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Or1eHKa TOYHOCTH ITU(PPOBBIX MapPKIIEHASPCKUX
OpTO(OTOIIIAHOB OTKPBITHIX Pa3pabOTOK

[onomunikuit A. A., Yeban H. B., JIynes A. A.

JloHeyxutl HayuoHaNbHbIL MexHuyeckull yHusepcumem, /loneyx, Yxpauna

AHHOTauuA

PaCCMOTpCH BOIIPOC TOYHOCTU CO3JaHUSL OpTO(l)OTOHJ'IaHOB YCJIOBUAX CJIIOKHOI'O penLe(ba OTKPBITBIX TOPHBIX
BI)Ipa60TOK. BI)IHBJ'IGHO, 4qTo L[d)C «I[em;ra» IIO3BOJISICT CO3aaBaTh OpTO(l)OTOHJ'IaHLI HeOGXOI[HMOﬁ TOYHOCTH, €CJIN
IIPI(l)pOBaS[ MOACIIb pem,e(ba JO0CTAaTOYHO TOYHO OIIMCHIBACT pem,e(b.

BBepeHune

Ludpossie opTOo(OTOMIAHEI — 3TO PAaCTPOBBIE a3pPO- MM KOCMHYECKHE CHHMKH, JJIsI KOTOPBIX
CpeACTBAaMH  CHENMANBHOTO  MPOTPaMMHOTO  OOeclieueHHsI  BBIIONHEHO  KOPPEKTUPOBAaHHE
OpPTOTOHAJBHOCTH. [ JTaBHBIMM  JOCTOMHCTBAMH  OpPTO(OTOIUIaHA  SBISAETCS  MX  BBICOKAs
MH()OPMATHBHOCTHh U BO3MOXKHOCTH OBICTPOTO CO3/TaHHMS.

TexHomorusi TONMy4YeHHUs] OPTOM300pakeHUsT TpeOyeT CIEeMUAIbHOTO MaTeMaTHYeCKOTO
obecrniedeHus s 00paboTKK H300paKeHw 1 Hammans rudpoBoit Mogenu penbeda (LIMP) Ha nannyto
teppuroputo. [Iporenypa KOppeKTHPOBaHHS OPTOTOHAIBHOCTH yCTPaHSET MOTPEIIHOCTH, CBA3aHHBIC C
MOJIOKEHUEM JIETaTeNIbHOTO ammapata W penbeoM MecTHOCTH. TOYHOCTH CO3MaHHs LU(PPOBBIX
OpTO(OTOIUIAHOB 3aBUCHUT OT TOYHOCTH | ajiekBaTHOCTH LIMP u kauecTBa pacTpoBOro H300paskeHHSI.

Hudposbie oprodoTomiaHsl AOCTATOYHO INMHPOKO TPUMEHSIOTCS B 3€MIIEyCTPOWCTBE U
kamactpe[1, 2]. HBL] «['eomatnkay MCIOIb30Ball IPOrpaMMHBIE MPOAYKTH KaHaackou (upmel PCI Inc
JUTsE 00pabOTKH JaHHBIX a’dpO(OTOCHEMKH M CO3JaHUS OPTO(OTOIUIAHOB I IeNeld 3eMeIbHOTro
kagactpa [3]. IlomydeHHble XapaKTEPUCTHKH TOYHOCTH BIIOJIHE YIOBIETBOPSIOT TpPeOOBaHHAM
CYLIECTBYIOLUIMX HOPMATHBHBIX JOKYMEHTOB JJsl JaHHOTO BHAA pabOT, TO €CTh OCTaTOYHBIE
MOTPEIIHOCTH TIOCNIE TPOBENCHHS OpTOpeKTH(UKanuu He mnpeBbmarT 0,45 M, YTO NPaKTUYECKU
OTBeYaeT TpeOOBaHUIM TOYHOCTH TUTaHOB MacmTada 1:2000.

B Poccun omHMM B3 caMBIX KPYIHBIX IPOEKTOB, BRIMOMHEHHBIX OO0 «I "eomHpopmanusy», ObII0
co3maHue MuQpoBoii KapTel ropoaa Heprorrpu. B niensx pa3paboTku v BHEAPEHUS €IWHONW KaJacTPOBOU
cuctemsl T. Hepronrpu Ob1 co3nan nu¢poBoii BEKTOPHBIH IUIaH U OPTO(GOTOIUIAH HA BCIO TEPPUTOPHUIO
ropoaa obmei mromamsio 72 kM. OpTodOTOIIAH CO3aH MO a’pocHHMKaMm Macinraba 1:4000 ¢
noMompio nupoBoii Gororpammerpudeckoit cranuuun DPW 770t (bupma Leica) B mporpamMmHoM
obecrreuennmn SocetSet, ¢ mpuMeHeHHEM QoTorpamMmmerpuieckoro ckanepa DSW 200 (pupma Leica).
Coznannblii mnpoBoil MminaH W OPTOQOTOIUIAH WCIONB3YIOTCS 3€MENBHBIM KOMHTETOM Topojia
Heproarpu miist co3maHus KamacTpoBoW cucTeMbl ropoga. COBMECTHOE HWCIOJIb30BaHHE IUPPOBOM
BEKTOPHOH Mozenu M OpTo(OTOIJIaHa YXKe MOKa3ajo CBOIO 3(PQEeKTHBHOCTH B PadOTE 3€MENBHOTO
KOMHTETa MPH PEUICHUH 3a/1a4, CBS3aHHBIX C MPOCTPAHCTBEHHBIM IOJIOKCHHEM 3€MENbHBIX YTOIM,
OTIPEJICIICHUH WX UCTHHHBIX TPaHUIL, IUIOMATH U T. 1. [4, 5].

Bormpocam omeHKr TOYHOCTH CO3aHUs OPTO(HOTOIUIAHOB yIEISIETCS Majlo BHUMAHHSA, TOJIBKO B
paborax [3,6] paccMaTpHBAIOTCSI HEKOTOpPHIE MPOOJEMBI OIEHKH TOYHOCTH  CO3I1aBaeMBIX
OpTO(OTOIIIAHOB IO CPABHEHHIO C TEOIE3MYECKUMH H3MEPEHHUSMHU WM Pa3IMYHBIMU MO TIOTHOCTH
MoJeNsIMH penibeda u B padote [7] pacCMOTPEHBI HEKOTOPBIE TEOPETUIECKHE aCTIEKTHI.

Bce 0OBEKTBI MECTHOCTH, Il KOTOPBIX CO3/AaBANMCH OPTO(OTOIIIAHBI, MPEACTABISIOT COOOM
PaBHHHHYIO WJIM XOJMHCTYK) MECTHOCTh C HEOOJBIIMM TIeperajjoM BBICOT M IUIABHBIM pelbedoMm.
[IpaxTraeckn Bce pabOTHI BHITONTHAINCH HA 3apy0eKHOM IMPOrpaMMHOM 00eCTieYeHNH, B TO BpeMs Kak B
YkpanHe CymecTByeT cBos IudpoBas dororpammerpudeckas ctanmus (LIDC) «/lemsran [8], B cocras
KOTOPOI BXOJUT MpOrpaMMHOe oOecrieueHue It CO3AaHus UG POBEIX OPTO(OTOTIIAHOB.

Hcxons W3 3TOrO, aBTOPHI IMOCTaBWIM Iepen cOOOH 3amady co34aTh METOIMKY M OLIEHUTDH
Ka4eCcTBO HU(PPOBBIX OPTOHOTOMIAHOB, co3AaHHBIX ¢ ToMoIblo LIDPC «lenpTay, B yCIOBUAX CIOKHOTO
TEXHOTCHHOTO peibeda — kapbepa «Bocrounsnity OAO «JlokyuaeBckuii  (IHOCOI0JIOMUTHBIH
KOMOHMHATY.
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MeToauka uccnegoBaHMmn
I[J'IH pcaianszanuu IIOCTaBJICHHOH 3a1a4u OBLIT BBIITOJIHEH KOMILIEKC pa60T, BKJIFOYAIOIIUN B ce0s:

— HOATOTOBKY UCXOJIHBIX PACTPOBBIX 00Pa30B U JIOMOJHUTENBHON HH(DOpMaIUy;
— 00paboTKy (hOTOTPHAHTYIISAIINH C IIOMOIIBIO TIporpaMMbl BlockMSG [9];

— co3ZlaHue OOBEKTOB CUTYAaIlUH U pesibeda B Kapbepe Mo CTEPEOMOIETIH;

— cocTaBJieHHe OpTO(OTOIUIaHA Kapbepa;

— CO371aHUE O0OBEKTOB TI0 OPTOPOTOILIAHY;

— OIIEHKY TOYHOCTH ITOCTPOCHHUSI OPTOPOTOILIAHA.

Jia wccienoBaHMiA HMCIIONB30BAIMCh S5 adpoOTOCHUMKOB Kapbhepa «Bocrounsniy OAO
«JlokydaeBCKHUI (IIFOCOIOIOMUTHBIN KOMOUHATY, pasMepoM 18x18 cm. Cpennuii macmtad CHUMKOB —
1:8000, BreicoTa (otorpadupoBanus — 800 m. Ilepenam BbicoT cocraBnser 200 m. Iludpossie
n3o0paxenusi kapbepa «BocTouHbBI» OBUIM IOMYYEHBl CKaHUPOBaHHEM a’pO(OTOCHUMKOB Ha
(dhoTorpammeTpruueckoM ckanepe «/lenprackam» [8] ¢ pazmMepom mukcenst 16 MKM.

Jng crymeHuss ChEeMOYHOTO OOOCHOBAaHHUS WCIOJB30BAJIACh IpOrpaMMa aHAIWTHYECKOH
¢dororpuanrymsinuu [9], ¢ HOMOLIBIO KOTOPOH MOJYYEHBI 3JEMEHTHl BHYTPEHHETO W BHEIIHETrO
OPHEHTHPOBAaHUSI CHUMKOB. 11 momydeHus opTodoTolIaHa MCHOJIb30Banach LUGPOBas MOJIEIb
penbeda, KoTopast OblIa MoJydeHa ¢ IOMOUIbI0 IH(POBOH POTOrpaMMETPUIECKON CTaHIUH «JlembTay.
[Ipu cozgannu nngpoBol MoAENH Kapbepa B CTepeo pekuMe OblI0 M3MEpeHo 248 BepXHHX OpOBOK
ycryno, 201 HkHsAS OpoBka, 241 muKeT u 8 KOHTYPOB BCIIOMOTAaTENbHBIX IOCTPOEK, MOITydYCHHAsS
nudpoBasi MOZIeTb Kapbhepa MpHUBeieHa Ha puc. 1.

Ilon  oprorpanchopMHpPOBaHHEM  CHHUMKOB  ICHTPaJIbHOM  MPOEKIMH  HOHUMAETCS
npeoOpa3oBaHHEe MX B OPTOTOHANBHYIO IPOEKIMI0. B pesynprare 3Toi omepauuu ObUT MOIYYEH
nudpoBoit oprodoToIIaH, B KOTOPOM HCIPABICHBI OMMMOKH KaXKI0ro THKcesna 3a penbed (puc. 2). B
CBA3M C TEM, UTO TEppUTOpHUs Kaphepa «BoCTOUHBIN» 3aHMMaeT OOLMIMPHYIO IUIOMAAb, TO
opToTpaHc(OpMUpPOBaHUE BBIOJIHIIOCH IO dacTsM. [ns TpaHchopMmupoBaHHs OB BBIOpaHBI
LEHTPaJIbHbIE YYAaCTKH CHUMKOB.

Jlng BBINONMHEHMS OILEHKM TOYHOCTH CpPaBHUBAIMCH JIBE TPYMNBl OOBEKTOB. DTH TPYTIIBI
¢dopmupoBanucey myTeM cOopa WHGOPMAUUHM Ui HMISCHTUYHBIX OOBEKTOB MO TOCTPOCHHOH
CTEPEOMOETIH MECTHOCTH U IO OPTO(OTOILIAHY.

Puc. 1. Hudposas Moxesb kapbepa
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Puc. 2. OprodoTronnan kapbepa «BocToUHbIIN»

IlepBass Tpynma OOBEKTOB — OOBEKTHI, CO3JAaHHBIC IO CTEPEOMOCTH, B JaNbHEHIIeM
«cTepeooOBbeKThI». BrTopas rpynma — aHanoruuHble OOBEKTHI, CO3AaHHBIE IO OPTOQOTOIUIAHY —
«opTo00BEKTHI». Tak Kak opTO(OTOMIAH CO3AABAICSA C MOMOLIbIO LUPPOBOH Moaenu penbeda, TO B
KadyecTBe OOBEKTOB IIeJIeCOO0Pa3HO HCIONIB30BaTh 3JEMEHTHI peibeda, TaKhe Kak BEpXHSS W HUKHSS
OpoBka, u crpoeHns. O0beKTH U(PPOBOI MOJENHN Kapbepa, H3MEPEHHBIE 110 CTEPEOMOJICITH, SBISIOTCS
00BEKTaMU MEPBO IPYIIIHL.

Jnist mosrydeHuss BTOPOUM Tpymiibl 00bEKTOB MOHOKYJSIPHO OBLT MPOW3BEACH cOOp JAHHBIX IO
optodoToruiany.

OOBEKTBHI, XOPOLIO BUAMMBIC MIPU cTepeodPPeKTe, HO HE UMEIOLINE OJHO3HAYHBIX KOHTYPOB Ha
OPTOM300paKEHUH HE W3MEPSINCh Ha OPTO(OTOIUIaHE, a HCHOJIb30BAIHUCH TOJBKO TaKHE OOBEKTHI,
KOTOPBIE OJTHO3HAYHO PACIO3HABAIUCH M HA CTEPEOMOJICITH M Ha OpTO(OTOIIIaHe, TOITOMY KOJIUYECTBO
00BEKTOB Ha OPTOM300paKEHUH MEHbBIIE, YeM COOTBETCTBYIOIIEE KOIMYECTBO HA CTEPEOMOJICIH.
OCOOEHHO 3TO XapaKTepHO Ui HIDKHUX OpOBOK YCTYHOB. X KOIN4eCTBO CHU3WIIOCH MIPUOIN3UTEIHHO
B ceMb pa3. [lo oprom3obpaxernro ObLT0 M3MepeHO 237 BEpXHUX OPOBOK YCTYTIOB, 28 HIKHIX OPOBOK
1 8 KOHTYPOB BCIIOMOTATENbHBIX TOCTPOEK

[Ipu HanoxeHHH CNOSI C OPTOOOBEKTAMH Ha CJIOH CO CTEPeOOOBEKTaMH, MOKHO HaONIonaTh
OTIMYHE KOHTYPOB 00BEKTOB, KOTOPBIE XapaKTEPHU3YIOT TOYHOCTH TPAaHC(POPMUPOBAHHUSI.

CpaBHEHHE JTHMHEHHBIX 00BEKTOB BBIMOIHSIIOCH IO CIEAYIOIIUM ITPAaBUIAM:

1. U3mepenne TMHEHHBIX OTKIOHEHUH MPOBOIIIOCH MEXITy KOHTYpaMH CTEPEO M OPTOOOHEKTOB.

2. JluHus OTKJIOHEHUS MPOBOAMIACH 1O BO3MOXKHOCTH TEPHEHIUKYIIPHO K CpPaBHHBAEMBIM
KOHTypaM (puc. 3) ¢ 3a7aHHBIM mIaroM. /ljis TOYHOro HaBelIeHHWS Ha KOHTYpP HMCIIOJIb30Balach
NpPUBS3KA K TUHUH.

3. JlocToBepHOCTh M3MepeHHii 00ecrednBaIach BLIOOPOM TOJNBKO XOPOIIO Pa3ITHYUMBIX 00BEKTOB C
YETKUMH KOHTYpaMH.

PesynbTaThl

Bcero 6puto m3mepeHo 2360 oTkinoHeHWE A 0OBEKTOB Kapbepa «BocTouHbI». AHamm3
3HAYEHUH OTKJIOHEHMH IOKa3aH Ha ructorpamme (puc. 4), uis AaHHOTO HaOOpa HAaHHBIX CpegHee
3HaYE€HHE OTKJIIOHEHHUS cocTaBuio 0,24 M.
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Puc. 3. Cxema u3MepeHus OTKIOHEHUH
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Puc. 4. 'ucrorpaMma oTKIOHEHUH 151 Kapbepa « BocTouHBI»

BbiBogbl

Cornacao Muctpykumu [10] cBOAHBIA TUIaH TOPHBIX BBIPAOOTOK JIOJDKEH COCTaBISTHCS B
M 1:5000, m a’pochemMKa IJjIsl MONYUYSHHS IDIaHA OJDKHA OCYIISCTBIATHCS B MacmiTabe HE MeIbde,
gem 1:10000.

IIpn TaxeomMeTpUYecKOil ChEMKE MOTPEIIHOCTh HAHECeHMs NHKeTa Ha IJIaH He JOJDKHA
npeseimathk 0,5 MM B MacimiTabe IiaHa. B Hamem ciydae, cpeaHee OTKJIOHEHHWE OpTodOoTOoINIaHa OT
CTEPEOMOJIENIA COCTABUIIO M, = 0,24 M MPHU YCIOBHH, YTO CPEAHHE OTKIOHEHHUS HA OMOPHBIX TOYKAX
IJs. JaHHOM ceTH (POTOTPHAHTYIISALMHU COCTABMIU My, = 0,42 M. MOXHO NpPEANoNokKHUTb, YTO 0OIIas
omubOKa oprodoToriaHa OyIeT CKIAIbIBATHECS U3 3TUX OMIHUOOK U COCTABUT:

m, =m? +m?, =1/(0.24)> +(0,42)" =048 m.

[IpoBenenHasi OIleHKa TOYHOCTH TIOCTPOCHHSI OPTO(OTOIUIAHA OTKPHITBIX TOPHBIX padOT B
kapbepe «BocTouHBII» TOKa3aja, YTO TOYHOCTH IOCTPOSHHOTO OPTO(GOTOIUIAHA COOTBETCTBYET
nHCTpyKimH [10] s mumanoB macmraba 1:1000. CrnexyeT OTMETHTH, YTO TOYHOCTh aHAITHTUYECKOU
(hoTOTpHAHTYIAIIMKM MOTJIa OBl OBITh 3HAYUTEIFHO BEINIE, €COTM OBl BBIIE OBIIA TOYHOCTH
MapKILEeNIepCKOil OMIOPHOM CETH.
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Ha ocHOBaHMM TIPOBEICHHBIX HCCIEIOBAaHMH MOXHO CIeNaTh BBIBOJ, 4YTO IPOTPAMMHOE
oecneuenne LIOC «/lenbra mo3Bomnsier co3naBaTh HUPPOBBIE OPTOPOTOILUIAHBI 3aJaHHONH TOYHOCTH,

KOTOPBIC YJIOBJICTBOPSIOT TPEOOBAHMSM KaK WHCTPYKIIMH IO HPOM3BOJCTBY MAapKIICHIEPCKUX padoT
[10], Tak 1 HHCTPYKIHH IO ToTTOTpaduIecKuM chemkam [11].

Ludposele Mapkieiaepckue OpTo(OTOMIIAHEl OTKPBITBIX Pa3pab0TOK HECOMHEHHO HaimyT

IIMPOKOE TPHMEHEHHWEe M OOOCHOBaHMS YIPABIAIOMIMX pEIIeHUH MpHU yNpaBICeHHH TOPHBIM
MPOM3BOJACTBOM, T.K. OHM COYETAIOT TOYHOCTh C BBICOKOH HH(POPMATHBHOCTBIO, OCOOEHHO MpH
HCTIOJIb30BaHUS LIBETHBIX N300paKEHUH.
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