, oOpaTHast IIePOX0BATOCTH, q_pct OJIS OT CYMMapHOTO pacXoda B POIIEHTAX, part_no
HOMED ydacTKa.

OTMeTKHU 3eM/Iu: dist PaCCTOSIHUE IO CTBOPY B MeTpax, elev OTMETKa B METPAX, step PACCTOSIHHE IO
MIpenbIayIled TOYKW B MEeTPax.

YpOBHI/I: level M, q Mm3/c, prob IIPOLIEHTHI, label IIOAMIMCH, kind BUO YPOBHA - prob paC‘-IéTHbeI, obs
HaOJII0maeMBbIH.

B xkakux eguHUNAX YKJIOH 6e3pa3MepeH: OTHOILIEeHUE NTafleHUd K JJINHe, MeTp Ha MeTp. B monsax u
ImapaMeTpax OH 3afmaéTcs uMeHHO Tak, 0.0004, a He B mpoMuJIe. B momBane deprexka TOT XKe YKIOH
BBIBOIOMUTCSI OTHEIbHBIM II0JIEM B IPOMUIIJIE, IOTOMY YTO B OTYETHHIX Tabmuiax ouinyT Tak: 15.30 %o
B noaBaiie 3To 0.0153 B mosie cTBOpA.

[ITepoxoBaToCcTh 3amaércsa KoabdunmentoMm Manuunra: 0.030 pna wucrtoro pycna, 0.070 pns
3apocmeit mouMel. CTporo roopsi, Ko3dduimueHT He OGe3pa3MepeH, Pa3MEpPHOCTh NMPSYETCS B
dbopmyrie, 1 moTOMY OHa MeTpPHUYECKas: Pacxof BEIXOOUT B KyOOoMeTpax B CEKYHOY IIPH IIJIOMIaON B
KBaJIpaTHEIX MeTpax U papuyce B MeTpax. [Insa ¢yToB dopmyna norpeboBasa 65l CBOET0 MHOXKUTEIIS.

B mopBane psgom ¢ koadduirmenToM uaeT obpaTHAs eMy BEIUYUWHA, IOTOMY YTO Ha TMOPOCTBOPE
nmevataioT uMeHHo eé: 10.00 B momBane coorBeTcTBYyeT 0.100 B mosne cTBOpa.

I[Tonas ¢ oxupmaeMbIMHM uMeHaMu - sec, km, div ], div r, n left, n channel, n right, slope -
IIOOXBaTHIBAIOTCS 0e3 ydacTus IIOJIb30BaTeslsl, NOAXBaudeHHBIe Ie4aTaloTCs B XKypHasl. fBHBIN
BBIOOP BCerya craplile HalIeHHOTO.
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YpoBHH

Pacxonrr o6ecrieueHHOCTH - 1, 5, 10 IIpoIIeHTOB - TomaTCs Tabmuilel map o6ecrnevYeHHOCTh-Pacxo.
CunTaTh UX U3 PSAOOB HaOMIOOEHUN MHCTPYMEHT He GepEeTCsi, 3TO TUAPOJIOTHYEecKasi CTaTHUCTHUKA.
ITo xpuBOM KaxXAOMY pacxody HaXOOUTCSA OTMETKa, M YPOBHHU BBIXOOAT JIUHUSMHM B UEPTEKHBIX
KOOpOMHATax C TOTOBBRIMU IommucsMu Buma YBB1%, Kak MX ¥ HaHOCST Ha TUApocTBope. Pacxon
BBIIIIE KPUBOM MAET MpemyInpexkaeHue, a He 9KCTPAIIOISIIHIO.

HabGmiomaeMble yPOBHHU ITOHAIOTCS CBOEM Tabmuiied: oTMETKa U IOAIMNCh. DTO 3aMep, a He Pacuer,
Ha KpPUBYIO OH He OIMUpaeTCs U JIOKHUTCS PSAOAOM C pacueTHBIMHU, Buga ¥YB 472.90 X/2021. B cnoe
YPOBHEM TaKue CTPOKHU oMeudeHH kind=obs, pacuéTtHrie kind=prob, 1 1o sToMy 1010 UM 3aJaE€TCSA
Pa3HbIN CTUIIb.

YepTEéK CTBOPOB OTHUM CJI0E€M

Bech uepTéxK TUAPOCTBOPA BEIXOOUT OJHUM CJIOEM: TPOGUIb, TPAHUILI Y4aCTKOB, YPOBHHU U ITOOBAJI.
YacTtu pasnudaiorca noneM kind, u odhopmieHue BelllaeTcsi CTUJIEM Ha HEro - JIUCT cobupaeTcs
OOWH pa3s, a JaJibIlle MEHSIOTCS TOMBKO JaHHEIE.

OTMeTKa 3eMJIM JIEKUT B Z BePUINH NPODUIIs, IO3TOMY OTHENIbHBIN TOUEYHHIHN CII0M pafy IOoAInucen
He HYyXeH. BepTukambHOe NOpeyBenndYeHHe 3afaeTcss mnapamMeTpoM OTHOIIEHHE MacHITadoB,
BEPTHKAJ/Ib K T'OPHU30HTAJIK: 110 YMO/IYaHUIO OE€CATh, KaK Ha T'UMOPOCTBOPAX M YEPTAT. t‘IepTé}K
CTPOUTCSI B COOCTBEHHOM MHKEHEPHOUN CUCTEME KOOPAUHAT, K MECTHOCTHY OH He ITPUBSI3aH.

ITlogBan yeprexka

ITonBan He coOUpaeTcs U3 OTHENbHEX TueeK. XapaKTePUCTUKU yYacTKa Ha OTMeTKe II0[iBaJjla BUCST
B arpubyTax caMo¥ ITMHMWHU y4acTKa - IIMPHUHA, CPeOHss IIyOuHa, IJIOMaab CeYeHUsI, CMOYEeHHBIH
IIepuMeTp, THAPaBINYeCKUH pafiuyc, YKIIOH B IIpoMuIIe, KoabHUIINeHT IITePOX0OBATOCTH U 00paTHAasI
eMy BeJIMYnHa, CKOPOCTb, PACXO M HOJISI OT cyMMapHOro. CTPOKH ToaBajia PUCYIOTCS CTHJIEM II0
9TUM IIOJISM, [T0O3TOMY IIpaBKa IaHHLIX He TpeOyeT nepecOOPKH JIMCTA.

OTmMmeTKa 3afmaéTcs nmapaMmerpoM OTMeTKa 151 moagBaIa 4eprexka. be3 Heé 6epETcsa HauBHICIIUHT
VM3 PACYETHBIX YPOBHEW: MOMOBAJ CYMUTAIOT HA BHICOKOM Bome. IIpwHSATAs OTMETKa IedYaTaeTcs B
KypHal.

PAmoM uoyT OTMETKHU 3€MJIM M PACCTOSHUS - HUXKHUE CTPOKM TOT'O JXKe 4YepTexka. JIuct cobupaercs
reYyaTHOM KOMITOHOBKOM: MHCTPYMEHT OTHAET HaHHBIe, 0ohOpMJIeHNEe XKUBET B ITabJIOHE.

Y9TO0 BaxKHO 3HATh 0 MEeTOoe

®opmysia MaHHHHTA OIMCLIBAET YCTAHOBUBINIEECS pPaBHOMEpPHOe OBHXKeHHue. KpuBas o Hell 3TO
TUOpaBInYecKas XapaKTepPUCTUKA CTBOPA, a He PAacyYEéT BOJIHEI IIOIyCKa, U HHCTPYMEHT OOJIbIIIero
He obelllaeT.

VKJIOH BXOOHUT B PAcXo[ IO KOPHEM, II03TOMY OIIMOKa B HEM CKa3bIBAaeTCsS MPsMo. Ha paBHUHHEBIX
peKax oH MaJ, ¥ 3Ha4YeHue BCerfia mevaTaeTCs B XKypPHaJ, YTOOH MPUHATOE ObIIIO BUTHO.

YTO0 Ha BBIXOJE

Tabmuila KpUBOM II0 y4aCTKaM M CyMMapHO C IIJIOIIAAbio, IMWUPHUHONW, MEePUMETPOM, PaguyCcoM,
CKOPOCTBIO U PAacXoOoM Ha KaxKmou oTMeTKe. ITpodunu cTBOPOB, YPOBHU, MMOOBAJI 1 OTMETKH 3€MIIU
OTHENbHLEIMH CJIOSIMH B YePTEXKHEIX KOOPOHUHATAX.

Otuét HTML no KaxkpmoMy CTBOPY: IIpodusb C HaHECEHHLBIMHA YPOBHSAMHU U I'PaHUIIAMM y4acTKOB,
rpadmK 3aBUCHMOCTH pacxofja OT OTMETKH C JIMHHUSIMU 00eCHedYeHHOCTH, Tabiuia ypPOBHEH H
Tabnuia KpuBoi. PUCYHKYU BCTPOEHHI B CaMy CTPAHMUILYy, ITO3TOMY OTUET OCTAETCS OmHUM (aiiomMm,
KOTOPBIY MOXKHO II€peciaTh.
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I'paduK KPpHUBOH PacxXoaoB

KpuBasi oTma€Tcs BEKTOPHBIM YepTeXKOM: JIMHHUS, OCH, IIKaldbl C 3aceyKaMMW U ITOOIIMCSIMH,
IIYHKTUPHBIE 3aCeuKyd YpPOBHEN obecredyeHHOCTH. TOT caMblii rpaduK, KOTOPBHIH BCTABISIOT B
OTYET, TOJILKO €r0 MOXXHO MPAaBUTL KaK OOLIYHBIM CJIOH.

YTO OTKIaAbIBaeTCS IO TOPHU30HTANM, BHIOMpaeTCs MmapaMeTpoM: pacxop Q, MoIilamb KUBOTO
ceueHusi W unu cpegHsAs CKOPOCTh V. CKOPOCTh HYy2KHa TaM, TAe KPUBYIO YUTAIOT HE Pafu Pacxofa,
a pagu pa3MEbIBa: JOMyCTUMAasi HEPa3MbIBAIOIIAs CKOPOCTE TPYHTA CPAaBHUBAETCS MIPSIMO IO rpaduky.

I'paduk UOET OTAENBLHBIM CJIOEM U B COOCTBEHHBIX OCSIX: II0 TOPHU30HTAJIM BHIOpaHHAast BeJIMYMHA, 10
BepTHUKanu oTMeTka. COBMeIIaTh ero ¢ mpoduieM CTBOpa B OMHOM CJIO€ HeJlb3s - METPHI PACCTOSTHUST
1 KyOOMEeTpH B CEKyHIYy HECOTIOCTaBUMEI, 00Ilero Macintaba y HUX He cyiiecTByeT. Ha nuct oba
KJTagyTCSd MakKeTOM.

[ITar mkambl OTMETOK CTAaBUTCS B METP OJII HOPMATHUBHOTO YepTezKa, Iar IIKajbkl pacxoma HOJb
O3HAYaeT OKPYTJIbie YHCila I0 pa3Maxy. CTBOPHEI pacKIagbIBalOTCS B PSifl, KaXKIOBIH B CBOEM OJIOKeE.

YpoBHU 00ecneueHHOCTH IPUXOOST PAacXodoM, a OTMETKa [JIs 3acedku 0epeTcss 00paTHHEIM XOOOM
[0 TOM Ke KPUBOM: 3acevYKa TOXKUTCS Ha HEeé TOYHO, a He PSAIoM. YPOBEeHb BHE Aualla3oHa KPUBOM
MIPOIIyCKaeTCs.

ITone kind B aTpubyTax pa3nuyaeT 4acTH YepTexka: curve, axis, tick, mark, label. ITo Hemy
HacTpauBaeTCs ohopMIIeHHUE.

6.02 ITo/IMTrOH 3aTOIVICHUSI

PexkeT mMOBEPXHOCTh OTMETKOM BOIHI M BEHIHAET KOHTYP 3aTOIIIEHUS M PacTp TIyOHHHI.

OTMEeTKy MOXXHO 3aJlaTh IIPSIMO, @ MOXKHO PacXOOoM: TOra oHa 6epEeTcs oOpaTHLIM XOI0M IT0 KPUBOM
oT 6.01 - TeM caMBbIM OBUIKEHHEM, KOTOPOE Ha PYYHBIX ITIOCTPOEHUSAX PUCYIOT KPACHOU CTPEJIKOH.
Kpusas nomaétcs Tabnuiel, pacxol YKUCJIOM, IPUHATAsA OTMETKa IedaTaeTcs B XKypHaJl.

HHcTpyMeHT oTmesiéH oT 6.01 HaMepeHHO: Y Hero Opyroi BXOO M OPYTOM HMOTPeOuTenb, U TOHATh
BECh Pacy€T KpPHUBOH pafy OOHOTO IIOJIUTOHA He3a4YeM.

YpoBeHBb BOO/JIb PEKHM HE MOCTOSAHEH

BBepx 10 TeYEHUIO OH BEHIIIIE, U CPE3 BCEU IJIOMIaAM OOHOU OTMETKOU 3a/IMBAET JOOJIMHY TaM, e OHO
HIJK€e 3TOM OTMETKH, XOTsd Bofa TyHda He moxonuT. [1059TOMy ypOBHHU MOZAIOTCS II0 CTBOPaM: M3 HUX
IMOOHUMAETCSI ITOBEPXHOCTD BOMLI, ¥ TTyOMHA CUUTAETCS OT HEE.

Ectb gBa myTu. ['0TOBEIE YPOBHU JIMHUSAMU - OEPETCS BHIXO[ YPOBHH IIO CTBOpPaM Ha KapTe u3
6.01. Minu kenaeMBIM Pacxof II0 yXKe IMOCUUTAaHHOM KPUBOW: IIOJAIOTCsI CTBOPHI Ha KapTe, Tabiuliia
KPHWBOM M YUCJIO, U II0 KaXXKAOMY CTBOPY OTMETKa HaXOOUTCS OOPaTHBIM XOMIOM.

BTopoi# myTh OTBe4YaeT Ha 4YacCThiM BOIIPOC O KaTacTpoduyueckKoMm clieHapuu. KpuBasg oT pacxoma
He 3aBHUCUT, OHA XapaKTepUCTHKa CTBOpa, MO3TOMYy /000N pacxol, a He TOJLKO PaCUYETHEHIH,
pexetcs 6e3 nmepecuéTa 6.01. CTBOpP, Y KOTOPOT'O PACXO BHIIIE]I 3a BepX KPUBOM, IIPOITyCKAETCS C
npeaynpexkaeHueM: KpuBasi CTPOUTCS [0 Bepxa IMpoduss, U BHIIIIE HEr0 OTMETKY B35Th HEOTKYy[a.
Ecnu Takue cueHapuu HYXKHEI, IOOHUMUTE BEPXHIOI OTMETKY B 6.01, m KpuBas IPOJOJIZKUTCA C
3amacom.

YepTEKHBIM CJIIOM YPOBHEH i KapTH He TOOHTCS: Y HEero IO TOPU30HTAlIM PACCTOSHHE BIOOIb
CTBOpA, a He KoopauHaTa. MHCTPYMEHT 3TO PacCHO3HAET M OTKa3hIBaeT C 00bSICHEHHEM, KaKOu
BLIXOM OpaTh.

Mersnkue nsSTHA OTCEKAIOTCS IO IJIOIIAAX: Ha PABHUHHOW ITOMMe OOWHOYHEBIE TYEWKU HUXKE ype3a
OaloT Kpall, KOTOPHIHM K Pa3/IuBY OTHOLIEHUS He uMeeT. CBI3HOCTDL C PYCJIOM He ITPOBEPSETCs, U 00
9TOM CKa3aHO B XypHalie: 3aMKHYThHIE TTIOHUKEHUS B CTOPOHE OT PEKU OCTAHYTCsI B KOHTYpPE, U 9TO
BUOHO Ha KapTe.
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6.03 UMmmopT TAaO/IMII CTBOPOB

ITpeBpataeT TabIMily TPOMEPOB B CTBOPHI C OTMETKAMHU B BEPIIMHAX.

CymecTBylolie IIporpaMMBl [OepxkaT IIpodunb NapaM{ pacCTOsHME OT Hadajla CTBOpa M
abcomoTHass OTMETKa, W 3a rombl paboThl TakKuxX TabIWI] HaKaIllJIMBaeTCs MHOTO. IlepeOuBaTh
ux pykamu paznu nepexopa B 'MC He3zaueM.

Ecnu CTBOPH ykKe oIuGpoBaHL Ha KapTe, MOgalTe WX CIIOeM: IIPOMEPHI JIATYT BOOJIbL HACTOSIIUX
JIMHUYM, ¥ PACCTOSIHUE II0 CTBOPY CTaHET PAacCTOsSHUEM BOOIb MHHWHK. CTBOP, O/ KOTOPOrO JIMHUH
He HAIJIOCh, CTPOUTCSI CXEMOM C IpeaynpexRaeHrneM, IPOMEePH! AJINHHEE TUHUN TPUXKUMAIOTCS K €€
KOHITy TOX€e C IpedylIpexkIeHueM.

be3 cnos nurui reoMeTpusa CTPOUTCA IIPAMBIMHU CTBOPAMMU I10 a3MMYTY U KUJIOMETPAXKY. ITO cxeMma,
a He CbEMKa, U Ha pacqéT KpHBOfI OHa Heé BJINJET BOBCE: KpPIBOfI HYZKHBI PaCCTOAHUA BOOJIb CTBOPa
N OTMETKHU.

BMmecTe ¢ mpoduimeM mepeHOCSTCs PaCYETHHIE CBOMCTBA, €CIM OHUM B TabNIHIlE €CTh: T'PAHUIILI
y4aCTKOB, IIIePOX0BATOCTU U YKJIOH. be3 HuX BepHysack OBl TEOMETPHS, HO HE PACUET, M KPUBas 1O
BOCCTQHOBJIEHHEIM CTBOPAaM pa30Iiachk OBl C UICXOOHOM.

6.04 IIpumep peku (aemo)

YyeOHas LlenoYyKa CTBOPOB C U3BECTHHIM OTBETOM: HOJIMHA C PYC/IOM M ABYMS IIOMMaMM, OTMETKH B
7. BEPIIWH, IOIS y4aCTKOB, IIEPOX0OBATOCTH, YKIIOHA U KHUJIOMEeTpaka 3alloJTHEHHI.

Pyci10 1 TOMMBI UMEIOT PAa3HYIO IePOX0BATOCTh, IO3TOMY Ha KPHUBOIM BUOHO, KaK BKIIIOYAETCS IToHMa:
mo OPOBOK PacXof PacTET KPYTO, BRIIIE IepejioMa moiMa mo0aBiiseT IiIoanb, HO Majio o6aBiseT
pacxopa.

Kpome cTBOpPOB BHIgaroTCs Tabuila IPoOMepPoB - BxoAd AJist 6.03 - ¥ IOBEPXHOCThH AOJIMHBLI PACTPOM,
Bxom misA 6.02: pe3aTh 3aTOIJIEHUIO HEYEro, MOKa [OOJIMHA CYIIEeCTBYEeT TONBKO JHUHUSIMMU.
[ToBEpPXHOCTh CTPOUTCS M3 TEX XKe CTBOPOB, UTO U KPUBHIE, ITO3TOMY IIOJIUI'OH 3aTOIIEHUS U
KpHBas pacxomoB I'OBOPSAT 00 OOHOM [OIHWHE, a HEe O IBYX ITOX0XKHX.

OTOenbHBIM BHIXOOOM HAET STaJIOHHAs KpHBas, NOCUWTaHHAS SOPOM HanpsaMmylo. PacxoxpeHue C
TeM, 4To gacT 6.01 Ha 3THUX Ke CTBOpPAX, €CTh OIIMOKa MHCTPYMEHTa, a He MaHHHLIX: OTBET U3BEeCTEH
3apaHee.

Kak mpoBepsTh rpynmy

ITocTpotiTe mpumep, Imomaite CTBOPHI B 6.01 u cBepbTe TAOMUIy KPUBOM C 3TAJIOHHOM - OHU
00s13aHBl COBIIACTh. 3aTeM IomaiTe Tabmuily mpomepoB B 6.03 BMecTe CO CJIOEM CTBOPOB OEMO:
BOCCTAHOBJIEHHBIE CTBOPHI JIATYT IIOBEPX HCXOOHBIX M OafyT Ty XKe KpHBYI0. HakoHel, momaiite B
6.02 MOBEPXHOCTDb HOIUHEI, KPUBYIO PACXO0B M PACXOJ - IIOJIyYUTE KOHTYP 3aTOIIEHUS U IITyOuHY.

Yero B rpynmne noxa Hert

ITpoMepHl OTOENbHBIM CIIOEM TOYeK u cpe3d mpodunsa ¢ LIMP mns cTtBopoB 6e3 Z. BaTumeTpus:
BOCCTAHOBJIEHHE [OHa MeXKOy IIPOMEPHBLIMH CTBOpPaMH BOOJIb PyCjla - OTAeJIbHAs 3ajada CO CBOel
QHU30TPOIINEN, U IO HEE KPUBLIE CUUTAIOTCS 110 IIOBEPXHOCTSM, T'I€ JHO €CTh.

7. ®pakTaJIbHBIH aHAIH3

7.01 ®pakranbHasi pa3MEepPHOCTH

WHCTPpYMEHT CTPOUT KapTy (PppakTajbHON pPa3MepPHOCTU NOBEPXHOCTH BapUOTPaMMHBIM METOHOM,
POOHEIM [OJis IJIaTHWHA. B CKOIb3sMIeM OKHe CYUTAeTCs JIOT-JI0OT BapuorpaMmma Io ImaraM OT OOHOU
mo N gdeex - IIIaT OJUH 3TO COCeOHME STYEeUKY, I1ar YeThIPe 9TO SYEeUKU Yepes3 TPHU, - 10 €€ HAaKJIOHY
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ompemensieTcsl ImokKal3aTenb Xépcta H, a pasaMepHOCTh BhRIUmMcIsgeTcss Kak D = 3 - H. Ha rmagkux
ouddhepeHIMPYEMEIX ydacTKaXx D OKO0JI0 2, Ha M3PEe3aHHBIX W IIYMHBIX - O/uxke K 3. 3HAYEHUS
D maroT ypoBeHb M3PE3aHHOCTH, Iepenafgbl D NOKa3bBaAIOT T'PAaHUIIB: UMHU HPOSBIAIOTCS 30HBI
TEeKTOHMYECKUX HapyLIIeHuH, rpaHullbl 0JI0OKOB U CMeHa XapakKTepa penbeda KPOBIIH.

I'pug D cpa3y moxkHO nogaTth B 1.04 U301MHUM U3 pacTpa U MMOJIyYUTh U30IUHUU Pa3MEPHOCTH.
B momonmHUTENBHBIX IIapaMeTpax IIPemyCcMOTpeHa BO3MOXKHOCTbL 3amnucaTh H BTOPHIM KaHalIOM.
I'moGanbuble D u H 1Mo BCceli TOBEPXHOCTHU BHIBOOSTCS B XKypHaIl.

Kak uutars Kapry

AbcomoTHEIe 3HAYeHU D BayKHEI MeHbIIle, YeM UX nepenanbl. JINHeNHLIN ITepenan 4epe3 IUIomanb
- IMHeaMeHT, KaHOuaT B TEKTOHUYEeCKoe HapylleHue. [T9THO TOBHIIEHHON D - 30Ha MHTEHCUBHOU
CKJIaAYaTOCTH UJIM U3Pe3aHHOoro penbeda Kposnu. OOHIMPHBIE POBHBIE TTOJISI HU3KOM D - CIIOKOMHEBIE
Os10km. 1715 YTEeHUS MOXKHO IPUMEHUTH OJHOKaHaIbHYIO IICEBAOIIBETHYIO CHUMBOJIMKY C KOHTPACTHOU
MaJuTPON U Kinaccudukanyel KBAaHTUIIMHU. [ OTYETHOTO IIN1aHa o rpuny D cTposaTcs U30IUHUU
c nosicaMu uHCTpyMeHTOM 1.04, 1 30HHEI HapyLIEeHNY OKOHTYPUBAIOTCS KaK N30T UIICHL.

Kpoena: rnagkue BNoKWM W 30Ha HapyLueHWi KapTa (hpakTancHoW pazmepHocTm D = 3 - H

3.0

28

26

2.4
=5

2.2
-10

20

Puc. 30: CunTeTH4YeCKas KPOBJIS C AMarOHAIbHOM 30HOM APOoOIeHNs U €€ KapTa D: CIOKOMHEIE 6JI0KU
OKOJIO 2, 30Ha HapyUIeHUN IPOSBUIIACh IPKUM JIMHEAMEHTOM.

=
tn

=
(=]

w

=]

BBIOOD OKHa H IIAaroB

Marnoe okHO (5-8 Tueek) MOKa3kBaeT MUKPOCTPYKTYPY U JIOKaIbHEIE HapyIlleHus, 6ombiioe (12-20)
- perHOoHa/IbHBEIE 30HHBL. [IpW COMHEHUWM MOXKHO IOCYHMTaTh 00a u cpaBHUTH. KonmuyecTBO maros 4
IIOOXOOUT IIOYTH BCerga: OOJIbIle IIaroB - YCTOMYKWBee HAKJIOH, HO TOJIIle MUHUMAJIbHEIM MacIiTad,
KOTOPHIA MeTOn crocobeH pa3nuuyuTb. OKHO M IIard OrpaHWYeHbl Ppa3MepoM Ipupaa, UHCTPYMEHT
IIPOBEPSIET 3TO CaM.

Pa®ouuis MUK

Kposns niacta u3 Kpurunra nogaércs B 7.01 ¢ okHomM 8, monyuenustii rpung D - 8 1.04 U301uHNH
U3 pacTpa (kaHan 1), u moBepx CTPYKTYPHOTO IIJIaHa J10KaTCAd U30JIMHNUY PAa3MEPHOCTH C II0sICaMMU.
I'mob6anbHOE D 13 )KypHala - OMHO YHUCJIO Ha TIOBEPXHOCTD, II0 HEMY MOXKHO CPaBHUBATh YYaCTKU WU
IJIaCTHI MeXKIOy co00i. PacTp momKeH OBITh B METPHUYECKOM CUCTeMe KOOPAUHAT. [1eMOo-II0BEPXHOCTH
IMOOXOOAT KaK €CThb.

ITapamMmeTpsl
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[TapameTp YTo 3afaéT ITo ymom4anuio / COBET

[ToBepxHOCTE (Pactp) I'pup penbeda mnm 10060 TOBEPXHOCTH. -
IMTonypaguyc OKHa, sT4YeeK Pa3Mep CKOMb34Iero oKHa. 8
KommuecTso mraros ([Jorr.) [lTaru BapuorpaMMbI OT ogHOMU O0 N siueek. 4
Kanamn BricoT (Jo1.) Kanam ¢ oTMeTKaMu. 1
3anucaTtk H (Jom.) Io6aBuTh H BTOPEIM KaHAJIOM. BBIKJI

@®paxkrtanpHasa pasMepHocTs ['pupg D (u H npu ranke). -

7.02 Box-counting Mmacku

Knaccuueckuit box-counting mns OMHapHBEIX MacoK. PacTp OmHapusyeTcs IOporoM (0OBLEeKT -
3HaueHus OOJIbIIle ITOPOra), MackKa IIOKPLIBAETCS AYelKaMu yOBRIBAIOIIETO pa3Mepa, HakIoH log N
ot log(l/pa3mep) maéTt ogHy pa3MepHOCTh D Ha BCIO Macky. JImHeWHBIH 00beKT maéT D okomo 1,
IIATHO - OKOJIO 2, HU3pe3aHHbI€ KOHTYPEI 30H 3aMEIleHUuS UJIn BBIpa6OTaHHbIX IIPOCTPAHCTB JIOZKAaTCA
MexXay. TOUHOCTh Ha KOHEYHBIX MacKax mopsimka *+0.1, mo3ToMy MeTO[ MPUTOMEH [Ji CPaBHEHUS
MacoK Mexpay coboi, a He Kak abComioTHasi Mepa. Pe3ymbTaT BRIBOOUTCS B JKypPHAJl BMECTE C
TabnuIel pa3MepoB ¥ CUETOB M BO3BpAIlaeTCs YHUCIOM D, KOTOpOe MOXKHO HCIIOJIb30BaTh HabIlle
B Mopensax Processing.

Koeép CeprnMHCKOro: HaknoH 1.8928 (Teopua 1.8928) Kpweana Koxa: HaknoH 1.254 (Teopwa 1.2619), R?*=0.999

-45  -40  -35 -30 -25 -20 -15 -10 20 25 30 35 4.0 45 5.0 5.5
log(1/pa3mep) log(1/pasmep)

Puc. 31: IlpoBepka OIIeHIIIMKOB Ha IJTajloHax: KoBEp CepmnuHCKOTOo HaéT HakmoH 1.8928 mpu
Teopetudeckux 1.8928, kpuas Koxa - 1.254 npu 1.2619. Touku Ha OpsSMOU - CTEIEHHON 3aKOH
BBIEPIKaH.

OTKyaa 0epéTcsi MacKa

MacKy MOXKHO B35ATh M3 KaHajla MHHTHIIA T'pHUOa IJIacTa C IIOPOrOM MeXKOy KOmaMu KJIaCCOB,
M3 TpHUOa BEPOSATHOCTH WHOWKATOPHOIO KpuUTruHra ¢ moporoM 0.5, M3 KapThl BEPOATHOCTHU
ITPEBHIIIEHHSI C IIOPOTOM KOHOHUITNY, U3 BEKTOPHEIX KOHTYPOB BEIPAOOTOK HJIH 30H, TPEIBAPUTEIEHO
pacTepr30BaHHLIX IITAaTHHIM «PacTepu3alnus (BeKTOp B pacTp)». CpaBHUBATh UMEET CMBICTT D Macok
OMHOY MPUPOJEI HA OOHOM CEeTKEe: POCT U3PE3aHHOCTH KOHTYpPa 3aMeIeHus OT IJjlacTa K IJIacTy UiIx
OT TOfIa K TOAY - COmepKaTeIbHEIH CUTHAIT.

[TapameTp YTo 3amaéTr ITo ymonmyanuio
Pactp macku JI1060ii pacTp, Macka - 3Ha4eHUs BHIIIE Iopora. -

ITopor I'panuita «o6bEKT/POH>. 0.5

Kanan (Jom.) Kauamn pacTpa. 1
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7.03 Pa3MepHOCTH JIMHUH U I'PAaHHUIIL

HHCTPYMEHT CcYMTaeT Pa3MEepPHOCTb KaxXKAo¥ JUHUM MeTOJoM LUpPKyJs (PudyaprcoHa): TUHUS
MTPOXOOUTCS XOpaaMu yOBRIBAIOIEro pacTBopa, HakyIoH log N ot log r maét D. IIpsaMas gaéT equHUILY,
u3pe3aHHasi TUHUS - Oonbire. [IOTUTOHB MPUHUMAIOTCS HApaBHE C JIUHUSIMU, ¥ HUX MEPSIeTCS
BHEIIIHEEe KOJIbII0 TPAHUIE], TTO3TOMY M3PE3aHHOCTb KOHTYPOB 30H U BOHOCOOPOB cuuTaeTcs 6e3
pegBapuUTesIbHOTO Ipeobpa3oBaHus. Beixon - Te ke 00BEKTH C monsaMmu D u steps, cpeguee D
BLIBOOUTCSI B XypHaja. KopoTkKue NMUHUU IOJIy4daloT Iyctoe D. MeTom mpoBepeH Ha 3TajloHaX:
kpuBasi Koxa gaét 1.262 npu Teopetudeckux 1.2619.

IJdHuarHoCTHKA CriIaKHBaHHUS H30JIMHUH

[NepecrnaxkeHHbBIe W30IMHUN TEPSIOT U3PE3aHHOCTb, U D mamaeT K emguHwuIle. [Iopsamok paboTh
TaKOMW: M30JIMHHUU CTPOSITCS ABaKAbl, 03 CrilaXuBaHWs M C paboyumMu mapamMeTrpamu, oba CJIos
IIPOTOHSIOTCS Yepe3 MHCTPYMEHT, cpemuue D u3 XKypHaja CpaBHHBAWOTCSA. [lageHue Ha COTHE -
KOCMeTHKa, popMa coxpaHeHa. [lafieHue Ha [eCsATHEe - CTIaKMBaHWE CheJaeT TeOMETPHIO TOJIsd, U
CKPYTJI€HUE CTOUT OCJIaOUTh MJIM OCTAaBUTH TONMBKO HeHcudukarmumio. I1o momio D B aTpubyTax MOKHO
HaUTH U KOHKPEeTHhIe TUHUU, IOCTPadaBIINe CUJIbHEE TPOYUX.

Jpyrue npuMeHeHHUs1

I/I3pe3aHHOCTb KOHTYPOB 30H B IIJIaH€, CPaBHEHHE HOEeTAaJIbHOCTHU OI.[I/I(prBKI/I T'PaAaHHUI] U3 PA3HBIX
HNCTOYHHMKOB, KOHTPOJIb I'eHepajln3allnuu IIPU IIOATOTOBKE MEeJIKOMACIITaOHLIX IIJIaHOB - Be3ge, rge
«HaACKOJIBKO M3BHUJINCTA JIMHUA» OOJI2KHO CTAaTh YHCJIOM.

[TapameTp Yrto 3amaér ITo ymonyaHuio

JInaun JIuHeNHbIN CII0M (M30IUMHUM, KOHTYPHI). -
JIuaum c pasMepHOCTEI0 Te Ke nMuHUU C rmonsMu D u steps. -

7.04 Pa3zMepHOCTh MHHKOBCKOIO (BEKTOpPbI)

Box-counting HampsMmyoo 0[O BeKTopaM, 0e3 pacTepu3aluu: JIUHUKW U TPAHUILI IIOJIMTOHOB
TMOKPHIBAIOTCS CETKOM yOmIBalomero pa3Mmepa, HakJioH log N ot log(1l/pa3mep) naéT pa3MepHOCTh
MunkoBckoro. [IpsMasa nuHUA U T1agKas rpaHuila gaioT D oKolo eguHUIE], pedHasa ceTh - 1.1-1.5,
CUJIbHO M3pe3aHHas OeperoBas uHUS - 0o 1.3 u Beime. Kaxnreii 06seKT monydaeT moyisgs D mink
u D r2 (kadecTtBO JOr-7Or anmpokcuMmaumu, Huxke 0.85 olleHKe O0BepATh HeNb3sd). OTHesbHO
CUMTAaEeTCs W BBIBOOUTCA B XKypHan D cjI0osg Kak egUHOT0 MHOIKECTBa: OJII PedYHOU CeTU I3TO
Pa3MepHOCTh CETHU LIeJINKOM, U OHa 3aKOHOMEPHO BLIIIE PAa3MEPHOCTU OTHAETbHEIX PYKaBOB.

MeTton mononHsseT UUPKyIb U3 7.03: HUPKyIb MepsieT U3BUIUCTOCTh OOHOU NUHUYU, MUHKOBCKUY -
3aloJIHEHNE JI0CKOCTH HabopoM 06BeKTOB. Pa3MepHOCTE: BO3BPAIAeTCs ¥ YUCIIOBLIM BEIXOIOM [IJISI
moperneu Processing.

[TapameTp YTo 3amaéTt ITo ymom4aHuio
JIMHUY WU TOJTUT OHBI BeKTOpHLIN CJI0M, ¥ HOJTUTOHOB -
OepyTcCsi KOJblla T'PaHUII.
KonuuecTBO pa3MepoB CETKH, CtyneHel JTIeCEeHKHU, CIUIIKOM 8
K (Oom.) 6ombimoe K yBOOUT STUYEHKU

HIXKe eTallbHOCTH JIMHUU U
3aHuxKaer D.

COoBUroB CeTKH Ha pa3Mep Crny4daliHble CMEILIeHNs, 3
(Oom.) OepéTcst MUHUMAJbHOE
MIOKPHITHE, IPUBI3Ka K CETKe
CHUMAaeTCH.
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[TapameTp YTo 3amaéT ITo ymonmuanuio

0.5

[ITar BeIOOPKY BOOJIH
CerMeHTOB B JoJIaxX ssueiky, O -
TOJILKO BEPIIUHEI.

dakTop ynnotHeHus ([om.)

7.05 IIpumep nasi ppaxkraaoB (HemMo)

l'enepaTtop y4eOHBIX OOBEKTOB [Jid BCeM (paKTalabHONM TPYIIBE: BETBAIIASCS pPeYHasi CETh C
noneM order (MOpPSAOOK IIPUTOKA), IOJIMTOH BomocOopa C M3pe3aHHOU TIpaHUIled W OTHesIbHAas
OeperoBas JIMHUS, TOCTPOEHHAS CPEOUHHBIMM CMelleHUaMU. Peku MoxkHO mopaTe B 7.04 u
MMOJIYYUTH Pa3MEPHOCTh ceTu. beper u rpanuily sogocbopa - B 7.03 u 7.04, u CpaBHUTH LIUPKYTb C
MuHKOBCKUM. BomocOop pacTepu3yeTcst MITaTHEIM UHCTPYMEHTOM U CITY2KUT IpUMepoM ais 7.02.

[TapameTp

Yro 3amaéT

[To ymonuaHu1o

OxBar

3epHo ([or.)

ITnomags reHepanun. -
I[ToBTOpsieMoCTh mpuMepa. 1

Tunuayubie CHTYdIIHH M pPeIlIeHusl

YTo BUOHO

[TpuyuHa

Pemienue

Konnuentpuueckue «ObLIYbH
ria3a», KOHYCHI

YrnoBaTble H30JIUHUHU
(«OKTaArOHEBI»)

PaguanbHBIE/BeE€PHEIE TUHUU B
IyCTHIX yTax

HN3onuHum mmepecekamTCs B
T'YCTBIX MeCTaX

I[TonuroHs! OOHOTO IIBETA

KpuUTruHT TOYHO MPOTATUBAET
3HaYEeHUe JYepe3
CKBaXXMHBI-BLIOPOCH (HarreT
0).

['pyObIii rpUM: BEPIIUHEI
CTaBSTCS II0 KpasiM siYeekK.

SKCTpaHOHHHI/IH 3a IIpenejlaMu
OAaHHBIX.

Panr1ie - cnegcTBue
CTJIa2KUBAHU A Ka}KHOﬂ JIMHUU.

[To yMom49aHUIO CIOM
CO37aéTCs C OOHUM CHUMBOJIOM.

3amaTte Harret CO (0.2-0.4 ot
cuina, B abCOIIOTHBIX
eOuHUIlax aucnepcun). U/unm
BKJIIOYUTD CrJlakKUBaHUE Irpuja
B «2D Kriging».

VYBenuuuth «CKpyTiieHue
JIMHUY>» 00 3 UJIX YMEHBIIUTH
pa3Mep S4YEeWKU B KPUTHUHTE.
Brmtouuth «O6pe3aTh 1o
KOHTYPY CKBaXKUH» UIU 3a0aTh
MacKy 0Ope3KHu.

CriaxuBaHue UOET II0 IOJIIo (B
«2D Kriging»). YBenuuuTh TaM
paguyc CriaXkmBaHUS Ipuaa.
3apaTh rpagyupOBaHHYIO
cuMBOJIUKY 110 ELEV MIN.

IIpunoxkenue. Isoliner 3a 15 MmuHyT

CBoMX HAHHBIX HE HYKHO. B KaXXOoM clleHapuy IEPBHIH IIar CO3TaéT UK 3arpyzKaeT JaHHBIE caM,
[IOSTOMY IIPOWTHU MapIIPyT MOXKHO Ha IyCTOM IIPOEKTE.

Cnucok MHCTPYMEHTOB OJIMHHBLIM, M 3TO IIyraeT IIPU HepBOoM 3HaKoMCTBe. Haunute c nsatu: 1.02,
1.04, 2.03, 2.13 1 4.01. OcranbHOe HaUOETCS caMo, Korfa YIPETECh B 3afaydy.

ITocne KaxKmoro 1mara HalucaHo, YTO [JOJI2KHO ITOJIYYUTBCH. Ecnu IIOJIYYHUJIIOCH OPYyroe, 3Ha4YUuT CTOUT
OCTaHOBUTLCA U pa306paTbCH, a He UOTHU JaJlbIlie.
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[
t f B Posmpacn 3 nassees 1 spos. i ﬂ

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

Cuenapuu 1. Y MeHs1 TOUKH

ITate MunyT. CKBaXXUHBI, TPOOLI, 3aMepH, Tt00as HeperyasipHas ceTb HabJIIOOeHUN.

IIlar 1. 1.09 IIpumep ckKBaxHuH (meMo) MuUHUMYM: HUYETO 3afaBaTh He HYXKHO, BCE IIO
ymondaHEui. Ecnu y Bac ecTh CBOM TOYKH, Ipomyctute mar. IloaydyumcsA: TOYEYHBIU CJIIOU B
ITPOEKTeE.

IIar 2. 1.02 2D Kriging (Ttouku - pactp) Munumym: Toukm, Ilojre 3HagyeHHusi, Pazmep
siaerKu. OCTaNbHOE 10 YMOJTYaHUIO. [Toayyumcs: pacTp U CJIOH CTaHOAPTHOU omumOku. Omubka
pacTéT TaM, Toe ToOYeK Mallo, ¥ 3TO [IepBoe, Ha YTO CTOUT IIOCMOTPETh.

IIIar 3. 1.04 U301uHuH U3 pacTpa MunuMmyM: Pactp, Ceyenue, CTHIL H30IHHUM = CTPYKTypa
/ tuncomeTpus. CedyeHnne mogdepuTe Tak, YTOOLI TUHUM OBLIJIO BUIHO, HO HE CIIJIOIIHAS IITPUXOBKA.
IMosayyumcAa: U30JIMHUM C IOONMCSIMH W KOHTYpPHBIE II0siCa, TPaHUILI KOTOPBIX COBHOAamaloT C
JTUHUSAMHA.

Hamneime mo Bkycy: 1.05 u 1.06 nmokaXyT, eCTh M B OaHHBIX aHu3oTtponusda, 1.08 oueHuTt meton
IIePEeKPECTHOMN IPOBEPKOIA.

Cuenapuu 2. MHe HyKeH peibed

[MatHaguate MUHYT. [71aBHBIM ClleHapHuil: CTPOUM pebed, IpoBepseM ero 4YucjaMu U JIe9UM
HalgeHHoe.

IIar 1. 2.01 3arpy3ka IIMP no pamke MunumyMm: Actounuk penbeda = GEDTM30, Pamka
3arpy3KH 110 uHTepecyoileir mecTHocTu. GEDTM30 aTo Moment penbeda 6e3 jeca U IMOCTPOEK,
a y Copernicus GLO-30 BrICOTa CHATa II0 BEPXyILIKaM, ¥ TOPU3OHTAJIU 10 HEMY IIOBTOPSIOT KPOHEL.
INoayyumcs: pacTp penbeda B cucTeMe KOOPOUHAT IIPOEKTa.

IDar 2. 1.04 U301uauu u3 pacrpa Muraumym: Pactp, Ceuenne 5 unu 10 M. OcTtanbHOE IO
yMondaHuto. IToayuumcsA: cloyd ropusoHTasnei. [lanbile OH UrpaeT POJIb MCXOOHBIX OaHHBIX, KakK
ecnu OBI BaM WX IIepeau.
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IIlIar 3. 2.05 Ctok u akkymyasinusi (D8) Muuumym: IIMP u3 miara 1. 3amonHeHne TOHUXKEHUNR
OCTaBbTe BKIIOUEHHEBIM. [10/1yyumcs: pacTphl HallpaBIeHUM CTOKa M HAaKOIUJIEHHOM IJIOLIafu.

IIIar 4. 2.06 Peynasi cerb MuHMMyM: pacTp akkymynsuuu u3l irara 3, Ilopor BomocOopa B
syerkax. HauHuTe c ThICSTYU U TOAOEpUTe Tak, YTOOHI CETh BHITIIAAENa IpaBaononobHo. I[Toayuumcs:
JIMHUU BOOOTOKOB, HallpaBJIeHHbIE BHU3 10 TEYEHUIO, TO €CTh TOTOBEIE TaJIbBETU.

IITar 5. 2.09 Bepmuabl MuaumyMm: IIMP u3 mara 1, Paguyc momcka B sg4elkax. Iloayyumcs:
TOYKH JIOKAJIBHBIX MaKCHUMYMOB C OTMETKaMH.

IIar 6. 2.02 3arpy3Ka TONIOOCHOBBI IO paMKe MuHumyMm: Ta ke Pamka. U3 OSM Gepure
IUIOIIalHEIe BOOOEMEI U CYyXUe PYyClla, a PeKW U BEepIIUHBE He OepuTe: OHU yKe IIOCYUTAHBI II0
penbedy B marax 4 @ 5 M COrjlacOBaHH C HUM, Torga Kak u3 OSM oHU NPUOYT U3 APYroro
HCTOYHUKA U MOTYT He COBIIACTh C MaTpuileil. [Toaydyumcs: mo MSITHU CII0EB B rpy1ie Tomorpadus.

IITar 7. 2.03 Topo2Raster (penbed u3 BekTopoB) MuHumyM: W30 IMHMH U3 IIara 2 U Hojie
BbICOTHI, TanbBeru u3 mara 4, TOYKH BBICOT U3 I1ara 5 u mmojxe oTMeTKH, O3épa U ype3 BOObI
13 I1ara 6 u roJjie OTMeTKHU ype3a, Pasmep siueriku. OGPLIBEI ITOJaliTe, €C/IH OHKU €CTh B TOIIOOCHOBE.
IToayyumcs: HOBBHIM pacTp penbeda, MIOCTPOEHHEBIN 10 TUITU3UPOBAHHEIM BEKTOpPaM, a He 10 OOHUM
TOPU30HTAISAM.

IIar 8. 2.12 HeBsi3Ka ropu3oHTa/ied nporusB IIMP MunumyMm: [OpH30HTaIM U3 11ara 2, MoJIe
BbICOTHI, IIMP u3 mara 7. [Tosayyumcs: TOYeUHBIH cIoM HeBsI30K U or4yeéT HTML. CMoTpuTe Ha
cpefHee CMeIlleHMe U Ha OOJII0 TOYeK, IPOMaxHyBIINXCSA OO0IbIlle YeM Ha IIOJIOBUHY CEYEeHUS.

IITar 9. 2.13 Tuarsoctuka reppacuura IIMP Munumym: IIMP u3 mara 7 u Ceuenue penbeda,
TO K€, 4YTO Ha LIare 2. HO/lyllumC}?l: WHIOEKC IIPUTAXKEHHNSA OTMETOK K YPOBHSIM. OxkoJj0 eI HUIIBI
O3HadaeT, YTO CTyIeHeU HeT, ABa U BHIIIEe O3Ha4YaeT TEPPACHUHT.

IITar 10. 2.14 CHsATHe cTyneHeH (CriIaXuBaHHe C OrpaHHYeHHeM) HyKeH, TOIBKO ecCiu
MpeabIayIIui mar Hamén Teppacunr. Munumym: IIMP co crymensimu, CeueHue penbeda,
HUrepanuit 50. [Tosayuumcs: WCIpPaBIeHHHH penbed M OTUET OO U Tocie. MHOeKC mOoKeH
ONIYCTUTHLCSA K €OUHUIIE.

Ecnu xoTuTe IpoBepUTH He CBOM OAHHEIE, & caM METO[, 3aMeHUTe HepBell miar Ha 2.10 demo-
penbed c brnaxkoMm OBpazxkHO-0a109Hasi ceTh. Torga HCTUHHAS II0BEPXHOCTh U3BECTHA 3apaHee,
¥ BUIOHO, YTO UMEHHO TePSeTCs IPU IocTpoeHuu. OBparu TepsTCS IePBLIMU.

CBepUTh C UCTHHOM MOXKHO OByMs ciocob6amMu. HarsiogHo: TOCTPOUTE U30JIMHUY 10 BOCCTAHOBIIEHHOMY
penbedy C TeM Ke CedeHUEM U HaJIOXKNTe Ha TOPU30HTAJI! I1ara 2 OPYyTUM IIBETOM, JIUHUU OOJIKHEI
Jledb OPYT Ha Opyra ¥ pa30UTHCh TOJIBKO Ha MaKyIIKaX BHIIIE IIOCIeOHEeNW TOPU30HTalIu. YUCIeHHO:
KaJIbKYyJISTOP PacTpPOB, BEIpaXKeHUE «BOCCTAHOBJIEHHBEIM MUHYC UCTHHa», U CTaTUCTHUKa Pa3HOCTU

B CBOMCTBax cyosi. IIpu cedyeHmu 5 M 0KUOAETCS CPEOHEE OKOJIO HyJIs U pas3bpoc mopsizka MeTpa,

a HaubOoJbIINe PacXOX[OEeHUs Ha BepmmHax. Ecnm pmoGaBuTh B mIar 7 TOYKW BEPIIMH M3 Iara
5, pacxoxXOeHUs Ha MaKyLIKaX 3aMeTHO COXMYTCs, U 3TO POBHO TOT OTBET, 3a4eM Tomuorpadsl
IIOAIINMCEIBAOT OTMETKH BEPIIUH.

Cuenapuii 3. MHe Hy>KEeH pa3pe3
Tpu MUHYTEL.

IIar 1. 4.10 IIpumep o1 pa3pe3a (eMo) MuHUMyM: HUYEro 3ajaBaTh He HYXKHO, BCE IIO
yMmorganuio. IToayyumces: Habop cinoés B rpymnne [Ipumep paspesa.

IITar 2. 4.01 Pa3pe3 mo guauu MurHumyM: JImHusi pa3pe3a, IloBepxHOCTH CBepxXy BHH3,
BepTuKaabHbIA MacIuTad. [Toy4umcs: 4epTéx pa3pesa B MHXKEHEPHOM CUCTeMe KOOPOHUHAT, C
0CAMHU, OTMETKaMHU U [I0JI0OCaMU IIJIacTOB.

150



Kyma uartu ganbiiae

PYKOBOJICTBO OTUCHIBAET KaXKIbIN WHCTPYMEHT HOJ:[pOGHO, C IIapaMeTpaMu U OIrOBOPKaMH. 3mech
HaMepeHHO HET HUu OIIINM, HU TEOpHHU: 3ada4va CTPaHHUIEI ITPOBECTHU BaC IO MOAOYJIIO OOMH pPa3, a
HEe 3aMEHHUTh NOKYMEHTAalUulo.

Hauubsie OpenStreetMap: © y4yactHuku OpenStreetMap, ODbL. Matpuiia Copernicus GLO-30
pacmpocTpaHseTcss CBOOOIHO.

IIpunoxkenue. ITojisi 1eMo0O-C/I0EB

CBopKa I1ojem Bcex reHepaTopOoB IEMOHCTPAIIMOHHBIX JaHHKIX C eMUHUIIaMU. 3HaYeHU IeMOHCTPAaIlTMOHHEIE:
TaM, I'fie BenudrnHa abCTpakTHa, e QUHUITH YCIIOBHEL.

Boixoasl rpynnsl «Tonorpagusi»

Cnoit nuauli Peuynasi ceTb (MHCTPyMeHT 2.06):

TTone Tun CMBICII, €IUHUIIL

order esoe nopsigok Ctpanepa
acc out oOpoOHOe aKKyMYJSIIUs B 3aMbBIKaHUU 3BEHA, SUueekK
length m ppoGHoe pmwHA 3BEHA, M

Cnoit nmonuroHoB Baccennsl (2.07): basin - Homep Gacceitna (11e10e), area_m?2 - IJIOUAab, M.
Cnoit Touek BepuiuHsbl (2.09): z - BeIcoTa, M, drop - IpeBLIIIIeHNE Ha, MUHUMYMOM OKHa, M. Ciou
TOTIIOOCHOBHI (2.02) HecyT name 1 osm_id, BOOOTOKY OONIONTHUTENHHO waterway, BomoéMEl water,
BepiuHE ele (BeicoTa, M), 00peIBE kind. JeMo-penbed (2.10) - pacTp 6e3 monei.

CkBaxkuHbI (DeMo) - UHCTpyMeHT 1.10

Crnoii Touek CKBaXXHHBI (IeMo):

ITomne Tun CMBICII, eQUHUIIHL

well CTPOKa MMSI UJIH HOMEP CKBaXKHHEI

roof opobHoe abCoJTI0THASI OTMETKAa KPOBITH
mjacTta, M

thick opobHoe MOIITHOCTS IIJIacTa, M

X opobHoe cogepiKaHUe YCIIOBHOTO
KOMIIOHEHTa, IIPOIeHT (geMo)

head opobHoe Harmop, M (HeoOsi3aTenbHOe
moJie)

K opobHoe KO3 punmeHT QuabTpalny,
M/cyT (memo, HeoOs13aTeIbHOE)

T opobHoe BOZOIIPOBOAUMOCTH, M?/CcyT, T
= K-MomiHoCTh
(HeobOs13aTeIbHOE)

mintype CTpPOKa MHUHTHII, KaTeropus (IemMo
3aMelreHns1, Heo0s3aTeabHOoe)

dz opobHoe BeIUYMHA, TUHEWHO
CBsI3aHHas C mapei¢oM, YCII.
(HeobOs13aTEILHOE)

HeoGs3aTtenbHeli pacTp [IoBepxHOCTE Apeida (1eMo) - CTOPOHHSS MOBEPXHOCTh OIS KPUTHHTA
C BHEIITHUM [pei¢oM, yCI. ef.
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IIpodunu 31eKTpOopa3BeIKH - HHCTPYMEHT 1.11, pexkuM 371eKTpopa3BeaKu

Cnoit Touek IIpodunu 3nekrpopa3Benku (pk, EII, BII):

ITone Tun CMBICJI, €UHHUIIE

profile mesioe HOMeED IIpoduIs

picket m ppoGHOe THMKeT OT Havasa IpPouisa, M

pk CTpOKa nukeT MeTkou [1K (Hanpumep ITK5+20)
z IpoOHOEe OTMEeTKa MOBEPXHOCTH, M

rho k OpobHOe KaxXylleecsl COMPOTuBIeHue pK, OM'M
rho true mpoGHoe pK 6e3 mryma, OM M (3TaANOH)

sp IpoOHOe MOTEeHIIHAJl ecTeCTBeHHOro mons EIT, mB
vp IpoOGHOe BHI3BaHHas momspuslarus BII, mB/B

IIpodunu ocemaHuu - HHCTPyMeHT 1.11, pexxumM ocemaHuH

Cnoit Touek IIpodunu ocemanui (Myabaa, TYpoB: N):

ITone Tun CMBICII, €OUHHUIIE

profile enoe HOMep mpodumns

picket m OpoOHOe IIHMKEeT OT Havaja OpoduiIs, M
pk CTpOKa nukeT MeTKou [TK

tour 1esoe HOMeEP Typa HabJomeHuH

z OpoOHOe OTMEeTKa ITOBEPXHOCTHU, M
settle opoOHOe ocemaHUWE, MM

settle true ppoGHoe ocenanue 6e3 mIymMa, MM (9TaIOH)

HaHHbIE 0151 pa3pe3a - UHCTpyMeHT 4.10

IToBepxHOCTH 1...6 (PacTphl) - OTMETKU IIECTU IIOBEPXHOCTEU CTOIKOMN, M. CBepxy BHHU3: 1
KPOBIS BEpXHEW BMemlawmlel, 2 KPoBid U 3 IOOOIIBa 1-T0 IPOMEIIIIEHHOTO, 4 KPOBJA U 5
TIOOOIIBa 2-TO IIPOMEBIIIIZIEHHOT0, 6 ITOOIIBA HUXKHEN BMeEIaloIIe.

JInauu pa3pe30B (IemMo) (JTHHUA): IT0Jie name - uMs nuaun (Pa3pes 1, 2, 3).

Ycres collar (memo) (touku): hole _id, z - ormeTka ycThs, eoh - rmybuHa 3a60s1, number -
TIOONUCE.

HNuTepBassl interval (memo) (tabnuua): hole_id, from, to - riyOGuHL IO CTBOJIY OT YCTh4,
code - MHIOEKC IJIacTa.

IInact 1-# mpom. (memo) u Ilnmact 2-# mpoM. (emMo) (MHOrOKaHAJIbHEIE PACTPHI): KaHaIl
1 kpoBnsa (M), KaHan 2 mopomiBa (M), KaHan 3 cofepXKaHue (OPOIeHT), KaHal 4 MWUHTHUIL
(kaTeropus 1 unu 2).

Pazmom (memo, 2D) (MuHMNA): name.

Mapkep ¢ Z (memo, 3D) (TuHUS C OTMETKOI Z): name.

3o0Ha (DeMo, IOJIUroH) (IIOJIUTOH): name.

Onpoxunyras TIN (memo) (3D-rpasHu): name.

[HanHabie Ojisa PppaKTajaoB - HHCTPyMeHT 7.05

Peku (memo) (muHHNH): mosne order (11e1oe) - TOPSIOOK NPUTOKA B MePaAPXUU CETH.
Bomocoop (meMo) (IToIuroH): moje name.
Beper (memo) (JinHUs): II0JIe name.

IInoTHOCTH (HEeMoO) - uHCTpyMeHT 3.08

Cnoit Touek 1eMO-TOUYKH:
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ITone Tun CMBICJI, eUHUIIEI

mass pgpobGHoe Macca 3amepa (gemo, 50 Ha TOUKY)
prec OpoGHOe CHUrMa HeoIpemeléHHOCTH, M

Crnowt nurUY [IleMo-ITHHHH:

ITone Tun CMBICJI, €OUHUIIHI

mass Ipob6Hoe Macca 3amepa (memo, 100 Ha TUHUIO)

prec IpoOHOEe MONyIIMPHHA KOpUOopa, M

from m pgpobGHOe HaYano MHTepBasa II0 JUHUU, M (MOXKeT OBIThH IIyCTO)
to m opoOHOe KOHeIl MHTepBaJjia 10 JIMHUHU, M (MOXKEeT OBITh IIYCTO)

Croi mouroHoB [1eMo-ImOJIMT OHbI:

ITone Tun CMBICII, eUHUIIE

mass pgpo6Hoe Macca 3amepa (memo, 150 Ha TOTUTOH)
dasy 1ernoe 1 - monuroH nop maszuMmetputo, 0 - paBHOMEPHBIU

BcnomorarenbHEIN pacTp BermoM. pacTp (ma3uMeTpHsI) - TPafueHT 3HaYeHUH [J1 0a3UMeTPUIECKOT0
pexwuma 3.07, yci. eq.

IIpunoxenue. IINMOTHOCTL IePEeMEHHOH OIMOPHI: MOIIAar0BO

Paz6op mHCcTpyMeHTOB 3.07 u 3.08 OoT reHepaiuu OeMo [0 TOTOBOTO pe3yjbTaTa, C IOSICHEHHEM
KaXpgoro napamMmerpa. [IpuMmep nmokaselBaeT, KakK IIPOBEPUTH MHBAPUAHT MAacCCEHL I'Jla3aMHu.

IITar 1. CrenepupoBarts aemo (3.08)

3anyctute 3.08 IIpuMep OJis1 IJIOTHOCTH (IeMo).

* O01acTh (3KCTEHT) - TPAHUIIEI TeHePaluy. 3ajaiTe IPIMOYTOJIBHUK Ha KapTe WU 110 CJIOI0.
ToguTcs mo60M MeTPUYECKUI 0XBAaT, HaIpUMepP KBaJpaT HECKOJIbKO KUJIOMETPOB.

+ flyeHKa BCIIOM. PpacTpa, M - [lIaT BCIOMOTaTEeIbHOr0 PacTpa [jisd Ja3suMeTpuu. [10 yMOT4aHUIO
50, Oys meMo mDOCTaTOYHO.

e 3epno I'CY (Jo1.) - TOBTOPSAEMOCThE ITpuMepa. I[Ipu omHoOM 3epHe Habop OOUMHAKOB.

Ha Beixogme geTrwipe cnos: [lemo-ToukH, [Ilemo-nmuHuH, [leMoO-110IUTrOoHbI 1 BecmoM. pactp. B nore
yKa3aHa 3ajiokeHHas Macca: Touku 500, nuauu 200, nonurons 300, utoro 1000.

IITar 2. IInoTHOCTH O TO4YKaM (3.07)

3anyctute 3.07 IImoTHOCTSL IO 3aMepaM Ha cjioe [1eMO-TO4YKH.

* 3amMmepsl - ciIol [1eMO-TOYKH.

* ITone maccehl - mass. Ecimu ocTaBUTh IIYCTHIM, Macca Kaxkaoro o0bekTa paBHa 1.

* ITore TOYHOCTH - prec. [I71 ToOYeK 3TO CUIMa rayCCOBa IISITHa B MeTpax. Yem OoJbIlle CUTrMa,
TeM 60Jiee Pa3MBIT ¥ HU30K BKJIAI TOYKH.

* Pa3mMep sAA9eHKH, M - ITIaTr CETKU pe3ynabTaTa. MeHbIe sueiika - moapobHee KapTa U [OJbIIe
cuéT. Ha mnoTHOCTL B Macce Ha KM? pa3Mep S4YetKU He BIUseT, TOILKO Ha OeTalbHOCTh.

¢ 00/31aCTh - OCTaBbTE MYCTHEIM, BO3BMETCS II0 CIIOIO.
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* Hocurenb 3a KpaeM - [JOHOpMHPOBaTh BHYTPH JIEPXKUT BCIO Maccy B o6nactu, IloTepsars
Maccy oOTOpachBaeT BEHIIIEOIIYI0O 3a Kpal dYacTbh C HOpenynpeXxpeHueM. [Ins IpoBepKU
WHBapuaHTa 6epuTe JOHOPMHUPOBATD.

* Curma no ymordaHuio ([1om.) - nogcraBasieTcs, Korga I1ojie TOYHOCTU IyCcTo. Holmb 03HadaeT
Oy SIYEUKY.

ITpoBeprbTe nor: ctpoka Macca Bxoaa: 500. Macca Ha ceTke: 500. Pacxoxgenue: 0. 3To 1 eCThb
WHBapHaHT - UHTETpaJl IJIOTHOCTU paBeH CyMMe Macc.

IITar 3. II'TOTHOCTH IO JIMHUAM

3anyctute 3.07 Ha cnoe [leMo-ITHHHHA.

* ITo/sie TOYHOCTH - prec - 3[eCh 3TO MOIyIINPHUHA KOpUAopa B MeTpax. JIMHNS pa3Ma3biBaeTCs
B IIOJIOCY MSATKUX KPaéB.

* from_m / to_m (Jom.) - monsa from_m u to_m. Y ogHOU OeMo-TUHUU MHTEPBasl 3amaH, U B
pe3ynbTaTe pa3Ma3biBaeTCs TOIBKO ero 4acTh. I1yCcThle IOJIg 03HAa4YaloT BCIO TMHUIO.

B more macca Ha cetke 200. Ecnu BKITIOUEH PeXXUM IIOTEPH MacCChl ¥ KOPUIOP BHIIIEN 3a Kpawu,
pacxoxkpaeHHe IT0KaXeT, CKOJIbKO MacCCHI YIIJIO.

IIIar 4. II'TOTHOCTH 110 IIOJIMTOHAM U HJa3HUMETPHUS

3anyctute 3.07 Ha cioe [1eMO-IIOJIUT OHBI.

» Be3 BcmoMoraTesbHOTO pacTpa Macca IIOJIMTOHA pPaCKJIagblBaeTCs PABHOMEPHO II0 €ro
IO IH.

* BcmomM. pactp ([om.) - mogatite BcmoM. pacTp u3s memo. Torga Ojisi MOJTUTOHOB BKITIOYAETCS
Oa3uMeTPHsi: Macca pacipenenseTcs: IPOIOPLUUOHAIbHO 3HAaYEHUSIM PacTpa BHYTPH IIOJIUTOHA,
a He poBHO. Eciu pacTp BHYTPH MOJIUTOHA ITYCT, HHCTPYMEHT OTKAThIBAETCS Ha PaBHOMEPHOe
¥ TIUIIET 9TO B JIOT.

Macca Ha cetke 300 B o6oux pexkuMax, MEHSETCsS TOJIbKO ¢dopMa paclpefeeHuss BHYTPHU
TIOJIUTOHOB.

IITar 5. CMemIaTh THIIBI Yepe3 JOIHCHIBaAHUE

Yrto6rI coOpaTh TOUKY, TUHUU U IIOJTUTOHEI B OOUH PacTp, IporouuTe 3.07 TpUXKOHI HOOPS.

» IlepBHIil 3ayCK - KaK O0BIYHO, II0JIy4aeTe TPEXKaHaIbLHLIN pacTp.

* Bropoit u Tpetuii - B mapamMeTrpe [omHcaTh B CYHIECTBYIOIIHH pacTp ([Iom.) yKaxKure
pacTp U3 IpPemBIOyIIero 3amycka. MHCTpyMeHT yuTaeT TPU KaHaja, 0oOaBisieT HOBYIO Maccy
¥ BO3BpalllaeT 0OHOBIEHHBIN PACTP.

ITocme Tpé€x momMUCHIBAHUYM CyMMapHasi Macca Ha ceTke paBHa 1000. Kanamner 2 1 3 (Zm-0o u Zm) Ojis
9TOTO U CJIy2KeOHbIe - OHU ITO3BOJISIIOT JOIMCHIBATh CEPUSIMHU U [epkKaTh KapTy 9pPeKTUBHON CUTMBI
TOYHOMU.

IITar 6. 9¢ddexTUBHAA CUrMa

3agmaiiTe HeoOs3aTenbHBIM BBEIX0O Jd@PeKTHBHaAsi cHrMa. IJTO CpedHeB3BellleHHas CurMa Io
ssyerike - Kapta 3¢ ¢GeKTUBHON TOYHOCTHU. ['me IIOTHOCTh HaOpaHa TOYHBIMM HOCUTEJISIMH, CUTMa
Mana. I'me pasmMasaHHBIMHU I'PYOBIMU IIPUBSI3KaMHU, BeIWKa. AHAIOT KPUTMHTOBOM OHCIEPCUU OIS
9TazKa IJIOTHOCTHU: ITOKA3KIBAET, I'Ie Pe3yIbTaTy MOXKHO MOBEPSTh, a IIe OH OePXKUTCS Ha I'PYOBIX
HOCUTEISX.
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Kak autaTrh UTOT

Kanan 1 pe3ynbTaTta - IJIOTHOCTh B Macce Ha KM2. OTKpHIBaTe €ro OOHOKaHa/IbHOU IICEBOOLIBETHOMU
CUMBOJIMKOM. [IiTHa IJIOTHOCTU - TaM, THe CryIlalOTCs HaOE€xKHble 3aMephl. IHBapuaHT B JioTe
MOATBEPXK/aeT, YTO Macca CoXpaHeHa M pe3ysbTaT KOPpeKTeH. CIoi A0KeH ObITh B METPUYECKOM
CuCcTeMe KOOpAWHAT, MHauYe UHCTPYMEHT OTKaXKeTcs paboTaTs.

IIpeognpusaTuam

Isoliner pa3BuBaeTCcs Ha 3apadax peajbHBIX NPEeOUpUATHN. MBI BHIIONHSEM OOPabOTKU IIOT
periaMeHT IIPOU3BOACTBA, 3aKIl0YaeM [OOTOBOPHI TEXHUYECKON IOONEepKKU C TrapaHTued u
BHEIpPsSeM MOOYJIb B ITPOM3BOACTBEHHBIN LIMKJI, BKITIOYass MHTETPALIMIO C KOPIIOPATUBHLIMU Oa3aMu
maHHBIX. [Togpo6HocTu: https://www.informpp.ru/riaBHas-CTpaHUIla/IPENTIPUATUIM

2KypHaJl ¥ I1aHeJ/Ib HHCTPYMEHTOB
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