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BBEJIEHUE

Meronuueckue yKa3aHUs o COJIEPIKaHUIO COOTBETCTBYIOT
I'ocynapctBenHOMYy cTaHnapty HampasieHusi noarotoBku 21.03.03 «['eone3us u
JTUCTAHIIMOHHOE 30HIUPOBAHHWE» W THUIIOBOW TMporpaMMe IO JHUCIHILIAHE
«I"eome3us», s cTyeHTOB 1 Kypca.

B Meroamueckmx yKazaHHMSIX ~TPEACTABICH TOPSIOK  BBITIOJHEHUS
7a00paTOpPHBIX pPAaOOT IO JIMHEWHBIM, YTIJIOBBIM W BBICOTHBIM H3MEPCHUSM,
MOBEPKaM TEOC3UYCCKUX MPUOOPOB, PEHICHUIO WHXCHEPHBIX 3a/ad, MPUBEICHBI
npuMepbl ohopMIIeHHS TpauUecKuX MaTepHUajioB, OMPEISICHBI IICIM U 3aauu
Ka)XJI0T0 3Tara paboT, pacCMOTPEHBI TPEOOBAHHUS, IPEABIBISIEMBIC K HUM.

BrlmmotHeHHIO Ta00paTOPHBIX PAOOT HEMMPEMEHHO JIOJDKHO MPEAIIeCTBOBATh
U3YYCHHE CTYJCHTAMH JICKIIMA W COOTBETCTBYIOIIMX pa3/eioB ydeOHUKa. be3
ATOTO BBITIOJTHEHUE JTa0OpPaTOPHBIX PabOT MpeBpaIiacTcss B MEXaHUYECKYI0 H
MaJIoToJIe3HYI0 pPaboTy, HE CIOCOOCTBYIOIIYIO MPHOOPETEHUIO HEOOXOIUMBIX
HABBIKOB MTPAKTUICCKON PaOOTHI.

JIABOPATOPHASI PABOTA Nel.
JIuHeliHble U3MepeHUs MeXaHUYeCKUMHU MEPHBIMH NPpUOOpaMu

1.1. Ieab padoThl: TO3HAKOMHUTHCSI C YCTPOUCTBOM PYJIETOK, OCBOUTH METOIUKY
JUHEWHBIX M3MEPECHHUH U MOPSIOK 00pabOTKU UX PE3YIbTATOB.
1.2. OGopynoBaHue: pyJICTKH, BEIIKH, SKIUMETD.
OtHocuTenpHas omnOKa U3MEPECHUS JTUHUN pysieTkamu coctasisgeT 1/1000 -

1/20000 B 3aBHCHMOCTH OT KJIacca pyJeTKH, YCIOBUI U METOIUKH U3MEPEHUH.
1.3 3apanue

3akpenuTh Ha MECTHOCTU 33JaHHYIO MPENoJaBaTElIeM JUHUIO, U3MEPUTH
SKIIMMETPOM YIoJl €€ HaKJIOHa Vv, a 3aTeéM [JJMHY JUHUU B OpsIMOM D p H
oOpaTHOM D o5 HaIIpaBJICHUSIX.

V=

D mp=

D o6=

[Tocrie w3mMepeHUs: JTMHUM, BBIYUCIUTH A0COMIOTHYIO OIIMOKY W3MEpPEHUS |
caenath BeIBOJ 0 TouHOCTH m3mepeHuit (f gom. = 1 /2000 ot amuHsI).

A = an' D06p.



Deop=Dupt Dosp/ 2
forn. = A/Dyg,.
BriBon:
1.3. Ilopsia0K BHINOJIHEHUSI Pa0OTHI
1. Tlepen Hauamom paboOT pyJETKH HEOOXOAUMO KOMIAPUPOBATH, T.C.
CPaBHUTH [JIMHY PYJETKH C 3TaJOHOM. DTaJOHHAs pyJIeTKAa MPEAOCTaBISIETCS
MpernoaBaTeaeM
PazHocte Mexay QakTuyeckod uHOW pyneTku L um mmHO#M stanona o
Ha3bIBACTCS MONMPABKOM 32 KOMIIAPHPOBaHMe.

Alg=L—1,. (1.2)
2. OmnpeienuTh MOMPABKy B 3MepsieMyro muHuio ADy 1o dhopmyie
ADy = TDAlk, (1.3)

rae D - uamepenHast JuyivHa JTUHWH, | - HOMUHANIBHAS IUTMHA PYJIETKH, MM.
3. [loAroToBUTH JIMHUIO K U3MEPEHUIO, T.€. 3aKPENUTh €€ Ha MECTHOCTHU
KousbikaMu (puc. 1.1.), a mpu HepoBHOM penbede - Bemkamu (puc. 1.2).

LTEPXEHL 6)

Puc. 1.1. 3akpenienue TMHUN Puc. 1.2. Belenue TUHUMN:
a) yepe3 BO3BBIIIEHHOCTh; 0) MO CKIOHY

4. Tlocne mMOATOTOBKM JIMHWUM, YKJIaAbIBaTh PYJIETKY IO €€ CTBOPY OT
HaYaJIbHOM 10 KOHEYHOU TOYKHU. [[mMHa muHuM onpeaenseTcs mo Gopmye
D=Ln+r, (1.1)

rne L — ngnomHa wmepHoro mpubopa, N — KOJUYECTBO pa3, KOTOPOE
YKJIa/IbIBAJICSl MEPHBIN TTPHOOpP, I — OCTATOYHOE PACCTOSIHME OT Hadaja MEPHOTO
npudopa 10 KOHEYHOW TOUKOU JTMHHH.

N3mepenne nMHUM BBINOJHSAIOT [JBAa WCIHOJHHUTENS, OJIWH W3 KOTOPBIX
YCTaHABIMBAET HYJIEBOM INTpUX TMpuOOpa B HaYaIbHOW TOYKE, a JApyrou
YKJIQJBIBAET €r0 B CTBOPE JIMHWUM W OTCUMTHIBACT JUIMHY WJIM, 3aKpEIuB
MOJIOKEHHE BTOPOro KOHIA MpUOOpa, MPOTATUBAET €ro MO CTBOPY U MPOAOTIKAET
U3MEpEHHUE.

Jist uckimrodeHus: TPyObIX OIMMMOOK W TIOBBIMICHUS TOYHOCTH HW3MEPECHHE
BBITIOJIHAETCS IBAX/Ibl: B IPSIMOM U 0OpaTHOM HAIMpPaBIICHUSX.

Ecnu n3mepsemas TMHUSA UMEET BEPTUKAIBHBIN YKIIOH, TO JJIs1 ONPEICIICHUS
€¢ TOPH3OHTAJIBHOIO MPOJIOKEHUs  (MPOCKIWsI U3MEpsAeMOW JIMHUU  Ha
TOPU3OHTAIBHYIO MJIOCKOCTh) HA MECTHOCTU U3MEPSIOT JIMHY JTUHUU D u ee yron
HAKJIOHA V DKIMMETPOM WJIM TEOJOJUTOM. Torma Topu3oHTaibHas mpoekius d
onpeaenutcs o ¢popmyne (1.4) (puc. 1.3) .

d=Dcosv. (1.4)



Puc. 1.3. IIpuBeaeHne HaKIOHHBIX JIUHUN K TOPU3OHTY

5.0mnpeaenuthb MONPaBKY 3a HAKIIOH JIMHUM K TOPU3OHTY 1O opMyiie
AD=D-d=D—dcosv=2D sin? %
(1.5)

[Ipy TOUYHBIX H3MEpeHUsX O0O0s3aTENbHBIM SBJSETCS YYeT IONpaBKH 3a
TEMIIEPaTypy, KOTOpasi BBIYUCISIETCS IO popMmyIie
AD: = DK(tn — t¥) , (1.6)
rae K - ko3 uuuenT TMHEHHOro paciIupenys cTanu, paBHbii 12-107°
th — tx - TeMmepaTypsI pu U3MEpEeHUH 1 KommapupoBanu (tx = + 20°C).
BBIUNCIINTD TUHHIO — 3TO 3HAYUT HAWTH HarOOJIee BEPOITHOE e¢ 3HaueHue d
C YYETOM BCEX MEPEUHCICHHBIX [TONIPABOK 110 YPABHEHUIO
d = D-ADk + AD, + ADy . (1.7)
OmmbKkM JIMH JIMHUM HE JOJDKHBI TPEBBIIATh BEIUYMH, YKa3aHHBIX B
MHCTPYKIUH JIJIsl JTaHHOTO BUa padoT.

JIABOPATOPHASA PABOTA Ne 2.
YrioBble U3MepeHust

2.1. Ileab paboThI: U3YYUTH YCTPOMCTBO TEOAOIUTA, DIEKTPOHHOTO TaXEOMETpa
Y MIOPSIAOK PabOTHI C HUMH.
2.2 OoopynoBanue: teongonut 2T5KII, snexrponnsiit Taxeomerp SOKKIA IM-
100
2.2. 3ajgaHue. TPUBECTH TEOAOTUT B pabouee MOJIOKEHHE, B3ATh OTCYETHI 10
FOPU30HTAIBHOM W BEPTUKAJIBHOM IIKajaM, HW3MEPUTh TOPU3OHTAIBHBIA U
BEPTUKAIBHBIN YIJIbI, 00pab0TaTh MOTyYCHHBIC PE3YIbTaThl H3MEPEHUH.
2.3 llopsanok BbINOJTHEHUS PAOOTHI:
1) u3yuutsb ycrpoiictBo Teogonuta (puc. 2.1 a) u taxeomerpa (puc. 2.1 0);
2) TpuUBECTHM TEOJOJUT B pabodee TMOJOKEHHE U B3SITh OTCYETHI IO
TOPU30HTAIIBHON Y BEPTUKAIBHOM IIKAJIAM.

[lonyueHnHnble OTCUeThl 3amucarb B paboOuyyl0 TeTpagb U 3apHCOBaTh
MOJIO’KEHHE 1IKaJ, COOTBETCTBYIOILIEE JAHHBIM OTCUETAM;



mox:;r.upuuo-moe OB

OnTHHECcKWA BUanp

HaBHULY J0ToRyTH

PerynupoBodHLeE DinTh
Hiankatop nasepHonn

~ WAMYHEHAR
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SAKPENUTENLHEHA BIHT
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Barapes
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[ - FERMIGHTANGHONS KEYTa
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KpyTIL YPOBEHE

MEnLEMHBIE BRKTED

Ba3063A NNACTHHA

Puc. 2.1. Teononut 2T5KII (puc. 2.1a) u taxeomerp SOKKIA IM-100 (puc. 2.16);

3) u3MepuTh CHOCOOOM TMPHUEMOB TOPU3OHTAIBHBIA YroJ MEXKIY YKa3aHHBIMH
IperojaBaTeieM BU3UPHBIMH 3HaKaMH M pPAacCUYUTATh IOJYYCHHYIO BEIUYHHY
yria.

OOpa3zer 3alMMcH W BBIYUCIHUTEIBHON 00paOOTKM HM3MEPCHHUI TPHBEICH B
Tadn. 2.1;

Tabmuna 2.1
KypHai u3mepeHnus yrios
HoMep | [lomoxen OtcueTsl Bennuun | Cpennsis | [Ipume
CTaHUHU | Ue HOMEPA | rpanye | muHyr | @ BEJIMYUH | Y.
U HaOIIo | ¢ - yriia a
TE€OAO0JIUTA | [I. yria
TOYEK
3 246 26
KII 102°18
1 2 144 10
3 190 36 102°18,5
KJI 102019’ |’
2 88 19

4) onpenenuth Mecto HyIs (MO) TeononuTa:

MO=  (KJI+KII) /2; (2.1)
5) u3MepuTh yribl HAKIOHA HA JBE BU3UPHBIC TICJIM U BEIYUCINUTD BEPTUKAIBHBIN
YTOM V: v =KJI -MO =KII+ MO (2.2)



JIABOPATOPHAS PABOTA Ne3

IHoBepku TeoxoMTa

3.1. lleab paboThI: U3YYUTh TPEOOBAHUS K MOJIOKEHUIO OCEH T€OJ0JIUTA, OCBOUTH
WX TIOBEPKH U FOCTHPOBKH.

3.2 O6opynoBanme: teogonut 2TSKII

3.3. Ilopsinok BBITIOJIHEHHUS] PAdOTHI. M3yYUTh U 3aPHCOBATH T€OMETPUUECKYIO
cxemy TeosionuTa (puc. 3.1), OCBOUTH BBINMOJHEHHUE MOBEPOK HA MPAKTUKE.

IToBepkH TE€OX0IUTOB

OCHOBHEIC MOBCPKU TCOAOJUTOB IIPOU3BOAAT C IMLCJIbKO BBIABJICHUA U
YCTPAHCHHUA BO3MOKHBIX HECOOTBETCTBUM TEXHUYECCKUM YCJIOBHAM, KOTOPBIC
ONIPCACIIAOTCA B3AUMHBIM PACIIOJIOKCHHUCM €TO OCCH.

Puc. 3.1. Ocu Teogonura

1-s1 moBepka

Ochb NWIMHAPUYECKOTO YPOBHS MpH aiduaaZe TOpU3OHTalbHOrO Kpyra LL
J0JIKHA OBITH IEPIICHIUKYJIIPHA BEPTUKAIBLHOUW OcH BpatieHus teogonura UU.

JIns BBIABIIEHUS OTKIIOHCHUM LWIMHIPUYECKUM YPOBEHb YCTaHABIMBAIOT
MapajjIeIbHO ABYM IMOJBEMHBIM BUHTaM TEOJOJIUTA, & IIY3bIPEK YPOBHS MPUBOIAT
Ha cepeauny. [loBepunyB anmunany Ha 90°, BHOBb BBIBOJSAT IY3bIPEK YPOBHS Ha
CEepeIUHy TPEThUM IOABEMHBIM BUHTOM. [Ipm moBopore ypoBHs Ha 180° ot
MEPBOHAYAIIBHOI'O HAINPABJIEHHUS ITY3bIPEK YPOBHS JOJKEH OCTATHCA HA CEPEAUHE
(ycnmoBue BBINONHEHO). Ecy my3bIpek CMECTHIICS OT CepeIMHbl YPOBHS, TO €ro Ha
MOJIOBMHY OTKJIOHEHUSI BO3BPAILAOT MMOJbEMHBIMA BUHTAMH, BTOPYIO MOJIOBUHY —
WCIIPAaBUTENBHBIMU BUHTaMU ypoOBHS. FOCTHPOBKY (KcTpaBieHne) IPOJ0JHKAOT 10
MOJIHOM OCTaHOBKH ITy3bIPbKa IPU BPALIEHUHU TEOHOJIUTA.



2-51 IOBEPKAa

Busupnas oce TpyObl ZZ nomxHa ObITh NEPIEHIUKYISIPHA OCH €€ BpallleHUs
KK (moBepka KOJIMMallHOHHOW OITHOKH).

VYcTaHOBUB TEOJIONUT B pabouee MOJIOKEHUE, TPyOy HABOAST Ha YJAJEHHYIO
1eJb TP TOJOKEHUU BepTUKaIbHOE Kpyra cmpaBa ot HaOmomatens (KII) u
CHUMAIOT OTCYET MO TOpU3OHTalIbHOMY Kpyry. IlepeBenss TpyOy uepe3 3eHWUT,
BHOBb HABOJIST €€ Ha Ty K€ 1IeJIb IPU BEPTUKAIBLHOM KpyTre clieBa OT HaOiroaaTens
(KJI) u cHoBa cHuMaroT orcuer. O4yeBHAHO, 4TO pasHOCTh oTcueroB KJI - KII
nokHa ObITh paBHa 180°, a OTKIIOHEHHME BU3MPHOM OCH OT IIEPIEHANKYIISAPA K OCHU
BpaleHus TpyObl (KOJITUMaMOHHY0 onOKy) Cc MOIy4uM U3 GOpPMYIIbI

Ce = (KJI— KIT + 180°)/2 < 2t (3.1)

rae t - ToyHoCTh OTCUeTa Mo JUMOY.
Teopernueckuii OTCYET, ONPEIETAEMbIN 110 PABEHCTBY

KJI; = KJI - Cs, (3.2)
UCIIONIB3YIOT 71l YCTAHOBKM QJIHMJAJbl TOPU30HTAJBbHOIO Kpyra HaBOJSALIAM
(MukpoMeTpeHHbIM) BUHTOM M0 otcuety KJI. CmenieHue mnepekpectusi CeTKH
HUTEN C LIEJIA YCTPAHIETCS UCIPABUTEIbHBIMA BUHTAMHU, PACIIOIOKEHHBIMH BO3JIE
OKYJIsipa TPYOBI TT0/I METAJUTHUECKON KPBIIIKOH (puc. 3.2).

Puc. 3.2. VcnpaButenbHble BUHTbI CETKM HUTEN TeoonmTta

Brauane ocnabnsitoT BepTHUKaIbHBIE BUHTHI, 3aTEM OOKOBOW BUHT, B CTOPOHY
KOTOPOTO HEOOXOAMMO TMEePEMECTUTh CETKYy HHTEW, a 3aTeM BTOPHIM OOKOBBIM
BHUHTOM HABOJST BEPTUKAIBHYIO HUTh HA LETIb.

3-51 IOBepKa

Ocp Bpamenus Tpyost KK nomkaa ObITh MEpHEHANKYIIPHA BEPTUKATBHON
ocu nipudopa U-U.

Teoponut npuBoAsT B paboyee mojiokeHue W HaBogsAT TpyOy mpu KII na
BBICOKO PACIOJIOKEHHYIO TOUKY. 3aTeM TpyOy OIyCKAaroT, MPOCTHPYS MOJIOKCHHE
TOYKM Ha YpoBeHb 3eMiu. [lomyueHHyro mnpoekuuro mapkupyror. lloBropus
nerctBuga npu KJI, momydyaem  mpoexkuuto BTOopod Touku. l[lpu coBmaaeHun
MPOEKLUIA YCIOBUE BBHIMOJIHEHO. B MpOTUBHOM cilyyae oCh BpalleHusi TpyObl He
MEPIEHANKYJIIPHA K OCHOBHOM OCH MHCTPYMEHTA. B COBpEMEHHBIX KOHCTPYKIIUSAX



TE€OJOJIMTOB HET MCIPABUTEIBHBIX BUHTOB, MCKIIOYAIOIIUX 3TO HECOOTBETCTBHUE.
KOcTtupoBka npubdopa MOKET OBITh OCYIIECTBIIEHA TOIBKO B 3aBOJICKUX YCIOBHUSX.

4-s1 moBepKa

Onna w3 HUTEH ceTKu TpyObl AOHKHA OBITh TOPU3OHTAIBHOW, nIpyras -
BEPTUKAIBHOM.

[TpuBecTu TeOMONMHUT B pabouee MOJIOKCHUE M HABECTH €0 TPyOy Ha XOPOIIIo
BUIUMYIO TIeNb. Bpaias MHUKpPOMETPEHHBIM BHHTOM TOPHU30HTAIBHBIA JIAMO,
HEO0OXOJIMMO CIICIUTh 32 TeM, YTOObl M300paKeHUE 1€ BCE BPEMSI HaXOJIUIOCh
Ha TOPU3OHTAIBHOW HHTH CETKU. [IOBEpPKY MOYKHO BBITIOJHSATH HaBEICHHEM
BEPTHKAJIBLHOW HATH Ha OTBEC, PACIIOJIOKEHHBIN He Ommke 5 - 10 M oT TeogouTa.

[Tpu cMerIeHUH TIeNTH C HUTH CETKY FOCTHPYIOT Pa3BOPOTOM OKYJISIpa KOJIBIIA
TPYOBI C IIOMOIIBIO UCTIPABUTEIIBHBIX BUHTOB CETKU HUTEH (prc.3.2).

JIABOPATOPHAS PABOTA Ne 4
Pemenne MHKEHEPHBIX 32124 ¢ IOMOIIbIO TEOA0IHUTA

4.11leap paldOTBI: U3YYEHUE TEXHOJIOTMM pEIICHUS WHXXEHEPHBIX 3ajad,
U3y4YeHHE BO3MOXKHOCTEH TEOJN0JUTa U TNPUOOPETEHHE HAaBBIKOB B €0
UCITOJIb30BAHHH.

4.2 OoopynoBanue: teogonut 2TS5SKII

4.3 3ajanue: MOCTPOUTH HA MECTHOCTH 33/IaHHBIN MPOEKTHBIN YroJl, ONpeneIuThb
BBICOTY HEJIOCTYITHOTO COOPY KEHHSI.

4.3 TlopsiioK BHINOJIHEHUSI PadOThI:

Ilocmpoenue na mecmHocmu npoeKmHo20 yaid

1) ycTaHOBUTH TEOAOJUT HAJ BEPIIMHOMN yTIIa;

2) mpuUBECTH TEOJOJUT B pabodee MOJOKEHHWE W HAaBECTU TPyOy Ha HCXOAHYIO
TouKy npu «KJI»;

3) B3ATh OTCYET MO TOPU3OHTAIBHOMY Kpyry. K 3TOoMy oTcuetry mnpubaBUTH
MPOCKTHYIO BEJMYHMHY YyIJa (€CIM Yyroj paclojioKEH cIpaBa OT HCXOJHOTO
HaIpaBJICHUS]) WK BBIUECTh €€ (€CJIM YroJl PacIlOIOkKEH CIIEBA);

4) Bpamasi anuaaay ropu3OHTAIbHOTO KpPyra, HAWTHU HY>KHBIA OTCUET U B CTBOPE
MOJIYYEHHOI'0 HAPaBJICHUSI YCTAHOBUTD IIMUIBKY;

5) BbinoTHUTH Te xe AerctBus npu «KID» u ycTaHOBUTH HOBYIO IIITUIIBKY;

6) cpenHee MOJIOKEHHE dTUX IIMUJIEK OyneT (GUKCHUpOBAaTh MCKOMOE HalpaBIICHUE
(puc. 4.1).



Puc. 4.1. IlocTtpoeHne NpoeKTHOTO yria
Onpeoenenue Gblcombl COOPYHCEHUS.

1) yCTaHOBUTH TEOMOJUT HaJ 3aKpEIUICHHOHW TOYKOM Ha paccrossHuu 0 ot
coopyxenus (puc. 4.2);

b
il

hZ

Puc 4.2. OnpeneneHue BBICOTHI COOPYKEHUS

JIABOPATOPHAS PABOTA Ne S.
BricoTHBIC M3MEpPeHUs

5.1. lleab padoThI: U3YYUTHh YCTPOMCTBO HUBEIIUPA U HAYYUTHCS pabOTaTh C HUM.
5.2. O6opynoBanue: Onrtuueckuii HuBenup H-3, mraTuB, HUBEIMpPHAS perKa.

5.3 3aganue

1) U3y4nuTh yCTPONUCTBO HUBEIUPA U PEUKU;

2) HAy4UTbCs OpaTh OTCUYETHI MO PEUKE;

3) onpeAenuTh pa3HOCTh BBHICOT (IIPEBBIIICHUE) HECKOIBKUX TOUEK



5.3 llopsinok BbINOJTHEHHUS PA0OTHI:

N3y4uth yCTpONCTBO HUBEIUPOB:

Hupenup - mnpubop, chayxamuil s ONpeaeieHuss pa3HOCTU BBICOT
HECKOJIBKUX TOYEK U PACCTOSHUM.

OCHOBHBIEC YaCTH HUBEJIMpPA NMOKa3aHbl HA PUCYHKE 5.1. 4YaCTSIMU HUBEIHUPOB
ABJIAIOTCS: TOJACTAaBKa, UMWJIUHAPUYECKUH YpoBeHb (WM KOMIIEHCATOp) U
3putenbHas TpyoOa (puc. 5.1).
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Puc. 5.1. Cxema ycTpoiicTBa HUBENHPA C HWJIMHIPUYECKUM YPOBHEM:
1 - moacTaBka HUBenupa (Tperep); 2 - MOJbEMHBIC BUHTHI; 3 - KPYTJIbIi YPOBEHb;
4 - 3aKpenuTeNbHBIA BUHT, 5 - HABOJSAIIUA BUHT, 6 - JJICBAllUOHHBIA BUHT, 7-
UCIIPABUTENbHBIE BUHTHI KPYTJIOTO YPOBHS; 8 - 3puTenbpHas Tpyo0a; 9 - okyisp; 10 -
00bekTuB; 11 - kpeManbepa; 12 -MUIMHAPUYIECKUN YPOBEHD

Hagenenue TpyObl HUBETUpPA Ha 1EJIb OCYIIECTBISETCS 3aKPENUTEIbHBIM 4 1
HaBOJASIIMM 5 BUHTaMH, (OKYCHpPOBKa H300pakeHHss - Kpemanbepoit 11.
[IpuBenenue my3bIpbKa KPYTJIOTO YpPOBHA HAa CEPEIUHY OCYIIECTBISETCS
MOTbEMHBIMU BUHTAaMU 2, a My3bIpbKa IIMIMHAPUIECKOTO YPOBHS - 3JIEBAIIMOHHBIM
BUHTOM 6.

Jns ynobctBa paboThl M300pa)keHHWE KOHIIOB MY3bIPbKa IMIMHAPUYECKOTO
YPOBHS BBIBOJUTCS B MOJIe 3peHHs TPYOHI (pHc. 5.2).

A
AN

KOHIIbI y3bIPbKa

Puc. 5.2. ITone 3penust TpyObl HUBENHpPA C HUIUHIPUIECKUM YPOBHEM



[Ipu ropr30HTANIBHOM NOJIOKEHUH BUZUPHOW OCH HHUBEJIMPA KOHLBI Ty3bIPbKa
COBMEIIIAOTCS, a IIPA HAKIIOHHOM - PACXOIATCH.
B KOMIUIEKT K HUBEIUPY BXOJAT HUBEIUPHBIE peUKH (puc. 5.3).

Pucynok. 5.3. HuBenupHas peiika:  a) uenpHasi, 0) cKiiagHas

Peiika umeeT aBe CTOPOHBI: YEPHYIO (OCHOBHYIO) U KpPacHY1O (KOHTPOJIBHYIO).
Ha xaxx70ii U3 HUX yepeayroTcs YepHble (KpacHbIe) U Oenble IIalleyHble JeIeHUs
BeanunHOM 1 cM. Cyer aeneHud UIET MO YEPHOM CTOPOHE OT HYJIA, MO KPAacHOM
ctopore — oT uudpsr 4785 wnu 4685 (nsTka peiiku). [IpuHUIUI B3ATHS OTCYETOB
1o peike rnokasaH Ha puc. 5.4.

Puc. 5.4. Basitue orcuera no peiike

KpoMe peliku B KOMIUIEKT K HHUBEIUPY BXOAUT IUTATUB JIsI YCTAaHOBKH
HUBEJIHpA.

N3yunB yCTpONCTBO HUBENUPA, CIELYET:

1) onmcath B paboueil TeTpaau Ha3BaHWE U (YHKIMK BCEX pabOuMX YacTeu
npubopa;

2) NpUBECTH HUBEIHP B pabouee MOJ0KEHUE;

3) B3sATh OTCUETHl MO YEPHOM M KpPacCHOM CTOpOHAM pEHKH, 3amucaTtb UX B
pabouyro TeTpaab M 3apHCOBaTh H300paKCHUE PEHUKM W CETKH HUTEH B
COOTBETCTBHHM C MTOJYYEHHBIMH OTCUETAMU,;

4) nepeBecTu TpyOy HUBEIMpPA HAa BTOPYIO TOUKY U CHOBA B3ATh OTCUETHI;

5) paccuuTaTh npeBbilieHUsT 10 cxeme (puc. 5.5.). IlomydyeHHble pe3ylbTaThl
3anucath B Ta0m. 5.1.



B
ho-c _ ha-t HG
C
ypoBenraa nobeoxtoems
a) HUBEJIMPOBAHUE U3 CEPEANHBI 0) HUBETUPOBAHKE BIEPE]
Puc. 5.6. CxeMbl TeOMETPUYECKOTO HUBEITUPOBAHHUS
has =a-B; h,;=1i-B
XKypHan reoMeTpru4ecKoro HUBEJIMPOBAHUS Tabnuua 5.1
Ho
M OtcueTsl o [IpeBbimn | OT™METKH
cra | Homep | peiike e
H a HUE
Ui 3a1Hs | IEpelH
TOYEK Ast
1 1245 100.000
1 6030 +436
2 0809 +438 | 100.437
5592 cp.+437

JI711 KOHTPOJISI BBIMIOJIHEHHBIX U3MEPEHUM U BBIYUCICHUN MPOBEPSIIOT
MATKY PEWKH U Pa3HOCTh OTCUETOB a3 — az U 01— 0.

JlaGoparopHasi paGora Ne 6

N3mepenne 1IMHBI JINHHUI ¢ IOMOIIBI0 HUTSHOTO JaJIbHOMEPA
Heab: w©3yuyuTh YCTPOWCTBO HUTAHOTO JaJlbHOMEpPAa M HAyYUThCA
OMPENIENATh PACCTOSHHUE C €r0 MOMOMUIBIO.
OobopynoBanme: ontnueckuit HuBenup H3, mrarus, peika.
3ananme OmpenesieHHEe PpPacCTOSAHUS OT TEOJOJIUTa JI0  3aJlaHHBIX
MpenojaBaTeyeM TOUEK [0 HUTIHOMY JajIbHOMEPY.



ITopsanoK BBINOJIHEHUS

1. 3akpenuTh Ha MECTHOCTH YKa3aHHBIC MPEMOJIaBaTEIeM TOUKH.

2. B mnepBoil TOuke JMHUU TMOCTABUTH TEOJOJUT M MPUBECTH €T0 B
pabouee MoJI0KEHUE.

3. Hagectu TpyOy npubopa Ha peiiky, YCTaHOBJIICHHYIO BO BTOPOM TOUKE
JIUHUH.

4. OnpenenuTh KOIUYECTBO JEICHUM MEXAYy JaTbHOMEPHBIMU HUTSIMU TIO

pelike, YCTaHOBIICHHOW Ha 3aKpPEIUICHHBIX TOUKAaX.

15
1596
16/
JanpHomepHbIe E1
2= 1830
|
Ew

Puc. 6.1 . lanbHOMEpHbIE HUTU HUBEIUPA

5. Paccuurath paccrosiHue ot npubopa 1o peiku. s sToro
UcroJib3yercs Gpopmyia

D =106{0, — O)

rac OH )41 06 — OTCYETHI IO HMXKHEN U BGpXHGﬁ AaJIbHOMCPHBIM HUTAM:

JIABOPATOPHAS PABOTA Ne7.
IloBepku HUBEIHPOB

7.1. llesab padoThl: U3y4nuTh TPEOOBAHUS K TIOJIOKEHHUIO OCEH HUBEIIUPA, OCBOUTH
UX TIOBEPKU U FOCTUPOBKY.
7.2 OdopynoBaHue: ontuiyeckuii HuBenup H3, mratus, peiika, OCTUPOBOYHBIC
ITTUIBKH.
7.33agaHue: BBITIOJIHATH MIOBEPKH U FOCTUPOBKH HUBEIHPA.
7.4. IlopsioK BbITOJIHEHUSI Pa0OT:
1) u3y4nTh U 3apHCOBATH CXeMy Ocell HuBempa (puc.7.1);
2) BBINOJHUTH MOBEPKU U FOCTUPOBKHU HUBEUPA.
[ToBepKH HUBEJIHUPOB




Iosepka 1. Ocp kpyrioro ypoBHs 4-4 noikHa OBbITh NapajlesibHa OCHU
BpameHus HuBenupa 3-3 (puc. 7.1).

Kpyrnslii ypoBeHb yCTaHOBUTH NMAPAIIIENBHO JIBYM HOABEMHBIM BUHTAM H
BBIBECTH ITy3bIpEK YpOBHA Ha cepenuHy. [loBepHyB HuBennp Ha 90°, BHOBB
YCTaHOBUTH ITy3bIPEK YPOBHS, MOJB3YSCh TOJIBKO TPETHUM MOJBEMHBIM BUHTOM.

IIpu paszBopore HuBenupa Ha 180° OT mEpBOHAYAJIBHOIO HANPABICHUS
ITy3BIPEK YPOBHS JOJKEH OCTaBaThCs HA cepenrHe. OTKIOHEHUS MTy3bIpbKa YPOBHS
YMEHBIIAIOT HAMNOJOBUHY IIOABEMHBIMU BHHTAMH, a BTOPYK) IIOJIOBUHY —
WCIIPABUTENBHBIMU BUHTAMU YPOBHSI.

| .
4 3
Puc. 7.1. Cxema oceil HuUBeupa:
1-1 - Bu3upHas 0Ch; 2-2 - OCh MIIMHAPUIECKOTO YPOBHS;
3-3 - oCh BpallleHUss HHCTPYMEHTa; 4-4 - 0Ch KPYTJIOro YpOBHS

IloBepka 2. BeprukanbHas HUTh CETKHM HUTEH JODKHA OBITH MapaluielibHa
ocH BpailleHus1 HuBenupa 3-3 (puc. 7.2).

Puc. 7.2. TloBepka ceTku HUTEN

Ha paccrosaun 25-30 M OT HHBenHWpa BemaeTcs OTBEC, TPyOy HUBeIUpa
HaBOJAT HA HEro Tak, 4TOObl BEPTUKAJIbHAS HUThb CETKU HUTEW TOYHO COBHAjia C
HUTHIO OTBECA.

HecoBnasgenue HUTHU ¢ OTBECOM YCTPAHSETCA HMCHPABUTEIBHBIMU BUHTaMU
OKYyJIsSIpa.

IHoBepka 3. Bumsupnas oce 1-1 pmomkHa OBITH mMapajuieibHa OCH
[MUIMHAPUIECKOTO YPOBHS 2-2.

[ToBepka BBINIOJIHSIETCSI IBYMS CLIOCOOAMH.



B nepBom citydyae nmpou3BOAUTCS NBOMHOE HUBEJIUPOBAHUE OJHOW U TOU XKeE
JIMHUU C Pa3HbIX €€ KOHIIOB (puc. 7.3).

3akpenuB KoibsIMU JUHUIO JiuuHOM 50-70 M, yCTaHaBIMBAKOT HUBEIIHP
OKYJIIpOM HaJl TOUYKOM A M OepyT OTCUET MO peilke, YCTaHOBJIEHHOW B TOuke B.
Ecnun Bu3MpHas och U 0Ch HWJIMHAPUYECKOTO YPOBHS HE MapajuielbHbl, TO BMECTO
MPaBUIIBHOTO OTCYEeTa bo OyAET B3AT OTCUET b1, coAepKalluil OIUOKY X.

Puc. 7.3. IToBepku oCH HUIMHIPUYECKOTO YPOBHS IBOMHBIM HUBEIUPOBAHUEM

[ToMeHsIB MecTaMu HUBEIMP W pelKy, BHOBb OepyT otcuer. OmmoOKy
BBIYHCIISIIOT 110 (hopMyIie

= PDtb, Ll (7.1)
2 2
rae D1, by — orcueTsl mo peiike; i1,i; — BBICOTBI HHCTPYMEHTA.
Ommbka X He JO/DKHA InpeBblnath + 4 MM. B mporuBHOM ciydae
SIIEBAI[HOHHBIM BHHTOM HHBEIUpPa HABOIAT CPEIHIOI HUTh CETKM HUTEH Ha
IpaBUILHBINA OTCUET D!

bo = b2 — X, (72)

a HCHOPABUTEIBHBIMUA BUHTAMU LWIMHAPUYECKOTO YPOBHS COBMEIIAIOT M30-
OpakeHus1 KOHIIOB My3bIPbKa YPOBHS.

OTta ke MoBepKa MOXKET OBITh BBIITOJIHEHA U JIPYTUM criocobom (puc. 7.4).

Puc. 7.4. IloBepka ocH HUIMHIPUYECKOTO YPOBHS 110 U3BECTHOMY IMPEBBIIEHUIO



HuBenup ycraHaBIMBaIOT MOCEpEIUHE MEXAY ABYMs pelikamMu U OepyT 1o
HUM OTCYETBl. DTHU OTCUETHI (€CJIH YCIOBHE HE BBINOJHEHO) OyIyT OTIIMYATHCS OT
UCTUHHBIX HA OJIHY M Ty € BEJIMUYUHY X, IOITOMY INpPEBBIINICHUE N, moiaydeHHOe
o orcyeram aj u Dy, OyeT NpaBUITBHBIM.

h=a;—- by=a-b. (7.3)

3aTeM HUBENUpP YCTAaHABIMBAIOT KaK MOKHO OJIMXKE K TIEpBOU peiike u OepyT
orcueThl. [IpeneOperass B CBS3M C MallbIM pPAacCTOSTHUEM OLIMOKOM oTcuera  ay,
MOYKHO BBIYUCIIUTH MPABHIBHBINA OTCUET D).

bz = az—h. (7.4)

BrruncneHHbI OTCUET HE JOJKEH OTIMYaThCs OT (PaKTHUUEeCKOro 0ojiee uem
Ha 4 MM. OmKOKy YCTpaHSIOT CMEIICHUEM CETKH HUTEW Ha BEpPHBIA OTCYeT by
AJIEBAIlMOHHBIM ~ BUHTOM, a MY3bIPEK yPOBHSA TMOJABOJAT HA CEpPEIUHY
UCIIPABUTEIIbHBIMH BUHTAMH.

IToBepka HUBEJMPOB ¢ KOMIIEHCATOPOM. JIMHUS BU3MPOBAHUS HUBEIUPA C
KOMITIEHCATOPOM JIOJKHA OBITh TOPU3OHTAJIBHOM IMPU HAKIOHAX OCHU Hpubopa B
IpeAeIax pacyeTHOTO yIila KOMIIEHCALIUH.

[Tpubop ycTaHaBIMBAIOT MOCEPEINHE MEXKY ABYMS PEHKaMU U ONPEICIISTIOT
NOPEBBIINIEHUE MEXKIY JTUMU TOYKAMH IIATbIO MPUEMAMHU TMIPU  Pa3IUYHBIX
MOJIOKEHUAX My3bIpbKa KPYTJIOro ypoBHs (puc. 7.5).

1 2 3 4 5

Puc. 7.5. Tlonoxenue my3pIpbka YPOBHSI IIPH YCTAHOBJICHUN OITMOKU
HEJIOKOIIEHCALINT

Ecnm cpenHee 3HaueHME NPEBBIICHUM, IOJYYECHHBIX IIPU IOJIOKEHUHU
2,3,4,5, oinyaeTcss OT CPEIHETO 3HAYCHHS, MOJYYCHHOTO MPHU TMOJOKEeHUU 1,
Oomnee yem Ha 4 MM, TO TPUOOP MOJICKUT IOCTUPOBKE B 3aBOJICKUX YCIOBHSIX.

JJABOPATOPHAS PABOTA Ne 8.
Pemienne HHKEHEPHBIX 32124 € IOMOILIbI0 HUBEIHPA

8.1. Lleab padoThI: U3yYUTHh METOJUKY PEIICHUS TUIIOBBIX 33729 C HUBEITUPOM.
8.2 O6opynoBaHMe: ONITUYCCKUN HUBEIUP, IITATUB, PEHKA.

8.3 3apanme: BBIHECTH HA MECTHOCTH TPOEKTHYIO OTMETKY; IEPEHECTH Ha
MECTHOCTH JINHUIO 33JJaHHOTO YKIJIOHA



8.4. Ilopsinok BHINOJIHEHUsI PA0OThI:
Buinoc na mecmnocms npoekmuot ommemxu:
1) ycTaHOBHTH HUBEIHP NPHUMEPHO TOCEPEIUHE MEKAY PEIepoM U MECTOM
BbIHECEHUsI TOUKU (puc.8.1) U B3sITh OTCUET MO peiike, YCTAaHOBIECHHON Ha
penepe;

4 Bw3upHLIH vy b

M | TI

Hr i
?7THW

ypOBEHHEIH ITOBEPXHOCThb

Puc. 8.1. CxemMa BbIHECEHUS] TPOEKTHON OTMETKH

2) BBIUKCIUTH TOPU30HT nHCTpyMeHTa (I'N):

IM=Hpg+a; (81)
3) BBIYHUCIIUTD OTCUYCT, KOTOpLIﬁ JOJIDKCH ITOJIYUHUTBCA B HCKOMOM TOuke P :
6 =1TU - Hpp ) (82)

rac Hpp - IMPOCKTHAsA OTMCTKA
4) YCTAaHOBHUTD peﬁKy B MCCTC BBIHCCCHHA TOYKH U, IICPCMCIIAA €€ BBECPX UIIH
BHU3, ,IIO6I/ITBC}I HYKHOI'O OTCYCTA «O».

Buvinoc ommemku na ono xomnogana:
1) yCTaHOBHTH HUBEIUP MEXKAY PEMEPOM U KOTIOBaHOM (puc. 8.2) U B3STh
OTCUETHI 10 peiike, YCTAHOBJIECHHOM Ha pernepe, a 3aTeM Mo PYJIETKE,
MMOJIBEIIICHHOM Ha IIEeCTE;

pel¥fra 1
/
l unpeavp 1
a c
Rpd}
/\777;7777,//
—d
2 peltra 2
é/rm p 2
Rp2 2 TPy 3

ypoBewHafA ITOBEDXWOCTE



Puc 8.2. Cxema nepeaaum OTMETKHM Ha THO KOTJIOBaHA
2) mepeHecT! HUBEIUP Ha JIHO KOTJIOBaHA W BHOBBb B3ATh OTCUETHI MO PYJIETKE U

pelike, yCTAaHOBIIEHHOW HA JHE KOTJIOBaHA. PAaKTUYECKYI0 OTMETKY JHA KOTJIOBaHA
Hpy 2 MOXHO BBIUKUCTUTD 1O (hOopMyIie

Hpi2 =Hpu +a—(c—d)-b; (8.3)
3) paccuuTaTh OTCUET IO peUKe, COOTBETCTBYIOIINN IPOEKTHONW OTMETKE:
b =Hp1+a-— (C'd)_HPHZ; (8-4)

4) nepemenias peky BBEpX WM BHU3, JOOUTHCS TOTO, YTOOBI OTCUET MO HEM
OKazajcs paBHBIM «D», W 3aKpEenuTh TOUKY.

HepeHeceHue HA MeCmMHOCMb JIUHUU 3A0AHHO20 VKJIOHA .

1) YCTAaHOBUTDH HUBCIIUD B pa60qee ITOJIOKCHHEC HAL, HayaJbHON TOUKOMN JTUHUU

(puc. 8.3); l

-
a, a; as a,
apoekTjnas A4NY (top) &
§ . I3
d By
2
- A
d,
o 4

——

Puc. 8.3. Cxema nepeHeceHusi Ha MECTHOCTh JIMHUU 3aIaHHOTO YKJIOHA
2) pa3aenuTh JUHUIO Ha paBHbIC OTpe3ku d W paccuuTaTh HEOOXOIUMBIC OTCUCTHI
B MMOJyYEHHBIX TOYKax 1, 2, 3, 4;

H | = H a+ I d,
61=H.+ | -H; (8.5)
rne H , - HawanmpHas oTMeTka TOYKHW; | — 3amaHHBIA YKIOH; d — paccTOsSHUS

MEXYy TOUYKaMH
3) mocienoBaTeIbHO YCTAHOBUTh PEMKY B ATUX TOYKAX M IEepeMeliath €€ I0
BEPTUKAJIN, TOKA HA HEM HE OKAXKETCS PACCUYUTAHHBIA OTCYUET;

5) mpsmas, TPOBEICHHAs Yepe3 BEPXHIO TpaHb KOJBIIIKOB, OyIeT JUHHUEH
3aJJaHHOTO YKJIOHA.

JlaGoparopnas padora Ne 9



Pabora ¢ uianoM U KapTOi

9.1.11eap padoOThI: U3yUYUTh OCOOEHHOCTH IJIAHOB M KapT, HAYYUThCA paboOTaTh
C HUMH, OCBOUTh METOJMKY DEIICHHUs 3aJay Ha Tomorpauueckux IiaHax u
KapTax.

9.2 O6opynoBaHMe: TUIAHBI, KAPThI, JUHEWKA, TPAHCIIOPTUP

9.3 3aganme: M3y4UTh paMKy U 3apaMo4yHoe O(dopMJIEHHE IUIAaHOB M KapT,
BBISIBUTh MX OTJIMYMUS, ONPENEIUTh Teorpapuyeckue U MNPSMOYTOJIbHbBIE
KOOpJMHATBl TOYKH, OTMETKY TOYKH, JIEXKAIlyl0 MEXAy TOpPU30HTAJSIMHU,
JTUPEKIUOHHBINA YTOI U a3UMYT 3aJaHHOW JTUHUU.

9.4 Tlopsinok BbINOJHEHUsI PA0OTHI:

1. u3y4yuTh NO YCJIOBHBIM 3HaKaM CHUTYyallMl0 MECTHOCTH, HAHECEHHYIO Ha
kapTy (mnaH). OnpenenuTbh OCHOBHbIE OOBEKTHI MECTHOCTH: HACEJICHHbIE
OYHKTBI, JIOPOTHM, WH)XEHEpHblE KOMMYHHUKAIIMH, PAaCTUTEIbHOCTD,
rugporpaduro (puc. 9.1);

2. onpenenuTh reorpaduyueckue v NpsMOyroyibHbIe KOOPIMHATHI TOYEK,

3aJIaHHBIX MPEINO0/IaBaTEIIEM.

Onpedenenue ceocpaguueckux KOOpOUHAm mouxu

Jluct kapThl OrpaHMuY€H paMKoi, oOpa3oBaHHON reorpaduyecKUuMu
KOOpAUHATaMUu (¢ - IUPOTOH U A- nonroroi) (puc.9.2). UepHbIMH U OeIbIMU
MoJIOCAaMU Ha paMKe KapThl 00O03HAYEHBl OTPE3KH, PAMKH COOTBETCTBYIOLIUE
MUHYTaM IIHPOTHI (BEPTUKAIbHbIE JTUHUU PAMKH) M JOJTOTHI (TOPU30HTAJIBHBIE
JIUHUN).
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