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The analysis of the current state of national topographic maps creation and up-dating in the
Russian Federation as regard to their digitizing, map update rate, organizational maintenance, in-
formation service, and regulatory and engineering provision, etc. is outlined. Proposals on the tran-
sition from digital topographic map creation by digitizing of analogue maps to survey methods are
given. For these purpose the decisions on the necessity of map updating or creation are made on the
basis of the relevance analysis and topographic map accuracy. The transition from the traditional
areal map updating to the on-line monitoring for the identification of localization changes and their
subsequent registration is offered as a strategic pathway.
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C npuHATHEM ps1a HOBBIX HOPMATHUBHBIX MTPABOBBIX TOKYMEHTOB BO3HHKJIA HE-
00X0IMMOCTb MIEPECMOTPA U COBEPILICHCTBOBAHMUS IESITEIbHOCTH B 00JIACTU T€0I€3UU
U KapTorpaduu U, B YaCTHOCTH, B 00JaCTU rOCYAapCTBEHHOTO KapTorpadupoBaHUs
CTPaHBI.

OO6HOBIIsIEMBIE TOCYAAPCTBEHHBIE TONOrparuecKre KapThl B HACTOSIIEE BPEMsI
Npe/ICTaBICHBI B aHAJIOTOBOM M YacTUYHO B mupoBoii ¢popme (Macmrada 1:100 000 —
100%, 1:50 000 — 100% na maTtepuxoByro dacTh cTpanbl, 1:25 000 — 35% nHa 00xu-
Teie Tepputopun). [{udposeie Tonorpadpuyeckue kaptol (IITK) Obun co3nansl B pe-
3ynbTare o pPOBKH (BEKTOPU3ALNN) UMEIOLIUXCS TOMOrpapuuecKux KapT B aHAJIO-
roBoit (hopme, BCIEJACTBUE YETO OHU HE SIBISIFOTCSI MOJETBIO MECTHOCTH, a MPECTaB-
JS0T co00M 1M POBYIO MOJIENIb AHAJIOTOBOM KapThl CO BCEMHU MPUCYIIUMH €l MeT-
pudeckuMu norpemHocTsaMu. Metpudeckoe kadectBo L[TK eme Oonee cHuxeHo 3a
CYET TOTO, YTO 3HAYUTEJIbHOE UX KOJUYECTBO HA MOMEHT BEKTOPHU3ALUHU YK€ UMETIO
CYILIECTBEHHOE CTapEHUE WJIM MHOTOKPATHO OOHOBJISIIOCH.

[leproanyHOCTH OOHOBIIEHMSI TOCYAAPCTBEHHBIX TOMOrpadUuecKux KapT Omnpese-
asiercst TpeboBaHusIMH 1ocTaHoBieHus [IpaBurenscTBa Poccuiickoii @eneparyn u B 3a-
BHUCHUMOCTH OT MaciiTada OOHOBISEMOI KapThl U XapaKTepa TEPPUTOPUU COCTABIISET
ot 5 g0 20 ner. [lepruoanyHOCTH OOHOBIEHUS KapT U IJIAHOB, SIBJISIOIIMXCS KapTorpa-
(buueckoil 0CHOBOM TrOCYIapCTBEHHOI'O KaacTpa HEABKUMOCTH, B COOTBETCTBUH C TIPH-
kazoM MunskoHompaszButusi Ne 848 ot 13.11.2015 cocrasnsier 5-7 (He Oonee 10) mer.
ITpu 5TOM MO S5KOHOMHYECKUM MPUYMHAM 3TU CPOKH JTAJIEKO HE BCET/IA BBIACPKUBAKOTCSL.

B Hacrosiee Bpemsi Ha 3HAYUTETLHOM 00beMe OOHOBIISIEMBIX HOMEHKIIATYPHBIX
muctoB (HJI) tomorpadudueckux KapT UMEIOT MECTO HEIAOMYCTHUMBIC PACXOXKICHUS
B IIOJIO)KEHUM KOHTYPOB C JAHHBIMU HOBBIX CBEMOK, HAmpuMeEp, KaJacTPOBBIX,
a TaKXke C KapTaMl M IJJaHAMU CMEXHBIX MacmTaboB. i menoro psjaa pailoHOB
(Poccuiicko-Kuraiickas rpanuna, 3abalikanbCKuil Kpail 1 Jap.) UMEeT MECTO HECOOT-
BETCTBUE PEATBHOTO peiibe(a MECTHOCTH €r0 OTOOPAKEHUIO Ha KapTe.
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Jlo 2009 r. He06XOAUMOCTh OOHOBJIEHUS TOCYJAPCTBEHHBIX TOMOTPapUUEecKUX
KapT OTCIEXKHUBANIACh HA MPEANPUATHIX TOMOrpado-reo1e3NIeCKOr 0Tpaciu: aHau-
3UpPOBAJIUCH TUIAHUpyeMble K oOHOoBieHuo HJI um mpuHMManock pelieHue, KOTopoe
COTJIACOBBIBAJIOCH C 3aKa34YMKOM. B HacToslinee BpeMs CUCTEMA CIEKEHHUS 3a CTele-
HBIO AKTYyaJbHOCTU M TOYHOCTBIO KapT, MO3BOJISIONIAS BBISBIATH HEJOIYCTUMBIE I10-
IPELIHOCTH B TOJIO)KEHUH KOHTYPOB M AJIEMEHTOB pelibeda, a TakKe NPUHSATHS pe-
HIEHUSI 0 HEOOXOUMOCTH OOHOBJIEHHS OTCYTCTBYET.

B ycnoBusix HeIOCTaTOYHOCTH OIO/KETHOTO (PMHAHCHPOBAHUS 33Jaud MO 00-
HoBieHuto LITK 3agactyio craBarcs OecCUCTEMHO, T.€. HE JUIsl BCETO MacIITaOHOIro
psina (¢ HanboJiee KPyImHOTO 10 MEJIKOTO).

CyliecTBEHHO yMEHbIIWJICS 00beM HH(pOpMAIUH, MOJy4aeMoil B pe3yJibTaTe
BEJICHUS JCKYpHBIX KapT. MHpopMalus 00 u3MEHEHUAX, KOTOpbIe TPEOYIOT OTpaxe-
HUS Ha OOHOBIISIEMOM KapTe, NaéTcsi CTOPOHHUMH BEIOMCTBAMH B CYIIECTBEHHO
MEHBIIIEM 00BbEME U 3a4aCTYIO HE BIIOJIHE €M MOXKHO JIOBEPSATh.

OO0BEMBI pabOT 10 OOHOBJICHUIO SIBHO HEJIOCTATOYHBI, a MPAKTHUKA CO3/IaHUS TO-
norpadguyeckux KapT 3aHOBO BooOIIe OTCyTcTBYeT. IIpu TakoMm moaxozae Tomorpa-
(¢uueckue KapThl HA TePpUTOPHUI0 PO B 11€JI0M NMPOJOIIKAIOT CTApPETh, @ 00bEM yCTa-
PEBILIUX KapT YBEITUUUBAETCA.

[IpumeHsieMble TEXHOJIOTUM OOHOBJIIEHUSI TOMOTPAPUUYECKUX KapT U UCIOJIb3ye-
MbI€ MPU 3TOM Marepuaibl TaKke TPeOyIOT COBEPILIEHCTBOBAHMS B BUIY paCHpO-
CTPAHEHHOW IPAaKTUKU MCHOJb30BAHUS KOCMUYECKUX CHUMKOB C HEJOCTATOYHBIM
JUIsT e PUPOBAHUS U TOJYYEHHUS OPTO(OTOIUIAHOB MPOCTPAHCTBEHHBIM pa3pe-
LICHUEM.

B mHactosimee Bpems B (denepanbHOM KapTorpado-reoae3sndyeckoM (poHae
(OKI'®) conmepxutcss OrpOMHOE KOJIMYECTBO KapTorpaduyeckoil nHpopManuu, ak-
TyaJIbHOCTb KOTOPOW CTPEMHUTEIBHO MAJAET, a BO3MOXKHOCTH a3pOre0Je3UdYEeCKUX
npennpustuii 1 Pocpeectpa B 11e10M HE MO3BOJISIOT MPOBOAUTH IIUPOKOMACIITA0HOE
IJIOIIAHOE OOHOBJIEHUE TOCYJAPCTBEHHBIX TONMOrpapuuecKux KapT U IUIAHOB. JTO
IPUBOIUT K 3HAYUTEIILHOMY CHIDKEHHUIO CIIpoca MoTpeduTeneil Ha kapTorpadude-
CKYIO0 MPOAYKIMIO, KOTOPO# pacnojnaraer kaprorpado-reoaesnueckuit pong OI'bY
«entp reonesun, kaprorpaduu u UIT».

Nmeromascs HopmaTuBHO-TexHUUeckas nokymeHTanus (HTJI) mo cozmanuio u
O0OHOBJIEHUIO ToMOTpadUIECKUX KapT U TIaHOB pa3pabotana 30 u Oosee JeT HA3AM U
HE OPUEHTUPOBAaHA HA MCIOJIb30BAaHUE COBPEMEHHBIX TEXHUYECKUX CPEACTB, LUDpO-
BBIX a3pO- U KOCMUYECKHX ChEMOYHBIX MAaTEPUATIOB U TEXHOJIOTHIA.

[Ipu mocraHOBKE rocyJapCTBEHHBIX KOHTPAKTOB Ha OOHOBJIEHHE Tomorpaduye-
CKHMX KapT, MOArOTOBKE COOTBETCTBYIOIINX KaJE€HAAPHBIX TUIAHOB U TEXHUYECKUX 3a-
JIAHWW HE TUIAHUPYETCS] MOATOTOBUTEIbHBIN MEPUOJ HA aHAJIU3 UCXOIAHBIX KapT, MO-
UCK HEOOXOIUMBbIX MaTepuasioB U uHpopmaiuu. B pesynbrare oOHOBiIsIeMas: KapTa
MOJIy4aeTCsl HEIOCTATOYHOI'O Ka4eCTBA U IO TOYHOCTH, U MO COAEPKAHUIO.

Orpannuenue Gro/KeTHBIX cpeAcTB Ha oOHOoBieHHe [[TK BoIHYX1aeT ucmoaHu-
TEJEN HCIOIb30BaTh KOCMUYECKHE CHUMKH C HU3KMMH XapaKTEPUCTHUKAMU IO pas-
PELICHUI0 HA MECTHOCTH U T€OMETPUYECKON TOYHOCTH ONPENEIEHUs IIIaHOBOIO I0-



JIO’)KEHUSI M BBICOTHI OOBEKTOB, YTO MPHUBOJUT K YBEIUYCHHUIO 00BhEMa IMOJIEBBIX pa-
00T, YBEJIMYEHHUIO CPOKOB UX BBHIMOJTHEHUSI.

BenenctBue ypaBHUBaHMS 3aHOBO TUIAHOBO-BBICOTHOM OCHOBBI [JISl paHee W3-
JaHHBIX TOMOrpauueckux KapT W uX mnepecuéra u3 cucrembl koopauHaTt CK-42
B CK-95 g OTHeNbHBIX TEPPUTOPUM MMEIOT MECTO HEIOMYCTUMBIE PACXOXKICHUS
KOOPJAMHAT ITYHKTOB TOCYAAPCTBEHHOM I'€0JIE3UYECKOM CETH.

B cootBercTBuM ¢ npuHATEIM DenepanbHbiM 3akOHOM OT 30.12.2015 Ne 431-03
«O reoae3uun, kapTorpaduu ¥ TPOCTPAHCTBEHHBIX TAHHBIX U O BHECEHUU U3MEHEHUN
B OTJICJIbHBIE 3aKOHOAATeNIbHbIE akThl Poccuiickor denepannmn» npemararores cie-
TYIOIINE OCHOBHBIC HAIIPABJICHUSI COBEPIICHCTBOBAHUS CUCTEMBI CO3/IaHUS U OOHOB-
JICHUS TOCYAAPCTBEHHBIX TOMOTparuecKux Kapr.

B nensix obecneueHuss HEOOXOUMON TOYHOCTH M aKTyallbHOCTU 1TU(PPOBOI TO-
norpaduyeckoit madopMmanun nepeitu ot cozmpanusa LITK meTomom onmdpoBku aHa-
JIOTOBBIX OPUTUHAJIOB K METOaM Tomorpaduueckoi CheMKH.

Pean3oBath cucTeMy OpraHU3allMOHHBIX MEPOIPUSTUM, HAPABJICHHBIX Ha pe-
IIEHUE TOJHOTO KOMILJIEKCA BOIPOCOB 1O OOHOBIIEHUIO KapT: B3auMozeiictBue Poc-
peecTpa ¢ IpyruMU BEIOMCTBAMHM M UCHOJHUTEISIMU pabOT mpu OOHOBJIEHUH TOIIO-
rpauyuecKkux KapT, periaMeHTalUIo MopsiKa LEHTPATU30BaHHOTO cOOpa U BEICHUS
IEXKYpPHOU CipaBOYHON MH(pOpMaLMK, MOHUTOpUHTra aktyanbHocTH HJI Tonorpadu-
YECKUX KapT, MOJTOTOBKU U MPHUHSITHUS PEIICHUS MO OOHOBJICHUIO KapT HA Ty WJIU
WHYI0 TEPPUTOPHIO.

Pa3zpaboTaTh ¥ yTBEpAUTH MOJHBIA KOMIUIEKC HOPMATUBHBIX TOKYMEHTOB, per-
JaMEHTUPYIOIIUNA ¢ HEOOXOIMMOM MOAPOOHOCTHIO CUCTEMY CO3/1aHUS U OOHOBJICHHUS
TonorpauyecKux KapT, TpeOOBaHUS K MEPUOJUYHOCTH U AKTyaJIbHOCTU, K MUCXO/I-
HBIM MaTepHalaM U pe3yjbTaram, IPOLEeAypy CIECKEHUS 32 CTAPEHUEM U MPUHSITHUS
pEIICHUS], TEXHOJIOTHIO BBITIOJIHEHHS paboT, KaK MO ChbEMKE, TaK U MO0 OOHOBJICHHUIO,
Ha4yMHas ¢ BOMNPOCOB CO3AaHUS T€0AE3UYECKON OCHOBBI.

Peann3oBath MHTErpanuio ¢ BEJOMCTBEHHBIMU (DOHIAMH JTAHHBIX MPOCTPAHCT-
BeHHOU MH(popmaIruu, nHGOPMAITMOHHBIMU pecypcaMu (eiepaabHbIX U MECTHBIX Op-
raHoB BJIACTH, EMWHOTO TOCYJapCTBEHHOTO peecTpa HEABMKUMOCTH M HH(OpMAIIH-
OHHBIX CUCTEM 00€CTeUCHUs IPaTOCTPOUTEIHLHOMN AEATEIbHOCTH.

OpranuzoBaTh IPOBEACHUE OMBITHO-3KCIIEPUMEHTAIBHBIX PA0OT Ha OTACIBHBIX
MIPEACTABUTENBHBIX TePpUTOpUIX (MaHamadT, aKTUBHOCTh XO3SUCTBEHHOU JICATEITh-
HOCTH) JiJIs1 OTPAOOTKH COBPEMEHHBIX METOJIOB M TEXHOJIOTHI OOHOBJICHHUS.

B ocHoBy cuctembl OOHOBIIEHUSI TOCYAApPCTBEHHBIX TOMOrpapuuecKux Kapt
JOJIKHBI OBITH MOJIOKEHBI CIEIYIOLINE TPUHITUIIBI:

- Ilepexoa OT TPaAMIIMOHHOIO IUIOMIAJHOTO IMOJUCTHOTO OOHOBJIEHHUS KapT K
OMEPaTUBHOMY MOHUTOPUHTY TEPPUTOPHI C BBISIBJICHUEM, JIOKATTU3AIMEeN N3MEHEHU
U UX nocienyomuM yueroM. [lpennaraemoe TeXHOJOTHYECKOE peIlIeHHE MTPpearnoa-
raeT IOCJIEI0BAaTEIbHOE BBITOJIHEHUE B3aMMOCBA3AHHOIO KOMIUIEKCA IPOIECCOB
OIEPAaTUBHOIO CHCTEMHOI0O MOHHUTOPHHIA MECTHOCTH C MCIOJIb30BAaHUEM MaTepua-
noB /I33, BeIsBIIEHUE W JIOKAIW3alldsd U3MEHEHHUI MOCPEJICTBOM COBMECTHOH (OTO-
rpaMMETPUUYECKON 00pabOTKH «CTaphIX» U «HOBBIX» (HOTOM300paxkeHuil (opTodoTo-
IJIAaHOB), U(PPOBOI (HOTOrpaMMETPHUUECKU «(POTOMOHTAX» BBISIBICHHBIX YYaCTKOB
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C U3MEHEHHUSIMU MECTHOCTHU JUISl UX MOCJIEAYIOIIEH pErUCTpalK B PUHATOM CUCTE-
M€ YCJIOBHBIX 3HAKOB M peJaKTUPOBaHKE OOHOBIIIEMON IU(PPOBOI TomoOrpaduueckoit
KapThl. B pe3ynbrare BHEIPEHUs TaKOW TEXHOJIOTMH JIOJKHO OBITh OOECIEYEHO IO-
BBIIIIEHUE TTPOU3BOJAUTEIHLHOCTH U SKOHOMUYHOCTHU MPOIIECCOB OOHOBJIEHUS rOCYaap-
CTBEHHBIX IU(POBBIX TOMOTrpaduuecKruxX KapT U IUIAHOB C HUCIOJIb30BAHUEM COBpE-
MEHHBIX TE€XHOJIOTMM B YacCTH OINEpPATUBHON OLICHKM CTENEHU HX COBPEMEHHOCTH
1 000CHOBAHHOTO TUTAHUPOBAHUS U OpraHu3alu padoT Mo NOAAEP>KaHUI0 UX Ha CO-
BPEMEHHOM YpOBHE. Peanuzanusi TEXHOJOTMYECKHX M MPOTrPAMMHBIX PELIEHUH, OC-
HOBAHHBIX HA MPUHIMIIAX OMEPATUBHOTO MOHUTOPHUHIA U aBTOMATUYECKOTO BBISBIIC-
HUS U3MEHEHUN 1O IUGPOBBIM (POTOM300PAKEHUSIM, 3HAYUTEIBHO PACIIMPUT BO3-
MoxkHocTd DKI'® u obecneynT HEmpephIBHOE PErIAMEHTUPOBAHHOE OOHOBIICHHE
Kaprorpaduyueckor nHbopMaIuu.

- CorynacoBaHue KadyecTBa KapTorpaguueckoi HHPOpMaIU ¢ KOMILJIEKCOM BO-
IIPOCOB, OMNPEACISIONIMX KauyeCTBO TOCYJIapCTBEHHON reone3nveckoil cetu. Bax-
HEHUIIUM U3 YCJIOBHM MpPU MPUHATUU PEHICHUS N0 OOHOBJICHHUIO TOMOTIPaPUUECKOM
KapThl JOJKEH OBITh MPOIECC aHadu3a €€ TOYHOCTU. TOYHOCTh MMEIOIIUXCS TOIO-
rpa@uueckux KapT JODKHA MPOBEPAThCA MO Marepuaigam a’podoTOCheMKHU (WM
KOCMHUYECKOW ChEMKH), MPUBS3AHHBIM W/WIIM MPOKOHTPOJIUPOBAHHBIM MO ITYHKTaM
COBPEMEHHOW re0Ie3NYECKON CETH.

- Ilpu oOHapyXeHUM 3HAYUTEIHHOrO (YCTAaHABIMBAEMOI'O COOTBETCTBYIOIIHMM
HOPMAaTUBHBIM JTOKYMEHTOM) YHCJa HEAOIMYCTUMBIX MOTPEIIHOCTEN NOKHO MPUHU-
MAaThCs PELUICHUE O COCTaBICHUH TONOrpaduyecKoil KapThl 3aHOBO.

- PaboTa mo oOHOBIIEHUIO (B TOM YHCIE IO ChEMKE 3aHOBO) JOJDKHA TUIAHHPO-
BaThCs AJI1 MaclITabHOro psifa KapT, HauuMHas ¢ 0a30BOro macmrada, T.e. caMoro
KpynHoro jis aanHou tepputopuu (1:10000, 1:25000), u g0 camoro menkoro (Ha-
npumep, 1:200 000) myTéM aBTOMaTU3MPOBAHHOW T€HEpAIU3AlMKU U TPeayCcMaTpH-
BaTh Kak OOHOBJICHHE TOMOTrpadUUIECKUX KapT, TaK U COOTBETCTBYIOIIUX CJIOEB €H-
HOU AJIEKTPOHHOM KapTorpaduyeckoir ocHoBbl (EDKO).

- B rocynapcTBeHHbIX KOHTpaKTax (KaJeHJAPHBIX IJIAHAX) HA BBINOJHEHUE pa-
00T 1O OOHOBJIEHUIO JIOJDKEH MPEyCMaTPUBATLCA OTACJIbHBIM ATAll Ha MOJATOTOBU-
TeNbHBIE PabOTHl C LIETBI0 aHAIN3a AKTYaIbHOCTH M TOYHOCTH OOHOBIISIEMBIX HO-
MEHKJIATypHbIX JUCTOB L[TK.

- ITK, co3maHHble HE NyTEM BEKTOPHU3ALUHM AHAJIOIOBBIX OPUTMHAJIOB KapT,
a HEMOCPEJCTBEHHO MYTEM ChEMKH C MCIOJb30BaHUEM ITU(GPOBBIX TEXHOJOTUN, MO-
I'yT OOHOBJIATHCSI MHOTOKPATHO.

- ITK, co3nanHble myTeM BEKTOpHU3AIMU aHAJIOTOBBIX OPUTHMHAIIOB KapT JOJIXK-
HbI (KaK MpaBUJIO) OOHOBIATHCS METOAOM TOMOrpaduyYecKOd ChbeMKH 3aHOBO C HC-
M0JIb30BAaHUEM COBPEMEHHBIX TeXHOojoruH, T.K. Takue L{TK ¢ ouenp Gomnblioil Bepo-
ATHOCTBIO COZIEPKAT MOTPEUIHOCTH, TPUCYIIUE aHATOTOBOMY OPUTHHATY.

- O6HOBNEHNE TomorpaduuecKux KapT 0a30BbIX MAcIITaOOB U IJIAHOB TOPOJOB
1eJIeCO00Pa3HO OCYILECTBIATh METOJIaMu a3po(oToTONnOrpaduIecKoil CheMKHU Ipe-
UMYIIECTBEHHO 10 MaTepHraiaM HudpoBoi a3pohoTOCHEMKU C UCTOIb30BAaHUEM BbI-
COKOTOYHOM CHCTEMBI OMpEJEeCHHs MojiokeHust u opueHtanmu (6oproBoro 'HCC
000py1I0BaHUs B KOMIUIEKCE C HHEPLUATIbHBIM U3MEPUTEILHBIM YCTPOMCTBOM).
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- JIns momyuenus uHpopMaiuu o penbede A 3a1eCeHHOM MECTHOCTH LIEIeCco-
00pa3HO HCIOJIB30BaTh BO3AYIIHOE JIA3€pHOE CKaHUPOBAHHE. DTO TMO3BOJUT MPHUH-
UIHAIBHO COKPATUTh PAacXo/bl Ha IUIAHOBO-BBICOTHYIO MOJATOTOBKY, AK€ MCKIIIO-
YUTH MpoLecc GOTOrPaMMETPUUYECKOT0 CIYIIEHUS U UCIIOIb30BATh a9PO(OTOCHUMKHU
IS aHAJIN3a U3MEHEHUH HEeTTOCPEICTBEHHO TOCIE UX MOTYUYCHHUS.

- Jlna oOHOBIIEHUS KapT HA TPYTHOJOCTYIIHBIE HEOOKUTHIE TEPPUTOPUU MOTYT
HCIIOJIb30BaThCSl OTEUECTBEHHBIE KOCMUYECKHE CHUMKH C MPOCTPAHCTBEHHBIM pas-
pemienuem 0,7 — 1,0 m.

© H. M. bBabawxun, C. A. Kaonuuanckuu, C. C. Hexun, JI. 4. Abnouckun, 2016
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PE3YJIbTATbI TEOAE3NYECKOIO MOHUTOPUHI'A TEOANHAMUYECKNX
nonmroHoB POCPEECTPA HA OCHOBE U3MEPEHWUU 2015 TOOA

Anekceii Bhaoumuposuu bacmanos

OI'bY «DenepayibHbli HAYYHO-TEXHUYECKUN LIEHTpP T€0JIe3UH, KapTorpapuu U MHPPACTPYKTYPHI
MPOCTPAHCTBEHHBIX TaHHBIX», 125413, Poccus, r. MockBa, yi. OHexckasi, 26, 3aM. Ha4aJIbHUKA OT/e-
Jla TPaBUMETPUH U T€OJMHAMHUKH YTIPaBIICHUS T€0JIC3HUECKHUX HccienoBanuii, Ten. (495)456-91-91,
e-mail: basmanov_av@nsdi.rosreestr.ru

[IpencraBieHbl pe3yabTaThl TOBTOPHBIX T'€OAC3MUECKUX M3MEPEHHI Ha TTYHKTaX TPEX T'e0.H-
HAaMHYECKUX MOJUTrOHOB PocpeecTpa, MmomydyeHHBIX B X0j€ 0OpaOOTKM M aHAJIM3a BBITOJHEHHBIX
B 2014-2015 romax CyTHUKOBBIX HAOIIOJCHUN U JIOKAJIbHBIX TPABUMETPUICCKUX U3MEPEHUM.

KuroueBblie ciioBa: baiikanbckas pudToBas 30Ha, AeGopMalui 36MHOU MOBEPXHOCTH, T'€0-
JTMHAMUYECKUN MTOJTUTOH, TOBTOPHBIE CITYTHUKOBBIE U3MEPEHUS, 3eMIIETPACEHUs, A0COIIOTHBIE Tpa-
BUMETPHYECKHE OMPEICIICHUS.

RESULTS GEODETIC MONITIRING GEODYNAMIC POLYGONS
FOR MEASUREMENTS ROSREESTR 2015

Aleksey V. Basmanov

Federal State Budgetary Institution Federal Scientific and Technological Center of Geodesy, Car-
tography and Infrastructure of Spatial Data, 125413, Russia, Moscow, Onezhskaya, St., 26,Deputy
Head of the Department of gravimetry and geodynamics from government of geodetic studies,
tel. (495)456-91-91, e-mail: basmanov_av@nsdi.rosreestr.ru

The results of repeated geodetic measurements in three geodynamic polygons Rosreestr ob-
tained after processing and analysis of satellite observations and local gravity measurements per-
formed in 2014-2015.

Key words: Baikal rift zone, Earth’s surface deformation, geodynamic polygon, repeated sat-
ellite measurements, earthquakes, absolute gravity measurements.

B pamkax BemmosiHeHus I'ocynapcrBennoro 3amanusa OI'bY «llentp reonesun,
kaprorpaduu u UII» Ha 2015 roxa, cneruaiuctaMu YTpaBiIeHUS TeOAC3UUECKUX
MCCJIeI0BaHMM OblIa IPOBe/IeHa padoTa MO U3yYEHUIO COBPEMEHHBIX JABUKEHUHN 3eM-
HOM MOBEPXHOCTH T'€0JEC3NUYECKHUMH METOJaMH Ha 0a3e TpeX reoJUHaMHUYECKHUX IO-
muronoB (I'/IIT) PocpeecTpa, pacnoyio:KeHHBIX B OJHHMX W3 CaAMbIX CEHCMOAKTHBHBIX
paiionax Poccuiickoit @enepannu — CeBepubiii KaBkas (CeBepo-Kaskazckuii 1'/II1),
baiikansckas pudtoBas 3oHa (baiikansckuit I'IIT — paiton o3. baiikan), Jlanpamii
Boctok — ceBepHas yacte o. CaxaimH m BOCTOUHBIM Oeper Matepuka (CeBepo-
Caxanmunckuii TIIT) [1].

CoryiacHO POEKTHOM TOKYMEHTAllUU BBIOJIHEHUS MOJIEBBIX padOT, HA MyHK-
tax aepopmaunoHHbix cered ['JIII mpou3BoAMINCH BBICOKOTOUHBIE CITYTHUKOBBIE
HaOIIOACHUS U JIOKAJIbHBIE TPABUMETPUUYECKUE U3MEPEHHUS.

[TomMuMo cocTaBiieHUs MPOEKTHON U MHOW JOKYMEHTAIINH, OJIEBbIM padoTaM Ha
3aIJIaHUPOBAHHBIX 00BEKTaX — r€0IMHAMUYECKUX MOJIUTOHAX, MPEAIIECTBOBAIA Me-
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pONPHUATHS MO MOATOTOBKE U METPOJIOTMYECKON aTTeCTallud CITyTHUKOBOW U HCCIIe-
JI0OBaHUE rpaBUMeTpUUeckoi anmnapatypsl. CllyTHUKOBasl anmnaparypa TeCTUpPOBalIach
Ha METPoJIOTMYecKux O0azucax YupexnaeHus. s paboTel ObLJIO 0TOOpaHO HEOOXO-
JUMO€ KOJMYECTBO JIBYXHACTOTHBIX, IBYXCUCTEMHBIX I'€01€3NYECKUX CITYTHUKOBBIX
nprueMHHKOB pupM: «Leica», «Javad» u DOM3 «Opuony.

HccnenoBanust abCONMIOTHOTO U OTHOCUTEIBHOTO FPABUMETPUUECKOT0 000py10-
BaHMS BBIMOJHSJIMCh HAa NMYyHKTaX «MOCKOBCKOTO T'PaBUMETPUYECKOIO IMOJMIOHA)
(puc. 1). JlaHHBIE TyHKTHI PACIOJIOKEHBI B PA3JIMYHBIX HAYYHO-UCCIEAOBATEIbCKUX
yupexaeHusx: nomumo PI'BY «llentp reomesmm, kaprorpadbuum m UII» - 310
BHUN®TPU, NP3 PAH, MHACAH u I'AHWIII. C mapta nmo mait 2015 roma Ha Bcex
6-TH OMOPHBIX MyHKTAaX OBUIHM BBITIOJIHEHBI ONPEACIICHUS] 3HAUCHUNM YCKOPEHUSI CUJIIBI
TSKECTU OTEUECTBEHHBIM OayumnctudeckuM rpaumerpom ['BJI-M Ne002, ¢ TouHo-
cteio B mpeaenax 3-x mklan. M3 uux na myHkra « THUUT' AuK» (®I'BY «llentp
reoqe3un, kaprorpaguu u UI») u «3senuropon» (MHACAH) B 2005 [4] u 2013
IT. YYaCTBOBAJIU B PETHOHAIBHBIX CPAaBHEHUSAX. MeXIy CMEXHBIMU aOCOJIOTHBIMU
MIyHKTaMH OBbUIA BBITIOJIHEHBI OTHOCUTEIIBHBIE OMPEAEIICHHUs] C TOYHOCThIO OT 2 10 4
Mkl 'as. B u3MepeHusix Kaxxaoi cBsizu ObLUIO 3a/I€MICTBOBAHO OT 3 J10 5 OTHOCHUTENb-
HBIX rpaBuMeTpoB Scintrex CG-5.
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Puc. 1. Cxema «MOCKOBCKOr0 rpaBUMETPUUYECKOTO MTOJIUTOHAY

B Tabnuie npencraBieHa KpaTkas HHPOpMAIUs O IUKIaX HAOMIOJEHUN U reo-
Je3U4ecKoi MHPPACTPYKType OOBEKTOB HCCIECIOBAHHM MO COCTOSIHHIO Ha HOSOPb
2015 rona.

CnyrtaukoBbslie HaOmoaeHUs Ha BceX ['JII1 BRIMOTHSINCH B CTATHYECKOM PEXKU-
Me, 00€eCTIeunBaIIaCh <«GKECTKas» CBSA3b MEXTY CMEXHBIMHU paCCTAHOBKAMHU (MUHUMYM
2 nmyHkKTa). MUHUMaJIbHBI MHTEpBAJl BPEMEHU HAOIIOJEHUN B pacCTaHOBKax ycCTa-
HAaBJIMBAJICA HCXOAS W3 JUIMH H3MepseMbIX BekTopoB. K mpumepy, Ha CeBepo-
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Kaskazckom ['JIIl MuHUManbHBIA HMHTEpBAJ BPEMEHU CHHXPOHHBIX HAOIIOACHUIN
B KaXJ0W pacCTAHOBKE COCTABJISUI 8 4acOB, MAKCMMAJIbHAS JJIMHA OIPEIEIIEMOro
BeKkTOpa coctaBmia 35 kM. Ha baitkaibckom n CeBepo-CaxaJIMHCKOM reoIuHaMu4e-
CKHMX MOJIMTOHAX JJIMHBI JIMHUM JOCTUTAIOT COTEH KUJIOMETPOB, MO3TOMY, CHHXPOH-
HbIe HAOJIO/IEHUS B KaXK/10M pacCTaHOBKE BBINOJHAIUCH 24 yaca u Oosee.

Tabnuya

CocraB cerell reoJuHaMAYECKUX OJIMTOHOB Pcpeectpa

Ne /i1

HaumenoBanue I'JIT1

CeBepo-KaBkazckuii
(pation Kpachoii [1o-
nsiabl-Tyarnce) [2]

baiikansckuii (paiioH
o3epa baiikai)

Ceepo-CaxanmHckuii
(ceBepHas 4acTh
0. CaxaJluH U BOCTOYHBIN
Oeper Matepuka)

[Tepnona HabmroneHMi

2009-2012 rr.,

2011-2012 rr.,

2009-2012 rr.,

MCTPUYCCKUX ITYHKTOB

2014-2015 rr. 2014-2015 rr. 2015 .
KOJII/IHGCTBOvaHKTOB 28 22 21
CILyTHHKOBOH ceTH
KonunuecTBo rpasu- 2 6 1

[ToMuMO CITyTHUKOBBIX HAOIIOACHUI, HA T€OAMHAMUYECKUX MOJIUTOHAX BBIMOJI-
HSUJIMCh JIOKaJIbHBIE TpaBUMETpUUECKHE n3mepenusa. Ha puc. 2 npusenena cxema Ce-
Bepo-Kaskazckoro I'IT1, Ha koTopom B 2015 rogy moBTOpHO ObLIM ONpeAEICHBI Tpa-
BuMmeTpudyeckue MyHKTbl «Coun» u «BI'C Coum», a Takxke 3all0)K€Ha HadaJlbHas
anoxa HaOmoaeHui Ha nmyHkTax « Tyarnce» u «BI'C Tyarcey.
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Ha BbaiikanbckoMm reoiMHaMUY€CKOM MOJUTOHE (paiioH 03. baiikan) B 2015 rony
OBbLIIM BBIMOJIHEHBI MOBTOPHBIE TpaBUMETpUYEeCKUe HabmoneHus Ha myHkrtax «Ta-
nas», «pkyTck» U HauaibHble U3MepeHus Ha nmyHkTax: «CyBoy, «Kabanck», «Thip-
ran» (puc. 3). Ilyakt «HuxHeanrapck» u3 HabOM0ACHUN OB UCKIIOUEH, padOThl Ha
HEM IUIaHUpYyeTCs BO300OHOBUTH B 2016 romy.
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Puc. 4. Cxema CeBepo-CaxaquHCKOTO
2015 1. [5]
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110

. 3. Cxema BaI/IKaJIBCKOFO I'AIT 2015 r. (paiion 03. baiikan) [5]

I'paBumerpuueckre myHKTHl «Co-
gy, «Tamas», «Teipran» u «CyBo»
pacmoyIoKEHbl Ha CEHCMOCTAHIIUSX
BXO/UX B ceTu ['eoduzuueckoi
ciyk0bl Poccuiickoil akageMuu Hayk
(I'C PAH) u baiikansckoro dunuana
I'eopusuueckort ciayxxk0e1 CO PAH
(b® I'C CO PAH) [6]. Ilonobnas
CXeMa pa3MEIIeHUs TpaBUMETpUYE-
CKUX IYHKTOB TapaHTUPYET HaJIU4UE
MOJATOTOBJICHHBIX I aOCOJIOTHBIX
ONpPENICJICHHI MTOCTAMEHTOB U UX CO-
XPaHHOCTb.

['paBuMeTpUUecKre HAOTIOACHUS
Ha CeBepo-Caxamuackom ['JIIT Obutn
BBITIOJTHEHBI TOJILKO Ha MyHKTax «/le-
Kactpu» u «BI'C Me-Kactpu» (Ha-
yajabHble HabmoaeHus1). B 2016 rony
IJIAHUPYETCS PaCUIMPUTh TPaBUMET-
pPUYECKYI0 CETh W BKJIOUYUTH B HeEe
nyHkTel  «HukonaeBck-Ha-AMmypey,
«Oxa» u «Hornukwu» (puc. 4).



B xone mpeaBapuTenbHOTO aHalM3a MOBTOPHBIX TPABUMETPUUYECKUX HAOIIO/E-
Hull Ha nyHkTax «Coumny, «Tanas» u «MpKyTck», 1 BEpTUKAIBHBIX CMEILEHUN OJH-
KAUIINX K HAUM ITYHKTOB CITyTHUKOBBIX CETE€H MOYKHO OTMETHUTh COBMA/ICHHE HAIpaB-
neHul ABMKeHUM. J{ns 6osee AeTanbHbIX BHIBOJOB MOKA HE IOCTATOYHO JIAHHBIX.

[To 3aBepiieHnI0 00pabOTKU M CPABHUTEIBHOTO aHAIU3a PE3yJIbTaTOB CITyTHU-
KOBBIX U3MepeHuit 2015 roga ¢ npeaplyluMu IUKJIaMU HaOII0ICHUM, TI0 BCEM TPeM
['IIT ObuM MOTyYeHBl 3HAUEHHS] TOPU3OHTAIBHBIX CMEIIEHUI MyHKTOB Jedopmaliu-
OHHBIX ceTel [1], oHM mpeqicTaBieHbl B BUJIE CXeM ¢ BekTopamHu (puc. 5, 6 u 7). Jlo-
MOJIHUTENILHO Ha CXeMaX MPUBOMASTCS Haubosiee OJin3Kkue K 00beKTaM CeHCMHUUYECKHE
coObITHs, 3apurcupoBanHbie ['eoduznueckoit cimyx 00t [6] 3a mocnegHUN TEPUOI.
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Puc. 5. Cxema BEKTOPOB rOpU30HTAIBHBIX CMEIIEHUN TyHKTOB
Cesepo-Kaskasckoro I'/II1 u 3eminerpsicenuii 3a nepuon 2014-2015 rr.

IIpu cpaBHEHHUM BEJIMYMH CMEILICHWH, IJWH JuHUKM 3a nepuona 2014-2015 rr.
OBLIIO BBISBJIICHO paBHOMEpHOE yBenuueHue aedopmanuii ot Tyance k Couun; HaOIO0-
JaeTCsl CKaThe pa3Hoil creneHu nmo JuHusAM «OTtpanHoe-b3ory» (BOJM3M HHUX TpO-
u3zouuio 3emiierpsicenue), «Jarombic-Huxusis Xo063a», «Knanbumie-CeMeHOBKay;
OTIpeICJICHBI JIMHUU UCTIbIThIBatOIME pactsokenue: «Kpacnas Boss - Tlpumopckuiny,
«bonpmoi Knumaii-TaresiHoBKay, «bonbsmion Knumait-Otpannoe», «Karkosa lesnb-
bonbmoit Kuumaii», «Hmwkagas Xo63a-Otpannoe», «I'omoBuaka-OtpagHoe», «Jlet-
nsxka-Otpaanoey, «Hepemnsa-Kpacnas [Honsinay, «38 km-Kpachas [lonsiHay.

Crenenp «packpbiTus» baiikana HamOoJiee HArISAHO JEMOHCTPUPYIOT JIMHHUH
MEXIy MMyHKTaMU, PacioJIOKCHHBIMUA Ha Pa3HbIX Oeperax o3epa.

ITo pe3ynbraTaM NpoBeACHHOrO aHandu3a uaMepeHuit 3a 2014-2015 rr. MoxHO
CKa3aTh, YTO TOPHU3OHTAIbHBIC CMEIICHUS, MPOU30NUIM y OOJBIIMHCTBA IMYHKTOB
crnytaukoBoit cetu ['/[I1. Bennuunsl ux Haxonarcs B npeaenax 10-30 mm. Ha puc. 6
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BHUJIHO, KAK BEKTOPBI CMELIEHNN ITyHKTOB «MypuHO», «¥YcThe Mummxm», « Tanxon»
u «KynTyk», KOTOpbIe ONpPEAEISIN PACTSKEHU B I0r0-3anaiHon yactu balikana rog
Hazaj [3], Temneph MCIBITHIBAIOT JUMOO OTCYTCTBHE CMEIIEHMi, 0O c)kaThe, Hau-
OoJiplliee B palioHe IOKHOM OeperoBoil JIMHUHU o3epa. B 1eHTpanbHOM YacTu o3epa
XapaKkTep ABMXKEHHUM TakKe U3MEHWICS — €ClId B IPOLUIOM roay OblIo 3apuKCcUpoBa-
HO cxarue nopsaka 20-30 MM, To celiuac HaOIIOAAETCS PACTSHKEHUE C TIPEUMYIIECT-
BEHHOM JTMHAMHUKOW BOCTOYHOTO moOepexbs. UTo cKkopee BCEro SBHJIOCH OJHOM U3
MPUYHH CHIIBHOTO 3emieTpsicerus (M=4.5), mpouzomemmero 3 despans 2016 roga
BOJIM3U IMHUU «XyXup-Kukay.
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Puc. 6. Cxema BEeKTOPOB rOpU30HTAIBHBIX CMENIeHU MyHKTOB baiikansckoro I'JII1
(paiioH 03. baiikan) u 3emnerpsicennii 3a nepuon 2014-2015 rr.

B Hacrosimee Bpems, Ha ceBepe CaxanmHa, MPOUCXOAUT Pa3HOHANPABIECHHOE,
MO3auyHOe JBMkKeHHE 10 BocTouno-CaxainHCKOMy pasiiomy u ciaboe oOiee pac-
TsbkeHHue BO BceM CeBepHOM cerMeHTe OCcTpoBa (puc. 7).

C o0coOblM BHHMaHHEM CJIEAYeT OTHECTUCh K BEIMYMHE CMEIICHHUS ITyHKTa
«MoHru-1», ropu3oHTaIbHBIE CMEIIEHUSI KOTOPOTO BRIOUBAIOTCS U3 00IIEH KapTHUHBI
INBWKEHUN TyHKTOB CeBepo-CaxaJIMHCKOI0 re0MHAMHYECKOTO MTOJIUTOHA.

ITo pesynbTaTtam padot 2015 roga Ha Bcex TpeX reoAMHAMUYECKUX TMOJIUTOHAX
BBISIBJICHBI CMEIICHUSI MyHKTOB, 3HAYEHHUS KOTOPBIX IMPEBBIIIAIOT MOTPEITHOCTH H3-
MEpEHUH, YTO TOBOPUT O HANMYMUM JedhopMalii 3eMHOM MMOBEPXHOCTH PaiOHOB pac-
MOJIOKEHUST 00BbEKTOB HaOoAeHUH. JlanbHeilee pa3BUTHE TOJUTOHOB U UX MOHU-
TOPHUHT TIO3BOJIAT 00Jiee ACTAIIbHO aHAIM3UPOBATh XapaKTEP BHISBIAEMbIX Jedopma-
1017078
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Puc. 7. Cxema BEKTOPOB rOPU30HTAIIBHBIX CMEIIEHNUN TyHKTOB CeBepo-
Caxamuackoro I'/IIT n 3emnerpsicenunii 3a nepuoxa 2012-2015 rr
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YIK 33.07

MAPKETUHIOBbIE KOMMYHUKALUM B UHHOBALIMOHHOW OEATENBHOCTMU:
NPOBJIEMbI U SAAAYU

Mapuna Heanosna Ananuu

Anmunuctpanus HoBocubupckoii oonactu, 630011, Poccus, . HoBocubupck, KpacHslit mpocnexT,
18, xaHauIaT TeXHUYECKUX HayK, moMomHuK ['yoepHaTopa HoBocuOupckoit o6macTu 1mo Bompocam
HAayYKH, MHHOBaIM{ 1 o0pa3zoBanus, Tei. (383)223-04-55, e-mail: ami@nso.ru

PaccMmoTpeHbl KOMMYHUKAIIMK B MHHOBAIMOHHOM AESATENBHOCTH, IPEAJIOKEHO JICJIEHUE KOM-
MYyHHKaIUi B cepe MHHOBATHUKH Ha J[BA YPOBHSI, TOKA3aHbI 33Ja4U Ka)X/I0I0 YPOBHSI.

KiaroueBbie cjoBa: MapKETHUHT HHHOBaHHﬁ, HWHHOBAIIMOHHAA KYJIbTypa, KOMMYHUKaIWH,
CTpaTeruv, HOBbIC MHAYCTPUH, KOHKypeHTOCHOCO6HOCTI>, MMPOABUIKCHUC HAa PBIHOK, CTUMYJIMPOBA-
HHEC CIIPpOCa, TEXHOJIOTHYCCKOC pa3BUTHC.

MARKETING COMMUNICATION IN INNOVATION ACTIVITIES:
PROBLEMS AND CHALLENGES

Marina I. Ananich

The Administration of the Novosibirsk region, 630011, Russia, Novosibirsk, Krasny prospect, 18,
candidate of technical sciences, assistant Governor of the Novosibirsk region on issues of science,
innovations and education, tel. (383)223-04-55, e-mail: ami@nso.ru

Reviewed communication in innovation activities, suggested the division of communications
in the field of innovation on two levels, illustrates the tasks of each level.

Key words: marketing of innovations, innovation culture, communication, strategy, new in-
dustry, competitiveness, promotion, stimulation of demand, technological development.

KoHnenmmsi MapkeTUHTa WHHOBAIMI JIGKUT B OCHOBE HCCIEAOBAHHS PHIHKA
U TIOMCKOB KOHKYPEHTHOM CTpaTeruu MPEANPHUATHS, HOBBIX MOTPEOHOCTEH MOTpeOu-
TeJle M UX YyJIOBJIeTBOpeHMs. VIHHOBAIlMU B 3TOM Cily4yae SIBISIOTCS CPEJCTBOM IIO-
BBIIIIEHUSI KOHKYPEHTOCIIOCOOHOCTH KOMITAaHHMH, YBEJIMYECHHUs TpuoObuid. [lpu sTom
CTpaTerusi ”HHOBAIIMOHHOT'O WJIM TE€XHOJIOTHYECKOrO0 Pa3BUTHUS YKOHOMHUKH pPEruoHa
WJIM CTPaHBI B IIEJIOM MOXKET OBITh 0OecIieueHa CO3/IaHueM HOBBIX MHIYCTPHHA Ha OC-
HOBE MPOPBIBHBIX TEXHOJIOTHA B COYETAHWU C TEXHOJIOTHYECKHM PAa3BUTHEM TPau-
IIMOHHBIX OTpacyIeH, TO €CTh aKTUBHBIM BHEJPECHHUEM MHHOBAITMI — HOBBIX MPOAYKTOB
Y TEXHOJIOTUH B MPOU3BOJICTBO U IIUPOKOE MOTPEeOICHNE HACETICHUEM.

NHHOBa1ust — 3TO MPOIYKT UHTEIJIEKTYAIbHOTO TPY/a, MpejiaraeMblil Ha PbIH-
Ke, KOTOpPBIH JIOJDKEH OBITh BOCHPHHSAT CoOOIIecTBOM, mnorpedoutenem. Criemona-
TEIHHO, TIPOIECC BHEAPECHUS] MHHOBAIUM HEBO3MOXEH 0€3 CHCTEMBI MPOJIBIKCHHUS,
dbopMHUpOBaHUST KOMMYHUKAITMOHHOTO MpOIIEcca.

KoMmmyHuKarmonssie porecchl B cepe MHHOBATUKH TOJIBKO HAYWHAIOT TITY-
OOKO OCMBICITMBATHCS M CHCTEMATH3UPOBaThCsA. Hampumep, 1Mo ompeneneHuto TeHe-
panpHOTO JUpeKTopa KommaHuu Insiders, MHUIIMAaTOpa W OpTraHHW3aTOpa Pa3BUTHS
MpaKkTUKU KoMMyHuKanui B cepe nHHOBarmil (InCo) A. Jlammosa: «KommyHuka-
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1Mu B cdepe MHHOBAIIMN — ITO HAMpaBIEHWE KOMMYHUKAITMOHHOW NEATEITHLHOCTH,
CTCIIMATM3UPOBAHHBIN TIOJIX0 U UHCTPYMEHTApUH, peaTnu3yeMbli C IeNbl0 00beau-
HEHUS! YYaCTHUKOB MHHOBAIIMOHHOW JESITEIbHOCTH, CTUMYIUPOBAHUS UX OTKPBITOTO
JMaNioTa ¥ COTPYAHUYECTBA AJIsi COBMECTHOTO TIPOM3BOCTBA MHHOBAIUIN.

[lo maHHOMY ONpENEICHUIO KOMMYHHUKAIIMOHHBIA MPOIECC OTPaHMYUBACTCS
00BEIMHEHNEM YCWIIMIA B TPOM3BOJCTBE WHHOBAIIMA, HO HE 3aTparuBacT BOMPOCOB
BBIBEJICHUS WX Ha PBIHOK, CTUMYJIMPOBAHUS CIpoca Ha WHHOBamWH. [Ipn 3TOM KOM-
MYHUKAIIMOHHBIHN MPOIIECC B CO3IaHUHA MHHOBAIUN U B UX MPOJBMKCHUH 3HAUNTEIh-
HO pa3jndaercs. B 4acTHOCTH B cO3/1aHUM WHHOBAIIMI BO3HUKAIOT MPOOJIEMBI B KOM-
MYHUKAIMSIX MEXAY MPEACTaBUTEISIMU Hayku, oOpa3oBaHwus, OM3HECA, HHBECTOPOB
U BJIACTH, CBS3aHHBIC C PA3JIMYUSIMU BIEJSXU MPUOPUTETAX, KOMIIETCHIIUSIX U TEp-
MUHOJIOTHH, HeJOBepUH U Jp. OMMOKH KOMMYHHUKAITUHA MOTYT TIPUBECTH K HEBEPHO-
My OTIpEeICJICHUIO HEYIOBIETBOPEHHBIX MOTPEOHOCTEMN, BRIOOPY pa3paboTku, Ou3HeC-
MOJICIIH, TTAapTHEPOB U KOMaHAbI.C MO3HUIMKN MPOABUKEHUS WHHOBAIIMA KOMMYHHKA-
1A (GOPMHUPYIOTCS MEKIY CO3IaTeIIMU WM MPOU3BOIUTEISIMH HOBOTO IMPOIYKTa
¥ TIOTCHIIUAJILHBIMU MTOTPEOUTEIIIMH, OIIMOKHA B 3TOM CJIy4ac MOTYT IPUBECTH K He-
BEpHOMY BBIOOPY IIEJICBON ayIUTOPHUH, TIO3UITMOHUPOBAHUSI, KAHAJIOB TIEpeIayu WH-
dhopmanuu.

[IpakTrKa MOKa3bIBAET, UTO B CO3JaHMHM HOBOTO MPOIYKTA M MPOJABUKCHUHU €TO
Ha PBIHOK, MPUHATUA W WCIOJH30BAHWYM WHHOBAITUH, YYACTHUKH WHHOBAIMOHHOTO
mpoliiecca BKIFOYAIOTCSI B KOMMYHHMKAIIMU B TOM HJIM MHOM COCTaB€ B 3aBUCUMOCTH
OT 1IeJIeH, 3a/1a4 U CTaJIMM KU3HEHHOrO IUKJIA WHHOBanuid. CiegoBaTesibHO, aKTy-
ayibHa Tpo0bsieMa CIOCOOHOCTU K aJIeKBAaTHOMY BOCIIPHUSITHUIO U MOTPEOJICHUIO UHHO-
BallMif BCEX YYaCTHUKOB KOMMYHUKAIIMOHHOTO TIpoliecca.

Kpome Toro, ajis npusHaHuUs MpoJiyKTa OW3HECOM WIIA IUPOKUMU CIOSIMU Ha-
CEJICHHSI HEOOXOJMMO CHATHE OapbepOB BOCHPUSTHSI HOBBIX TEXHOJOTUHN uepe3 dhop-
MHUpOBaHUE OOINECH WHHOBAIIMOHHON KYyJIbTYpPHl, TOTOBHOCTH K W3MCHCHHSIM B OT-
JICBHO B3SATHIX OPTaHM3AIUAX M OOIIECTBE B IMEJIOM. B CBSI3M ¢ 3TUM BO3pacTaeT
pOJIb OOIIECTBEHHBIX CBA3EH, TaK Kak OOIIECTBO CTAHOBHUTCSA yYAaCTHUKOM TMpoIlecca
KOMMYHUKAITNI, HEOOXOIUMBIX VISl TIPOABUKEHUST MHHOBAITUH.

B pesynpTaTe KOMMYHUKAITMOHHOTO MPOIECCA MOSBISETCS HOBBIM MPOIYKT —
MOJIeJTb KOMMYHUKAITMH, BKIIOYAIOIas HECKOJIbKO YPOBHEH, KOTOpas JODKHA MpeI-
CTaBJISITh HOBYIO CUCTEMY IIEHHOCTEH, CBSI3aHHBIX C MHHOBAIMEH ISl 00IIecTBa, IS
IIEJIEBBIX TPYII TOTPEOUTEIEH.

AHanu3 WHHOBAIIMOHHOTO TpOIlecca MO3BOJSET BBIACIUTE JIBA YPOBHS MapKe-
TUHTOBBIX KOMMYHHKAITUH:

1. KoHnentyanbHbI YpPOBEHh KOMMYHHKAIIMH, 3aadaMd KOTOPOTO SIBIISIOTCS
(dbopMHpOBaHHE MOJBI HA WHHOBAIIMH B IIUPOKUX CIIOSIX HAceleHUus; (hOpMHUPOBAHHE
MHUPOBO33PEHHUSI M HOBBIX HOPM IOBEACHHMS, TPEOI0JICHNE 0aphepOB BOCIPHUITHS UH-
HOBaIWii; (OpMUPOBAHNE MOTHUBAIIMH ¥ TOTOBHOCTH K U3MEHEHUSIM U JIP.

st hopmMupoBaHHs WHHOBAIIMOHHOW KYJIBTYpbhl, MHHOBAIIMOHHOTO OOIIECTBa
HEOOXOAMMBI KOMMYHHUKAIIMM C IHPOKON OOIIECTBEHHOCTHIO, HAMPABICHHBIE HA
CO37[aHNE TIPUBJICKATEIIHHOTO UMHU)Ka MHHOBAIIMOHHOMW JESATEIHHOCTA U HOBOTO Ka-
YeCTBa )KMU3HU HA OCHOBE Pa3BUTHUS TEXHOJIOTHUH.
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2. OyHKIMOHANBHBIN YPOBEHbh KOMMYHUKALIUNA: B paMKax CO3JaHUs U COMPOBO-
KICHUS HOBOI'O IIPOJAYKTA AaKTyaJIbHBIM SBISECTCS YCTAHOBICHHE KOMMYHUKAIIUM
MEX]ly HayKoil, 00pa3oBaHUEM U OM3HECOM, CO3JaTESIMM MHHOBALMM U MHBECTOpaA-
MU WM 3aKa34uKaMd. B paMkax NpoaBHKEHUS MPOAYKTA HA PHIHOK - IIO3ULIMOHUPO-
BaHUE HOBBIX ITPOAYKTOB, (POPMUPOBAHUE U JIOHECEHHE 1O MOTPEOUTENEH LIEHHOCTH
MHHOBAallMOHHOTO NPOJYKTa, BBICTPAUBAHUE KaHAJIOB KOMMYHMKALIMN U JP.

JInst yCKOpEeHHs MPOLECCOB KOMMEPLMAIN3ALUA MHHOBALIMN U BBIXOJAa Ha PhI-
HOK, HEOOXOUMbl KOMMYHHUKALIUU C IIEJIEBBIMH ayJTUTOPUSMHU MOTCHIUAIBHBIX MO-
TpeOuTenel, HanpaBiIeHHbIE HA (OPMHUPOBAHUE IMOJIOKUTEIBHOIO UMHJIXKAa WHHOBA-
LIHOHHOI'0 MPOAYKTA U CIIPOCa HA HETO.

[IpeacraBneHHass ypoBHEBas MOJEIb KOMMYHUKALM B MHHOBALUSAX OPUEHTH-
pOBaHa Ha pa3HbIC LIEJIEBbIE ayIUTOPUHN U MO3BOJISIET cAeNaTh 00jiee TOYHBIA BBIOOD
MOJEJIEN, TPUHIUIIOB, TEXHOJIOTUI U NMPUEMOB KOMMYHHUKAIMOHHOTO MpoLecca s
oOecrieueHus ero 3pPeKTUBHOCTH.
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PA3PABOTKA N HATYPHBIE UCMbITAHUA ABTOMATU3UPOBAHHOMN
CUCTEMblI AE®POPMALIMOHHOIO MOHUTOPUHTA

bepno Xunnep

MoOCKOBCKUI TOCYAapCTBEHHBIM YHUBEPCUTET reoie3un u kaprorpaduu, 105064, Poccus, r. Mock-
Ba, ['opoxoBckuii niep., 4; OO0 «Pupma I'.®.K.», 109004, Poccus, r. Mocksa, nep. [llenamyTun-
CKHii, TeHepabHbIi AupeKTop 6, Tein. (499) 212-70-27, e-mail: bhiller@leica-gfk.ru

Xapvec Karomoeuu fAmoaes
MocKoOBCKuU# TOCYIapCTBEHHBIN YHUBEPCHUTET reoe3un u kaprorpaduu, 105064, Poccus, . Mock-
Ba, ['opoxoBckuii mep., 4, MOKTOp TEXHHYECKHUX Hayk, mpodeccop, Tem. (499)267-15-45,
e-mail: yambaev@miigaik.ru

B noxmane paccMOTpeHBI BOPOCHI Pa3pabOTKU M MPAKTUYECKOTO MPUMEHEHUS aBTOMATU3U-
POBaHHOM MOJICUCTEMBI Teoie3ndeckoro neopmannonnoro monutopunra I'TC, a Takke OCHOBHBIE
pe3ynbTaTel HaTYpHbIX uccienoBanuii ACI'JIM Ha muiro30BbIX kamepax Bosarorpaackoro ruzpoys-
na. Ilokazana 3¢(eKTUBHOCTh MHTETPUPOBAHUS AJIEKTPOHHBIX TaXEOMETPOB-aBTOMATOB M IIU(PO-
BBIX HMHKJIMHOMETPOB cO cOOpoM U 00paboTKo# reopesndeckor nHpopMauu eIuHOW YIPaBIIsIO-
et mporpammoit GeoMos.

KiroueBbie cjioBa: TaxeoMeTp-aBTOMAaT, LHU(POBON MHKIMHOMETP, Aedopmarus, MOHUTO-
puHr, ynpasisomas nporpamma, ACI'/IM — aBToMaTu3upoBaHHasl CUCTEMA I'€OJE3UUYECKOrO Jie-
dhopmarmorHoro MmouutopuHra, [ ' TC — rugpoTexHuYecKre COOPYKCHHUS.

DEVELOPMENT AND NATURAL TESTS
OF THE AUTOMATED SYSTEM OF DEFORMATION MONITORING

Bernd Hiller

Moscow State University of geodesy and cartography, 105064, Russia, Moscow, Gorokhovsky
Lane, 4; SWL «FIRM F. K.», 109004, Moscow, Shelaputinsky lane, director «G.F.K»,
tel. (499) 212-70-27, e-mail: bhiller@leica-gfk.ru

Haryes K. Yambayev
Moscow State University of geodesy and cartography, 105064, Russia, Moscow, Gorokhovsky
Lane, 4, professor, Dr. Sci. Tech., tel. (499)267-15-45, e-mail: yambaev@miigaik.ru

The paper describes problems of the development and practical use of an automated defor-
mation monitoring subsystem ASGDM for waterworks GTS and the main results of ASGDM field
studies on lock chambers of the VVolgograd waterworks facilities. The effectiveness of the integra-
tion of robotic total stations and digital inclinometers with the geodetic data collection and pro-
cessing in the unified control software GeoMos is demonstrated.

Key words: automated total station, digital inclinometers, deformation, monitoring, control
program, ASGDM - automated system of geodetic deformation monitoring, GTS — waterworks.
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JledopManiOHHBIE MOHUTOPUHT SIBJISIETCS Ba)KHOW COCTAaBHOW YacThIO OOIIEH
CUCTEMBI o0ecrieyeHus: 0€30MaCHOCTH CTPOUTEIBCTBA U IKCIUTyaTallud YHUKAJIbHBIX
1 0cO000 OTBETCTBEHHBIX MHKEHEPHBIX COOPYKEHUH.

OcHoBO# MOHUTOpHHTA JehOopMalil YHUKAIbHBIX MH)KEHEPHBIX COOPYKEHHI
Kak ruraHTckue mioTHel ['DC, BBICOTHBIE 3/1aHUS, KPYMHBIE MOCTOBBIE IMEPEXO/IbI
(0COOEHHO BaHTOBBIE MOCTHI) SBJISIFOTCSL PE3YJIbTAThl MEPUOIUYECKUX (CUCTEMATHU3H-
POBAHHBIX ) T€OJE3UYECKUX HAOMIOACHUN 1 T€OTEXHUYECKUX U3MEPEHH.

B pesynprate 00pabOTKHU pe3yabTaTOB MOBTOPHBIX M3MEPEHUMN MOIY4arOT UH-
dbopMaInio 0 TEKYyIEM COCTOSIHUM OOBEKTa B BHUJE 3HAUEHUH MJIaHOBO-BBICOTHBIX
nedopmaruii, CMEIIEHUA U OTKJIOHEHUW OT MPOEKTHOTO WJIM MPEIBIIYIIET0 €ro co-
CTOSIHUSL.

['eoTexHuvecKre cpeicTBa MO3BOJAIOT (PMKCHUPOBATH JAPYTHUE MapaMmeTphl, Ha-
IpUMep, CTENEeHb HaNpsHKEHHO — J1e()OPMUPOBAHHOTO COCTOSIHUS (aKCEIEepPOMETPHI,
TPEIMIMHOMEpPHI U T.11.). ['e01e3M4eCcKuil U T€OTEXHUYECKUH MOHUTOPUHT aHAIU3UPY-
IOTCSI COBMECTHO JUJISl ONPENEICHUS] KOPPENSUUA U MPUYUH U3MEHEHUS] COCTOSHHUS
oObekTa. B 00mux ciyvasx nporecc cOopa JaHHBIX MOHUTOPUHTA HYKJAE€TCS B aB-
TOMAaTHU3ALMK MIPOLIECCa UBMEPEHUN, YHUPHUKAUNA TPOLUETYPbl U MOIYYEHUS Pe3yib-
TaTOB C OJTHOPOJHON TOYHOCTHIO ¥ MEPUOANYHOCTHIO.

Kaxnplii 00beKT yHHKaJeH M TpeOyeT CO3/laHus CBOEW KOHKPETHOM CHUCTEMBI
Y TEXHOJIOTUHA MOHUTOPUHTA C YYETOM CHEU(PUKHN TEXHOJIOTHYECKUX XapaKTEPUCTUK
U CIIOKHOCTH O0BEKTa, KOJMYECTBA OIpEeNsieMbIX apaMeTpoB U HEOOXOAMMOM TOY-
HOCTH U3MEPEHUM, N3MEHSIONICHCS MHPPACTPYKTYPhI T€0IaHHBIX U MECTHBIX YCIOBUH.

CoBpeMEHHBIE TEXHOJOTUHA U3MEPEHUM, HOBEHIIME CPENCcTBA KOMMYHUKALMA,
MOIIHBIE BBIYUCIUTEIBHBIE CUCTEMBI U MPOrPaMMHBIE MPOAYKTHI MO3BOJISIIOT CO3/a-
BaTh aBTOMAaTH3UPOBAHHBIE CHCTEMbI I'€0/I€3UUECKOr0 /1e(hOpMallMOHHOTO MOHHUTO-
punra (ACI'IM), xoTopsie BocTpeOoBaHbl, BHepsitoTcs U B Poccun, u 3a pydexom
[5] (puc. 1).

ACI'IM o00sagaroT psaoM OTIMYMI UM IPEUMYLIECTB B CPABHEHUH C TPaIULIU-
OHHBIMU TOBTOPHBIMU U3MEPECHUSIMU:

- BO3MOXXHOCTh KOHTPOJISI JJaHHBIX B peajbHOM MaciiTabe BpeMeHH (OHJIaiH)
U C YJAJIE€HHOI0 MECTa JI0CTYIIA;

- BO3MOXHOCTb, IPAKTUYECKHU, HEMPEPHIBHOIO MOHUTOPHUHIA — 24 yaca B CyTKH,
7 THEW B HEJEIIO U T.1.

- JIaHHbIE MOTYT TMepeNaBaThbCsi B €AMHBIA LEHTp 00paboTku HHPOpMaLUU
U TPUHSITHS COOTBETCTBYIOIIUX PEIICHHH C MOMOIIBIO TaKUX cpenacts, kak Wi-Fi,
GSM, LAN u o UnTepHeTy.

B Hameit ctpane yxe peanuzoBad psj npoektoB ACI'/IM [6] Ha ocHOBe peasib-
HBIX aBTOMAaTHU3UPOBAHHBIX CPEJCTB U3MEPEHUM, HanpuMmep, A 1edhopMarMOHHOTO
MOHUTOpHUHTA MOCTOBOTO Tiepexoaa Kpacnosipckoit I'DC (puc. 2a, 26).

B pabote [5] mpuBenena crpykrypHas 0nok-cxema ACI'JIM, B koTOpoOii, Kpome
cpeacts 'HCC, uHTErpupoBaHbl aBTOMaTU3UPOBAHHBIE 3JIEKTPOHHBIE TaXEOMETPBI
(OTA) u BbicOKOTOUHBIE ITU(PPOBBIE HAKIOHOMEPHI — HHKIUHOMETpHI (BLIN), ynpas-
JstroIee mporpaMmHoe odecneuerne GeoMos (puc. 1).
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ABTOMATH3MPOBAHHAS CHCTEMA I'e01e3MYeCKOr0 I[e(l)ODMaIII/IOHHOFO MOHUMTOPHHIA

\ 4

Bbazossie cranuu 'HCC (ceTs)

\ 4

MOHHTOPUHTOBEIC
npuemauku [ HCC

Hudpossie

TeOTEeXHUYECKHUE
U IpyTUe€ TaTYuKU

\

y

OIIeKTPOHHBIC
TaXEeOMETPhI-aBTOMATEI

BrIcOKOTOYHBIE HHKITHHOMETPHI

2 /

KomMMmyHuKanmonHoe o60py1oBaHUE U
KOMITbIOTEpHAs! TEXHHUKA

v

[IporpammHoe obecrieueHue st
yIIpaBJIEHUS] CUCTEMOH, cOopa, pe-
BapUTEILHON 00paObOTKH M BU3YaJIH-
3alliU TaHHBIX U3MEPECHUHN

-

IIPOIIECCOB

[IporpammHoe obecrieueHue JIst aHa-
JM3a ¥ MPOTHO3a Ae(POopMaIlOHHBIX

y

BriBox Ha nqucniied quc-

METYEPCKOIN CUCTEMBI

y

BriBoa Ha cuctemy aBTOMa-
THYECKOTO OIOBEIICHUS U
OOBSIBIICHUS TPEBOTH

Puc. 1. bnok-cxema ACI'IM
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CXEMA PAC TIOJIOMHEHHA NYHETOE OIOPHOM ITLAHOBOH CETH HKOH TP QML EHELL
JIYHETOE IT0 TPEEHI0 TUTO THHEL

M 1: 1000 CTAHUH
+ AATUKK

¥ CIOBHBIE 0F MHAYEHHA

BYBETT OMMODECCET TOTAECOEOET TR TEID YL

A HyHKTbI YCTaHOBKKM aNeKTPOHHOMo TaxecMmeTpa-aeToMaTa
% HaGrnioaaemble TOUKM
0
Puc. 2. JlepopmanmoHHBII MOHUTOPHHT MOCTOBOTO MEPEX0/1a
Ha Kpacnosipckoit '9C; (a)- cxema MOHUTOpPHUHTA, (0) — pacnoyioKeHHue
KOHTPOJILHBIX TOYEK U pOOOTU3UPOBAHHBIX TAXEOMETPOB
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Paccmotpum pexomenayemyto B [5] cuctemy ACI'IM mns nedopmarimoHHOTO
MOHUTOpUHIa ruapoTexHudeckux coopyxkenuil (I'TC) u mosiyueHHbIE pe3ybTaThI
HaTypHBIX MCCJIEIOBAaHMI TaKOW CHUCTEMBbI Ha ILUIIO30BBIX Kamepax Bosrorpaackoro
ruapoysia (puc. 3).

Puc. 3. O0mmii Bua nutr0308 Ne 30 1 Ne 31

Kpome TOro, otTmMeTMM, YTO B HACTOSIIEE BPEMs aHAJIOTUYHBIE IO CTPYKTYpE
ACI'IM Bueapsitotrcst Ha Takux ['TC, kak byperickas, Cagano-Illymenckas u Kpac-
HOSIPCKOW TUPOIIIEKTPOCTAHIIUAX.

[TpeumymectBamun ACI'JIM Ha OCHOBE COBPEMEHHBIX T'€0JIE3UUECKHX CPEIICTB
M3MEpPEHUN, TEOTEXHUUYECKON KOHTPOJIbHOM ammaparypbl U HHpOpMaIrmoHHbIX |IT-
TEXHOJIOTUU SIBJISFOTCS:

- HENPEPBIBHBIM MOHUTOPUHT 24 yaca B JIeHb, 7 IHEH B HeZlemo, 365 1Hel B roay;

- aBTOMAaTH4YECKasl 3alKiCh JAaHHBIX MMOBTOPHBIX U3MEPEHUN, UX aHAJIU3 U CpPaB-
HEHUE C PACUETHBIMU JIOITYCTUMBIMU 3HAYEHUSMU;

- 1I0Jjaya CUTHAJIA TPEBOTM U CBOEBPEMEHHOE OMOBEUIEHNE OTBETCTBEHHBIX JIUI
rocJje oOHapyXeHUs KPUTHYECKUX JedopMariuii.

Bcé aTo yoexxaeT B HEOOXOIMMOCTH MPOBEJACHUS HATYPHBIX UCIIBITAHUN U aHa-
JU3€ TOCTAaBJICHHBIX MCCIEOBAaHUM Ha peajbHBIX OOBEKTaX M HEOOXOIUMOCTb
0000IIEeHNsT TPAKTUYECKOTO OMbITa BHEAPEHHUS aBTOMATHU3WPOBAHHBIX TEXHOJIOTHH
nepopMaIMOHHOTO MOHUTOPUHTA, HAKOIUIEHHOTO B Poccuu u 3a pyoexom.

JleopMaIMOHHbBII MOHUTOPUHT JTOJKEH COMPOBOXKAATHCSA pa3pabOTKOM IiaHa
MEPONPUATHIA O CHM)KEHHIO PUCKA W JIMKBUAALMH MOCIEACTBUI BO3MOXKHBIX aBa-
PUMHBIX cUTyalui, o o0OecreyeHnto 0Ee30MaCHOCTH KU3HENESITeIbHOCTU U Hacele-
HHS, 1 O0BEKTA.

B 1915 roay peannzoBaH MMJIOT-TIPOEKT I'€0I€3NYECKOT0 MOHUTOPUHTA Jedop-
Mallui IUTI030BBIX KaMep Bosrorpaackoro ruapoysna (puc. 3) Ha OCHOBE CTPYKTYp-
HOil cxembl ACIJIM. PaGoTbl BBHIMOJHSUIUCH C WENbIO HATYPHBIX HCIBITAHUN
ACI'IM B peasbHBIX YCIOBHUSX ACHCTBYIOIIETO T'MAPOY3Ja JJIi MOHUTOPHUHIA CO-
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CTOSIHUSL CTEHOK JIEHCTBYIOIINX IUIFO30BBIX KaMep MPH MX 3aTOJTHEHUH M OTIOPOXKHE-
HUU, OIICHKH TOYHOCTH OMpEIENICHUS MOTYYCHHBIX IIAHOBO-BBICOTHBIX IEpeMelie-
HUM CTEH KaMep MO OTJEIbHOCTH U OTHOCUTENBHO APYT ApYTa.

B kadecTBe M3MEPUTENBHBIX alMlapaTHBIX CPEICTB MPUMEHSIIUCH DJICKTPOHHBIE
taxeoMeTpbl TM-30 u nudpossie nakianHomerpsl cepuun NIVEL 200 dbupmer Leica
Geosystem, a Takke ympasistomiee nporpammHoe obecrmeuenne GeoMoS Toit ke
¢bupwmsl (puc. 4). Cxema pacnonoxxkenus TM-30 u NIVEL 200 na o6bekte npuBeaeHa
Ha puc. 5.

IneKTpoHHLIA Taxeometp-aeTomar | IVl 30

BuaupHbie yenn GMIP104

.4

Ynpaendiowas nporpamMma

GeolVlos
KaHanbi cBA31 1 MHhpacTpyKTypa

XapakTtepucTukA

=  M3amepeHne yrnoe: o =1.0"(Hz, V)

= WamepeHue nuHWiA: o = 0.6mm + 1ppm
= JanbHocTb: >10°000m

= ABTOHaBefeHWe Ha Lenb: g0 3000m

= ToyHocTLATR 1“

Hatynkn yrnoe HaknoHa Nivel

XapakreprcTiki

=fuanaszoH: A +f- 1.51 mpag, (5' 30”)
B +/- 2.51 mpag, (9’ 30”)
C +{-3.00 Mpag, (11')

L] A +1,05” (0,5 mn/100m)
TouHOCTE

B | £ 3,15 (1,5 Mm/100m)
C | +10,05” (5,0 Mm/1008)

Puc. 4. CocraB AI'JICM

e R ==

%HHHT'

Puc. 5. CXGMpElCHO)KCH?I taxeomerpa TM30 u I/IHKJ’II/IHOMpo NIVZOO
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OnpeneneHre TPEXMEPHBIX MEPEMEIIEHUN KOHTPOJIBHBIX TOYEK BBINOJHSAIOCH
ANEKTPOHHBIM TaxeoMeTpoM TM30 nmomnsipHbiM criocoboM. TexHuueckue xapakrepu-
CTUKU TaxeoMeTpa Ha puc. 4.

TaxeoMeTp ycTaHaBIMBAJICS HAa MUJIOHE TPyO4AaTOW KOHCTPYKIMH, YNPABIISAIO-
IIMI TPOMBIIUICHHBIA KOMIIBIOTEP ObLJI CMOHTHPOBAH B CIELMAIBLHOM SIITUKE B HeE-
MOCPEJICTBEHHON OJIM30CTH OT MUJIOHA U COEIMHEH C TAXEOMETPOM KalesieMm.

KoHTposibHbIE TOUKH OBUIM 3aKpEIUIEHbI MpPU3MaMu, MOMapHO, HAa MPOTUBOIIO-
JIOKHBIX CTeHKax cexmuu 2,4,5,8 nnmro30B 30 u 31. Paccrosume no caMoil majabHEH
TOYKH COCTaBIIsLIO 266,5 Metpa (31-22), no camoii OmmkHeit 46,7 metpa (30-81).

VYmpasnstomee [10 GeoMos obecrieunBano BBIMOTHEHUE TPOTPaMMbl HAOIIO-
JI€HUH ¥ TOCTOOPaOOTKHU MOJYIEHHBIX PE3YyIbTATOB.

[IporpamMma HaOmrOA€HUN MOApazyMeBajia NEPUOJAMYECKYI0 YCTAaHOBKY Taxeo-
MeTpa Ha MWJIOHE AJIs MPOBEACHUS OYEepeIHOro IHKIa HaOMIOACHUM M BKIIOYaia
CJIEIYIOLUE OTIEPALINH:

- IEPUOJUYECKOE MepeonpeeeHue KOOPAUHAT 0a30BOl TOUKHM U OPUEHTUPO-
BaHME TprOOpa METOAOM OOpaTHBIX JTUOO JIMHEWHO-YTIOBOM, JINOO JTMHEHHON 3acey-
KM Mepe]] Ha4aJloM OYEPEIHOI0 MKIIa HAOMI0ACHUH.

- OIpeJIeJICHHE KOOPAUHAT KOHTPOJIBHBIX TOUEK MOJIIPHBIM CIIOCOOOM IPH ABYX
KpyTax KaKJple 5 MUHYT.

- CHATHE OTCYETOB C KOMOMHMPOBAHHOIO JAaTYMKAa TEMIEPATYPbl U JABICHUS
kaxzasle 10 mMunyt. IlogydyeHHble NaHHBIE MCHOJIb30BAIUCH AJII aBTOMAaTUYECKOTO
BBEJICHMS MONIPABOK B U3MEPEHHBIE TAXEOMETPOM JIMHHH.

Kontponbabie Toukn Ha nutro3e 30 u 31 Obuti 00bETMHEHBI B ABE TPYIIIHI, TS
Ka)KIOW TPYMIbI BBINOJHAJIACH BBILICYKa3aHHAs mporpamMma HaOmioneHui. [lanHbie
IIOCTyNaJId Ha YIPaBISIONIMN KOMIIBIOTEp M XpaHWIHMCh B 0Oasze gaHHBIX SQL
(Structured Query Language — «sI3bIK CTPYKTYPHPOBAHHBIX 3aIPOCOBY), a CPEICT-
BaMu npuiokeHuit GeoMOS npocmaTpUBaIMCh W BU3YAIM3UPOBAINUCH KaK OmNepa-
TUBHAas UHGOpPMALIMs, TaK U UH(PpopMalus U3 0a3bl JaHHBIX.

JIist KOHTpOJIsl CTAOUIBHOCTH TOJIOKEHUSI MHJIOHA C JIEKTPOHHBIM TaXeoMeT-
POM MPEAYCMATPUBAJIOCH €r0 NEPHOJUYECKOE MEPEONPENEICHUE OTHOCUTEIBHO Ye-
THIPEX TBEPHABIX MYHKTOB METOJOM OOpaTHON JTUHEHMHOW M JMHEWHO-YIJIOBOM 3ace-
yek. TBep/able MyHKTHI ObLIN 3aKpEIICHbl MPU3MaMHU-0TpaXkaTeIIMU Ha CTaOMIIBHOM
OCHOBAaHMH.

[lepeonpeneneHus BHITOIHUIMCH ¢ IEPUOAUYHOCTHIO OJIMH Pa3 B COPOK MHUHYT.
ABTOMaTHYECKOE OOHOBJIEHHE KOOPJMHAT TaXEOMETpPa HE BBINNOJIHSIOCH, COOpPAHHBIE
JAHHBIE UCIIOIb30BAIUCH TOJIBKO JJIs1 KOHTPOJIS.

OTHOCHUTENIbHOE TUJIAHOBOE TMOJIOKEHUE CTEHOK IILII030B JPYr OTHOCHUTEIBHO
apyra, KaK 3a JUIMTEJbHbIN MEepUOoJ, TaK U B MEPUOAbI ILI030BAaHUN OMPENEIsIoch
MyTEM HEMOCPEIACTBEHHBIX U3MEPEHUI BOCBbMHU TOPU30HTAIBHBIX MPOJIOKEHUNA MEXK-
1y TTAPHBIMU TOYKAMU Ha MPOTUBOIOJIOKHBIX CTEHKAX CEKLHMW, a TAK)KEe UX BbIYUCIIE-
HUSMH T10 ONPEJEICHHBIM TAXEOMETPOM KOOPJUHATAM KOHTPOJIBHBIX TOUEK.

JIjist cpaBHEHUSI TOPU3OHTANIBHBIE TEPEMENIEHUSI KOHTPOJIbHBIX TOUYEK B HAIpaB-
JICHUH, NMEPHEHIUKYIISIPHOM OCH 1032, ONPEIEISUIUCh MO TaHHBIM BBICOKOTOYHBIX
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natunkoB- nHKIHHOMETpoB NIVEL. JIBa natumka-uHkinHoOMeTpa ObUIM yCTaHOBIIE-
HbI Ha 1utr03e Ne30 Ha TPOTHBOMNOJIOKHBIX CTEHKAaX cekuuu Ne 8.

VYrpasieHue JaT4YMKaMU-UHKIMHOMETPOB BbinosHsoch [10 GeoMos. Beiuuc-
JIEHUE TOPU30HTAJIBHBIX CMEILIEHUN OCYILIECTBIIACTCS MYTEM MepecyeTa yria HakjioHa
B JIMHEWHYIO BEJIMYMHY; [0 KOHCTPYKIIMU IIUTI030BOM KaMepbl BHICOTA CTEHKH IILTI032
coctaBisieT 20 M., BBIYMCICHHS CMEIIEHUI BBITOTHSUIUCH KAXKIYI0 MUHYTY.

B nmanHOM mpoekTe ObUIM WCIOJB30BaHBI JIBa JaTYMKa-UHKIMHOMETpPA, TEXHU-
YECKUEe JaHHBIC KOTOPBIX NMPHUBEACHBI HA pUC. 4. THKIMHOMETPHI OBLIN 3aKPETIICHBI
Ha MPOTUBOMOJOXKHBIX cTeHKax cekiuu Ne 8, nutroza Ne 30. [[nst moydeHus: 001Iero
M3MEHEHHUS JJIMHBI JUHUU MEXAY ABYMSI MPOTHUBOIOJIOKHBIMU CTEHKAMH PE3yJbTa-
ThI, MTOJTYYEHHbBIC JI Ka)KJI0T0 MHKIIMHOMETPA, CKIAAbIBAINCh U BU3yAJIU3UPOBAIUCH
nporpammoit GeOMOS B Buje rpaduka U paccMaTpPUBAINCh KaK OTACIbHBINA BUPTY-
aJIbHBIN CEHCOP.

[TpeumymectBa nakmmHOMeTpa THHa NIVEL220 — momHOCTRIO aBTOMaTHYECKas
U TpaKkTHYECKU He oOciy)kuBaemasi paboTa Mocje YCTaHOBKU M HaJaJKW, BBICOKAs
YyBCTBUTEJIILHOCTh MUHKJIMHOMETPOB, MPSAMOE U3MEPEHUE HAKIOHOB CTEHOK IIII03a
B JIBYX IUIOCKOCTSIX. OTpaHUYEHUSI — JJOCTATOYHO BBICOKAsE CTOMMOCTH MPHU HCIIOJb-
30BaHUU OOJIBIIIOTO KOJIMYECTBA MHKIMHOMETPOB.

Huwxe Ha rpaduke oTpakeHS JaHHbIE MO TPEM IUIIO30BAHUSM B MEPUOJ
07.08.2015 ¢ 114. 30 mun. go 14 4. 20 mun. CpenHee paccTosiHAE IJIsI JaHHBIX KOH-
TPOJIBHBIX TOYEK OT TaxeoMmeTpa cocTamisuio 46,7 metpa. Bo3BparHbsle aedopmanuu
B 1miaHe mo touyke 30-81 B cpemnem coctaBimsii 0.4 — 0.5 MM, o touke 30-82
B cpeaHeMm 4,2 - 4.5MM B HanpaBJICHUU, NEPIEHAUKYISIPHOM OCH IUII03a, B HAIIPaB-
JIeHuU BI0JIb ocu — B cpennemM 0.3 - 0.5 mm 1151 06eux Touek. [1o BeIcOTE BUAHBI YET-
KO 3a()UKCUPOBAaHHBIE yIIpyrue aedopmaiuu BeIuuyuHou 2MM it o0eux Todek. Jlis
HaIJISIIHOCTH Ha rpaduKax Moka3aHbl K3MEHEHHs] OTHOCUTEIBHO MIEPBOT0 U3MEPEHUS
BO B35TOM BPEMEHHOM HHTepBaJie (puc. 6a u 0).

Bo BpeMst mpoBeieHuss pabOT UCHOJIB30BAIUCH JIBA CIOCO0a KOHTPOJIS CTAOUIIb-
HOCTHU TOJIOKEHUSI TaxeoMeTpa: 1 — mepuoandecKkoe MnepeonpeaciceHue KoopAauHaT
METOJIOM OOpaTHOM JIMHEMHO-YTJIOBOM 3aC€UKHU U 2- METOJ0M JUHEHHOM 3aceuku. Bo
BpeMsl SKCIIEPUMEHTA 3aCE€UKa BBIMOJHSJIACH aBTOMAaTUUYECKOM PEKUME C MEPUOIOM
ot 40 muH 10 15 mMunyTt. KoopauHaTsl CTaHIIMH, 10 KOTOPBIM PACCUUTHIBAIUCH KOOP-
JIMHATBl UCKOMBIX KOHTPOJBHBIX TOUEK, MPUHUMAIIUCH IO PE3yJbTaTaM U3MEPEHUH,
BBITIOJIHEHHBIX BPYUHYIO B Hauaje KakJI0ro pabouero JHs, pe3yJibTaTbl aBTOMaTHYe-
CKUX MOBTOPHBIX U3MEPEHUHN HCIOIb30BATUCH TOJIBKO JJIsL OLICHKU pabOThl CUCTEMbI
(puc. 7 u 8).

Ha sTux rpadukax: crioniHas mojioca — KOOpAUHATHI CTAHLIUU ONpPeIeNICHHbIE
BPYUYHYIO, OTAEJIbHbIE TOYKU — ONpPE/eNIEHHbIE B aBTOMATHYECKOM pexkuMe. Tak ke
Ha rpadukax MokaszaHa KpuBas OTCUETOB IO JAaTYMKaM-UHKIMHOMETPaM, MO3BOJISIO-
1jasi CYUTaTh, YTO B MEPUOJ] LUTO30BAHUS MOKHO HE YUYUTHIBATH U3MEHEHUE KOOP/IU-
HaT TaXE€OMETPa, MOCKOJIbKY, KaK BBIICHWIOCH, ITUJIOH C TAXEOMETPOM MepeMenancs
BMECTE C COOPYKEHHEM.
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Puc. 6. I111aHOBO-BBICOTHBIE CMEIICHHS] KOHTPOIBHBIX TOUYEK; () — pacCTOsTHUE
OT TaX€OMEeTpa JI0 KOHTPOJIBHBIX TOUEK 46,7 M, (0) — pacCTOsSIHHE OT TaxeoMeTpa
0 KOHTPOJIbHBIX TOYEK 144 M
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-

Puc. 7. OOpaTHas nuHeiHas 3aceuka, B aBTOMATUYECKOM PEKUME U3MEPEHUI
pazopoc koopauHat coctapisgeT £ 0,25 Mmm

Puc. 8. O6paTHas 1uHeHHO-yTI0Bast 3aCeUKa, B aBTOMAaTHUECKOM PEKUME U3MEPEHUN
pa3bpoc koopauHat coctaBiseT + 0,5 Mm
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- VI3MeHeHus TPEXMEPHOTO MOJ0KEHUSI KOHTPOJIbHBIX TOUEK B MEPUOIbI IILITIO-
30BaHUsA MpPU MOMOIIM BBICOKOTOYHOTO 3JIEKTPOHHOIO TaXEOMETpPA OMNPEHECISAIOTCS
JOCTATOYHO HAJIEKHO;

- ONIBITHBIM ITYTEM JUIsl KOHKPETHBIX YCIOBHM MPOBEICHUS TaHHOTO HCCIIEI0BA-
Hus U st OTA tuna TM-30 ycTaHOBIIEHO, UTO ONTUMAJIbHBIE PE3yJIbTATHI MOJTyda-
FOTCSl P MAKCHMAJIBHOM YAAQJIEHUU KOHTPOJIBHBIX TOYEK OT 3JIEKTPOHHOTO TaX€o-
Metpa He Oonee 170-180 meTpoB;

- CHCTE€Ma MOHUTOPHHTA HAJICKHO (DUKCUPOBAJIA TUIAHOBLIE TTIEPEMEITICHUS B Tie-
pUOIBI TUTI030BaHUS B Tpejenax 4-5 MM U BBICOTHBIE Ae(POpMaIllMM BEIUMYHUHON +
2MM Ha PacCTOSHUSAX J10 KOHTPOJIBHBIX TOUYEK OT 46M 10 174M.

- HEpPaBHOMEPHbIE TOPU30HTAJbHBIE CMEIIEHUS BHEIIHUX CTEHOK IILIF030B
(IpUMBIKAIOIINX K TPYHTY) B CpEIHEM cOoCTaBWwiu 1,5 - 2,5 MM, a BHYTPEHHHX (CO-
EAMHEHHBIX MEXTYy COO0M JJOTKOM JJ1s1 cOpoca Bojibl) OT 4 110 5,5 MMm;

- TIOJTHOCTBIO MTOATBEPAUIACH 1IEIECO00Pa3HOCTh U PEHTA0ECIHbHOCTh U3MEPEHUIM
TOPU30HTAIBHBIX CMENIEHUN CTEHOK CEKIMIA NUTI030B CUCTEMOM BBICOKOTOYHBIX J1aT-
YUKOB HAKJIOHOB - BBICOKOTOUHBIX MHKIMHOMETpoB Tuna NIVEL200 (puc. 9); nanpas-
JICHUE KPEHOB B MPOAOJIHHOM U TIONEPEYHOM HAMpaBICHUSIX B MEPHUOJIBI ITUTFO30BaHMUS,
a TaK)K€ BBIYMCIICHHBIC 3HAYCHUS! TOPU3OHTAIBHBIX CMEILIEHUI MOJHOCThIO COBIIA A~
I0T C IAHHBIMU U3MEPEHUH, OJIYYEHHBIX pOOOTU3UPOBAHHBIMU TAXEOMETPAMM;

Wyhiple Graghs

4 -

B

- e

TGN DRI PEED ORI FOMERIE POEDNEYE DRONGNH ORI 1E PORGISE I DOREHIAY ONORET PORGEE1E  DODEOIE HR
Epach

AU (B LR TP

SOTEINTibaseancal | rohysonTANBHBIE CMeIeHHs o ocH X Touku 30-81

ST SR TOPU30HTANILHBIE CMEIIeHHS 110 ocu X Touku 30-82

Puc. 9. 'opusoHTanbHbIE CMEIIEHUS 0 JAHHBIM U3MEPEHUN MHKIMHOMETPOB

- npoBenenue ucnsitanuii ACI'JIM B paMkax JaHHOTO MUJIOT-MPOEKTA MO3BOJIS-
€T YTBEPXJaTh, YTO CTEHKU Kamep ILIIO30B MPHU HAMOJIHEHUH U OMOPOKHEHUM Ha-
KJIOHSIOTCS paBHOMEPHO, 0€3 M3JIOMOB W HMEIOT BBINICTIPUBEICHHbBIE YUCICHHbBIC
3HAYECHUS;
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- TIPY CYyTOYHBIX HAOIOICHUSX BIMSHUE TEMIIEPATypPhl CTAHOBUTCS CYIIECTBEH-
HbIM (puc. 10). [Ipu qonrocpodHbIx HAOMIOACHUSX CIEAYyEeT yCTaHaBIMBATh MHKIIU-
HOMETPBI B MECTaX, 3alIMIIEHHBIX OT COJIHEYHOTO HarpeBa;

R

T T T T T o Py T e Ty T - g T TR TP PR ST PR T T e TR g T
——— S gt e —— —— e
SOTEME el paknon mo ocu X B Touke 30-81 B MM/M
S078EH (el gakiioH 1o ocu X B Touke 30-82 B MM/M
& SO0S8IN {Inel¥ . gaknod no ocu Y B Touke 30-81 B MM/M
S0°8eN {(Incl¥) - gaxiroH o ocu Y B Touke 30-82 B MM/M
S0=81N (Temp) - remriepaTypa B Touke 30-81 B rpamycax lenbcus

W SOnEEN (Tempd . temmeparypa B Touke 30-82 B rpagycax Llenbcus

Puc. 10. I3mepeHHble HAKIIOHBI MHKIUHOMETPaMH B MM/M

- JATYUKU-UHKIMHOMETPHI pabOTaOT MOJHOCTHIO B aBTOMATHUYECKOM PEXHUME,
MMEIOT BBICOKYIO YYBCTBUTEIBHOCTh, MOTYT HENPEPHIBHO BbIaBaTh MH(OpPMAIUIO B
TeueHue 24 4acoB B CyTKU,;

- HaOJIOJICHUS 10 B3aMMHOMY BJIMSHUIO 1UT030B 30 u 31 apyr Ha apyra npu
HAMOJIHEHUH W OMOPOKHEHHWM TOKa3aJiv, YTO MpU HanmoiaHeHuH nuiro3a Ne 30 muio3
Ne 31 «BcruibiBaeT» Ha 2-2.5MM. Ecnm paccMaTpuBaTh KaXKIbli LT3 B OTAEJIBHO-
CTH, TO HEBO3MOXXHO OOBSICHUTh HEKOTOpbIE 3a(UKCUpPOBaHHBIC Ha Tpadukax mepe-
MeIlleHHs. BBIrISUT 3TO KaK Mapa3uTHBIN 1IyM, a HA CAMOM JIEJI€ 3TO BIMSHUE MPO-
L[ECCOB, IPOUCXOIAIIUX HA COCEAHEM IILTIO3E.
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[IpaBoBOE M TEXHUYECKOE PETYIMPOBAHUE I€OAC3NYECKON U KapTOrpapuuecKkoit
nesaresbHOCTH B Poccuniickoit denepanuy OCyIeCTBISIETCS HA OCHOBE HOPMATHUBHBIX
IIPABOBBIX AKTOB U1 HOPMATHUBHO-TEXHUYECKUX JOKYMEHTOB Pa3JIMYHOTO YPOBHS.

OCHOBHBIMM HOPMATHMBHBIMHM IPABOBBIMH aKTaMH, PETYJIHPYIOIIMMHU OTHOLIE-
HUsl B cepe reoie3un U KapTorpaduu, siBISIOTCS:

— Koncturyuust Poccuiickoii ®@eaepauun u OenepalibHble KOHCTUTYLIMOHHBIE
3aKOHBI;

— MEXJIyHapOJIHbIE JOTOBOPHI U COTJIAIICHUS;

— (eaepanbHble 3aKOHBI, HEMOCPEICTBEHHO PETYIHUPYIOUIUE YKa3aHHYIO Iesi-
TEJIbHOCTb;

— (eaepanbHble 3aKOHBI, PETJIAMEHTUPYIOIIUE T€0Je3UUECKYI0 U KapTorpadu-
YECKYIO JICSITEIbHOCTh B CMEXXHBIX OTPAC/IsIX B COCTaBE UHOM JIEATEIIbHOCTH;

— axTtsl [Ipe3unenta Poccniickon Penepanuu;

— akrtbl [IpaButenscrBa Poccuiickonn denepanuv, HOpMaTUBHBIE ITPABOBBIEC aK-
ThI (peZiepalIbHBIX OPTaHOB UCIIOJIHUTEIILHON BJIACTH.

HopmaTuBHO-TEXHUYECKOE PETyIMPOBAaHUE B 00J1aCTH re0ie3uu U KapTorpaduu
OCYILECTBIISIETCS CJICIYIOIUMHU TPYINIaMd HOPMATHBHO-TEXHUYECKUX JOKYMEHTOB
(HT/I), ycTaHaBIuBarOnIMX MOPSIOK OPTaHU3AIUU T€OJE3UUECKUX U KapTorpadude-
CKHUX PabOT, TEXHUYECKHUE TPEOOBAHMS K HUM, HOPMBI U TIPABHJIA UX BBITIOJTHEHUSI:

— HOPMAaTUBHO-TEXHUYECKUE JIOKYMEHTBI, pa3pa0OTaHHBIE U YTBEPKICHHBIC
dbenepaibHBIMUA OpTraHaMU WCIIOJIHUTEILHON BJIACTH B OOJACTH Te€0Ae3Wd U KapTo-
rpaduu U B 0071aCTH 0OOPOHHBI;

— HOPMAaTUBHO-TEXHUYECKHE JOKYMEHTHI, pa3pabOTaHHbIE B pamMKaX CHUCTEMBI
I'KUHII (reone3nyeckue, kapTorpapuiyeckue HHCTPYKIIMU, HOPMBI U TPaBuUIa);

— HOPMATUBHO-TEXHUYECKHE JOKYMEHTBI, pa3paOOTaHHbIE W YTBEPKICHHBIC
nocJje BeryrieHus B cuny denepaibHOro 3akoHa «O TEXHUYECKOM PEryIUpPOBaHUM»
[1] u Henmpumenenus cucremsl ['KMHIT;

— MEXTOCYJJapCTBEHHBIE, TOCYJApPCTBEHHBIE, HAIIMOHAIBHBIC, OTPACIIEBBIE U JPY-
r've CTaHAapThl B 001aCTH I€0/I€3UU U KapTorpaduu.

Oco0oe MecTo B cHCTEME MPABOBOIO W TEXHUYECKOTO PETyJIMpPOBaHUS 3aHUMa-
IOT TEXHUYECKHUE PETJIAMEHTHI, SIBJISFOIIUECS, C OTHOW CTOPOHBI HOPMATUBHBIMHU ITpa-
BOBBIMH akTamH YpoBHs denepanbHOro 3akoHa, ¢ IPYyroid CTOPOHBI HOPMATUBHBIMU
JIOKYMEHTaMHU TEXHUYECKOTO PEryJUPOBaHUS, U C TPETheH CTOPOHBI HOPMATHUBHBIMU
JIOKYMEHTaMH, BKITFOYAIOIIUMU TTOJIOKEHUSI HAIIMOHAJIBHBIX CTaHIapTOB.

[Tpunstue B 2015 r. @eaepanbHbiX 3akoHOB «O cranmapTuzauuu B Poccuiickoit
®enepanun» [3], «O reone3nn, kaprorpaduu U MPOCTPAHCTBEHHBIX JAHHBIX ...» [5],
BHECECHHE M3MEHEHHI B psij (enepaibHbIX 3aKOHOB, PETVIAMEHTHPYIOIIUX T'€0J1e3H-
YECKYIO0 U KapTorpapudecKyro JAesTEIbHOCTh B COCTaBE MHOU JESTEIHHOCTH, TIPUBE-
JU K HEOOXOJAMMOCTH YCKOpPEHHUs Mpolecca rnepepaboTku U pa3padOTKH HOPMAaTHB-
HBIX MPABOBBIX AKTOB U HOPMATUBHO-TEXHUUYECKUX JTOKYMEHTOB PA3JIMYHOIO YPOBHSI.
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B nacrosimee Bpemsi B Munskonompaszsutusa Poccum u Pocpeectpe oprann3zo-
BaHa U MPOBOJAUTCA paboTa Mo aHAIN3y HOPMATUBHBIX JOKYMEHTOB B 00J1aCTH reojie-
3UM U KapTorpaduu v MOAroTOBKE MPEIIOAKEHUHN IO UX TIepepadoTKe.

OCHOBBI MPABOBOTO PETYJIUPOBAHUS I'€OJIE3MUECKON U KapTorpaduyeckon aes-
TeJIbHOCTHU 3alI0)keHbl B KoHcTuTynun Poccuiickoit denepanyn, COriacHO KOTOPOM
reojie3us U Kaprorpadus, a Takke HaMMEHOBaHUA reorpapuyeckux 0OBbEKTOB B CO-
OTBETCTBHHM cO cTaTtber 71 (myHKT "p") oTHeceHsI k BeneHuo Poccuiickoit denepanuu.

HopMmbl mpaBoBOro peryaupoBaHus T'€0Ae3MUYEeCKON M KapTorpaguueckon nes-
TEJIbHOCTH NPHUMEHEHBI B HEKOTOpbIX DenepanbHbIX KOHCTUTYLIMOHHBIX 33aKOHAX,
Tak, Hanpumep, PeaepanbHbIM KOHCTUTYLIMOHHBIM 3aKOHOM «O mnpunatuu B Poc-
cutickyto @enepanuto Pecriyonuku Kpeim u ob6pasoBanuu B coctaBe Poccuiickoi
denepanuu HOBBIX CyOBeKTOB - Pecniyonuku Kpeim u ropoaa denepanbHoro 3nave-
Hus CeBacronossi» [29] nano onpeaenenue ['ocynapcTBeHHo rpanuisl Poccuiickoi
®enepanuu B pailone rpanuibl Pecriyonvuku KpbiM Ha cylie, conpsiKeHHOH ¢ Teppu-
TOpUEU YKpauHBbI.

[IpaBoBOE M TEXHMUYECKOE PEryJIMpOBaHHE B cdepe Treofie3und U Kaprorpaduu
B Poccuiickon denepannn 10 HEAABHETO BPEMEHN OCYLIECTBIBUIOCH B MPABOBOM I10-
ne denepanbHbix 3ak0HOB «O reone3uu u kaprorpadhum» [4], «O HauMEHOBaHUAX
reorpaduueckux 00beKTOB» [6], «O TexHuyeckoMm perynupoBaHum» [1], «O0 obec-
MEYCHUN €AUHCTBA U3MEpeHUu» [2], «O JIHIEH3UPOBAHUN OTHAEIBHBIX BHIOB €S-
tenbHOCTH» [7,8], «O HaBUTAIMOHHOW AesATeNbHOCTH» [9], «O KOocMuUUeckoi nes-
tenpHOCTHY [10], «O rocygapcTBeHHOM KagacTpe HeABUkuMoctn» [11].

VYKa3aHHbIE 3aKOHBI PErYJIMPYIOT OTHOIIEHUS B cpepe yCTaHOBJIECHUs TpeOOBa-
HUA M HOPM K IPOXYKLHH, IIPOBEPKH COOTBETCTBUS MPOAYKLUHU YCTAaHOBJIECHHBIM
TpeOOBaHUSAM, OOECIIEUeHUsI €IMHCTBA U3MEPEHHM, a TaKKe OTHOLIEHMsI, BOZHUKAIO-
mue npu pa3paboTke (BEIEHWHU), YTBEPKICHNUU, U3MEHEHUH (aKTyalu3aluu), OTMe-
HE, OIyOJIMKOBAaHUY U IPUMEHEHUH TOKYMEHTOB IO CTaH/IAPTU3ALIHNH.

IIpumepom HOpMatuBHOTO akrta Ilpesunenra Poccniickonn denepanyu B 4actu
PEryJIMpPOBAHMS Te€0Ie3NUYECKO U KapTorpaduyeckon aesTenbHOCTH B Poccuiickoit
Qenepauun sBasercs Ykaz «O0 yrBepxkaeHun llepeuHsi cBeleHMA, OTHECEHHBIX
K TOCYJIapCTBEHHOU TaitHe» [12], onpenensitoniuii OTHECEHHbIE K TOCYIapCTBEHHOMN
TallHE T'€ONPOCTPAHCTBEHHBIE CBeAeHUs MO Teppuropun Poccuiickont Penepanun
U JIpYyTUM paiioHaM 3eMJIH, pacKpBIBAIOIIME Pe3yJIbTaThl TOMOrpaduueckoi, reoje-
3MYECKOM, KapTorpaduueckoi NesTeTbHOCTH, NEATeNbHOCTH MO JHUCTaHIUOHHOMY
30HIMPOBAHUIO 3€MJIM, U TOCYIAPCTBEHHBIE OPraHbl U OPTaHU3ALMHU, HAJICJICHHbIC
MOJIHOMOYHUSIMH IO PaCOPSKEHUIO STUMH CBEICHUSIMHU.

B pamkax peanu3anuy BBIIIENEPEYUCIEHHBIX HOPMATHMBHBIX aKTOB IPAaBOBOE
peryiaupoBaHue B cepe reojie3un U KapTorpaduu peanu3yercsi HocpeCcTBOM Mo/13a-
KOHHBIX HOpMATHBHBIX akTOB IIpaButenncTBa Poccuiickoit deaeparnuu u denepaib-
HBIX OPraHOB MCIIOJHUTEIBHOMN BIIACTH.

IIpumepom HOpMatuBHOTO akTa [IpaBurenscrBa Poccuiickon @enepanuu B yac-
TU PETYJIUPOBAHUSA T'eOJE3UYECKON M KapTorpaduueckon aestenbHocTH B Poccuid-
ckoil Denepanuu sBisieTca nocranosieHue [IpasurenscTa Poccniickon denepanun
«O QenepanbHON cuCTEME CEHCMOJIOTMYECKUX HAOMIOJCHUN U MPOTHO3a 3eMIICTpSI-
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ceHuit» [15], onpenensromniee nepeyeHb Cayx 0, BXOIAINIMX B 3Ty CUCTeMy U defe-
paJbHBIE OpraHbl HCIOJHUTEIBHOW BJIACTH, B BEACHUHU KOTOPBIX HAXOIATCS OTU
CIIy0bl. B COOTBETCTBUU C 3TUM MOCTAaHOBJIEHHEM B CUCTEMY CEHCMOJIOIMYECKUX
HaOIIOACHUI U MPOTHO3a 3eMJIETPSICEHUN BXOAUT CIIy>k0a KOHTpos Aedhopmariuu
3eMHOU TOBEepXHOCTH DepepalibHOM CITy OBl TOCYIapCTBEHHON PETUCTpAINH, Kajia-
ctpa u kaprorpaduu (PeaepaibHOM CiIy)ObI reoe3un U kaprorpadguu Poccun).

[IpuMepoM HOPMATUBHO-TEXHHUUYECKUX AKTOB, pa3pab0OTaHHBIX U YTBEPKACHHBIX
benepaibHBIMUA OpTraHaMU WCITOJIHUTEILHON BJIACTH B OOJACTH TE€OAC3WU U KapTo-
rpadguu 1 B 00acTH OOOPOHBI SBISAETCA KOMIUIEKC PykoBoacTB 1o kaprorpaduye-
CKUM U KapTOM3AaTebckuM padoTam yactu 1 — 4 [33-36], onpenensronux TeXHude-
CKHE€ U TEXHOJOTMYeCKHe TpeOOBaHMsI K MpolleccaM CO3JaHUs U OOHOBJIEHHS TOCY-
JTapCTBEHHBIX Tomorpaduyeckux kapt macmrabos 1:25000 — 1:1000000, a Taxxe 06-
30pHO-Tonorpaduueckux kapt Macmrados 1:2500000 u menbue.

Co3nanHas paHee Ha MPOTSHKEHUU HECKOJIbKHUX JIECATKOB JIET 6a3a HOPMaTUBHO-
texHuueckux aokymeHToB cuctemMbl 'KHWHII (reonesuueckue, kaprtorpaduueckue
MHCTPYKIIMH, HOPMBI U ITpaBuiia) coctanisieT okoiao 300 yTBepKIEHHBIX JOKYMEHTOB.

B cootBerctBuH co craThéil 6 @eaepanbHOro 3akoHa «O reoJie3un U KapTorpa-
¢un» [4] HOpMATUBHO-TEXHUYECKUE TOKYMEHTHI B 00JaCTH T'€0Ie3UUEeCKOM U KapTo-
rpaguuecKoil NeATeNbHOCTH YCTaHABIIMBAIOIIUE MOPSAJOK OpraHU3AlMKM reoje3uye-
CKHX U KapTorpaduueckux padoT, TEXHUYECKUE TPEOOBAHUS K HUM, HOPMBI U MPaBU-
Jla UX BBIMIOJHEHUSI YTBEPKIAIHUCH (PeiepaibHbIM OpPTraHOM MCTIOJHUTEIHHONW BIACTH
B 00JIaCTH Ie0/Ie3uu U KapTorpaduu, a TakKe 1Mo COTJIACOBAHUIO C HUM UHBIMU (ee-
paJbHBIMUA OpraHaMH MCIIOJIHUTEIBRHOM BJIACTH B MpeAeiax ux KomnereHuuu. Kpome
TOTO, 3TU HOPMATHUBHO-TEXHUYECKUE JTOKYMEHTHI OBbLIU 00s13aTeIbHBI JJI1 UCIOJHE-
HUSl BCEMU CYOBEKTaMM T'€0/I€3MUECKON U KapTorpapuueckoi JNesTeIbHOCTH, Mpe-
Ha3HAYEHBI JUIsl TOCYIAPCTBEHHOT'O PETYJIUPOBAHUS I'e€0/Ie3MUeCKoi 1 KapTorpaduye-
CKOM JeSITENBHOCTH U SIBISUIMCh OCHOBOM I MPOBEJAEHUS FTOCYJaPCTBEHHBIX U MHBIX
AKCIIEPTH3, OCYIIECTBICHUS (heaepanbHOro TOCYJapCTBEHHOTO Haa30pa B OOJIACTH
reojie3uu 1 Kaprorpaduu, a TakKe AJIsl PeHIeHUs CIIOPHBIX BOMTPOCOB.

Pa3paboTka u yTBEp>KIe€HUE HOPMATUBHO-TEXHUYECKUX U METOAMYECKUX AKTOB
Ha MPOU3BOJICTBO TOMOrpado-reoae3ndecknx u Kaprorpaguueckux padboT Ha TeppH-
topun Poccutickoit deneparuu ¢ 1994 . ocymecTBisuiach Ha OCHOBE TpeOOBaHUI
uHcTpykuuu 'KUHIT (THTA)-119-94, pernamentupytoieii 3TOT BUJ JESTEIbHOCTH
[22]. Ho aToro pa3paboTka U yTBEPKJEHHUE HOPMATUBHO-TEXHUYECKUX JOKYMEHTOB
ocylecTBisuIach Ha ocHoBe nHCTpyKmu ['KMHII-119-79.

WNuctpykuus Obuta pa3paboTaHa B COOTBETCTBUM C JCHCTBYIOIIMM 3aKOHOJA-
tenbcTBOM Poccuiickoit @eneparuu u [lonoxenuem o denepanbHoii ciyk0e reojie-
3uM u kaprorpaduu Poccuiickoit denepannn (Pockaprorpadun). MacTtpykuus ycra-
HAaBJIMBAeT TPEOOBAaHMSI K COJEPKAHMIO, KIACCHU(PUKALMHU, HA3HAUYCHUIO, TMOPSAKY
pa3paboOTKu, YTBEP)KIEHUS, PErHCTpallii W BBEACHHUS B JEHCTBHE HOPMATHUBHO-
TEXHUYECKUX U METOJUYECKHX aKTOB Ha MPOU3BOACTBO TONOTpado-reoe3ndecKux
u Kaprorpadudeckux padot Ha Tepputropun Poccuiickoit denepauuu. Ilpu moaro-
ToBKe MHCTpyKIMK ObLIM yuTEHBI TPEOOBaHUS, BhITEKAOIIUE U3 mocTaHoBleHus1 Co-
Beta MunuctpoB - IlpaBurenscrBa Poccuiickoit ®@enepauuu ot 23 wmrons 1993 r.
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Ne 722 «OO0 yTBep:KIeHHHM MpPaBWJI MOATOTOBKM HOPMAaTHBHBIX akToB» [14] (B Ha-
CTosIee BpeMs IercTBYET noctaHoBieHue [IpaBurtensctBa Poccuiickon denepanmnu
ot 13 aBrycra 1997 r. Ne 1009 «O0 ytBepkaenun IIpaBui moaroroBKu HOPMAaTHUB-
HBIX MPaBOBBIX aKTOB (eJepaIbHbIX OPraHOB MCIOJHUTEIBLHON BJIACTH M HX TOCY-
JApCTBEHHOM peructpanumny» [16]).

YcraHoBlIEHHE B JaHHOM HHCTPYKIIMU €IWHBIX TPeOOBAaHWNA K HOPMATUBHO-
TEXHUYECKUM U METOAUYECKUM aKTaM Ha MPOU3BOJICTBO TOMOrpado-reoae3ndeckux
U Kaprorpapuueckux padoT ObUIO HampaBlIeHO Ha oOecreueHue eAUHCTBA MU3Mepe-
HUW, CTAaHAAPTU3ALUN TEXHUYECKUX CPEACTB U TUMHU3ALMU TEXHOJIOTHH, a TaKKe Ha
COBEpIICHCTBOBAHNE OPTaHM3AIMK Y4YeTa U KOHTpoJisl paboT. BBenenue ee B neicT-
BUe OBUJIO HAmpaBlieHO Ha TIOBBIIICHHE KayecTBa BBIMOJIHEHUS Tomorpado-
reoJIe3nUecknuX U kKaprorpadudeckux padboT u 6osee 3hPeKTHBHOE MCTOIB30BAHHE
UX pE3yJbTaTOB.

HopmaTuBHO-TEXHUYECKHE U METOJIMYECKUE aKThl, YTBEPKIAEMbIE B COOTBET-
CTBUU C JaHHOW MHCTpykuued dDenepanbHOi ciay:k00il reone3mu u Kaprorpaduu
Poccun, cocTaBiIOT €IMHYIO CHUCTEMY T€0AE3UYECKHX, KapTorpauyecKux HHCT-
PYKLMHA, HOPM U MPaBUJ HA TPOU3BOJACTBO TONOIpado-reoe3nyeckux U KapTorpa-
(udeckux padoT, BHIMOJHAEMBIX NPEANPUATUIMU, OPTAHU3ALUSIMU U YUPEKACHUSIMU
HE3aBUCUMO OT MX OPraHM3alMOHHO-NPaBOBbIX (opM. HopmMaTuBHO-TEXHHUYECKUE
Y METOJMYECKHE aKThl Ha MPOU3BOJICTBO TONOrpado-reoie3nUeCKux U KapTorpadu-
JecKuX paboT MPOBEPSIIMCh Ha COOTBETCTBHE ¢ 3aKoHaMM Poccuiickoit denepamnmu
1 OCHOBBIBAJIMUCh HA HOBEWIMX JTIOCTUKEHUSIX HAYKU U TEXHHUKHU, IIEPEOBOM OIIBITE
IIPOU3BOJICTBA U YIIPABJICHUS.

BHOBB pa3zpabarbiBaeMble HOPMATHBHO-TEXHUYECKHE W METOJMYECKHE AaKThI
(HTA) B COBOKYITHOCTH € JEHCTBYIOIIMMU JAOHKHBI ObUIH 00€cTieYBaTh NPOBEACHUE
Tonorpad0-reoIe3NYeCKux U Kaprorpaguueckux paboT B CTpaHe MO €IMHBIM TEXHU-
4ecKUM HopMaMm M TpeOoBaHusM. K Tomorpado-reonesndeckuM u KapTorpaduye-
CKUM paboTaM OBLIM OTHECEHBI I'€0JIE3UYECKUE, aCTPOHOMO-TE€0€3UUECKHE, TPABU-
MeTpUYeCcKre, Tomorpaduueckue, TOnorpado-reoe3ndecKue Mpouecchl B COCTaBE
MapKIIEHIEePCKUX padOT U MHKEHEPHBIX M3BICKAHMI, a3POCHEMOYHBIE, KapTorpadu-
YeCKHe, KapTOM3AaTeIbCKE U KagacTpoBbie padOThHI, a TaKXKe CO3AaHne U(POBBIX,
AIIEKTPOHHBIX KapT U T€OMH(POPMAIIMOHHBIX CUCTEM.

HopmatuBHo-TexHnueckue u meroandeckue aktel (HTA) Ha mpousBosicTBO TO-
norpado-reofie3nYecKux 1 Kaprorpadguueckux padoT B 3aBUCUMOCTH OT cephl pac-
MPOCTpPaHEHUs, OBLIIU Pa3CJICHbI Ha CIEIYIONINE KaTerOpUu:

— obuierocynapcTBeHHble (00IEPOCCUNCKIE) HOPMATUBHO-TEXHUUECKUE U Me-
TOJAMYECKHUE aKThl, 00s3aTEIbHBIC JIJII BCEX MUHHCTEPCTB, BEJIOMCTB, MPEIIPUITHH,
OpraHu3alid U YYPEKIACHUN HE3aBUCUMO OT UX BEJOMCTBEHHOW MPUHAMJICKHOCTU
u TepputopuanbHoro pazmenenus (FHTA);

— BEJOMCTBEHHBIE (OTpPACIEBbIE) HOPMATHBHO-TEXHUYECKUE U METOJHYECKHE
aKThl, pa3padaThIBa€MbIE B COOTBETCTBUU C OOIIETOCYAAPCTBEHHBIMH (OOIIEPOCCHIA-
CKUMH) aKTaMH cO cepoil JeHCTBUS BHYTPUBEIOMCTBEHHOTO (OTpaciieBOro) Ha3Ha-
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YeHUsI, 00sI3aTeNIbHbIE ISl MPEANPUITUNA, OpTraHU3aUil U YUPEKACHUN JaHHOTO Be-
nomctBa (OHTA).

PazpaboTtka u yTBepKJaeHHUE OOIIEerocyaapCTBEHHBIX (0OIIEPOCCUNUCKUX) HOP-
MaTHUBHO-TeXHUYEeCcKuX M Mertoanueckux aktoB ('HTA) na mpousBoacTBO TOmorpa-
(dho-reosie3ndeckx M Kaprorpaguyeckux paboT B cTpaHe ocyilecTBisuiack dene-
panpHOM ciyx00i reoae3un u kaprorpadguu Poccun ¢ yuyactuem Apyrux 3auHTEpe-
COBaHHBIX MUHUCTEPCTB U BEJIOMCTB.

Pa3zpaboTka u yTBep>KIeHHE OTPACIEBBIX HOPMATUBHO-TEXHUYECKUX M METO -
yeckux akToB (OHTA) Ha mpousBoicTBO TOmorpado-reoae3nuecknx u kaprorpadu-
YECKUX padOT OCYIIECTBISIACH COOTBETCTBYIONIMMU (eepaTbHBIMU OpraHaMU HC-
MOJHUTEIBLHON BJACTU MO OTPACIEBOM MPUHAIJICKHOCTH U HUX TE€O0JIE3UNYECKHUMU
ciyx06amu 1o corjacoBanuio ¢ denepanbHOl ciy:k00H reone3nu U Kaprorpaduu
Poccun.

HopmaTuBHO-TEXHUYECKHE W METOJUYECKHE aKThl Ha MPOU3BOJACTBO TONOTrpa-
(dho-reosie3ndecknx U KapTtorpapuyeckux padoT Mojjiekanu o0s3aTeIbHON IeHTpa-
JM30BAHHOW PETUCTpAIlMU U YYETy B CHEUUATU3UPOBAHHON OpraHu3aluu, HaxXoms-
nieiicst B BeaeHuu deaepanbHOi ci1y»)0bl reoge3un u kaptorpapuu Poccuun — B Len-
TpaJbHOM KapTorpado-reoae3nueckoM poHze.

HopmaTuBHO-TEXHUYECKHE U METOJIMYECKHUE aKThl BCTYNAJIM B CUJy B 00IIEM
clly4yae TocCJie UX YTBEP)KIEHUs, ONMyOJIMKOBAaHUS KaK O(PUIMAIbHBIX U3JaHUN U J0-
BEJICHUS JO 3aMHTEPECOBAHHBIX OPTaHU3ALIMIA.

HopMaTuBHO-TEXHUUYECKHME U METOJWYECKUE aKThl HAa MPOU3BOJCTBO TOIOIrpPa-
do-reoge3nyeckux M Kaprorpadguueckux padOT MOIIM UMETh aBTOPCTBO, KOTOPOE
YCTaHaBJIMBAJIOCh B COOTBETCTBUU C 3aKOHOJATEIhCTBOM DenepalibHON CITy>KO0i
reojie3un U kaprorpaduu Poccun Ha NPUHIMIIAATBEHO HOBBIE pa3paOOTKU, MpU3HAH-
HbIE 0COOBIM pellIEeHUEM Hay4YHBIM MPOU3BEICHUEM, OTBEYAIOIIUM TPEOOBAHUSAM IS
YCTaHOBJICHUS aBTOPCTBA.

WucTpykuueit 6bpu1a ycTaHOBJICHA CleAyIonIas Kiaccu(ukarys BUI0B aKTOB:

— OCHOBHBIE MOJIOKEHHUS;

— UHCTPYKIIUH;

— HOPMBI U MIEPEYHHU;

— TIpaBUiIa;

— CJIOBapU-CIPABOYHUKH reorpauuecKux Ha3BaHUM;

— PYKOBOJCTBA;

— pyKoBoAsIIMe TexHndeckue Mmarepuaisl (PTM);

— METOANYECKHUE YKa3aHus (PEKOMEH AN ).

OCHOBHBIC TIOJIOKEHUS B YETKON U C)KaTOW (popMe ONpeAesia Ha3HAUYCHUE TO-
norpado-reofe3ndecknx (aCTpOHOMO-TE€0AE3MUYECKUX, TPAaBUMETPUUECKUX, HHUBE-
JUPHBIX, TOMOTPaQUIECKIX, a9POCHEMOYHBIX U IPYTUX) U KapTOrpaPUIECKUX padoT;
BBIOOP: CUCTEM KOOPJIMHAT U BBICOT, KapTOrpauueckux MpoeKIui, MacmTaboB To-
norpauuecKknx CheMOK, CeUeHHUs pelibeda; yCTaHABIMBAJIN OCHOBHbBIE TEXHUUYECKHE
TpeOOBaHMsI K TOYHOCTH, CIIOcO0aM, METOAaM M TEXHOJIOTHSIM (METOAMKaM) MpOu3-
BOJICTBA T'€0JIE3UYECKUX, Tororpaduuecknx u kaprorpadpuyeckux padoT, K reo/1e3u-
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YECKON OCHOBE M COJIEPKaHMIO TomorpaduIecKux KapT, TUTaHOB, PoToKapT u 1udpo-
BbIX MOJIEJI€ MECTHOCTH, reorpapuyeckux KapT M aTiiacoB. B HHUX ompenensiTbes
U JIpyrue HauoboJsee BakKHbIe BOMPOCHI MPOU3BOJCTBA U KauecTBa PE3yIbTaTOB TOIO-
rpado-reoIe3nIeCKUX U Kaprorpapuiyeckux padbot (co3manue reonH(OOpPMaIlMOHHBIX
cucTeM, Tornorpago-reoie3nueckoe o0ecreyeHre BeACHUsI KaAacTpOB M KaJlaCTPOBBIX
CUCTEM, MOHUTOPHHT, BOIIPOCHI TOCYIAPCTBEHHOIO ['€0/I€3MYECKOr0 Ha130pa U T.1I.).

WHCTpyKIUK JeTaTU3UPOBAIA TEXHUUECKHE TPEOOBaHMSI OCHOBHBIX TIOJIOKEHUH
u 0oJjiee KOHKPETHO OMPENENSUIN TEXHOJOTHYECKHE CXEMbl NMPOM3BOJICTBA TOIOTpa-
(b o-Teoae3nYeCcKUx U KapTorpapuieckux paboT, CpeIcTBa U METOIbI U3MEPEHHM; yC-
TaHABIIMBAIOT TPEOOBAHMS K MaTeMaTUYECKONH 00pabOTKe M OIIEHKE TOYHOCTH acTpO-
HOMMYECKUX U T'PaBUMETPUUECKUX ONpEeNIeHUH, T€0Ae3NUEeCKHUX, TONOrpadhuyecKux
U (PoTOrpaMMETPUUYECKUX HM3MEpPEHUi, euHbIe TPEOOBAaHUSA K KayeCTBY, KOHTPOIIIO
U TpueMKe paboT, K KaTajloru3aluud U OGOPMIICHUIO MAaTEpUaIOB; yCTaHABIMBAJIH
MOPSAZIOK M TUTIOBBIE (HOPMBI KOMIUIEKTALMK TOJJISKAINX JaTbHEHIIIEMY HCTIOIb30-
BaHUIO U XPAaHEHUIO JOKYMEHTOB.

YcnoBHBIE 3HAKU JJIsI BCEX BUAOB CO3/IaBa€MbIX KapT W IJIAHOB OTHOCHIIMCH
K MHCTPYKIUSAM MO TomorpaduveckuM M KapTorpaduueckuMm padboTam. Y CIOBHBIC
3HAaKM YCTaHABIMBAIM TEXHUUYECKHE M METOJIWYECKUE TPeOOBaHUS K M300PaKEHUIO
Ha KapTax, MJaHaX M B aTjlacax KOHTYPOB M OOBEKTOB MECTHOCTH (HACEIEHHBIX
MYHKTOB, TUApOrpaduu, MOYBEHHO-PACTUTENILHOTO MOKPOBA), peibeda, TpaHul] IMo-
JUTUKO-aIMUHUCTPATUBHOTO W TEPPUTOPUATBHOTO JIETIEHUS, APYTUX DIEMEHTOB.

K HOpMaM OTHOCHIJIUCH TOKYMEHTBI, YCTaHaBIMBAIOIINE TEXHUYECKUE TPeOOBa-
HUS Ha BBINIOJIHEHHUE CIIEIUATBHBIX TOMOTrpado-reo1e3nuecKiuX U KapTorpaguaeckux
paboT, CBsI3aHHbIE C HAKOIJICHUEM, XPaHEHUEM, PACXOJ0OM U €CTECTBEHHOU yOBUIbIO
(U3HOCOM) MaTepHalioB, IPUMEHSEMBIX IpU Tonorpado-reo1e3nUecKux U Kaprorpa-
¢uueckux paboTax u T.1I.

[lepeunu Tonorpado-reoae3nuecKknx, a3poChbeMOYHbBIX, KapTOrpauyecKux Ma-
TEpPHUAJIOB, MAaTEpUajIOB KOCMHYECKHX CHhEMOK M IUCTAHIMOHHOTO 30HAUPOBAHMS
Tak)K€ OTHOCHIIUCH K HOpMaM. OHU yCTaHABIUBAJIN CPOKU U TOPSAOK XPAHEHUS 3TUX
MaTepHualoB (M pe3yJbTaTOB padOT) € LEIbI0 UX MHOTOKPAaTHOIO MU MHOTOLEJIEBOrO
UCIIOJIb30BaHUS.

WucTpyKlMKM U mpaBuia MO TPAHCKPHUMIMH TeorpaduuyecKuX Ha3BaHUM ycTa-
HABJIMBAJIM NPaBUJIa MPUCBOCHUS U HAMHCAHUA HA TONOTpapHUUECKUX KapTax, Iia-
Hax, B aTjlacax, B CJIOBapsIX-CIPAaBOYHHKAX reorpadMyecKux Ha3BaHUM U B JPYTUX
W3/IaHUSIX HAaMMEHOBaHMM reorpaduyueckux 0ObEeKTOB, MPUCBOCHHBIX UM Ha pa3iiny-
HBIX SI3bIKaX U HapEUMsiX.

CrnoBapu-cripaBOYHUKH reorpaduyueckux Ha3BaHUW COJAEpX alu Ha3BaHMS Teo-
rpaduueckux o0bekTOB Poccuiickoit depepanuu, Ipyrux CTpaH U OTIEIbHBIX pe-
TMOHOB M YCTaHABJIMBAJIM €UHOE MX HAMKMCAHHE BO BCEX POCCUUCKHUX W3JIaHUSIX Ha
PYCCKOM SI3BIKE.

[IpaBuna otHocunuch k HTA, ycranaBnuBaronum TpeOOBaHUS K KOHKPETHBIM
mpoleccam u cyompoiieccaM Tonorpado-reoie3nueckux u kaprorpapudeckux pador,
KOTOpbIE He periiaMeHTupoBanbl Ipyrumu kareropusmu HTA. IlpaBuna 3akperie-
HUSI TIYHKTOB T'€0JIE3NYECKUX CETEH yCTaHaBIMBAIM KOHCTPYKIUIO, TEXHOJIOTHIO U3-
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TOTOBJICHUSI U 3aKJaJKU LEHTPOB (pernepoB, MapoK) B 3aBHUCHUMOCTH OT (DU3UKO-
reorpauyecKux yclIOBUM MECTHOCTU. B HUX ompenensuiich ycloBHUs, BBIIIOJTHEHHE
KOTOPBIX 00€CIeUrBAET JOJITOBPEMEHHYIO COXPAaHHOCTh M METPOJIOTMUECKYIO CTa-
OMJIBHOCTh BCEX I'€OJIE3MUECKUX MyHKTOB, HAXOMASIIUXCS O]l 0COO0M OXpaHOU rocy-
napctBa. [IpaBuna nmo TexHuke 6€30MacHOCTH Ha TOMOTrpado-Teoae3nIecKuX 1 Kap-
Torpaduueckux padoTax OMNpEeNessIN ClelHallbHble TpeOOBaHUS K OpraHU3aIlu
1 TEXHOJIOTHH PAa0OT, MPEIBSBISIEMbIC C I MCKIIIOUCHHS] TTPOU3BOJICTBEHHOTO
TpaBMaTU3Ma.

PykoBoaCTBa COCTABISIMCH B Pa3BUTUE OCHOBHBIX IIOJIOKEHUM, WHCTPYKIIUH,
HOpM U TipaBwil. OHU yCTaHABIMBAIM MOAPOOHBIE TEXHOJOTUYECKUE CXEMBI U TIOPSI-
JIOK BeJICHUs padOT, BKJIIOYasl BHIOOP TEXHUUYECKUX CPEACTB, METO/IOB, IPUEMOB. Py-
KOBOJICTBA CoJepXau (POPMbI TEXHUYECKOW U TEXHOJOTUYECKOM JTOKYMEHTAIlUH,
HEOOXO/IUMbIE MACTIOPTHHIE JAHHBIE TEXHUYECKUX CPEICTB U3MEPEHUM, MpaBuiia Jia-
00paTOPHO-TOJIEBBIX MMOBEPOK U FOCTUPOBKHU MPUOOPOB, MOSCHATH MPUHIIUIIBI pA0OTHI
Y SKCIUTyaTalluy anmnapaTypsl v T.J.

PykoBopsiue Texunueckue matepuansl (PTM), kak mpaBuio, COCTaBISIIUCH 110
OT/ICJIbHBIM HaIpaBJICHUSIM TOMOTpado-reoe3ndeckoro u Kaprorpaduueckoro mnpo-
M3BOJICTBA, CBS3aHHBIM C BHEJIPEHUEM HOBBIX TEXHOJIOTHH, TPUOOPOB U HAYyYHOU Op-
raHu3aluu, CO3/aHusl CUCTEMbI YNPABJICHUS KAaYEeCTBOM paldoT, a TaKkKe€ B pPa3BUTHE
JNEUCTBYIOIIUX HOPMATUBHO-TEXHUYECKUX U METOJIMUYECKUX aKTOB.

Otot Buag HTA COBMECTHO ¢ METOJUYECKUMHU YKa3aHUSIMU (PEKOMEHAIUSIMH )
MpeayCMaTpUBAETCI B OCHOBHOM JUIsl OOECTICUEHHSI ONIEPATUBHOTO BHEAPECHUS TEX-
HUYECKUX HOBIIECTB U TEXHOJIOTHUH.

Meronnueckue ykazanus (PexoMeHnaium) A0MyCKaluch K MPUMEHEHUIO B Iie-
JAX U30€kKaHWE M3IUIITHEH perjaMeHTalluu TONorpado-reoe3nuecKux U KapTorpa-
¢buueckux paboT, BEIyIUXCS BEAOMCTBEHHBIMU OPTAHU3AIUSIMUA M OTHOCSIIUXCS CY-
ry00 K OMBITHO-METOJAMYECKUM, BBIMOJHSIEMBIM MO MPUHIUINAIHLHO HOBBIM HaIpaB-
JIEHUsIM paboThI B CIydasx, KOTJla co3aHue 00s3aTeIbHbIX, YKa3aHHBIX BBIIIC aKTOB,
M0 KaKUM-JTMOO MPUYMHAM TMPEXKICBPEMEHHO (HE3aBEPIIEHHOCTh TEXHOJIOTHH, TeX-
HUYECKHUX CPEJCTB U T.II.) U HEOOXOIMMa OIBITHO-TIPOU3BO/ICTBEHHAS anpoOaIs s
UX COBEPIICHCTBOBAHUS U BHEAPEHUS.

HopmatuBHO-TeXHHUECKOE OOecreueHrne reoIe3nYecKoro u Kkaprorpaduiecko-
ro MPOU3BOJCTBA JOCTUTAJIOCH MPU MOMOIIU PAa3BUTHUS U COBEPIICHCTBOBAHUS BCEM
CHUCTEMBI HOPMATHUBHO-TEXHUYECKUX aKTOB, a4 TAK)XKE PA3BUTHEM U COBEPIICHCTBOBA-
HUEM CHCTEMBbI FOCYJIapCTBEHHBIX CTAaHJAPTOB COTJIACHO YCTAHOBJICHHOMY MOPSAKY
UX CO3/aHus U B npejnenax nojHoMounit denepanbHoOi Cyk00H reoie3uu U KapTo-
rpadun Poccun n Komurerom Poccmiickoit denepanuu 1mo craHaapTH3adNA, METPO-
jgoruu U ceptudukanuu. [Ipu paspaboTke MojokKeHUH, HOPM U TpeOOBaHUH, coaep-
KAIUXCS B HOPMATUBHO-TEXHUYECKUX M METOJIMYECKHUX aKTaX, BEIOOpE BHJIA, Ha3Ba-
Huss HTA pykoBOACTBOBAINCH CIEAYIOIIMMH OCHOBHBIMH METOAOJIOTHYECKUMU
MPUHIHUIIAMU:

— LEJEBOM OpUEHTALUY;

— IMPUOPUTETHOCTU HAPOJHOXO3SIMCTBEHHOTO U MEXKOTPACIEBOTO NOAX0/1A;

— c0anaHCUpOBaHHOCTH;
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— KOMILIEKCHOCTH;

— CHCTEMHOCTH (COTJIaCOBAaHHOCTH);

— TapMOHM3AallUH, T.€. UCIOJb30BaHUA M B3aUMHOTO OOMEHA OTEYECTBEHHOIO
1 3apyOEKHOTO OTIBITa B HOPMOTBOPYECKOU IEATEITLHOCTH.

Pa3paboTka HOBBIX U MEPECMOTP YCTAPEBIINX HOPMATUBHO-TEXHHUYECKUX U Me-
TOJUYECKUX aKTOB OCYIIECTBIISUIUCH B COOTBETCTBUM C T'OJIOBBIMHU U MEPCIEKTUBHBI-
MU IJIaHaMH U TIpoTpaMMaMu, YTBepkaaeMbiMu DenepalibHOM Cyk00U Teo/1e3un U
kaprorpaduu Poccuu.

OpranuzaimoHHO pa3paboTka HOPMATHUBHO-TEXHUYECKUX U METOJUYECKUX aK-
TOB TPOBOJIMJIACH IO HAMPABJICHUSM ACATEILHOCTH T'OJOBHBIX HAy4YHO-HUCCIIEIOBA-
TEJNbCKAX HUHCTUTYTOB L[HI/II/IFAHKl), neHtpoB reoundopmaiuu, 'l «[Ipupomay,
a taxke [IKO «Kaprorpadus», OTBETCTBEHHBIX 3a CTaHIAPTU3ALIUI0, HOPMATHUBHO-
TeXHUUYECKoe obecrnedeHue Tornorpado-reoe3ndeckux U kaprorpapuyeckux pador,
BBITTYCKA T'€OJIC3MYECKON MPOIYKIIMHU, BKIIOYAss BCE AaCMEKTHhl ATOTO OOECIICUCHUS
(TEXHUYECKHE, PABOBBIE K IKOHOMUYECKHE).

OO01Iee METOAMYECKOE PYKOBOJCTBO COBEPIICHCTBOBAHUS BCEW CHUCTEMBI HOP-
MAaTHBHO-TEXHUYECKUX M METOAMYECKHX aKTOB OCYIIECTBIJIa TOJOBHAs HAy4HO-
MccrenoBarenbckas opranu3ainusa OenaepanbHON CIyKObI T€0Ie3uu U KapTorpaduu
Poccun — [THUNT AuKY.

C Bcrymiennem B cuity denepasibHOro 3akoHa «O TEXHUYECKOM PETYIMPOBA-
Huu» [1], pazpaboTka HOPMATUBHO-TEXHUYECKUX U METOJAMYECKUX aKTOB B COOTBET-
ctBuM ¢ Muctpyknueit FKHIT (THTA)-119-94 [22] Oblia mprocTaHOBJICHA.

[IpumepoM HOPMATHUBHO-TEXHHUYECKUX JTOKYMEHTOB, pa3pabOTaHHBIX U YTBEp-
*KIeHHBIX BHE pamok cuctembl ['KUHII, nocne Bcrymienus: B cuny denepaibHOro
3akoHa «O TEXHUYECKOM peryiaupoBaHum» [1], aBisercs nmpuka3 MUHIKOHOMpa3BU-
tus Poccun «O06 yTBepkaeHnN TpeOOBaHUI K COCTABY, CTPYKTYpE, TOPSIKY BEICHHUS
Y UCIIOJIb30BAHUS €MHOM SJIEKTPOHHOU KapTorpaduueckoil OCHOBBI (penepaibHoro,
PETHOHAIBHOTO ¥ MYHULIMIIAIBHOTO Ha3HaueHus» [ 18].

JlanpHenee pa3BUTHE CUCTEMbI TEXHUYECKOTO PETYJIUPOBAHUS M€OAE3UNYECKON
1 KapTorpaduyeckon ACSTEIBbHOCTH OCYIIECTBISIOCh B COOTBETCTBUU ¢ MeTomuye-
CKUMH DPEKOMEHAAIMSIMHU IO pa3pabOTKE CHUCTEM TEXHMUYECKOTO pEryJIUpOBaHUS
B oTpacisix u cdepax aestenbHocTd [30]. B coorBeTcTBUM ¢ METOIMYECKUMH PEKO-
MEHJIAIUSMUA OTPacCJIeBbIE CUCTEMbl TEXHUYECKOTO PEryJUpPOBAHUS JOJKHBI CTPO-
UTHCSI HA OCHOBE €IMHOI0 TTOHUMAaHUSI KOHCTPYKIIUU TEXHUUECKOTO 3aKOHOIaTEIbCT-
Ba U OOIIMX CUCTEMHBIX MPUHIUMNOB. CHCTEeMa TEXHUYECKOTO PETYIHPOBaHUs B 00-
JIACTU Te0IC3UN U KapTorpaduu A0JKHA BKIIOYATh:

— CHelUaJIbHbIC TEXHUUECKUE PETJIaMEHTHI,

— HalMOHAJIbHBIE CTAaHJAPThl, TAPMOHU3UPOBAHHBIE C TEXHUYECKHMMH perja-
MEHTaMUu;

— HalMOHAJIbHbIE CTAHJAPTHI;

— COOTBETCTBYIOIIME Ppa3feibl OOMIEPOCCUNCKUX KIACCU(UKATOPOB TEXHHUKO-
HKOHOMHUYECKOHN M COLMATbHON HHPOPMALINH;

— CTaHJIApThl OPTAHU3ALIUH.
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[Ipu 3TOM cTaHAapTHl B HOBOW CUCTEME TEXHUYECKOIO PETYIUPOBAHUS UMEIOT
CTaTyC JOKYMEHTOB UCKIIOUUTEIHHO PEKOMEHIATEIBHOTO XapaKkTepa.

B 2006 rony mo 3amanuio ®denepaibHOTO areHTCTBA reofe3u U KapTorpaduu
(Pockaprorpadun) B pamkax HUP «Pa3paboTka cucTeMbl TEXHUUYECKOTO PEryInupo-
BaHUs B obOsactu Kaprorpadgum» u «Pa3paboTka cHUCTEMbl TEXHUYECKOTO PETYIHPO-
BaHUA B o0aactu reoae3umn» OI'YII «FOCFI/ICL[EHTP»1) u OI'YII «L[HI/II/IFAI/IK»l)
ob11 moaroTosiieH [Ipoekt nokymenta «llpeayioxenus no GopMrUpOBaAHUIO KOMILIEK-
ca CTaHAApPTOB I OOECIEUEHHUsI CUCTEMbl TEXHUUYECKOTO PETYIUPOBAHMs B 001acTH
reojie3uu u kaprorpapum» c¢ npunoxxenuem Ilepeuneit neiictByromux HTJ[ B obnac-
TH TE€OJE3MYECKONU U KapTOrpapuvecKoil NesTeT-HOCTH U MPEIJIOKECHUsS M0 MX HC-
MOJIb30BaHUI0, TIEpECMOTPy, niepepadoTke. OnHoBpeMenHo B 2006 romy mo rocynap-
CTBEHHOMY KOHTPakTy ¢ MUHUCTEPCTBOM NMPOMBINUIEHHOCTH U 3HEpreTuku Poccuii-
ckoit dexeparmn OIYIT «"OCTUCIIEHTP»" OPUCTYNHI K pa3pabOTKe TEeXHUYE-
ckoro perinameHTa «O TpeOOBaHUIX K T€0JE3UYECKON U KapTorpaduyeckon mpoayK-
MY, MaTepUalaM U JaHHbIM, UX MPOU3BOJACTBY U peanuzauun». K coxanenuto sta
paboTa He OblIa 3aBepIlieHa B CBS3H C MpeKpalieHueM (pruHaHCUPOBaHMUS.

B o6nactu crangaptuzanuu B cepe reoge3ud U Kaprorpapuu COBMECTHBIMU
npukazamu ['ocynapctBenHoro komurera Poccuiickonn denepanuu 1o craHaapTy3a-
1uuu, Mmetpodioruu u ceptudukanuu (I'occrannapra Poccun) u denepanbHoi ciykObl
reone3un u kaprorpaduu Poccuiickoit ®enepanuu (Pockaprorpaduu) Ha 0aze
LIHI/II/IFAI/IKl) B 1996 romy ObLT CO3/1aH TEXHUYECKUN KOMUTET IO CTaHAAPTU3AINU
TK 394 «I'eorpaduueckas mHpopManus/reoMatukay, a B 1998 romy TexHUYECKHMA
komuTteT 1o cranaaptuzanmu TK 404 «['eone3ust u kaprorpadus.

[Ipumepom pa3pabOTaHHBIX B 3TO BpeMs CTaHIAPTOB MOTYT CIY>KHTh CTaHIap-
ThI cepun « TepMHUHBI U OTIPEICTICHUS:

— I'OCT 28441-99 (MexrocynapctBeHHblit ctanaapt). Kaprorpadus uudpo-
Bas. TepMUHBI U ONIPE/ICTICHUS;

— I'OCT P 51833-2001. ®otorpammerpusi. TepMUHBI U OIPEACIIEHNSI;

— I'OCT P 52369-2005 ®dotoronorpadus. Tepmunsl u onpenenenus. Oomme
MTOHSITHUS;

— I'OCT P 52438-2005 I'eorpaduueckue MHPOPMAITMOHHBIE CUCTEMBI. TepMu-
HBI U OIIPE/ICTICHUS.

B nacrosiee BpeMs B cepe reoje3uu U kapTorpaduu HalUIM pacrpocTpaHe-
HHUE HOPMATHUBHBIC IOKYMEHTBI MO CTaHIapTU3auu caeayromux kareropui — ['OCT,
I'oCT P, CTO, PTM, PJI, M. Kpome TOro, COXpaHsIOT CBOE JCHCTBUE CTAaHAAPThI
otpaciu (OCT), pa3paboTaHHbIe JO BBEACHUS 3aKOHOAATEILCTBA MO TEXHUYECKOMY
pEryJIMPOBAHMUIO.

Ha ypoue 'OCT u I'OCT P co3nanbl cTaHAapThI CAEAYIOIIUX BUIOB:

— OTY (o6mue TeXHUYECKUe YCIOBHS);

— OTT (obmue TexHu4YecKue TpedOBaHUs);

— TV (TexHuveckue ycaoBHs) HA THUIbI, OCHOBHBIC MapaMETPhl U TEXHUUYECKUE
TpeOOBaHMs, a TAK)KE HA TEPMUHBI U ONIPEIETIECHUS.
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TpebGoBanus K BUIaM JOKYMEHTOB MO CTaHJIAPTU3AINNA M UX COJIEPKAHHIO B Ha-
cTosiliee Bpemsi ycTaHaBiauBaroTcs DenepanbHbIM 3aKkoHOM «O cTaHAapTU3alMU B
Poccuiickon @eneparum» [3].

Cranpaptuzanus B Tonorpado-reofe3ndyeckoM MU KapTorpapuyeckoM Mpou3-
BOJICTBE OCYIIECTBIISIETCS B LEIAX:

— BHEIPEHMUSI MEPEIOBBIX TEXHOJIOTHUIA;

— TIOBBIIIEHUS YPOBHS O€30MACHOCTH KU3HU MWW 370POBBS JIIOJICH, OXPaHbI OK-
PYKaOIIEeH Cpenbl, MPUPOTHBIX PECYPCOB, UMYIIECTBA (DU3UUCCKUX WITU FOpUIAYC-
CKHX JIMII, TOCYJJaPCTBEHHOTO WJIM MYHHUITUTIATLHOTO UMYIIIECTBA;

— ONTHMM3AIUY U YHU(PUKAIIMA HOMEHKJIATYPBI TTPOTYKITUH;

— TIOBBIIIICHUS YPOBHS OPTaHMU3AIlMU TPHU MMOCTABKE TOBAPOB, BBHITIOJHEHUU pa-
00T, OKa3aHUH YCIIYT;

— olecrneyeHus1 eAMHCTBA U3MEPEHUN U COTIOCTABUMOCTH UX PE3YyJIbTaTOB;

— MPEayNpeKIeHUs JESHCTBUN, BBOIANIUX MOTPEOUTEINS MPOAYKIIMHA B 3a0ITyX-
JICHUE;

— of0ecrnieyeHust MOTPEOHOCTU TpakaaH, OOLIECTBA U rOCYJapCcTBa B MOIYYSHUH
OOBEKTHBHBIX M JOCTOBEPHBIX TEOJEC3WYECKUX W KaPTOrpaPUUIECKUX MaTepHaIOB
Y IPOCTPAHCTBEHHBIX JTAHHBIX.

OcCHOBHBIMU O0BEKTAMH CTAHJIAPTU3AIUNA B OTPACIIU SBIISFOTCS:

— TEPMUHBI U OTIPECIICHHUS,

— TEeXHUYEeCKHEe TpeOOBaHMS K MPOAYKIMH (B TOM YHCIle K TPUOOPHON TIPOIYK-
11U ToTorpado-reoIe3MIeCKOro Ha3HauYCHUs ),

— METO/Ibl UCTIBITAHUN TPOYKIIUU;

— METOJIMKH BBIMOJHEHUS U3MEPCHUIA;

— METOJBI U CPEACTBA MOBEPKH CPEICTB M3MEPEHUN Tomorpado-reoge3sndec-
KOT'0 U KapTorpaduueckoro Ha3HaueHUs;

— CMoco0bl, MPUEMBI, PEXXUMBbI, HOPMbI BBIIIOJIHEHUS PA3JIMYHOTO poja padoT
U yCIyT B Ipoiiecce pa3paboTKH, U3TOTOBICHUS, KOHTPOJIS, XpaHEHHUs] TPAHCIOPTH-
pOBaHUS, PEMOHTa MIPUOOPHOU MPOAYKIIMH TOMOTPado-Teoae3ndecKoro 1 KapTorpa-
(buyeckoro Ha3HAYCHUS;

— OXpaHa TpyJia U TeXHUKa O€30MMacCHOCTH.

Opranu3zaimoHHO-METOANYECKOM 0a30il sl pa3padOTKU CTaHJAPTOB B OTPACIIH
CJIy’KaT OCHOBOIOJIArarou[ue JTOKYMEHThl HAallMOHAJIBHOW CHCTEMBI CTaHJapTU3alUU
Poccuu, rapMOHU3UpOBaHHbBIE C MEXAYHAPOIHBIMU cTaHapTamu. Ha ocHoBe u B pas-
BUTHUE 3TUX CTAHJAPTOB B OTPACIHU pa3padOTaHbl U BHEJIPEHBI CTaHAAPTHl OPraHU3aIHH.

Bes mpaktuueckast qesiTelbHOCTh MO pa3paboTKe CTaHAAPTOB OCYIIECTBIISIETCS
yepe3 TEXHUYECKUEe KOMUTETHI 10 CTaHaapTu3anuu. B obnactu reoges3uu, KapTorpa-
¢UM ¥ TPOCTPAHCTBEHHBIX JAHHBIX B HACTOSIIEE BPEMS JCHCTBYIOT TEXHUYECKHC
komuteTsl TK 394 «I"eorpaduueckas nndopmanus/reomaruka», TK 404 «"eone3us
u kaptorpadus», Koropble padotatoT Ha 6aze OI'BY «llenTp reomesun, kaprorpa-
¢uu u UII», n mogkomutet [1K7 «PannonaBuraninoHHbIe CpEICTBA IJIsl T€0I€3UYe-
CKHX, TUIpOorpadUyecKux M 3eMieycTpouTenbHbIXx padoT» TK 363 «Pammonasura-
1Us», KOTOphI 00pa3oBan Ha 6a3e OAO «HTL UaTepraBuramms.
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[lenpro AEATENLHOCTA TEXHUUYECKUX KOMUTETOB SIBJISICTCS peain3alusl MOJIOXKe-
HUl DenepanbHbIX 3aKOHOB «O TEXHUYECKOM peryiaupoBaHum» [1], «O cranmaptu-
3aiuu B Poccuiickoit @enepanuu [3] U CMEXHBIX ¢ HUM 3aKOHOAATEIbHBIX aKTOB,
a Tak)Ke COZIEHCTBUE MOBBIIEHUIO 3)PEKTUBHOCTH PadOT MO CTaHJAPTU3ALMU HA Ha-
IAOHAJIBHOM U MEXXIYHAapOJHOM YPOBHSIX.

B cBoeii paboTe TEXHMYECKUE KOMUTETHI PYKOBOJCTBYIOTCS JEHCTBYIOIIUM 3a-
KOHOJIATEIBCTBOM, CTAHAAPTAMU HALIMOHAJIIBHOM CUCTEMBI CTaHAapTh3anuu Poccuii-
ckoil Deaepaiuu, IpyruMu HOPMATUBHBIMU JOKYMEHTaMU, YTBEPKICHHBIMH HAIIHO-
HaJIbHBIM OPTaHOM MO cTaHaapTu3auuu, [lonokeHneM 0 TEXHUYECKOM KOMUTETE.

B 3a1aun TeXHUYECKUX KOMUTETOB BXOJST CIEAYIOIIUE BOMPOCHI:

— TUIAHUPOBAHUE Pa3pabOTKH CTaHAPTOB;

— OCYIIECTBJICHUE Pa3paOOTKH CTaHIaPTOB U JP. HOPMATUBHBIX IOKYMEHTOB;

— 00CyX/ieHre MPOEKTOB HOPMATUBHBIX JIOKYMEHTOB;

— MPOBEJEHUE IKCIEPTU3bI HOPMATUBHBIX JIOKYMEHTOB, pa3paOOTaHHBIX B 3a-
KperieHHbIX 32 TK 0061acTsax nesTeTbHOCTH.

B cBsI3U ¢ U3BMEHEHUsAMHM B 3aKOHOJIATENIbCTBE IO CTAaHJIAPTU3AlMU U METPOJIO-
Uy, nepenadeil GyHKuuii mo reone3uu u kaprorpaduu B Pocpeectp, mpoBeneHnem
peopranusauuu B cTpykrype Pocpeectpa, B 2015-2016 rogax npousBeneHa peopra-
Hu3anudg texunuecknx KoMmuteToB TK 394 n TK 404.

B o6nactu reoge3un u kaprorpadguu AeMcTBYIOT 0kosio 50 MEXrocyJapCcTBEH-
HbIX (I'OCT) u nammonanbnbix (I'OCT P) cranmapToB, OXBaThIBAIOIIUX TEPMUHBI
U OmpenesicHus, TpeOOBaHUSI K TIeoJe3UYecKorl M KapTorpaduueckod MpoayKIIuH,
TpeOOBaHUS K T'€0JIE3UNUYECKUM U KapTorpaduyeckuMm npudopaM, METOAaM MX HCIIbI-
TaHui u noBepku. B CripaBoyHMKE CTaHIAPTHBIX (HOPMATHUBHBIX) TEPMUHOB «I eofe-
3usi, KapTorpadus, Tonorpadus, GororpaMMeTpus, reoMHGOPMAIIMOHHBIE CUCTEMBI,
MPOCTPAHCTBEHHBIE NaHHbIE» [37] mpuBeneHsl TepMHUHBI Okosio 100 mMexrocynapct-
BEHHBIX, HAIMOHAJIBHBIX, OTPACIIEBBIX CTAHJAPTOB U peKOMEHaanuil Poccranmapra.

Nudopmarus 0 MEKXrocyJapcTBEHHBIX U HAI[MOHAJBHBIX cTaHaaprax Pd my6-
JIMKYETCA B €XKErOAHBIX yKazareysix cranaapToB, uznaBaeMbix OI'YII "CTAHIAP-
TUH®D®OPM" Poccrannapra Ha caifte Poccrangapra www.gost.ru. CBezieHus o Jeid-
CTBYIOIIIMX HOPMATHUBHBIX JIOKYMEHTaX CHUCTEMbl CTaHJIapTU3AIlMU B 00JIaCTU reoje-
3uM M Kaprorpadum MyOIMKOBAIUCh B YKazaTele ICUCTBYIOINX HOPMATHUBHO-
TEXHUYECKUX JIOKYMEHTOB, paHee mnepuoandecku wuszaasaBimemcas OHTU OI'VII
«LIHAUT AuK»Y.

OnHO U3 BaXKHBIX HAIIpaBIEHUH MPHU pa3pabOTKe CTaHIAPTOB — YCIEIIHOE B3au-
MozencTBue ¢ PeaepalibHbIM areHTCTBOM IO TEXHUYECKOMY PETYIUPOBAHUIO U MET-
ponorun (Poccranmaprom), kak QenepaabHBIM OPTaHOM HCIOJHUTEIHLHON BIACTH
B 00J1acTH pa3pabOTKH CTaHIAPTOB U MeTpojoruu. OCOOEHHO HEOOXOIUMO TaKOe
B3aMMOJICUCTBHUE MIPU pa3padOTKE MPOCKTOB HAIIMOHAIBHBIX CTAH/IAPTOB - HAYWHALT-
Csl OHO C TUTAaHUPOBAHUS padOT, BKIIOYAET B3aUMOCHCTBUE MTPHU MOATOTOBKE U OIyO-
JUKOBAHWM YBEJIOMJICHUN O Hayaje W 3aBEPIICHUU Pa3paOOTKH MPOEKTOB CTaHJIAp-
TOB U 3aBEPUIAETCS MPOBEICHUEM IKCIIEPTU3bI IPOECKTOB U UX U3JJaHUEM.
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B3auMopeiicTBue MexJy IByMs BEJOMCTBAMH B 00JIACTH CTaHAAPTU3ALMU
U METPOJIOTUU PETYIHUPYETCsS TAKKE ClenHalbHbIM COTJIallleHUeM, MOANMCAHHBIM
B 2006 rony pykoBoautensimMu ['occtanmapra Poccuu u Pockaprorpaduu, npasomnpe-
E€MHHKaMH KOTOPBIX SBISAOTCA Poccranmapt u Pocpeectp cOOTBETCTBEHHO.

B cootBerctBuM ¢ DenepanbHbiM 3aKOHOM «O0 oOecrieyeHUuu eIUHCTBA U3Me-
peHuit» [2] Bce METOJUKH, NMPUMEHsIeMbIe B cpepe Trocy1apCTBEHHOTO peryJupoBa-
HUsI 00ECTICUeHUs €MHCTBA U3MEPECHUI (BKIIIOYAsl T'€0/Ie3NYecKre U KapTorpaduye-
CKHE€ paboThbl), MOJJIEKAT METPOJIOTUYECKON aTTecTanuu. MeToAuKa BBINOJIHEHUS
M3MEPEHUH SABJISETCS] OJJHUM U3 BaKHEHIINX aTpUOYyTOB JH0O0r0 KOHTPOJIS, TOCKOJIb-
Ky TpeacTaBisieT co00il COBOKYMHOCTh MPABHJI U MPOLEAYpP BBIMIOJHEHUS U3Mepe-
HUM, KOTOpble 00€CIeYnBalOT MOJyYeHUE PE3yIbTaTOB U3MEPEHUMN, TOUHOCTh KOTO-
PBIX HaXOJUTCS B YCTAHOBJICHHBIX T'PAHULAX C 33JaHHOU BEPOSTHOCTBIO.

MeToauku M3MEpPEeHHH, MPUMEHSIEMbIC B I'€0JIe3UYECKON M KapTorpaduuecKkoit
NEeSATEIbHOCTH, PETJIAMEHTUPYIOTCS TMOO HOPMATUBHBIMU JOKYMEHTAMHU Ha TEXHOJIO-
THYECKHE MPOLECCHl TOMOTpado-reoAe3nueckux U Kaprorpapudyeckux padoT, oo
OTIIETBHBIMU JTOKYMEHTaMHU (CTaHJapTaMH, PYKOBOJSIIMMH TEXHUYECKUMHU Mare-
puanzamMu, METOJMKAMH UHCTUTYTa, METOJIMYECKUMH PEKOMEHIALUSIMHU ).

[Topsimok pa3pabOTKU METOJUK M3MEPEHHI W UX aTTeCTalliy B HAcTOAIEe Bpe-
Ms ycranaBinuBaeT ['OCT P 8.563-2009 «I'CH. Metoauku (METOABI) U3MEPEHUID)
[21]. OgHako, NaHHBIM CTaHAAPT HE PACHPOCTPAHSIETCA HA METOJAWKH HW3MEPEHH,
IpeIHAa3HAYCHHBIE JUUIS BBINOJHEHUS NPSIMBIX U3MEPEHUH, T.€. METOAUKHU, B COOTBET-
CTBUU C KOTOPBIMM MCKOMOE€ 3HAUYE€HHE BEJIMYUHBI IMOJY4YalOT HEMOCPEICTBEHHO OT
cpencTBa M3MepeHHid. Takue METOOMKH WU3MEPEHHH BHOCAT B DKCILTyaTALMOHHYIO
JOKYMEHTALMIO Ha CpecTBa u3MepeHuid. IloaTBepkaeHne cooTBETCTBUS 3TUX METO-
UK 00s13aTEIbHBIM METPOJIOTMUYECKMM TpeOOBAHMSM OCYIIECTBISIETCS B MpoOIecce
YTBEPKJICHUS TUIIOB JAHHBIX CPEICTB U3MEPEHUM.

BoapIIMHCTBO BRICOKOTEXHOJIOTHUHBIX CPEACTB UBMEPEHNUI NUMEET COBPEMEHHOE
mporpaMMHoOe oOecriedenne, Oiaroaaps 4eMy B TEXHOJOTHIO T€OJe3UYECKUX padoT
MOJKET JIETKO BIIMCHIBATHCSI AJITOPUTM TPSMBIX U3MEPEHUH, U3JI0KEHHBI B PYKOBO-
JICTBE MO 3KcIuryaTauuu npudopa. [losTomy Merposiornueckas aTTecTalusi METOJIUK
JUTSl HUX HE TPOBOJUTCHL.

OI'BY «llentp reone3un, kaprorpapuu u WTTJT»? aKKpEAUTOBAH Ha IPaBO at-
TEeCTallMd METOJIUK HU3MEpeHHil Tonorpado-reofe3nyeckoro U Kaprorpaduueckoro
HazHaueHus. PI'BY «Uentp reogesuu, kaprorpaguu u UTTJT»? Taroke BensT Peectp
aTTECTOBAHHBIX METOAMK MU3MEPEHUHN, pa3paO0TaHHBIX PA3IUYHBIMU OpPTraHU3aALUIMU
Y IPEANPUATHSIMH OTPACIIH, KOTOPBIA B HACTOSIIEE BPEMsI BKIIOYAET 26 METOIHK.

B cetu unTepHer Ha caiite Poccrangapra coznan ®enepanbHblii HHOpMALIN-
OHHBII (hoHA oOecrieueHns eIMHCTBAa U3MEPEHUH, B KOTOPOM CPEIH MPOYUX JaHHBIX
MMEIOTCS CBEZICHHSI 00 aTTECTOBAHHBIX METOJIMKAX U3MEPEHUI.

CTpykTypa HOPMATHBHBIX JOKYMEHTOB, CJIOXKHMBIIAsACS B 00JIaCTU T€OJIE3UU
1 Kaprorpaduu, nokasaHa Ha puc. 1.
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HopmaTHBHBIC IOKYMEHTHI B
00J1ACTH reole3HH H KapTorpaguu

HopmaTHBHBIE HopmaTHBHO-
"paBOBble AKThI TeXHHYeCKHe
(HITA) aoxkymenTsl (HT/)
Koscernryunn Poccuiickoii ObmerocyapecreeHHbIE Meskrocy1apcreeHHbIe,
Mepepanun n OegepajibHbIe HT/ ecncremsr FTKHHIT rocy1apcrBeHHBIEC,
KOHCTHTVIIHOHHBIC 3AKOHBI (FHTA) HALHOHA/IbLHBIC
crauaaprsl (MOCT,
MeaxayHapoaHbIE JOT0OBOPHI U Beaomcroennsie HTH rocT Py
Cnrmanermmna
(OHTA) Orpacaessie
hegepaibHBLIE 3AKOHBI cranaaprel (OCT)
Axrel [Ipesnaenra Crangapror
Poccuiickoit Meaepannn opraumaunii (CTO)
Axrtel [Ipagureisersa ] =
Poceniickoii dexepammm, MeToankn H3Mepenmii
HOPMATHBHBIC NPABOBLIC {I'\I ll]

akTel MOHB

Puc. 1. CTtpykTypa HOpMaTUBHBIX IOKYMEHTOB,
CJIOKHBIIIASICS B 00JIACTH re€0/Ie3UU U KapTorpaduu

B Hacrosiiiee Bpemsi mpaBoBO€ M TEXHUYECKON peryaupoBaHue B 00JacTHU reo-
7Ie3Ud U KapTorpaduu nperepreBacT KOPEHHbIC N3MEHEHHUS.

Cratbst 5 T'eomesudeckue u kaprorpaduueckue padbotsl denepaabHOTO 3aKOHA
«O reopne3uu, kaprorpaduu 1 IPOCTPAHCTBEHHBIX IaHHBIX ...» [S], onpexaenser, uTo,
«TpebGoBaHMs K T€0JIE3MIECKUM M KapTOrpaduyeckuM padoTaMm U UX pe3ysbTaTaM, 3a
WCKJIIOUEHNEM YKa3aHHBIX B 4acTH 2 ctaTbu 6 Hactosimero deaepanbHOro 3aKoHa
reoJIe3M4ecKuX U Kaprorpaduueckux padoT, ycTaHaBIMBarOTCS (heepalbHbIM Opra-
HOM HCIIOJTHUTEIBHOM BJIACTH, OCYIICCTBISIONMM (YHKIMH 10 BbIPaObOTKE rocyaap-
CTBEHHOM TMOJIMTUKA U HOPMATUBHO-TIPABOBOMY PETYJIUPOBAHUIO B chepe reofe3nu
U KapTorpaduu, a TakkKe Mo COTJIACOBAHUIO C HUM JAPYTUMH (eepabHBIMUA OpraHa-
MU HCTIOJIHUTEIIbHOM BJIACTH B MIpEeIaxX UX KOMIETECHIIUW.

deepanbHBIM OPTraHOM HCIIOJTHUTEIBHON BIIACTH, OCYIIECTBISIONINM (DYHKIUH
M0 BBIPAOOTKE TOCY/IapCTBEHHON MOJUTUKH U HOPMATHUBHO-TIPABOBOMY PETyJIUPOBA-
HUIO B cdepe Teoie3nn U KapTorpaduu, B HACTOsIIee Bpems sBisieTcsi MUHUCTEPCT-
BO 3KOHOMHUECKOT0 pa3Butus Poccuiickoin @enepannu.

45



[Tpunstue @enepanbHOTO 3aKOHA [5] 00YCIOBMIIO HEOOXOMUMOCTH Pa3pabOTKH
Y IPUHATHS LEJO0T0 Psiia HOPMATUBHBIX MPABOBBIX AKTOB ISl €r0 PEAIU3AIUU B BUJIE
yka3oB [Ipesunenrta Poccuiickoii denepaunu, noctaHoBiacHur IlpaBurenscrBa Poc-
cutickoit denepanuu, npukazoB MuHskoHoMpa3Butus Poccun, Muno6oponsl Poc-
CUU U IpYyTux (eaepaibHbIX OPTaHOB UCIIOJHUTENILHON BIACTH.

[Tepeunem npoekToB akToB IIpe3nnenta Poccuiickonn denepamuu, [IpaBurens-
ctBa Poccuiickoit denepannu u deaepaibHbIX OpPraHOB HCIOIHUTEILHON BJIACTH,
HEOOXOUMBIX ISl peanu3aluu HOpM (eaepaibHOro 3akoHa [6], mpeaycMoTpeHa
pa3paboTka u npuHsATHE 42 HOPMATUBHBIX MPABOBBIX aKTOB, U3 HUX 17 B 2016 romy
u 2582017 rony.

VYuuthiBas KECTKHUE CPOKH Pa3pabOTKH YKA3aHHBIX HOPMATHUBHBIX TMPABOBBIX
JIOKyMEHTOB, MOCTaBJIEHHBIE B MOPYYCHHUH, OOJIBIIYIO TPYAOEMKOCTh, TOTpEOyeTCs
ydactue psaa $enepaibHbIX OPraHOB HUCTIOJHUTEILHOM BIACTH, MOAPSIHBIX OpTaHu-
3alMil ¥ NpUBJIEYEHUE OOJIBILIOTO YKCIA CIEIHAIMCTOB, @ TAKKE COOTBETCTBYIOIINE
(¢buHaHCcUpOBaHuE U3 (penepaabHOro OOIKETA.

Crarps 32 @enepanbHOTO 3aKOHA [5] ompenenser, YTo MOJIOKEHHUS], TPUHATHIX
110 JTHSI BCTYIUICHUS B CUJTy HacTosiero deaepaibHOro 3aKOHA HOPMATHUBHBIX AKTOB
opranoB rocyaapctseHHor Baactu CCCP, PCOCP u Poccuiickon ®enepaunu, pery-
JUpPYIOIIMEe OTHOIIEHUSI B cpepe reoje3nu u kaprorpaduu, AeiucTByror 10 1 ssHBaps
2018 roma B wactu, He IpoTUBOpedalier HacrosuieMy denepalbHOMY 3aKOHY H
MPUHATBHIM B COOTBETCTBUH C HUM MHBIM HOPMATUBHBIM IPABOBBIM aKTaM.

B cootBercTtBuM ¢ DenepalibHbIM 3aKOHOM «(O TEXHHUYECKOM PETryJIMPOBAHUI
[1] OCHOBHBIMM JOKYMEHTAMH TEXHHYECKOTO PETYJINPOBAHUS B CTPAHE ABJISIOTCS:

— texHuueckue pernamentsl (TP);

— nHanuoHanbHble ctannaptel ('OCT P);

— TIpaBuja CTaHAApPTU3AIUMU, HOPMbI U PEKOMEHAALMU B 00J1aCTU CTaHIapTH-
3alUH;

— MPUMEHSIEMbIE B YCTAHOBJICHHOM MOPSAKE KiacCu(UKAIUHU, OOIIEPOCCUUCKIE
KJIaCCU(PUKATOPHI TEXHUKO-IKOHOMUYECKOHN M COIMATIbHON MH(GOpMAIIHH;

— crannaptel opranuzanuii (CTO);

— cBoabl npasui (CII);

— mexayHapoaubsie ctanaaptel (I'OCT), permonaibHble CTaHIAPTHI, PETUO-
HaJIbHbIE CBOJIbI MPaBWJI, CTAHJAPThl MHOCTPAHHBIX TOCYJAPCTB M CBOJIbI MPaBUI
MHOCTPAHHBIX TOCYIApPCTB, 3aperucTpupoBaHHbie B DeneparbHOM HHPOPMAIMOHHOM
(boHe TEXHUYECKUX PETIAMEHTOB U CTaH/IapTOB;

— HaJyIeXalluM 00pa3oM 3aBEpEHHbIE MEPEBOJIbI HA PYCCKUMN SI3bIK MEXITYHApPO/I-
HBIX CTAHJIAPTOB, PETMOHANBHBIX CTAHAAPTOB, PETMOHAIBHBIX CBOJOB MPaBUJI, CTaH-
JapTOB MHOCTPAHHBIX TOCYJIAPCTB M CBOAOB MPABUII HHOCTPAHHBIX TOCYAAPCTB, MPHUHS-
ThIE€ HA YY€T HAIMOHAJIBHBIM opraHoM Pocculickon denepaiuu 1o cranaapTU3aluy;

— TIpeABapUTEIbHbBIE HAIMOHAJIbHBIE CTAHIAPTHI.

HannoHnaiibHbIE CTaHAAPTHI YTBEPKAAIOTCS HAIMOHAIBHBIM OPraHOM IO CTaH-
NapTU3ALMU B COOTBETCTBHUHM C MPAaBWJIAMU CTAHIAPTU3ALNNA, HOPMAMHU U PEKOMEHa-
nusaMHU B 3ToM obnactu. B cootBerctBum ¢ Iloctanosnenuem IlpaBurensctBa Poc-
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cuiickoit @enepauun ot 17 urons 2004 r. Ne 294 "O denepanbHOM areHTCTBE IO
TEXHUYECKOMY PEryJMpOBaHUIO U MeTposoruu» [17] Ha gaHHBIA (QenepanbHbIi Op-
raH KCIIOJHUTENILHON BJIACTHU BO3JIOKEHBI (DYHKIIMU HAIIMOHAILHOTO oprana Poccuii-
ckon Denepanuu 1O CTaHAApPTU3aLMU. HallMOHANBHBIM OpPraH Mo CTaHIAPTU3ALUU
HaJIEJIEH MTPaBOM pa3padaThiBaTh U YTBEPKIAATh MPOrpaMMy pa3padOTKH HAIIMOHAJb-
HBIX CTaHJIapTOB, a TAKXKE MOPSAAOK CO3JaHUs U IEATEIbHOCTH TEXHUUYECKUX KOMUTE-
TOB MO CTaHJapTU3aIuu. TpedoBaHUs JOKYMEHTOB IO CTaHIapTHU3AIlMU B COOTBETCT-
BHUH C 3aKOHOJIATEIIHCTBOM IO TEXHUUECKOMY PETYIMPOBAHHIO UCTIOTHIIOTCS Ha JT00-
POBOJIBHOM OCHOBE.

Takum 00pa3om, B cBeTE peain3aliii BCTYMUBIINX B CUITY (deaepalibHbIX 3aKO0-
HOB [1], [3], [5] Ha puc. 2 moka3aHa HOBas CTPYKTypa HOPMATUBHBIX JIOKYMEHTOB
B 00JIaCTH T'€0JIE3UH U KapTorpaduu.

HopMaTHBHBI€ JOKYMEHTHI B 00/1aCTH
reoe3My U KapTorpagpuu
,IIOK_YMQ‘HT])I 00A3aATEeJABHOIO I[OK}’MGHTBI, NnNpHMeéHHAeMbI€ HA

INIpHMEeéHEeHHSH ﬂOﬁpOBO.TII:HOﬁ OCHOB¢

MeskrocynapcrBeHHble,

HopMmaTuBHBIe npaBoBbie akTbl (HITA
P P ( ) rocyiapcrBeHHble cranaaptel (I'OCT)

TexHHYeCKHe PerjiaMeHThbI IO reoae3sn U Haullo“a.—lbﬂble CTAHAAPTHI (rOCT P)
kaprorpadpun (TPI'K)

CBoabl NPaBHJI MO reole3n U
kaprorpadpun (CII'K)

Cranaaprsl opranusanuin (CTO)

Metoankun nsmepennii (MIH)

Puc. 2. CtpykTypa HOpMaTUBHBIX TOKYMEHTOB B 00JIACTH T€OJIC3UH U KapTorpaduu
B CBETE BCTYIMUBIIMX B CHITY (peaepasibHbIX 3aK0HOB [1], [3], [5]

B cBd3u ¢ 3THM, a Takxke ¢ y4€TOM noJiokeHud denepanbHoro 3akoHa «O Tex-
HUYECKOM DPETyJUpoBaHUm» [1] uMeeTcs: HacToATenbHass HE0OOXO0AUMOCTh CHUCTEMHO-
ro MojAXo0/a K peleHuto npobieMbl mo nepepadoTke, pa3paboTKe HOBBIX HOPMATHB-
HO-TEXHUYECKUX JOKYMEHTOB U COBEPIICHCTBOBAHUIO HOPMATUBHOM 0a3bl B 001acTH
reo0JIe3UH U KapTorpaduu B IEJIOM.

[IpuHUMaeMsble B MOCIEIHNUE TO/Ibl MEPHI 0 COBEPIIICHCTBOBAHUIO HOPMATHUBHO-
TEXHUYECKOTO 00eCcreueHusl OTpaciau ObUIM HAIpPaBJICHbI, B OCHOBHOM, Ha PEIICHHE
OTIIETBHBIX IPOOJIEM B 00JIaCTU T€OJ€3UH U KapTorpaduu, U 4aCTO HE COTJIacOBaHbI
Mexay cobor. KoMrekcHo# mporpaMMbl, OXBAaTHIBAIOIIEH BCE aCMIEKTHI MTPOOJIEMBI,
710 HACTOAIIETO BPEMEHU HEeT. B pesynbrare, B HacTosiiee BpeMsi, Kak y)XK€ TOBOPH-
JIOCh BBIIIE, YPOBEHb COBPEMEHHOCTH HOPMATHBHO-TEXHUYECKOW 0a3bl COCTaBIISET
nopsiika 6%.

47



AHanmM3 TOKYMEHTOB IO TEXHWYECKOMY PETYJIMPOBAHUIO B O0JACTH Te€O/IE3UU
u kaprorpadun, nposeacHHbi PI'BY «llentp reoaesun, xaprorpaduu u I/IHI[»3)
B 2015 roay, mokaszai cieayrouee:

AHanu3upyemble TOKYMEHTHI co3/1aBaiuch B nepuoa 1970 — 2014 roael, nosto-
My TpeOOBaHHUS K MOCTPOCHUIO, U3IOKEHUI0 U OPOPMIICHUI0O HOPMATUBHBIX JIOKY-
MEHTOB PErIaMEHTHPOBAIIUCh PA3IUYHBIMH HOPMATHUBHO-TIPABOBBIMH aKTaMU. ITO
00CTOSATENILCTBO JJIsI TOKYMEHTOB, HE OTBEUAIOIIUX WJIM MPOTUBOpPEUAIUX TpeOOBa-
HUSIM JEUCTBYIOIIETO 3aKOHOJATEIbCTBA SIBJIAETCS OJAHUM U3 BAXKHBIX apryMEHTOB
JUTsl OOHOBJICHUSI HOPMATHBHOUM 0a3wl oTpaciu. B Hacrosimiee Bpems aeictByer dDe-
JepanbHbIil 3akOH «O TexHUYecKoM peryinupoBaHum» [1] u denepanbHblii 3aKOH
«O cranpaptuzauun B Poccuiickoit @eaeparum» [3], cOrIacHO KOTOPHIM HOPMAaTHUB-
HbIE IOKYMEHThI MPUMEHSIFOTCSL Ha JOOPOBOJILHOM OCHOBE.

3a nepuoj BpeMeHu ¢ Hadaia 90-X roJoB MpoIUIOro Beka A0 HAIIMX JIHEH JBa-
Kbl TIPOU3OIIIA CEPhE3HbIC AJIMUHUCTPATUBHBIC U3MEHEHUS, CBSI3aHHBIC C Mepea-
4yeil oTpaciu U3 OJHOTO BEAOMCTBa B jApyroe. Psa gokymeHTOB OblT pa3paboTaH
U yTBepkJeH [ 1aBHBIM ympaBiieHueM reoje3un u kaprorpaduu npu CoBete MuHu-
ctpoB CCCP, npyrue nokymentsl — denepanbHoii city>k00i reone3suu U KapTorpa-
¢bun Poccuu. 310 00CTOSITENBCTBO TAKKE CIYKUT BECOMBIM apTyMEHTOM Jjisl OOHOB-
JIEHUSI HOPMATUBHBIX JIOKYMEHTOB.

OIHOBPEMEHHO, CIIEIYyET OTMETUTh, YTO AKTYyaJIbHOCTh HOPMATUBHBIX JIOKYMEH-
TOB B 3HAUUTEIBLHON MEpPE 3aBUCUT OT MPOTPECCUBHOCTU ONUCHIBAEMBIX B HUX TE€X-
HOJIOTUH MPOU3BOJCTBA. 3a paccMaTpPUBAEMblil MEPHOJI BPEMEHU B OTPacCid MpPO-
M30IIJIM BaKHBIE U3MEHEHUS B METOJIaX U CPEICTBAX U3MEPECHUM:

— OCBOEHBI Y BHEJIPEHBI CIYyTHUKOBBIE METO/IbI U CPEICTBA U3MEPEHUI;

— TIOSIBUWINCH BRICOKOMHTEIUIEKTYaIbHbIE TPOTPAMMHBIE CPEJICTBA;

— IIMPOKO MCHOJIB3YIOTCSI HOBEUIIINE KOHCTPYKIIUU JICKTPOHHBIX TaXEOMETPOB,
JIa3epPHBIX CKAHEPOB, T€OJIUAAPOB, ITUPPOBBIX aAIPOCHEMOUHBIX KaMep, IJIEKTPOHHBIX
TEOJOJUTOB U HUBETUPOB, OoJblIeOpPMATHBIE TUIOTTEPHl M HU(POBHIE MEYATHBIC
MaIlAHBI.

Bce 310 3acTaBisieT nepecMOTpeTh HE TOJIBKO METOJUKH U3MEPEHUM, HO U Iie-
JIbI€ TEXHOJIOTMYECKUE MPOLIECCHI BBIMOJIHEHUS TOMOTpado-Teoe3udecKux U KapTo-
rpaduyueckux pador.

B cBsasu ¢ Berymiennem Poccun B BTO akTyanbsHBIM CTajn BOIPOC rapMOHHU3a-
MU TPeOOBAHMI HAIMOHAIBHBIX CTAHIAPTOB C MEXKIYHAPOIHBIMU TPEOOBAHUSIMH.
[Tockonpky mipsimoii anamor TK 404 8 UCO/MOK oTcyTcTBYyeT, BO3HUKIIA TPOoOIeMa
OTrpaHUYEHHOCTH WH(POPMAIMOHHOTO pecypca sl COMOCTaBICHUs TpeOOBaHUI pas3-
pabaTbIBa€MbIX CTaHAAPTOB M ACHCTBYIOUIMX MEXAYHapoaHbIX cTaHaaptoB. [lo TK
394 Takux mpobiem He cymecTByeT, TockobKy B ICO co3nana pa3BeTBIICHHAS CHC-
tema ctaHaaptoB cepur 19000 «I'eonHdopmarimonHsie cuctemMbl». HeT Takke oco-
ObIX MpoOJieM Ipu pa3pabOTKe CTaHJAPTOB Ha reojie3ndeckue MpuOopbl, MOCKOJIbKY
pan 3apyoexusix ¢dupm ['epmanuu, Anonun, lIseimapun, CIIA, IIBenun, Kurtas
AKTUBHO W YCHENIHO MPOJBUIAaOT CBOK MPOAYKIHH HAa MUPOBBIE MU POCCHICKHIA
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PBIHKH, B pe3yJIbTaTe Yero uMeercs 0a3a i OLEHKM TEXHUYECKOTO YPOBHsSI paspa-
0aThIBAEMBIX TEXHUUECKUX TPEOOBAHUIA.

[Ipu ocyiecTBIEHNHU IEITEILHOCTH IO nepepaboTke U pa3paboTKe HOBBIX HOP-
MAaTHBHBIX JOKYMEHTOB MUMEIOTCS TPYIHOCTH, CAECPKUBAIOIINE Pa3BUTUE HOPMATHUB-
HOM 0a3bl B 00J1aCTH T'€0JIe3UHU U KapTorpapuu, a UMEHHO:

— pa3paboTKa CTaHAApTOB B 00JIACTU I'€OJIE3UH U KapTorpapuu He BKIIIOUEHA B
MepevYeHb MPUOPHUTETHHIX HAMPABIICHUN 110 CTaH/IAPTU3AIINH;

—  OTCYTCTBYIOT TPYNIUPOBKH T'€OAE3NUECKON U TOMOTPaPUIecKOr MPOTYKITII
B obmepoccuiickom kiaccupurarope OK-005-93 [20];

— HeJoCTaTouHOe (pMHAHCHUPOBAHHUE Pa3pabOTOK paldOT MO CTaHAAPTU3AIIUUA CO
cTtopoHbl PoccTanmapra, kak ¢efepalbHOTO OpraHa MUCHOJHUTEIBHON BIACTU B 00-
JIACTU TEXHUYECKOTO PEryJupOBaHUs, OCYIIECTRISAIONIET0 (POpMUPOBAHHUE ITPOTPaMM
(TJ1aHOB) HAIMOHAJILHOM CTaHAAPTU3ALMH (TPEAJIOKEHHS 1O BKIIIOUEHUIO B IJIAH CO
ctoponsl TK mopatorcs exeronno). Tak, Hampumep, TK 404 exeromHo BHOCHT
MPEVIOKCHUS B TUTAH HAIMOHAIBHOW CTaHAAPTU3ANMH TI0 4-0 MO3UIMSAM, OTHAKO
BKJIFOUEHBI ObLIM B IIaHBI ¢ puHaHcupoBaHueM B 2009 romy ObUT TONBKO 1 TPOEKT
I'OCT P, B 2011 roxy - 1 mpoexkrt, B 2012 roxy — 1 mpoekr, a B 2013-2015 rogax Bo-
oOuie HU oAHOro. BmecTe ¢ TeM, crpaBeUIMBOCTH Pajiu, CIEAYET OTMETUTb, YTO J10-
MyCKaeTCs BKJIIOYEHHE B TUTAH Pa3pabOTOK MPOEKTOB CTAHAAPTOB 3a CUET CPEJNICTB
3aka3uMka, OJJHAKO B 3TOM Cllydae ClIeyeT TUIAHUPOBATh 3aTpaThl HE TOJBKO HA pa3-
pabOTKy MpOEKTa CTaHAapTa, HO M Ha JIONOJIHUTEIbHbIE MPOUEAYPHI: pa3MEIICHHE
YBEJIOMJICHUM O pa3pabOTKe MpPOEKTa W O 3aBEPIICHUU IMYyOJIMYHOTO OOCYKIACHUS
[IpoeKTa, nposeaeHue dkcreptussl npoexkra HWW Poccranmapra v noArOTOBKY K yT-
BepkaeHuto. Tak, Hanpumep, 3a cueT cpenacts Pocpeectpa B 2011 roay Obutn paspa-
06oTaHbl 6 CTAaHAAPTOB HA METOBI U TEXHOJOTUH BBIMIOJIHEHHS T€0/IC3MUECKUX U 3eM-
JICYCTPOUTEIBHBIX PA0OT C MPUMEHEHUEM CITyTHUKOBOM T'€0I€3MUECKON anmapaTyphl;

— HEJIO0CTAaTOYHOE MH(OpPMAIMOHHOE O0OecleyeHHe NaHHBIMU O JIEHCTBYIOIIHUX
MEXYHAPOJHBIX CTaHJIapTaxX B 00JIaCTU T€OJe3UN U KapTorpaduu ¢ MOCIEAYIOIMUM
OCYULIECTBJIEHUEM UX IEPEBOJIOB;

— HemocTaTouHoe (rHaHcupoBaHue PocpeecTpa Ha mepeBoabl MEKIYHAPOIHBIX
crangapToB, TK He mpemocTaBiieH IOCTYyN K CYIIECTBYIOIIEH 0a3ze MmepeBoJOB, BbI-
nonasieMbix cnenuanucramu OI'YIT «Crannaptundopm» Poccranmapra.

K coxanenuto, 10 HACTOAILIErO BPEMEHH, HE YPETryJIHpPOBaH Mex1y MuHAIKO-
HoMpa3Butusa Poccum u PocpeecTpom BOIIpoc 0 MOJIHOMOUYHMSIX YTBEPKAEHUS HOpMa-
TUBHO-TEXHHYECKUX JOKYMEHTOB B 00JIaCTH T'€ojie3ud M KapTorpaduu s o0s3a-
TEJIBHBIX JUIsl UCTIONHEHUSI BCEMH CYOBEKTaMU I'e€0/Ie3UNYECKON U KapTorpapuiecKkoit
JESITETHHOCTH.

Kpaiine HeraTUBHO CKa3bIBA€TCsS Ha HOPMATUBHO-TEXHUUYECKOE PEryJIUpOBaHUE
otrcyTcTBUEe Yy Pocpeectpa GpyHKIMN MO TOCY1apCTBEHHOMY METPOJIOTMYECKOMY Hajl-
30py B 00J1aCTH I'e0/Ie3UH U KapTorpaduu.

Pa3penienre nepevrciieHHbIX Npo0JieM B 3HAYUTENBHOW Mepe CIOCOOCTBOBAIIO
OBl YIyUIIEHUIO ACSITEIILHOCTH 10 TEXHUYECKOMY PETYIMPOBAHHUIO B 00JIACTH Teojie-
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3UM U KapTorpa(uu, MOBBIIICHUIO KauyecTBAa HOPMATHBHBIX JOKYMEHTOB U 3¢ dek-
TUBHOCTHU UX BHEAPEHHUS.

B nactosiiiee Bpemsi Ha3pena HEOOXOAUMOCTh pa3padOTKU MPOrpaMMbl TEXHU-
YECKOTr0 PETyJIUpOBaHUs B 00JIaCTH Teojie3un U kapTorpaduu Ha nepuos 10 2020 ro-
Jla ¢ y4eTOM HE0OXOAMMOCTH OOHOBJICHUS HOPMATUBHOM 0a3bl re0/1€3UYECKUX, TOIO-
rpaduyecKkuX M KapTorpaguiyeckux padOT Ha OCHOBE TapMOHM3ALMK C TpeOOBaHUS-
MU MEXAYHApOJHBIX CTAaHJAPTOB, ONTUMHU3ALMH CTPYKTYpbl HOPMATHUBHOW Oa3bl
B YCJIOBHSIX PHIHOYHOI'O XapakTepa 3KOHOMMKHU U BeTymuieHust Poccun B BTO.

B kagecTBe 0HOTO M3 MyTeW perieHus: JaHHOW 3a7a4d MOT Obl OBITH CIIETYTO-
AN TTOPAIOK JICUCTBUI:

— mnepepaboTka U pa3paboTKa HOBBIX HOPMAaTUBHO-TEXHUYECKUX JOKYMEHTOB;

— o0beAHEHUE TEepepadOTaHHBIX M pa3pabOTaHHBIX HOPMATHUBHBIX JOKYMEH-
TOB B CBOJIbI IPABUJI 110 HAIIPABJICHUAM AESITENbHOCTU (TEXHOJIOTHUSM U T.11.);

— pa3palboTKa M YTBEP>KJIECHUE HAa OCHOBE CBOJIOB MpPAaBWJI U MEXKIYHAPOIHBIX
CTaHJapTOB HAIIMOHAJIBHBIX CTAHJIAPTOB;

— pa3paboTKa HAa OCHOBE HAIMOHAIBHBIX CTAHJIAPTOB U MPHUHATHE TEXHUYECKO-
ro perjiaMeHTa.

CxeMa COBEpIICHCTBOBaHUSI MPABOBOM W HOPMATHUBHO-TEXHUYECKON Oa3bl
B c(hepe reosie3un U kaprorpaduu rnokasaHa Ha puc. 3.

Ilepepadorka geficreyromux HTJL Pazpadorka HoBbIx HT]IL

\/'

O6beanaeane HT/I B Ceoabl lIpaBua oo
HaNOpaBJeHHAM JesITeJAbLHOCTH (TeXHOJIO0IHSIM H T.IL.)

v

Pazpaborka u yTBep:kIeHne HanmnoHaAIBHBIX
CTAHOAPTOB Ha ocHOBe B CBonos llpaBnia n
MexxkagyHApPOOHBIX CTAHIAPTOB

v

PazpaﬁoTKa H INIpHHATHE TexHHYIEeCKOTo perjiaMeHTa
HAa ocHoBe HanmnoHAIBHBIX CTaHIapTOB

Puc. 3. Cxema coBeplIeHCTBOBAaHUS TPABOBOM M HOPMATUBHO-TEXHUYECKOUN 0a3bl
B chepe reose3nu u Kaprorpadumu.

B 3axmtouenue, XxoTenoch Obl OTMETUTh, YTO MEPBOOYEPETHBIM HOPMATHUBHBIM
JOKYMEHTOM, KOTOPBIA MOJJIEKUT MepepadOTKe B CBETE peau3allMi BCTYMUBLINX
B cwiy denepanbHbix 3akoHoB [1], [3], [5], Ha mam B3rmsaa, sasercs ['KUHII
('HTA)-119-94 «MHCcTpyKIus 0 MOpsIKE pa3pabOTKU U YTBEPKACHHUSI HOPMATHUBHO-
TEXHUYECKUX U METOJMYECKHX aKTOB Ha MPOM3BOJACTBO TOMOTPado-reoe3ndecKux
1 Kaprorpaduueckux padbot Ha Tepputopun Poccuiickoit denepamum.
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IIprmevanus:

Y B coorBercTBHH C pacrniopsbkeHrneM OeepalbHOrO areHTCTBA M0 YIIPABICHUIO
rocyaapcTBeHHbIM uMyiecTBoM OT 28.04.2012 r. Ne 640-p npucoeauneno k OI'YII
«llenTpanbHbIit kapTorpado-reoie3ndeckuii PoHI», KOTOPOE BIOCIEICTBUU PaCIIO-
psbxenneM IlpaBurenbctBa Poccuiickoit deaeparuu ot 19.02.2013 r. Ne220-p ObL10
peopranu3zoBaHo B dejpepanbHOE rOCYIapCTBEHHOE OIOPKETHOE yupexkaeHue «dDe-
JepaibHbI HAYYHO-TEXHUYECKUM LEHTP reojie3uu, kapTorpadun U MHOPACTPYKTY-
pBI IpocTpaHCcTBeHHBIX HaHHBIX» (PI'BY «llentp reonesun, kaprorpadum u UTTJ»).

Co3pnaHno B cooTBEeTCTBUU C pacnopsbkeHueM IIpaBurensctBa Poccuiickoit ®e-
aepauuu oT 19.02.2013 r. Ne220-p myrém npeodpazoBanust OI'YII «llentpanbhbiii
kaprorpado-reoae3nueckuii PoHI», paHee PEeOPraHW30BAHHOTO B COOTBETCTBUU C
pacnopsbkeHrneM DenepallbHOrO0 areHTCTBAa IO YIPABIEHUIO TOCYJapCTBEHHBIM
umytectBoM oT 28.04.2012 1. Ne 640-p B popme npucoeaunenust k Hemy OI'YII
[MTHUUAI" AuK, ®I'VII «I'ocrucuentp» u @I'VII «KaptreoueHtpy.
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OT BYMAXHbIX KAPT K OTKPbITbIM T'MC: MEPEXOA K CARTOGRAPHY 2.0
B UHCTUTYTE TrEONIOTMN U TEO®U3NKU B BYOANELWUTE, BEHIPUA

Jlacno 3enmau
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TUKH, | eHepasbHBIA CcekpeTapb M Ka3zHaued MexIyHapoJHOH Kaprorpaduyeckoil accolManuy,
tei. +36 1 372-29-75, daxc: +36 1 372-29-51, e-mail: lzentai@caesar.elte.hu

Wucturyt reonorun u reopusuku Benrpun (MFGI) sBisiercss rocynapcTBEeHHBIM MHCTHTY-
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HOBaH B 1992 B CBsI3u ¢ mEepexo0M OT MPOMU3BOACTBA TPAIUIIMOHHBIX KapT K IU(POBBIM KapTaMm.
B naHHOU cTathe OMMCHIBACTCS IAHHBIM MPOLIECC MEPEX0a, a TAKKE CBOECBPEMEHHAs aJanTalus
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FROM PAPER MAPS TO OPEN GIS: THE WAY TO CARTOGRAPHY 2.0
AT THE GEOLOGICAL AND GEOPHYSICAL INSTITUTE OF HUNGARY

Laszl6 Zentai

Eo6tvos Lorand University, Faculty of Informatics, Pazmany Péter sétany 1/A, 1117, Hungary, Bu-
dapest, Professor, Head of the Department of Cartography and Geoinformatics, Secretary General
and Treasure of ICA, tel. +36 1 372-29-75, fax: +36 1 372-2951, e-mail: lzentai@caesar.elte.hu

The Geological and Geophysical Institute of Hungary (MFGI) is a state institute responsible
for the handling of geological and geophysical spatial data in Hungary. The Department of Geoin-
formatics of the Geological Survey of Hungary (a part of the MFGI) was established in 1992, when
the transition process of changing the traditional map production to a digital environment was
started. The main aim of this paper is to present this process as well as the harmonisation of the ac-
tivities of the institute and its continuous adaptation to the rapidly developing IT environment.

Key words: modern cartography, map production, Open GIS, geological maps.

1. CIVIL MAP PRODUCTION IN HUNGARY BEFORE 1990

The Hungarian civil cartography was centralised before 1990 and was directed and
controlled by the National Office of Lands and Mapping after World War Il. The Na-
tional Office of Lands and Mapping had been part of the Ministry of Agriculture and
Food since 1967; formerly, in 1950-1967, cartography in Hungary was supervised by
the National Planning Bureau. The main civil map publishing institute was Carto-
graphia (Cartographical Establishment, or Kartografiai Vallalat in Hungarian),
which published all kinds of maps for education (primary and secondary school at-
lases and wall maps), tourist maps, maps and globes. However, this paper is not fo-
cusing on the activities of this establishment, only on one professional institute.
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Some scientific institutions — not under the direction of the National Office of Lands
and Mapping - also dealt with map-making and with cartographic research. They
produced thematic maps mostly on the basis of the state topographic maps. Without
observing completeness, it is worth mentioning the thematic cartographical activities
of the following institutions:

— Central Office of Meteorology,

— Hungarian State Geological Institute,

— EO6tvos Lorand Hungarian Geophysical Institute,

— Geographical Research Institute of the Hungarian Academy of Sciences,

— Department of Cartographic at E6tvos Lorand University,

— Enterprise for Survey and Soil Research,

— Scientific and Planning Institute for City-Planning,

— Scientific Research Institute for Public Roads and Transport.

If we look at the number of published paper maps, probably the Hungarian State
Geological Institute (MAFI) was the most active among the above listed scientific in-
stitutions. Naturally, the geological maps were not really known by civil maps users.
| also have to remark that most of the above institutions published their maps with the
help of Cartographia. In most cases, Cartographia managed the whole map produc-
tion process (editing, drawing, printing), but the Hungarian State Geological Institute
was one of the few institutes which was able to manage the whole map production
process independently (although they got technical support from Cartographia or
from the military mapping service).

2.  THE TRANSITION PROCESS

The first research on computer-assisted map production in Hungary was performed
around 1972. The Department of Cartography at E6tvos Lorand University produced
some maps which were based on statistical data and stored in a database. The maps
were printed by an early black and white dot matrix printer. Of course, at that time
computers were available only at the central administration (an ICT 1905 type main-
frame computer and the ALGOL programming language was used), so this project
was managed together with the National Planning Bureau. These maps were used for
regional planning; the shorter production time of maps was an advantage, although
the poor quality of printed maps did not encourage further research. Such maps were
not suitable for offset map production unless they were reduced considerably
(Figure 1).
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Figure 1: The first digital map production. A thematic map of a county mab
of Hungary made for regional planning (1972).

The first commercial GIS software which was used in Hungary was the Gradis-2000
(a German-Swiss program). The first two licenses were bought in 1982: one for edu-
cation at the Technical University of Budapest, and another one for the planning of
the first Hungarian nuclear plant in Paks (including the geodetic survey on the ter-
rain). The system was suitable for digitizing, for importing data from other software

and for defining all types of graphic objects.

The first Hungarian GIS company, Geometria, was established in 1995. As private
firms were not allowed in Hungary in those times, this establishment was formed
within the Military Mapping Service. It is partly due to its activities that the first digi-
tized state topographic map of Hungary was the 1:200 000 scale military topographic
map known as DTA-200. The sheets covering the whole area of the country were
digitized by 1987, but not the full content of the paper maps (contour lines were omit-
ted). In this time, all topographic maps (both civil and military) were still classified in
Hungary, so these digital maps were not widely used. In 1989, Geometria digitized
the 1:100 000 scale civil state topographic map series (called OTAB). Thanks to the
elimination of classification and to the political and economic changes, this database

became widely used and it helped to implement GIS in Hungary.
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2.1 The first steps of the transition process at the Hungarian State Geological
Institute: digitizing

Nearly all data collected in geological research have spatial and temporal reference.
Thanks to this relationship, the Hungarian State Geological Institute started to deal
with GIS at the end of 1980’s, but the independent Department of Geoinformatics of
the Geological Survey of Hungary (now part of the MFGI) was established only in
1992. In the meantime, the name of the organisation was changed to the Geological
Institute of Hungary.

The department was focusing on map digitizing and the conversion of the map pro-
duction process into digital. At the beginning, they simply wanted to replace the tra-
ditional map production/printing process with a digital one and wanted to solve the
problem of digitizing. In the middle of 1980’s, the institute started to develop its own
map digitizing software, but just before completing the software they started to use
AutoCAD, which just became available in Hungary. (The COCOM list did not allow
Hungary to buy embargoed technologies, especially IT elements: hardware and soft-
ware).

This was the first institute of Hungary where all machines, equipment and technolo-
gies of the traditional map production process were eliminated and completely re-
placed by digital map production technology. As they were the pioneers in digital
cartography at institutional level, they had to find the most suitable technologies
themselves. (My department was working with them continuously; we created to-
gether the first Hungarian vector-based World Atlas CD-ROM.)

Thanks to the rapid technological development, the department became familiar with
the GIS-based thinking: instead of digital map production, they started to concentrate
on database driven mapping, thus moving in the direction of GIS. The Institute had so
many data collected in about 100 years that it took quite a long time to develop the
proper method of handling this large set of data and start to digitize historical geo-
logical data. Nevertheless, they understood soon that the process of digitizing is a
long process and they first should have to deal with the digitizing of their most recent
data and digitize the older data only later, when the technology would be more devel-
oped and would make the process much easier and faster.

Two principal aspects can be distinguished in the GIS activity of the Institute in this
period. Firstly, it was responsible for providing services for other departments of the
Institute (this was the time when IT devices became widely used in the county in
more and more places). This objective was achieved by processing the data of geo-
logical mapping projects in GIS. Priority was given to the establishment of GIS data-
bases through the digital acquisition of geological information available throughout
the country; their processing and analysis facilitated the computer-assisted output of
thematic base- and derived maps according to the scale and area required by its cus-
tomers.
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One of the chief aspects of the GIS activity at the Institute was to elaborate standard
procedures for map processing and uniform legends, thus enabling a broad range of
customers to use and interpret their products. The main advantage of standard proce-
dures was that the thematic maps of any part of the country had consistent legends.
We have to note that geological maps were probably the very first maps where the
legends were standardized at international level (already in the second part of the 19"
century). This means that standardization in geological mapping was a well-known
and desired process.

Following the trends of recent years, the environmental aspect of geosciences has
been putting great emphasis on the GIS processing of a large amount of data for ad-
dressing environmental issues. These include land use management, the deposition of
communal, industrial, agricultural and radioactive wastes, the assessment of local and
regional water supplies as well as of the effects of industrial and agricultural activity
and large constructions on the environment, the monitoring of the regime and quality
of ground- and subsurface water aquifers. These are some of the major environmental
problems that cannot be addressed and reliably solved without the database and the
professional knowledge of experts of the Institute. The GIS technology provided
tools for experts to integrate the information into a topologically structured multidis-
ciplinary database. Its sophisticated analysis results in producing derived maps spe-
cifically for decision-making.

In 1995, the following software products were used in the Institute’s Department of
Geoinformatics:

o the key software was Intergraph MGE (Base Mapper, Analyst, Grid Analyst,
Terrain, Modeler, Map Finisher, Map Publisher),
Bentley MicroStation,
Autodesk AutoCAD,
Maplnfo,
ESRI Arc/Info,
Oracle RDBMS.
Intergraph MGE was the key software of the time in Hungary at governmental car-
tography: large scale state topographic maps (civil and military), cadastral maps. In-
tergraph was founded in 1969 as M&S Computing, and it was later renamed to Inter-
graph Corporation in 1980. In 2000, Intergraph exited the hardware business (this
was a common trend in those years: to abandon workstation production because per-
sonal computers became more powerful) and became purely a software developing
company.

Concerning the hardware components, the department had
¢ 5 Intergraph workstations,
e some Intergraph and Numonics digitizing tablets,
o plotters.
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The following digital databases were already available or in developing phase:

Preparedness
Name Scale Content Area %

Geological data- [1:100 000 |Geology, geomorphology, hy- 15 000 km* 30
base of the Kis- drology, engineering geology,
alfold region and pedology, environment protection
Zala county
Geological data- |1:25 000 Surface objects (21 coverages) 2000 km* 80
base of the Bala-
ton Highlands
Engineering geol- |1:40 000 Geology, engineering geology 150 km® 100
ogy database of and hydrogeology
Budapest
Standardised geo- |1:100 0001: | Geological maps 93 000 km* 25
logical database of | 200 000
Hungary
Geology database [1:100 000 |Geology and stratigraphy map 15 000 km* 50

of the West Hun-
garian Range
Radioactive waste |1:10 000, |40 thematic base maps and de- 5000 km? 100
deposit database  [1:100 000 |rived versions
of the Paks Nu-
clear Power Plant

County Maps of ~ [1:100 000 |19 counties; geology, exploration | 93 000 km? 5
Hungary status, environmental sensitivity;

5 thematic maps per county
Geology database 1:50 000 | Geology, stratigraphy, hydro- 5000 km? 100
of the Bukk geology maps for the hydrogeol-
Mountains ogy model
Geochemistry da- 1:500 000 | Distribution of 18 elements in the | 93 000 km? 100
tabase of Hungary soils and in sub-soil layers

One of the most important international research projects in the second part of the
1990’s was the so-called DANREG project. This was a complex digital geological
database of the DANube REGion with the cooperation of Austria, Hungary and Slo-
vakia at 1:100 000 and 1:200 000 scale. The basic aim of the “Danube Region Envi-
ronmental Geology Programme” (DANREG) was to arrange the geological and geo-
physical data of the border zone of the three partner countries in a unified framework,
in particular of the band along the Danube where the three capitals (Vienna, Brati-
slava and Budapest) are situated, and to undertake their uniform interpretation. This
was meant as a significant assistance to the decision makers dealing with the man-
agement of the region. There were 20 thematic layers (including geological maps,
hydrogeological maps, engineering-geological maps, maps for the protection of the
environment, geophysical maps). This was one of the first international projects when
the participants faced the problem of data harmonization. With the map publishing on
CD-ROM, the DANREG project was the first one when the institute tried to manage
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the web publication (using GeoMedia WebMap). A worthy recognition of the carto-
graphic achievements of the DANREG programme is that the DANREG map set won
the first prize (“The Outstanding map of the year 1999”) in the category of scientific
maps and atlases at the Hungarian national map contest.

2.2 The next step of the transition process at the Hungarian State Geological
Institute: change of the key software

By using the leading industry standard GIS software (Bentley MicroStation, Inter-
graph MGE and ESRI ARC/Info), the institute provided customers with digital data
in any standard data format existing in the market around 2000. It was a very impor-
tant step to use a relational database to store information. This was also the time
when publishing of maps in earth sciences fell back in Hungary and the Geological
Institute of Hungary remained actually the only map maker and publisher. Although
its budget was reduced significantly, the institute continued to make remarkable ef-
forts to follow its traditions in map publishing. This was also the time when the key
GIS programs started to release their internet map server modules; however, this
method of map publication became important only in the next era.

It is a very important fact that digital cartography became the dominant method and
publishing concept was in line with the constant technological changes. The insti-
tute’s concept was to preserve the traditional appearance of printed maps, especially
at the systematic geological survey maps at various scales. This concept was adopted
in the publishing of the geological maps of Hungary at that time. We have to remem-
ber that the laptop computers of the time were not really powerful and affordable and
smaller mobile devices like smartphones and tablets were not yet invented.

Behind the traditional look, there were very deep and radical changes: the process of
map making began with querying of the existing databases and using the capability of
the GIS systems. The visualization also utilized the capability of these GIS systems.
Building of databases was a very huge and persistent program of the Institute, be-
cause the use of spatial data of the past 140 years was very valuable in the accom-
plishment of the Institute’s programs.

The most valuable result in map publishing was the compilation of the Geological
Map of Hungary in 1:100 000 scale, which was finished in 2005. The 88 map sheets
were prepared on Gauss-Kruger quadrangles and in local (EOTR, the Uniform Na-
tional Map System for Hungary) coordinate system. Quaternary deposits are essen-
tially classified on genetic basis (beside the age divided upon lithology), while pre-
Quaternary assemblages were determined on litho-stratigraphic basis, divided mainly
on formations. There are 651 different units in the harmonized legend. Because of
limited requests, the plotting of sheets takes place on a 600 dpi printer upon commis-
sion with issuing additional CD-ROM and an explanatory bookilet.
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The topographic bases of the medium and small scale geological maps are derived
from the digital state topographic maps of Hungary compiled by the Hungarian Mili-
tary Mapping Service (the so-called DTA-50, the 1:50 000 scale topographic data-
base completed in 2006, including the whole content of the paper map sheets). The
DTA-50 provided very detailed relief representation (contour lines), which is an es-
sential content of geological maps.

The main momentum of this era was the shift of the main GIS software from MGE to
ArcGIS. It was not a simple process for the institute. The main reason of the change
was that the further development and support of MGE was stopped, and Intergraph
replaced MGE with GeoMedia GIS package. With this product, ArcGIS was really
dominating the market area all over the world. The development of ESRI products in
the map production phase was also important as well as the rapid development of
internet services based on ArcGIS. Since the change from MGE to GeoMedia would
have been as complicated as the change to ArcGIS, the decision was to move to Ar-
cGIS. There was a similar shift in the Hungarian military mapping, when they also
moved from Intergraph to ArcGIS.

2.3 The increasing role of internet: on-line map service instead of map produc-
tion

2005 was an important year in cartography. Google launched its global mapping ser-
vice, the GoogleMaps. This was not the first global map service (Xerox started its
quite simple service about 10 years before, MapQuest had also released its service
before Google), but this was the first global service with satellite images and street-
level vector-based maps. Microsoft and Yahoo have also released their similar ser-
vice (BingMaps, Yahoo Maps).

In the most developed countries the national mapping agencies also started to release
their national map services, like GéoPortail in France
(http://www.geoportail.gouv.fr/accueil) or Mapy.cz in the Czech Republic
(http://mapy.cz/).

This is also the time that can be called web 2.0. The concept of web 2.0 started to be
widely used around 2003-2004 at a conference where the organizers focused on the
new generation web services in a brainstorming session. It is really difficult to formu-
late the term and there is still a huge amount of disagreement about just what web 2.0
means, with some experts characterizing it as a meaningless marketing buzzword,
and others accepting it as the new term.

Although Web 2.0 is not a clear and easily definable term (the phrase may hint at an
improved form of the World Wide Web), we can list the new features of the web
which has formed this new term:

e Mostly not simple concrete applications, but rather philosophies.
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o ,Network as platform” — delivering (and allowing users to use) applications
entirely through a browser.

e Users owning the data on a site and exercising control (maintain and distrib-
ute) over that data.

¢ An architecture of participation that encourages users to add value to the ap-
plication as they use it.

e Avrrich, interactive, user-friendly interface.

e Social-networking aspects.

In 2006, the Time magazine appointed the Person of the Year YOU, the user of the
new style web services. According to the citation although web 2.0 suggests a new
version of the World Wide Web, it does not refer to an update to any technical speci-
fication, but rather to cumulative changes in the ways software developers and end-
users use the Web.

One of the other important developments of these times is the spread of the mobile
devices: smartphones and tablets. Having global mapping services and having more
and more powerful mobile devices this produced the opportunity of a new era: the lo-
cation-based services. As GPS chips were built in mobile devices and digital cam-
eras, the users can easily identify and share their location.

INSPIRE Gecpert

: The Hungarian national INSPIRE portal (http://www.inspiregeoportal.hu).

Let me mention some important effects of the political change. Hungary submitted a
membership application to the European Union in 1994, and the negotiations on entry
began in 1998. Finally, Hungary was invited to join the EU in 2004. The EU has a
directive called INSPIRE, which is the Infrastructure for Spatial Information in the
European Community. The INSPIRE directive aims to create a EU spatial data infra-
structure. This will enable the sharing of environmental spatial information among
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public sector organizations and better facilitate public access to spatial information
across Europe (Figure 2).

INSPIRE is based on a number of common principles:

e Data should be collected only once and kept where it can be maintained most
effectively (global on-line services linking national spatial databases).

e It should be possible to combine seamless spatial information from different
sources across Europe and share it with many users and applications (the data provid-
Ing national organizations are not standardized, so the integration of data is really a
challenge in certain areas).

¢ |t should be possible for information collected at one level/scale to be shared
with all levels/scales; detailed for thorough investigations, general for strategic pur-
poses (this requires IT-driven hierarchical approach).

e Geographic information needed for good governance at all levels should be
readily and transparently available (this should be managed by national mapping
agencies).

e Easy to find what geographic information is available, how it can be used to
meet a particular need, and under which conditions it can be acquired and used (we
have to setup national INSPIRE sites, they should be user friendly not only for ex-
perts, but for the citizens too).

J '_— g *“-ﬁu_t'_'l
NASETWL T - SN
_.."' M, d
-h . - . ‘!‘P# \ - A
] ]1 : PR — "i"lt_‘.'[j,:t'- \'.,k L b
2
.-__'. . W al“'g | .:.-' ,

JHI.r I -lLrI agulac ' PPai
|l I"T r"l[]"l ppl'h pd’ Lpd Jll'i.' : Ly
¥ ¥ ; o i ! ol A
'J! " -Fdl ’E‘- LA M £ il f ERITE “PJ"Q

T 4 gap-h | : ; e i
[ 3 lll'u k _| QF’J' i.' ¥ " a’PI -'Fh
M"-ﬁl . 'P fid Badacsonytfirdemic| "I’Pr
Y T ¢ Ay S
ﬁrﬂr 4 .:""' NG ki d bl AR
04 Pﬁr tﬁ L e
A TR T g
.‘. | g II'- —pd It I:k .d .'.\5 -i] : q'PHi‘.lﬁgm
i‘l’-‘b'*” 80d P ! ‘éi E—t | 1§ ahpt bl
il ol P Al K I RN
__ ‘.l{& *Aepy  / ] L

Flgure 3: The database of the 1:100 000 scale geologlcal maps.

The internet service of 1:100 000 scale geological maps was released in 2011, which
was the first national contribution to the INSPIRE directive (Figure 3). Being familiar
with these technologies the Department of Geoinformatics was able to integrate their
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data in one system and allow interactive combination of their data in an on-line envi-
ronment. Some other important databases:

e GeoBank: the online database of Hungarian geological units, boreholes and
other objects.

o KINGA, the public geophysical data service.

e The National Adaptation Geo-information System (the overall objective of the
project is to develop a multipurpose geo-information system that can facilitate the
policy-making, strategy-building and decision-making processes related to the impact
assessment of climate change and founding necessary adaptation measures in Hun-
gary).

e Engineering geology map database (Figure 4).
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Flgijfe 4: The engméerlng'geology aatabase cif' Bxudapest
(http://map.mfgi.hu/mernokgeologia/).

It is also important to mention international projects. Geology has a long practice in
international cooperation. Thanks to the European Union grants some very successful
cooperation projects were completed. Such projects regularly use OpenStreetMap as
a global mapping service to avoid copyright issues of other commercial services. One
of the examples of such project is a ThermoMap. ThermoMap estimates the very
Shallow Geothermal Potential in terms of Heat conductivity of unconsolidated un-
derground up to 10 m depth. At the moment, nine European countries are involved
and each of them has selected a test area to provide and share data (Figure 5).
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Figure 5: ThermoMap, the Budapest test area (http://geoweb2.sbg.ac.at/thermomap/).

Probably the most important international project was OneGeology. It is an interna-
tional initiative of the geological surveys of the world. This project was launched in
2007 and contributed to the ‘International Year of Planet Earth’, becoming one of
their flagship projects. Thanks to the enthusiasm and support of the participating na-
tions, the initiative has progressed rapidly towards its target — creating dynamic geo-
logical map data of the world, available to everyone via the web. The OneGeology
project has made geological spatial data held by the Geological Surveys of the coun-
tries more easily discoverable, accessible and shareable. It made a significant contri-
bution to the progress of INSPIRE — i.e. to develop systems and protocols to better
enable the discovery, viewing, downloading and sharing of core European spatial
geological data. This project succeeded in developing a harmonised data model
(based on existing international standards) for 1:1 million geological map data, and
serving these data for 21 countries through OGC-compliant web services in a multi-
lingual portal in 18 languages. The project also succeeded in developing a single li-
cense for the use of these data. Nowadays 116 countries are contributing to this pro-
ject (Figure 6).

Summarizing the development of these years, we can say that in contrast to former
classical cartographic compilation this radically new approach lets the users define
the requested map content. It can be performed by the free selection of the graphical
layers and by well-defined queries. According to the direction of development, these
possibilities will get priority in the future cartographic activities.
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Figure 6: The OneGeology website (http://portal.onegeology.org/).

2.4 Implementation of Open GIS, but focusing on information security

The Institute started to implement the two main standards of the OGC (Open Geospa-
tial Consortium) after 2005: both the Web Map Service and the Web Feature Service.
Since then, the role of OpenGIS in publishing geological data and maps on the inter-
net became more and more important in the institute.

The Institute was re-structured by the Hungarian government in 2012, uniting the
Geological Institute of Hungary and the Eo6tvés Lordnd Geophysical Institute; the
new name is the Geological and Geophysical Institute of Hungary. Both founding in-
stitutions have more than a hundred-year old history, and not only at national but also
at international level they are considered pioneers in the field of geological and geo-
physical research. With the fusion of the two institutes, two complementary kinds of
professional experience have been merged, which increases the efficiency of the in-
stitute on the field of geology, geophysics, mining, and climate policy.

Major developments in the Department of Geoinformatics, goals achieved:

e Most of the activities of the institutes are focusing on raw material potentials
and geothermal energy.

e The GIS team carried out all the GIS activities and map productions for the
projects that work on the geological and geophysical tasks of the Hungarian state.

e Data harmonization of borehole/well data and regional maps covering the
whole country is continued.

¢ INSPIRE compliant data schemas and services for geological and geophysical
databases.
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The institute started to build a new server infrastructure in 2015. All the GIS and da-
tabase servers are migrated to a new environment. Test servers are set up first, and an
automated backup system serves all GIS and database data. The information security
became a very important topic of the last year. The institute was forced (by the gov-
ernment) to build a more strict security. Due to this process, the security is now at a
higher level and the background systems are regulated.

The institution is starting the implementation of the open source webGIS platform.
They really understood that it is a must nowadays and they are working on this new
transition process for a long time.

The implementation process of the web-based geological map service can be summa-
rized in the following main steps:

setup of the database structure,

design, compilation and cartography of web-based digital geological map,
implementation of map service,

implementation of web-based application,

optimization of the whole system.

The development of web services is a complex task. The complexity is due to the
high number of the related components and to the sophisticated relationships between
them. There is much more flexibility in the OpenGIS environment and in allowing
the users to fine-tune the system to their special needs or make some programming to
develop new functions and services.

3. CONCLUSION

The Geological and Geophysical Institute of Hungary is an interesting case study to
present the effect of the development of the information technology on a national
mapping agency or a similar national institute. The change from an analogue envi-
ronment to digital was just the first step; these institutes have to follow the techno-
logical changes and continuously adopt new functions and technologies. MAFI and
all other similar institutes produced paper maps for a very long time, and they have
all data stored in paper records and maps till the end of 1980’s years. The stages of
the digital evolution from digitizing to web-based services are quite easily identifi-
able. The most recent challenges for these institutes are the handling of big data and
the implementation of OpenGlIS. It looks that OpenGIS can give such institutes more
flexibility in their services and can provide more standardised environment on inter-
national level to support regional and international cooperation. The main elements of
cartography 2.0 and web 2.0 are collaboration, interactivity and crowd sourcing.
OpenGIS environment is able to support these activities, so it is a logical step for
such institutes.
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The goal of dimensionality reduction of hyperspectral images is to reduce the number of spec-
tral channels, either by selection or by combination, without losing too much of the image infor-
mation. The paper investigates the use of entropy as a measure of information content, and address-
es the associated difficulties in high-dimensional feature spaces. A nearest neighbor solution is stud-
ied with an adapted measure for neighborhood volumes. It appears this also provides a straightfor-
ward method to reduce image noise in the spectral domain, which also provides spatial noise reduc-
tion, while preserving spatial details and image sharpness.

Key words: hyperspectral imagery, entropy, dimensionality reduction, neighbor search, noise
reduction.

INTRODUCTION

Hyperspectral images are an important class of remote sensing data products.
They are recorded by instruments called imaging spectrometers, where the imaging
characteristic relates to the coverage of an object (for example a region on the earth
surface) with a two-dimensional set of measurements. Each measurement produces a
one-dimensional series of data, being radiances emitted or reflected from that region
at different spectral wavelengths (hence: spectrometer). This gives three-dimensional
data volumes, with two spatial dimensions corresponding to terrain coordinates in the
scene, and on spectral dimension corresponding to wavelengths in the electromagnet-
IC spectrum.

Along all dimensions the data are sampled: the spatial resp. spectral distances
(resolutions) between successive samples lead to pixels resp. spectral channels in the
data. In remote sensing, using airborne and space borne instruments, spatial resolu-
tions may be anywhere between a few centimeters and hundreds of meters. Spectral
resolutions are somewhat more uniform: the spectral ranges considered are usually in
the visible (400-700 um), near infra-red (700-1200um) and/or short-wave infrared
(1200-2500) parts of the spectrum with channels of (typically) 5 — 50 um wide.

Several satellite missions are equipped with imaging spectrometers, such as
MODIS (36 spectral channels), CHRIS (18 spectral channels) and HYPERION (220
spectral channels). Among airborne imaging spectrometers AVIRIS is a well-known
system (224 spectral channels), which is used in the examples given in this paper.
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Figure 1: Five spectra at arbitrary pixels in a hyperspectral image with
185 spectral channels between 400 and 2500 nano-meters.

The set of measurements in the range of spectral channels, representing the
spectrum that is measured at one spot in the scene and is stored at a pixel of the im-
age, is called the feature vector of that pixel. The vector space is the M-dimensional
feature space (with M the number of spectral channels). Each point in the feature
space is a (measured) spectrum, which may be also represented as a spectral curve
(Figure 1). When points in the feature space are near (perhaps in one cluster), the cor-
responding spectral curves look the same.

The noise reduction method presented in this paper fits in an effort to reduce
the dimensionality of hyperspectral image data. The goal of such reduction may be,
for example, to reduce the data volume, or to make the data suitable for certain types
of statistical analysis, including classification, where high dimensionality could get
problematic (e.g. during the estimation of distribution parameters). In this context the
notion of entropy, as a a measure of information content, plays an important role. The
k-nearest-neighbor method of estimating feature vector probabilities in high-
dimensional feature spaces provides an elegant method for noise reduction, which at
the same time reduces entropy and provides a measure of information loss during di-
mensionality reduction.
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DIMENSONALITY REDUCTION

A general goal of dimensionality reduction is to minimize data volume while
maintaining information content. This will only be successful if there is a degree of
redundancy in the input data. It requires relevant data to be separated from redundant
data, after which the latter may be omitted.

A straightforward method for dimensionality reduction is channel selection;
where as many redundant channels are removed as possible, under suitable criteria
for 'redundant’ and for 'as possible’. Other dimensionality reduction schemes use
transformations (rotations) in the feature space, the most common method being
Principal Component Transform.

As an alternative to channel selection, band formation is considered [Hosseini
Aria et al., 2012] in our study. From a large number of narrow channels (each occu-
pying a small range of spectral wave-lengths) a smaller number of wider bands is
formed, by averaging the values at every pixel. Assuming that each narrow channel is
being used for exactly one wide band, the problem can be formulated as finding the
wavelengths at which the boundaries of the new bands are placed, and method can be
called Spectral region splitting. The success in terms of dimensionality reduction vs.
information loss depends on the number of new bands and their locations in the spec-
trum. The challenge is to find optimal locations with a given number of bands, or to
find the minimum number of bands, and their locations, with a given value for certain
criteria. As to the criteria for a set being optimal we consider:

e Representation accuracy measures how similar the original (narrow) chan-
nels are to the averages used in the bands.

e Class separability addresses whether dimensionality reduction reduces the ca-
pability to separate classes from each other in supervised land use/land cover
classification.

e Information content: By quantifying the amount of information in a dataset,
one can search for a configuration of spectral bands where the loss of infor-
mation is minimal.

In all cases a single set of spectral bands is assumed to be used for an entire
Image, and one of the concerns is how (the reduction in) representation accuracy,
class separability and/or information content is spatially distributed over the image.
For images recorded at different types of scenes (for example urban, agricultural, for-
ested, natural, marine, etc.) different sets of spectral bands may be optimal. Therefore
we consider dimensionality reduction by spectral region splitting to be part of the
analysis of an image.

72



ENTROPY

The remainder of the paper is restricted to information content measurement,
notably to entropy. Entropy is a notion from information and communication science.
It attempts to express the amount of information contained in a particular message
(among all the possible messages in a given context) as the (theoretical) minimum
number of data elements needed to precisely transmit that message from a sender to a
receiver’. In remote sensing terms this translates into the minimum data volume
needed to represent (store, transmit) the information in an image. In provides a theo-
retical minimum for the data size to which images could be reduced by a ideal loss-
less image compression method. Obviously, the information content of an image de-
pends on the image size, and therefore it is customary to normalize entropy into bits
per pixel.

Entropy is a powerful, yet quite simple, concept. Considering that information
can be subdivided in pieces called packets, a set Q exists containing all possible
packets p. Associated with each packet is the probability P(p) that an arbitrary piece
of an arbitrary, but valid, message is that packet. The sum X, P(p) over all p in Q
therefore equals 1.

The amount of information in a packet, measured as the data size within a mes-
sage needed to encode that packet efficiently, equals minus the logarithm of its prob-
ability. One million packets, all being equally probable with P(p) = 1/1000000, can
be encoded in 6 digits from 000000 to 999999, and *’log 1/1000000 = - 6. When
probabilities differ, it is efficient to use short strings for frequent packets, at the ex-
pense of having to use longer strings for rarer ones. The length of each packet de-
pends on its probability: the number of decimal digits needed to represent each p € Q
most efficiently equals *°log P(p). Instead of using decimal digits, we can express
message lengths in bits by using *log P(p) instead of *°log P(p). The notion of entropy
agrees with the intuition that common, predictable pieces of information are those
with high probabilities, and that these are less informative than unusual, surprising
ones.

When the number of samples (of packets) in a dataset D is much larger than the
total number of possible samples Q, the probabilities P(p) for all p in Q can be esti-
mated from the dataset by counting the frequencies of occurrence. If certain packets p
e Q with very low probabilities do not occur in D at all, they will get an estimated
probability of P(p) = 0, which is close enough to the truth. The entropy H can now be
computed over the entire space Q as the weighted sum of logarithms of probabilities,
where those probabilities are also used as weight factors.

H(Q) =2 5o P(p) . *log P(p) 1)

1 They know and understand each other very well. They are allowed to design a strategy, and to make any agreement
on how to communicate efficiently. They are not supposed to reduce the set of possible messages, however, and if a
strategy is tailored to a message, the strategy has to be included in the message.
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When the probabilities are already known beforehand, the entropy in a dataset
D can be computed as the sum of logarithms of each packet in D. Now weighting is
not necessary, since packets with higher probability are occurring more often. It is
necessary, however, to divide by the sample size #D.

H(D) = (£ pp “log P(p)) / #D (2)
ESTIMATING ENTROPY IN HYPERSPECTRAL IMAGES

A pixel in a hyperspectral image has a feature vector containing a number of
measurements, each having a value from a certain range. The range defines the radi-
ometric resolution and translates into a bit count. The sum of bit counts over the
channels provides an upper bound for the number of bits required to store the infor-
mation in a pixel. This number of bits would indeed be needed if any combination of
spectral values randomly occurred in the image. In reality, given the small widths of
spectral channels in hyperspectral sensors, spectral curves are usually smooth, or at
least piecewise smooth (having only a few jumps) — this greatly reduces the number
of possible feature vectors, and makes spectral region splitting a promising effort in
the first place. Furthermore, spectral curves are consequences of physical properties
(absorption, reflection, scattering) of materials at and above the earth surface, and
many of the spectra that would form valid feature vectors are not resulting from any
material (or combination of materials). Finally, entropy takes the frequencies into ac-
count at which messages are expected to occur. By using compact encodings for fre-
quent messages further efficiency can be gained.

Despite the above, the number of physically possible hyperspectral feature vec-
tors is still much larger than the number of different feature vectors that actually does
occur in any given image, which is bounded by the number of pixels.

Because Q is too large, (1) cannot be used to compute the entropy in an image.
Method (2) is only useful when the probabilities of the feature vectors (information
packets) in the image are already known. It is not possible to compute these from the
frequencies at which they occur in the image directly, because the number of feature
vectors that might occur is much larger than the number that does occur. Therefore,
counting the latter does not lead to correct probability estimation.

NEAREST NEIGHBOR ESTIMATION

To estimate high-dimensional feature vector probabilities we investigate Near-
est Neighbor estimation, which was successfully applied in multispectral feature
spaces during previous work [Gorte and Stein, 1997]. We describe the overall method
first and provide details later.

For any p that is present in the feature space of an image, we find the k nearest
neighbors, also being actually present. In each spectral channel i we take the mini-
mum and maximum value min; and max; among the k neighbors and compute a size
si = max; — min; + 1. Adding 1 prevents the size to be 0 in case min; and max; happen
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to be equal. By multiplying all sizes over the dimensions i we obtain the volume
Vg = II; s; of the smallest rectangular n-dimensional hyper-block B that contains k im-
age feature vectors: the p we were searching for, plus its k—1 nearest neighbors. When
we denote the total number of pixels in the image as N, the probability for an arbi-
trary image pixel to have its feature vector (other than p) inside B equals:

Ps=(k-1) /N

Assuming Vg is small (because k << N), the probability density inside B can be con-
sidered homogeneous, and the probability for finding a particular vector in size B,
such as p, equals:

P(p) = Pg/Vg = (k=1) / NVg = (k-1) / (N II; S;)
For entropy computation according to (2) the base-2 logarithm of P(p) is needed:
?log P(p) = 2log(k-1) — %log N — X; ?log s;

Substituting this into (2), the entropy of a hyperspectral image | of N pixels with fea-
ture vectors p (in which duplicates may occur) equals:

H(1) = (Z, %log P(p)) / N = (Z, 2log(k-1) — *log N — Z; ?log s;) / N

The following remarks apply:

- kisa(small) positive integer — we used k = 11 in the experiments.

- Nearest refers to the distance between features; the nearest neighbors may be
far apartinthe  image (in the scene).

- Distances in the feature space can be measured Euclidian, but literature also
suggests other metrics, such as city block distance or fractional distance [Kybic, J. &
1. Vnucko, 2012].

- Distance computations and neighbor searches in high-dimensional feature
spaces are  controversial because of the so-called curse of dimensionality, which
leads to the observation that the distance between near points gets very similar to the
distance between far points. However, the differences between the volumes of hyper-
blocks, spanned around near vs. far point pairs, are significant, because volumes are
increasing with the n-th power of sizes.

- Another “curse” of dimensionality is that neighbor searches require brute force:
they are slow and hard to optimize when exact results are wanted. By accepting ap-
proximate neighbors, as, for example, provided by the ANN-software package [Arya
and Mount, 1998], significant performance increase is obtained at the expense of lit-
tle additional inaccuracy.

Nearest neighbor approaches to the high-dimensional entropy problem have
been proposed earlier.
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[Kybic and Vnucko, 2005] describe optimisations to a 1-NN method, known as
the [Kozachenko and Leonenko, 2005] (KL) estimator. [Kybic, 2007] extends from
1-NN to k-NN; a major difference between his approach and ours is that he uses a
single distance to constuct an M-dimensional hypersphere, where we use the mimina
and maxima in each channel to compute a hyper-block with different sizes along the
dimensions.

NOISE REDUCTION

As a bonus to the above-described probability estimation method, we obtain a
very effective method for the suppression of random variations of values in the spa-
tial/spectral domain. These variations materialize as a noisy appearance of individual
channels: spatial variation that occurs at single pixels, which cannot be explained by
actual heterogeneity in the terrain, and are not observed by any other observation
technique. On the other hand, the variations appear as pixel spectra being less
“smooth” than, for instance, those measured by field spectrometers (see also Figure
1). We consider these variations to be noise.

The proposed suppression is based on the neighbor search introduced above:
for each p find k neighbors and construct the box B, defined by the mimima and max-
ima per channel, and finally replace p by the center ¢ of box B; c is a new vector
where each element (channel) is halfway between the minimum and the maximum of
that diamension of B. After doing this for the entire image most feature vectors will
have changed; therefore also the boxes, as well as their centers, change. This gives
rise to an iterative process. After a number of iterations, the nearest neighbor search
can be re-computed and a new series of iterations performed. This defines higher it-
eration level. All in all these iterations will not quickly converge, because feature
vectors at the outside of the feature space will continue to “go inward” further and
further. However, for most of the feature vectors the changes will become very small
after a while, and this is when the process can be terminated.

The results after tree iterations of Nearest Neighbor search, with 15 sub-
iterations of replacing spectra by spectra of nearest neighbor boxes, as described
above, is shown in Figure 2. The image is from the well-known AVIRIS sample im-
age recorded at Indiana Pines agricultural scene in 1992. The image consists of 224
spectral channels between 370 and 2500 nano-meters, from which 39 channels, most-
ly in the water absorption parts of spectrum, had been removed prior to noise reduc-
tion.

The spectra of the five pixels shown in Figure 1 (before noise reduction) are
transformed into those in Figure 3 by the operation.
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Figure 2: Original (left) and Noise-reduced (right) color composites of
a hyper-spectral AVIRIS images. Above: channels (177, 77, 17) mapped to
RGB, below: channels (42, 22, 10)
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Figure 3: Noise-reduced spectra (cf. Figure 1)
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CONCLUSION

In the context of dimensionality reduction of hyperspectral imagery we described a k-
nearest-neighbor based approach for entropy computation, from which a novel meth-
od for noise reduction was derived. The method performs spectral smoothing, which
Is also clearly visible in the spatial domain. So far, the method has only been applied
to AVIRIS imagery; its effect of data from other sensors, with different signal-to-
hoise ratios, has to be further investigated.
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NPOBJIEMbl UHXXEHEPHOW FrEOAE3UN NPU CTPOUTENLCTBE HEEOCKPEEBOB.
FrEOAE3UYECKUE PABOTbI NMPU CTPOUTEJIbCTBE BbICOTHbIX BALUEH

N MOHUTOPUHI HEBOCKPEBOB-BJIN3HELIOB — BALLHU TAMAP B [KUAAE,
CAYNOBCKAA APABUA

Kaomoc Xamuo

Kommnanus Drake & Scull International PJSC, Caynosckast Apasus, r. Jxuana, P. O. Box 116806,
HayaJlbHUK OTJEJIa TeO0JIe3UYECKOTO0 MOHHWTOpWHra, Tteil. +966503419485, +9613911187,
e-mail: kadmous@mail.ru, elkhatibkadmous@hotmail.com

bamnsa Xamuda (bypmk-Xanuda) — 310 camoe BBICOKHI HEOOCKpeO B MUpE U €€ BBICOTa JA0C-
turaet 880 M. Ee otkpeiTue cocrosioch B 2010 rony B JlyOau, u oHa cTaja mepBbIM COOPYKCHHUEM
IUIsL TIPOBEJICHUS! MTOJIHOTO KOMILIEKCa MHKEHEPHO-TEOe3NUECKUX padoT BO BpeMs CTPOHUTEIHCTBA
U TOCIIEAYIOUIETO ero TeOMOHUTOPUHTA B Mpoliecce dKcIutyaTanuu. K coxaneHnuio, He y Bcex Io-
CIIeAYIOMNX HeOOCKpeOOB UMEIOTCS Takue ycioBus, kak y bamnu Xamuda. [Ipumepom Tomy HeGo-
ckpeObI-0mm3Henpl — bamuu Jlamap B [Ixumma, CaynoBckass ApaBusi, TJIe T€OJEC3UCTHI BIEPBBIC
CTOJIKHYJIUCh CO MHOTMMHU HEOXKHJAHHBIMU MPOOJIEMaMH, Ul peIIeHUs] KOTOPBIX MOTpeboBanach
pa3paboTKa COBEpPUICHHO HOBOM TEXHOJOTMU M MPOrpaMMHOro obOecreueHus. JTa TeXHOJIOTHS
BKJIIOYAET B ce0sl MPUMEHEHHE BBICOKOTOUYHOT'O JIEKTPOHHOTO TaXxeoMeTpa ¢ HabOpOM pa3InYHbBIX
MHCTPYMEHTAJIBHBIX CPEACTB, 00€CleYBaeT MUHUMAJIbHBII 00BEM BBIYMCICHUN, BBICOKYIO TOY-
HOCTh B nipeaenax 5 MM Ha 1 000 M, peanuzyercss HAMHOTO OBICTpEe IO CPAaBHEHUIO C CYIIECTBYIO-
IIMMH METOJIaMU, JIETKO COBMECTHMA C JaTYUKaMH yTiia HaKJIOHA U MCHOJIb3YeTCs AJii T€OMOHHUTO-
pHHra B pEKUME peaIbHOTO BpEMEHU. TpaguliMOHHAast T€0AE3HsI B COUETAaHUU C HOBOM TEXHOJIOTHEN.

KarwoueBsbie cioBa: BcTpoeHHOE npriioxenue Zenith line, MOOMIBbHBIN 3JIEKTPOHHBIN Taxeo-

metp TM30, Nivel ceHcop, TOYHBII HHKIMHOMETP, YPABHUBAHME METOJOM HaUMEHBIINX KBapa-
TOB, COBMECTHasi 00paboTKa MaHHBIX, CKYJBNTYpHas OalmHs, CBEPXBBICOTHBIN HEOOCKPeO, cMele-
HUE U ocaiku, Leica Geosystems.

SURVEYING ENGINEERING CHALLENGES IN THE CONSTRUCTION OF
SKYSCRAPERS. HIGH RISE TOWER SURVEY AND MONITORING
ON LAMAR TWINS BUILDING IN JEDDAH, KSA

Kadmous Khatib

Drake & Scull International PJSC Company, Saudi Arabia, Jeddah, P. O. Box 116806, Chief of
Surveying and Monitoring Department tel. +966503419485, +9613911187,
e-mail: kadmous@mail.ru, elkhatibkadmous@hotmail.com

2010 Khalifa Tower (the highest building in the world) 880 meter in Dubai was the reference
for all engineering survey and monitoring work in high rise buildings, but unfortunately not all pro-
jects have the same condition. 2011 Another challenge at Lamar Towers in Jeddah, Khalifa’s survey
system does not work well due to conditions of Lamar Towers. New technology with new instru-
ments and tools were created to face the challenge, based on high precision total station, different
tools and less calculation, high precision up to 5 mm per 1 000 m, faster more than any method,
easy to combine with reading from inclination sensors, used for real time monitoring. Traditional
way with new technology.
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inclinometer, least squares adjustment, data fusion, sculpted tower, super high-rise, offset and set-
tlement, Leica Geosystems.

INTRODUCTION

The Lamar Towers Project is an important strategic high rise luxury project on the
Jeddah Sea Front Corniche. The project consists of 72-floors (305m above ground
surface) tower, one 63- floors (285m above ground) tower and one 12- floors podium
including retail and office space as well as one 2- floors basement for parking. The
basement is 8.4m below ground. The podium is 61m high, which is compreised of 2
level retails and 10 level offices. Podium structure is integrated with both towers.

The proposal for the project was submitted by Cayan in 2008 and was approved in
the same year. Construction began in 2008 and, when completed in 2013, Tower 1
will be the tallest building in Jeddah, surpassing the recently completed National
Commercial Bank. The development is expected to cost about $ 600 million. The
tower was designed by Saudi Diyar Consultants. The Construction Management Ser-
vice is by Midrar Arabia.The main contractor Drake &Scull construction

Lamar tower has two buildings and each building has two core walls, it is 7 days cy-
cle for one floor construction and Dokka self-climbing form work system is used for
the core wall construction. Core walls construct before and the slabs follow after,
there are 5 floors height different between them. The core wall is slim and there are 2
tower cranes and 2 placing booms in each core wall so that the space is too narrow to
work on the top of them. Also there are further site restrictions.

The feasibility study was carried out to decide what is the best solution for the Lamar
tower, The engineer visited the site and collection the field information and it is re-
ported the challenges in surveying works because of the extreme environmental con-
dition such as the weather which is more than 70% humidity and the 50 degree of the
temperatures and the construction site conditions is extremely hard for surveyor be-
cause of core wall conditions as mentioned above. The small core-wall delivers the
other difficulties.

GNSS (Global Navigation Satellite System) solution was primarily proposed to apply
active control point concept which is already proved in Burj Khalifa tower in Dubali,
2 GNSS receivers were installed to collect 24-hours GNSS signal and it was analyzed
to study the quality of signal and site condition.

It is reported that multipath and cycle slips was over the threshold so that it was de-
cided that GNSS solution was not fit in this site.
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1. CONSTRUCTION SURVEY & MONITORING CONCEPT
1.1 Site conditions

Construction Cycles - As all high-rise building in the world the most important
things are to achieve to a vertical building closed to the gravity line which make the
cladding and the elevator work at the end of the project and keep the huge element at
its theoretical center of gravity which will effected if not at (shorting of the columns,
sway, settlement , etc.).

Environmental condition - During construction the building exposed to multi condi-
tions which make it move around its center of gravity which we can classified into :
-Permanent tilt
This tilt factor drives by the permanent concrete shortening and foundation mat
settlement. The permanent tilt value shall be calibrated by long term base.
-Vibration tilt (Elastic)
This tilt factor drives by the real time factors such as wind and tower crane, sun radia-
tion, etc. This tilt shall be immediately calibrated during every survey action

Limit of Survey methodology - The normal total station had a limit in transferring
points from the ground floor the top because of the angle calculation, refraction of the
x-ray, ppm (pair per million, sunlight effect, delaying in time, not easy to see inside
the site, not easy to recognized the center of the prism no real time update for the co-
ordinate the top, etc.

Optical and laser plummet had a short limit in height which obliged you to transfer
your bench marks to 20 floors max, then close and start new transferring bench marks
which make cumulative errors and make your building go out of tilt rang when your
building is vibrating also there is no idea what is the verticality situation during work,
and big delay in time while the work is going fast.

GNSS technology which is already proved in Burj Khalifa tower in Dubai ,at some
site is useless because of tower cranes, placing booms, thin core walls, height of re-
bar, etc.

Safety obstruction: During contraction at the high-rise building the most important
Issue is the safety procedures and tools which give a little limit to move and work
such as (safety screen, safety stairs, ect.)

1.2 Setting out Control points

Transfering the offsite Bench Mark to the site and to the corewall is the fundmental
survey work in every corewall and slab setting out.

To obtain precise and reliable coordinates that are not influenced by any other envi-
ronmental condtion and survey technical issue, transfering the ground control coordi-
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nates to the top of slab or the top of the existing slab formwork, Lamar tower has
unique control point transfer sleeve in every slab that is going through from ground to
the top slab. High accurate motorized total station like (TM30) and building survey
and monitoring onboard software ”Zenith Line onboard application” which is spe-
cially developed for high rise core wall alignment application is using to setout
corewall and monitoring the periodical building movement and conctrete shortening.
The Zenith Line application is used to have direct measurements from the stable
ground benchmark through the survey and monitoring sleeves and the surveyor can
operate the survey work under the no influence by sun and identical working
condtion.

The concept is to set up Automatic Total Station with the onboard Zenith Line appli-
cation in the same level of the control points (within the plot area of the tower) and
transfer the control point coordinates to the working platform on the climbing system
with a set of holes in the slab. In the required working slab and where the control
points have to be transferred, a special double reflector pole (circular prism at the
bottom, 360° reflector at the top) will be set up on the slab hole (along the same line
of TPS (Terrestrial Positioning System) telescope by a strut and the coordinate will
be obtained at the circular and 360° reflectors (Figure 1).

Figure 1

The terrestrial positioning system shall be precisely turn to the zenith line direction
by automatic motorize option aiming to the reflector on working slab. The Zenith
Line application will calculate the dX, dY of the bottom circular prism even if the
telescope is not aiming to the centre of reflector, “Zenith Line” put the telescope ver-
tical (zenith angle = 0.0000 gon) which will be offset from the reflector and ATR
(Auto Target Recognition) is ON.

To determine the final coordinate, the original Control Points coordinates shall be re-
calculated by the dX, dY from the “Zenith Line” and those value shall be used for the
surveyor on the top of the core-wall.
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On the top section, three to four Zenith Monitoring Tools (360° - Circular dual reflec-
tors pole) shall be set up at the same time for survey at the top of core wall using
onboard Zenith Line application and Zenith Monitoring Tool as in the figure below.

To transfer the coordinates from the ground, it has to occupy the survey hole in prop-
er location where has no obstruction in the vertical sight of view on the concrete slab.

The top slab where is the location to get the coordinates from the ground (Bench
Mark) shall be set up by the Zenith Monitoring Tool “Z.M.T.” (a special double re-
flector pole with circular prism at the bottom, 360° reflector at the top) to receive the
coordinate in precisely (Figure 2). Three or four (depending on the Core Wall struc-
ture, obstacles) sets of Z.M.T. and a total station will be used to determine the precise
coordinates of control points that are established on the top concrete slab or slab

formwork.
/‘_\ Active field of view
AY .-.@

Telescope put at the zenith
-ATR engaged

No distance measured but ATR command
to retrieve the deviations

-
- when it has to be right mﬂ

Geosystems

Figure 2

The core walls are being constructed in a sequence of several concrete pours. After
each concrete casting the most top slab shall be the location to control the core-wall
formworks alignment.

The circle and 360° dual reflectors pole are deployed in good geometry and they are
rolled as active control bench marks on the top section.

The total station will observe the geometry of “the circle and 360° dual reflectors
pole” by measuring the angles and distances to the 360° reflectors and those infor-
mation’s with the processed at the Control Office or immediately on site and the result-
ing coordinates applied to the total station to update its coordinates and orientation.
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The total station then observes the control points (nails set in the top of the concrete)
to derive the corrections to be applied on the formwork structure. These coordinates
are in relation to a continuous line of the building as defined by the control lines and
therefore when the points are used to set the formwork for the next pour, the con-
struction progresses as a straight element regardless of building movement.

The surveyor has to set up TPS on the or bench mark, the control holes for the survey
shall be opened from ground to the top of the slab. TPS orientation, the survey make
orientation step for the TPS set up as per building reference frame.

The Zenith Monitoring Tool with Circle and 360° reflectors shall be set up on the
top of the concrete slab or the top of the formwork as the receiver from the ground
bench mark and the active control points on the core wall.

The surveyor will have to set-up the TPS in a position where he will be able to survey
all the marks on the formwork and also some other marks that will be used for other
control inside the structure. The tripod will be installed on a very stable place.

1.3 Surveying the control points on the formwork

When the first round of observation will be made, the surveyor will survey the
control points on the formwork. He can also survey other marks on the wall and
inside the building. Those marks will be used when the surveyor will need to control
and set-up other elements in the building. By aiming 3 to 4 marks the surveyor will
locate the TPS in the same coordinate frame.

Figure 3
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In case there is no line of sight between TPS and the setting out position or it is hard
to measure directly, the surveyor shall set 30cm offset line from the concrete beside
the core wall as in the below graph (Figure 4).

Figure 4

Holes in the slabs have to be opened for laser plummet on the working platform on
self climbing formwork. Laser plummet has to be used to adjust the corners of the
formwork along with the core walls.

2. CONSTRUCTION MONITORING

2.1 Foundation Settlement monitoring

There are 28 settlement monitoring points in B2 level foundation mat. Those are sur-
veyed every day after casting, and a weekly basis, bi weekly, and monthly basis ac-
cording to the monitoring schedule. The monitoring points are anchored into the
foundation mat and securely protected. The first class digital level machine is used
for every monitoring survey. The monitoring BM gets from 200m away Off site ref-
erence. The site BM for level monitoring is updated in each monitoring sessions. The
monitoring programs are categories as the soil foundation work session, and building
construction monitoring session. In the soil foundation work session, the survey was
carried every day to monitor the dynamic settlement during the earth piling work. In
the building construction session, the survey was carried every week in the lower
floors, biweeks in the middle floors, and the monthly basis in the high floors. Most of
the big settlements was in the beginning and middle height of the building about 5-
10mm each sessions and the value was decreased to 2-3mm after middle and high
level. During the Ground Floor to top level construction period, the total amount of
the settlements are 5 mm (max), 14mm (min) (Figure 5-6).
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Records of settlement at ground floor Tower 1

10 Nov
New
REFERENCE LEVEL MARK "="15 point
LOCATION 1/po 2/po | 3/po | 4/po | 5/po | 6/po | 7/po | 8/po 9/po 10/po | 11/po | 12/po | TIME DATE

8-M 11-L | 11-N | 15-M | 12-) | 15-Q | 18-R | 17-N 18-) 10-H 7-F 4/
27TH INSPECTION |[.#1.496 |[. +1.5 |. +1.5 |. 4#1.5 |. +1.5 |. +1.5 |. 415 |. +1.5 |. +1.5 |. +1,497(. +1.5 [. +1.5 |[11.00AM| 17-Nov-11
28th INSPECTION [-+1.496 |. +#15 | +15 [ +15 |. +1.5 |  +1.5 [. +15 |. +1.5 |. +1.5 |. +1,497|. +1.5 |. +1.5 |11.00AaMm| 26-Nov-11
29th INSPECTION [-+1.496 |. +1.5 |. +1.5 [ +1.5 |. +1.5 |. +1.5 [. +1.5 |. +1.5 |. +1.5 |. +1,497|. +1.5 |. +1.5 |11.00AM| 03-Dec-11
30th INSPECTION [-#1.495 |[.+1.498|.+1.498 |.+1.498|.+1.498 |.+1.499|.+1.497 | .+1.497|. +1.5 |.+1.497 |.+1.495(.+1.499 [11-00AM| 31-Dec-11
31th INSPECTION |[-+1.495 |.+1.498|.+1.498 (+1.498 |.+1.498 |.+1.499(.+1.497(.+1.497|. +1.5 |.+1.497 |.+1.495|.+1.499 |11.00AM| 08-Jan-12
32nd INSPECTION |-#1.495 |.+1.498|.+1.498 | +1.498 |.+1.498 | +1.498|.+1.497 | .+1.497|. +1.5 |+1.497 |.+1.495|.+1.499|11.00aM 15-Jan-12
33 rd INSPECTION |-+1.495 |.+1.498|.41.498(.+1.498 |.+1.498 |.+1.498(.41.497|.+1.497|. +1.5 |.+1.497 (.+1.495(.+1.499 |11.00AM| 22-Jan-12
34th INSPECTION |-+1.495 |.+1.499|.+1.498 (.+1.498|.+1.499|.+1.499|.+1.499(.+1.498|. +1.5 |.+1.497 |.+1.494|+1.498 |11.00aM| 28-Jan-12
35th INSPECTION |-+1.494 |.+1.499|.+1.498 .+1.498 | .+1.499|.+1.499|.+1.499|.+1.498 | .+1.499 |.+1.497 |.+1.494(.+1.498 |11.00AM| O5-Feb-12
36th INSPECTION |-+1.494 | .+1.499| Erased |.+1.498 | +1.498|.+1.499| +1.499(.+1.498 | .+1.499 |.+1.497 |.+1.494(.+1.498 |11-00AM| 22-Feb-12
37th INSPECTION |-#1.493 | +1.498| Erased |.+1.498 | .+1.497|.+1.499| .+1.498|.+1.497 | +1.499 |.+1.496 |.+1.493|.+1.497 11.00aM 05-Mar-12
38th INSPECTION |-+1.493 |.+1.497| Erased | +1.498 | +1.497|+1.499| +1.498(.+1.497 | .+1.498 |.+1.495 |.+1.493|.+1.497 |11.00aM| 27-Mar-12
39th INSPECTION |-+1.493 |[.+1.497| N.A |.+1.497|.+1.496|.+1.499|.+1.498|.+1.497 | .+1.498 |.+1.495 |.+1.493|.+1.497 |11.00AaM| 05-May-12
40th INSPECTION |-+1.493 [.+1.497| N.A |.+1.497|.+1.496|.+1.499|.+1.498(.+1.497 | .+1.497 |.+1.496 |.+1.493|.+1.497 |3.15pM | 24-Jun-12
41st INSPECTION |.+1.493  |.+1.497| N.A |.+1.497|.+1.496|.+1.499|.+1.498|.+1.496 | .+1.497 |.+1.496 |.+1.493|.+1.497

POINTS NUMBER ON THE ATTACHED PLAN
PO - PODIUM AREA

Figure 5

These points were chosen at the vertex and centre of each separated raft according to
the designer requirement.
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2.2 Structure vertical shortening monitoring

The construction the core wall and the columns to the adjustd theoretical floor eleva-
tions is referenced to the off-site bench mark, and additional compensation
corrrections are applied in every floors’ construction and the correction shall be made
over and above the adjustement it is required to meet design elevation. The compen-
sation corrections are based on the short and long-term effects of the combined struc-
tural elements. The concrete shortning is regulary surveyed by the EDM through the
survey sleeve.

2.3 Building tilt monitoring

The two core walls are under monitoring by networked inclinometer system connect-
ed to the computer to detect dynamic building tilt movement and long term periodical
permanent structural tilt. The monitoring epoch is every 15 seconds interval and the
movement of the two towers was monitored 24/7 to detect the permanent and tempo-
rary tilt (Figure 7).

inclination sensor was installed every 15 floor at an equal interval height and con-
nected to each other to reached to a logging file which record in real time the inclina-
tion angle between the sensor 24/7.

- L
] i
IS /b e
i) Hh

Figure 7

Data from the logging file were studied day by day and generate a graph to calculate
the displacement dx and dy of the building during survey work to correct the offset
by shifting of the coordinate at the drawing according to the results
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Using the measurements from the Precise Inclinometers it is then possible to adjust
the offsets from the reference control points to the true formwork location.

The basis behind the use of the precise inclinometers data is to measure the rotation
of the building in an X-Y direction, i.e. (East — North). It is essential that each Nivel
sensor was orientated in the same direction and during installation a series of calibra-
tion measurements are taken to synchronize the tilt sensor readings with real position
of the building attitude.

At each sensor location an X-Y offset is measured, through determination of the
measured tilt and the distance above the rotation center. It is then possible to project
the offset to the desired height, i.e. building top.

The below graphs are the plot of Nivel data in the X & Y direction. The average val-
ue of this data for a certain time will describe the tilt and verticality of the tower. The
tilt in the X and Y directions for the tower can be adopted in the setting out of the
core wall to construct the tower in a vertical position (Figure 8-10)

FROM 30-07-12 19-09-12
X Y
Average [Max MIN Median |Average [Max MIN Median
30-07-12| 0.16904( 0.17400 0.162 0.1659| 0.538145| 0.34200 0.533 0.538
31-07-12| 0.172947( 0.17500 0.170| 0.173| 0.537493| 0.54000 0.536 0.537
01-08-12| 0.165038( 0.17400 0.165 0.165| 0.540247| 0.34400 0.537 0.540
02-08-12| 0.167702| 0.17100 0.164| 0.168| 0.54401| 0.54700 0.538 0.544
03-08-12| 5 h
04-08-12 & M—!
05-08-12|
06-08-12| 0.176448( 0.18200 0.168 0.176| 0.533495| 0.33700 0.531 0.533 0.4
07-08-12| 0.18013[ 0.18200 0.176 0.180] 0.529385| 0.33300 0.524 0.529
08-08-12| 0.175364( 0.17300 0.172 0.175| 0.528998| 0.33200 0.526 0.529 03 —
09-08-12| 0.175657 0.17300 0.168 0.176] 0.533566| 0.34200 0.530 0.533
10-08-12| 0.170458| 0.17700 0.161 0.170| 0.541156| 0.54300 0.539 0.541] o2 T aaaans L aaaas i g -l
11-08-12| 0.173144| 0.17800 0.169 0.174| 0.541009| 0.54400 0.539 0.541 01 L
12-08-12| 0.175617| 0.17900 0.170| 0.176| 0.539798| 0.55300 0.537 0.540 e
13-08-12| 0.17468 0.17800 0.170 0.175| 0.536828| 0.34100 0.534 0.537 1] T T T T T T T
14-08-12| 0.172866| 0.17700|  0.168]  0.172| 0.537254| 0.54100|  0.535|  0.537 I P ¥ ¥ PO ¥ g
15-08-12| 0.177055 0.18100 0.170 0.177| 0.533135| 0.33700 0.530 0.533 ,Jg'é\ bh@ \»;@ ,‘9@ ,‘:\@J Qf»,@ ,\9@ ) &
16-08-12| 0.170643( 0.17500 0.166 0.170{ 0.540196| 0.34300 0.537 0.540
17-08-12| 0.17968 0.18200 0.176 0.180] 0.532491| 0.33700 0.530 0.533
18-08-12| 0.177602( 0.18100 0.174 0.178| 0.528849| 0.53100 0.528 0.529 FROM 30-07-12| 19-05-12
19-08-12| 0.179962( 0.18400 0.176 0.180] 0.528527| 0.53000 0.527 0.528 X 0.16904| 0.185593) -0.01655
20-08-12| 0.179194| 0.18300 0.177| 0.179] 0.52596| 0.52800 0.524 0.526) Y 0.538145| 0.51589( 0.022255

Monthly report of inclination

Figure 8
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Figure 10
Conclusiton

Due to the development of the technology, building height and size are going to be
tall and big, and it is expected the new challeges such as the method of the construc-
tion procedure and selection of the new matterial, and the survey and monitoring
method could be discussed and studied. In terms of the survey and monitoring of the
highrise building construction, the movement of the structure in the high rise level
could be more dynamic and difficult to handle during the construciton and the precise
and accurate understaing of the building structrue movement is mendatory to carry
out proper structure compensation program to build the structure in the tolerance of
the design and systematic management of the construction history. Systematic man-
agement of the survey and monitoring data, reporting, and the new survey and moni-
toring technolgoy can help to develop the smooth and well organized working proce-
dure, the reference documatation to manage the conflict between the cooperation of
the many companies and the accurate and reliable survey and monitorng result in the
project.

© Kadmous Khatib, 2016
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reozie3un u kaprorpaduu Poccuu. PaccMoTpensl pe3ynbTaTsl paboT MO CO3JaHUIO TOCYIapPCTBEH-
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The analysis of implementation of provisions of the Concept of transition of land production
to autonomous methods of satellite coordinate definitions developed in 1995 is provided. Central
awards «Honour Sign» research institute of geodesy, aerial photograph and cartography of a name
F. N. Krasovsky on the instructions of Federal service of geodesy and cartography of Russia. Re-
sults of works on creation of the state geodetic system of coordinates of GSK-2011 and its introduc-
tion are considered. Prospects of further development of system of geodetic support are shown.

Key words: Global Navigation Satellite Systems (GNSS), systems of coordinates, GSK-
2011, state geodetic network, geodetic support.

B navane 90-x rogoB XX BeKa HOBbIE TEXHUYECKUE CPEACTBA U TEXHOJOTUU HA
0a3e 1y100abHBIX HaBUTAIMOHHBIX cyTHUKOBBIX cucteM ([THCC) peBononnoHHbIM
00pa3oM MEHSUIM TIe0/Ie3UYECKUE METOJbl KOOPJIMHATHBIX OMNpENEICHUN Kak IJis
MIPOU3BOJICTBEHHBIX, TAK U JJI1 HAYYHBIX Liesie. BO3MOKHOCTH CEpUITHO BBIMYCKae-
MOU aImaparypsl MO3BOJISIIM PEIIATh NPAKTUYECKU BCE BUABI I€OAE3UUECKUX 3a]1ad,
B TOM YHCJI€ MCIOJIb30BaTh HOBBIE CIIOCOOBI I€0/Ie3MNYECKUX M3MEPEHHU B 00JIacTH
re€OIMHAMUKHU U CITyTHUKOBOTO HUBEJIIMPOBAHUA [22].

Psii onIbITHO-METOAMYECKHUX, OMBITHO-IIPOU3BOACTBEHHBIX U MIPOU3BOICTBEHHBIX
paboT, BBIMOJHEHHBIX C UCHOJB30BAHUEM CIIYTHHUKOBBIX I'€OJ€3UYECKUX NMPUEMHU-
koB, LleHTpansHbIM OpreHa «3Hak Ilodera» HaydyHO-HCCIIENOBATENBCKUM WHCTUTY-
TOM TeoJie3un, a’dpochemMku u kaprorpaduu umenn ®@.H. Kpacosckoro (LIHUUT'A-
uK), BepxneBomkckum asporeojiesndeckum npeanpusitueM (BAI'TI), MockoBckum
opaeHa TpynoBoro KpacHoro 3HaMeHM a3pOreoAe3udyecKUM —IPEANpUATHEM
(MATITI), apyrumu npennpusitusimMu denepalibHON CIy)ObI T€0JIe3UH U KapTorpa-
¢un Poccum (Pockaptorpaduu), MOCKOBCKUM TOCYAapCTBEHHBIM YHUBEPCUTETOM
reoqe3un u kaprorpapuu (MUMI'AuK), npyrumu HaydHBIMU U TPOU3BOICTBEHHBIMU
OpraHu3alMsIMH MOKa3a]l BO3MOKHOCTh CYHIECTBEHHOTO pPOCTa MPOU3BOJUTEIBHOCTH
MIPU BBIMOJHEHUHU T€OJE3UYECKUX PaboT, a TAKKE CYHIECTBEHHOI'O MOBBIIICHUS TOY-
HOCTH TIPU YCIIOBUU COOJIIOACHUS CIEUUATBHBIX TPEOOBAaHUN K OpraHU3AlMHU U Bbl-
MOJIHEHHIO TOJIEBBIX MU3MEPEHUN M KaMepaJlbHOW 00pabOTKHU, METPOJIOTrHYECKOM aT-
TECTallUM CITYTHUKOBBIX I€0J€3MYECKUX TPUEMHUKOB [2, 3, 24, 25, 36].

B 1995 rony paspaborannas [THUUT'AuK «Konnenmus nepexona tonorpado-
reoJIe3M4ECKOro MpOU3BOICTBA HA aBTOHOMHBIE METOJBI CIyTHHUKOBBIX KOOpJIWHAT-
HBIX ONpeJeNIeHni» ObUla paccCMOTpeHa M 0J00peHa Ha PacUIMPEHHOM 3aceaHUU
HayuHno-texHuueckoro copera ®enepanbHON CiyKObl reojie3ud U KapTorpaduu
Poccun ¢ yyactuem mpeacTaBUTENEH 3aMHTEPECOBAHHBIX MUHUCTEPCTB M BEJIOMCTB
[11, 14, 15, 19, 23]. OcHoBHas neneBas 3anada Konneniuu O6pu1a chopMmynupoBana
cienyomuM obpasom «Ha ocHOBe HMCIONB30BaHMS CTAaHAAPTHOW HAa JAHHOE BpeMs
M3MEPUTENIbHOM anmapaTypsl 00ecreuuTh Haubosee panuoHanbHoe U 3hdexTuBHOE
B CYIIECTBYIOIIMX YCJIOBUAX NPAKTUYECKOE OIPEACIIEHUE KOOPAHWHAT (M BBICOT)
IIYHKTOB 3€MHOM MOBEPXHOCTH Ha BCEU TEPPUTOPUU CTPAHBI C TOUHOCTAMH, TpeOye-
MBIMU ISl pELIEHHs BO3MOXKHO Oo0Jiee IMMPOKOTo Kpyra Hay4HO-TEXHHYECKUX U PO-
W3BOJICTBEHHBIX 33]1a4».

Konuenuusa npegycmaTpuBalia pelICHHE BAKHBIX HAYYHBIX M MPUKIIAIHBIX 3a-
Jla4, OCHOBAaHHOM Ha BBICOKOTOYHBIX I'€0A€3UUECKUX U3MEPEHUSX:
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* NIOCTpOEHHE 00IIe3eMHON (yHIaMEHTAIbHON T'eOIeHTPUYECKONW CUCTEMBI KO-
OpIMHAT U MOJIIEP’KaHNE €€ Ha YPOBHE COBPEMEHHBIX U MEPCIEKTUBHBIX TPeOOBaHUM
HAayKH U MPAKTUKH. Y CTAHOBJICHHUE €IUHOM I€0JEe3WYECKON CUCTEMBbI KOOPJIUHAT Ha
TEPPUTOPHUH CTPAHBIL;

* u3ydyeHue nedopmanuii 3eMHON MOBEPXHOCTHU, MPEABAPSIONMIUX U COMPOBOXK-
JAOIINX 3€MJICTPSACEHUS U IPYTHE ONACHBIE PUPOAHBIE sBJICHUS. OmnpeneneHrue 300
aHOMAaJIbHBIX Je(opMaliiii HA TEPPUTOPUU CTPaHbI C LIETBI0O YTOUHEHUS €€ CEeHCMO-
TeKTOHUYECKOro panoHupoBanus. Obecneuenue padotr CiayxObl KOHTpos nedop-
Mallli 3€MHOM TTOBEPXHOCTH;

* u3y4yeHue (Urypbl U TPaBUTALIMOHHOTO TMOJIA 3eMJIM U UX W3MEHEHUU BO Bpe-
MeHu. ['nobanbHas reoAMHaAMUKa;

* re0/Ie3MUecKoe 00ecIeyeHre U3yueHus PUPOIHBIX PECYPCOB U 3€MJICTIONB30-
BaHUs, KaJacTpa, pa3BeAKU U pa3pabOTKU MECTOPOXKJIEHUHN MOJIE3HBIX UCKOMAeMBbIX,
MPOEKTHO-U3BICKATENBCKUX padoT;

* Te0JIe3UYEeCKoe oOecreueHne KapTorpapupoBaHusl TEPPUTOPUI CTPAHBI U aK-
BATOPUH OKPYXKAIOIIKNX €€ MOPEW;

* METPOJIOTHS CPEACTB U METOAOB ONpPENETIEHUs KOOPAMHAT U OPUEHTHUPOBAHUS
B [IPOCTPAHCTBE;

* obecnieyeHMe HUCXOAHBIMH TI€0/I€3UYECKUMU JAHHBIMU CpPEJICTB HA3EMHOI,
MOPCKOM ¥ a3pOKOCMUYECKON HABUTALINHU;

* reoJIe3MYecKoe U IreoMH(OpPMAaIIMOHHOE OOecreyeHne IeIUMUTALUU, JAeMap-
KallMM M TOPUBS3KM JIMHUM TOCYIApCTBEHHOM rpaHuibl Poccuum, a Takke rpaHMl
CyOBEKTOB (pesiepaliii BHYTPH CTPaHBbI;

* [IOCTPOEHHE MPELUU3HOHHBIX CETEN CIIEIUAIBHOIO HA3HAYCHHUS.

['eone3nueckuM sSapoM KOHLENIUH, IpeJHA3HAYEHHBIM ISl peLeHus mpooiie-
Mbl KOOPJIMHATHOTO OOECIEeUeHUs! CTPaHbl B CBSI3U C IMOSBJICHUEM CIIyTHUKOBOM am-
napaTypbl ONEpaTUBHBIX KOOPAWHATHBIX OIMpPEAENICHUN, ObIJIO OMPENEIEHO CO3/IaHHE
Ha TEPPUTOPHUM CTPAHBI T'€OJEC3UYECKON CETH B €IMHOW I€OUEHTPUUYECKOU CHCTEME
KoopauHaT Ha ocHoBe ucnonb3oBaHus [ HCC-texnonoruu. Ilpennoxennas B KoH-
LEMNUHUNA U YTBEP)KJIEHHAs B MOCJIEAYIOIEM HOPMATUBHO-TEXHUYECKUMH JTOKYMEHTA-
mu cuctembl [ KHUHII (reonesnueckue, kapTorpaduueckue WHCTPYKIUU, HOPMBI U
IpaBuja) 1 HAIMOHAIBHBIMU CTAH/IAPTAMU, UEPAPXUYECKA CTPYKTYpa CIIyTHUKOBOM
reoJIe3MYECKON CETH, BKIIFOYAJIa CIEAYIOIINE YPOBHHU:

* ceTh NMyHKTOB moctosiHHbIX Habmoaenuit 'HCC - dynaamenTanbHas actpo-
HOMoO-Teojie3ndeckas cetb (DAIC);

* ceThb MYHKTOB MNepuojanyecku noBropsembix Habmonenuit [[HCC — Bbicoko-
TOYHas reojae3nyeckas cetb myHKToB (BI'C);

* CITyTHMKOBAs reojie3nueckas cethb 1-ro kiaacca (CI'C-1).

ITpaktuueckas peanuzauus Konueniuu Havyanach yxke B 1995-1996 rr., korga
BAI'I no cornacoBannomy ¢ [THUUI'AuK texHuueckomy npoekTty BiiepBbie B Poc-
CHH BBITIOJIHUJIO pabOThI M0 CO3JaHUI0 ()parMeHTa CIIyTHUKOBOW I'€0/1€3MUECKOM Ce-
1 1 xnacca (CI'C-1) Ha teppuropun MBanosckoit, Kuposckoii, Kocrpomckon, Hu-
XKETropocKoi, yuactTuuno Brnagumupckoit, Pa3anckoii un SIpocnaBckoit obnacteit, pec-
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nyonuk Mapwuit-On, Mopaosus, Yamyptus u YyBamms oOuieil riomiaapio 6onee
400 TeIC. KM2 [4, 20, 24].

B pamkax peanuzanuu nonoxenuid Konuernmuu B 1997 r. IHUUT'AuK Ob11
pa3pabotan npoekT [Iporpammel nepeBosa reojeznyeckoro odecreuenus: Poccun Ha
criyTHuKOBBIE MeToAbl [15, 19, 30]. [Ipennoxennsie MeponpusaTus Bouun B Dene-
palbHYIO LEJEBYI0 MPOrpaMMy MO HMCHOJb30BAaHUIO T100adbHON HaBUTallMOHHOM
cnyTHrKoBO# cuctembl 'JIOHACC B uHTepecax rpaxaaHckux notpeduteneit [40].
B 2001 r. B pamkax ®enepanbHOl 11e51eBOi nmporpammbl «I'nodanpHas HaBUTALUOH-
Has cucteMay [37] KOMIUIEKC MEpPONPUITHIA T'eo/Ie3ndIecKoro obecnedeHus: Poccun
OBLT BBIJIEJICH B OTJEIBHYIO MToANporpamMmy «Mcmonp30Banne CiyTHUKOBBIX HaBUTA-
IIMOHHBIX CUCTEM JJIs T€0Ie3uUecKoro obecrneueHus: tepputopuu Poccun», rocynap-
CTBEHHBIM 3aKa3uMKOM KOTOpO# Obuia ompeneneHa denepasibHasi Ciryx0a reoe3nn
u kaprorpaduu Poccuu (¢ 2004 denepanbHOE areHTCTBO I€0/IC3UU U KapTorpaduu,
a ¢ 2009 denepanbHas ciayx0a ToCyIapCTBEHHON perucTpanuu, Kajaacrpa u KapTo-
rpadun).

B nacTtosiee BpeMs KOMIUIEKC MEPONPUATHIA Te0Ae3NYECKOro 0OecredeHus
Poccun peanusyercsa B pamkax ®eaepanbHoil 1eneBoi mporpammsl «lloanepxanue,
pazButHue u ucnosbzoBanue cucremsl [ JIOHACC na 2012-2020 roasn» [38].

B pamkax peanuzanuu Konnenuuu B 1997 rony HTHUNT' AuK Obuta pazpaboTa-
Ha Mertoguka nocrpoenuss PAI'C, BI'C u CI'C-1 ¢ mpoeKkToM CXeMBbI pacroaoKeHUs
nyHktoB ®AI'C, BI'C, a B 1999 roay noa meroauueckum pykoBojactsom [IHUNT AuK
npeanpuatusiMu Pockaprorpaduu ObUT MOCTPOEH SKCIEPUMEHTANBHBIN (parMeHt
cetu ®AI'C u BI'C, Bxmovaromuii 15 nynktoB BI'C u 4 nmynkrta ®AI'C B llen-
TpajibHOM parioHe EBpomnerickon yactu Poccuiickoit @enepaunu.

B Teuenune 1999-2000 rr. Ha TeppuTopun HamboJee YKOHOMUYECKH PA3BUTHIX
perroHoB EBporelickoii yactu Poccun Oblia MOCTpOEHA CETh B COCTaBe 72 MyHKTOB,
B TOM 4HcJie 12 MOCTOSHHO JACHCTBYIOIMINX U TIEPUOAUYECKU ONPEASIIEMbIX MTyHKTOB
®AI'C u 60 nynkroB BI'C. Kax st u3 nynkroB @PAI'C u BI'C Bkitouaer B ceds 1ie-
JIBI KOMITJIEKC OCHOBHBIX, KOHTPOJIBHBIX U pab0YuX re01e3UUeCKuX LIEHTPOB C MPHU-
HYJIUTENbHBIM LIeHTpupoBanueM. Ha nByx mynkrax ®AI'C Obimu ompeneneHsl yeKo-
PEHUS CHIBI TSHKECTH C HMCIOJIh30BaHHEM aOCOMOTHBIX TpaBuMmeTpoB ['BJI-II, ms
oOecrieyeHuss B JaJIbHEHIIEM €IMHCTBA TPABUMETPUUYECKON CHUCTEMBI U KOHTPOJIA
CTAOMJIBHOCTH HOBOW I€OLEHTPHUUECKOW CUCTEMBI, @ TAK)KE€ I'PABUTALMOHHOIO MOJISA
BO BPEMECHH.

B nocneayromnue roasl Ha OCHOBE MOJIYYEHHOTO OPraHU3alMOHHOIO U TEXHUYE-
ckoro omnbiTa pazsutue cereit ®AI'C u BI'C nponomkanock B o0beme nopsjika 40—
50 nmynkTtoB B rof. Pa3zsutue cereit @AI'C u BI'C ocyiiecTBIsJIOCh B COOTBETCTBUU C
denepanbHOM 11e1eBOM mporpaMmont «I ' mobGanbHass HABUTAIMOHHAS CHCTEMA.

ITo cocTosinuto Ha 1 sHBaps 2015 roma rocyaapcTBeHHass CIyTHUKOBAsS reojie-
3uueckas cetb HacuuTbiBaeT 4 624 nynkra. ®AI'C coctout u3 54 MyHKTOB, U3 KOTO-
peIX 45 TOCTOSHHOAEHCTBYIOIIME M 9 NEepUOAMYECKH olpeaensemsle. B cocras
nyHkToB PAI'C Bxogsat 13 mynkroB PAH, 5 nynkroB Pocctanaapra n 36 mMyHKTOB
Pocpeectpa, 3 mynkra coBmemieHbl ¢ nmyHktamu PCBJl, 8 myHKTOB COBMEIIEHBI

94



¢ mynktamu Cucremsl auddepenunanbHon koppekiun u Mmoautopuara CJIKM Poc-
kocmoca. BI'C cocrout u3 326 nynkroB. CI'C-1 HacuutsiBaet 4 244 nynkra [22].

TouHoCTh OO0 Te0AEe3UYECKON CHCTEMbl KOOPIAMHAT OMNpPEAessieTcs TOYHO-
CTBIO KOOPJIMHAT MCXOAHBIX (OCHOBHBIX, 0a30BBIX) MYHKTOB T'€0JE3MYECKON CETH,
MCIIOJIb30BAHHBIX TPU BBIBOJE MapaMeTpOB 3TOH CUCTEMBI, a 3(PQHEKTUBHOCTH €€
MPUMEHEHHUsI 3aBUCUT OT KOJIMYECTBA MYyHKTOB Ie€0JE€3WYECKON CETH, MPAKTUYECKU
peaNu3yroIMX 3Ty CUCTEMY, U UX TOCTYITHOCTH JJI UCIIOIb30BaHUS TOTPEOUTEIEM.

BoJIbIIMHCTBO BBICOKOPA3BUTHIX CTPaH, UMEIOIINX 3HAUYUTEIIbHbIE TEPPUTOPHH,
MPUHUMAsl aKTUBHOE YYaCTHUE B MEKIYHAPOAHBIX MPOEKTaX U MporpaMmax mo cos3ja-
HUIO €IMHOM OOIIe3eMHOM T'€OIEHTPUYECKON CHUCTEMBbI KOOPIMHAT, CO3/IAI0T TaKxkKe
HaIlMOHAJIbHbIE (TOCYJAapCTBEHHBIE) CHCTEMbI KOOPJIMHAT, ONTUMAJIbHBIM 00pa3oM
OpPUEHTUPOBAHHBIE Ha COXpaHEHue U pa3BUTHE reoJ1e3M4eCcKoro
U KapTorpaduyeckoro noTeHIMai€a, y>ke CO31aHHOro K 3ToMy BpemeHu [16, 17].

HauvoHanbHbIe NpocTpaHCTBEHHbIE (reoLeHTPUYeCcKUe) CUCTeEMbl KOOpAUHAT

rck-2011 @ o
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C€GCS2000
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_)4 \
Y

FCK-2011- T p reope. cucTema

NSRS - HauMoHansHanA NPOCTPAHCTBEHHAR CUCTEMa KOOPAMHAT -
(National Spatial Reference Frame)

ETRF -

(European T i Frame)

CSRS - I cucTema v K
(Canadian Spatial Reference System)

GDA - leouexTpuueckan cucTema KkoopauHat Aacrpanim
(Geodetic Datum of Australia)
CGCS - reoae cucTema
(China Geodetic Coordinate System 2000)

Puc. 1. HaupioHaneHble NPOCTPaHCTBEHHBIE (T€OLIEHTPUUYECKUE) CUCTEMBI KOOPIUHAT

I'ocynapcTBenHas reoje3ndeckas cucrteMa koopauHar Poccurickonn denepannu
I'CK-2011 nmpexncraBisier co00Oi TeOleHTPUUECKYI0 cucteMy koopaunar. [lo mpun-
nunam opueHTupoBku B Tese 3emin ['CK-2011 upentnuna MexayHapoaHOU 3eM-
HOM omopHOM cucteMe koopauHaT ITRS, ycTaHOBIEHHOW B COOTBETCTBUU
C pekoMeHAausIMu MexTyHapoaHou ciry»O0bl Bpaienust 3emiu (International Earth
Rotation and Reference Systems Service — IERS).

Tounocte ycranoieHusa 'CK-2011 no oTHOMmIEHHIO K LEHTPY Macc 3€eMJIM Ha
HACTOSILIMA MOMEHT BPEMEHU XapaKTEpPU3YETCSA CPEIHEU KBAAPATUYECKOM MNOIpell-
HOCTBIO, HEe npeBbimatomen 10 cm.

95



OcHoBuble mapametpsl cuctembl koopauHaT ['CK-2011, ee ¢usnyeckue
U FeOMETPUYECKUE XapaKTePUCTUKU OmpeeseHbl noctaHoBienueM [IpaBurenscTBa
Poccuiickoit @enepaiuu [27] u npukazom Pocpeectpa [29].

3HadyeHue pa3MepoB OOJIBIION MOJYyOCH MPUHATO paBHBIM 6 378 136,5 MeTpoB,
YTO COOTBETCTBYET NPHUHATHIM K HACTOSIEMY BPEMEHHU pazMepaM OOJIbIION MOJIyOCH
oOwero 3emHoro suunconaa. [log oOmUM 36MHBIM 3JTUTICOMIOM MTOHUMAETCS J1-
JUTICOUI, YIOBJIETBOPSIOLIUI CIENYIOIEMY YCIOBUIO JJIsl BCEH 3eMIIH.

f {do =0
o

OT10 ycioBue obecnieunBaeT npuMeHenne paseHcTBa M. C. MosoeHCKOTo TipH
OIIPEJIEJICHNY 110 CITyTHMKOBBIM JaHHBIM 3HAYECHUS HOPMaJIbHOM BBICOTHI H,

He =H,+ rae

Hs — 3Hadenue reone3nyeckoi BeICOTH 10 JaHHBIM ' HCC-uzmepenuit;

H, — 3Ha4YeHHe HOPMAIBHOM BBICOTHI IO HUBEIUPHBIM JTaHHBIM;

{ — 3HaYeHME BBICOTHI KBa3UTEOM 1A 10 IPABUMETPUUECKUM JIAaHHBIM.

Heorbemnemoit yactbto cuctemsl koopaunat ['CK-2011 sBnsercs HoBast oTeue-
CTBEHHasl TJio0ajbHasi MOJeNb rpaBuTalmoHHOro nojis 3emiau ['AO-2012, xotopas
10 YPOBHIO TOYHOCTU U JIETATHHOCTH HE YCTYMAEeT COBPEMEHHBIM 3apyOEKHBIM MO-
nexsMm reonorenimana EIGENSC u EGM2008.

OcHoBy cucremsl koopauHat I'CK-2011 cocTaBisitoT rocyjapCTBEHHBIE CITYT-
HUKOBBIE€ T'€0JIC3MNYECKUE CETH, UCIIOJb30BAHHBIE MPHU BHIBOJE MTAPAMETPOB ITOM CHC-
TEMBI:

* ceTh MyHKTOB mocTosiHHbIX Habmoaennit ['HCC - dbynaameHTanbpHas actpo-
HoMo-reoe3ndeckas cetb (PAIC);

* CeTh MYHKTOB INepuoauyecku noBTopsiembix HabOmoaeHuit 'HCC — Bwicoko-
TOYHas reoje3nyeckas cetb myHkToB (BI'C);

* CITyTHHKOBas reojie3nueckas cethb 1-ro kiaacca (CI'C-1).

B cTpykTypy rocynapcTBEHHON reofe3MdecKON CeTH, MPaKTUUECKU peau3yro-
uux cuctemy koopauHat ['CK-2011 u obecneumBaronux ee JOCTYMHOCTh JJIsi UC-
MOJIb30BaHUs MOTPEOUTENSIMU TAKKE BXOIAT CETU TPUAHTYISAIUU, MOJTUTOHOMETPUU
u tpunatepannu 1-4 kmacco (~283 000 myHKTOB), ypaBHEHHbBIE C OMIOPOI HA MyHK-
Tl @AI'C, BI'C u CI'C-1, yto obecrieunBacT BO3MOKHOCTb MCIIOJIL30BaHUS B CHC-
teme koopauHaT ['CK-2011 orpoMHOro KoimuecTBa reoJe3uueckux, Tomnorpaduye-
CKMX M KapTorpaduyecKuxX MaTepHalIOB, CO3JIaHHBIX paHee Ha OCHOBE TPaJHMIIMOH-
HBIX METOJIOB M TEXHOJIOTHIA.

dyHIaMEHTalIbHAs aCTPOHOMO-TEO€3UYECKasl CETh MPEACTABISICT BEPXHUU
YPOBEHb CTPYKTYPhI TOCY/IApCTBEHHOM CITyTHUKOBOW CETH U CIY>KUT UCXOJHOM I'eo-
JIE3UYECKOM OCHOBOM ISl IOCTPOEHHUSI 3alOJIHSIOMINX CIIYTHUKOBBIX CETEH W ITpaK-
TUYECKHU PEaN3yeT FeOIEHTPUUYECKYI0 CUCTEMY KOOPAMHAT B paMKax PEIICHUS 3a/1a4
KOOPAMHATHO-BPEMEHHOTO 00€CTICUCHHUSI.

KonnuecTBO U pacrnoyiiokeHHe MOCTOSHHO JeicTByromux NyHKToB DAIC, a
TaKK€ COCTaB almaparypbl WU MOporpamMMbl HAOIIOJECHUN OINPEISSIOTCS Hay4HO-
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TEXHUUYECKON MporpaMMoil moctpoenus u ¢yHkuuonupoBanus PAI'C c yuerom
JAHHBIX T€OTEKTOHMYECKOTO PAlOHUPOBAHUS U IPOEKTOB MEXIYHAPOIHOIO COTPY/I-
HuYecTBa. [IyHKTHI SBISIOTCS CTallMOHAPHBIMU aCTPOHOMO-TEO/IE3UNYECKUMU 00cep-
BaTOPUSIMHU, 00OPYAOBaHHBIMM KOMIUIEKCOM TMPEUM3MOHHOW ammapaTyphl: CTaHIap-
TaMH 4aCTOThbI, METEOPOJIOTUYECKUMU TaTUYNKOB, aNNapaTypoi CICKEHHS 3a JIOKAJIb-
HbIMU AedOopMalMsIMU 3€MHOU MMOBEPXHOCTH B pailoHE PaCoOJIOKEHHsT 00CcepBaTOPUU
U CTaOMJIBHOCTBIO TMOJIOKEHUSI COOPYKEHUS, HA KOTOPOM Pa3MEUIalOTCS aHTEHHBI, U
T.1. Bce myHKTH (yHIaMEHTaIbHO 3aKperieHbl ¢ 00eCIeYeHHEeM JT0ITOBPEMEHHOM
CTaOUJILHOCTHU MX MOJIOKEHHUS KaK B IJIaHE, TaK U MO BBICOTE.

[IpocTpancTBeHHOE noJioxkeHue nmyHKToB @AI'C onpenensiercs MeTo1aMu KOC-
MUYECKOW reo/ie3uH B 00ILE3eMHOM CUCTEME KOOPAMHAT OTHOCUTENBHO LIEHTPa Mace
3emiu ¢ ommnbkoi He 6osee 10 cM, a ommnbKa B3aMMHOTO MOJIOKEHUS JTIFOObIX MYHK-
ToB ®AI'C He npeBbIaeT -2 cM Mo MIaHOBOMY MOJIOAKEHUIO U 2—3 CM IO BBICOTE C
YYETOM CKOPOCTEH UX U3MEHEHHUI BO BPEMEHH.

IIepBonavanbHble KOOpAUMHATEI MYHKTOB PAI'C Ha 510Xy yCTaHOBJIEHHS CHUC-
tembl koopauHaT ['CK-2011 (1 suBapst 2011 rona) onpenensiiuch Mo pe3yjbraram
oO1Iero ypaBHUBaHUSA CETU C OMOPOM HAa MyHKTHl MeXayHapoJIHON TreoguHaMuye-
ckoi ciyx0b1 IGS, Haxoasumecs kak Ha TeppuTopun Poccuiickoit @enepanuu, Tak
Y Ha TEPPUTOPUU COIPEAENbHBIX CTpaH. 3apyOexkHble MyHKThl IGS Obuin ncnonb3o-
BaHbI ¢ 1ebt0 npunanus cetu @AI'C Gosibliiel )KeCTKOCTH U TI0CTOBEPHOCTU KOOP-
JVHATHBIX OIpENeIeHHUM, MOCKOIbKY KOJIUYECTBO U Teorpaduiyeckoe pacipeeieHue
nyHkToB IGS Ha Tepputropun Poccuu nanexo He ontumansHo. [Ipu mombope 3apy-
OEKHBIX MYHKTOB YYUTHIBAJIOCH HE TOJIBKO MX reorpaduyeckoe MoJ0KEeHue, HO U pe-
TYJSIPHOCTh M TOYHOCTh HaOmroaeHui. O0Iee onucaHue TEXHOJOTUU YpaBHUBAHUS
CETH Ha OCHOBE IMIMPOKO HcnoiszyeMoro IERS meroma «msrkoro cormacoBaHus»
paccMOTpeH B pabore [22].

Cpennue KBaJpaTHYECKUME NOTPEIIHOCTA YpPAaBHEHHBIX KOOPAMHAT ITYHKTOB
®AI'C cocraBunu 0.1-1.0 cm B mutane (mynkt @AI'C «BaaguBocTtok» - 1.9 cm) u 0.2-
1.5 cm no BeicoTe (myHKT PAT'C «BraguocTtox» — 2.14 cm).

B tabnuiie nmpuBeneHsl 3HAUCHUS JIIEMEHTOB TPAaHC(HOPMUPOBAHUSA IS CUCTEM
KOOPAMHAT, UCIOJb3yeMbIX Ha Tepputopuu Poccuiickon @enepanun B HACTOSLIEE
Bpemst. [Ipu sToM 3HadYeHus mapamerpoB, npuseaeHasie B [OCT P 51794-2008 [5]
ObLIM YTOYHEHBI.

Onpenenenne napameTpoB cBsizu cucteMbl koopauHat ['CK-2011 ¢ gpyrumu
CHUCTEMaMU KOOPJHMHAT BBIMOJHSIOCH ITyTEM CPaBHEHHS KOOPJWHAT IYHKTOB rOCY-
JNAPCTBEHHOW Ie0Je3UYECKOM CETH MU3BECTHBIX B JIPYTHX CHUCTEMaxX KOOPJWHAT U MO-
JYYEHHBIX MO pe3yJibTaTaM CIYTHUKOBBIX ONPEACICHUN KOOPIWHAT ITUX K€ MYyHK-
TOB B reorneHTpuueckor cucreme koopauHat ['CK-2011. Beruucnenue reopesmye-
CKHUX BBICOT MyHKTOB B cucteMax koopauHaTt CK-42 u CK-95 BbInonHsIOCH IO U3-

BECTHBIM HOPMAJIBHBIM BBICOTAM C HMCIIOJIH30BAHMEM BBICOT KBAa3UTEOWA, TOJTYICH-
HbIX 110 MoaeiriMm EGM-96 u TAO-2012.
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Onpenenanuch napameTpbl CBA3U JJIA CEMU MapaMeTPUYECKOro mpeodpa3oBa-

HUs, (opMyJia KOTOPOTO UMEET CIEeAYIOIUNA BU/L:

X 1 twz; —wy\ /X AX
Z/ rck-2011 twy —wy 1 Z/ ck AZ

rae AX, AY, AZ — nuHeHbIe 2JIEMEHTHI IPEe0Opa30BaHUs, M;

WX, Wy, @7 — YTIIOBbBIE JIEMEHTHI TpeoOpa3zoBaHue, pa;

m — nuddepeHnnanbHoe pa3indiue MaciTaboB CUCTEM KOOPIAUHAT.

Boluucinenne mnapamMeTpoB MpeoOpa3oBaHMsl BBIMOJHSIIOCH IO MPOrpaMme
Pinnacle mocie oTOpakoBKH SIBHBIX «BBIOPOCOB» B OCTATOYHBIX YKIIOHCHHUSAX IO KO-
OpJIMHATaM.

C nenpro AO0BEAEHUS JaHHBIX O MYHKTAaX FOCYyIAPCTBEHHOM Ie0Je3M4eCKON CETH
I'CK-2011 no motpedbuteneit Pocpeectpom Ha Bcro Tepputopuio Poccuiickoi dene-
paluu COCTaBISAIOTCA U U3JAI0TCA B OYMa)KHOM U 3JIEKTPOHHOM BHUAAaX KaTaJOTH T'e€o-
J€3UYECKUX MTyHKTOB.

Jiis obecnieueHrs MPeeMCTBEHHOCTH € MaTepHallaMi, CO3JJaHHBIMU B CHCTEMax
koopauHat CK-42 u CK-95, kaTanoru nyHKTOB TPUAHTYJIALIMHU, TPUIATEPALIUU U T10-
muronomerpun 1 - 4 knacca B cucreme koopaunat ['CK-2011 Obuim cocTaBieHBI 110
HOMEHKJIATYPHBIM JIUCTaM TOCYJAapCTBEHHBIX TOMOrpaduyecKux KapT MaciTada
1:200 000 B cootBercTBUU ¢ MHCTpyKLIMEH MO COCTABICHUIO U WU3/IaHUIO KaTaJIOTOB
reoAe3n4ecKux myHKToB [13].

Pa3paboTanbl cTpykTypa v (opMaThl KaTajlOrOB JJisi CIIyTHUKOBBIX TOCYAApCT-
BeHHBIX reojesnueckux cereit (DAI'C, BI'C, CI'C-1), B KOTOPBIX IJIAHUPYETCS IMO-
MelaTh BCE BHUJIbI KOOPAMHAT T'€0A€3UYECKUX MyHKTOB B cucrteMe koopauHat ['CK-
2011 reoueHTpuyeckre NpsAMOYTOJbHbIE KOOPANHATHL X, Y, Z, re0Ae3UIeCKrue KOOp-
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muHatel B, L, H, muiockue npsMoyronpHble KOOPAMHATHI X, Y B Npoekiuu ['aycca-
Kprorepa ¢ mecturpaayCHbIMU 30HAMM.

Karanoru myHKTOB AJis1 Ka)KJ0M CIyTHUKOBOM CETU UMEIOT CBOIO COOCTBEHHYIO
CTPYKTYpY U COAEPKAHUE.

Hapsiny ¢ reope3anyeckuMu BBICOTAMH B KAaTaJIOT OYyT TakK:Ke MOMEIIEHbI HOP-
MaJIbHBIE BBICOTHI MYHKTOB B balITHiicKOi1 cucTteme BhICOT 1977 roga u BBICOTHI KBa-
3UT€OU1a HaJl OOIINM 3€MHBIM JLTATICOUJIOM.

Bce 3HaueHuss KOOpJAMHAT M BBICOT MPUBOMAATCS C YKa3aHUEM Kjacca IyHKTa
1 crioco0a ornpeiesICHHs.

Kpome Toro, karamoru mpoCTPaHCTBEHHBIX MPSIMOYTOJIbHBIX KOOPAMHAT IyHK-
ToB ®AI'C, COBMEIIIEHHBIX C MMyHKTaMHU HAOJIOJIEHUN TTapaMeTPOB BPAIICHUS 3EMIIH
I'CBUY, exeromHo myOJUKYIOTCS C YKa3aHHEM AIOXU B CIEHUAILHBIX OIOJIICTEHSIX
I'CBU.

IToMrmoO 3TOTO, B COOTBETCTBUM C MYHKTOM 4 moctaHoBiieHus [IpaBuTenncTBa
Poccuiickont @enepanuu «O €IUHBIX TOCYAAPCTBEHHBIX CUCTEMAX KOOpAWHAT» [27]
HH(pOpMAIHIO O COCTaBE, TEXHUUYECKOM OCHAIIEHWU U MECTOIMOJIOKEHUU Ie0/Ie3uue-
ckux nmyHkToB ['CK-2011, 3a uckiroueHueM UHpOpMaIuu, OTHOCSIIEHCS K Tocyaap-
CTBEHHOM TailHe, TUIaHUPYeTCs pa3MeliaTh Ha opuiMaibHOM caiite LleHTpa TOUHBIX
acemepuna Pocpeectpa.

Konuenuelt npegycmaTpuBaiach pa3pad0oTKa €IMHBIX HOPMATUBHO-TEXHUUECKHUX
JTIOKYMEHTOB, PETIaMEHTHPYIOIIUX MPOU3BOJICTBO T€0JE3UYECKUX PaboOT Ha COBpe-
MEHHON MHCTPYMEHTAJILHOI 0asze.

B pamkax peanuzanuu 3TOTO TMOJIOKEHUS ObUIM pa3pabOTaHbl U yTBEPKICHBI
CIEAYIOIINE HOPMATUBHO-TEXHUYECKUE JOKYMEHTHI:

* OCHOBHBIE TIOJIOKEHHUS O TOCYAAPCTBEHHON reojie3nyeckoil cetn Poccuiickoit
Oenepanuu [21];

* PTM CnyTtHukoBasi TEXHOJOTHS Te0ie3Uuueckux padoT. TepMuHbl U omnpeje-
nenus [31];

* [IpaBuna 3akperuieHHus] LEHTPOB IYHKTOB CIIYTHHMKOBOW T'€OJIE3UYECKOU CETH
[28];

* PykoBOACTBO MOJBL30BaTENSl MO BBIMIOJIHEHUIO PA0OT B CHUCTEME KOOPJMHAT
1995 roma (CK-95) [33];

e MHCTpYKIMS 1O Pa3BUTHIO ChEMOYHOIO OOOCHOBAHUS M ChEMKE CUTYallMU U
penbeda ¢ MPUMEHEHUEM TJI00AIbHBIX HaBUTAlIMOHHBIX CIYTHUKOBBIX cucteM [JIO-
HACC u GPS [12];

* PyKOBOJICTBO MO CO3IaHUIO M PEKOHCTPYKLHU FOPOJCKUX T€OJE3UYECKHUX Ce-
Tel ¢ ucnosib3oBanueM cnyTHUKOBBIX cucteMm ['JIOHACC/GPS [32].

B «OCHOBHBIX MOJOKEHUSAX O TOCYJApCTBEHHOU reonesnyeckon cetu Poccuii-
ckoit deneparum» ObLIIO OTPAXKEHO COCTOSHHUE TOCYAAPCTBEHHOW T'€0Ie3UYECKOM ce-
TH CTPaHbl Ha 310Xy (OPMUPOBAHUSA CUCTEMBI reoIe3ndecKkux koopaunat 1995 rona,
MIPUBE/ICHbl OCHOBHBIE XAPAKTEPUCTUKHU 3TOM CUCTEMbI, OCHOBHBIE MPUHIIUIILI €€ yC-
TQHOBJICHUSI Y ONIPEACIICHBI CTPYKTYypa U OCHOBHBIE MPUHIIUIIBI JAJbHEUIIIETO Pa3BU-
THsI TOCYApCTBEHHOM reoje3ndeckoun cet Poccuiickon denepanuu Kak COCTaBHOU
4acTH HOBOW BBICOKOA((EKTUBHON TOCYJapCTBEHHON CHUCTEMBI T€0Ae3UYECKOTO
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obecrieuenus Tepputopun Poccuiickoit denepanyy, OCHOBaHHOW Ha MPUMEHEHUU
METOJIOB KOCMHUYECKOW T€O0JIe3MH U HCIOJIb30BAHUU TJIOOAIBbHBIX HABUTAILIMOHHBIX
criytHuKoBbIX cucteM ['JIOHACC u GPS.

HopMaMy MJIOTHOCTM pa3MelIeHUsl MMyHKTOB TOCYJApPCTBEHHBIX HUBEIHMPHBIX,
re0JIE3UYECKUX U TPABUMETPUUECKUX ceTer Ha Tepputopuun Poccurickoin enepanuu
[18] ompeneneHo KOIWYECTBO MYHKTOB HA THIC. KB. KWJIOMETPOB IS CICIYIOIIUX
TEPPUTOPHUIL:

* 20 11 TOPOJICKUX U CENBbCKUX MOCEICHHUM, TPYTUX MYHUIIMITAILHBIX 00pa3o-
BaHMM;

* | 1yia UHBIX SKOHOMUYECKH OCBOEHHBIX TEPPUTOPHUH, TEPPUTOPUN MOBBIIICH-
HOT'O PUCKA BO3HUKHOBEHHUS YPE3BBIYANHBIX CUTyallMi MPUPOJHOIO U TEXHOTEHHOTO
XapakTepa, a TAKKe NPUTPAHUYHBIX TEPPUTOPUIL;

* 0,1 nus paitonoB Kpaiinero CeBepa v nprpaBHEHHBIX K HUM PaliOHOB.

Kpome Toro, Texundueckum komuteroM no cranaaptuszanuu TK 404 «['eonesus
u kaprorpadus», a Takxe noakomuteroM [IK 7 «PaguonaBuralimoHHble CpencTBa
JUISl T€OJIE3UYECKUX, TUAPOTrpadUUIeCKUX U 3eMJICYCTPOUTEIBHBIX PaboT» TEXHUYE-
ckoro komurera TK 363 «PaguonaBuranus» ObUIM pa3paOOTaHbl M YTBEPHKIACHBI
Poccranmaprom HanmoHanmbHble cTaHmapTel Poccmiickonn @epepanuum cepumn «I'mo-
OanbHAsi HABUTAIIMOHHAs CIyTHUKOBAsi cucTeMa. MeTOJbl U TEXHOJIOTUU BBITIOIHE-
HUSI T€0JIE3UYECKUX padboTy», peanusyromue noyoxenus Konuenuuu, 'OCT P 51794-
2008 [5], TOCT P 53864-2010 [6], TOCT P 55024-2012 [7], TOCT P 55535-2013
[8], TOCT P 55536-2013 [9], u psin npyrux.

Cucrema koopaunat 'CK-2011 Obua BBenena Iloctanosnenuem [IpaButenbct-
Ba Poccuiickoii @eaepaunn «O €IMHBIX T'OCYIAPCTBEHHBIX CUCTEMAX KOOPIMHAT
[27] onHoBpemeHHO ¢ cuctemor koopauHat [13-90.11. Ilynkrom 2 moctaHoBiEeHUs
YCTaHOBJICHO, UTO cHCcTeMa reoje3ndeckux koopaunar 1995 rona (CK-95), ycranos-
neHHas nocraHoyieHueM IlpaBurenscTBa Poccuiickont ®@enepanmu ot 28 uromnst 2000 r.
No 568 B KauecTBE €IUHON rOCYAAPCTBEHHOW CUCTEMbBI KOOPAWMHAT, U €IUHAsI CUCTE-
Ma reoje3nueckux koopauHat 1942 roga (CK-42), BBeneHnHas nocraHoBieHueM Co-
Beta MunuctpoB CCCP ot 7 anpens 1946 r. Ne 760, npumensitorcss 10 1 siHBaps
2017 r. B OTHOLIIEHUHU MATEPHUAIIOB (JOKYMEHTOB), CO3JJaHHBIX C UX UCIIOJIH30BAHUEM.

B cBs3u ¢ atum 1o 1 suBaps 2017 rona miaHupyeTcs NpOBEACHUE CIEAYIOIIUX
OCHOBHBIX MepoIpusThii o obdecneuenuto nepexona k 'CK-2011:

* MOATOTOBKA METOJMYECKHX yKa3aHuUW mo TexHojoruu nepexona k ['CK-2011
[IPU BEJICHUU TOCYAApPCTBEHHOTO KaJacTpa HEJBU)KHUMOCTH;

* BBITIOJIHEHUE aHANIM3a MPUYMH peruoHanbHbIX aedopmanuii MCK cyOnekToB
P® u pazpaboTka METO/IOB UX yCTpaHEHHUS;

* pa3pa0oTKa TEXHOJOTHYECKHX pemieHuil mpoodinemsl nepeBoga B ['CK-2011
Te0JIE3NUECKIUX U KapTOrpaUUeCKuX MaTepualioB, BHITIOJHEHHBIX paHee B JIPYTUX
CHUCTEeMaX KOOPJUHAT;

* pa3paboTKa MPOrpaMMHOI0 O0ECIeUeHUs peann3aluu Mepexoaa OT CyIIEeCT-
Byromux cuctem koopauHat k ['CK-2011,
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* CO3/IaHHE BBHICOKOTOYHOM ITM(POBOM MOJIEIH BBICOT KBa3UTE€OW A HAJ OOIIHNM
3eMHBIM 3JuturiconioM cucteMbl koopauHat ['CK-2011 na teppuroputo Poccuiickoii
denepaunu;

* BBIYMCJIEHUE MONPABOK K 3HAYEHUSIM YKJIOHEHUN OTBECHBIX JIMHUH 3a MEPEX0]]
K cucreme koopauHat I'CK-2011 na tepputopun Poccuiickoit @enepanumu.

B pamkax peammzanuu meponpustuin QLI «llonnep:xanue, pa3Butue U uc-
nons3oBanue cuctembl ['JIOHACC na 2012-2020 roas» [38] u PLII «Pa3Butue
€IMHON TOCYJApCTBEHHOM CUCTEMBI PErHCTpAllMU MpaB U KaJaCTPOBOTO ydeTa He-
nBkuUMocTH (2014-2019 roasl)» [39] mpeaycMOTpEeHO AOCTHKEHHUE CIIEYIOIIUX
KOJIMYECTBEHHBIX TOKA3aTeJIE IyHKTOB T'OCYJIapCTBEHHOM CIIYTHUKOBOM CETH
K 2020 rony:

80 mynktoB ®AI'C;

350 nynkroB BI'C;

6 000 mynkToB CI'C-1.

D10 no3BOAUT JOCTUYb K 2020 romy CreayromuX TOYHOCTHBIX XApaKTEPUCTUK
cuctembl koopauaat ['CK-2011:

MOTPEIIHOCTh B3AMMHOTO MOJ0KeHUS MyHKTOB DAI'C 0.5 cm;

MOTPEIIHOCTh TeOLeHTpUUHOCTH cucTembl koopauHat ['CK-2011 1 cm;

MOrpeEMHOCTh pacnpocTpaneHuss cucremsl koopauHat 'CK-2011 na Teppuro-
pun Poccuiickoit @enepanuu, peanuzyemas cucremoint [ JIOHACC 2 cM;

B Hacrosiiee BpeMs B COOTBETCTBUHU C IyHKTaMu 3 U 4 noctanosiienus [IpaBu-
tenbcTBa Poccuiickoit @eaeparuu «O eAUHBIX TOCYJAPCTBEHHBIX CUCTEMAX KOOPIHU-
HaT» [27] n myaktoM 13 x) [lomokeHus o nmoaHoMouMsX (peaepaibHBIX OPraHOB HC-
MOJIHUTENHFHOM BJIACTU MO MOJJICPKAHUIO, PA3BUTUIO U HCIIOJIH30BAHUIO TII00ATBHON
HaBurannoHHou cnytHukoBou cucteMmbl [ JIOHACC [26] moanucan npuka3 Pocpee-
ctpa oT 23.03.2016 1. Ne [1/0134/16 «O0 yTBEpKI€HUH T€OMETPUUYECKUX U (pu3mye-
CKHMX YHCJIOBBIX T'€0JIE3NYECKUX MapamMeTpoOB TOCYJAPCTBEHHOUN I'€0/1Ie3NYECKON CHC-
tembl koopauHat 2011 rogax» [29].

denepalibHOM 1IENEBOM TporpamMMon «Pa3BUTHE €AUHON TOCYITApCTBEHHOM CHC-
TE€Mbl PETUCTPALIMU MPAB U KAIACTPOBOro yuera HeaBuxuMoctu (2014-2019 romer)»
[39] mpenycmotpeno g0 2019 . Bo Becex cyOobekTax Poccuiickoit denepariuu, BKITIO-
yasi Pecnnyonuky Kpsim u ropon denepansHoro 3HaueHusi CeBacTonoib, OCyIIECT-
BUTb NIEPEXOJ K €IMHOW I'€OLEHTPUYECKOU OTKPBITOM CUCTEME KOOPINHAT.

OcCHOBHbBIE HAaIlPaBJICHHS [AJbHEWIIETO Pa3BUTHS CUCTEMBI T€O0JE3UYECKOTO
obecnieuenus Poccuiickoit denepanuu ObulM paccMOTpeHbl B paborax «CHCTeMbI
koopauHaT» [34] u «BeicoTHOE U rpaBUMETpHUUECKOE obecrieueHue» [35].

Pa3BuTHE HOBBIX TEXHOJOTHM M CPEACTB I'€OJIE3NYECKUX M3MEPECHHI MPHUBEIO
K HEOOXOAMMOCTH MU3MEHEHUN B MPUHIMUIIAX MOCTPOCHUS BCEH CHUCTEMBI reojie3nye-
CKOro oOecrneueHus. OTH MNPUHLUIHAIBHBIE W3MEHEHHS] MPOUCXOJSAT HE TOJbKO
B CTPYKTYpE MOCTPOCHUS T'€0/I€3NYECKUX CETeH (CIyTHUKOBBIX, HUBEJIIUPHBIX U Tpa-
BUMETPUYECKHX), HO B XapaKTepe B3aUMOCBSI3€H, COCTABISIONINX CUCTEMbI I'€01€3H-
YECKOTO 00€CTIeUeHUs: KOOPANHATHOM, BHICOTHONW U TPaBUMETPUUECKONU. DTO CBA3a-
HO B IIEPBYIO OU€pE/lb C MOBBIIIEHUEM TOYHOCTH T'OCYAAPCTBEHHOW CHUCTEMBI KOOP-
JTMHAT U U3MEHEHUEM MPUHIUIIOB OPUEHTAIIMNA OCEN KOOPJMHAT B Tejie 3eMJIU OTHO-
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cuTenbHO LeHTpa macc U ocu BpameHud. ['CK-2011 npakTtudyeckn Ha MOPSAAOK MO
cpaBaennto ¢ CK-95 (Ha aBa mopsiaka mo cpaBaenuto ¢ CK-42).

Peuienne BONpoOCOB NAJBHEMIIETO PAa3BUTHS FOCYNAPCTBEHHOM CHCTEMBI KOOP-
IVMHAT B MEPBYK OYEpPENb CBA3AHO C COBepUIEHCTBOBaHMEM ceTH NMyHKTOB DAI'C,
KaK OCHOBBI CHCTEMBI KOOPJIMHAT. DTO COBEPIIECHCTBOBAHUE HOJDKHO MATH B JIBYX
HamnpasJICHUSX - co3anue Ha 3-4 myHkTax @AI'C pacmmpeHHOro KOMILIEKCa acTpo-
HOMO-TE€OJIE3UNYECKNX CPEJICTB MU3MEPEHNN U JaJbHENIIEE PACIIUPEHUE CETU MOCTO-
AHHO AeicTByrommXx MyHKToB PAI'C. KoMmIuieke COBpEMEHHBIX CPEJICTB U3MEPEHMIA
NOJDKEH BKJIKOYATh KaK MHUHHMMYM Ja3€pHbIE CIIyTHUKOBBIC NAJILHOMEPHI, a B IEp-
CIIEKTUBE MaJble TpaHcnoptupyemble anTeHHbl PC/IB, a Takke u3MepuTesbHOU an-
napatypbl MEXIYHApOJHON CIyTHUKOBOU reoae3mdeckor cuctembl DORIS. Takas
KOMIUIEKTAIMS] IOMUMO YTOYHEHHSI CaMUX MU3MEPEHUM 3a c4eT 0oJiee T0CTOBEPHOTO
ydera BIMSIHHUS aTMOC(EPBI, TaCT JTOMOJHUTEIbHYI0 HHPOPMAIIMIO O TOYHOCTU OpU-
EHTUPOBKU OCel KOOpAMHAT. IIpoeKkTHpOBaHHME HOBBIX IOCTOSTHHO JEHCTBYIOIIUX
nyHKTOB ®AI'C JOJKHO BECTUCH C YUYETOM F€OTEKTOHUYECKOW CTPYKTYPBI TEPPUTO-
puu Poccun 1 BO3MOXKHOCTAMHU NEpeavn HaOMIOIEHUN B €IMHBIN LIEHTP 00paboTKU
B PEKHUME peasibHOro BpeMeHu. C Apyroil CTOPOHBI, BaXKHBIM TPeOOBaHUEM K pa3me-
meHnto MyHKTOB DAI'C gBnseTcs X OTHOCUTEIIBHO PABHOMEPHOE pPACHPEACICHUE
Ha Tepputopun Poccnn ¢ paccTostHueM MeXAy MyHKTaMH B cpegHeM nopsiaka 500-
800 kM. D1u TpeboBaHuA K pazMenieHUI0 HOBbIX MyHKTOB PAI'C, Bo-niepBbIX, 00€ec-
nevar aud@epeHuupoBaHHbIX MOAX0A K OMpPENeIeHUI0 CKOPOCTEN N3MEHEHUH KOOp-
JMHAT BO BPEMEHHU JUIsl Pa3HbIX F€OTEKTOHUYECKUX CTPYKTYp, BO-BTOPBIX, obecreyar
0oJsiee OaronpusTHBIE YCIOBUS JUIsl pACIPOCTPAHEHUS! €IMHON CUCTEMBI KOOPAUHAT
U CKOPOCTEH Ha MyHKTHI T'€0€3NUECKIX ceTeil 00siee HU3KOro ypOBHS (IPEXk/Ie BCEro
OpU  JIONOJHUTENbHBIX WM NEPUOAMYECKUX ompezaeneHusix mnyHKToB BI'C)
U B TPETHUX, CO3aAyT OoJiee OiaronpusTHBIE YCIOBUS JUIsl Pa3BUTHUSL CUCTEM (PYHK-
nuoHanbubix gonogHenut THCC (RTK, VRS, PPP u np.).

YBennueHne 4nciia MOCTOAHHO JercTByronmx nyHKToB DAI'C, nmpu ycimoBun
BBIOOPA MX MECTOMOJIOKEHUS B COOTBETCTBUU C T€OTEKTOHMYECKOM CTPYKTYpOH, mo-
3BOJIUT, C OJIHOM CTOPOHBI, 00JIee AETaTbHO YUUTHIBAThH BIMSHUE STUX PErHOHAIBHBIX
nae(pOpMAIIMOHHBIX MPOILIECCOB HA TOYHOCTh TOCYJAapPCTBEHHON CHUCTEMBbl KOOPIUHAT,
C JPYrofl CTOPOHBI, PETUCTPALUsl PErMOHAIBHBIX XAPAKTEPUCTUK JBUKEHHUS 3€MHOU
MTOBEPXHOCTH JACT LIEHHYIO MH(OPMAIMIO JJI aHaJIM3a 3TUX INPOLECCOB MX MOcie-
DYOUIEr0 MOJIEIMPOBAHUS U IPOTHO3UPOBAHMUS.

[Tockosbky Teppuropusi Poccrnn MMeeT CloXHYH T€OTEKTOHUYECKYHO CTPYKTY-
Py, TO Hapsay C TJI00ATbHBIMUA U3MEHEHUSAMH Ha TeppUTOprr Poccuu mpucyTCTBYIOT
U pErMoHajbHbIE Ae(POPMALIMOHHBIE TPOLIECCHI, BBI3bIBAIOIINE IBUKEHUS 3€MHOM MO~
BEpPXHOCTH [22, 34].

Jliist yueTa 3Tux Ae(opMalMOHHBIX MPOIIECCOB, BEJIMYMHA KOTOPBIX COM3MEPUMA
C TOYHOCTBIO BeJieHUs] EAMHOro rocyaapcTBEHHOTO KaaacTpa 0ObEKTOB HEIBHKUMO-
CTH, HEOOXOIUMO BBITIOJIHEHUE KOMIUIEKCHBIX HAyYHBIX UCCIICIOBAHUIA.

[TpoGaemsl o pazButuio cetu GAI'C cBsi3aHbI ¢ UX pa3MENICeHUEM Ha TEPPUTO-
pun Cubupu u Jlansaero Bocroka. Ilo Hamemy MHEHHIO 3TOT BOIPOC HEOOXOIUMO
pemarh Ha OCHOBE KOMIIJIEKCHOTO MEKBEJOMCTBEHHOIO B3aUMOIEUCTBUSA, HA OCHOBE
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cornamenuii ¢ 'K «Pockocmoc», deaepanbHbIM areHTCTBOM MO TEXHUYECKOMY pe-
ryaupoBanuto U merposioruu (Poccranmapr), @enepanbHoi ciiy:k00i 1O THApPOME-
TEOPOJIOTUM M MOHUTOPUHIY OKpyKarwoiei cpenbl (Pocruapomer), denepaibHbIM
areHTCTBOM HayuyHbIX opranuzaiuit (PAHO Poccun) n Poccuiickoit akajgemuei Hayk
(PAH).

Takum 00pa3oM, OCHOBHBIMU HaIpaBICHUSIMHU padOT MO COBEPUICHCTBOBAHUIO
CUCTEMBI reojie3nueckoro obecnedenus Poccuiickoit denepanuu siBISIOTCS:

* BRITMIOJTHEHUE KOMILIEKCa yHTAMEHTAIBHBIX U MTPOQPIIBHBIX HAYYHO-UCCIIEIO0-
BaTEIbCKUX padoT, 00ECTICUNBAIONTUX PA3BUTHE BCEX COCTABJISIONIUX CHUCTEMBI I€O0-
JIE3UYECKOro obecnedeHus: (KOOpAWHATHOTO, BBICOTHOTO U TPaBUMETPUYECKOTO),
C YYETOM BIIMSIHUSA F€OAMHAMUYECKUX MPOLIECCOB;

* JaJibHEHIIEE pa3BUTUE rOCyAapcTBEHHbIX reoje3ndeckux cereit PAI'C, BI'C
u CI'C-1 B cootBercTBUU ¢ Tuianamu Mepornpusatuii @I 'NNIOHACC B nensix obec-
MEYEHUs] TOUHOCTHBIX XapaKTEPUCTUK TOCYJAPCTBEHHOM CUCTEMbI KOOPJUHAT U CO3-
JaHus OJIarONpPUSATHBIX YCIOBUM NI pa3BUTUS (YHKIIMOHAIBHBIX JTIOMOJTHEHUN TEX-
nonoruit 'HCC;

* o0opynoBanue yacti myHKToB ®AI'C cpeacTBaMu acTpOHOMO-T€01€3UUECKUX
M3MEpPEHH, OCHOBAaHHBIX Ha pasHbIX ¢uiznueckux npunuunax (PCHDb, nasepHbix
JTATLHOMEPOB U Jp.), STOT MPUHIUIT KOMIUJIEKTAI[MU O000PYIOBaHUS MPUHST B MEXK-
JOYHAPOJAHOW MPAKTUKE U MOJTYYUI HA3BAHHE KOJUIOKAMOHHOTO NMPUHIUIIA;

» monepuu3zanus MCK, pa3paboTka adropuTMOB U MaTeMAaTHYECKUX MOJeNen
nepecyera KoopArHAT reorpaduueckux 0ObeKTOB B TOCYJapPCTBEHHYIO CUCTEMY KO-
opaunat I'CK-2011, ¢ menpio obecriedeHus: pelieHus 3ajad KaprorpadupoBaHUs
TeppuTopuu Poccuu M rocyJapCTBEHHOIO KaJacTpa HEIBMKUMOCTH B €IMHOM TOCY-
JApCTBEHHOW CHUCTEME KOOPAUHAT;

* Pa3BUTHS TEXHOJIOTUU OMpeieNieHus: dpemMepul B peKUMe peaaTbHOTO BpEMEHU
Y MPOBEJEHUE JIPYTUX MEPONPUATHI 0a30BOI COCTABISIOLIEH CHUCTEMBI T'€0e3nuye-
CKOro oOecreueHuss B LENSAX CO3[aHus OJIarONpUATHBIX YCJIOBHHM ISl pa3BUTHUSA
bynakuonansHbix gonoaHeHnit ['HCC texHomI0THiA.

B yactu coBeplieHCTBOBaHUS 3aKOHOAATENBHBIX U MTPABOBBIX BOMPOCOB, TO 3TO
B IIEPBYIO OYEPEb BOIIPOCHI MOBBIIICHHUS] OTBETCTBEHHOCTH 3a Pa3pyLIEHUE Ie01e3H-
YECKUX IIEHTPOB U BOIPOCHI PECTUTYIIUH.

Bormpocsl COXpaHHOCTH reoAe3NYECKUX LIEHTPOB CBSI3aHbI HE TOJIBKO C BO3MOXK-
HbIMU HETaTUBHBIMH IOCIEACTBUSIMU XO35MCTBEHHOM NESITEIBHOCTH, HO U IPUYUHA-
MH IIPUPOJIHOTO XapaKTepa - BIUAHUE U3MEHEHUIN XapaKTepa paclpOoCTpaHEHUs BEU-
HOM MEp3J0THI, MIPOLIECCOB 3PO3UH, KOTOPHIE B MOCIEIHHUE TOJBI PE3KO BO3POCIH,
0COOEHHO B CEBEPHBIX peruoHax [ 1], u Apyrux npupoaHbIX SBICHUM.

JIns yMEHBLIECHHS] BIMSHUS NPUYMH NOPUPOJHOTO XapakTepa, UMes B BHIY
B IIEPBYIO OYEPElb COXPAHHOCTh PENEPOB INIABHOM BBICOTHOW OCHOBBI, CIEAYET MPHU-
HUMAaTh MEPHI B JBYX HampaBleHUsX. Bo-mepBhIX, CIeayeT COBEPIIEHCTBOBATh KOH-
CTPYKIIMM HHUBEJMPHBIX IEHTPOB C UCIOJIB30BAHUEM, TJI€ 3TO BO3MOXHO, OypOBBIX
TEXHOJIOTMA U 3HAYMTEILHO YBEIWYUTH B MPOIICHTHOM OTHOIICHUHU YHUCIO (PyHIa-
MEHTAJLHBIX U BEKOBBIX PETepoB (TOCIeTHUE B 00S3aTEILHOM MOPSAKE TS Y3IIOBBIX
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IIYHKTOB JIMHUI HUBEJIMPOBaHUs). BTOpoil MyTh CBA3aH ¢ KOMIUIEKCUPOBAHUEM Y3JI0-
BBIX ITYHKTOB NMOJUTroHOB HUBenupoBanus I, II kinaccoB ¢ mynkrtamu @AI'C u BI'C.

[ToBbIIeHre TpeOOBAaHUN K TOYHOCTHU OIpE/eSIEHHE BBICOT KBa3ureouja oOy-
CJIABJIMBAET HEOOXOAMMOCTh HE TOJIBKO IMOBBIIMICHUS JETATbHOCTA M TOUYHOCTHU Tpa-
BUMETPUYECKUX JaHHBIX U JaHHBIX O peibede, HO U JalbHElIlee pa3BUTHE TEOPUU
ONPENIEIICHNS] TEONOTEHIMAIA U €€ MPAKTUYECKask peain3aluus B COBPEMEHHON CHUC-
TE€ME I'e0JIe3UUYEeCKOro 00ecreyeHusl.

Ha ocHOBaHMM BBIIEN3IIOKEHHOTO, I ONPEACIEHNsS OCHOBHBIX HAIPABICHUHI
Pa3BUTHS CUCTEMBI reoie3ndeckoro odecneuenus Poccuiickoit denepariu Hanbosee
1esecoo0pa3usiM Tipencrapisercs nmocranoBka HUP «O6ocHoBanue u pa3paboTka
Konnenmmu co3nanus ceTteBoit MHGOPMAIIMOHHO-TEXHOJIOTHIECKON HHPPACTPYKTY-
pBI reosie3ndeckoro odecreuenus Poccuiickoii denepamum.
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Panee Ttomorpaduueckue xkapThl MOHTOIMU COCTAaBISUIMCH B mpoeknuu [aycca — Kprorepa
B aunncousie KpacoBckoro, a TeMatuueckue KapTbl — B HOPMaJIbHOM PaBHOBEIMKON KOHUYECKOM
MPOEKIMH C JBYMsl CTaHIApPTHBIMU napamuiensimMu. B 3akone «O reonme3uu u kaprorpapuu»
Monromuu ot 1997 r. OBUIO YCTaHOBJIEHO HCIHOJBb30BaHHE BceMHUpHOM cuctemsl WGS-84.
B nanHO# cTaThe paccMaTpHUBaEeTCs BOIPOC O BHIOOPE W BHIYMCICHUH HOPMAaJIbHON PaBHOBEIHMKOMN
nurHAprdeckoi mpoekuu Monrommu B macmtabde 1 : 200 000 B cuctemeWGS-84, Berancnenue
MacmTaboB m U N, MOCTpOeHHE rpadrka MaciTada JJIMH U IUTOIIA ICH.
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Transformation parameters for the coordinate systems in Mongolia are discussed. Up to now
there is no clarity of parameter transformation for medium-scale topographic mapping. How to
choose and calculate a normal conformal cylindrical projection for the topographic map of Mongo-
lia at scale 1 : 200 000 in WGS-84 as well as to calculate scales m and n, and scales of length and
square measure are considered.
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Implementation of the Land Law of Mongolia has been intensively carried out with
respect to the transition of Mongolia into the market economy relations and adoption
of the new Constitution of Mongolia. Within the scope of policy approved by the
Government of Mongolia, measures such as enhancing of land relations, improve-
ment of land registration, development of legal environment, creation of conditions
for extension and implementation of land possession, land use and ownership rights
of citizens, legal entities and organizations, proper land use, bringing land into the
economic turnover and flow and upgrading of security and liabilities have been prior-
itized.

According to the Resolution 25 of the Government of Mongolia dated as of January
28, 2009 on “Transition to consolidated coordinates system”, the international geo-
detic coordinates of WGS-84 shall be used for geodetic observations and processing,
the Baltic sea structure shall be used for heights networking and the UTM projection
of the universal transversal Mercator shall be used for large and medium scale topo-
graphic mapping respectively based on Article 5.2.1 of the Mongolian Law on Geod-
esy and Cartography. The Resolution has been in use since May 01, 2009. Mapping
and data conversion previously made by digital mapping have been finished [3].

The 1:200 000 scale topographic map of the territory of Mongolia based on astro-
nomic points was created during 1932-1937 with the assistance of the former Soviet
Union.

For the years of 1938-1950 the first national geodetic network was created and topo-
graphic maps at scales 1:100 000, 1:200 000, 1:500 000 and 1:1 000 000 covering the
entire territory of Mongolia were re-produced and published in the Mongolian lan-
guage.

The projection has to be calculated before the map compilation according to the fol-
lowing requirements:

1. Projection should be conformal

2. Deformations shall be as small as possible.

For this purpose a mapping scale, design, grids and average meridian line should be
known well in order to calculate the projection. Projection compression (o) must be
considered for 1:5 000 000, or larger scale map [1].

Cylinder projection has been calculated in accordance with the formula of “two paral-
lel lines of conformal standard” [1].

Rectangular coordinates of conformal cylindrical projection are determined by the
following formula:
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It:
S - Projection constant

x =L L1+ ¥ 100en
mod 2

" (1)
Yzﬂ*J,Z,B*/i—,,
Y2,

X,Y - rectangular coordinates

U - function for each latitudes
u - scale

2 - longitude

p=57.3°

mod = 0.4342945

Calculations have been made by Microsoft Office Excel 2010 and data processing
was carried out by AutoCad 2010 and AutoCad Land 2002 software.

In order to calculate coordinate grids of Mongolia we used the following values:

North latitude: @,=52°10
South latitude: ¢, = 41°30'
Left longitude: 4, =119.75°

Right longitude: 1, =87.75°

Calculation data:

Scale: x=1:200000

Ellipsoid: Krasovski

Semi-major axis:a = 6378245m

Semi-minor axis: b =6356863.u

Eccentricity: e =0.006693427 u*

Average latitude: ¢, = 46°50

Latitude’s frequency: ap =10

Average longitude: 1, =103.75°

Longitude’s frequency: ai =15

Mathematical constants that should be calculated: mod = 0.4342945; p=57.3°

Rectangular coordinates were calculated as follows:

v angle at each latitude

U function for each latitude

Surface radius of primary vertical at average latitude
Projection constant 3

Projection rectangular coordinates.
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The territory of Mongolia is covered by 323 sheets of 1:200 000 scale. Rectangular
coordinates of 4,225 points have been determined and the coordinate grid has been
created.

As length scales along the meridian line (m) and parallel line (n) of the conformal cy-
lindrical projection are equal (m=n), the following formula is used when determining
the projection deflection [1]:

p=m’; (2)

Where:
m — length scale along the meridian line
n — length scale along the parallel line
p — area wise deformation

Calculations:
e  Surface radius of primary vertical at each latitude:
N =6387638.060.u

° Parallel radius at each latitude:
r=4784058.072m

Projection deformations according to the above radius calculations are as follows:
m=n=1.332
p=m=1.774

2.641 2.641

1774 1774 T
1625 m J— 1625 |

1332 T 1332}

0 0
413042 43 44 45 46 47 48 49 50 51 525210 ¥ 413042 43 44 45 46 47 48 49 50 51 525210 ¥

Deformation chart

The deformation charts has been created by m, n (m=n) and p, where:
p - Area-wise deformation line

m - Length scale along the meridian line
¢ - Latitude
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CONCLUSION

1. There are less errors or deformations when creating cartographical grid by means
of conformal cylindrical projection calculation. 0.004 cm of error has been estimated
while creating the meridian and parallel lines. Theoretically, such errors should be
less than 0.01 cm.

2. 1:200 000 scale topographic map of Mongolia should be calculated by the normal
conformal cylindrical projection.
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Kunemaruyeckas orieaka PPP — 310 o1Ha U3 caMbIX OONBIIHX MPOOIEM MOTYyYEHHUS BHICOKOU
TOYHOCTH MO3UIIMOHUPOBAHUS, CIBUT BPEMEHHOM LIKaJIbl HABUTAIIMOHHBIX CITYTHUKOB UIPAET BaXK-
HYIO poJib B orieHke PPP, oco6eHHO B KHHEMaTHYECKOM pexume. B cTatbe aHanmu3upyercs BIAUSHUE
CIBUTOB BPEMEHHOM I1IKaJbl HABUTAIIMOHHBIX CITyTHUKOB Ha KMHeMaTudeckoe pemenue PPP. B uc-
CJICZIOBAaHUSIX HCIOJB30BAHbI JIBA MHCTPYMEHTapus JUIsl 00pabOTKU: MpOrpaMMHOE OOecrieueHne
Bernese GNSS u onmaitn-cepsuc CSRS-PPP. [Ins orneHku paccMaTpHBaIMCh BPEMEHHBIC IIKAJIBI
HaBUTAIIMOHHBIX cIyTHUKOB IGS co cnBurom 30 cexyna. B maHHOM uccienoBaHUM MPOBOAMIHNCH
Ha0Mr0IeHUs 1 00paboTKa TpeX KMHEMATHIECKUX TPAeKTOpHil Ha peke PeitH B paiione r. JlyiicOypr
(T'epmanust). lanusie oOpabaThiBanuCh ¢ HHTEpBAIOM 5 cekyHa. Kunemaruueckue pemenust PPP
CPaBHHUBAJIUChH C PEUICHUEM I10 ABOWHBIM Pa3HOCTSAM, MOJYyYEHHBIM MPOrPAMMHBIM OOecIrieueHueM
Bernese GNSS.

[Tporpammuoe obecnieuenue Bernese GNSS BriaeT nBa pemieHus Mo YMOJTYaHUIO — CpEHEE
SD nnsa Tpex TpaekTopuii — 9 cM B maHe u 18 cM mo BbIcOTe. ANANTHPOBAHHOE MPOTPAMMHOE
obecrieuenus Bernese maer myurmiee pemienue mo cpeaauM SD — 7 cMm B tiaHe U 12 ¢M 1o BBICOTE.
BrinonHeH nocieayonyii ananus pe3yabTaToB MO AaHHBIM K3 oHnaitH-cepBuca CSRS-PPP. Cep-
BHC MOCTaBIsAET cpegHee SD 6 cM 1o BOCTOUHOMY HAIlpaBJICHHUIO, CEBEPHOMY U 1O BbIcoTe. Pe3yib-
TaThl 00pa0OTKH JaHHBIX MO3BOJSIOT OLICHUTH KMHeMaTudeckoe pemeHue PPP mocpeactBoM mpo-
rpammHoro obecniedeHusi Bernese GNSS wu onnaitH-cepsuca CSRS-PPP. CSRS-PPP ymyumaer
TOYHOCTH B miane Ha 33 % 1mo CpaBHEHUIO C TOUHOCTHIO, MOJYYEHHOM U3 PEUICHUs MO0 YMOIYaHUIO
C TIOMOIIBIO MMPOTPaMMHOTO oOecrnieueHus: Bernese, u mo Beicote 6osee yem Ha 67 %.

KuroueBrbie cioBa: Tounsie ddemepunsl ot IGS, kunematuueckue GPS-PPP, nmporpammuoe
obecnieuenue Bernese GNSS, onnaitn-cepsuc CSRS-PPP.

PERFORMANCE OF IGS FINAL SATELLITE DATA
FOR KINEMATIC PPP SOLUTIONS
USING BERNESE SOFTWARE AND CSRS-PPP ONLINE SERVICE
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The kinematic PPP estimation is one of the greatest challenges to obtain high accuracy for po-
sitioning. The satellite clock interval plays a major effect on the PPP estimation, especially in the
kinematic mode. This paper analyses the impact of the interval of satellite clocks on the kinematic
PPP solution. Two processing tools have been used in this study: Bernese GNSS software and the
CSRS-PPP online service. IGS satellite clocks with an interval of 30 seconds have been considered
for the estimation. In this research study, three kinematic trajectories, which were observed on the
Rhine River, Duisburg, Germany have been processed. The processed data have an interval of
5 seconds. The kinematic PPP solutions are compared to the double-difference solution of Bernese
GNSS software.

Bernese GNSS software provides two solutions; the default solution shows for the three tra-
jectories a mean SD of 9 cm in the horizontal components and 18 cm in the height plan. The
adapted solution of Bernese software delivers a better solution with a mean SD of 7 cm in the hori-
zontal components and 12 cm in the height plan. Further analysis results from CSRS-PPP online
service are introduced in this research. It delivers a mean SD of 6 cm in East, North, and height.
The results provide insights for the PPP kinematic solution using Bernese GNSS software and
CSRS-PPP online service. CSRS-PPP achieves more than 33 % improvement in the horizontal ac-
curacy than that obtained from the default solution of Bernese software; it achieves in height, more
than 67 %.

Key words: IGS Final Ephemeris, kinematic GPS-PPP, Bernese GNSS software, CSRS-PPP
online service.

1. INTRODUCTION

Over the last two decades, the precise point positioning (PPP) technique, which uses
only a single receiver has gained an increase of interest. To obtain the centimeter ac-
curacy level, a dual frequency GNSS instrument is required (Gao, 2006). Zumberge
et al. (1997a) have been through the group of the Jet Propulsion Laboratory (JPL)
administrated the most efficient method for the PPP estimation for GPS data.
Zumberge et al. (1997b) introduced the PPP estimation using precise satellite clock
data with 30 second interval.

As seen in Equation (1), the true geometric range r between the receiver coordinates
Xg, Vg, Zg and satellite coordinates xs, ys, zs is a function of the time difference be-
tween the transmitted GNSS signal from the satellite t° and the received signal from
the reciever t%. This time is multiplied by the speed of light in vacumm c. The satel-
lite clock bias ¢° is adjusted using of the precise clock ephermeris. The receiver clock
bias o is estimated during the estimation (Hoffmann-Wellenhof, et al., 2000). The
pseudo-range p in metre is caculated regarding Equations 2.a, b, and ¢ (Kaplan &
Hegarty, 2006). 1, symbol mentions to the ionospheric delay in metre; T, denotes to

the tropospheric delay in metre. £, and ¢, refer to the un-modelled errors e.g. the sol-
id earth tides, pole tides, ocean and atmospheric loading, and the random noice ef-
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fects (Mirsa & Enge, 2012). In case of the carrier phase measurements, the range be-
tween the satellite and the receiver could be measured by the total numbers of full cy-
cles plus the fractional cycle at the receiver. These numbers of cycles are multiplied
by the carrier wavelength (1). The carrier phase measurement in metre (A1®) can be
presented as in following Equation (3) (Mirsa & Enge, 2012).

r=c(tf-t5)=c-At= \/(xs —xg)?+ (¥s — yr)? + (25 — 2g)%, (1)
p=c ((tR + 8R) — (t5 + 85)) +1,+T,+ ¢, (2.2)

p=c(tR =) +c(BR =8N+, +T, + ¢, (2.b)
p=r+c(R=86N+1,+T, + ¢, (2.0)

AD = 1+c(6R=65)—1p + Tp + AN + &4, (3)

The precise satellite orbits and clocks may be provided from the International GNSS
Service (IGS). The final ephemeris is obtained with a time latency of 12-18 days after
the observation day with an orbit accuracy about 2.5 cm and an interval of 15 min.
The clocks are avilable with two intervals: 5 min and 30 sec with an accuracy around,
0.075 ns. The IGS satellite orbit and clock data can be obtained from the FTP server
under (ftp://igscb.jpl.nasa.gov/pub/product/wwww/) (IGS-FTP, 2015). Further
satelllite orbits are available from the Centre of Orbit Determenation in Europa
(CODE) (CODE, 2015). The satellite orbit data have an interval of 15 minutes, and
the clock data from CODE are presented with two intervals: 30 and 5 seconds. These
kind of satellite data can be downloaded from the FTP server under
(ftp://ftp.unibe.ch/aiub/CODE/yyyy/).

Typically, the concept of the PPP solution for the dual frequancy measurement data is
based on the ionosphere-free linear combination. This linear combination includes the
carrier phase (®) and code data (p ), see Equation (4) and (5) (Mirsa & Enge, 2012):

[
()} —(P —(P
IF=(f-r2) M (fA-r2) H2

p le fLZ
R T -
where

®,r& p  1onosphere-free linear combination for carrier phase and code data,
f.&f,  GPS frequencies of the L; and L, signals,

¢.&¢,  carrier phase for the signals L; & L,

pu&p, code data for the signals L& L.

2'546¢L1 - 1'546¢L2’ (4)

2.54’6le - 1'546pL2 (5)

The ionosphere-free linear combination removes the first order of the ionospheric er-
ror. Therefore, higher order ionospheric terms are recommended for more accurate
solution (Keder, et al., 2003) & (Bassiri & Hajj, 1993). The troposphere zenith delay
consists of two parts: dry (hydrostatic) and wet zenith delay. The dry part can be

114


ftp://igscb.jpl.nasa.gov/pub/product/wwww/�
ftp://ftp.unibe.ch/aiub/CODE/yyyy/�

modelled, and it represents around 90% of the total delay (Hoffmann-Wellenhof, et
al., 2000). The wet part depends on the water vapour along the signal path. This part
Is unpredectable and varies quickly (Mirsa & Enge, 2012). By considereing the arbi-
trary zenith angle of the signal, the troposphere delay is functionaly estimated related
to the elevation angle using the mapping function for dry and wet parts and the eleva-
tion angle (Bohm, et al., 2006a) & (Hoffmann-Wellenhof, et al., 2000). More infor-
mation about the tropospheric delay can be found in Saastamoinen (1973), Hopfield
(1969), Marini (1972), Niell (1996), Bohm, et al., (2006.a), and Bohm, et al.,
(2006.b).

This paper invistigates the performance of the IGS satellite clocks with an interval of
30 seconds on the PPP kinematic solution. Two processing tools are used in this re-
search study: (i) Bernese GNSS software, which uses the linear interpolation between
the two known neighbor clocks (Dach, et al., 2007) and (ii) CSRS-PPP online ser-
vice, which uses the linear interpolation process as well. Moreover, as a contact with
Tétreault(2015), ‘The standard deviations of the interpolated clocks are adjusted to
take into account the behavior of the respective satellite clocks’’The reference solu-
tion in this research is the double-difference solution from Bernese GNSS software.
Three trajectories have been observed on the Rhine River, Duisburg, Germany as part
of the project “HydrOs - Integrated Hydrographical Positioning System”.

The investigation of the effect of satellite clocks interval is a major area of interest
within the field of the kinematic PPP solution. Previous study from Fei et al. (2010)
has documented the effect of different satellite clock products on the kinematic PPP
solution. One day of the static IGS station, ALGO, with an interval of 1 second has
been processed using IGS satellite clocks with an interval of 30 seconds. The esti-
mated RMS was in 5 cm in the East and North and 11 cm in the height direction. The
clocks are linearly interpolated and the PPP solution is estimated using the TriP soft-
ware, which is delivered by Wuhan University, China. To determine the effects of
satellite clock interval for the kinematic PPP solution using CSRS-PPP online ser-
vice, Abdallah & Schwieger (2014) have reported the accuracy of kinematic data
with an interval of 1 second. The estimated RMS is 5 cm in the horizontal direction
and in 10 cm in the height direction.

Regarding the solution using Bernese, Abdallah & Schwieger (2015) have presented
the accuracy of the Bernese GNSS software for two trajectories of our study. The
used satellite clocks were from CODE with an interval of 5 seconds. This means, in
this case, that the measurement sample matches the interval of satellite clocks. The
reported SD of the absolute errors for the first trajectory was 6 cm, 2.1 cm, and 6.8
cm in East, North and height directions respectively. Moreover, the second trajectory
showed 1.7 cm in East, 2.6 cm in North, and 4.9 cm in height.

2. GNSS SOLUTIONS

The PPP solution in this study has been obtained using Bernese GNSS software V.
5.2 and the CSRS-PPP online service. The solution methodology using the two pro-
cessing tools is explained in the next points.
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2.1 Bernese GNSS Software

Using Bernese GNSS software V. 5.2, the GNSS data can be processed in post pro-
cessing in static and kinematic mode. This software was developed at the Astronomi-
cal Institute of the University of Bern (AIUB), Switzerland. The software is widely
used to solve geodetic networks. It deals with the GNSS measurement data for dou-
ble-difference (Differential GNSS estimation), and zero-difference (PPP solution es-
timation) (Dach, et al., 2007). The software has a windows user interface for easly
usage during the processing. Figure 1 depicts the processing schedual using Bernese
software. The processing steps can be concluded as follow:

1.

2.

Download the related orbits from IGS ftp server for the satellite orbit and
clock data (IGS-FTP, 2015).

The orbit tools consist of three programs:

o POLUPD program: convert the Earth orientation parameters to Bernese
format,

o0 PRETAB program: convert the satellite data a tabulate orbit file,

0 ORBGEN program: generate the standard orbit format to Bernese soft-
ware.

. Pre-processing tools for RINEX files, which contain of three programs:

0 RNXGRA program: check the overview of the RINEX data,

0 RNXSMT program: this program aims to clean the RINEX observation
data. The outliers and cycle slips are screened. Later, the cycle slips are cor-
rected,

0 RXOBV3 program: this program is used to transform the RINEX observa-
tion file into Bernese binary format.

. Clock Synchronization for the receiver clock using the dual code combina-

tion; these clocks are stored into the observation files. This step is carried out
through program (CODSPP). Moreover, an a priori kinematic file is created
also to be inserted to the final solution.,

. The parameter estimation of the zero-difference solution (PPP solution) is es-

timated using the main program of GPSEST program. In this case, the orbit
data, observation data after receiver clock synchronization, and the a priori
kinematic file are inserted into the estimation. Two loops from GPSEST pro-
gram are carried inside the software to get the final solution:

I.  The first solution is aimed to generate a residual file for data based
on the L; linear combination. The satellite residuals for each epoch are
written as elevation dependent weighting of the observations. The re-
siduals are screened. The default considered values to be screened is 6
mm for the phase residuals and 60 cm for the code residuals. The bad
observation data are marked and written to the observation files,

Il.  The second solution is based on the cleaned observation.

. In case of double-difference solution (the right box in the flow chart in Figure

(1)):

0 The base line form is created using SNGDIF program.
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Figure 1: General processing schedule for Bernese GNSS software

0 Regarding the main estimation for double-difference solution, four loops
GPSEST program and other sub- programs are considered.
I. The first loop aims to screen the satellite residuals using float solu-
tion of ionosphere-free linear combination L,
Il. The second loop aims to estimate the tropospheric delay using float
solution Ls,
[1l.  The estimated tropospheric delay parameters are inserted to the
third loop to estimate the ambiguity for L;& L,
IV. The final solution is accomplished through the forth loop by insert-
Ing the estimated ambiguity. The kinematic PPP estimation (Epoch-
wise solution) is activated in this final loop.
7. The final estimated output is the epoch-wise kinematic file for double-
difference or PPP solution.

2.2 CSRS-PPP Online Service

The Canadian Spatial Reference System (CSRS) is an online service for the PPP so-
lution for static and kinematic RINEX measurement data. This service is provided by
the National Resource of Canada (NRC). CSRS-PPP online service is one of the most
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famous services. The access of the service is available for registered users under
(CSRS-PPP, 2015). The user uploads the RINEX file to the website, and he obtains
the solution details via e-mail. As seen in Figure (2), the user may select the type of
processing, and the datum. Finally, the RINEX file is selected to be uploaded.

Precise Point Positioning |

» Help for CSRS PPP (Updated 2014-09-04)

Email for results (required)
ash230eg@gmail.com

Processing mode

© static
Kinematic

+ The epoch will be the same as the GPS data.
« A UTM zone will be calculated from the longitude.

Vertical datum

CGDV28(HT2... &

» More options
RINEX observation file (required) (.zip, .gzip, .gz, .Z, .7?70)

Datei auswahlen | Keine ausgewdahlt

Submit to PPP

Figure 2: CSRS-PPP online service technique (CSRS-PPP, 2015)

3. KINEMATIC PPP SOLUTION AND ANALYSIS PROCEDURE

As seen in Table 1, the reference system for the two processing tools is ITRF2008
(International Terrestrial Reference Frame) (ITRF, 2015). The estimated PPP coordi-
nates from Bernese GNSS software have XYZ format; later, they are transformed to
Ellipsoidal/UTM system; On the other hand, CSRS-PPP provides Ellipsoidal/UTM
system. The IGS final products are used for the two processing techniques with satel-
lite orbit of 15 minutes interval and clock of 30 seconds interval. The satellite and re-
ceiver antenna phase variation are based on IGS-ANTEX format (NGS, 2014). The
troposphere estimation is a little bit different; the estimation using Bernese software
Is estimated based on the Global mapping Function (GMF) model, which is the mete-
orological data is base on the Global Pressure and Temperature (GPT) model. On the
other side, the hydro-static troposphere delay is modelled in CSRS-PPP using Davis
model based on GPT model. The wet part is modelled using Hopfield model based on
GPT and the mapping function is GMF. The ionosphere delay is eliminated mainly
using the linear ionospheric free combination, and the second order is considered also
for the two solutions. Only GPS measurement data are processed with an interval of
5 seconds and an elevation angle of 10°.
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Table 1: Processing parameters

D Bernese GNSS soft- C.SRS-PPP online ser-

ware vice

Reference System ITRF2008
Coordinate format XYZ | XYZ/Ellipsoidal/UTM

Satellite Orbit and IGS final (Orbit: 15 min interval & clock: 30 sec
clock ephemeris interval)

Satellite phase center IGS ANTEX

offsets

Receiver phase center IGS ANTEX

offsets

Tropospheric model

Dry :Davis (GPT)

Wet: Hopfield model

GMF (GPT) (GPT)

GMF

Ionospheric model

Linear ionospheric free combination

second order parameters

GNSS System GPS
Observation data Both phase and code
Elevation cut-off angle 10°
Sampling rate 5 second

As shown in Figure 3, mainly the double-difference solution from Bernese GNSS
software have been considered as the reference solution for the obtained PPP solu-
tions from Bernese software and CSRS-PPP online service. In this contest, the error
8;; between the refernce coordinates M and the PPP solution M’ are estimated as to
be in Equation (6). i refers to the number of epochs, and j mentions to the East, North,
and ellipsoidal height. The root mean square error (RMS), which refers to the error
relative to the know coordinates estimated regarding to Equation (7); n refers to the
total number of epochs. Furthermore, the standard deviation o is calculated as shown
in Equation (8) relative to the mean error value u (Mikhail, 1976). The kinematic
measurements have been twice processed using Bernese software: @ the default solu-
tion with the default solution; @ the adapted solution, which means, deactivate the
screening of the residuals in the GPSEST process.

61"]' == M - M, (6)

21 n 2
RMS = \/Ezizl(ai,j) (7)
(8)

1 n 2
1
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4. EXPERIMENTAL WORK

In order to identify the accuracy of kinematic PPP solution that obtained from Berne-
se GNSS software and CSRS-PPP, three kinematic trajectories have been surveyed
from Duisburg harbor, Rhine River, Duisburg, Germany with a total length around 51
km. These data are observed as a part of ‘HydrOs - Integrated Hydrographical Posi-
tioning System’ project (Beitenfeld, et al., 2014). An antenna of LEIAX1203+GNSS
and a receiver LEICA GX1230+GNSS are located on the surveying vessel (Mercator)
to collect the GNSS data. Figure 4 presents the surveying vessel and the GNSS an-
tenna over it. Figure 5 shows the layout of the first trajectory; other trajectories are in
the same location. Some details about the three trajectories are reported in Table 2.
The data have been observed during two days; the start and end time are listed, as

well.

Kinematic Errors
(E, N, ellip H)

Y

RMS error

Figure 3: Processing scheme

Table 2: Details of the observation data

D C?};/?t' Year/ Start time End time Interval | Trajectory
Cit DOY Length [km]
y hh mm ss hh mm ss SS
1 | Germa- | 2014/126 | 07 | 40 | 00| 10 10 | 05 05 10.70
2 ny/ 2014/126 10 17 05 14 15 00 05 19.40
Duisburg | 2014/127 06 | 14 |20 |11 | 34 | 30 05 21.00
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Figure 4: Observation vessel for the measurement data
Mercator observation vessel (left figure); GPS antenna over the vessel (right figure)
Photo by: Annette Scheider (11GS)

Figure 5: Layout of the first trajectory (DOY: 2014/126)
© Google earth (Image: 30.06.2015)

5. RESULTS AND DISCUSSION

As previously described, the RINEX measurement data have been processed using
Bernese GNSS software and CSRS-PPP online service. To begin this process, the da-
ta of three kinematic trajectories are differenced with a virtual station from SAPOS
(SAtelliten POSitionierungsdienst der deutschen Landesvermessung). This SAPOS
station was provided from SAPOS-NRW team (SAPOS-NRW, 2014). SAPOS is a
CORS (Continuously Operating Reference Station) service, which is collecting the
GNSS data around Germany (SAPQOS, 2014). The PPP estimation using Bernese
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GNSS software is carried through an automatic script (Bernese Protocol Engine
(BPE)).

5.1 Bernese GNSS software solution

To distinguish between the two solutions, Figure 6a - f presents the PPP solution er-
rors for the three trajectories using Bernese GNSS software. The left part of these
plots shows the errors in the East, North, and height plans. The horizontal axis refers
to the GPS time week second and the vertical axis mentions the error value in meter.
The right part of these plots provides the error plots in two planes: East-North, and
East-Height planes. Figure 6a — b shows the PPP error for the default and adapted so-
lution for the first trajectory. The solution faces some loss of lock during the measur-
ing; therefore, some epochs have not been resolved; the un-resolved epochs are
marked with two dashed lines. The default solution in East and North show errors up
to 25 cm and other epochs report more than this value. Otherwise, the results ob-
tained in the height direction show higher PPP errors. This error reaches to up to 50
cm. On the other hand, the adapted solution shows a smoother solution than that re-
ported from the default solution. Table 3 summarizes the statistical analysis for the
Bernese PPP estimation; the default solution for the first trajectory shows a RMS of
one decimeter in the horizontal and 18 cm in height. The adapted solution shows a
little improvement in the horizontal plan; otherwise, an obvious improvement in the
height plan, which reports one decimeter.

Regarding the second trajectory, Figure 6¢ — d shows the PPP errors; the default solu-
tion reportes in the horizontal direction up to more than 25 cm. In height direction,
the solution shows errors more than half meter and increased up to 1 m in some
epochs. The adapted solution shows a smooth PPP solution, which decreases the er-
ror’s ranges. As given in table 3, the solution is closed to the first trajectory. The third
trajectory shows a better solution than that obtained from the previous trajectories;
the possible explanation is due to the lower number of cycle slips and higher conver-
gence time. The solution shows errors up to more than 50 cm, and 1 m for the hori-
zontal and height directions, respectivelly; see Figure 6e — f. The statistical results for
this trajectory that reported in table 3, shows a RMS for the default solution of 7 cm
for horizontal plan and double decimeter for height. The adapted solution delivers a
RMS of 5 cm in horizontal plan and 15 cm in height plan.
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Figure 6: PPP solution form Bernese GNSS software
Table 3: Statistical results from Bernese GNSS software
TRAJ1 TRAJ2 TRAJ3
East | North | height | East | North | height | East | North | height
Default- | RMS[m] | 0.104 | 0.120 | 0.178 | 0.10 | 0.11 | 0.186 | 0.078 | 0.072 | 0.203
Solution o [m] 0.103 | 0.119 | 0.164 | 0.087 | 0.089 | 0.186 | 0.078 | 0.07 | 0.184
Adapted- | RMS [m] | 0.081 | 0.104 | 0.010 | 0.10 | 0.09 | 0.113 | 0.050 | 0.052 | 0.149
Solution o [m] 0.081 | 0.096 | 0.096 | 0.068 | 0.075 | 0.107 | 0.050 | 0.052 | 0.144
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5.2 CSRS-PPP Online Service solution

Interesting results are obtained from the PPP solution from the online service of
CSRS-PPP. Figure 7a shows the PPP solution for the first trajectory. The trajectory
faces loss of lock as to be seen in the dashed lines. The solution is deviated after these
un-resolved epochs. Possible explanation of this deviation is to be due to the shifted
in the ambiguity resolution after the loss of lock. The errors display up to more than
25 cm in East-North and up to more than 50 cm in the height direction. Figure 7b — ¢
refer to the errors for the second and third trajectories; the solution shows a signifi-
cant improved accuracy. The results obtained from the analysis indicate up to more
than 10 cm in the horizontal direction and up to more than 25 cm in the height direc-

tion.
Table 4: Statistical results from CSRS-PPP online service
TRAJ1 TRAJ2 TRA]J3
East | North | height | East | North | height | East | North | height
RMS [m] | 0.182 0.114 0.068 0.082 0.082 0.087 0.023 0.026 | 0.041
o[m] 0.098 0.104 0.063 0.066 0.072 0.087 0.022 0.022 | 0.033
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The statistical results for the solution from CSRS-PPP online service are set out in
Table 4. The first trajectory shows the highest error due to the loss of lock during the
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Figure 7: PPP solution form CSRS-PPP online service
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measurement. The solution has a higher RMS in the East & North directions than the
one obtained in the height direction. The second trajectory indicates a RMS in East,
North in 8 cm and around 9 cm in the height. The third trajectory shows the best solu-
tion, where it reports couple cm in the horizontal and 4 cm in height.

5.3 Discussions

As previously mentioned, the two processing tools have the same IGS satellite orbits
data with a clock interval of 30 seconds. Nevertheless, there are differences in estima-
tion process and tropospheric delay modelling between those two methodologies. In
this current study, two solutions have been estimated using Bernese GNSS software.
As to be seen in Figure 8, the study found that the SDy.e,, from the default solution
delivered 9 cm for East and North plans. Moreover, obtained one for height is 18 cm
level. The adapted solution from Bernese GNSS solution showed SDyes, Of 7 ¢m in
East and North plans; for height, it achieved SDy.e,n, OF 12 cm. The most interesting
finding was that, the CSRS-PPP provided a better solution, especially in height direc-
tion, than that achieved from Bernese GNSS software. The online service showed 6
cmin all plans.

By comparing the current results to the previous ones of Abdallah & Schwieger
(2015), Bernese GNSS software provided with CODE satellite clocks of 5 seconds a
better solution than that obtained from IGS satellite clocks with 30 seconds. Abdallah
& Schwieger (2015) have been reported that the mean SD with 5 seconds clocks was
4 cm, 2.40, and 5.9 cm in the East, North, and height, respectively. The comparison
of results with those from Abdallah & Schwieger (2015) study confirms that, Bernese
GNSS software provides with CODE orbit data with clock interval of 5 seconds a
better solution in horizontal plan than that obtained from CSRS-PPP online service.
In height plan, the two solutions delivered almost the same accuracy.
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Figure 8: Mean SD for Bernese GNSS and CSRS-PPP online service
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6. CONCLUSION

This research establishes a framework for the exploration of the effect of the satellite
clock interval on the PPP kinematic measurements using Bernese GNSS software and
the CSRS-PPP online service. Moreover, this study enhances our understanding of
one of the parameters, which are affecting the kinematic PPP estimation. Three kin-
ematic trajectories have been measured for two days on the Rhine River, Duisburg,
Germany. In this study, the double—difference solution from Bernese GNSS software
has been considered as the reference solution. The used satellite clocks in this study
were IGS with an interval of 30 s. The results indicate that the achieved mean SD
from the default solution of Bernese GNSS software were 9 cm in the two horizontal
components and 18 cm for height. The processing has been extended to adapt the
Bernese solution by deactivating of satellite residual screening. This adapted solution
from Bernese delivered a better solution than that achieved from the default solution.
The horizontal components showed mean SD of 7 cm; in height, the solution showed
mean SD of 12 cm. Other side, the CSRS-PPP online service showed a better solution
with 6 cm for all plans.

In a comparison with the previous study of Abdallah & Schwieger (2015), Bernese
GNSS software using CODE orbit data with 5 seconds satellite clocks delivered the
best solution. Moreover, the CSRS-PPP online service comes in the second time re-
garding the estimated accuracy. Finally, the solution using Bernese software with 1GS
satellite clocks with an interval of 30 seconds comes later in the accuracy level, even
with the adapted solution. Therefore, this study recommends the using of the Bernese
GNSS software with CODE satellite clocks with 5 seconds for the kinematic applica-
tion with high rate observation interval. Otherwise, it is best to use the CSRS-PPP
online service to obtain an acceptable PPP accuracy for the kinematic measurements.
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