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BBEJIEHUE

Metoauueckue yKa3aHus o COJIEP>KaHUIO COOTBETCTBYIOT
['ocynapcTBEHHOMY CTaHIAPTY HaIpaBJIEHUs MOArOTOBKHM OakanaBpoB 270800.62
«CTpOUTENbCTBO» H THUNOBOM mporpamme 1o aucuuivinHe «['eomesus,
npeaHa3Ha4YeHbI IS CTYACHTOB 1 Kypca.

B meTtoguueckux  yKasaHMSX ~MPEACTABICH TOPSAOK  BBINOJHEHUS
7a00paTOpHBIX pabOT MO JIMHEHHBIM, YIJIOBBIM U BBICOTHBIM H3MEpPEHUSM,
NOBEPKAM T'€0JE3UUYECKUX MPUOOPOB, PEUICHUIO MHKEHEPHBIX 3a/1ay, MPUBEACHbI
npuMepsl oopmiieHUsT TpaUUECKUX MaTepUalioB, ONPEIEIIECHbI LEIN U 3a/1ayd
Ka)KJ0ro 3Tana padboT, pacCCMOTPEHbI TPEOOBAHUS, TPEIBABISAEMbIEC K HUM.

BemonHenuto  nabopaTopHbIX ~ pabOT ~ HEMPEMEHHO  JIOJKHO
IpEIIIECTBOBATh U3YYEHHE CTYACHTAMHU JIEKUUH M COOTBETCTBYIOIIMX PAa3/eioB
yueOHuKa. be3 3Toro BbINOJHEHHE JA0OpPaTOpPHBIX pabOT mpeBpallaeTcs B
MEXaHUYECKYI0 U MaJIOMOJIE3HYIO PabdOoTy, HE CIIOCOOCTBYIOIIYIO MPUOOPETEHUIO
HEOOXOMMBIX HABBIKOB IPAKTUYECKON paOOTHI.

JIABOPATOPHASI PABOTA Nel
JInHeHHbIe M3MepPeHUs] MeXaHMYeCKMMHU MEPHbIMU NIpHOoOpamMu

1.1. Ileab padoOTHI: MO3HAKOMUTHCS C YCTPOMCTBOM MEpPHBIX JIEHT U PYJIETOK,
OCBOUTBH METOJMKY JUHEHHBIX HW3MEPEHUN U MOPsI0K 00pabOTKU UX PE3YJIbTATOB.
1.2. Mexannuyeckue MepHbie MPUOOPBI

MexaHnudeckue MepHbIe MPUOOPHI MPEACTABISAIOT COOOM JIMHEWHBIE OTPE3KU
pPa3IMYHON JUIMHBI, U3TOTOBJICHHBIE Yallle BCETO U3 METaJlla B BUJE JIEHT, PYJIETOK,
ITPOBOJIOK.

JIeHTBI 3emiIeMepHbIe BBITYCKAIOTCA ABYX TUNOB: JI3 - JIeHTa 3eMieMepHast
u JI3II - nenra 3emnemMepHas mkanoBas. CymecTByroT JeHThl JnuHon 20, 24 u
50 m.

B KOMIUIEKT K IITPUXOBBIM JIEHTAM BXOJST CTAJIbHBIE IIMUIBKH.

OtHOcHUTeNbHAsT OWMOKAa W3MEpPEHUs JUHUN JICHTAMH B 3aBUCHUMOCTU OT
METOAMKH U yCIOBUH u3Mepenuit pasusercs 1/1000 - 1/3000.

Pynerku. Jlnsa u3mepeHuii B CTPOUTENLCTBE HauOoliee yIOOHBI CTaJbHBIC
pynetku Tunos: PC - pynetka camocBepthiBatomasics; PK - pynerka »xenoOuaras;
P3 - pynetka B 3akpsiToM kopiryce; PK - pyneTka Ha KpeCcTOBUHE.

N3rotaBnuBarOTCs PYJIETKH CTAIBHBIE, IUIACTMACCOBBIE U TECMSHBIE JJIMHOM
5,10, 20, 50 1 100 m.

CraibHble M IUIACTMACCOBBIE KOMIIAPUPOBAHHBIE PYJIETKU CIYyKaT s
TOYHBIX M3MEPEHUN JTUHUN U TMPUBA3KUA KAUTAIBHBIX COOPY>KEHUM, TECMSIHBIE -
JUTsl oOOMepa COOPYKEHUMN U DJIIEMEHTOB MECTHOCTH.

OtHocuTeNnbHas omuOKa U3MEpEeHUs JUHUN pysieTkamu coctasisieT 1/1000 -
1/20000 B 3aBUCMMOCTH OT KJlacca pyJeTKH, YCIOBUN U METOJUKU U3MEPEHUN.
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K mexanmueckum MEpHBIM MPUOOPAM OTHOCSTCS TAK)KE€ MEPHBIE MPOBOJIOKH
M JUIMHHOMEpPBI, HO HAa CTPOMTEIbHOM IUIOIIAJKE OHU NPAKTUYECKH HE
UCIIOJIB3YFOTCHI.

1.3. KpaTkue TeopeTnueckue cBeaeHuUs!

CyTp NMHEWHBIX U3MEpeHUN (M3MEpEeHUs PACCTOSHUI) MEXaHUYECKUMHU
MEpPHBIMH TMPUOOpPAMU COCTOUT B OMNpEAEICHUU JIUHBI JuHUU J[ myTem
CpaBHMBaHHUA €€ ¢ JUIMHOM MepHoro mnpubopa. DTO  JIOCTUTaeTcs
MOCJIE0BATEIbHBIM YKIIAIBIBAHUEM MEPHOTO TpuOOpa B CTBOPE JIMHUM, T.€.
BEPTUKAIBHOM IUIOCKOCTH, MPOXOASAIIEH Yepe3 €€ KOHEUHbIC TOUKHU. [[JIMHa TuHuH
ompenensieTcs o Gopmye

d=Ln+r, (1.1)
rae L — mimHa mepHoro npubopa, N — KOJIMYECTBO pa3, KOTOPOE YKJIaJbIBAICS
MEpPHBIA TIPUOOpP, I — PACCTOSHUE MEXAY KOHIIOM MEPHOTO Iprdopa U KOHCUHOU
TOYKOH JINHUH.

Ornpenenenue JIUHBI JUHUU BKIIIOYAET TPU 3Tana: MOArOTOBKY, U3MEPEHUE U
BBIYHUCJICHUE.

IoaroroBka JMHMH K U3MEPEHUIO COCTOUT B PACUHUCTKE WU IUIAHUPOBKE
TPACChl, 3aKPETUICHUHU U BEILICHUH.

JIuHMM Ha MECTHOCTH 3aKpEIUISIOTCS B 3aBUCHUMOCTH OT Ha3HA4YeHUs
METaUIMYECKUMU CTEP>KHAMHM, CICIHUATBHBIMU T€0JIe3MUECKUMU TIEHTpaMu (puc.
1.1.) , cToiOuKaMu, KOJIbSIMH WM BEXaMH, yCTAaHABIMBAEMbIMU B HAa4yaje U KOHIIC
U3MEPSIEMOI0 OTPE3Ka.

[Tpu u3MepeHnn IIMHHBIX JIMHUNA ObIBAECT HEJIOCTATOUHO JABYX BeX. JIyist 0003HaueHus
HA MECTHOCTY TaKOM JIMHUU B €€ CTBOPE - BEPTUKAIBHON IJIOCKOCTH, TIPOXOSILIEN Yepe3
€€ KOHEYHbIC TOYKH, YCTAaHABJIMBAIOT HECKOJIBKO JIOTIOJHUTEHHBIX BEX HA paccTosHUN 50
- 100 M B 3aBHCHUMOCTH OT penbeda MectHocTH (puc. 1.2).

£ N
A a) .

Puc. 1.1. 3akpennenue nuHAN Puc. 1.2. Bemenne nunnii:
a) 4epe3 BO3BBILIEHHOCTh; 0) 10 CKIIOHY

V

LTEPXPHb

1.4. IlopsaIOK BHINOJHEHUA J1a00paTOPHOI padoThl Ne 1

[Tepen Hauamom paboT Bce MEpHBIE MPUOOPHI 00S3aTETHHO KOMIIAPUPYIOT.
KomnapupoBanue - 510 onpenencHue (HakTUIECKOW JJIMHBI MEPHOTO TMpubdopa
MyTEM €T0 CPaBHUBAHUS C ATAJIOHOM.

PasHocth Mexay ¢aktudeckoit mmHoW L MepHoro mpubopa u mmuHOU |,
ATaJIOHA HA3bIBAETCS MONMPABKOM 32 KOMIIAPUPOBAHMeE.
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Ale=L—1, . (1.2)

[TonpaBka B u3MepeHHyto JtuHuio ADy onpeaensiercs mo hopmyiie
_D
ADy = TAlk, (1.3)

rae D - usmepenHast ;yiHa TuHUH, | - HOMUHATBHAS JJTHHA MEPHOTO MPUOOPa,MM.

WN3mepeHne JMHUM BBINOJHSIOT [JBa MCIOJHUTENS, OJIWH M3 KOTOPBIX
yCTaHAaBJIMBAET HYJEBOM IITPUX MpUOOpa B HAYAIBHOM TOYKE, a JpYyrou
YKJIaJbIBAET €r0 B CTBOPE JIMHUU U, BHIPOBHSB MPUOOP IO BBICOTE, OTCUUTHIBAET
JUIMHY WJIM, 3aKPENUB IMOJOXKEHUE BTOPOro KOHLA MpUOOpa, MPOTATUBAET €ro IO
CTBOPY U IIPOJOJKAET U3MEPEHHUE.

JUis UCKITIOYEHHUs] TpyOBIX OLIMOOK M MOBBILIEHHS TOYHOCTH H3MEpPEHUE
BBITIOJIHAETCS IBAXKAbI: B IPSIMOM M OOpaTHOM HaIlpaBJICHUSX.

Ecnn wu3Mmepsemas JuHUA UMeEET YKIOH, TO Ul OIPEACIICHUS €€
TOPU3OHTAILHOTO  TPOJIOKEHHs  (MPOCKIMs  W3MEpseMOW  JIMHUM  Ha
TOPU30HTAJIBHYIO TUNIOCKOCTh) HA MECTHOCTH U3MEPSAIOT IIUHY JuHUU D u ee yron
HAKJIOHA V TEOJOIUTOM. Torja ropu3oHTagbHas MpoeKius d onpeaenuTcs u3 puc.
1.3 mo dhopmyie

d=Dcosv. (1.4)

Puc. 1.3. IIpuBeneHre HaKJIIOHHBIX JIMHUI K TOPU30HTY

[TonpaBka 3a HAKJIOH JMHUU K TOPU3OHTY OIpeaensercs no hopmyie

.2V
AD=D—d=D—dcosv=2Ds1n25. (1.5)
HeO6XOI[I/IMO HUMCTb B BUIAY, YTO, YCM 6OJ'IBH_IC YIroJl HAaKJIOHA JIMHUH, TCM
TOYHCC CIro HYXHO OIPCACsATh, T. K. OH_II/I6K3 C YBCJIMYCHHCM YIJId 6I)ICTpO
BO3pAacCTacrT.



[Ipu TOYHBIX HM3MEpPEHUAX OOs3aTEeIBHBIM SIBISETCA YYEeT TIOMPABKU 3a
TEeMIIepaTypy, KOTopasi BbIUMCIAeTcs 1o hopmysie

AD, = DK(ty — t) , (1.6)

riae K — ko3¢ dunueHT TMHERHOTO paciupeHus cTajlu, paBHbINA 12- 10°,
t, — ty — TeMIepaTypsl Ipy M3MEpEHUH U KommapupoBanuu (ty = + 20°C).
BBIYHCITUTE JIMHUIO — 3TO 3HAYXT HANTH HanboJjiee BEposSTHOE ee 3HaueHue d
C YYETOM BCEX MEPEUMCICHHBIX MOMPABOK M0 YPABHEHUIO

d =D-ADy + AD, + AD; . (1.7)

Omubxn JJIMH JIMHUNA HE AOJIKHBI TIPCBBIIIATL BCJIWMYWH, YKA3aHHBIX B
HHCTPYKIHH OJIA JaHHOT'O BHUA pa60T.

JIABOPATOPHAS PABOTA Ne2
YrioBbie U3MepeHust

2.1. lleab pabdoThI: U3yUUTh YCTPONUCTBO TEOJIOIUTA U IPUEMBI PAOOTHI C HUM.
2.2. Ilopsinok BbINOJIHEHUS PA0OTHI:
1) U3y4uTh YCTPOUCTBO Teo0MTa (pUC. 2.1);
2) 3apucoBaTh B pabodveil TeTpaaW TOPU3OHTAIBHYIO W BEPTHKAIBHYIO IIKAIBl U
MO/IMACATh 11Ol HUMH TIOJTyYCHHBIE OTCUETHI,
3) Hay4HUTHCS YCTAHABIMBATH TEOAOJUT B pabodee MOJ0KCHUE;
4) M3MEpUTh CIIOCOOOM TMPHUEMOB TOPHU3OHTAIBHBIA YTOJd MEXAY BU3HPHBIMHU
3HAKaMU;
5) npoBecTH 00pPabOTKY pe3yJbTaTOB U3MEPECHUM.

OO0paserr 3anmucu ¥ BHIYUCIUTEIbHON 00pabOTKH MpuBeieH B Ta0m. 2.1.

Tabmuna 2.1
KypHan uzmepeHust yrios
Homep | Honoxenune | Homepa Otcuetsl Bennunna | Cpenuss ITpumeu.
craHiuy | TE€OJMONHUTA | HAOMIOL. rpanycsr | sy | YR BEJIMYMHA
TOYEK yria
3 246 26
KII 102°18'
1 2 144 10
3 190 36 102°18,5'
KJI 102°19'
2 88 19

6) onpeaenuts Mecto Hyst (MO) TeononuTa:




MO= (KJI+KII) =180° : (2.1)
2
7) ©3MEpUTH YTl HAKJIIOHA HA JIBE BUSHPHBIC IIEJIH U BBIYUCIUTDh BEPTHKAIBHBINA
YIOJIV :

v =KJI -MO = MO —KII. (2.2)
OO6pa3sel )xypHaia 1Jid 3alUCH MPUBEACH B Ta0d. 2.2
Tabmuma 2.2
Kypnan nsmepeHnsi BEpTUKAIbHBIX yTJIOB

Homepa | Otcuersl 10 BEpTHUK. KPYTY

TOYCK MO v
KJI KII

R )

i

5
4\,

N\

Puc. 2.1. OcHOBHBIE YacTH TEOMOIUTA

OCHOBHBIMM YacTAMHM TEOAOJUTA SBISAIOTCS MOJCTaBKa, COCTOSINAs W3
NPYKUHALLEH TUIACTUHBI 1, TOABEMHBIX BUHTOB 2 U Kopmnyca 3, TuMO ropu3oHTa-
JBHOTO Kpyra 4, pacrojoK€HHOTO IOJ METAJUIMYECKUM KOXKYXOM TEOOJINTA,
anuaaga 5, Ha JBYX TMOJCTaBKax 6 Kpemurcs 3puTenbHas TpyOa 7,
UMWIMHAPUYECKUA YpOBEHb 8, BEPTUKAJIbHBIM Kpyr 9, MUKpPOCKOIN MJisi B3SITUS



orcuetoB 10. Bece Bpamaromnuecs yacTu T€O0JIMTa CHA0KEHBI 3aKPEMUTEIbHBIMU
U MHUKPOMETPEHHbIMM BHHTaMH Uil (UKCHPOBAHUS HMX B HEMOIBHKHOM
MIOJIOKEHUH U JUIS IJIABHOTO U TOYHOTO HaBEJCHUS Ha Lielib. Pe3koe n3odpaxenue
IeJI IOCTUTAETCs C TOMOIIBIO BUHTA KpeMaibeps 11.

B KOMIUIEKT K TEOJOJHUTY BXOAAT Oyccosib (CIYXKUT Ui ONpeAclCHHs
MarHUTHBIX a3UMYTOB), IITaTUB C OTBECOM (JUIsl YCTAaHOBKM TEOJOJIUTA Haj
BEPIIMHOMN yTJIa).

JIABOPATOPHAS PABOTA Ne3

IToBepku TeogouTa

3.1. Heab padoThI: U3y4yuTh TPEOOBAHUS K MOJIOKEHUIO OCEH T€OA0JIUTa, OCBOUTD
WX TMOBEPKH U FOCTUPOBKHU.

3.2. TlopsiioK BBINOJIHEHHUsI PadOThI. M3yUYUTh U 3apPHUCOBATh T€OMETPHUCCKYIO
cxemy TeosionuTa (puc. 3.1), OCBOUTH BBHIMOJHEHHE MOBEPOK HA MTPAKTHKE.

IToBepku T€0A0IUTOB

OcCHOBHBIC IMIOBCPKU TCOMOJUTOB IIPOU3BOAAT C MCJIbIO BBIABJICHUA H
YCTPAaHCHUA BO3MOKHBIX HECOOTBETCTBUN TEXHUYECKUM YCI0OBHUAM, KOTOPLBIC
OIIPpCACIIAIOTCA B3ANMHBIM PACIIOJIOKCHHUCM €CTO OCEH.

Puc. 3.1. Ocu Teononuta

1-s1 moBepka

Och NWIMHAPUYECKOTO YPOBHS MpHU alnuaaje TOpU3OHTalbHOro Kkpyra LL
JOJDKHA OBITH TIEPIICHANKYJIIPHA BEPTUKAILHOM ocH BpateHus teononuta UU.

JInsi BBISBIEHUS OTKJIIOHEHUW LUJIWMHIPUYECKAN YPOBEHb YCTAHABIIMBAIOT
MapaJyIeIbHO JBYM MOJbEMHBIM BUHTAM TEOJO0JIUTA, a IMMY3bIPEK YPOBHS MPUBOIAT
Ha cepenuHy. IloBepuyB ammmany Ha 90°, BHOBH BBIBOASAT Iy3BIPEK YPOBHS Ha
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CepelMHy TPETHUM IOJBEMHBIM BHHTOM. IIpu moBopoTe ypoBHs Ha 180° ot
NEPBOHAYAIILHOTO HAIIPABJIEHUS My3bIPEK YPOBHS JOJIKEH OCTaThCsl HA CEepeArHe
(ycioBue BBITIOJIHEHO). Eciii my3bIpek CMECTHIICS OT CEpeIMHbl YPOBHS, TO €r0 Ha
MOJIOBUHY OTKJIOHEHHS! BO3BPAIIAIOT MOJbEMHBIMH BUHTAMU, BTOPYIO MOJIOBUHY —
UCITPaBUTEIBHBIMU BUHTaAMU ypoBHA. KOCTHUPOBKY (KcIpaBieHUE) NpOAOIKAIOT 10
MOJIHOM OCTAHOBKH IYy3bIpbKa MPH BPAILLIEHUU TEOI0IUTA.

2-51 mIoBepKa

Busuphas ock TpyOsl ZZ nomkHa ObITh NEPIIEHANKYJISIPHA OCHU €€ BPALLEHUS
KK (moBepka KoJJTUMAITMOHHOM OIIMOKH).

VY CTaHOBUB TEOOJIUT B pabouee MOJI0KEHHE, TPyOy HaBOJAT Ha YAAJIECHHYIO
HeNnb NpU TOJOXKEHUM BepTUKalbHOE Kpyra crpaBa oT Haomomatens (KII) u
CHUMAIOT OTCYET O TOopu30OHTalbHOMY Kpyry. IlepeBenst TpyOy uepe3 3€HHUT,
BHOBB HaBOJIAT €€ Ha Ty )K€ LIeJIb MPU BEPTUKAIBHOM KpYTe ClieBa OT HaOIoAaTeNs
(KJI) u cHoBa cHuMaroT orcuer. O4eBUIHO, UTO pa3sHOCTh oTcueroB KJI - KII
J0JKHA OBITH paBHA 180°, a oTkIOHEHHE BA3UPHOM OCH OT NEPIEHAUKYJIISIPA K OCU
BpalieHus TpyOsb! (KOJUIMMALMOHHYIO OMKOKY) C, MoyduM U3 GopMyIibl

C, = (KJI-KIT +180°)2 < 2t, (3.1)

rae t - ToUHOCTBh OTCUETa 10 JIUMOY.
TeopeTnuecknii 0OTCUET, OIPEAEIIIEMBIN IO PABEHCTBY

KJI, =KJI - Cy , (3.2)
UCIIOJIB3YIOT [IJISi YCTAHOBKHM aliuajJbl TOPU3OHTAIBHOTO Kpyra HaBOISIIUM
(MukpomeTpeHHbIM) BUHTOM 1o otcuety KJI. CmemieHue mnepekpecTusi CETKH
HUTEH C [eJIU YCTPaHAETCS UCTIPABUTEIILHBIMUA BUHTAMH, PACTIONIOKEHHBIMU BO3JIE
OKyJIsipa TpyOBbI 10T METAJTUYECKOM KPBIIIKO# (puc. 3.2).

Puc. 3.2. I/ICHpaBI/ITeHBHBIe BUHTHI CETKU HUTEH TCOOO0JIHUTA
Brauane ocnalbiisioT BepTUKaIbHbIE BUHTHI, 3aT€M OOKOBOW BUHT, B CTOPOHY

KOTOPOTO HEOOXOAMMO TEPEMECTUTh CETKYy HHTEH, a 3aTeM BTOPHIM OOKOBHIM
BUHTOM HaBOJSIT BEPTUKAILHYIO HUTh HA I1EJTb.

10



3-s1 moBepKa

Ocsb Bpamenust Tpyoslt KK ngomkHa ObITh EPHIEHAUKYIIIPHA BEPTUKAILHON
ocu npubdopa U-U.

Teonmonur npuBoaaT B padouee nosioxkeHue u HaBoAsT TpyOy npu KII Ha
BBICOKO PaCIOJIOKEHHYIO TOUKY. 3aTeM TpyOy OIMyCKaloT, MPOCLHUPYS MOJI0KEHHUE
TOYKA HAa YpPOBEHb 3eMiU. [lodydeHHYH NpOEKUHI0 MapkupyroT. [loBropus
nevcreus npu KJI, momydaem  mpoexumio Bropon Touku. Ilpm coBmaaeHuum
IPOEKIUI YCIOBHUE BBINOIHEHO. B IPOTUBHOM Cilydae OCh BpalleHHs] TPyObl HE
NEPHEHANKYJIIPHA K OCHOBHOW OCH MHCTPYMEHTA. B COBpEMEHHBIX KOHCTPYKIIUSIX
TEOJ0JIUTOB HET HUCIPABUTEIBHBIX BHHTOB, MCKIIIOYAIOIIUX 3TO HECOOTBETCTBHUE.
KOctrpoBka mprbopa MOKET OBITh OCYIIECTBIICHA TOJIBKO B 3aBOJICKUX YCIOBHSIX.

4-51 noBepka

Onna w3 HUTEW CEeTKU TPYyObl NOKHA OBITh TOPU3OHTAIBHOM, Jpyras -
BEPTUKAIBHOM.

[IpuBecTr TeOMOMUT B paboUee MOJI0KEHUE M HABECTH €T0 TPyOy Ha XOPOIIIO
BUJIMMYIO TIeNb. Bpamas MUKPOMETPEHHBIM BHHTOM TOPHU3OHTAIBHBIN JTUMO,
HEOOXOJIMMO CJICIUTh 332 TeM, YTOObI M300paKEHUE 1€ BCE BPEMsl HaAXOJUIOCh
Ha TOPU3OHTAJIBHOW HHUTH CETKU. [IOBEpKYy MOIKHO BBITIOJHSATH HAaBEICHHUEM
BEPTUKAJILHOM HUTH HAa OTBEC, PACHOJI0KEHHBIN He Oimxe 5 - 10 M oT TeogonuTa.

[Ipu cMmenieHuy el ¢ HUTH CEeTKY IOCTUPYIOT Pa3BOPOTOM OKYJISIpa KOJIbIIa
TPYOBI C TTIOMOIILIO UCTIPABUTEIILHBIX BUHTOB CETKU HUTEH (puc.3.2).

JIABOPATOPHASA PABOTA Ne 4

Pemenue HHKCHEPHBIX 3a1a4 ¢ IOMOIIIbIO T€O0/IUTA

4.1. Heab padoThI: U3yYUTh TEXHOJOTHIO PEIIEHUSI MHKEHEPHBIX 3a/1a4, U3YYUTh
BO3MOKHOCTH TE€OJ0JIMTA U IPUOOPECTH HABBIKU B €r0 UCIOJIb30BAHUU.

4.2. Tlopsi1oK BBITIOJTHEHUSI Pa0OThI:

Ilocmpoenue na mecmHocmu nPOEKMHO20 y2ia

1) yCTaHOBUTH TEOIOIUT HAJ BEPIINHOMN yTIa;

2) NpUBECTU TEOAOJUT B paboyee MOJOXKEHUE UM HABECTU TPYOy Ha HCXOJHYIO
TouKy npu «KJI»;

3) B3sATH OTCYET MO TOPU3OHTAIBHOMY Kpyry. K sTomy oTcuery mnpubaBUTH
IIPOEKTHYIO BEJIIMYMHY yTIja (€ClM YroJl pPACHOJOKEH CIpaBa OT HCXOIHOTO
HaIpaBJICHUS) WM BBIUECTH €€ (€CJIM YroJl pacloioKeH CJIeBa);

4) Bpamas anuuany TOPU30HTAIBHOTO KPYyra, HaWTH HYXHBIM OTCUET U B CTBOPE
MOJIyYEHHOTO HANPABJIEHUS YCTAHOBUTH ILITHIIBKY:;

5) BBINOJIHUATH Te ke aercTBus npu «KID» 1 ycTaHOBUTH HOBYIO IIIUIIBKY;

6) cpelnHee MOJIOKEHUE ITUX IIMUJIEK OyaeT GUKCUPOBAaTh HCKOMOE HampaBlICHUE
(puc. 4.1). ¥
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Puc. 4.1. [locTpoenue nNpoeKkTHOTO yria
Onpeodenenue 8b1COMbL COOPYIHCEHUS:

1) yCTaHOBUTH TEOIOJNUT HAJ 3aKPEIUICHHOW TOYKOW Ha paccrosHuu O oOT
coopyxenus (puc. 4.2);

IDVZ
v_¥.hy fmemmmzzIIIIIIIILL LS do__
Puc 4.2. Onpenenenue BbICOTBI COOPYKEHUS

2) MPUBECTU TEOJOJINUT B pabouee MOJIOKEHUE U U3MEPUTH BEPTUKAIBHBIE YTJIBI Vi

1 V, . BBEICOTY COOPYKEHHS OIPENEIUTH 110 (GOPMYyIIE
H=d (tg \% e V2). (41)

Ilocmpoenue aunuu 3a0aHHO20 YKIOHA':

1) ycTaHOBUTH TEOOIUT HAJ UCXOIHOU TOUKOM A (puc. 4.3) U IPUBECTH €TO B
pabouee MoJI0KEHUE;

2) onpenenuts MO Teononura;

3) Berunciuth otcuet npu KII Ha koneunyto Touky auHuu. KII=v + MO (yron
HAKJIOHA 33Ja€T NPENoaBaTeb);

4) yCTaHOBUTH BUBUPHYIO OCh TPYOBI 110 paCYETHOMY OTCUETY;

5) U3MEepUTH BBICOTY TE€OJ0IUTA HAJl TOUKON A;

6) B UCKOMOU TOYKE 3a0UTh KOJIBIIICK U YCTAHOBHUTH HA HeM peiky. Eciu oTcuer
Mo pelke OKaxXeTcsi OOJbINEe BBHICOTHI TEOJOJIUTA, KOJBIIIEK 3a0MBAIOT TIIyOXKe,
€CJIM MEHbIIE — IOJHUMAIOT 10 COBIAJAEHUS OTCUETa II0 PEHKE C BBICOTOM
TEO10JIMUTA.

12



Puc. 4.3. [TocTpoenne TMHUH 3a1aHHOTO YKJIOHA

JIABOPATOPHAS PABOTA Ne 5
BricoTHBIC H3MeEpeHUd

5.1. llesqb padOTHI: MOJIYYUTh 3HAHUSA 110 YCTPOICTBY HUBENIHMPA U IPHEMaMU
pabOThHI C HUM.

5.2. llopsiiok BbINOJHEHHS PA0OTHI:

1) u3y4nTh yCTPOWCTBO HUBEJIHPA.

Ycempoucmeo nueenupos:

HuBenup - npubop, ciyxamuil s ONpENeeHus Pa3HOCTH BBICOT
HECKOJIbKMX Touek. IIpubop OCHOBaH Ha TPUBEIECHUU BU3ZUPHOIO Jiyya
3pUTENIbHOIN TpyObl B TOPU3OHTAJIBHOE TOJOKEHUE C MOMOIIbI0 ypoBHS (puc.S.1,
a) WM KoMmIieHcaropa (puc. 5.1, 0).

a)

| L

Puc. 5.1. YcTpoiicTBo 3puTenbHON TpyObl HUBENINpA:
a) C ypoBHEM; 0) ¢ KOMIIEHCATOPOM

OCHOBHBIMH YaCTSIMA HUBEJIUPOB SIBIISIOTCS: TMOJACTaBKA, IMIMHIPUICCKUN
YpOBEHb (KOMIICHCATOP) U 3pUTeNbHas TpyOa (puc. 5.2).

13
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Puc. 5.2. Cxema ycTpoiicTBa HUBEJIHPA C HWIMHIAPUIECKUM YPOBHEM:
1 — noncraBka HuBenupa (Tperep); 2 — MOILEMHBIE BUHTHI; 3 — KPYIJIbI YPOBEHb;
4 — 3aKpenuTeNbHbII BUHT; 5 — HABOASAIIUN BUHT; 6 — JI€BAllMOHHBIN BUHT;
7 — ucnpaBUTENIbHBIC BUHTHI KPYTJIOTO YPOBHS; 8 — 3puTenbHast Tpyoa; 9 - okysp;
10 — oO0bekTuB; 11 — kpemanbepa; 12 — MIMHAPUICCKUN YPOBEHb

Hagenenue TpyObl HUBENIUpPA HA 1I€JIb OCYIIECTBISIETCA 3aKPENUTENIbHBIM 4 U
HAaBOASIIMM 5 BHHTaMH, (POKyCHpOBKAa H300pakeHUs - Kpemaibepod 11.
[IpuBenenue my3bIpbka KpYIJoro YypOBHA Ha CEPEAUHY OCYIIECTBISIETCS
MOTbEMHBIMU BUHTAaMU 2, a My3bIpbKa MUJIMHAPUIECKOTO YPOBHS - AJIEBAIIMOHHBIM
BUHTOM 6.

Jisa ynobctBa paboThl M300pa)keHHE KOHIIOB ITy3bIpbKa IMJIMHIPUYECKOTO
YPOBHSI HAXOJAMUTCS B TOJIE 3peHust TpyOsI (puc. 5.3).

o
23

KOHIIBI ITY3bIPpbKa

Puc. 5.3. [lone 3penust TpyObl HUBETUPA C LMIMHIPUIECKUM YPOBHEM

[Ipy ropu30HTAaIBLHOM TMOJOKEHUM BH3UPHOM OCH HUBEIHWPA KOHIBI
My3bIpbKa COBMEIIAIOTCS, @ IPU HAKIIOHHOM - PACXOIATCS.
B KOMIUIEKT K HUBENUPY BXOAST HUBEJIHUPHBIE pelKH (puc. 5.4).

14



Puc. 5.4. HuBenupHas peiika: a) nienpHasi, 0) CKiagHas

Peiixa umeeT 1Be CTOPOHBI: YEpHYIO (OCHOBHYIO) M KPacHYIO (KOHTPOIBHYIO).
Ha xaxx7oii u3 HUX yepenyroTcs YepHbie (KpacHbIe) U Oesble IIaleyHbIe JeICHUS
BenuuuHOUW 1 cM. Cyer aesleHnid MIET 10 YEPHOW CTOPOHE OT HYJIS, MO0 KPacHOU
cTopoHe — oT uudpsl 4785 wim 4685 (nsatka peitku). [IpuHIUI B3ATUSI OTCUETOB
II0 peyiKe MoKa3aH Ha puc. 5.5.

Puc. 5.5. B3arue orcuera no perike

Kpome peliku B KOMIUIEKT K HHUBEIMPY BXOJWUT IUTATUB JUIsl YCTAHOBKH
HUBEJINPA;
2) onucaTh B paboyeil TeTpaau Ha3BaHUe U PYHKIMU pabOUMX YacTell HUBEIHPA;
3) Hay4yuTbCS PHUBOJUTH HUBEJIHP B padbouee MOJIOKEHUE M OpaTh OTCUETHI IO
YEPHOM U KPaCHOW CTOPOHAM PEMNKU;
4) 3apucoBaTh MOJE 3peHHs] TPyObl HHUBEIUpa C M300pPAKEHUEM PEUKH U CETKH
HUTEH B COOTBETCTBUU C MOJYYEHHBIM OTCUETOM;
5) mepeBectu TpyOy HUBENHMpa Ha BTOPYIO TOUKY M B3sTh oTcyeT. Paccuurarhb
npeBbilieHus 1o cxeme (puc. 5.6). [lomydennsie pe3ynbTaThl 3amucaTh B TaOJI.

5.1.

15
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a) HUBEJIMPOBAHUE U3 CEPEANHBI 0) HUBEJIMPOBAHUE BIIEPE]

Puc. 5.6. Cxembl TeOMETPUYECKOTO HUBEIUPOBAHUS

Tabauna 5.1

>KypHaJ] ICOMCTPHUICCKOI'0O HUBCIIMPOBAHUA
Homepa
cranuuii | Homepa | Otcuersl no pelike | [IpeBpime- | OtmeTkun

TOYEK HHE

3aHss | epeHss

T1 1245
1 6030

T2 0809

5592

JI711 KOHTPOJIS BBITIOJIHEHHBIX U3MEPEHHUU U BBIYNCIICHUM IIPOBEPSIIOT
MSATKY PEHKU U Pa3HOCTh OTCUETOB a3 — ap U 01— 0.

JIABOPATOPHASA PABOTA Ne 6
IHoBepku HUBEJIUPOB

6.1. Heab padoThl: U3yuynuTh TPEOOBAHUS K MMOJOKEHUIO OCEH HUBEIUPA, OCBOUTH
€ro MOBEPKHU U IOCTUPOBKY.

6.2. Ilopsinok BbINOJIHEHUS PA0OT:

1) U3y4uTh U 3apHUCOBATh CXeMy HuBeupa (puc.6.1);

2) BBINOJHUTH MOBEPKU HUBEIUPA.

16



IloBepku HUBEJIMPOB

IoBepka 1. Ocp kpyrioro ypoBHs 4-4 noikHa OBITH MapajljiebHa OCH
BpaieHust HuBenupa 3-3 (puc. 6.1).

Kpyriblii ypoBeHb yCTaHABIMBAIOT MapajjieIbHO JBYM MOJBEMHBIM BHUHTAM
M BBIBOJAT €ro Ha cepeauHy. [ToBepHyB HuBenup Ha 90°, BHOBb yCTaHABIHUBAIOT
Imy3sIpeK 10 TpeThbeMy BuHTY. Ilpm pasBopore HuBenmpa Ha 180° or
NEePBOHAYAILHOTO HAMpAaBIICHUS Ty3bIPEK YPOBHS JOJKEH OCTaBaThCAd Ha
cepeauHe. OTKIOHEHUS My3bIpbKa YPOBHS YMEHBIIIAIOT HAMIOJIOBUHY MOIbEMHBIMU
BUHTaMH, @ BTOPYIO MTOJIOBUHY — UCTIPABUTEILHBIMU BUHTAMU YPOBHS.

4 3

4 3

Puc. 6.1. Cxema oceil HuUBenupa:
1-1 — Bu3upHas 0ch; 2-2 — OCh HWIMHIPUIECKOTO YPOBHS;
3-3 — oCb BpallleHHUs] HHCTPYMEHTA; 4-4 — 0Chb KPYIJIOTO YPOBHS

IloBepka 2. BepTukaibHas HUTh CETKH HHUTEHW NOKHA OBITh MapaylieibHa
ocH BpailieHus: HuBenupa 3-3 (puc. 6.2).

Puc. 6.2. [loBepka ceTku HUTEN

Ha paccrosauu 25-30 M OT HHUBeNHMpa BellaeTcs OTBEC, TpyOy HUBEIupa
HABOJST HA HETO TakK, YTOOBI BEPTUKAJIbHAS HUTh CETKHM HUTEW TOYHO COBMAjia C
HUTHIO OTBECA.

HecoBnazenne HUTU C OTBECOM YCTpaHSETCS HUCIPABUTEILHBIMU BUHTaAMU
OKYJIsIpa.

IHoBepka 3. Busupnas ocp 1-1 nomkHa OBITH mNapamieabHa OCH

UUJIMHAPUYECKOTO YPOBHS 2-2.
[ToBepka BBITIOJIHSAETCS ABYMS CIIOCOOaMH.

17



B nepBoMm cityqae mpou3BOANTCS JBOMHOE HHUBEIMPOBAHUE OJHOM M TOM K€
JIMHUHU C Pa3HBIX €€ KOHIIOB (puc. 6.3).

3akpenuB KOJbSIMU JWMHUIO JiuHOW 50-70 M, ycTaHaBIMBAIOT HUBEIUP
OKYJIIPOM HaJl TOYKOM A u OepyT OTCUET MO peike, YCTAaHOBJICHHOW B Touke B.
Ecnu BU3UpHAs OCh U OCh HUWIMHAPUYECKOTO YPOBHS HE MapajuieiabHbl, TO BMECTO
MIPaBUJIBHOTO OTCUeTa b, OyAET B3AT OTCUET by, copeprKalnii OIIMOKY X.

Puc. 6.3. [loBepku ocu IMIMHAPUYECKOTO YPOBHS JBOMHBIM HUBEIMPOBAHUEM

[ToMeHsiB MecTamMu HUBEJIHP U peWKy, BHOBb OepyT otcuer. Omuoky
BBIYUCIISIIOT 0 popmyIie
o bob, i,
2 2
rae Dby, by — orcueTsr mo peiike; i1,i; — BBHICOTBI HHCTPYMEHTA.
Ommbka X He JokHA mpeBbimath £ 4 MM. B mpoTtuBHOM ciydae
AJIEBAIlMOHHBIM BUHTOM HUBEIMPA HABOJAAT CPEHIO0 HUTh CETKM HUTEW HA OTCUET

b, :

, (6.1)

bo\ = b2 - X y (6.2)
a HUCIPAaBHUTCIILHBIMU BHWHTAMH LUJIWHAPHYCCKOIO YPOBHSA COBMCHIAIOT H30-

OpakeHUs1 KOHIIOB Iy3bIpbKa YPOBHSI.

Dta Ke MoBepKa MOKET ObITh BBIMIOJIHEHA M JPYTUM CriocoboM (puc. 6.4).
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Puc. 6.4. IloBepka ocu HUIMHIPUYECKOTO YPOBHSI 110 U3BECTHOMY IPEBBILIEHUIO

HuBenup ycraHaBiauBarOT MOCEpPEANMHE MEXIY IBYMsS pelikamMu U OepyT 1Mo
HUM OTCYETHI. DTH OTCUYETHI (€CJIU YCIOBUE HE BBIMOJHEHO) OyayT OTIMYAThCA OT
UCTUHHBIX Ha OJIHY M Ty K€ BEJIMYHMHY X, TIOITOMY IPEBBINICHHE N, MOITyYeHHOE
o oTcueram a; u by, OyJIeT IpaBUILHBIM.

h=a;— by=a-h. (63)

3aTeM HUBEJIMP YCTAaHABIMBAIOT KaK MOXKHO OJIMXKE K MEPBOU peiike u 6epyT
orcuethl. [IpeHeOperas B CBA3M C MaJbIM PACCTOSHUEM OLIMOKON OTCUeTa dy,
MOJKHO BBIYHCIIUTH MPABUIIbHBIN oTcUeT by .

b, =a,—h. (6.4)

BrrunciieHHbI OTCUET HE JOJKEH OTINYaThCA OT (haKTHYEeCKOro Oojiee ueMm
Ha 4 MM. OmMOKY YCTpaHSIIOT CMEIIEHUEM CETKU HUTEW Ha BEpHBIM OTCUeT b,
AJICBAllMOHHBIM ~ BHUHTOM, a Ty3bIPEK YPOBHA TMOJBOJAST Ha CEpPEIUHY
HCIIPAaBUTEILHBIMU BUHTAMU.

OTauyuTenbHON OCOOCHHOCTHIO TOBEPOK HHUBEIUPOB C KOMIIEHCATOPOM
ABJISIETCA cheaytomas. JIMHUsT BUBMPOBAHUSI HUBEJIMPA ¢ KOMIIEHCATOPOM JIOJKHA
OBITh TOPU3OHTAJILHOW MPU HAKJIOHAX OCU MpuOOpa B Mpejeax pacueTHOro yria
KOMIIEHCALIUH.

[Tpubop ycTaHaBIMBAIOT MOCEPEANHE MEXKIY IBYMSI peKaMU U OMPEACIISIIOT
MPEBBIICHUE MEXAY OTUMH TOUYKAMU IISTHIO MpHEMaMU TMPU  Pa3THUYHBIX
MOJIOXKCHHSX My3bIpbKa KPYIJIOro ypoBHS (pHc. 6.5).

OO

Puc. 6.5. Ilonoxenne my3pIipbKa ypOBHS IPH YCTAHOBJICHUHT
OLIMOKM HEIOKOMIIEHCALIUU
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Ecnu cpennee 3HaueHHWE TPEBBINICHUH, MOJYYCHHBIX TPH TOJOKCHHUH
2,3,4,5, oTiMyaeTcst OT CPEAHEro 3HA4YEHUs, MOJYYEHHOTO IPH MOJOXKEHUU 1,
0ojee yeMm Ha 4 MM, TO TIPUOOP MOJICIKHUT FOCTHPOBKE B 3aBOJICKHUX YCIOBHUSX.

JJABOPATOPHAS PABOTA Ne 7
PemieHne MHKEHEPHBIX 32124 € IOMOIIBLIO HUBEJIMPA

7.1. Ilesqb padoThbI: U3yYUTh METOJUKY PEIICHHS TUIIOBBIX 3aad.

7.2. llopsiiok BbINOJIHEHHS PA0OTHI:

Buvinoc na mecmnocmo npoekmuou ommemxu:.

1) ycTaHOBHUTH HHUBEIMP HNPHUMEPHO IOCEPEAMHE MEXKIY PENepoOM U MECTOM
BBIHECEHUS TOUKH (pUC.7.1) U B3SITh OTCUET MO peiike, yCTAaHOBJICHHOMN Ha pemnepe;

g T

(0) }Hn A\ 4

Puc. 7.1. Cxema BbIHECEHUS TPOEKTHON OTMETKU

2) BBIYMCIHUTH TOpU30HT uHCTpyMeHTa (I'1):

I'M=Hppy+ a; (7.1)
3) BBIYMCIUTH OTCYET, KOTOPBIN JOJKEH MOTYyUYUThCS B HICKOMOM Touke O:
6=TI/I—HPH ; (72)

4) yCTaHOBUTH PEHKY B MECTE BHIHECEHUSI TOUKH U, TIEpEMeEIIiasi €€ BBEPX WU
BHHU3, TOOUTHCS HY>)KHOTO OTCUETa «O».

Bvinoc ommemku Ha OHO KOMI0OBAHA.

1) yCTaHOBUTH HUBEIMP MEXKIY PENEPOM U KOTIOBAHOM (pHUC. 7.2) U B3AThH
OTCYETHI 110 PEHKE, YCTAHOBIIEHHOM HA penepe, a 3aTeEM MO PYJIETKE, TOABEIICHHON
Ha 1IECTE;

Puc 7.2. Cxema nepenaun OTMETKH Ha IHO KOTJIOBaHa
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2) mepeHecT! HUBEIUP Ha JTHO KOTJIOBAHA M BHOBB B3ATh OTCUETHI IO PYJIETKE U
pelike, yCTaHOBJIEHHOM Ha AHE KOTiIoBaHa. PaKkTUYECKYI0 OTMETKY JIHa KOTJIOBaHA
MO>KHO BBIYHMCIIUTH 110 (OpMyIIe

HC:Hpn+a—(6g—61)—C; (73)
3) paccyMTaTh OTCUET 110 PEUKE, COOTBETCTBYIOLIMI ITPOECKTHOW OTMETKE:
¢= Hpy +a— (62-61) —Hrp; (7.4)

4) nepemMeras peiiKy BBEpX WM BHHU3, TOOUTHCS TOTO, YTOOBI OTCUYET MO HEU
OKa3aJICS PaBHBIM «C», M 3aKPEMUTh TOUKY.

Hepeﬂeceﬂue HA MEeCmMHOCMb JTUHUU 3A0AHHO20 VKIIOHA .

1) ycTaHOBHUTH HUBEIIMP B pabouee MOJOKECHUE HaJl HaYaIbHON TOUKOM JIMHUU
(puc. 7.3);

2) omnpeneauTh BRICOTY HUBeNIUpa | Haj| KOJIBIIIKOM;

3) paccunTaTh HECOOXOAMMBIC OTCUETHI B TOUKax 1, 2, 3, 4;

H | = H 2t I d,

0,=H,+|-H; (7.5)
4) moclie1I0BaTeNIbHO YCTAHOBUTH PEMKY B 3TUX TOUKAX M MEpeMeENaTh €€ Mo
BEPTUKAJIM, TOKA HA HEW HE OKAYKETCS PACCUMTAHHBIA OTCUET;
5) npsimasi, IpoBeACHHAs Yepe3 BEPXHIOIO IPaHb KOJIBIIIIKOB, OyAeT JIMHUEH
3aJJaHHOTO YKJIOHA.

Puc. 7.3. Cxema MEPCHCCCHUA HA MCCTHOCTD JIMHWUU 3aJaHHOT'O YKJIOHA
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Jlaboparopnasi padora Ne 8

Ilnanbl M KApPTHI

8.1. Iean pabdoThl: U3YYNTh OCOOCHHOCTH IJIAHOB U KapT, HAYYUThCS pabOTaTh
C HUMH, OCBOHUTH METOJUKY PEIICHHUA 3a/lay Ha Tomorpaduyeckux IulaHax U
KapTax.

8.2.Ilopsinok BbINOJIHEHHS PA0OTHI:

1) U3y4unTh 1O YCIOBHBIM 3HAaKaM CHTYallHI0 MECTHOCTH, HAHECCHHYIO Ha
kapTy (tuian). OnpeaenuTs OCHOBHBIE OOBEKTHI MECTHOCTH: HACEJICHHBIE
NyHKTHI, JIOPOTH, WH)XCHEPHbIE KOMMYHHUKAIIUH, PACTUTEIHHOCTD,
rUAporpaduIo;

2) N3yanth penbed MECTHOCTH, BBISBUTH OCHOBHBIE ()OPMBI pebeda.

Cywnocms uzoopasicenus penvegha 20pu30HmMaisAMu.

I'opuzonmans — 53TO 3aMKHyTas JIMHHS, H300paxaromas Ha  Kaprte
TOPU30HTAJIBHBI KOHTYp HEPOBHOCTEW, BCE TOYKH KOTOPOrO Ha MECTHOCTH
pacIoyoKeHbl Ha OJHOM BBICOTE HAJ YPOBHEM MOpsA. ['OpU30HTamM MOYKHO
IIPEACTABUTh KaK JIMHUM, I[IOJYyYECHHBIE B pE3yJbTATE CEYECHUS MECTHOCTH
YPOBEHHBIMU TOBEPXHOCTIMH, TO €CTh MOBEPXHOCTAMHU, MMAPAJLIECIBHBIMUA YPOBHIO
BOJIBI B OKeaHax (puc. 8.1).

Puc.8.1. CyurHocTh n300paxkeHus peiabeda ropu30HTaAISIMH

N3 puc. 8.1 BugHO, YTO CHocoO wu300pakeHUs penbeda TOPU30HTATISIMU
MO3BOJISIET HE TOJIBKO MPABHIIBHO OTOOpaKaTh (hOpPMBI penbeda, HO U OMPEaeIITh
BBICOTBI OTJICIBHBIX TOYEK 3€MHOW MOBEPXHOCTH IO BBICOTE CEUCHHs peibeda u
KPYTH3HE CKaTOB.

Bbicora cedeHusi peabeda - 3TO Pa3HOCTh BBICOT JBYX CMEKHBIX CEKYILIHX
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noBepxHocTed. Ha kapTe OHa BbIpakaeTcsl pa3sHOCTBbIO BBICOT JBYX CMEKHBIX
ropusoHTajieil. B mpenenax nucra kapThl BbICOTa CeUeHMs penbeda, Kak MpaBuio,

sBisieTcsi octossHHOM. Ha puc. 8.2 moka3zaH BepTHKambHBIA pazpe3 (mpoduiib)
cKara.

Puc.8.2. [Ipoduns ckara

Yepes Toukn M, N, O npoBeieHbl YPOBEHHBIE IOBEPXHOCTU HA PACCTOSHUH IPYT
OT Jpyra, paBHOM BbicoTe cedeHusi h. Ilepecekast MOBEpXHOCTh cKaTa, OHH
0o0pa3yloT KpHUBBIE JIMHWU, OPTOTOHAJIbHBIE MPOEKIMHU KOTOPBIX B BUIE TpeX
TOPU30HTAJICH IMOKa3aHbl B HWXHEHN yacTu puc. 8.2. PaccTosHUS mn ¥ no MeXay
TOPU30HTAIAMU ABISIOTCS Npoekuusimu otpe3koB MN u NO ckara. 3Ty npoekuuu
Ha3bIBAIOTCS 3AOHCEHUAMU 20PU3OHMATIEH .

OnpenesieHue BHICOT TOYEK. AOCOTIOTHYIO BBICOTY KaKOW-TUOO TOYKH
MECTHOCTH, OTMETKa KOTOpOM Ha KapTe He MOJANHCAHA, ONPENEISIOT 10 OTMETKE
OnvrKaieil K Hel TOPU30HTAIIH.

Hanpumep, otmetrky ropusoHtanu a (puc.8.3) MOXKHO ONPENCIHUTH 10
OTMETKe BbICOTHI 197,4 u BbicOoTe ceueHus penbeda 10 m.

. g Ca& —_—

Boicora Ccegends 10

Puc.8.3. Onpenenenne OTMETKH TOPU3OHTAIINA 110 OTMETKE TOUKH
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OtmeTka ropuzoHTau a paBHa 190 M. 3Hasi OTMETKY rOPHU30HTAIN 4, MOKHO
JIETKO OMPEEIIUTh OTMETKH BCEX JPYTHX ropu3oHTasel. Tak, ropu3oHTans b Oyxer
uMeTh OTMETKYy 160 M, Tak Kak OHa pacHoJIOKEHa HW)KE TOPU30HTAIM a Ha
BEJIMUMHY, PaBHYIO TpeM BbicoTaM cedeHus penbeda (30 m). B ciydae, koraa Touka
pacCIiONOKeHa MEXAY TOPU3OHTAISIMM, HAXOJAT BBICOTY Oirbkaimed K Hel
TOPU30HTAIN M K MOJYYEHHOM BBICOTE MPHOABIIAIOT MPEBBIIICHUE AAHHOW TOYKHU
HaJ| TOPU3OHTAIbI  (CM.ONpPENEJIEHUE BBICOT TOYEK, JIeKAIMX  MEXKIY
TOPU30HTANICH).

[Ipu wusydenunm penbeda, HU300pPAKEHHOTO HA KapTe, HEOOXOIUMO
YUUTBHIBATH CIAEAYIONINE OCOOCHHOCTH:
a) OeprmTpuxy Ha TOPU3OHTAJISAX BCETIa HAIIPABJICHBI B CTOPOHY IMOHMKEHUS;
0) ocHOBaHUS IU(PP, KOTOPHIMU MOAMUCAHBI TOPU3OHTAIH, PACIIOIATAIOTCS B
HaIpaBJICHUU TOHWKEHUA penbeda;
B) K BOJIOEMaM U BOJJOCTOKAM MECTHOCTh TOHUKAETCS,
') TOPU3OHTAJIN MEPErudaroTCs Ha BOAOPA3ACIbHBIX JTUHUSIX XPEOTOB U Ha
TaJibBETax JIOIIWH;

3) onpeaeuTh KOOPAMHATHI TOYEK MECTHOCTH, MPEICTABICHHBIX Ha (hparMeHTax
kapThl Maciirada 1:10000 (puc. 8.4, a u 8.4,0).
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IHopsinoxk onpeneseHusi reorpagpuuyecKux KOOPAUHAT

Jluct kapThl OrpaHWYEeH paMKoOH, 00pa30BaHHON reorpapuIecKUMU
KOOpAUHATaMH (¢ - IIUPOTOM U A- monrotoi) (puc. 8.5, 8.6).
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Puc. 8.5. KoopnunaTtHas ceTka Ha KapTax pa3HbIX MacImTaboB

4

Puc. 8.6. Pasrpadxa nucra KapThl Ui ONIpeieNeHus] KOOpIUHAT TOYEK:

1 - mMpoTa HUKHETO Kpasi paMKH; 5 - OTpe3KH, COOTBETCTBYIOIIME MUHYTaM LIUPOTHI;

2 - MMPOTa BEPXHETO Kpasi paMKH; 6 - OTpe3KH, COOTBETCTBYIOIINE MUHYTaM JIOJTOTHI;

3 - I0NTOTa JIEBOT0O Kpasi paMKH; 7 - TUHUM KUJIOMETPOBOM CETKH;

4 - noAroTa MpPaBoro Kpasi paMKu; 8,9 - mudpoBrie 0003HAUCHUS TUHIIA KHIIOMETPOBON
CEeTKH
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YepHbiMM U O€NbIMM II0JIOCAMM Ha paMKe KapTbl I[OKa3aHbl OTPE3KH,
COOTBETCTBYIOIIME MUHYTaM IIMPOTHI U TOJITOTHI.

Jns  ompeneneHus TreorpauUyecKMx KOOPAMHAT TOYKM HEOOXOIUMO
IIPOBECTH Ye€pe3 Hee NEPHEHAMKYJAp Ha OvKaillllie CTOPOHBI PaMKH KapThbl
(BEpXHIOKO WJIM HUKHIOIO U JIEBYIO WJIM MPABYI0) U OTCUUTATh KOJUYECTBO LIEJIBIX
MUHYT OT yria pamkua (puc. 8.2). [lecATble n0JIM MHHYT OIPEACISIOT H3
COOTHOILICHHSI

A-x" (8.1)

['eorpaduueckue KoopAMHATHI TOYKH «A» (TOUKa  yKa3bIBaeTCA

MMpCrnoaaBaTCiIcM K&)KI[OM?/ CT}'I[CHTy OT,Z[CJ]LHO) PaBHBbI:
/

0 0
[Mupora-.....°......... C. IIL.; Hoirora - ... .... ...." B. ..

OmnpenesieHue NPpSIMOYI0JIbHBIX KOOPAUHAT

Ha nucre xapThl MMeeTcs ceTKa 30HAJIbHBIX KOOpPAMHAT, OOpa3oBaHHAs
JUHUSAMU, TapaJJIeIbHBIMA U NEPHEHANKYJISAPHBIMU OCEBOMY MEpPUAMAHY JaHHOU
30HbI. JINHUU CETKM MOoJNuUcaHbl Ha paMke KapThl (puc. 8.2, 8.3). Hanpumep, onna
Y3 TOPU3OHTAIBHBIX JIMHUANM CETKU noanucana 6540. 910 paccTosiHuE B KUJIOMETPAxX
OT PKBaTOpa /0 JaHHOW JMHWUU. BepTukanpHas nuHUA ceTKu moamucana — [406.
[Muppa 7 B gaHHOM cilydae O3HAYaeT HOMEP 30HBI, B KOTOPOW HAXOAMUTCS JHUCT
KapThl, U Ipu pacyerax omyckaercs. Yucmo 406 — sto yBenmnmuenHoe Ha 500 km
3HAYEHHUE «Y».

Jlis omnpeneneHuss NpsIMOYTOJbHBIX KOOPJAMHAT TOYKUM U3 HEe HEOOXOIUMO
OIYCTUTh NMEPHEHIUKYIISIPbI Ha OMKaNIINe TUHUHU CETKU U U3MEPUTh KOOPAUHATHI,
ONpENENIMB CHayajga 4YMCIO LEIbIX KWIOMETPOB (OHM IOANMCAHBI HAa KaKIOU
JVHHUM), a 3aT€M 3Hau€HUE METPOB, ONPEAEIUB UX MPOCTHIM HHTEPIOIMPOBAHHEM
(puc.8.7).

W -

Puc. 8.7. Onpenenenue reorpagmuecKux U MPSMOYTOJIBHBIX KOOPIHHAT TOYKH
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N3mepeHue TUpPeKIIMOHHBIX YIJIOB U A3MMYTOB JINHUM

JIMpEKIIMOHHBIM YroJa 3aJaHHOW IMPENOJABATENEM JIMHUM HW3MEPSIOT C
MIOMOIIIBIO TPAHCIIOPTUPA OTHOCHUTEIIBHO BOCTOYHOM WJIM 3aIlaIHON BEPTUKAIBHOU
JUHAA KWUJIOMETPOBOM CETKH. A3MMYT JIMHUM ONPENEIIIOT OTHOCUTEIBHO
BOCTOYHOM WJIH 3aIaIHON CTOPOHBI paMKH KapThI (puc. 8.8).

Puc. 8.8. Onpenenenue TUPEeKIMOHHBIX YIIIOB U a3UMYTOB JIMHHI 110 KapTe

N3Mmepenne AJUH JIMHUI

JIMMHBL OTPE3KOB MEXY 3aJaHHBIMH TOYKAMU H3MEPSAIOTCS MPHU MOMOIIH
JUHEHHOTO WJIM TOIMEPEYHOro  MaciitaboB. JIoOMaHble JIMHUM HM3MEPSIOTCA 10
JacTsM ITyTeM HapalllMBaHUs PacTBOPA IIUPKYJIS.

W3BunuCThIC IMHUM TaK)KE MOXKHO U3MEPSTh, KaK JIOMaHble, HO 0oJiee TOUHBIC
pe3yapTathl gaeT crnocod mnpodeccopa  FO.M. Illokambckoro, mo KOTOPOMY
W3BWIKCTBIC JIMHUHM WU3MEPSIIOTCS IUPKYJIEM C MOCTOSHHBIM pacTtBopoMm. dopmyna
JUTSL OTIPEICIICHUSI ITTUHBI TWHUW UMEET BU]T

d=m, D, K, (8.2)

rae M, - 4KciIo ThiCAY B 3HaMeHarelie macmTada kaptel; D, - cpeanee u3
npsIMOro M 00paTHOro u3mepeHuit B MM; K — k03 UUMEHT N3BUIMCTOCTH JIMHUH,
OTIpEIETISIEMBIi IO CTICMATBHBIM TaOIUIIaM.

W3BunucCThIC TMHUU MOTYT OBITh H3MEPEHBI U C TIOMOIIIbIO TTOPTATUBHBIX
pruOOPOB, HA3BIBAEMBIX KYPBUMETPAMMU.

[1naBHBIE KpUBbIE JIMHUU U3MEPSIIOTCS KYpPBHUMETPOM C OMIMOKOM okojio 2 %;
Ipy  yBEJIMYCHUM KPUBHU3HBI JTUHUU omuOKa Bo3pactaeT a0 10 % u Gonee. [Ipu
Kod(dpurreHTe U3BUIUCTOCTH JTMHUHU OoJiee 1,11 KypBUMETp HENIPUTOJIEH.

OnpenesneHue BbICOT TOYEK M0 TOPU30OHTAISAM

OTMeTKa TOYKH, PACMOJOKEHHOW Ha TOPU30HTAM, paBHA OTMETKE O3TOM
ropu3oHTanu. Ecnm ke Todka HaxoIuTCs MEXTy TOPU30HTaNIsIMU (puc. 8.9), To ee
BBICOTY BBIYMCIISIIOT 110 (hopMyIie
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H=H,+h, (8.3)
rae H, — oTMeTka Onmkaiiieit K Touke TOpru30HTaH; N — MpeBbIlIeHHEe TOYKH HaT
TOPU30HTAJIBIO.

Puc. 8.9. Onpenenenue BICOT TOYEK MO TOPU3OHTAIISIM

C‘II/ITa}I, 49TO BBICOTA MCKIOY COCCIHUMMH TOPHU3OHTAIAMU MCHACTCA
IIPOIMOPHUOHAIIBHO 3aJIOKCHHUIO, MOJIS1 BbIYUCICHHUA h HCIIOJIB3YIOT (bOpMYJIy

h= 9 h1_2 , (84)

a
IAC d — 3aJI0KCHUEC MCXXIY COCCIHNMHU I'OPHU30HTAIIAMMU, d — PpaCCTOAHUC OT TOYKHU

10 Gmmkaitmeit ropusonTany; N, . - BeIcoTa ceuenus penseda.

Boruucienue 00beMOB 3eMJISIHBIX MACC M ONpe/iesieHre IPaHull 0acceilHa
OO0BbeMbl XapaKTEpHBIX POpPM pelibeda MOKHO BBIUUCITUTD MO TOPUIOHTAISAM
(ropsl, KOTJIOBaHbBI), paCCMaTPUBAasi UX KaK YCEUCHHBIE KOHYCHI:

V=1, +S)h,., (85)
2
rae Sy ¥ S, — IIIONIAN HIKHETO M BEPXHETO OCHOBAHMH YCEUEHHOTO KOHYCa,
oIpeenseMble TOPU30HTAIAMH; Ny . — BBHICOTA CEUEHMs STHX TOPH3OHTAJICH,
[Tpu cii0kHOM KOHPUTYpALIMK TOPU3OHTATIEN JUIsl BBIYMCIEHUS! OOBbEMOB
npumensitot Gopmyny H.I'. Kens:

V=[1(s,+S)+ 2S,lh,e. (8.6)
6 3

e Sy - IUIOIAlh, OTPAHMYEHHAS IOTIOHUTEIBHONW TOPU3OHTAIIBIO.

BacceiiHoM Ha3bIBaeTCs BOJOCOOpHas IUIOMIAAhL MECTHOCTH, TpaHUIIAMU
KOTOPOH SIBIISIFOTCS BOJIOPA3/ICIbHBIC JTUHUU.

CnenoBaTenbHO, YTOOBI OMpPENENUTh TpaHUIBl OacceiiHa, HEO0O0XO0IUMO,
UCTIOJIB3Ysl TOPU30HTAIIH, POBECTH BOJOpa3aeabHbIe TuHuH (puc. 8.10).

Puc. 8.10. Onpenenenue miomaam 6acceiiHOB
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Cnoco0b1 u3MepeHus JI0LIA/Iel Mo IJIAHAM M KapTam

W3mepenue niuomaaei MoxXeT pou3BOIUTHCS IpapuuecKUM, aHATUTUYECKUM
Y MEXaHUYECKUM CIIOCOOAMHU.

I'paduuecknii croco® 3akmroyaeTcs B pa3OMBKE ydacTKa Ha IUIAHE Ha
npocteiiimue GUrypsl (TPEyroJbHUKU, YETHIPEXYTOIbHUKN U T.I1.), BBIYUCICHUH UX
IUIOLIAAEH U MOCIEAYIOIEM CYMMUPOBAHUHY.

[Ipn ompeneneHuM IUIOMIANEN YYAaCTKOB C KPUBOJIMHEWHBIMH TI'PAHULIAMH
IPUMEHSIOT MAJETKH, M3TOTOBJIEHHBIE W3 MPO3PAayHOrO MaTepHalia, Ha KOTOpbIE
HAHOCHUTCS CETKa KBaJAPaTOB CO CTOPOHAMH B 2 — 4 MM.

AHanuTnueckuii  crnoco0 — M3MEpeHus  IUIOIAJeH  3aKioyvaeTcs B
IPEIBAPUTEILHOM OIPEAEICHUN KOOPAMHAT BEPLIMH TI'€OMETPUYECKUX (GUIyp H
BBIUMCJIEHUH IIJIOIIAAU 110 GopMyJie

S= ; Zn: Yi(Xi-1 — Xis) = ; Zn: Xi(Yie1 — Vi) (8.7)

npu i=1,2,3...n, KOTOpas YUTACTCS TaK: ILIOIIAJb IOJIMIOHA PaBHA IOJYCYyMME
NPOU3BEACHUN OpJIMHAT KaKJOM TOYKM HAa Pa3HOCTh a0CHUCC Opeaplaylied u
NOCJIEYIONIEH TOYEK WIIM IMOJYyCyMME IPOU3BEACHUN aOCIMCC KaXJAOW TOYKU Ha
Pa3HOCTh OPAMHAT MOCIEAYIONIEH U MPEIbIAYIIENH TOYEK.

Mexannuyeckuii crioco0 M3MEpeHHs IUIOLAJEH OCHOBaH Ha HWCIOJIb30BaHUU
CHeualbHOrO Mnpubopa - INUIAHUMeTPa. OTOT CHoco0 HMMEEeT IIHPOKOe
IIPUMEHEHHUE.

[[1aHUMETp COCTOUT M3 JABYX pbhIYAroB - mostocHoro P; m o6BomHoro P
(puc.8.11). Ha oOBogHOM pbluare uUMeEETCs MEpPEBUKHAS KapeTKa CO CYETHBIM
MexaHu3MoM. OOBOIHOM pblYar UMEET PYUKY CO IIMUIEM ISl 00BO/Ia KOHTYPOB.

[lepen wu3MepeHreM OOBOAHOW WIMWIb YCTAaHABIMBAIOT HAJl KaKOW-JIHOO
TOYKOM KOHTYypa M IO CUETHOMY MEXaHU3My JeNaloT HadainpHbld orcuer Ul, u
mocsie 00BoJIa KOHTYypa JeialoT KOHESYHBIN oTcueT U2.

Hckomas miioma s BeIYUCIsIeTcs 1Mo Gpopmyre

S=C (U2-U1) , 8.8)

rae C — neHa aelieHus MIaHuMeTpa.

TouHOCTh Tpaduueckoro crnocoda 3aBUCUT OT (POpPMbI (UTYPBI, COCTOSHUS
npudopa, TOYHOCTU ONpPEIETCHUS LIEHBI JIeJICHUs U AepopMaliud Oymardu.

Ommbka u3MepeHus TIoaau onpeaensercs Gopmynoit

AS = C (0,68 +0,028vn) (8.9)

rae N - 4ucio HCHCHHﬁ, COOTBCTCTBYIOIINX O6BOHHMOﬁ 10 aau.
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N =

Puc. 8.11. IlonsipHblii mi1IaHUMETP

BUBJIUOTIPA®UYECKUN CIIMUCOK

YcnoBHble 3Haku 7151 Tonorpaduueckux miaHoB.-M.:Hexapa, 1988 — 144c¢
b.A. ITonos Kypc nmxkenepHoii reone3nn. Yacts 1.

Yuebnoe mocobue b.A. Tlonos, A.Jl. bapanunkoB BI'TACY — Boponex, 2002.-
%c.

B.A. TlorioB MeToauueckue yKazaHusi K BBINOJHEHUIO Ja0OpaTOPHBIX padoT.
Boponexckwuii ’ACY — Boponesx, 2008.- 32 c.
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