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OBIIIAA XAPAKTEPUCTUKA PABOTDI

AxmyanvHocms membul uccieoosanus. Pa3Buthe ropoackoil MHMPACTPYKTYpPHI
U OTPEOHOCTH PAIMOHATBFHOTO UCTIOIB30BAHUS TEPPUTOPHI B COBPEMEHHOM METaro-
JUCe JUKTYIOT HOBbIE MpPAaBWJIA PAa3BUTHUSL FOPOACKUX CUCTEM, UX B3aUMOJEHCTBUS
MEXTy OO0 1 KUTEISIMHU Topojia. HeoOXomMMoCcTh TapMOHUYHOTO PEIISHUS BOTIPO-
COB JIOTUCTUKHU 1 o0ecrieueHus: KompopTa ropoJCKoi cpeibl 00yCI0BUIIO MPUMEHEHHE
METOJla MHOTOYPOBHEBOM 3acTpoiiku 00bekTOB HenBMXUMOCTH (OH). OOBbeKThl UH-
KEHEPHOU M TPAHCHOPTHOM KOMMYHUKaIUHU (NOA3E€MHbIE MAPKOBKHU, METPOIIOJIUTEH,
MHOTOYpPOBHEBBIE aBTOMOOMIIbHBIE TOporH) U MHOrue Apyrue OH pacnonaratorcs Ha
Pa3HBIX OTMETKAaX OJHOTO U TOTO K€ 3€MEJIbHOI0 yYacTKa U, KaK CIEACTBUE, KOPPEKT-
HOe JByXMepHoe (2D) npeacraBieHre Takon 3aCTPOMKHU HE SIBJIIETCS BO3MOKHBIM.

TexHuueckuii nporpecc B chepe reoie3n4ecKoro 000py10BaHusl U paCUIupEHUE
BO3MOKHOCTEH MPUMEHEHUS TeOMH()DOPMAIMOHHBIX CHUCTEM CO3JAl0T OJaromnpusT-
HbIe ycioBus 1 BHeApeHus 3D-kanactpa. Heo6X01MMO OTMETUTD, YTO CETOJIHS BO
MHOTUX cdepax IesITeIbHOCTH, B TOM YUCII€ B CTPOUTEILCTBE, KaJacTpe U rpajo-
CTPOUTENBCTBE, UCIOJIb3YIOTCS TEXHOJIOTUH JIa3€PHOI0 CKAHMPOBAHUS, MO3BOJISIO-
e noiay4dath 3D-monenn 00bekToB KanuTaiabHoro crpoutenaberBa (OKC). Oxnako
B HEKOTOPBIX CIIydasx WX MIUPOKOE MCIIOIB30BAaHUE 3aTPYIHEHO PSAIOoM (HaKTOpPOB,
TaKMX KaK BBICOKAs CTOMMOCTH 00OpyAoBaHUsA, 0cOOeHHOCTH KOHCTpykiuu OKC
(BBICTYIIBI, KAPHU3BI U T. I1.), HE MO3BOJISIIOIINUE OMPEEIATh MPOCTPAHCTBEHHOE TTO-
noxxenne xapaktepHbix Touek (XT) kontypa OKC ¢ TpeOyemMoli HOpMaTUBHON TOY-
HOCTBIO.

[TosToMy B HacTosiiiee BpeMsi BOIPOCHl MPOCTPAHCTBEHHOI'O T'€0JI€3UYECKOTO
oOecrieueHus KaJacTpOBbIX padboT MpuoOpeTaroT 0coOyIo akTyanbHOCTh. OHAKO, HE-
CMOTpS Ha JIeTaJlbHOE U3y4YEHHE BOIIPOCOB B OTHOIIEHUU T'€0JIE3UNYECKOro obecreye-
HUS KaIacTPOBBIX paboT B 2D-opmarte, mpoeKkTHpOBaHUIO, OTICHKE TOYHOCTH B YPaB-
HUBAHUIO MPOCTPAHCTBEHHBIX T'€0JIE3MUECKUX MOCTPOCHUMN yAENEeHO HEJ0CTATOYHO

BHHUMAHMUS.
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NudopmanmonHo-aHaTUTHYECKUH 0030p Hay4YHBIX pabOT MO JTaHHOMY HaIpas-
JICHUIO BEIYIINX POCCUUCKUX U 3apyOeKHBIX YUEHBIX TTO3BOJIUI CAENaTh CIACAYIOIINE
BBIBO/IbI:

— co3nanue 3D-kanactpa, Kak MpaBUiIo, OCYLIECTBIISIETCS Ha OCHOBE 2D-kagacTpa
C IapaJuieNIbHbIM BHeApeHneM BIM-TexHonoruii Ha 3rane mpoekrupoBanus HoBbIx OKC;

— npu co3nanuu tpexMepHbix mojneneid OKC ucnonb3yercss npoeKkTHas JOKY-
MEHTAIUs1, KOTOpas 3a49aCTYI0 PACXOJUTCS C €ro (PaKTUYECKUMU TTapaMeTPaMH;

— KaJacTpoBas U IpaJlOCTPOUTEIIbHAS IESITEIbHOCTD, KaK PaBUJIO, OCYILECTBIIS-
I0TCS B PA3HBIX KOOPJIUHATHBIX CUCTEMAX, YTO B PAJIE CIIy4aeB 00YCIOBIMBAET CUCTE-
MAaTUYECKUE pacXOXkKAeHUs MexAy npoekTHbiMU napamerpamu OKC u ux 3HauyeHH-
SIMH, TIOJTYYEHHBIMU B PE3YyJIbTaTe KOOPJIUHUPOBAHUS;

— B JICUCTBYIOLIEW HOPMATHUBHO-IIPABOBOW JIMTEPATYPE OTCYTCTBYIOT HAy4YHO-
000CHOBaHHBIE TPEOOBAHUS K TOYHOCTH MOCTPOCHUS MPOCTPAHCTBEHHOTO re0Ie3nude-
CKOro 000CHOBaHUSA, HEOOXOAMMOTO JIJIsl BEITIOJHEHUS KaIaCTPOBBIX PaboT.

Cmenenwv pazpabomanHocmu memul uccie0osanus. Bonpocam co3ianust U BeICHUS
TPEXMEPHBIX KaJaCTPOBBIX CHCTEM IMOCBSILIEHBI pa0OThI CIAEAYIOUIMX POCCUHUCKUX U 3a-
pyOexnbix yueHsix: bacosoit 1. A., bpeias M. ., benenko B. B., Bapnamosa A. A.,
Bonkosa C. H., Kapriuka A. I1., Komuccapoa A. B., Cuzosa A. I1., YcraBuua I'. A,
Xopommiosa B. C., Ilanosanosa /1. A., Hlomomuikoro A. A., Jantien E. Stoter, Petervan
Oosterom, Sisi Zlatanova, Fatih Doner, Sudarshan Karki, Kevin McDougall, Shen Ying,
Jenny Paulsson, Rod Thompson u ap.

Llenv u 3a0auu uccnedosanus. llenvio TUCCEPTAIIMOHHOTO UCCIEAOBAHUS SIBIISI-
eTcs pa3paboTKa METOIMKH T'€0e3UnYeCKOro o0ecreueHus KalacTpoBbIX padoT, Mpe-
Ha3HAYCHHBIX JIJIS1 CO3/1aHMs U BeleHus 3D-kanacTpa HeIBHXKUMOCTH.

JlocTrxkeHre MOCTaBICHHOM 1eu peAroiaraeT peluieHue CIeIyoIMMnX HayyHo-
TEXHUYECKUX 3aA0ay:

— HPOPMAINMOHHO-AaHAUTUTUYECKHA 0030p COBPEMEHHOTO COCTOSHUS T'e0JIe3H-
YECKOT0 00ecTieueHns KaJacTPOBBIX padOT, MpeIHA3HAUYCHHBIX /IS CO3/IaHUS U Bee-
Hus 3D-kagacTpa HeABMKUMOCTH B Poccuu 1 3a pyOexom;

— pa3paboTKa CUCTEMbl IPUHIIUIIOB I'€0I€3NYECKOT0 00ECIICUeHHS KaJacTPOBbIX

paboT, BeimoHsgeMbIX B 3D-(opmare;
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— TeopeTHueckoe 000CHOBAHNE CUCTEMbI HOPMATUBHBIX JIOITYCKOB JIJIS TOCTPOE-
HUS TPOCTPAHCTBEHHOW Teojie3ndeckoil cetu crnenuanbHoro HazHauyenus (['CCH),
peIHa3HAYCHHOW TSl BBIMTOJTHEHUS KalacTpoBBIX padoT B 3D-dopmare;

— pa3paboTka NpOrpaMMHOT0 00eCIIeYeHHs allPUOPHOM OIEHKH TOYHOCTH Iapa-
meTpoB ['CCH ¢ BEIOOPOM COOTBETCTBYIOIMIETO U3MEPUTEITHLHOTO 000PYI0BAHUS;

— ampobarus pa3paboTaHHONW METOAMKHU Te0/Ie3MYECKOT0 00ecTIeueHHs KaaacT-
POBBIX paboT Ha mpumepe ropoaa HoBocubupcka.

Obvexm u npeomem UCCIe008AHUAL.

Obvexmom uccnedoanus SIBISIETCS TEOJE3UUECKOe 00eCeueHHe KaaacTPOBBIX
paboT, mpeIHa3sHAYeHHBIX JJIs CO3/laHus U BeJeHus 3D-kagacTpa HeIBHKUMOCTH.

IIpeomemom uccneooeanus SIBISETCS METOAMKA IEOAE3UMYECKOr0 00ECIIEUeHHsI CO-
3[IaHUS U BEJICHUS TPEXMEPHOT'0 KaJacTpa 00BEKTOB HEIBUKMUMOCTH, BKITFOYAs TPUHITUITHI
re0/Ie3NMYEeCKOro 00ecreueH s, CHCTeEMY HOPMaTHBHBIX JI01TycKoB Jyis moctpoerus ' CCH,
npeHa3HAYEeHHOM 17151 BBIMOTHEHMSI KaIaCcTPOBBIX pabot B 3D-dopmare, BOIIpock! Ipoek-
TUPOBAHUS M OLIEHKU TOYHOCTU MPOCTPAHCTBEHHBIX I'€0JIE3NYECKUX MMOCTPOCHUN U BbI-
00pa METOJIOB U CPEACTB U3MepeHuii pu popmupoBanuu 3D-moxeneit OH.

Hayunas nosuszna pe3ynbTaToOB UCCIEIOBAHUS 3aKIFOYAETCS B CIICIYIOIIEM:

— pa3paboTaHa cucTeMa MPUHIUIIOB re0e3NMYECKOro o0ecrneyeHus KaacTpoBbIX
paboT, npelHa3HAYEHHBIX JJIS co3AaHus U BeaeHus: 3D-kanactpa;

— TEOPEeTUYECKH OOOCHOBAHA W MPEJIOKEHA CUCTEMa HOPMATHUBHBIX JIOMYCKOB
st noctpoenus I'CCH.

Teopemuueckas u npaxmuyeckas 3HAYUMOCHb pabomal.

Teopemuueckas 3nayumocms pabOTHI 3aAKITIOYACTCS B KOHIIENTYaIbHOM OJIX0/1€
K Ie0JIe3MUYEeCKOMY 00€CIIEYEHHUIO KalacTPOBBIX PaboT, MpeHa3HAYEHHBIX JJIS CO3/a-
Hus U BegeHus 3D-kamactpa HEABMKMMOCTH, BKIIFOYAIOIIEM B Ce0sl CUCTEMY TIPUHIIH-
OB BBITIOJIHEHUS Teojie3ndeckux padbot npu koopaunupoanun OKC, cucremy HOp-
MaTUBHBIX J1onyckoB s noctpoenus: 'CCH u koopauHaTHYIO CUCTEMY JI MaTeMa-
TUYECKON 00paOOTKH T€0Ie3MUECKUX U3MEPEHUI TP BBIUUCICHUN (DAKTUIECKUX T1a-

pameTrpoB OKC.
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llpakmuueckasn 3nauumocms pabOTHI 3aKIIOYAETCA B TOM, 4YTO pa3paboTaHHas
METOJIUKA T€0IE3UYECKOr0 00ECTICUCHHSI KaJaCTPOBBIX pa0OT MOXKET OBITh UCIIOJIB30-
BaHA KaJaCTPOBBIMU MHKEHEPAMHU JIJIsl CO3JJaHUS F€0Ae3UUeCKOr0 000CHOBAHUS U BbI-
00opa U3MEPUTEITHLHOTO TEXHOJIOTMYECKOT0 000pYI0BaHUS JIJIsl ONPEICIICHUS TapaMeT-
poB OKC B mpOoCTpaHCTBEHHON CUCTEME KOOPAMHAT B COOTBETCTBUHU C 3aJaHHBIMHU
HOPMAaTUBHBIMH JIOITYCKaMHU.

Memoodonozusi u memoowl uccreooganus. Jjis pellieHus] MOCTaBJICHHBIX 3a/1a4
B JIUCCEPTALIMK UCIIOJIb30BAIMCH 0a30BbIE MOHATUS U METOJI0JIOTUSI KaJJaCTPOBOM Jesi-
TEIbHOCTU, METO/IbI TPOCKTUPOBAHMS U MaTEeMaTHYECKON 00pabOTKHU Ie0/1e3MUYEeCKUX
CETEM, a TAKXKE METOJIbl CHCTEMHOI'0 aHAJIN3a.

Ilonooicenus, viHoCUMblE HA 3AUUMY:

— Tpejyiaraemasi CucTeMa MPUHIUIOB T€0Ie3NYECKOro 00eCTeueHsl KaaacTpo-
BbIX pa0OT MO3BOJUT HauOOJIEe TEXHOJIOTUYHO OCYLIECTBIISThH MEPEBOJ] KajacTpa He-
IBMKUMOCTH B 3D-opmar;

— IpeiaraeMasi CTpyKTypa reoJie3n4ecKoro 000CHOBaHUS U CUCTEMa HOPMAaTHB-
HBIX JOITYCKOB IO3BOJISIT C HAMMEHBIIMMHU 3aTpaTamu HanoiHATh EI'PH akTyanbHOM
U JIOCTOBEpHOI nH(OpMaImen 0 MpoCTpaHCTBEHHBIX apameTpax OH;

— KOMIIBIOTEPHAS peanu3alys ajJropuTMa anpuoOpHOM OLEHKH TOYHOCTH MPO-
crpancTBeHHOM ['CCH mO3BOJIMT OCYIIECTBIISITH IPOEKTUPOBAHUE, IIPEAPACUET TOY-
HOCTH M BBIOOpP HEOOXOJUMOTO HU3MEPHUTENILHOIO TEXHOJIOTHYECKOTO 000pY10BaHUS
JUTSL T€OJIC3MIECKOr0 00SCIIeUeHHS KaIaCTPOBBIX PaboT.

Coomeemcmeue ouccepmayuu nacnopmy Hayunou cneyuanrvhocmu. [{uccepra-
LMUOHHOE MCCIICOBAHUE T10 COJCPIKAHUIO U XAPAKTEPY MOJTYUECHHBIX PE3YJITATOB CO-
OTBETCTBYET CIIEIYIOIIMM 00JacTsM uccneaoBanus: 7 — [lpunuunsl cbopa, JOKyMeH-
TUPOBAHMS, HAKOILIEHHUS, 00paOOTKH M XpaHEHHS CBEICHUI 00 00BEKTaxX HEJIBUKUMO-
ctu. Pa3paboTka eqnHON METOAMKY 110 BEICHUIO KOMIUIEKCHOTO KanacTpa; 9 — Mudop-
MaIllMOHHOE 00eCTIeUeHUE KaJacTPOBOM, 3eMJIEYCTPOUTEILHON U TPaIOCTPOUTETHHOM
NEeSTENHLHOCTU B MHTEpecax U poBoi Tpanchopmanuu s3xkoHoMUKH. [IpuMeHnenue uc-
KYCCTBEHHOT'O HMHTEIIJIEKTa, HEUPOCETEBBIX AJTOPUTMOB, «OOJAYHBIX» TEXHOJIOTHH,

TEXHOJIOTHH MTOTOKOBOW 00pabOTKH HH(OPMAINH, T€OTOPTATIOB, [U(PPOBHIX ITBOIHHH-
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KOB IMacHopTa Hay4yHO# cnenuanbHocTh 1.6.15. 3emiieycTpoilcTBO, KagacTp U MOHU-
TOPUHT 3eMeIlb, pPa3paboTaHHOTO IKCIIepTHRIM coBeToM BAK Munobpuayku Poccun.

Cmenenvb docmogepnocmu u anpobayus pezyromamos. OCHOBHbIE PE3yIbTaThl
HAYYHOTO MCCIIEIOBaHM JOKIAIBIBAIUCH U OOCYKAATUCH Ha CIEAYIOMUX MEXKIyHa-
POJIHBIX U BCEPOCCUMCKUX HAyYHO-NPAKTUUYECKUX KOH(pepeHIusax: MexayHapoIHOM
HayuyHoM kKoHrpecce «Murepskcno I'EO-Cubups» (HoBocubupck, CI'VI'uT, 2020,
2021, 2022, 2023 rr.,); HanimoHanbHOM HAyYHO-TIPAKTHICCKONW KOH(DEPECHITNU ¢ MEXK-
nyHapoaHbIM yuactueMm «HedTera3oBblii KOMIUIEKC: TEXHOJIOTHYECKHUE PEIICHHUS,
a’POKOCMUYECKUI MOHHUTOPHUHT, PETYJHUPOBAHHUE 3EMENBHO-UMYIIECTBEHHBIX OTHO-
meHui, kagactpoas oueHkay (FOxno-Caxanmunck, CaxI'y, 2019 r.); HanmonanbsHoit
HAy4YHO-TIPaKTU4YEeCKO KoH(pepenuun «PerynupoBanue 3eMenbHO-UMYIIECTBEHHBIX
oTHOLIEeHUH B Poccuu: npaBoBoe U reonpoCTPaHCTBEHHOE 00ecleueHre, OLeHKa He-
JIBIDKHUMOCTH, JKOJOTHS, TexHonornueckue pemenus» (Hosocubupck, CI'YIuT,
2019, 2020, 2021, 2022 rr.), HartnonansHON KOH(EPEHIIMU ¢ MEXKIYHAPOIHBIM y4a-
ctueM «IIpumenenne BIM-TexHonoruit ajs yrnpasiaeHus: 00bEKTaMU HEABUKUMOCTI
(HoBocubupck, CI'YT'uT, 2020 r.), Hay4HbIX ceMHHapax Kadeapbl KagacTpa u TeppH-
TopuaibHOro rmaanuposanus CI'YI'uT.

Pesynbratel nccnenoBanus BHenpeHbl B yueOHbIi npouecc @I'BOY BO «Cubup-
CKMH TOCYJapCTBEHHBIM YHUBEPCUTET reocucteM M TexHojorui» u ®I'bOY BO
«Tomcknil rOCyIapCTBEHHBIN apXUTEKTYPHO-CTPOUTEIBHBI YHUBEPCUTET», & TAKKE
B MMPOM3BOJICTBEHHBIN Tpoiiecc Ynpasinenuit Pocpeectpa mo HoBocubupckoit u Tom-
ckoii oonactsm u OO0 «I'eocutu» (r. HoBocuOupck), 0 4emM CBUIETEIBCTBYIOT COOT-
BETCTBYIOLIME AKThl O BHEIPEHHH.

Ilyonuxayuu no meme Ouccepmayuu. OCHOBHBIE TEOPETHUECKHE MOJIOKEHUS
Y pE3yJIbTAThl UCCIIEIOBAHNUN MTPEACTABICHBI B OJUHHAAATH HAYYHbIX CTAThAX, TPU U3
KOTOPBIX — B U3JaHUSX, BXOJSAIIUX B IEPEUECHb POCCUNUCKHUX PELIEH3UPYEMBIX HayUHBIX
U3JIaHUI, B KOTOPBIX JOJDKHBI OBITH OMYOJIMKOBaHbl OCHOBHBIE Hay4YHBIE PE3YJIbTATHI
JUCCEPTALIMM HA COHWCKAaHUE YYEHOW CTENEHW KaHAWAATa HayK, ITOJIYYEHO OJHO

CBUJIETEIBCTBO O TOCYAAPCTBEHHOM PErrCTpaliiy porpaMmmel st OBM.
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Cmpyxkmypa ouccepmayuu. OO0t 00beM auccepTanuu cocrapiseT 132 crtpa-
HUIBI MaITHHOTIMCHOTO TeKCTa. JluccepTamusi COCTOUT W3 BBEACHMs, 3 pa3/esioB, 3a-
KJIIOUEHUS, CHHUCKA JUTEpaTypbl, BKItoudarouiero 118 HamMeHOBaHUWM, CONEPKUT

15 Tabnuu, 22 pucyHka, 7 NpUiIOKEHUN.

OCHOBHOE COJIEPYKAHME JUCCEPTALIMU

Bo esedenuu 060cHOBaH BBIOOP TEMBI M MOKa3aHa aKTyaJbHOCTh HAYYHOI'O HC-
CJIeIOBaHUs, OTIPE/IeNICHa CTeTeHb pa3pabOTaHHOCTH IAHHOTO HAMpaBjIeHus, chopMy-
JMPOBAHBI 1IETTh U 3a7a9X MCCIICIOBAHUS, YCTAHOBJICHBI OOBEKT U MPEIMET HAYIHOTO
WCCJICJIOBAHUSI, MPEICTABJIICHhl Hay4dHas HOBHM3HA, TEOPETHYECKAs M IMpaKTHUYECKas
3HAYUMOCTh Pa0OThI, METOAOJIOTHSI U METObI UCCIIEAOBAHUS, IPUBEIEHBI IOJI0XKECHUS,
BBIHOCHMBIC Ha 3aIUTY, CTEIIEHb JOCTOBEPHOCTH M alpoOaIiys pe3yJbTaToB HCCIICI0-
BaHMS, IIPEICTaBICHbI MyOJUKAIIMU 110 TEME TUCCEPTALIMH U €€ CTPYKTYpa.

B nepeom paszoene BuimoaHeH MHGOPMAIIMOHHO-aHATUTHYECKUN 0030p COBpe-
MEHHOT'O COCTOSIHHSI T€0/Ie3ndecKoro obecrieueHus co3mpanus 3D-kamactpa B Poccun
U 3a pyOeKoM, aHaJIU3 KOTOPOTO MTO3BOJIWI BBISIBUTH MPOOJIEMATHKY, CYIIECTBYIOIIYIO
B JaHHOU cepe AesaTenbHOCTH, U CHOPMYITUPOBATh HAYTYHO-TEXHUIECKHUE BOTIPOCHI,
TpeOyroIre CBOCH pa3pabOoTKH JJIsl MOBBIIICHHS KaueCcTBa KaIaCTPOBBIX PaboT.

OTMeueHO, YTO OCHOBHAs ITpoOJIeMa 3aKII0YaeTCs B OTCYTCTBUM METOJIUKH T'€0-
JE3UYECKOro 00eCIIeUeHHS KaIaCTPOBBIX padoT, 0a3upyroIIeics Ha CHCTEME Hay9IHO-
000CHOBaHHBIX IPUHIIUIIOB 1 HOPMATUBHBIX TPEOOBAHUM ISl IOCTPOSHUS T'€0 Ie3ude-
CKHX CeTel, mpeAHa3HAUYCHHBIX [IJIsi OMpPEACIICHUsI MPOCTPAHCTBEHHBIX MApaMeTPOB
OH u nx Buecenusa B EI'PH.

Bmopoti pazoen nuccepraiiu noCBAIIEH pa3paboTKe METOAUKH I€0e3UYECKOr0o
obecricueHUsT KaAaCTPOBBIX padoT, MpeaHa3HAYCHHBIX I CO3/JaHus U BeaeHus 3D-
KajacTpa HeBMKMMOCTH. OCHOBOM pa3paboTaHHON METOAMKU CTAJI: CUCTEMa IIPUH-
ITUTIOB TE€OJIE3UUECKOT0 00ecTieueHns KaaacTpoBbix padboT B oTHomeHuun OH B dop-

mate 3D; TeopeTrdecku 000CHOBaHHAS CUCTEMAa HOPMATHUBHBIX JIOMTYCKOB IOCTPOCHUS
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npoctpancTBeHHol ['CCH; cTpykTypa reojie3ndeckoro o0OCHOBaHUS AJiS BBITIOJIHE-
HUSI KaJIaCTPOBBIX PaboT; CUCTEMa KOOPJIWHAT, UCIIOJIb3yeMasi IPH MAaTeMaTHIEeCKOM
00paboTKe pe3yIbTaTOB U3MEPEHUN, U KiIacCU(HUKAIHSA CITOCOOOB CO3/IaHUsI T€01e3H-
YeCKOro 000CHOBAHUS JUIsl BBIIOJIHEHUS KalaCTPOBBIX padoT B popmare 3D.

Jlns peliieHust ToCTaBAEHHOM 3a/1auu, B pa3BUTUE PaHee BBITTOJIHEHHBIX UCCIIEO0-
BaHUM ObUTH CHOPMYITUPOBAHBI CIACAYIOMINUE TPUHITUTIBL:

1) co3pganme 3D-kamactpa Hanbosee TEXHOJIOTMYHO BBIMOJIHATH HA OCHOBE CY-
niecTBytomiero 2D-kanactpa, ucnodnb3ys s koopaunupoaHuss OH mectHyto 1ioc-
KYIO0 IPSMOYTOJIBHYEO CUCTEMY KOOPAWHAT, JONOJHEHHYI TPEThbeH KOOpAWHATOU H
(HOpMaJsibHasi BHICOTA, OTCYUTAHHASI OT YPOBEHHOM MOBEPXHOCTH, MPOXOSILEH uepes
CPEIHIOI OTMETKY TEPPUTOPUATIBHOTO 00Opa30BaHus);

2) [usi yCTpaHEHUsI CUCTEMHBIX MPOTUBOPEUMIT MEXKIY NMPOECKTHBIMU MapaMeT-
pamu OKC, KoTOpbIe COOTBETCTBYIOT PEaIbHBIM pa3MepaM COOPYKEHHUs Ha pu3nye-
CKOW OBEPXHOCTH 3€MJIU, U PE3yIbTaTaMi KOOPAUHUPOBAHMUS, BHITOIHEHHBIMU B Ma-
TeMaTudeckoi mpoekiuu ['aycca — Kprorepa, nmpu 3D-monemupoBannu OKC Heo6xo-
MO MCII0JIb30BaTh yCIOBHYIO cucTteMy koopanHat OKC, npuBsA3aHHYIO K €r0 OCHOB-
HBIM OCSIM U KOOPAMHATHOM CUCTEME TEPPUTOPUATBLHOTIO 00pa30BaAHMUS;

3) ycraHOBIE€HHE HAyYHO-OOOCHOBAaHHBIX HOPMATHUBHBIX TPEOOBAHUM K TOYHO-
CTH BBITIOJIHEHMSI KaJIaCTPOBBIX Pa0OT JOKHO OCYIIECTBIATHCS B COOTBETCTBHUHU
C MPUHIIUIIOM «HU30TPOIMHOCTHU» KOOPJAMHATHOTO MPOCTPAHCTBA KAaJIaCTPOBOrO KBap-
Taja, KOT/la TOYHOCTh OMPEEIEHUS BBICOTHI JOJKHA COOTBETCTBOBATHh TOUHOCTH I1J1a-
HOBOTO IMOJI0KEeHUs XapakTepHbIx Touek (XT) OH;

4) Hay4HO-00OCHOBAaHHBIE HOPMATHUBHBIC TPEOOBAHUSI K TOYHOCTH BBHITTOJTHCHUS
KaJlaCTPOBBIX Pa0OT JIOJDKHBI YCTAHABIWBATHCS JJIS KaJacTPOBOTO KBapTaja Kak
CTPYKTYPHOU €IMHULIBI TEPPUTOPUATILHOTO 00pa30BaHMS;

5) IS HaJIe’)KHOTO 3aKPEIUICHUsI PUHITON CUCTEMbl KOOPJIMHAT MPU BBITIOJIHE-
HUU KaJIaCTPOBBIX paboT HE0OXoauMo ucToib30BaTh yriabl OKC, KoTOpsie mpu COOT-
BETCTBYIOIIEH TOUHOCTU UX KOOPAUMHUPOBAHMUS 11€J1€CO00PA3HO MPUMEHSTh KaK HC-
XOJIHYIO T€0JIe3UUECKYI0 OCHOBY JUIsl BOCCTAHOBJIEHUS yTpaueHHbIX XT rpaHull 3e-

MeJIbHBIX yuacTKoB (3Y);
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6) HopMaTuBHas TOUHOCTH KoopauHupoBauus XT kouTypoB OKC nomxHa ObITH
YCTAaHOBJICHA BHE 3aBUCUMOCTH OT KaTerOPUU 3€MeJIb, Ha KOTOPBIX pacnoioxkeH OKC.

Peanuzanus nepBoro, 4eTBEPTOro M MATOrO MPUHIUMIIOB MTO3BOJIMIA YCTAHOBUTH
HOPMAaTHUBHBIN JOMYCK Ha CPeAHION KBapaTuyeckyto omuoky (CKO m) onpenenenus
TpeTbeil koopauHatel X T koHTypa OKC (HOpMasnbHOi BBICOTHI ), KOTOpast O3BOJISIET
co3aTh MPOCTPAHCTBEHHYIO KOOPIMHATHYIO CUCTEMY KaJIaCTPOBOTO KBapTaJia v C MH-
HUMAaJIbHOU TpynoeMKocThio nepeiitu k BeaeHuto EI'PH B ¢popmate 3D.

Hcxonsd U3 NpenioKeHHOro NPHUHIMIA «U30TPONHOCTH», HopMmartuBHas CKO

IMPOCTPAHCTBCHHOI'O ITOJIOKCHUA XT I'paHUIbI 3V umeer CJICcAyromeC 3HAYCHUC:!

m,_, =m, =10cM, m,, = ,/miy +m;, =14,1¢cm. (1)

Jlist peanu3anuy NpUHIIMIA 3aKPETUICHUS] KOOPAMHATHOTO MTPOCTPAHCTBA yIilaMu
OKC u BoccTanoBneHus yrpaueHHbIX X T rpanull 3Y OTHOCUTENIBHO 3TUX CTPYKTYp-
HBIX 3JIEMEHTOB yCTaHOBUM TpeboBanue, yToObl CKO onpeneneHuss KOOpauHaT yIiioB
OKC 6pu1a npenedperaeMo Majia 1o OTHOIIEHHUIO K HOPMAaTUBHON TOYHOCTHU OIpese-

nenus XT rpanun 3Y:

m 14,1 cm
— XT __ > _ 2 _ 2 2
Moy = T ) =T7,1cM, mgy =m,, +my,, m

=my,, =Tk 5.0 cm. (2)

NG

OTMeTI/IM, qTo YCTaHOBHeHHBIﬁ HOpMaTHBHBIﬁ AOITYCK OTHOCHUTCA KaK K B3aUM-

X,y

HOMY IOJIOKEHMIO onpeneneHnus koopauHaT XT, 3aKkperuisommux KOHTYpP TOJIBKO OJ1-

Horo OKC, tak u k CKO B3aumuoro nosioxkeauss OKC oTHOCUTENBHO APYT JpyTa.
[Tpu ucnonb3oBannu KOMOMHUPOBaHHOTO criocoba kKoopauaupoBanus XT OKC,

cocrosero u3 GNSS 1 Ha3eMHBIX U3MEPUTENBHBIX TEXHOJIOTUI IS IIJIAHOBOU H, CO-

OTBCTCTBCHHO, BBICOTHOM COCT&BJISIIOHlCﬁ, CIIpaBCAJIMBBI CICAYIOINEC BBIPAKCHUA:

mgly@ = \/(mgss)z + (mfliM ) =5,0 cMm, mgKC = \/(m,(j;NSS)2 + (mg3M =50 cm (3)

[Ipumenss x (3) «IPUHIUIT PABHOTO BIUSIHUSY, MOJTYYaeM CIEAYIOIIee BhIpaxe-

HUE:
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mOKC mOKC
GNSS n3M s GNSS n3M s
m > =m_ " =—==35cm, m; > =m, =—2—=35cm 4)

AN 72

YuuthiBas YPOBCHbL pPa3BUTUA COBPCMCHHLIX HW3MCPUTCIBbHBIX TEXHOJIOTUH

U HAJIMYME BO MHOTHX TEPPUTOPHAIBHBIX 00pa3oBaHUsAX PD mocTaTOYHO MIIOTHOM
cetu auddepenunanbubix reoaesundeckux cranuuit (AI'C), npeqnaraercs B KauecTBe
HOpMaTUBHBIX Kputepues npu nocrpoennu ['CCH ncnonb30BaTh 3TH TOMYCKH.

Peaymsanus npennaracMon CUCTEMbl HOPMATUBHBIX JIOITYCKOB II03BOJIMT BOCCTa-
HaBJIMBaTh yTpadeHHble X T rpaHuIbl 36MEIBHOIO YU4acTKa, Ha KOTOPOM PacIlOOKEH
OKC, BHE 3aBHCUMOCTH OT U3MEHEHHMSI ICUCTBYIOLICH CUCTEMBI KOOPJMHAT U CTa0WIIb-
HOCTH B IIPOCTPAHCTBE U BPEMEHU UCXOAHBIX ITyHKTOB JII'C.

Ha ocHoBanuu nH(pOpMalMOHHO-aHATUTUYECKOT0 0030pa CyIEeCTBYIOIIEH HOP-
MaTUBHO-TIPaBOBOH 0a3bl popMupoBaHus Texunueckux miaHoB OKC u BbInosHeHUs
UCIIOJHUTENBHBIX chbeMOK npH npueme OKC B 3KCIUTyaTauoo yCTaHOBJIEHO, YTO TOY-
HOCTb I€0JI€3NYECKUX U3MEPEHUN, B 3aBUCUMOCTH OT Pa3MEpPOB ITOMEIIEHNUs, COCTAB-
asiet ot 2 go 10 mm. Takum o6pazom, CKO ompeneneHus: mapameTpoB BHYTPEHHUX
cTpyKTypHbIX d1eMeHTOB OKC siBiisieTcs 00jiee BBICOKOM M0 CPABHEHUIO C BHEITHUM
KOHTYPOM, KOTOPBII KOOPJIMHUPYETCA OTHOCUTENbHO HCXOAHBIX NMyHKTOB ['CCH.
Ortcroia cinenyer, 4YTo UCMoJib30BaHue npu BbinosHeHUU 3D-monenupoBanuss OKC
KOOpJMHATHON cuctembl, ipunsaToil mnsa Beaenus EI'PH (B kagactpoBoM okpyre),
IIPUBEAET K MCKaXXEHHBIM PE3yJIbTaTaM U HE IIO3BOJIMT OLIEHUBATH COOTBETCTBUE Ia-
pameTpoB Bo3BeaeHHOro OKC npoekTHbIM 3HaueHusIM. JlaHHas cutyanus o0yciaoB-
JI€HA, BO-IIEPBbIX, PEAYLIMPOBAHUEM U3MEPEHUN C (PU3NUYECKON OBEPXHOCTH 3EMIIH
Ha TUIOCKOCTh B mpoekuuu ["aycca — Kprorepa, a Bo-BTOpbIX, 00ee HU3KOM TOYHO-
CThIO KOOpAMHHpoBaHUsA BHemHero koHTtypa OKC nmo cpaBHEHHMIO ¢ €ro BHYTpPEH-
HUMHU DJIEMEHTaMH.

Brixogom U3 co3gaBLIEkCs CUTYallMM MOYKET CTaTh MpuMeHeHue npu 3D-moxe-
mupoBannn OKC ycnoBHo# cucteMbl koopauHaT OKC, npuBsi3aHHON K KOOpAUHATHOM
cucreme EI'PH onHOM XxapakTepHOM TOUKOM, 3aKOOPAMHUPOBAHHOW OTHOCUTEIIBHO HC-

xonHbIX TyHKTOB ['CCH.
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O6pazoBanue ycinoBHOU kKoopauHaTHOM cucteMbl OKC npeaniaraeTcst ocyIecTB-
JATH IIyTEM COBMELIEHNS KOOPAUHATHBIX ocer ¢ oCHOBHbIMU ocsiMu OKC, a 3a Hagaiio
CUCTEMBI KOOPAUHAT BBIOUpaTh X T, 3aKpEIIISIONIYI0 HA MECTHOCTH BHEITHUN KOHTYP
OKC u 3aKk00pAMHUPOBAHHYIO OTHOCUTENIBHO UCXOAHBIX MyHKTOB [ CCH.

[IpuHuMnuanpHast CXeMa TaKOro peleHusl IPUBEACHA Ha PUCYHKE 1.

EI'PH

Y
YCJIOB
xEIPH X N
. —
TR B STE
: 14 b13_14 13 : : 18 b17_18 17 :
: aii-14 an 13: : ais-18 aie-17 :
Ol [ [
p | 11 b1z ! 15 bis-16 16 |
__+ _______________ b —-=-=--
" : yYCJIOB
1 : : >

Pucynok 1 — IIpuHnunuansHas cxeMa OonpeaeneHus mapaMeTpoB BHYTPEHHUX

aneMeHToB J1si 3D-monenupoBanusi OKC

Ha pucynke 1 mpuHsATH cieayromue OOO3HAYEHUS: @, b — TPOEKTHHIC
pPacCTOSIHMS, ONPENEIAIONIME PACIOIOKEHUE OCHOBHBIX M JONOJIHUTEIBHBIX OCEU
OTHOCUTEJIbHO BHYTPEHHUX JJIEMEHTOB 3JaHUS; di., bij — U3MEPEHHbIE MapaMeTphl
BHyTpeHHUX nomeuieHuid OKC; 11-18 — xapakrepHble TOUYKH, OINpPEICISAIOIINE
napaMeTpbl BHYTPEHHHUX CTPYKTYpHbIX 371eMeHTOB OKC u ero 10noJIHUTENIbHBIX OCEH;
1,2, 3,4 — xapakTepHble TOUKH, ONIPEAEISAIONINE PACTIOIOKEHNE OCHOBHBIX oceil OKC;
I, Il — ucxonusie mynkTsl ['CCH.

Kiroun nepexoaa ot yciioBHO#M koopauHaTHOU cuctembl OKC B KOOpIMHATHYIO

cucremy EI'PH umeror crenyronmii Bun:
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X = Y cosa — VY sina

ErPH vei
Y =Y

.cosa+ X" sina, )
IZI€ 0. — YTOJI pa3BOpOTa KOOPAUHATHBIX OCEH.

Peanuzanus takoro moaxoja JacT BO3MOYKHOCTh ONPENEIATh PEAIbHBIE Mapa-
MeTpbl OKC 1 onieHUBaTh UX OTJIIMYMS OT MIPOEKTHBIX 3HAYEHU, YTO MTO3BOJIUT JaBATh
000CHOBaHHOE 3aKJIFOUEHUE O BO3MOKHOCTU BBeieHUs B dKkcIutyaranuo OKC.

AJITOPUTM ONpENESICHHUs] aHAIMTUYECKUX KOOPAWHAT BHYTPEHHHUX MOMEIICHUH,
IIPOBEPKH TUIOTE3 00 UX MPSMOYTOJIBHOCTH U COOTBETCTBUU NTAPAMETPOB MTPOCKTHBIM
pasmepam, NoJApoOHO pacCMOTPEH B AuccepTanuu (pasnen 2.1).

CobutoieHre BBIIIEPACCMOTPEHHBIX HOPMATUBHBIX JOIMYCKOB MO3BOJMT CO3/a-
BaTh I'eoj/ie3nueckoe 000CHOBaHUE B KajgacTpoBoM kBapTaie u 3D-moxenu OKC, co-
OTBETCTBYIOIINE COBPEMEHHBIM TPEOOBAHUSAM, TIPEABABIIEMBIM 711 (HOPMHUPOBAHUS
3D-kanactpa Ha Tepputopun Poccuiickoit @eaepanni.

B pesynbTate paHee BBINOJHEHHBIX MCCIEJOBAHUM OBLIO YCTaHOBIIEHO, YTO
YMEHBIIIEHUE YK CIa CTyNeHEN MPH MOCTPOSHUH reoae3ndeckoro obocuoBanus (I'O)
IPUBOAUT K CYIIECTBEHHOMY IMOBBIIIEHUI0O TOYHOCTH ypPaBHEHHBIX MapamMeTpOB
I'CCH BcnenctBue yMeHbILICHUS BIUSHUS OMKUOOK UCXOAHBIX JJAHHBIX U COKpallle-
HUS TPYJIOEMKOCTH IIPU BBIMOJHEHUU MOJIEBBIX Teojie3nueckux padort. [Iponomxkas
UCCIICJOBAaHUS B 9TOM HaMpaBlICHWU, MPEJCTABISIETCS 11€JIeCO00pa3HbIM OrpaHu-
YUTHCA TOJBKO ABYMS CTYIEHSMHU, TJ€ B KQUECTBE MEPBOM CTYNEHU UCIOIb3YETCS
cetp [II'C, a B xauectBe BTOpoi crynenu — ['CCH, coBMecTuB nepeaady KOopau-
HAaTHOTO MPOCTPAHCTBA B COOTBETCTBYIOIINN KaJacTPOBBINA KBApTal C KOOPJIAUHUPO-
BaHueM Bcex XT, He0OXOAMMBIX ISl BHIMTOJHEHUS KaJacTPOBBIX paboOT mpu co3na-
Hum 3D-kagactpa.

Cnenyer OTMETUTh, UTO MPEJIOAKEHHBIM paHee HOpMaTuBHBIN aomyck k CKO
B3aMMHOI0 ITOJIOYKEHUSI TyHKTOB IIEPBOM CTYIIEHH, COCTaBIsIroui murc = 1,2 cwm, cie-
TyeT OCTaBUThH 0€3 U3MEHEHUS, TOCKOJIBKY OH COOTBETCTBYET PEIICHUIO BCEX MOCTAB-

JICHHBIX BBIIIC HAYYHO-TCXHUYCCKUX 3aJa4 KaK IJIA Fpa,HOCTpOHTeHbHOﬁ, TaKk U OJIA
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KaJlacTpoBoi nedarenbHOCTH. [Ipeanaraemas nByxcrynenyartas crpykrypa 'O npuse-

neHa B tadnuue 1.

Tabnuna 1 — Ilpennaraemas CTpyKTypa IBYXCTYIEHYATOIO I'€01€3M4ECKOro

o6ocHoBaHus B popmate 3D i1 KOOpAMHATHOTO OOECIIeUeHUS KalacTPOBOM

141 I‘p&,ﬂOCTpOHTGJIBHOfI ACATCIIbHOCTHU

CeTh CIIeIHAaIb-
HOT'O Ha3Haue-
Hus (I'CCH)

Ucnonb3yemblie
HazBanue Penraemele 3a1auu 1 0COOEHHOCTH
U3MEpUTENIbHBIE
ctynenu ['O MOCTPOEHHUS HAa MECTHOCTH
TEXHOJIOTMH
1 Co3naHue e1MHOT0 KOOPAMHATHOIO MPOCTPAHCTBA, COCTOS-
mero u3 nynktoB ['T'C, OMC, OI'C, I'CC.
Huddepenun- 5
2 Paccrosnue mexnay nynkramu JI'C nopsaka 25-30 kM~ ¢
aJbHas reoje- . .
GNSS PacIoJIOKEHUEM MX Ha KPBIIIAX 3JaHUM U COOPYKEHHI.
3U4YEeCKas CETh
(IrC) 3 PelieHne Hay4yHO-TEXHUUYECKUX 3a]a4, CBA3aHHBIX C TEKTO-
HUYECKOM M aHTPOMOTEHHON HArpy3Koil Ha COOTBETCTBYIO-
LIYI0 TEPPUTOPHUIO
1 Ilepenava cucteMbl KOOpAMHAT B PailOH BBIIIOJIHEHUS Ka-
JACTPOBBIX paboT.
2 PacrnionokeHue MyHKTOB U UX 3aKPEIJICHUE B KaJaCTPOBOM
Kombunuposan-
. kBapraie (KK), B konuyecTBe HE MEHEe IBYX MPH HATUYHU
HBII croco0, coue- . .
I'eonesnueckas MPSIMON ONTUYECKON BUAUMOCTH MEXKIY HUMMU.

TaHUC CITYTHHUKO-
BbIX U TPAAULIUOH-
HbIX HAa3€MHBIX HU3-
MCPUTCIIBHBIX TCX-

HOJIOTUH

3 KoopauHHpOBaHME C yCTaHOBJIEHHON HOPMaTUBHOM TOYHO-
CTbIO OOBEKTOB HEJIBUKMMOCTHU, PACHIOJIOKEHHBIX B COOTBET-
ctByronieM KK.

4 BoccraHoBineHue yTpadeHHbIX XT, 3aKperuisiommx rpa-
HUIBI 36MEJIbHBIX YYaCTKOB, IIPU NIPOBEIECHUH 3EMIICYCTPOU-
TENBHON KCHEPTU3bl M OCYIIECTBICHHH I'OCYNapCTBEHHOIO

3eMeJIBHOT0 Ha/130pa (KOHTPOII)

HNTorossim PE3YIIBTATOM PCHICHUA BCCX BLIMICPACCMOTPCHHBIX 3a1a4 CTajla MC-

TOAHUKA I'€OAC3NICCKOIO oOecrieucHus KaJJaCTpPOBBIX pa60T, NpCAHa3HAYCHHBIX JIJIA CO-

3nanus u Benenus 3D-kanactpa OH, TexHonornyeckas cxema KOTOpPOM MpuUBeAeHa Ha

pHUCYHKE 2.
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/ 1 Pa3zpaboTka cCHCTEMBI MPUHITUIIOB 1 HOPMATHBHO-TIPABOBOM 0a3bl Te0e3UUECKOTr0 \
obecnieuenns 3D-kanacTpa HEABUKUMOCTH

[ CucreMa MpUHITUIIOB re0Ie3uIecKoro obdecnieuenus 3D-kamacTpa HEABIIKUMOCTH ]

HopmartuBHao-nipaBoBas 6a3a, HopmartuBHo-nipaBoBas 6a3a, HopmatueHO-npaBoBas 6asa,
perinaMeHTUpyoas mnopsi- periaaMeHTHpyomas Tpedo- periiaMCHTUpPYIOIIAs Me-
JIOK CO3/IaHUS U BEACHUS BaHHUA K TOYHOCTHU pE3YyJIbTa- TOABI U CPEACTBA BBIIIOJIHE-
3D-kanactpa toB 3D-kanactpa HUSI KaJacTPOBBIX paboT B
\ 3D-dopmare /
v
2 [IpocTpaHCTBEHHO-KOOPAMHATHOE 00eCTIeYeHNE BeICHUS \

3D-kanacTpa HEABUKUMOCTH

Br160p cucTemMpl KOOPAMHAT AJIs1 BEITIOTHEHHS BbI00p CTPYKTypbI I€0AE3HIECKOrO
Ka/JIaCTPOBBIX pa60T 06OCHOBaHl/Iﬂ JJI CO30aHHUS U BEACHUA 3D-

KagacTpa HEABUKUMOCTU

\J J
!

3 IIpoexTHpoBaHue, MOCTPOEHUE U MaTeMaTHueckas oopaboTka npocrpancTseHHoit [CCH

Br160p cnioco6a mocTpoeHwmst Br16op n3mepurensHOro O11eHKa TOYHOCTH
T'CCH TEXHOJIOTHYECKOTO napametpoB 'CCH
000pyoBaHUs
\ 4
[ 4 BpInosiHeHne KaJJaCTPOBBIX pa60T B OTHOILLIEHUH OOBEKTOB HCABUXHNMOCTHU ]

Pucynok 2 — TexHosoru4eckasi cxema METOAUKH CO34aHUs F€0AE3NIECKOTO

oOecneyeHus TPCXMCPHOTO KaJaCTpa HCABUKNMOCTH

Tpemuii pazden nuccepTaluy MOCBALIEH anpoOanuu pa3padOTaHHOW METOIUKU
Ha IIpUMepe KaacTpoBOro kpapraia ropoga Hosocubupcka.

BaxHbIM acniekToM pa3pabOTaHHOW METOIUKH Ie0/1€3NYECKOT0 00eCeyeHus Ka-
JacTPOBBIX pabOT i co3laHus U BeaeHUs 3D-kanacTpa HEIBUKUMOCTU SIBISIETCS
BBIOOP M3MEPUTENBHOTO TEXHOJIOTHYECKOT0 000pYyI0BaHMUsl, MTO3BOJISIONIET0 obecte-

YUTh YCTAHOBJICHHYIO HOPMAaTUBHYIO TOUYHOCTb. JlJIsl pelIEHHs 3TOM 3a1a4H B TUCCEP-
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Taluu pa3zpaboTaH W peajan3oBaH B (popMe MPOrpaMMHOIO OOECHEeUeHUs! alrOpUTM
AIPUOPHON OLIECHKHM TOYHOCTH mpoekTa npocrpanctseHHor ['CCH ¢ nocnenyrommm
BbIOOPOM HM3MEPUTEIBHOIO 000pyAOBaHusA. [IpHHIMIUANBHBIM OTIMYUEM MPEAJIO-
KEHHOTO aJIFCOPUTMA OT CYIIECTBYIOIIMX SIBJISETCS TO, YTO COBMECTHOM 00paboTKe
[IOJIBEPraloTCAd U3MEPEHHUsI, ONPEIEIAIOIME HE TOJBKO IJIAHOBOE (FOPU30HTAJIbHBIE
yIJIbl, IJIMHBI JIUHUI), HO U BBICOTHOE (BEpTUKaNIbHBIE yIibl) nojoxxenue XT OH.

brok-cxemMa pazpaboTaHHOM KOMIIBIOTEPHON MPOrpaMMbl IPUBEICHA HA pUCYHKE 3.

1 BBox ncxomanoit nadopmalu o mpoekte npocrpancreennor 'CCH
v

2 Busyanuzanusi 1 KOHTPOJIb HCXOTHON MH(DOPMAILIUH O 3aIPOSKTUPOBAHHBIX

reojie3ndeckux n3Mepenusx u ctpykrype 'CCH
v

3 ®opmupoBanre MaTpuilbl A K03 GHUIIMEHTOB YpaBHEHH ITOTIPABOK
B 3aIPOECKTHUPOBAHHBIE U3MEPEHUS

. * J

’ 4 ®opmupoBaHre MaTpUIlbl P BECOB 3alIpOEKTHPOBAHHBIX U3MEPEHUN |

e + 2
5 Beruuciienue Matpuiisl Q BECOBBIX KOA(D(OUIIMEHTOB ONPEACIEMBIX TApaMETPOB

4 ' N

6 OneHka TOYHOCTH ONpeeNIsIEMbIX mapamMeTpoB 3anpoektupoanHoit 'CCH
C UCIOJIb30BaHUEM AJITOPUTMA U BEIOOPOM U3MEPUTETHLHOTO TEXHOJIOTHYECKOTI0
000py10OBaHUS

Pucynok 3 — biiok-cxemMa KOMIBIOTEPHOM MPOrpaMMBbl

JUISL aTPUOPHON oLleHKM TouHOocTH npoekrta I'CCH

[TpoextupoBanue u noctpoenre Ha MectHocTd ['CCH no pa3paboTaHHON METOIUKE
U C IPUMEHEHUEM COCTaBJIEHHOW KOMIIBIOTEPHOI ITPOrPaMMBbl BBIIIOJIHSINCH HA TEPPU-
TOPHUHU KaJJaCTPOBBIX KBAPTAJIOB, PACIIONIOKEHHBIX B OKTAOpbCKOM paiioHe roposia Hoso-
cuOMpCKa B paMKax BBIOJHEHUS KaaacTpoBbiX padoT OO0 «I'eocutn» 1si HOArOTOBKH

TEXHUYECKOT0 MaCIopTa Ha 0OBEKT KalMTAILHOTO CTPOUTEIhCTBA B hopmare 3D.
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J17151 BBINOJIHEHHSI HATYPHBIX T'€0JI€3NYECKUX U3MEPEHUIN HCTI0JIb30BAJICS CITy THU-
koBbIi ipreMHUK Javad Triumph-1M, KOTOpBIN XapakTepu3yeTcs CISAYIOMUMA TOY-
HOCTHBIMU XapaKTEPUCTUKAMU: B IJIaHe mgnss = 3 MM + 0,1 mm * L(xm) 1 10 BbICOTE
magnss = 3,5 Mmm + 0,4 MM * L(xm), COOTBETCTBEHHO.

B xauecTBe MCXOAHBIX MYHKTOB MCMoOdb30BanuCh 0azoBrie ctaniuu (bC1, BC2),
KOOPJIMHATHI KOTOPBIX OBLIM TOJYYeHBbl OTHOCUTEIHHO HCXOAHBIX NyHKTOB JI'C.

[IprHIMNMaNbHASA cXeMa KOOPANHUPOBAHUS IPUBEJICHA HA PUCYHKE 4.

YcnoBHBIE 0003HAYECHUS:
A Ucxomnasie AI'C;
A Onpenensiembie 0a30BbIC CTAHIINU;
_» Omnpenensemble IPOCTPAHCTBEHHBIE BEKTOPBI;

. KoHTponbHas JyIMHA IMHUU AJI ONPEENIEHUsI TOUHOCTU puMeHsaeMoil GNSS-TexHonoruu

Pucynok 4 — IIpuHnunuansHas cxema nocrpoenus nepsout crynenu I CCH

Onenka TouHOCTH GNSS-U3MEpPEHMI BBINOJHIIACH MO MPEITI0KEHHOMY aJIro-
PUTMY, OCHOBAHHOMY Ha CpaBHEHMH KoopAuHAT bC, IMOIy4EeHHBIX OTHOCUTEIIBHO TPEX
ucxoaubIx MyHKTOB JII'C. Pe3ynbpTaThl MaTeMaTuueckoit 00paboTku HaTypHBIX GNSS-

U3MEpEHU TPUBEJEHBI B TA0IUIE 2.
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Tabnuua 2 — Pe3ynbrarel MaTremaTuueckoit o6padotku GNSS-onpeneneHuit

CKO 06a3oBoro Pacxoxnenns CpenHeBecoBbIe 3HAYEHUSI KOOPAUHAT
BEKTOpA (CM) (cm) 0a30BBIX CTAHIHH (M)

may| me | Ay | Ag X Y H
NSKW | 04 | 07

1 [ KoLV | 07 [ 1.6 | o3 [ 05 |5186630,055|51199765348| 113,515
ISKT | 08 | 19 | o9 | 03
NSKW | 04 | 07
2 [ KOLV | 07 [ 16 | o7 [ 12 |5186524,955|51199630,463| 113,515
ISKT | 08 | 19 | o7 | 13

baszosas |Mcxonnas
cranums| JI'C

HpI/IMe‘IaHI/Ie. B Ta6J'II/II_Ie NNPpUBCACHDBI YCIIOBHBIC KOOPAWHATHI 0a30BBIX CTaHIIMH.

Takum 00pa3zomM, TouHOCTH nocTpoenus nepoi crynenu ['CCH cooTrBeTcTBYeT
IIPEIIOKEHHOW CUCTEME HOPMATUBHBIX JOITYyCKOB.

Bropas ctynens I'CCH 6bl1a noctpoeHa ¢ NpUMEHEHMEM HA3€MHBIX M3MEpPHU-
TeNbHBIX TEXHOJOrui. Jlyig onpeneneHrs HauOoyee TEXHOJIOIMYHOIO crocoda ObUIo
BBITNOJIHEHO MCCIIEIOBaHUE TPEX BapHUaHTOB (MOAPOOHOE OMMCAaHHE CO CXEMaMU IO-
CTPOEHMsI IPUBEIEHO B AMCCEPTALMU B pazzeie 3.2).

1 ba30BeI TAXEOMETPUYECKHUM XOJI, IOCTPOEHHBIM 10 MPABUIIAM KIACCUYECKOU
IEOJIE3UN.

2 XoJa «3JIEKTPOHHOM TaxeOMETpUM», B KOTOPOM Mepeaya KOOPAUHAT OT OA-
HOTO HUCXOZHOTO ITyHKTA K APYTOMY OCYILECTBIISIETCS 10 CBA3YIOIIMM TOYKaM, PacIio-
noxeHHbIM Ha KoHType OKC. Takast TexHoJI0rus onpeaesseT OTCyTCTBUE HE00X01u-
MOCTH NPAMON ONTUYECKOW BUAUMOCTHA MEXKAY IPOMEKYTOUYHBIMU TOYKAMH, YTO CY-
IIECTBEHHO CHUXXAET TPYAOEMKOCTb, U, KPOME 3TOr0, IOCTPOCHHUE X014 U KOOPAUHHU-
poBanue XT BBITOIHAECTCA B €AUHONU TEXHOJIOTUYECKON CXEME.

3 X0oI «3JNEKTPOHHOM TaxeOMETPUM» C KOOPAWHATHOW NPUBA3KOM, KOTOPBIN
o0ecnieunBaeT COKpalleHue HeoOXxoauMoro kojaudectsa ucxoansix bC u, cienosa-
TEIbHO, 00YCIIOBIUBAET ajbHENIIEE CHUKEHUE TPYTO0EMKOCTH BBIMOIHAEMBIX TEXHO-

joruueckux onepaunil. Pacnonoxenne koopaunupyemoro OKC u cxema noctpoeHust
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I'CCH xoMOMHMPOBAaHHBIM CIIOCOOOM C KOOPAMHATHOM MPUBSA3KOM K 0a30BbIM CTaH-

uusim bC1 u BC2 npuBejeHa Ha pucyHke 5.

VciioBHBIE 0003HAYEHUS:

A Hcxonnwie 0a3oBbIc CTaHLIMH, A CBSISYIOIJ_U/IG TOYKH XO0Ja,

[l [IpomexyTouHbIe TOYKHM X014, / H3mepsiemble 271€EMEHTHI.

Pucynok 5 — Cxema noctpoenus asyxcrynenyaroit 'CCH

C KOOPAMHATHOM ITPUBSA3KOU

[Ipy BBINOJIHEHWH HATYPHBIX I'€OJE3MUYECKUX M3MEPEHUI UCIOJIb30BAJICS OTpa-
xKaTeNbHbINA 2eKTpoHHBIA TaxeomeTp Sokkia SET 630RK, uncrpymeHnTaibHast Tou-
HOCTb KOTOPOTO JJISI YTJIOBBIX M3MEPEHUN, COOTBETCTBEHHO, COCTABIIET mp = 6,
a JIMHEWHBIX (HAa TAaKUX KOPOTKUX JIJTMHAX JIUHUN) — m = 2 MM.

ArnpuopHas OlleHKa TOYHOCTH ONpe/IeleHUs] KOOPIMHAT, 3aKI0Yalach B IpuMe-

HCHWH MCTO/Ida HAMMCHBIIINX KBAAPAaTOB C UCITOJIb30BAHUCM ITPOIrPaMMHOI O obecreye-
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HUS1, pa3pab0TaHHOIO B XOJI€ UCCepPTAIMOHHOTrO0 uccienoBanus («Logos-2»), u mnpo-
rpamMmbl «Logos», a MaTemaTrueckas o0paboTKa HATYPHBIX T'€0JE3NYECKUX U3Mepe-
HUI — mporpamMmmHoro komiiekca «Credoy.

Pe3ynbpTaThl ypaBHUBAaHMS U OLEHKH TOYHOCTH MPUBEJIEHBI B Tabauue 3.

Tabnuna 3 — CpaBHuTenbHBIN aHanu3 TouHocTH napamerpoB 'CCH mist cozmanms

3D-monenu I'TIHTH

OueHka TOYHOCTH U3
ATnipruopHast OlleHKa TOYHOCTH MPOEKTa MaTeMaTH4ecKo 00paboTKH
Homep HATyPHBIX U3MEPEHUN
BapHaHTa
MOCTPOCHHUS Logos (cm) Logos-2 (cm) Credo (cm)
I'CCH
m (x,y) m (i) m (x,y) m (H) M (x,y, H) m (x,y) m (#)

1 0,3 0,3 0,3 0,2 0,4 0,3 0,2

2 0,3 0,4 0,4 0,2 0,4 0,4 0,2

3 0,4 0,4 0,4 0,3 0,5 0,4 0,3

CJ'IGI[OBaTeJ'H)HO, HanMCHCC TPYAOCMKHM H, B TOXE BPCM, OGGCHG‘IHB&IOIHI/IM
YCTAHOBJICHHYIO CUCTCMY HOPMATHBHBIX AOITYCKOB, ABJIACTCA XO ((3J'IeKTp0HHOI\(JI Ta-

XEOMETPUM» C KOOPAUHATHON IIPUBSI3KOMU.

3AKJIIOYEHUE

B pe3ynbTate BBITOTHEHHBIX TEOPETHUECKUX U IKCIIEPUMEHTATBHBIX HCCIIEIOBA-
HUI pa3paboTaHa METOAMKA I'€0Ie3NICCKOT0 00SCTICUeHUS KaAacTPOBBIX padoT, mpe/-
HA3HAYEHHBIX VIS CO3aHUS ¥ BEACHUS TPEXMEPHOTO KaJacTpa HEJBIKUMOCTH.

OCHOBHBIC Hay4YHBIC U MMPAKTUICCKUE PE3YJIbTATHI 3aKIIFOYAIOTCS B PEIIICHUH Clie-
TYIOIINX OCHOBHBIX HAyYHO-TEXHHYECKHX BOIIPOCOB:

— BBINIOJIHEH WH(OPMAIMOHHO-aHATUTHYECKUN 0030p COBPEMEHHOTO COCTOS-
HUS T€0JIe3MUECKOT0 00ECTICUeHUs CO31aHus U BeAeHus 3D-kagacTpa HEIBUKUMOCTH
B Poccum u 3a pyOexoM, KOTOPBIH TTO3BOJIHII BEISIBUTH OCHOBHBIC MPOOJIEMEI, CyIIe-

CTBYIOIIUE B JIaHHOM cepe AesATeNbHOCTH, U CPOPMYIHPOBATH KITIOYEBBIE HAYUYHO-
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TEXHUYECKUE BOMPOCHI, TPeOYyIOUIUE CBOCH pa3pabOTKH B LEJSAX CYIIECTBEHHOTO IO-
BBIIIICHUS KAYECTBA U JIOCTOBEPHOCTH KaJacCTPOBBIX padoT;

— pazpaboTaHa cucTeMa MPUHITUIIOB T€O0JE3UYECKOr0 00eCTIeueHHs KaaacTpo-
BBIX pa0OT, KOTOpasi MO3BOJUT OMPEACNIATh MPOCTpaHCTBEeHHbIE apameTpsl OH, uc-
XOJIs M3 KJIacca PelraeMbIX KaJacTPOBBIX M TPaIOCTPOUTENBHBIX 3a1a4 B 3D-hopmare,
Y BOCCTaHaBJIMBaTh yTpaueHHble X T rpanui] 3Y BHE 3aBUCHUMOCTH OT U3MEHEHUS A€~
CTBYIOIIIEH CUCTEMBI KOOPJIMHAT U CTAOUIILHOCTU B MMPOCTPAHCTBE UCXOAHBIX TyHKTOB
JI'C, 9TO Cy11eCTBEHHO OBBICUT KaY€CTBO MPOBEACHUS CYIeOHOM 3eMIICyCTPOUTETb-
HOM 3KCIEPTU3BI IPU HAIMYKHU CyACOHBIX CIIOPOB MEXKLy MPaBO0OIIaaTEIIsIMU;

— TEOPETUYECKH OOOCHOBaHA CHCTEMa HOPMATHUBHBIX JOIYCKOB MOCTPOEHUS
npoctpancTBeHHoil I'CCH, npenna3zHaueHHON 7151 BBIMOJHEHUSI KaJaCTPOBBIX padoT
B 3D-(dopmare;

— pa3paboTaHO MPOrpaMMHOE O0eCIIieYeHNE aPUOPHOM OIIEHKH TOYHOCTH TPO-
ctpanctBeHHOM I'CCH ¢ mocnegyromum BbIOOPOM H3MEPUTENBHOIO TEXHOJIOTHMYE-
CKOro 000pyI0BaHMS, HEOOXOUMOTO JIJIsi 00eCTiedeHNsI HOPMAaTUBHOM TOUYHOCTH;

— BBINIOJIHEHA anpobaius pa3padoTanHoit metoauku Ha npumepe OKC, pacrio-
J0KeHHOTO B ropojie HoBocubupcke, B pe3ynbrare KOTOpOi ObUTH JOKa3aHbI BBICOKAS
TEXHOJIOTUYHOCTh U AP (HEKTUBHOCTh Pa3pabOTAaHHOW CHUCTEMBI MPUHITAIIOB, HOPMa-
TUBHBIX TpeboBaHui U cTpykTypsl [ CCH mjist onpeneneHus npocTpaHCTBEHHBIX T1a-
pamerpoB OH, HEOOXOIUMBIX MPU OCYIIECTBICHUHN KaJacTPOBOM U IpajloCTPOUTEIb-
HOU aesiTebHOCTH B popmate 3D.

Pe3ynprarel nuccepTalimOHHOIO UCCIEA0BAHUS PEKOMEHAYIOTCS K UCIOJIb30Ba-
HUIO KaJIaCTPOBBIMHM WH)KEHEpPaMU MPU BHITIOJIHEHUH KaJacTpoBBIX paboT B 3D-dop-
Mare.

[IepcieKTUBBI JaTbHENIINX UCCIECIOBAHUN 10 JAHHOMY HaIIPABJICHUIO 3aKIIF0Ya-
I0TCSI B MHTErpaluu pa3paboTaHHONH METOJUKH B TEXHOJOTMYECKYIO cxeMy (hopMupo-

BaHUsA U BeJeHUs 3D-kanacTpa HEABUKUMOCTH.
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