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1. O01mue cBexeHus
1.1. Ilpeamer m 3aga4u reoge3nu

CrnoBo 'reome3us" o00pa3oBaHO C TPEUECKOTO s3bIKa Kak '"3emuepazaeneHue”. DTo
Ha3BaHME COOTBETCTBOBAJIO COAEPKAHUIO T€0/IE3MM BO BPEMEHA €€ 3apOXACHUS M HauyalbHOIO
pa3Butusa. Tak, B Erunre 3amonro no Hamiel 3pbl U3MEPSUIMCHh pa3Mephl 3€MENIbHBIX Y4aCTKOB,
CTPOMJIMCH OPOCUTENbHBIE CUCTEMBI; BCE 3TO BBIMOJIHSIIOCH C Y4aCTHEM T'€0e3UCTOB.

C pa3BuUTHEM YEJIOBEYECKOrO OOIIECTBA, IOBBIIICHHMEM POJIM HAYKHM W TEXHUKH
pacIIupsuIOCh COJEP)KAHUE TE0AE3MM, YCIOXKHSUIMCh 3aJaud, KOTOpbIE CTaBWia IEepes] Hel
KHU3Hb.

B nacrosmee BpeMst reosie3us - 3TO HayKa O METOAAX OmpezencHust (GUrypbl U pa3MepoB
3emui ¥ U300paKeHHs €€ TTOBEPXHOCTU Ha KapTaxX W IUlaHax, a TaKXkKe O Croco0ax MpoBeACHUS
pa3IMYHBIX M3MEPEHUN Ha TOBEPXHOCTH 3emiiu (Ha Cylle U aKBaTOpHUAX), MOJ 3eMiieHd, B
OKOJI03€MHOM IMPOCTPAHCTBE U HA IPYTUX IJIaHEeTaXx.

W3BecTHbIl  yueHsblif-reofiesuct B.B.BuUTKOBCkMiI Tak oOXapakTepu3oBall T'€OJE3UI0:
"T'eome3usi mpeAcTaBiseT OJHY M3 TMOJE3HEHIIUX OTpaciel 3HaHMSA, BCE HAIle 3EMHOE
CYILIECTBOBaHHE OIPAaHUYEHO MpeaesiaMu 3eMJIU, U U3ydaTh €€ BUJI U Pa3MEpPbI UEJIOBEUECTBY TaK
K€ He0OX0AMMO, KaK OT/IETIbHOMY YEJIOBEKY - 03HAKOMUTBHCA C MOAPOOHOCTSIMHU CBOETO >KHJIbS .

Cpeau MHOTMX 3a/la4 reo/Ie3UH MOYXHO BBIJCIIUTh JOJITOBPEMEHHBIE 33Jjaul U 3a/laul Ha
OJKaiIe ToJIbl.

K nepBbsIM OTHOCSATCS:

omnpezeneHue GUrypol, pa3MepoB U IPaBUTAIMOHHOTO TOJIS 3eMJIH,

pacrpocTpaHeHHEe €MHOM cHUCTEeMBbl KOOPAWHAT Ha TEPPUTOPUIO OTAEIBHOTO TOCYAApPCTBA,
KOHTHHEHTA U BCEW 3eMJIM B IIEJIOM,

n300pa’keHe y4acTKOB MOBEPXHOCTHU 3€MJIM Ha TOMOIrpapMuecKuX KapTax M IUIaHax,

M3y4eHHUeE TT100aIbHBIX CMELEHUI OJI0KOB 36MHON KOPBHI.

Ko BTOpBIM B HacTos11€e BpeMs OTHOCSATCS:

co3nanue u BHeApeHue 'MC - reonHpOopMalimOHHBIX CUCTEM,

CO3/IaHME TOCYJApPCTBEHHBIX U JIOKAJIbHBIX KaJacCTPOB: 3€MEIbHOI0, BOJHOTO, JECHOTO,
TOpPOJICKOTO U T.1.,

Tonorpado-reojie3nyeckoe odecrnedyeHue IeMMUTAlNU (ONpeAeTeHNus) U JeMapKaluu
(0603HaueHus) rocyJapcTBEHHOM rpanulisl Poccun,

pa3paboTKa 1 BHEJpEeHUe CTaHIapTOB B 001acTu M(poBOro kaprorpadupoBaHus,

co3anue MU(GPOBBIX U AIEKTPOHHBIX KaPT U MX OAHKOB JIaHHBIX,

pa3paboTKa KOHIENIUA U TOCYAapCTBEHHOM MpOrpaMMbl IMOBCEMECTHOTO Iepexojaa Ha
CIyTHUKOBBIE METO/Ibl aBTOHOMHOT'O OIPEJIEIIeHNsI KOOPIUHAT,

CO3/1aHM€ KOMIUIEKCHOTO HallMOHAJIbHOTO atiaca Poccun u npyrue.

Oty 3amaun 3anucadbl B [locraHoBneHun koiuierun PenepanbHON CIIy:KOBI T€0JIe3UU U
kaprorpadguu Poccun ot 20 deBpans 1995 roga.

VYcioxxHeHre W pa3BUTHE T'eOAE3MH MPUBEIO K pa3JelieHHI0 €€ Ha HECKOJIbKO HAay4YHBIX
JUCLUTUIMH.

Bricias reosme3usi usywaer ¢urypy 3eMmiH, €€ pa3 Mepbl UM TpaBUTAIlOHHOE TOJIE,
o0ecrieunBaeT pAaclpoOCTpaHEHHE MPHUHATHIX CUCTEM KOOpAMHAT B Tpeaenax TrocyAapcTBa,
KOHTMHEHTa WM BCEM TMOBEPXHOCTH 3€MJIM, 3aHHMAETCS MCCIEIOBAHUEM JPEBHUX U



COBPEMEHHBIX JBMKEHUI 36MHOW KOpBI, @ TAaKXKe U3ydaeT GUrypy, pa3Mepbl U rpaBUTALIMOHHOE
noJie Apyrux miuaHeT CoiaHed HOM CUCTEMBI.

Tomorpadus ("tomoc" - mecto, "rpado" - mwuiny; JOCIOBHO - OIMHMCAHUE MECTHOCTH)
U3y4aeT METO/bl TONorpauyeckoil ChbeMKH MECT HOCTHU C LIEIbI0 N300paKeHU €€ Ha IJIaHax U
KapTax.

Kaprorpadust n3ydaer Merolpl U HPOLECCHl CO3/1aHUS M HCIOJIb30BAHUS KapT, IUIAHOB,
aTJIacoOB U JIpyroil kaprorpaduyeckoi NpoIyKIHH.

®dotorpammetpust (potoronorpadust 1 adpodOTOTOINO rpadusi) U3ydaeT METOIBI CO3aHUS
KapT U IJIaHOB 110 (OTO- U a3pO(HOTOCHUMKAM.

WnxeHepHas reofe3ust U3y4yaeT METOJAbl M CPEACTBA IPOBEJIEHUS T'€0AE€3MUYECKUX PadoT
IPU U3BICKAaHUSX, MPOEKTUPOBAHUU, CTPOUTENIHLCT BE U IKCIUTyaTallM PAa3IUYHBIX WHKEHEPHBIX
COOPYKEHHUI.

Mapxuieiiiepust (1moa3emMHasi Teoie3usi) U3ydaeT METO JAbl IPOBEICHMS Ie€0/Ie3HMUECKUX
paboT B OJ3E€MHBIX FOPHBIX BbIpaOOTKAaX.

[ToHATHO, YTO YeTKO OOO3HAYEHHBIX TPAHUL] MEXJY NEPEUYHUCICHHBIMU JIUCLUILIMHAMU
Her. Tak, Tomorpadus BKkIO4YaeT B ceOs 3JEMEHThl BBICIIEH TIeofe3ud U KapTorpaguw,
UH)KEHEpHasi TIeofie3us] UCIOJIb3YeT pa3lieNibl MPAKTUYECKH BCEX OCTAJIbHBIX TI'€0JI€3MYECKHX
JTUCLIUTUTAH H T.JI.

VYxe W3 O3TOro HEMOJHOTO TMEpeYHs TIeO0[e3WYECKUX JUCLMIUIMH BHJIHO, KakKue
pa3zHooOpa3HbI€ 33/1a4M - U TEOPETUUYECKOT0, U MPAKTUUECKOI0 XapaKkTepa, - IPUXOIUTCS peulaTh
reoIe3rcTaM, YTOObI YIOBJIETBOPUTH TPEOOBAHUSI TOCYNAPCTBEHHBIX M YACTHBIX YUYPEKICHHA,
KoMmaHui u ¢pupM. [ rocy1apCTBEHHOIO IUIAaHUPOBAHMSI M PA3BUTHUS IPOM3BOIUTEIbHBIX CHUII
CTpaHbl HEOOXOAMMO M3y4yaTb €€ TEPPUTOPHIO B  TONOrpaUUEcKOM  OTHOIIEHUH.
Tonorpaduyeckue kapra U IJIaHbl, CO37aBaeMble I'€0/I€3UCTaMH, HYXHBI BCEM, KTO paboTaer
WIN NepeABUraeTcs o 3eme: reojoram, MopsikaM, JIETUMKaM, MPOEKTUPOBIIMKAM, CTPOUTEIISM,
3emJieieNbliaM, JIECOBO/IaM, TYpUCTaM, IIKOJIbHUKaM U T.1. OCOOEHHO HYXHBI KapTbl apMHH:
CTPOUTENILCTBO  OOOPOHUTENIBHBIX  COOPY)KEHUH, cTpenpba 1O  HEBUAUMBIM  LIEJSM,
UCIIOJIb30BaHUE PAKETHOW TEXHUKH, IJIAHUPOBAHUE BOEHHBIX ONEpalui, - Bce 3TO 0e3 KapT u
JIPYTHUX T€0A€3UUECKUX MaTepUaioB IPOCTO HEBO3ZMOXKHO.

['eone3us 3aHMMaeTcsd U3ydeHUEM 3eMJIM B COJPYKECTBE C JIPYyrMMH 'TeoHaykamu', TO-
ecTb, HaykaMu o0 3emiie. Pu3nveckre CBOMCTBA 3eMIIM B 1I€JIOM U3ydaeT Hayka "¢usnka 3emin",
CTpOEHHE BepXHEW 000JIOUKM Hallell MIaHeThl M3Yy4aroT IeoJIoTusl M reodusmka, CTpoeHHE U
XapaKTEepPUCTUKN OKEaHOB W MOpeH - Tuaposorus, okeaHorpadus. ATMocdepa - BO3TYyLIHAS
o0onouka 3eMiId - M MPOLECCHl, MPOUCXOJAIINE B HEW, SBIAIOTCA MPEIMETOM H3YYEHUS
METEOPOJIOTUU U KJIMMATOJIOTUU. PacTUTeNbHBIN MUpP M3ydaeT reo00TaHUKa, KUBOTHBIA MHp -
3ooiorus. Kpome 3toro, ectsb emie reorpadusi, reomopdomorust u apyrue. Cpeau Bcex HayK O
3emJiie Te€0/1e3Hsl 3aHUMAET CBOE MECTO: OHA M3Yy4aeT FeOMETPHUI0 3eMJIM B LIEJIOM U OTIENbHBIX
Y4aCTKOB €€ TOBEPXHOCTH, a TaKXe T'€OMETPHUI0 JI0ObIX OOBEKTOB (M E€CTECTBEHHOIO, M
HCKYCCTBEHHOT'O MIPOUCXOKJICHH) Ha MOBEPXHOCTH 3eMJIU U BOJIU3HU Hee.

['eone3usi, Kak U Apyrue HayKH, IIOCTOSHHO BIMTHIBAET B c€0sl JOCTMXKEHUS MAaTEMaTUKH,
(Gu3UKK, aCTPOHOMHHM, PAJUODIEKTPOHMKH, aBTOMATUKU M JAPYrHMX (QYHAAMEHTAJIbHBIX U
NPUKIAJHBIX Hayk. M300peTeHue na3epa NpUBENO K IOSBICHUIO JA3€pHBIX T'€0JIE3MYECKHX
puOOPOB - JIa3epHBIX HUBEIMPOB U CBETOJAIBHOMEPOB; KOJOBBIE U3MEPHUTENbHbIE PUOOPHI C
AaBTOMATUYECKON (puKcalyel OoTCueTOB MOTJIHM TMOSBUTHCA TOJBKO HA ONpEAEIEHHOM YpPOBHE
pa3sBUTHSI MHUKPOIEKTPOHUKM M aBTOMaTtuku. Yro ke Kacaercs HMHPOPMATUKU, TO €€



JOCTHKEHUS BBI3BAIM B I'€OJIE3UU MOMJIMHHYIO PEBOJIOLMIO, KOTOpas MPOUCXOAMUT ceiddac Ha
HAIIUX TJa3ax.

B nmocnemHue rombl CTPOHMTENBCTBO TaK HA3BIBAEMBIX YHUKAIBHBIX WHKCHEPHBIX
COOPYKEHHH MOTPeOOBaIO OT I'eOJIe3UH PE3KOro TOBBIIICHHUS TOYHOCTH M3MepeHuid. Tak, mpu
MOHTa)K€ 00OpY/JOBaHUS MOIIHBIX YCKOPHUTENIEH MPHUXO JWTCS YYUTHIBATH ACCATHIE U JaXKe
coTble gonu MutuMerpa. [lo pesynbraraMm reoge3nyeckux U3MEpPeHU U3ydaroT AeGopMaii u
OCaJKU JEHCTBYIOLIEr0 MPOMBIIUIEHHOTO O0OpYyIOBaHUS, OOHAPYKUBAIOT JBUKEHHE 3EMHOMN
KOpBbI B CEIICMOAKTUBHBIX 30HAX, HAOIIOAAIOT 32 YPOBHSIMH BOJIbI B pEKax, MOPSX U OKeaHaX U
YPOBHEM I'PYHTOBBIX BO/I.

B0o3MOXHOCTh WCIONB30BaHUS HWCKYCCTBCHHBIX CITyTHHUKOB 3eMJIM JJISl  PEUICHUS
TeOJIC3NYCCKUX 3a7ad IMPUBEIA K IMOSBICHHIO HOBBIX PAa3/IeNOB TEOJC3UH - KOCMUYECKOU
reojie3uu u reoae3uu miaHet. [loareepxmarores cinosa K.3. [lnonkoBckoro: "3emits - KOJIbIOeb
YeJIOBCUCSCTBA, HO HEJIB3SI BEYHO KUTh B KOJILIOEH."

1.2. ITousitue o purype 3emiu

Q@urypa 3emyd Kak IUIAHEThl M3JaBHA HMHTEpPECOBAJa YUYEHBIX; Ul T'EOJIE3UCTOB KE
YCTaHOBJIEHHE €€ (QUTYPBI U Pa3MEPOB SIBISIETCS OAHON U3 OCHOBHBIX 3ajiau.

Ha Bompoc: "Kakyro popmy numeer 3emis?" OOIBIIMHCTBO JIFOICH OTBeUYaeT: "3eMils UMeeT
dopmy mmapa!". JleCTBUTENBHO, €CTIM HE CUMTATh TOp M OKEAHMYECKHX BMIAJWH, TO 3EeMIIIO B
MepBOM MNPHUOIMKEHUH MOXHO CYHMTaTh IapoMm. OHa BpamlaeTcsi BOKPYT OCH U COTJIACHO
3aK0HaM (PU3MKU JOJKHA OBITH CIUTIOCHYTa Yy TONOCOB. Bo BTOpOM mMpHOMMKEHUH 3€MITIO
MPUHUMAIOT 3a SJUTMIICOM]T BPAIlEHUS; B HEKOTOPBIX MCCIENIOBAHUSAX €€ CUUTAIOT TPEXOCHBIM
AIUTATICOUIOM.

Ha moBepxHocTr 3eMiid BCTpPEYarOTCS paBHUHBI, KOTJIOBHHBI, BO3BBIIIEHHOCTH U TOPBI
Pa3HOI BBICOTHI; €CJIH )K€ MPUHATH BO BHUMaHUeE peibed JHa 03ep, MOpel U OKEaHOB, TO MOXHO
CKa3arb, 4TO (hopMa (HpU3MUECKON OBEPXHOCTH 3eMIIM OYEHb CI0KHAas. J{J1s ee u3yuyeHus: MOKHO
MPUMEHUTH IMHUPOKO MU3BECTHBIN CIIOCO0 MOJETUPOBAHUS, C KOTOPHIM ITKOJIBHUKH 3HAKOMSITCS
Ha YpoKax WH(OPMATUKH.

[Tpu pa3paboTke MoJenu Kakoro-aubo OObEeKTa WM SBIEHUS YYHTHIBAIOT TOJBKO €Tro
TJIaBHBIE XapaKTEPUCTUKU, UMEIOIINE 3HAUYCHUE JJIs YCTIEUTHOTO PEIIeHUs JTaHHOW KOHKPETHOU
3a/1a4yM; BCce JIPYrUe XapaKTe PUCTUKH, KaK HECYIIECTBEHHBIE /U JAHHOM 3a/1ayi, BO BHUMaHUE
HE TPUHUMAIOTCS.

B mMonenu mapooOpa3Hoi 3eMiu MOBEpXHOCTh 3eMiid uMeeT cepuueckyro hopmy; 3/1ech
BaXEH JHIIb paauyc cdepbl, a BCE OCTAJbHOE - MOPCKHE BMAJIWHBI, TOpPbI, PaBHUHBI, -
HECYHIeCTBEHHO. B 3Toil Momenu wucnonb3yercss reoMeTpus cdepbl, Teopus KOTOpOi
CPaBHHUTEIHHO MPOCTA U OYSHH XOPOIIIO pa3paboTaHa.

Mopnens 3IUIICOnIa BpaIlleH I UMEET JIBE XapaKTEPUCTUKU: pa3Mephbl OOIBIION U Mol
nosryoceil. B 3Toil MoJenn UCoab3yeTcsi TeOMETPUs SIUTUIICONIA BpalEHUs, KOTOpasi HAMHOTO
CJIO’KHEE TeoMeTpuu cepsl, X0Ts pa3paboTaHa TaKKe JOCTATOYHO MOIPOOHO.

Ecnmu ygacTok moBepxHOCTH 3emiid HEOOJBIION, TO WHOT/IAa OKAa3bIBACTCS BO3MOXKHBIM
IMPUMEHUTD JJI ATOr0 y4acTKa MOJENb IJIOCKOM MOBEPXHOCTH; B 3TOM MOJENTH NMPUMEHSETCS
reoMeTpHsl IUIOCKOCTH, KOTOpash MO CIIOKHOCTH (a TO4yHee, MO MPOCTOTE) HECcpaBHUMA C
reomeTpuei cepsl, a TeMm 0osiee ¢ TCOMETPUEH PIUTHIICOUIA.



B omHoM wu3 y4eOHMKOB 1O BbICIIEH Teone3uu HamucaHo: "[lonstue ¢urypsr 3emiun
HEOJHO3HAYHO U UMEET PA3JIUYHYIO0 TPAKTOBKY B 3aBUCH MOCTH OT MCIOJIb30BAHUS MOJIYy4aeMbIX
naHHbIX". IIpu pemieHny reofe3u 4ecKUX 3a/ad MOXKHO MHOIJIA CUUTATh IOBEPXHOCTh yyacTKa
3emun 10O YaCcThIO TIOCKOCTH, JIMOO YaCThI0 Cephl, MO0 YaCThIO0 MOBEPXHOCTH 3T JTUTICOUA
BpallleHUs U T.[.

Kakoe HampaBieHue BIOJHE OJHO3HAYHO M OYEHBb MPOCTO MOXKHO OINPEAETUTH B JIFOOOI
Touke 3emiu 6e3 crneuuanbHbIX TpubopoB? KoHewHo ke, HAampaBlieHUE CUIIbI TSXKECTH; CTOUT
MOJIBECUTh HA HHUTh IPy3, U HATSAHyTas HUTHh 3apUKCHUpYeT 3TO HampasieHue. VIMEHHO 3TO
HaIpaBJIEHUE SBIISETCS B T€0/I€3MM OCHOBHBIM, TaK KaK OHO CYIIECTBYET OOBEKTUBHO U JIETKO U
npocto oOHapyxkuBaercs. HampaBineHust CHJIBI TSDKECTM B pasHBIX TOUYKaX  3eMIIU
HenapasuleabHbl, OHU pPaJUalbHbI, TO-€CTh IIOYTH COBIAJAIOT C HAIPABICHUSAMHU PagUyCOB
3emiu.

[ToBepxHOCTh, BCIOJY NEPIEHIUKYJISAPHAS HANpaBICHUSIM CHUJIbl TSAKECTH, HA3bIBAECTCS
YPOBEHHOM MOBEPXHOCTHIO. YPOBEHHBIE TOBEPXHOCTH MOKHO MPOBOJUTH Ha Pa3HBIX BBHICOTAX;
BCE OHU SIBIISIFOTCS 3aMKHYTHIMH U TTOYTH HapajlielbHbl OJIHA APYTOM.

YpoBeHHasi MOBEPXHOCTh, COBMAAANOINIAs C HEBO3MYIICHHON MOBEPXHOCTHIO MHPOBOTO
OK€aHa W MBICJIICHHO MPOJOJDKEHHAs] MOJ MAaTepUKH, Ha3bIBA€TCS OCHOBHOW YPOBEHHOM
MOBEPXHOCTBIO UJIM MIOBEPXHOCTHIO T€OUIA.

Eciun Obr 3emuis Obuta MI€aqbHBIM IIAPOM M COCTOSUIa M3 KOHIEHTPUYECKUX CIIOEB
Pa3IMYHOM IJIOTHOCTH, MMEIOIIMX IOCTOSHHYIO IIJIOTHOCTh BHYTPH KaKJIOTO CIJIOSl, TO BCE
YPOBEHHBIE IOBEPXHOCTH HMeNM Obl cTporo cdepuueckyro (GopMmy, a HaIpaBICHUS CHIIBI
TSOKECTH COBHaAanu Obl ¢ paguycamu cdep. B peanbHoil 3emiie HampaBiIeHUS CHIIbI TSKECTH
3aBHCST OT PacHpe/esIeHUs] MacC Pa3IUYHON MIIOTHOCTH BHYTPHU 3€MIIH, TIOSTOMY IMOBEPXHOCTh
reou/ia UMeeT CIOXKHYI0 (popMy, HE MOJAAIOUIYIOCS TOUHOMY MaTeMaTHYECKOMY OMHUCAHUIO, U
HE MOXXET OBITh OIpeieeHa TOJIbKO U3 Ha3eMHbIX H3MEPEHHIA.

B Hacrosmee BpeMs Inpu M3Y4eHHH (PU3MUECKOW TMOBEPXHOCTH 3eMJIM  pPOJIb
BCIIOMOTaTeJIbHOM MOBEPXHOCTU BBIMOJIHAET MOBEPXHOCTh KBa3uUreouaa, KOTopask MOXKET ObITh
TOYHO  ONpEJEelIeHa OTHOCUTEIbHO TIOBEPXHO CTH  DJJUIMICOMJA IO  pe3yibTaraM
ACTPOHOMHUYECKHX, T'€0JIC3NUYECKUX U IPaBUMETPUUECKUX M3MepeHuid. Ha teppuropun Mopen u
OKEaHOB TOBEPXHOCTh KBa3MI€OMJla COBMAJAET C IOBEPXHOCTbIO TE€OM/JA, a Ha CyIIe OHa
OTKJIOHSIETCS OT HEro B Mpezenax IByX MeTpoB /24/ (puc.1.1).

CYIIA
— o _ HEAYMTEOH[

T E0Hf
SJLIHIIC OHf

T B0 (FEA2HT E0HT)

Puc.1.1

3a [eHCTBUTENbHYIO IOBEPXHOCTh 3€MJIM MPUHUMAIOT Ha Cylle €€ (PU3NYECKYIO
MOBEPXHOCTh, HA TEPPUTOPUN MOPEN U OKEAHOB - UX HEBO3MYIIECHHYIO TIOBEPXHOCTb.



UTo 3HAYUT HM3YYHUTh AEHCTBUTEIBHYIO MOBEPXHOCTh 3eMiIU? ODTO 3HAYUT OMNPEIAECITUTH
MOJIOKEHHE JTI000H ee TOUKU B MPUHATON cUCTeMe KOOpAMHAT. B reofe3nn cucteMbl KOOpIUHAT
3a/1al0T Ha IOBEPXHOCTH AJUIMIICOMUJA BpAIIEHUS, TOTOMY YTO M3 IMPOCTHIX MAaTEMaTHYECKHUX
MIOBEPXHOCTEH OHa OJIMKE BCEro IMOAXOAUT K IOBEPXHOCTU 3€MJIM; MOBEPXHOCTh 3TOTO
AITMIICOU]IA HA3BIBAETCS €II€ MOBEPXHOCTbIO OTHOCUMOCTH. DJIJIM IICOUJ BPAIEHUs IMPUHATHIX
pa3MepoB, OMNpENEICHHBIM 00pa30oM OpPHUEHTUPOBAaHHBIM B Teje 3eMid, Ha MOBEPXHOCTb
KOTOPOTO OTHOCSITCSI T€0/Ie3MYECKHE CeTH IMpPH HMX BBIYMCICHUH, HAa3bIBaeTCA pedepeHi-
3JUTUIICOUIOM.

Hns Tepputopun Hamel ctpanbl nocranoieHueM Coera Munuctpo CCCP N 760 ot 7
arnpens 1946 roaa MIPUHST BJUTUIICOU Kpacosckoro:
OombIras moryock a = 6 378 245 M, manas moiryock b = 6 356 863 m, mossipHOE CxKATHE:

a-b 1

@ 2983

o =

[TpumeHsieMble B pa3HBIX CTpaHax pedepeHI-dIUTHIICOUABl MOTYT UMETh HEOJIMHAKOBBIC
pa3Mepbl; CYIIECTBYET M OOIIE3eMHOM JJUIMIICOW[, pa3Mepbl KOTOPOTO YTBEPKIAIOT
MexnyHapoaHble reoje3nueckue opranusaiuu. Tak, B cucteme WGS-84 (World Geodetic
System) 3Tu pazmepsl CyTh O00JbIIas moyock a = 6 378 137.0 M, momnsipHOE CHKaTHE:

a—=b 1
o= —
a 298.2566

Manas nonyock mpu HEOOXOIUMOCTH BBIYHCIISICTCS Yepe3 a U 0.

= 0.003352810665

I[J'ISI MHOT'MX 3aJa4 TreoJAc3nun IOBCPXHOCTBIO OTHOCHUMOCTH MOKET CIIYKHUTb C(bepa,
KOTOpasaA B MAaTEMATHUYCCKOM OTHOIICHUHU CIIC IIPOIIC, YEM ITIOBEPXHOCTh 3JUIMIICON A BpalllCHUAA,
a U1 HCKOTOPLBIX 3a/1a4q HEOO0JIBIION Y4aCTOK C(l)epbl WA SJIJIMIICON A MOXXHO CUHUTATh IIJIOCKHUM.

1.2.1. ActrpoHOMHYECKHE KOOPIHMHATHI

[Tono’keHne TOYKM Ha TOBEPXHOCTH cdepbl omnpenenserca IByMs chepuuecKuMu
KOOpJAWHATaMU - MIMPOTOH M noaroToi (puc.l.2: Touka O - meHTp cdepsl, Touka P - ceBepHBbIit
nomtoc, Touka P' - roxkHbI momioc). IIpoBenem nuHuio skBaropa QQ, MOITY4YEHHYIO OT
nepeceueHus! MI0CKOCTH SKBATOPA U IIOBEPXHOCTH C(ephl.

[TnockocTe MepuauMaHa TOUYKM A, Jexalled Ha MOBEPXHOCTH Cdephl, MPOXOTUT depe3
OTBECHYIO JIMHUIO TOYKH A M ochb BpameHus 3emnu PP'. Mepuanan Toukum A - 3TO JMHUSA
nepeceyeHus! MI0CKOCTH MEpUIMaHa TOUKU A C MOBEPXHOCTHIO CepHI.

[upora Toukn A - 3T0 yroj, oOpa30BaHHBIN OTBECHOH JIMHUENH TOYKH A M IIIOCKOCTBHIO
HKBATOPA; ITOT YroJl JIEKUT B TNIOCKOCTH MEPHIMaHa TOUYKH.

[HupoTta oTcuuTHIBaETCSA B 00€ CTOPOHBI OT 3KBaTOpa (K CEBEpY - CeBEpHasl MHUPOTa, K IOTY
- 1okHas1) ¥ u3Mensercs ot 0o 1o 90o.



Puc.1.2

JlonroTra To4ku A - 3TO JABYTPaHHBIM yrojl MKy IIOCKOCThIO HAYAJILHOTO MEpUIuaHa 1
IUIOCKOCTBIO MepHanaHa Touku A. HauanpHblil MepuaMaH MPOXOIUT Yepe3 LEHTP IJIaBHOTO 3ajia
['puHBHUCKOI 0OcepBaTopuu, pacnoioxenHoi BOam3u Jlonmona. Jlonrotsl n3menstorcst ot 0o
no 1800, k 3amany ot ['puHBHYa - 3amagHble ¥ K BOCTOKY - BOCTOYHBIE. Bce TOUKM OAHOTO
MepHIMaHa UMEIOT OJJMHAKOBYIO JOJTOTY.

[TpoBenem uepe3 TOUKYy A IUIOCKOCTb, NApajuIEIbHYIO IUIOCKOCTH SKBAaToOpa; JIMHUS
nepecedeHus] dTON IIOCKOCTH C MOBEPXHOCTHIO c(ephl HA3bIBACTCS MAPAIIICIbI0 TOUKH, BCE
TOYKH Mapaljieid UMEIOT OJJMHAKOBYIO IIUPOTY.

[TpoBenem mnockocth G, KacaTenbHYIO K MOBEPXHOCTH c(ephl B TOUKE A; 3Ta IIOCKOCTb
HA3bIBACTCS ITUIOCKOCTHIO TOpU30HTa TOYkU A. JIMHUS mepeceueHus: MIOCKOCTH TOPU3OHTA U
IUIOCKOCTH MEpUJuaHa TOYKM Ha3bIBA€TCsl MOJYJIEHHOW JIMHMEN; HaIlpaBlIEHUE MOJyIEHHOM
JMHUM - C tora Ha ceBep. Eciu mpoBecTu nosyJeHHbIE JIMHUU JIBYX TOYEK, JEeKaluX Ha OJHON
napajulesid, TO OHM IEPEeceKyTCsi B TOYKE Ha MPOJOKEHMM ocH BpamleHus 3emuu PP' u
06pasyioT yron ¥, KOTOpbIit Ha3bIBAaeTCS COMMKEHNEM MEPHINAHOB ATUX TOUEK.

HIupoTy ¥ JOATOTY TOYEK MECTHOCTH OIpPENeNAOT U3 aCTPOHOMUYECKHX HAOJIIOJICHHH,
IIOTOMY OHM M Ha3bIBaIOTCS aCTPOHOMHUYECKUMHU KOOPANHATAMH.

1.2.2. Teone3nueckue KOOPIAMHATHI

Ha nmoBepxHOCTM  2umMncouga  BpalleHUs — MOJOKEHUE  TOYKM  ONPENEISIETCS
reoJe3U4EeCKUMH KOOPAMHATAMM - T€OJIE3UYECKON mupoTol B u reomesmueckoit posaroroint L
(puc.1.3).

['eome3ndeckasl mMUpOTa TOYKH - OTO Yroyl, oOpa3oBaHHBIA HOPMAIbIO K TMOBEPXHOCTH
AJUIMIICOMJA B ATOM TOYKE M IUIOCKOCTBIO 3KBaropa. ['eope3ndeckas JOJIrota TOYKH - 3TO
JIBYTPaHHBIA yroJ MEXAY IUIOCKOCThIO HAyaJdbHOIO MEpUJIMaHAa M IUIOCKOCTBHIO MEpHUIHaHa
TOYKH.

[1;mocKkoCTh T€0/Ie3MYECKOT0 MEpHAHaHa MPOXOJUT 4Yepe3 TOYKY A M Mallyl0 MOJIYyOCh
AIUIAINICOMJIA; B 3TOM IJIOCKOCTH JEXHUT HOPMallb K MOBEPXHOCTH JJUIMIICOMJA B TOUKe A.
['eone3nueckas mapamiesp MoJyq4aeTcss OT NEPECEUEHUs IIOBEPXHOCTH JUIAIICOUIA TUIOCKOCTHIO,
MPOXO/SIIEH yepe3 TOUKy A U MapajuieIbHOM TIIOCKOCTH SKBaTOpa.
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Paznuune reope3anyeckux M aCTPOHOMHYECKHMX KOOPJMHAT TOYKA A 3aBHCHUT OT YIJia
MEXK]ly OTBECHOM JIMHUEN TAHHOW TOYKHA M HOPMAJbIO K IMOBEPXHOCTH AJUIMIICOMAA B 3TOM K€
TOYKE. DTOT Yrojl Ha3bIBae€TCs YKJIOHEHHEM OTBECHOW JIMHWU; OH OOBIYHO HE mpeBbimaeT 5". B
HEKOTOPBIX pailloHaxX 3eMJIM, Ha3blBa€MbIX AHOMAJIbHBIMHU, YKJIOHEHUE OTBECHOM JIMHUU
JIOCTUTAEeT HECKOJBKUX JAECATKOB NMYroBbIX ceKyHA. [Ipu reopesmueckux paboTax HEBBICOKOMH
TOYHOCTH aCTPOHOMHUYECKHE M T'€OJIE3MYECKUE KOOPANHATHI HE Pa3IuvaroT; UX OOIee Ha3BaHUE
- reorpauueckre KOOpAMHATHI - UCIIOJIB3YETCs IOBOJILHO YacToO.

JIBe KOOpIMHATHI - KPOTA U JOJATOTA - ONPEAEISAIOT MOJIOKEHUE TOYKH Ha MOBEPXHOCTH
oTHOCcUMOCTH (chepsl min dyumrconaa). s onpeneiacHus MOJOKEHUS TOYKH B TPEXMEPHOM
MPOCTPAHCTBE HYXHO 33J1aTh €€ TPEThIO KOOPAUHATY, KOTOPOM B T'€0JI€3UU SBJISIETCSA BbICOTa. B
Hallle CTPAHE CYET BBICOT BEAETCSA OT YPOBEHHOW IMOBEPXHOCTH, COOTBETCTBYIOLIEH CPEIHEMY
YPOBHIO banTHUIiCKOro MOps; 3Ta CUCTEMA BBICOT HA3bIBAECTCS BaITUICKOM.

1.2.3. IIpsiMoyro/jibHble KOOPAUHATHI

Cucremy IIJIOCKHX MIPSIMOYTOJIBHBIX KOOpJHHAT o0pa3yoT JIBE
B3aWMHOIIEPIICHANKYIISIPHBIE TIPSIMBIE JIMHUHM, Ha3bIBa€Mble OCSIMH KOOPIMHAT; TOYKA WX
nepeceyeHus] Ha3bIBaeTCsl HAYaJIoM WJIM HyJeM cucTembl koopauHar. Ock abcuuce - OX, ock
opaunar - OY.

CymecTBYIOT JiB€ CHCTEMBI NPSMOYTOJBHBIX KOOpJIMHAT: JieBas W MpaBas. B reonezun
yaiie npuMeHsiercs JieBas cucrema (puc.l.4-a). Ilo noxeHne TOYKU B MPSIMOYTOJIBHOM cucteme
OJTHO3HAYHO ONpeAessieTcs IByMs KoopauHaTaMu X U Y; KOOpJUHATa X BBIpAXKaeT pacCTOSHUE
touku oT ocu OY, koopauHara Y - paccrosiaue ot ocu OY.
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3HaveHHs] KOOPAMHAT OBIBAIOT MOJIOKUTEIbHBIE (CO 3HAKoM " + " ) m oTpHIaTeNbHBIC (CO
3HaKoM " - ") B 3aBUCUMOCTH OT TOT'0, B KAKOM 4E€TBEPTH (KBaJAPAHTE) HAXOIUTCS UCKOMasi TOUKa
(puc.1.4-a).

1.2.4. TloasipHble KOOPAMHATHI

Cuctemy MOJSAPHBIX KOOPAMHAT O0Opa3yeT HampaBlieHHbIH mpsMoi ayd OX. Hauano
koopauHat - Touka O - Ha3pIBaeTCsl MOJOCOM cucteMbl, JuUHUS OX - MOJSPHON OChIO.
[TonmoxkeHne 000N TOYKM B TOJNSPHOW CHUCTEME OMPENCNACTCS ABYMS KOOpPJIWHATAMHU:
pazinyCOM-BEKTOPOM I' (CHHOHUM IOJIIPHOE PACCTOSHUE S) - pACCTOSHUEM OT IOJIOCA 0 TOUKH,
- ¥ IOJIApHBIM yriioM B mipu Touke O, oOpa3oBaHHbIM 0Chi0 OX U panycoM BEKTOPOM TOYKH U
oTcuuThiBaeMbIM OT ocu OX 110 X0y yacoBoit ctpenku (puc.l.4-0).

H

) A
Puc.1.4-0

[lepexon OT MPSAMOYTOJNBHBIX KOOPJAMHAT K MOJSPHBIM M 0OpaTHO ISl ciaydasi, Koraa
Hayaja 00eHX CHUCTEM HaxoJsaTcsi B ofgHOW Touke W ocu OX y Hux cosmnazartT (puc.l.4-B),

BBIOTHsACTCS 10 hopmyrmaM : X =S * CosB, Y =S * Sinf, tgf = Y/X, & = NI+ .
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Puc.1.4-8
Otu hopmynsl noiaydarorcs u3 pemeHuss AOBA 1Mo M3BECTHBIM COOTHOIIEHUSIM MEXITY
CTOPOHAMU U YIJIAMH IPSAMOYTOJIBHOTO TPEYTOJIbHUKA.
Cucrtembl TPSAMOYTOJIBHBIX M TOJSPHBIX KOOPAMHAT MNPUMEHSIIOTCS B TE€OJE3UHM IS
ONPEAEIEHUS MOJIOKEHUS TOUYEK Ha MIJIOCKOCTH.

1.4. MeToa npoekuuu

1.4.1. llenTpanbHast NPOEKIMA



YroObl n300pa3uTh OOBEMHBIM MpEeaAMET Ha IJIOCKOM 4YepTeKe, NPUMEHSIOT METOJ
npoekuui. K mpocTerimmm NpoeKuusM OTHOCATCS LEHTPaJIbHasi U OPTOTOHAJIbHAS IIPOEKIIUH.

ITpu wnenTpanpHOM mpoekuuu (puc.l.5-a) NPOEKTUPOBAHME BBINOJHIIOT JIMHUSAMY,
UCXOMAUIMMU M3 OIHOM TOYKHM, KOTOpas Ha3bIBaeTCs LEHTpoM mpoekiuu. Ilycts TpebGyercs
MOJIYyYUTh UEHTPAIbHYIO MPOEKIHI0 4deTbipexyroibHuka ABCD Ha miockocTh mpoekuuu P;
LEHTpP NPOEKIHMH - TOUKaA S.

[IpoBenemM JIMHUU NMPOEKTUPOBAHUS 10 MEPECEUEHUSI C IUIOCKOCTBIO MPOEKLHUHU, MOTYyYUM
TOYKH a, b, ¢, d, sBusromuecs npoekuusimMu Touek A, B, C, D. IlmockocTs IpOoeKIuu U 00BEKT
MOTYT pacHojaraTbCs MO pa3Hble CTOPOHBI OT LIEHTPA MPOEKIMHU; TaK Ipu (ororpadgupoBaHnuu
IEHTPOM MPOCKIUH SBISACTCS ONTHYECKUH LIEHTP OOBEKTHBA, a IUIOCKOCTHIO IMPOEKIUH -
¢doromnacTuHka WM GOTOIIICHKA.

1.4.2. OpToronanbHas NpoeKnH

[Ipr opTOroHanbHON MPOEKUWU JMHUW MPOCKTUPOBAHMS MEPHEHIUKYISPHBI IMIOCKOCTH
npoekiuu. IlpoBenem wepes touku A, B, C, D nuHuM, nepneHAUKYISPHbIE TUIOCKOCTH
MpoeKIny P; B mepecedeHnu ux ¢ MIOCKOCThIO P mogydynM opToroHagbHbIE IPOEKIUH a, b, ¢, d
COOTBETCTBYIOIIUX TOUeK (pHc.1.5-0)
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1.4.3. 'opu3oHTAIBHAS NPOEKIMS



UtoOsl nM300pa3uTh Ha Oymare y4acToK 3eMHOW IMOBEPXHOCTH, HYKHO BBIIIOJTHHUTH JIBE
ONEpallvy: CHauyajga CIPOEKTUPOBATh BCE TOUKHM Yy4acTKa Ha MOBEPXHOCTh OTHOCHUMOCTH (Ha
MOBEPXHOCTh JJUIMIICOWIA BpAIICHHS, WU HA IOBEPXHOCTh CQEpbl) M 3aTeM H300pa3HTh
MOBEPXHOCTh OTHOCHMMOCTM Ha IUIOCKOCTU. EciuM y4acTOK MECTHOCTHM HEOONbIIONH, TO
COOTBETCTBYIOIIMKA €My Yy4acTOK c(epbl WM IMOBEPXHOCTH JJUIUIICOHMA MOXXKHO 3aMEHUTH
IUIOCKOCTBIO ¥ CUUTATh, YTO MIPOESKTUPOBAHUE BBIMOJIHSIETCS Cpa3y Ha MIIOCKOCTb.

[Ipy mpoeKTpoBaHUM OTAENBHBIX TOYEK M LEJIbIX YYACTKOB 3€MHON IOBEPXHOCTH Ha
MOBEPXHOCTh  OTHOCHUMOCTH  TNPUMEHSIETCSl TOPU3OHTAIbHAs  NPOEKLHA, B  KOTOPOH
MPOEKTUPOBAHUE BBHIMOJIHSIIOT OTBECHBIMH JIMHUSMU.

[lycts Touku A, B, C naxonsarcs Ha noBepxHoctu 3emun (puc.1.6). CripoekTupyem ux Ha
MOBEPXHOCTh OTHOCUMOCTH U TIOJTyYUM MX TOPU30HTAIBHBIC TPOSKIIMU - TOYKH a, b, ¢. JIuaus ab
HA3bIBACTCSI TOPU3OHTAIBHOM MPOEKIHEH WIM TOPU3OHTAIBHBIM MPOJIOKEHUEM JIMHUU
MectHOCTH AB u oGo3Hauaercsi OykBoit S. Yronm mexny nunHuei AB u ee ropusoHTaIbHOU
npoekuueid AB' Ha3pIBaeTCs YriioM HaKJIOHA IMHUU U 0003HaYaeTcst OyKBOM V.

Pacctosnus Aa, Bb, Cc oT TOYeKk MECTHOCTH 1O HX TOPU3OHTAIBHBIX MPOEKIIHI
HA3bIBAIOTCS BBICOTAMH WJIM albTUTYAaMH Touek U obOo3Hauarotcs Oyksoit H (HA, HB, HC);
OTMETKa TOYKH - 3TO YHUCIIEHHOE 3HA4YCHHE €€ BBICOThI. Pa3HOCTb OTMETOK JIBYX TOYEK

Ha3bIBACTCS MPEBBIIICHUEM OJHON TOUYKH OTHOCHTEIBHO JAPYroi u ob6o3HadaeTcs Oyksoi h: hAB
= HB - HA.

Puc.1.6

1.5. IlonsiTHE 0 TUIAHE, KAPTE, A3POCHUMKE

YMeHbIIeHHOE N300paxeHne Ha Oymare ropu30HTAILHON MPOEKIIUU HEOOIBIIIOTO yYacTKa
MECTHOCTH Ha3bIBaeTcs IMaHoM.Ha maHe MecTHOCTh n3o0paxaercs 6e3 3aMeTHBIX HCKaKEeHUH,
TaK KaK HeOOJILIIION Y4aCTOK IMMOBEPXHOCTU OTHOCUMOCTU MOXKHO ITPHUHATH 34 IJIOCKOCTh.

Ecan Y4aCTOK IMOBEPXHOCTH OTHOCHUMOCTH, Ha KOTOpBIﬁ CIIPOCKTUpPOBAaHAa MECTHOCTD,
uMeeT OOJIbIIME pa3Mephbl, TO NMPU HU300paKEHUU €ro Ha IUIOCKOCTH HEW30€KHBI 3aMETHBIC
WCKKCHHMS JIUTMH JIMHUM, YTJI0B, miomaaei. [IpocTto pasBepHyTh Ha TUIOCKOCTh YY4acTOK cepbl



WM AJTUIcona 0e3 pa3phIBOB U CKJIAIOK HEINb3sl, TO3TOMY MPUXOIUTCS MpUOEraTth K MOMOIIU
MaTEeMaTHKH.

MareMaTHUeCKH OINpPEACTICHHBIH CIoco0 M300paKeHUsT TOBEPXHOCTH c]epbl WM
SIUTMIICOM]IA HA TIOCKOCTH HA3bIBAETCS KapTOTrpapuuecKon MpoeKueit; kaxxaon Touke Mo (o, A
wii B, L) u3o0OpakaeMOil MOBEPXHOCTH COOTBETCTBYET OAHAa Touka M (X, y) IUIOCKOCTH.
AHanmuTH4YecKH KapTorpaduueckas MPOCKIUs 3aJaeTcsl NByMs ypaBHeHUsMHU X = fl(p, A), y =
f2(¢, A), rae 1 u £2 - pyHKIIMKM HE3aBUCUMBIE, HEMPEPBIBHBIE, OJTHO3HAYHBIC U KOHCUHEBIE.

Kaprorpaduueckue npoekuun KIacCUPUIUPYIOTCS MO:

XapaKkTepy UCKaKEHUM (paBHOYTOJIbHBIEC, PABHOBEIUKHE U MPOU3BOJIbHBIE),

BUAY CETKM MEpUOMAHOB W Mapajuieieid  (a3uMyTalbHble, LHUIMHIPUYECKHE,
NICEBIOIMITNHIPUYECKIE, KOHMYECKHE, TICEBIOKOHNYECKHE, TIOJTMKOHUYECKHUE),

MOJIOKEHUIO TIOJTI0ca c(hepruecKrX KOOpAMHAT (HOpMallbHbIE, TIONIEPEYHbIE, KOCHIE).

Kaproii Ha3piBaeTCsI yMEHBIIEHHOE M300pakeHNe Ha Oymare rOpU30HTAIBHON MPOCKIHH
y4acTKa 36eMHON TMOBEPXHOCTH B MPUHATONW KapTorpaduueckoil MpoeKIuH, TO-eCTh, C Y4ETOM
KPUBU3HBI TOBEPXHOCTH OTHOCHUMOCTH. B Hameil crpaHe Ttomorpaguueckue KapThbl
COCTaBIISIIOTCS B MOMEPEUYHO-IIMIIMHIPUYECKON paBHOYTOJIbHOM Mpoekuuu ["aycca.

MacmtaboM kapThl (IJ1aHa) HA3bIBAETCSl OTHOIICHUE UIMHBI OTpe3Ka Ha KapTe (IIaHe) K
TOPU30HTAILHON MPOEKIIMHA COOTBETCTBYIOIIETO OTPe3Ka Ha MECTHOCTH.

[To cBoeMy Ha3HaueHHIO Bce reorpaduieckue KapThl ACIATCA Ha olmereorpapuueckue u
temarndeckue. Ha oOmereorpadguueckux KapTax IOKa3plBalOT penbed, Tuaporpaduio,
pacTUTENbHBINA TTOKPOB, HACEIICHHBIE MMyHKTHI, ITyTH COOOIIEHHS, pa3IHYHbIC TPAHUIIBI U JAPYTHE
00BEKTHI MPUPOAHOTO, XO3IMCTBEHHOTO U KYJIbTYPHOTO Ha3HAYEHUSI.

Ha TemaTmueckux kaprax H300pakalOT pa3MelleHHEe, COUETaHHE U CBA3M PA3TUYHBIX
OPUPOJHBIX U OOLIECTBEHHBIX SIBJICHUM; M3BECTHBl T'eOJOrMYECKHe, KIUMaTU4YecKHe,
JaHamadTHRIE, HKOJOTHUECKUE KapThbl, KapThl MOJIE3HBIX MCKONAEMbIX, KapThl pa3MELIeHUS
IPOM3BOIUTENBHBIX CUJI, KAPThl HACENIEHHsI, UCTOPUYECKHE, ydeOHbIe, TYPUCTHUYECKUE U JP.

Kpymnomacmradueie (macmrada 1 : 1 000 000 u xkpymHee) oOmiereorpaduyeckue KapThl
Ha3piBatoTCsl Tomorpaduyeckumu. OHM HM3MAIOTCS B BUAE OTACIBHBIX JIMCTOB pPa3zMepoM
npumepHo 40 cM x 40 cm.




AdpocHUMOK - 3TO0 (oTorpaduueckoe M300paKEHHE ydacTKa 3€MHON TOBEPXHOCTH,
MIPEJICTABIISIIOIIEE €r0 HEHTPATBLHYIO MPoeKIuio. [Ipr oTBECHOM monoxkeHnu ocu GoToanmnapara
oJIy4yacTcCsa IJIAaHOBLIN CHUMOK, IIPY HAKJIIOHHOM - HepCHCKTHBHBIfI CHUMOK.

Macmrabom a’poCHUMKA Ha3bIBAETCS OTHOIIICHUE JITTUHBI OTPE3Ka Ha a9POCHUMKE K JUTHHE
COOTBETCTBYIOIIETO OTpe3ka Ha MecTHOCTU (puc.l.8). Macuitab a’pocHUMKaA OMPENESIOT 10

dbopmyie:

1 f
M H (1.6)
rjie: f - dboxycHoe paccTosiHue doroanmapara, f = ocC,

H - BeicoTa poTorpaduposanus, H = OC.

1.7. Kaprorpajguueckas npoexkuus I'aycca

B mpoeknmu T'aycca Bcsi MOBEpXHOCTh 3eMJIM  YCIOBHO pasaelieHa Ha 60 30H
MepHIHaHaMHK, TIPOBEACHHBIMHU Yepe3 60; popMa 30HBI - ChepUUeCKHil ABYYronbHUK (puc.1.9);
CHeT 30H BCACTCA OT rpI/IHBI/I‘-ICKOFO MCpuaaHa Ha BOCTOK. CpeI[HI/II;'I MCpUIWAaH 3O0HbI
Ha3bIBACTCSl OCEBBIM; JIOJNTOTa OceBOro Mepuanana L0 y000# 30HBI B BOCTOYHOM TOJYIIAPUH
MOJICYMTHIBACTCS 110 (hopMyJIe:

L0=60*n - 30 1.7)

a B 3allaJHOM - I1O0 (l)OpMYJ'ICZ
L0=3600 - (60*n - 30),

TAc n - HOMEP 30HBI.

F F
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Puc.1.9 Puc.1.10

[IpenacraBum cebe, 4TO 3eMHOM JJUTUIICOWJ BIHMCAH B SIUTMNTHYECKUN muiuHap. Ock
OWIMHAPA PACIHOJIOKEHA B IUIOCKOCTH 3JKBaTOpa W MPOXOAUT 4YEpe3 LEHTP DIUIAICOMIA
(puc.1.10). Mumuaap kacaeTcs SJUIMIICOMAA IO OCEBOMY MeEpHIMaHy HTaHHOW 30HBI. Bed
MOBEPXHOCTh 30HBI IIPOCKTUPYETCSA HA MOBEPXHOCTh LMWJIMHJAPA HOPMAAMH K DJUIMIICOUY Tak,
4TO M300pakeHHe MaJIor0 y4acTKa Ha UWJIMHAPE MOAOOHO COOTBETCTBYIOIIEMY YYacTKy Ha
anmuncousie. Takas MPOEKIUs Ha3bIBaeTCs KOH(DOPMHON UM PaBHOYTONBHOW; B HEH YIIbI HE
HCKaXaloTCA, a JJINHBI J'II/IHI/IfI HCKAXKAKTCS I10 33KOHy1

AS 1?2

5 2*R? (1.8)



rae: AS - BelnM4nHA UCKaXEHUS JTUHUH,
S - IMHA TUHUH Ha DIUTUTICOUIE,
Y - ynaneHue JMHUU OT OCEBOTO MEpUMAaHa,
R - cpennuii mo MUHUK pagnyCc KPUBU3HBI SJUTATICOUIA.

Jlist TeppuTopuM HAIEH CTpaHbl WCKAKCHUS JJIMH JIMHUKA HAXOISATCS B JIOMYCTUMBIX
npeaenax s kapT macmrtaboB 1/10000 m menbue; mis kapt macmrabda 1/5000 u kpymHee
MPUXOJIUTCS IPUMEHATH TpeXTpaaycHbie 30HbI ["aycca.

[ToBepxHOCTD IMIIMH/pPA pa3pe3aeTcs U pa3BepThIBACTCS Ha MJIOCKOCTH; MPU 3TOM OCEBOM
MEpHJIMaH U 3KBATOp U300pakaroTcsl B BUJE JIBYX B3aUMHO MEPHEHAUKYIISIPHBIX MPSMBIX JTHHUMA.
B Touky Mx mepecedeHHs MOMEMIAIOT HAYAIO MPSMOYTOJBHBIX KOOPAMHAT 30HBL. 3a och OX
NPUHUMAIOT W300pakeHHe OCEBOTO MEpHUIMaHa 30HbI (IIOJOKUTEIbHOE HampaBieHue ocu OX -
Ha ceBep), 32 och OY MpUHUMAIOT U300pakeHHe FKBATOPa (MOJIOKUTEIHLHOE HAPABICHUE OCU
OY - Ha Boctok). [Ipm koopamHate Y BHEepeAM NHUIIYT HOMEp 30HBI, JUIS UCKIIOUCHHS €€
OTPUIATENbHBIX 3HAYEHUN YCJIOBHWIIMCH, YTO B Haudaje KOOpJAWUHAT 3HAUYEHUE KOOPIWUHATHI Y
paBHO 500 kM.

1.8. OpueHTHpPOBaHUE JUHUI
1.8.1. OpuenTHpoBaHue MO reorpauIEeCKOMyY MEPHIMAHY TOYKH

OpueHTHPOBaTh JIMHUIO - 3HAYUT OMPENEIUTh €€ HaMpaBJIeHHE OTHOCHUTEIHHO JAPYroro
HANpaBIICHUsI, TPHHIATOTO 3a HadalbHOe. HampaBieHue  ompenensercs  BEeTUIHHON
OPUCHTHUPHOI'O yTJia, TO €CTh, yIJia MCXKY Ha4YaJIbHBIM HAIIPaBJICHUCM WU HAIIPABJICHUCM JIMHUU.

B reone3nn 3a HavambHOE HAINIPABJICHUE IPUHUMAIOT:

reorpaUueCKuii MEpUIMaH TOUKH,

OCEBOU MEpUIMaH 30HBI,

MarHUTHBIN MEpUINAH TOUKH.

['eorpadmyeckuM a3MMyTOM HA3bIBAETCSI YroJl, OTCUUTAHHBIA MO XOAYy YacOBOH CTPENKH
OT CEBEPHOr0 HampaBlieHUs TeorpaduyecKkoro MepuanaHa TOYKU IO HamNpaBlIeHUS JTUHUU; OH
ob6o3nauaercs OykBor A (puc.l.11). Ilpenens n3amenenus reorpadudeckoro azumyra ot 0o 110
3600.




Puc.1.11 Puc.1.12

A3UMYT NpAMOH JIMHUU B Pa3HbIX €€ TOYKAaX UMEET Pa3Hble 3HAUEHUS, TAK KaK MEPUAUAHBI
Ha MOBEPXHOCTH c(hephl HenmapamieabHbl MexXTy coboit. [IpoBenem muano BC 1 MepuanaHs! B
toukax B u C (puc.1.12). A3umyt 310i1 iunuu B Touke C OTIMYAETCS OT a3UMYyTa JIMHUH B TOUKE
B na Benuuuny cOnmmkenus Mmepuananos Touek B u C:

Aop = Apety (1.9)

B reonesun paznuuaror npsiMoe U oOpatHoe HampaBieHue JuHuH. Hampumep, B Touke C
muann BD mpsimoe Hampasienue - HampasieHue CD, oOpaTHoe HampaBieHue - HarpaBlieHHE
CB. Ilpsimoii 1 00paTHBIN a3UMYT JTUHUH B OJHOW TOYKe pa3nudarorcs poBHO Ha 1800, ogHaxo,
JUISL pa3HbIX TOYEK JMHHUU 3TO paBeHCTBO He BbinoiHsercs. [lycte BC - nmpsimoe HampaBieHue
nuHUE B ee Hadane (B Touke B), ABC - azumyr mpsmoro nampasieHus; CB - oOpartHoe
HanpasiieHue JuHuM B ee koHlle (B Touke C), ACB - a3umyT 00paTHOTr0 HanpaBieHUs, TOT1a

Apon=Apg +180° + ¥ (1.10)

TO €CTb, OOPAaTHBIM a3UMyT JIMHUU PABEH NPAMOMY a3uMyTy Iunoc-muHyc 1800, miroc
cOMIMKEHNE MEPUIMAHOB TOUYEK Hayaja U KOHLA JIMHUU.

Paznuuaror BocTOYHOE (TOJIOKHUTENBHOE) M 3amagHoe (OTpULATEIbHOE) COJIMKEHUE
MepuanaHoB. Eciy KOHEYHas: TOUKa JTMHUMA HAXOAUTCS K BOCTOKY OT HAYAJIBHOM, TO COMMKEHHE
MEpUIMAHOB OyJEeT BOCTOYHBIM M MOJIOKUTEIbHBIM; €CIIM KOHEYHAas TOYKa JIMHUU JIEKUT K
3amajay OT Ha4yallbHOH, TO CONMKEeHNE MEpUIMaHOB OyIeT 3aaJHbIM M OTPULIATEIbHBIM.

1.8.2. OpueHTHpOBaHNE 10 0CEBOMY MEPUAUAHY 30HBI
I[I/IpeKIII/IOHHI)IM YIJIOM JIMHUHW HA3bIBACTCA YIOJl, OTCYHUTAHHBIN I10 xonay JacoBOM CTPCIIKH

OT CEBEPHOr0 HAINpaBJIECHMUS] OCEBOTO MepuauaHa 30HBI JO HaNpaBJIEHUS JHMHUM;, OH
o0o3Hauaercs OykBoil o (puc.1.14). [Ipenenst u3mMeHeHus nupekunoHHoro yria ot 0o 10 3600.

Ciec

Puc.1.14



Puc.1.15

[TockonbKy HampaBi€HME OCEBOI'O MEpHJMaHa ISl 30HBI OJHO, TO JUPEKLIMOHHBIN Yroi
IPSIMOM JIMHUM OJIMHAKOB B Pa3HbIX €€ TOUYKaX, & OOPATHBIN IMPEKIMOHHBIN Yroyl NpsAMOM JTMHUU
OTJIMYAETCsl OT mpsiMoro poBHo Ha 1800:

Aeg=Age+180° (1.15)

CBs3b reorpauueckoro asuMyTa U JUPEKIIMOHHOTO yIJIa OJJHOM M TOU K€ MPSIMOU JIMHUU
BEIpaxkaetcst popMyIIou:

A=eotyr (1.16)

rzae yI' - rayccoBo cOnMKeHne MEpHIMaHOB B TOUKE Havaja JMHUH.

Ilepenaya AMPEKIIMOHHOIO yIJIa Ha MOCIEAYIOLIY0 CTOPOHY Yepe3 yroia nosopora. Ilycts
umerores 18e nuHuKd BC n CD; yron noBopota Mexay HUMH B Touke C paBeH [ 11 (JeBbIi yron
noBopoTa) uiau B mp (mpaBelif yron nosopota) - puc.l.15. Ilposenem uepe3 Ttouku B u C
HAIpaBJIEHUs, MapajjielibHble OCEBOMY MEpHMJMaHy 30Hbl U TIOKaXEM Ha PpPHUCYHKE
nupekironHblie yriasl aBC n aCD. B 3agaue u3BectHsl oBC u B (wnu Prp); Tpedyercst HalTh
aCD.

[Tponomxum nunuto BC u mokaxkeM Ha ee npogomkenun yroa oBC. U3 puc.1.15 BuaHo,
yro oCD = aBC + x. Ho x = Bn- 1800 wu x = 1800 - Prp, Torxa:

aw=a30+ ﬁ‘,‘,_18001 (1.17)
WIH
aw=a30+180"—‘53. (1.18)

Ecnu npy BBIYKCIIEHUH TIO IBYM MOCJIEAHUM (popMysiaM AUPEKIIMOHHBINA YTOJI MOJIydaeTcs
OTpHILIATENIbHBIM, K HeMy npuOaBisior 3600; ecau oH nony4yaercs Oosbiie 3600, TO U3 HEro
BbauTaroT 360o0.

1.8.3. OpueHTHpOBaHME 110 MATHUTHOMY MEPHIMAHY TOYKH

MarsuTHbIM a3UMYTOM Ha3bIBAE€TCS YIOJI, OTCUMTAHHBIM IO XOIYy YacCOBOM CTPEIKU OT
CEBEPHOIO HANpaBJIEHUS MAarHUTHOTO MEpHAMaHa TOYKUM JO HalpaBiICHUs JUHUM; OH
o0o3Hauaercss OykBoii AM (puc.1.16). [Ipenensl u3MeHeHuss MarHuTHoro asumyrta ot 0o 10
3600.



[IpoBenem dvepe3 omHYy W Ty ke TOouky B reorpaduueckuii mepuauadn N U MarHUTHBIN
Mepuauad NM; yrom MexXAy HUMU HA3bIBACTCS CKJIOHEHUEM MAarHUTHOM CTPEIKH U
o0o3Hauaercst OykBo# O. Ecnu ceBepHBIN KOHEIl MArHUTHOW CTPEJIKH OTKIIOHSETCS K BOCTOKY OT
reorpauuecKoro MepuaInaHa, TO CKIIOHEHUE CUUTACTCS BOCTOYHBIM U MOJIOXKUTEIBHBIM; €CIIH K
3amnajy, - TO 3aMaJHbIM U OTPULIATEIbHBIM.

Hanpasnenue BC xapakrepu3yercs ABYMsS OPUEHTUPHBIMHU YIiaMH: reorpapuueckum
a3MMYTOM U MarHUTHBIM a3UMyTOM; U3 puc.l.16 BUIHO, 4TO

A=A+ (1.19)

YuurteiBas (opMyiy CBsI3H reorpauueckoro azuMyTa W JUPEKIIMOHHOTO YTiia JIMHUU
(1.11), MOXHO HaNuUcaTh:

A=Ay +d=c+y; (1.20)
u
c:= .qu +§_}’f =Am+ﬂ’ V(lZl)

rae IT - IIoIIpaBKa 3a CKIIOHCHHUC MarHUTHOM CTPCJIKU U COMMKEHNE MCPHUANAHOB.

N¥ N
d

Am

Puc.1.16

Hasznauenune u ycrpoiictBo Oycconu. bycconp mnpegHazHaueHa Jyisi OpUEHTUPOBAHUS HA
MECTHOCTH 110 MarHMTHOMY MEpHJHaHy; OHa YCTpOEHa IpPHMEPHO TaK K€, KaK KOoMIIac
(puc.1.17). Ha octpue, pacrosio)X€HHOM B IIEHTpE TpaJydpPOBAHHOTO KOJIbIIA, BpaIIaeTCs
MarHuTHas CTpeJKa C MepeBHKHBIM XOMYTHKOM JUIs ee ypaBHoBemnBaHusa. Kosbio Oycconu
pasneneHo Ha 360 dacTeil, meHa ojHoro neneHus lo. JleneHus asuMyTanbHBIX Oyccoiei
Bo3pactatoT oT 0o g0 3600 nubo mo Xxomy, JIMOO MPOTUB XOJa YACOBOW CTPENKHU; JIEIEHUS
pymOudeckoii 6ycconu Bo3zpactaroT oT 0o 10 900 B 00€ CTOPOHBI OT HYJIEBOTO JHAMETPA.

Ecmm nenenmst asuMyTtanibHOM OycCONM BO3pPAacTalOT IO XOAY YacOBOM CTPEIKH, TO
COBMEIIAIOT CEBEPHBIA KOHEI[ CTPENKH C HYJIEBBIM [ICIEHHEM W II0 HANpPaBJICHHUIO JIMHUU
OTCYHTHIBAIOT MAarHUTHBIN a3uMyT. ECIii eJieHns BO3pacTaroT MPOTUB XO0J1a YaCOBOM CTPEIKH,
TO HYJIEBOE JICTICHHE PACIIONIATAIOT 110 HAIPABJICHUIO JIMHUH U TTPOTHB CEBEPHOTO KOHIIA CTPEITKA
OTCUYMTHIBAIOT MAarHUTHBIN a3UMYT.



Puc.1.17

1.8.4. Pym0Ob1 iuHuMit

Kpome reorpaguyeckoro M MarHMTHOIO a3UMYTOB M JUPEKUUOHHOIO yIrjla K
OPUEHTUPHBIM yIJIaM OTHOCATCS Takke pyMObl. Pym0O - 3T0 ocTpblii yros ot Oawkaiiiiero
HalpaB/IeHUs MepUAMaHa JI0 HampaBieHUs JMHUU; OH oOo3Hayaercs OykBoil r. Ilpenensl
n3meHenuss pym6a ot 0o mo 90o. HazBanume pymba 3aBUCHT OT Ha3BaHUS MEpHUIUAHA!
reorpauueckuii, MarHUTHHIM U AUPEKIIMOHHBIN (TN OCEBOM).

Jl71s 0IHO3HAYHOTO OMNpeeNeHUs] HAPaBJICHH 110 3HAYEHUI0 pyMOa OH COIPOBOXK/IA€TCs
Ha3BaHMEM YETBEPTH:

1 getBepTh - CB (ceBepo-BOCTOK),

2 yeTBepTh - FOB (10ro-BocTOK),

3 yerBepTh - O3 (toro-3aman),

4 gyetBepTh - C3 (ceBepo-3amnan),
Hanpumep, r = 300 IOB.

I:: -
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Puc.1.18

CBs13b pymM0Oa ¢ COOTBETCTBYIOIINM a3MMYTOM BBIsBIIICTCS U3 puc.1.18.



lyerBepTh I =a;a=r,;

2 yerBepth I = 1800 - a; a = 1800 - 1;

3 uerBepth I =a - 1800 ; a = 1800 +r; (1.22)
4 yetBepth I =3600 - a; a = 3600 - r.

2. OnpenesieHue NPSIMOYTOJbHBIX KOOPAUHAT TOYEK
2.1. Onpenesienne KOOPAUHAT OHON TOYKH
2.1.1. Cnoco0bl 3a1aHus IPAMOYTO0JIbHON CHCTEMbl KOOPAUHAT

Kak u3BecTHO, cucTeMa psiMOYTOJIbHBIX KOOPJIMHAT Ha IJIOCKOCTH MOXET 3a/1aBaThCs
TpeMs Cloco0amH:
1-i1 cioco6

(bUKCUpPYyeTCsT MECTOIIOJIOKEHUE LIEHTpa cucTeMsl - T.O,

npoBoauTcs och OX U yKa3bIBaeTCsl €€ MOJI0KUTEIbHOE HallpaBJIeHuUE,

nepneHauKyisipao k ocu OX mposoautces ock OY,

B COOTBETCTBHM C THIIOM CHCTEMBbI (IIpaBasi WM JIEBasl) yKa3bIBACTCSI IOJIOKHUTEIbHOE
HanpasiyieHue ocu OY,

YCTaHaBJIMBAETCS MacllITad KOOPAUHAT BJOJb OCEH.

[Tpy HamuuMuM KOOPIMHATHBIX OCeil JUIsl OompejaeneHus KOOpAuHAT Kakod-mnbo Touku C
HYXXHO CHayaja OMYCTHTb MEPHEHIUKYISIPbl U3 3TOM TOUYKM HAa KOOPJMHATHBIE OCH U 3aTeM
W3MEPUTH JAJIMHY 9TUX NEPIEHANKYISIPOB; JUIMHA EepIeHuKyspa Kk ocu OX paBHa KOOpAHHATE
Y, nHa nepneHukyisapa k ocu OY koopaunate X Touku (puc.2.1).

i

Puc.2.1

Kpome cucremsr XOY wmoxHO wucnosnb3oBark cuctemy X'O'Y', momydaromyrocs u3
cucrembl XOY myTem nepeHoca Hayasia kKoopauHaT B Touky O' ( Xo'=0x , Yo'= 0y ) u moBopora
ocel KOOpJUHAT 1o 4acoBOH CTpeNKe Ha yroia a.
[Tepexon uz XOY B X'O'Y' BeimonHseTcs 10 popmyam [25]:

X', = (X, - ax)*Cos(a) + (¥, - &) *Sin(a) ;

V', =—(X,- &) *=Sin(a) + (¥, - &) *Cos{ex) . 2.1)

st oOpaTHOTO TIepexoaa UCTIONB3YIOTCS popMyIbl [25]:



X, =dx+ X' +Cos(e) - ¥' *Sin(a)
Y, = &+ X' *Sin(a) + V' *Cos(a) . (2.2)

2-i1 crioco6

OPOBOJATCS JIB€ B3aUMHO MEPIEHAUKYISPHBIE CHCTEMbl MapauIeIbHBIX JIUHHMA;
pPacCTOSHUS MEKAY JIMHUSMH OJIMHAKOBBIE,

CUMTAETCSA, YTO OTH JIMHUM TapaUIeNbHBl OCAIM KOOPAMHAT, W y KaKIOH JIMHUM
HOAMNYCHIBACTCS 3HAYEHUE COOTBETCTBYIIEH KOOPIMHATHI (ITOydaeTcss KOOPAMHATHAS CETKA).

3-ii criocob

YKa3bIBAIOTCSl YUCICHHBIC 3HAUCHNS KOOPJMHAT JBYX (PMKCHUPOBAHHBIX TOUCK.

[TepBbIii  criocod siBisieTcsl OOIICTIPUHATHIM; B T'EOJE3UM 3TUM CHOCOOOM 3aiaeTcs
30HAJIbHAS CUCTeMa MPSIMOYTOJIbHBIX KoopauHar ["aycca.

Ha tonorpaguyeckux kapraXx W IUIaHaX CHCTeMa NPSAMOYTOJIbHBIX KoopauHat ["aycca
3a/1a€TCsl BTOPBIM CIIOCOOOM.

Ha mecTHOCTH cHcTeMa MPsIMOYTOJIbHBIX KOOPAMHAT 3aJaeTCsl TPETHHM CIIOCOOOM; BCETaa
MOYKHO HaWTH HECKOJIbKO T'€0JIe3HYECKHUX ITYHKTOB C M3BECTHBIMU KOOPIMHATAMU U ONPEICISATH
HI0JIO)KEHHE HOBBIX TOYEK OTHOCUTEIBHO ITHX ITyHKTOB, BBITIOJIHSS KAKHE-TN00 H3MEPEHHUSL.

2.1.2. Tpu 3J1eMeHTApPHBIX H3MepPeHus!

Ha nnockocTi MOKHO U3MEPATH YIJIBI M PACCTOSIHHSL.

VYron gukcupyercst Tpemsi TOUKaMU: OJJHA TOYKa - 3TO BEPIINHA YIJIa, a IBE APYTUE TOUKU
bukcupyrot HanpaBieHus 1-i u 2-it cropoH yria. B mpocreiitem ciydae xoTst ObI 0JTHA TOYKA
U3 TpeX He HMeeT KOOpPAMHAT, TO-€CTh, SBISETCS OMNpenenseMoil; B 00meM ciydae
oTpeeNsieMbIMA MOTYT OBITh OJJHA TOYKA, TBE TOYKU WM BCE TPU.

PaccTosnue Quxcupyercss IBymMsS TOYKaMd, U B OOIIEM cCllydae OMPEIEISIeMbIMH MOTYT
OBITH OJTHA TOUYKA UJTK 00e.

B nganHOM paszene paccmaTpuBaeTCs MPOCTEHIIMN Cllydail, KOrga U3MEPEHUE yrila WId
pacCTOSTHUS BBIMOJHSAIOT JUISI OMPENEICHUsT KOOpAMHAT OJHOW TOYKU. [locKoJbKy mpu
M3MEPEHHUH yTjla OmpenesiseMasl Touka MOXET pacroJiaraThes JMOO B BEpIIMHE yriia, Tu0o Ha
OJIHOWM M3 €ro CTOPOH, TO C Hallled TOYKHU 3PEHHS Ha IUIOCKOCTH MMEIOT MECTO TPHU Pa3HBIX
MU3MEPEHHUSI, KOTOPBIE HA30BEM JIEMEHTAPHBIMHU.

Usmepsiercss yron [ Ha myHKTe A ¢ HU3BECTHBIMH KoopauHatamu X4,Y4 wMexay
HaIlpaBJIE€HUEM C M3BECTHBIM JIUPEKIMOHHBIM yriioM 0AB U HampaBieHueM Ha ONpeiensieMyro
Touky P (puc.2.2).




JupexkunoHHbIN yroi o HanpasieHus AP momydaercs mo popmyie

c=Cap+ 5. (2.3)

Jna npsamoit nuHuM AP, Ha3blBaeMOW JIMHMEH MOJOXEHUS TOYKM P, MOXXKHO HamucaTh
ypaBHeHue B cucreme XOY [25]:

Y-Yy=tgoa*x(X—-X,). (2.4)

B sTtom ypaBHenuu X U Y - KOOpJAUHATHI OO0 TOYKH MPSIMOM, B TOM YHUCJIE U TOYKH P,
HO JIJIs1 HaXOKJIEHUA BYX KOOPAMHAT TOYKU P 0JHOro Takoro ypaBHeHHsI HEJOCTATOYHO.

N3mepsercs pacctosHue S OT MyHKTa A ¢ HM3BECTHbIMU KoopauHaTtamu XA, YA 10
onpenensieMod Touku P. M3 Kkypca reoMerpum HW3BECTHO, 4TO TOouka P Haxomurcs Ha
OKPY>KHOCTH paaunyca S, MPOBEIECHHON BOKPYr TOYKU A, M HA3bIBAEMOM JMHHUEH MOJIOKEHUS
touku P (puc.2.3). YpaBHeHUE OKPYKHOCTH UMEET BUJI :

(X-X )%+ (¥-Y) =82, 2.5)

B sTom YpaBHCHHUU XnY - KOOPAWHATBI JII000H TOYKHU OKPY’KHOCTH, B TOM YUCJIC U TOYKH
P, HO JJIs1 HAXOKACHUA ABYX KOOPAUHAT TOUKHU OAHOI'O TAKOT'O YPABHCHUA HCAOCTATOYHO.

Puc.2.3

W3mepsieTcs yron B Ha ompenenseMoi Touke P Mexny HampaBiIeHHsIMH Ha J1Ba ITyHKTA C
M3BECTHBIMHU KOOPJMHATAMU; 3TO U3MEPEHUE paccMaTpuBaetcs B pazzaene 2.1.8.

Koopaunarsl X u Y Touku P MOXHO HaliTH U3 COBMECTHOTO PELIEHUS ABYX YpaBHEHUH,
[O3TOMY, B3fB JIOOYI0 KOMOMHAIIMIO M3 TPEX H3MEpPEeHUH Mo JBa, MOJIYYMM HpocTeiIne
CHOCOOBI OTIpeIeNIeHUs] KOOPAUHAT TOYKH, Ha3bIBEMbIE I'€0/1€3MUECKUMH 3aC€UKAMU:

JIBa ypaBHEHUs Tuna (2.4) - mpsimast yriaoBas 3aceuka,

J1Ba ypaBHeHus Tumna (2.5) - nuHeliHas 3aceuka,

OJIHO ypaBHeHMeE Tuna (2.4) 1 ogHO ypaBHeHue Tumna (2.5) mosspHas 3aceuka,

JIBa U3MEPEHMSI YTJIOB Ha ONPEENIIeMOl TOUKe - 0OpaTHas yIjioBas 3aceyka.

OcTanbHble KOMOMHAIIUY U3MEPEHU HA3bIBAIOTCS KOMOMHUPOBAHHBIMU 3aCEUKaMHU.

Kaxgoe n3 Tpex 3JIeMEHTapHbIX W3MEPEHUH SBISETCS MHBAPUAHTOM IO OTHOLIEHUIO K
CHUCTEMaM KOOPJAMHAT, YTO IO3BOJISIET PEIIATh 3aCEUKH HA PaA3IUYHBIX UYEPTEkKax, ONpPElessis
NoJIOXKeHHEe TOUKH P oTHOcHUTeNnbHO (PUKCHpOBaHHBIX ToueK A U B rpaduueckum criocobom.

AHanUTHYECKUi Croco0 pEelIeHus 3aceUeK - ITO BBIUMCIEHUE KOOPJIMHAT OINpeNeIsieMoi
Toukd. OHO MOXeT OBITh BBHIIOJHEHO Yepe3 pelIeHWe CHCTEMbl JIBYX YpaBHEHHUH,
COOTBETCTBYIOIIMX BBIMOJIHEHHBIM M3MEPEHUSM, WJIM 4Yepe3 pelIeHHe TpPeyroibHHKA,
BEpIIMHAMU KOTOPOTO SIBJISIOTCS JBa UCXOIHBIX MYHKTA M ompejenseMasl Touka (3TOT crnocod
JUIST KPATKOCTH HA30BEM CITIOCOOOM TPEYTOJIbHHUKA).

B nr060M reozie3snueckoM MoCcTpOSHUH MPUHATO BBIACISATH TPU TUTIA TAHHBIX:



UCXOJHbIE JTaHHBIE (KOOPAWHATHI MCXOAHBIX MYHKTOB, JUPEKIMOHHBIE YIJIbl MCXOJHBIX
HATPABIICHUH U T.I1.); OTH JIaHHBIC YaCTO MPUHUMAIOTCS YCIOBHO 0€30IIMO0YHBIMH,

U3MEpSiEeMbIC DJJIEMEHTBI; KaXKIbli W3MEPEHHBIH DJIEMEHT OOBIYHO COMPOBOXKIACTCS
3HAUEHUEM CPEAHCH KBAAPATUICCKON OMMOKU U3MEPEHUS,

HEW3BECTHBIC (MJIU OIpEAEIsieMbIe) 3JIEMEHTHI; 3TH AJIEMEHThI MOJICKAT HAXOKIACHHUIO 110
CHEIHalIbHO pa3pabOTaHHOMY alTOPUTMY, M WX 3HAUEHUS IOJY4YalOTCs C HEKOTOPOil omMOKOH,
3aBHCSILEH OT OIIMOOK U3MEPEHUIN U T€OMETPUH JIAaHHOTO MTOCTPOESHHUSI.

2.1.3. IloxsipHas 3aceyka

B momspHOi 3acedyke HMCXOMHBIMH JAHHBIMU SIBJSIFOTCS KOOPAMHATHI IyHKTa A H
JUPEKIUOHHBIM yron HampaBiaeHuss AB (wim xoopauHatsl myHkTa B), usmepsembiMu
3JIEeMEHTaMU SIBJISIFOTCS] TOPU3OHTANBHBIN yron B (CpeaHsis KBaapaTudeckas ommokKa u3MepeHus
yrima mf) u paccrosHue S (oTHOcUTenbHas omuoOka ero m3mepenus mS / S = 1 / T),
HEU3BECTHBIE PJIEMEHTHI - KoopauHatel X, Y Touku P (puc.2.4).

Hcxoannie nanueie: XA, YA, adAB

N3mepsiembie a5eMeHTsL: 3, S

Hewn3secTHrie snemeHTsl: X , Y

X B
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Puc.2.4

['padpuueckoe pemenue. Ot HampaieHus AB OTIOXHUTH TpaHCHOPTHPOM yroia [ u
IIPOBECTH MpPAMYIO JIUHHIO AQ, 3aTeM BOKPYT IyHKTa A MPOBECTH AYTY OKPYKHOCTH PaguyCcoM
S B macmtabe dyepreka (IJIaHA WM KapThl); TOYKA IEpPEceYeHUs] MPSMOW JIMHUKM U AYTH
ABJISIETCSI KCKOMOM TOUKOM P.

AHnanmutrueckoe pemenue. JJupeKinoHHbIi yroa o tuanu AP paBeH:

o=adAB + .

3anumieM ypaBHeHUs npsimoid nuHuUM AP - dopmyna (2.4) u OKpyXHOCTH paguyca S
BOKpYT IyHKTa A - ¢popmyina (2.5):

Y-Y,=tgo*(X-X,);

(X-X )+ Y-V =52, (2.6)



Hns HaxoxneHuss xkoopauHaT X W Y TOYKM P HYXHO pemuTh 3TH JBa YypaBHEHUS
COBMECTHO Kak cucteMy. IloncraBum 3HaueHue (Y - YA ) U3 nepBoro ypaBHEHUsI BO BTOPOE U
BbIHECEM 3a cKoOKH ( X - XA) 2:

(X-XA)2*(1+tg2a)=S2.

Bripaxenue (1 + tg2a ) 3amennm Ha 1 / Cos2a 1 HOTyqInM:

(X-XA)2=S2*Cos2a,

otkyma X - XA = S* Cosa .

[ToacraBuM 3TO 3HaUEHME B IIEPBOE ypaBHEHUE (2.6) U NOTYUHM:

Y-YA=S * Sina.

Pasnoctu xoopaunar ( X - XA ) u (Y - YA ) npusHiATO Ha3bIBaTh NPUPAILIECHUSMU U
o0o3Hauath AX n AY.

Taxum 0Opa3oM, MOIsIpHAst 3ace€UKa OJHO3HAYHO pelaeTcs no popmysam:

=g+,

AX = S*Cosex; AY =S *Sina

X=X +0X, Y=V,+AYV. 2.7)

2.1.4. Ilpsimasi reoge3nveckas 3aj1a4a Ha MJIOCKOCTH

B reone3uu ects 1Be cTaHIapTHBIC 3ajauu: NpsiMast reoie3nuecKkas 3ajadya Ha INIOCKOCTH U
oOpaTrHas reoJie3u4ecKas 3ajada Ha INIOCKOCTH.

[Ipsimast reone3nueckas 3agada - 3TO BbIYMCIEHUE KOOpAMHAT X2, Y2 BTOPOTO IYHKTA,
ecJIi U3BeCTHBI KoopauHathl X1, Y1 nepBoro nmyHkTa, IMPEKIMOHHBIN Yroj o U IJIMHa S JINHUH,
coenuHsOMEH 3TH NyHKTHL. [Ipsimas reonesnueckas 3ajada SBISETCS YacTblO TOJSPHOMN
3aceukH, U GOpMYIIbI I ee pelieHus 0epyrces u3 Hadbopa popmyn (2.7):

Xy =X, +8*Cosee;, ¥, =1 +8*Sine. (2.8)

2.1.5. Ob6paTHasn reoje3nyeckas 3a1a4a Ha MIOCKOCTH

OOparHas reofie3sndeckas 3ajada - 9TO BBIYUCICHHUE JUPEKLIUOHHOIO YyIia O U JUIMHBI S
JIMHHUH, COEIMHSAIONIEH /IBa MMyHKTA C U3BECTHBIMU KoopauHataMu X1, Y1 u X2, Y2 (puc.2.5).

Puc.2.5



[ToctpouM Ha oTpe3ke 1-2 Kak Ha TUIMIOTEHY3€ MPAMOYTOJIbHBIN TPEYTOJbHUK C KaT€TaMH,
NapauIeJIbHBIMU OCSIM KOOpJWHAT. B 3TOM TpeyroibHHUKE T'MIIOTEHY3a paBHA S, KaTeTbl PaBHbI
npupamieHusM koopaunHaT Touek 1 u 2 ( AX = X2 - X1, AY = Y2 - Y1 ), a oquH U3 ocTphIX
YIJIOB paBeH pymOy 1 TuHUM 1-2.

Ecim A X# 00u AY # 00, To penraem TpeyrojabHUK 110 U3BECTHBIM (OpMYJIaMm:

S = '\J(&X)z 3z (ﬁy)g 3 (29)

igr=|—| © r=arcigl—:y]|.

(2.10)

st tTaHHOTO PUCYHKA HAINpaBJIEHUE JIMHUM 1-2 HaXOAUTCS BO BTOPOM YETBEPTH, IOITOMY
Ha ocHoBaHuH (1.22) HaxoauM:

o:=180°—r. (211)
OO01muii MopsAI0K HAXOKIACHHS TUPEKIIMOHHOTO yIJIa TMHUM 1-2 BKIIIOUAET JIBE OTepaIuu:
ompeesIeHue HOMepa YeTBEPTH 110 3HAKaM InpupaimieHuii koopaunat A>X u AY (puc.1.4-

BBIYHUCIICHHE 0 110 opmyiaM cBsi3u (1.22) B COOTBETCTBHH C HOMEPOM YETBEPTH.
KoHTposem npaBuibHOCTH BBIYUCIIEHUHN SIBISIETCS BHIIIOJHEHUE PABEHCTBA!

iV _ AY _g
Cosax  Sina (2.12)
Ecmn AX =0.0, 10
S =1AYi;

ua=90000"00" mpu AY >0,
a=2700 00" 00" mpu AY <0 .
Ecnu AY =0.0, T0
S =1AXi
ua=0000"00"nmpu AX>0,
a= 1800 00' 00" mpu AX <0 .
Jns pemieHust oOpaTHOM 3a/laud B aBTOMaTHUECKOM pexuMe (B mporpammax s 9BM)

HCIIOJIB3YCTCA I[perﬁ AJITOPUTM, HC co,uep;xanmﬁ TAaHI'CHCA yTJIa U HCKJIIOYAIOIIHUIl BO3MOKHOE
JACJIICHHUEC Ha HOJIb:

5=+ @an?;

@ =arcCos(AX [ 8),; (2.13)

ecn AY =>00,T000=4a,
eciit AY <00, 10 00=3600-a.

2.2.2. JInHeiHHO-YIJIOBOM X0
2.2.2.1 Knaccudukanusi JMHEHHO-YIIOBBIX X010B
i omnpeneneHuss KOOpAWMHAT HECKOJBKMX TOYEK MOYKHO IIPUMEHHUTH pa3IM4HbIE

CHOCO6LI; HanOoJee pacnnpoCTPpaHCHHBIMHU M3 HUX ABJISAKOTCA HHHCﬁHO-yFJ’IOBOﬁ X014, CucremMa
J'IPIH@fIHO-er'IOBBIX XOOO0B, TPUAHTYJIAIHA, TPUIATCPpALUA U HCKOTOPBIC APYTHUE.



JIuHelHO-yTIIOBOM X0/ MPECTaBIsAET COOO0M IMOCIEI0BATENIbHOCTh MOJMAPHBIX 3aceueK, B
KOTOpOfI I/I3MepHIOTC$I FOpI/ISOHTa.HBHBIe yTJIBI nu paCCTO}IHI/I}I MG)K,Z[y COCCIHUMHU TOYKaAMH

(puc.2.17).

Puc.2.17. Cxema NTMHENHO-YIJIOBOTO X012

HcxonHbIMU TaHHBIMH B JIMHEHHO-YIJIOBOM XOJI€ SIBJSAIOTCS KOOpAuHAaThl XA, YA NMyHKTa
A u pupekuMoHHbI yron oBA nuHuM BA, KOTOpbI Ha3plBaeTCsi HadalbHBIM HCXOJHBIM
JUPEKLHUOHHBIM YIJIOM; 3TOT YroJl MOXKET 3a/1aBaThCsl HEABHO Yepe3 KOOPAMHATHI yHKTa B.

H3mepsieMble BETMUUHBI - 3TO TOpU30HTaNbHbIE Yribl 1, B2,..., Bk-1, Bk u paccrosaus S1,
S2, Sk-1, Sk. M3BecTHbl Takke OMIMOKA M3MEPEHUs] YIJI0B MP ¥ OTHOCHTENIbHAs OIIMOKa
u3MepeHus pacctosaui mS/S=1/T.

JIMpeKIMOHHBIE YTIIBI CTOPOH XOJAa BBIUMCISAIOT MOCJIEIOBATENBHO 110 H3BECTHBIM
bopmynaM nepeaayr IUPEKLUOHHOTO yIJla Yepe3 Yroy MoBopoTa

Oy =0+ Fig — 180° (2.64)

(2.65)

AJI JICBBIX YTJIOB :

= o — i +180°
JUTS IPaBBIX yriloB @ i+l — ™ Bin

Jns xona Ha puc.2.17 nmeem:

oy =g+ ) -180°;

&, =o:1+,52—1800 :

U T.J.

Koopaunatel NyHKTOB XO0Ja MOJIYYarOT W3 PEIICHHS NPSIMOM TIe0Ne3UUYEKON 3ajaduu
CHayaja OT IMyHKTa A K IIyHKTY 2, 3aT€M OT ITyHKTa 2 K IIyHKTY 3 U Tak Aajiee 10 KOHIIA X0/a.

JIuneltHO-yTII0BOM X0, N300pa’keHHbIH Ha puc.2.17, mpuMeHseTcs OueHb PeIKO, TaK KaK B
HEM OTCYTCTBYET KOHTPOJIb M3MEPEHUH; HAa IIPAKTUKE, KaK IPAaBUIIO, IPUMEHSIOTCSI XOIbI, B
KOTOPBIX MPETyCMOTPEH TaKOW KOHTPOJIb.

[To popme U MOIHOTE MCXOIHBIX JAHHBIX JIMHEHHO-YIJIOBBIE XOAblI MOJPA3AENAIOTCA Ha
CJIEIYIOINE BUJIBIL:

pa3oMKHYTHI Xon (puc.2.18): UCXOIHBIE TYHKTHI C WM3BECTHBIMH KOOPJWHATAMH H
MCXOJHBIE TUPEKIIMOHHBIE YIJIBI €CTh B HAYaJIE U B KOHILIE XO/a;



Puc.2.18. CxeMa pa30oMKHYTOI'0 JIMHEHHO-YTJIOBOT'O X0/1a

Ecnu B Havase Wiy B KOHIIE X0/J1a HET UCXOAHOTO AUPEKLIMOHHOIO yIJIa, TO 3TO OyIeT X0
C YaCTUYHOM KOOPJIMHATHOW IPUBSI3KOM; €CIU MCXOJIHBIX AUPEKLMOHHBIX YIJIOB B XOJE COBCEM
HET, TO 3T0 OyJIeT X0/ C MOJHOW KOOPIUHATHON TPUBSI3KOH.

3aMKHYTBIM JINHEHHO-YIJI0BOW X0x (puc.2.19) - HavanbHBIA M KOHEYHBIM MYHKTHI X0Ja
COBMEILIEHbI; OJUH IYHKT XO0Jla MMEET H3BECTHbIE KOOPAUHATHl M HA3bIBAETCS HCXOAHBIM
IYHKTOM; Ha 3TOM IYHKTE JOJDKHO OBITh MCXOJIHOE HAIIPABJICHUE C U3BECTHBIM JAUPEKIIMOHHBIM
YIJIOM, U H3MEPSAETCSA NMPUMBIYHBIA Yol MEXKIYy STHUM HAIpPaBJICHUEM W HAIPAaBJICHUEM Ha
BTOPOM IYHKT XOJa.

-
SI’I-1

n-1

Pnc.2.19. Cxema 3aMKHYTOT0 JIMHEHHO-YIJIOBOI'O X0/1a

BUCAYMI JMHEHHO-YrIIoBOoM xon (puc.2.17) mmeer HUCXOAHBIM IYHKT C HW3BECTHBIMH
KOOpAWHATaMU M UCXOAHBIN TUPEKIIMOHHBINA yroJ TOJIBKO B HaYaJle X0/1a.

CBOOOJHBI JIMHEHHO-YTJIOBOM XOJ HE WMEET MHCXOJHBIX ITyHKTOB M HCXOJTHBIX
JUPEKLMOHHBIX YTJIOB HU B Hayaje, HU B KOHIIE XO/a.

[To TOYHOCTH M3MEPEHUsI TOPU3OHTAIBHBIX YIJIOB M PACCTOSHUMN JIMHEHHO-YTTIOBBIE XOJIbI
JIeNISATCS Ha 1B OOJIbIINE IPYIIIIbI: TEOJOTUTHBIE XObI M TOJUTOHOMETPUYECKHE XO/IbI.

B TeononuTHBIX XOJax TOPU3OHTAJIbHBIE YIIBI M3MEPSIOT ¢ ommOkoil He Ooinee 30";
OTHOCHUTEIIbHas olnOKa n3MepeHust paccrossHuit mS/S xonednercs ot 1/1000 mo 1/3000.

B nonuronomerpnueckux xo/1ax rOpU30HTAIBHBIE YIIIbI U3MEPSIOT ¢ omuokoit ot 0.4" mo
10", a oTHOCHTEIbHAS OMIKMOKA M3MepeHus paccTosuuii mS/S OpBaer ot 1/5000 mo 1/300 000.
[To TOYHOCTH W3MEPEHWH TMOJIUTOHOMETPUYECKHE XOIBI JNENATCS Ha JBa paspsga W YeThIpe
kiacca (cm. pazgen 7.1).

2.2.2.2. BoruncieHne KOOPAUHAT IYHKTOB PAa30MKHYTOI'0 JIMHEHHO-YII0BOI0 X012



Kaxnapiii onpenensemMplii TyHKT JIMHEHHO-YTIIOBOIO X0/la UMEET JBE KOOpAHHATHI X U Y,
KOTOpBIC SIBISIOTCS HEM3BECTHBIMU U KOTOpPBIE HY)XHO HaiThu. OOIee KOJIMYEeCTBO ITYHKTOB B
xo0Jie 0003HaUMM yepe3 N, TOra KOJIMYECTBO HEU3BECTHBIX Oyner 2 * (n - 2 ), Tak KaK y ABYX
MYHKTOB (MCXOJHBIX HA4aIhbHOTO M KOHEYHOT'0) KOOPIMHATHI M3BECTHBI. J{s HaxoxaeHus 2 * (
N - 2 ) HEU3BECTHBIX JJOCTATOYHO BBIMOIHUTE 2 * (n - 2 ) H3MEpEHUH.

[ToncuntaeM, CKOJIBKO U3MEPEHUN BBIMIOIHSAETCS B PA3OMKHYTOM JIMHEHHO-YTJIOBOM XOJI€:
Ha N MyHKTaX M3MEPEHO N YIJIOB - MO0 OJHOMY Ha KaXKJIOM IMyHKTE, U3MepeHbl Takke (n - 1)
CTOPOH X013, Bcero nomydaercs (2 * n - 1) usmepenuii (puc.2.18).

Pa3HOCTh MEXIy KOJIMYECTBOM BBIIIOJHEHHBIX U3MEPEHUN M KOJUYECTBOM HEOOXOAMMBIX
U3MEPEHUM paBHa:

(2*?2—1)—2*(?2—2)=3 (265)

TO-€CTh, TPH MU3MEPCHHUSI SBJISIOTCS M3OBITOYHBIMU: 3TO yroJl Ha MPEANOCIICIHEM MTYHKTE
X0Jla, Yroj Ha IOCJIEJHEM IYHKTE XOJa M IOCieqHss cTopoHa xona. Ho Ttem He MeHee, 3Tu
W3MEPEHUS BBIITOJIHECHBI, U UX HEOOXOIUMO HCIIOIh30BaTh IPU BBIYUCIICHUN KOOPIMHAT ITYHKTOB
xoJa.

B reonesnueckux MOCTPOEHUAX Kaxa0e M30BITOUHOE M3MEPEHHE MOPOXKAAeT Kakoe-11ubo
YCIIOBUE, TMOATOMY KOJMYECTBO YCIOBUI pPaBHO KOJMUYECTBY H3OBITOUHBIX H3MEpPEHUH; B
Pa30OMKHYTOM JIUHEHHO-YIJIOBOM XOJI€ JIOJDKHBI BBIMOJHATHCS TPH  YCIOBHS: YCIOBHE
JTUPEKIIMOHHBIX YIJIOB U JIBa KOOPAUHATHBIX YCIOBUSI.

VYcnoBue TUPEKIIMOHHBIX YTJIOB. BBIYHCINM MOCIIEI0BATEIBHO TUPEKIIMOHHBIE YTIIBI BCEX
CTOPOH XO0/1a, UCTIONB3Ys (hopMyiTy niepesad JUPEKIIMOHHOTO YIila Ha MOCIEAYIONIYI0 CTOPOHY
xoJa:

oy = e+ 5, -180° ;

oy, = ey + 5, —180°

Oy = Oy + By — 180" ;

Cg = Oy + 5, —180°. (2.66)

CI10KUM 3TH paBEHCTBA U TIOJIYUHM:

(al + 0y + a”_l)+ Dy =Oy+ (a'l + ay + a’k_l)+ Z,{S’— 1809 =5

_ _1ep 0
— @y =agy+y F-1807 *n

= - 0 %
. Y B =y —ay+180° *n. (2.67)

9TO - MareMaThdecKas 3amnch INEpBOro reoMETpUICCKOro YycCcjaoBHUsA B PA3OMKHYTOM
HHHCﬁHO-erIOBOM Xo4¢€. I[J'DI IMMpaBbIX YIJIOB MMOBOPOTA OHO 3aIMIICTCA TaK:

D B=ay-ay+180° *n. (2.68)

Cymma yriioB, nojacuuTanHas no ¢opmynam (2.67) u (2.68), Ha3pIBaeTCSd TEOPETUUECKOM
cyMMo#t yrioB xoaa. CymMMa U3MEpEeHHBIX YIJIOB BCIIEACTBUE OMMOOK M3MEPEHHH, KaK MpaBuiIo,
OTJIMYAETCS OT TEOPETUYECKOM CyMMBI Ha HEKOTOPYIO BEIHYHHY, Ha3bIBAEMYIO YTJIOBOH
HEBSI3KOM 1 00603Hagaemyto B:

fg=Zﬁum_Z:8 (269)

JonyctiMoe 3Ha4YeHHE YIVIOBOM HEBS3KM MOXHO pacCMaTpHBaTh Kak IPENEIbHYIO
OLIMOKY CyMMBbI U3MEPEHHBIX YIJIOB!



fw” = ﬁnpeo[z ﬁum)= : *m[zﬁm)' (2.70)

Hcnonb3yeM wu3BecTHYI0 (opMylly HW3 TEOpHHM OIIMOOK JUISi HAXOXKJICHUS CpeIHEH
KBaJpaTUUECKON OMMOKN YHKIIUM B BUAEC CYMMBI apryMeHToB (pasaen 1.11.2):

mA (B, =mi e miy e m, 2.71)
TTpn Mo =Mg=..=Mp =M
MOJIy4YUM mz(zﬁ)mfﬂ*mi’
WITH L (2 ‘8)“’" K =n. (2.72)
[Tocne moacranoBku (2.72) B (2.70) momydaem:
T = 2y ol (2.73)

s reononutHbIX X010B mP = 30", mosToMy:
Fpon = 1l (2.74)

OpHUM U3 3TaNoOB ypaBHUBAHUS SBJISETCSA BBEJCHHUE MONPABOK B U3MEPEHHbIE BEIMUHHBI C
LEJIBIO TPUBE/ICHUS UX B COOTBETCTBUE C FEOMETPUUYECKUMHU YCIOBUAMHU. O003HAUYMM HOIPABKY
B U3MEpEHHBbIN yros V3 1 3anuiieM ycioBHe:

Z(ﬂum+V8)=Z'5’

OTKy[ia CIIEYeT, uTo:

S Ws)=-7. (2.75)

TO-€CTh, TIONIPABKH B YIJIBI CIENYeT BBIOpATh TaK, YTOOBI MX CyMMa ObLIa paBHA yTIIOBOU
HEBSI3KE C IIPOTHBOIMOIOKHBIM 3HAKOM.

B ypaBuenuu (2.75) n HEHM3BECTHBIX, W ISl €r0 PELICHHs HEOOXOIMMO HAIIOXKHUTh Ha
nornpaBku VP (n-1) HOMOTHUTENBHBIX YCIOBHIA; HAaHOOJIEe IPOCTHIM BAPUAHTOM TAKHUX YCIOBHIMA
Oyner:

TO-€CTh, BCE€ IONpPAaBKM B H3MEPEHHBIE YIJIbl OJMHAKOBBL. B 3TOM cilydae pemeHue
ypaBHeHHUs (2.75) momyyaercs B BUJE:

Vo=—f.In;
5l 2.77)
5TO O3HAYAET, YTO YIrIoBas HeBs3Ka fB pacnpenensercs ¢ 0OpaTHBIM 3HAKOM MOPOBHY BO

BCE U3MEPEHHBIE YIJIBI.

HcnpaBneHHble 3HAYEHUS YTTIOB BBIUUCIISIFOTCS 110 (hopMyIie:

B = Pying+ Vg (2.78)

ITo ucnpaBileHHBIM yIIaM ITOBOPOTA BBIYUCIIAIOT JUPEKIMOHHBIE YIUIBI BCEX CTOPOH X0/a;
COBIIAJICHUE BBIYKMCIIEHHOTO U 33JaHHOT0 3HAYE€HNH KOHEYHOT'O NCXOIHOTO JUPEKIIMOHHOTO yria
ABIIIETCS. KOHTPOJIEM IIPaBH JIBHOCTU 00PaOOTKU YTIIOBBIX U3MEPEHUH.

Koopaunataele ycnoBus. Pemas mocnefoBaTellbHO NPSIMYIO TIE€OJE3MYECKYHO 3aJauy,
BBIUMCIIMM TIPUPALEHUS KOOpPAMHAT Mo Kaxkaod crtopoHe xoma AXi u AYi. Koopaunatsr
MYHKTOB X0/JIa TMOJIYYUM 110 (GOpMYyJIaM :



nJIn

¥o=Kigs ¥F=¥o.

Xay ? Ray ?

Xy =X, +AX, Y, =Y+AY ;

X=Xy ¥AX, 4 o =T +AF,

Kon = Xpa TAX ), Ty =L AT (2.79)
CH0XH1M 3TH paBeHCTBA M MOJyYUM Ui npupameHnii AXi:

(X + X+ + X )+ Xy = X + (N + X+ + X, )+ DAY,
[Tocne npuBeneHus MOT00HBIX IMEEM:

Xy = Xy + 20X,

EMi =wa—Xx

a (2.80)
Amnanoruunas Gpopmysia Uit CyMMBI IIpUpalennii AY uMmeer BUI:
Zﬁl’; = Ywu - y;aav : (281)

[Honyunnuce eme nBa yciosus (2.80) u (2.81), koTopble Ha3bIBAIOTCS KOOPIMHATHBIMU.

CYMMBI npnpameHHﬁ KOoOpJuHAT, IIOACYHHUTAHHBLIC IIO OJOTHUM (1)OpMyJ'IaM, Ha3bIBAKOTCsA

TCOPCTUUCCKUMU CYMMaMU npnpameHI/Iﬁ. Bcnencrue oIIn0OoK HU3MCPCHUA CTOPOH H

YIOPOIICHHOT'O crocoba pacupCaciICHuA yrHOBOﬁ HEBA3KH CYMMbI BBIYHCIICHHBIX HpI/IpaH_ICHI/Iﬁ

KOOpAWHAT B OGH.[CM ClIydyac HC 6y,HYT PaBHbI TCOPCTUYCCKHUM CYMMAM; BO3HHUKAKOT TakK

HAa3bIBACMBIC KOOPJAWHATHBIC HCBA3KHU XOAa:

f;r =EMsm _EMi ;

fy o Zﬁyssx —ZQYE > (282)

10 KOTOPbIM BBIYUCIIAIOT a6COJ'IIOTHy}0 HEBA3KY XOoOa:
il 2 2

Fo=A 4T (2.83)

M 3aTCM OTHOCHUTCIIbHYIO HEBA3KY XO/1a:

UN=£13(8) (2.84)

VpaBuuBanue npupaiieHuiit AX u AY BBINOJTHSIOT CIAEAYIOMUM 00pa3oMm.
CHayasia 3anychIBalOT CyMMbI HCTIPABJIEHHBIX NPUPALICHHI:

E (Mump)= Z(Msm + Vx);
Z (ﬁnm)= Z(ﬂysm + Vy)

W IPpUPABHUBAIOT UX TCOPECTUUCCKHUM CyMMaM:

E(Mem"'Vx):ZMi;
> Y+ 7,)= 3 A7,

OTKY/Ia CJIEIy€eT, UTo:
E Vx = _f; :
2V=-5 (2.85)

B »tux ypaBHeHMsX 1o ( n - 1 ) HEU3BECTHBIX U JUISl UX PEIICHUS HEOOXOAMMO HAJIOKUTh

Ha nonpaBku VX u VY pononHuTensHble ycnoBus. Ha mpakTuke monpaBKu B HpHUpaLICHUs

KOOpAUHAT BBIYUCIIAIOT 11O (I)OpMYJ'IaMI



in _fx*‘sé '(ZS:
V== f 5128, (2.91)

3
KOTOpBIE  COOTBETCTBYIOT  YCJIOBHIO  "MONpaBKU B  MpHUpPAUICHUS  KOOPIWHAT

MPOMOPLUUOHANILHBI YTMHAM CTOPOH".

PaccmoTpennslii crioco6 00paboTKu U3MEPEHH B TMHEWHO-YIIIOBOM X0JI€ MOKHO Ha3BaTh
CIIOCOOOM  IOCJIEZIOBATEIBLHOIO PACIpENEICHHs] HEBS30K; CTPOrOo€ YpaBHMBAHME JIMHEHHO-
YIJI0BOI'O XO/1a BBIIIOJIHAETCS 10 METOly HAUMEHBIIUX KBaIpaTOB.

[Tocne ypaBHHMBAaHMS OJUHOYHOTO JIMHEHHO-YIJIOBOI'O XO/a OIIMOKM IIOJOXEHHUS €ro
MyHKTOB HEOJMHAKOBBI, OHM BO3PACTAlOT OT Hayaja M KOHIIA XOJa K €ro cepeiuHe, H
HauOOJIBIIYIO OMMOKY MOJIOKEHUsI UMEET MYyHKT B cepeluHe Xxoaa. B ciiydae npubanxeHHOTro
ypaBHHUBaHMSI 3Ta OLIMOKA OLEHUBAETCS MOJOBUHOM abcoMOTHON HeBs3kH xoaa fs. [Ipu ctporom
YpaBHUBAHHUH XO0/1a MPOU3BOAUTCS CILIONIHAS OI[EHKA TOYHOCTH, TO-E€CTh BBIUMCIISIIOTCS OIIUOKU
MOJIOKEHHS KaXJIOTO MyHKTa X0/1a, OIMOKU TUPEKINOHHBIX YIJIOB BCEX CTOPOH XO/a, a TaKXKe
OIMOKH ypaBHEHHBIX 3HAUYEHHUH YIII0B M CTOPOH XOJa.

2.2.2.3. Boluuciienue KOOpAMHAT MYHKTOB 3AaMKHYTOI'O ﬂHHeﬁHO-yFJIOBOFO Xoaa

Brruncinenue KOOpAUHAT IMYHKTOB B 3aMKHYTOM J'II/IHCI‘/'IHO-YFJ'IOBOM XOA€ BBIIIOJIHACTCA B
TOM K€ MMOPAAKE, YTO U B Pa30OMKHYTOM XOJ€; OTIIMYUC COCTOUT B BBIYUCIICHUN TCOPCTUICCKUX
CyMM YVyIJIOB U HpI/IpaH_IeHI/Iﬁ KOOpAUHAT. Ecmu B 3daMKHYTOM XOJ€ HU3MCPAJINCh BHYTPCHHHUC
YIJIBL, TO

> 5 =180 =(n-2);

€CJIM BHCIIHHUEC, TO

> F=180*(n+2); (2.92)
E (Mi)= 0;
w2 BR)=0. (2.93)

3. KoHCTPYKTHBHBIE 3JIEMEHTHI I'e01e3NYeCKNX H3MEePUTEeIbHbIX NPHOOpPOB
3.1. OrcueTHbIe IPUCTIOCOOIEHUS

N3meputh Kakyroo-mu0O BEJIMYMHY - 3HAYUT CPAaBHUTh €€ C JPYrodl OJHOPOIHOU
BEITMYMHOM, TPHHATOM 3a eIuHMIy wu3MepeHus. llpucnocoOneHue, Hecymee eIUuHUILY
U3MEepeHUs, Ha3bIBaeTCs paboueii Mepoii. OOBIKHOBEHHAs TUHEIKA C ACNEHUSIMU CAHTUMETPOB U
MUJUTUMETPOB, TPAHCIOPTHUP C ACTECHUSMU TPATYCOB - ITO IPUMEPHI PabOUUX Mep.

[IIkana paGoueit MephbI Kak MPaBUJIO PAaBHOMEPHA; OHA MOXKET pacroiaratbes Mo MpsIMON
JUHHH, 110 TyTe OKPY>KHOCTH HIIM TI0 KaKOW-TMOO0 APYroil KPUBOH.

OTcunThIBaHUE TI0 MIKAJIE paboveil Mephl TPOU3BOAAT MO OTCYCTHOMY MHJICKCY (Ha4aio u
KOHEIl OTpe3Ka JMHUHU, CTOPOHA yTIia, IMTPHUX JIOTApU(DMHUUECKON JIMHEHKH, CTPEIKa BECOB



T.1.). B o0mem ciydae orcuernsiii maaekc (Ha puc.3.1. - O.1.) ycraHaBnuBaeTcss MEX1y IBYMS
LITPUXAMHU LIKAJIbl; OJMH U3 HUX HA3bIBAIOT MIIAJIIMM IITPUXOM (MIL.), IpYroM - CTapIIuM (CT.).
=0 0.1 Al
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Puc.3.1

Otcuet N no mikane paBeH CyMME JIByX BEJTUYMH:

N =Nwmr + x, (3.1)

rae Nwmi - 3HauYeHUE MJIQIIETO mTpuxa IIKAJIBI, N = 55,
X - 10JI LIEHBI JAEJICHUS] IIKAJIbI OT MJIAJLIETO MITPUXa 10 OTCYETHOT O UHAeKca, X = 0,6.

BenuunHy X MOXHO MOJIy4aTh pa3HbIMM CIIOCOOAMH, IPOCTEUIINN U3 HUX - OLIEHWBAHUE
Ha r1a3. [pyroi cnocob mpeanojaraeT HAIMYKUE CIEIHAIBHOTO OTCUETHOTO MPHUCIIOCOOIEHUS,
Ha3HAYEHHUE KOTOPOTO - H3MEPATh BEIMYMHY X C TOW WM HHOM TOYHOCTHIO. M3BECTHBI
CJICAYIONIME OTCYETHBIC MPUCIIOCOOICHNUS: B MAITMHOCTPOCHUH - HOHUYC (BEPHBED), MUKPOMETD,
MUKPOCKOII-MUKPOMETP, B ONTHYECKOM MNPUOOPOCTPOCHHM, IITPUXOBOH H  IIKAJIOBOMH
MUKPOCKOIIbI, ONITUYECKUI MUKPOMETP U T.J.

BepHbep - 04HO U3 MPOCTEHIIUX OTCYETHBIX MpuUcIocoOeHnuid. Ero cTposT cienyrommm
0o0pa3oM: OTpPEe30K B n JENEeHUN IIKambl pabodeil mMepbl (OCHOBHOW IIKAllbl) MEPEHOCAT Ha
IPUIETAIOIIYI0 MOBEPXHOCTh U JENAT €ro TaM Ha ( n + 1 ) paBHBIX yacTeil, moisiyyas IIKaily
BepHbepa (puc.3.2). O603HauuM Yepe3 A ILIeHY JCJICHHs OCHOBHOW INKAJIbl M Yepe3 [ - IeHY
JIeJIEHNs] BEpHbEPA; TOUHOCTHIO BEpHbEpa t HA3bIBAIOT PA3HOCTH

t=A-L. (3.2)

ITo moctpoernto A * n=p * (n+ 1), nosTomy

p=4* d
n+l
[ToncraBuB 3TO BhIpaxkeHue B popmyiy (3.2), nomyuyum
A
f=——
n+1 (3.3)

TO-€CTh, TOYHOCTh BEpPHbEpPA PAaBHA IIEHE JIEJIECHUS OCHOBHOM IIKaJbl, IEJIEHHON Ha YUCIIO
JIETICHUI BEpHbEPA.

WMJ;W M
am n=9 30 20 30
A=1
Puc.3.2 Puc.3.3

B mpakTuke oueHb 4acTO BCTPEYAETCs BEPHbEP HA OJHY AECATYIO, KOrJa n = 9; TOUHOCTb
TAKOTO BEpHbEPA PaBHA OJTHOM JECATON JI€JIEHUS] OCHOBHOM IIKAJIBI.

Pone oOTCYeTHOro HWHIEKCAa B BEpPHBEpPE BBINOJHAET €ro HyJeBoM wmTpux. Eciaum oH
COBMEIIIEH C KaKUM-JIMOO IITPUXOM OCHOBHOM IIIKaJIbl, TO OTCYET MO OCHOBHOM IIKajie paBeH
3HAQUYEHHUIO ITOr0 IITpuxa. Bce ocTalbHBIE IITPUXM BEPHbEpA HE COBIAJAIOT CO IITPUXaMU
OCHOBHOHM IIKaNbl, MEPBBIM IITPUX BEpHbEpa OTCTOUT OT OJIMKANWIIEro INTpPUXa OCHOBHOM



IIKaJbl HAa BEIMYMHY A - U = t, BTOPOM IITPUX BEpHbEpAa OTCTOUT OT OJIMXKAMIIEro MTpuxa
OCHOBHOM HIKaJIbl Ha 2*t, TpeTuit - Ha 3*t u 1.1. Ecim celiyac cMeCTUTh BEpHBEP OTHOCUTEIHHO
OCHOBHOI IIKajbl Ha BEIMYMHY t, TO CO IUTPUXOM OCHOBHOM ILIKajbl coBHageT 1-i wmTpux
BEPHBEPA; €CIIM CMECTHTh BEpPHbEP Ha 2*t, TO CO IITPUXOM OCHOBHOHM INIKaJbl COBMANET 2-i
ITPUX BepHbepa U T.A. Eciiu cMecTuTh BepHbEp Ha BEIMUUHY K*t, TO CO IITPUXOM OCHOBHOM
IIKaJIbl COBNAZAET K-i IITpUX BepHbEpa, M03TOMY (hopMyina oTcueta N 10 BEpHbEPY UMEET BUJ
(puc.3.3)

N = Nwmu + k*t, (3.4)
rme:  Nma - orcueT 1O MJIAAMIEMy — IOTPUXY  OCHOBHOM  IIKAJIBI,
K - HOMep INTpHMXa BEPHbEPA, COBIMABIIETO CO INTPUXOM  OCHOBHOW  IIKAJIBI,

{ - TouHOCTE BEpPHBEDA.

UroObl HEe yMHOXaTh Ha t, BEpHbEP MOMMUCHIBAIOT B EIWHUIIAX OCHOBHOHM IIKAaJbI.
Hampumep, nns yrimosoit mikans! npu t = 30" noanuce nepsoro mrpuxa 30", nognucs BTOporo
mrpuxa 1' u t.4. Habmonatens cuuThIBaeT ¢ OCHOBHOM HIKaJibl 3HAUEHUE MIIAJIIErO IITpUXa
NMJ1, HaXOAMUT Ha IIKajJe BEpHbEpa IITPUX, COBMABIIMM CO IUITPUXOM JIMMOA, U CUUTHIBAET €TO
3HayeHue k*t; ckaspIBaOTCS 3TH JBa OTCUYETA B yME.

OnTuyeckre OTCYETHbIE NPUCIOOJEHHS PAacCMOTPUM Ha IpUMEpE YIJIOBOM MIKalbl,
PacroJIoKEHHOM Ha OKPYKHOCTH; TaKasl LIKaja Ha3bIBAETCsl YIJIOMEPHBIM KPYIOM WM JINMOOM.
Ilenoii nenenust mumMOa A Ha3bIBAIOT LIEHTPAIbHBIN Yrojl, CTATMBAEMbIi 1yroil B OJIHO JIEJICHUE; B
MpaKTUKE BCTPEUAIOTCS JTUMOBI ¢ 1ieHou nenenus lo, 20, 10', 5'. Tuamerp 1umO0B ObIBaeT oT 72
MM 10 270 MM. Ponb oTcueTHOro uHAEKCa MpPU OTCUETE MO JUMOY MOTYT BBIIOJIHATH
OJMHOYHBIM IITpUX, ABOWHOW mMITpUX (OMCCEKTOpP), HYJIEBOM IWITPUX IIKAIbl OTCUETHOI'O
MIPUCTIOCOOJICHUS, IITPUX OCHOBHOM ITKAJIBI (IITKAJIBI TUMOA).

[TpuxoBoil MHUKpOcKOn. OTCYETHBIM HHAEKCOM B IUTPUXOBOM MMKPOCKOIE SBIISIETCA
HETOABIKHBINA IITPUX, BBITPABUPOBAHHBIA HA CTEKJISHHOW IUIACTHHKE, MOMEIIEHHONW Ha MyTH
XoJla JIyyei, MAYMHX OT OCBETUTENb HOIO OKOUIKAa Yepe3 IMITPUXH JUMOa B OTCUETHBIN
MuKpockor. OneHka J011 JeseHns JuMO0a BBIMONHIETCs Ha ria3. M3 onbiTa ycTaHOBJIEHO, UTO
IpU OTCUMTHIBAHWU HA Tja3 HauOoJbIIasi TOYHOCTb JOCTUIAETCS MPU BUJIUMOM PAacCTOSTHUU
mexay mrpuxamu 2.00 mm u tonmuHe mTpuxoB 0.10 MM; mpu TakuX YCIOBUSAX OILIMOKa
orcueta coctasiser 0.1 nenenus.

PaccuutaeM, ¢ Kakoil TOYHOCTBIO MOXKHO B3fTh Ha IJIa3 OTCUET MO JUMOY TUaMETpOM
d=100 MM u paznenenHomy Ha 360 yacTteil: eHa oHOTO JejieHus paBHa lo. Ilepumerp konbla
nenenuid paBed m*d=314 mm; anuna ayru B lo 1 = 314 Mmm/360 = 0.9 mm. Ecnu 6b1 anuna
neneHust Oblla paBHa 2 MM, To omubOka 0.1 ngeneHuss cooTBeTcTBOBaia Obl oOHIMOKE
OTCUMTHIBAHMSI MO TIKaje yumba 6'; mpu amuHe fenenus 0.9 MM ommOKa OTCYMTHIBAaHUS OyIeT
npuMepHO B 2 pa3a Oombiie. Takol TOYHOCTH AJISi U3MEPEHUS YIJIOB HEAOCTATOYHO, MOITOMY
MOCTYMAIOT CIAEAYIOUUM 00pa 30M: JeNT Ipadyc Ha Oojiee MEJKUe JEJCHUS U pacCMaTpPUBAIOT
ux 4e pe3 Mukpockon. Hampumep, nmpu nquamerpe numba 72 MM U KOJIMYECTBE JEJIEHUN Ha HEM
2160 ogno nenenue iumba paBHo 10'; yBenmuueHne MHMKpockomna paBHO 18X, cienoBaTenbHO,
BUIUMAs JUIMHA OJHOro jaeneHus paBHa | = w*72*18 mm/2160 = 1.93 MM, u omubOka
OTCUYMTHIBaHUS 1O TUMOY Oynet 1'.

B nosie 3peHus okynsipa IITPUXOBOTO MUKPOCKOIA BHUJIHBI JICJIEHUS JIUMOA U OTCUETHBIN

MHJEKC - IITPUX; OTCYET 0 ropu3oHTanbHOMy Kpyry (I') paBen 69047', no BeptukanbHomy (B) -
3580150' (puc.3.4).
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[IIxanoBoi Mukpockorn. Ha myTu xona Jiyde OT OCBETUTEIBHOIO OKOIIKA 4epe3 IITPUXHU
auMmOa B TIOJE 3pEHHS MHUKPOCKOIA TOMEIIeHa CTEKJISHHAs IUIACTUHKA C TPaBUPOBAHHOU
mKanoi. JlimHa 1mKassl paBHa JUIMHE OJHOTO JIeNeHus JuMOa A; IKaya pa3jiejeHa Ha N paBHBIX
4acTei, [IeHa 0JTHOTO JAEJICHUs LIKaJIbl HIKAJIOBOI'0 MUKPOCKOIa 0003HayaeTcsi OyKBOH L M paBHA

p=A/n.

OTCUETHBIM MHJIEKCOM SIBIISIETCS HYJIEBOM IUTPHUX IIKAJbI IIKAJIOBOrO MHUKpockoma. Jlos
JeneHns auM0a OoT MJIaJIIEero IITpUXa MIKaubl JIMMOa 10 OTCYETHOTO HMHJEKCA H3MEpSETCs
HEINOCPEACTBEHHO IO IIKaJe MHUKPOCKOIA, TaK KaK HalpaBiCHHUs BO3pAacTaHUs JEJIECHUN Ha
auMOe W Ha IIKajle MHKPOCKOINA IPOTUBOMONOKHBIE (puc.3.5). [ons neneHuWst IIKabl
MHUKpOCKOIIa OIleHHBaeTcsd Ha ria3. [lodHblil orcuer mo nauMOy paBeH CyMMeE OTCYETOB IIO
MITaJIIIeMy IITPUXY JuMOa NMIT U 10 1IKajie MUKpocKomna NI

N = Nwmu + N (3.5)

Ha puc.3.5 orcuet no numoOy (A=10, n=60, u=1') pasen N =200 + 54.3"' = 200 54.3".

[Tpu orcueTe Mo IIKajge ONTUYECKOTO OTCYETHOTO MPUCHOCOOIEHUS MOXKET TMOSBUTHCA
omunoOKa, MPUUYUHON KOTOpOW siBisieTcs peH. PeH - 3To pa3HOCTh MEXIy HOMUHAIbHBIM N U
(dakTHyecKuM n' KOJUYECTBOM JIEJICHUM HIKaidbl OTCUETHOTO YCTPOICTBA, YKIIaIbIBAIOIIUXCS B
OJIHOM JIeJIEHUHU (WJTK TIONYJIETICHUH) JTUMOa; PeH OTCUETHOTO YCTPOMCTBA 0003HAYaeTCsi OyKBOM
r.

Ecnun coBMecTuTh HyN€BOW INTPUX IIKAIbl LIKAJIOBOIO MHKPOCKONA C KaKMM-IHOO
HITPUXOM ILIKaJbl JUMOA, TO N-i MITPUX HIKAJIBI JOJKEH TOYHO COBMACTh C COCETHUM IITPUXOM
aumOa (puc.3.6-a). Ho u3-3a Menkux morpemHocteil mpu cOOpke M FOCTHMPOBKE ONTHYECKOM
cUCTeMBbI TPHOOpa ITOro MoXkeT U He ObITh (puc.3.6-0). 3HaueHne peHa MPOCTO CUUTHIBACTCS 110
NOJIOKEHUIO IITpuxa JuMOa; Ha puc.3.6-6 r = 1.5"; nnsa ynoOcTBa ompenereHUss peHa 3a
npenenaMu IIKajdbl OOBIYHO HMMEIOTCS MO JBa JOMOJHUTENbHBIX JeneHud. [Ipu 3ameTHOM
HECOBIAJIEHUU N-HOTO IITpUXa cO IITpuXxoM JumobOa (r > 0.1 geneHus mIKajlbl MUKpPOCKOIIA)
npuOOp moJlaraercs CAaTh B MaCTEPCKYIO.
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C KOHCTPYKIIMEH W TPHUHIIUIIOM JEUCTBHUS OCTaJbHBIX OTCUETHBIX MPHUCIIOCOOICHUN
MOXHO O3HAKOMHUTHCS B CIIELIUATILHOW JIUTEPATYPE.

3.2 3purtenbHbie TPYObI

[Ipy MHOrMX reofe3MyecKuX HM3MEpPeHMsIX MPUXOIUTCS HaOII0AaTh JaleKue MpeIMETh
WIN pacCMaTpUBaTh OYEHb MENKHE JeleHus. Pazpemaromas criocoOHOCTh Yel0BEUYeCKOro riasa
OTpaHWYEeHA; KPUTHYECKUIN YroJl 3peHHS Y YeloBeKa B cpeHeM paBeH 60" (y pa3HBIX JHOJEH OH
kosiebnercst ot 40" mo 120"). KputHueckum yriioMm Ha3bIBalOT MPENENbHBIA Yroyi 3peHus, Ipu
KOTOPOM JIB€ TOYKM HAUMHAIOT CIMBAThCS B OAHY. s yBenmmyeHMs yriia 3peHus, Korja oH
MEHBIIIE KPUTUYECKOTO 3HAYEHMsI, NPUMEHSIOT pa3IMYHblE ONTHYECKHE IPUCIOCOOIEHUS,
OJTHUM M3 KOTOPBIX SIBJISIETCS 3pUTENIbHAS TPYyOa.

3putenbHble TPyObl OBIBAIOT ACTPOHOMUYECKUMHU U 3€MHBIMU. ACTPOHOMHUYECKUE TPYOBI
JIal0T 00paTHOE, TO-€CTh, IEPEBEPHYTOE N300paKEHHE MTPEIMETOB; 3€MHbIE TPYOBI JAIOT MPsAMOE
u3zo0pakenue. B reonesnyeckux npubopax yaie NIpUMEHSIIOT aCTPOHOMUYECKUE TPYOBbI, TaK KaK
OHHM MMEIT OoJiee MPOCTOE YCTPOWCTBO M B HUX MEHblIe norepu cpera. Ilo xoHcTpykiuu
3pUTENbHBIC TPYOBI OBIBAIOT MPSIMBIE U JJOMAHBIE.

OCHOBHBIMHU JETANSIMU 3pUTENBHBIX TPYO SBJSIOTCS JIMH3bl - CTEKJISHHBIE IJIACTUHKU
paznu4HON (OpMBI; JIMH3BI OBIBAIOT COOMpATENbHBIE W pacceuBaromue. Bce coOuparenbHbIC
JUH3bl  BBINYKJIBIE:  JIBOSKOBBINYKJIbIE,  IIJIOCKOBBIIYKJIbIE,  BOIHYTOBBIIIYKJbIE;  BCE
pacceuBarOIME JIMH3bl BOTHYTHIE: JBOSIKOBOTHYTBHIE, IUIOCKOBOTHYTBIE, BBIITYKIOBOTHYTBIE.
JIuH3a uMeeT ONTHMYECKUH LEHTP; JIy4H, NPOXOIAIME YEpPEe3 HEro, HE HM3MEHSIOT CBOETO
HaIpPaBJICHUS; BCE OCTAJIBHBIE JIy4d, NMPOXOAS YEpe3 JIMH3Y, HCIBITBIBIOT IPEJIOMIICHUE U
M3MEHSIOT CBOE MIEPBOHAYAJIbHOE HAIIPABIICHUE.

JIuHus, coeuHSIOMAas HEHTPbI chepuuecKUX MOBEPXHOCTEH JIMH3bI, HA3bIBAETCS TNIABHOU
ONTUYECKON OChbio JUH3BL. [l0 06e CTOPOHBI OT ONTHYECKOIO LIEHTpa Ha IJIAaBHOM ONTHYECKOMN
OCH €CTh TOYKH, Ha3bIBa€MbIE TJIaBHBIMU (POKycaMu JUH3bI: iepeanuil pokyc F u 3aguuii gpokyc
F1. PaccTosiHue OT onTuyeckoro 1meHTpa A0 Gpokyca HazbiBaeTcsl (POKYCHBIM paccTosiHueM. Eciu
MIOMECTUTh B TJIaBHBIA (POKYC TOUEUHBIH HCTOYHUK CBETA, TO JIy4d, MPOWIS Yepe3 JIMH3Y,
BBIMYT U3 Hee MyYKOM, MapajuleJIbHbIM IJ1aBHOM onTHueckoi ocu. M HaoGopoT, MydoK cBeTa,
napaieNbHbIA TJIaBHON ONTHYECKOM OCH, MO uyepe3 JUH3Y, COOMpAeTCs B TOUKE IJIaBHOTO
¢okyca. IlnockocTs, HepnEeHIUKYISAPHAS T1aBHOM ONTHYECKON OCH M MPOXOAIIas Yepe3 TOUKY
¢okyca, Ha3pIBaeTCs POKATHHOM MIOCKOCTHIO JTMH3HI.

Jlns moctpoenust U300paXkeHUs MPEIMETOB B JIMH3€ OOBIYHO HUCIIOJIB3YIOT TPHU Jyda:

Jy4, NPOXOISIINN Yepe3 ONTUUECKUN LIEHTP JINH3BI,

Jyd, UAYIIUN apaJyIeIbHO IJIaBHOM ONITHYECKON OCH,

Jy4, IPOXOAIIUN yepe3 nepeaHuil poKyc JINH3HI.

N300pakeHre cuuTaeTcsl JeMCTBUTENLHBIM, €CIIM OHO IOJIy4aeTcsl Ha MepeceyeHnt Tydye
B IpSIMOM HAampaBleHUH; H300paKEHHE CUYMTAETCS MHHUMBIM, €CJIM OHO IIOJyyaeTcs Ha
nepeceyeHny Jydyeld B 00paTHOM HarpaBJIeHUH.

Jnist Besikoi JIMH3BI cripaBeyinBa (hopmyIa:

1.1
a b

|
A (3.6)



rae: a - paccTosiHue oT ONTUYECKOTO HEHTpa 10 npeaMera,
b - paccrosHHe OT ONTHYECKOrO WEHTpPAa [0 H300paKeHHs TMpeaMera B JIHH3E,
f - dokycHoe paccTosiHue JIMH3BI.
[Tpu neiicTBUTENBHOM H300paXXEHUU IMpeaMeTa B (opMyse HY)KHO CTaBHTh 3HaK "MUioc", mpu
MHHUMOM - "MHUHYC".

Xon nyuei B Tpyoe Kemepa. Actponomudeckas tpyoa Kermepa sBisieTcst mpocteniei
3pUTENbHON TpyOOil; OHa COCTOMT U3 JBYX COOMpATENbHBIX JIMH3 - OOBEKTHUBA U OKYJIpa,
UMEIOUIMX OONIYI0 TJaBHYIO ONTHYECKYI0 OCb, U Kopmyca; oObeKkTuB TpyOnl Kemepa -
JUIMHHO(OKYCHBIN, a OKymsp - KopoTkodokycHbd. I[Ipu s3TOoM wu300paxkeHue, mgaBaemoe
00BEKTHBOM, JOJDKHO PAcIONIaraThCsi MEXIY MepertHuM (OKYCOM OKYIsIpa M €ro ONTHYECKUM
LEHTPOM;

[Toctpoum B TpyOe Kemepa uzobpaxenne orpeska BC, To-ecTh, HaprCyeM X0 JIydel OT
touek B u C, ucromns3ys 1Ba U3 Tpex MepeyuciICHHBIX BhIlIe Jydei (puc.3.7).

¢ T
L .
fiﬂ\\h H;; r
: [~ N oL
o
F o EF} PR |
= | fﬂ__.--c |
3 N -t »
oy o Ox, roe

Puc.3.7.

OObeKTHB HaeT JEHCTBUTEIIbHOE OOpaTHOE YMEHBIIEHHOE M300paKeHUEe mpeaMmeTa -
oTpe3ok bc. M3o00paxkeHue, 1aBaeMoe OKYJISIpOM, - MHUMOE, 00paTHOE, YBEIMYEHHOE - OTPE30K
b'c'. Cam okymsIp JaeT mpsMoe H300pa)keHHe, HO TMOCKOJbKY OHO YK€ ObLIO OOpaTHBIM, TO
00paTHBIM M OCTAETCH.

[Ton yBenwueHwWeM TpyOBl MOHWMAIOT OTHOIICHHWE VIJIa 3pEHUs, TIOJ KOTOPBIM
n300pakeHre MpeaMeTa BHIHO B TpyOe, K YITIy 3peHHs, MOJ KOTOPBIM IpEAMET BHUJICH
HEBOOPYKEHHBIM TJIa30M, TO-€CTh, 0€3 TpyObrl. OO03HaYMM MEpBBIA Yroj 4yepe3 o, a BTOpPOH -
yepes B 1 HanuieM GopMyITy yBEIUUEHUS TPYObl

V=a/p. (3.7)
N3 tpeyronsaunka DF'102 umeem:
tg(ei2)= O.QD il ,
no, 2 f:m (3.8)
a u3 TpeyrosibHuka MOI1F:
M be
g(pr2)-22. 2
FO, 21, (3.9)

Yriuel o 1 B 00bIYHO Majble, TaKk KaK paccTOSHUE 0 MpeIMeTa HeCpaBHUMO OoJblie
pasMepoB TPyObI, TOITOMY BMECTO TAHTEHCOB JTHX YIJIOB MOXHO B3STh HMX 3HAYCHHUS B
paauaHHON Mepe:

tg(a/2) = o/2 m tg(P/2) = p/2,

OTKy/a CJeAyeT, YTO OTHOIICHHE YIJIOB o W [} paBHO OTHOIIECHUIO TAHTEHCOB WHX
MOJIOBUHHBIX 3HAYCHU:

3g(af 2)

2
ig(piz) F



[ToacraBum B 3Ty hopMyity BeIpaskeHHs TAaHTeHCOB yrioB U3 (3.8) u (3.9) u nmomy4um:
Jos
Jox (3.10)

YBenuuenue TpyOnl Keruiepa paBHO OTHOMIEHUIO (POKYCHOTO paccTOSHUS OOBEKTHBA K

V:

(OKYyCHOMY PacCTOSTHUIO OKYJISIpa.

BricokoTOUHBIE Treone3nuecKkue MPHOOPHl HMMEIOT CMEHHBIC OKYJISIPhl C Pa3sHBIMHU
(OKYCHBIMH PAcCTOSHUSMHU, M CMEHA OKyJispa IO3BOJSET M3MEHATh YBEIUYEHHE TpPYObl B
3aBHCUMOCTH OT YCJIOBUI HAOJIIOICHUH.

Omnpenenenne yBeauMueHUs 3pUTEIbHON TPyObl ¢ moMomibio peiiku. Eciu HaBecTu TpyOy
Ha OJIM3KOCTOSIIIYIO PEHKY,TO MOYKHO COCYUTATh, CKOJBKO JCJICHHH peiku N, BHIUMOU
HEBOOPYKEHHBIM TJIa30M, COOTBETCTBYIOT N JEJICHUSM PEHKH, BUAUMOW B TpyOy. yis 3TOro
HY)KHO CMOTPETh MIOOYEPEIHO B TPYOY U HA PEHKy, MPOCKTUPYS ACICHUS PESUKHU U3 MO 3PCHHUS
TpyOBI HA PEHKY, BUIUMYIO HEBOOPYKEHHBIM TJIa30M.

O0603HaUMM 4Yepe3 Y yroJj, MojJ KOTOPhIM BHIHBI N JeJieHuid B TpyOy u N neneHuid 6e3
TpyOsI (puc.3.8). Torma ogHO AeNeHUE peHKHU BUTHO B TPYOY MO yIIIOM:

a=7v/n,
a 6e3 TpyOsI - O] yIIIOM:
B=v/N.
- ¥ ¥ N
=l -
Puc.3.8

Otcrona: V=N/n.

3TOT cnocob onpeeseHus yBelInueHus TpyObl Ha3bIBaeTcs criocobom [Tanmes.

YBenuyenue TpyObl MOKHO IPUOIMKEHHO BBIUUCIIUTG 10 popMyIie:

V=D/d, (3.11)

rae D - BXOJIHOM JHAMETP 00BLEKTHBA;
d - quamMeTp BBIXOHOTO OTBEPCTHSI TPYOBI (HO HE THAMETP OKYJISIpa).

[Tome 3penust TpyOs1. [lomem 3peHust TpyObl Ha3BIBAIOT YYaCTOK MPOCTPAHCTBA, BUTUMBIN B
TpyOy NMpHU HEMOJABHKHOM €€ NoJiokeHuu. [losie 3peHns u3MepstoT yriioM €, BepIIiHA KOTOPOTo
JICKUT B ONTHYECKOM IIEHTpEe OOBEKTHBA, a CTOPOHBI KAacaloTCs KpaeB OTBEPCTHs Auadparmsbl
(puc.3.9). Inadparma quamerpom d1 ycraHaBiuBaeTcst BHYTpU TPYOB! B (POKAJIBHOM IIOCKOCTH
oobexTuBa.3 pucynka 3.11 BuaHO, yTO:!

tg(si2)=ci2= 205‘1 :

OTKyHda Jos



Puc.3.9.

OOpIuHO B reoje3nyeckux npuodopax npurumaror dl = 0.7 * fok, Torma B paguanHon

Mepe:
€=0.7/V.
Ecnu € BbIpa3uTth B rpagycax, To:
€=400/V. (3.12)

Uewm Oombliie yBennyeHUE TPYObl, TEM MEHBIIIE €€ Yroia 3peHus. Tak, Hanpumep, npu V =
20x e =20, anpu V =80x ¢ = 0.50.

Pa3pemaroniast ctocoOHOCTB TPYOBI OlleHUBaeTCs 10 hopmyie:

_ 60°

YTy (3.13)

Hampumep, npu V = 20x y = 3"; nog TakuM yrjioMm BUAEH HPEIMET pasMepoOM 5 CM Ha
paccrosinuu 3.3 KM; 4EJIOBEUECKHI TJ1a3 MOXKET BUJIETh 3TOT MPEAMET Ha paccTosiHuu Bcero 170
M.

Certka Huteil. [IpaBuibHBIM HaBeICHUEM 3pUTEIBHOM TPYOBl Ha MPEIMET CUMTAETCS TaKoe,
Korja M300pa)keHHe NpeaMeTa HaXOAUTCS TOYHO B IIEHTpE MoJisd 3peHust TpyObl. UToObI
UCKJIIOUUTh CYOBEKTHBHBIN (akTOp NMPH HAXOXKIEHUM LIEHTpa MOJsS 3peHusi, ero 0003HayaroT
ceTkoil HUTEeH. CeTka HUTEW - 3TO B MPOCTEHIIEM CIy4yae ABa B3aUMHO NEPIEHIUKYISPHBIX
HITPUXA, HAHECEHHBIX HA CTEKIISHHYIO IUIACTUHKY, KOTOpas KpemuTcs K auadparme TpyOBbl.
Cerka HUTEl ObIBAaeT pa3HbIX BUJOB; Ha puc.3.10 noka3aHbl HEKOTOPBIE U3 HUX.

Cerka HUTEH HMMeEET HCIPABUTEIbHBIE BUHTHI: J1BA OOKOBBIX (TOPU3OHTANbHBIX) U JBa
BEpPTUKANbHBIX. JIMHUSA, coeAMHSIONAs EHTP CETKM HUTEM M ONTHYECKUM LIEHTp OOBEKTHUBA,
Ha3bIBAETCS] BUSUPHOW JIMHUEH WM BUBHPHOH OCBIO TPYOBI.

Puc.3.10

VYcranoBka TpyObl 1o r1a3y u no npeamety. [Ipu HaBeaeHuu TpyObl Ha MpPEIMET HYKHO
OJIHOBPEMEHHO YETKO BHJIETh B OKYJIApE CETKY HUTEH M M300pa’keHue mpeamera. Y CTaHOBKOM
TpyOBl MO ria3y AOOMBAIOTCS YETKOTO HU300pa)KEHUS CETKM HHUTEH; AJI 3TOTO MEepe/BUraroT
OKYJISIp OTHOCUTENBHO CETKU HHUTEH, Bpalasi puQJieHoe KOJbI0 Ha OKYJsIpe. YCTaHOBKa TPyObI
0 TpexMeTy Ha3biBaeTcsi (QOKycHpoBaHHEM TpyObl. PaccrosHue 10 paccMaTpuUBaeMBbIX



MIPEAMETOB OBIBACT pa3HbIM, U coriacHo dopmyre (3.6) mpu U3MEHEHUH a paccTosiuue b 10 ero
n300pakeHus Takke MeHsercs. YToObl M300pakeHHEe NpeaMeTa MPU pacCMaTpUBAaHUHM €ro B
OKYJIsIp OBLJIO YETKHM, OHO JOJDKHO pacroyiaratbCsi B IUIOCKOCTH ceTku HuTel. Ilepeasuras
OKYJISIDHYIO 4YacThb TPYObl BJIOJIb TJIAaBHOM ONTHUYECKOW OCH, U3MEHSIOT PACCTOSHUE OT CETKHU
HUTEW 10 00OBbEKTUBA JI0 TEX IOp, IOKA OHO CTAHET PaBHBIM b.

TpyOsl, y KOTOPBIX (POKYCHUPOBAHUE BBINOJIHACTCS MyTEM U3MEHEHUS PACCTOSHUS MEXIY
00BEKTUBOM W CETKOW HUTEH, Ha3bIBAIOTCSA TpyOaMu ¢ BHEIIHEH GokycupoBkoi. Takue TpyObI
UMEIOT OOJBIIYI0 U IMPUTOM MEPEMEHHYIO JJIUHY; OHH HErepMETHYHBI, IIO3TOMY BHYTPb HHX
NOMAJAI0T NbLIb U BJara; Ha OJIM3KHE NpPeAMEThl OHM BOOOIE HE (HOKYCUPYIOTCSA. 3pUTENIbHbIE
TpyOBI ¢ BHEIIHEH (POKYCHPOBKOW B COBPEMEHHBIX U3MEPHUTEIBHBIX IPUOOPAX HE IPUMEHSIOTCS

Bonee coBepuieHHBIME SBISIOTCS TPYOBI C BHYTpeHHEW (okycupoBkoit (puc.3.11); B Hux
IIPUMEHSIETCS JOTIOJIHUTENbHAS MMOABM)KHAsL paccenBarolias auH3a L2, oOpasyromas BMecTe ¢
oOvexktuBOoM L1 »skBuBasmenTHyto sauH3y L. Ilpu nepememenuun nunH3el L2 wusmeHnsercs
paccTosHUE MEXAYy JMH3aMu | M, ciengoBaTenbHO, U3MeHseTcs (OKycHoe paccTosiHue f
9KBUBAJIEHTHOU JMH3BI. M300paxeHue npeamera, Haxonsduieecss B (POKaNbHOM MIOCKOCTH JIMH3BI
L, Takke nepemeraercs BAOJb ONTHYECKOW OCH, U KOIJIa OHO IONAJaeT Ha IJIOCKOCTh CEeTKU
HUTEH CTAHOBMUTCS UYETKO BUAHBIM B OKyisipe TpyObl. TpyObl ¢ BHyTpeHHEH (POKycHpOBKOM
KOpouYe; OHHM TEePMETUYHBI W IMO3BOJSIOT HAOMIOAATh OJNM3KHE NPEAMETHI;B COBPEMEHHBIX
M3MEPUTENIbHBIX TPUOOpax MPUMEHSIOTCS B OCHOBHOM TaKH€ 3pUTENbHbBIE TPYOBI.

o | Lane Li L:
I 1
T 7 Fi |F
A RN
f
Puc.3.11
3.3 YpoBHHu

YpoBHU ciyxatr i NpUBEIEeHUs ocell Mpubopa B BEPTUKAIbHOE WM TOPU30HTAIBHOE
MIOJIOKEHUE U JUI U3MEPEHUs MallbIX YIVIOB HakiIOHAa. IIpuMeHeHue ypoBHEH OCHOBAHO Ha
CBOWCTBE IMy3bIpbKa Ia3a 3aHMMaTh B JKUAKOCTH HAaWBBICIIEE IOJIOKEHHE. YPOBHHM OBIBAIOT
HUJIUHAPAYECKHUE U KPYTJIBIE.

[[unuHApUYECKU ypOBEHb COCTOMT W3 YYBCTBUTEIBHOIO JJIEMEHTA - aMIIyJbl H
METaJUIMYECKOW OIpaBbl JUIA €€ KPEIUIEHHWs WM 3alIUThl OT BHEIIHUX BO3JEUCTBUH. Ammyia
LWIMHIPUYECKOTO YPOBHS - 3TO CTEKJIIHHAs TpyOKa, 3amasitHHasi ¢ 000MX KOHIIOB U 3all0JIHEHHAs
CIHMPTOM WJIM CEPHBIM 3(prpoM; HEOOIIBIIIOE TPOCTPAHCTBO 3aHMUMAIOT Haphl ATOM JKUAKOCTH, OHO
Ha3bIBACTCS I1Y3BIPHKOM YPOBHSI.

Amnyna umeer ¢opMmy ayru OONBIIOrO pajuyca; KacaTeldbHas K Jyre B CepeauHe
Iy3bIpbKa BCETJa FOPU30HTAIIBHA, TaK KaK BBITAIKUBAIOLIAs CUIIA, EHCTBYIOIIAs HA IY3BIPEK,
HampaBlieHAa [0 BEPTHKAIbHOW JUHUM (My3bIpeK MpUHUMAeT ¢GopMy AYTH OKPYKHOCTH,
BBITAIKMBAIONIAsl CHJIa Ha MpaBJICHA IO paguycy JAyrd, KacaTelbHas MNepHeHANKYJISIpHA
panuycy). Ha ammyne HaHECeHbI IeTIeHUs], Ha TOUYHBIX YPOBHSX JI€JIEHUS MOITUCAHBI.

I{eHoM nenenust ypoBHs t HA3bIBAETCS LIEHTPAIBHBIA YrOJl, COOTBETCTBYIOIIHUI AYre B OJHO
JesieHre 1mKanel Ha ammyne. Touka O B cepelMHe IIKallbl Ha3bIBA€TCS HYJIBIIYHKTOM YPOBHS, a
KacaTesbHasl, IPOBEJICHHAs! B HYJBIIYHKTE, Ha3bIBAETCS OChIO LMIMHApUYeckoro yposHs U-U
(puc.3. 12). Ecnu nmy3sIpek HaXOAUTCS B HYJIBITYHKTE, TO OCh YPOBHS 3aHMMAaeT TOPU30HTAIILHOE



noJIo’keHHE. Eciy my3bIpeK ypOBHS HAaXOIWUTCSA HE B HYJBIYHKTE, TO OCh YPOBHSA 3aHHUMAeT
HAKJIOHHOE TOJOXeHHe. YToObl NPUBOAUTH KaKylO-THOO JIMHUIO WJIH IUIOCKOCTH B
TOPU30HTAILHOE TOJIOKEHUE, HY)KHO 3aKPEMHUTh YPOBEHb TaK, YTOOBI OCh YPOBHS Oblila CTPOTO
[apajuIeJIbHOM MCKOMOW JIMHMM WM IUIOCKOCTH. YTOOBI MPUBOAWUTH JIMHUIO WIM IIJIOCKOCTh B
BEPTUKAJIBHOE TOJIOKEHHE, HYKHO 3aKpEeNHUTh yPOBEHb TaK, YTOOBI OCh YPOBHS Oblla CTPOTO
NEPIECHIUKYJIIpHA MCKOMOM JIMHMM WIH IUIOCKOCTH. be3 BBINONHEHHS OTUX YCIOBUHI
IIPUMEHEHUE YPOBHSI HE IMEET CMBICIIA.

Puc.3.12

Ecnu sxe ycioBus BBIIOJIHAIOTCS, TO IPH MOJ0XKEHUH ITy3bIpbKa YPOBHS B HYJIBIIYHKTE OCh
YpOBHSL 3aliMET TOPHU3OHTAJIbHOE IIOJIO)KEHHWE, a MHCKOMas JIMHMS WU IUIOCKOCTh -
TOPU30HTAJILHOE NIOJIOKEHUE B [IEPBOM CIIydae U BEPTUKAIBHOE I10JIOKEHUE BO BTOPOM CIIydae.

BHyTpeHHSISI TOBEPXHOCTh aMITyllbl IMEeT (OopMy, MOTYUAIOIIYIOCS TPU BPAIICHUH JTyTH
AB paauyca R Bokpyr xopasl AB (puc.3.12). Paguyc nyru R BbIUMCISIOT 1O pacueTHOU LieHe
nenenust t. O603HauuB yepe3 | AMHY OAHOTO JesIeHUs LIKAIbl HA aMIlyje, HamuieM (GopMyiy
JUISL JUTUHBL 1YTU B (PYHKLUU LIEHTPAIbHOTO yrJa:

J=RwL,
P

OTKyJa

R wl,

v (3.14)

[Mput=10",1=2 mm u p =206265" nonyurm R =41 m.

[Tpu HakJIOHE YpPOBHS Ha yTroJl € My3bIPEK OTKJIOHUTCS OT HYJBIIYHKTA Ha N JEJIEHUs, TO-
€CTb,

e=n*rt. (3.15)

Otcrona cieayer BTOpOE ONPEETICHUE LIEHBI IEIIEHNs YPOBHS: 1I€HA JCJIEHUS YPOBHS - 3TO
yroJl, Ha KOTOPbIN HAKJIOHUTCS OCh YPOBHS IPU CMEIIEHUU ITy3bIPbKA HA OJIHO JIEJICHUE LIKAJIbI.

Onpenenenue 1eHbI 1eeHus ypoBHS 110 peiike. U3 popmynsr (3.15) cnenyer, uto:

T=¢/n,

T.€. U1 ONIPEAETICHUS LIEHBI JEJICHUS HY)KHO 3HaTh YroJl € U COCUUTATh YMCIIO JIETICHUMH, Ha
KOTOPOE€ CMECTUTCS My3bIpeK (puc.3.13).

VYTroa HakJIOHAa € MOKHO OMPEENIUTh Pa3HBIMU METO/IaMH, HAIIPUMEp, C TIOMOIIbIO PEHKH.
Hagenem TpyOy Ha peiiKy u BO3bMEM OTCHUETHI: 10 peiike - bl u mo ypoBHIo.
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Puc.3.13

3areM HEMHOTO HAKJIOHUM TPyOy ¥ CHOBA BO3bMEM OTCUETHI: IO peiike - b2 U 10 ypOBHIO.
VYTo1 HaKJIOHA € BBIYHCISETCS IO opMyIie:

Ba-&)

S= ——*xg"
5 2

rAe S - pacCTOSIHUE OT HUBEJIUpA A0 PEHKeE.

Uucno neneHuil ypoBHS N, Ha KOTOPOE MEPEMECTUIICS IIy3bIPEK, MOJCUUTHIBAIOT IIO
Pa3HOCTH OTCUETOB 110 YPOBHIO IIPY IEPBOM M BTOPOM HABEJCHUSIX Ha PEUKY.

bonee TouHOoe ompeneneHue LEHBl JEJIEHHUS YPOBHS IPOU3BOASAT Ha CHELMAIBHOM
YCTPOMCTBE - AK3aMEHATOpE; IPU ITOM OJHOBPEMEHHO BBINOJIHSIOT HCCIEIOBAaHUE KayecTBa
UM (OBKY BHYTPEHHEH OBEPXHOCTU aMITyJIbl YPOBHSI.

[To KOHCTPYKIMH HMUJIMHAPUYECKUE YPOBHHU OBIBAIOT MPOCTHIMH, KOMIIEHCUPOBAHHBIMH U
KaMEpPHBIMH.

Y npocTBIX YPOBHEN amIlyJja 3al0JHEHA )KUJKOCTbIO M UMEET OJIUH ITy3bIPEK.

VY KOMIIEHCHPOBAaHHBIX YpPOBHEH BHYTPU aMIlyJbl IIOMEIIEHA CTEKIsiHHas TpyOka ¢
3anassHHBIMU KoHUAMu. [Ipu m3MeHeHuu TeMmmeparypbl 0OBbEMBbl KHJIKOCTH U My3bIpbKa rasza
M3MEHSIOTCSI HEOJIMHAKOBO BCJIE/ICTBUE PA3HBIX KOA(P(PUIMEHTOB PACIIUPEHUS. DTO MPUBOAUT K
TOMY, YTO NpPHU TOHWKEHUU TEMIIepaTypbl IYy3bIpEK YAJUHSAETCS, MpPH MOBBIILIEHUU -
ykopaunBaeTcs. Hanuuue cTekISHHONM TpyOKHM B aMIlyjle yMEHbIIAeT OO0bEM >KMJKOCTH, U
MO3TOMY BIMSIHHE U3MEHEHHUs TeMIIepaTyphl Ha JUIMHY My3bIpbKa 0CJIa0IseTcs.

VY KaMepHBIX ypOBHEW BHYTPH aMITYJIbl €CTh IIEPErOPOJKA C OTBEPCTUEM BHHU3Y, KOTOpas
JIEJIAT aMITyJly Ha JIB€ KaMepbl - OCHOBHYIO U 3allaCHYIO. 3anacHas KaMepa HaMHOT'O MEHBIIE 110
o0beMy, U B Hell momenaercs 3anacHoi my3blpek. [Ipu u3MeHeHnn AJIMHBI OCHOBHOTO My3bIpbKa
HAKJIOHSIIOT YPOBEHb M JIMOO yOUpAIOT 4acTh My3bIpbKa B 3allaCHYIO0 KaMmepy, JTU00 J00aBisSIOT
HEKOTOPOE KOJIMYECTBO ra3a u3 3anacHoil kamepsbl. CornacHo MHctpykiuu [ 18] mmHa my3sipbka
JokHa cocTaBiATh 0.4 - 0.5 IMHBI TIKAJIBI HA aMITyJIe.

[To ToyHOCTH ypOBHU ObIBalOT Majioi TouHOCTH (T > 1'), cpeaneit Tounoctu (5" <t < 1) u
BBICOKOHM TOUHOCTH (T < 5"). [lunuuapuyeckue ypoBHH UMEIOT LIEHY JIeJIeHUsI MeHblie 1'.

Kpyrnelii  ypoBeHb - 93TO 4YacThb CTEKJISHHOW cdepbl, Ha KOTOPYIO HaHECEHBI
KOHLEHTPUYECKUE OKPYKHOCTH. LIEHTp OKpyXHOCTEH SBISETCS HYJIBIYHKTOM KpYTJIOTO
ypoBHs. OCBIO KPYTJIOTO YPOBHS Ha3bIBaeTCs HOPMallb K CEpUUECKON MOBEPXHOCTH aMITyJIbI,
IpOBEJICHHAs] B HYJIbIIYHKTE. ECIu My3bIpeK YpOBHS HaxOJUTCS B HYJBIIYHKTE, TO €ro OCh
3aHHMAaeT BepTUKaJIbHOE (O0TBECHOE) MojoxkeHue. Kpyrible ypoBHU OTHOCSTCS K YPOBHSIM MaJloit
TOYHOCTH.



[ToBepka yCTaHOBKH NWJIMHIPUYECKOTO YypoBHSA. [lycTh HMIMHAPHYECKUN YPOBEHB
npeaHa3sHauCH JIsd IMPUBCACHUA B BepTI/IKaJIBHOI\/JI TMOJIOKCHHUEC OCH BpalllCHUA TI'COAC3UUCCKOTrO
npubopa; Torja yCJaOBHE MX B3aMMHOTO TOJIOKECHHUS YMTACTCS TaK: OCh YPOBHS JOJDKHA OBITh
NEePIEHANKYIIIPHA OCH BpaleHus: npudopa.TeopeTnyeckoe MOJOXKCHUE OCH YPOBHS M OCH
BpaieHus npubopa nzodbpaxeHo Ha puc.3.14; na vem UUI - ock ypoBHs, ZZ1 - ock BpaiieHus
nprudopa, OHa BEPTUKAIbHA U COCTABJISIET C OChIO YPOBHs yron 900; My3bIpeK YPOBHS HAXOIUTCSI
B HyinbnyHkte. I[Ipu moBopore mnpubopa BOKpYr CBOCH OCH OCh YPOBHS OIKCHIBACT B
IPOCTPAHCTBE TOPH3OHTAIBHYIO IUIOCKOCTh, M IMOCE MoBopora mprbopa Ha 1800 my3sipex
OCTAeTCsI B HYJIBITYHKTE.

™

Puc.3.14

[TycTh yroa MexIy OCbIO YPOBHS M OChbIO BpallleHUs pubopa paBeH He TouHOo 900, a (900
- 1) (puc.3.15). Ecnu yctanoBuTh mpubop Tak, 4TOOBI My3bIpEeK YPOBHS ObLIT B HYJBIYHKTE, TO
0Cbh YPOBHS 3aiiMET TOPH30HTAIBHOE MOJIOKEHHE, a OCh BpallleHHsI prOopa OyaeT HaKJIOHEHa Ha
yrojl i OTHOCHUTEIIFHO CBOETO TMPABHIIBHOTO TOJOXKEHHWS. 3a/lavya TMOBEPKH - HAWTH yroia i |
YCTPAHHUTB €TO0.

[ToBepueMm npubop Ha 1800 (puc.3.16). Och ypoBHS ONUIIET KOHUYECKYIO OBEPXHOCThH C
yriaoM mipu BepuinHe koHyca 1800-21 u 3aliMeT He TOPU3OHTAIBHOE MOJOXKEHUE, a HAKIIOHUTCS
OTHOCHUTEIIbHO TOPU30HTA Ha Yroia 2i; My3bIpeK OTKJIOHUTCS OT HYJIBIYHKTAa Ha N JAeNeHUH,
CJIeZIOBATEINIBHO,

2*i=n*r,

OTKyJa 2

Puc.3.15 Puc.3.16

YroOBl ycI0BHE BBINOIHAIOCH, HY’)KHO, BO-TIEPBBIX, U3MEHUTH YTOJI MEX/Y OCbIO YPOBHS U
OCBIO BpallleHusi Mpubopa Ha BEIUYMHY 1 U, BO-BTOPBIX, HAKJIOHUTH MPHUOOP TaKXe Ha yroi I.
[IpakTHyeckn MOCTYNAIOT TaK: CHadasla MOABEMHBIMU BUHTAMH HAKJIOHSIOT MPUOOp HA yroi i;



IPU 3TOM IIY3bIPEK JOJDKEH MPUOIM3UTHCS K HYJIBIYHKTY Ha IMOJIOBUHY OTKJIOHEHHUS. 3aTeM,
MOJIb3YSICh UCIPABUTEIbHBIMU BHUHTAMU YPOBHS, U3MEHSIOT IOJIOKEHUE aMITyJibl B KOpITyce
npubopa; MpU 3TOM IY3bIPEK JOJDKEH YCTAaHOBUTBHCS TOYHO B HYJBITYHKTE. Takum oOpaszom,
[I0CJIEI0BATENbHOCTD AEUCTBUN IIPU ITOBEPKE YCTAHOBKHU YPOBHS ClEeAyrOLIAs:

Bpamast npubop, ycTaHOBUTE YPOBEHb MAPAIIJIENIBHO IBYM IIOIEMHBIM BUHTAM.

OTHUMHU NOITLEMHBIMU BUHTAMU MPUBECTH MY3bIPEK YPOBHSI B HYJIBITYHKT.

[ToBepHyTh MpubOp TouHO Ha 1800.

CocuuTarh KOJIMYECTBO JEJIEHUN N OTKIOHEHUS My3bIpbKa YPOBHSI OT HYJIbITYHKTA.

[TonbeMHBIMU BUHTAMU CMECTUTD ITy3bIPEK 00paTHO Ha n/2 JIeIeHUH.

HcnipaBuTenbHBIMU BUHTAMU YPOBHSI IPUBECTH MTY3bIPEK B HYJIBITYHKT.

Ecnu yroun i 605b110#, TO Tociie moBopota npudopa Ha 1800 my3bIpeK yXOMUT 3a MPEACIIbI
LIKaJIbl, U KOJIMYECTBO JEJIEHUN N COCYUTATh HENb3sl. B 3TOM ciydyae OTKIOHEHHE IMY3bIpbKa OT
HYJBIIYHKTa MOYKHO U3MEPUTDH B OOJIee KPYIHBIX €AMHUIIAX, HAIPUMEDP, B 000pOTaX MOIBEMHBIX
BHUHTOB, U UCIIPABIISATH YPOBEHb CIIOCOOOM IOCIE0BATENbHBIX TPUOTHKEHUH.

Cy1iecTBYIOT U Apyrue crocoObl UCIIPABICHUS YPOBHS; OAUH U3 HUX - croco0 I'.JIkicoBa -
MO3BOJIIET UCIIPABUTH CHIIBHO Pa3bIOCTUPOBAHHBIN YPOBEHD 32 OAHO MPUOIIKEHHUE.

[TocnenoBarenbHOCTH ornepanuii B criocooe I'.JIpicoBa.

YMepeHHO BBIBEpHYTH (HMJIM 3aBEpHYTH) JIOOOH M3 MOJBEMHBIX BHHTOB, YTOOBI HAKJIOH
npubopa ObL1 3aMeTeH ri1azoMm (i> 10).

[TnaBHO Bpamias npubop, 3aUKCUPOBATH TAKOE €0 IMOJIOKEHUE, IPU KOTOPOM ITY3bIPEK
YPOBHS HAXOAUTCS TOUHO B HYJIBITYHKTE; B35ITh OTCUET 110 FOPU30HTaIbHOMY JIUMOY N1.

[TnaBHO Bpamas mpubop, 3aUKCUPOBATH BTOPOE €ro MOJO0KEHUE, MIPH KOTOPOM Iy3bIpEK
YPOBHS TAKKe HaXOJIUTCS TOYHO B HYJBITYHKTE; B3ATh OTCUET 110 TOPU3OHTATLHOMY JIUMOY N2.

Beruucnuts orcuer N = 0.5 (N1 + N2) + 900 u, muiaBHo Bpatas npudop, yCTaHOBUTb €r0
Ha FTOPU30HTAIILHOM JMMOe.

HcnpaBUTEeTbHBIMU BUHTAMU YPOBHSI IPUBECTH MY3bIPEK B HYJIBITYHKT.

3.4. IlonsiTHE 0 KOMIICHCATOPAX YIJIA HAKJIOHA

BMecTo ypoBHSI B HEKOTOPBIX I'€0/I€3MYECKHX H3MEPUTENIBHBIX NPUOOpax MpUMEHSETCS
KOMIIEHCATOP HEOONBIINX YITIOB HAKJIOHA Ocel mpubopa.

Cy1iecTBYIOT KHJIKOCTHBIE, MEXaHUYECKHE U OINTUKO-MEXaHWYECKHE KOMIIEHCATOPHI;
Haubosee 4YacTo MPUMEHSIOTCS ONTHKO-MEXaHHYECKHe KOMIIEHCATOPbl, B KOTOPBIX TJIABHBIM
Y3JIOM SIBJISIETCSl TOJIBECHOE€ MAasATHHKOBOE YCTpPOWCTBO. Ha 3TOM yCTpONCTBE YKpEIUICHBI
ONTHUYECKUE JETalld UM CUCTEMBbI, IpeHA3HAYeHHbIE MO0 JUIsi U3MEHEHUS! HANpaBJIEHUS OCU
npubopa 1uOO0 AN MapajuleIbHOTO CMeEIleHUs 3Toi ocu. HempeMeHHOH cOCTaBHOM 4YacThio
ONTUKO-MEXaHWYECKOT0 KOMIIeHcaTopa sBJsieTcs aemrdep, nperHa3HaueHHbINA AU TalleHus U
OTpaHUYEHUs] COOCTBEHHBIX KOJIEOAHMH MasTHUKOBOHM rMojaBecHOW cuctemsl. [IpuBenem cxemy
ONTHUKO- MEXAHUUYECKOTO KOMIIEHCATOPA, IPEIHA3HAUEHHOTO /ISl yI€P/KaHUs B TOPU30HTAIIBHOM
MOJIOKEHUHU BU3UPHOU ocH TpyOs! HUBenupa Ni007 (puc.3.17).

NEeHTaNnpu3Ma JUisl U3MEHEHUs HallpaBJIeHNs TOPU30HTAJILHOTO Jyya,

JINH3a TeIe00HEKTUBA,

JINH3a TeIe00HEKTUBA,



OKYJIAp,
NpU3Ma, MOABEIICHHAS Ha TPOCTOM (PU3NYECKOM MasiTHHUKE,
pu3Ma JjIsl HalpaBJieHUs Ty4yeil B OKyJsp 4.
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B HuBenupe pycckoro mnpoumssoactBa H3K kommeHcaTop cOCTOMT U3 JABYX
NPSMOYTOJIBHBIX CTEKIISIHHBIX MPHU3M, OJIHAa U3 KOTOPBIX MOJBEIICHA K BEPXHEH YacTH KOpITyca
TpyOBbI Ha IBYX Mapax CTaJbHbIX HUTEH (puc.3.18).

KOpITyC TpYyOBI,

IPU3Ma, )KECTKO COETMHEHHAs C KOPITyCOM TPYOBI,

NpU3Ma, MOABEIICHHAs Ha HUTSX,

HUTH TOJ[BECA MTPHU3MBI,

[EHTP TSHKECTU CHCTEMBI,

nemrdep.
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C moMoIbI0 3THX MPU3M H300pakeHUe peiiKu mepenaeTcs B IJIOCKOCTh CETKH HUTEH IO
TOPU30OHTAILHOMY HampasieHuto (S - S) mpu HeOONbIIOM HaKJIOHE TPYyOBl; AMANa3oH



KOMITCHCHPYEMBIX yTJIOB HakioHa 7+15', ommOKka ropu30HTaAIBbHOCTH BUSUPHOW JIMHUH TPYOHI -
He 6ombpire 0.5"; cucremarnyeckas OIIMOKa HeToKoMIIeHcanuu - He 6onee 0.3" Ha 1' HakiIoHa
TpyOBbI; Bpems 3aTyXaHus KojieOaHuii - He 6ojee 2 CeKyH/I.

4. I'eone3anyeckne U3MepeHust
4.1. U3MepeHue ropu30HTAIbHBIX H BEPTUKAJIbHBIX YIJIOB
4.1.1. IlppHIuN U3MepeHUs] TOPU30HTAJIBHOIO YIJIa

[Tnockuii yron obpasyercss ABYMs JIydamH, UCXOASIIMMHU U3 OJAHOM TOYKH, Ha3bIBaeMOM
BEPLIMHON yria. Yros oObIYHO M3MEpPSIIOT B I'padyCHOM Mepe (Ipaaychl, MUHYTBI, CEKYH]IbI),
pe’ke - B paJMaHHOM; 32 pyOex oM IHUPOKO NMPUMEHSAETCs IPajjoBas Mepa U3MEpPEHHsI YIII0B.

B reosxe3un umeroT neno ¢ yriam, JeXKalldMH B TOPU30HTAJIbHOM WM BEPTUKAIBHOM
IUIOCKOCTSIX, TPUYEM TOPU30HTAIBHBINA Yrol 00BIYHO 0003HAYaIOT OYKBOH [3.

VYroa Ha yepTexe WU KapTe U3MepsIoT TpaHcnoptupoM (puc.4.1);

1 2
B e
Puc.4.1
2
2
1 B ﬁ
Puc.4.2

N1 u N2 - oTcueTsl 110 mIKajne TPaHCIOPTHPA B TOUKAX MEPECEUEHUs €€ CTOPOHAMU YyIJIa

B=N2-NI1. (4.1)

Ecmu N1=0, To B = N2 (puc.4.2).

Ha mectHOoCcTH yron ¢ukcupyercs TpeMmsi TOUKaMH: OJHA U3 HUX - TOYKa A - sBISETCS
BEpILMHOM yria, n18e apyrue - B u C - pukcupyroT HanpaBieHUs IepBOil U BTOPOIl CTOPOH yria
COOTBETCTBEHHO (puc.4.3).



B reonme3un o0paboTka HW3MEpEHWN BBITIOJHICTCS HA TOPU3OHTAIBHOW IIJIOCKOCTH,
no3tomy yroal BAC HyXHO CHOpPOEKTHPOBATh Ha TOPU3OHTAIBHYIO IJIOCKOCTH H.
['opusoHTanbHas MNPOEKUUST TOYKM HAXOAUTCS B TOYKE TMEPECeYeHUss OTBECHOW JIMHUH,
MPOXOJISIIECH Yepe3 3Ty TOUKY, ¢ MIockocThio H. st mpoekTupoBaHus TMHUK HYXKHA OTBECHAsI
IIPOEKTHUPYIOLIAs IUIOCKOCTb, IPOXOAIIas Uepe3 JaHHYIO JINHUIO.

[IpoBenem uepe3 nuHuu MmecTHOCTH AB u AC 0TBECHBIE TPOEKTUPYIONIUE TIOCKOCTH Q U
T. Jluamm mepecedeHuss HTUX IUIOCKOCTEH C TOPH3OHTAIBHOM IUIOCKOCTRIO H Oymyt
TOPU30HTAILHBIMU ITpoeKuusiMu JuHuii AB u AC.

Hckomblii yron [ - 3TO Mepa ABYIPAaHHOTO yria, oOpa3o0BaHHOIO MPOEKTUPYIOIIUMHU
wiockocTsMu Q u T, To-ecThb, IJIOCKUM yroi, Jiexaliuid B IUIocKocTH H, mepneHaukysisipHOn
rpassM yriaa. Pe6pom 3Toro nByrpaHHOro yria sBIsS€TCS OTBECHAs JIMHUS, MPOXOJAIIas depes
BEpPILUMHY YIJla MECTHOCTU. BCIIOMHMM OJHO M3 CBOWCTB JBYIPaHHOIO yrja: IpU MEPECEeUECHUU
€ro rpaHei nmapajuieNIbHbIMU TUIOCKOCTSIMH YTJIbI, 00pa30BaHHbBIC JIMHUSMU TEPECEUCHUs TpaHei
C 3TUMH IUIOCKOCTSIMH, PaBHBI MEKIy coboit. Kak m3aMeputh yroiu f3, HCHONIB3Ys 3TO CBOHCTBO?
JlJis 9TOr0 JIOCTAaTOYHO yCTAaHOBUTH YIJIOMEPHBINM KPYTr Tak, 4TOOBI €ro IEHTP HaXOAWJICS Ha
pedpe IBYrpaHHOTO yTIiia, a ero MIOCKOCTh ObUIa TOPU30HTANIbHA (TTapaljiesibHa 1ockocTH H).

Yron  paBen yriy b'a'c'; oH BBIYHCIISETCS MO Pa3HOCTU OTCYETOB ¢' U b' Ha yriaoMepHOM
Kpyre:

B=c'-b".

Otcuer b' mosrygaercss B TOUKE MEPECEUCHHSI KAl YTIIOMEPHOTO Kpyra IIOCKOCThIO Q,
OTCYET ' - B TOUKE NePeCcedeHUsl IIKaJIbl IIIOCKOCThIO T.

Takum oOpa3om, mpubOp Al U3MEPEHUSI TOPU3OHTAIBHBIX YIJIOB HA MECTHOCTH JOJKEH
UMETh YTJIOMEPHBIN KPYT, MPUCIOCOOICHHE AJI HaBeICHUs Ha TOYKU MECTHOCTH U YCTPOHCTBO
JUTSL OTCUMTHIBAHHH T10 IIKaJle YTIIOMEPHOTO Kpyra; TaKoi MprUOOp HA3bIBAETCS TEOAOTUTOM.
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4.1.2. YcTpoiicTBO TEOA0IMTA

[TpuGop A M3MEpeHHs] Ha MECTHOCTH TOPU30HTAJIBHBIX M BEPTHUKAIbHBIX YIJIOB
Ha3bIBAETCS T€OIOJIUTOM.

VY nepBBIX TEOAOIMTOB B LIEHTPE YIVIOMEPHOTIO Kpyra Ha OCTPUE WIOJKU IOMEIIANach
JUHEeNKa, KoTopas Morja cBOOOJHO BpamiaTbcs Ha 3TOM OCTpue (KaK CTpejika y KoMIaca); B
JUHeWKe ObUIM C/eJaHbl BBIPE3bl M B HUX HATSAHYTHl HHUTH, HUIPAIOLIME POJb OTCUETHBIX
MHJAEKCOB. LleHTp yriioMepHOro Kpyra NOMEIAIN B BEPIIMHY U3MEPSEMOTr0 yIila U HaJe)KHO €TI0



3akperusuid. [loBopaunBas TMHEHKY, COBMEIIAIA €€ C TIEPBOM CTOPOHOM yriia U Opaiu OTCUeT
N1 no mkane yrioMepHoro kpyra. 3aTeéM COBMELIAJIM JIMHEWKY CO BTOPOl CTOpPOHOW yria u
Opanu orcuer N2. Paznocts orcuetoB N2 um N1 paBHa 3HaueHuto yrina. IlogBuxnas nuHeiika
Ha3bIBAJIaCh AIMJAAJ0N, a caM YIJIOMEpPHbIM Kpyr HasbBajcs JumOoM. [l coBmenieHus
JMHENKU-anuaabl CO CTOPOHAMU yIJla IPUMEHSUIMCh IPUMUTHUBHBIE BU3UPBI.

CoBpeMeHHbIE  TEOAOJUTHI, COXPAaHUB UACK M3MEPEHUs yIia, KOHCTPYKTUBHO
3HAYUTENIbHO OTJIMYAIOTCA OT CTAPUHHBIX TEOJOIUTOB. BO-MepBhIX, A COBMEIIEHUS alHIabl
CO CTOPOHAMH YTJIa HCIIOJIb3YETCs 3pUTeNbHas TPyOa, KOTOPYIO MOKHO BpallaTh 10 BHICOTE U IO
a3UMYTY; BO-BTOPBIX, JUIsl OTCUETa IO IIKaje JUMOAa MMEeTCs OTCYETHOE MPHUCIOCOONIeHuE, B
TPETHUX, BCSI KOHCTPYKLUS TEOAOIUTA 3aKPhITa IPOYHBIM METAINIMYECKUM KOXKYXOM U T.A. s
IUIABHOIO BpALlEHUS anuaaapl M JuMOa HUMeEeTcsl CUcTeMa OCei, a caMu BpaLICHUS
PEryJINPYIOTCS. 3)KUMHBIMM M HaBOJSIIMMM BUHTaMH. JlJIg yCTaHOBKM TEOJOJIMTAa Ha 3eMile
MPUMEHSETCA CHEIUAIbHBIM IITaTUB, a COBMEIIECHUE IIEHTpa JMMOAa C OTBECHOW JIMHUEH,
MPOXOJAIICH Yepe3 BEpUIMHY HU3MEPSEMOro YIiia, OCYIIECTBISETCS C MOMOIIBI0 ONTHYECKOTO
LEHTpUpa WU HUTSIHOTO OTBEcCA.

CTOpOHBI H3MEpPSEMOro yrila MPOEKTUPYIOTCS Ha IJIOCKOCTh JHUMOa MOJBHXKHOM
BEPTUKAIbHONH  IUIOCKOCTBIO,  KOTOpas  Has3blBaeTCid  KOJUIMMALIMOHHOW  MJIOCKOCTBIO.
KomnmmmanmonHas mI0CKOCTh 00pa3yercsi BU3UPHOW OCHIO 3PUTENBHON TPyOBI NpU BpaIIeHUU
TPpYOBI BOKPYT CBOEH OCH.

BusupHast ock TpyObl (MM BU3MpPHAS JIMHUS) - 3TO BoOOpakaemas JIMHUS, MPOXOMISIIAs
yepes3 LIEHTP CETKU HUTEH U ONTHYECKUM LIEHTP 00bEKTUBA TPYOBI.

[Tepeuncnum OCHOBHBIE YacTH TeoaonuTa (puc.4.4):

JIum6 - yrinomepHsiii kpyr ¢ geneHusiMu ot 0o no 3600; mpu HU3MEPEHUU YIIIOB JTUMO
ABIsieTcs paboyeit Mepoil (Ha puc.4.4 He mokas3aH).

Anmuaana - mOJBIKHAS 4acTh TEOJOJUTA, HECyllasi CUCTEMY OTCUMTHIBAHUS MO JUMOY U
BU3HUPHOE YCTPOMCTBO - 3pHUTENbHYIO TpyOy. OOBIYHO BCIO BpAIAIOUIYIOCA YacTh TEOJOJIUTA
Ha3bIBAIOT AJIMIATHON YaCThIO WJIM MPOCTO anuaanou (2 Ha puc.4.4).

3puTenbHas TpyOa KpenuTesl Ha MOJCTaBKax Ha anuaagHon yactu (3).

Cucrema oceii - of0ecneuyrnBaeT BpallleHHE aIMIAAHOW dYacTh W JUMOa BOKPYT
BEPTUKAIBHON OCH.

BepTukanbHbIi KPYT CIYKUT AJIE U3MEPEHHS BEpTUKATBHBIX YTITIOB (4).

[ToncraBka ¢ TpeMs MOABEMHBIMHA BUHTaMHU (5).

3a)KMMHBIE U HaBOJSIINE BUHTHI BPAILAIONINXCA YyacTel TeononuTa: aumoa (8,9), anumaasl
(6,7), TpyOsI (10,11); 3akMMHBIE BUHTHI Ha3bIBAIOT TAKXKE 3aKPEMHUTEIBLHBIMUA U CTOMOPHBIMU, a
HABOJAIIUE - MUKPOMETPEHHBIMHU.

[IITaTUB ¢ KprOYKOM JUIsl OTBECA, IJIOLIAAKOM /JJisi YCTAaHOBKHM IOJICTABKU TEOAOJIHUTA U

CTaHOBBIM BUHTOM.
12 - BHUHT [IEPECTAaHOBKHU amoa;
13 - YPOBEHb npu anuyaje TOPU30HTAIBHOTO Kpyra;
14 - YPOBEHB BEPTUKAJIBHOIO Kpyra;
15 - BHUHT (OKyCUpPOBKHU TpyOBI;

16 - okynsIp MUKpPOCKOTIAa OTCYETHOTO YCTPOUCTBA.



Puc.4.4

B TeomonmTax pasnwuaoT TPU PA3HBIX BpAINIECHUS: BpAIICHHUE 3PUTEIBHONU TPYOHI,
BpallieHUe aduaaabl W BpalleHWe JTUMOa; MpU TOM BpallleHue TPyObl M BpallleHUE aauiajabl
CHaOXKaloTCsA JBYMS BHHTAMU KaXKJI0€ - 32KUMHBIM M HaBOIAIIMM. UTO KacaeTcs BpaileHUs
aumMba, ToO OHO OQOpPMISETCS MO-pa3HOMY. B TOBTOPHUTENBHBIX TEOAOIUTAX JUMO MOMKET
BpallaThCs TOIBKO BMecTe ¢ anunaanoi; B teomonutre T30 (2T30 u T.m.) mist BpamieHus 1uMoa
UMEIOTCS JIBA BUHTA: 32)KUMHOW W HABOJSIIMIA, TPUYEM OHU pabOTAIOT TOJBKO MPHU 3aKaTOM
BUHTEe anmuaanbl. B Teomommte T15 mepBBIX BBIMYCKOB JUMO CKPEIUISICA C aIMAagoN ¢
MOMOIIBIO CIMEIUATBLHON 3aIeIKH U B TaKOM TOJOKEHUH COBMECTHOE BpallleHWEe aauaaabl U
auM0Oa peryIupoBaioCh BUHTAMHU alliabl. B TOYHBIX U BEICOKOTOYHBIX TE€OJOJIMTAX BpaIEHUE
(mepectaHoBka) JTUMOa BBITIONHIETCS CHEIUATBHBIM OCCKOHEYHBIM BHUHTOM (mo3wims 12 Ha
puc.4.4-6).



4.1.3. IloBepKH U HCCJIEIOBAHUA TEOA0JIUTA

Teogonut kak npudOp [UIsl U3MEPEHUs YIJIOB JIOJDKEH YJOBIETBOPSTH HEKOTOPHIM
TE€OMETPUYECKUM YCIIOBHSIM, BBITEKAIOIIMM M3 OOLIET0 MPUHIUIIA U3MEPEHHS] TOPU30HTAILHOTO

yria.
PaCCMOTpI/IM OTH YCJIOBHUA:
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Och UMJIMHIPUYECKOTO YPOBHS TPH alIulaje TOPU30HTAIBHOTO Kpyra JOJKHA OBITh
MIEPIICHIUKYIIIPHA K OCH BPAIICHUS aJTHIa]IbI.

Ocb BpateHus aauaaabl J0KHA ObITh YCTAHOBIIEHA OTBECHO (BEPTHKAIBHO).

Busupnas ock TpyOBI 0JKHA OBITH MEPIICHANKYIISIPHA K OCH BPAIICHUS TPYOBI.

Ocp BpateHus TpyObl 10JKHA OBITH MEPIEHAUKYIISIPHA K OCH BPAILICHUS aluAalbl.

BepTukanbHas HUTh CETKM HUTEH JOMKHA JIEKATh B KOJUTMMAIMOHHOH TIIOCKOCTH.

Jlns Bcex 3TUX YCIOBUN, KpOME BTOPOTO, 0053aTENIbHO BBIMOIHSIOTCS MMOBEPKHU JAJISL TOTO,
YTOOBI BBISICHUTH YIIOBJIETBOPSIET JIM KOHKPETHBIM TEOAOIUT MEepeUYrcIeHHbIM ycioBusaM. Eciu
MPU BBINOJTHEHUU TOBEPOK OOHAPYKUBAETCS, YTO KaKOE-IMOO YCJIOBHE HE BBITIOJIHSACTCS,
MIPOU3BOJAT UCTIPABIEHHUE TEOI0JINTA.

[ToBepka mepBoro yciaoBusi ObUIa paccMOTpeHa B paszaene 3.3; cleayer JIMIb
MOJAYEPKHYTh, YTO HCHPABICHHE YIJIa MEXAY OChIO YPOBHS M OCBIO BpaICHUS aauiajbl
MIPOU3BOUTCS UCTIPABUTEILHBIMU BUHTAMH YPOBHSI.

VYcTaHOBKa OCH BpalleHHs aIuaJbl B BEPTHKAIbHOE IIOJIOKEHHE BBIMONHSIETCS B
CJEIYIOILEM MOPSIAKE:

Bpalas ajaujaaay, YCTaHABIMBAIOT YPOBEHb MapalljielbHO JIMHUW, COCTUHSIONIEH aBa
MOIBEMHBIX BHHTAa WM TPUBOMAT TMY3BIPEK YPOBHS B HYJBIYHKT, ACUCTBYS STUMHU JBYMS
BUHTaMH,

BpaiarT anuaany Ha 900, To-ecThb, YCTaHABIMBAIOT YPOBEHb MO HANPABICHHUIO TPETHETO
MOTLEMHOTO BHHTA, M, ICHCTBYS THM BHHTOM, IIPUBOJIST ITy3bIPEK YPOBHS B HYJIBITYHKT.

[Tocne sToro BpamarOT aauAagy M YCTAaHABIMBAIOT €€ B MPOU3BOJIILHOE IOJO0XKEHHE,
My3BIPEK YPOBHS JOJDKEH OCTaBaThCS B HYNBITYHKTE. ECU My3bIpeK ypOBHSI OTKIIOHSIETCSI OT
HYJIBITYHKTa OOJBINE, YeM Ha OJIHO JEJICHHE, CIEAYEeT 3aHOBO BBITIOJHUTH MEPBYIO MOBEPKY U
CHOBA YCTaHOBUTH OCh BPAIIICHHSI alTUIa (bl B BEPTUKAIHLHOE MOJIOKEHUE.

[Tporieaypa yCTaHOBKH OCH BpAIllEHHUS aluAalbl B BEPTUKATBHOE MOJIOKEHNE HA3bIBACTCS
TOPU30HTHPOBAHUEM TEOOJUTA.



[ToBepka meprnEeHIUKYIIPHOCTH BHU3UPHOM OCH TPyObl K OCH BpalmieHus TpyObl. JTa
MOBEpPKA BBIMIOJHIETCS C MOMOIIBI0 OTCYETOB MO TOPU3OHTATHHOMY KPYTYy MPHU HAOIIOIEHUU
KaKoW-1100 BU3UPHOU IICITH.

Ecnu ycrnoBue BBITIONHSETCS, TO TIPH BPALICHUH TPYObI BOKPYT CBOCH OCH BU3HPHAS JIMHUS
TpyObl ONKCHIBACT IUIOCKOCTH, COBHAJAIOUIYI0 C KOJUIMMAIIMOHHOHN IJIOCKOCThIO0. Ecnmu yron
MEXJy BU3UPHOW JHMHHEH TpyObl M OCbIO BpallleHus TpyObl He paBeH TouHO 900, TO mpu
BpallleHuu TPYObl BU3UPHAS JIMHUS OyJIET ONMUCHIBATh KOHUYECKYIO MOBEPXHOCTh C YIJIOM IMPHU
BepirHe koHyca 1800 - 2C, rne C - yron Mexay (HakTHISCKUM IOJIOKEHUEM BU3UPHOMN JIMHUN
TpyOBl U €e TeopeTHUecKUM IoyiokeHueM; yroil C Ha3bpIBaeTcs KOJUIMMAIMOHHOW OLIMOKOMN
(puc.4.6).
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HaBectu TpyOy Ha TOYKY MOYKHO NpH JBYX MOJOKEHHUSIX BEPTUKAJIBHOI'O Kpyra: Kpyr
CJIEBa M KPYT CIPaBa; 3TH MOJOXKEeHUs HaspiBaroTcs "Kpyr yeBo" - KJI wim L u "kpyr npaso" -
KII unu R. Ilycts npu nonoxxenun KJI orcuer mo numOy 6yner NL. [l HaBeneHus: TpyObl Ha
touky npu KII Hy)xHO nepeBecTu TpyOy uepe3 3eHUT U noBepHyTh anujaany Ha 180o. Eciu C =
0, To anumany Hy>XHO MOBEpHYTh TouHO Ha 1800, TO-ecTh, pazHocTh orcueToB npu KJI u KII
paBHa TouHo 1800 (puc.4.7).

Ecimu C= 0, To pu TOM K€ TIOJIOKEHUH aluaaabl H300paKeHne TOUKH OyIeT HaXOIUThCSA
HE B IICHTPE CETKU HUTEW W JJI1 HABEICHUS HA TOYKY HYKHO NOBEPHYTH anuaangy Ha yroa C
(puc.4.8). Otcuer mo nuMOY HM3MEHHUTCS W, €ClIM MpaBWIbHBIA oTcueT Obl1 NL, TO oTcuer,
MCKaXEHHBINA KOJTUMAIIMOHHOM ormubkoii, 0yner N'L =NL + C, a

NL=N'L-C. (4.2)
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UroOb1 HaBecTu TpyOy Ha Touky npu KII, Hy)kHO mepeBecTu ee uepe3 3eHUT U NOBEPHYTh
amunany Ha yroa 1800 - 2C (puc.4.9), orcuet no JuMOy OyIeT paBeH:

NR'=NL + C + 1800 - 2C=NR - C. (4.3)
Takum 06pa30M, MO>XHO HaIIucCaThb:
NL'=NL +C, NR'=NR - C.

Cpennuii orcuer u3 orcdetoB npu KJI m KII cBoOomeH OT BIMAHHS KOJUIMMAIIMOHHOW
OIIINOKH,

0.5* (NL'+ NR") =0.5* (NL + NR),

a 3HAYCHHE JBOWHON KOJUTMMAIIMOHHOW OMIMOKU PAaBHO:

2C = NL'- NR' + 1800. (4.4)

B Teomonmrax ¢ OZHOCTOPOHHMM OTCYMTBIBAHUEM IO JTUMOY B Ka)XJIOM OTIEIBHOM
orcuete (1 ipu KJI u mpu KII) npucyrcTByer emie ommoKka SKCIEHTPUCUTETA AlTUIa/Ibl, IOATOMY
3HaYeHHE KOJUTMMAIIMOHHOW OImMOKU, mojacyuTaHHoe 1o dopmyne (4.4), Oymer BKIOYaTh
omnoOKy skcuentpucurera. s takux teogonutos (T30, T15, TS) komnmuMalnuoOHHYIO OMIUOKY
OTIPEEIIAIOT M0 0oJiee CI0KHON METOUKE, COCTOSIIEH U3 CIETYIOMINX 1eHCTBUN:

HaBecTH TpyOy npu KJI Ha yeTko BUAMMYIO TOYKY, PaclOiIOXKEHHYIO BOJW3U FOPU30HTA,
B35Th OTCYET 1o TuMOy NL',

nepeBectu TpyOy uepe3 3€HUT, HaBeCTH ee Ha Ty ke Touky npu KII u B3ATh oTcuer mo
MOy NR',

OCNaOUTh 32KUMHOM BUHT IOJACTABKH U MOBEPHYTH TEOAOIUT OTHOCUTEIHHO MOJICTABKH
npumMepHo Ha 1800,

HaBecTu TpyOy Ha Touky npu KJI, B3aTh oTcuer NL",

HaBecTu TpyOy Ha Touky npu KII, B3sate orcuer NR",

BBIUKCIIUTh KOJUTMMALIMOHHYIO OMUOKY O hopmyIie:

2C=0.5*[(NL'+ NL") - (NR" + NR™) + 3600. (4.5)

WcnipaBnenne KOJJTMMAIIMOHHOW OIMMOKH, €CITM OHa OOJbINEe JOMYCTUMOTO 3HAYCHUS,
MPOU3BOJIUTCS OJUHAKOBBIM JJIs1 OOJIBIIMHCTBA TEOI0JIUTOB CIIOCOOOM:

BBIYHCIISTIOT TPABUJIBHBIA OTCYET:

NL =NL'- C, nin

NR=NR'+C

U yCTaHaBJIMBAIOT ero Ha jumobe. [Ipu 3ToM m3o0paxkeHHe TOUKM He OyJeT coBHaaaTh C
LHEHTPOM CeTKU HUTeil Ha BennuuHy C. BOKOBBIMU MCIPaBUTENbHBIMM BHUHTAMHU CETKH HUTEH
COBMEIIAIOT LEHTP CETKU HUTEH ¢ n3o0pakeHneM Touku. [locie 3Toro noBTOpsIOT onpeenenme
2C.

Brnusare KoUTMMaMOHHOW OMMOKKM Ha oTcueT nmo auMmOy. Ilpu HaOmomeHnn TOYEK,
PacroI0kKEHHBIX BOJIM3M IMJIOCKOCTU TOPH30HTA, OTCYET MO JUMOY HMCKaXaeTcs Ha BEIUYHHY
komuMarmonHoi omuoku C ¢ ogqaum 3HakoM 1ipu KJI u ¢ apyrum 3uakom npu KII. Ho unorna
MPUXOAUTCS HAOMIOMATh TOYKH, KOTOPBIE pACIONIAararoTCsl BBINIE WM HUXKE IJIOCKOCTH
TOPU30HTA, a MPU ACTPOHOMHYECKHX HAONIONCHUAX TPYOy TEOJOJNHMTa HABOAST Ha 3BE3bl,
yCTaHaBIMBas €€ Ha 000U yroi HakloHa. PaccMOTprM, Kak UCKa)xaeTcs OTCYET Mo JIUMOY U3-
3a BJIMSIHUS KOJUTUMAIIMOHHOW OMIMOKH B OOIIEM CiTydae.

Ha puc.4.10 Touka O - Touka nepeceueHus: ocu Bpaienus Tpyost HH1u Bu3upHoi muHuM
TpyObl. TpyOa HampaBiieHa Ha BBICOKOPACIIOJIOKEHHYIO TOYKYy W; yroj HakJIOHAa BHU3UPHOU
JUHUU TPYOHI - V.



[IpoBenem depe3 Touky W BCIIOMOTaTeNbHYIO BEPTUKAIBHYIO TIIOCKOCTh; LL1 - 310 muHus

NEepeCCUCHUA 3TOH IIOCKOCTH C INIOCKOCTBIO TOpHU30HTAa TOYKU 0.

Puc.4.10

[lpu C=0 BusupHas iuHUSA TpyObl 3aHuMaeT mnonoxkeHne OW ¥ KOJTMMalMOHHAsS
IUIOCKOCTB IEPECEKAET MNIOCKOCTh FOPU30HTA 110 IMHUU OM.

[Ipy HaNMuYUM KOJIMMALIMOHHOM OIIMOKM BU3MpPHAs JUHUS TPYObl 3aiiMEeT MHOJOXKEHHE
OW'. KonmmanoHHas INIOCKOCTh B 3TOM CIIy4ae IEPeceKaeT INIOCKOCTh TOPU30HTA 10 JIMHUU
OM'. Uto6b!1 HaBecTH TpyOy Ha Touky W, HY)KHO MOBEpHYTh aluAay Ha yroi €l, u oTcuer no

TMMOy M3MEHHUTCS Ha BETMYMHY ATOTO yTIJIa.
N3 tpeyronsauka MOM' Bblpa3sum TaHreHc yria gl:

1gle))= M2 ,
O
Y TI0 MAJIOCTH €T0 3alHILEM:
ML
£ =—.
)74
Ho MM' = WW', noatomy
W'
£ =—,
OM (4.6)
W3 tpeyronpauka WOW' nHaiinem Ttanrenc yrnma C u BenenctBue Manoctud yriia C
HaIUIIEeM:
o
oW
OTCIOJIa BBIPA3UM JIIMHY oTpe3ka WW'
WW'=C * OW 4.7)
Y, TIOJICTaBHB 3TO BBIpakeHHE B GopMyity (4.6), mOTydnM:
oW
g =C*——0!
oM (4.8)
N3 tpeyronsanka WOM BuaHoO, 4TO:
OM
— = Cos (V);
oW
MOJICTaBUB 3TO BeIpaykeHHE B (opMyiy (4.8), MOTydHMM OKOHYATEIHHO:
C
£

L= COS(V). (49)



Ecnu yron nakiioHa TpyObl v HEOONBIIONH, TO KOCHHYC 3TOTO YyIJIla MO OTJIMYAETCS OT
equannel 1 €1 = C.

OOBIYHO KKAYI0 TOYKY HAOIIOAAIOT MpPU ABYX IMOJOKEHHSIX KPyra, M CPeIHHH OTCYeT
CBOOOJICH OT BIUSHHS KOJUJTMMALIMOHHOM OIIMOKH.

[ToBepka NEpPHEHIUKYISIPHOCTH OCH BpalleHUs TPyObl K OCH BpAIICHUS ANHJabl.
YerBepToe yclioBUE OOECHEUMBAET BEPTHKAIBHOE MOJIOKEHHWE KOJUTUMAIIMOHHOM IIOCKOCTH.
Jl71s IpoBEepKU 3TOTO YCIOBUS MCHOJIB3YIOT XOPOIIO BUAUMYIO BBICOKO PACIOJIOKEHHYIO TOUKY
M. CHavana HaBoaaT TpyOy Ha Touky npu KJI v mpoekTUpyrOT TOUKY Ha YpOBEHb FOpHU30HTA
TEOA0JIUTA 3pUTEIBHON TPyOOH; oTMedaroT Touky ml (puc.4.11).

3arem mepeBoAT TpyOy uepes 3eHUT, HaBoAAT ee Ha TouKy npu KII u cHoBa mpoeKTupyroT
TOYKY Ha yPOBEHb TOPU30HTA TEOAOJINTA; OTMEUYAIOT TOUKY m2.

Ecnu ocp Bpamienus TpyObl NMEpHEHIAMKYISIpHA OCH BPAIICHUS aTUAAIbl, TO MPOCKIUs
Touku M 00a pas3a nmonaier B TOUKy m; B IPOTUBHOM cllyyae ToYek OyzAeT aBe - m1 u m2.

[TonoxxeHue, Mpu KOTOPOM OJMH KOHEN OCH TpPyObI BBHIIIE APYroro, BO3HUKAET, KOTAa
BBICOTA I0/ICTAaBOK TPYOBI HEOJIMHAKOBA; BCIEICTBUE STOTO PacCMaTPUBAEMYIO TIOBEPKY MHOTA
HA3bIBAIOT TOBEPKON HEPABEHCTBA MOJCTABOK.

4

Puc.4.11

[nsa wucnpaBnenus yrima mexay ocasmu HH1 m ZZ1 HyXHO H3MEHHUTH BBICOTY TOU
MIOJICTaBKHM, KOTOpasi MMEET HUCIPAaBUTEIbHBIA BUHT. VcIpaBlieHHE HEPAaBEHCTBA IOJCTABOK
BBITIOJIHSCTCSI METOJIOM  IIOCNIeIOBaTeNbHBIX NpuoOmmkeHui. Ecnu  Teogonmut He wuMeer
UCTIPAaBUTEIHLHOI'O BUHTA MOJICTAaBKHU, TO MPU OOHAPYKEHUU HEPABEHCTBA MOJICTABOK €r0 HYXKHO
CHaTh B MaCTEPCKYIO.

BnusiHue HepaBeHCTBa MOACTABOK Ha oTcueT no JuMOy. Ilycts ock Bpamenus Tpyost HH1
HAKJIOHEHA K TOPU30HTY Ha yrou 1 u 3anuMaeT nonoxenne H'H'l (puc.4.12). Eciau 651 HakinoHa
He ObUIO, TO TOouka M mpoekTupoBaiach Obl B Touky m. [lpum HakioHe ocu Touka M
MPOEKTUPYETCsS B TOUKY ml, u ommbOka oTcyera mo aumOy Oyaer paBHa yriy €2. Onpenenum
BEJIMYMHY 3TOTO yTJa.



b
i
H X
H_hn" Ez 111
111,
i
H,
H,

Z,

Puc.4.12

W3 tpeyronsanka mOml cnenyer:
e
tgle;)=—,
Om
WJIM 110 MAJIOCTH yIJIa €2:
M
£y =—.

Om (4.10)
U3 tpeyronpHuka mMml, B KOTOpoM yrou rpH Touke M paBeH 1, HaxouM:

bcdiad
38(3')=M—”:;

110 MaJIOCTH yIJia 1 IpUHUMaeM tg(i) = 1, MOATOMY

i i,
Mm

OTKyJa

mml=i*Mm. (4.11)

[ToncraBum (4.11) B (4.10) 1 nomyunm:

- Mm
£y =1%——\
Om (4.12)
Mm

1glv)=—

N3 tpeyronsarka MOm BbIpa3uM TaHT€HC yria Vv: Om

U,TI0JICTaBUB 3TO BbIpaxkeHue B (4.12), MOIy4rMM OKOHYATENIbHO:

e2=1*tg(v). (4.13)

[Tpu v = 0 BIusHHUE HEPABEHCTBA MOJICTABOK PABHO HYJIIO MIPH JIOOBIX 3HAYCHUSAX YT i.

Ecnu och Bpamienusi TpyObl HAaKIIOHEHAa K TOPU30HTY U3-3a HEPaBEHCTBA IMOJICTABOK, TO
HAaKJIOH KOJUIMMAIIMOHHOM IUIOCKOCTH WMeeT MpoTuBonojoxuble 3Haku npu KJI m KII, u
ommrOKa OTCYeTa TOXKE€ HMEET MPOTHUBOIOJIOXKHBIE 3HAKU; B CpPEJHEM OTcueTe ommbka &2
HCKJTFOYaeTCsl.

BrusiHre HaKI0HA OCH BpallleHHs a6l Ha OTcUeT 1o tuMOy. Hakimon ocu ZZ 1 Ha yron
1 IPUBOJUT K TOMY, YTO OCh BpallleHUs TPYObI OyJeT HaKJIIOHEHA K TOPU30HTY Ha TOT K€ YroJl



(puc.4.13); xouMMaIMOHHas! IIOCKOCTh OTKIOHUTCSA OT BEPTHUKAJIBHOTO MOJOXKEHHUS Ha TOT JKe
yros. CnenoBarenbHO, M BIMSHME HAKJIOHA OCH BpALIEHUS alnJajbl aHAJIOTUYHO BIIUSHUIO
HEpaBEHCTBA IOJCTaBOK. Pa3muune COCTOMUT B TOM, 4TO OMIMOKAa B OTCUETE IO JIUMOY H3-3a
HAKJIOHA OCH BpallleHHs anuaaasl uMmeeT ofauH u ToT ke 3Hak npu KJI u KII. Takum oGpaszom, u
CPEIHMI OTCYET TAKXKE COACPIKUT ITY OIIUOKY.

JUis ocnaGneHust BIMSHUS HAaKJIOHA OCH BpAIIEHUS aluAajbl CIEAYeT KaK MOXKHO
THIATEJIbHEE BBINOIHATh TOPU30HTUPOBAHUE TEONOJINTA U CIEIUTH 3a Iy3bIPbKOM YPOBHS BO
BpeMs paboThl. IIpyu TOUHBIX M3MEPEHUSAX YIJTIOB AJIS UCKIFOYEHUS TOH OLIMOKH OIpPENeIsoT
yroj 1 W3 JIONMOJIHUTENIBHBIX OTCYETOB IO HIKaJe YPOBHA M BBOJAT B OTCYETHl MO JHUMOY
MOTIPaBKH, BEIYHCIsieMbIe 110 Gopmyre (4.13).

AT
i

Puc.4.13

IToBepka cetkn Huteil. [loBepka MATOro yciIOBHS BBINOJHSETCA nocieaHed. HaBogst
TpyOy Ha XOpOIIO BUAMMYIO TOYKY U HABOJSAIIMM BHHTOM CMEMNIAIOT €€ 1Mo BbicoTe. Ecnu npu
TOM H300paX€HHE TOYKH OCTAeTCS Ha BEPTUKAIBHOM HUTHU CETKH HHUTEH, TO YCIIOBUE
BHIMIONHSETC. Ecnu n300pakeHHe TOYKH CXOAUT C BEPTUKAIBHOM HHUTH, HY)XHO OCIa0UTh
WCIIPABUTEIIbHBIE BUHTBI CETKM HUTEH M Pa3BEPHYTh CETKYy B HYXHOM HampasiieHUH. [locie
ATOTO ClIeJyeT MOBTOPUTH MOBEPKY M CHOBA OMpPENEIUTh KOJUIMMAIMOHHYIO OIIMOKY, TaK Kak
MpU OCIAa0JCHUH W 3aTATUBAHUM WCIPABUTEIIBHBIX BUHTOB CETKHM HHUTEH €€ IIEHTp MOr
CIBHHYTHCS B CTOPOHY.

Kpome reomerpuyeckux YCIOBHM y TEOJOJUTAa MPOBEPSAIOT TAaK HA3bIBAEMBIE
MEXaHUYECKHUE YCIIOBUS:

OTCYTCTBHE MEXaHWYECKHX IOBPESKICHUN - HM3JIOMOB, M3TMOOB, TPEHMIMH WU T.I.; 3TO
MPOBEPSAETCS MYTEM BHELIHEIO OCMOTPA, MPU KOTOPOM CIEAYET YIOCTOBEPUTHCS U B IOJIHOU
KOMIUIEKTHOCTH TIpubopa;

IJIABHOCTh BpAIEHUs BCEX BPALIAIOIIMXCSA JETANEN, TO-€CTh, OTCYTCTBHUE 3aclHaHUU,
TYroro BpalleHHs, CKpUIA U CTYKa;

MJIAaBHOCTH U JIETKOCTh Pa0O0THI 3)KUMHBIX BUHTOB;

MJIAaBHOCTH M PABHOMEPHOCTH PaOOThI HABOIAIINX BUHTOB;

PaBHOMEPHOCTbH H JIETKOCTh PaOOTHI MOAHEMHBIX BUHTOB.

DKCIEHTPUCUTET anuaaabl. B mockoctr nmuMba TOPU3OHTAIBHOTO Kpyra UMEIOTCS TpHU
XapaKTEPHBIX TOUYKH:



D - nenTp kpyra aeneHuii 1umMoa,
A - IeHTp BpaleHUs aluaabl,
L - nentp Bpamenus numoa (puc.4.14).

B uneanbHOM TeoionMTe BCE TPU TOUKHU JIOJDKHBI COBIIAJATh, HO B ACHUCTBUTEIHLHOCTH OHU
He coBnanaoT.HecoBnagenue Toukn A ¢ Toukoi D Ha3biBaeTCs IKCLEHTPUCHUTETOM aluIalbl,
HecoBIaJeHne TOYkH L ¢ Toukoii D Ha3pIBaeTCsl 3KCIEHTPUCUTETOM JIMMOA, HECOBIAIACHHUE
Touek A u L Ha3bIBaeTCs SKCIEHTPUCUTETOM OCEH.

PaccMoTpuM BIMsSHHE SKCIEHTPUCHUTETa aMAaabl Ha oTcueThl 1o JuMOy. Otpe3ok AD

Ha3bIBACTCS TUHEHHBIM 3JIEMEHTOM SKCHCHTPUCUTETA alIngabl 1 00o3HayaeTcs 6y1(BOI>i 1.

Puc.4.14 Puc.4.15

HCKOTOpI)IG TCOAOJUTHI UMCIOT ABAa OTCUCTHBIX yCTpOﬁCTBa, OTCTOAIIUX OAHO OT APYIroro
Ha 1800. BCJ'IG)ICTBI/IG 9KCHCHTPUCUTETA alInAaadbl OTCYUHET IO OJHOMY OTCUCTHOMY HHICKCY
6YI[6T MCHBIIC IPABUJIBHOTO OTCHUECTA HA YI'OJI €:

N'L=N1-¢, (4.14)
a I10 APyromMy OTCYCTHOMY MHJCKCY - 6OJ'ILI_He MPpaBHUJILHOTO HA YT'OJI €:
N2 =N2 +¢. (4.15)

Cpennuii oTcuet Oy1eT CBOOOIEH OT BIHMSHUS YKCIIEHTPUCUTETA!

N = 0.5%(N1"+ N2") = 0.5*(N1 + N2) .

UToOBI MOTYYUTh YHUCIEHHOE 3HAYCHHE SKCIICHTPUCUTETA, HYXKHO U3 oTcuera N2' (4.15)
BbIuecTh orcyeT N1'(4.14):

N2'- N1'= N2 - N1 + 2%*g,

HO N2 - N1 = 1800, nostomy:

€=0.5%(N"2 - N'1 + 1800). (4.16)

[Tpu BpameHuu amuaajbl B3aMMHOE IMOJIOKEHHE JIMHEHHOTO 3J€MEHTa HKCIEHTPUCUTETA
IMIABI U OTCUETHBIX WHACKCOB M3MEHSIETCS, M BEIMYMHA OITHUOKH OTCYeTa €' 3aBUCHUT OT yTJaa Y
(puc.4.15):

€'=¢* Sin(y) . (4.17)

Y TEONOJWTOB C OJHOCTOPOHHUM OTCYHUTHIBAHHEM OTCUET MO JTUMOY HCKakaeTcs Ha
BeNUuMHY €' ¢ ogHUM 3HakoM nipu KJI u ¢ npyrum 3nakom npu KII; B cpeaneM orcuere BiIusHue
HKCIIEHTPUCUTETA UCKITIOYAETCS.

N3 Bcex OmMOOK OTCUMTHIBAHMS IO JUMOY, BO3ZHUKAIONIMX BCIEACTBUE HAPYIICHHUS
TreOMETPUYECKUX YCIOBUHM, MOXKHO BBIACITUTh CHMMETPUYHbIE OIHMOKH, TO-€CTh TaKue, KOTOPbIe
uMeroT pasHble 3Haku npu KJI m KII n BiustHUE KOTOPBIX B CpETHEM OTCYETE YCTPAHSETCS, U
HECUMMETpPUYHbIE OMIMOKH, BIMSHHE KOTOPBIX B CpelHeM oTcuere He ycrpanserca. K



CHMMETPHYHBIM OIIMOKAaM OTHOCSTCS KOJUIMMAIMOHHAs OIMMOKa, omMOKa M3-3a HEPaBEHCTBA
MOJICTaBOK, OHIMOKa 3KCIEeHTpucuTera. K HECHMMETPHUUHBIM OIIMOKAM OTHOCATCS OIIMOKa
HAKJIOHA OCH BpAIllCHHsI AU bl, OIIUOKH JeICHUH TMMOa U HEKOTOPBIE APYTHE.

4.1.4. Cnioco0bl u3MepeHusi TOPU30HTAJIBHBIX YIJIOB

I'ocynapctBennbii ctangapt ['OCT 10529-86 Bbigenser Tpu TPYyHIbl TEOAOJIUTOB:
BBICOKOTOYHBIE, TOUHBIE U TEXHUUYECKUE.

BbICOKOTOYHBIE TEOOMUTHI 00ECIIEYNBAIOT U3MEPEHHE YTJIOB C OIIMOKoi He Oormee 1";
tune! T1, TOS.

To4HbIe TEOJOMUTHI 00ECIICUNBAIOT U3MEPEHHE YIIIOB ¢ OmuOKoW ot 2" mo 7"; Tumbr T2,
TS.

TexHuuyeckue TEOJOMUTHl 00ECIEUnBaOT U3MEpEeHUe yrioB ¢ omubkoi ot 10" mo 30";
tumel T15, T30.

JomnonuurenpHas OykBa B mudpe TEOM0NMTa yKa3blBaeT Ha €ro MOAU(DHUKAIUIO WU
KOHCTPYKTUBHOE pelieHue: A - acTpoHomuueckuit, M - wmapkumeigepckuii, K - ¢
KOMIIEHCATOPOM IIPU BEpTUKaIbHOM Kpyre,ll - TpyOa npsimoro usoOpakeHus (3eMHas).

['ocymapCTBEeHHBIM CTAHAAPTOM Ha TE€OIOJIUTHI IIPETyCMOTPEHA, KPOME TOTO, YHU(pHUKAIHS
OTIENPHBIX Y3JI0B M JIeTalleil TEOJOJIUTOB; BTOpas Moaudukanus uMmeeT nudpy 2 Ha mepBor
no3unuu mudpa - 2T2, 2T5 u 1.1., TpeThs Moaudukanus umeet uudpy 3 - 3T2, 3TSKII u 1.1.

[lepen u3mepeHuem yria HEOOXOAUMO MPHUBECTH TEOJONUT B pabouee MOJIOKEHHUE, TO-
€CTb, BBIIIOJIHUTH TPU ONEPALMU: LICHTPUPOBAHUE, TOPU3OHTUPOBAHUE U YCTAHOBKY 3PUTEIILHON
TPYOBI.

LleHTpupoBaHME TEOJOJIUTA - ATO YCTAHOBKA OCH BpALIEHUs aluAaabl HaJ BEPIIMHON
M3MEpSEMOro yIjia; orepalys BBITOJIHAETCS C MOMOIIBI0 OTBECA, MOJIBEIIMBAEMOr0 Ha KPIOUYOK
CTaHOBOT'O BUHTA, UJIU C ITOMOIIBIO ONTUYECKOTO LIEHTPHUPA.

["'opu3oHTHpOBaHKME TEOJOIUTA - 3TO YCTAHOBKA OCH BpALICHMS aauAa bl B BEPTUKAIBHOE
MOJIO’KEHUE; ONepalis BBIIOJIHSAETCS C IMOMOIIBIO MOAbEMHBIX BUHTOB U YPOBHS NpHU aauaaje
TOPU30HTAJILHOTO KPYTa.

VYcraHoBka TpyObl - 3TO yCTaHOBKa TpyObl IO TIJla3y W MO MpPEIMETy; OIeparius
BBIMOJIHSAETCSI C MOMOILBIO TOABMXKHOIO OKYJISPHOTO Kosiblla (yCTaHOBKAa IO TIJazy -
(okycupoBaHUEe CETKM HUTEW) 1 BUHTA (POKYCHPOBKH TpyObl Ha npeamMeT (1103.15 Ha puc.4.4).

W3mepeHust yriia BBINOJHSETCS CTPOrOo IO METOAMKE, COOTBETCTBYIOLIEH crocoly
M3MEPEHMS; U3BECTHO HECKOJIBKO CIOCOOOB M3MEPEHMsI TOPU3OHTAJIbHBIX YIJIOB: 3TO CIOCOO
OTJIENTLHOTO yTiia (Coco0 MPUEMOB), CIIOCOO KPYTOBBIX MPUEMOB, CITIOCOO BO BCEX KOMOWHAIIUSIX
u J1p.

Crioco6 otnenbHOrO yria. M3mepeHue OTIENBHOTO yria CKIAABIBACTCA W3 CIEIYIOLIUX
JECUCTBHUI:

HaBeJeHHEe TPYObl Ha TOUYKY, (UKCHPYIOIIYIO HaIpaBJICHHUE MEPBOM CTOPOHBI yria
(puc.4.16), mpu xpyre neso (KJI), B3situe orcuera L1;

MOBOPOT QIMJAAbl IO XOJAY 4YacoBOM CTpPEJNKHM U HaBelAeHHE TpPyObl Ha TOUKY,
(buKcHpyIOIyIO HalpaBjieHHe BTOPOH CTOPOHBI YIJia; B3sTHE oTcueTa L2,

BeruncieHue yrina npu KJI (puc.4.16):

Bn=L2-L1,



nepectaHoBKa TuMOa Ha 10 - 20 17151 TEOIOIMTOB C OTHOCTOPOHHUM OTCUUTHIBAHHEM U Ha
900 - /1 TEOAOIUTOB C ABYXCTOPOHHUM OTCUUTBHIBAHUEM,

nepeBeieHne TPyObl uepe3 3eHUT U HaBEeIEHUE €€ Ha TOUKY, (PUKCHUPYIOIIYIO HalpaBJIeHHUE
nepBoi CTOPOHHI yria, npu kpyre npaso (KII); B3stue orcuera R1,

MOBOPOT QIUJanbl 1O XOAy 4YacOBOM CTpENKHM U HaBeleHHUE TpyObl Ha TOUKY,
buKcHpYIOLIYIO HalpaBJieHHE BTOPOH CTOPOHBI yIiia; B3saTue orcueTa R2,

BbluncaeHue yria npu KII:

fn=R2-R1,

IIPU BBINIOJIHEHUH ycioBHs |t - Br| < 1.5 * t, rme t - TOYHOCTh TEOAOIUTA, BEIYUCICHUE
CPEIHEro 3Ha4eHUs yria:

Bep =0.5 * (B + Pm).

N3mepenne yrma npu ogHom mnosioxkeHun kpyra (KJI wumum KII) cocraBnser oaun
MOJIYTIPUEM; TOJIHBIM LMK MU3MEPEHUs YIjla IpPH JABYX IOJOKEHUSAX Kpyra COCTaBJISIET OJUH
IpPHUEM.

3anuch OTCYETOB MO JIMMOY M BBIYMCICHHE yIjla MPOU3BOJATCS B IKypHalax
YCTaHOBJIECHHOU (HhOPMBI.

Cnoco0 kpyroBeix mnpueMoB. Ecnu ¢ ogHoro myHKTa HaOmonaercss Ooriee JIBYX
HAIpPaBJIEHUH, TO YaCTO MPUMEHSIOT CIIOCOO KPYroBbIX NMpHEMOB. Jljig U3MEpEeHUs YIJIOB 3TUM
CrIoco60M HEO0OXO0IUMO BEITIONHUTH clieaytomnue onepanuu (puc.4.17):

npu KJI yctaHoBuTh Ha numOe oTcueT, ONM3KUN K HYJIO, U HaBECTH TPyOy Ha INEpBbIi
IYHKT; B3SATh OTCYET 110 JINMOY.

Puc.4.16 Puc.4.17

Bpallas aauaaay 1o Xoay 4acoBOM CTpeKH, HAaBECTH TPYOy MOcCie0BaTeIbHO Ha BTOPOA,
TPETUH M T.JI. MyHKTHI U 3aTE€M CHOBA Ha MEPBBIN MyHKT; KKK Pa3 B3SATh OTCUETHI 110 JTUMOY.

nepeBecTy TpyOy yepe3 3eHUT u npu KII HaBecTn ee Ha MEPBBIA MYHKT; B3STh OTCYET IO
TuMOYy.

Bpallias aqujaay NpoTUB XO/a YaCOBOW CTPENKHU, HABECTH TPYOy Mocie0BaTeIbHO Ha (n-
1), ..., TpeTuii, BTOpOH MyHKTHl M CHOBAa Ha MEPBBIM MYHKT; KaXIbId pa3 B3SThb OTCUETHI MO
MOy .

3aTeM Ui KaKJOro HarpaBlieHUs BBIUUCIAIOT cpennue u3 orcueroB npu KJI m KII u
MOCJIE 3TOTO - 3HAUEHUS YTJIOB OTHOCUTENHHO MEePBOT0 (HAYaIbHOTO) HAMIPABIICHUSI.

Crnoco6 KpYroBBIX TPHEMOB TO3BOJSIET OCITAOWTH BIMSIHHUE OIIMOOK, JEHCTBYIOIIUX
MPOTOPIIMOHAIIBHO BPEMEHH, TaK KaK CPEIHHUE OTCYETHI ISl BCEX HAIPABIECHUW OTHOCSITCS K
0JIHOMY (PU3HUECKOMY MOMEHTY BPEMEHHU.



BrusiHre BHENIEHTPEHHOCTH TEOJOJIMTa Ha oTcueThl mo JuMOy. Ilycte Ha puc.4.18 ock
BpaleHUs alliabl IEPECeKaeT rOPU30HTAIIbHYIO TUIOCKOCTh B Touke B', a Touka B - nmpoekuus
BEpIIMHBI HM3MEPSIMOTO yrila Ha Ty e IUIOCKoCTb. Paccrosnue mexnay Toukamu B u B'
00o03HauuM |, paccTosiHue Mex 1y myHkramMu B u A - S.

Puc.4.18 Puc.4.19

Ecnu 651 TeoqoauT crosl B Touke B, To mpu HaBeneHUM TpyObl Ha TOUKY A OTCYET IO
auMOy ObL1 OBl paBeH b. I[lepenecem Teo0nuT B TOUKY B', COXpaHUB OpHEHTUPOBKY JTUMOa; Ipu
3TOM OTCYeT IO JUMOY NpHU HaBEACHUU TPYObI Ha TOUKY A M3MEHHUTCA M CTaHET PaBHbIM b';
pasinyMe 3TUX OTCUETOB HAa3bIBAETCS OIIMOKONW LEHTPHUPOBKU TEONOJUTa U OOO3HAYAeTCs
OyKBO¥ C.

U3 tpeyronsauka BB'A nmeem:

i 8

Sin(c) 3 Sm(@) *

OTKy/1a

stne) = 1+370)
S
WJIM 110 MAJIOCTH yTJia ©
c"=1 *—SM(@) * ot
5 (4.18)

Benuuuna | Ha3piBaeTCsl JMHEMHBIM 3J€MEHTOM LEHTPUPOBKH, a yroa Q - yrjioBbIM
AJIEMEHTOM LETPUPOBKHU; Yroia Q CTpoMTCS NpH NPOEKUUU OCH BpAIICHHUsS TEOJ0JIUTa U
OTCUUTBIBAETCS OT JIMHEHHOrO DJJIEMEHTa II0 XOAY 4YacOBOM CTPEJKM 10 HalpaBJICHUs Ha
HaOJr01aeMBblii IyHKT A.

[TpaBuibHBIM oTCUeT 1o TMMOY OyaeT:

b=b+c. (4.19)

BnusiHue penykuuu BU3UPHOH 11€JIM Ha OTCUETHI 110 JINMOY.

Ecnu mpoeknuss BH3MpHOM Hend A' Ha TOPU30HTAIBHYKO INIOCKOCTh HE COBHAJAET C
IpoeKlMel IeHTpa HabII0JaeMOoro MyHKTa A, TO BO3HUKAET OMNOKa peAyKIIMHA BU3UPHON LIETH
(puc.4.19). Otpe3ok AA' Ha3pIBaeTCs TUHEHHBIM JIEMEHTOM PEIyKIIMU U 0003Havaercs 11; yron
Q1 Ha3pIBaeTCS YIIOBBIM JIEMEHTOM PEAYKIMH; OH CTPOUTCS MPHU MPOEKIIMH BUSUPHON LENH U
OTCUUTBIBAETCS OT JIMHEMHOIO JIEMEHTA MO XOJY YacOBOM CTPENIKH 10 HANPABJICHMS HA IIYHKT
yCTaHOBKH TeojonuTa. O003HaYMM TNpaBHIBHBIA OTCUeT mo JuMOy - b, dakruueckmii - b',
omunOKa B HanpasineHUH BA paBHa r. U3 Tpeyronsuuka BAA' MokHO Hamucath:

h 5

,S‘m(r) - Sx’n(@l) g

OTKyza




. Sin(@1)

Sinlr)=1
)=t
WJIM 10 MaJIOCTH yTJia t
Sinl® )

r||= Il 3 | *pu )

s (4.20)
[IpaBuBHBII OTCUET IO TUMOY OyeT
b=b"+r. (4.21)

HawnGoupiiero 3naueHus monpaBku ¢ ¥ 1 gocturatot npu ® = @1 = 900 ( 2700 ), xorna
Sinl@)=+1
B aTom ciyuae
{ 4

C"= T I|; rll= — II.
S # S £

B nmnpaktuke wu3MepeHHsl YIJIOB MPUMEHSIOT JBa Ccloco0a ydeTa BHEIEHTPEHHOCTH
TE€OJ0JINTA U BU3UPHOU LEIH.

[lepBblii cnoco® 3akiro4aercs B TOM, YTO LIEHTPUPOBAHHE BBIIOJIHAIOT C TaKOU
TOYHOCTBIO, KOTOpasi IMO3BOJISIET HE Y4YUTHIBATh OIMMOKY BHEIEHTPEHHOCTU. Hampumep, mnpu
paboTe ¢ TEXHUYCCKUMH TEOJOJIUTAMH JIOMYCTUMOE BIHMSHHE OIMUOOK I[EHTPUPOBAHUS
TE€OAO0JIUTAa U BU3UPHOU LIEJIM MOXHO HNpHUHATH ¢ = r = 10"; mpu cpeaHeM pacCTOSTHUU MEXIY
toukamu S = 150 m momyuaercs, yro | = 11 = 0.9 cMm, To-ecTh, TEOJOTUT WIIM BU3HPHYIO IIEJb
JIOCTaTOYHO yCTaHABIMBAThH HAJl LIEGHTPOM IYHKTa ¢ OIHOKOM okomno 1 cm. Jlis neHTpupoBaHus
C TaKOi TOYHOCTHIO MOYKHO MPUMEHHUTH OOBIYHBIN OTBEC.

LlenTpupoBaHue T€OJAOIUTA UM BU3UPHOM 1IETU C TOYHOCTHIO 1-2 MM MOHO BBITIOJIHUTD
JIUIIH C TTOMOIIBI0 ONTUYECKOTO IIEHTPHUPA.

BTtopoii crioco0 3akirouaeTcs B HEMOCPEICTBEHHOM U3MepeHuu dnemMeHToB 1 u O, 11 u O1,
BBIYHMCIICHUH TIOMPaBoK ¢ u t 1o dopmynam (4.18) u (4.20) u ucnpaBieHUU Pe3yTbTATOB
M3MEpEeHH 3TUMU TIonpaBkaMu 1o Gopmyram (4.19) u (4.21). Meroanka u3MepeHUid FT€MEHTOB
LEHTPUPOBKHU TEOJOIUTA U BU3UPHOM 11enu onucana B [18].

4.2. U3mepeHne BePpTUKAJIbHBIX YIVIOB

BeprukanbHplii yroys - 3TO IUIOCKMM yroJi, JIEKAalMid B BEPTUKAIBHOM ILIOCKOCTH. K
BEPTUKAIBHBIM YIJIAM OTHOCATCS YroJI HAaKJIOHA M 3€HUTHOE pACCTOSHHE. YTOJI MEXIY
TOPU30HTAIIBHOM IJIOCKOCTBIO ¥ HAIIPABJIICHUEM JINHUHM MECTHOCTH Ha3bIBAETCS YIJIOM HAKJIOHA U
o0o3Hauaercs OyKBO# V. YTJIbl HAKIIOHA OBIBAIOT MOJIOKUTENILHBIE  OTpULIATEIbHBIE.

Yron Mexay BEPTUKAIBHBIM HANpPaBIECHUEM W HANpPaBICHUEM JMHUM MECTHOCTH
Ha3bIBAETCS] 3eHUTHBIM PAaCCTOSHUEM M 0003HavaeTcsi OykBoW Z. 3eHUTHBIC PacCTOSIHUS BCErJa
nosoxkuTenbHble (puc.4.20).



Puc.4.20

Yroma HakJIOHA U 36HUTHOE PACCTOAHUEC OAHOI'O HAITPABJICHHA CBA3aHbl COOTHOIICHHUCM:

Z+v=900, (4.22)
WITH

v=900-2Z, (4.23)
WITH

Z=900-v. (4.24)

BeprukanbHplii Kpyr TEOLOJIMTA. BepTHKanbHBIA KPYyr TEOHOJUTA IIPEAHA3HAYEH I
U3MEPEHUS BEPTUKAIIBHBIX YIJIOB, TO-€CTh, YIJIOB HAKJIIOHA WJIM 3€HUTHBIX PACCTOSHUU.

BeprukanbHblil Kpyr OOJIBLIIMHCTBA TEOAOJIUTOB YCTPOCH CIENYIOIUM 00pa3zoMm: JUMO
BEPTUKAJIBHOIO KPYra »KECTKO COCIUHEH ¢ TpyOO# (HacakeH Ha OJUH M3 KOHLIOB OCU TpPYOBI),
LEHTp JuUMOa COBMEIIEH C TIeOMETPUYECKOH OChIO BpalleHUs TpPyObl, a €ro IUIOCKOCTh
NepreHIuKyIsApHa 3Toi ocu. JleneHus Ha nuMOe HaHOCAT Mo pazHomy: aub6o ot 0o 1o 3600,
60 ot 0o 10 1800 B 06€ cTopoHBI co 3Hakamu "tutroc" U "MuHyc" win 6e3 3HakoB U T.ja. s
oTcyeTa 1o JuMOy umeeTtcs anuaana. OCHOBHBIE YacTH aMaJbl: OTCYETHOE MPUCIIOCOOIICHNE,
LWIMHJPUYECKUN YPOBEHB (UM KOMIIEHCATOP) U MUKPOMETPEHHBIH BUHT.

[Ty3plpek ypOBHSI B MOMEHT OTcuUeTa HNPHUBOJUTCS B HYJIb-IIYHKT, TO €CTh, OCb YpPOBHS
CIL’KMT yKa3aTeJleM TOPU30HTAIBHOrO HampasiieHUs . OTCUETHBIM MHIEKCOM SIBIISIETCS HYJIEBOM
HITPUX OTCYETHOTo IMpucrnocodnaenus. Ocbk YpOBHS M JIMHUS OTCUETHOTO WHAEKca (JIMHMA,
COEAMHAIONIAs OTCUYETHBIH HHAEKC C LEHTPOM JMMOa) JOJKHBI OBbITh MapajuleibHbI; MpPU
BBITTOJIHEHUH 3TOTO YCJIOBHUS JIMHUS OTCYETHOTO HHJEKca OyAeT TOpU30HTaJbHA B MOMEHT
B3SITHSI OTCUETA IO BEPTUKAIBHOMY KpYTY.

B3aumuoe nonoxeHue TuMOa U 3pUTENBHON TPYyObl JOJKHO YAOBJIETBOPATH YCIIOBHUIO:
BU3HpHAs JIMHUS TPYObI U HYJIEBOU JUaMeTp JIUMOa JT0JKHBI ObITh MapaliesIbHBbIL.

O6a ycnoBHsi BMECTE COCTaBISIIOT TaK HA3bIBAEMOE TJIABHOE YCJIOBHE BEPTUKAJIBLHOTO
Kpyra TEOJI0JIUTA; OHO YHWTAeTCsl TaK: BHU3UpPHAs JIMHUS TpyObl [JOJDKHA 3aHUMAaTh
TOPU30HTAJILHOE TOJIOKEHUE, KOTJa OTCYeT IO JUMOY paBeH HYJII M IY3bIpEeK YPOBHS
HaXOJUTCs B HyJAbIyHKTEe. Ha mpakTuke 06a 3TH yCIOBHSI MOTYT HE BBITIOJIHATHCS U UMEET MECTO
ciryuait, n300paxeHHbIl Ha puc.4.21-a.

Bo-nepBbIxX, Mpu Haca)kKMBaHUM JUMOa Ha OCh TPYOBI MEXAY HYJIEBBIM JTHAMETPOM JIMMOa
U BU3UPHOH JHMHUEN TpyOBl OcTaeTcs Malblil yroj X. Bo-BTOpBIX, JMHMS OTCYETHOTO HMHJIEKCA
MO’KET OBbITh HemapajuleJibHa OCH YPOBHS M MEXAY HMMHM CYLIECTBYeT Malblii yron y. Takum
o0pa3oM, XOTs OTCYeT No JUMOY paBeH HYIIO, BUSUPHAs JIMHUA TPYObl 3aHMMAaeT HaKJIOHHOE
II0JIO’KEHHUE, M YTOJI HAKJIOHA €€ PABEH:



V=XtYy.
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Puc.4.21

Ecnu ycTaHOBHUTH BU3MPHYIO JIMHHIO TOPH3OHTAIBHO (puc.4.21-6), TOo oTcueT mo auMOy
CTaHET PaBHBIM:

N = 3600 - (x + ). (4.25)

OTOT OTCYET Ha3bIBACTCSI MECTOM HYJIS BEPTUKAIBLHOIO Kpyra u o6o3Havyaercss MO.

Takum 00pa3oM, MECTO HyJsl BEPTHKAJIBHOIO Kpyra TE€OAOJIUTA - 3TO OTCUET MO JUMOY
BEPTUKAIBHOTO KPyra MpU TOPU30HTAILHOM IOJIOKEHHH BH3UPHOW JIMHUM TPYOBI U OCH YPOBHS
BEPTUKAJIBHOI'O Kpyra.

Jis KOHKpPETHOTO TeoM0TuTa (HDOPMYJIBI Ul BBIYMCICHUS yIJla HAKJIOHA M MECTa HYJIS
npuBosaTcs B nacnopre. Hanpumep, mist reononutoB 2T30 u T15 3ty hopmyiibl UMEIOT BUA:

MO =0.5.(NL + NR), (4.26)
v=0.5.(NL - NR),

v=NL - MO,

v=MO - NR.

[Tono’keHre BEpPTUKAILHOTO KpPyra, P KOTOPOM OTCYET MO JIUMOY BEPTHKAIBHOIO Kpyra
paBeH (¢ TouyHOCThIO 10 MO) yriIly HakJIOHa, CUYMTAETCS OCHOBHBIM; Yy OOJIBIIMHCTBA
COBPEMEHHBIX TEOJJOJUTOB OCHOBHBIM MojoxkeHueM sisercs KJI.

s u3mepeHust yrioB HakjoHa ynoOHO uMeTh MO OJIM3KUM K HYJIO, TO3TOMY HYKHO
PETYJIIPHO BBINIOJHATE IOBEPKY MECTA HYJISA, KOTOpas PEAyCMaTPUBAET CIEAYIOLINE IEHCTBU:

HaBeseHHe TpyObl Ha Touky npu KJI, mpuBeneHue my3blpbka YpOBHS B HYNBIYHKT U
B3SITHE OTCUETA I10 BEPTUKAIBHOMY KpYTY,

nepeBoJl TpyObl uepe3 3eHUT, HaBeAeHne TpyObl Ha Touky npu KII, npuBeneHue my3plpbKka
YPOBHS B HYJBIIYHKT U B3SITUE OTCUETA IO BEPTUKAIBHOMY KpPYTY,

BBIUMCJIEHHE [0 COOTBETCTBYIOUINM Qopmyaam mecta Hysss MO u yria HakJioHa V.

Ecin MO nonyvaercs GONbIIMM, TO NMPU OCHOBHOM IOJIOKEHHM Kpyra HYKHO HaBECTH
TpyOy Ha TOYKY M MHKPOMETPEHHBIM BHUHTOM allufa/bl yCTAaHOBUTH OTCYET, PaBHBIM Yriy
HAKJIOHA; TIPU 3TOM Iy3bIpEK YPOBHS OTKJIOHHUTCS OT HYJbIYHKTA. MlcpaBUTENbHBIMU BUHTAMU

YPOBH MPUBCCTHU NY3BIPCK B HYJIBITYHKT.

4.3. U3mepeHune paccTostHUM

4.3.1. MepHbie npudOpHI



PaznuualoT HENmoCpeACTBEHHOE M3MEPEHHE PACCTOSIHUM U HM3MEPEHHE PACCTOSIHUU C
MOMOIIBIO  CHENMaNbHBIX MNpUOOPOB, Ha3bIBaeMbIX JanbHOMepamu. HemocpeacTBeHHoe
M3MEPEHHE BBINMOJIHSAIOT MHBAPHBIMU MTPOBOJIOKAMU, MEPHBIMU JICHTAMH U PYJIETKAMHU.

WHBapHbIe TPOBOJOKK TO3BOJIAIOT HM3MEPATh PACCTOSHUE C HAUOONBLIEH TOYHOCTHIO;
OTHOCHTEJIbHAS OMIMOKAa M3MEPEHUsI MOXKET JOCTHraTh OJHON MHJUIMOHHOM; 3TO O3HAYaeT, YTO
paccrosinue B 1 kM u3MmepeHo ¢ omubkoit Bcero 1 mm. MHBap - 310 cruias, coaepxkamuit 64%
xeneza u 36% HUKeNs; OH OTJIMYaeTcsl MalbIM K03 duiieHToM TuHeHoro pacumpenus o = 0.5
* 10-6 (1t cpaBHEHUS: CTajib uMeet o, = 12 * 10-6).

MepHbie T€HTHI 00ECTIEYMBAIOT TOYHOCTh H3MepeHuit okoiio 1 /2 000, T.e. 11 pacCTOSHUSA
B 1 kM ommbOka MoxkeT gocturath 50 cM. MepHas JieHTa - 3TO CTajbHas JIeHTa HpUHON oT 10
10 20 MM u tommmHo# 0.4 - 0.5 mm (puc.4.22). Mepnsie nentsl umeroT JinHy 20, 24 u 50 m.
[lenbie MeTpbl OTMEUEHBI IJIACTUHAMU C BBHIOMTHIMH HAa HUX HOMEPAMH METPOB, MOJYMETPbI
OTMEYEHBI KPYTIBIMHU 3aKJICTIKAMU, ACITUMETPHI - KPYTIBIMH OTBEPCTUAMH TUAMETPOM 2 MM.

Puc.4.22

dakTHyecKas JIMHA JEHThl WU MPOBOJIOKM OOBIYHO OTJIMYAETCS OT €€ HOMUHAIbHOM
JUIMHBI Ha BeIWUuHY Al. @akTHUECKYIO JJIMHY JIEHTHI ONPEEIIsAiOT, CPaBHUBASI €€ C ATAJOHHOU
mepoil. Ilpomecc cpaBHEHHs JUIMHBI MEpHOro HpubOpa C 3ITAJOHOM  Ha3bIBaeTCs
KOMIIapUpPOBaHWEM, a YCTaHOBKAa, Ha KOTOPOM MPOU3BOAUTCS KOMIApUpOBaHHUE, -
KOMIIapaToOpoM.

Cornacno 'OCT 7502 - 80 nomyckaeTrcsi OTKJIOHEHHE (PaKTUYECKOW JJIMHBI HOBOW JICHTBI
2 mm 15t 20- u 30-meTpoBbIX JIeHT U 3 MM it S0-MeTpoBbIX. BenmencTBue n3noca dhakTudeckas
JUIMHA JIEHTBl M3MEHSETCS, NOJTOMY KOMIIApUPOBAaHUE IPOMU3BOAUTCS KaXKIbl pa3 Iepen
HAyaJioM I0JIEBBIX padoT.

Jnuna cranbHbIX pyieTok ObBaer 20, 30, 50, 75 m 100 M. TouyHOCTh H3MEpeHUS
pPacCTOSHUS CTAIBHBIMU PYJIETKAMHU 3aBHCUT OT METOJIMKU M3MEpeHui u kozednercs ot 1/2 000
1o 1/10 000.

W3mepenre nUHUN MEPHOW JIEHTOW. M3MepsroT nuHUHU, MOCIEN0BAaTENbHO YKJIAaJbIBASI
MEpPHYIO JIEHTY B CcTBOpe JHUHMHU. [Ipexne dem u3MepsTh JIMHUIO, €€ HY)KHO IMOATOTOBUTH, a
MMEHHO: 3aKpENUTh Ha MECTHOCTH €€ KOHIEBbIe TOYKU U 0003HAYUTh CTBOpP. CTBOPOM JIMHUU
HA3bIBAIOT OTBECHYIO IUIOCKOCTb, IMPOXOJSIIYI0 uepe3 KOHLEeBble TOUYkd. [[is oOo3HaueHus
CTBOpA JIMHMIO NPOBEIIMBAIOT, T.€. yCTaHaBIMBAKOT Bexu uepe3 50-150 M B 3aBHCHMOCTH OT
penbeda.



W3mepeHne JIUHUU BBINONHSIOT JABa 4enoBeka. OHU YKIIaAbIBalOT JIEHTY B CTBOp H
CUMTAIOT YHCIIO YJOXKeHHI. B KOMIUIEKT Kpome caMoi JieHTbl BxoadaT 6 wnu 11 mmuiexk u 2
MPOBOJIOYHBIX KOJblA (puc.4.1), Ha KOTOpbIE HAJIEBAIOT WINWIbKU. [lepenqHuid MepiIuK B
MPOIeCCe M3MEPEHUS JMHWHM BTBHIKACT INMWIBKU B 3€MIIIO, a 3aJHUN coOupaer ux. B koHIie
JIMHUU U3MEPSIOT OCTATOK C TOYHOCTHIO 10 | cM.

JnuHy TUHUYM ONIpeAeNsIoT o Gpopmynam:

D'=k™* (10 + Al) +r + (AI/I0) *r, (4.27)

D=D+D*a*(t-tk)=D"*[L+a*(t-tk)];

3neck 10- HoMuHAaTbHAS ITMHA JICHTHI;

Al - monpaBka U3 KOMIapUPOBAHHS,

K - 4ucio ynoxeHuit JeHTHI;

I - OCTaTOK;

tk - TemIiepaTypa KOMIapupoBaHHUS,

t - TemmepaTypa J€HTHI BO BpeMs paboThl.

JiuHy nuHUM OOBIYHO M3MEPSAIOT JIBa pa3a - B MPSAMOM M OOpaTHOM HAaNpaBICHUSX.
JlommyckaeTcst pacX0XACHUE MEXKIY pe3yIbTaTaMu ABYX U3MEPEHU Ha BETHUUHY:

1
Dy = Dogy 2% #D,

rae 1/T - otHocuTenpHas OMOKa U3MEPEHUS PACCTOSTHUS.

Hanpumep, npu 1/T = 1/2000 u pnuae nuauu 500 M pacxoxAeHHE MEXKAY MPSMBIM U
00paTHBIM U3MEPEHUSIMH HE JOJKHO MpeBbImath 0.5 M.

[IpuBeneHve AMMHBI TUHUM K TOPU3OHTY. M3MepeHHas JHUHUA UMEET Yroj HakJIoHA V ;
IPOEKLMsI €€ Ha TOPU30HTAJIBHYIO IUIOCKOCTb, Ha3blBaéMasi I'OPU30HTAJIBHBIM IPOJIOKEHHUEM
JIMHHUH, BBIYUCTSETCS 110 hopMyIie:

S=D-AD,

rae AD- nonpaBka 3a nmpHuBeeHNEe K TOpu30HTYy. @opMmyna A BbIYMCIEHUS nonpaBku AD
BBIBOAUTCS cienytouum oopazom. 3 AABB' (puc.4.23) BugHo, 4TO:

S=D*Cosv;

JlaJiee MUIIEM:

AD=D-D*Cosv=D *(1-Cosv),

AD =2 *D * Sin2 v/2. (4.29)

VYron HakJIOHA JIMHUU HU3MEPSIOT MO0 TEOJOJUTOM, JIMOO CIEHUalIbHBIM NPUOOpPOM -
SKIMMETPOM. B mcnpaBHOM sKIuMeTpe HyJlE€BOM AUaMeTp BCerjaa 3aHHMMAeT FOpU30HTAIbHOE
nosiokenue. Ilpy HakiIoOHEe 3KIMMeTpa B MPOpe3b BUJIEH OTCYET, PaBHBINA YTy HaKJIOHA JIMHUU.
Ommbka u3MepeHust yrira HaKIoHa SKIMMeTpoM pasHa 15'- 30'.

B

A B'
Puc.4.23

Ecnu mHMs MMeeT NepeMEHHBIN YroJl HAaKJIOHA, TO €€ HYXKHO pa3/Ie/IuTh Ha YacTH, KaKaas
U3 KOTOPBIX UMEET IIOCTOSHHBIN YIOJI HAKJIOHA, U U3MEPUTH KaXK1YI0 YacCTh OTIEIIBHO.



9TO:

Ecnu v<10, TOo mompaBKy 3a NpHBEICHHE K FOPU30HTY YUUTHIBaTh HE HYKHO. [lokaxkem

AD/D =2 * Sin2(v/2); Sin(v/2) = Sin30'= 1/115;

AD/D = 1/6500.

[Tpu v=10 mompaBka 3a HakJIOH He mpeBbimaeT 1/6500, a TOYHOCTH U3MEPEHUI MepHOU
JeHTOM - okos0 1/2000, cienoBaTenbHO, OMPABKOM 32 HAKJIOH MOYKHO MTPEHEOpEYb.

[TonpaBky AD 3a HaKJIOH JIMHUU MOHO BBIYUCIIATH U 4Yepe3 mpesbiiienre h Touku B Haz
Toukoil A. 3anumeMm teopemy ITudaropa mis tpeyroasauka ABB'":

D2 =S2 + h2,
U BBIpa3uM S

S=D* (1-h2/D2)1/2.

s BbIpakeHUsT B CKOOKax BBIIIOJIHUM pa3jiOXEHUE B psAl, OIPAaHUYMUBIIMCH JBYMS

YICHAMHU pa3JIOKCHUA,

(1- 421 D? )”2 p— E—l*i
2 D* g DY
Torna
2 4
— B k3
2%D 8*D
nu
h? Rt
N S + =
2%D 8*D

IIpn u3MepeHun pacCTOSHUM MEPHBIMU JICHTAMH U PYJIIETKaMU BTOPOE ClIaraéMoe MHOTIa

HE YYUTHIBAIOT U IPUMEHSIOT (POopMyITy:

;22

AD= ;
2%D (4.30)

4.3.2. OnTn4eckne JaJIbHOMEPbI

B JAJIbHOMCPAX HU3MEPACTCA HE CaMa IJIMHAa JIMHUHU, a4 HCKOTOpad Apyras BCJIWYMHA,

OTHOCHUTEJIbHO KOTOPOH JITMHA JIMHUY SIBIIsIETCS (DyHKIHEH.
B reone3un npuMeHstoT 3 Buja 1aibHOMEPOB:
ONTUYECKHUE (J1aTbHOMEPBI TEOMETPUUYECKOTO THUIIA),
AJEKTPOONTUYECKHUE (CBETOIaIbHOMEPHI),
panuoTeXHUYecKue (paanoaaTbHOMEpHI).

)
i 12
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i
12
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Puc.4.24




['eomeTpuyeckas cxema ONTHYECKUX JanbHOMEpoB. [lycTh TpeOyercss HaWTH paccTOsSHUE
AB. IlomecTuM B TOUKy A ONTHYECKUI JATBHOMED, a B TOUKY B neprnenaukynspHo nuHuu AB -
peuKy.

O603naunM: | - orpesok peiiku GM,

@ - YroJ, o KOTOPbIM 3TOT OTPE30K BUJIEH U3 TOUKHU A.
N3 tpeyronsuuka AGB nmeem:
D= i*c:g(;pfz)
2 (4.31)

WIH

D =1* Ctg(o). (4.32)

OO6b19HO yron ¢ HEeOOIbIIONH (10 10) , U, mpuMeHnsis pasnoxenue ¢pynkuuu Ctge B psa,
MO>XHO mpuBecTH hopmyny (4.31) k Buay (4.32). B npaBoii yactu 3tux Gopmys 1Ba aprymMeHTa,
OTHOCHUTEJIBHO KOTOPBIX paccTosHue D sBnserca dyHkiueid. Ecau oauH U3 apryMeHTOB MMeeT
IOCTOSIHHOE 3HAY€HUE, TO JJIS1 HaXOXJIEHUs pacCTOSHUA D OCTaTOYHO M3MEPUTH TOJIBKO OJHY
BEIMYMHY. B 3aBuCMMOCTH OT TOro, Kakas BEJMYMHA - @ WM |, - NpHUHATA NOCTOSIHHOM,
pas3InyaoT JaJbHOMEPHI C HOCTOSHHBIM YIJIOM U AaJbHOMEPHI ¢ IOCTOSHHBIM 0a31COM.

B nanpHOMEpe ¢ MOCTOSIHHBIM YIJIOM M3MEPSIIOT OTPE30K l, a yros @ - mOCTOSHHBIN; OH
HA3bIBACTCS TUACTUMOMETPUUECKUM YIJIOM.

B nanpHOMEpax ¢ MOCTOSIHHBIM 0a3MCOM H3MEPSIOT Yrojl ¢, KOTOPBIM Ha3bIBaeTCS
NapaJUIaKTHYECKUM YTJIIOM; OTPe30K | MMeeT MOCTOSHHYIO W3BECTHYIO JJIMHY M Ha3bIBACTCS
0a3ucom.

HutsHo#l nanmbHOMEp C HOCTOSHHBIM YIioM. B ceTke HuUTeW 3puUTeNbHBIX TpyO, Kak
IPaBUJIO, UMEIOTCS JIBE€ JIONOJIHUTENIbHbIE TOPU30HTAJIbHBIE HUTH, PACIOJIOXKEHHbIE MO 00e
CTOPOHBI OT LIEHTPa CETKH HUTEW Ha PABHBIX PACCTOSHUAX OT HErO; 3TO - AaJbHOMEpPHbIE HUTU
(puc.4.25).

Hapucyem xon nydeil, mpoxonadmux uepe3 AalbHOMEpHble HUTH B TpyOe Kemnepa c
BHelHel (okycupoBkoil. [Tpubop ycranoBneH Haj Toukoil A; B Touke B HaxomuTtcs peiika,
YCTaHOBJICHHAs] MEPHEHIUKYISIPHO BU3UPHON JMHUM TpyObl. TpeOyeTrcst HallTU paccTOsHUE
MeXIy Toukamu A u B.
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[ToctpouM X0 aydel U3 TOYEK M M g NATBHOMEPHBIX HUTEH. JIyunm W3 Todyek m U g,
UAYIIAE MapajuIebHO ONTHYECKON OCH, IMOCIe MPETOMIICHHs Ha JIMH3€ OOBEKTHBA MEPECEKyT
3Ty OCh B TOUKe nepeaHero ¢okyca F u monmanyr B Touku M u G peiiku. PacctosiHue ot Toukn A
10 Touku B Oyner paBHO:

D =1/2 * Ctg(9p/2) + fob + d, (4.33)
rie d - paccrosHHME OT IeHTpa OOBEKTHBAa JI0 OCH BpAICHHS TEOJO0JIUTA,
fo0-hokycHoe paccTosiHue 00BEKTHBA;

| - mHa otpeska MG Ha pelike.

O603naunm (fob + d) uepes c, a Benmuuuny 1/2*Ctg ¢/2 - uepes C, Toraa

D=C*Il+c. (4.34)

[Tocrosunas C HazbiBaeTcs koddduientom gaasHoMepa. M3 Dm'OF umeem:

Ctg ¢/2 = OF/m'O; m'O= p/2; Ctg ¢/2 = (fo6*2)/p,

TJIe P - PacCTOSIHHE MEXKIY JAaTbHOMEPHBIMU HUTAMU. [lanee numem:

C = fob/p. (4.35)

Koaddunument nanpbHOMEpa paBeH OTHOLIEHUIO (OKYCHOTO PACCTOSHHUS OOBEKTHBA K
PACCTOSHUIO MEXIY NaibHOMEpPHBIMU HUTAMHU. OObrdHO KO3 dunentT C mpUHUMAIOT paBHBIM
100, rorma Ctg /2 =200 u ¢ = 34.38". [Ipu C = 100 u fo6 = 200 MM paccTosiHIE MEXKIY HUTIMU
PaBHO 2 MM .

M3MepeHne HUTSHBIM JATbHOMEPOM HAKJIOHHOTO paccTosHUsS. IlycTh BH3MpHas JTHHUS
TpyOb! JK npu m3mepennn pacctosinusi AB MMeeT yroi HakJIoHa vV, U TI0 PeKe H3MEPEH OTPE30K
1 (puc.4.26). Ecnu ObI peiika Oblia yCTaHOBJIEHA MEPIIEHANKYISIPHO BUSHUPHON JIMHUU TPYOBI, TO
HAKJIOHHOE PAcCTOsSIHUE OBLIO OBl PaBHO:

D=10*C+c.

Ho 10 = I*Cos v, nosTomy

D = C**Cosv + c. (4.36)

I'opuzonTansHOE nponoxenue auHuM S onpenenum u3 A JKE :

S = D*Cosv WITH

S= C*I*Cos2v + c*Cosv. (4.37)

Puc.4.26

st ynoOGcTBa BBIUMCIEHUN TIPUHIMAEM BTOPOE ciiaraeMoe paBHBIM ¢*Cos2v ; TOCKOJIbKY
¢ BenumumHa HeOompmas (oxomo 30 cMm), TO Takas 3aMeHa HE BHECET 3aMETHOW OINMOKU B

BBIUKCIIEHHA. | orma
S=(C*1+c)*Cos2v, umun



S =D"™ Cos2v. (4.38)

OO6bruno BenmuuuHy (C*] + ¢) Ha3bIBIBAIOT JAIBHOMEPHBIM paccTosiHueM. OO003HaYMM
pasHocTb (D' - S) uepe3 AD u Ha30BeM ee NONpPaBKOM 3a MPUBEIEHUE K TOPU3OHTY, TOTrAa

S=D'-AD,

rne AD =D'* Sin2 v. (4.39)

VYToi vV U3MEpSIOT BEePTHKATBHEIM KPYroM TEO0IUTa; HpHueM npu ¥ = 2DnonpaBKa AD ne
YUYUTHIBaeTCS. TOYHOCTh M3MEPEHHsI PACCTOSHUN HUTSHBIM JaJbHOMEPOM OOBIYHO OICHUBACTCS
oTHOCUTENBHON omuoOkoii ot 1/100 go 1/300.

Kpome 0OBIYHOrO HHTSHOTO JalbHOMEpPA CYIIECTBYIOT ONTHYECKHE JTAIIbHOMEPHI
JIBOMHOTO M300payKeHUSI.

4.4. U3mepeHnne npesBbIlIeHUN
4.4.1 'eomeTpuyeckoe HUBEJTUPOBAHUE

Penbed MecTHOCTH - 3TO COBOKYMHOCTh HEPOBHOCTEH MOBEPXHOCTU 3€MIIU; OH SIBISIETCS
OJIHOM M3 BaKHEHIINX XapaKTEPUCTUK MECTHOCTH. 3HATh pelibed - 3HAUUT 3HATh OTMETKHU BCEX
TOYEK MECTHOCTH. OTMETKa TOYKHU - 3TO YMCIEHHOE 3HAUEHUE €€ BBICOThl HAJl YPOBEHHOU
MOBEPXHOCTHIO, MMPUHATON 32 HA4aJI0 cueTa BBICOT. OTMETKY JIFOOOH TOYKH MECTHOCTH MOYKHO
ONpeNeuTh 1o Tomorpaduyeckod KapTe, OJIHAKO, TOYHOCTh TAaKOro OMpeleeHust OyneT
HEBBICOKOM.

OTMETKY TOYKM Ha MECTHOCTH ONPEAEISIOT MO MPEBBIIMICHUIO 3TOM TOYKH OTHOCHUTEIHHO
JIpyrol TOYKH, OTMETKa KOTOpOM u3BecTHa. IIporecc m3MepeHus NpEeBBILIEHUS OJHOM TOYKH
OTHOCHUTEJIbHO JPYroi Ha3bIBA€TCsl HUBENMpPOBaHUEM. HauanbHON TOUYKOM cueTa BBICOT B HalIei
cTpaHe sBhsieTcss Hydb KpoHmTaarckoro (GyTimiToka (TOpU3OHTANbHAs dYepTa Ha MEIHOM
IUTACTHHE, TMPUKPEIJICHHONH K YCTOI ogHOro u3 MoctoB Kponmragra). OT 3TOoro Hyias UAYT
XO0JIbl HUBEJIMPOBAHUSI, TTYHKTHI KOTOPBIX UMEIOT OTMETKH B bayiTuiickoil cucteme BBICOT. 3aTeM
OT ATUX MYHKTOB C M3BECTHBIMH OTMETKAMH IPOKJIA/IBIBAIOT HOBHIE HUBEIHPHBIE XOIbl U TaK
Jlanee, OKa HE IMOJYYUTCS JOBOJIBHO TyCTasi CE€Th, KaXKJash TOYKa KOTOPOM MMEET M3BECTHYIO
OTMETKY. JTa CETh Ha3bIBACTCS TOCY/IAPCTBEHHON CEThIO HUBEIMPOBAHMS; OHA IMOKPHIBAET BCIO
TEPPUTOPHUIO CTPAHBI.

OTMeTKH BceX IMyHKTOB HUBEIUPHBIX ceTeil coOpanbl B cnucku - "Karanoru Beicor". OTH
CIIMCKH HEMPEPHIBHO MOMOJIHIIOTCS, U3AAI0TCS HOBBIE KaTaJIOT'H MO HOBBIM HUBEIHPHBIM XOJIaM.
Jlns HaXOoXIeHUs OTMETKU JI000H TOYKM MECTHOCTH B banTwiickoil cucTeMe BBICOT HYKHO
U3MEPUTH €€ MPEBBIIIEHNE OTHOCUTEIHHO KaKOT0-THOO MyHKTa, OTMETKA KOTOPOTO M3BECTHA U
ecTb B Katajore. MHoraa OTMETKHM TOYEK OMNPENENAIOT B YCIOBHOM CHCTEME BBICOT, €CIHU
MoOJIM30CTH HET IYHKTOB TOCYJIapCTBEHHOW HHUBEIUPHOW ceTu. BcenemctBue TOro, dro
W3MEPEHHE TIPEBBIINICHU BBITIONHIIOT PA3IMUYHBIMU TMPUOOpPAaMHU W Pa3HBIMU CIOCOO0aMHU,
pa3InyaroT:

r€OMETPUUYECKOE HUBEJIMPOBaHUE (HUBEIUPOBAHUE TOPU3OHTAIBHBIM JTyUOM),

TPUTOHOMETPHYECKOE HUBEMPOBaHNE (HUBEIHPOBAHIE HAKIIOHHBIM JIYIOM),

OapoMeTprudecKkoe HUBEIUPOBAHUE,

TUIPOCTATUYECKOE HUBEIIMPOBAHUE U HEKOTOPBIE APYTHE.



['eomeTpryeckoe HUBEIMPOBAaHHE WJIM HHUBEIMPOBAHHWE TOPU3OHTAIBHBIM  Jy4OM
BBITIOJHSIOT ~ CHEIHMANBHBIM T€O0JE3WYECKUM TMPUOOPOM - HHUBEIUPOM; OTIMYUTENbHAS
OCOOCHHOCTh HHBEJIHMpPA COCTOMT B TOM,UTO BH3UpPHAs JHMHHS TPYyObI BO BpeMsl padOTHI
MPUBOAUTCS B TOPU30HTAIBHOE MOJIOKEHUE.

PaznuuaroT ABa BUJa reOMETPUUYECKOTO HUBEIMPOBAHUS: HUBEIIMPOBAHUE U3 CEPEAUHBI U
HUBEJIMPOBAHUE BIEPE]I.

[Tpy HUBETMPOBAHUU U3 CEPEIMHBI HUBEIUP YCTAaHABIMBAIOT MOCPEANHE MEXY TOUKAMHU
A u B, a Ha Toukax A u B craBsr peiiku ¢ aenenusimu (puc.4.29). [Ipu 1BMKEHUN OT TOYKH A K
Touke B peiika B Touke A Ha3bIBaeTcs 3aJHEl, pelika B Touke B - nepeaneii. CHavyaia HaBOAST
TpyOy Ha 3aJHIOI0 pEHKy U OEpyT OTCYET a, 3aTeM HaBOMSAT TPyOy Ha MEPEIHIOK PEeHKy u OepyT
orcuet b. [IpeBrIiienne Touku B OTHOCUTENBHO TOUYKU A MOTY4arOT 1Mo popmyIie:

h=a-h. (4.49)

Eciu a > b, mpeBbIIICHAHE MMOIOKHUTEIBHOE, eciH a < b -oTpumareinbHoe. OTMeTKa Touku B
BBIUKCIISIETCS 110 opMyIie:

Hs=Ha +h. (4.50)
J
a h
Hru ] s
b B, |
H=0 2
Puc.4.29 Puc.4.30

BbicoTa Bu3MpHOro iyda HaJ YpPOBHEM MOps Ha3bIBaeTCs TOPU30HTOM IpuOopa Hu
o0o3Havaercs Hr:

Hr=HA +a=HB +b. (4.51)

[Tpu HUBENMPOBAaHUM BIIEpE]l HUBEJIHUP YCTAHABIMUBAIOT HAJ TOUYKOM A Tak, YTOOBI OKYJISIP
TpyOBI OBLIT HAa OJTHOM OTBECHOM JIMHUM ¢ Toukoi. Ha Touky B crasr peiiky. M3mepsroT BbicoTy
HUBeNUpa 1 Haag Toukoil A u Oepyr orcuer b mo peiike (puc.4.30). IIpesbimenue h
HOJICUMTHIBAIOT 1O (opMyJIe:

h=i-b. (4.52)

OTMeTKy TOUukM B MOXHO BBIMMCIUTH yepe3 npeBbllieHre o ¢popmysne (4.50) nim yepes
TOPU3OHT Mpubdopa:

Hs=Hr-b.

Ecimu touku A u B HaxomsTcst Ha OOJBIIIOM PacCTOSHUM OJHA OT APYTOM W MPEBBINICHHE
MEXJy HUMHU HeNb3s U3MEPHUTh C OJHOM YCTAaHOBKM HHUBENMpa, TO Ha JUHUM AB HameuaroT
MIPOMEXKYTOUHBIE TOUKH 1, 2, 3 U T.JI. U U3MEPAIOT MPEBBILICHHE 110 YacTsaM (puc.4.31).
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Ha mepBoMm yuacTtke A-1 O6epyT oTcueTsl 1o 3aJiHeH pelike - al u mo nepennen - bl. 3atem
MEPEHOCST HUBEIIUP B CEPEAMHY BTOPOTO Y4YacTKa, a PEHKYy ¢ TOYKH A TEPEHOCAT B TOUKY 2;
OepyT OTCUETHI IO peiKaM: 10 3aJHEH - a2 U 1O mepeaHei - b2. DT ACUCTBHSI MTOBTOPSIOT J0
KoHIa TuHuU AB. Touku, MO3BOJISIFOIIME CBA3ATh TOPU3OHTHI TPUOOPa HA COCETHUX YCTAHOBKAX
HUBEJIMPA, HA3BIBAIOTCS CBI3YIOIIMMU; Ha ATUX TOYKAX OTCYETHI OEpyT JBa pa3a - cHayaljia 1o
nepeHen peike, a 3aTeM 1o 3aJIHEH.

[IpeBbllieHre Ha Ka)XJIOW yCTAaHOBKE HUBEIHMPA, HA3bIBAEMOMN CTAaHILMEH, BBIYUCIAIOT IO
dopmyne (4.49), a npeBblilieHre Mexay ToukamMu A u B Oyner paBHo:

hAB= 2 h=2u a- 2 b, (4.53)

Otmerka Touku B nonyuuntcs no gpopmyie:

HB = HA + 2= h. (4.54)
HpI/I MoCJICA0BATCIIbHOM HUBCIUPOBAHUHU T10JTYyHaCTCA HPIBCJ'IPIpHLIfI XOon.

4.4.1.1. Biusinne KpMBU3HBI 3eMJIM U pepakuuu HA U3MepsieMoe NpeBbILIeHne

PaccMoTpuM cXeMy TreOMETPUYEeCKOrOo HHUBEIHPOBAHUS W3 CEpeAUHBI C  OoJbIIeit
ctporocthio (puc.4.32). YpoBeHHBbIE MOBEPXHOCTH HE SBJISIOTCS IJIOCKUMHU, OHU C(epruUecKue,
MO3TOMY pEWKH, YCTaHOBJCHHbIE B TO4YkaXx A ©u B mNepneHIuKymspHO YpOBEHHBIM
MOBEPXHOCTAM, OyIyT HemapauienbHbl MEXAy coOoi. Busupnas ocbk TpyObl HUBENHpa,
YCTaHOBJICHHOT'O MeXAy Toukamu A u B, ropuzonTansHa. OHa nepecekiia Obl peiiku B Toukax C
u D, ecnu ObI CBETOBOI JIyd pacHpOCTpaHsIICS B aTMOcdepe CTpOro npsaMoinuHeHo. OHako B
peanpbHON arMocdepe ITyd cBeTa HIET 10 HEKOTOPOW KPHBOH, KOTOpas Ha3bIBaeTCs
pedpakiuonHoi kpuBoi. o BIUSHHEM pedpaKIiu MPeaMeT BUICH HECKOJIBKO BBIIIE CBOETO
JEHCTBUTEILHOTO TTOJIOKCHHUS.



Puc.4.32

B pesynbTaTte pedpakiuy BU3UpHBIHA Jyd OyaeT 3anuMath nojioxxerue C'JD', u oTcuersl
1o perikaM OyayT paBHBI OTpE3KaM:

a=CA u b=DB.

Jlns BeIBO/1a (hOpMYyIIbI IPEBBIIIEHUS TOHanoouTes emte auHus MIN, nsobpaxaromias
YPOBEHHYIO IOBEPXHOCTh TOUKH J HUBEJIMPA; OHA MEPECEKAET peiiku B Toukax M u N.

[TpeBbiieHre Touku B oTHOCHTENBHO TOUKH A Oy/€T paBHO pa3HOCTH OTpe3koB MA u
NB:

h=MA - NB. (4.55)

Hanee u3 puc.5.5 cnengyer

MA=AC-MC wu NB=BD-DN.

Otpesku MC u DN BbIpakaroT BIUSHUE KPUBU3HBI 3€MJIM HA BBICOTY TOUYEK; OHO 3aBHCUT
oT pacctosiHus S U paguyca KpuBu3HbI R. Cormmacao ¢opmyine (1.5) naitnem orpesku MC u DN:

MC =pl =S21/2*R,

DN = S22/ 2*R;

3z1ech S1 - paccTosiHME OT HUBEINPA 10 TOUKH A;

S2 - paccrosiHMe OT HUBENUPA 10 TOUKH B.

Otpesku AC n BD Takxe BeIpazuM 4epes3 ux 4acTH:

AC=AC'+CC wu BD=BD+DD,

rae AC'- orcuer no 3aaHei peiike, AC' = a;

BD'- orcuer no nepenneit peiike, BD'=b.

Otpesku C'C u D'D BoipaxatoT BiusiHiE pedpakiuu. PeppakiinoHHyo KpUBYIO
IPUHUMAIOT 33 AYTY OKPYXXHOCTH panuyca R1. YcraHoBieHO, 4To BOJIM3H 3eMHON TOBEPXHOCTH
panuyc pedpakIMOHHON KPUBOH K0Je0IeTCs OT IECTH A0 CEMHU 3eMHBIX pajnycoB. OTHOLIEHHE
R/R1 na3zpiBaeTcst k03¢ UIIMEHTOM BEpPTUKAIBHOMN pedpakiinu 1 000o3Hauaercs OykBoii k;
cienoBatensHo, R1 = R/k. 3nauenus k nexxat B npenenax 0.14 - 0.16.

g otpeskoB C'C u D'D nony4yaem ciaenyrone BoIpakeHUs:

CC=r1=S21/2*R1,D'D=r2=S22/2*R1.

[ToncraBus BMecTo R1 Boipaxkenue R/k, okoHUaTEIbHO MOTYyUUM:

rl1=(S21/2*R)*k=pl*Kk,
r2=(S22/2*R)*k=p2*k.

Bepnemcs k popmyse (4.55) 1 mocTaBUM B HEe TIOCIIE0BATEIBHO

h=(AC-MC)-(BD-DN),

h=(AC'+CC-MC)-(BD'+D'D-DN),

h=(a+pl*k-pl)-(b+p2*k-p2),

h=(a-b)-[p1*(1-K)-p2*(1-Kk)].



O6o3HauuM yepe3 f COBMECTHOE BIMSHUE KPUBU3HBI 3eMJIM M pedpakiiud Ha OTCUET IO
pevike:

fl =pl1*(1 - k), f2 = p2*(1 - k), (4.56)
Toraa

h=(a-b)-(fl-f2). (4.57)

Hamnee

fl-f2=(1-K)*(pl- p2),

fl-f2=[(1-k)/2*R] * (S21 - S22). (4.58)

Ecorm S1=S2, tofl-f2=0uh=a-bh.

BriBoa: mpu HHUBENIMPOBAHWU CTPOrO W3 CEPEAMHBI BIUSHUE KPUBHU3HBI 3eMJIM U
pedpakiuu TOYTH TMOJHOCTHIO HUCKIIOYAETCA. JTO - IMEPBOE TEOPETUYECKOEe OOOCHOBAHHUE
HUBCJIMPOBAHUS U3 CepeIuHBbL. Bnusaue pedpakinu MOXKET OBbITh HCKIIOUYEHO HE IMOJHOCTHIO,
TaK KaK YCJIOBHUS IPOXOXKICHHS Jyda JO 3aJHECW M MEPEIHEH pPEeK MOryT OTJIWYaThCs.
WNHcTpykuust 1aeT cTporvil AOMYCK Ha HEPABEHCTBO PACCTOSHUN J10 3a/JIHEW M NEpeIHel peek:
JU1s1 HUBenupoBaHus [V knacca 3TOT 10MycK paBeH S M, a i HuBenuposanus I kinacca - 0,5 M.

4.4.1.2. HuBeJMpbl: HX YCTPOMCTBO, NOBEPKU, UCCJIeI0BAHUS

Cornacio I'OCT 10528 - 76 B Hameidl cTpaHe BBIIYCKAIOTCS HUBEIUPHI TPEX THUIIOB:
BBICOKOTOYHBIE C OIIMOKON M3MepeHus MpeBbinieHnus He o6omnee 0.5 MM Ha 1 KM X012, TOYHBIE C
OLIMOKON M3MEpEeHMs MPEBbILEHUS 3 MM Ha | KM XOJla M TEXHUYECKHE C OIMIMOKOM M3MepeHus
npesbiieHnit 10 Mm Ha 1 kM xoxa.

HuBenupsl Bcex THUIIOB MOTYT BBITYCKaThCsl JMOO C YpOBHEM Impu Tpyde, aubo c
KOMIIEHCATOPOM HAKJIOHa BU3UPHOM JMHUM TpyObl. [Ipu Hamuuum KommeHcaTopa B HHdpe
HuBenupa nobasisercs OykBa K, nanpumep, H-3K. V nusenupos H-3 u H-10 nomyckaercs
HaJU4Me TOPU3OHTAIBLHOTO JTUMOA; B 9TOM ciiydae B mudpe HuBenupa gobdasisercs Oyksa JI,
Hanpumep, H-10J1.

Hugenup ¢ ypoBHeM 1nipu TpyOe n3o0pakeH Ha puc.4.33.

3puTenbHas TpyOa U ypOBEHb IIPU HEH SBJISIIOTCS BAXKHEUITMMH YacTsIMU HUBEIIMpa.

DJeBallMOHHBIN BUHT CIYXKHT Ui IPUBEACHUS BUBUPHOIN TMHUK TPYOBl B TOPU30HTAIILHOE
nojoxenue. C ero NOMOIIbIO MOAHUMAIOT MM OITYCKAlOT OKYJSIPHBIM KOHel TpyObI; IPH 3TOM
MYy3bIPEK YPOBHS IEepeMelaeTcss U Korja OH OyJeT TOYHO B HYJb-IIYHKTE, BU3UPHAs JIUHHA

JAO0JI’KHA YCTAaHABJIMBATHCA TOPU30HTAJIBHO.

none 3peHus Tpyobi




1 - 3pUTENbHAS Tpyoa; 2 -IIMJIMHAPUYECKU I YPOBEHB pu TpyoOe;
3 - DJIEBallMOHHBIA BHUHT; 4 -yCTaHOBOYHBIM KpPYTJBbI ypoBEeHb (Ha PUCYHKE HE TOKa3aH);

56 - 3aKkpenuWTEeNpHBIA W  MHKPOMETPEHHBI BHUHTHI  a3UMYTAJILHOTO  BpAIICHHS,
7 -0Ch;
8 -mojcTaBKka ¢ TpeMs MO JbeMHBIMIA BUHTAMH.

Puc.4.33

[{winaapuyeckuil ypoBeHb OOBIYHO KOHTAKTHBIM; HM300pa’keHHE KOHTAKTOB ITy3bIPbKa
HepeaaeTcsi CUCTEMOM MPHU3M B I0JIe 3pEHUsI TPYOBI, YTO OYEHb yI00HO, TaK Kak HAOII0IaTeNh
BUJNT Cpa3y U peiKy, U yPOBEHb.

Jiis HUBenupa ¢ ypoBHEM IPpU TPYOe BBIMTOIHSIIOTCS TPHU MOBEPKH.

1. Och UMIMHAPUYECKOTO YPOBHS U BU3UPHAsS JIMHUS TPYOBl JOJHKHBI ObITH NApauIeIbHBbI
U JIeXaTh B MapaJUIeJIbHBIX BEPTHKAJIBHBIX IUIOCKOCTSIX - 3TO YCIOBHME HA3bIBAE€TCS IJIABHBIM
yCIOBHEM HHBEIMpa ¢ ypoBHeM mpu TpyOe. IlepBas yacTb IJIaBHOIO YCIIOBHUSI IPOBEPSIETCS
JIBOWHBIM HHBEJIMpoBaHUEM BrHepea. Ha MecTHocTH 3a0MBalOT JBa KOJBIIIKA HA PACCTOSIHUU
okoio 50 M oauH oT Apyroro. HuBenup ycraHaBIMBaKOT HajJ TOYKOM A Tak, 4yTOOBI OKYISp
TpyObl HaxXOIWJICA HAa OJHON BEPTUKAIBHON JWHUM ¢ ToukoW (puc.4.34-a). OT KOJIBIIKA 10
[IEHTpa OKYJIsIpa U3MEPSAIOT BHICOTY MHCTpYMeEHTa il. 3aTem peiiky cTaBsT B Touky B, HaBosT Ha
Hee TpyOy HUBENIMpPA, MPUBOAAT Iy3BIPEK YPOBHS B HYJb-TIYHKT U OepyT oTcUeT mo peiike bl.
3areM HUBEIHp M PEHKYy MEHSIOT MECTaMH, M3MEpSIOT BBICOTY HMHCTPYMEHTA 12, MPUBOISAT
My3BbIPEK YPOBHS B HYJIb-IIYHKT U OepyT oTcueT 1o peiike b2 (puc.4.340).

[TycTh rmaBHOE ycIOBHE HUBENHpPA HE BBIIOIHSETCS, M IPU MOJOXKEHUHU My3bIpbKa YPOBHS
B HYJIBITYHKTE BU3UpPHAs JIMHUS HE TOPU30HTAJIbHA, a COCTABIISIET C OCBIO YPOBHS HEKOTOPBIN
yron i. Torma Bmecto mpaBumibHOro orcuera b0 1 momyuaercss ommbounslii - bl. OmmOky
oTcyera 0003HAYMM X, U MPEBBIIIEHNE TOUKH B oTHOCHTENBHO TOUukH A OynieT paBHO:

h=il- (bl + Xx).

[Tpu nonoxxeHun HUBEIMpa B TOUKe B mpeBbilieHNe TOUKH A OTHOCUTENBHO TOUKU B:

=] il
b 5)

A
e

Puc.4.34
h'=i2 - (b2 + x).



Ho h =-h', moatomy

iI1-(bl+x)=-[i2- (b2 + x)].

Orcrona nonyvaem:

x =0.5%(11 +1i2) - 0.5*(b1 + b2). (4.59)

Ecnun x momywaercst Gonbiie 4 MM, HEOOXOIUMO BBIIIOJHHUTH FOCTHPOBKY YpPOBHS, T.C.
YCTPaHUTH YTOI 1. J{JIs1 3TOTO AJIeBallMOHHBIM BUHTOM HAKJIOHSIOT TpyOy HUBENIHpA JI0 TEX TOp,
MOKa OTCYET IO peliKke He OyJeT paBeH MPaBUIBHOMY OTCYETY:

b02 = b2 + x,

IPU 3TOM TY3BIPEK YPOBHS YiIET U3 HY/Ib-IyHKTA. VCIIpaBUTEILHBIMA BUHTAMHU YPOBHS
NPUBOJAT MY3bIPEK B HYJIb-IIYHKT M MOBTOPSAIOT MOBEPKY 3aHOBO. [TomHas mporpamma moBEpKU
[JIABHOTO YCJIOBHS BKIIOYAET €IIe IMPOBEPKY MapalIeIbHOCTH BEPTUKAIBHBIX IUIOCKOCTEH,
IPOBEICHHBIX Yepe3 BU3UPHYIO JIMHUIO TPYObI M OCh YPOBHSI; OPSIIOK 3TOM MPOBEPKH M3JI0KEH
B [15] Ha cTp.62.

[lpy HUBEIMPOBAaHWU CTPOTO U3 CEPEOUHBI OINMOKAa OTCYeTa M0 pelke u3-3a
HCBBINIOJHCHHS TJIABHOTO YCIIOBHMSI HHBEIMpAa HE BIMACT HAa BEIUYUHY H3MEPSIEMOro
npeBbIeHus (puc.4.35)

= =
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Puc.4.35

2. Ocp Kpyrioro yCTaHOBOYHOI'O YpPOBHS JIOJDKHA OBITh MapajjielibHa OCH BpalleHHs
HuBenupa. [IpUBOJAT My3bIpeK KPYIiaoro YpoBHS B HYJIb-IIYHKT, 3aT€M IOBOPAYUBAIOT HUBEIHUP
no a3umyty Ha 1800. Eciu my3sIpek OTKJIOHUIICS OT HYJIb-TTyHKTA, TO Ha MOJIOBUHY OTKJIOHEHUS
€ro mnepeMemaroT C ITOMOIIBIO IMOABCMHBIX BHUHTOB M Ha IIOJOBUHY - HCIHPABUTCIbHBIMU
BUHTAaMU KPYIJIOrO YPOBHSL.

CymectByeT u Apyroi, 6osee HaleXHbIH crocoO MOBEPKU KPYIJIOrO YPOBHSI: CHaudajia
TINATETIBHO YCTAHABIMBAIOT OCh BPAIICHUS HUBEJIUpPA B OTBECHOE IOJIOKEHHE C IOMOIIBIO
HJIEBAIlMOHHOIO BUHTA W IMJIMHJIPUYECKOTO YPOBHS IpH TpyOe, 3aTeM HCIPABUTEIbHBIMU
BUHTAMHU KPYTJIOTO YPOBHSI IPUBOJISAT €r0 My3bIPEK B HYJIb-ITYHKT.

3. T'opu3oHTanbHasi HUTh CETKM HUTEW JOJDKHA OBITh MEPHEHIUKYISIpHA OCH BpallleHHUs
HUBEJIUPA, T.€. ObITh TOpU30HTANBHOM. Peliky craBsar B 30 - 40 M OT HMBEIUpA U 3aKPEILISIOT ee,
9TOOBl OHAa HE Kayajach. 3areM OepyT OTCYEThI MO pelKe MNpH TpeX TOJOKCHUAX ee
N300paXeHHs: B IEHTPE MOJISI 3pEHHs, CleBa OT LEHTpa U CcrpaBa. Eciam OTCYETH OTIINYAIOTCS
OJIMH OT Jpyroro 6osee, yeM Ha 1 MM, TO CETKY HUTEH HYKHO Pa3BEPHYTh.

IIpeanonaras, YTO CETKM HUTEH CTPOro MEPHEHAUKYISPHBI, MOKHO ITPOBEPHUTH
BEPTUKAJIBHOCTh BEPTHKaIbHOW HHUTHU. st 3Toro B 20 M OT HUBeNMpa IMOJABEUIMBAIOT OTBEC,
HaBOJAIT Ha HETo TPYOy U MPOBEPSIOT COBIAACHNE BEPTUKAIBHOW HUTH CETKH C HUTHIO OTBECA.

BaxuHelmuMu XapakTepUCTUKaMU HUBENHpPA, ONPECNAIOUIMMH TOYHOCTh H3MEPEHUS
IPEBBIILICHUH, SBISIOTCS YBETUYEHUE 3PUTEIBHOW TPYObl M IIeHA JENEeHUsS LUIMHIPUYECKOrO



ypoBHsL mipu TpyOe. Ilo 3TMM xapakTepucTHKaMm ompeAenseT MPUrOJAHOCTh HUBENHUpa s
BBHITIOJTHEHMS paboT 3alaHHOW TOYHOCTU. UTOOBI MONYYUTHh YHCICHHBIC 3HAYCHUS yBEIUUYCHUS
TPYOBI U IICHBI JACTICHUS YPOBHSI, BBITIOJTHSIOT COOTBETCTBYIONINE UCCIIECIOBAHUS HUBEIUPA.

4.4.1.3. HuBestupHble peliku

Nsrorosnenne peek pernmamentupyer ['OCT 11158-76. Tumer peek no I['OCTy
COOTBETCTBYIOT THIaM HUBEIUpOB. Pelika HuBenupHas PH-05 ogHoCTOpOHHSS, IITpUXOBas C
MHBapHOM I10JIOCOW NMPUMEHSETCS Il U3MEPEHUS NPEBBILIEHUH ¢ TOYHOCThIO 0.5 MM Ha 1 kM
xona. Peiika nHuBenupHas PH-3 nepeBsiHHas, IBYXCTOPOHHSS, LIallleyHas NPUMEHSETCS s
U3MEpEHUs] TPEBBIIICHUH C TOYHOCThIO 3 MM Ha | kM xoma. Peiika nuBenupuas PH-10
JIEpEBSIHHASI, JBYXCTOPOHHSS, IIallleyHas MPUMEHSETCSl M U3MEPEHUS NPEBBIIICHUN C
touHocThIO 10 MM Ha 1 kM xoxa (puc.4.36). JlnunHa peek ObiBaet paznuunoii: 1200, 1500, 3000 u
4000 mM. VY ckiagHbIx peek B mudp nodasnsercs 6yksa C, nanpumep, PH-10C.
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[[Tameuynble pedKU M3TOTOBIAIOTCS W3 BBICYHIEHHOW MNEPBOCOPTHOM €JM; JIOMYCKAETCS
W3TOTOBJICHHE PEEK M3 IUIACTMACC, METALUIOB M CILIABOB, €CIM IPH 3TOM BBIIOJHSAKOTCS
tpeboBanuss 'OCTa Ha Maccy pelku, Ha TeMmepaTypy €e HCIoib30BaHMs M T.I. . Ilepen
IIOKPACKON PEUKY IPOMUTHIBAIOT BOJOOTTAIKABAKOIIUM COCTAaBOM U I'PYHTYIOT; JEJICHUS B BUIE
LIAIIeYeK HAHOCAT YEPHOM KpPaCKOW Ha OIHY CTOPOHY PEHMKH M KPAaCHOM KpAacKOW Ha IPYrylo.
JeuuMeTpoBble AEIEHUS TOANKUCHIBAOT.

Ha HWXKHIOI 4YacTh PEMKH KpENMUTCS METauIMYecKas IUIaCTUHA, Ha3blBaeMas ISATKOU
peiiku. Ha depHON CTOpOHE IATKM COOTBETCTBYET HYJIEBOE JACIICHHE PEWKH; HAa KPACHOW -
orcueT, Oonpiuit 4000 MM; TOTOMY OTCYETHI [0 KPACHOW U YEPHOM CTOPOHAM pEeiKH HE MOTYT
OBITH OJTMHAKOBBIMU. Pa3HOCTH MATOK 71l JAHHOW PEUKH SBIISIETCS MMOCTOSTHHOW BEIMYUHOM, YTO
MTO3BOJISIET KOHTPOJIUPOBATh IPaBUIIBHOCTh OTCUYETOB. B IMTepaType pasHOCTh MSTOK HAa3bIBAKOT
TAKX€ Pa3HOCTBIO HYJIEH PENKHU.

sl yCTaHOBKM PEVKM B OTBECHOE IIOJIOKEHHME HA HEW MMEETCS KPYIVIbIA YPOBEHb WIIH
OTBEC.



Ha mTpuxoBBIX OJHOCTOPOHHUX pPEHKAaX [EJIEHUS HAHOCAT HA MHBAPHYIO JIEHTOYHYIO
MOJIOCY, KOTOpasi HATATUBAETCS BJOJb ACPEBIHHOTO Opycka TpH TIOMOIIM CHEIHATbHOTO
ycTpoMcTBa. J/lenenys B BUJE IITPUXOB HAHOCST Yepe3 5 MM.

Jns  ompeneneHus TNPUTOJHOCTH HUBEIMPHBIX pEeeK K padoTe BBIIOJIHIIOT —HUX
UCCJIEJOBAHMUSL.

[ToBepxHOCTh peHKHM JOJDKHA OBITh IUIOCKOW. YKIIOHeHHe oT rmiockoctu mo ['OCTy
nonyckaercst 3 mm it PH-05, 6 mm gt PH-3 u 10 mm g1t PH-10. Brons peitku HaTSATUBarOT
HUTKY ¥ IPOCBET MEXK1y HUTKOM U PEUKON U3MEPSIOT B CAMOM LIMPOKOM MECTE.

CrnyuaiiHas omuOKa B TOJOXKEHUHM JEIUMETPOBBIX M METPOBBIX JIEJICHHM HE I0JDKHA
npeBbimath 0.15 MM 711 IITPUXOBBIX MHBApHBIX peek U 0.5 MM /i I€pEeBSIHHBIX MIAMICYHBIX
peeK. DTO UCCIIEJOBAaHUE BBIIOJIHAIOT C IOMOIIbIO KOHTPOJIbHOW JTMHEUKH.

OrmpeznenieHne pa3HOCTH MATOK WM PA3HOCTH HyJIeW pedku. OTO HCClieOBaHUE
BBIIIOJIHSIOT ITYyTEM B3SITHSI OTCUETOB 110 YEPHOM M KPACHOM CTOPOHAM PEMKH, CTOSLIEH HA OHOM
Y TOM K€ TOUKE.

[ToBepka Kpyriaoro ypoBHsSI peKH BBIIOIHSETCS TUOO O OTBECY, JUOO0 MO BEPTUKAIBHOM
HUTHU CETKU HUTEH HuBenupa. OTBeC yKpEIUIAIOT NPSIMO Ha PEKY U YCTaHABIMBAIOT €€ OTBECHO,
IpU 3TOM NY3BIPEK YPOBHS JOJDKEH HAXOAWTHCS B HYyJIb-IIyHKTE. B mpoTHBHOM ciyuae
WCIIPAaBUTEILHBIMU BUHTAMU YPOBHSI My3BbIPEK MPUBOJISAT B HYJIb-TYHKT.

Ncrounnku ommOOK MpU T€OMETPUIECKOM HUBEITUPOBAHUH.

OmmbKa yCTaHOBKM BU3UPHOU JTMHHUU TPYOBI B TOPU30HTAIHLHOE MOJIOKEHHUE MO YPOBHIO;
npu t = 25" ona mocruraer 3" - 4". Jlnst paccrosaus 100 M 3TO MPUBOIUT K OMIMOKE OTCUETA 110
perike 2 M.

Ommbka oTcyera U3-3a OrpaHUUYEHHON pa3pelaronieil CocOOHOCTH TPYObl HUBETUPA; IPU
yBenuueHuu V = 25x sta ommbka gocturaet 1.2 MM Ha 100 M paccTostHuS.

Hapyiienue rinaBHOro ycioBUs HUBEJIHPA; IPU HUBEIUPOBAHUU CTPOTO U3 CEPEIUHBI 3Ta
OLIMOKA UCKITFOYAETCH.

Haxnon peiiku. J{ns yMEHBbIIEHUS BIMSHUS HAKIOHA PEUKU €€ PEKOMEHIYETCs CJerka
MOKAaYMBaTh BIEPEI-HA3a/l OKOJIO BEPTUKAIBHOTO MOJOKEHUs; pu oTcdeTax MeHbIine 1000 mm
peliKy Kadath Henb3d. [Ipy MoKauMBaHWM PEMKH OTCYETHI MO HEW H3MEHSIOTCS; HAMMEHbBIIHI
OTCUET SIBJISICTCS MPABHIILHBIM.

Ommbka HaHeCeHUSs IeTICHHUI Ha peliKe.

OO6mas ommbka oTcyeTa Mo IIANIeyHO# peiike HuBenupoMm H-3 oueHuBaercs B 4 MM Ha
100 M paccrosiHUS.

4.4.1.4. BpluuciieHHe OTMETOK penepoB Pa3OMKHYTOI0O XO0Aa TEXHHYECKOro
HHMBEJIMPOBAHUSA

ITo ToYHOCTH HM3MEPEHMS NMPEBBILICHUN PAa3IMYar0T HUBenupoBanue 1, 2, 3, 4 kmaccoB u
TexHu4eckoe. [Ipu TeXHHueCKOM HUBEIMPOBAHUY MpeiebHas OIMOKA N3MEPEHUS PEBBILICHUS
Ha | kM xoza He AomkHa npesBblaTh 50 MM; 3TO COOTBETCTBYET CPEIHEH KBaJpaTHUECKON
omnoke 20 MM Ha 1 kM xoxa. J{ist HuBenupoBanus 1, 2, 3 u 4 K1accoB cpeHss KBaJpaTHUECKas
omnOka M3MepeHus mpesblmeHus Ha 1 kM xoxa paBHa 0.8 MM, 2.0 MM, 5 MM u 10 MM
COOTBETCTBEHHO.

Xo/abl TEXHUYECKOIO HMBEIMPOBAHUSA MPOKJIAABIBAIOT MEXIY pernepaMu ¢ HU3BECTHBIMU
OTMETKaMH (pernepamMu HUBEIUpoBaHus 1, 2, 3, 4 KJIaccoB); AOMYCTUMAs IJTMHA X0/1a 3aBUCHUT OT
ero ¢opmel. Tak, mmmHA pazoMkHyTOTO (prc.4.37-a) wim 3amMkHyTOTO (pHrc.4.37-0) X012 MOXKET



nocturatb 16 kM; anuHa Bucsdero xozxa (puc.4.37-B) He AO/bKHA TMpeBbImath § kM. B
pa3OMKHyTOM 158 BaMKHYTOM Xxoagax HI/IBeJII/IPOBaHI/Ie BBIITOJIHAKOT OAUH pa3, B BUCAYEM XOI€ - ABa
pasza: B psIMOM W 0OpaTHOM HampaBieHUsX. [Ipy MpoeKTHPOBaHUM XOJOB CIEAYyeT BHIOMpPATh
Hauboee yaoOHbIC i1 HUBSIUPOBAHUS MTyTH: JOPOTH, IPOCEKU B JieCy, Oepera peK, Y4acTKH C
HEOOJIbIIUM YKIOHOM U TBEP/BIM IPYHTOM.

Puc.4.37

Yacth Xoma MEXIy JABYMsI COCEIHHMH peIlepaMi, 3aKpEIUICHHBIMH Ha MECTHOCTH,
Has3bIBaeTCS CeKIMed. JUIMHY CEeKIMHM ONpPEAEssIoT CyMMHUPOBAaHHEM PAaCCTOSHHI OT HHBEIHPA
JI0 peeK, KOTOPbIE MOKHO M3MEPATH 10 HUTSHOMY JalbHOMEPY WM miaramu. [IpeBbIMIEHHUS 110
CEKIIMH IOJTy4YaroT KaK CyMMBbI IIPEBBIIIEHUI HA CTAHIIUAX CEKIIUH.

O0603HauuM B Pa30OMKHYTOM HHUBEJIMPHOM XOJI€!

N - KOJMYECTBO CEKIMI (KOJINIECTBO M3MEPEHHBIX MPEBBIIICHHIA),
hi - mpeBbIIIeHKE TI0 i-TON CEKIINH,
li - nna i-Toi cexumu,

L - nmuna xona (L = Z i),
Ki - KoM4ecTBO CTaHLMM B i-TOM CEKIIUH,

K - kommdecTBo cranmmii B xoje (K = Z ki),
HA - oTMeTKa UCXOTHOTO perepa B Havalie X0/1a,
HB - oTMeTka HCXOIHOTO perepa B KOHIIE XO/1a.

KosmdecTBo penepoB ¢ HEM3BECTHBIMUA OTMETKaMH PaBHO (n-1), T.e. B X0JI¢ UMEETCS OJTHO
U30BITOYHOE HM3MEpPEHHE, KOTOpOE TMOPOXJaeT OJHO T'COMETPHUYECKOE YCIOBHE, W,
CJIeZIOBATEIIbHO, BBIYMCICHHE OTMETOK HEOOXOAUMO BBIMOIHATH METOIOM YPABHUBAHHSL.

3amnurreM GopMyITbI TS TOCIEI0BATEILHOTO BEIYMCICHHSI OTMETOK PEIEPOB XO/1a:
H1=HA +hl,

H2 = H1 + h2,

Hn-1 = Hn-2+ hn-1,

HB = Hn-1+ hn.

CH0XHUM 3TH YPaBHEHHS U TIOJTYUUM:

(H1+H2+...+Hn-1)+HB:HA+(H1+H2+...+Hn-1)+Z h

nJIn



HB:HA+Z h,
OTKy/a

Z h=HB - HA. (4.60)

®opmyna  (4.60) mnpencraBiaser  coOOM  MaTEMATHYECKYIO  3alMCh  YCIIOBUS,
CYIIECTBYIOIIETO B PA30MKHYTOM HHUBEJIUPHOM XOZ€: CyMMa MPEBBIIICHUH MO CEKIUSAM JI0JDKHA
OBITh paBHAa pPa3HOCTH OTMETOK KOHEYHOIO M HauyaJlbHOrO MCXOAHBIX pernepoB. Cymmy
IPEBBIIICHHH, TOJCUUTAHHYIO 110 (popmyiie (4.60), Ha3BIBAIOT TEOPETHUECKON CYMMOH.

CyMMa U3MEpEeHHBIX MIPEBBILIEHUI B 00ILEM Cllydae HE paBHA TEOPETHUUECKON CyMME; UX
Pa3sHOCTh Ha3bIBACTCS HEBSA3KOM xo1a u o0o3Hauyaercs th:

fh = Z h - Z huzm . (4.61)
HeBsizka HUBENIMPHOTO XO0Ja XapakTepuszyeT HapyiieHue yciaoBus (4.60) BcnencTBue
OImMOOK M3MEpEeHU. 3HAUCHHUE JOIMYCTUMON HeBs3KH 110 MHCcTpykuy [ 14] paBHO:

U1
[Tpu th < fhion BRIYUCIAIOT MONPAaBKU B U3MEPEHHBIE MPEBBIIICHUS IO (hopMynam:
Vi == £/ *J;
L (4.64)
U1
Vi =~ /] "k,
K (4.65)

IIpu 5TOM HYXXHO, 4TOOBI BBEIOIHSIICS KOHTPOJIb:

Z Vhi=-fh. (4.66)
[To ucnipaBneHHbIM TipeBbIIeHUsIM hiuctp = hi + Vhi BEIYHCIISIIOT OTMETKH PETIEpOB X0/a.
3aKJII0UYUTEIbHBIM KOHTPOJIEM NMPABUILHOCTH BBIUMCIEHHUH SIBISIETCS IMOJIyY€HUE B KOHIIE XOJa

OTMETKU KOHEUYHOTO UCXOJTHOTO pernepa.

4.4.2. IlonsiTue 0 TPMIrOHOMETPHYECKOM HHBEIHPOBAHHUH

TpUroHOMETPUYECKOE  HHMBEIMPOBAHME  HA3bIBAIOT  TAKXKE  IEONE3UYECKUM  WIIU
HUBEJIMPOBAHUEM HAKJIOHHBIM JIydoM. OHO BBINNOJHAETCA TEOJOJIUTOM; JUIS ONPEACICHUS
MIPEBBIICHNS MEXAY IBYMsI TOUKAMH HY>KHO U3MEPHUTh YIOJI HAaKJIOHAa U paccTosiHue. B Touke A
YCTaHaBIMBAIOT TE€OJ0IUT, B TOUKE B - peliky win Bexy U3BECTHOM BBICOTHI V. M3mMepstoT yroma
HaKJIOHA 3PUTEIILHON TPyObI T€OJA0IUTA MPY HABEACHUHU €€ Ha BepX BeXW WU perku (puc.4.38).
Jlmny orpeska LK mMoxHO npenctaButh kak cymmy otpe3koB LC u CK ¢ o1HO# cTOpOHBI U Kak
cymmy otpe3koB LB u BK ¢ apyroit. Orpeszok LC naitnem u3 AJLC: LC = S*tg v , ocTanbHbIe
OTpe3Ku 0003HAaYEeHbI HAa PUCYHKE.
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Puc.4.38
Torna

LC+CK=LB+BK u S*tg(v)+i=V+h.

OTcrona BeIpa3uM mnpeBbiiieHue h

h=S *tg(v) +i- V. (4.67)

BreiBenem Qopmyity mpeBBIIEHUS W3 TPUTOHOMETPUYECKOTO HUBEIHUPOBAHUS C YYETOM
KpUBHU3HBI 3eMiU U pedpakuuu. BeneactBue pegpakiuy 1yd OT BEpXHETro KOHIIA BEXU UIET 10
KPHUBOH, a BU3UPHAs JIMHUS TPYOb! Oy€T HalpaBieHa 0 KacaTeJIbHON K 3TOH KpUBOM B TOUKeE J.
Busupnass nuuus TpyObl nepeceder mnpojoipkeHue Bexu B Touke L1, a ne L. Ilposenem
YpOBEHHBIE TOBEPXHOCTHU B Toukax A, B, J (puc.4.39).

[IpoBenem kacaTelbHYIO K YPOBEHHOU IMOBEPXHOCTU B TOUKe J M 0003HAUYMM: BBICOTY
npubopa - i, BEICOTY BeXH - V, TOPU30HTAIBHOE MposiockeHue muHun AB - S.

[Tpessiienne Touku B oTHocuTensHO A Beipaxaercsa orpeskoMm BK. Otpesok L1K Ha
puc.4.39 MOKHO BBIPa3UTh YEPE3 €r0 YAaCTH JIBYMS ITyTAMU:

L1K = L1E + EF + FK,

L1IK =L1L + LB + BK.

Puc.4.39

Otpesok L1E naiinem u3z A JLIE. OTOT TpeyroabHUK MOXHO CUMTAaTh NPSIMOYTOJIBHBIM,
Tak kKak yron LI1EJ odeHp Mano oTiau4aercss OT NOPsIMOro, BCEro JIMIIb Ha BEIUYUHY
neHTpaitbHOro yria € =(S / R)*r. Otot yron npu S = 1 km He npeBocxoaurt 0.5'.

Hraxk,

L1E =JE * tg(v),



HO mockonbky JE =S, to L1E = S * tg(v).

Ortpesok EF BeipaxkaeT BIMsHNE KPUBU3HBI 3EMIIM:

EF=p=S2/2*R,

orpe3ok FK pasen Bricote nmpubopa FK = i; orpe3zok L1L BeipaxkaeT BiusiHuE pepakiuu:
LIL=r*(S2/2*R) *k=p * k;

otpe3ok LB paBeH BeicoTe Bexu V.

Takum oOpaszom,

S*tg(v)y+p+i=r+V+h,

OTKyZa

h=S*tg(v)+(i-V)+(p-r),

NI

h=S*tg(v)+(i- V) +f (4.68)

[Tpu W3MepeHHHn PACCTOSHUS C IMOMOIIBI0 HUTSHOTO JaJlbHOMepa (popmysia MpeBHIICHUS
HECKOJIbKO n3MeHsercs; Tak kak S = (Cl + ¢)* Cos2(v), To

h=0.5*%Cl +c)*Sin(2*v) +i-V+f=h+i-V +f,

Bennuuny h'= 0.5%(Cl + ¢)*Sin(2*v) Ha3pIBalOT TaXEOMETPUUECKUM MPEBBIILICHUEM.

[Tpu S = 100 m BenuuuHOM f MOXKHO TpeHEOPEYb, TaK KaK

f=0.66 mm . S2,

rae S - paccTostHUE (B COTHSX METPOB).

Ommbka W3MEpeHUs TPEBBINICHUS W3  TPUTOHOMETPHUYECKOTO  HUBEIHPOBAHHS
olleHUBaeTcs BeIM4nHOM oT 2 cM 10 10 cm Ha 100 M paccrosiHuS.

[Ipu mnocnenoBaTeNbHOM W3MEPEHHHM TMPEBLINICHUN IOJIy4aeTcsi BBICOTHBIM XOMa; B
BBICOTHOM XO/I€ YTJIbl HAKJIOHA U3MEPSIOT ABAK/BL: B IPSIMOM U 0OpaTHOM HampaBICHUSIX.

5. Tonorpajuyeckue KapThbl U IJIAHBI
5.1. Macmiradbl Tonorpagu4ecKux KapT

MacmraboM Ha3bIBae€TCs CTENEHb YMEHBIICHHUS TOPHU3OHTAIbHBIX MPOJIOKEHUN JIMHUN
MECTHOCTH MpU M300paXKeHUH UX Ha IJIaHe, KapTe WU a3pOCHUMKE. Pa3nuyaroT 4uciaeHHbIN u
rpadpuyeckue MacuTadbl; K TMOCIEIHUM OTHOCATCS JIMHEHHBIM, MONEpedHbI W MepexOoaHbIH
MaciTaOBbl.

Yucnennslid macmrad. YucneHHb MaciuTa® BbIpakaeTcs B BUAE ApOOH, YHCIUTENb
KOTOpPOH PaBEH €AMHMUIIE, a B 3HAMEHATEJIE CTOMT YHCIIO, MIOKA3BIBAIOIIEE CTEIEHb YMEHBUICHUS
TOPU3OHTAIBHBIX MposiokeHuid. Ha Tomorpadumyeckux KapTax UMCIEHHBIM  MacuiTad
MOJIMCHIBACTCS BHU3Y JUcTa KapThl B Buae 1:M, nanpumep, 1:10000. Ecnu pynHa nuHuM Ha
KapTe paBHa S, TO TOPU3OHTAIBHOE MPOJIOKEHHE S TMHUU MECTHOCTU OYJIET paBHO:

S=s*M. (5.1)

B Hameit crpane npuHATH cienyromue Macmradsl Tonorpagudeckux kapt: 1:1 000 000,
1:500 000, 1:200 000, 1:100 000, 1:50 000, 1:25 000, 1:10 000. Dtor psix MacmTaboOB
Ha3bIBAaETCs CTaHAAPTHBIM. Panbiie aToT paa Brimoyan macmtadsl 1:300 000, 1:5000 u 1:2000.

Jluneiinbiii MaciuTal. JIuHeHHbIM MacmTad - 310 rpaduyeckuil MaciTad; OH CTPOUTCS B
COOTBETCTBUU C YUCJIEHHBIM MaclITa0OM KapThl B CJIEAYIOLIEM HOPSAKE:

MIPOBOJUTCA NpsiMasl JIMHUS M HAa HEM HECKOJIBKO pa3 MOJAPsSJ OTKJIAJIbIBAETCS OTPE30K a
IIOCTOSIHHOW UIMHBI, Ha3bIBa€MbIil OCHOBaHMEM MacluTaba (IpHU JUIMHE OCHOBaHMS a=2 cM



JUHEWHBIN MacmTad Ha3pIBaeTCS HOpMalbHBIM); s MacimTada 1:10 000 a coorBerctByet 200
M,
y KOHIIA TIEPBOTO OTPE3Ka CTABUTCS HYIIb,
BJIEBO OT HYJISI OJIMUCHIBAIOT OJTHO OCHOBAaHME MaciTada u et ero Ha 20 yacTei,
BIIPaBO OT HYJIA MOAIMCBIBAIOT HECKOJIBKO OCHOBaHI/If/'I,

MapajuieIbHO OCHOBHOM TMPSAMON MPOBOAAT €II€ OJHY MNPSAMYI0 U MEXKIYy HHUMH
IPOYEPUYUBAIOT KOPOTKHUE MITpUXH (puc.5.1).

B00+70=870m1

200 0 200 400 0 200 100021

Puc.5.1

JIuHelHbIl MacITab MOMEIAeTCs BHU3Y JMCTa KapThl.

UroObl WM3MEpHUTh JIUHY JUHHUM Ha KapTe, (UKCHUPYIOT €€ pacTBOPOM MHPKYJIs-
U3MEpUTENs, 3aTEM IIpaByl0 UIJIy CTaBAT Ha I€JI0OE OCHOBAHME TaK, YTOOBI JieBas WuIJa
HaXO/WJIach BHYTPH NEpBOro ocHoBaHUA. CUMTHIBAIOT ¢ MaciiTaba aBa orcuera: N1 - no mpaBoi
uriie 1 N2 - 110 JIeBOH; AJIMHA JIMHUU paBHAa CyMME OTCUETOB

S=N1+N2;

CJI0KEHHME OTCUETOB BBIIIOJIHAIOT B YME.

[Tonepeunsrit macmrad. [Iposenem npsimyto auHu0 CD 1 OTI0XKKMM Ha HE HECKOJIBKO pa3
OCHOBaHME MacIlTada - OTPe30K a JIMHOH 2 cM (puc.5.2). B moaydeHHbIX TOUKaX BOCCTAHOBUM
neprneHuKysapsl K iuaun CD; Ha KpallHUX NepHeHANKYIIpax OTI0KHUM M pa3 BBEPX OT JIMHUU
CD oTpe30k NOCTOSIHHOM JJIMHBI U TPOBEIEM JIMHUHM, TapajuienbHble TuHun CD. Kpaitnee nesoe
OCHOBaHHE pa3/iejiMM Ha n paBHbIX dacTed. CoenuHUM i-Tyro Touky ocHoBaHus CA c (i-1)-i
Toukoi JMHUKM BL; 3Tu nuHUM Ha3biBaloTCS TpaHcBepcansiMH. [ocTpoeHHBIN TakuM 00pa3oM
MaciTald Ha3bIBAETCS MONEPEYHBIM.
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Ecnu ocHoBanue macmtaba paBHO 2 €M, TO MaciuTad Ha3bIBaeTCs HOPMAJIBHBIM; €CIIM M =
n =10, To MacmTad HAa3LIBAETCA COTECHHBIM,

Haumensiiee nenenue momepedyHoro macmraba paBHo orpe3ky F1L1; Ha takyro minHy
OTJIMYAKOTCS 1BA COCEIHMX IApaJUIEIbHO PACIOJIOKEHHBIX OTPE3Ka NMPU JBHKEHHH BBEPX IO
TpaHCBEpCAIM U MO BEPTUKAIbHOM JIMHUU. Teopus MOMEepedyHOro maciuraba 3akirodaercs B
BBIBOZIC (DOPMYJIBI IICHBI €70 HAUMEHBIIETO JCTCHHS.

Paccorpum aBa nonoOHbIx Tpeyronpauka AF1 L1 u AFL, u3 monoOust KOTOpPBIX CleayeT:



AL AL

FL AL~ (5.2)
orkyma F1L1 = FL*(AL1/AL).
ITo moctpoenutro FL = a/n u (AL1 / AL) = 1/m. IlogctaBum 3TH paBeHCTBa B (popMyIry
(5.2) 1 momy4um:
@
m*n (5.3)
[lpgu m = n = 10 umeem FIL1 = a/100, To-ecth, y COTEHHOro Macmraba IeHa

Bl

HaVMEHBIIIETO JIeJICHUS PaBHA OJTHOM COTOU J10JIE€ OCHOBAHUS.

[Topsiiok NoIb30BaHUS MONEPEUHBIM MacIITA00M:

LUPKYJIEM-U3MepuTeneM 3apUKCUpOBATh JAJIMHY JUHUM Ha KapTe,

OJIHY HOXKY IIMpKYyJs IIOCTaBUTh Ha LEJI0€ OCHOBAaHUE, a JpYryl - Ha JIo0yro
TpaHCBEpCallb, IPU 3TOM 00€ HOXKKH LIUPKYJIS TOJDKHBI pacroyiaraTbCsl Ha JIMHUM, HapajjiesbHON
muanu CD,

JUIMHA JIMHUU COCTAaBJISIETCSl U3 TPEX OTCYETOB: OTCUET LIEJIBbIX OCHOBAaHUM, YMHO>KEHHBII
Ha LIEHYy OCHOBAHUS, IJIFOC OTCUET JCJIEHU JIEBOI'O OCHOBAHHUS, YMHOKEHHBIN Ha LEHY JIETICHUS
JIEBOTO OCHOBAHHUS, IUIIOC OTCYET JEJIEHUN BBEPX IO TPaHCBEPCAM, YMHOXKEHHBIH Ha LIEHY
HalMEHbUIEro JAejleHus MaciTaba. TOYHOCTh HM3MEpeHHs [UIMHBI JIMHUH 10 MONEepeYHOMY
MaciTady OLIEHUBAETCS MOJOBUHOM LIEHBI €10 HAUMEHBLIETO JeICHHS.

[Tepexonnbiii Macmtad. MHOrga B NpakTUKE HPUXOAMUTCS IOJIb30BAaThCS KAPTOM WIIM
a’pOCHUMKOM, MaclITad KOTOPBIX HE ABJSETCA CTaHIApTHBIM, Harpumep, 1:17500, To-ecTs, 2 cm
Ha KapTe CcooTBeTCTBYIOT 350 M Ha MECTHOCTH; HAuUMEHbIIEE JIEJIEHHE HOPMAJIbHOIO
MONIEPEUYHOT0 COTEHHOTO MacimTaba Oyaer mpu stom 3.5 M. OumdpoBka Takoro macirada
HEy/lO00Ha IS MPAKTHYECKUX paldOoT, MOATOMY IMOCTYMAOT CieayromuM obpa3zom. OcHOBaHUE
norepevyHoro macmraba OepyT He 2 CM, a pacUMTHIBAIOT TaK, YTOOBI OHO COOTBETCTBOBAJIO
KPYIJIOMY YHCIly METpOB, Hanpumep, 400 m. [lnuHa ocHOBaHUS B 3ToM citydae Oyzaer a = 400 m /
175 M= 2.28 cm.

Ecnu Tenepb mocTpouTh MomnepeuHslid MacTal ¢ IIMHOM OCHOBaHUS a = 2.28 ¢M, TO OHO
JiefieHHe JIEBOTO OCHOBaHUE Oy/eT cooTBeTcTBOBaTh 40 M, a 11eHa HaMMEHBIIEro JesieHus OyaeT
paBHa 4 M.

[Tonepeunslit MaciTad ¢ APOOHBIM OCHOBAHHEM Ha3bIBAETCS NEPEXOIHBIM.

Tounocte MacmTaba. Kapra niam mas - 31o rpaguyeckue JOKyMeHThI. [IpuHATO cunTaTh,
YTO TOYHOCTh TIpauyecKux MOCTpoeHuil oueHuBaercs BeauunHod 0.1 wmm. [lnuHa
TOPU30HTAILHOTO MPOJIOKEHUS JIMHUM MECTHOCTH, COOTBETCTBYIOIIETo Ha Kapre oTpe3ky 0.1
MM, Ha3bIBAa€TCS TOYHOCTHIO MaciiTaba. [IpakTHUeCKUi CMBICI 3TOrO MOHATHS 3aKIH0YaeTcs B
TOM, YTO JETald MECTHOCTH, MMEIOIIME pa3Mephbl MEHbIIEe TOYHOCTH MaciiTaba, Ha KapTe B
MacmtTabe HM300pa3uTh HEBO3MOXKHO, M IMPHUXOIUTCS MNPUMEHATh TaKk Ha3bIBaeMble
BHEMACIHITaOHbIE YCIOBHBIE 3HAKH.

Kpome monstus '"TouHOoCTh MacmTaba" CyIIeCTBYeT TOHATHE '"TOYHOCTh IulaHa'.
ToyHOCTh TIaHA MOKA3bIBAeT, C KAaKOW OIIMOKOW HaHECeHbl Ha IUIaH HJIM KapTy TOYEUHBIE
OOBEKThl WM YETKHE KOHTYphl. TOYHOCTh IIJJaHA OILIEHHWBAETCS B OOJBUIMHCTBE CIIy4aeB
BennurHOM 0.5 MM; B Hee BXOJAT OLIMOKHU BCEX MPOIECCOB CO3/aHUS IJIaHA WM KapThl, B TOM
qucie U OUMOKU TrpaduecKuX MOCTPOCHHH.



5.2. Pasrpadgka u HOMEeHKJIATypa
5.2.1. Pasrpadgka n HOMEHKJIATypa Tonorpagu4ecKux KapT

Homenknatypoil Ha3bIBaeTCS CUCTEMa HyMEpalMU OTIENbHBIX JIMCTOB TOMOTrpaduueCcKux
KapT U IUIAHOB pa3HbIX MacmTaboB. Cxema B3aMMHOIO PACMOJIOKEHUS OTIEIbHBIX JIMCTOB
Ha3bIBAeTCs pazrpadroii.

B Hameil cTpane mnpuHATa MEXAyHapoAHas cHcTeMa pasrpadkd ¥ HOMEHKJIATYphI
TonorpadUUeCKnX KapT; €e OCHOBOM sABJIsIeTCs JIUCT KapThl Mactirada 1:1 000 000.

Bcest noBepxHOCTh 3eMiIM YCIOBHO pa3jielieHa MeEpUMaHaMM U NapajulesIiMU Ha Tpanenuu
pasmepoM 60 1O IOATOTEe W 40 IO IMUPOTE; KaKIas Tparneuus n3o0pakaercs Ha OJHOM JIHCTE
kaptel Macmraba 1:1 000 000. Jluctel KapT, Ha KOTOPBIX H300pa)XaroTCs Tpaneluu,
pPacoJIO)KEHHBIE MEXIy JABYMsI COCEIHUMHU MapajjiesisiMHU, OOpa3yloT psiibl, KOTOpBIE
0003HayaroTCsl OyKBaMH JIATUHCKOTO ajndaBuTa oT A 10 V OT 2KBaTopa K CeBepy M K IOTY.
JIucThl KapT, HA KOTOPBIX M300paXkaroTCs TPANEINH, PACION0KEHHBIE MEKIY IBYMS COCETHUMU
MepuIMaHaMH, 00pa3yloT KOJOHHBI. KOOHHBI UMEIOT MOpAIKOBbIe HOMepa oT 1 1o 60, HaunHas
¢ Mepuauana 1800; KOJIOHHA TUCTOB KapT, Ha KOTOPoii n3o0paxeHa 1-s1 3oHa npoekuuu ['aycca
(cm. paznen 1.7), umeet nopsiagkoBbiit Homep 31 (puc.5.3).

Homenkmarypa nucra kapThl MUJUIMOHHOTO MaciiTaba coCTaBisieTcsi U3 OYKBBHI psifa U
HOMeEpa KOJIOHHBI, Hanpumep, N-37.

JIuctsl kapthl Macmtadba 1:500 000 nmony4aroT ejI€HHEM JUCTa MUJUIMOHHOIO MaciiTada
Ha 4 4acTu CPeTHUM MEPUTUAHOM U CPETHEN Mmapaienbio.



Puc.5.3 Cxema pacmosoxeHus JIUCTOB KapThl MacmTada 1: 1 000 000

Pa3smeps! nmcta - 30 no gonrore u 20 no mupote. HoMeHkIatypy nucTa kapThl MaciTada
1:500 000 momydaroT, 100aBisisi K HOMEHKJIAType MWIIHOHHOIO JIUCTa CHpaBa MPOMHCHYIO
OykBYy pycckoro andasura A, b, B, I', nanmpumep, N-37-A.



Jlucter kaptel MacmTaba 1:200 000 mosryqaroT AeeHUeM JIMCTa MUJUTMOHHOTO MaciiTada
Ha 36 yacTeil MepuauaHaMu M napamuiensmMu. PazMepsl aucta - 1o nmo goirore u 40' mo mmpore.
Homenknarypy mmcra kaptel Macmraba 1:200 000 momydaror, n00aBiisisi K HOMEHKJIATYpe
MWIIHOHHOTO JIUCTa cipaBa puMcKyro nudpy ot I o XXXYI, nanpumep, N-37-XXIY.

JIuctel kapthl Macmrada 1:100 000 momyyaroT neneHueM JrcTa MUJUIMOHHOTO MaciiTada
Ha 144 yactu MepuaranaMu 1 napasuiessimu. Pazmepsl nucrta - 30' mo gosrote u 20' mo muporTe.
Homenknarypy smcra kaptel macmrada 1:100 000 momyvaroT, m00aBisis K HOMEHKIIATYpE
MUJUTHOHHOT'O JIUCTA clieBa uncia ot 1 1o 144, nanpumep, N-37-144.

Jlucter kaptel Macmtada 1:50 000 monydaroT nenenueM aucta macmraba 1:100 000 Ha 4
YacTH CPEeIHUM MEPHUIMAHOM M CpeJlHel mapasuienblo. Pasmepsl aucta - 15' mo nonrore u 10' mo
mmmpore. Homenknatypy nucta kaptel MacmTaba 1:50 000 momydaror, no0aBiss K
HoMeHkjarype smcta 1:100 000 cmpaBa mpomucHyto OykBy pycckoro andasura A, b, B, T,
Hanpumep, N-37-144-A.

Jluctel kapthl MacmTaba 1:25 000 momyuatot aenenueM nucta macmrada 1:50 000 na 4
4acTH CPETHUM MEPUIMAHOM M CpeaHel mnapasienbio. Pazmepsl nucra - 7'30" mo goarore u 5'
no mupore. HomeHkiarypy nucra kapTel Macmraba 1:25 000 nomydaror, mobaBiss K
Homenkinarype sucra 1:50 000 copaBa cTpouHyto OykBY pycckoro andasura a, 0, B, T,
Hanpumep, N-37-144-A-a.

Jluctel kapthel MacmTaba 1:10 000 nmomyuaror nenenueM jaucra macmrada 1:25 000 Ha 4
YaCTU CPEIIHUM MEPUJIMAaHOM U CpelHel mapaiensio. Pazmepsl nucra - 3'45" mo monrore u
2'30" mo mmpote. Homenknatypy nucra kaptel Macmraba 1:10 000 momydaror, mo0aBiss K
HoMmeHknarype nucra 1:25 000 cnpaa nudpy ot 1 1o 4, Hanpumep, N-37-144-A-a-1.

CBogHast cxema pasrpadkd M HOMEHKIATyphl Tomorpaduyeckux KapT IOKa3aHa Ha
puc.5.4. (cm. paznen 5.2.2.)

Cesepnee 60-i1 mapajuiesnn JMCTHI KapT U31al0TCs CABOCHHBIMM 110 I0JITOTE, CEBEpHEE 76-1
napaJesy - CYeTBEPEHHBIMHU.

5.2.2. Pazrpadgka 1 HOMEHKJIATYpa KPYNNHOMACIUTAOHBIX IJIAHOB

Jns nnanoB macmtaboB 1:5000 m 1:2000, co3gaBaeMbIXx Ha y4acTKe HE3aCTPOEHHOM
TEepPPUTOPUH TUIOMAbI0 Ooee 20 KM2, B OCHOBY pasrpadku MOJ0XKEH JIMCT KapThl MaciiTada
1:100 000, T.e. mpuMeHsETCsl TOCYJapCTBEHHAsl cUCTeMa pas3rpadku M HOMEHKIATYphl. JIHMCTHI
IUIAHOB CO3/AI0TCS B TPEXTPAYCHBIX 30HAX; CETKA MPSIMOYTOJIbHBIX KOOPANHAT CTPOUTCS B BUJIE
kBaaparoB 10 x 10 cm.

Jluctel mnanoB Macimtaba 1:5 000 momydaroT nenenuem aucta macimrada 1:100 000 Ha 256
yacTel MepuaIHaHaMu U napasuiessiMu. Pazmepsl nucra - 1'52.5" no nonrore n 1'15" mo mmpore.
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Puc.5.4. CBonnas cxema pasrpadku 1 HOMEHKJIATyphbl TONOrpapuuecKuX KapT

Howmenknarypy nucra ruiaHa macmraba 1:5 000 momywaroT, 100aBiisis K HOMEHKJIAType
nucta kaptel 1:100 000 cripaBa B ckoOkax 4uciio ot 1 10 256, nanpumep, N-37-144-(256).

Jluctel tutanoB Macmraba 1:2 000 momywarotr aenenueM nucta macmraba 1:5 000 Ha 9
yacTel MepuauaHaMu W napayensmu. Pazmepsl nmcra - 37.5" no ponrore m 25" mo mmpore.
Homenknarypy nucra muana macmrada 1:2 000 monydaroT, 700aBisisi K HOMEHKJIAType JIMCTa
mnana 1:5 000 cipaBa B ckoOkax CTpouHYI0 OYKBY pycckoro andasuta OT a 10 U, Hanmpumep, N-
37-144-(256-n).

Jns Tonorpaduyeckux IJIAHOB, CO37aBa€MbIX HAa TEPPUTOPUU TOPOJOB U HAa YYaCTKH
HE3aCTPOECHHOW TEPPUTOPHUH IIJIOIA b0 MeHee 20 KM2, MPUMEHSTCS NPsSMOYToJibHas pasrpadka.
3a ee OCHOBY NMpHHMMAaeTCs JUCT miaHa macmraba 1:5000; muctel mimana macmraba 1:5000
HYMEpYIOTCS Ha y4acTKe CheMKH MOPSAIKOBBIMU HOMEpaMHt OT 1 u jaee.

Jluct mnana macmra6a 1:5000 genurcst Ha 4 4acTH U MOTYYarOTCs JIUCTHI TIaHa MaciTada
1:2000, xkoTopbie 0003HAYAIOTCS PYCCKMMHU 3arjaBHBIMU OykBamu, Hampumep, S5-I, JIuct mmana
maciurada 1:2000 penurcsa Ha 4 mucra macmrada 1:1000 wim Ha 16 aucros macirrada 1:500.



Jluctel mitana macmraba 1:1000 o6o3HavaroTcst pumckumu nudpamu ot I go 1Y, manpumep, 5-T'-
IY; nuctel urana macmraba 1:500 o603HavaroTest apabckumu uncinamu ot 1 1o 16, Harpumep, S-
I'-16.

Pazmeps! nucra miana macmraba 1:5000 - 40 x 40 cM; pa3Mepsl JIHCTa TUIaHa MacITaboB
1:2000, 1:1000, 1:500 - 50 x 50 cm.

Ha oxroMm nucre mana macmra6a 1:5000 u3o0paxaeTcsi y9acTOK MECTHOCTH IIIOIIA b0 4
kM2 (400 ra), va nmucre miana macmrada 1:2000 - 1 km2 (100 ra), Ha aucTe TUTaHa MaciiTada
1:1000 - 25 ra, na aucre maana Macmraoa 1:500 - 6.25 ra.

Cxema pasrpadku 1 HOMEHKJIATYpbl KPYITHOMACIITaOHBIX IJIAHOB IMOKa3aHa Ha puc.5.5.
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Puc.5.5

5.3. Koopounamnas cemka

OnHUM M3 2JIEMEHTOB reorpauyeckoil KapThl SBISETCS CETKa KOOPAMHATHBIX JIMHUM.
CymiecTByIOT /Ba BHJAa KOOPJMHATHOW CETKH: KapTorpaduueckas, oOpazyemas JHMHUSIMHU
MEpUAMAHOB M Tapaijeneil, U ceTka MNPsAMOYToJbHBIX KOOPJAMHAT, oOpazyemas JUHUSIMH,
napayuieabHeIMU ocsiM koopanHat OX u OY.

Ha rtomorpaduueckux kaprax MepuiuaHbl M THapauiedd SBISIOTCS TpaHMUIIAMU JIMCTa
KapThl; B yIJIaXx KapThl MOJIMUCHIBAIOTCS MX JOJIT0Ta M MIMPOTA. BHYTpH JIMCTa BBIYEPUYNBAETCS
CETKa MNPsSMOYIOJBHBIX KOOPAMHAT B BHJE KBaJpaTOB, Ha3blBacMas HMHOIZA KHUJIOMETPOBOM



CETKOM, Tak Kak Ha kaprax MacmTaba 1:10 000 u Menpue TMHUU CETKU MPOBOJIATCS Yepes3 1eNoe
YHCJIO KMJIOMETPOB.

BeprukanbHble TMHUM CETKU NapauIeIbHbl OCEBOMY MepHuanany 30HbI (ocu OX) U UMEIOT
ypaBHeHue Y = Const; 3HaueHHME KOOpAMHATHl Y TMOAINHUCHIBAETCA Yy KaXJ0H JIMHUU.
["opu3oHTanbHBIE TMHUK CETKU NapasuienabHbl ocu OY u umerot ypaBHeHue X = Const; 3HaueHue
KoOpAuHAaTh! X MOANKUCHIBACTCS Y KaXI0H JINHUU.

Jliis ynoGcTBa 1M0JIb30BaHUS JIMCTAMU KapT, HA KOTOPBIX N300paKeHbl TPAaHUYHBIE YYACTKU
30HBI, HA HHMX IIOKa3bIBACTCS CETKAa IPSIMOYTOJIBHBIX KOOpAMHAT cocenaHed 30HbI. [llupuna
IPAaHUYHOMN IOJIOCHI C CETKOW cOCelHEel 30HbI COCTaBISIET 20 MO JO0JIr0oTe ¢ 000X CTOPOH 30HBI.
BpIxoab!l IMHANM KOOPAMHATHON CETKU COCEAHEN 30HBI HAHOCATCS HA BHEIIHIOI CTOPOHY PAMKHU
JIUCTA KapThI.

5.4. YcioBHbIe 3HAKH TONOrpadpuyeckux KapT

OOBEeKThl MECTHOCTH, CHUTyallusi U HEKOTopble (opMbl penbeda H300paXkaroTcs Ha
TonorpauuecKux KapTax YCIOBHBIMHM 3HaKaMU. PazmuyaroT 4yeThIpe THUIIA YCIOBHBIX 3HAKOB:
KOHTYpHbIE WIH IJIOLIaIHbIE, TUHEIHbIC, BHEMACIITAOHBIE U MOSCHUTENbHBIE MTOAMHCH.

KoHTypHbIE yCIOBHBIE 3HAKH CIyXaT JUisi HU300pakeHHs: OOBEKTOB, 3aHHWMAOIIMX
OTIpE/ICIICHHYI0 TUIOMAAh ¥ BBIPAKAIOIMUXCS B MacmTabe KapTel. KOHTYp BBIYEPUMBAIOT
TOYCUYHBIM IYHKTHPOM HJIN TOHKOM CIUIOIIHOM JIMHHUEW M 3alOJHSIIOT YCJIOBHBIMU 3HAYKaMH
jeca, Jiyra, cajaa, oropoja, 6oioTa u T.1.

JluHeiHbIe YCIOBHbBIE 3HAKH CIYXKaT A7 U300paKeHUsl TMHEHHBIX 00BbeKTOB: nopor, JIDII,
JUHUHA CBSI3U, Pa3jMYHBIX MPOAYKTOMPOBOAOB M T.A. Macmitad mo JTUHUM paBeH MacuTaldy
KapThl, a B IONEPEYHUKE - HA HECKOJIBKO MOPSIIKOB KPYITHEE.

BHeMacimTaOHble yCTOBHBIE 3HAKU CIYKaT JJIS MOKa3a OOBEKTOB, HE BBIPAXKAIOIIUXCS B
MaciiTade KapThl: TE€OJIe3MYECKUX IYHKTOB. KHUJIOMETPOBBIX CTOJOOB, Telie- U PaJUOBBIIIEK,
¢dabpuk, 3aBOJOB, PA3IMYHOTO POJAa OMOp, U T.J. MecTOmosoKeHHE OOBEKTa COOTBETCTBYET
XapaKTEpHOW TOYKE YCIIOBHOTO 3HAKa, KOTOpask MOXKET pacloyiaratbCsi B IEHTPE , YCIOBHOTO
3HaKa, B CEpeIMHE €r0 OCHOBAHUSA U T.JI. .

IMossicauTennHEIE moAMrCH CIIyKaT JId I[OHOHHHTGHBHOﬁ XapPaKTCPUCTUKHU 00BEKTOB: y
Opoja depe3 peKy MOAMUCHIBAIOT MIYOHHY U XapakTep TPYHTa, Y MOCTa - €ro ATUHY, IIUPUHY U
IPy30M0BEMHOCTD, Y IOPOTH - IIHUPUHY MPOE3KEN YaCTH U XapaKTep MOKPHITUS U T.1.

B tpaguumonHoil kaprorpaduu MNPUHATO JAeTEeHHE BCEX OOBEKTOB MECTHOCTH Ha 8
OOJBIINX KIACCOB (CETMEHTOB):

MaTeMaTHYeCcKasi OCHOBA,

penbed,

ruaporpadus,

HACCJICHHBIC ITYHKTHI,

MPEIPUSITHS,

JIOPO’KHAsI CETh,

pPacCTUTENTHHOCTh U TPYHTHI,

TPaHUILIBI ¥ TTO/THUCH.

Ta6J'II/IHBI YCJIOBHBIX 3HAKOB JJISI KapT PAa3HBIX MaciITadOB COCTABIAIOTCS B COOTBETCTBUU
C ODTUM AOCJICHUEM O6’I)GKTOB; OHU YTBCPKIOAOTCA IrOCyaAapCTBCHHBIMHU OpraHaMu W U3Oar0TCA B
dbopme 00s13aTeTbHBIX 711 UCTIOJIHEHUSI IOKYMEHTOB.



5.5. M300paskenue peabeda Ha KapTaxX U MJIaHAX

OcHoBHble GopMbI penbeda. HecMoTpss Ha Oonbioe pasHoOOpa3ne HEPOBHOCTEH 3eMHOMN
MIOBEPXHOCTH, MO’KHO BBIIETIUTH OCHOBHBIE ()OPMEBI penbeda: Topa, KOTIOBHHA, XpeOeT, JIOINHA,
CEe/JIOBUHA.

I'opa (umm Xo0aM) - 3TO BO3BBIIIEHHOCTh KOHYycooOpa3zHoW ¢opmbl. OHa wHMeeT
XapaKTEpHYIO TOUKY - BEPIINHY, OOKOBBIE CKAaThI (MM CKJIOHBI) U XapaKTEPHYIO JIMHUIO - INHUIO
HOJOLIBBI. JIMHMS TOOMIBEI - 3TO JIMHUSA CIUAHUSA OOKOBBIX CKaTOB C OKPYXAarOIel MECTHOCThIO
. Ha ckarax ropsl nHOrJa ObIBalOT TOPU30HTAIBHBIE IIJIOLIAIKN, HA3bIBAEMbIE YCTYIIAMH.

KotnoBuna - 310 yriybnenue konycooOpa3Hoit ¢popmbl. KoTiioBHHA nMeeT XapakTepHYIO
TOYKY - JHO, OOKOBBIE CKaThl (WM CKJIOHBI) U XapaKTEPHYIO JINHUIO - JIMHUIO OpoBKU. JIMHUA
OpOBKH - 3TO JIUHHSI CIIUAHUS OOKOBBIX CKAaTOB C OKPYXKAIOIIEH MECTHOCTBIO.

Xpeber - 9TO BBITAHYTas W IIOCTENICHHO MOHMKAMOMIASCS B OJHOM HAlpaBJICHUH
BO3BBIIIEHHOCTb. OH HMEET XapaKTepHble JUHMU: OAHY JIMHUIO BOJOpasjena, odpazyemyro
OOKOBBIMHU CKaTaMU MPHU UX CIUSHUU BBEPXY, U JIBE JIUHUU M1OJIOLIBBI.

JlomMHa - 3TO BBITSIHYTO€ M OTKPBITOE C OJHOTO KOHIIA MOCTENEHHO MOHMKAroIeecs
yrnyonenue. JlomuHa HMMeeT XapaKTepHble JIMHUU: OAHY JMHMUIO BOAOCIMBA (WIM JIMHUIO
TaJbBera), 00pazyeMyro OOKOBBIMHU CKaTaMU MPH UX CIMSHAW BHHU3Y, U IBE JIUHUHA OPOBKH.

CemoBrHA - 3TO HEOOJIBIIOE TOHIKEHHE MEXTY ABYMSI COCETHUMH TOpaMH; KaK IPaBHIIO,
CeIUIOBUHA SBJSIETCS HA4ajJOM [JBYX JIONIMH, MOHMXAIOIUXCA B IPOTHUBOMOIOKHBIX
HanpaBieHusix. CeIOBMHA HMMEET OJHY XapakTepHYI0 TOYKY - TOYKY CEIJIOBHUHBI,
pacIoylararoyrocss B CaMOM HU3KOM MECTE CEJUIOBUHBI.

CylecTBYIOT ~ pa3HOBHJIHOCTU  IIEPEUUCIICHHBIX  OCHOBHBIX  ()OpM,  Hampumep,
Pa3sHOBUIHOCTH JIOIIMHBI: JIOJIMHA, OBpar, KaHbOH, MpoMouHa, Oamka u T.1. HWHorma
Pa3sHOBUIHOCTH OCHOBHBIX (DOPM XapaKTepU3yIOT OCOOEHHOCTH penbeda KOHKPETHOrO y4acTKa
MECTHOCTH, HAIpuMep, B Topax OBIBAIOT MUKHU - OCTPOKOHEUYHbIE BEPIIMHBI TOp, YIIENbS,
TECHHHBI, IIEKH, TUIATO, IEPEBAJIBI U T. 1.

BepmmHa ropbl, THO KOTJIOBUHBI, TOYKA CEIUIOBUHBI SBISIOTCS XapaKTEPHBIMH TOYKAMH
penbeda; TUHHUS BoIopaszena XpeOTa , IMHUS BOAOCINBA JIOUIMHBI, JIMHUS TTOIOIIBEI TOPHI WIH
xpe0OTa, TMHHS OPOBKM KOTIIOBUHBI WIIH JIOMIMHBI SIBISIFOTCS XapaKTEePHBIMHU JIMHUSIMH pebeda.

Crioco6b1 n3o0paxenus penabeda. Criocod n3obpaxeHus peiabeda JomKeH odecreunBaTh
XOpoliee MPOCTPAHCTBEHHOE IPE/ICTaBlIeHHEe O pelbede MECTHOCTH, HAJSKHOE ONpeieseHHUe
HalpaBlIeHUH M KPYTH3HBl CKAaTOB M OTMETOK OTJENbHBIX TOYEK, PEIIEHUE Ppa3IUYHBIX
WH)KEHEPHBIX 3a/1a4.

3a BpeMs CyYIIECTBOBAaHMs Te€0JE€3MHM OBUIO pa3padOTaHO HECKOJIBKO CIOCO00B
n3o0paxkeHus penbeda Ha Tonorpaduueckux kaprax. [lepeuncium HEKOTOpPHIE U3 HUX.

[TepcriekTUBHBIN CIIOCOO.

Cnoco0 OTMBIBKH. JTOT crnoco0 TMNpUMEHSeTCsl Ha MEJIKOMAcIITaOHBIX —KapTax.
[ToBepxHOCTh 3eMIIM IMOKa3bIBAETCSI KOPUYHEBHIM I[BETOM: 4YeM OOJIbIIE OTMETKH, TeM TYIIe
1BeT. ' TyOMHBI MOpS TOKA3bIBAIOT TOJXYOBIM MIJIM 3€JICHBIM LIBETOM: 4eM OoJiblile TIyOnHa, TeM
r'yIIe IBeT.

Crioco6 mTpUXOBKH.

Crioco6 ormetok. [Ipu 3ToM criocoOe Ha KapTe MOIIMUCHIBAIOT OTMETKH OTIIEIBHBIX TOUYEK
MECTHOCTH.

Cnioco6 ropu3oHTAJICH.



B Hacrosimee BpeMsi Ha TomorpaMuecKux KapTax MPUMEHSIOT CHOCO0 TOpU3OHTACH B
COYETaHUM €O CHmocoOOM OTMETOK, NpUYeM Ha OJHOM KBagpaTHOM JIELUMETpPE KapThl
MMOAIUCHIBAIOT, KaK IMPaBHUJI0, HC MCHEC IIATU OTMCTOK TOYCK.

Crioco6 ropuszonTasneil. CymHocTs crocoda ropu3oHTalIel MOKHO MOHSTh U3 pUc.5.6.
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Puc.5.7

MBICIEHHO pacceueM Y4acTOK MECTHOCTH TOPU30HTAIbHOM IJIOCKOCThIO Ha BbicoTe H.
JIuaus mepeceyeHHs] ITOW IUIOCKOCTH C IOBEPXHOCTBIO 3€MJIM HA3bIBAETCSI TOPU3OHTAJIBIO.
['opu3oHTane Ha MECTHOCTH - 3TO 3aMKHYyTas KpHBasl JIMHMS, BCE TOYKM KOTOPOM HMEIOT
OJIMHAKOBBIE OTMETKH. YMEHBIIEHHOE M300pakeHHWe Ha KapTe TOPU30HTAIBHOM NPOEKLIUU
TOPU30HTAIN MECTHOCTH TAK)KE HA3bIBAIOT TOPU3OHTAIIBIO.

[ Toro, yToOBI H300pa3UTh TOPU3OHTANIAMHU pelibed yuyacTka MECTHOCTH, HYKHO pacceyb
€ro HE OJHOW, a HECKOJbKUMH TOPHU30HTAJIbHBIMU IUIOCKOCTSIMHM, PAacHOJIOKEHHBIMH Ha
OJIMHAKOBOM PACCTOSHHUM II0 BBICOTE OAHA OT APYrOW. DTO PACCTOSHHME HA3BIBAETCS BBICOTOM
cedyeHus penbeda u o6o3Havaercs OykBoit h. Ha MmecTHOCTH ropr30oHTaIM HE IEPECEKAIOTCSI, TaK



KaK OHM JIeXKAT B Pa3HbIX MapajUIeJbHBIX MJIOCKOCTSX; Ha KapTe OHU TOXE KakK IPAaBHUIO He
HEPECEKAOTCA.

Bce ocHoBHBIE opMBI penbeda UMEIOT CBOI PHCYHOK TOPU30HTAJICH; IPU 3TOM U TOpa U
KOTJIOBHHA M300paKalOTCsl CUCTEMaMU 3aMKHYTBIX TOpu3oHTanen (puc.5.7). UToObl pa3nuyuTh
3TH GopMbl penbeda, a TakKe I HEKOTOPBIX JAPYIHX LeJeld Ha KapTe MPHHATO MOKa3bIBaTh
HalpaBJIeHUE CKAaTOB BHU3; A 3TOr0 IPUMEHSIOTCA OEpriITpuxu - KOPOTKHE IUTPUXH,
HEepIEHINKYIIIPHbIE TOPU3OHTAJIAM U HAIIPABJICHHBIE 10 CKAaTy BHU3.

OCHOBHBIE TOPU30HTAIN UMEIOT OTMETKHU, KpaTHbIE BhICOTE cedyeHus penbeda h, HaunHas
OT HyJI cueTa BbICOT. [l BbIpaXKEHUs XapaKTEPHBIX OCOOEHHOCTEH peibeda PEKOMEHyeTCs
IPOBOAMTH IOJIYTOPU3OHTAIUM UM YETBEPTHIOPU3OHTAIM; OHM IPOBOJATCS IITPUXOBBIMHU
JMHUSMHU 4epe3 IMOJIOBHHY M YETBEPTh CeueHHs peibeda Ha OTAENbHBIX y4acTKax KapTel (Tae
paccTosiHuEe MEX1y OCHOBHBIMU TOPU30HTAIISIMH CIIHMIIKOM OOJIBILIOE).

Kaxnas msatas ocHoBHast ropu3zoHTanb npu h = 1, 2, 5, 10 M u kaxnaas yerBepTast npu h =
0.5 u 2.5 M yrommawoTtcd. OTMETKM HEKOTOPbIX TOPH30HTaJel Ha KapTe MOJIMCHIBAIOT,
OpPUEHTHPYS OCHOBAaHUS LU(P BHU3 110 CKIIOHY.

Kpyrusna u Hampasinenue ckatoB. Ha puc.5.6 BHIHO, 4YTO paccTOSIHME a MEXIY
TOPU30HTAIIMU Ha TOPU30OHTAIBHOM MPOEKLMH y4yacTKa 3aBHCUT OT KpYTU3HBI ckarta. llpum
OJIMHAKOBOM BBICOTE CEUEHHs penbeda pacCTOSHUE MEXKITY TOPU3OHTAISIMH TEM MEHbIIE, YeM
Kkpyde ckaT. KpyTusHa ckaTta xapakTepu3yeTcst yriloM HaKJIOHa V:

tg(v) = h/a. (5.4)

TaHrenc yria HakjJOHA HA3bIBAECTCS YKIOHOM M 00O3HayaeTcss OyKBOW i; YKIIOH OOBIYHO
BBIP@)KAIOT B MPOLIEHTAX WJIM MPOMUILIE (IPOMUILIE - 3TO THICAYHAS YaCTh LIEJI0T0).

Pacceuem ckaT ropsl rOpu30HTAIBHBIMU IIJIOCKOCTSMU IIPHU BbIcOTE ceueHus h (puc.5.8);
Ha y4yactke BC ckar umeer yron HaksoHa v 1, Ha yuactke CD - yrous HakioHa v2. Paccrosiaue al
- 9TO TOPU30HTAIIBHOE NPOJIOKEHNE JINHUU cKaTa BC; 0HO Ha3bIBaeTCs 3a10KEHUEM.

B D
h
B Ve
a2
h
]_:'3 B )

a /az

/N

Puc.5.8



Puc.5.9

3an0xeHue, MeprneHAuKyIsIpHOEe K TOPU3OHTAISIM, Ha3bIBAeTCA 3aJ0XKEHHWEM CKara, TOo-
€CTh, 3aJI0KEHHE CKaTa - 3TO TOPU3OHTAIbHAS MPOCKIUS TUHUH HAHOONbIIEH KPYTU3HBI CKAaTa B
JAHHOW TOYKE; OHO MPUHMMAETCS 3a HampaBlieHue ckaTa. Mi3MepuB Ha KapTe OTPE3OK a U 3Has
BBICOTY cedeHus penbeda h, mo popmyrne (5.4) MOKHO BBIUMCIUTH TAHTCHC yIila HAKIOHA, a
3aTe€M U caM YroJj HaKJIOHa V.

I'padux 3anmoxenuit. yis ObICTpOro ompeneneHus yrjla HaKJIOHA IO KapTe MOJIb3YIOTCS
CHeHUallbHbIM TpauKOM, KOTOpBIM Ha3bpiBaeTcsd rpapukoM 3ajoxkeHud. OH cTpouTCs
cienyromumM oobpazom (puc.5.9):

BBIUHUCIISAIOT 3aJI0)KEHUE cKaTa IO 3aJJaHHOM BBICOTE CeueHMsl penbeda JUlsl pa3HbIX YIJIOB
HaknoHa 0.50, 1o, 20 u T.11.,

IIPOBOAST NPSIMYIO JIMHUIO M OTKJIAAbIBAlOT HAa HEW PAaBHBIE OTPE3KU [UIMHBI, KOTOpBIE
MOJAIKUCHIBAIOT B Ipajlycax yrjia HaKJIOHA,

NEPIEeHIUKYIIPHO ATOW JIMHUM OTKJIQJBIBAIOT B MacliTabe KapThl 3aJI0KEHHs CKara,
BBIUMCJIEHHBIE /IS KaX/10T0 3HaYeHUsI YIJla HaKJIOHa,

COEIMHSIOT MTOTY4EHHBIE TOUKH IIJIABHON KPUBOM.

Ecnu tenepr TpeOyeTcs onpenenuTs Yroi HakjIoHa JJisi KOHKPETHOTO 3aJI0’KEHUs cKaTta a,
pacTBOPOM LIMPKYJIS, PaBHBIM a, HaXOAST COOTBETCTBYIOIIEE MECTO Ha TpadyKe U CUUTHIBAIOT
yroJ HakJIoHa (Ha puc.4.9 v =40 30").

AHAJIOTUYHO MO>KHO IOCTPOUTH TpaUK 3aJI0KEHUS 1JIs1 YKIIOHOB 1.

['paduk 3a5105k€HMS TOMEIAETCS BHU3Y JIUCTa KapThl CIIpaBa.

Pacuer BbIcOTHI ceueHust penbeda. Ilpu npoekTupoBaHUM pabOT MO CO3/aHUIO KAPTHI UIIH
IUIaHa BBICOTY ceueHus penbeda h BbIOMpaIOT B 3aBUCMMOCTH OT MaclITaba KapThl, XapakTepa
penbeda n Ha3HAYEHMs KapThl UM TUaHa. [Ipu 3ToM yciaoBUINCH N300pakaTh TOPU3OHTAIISIMU
ckatel 70 450; ckarbl OoJblIed KpyTH3HBI HM300pa)kaloT CHEHHATbHBIM YCJIOBHBIM 3HAKOM
o0psiBa. C Ipyroil CTOPOHBI, paCCTOSHUE MEXAY TOPU30HTAISIMU Ha KapTe HElb3s YMEHbIATh
0 OECKOHEYHOCTH, MHA4Y€ OHM CONbloTCA. CUUTAETCsl, YTO HAUMEHbBILEE PACCTOSHUE MEXITY
ropusoHTasiMu MoxkeT ObiTh 0.2 MMm. Ilpum amin = 0.2 MM ¥ vmax = 450 BBICOTY CEYEHHUs

penbeda It KOHKPETHOro MaciTaba MOXKHO MOACYUTATH 1O hopMyIie:
h =amin * M * tg(vmax). (5.5)



Hampumep, nst macmrada 1:M = 1:5 000 moayunm h =1 m.

[To dopmyne (5.5) HaXxoAAT Tak Ha3BIBAEMYIO PACUETHYIO BBICOTY cedeHus: penbeda. B
3aBHCUMOCTH OT xapakrtepa penbeda Mucrpyknus [14] pexomenayer [Uis IUIaHOB MaciTadba
1:5000 HECKOBKO 3HAYCHHIA BRICOTHI CEUCHHUS pebeda:

JUTSI TTIOCKOpPaBHUHHON MeCTHOCTH h=0.5 Mmumu h =1 m,

JUISl paBHUHHOM M BCXOJIMJICHHOM MeCTHOCTH h =1 M mim h =2 m,

JUTSI TOPHOM MECTHOCTH h =5 M.

[TpaBuiibHBII BBIOOP BBICOTHI CEUEHHUS penbeda OYeHb BaXKEH C YKOHOMUYECKOW TOUKHU
3peHusi, TaKk KaK MPU YMEHBIICHUU BBICOTBHI CEUEHHUs BO3pacTaeT o0beM padoT M pacxojsl Ha
MIPOU3BOJICTBO CHEMKHU.

ITpoBeneHue ropru3oHTanel Mo OTMeTKaM Touek. YToObl MpOBECTH Ha KapTe (MM IJIAHE)
TOPU30HTAIIM, HEOOXOIUMO HMMETh TOYKH C HM3BECTHBIMH OTMETKaMH, KOTOpBIE HAa30BEM
nukeramu. [lycte manbl uketsl 1, 2, 3, 4 (puc.5.10), u npeamnonaraetcs, 9To BAOJIb JUHUN 1-2,
1-3, 1-4, 2-3 u 3-4 MecTHOCTb MUMEET paBHOMEPHBII YKJIOH. Tpebyercs mpoBeCTH TOPU3OHTAIH
BHYTPH y4acTKa, OTPaHUYEHHOT0 JIuHUuAMH 1-2, 2-3, 3-4, 4-5; BeicoTa ceuenus penseda h=1 m.
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[Tponiecc HaxoXIeHWs HAa JMHHUM, COCIMHSIONICH JBa IMHKETa, TOYEK, uepe3 KOTOphle
OpOIyT TOPU3OHTANM, HAa3bIBAETCSI HMHTEPIIOJIMPOBAHMEM Topu3oHTanel. I3BecTHB Tpu
crioco0a MHTEPIIOIMPOBAHMS: aHAINTHYECKUH, rpaduuecKuil 1 Ha Tias3.

PaccMoTpuM  aHanMTUYECKHH C€IOCOO, SBISAIOMIMNACS OCHOBOM Ml JBYX OCTaJbHBIX
croco6oB. Ha puc.5.11 mpoBenem JMHUIO MECTHOCTH, Hanpumep, 4-1, U ee ropu30HTAIbHYIO
IPOEKIMI0O M 3aTeM IOKaXKeM CeKyIllHMe IUIOCKOCTH, MpOoXoAsiue 4epe3 1| M IO BBICOTE.
O6o3nauum Touku JuHuu 4-1 OykBamu A, F, E, D, C, B. CopoektupyeM 5TH TOYKH
MIEPECEUCHMS CEKYIINX TUIOCKOCTEN ¢ JINHUEHN 4-1 Ha ee TOPU30HTANBHYIO MPOEKIHIO, ITOTyYUM
TOUKH a, f, e, d, ¢, b. 3amaua 3akmoyaercs B BRIYMCICHUU paccTosiHui af, ae, ad, ac.

N3 nono6us tpeyronsuukoB FAf u BAb' umeem:

Af/Ab' = Ff'/Bb',

OTKyJa
AF' = Ab™(Ff/Bb’)
n

af = Af' = Ab™(HF - H1)/(H4 - H1).
O6o03HaunM Ab' uepes s 1 3aITUIIIEM OKOHYATEIBHO:

_ o Hem )
&= (H, - Hy) (5.6)



Ecnu puc.5.11 moctpouts B Macmtade KapThl (TU1aHa), TO OTPE30K S MOKHO B3ATh MPSMO C
KapThl; OTMETKU NMUKETOB | M 4 M3BECTHBI, OTMETKA TOYKH F paBHA OTMETKE NEpBON CEKyLIeH
MJIOCKOCTH BBIIIE TOUKH A.

AHAJIOTUYHO MOXHO BBIYUCIHTH OCTalIbHbIE OTpe3ku. OTIOXHMB HMX Ha JUHUU 4-1,
[IO0JIy4YUM Ha HEW HCKOMBIE TOUKH.

Ha otpeskax 1-2, 2-3 u aApyrux TakuMm xe 00pa3oM HaiJIeM TOUKH UX MEPEeCeUeHUs C
TOPU3OHTAIISIMU. 3aTEM IUIABHBIMH JIMHMSIMU COEIMHHMM TOYKH C OJMHAKOBBIMU OTMETKaMHU U
MOJIyYUM PUCYHOK FOPU30HTAJIEH.

AHaIUTHYECKUN CII0COO MPUMEHSIOT JOBOJIBHO PEIKO BBUAY €ro OOJIBIION TPYTOEMKOCTH.
['opazno yarie NpUMEHSIOT rpaduyuecKuii crocod, Mpyu KOTOPOM HCIIONB3YETCs MajeTka (JHCT
po3payHoi OymMard WiM IJIaCTHKA), Ha KOTOPOM IPOBEJCHBI MapauIeIbHbBIC UM PACXOISAIINECs
npsiMble TUHUU. MHTEpoNMpoBaHue Ha IJ1a3 MPUMEHSIOT IPH HEOOIBIIUX PACCTOSHUSX MEXKITY
MUKETaMH U TIPU MAJIbIX PA3HOCTSAX OTMETOK IMUKETOB.

6. OnpeneseHne MIOMAAM Y4aCTKOB MECTHOCTH
6.1. I'eomeTpuyeckuii cnocod

CymectByeT Tpu crmocoba OmpeaeNieHus] IUIOMAAN  y4YacTKOB: TE€OMETPUYECKHIA,
AHATUTHYECKUI U MeXaHU4ecKuii. Ha MecTHOCTH PUMEHSIOT J1Ba TIEPBBIX CIIOCO0a, Ha KapTax U
IUTaHAaX - BCE TPU CIocoda.

['eomeTpuyeckuii cnocod - 3TO BBIUMCICHHE IUIOMAAN T€OMETPUIYECKIX (UTyp IO ATUHAM
CTOPOH M yTJIaM MEXIYy HUMHM, 3HAU€HHUsI KOTOPBIX MOKHO MOJYYUTh TOJIBKO U3 U3MEPEHUI.

CHayaza pacCMOTPHUM MPOCTEUIIYIO GUTYPY - TPEYTOJIbHHUK.

@opMyIibl [T BEIYUCIICHUS MJIOLIA I TPEYTOJIbHUKA N3BECTHBI:

P=05*a*h; (6.1)
P=05*a*b* Sin(C) (6.2)

P= fp*lp-a)*(p-B)+[p-c], (6.3)

B 3TUX (popMyrax:
a, b, C - THHBI CTOPOH TPEYTOJIbHUKA,
A, B, C - yrisl npu BepIIMHaxX MPOTUB COOTBETCTBYIOUINX CTOPOH,
h - BeICOTa, TIPOBEICHHASI U3 BEPIINHBI A Ha CTOPOHY a,
p - monynepumetp, p=0.5*(a + b + ¢).

Jns pemieHust 000r0 Nn-yrojbHUKa HYKHO 3HaTh (2*n - 3) ero »JeMEeHTOB, MpHUYEM
KOJINYECTBO U3BECTHBIX YIJIOB HE JOJDKHO OBITH OoJbIe (n-1), Tak Kak OJUH YToJl BCETJa MOXKET
OBITH BBIYMCIIEH, €CIIM OCTAJIbHbIE YTl U3BECTHBI, HA OCHOBAaHUU (HOPMYJIBL:

TB=180°*(n-2) (6.4)

[IpumMeHeHne TeoOMEeTpUYECKOro Crocoda Ha MECTHOCTH TpeOyeT pa3OmeHus ydacTKa Ha
MPOCThIE TEOMETPUYECKUE (PUTYpHI, UTO BO3MOXKHO JIHMIIb MPU HATUYHH BUIUMOCTH BHYTPH
yuacTtka (puc.6.1.)

[Tpu onpeneneHNN MIOIMIAINA YIaCTKOB Ha TOMOTpadUUYeCcKUX MIaHaX M KapTaX CTOPOHBI U
BBICOTBI TPEYTOJIbHUKOB, CTOPOHBI M JHATOHAIU YETHIPEXYTrOJbHUKOB HYXHO H3MEPSATH C
MIOMOIIIHIO TIONIEPEYHOTO MACIITa0a.



Jlis ompenencHUs IUIONMIAAM HA KapTe WIH IUIAaHE TC€OMETPHYSCKHM CIIOCOOOM dYacTo
UCTIONIB3YIOT MAJIETKY - JIUCT MPO3payHOi Oymaru, Ha KOTOPOM HaHeCeHa CeTKa KBaJpaTOB WIIH
napajuienbHeIX JUHUHA. [laneTky ¢ KBagparaMy HaKIaIbIBAIOT HA YYacTOK M TIOJCYUTHIBAIOT,
CKOJIBKO KBaJpaTOB COJCPKHUTCS B JAHHOM YYacCTKE;, HETOJHBIC KBAJAPAThl CYUTAIOT OTIEIBHO,
MIEPEeBO/IS 3aTEM HX CYyMMY B MOJHBIC KBaapaThl. [Iomaas yqacTka BRIYHCISIOT 10 opMmyIie:

P=n*(a*M)2, (6.8)

IJIe a - JUIMHA CTOPOHBI KBaIpara,

M - 3HaMeHaTeNb MaciTada KapThl,
N - KOJIMYECTBO KBAPATOB Ha Y4aCTKE.

Puc.6.1
[IprMeHeHre najeToK ¢ napauieIbHBIMU JTUHUSIMU OMTUCAHO B [23].

6.2. AHAJIUTHYECKHHA CIIOCO0

[Tpy HanMuuMM NPAMOYTOJBHBIX KOOpAMHAT X M Y BEPIIMH N -YrOJbHUKA €0 IUIOIAb
MOYKHO BBIYUCIUTH 110 (POpMyJIaM aHATUTHYECKON NeOMETPUH; BBIBEJEM OJIHY U3 TaKUX (HOpMyII.

[Tycts B Tpeyronsuuke ABC xoopnunats! BepuinH paBHbl X1, Y1 (A), X2, Y2 (B) u X3,
Y3 (C) - puc.6.2.
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W3 BepIvH TpEyrojbHUKA OIyCTUM TIEPIICHIUKYIISPBI Ha OCH KOOPJIUHAT M 0003HAYNM HUX
JUIMHY, KaK ITOKa3aHo Ha puc.6.2.

[Tnomane TpeyrompHuka P Oymer paBHa cymme rwiomanei AByx Tpanernuit [(aABc) u
[I(bBCc) 3a BerueTom momiaau tpanenuu [I(aACc)

P=PI+P1I-PI1I. (6.9)



Bripazum miomaap Kak10i Tparnemu 9epe3 e OCHOBAHUS U BBICOTY:
PI=0.5(X1+X2)*(Y1-Y2);

PI=0.5(X2+X3)*(Y3-Y2); (6.10)

PI=0.5(X3+X1)*(Y1-Y3);

Utobsl wm3baBuThCs OT MHOXUTens 0.5, OyaeM BBIYUCIATH YABOCHHYIO IUIONIA[h
TPEYroJIbHUKA. Brmomanm YMHOXCHUE, IIPUBCIACM HOI[O6HI)I€ YJICHBI, BBIHECEM 06I_LII/IC
MHOKHUTEIH 32 CKOOKU U IIOJIy4YrM:

2*P=X1*(Y2-Y 3)+X2*(Y3-Y1)+X3*(Y1-Y2)

WY B OOIIIEM BUJIE:

2*P=Z[Xi*(yi+1_yi—l)]~ (6.11)

nan nan

B sr1oit dopmyne mnaexkc "i" mokaspiBae€T HOMEp BEPIIMHBI TPEYTrOJIbHHMKA; WHICKC "i
03HAYAET, YTO HYKHO OpaTh CIEAYIONIYIO WU MPEeAbIAYIIYI0 BepIIHHY (Ipu 00X0je (GUrypsl mo
YacoBOM CTperike).

Ecnu npu rpynnupoBKe 4IeHOB BBIHOCUTH 32 CKOOKH Y 1, To momyuutces Gopmyna:

2*40:2[1/:‘ *[:Xi—l_Xz'+1)]' (6.12)
Bolunciienus mo oboum (GopMmyliaM JalT OJMHAKOBBIM PE3yJabTar, OITOMY Ha MPAKTUKE
MO>KHO MOJIb30BaThCS JII000H U3 HUX.

6.3. MexaHM4YeCKHU Cmocoo

Mexanudeckuil crioco0 ONpeneNneHus IUIOIAAu - 3TO U3MEpPEHHE Ha KapTe WM IUIaHE
IUIOIIAAM y4YacTKa C IMPOW3BOJIBHBIMUA TPAaHWIAMH TpPU TIOMOIIM CHENHaIbHOTO mpubopa -
riaHumerpa. [TonspHblii IulaHUMeTp UMeeT JBa pelyara: nomocHslii R1 1 00Boanoi R (puc.6.4).

OnuH KOHEl MOJIOCHOrO pbryara - Touka ( - sSBISETCSA MOJIFOCOM IIJIaHUMETpa, - Ha HEM
KPEMUTCS UIJIa; JPYyroi ero KOHell [MIapHUPHO COEIUHSETCS ¢ 0OBOAHBIM phlyaroM B Touke b. Ha
OJTHOM pblyare OOBOJHOIO pbluara MMeeTcs cueTHoe Kosieco K, koTopoe pacmosaraercs
NEepHEHNKYIIIPHO pblYary, Ha JIpPYroM KOHIIE pblyara HaxoauTcss oOBoaHas Touka f. Jlns
MEXaHMYECKOT0 CueTa Yynciaa 000pOTOB CUETHOTO KOJieca UMEETCs CUETHBIN MexaHu3M. CueTHbIN
OapabaH pa3zienieH Ha CTO YacTel,u COOKY OT HETO UMEETCs BEpHbEP Ha OJHY JECATYIO JETICHUS.
OOBoOHOE KOJIECO M CYETHBIM MEXaHM3M IIOMEUIAIOTCS Ha KapeTKe, KOTOPYID MOXKHO
nepeMenaTh B10JIb 0OBOJJHOTO phluara , i3MeHssl TEM caMbIM ero JUIMHY R = bf.

Puc.6.4

W3mepenue miomaan cCBOIUTCS K 00BOYy IO KOHTYPY yd4acTKa Ha KapTe 0OBOJHOM TOUKON
f; mpu sTOM BCeNCTBHME TpeHHS O OyMmary cueTHOe Kojeco Bpariaercs. bepyT orcuer mo
CUETHOMY MeEXaHu3My 10 o0Bojga KoHTypa nl u mocime o6Boma - n2. Ilmomans y4yacTka
BBIUUCIISIIOT IO (hopmyIie:

P=c*(n2-nl), (6.21)



I'JIe C - 1IeHA JIeJIeHUs TNIAaHUMETPA.

Buemnuii BuA MONMSPHOTO IJIAHMMETpa H300paxkeH Ha puc.6.5; Ha HeMm mudpamu
o0o3HaueHbl: |1 - OCHOBHasi KapeTka, 3 - MOJIIOCHBIM pblyar, 4 - moiroc, 6 - CTeKJISHHas
IUTACTHHKA ¢ OOBOJHOM TOYKOM, 7 -0OBOJHOMN phIyar, § - MIApHUPHOE COCTUHEHUE, 9 - CUETUUK
MOJIHBIX 000pOTOB, 10 - cueTHOE KOJIeco, 11 - BepHbE.

Dmovem: F4 55

Puc.6.5

Teopuss momsipHoro mnanumerpa. [IpenMerom Teopuu IUIaHUMETpa SBISETCS BBIBOJ
(dbopMyIibl TUIOMIAIM 0OBOJUMOrO y4acTKa B 3aBUCHMOCTH OT YMCiIa 00OPOTOB CUETHOIO KOJIECa.
[Tpu BbIBOJE (hOpMYJBI BBLAEIMM JIBa Clydas: MOJIOC IUIAHUMETpa pacrojiaraercs BHYTPH
KOHTYypa U BHE KOHTYpa.

7. Tonorpapuyeckasi CbeMKa MECTHOCTH
7.1. I'eone3ndeckne ceTu
7.1.1. Knaccudgukanus reoe3n4ecKux cerei

C TouKM 3peHusi TeOMETPUH JIt00asi reoie3ndeckasl CeTh - 3TO Ipymnmna 3a(UKCHPOBAHHBIX
Ha MECTHOCTH TOYEK, JUIsl KOTOPBIX ONpezeseHbl MIaHoBble koopanHatel (X 1 Y wi B u L) B
IIPUHSTON IBYXMEPHOW CHCTEME KOOPAMHAT U OTMETKM H B MpUHATON CHUCTEME BBICOT MU TPU
KOOpAnHATHI X, Y U Z B IPUHATON TPEXMEPHOM CUCTEME MPOCTPAHCTBEHHBIX KOOPAUHAT.

I'eonesnueckas cetb Poccum co3gaBanack B TEUEHHE MHOTHX JIECATHIIETHMN; 3@ 3TO BpeMs
M3MEHSJIUCH HE TOJIBKO KJIaCCU(PUKALUs CeTel, HO U TpeOOBaHUs K TOYHOCTH U3MEPEHUN B HUX.

CornacHo [18] Bce reone3MyecKkue CETH MO HA3HAYCHHI0 W TOYHOCTH TOCTPOCHU S
HOJPA3JeNAI0TCsA Ha TPU OOJbIINE MPYTIIBL:



rocynapctBenHbie reoaesnueckue cetu (I'TC),

reone3ndeckue cetu crymenus (I'CC),

reo0J1e3MYECKUe ChEMOYHBIE CETH.

B nacrosmee Bpemst cuurtarorcs naedctByomnMu Mucrpykuus 1966 ronma [18] o I'TC,
Nuctpykmus 1982 roma o 'CC u ChbeMOUYHBIX CETAX W Psii BEIOMCTBEHHBIX IOJOKEHUU U
MHCTPYKIUH O APYTUX BUJIAX CETEH.

HacymHoii 3amadeld HbIHEHIHETO MEpHOa SBISETCS CO3JaHHe eAUMHON KiaccuuKaiuu
BCEX CYILECTBYIOIIMX M MEPCHEKTUBHBIX I'€0/Ie3MUECKUX CeTed, KoTopas Obl COOTBETCTBOBaja
MEXIYHApOJAHBIM CTaHIaPTaM.

I'ocynapcrenHas reogesnueckas cetb (I'T'C) sBusiercs riiaBHON reoie3M4ecKoil OCHOBOM
TonorpaduuecKux CheMOK BCEX MACIITa0OB U JOJKHA YAOBIETBOPSATH TPEOOBAHUSAM HAPOIHOTO
XO035CTBA W OOOPOHBI CTPAaHBl MPHU PEIICHUHM COOTBETCTBYIONIMX HAYYHBIX M WH)KCHEPHO-
TeXHUYECKUX 3anad. [lmaHoBasi ceTh CO3/MaeTcsi METOJAaMU TPUAHTYJIALMH, MOJIUTOHOMETPHH,
TpPUJIATEPALIUU U UX COYETAHUSIMH; BBICOTHASI CETh CO3/Ia€TCs MOCTPOCHUEM HUBEIHPHBIX XOJI0B
U ceTeil TeoMEeTpPUYECKOTo l'ocynapcrBennas
nojapasjaenserca Ha cetd 1,2, 3 u 4 KIaccoB, pa3jiMyarolldecs TOYHOCThIO MU3MEPEHUH YIJIOB,
paccTOSHUM U MPEBBILICHUH, ITTMHONW CTOPOH CETH U MOPSAIKOM MOCIEI0BATEILHOTO Pa3BUTHSL.

HHUBCJIUPOBAHUAA. IreoaAC3NYCCKasit CCThb

['ocynapctBeHHass reoae3udeckas ceTh 1 Kiacca, Has3bplBaeMasl €HI€ acTPOHOMO-
reose3ndeckoil cerbio (AI'C), ctpoutcs B BUe MOJUTOHOB niepuMeTpoM okoiio 800 - 1000 km,
00pa3yeMbIX TPUAHTYJISIUOHHBIMU HJIM TIOJUTOHOMETPUYCCKUMH 3BCHBSIMH JUTHHON HE Ooliee
200 kM U pacrnoyiara€MbIMU TI0 BO3MOXKHOCTHU BJIOJIb MEPUJIMAHOB U TTapaliesei.

['ocynapcTBeHHas reojie3uyecKkas CeTh 2-TO Kjacca CTPOUTCS B BUJE TPUAHTYISILIMOHHBIX
CeTei, CIUIONIb MOKPBIBAIOIIUX TPEYroJbHUKAMH IIOJIUTOHBI, OOpa30BaHHBIE 3BEHBSIMU
TPUAHTYISIUU WIHA TOTUTOHOMETPHH.

TpebGoBaHusi K TOYHOCTH M3MEPEHHs] TOPU3OHTANBHBIX YIJIOB U PACCTOSHHUI B

TPUAHTYJSIMU TPUBEIEHBI B TabnuIle 7.1, B MOJIUTOHOMETPUH - B TabwuIe 7.2.

Tabmuna 7.1.
Krac Cp. KB. OtHocuTenbHast Hnuna
o cetnt omnoOka omnoka CTOPOHBI
U3MEPEHUs YIrioB 0a3UCHBIX CTOPOH TPEyrojbHUKa
1 0.7" 1 :400 000 >20 kM
2 1.0 1:300 000 7-20 xm
3 1.5 1:200 000 5 -8 kM
4 2.0 1:200 000 2-5KM
Tabnuua 7.2.
Krac Cp. KB. OtHOCuTENBHAS Jnuna
omunoka omunoka CTOPOHBI
C ceTu
M3MEPEHUs YTIIOB |CTOPOHBI X012 xoJa
>20 -2
1 0.4" 1:300 000 0-25

KM



2 1.0 1:250 000 7-20 xm
3 1.5 1:200 000 >3 kM
4 2.0 1:150 000 >2 KM

Kpome Toro, 10KHBI OBITH BBITOJIHEHBI YCIOBUSI IO KOJIMYECTBY CTOPOH B XOJI€, 110 JJIMHE
nepuMeTpa MOJIUTOHOB U HEKOTOPbIE APYTHE.

Cpennne KBaJpaTHYeCKUe OMMOKN N3MEPECHHsI MPEBhIIEHNH Ha | KM X0/1a B HUBEIUPHBIX
xonax u cersax I, II, I, IY knaccoB paBubl 0.8 MM, 2.0 MM, 5 MM 1 10 MM COOTBETCTBEHHO;
npeaeibHbple OMMOKKM Ha | KM XoJa MpPUHATHI paBHBIMH 3 MM, 5 MM, 10 MM u 20 mm
COOTBETCTBEHHO [15].

s ronorpaduueckux cheMok B MHcTpykinu 1966 rona [18] ycTaHOBJICHBI ClEAYIOIINE
HOPMBI IJI0THOCTH ITyHKTOB [ T'C:

it cbeMOoK B Macmradax 1 : 25000 u 1 : 10 000 - 1 myskr Ha 50 - 60 kM2,

Juist ceeMok B Macitadax 1 : 5 000 - 1 mynkr Ha 20 - 30 kM2,

Uit ceeMok B MaciuTadax 1:2 000 u kpynsee - 1 myHKT Ha 5-15 km2.

B TtpynHomocTynHbIX paiioHax MoTHOCTh NTyHKTOB ['T'C MoxkeT ObITh yMEHbIIIEHa, HO HE
Oosee, uem B 1.5 pasa.

Ha Tepputopun roponos, umeronux He meHee 100 000 >xutenedl WiauM 3aHUMAIOIIMX
IIOIIa/lb B Mpeaenax ropoAcKoil 4epTel HEe MeHee 50 kM2, mioTHOocTh NyHKTOB ['T'C momxkHa
OBITH TOBeieHa 10 | myHkTa Ha 5 - 15 kM2.

I'eonesnueckue cetn crymenus (I'CC) sBAStOTCS IJIaHOBO-BBHICOTHBIM OOOCHOBAaHHEM
Tornorpaguueckux cbeMok MmacmrtaboB ot 1:5000 mo 1:500, a Takke Ciry>kaT OCHOBOH JUist
MIPOM3BOJICTBA PAa3JIMUYHBIX HMHXKEHEPHO-TE€0/AEe3MUecKUX padboT. OHU cO3Jal0TCs METOoJaMu
TPUAHTYJISIUMA U noauroHomerpuu. Ilo ToyHOCTM W3MepeHUss YIJIOB U pPaCCTOSHUUN
nonuronomerpusi 'CC 6b1BaeT 4-ro kiacca, 1-ro u 2-ro pa3psaos [14] - Tabnuna 7.3.

Tabnuua 7.3.

P Cp. KB. OTtHOCHUTENbHAS
azpsAn  omudka ommoKa
CeTH |U3MEPCHHS YTJIOB HU3MEPEHUS PACCTOSTHHIMA

; 3.0" 1:25000
KJI.
1
5.0" 1:10000
pasp.
2
10.0" 1:5000
pasp.

CrnenyeT mom4epKHYTh, 4TO U3MepeHus B 4-m knacc nonuroHoMerpun I'CC BBIMOTHSIOTCS
CO 3HAYUTEIHLHO MEHBIIIECH TOYHOCTEIO, ueM B 4-M Kitacce I'T'C.

[TnorHocte myHkToB ['CC pomxHa OBITH nOBeAeHa 10 1 myHkta Ha | kM2 Ha
HE3aCTPOEHHON TEPPUTOPUU U 10 4 MyHKTOB Ha | KM2 Ha TEPPUTOPHUH HACEIEHHBIX ITYHKTOB U
Ha MPOMIUIONIAKAX.



['ocynapcTBeHHYI0 IeoJe3u4ecKyro CeTh 4 Kjlacca MOYKHO CUMTaTh IEPEXOAHBIM BHJIOM
cereit Mexay I'TC u I'CC.

Otrmerkn nyHkroB [I'CC omnpepenstorcs u3 HuBenupoBaHus Y kimacca wnm U3
TEXHUUYECKOTO HUBEIUPOBAHMUSL.

['eone3nyeckre CheMOUHBIE CETH CIIY)KaT HEMOCPEICTBEHHONH OCHOBOHM TOMOrpaduuecKux
CbeMOK Bcex MacmraboB. OHHM  CO3JAlOTCSI  BCEMH  BO3MOYKHBIMH — I'€0J€3MYECKUMU
IOCTPOCHUSMHU; IUIOTHOCTh HX IYHKTOB JOJKHA OOECIeYMBATh BBICOKOE KAYECTBO CHEMKH.
OTMeTKH MYHKTOB ChbEMOUHBIX CETEeH pa3pelaeTcs MojlydyaTb U3 TEXHUYECKOIO0 HUBEIMPOBAHMS

(pu BhIcOTE ceueHMs penbeda h = 1 M) MM U3 TPUTOHOMETPUYECKOTO HUBEIUPOBAHHS (IIPH

BBICOTE ceueHns h = 1 m).

Ha teppuropuu Poccuu xpome I'T'C, I'CC, THC (rocymapcTBeHHON HUBEITUPHOU CETH)
CYIIECTBYIOT U APYrue BUABI reofe3ndeckux cerei [20]:

dbyHIameHTalbHas acTpoHoMo-Teoae3ndeckas cetb (DAIC),

rocyaapcTBeHHas pyHaamMeHTanbHas rpaBuMerpudeckas cetsb (I'OI'C),

noruiepoBkas reogesuueckas cetb (IIC),

KocMuueckas reogesnueckas cetb (KI'C),

CIIyTHHUKOBas reojie3nueckas cetb 1-ro kiacca (CI'C-1),

cnyTHHKOBas auddepennnanpaas reonesndeckas cetb (CAIC).

Coznanue reofie3ndeckux cerel JMo0oro Kiacca W paspsaa OCYIIECTBISETCS IO 3apaHee
pa3paboTaHHBIM U YTBEP>KJIEHHBIM IpoeKkTaM. B mpoekTe 1oKHA OBITH COCTaBJICHA CXeMa CEeTU
(cxema pa3MelieHHs] MyHKTOB CETH M UX CBsA3€H), 0OOCHOBaHBI THIBI LIEHTPOB U 3HAKOB,
onpezeneHbl 00beMbl U3MEPEHUN M MX TOYHOCTh, BBIOpPAHBI MPUOOPHI U W3MEPEHUs YIIIOB,
paccTOsTHUM, TPEBBIIICHU U pa3padoTaHa METOUKA U3MEPEHUI.

[IpoekTupoBaHUE TPUAHTYIALMH, TPUJIATEPAIMH M CIIOKHBIX MPOU3BOJIBHBIX CETEH
BBITIOJIHSIETCS, KaK MpaBuiio, Ha DBM 110 crieruanbHbIM MPOTpaMMaM.

7.1.2. 3akpenJieHue reoe3n4eCKUX MNYHKTOB HA MECTHOCTH

Ha mecTHOCTM reone3nveckue NMYyHKThl OTMEYAIOTCA LEHTPaMU M OIMO3HaBAaTEJbHBIMU
3HaKaMu. TUIBI TIEHTPOB U OMO3HABATEIBHBIX 3HAKOB OBIBAIOT Camble PazHOO0Opa3HbIe; OHU
3aBUCAT OT TUMA M TOYHOCTHU T€0JE3WYECKON CETH, OT KIMMATHUUYECKHX, TTOYBEHHBIX U JAPYTHUX
XapaKTePUCTUK MECTHOCTHU. ['eofie3nueckue MyHKThI JOJDKHBI OBITH TOCTATOYHO MPOYHBIMH H
JIOJITOBEYHBIMH, YTOOBI COXPAHWUTh HEM3MEHHOE ITOJIOKEHHE IIEHTpa B TEUYCHHE JIUTEIHHOTO
BPEMEHHU, U HAXOAUTHCS B YJOOHOM MecTe, 00eCleunBarIIeM OBICTpOE ero OOHapyXeHHe U
OTIO3HABAHHUE.

Ha puc.7.1 npuBeaeHsl yeTblpe KOHCTPYKIIUU HEHTPOB MyHKTOB:
a - JUIsl paliOHOB C CE30HHBIM POMEP3aHUEM TPYHTOB,

0 - 1St paliOHOB C CE30HHBIM OTTaWBAaHUEM TPYHTOB,

B - CKaJIbHas Mapka,

T - CTEHHOM LIEHTP.

Ha puc.7.2 npuBeneHsl 1Ba TUIA HAPYKHBIX 3HAKOB!
a - MeTaJNTN4ecKas MupaMmIa,



0 - CIIOKHBIN CUTHAJL.
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7.2. CbeMmo4yHOE 000CHOBaHHME TONOTPa@UIECKUX ChbEMOK

Kommiekc pabot, B pe3yabTaTe BBIMOJHEHUS KOTOPOTO MOJIY4aroT KapTy WIM IUJIaH
MECTHOCTH, Ha3bIBalOT Tomorpaduyeckor cheMkoil. PaccMoTpum oaue npumep. Ilycth HY)XHO



COCTaBUTh IIJJaH HEKOTOPOro ydyacTKa MECTHOCTU (Hampumep, IUIaH HEeOOJIbIIOro JavyHOTrO
yuactka). Ecnu TpeOyercss HEBBICOKash TOUHOCTh M300paKeHHUs JeTajieil MECTHOCTH Ha IUIaHe,
MO’KHO IIPUMEHUTH I1a30MEPHYIO CHEMKY.

HameruM Ha MECTHOCTHM TOYKH-OPHEHTUPHI (HAIIpUMEp, YIJbI HM3TOPOAM YYacTKa),
OlpeNelMM MX B3aMMHOE IIOJIOKEHHE M HaHeceM B MacmTabe Ha Oymary - Oyaymuil IuiaH
y4acTka. ITH TOUKH UTPAIOT POJIb OMOPHBIX, TAK KaK MOJOXKEHHE BCEX OCTAJIbHBIX TOYEK (YIJIbI
MOCTPOEK, TPSIIKH, OTAEIbHBIC IEPEBbsl U KYCThI) MbI Oy/1eM OIpeiesiTh OTHOCUTEIbLHO HUX WU
OTHOCUTEIIbHO JIMHUM, UX COCAUHSIOIIMX.

WucTpymMeHTanbHas CbEMKa BBINOJHSETCS C 0Oojiee BBICOKOW TOYHOCTHIO, YEM
IJ1a30MEepHasi, HO MPUHLUI ChEMKU OCTAE€TCSl TOT K€ Ha MECTHOCTH CO3/Ia€TCSl CETh OMOPHBIX
TOYEK, B3aHMHOE I10JIO’KEHNE KOTOPHIX B IIPUHATON CUCTEME KOOPAMHAT ONPEIEISIIOT B IEPBYIO
ouepenb. 3aTeM NMpUOOp Ui ChbEMKH YCTAHABJIMBAIOT MOCIEAOBATEIBHO HAa KAKIYIO OMOPHYIO
TOYKY U CHUMAIOT CUTYallMIO U peiibe(d B MPOMEXKYTKAX MEXKIY HUMH, OIPEIEsisl OJ0KEHNE
TOYEK MECTHOCTU OTHOCUTENILHO OMOPHBIX TOYEK M COSAMHSIONINX UX JTMHHM.

Touku, Ha KOTOpPbIE YCTaHABIMBAIOT MPHUOOP A ChbEMKH, 3aKPEIISIOT HA MECTHOCTHU; UX
HA3bIBAIOT MYHKTaMU ChEMOYHOTO 00OCHOBaHUS. VX KOOpPAMHATHI U OTMETKHU OIpPENESIIOT U3
reoJIe3NYECKUX M3MEPEHUH, Kak MpaBWio, 10 Hayana cheMKu. [lo KoopauHaTam 5TH MYHKTHI
HAHOCAT Ha IUIAHILET, IOATOTOBJICHHBIN K CheMKE (Ha IJIAHIIETEe UMEETCS TOIbKO KOOPAUHATHAs
cetka juHud X=Const u Y=Const). IIyHKTBI T€0[€3MYECKOT0 CHEMOYHOTO OOOCHOBAHUS
00pa3yroT KECTKUW T'C€OMETPUUYECKUM KapKac IIaHA, OTHOCHUTEIBLHO KOTOPOTO OMpEeseTcs
MI0JIO’KEHUE BCEX OCTAJIbHBIX TOYEK IUIaHA.

[To Wuctpykuuu cpemHsiss omuOKa IUJIAHOBOTO TOJOXKEHHUS IYHKTOB CHEMOYHOTO
ob0ocHoBaHus gomyckaercs 0.1 MM B MacmTabe 1uiana. ITOT AOMYCK OMPENENSIeTCS TOUHOCTHIO
rpaduueckux nocrpoeHuil. JlecTBUTENbHO, HET HYXJIbl ONPEAEisITh KOOPAUHATHI MYHKTOB C
00JbIIEH TOYHOCTBIO, TAK KaK OHU HY)XHBI TOJIKO JJISI TOrO, YTOOBI HAHECTH 10 HUM Ha IUIaH
IOYHKTBl ChEMOYHOro oOocHOBaHMs. IIpenenpHas ommOKa IMJIAHOBOTO MOJIOKEHHUsSI MYHKTOB
ChEMOYHOIro 000cHOBaHMs fonyckaercs 0.2 MM B MaciiTade 1jiaHa Ha 3aCTPOEHHOW TEpPUTOPUU
U B OTKPBITON MecTHOCTH U 0.3 MM - B 3aKpbITOi MecTHOCTH. [IpH BBHIONHEHNH CHIeIHaTbHBIX
CBHEMOK JIOIYCK Ha 3Ty OLIMOKY MOKET ObITh YMEHBIIIEH.

Cpenuss ommOKa MyHKTOB CbeMOYHOTO 00ocHOBaHus nomyckaercs 0.1*h, rae h - BeicoTa
ceueHus penbeda co3aBaeMoro IjaHa.

7.3. IlpuHIMn TONOrpapuuecKoi CbeMKHU

OObIyHBI BUJ TOMOTpaUUYECKUMX KapT M IUIAHOB - JIUCTBI Oymaru, Ha KOTOPBIX B
YCIOBHBIX 3HAKax M300pak€H YYacTOK MECTHOCTH (Tpaduueckue JOKyMeHThl). Ecmu
BHHUMATEJIbHO MTOCMOTPETh HAa KapTy WJIM IUIaH, OTBJIEYLCS OT LIBETA, 3AMOJHSIOMIMX YCIOBHBIX
3HAYKOB M KOH(UTYpalHy YCIOBHBIX 3HAKOB, TO MOXKHO 3aMETUTh, YTO BCS CHUTYaIHs - 3TO
Habop nuHMI U Touek. Ho 1 mr06ast IMHUS - 3TO COBOKYITHOCTh TOYEK; TAKMM 00pa30M, MOKHO
CKa3aTh, YTO BCS CUTYaIUs Ha TUTaHE WM KapTe - 3TO HaOOp TOUEK.

CpeMka 11000r0 COOPYKEHHS UM YrOJbsi CBOJUTCS K CbEMKE €ro TpaHul] - MPSIMBIX WU
KpUBBbIX JMHUN. KpHBYIO JMHHIO MOXHO C HEKOTOPHIM NPUOIMKEHHEM 3aMEHUTbH JIOMAHOM.
Kaxnplii oTpe3oKk JIOMaHOH JIMHUM SIBJIETCS MPSMBIM, a NpsMas JUHHUS BIIOJIHE OJHO3HAYHO
OIpeNIeNsIeTCs MON0KEHUEM IBYX TOYEK.



Takum 00pa3oMm, TOYKA SBISETCS SJIEMEHTAPHBIM OOBEKTOM CHEMKH; IPYTUMH CIOBAMH,
CbEMKa MECTHOCTH CBOJIUTCS K ONPEACICHHI0O KOOPAMHAT M OTMETOK OTIENbHBIX TOYEK,
XapaKTEPU3YIOIUX MECTOIOJIOKEHHE OOBEKTOB MecTHOcTH M ee penbed. Ilpu cbemke
Te0Ie3UCThl YaCTO HCIOJB3YIOT pa3jIMYHbleé MECTHBIE CHCTEMBl KOOPAHMHAT; IUIAHBI U KapThl
U3JIaF0TCS B 30HAJIbHOM NPAMOYTOJIBHOM CUCTEME KOOpAuHaT ['aycca.

Cpennsisi omMOKa IOJIOKEHHUSI TOYEYHOTO OOBEKTa WM YETKOro KOHTypa Ha IIJIaHe
OTHOCHTEJIBHO OJIMKaHIINX MyHKTOB ChEeMOYHOTO 000CHOBaHUs noryckaercs: 0.5 MM (B TOpHOA
U JIECHON MecTHOCTH - (.7 MM). DTa BeTMYMHA HA3bIBACTCSI TOYHOCTHIO IIJIAHA.

Omumbka n3o00paxeHus penbeda 3aBUCUT OT XapakTepa penbeda u 0OBIYHO paBHA OJHOU
TPETH BBICOTHI CEUCHHSI pebeda.

WNHcTpykuuss mo Tonorpaduyeckoil CheMKe pas3pelraeT co3faBaTh Tonorpaduyeckue
IUTaHBI B BUI€ IU(PPOBON MOJIETH MECTHOCTH. B 3TOM ciiyyae BeCh MacCUB XapaKTEPUCTUK TOUEK
MECTHOCTH BBOAMTCA B mMaMaATh DBM; mo Mepe HagoOHOCTH B COOTBETCTBUM C 3alaHHOMN
IpOTPaMMO¥l MallIMHA BBIJACT TUIAH HY)KHOTO YYaCTKa WU IPYTUE JTOKYMEHTHI.

7.4. Knaccupukauusi cbeMOK

Tonorpaguyeckyto CbeMKy MECTHOCTH BBIIOJIHAIOT JJISl MOJYYEHUs TONOrpaduyeckoro
IUTaHA WK KapThl y4acTKa MECTHOCTH; OOBEKThl MECTHOCTH, KOHTYPHI U pelbed n300paxaroTcs
Ha IIJIaHEe WIK KapTe C IOMOIIbIO YCIOBHBIX 3HAKOB. PaznuyaroT a3podoTocheMKyY, Ha3EMHYIO U
KOMOMHHPOBAHHYIO ChEMKHU.

AspodoTocheMka OOBIYHO BBIMOJHACTCS CTEPEOTONOrpadUyecKuM METOJIOM, KOoraa
CHUMKH MECTHOCTH IOJy4aloT C MOMOIIbI0 (hOTOANINaparoB, YCTAHOBICHHBIX HA caMoJjieTe, a
00pabOTKy CHHMKOB U PHCOBKY IUIaHa BBIMOJHSIIOT B KaMEpadbHBIX YCIOBHUSX Ha
cTepeonpudopax.

KoMmOuHHUpOBaHHAss ChEeMKa SIBISETCS KOMOMHAIMEW a’poOTOCHEMKH H HA3EeMHOU
ChEMKH; MJIAHOBAsI CUTYyallUsl PUCYETCS MO0 a’dpOCHUMKAM, a peibed CHUMArT Ha (OTOIUIaH B
MOJIEBBIX YCIOBUSX.

AspodoTocheMKka W KOMOMHHMpOBaHHasi CbE€MKa SBJISAIOTCSI OCHOBHBIMH METOJaMU
CO3/IaHUsl KapT U IUIAHOB Ha Oojbiuue Teppuropuu. HazeMHyI0 ChbEMKYy NPUMEHSIOT Ipu
CO3/IaHMM  KPYIMHOMAcIITaOHBIX IUJAHOB  HEOOJIBLIMX  YYacTKOB, KOTJa TNpPUMEHEHHe
a’po(OTOCHEMKH JTO0 HEBO3MOXKHO, THOO SIKOHOMUYECKH HEBBITOIHO.

Ha3zemHas cbeMka BBINOJHSAETCS C MOBEPXHOCTH 3€MIIM. B 3aBUCMMOCTH OT METOJUKHU
CBHEMKH U MIPUMEHSEMBIX TPUOOPOB Ha3eMHAasi CheMKa MOKET OBbITh HECKOJIbKMX BUJIOB:

TaXxeoMeTpUYECKas;

MEH3YJIbHas,

TOPU30HTAJIbHAS WM TE€OJIOJIUTHAS; IPU TOPU3OHTAIILHON ChEMKE MOIY4aroT IJIaH y4acTKa
MECTHOCTH, Ha KOTOPOM HET U300paxeHus penbeda;

BEpTUKAJIbHAS, MPH 3TOM IOJy4YaroT IJIaH ¢ M300pakeHueM penbeda mpakTuyecku 0e3
IUTAHOBOM CUTYAIINH;

($oTOTEO10IUTHAS; TIPU ITOM CHUMKH MECTHOCTH IOJIyYarOT C MOMOIIBIO (POTOTEOI0IUTA,
a ux 00pabOTKy U PUCOBKY IJIaHA BHITIOJHSIOT HA CTEPEOpruOopax,

CHelalIbHbIE BUJIbI ChEMOK.



7.5. 'opusoHTaJIbLHAS ChEeMKA

['opu3oHTaNIbHAS ChEMKA MECTHOCTH B MPOCTEHINIEM BAPHAHTE BBITOJIHSAETCS C MOMOIIBIO
TEOJ0NHUTa U pyNeTKd. CheMOYHOe 0O0CHOBAHUE OOBIYHO CO3/IAI0T MPOJIOKEHHEM TEOIOTUTHBIX
x0J710B. Ecii y4acTOK CheMKH MMEET BBITSAHYTYIO (hOpMY, TO T€OJOTUTHBIN X0 MPOKJIaIbIBAIOT
[0 €ro OCH; IPU 3TOM OTJEJbHbIE IIYHKThl ChEMOYHOI'O OOOCHOBAaHHUS MOKHO OINpPENENsTh U3
reoIe3NUecKuX 3acedyek. Ecnu yuacTok uMeeT oBaibHyI0 (GOopMy, TO MIPOKIIAIbIBAIOT 3aMKHYThIN
X0/ 110 €ro I'PaHMILIe; BHYTPU y4acTKa MOKHO IIPOJIOKUTh TUAarOHAJIbHBIE XO/IbI.

[Tpy ropu30HTaIBHONW CHEMKE MOJI0KEHUE OTAEIbHBIX TOYEK ONPEAEISIOT OTHOCUTEIBLHO
IMYHKTOB Ch€MOYHOTO OOOCHOBAHUS M JIMHUHN, COSTUHSIONINX UX, TPUMEHSIS:

crocob 3aceuek ( YIrIIOBBIX, JIMHEHHBIX, KOMOMHUPOBAHHBIX );

HOJISIPHBINA c1I0C00;

CHoco0 NMepHeHIUKYISIPOB;

c1oco0 CTBOPOB.

[Iupoko Takxke HpUMEHSIETCs CIoco0 OOMEpOB 3JaHUN M COOPYKEHHH M pacCTOSIHUN
MEXy HUIMH C TIOMOLIBIO PYJIETKH.

Crioco6 3aceuek. IIpu yrioBoii 3aceuke MoyiokeHUE TOUKU | ONpeAessstoT OTHOCUTEIbHO
JIBYX TYHKTOB CBHEMOYHOr0 O00OCHOBaHMS A ®u B ¢ moOMOmBI0 JBYX H3MEPEHHBIX
ropu3oHTalbHbIX yriaoB ol u B1. [TomoxxeHne apyroil TOUKHU - TOUKU 2 ONPEAEISAIOT, U3MEPss
nBa Apyrux yraa o2 u B2 (puc.7.3). Pe3ynpraThl H3MepeHUI 3aIMCHIBAIOT B KypHAJL.

Puc.7.3 Puc.7.4

ITpu noctpoeHnn miaHa npyu Toukax A U B ¢ moMoIpio TpaHciopTUpa CTPOST yrisl ol u
B1 1 B mepeceyeHUH JMHUHN MOJy4arOT W300pakeHUe TOUKM | Ha MiaHe. AHAIOTMYHO HAXOIAT
Ha TJIaHe T0JI0’KEHUE TOUKH 2.

Ecnu paccrosHue 10 Touku | He MpeBbIIaeT UIMHBI PYJIETKH, MOJOXKEHUE TOYKU 1
ONPENENA0T JIMHEHHON 3aC€YKOM, IPU KOTOPOU HM3MepstoT paccTossHus A - 1 u B - 1 ; npu
MOCTPOCHUHU IIJIaHa M3 TOYKUM A TPOBOAAT IYry pajuyCcoM, paBHBIM paccTosiHuio A - 1 B
MmacmTale IU1aHa, a U3 TOYKH B - panmycom, paBHBIM paccTrosiHUIO B - 1 B Macmrabe miaHa.
Touka nepecedeHus ITUX OYT SABISETCS N300pakeHUEeM TOUKU | Ha riaHe.

TouHOCTP W3MEpEeHUs TOPU3OHTAJIBHBIX YIVIOB IIPU YIJIOBOW 3aceuke OIpelensiercs
TOYHOCTBIO MX IMOCTPOEHHUS Ha IUIAHE TPaHCHOPTHpPOM,T.e. mopsaka 10' - 15'. omyctumyro
OIIMOKY U3MEpPEHUs PACCTOSTHUI MPU JIMHEHHON 3aceUKe pPaCCUUTHIBAIOT 10 popMyJIe:

ms =0,3 Mmm * M,

rae M - 3HameHarenb MaciTada CheMKH.

[Tonsipubiii criocoO. IlomsipHbI cocoO CHEMKH - 3TO peanu3anus MOJIIPHOW CHUCTEMBbI
KoopauHaT. TeooNuT yCTaHaBIMBAIOT HAa MMyHKTE CbEMOYHOTO 00OCHOBAaHUS A, IPUHUMAS €TO
3a Hayayio ( MOJIIOC ) MECTHOW MOJSIPHOM cUcTeMbl KoopauHat. [lonsipHas och coBmeniaeTcs ¢



HalpaBj€HUEM Ha JIpyroil MYyHKT CbeMOYHOro oOocHoBaHus B. 3arem wusMmepsmoT
ropu30HTaNBHBIN yrou 31, oOpa3oBaHHbIl HanpaBieHHeM AB 1 HampaBieHHEM HAa CHUMaeMYO
Touky 1, u paccrosHue S1 or Touku A no Touku | (puc.7.4). Ilpu nocrpoenuu IiaHa
NOJIOKEHHE TOYKH | TOJy4aroT, OTKJIajaeiBas Ha CTOopoHe yria f1, mocTpoeHHOro
TpPaHCIIOPTUPOM, paccTosiHue S1 B MaciiTade niaHa.

PaccuntaeM cpeqHIOIO KBaJIpaTHYECKyHO OLIMOKY M3MEPEHHUs YIJIOB U PACCTOSHUN IpH
HOJISIPHOM CIIOc00€ CheMKH, €CIIM OIIMOKa M0JI0KeHHsI Touku 1 3ajana u paBHa Mp.

B nonsipHOIi cucTtemMe KoOpAMHAT OLINOKA MOJI0XKEHHE TOUKH BhIpaskaeTcsi GopMyIioif:
2

M § = mf +| 8 w28 ;

2 (7.1)
rae mp - ommoOKa U3MEpEeHHs yriia B; ms - omuOKa U3MEpPEHUS MOJISIPHOTO PACCTOSTHHSL.
Ilo MIPUHIUITY PABHBIX BIIUSIHUU UMEEM:

m2s = (S *mp/ £)2=M2 #/2, (7.2)
OTKyza
m5=Mpf«f§ u mj}:Mp*pfo\ﬁ. (7.3)

[Tycts macmtad cremku 1:M=1:2 000, torma Mp=0.5 mm * 2 000=1 m. IIpu S=100 m
BbIuncieHus no ¢popmynam (7.3) naror mp=24', ms =0.7m, ms/S = 1/150.

Cnoco6 nepnenaukyisipoB. Crocod MeprneHIuKyIsIpoB SBISETCS pean3alureil 0ObIYHOMI
PSIMOYTOJIBHOM cucTeMbl KoopauHat. [lycts nuHus AB - ogHa U3 CTOPOH TEOAOIUTHOTO XO/a.
[Ipumem ee 3a och |, Hayano KOOpAMHAT COBMECTUM C MYHKTOM A; och d pPacroioXum
neprneHaukynsapHo nuauun AB. Tlonoxenue Touku 1 ompezensercs IByMs NEpIEHIUKYIIpaMU
11 u d1 (puc.7.5), IMHBI KOTOPHIX U3MEPSAIOT MEPHOH JIEGHTOU UJIHM PYJIETKOM.

d

da

d;

1| 11 13
Puc.7.5

Jl1s mocTpoeHust mpsIMOro yria 3 MO>KHO IPUMEHTh TEOIOJIUT WK IKKep; MHOTAA yroul f =
900 MOXHO mOCTpOUTH Ha rias. [lonokeHne Toukyu 1 Ha MIaHE MOIYYarOT MOCIE BBINOJIHEHUS
TpeX olepauuii: OTKJIAJAbIBAaHUS BI0JIb TUHUKM AB mymnHbl nepnenaukyssipa 11, moctpoenus yria
B =900 c momoubI0 TPaHCIOPTHPA, OTKJIAJIBIBAHUS Ha CTOPOHE yria [ AJUHBI BTOPOTO
nepneHaukyspa dl.

CpeMKa Ipyrux TOYeK U OMpe/esieHre UX MOJIOKEHHSI Ha MJIaHe BBIMTOJIHAIOTCSA B TAKOM Ke

TOPSIZIKE.



Ommnbka moxokeHust TouKH Mp B criocobe MepneHIuKYIIpOB CKIAABIBACTCS U3 OIIUOKH
U3MEpeHus nepreHanKyIsipa 1, ommobku nmocrpoenus (i usmepenus) yria 3 = 90 o u omumoku
U3MEpEeHus MepreHauKysipa d:

M2p =m2l +mp 2/£2 * d2 + m2d. (7.4)
[1o NPUHIMITY PABHBIX BJIUSHHIA T10JIATaeM:
m2l =m B2/ £2*d2 = m2d = M2p/3. (7.5)

m;=md=M},f«E=0.3M

IIpu Mp = 0.5 MM Ha MIaHe MOJIYyYUM B MaciTade IiaHa.

[IpunsaB ommobky moctpoeHus yriaa mPB= 30', paccunraeM TOMYCTUMYIO JUIMHY MEPICHIUKYIISIpa
d:
Mg
= o o
B MacmTade IIaHa mpyu OTHOCUTEIIFHOW OIIMOKE €ro H3MEpPEHHS:
md/d=0.33mm/33m=1/110.
Jns mnana macmrtaba 1 : 2 000 pacuerHas anuHa neprneHaukymspa d moiaydaercs 66 M, a
st Macmraba 1 @ 500 - d = 16 m. B HUHcTpykiuu 5ty BenuuuHbl 3a1ansl 60 M u 20 M

d =33 A

COOTBETCTBEHHO.

Pazymeercs, npu Ipyrom 3HaueHuM OMIMOKM mf AOMycTHMas JUIMHA IepreHAuKyspa d
Oyner apyroi. Hampumep, crpos yroa B = 900 "ma rna3" (mp = lo) , momyunm d = 16 MM B
MmaciTade IaHa.

[Ipyn ropu30HTaIBHOM CHEMKE pPE3yJbTAaThl U3MEPEHUW YIJIOB W JIMHWM 3alMCBIBAIOT B
xKypHai. Kpome Toro, mpsMo B IOJIe COCTaBJISIOT CXEMaTHYECKUH YepTeX MECTHOCTH - abpuc,
Ha KOTOPOM TIOKa3bIBAlOT BCE ITYHKTHI CHEMOYHOTO OOOCHOBAaHHUS, KOHTYPBI, CHUTYaIUIO
MECTHOCTH, 3aIIMCBIBAIOT PE3YJIbTAThl U3MEPEHUM, JENIAI0T MOSICHUTEIbHBIE 3aIINCH.

ITo MaTepuanaM Cb€MKH COCTABIISIFOT M BBIYEPUMBAIOT IJIAH y4acTKa.

Teopus U yCTpOHCTBO 3KKepa. DKKep - MpUOOp A NOCTPOSHHUS Ha MECTHOCTH IMPSIMBIX
yIJI0B. OKKepbl OBbIBAIOT 3€pKaJbHbIE M IPU3MEHHBbIE. 3€pKaJbHBIH JKKEpP COCTOMT U3
TpPEXIpaHHOM KOpOOKH, 0JIHAa U3 OOKOBBIX I'paHeil KOTopoi oTkphiTa (puc.7.6). K nsym apyrum
IpaHsM C BHYTPEHHEW CTOPOHBI NMpUKpEIUIeHbl 3epkana. Haj 3epkanamu BeIpe3aHbl OKOLIKH.

2f
|

Buu3y skkepa umeeTcst KprouokK AJisl OTBeca.

S

Puc.7.6 Puc.7.7

[TycTs akkep ycranoBieH Ha nuHuU AB (puc.7.7). JIyd ot Bexu A monamaer B 3epkaiio Z1,
OoTpakaeTcs OT Hero, Majaer Ha 3epkano Z2, OTpa)kaeTcsi OT HEro W IMomajaeT B TIJa3



HaOJroAaTesNs, COCTaBIAsA CO CBOMM IEPBOHAYAIbHBIM HalpaBlieHHMEM yroi €. Teopus skkepa
3aKJII0YaeTcsl B BBIBOJIE (POPMYIIHI € = € (), TA€ Y - YIOJl MeXAY 3epKajlaMH.

O603Ha4MM : O - yroj HajeHus ¥ Yroi OTpakeHus Ha 3epkaine Z1, f - yron mageHus u
YIoJ OTpakKeHUs Ha 3epKajie Z2.

VYron € sBnasercs BHEMHUM yriioM TpeyronbHuka CEK, noaromy:

e=2%a+2*B=2*(+P). (7.6)

B tpeyronbsuuke EOK:

y=1800-(<1+<2)

Ho

<1=900-0a, a <2=900-8,

[I03TOMY

y=a+p.

Orcrona

e=2%y,

WIn

vy =¢/2. (7.7)

Jist Toro, 4ToOBI JTy4 COCTaBJIsUI CO CBOMM IPEXHUM HamnpasieHueM yroiu f = 900, HyXHO,
YTOOBI YTOJl MEXY 3epKanaMu ObL1 paBeH 450.

['na3 BuguT n3obpaxkenue Bexu A B 3epkajne Z2 B HanpasiieHuu CE, neprneHaukynspHoM
HanpasiieHul0 AB, a B OKOLIKO HajJ 3epKajJioM BHJIHO Bexy D, KOTOpYyl0 NOMOIIHHMK
nepecrasiseT o komanjae Hadmonarens. Kak tonbko Bexa D 6yner Haxoautbes Ha nuHuu CE,
€€ 3aKpeIuIAIoT.

Ecin Bexu 3aKkperieHsl, TO ¢ IMOMOIIBIO dKKEPA MOKHO HaiWTu Ha juHuU AB Touky C,
yroObl HUsA DC Obuta nmeprnenaukynsgpHa AB; IpyruMu cioBaMH, MOXXHO HaWTH OCHOBaHHE
NEPIEHUKYJIIApa, OMYIIEHHOro U3 Touku D Ha nuHuio AB. B3sB B pyku 3KKep, IepeMeIaroTcs
no nmuHuM AB, moka m3zoOpakeHue Bexu A B 3epkajie Z2 He coBmajaaer ¢ HampasieHueMm CD.
3areM npH MOMOIIM OTBECAa HaMeuaroT Ha 3emie Touky C.

[ToBepka skkepa. Yron Mexay 3epkajamMu JODKeH ObiTh paBeH 450. Cros B Touke C,
CTpPOSIT MPSIMON yroJj, HaOmoas Bexy A, 3aKperuIstoT NpsSMOM yroi nepBoi Bexou. 3aTeM, CTost
no-npexkHeMy B Touke C, CTposT mpsiMON yrousi, Habmioas Bexy B, 3akpemstor npsMoil yroia
BTOpOil Bexoil. Ecim Bexu okazainuch psAOM, YCIOBHE DKKepa BBINOJHAETCA. B mporuBHOM
ClIy4ae HaME€4aroT CPEIHEE IOJIOKEHUE, CTABAT BEXY B ATY TOUKY M FOCTUPOBOYHBIMU BUHTaMH
3epKajl U3MEHSIOT YroJl MeXy 3epKajlaMH J0 TeX IMop, Moka u3o0paxeHue Bexu A wiu B He
copnazer ¢ HampasieHuemM CD. Ilocie 3Toro mnoBepKy MOBTOPSAIOT. OKKEp CUMTAETCS

MCTIPAaBHBIM, €CTH YroJNl Yy oTaMyaercss oT 450 He Gonbime, yeM Ha T 2.5' Torma ommbka
noctpoenus yria f = 900 Oynet He Oomnblie 5'.

7.6. TaxeomeTpuuyeckasi CbeMKa

B nazBanum "taxeomerpuueckas" MOJUEpKHUBAETCSA BBICOKAs MPOM3BOAMTEIBHOCTH TPyJa
IIpY 3TOM BHJIE CheMKH: "tachys" 03HauaeT OBICTPHIN.

CbeMKy BBIOTHAIOT JMOO TEOAOIUTOM, JTMOO TaXeoOMETPOM-aBTOMATOM; B KOMILJIEKT
prOOPOB ISl CbEMKH €Ile BXOAUT peiika.



CheMOuHOE OOOCHOBAHHE [UI TAaXCOMETPUYECKOW CHEMKH CO3/AI0T, MPOKIIAIbIBAs
TCOAOJUTHBIC XOJbI, XOAbl TCXHUYCCKOI'0 HUBCIHNPOBAHUSA, BHICOTHBIC HJIM TAXCOMCTPHUUYCCKUC
XOJHbI.

TaXGOMeTpH‘IeCKHﬁ X04 - 3TO KOMGI/IHaL[I/I}I TECOJOJIUTHOI'O U BBICOTHOI'O XOA0B B OAHOM.
Ha xakaoM MyHKTE XO0Ja HM3MEpSIOT TOPU30HTAIBHBIA YroJ, yIJIbl HAKJIOHA Ha 3aJHIOK0 |
HEePEeHIO TOYKM M JaTbHOMEPHOE pACCTOSHHE MPSIMO W 00parHO. I[IpeBbllicHHE MEXITY
MYHKTaMH BBIYUCIISIOT 110 (POPMYJIe TPUTOHOMETPHUYECKOTO HUBEITUPOBAHUSL.

VpaBHHBaHHE TaXxeOMETPUYECKOTO XOJa BBIMOIHSAIOT OTIACIbHO IS KOOpAMHAT (Kak B
TEOJ0JIMTHOM XOJI€) M MPEBBIMICHUH (KaK B BHICOTHOM X0j1€). JIonyCTHMBbIC HEBSI3KH BBIYUCIISIOT
0 CIeAYIOM GopMyiam:

YIJIOBYIO

\ :
fp = 1n; (7.8)

a0COJIIOTHYIO

25
Y400 wafn (7.9)
BBICOTHYIO

Frex=0.04+3 5/fn. (7.10)

371eCh N - YNCIIO U3MEPEHHBIX YIJIOB X014, Z S - JyMHa XoJa B MeTpax.

TaxeomeTrpuueckasi CbE€MKa BBINOJHIETCS C IIYHKTOM CBEMOYHOIO OOOCHOBaHHS B
HOJIAPHOM CHCTEME KOoopAMHAT. TeOoOaUT LEHTPUPYIOT HaJ IMYHKTOM A, TOPU30HTUPYIOT,
IpUBOJAT TpyOy B pabouee MOJOKEHHUE M OPUEHTHUPYIOT Ha COCEIHUN NYHKT B cheMouHOro
000CHOBaHM4, T.€. YCTaHaBIMBAIOT Ha TuMOe orcueT 0o 0' mpu HaBeAeHUHU TPYOBI HA STOT MYHKT.
JpyruMu cinoBaMu, MOJIOCOM IOJSIPHOM MECTHOM CHCTEMBI KOOpAWHAT SBIIAETCA IYHKT A, a
HaIpaBJICHUE MOJISPHON OCH COBMEIIAETCS ¢ HanpasiieHneM AB.

TpyOy TeonoauTa HABOAAT Ha peiiKy, YCTAaHOBJICHHYIO B KaKOW-TMOO TOUKE MECTHOCTH U
U3MEPSIOT TPU BEJIMYHMHBI, ONPEAETSIONINE MOJI0XKEHNE CHUIMAEMOI TOUKH B IIJIaHE U 110 BHICOTE:
TOPU30HTAJIBHBIM TOJIAPHBIA yrojl, Yrojl HAaKJIOHAa M JaJlbHOMEPHOE pacCTOSHHUE. 3areM
BBIUMCIISIOT IPEBBIIEHNE U TOPU3OHTAIBHOE MPOJIOKEHHE.

Touka ycTaHOBKM pEHKHM Ha3bIBAETCS MHUKETOM; pa3IM4aioT BBICOTHBIE M IUIAHOBBIE
MTUKETHI.

BbicoTHBIE MUKETHI pPacHojaraloT BO BCEX XapaKTEPHBIX TOYKAX M JUHUAX penbeda: Ha
BEpIIMHAX TOp M XOJMOB, Ha JHE KOTJIOBUH W BMAJWH, IO JIMHUSAM BOJOCIMBA JIOIUH U
BOJIOpazjienia XpeOToB, y MOJAOIIB TOp M XpeOTOB, Y OpPOBOK KOTJIOBHH M JIOIIMH, B TOYKaxX
CEeJUIOBUH, HA JIMHMSX INepernda ckatoB M T.N. PaccTosHuME MeX1y BBHICOTHBIMU NMUKETAaMH He
JOJKHO mpeBblmath: 40 MM Ha miuaHe npu Mmacmtade cbeMku 1:500, 30 mm - mpu macmtabe
1:1000, 20 mm - mpu macmTade 1:2000, yToOBI TpH pUCOBKE penbeda ObUTO yI0OHO BBHITOTHSTH
MHTEPIIONIMPOBaHUE Topu3oHTaleld. ['aBHOEe ycinoBHe BbIOOpa BBICOTHBIX MHKETOB - YTOOBI
MECTHOCTbh HE MMeJIa MKy COCEIHUMHU MTUKEeTaMU Meperu0oB cKaTa.

Yem Oosbllle BBICOTHBIX MHKETOB, TE€M JIEr4e pHCOBaTh peibeda Ha IJIaHe, HO HE Halo
3a0bIBaTh, YTO OOBEM BBHIMOJIHEHHOW PAa0OTHI ONMpeneNseTcss He YMCIOM IHUKETOB, a 3aCHATOU
IUIOINAAbI0 B TEKTapax MM B KBaJpaTHBIX KujoMmeTpax. [loaTomMy mHMKeToB Hajgo HaOUpaTh
CTOJIBKO, CKOJIBKO TpeOyeTcst /Ui MPaBUIbHON PUCOBKHU pebeda.



[11aHOBbIE MUKETHI pacmoiaraloT Ha KOHTYpaX U 00bEKTax MECTHOCTH; MHOT/IA TUIAHOBbIE
IIUKEThl Ha3bIBAlOT PECYHBIMM TOUKaMH. lIpu 3amMeHe KpUBOJIMHEHHBIX KOHTYPOB JIOMAaHBIMHU
JMHUASMU OIIMOKa CIPSIMIICHUS HE JOJDKHA rpeBbimath 0.5 MM B MaciiTade riaHa.

Tpebyemas TOYHOCTH H3MEpPEHHs] TOPH3OHTAIBHBIX YIJIOB M  PACCTOSHHHA MpU
TaXeOMETPUUYECKOI ChEMKE TaKas ke, KaK U IPU TOPU30HTAIbHON ChEMKE:!

mf = 24", ms/S = 1/150.

Pacuuraem gomyctumyo omuOKy u3MepeHus yria HakioHa. [[ist aToro Bo3sMeM Gpopmyny
TPUTOHOMETPUYECKOTO HUBEIUPOBAHUS:

h'=S *tgv (7.11)
U poudGepeHIpyeM ee M0 U3MEPSIEMbIM JIEMEHTaM:
m2h = (S/cos2 v)2 * m v2/ p2 + tg2 v.m2s. (7.12)

[Tpumem h=1 M, v=11.40, tgv = 0.2, cosv = 1.0 u momyaum mh = 0.33 m.
Jasnee nuiiem:
mv 2/p2 * S2/cosdv = m2h - tg2v * m2s,

m, = p*J(mﬁ - 0.04 *mf)f5'2 ;

mv = 10’

[Tockonpky TpeOOBaHUS K TOYHOCTH H3MEPEHHH NpU TaXxEeOMETPUUECKOH ChEMKE
HEBBICOKHE, TO U3MEPEHUS NPU CHEMKE IMUKETOB BHIIOJIHSAIOT IO YIPOILEHHON METOAMKE:

TOPU30HTAIIbHBIE YTJIbl U3MEPSIOT IIPU OAHOM IOJIOKEHUU KPYTa;

pacCTOsIHUSA, U3MEPSEMBIE 110 HUTSHOMY JaJIbHOMEPY, OKPYIJISIOT /10 LENbIX METPOB MpU
cbeMmke B Macmradax 1:2 000 wmm 1:5 000;

YIJIbl HAKJIOHA U3MEPSIOT MPHU OJHOM IMOJIOKEHUU KPYTa, YCTAHOBUB MECTO HYJISI OJTU3KUM
WIA PaBHBIM HYIIO; MIPU 3TOM OTCYET IO BEPTHKAIBHOMY Kpyry OyAeT paBeH yIily HaKIIOHA,
€CJIM ChEMKY BBIIIOJIHATH TP OCHOBHOM TIOJIOKEHUH KPYTa.

Bce pesynbpTaThl M3MEpPEHHMI 3alMCBIBAIOT B JKypHAJI TaXEOMETPUUYECKOM CBEMKH; 3aTEM
TaM JK€ BBIYUCIIAIOT YIJIbl HAKJIOHA, TOPU3OHTAJIBHBIE MPOJIOKEHUS, MPEBBILICHUS MHUKETOB
OTHOCHUTEJIbHO TOYKH CTOSIHHSI TE€OJOJIUTa M OTMETKM NHUKETOB. OJIHOBPEMEHHO C BEIECHUEM
JKypHajla COCTaBIIIIOT CXEMaTUYECKHM YepTeK MECTHOCTH - a0puc (KpOKH), Ha KOTOPOM
MOKA3bIBAIOT BCE 3AaCHATHIE C 3TOM CTAHLMM INHKETHI, KOHTYpbI, CUTyaluto, Gopmbl penbeda,
HarpaBieHus: ckatoB. MlHora abpuc pucyroT 10 Hadaja CheMKH, Hameyasl Ha HEM IJIaHOBbIE U
BBICOTHBIE ITUKETHI, M 3aTE€M YK€ BEAYT ChbEMKY B COOTBETCTBUU C aOpHCOM.

Panmonanuzanus 1 aBTOMaTH3alus TaxeOMETpUUYECKOW cheMKH. [Ipu Taxeomerpuyeckoi
CbEMKE MHOIO BpPEMEHHM TpaTUTCA Ha BBIYMCICHUE TPEBBINIEHUH W TOPU30HTAIBHBIX
npoJiokeHui. 3a oauH pabounii neHb o0braHO HaOuparoT 400 - 500 MUKeTOB, a CHEIUATUCTBI
BbICOKOH kBanu¢ukanuu - 10 1000 nukeToB; Ha 060pabOTKY TaKOro 00beMa MPUXOAUTCS TPATUTh
HECKOJIbKO 4YacoB, MPU 3TOM HEU30EKHbI Pa3HOrO pojia OMMOKH, Ui MCKIIIOUEHHUS KOTOPBIX
NPEBBIIIEHUS] M TOPU3OHTAIbHBIE TMPOJIOKEHUSI BBIOMPAIOT W3 TalIMIl BO BTOPYIO PYKY.
Cy111ecTBEHHYIO TI0JIb3Y MOXKET J1aTh IPUMEHEHUE IPOTPaMMHUPYEMOT0 MUKPOKAJIbKYJIATOPA.

B mHeTpykunu no cheMmkam HamucaHo: "TaxeomeTrpuueckas CbeMKa IMPOU3BOJIUTCS, Kak
IIPaBWJIO, TaXx€OMETPOM-aBTOMATOM, M, KaK MCKJIIOYEHUE, - TEOJOJIUTOM- TaxeoMeTpoMm'.
TaxeomeTp-aBTOMAaT OTIMYAETCS OT TEOAOIMTA-TAXEOMETpPA TEM, YTO MPEBBIILIEHUE U
TOPU30HTAILHOE TPOJIOKEHHE BBIYUCIAIOT B yME IO JaJbHOMEPHBIM OTCYETaM, HCIOJb3Ys
pocThie (OPMYJIBI:

S=C*IS, (7.13)

h'=K*lIh, (7.14)



rae C u K - mocrossaubie k03 dummentsr (06pryHo C = 100 u K = 10 umu K = 20),
IS u lh - ganpHOMEpHBIE OTCUETHI MO PEUKE.

st cpaBHeHus HamuimieM (OpMysbl IS BRIYHCICHUS MPEBBIMICHUS U TOPU30HTAIBHOTO
MIPOJIOKEHUS ISl OOBIYHOTO HUTSIHOTO JTAIbHOMEpA:

S=(C*I+c)*Cos2v, (7.15)

h'=0.5* (C*1+c) Sin2v. (7.16)

Yem oTnnyaroTcst GopMylibl TaxeoMeTpa-aBToMaTa oT 3TuX (opmyn ? Bo-mepBbix, B HUX
HET MaJiO MOCTOSHHOW "C" HHUTSHOTO JaJbHOMEpA; 9TO JOCTUTAeTCs NMPUMEHEHHEM B TpyOe
JOTIOTHUTEILHON JIMH3BL, KOTOpas CMEIIAaeT BEpIIMHY IUACTUMOMETPHYECKOro yria Ha OCh
BpaleHus npubopa. 3purenbHas TpyOa, y KOTOpoi c=0, Ha3pIBaeTcsi aHamiaTHYeckou. Bo-
BTOPBIX, HET (PYHKIUH yriia HAKJIOHA V. B-TpeThuX, 1751 TOPU30HTAIBHOTO MPOJIOKEHUS UMEETCS
cBog noctosiHHas C ¥ CBOM AaTbHOMEPHBINH oTcueT 1S, a 11 npeBbliieHus - cBos nocrosiaaas K
¥ CBOH anbHOMEpHBIH otcueT lh.

TaxeomeTp-aBTOMAT HA3bIBAIOT €11lé HOMOTPAMMHBIM TaXE€OMETPOM, TaK KaK CeTKa HUTEH B
ero Tpy0e MMeeT BHJ HOMOTpaMMbl WM Auarpammbl (puc.7.8-0); y OOBIYHOTO TEOI0NIWTA
JTAIbHOMEPHBIE HUTHU - 3TO JIBA CUMMETPUYHBIX OTHOCUTEIIbHO LEHTPAIbHOW TOPHU30HTAIBHOU
HUTH NapaielbHbIX mTpuxa (puc.7.8-a) Ha pacctosnuu p=fo6/C oaun ot apyroro. Pacctosnue
MEXy JIMHUSIMH HOMOTPaMMBI TaXeOMeTpa-aBToMara MePEeMEHHOE U 3aBUCHT OT yIJla HaKJIOHA
TPYOBI.
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Teopus TaxeoMeTpa-aBTOMAaTa 3aKJIF04YaeTCs B BBIBOJIE (POPMYIT:

pS = pS(fo6,C, v), ph = ph (fo6,K,n).

Hapucyem yIpolIeHHYH CXeMy H3MEPEHHUS TOPU30HTAIBHOTO TIPOJIOKEHHS S U
npesbimeHust h (puc.7.9). Ha pucynke: Touka J - BepumHa JHacTUMOMETPUYECKOTO yria ¢, | -
OTCYET TI0 peiiKe, COOTBETCTBYIOIIMI YIIIy (; V - YIOJI HAKJIOHA BU3UPHOW JIMHUU, HABEJICHHOU
Ha HYJIb PEHKH, 1 - BBICOTA IPUOOPa,V - BEICOTA HYJISI PEHKH.




Puc.7.9

U3 tpeyronpauka JON BbIpasuM TOpU30HTAIBHOE MPOJIOKEHHE S U MPEBBIMICHUE HYIS

pEKK OTHOCUTENHFHO FTOPU30HTA HHCTPYMeHTa h':

S=JN=JO * Cosv, (7.17)
h'= ON =JO * Sinv. (7.18)
N3 tpeyronpnuka JKO Bbipazum otpesok JO, a u3 tpeyronbauka KOG - otpezok OG:
O - oG ,
Sing

OG =1* Cos(v + ).

[HoncraBum nocnenosarenbHo OG B ¢popmyny nis JO u 3atem JO - B hopmynsl (7.17) u
(7.18):
. cos (V + g)) .

JO =}
Sing
5= I*M*COSV',
Sing (7.19)
h'= I*M*&HV A
Sing (7.20)

Pacrnuiiiem KOCHHYC CyMMBI IBYX yTJIOB
Cos(v + @) = Cosv * Coso - Sinv * Sing

u ipeoOpazyem apoos B popmynax (7.19) u (7.20)

C’os(v + q;) Cosv #Cos ¢ — Sinv * Sing i Cosvabigy=Binw:

Sing Sing
Torna
S = 1 * Cosv * (Cosv * Ctgo - Sinv) (7.21)
h'=1%* Sinv * (Cosv * Ctgo - Sinv) . (7.22)
CpasnuBas 311 popmyisl ¢ popmynamu (7.13) u (7.14), 3ameuaem, yTo:
C = Cosv * (Cosv * Ctgo - Sinv), (7.23)

K = Sinv * (Cosv * Ctge - Sinv). (7.24)



Koadduunents: C u K - 370 nocTOSIHHBIE BETUYUHBI, IO3TOMY JJIS BBIITOJIHEHHS pPaBEHCTB
(7.23) u (7.24) npu m0OBIX 3HAUEHUSIX YIJa HAKJIOHA V AMACTUMOMETPHUUECKUH Yroil ¢ JOJKEH
U3MEHATHCA B 3aBUCHMOCTH OT yriia v. Packpoem ckoOku u BbipazuMm Ctge uepe3 QpyHKIUH yria

V:
'+ Sinv *Cos v
Cigyp = 7 :
Cos v (7.25)
K + Sin’
C’_tgw = +—M ,
Sinv *Cosv (7.26)

C npyroit croponsl u3BectHo, 4yto Ctge = fol/p, roe fob - QokycHoe paccrosHHe
O0OBCKTHBA, @ P - PACCTOSHUE MEXIy JaIbHOMEPHBIMH HUTAMH. DOKyCHOE paccTosHUE
00BEKTHBA - BEIMYMHA JUIS JAHHOH TPYOBI MOCTOSIHHAS, TIOATOMY Ul M3MeHeHus @ win Ctgo

HY)KHO H3MEHATb pACCTOSAHUE MEXAY JNaJIbHOMEPHBIMM HUTAMHU 10 3aKOHY: - JUIA
TOPU30HTAIIBHBIX MTPOJIOKEHHUI:
fop *Cos’y
Py = ;
C'+ Sinv*Cosv (7.27)

- 7151 IPEBBIILIECHUI:
Jop *8inYv *Cosv
K + Sin’y ' (7.28)

Pr=

®opmynsl (7.27) u (7.28) okoHUATENbHBIE; OHU TIOKA3bIBAIOT, YTO B TAXEOMETPE-aBTOMATE
paccTosiHuE MEX]y NaJbHOMEPHBIMU HUTSAMHU CETKU JOJHKHO aBTOMATUYECKU HU3MEHSTHCS C
M3MEHEHHEM yTIJia HaKJIOHa TPYObl, IpUUeM JalbHOMEPHAsi HUTh TOPHU30HTAIBHBIX MPOJIOKEHUIN
U JlaJbHOMEpHAsi HUTh NPEBHIIICHUN HE cOBMaAaroT. KOHCTPYKTUBHO 3TO Je/aeTcs Tak: B MOJe
3peHust TpyOBl TepeaeTcs Ta 4acTh HOMOTPAMMBI, KOTOpasi COOTBETCTBYET ITAaHHOMY YTy
HaKJIOHA TPYOBI.

[TocTpoerre HOMOTpaMMBI TaxeoMeTpa - apromara. CHavaa mpoBOJIAT AYTY OKPY)KHOCTH
pamuycoM R ¢ nertpom B Touke F (puc.7.10); mycts mnst koHKpeTHOCTH R =55 MM. OTa nayra
SBJISIETCS OCHOBHOM KpHBOM, Touka "Hynb" KOTOpOM HaBoauTCS Ha Hynab uiau Ha Puc.7.10.
orcyer V pelku. 3aTeM pacCUMTHIBAIOT PACCTOSHUS PS M ph I pa3HBIX YIJIOB HaKJIOHA MpU
3agaHHbIX 3HaueHusx C=100, K=10 (K=20) u fo6 = 251 mm; Hanpumep:

\Y% = 0o pS = 2.51 MM ,
v=300pS =227 MM U T.A.

Puc.7.10

OtknaapiBatoT oT paguyca FO yribl, 11si KOTOPBIX BBIUMCIIEHBI paccTosiHUS pS U ph; Ha
CTOPOHE Ka)XKIOTO yrjia OTKJIABIBAIOT ATH PACCTOSIHHUS OT OCHOBHOW KPHUBOW M IIOJTY4YCHHBIE
TOYKM COCIMHSAIOT IUIABHBIMHA JIMHHAMM - IIOJy4alOTCs JIMHMM HOMorpammsl. Jlius



TOPU3OHTANIBHBIX MposiokeHui cTposT ase uHuU: C = 100 u C = 200, 151 TpeBbIIEHU CTPOSIT
Tpu uHUK: K = 10, K =20 u K = 100 115 N0I0KUTENBHBIX U OTPULATEIBHBIX YITIOB HAKJIOHA.

Homorpammy ctposar nmbo Ha mnpusme, nub0 Ha OOKOBOH TOBEPXHOCTH JHOMa
BEPTUKAJIBHOTO Kpyra;, B TOJ€ 3pEHUs TPYObl H300pakeHHE HOMOTPAMMBI IepelaeTcsl ¢
IIOMOILBIO ONITUYECKUX JIEeTaJCH.

N3-3a ommOOK HOCTpOeHHs HOMOrpaMMbl 3HaueHust koddpdunuertoB C u K moryr
OTIMYATbCS OT NPOEKTHbIX. DakTUUecKue 3HauYCHHUsI KOA(PPHULIHUEHTOB OINpPENeIsoT, U3Mepssl
MHOI'OKpaTHO U3BecTHOE paccTosHue SO 1 u3BectHoe npeBbiieHue ho:

C=S0/IS, K=ho/lh .

OTtHocuTenbHAs OMIMOKAa U3MEPEHUsI PACCTOSHHUS HOMOTPaMMHBIM TaxeoMeTpoMm - 1/500,
ommnOka n3Mepenus npesbimenni - 1 cm Ha 100 M ipu K = 10 u 2 cm mipu K = 20.

TaxeoMeTp-aBTOMAT YacTO MPUMEHSIOT BMecTe co cronmkoM Kaptu. B aTom ciyuae aGpuc
COCTaBJISIIOT B IPOLIECCE ChEMKHU Ha JaBCAaHOBOM IUIeHKe. JKypHai CbeMKHU IIPU 3TOM HE BEJETCH,
TaK KaK IMKEeTbl HAHOCAT Ha abpuc B MacuITade MjlaHa ¥ cpa3y MOAMMUCHIBAIOT UX OTMETKU. [lpu
UCIOJIb30BaHUM cToiuKa KapTu uckiitoyaroTcs Oelble NATHA - HE3aCHAThIE Y4aCTKU MECTHOCTHU B
npezenax CTaHLUU.

B Hacrosimiee BpeMs Ul TaX€OMETPUUECKOW ChEMKH MPUMEHSIOTCS TaKXKe 3JEKTPOHHBIE
TaXEOMETpPBI, TMPEJCTABIAIONINE CO00OW KOMOWHAIMIO TOYHOTO TEOAOIMTa M TOYHOTO
CBETOAaIbHOMEpA. Pe3ynbraTel M3MEpPEeHUH MOKHO KOJIMPOBATh Ha MEp(OJCHTY WIN JTUCKETY;
00paboTKa TaKuX U3MEepeHui mpou3BoaAnTcs Ha DBM.

7.7. CocTaBjieHHe IJIAHA YYACTKA MECTHOCTH

[To pesympraTaM TEONOIMTHOM WM TAaXEOMETPHUUECKONM CBEMKHM COCTaBISAIOT IUIAH
MecTHOCTH. [I11aH XapakTepu3yercss TOUHOCTBIO, AETAIbHOCTHIO U ITIOJTHOTOM.

JleTanpHOCTh MJIaHa - 3TO CTENEHb IOAO0OMS M300paKEHHBIX Ha IUJIAHE KOHTYPOB M
00BbeKkTOB MecTHOCTU. Ha mutane nomyckaercs crnpsMieHHE KOHTYpoB ¢ omuOkoi 0.5 MM B
MmaciTale IiaHa.

[TonHoTa mnnaHa ompenensieTcs KOHKPETHBIMU YCIOBUSIMM Yy4YacTKa MECTHOCTH M €ro
Ha3HaueHueM. B 3aBucuMocTH OT Ha3HaueHHMs KpyHHOMAaclITaOHble TIUIaHBl JENATCS Ha
Tonorpaduueckue u crenuainupoainbie. Ha Tonorpaguyeckre mianbl HAHOCAT BCe OOBEKTHI
U KOHTYpBI, NIepeyHCIeHHbIe B KHUTe "YCIIOBHBIE 3HAKM Ul Iu1aHOB MacmTabos 1 : 5 000, 1:2
000, 1:1 000, 1:500" [16], a penbed wu3z0Opaxaercs C TOUYHOCTHIO, MPEIYCMOTPEHHOMN
Wnctpykuueit [16]. [Ipu co3manuu crenuanu3upoBaHHBIX IUIAHOB MOKHO M300pakaTh HE BCIO
CUTYallMIO, a TOJIbKO HEOOXOAMMYIO 3aKa3uMKY, MPUMEHSATh HECTAHJIAPTHYIO BBICOTY CEUEHMS
penbeda u T.10.

ToyHOCTh MJaHA - 3TO CpeAHSsl OLIMOKA MOJIOKEHUS O0bEeKTa WIM YETKOro KOHTYypa
OTHOCHUTEJIBHO ONMKaWIIMX MYHKTOB CheMOYHOro oOocHoBaHMsA. CornacHo MHCTpykiuu 3Ta
omnOKa He oJpKHa mpeBblmarh 0.5 MM B MacmiTabe IiaHa; B TOPHOH MECTHOCTH 3TOT JIOIYCK
yBenuuuBaetcs 10 0.7 MM.

Hy>xnblit MaciiTab cheMKH paccuuThiBaeTcs mo gomycky 0.5 mm Ha rutane. Eciu 3aianHast
omrOKa B3aMMHOTO MOJIOKEHHsI OOBEKTOB B HAType paBHa, HapuMep, 1 M, TO MaciiTad CbeMKH
JIOJKEH OBITh:

I/M=0.5Mm/1 m=1/2 000.

[Tnan crpouTcs B Ba 3Tana COOTBETCTBEHHO JABYM 3TallaM BBIIIOJIHEHUS ChbEMKU:



HAHOCUTCSl Teojie3ndeckasl OCHOBA, T.€. MYHKTHI TOCYIapCTBEHHON I'€0Je3U4YEeCKON CeTH,
MyHKTBl CETeH CrYIICHWs] W TYHKTBI CHhEMOYHOTO OOOCHOBaHUS 1O MX HU3BECTHBIM
MPSIMOYTOJIBHBIM KOOPIUHATAM;

HAHOCUTCS CUTyalus, T.€. HAHOCATCS MUKETHl OTHOCHTEIHHO IYHKTOB ChEMOYHOTO
000CHOBaHHUS B MECTHBIX MOJISPHBIX CUCTEMaX KOOPAWHAT, U PUCYIOTCS KOHTYPHI U pelibed.

CHayana Ha JIUCTE BaTMaHa CTPOAT KOOPJAMHATHYIO CETKY KBaApaToB co cTopoHoi 10 cm
Opy TOMOIIM CHEIUalbHON JuHeWku [IpoOblieBa; KOOpAUHATHI  YIJIOB  KBaJApaTOB
MNOJMUCKHIBAIOT. 3aTeM IO KOOpAWHATaM, BBIOPAHHBIM U3 CHENHUAIBHBIX TaONUIl 10
HOMEHKJIaType JIUCTa, CTPOAT YIJIbl paMOK Tpameuuid. MHorma IuiaHel CTpPOATCS HE B
[IECTUTPATYCHBIX, @ B TPEXTPAJYCHBIX 30HAX.

Ommbka TONIOKEHUsT BEPIIMH KBAJPAaTOB KOOPAMHATHON CETKU JIOJDKHA OBITH MOpPSAKA
rpaduueckoit Tounoctu - 0.1 mwm. Ilpm pasmepax cerku 50 * 50 cm BenmumumHa 0.1 MM
cootBercTByeT yriy 0.7'. Hu omuH TpancmopTHp He 00ECIeYUT TaKOH TOYHOCTH ITOCTPOCHUS
VIJI0B, MOATOMY MPMEHSIOT KOCBEHHBIH Croco0 mocTpoeHus mpsimoro yria. Ilo nuneiike
Jpoo6siieBa ¢ TouHocThio 0.1 MM OTKIaBIBAOT KaTeThl AMHOM 50.00 cM U TUNIOTEHY3Y IITHHON
70.71 cM; mOCTPOEHHBINA TaKUM 00pa30M MPSMOI Yyroi B TPEYroJbHUKE Oy/IeT UMETh TpeOyemMyto
TOYHOCTb.

Bce myHKTBI ¢ch€MOYHOTO OOOCHOBAHUS, C KOTOPBIX BBITIONHSIACH ChEMKA, M ITYHKTHI
OTIOPHBIX CETEH, MOMaIar0IINe Ha TAHHBIN JIUCT IJIaHa, HAHOCST Ha TUTAHBI 110 MX KOOPIMHATAM.

[TukeThl HAHOCAT B MECTHBIX TOJISIPHBIX CHCTEMaX KOOPJAWHAT MIPH MOMOIIU TPAHCIIOPTHPA
Y TIONEPEYHOro MaciTada WM ¢ MOMOIIbI0 Taxeorpada (KpyroBoro TpaHCIOPTHUPA C JTMHEHKON
Ha Mpo3payvHoil ocHOBe). OKOJIO Ka)XI0T0 MUKETa MOJIUCHIBAIOT €0 HOMEP U OTMETKY.

3areM, HCIONB3ysd aOpHUC, BHIUEPUMBAIOT CHUTYALMIO B YCIOBHBIX 3HaKaX U MPOBOIST
TOPU30HTAIH.

CocTaBleHHBIH MIIaH BBIHOCAT Ha YYaCTOK MECTHOCTU U BBIMOJHSIOT €r0 KOHTPOIb JTHO0
Ha Tja3, MO0 MHCTpyMeHTanbHO. [locrne mpoBepku IMIaH BBIUEPUMBAIOT B TYIIM B OJUH HIIU
HECKOJIbKO IIBETOB, HAHOCAT BCE TMOMAMMCH, O(POPMIISIIOT paMKH M 3apaMOYHOE MPOCTPAHCTBO,
3aMOJIHAIOT OPMYIISIP.
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