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I. PABOYAS ITPOT'PAMMA

[Iporpamma coctaBiieHa Ha ocHoBe yka3a [1d-4732 or 12 urons 2015 rona
[Ipesunentom Pecnybnuku VY36exkuctan «O Mepax YAy4IIEHHS CHCTEMBbI
NEPENOArOTOBKY M IMOBBIMICHUS KBATM(DHUKALIMK PYKOBOIALIUX U MEJArOTHYECKUX
KaJpOB BBICIIMX YYEOHBIX 3aBEACHMI», L€Ib KOTOPOU SIBISIETCS YJydllEHUE,
NEepernoAroToBKa M CyTh Ipollecca IOBBIIICHHUS KBaIW(UKAIMM Ha OCHOBE
COBPEMEHHBIX TpeOOBaHMIl, a TaK e MOCTaBJIEHHAs 3aJaya PeryJsipHO MOBBIIATH
npo(heCCHOHATbHYI0 KOMIIETEHTHOCTh MEAarorn4ecKux KaJpoB BBICHIMX y4eOHBIX
3aBEJICHUM.

Teopernyeckne W TpPAKTUYECKHWE MaTepHalbl padodeid  MPOrpaMmbl IO
Moayito  “VIHHOBalMOHHAasT MapKIIEHJepcKkas Cclyxk0a B TOpHBIM  jene”
pa3paboTaHbl Ha OCHOBE MEXIYHApPOJHOTO OIIbITa BKJIFOYaeT B ce0s
O03HAKOMJIOBATh CIIyliaTeJIed ¢ aKTyaJdbHbBIMU MpoOJeMaMH CHelualvu3aluu
HAIIPaBJICHUS U UX PELICHUSIMU.

Leab 1 3a1aun y4e0HOT0 MOAYJIA

Hear u 3apaum moaynas “VHHOBanmoHHas MapKIIehaepckas ciyxoba B
TOPHBIM Jene” - sBisieTcss oOecreueHrne COBPEMEHHBIMU WH()OPMAIMOHHBIMH
JaHHBIMH Ha ocHoBe wucnoab3Banne GPS, GLONASS, aucraHnmoHHOrO
30HJIMPOBAHUS 3E€MJIH, JIa3€PHOE CKAHUPOBAHME U JAPYTUE€ TaK KaK TPAJAUIIMOHHBIC
reo/Ie3NYeCKO-MapKIIeHiepckiue paboThl Ha OCHOBE YTJIOBBIX, JIMHEUHBIX,
a3UMYTaJbHBIX U HUBEJIMPHBIX U3MEPEHHI HE MOTYT ONEPATUBHO peIIaTh 3aJauu
obecrieyeHus1 MOTpeOUTENECH apaMeTpaMu, XapaKTepU3yIOIUMH MECTOIOJIOKEHNUE
Y OPUEHTUPOBKY B IPOCTPAHCTBE.

TpeﬁOBaHHﬂ, NnpeaAbABIAECMbIC K SHAHUAM, YMCHUSIM, HABbIKAM H
KOMIICTCHIUAM IO MOAYJI1O

Cnymarens, B mnpeaenax 3aaad moayis «/HHOBalMoOHHast MapKuienaepckas

CITy>0a B TOPHBIM JIEJIe» JOJIKEH:

3Hamo:

® CYIIHOCTb OCHOBHBIX MOHSATUM U3Y4aeMbIX B MAPKIIECHIEPCKOM JIEIIE;

® OCHOBHBIC  (DOPMYIHUPOBKH  TOHATHH  MaApKIICHACPCKOTO  O0OCTICUCHUS
PaLMOHAIBHOTO HEIPOIIOIb30BaHMUS;

® OCHOBHBIC METOJIbI MaTeMaTUYECKOT0 MOJICIUPOBAHHUE T'€OJIOTUUECKUX OOBEKTOB
Y MIPOLIECCOB TOPHOTO MPOU3BOJICTBA.

YMETb U 6/1a0emb HAGLIKAMU

® yMETh CAMOCTOSITENIbHO YBUCTH CICJACTBUA C (DOPMYJIMPOBAHHOTO PE3yJIbTATA;

® yMETh OPUEHTHUPOBATHCSA B IOCTAHOBKAX 3a/1a4 B MAPKIIEHIECPKOM JEE:

® QaHANM3UPOBATH MOJIYyYCHHBIE pE3yJbTaThl, M MNPOTHO3UPOBATH HX Ha
HEHU3YUYEHHBIE YUACTKH MECTOPOKICHUS;
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® WCIIOB30BaTh  OCHOBHBIE  METOJbI  MAaTEMaTHYECKOTO  MOJICITUPOBAHHE
TeOJIOTUYECKUX 0OBEKTOB U MPOIIECCOB TOPHOTO MTPOU3BOICTBRA;

® CIOJIb30BaTh TEOPETUUYECKUE M TPAKTUYECKUE 3HAHUS JUISl PEIICHHS 3a7a4
pasIUYHBIX THUIIOB M YPOBHEHW CIIOKHOCTH, KaK B paMKax H3ydyaeMou
JUCIUIUIMHBL, TaK W B JPYTHX JUCIHUIUIMHAX, HMCIIOJIB3YIOMIUX MaTepHallbl B
MapKIIeHICPCKOM JIeIIe.
001a0amov KomMnemeHyUAMU:

® (CO310BaTh IIOKA3aTEJIbHBIX IPE3CHTAUUW IS JIEKIMOHHBIX M IPAKTHYECKUX
3aHATUNA C MPUMEHEHHEM COBPEMEHHBIX II€arorH4ecKuX U HH()OPMAILIMOHHBIX
TEXHOJIOTUM, WX NPUMEHEHHUs Ha IIPAKTHUKE;

® CO3/10BaTh M HCIOJbB30BaTh 3JIEKTPOHHON Yy4eOHO-METOAMYECKON 0a3bl 110
JAHHOMY MOZYJIFO JUCLIUIIIUHBL.

® JCIIO/IB30BaTh MaTEMaTUYECKOrO ammapara JIUCLHUIUIMHBL JUIS  PEIICHUS
pPa3NUYHBIX 3aJlay, BO3HUKAIOUUX B JajlbHeiIlIed yuyeOHOW U mpodeccuoHanbHOU
NEATEIIbHOCTH,

® AHAJIM3UPOBATh TOYHOCTH MAPKILIEHIEPCKUX paOOT.

PeKOMeHIlaHI/II/I Mo opraHu3anuu 1 mMpoBeaACHU MOAYJIsA

[Ipu npoBeneHnn 00y4YeHUs 3aIlJIAaHUPOBAHO KCIIOIb30BAHNE COBPEMEHHBIX
METO/IOB, MEJATOTMYECKUX U HHPOPMALIMOHHO-KOMMYHHUKATUBHBIX TEXHOJIOTHIL:

— JIEKIWUM  3alJITAaHUPOBAaHO  TPOBOAUTH B (opMe  Mpe3eHTaluil ¢
VCTIOJIb30BAHUEM COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTHIA;

— NPAKTUYECKUE 3aHATUA  3aIUIAHUPOBAHO  NPOBOAUTH C  MOMOIIBIO
MHTEPAKTUBHBIX METOAOB (KEWC-CTa/Ih, IETIOBbIE UTPbI, UHTEPBBIO U 1P.).

B3aumocBsa3b yueOHOr0 MOIYJIfl C APYTUMH MOAYJIAMH

CopnepxaHue MOJyYJII HENOCPEACTBEHHO CBSA3aHO C JPYTHMMH OJIOKaMH
y4eOHOro 1miaHa MoayiasiMu ¢ «llepcnekTuBbI pa3pabOTKU MOJE3HBIX UCKOMAEMbIX),
«IlepepaboTka u 000TOIIECHUST TOJIE3HBIX UCKOMAEMbIX» U «MalIuHbI U KOMIUJIEKCHI
B TOPHBIM JIETIE.

Poab MOAYJHd B CHCTEME BBICIHIECIO Oﬁpa30BaHI/IH
HpOI/ICXOIUIIHI/IG KOPCHHBIC H3MCHCHS B CHCTCMC 06p2130BaH51, 0COOCHHO

HAy4YHO-TEXHHYECKOE pa3BUTHE OMNpeAessieT  posib Moayis “‘VIHHOBallMOHHAas
MapKIieiaepckas ciry»0a B TOPHBIM Jiejie”’ B CUCTEME BBICIIIETO0 00pa30BaHsl.

Opranuzanus 3p¢GeKTUBHOrO U TIOAOTBOPHOTO 00pa30BaHUs MMyTEM CO3JaHUs
HOBBIX MHHOBAIIMOHHBIX TEXHOJOTUM OOYYEHHS TUCUMILUIAH HAMPABICHUS MOIYJIS
“MHHoBaliMoOHHasl MapKIIeWepcKas ciiyk0a B TOPHBIM Jiefie” U X NMPUMEHEHHS B
cucteMe o0pa3oBaHMsI IOMOTAET CUCTEMHO YBEJIMYUTh KAa4€CTBO 00pa3oBaHUsI.



Pacnpenesnenue yacoB MOAYJIA.
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[IpuMeHeHue CIyTHUKOBBIX
1 | HaBUTAIMOHHBIX U UHEPIIMAAbHBIX 2 2 2 2
CHUCTEM B MapKIIEHIEpUN
Mapkieitaepckoe odbecrieueHue
, | TOn3eMHOr0 criocoba pa3padoTKu ’ 5 5 5
MECTOPOKICHUH MOJIE3HBIX
MCKONAEMBbIX
Mapxkieitnepckoe obecrieueHue
3 | OTKPBITOTO crioco0a pa3paboTku 5 4 5 )
MECTOPOXKICHUN TOJIE3HBIX
MCKOMAEMBbIX
4 AHaJIN3 TOYHOCTH ) 4 ) )
MapKIIEeHIepCKuX padoT
O0mue 16 12 4 4 4 4

TEOPETHYECKOE COJEP) KAHUE MO/JYJISA
1-tema: IlppuMeHeHHe CIYTHUKOBBIX HABUTAIMOHHBIX M HHEPUHAABHBIX
CHCTEM B MapKUIeHIepuH.

TpamunroHHBIE Te0Ie3MYECKO-MaPKIIEeHIepCKre paboThl HA OCHOBE YTJIOBBIX,
JMHEHHBIX, a3UMYTAJIbHBIX W HUBEIUPHBIX H3MEPEHUNW HE MOTYT ONEPATHBHO
pemarh 3amayn oOecredeHus] MOTpeOuTeNe mapamMeTpaMu, XapaKTepPU3YIOIUMU
MECTOTIONIOKEHHE U OPUEHTHUPOBKY B MPOCTPAHCTBE. TOYHOCTh U CPOKH JOBEIACHUS
70 TIOTPEOWTENIed IUIAHOBBIX KOOPJIWHAT, a3MMYTOB (IUPEKIIMOHHBIX YIJIOB) W
BBICOT TOYEK W CIHEIUAIBHBIX MMyHKTOB B pailOHaX NEHCTBYIOIIUX M CTPOSIIIAXCS
OOBEKTOB TOPHO-IOOBIBAIONIECH OTpPAciii B KOHEYHOM CUETe OOYyCIOBIMBAIOT
CBOCBPEMEHHOE OIpe/eiicHUEe MapaMeTPOB CMEIICHUs IMOBEPXHOCTH U TOPHBIX
nopo, nehopmaiuu Mo I3eMHBIX BEIPAOOTOK M 000pyI0BaHUSI.

2-tema: Mapkiuueiizepckoe odecneveHne mo3¢eMHOIo0 crnocoda pa3padoTku
MECTOPOKIEHUIl M0JIe3HBIX HCKONAeMbIX.
OCHOBHOIl  LENBI0  MapKUWIEHAEPCKOW  CIyXObl  SIBISETCS  OOecredyeHue
PYKOBOJACTBAa TOPHBIM  HPEANPUATHEM HEOOXOIMMOM HMHpoOpMauuen  ams
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ocymecTBiIeHUs 3()PEKTUBHOIO W OE30MaCHOTO0 BEJCHUS TOPHBIX paboT. Buasl
MapKIIeHAepCKUX paboT W pElIeHre KOHKPETHBIX 3a/lad BO MHOTOM 3aBHUCST OT
1IeJIe BEeJICHUSI TOPHBIX pabOT U CUCTEMBI pa3paboTKH MeCTOpOkaeHHs. OCHOBHBIM
BUJIOM MAapKIIEHAEpPCKUX pabdoOT TMpU TMOJ3EMHOM CHOCO0e  pa3paboTKu
MECTOPOXKJICHUS SIBISICTCSl TOJ3€MHasi MapKIileaepckas cheMka, 00poOOTKa u
OTOOpa)XeHHE OOBEKTOB TOPHOTO TIPOM3BOJCTBA HA TOPHO-TEOMETPUUYECKHUX
rpadukax, KOTOpPbIE CIIyaT OCHOBOW TEKYIIETO U MEePCIEKTHBHOTO TUTAHUPOAHUS, a
TaKXKe YIpaBJICHHUE MIPOIECCaMH TOPHBIX PadoT.

COJEP)KAHME MPAKTUYECKHNX 3AHATUN
1-mpakTHYecKoe 3aHATHE:
Mapkuieiiiepckoe odecnedyeHne OTKPLITOro cnocoda paspadoTku
MECTOPO:KIEHHU I MOJe3HbIX HCKOMAeMbIX

B mepuoa moAroToBKM KapbepHOro MOJI MapKIIeWaepckas ciykba cosgaeT
OMOPHYI0 W CBEMOYHYIO CEThb, BBINOJHSAET KOMIUIEKC CBHEMOYHBIX padoT, IO
pe3yJbTartaM  KOTOPBIX  COCTaBJSIET  TEHEPAJIbHBIM  IUIaH  MOBEPXHOCTH
MecTtopoxaeHus. [lomyuyeHHass JOKyMEHTalMsl HCIOJNB3YyeTCS MpU  BbIOOpE
paMOHAIIBHONW CXEMbI BCKPBITUSL M CUCTEMBI pa3pabOTKH MECTOPOXKICHHUS, MNpU
COCTaBJICHUU IIPOEKTOB 3JaHUW HU  COOPYKEHUW TOPHOTO  IPEANPUSITHUS,
pasMeniaeMbIxX B IIpeesax NpoM-IIIOIIAAKU U 36MEIbHOTO OTBOJA.

2-mpaKTU4YecKoe 3aHsITHe:
AHaJIM3 TOYHOCTH MapKIIeHIePCKUX padoT.

B pasgene paccMOTpeHBl OCHOBHBIE MAPKIIEHJIEPCKUE CHEMKHU IOJ3EMHBIX
TOPHBIX BBIPAOOTOK (MHCTPYMEHTHI M CIIOCOOBI BBIOJHEHHS MOA3EMHBIX ChEMOK,
METO/Ibl COCTABJIEHUS TUIAHOB TOPHBIX BBIPAOOTOK M PEUIEHUS M0 HUM MPOCTEUIIHNX
3amay). C paccMaTpeHHEM OLIEHKM MOTPEHIHOCTH U3MEPEHUH NpPH TE€X WM MHBIX
ChEMKaX, MPOU3BOJUTH OLEHKY TOYHOCTH BBINOJIHEHHBIX OOOCHOBAaHHO BBIOpAaTh
U3MEpPEHUN, a TaKKe IO 3aJaHHOM TOYHOCTH KOHEYHOrO pe3yjibTaTa ChEMKH
000CHOBaHHO BhIOMpATh HAIIPaBJICHUE BEACHUE TOPHBIX padoT.

BLIe3IlHOe 3aHATUA

3HAKOMCTBO CHyIIaTeNe C OpraHu3IHedl MapKIehHaepckux padoT Ha
00BEKTaX TOPHOMETAILTYPTUYECKOTO KOMILJIEKC:
“AnManbIKCKUI TOPHBIM METAJUTYprudeckuil KoMmOuHat” (2 yaca),
AxIroHepHOe 0011ecTBO Y30ekyroisb (2 yaca).

®opmbI 00y4eHUs

dopma 00ydeHHUsT OTpakaeT TaKWE BHEIIHWE CTOPOHBI y4eOHOro Ipoiiecca,
KaKk Crmoco0 ero CyIeCTBOBAaHUS: TMOPSIAOK M PEKUM; CIOCO0 OpraHU3aAINH
oOydeHus: JIEKIHsI, CEMUHAp, CaMOCTOATENbHAsI paboTa U Mp; Cocod opraHu3aIiu
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COBMECTHOM  JesiTebHOCTH oOydYaromiero © oOydwaromuxcs:  (QpoHTaiIbHasl,
KOJUICKTUBHAS, TPYIIIOBAs, WHANBUyJIbHAS.

[Ipu oOydeHUsT BaXHBIM SBJSIETCS BBIOOpP (OpPMBI OpraHm3anuu  y4eOHOM
NESTENHPHOCTH YYACTHUKOB:

¢ KotekTuBHAsA — KOJJIEKTUBHOE, COBMECTHOE BBITIOJIHEHHUE OOIIET0 Y4EeOHOTO
3aJaHUs BCEMH CTyJCHTaMHU. XapakTep TOJYyYeHHOro pe3yJbTaTa: HTOT
KOJJIEKTUBHOTO TBOPYECTBA.

e [ pynmoBasi — COBMECTHOE BBHITIOJIHEHUE €UHOTO 3aJaHUs B MaJIbIX TPYyIITaXx.
XapakTep MOJYYEHHOTO Pe3ysibTaTa: UTOT TPYIMIIOBOTO COTPYAHUYECTBA HA OCHOBE
BKJIaJ1a KaXKI0TO.

e lnpuBuayanbHass — WHIUBUAYyaJIbHOE BBITIOJHEHHE Y4YEOHOTO 3a/laHusl.
XapakTep MOTYyUYeHHOTO pPe3yJibTaTa: UTOT WHANBUAYATHHOTO TBOpUYecTBa. OOBIYHO
IpealecTByeT TpPyNoBoii padore.

KPUTEPUHU OLUEHKHA
Ne | Kpurepuu oueHku baan MakcumaJabHbIH 0aJ11
1 Keiic 1,5 6anna 25
2 CamocrosrtenbHas padora | 1,0 6anna ’




II. AHTEPAKTHUBHBIE METO/1bl OBYYEHHWA, UCITIOJIb3YEMBIE B

MOAYJIE
"MO3IrOBOW IITYPM"
Mo3roBoii mTypM (OpediHCTOPMHHI - MO3rOBasi araKka) — METOJ

KOJJIEKTUBHOM T€HEPALIUU UJEU PELIEHUS HAYYHOU WIIW NTPAKTUYECKOU 3a1a4H.

Bo BpeMs MO3roBoro mTypMa Yy4YaCTHUKH CTPEMSTCS COBMECTHO PELIUTh
CIOKHYIO MpoOJeMy: BBICKa3bIBAlOT CBOE€ MHEHHE [0 PELIEHUI0 3a/a4d
(reHepUpylOT), OTOMpalOT Hauboyiee COOTBETCTBywIIUE, dJPGEKTUBHBIE U
ONTUMAaJIbHbIE WU 0€3 KPUTUKHU OCTAJIbHBIX BapUAHTOB, 00CYKIAIOT OTOOpaHHBIE
Ueu U Pa3BUBAIOT UX, a TAKXKE OI[CHUBAIOTCS BO3MOXKHOCTH UX OOOCHOBAHUS WM
ONPOBEPIKECHHUS.

OcHOBHasE 1eIb MO3TOBBIX arTak — aKTUBM3alMs Y4eOHOU JesTeNbHOCTH,
CaMOCTOSITENIbHOE HM3yueHue NpoOJaeMbl U pa3BUTHE MOTHUBALIMU €r0 pPEIlIEHus,
KyJabTypa oOmieHus, GopMUpoOBaHUEe KOMMYHUKAaTUBHBIX HABBIKOB, W30aBIEHHUE OT
MHEPLIMHU MBILIJIEHUS U MPEOIOJICHHE MPUBBIYHOIO XOJa MBIIUICHUS MPU PEUICHUU
TBOPYECKOU 3aJa4H.

e IIpsaMoOM KOJ/UIEKTHBHBII MO3roBOil ITYypM — oOecneunBaeT cOop
MaKCHUMaJIbHOTO 4YHCJa MHEHUH HACKOJbKO 3TO BO3MOXHO. Bcs rpynna
uccienoBanus (He 6onee 20 yenoBEK) 3aHUMAETCS PEIIEHUEM OJIHON MPOOJIEMBI.

* MaccoBblii MO3roOBOil IITYPM — J1a€T BO3MOXXHOCTb PE3KO IOBBICUTH
3G (HEKTUBHOCTh TEHEpaluu ujae B OONbIIONW ayIuTOpUHU, pas3leiIeHHOW Ha
MUKPOTPYTIIBI.

* B kaxoi rpymnme peniaeTcsi OuH U3 aClieKTOB MPOOJIEMBI.

IIpumep 3ansaTus mo meroxay ''Mo3rooii mrypm'

1. Jlnga Kakoro TUOAa TEOAOJMTA JOIMYCKAETCS  OTKJIOHEHHE
BEPTUKAJILHOM HUTHU CETKU HE 00Jiee, YeM TPH IHUPHUHBI IITpUXa?
2. Kakoe pacxoxxiaeHWe yria 1 JOMyCKaeTcs [Uisi TEXHUYECKHX

HUBEJIUPOB?

3. Kakas moBepka y HHUBEIMPOB C KOMIICHCATOpAMHU SIBJISETCS
OCHOBHOM?

4, Kak  ompenpensiorcss  pasmepbl  npodUIbHOM — JIMHUU
HAOJIFOJATEIbHON CTaHIIUA?

d. Kakue Touku sSBISIOTCS TOYKAMU KPUTHYECKUX Nedopmaiuii B
MYJIbJE CABUKEHHUS

6. HopMaTtuBHbIE [TOKYMEHTBI pEryJIupylIMe BOIPOCOB MO

CABMYKEHHIO TOPHBIX TIOPOL
7. IlpuOopsl pUMEHsIEMbIE€ TIPU TUPOCKONMMYECKOM OPHEHTHPOBAHUN
MO/A3€MHBIX TOPHBIX BHIPAOOTOK.
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Tadauuma SWOT-ananuza
SWOT - HaumMeHOBaHHE TIPOHUCXOJUT OT HAYaIbHBIX OYKB CICTYOIIHX
AHIJIMHACKHX CJIOB:
Strengths— cuibHBIE CTOPOHPEI, MPEATIONIATacT HATUYHE BHYTPEHHUX PECYPCOB;
Weakness— cnadbie CTOPOHBI WIIH HAJIMYKME BHYTPEHHHUX MPOOIIEM;
Opportunities— BO3MOXXHOCTH; HATMYNE BO3MOXKHOCTEH IS Pa3BUTHS
MIPEANIPHUSATHS;
Threats— yrpo3sl, yrpo3bl OT BHEIIIHEH CPEIb.

Kak mpaBuno, ycnemnocte SWOT-aHanu3a 3aBUCUT HE OT NPEANPUATHS, a
3aBUCHUT OT y4eTa pe3yJibTara IpH pa3paboTKe CTPAaTernYeCcKHX LeJel U MPOEKTOB B
OynyueM. IIpu ero ucnoab30BaHUU €ro 3J€MEHTHI MOTYT ObITh HHTEPIIPETUPOBAHBI
CIENYIOIIMM 00pa3oM:

IIpumep 3ansTUsA o Meroay '"SWOT"

3JIeKTp0HHI>Ie TECOA0JIUTbI
A —————————————=

CunpHbIE CTOPOHBI 3JIEKTPOHHBIX bricTpas, s dexTHBHAS,
TEO0JIUTOB KavyecBeHHas paboTta
S
Cnabble CTOPOHBI AIEKTPOHHBIX HeBosmoxxna  pabotatb B
W TEOJOIUTOB MIOJIEBBIX YCIIOBUSAX 6e3
KOMIIbIOTEpA

Onmuu noib30BaHUH JIEKTPOHHBIMUA | MOKHO BBIMIOJIHATH HECKOJBKO
@) TEOJO0JIUTAMHU paboT OJHOBpPEMEHHO (TaMsTh
TEO0JI0JIUTOB TO3BOJISIET)

Bapbeps! (BHENIHME) s MOJIb30BaHUS 3THUX
YCTPOKWCTB HYXKHO UMETh
MIPOraMMHOE 00OCTICUCHUE TOMU
K€ KOMIIaHUU.
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TEXHUKA NHCEPT

CucremMa IOMETOK B TEKCTe
(V) — moxTBepKIACT TO, UTO S 3HAID,
(+) — HOBas uHpOpMaLH,
(-) — mpoTHBOpPEUUT TOMY, UTO 51 3HAIO,

(?) — o3amaunio MeHs. MHe Hy’)KHA 110 3TOMY ITOBOJY JTOTIOJHUTEIbHAS
uHpopmarus.

Tabauna Mucepr
y + — 2
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IIpumep 3aHsATHS 10 METOLY
"MACEDPT"

Tabanua Uucept

N + — ?
Mapku GPS u pacxoxKIeHue JlazepHoe
TUPOCKOIIA GLONASS yria i CKaHHPOBAHUE
[IpeumymiectBa JIOTyCKaeTCsl BBITIOJIbHEHHBIE
U HEJIOCTaTKU TSt MOA3EMHBIX
CHUCTEM TEXHUYECKUX YCIOBUSAX
HUBEJIUPOB, o0ecreynBaer
NPUMEHSIEMBIX B | KaKyI0 TOYHOCTb
ITOA3EMHBIX OTOOPAKEHHUS.
TOPHBIX
BBIPOOOTKAX.
Kocmuuecknii Teononura CErMEHT CETMEHT
CEerMEHT AKCIICHTPUCUTET | yIpaBJICHUS o0clieIoBaHus
amunansl ['K
ONPEIEIISIOT MO
n3meHenuto 2C
CrBmxeHus Pa3mepsr CuBexxeHust Kputnueckue
TOPHBIX TIOPOA, | MPOdUIBLHOMN TOJIIIA TOPHBIX | TOUKHU
JTUHUU MOPOJT HaJl nedopmariuii B
HaOIOAATENIbHO | BEIPAOOTAaHHBIM | MYJIBJIE
1 cTaHIIU MPOCTPAHCTBOM. | CIBHXKCHUS
ONPENENSIOTCA CITYKHUTh
1o OCHOBOM JJIA

MIPOCTUPAHUIO U
MaJIaHUI0
3aJICKU.

ONPENECITHUS
YIJIOB
CIBHKEHUS
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I1l. TEOPETUYECKHUE MATEPHAJIBI

1-tema: IlpyMeHeHNe CIYTHUKOBBIX HABUTAMOHHBIX U HHEPUHAJIBHBIX
CHCTEM B MapKIIeHIepuu
Iiaan:
1. MoOunbHbIE CpeICTBA U3MEPEHUH JIJIsi TPOU3BOICTBA MAPKIIEHAEPCKUX padboT
2. OcHOBHBIE NTOKA3aTeNH INI00ATFHON CHUCTEMBI MECTOOIPEICTICHHS
3. IpuHIHIBI MapKIIEHIEPCKONH CHEMKHU

Kntouesvie cnosa: usmepenus, Kocmuueckas eeooe3usi, 2l00ANbHAsA Ccucmemda
naomooenus, GPS, GNSS, GLONASS, maprxwetioepckue pabom, cnymHukosast
2eooesust

1.1MoOuabHbIe CPpeACTBAa U3MEPEHHUIl 1J1s1 IPOU3BOACTBA MAPKIIEHIePCKUX
padort

AMepUKaHCKas CITyTHUKOBAas CHUCTEMa ATO TIO0AJBLHOTO TMO3UIIMOHUPOBAHUS
(GPS NAVSTAR). OH o0ecrieunBaeT TOJOXKEHAE B pEalbHOM BPEMEHU B
cootBercTBUU ¢ WGS84. reoxesmueckass cucrtema otTcdera. Mcmoib3oBaHue B
OCHOBHOM CBSI3aHHBIN ¢ 00CIE0BAaHUEM U HABUTAIIUOHHBIM MPUIIOKEHUEM.

Cucrema BKJIIOYAET B c€Osl TPU MOJTYJISI, MJTH CETMEHTHI:

* KOCMHYECKHUH CETMEHT;

* CCTMCHT YNPABJICHUS;

e cerMeHT obcenoBanus.t

OCHOBHBIE M3MEpEHUsT B MAapKIIEHJAEPUH BBINOJHAKOTCS C IIOMOIIBIO
texHosmorun GPS, koropasg wu3MepseT pacCTOSHHUE MEXAY CIYTHHUKOM U
MPUEMHUKOM. OTO MPOHUCXOJHUT HEMOCCPEIOBAHHO 4YE€pe3 BCIOMOraTelbHBIX
U3MEPEHUN, OTHOCAIIMXCS KaK K Mepefadye CUrHajla OT CIYTHUKOB K MPUEMHUKY U
VX TEXHUYECKHMX XaPAKTEPHCTUK.

! Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 411

2 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.137-138
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Puc. 1. GPS u pecusep. ['mobanbHbie CUCTEMBI TO3UITUOHUPOBAHHS: MUHUMYM
YEThIPE  CIYTHHKA HMCHOJIB3YIOTCS I BBIYMCICHHMS  MPOCTPAHCTBEHHBIX
reorpad@uIecKUX KOOPAUHAT.

[eapto GPS sBnseTcss co3gaHue BCEMHUPHOW CHCTEMBl HABHUTAIIUW IS IS
PEIICHUS CTPATETHYCCKUX M IKOHOMHMYECKHX 3ajad, MPUMEHUTEILHO K 00BbEKTaM
HEAPOTIOIH30BaAHUS.

Cpenu Ipyrux JUCHUIUIHH OOCIIEIOBaHMS, METOJ| Ja3ePHOI0 CKaHUPOBAHUS
0COOCHHO 3HAYMMBI, TTIOCKOJIBKY OH XapaKTePU3YEeTCs CIIOCOOHOCTHIO MPOU3BOMTH
MOJTHYIO MH(OpPMAIUI0 W JOCTHYHh BBICOKOH TOYHOCTH, a TaK)Ke 3HAYUTCIBHBIM
ypOBHEM aBTOMATH3ALUN U TIPOU3BOAUTEILHOCTH.

B HacTosiiee BpeMst B MEPEIOBBIX CTpaHaX MHpa pa3padaThIBalOT U BHEAPSIOT B

— - ; MPaKTUKy aBTOMAaTU3UPOBAHHBIC

IMS Fi_ | CHUCTEMBI reoIe3nYeCcKo-

% | MapKUIEHIEPCKUX  M3MEPEHUIA.
rs Z ‘ Kak MpaBuIIo, MOJO0OHEBIE
; | CUCTEMbl CO3/IAIOTCS Ha OCHOBE
Teoeput cuang s A1 pe3yJIbTaToB Hay4YHO-

AN | TeXHHUYECKOTO  Iporpecca B

oOlacTH  BBICHICH  T'€OJIC3HH,

aCTPOHOMMH,  MapKIICHIACPUH,

U3MEPUTEIIBHON  NPELE3UOHHON

TEXHUKH, AJIEKTPOHHO-

, BBIYMCITUTEIBHBIX CPEJICTB,

Puc. 2. TpeXMepnoe JIa3€pHO€ CKAHUPOBAHHE MaTeMaTUKH, IPOrpaMMHUPOBAHUS U
OCBOEHHMs KocMoca.®

Takum  0o0pa3om,  METOIBI

Ja3epHOE€ CKAHMPOBAHWE TPEJCTABISIOT 3HAYMMYIO OBOJIIOIUI0 HEKOTOPHIX

acIekKToB  (DOTOrpaMMETPHH, HEIOCPEACTBEHHO CHaOxaromme Moaeinb 3D

MOBEPXHOCTH, TPATUIIMOHHO TMOJYYAIOT U3 CTEPEOCKONMMYECKOTO pa3pabOTKu

JBYXMEPHBIX HM300paK€HUH, TakuM oO0pa3oM, MapKIIeHaepckoe oOecrneyeHus
TOPHBIX pabOT MPUOIMKAETCS K MTOJHOM aBTOMATU3ALMK MPOLECCa.

B nHacrtosimiee Bpemsi pa3pa0oTaHbl MPUHIUNHAIHHO HOBBIE TEXHUYECKHUE
CpeACTBa - CIIYTHUKOBbIE (KOCMHUYECKHE) HABUTAIMOHHBIE W T'e0JC3UYECKUe
CHUCTEMBI, a TaK)X€ WHEPIMaJbHbIC HABUTAIIMOHHBIC W T€0JIC3NYECKUE KOMILJIEKCHI,
SIBJISIFOIIMECS] aBTOHOMHBIMHM CUCTEMaMHM OMPEICIICHUs T€0Ie3MYECKUX TapaMeTpOB
IpU PEIIeHUH TPAKTUYECKH BCEX HAYYHBIX M IMPHKIAIHBIX 3a7a9 T'€0JIe3UYECKO-
MapKIieiaepckoro ooecnedeHus. K MOOMIBHBIM TEXHOJOTHSAM IPOM3BOJICTBA
MapKIIEHACPCKUX, TEOIE3NIECKUX U KapTorpauueckux padoT CiaeayeT OTHECTH H
TPEXMEPHOE JIA3€PHOE CKAaHUPOBAHUE, SBIAIONICECS JalbHEUIIUM pa3BUTHUEM
MpUHIUIIA O€30TPaKATEIBHBIX aJbHOMEPOB, TPEOYIOIIETO WCIOJIb30BAHUS Ha

3 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 412
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o6opty Hocutens kak GPS (rmobambHON cHCTEMBl MECTOONpENETeHUs), Tak M
WHEPIUATLHON CUCTEMBI.

Kocmuueckon reonmesuer Ha3bpIBAaeTCA paslesl T'EONE3NYECKOW HAayKu, B
KOTOPOM H3YyYaloTCsl BOIMPOCHI HCIOJIL30BaHMSI HAOMIOMCHUA WMCKYCCTBEHHBIX U
€CTEeCTBEHHBIX CIIyTHUKOB 3€MJIM U TUIAHET ISl PEIICHUSI HAYUHbBIX U MPAKTUYECKUX
3amay reone3uu. CHyTHHKOBAash reofie3us SIBISETCS CaMblM HOBBIM M HaumbOojee
OBICTPO Pa3BUBAIOIIMMCS pa3liejoM BbIclIel reoge3uud. OHa HCHOJB3YET BECHh
apceHall MU3MEPUTENbHBIX CPEACTB, MPEAOCTABISEMbIX COBPEMEHHOU (U3UKON U
TEXHUKOH, a 00paboTKa pe3yJIbTaTOB U3MEPEHUN BBUAY OTPOMHOTO KOJWYECTBA
uH(pOpMaIH, MOCTYNAIONIEH OT COBPEMEHHBIX U3MEPHUTENIbHBIX CPEJICTB, BOZMOXKHA
ceiyac TOJIbKO C UCIOJIb30BaHUEM MOILHBIX KOMITBIOTED.

st reo/ie3uvecKO-MapKIICHIEpCKOM  TMPAKTUKU  HAWOOJBIIUNA  MHTEpEC
npencraBnseT chepa MPUKIATHBIX 3a7lad, PENIAeMbIX C MOMOIIBIO CITyTHHUKOB, a
MMEHHO OIEpPAaTUBHBIE M BBICOKOTOYHBIE OIPEIECICHUS KOOPJWHAT IYHKTOB IpHU
CO3/IJaHUM, CTYIICHUU OIMOPHBIX U CHEHHUAIBHBIX TE€O0JIE3MYECKUX CETeH, TOueK
MECTHOCTH JUIsl PELICHUS] Pa3IMYHBIX TOPHO-TEOJOTMYECKUX M Teo(hU3NYECKUX
3a/1a4 U JPYTUX MPAKTUYECKUX MPUITIOKECHUH.

[logoOHble  3amauu  pemiaroTcst  Onarogapsi  CO3JlaHUIO0  TJ100abHBIX
cryTHUKOBBIX HaBUramoHHbIX cucTeM (CHC) tuma "Hascrap" (CIIA) u I'monacc"
(PD).

OaHuM U3 CyIIEeCTBEHHBIX (DAKTOPOB, OOECIEUMBAIOIIUX HANECKHOCTh U
3¢ (PEKTUBHOCT, CIYTHUKOBOM TEXHOJIIOTMH B T'€0JIe3NYECKO-MapKIIEHIePCKUX
paboTax, sSIBIIE€TCS BHICOKUH YPOBEHb MHTETPAIIMHA MEKTYHAPOIHOTO COOOIIECTBA B
3TON 00JacTH.

OcHOBHBIE XapaKTePUCTUKHN NpUeMonHIuKATOpOB GPS

Mudp Hazpanue Yucno TOYHOCTP OmpeneneHnss KOOPIIMHAT O6mas  IpumepHasi
[IPUEMONH (HHUPMBI KaHalOB B aOCONIIOTHOM B OTHOCHTEIIBHOM  BpeMs Ha- Macca  CTOMMOCTb
ouKaTopa  (CTpaHsbl)- (dacror) pexume, M pexume OmoaeHU  KOMIUTEKTa, (ThIC. $)
H3rOTOBUTEJIS KT
GPS "Jlefika" 9(2) 15 5+|-10"D mm 15-20 mun 15-20 70
WILD-
Sistem (IlIBeitapus)
Sersel "Cepcenp" 5(2) 10-15 S+110O”D mm 10-20 muu 40 65
TR5S (Dpanius)
Achtech  "Aiurex" 12(2) 20 3-5 MM 30740 muH 5 35
Xl
(CIIA)
4000 SST "Tpumbn" 8,12(2) 4 5+110"-D mm 15 mun 15 35
(CILIA)
MX "MarnoBokc" 6(2) 10-15 2-5cMm 10 Mun 0,9 30
4200D
(CHIA)
Magellan "Maremnan" 5(1) 15-20 10-20 cm 10 Mun 0,85 11
(CLIA)
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1.2 OcHOoBHBIE IOKA3aTeH IT100AJIbHOM CUCTEMbI MeCTOONPeAeIeHU s

Kak ormeuanoce Bblllle, pa3BUTHE KOMIIBIOTEPHOM TEXHUKM W PaJIUO-
AJIEKTPOHUKH, a TaKKe BBIBOJI HAa OpPOUTY HMCKYCCTBEHHBIX CIYTHUKOB 3eMIIH
MO3BOJIUJIM pa3paboTaTh MPOTPECCUBHBIE BBICOKOTOYHBIE METOJIbI OMpEACICHUS
KOOpAUHAT (UKCUPYEMBIX TOYEK HAa 3€MHON MOBEPXHOCTH, OCHOBaHHbIE Ha paboTe
IJI00JIBHBIX CUCTEM MECTOOIPEIETIECHUS.

[Toka3zaTenu GPS "I'monacc"
KonnuecTBo akTHBHBIX 24 24
CIIyTHHKOB

Bpewms oOpatienus cryTHHKA 124 119 15 Mun
CkioneHmne 54° 65°
Iepenaya opOUTATBHBIX Blu B 55 MuH
JAHHBIX OJIMH Pa3

CHHXpOHHU3AINS BpEMEHU UTC (CLIA) uTC

OTU cUCTEMBI B IOCJIENHEE BpEMs HaxoIAT Bce OoJiblliee NPUMEHEHHUE B
Pa3IUYHBIX OTPACISAX MPOMBILIJIEHHOCTH MHOTUX CTPaH MUpa.

['moGanbHble CHUCTEMBl MECTOOIpPEAENCHUs Ha HACTOSALIMHA MOMEHT BpPEMEHU
npenacrasienbl aByms Bugamu: "I'monacc" m "Hascrap" (CLHA). OteuecTBeHHas
cucrema "['monacc", npenHa3HadYeHHAs ISl MUPHBIX LEJEH, HAXOJIUTCS B CTaJUU
3aBEpIICHUS W JOJDKHA BKIKOYAaTh 24 MCKYCCTBEHHBIX CIYyTHHUKA 3€MIIM.
bamnucTrnueckoe MOCTPOCHUE M TAKTUKO-TEXHUYECKUE JAHHBIE CUCTEMBbI BECHMA
OJIM3KK K COOTBETCTBYIOIIUM  XapaKTEPUCTHKAM aMEPUKAHCKOM  CHUCTEMBbI
"HaBctap", GyHKIHMOHUPYIOUIEH B MOJHOM O0BEME yXkKE HECKOJBKO JIET. YPOBEHb
pa3BUTHS TMPUEMHUKOB CIIyTHUKOBOM HMH(POpMAIUU  OMPENENsieT TOYHOCTh
(uKCHpOBaHUS KOOPAMHAT TOYEK Ha 3€MHOW IMOBEPXHOCTH, YTO XapaKTEpU3yeT
COCTOSIHHE BHEAPEHHS U dP(OEKTUBHOCTH CITyTHUKOBOM TEXHOJIOTUM.?

B paHueBoM ucmoimHeHHH amnmaparypa mnorpedurteneil cuctemsl "Imonacc"
BecuT 5-10 Kr m paccuWTaHa Ha pa3jIMYHbBIE YCIOBHsS IpuMeHeHusa. B Poccunm
CEpPUITHO  BBIIIYCKAETCA XOpPOIIO 3apEKOMEHJIOBAaBIIMKA ce0si  CIyTHUKOBBIN
HAaBUTAIMOHHBIA npueMonHaukarop A-72-4M-01. KoopauHatsl ¢ ero moMoupo B
a0COJIIOTHOM PEXHUME OMNPEACNSIIOTCS ¢ TOYHOCTBhIO 16-21 M. [lns MOyHKTOB,
yaaneHHsiX oT 10 10 100 KM OT UCXOAHOTO MyHKTA, MMPU CeaHcax HAOIIOAeHUs 10 2-
3 4 MOXHO TMOJY4YdUTh TOYHOCTb B3aWMMHOro TmoyiokeHus 1,5-2,5 wm.
[IpuemonHAMKaTOp pabOTaeT MO 3aKPHITOMY KOy, SBISIETCS OJHOKAHAIBHBIM,
onHovacToTHhIM. [loTpebnsemas MomHOCTh pueMonHaukaropa - 180 B, macca -
27,5 kr, croumMocTh okojio 1 miH py6. Bemyrcs paGoTsl O CO3AaHMIO IIECTHKA-
HaJIbHOTO Te0JE3UYECKOro IpuemMouHaukaropa '"Pemep", oOCHOBaHHOTO Ha
UCIIOJIb30BAaHUU PAJUOCUTHAIOB CIyTHUKOB cucreM '"l'nmonacc" u  "Hascrap"
OIHOBpeMEeHHO. llpu [anuTenbHBIX HAOMIOACHUSX 3TO OOECIEUUT MOIyUYEHUE
KOOPJAMHAT TOYEK C TOYHOCTHIO 10 1-5 cMm. B nuddepenimansuoM pexxume onmoka

4 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.138-139
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ONpeNesieHUs] KOOPAUMHAT COCTaBUT 1-5 M, B omepaTuBHOM pexume - 15-20 m.
[Tutranue ot akkymynsropa 12 B, ot cetn 115-220 B, macca npuemHuuka - 5 kr. 13-
3a OTCYTCTBHSI HAJCKHBIX OTEYSCTBEHHBIX DJJIEMEHTHBIX 0a3 OKOHYATeIhbHas
JIOBOJIKA U 3aIlyCK B CEPHUIO OTKJIAJbIBACTCS YKE B TECUEHHE HECKOJIBKUX JIET.

B mHactosmee Bpems (coBmectHO co IllBedinapckoir ¢upmoi Leica)
UCIIOJIB3YETCSI M DKCIIEPUMEHTAIBHBI OJTHOYACTOTHBIM NMpHEMHUK cHTHaIoB GPS
"Semnmemep JI1", a Takke mnporpaMMHOE OO€CledYeHue Jisg TOCTOOPaOOTKU
pe3yabTatoB uaMepenus (BL-LJ), ocHOBaHHOE Ha CTaHIAPTHOM IAKeTe MPOrpaMM
¢dupmsr Lieka - SKI.

Cuctema CIIIA "Hascrap" mo HaJAeKXHOCTH, TOYHOCTH WU AW3aiHY Ha 1-2
nopsiika npeBocxoautT cucteMy "I'moHacc". PBIHOK MPUEMOMHIUKATOPOB CHUCTEMBI
"HaBctap" HempepbIBHO pacmupsieTcss Onaromapsi BbITYycKy ux Oosnee yem 200
dbupmamu CIIA, 3amagnoit EBponbr u SAnonun. IlpuBenenHpie B Tabnwmiie
XapaKTepUCTUKU HAWIYUIIUX MPUEMOUHANKATOPOB cuctemsbl "HaBcrap", nmerommux
pa3IMYHOE Ha3HAYEHHUE U KJIACC, OTIMYAIOTCS B OCHOBHOM TOYHOCTBIO OIIPENEICHUS
koopauHnar (ot 0,001 xo 10-15 M) u cTonmocThIO.

AMepuKaHCKas CUCTeMa, KaK M POCCHIICKas, COCTOMT M3 TPEX CETrMEHTOB:
CErMEHT yIpaBJIeHUs, KOCMUYECKUN U Ha3€MHBIN CErMEHTHI.

CerMeHT ympaBiieHUs] TpeAHA3HAYEH JJIS YIPABICHUS DPEXUMOM JIBUKCHUS
CIIyTHUKOB, KOPPEKTUPOBKU UX PaOOTHI U MPOBEACHUS MPOPUIAKTUYECKUX PaOOT.
[Ipy BO3HMKHOBEHMM HEMOJIAJIOK B Iepefadye CUTHAJIIOB HEUCHPABHBIA CIyTHHUK
nepeBoauTcs U3 pabodero pexuma B 3amacHoi. CerMeHTOM yIpaBiIeHHS
KOHTPOJIMPYETCSI CHHXPOHHOCTh T'€HEPAaTOPOB, YCTAHOBJIEHHBIX HA CITyTHUKAX.

Kocmuuecknii cerMeHT mpencTtaBisieT coboit 31 HCKYyCCTBEHHBIN CIyTHHK
3emin, 24 U3 KOTOPBIX MOCTOSHHO HAXOJATCS B pabodeM peKUMe, a OCTaJIbHBIC 7
BKJIIOYAIOTCSL B paboTy mpu aBapuu wiM npoduinaktuyeckux padortax. CryTHHKH
BPAIIAIOTCS B LIECTH OPOUTAIBHBIX TUIOCKOCTAX C OTKJIOHEHHUEM 55° 1O OTHOIIEHUIO
K S9KBaTOpy, YTO MO3BOJSET B KaXJIOH TOUYKE 3E€MHOI0 IIapa €JIMHOBPEMEHHO
¢ukcupoBath curHaisl ot 16 cnytHukoB 3emiu. [lepuoa oOpamienus - okoso 12 u.
JanbHOCTh yaaneHuss OT mnoBepxHocTh 3Jemun - 20 200 kM. ChoyTHUKaMu
UCITYCKAeTCsl CUTHAJ, COCTOSIIMN W3 JABYX HECyIIUMX 4acToT 3akpbiToro (SVA) u
otkpeitToro (CVA) xomoB, mivHbl BOJIH KoTopeix L\ = 0,19 m, L, = 0,24 m. s
MHPHBIX IIeJIeH mpuMeHseTcs OTKPbIThIH ko (C\A).

HazemHblii cerMeHT npejcTaBieH pa3InyHbIMU MPUEMOUHINKATO-paMu (Ta0JI.
3.2), npegHa3HAYeHHBIMM JUIi NpUEMa CUTHAJOB CHOYTHHKOB. Vcnosb3ys
UCXOJSIINE OT CIYTHUKOB CHUTHAJIBI M TMPOU3BEIS ONPECICHHbIC BBIYUCICHUS,
NPUEMOMHIUKATOP OOECIEYMBAET OINPEICICHUE MECTOIOJIOKEHUS TOYKH IMpUEMaA
curHana. [IpueMonMHANKATOPBI, B 3aBUCUMOCTU OT TOYHOCTH, UCIOJIB3YIOTCS IS
HABUTALIMOHHBIX (OMpEAECICHUE MECTONOJNOXKEHUS CYJIHAa, camoyieTa U T.J.) U
reoJIe3N4eCKUX (BBICOKOTOYHBIX MECTOONPEAEICHUIN OTAEIBHBIX TOUEK) LETEH.

[Tpuemonnaukatopsl GPS mnoapasfenstoTcsi Ha [BE OCHOBHBIE T'PYIIIIBL:
JIByX4YaCTOTHBIE U OJTHOYACTOTHBIE.

> Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 412
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[Ipu ompeneneHun KOOPAWMHAT JIBYXYAaCTOTHBIMU MPUEMOUHINKATO-PaMU
UCTIONB3YIOTCS KOABI ABYX 4acToT L1 m Li, 9ro obecnieunBaeT ObICTpOE pa3peiieHue
HeompeneneHHocTe  (a3pl  Hecyled  4YacTOThl, MPHUCYIIUX  ONPEACICHUIO
MICEeBAOJIAILHOCTEN (pacCTOSHUE OT CIYyTHUKA 0 MPUEMOUHAMKATOopa). ToYyHOCTH
TaKUX MPUEMOUHIUKATOPOB JocTuraer 1-5 MM npu padore B auddepeHimaibHOM
pexuMe.

OHOYACTOTHBIC TMPUEMOUHAMKATOPHI HCMOJB3YIOT TOJIBKO KOJ Hecylle
gacToThl Li. TouHOCTh uX KojebOiierca B mpenenax MeHee | M mpu BpeMeHHU
u3mepenus 10-15 muH.

Jlist Teofie3nyecKuX 1efied MPUEMONHANKATOPHI CIEUaTIbHO OPUEHTUPOBAHBI
Ha MOJYyYEHUE BBHICOKUX TOYHOCTEW M XapaKTEPU3YIOTCS B CBS3U C 3TUM (PYHKITHUEH
u3MepeHus ¢Ga3 HEeCylmMX BOJH, MHOTOKaHAJIb-HOCTBIO MpUeMOHHAMKaTOopa (6-12
KaHaJlOB), JBYXYaCTOTHBIMHU W3MEpeHUsIMU (a3 u JPyrUMH YCTPOMCTBaMHU.
[TosTOMy MX CTOMMOCTH B HECKOJBKO pa3 BbIIIE MOPTATUBHBIX OJHOYACTOTHBIX
MIPUEMOWHIUKATOPOB.

CEIrMEHT KOCMHYECKHH HA3ZEMHBIH

| YIIPABJIEHHMSA CEI'MEHT CEIrMEHT )
T T
Pemum aBukeHHs, : OnHo- ¥ ABYXHac-
CORTDONG Cucrema : L
KOHTPO/Ib, NPodH- eV siticon | TOTHBIE NPHEMO-
JAKTHYieCKHE pa- ’ HHAHKATOPSI
l GoTbI CNYTHHKOB N
L R Y
e e —— BT
- 4 ™~
( B Ipuem u Ilpuem koopauuar }
bIMHCIEHHA,
i tam E BLIYHCIEHHA CNYTHHKOB W BbI- |
0y 1 - 1 1
i ROANPORKS I -] NPoCTPAHCT- i YHCAEHHE KOOpAH- |
nepeaava Ha | L
- I TR ‘ BeHHbIX HAT PHKCHpYEMBIX |
‘ ChYTHHKH \ KOOPAHHAT TOYEK Ha 3eMHOH |
| COOPAHHS |
Q‘ KOOPAHHAT ) CNYTHUKOB ‘\ NMOBEPXHOCTH )
S / /
——— / S —————— ’1/.

Bbnok-cxema paboter GPS

1.3 llpuHIUNBLI MapKIIEHIEPCKON ChbeMKH

Mapkieiinepckast cb€MKa, OIpeneIeHUE MPSIMOYTOIbHBIX TPOCTPAHCTBEHHBIX
KOOPAMHAT Pa3IMYHOIO poOAAa TOYEK HAa 3E€MHOH IMOBEPXHOCTH M B Tpeaesax
O00BEMHBIX KOHTYPOB MECTOPOXKICHHUN TMOJE3HBIX HCKOMAEMbIX JII COCTaBJICHHUS
ropHoi rpaduaeckoit qokymeHTarmu. O0bekTh Mapkieiaepckas chbéMKa: peiabed
U CHUTyalllsl 36MHOW MOBEPXHOCTH, €CTECTBEHHBIE U HCKYyCCTBEHHBIC OOHA)KEHUS
TOPHBIX TOPOJ, YCThsI TOPHBIX W Pa3BEAOYHBIX BBIPAOOTOK, MPOBOJUMBIE TOPHBIE
BbIpAOOTKM (B MEpUOA pPa3BEeIKH WM pa3pabOTKU MECTOPOXKICHHI), 3JIE€MEHTHI
T€0JOTMYECKOr0 CTPOCHHS MECTOPOXKIEHUH, TOYKH OTOOpa mMpoO, TpaHMIIBI
OIIACHBIX 30H, COOPYKEHHS U Pa3IM4HbIE KOMMYHHUKAIIUM B TOPHBIX BHIPaOOTKax.®

6 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 413
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OcHoBHOM mpuHUMO MapKIenaepcko ChEMKHM — TOCIEI0BATEIbHbBIN
nepexos OT oOuux, 0ojiee TOYHBIX T€OMETPHUYECKHX MOCTPOEHUH, K YacTHBIM,
MEHEE TOYHBIM ITOCTPOCHUSAM. B COOTBETCTBHM C 3TUM IIPOLIECC CHEMKHU BKIIFOYAET
IIOCTPOCHME IIIAHOBBIX M BBICOTHBIX MapKIIEHIEPCKUX OIOPHBIX CETEH Ha 3€MHOU
NOBEPXHOCTH M B TOPHBIX BBIPAOOTKAaX, MOCTPOCHUE CBEMOYHBIX CETEH U
ChEMOYHBIE pabOThI (COOCTBEHHO OMpeIeTIEHUE KOOPAUHAT OTACIBHBIX TOUYEK).

OcHoBHBIE MeTO/IbI MapKIlei1IepcKoi ChbEMKHU: cTepeoOTOrpaMMeTPUIECKUI
(BO3IyIIHBIM, Ha3eMHBIH W  TOJ3EMHBIN); JIOKAMOHHBIE  (3BYKOJIOKAIuS,
CBETOJIOKAIUS, PaAMOJIOKALNS); MEH3YJbHbIE; TaXEOMETPUUECKUE; TEOHOIUTHHIE
(MOJSIpHBIM ¥ OPTOTOHAJIbHBIN); HUBETUPOBAHUE IUIOIMIAJEH M KOMOWHUPOBAHHBIE
cbeMKH. OpHEHTHPOBAaHHME TOJ3EMHBIX MAPKIICHIEPCKUX ONOPHBIX CETeH
IPOU3BOAUTCS T€OMETPUUECKUM, ONTHUYECKUM WJIM TMPOCKOIHUYECKUM CIIOCOOaMHU.
[lenTpupoBanue ceTu OCYILECTBIAETCA IIPU IMOMoInU orBeca. [lepemada BBICOT 1O
BEPTUKAJIBHBIM TOPHBIM BBIPAOOTKAM MPOU3BOJIUTCS JJIMHOMEPOM, UIMHHOMN
IIaXTHOW JIEHTOW, ITPOBOJIOKOW WJIM IPU MOMOLIM CBETOAANbHOMEPOB. KOHEUHBIN
pe3yabTaT MapKieniepckoi ChbEMKHM —TOPHOM TIpapUuyecKoil JTOKYMEHTALHH.
Becp mpomecc WX COCTaBIEHHS COCTOMT M3 TPEX DITANOB: OIpPEIECICHUE
IPOCTPAHCTBEHHBIX KOOPJAMHAT TOUYEK; BBIYMCIECHHUE U MaTeMaTH4eckas oOpaboTka
pe3yibTaTOB M3MepeHus; rpaduyeckue pabdoThl IO COCTABICHUIO YEPTEKEH.
Tounocth Mapkimeiaepckoii cb€MKU U €€ MacimTadbl pPerJaMeHTHUPYIOTCS
TEXHUYECKOM MHCTPYKIMEN 10 MPOM3BOACTBY MapKIIEHEPCKHX padoT.’

Bonpocbl KOHTPOJIbI:
1. Ha3oBure mMapky rupockomna Jjisi OpUeHTHUPOBAHUS MTOI3EMHBIX TOPHBIX
BBIPOOOTO?
2. JlazepHO€ CKaHMPOBAHME BHITOJLHEHHBIC TTOJI3EMHBIX yCIOBUSIX
o0ecrnevnBaeT KaKyr TOYHOCTh OTOOpaskeHus1?
[TpenmymiectBa u HenocTaTku cucteM GPS u GLONASS?
JIist Kakoro TUMa TeOA0IUTa dKCIeHTprucuTeT anuaaasl 'K onpenensror mo
u3Mmenenuto 2C?
5. Kakoe pacxoxaeHue yria 1 JOIyCKaeTcsl 111 TEXHUYECKUX HUBEIUPOB,
IPUMEHSAEMBIX B [TOJI3EMHBIX TOPHBIX BBIPOOOTKAX?
6. Kakas noBepka y HUBEJIUPOB C KOMIIEHCATOPaMH SIBJISIETCS OCHOBHOI?

B w

Hcnoab3yemble JIUTEPATYPbI:
1. Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining
Instruments. Nabu Press. 2011, p.137-142
2. M.A. Gamarasca. Basics of Geomatics. Springer. 2009. p. 49-51 and 380-385
3. EI-Rabbany A., 2006, Introduction to GPS: The Global Positioning System,
2nd ed. Artech House Publishers, Boston, p. 250

7 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.137-139
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4. Hofmann-Wellenhof B., Lichtenegger H., Wasle H., 2008, GNSS — Global
Navigation Satellite Systems: GPS, GLONASS, Galileo, and More. Berlin
Springer, p. 516,

5. Parkinson B.W., Spilker J.J. (Eds.), 1996, Global Positioning System: Theory
and Practice. American Institute of Aeronautics and Astronautics, Inc.,
Washington, DC, Vols. I and II. p. 132

2-Tema: Mapkiueiiiepckoe odecriedeHne Moa3eMHOI0 crnocoda pa3padoTku
MECTOPO:KIEHU I MOJIe3HbIX HCKOMAEeMbIX
[Lnan:

1. Buasl mapkueigepckoro oOecredeHus: MOoA3EMHOro crocoba pa3paboTku
MECTOPOKICHUI MOJIE3HBIX UCKOIMAEMBbIX.

2. Mapkieiiaepckue ONMOpHbIE W ChEMOYHBIC CETH TOPH30HTAIbHASI ChEMKa
TOPHBIX BEIPAOOTOK

3. BeprukanpHas cheMKa TOPHBIX BRIPAOOTOK

4. OpUEHTUPHO-COEAUHUTEIBbHBIE ChEMKHU

KiaroueBble cjioBa. MClpKW€L70€pCKO€ 06]10, ONOpHbLE CENU, CbEMOYUHbIE CeNU,
2OPU3OHMATbHAA CbeMKA, 6EPMUKATIbHAA COEMKA, OPUERMUPHO-
COeOUHUMEeNbHbIE CheMKU

2.1 Buabl Mapkieiiepckoro ooecrnedeHust NOA3eMHOI0 cnocoda pa3padoTku
MECTOPOKIEHHUIl NM0JIe3HBIX HCKONAeMbIX

Kaxxgast maxra uiam pyHUK, BHE 3aBUCUMOCTHU OT
CBOMX MacIITabOB, UMEIOT MapKIIECHIEPCKYIO CIyxkOy,
IPEICTAaBICHHYO OOBIYHO CaMOCTOSITENIHBIM
IPOU3BOJICTBEHHBIM y4acTKoM (otaenom). Hamuuwme
3TOU CHeIHAbHOM CILY OBl CBS3aHO C
HEOOXOIMMOCTBIO0 KBaTU(HUITMPOBAHHOTO PEIICHUS psaa
BaYKHBIX, CIIOKHBIX U OTBETCTBEHHBIX 33/1a4 TOPHOTO IIPOU3BOJICTBA.

OCHOBHOI 11EJIBI0 MapKIICHAEPCKON CIIykKObI SIBISETCS 00eCrieYeHre TOPHBIX
OpeanpusTuii HeoOXoauMoN HH(opManuend as ocyuiecTBiIeHus 3(h(PEeKTUBHOTO U
0e30macHOro BeJCHHS TOPHBIX paboT. Bumbl mapkiieinepckux paboT U pernieHue
KOHKPETHBIX 33Jad BO MHOTOM 3aBUCAT OT IeJiel BEJCHHs TOPHBIX paboT u
CUCTEMBI pa3paboTKu MeCTOpoXxaAeHUs. OCHOBHBIM BHIOM MapKIIEHAEpCKUX paboT
Py TOJ3EMHOM CHOCO0€ pa3pabOTKH MECTOPOXKIEHHUS SIBISIETCS MOJA3EMHAas
MapKIIenepckas cbeMKa.

IHoazemHass MapkuelepcKass CbeMKa - COBOKYIIHOCTb H3MEPUTEIIbHBIX
JICHCTBUN, BBIIOTHAEMBIX B TOPHBIX BBIPAOOTKAX, JJIS ONpEACICHUS U
rpadudeckoro m3o00paxkeHuss uX (OPMBI, COCTOSHUSA, MPOCTPAHCTBEHHOTO
MOJIOKEHUS, a TakkKe (QPOpPMbI, CTPYKTYphl, KadeCcTBa U YCJIOBUU 3ajieraHus
MOJIE3HBIX UCKOMAEMBIX U TOPHBIX MOPOJ.
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Pe3ynprarel moA3eMHOM MapKIIEMAEPCKOM CBEMKH CIyKaT OCHOBOM s
COCTaBJICHUSI MAPKUIEHJIEPCKO-TEOJOrMYECKON JOKYMEHTAllM MECTOPOXKIACHUS,
KOTOpasi UCIOJb3YETCSl NPU PEIICHUH PAa3IUYHbIX TOPHOTEXHUYECKUX 3a/ad,
BO3HUKAIOIIUX MEPe TOPHBIM IpeanpusTrem.

OObekTaMu MOA3EMHON MapKIIEHAEpCKOW ChEMKH SIBJISIOTCS BCE TOPHBIE,
pa3BeloYHble BBIPAOOTKH, MPOWJIEHHBIE W MPOXOAUMBbIE B IIaxTe (pyIHUKE):
KOHTYphl OapbepHBIX, MPETOXPAHUTEIBHBIX IEIUKOB M TPaHUIBl 0e30MacHOro
BEJICHUSI TOPHBIX pabOT; KOHTYPHI 3aTOMJICHUS M 3ara30BaHus TOPHBIX BBIPAOOTOK;
KOHTYpbl OYaroB TMOJ3€MHBIX MOXKAPOB, 0YaroB cy(JspoB; MecTa BHE3AITHOTO
BBIOpOCA YTJIs ¥ Ta3a, IPOPHIBOB IUIBIBYHOB U BOJIbI; MECTA MOJ3€MHBIX UCTOUYHUKOB
BOJbl; KOHTYPBI IIyCTOT; MECTa TOPHBIX YJApOB; KOHTYPbl YYaCTKOB HEKOHIUIIU-
OHHOI'O M TMOTEPSHHOIO KOHJIMIMOHHOIO TOJIE3HOTO HMCKOIAeMOro, MecTa
NPUMEHEHUSI PA3JMYHBIX BHJIOB KPEIUJICHUS M MecTa OOpYIICHHUS TOpPOJa KpPOBIHU
TOPHBIX BBIPAOOTOK; MECTa 3aKJIaJK{d BHIPAOOTAHHOTO MPOCTPAHCTBA W BBIKIAIKU
OyTOBBIX MOJIOC; a TaKXe MNPUMEHEHUS] PaA3JIMYHBIX BHUJOB 3aKJIAJKH, MECTa
onpoOOBaHMS KaueCcTBa U CBOMCTB MOJIE3HBIX UCKOMAEMBbIX U JIP.

[TonydyeHHass Ha OCHOBaHUU CHEMOK JOKYMEHTAIUSl JOJDKHA OBITh MOJIHOW,
TOYHOM U JIETKO YHTAEMOU.

OcHOBHBIE BUIbI MAPKIIEHIEPCKUX PAOOT BKIIOYAIOT:

* CO3/IaHME MOA3EMHON MAPKILIEHIEPCKON ONTOPHOU U ChEMOYHOU CETEM;

* OPUEHTUPHO-COECTUHUTENBHBIE ChEMKH, OCYIUECTBIISIIOIINE CBSI3b IOA3EMHOU
CBEMKH CO Ch€MKaMU Ha 36MHOM NMOBEPXHOCTH;

* [I0J3€MHbIE BEPTUKAIbHBIE CbEMKU (HUBEIUPOBAHUE);

* ChEMKa MOATOTOBUTEIHHBIX, HAPE3HBIX U OUYUCTHBIX TOPHBIX BHIPAOOTOK;

*Ch€MKa W KOHTPOJbh 3a TOPHBIMH pPabOTaMW M OCOOCHHOCTSMH TOBEICHUS
MacCuBa TOPHBIX MTOPOJ;

* Ch€MKHU TP MPOBEJICHUN TOPHBIX BHIPAOOTOK BCTPEUHBIMU 3a005iMU (COOMKH) U
3a/1aHUsl HAMIPABJICHUS! TOPHBIM BBIPA0OTKAM;

* Ch€MKa U KOHTPOJIb TEOMETPUUECKHUX AJIEMEHTOB CTBOJIA IIAXThl U MOJABEMHOIO
KOMILJIEKCA.

OcHOBHbIE TMPUHIMIBI MOA3EMHBIX CbeMOK. CHEMKU OCYIIECTBISIOT 10
IMPUHIIAITY OT OOIIEro K YaCTHOMY, T.€. OT 00Jie€ TOYHBIX M3MEPECHHH B OMOPHBIX
CeTAX K MEHEEe TOYHBIM - CheMKE MOApOoOHOCTeH. B »TOM ciydae IpOHMCXOIUT
MEHBIIIEC HaKOIUICHHEe OMmUOOK. Bce wW3MepeHHMs MOIDKHBI IIPOM3BOJIUTHCS C
TOYHOCTBIO), COOTBETCTBYIOIIEH TOYHOCTH PELICHHS NOCTaBJICHHOW 3agauu. Bce
MapKIiieepckue padoThl, Kak TMOJIEBble, TaK W BBIYUCIUTEIbHbBIC, JOJKHbI
CONPOBOXKJIATbCSA ~ KOHTPOJEM, T.€.  HEOOXOAMMO  COOMIOaTh  MPHHITUI
nyOnmupoBaHUs.

8 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.139-140
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2.2 Mapkuueiiiepckue onopHbie i CbeMOYHbIE CETH FOPU30HTAJIbLHAS
ChbeMKAa rOPHBIX BHIPA0OTOK

Mapkueiiepckiue CeTd B MOA3EMHBIX TOPHBIX BBIPAOOTKAX MO UX 3HAYEHUIO
U TOYHOCTH OINPEHCICHHUS TIOJOKEHHS IYHKTOB (3aKPEIUIEHHBIX TOYEK)
KJIacCU(UIMPYIOT HAa TOJ3EMHbIE MapKIIEHIEpCKHE OMOPHBIE CETH, ChEMOYHBIE
cetu | u Il pa3spsana u cbemounbie paboThl (CheMKa MOAPOOHOCTEN).

Ioa3zemMHble MapKIIeiIepcKue ONMOPHbIE CeTH IPOKIAABIBAIOT [0
KalUTaJIbHBIM TOPHBIM BbIpaboTKaM. MCXOAHBIMU CITy’KaT MUHUMYM TpU IYHKTa,
3aKpETUICHHbIE B OKOJIOCTBOJIBHBIX BHIPAOOTKAX, KOOPIUHATHI KOTOPBIX OMPEEICHBI
OPUEHTUPHO-COECIMHUTEIIBHBIMU ChbEMKAMU OTHOCUTENIBHO ITYHKTOB aHAIIUTHYECKOMN
cetu | pa3psiga (cetd TpHAHTYJIALMU) WU MOJUTrOHOMETpHuH | paspsina Ha 3eMHOU
nosepxHocty.’

OnpeneneHne MNYHKTOB MApKIIEHIEPCKUX OIOPHBIX CETEH MPOU3BOJSAT
METOJIOM IOJIMTOHOMETPUH, B KOTOPOH YIVIBI HU3MEPSAIOT TEOJOJUTOM C
norpemHoCThI0 mp < +20", nuuHbl cTOpoH - He HUXKE 1:3000 nnuHBI M3MepseMon
auHuK. [loauroHsl ¢ JIMHON OoJiee 2 KM pa3fessitoT Ha CEeKUUH, B KaXI0M CEKIUU
YHCJIO YIJIOB HE AOHKHO mpeBbimath 20. J[J11 KOHTPOJs OJIHAa U3 CTOPOH B Ka)JA0U
CEKIIMH JTOJKHA OBITh OPUEHTHPOBAHA B MPOCTPAHCTBE TUPOCKOIMMYECKUM METOJIOM.

[TonuroHoMeTpuyeckue XoJbl MOTYT OBITh 3aMKHYTbIE W Pa30MKHYTHIE.
PasomkHyTBIE XO0IbI (BUCSYHE) MPOKIAABIBAIOT ABAXKIBI - B MPSIMOM U OOpaTHOM
HampaBieHusX. B oOpaTHOM HampaBlieHMM XOJ BEAyT IO JAPYTUM ITYHKTaMm C
BBIXOJIOM HAa HCXOIHYIO CTOpPOHY. JIBOWHOW XOJ NIPOKJIAJIBIBAIOT TOJBKO B TOM
Cllyyae, €clldi OH ONHUpPAETCS Ha TBEPAbIE CTOPOHBI, IIOJYYEHHBIE ITyTEM
TUPOCKOIMNYECKOIO0 OPUEHTHPOBAHU.

JUJ1g BBINIOJIHEHHSI 0COO0 OTBETCTBEHHBIX MapKUIEHAEPCKUX padoT (cOOMKH)
IPOKJIAJIBIBAIOT MOJIUTOHOMETPHIO MOBBIIIEHHOW TOYHOCTU. TOYHOCTH HU3MEPEHUS
YTJIOB U IJIMH 3/1€Ch YCTaHABIMBAIOT 0CO00 MPEIPacyeTOM.

OTHOcHUTENIbHAST TOrPEIIHOCTh XOAa B TMOJUTOHOMETPUM HE JIOJDKHA
npessimath 1:3000-1:5000.

[Ipy noaBUraHWM TOPHBIX BBIPAOOTOK MAapKIIEHAEpCKUE OIMOPHbIE CETU
NEePUOANYECKHU TOTOIHSIOT: TIPU COCTaBJIeHUH TuIaHoB B Macmrabde 1:1000 - yepes
300 m u B macmTade 1:2000 - gepe3 500 m. Kpome TOro, mepuoandecku BeAyT U
KOHTPOJIbHBIE XOJIBI.

[Ipu moaxonae BbIPAaOOTOK K TpaHHUIAM OINACHBIX 30H (K 3aTOIJIEHHBIM WITU
3ara3oBaHHbBIM BbIpaOOTKaM) Ha paccTosHue He Oosiee 50 M, yJaajieHUE MyHKTOB
NOJINTOHOMETPUYECKUX XOJO0B OT 3a00€B NOATOTOBHUTENBHBIX BBIPAOOTOK HE
JOJKHO TipeBbIaTh 30 M.

ITox3emHble MapkKilelIepCcKue CbeMOYHbIC CEeTH SBJIAIOTCS OCHOBOM JIJIA
CHEMKHU TOPHBIX BBIPAOOTOK M COCTOSIT M3 TEOJOJUTHBIX XOJO0B, MPOKIAIbIBAEMBIX
JUISL  ChEMKH  IOATOTOBUTENBHBIX  BBIPAOOTOK, M  YIJIOMEPHBIX  XOJOB,

9 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.140-142
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IpelIHa3HAYaeMbIX JJIi ChEMKH OUYHCTHBIX 3a00€B W Hape3HBIX BBHIPAOOTOK B
OUYHCTHBIX OJIOKaX.

TeononuTHBIE XOAbl OMUPAIOTCS HA MYHKTHI OMOPHOM CETH, YIJIIOMEPHBIE - Ha
MYHKTBI TEOJOJIUTHBIX U MTOJIUTOHOMETPUUYECKUX XOOB.

[ToneBbie pabOTHI IPU CHEMKE OMOPHON U CHEMOYHOM CETel B MOA3EMHBIX
TOPHBIX BBIPAOOTKAX COCTOSIT M3 PEKOTHOCHUPOBKH, 3aKPEIJICHUM MOCTOSHHBIX U
BPEMEHHBIX MapKIIEHIePCKUX MyHKTOB, YCTAHOBKHM HaJl WJIA O] HUM TEOJOJIHUTA,
€ro LIEHTPUPOBAHMUS, YCTAHOBKM HA COCEJHUX TOYKaX OTBECOB WJIM CHUTHAJIOB,
U3MEPEHUSI TOPU3OHTAIBHBIX M BEPTUKAJIBHBIX YIJIOB, JIMH CTOPOH IOJIMTOHA
ChEMKU KOHTYPOB F'OPHBIX BBIPAOOTOK C COCTaBJICHHEM abpuca (CXeMbl).

[Tox peKOTrHOCIMPOBKOW MOHMMAIOT OCMOTP TOPHBIX BBIPAOOTOK Ha TEX
ydacTkax, rje OyJIeT MpOUu3BOAMUTHCS CheMKa. Ee MpoBOAST C IENbI0 OTHICKAHUS
MyHKTOB CHEMOYHOTO OOOCHOBAaHHS TPEABIAYIIEH ChEMKH IS TPUBS3KH,
OTIpENIEICHUsT MECT 3aKpeIVICHUS HOBBIX WIYHKTOB (TOYEK), BHIOOpa CXEMBI
MOJIUTOHA.

3akperieHrne MapKIIEeHepCKUX TOYEK B TOPHBIX BBIPAOOTKAX IJIsI MYHKTOB
MOJA3EMHOM CBEMKH U PENEepoB IMOJ3EMHOTO HUBEIHUPOBAHUS MPOU3BOJIST
CIIeMAIbHBIMU 3HAKAMH, KOTOPBIE MOTYT OBITh TOCTOSIHHBIMU U BPEMEHHBIMU.

[TocTosiHHBIE MapKILIeHIepCKUE MYHKTHI - OCHOBA BCEX CHEMOK B MOA3EMHBIX
TOPHBIX BhIpaOOTKaX. VX 3aKperuisioT COMNIACHO MPOEKTY Pa3BUTHSI TOPHBIX padboOT
rpynmamu ("kKyctamu" u3 3-4 MyHKTOB Ha KaKJAOM Topu3oHTe. PaccTosiHue mMexmy
kyctamu - 300-500 wm.

[IyHKTBI 3aKpeIuUIsIOT B KPENKUX MOpPOJax, B MECTax, IJ€ HE OXKHAAETCS
CHWJIBHOTO TOPHOTO JABJICHMS, a TaKXKE B MECTax, YJIOOHBIX IS TMOCIEAYIOIINX
CBHEMOK.

[TocTosiHHBIE TTYHKTHI MOTYT OBITH 3aJIOKEHBI B MOYBE, KPOBJE M CTEHKAX
BBIPA0OTOK, a TAK)KE B ICPEBIHHOM U METAJUIMYECKOM KPETICHHUU.

BpemMennbie MapKIIeHIepCKrue TOYKH ISl TPOKIIAIKA ChbEMOYHOM CETH U
TE€OJIOJIUTHBIX XOJ0B, a TAKXKE ISl XOJ0B MEK1Y KyCTaMH MOCTOSIHHBIX ITYHKTOB
PEACTaBISIOT COOOM BhIpE3aHHBIE U3 JIMCTOBOIO JKeJie3a TOJNIIHUHON 2-3 MM
TPEYTOJIbHUKU C OTBEPCTUEM 1-2 MM WJIM MPOMUIIOM JIJI MOJABECKH OTBECA.

Puc. 10.1. Cxembl MapKIIeiIepCKUX MYHKTOB:
@ - TIOCTOSIHHBIX B 1ouBe (7) 1 B KpoBiie (2) BBIpaOOTOK; 6 - BPEMEHHBIX B IEPEBSIHHOM (3) U
MeTauyeckoi (4) kpemu
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Cxema pacnosioxeHus NOCTOSIHHBIX MYHKTOB

JIJis oro3HaBaHUsl TOYEK B HATYpe HA COOTBETCTBYIOIIMUX CTOMKAX KpPEIJICHUS
3aKpEIUIIIOT HOMEpa, BBIOMTBIE W3 JKECTH, WM OTMEYaroT Kpackod. Tam, rae
BBIPAOOTKM MTPOXOAAT 0e3 KpersieHus (B KPENKHX CKaJIbHBIX IMOPOJAaX), TOUKH
3aKpeIUIIOT B JEPEBSAHHBIX MPOOKaX, 3a0UTHIX B LIMYPbI, UM B O€TOHE HaroaoOue
"nactoukuHOro raHe3aa". 0

[locTosiHHBIE 3HAKM HUBEJIMPHBIX pEMEpPOB 3aKjIaJbIBAIOT IapaMud Ha
pacctostaum 20-50 M apyr oT Apyra u He 6oaee 300 M MeX Ty mapamH.

Yemanoska u  yemmpupoeanue meooonuma. TeogoautT A CHEMKHU
yCTaHaBJIMBAIOT HAa IITATUBE WJIM Ha KOHCOJIH.

[Ipy UEHTpUpPOBAHMM TEONOJMTA LIEHTPUPOBOUYHBI OTBEC JIOJKEH
HaxOJIUTbCS B BEpPUIMHE HU3MEPAEMOro YIJa, a BU3UPHBIE OTBECHI JIOJDKHBI
OPOXOJUTh Yepe3 UEHTPbl JAPYTUX CMEXHbIX ToueKk. Eciau 310 ycioBue He
coONI0IaeTcsl, TO BO3HMKAET TMOTPEIIHOCTh NpPH H3MEPEHHM YIJIa 3a CYET
LHEHTPUPOBAHUS T€OA0JIUTA U CUTHAJIOB.

JIuneliHble MOTPENTHOCTH EHTPUPOBAHUS TEOIOJIUTA U CUTHAJIOB 3aBUCAT OT
croco0a IEHTPUPOBAHUU U KojeboTes ot 0,5 10 2 mwm.

Paznuyaror Tpu croco0a EHTPUPOBAHKS TEOOIUTA: HUTSHBIMH OTBECAMHU C
TOYHOCTBIO 1-2 MM, ONTHYECKMMHM LEHTpUpaMu ¢ TOYHOCThIO 1,0-1,2 MM,
aBTOMaTH4eckoe ¢ TOUHOCThIO 0,5-0,8 MM.

IIpu nnuHe cTtopoH 5-10 M NMPUMEHAIOT aBTOMATHUYECKOE ILIEHTPUPOBAHUE.
IIpu nynune cropon 10-20 M mpOBOASAT JBYKPATHOE IIEHTPUPOBAHUE TEOJOJUTA C
U3MEPEHUEM yTIJIa TMPH KaXJIO0M IIEHTPUPOBAHUHM, MPU JJIMHE CTOPOH Oojee 20 M
M3MEpPEHME yTJIa MPOU3BOIAT IIPU OJHOKPATHOM LIEHTPUPOBAHUU TE€OI0IUTA.

Ha npaktuke NpUMEHSIOT OTBECHI ILIEHTPUPOBOUYHBIC peryiupyembie (OP)
BH3UPHBIC - 00bIYHBIC U cBeTOBBIC (OC).

B perymupyemom oTBece HUTh HaMOTaHa Ha OapabaHe, pacIlOJIOKEHHOM B
KOpITyce OTBeca, a OCTpUE OTBECa BBIJIBUTaeTCs U3 Kopiyca. B kopmyce cBeTOBOro
otBeca OC momernieHa Oarapeiika, maronias MUTAHUE DJICKTPOJIaMIIe, TOMEIEHHON
BHM3Y B CTEKJISIHHOM KoJimauke. [Ipu chemMke BU3MpPOBAHME MPOU3BOJAT Ha ATOT
CBETOBOM CHUTHAJL.

Ontuyeckoe I[EHTPUPOBAHUE BBIMOJHSAIOT C IOMOIIBIO  CIEIUAIBHOTO
ONTHYECKOTO IIEHTPUPA - BU3UPHOU TPYOKH, MPETOMIISIONICH JTyd 1o yriioM 90°.

10 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 414
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ABTOMAaTHYECKOE LIEHTPUPOBAHUE TMPOU3BOAAT IPU IPOKIAAKE OIOPHOU
MapKIIEHAEPCKON CeTH METOAOM '"MOTEPSHHBIX TOYEK' WJIM KOoTrja Yroj oopa3oBaH
OYEHb KOPOTKUMU cTOpOHAMU. ChEMKY METOJIOM "MOTEPSHHBIX TOYEK" MPOU3BOISAT
C IOMOUIBIO CIIELMAIEHOTO KOMILJIEKTA TPUOOPOB.

B Takoi KOMIUIEKT BXOJIUT TE€OAOJUT WM MAPKIIEUIEPCKUN TaXEOMETP, TPU
mTaTtuBa (KOHCOJM), JIBa CUTHAja WIM OTpaxaTeis, CBETO-AAIbHOMED WU
KOMITapUPOBAHHAS PYJIETKA.

VYcraHOBKAa  yKa3aHHOM  anmapaTypbl Ha IITaTUBAX WM  KOHCOJIAX
B3aMMO3aMEHseMa. OJTO IMO3BOJISIET MNPOKIAABIBATh TEOJOJIUTHBIE XOIbl MEXKIY
NOCTOSIHHBIMU MYHKTaMH METOAOM '"TOTEPSIHHBIX TOYEK'", T.€. HE 3aKPEIUIsTh B
TOPHBIX BHIPAOOTKAX MPOMEKYTOUHBIE TOUKH.

IIpu co3taHny OMOPHOM CETH MCIOJB3YIOT TEOJOJUTHI C TOYHOCTBIO OTCUETA
He Hwke 30". M3mepsitoT neBble Mo XOAy yribl. Eciu yrosn HakiioHa BbIpaOOTKHU
Menbllie 30°, TO HU3MEpEHHs] TPOU3BOJAT OJHUM IOBTOPEHUEM WJIM MPUEMOM.
Pa3HocTh MEXJy OJMHApHBIM M OKOHYATEJbHBIM 3HAYEHHEM YIJIA HE JOJDKHA
npesbimaTe 45". Ecnm olHa CTOpOHA TOpU3OHTANIbHA, a Apyras HaKJIOHHA, TO JTa
pa3HOCTh J0bKHA ObITh MeHblle [20" mpu yriiax HakiaoHa BbeipaboTku 31-45°; npu
yriax HakJioHa BbIpaboTku 46-60° - menbwie I' 50", mpu yrimax Hakiona 61-70° -
Mmenblie 2'30". [Ipu yrie HakiaoHa cTopoHbl 6oJibiie 30° yrojl U3MepstoT CIoco00M
IpUeMOB (HE MEHEE JIByX) CO CMENICHHEM HAYaJbHOIO0 OTCYETa Iepe]] BTOPHIM
npreMoM IpuMepHo Ha 180°.1!

2.3 BepTukajibHasi CbeMKa rOPHBIX BHIPA00TOK

BeprukanpHOW CBEMKOM Ha3bIBAIOT HW3MEPEHUS, NPOBOAUMBIE B  OII-
PEIIEICHHON TOCIEIOBATENBHOCTH JJIsI ONPEACICHUS MPEBBILIEHUNA OJHUX TOYEK
HaJx JapyruMu. [lo BbICOTaM HMCXOAHBIX NYHKTOB W MPEBBIICHHUSM BBIYUCISIOT
BBICOTBI TOUYEK PA3IMYHBIX OOBEKTOB CHEMOK.

B mom3eMHBIX TOpPHBIX BBIPAOOTKAX HUBEIUPOBAHUE MPOUBOIAT IS
ompeiesIeHHs] KOOPAUHAThI Z MYHKTOB OMOPHOM U ChEMOUYHOMN CETEH, 3aKPETICHHBIX
B Ppa3UMYHBIX MECTaX TOPHBIX BBHIPAOOTOK, U JUISI pEUIeHHS WHXXEHEPHO-
TeXHUYECKuX 3a7a4. K mocieHuM OTHOCSTCS: MPOBEJEHUE BHIPAOOTOK € 3aIaHHBIM
YKJIOHOM; KOHTpOJIb 32 YKJIOHOM pEJbCOBBIX IyTeH; cocTaBieHUe mpoduien
TOPHBIX BBIPAOOTOK; 3aJ]aHUE HAIpaBJICHUN TOPHBIM BhIPAOOTKaM B BEPTUKAIBLHOMN
IUIOCKOCTH, TPOBOJUMBIMH BCTPEUHBIMH 3a00SMH; OIpEAeNICHUE TOJI0XKECHUS
TOPHBIX BBIPAOOTOK MO BBICOTE€ OTHOCUTENBHO APYT APYyra U OTHOCUTEIHHO 3€MHOM
MIOBEPXHOCTH; ONPENECICHHUE BBICOT PA3JIWYHBIX TOYEK, OTHOCSIIUXCA K
MIOBEPXHOCTU KPOBJIM U MOYBBI 3AJIEKH, PA3PBIBHBIX HAPYUICHHH, MECTaM B3SITHA
po0 ¥ T.I. JUIsl pEUICHUsI TOPHO-TEOMETPUUECKHX 3a/1a4.

Paznuuaror Tpu BMIAa TOJ3EMHOTO HHUBEIHUPOBAHUS: T'€OMETPUUYECKOE,
TPUTOHOMETPUUECKOE U Tepeada KOOPIUHATHI Z Yepe3 BEPTUKATHHYIO BHIPAOOTKY.
HuBenmupoBanvne mpoM3BOIAT OT OMNOPHBIX BBICOTHBIX IIYHKTOB - PENEPOB
MapKIIEUIEPCKOMN CETH.

11 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 414
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B npakTuke BO3MOXHBI Cllydau
Iepelaud BBICOT HAa IYHKTBI IOJI-
36MHOW MAapKIIEHAEPCKOM CETHU 10
TOPU30OHTAIBHBIM,  HAKJIOHHBIM U
BEPTUKAIBHBIM BHIPAOOTKAM.

Bo Bcex ciuydasx y yCTbEB
TOPHBIX  BBIPAOOTOK  3aKPEIUISIOT
pernepesl, BBICOTBI KOTOPBIX
ONPENEIIAIOT r€OMETPUYECKUM
HUBEJIIMPOBaHUEM He Hmke [V knacca
OT OIIOPHOM CETU Ha ITOBEPXHOCTHU.

B ropusoHTaIbHBIX BBIPAOOTKAX
KOOpJIUHATY z nepenaroT
F€OMETPUYECKHUM HHUBEJIUPOBAHUEM OT

\E
i

B 8

R S s
e -

Buael noa3zeMHON BEPTUKAIBHON CHEMKH

MOAXOJHBIX PENEPOB.

[Io HakJIOHHBIM BBIPAOOTKAM C YIJIOM HakJIOHa Oojbiie 5- 8° BBICOTHI
TepearoT TPUTOHOMETPHYECKUM HUBEIMPOBaHHEM. 2

Yepe3 BepTUKAIbHYIO BBIPAOOTKY BBICOTHI MEPENAIOT C MOMOILBIO JITUHHOM
IIAXTHOM JICHTHI, OIyCKA€MOM B CTBOJ IITyOMHOMEpA WM CBETOAAIbHOMEPA.

[lepenaua BBICOTHI JOJKHA OCYIIECTBIISITHCS ABAXKIbI.

2.4 OpreHTHPHO-COeIMHUTEIbHbIEe ChbeMKH

[Ton OpUEeHTUPHO-COETMHUTEIIBHBIMU ChEMKAMU TOHUMAIOT YCTAHOBJICHUE
TEOMETPUYECKOM CBSI3U MOJI3EMHBIX ChEMOK CO Ch€MKaMU Ha MOBEPXHOCTU. DTH
pabOTHI OTHOCSTCS K KaTUTATBHBIM MapKIIeiepckuM padotam. OHH BBITTOTHSIIOTCS
C BBICOKOW TOYHOCTBIO U CITyKaT 0a30M ISl CO3JjaHUs MapKIIEHIePCKOM OMTOPHOM
CETH B TOPHBIX BHIPAOOTKAX.

[lenbt0 OpPUEHTUPHO-COCTUHUTEIBHBIX CHEMOK SIBJISIETCS CO3J]aHUE Ha
KaXJIOM TOPU30HTE TOPHBIX pabom waxmoel (PyITHUKA) OTIOPHOU MapKIeHIepcKon
CeTM B CHCTEME KOOpAMHAT, MPUHATOM HAa MOBEPXHOCTH. B pe3ynbrare
OpUEHTHUPOBAHUS MPEJICTABISAETCS BOZMOXHBIM COCTaBJISATh IUIAHBI TOPHBIX PadboT B
€IUHON CHUCTEME KOOPAMHAT C IUIAaHAMHU 3€MHOM MOBEPXHOCTU. OpHUEHTHPOBAHUE
HEOoOXOUMO JJisi 3aJaHusl HAMpaBICHUS TOPHBIM BHIPAOOTKAaM, MPOBEICHUS UX
BCTPEUYHBIMU 3200sMH, [JII PA3BUTHS TOPHBIX PAOOT COTJaCHO TPOEKTY,
obOecrieueHus MPaBUJILHOTO B3aUMHOTO PACMOJIOKEHUS BBIPAOOTOK U COOPYKEHUH
Ha MOBEPXHOCTH, YCTAHOBIICHUS TPAaHUI] OE30MaCHOTO BEJICHUSI TOPHBIX padoT, 0X-
paHBbI 3aHUI, COOPYKEHUN U 36MHOU MOBEPXHOCTU OT BIMSHUS TOPHBIX BHIPAOOTOK
U PElICHUs psJa APYTUX OTBETCTBEHHBIX NHKEHEPHO-TEXHUUECKUX 3a]1ay.

OpuEHTUPHO-COEANHUTEIBHBIE CHEMKHU PA3JEsAOT Ha TOPU30HTAJbHBIE U
BEpPTUKAIbHEIE.

12 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.141-142
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['opu3oHTaNbHBIE CHEMKH MPOU3BOAAT HAa OCHOBE PEIICHUS 3aJlayud
LHEHTPUPOBAHUS - ONPEJECICHUS KOOPAUHAT X U ) U OPUEHTUPOBAHUS -OINPECICHUS
JUPEKIHUOHHBIX YIJIOB & MOJ3EMHOM OMOPHOW MapKILIEHIEPCKON CETH.

BeprtukanbHble COEAMHUTENbHBIE CHEMKH MPOU3BOJAT ISl MEPEIadyd BBICOT
TOYEK C 3EMHOM TOBEPXHOCTH B TOpHbIE BBIpaOOTKU. B psne ciaydaeB ux
BBITIOJIHSIIOT CAMOCTOATENBHO, OTAEIBHO OT TOPU30HTAIBHON ChEMKH.

Ha opuentupyemMoM ropru3oHTe HEOOXOIUMO ONPEIEeIUTh KOOPAUHATHI X, Y, Z
OJIHOW TOYKHM W AUPEKLHMOHHBIA yIroJl a OJHOM CTOPOHBI B CUCTEME KOOPAMHAT,
NPUHATON HA MOBEPXHOCTH.

Haubonee oTBeTCTBEHHON YaCThIO TOPU30HTAIBHON COSUHUTEILHOU ChEMKH
SBJISIETCA OMNPEIECICHUE JUPEKIMOHHOTO yIJIa a MEPBOM CTOPOHBI MOA3EMHOM
OIIOPHOM CETH.

JlomyctuMm, YTO TOpU MTPOCIUPOBAHUU C TIOMOIIBIO OTBeca TOYKH A ¢
MOBEPXHOCTH B IIAXTY JOMYyIeHa JUHEHas ommuOka. B pe3ynbrare 310l ommoOKu
IpU WU3BECTHOM JHUPEKIIMOHHOM YTJ€ OJHOW W3 CTOPOH, Hampumep 2-3, BMECTO
0e30mMO0YHOT0 TEOMONMUTHOTO Xoaa A-1-2-3-n-Kno topHBIM BBIpabOTKaMm Oyner
nponoxer xon A-I-2'-3'-n-K' Tlocnennss Touka xoga K cMecTUTCS 3a CyeT
CIIeJIaHHOM OMIMOKY TaKyKe HA BEIMYUHY /, KAK U BCE JAPyrHe BEPIIMHBI X01a.

[TockoJsibKy MpU MPOSHUPOBAHUU TOUYKU ATA MOTPEUIHOCTh Maja (5-7 MMm), TO
OHa TIPAKTHUYECKH HE OKa3blBaeT BIUSHUS HAa TOYHOCTb peIlaeMbIX TOPHO-
TEXHUYECKHUX 3a7a4.

Ecnu morpemHocts caenaHa B Iepelaye JUPEKIUOHHOTO yria OX Ha
BEJIMYMHY md, TO 3TO BBI30BET IMOBOPOT BCEr0 MOJHUroHa. TOYKM TEOJO0JIUTHOTO
X0Jla OT CTBOJIa IIAXTHI K €€ KPbUIbsIM OyayT Bce 0OJiee OTXOIUTh OT MCTUHHOTO
(0€30MO0YHOr0) MOJIOKEHHUSI MPOMOPLHMOHAIBHO PacCTOsSHUIO R, M Ha Kpbuie
IIAXThI INHCHHAS TIOTPEIIHOCTh COCTABUT BEIUYHHY

I =T%R,
P
rae p = 3438’

Y4uThiBask BaXXHOCTh COCIWHUTEIBHBIX CHEMOK, MPETyCMaTPHUBACTCS JABOWHOE
HE3aBUCUMOE WX MpoBejeHue. [Ipu 3ToM pasHOCTh MEXAY ABOWHBIM HE3aBUCHUMBIM
OpHWCHTHUPOBAHUEM TI0 OIPEACIICHUIO MUPEKIIMOHHOTO yTila TIEPBOM CTOPOHBI
I1I0JI3¢MHOM ChEMKH JI0JDKHA OBITH He OoJiee 3', T. €.

IonI -a,=m,<3.

&

N3 AByX HE3aBUCHMO TMOJYYEHHBIX 3HAYEHUW d1 U dz, €CIH pPE3ysbTaT B
peaenax q0IycKa, 3a OKOHYATEIbHBIM IPUHUMAIOT Acp.

[lepenauy KoopauHAT X, ¥, Z B TOPHBIE BRIPAOOTKH Ha MTyHKTHI OTIOPHOM CETH
MPOU3BOJAT TAKKE HE3ABUCUMO JBAXKIbI.

OpueHTUpPOBAaHHE MOKET OBbITh BBINOJHEHO T'€OMETPUYECKUMH, BKIIHOYAs
onTHYeCKHe, W (PuU3NUeCKUMH MeTofamMu. K TOCIEeIHUM OTHOCAT MarHWTHOE |
TUPOCKOIMMYECKOE OPUEHTUPOBAHUE.

13 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.142
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IIpu reomeTpruyecKHX METOHAX OCYIUECTBISECTCS HENOCPEACTBEHHAS CBS3b
MEXIY 3€MHOW TMOBEPXHOCTHIO M TOPHBIMH BbIpaboTKamu. dusmdeckre MeETObl
MO3BOJISIIOT ~ OTPEJENATh JUPEKIIMOHHBIE YTIJBI CTOPOH 0€3 HCIOJIb30BaHUS
HETMOCPEACTBEHHOM reOMETPUUYECKON CBA3U TOPHBIX BBIPAOOTOK C MOBEPXHOCTHIO.
[lepemauy kKoopauHaT X, )y B OTOM Cllydae HPOU3BOIAT CaMOCTOSITEIBHO C
NOMOIIBIO OTBECA, a KOOPJAUHATY Z - C MOMOIIbIO MPUOOPOB ISl U3MEPEHUS JITUH
WJIM HUBEJIUPOBAHUEM.

B 3aBucuMOCTH OT TOro, Kak COEIMHEHbl TOPHbIE BBIPAOOTKHM C 3€MHOU
MIOBEPXHOCTBIO WM MEXAY TOPU30HTAMH Pa3INYarOT TPU Cllydyas OPUECHTHPOBAHUSL:
Yyepe3 MITOJIbHIO, HAKIOHHBIA CTBOJ, YEPE3 OJUH BEPTUKAIBHBIN CTBOJI, YEPE3 IBA U
HECKOJIBKO BEPTUKAJIbHBIX CTBOJIOB.

Opuenmupoganue uepe3 WIMONbHIO UNU HAKIOHHBIU CMBOJ TIPOU3BOAAT
METOJOM MPOKJIA/IBIBAHUS MOJUTOHOMETPUU C MOBEPXHOCTU B IIAXTY ABAXKIbI C
BBIXOJIOM Ha MEPBYI0 CTOPOHY IOA3EMHOM ChEMKHU. lIpum 3TOM pacxoxneHue B
pe3yJibTaTax OpUEHTUPOBAHUS HE JIOJHKHO MpeBbIIaTh 3'. B BeIpaboTKax ¢ yriamu
HAKJIOHA 10 8° BBICOTHI NEPEAAIOT T€OMETPUYECKUM HUBEIMPOBAHUEM, A C YIVIAMHU
HAaKJIOHA CBBIIIE 3° ~-TPUTOHOMETPUUECKUM HUBEITUPOBAHUEM.

OcHosbl  cupockonuyecko2o opuenmuposanusi. 1upockon - 3TO Obl-
CTpPOBpAILAIOLIEECs TEJI0, Macca KOTOPOrO paclojioKeHa CUMMETPUYHO 10
OTHOILLIEHUI0 K OCH BpaileHus. [IpumepoM mpocTeiiero rupockona sBISIETCA
BOIUOK. Yem OpicTpee CKOPOCTh €ro BpallleHHs, TeM YCTOMYMBEE 3aJlaHHOE
HaIpaBJICHUE OCU BpalleHus. Pa3nuyaroT rupocKoribl CBOOOAHBIE U HECBOOOTHBIE.

CBOOOMHBIN TUPOCKON WMEET TPU CTEIEHH CBOOOJBI, T.€. BPAICHHE €ro
MOYET MPOUCXOIUTh OTHOCUTEIIBHO TPEX B3aUMHO MEPIEHIUKYIISPHBIX OCEH.

Ecaun cBOOOAHBIN THPOCKON JHUIIUTHL OXHON CTEIMEHH CBOOOABI, TO OH
OpeBpallaeTcsd B JBYXCTEINEHHOW, MPUOOpPETAaeT OPHEHTHPYIOLIEE CBOWCTBO, T.€.
CTAHOBHTCS] THPOKOMIIACOM.

VY Takoro rupokomriaca OCh BpAIEHUS OYECHb YYBCTBUTEIbHA K BPALICHUIO
3emnu. B pe3ynprare OChb TMpPOKOMIIAca YCTAHABIMBAETCS NApaJUIEIbHO 3EMHOMU
OCH, T.€. B HAIIPABJICHUH reorpaduyeckoro MepuauaHa B JaHHOU TOYKE.

B Hameil cTpane pyKoBOASIIAS pOJjb B KOHCTPYUPOBAHMH W W3FOTOBJIEHUU
MapKIIEHIEpCKUX THUPOKOMIIACOB MPUHAMICKUT, TNA€ CO3[aHbl CIEHUAIBHOE
KOHCTPYKTOPCKOE oropo, nabopaTtopus TU-POCKOINHU U OMBITHO-
OKCIIEPUMEHTAJIBHBIA  3aBOJ [0  HW3TOTOBJIEHHUID HOBBIX  MapKIIEHIEPCKO-
r'e0JIe3NYSCKUX MPHOOPOB.

Bonpiie paboOThl MO M3rOTOBJIEHUIO MAPKIICHAEPCKO-TEOIE3NUECKUX
rupokoMmacoB Beaytcsa B Benrpum, CIIA, T'epmanum u Jpyrux cCTpaHax.
N3roraBnuBaembie 3apyOeKHBIMU (UPMaMU TUPOKOMITACHI TOJYYWIM Ha3BaHUE
rupoteo0auToB. B CIIIA OCHOBHBIMH MapKIIECHIEPCKUMU TMPOKOMIIACAMU CTaIU
topcuonHeie MBT2 u MBT4. Onu npenHazHaueHbl J[Uisi OPUEHTUPOBAHUS
MOJ3EMHBIX OINOPHBIX MApPKIIEHJIECPCKUX CETEH, a TAKXKE JII OPUEHTUPOBAHUS U
KOHTPOJISI MOJ3EMHOM CBEMKH. Macca rHpoMOTOpa W yIJIOMEPHOM 4acTu - 16 Kr.
Macca Bcero komruiekta - 33 kr. TOYHOCTB OmpeneneHus THPOCKOIMYECKOTO
asumyTa 30", TPOAOIKUTENBHOCTH OJHOIO OIpEACNICHUs a3uMyTa 25 MHH.
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LleHTpupOBaHKE W TOPU3OHTUPOBAHUE THPOKOMIACA MPOU3BOIAT TaK e, KaK U
TEOJI0JINTA.

B orinune or MBT2 rupokomnac MBT4  KOHCTpYKTHMBHO BBINIOJIHEH B
OJTHOKOPITYCHOM HCHOJHEHUH. B omHOM mpubope, ycTaHaBIMBAEMOM Ha IITaTHBE,
00BbeIMHEHBI TUPOOJIOK U U3MEPUTENbHBIN OJ0K. Biiok muTanus - mpeoOpa3zoBaTeb
U aKKyMyJsiTopHas Oarapess pa3MenleHbl BMecTe ¢ TrupoOiokoMm. B oOmem
B3PBIBOOE30MIACHOM KOpITyCE.

PaboTy mo m3MepeHuro0 AUPEKIMOHHOTO yIJIa CTOPOHBI IOJ3EMHOTO XOja
TUPOCKONMYECKHUM CIIOCOOOM BBIMOIHSIOT B CIEAYIOIIEM OPSIKE:

- PEKOTHOCLIMPOBKA;

- OIpElENeHUE THMPOCKONMYECKOIO a3MMyTa HCXOJHOM CTOPOHBI HA 3E€MHOM
HNOBEPXHOCTH U BBIUMCIIEHUE MONPABKU THPOKOMIIACA;

-OIIpPEIEIEHNE TUPOCKOIINYECKUX a3UMYTOB OPUEHTHPYEMBIX CTOPOH B ILIAXTE;

- BBIYUCIICHUE U OLIEHKA TOYHOCTH PE3yJIbTaTOB. PEKOrHOCUMPOBKY IPOU3BOJIAT
70 Hayana padboTel. Ee menp - BBIOOp cXeMbl MpoBeIeHUs paboT U BEIOOP UCXOAHOM
¥ OPUEHTHPYEMBIX CTOPOH ¥ TOYEK YCTAHOBKU rHpoKommaca.

3a HMCXOOHOE HANPABJICHUE HA IIOBEPXHOCTH NPUHUMAIOT CTOPOHY AB
TPUAHTYJISIMUU WM TOJUTOHOMETPUH, AUPEKIUMOHHBIA Yrol KOTOPOH H3BECTEH.
['mpokoMIiac ycTaHaBIMBAIOT HA OAHOM M3 IIYHKTOB UCXOJHOW CTOPOHBI, HAIIPUMEP
B TOUKE 4.
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Puc. 10.6. Cxema rupoCKONUYECKOTO OpI/IeHTI/I%OBaHI/ISI Ha 36MHOM TTOBEPXHOCTH ()
U B 11axTe (0)

14 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.143
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Puc. 10.8. [Topsinok paboT no nepenaye KOOpAUHATHI Z C IOBEPXHOCTU B MOJ3EM-
HYIO BBIPaOOTKY

BxirounB  ayekTponuTaHue, THPOKOMIIAC TEPEBOAAT B PabOUYUil  PEKUM.
[Tocine

cTabmnm3amnuu pexxuMma (pa3roHa THPOMOTOpa) MPUCTYNAIOT K HAOTIOACHUSM
3a KOJIEOAHUSIMU YYyBCTBUTEIBHOTO 37eMeHTa (UD) ¢ moMOIIbI0 aBTOKOIMMATOPA.
Breruucnsror orcuet N 1o MmOy, COOTBETCTBYIOIININ MOJI0KEHUIO paBHOBecus UD.

B mporecce HaOmoaeHU U3MEPSIOT TaK)Ke HMCXOJHOE HampaBieHue AB u
MOJIyYarOT CPEIHUNA OTCUET MO JIUMOY .

B nonoxenun paBHoBecusi YD ock rupomoTopa OyAeT HalpaBieHa Ha CEBEP
C B IJIOCKOCTH Teorpauueckoro MepujuaHa TOYKH yCTAaHOBKM THpOKOMIIaca, a
3puTenbHas TpyOa OyJeT HampaBiieHa Ha CEBEp yC JOBHOTO '"THPOKOMITACHOTO"
mepuanana C;, 0o0pa3yss TOCTOSHHBI C HCTUHHBIM MEPUAMAHOM yrol 8
Ha3bIBAEMbIH ITOIIPABKOW TMPOKOMITACA:

0=0,5+Y4—T 45,

TJI€ a6 - TUPEKIIMOHHBIN YTOJI CTOPOHBI AB; 4 - TUIOCKOE CONMKEHNE
MEPHUJUAHOB B TOUKE A, [ 4p - THPOCKONUYECKUN a3UMYT CTOPOHBI AB.

'mpockonuyeckui a3suMyT HCXOJHOW CTOPOHBI ONPEAEISAIOT JIBaX]Ib.
[TepBblii pa3 - HEMOCPEACTBEHHO MEPE ONPECTEHUEM THPOCKOMMYECKUX a3UMYTOB
OpHUEHTHPYEMBIX CTOPOH B IIIaxTe, BTOPOM - mocie 3Tux pabdor. Ilomparky
TUPOKOMITAca BHIYUCIISIIOT KaK CpeJIHEE U3 ONPeAeSICHUN.

OpueHTUpyeMyI0 CTOPOHY B IIIaXT€ BBIOMPAIOT MEXKJIYy MOCTOSHHBIMHU
Mapkiieaepckumu  nyHkramu  ED, Ha  KOTOphIX BO3MOXKHA  yCTaHOBKa
rupokommaca. JlinHa cTOpoHbl OJbKHA ObITh He MeHee 50 M. ['mpockonuueckuit
a3UMYT B IIAXTE, TAK kK€ KaK U Ha MOBEPXHOCTH, ONPEIECIAIOT HE MEHEE JIBYX pa3 U
W3 HUX HAXOJAT CcpeaHee 3HaueHue.

15 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 415
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JIMpeKMOHHBIM YyroJl OpueHTUpyeMoro HampasieHusi ED B maxrte ¢ yuerom
MOTIPABKHU 5 BBIYUCIISIOT 1O (pOpMyIie

agp=0yp+Lgp—Tp+(y 4+ '//;)~

['mpockonMYeckoe OpUEHTUPOBAHUE peEIIaeT TOJBKO OJHY 3ajady -
ompenesieHre AUpeKuroHHoro yria. Koopaunatel xe x, y, Z mepenarTcs
CaMOCTOSITEIbHO T€OMETPUYECKUM METOIOM.

B kommutekt JIA-2 BXOASAT [BE pEMKH: OJIHA W3 HUX TPy3-peuka,
npeACTaBIsonas co00M IUIMHIP, 3alUThIA CBUHIOM, Maccoi 10 kr; apyras
pacmoyiaraeTcs Bolime Ha 1-1,5 M - merkast KOHTposbHas peiika k. Jlnmaa peek 30-40
CM, PEUKHU MO OKPYKHOCTHU pa3OUThI HA CAHTUMETPOBBIE aenieHus. [1o aTum pelikam
OepyT OTCYETHI 10 CETKE HUTEH HUBEIUPA.

[IpoBonoka 4 4yepe3 cucTeMmy pOJIMKOB orumOaeT Ha 3/4 MepHBIM AUCK IO
OKPY>KHOCTH U BMECTE C I'Py3-PEUKOI ¢ TOMOIIBIO PYKOSITKH 5 OIyCKAETCS B CTBOJI
I1aXThl.

[Topsimok mosneBbix padot cruexyrommii. Jmuaomep JIA-2 ycraHaBnuBaioT Ha
BEPXHEUN NPHUEMHON IUIONIAJAKE UM Ha IIOMOCTE HaJl CTBOJIOM B Touke A (puc. 10.8)
YcTraHaBIMBaKOT JBa HUBEJIUPA U JBA TEOAOJUTA -TI0 OJHOMY Ha MOBEPXHOCTHU U B
IaxTe; Ha pernepax CTaBsAT HUBEIUPHbIE perkdu. TeomoauThl LEHTPUPYIOT Ha
MOAXOJHBIX ToukaX. OMyCKarT Ipy3-perKy 10 YPOBHSI BU3UPHOTO Jyda HUBEIUpa
Ha TMOBEPXHOCTH W B 3TOM INOJIOKEHUH OepyT Tpu otcuera: N,, - OTCUeT o
IUIMHOMEPY; M, - OTCUET MO TIpy3 - pPEHKe; a, - OTCUET IO pEWKEe Ha perepe B
M0JI3€MHO BBIpA0OTKE.

3areM, Kak TOJBKO IPHU CIYCKE B TMOJE€ 3PEHUS HHUBEIMpPA IOSIBUTCS
KOHTPOJIbHAs peiiKa, CIIyCK NPMOCTAHABIMBAIOT M 6epyT aBa orcyera: N - orcuer
0 JUITMHOMEDY; 1%, - OTCUET MO KOHTPOJIBbHOU pEUKE.

ITocne 3TOro rpy3-peiKy U KOHTPOJIBHYIO PEUKY OIIyCKAarOT B CTBOJI IIaXThI
710 TIOSIBJIEHUS B MOJI€ 3peHus HUBeIrpa. B aTom nonoxxennn 0epyt Tpu orcueta; Ny,
- o jiuHoMmepy; Ny - mo rpys3-pelike u a,, - Mo pelke Ha penepe B MIaxTe. 3aTeM,
OIYyCTUB KOHTPOJIbHYIO PEHKYy J0 YpPOBHS BHU3UPHOIO Jydya HHUBEIUpPA, OepyT
orcuethl Nw 1o nmuHomepy, Nus - 1o KOHTpOIBHOM peike.

W3 noay4YeHHbIX OTCYETOB ITYyOHHY IIaXThl BBIYUCIISIOT ABAXKIbL:

hl = (Nm — Ny ) & ( N, -n, ) —a, —ay t ZAL

= R K I NK _ K ) 7 5
h, -(./\ nm) (.\” n”) a, +a, +ZAl.

w

V3MeHHB TOPH30HTHI HHBEIUPOB, B OOPATHOM MOPSAIAKE U3MEPSIOT TIyOHHY
IIaXThI, OTIPEAEISAS TOMOIHUTEILHO.

JlomycTuMOe  PacXOKJICHUE MEKAY OTIACAbHBIMA H3MEPEHHSIMH KOH-
tponupyercs Gopmysaoit Ah<0,01 + 0,0002(Nm -Nz), m.

Jlanee onpeaessitoT Nep ¥ BBICOTY periepa B MIaxTe:

At T2, T hep.
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Benmuunny h onpemesstior ¢ ydeToM psifia TIOIPaBOK: 3a JHAMETP MPOBOJIOKH,
3a KOMIIADUPOBAHKE MEPHOTO JIMCKA, 33 TeMIeparypy.®

OnyuieHHbIN O0TBEC C TPY3-perKkoil Ha opueHTHpyeMoM ropuzonte (puc. 10.8)
YCIIOKAMBAIOT M TIPOM3BOMAT IIPUBSA3KY OTBECa K IIOAXOAHBIM TOYKaM: Ha
HOBEPXHOCTH - II, KOOpAMHATEI X, ¥ KOTOPOW M3BECTHHI, U B Imaxrte - Touka 1. Ha
MIOBEPXHOCTH M3MEPSIOT yroi [, BH3MPYs Ha HUTh oTBeca O M TeOJE3MYCCKHIA
nyskT 7, 1 JumHy croponsr I10.

BBIUUCIIAIOT KOOPAUHATHI OTBECA:

Xg =X+ mcos(l'l())‘
rae (T10) =(I1T) - B,
Yo = ¥q + Osin(T1O).

Ha opuentupyemMoM TrOpH30HTE MOJ TOYKOW YCTAaHABIMBAIOT TEOJOJIUT,
BU3UPYIOT HAa HUTH oTBeca O, W IPU NOMOIIM OKYJSIPHOW HIKAJIBI OMNPENEIISIOT
CpeaHee MOJIOKEHHUE OTBECA. 3aT€M BUZUPYIOT Ha TOUKY 2, ONPEAEIAIOT YOl Py U
JUTMHY CTOpOHHBI 1 - 0.

3Has JOUPEKIMOHHBIA  yroil CTOpoHbI (2-1) ©W3  TUPOCKOMUYECKOTrO
OPUEHTHPOBAHUS, ONPEACIAIOT TUPEKIIMOHHBIN yroj ctoponbl (1-0) = = (2-1) +
180° - pu. /lamee BBIYMCIAIOT KOOPAMHATHI X, ) TOYKM 1 -IEpBOl CTOPOHBI
MOJ3EMHOM OTIOPHOM CETH.

x = x, +01cos(0-1);
y =y +01sin(0-1).

OTOT BUJ OPUEHTHPOBAHHUSA OCYIUECTBISIOT MPHU IIyOHWHE MIAXTHOTO CTBOJIA
He Oonee 500 M. [lns 3TOro B CTBOJI OMYCKAalOT JBa OTBeca, (UKCUPYIOLIUX
OTBECHYIO IUIOCKOCTh. JIMPEKIMOHHBIA yIoOJI 3TOW IUIOCKOCTH OJWHAKOB IO BCEU
riyouHe. OTBechl MOTYT OBITh MPEJICTaBICHbI ONTUYECKUMU WM JIA3€pHBIMU
aydyamud. OOBIYHO  HMCHOJB3YIOT  (PU3MYecKHe  OTBechl.  ['eomeTpuueckoe
OpPUEHTUPOBAHME  BKIIOYAET  PEIICHUE  TPEX  CaMOCTOSITEIBHBIX  3ajad:
POCIIUPOBAHUE TOYEK C MOBEPXHOCTH B IIAXTY, NMPUMBIKAHUE K OMYIIEHHBIM B
CTBOJI OTBECaM Ha IIOBEPXHOCTH U HA OPUEHTUPYEMOM I'OPU3OHTE.

[lepenauy koopauHaTel Z C TOBEPXHOCTH HAa OPHUEHTHPYEMBIM TOPHU30HT
IPOM3BOMAT OTAENbHO mpubopom JIA-2, MIMHHOW MEpHOW JIEHTOW, CBETO- WJIU
Ja3€pHBIM JTaJJbHOMEPOM.

[IpoenypoBaHne TOYEK C MOBEPXHOCTH B IIAXTY OCYIIECTBISAETCS C TOMOIIBIO
OTBECOB, KOTOPbIE MOT'YT OBITh HETIOJBUKHBIMHU 1 KaUarOLIUMUCH.

[Ipn nmpoenrpoBaHUM HEMOABUKHBIM OTBECOM IPEAIONIATAETCs, YTO OTBEC B
CTBOJIE 3aHMMAET CTPOr0 BEPTUKAIBHOE IMOJOKEHUE, U IPU 3TOM B NMPOEKIUU Ha
TOPU30HTANBHYIO INIOCKOCTh TOUYKH, COOTBETCTBYIOIIUE OTBECY HA TOBEPXHOCTH U B
1axTe, COBNAAaroT.

16 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.143

33



Pacnionoxxenne 060pyioBaHUS MPHU MPOCIIMPOBAHUN TOUYEK C TMTOBEPXHOCTH B
1axTy rnoka3ano Ha puc. 10.9.

Jlebenkn J mOIDKHBI OBITH CHAOXKEHBI JIBYMSI XPAllOBHKaMU C 3allOpamH.
Hnametp Oapabana jnebenku, HA KOTOPOM HaMOTaHa MPOBOJIOKA, TOJDKEH OBITH HE
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MmeHee 250 M.

Cxema pacnosioxeHusi 000py/10BaHus NPH OPUEHTHPOBAHUM Yepe3 Bep-
THKAJIbHbIN CTBOJI
Bce neranu neGenku JODKHBI  BBIAEPKUBATH JBYKPATHYIO HArpys3Ky.
JlnameTp HampaBIAOMKMX OJOKOB 2 JUIsl CITyCKa MPOBOJIOKH B CTBOJI JOJIKEH OBITh
He MeHee 150 mm. J[11 0TBECOB MPUMEHSIIOT CTAJIBHYIO MPOBOJIOKY 3 JUAMETPOM OT
0,5 mo 2,0 MM B 3aBHCHUMOCTH OT TJTyOWHBI MIAXTHI M BEIWYUHBI TIOJIBEIINBACMBIX
rpy30B. Macca rpy3a, MoJBelIMBa€MOro Ha MPOBOJIOKY, HE JOKHA IpeBbIaTh 60
% Tmpezaena MPOYHOCTH TPOBOJOKU Ha Pa3pbhiB. ['py30M SBISIFOTCS CTajdbHBIC WA
CBUHIIOBBIE TUIACTUHEI 4, HaJleBaeMble Ha IITAHTy BHU3Y OTBeca. Macca TUTacTHH -
10-20 kr.
[TooxeHue IpPOBOIKKA OTBECOB B CTBOJIC MMPOBEPSIIOT ABYMS CITIOCOOAMMU:
* CPAaBHCHHEM PACCTOSHHUS MEXAY OTBECAMH Ha IOBEPXHOCTH M B IIIAXTE
(pacxoxJeHue He JOHKHO MPEBBIIIATH 2 MM);
* CITyCKOM IO TTPOBOJIOKE Ka)J0r0 OTBECA KOJIbIIA U3 MPOBOJIOKU HIIU TOJIS,
€CJIM OHU MPUIILTKA BHU3, TO OTBECHI B CTBOJIE HE KACAIOTCSI ADMUPOBKH.
JIJis  KOHTpOJISI TPUMEHSIOT CIMOCO0 MAasATHHUKA, BBIUUCISS TONYNEPUOJ
KauaHus OTBeca Mo GpopMyie

t:n,/H/g:\/ﬁ.

rae H - nmuna oTBeca, M; § - YCKOPEHHUE CUJIbI TSDKECTH, M/C .

Hawnbonee BepoaTHOE MOJIOKEHUE HEOTKIOHEHHOTO (BEPTHUKAIBHOTO) OTBECa
OMPEENSIOT MO HAOTIOIEHUSAM C MTOMOIIBIO MIKATBHBIX TPUOOPOB.

3agady NOpPUMBIKAHHUS OCYIIECTBISIOT IyTEM CO3JaHUS W PEIICHUs
reomerpuueckux ¢uryp.l’ Pemennro 3a1au npeaiecTByeT 3aKpeILICHUE

17 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.143
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Cxema NMPUMBIKAHUSA crnocooom COCIMHUTEC/IbHBIX TPEYI0JIbHUKOB

[TogxoAHBIX TOYEK y CTBOJIAa Ha MOBEPXHOCTH W HA OPUEHTUPYEMOM TIO-
puzonTe. Criocod MPUMBIKAHUS BBIOMPAIOT TaKUM, YTOOBI MOTPEITHOCTH Mepeaadn
JUPEKIIMOHHOTO YTJIa OT MCXOJHOW CTOPOHBI Ha 3€MHOW MOBEPXHOCTH K CTBOPY
OTBECOB U TaKXe OT CTBOPa OTBECOB Ha IMEPBYIO CTOPOHY MOJA3EMHOI ChEMKH B
OTACIBLHOCTH HE TIpeBbImana £30".

[Ipu mro0om cmocoOe MPUMBIKAHUS JOKEH OBITh OOCCIICUYCH HaJICKHBIN
KOHTposib. [Ipumblkanue  MoOKeT  OBbITh  BBIMIOJHEHO  COCIWHUTEIHHBIMU
TPEYTrOJIbHUKAMH, YE€THIPEXYTOJbHUKAMU, CHMMETPUYHBIM (IIKAJbHBIM) CIIOCOOOM,
MeTo10M cTBOpa. Hanbosee mpocThIM U pacpOCTpaHEHHBIM SIBISIETCS NPUMbIKAHUE
cnocobom coedunumenvuvix mpeyeonvruxos (puc. 10.10). CymHocTh cmocoba
COCTOUT B cieayromeM. Ha moBepXxHOCTH OT OMOPHON CeTH K MoaxoHoi Touke C
IPOKJIAJIBIBAIOT MOJTUTOHOMETPUIO 2-T0 pa3psijia U BEIYUCIAIOT ace/ U X, V. B maxTe
3aKPEIUISIOT OCTOsIHHBIE MyHKTHI CD' Tak, 4T00bI 0T TOukH C" ObLIIa BUAMMOCTH Ha
otBechl U MyHKT D'. YKenatenbHo, uToOBI B 0Opa30BaBIIUXCS HA MOBEPXHOCTH U B
IaXT€ OCTPOYTOJIbHBIX COEIMHUTENbHBIX TPEYTOJbHUKAX OCTPbIC YIJIbl y HE OBLIN
6onpiie 2-3°. Ha moAXOIHBIX TOYKAX yCTAHABIMBAIOT TEOAOJHUTHI U U3MEPSIOT
rOpU30OHTaJbHbIE yIibl y, 8, X, y', 8', %' ¢ tounocteio 10". Ilpu npumenenuu
TeonosnuToB T2 U Ts yrael U3MeEpSIIOT ABYMs NpUEMaMu, TeondoanTtoM T15 - tpems
npreMaMu.

B coennHUTENBHBIX TPEYTONIBHUKAX U3MEPSIOT B TOPU30HTAIBHOMN TIIOCKOCTH
BCE CTOPOHBI a, b, ¢ u a’, b', ¢ Kaxnyro CTOpoHYy H3MEpAIOT NPU CMELICHUU
pYyJIETKM HE MeHee MATU pa3. JomycTumoe pacxoxkJAeHHE MEXIY OTACIbHBIMU
u3MepeHusMu 2 MM. M3 J0MyCTUMBIX 3HAYEHHM OMPENENSIOT CPEAHIO JUIMHY
KaXJ0i cTOpoHBI. [IpM MOBTOPHOM OpPUEHTUPOBAHUU IS KOHTPOJIS OJUH U3
OTBECOB CMEILAIOT M BCE YITIOBBIE U JIMHEHHBIE N3MEPEHHS IOBTOPSIOT 3aHOBO. 8

KoHTponib TpaBWIIBHOCTH W3MEPEHUS JIMHCHHBIX H YTJIOBBIX BEIMYHH
TPEYTOJIBHUKOB OCYIIECTBIISIOT CPAaBHEHHUEM HW3MEPEHHBIX PACCTOSHUN MEXIy
OTBECaMH Ha TIOBEPXHOCTH M OPHEHTUPYEMOM TOPU30HTE C BBIYMCIEHHBIMH IIO
dbopmyJie KOCUHYCOB:

v . 7
c“=a" +b°-2abcosy,

IIPU 3TOM PACXOKACHHUS Cysy ~CBp1Y HE JTOJKHBI IPEBBILIATE 3 MM. YTJIbI IPU
OTBecax BBIYMCIISIOT: TpH 2° <y < 20° mo ¢opMyJie CUHYCOB:

18 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 415
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sind _sinB _siny

?

a b c

ecu y < 2° - o npubInKEHHON popMmyiie:

4A:£y, AB=éy;
C 4

0 Vel s,

2 p(p—u)

g la A2=2)P¢)
2 p(p—b)

b

b

eciau y >20° - mo popMysiaM CTOPOH:

roep=(a+e+c).
VYTII0OBYIO HEBSI3KY B TPEYTOJIbHUKAX PACTIPEIEISIIOT MMOPOBHY ¢ OOpaTHBIM 3HAKOM
TOJIKO Ha BBIYMCIIEHHBIE YIJIbl IpU 0TBecax A u B. CyMMa ypaBHEHHBIX YIJIOB B
Ka)XJIOM TPEYTOJIbHUKE

LA+ ZB+y=180°.

[lepenauy AMPEKIIMOHHOIO YTia a ¢ MOBEPXHOCTU B MIAXTY JCJIAIOT MO CXEME,
KaK B OOBIYHOM TEOJOJUTHOM XO/JI¢ MO ABYM HAIpPaBJIEHUSM C BBIXOJIOM Ha OOIIYIO
cropony. Hanpumep:
opc+06+ 180° - £B + 180° -

- ZA"+180° + A" + 180°.
KoopaunaTel Ha mepByI0 TOYKY MHOJ3EMHOM CHEMKH NEPEAAIOT MO TEM XK€
HaIIPaBJICHUAM, YTO U TUPEKIIMOHHBIE YTJIbI:

X =Xo+AXE + AXS + AXG,
Yo =Y +AYZ + AYS + AYS .

KoHTponeM opueHTHpOBaHUS SIBISIETCS TOBTOPEHUE PadOT MOCIE CMEIEHUS
OJIHOTO U3 OTBECOB. B HEKOTOpHIX cllydasix B CTBOJ OIyCKalOT Tpu oTBeca. B Tpex
00pa30BaBIIUXCA  COCAMHUTENBHBIX  TPEYrOJIbHUKAX JiIBa NPUHUMAIOT 34
KOHTpOJIbHBIE. B pe3ynbTare MokeT ObITh MOJIY4YEHO JBa 3HayeHus ccco'- Ecmum
Pa3HOCTb MEXy HUMH MEHbIIE 3', TO 32 OKOHYATEJIbHOE 3HAYEHHUE TUPEKIIMOHHOTO
yTJla IPUHUMAIOT CPEIHEE U3 MOJTYyYEHHBIX.

[IpoBecT MHCTPYKTaXX MpH IMPOU3BOJCTBE pabOT, HE JOMYCKAaTh NaJCHUS
OpEeIMETOB B CTBOJI, NpPU TEPEKPHITUM CTBOJA pabOTaTh MOXKHO TOJBKO C
MPENOXPAHUTEIBHBIMU  TOSICAMH, T[OCTOPOHHUX JIIOJEH, HE CBS3aHHBIX C
OpPUEHTHPOBAHUEM, Y CTBOJIA HE JJOJHDKHO OBITh.

O BpeMeHHM M CpPOKax BBIIIOJHEHHS] OPUEHTHUPOBKH TOPHBIA HAI30p JOJHKEH
ObITh MpEAYNpEeXJACH MNHCbMEHHO, a Trpapuk padoT YTBEPXKIECH TIJIaBHBIM
UHKEHEPOM HIaXThI.
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Ycree cTBONA U 3yMI() TOJDKHBI OBITh HAJEKHO MEPEKPHITHI OPYChIMU WU
JOCKaMU, OCTaBUB JIMILb JJIs IIPOITycKa 0TBecoB oTBepcTus 10x10 cm.®

He pomyckaerca mnpucyTcTBue JIIOAEHW MOJA CTBOJIOM Ha TOPHU30HTE
IIPUMBIKAHUS [IPU CIIYCKE U OABEME OTBECOB.

PykoBoautens paboT 00s3aH JUYHO MPOBEPUTH HAJIEKHOCTH 3aKPEIUICHUS
BCEro 0OOpyJOBaHUS, MPOCMOTPETH IPOBOJIOKY OTBECa, MPOMYCTHUB €€ 'uepe3
pyKy", IpOBOJIOKA HE JIOJKHA UMETh Mepern0oB. BenuurHa moaBenmBaemMoro rpysa
BBIOMpAETCS U3 pacyeTa ABYKPATHOW MPOYHOCTH HA Pa3phIB.

Mexay MOBEpXHOCTHIO M INAXTOW JOJIKHA OBITh HaJekKHas CBsA3b (OOBIYHO
TenedoHHAs, pexe - 3BYKOBas, CBETOBas), €€ YCTAHABIMBAIOT TEpe]l HayalioM
pabor.

He nomyckaercss oqHOBPEMEHHOTO BBHITIOJIHEHUS PabOT Ha MOBEPXHOCTU U
OKOJIOCTBOJIBHOM JIBOPE MPU MPUMBIKAHUH K OTBECAM.

[ToxzemHble  MApKIIEHJIEPCKUE  OMOPHBIE CETH  SIBJISIFOTCS  TJIABHOU
T€OMETPUYECKON OCHOBOM JIJIS1 BBITIOJTHEHUS Ch€MOK T'OPHBIX BHIPAOOTOK M PEIICHUS
TOPHO-TEOMETPUYECKUX 3aJa4, CBSI3aHHBIX C OOECHEYEHUEM pAIMOHAIBHOU U
0e30macHol pa3pabOTKU MECTOPOKICHUM MOJIE3HBIX NCKOTAEMBbIX.

ITocTpoenne moA3eMHON MapKIIEHIEPCKON OMOPHOM CETH OCYIIECTBIAIOT 10
TEXHUYECKOMY TIIPOEKTY, COCTABICHHOMY C Y4Y€TOM IIE€PCIEKTUBHOIO IIJIaHA
Pa3BUTHS TOPHBIX padOT.

HNcxogHbIMM MyHKTaMH JUIS  Pa3BUTHS TOJ3EMHBIX  MAapKIIEHAEPCKUX
ONOPHBIX CETEHW IPHU BCKPHITUM MECTOPOXKICHUW IITOJBbHSIMHU M HAKIOHHBIMU
CTBOJIAMH CITy’KaT MOJXOJHBIC MYHKTHI, yJAOBIECTBOPSIONIME TPEOOBAHMUSIM ITYHKTA
33 nacrosimeit MHCTPYKIMHM, a TPU BCKPBITUU MECTOPOXKICHUN BEPTUKAIbHBIMU
CTBOJIAMHU - ITYHKTbl LEHTPUPOBAHUS U OPHUEHTUPOBAHUS CETH, 3AKPEIUICHHBIC B
IPUCTBOJBHBIX BBIPA0OTKAX HA KaXXJIOM TOPU3OHTE BEJICHHUS TOPHBIX pPadoT.
OpueHTHpOBaHME TOJ3EMHOM MAapKIIECHIEPCKOW OIMOPHOW CETH  BBINOJHSIOT
TUPOCKONMYECKUM WM TEOMETPUUYECKUM CIIOCOOOM; IIEHTPUPOBAHHE CETU U
nepeiady  BBICOT NPOM3BOASAT OT TMOJXOAHBIX IIYHKTOB M PENEPOB HaA
MPOMBIIIJIEHHON TUIOMIA/IKE [IAXTHI.

B nepuoa pa3paboTku MECTOPOXKAECHHS BCE BHOBb IPOMJIEHHBIE TOPHbBIC
BbIPAOOTKH, MMEIONIME BBIXOJ] HA 3EMHYI0 TIOBEPXHOCTb, HCIOIB3YIOT JUIs
MPUMBIKAHUS  TOA3EMHOM  MAapKIIECHIEPCKOM  OMOPHOM CETH K IIYHKTaM
MapKIIEHIEPCKON OIIOPHOM CETU Ha3€MHOW MOBEPXHOCTH.

ITox3emHubie MAapKIIEHIEPCKUE OIIOPHBIE ceTu COCTOST u3
MOJIMTOHOMETPUYECKUX XOJOB U XOJA0B T€OMETPUUECKOTO U TPUTOHOMETPHUUECKOTO
HUBEJIVUPOBAHUSA, KOTOPBIE MNPOKJIAJBIBAIOT IO TJAaBHBIM M MNOATOTOBUTEIBHBIM
TOPHBIM BBIPA0OTKaM.

ITocTpoeHne MOA3EMHBIX MAPKIICUIEPCKUX OIMOPHBIX CETEW BBIITOIHSAKOT C
pa3feNeHueM MOJIMTOHOMETPUYECKHMX XOJO0B HA CEKIUU C TUPOCKONMUYECKHU
OPUEHTUPOBAHHBIMU CTOPOHAMU (TUPOCTOPOHAMMU).

[Tog3eMHbIE MAapKIIECHJIEPCKAE OMOPHBIE CETH CO3AAI0T B BHJIE CHUCTEM

19 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.143
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3aMKHYTBIX, Pa30MKHYTBIX M BHUCAYMX XOJOB. BHcsSuMe XOIbl MPOKIAIBIBAIOT
JBaXIbl WM OCYILIECTBISIOT MPHUMBIKAHUE K TMPOCTOpPOHaM. Pa3oMKHyTbIE XOIbI
IIPOKJIAABIBAIOT MEXKIY CTOPOHAMH CYILECTBYIOLIEH IOA3EMHOW MapKUIEHIAEPCKON
ONOPHOM CETH.

Cpennsist KBaJpaTH4ecKasi MOTPEIIHOCTh MOJOKEHHUsI Hauboliee yJajJeHHBIX
IIyYHKTOB TOJ3E€MHON MAapKIIEHJIEPCKOW OMOPHOM CETM OTHOCUTEIBHO HCXOMHBIX
NYHKTOB JoIyckaercs He oonee 0,8 MM Ha IJ1aHe.

[TocTpoeHue CUCTEM MOJUTOHOMETPUUECKUX XOJOB, PA3/ICJICHHBIX HA CEKIUU
TUPOCTOPOHAMHU, TPOU3BOIAT TMPU YNAJECHUM IyHKTOB CETEM OT TOYEK
[EHTPUPOBAHUA Ha paccTosHue Oosiee 2 kM. ['mpocTopoHsl pazMematot yepe3 20 -
30 yrJIOB WJIM UX MOJOKEHUE U YUCIIO ONPEIEISAIOT IPU COCTABIECHUHU MPOEKTA CETH.
3aKpEIUISIFOT THPOCTOPOHBI TOCTOSIHHBIMU ITYHKTAMHM.

IIyHKTBI MOA3EMHBIX MAPKIIEUIEPCKUX OMOPHBIX CETEM B 3aBUCUMOCTH OT
CpOKa HX CYIIECTBOBAHMS M CIOCO0a 3aKperyieHUs pa3AelisiioT Ha IOCTOSHHBIC
(LLeHTpBI) U BPEMEHHBIE.

[locTosiHHBIE MYHKTBI 3aKJIaJIbIBAIOT TPyNIaMU B MECTax, 00€CIeunBaOLIIUX
UX HEMOABWXHOCTh W JJUTENbHYI0 COXPAaHHOCTh. Kaxpass rpyrmna COCTOUT He
MEHEee YeM M3 TpeX IMYHKTOB, @ B OKOJOCTBOJBHOM JIBOPE MPHU HCXOJHOM
OpUEHTHUPOBAHUU - HE MEHEE YEM U3 YEThIPEX.

TodyHOCTH HM3MEpPEHHII B MOJUTOHOMETPUYECKUX XOJIaX XapaKTepU3yeTcs
CHEAYIOUIMMU MMOKa3aTeIAMU:

CpeIHHE KBAJPAaTHYECKHUE MOIPEIIHOCTH U3MEPEHNS TOPU30HTAIBHBIX YIJIOB -
20" (c y4eToM NOTPELIHOCTU LEHTPUPOBAHUS TEOJ0JIUTA), BEPTUKAIBHBIX YIJIOB -
30";

CpeIHss KBaApaTHUYECKasl MOIPEIIHOCTh TUPOCKOIINYECKOIO OPUEHTUPOBAHUS
- He Ooutee 1¢;

pacxoXxJAeHUE MEXKIy JBYMS HE3aBUCHMBIMU  HM3MEPEHUSMU  JIMHUH
CBETOJlaIlbHOMEpaMH  (PJICKTPOHHBIMU ~TaxeoMmeTpamu) - He Oonee 10 wmwm,
cTtanbHbIMU pysieTkamu - 1:3000 1vMHBI CTOPOHBL.

160. ITo mepe nmoaBUraHusi TOPHBIX BBIPAOOTOK MOA3EMHAs MapKILIeHepcKas
OTNOpHAsI CETh NEPUOJMYECKU MOMNONHSAETCA. JlomyCTUMBIE OTCTaBaHUSI IYHKTOB
MOJIMTOHOMETPUYECKUX XOJ0B OT 3a00€B BHIPAOOTOK JOMYyCKAIOTCs HE OoJiee yeM Ha
500 M, eciii UCXOHBIC TUTAHBI TOPHBIX BRIPAOOTOK cocTaBiisitoT B Macitade 1:2000,
u Ha 300 M, ecii TIaHBI cocTaBiAroT B Macmtade 1:1000.

[Tpu BegeHnn TOpHBIX pabOT BOIM3H YTBEPKACHHBIX TPAHUILL OMACHBIX 30H, Y
3aTOIUIEHHBIX U 3ara3upOBAHHBIX BRIPAOOTOK, Y BHIPAOOTOK, OMACHBIX MO BRIOpOCaM
ra3a M TOpPHBIM YyJapam, YJaJ€HHE MYHKTOB IOJUTOHOMETPUYECKUX XOJOB OT
3a00€B MOJArOTOBUTEIBHBIX BBIPAOOTOK JoIyckaercs He Oosee 30 M mpu moaxoje
BbIPa0OTOK Ha paccrosiHue 50 M K yKa3aHHBIM TpaHuiiaM u 150 M pu npoBeACHUH
BBIPA0OTOK BIOJIb TPAHUIIbI 30HBI.

Ecny myHKTBI MOA3EMHOM MapKIIEUIEPCKOM ONOPHOM CETH IMOJBEPTarOTCs
CABM)KEHHUIO, pAa3pellaeTcs HCIOIb30BaTh KOOPAMHATHL JTHUX IYyHKTOB IIpU
COOJIIOJIEHNH CIEAYIOIINX YCIOBUM:

OUPEKUMOHHBIA  yTrod HayaJdbHOM CTOPOHBI MPOKJIAABIBAEMOrO X072
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OTpe/ieNIEH THPOCKOMMYECKUM CIIOCO00M;

pPacCTOSIHUE MEXIY MOCIECAHUMU COXPAHUBIIMMUCA MyHKTAMU H3MEHHIIOCH
He Oosiee ueM Ha 15 cm.

[TormonHeHne ceT MpH BBIICYKA3aHHBIX YCIOBUSIX JOMYyCKaeTcs He Ooliee
TpeX pa3, MpU 3TOM 00IIas NPOTKEHHOCTh MOMOJIHSAEMbIX YYaCTKOB JOIYCKaeTCs
He 6omee 1,5 km.%°

[To mepe pa3BUTHS TOPHBIX Pa0OT MOJ3EMHBIE MApKIIEHIECPCKUE OMOPHbBIC
CeTU peKOHCTpyHupyroT. [locie peKOHCTPYKIIMU U3MEHEHHS B MOJIOKEHUU ITYHKTOB
MOJINTOHOMETPUH, Hanbojee yJaleHHBIX OT TOYEK IEHTPUPOBAHUS, JOMYCKAIOTCS
He Oonee 1,2 MM Ha 1UTaHe, a IpHU pa3pabOTKEe CBUTHI KPYTHIX IUIacToB - 1,5 mm. B
Clydae TMpEBBIINICHUS YKA3aHHBIX JOIYCKOB pAHEE BBINOJHEHHBIE CHEMKH B
npenenax JIeUCTBYIOMUX TOPHBIX BEIPAOOTOK MOJIJIEKAT MEPEBBIYUCIICHHUIO.

ITopsAnoK U CPOKH PEKOHCTPYKIMU CETU YCTAHABIMBAET B 3aBUCHMOCTH OT €€
COCTOSIHUSI M TOPHOTEXHUYECKHX YCJIOBHUM TJIABHBIM MapKIICUAEP OpraHU3allHM.
[IpoeKT pEKOHCTPYKIIMU CETH YTBEPKIAET PYKOBOJAUTEb OPraHU3aIN Y.

OpueHTHpOBaHUE MOA3EMHOM MAPKIIEHAEPCKOM ONMOPHOW CETH MPOU3BOIAT
HE3aBUCHUMO JIBaXJbl (OJHMM WIM pa3sHbIMU MeToAamu). PacxoxxiaeHue B
pe3yJibTaTaXx OPUEHTUPOBAHUS OJHOM U TOM K€ CTOPOHBI JOMycKaeTcs He Oosee 3¢.
3a OKOHYATEJbHOE 3HAYCHHE JHUPEKLIHUOHHOIO YyIja NPUHUMAKOT CpEdHEE
B3BCILICHHOE 3HAYEHUE.

['upockonuyeckuid croco0 OPUEHTHUPOBAHUS TOJ3EMHBIX MapKIIECHIEPCKUX
ONIOPHBIX CETEW PEKOMEHYEeTCsl MPUMEHATh BO BCeX ciiyvasx. lIpumenenne sroro
croco0a OpUEHTHUPOBAHUS  O00S3aTEIBLHO TMPU  BCKPBHITUM  MECTOPOKICHUS
HAKJIOHHBIMH IIAXTHBIMHA CTBOJIAMU C YTJIOM HakyioHa Oomee 70°.

['eomeTprueckoe OpPUEHTUPOBAHUE YEPE3 OJIMH BEPTUKAJIbHBIA IIAXTHBIN
CTBOJl BBIMOJHSIOT TNpu TiayOWHEe mIaxTHOro crtBoma He Oomee 500 M c
UCIIOJIb30BaHUEM YCIIOKOUTEIIEH KOJIeOaHI1 OTBECOB.

[{enTprpoBaHKE MOA3EMHON MapKIIEUIEPCKON OMIOPHOM CETH OCYILIECTBIIIOT
NPUMBIKAHUEM K OTBECaM, OIYIIEHHBIM B BEPTUKAJIbHbIC TOPHBIE BBHIPAOOTKHU.
KoopaunaTel 0TBECOB Ha MOBEPXHOCTH OMPEIACTAIOT MPUIOKEHUEM OT MOJIXOIHBIX
IIYHKTOB MOJINTOHOMETPUYECKUX XOJOB KJIacCa TOYHOCTU HE HMXKE 2-TO pa3psia u
KOJIMYECTBOM CTOPOH B X0JIe HE OoJiee Tpex.

[Ipyu pgocraroyHod BHAMMOCTA B  BEPTUKAJIbHOM  BBIpAOOTKE IS
LHEHTPUPOBAHUS PA3pPEIIAeTCAd MCIOJIb30BATh BBICOKOTOYHBIE JIA3€PHBIE WJIU
ONTUYECKHE MPOECKTOPHI.

Pacxoxnenue B OM0KEHUH IMyHKTA, ONPEAEICHHOTO MO JBYM HE3aBUCHUMBIM
IPOEKTUPOBAHUSIM Yepe3 OJIHY BEPTUKAIBHYIO BBIPAOOTKY, OMyCKaeTcs He Ooiee 5
cMm ripu H < 500 M u Benmmumast 0,01H, cm, mpu H > 500 M, rne H - rmyOuHa cTBona,
M.

Jns onpeneneHusi TUPEKUUOHHBIX YIJIOB CTOPOH ITOA3EMHOW OMOPHOM CETH
WCIIOJIB3YIOT MAapKIIEHJIEPCKUE THUPOKOMIIACHI WIIM JAPYTHE€ THPOCKOIAYECKUE
npuOOpbl,  TO3BOJSIONIME  BBINOJHATH  OPUEHTUPOBAHUE  CO  CpeaHeH

20 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 416
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KBaJIpaTUYECKOM MOTPEIIHOCTRIO HE Ooee 1¢.

Ha maxtax, omacHbIX 10 BEIOpOCaM ra3a Wi MU, IPUMEHSIOT TPpUOOPHI BO
B3PBIBOOE30TIACHOM  WCTIOJHEHWH B  COOTBETCTBHM C  YCTaHOBJIEHHBIMHU
TpeOOBaHUSIMHU OE€30MACHOCTH.

[TonpaBky rupokoMmaca ONPEAECTSAIOT Ha CTOPOHAX TPUAHTYJISAIUMU WU
MOJIMTOHOMETPUM TOYHOCTH HE HUXKE 1-TO paspsija; JMHAa CTOPOH JOMYCKAETCA HE
MmeHnee 250 M.

JInst KOHTPOJIA HENOJBH)KHOCTH IYHKTOB HCXOJHOW CTOPOHBI Ha TOYKE
CTOSIHUS U3MEPAIOT YTOJ MEXIY CMEXHBIMU CTOPOHAMU, JOIYCTUMOE OTKIOHEHHUE
KOTOPOTO € YY€TOM TMONPAaBOK 32 LIEHTPUPOBAHUE M PEAYKLUUIO OT paHee
U3MEPEHHOTO0 MpUHUMaloT He 6oinee 20".

Pazpemraercs uWCnonp30BaTh B KA4E€CTBE HMCXOAHBIX JUPEKUMOHHBIE YTIIBI
CTOPOH TMOJUIOHA MPUMBIKAHUS, OMUPAIOIIETOCA HA MYHKThl TPUAHTYJISIUUUA WU
NOJIMTOHOMETpUU 4-TO Kilacca. YTJbl B TOJHUIOHE H3MEPSIOT MO METOJIUKE
NOJIMTOHOMETPUU 1-ro paspsaa, 4Yucio yIiioB JOMyCcKaeTcsl He Ooiee IByX.

I'upockonmyeckre U3MepeHus, ux o0pabOTKa U BBIYUCICHUS BBIMOJIHSIIOT B
COOTBETCTBUHM C TPeOOBAHUSIMU PYKOBOJICTBA MO dKCIUTyaTanuu npudopa. [lonpasky
TUPOKOMIIACA OMPEACISIIOT MEPE]l HAYAJIOM UM TOCIE€ OKOHYAHUSI OPUEHTHPOBAHUS
M0/I36MHOM MapKIIEeH1IepCKOM OMOPHOM CeTH MaXThl (TOPU3OHTA).

JInviHa OpUEHTUPYEMBIX CTOPOH IOJI3EMHOM MAPKIIEHIECPCKONW OIIOPHOU CETH
nomnyckaercs He meHee 50 M.

I'mpockonuyeckui a3suMyT Ka)XXJO OPUEHTUPYEMOW CTOPOHBI ONPENEISIOT
HE3aBUCUMO JIBaXKJbl; BTOPOE OIPECIICHUE MOXKET OBbITh BBITIOJHEHO HA TOH XKe
TOYKE, HO TIOCJIE BBIKJIIOUCHHS OJIOKA JJIEKTPONUTAHUS [0 MOJHOW OCTaHOBKHU
TUPOMOTOPA U IMTIOBTOPHOTO HEHTPUPOBAHKS TUPOKOMITACA.

I[Ipy  pgomyckaeMbIX  PacXOXIACHHSAX 3a  OKOHYATEIbHOE  3HAYCHUE
TUPOCKOMUYECKOT0 a3UMYTa CTOPOHBI MPUHUMAIOT CpeIHeapU(PMETUUECKOE U3 JIBYX
ONPENECTICHUM.

JlocToBepHasi olleHKa HaJEKHOCTH MOKET OBbITh MOJydeHa IO pe3ysibTaTaM
MHOTOKPATHOTO OPUEHTUPOBAHUSI.

I[Ipy reomMeTprU4YECKOM OPUEHTUPOBAHUM TMOA3EMHOM MAPKIIEUIAECPCKOU
OMOPHOM CETH Yepe3 BepTUKAIbHBbIC TOPHBIE BBHIPAOOTKH COOJIIONAIOT CIEAYIOIINE
yCIOBUSL:

Harpys3Ka Ha MpOBOJIOKY (Tpoc) cocTaBiigeT npumepHo 60 % mnpenenbHoi;

OTBECHI 3AIIMIIAIOT OT BIWAHUS BO3AYLIHOW CTPyH, a IPy3bl MOMELIAOT B
COCYJIbl C yCIIOKOUTENEM (KHUIKOCThIO, MACIIOM);

IPY OPUECHTUPOBAHUU YEPE3 JIBA CTBOJIA, €CIU PACCTOSIHUE MEXKIY OTBECAMU
Menee 50 M, MPOEKTUPOBAHHME BBIMIOIHAIOT C MPUMEHEHHUEM LEHTPUPOBOUYHBIX
Tapeioyex;

[IPU OPUEHTUPOBAHUU YEPE3 OJIMH CTBOJI PACXOXKICHUE N3MEPEHHBIX PACCTOSHUMN
MEXKy OTBECAMH Ha MOBEPXHOCTHU U B IIAXTE JIOMYyCKAETCs HE 0oJiee 2 MM.

IIpumbIkaHue K CTBOPY OTBECOB MPU OPUEHTUPOBAHUU YEPE3 OAWH IIAXTHBIN
CTBOJI BBIMOJHAIOT CHOCOOOM COECIMHUTEIBHOTO TPEYroJIbHUKA TaKUM 00pa3zoM,
yTOOBI CpeHUE KBaApaTUYECKUE MOTPEITHOCTH Nepeaadyu AUPEKIMOHHOIO yIjia OT
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VCXOOHOM CTOPOHBI K CTBOPY OTBECOB Ha 3€MHOM ITOBEPXHOCTH U OT CTBOpA
OTBECOB K OPUEHTUPYEMOM CTOPOHE IMOJI3€MHOM MAapKIIEHIEPCKOM ONTIOPHOU CETH B
ornenbHOCTH He mpeBbimanu 30". g 3TOoro coONIOmarOTCS  CIIEMyIOTUE
TpeOOBaHHUS:

pacCTosIHUE MEXIY OTBECAaMU MPUHUMAIOT MaKCUMAJIbHBIM;

MPUMBIYHBIE U OCTPBIE YTJIbI COCAUHUTEIbHBIX TPEYTOJbHUKOB H3MEPSIOT
teogosuTtamu thna T15 Tpems npuemamu, a teogonuramu tuna TS5, T2 - He meHee
YeM JBYMsI IPUEMAMHM, PACXOKIECHUE 3HAUEHUN YIJIOB B MPUEMAX JTOMyCKAETCS HE
6omee 15";

NOMYyCTUMasi Pa3HOCTh MPUMBIYHBIX YIJIOB OT 3HAYEHUS HU3MEPEHHOIO
OCTpOTO yTJjla COeUHUTEIHLHOTO TPEYTOJIbHUKA HE Ooliee yem 25";

CTOPOHBI COEAMHUTEIBLHOIO TPEYTrOJIbHUKA HU3MEPSIOT HE MEHEE IISITH pas,
Pa3HOCTh MEXIY OTIEIbHBIMU H3MEPEHUSIMU OJHOM CTOPOHBI JIOMYCKAEeTCs He
Ooiee 2 MM;

Pa3HOCTh M3MEPEHHBIX W BBIYUCICHHBIX PACCTOSHUN MEXIy OTBecaMu
nomnyckaercst He 6omee 3 M.

[Ipu opueHTHUpOBaHUM CETH 4Yepe3 JBa BEPTUKAIBHBIX CTBOJIAa U OoJiee
cOOJI0IA0T CIAEAYIOIIHNE TPEOOBAHMS:

CpelHssi KBaJpaTHUYecKas IMOrPEIIHOCTh JUPEKIMOHHOTO yrila JIMHUH,
COCUMHSIONICH OTBECHI, MO OTHOIICHHUIO K OJIMKAWMIIIeH CTOPOHE MapKIIEHIEpPCKON
OTIOpPHOM CEeTH Ha 3€MHOM MOBEPXHOCTH He Ooiee 20";

CpeaHsisi KBagpaTUYeCKas MOTPEIHOCTh ONMPEAENICHUsI JUPEKIIMOHHOTO Yria
OpPUEHTHUPYEMOI CTOPOHBI MOJ3€MHOM ceTh He Oomee 1¢.

[Ipy mposoKEeHUU TOA3ZEMHBIX MOJIUTOHOMETPUYECKHX XOJIOB MPUMEHSIOT
TE€OJIOJUTHl C MACHOPTHOM CPEIHEW KBaAPaTUYECKOM IMOTPEIIHOCTHIO H3MEPEHUS
TOPU30HTAJIBHOrO yria He Oosee 15".

B nonuronoMmerpuueckux xoaax, MpoKIagbIBAEMbIX MO BBIPAOOTKAM C yIJiOM
HakiIOHa MeHee 30°, yribl U3MEPSIOT OAHUM IOBTOPEHMEM WM IpueMoM. [lpu
U3MEPEHUU YIJIOB CIIOCOOOM TIOBTOPEHUM Pa3HOCTh MEXKAY OJWHAPHBIM U
OKOHYATEIbHBIM (CpEeAHMM) 3HAUY€HHEM Yyria jaomnyckaerca He Oonee 45". Ilpu
U3MEpPEHUHU YTIIOB CIIOCOOOM MPUEMOB PACXOXKJICHUE YTIIOB MEXY MOJyNpUeMaMU
nornyckaercs He 6onee 1¢.2

N3mepenne yriioB B BbIpabOTKax ¢ yrioMm HakioHa Ooisiee 30° BBIMOJTHSIOT
JIBYMSI TIpUEMaMU C COOJTIOJIEHUEM CIISAYIOIMINUX TIPABIII:

nepesl KaXIbIM MPHUEMOM BEPTUKAJIbHYIO OCbhb Bpall€HUsS TEOJ0JHUTa
YCTaHABJIMBAIOT B OTBECHOE MOJIOKEHHE U MOBTOPHO LIEHTPUPYIOT MPUOOD;

nepes; MNOBTOPHBIM HM3MEPEHHEM yrila HayajdbHbIA OTCUET H3MEHSIOT
npubnuszuTebHo Ha 180°.

Ilepen ucnosib30BaHUEM MOCTOSIHHBIX ITYHKTOB MOJ3EMHOW MAPKIIEUIEPCKOU
OTMIOPHOW CETH HU3MEPSIOT KOHTPOJIbHBIM yTrod U KOHTPOJBHYIO JUIMHY JIMHUU;
Pa3HOCTh MEXKY MPEIbIAYIINM 3HAYCHUEM YTja U KOHTPOJIbHBIM JOMYyCKAETCS HE
Oosee 1¢; pasHOCTh MEXIy MPEAbAYLIIMM 3HAYEHUEM JUIMHBI JIMHUU U

21 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 417
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KOHTPOJBHBIM Jomyckaercsa He 6oinee 1:3000 ee qyiuHBIL.

Pe3ynbTaThl U3MEpPEHUN YTJIOB 3aMKCHIBAIOT B KYyPHAJ YIVIOBBIX M JIMHEHHBIX
M3MepEHHit. 2

JUIMHBI CTOPOH B NOJUTOHOMETPUYECKUX XOJaX H3MEPSAIOT CTalbHBIMU
KOMIITAPUPOBAHHBIMU PYJIETKAMHU, CBETOJAIbHOMEPAMHU M APYTrMMHU MpUOOpamuy,
o0ecrneunBaAOIIMMUA  HEOOXOUMYIO TOYHOCTh. CTalibHbIE PYJETKH (JICHTHI)
KOMITapUPYIOT C OTHOCUTENbHOM NOrpemHocThio He Oonee 1:15000.

JluneliHple M3MEpPEHUs BBIMOJHAIOT MPU MOCTOSSHHOM HATSX)KEHUU MEPHOTO
npubopa, paBHOM HATSHKEHUIO TMpu  KommnapupoBaHud. Cuily HaTSDKEHHS
bukcupyoT nTuHaMmoMeTpoM. Temmeparypy BO3JAyXa Y4YWTBHIBAIOT B TOM Cllyd4ae,
€CJIM UBMEHEHUE €€ OTHOCUTEIILHO TEMIIEPATYPbl KOMIIAPUPOBAHUS IIPEBBIIIAET 5°.

JITMHBI CTOPOH MOJTUTOHOMETPUUYECKUX XOJI0B U3MEPSIOT ABAXK/bI - B MIPSMOM
U 00paTHOM HampaBlieHUsIX. Pa3periaeTcss u3MepsiTh TUHUU B OJHOM HaIpPaBICHUU:
CO CMELIEHUEM MPOMEXYTOUYHBIX OTBECOB, C U3MEHEHUEM YIJla HAKJIIOHA CTOPOHBI
WIM CO CMEUIEHUEM PYJIETKH MPU TOBTOPHOM HU3MEPEHUHU.

B BuCcAYMX XO04aX, NPUMBIKAIOMIMX K THPOCTOPOHAM, JUIMHBI CTOPOH
0043aTeNIbHO U3MEPSIIOT B IPSIMOM M OOPATHOM HaIlpaBJICHUSX.

[Ipn wu3MepeHUM pyJieTKaMHd OTKJIOHEHHUS TMPOMEXKYTOYHBIX OTBECOB OT
CTBOpPa U BBICOTHBIX METOK OT JIMHUU BU3UPOBAHUS NMPU MUHUMAJILHOW JIJIMHE
untepBasia 10 M gomyckarotcs He 6osiee 10 cMm. OTcuersl OepyT 10 MUJIJTUMETPOB,
KaKbI MHTEpBaJ U3MEPSIOT JBa pas3a, BTOPOE U3MEPEHUE BBHITOJIHSAIOT, CMECTUB
pyJieTKy. [lomycTnMoe pacxoKIeHUE MEXIy ABYMsS W3MEPEHHMSIMHU WHTEpBaja He
6onee 5 MM. JlomycTUMble pacXOXACHUS MEXIY JBYMS H3MEPEHUSIMH JUIMHBI
CTOPOHBI, a TaKXe MEXAY TOPU3OHTAIBHBIMU TMPOJOKEHUSIMA B HAKJIOHHBIX
BbIpaboTKax He 6omnee 1:3000 nmuHbBI TUHAM.

OOpaboTka TOJM3EMHBIX MAapKIICHIEPCKUX OMOPHBIX CETeH BKIIOYAET
KOHTPOJIb BEIYMCICHUN B )KypHaJIax U3MEPEHUH, BBEJICHUE MTONPABOK B U3MEPEHHbIE
JUIMHBl JIMHUM, BBIYMCIICHUE HEBS30K, YPAaBHUBAHUE CETEH, OLIEHKY MOTPEIIHOCTH
MOJIOKEHUS] HauboJiee y1aJeHHbIX TyHKTOB.

B wu3MepeHHyr0 pyJeTKOM JJIMHY JIMHUM  BBOAST  TMONPaBKU 32
KOMITApUPOBAHKE, TEMIEpaTypy M IMPOBEC, a CBETOJAIBLHOMEPOM - TOMPABKH,
IpPEeIyCMOTPEHHbIE MHCTPYKIIMEH MO JKcIuTyaTanuu npudopa. B oboux ciyuasx
BBO/ISIT TIOTIPABKY 3a MPUBEACHUE JIMHUUA K TOPU3OHTY.

[TonpaBku 3a npuBeEHUE K MOBEPXHOCTH pedepeHII-3IIUIICON1a BBOIAT NPU
BBICOTHBIX OTMETKax MyHKTOB Ooniee +200 M u menee - 200 M, a mompaBkd 3a
OpUBEACHUE Ha IJIOCKOCTh IpoeKkuuu [‘aycca BBOAAT HpH yJIaJ€HUU OT OCEBOIrO
Mepuauana 6osiee yeM Ha 50 kM. [lompaBku BbIOMPAIOT U3 CHEMATBHBIX TaOIHIL
WIH BBIYUCIISIOT 1O hopMyJiam.

JIuneiiHas OTHOCUTENbHAS HEBSI3KA B 3aMKHYTBIX MOJUTOHAX JOMYCKAaeTCs HE
6onee 1:3000 mmuHBI X0ma, B pasoMKHYTHIX monuroHax - 1:2000. PacxoxxneHue
MEXAY  JBAXAbl NPOWJECHHBIMH  MOJUTOHOMETPUYECKMMHU  Xxojmamu  (0e3
PEeIBApUTEIHLHOTO YPaBHUBAHMS YTIIOB) nomyckaercs He 6omee 1:2000 cymmapHoit

22 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.144
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bl X0/10B. [Ipu nmune xoxa menee 500 M aGcofOTHAs HEBsI3Ka B Pa30OMKHYTHIX
MOJINTOHAX JIOMyCKaeTcst He Oosee 25 cM.

Ha cragnsx mnomnosiHEHWsS MOJA3EMHBIX MApKIIEHJIECPCKUX OIOPHBIX CETEU
KQXIBIN MTOJTUTOHOMETPUUECKHUM X0/ YPABHUBAIOT OTJEIBHO, a TP PEKOHCTPYKIUU
CETH BCE MOJUTOHOMETPUYECKUE XOAbl YPABHUBAIOT COBMECTHO.

VYpaBHUBaHUE OT/ACIBHBIX TMOJUTOHOMETPUYECKUX XOJOB (CHUCTEM XOJIOB)
BBITIOJIHSIIOT PAa3J€bHO: BHAYAJIE YPABHUBAIOT YIJIOBBIE HM3MEPEHUSA, a 3aTEM -
pUpAIICHUs KOOPAUHAT.

[Ipn ypaBHMBaHMM 3aMKHYTBIX M Pa30MKHYTBIX XOJOB YIJIOBAas HEBS3Ka
pacmpenensieTcs ¢ OOpaTHBIM 3HAaKOM IMOPOBHY Ha Bce yriibl. [lo mcmpaBieHHBIM
JUPEKIIMOHHBIM YIJIaM BBIYMCISIOT MPUPALIEHUS] KOOPAUHAT. JINHEHbIE HEBS3KU,
B3SAThIE C OOpaTHBIM 3HAKOM, PACTIPENCISIIOT B MPHUPAIIEHUS KOOPIUHAT
MPONOPUUOHAIIBHO JUIMHE KaXKJI0M JTUHUU.

VYpaBHUBaHHE [ABaXIbl MPOJIOKEHHBIX BHCSYMX XOJIOB 3aKJIIOYAETCAd B
MOJIYYEHUH CPEJTHUX 3HAYCHUM TUPEKIIMOHHBIX YIJIOB OOIIMX CTOPOH U KOOPAUHAT
OOIIMX TYHKTOB. YYacTKM XoOJa MEXJIy OOIIMMH MyHKTaMUd YpPaBHUBAIOT
CaMOCTOSITENIbHO KaK OTAEJIbHBIC XObI.

Briuncnenve n ypaBHUBaHUE CUCTEM MOJUTOHOMETPUYECKUX XOHO0B, a TAKKE
ONPEAEICHUE MOTPEIIHOCTEN TMOJ0KEHUSI MYHKTOB PEKOMEHIYETCS BBINOIHATH Ha
KOMIIBIOTEPE [0 MpOrpaMmaM, pPEANU3YIOIIMM  pPa3[eibHOE ypaBHUBAHUE
JUPEKIIMOHHBIX YTJIOB U KOOPAUHAT.

BbicoThl B ropHBIE BBIPAOOTKM Ha IYHKTHI TOJ3EMHONM MapKIIeHaepCKon
ONOPHOM CETH NEPEar0T HE3aBUCHUMO IBAXKJbl UYE€PE3 BEPTUKAIbHBIC, HAKIIOHHBIC
WJIM TOPU30HTAIILHBIE TOPHBIEC BEIPAOOTKH.

[lepenauy BBICOT 4epe3 BEPTUKAIbHBIE TOPHBIE BBIPAOOTKH PEKOMEHYETCS
BBITIOJHATDh TJIyOMHOMEpPOM, CBETOJATHHOMEPOM WA JAPYTHUMH TNpUOOpaMud |
METOJaMHt, B TOM YHCJI€ TIO TOJOBHOMY MOJbEMHOMY KaHaTy, 00€CICUUBAIOIINMU
HEO0OXOIUMYIO TOUHOCTb.

[lepenauy BBICOT BBIMOJIHSIOT B COOTBETCTBUU C TPEOOBAHUSIMU PYKOBOJCTBA
0 PKCILTyaTalliu NpruOopoB.

TeMmmneparypy Bo3yxa IIpU Iepeaadye BBICOT M3MEPSIOT B Ha4aJle U B KOHLE
paboThI Ha 3¢MHOM MOBEPXHOCTH M Ha TOPU30HTE OKOJIOCTBOJIBHOTO JIBOPA.

OtcueTbl 10 HHUBEIUPHBIM pEUKaM, Tpy3-peiiKe U KOHTPOJBHOW peiike
GUKCHPYIOT 10 MUJUTMMETPOB. PacxoxieHue Mexay ABYMsl pe3ysbTaTaMH WM
JIBYMsI TMPEBBILICHUSIMU JIOMyCKaeTcsa He Oonee 4 MM; 3a pe3yJibTaT MPUHUMAIOT
cpeaHeapupMEeTHIECCKOE.

JlomycTUMOE pacXOXICHUE MEXAY JBYMS HE3aBUCUMBIMH IME€peIadamMu
BBICOT I10 BEPTUKAJIBHBIM BBIPAOOTKAM OMpEEseTCs o popMyie

Dh = 0,0003H, M,

rae H - rmyOuna maxTHOTro cTBOJA.

IIpy pomycTMMOM pAacXOXKJICHUM 32 OKOHYATEIbHOE 3HAYECHHE BBICOTHI
IPUHUMAIOT CpeaHeapr(PMETUYECKOE U3 IBYX ONPEIEIEHUM. >

23 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.144
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Texnnueckoe HUBEIMPOBAHKUE BBITIONHSAIOT MO BHIPAOOTKAM C YIJIOM HaKJIOHA
no 5°. TpuroHoMmerpuyeckoe HUBEITUPOBAHHE TI0 HAKJIOHHBIM BBIPAOOTKAM
JOTyCKaeTcst MPOU3BOJIUTH OJIHOBPEMEHHO c MPOJIOKEHUEM
MOJIMTOHOMETPUYECKOTO XO/1a.

JIo Havama  HUBENMPOBAHUSA  IPOBEPSAIOT  YCTOWYMBOCTH  PEIEPOB,
UCIIOIB3YEMBIX B  KA4eCTBE HUCXOAHBIX. JlomycTuMasi pa3HOCTh  MEXIY
KOHTPOJIbHBIMU TIPEBBIIIEHUSMHU U paHee ONpPEACTICHHBIMU MPEBBIIICHUSIMU MEXTY
UCXOJHBIMU perepamMu He Ooznee 15 MM mpu  onpeneneHud MpPeBbIICHUN
TexHuyeckuM HupenupoBanueM u 0,00061 - mpu omnpeneneHUH TPEBBIICHUN
TPUTOHOMETPUUYECKUM HUBEIUPOBAHUEM, T/i€ | - JUIMHA TUHUH, M.

IIpu  ompexneneHUM  BBICOT  TPUTOHOMETPUYECKUM  HUBEJIUPOBAHUEM
BEPTUKAIbHBIE  YIVIBI HM3MEPAIOT TEOJOJMTAMU C  TACIHOPTHOM  cpeaHei
KBaJPAaTUYECKOM MOTrPEIIHOCThI0 M3MEPEHUs BEPTUKAIBHOrO yria He Oosee 25"
OJIHUM TPUEMOM B TIPSIMOM M OOpPaTHOM HalpaBieHUsX. PacxoxpeHue 3HaYCHUUN
MecTa HyJid JonmyckaeTcs He Oonee 1,5.

CtopoHBI X0/1a U3MEPSIOT B COOTBETCTBUU C TPEOOBAHUSMU ISl TUHEUHBIX
U3MEPEHUN B MOJ3EMHBIX MOJUTOHOMETPUUYECKUX XOJaXx. BBICOTBHI MHCTpyMEHTa U
CUTHAJIOB U3MEPSIIOT PYJIETKON JBaX/bI, OTCUETHI OEPYT O MUJUIUMETPOB.

Pa3HocTh mpeBbIlIEHUN 1711 OJTHOM M TOM K€ JIMHUHM JIOIyCKaeTcs He OoJjiee
0,00041, tme 1 - pnuHa JnuHMM, M. IS XOJIOB TPUTOHOMETPUUYECKOTO
HUBEJUPOBAHUS, PONJIECHHBIX B MPSIMOM U OOpAaTHOM HAIpPaBJICHUSX, TOMYCTUMAs
HeBs3Ka paccunThiBaercs mo popmyse 100, mm, rae L - qmrnaa X012, KM.

[Ipy TeXHWYECKOM HUBEJIUPOBAHUM MPOKIAABIBAIOT 3aMKHYTBIE XOAbl WIIU
BUCSYNE B TIPSIMOM M OOpaTHOM HampaBlIeHUsIX. PaccTosiHue MEXy HUBEITUPOM H
pelikamu pgomyckaerca He Oonee 100 M. Otcuetsl 1o pelikam OepyTcs A0
MUJUTUMETPOB; PACXO0XJICHUE B MPEBBIIMICHUSX HA CTaHIIMM, OMNPEEICHHbIEC IO
YEpHBIM W KPacCHbIM CTOPOHAM PEEK WU NPH JBYX TOPU30HTAX WHCTPYMEHTA,
nomnyckaercst He 6omee 10 mm.

HeBsizku XOJ0B TEXHUUYECKOTO HHUBEIUPOBAHHUS JOIMYCKAIOTCS HE Oosee
3Ha4YeHUH, oJIy4yeHHbIX o Gpopmyre 50, MM, rae L - nmuHa xoaa, KM.

VYpaBHMBaHHE 3aMKHYTBIX HHUBEJHMPHBIX XOJIOB  BBINOJHAKT  ITyTEM
pacnpeneneHus: MONpPaBoK B IMPEBBIINICHUS], B3ATBIX C OOpAaTHBIM HEBS3KE 3HAKOM,
IPONOPUUOHAIIBHO YUCITY CTAHLMI WIH JJIMHAM CTOPOH XOJa. 32 OKOHYAaTEIbHOE
3HAYEHUE BBICOTHI MyHKTA, OMPEAEIECHHOrO0 M3 XOJOB Pa3HOW JJIMHBI, IPUHUMAIOT
BECOBOE CpeJiIHEe, cuMuTasi Beca OOpaTHO MPOMOPUUOHAIBHBIMU JIJIMHE XOJOB WU
YUCITy IITATUBOB B XOJIE.

[Ipn ypaBHUBaHMM KOMOWHUPOBAHHBIX CETE€H BBICOTHBIX XOJIOB 3HAYCHUS
BECOB MPUHUMAIOT B 3aBUCHUMOCTH OT TOYHOCTH METOJA MEPEIAUU BBICOT.

[Tox3eMHbIE MapKIIEHAEPCKUE CHEMOYHBIE CETHU SIBJISIFOTCS OCHOBOW IS
CHEMKH TOPHBIX BEIPA0OTOK M COCTOSAT U3 TEOMOJIUTHBIX X010B.%*

TeononuTHbIE XOHAbl MPOKIAIBIBAIOT 3aMKHYTBHIMU, PA30MKHYTHIMU WIIU
BUCSIYMMU TIPOJIOKEHHBIMU JIBAXbl. 3aMbIKAHUE TEOJOJIUTHBIX XOJIOB MPOU3BOIST

24 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 417-418
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BO BCEX cClydasx, TIJe i1 OTOr0 €CTb BO3MOXHOCTb. IIpu mnposoxenun
TEOJIOJUTHBIX XOJIOB B BEIPAOOTKAX, MO KOTOPHIM BIIOCIEACTBUU OYIyT MPOJIOKECHBI
MIOJIMTOHOMETPUYECKHE XOJbl MOA3EMHOM MApPKIIEUIAEPCKOW OMNOPHOM CETH,
JIOITYCKAeTCs MPOKJIaAbIBATh BUCAYNE XObl C N3MEPEHUEM JIEBBIX U MPABBIX YIJIOB.
[lepen m3mepeHneM MpaBoOro yriia NpOBEPSIOT UEHTPUPOBAHUE TEON0NHTA. J[uHa
TaKMX XOJIOB Jomyckaercss He Oosiee 300 M mpu COCTaBIEHUHU IUJIAHOB TOPHBIX
BbIpaOoTOoK B MacmTade 1:1000 u 500 m - B macmtade 1:2000.

OtcTaBaHuMe MYHKTOB TEOJOJIMTHOTO XOAa OT 3a00s MOATrOTOBHUTEILHOMN
BBIPAOOTKHU J0ITyCKaeTcs He Ooiee:

50 M - B BBIpaOOTKaX, MPOBOJIMMBIX 110 TTPOBOHUKY;

100 M - B BBIpabOTKaX, MIPOBOJUMBIX 10 HAPABJICHUIO.

[Ipu mpoBeneHnn BHIPaOOTKU B HAPABICHUH TPAHUIIBI OTTACHOW 30HBI, BJIOJIb
HEE WJIM HEMOCPEJACTBEHHO B ONACHOM 30HE TEOJOJMUTHBIE XObl IPOKIIAIBIBAIOT 11O
Mepe TOoJBUTaHUs 32005 ¢ OTCTaBaHMEM OT Hero He Oosee yem Ha 20 M. B atmx
ClIyyasix KOOpAUHATHI yHKTOB OMPEIEISIOT HE3ABUCUMO JIBAXKIbI.

[IyHKTBI TEOJOMUTHBIX XOJOB 3aKPEIUISIOT KaK BpPEMEHHBIE MYHKTHI
MOJ3EMHOM MapKIIEHAEPCKON OMOPHOU CETH.

OpueHTHpOBaHUE MOJITAXKHBIX  BBIPAOOTOK  BBIMOJHSIOT  HE3aBUCHUMO
IBaXxbl. PacxoxaeHne Mexay AByMsI OPUEHTUPOBAHMSIMU JIOIyCKaeTcsl HE Oojee
20¢.

VYTIbl B TEOAOTUTHBIX X0/IaX U3MEPSIOT TEOAO0IUTAMHU C MACIIOPTHOM CpeaHen
KBaIPaTUYECKON MOTPEIIHOCTHIO U3MEPEHUSI TOPU3OHTAIBHOTO yriia He Oosee 30",
LHEHTPUPOBAHUE TEOJIOJIMTA W CHUTHAJIOB BBIMOJHAIOT C MOMOIIBI HIHYPOBBIX
OTBECOB.

B xonax, mpokiiagpiBaeéMbIX B BBIpaOOTKaxX C yriioM HakioHa MeHee 30°, yriibl
U3MEPSIOT OAHUM MOBTOPEHHEM WX HpueMoM. [Ipu m3aMepeHun yrioB crnocoOom
NOBTOPEHUU PpPAa3HOCTb MEXKIY OJMHAPHBIM M OKOHYATEIbHBIM (CPEIHUM)
3HaYEHUEM yTJIa JolyckaeTcs He Oonee 1,5¢.

[Ipu u3MepeHuu yrioB CHOCOOOM MIPHUEMOB PACXOXKJIECHUE YIJIOB MEKIY
noJiynpueMamu J0oIycKaeTcs He ooiee 2¢.

N3mepenne yriioB B BbIpabOTKaxX ¢ yrioMm HakiaoHa Ooisiee 30° BBIMOJIHSIOT
JIByMsI MPUEMaMH CO CMEUICHHWEM HAuyajJbHOTO OTCYETa TEepe]l BTOPHIM MPUEMOM
npuMmepHo Ha 180°. PacxokeHus B yriiax, MOJYYEHHBIX U3 OTIEIbHBIX MPUEMOB,
JOTyCKaroTcs He Oonee 1,5.

[lepen MONOJIHEHUEM TEOJOJIMUTHOIO XO0Jla M3MEPSIIOT KOHTPOJBHBINA Yroy U
KOHTPOJIbHYIO  JIMHUIO; PA3HOCTh MEXIYy NPEABIAYIIUM W  KOHTPOJBbHBIM
3HAYCHUSMH yTJja AoIyckaercs He Oomnee 2¢, muuuu - 1:1000 ee qmuubl. B cnydasx,
KOrJa MYHKTHl MOJBEPTrarOTCA CABHXKEHUIO, TEOJOJIUTHBIE XOJbl MPU MOMOJIHEHUU
MOTYT OIMPAaThCS HA CTOPOHBI, TMPOCKONMMYECKH OPUEHTUPOBAHHBIE CO CPEIHEU
KBaJpaTU4YECKOM MNorpemHocTeio 3¢. [Ipu OpHUEeHTHpOBAaHUU CTOPOH MOJ3EMHOMN
CbEMOYHOM  CETHM  JOIyCKAaeTcsl  ONpEeAeNATb  IOJOXKEHHUE  PaBHOBECHS
YYBCTBUTEIBHOI'O 3JIEMEHTA IO JIBYM TOUYKaM PEBEPCHH.

JInuHy  TMHUM B TEOJOJIUTHBIX  XOJaX  M3MEPSIOT  CTaJdbHBIMU
KOMIIAPUPOBAHHBIMU ~ pYJIETKAMH M JPYTUMHU CIOCO0aMH C  COONIIOACHUEM
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YCTAHOBJIEHHOW B mNyHKTe 197 HacTosimied MHCTPYKIMM TOYHOCTH H3MEPEHU.
JlommyckaeTcsi HaTsDKeHHE PYJIeTOK 0e3 AuHamomeTpa. JIMHUM U3MEpSIIOT JABAXKIbI.
OTCYETH IpY M3MEPEHHH JIMHKHI B TEOMOIUTHBIX X01aX 0epyT J0 MUUIMMETPOB.?

[lepen BbIYMCIEHUEM KOOPAMHAT MYHKTOB CHEMOYHBIX CETEH MPOBEPSIOT
3alUCH M BBIYUCIICHUSI B KypHAJIaX YIJIOBBIX U JIMHEWHBIX U3MEPEHUH, a Takke
COOTBETCTBHE  BBIMOJHEHHBIX W3MEPEHUM  yCTAHOBJIEHHBIM JomyckaM. B
U3MEPEHHYIO JUIMHY JIMHUA TEOJOJUTHBIX XOJOB BBOJAT TIOMPABKH 3a
KOMIIAPUPOBAHUE U TEMIIEPATYPY B TOM CIIy4ae, €CIM OHU B CYMME MPEBBILIAIOT
1:5000 nnyuHBI U3MEPEHHOM JTUHHM.

JlomyCTUMBIE YTJIOBBbIE HEBA3KH XOJIOB ChEMOYHBIX CETEH OMNpPEIESAIOTCS MO
dopmyrnam nynkra 184 nHacrosmen UucTpykiuu.

JlonmycTUMBbIE OTHOCHUTEIIbHBIEC IMHEWUHBIE HEBSA3KU COCTABIISIIOT:

1:1500 - B 3aMKHYTBIX T€OJOJUTHBIX XOJaX;

1:1000 - B pa30MKHYTBIX U JIBAXK/IBI POJIOKEHHBIX.

VYpaBHUBaHHE XOJ0B CHEMOYHBIX CETEH BBHIMOJHSIOT Pa3/ieIbHbIM CLIOCOOOM B
COOTBETCTBUHM C TpeOOBaHUSAMU MyHKTOB 187 - 188 HacTosmeit MHCTpyKumuy.

3Ha4YeHUsT KOOPAMHAT OKPYIJISIIOT JI0 CAHTUMETPOB, JUPEKIIMOHHBIX YIJIOB B
TEOIOJIUTHEIX X01ax - 1o 10".

TpuronoMmerpuueckoe HUBEJIUPOBAHWE  BBHIMIOJHSIIOT  OJHOBPEMEHHO C
IIPOJIOKEHHUEM TEOJIOIUTHBIX XOJ0B.

BeprukanbHble yribl U3MEpSIOT OAHUM TPHEMOM B NPSIMOM M OOpaTHOM
HaIIPaBJICHUSX WIM B OJHOM HAalpaBJICHUU C U3MEHEHHEM BBICOTHI CUTHala IMepen
BTOPBIM U3MEPEHUEM.

B TeomonuTHBIX XOjgax NpU Tepegadye BBICOT TPUTOHOMETPUUYECKUM
HUBEITUPOBAHNEM COOIIOAIOT CIAEAYIOIINE TPEOOBAHMS:

pPacxoKJIeHHE 3HaUYCHHUI MecTa HyJIsl B HaYajle ¥ B KOHIIE X0Ja He Ooiee 3¢;

PaCXOXKJICHUE MEXKIY JBYMsI ONPEACIICHUSMU BBICOTHI TEOJOIUTA WU
curHana He 6onee 10 Mm;

Pa3HOCTh B NPEBBILIECHUSAX OJHOW U TOM ke cTOpoHbl He Oonee 1:1000 ee
JUTUHBI,

nonycTumasi HeBa3ka xona - 120, mMm, rae L - qiimHa xoaa, K.

[Ipu ompeneneHUM BBICOT NMYHKTOB CHEMOYHBIX CETEM TI€OMETPUUYECKUM
HUBEJIIMPOBAHUEM PYKOBOJCTBYIOTCSI MyHKTOM 195 HacTosimeit MHcTpyKimu.

HuBenupHble XOAbl YpPaBHUBAIOT BBEJACHUEM IIONPABOK B H3MEPEHHbIC
IIPEBBINICHUS C OOPATHBIM HEBSI3KE 3HAKOM, MPOTIOPIIMOHAIBHO JIMHE CTOPOH XO7a
WJIM YHUCITY IITATUBOB, OTMETKU OKPYIJISIFOT O CAHTUMETPOB.

BBICOTBI TyHKTOB CHEMOYHOM CETH B MOJITAXKHBIX BBIPAOOTKAX OMPEICTSIOT
NyTeM IMepefayd BBICOTHI C IYHKTOB (pErnepoB) OCHOBHOTO TOPU30HTA 4Yepe3
BEPTUKAJIBHBIE BOCCTAIONINE BHIPAOOTKM C TMOMOIIBIO pylieTku. [lepemady BwICOT
BBINOJIHSAIOT JBAXIbL, PA3HOCTh B IIPEBBIIIEHHUAX JOIycKaeTcs He 6onee 5 cm.

25 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.145

26 Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 411-412
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OOBEKTHI CHEMKH:

BCE TOpHBIE BBIPAOOTKH, KaK IMOATOTOBUTENbHBIC, TaK W OYHCTHBIC;
pa3Be0YHbIE, THIPOr€0IOrMYECKUE, TEXHUUECKNE CKBAKUHBI; KAMEPBI Pa3INYHOIO
Ha3HA4YCHUs1, TPAHCIIOPTHBIC MYTH;

LUEIUKA TOJE3HOI0 HCKOMAeMOro, OCTaBJIEHHbIE Yy TOATOTOBHUTENbHBIX
BBIPA0OTOK U MOJ] OXpaHsAE€MbIMU O0BEKTAMH, OyTOBBIE MTOJIOCHI, TPAHMIIBI 3AKIA/IKH;

KalUTAJIbHBIE M30JIMPYIOLIUME NEPEMbIYKH, YCTAHOBIICHHBIE B JACHCTBYIOUIUX
TOPHBIX BBIPAOOTKAX, MMEIOIIMX CBS3b C 3€MHOM MOBEPXHOCTHIO, COETUHSIOIIUX
JIB€ IIAXThl UJIU OTJIEJbHBIE OJOKM C HE3aBUCHMBIM MPOBETPUBAHUEM; ITEPEMBIUKH,
U30JMPYIOIIME TMOXKApPHbIE YYAaCTKM W YYAaCTKH, ONACHBIE IO MPOPBIBY BOMbL,
TUTBIBYHOB U TYJIBITBI B ICCTBYIOIINE BHIPAOOTKHY;

BOJIOOTJIMBHBIE U BEHTWIALIMOHHBIE YCTPOICTBA;

MeCTa FOPHBIX YJIapOB, BHE3AIMHBIX BEIOPOCOB TOPHBIX MOPOJ U Ta3a, B3PHIBOB
ra3a Wiu IbUIH, MECTa TI0KapoB, CyQISPHBIX BBIICIECHUN rasa, MPOPHIBOB BOJBI U
IUTBIBYHOB, 3aWJIOBKH; MECTa YCHJIEHHOI'O BOJONPOSBICHUSA; KapCThl M KymoJja
BBIBAJIOB (BBICOTOM OoJiee 1 M) B TOPHBIX BhIpaOOTKAaX.

CpeMKy TOpHBIX BbIpaOOTOK, B KOTOPBIX 3alpeniaeTcsi NpeObIBaHUE JIIOJIEH,
BBINIOJIHAIOT METOJJaMU U TprOOpamMu, 00eceurBaoIMMUA 0€30MaCHOCTh padoT.

['opHbIe BBIPAOOTKH OOJBIIOTO CEYEHHS] PEKOMEHAYETCS CHUMATh METOJIaMU
CBETOBBIX CEYEHUN U 3BYKOJOKALIMH.

CbheMKy TOpHBIX BBIPAOOTOK JIJisl TOTMOJIHEHUS TJIAHOB MPOU3BOIAT HE pexke
OJIHOT'O pa3a B MECHIII.

B ycnoBusix CKOPOCTHON MPOXOJKH WM MOCTOSHHO JEHCTBYIONMIUX 3a00€B
OTCTaBaHUE CBEMKM TOPHOM BBIPAOOTKM OT IIYHKTOB TEOJOJHUTHOIO XOJa
nomnyckaercs He 6osiee 60 m.

JlaHHbIE O TEKTOHUKE, CTPYKType IUlacTa M BMEIIAIOUIMX [OPOJ, HX
IPOCTPAHCTBEHHOE MOJIOKEHHUE OINPEAEIIIET Fe0JOrnYecKast ciry>k0a opraHu3arum.

CpeMKy  MOArOTOBUTEIBHBIX  BBIPAOOTOK  BBINOJHSIOT  CIIOCOOOM
NEPHEeHAUKYJIIPOB, MOJSPHBIM WM JApYyrUMH crocoOamu. Jlomyckaercs cheMka
BbIPA0OOTOK OT HANpaBJICHUs, HHCTPYMEHTAIBHO 3a/IaHHOTO C IMYHKTOB IMOJ3EMHOM
MAapKIIEHIEPCKON ONTOPHOM CETHU WU TOJI3€MHOU ChEMOYHOM CETH.

KoHTypbl MOATOTOBUTENBHBIX BBHIPAOOTOK CHMMAlOT B CBETYy U IO
BO3MOKHOCTH B TIPOXOJKE.

Jlunelinple W3MEpEeHMs] TPU ChEeMKE OOKOB BBIPAOOTKH B TPOXOJIKE
OPOU3BOAAT C OKPYIJEHUEM JI0 JELUUMETPOB, IPH CHEMKE B CBETYy - JIO
CaHTUMETPOB.

OMHOBPEMEHHO CO CHEMKOW OOKOB BBIPAOOTOK BBHIMOJHSIOT CHEMKY BCEX
3JIEMEHTOB, YKa3aHHbBIX B MyHKTE 213 Hactosme MucTpykunu. Bee neranu cheMku
OTpa)xaroT Ha adpucax B KypHaJE YIJIOBBIX M JIMHEHHBIX U3MEPECHHUIA.

3amep MPOXOAKM MOATOTOBHUTEIBHBIX BBIPAOOTOK BBITIONHSIOT OJUH pa3 B
MECSALl [0 COCTOSHHMIO Ha KOHELl OTYETHOIO IEepuoJa B COOTBETCTBHM C
TpeOOBAHUSIMU OTPACIEBBIX HOPMATHBHBIX JOKYMEHTOB.

[Ipy cbeMKe B3pBIBHBIX CKBAa)KMH OINPEIEISIOT MOJIO0KEHUE YCThs, MIIyOuHY,
HaIpaBJICHUE U yroJ HaKJOHAa OCH CKBAKMHBI. HampaBieHue W yroj HakjioHa OCH
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CKB)KHHBI OTIPEIEISAIOT C IOTPEITHOCTHIO 10 1°, rimyOunsI - 10 0,2 M.

CpeMKy BEpTUKAJIBHBIX PYAOCHYCKOB OOJBIION MPOTSHKEHHOCTH, He
UMEIOINUX KPENu, PEKOMEHIYETCS BBINOJIHATH C I[OMOLIBIO YJIBTPAa3BYKOBBIX M
IPYTHX CIENUATBHBIX IIPUGOPOB.2’

BepTukalibHyl0 CBHEMKY OTKAaTOYHBIX HyTe€d B BbIpaOOTKax, OJIM3KUX K
TOPU30HTAJIbHBIM, BBINIOJHAIOT TEXHUYECKUM HUBenupoBaHueM. HuBennpoBaHue
BBINOJHSIOT N0 nuketaMm 4depe3 10 mnum 20 M. OTHOBPEMEHHO U3MEPSAIOT BBICOTY
BbIPAOOTKM Ha KaXJOM MHKETE U B XapaKTepHbIX MecTaX. ChEMKY pPEIbCOBBIX
nyTell B HAKJIOHHBIX  BBIPA0OTKAX  BBINOJHSIOT  TPUTOHOMETPUUECKUM
HUBEJIMPOBAHUEM.

JIist KOHTpPOJISL YKJIOHOB pEIbCOBBIX IMYTEW pa3pemiaercss HCIOoJIb30BaTh
npo¢uiorpadsl ¢ MOrpelIHOCTbIO ONpPENEICHHs YKIOHA MYyTH MEX]y MUKETaMH He
6oxee 0,0005.

[leproguYHOCT, HUBEIHMPOBAHMSI OTKATOUHBIX ITYyT€M YCTAHABIMBACTCS HE
pexe OJJTHOro pasa B TO.

[lonoxeHue OYMCTHBIX 3a00€B ONPENENSAIOT HHCTPYMEHTAJIbHOM ChEMKOM
WIH PYJIETOYHBIM 3aME€pPOM OT ITYHKTOB ChEMOYHOM CETH HE PEXKE OJHOI0 pas3a B
MECSIl MO COCTOSIHUIO Ha KOHEI] OTYETHOro mepuoza. [lorpemHoctu onpeneneHus
JUIMHBI JIUHUM 320051, MOJABUTaHUS U BBICOTHI BBIPAOOTKHU JOIMYCKAarOTCA HE Oojiee
1:100.

[Tonoxenue o4MCTHOTO 320051 MPU KPYyTOM MAJCHUU C BHIEMKOW MOJE3HOTO
MCKOITAEMOI'0 IO IPOCTUPAHHUIO ONPENEIAIOT IYTEM H3MEpPEHUs pPacCTOSHUN OT
320051 10 MMyHKTOB, PACHOJIOKEHHBIX B IITPEKaX BEPXHErO U HIKHETO TOPU3OHTOB.
[Ipy MOTONKOYCTYNHOM CHCTEME BBIEMKHM IIOJIO)KEHHE OYHMCTHOTO  3a00s
ONPEIENSIOT PYJETOUYHBIM 3aMEPOM C H3MEPEHUEM DIIEMEHTOB YCTYTOB.

[Ipu pa3paboTke KPYTONAAAOMIUX 3aJeKel C BBIEMKOW TOJE3HOTO
MCKOIIAEMOT'0 0 BOCCTAHUIO MOJOKEHUE OUYUCTHOTO 32005 JAOMYCKAETCSI CHUMATD C
NOMOILBIO IIHYpa W BUCAYETrO MOJYKpyra WM >Ke3ja. PacxoxaeHue B BBICOTaX
MyHKTOB B KOHIIE X0/ Jomnyckaercs He 6osee 1:200 ero JyiuHbI.

[TonoxeHnue oynMCTHOTO 3a00s1 (KOHTYypa Kamepbl) MpU CUCTEME Pa3pabOTKH
NOJIPTAXHBIMU BBIPAOOTKAMH OMPEJEISIOT PYJIETOYHBIM 3aMEepPOM OT IYHKTOB,
PacoIOKEHHBIX B MOAAITAXKHBIX BbIpaboTkax. [Ipu orboiike ycTyna mITaHTOBBIMU
mimypamMu 0e3 3aX0JI0K CheMKY KaMephl M KOHTPOJb 3a pazMepamMu MeKKaMEepPHbIX
IEJTMKOB BBIMOJHSIOT MPUOOpaMH, TIPEIHA3HAYCHHBIMU JIJII CbEMKH HEIOCTYIHBIX
KOHTYPOB.

[Ipu cucreme pa3paOOTKU NTPUHYIUTEIBHBIM 3TaXHBIM OOpYIICHUEM
IPaHULIBl OTPAOOTAHHBIX YYACTKOB OJIOKOB YCTAHABJIMBAIOT MO ChEMKE B3PBIBHBIX
CKBaXUH.

Pe3ynbpraTbl ChEMKH 3aHOCAT B JKypHal HW3MEpPEHUH, TIJI€ COCTaBISIOT
JIETATBHBINA a0pHC TI0 KaXKI0W BhIpaboTKke. Pe3ynbpraTel 3amMepa B 1eJI0M 10 TOPHOMY
OPEINPUITHIO 3aHOCAT B )KypHAJI 3aMepa TOPHBIX BHIPAOOTOK.

27 Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining Instruments. Nabu Press. 2011, p.145
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KoHTpoJsbHBIE BOIPOCHI:
. Pazmepnr npodunibHON nTUHUN HAOTIOJATETHHOM CTAHIIUU OMPENETSIOTCS IO
MMPOCTUPAHUIO U MajaHulo 3anexu. Kak onpexensercs mapamerpsl
CABEKEHHUSI TOJIIIY TOPHBIX TTOPOJ] HaJl BEIPAOOTaHHBIM MPOCTPAHCTBOM?
. Kputnueckux touku nedopMaiuii B MyJibJie CABUKEHHUSI MOTYT JIM CIIY>KUTh
OCHOBOU JIJI ONIPEICITHUS YTJIOB CABHXKEHUS?
. Kakne Mepbl Mepbl OXpaHbl COOPYKEHUNW PEKOMEHAYIOTCS MpaBUIIAMHU
OXpaHbI?
. UTO SABIAIOTCA OCHOBHBIM JIOKYMEHTOM TP PpEIICHHWH BOIPOCOB IO
CABUKEHUIO TOPHBIX MOPOJ?

HUcnoab3yemble sureparyphbl:
Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining
Instruments. Nabu Press. 2011, p. 141-154

2. Gamarasca M.A. Basics of Geomatics. Springer. 2009. P. 411-418

49


http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Boston&search-alias=books&field-author=Boston&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=Louis+F.+Buff&search-alias=books&field-author=Louis+F.+Buff&sort=relevancerank

IV. MATEPUAJIBI IPAKTHYECKHUX 3AHSTUIA
1l-npakTHyeckas padora:

Mapkiueiiiepckoe odecrnedyeHue OTKPbITOro cnocoda pa3padoTku
MeCTOPO:KIEHHU I MOJe3HbIX HCKOMAaeMbIX

Ileny pabomwpr. Hayuutbcsi 4uTaTh TOPHO-TPAPUUYECKYIO JOKYMEHTAIUIO
OTKPBITBIX FTOPHBIX pa0bOT U pelaTh 3a1a4y 0 MapKIIEHIEPCKUM IJIaHAM.

3aodaua : Pemenue 3a7a4 Mo MapKIIeHISPCKUM TUTAaHAM
Hcxoonvie dannvie

1. KommuiekT rpaduyeckoi JOKyMEHTAIIMH OTKPBITHIX TOPHBIX PaboT.
2. BeptukanpHOTO paszpes 1Mo JMHUU TOCTPOCHHUS.

Ilopadok evinonnenus _padomot

1. I3yuuTh yciioBHbIE 0003HAYEHUS AJI TOPHO-TpaUUECKON JOKYMEHTALUH.

2. Ha mnanax TopHBIX pabOT yCTaHOBUTH: TPAHUIIBI TOPHOTO M 3€MEIHHOTO
OTBOJIOB; IIYHKTBHl MapKIIEHAECPCKON ONOPHOM U CHEMOYHOM CETU; BCKPBILIHBIE U
JNOOBIYHBIE YCTYIIBl, MOJIO)KEHHE 3a00€B 3a OTACIbHBIM KaJEHJapHbIM CpOK;
reoJoropa3Be/louHble  BbIPA0OTKM; JpPEHaXKHbIE BBIPAOOTKH; TPAHCIOPTHHIE
MalIMHbl M MEXaHU3MBbl; OIIACHBIE 30HBI; BHJ TPAHCIOPTA, MPUMEHSIEMOro Ha
Kapbepe, U YKIOHbI TPAHCIIOPTHBIX JTUHUH.

3. Ilo cBogHOMY TIUIaHYy TOpPHBIX pPabOT B COOTBETCTBUU C BapHUaHTOM
MOCTPOUTH NPO(PHUIIL TOPHBIX BHIPAOOTOK.
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Buvibop onmumanvrozo cnocooda co30anusn cbémMouHo20 000CHOBAHUA

Llenv pabomei. 3anpOEKTUPOBATH MYHKTHI ChEMOYHOTO OOOCHOBAHUS I TAXEOMETPUUYECKON ChEMKH YCTYIOB U TIPOU3BECTH

OIICHKY TOYHOCTH B 3aBUCHUMOCTH OT CIIOCO0a MPUBS3KH MX K ITyHKTaM OIIOPHOH CETH.
Tabmuna 1

McxoaHble TaHHBIE IO BApHAHTAM

IIpakTuyeckas |[IpakTudeckas IIpakTyeckas padoraNe 4 IIpakTH4eckas padoraNe 6
patdoraNe 1 padoraNe 2 Crnioco0 mojcuera|OTUETHBIN Y4acTok Buj pexynbTrBaIuu
g 00BEMa MOJIE3HOTO HGPI/IOI[ I[JIfI IUIaHa Kapbepa Orsana
s UCKOIMaeMoro  Ha|yd€ra o0béma
=3 CKJIaze BCKPBIIIH
M
§ JInang VYyacTtok Fopn- IUSDK- |BOJIOEM |3aChIIKA |BBIIOJ |Teppa
= |moctpoenns |mmana 30HT Has @XKHBa | CHPOB
paspesa r.c. |B.c. |O.IL 30Ha HUC  |aHHUe
1 |cks.521-509 [120-125 270 |+ Amnpens, 2010 |220-2 |22 |+
2 |ckB. 514-548 |125-130 270 + Maii, 2011 222-2 |24 +
3 ckB. 723-794 |130-135 270 + Mapt,2010 224-2 |26 +
4  |mun. 220 135-140 270 |+ Hos6pp,2010 [226-2 |28 +
S5  |nuH. 222 120-125 260 + Ampens, 2011 |228-2 |30 +
6 |muH. 224 125-130 260 + Oxts0pp,2011 (220-2 |22 |+
7 |muH. 226 130-135 260 |+ Mapr, 2010  [222-2 |24 +
8  |nuH. 228 135-140 260 + Hexabpsp, 2010 |224-2 |26 +
9  |mmH. 230 120-125 250 + ®espaib, 2011(226-2 |28 +
10 |cks. 521-509 [125-130 250 |+ Oxts0ps, 2010(228-2 (30 +
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11 |ckB. 514-548 |130-135 250 + Hosi6ps, 2010 [220-2 (22 |+
12 |ckB. 723-794 |135-140 250 + Oxts0ps, 2010 (222-2 |24 +
13  |auH. 220 120-125 220 |+ Urons, 2011  [224-2 |26 +
14 |nun. 222 125-130 240 + Maii, 2011 226-2 |28 +
15 |nun. 224 130-135 240 + Mait, 2011 228-2 |30 +
16 |nmun. 226 135-140 240 |+ Maprt, 2011 |220-2 (22 |+
17 |nun. 228 120-125 280 + Mapr, 2011 222-2 |24 +
« I[IpakTnueckallpakTnueckass  |IIpakTu4yeckas padoraNe 4 IIpakTnueckas padoraNe 6
E M padoraNe 1 |paboraNe 2 Cnoco06 noacuera |OTYETHBIM VYyactok |(Bun pexynpTuBanuu
g 00BEMA MOJIE3HOTO nepuoa aJjis I[IJIaHa Kapbepa oTBaJia
& HCKOITAeMOTo Ha  |yuéra 00bEMa bcnan sona  pem inka lonaoncusan | meppa
:_ CKJIaJie BCKPBILLIN " e
S |Jlunus
é nocrpoeHust |Yyacrok |['opu- [r.c. |B.c. [|O.IL
pas3pcsa IJji1aHa 30HT
18 |muH. 230 125-130 280 + Amnpens, 2010 224-226 +
19 |ckB. 521-509 |130-135 280 |+ Anpens, 2012 226-228 +
20 |ckB. 514-548 (135-140 280 + Urons, 2012 228-2 |30 +
21 |ckB. 723-794 (125-130 220 + Maiz, 2011 220-2 |22 |+
22 |muH. 220 130-135 220 |+ Maii, 2012 222-2 |24 +
23 |nuH. 222 135-140 220 + Oxkts60ps, 2010  [224-2 |26 +
24  |\nmuH. 224 130-135 230 + Urons, 2012 226-2 |28 +
25 |muH. 226 135-140 200 |+ Hos6ps, 2010 228-2 |30 +
26 |nmH. 228 130-135 270 + Hrons, 2011 220-2 |22 |+
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27 |muH. 230 120-125 270 + Mapr, 2011 222-2 |24 +

28 |ckB. 521-509 [125-130 270 |+ Wrons, 2012 224-2 |26 +

29 |ckB. 514-548 |130-135 270 + Ampens, 2011 226-2 |28 +

30 |ckB. 723-794 |135-140 270 + Anpens, 2012 228-230 +

B mabnuye npunsamol ycioeHvle COKPAUEHUL:

1. Cnocob6 noocuéma ob6véma nonesno2o UCKONAemMo2o Ha CKAaoe: 2.c. - CNoco0 20pU3OHMANbHBIX CEYeHUL, 6.C. - CNOCOO ePMUKANbHBIX ceyeHull; 0.1. - cnocob 06vémnou naremku Cob0ne6cKkozo.

2. Buo pexynomusayuu: nisx#CHAS 30HA - 00YCMPOUCME0 8000éMA U OPOPMAEHUE NIAHCHOU 30HbI, B000EM - CO30aHUE B000EMA ¢ MAKCUMANLHOU 21YOUHOIL; 3ACbINKA - 3ACHINKA 8bIPAOOMAHHO20 NPOCMPAHCMEA NYCMbIMU
nopooamu; GbINOIAANCUBAHUE - PEKYIbMUBAYLUS OMBANA CNOCOOOM GbINONAICUBAHUS, MEPPACUPOSAHUE - PEKYIbIMUBAYUS OMBANA CHOCODOM MEepPaACUPOBAHUA.
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[Tponomxkenue Tadm. 1
Hcxoonvie dannvle
1. Ilman mMOBEPXHOCTHU
pernojaBareeM).
2. YYacTOK IIIaHAa TOPHBIX BBIPAOOTOK W TOPU3OHT JJIsI TPOSKTHPOBAHUS
MYHKTOB ChEMOYHOTO 0OOCHOBAHUSI.
3. Crioco6 cbEMKH MOIPOOHOCTEH - TAXEOMETPUUECKUH.
4. Macmrab crémku - 1:2000.
Llopaodok evinoanenuss pabomeol
1. B cOOTBETCTBMU C HOMEPOM BapHWaHTa yCTAHOBHUTH YYAaCTOK IIaHA TOPHBIX
pabot, I ChEMKH KOTOPOTO HEOOXOIUMO 3alpPOCKTUPOBATH ITyHKTHI
CbEMOYHOTO 0OOCHOBAHUS.
2. Ha BarmaHe BBIUEPTUTH CETKY KOOPIWHAT, HAHECTH IIOJOKCHHUE ITyHKTOB
OMOPHOM CETH U yYaCTOK IJIaHA TOPHBIX paldOoT (110 BApUAHTY).
3. C yuérom TtpeboBanuii «UHCTpyKIHH...» [8] MO MPOESKTUPOBAHUIO
ChEMOYHOTO OOOCHOBAHMS JIJISI TAXEOMETPHUECKOTO0 METOAa ChEMKH HAMETHTH
MECTOMOJI0KEHHUE MyHKTOB, 00€CIEeYNBAIOIINX ChEMKY 3aJaHHOTO 10 BapUAHTY
ydacTKa rOpHbIX pador.
4. TlpousBecTH NPUBS3KY IYHKTOB ChEMOYHOTO OOOCHOBAHHUS K ITyHKTam
ormopHoi cetu (2-3 crnocobamu). B mosicCHUTENHHOM 3alUCKe HAYEPTUTh CXEMBI
IPUBSI3KU.
5. 13 kaTtanora KOOpJIMHAT BBIMKUCATh KOOPJIUHATHI ITYHKTOB OTIOPHOM CETH, K
KOTOPBIM ITPOU3BEJICHA MPUBSI3KA ITYHKTOB ChEMOYHOTO OOOCHOBAHUSI.

OypOyTrOJBLHOTO  MECTOPOXKACHUS  (BbIIACTCS

Tabnuua 2
KaTaJjior KoOopAMHAT NYHKTOB ONOPHOr0 000CHOBaHMA (IpuMep)
Koopaunatel Bricota
Homep nyHkra X vy 7 HABECHHS
227 2520925, 30 7512457, 30 288,200 |14
229 2520952, 40 7512610, 50 289,100 |14
231 2520957,50 7513237,50 288,100 |14
233 2520950,00 7513590,00 286,100 |14
235 2520900, 60 7513962, 40 285,200 |14

6. Ha KOMIIBIOTEP 3arpy3uth nporpammy «zasechki.exe», B OCHOBHOM MEHIO

IIporpaMmabl BbI6paTb OJIOK «PaGora ¢ Karajorom», OIICPAIIHMIO «PenaktupoBaHue,
IIPOCMOTP KaTajiora.

7. HpOBepI/ITB, HMCIOTCA JIM B KaTajJlore CBCACHHUA O ITYHKTaX Ol'[OpHOI71 CCTH, K
KOTOPBIM IPOU3BEJCHA IPUBI3KA 3aNPOCKTUPOBAHHBIX IIYHKTOB CHEMOUYHOIO
O6OCHOBaHI/IH, " BCPHO JIK 3aHCCCHBI CBCACHUSA O KOOpANHATAaX:

¢ €CJIM HCBCPHO 3aHCCCHBI KoopOuHambt KaKoro-JIu00 ITYHKTA, BI:I6paTI>
OIICPAIHI0 «PenakTupoBaHue, IPOCMOTP Karajora» M BHCCTH UCIIPABICHM,
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€CJIM B KaTaJore OTCYTCTBYET HOMep MyHKTa, BIOpaTh OMEPALMIO «/JobaBrenue
HOBBIX ITYHKTOB B Kartajor» M BHCCTH CBCACHHA B KaTajlor, IIpHU OTOM BBLICOTY
OTIOPHBIX MYHKTOB (BBICOTY HaBEJICHMS ) IPUHATH paBHOU 1,4 M (V = 1,4 m).
8. IloAroTOBUTH HCXONHBIE JAHHBIE IS pacuéra MOTPEIIHOCTH IOJIO0KECHUS
MyHKTOB CHEMOYHOTO 00OCHOBAHUSA:

yTJbl HAKJIOHA BBIYUCIUTH MO OTMETKAaM IMyHKTOB, YKa3aHHBIM Ha IUIaHE, U
TOPU30HTAIBHBIM IIPOJIOKEHUAM, U3MEPEHHBIM rpaUuecKu;
* BBICOTY MHCTPYMEHTA MPUHSTH paBHOH 1,4 M (I = 1,4 m);

WCXOJHBIC JaHHBIE JJIsl pacuéra MOTPEUIHOCTH MOJOXKEHUs MyHKTa B IUIAHE,
OMpENENICHHOr0 TpsIMOM (/IBa BapuaHTa) M OOpaTHOW (YEThIpe BapUAHTA)
3aceyKaMM CBECTH B TabJI. 3; MOJISIPHBIM CIOCOOOM (JBa BapuaHTa) - B Ta0I. 4.

Ta6numa 3
Hcxoanbie 1aHHBbIE AJIA PAcYeTa MOTPEIIHOCTH MOJI0KeHUs IYHKTA,
onpeeJIeHHOT0 MPSIMOil U 00pPaTHOM 3acedyKkamMu (mpuMep)

Bun Bapuan (Imena onop  |BHyTpennuu yrous |Hanpasienus Ha
3aC€YKU [T HBIX IYHKTOB |HA OIPEIEISIEMBbIHN [ONIOPHBIE TyHKTHI
MYHKT
[Tpsimast |1 229 233 29.0000 112.0000
2 233 235 65.0000 84.0000
Ob6parnas |1 227 231 233 0.0000 60.0000
95.0000
2 231 233 235 0.0000 35.0000
207.0000
Tabnuma 4

Hcxoanbie 1aHHbIE A/ PACYeTa MOTPEIIHOCTH MOJI0KEHHU S IyHKTA,
ONpPeAeJIEHHOT0 NOJISIPHBIM CII0C000M (IMpuMep)

HaunmenoBanue xapakTepuCcTHKU Wcxonubie nanHbie
BapuaHr 1 BAPHUAHT 2
Hazanue onpenensgeMoro rmyHkra P1 P:
Touka cTOsSIHUS 229 229
Touka HaBeieHUs 233 235
["opu3oHTaNbHBIN (JI€BBIN) yroa Ha 35.3230 48.1800
OTIPECTSEMYIO TOUKY
["'opuzoHTanbHOE MPOJIOKEHUE (PACCTOSTHUE 10 68.0 150.5
onpeaensieMO TOUKN)
CKII n3mMepeHnst TOpu30HTAIIBHOTO yria 15 15
CKII u3mepenunst BepTUKAJIBHOTO YIJIa 10 10
Cnoco0 u3mepeHus JINHBI:
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(moctosiHHbBIC cBeToanbHOMepa: a = 1,0; b = 5,0) |cBeTonampHOMEpOM

pyJIETKOMN

IMapalJIaKTHYCCKU

9. IlpousBecT pacu€T Ha KOMIIBIOTEP MOTPEIIHOCTH MOJIOKEHUS MYHKTOB
ChEMOYHOTO OOOCHOBAHHUSI B TUIAHE JIJISI BCEX BO3MOXKHBIX CIOCOOOB MPUBS3KU
UX K IIyHKTaM OMOPHOU ceTu. Pe3ynbTarhl pacueTa cBECTH B TaOII. 5.

B nosicHuTenbHON 3amucke MPUBECTH MAaTEMAaTUUYECKHM ammapar, UCIOJIb-
3yeMbIil B IIporpamme.

10. [ToAroTOBUTH UCXOMHBIE JAaHHBIC JJISI pacuéra MOTPEIIHOCTH TMOJIO-
KEHUS IYHKTA IO BBICOTE.

11. ITpou3BecTH pacu€T MOTPEUIHOCTU MOJIOKEHUS 3alPOEKTHPOBAHHOTO
MyHKTa MO BbICOTE. BJIOK mporpamMmbl mo pacy€Ty MOTPEIIHOCTA MO BBICOTE
TPUTOHOMETPUYECKUM HUBEJIMPOBAHUEM BCTaBJICH B NporpaMmy «lIpsmas
saceuka». [[03TOMY HE3aBUCUMO OT croco0a CO3/[aHMs MJIAHOBOTO OOOCHOBAHHUS
(oOpaTHasi wiau mpsiMasi 3aceuka) MPHM pacyeTe MOrPEeNIHOCTH MO BbICOTE B
OCHOBHOM MEHIO MPOrPaMMbl HEOOXOIUMO BHIOPATh OJIOK «Berduciene KOOPIHHATY,
croco0 «IIpsmas 3acedxa». BBECTH HCXOJHBIE JIAHHBIE IO 3aMpPOCy MPOTPAMMBI.
[Tocne BBO/Ia MCXOMIHBIX JAHHBIX MPOU3BECTU PACUET W 3aMKCATh MOTPEITHOCTD
MOJIOKEHUSI TI0 BBICOTE 3alPOCKTUPOBAHHOTO MYHKTA MPHU OINPEACICHUH €Tro
BBICOTHOM OTMETKH OT Pa3IMYHBIX OMOPHBIX TOUEK (Tabi. 5). B mosicHuTeIbHOM
3allUCKE MPUBECTH MAaTEMAaTUYECKUM amnmapaT, HCIOJIb3YEeMbI Juisi pacuéra
HOTPELIHOCTH MO BEICOTE YIS BEIOPaHHOTO crocobal.

12. Ha ocHOBe aHanmm3a pe3yjbTaTOB pacu€Ta M TPYAOEMKOCTH TOJEBBIX
paboT BBEIOPATh ONTUMAIBHBIN CIIOCO0 CO3/IaHUs ChEMOYHOTO 0OOCHOBAHMS.

13. JlaTh 3aKII0YCHHE O HAJIGKHOCTH ChEMOYHOI'O 000CHOBAHHS.

Tabnuua 5
Pe3yabTaThl pacuéTa NOrpemHoCT! MoJIOKeHUs MYHKTOB ChbEéMOYHOT0
000CHOBaHUA B ILUIAHE U 110 BbICOTE (MpUMep)

Bun 3aceukn |[MimeHa omnopHbIx |([lorpemrHocTs myHKTa, M HNmena
ITYHKTOB B IUIAHE I10 BBICOTE OIIOPHBIX
Mp V(o) M h MI/I(O)K) ITYHKTOB
Ipsamasn 229,233 0,11 0,22 2,2 4,4 229
233,235 0,12 0,24 0,48 10,96 233

0,15 10,302 [235

OoOpaTHasn 227, 231, 233 1,3 2,7
231, 233, 235 0,071 0,14

233,235,227 0,058 |0,12

235, 227, 231 0,12 0,24

IMoasipupim 229,233
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CImocoooM

u3MepeHune 0,0095 (0,019
JJIHHBI: -
CBEeTOJaJILHOME
poMm

- pyJieTKOM 0,052 0,104

- 1,112  |0,976
napajiakTuiec
KH

Ipumeuanue. [lporpamma «zasechki.exe» npeanasHaveHa ajs peuieHus
JIBYX 3a/1a4:

- IpeApacyu€Ta OKUAEMOM TOTPEIIHOCTH Ha CTaIMH MMPOSKTUPOBAHUS,

- aHaNM3a Pe3yIbTaTOB (PAKTUUECKUX U3MEPEHUM.

B Hacrosmieit paboTe BBITIONHSECTCS MPOSKTUPOBAHUE IYHKTOB CHhEMOYHOTO
o0ocHoBaHUs. /{151 BEIOOpA ONTHMAIBHOTO MECTOTIONOKEHHSI ITyHKTOB M CXEMBI
NIPHUBS3KH MPOSKTHPYEMBIX ITYHKTOB K OMOPHOM T€0JE3UYECKON CETH BBITTOTHS-
eTCS MPEAPACUET OKUIACMOU MTOTPEITHOCTH, JIJIS YETO YTJIbl U JJTHHBI CHUMAIOT
rpaduyecku. [loaToMy koopouramsi, TIONyuYeHHBIE TIpu pabore ¢ OJIOKOM
IPOTPaMMBbI «BBIUYMCIICHHE MTOTPEIIHOCTH MOJIOKCHHS ITyHKTA CheMOYHON CETH,
UCNoab308ams I PElIeHUs KaKuX-I100 3a/1au HedonyCcmumo.

KoHTpoJibHbIE BONIPOCHI:
YTo Takoe MapKIIel1epCKui miaH?
Ha kakux npoekuusx COCTaBISIIOTCA MAPKILIEHIEPCKUE IIIaHbI?
Macurabbl MapKIIEHAEPCKUX IJIAHOB?
VYcnoBHbIe 0003HAYEHUS MAPKILIEUIEPCKUX TUIAHOB?
Kak manupyrorcs pa3BUTHs TOPHBIX pa0OT Ha MApKIIEHIEPCKUX TU1aHax?

o0 E

Hcnoab3yembie JIMTEPATYPHI:

1. Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining
Instruments. Nabu Press. 2010

2. William A. Hustrulid, Richard L. Bullock. Underground Mining Methods:
Engineering Fundamentals and International Case Studies. Society for
Mining. 2011

3. Barry A. Wills, James Finch. Wills' Mineral Processing Technology.
Butterworth-Heinemann. 2012

4. Balbir S. Dhillon. Mining Equipment Reliability, Maintainability, and
Safety. Springer 2011
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2-mpakTuyeckas padora:
AHAJIU3 TOYHOCTH MAPKUICHIEPCKUX PadoT

Heas pa6orbl. OOpaboraTh pe3yibTaThl MOJIEBBIX W3MEPEHUM U JaTh 3a-
KJIIFOYEHHE O HAJEKHOCTU ONPENEIICHUS IIyHKTa ChEMOYHOM CETH paspesa Ui
ChEMKH TOPHBIX BBIpab0TOK B Macmitade 1:2000.

3adaua:_BbluucneHne W OLIEHKA TOYHOCTH OIPENENCHUs] KOOPJIUHAT MYHKTa
ChEMOYHOM CETH 0OpaTHOM Ie01e3MUYECKOM 3aCeUKOi

HcxoaHble 1aHHBIE

1. KoopauHaTel 4YeThlpeX IYHKTOB ONOPHOM CETHM pa3pe3a M BHICOTA BH-
3UPOBAHMS HA ITYHKTHI.

2. V3MepeHHbIe TOPU3OHTAJIbHBIC HAIPABJICHMS, BBICOTAa HWHCTPYMEHTa Ha
MYHKTE CbEMOYHOM CETU M YTJIbl HAKJIOHA C ONPEAEISAEMOTO IyHKTA.

Hopaook evinoanenus padomaul

1. CocraButh B ymoOHom wmacmtabe (1:10000 umm 1:25000) cxemy
PAacMoJIOKEHUSI IYHKTOB MAapKIIEHJIEPCKON ONOPHOM CETH paspe3a U Olpe-
NEJIIEMOTO ITYHKTa CbEMOYHOM CETH.

2. 3arpy3uTh Ha KOMIBIOTEP MPOTPaAMMY «zasechki.exe», BRLIOpaTh B OCHOBHOM
MCHIO IMPOTPpaMMBbI OJIOK «Pabora ¢ Katajorom», OIICPAHIO «PenakTupoBanue, MPOCMOTP
karanora». [[pOBEpUTh, UMEIOTCA JIM B KAaTaJOre CBEACHUS O IMyHKTaX OMOPHOMN
CETHU, K KOTOPBIM MPOU3BEJCHA MPUBSI3KA OMPEACIIEMOr0 MyHKTa ChEMOYHOU
CeTH, W BEPHO JIM 3aHECEHBbl CBEJICHUS O KoopAWHATax. B omnepamuio
«PenakTnpoBanme, IpoCMOTP Karamora» MOKHO BHECTH HMCIPABIICHUA, €CIIM HEBCPHO
HaOpaHbl KOOPJIMHATHI, PU OTCYTCTBUU B KaTaJlore UMEHU MTyHKTa HEOOXOANUMO
BLI6paTI> OIICpali0  «JlobaBneHne HOBBIX IIYHKTOB B Karajmor» W IIPOHU3BECTH
IIOITOJTHEHUE KaTajora.

3. YCTaHOBHUTH JBa BO3MOMKHBIX BapHaHTa OMNpENIETEHUs IyHKTa ChE-
MOYHOU CeTH 00paTHOM 3aCEUKOM.

4. B OCHOBHOM MCHIO IIPOTpaMMBbI BBI6paTB 6JIOI( «Bprunucinenue KoopauHaT»,
croco0 «O6parnas 3aceuxa» BIMUCIUTh HA [IKOMIIBFKOTEP koopaunater X u Y
MyHKTa CHhEMOUYHOW CETU W3 pELIEHUs] JIBYX ONTUMAJbHBIX CXeM OO0paTHOi
3aC€YKM W MOTPEIIHOCTh IMYHKTA B IUIAHE JJs Kaxaou cxembl. [IpuBectn
MaTeMaTHYEeCKUI anmnapaTr, peaii30BaHHBIA B MpOrpaMMe Il BBIYMCIICHHS
KOOpJWHAT.

5. YcraHoOBUTh M3 JIBYX BapMaHTOB OOpaTHBIX 3ac€yYeK Pa3HOCTh B IIO-
JIOKEHUHU ITyHKTa ChEMOYHOM CE€TU B IUIAHE, CIUYUTH €€ C JIOIYCTUMOM II0
«AucTpykuuu...» [8].

6. BeranciauTh U3 JBYX BapUAHTOB BBICOTHYIO OTMETKY OIPEACIISIEMOTO
MyHKTa CbEMOYHON CETU C YYETOM TOMPABKHU 3a KPUBU3HY 3eMiid U pedpak-
LU0, PACXOXIEHUE BBICOTHBIX OTMETOK CPABHUTH C AOMYCTHMBIM 1O "MHCT-

pyKIuu...".
[IpuBecTn MaTeMaTUYECKUN alIapaT, peaIM30BaHHbIA B IIPOTpaMME.
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N =

JlaTh 3aKIrouYeHue O HAIEKHOCTU OIPENEIICHUS IIYHKTa CbEMOYHOM CETH
pa3pesa cnocoOoM 00paTHOM reo1e3MYECKOM 3aCEUKH.

KoHTpoJIbHBIE BOIPOCHI:

Bunel reosie3sndyeckux 3aceqyuk?
UYrto Takoe 6a3uc reoae3nUecKoi 3aceuKku’?
TouHOCTB OIIPCACIICHUA KOOpAMWHAT HEU3BECTHOM TOYKH Ha OCHOBE
reoAe3MYECKUX 3aCCUK?
Hccnom3oBanue TOYKH Ieoa€3NYECKHUE 3aCC€YKU B KAaUCCTBE CHEMOYHOI'O
obocHoBaHuE?
MCTOI[BI CbEMKHU T'OpPHBIX BBIpO6OTOK N CUTyallun C LCJIbIO ITOJYUCHHUSA
IJIAHOB TOPHOI'O y4yacTKa?

Hcnoab3yembie JIMTEPATYPHI:
Boston, Louis F. Buff. High Grade Engineering, Surveying And Mining
Instruments. Nabu Press. 2010
William A. Hustrulid, Richard L. Bullock. Underground Mining Methods:
Engineering Fundamentals and International Case Studies. Society for
Mining. 2011
Barry A. Wills, James Finch. Wills' Mineral Processing Technology.
Butterworth-Heinemann. 2012
Balbir S. Dhillon. Mining Equipment Reliability, Maintainability, and
Safety. Springer 2011
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MeToanyeckne peKOMEeHIAUMH /I BbINOJIHEHUSI KOHTPOJIbHbIX
3aJlaHul

MeToanueckne peKOMeHIAUM K 3a1aHUI0 -1
[TpoexT HabMIOMATETLHOM CTAHIINY JIJISl OTIPEICIICHHS TTapaMeTPOB
CABMKCHUS 36MHOW TTOBEPXHOCTH TI0]T BIUSHUEM MOA3EMHBIX TOPHBIX
pa3paboToK

1.Ilpy  mpoexkTUpOBaHWUM  HAOIMIOJATENBHOM  CTaHIMU Uil YrOJb-
HBIX MECTOPOKACHUI:

1.1. Ilo yrny nanenus miacta a u3 OllpaBun oxpassl...» [5] onpeaenstor
yIJbl CIABWKEHUS P, Py Y, 5 M I'PaHUYHBINA yroa ¢, B HAaHOCAX, a TAKXKe YIroj
MakCUMalibHOrOo ocemanuss O W yronm ToOJHOro caswkenus \[z. U3
«MHCcTpYyKUMH...» [4] ycTaHABIMBAIOT MOMPaBKU K yriaaM Ap, p, Ay, AS.

1.2. Ha pa3pese no IJlaBHOMY CEUEHHIO BKPECT MPOCTUPAHUA IO yriaMm (p -
Ap) - CO CTOpPOHBI TIaJIeHUS T1acTa, (Y -Ay) - CO CTOPOHBI BOCCTAHUS U YTy ¢ -
B HAHOCAaX OMNPENEISIOT JJIMHY padodyeil yacT NpO(HIbHONW JIMHUU BKPECT
npoctupanus (Ab), a mo yrmy 0 - monoxeHue NPOPWIBHON IJWHUU TIO
npoctupanuto - Touka O (puc. 1, a).

1.3. Ha pa3pese no npoctrpanuio JJIMHY padboyeil yactu npopuiibHON JTUHUU
I'JI 1 MecTo mosiokeHHus Npo(UIBHBIX JUHUN BKpecT nmpoctupanus - O1, O2
onpenenstoT yrioMm (5 -AS) u paccTosHUSIMH, YKa3aHHBIMH Ha puc. 1, 0.

2. [Ipu mpoekTupoBaHMM  HAOMIOJATENIBHOM  CTAaHIMM Uil pyAd-
HBIX MECTOPOXKICHUIN

2.1. B 3aBHCMMOCTM OT YyIVIa NaJCHUS 3aJI€KH, CTPOEHUS M KPENOCTH
BMeIamux nopoa no «MHcTpykuuu...» [S5] ycTaHaBIMBAaKOT IPYIILy MOPOA,
YTIIBI CABUKEHHUS P, pl, y, 5, ¢ 1 mompaBku K yriiaM CABM)KECHHUS.

2.2. CTpoAT BepTUKAJbHBIE pa3pe3bl BKPECT TMPOCTUPAHUS U 1O
MPOCTUPAHUIO 3aJIEKM, Ha KOTOPBIX OINPEAENSIOT JJIMHY pabodeld dYacTu
npO(HUIBHBIX JIMHUN U UX MOJOKEHHUE.
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VI. BAHK KEMCOB g

Keiic: Bvluucnenue u oyeHKa mouHoCmu onpeoeieHus
KOOpOUHam nyHKma CbEMOYHOU cemu 00pamHoil 3aceuKoil L ! .
Ilpoonema: O6paboTaTh MOJEBBIC U3MEPEHUS B JaTh 3aKIIOYCHUE O
HaJIEKHOCTU ONpPEACIICHUS IMyHKTa ChEMOYHOM CETH paspesa AJisi CbEMKH TOPHBIX
BbIpaOoTOK B MacuTade 1:2000.

Haunubie 1. KoopauHatel yeTbipeX MyHKTOB OMOPHOM CETH pa3pe3a U BhICOTA BH-
3UpPOBaHUA Ha MMyHKTHI (Mpu. 3).

2. I3MepeHHble TOPU30HTANIbHBIE HAMPABICHUS, BHICOTA HMHCTPYMEHTA Ha IYHKTE
CbEMOYHOM CETH U YIJIbl HAKJIOHA C ONPEesieMoro myHkTa (mpui. 4).

3adauu 013 peuwienue nPOOIEMbL:

1. CocraButh B ymoOHom wmacmrade (1:10000 wmm 1:25000) cxemy
PAaCIOJIOKEHUSI ITYHKTOB MApPKIICHIEPCKOM ONOPHOM CETH pa3pe3a U ompe-
NENSEMOTO ITYHKTa CbEMOYHOU CETH.

2. 3arpy3uTh TMpOrpaMMmy «zasechki.exe», BBIOpaTb B OCHOBHOM MEHIO
IMporpaMMbl OJI0K «Pabota ¢ Karajorom», OIICPANNIO «PenakTupoBaHue, MPOCMOTP KaTaloray.
[IpoBepuTh, UMEIOTCS JIM B KATAJIOT€ CBEACHHS O IMYHKTaX OMOPHOM CETH, K
KOTOPBIM TMPOM3BEICHA NPUBS3KA ONPEACIAEMOTO IyHKTa ChEMOYHOU CETH, H
BEpPHO JIM 3aHECEHbI CBEACHUA O KOOpAWHATAaX. B omepauuio «Pepaktuposanue,
mpocMOTp  KaTtamora» MOXKHO BHECTHM HCHPABIICHUS, €CIU HEBEPHO HaOpaHbl
KOOPJIMHATHI, TP OTCYTCTBUU B Karajore UMEHU IMYyHKTa HEOOXOJIMMO BBIOpaTh
OIICpalrIO «/lobGaBneHNe HOBBIX ITYHKTOB B Katajnor» X IIPOU3BECTH ITOIIOJIHCHUE KaTaJIora.

3. YCTaHOBUTH J1Ba BO3MOXKHBIX BapUaHTa OMpPEAENCHUs MyHKTa ChEMOYHOU
CeTH 0OpaTHOM 3aCEUKOM.

4. B OCHOBHOM MEHIO IpPOrpaMMbl BBIOpATh OJIOK «Brruncienne KOOpIHHATY,
CIOCO0 «O6paThas 3aceuka» BBIYUCIUTDh KOOpAUHATHI X U Y MyHKTa ChEMOYHOM CeTH
U3 PEIICHUs] TBYX ONTUMAIbHBIX CXeM OOpaTHOM 3aCEYKH U MOTPENTHOCTh MyHKTa
B IUIaHE€ JUIi KaxJou cxembl. [lpuBecTH MareMaTWyeCcKWd  ammnapar,
peaM30BAHHBIN B IPOrpaMMe ISl BBIYUCICHUS KOOPAUHAT.

5. YCTaHOBUTH U3 JBYX BAPUAHTOB OOPATHBIX 3aC€UYEK PA3HOCTH B MOJIOKEHUU
MyHKTa CbEMOYHOW CETH B IUIAHE, CJIUYUTH €€ C 10ImycTUMON 1o « MHCTpyKIUu...»

[8].

6. Berumciute W3 JBYX BapUAHTOB BBICOTHYIO OTMETKY OIIpeAesieMOro
MyHKTa CHEMOYHOM CETH ¢ YYETOM MOMPABKHU 32 KPUBU3HY 3eMJIM U pedpakIuio,
PACX0KJIEHUE BBICOTHBIX OTMETOK CPaBHUTH C AOMyCTHUMBIM o "MHCTpykuwuw..."
[8].

[IpuBecTn MaTeMaTU4ECKU anmnapar, peajin30BaHHbIN B POrpaAMME.

7. JlaTh 3aKiIrOueHHE O HAAEKHOCTH ONPENETICHHUS MYyHKTa ChbEMOYHOU CETH
paspesa criocodoM 00paTHOM reoIe3MIECKON 3aCCUKH.
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Keiic: Yuém 06vémo6 ecKkpvluiu u 000614 noj1€3H020 UCKONAEMO20

Ilpoodnema: OnpenenuTh KOIUYECTBO MOJE3HOTO UCKOMAEMOI0 Ha CKJIaJe U 00beM
BCKPBILIN B 3200€ 110 MapKIIEHIEPCKON ChEMKE.
1. KoopauHaTtel TyHKTOB CBEMOYHOTO OOOCHOBAHMS CKJaja IOJIE3HOTO
rckomnaemoro (Tabi. 6).
2. Pesynbrarbl CBHEMKH TOBEPXHOCTH CKJIaJla IOJIE3HOTO HMCKOMAeMOT0O
TaxeoOMETPUUYECKUM CITOCOOOM (Tpui. 5).
3. Ilitan ropHBIX pabOT MEPBOToO BCKPHIIIHOTO ycTyma (obpazerr 15).

3adauu 014 pewienue npooIeMbl:
1. B COOTBETCTBMM C HOMEpPOM BapHWaHTa YCTAaHOBUTH CIOCOO TMOJCYETa
KOJIMYECTBA IMOJE3HOT0 HMCKOMAEMOro Ha CKJIaJe W OTYETHBIM mepuoi (roa u
MecsIn) Ui y4€Ta 00beMa BCKPBIIIH B SKCKaBaTOPHOM 3a0oe (Tabi. 1).
2. OnpenienuTh 00bEM MOJIE3HOTO UCKOMAEMOr0 Ha CKIIaje:
 HaHecTH Ha MiaH Macmrada 1:500 myHKTBI CBHEMOYHOTO OOOCHOBAHWS,
BBIYUCIIUTh OTMETKH PEEYHBIX TOYEK (IMMKETOB) U TMPOU3BECTU HAKIAIKY
Pe3yJbTaTOB ChEMKHU MOBEPXHOCTHU CKJIa/Ia Ha TJIaH;
* YCTAaHOBUTH I'PAaHUIIbI Pa3Bajia MITA0ENs MOJE3HOr0 HCKOMaeMOoro;

npu mnoacuére oOBEMOB CKJIaJa CIOCOOOM BEPTHKAIBHBIX MapaiieIbHBIX
CEUCHHMM TMOCTPOUTHh BEPTUKAIbHBIE ceueHusi depe3d 20 M NepHeHIUKYISPHO
MPOJIOJIBHOM OCH CKJIAJa;
* npu mnoacuyéTe OOBEMOB CKjIaJa CIOCOOOM TOPHU3OHTAIBHBIX CEUCHUN WU
CrIoco0OM OOBEMHOM TMAaJETKU MOCTPOUTH TOPU3OHTAIM OCHOBAHHUS CKiana (Io
OTMETKAM KOHTYPHBIX TOUYEK) U U30CEUCHUSI TIOBEPXHOCTHU
ITadess;
* MPOU3BECTH KOHTPOJb OMNpeAcieHuss 00bEMa TMOBEPXHOCTH CKJIaja aHa-
JATHYECKUM criocoooM Ha [I9BM;
* JaTh 3aKJIIOYEHHE O TOYHOCTH U TPOU3BOJUTEIBHOCTH OCHOBHOTO U
KOHTPOJILHOTO CIOCOOOB OmpeneNieHuss KyOaTyphbl MOJIE3HOTO HCKOMAaeMoro Ha
CKJIAJIC;
* ONpEeNeNUTh Maccy IuTabens yris Ha CKIage ¢ y4€roM (HaKTHUYEeCKOW W
HOPMATUBHOM 30JIbHOCTH YTJISi U IOPOBI, MPUHSAB: IIOTHOCTh yris y = 1,03 1/m ;
HOPMY 30JIbHOCTU TIO paspesy A= 15 %; daxtudeckyto 30mpHOCT A= 20 %;
30JIHOCTH 3acopsrornieit mopoasl A= 80 %.
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Tabnuia 6
KoopanHaTbl NYyHKTOB Cb€MOYHOT0 000CHOBAHMS

Howmep Koopaunatel, m BapuaHTtsel, 118 KOTOpBIX
IIYHKTa X Y 7 VU3MEHSETCs OTMETKA
COOTBETCTBYIOIIETO IyHKTa?
12 200,040 004,031 |90,58
221,502 128,511 (89,51 |01-07

288,031 090,012 90,32 |08-15
289,008 005,013 (91,34 |16-22
215,507 049,025 |90,45 (23-30

Al WIDNFH

3. Onpenenuth 00bEM BCKPBILIHU 32 OTYETHBINA IEPHO/L:

* C TOYCTYIHOrO IJIaHa TOPHBIX PA0OT CHATH KOIHUIO MOJIOXKEHUS 3a00s
BCKPBIIIHOTO YCTYIIa HA HAYAJIO U KOHEI] OTYETHOIO MEPUOJIA;

* BRIOpaTh U 000CHOBATh CIIOCO0 MOIcYETa 00BEMA BCKPHIIIIH;

* IPOU3BECTH MOJICUET 0OBEMOB BCKPHIIIH 32 OTYETHBIN MEPHO/I.

Pexomennyemas nureparypa [1, 7, 8, 10, 11].

JlecaTble 10 METPOB OJIHOIO M3 IYHKTOB ChEMOUYHOW ceTu (Tabia. 6)
3aMEHUTh BTOpPOW LM(pol HOMepa BapuaHTa. Hampumep, ana Bapuanta Ne 1
clemyeT nMpuHATh otMeTku: Z1 = 89,11; Z, = 90,32; Z; = 91,34, Z, = 90,45, a nns
BapuanTa Ne 15 U3MEHHUTh OTMETKY TOJIBKO BTOpOro myHkTa (Z; = 90,52), oTMeTKH
OCTaJIbHBIX IMYHKTOB MPUHSATH O Tab. 5 U T. 1.

Keiic: Bvituucnenue u ouenka mouHocmu onpeoeieHus KoopouHam nyHKma
CHYEMOYHOI cemu 00PAmMHOIl 3aCeUKoll ¢ UCNONB308AHUEM KOMNbIOMEPHbBIX
MexXHono2uill

IIpobaema: . O6paboTaTh MOJIEBBIE U3MEPEHUS U JIaTh 3aKIIOYEHUE O HAJIEKHOCTU
OTIPEJICIICHMSI TYHKTa ChEMOYHON CETH pa3pesa s ChEMKH TOPHBIX BBEIPAOOTOK B
Mmacirade 1:2000.

1. KoopanHaThl 4eThIpeX MYHKTOB OTMIOPHOW CETH pa3pes3a W BHICOTAa BU3HPOBAHMS
Ha MYHKTHI (pui. 3).

2. VI3MepeHHbIe TOPU3OHTAIbHBIE HAIIPaBIIEHUs, BHICOTA MHCTPYMEHTA Ha MYHKTE
CbEMOYHOM CETH U YTJIbI HAKJIOHA C OTPEAESIEMOTro MMyHKTa (MIpuJl. 4).

3adauu 014 pewienuil nPood.IeMbl:

1. CocraButh B ymobnom wmacmrade (1:10000 wmm 1:25000) cxemy
PAaCIOJIOKEHUSI ITYHKTOB MApPKIICHIEPCKOM ONOPHOM CETH pa3pe3a U ompe-
NENSEMOTO ITYHKTa CbEMOYHOU CETH.

2. 3arpy3uTh TMporpaMMmy «zasechki.exe», BBIOpaTb B OCHOBHOM MEHIO
IMporpaMMbI OJI0K «Pa6ota ¢ Karajiorom», OIICPANNIO «PenakTupoBaHue, IIPOCMOTP KaTajora.
[IpoBepuTh, MUMEIOTCS JIM B KATAJIOTE€ CBEACHUS O NYHKTAaX OIMOPHOM CETH, K
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KOTOPBIM TIPOM3BEJCHA NPUBA3KA OINPEHEISIEMOro ITyHKTa ChEMOYHOM CETH, U
BCPHO JIK 3aHCCCHBI CBCACHHA O KOOpJAHMHATAX. B onepanuro «Penaxtuposanue,
npocMoTp  Karajpora» MOJKHO BHCCTHM HCIIPABJICHHUSA, CCIM HCBCPHO Ha6paHbI
KOOPJIMHATHI, IPU OTCYTCTBUU B KATAJIOT€ UMEHU IyHKTa HEOOXOAMMO BbIOpATh
OIICpalUIO «JlobaBiaeHHe HOBBIX ITYHKTOB B KaTajor» M IIPOM3BECTH ITOIIOJHEHME KaTajora.

3. YCTaHOBUTH JiBa BO3MOXKHBIX BAPUAHTA ONpPEAENCHUS MYHKTa ChEMOYHOU
CETH 0OpaTHOM 3aCEUYKOM.

4. B MeHI0 mporpaMMBbl BBIOpaTh OJIOK «Beraucienue koopauHaty, CIIOCO0 «O6patHas
3aceuka» BBIYUCIUTh KOOPAUHATHI X U Y IMyHKTa CbEMOYHOM CETH U3 PEIICHUS ABYX
ONTUMAJIBHBIX CXEM OOpaTHOM 3aCeUYKH W MOTPEIIHOCTh IMYyHKTAa B IJIAHE IS
Kaxaon cxembl. [IpuBecTm MareMarTudyeckud anmapar, pealn30BAHHBIA B
[IpOrpamMMe JJIsl BBIYMCIICHHUS! KOOPAUHAT.

5. YcTaHOBUTH U3 IBYX BapUAHTOB OOpATHBIX 3aC€UEK PA3HOCTH B MOJIOKEHUU
IIyHKTa CbEMOYHOM CETH B IUIAHE, CINYUTH €€ ¢ A0IycTUMOon 1o «MHcTpykiuu...»
[8].

6. Berumciute W3 JBYX BapUAaHTOB BBICOTHYIO OTMETKY OIpENesieMOoro
MyHKTa CHEMOYHOM CETH ¢ YYETOM MOMPABKHU 32 KPUBU3HY 3eMJIM U pedpakIuio,
PACX0KJI€HUE BBICOTHBIX OTMETOK CPaBHUTH C JOMYCTHUMBbIM no "MHcTpykuwuw..."
[8].

[IpuBecTn MaTeMaTUYECKUM alapaT, peaIM30BaHHOU B IIPOIPAMMBL.

7. Jlath 3aKkiroueHre O HaA&KHOCTU OMpeNeieHUs] MyHKTa ChEMOYHOM CeTH
paspesa crnocoboM 00paTHOM reoIe3MIECKON 3aCCUKHU.
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VI.GOPMA U COJAEP KAHUE CAMOCTOSATEJBHOM PABOTBHI

CnymaTtenab BO BpeMsl MOATOTOBKH CaMOCTOSITEIBLHOM paboThl MO JaHHOU
JTUCIUTUTMHE JT0JKEH:

— U3YYUTh TJIaBbl W COJEpKaHHe Yy4yeOHMKa M Yy4eOHBIX MOCOOMH TIO
npenMerTy;

— OCBOWTbH I10 pa3JaTOYHOMY MaTepuaity onpeseseHHbIe YacTH JIEKIH;

— pabotaTh HaA TEMaMH MOIYJNS C HCHOJIb30BAaHUEM CIICHUATBHON
JUTEpaTyphl;

— IyOOKO M3Yy4YWTh TJaBbI MPEIMEeTa, CBSI3aHHBIC C BBIOJIHEHHEM Y4eOHO-
Hay4HOU paboToii;

— HWCIIOJIB30BATh HMHTEPAKTHUBHBIE METOJbl OOYy4Y€HHUs, JHUCTAaHIMOHHOE
oOyueHue.

TEMBI JJIS1 CAMOCTOSATEJBHBIX PABOT

1. TopHO reoMeTpuyecKMid aHaIWM3 M3YYEHHOCTH M HW3MEHYHMBOCTHU
noKasaresieid MeCTOPOXKACHUI MOJE3HbIX HCKOIAEMBIX.

2. MaTtemaTHUeCKHii MOJEIUPOBAHUH OOBEKTOB M MPOIECCOB MOJI3EMHBIC
pa3pabOTKN MECTOPOXKICHU MOJIE3HBIX UCKOIIAEMBbIX.

3. Mapkiueiaepckoe 00ecredeHnil OTKPBITHIX TOPBIX PaboT.

4. AHanu3 CTpOWTENbCTBA IOA3ZEMHBIX COOPYKEHHH, MPOEKTHO-
M3bICKATEIBCKUX PaboT.

5. CnBexeHue TOpPHBIX MOPOJA U 3EMHOM IIOBEPXHOCTHM B pE3yJIbTaTe
BPEHOTO BJIMSIHUE TOPHBIX padOT Mpu moa3eMHoi pazpadoTku MIIN.

6. Mapkmeiigepckoe oOecledeHrue MPOMBIIUICHHOW O€30MacHOCTH Ha
00BEKTaX HEAPOIOJIH30BAHUE.

/. BblunciieHHME M OLEHKA TOYHOCTH ONpEJIEICHUS KOOpPJIMHAT ITyHKTa
CHEMOYHOM CeTH 0OpaTHOM 3aCEUKOM.

8. Yuér 005EMOB BCKPHIIIH U AOOBIYH MOJIE3HOTO UCKOMAEMOTO.

9. BblunciieHME M OLEHKA TOYHOCTU ONPENEICHUS KOOPAMHAT IyHKTa
CbEMOYHOM CceTH O0OpaTHOM 3aceUyKol C MCIHOJb30BAaHUEM KOMIIBIOTEPHBIX
TEXHOJIOTUH.

10.TouHoCTh OmpeneneHus KOOPAMHAT HEU3BECTHOM TOYKM Ha OCHOBE

reoJIe3NYECKUX 3aCeuK.

11. Mcnosb30BaHME TOYKHU I€OAEC3NYECKHUE 3aCEUKU B KaUECTBE ChEMOYHOTO

00OCHOBaHUE.

12.Metoapl Ch€MKHU TOPHBIX BBIPOOOTOK M CUTYallMU C IEJbI0 MOJYy4YEHUS
IJIAHOB FOPHOIO yYacTKa.

13. Kputnueckux Touku AeGopMaiii B MyJibae CABHKCHHUS.

14. Mepsbl oxpaHbl COOPY>KEHUM ITPAaBUIIAMH OXPaHBI.

15. OcHOBHbBIE TOKYMEHTHI IIPU PEIICHUH BOMPOCOB IO CABUKEHUIO TOPHBIX
OpoJ.
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VII. TJIOCCAPHUM:

TI'nobanvnasn CHUCTEMA, COCTOSILAS U3 a constellation of satellites
HABUZAYUOHHAA CO3Be3/IHsI HAaBUTAIIMOHHBIX |providing signals from space
CHYMHUKO08AA CITyTHHKOB, CITy>KOBI transmitting positioning and timing
cucmema (FrHCC) KOHTpOJIs 1 yrpasienus u  |data. By definition, a GNSS provides

anmaparypbl global coverage

TOJIL30BaTEIICH,

MO3BOJISIOIIAS OTIPEICIISATh

MECTOTIOIOKECHUE

(KOOpaMHATHI) AaHTEHHBI

NPUEMHHKA TOTPEOUTEIIS
I7IOHACC I'HCC, pa3paboTanHas B a space-based satellite navigation

Poccun

system operating in

the radionavigation-satellite
service and used by the Russian
Aerospace Defence Forces

2N100anbHaA cucmema

I'HCC, pa3paboTtanHas B

a space-based navigation system that

onpeoenenus CIOA provides location and time

MECmOnonodicenus information in all weather conditions,

(GPS) anywhere on or near the Earth where
there is an unobstructed line of sight
to four or more GPS satellites.[1] The
system provides critical capabilities
to military, civil, and commercial
users around the world

cezmenm gacth [HCC, cocrosiiast u3 |consisting of consumer equipment of

nompeoumens anmapartypsl norpeouteneii [the GNSS

[nonv3oeamens] (CTTyTHUKOBBIX

IIPUEMHHUKOB)
HABUZAYUOHHDBLIL CIIYTHHK, KOTOPBIH satellite which emits radio signals
cnymuuk (HC) U3JTy4aeT paJHOCHTHAI, containing navigation information,

coaepKaIun
HAaBUTALIMOHHYIO
UH(POPMALIUIO, TIPHEM
KOTOpOH HE0OX0AUM ISt
oTpeieIeHus
MECTOIOTI0KEHHS
pUEeMHHKA MOTpeOnTeNs

the reception of which the consumer
is required to determine location of
the receiver

co3eesoue CHYmMHUKO6

COBOKYITHOCTb,
PacroJioKEHHBIX B
npoctpancTBe Becex HC,
Bxomsamux B THCC

set located in the space of HC
included in the GNSS

pabouee cozee3due

coBokynHocTh HC
YY4aCTBYIOIIMX B PEIICHUU
IOCTaBJICHHOH 3aJ1aud B

NA set involved in the task at a given
time
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JAHHBIM MOMEHT BpPEMCHU

satellites with the same technical data

2pynnupoeKa CITyTHUKH C OJJAHAKOBBIMH

CHYMHUKOG TexHuueckuMu nanHbiMu,  |included in the constellation
BXOJISIIIKE B CO3BE3/IHE

Konguzypayusn B3anMHOe pacrnionioxkenune  [kelative position of satellites at a

CHYMHUKOG CIIyTHHKOB B ompejiesieHHbIi |Specific time, specific to particular

MOMEHT BpEMEHH,
OTHOCsIIEECs K
KOHKPETHOMY
10JIb30BATENIO0

users

30Ha 0030pa

Y4aCTOK 3€MHOMU

portion of surface, which can be

(cnymnuka) MOBEPXHOCTH, C KOTOPOit observed from satellite (receiving
BO3MOXHO Habmoenue 3a  |signals from a satellite at a given
CIIyTHHKOM (TIpHeM time)
CHUTHAJIOB OT CITYTHHUKA B
NAHHBIA MOMEHT BpeMeHI/I)

CHYMHUKOGbLE r'C0/IC3UUCCKUE CETH, geodetic network created by means

2eooe3uyeckue cemu

CO371aBaeMbl€ METOAAMU
CIIyTHUKOBBIX OIPEACIICHUN

of satellite definitions

dynoamenmanvnan
acmponHomo-
2eo0e3uuecKkan cemp
(DAIC)

CEeThb, 00eCIIeYnBAIOIAs
BBICIIMI YPOBEHb TOUHOCTH
0011e3eMHO
F€OLEHTPUYECKOMN
KOOPAMHATHOW CUCTEMBI Ha
tepputopuun Poccun.

network that provides a high level of
precision common terrestrial
geocentric coordinate system on
territory of Russia.

6bICOKOmMOUYUHAasA
2eooe3uuecKkas cemow
(BI'C)

ceTh, oOecreunBaronas
CJIETYIOILYIO IO TOYHOCTH
nociie PAI'C peanuzanuro
KOOPAUHATHOW CHUCTEMBI,
ONUPAIONIASICS HA YHKTHI
OAIC.

network providing the following for
accuracy after implementing FAGS

CHYMHUKO08AS
2eooe3uueckasn cemp 1
Kknacca (CI'C-1)

ceTh, 00ecIeunBaromas
CJIEIYIOIIYIO 110 TOYHOCTH
nocie BI'C peanuzanmto
KOOPJMHATHON CHCTEMBI,
onmuparomasicsa Ha IMyYHKTBI
BI'C.

network providing the following for
accuracy after the implementation of
the GHS coordinate system, based on
HCV points.

cucmema WGS-84

BCEMUpHasl cUCTEMA
reoIe3NYeCKuX napaMeTpoB
3eman 1984 rona,
ucnonsszyemas B GPS, B
YHCJIO KOTOPBIX BXOJUT

worldwide system of geodetic
parameters of the Earth 1984 years
used in GPS, which include
geocentric coordinate system
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CHUCTEMaA I'COLCHTPHUYICCKUX
KOOpAHUHAT

Omcuémuasn ocHosa
[cemus] ITRF

MEXTyHApOHAS 3eMHAS
oTcuéTHas (reo1e3nvecKas)
OCHOBA, CO3JIaHHAs U
noaaepxxuBaemasi IERS

International earth otschétnaya
(geodetic) basis, created and
supported by IERS

OMCUEMHAA O0CHOGA
[cemb] EUREF

€BpOIIEHCKasl 3eMHas
oTcuéTHas (reojie3nyecKas)
OCHOBA, CO3/I1aHHas U
noJiiep>KuBaeMas
EBponeiickoin
noakomMuccueit MAT

European terrestrial otschétnaya
(geodetic) basis, created and
supported by the European
subcommittee

CpeAacTBa CNYTHMKOBbIX onpeaeneHui

cucmemHnas wKana
eépemenu (CIIIB)

LIKaja BpEMEHU BBICILIEN
TOYHOCTH, MpEeAHA3HAYCHHAs s
CHHXPOHM3allMU paboThl  BCex
cermenToB ['HCC, dpopmupyercs

High-precision time scale is
designed to synchronize the work
of all GNSS segments is formed
and maintained most stable time

U rnoanepkuBaercs HamOousee |Standard, located in control and
CTaOMILHBIMHU sTajJoHamMH |[management systems, and related
BpPEMEHH, pacroyiokeHHbIMU B [national frequency standards
CUCTCMAx KOHTPOJIA u
YOpaBJICHUA U CBA3AaHHBIMH C
HallMOHAaJIbHBIMH CTaHIapTaMu
HqacCTOThI

epemsn GPS cucremHas mikana Bpemenu GPS |GPS time scale system

epema ITTOHACC CHCTEMHas LIKaja BpeMEHH GLONASS time scale

I''IOHACC

oopmoesas wikana
eépemenu (BIIIB)

1IKajga BpeMeHu, opMupyemMas
60pTOBI>IM 9TaJIOHOM BPpCMCHHU U
4aCTOTHI

time scale, formed by onboard
standard time and frequency

WIKa1a 6pemenu
nompeoumens (ILIBII)

1IKana BpeMeHu, popmupyemas
KBapLIEBbIM OIOPHBIM
TE€HEPATOPOM MPUEMHHKA

time scale, formed by a quartz
oscillator reference receiver

CUHXPOHU3AUUA npoliecc BBEACHHUS NONpaBku B |process of introducing

0opmosbIx wiKan BIIIB mocne cBepku ¢ CILIB amendments after checking with
epemenu HC GPS

antbManax Habop crpaBouHBIX cBefeHuii o |Set of background information
(HasuzauuoHHbIX nosioxeHuH (o mkane Bpemenu u  [about the situation (on the scale of
CHYMHUKOB) 3JIEMEHTax OpOHT) U pabouem time and the elements of the orbit)

coctosuun Bcex HC manHoii
I'HCC, Bxomgmux B
nH(GOPMAIIUIO MTEepeIaBaeMyI0 CO

and the operating condition of the
National Assembly of the GNSS
included in the information
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CITyTHHUKA transmitted from the satellite
HABUZAYUOHHDLIL anmapaT, COCTOSIIUI U3 aHTEHHBI, |apparatus consisting of an antenna,
CHYMHUKOGbLIL panuornpreMHuKa U Beranciutens |a radio, a calculator, intended for
HPpUEMHUK [ mporeccopa |, the reception and processing of
npeHA3HAYCHHBIX JUIs TipueMa u [navigation signals of the National
00pabOTKH HABMTAIl[HOHHBIX Assembly in order to obtain the
curnasioB HC ¢ niensro mosydenus |necessary information to the
HEOOXOIUMOM TTOTPEOUTEITIO consumer (spatial - temporal
uHpopMmarmu (MpocTpaHCTBEHHO - [coordinates, direction and speed)
BPEMEHHBIX KOOP/IMHAT,
HaIpPAaBJICHUS U CKOPOCTH)
CRYMHUKO08ASA Ha3eMHast 4acTh aInmaparypsl ground part of equipment user is
2eooe3uyeckan notpedurens [monp3oBarens|, designed to perform geodetic
annapamypa npeHa3HAYCHHAS IS works
BBITTOJTHEHUSI T€0/I€3UIECKUX
pabort
2eooe3uyecKuil MPUEMHHK, 00€CTICUNBAOIHIA a receiver capable of receiving,
CHYMHUKOGbLIL npueM, Koa0Bo-(ha3oBoii code-phase information
npUEMHUK undopmaimu, nepenapaemoii co  |transmitted from the satellite,

CIIyTHMKA, IPETHA3HAYEHHOM IS
BBITIOTHEHUSI T€0/IE3MUECKUX
pabort

designed to perform geodetic
works

eéblicoma aHmeHHbl

paccTosiHue IO BEPTUKAIH MEXIY

vertical distance between the

(2e00e3uueckozo [IEHTPOM 3HAKa U TOYKOU center mark and the point of
HpUEMHUKQ) OTHOCHMOCTH aHTECHHbI relevance antenna
opueHmuposanue npolieaypa pa3BopoTa aHTeHHbI, |antenna reversal procedure, so that
AHMEHH bl TaKUM 00pa3oM, 4TOOBI the special mark (arrow) on the
(2eo0e3uueckozo crienanbHas oTMeTka (cTpesnka) [surface of the antenna has been
npuemnuKa) Ha MOBEPXHOCTH aHTeHHBI ObuTa  |directed to the North.
HanpasiyieHa Ha CeBep.
MHO2ORYMHOCMb dbaxrop, Bausromui Ha TouHocTh |factor affecting the accuracy of
(npunumaemozo CITyTHHKOBBIX OIPEIEIICHUH 1 satellite and definitions related to
NPUEMHUKOM CBSI3aHHBIN C XapaKTepOM the nature of the signal
usnyuenusn ¢ HC); pacrpoCTpaHeHHsI CUTHAIA CO propagation from the satellite (in
MHO201Y4e60CH by CIyTHHUKA (TIpU KOTOPOM OH which he finds himself on the
nepeompasicenue nomnajsacT Ha aHTEHHY MpHeMHKKa |receiving antenna not only directly
He TOJIbKO HenocpeacTBeHHo oT  [from the satellite, but also reflected
CIyTHHKa, HO U oTpa3uBIIKch oT |from the Earth's surface, or various
MOBEPXHOCTH 3EMIIH WITH objects surrounding the antenna)
Pa3IUYHBIX IPEAMETOB,
OKPY>KaIOIIUX aHTEHHY)
naoaooenue HC nporiece npuemMa u 00paboTKH process of receiving and

M3MEPUTENIbHOM HH(pOpMAIIUU OT

HC

processing the measuring
information from unauthorized
access
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CRymHUKogble omnperelieHue KoopAnHAT myHKTOB |determining the coordinates of
(2eode3uueckue) WIH TIPUPAIICHU KOOPIUHAT points or the increments of
onpeoenenus MEXy MyHKTaMu, OCHOBaHHOE Ha |coordinates between the points,
00paboTKe N3MEPHUTETHHOM based on the processing of the
uHbopMaIuy, mocrymnarmoieii co  measuring information received
cinytaukoB THCC from the GNSS satellites
onazonpusmnoli nepuoJ1 BpeMeHH, Korjaa Moskao  (period of time when you can
6PEeMEHHON unmepea |OTHOBPEMEHHO HaOIIOIaTh simultaneously observe the
(cnymHukoeblx) HeoOxoumoe unciio (He menee 4- [required number (at least 4)
onpeoenenuil X) CITyTHHUKOB C satellites precalculated value

MpeapacyYuTaHHbIM 3HAYCHUEM DOP.

DOP.
abconommvle MOJTy4YeHUe KOOPAUHAT B obtaining coordinates in the
onpeoenenus 00I1IIe3eMHOM TeolIeHTpUYEeCKOi  [common terrestrial geocentric
Koopounam; CHCTEME UJIM OTHECEHHBIX K system or related to the earth
A6MOHOMHBLIL pexcum |3€MHOMY SJUTUTICOUTY, KaK ellipsoid, as a rule, the code
u3mepenuil MPABUJIIO, 110 KOJAOBBIM pseudo-range measurements to

u3Mepenusnm ncesaogansHocteit - [satellites with an accuracy of a

710 CITyTHUKOB C TOYHOCTBIO HE few meters above

BBIIIIE TIEPBBIX METPOB
omHocumenbHble OTIpeJIeIICHUE Pa3HOCTH determining a difference between
(cnymnukosvle) KOOpJAMHAT MEX/Ty MyHKTaMHU B coordinate points in a session
usmepenus ceaHce (Kak KOJOBBIX, TaK U (both code and phase)

(ha30BBIX) U3MEpPEHUN measurements
oughpepenyuanvuvie  |NONPABKH, OTIPECICHHBIEC KaK determining a difference between
nonpaexu (K pasHoCTh Mex 1y u3MepeHnbiMu  |the coordinate points in a session
U3MepeHHbIM 3HaueHussMU riceBaonansHocTH 1o |(both code and phase)
3HAYEeHUAM KoJaM u/uinu Gpa3oBbIM izmereniypopravki defined as the
ncesoooanbHocmu) U3MEPEHUSIM U 3HAYCHUSIM difference between the measured

paccrosiHuii Mmexy npuemankom |values for the pseudo-code and /

U CIIyTHHKaMH, BRIYHCIEHHBIM 10 [OF phase measurements and the

M3BECTHBIM 3HaYeHUsM KoopauHart |value of the distance between the

nyHKTa ¥ 60pToBBIM ddemepumam |receiver and the satellite,

CIyTHHKA calculated from the known values

of the coordinate points and on-

board the satellite ephemeris
ougpepenyuanvuvle  |M3MEpeHUs, OCHOBaHHBIC HA measurements based on the
uszmepeHnus (8 BBeneHue nuddepeHnanbHbIX introduction of differential
CHYMHUKOBbIX MOTIPABOK, OMPEACIIIEMBIX corrections determined by the
onpeoenenunx) 0a30BO¥ craHuuei, B pe3ynbrarel  [base station to the results of

U3MEPCHHUH, BBIMOTHEHHBIX HA measurements performed on

nepeMeIaeMbIX PUEMHUKaX movable receivers

CropoxeBble KonrponsHoe  nuBenuposanue | Control leveling of the frames of
Ha0I00eHus YyacTH perepoB HabOmromaTeapHOM | the  observation  station, s

CTaHIIMH, BBIIIOJIHACMOC IIOCJIC
NPOBEJCHUS HAYalbHON cepun
HaAOIIOCHUH c LENBIO

performed after the final series
of observations to identify the
beginning of the process of
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BBISABJICHUS Hadanma mporecca | displacement.

CIIBHYKEHHSL.
Tunosas HabOmonarenpnass crannus Ha | Observation stations on the
Ha0JII0aTe TbHAs 3eMHOU noBepxHocTH, | ground, planted for the basic
CTAHIUS 3aJl0KeHHas Juis  mosydenus | parameters of the process of

OCHOBHBIX IIapaMETPOB Ipolecca
CABHKCHUA.
[IponomkuTenbHOCTh
CYIIECTBOBAaHUS  CTaHLUHUU  OT
OJIHOTO J10 HECKOJIBKUX JIET

displacement. Persistence
stations from one to several
years

Yribl IrpaHnvYHbIC

Bremmnne OTHOCHUTEIBHO
BBIPA0OTAaHHOTO  MPOCTPAHCTBA
YTJIBL, o0pa3oBaHHbBIE Ha
BEPTUKAJIBHBIX  pa3pe3ax Mo
MIPOCTUPAHUIO u BKpECT

MPOCTUPAHUSI PYIHOM  3aJICKH
(HO TJIaBHBIM CCUCHUSAM MYIJIbJbI
CABM)KEHHUSI) TOPU30HTAIBHBIMU
JIMHUAMHAU u JIMHUAMMU,
COETUHSIOLTUMHU TpaHuIly
BBIPAa0OTAaHHOTO MPOCTPAHCTBA C
IpaHulEN MYJbJbI CABHKEHUSI.

External relatively gob angles
formed on the vertical sections
along strike and across the strike
of the ore deposit (on the main
sections of the basin subsidence)
horizontal lines and lines
connecting the border-out space
with  boundary displacement
trough.

Yribl cABUKEHUA

Bnemnune OTHOCUTEJIBHO
BBIPA0OTAaHHOTO  MPOCTPAHCTBA
YTJIBI, 00pa3oBaHHbIE Ha
BEPTHKAIBHBIX  paspe3ax 1o
MIPOCTUPAHUIO u BKpecCT

MPOCTUPAHUSI PYIOHOM  3aJICKH
(MO TTaBHBIM CEYEHHSIM MYJIb]IbI

CIABWKEHUSI) TOPU3OHTAIBHBIMU
JUHUSMHA u JUHUSAMH,
MOCE0BATEIHHO

MPOBEACHHBIMM B  KOPEHHBIX
opoJax u HaHOCax "
COETMHSIIOUTUMU TPaHUILY
BBIPAOOTAHHOTO TIPOCTPAHCTBA C
rpaHuLeit 30HBI OMacHBIX
CIOBIDKEHUN Ha 3eMHOHI

MOBEPXHOCTU. PazmuyaroT yTIibl
CABUXXCHUA B HAaHOCAaX U B
KOPEHHBIX MOpOJax IMpH IMOJHOMN
U TpU HEMOJHOW moapaboTke
36eMHOM TTOBEPXHOCTH.

External relatively gob angles
formed on the vertical sections
along strike and across the strike
of the ore deposit (on the main
sections of the basin subsidence)
horizontal lines and lines
consistently held in bedrock and
alluvium and connecting the
border-out space with the
boundary zone of dangerous
displacement on the Earth's
surface. There are corners of
displacement in sediments and
bedrock at full and partial
undermining of the earth's
surface.

Yrasl pa3pbiBOB

Bremmnne OTHOCHUTEIBHO
BBIPa0OTaHHOTO  MPOCTPAHCTBA
yTJIbI, o0pa3oBaHHbBIE Ha

BEPTUKAIIBHBIX pa3pe3ax BKPECT
IIPOCTUPAHHUS ¥ 1TO TPOCTHPAHUIO

External relatively gob angles
formed by vertical cuts across
the strike and the strike of the
ore deposit (on the main
sections of the basin subsidence)
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pyaHo#l 3anexu (IO TJaBHBIM
CEUEHMSIM MYJIbJIbl CIIBUIKECHUS)
TOPU3OHTAIBHBIMU  JIMHUSAMH U

JVHUSIMH, COEIUHSAIOLUMHI
TPAHUILY BbIPaOOTaHHOTO
IIPOCTPAHCTBA  C  KpaHUMU
BHCINHMMHM  TpeIIMHAMM  Ha

3€MHOM IMMOBCPXHOCTH.

horizontal lines and lines
connecting the border-out space
with the extreme external cracks
on the earth's surface.

Yrubl o0pyienust

Bremmnne OTHOCHUTEIBHO
BBIPAOOTAaHHOTO  TPOCTPAHCTBA
yTJIbI, o0pa3oBaHHbBIE Ha

BEPTUKAJIBHBIX pa3pe3ax BKPECT
IIPOCTHUPAHUS U 110 IPOCTUPAHUIO
pyAHOl 3aynexu (IO TJaBHBIM
CEUEHHUSM MYJbJbl CIBHUKEHUS)
TOPU30HTAJIBHBIMA JIMHUAMH U

External relatively gob angles
formed by vertical cuts across
the strike and the strike of the
ore deposit (on the main
sections of the basin subsidence)
horizontal lines and lines
connecting the border
.vyrabotannogo space with a

JIMHUSIMH, coenunstontumu | border of collapse zone on the
IpaHuLly .BeIpaboTanHoro | earth's surface.
IIPOCTPAHCTBA C T'PAHMIIEH 30HBI
o0OpyIIeHHUS Ha 3eMHOM
MTOBEPXHOCTH.
Yroa Yron co croponsl mazaenus | The angle of incidence from
MaKCHMAJIbHOT0 3ajexku, — oOpasoBanublii  Ha | deposits formed in the vertical
ocelaHusA BEepTUKAILHOM  paspe3e  (mo | section (the cross section along
TJIaBHOMY  CceueHHMi0  Myabnel | the  main  basin  subsidence
CIIBIIKCHHUS 3emHoii | Earth's surface) across the strike
MTOBEPXHOCTH) Bkpect | of the deposit by the horizontal
MIPOCTHPAHHUS sajexu | line and the line connecting the
ropusoHTanpHOM  juHMed  u | middle of the gob with the point
JUHUEH, coenuusronieit | of maximum subsidence.
cepeuny BBIPaOOTaHHOTO
IPOCTPAHCTBA c TOYKOM
MaKCHMaJIbHOTO OCEIaHuS.
Yroa Brernnui otHocutensHO | External gob relative angle
BOPOHKOOOpa3oBaHus | BeIpaboTanHOro  mpoctpaHctBa | formed by a vertical cut in any
yrou, 00pa3oBaHHBII Ha | direction of the horizontal line
BEpPTUKAJIBHOM pa3pese B iarobom | and a line connecting the gob
HampaBIeHHd Tropu3oHTanbHOH | boundary with the boundary
JTUHUEH U nauHUeH, | zones on the earth's surface
COETUHAIONIET rpaHuny | craters.

BbIPaOOTaHHOTO MPOCTPAHCTBA C
ITPAHMIIEN 30HBI BOPOHOK Ha
36MHOU IIOBEPXHOCTH.
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