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PACCMOTPEHO:

[luknoBoit MeToANYECKOMN

KOMHUCCHEH CIeIINaIbHOCTH
OOIIETEXHUYECKUX H JIEKTPOTEXHUUECKHUX
TUCLUILINH

[TpoTokomn Ne 9

«25» Mas 25 X,

[Ipencenarenn K.C. Urnareuko

Pazpabotuuk: Jlynkun C.U., npenogaBarens Boicuieil kareropun, CuOUPCKUil KOJIeIK TpaHCIopTa
u crpoutensctBa PI'BOY BO «MpkyTcKuit rocy1apcTBEHHbIH YHUBEPCUTET ITyTel COOOIEHUS .

Metoanueckue ykazaHus pa3paboTaHbl s cTyqeHToB crenuanbHocTd 08.02.10 CtpoutenseTBo
MKEJIe3HBIX JIOPOT, MYTh U MyTEBOE X035AHUCTBO. JlaHHOE TocOOHEe COIEPIKUT PEKOMEHAINH 110 BbI-
MOJTHEHUIO MTPAKTUYECKHUX padoT.



Bsenenue

B cooTBeTcTBHM ¢ y4eOHBIM IUIAHOM IUCHMIUIMHBI «['€0/1e3us» CTyJCHTaMH CICIUAIbHOCTH
«CTpOUTENBCTBO KEIE3HBIX JIOPOT, IYTh U IYTEBOE XO3SHWCTBOY JOJDKHBI BBITOJIHUTH IMATh PAcUET-
HO-TpaduUecKux paboT Ha OJAMHHALATH MPAKTHYCCKUX 3aHATHSX.

B Mertoanueckom mocoOuu mpuBeIeHbl HEOOXOAMMBIC TMOSICHEHUSI OCHOBHBIX TOHSTHIA; HUCXO/I-
HbIC JaHHBIC W 3aJaHUS K KKIOW MPAKTUYECKOH pabdoTe, MpUMEphl BHITIOTHEHHS U OPOPMIICHHUS
pacuéTHBIX U rpadUIecKuX 4acTel pador.

[TpakTHdeckue 3aHATHS TMPOBOISITCS C IETBI0 3aKPEMUTh TEOPETUUCCKUE 3HAHMS CTYICHTAMH:
HAy4YUTHCS MOJIH30BATHCSI MACIITa0aMH W OCBOUTH METOJMKH PEUICHHUS HEKOTOPBIX 3a/ad MPH BbI-
MOJTHEHUU Pa0OT MO KapTe, MPUOOPECTH MPAKTUYECKHE HABBIKH IO YTCHHUIO peiibeda MECTHOCTH;
OBJIAJIETh METOJIMKaMHU OOpaOOTKHU TOJIEBBIX MATEPUAIIOB MPH MPOU3BOJCTBE TEOJOIUTHON CHEMKH,
TEXHUYECKOTO HUBEIMPOBAHUS MPH MOJCBOM TPACCUPOBAHHMH;, IPUOOPECTH HABBIKH MIOCTPOCHHUS TO-
norpauyeckoro IJjiaHa, COCTABJICHHUS M MPOCKTHPOBAHUS IMPOJOJIHHOTO MPOdUIIs, KapTOrpaMMBI
3eMJISIHBIX PadoT.

['padmaeckue pabOTh HEOOXOIUMO BBITIOJIHATH KAPAHIAIIOM Ha YePTEKHON MITM MIJUTHMETPO-
Bol Oymare Ha popmarHbIX Jimctax B coorBerctBur ¢ [[OCTamu. Jpyrue tpeGoBaHus 1Mo opopmiie-
HUIO IJIAHOB M 3aIOJHCHHUIO BEJIOMOCTEH, )KYPHAJIOB M JIONOJHUTEILHBIC 3a/IaHUS IPUBOJATCS TIPH
HEOOXOJUMOCTH B pacu€THO-TpaduuecKux padorax.

C uenbio 3((HEKTUBHOTO HCIOIB30BAaHHUS YYEOHOTO BPEMEHHM HA TPAKTHYECCKOM 3aHSITHH, CTY-
JICHTaMH 3apaHee JIOMa JIOJDKHBI BBIMOJHATHCS CaMOCTOSITEIIbHBIC Pa0OThI, PEAYCMOTPEHHBIC IO
OTICILHBIM TEMaM.



[IpakTrueckoe 3anstue Ne 1
Tema: Utenne penbeda Mo KapTe W PEUICHUE 3aqad: ONpEIeTICHHE OTMETOK TOYEK, BBIYMCIICHHE
YKJIOHOB JinHUH. [locTpoenue mpoduiis 1Mo IMHUY, 3a1aHHOH Ha KapTe.
Lenv 3auamus:

[TproOpecTy MpakTUYECKUE HABBIKU 10 YTEHUIO pelbeda MECTHOCTH, H300paKEHHOTO TOPH-
30HTAJISIMH; OMPEEIIEHUI0 OTMETOK TOYEK, YKJIOHOB JIMHUN M MOCTPOCHUIO MPOQUIIL MO 3aJaHHOMY
HaIlpaBJICHUIO 110 KapTe.

Obecneyennocmov 3aHAMUA

VYuebnsie Tonorpadguueckue kaptel M 1:10000 (13 pacuéra oHa KapTa Ha CTYJCHTA) C 3aJaH-
HbIMU Tpems Toukamu A, B, C, coelMHEHHBIMU TUHUSMHU B TPEYTOJIbHUK.

Coneprxkanue MpakTUIECKOTO 3aHITHS

1. UYrenwme penbeda mo kapre.
2. OmnpenenuTs OTMETKH TOUEK HA KapTe ¢ TOPU3OHTAISIMHU.
3. Onpenenuth yKIOHBI TUHUN.
4. Tloctpouts mpoduib Mo JIMHUHU, 33JJaHHON Ha KapTe.
[Topsanox BeimoMHEHU pabOThI
1.Yrenue penbeda no kapte
Ha Tonorpaduyecknx kaprax aist n3o0pakeHus penbeda MpUMEHSETCS cnocod eopuzoHmaet

(puc.1).
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Puc.1.Iloctpoenune ropuzonTanein

T'opuzonmanvio nazvieaemcs Kpueas TUHUS, COCOUHAIOWASL MOYKU C PAGHLIMU OMMEMKAMU HA
MeCmHOCHU.

['opu3oHTanu momy4aroTcsl Kak MPOEKUHWH Ha TOPU3OHTAIBHYIO IUIOCKOCTb JMHHMM CEUYEeHHUS
MECTHOCTH YPOBEHHBIMHU MIOBEPXHOCTSIMHU, pPAaBHOYJAIEHHBIMU JIPYT OT JpyTa.

Ha puc. 1 uzobpaxenue penbeda xoiama JaHO C MOMOIIbIO ropu3oHTaneil. Ecau MbIcieHHO
pacceub 3TOT XO0JIM FOpU30HTaIbHBIMU NoBepxocTsamu AA, BB, CC, [I/1, To nuHuM, NOTy4YEHHBIE OT
[IEPECEUEHUS ITUX IMOBEPXHOCTEN C 36MHOM NOBEPXHOCTBIO, CIIPOCLIUPOBAHHBIE HA TOPU3OHTAIBHYIO
IUIOCKOCTB M OyJyT TOPU30HTAISIMH.

Ha nnanax m kaprax HeoOX0IUMO OIpeneauTh n300paxkEHHbIE (GOPMBI perbeda, MOHUKEHHE
WJIM TIOBBIIIEHHE €r0. ITO BO3MOXKHO MO OTAEIbHBIM MOANNCAHHBIM OTMETKaM FOpU30HTaIeH WU T10
Oeprurpuxam, NpeACTaBIAIOMUX COOON YEPTOUKU-LIITPUXH, MPOBEIEHHBIE MEPIEHIUKYISIPHO K TO-
PHU30HTAJISIM B HAaIPaBJIEHUU BHU3 TI0 CKATY, T.€. B CTOPOHY MOHIKEHHUS penbeda.

Penbed B mpupoae COCTOMT M3 pa3iIUYHBIX COYETAHWH OCHOBHBIX (OPM, KaXKAas U3 KOTOPBIX
umeer cBou ocobeHHocTu. OcHOBHbIE (POpMBI penbeda 3eMHOW MOBEPXHOCTH, CIEAYIOIIUE: Topa,
KOTJIOBHHA, XpeOeT, JIOIIMHA, CeAIOBUHA (pHC.2).
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Puc. 2 .OcHoBHble popMBI penbeda 3eMHOI TOBEPXHOCTH

Ha puc.2 noka3zansl oTaMYUTENbHBIE 0COOEHHOCTH (GopM penbeda mo Oeprmrpuxam. Ho ams
peleHrs] MHKEHEePHBIX 3aJlad M0 KapTe HeoOXOJIMMO 3HAaTh OTMETKM ropu3oHTaiei. OHM Bceraa
KpaTHBI BbICOTE ceueHus peabeda «hy.

Bvicomoii ceuenus penvegha nazvlieaemcs omeecnoe paccmosHue Mexcoy coCeOHUMU 20PU3OH-
MmansAmu.

Ha yueOHbIX Tomorpaduueckux kaprax h = 2,5 M, OTMETKH OTAEIBHBIX TOPU3OHTAICH TTOAIH-
caHbl kpaTHO 5 uiau 10 M. OnpenesnuTh OTMETKH JIF000H TOPU30HTAIIH JIETKO, UCIIOJIB3Ysl OEprITPUXH
U 3Has NMPaBWIO UX MOAMUCH: YU@pbl OMMEMOK 2OPU30OHMaAel Cmassam OCHOBAHUEM 8 CIOPOHY NO-
HudiceHusi penvega. 1103TOMyY, TOHMKEHNE WIN MOBBIIIEHHE MECTHOCTH MOXKHO YCTaHOBHUTH OT OJI-
HOU MOANMCAaHHON OTMETKU TOPU30HTAIMN HA KapTe.

2, 3, 4 . BoimonaHeHWe 3aJaHui 10 pacy€THBIM U Ipa)UUECKUM YacTsAM 3THUX IMyHKTOB MPaKTH-
YEeCKOTr0 3aHATHS MOJPOOHO M3JI0KEHBI B IJIaBaX METOAMUYECKOT0 1MOCOOUs K pacuéTHO-rpaguueckoi
pabore mo Teme: «3ajauu, penlaeMble Ha KapTax», pa3pabOTaHHOIO MpenojaBaTesieM Teoje3Uuu
CKTuC Jlyuxun C.U.

KoHTposbHBIE BOIPOCH!

UYro HazbIBaeTCs TOPU3OHTAIBIO? BhicOTOM ceuenus penbeda?

UYro Ha3pIBaeTCAd OTMETKON TOUKH?

Kakue cymiecTBytoT OCHOBHBIE (POpPMBI penbeda?

[To xakuM TpU3HAKaM MOKHO Pa3auduTh (GOpMBI penbeda?

Kak unrtaercs mpaBuio moaMnucu ropu3oHTanu?

Kak onpenenstorcst OTMETKH TOPU3OHTAIICH?

Kak omnpenensieTcst oTMeTKa TOUKH, JiexkKalled MexX1y TOpU30HTaISIMH?

Uro Ha3bIBaeTcs YKIOHOM JIMHUU, KaK OH ompenensercs?

B kakoii mocie0BaTeIbHOCTH CTPOUTCS IIPOIOJIBHBIN TPOQUIL JIMHUH, 33JJaHHOM Ha KapTe
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C TOPU3OHTAISIMU?
10. B kakux aByx Macmrtadax cTpoutcs npopuis?
11. TTo xaxoii ¢popmyse onpeaensiercs OTMETKa JIUHUH YCIOBHOTO TOPU30HTA?



[IpakTuueckoe 3anarue Ne 2
Tema: Nzydenue yctpoiictBa TeomonutoB 4T30I1, 2T30I1; npuBenenue B pabouee MOIOKEHUE, TEX-
HUKa HaBEJEHUsI, CHATUE O0TCUETOB. [loBEpkU Teo1ounTA.
Lenv 3auamus:
N3yunTh yCTPOHCTBO TEOAOJINTA, HAYYUTHCA OpaTh OTCUETHI MO TOPU3OHTATHHOMY M BEPTH-
KaJIbHOMY Kpyram; MpOU3BOJUTH OBEPKU TEOIOJIUTA, IPHOOPECTH MEPBUYHBIC HABBIKK OOpaIeHUs
C TEOJ0JIUTOM.
Obecneyennocmo 3aHAMUAL:
TeonomuTel co MITaTUBAMU, IUTAHKH C TOUKAMH-LIESIMU JIJIs1 HABEIEHUs, TUIaKaThl.
CopepxaHue MPaKTUIECKOTO 3aHSITHS
Nzyunts ycrpoiictBo Teogonuta 2T30I1, 4T30I1, npuBenenue npudopa B padbouee MmosIoKeHUe.
1. Texuuka HaBeneHUs. CHATh OTCUETHI IO TOPU3OHTATLHOMY U BEPTUKAIBLHOMY KPyTaM.
2. BBINONIHUTH OBEPKH TEOI0JINTA.
[Topsanox BeIMoONMHEHUS PabOTHI
1.U3yuenue ycrpoiictBa Teononuta 4T30I1, 2T30I1, npusenenue npubopa B paboyee MOI0KEHHE.
Teooonum — smo 2eode3uteckull UHCIMPYMEHM, CAYACawuil Oisl UsMeperus U pa3zoueku 20pu-
30HMANILHBIX U BEPMUKATILHBIX V208 HA MECMHOCMU, ONpeoeieHUss pacCmosHus (N0 HUMAHOMY
0anvHOMepPY) U OPUEHMUPOBAHUSL TUHUL NO MACHUMHOM) MEPUOUAHY C NOMOWbIO 0)YCCOIU Meodo -
ma.
1.1 U3yunuts ycrtpoiictBo teomonuta 2T30I1 HemocpencTtBeHHo Ha npubope. Hamucares Ha3zBaHus
IIPOHYMEPOBAHHBIX OCHOBHBIX YaCTEH U Ocei Te010JInTa, 1300pakEHHOT0 HAa pUCYHKax 1 u 2.
1.1.1 V3y4uuth yCTpONCTBO 3pUTENHHOM TPYOBl U HUIUHAPUYECKOTO YPOBHS IO IJIaKaTy Ha JOCKeE,
I7ie OHM MOKa3aHbl B pa3pese, u Ha npudope. Ocobo 0OpaTuTh BHUMAHUE HA OCH TEOJI0JIUTA.
Busupnas ocw - 370 npsimasi, COeIUHAIONIAs ONITUYECKUI LIEHTP 0OBEKTUBA U KPECT CETKH HHU-
TEM.
Onmuueckas ocb — IpsiMasi, COSANHSIIONIAs] ONTHYECKHUE [IEHTPHI O0BEKTHBA U OKYIISAPA.
Kpecmom cemku numetl nazvlieaemcs nepeceuenue 2OpuU3OHMAIbLHOU U 8EPMUKATILHOU HUmMel
cemKu 3pumenbHou mpyoul.
1.2 [IpuBecTtH TeononUT B paboyee MOJ0KEHNE C TOMOIIbIO TPEX NOABEMHBIX BUHTOB U LIWJIMHIPU-
YeCKOro YpoBHS, (B KaOMHETe LEHTPUPOBAHUE HAJ TOUYKOW HE MPOM3BOAAT, TaK KaK YCTaHABIIH-
BAaIOT TE€OI0JIUT Ha pabouee MecTo). st 3Toro:
YUIUHOPUYECKUU YPOBEHb HA anudaoe 20pU30HmMaibHO20 Kpyea YCMAaHA8IU8arom napaiieibHo
naockocmu 2° nOObEMHBIX SUHMOE U BDAWECHUCM IMUX BUHMOE 8 PA3Hble CMOPOHbL, NY3bIPEK
YPOBHA NPUBOASIM Ha cepeduny (8 Hytb-nynkm). 3amem nosopauusaiom anudady na 90° u epaue-
HUeM mpemve20 N0ObEMHO20 GUHMA NY3bIPEK YUTUHOPUUECKO20 YPOBHS CHOB8A NPUBOOSIM HA Ce-
PeOuHy (8 Hylb-nyHKmM,).
JleiicTBHE 3TO, BBINOJIHSIEMOE B IOJIEBBIX YCIOBUSAX, HA3bIBAETCSI TOPU3OHTHPOBAHUEM IIJIOCKOCTH
TOPU30HTAIILHOTO KpyTa WM HUBETUPOBAHUEM €TO.
2. Texunka HaBeneHus. CHATHE OTCYETOB IO TOPU3OHTAILHOMY U BEPTUKAILHOMY Kpyram
2.1 IlpuBecTu 3pHUTENbHYIO TPYOY K HaOIIOAEHUIO:
® YCTAaHOBHUTbH OKYJISIp IO IJ1a3y, HaBes Ha CBETIIbIM (POH CTEHBI U Bpalllas OKYJISIPHOE KOJbIIO,
JOOUTHCS YETKOCTU KpPecTa CETKU HUTEH;

® HaBECTH 3pUTENbHYIO TPYOy MpeBapUTEbHO Ha TUIAHKH JKENTOrO 1IBETA B YTy KaOMHETa C
MOMOIIbIO BU3UPA, 3aTeM JOOUTHCS YETKOCTH IJIAHKU BpAIlIEHUEM KPEMAaJIbePhL;

® OCYILIECTBUTH TOYHOE HABEACHHE KPECTOM CETKM HUTEW Ha OJHY M3 TOYEK BpPALIEHUEM
HABOJSIIUX BUHTOB 3pUTEIHHON TPYOBI M aHIaIbl, TPEIBAPUTEIHEHO 3aKPEITHUB HX.



Puc. 1 Puc. 2

2.2 3yunuth OTCUETHBIE YCTPONHCTBA TOPU3OHTAILHOTO U BEPTUKAIBHOTO KPYIOB B MUKPOCKOIIE TE€O-
JI0JINTA. BBIIIOJIIHUTH CIIEAYIOIIME IEUCTBUS:
® 3aKpPENUTh JIUMO, OTKPENUTh alluajly, HIOBEPHYTh BEPXHIOK YacTh Teogoiurta. Hanucats 06
M3MEHEHHUAX OTCUYETOB MO0 TOPU3OHTAILHOMY KPYTY;
® 3aKpENUTh AIUAATY, OTKPENUTh JUMO, TOBEPHYTh BEPXHIOIO YacTh TE€OJ0JIUTA, HANUCATh 00
MU3MEHEHHUSX B OTCYETAX 110 TOPU3OHTAIBHOMY KPYTY.
2.3 HaBectu Ha x€nToil miuanke Ha mo0yro Touky cHauvana npu KII, 3atem npu KJI u cHATH OTCUETHI
10 TOPU3OHTATILHOMY M BEPTUKAJIBHOMY KpyraM. 3amucarh UX M 3apHCOBaTh OTCUYETHI HA HIKAJIbl OT-
CUETHBIX YCTPOUCTB, BBIMOIHEHHBIX B CPC NeS5.

1. IlIxaipl OTCYETHOIO MUKPOCKONA T€OI0JINTA

Benuuuna oonoeco naumenvuie2o oenenus Hazoléaemcs LfeHOIZ oenernus mumoa.

Teooonum T30. llena nenenust mum6ba pasHa 10’ (cm. puc. 4)

Otcuer 1o

TOPU30HTAILHOMY Kpyry 12°52°
BEPTUKAIBHOMY Kpyry 357°16°




Teooonum 2T30I1, 4T30I1. llena nenenus numba paBHa 5’ (cM. puc. 3).
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Orcyer mno: A ,
TOPU30HTAILHOMY Kpyry /05°44" rOpU30OHTaJIbLHOMY Kpyry 83 °37'30
BEPTUKAJILHOMY Kpyry 4 °/7’ BEPTHKaIbHOMY Kpyry - 2°47'30"

3.IloBepku Teo0IUTA
Ilogepku - 3mo Oeticmeusi ¢ npubopamu, NO360IAUWUE BIABUMD U YCMPAHUMb HEUCNPABHO-

Cmu OMOeIbHbIX €20 Yacmell.
3anmcarh yCIIOBUE KaXKIOW IMOBEPKH, MOPSAIOK BBITOJHECHUS U ITOCIIC BBITIOJHEHUS TTOBEPKH -

BBIBOZ O UCIIPABHOCTH TCOOOJIUTA UJIN KaKOH-TO €ro 4acTH.

2. Ocu Teomonuta

V'V, — BusupHas och 3puTEIbHOMN TPYOBI

HH; — ropusonTanbHas 0ck 3pUTENBHON TPYOBI
77, — ocHOBHas (BepTHKaJIbHAas) OCb TEOAO0IUTA
UU,; — och UMIIMHAPUYECKOTO YPOBHS

IToBepku Teomonutos tuna 2T30I1, 4T30I1 (rtoneBkle)

1. IloBepka ocu WIMHAPUYECKOTO YPOBHS
Ocb yurunopuuecko2o yposHs HA aruoaoe 20pu3OHmMAaIbHO20 Kpy2d 00HXCHA Oblmb nepneH-

OUKVIAPHA K OCHOBHOU OCU 8PAWEHUsI UHCIPYMeEHmA.
[Topsiiok BeImosHEeHUs oBepkH. [locie mpuBeaeHus TeoH0MMTa B pabouee MojJ0KeHHUE TTOBO-

padMBalOT BEPXHIOO YacTh Teonosnta Ha 180°. Ecin my3sIpek NUIMHIPUUECKOTO YPOBHSI OCTAJICS Ha




MecTe WJIM CMECTHJICSI MEHee, YeM Ha OJIHO JICIEHHUEe, TO YCIIOBHE BHINOJHEHO. B mpoTuBHOM citydae
MOBEPKY MOBTOPSIOT WM MPOBOJSAT FOCTUPOBKY YPOBHSI.
2. IloBepka BU3HPHON OCH TPYOBI

Busupnas oco 3spumenbHoti mpyoel 00I4CHA ObiMb NEPREHOUKYTIAPHA K 20PUSOHMATILHOU OCU
mpyoel. HecoOutojeHne 3Toro ycjioBUs BbI3bIBaeTCS KOJUIMMALMOHHON OIIMOKOHM, KOTOpas omnpene-

nsiercs 1o ¢popmysie:

KI—KJ/1+180°
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2

[Mopsok BeimosiHeHMs noBepku. HaBoasT 3putensuyto TpyOy npu kpyre npaso (KII) u xpyre

neBo (KJI) Ha Xopo11o BUAMMYIO TOUKY, PACHOJIOKEHHYIO IPUMEPHO HA OJHOM YPOBHE CO 3pUTEIb-

HOW TpyOOH, pacroyio)KeHHONH TOPU30HTAIBHO. bepyT OTCUeThl MO TOPU3OHTAIBHOMY KPYr'y U BbI-

< 2t, rnet=30"’ — TOYHOCTH TE€OJOJINTA

YHUCIISAIOT BETUYUHY KOJUTUMAIIMOHHON OIINOKH.
4. TloBepka NMpaBWIBHOCTH YCTAHOBKH CETKU HUTEH 3pUTEIHHOM TPYOHI.

Bepmuxanvhas nums cemxu Humeti 00I%#CHA ObIMb OMBECHA, A 20PU3OHMANbHAS - NePHeHOU-
KVIAPHA K Hell.

[TopsAnoK BBIMOTHEHUS MOBEpPKU. HaBOAAT BEPTUKAIBHYIO HUTh CETKH HA OTBECHYIO JIMHUIO,

yKperieHHy1o Ha pacctosauu 10-20 M. Eciiu HUTH COBIAaloT Ha BCEM MPOTSKEHUH, TO CETKA HUTEH
YCTaHOBJIEHA MPaBUIbHO. B MpOTUBHOM cilydae KOJMauyOK CHUMAIOT, OTIYCKAIOT 4 BUHTA, KPEMIINUX
CETOYHOE KOJIBLIO ¥ IOBOPAYUBAIOT €TI0 /10 COBIAJIEHUS C JINHUEH OTBEca.
KoHTposbHbIE BOITPOCHI
1. Ha3nayeHue Teoq0IUTA.
Kak npuBoauTcs Teo101uT B pabouee nojaoKeHue?
Urto Ha3bIBaeTCs KPECTOM CETKU HUTEH?
Uto Ha3bIBaeTCs BUSUPHOI OCHIO 3pUTEIBHON TPYObI?
Uro Ha3bIBaeTcs LEHOM JeseHus aumoba’?
UYro HazbiBaetca MectoM HyNs (MO) BepTukaabHOro Kpyra?
Ckomnpko nosepok y reogonuta T30 u 2T30I1?
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ITpakTnueckoe 3ansaTue Ne 3
Tema: WI3mepeHue rOpU30OHTAIBHBIX M BEPTUKAIBHBIX YIVIOB. BeneHue KypHana yIJoBBIX H3MeEpe-
HU. Beruucnenue yrios.
Lenv 3auamus:
HayuuTbcst n3MepsATh TOPU30HTAIIBHBIE U BEPTUKAIbHBIE YIJIbI, COOJIOasi TEXHOIOIHIO HaBe-
JICHUS] Ha TOYKH; BECTU XKYPHAJl YIJIOBBIX U3MEPEHUN U BHIYUCISATD YIJIbI.
Obecneuennocms 3aHAMUA:
Teononutsl 2T30I1, 4T30I1 co mTatuBamu, MIAHKK C TOYKAMU-LIEISAMHU ISl HABEACHUS, XKYp-
HaJl YTJIOBBIX U3MEPEHUHN, PEUKH, IIIaKaATHI.
Coneprxanue 1abopaTopHOil paboThHI
1. M3MepuTh TOPU3OHTAIBHBIN Yrojl CocoOOM MOJHBIX MPUEMOB C BEJICHUEM KypHajla YIIOBBIX
MU3MEPEHNN. BrIaucanTs yrod.
2. WM3mepuTth BEpPTHKAJIbHBIE YIJIbI MOJOKUTEIBbHBIA U OTPULATEIBHBIN C BEICHHEM JKypHAJIa yrI-
JIOBBIX U3MEPEHUN. BBIUNCINTD yIIIBI.
[Tops ok BIMOIHEHUS paOOTHI
1.M3mepeHne ropu30HTaNbHOIO yIiia



1.1.I'opusoHTaIBHBIN Yroil  — 3TO yroj, oOpa30BaHHBINA MpoeKIusIMHU HanpaBieHnii A’ C u A
N 1
B Ha ropu3oHTaNIbHYIO INIOCKOCTb, T. €. JUHEUHbIU Y201 08yepanHo2o yera A° A. IT0 BUTHO U3 pHU-
CYHKa U3MEPEHUsI TOPU3OHTAILHOIO yIjla Ha MECTHOCTH (pHucC. 5).

Puc.5. U3mepenne ropu3oHTaIbHOTO yriia

Hsmepenue copusonmanviozo y2na B KaOMHETE MPOU3BOJAUTCS I10 MOX0XKEW CXeMe, TOJIBKO Lie-
JIM BU3WPOBAHMS HAXOJIATCS HA IJIAHKAX JKENTOTO IBETA B BEPXHUX yIIaX KaOWHETA.

['opu3oHTaNbHBIE YIVIBI UBMEPSIOTCA CHOCOOOM NOIHLIX NPUEMOS, KOTOPBI HCKIIOYaeT BO3-
MOKHOCTH TPYOBIX OLIMOOK MPH U3MEPEHUH YTIIa.

TeogonuT ycTaHaBIMBaIOT B BepIIMHE yria (B KaOMHETe HA MPEIYyCMOTPEHHBIX MecTax s
yCTaHOBKU MPUOOPOB), MPUBOAAT B paboyee mnonoxeHue. [ Opu30HTaIbHBINA YTroJl U3MEPSIOT JBAXKIIBI,
MIPH JIBYX MOJIOKEHUAX 3puTenbHoi TpyOosl: mpu KJI u KII.

Hszmepenue 2opu3onmanbrHo2o y2aa npu 00HOM NOJIOHCEHUU 8EPMUKATLHO20 KPY2ad HA3bI8AEM sl
NOJYNPUEMOM, A NPU O8YX NOJIOHCEHUAX 8EPMUKATILHO20 KPY2ad — NOJIHBIM NPUEMOM.

[Ipu usmepeHnn ropu30HTAIBHOIO yIJIa 1UMO TOJIKEH ObITh 3aKpenién.

1.2. Ilopsinok M3MepeHusi FTOPU30HTAILHOrO yria. BHauane u3MepsioT yroj npu OJHOM MOJIO-
*KeHuH kpyra, Hanpumep, npu KII. OTkpennsior anuaany, 3puTeNbHYI0 TpyOy HaBOOST cHAuYana Ha
npagyro ToukKy. OCyIECTBIAIOT TOUHOE HABEJIEHUE Ha TOYKY HABOJSALIMMU BUHTAMU allMJabl U 3pU-
TeIbHOU TPyOBl. bepyT OTCUET MO TOPU30HTATEHOMY KPYT'y MUKPOCKOIIA, 3alMUCHIBAIOT B KypHAT yT-
TIOBBIX U3MepeHuii (Tabnuna 1a). 3amem HABOAAT 3pUTETHHYIO TPYOY Ha MOYKY J1€8)10, CHUMAIOT OT-
cuéT, 3aMUCHIBAIOT B KypHal. TakuM 00pazoM M3MepWIH Yroj. Beiuucasemcs OH KaK pasHocms Om-
CY€moe Ha npasyio u 1eeyro mouku 1o Gopmyne: By = Ogp - O pes , (1)

IIE€  Ogp M O yep - OTCUETHI HA IIPABYIO U JIEBYIO TOYKH.

BrruucieHHsli yroi 3auchiBalOT B KypHATI U3MEPEHHS YTIIOB B rpady «yribl MOJYIPUEMOBY TaOIl.
1.

[lepen n3amepeHueM yriia BTOPHIM MONYIPUEMOM TUMO 2OPUZOHMATILHO20 KPYead OMKPENJIsAiom,
MMOBOPAYMBAIOT BEPXHIOKO YacTh T€OJ0JIMTA ~ Ha 90° u 3aKPEIUISIOT JIMMO. DTO IeCTBUE Ha3bIBa-
etrcst coums aum6. TpyOy EepeBOAAT Yepe3 3eHUT U MOBTOPSAIOT U3MEPEHHUS YIila B TOM )K€ Mocien0-
BATEJILHOCTH, HO Ipu Kkpyre jeBo — KJI. Pe3ynpTaTel M3MEpeHH 3allUCHIBAIOT B JKYPHAJI YIJIOBBIX
U3MEpEeHUil. BerancusroT yroa.

Ecnu oTrcuér Ha mpaByro TOYKY MEHBIIE OTCUETA HA JIEBYHO TOYKY, TO CHadaja K OTCUETY IPaBOM
TOUYKH TPUOABISIFOT 360" a 3arem ot MOJYYEHHON CYMMBI BBIYUCIISIFOT OTCUET HA JIEBYIO TOUKY O jep.
Pacxoxaenne 3Ha4eHH yriia He TOJDKHO MPEBBIIIATh JBOMHONW TOYHOCTH mpubopa, T. €. 1. B mpo-
THBHOM Clly4ae U3MepeHusi MoBTOPSIOT. Haxonar cpennee apudmernyeckoe U3 AByX 3HAUYCHUN yT-
JIOB B MOTYIpUEMaXx, 3aMICHIBAIOT B Tpady «CpeiHee U3 yrioBy.



Ipumep usmepenus 2opuzonmanvro2o yena. B kabuneTe BUSUPYIOT 3pUTEIbHYIO TPYOYy Ha IJIAHKHU-
IIeJH KENTOTO I[BETA, PACTIONOKEHHBIC B TIPABOM U JIEBOM BEPXHUX yria KaOWHeTa.

Tabnuna 1
Ne Touek OtueTsl Yriabl Cpennee u3 | Jlupekiuon- Mepa | Yron
MOJIyIIpUe- | YIJIOB HBII yroa - HaKJIO-
MOB HUU Ha JIU-
HUU
CTO- BU3UPO- 1 © ' e !
SH. BaH. © ' "
MUKET
u
TLTFOC
1 27 |5 52 |24 51213
13 6 6 21310
KII
10 22 |3
4 2
13 1 21 |4
9
KJI 52 123
10 32 |2
9 6
KJI 8 3 a _ IR+ 8°35’+8°33/| _
13-29 3 19729 2 2
KIT | -8 |3 8°34
5
13-08 KII 4 1 _ |KH+KJI|=_‘ 4°20’+4°1|9r|=_
9 o2 2
KII 4 2 4°19'30
: | |
HUcnonuurens Hara
(moamuce)

MecTto cTosHkHM TeoponuTa — 13. V3mMepeHne ropu3oHTaNbHOIO yIila HAYMHAEM IIPH M1OJI0XKe-
Huu kpyra KII.
1. HaBenu 3putenbHyto TpyOy Ha mpaBoil rutaHke Ha TO4uKy 1. OCyIIecTBHJIM TOYHOE HaBEICHHE.
CHsAnM OTCYET 110 TOPU3OHTAILHOMY KPYTY Opp = 276" 56°, 3amucanu 3HAYCHIE B KyPHAL
2. 3ateM OTKpENWIN AJIUIa]ly, HABEJIM Ha JIEBOM IJIaHKE Ha TOYKY 10, CHSIIA OTCUET O ;e = 224%32°,
Boruncnsiem yron By = 276° 56°- 224°32> = 52°24", M3MEPEHHBIM 0aHUM noaynpuémoM mpu KII.
3.0TKkpenuim TMMO, MOBEPHYIIM BEPXHIOIO YacTh TEOA0JIUTA ~ Ha 90°, 3aKkpenuiau JumMo. OTKpenuim
anuaany, IepeBesn 3puTeIbHYI0 TpyOy uepe3 3eHUT U CHOBa MpH MoJIoKeHUH yxxe kpyra KJI, mosro-
pwiIn u3MepeHus. Pe3ynbTarhl 3amucaid B )KypHal YITIOBBIX U3MepeHuil (tabnuua 1). Beruucnsem
yron  Pua=(21°49" +360%) —329°26> =52°23".




PacxoxneHne 3HaueHUi yria paBHO 1’°, 4TO COOTBETCTBYET MPABUIBHOMY M3MEPEHHIO YIJIOB. BbI-
4qHCIAeM cpenHee U3 yrios: B, = (52°24” +52°23%) : 2 = 52°23°30”,
3alMChIBaEM 3HaUCHHE yTIia B Tpady «cpeaHee u3 yriioBy Tadauusl 1.

Craenyer oOpatuTh BHUMaHKUE Ha 00pasell 3aKcy B KypHaJle IPU U3MEPEHUH TOPU30HTAIBHO-
ro yria.

2.M3mepeHre BEpTUKAIbHBIX YIJIOB

BepTukanbHbie yriibl vV U3MEPSIIOT 10 BEPTUKAIBHOMY KPYT'y T€OJ0JIHTA.

Bepmuxanonvim yenom maszwvieaemcs yeon v, cOCMasieHHblli 2OpU3OHMAIbHOU NIOCKOCMbIO U
nunueti susuposanus. OH ell€ Ha3bIBACTCA Y210M HAKIOHA, TaK KaK B TOJEBBIX YCIOBUSAX U3MEPSIOT
HAKJIOH JIMHUU. | OpU30HTaNbHAS TUIOCKOCTh KOHCTPYKTUBHO 3aJI0’Ke€Ha B Tpubope.

BepTukanbHblil yrojl MOKET OBITh 1010J/CUMENbHBIM, €CIH JIMHUS BUSUPOBAHUS paclioyiaracTcs
BBIIII€ TOPU3OHTAIBHON IJIIOCKOCTH, U ompuyamenbHuimM, €CI — HIXKE (puc. 6), T. €. BEpTUKaJIbHbIE
YTl U3MEPSIIOTCS OT JIMHUM T'OPU30HTA.

[TpuHIMI U3MEPEHUs BEPTUKAIBLHOTO yIJla TAaKOW e, KaK U TOPU3OHTAIBHOTO — MOJHBIM MPHUE
MoM. M3mepeHne BepTHKAIbHOTO yriia MPOU3BOAUTCS BU3HUPOBAHUEM Ha HAOIIOAAEMYIO TOUKY HpPH
nByXx nonoxxenusx kpyra KIT u KJL

=
5 382
=90° ¥

v - ONOXUTENbHBIA

FopusoHTansHan
NNOCKOCTb

v=0°

v -OTpULaTenbHBIA

HH}I}I
= - o Bygz

Puc.6. BepTukanbHble yribl

[lepen usmepeHrneM BEpTUKAIBHBIX YIJIOB HEOOXOIUMO U3MEPHUTh 3HadeHue mecta Hyis (MO)
BepTuKanbHoro kpyra. Jns teomomutoB 2T30I1, 4T30I1 ¢ nonooscumensuoii u ompuyamenvhoti
oyugposkoti denenuil aumodba sepmuxaivrozo kpyea MO Beraucisercs 1no Gopmyre:

MO = 1/2 (KJI+KII) u He momkHO npeBbimath +2°, 1. e. MO <+£2°

Kak onucano Bblllle, U3MEpEHHE BEPTUKAIBHOTO YIjla CBOAUTCS K CHATHIO OTCUETOB IO BEPTHU-
kanbHOMY Kpyry mipu KII u KJI, KoTopble 10JIKHBI OBITh ¢ TPOTHUBOMOJIOXKHBIMH 3HAKaMH, HO YUCIIO-
BbIC 3HAUEHMs HE JOJDKHBI OTIMYAThCS Ha =+ 2°, YTO SBISETCS KOHTPOJIEM M3MepeHus yrina. /[eii-
cmeumenvHoe 3Hauerue yana no 3Haxy npurnumaemcs no KJI.

Beptukansusiit yros, usmepennsiit npudopamu2 T30I1, 4T30I1, Berancnsiercs no popmye:

y = o KK o

[Topsiiok M3MepeHus: BEpTUKAIBLHOTO yIila B KaOuHeTe
1.1 M3meputh /1Ba BEepTHUKAIbHBIX YIJa, BU3HUPYS 3pPUTEIbHYIO TPYOYy Ha CTAllMOHAPHO YCTAHOB-
JIEHHBIE PEUKH C 3alUCHIO OTCUETOB B JKYPHAJIE YIVIOBBIX U3MEPEHU:
® OTpHULIATENbHBIN, BU3UPYS HUXKE YCIOBHOM JTMHUM ropu3oHTa (Hmxke otcuéra 1000 o peiike);
®  [OJIOKUTENbHBIN, BU3UPYS BbIIIE JIMHUU YCIOBHOTO Topu3oHTa (BbIie otcuéra 2000 mo pei-
Ke)
1.2 Omnpenenuts MO BepTUKATBHOTO KPYyTa U BEIUHUCIUTH BEPTUKAIbHBIE YIIIbI.



[Ipumep m3MepeHus: BEPTUKAIBHBIX YIJIOB C 3alIUCAMHU OTCUETOB B )KypHAJI€ M BBIYHCIEHUEM YIJIOB
npuBenéH B Tabauue 1,0.

[Tocne BbImoONHEHUST pabOTHI KypHAIBI MPECTABISAIOTCS MPETOIaBaTeNi0 Ha MPOBEPKY U MOJ-
IIUCh.
KoHTtposbHbIE BOIIPOCHI

1. Yro Ha3bIBaeTCs NOIYHNPUEMOM IPU U3MEPEHUH YIIIOB?
ITo xakoit popMyIie BBIYUCIIAETCS TOPU3OHTATIBHBIN YTro?
Yo 3HAYUT «COUTH TMMO» TOPU30HTAIBLHOIO KPYra U 3a4eM 3TO JeatoT?
Yro Ha3bIBaeTCS BEPTUKAIBHBIM YIJIOM?
Kak BpIUUCIIAIOTCS BEPTUKAIBHBIE YIIIbl IpU U3MepeHun Teoponautom 2T30I1, 4T30I1?
Kakoii Benmuunnoii MoxkeT 661Th MO?

e

Yemy paBHa TOUHOCTb U3MEPEHUS YIIIOB?

[Ipaktuueckoe 3anstue Ne 4

Pacuérno-rpaduueckas pabora mo teme: OOpaboTKa MOJIEBBIX U3MEPEHUIN U KaMepalbHble pabOThI
MPU TEOJOJIUTHONU ChEMKE.

Cogokynnocms 2e00e3uteckux usmepenuii, no pe3yibmamam Komopulx noAy4arom niaH mecm-
HOCMU, HA3bIBAEMCSL CLEMKOU.

[Ipu TeononuTHOM ChEMKE, €€ ell€ Ha3bIBalOT FOPU30HTAIBHOM, CHUMAIOT CUTYalUIO (KOHTYpPBI
WJTU TIPEIMETHI MECTHOCTH ), U3MEPSIIOT TOPU30HTAIbHBIC M BEPTUKAIBHBIC YIJIbI HA BEPIIMHAX X074,
JUIMHBI CTOPOH.
Tema: CocraBiieHrne BEIOMOCTH KOOPJMHAT 3aMKHYTOIO TEOJOJMTHOTO XOJa. Y paBHUBAHUE YTJIOB.

Brruncnenue TupeKIMOHHbBIX YIJI0B U pyMOOB TUHUH (2 yaca).

Lenv 3auamus:

Hayuutbcsi cocTaBisiTh BEAOMOCTh KOOPJAMHAT, BBIMNOJHATH YBSI3KY MU3MEPEHHBIX YIJIOB, BbI-
YUCIISITh AUPEKITUOHHBIC YTIIbI U PyMOBI CTOPOH TE€OJOJIUTHOTO XO/1a.

Jli1st mpyuMepa paccMaTPUBAETCsl 3aMKHYTHIM TEOJOJIUTHBINA X04 U3 4* TOUeK €O CIIEXYIOUMU
WCXOJIHBIMU JJAHHBIMH, PUBEIEHHBIMU B Ta0wuIle 3 (0OIMe I BCEX CTYIEHTOB).

Tabnuma 3
I'opuzontanbHbie U3MepeHHbIe yruibl | JInmunabl nuHuit (ro- | KoopauHatst
Ne Touek ¢ W30HT. IIPOJIOXKE-
) ‘ l:me.) ’ X Y

1 77 46 180,45 617,22
48,77

2 106 36 30
52,05

3 98 23 30
52,91

4 77 13
73,95

1

JIMpEeKIMOHHBIN yroy o |-, HA4YaJbHOW JUHUU 1-2 3a1a€TCs MHANBUIAYATBHO KaXAOMY CTYIECH-
Ty. B mpumepe a 1., paser 82°51°.




ConeprkaHue MPaKTUYECKOTO 3aHATHS
1. CoctaBUTH BEIOMOCTH KOOPAMUHAT.
2. YpaBHATb U3MEPEHHBIE YIJIbI.
3. BbUMCINTH AUPEKIIMOHHBIE YTIIBI K PyMOBI JIMHUH 110 UCIIPABICHHBIM YTIIIaM.

[Topsinok BeIoIHEHUS pabOTHI
1.CocraBieHue BeIOMOCTH KOOPAUHAT

VcxonHble AaHHBIE 3aIIMCHIBAIOTCS B BEAOMOCTh KOOPJHMHAT B COOTBETCTBYOIIME rpadsl 1, 2,
3,4,7,8,12, 19, 20 Tabnuus 4.

2. YpaBHUBaHHE U3MEPEHHBIX TOPU3OHTAIBHBIX YIJTIOB
[Ipu u3MepeHHH TOPU3OHTAJIBHBIX YIJIOB BO3HHUKAIOT MOTPEIIHOCTH UM CyMMa H3MEPEHHBIX YIJIOB
> Pusu HE paBHAETCS TEOPETUYECKOH cymMMe YIIOB ) Preop , BBIUUCIAEMOH 10 (opMmyle:
2 Breop = 180° (n - 2), Te n — umcio yrioB B nonurone. O0pa3yercs yenosas Heesa3Ka, SBISIONIAsNCS
pasHULIed MEXIY CYMMON YIJIOB U3MEPEHHBIX U CYMMO YIJI0B TEOPETUYECKUX M BbIUMCIAEMAs 110
caenyrouei opmyne: Loy = X Pusw - 2 Preop

Onpedenenue >mou HeGsA3KU, OYeHKA e€ 0ONyCMmUMOCMmU, pacnpedeneHue U GblYUCIeHUe UC-
NPAGIEeHHbIX Y2lI08 HA3bIBAENCsl YPAGHUBAHUEM.

Beruucnennas yrioBas HEBA3Ka CPAaBHUBAETCS C JIOIYCTUMOM YIVIOBOM HEBSI3KOU

£ppon = £ 1 ’ Vn , TJIe N — YKCJIO U3MEPEHHBIX YIJIOB B IMOJUTOHE.

Ecnu BblunciieHHas yriioBasi HEBA3KA £puy 110 A0COIIOTHOM BEIMUUHE MeHbUle Ul paeHa JO-
IIyCTUMOMW HEBA3KU Lpnon , TO Lpusy PACHPENEIAIOT BO BCE H3MEPEHHBIE YITIBI C 0OPAMHbBIM 3HAKOM.
JU7Ast 5TOro BBIUMCIAIOT HONPAaBKU Op = &£pusw /N M BBOAAT UX B M3MepeHHbIe yribl. [Ipu pacmpe-
JeTICHAH HEBSI3KM BHAYaje MCHPABISIIOT YIJIBI C CEKYHIaMH, a P HAJIMYUU TOJBKO IENBIX MHHYT,
UX pacHpelesitoT Ha yIiibl, 00pa30BaHHbIE KOPOTKUMHU CTOPOHAMMU.

Ecnn yrnosast HeBsi3Ka £pusy 00/1bLe TOYCTUMOMN HEBA3KH £py0n , €€ paCHPENIENATh HEMb3s U
HE00XO0/AMMO MTPOBEPUTH paHee BHITTOJIHEHHBIC PACUETHI.

3aTeM BBIUMCIIAIOT UCTIPABICHHBIE YITIBL: PBucrp = P usw + Op.

JIAs KOHTPOJIS BBIYUCIAIOT CYMMY MCIPABIEHHBIX YIJIOB D Bucnp , KOTOpas JOJDKHA OBITH paBHA
CYyMME€ YIJIOB TEOPETHYECKHX ) Preop -
[Tpu yrinoBeIX BBIYUCIEHHSIX CIEIyeT IIOMHHUTD, YTO €MHHIICH M3MEPEHHUs YTIIOB CIYKUT rpaayc. B
rpagyce coaepxxurcs 60 MUHYT, B MUHYTE -- 60 CeKyH[I.
TIpumep. Boraucisercss CyMMa U3MEPEHHBIX 4 TOPU30HTAIBHBIX YIJIOB
Y Bum = 77°46° +106°36°30  +98%23°30  + 77°13” =359%59".
BerancnsieM TE€OPETHYECKYIO CYMMY YIIIOB: D Breop = 180° (n-2) = 180° (4 - 2) = 360°.
BerancnsieM yrinoByro HEBA3KY £pusw = 2 Busw - X Preop = 359°59° - 360° = -- 0°01°.
BeruncisgeM T0IyCTUMYIO YITIOBYIO HEBA3KY £puon = + 1 ‘Vn=+1 V4 =+2.

BerunicieHHas yrioBast HEBA3Ka £gusy O a0COIIOTHOM BETHYHMHE MeHble JOITyCTHMON HEBS3-
KU £p70n , €€ MOXKHO pacipeziesiiTh. B Hamiem cilydae BBHIYMCIIEHHAs HEBA3KA MMEET 3HAK «MUHYCY,
[I03TOMY NOIIPABKU PACIPEAEIIAEM CO 3HAKOM «710C» KO BTOPOMY M TpeTbeMy yriiam 1o 30 cexyHI.
[TonpaBku 3anMchiBaeM Hao U3MEPEHHBIMHU yrilaMH B Tabnuie 4 , rpada 4.

BeryucisieM ucnpaBieHHBIE YIIIBL Bucenp2 = 106°36°30 " +30 = 106"37",

Bucrp 3 = 98°23°30 "+ 30 = 9824 . BrruncieHHbIE 3HAUECHHUS WCTIPABJIEHHBIX YTJIOB 3aIMCHIBAEM B
rpady 5,6. Jlns KOHTPOJIS BBIYUCISAEM CYMMY MCHPABIECHHBIX YITIOB, Bucnp = 360° , KoTopast paBHa
TEOPETUYECKON CyMME YITIOB ) Breop -
3.Beruncnenue AUPEKIIMOHHBIX YTII0B B pyMOOB
3.1 Jupexyuonnvle yeuvi cmopoH meo0oIumHo20 Xxo0a BBIYUCISAIOTCS TT0 popmyIie:



a TIOCI =a npen + 1800 - Bncnp ’
TJE, O pocn M O ppey - AMPEKIMOHHBIE YIUIBI TOCIEAYIOIIEH U IIPEABITYIIEH CTOPOH;
Bucnp - MCIPABIEHHBIM FOPU3OHTANBHBIN MPaBbIi IO X0y YroJl MEKAY Npebliylie U 1mo-
CIEAYIOUIEH CTOPOHAMHU XO/a.
Bbruuciienuss HAYMHAIOT C TUPEKIMOHHOTO YIila Ha4aJbHON CTOPOHBI 0 |2 U BBINOJIHSIOT B CTOJIOHK.
Ecnu BeuMcIeHHBIN TUPEKITMOHHBINA YTOJI MTOTYYUTCs OOJIbIIe 360 , 10 u3 Hero BbrunTaroT 360° .
JI1s1 KOHTPOJIST BEIYUCIISIOT TUPEKIIMOHHBIN yroJl Ha4aJIbHOW CTOPOHBI 1-2, OH J0JIKEeH OBITh
PaBEH 3aIaHHOMY AUPEKIUOHHOMY YTy

160°
- 262°51"
Bauerp. 106°37!
s K23 = 156°7%"
180°
_ 336°14"
s wucrp,  G8°24 '
pha-4 = 237°50'
780
- 477°50"
B wemp. 72131
+a(,4,-7 = 51/0:3?’
180
_ 520°37"
_PBruenp. 2246
A1z = 4y42°57'
360°
A0 = &2°4871'

Brruncnennbie AUpEKIMOHHBIC YIIIbI 3aMTUChIBaeM B rpadbl 7 1 8 Tabnulbl 4.

dio=
do3=d2+180°-Br=
ds.4= dr3+180°-B3=
ds-1= d3:4+180°-Py=
KonTpons.
djo=ds.1+180°-B1=



BenomocTs kKoopauHaT Ta6numa 4
Vsl Jlupekimonnble | OCeBbIC PYMOBI JmiHbL IIpupamenus KOOpAXHAT
No TTHHMH Koopaunatsl
I N3mepennsie | Mcnpanennsie | YIVIbI Hanp | Bennunna (ropH30T. Brrunciiennbie WcnpaBnennbie
RO IR I ° ¢ ° ¢ ° ¢ nponox.) |+ AX | £ Ay |+ AX |+ AY |+ X -
1 2 3 14 5 6 7 8 9 10 |11 |12 13 |14 15 |16 17 18 19
1 77 | 46 77 46 + | 180,45 | -
+30 82 51 CB 82 |51 |48,77 + 6,07 + 14839 |+ |6,07 + | 48,39
2 106 | 36 | 30 | 106 37 -0,01 + | 186,52 | -
+30 156 14 IOB |23 |46 |52,05 - 47,63 |+ (2097 |- [47,63 |+ |20,96
3 98 23|30 |98 24 -0,01 -0,01 + | 138,89 | -
237 50 03 57 |50 |5291 - 28,16 |- 44,78 | - | 28,17 |- | 44,79
4 77 |13 77 13 -0,02 -0,02 + | 110,72 | -
340 37 C3 19 |23 | 73,95 + 69775 |- 2454 |+ | 69,73 |- | 24,56
1 180,45
P=227,58
> By =359°59¢ > AX=+75,82 | Y AY=+69,36 | > AXucn=0 | > AYucn=0
> Br =180°n-2) =180° * 2 = 360° > AX=-75,79 | Y AY=-69,32
Lgusm =2 PBusw - 2 P =359°59°¢ - 360° = - 0°01° £x=40,03 £y=40,04
£hon == ' Vn=+1" V& =+2° £.50 = EX2 + £y 2 =+/0,0009 + 0,0016 = 0,05
£oru = P: £136c - 227,513:0,05 - 45154
Eronom = 5o
Boruncnun /

(monmucek)

(PUO)



3.2. Buiuucnenue pym606 BBHIOTHSACTCS B COOTBETCTBUM C TAOJNHIICH S5, B KOTOPOW MpHBEICHA
3aBUCHMOCTh MEXIY OCEBBIMH PyMOaMH U TUPEKIIMOHHBIMU YTIaMH U 3HAKW MPUPAMEHUN KOOPIU-
HAT JIJI BCEX YETBEPTEN.

Tabnuma 5
COOTHOIIIEHUE MEXK-
Bennuunsl nu- 3HaKu npupaiie-
Yer- HaumenoBanme | 1y pymOamu u qu- .
PEKIIMOHHBIX YT- HUW KOOpIUHAT
BEpTHU . pymOOB PEKIIMOHHBIMU yT-
JaMu Ax Ay
1 Ot 0° mo 90° CB I 1=0g + +
II Ot 90° no 180° OB r 1=180°- ay - +
III Ot 180° go 270° 103 r m= onr-180° - -
v Ot 270° no 360° C3 I rv=360°- oy + -

Ilpumep. JIMpeKIIMOHHBINA YTOJI JIMHUH 2-3 paBeH 156° 14°, 3Ha9NT JTHHHS HAXOIUTCS BO BTOpPOM YeT-
BepTH. Borancisiem pym6 1,3 = FOB : (180°- 0,.3) =TOB : (180"-156"14”) = IOB : 23°46 .
Brrauciiennsie pymMOBI 3amuceiBaeM B Tadbnuily 4 B rpadsi 9, 10, 11.
[Tocne BeImoOHEHUS paOOTHI TS 3aKPETUICHUS] 3HAHUI PEKOMEH/TYEeTCSl OTBETHTH Ha BOIIPOCHI.

KoHTposabHbIe BOIPOCH!
1. Yro Ha3bIBaeTCa ChEMKOM?
Kakue u3mepeHus BHIOTHSIOT IPU TEOIOJIUTHOM ChEMKE?
Uto Ha3bIBaeTcs yrioBOW HEBA3KOMU?
3aueM M 1o Kakoi (opMylie BBIUUCISETCS CyMMa YIJIOB TeopeTudecKas?
Kak Beruucnsercs gonyctumast yriaoBast HeBsizka?
Kaxk pacnpenensitorcst yriioBble HEBSI3KH B TEOJIOJIMTHBIX XOax?
Kaxk BBIUUCIAIOTCS TUPEKIMOHHBIE YTIIbI CTOPOH TEOAO0IUTHOIO XoAa?
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Yto Ha3bIBaeTCA pYM6OM H B KaKHUX IIpEaACiIax OH U3MEHSETCA?

1. Bpruucnurth npupanieHusi KOOpAUHAT.
2. YpaBHATH NpUpAIIECHUs KOOPJUHAT.
3. BpIUUCINUTH KOOPAMHATHI TOYEK TEOJOIUTHOIO XOa.
[Topsanox BeIMonMHEHNs pabOThI
1.Bpruncnenue npupammeHnii KoopauHaT
IIpupawenus koopounam BBIYUCISIOTCS 4Yepe3 TOPU3OHTAIbHBIE MPOJIOKEeHUs d U pyMmMObI r
CTOPOH TEOJIOJUTHOTO X0/a 1o (popmyiam:
Ax =d cosr Ay =d sinr
Y no6Hee U ObICTpEE BBHINMOIHITH BRIUMCICHUS MPUPAILIEHUN KOOpIAUHAT Ha KaJbKyJIATOpE, T. K.
pyMOBI HEOOXOAMMO OpaTh B Ipajycax, MUHYTHI MEpEBOAATCA B JOJM Ipagyca. DTO JIEHCTBUE BbI-
noHseTcss ¢ momoinneio knaBumu « DEG « (rpamyc). Kmasuma mepexmodarens «DRG» momknaa
HaxoauTcs B nosioskeHnn «DEG» 1 3T0 TOKHO OBITH BUIHO Ha Ta0JIO KAIBKYIIATOPA.
Ilpumep. t = 82°51 , ma KaJIbKyJsITOpe HaOupaeMm 3HadeHue 82,51 u Haxxumaem kinasumry DEG, Ha
Ta610 BuaEM uncio 82,85° . [Ipu BBIYMCIIEHUSIX MOJIB3YIOTCS KJIABUILIAMU NaMsITH «M-+» U u3Bieue-
HUs U3 namsatd «RM». Beraucnum npupainenns koopauHat AX | u Ay, 11 I€pBOM CTOPOHBI:



82,51 DEG = 82,85, 3anocuM uncio B mamsth «M+», 6epém cosr X d (48.77) = 6.07 (310 BBIUHC-
i AX ) ; manee kinaBuiei «0» cTupaeM pe3yibTaT, MPEIBAPUTEIILHO 3amucaB  ero B rpady 14
tabmuuel 4. Knasumelr «RM» u3Biekaem u3 namsTé 3Hadenue pymo6a(82,85) , 6epém sinr x d
(48,77) = 48,39, BriunciienHoe 3HaueHue Ay 3amuchiBaeM B rpady 16. PesynbpraT cTupaem kiaBu-
mer  «0», youpaem 3HaueHue pymOa NEpBOil CTOPOHBI KiaBHIIeH «X<>M» u HabupaeMm 3HauCHHE
pyMmbOa BTOpOIi CTOPOHBI.

[Tonyuennsie pe3yibTarbl oKkpyrisieM 10 0,01. AHamornyHoO BBIYUCIIAIOTCS IpUpAILEHUs KOOp-
JUHAT ISl OCTaJIbHBIX CTOPOH XO/1a.

3HaKM NMpUpPANICHUI KOOPAUHAT IPUHUMAEM B COOTBETCTBUHU C Ha3BaHHWEM pymMOa B YETBEPTH
1o Tabsuie 5 , MpUBEIEHHON B IPAKTUYECKOM 3aHITHH Ne 3.

2. YpaBHHMBaHUE NPUPAIICHUN KOOPAUHAT

s ypaBHMBaHMS MPUpPALIEHUN KOOPAMHAT BBIUMCISIOT CYMMBI MPUpPALIEHUN KOOPAMHAT I10
ocaM: Y AX pyy U DAY 5y OTICITHHO TOJIOKUTEIBHBIC M OTPUIIATEIbHBIC 3HAUCHU. OHU HE PaBHBI,
T. K. IPU U3MEPEHUSIX YIIIOB U CTOPOH TOJUTOHA JOMYCKAIOTCS MOTPEIIHOCTH, TOMYCTUMbIE MPUOO-
pamu. AnreOpanyeckas cymMma MPUPALIEHUI KOOPAWHAT OKa3bIBACTCS PABHOM MO O0CAM: £4 = D AX iy
ULy = YAY o . £x U £, HA3BIBAIOTCA JUHEUHbIMU HEEAZKAMU I HEGA3KAMU 8 NPUPAUEHUAX KO-
opounam. O TOIyCTUMOCTH HEBA30K £x M £y K PACIPENEICHHUIO CYIAT 10 OMHOCUMENbHOU HeBA3Ke.
CHauaia BBIUUCIISIIOT aOCOOMHYI0 He6A3K)y 1o (hopMmyie:

fa6c = VEX? + £y 2 u omuocumenvuyio Heesasky Lo = £aoc /P,
OTHOCHTEJIBHYIO HEBSI3KY BBIPXKAIOT MPOCTOM IPOOBIO C SANHUIICH B YHCITUTEIIE:
rae P - mepuMerp TEOMONMTHOTO X0/aa (CyMMa TOPH30HTAIBHBIX IMPOJIOKECHUN).

1
Lorn = S Trge WM (1/£46¢ : P). 3HaMeHaTeNb OKPYIIISICTCS 10 IENTBIX YUCEIL.

OTHOCHUTEIbLHAS HEBI3KA £0TH HC OOJIKHA MPCBBIIIATH donycmwwy}o OMHOCUMENbHYIO HEBA3-

. 1
KV £romom , KOTOpas IPUHUMAETCS PAaBHOU 7000 T.€. £orn < E£romom.

1
Ecmu £,y momyuuTcst 6osibiiie 7000 » 2TO 3HAUHT, 4TO BHIMUCIICHNUS BHITIONHEHBI C OoIIMOKaMu U

UX HEOOXOAUMO Hatimu u UCNpagumb.

YpaBHUBAIOT NpUPAILECHHUS KOOPAUHAT PA3fesbHO 10 ocsiM X U Y. [l 3TOr0 BBIYHMCIECHHBIE
JMHEHHbIE HEBS3KU £y U £y pacnpenenisroT B BHIYMCIECHHBIEC IPUPALICHUS KOOPIUHAT ¢ 0OpamHbim
3HAKOM NPONOPYUOHAILHO 20PUZOHMANbHBIM NPOJIONHCEHUAM CTOPOH XO0Ja, IIyTEM BBEICHHUS IMOIpa-
BOK. [TonpaBku BEIYMCIAIOT IO (pOpMyIam:

0X ;= E—PX d u oyi = % di  Tme Ox; u Jy; - MONPABKH (0JIU HEBS30K, MPUXO-
JSIIMecs Ha i- IO CTOPOHY X0/1a) COOTBETCTBEHHO 1o ocsiM X U Y. TlonmpaBku 3anMChIBAIOT HAO BbI-
YHUCJICHHBIMU NIPUPAIICHUAMU B BEIOMOCTH KOOPAUHAT.

JIJi1 KOHTPOJISI BBIUUCIISIIOT CYMMBI TIONPABOK MO OCSIM, KOTOPbIE JAOJKHBI ObITh PaBHBI BEIU-
YUHAM HEBSI30K ¢ 00pamHbulM 3HAKOM. 3aTeM BBIYUCIIAIOT UCHpPaBICHHbIE MPHUpPALIEHUs] KOOPAUHAT,
Kak anreOpanyecKylo CyMMY BbIUMCICHHBIX MPUPALICHUI U MOMPaBOK:

AX1/101'1pi: AXBLI‘-Ii+ 8Xi 144 AYHCnpi = AyBLIqi + §Y1
CyMMBI HCTIPABIICHHBIX MPUPAIIEHUH KOOPAUHAT Y A X yenp U DA Y yenp JOJKHBI OBITH PaBHEI

0, 4TO ABJISETCS KOHTPOJIEM YpAaBHUBAHUS.
IIpumep. Beruucisiem anreOpanueckue CyMMbl IPUPAIICHUH KOOPAUHAT IO OCSM:

ZA Xpgu — T 75,82 ZA Yooy = + 69,36

DA X gy = - 75,79 2AY g = - 69,32

BeruucnsieM HEBA3KM B IPUPALICHUAX KOOPAUHAT IO OCSM:
£, =+ 0,03 £, = +0,04



AOcomroTHas HeBsi3Ka £q5. = +/£X? + £y 2 = 0,05, [Mepumerp P = 227,68
1 1 1 1
OTHOCHUTENIbLHAs HEBSI3KA Lorn = = = <
P: £a6c¢ 227,68:0,05 4554 2000

IOSTOMY HEBA3KHU £ M £, MOKHO pacrpefensaTs. T. K. HEBA3KH Majbl 10 YUCICHHOMY 3HAYEHUIO, B

9

HAaIlleM PUMepe HET HEOOXOTUMOCTH ONPEAEIIATH MOTPABKY 110 BBILIE MPUBEAEHHBIM (hOpMyIIaMm.
Pacnpenensiem monpaBku Ha Haubosiee JJITUHHBIE CTOPOHBI XOJa M 3alMChIBAEM WX HAaJ BBIYUCIICH-
HBIMU TIPUPALICHUSAMU KoopAuHAT B Tpadsl 14 ul6 tabmuusl 4 ¢ obpamubim 3HAKOM K BBIYHACIICH-
HbIM. [lo mepBoii cTopoHe (camMoii KOPOTKOM ) TIONIPAaBKH HE PaCTIPECIsIeM.
Brraucium cymmbl monpaBok 1o ocsam: ».0xX = (- 0,01) + (- 0,02) =- 0,03;
>3y =(-0,01) + (- 0,01) + (- 0,02) = - 0,04.
ITomy4eHHBIE CyMMBI IIONIPABOK PaBHBI HEBA3KaM £ M £y C IPOTUBOIOJIOKHBIM 3HAKOM, 3Ha-
YUT paclpeesieHUe BBIIIOJIHEHO MPaBUIbHO. BbIUuncisieM HCIpaBlIEHHbIE MPUPALIEHUS KOOPAWHAT
KaK CyMMY BBIYMCJICHHBIX MPUPAILICHUN U MTOMPABOK:
AY yenp2 =+20,97 +(- 0,01) = + 20,96;
AX yenp3 =-28,16 + (- 0,01) =- 28,17,
AYuenps =-44,78 + (- 0,01) =- 44,79;
A X yenps =+ 69,75 + (- 0,02) = + 69,73;
AY yenpa =-24,54 + (- 0,02) = - 24,56.
HcnpaiieHHbIe IpUpanieHus 3anuceiBaeM B rpadbr 17 u 18.
JI71st KOHTPOJISt BBIYUCIIIEM CYMMBI HCIIPABJIICHHBIX IPUPAIEHUNA KOOPAUHAT:
YA X yenp =+ 6,07 + (- 47,63) +(- 28,17) + 69,73 = 0.
DAY wenp =+ 48,39 + 20,96 + (- 44,79) + (- 24,56) = 0.
3.Boluncnenue KoopAnHAT TOYEK
KoopaunaTsl TOUEK BBIUUCISIIOT MOCIEI0BATENIbHO, HAUMHASI C KOOPAUHAT [1€PBOM TOUKHU:
X noen = X mpen + A x Hcmp Yo=Y npex T A Y uemp
KoHnTposem npaBuibHOCTH BBIYUCIIEHUHN SBISETCS MOTYYEHUE KOOPAUHAT MEPBOM TOUKH.
Y noOHee BBIYUCIICHUE IPOU3BOINTH B CTOJIONK, CHAYaJIa M0 OCH X, a 3aTE€M I10 OCH Y.
Ilpumep. BpraucisgeM KOOpAMHATEI BTOPOU M TPEThEN TOYEK TEOJOJIMUTHOIO X0/1a:

X, = 180,45+ 6,07 = 186,52 Vo= 617,22 + 48,39 = 665,61

X3 = 186,52 -47,63 =138,89 V3= 665,61 +20,96 = 686,57

AHaJIOrMYHO BBIYHCISAEM KOOPAMHATHI YeTBEPTOM TOUKHM U nepBoi. [lo BenoMocTu koopauHaT
BHUJIHO, YTO KOOPAMHATHI TOUKH MEPBOM B KOHIIE BEIYMCICHUM paBHBI HAYaJIbHBIM KOOPIUHATAM.

KoHTposbHBIE BOIPOCH

1. Yto Ha3bIBaeTCs NpupalieHueM KOOpAUHAT?

2. Kak BbUHCHAIOTCS IpUpallieHus KoopauHat?

3. Ot 4ero 3aBUCAT 3HAKHU NPUPALICHUN KOOPAUHAT?

4. Kaxk BBIYMCIIIOTCS HEBSI3KM B IPUPALICHUSAX KOOPAUHAT?

5. Tlo kakoil HEBSI3KE CYAST O JOMYCTUMOCTH BBIYUCIEHHBIX HEBSA30K B 3aMKHYTOM TE€0J10-
JUTHOM Xoje?

6. Kaxk BBIUHCIAIOTCS U pacIpeeNsIFOTCs MOIIPaBKU B IPUPALLEHUSIX KOOPAUHAT?

Pemenne kakoit reoe3ndeckoii 3a1auu MPUMEHSIETCS TPU BBIYUCICHUU KOOPJIUHAT TO-
geK TEOJOJIUTHOT0 Xo1a?

8. B u4ém 3axirodaeTrcss KOHTPOJb INMPaBUIBHOCTH BBIYMCICHUS KOOPAHMHAT 3aMKHYTOTO
TEOOJUTHOrO Xoaa?



[TpakTrueckoe 3austue Ne5
Tema: TlocTpoeHre KOOpPAMHATHOW CETKW M IJIaHa IMOJIMTOHA MO KoopauHataM. HaneceHue curtya-
IIUH.

Lenv 3auamusi:
Hayuutbcs npaBuiibHO NPOU3BOAUTE OCTPOCHUE IJIaHA 110 KOOPAMHATAM.
ConeprkaHue MPaKTUYECKOTO 3aHATHS
1. TlocTpouTh KOOPIUHATHYIO CETKY.
2. TlocTtpouTh MmiIaH TEOJOIUTHOTO XOJa [0 KOOPAUHATAM.
3. Hanectu cuTyanuo Ha IUIaH.
[Topsimok BeIONHEHHUS PaOOTHI

[Inan TeomONMUTHOTO XOAa BBIUEPUYHMBAETCS HA JHCTE 4epTéXHON Oymarm ¢opmara A 4 B
macmrabe 1:500.

1.ITocTtpoeHne KOOpAMHATHON CETKH

KoopannaTHas ceTka BbIYEpUMBACTCS B BHJIE CETKU KBaJpaToOB CO CTOpOHaMHU 25%25M, B Mac-
mrabe wiaHa 5x5 cM. Heo6xoanMoe KOIM4ecTBO KBaApaTOB CETKU OMpEAEseTcss UCXOs U3 3Have-
HUI KOOPAMHAT TOYEK TEOJOJIUTHOTO X0/1a B BEIOMOCTH KoopauHaT (Tabiuua 4). [lisg 3Toro Haxoaat
Pa3HOCTH KOOpJAMHAT MEXIY MAaKCUMaJIbHbIMM U MUHUMAJIbHBIMHU 3Hau€HUsMU KoopauHart. [lomy-
YEHHYIO Pa3HOCTh JIEJAT Ha 25M, OKPYIVISIIOT YaCTHOE B OOJBIIYI0 CTOPOHY — 3TO U OyJIeT 4YUCIO
KBaJ[paTOB, HEOOXOANMOE ISl pa3MEIICHHUS TEOT0JIMTHOTO X0/1a BHYTPU CETKH KBAJIPATOB.

[Tpu oundpoBKe KOOPAWHATHON CETKHM HEOOXOIMMO IMIOMHHTD, UYTO 6 2eodesuu ocb X Hanpas-
Jlena na cegep (CHU3Y 66epX WU 8 8epXHUl Kpau 1ucma), a ocv Y — na éocmok (cresa nanpaeo). Ilo-
3TOMY HUXKHSISI JIMHUS KBAJAPATOB MOANUCHIBAETCS YUCIOM MEHBIINM, YeM X MHH., a KpaiHss JeBast
JIMHUA YUCIIOM, MEHBIIUM YeM Y MHH., HO KpaTHBIM 25 M.

Cerka KBa/ipaTOB HUMEET HAPYKHYIO U BHYTPEHHIOIO PaMKH, IPOBEAEHHBIE HA PACCTOSHUU APYT
ot npyra 10 mm u obpa3yroniue 3apamounoe oopmieHue miana. B HéM oundpossiBaeTCcst KOOpIU-
HaTHas CeTKa KBaJpaToB.

B nenTpanbHOll 4acTu BHYTPEHHEH paMKH CETKH KBAJpPaTOB CIUIOIIHbIE IMHUU HE IPOBOASTCS,
a MOKa3bIBAIOT TOJIBKO MEepeceuyeHne KOOPANHATHBIX JIMHUM B BHUJI€ KPECTUKA B AMaMeTpe 5 + 6 MM B
COOTBETCTBUM C Tabnuuen 6 «OOpa3ibl YCIOBHBIX 3HAKOB AJIs TONOrpaduyecKux MJIaHOB MacllTa-
608 1:1000, 1:500».

IIpumep. OrpenenseM YUCI0 KBaZApaToB 0 ocu X Ny M 10 ocu Y n y. [l 5TOro u3 BeIOMOCTH KO-
opauHar (Tabnuna 4) BeiOupaem koopauHaTel X Make. =& 186 M, X mun. = 111 M,

VYV makc. ® 687 M, Y muH. = 617 M. Ho yunTeiBast KpaTHOCTb CTOPOHBI, PaBHOU 25 M, HUXKHSSA JIU-
HUS KBajpaTa 1o ocu X He MoxkeT ObITh orudpoBana 110 m, a 100 M u BepxHsst — He 185 M, a 200 M,
BoluncisieM ny = (200 - 100): 25 = 4. AHanoruyHo, 1Mo ocu Y, jeBas JUHUS KBaJpaTa HE MOMKET
ObITh omMdpoBana 3HaueHUEM 617 M, a 600 M; mpaBas JuHUS COOTBETCTBEHHO — 700 M. Brruucnsem
ny = (700 - 600): 25 = 4. Ha dopmare A 4 uncio kBagpaToB 4 X 4 He nomemaercs. MOKHO yMeHb-
LIUTh OJJUH KBaJpaT Ha MOJIOBUHY CTOPOHBI (25: 2) = 12,50 M 1 ynoOHee B HallleM NpUMeEpe 3TO cle-
JaTh 1Mo ocu Y cieBa, ouu(poBKy HayaTh co 3HadeHus 612,50 m, kak nmokaszaHo Ha «llmane Teono-
JUTHOTO X0J1a» (puc.S).

Takoe pa3melieHne KBaJpaToB CIIOCOOCTBYET MPAaBUILHOMY IOJIOKEHHIO LITaMIa U YTCHHUIO
TEKCTa B HEM, KOTOPBIN pazMeliaeTcs 1o HalpaBIeHHUIO OcH X.

2. HOCTpOCHI/IC IJIaHa 110 KoOpAWHaTaM



Touky TEOMONMUTHOTO XOAa HAHOCAT HA IUIAH C MOMOIIBIO JIMHEHKH MONEePEeYHOro Macurada.
J1Jis 5TOTO TIPEIBAPUTENHHO ONMPEACTSIOT KBAAPAT, B KOTOPOM HAXOAUTCS TOYKA. 3aTeM MO0 OOKOBBIM
CTOpPOHAM KBaJipaTa OTKJIAJBIBAIOT OTPE3KHU, PABHBIC PA3HOCTH a0CIMCC TOYKHU U JIMHUU CETKH, MOJTY-
YEHHBIC TOUYKU COCIUHSIOT JIMHUEH W BIOJIb HE€ OTKJIAJBIBAIOT OTPE30K, PABHBIN pPa3HOCTU OpJUHAT
TOYKH U JTMHUH CETKHU.
IIpumep. PaccMOTpUM HaHECEHUE TOYKU | TEOIOJIUTHOTO X0/1a
(cM. pucyHOK 4).

Touka 1 (X;=180,45; ¥V,=617,22) Oyner nexaTh 10 200
ocu X MeXIy JMHHUAMH, onrdpoBanHeiMA 175 u 200, a mo

ocu Y — mexay auHusmu 612,50 u 625 (puc.4). [ns no-
CTPOCHHSI TOYKU OTKJIAJbIBAEM 1O OOKOBBIM CTOpPOHAM OT
TOPU30HTANBHON TUHUM ¢ mudpoit 175 otpesku (180,45 —
175): 5 = 1,09 cm. CoenunsieM UX JTUHUEH U HA HEU OT Bep- 095
THKaJIBbHOW CTOPOHBI KBajpara, oO0o3HadeHHOW 612,50 ot-

KJIaJIbIBA€M OTPE30K, paBHbIH (617,22 — 612,50): 5=10,95 cm

S

() e
u nony4yaeM Touky 1. Ciaeqyer HalOMHUTB, IOYEMY JETUTCS ~ °
Pa3sHOCTb KOOPJMHAT Ha 5, Tak Kak MaciuTab 1:500 B mosc- 179°g

. . . Y
HUTEIbHBIN N1epEeBEAEHHBIN, 03HauaeT B 1 ¢cM 5 M, OTpe3ku o~ 3
> 4
MOJIYYaeM B CM. V) @
Puc. 4

AHAIIOTUYHO CTPOATCS BCE JIpyrHe TOYKM Xoza. [loydeHHbIe TOUKM HAaKaJbIBAlOT U OOBOJAT
KPY’KKOM aAuaMeTpoM He Oosiee 3 MM. TOUKM COEAMHSIIOT JUHUSAMU (BHYTPb KPYXKKOB JIMHUU HE 3a-
BOAT). OKOJIO KaX/I0i TOYKHM CIipaBa MOJNHUCHIBAIOT €€ HoMep. CTOPOHBI TEOIOIUTHOTO X01a 000-
3HAYaIOT MPOBEJIEHUEM TOPU3OHTAIBLHON JIMHUM K YCIIOBHOM €€ cepeanne. CBepXy MUIIETCS HANpaB-
JIeHHE, 3a/IaHHOE IUPEKIIMOHHBIM YTJIOM MM pyMOOM, CHU3Y — JUIMHA CTOPOHBI B METpax.

3.Hanecenue cutyanuu Ha I1aH

Hanecenue cuTyally Ha IJIaH BBIOJHSIOT B MacuTabe noctpoenus miaana (M 1:500) mo a6-
PUCY B COOTBETCTBUHU C «YCIOBHBIMHU 3HaKaMu JuIsi Tonorpadguueckux miaaHos M 1:5000, 1:2000,
1:1000, 1:500.

HeoOxouMble 31€MEHThI CUTYalluy IPUBEAEHBI B Tabnuie 6 «O0pasiibl YCIOBHBIX 3HAKOBY.

[Ipn mocTpoeHMH XapaKTEpHBIX TOUEK, BCE BCIIOMOTATENIbHBIE JTUHUHM HAHOCAT KapaHIalloM,
3HA4YEHUs YIJIOB U PACCTOSHUHN Ha IUIaH HE BBIITHUCHIBAIOT.

Tabmnuma 6
OO0pa3s1bl YCIOBHBIX 3HAKOB
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KonTtponbHbIE BOIIPOCHI
1. Yro Ha3bIBaeTCS TEOMOIUTHLIM XOI0M?
UTto Ha3bIBaeTCSI KOOPAUHATAMU TOUEK?
UTto Ha3bpIBaeTCS CUTYyalHEH?
Uro Takoe abpuc?
B kakoli cucteMe KOOpAMHAT CTPOUTCS IIaH T€OJO0JIUTHOTO Xoaa?
Kakue ciocoObl cuTyanuu NpUMEHSIFOTCS PU HaHECEHUH e€ Ha T1aH?

AN

[IpakTuueckoe 3anarue Nebd
Tema: N3yuenne nuBenupa: ycrpoiictBo HuBenupoB 3H3KJI, 4H3KJI, H3, H3K, 2H-10JI. Cusarue
OTCUYETOB I10 pEUKaM.

Lenv 3auamus:

N3y4uuth yCcTpONCTBO HUBEIMPOB: OCHOBHBIX €T0 YacTEHl, OCel; HAYyYMThCsSl IPUBOJUTH HUBE-
Jp B pabouee MOJI0KEeHNEe, CHUMATh OTCUYETHI [0 peiikaM, IPOU3BOIUTH TOBEPKU HUBEIHUPA.
Obecneuennocms 3aHaAMUA:

HuBenupsl, ITaTUBBI, HUBEJINPHBIE PEUKH, I1JIAKATHI.

[lepen BeInoOIHEHHEM Ja0OPATOPHOI pabOTHI HEOOXOIUMO TOBTOPUTH TEOPHIO.

Hueenupom naswieaiom 2eooe3uueckuti UHCMpyMeHm, 8UUPHAs 0Cb mpybbl KOMOpo2o 6 pabo-
uem nonodceHuu eopuzonmanvua. Ilepen KaxapIM CHATHEM OTCYETA MO pelKe My3bIpEK LUIUHAPHU-




YEeCKOT0 YPOBHSI BBIBOJISAT Ha CEPEIMHY BpallleHuEeM 3JIEBAllMOHHOTO BUHTA. B mose 3peHus 3puresb-
HOM TPYyOBI KOHIIHI JIETIECTKOB IIMJIUHAPUIECKOTO YPOBHS JOJKHBI OBITH IIPH 3TOM COBMEIIICHEI.
Copepxanne 1a00paTopHO pabOTHI
1. V3yuuTh yCTPOHCTBO HUBEIUPOB C MHJIUHAPUYCCKUM YPOBHEM U MPUBEICHUE UX B pabodee
I10JIOKEHHUE.
2. OcCBOUTH TEXHUKY HABEJICHUS HA PEUKHU U CHATH OTCUETHI 110 PEUKaM.
3. Bremonnuts noBepku HuBenupos 3H3KJI, 4H3KJI, H3.
[Topsanox BeimonHEHUs paboThI
1.IIpousBectu oOuuii ocMoTp HUBETUPOB. O3HAKOMHUTHCS C YCTPOMCTBOM M Ha3HAYCHUEM
KaXJIOM 4YacTH HMBEJIMpA, HAMKMCATh HA3BaHUS IMPO-
HYMEpPOBAHHBIX Ha pUC. 9 OCHOBHBIX YacTeHl.
[IpuHuunuaneHas cxemMa HUBEIUpa C IUINH-

IPUUYECKUM YPOBHEM opu 3pUTEILHON
v Tpyoe
L
" \AY% — BU3UPHAA OoCh 3pUTEIIbHON
TpyOBI

UU — och DMIIMHIPUYECKOTO YPOBHS

I - OCHOBHasi ochb (OCb BpalllECHHUS
BEpHEH yacTH) HUBEIUPA

LL — ocp Kpyrioro ypoBHs

A Puc. 9. YcrpoiictBo nusenupa H3

HenocpencrtsenHo Ha npubope cieayeT oOpaTuTh BHUMaHHE Ha UCIPABHOCTh YPOBHEH, HAaBO-
JSIIET0 M 3aKpenuTeabHOro BUHTOB. [IpuBectu mpudop B pabouee MojoKeHHE Mo KPYTriIoMY YPOBHIO
MOABEMHBIMHA BUHTAMHU.

2.TexHuka HaBeI€HUS HA PEUKH, CHATHE OTCUETOB MO pelKam

BpaienueM okymIsipHOro KOJIbIa TOOUTHCS YETKOCTH M300pa)KEHUS CETKU HUTEH 3pUTEIHHOU
TpyOnl. HaBecTu 3putenbHyo TpyOy Ha peilky M BpallleHueM KpeMallbepbl JTOOUThCA YETKOro e
N300paKeHusl.

CHATh OTCYETHI MO YEPHOU M KpacHOM CTOpOHAM peek. Ileped chamuem omcuémos ny3vipéx
YUTUHOPUUECKO20 YPOBHS 8b16005M HA CePeOUHy 8paujeHuem d1e6ayoHH020 8UHMA 00 COBMeueHUs
KOHY08 NY3blpbKa 6 noje 3penus spumenvrol mpyowvl. 1300pa3uTh nose 3peHust TpyObl ¢ OTCUETaMU
10 YEPHOM M KPACHOM CTOpPOHAM peEK B TETPAAX 110 NPUBEAEHHBIM IPUMEPaM.

[Tone 3penus 3puTenbHOM TpyObl B paboueM MOJ0KEHUN HUBEIUpPA pU
HAaBEJICHUM Ha YEPHYIO CTOPOHY PENKH.

Otcuér no cpeaHe ropu30HTATBHON HUTH paBeH 1250




Ilone 3peHust 3puUTEnbHOM TPyObI B pabouyeM MOJOKEHUM HUBEIUpPA NPHU
HAaBEJICHUM Ha KPAaCHYIO CTOPOHY PEUKH.
Otcuer 1o cpeiHel TOPU30HTAIBLHOW HUTH paBeH 3223.

1. Bommonnuts noBepku HuBenupos 3H3KJI, 4H3KJI, H3K, H3. 2H-10JI
[Tosepxu nuBenupon 3H3KJI, 4H3KJI, H3, H3K, 2H-10J1
[Tocne BeIMOMHEHUS K0 MOBEPKHU 00s13aTEILHO HAITMCATh BBIBOJ] O HCIIPABHOCTH HUBEIUPA

WIH €ro YacTH.
1. Ocv Kkpyenozo yposHs 0oadxcHa 6bimb NAPALIeNbHA OCU BPAUeHUs HUBETUDA.
Kpyriplii ypoBeHb yCTaHABIMBAIOT MEX[Y JIOOBIMU ABYMS MOJBEMHBIMM BUHTAMHU U BpallleHHEM
BCEX TPEX MOJBEMHBIX BUHTOB Iy3BIPEK KPYIJIOrO YPOBHS MPUBOAST B HYJb-IIYHKT. 3aT€EM I10BOpA-
YUBAIOT YPOBEHb Ha 180°. Eciu IIy3BbIPEK KPYTJIOr0 YPOBHS OCTAICA B LICHTPE, YCIOBUE BBIIIOJIHEHO.
2. Bepmukanvnas nume cemxu 6 paboyem nonodceHuu HUseaupa 00NACHA Obimb OMeecHa, a 20-
PUSOHMATLHAS - NEPREHOUKVIAPHA K Hell.
3aBoJl TapaHTUPYET NEPIEHIUKYJIIPHOCTh HUTEH CETKH 3pUTENbHON TPyObl U MO3TOMY IMOBEPSIOT
TOJIBKO OJIHY BEPTUKAJIbHYIO HUTh. BepTHKanbHYyI0 HUTh HAaBOAST Ha OTBECHYIO JIMHMIO, PAacIoyo-
XKeHHy10 Ha paccrossHuM 20 + 30 M oT HuBenupa. Eciu BepTHKanbHas HUTh CETKHM COBIMAJAET C OT-
BECHOH JIMHUEH, 3HAYUT CEeTKA YCTAaHOBJEHA IPABUIbHO. B IPOTUBHOM cilydae CHUMAIOT OKYJISIPHYIO
4acTh TPYOB! U OTKPEINUB UCTIPABUTEIbHBIEC BUHTHI, TOBOPAUYHBAIOT IUNIACTUHKY B HY>)KHYIO CTOPOHY.
3. I'maBHOE ycnoBue HUBENMpA. BuzupHas ocv spumenvHou mpyowvl 00X4CHA OblMb NAPALIENbHA
OCU YUTUHOPUUECKO20 YPOBHS.
IToBepKy BBINOJHSIOT CIIOCOOOM «U3 cepeAuHbl». IIpeBbilieHre MeX 1y TOUKaMu (3a1Hell U nepen-
Hell peiikamu, CTallMOHAPHO YCTaHOBJICHHBIMH B KaOMHETE) OMpeaeisieTcsi ¢ TpEX CTaHIMU 1o op-
myne: h=3-1I
[Ipu pa3HOCTSAX B MPEBBILIEHUSIX HA CTAHIMSAX MEHbIIE WIK paBHO 4 MM (Z < 4 MM), YCIIOBUE BBINOJI-
HEHO. B mpoTUBHOM cilydyae MpoU3BOAST MCIPABICHHUE, JEHCTBYS MCIPABUTEIbHBIMU BUHTAMHU I[H-
JUHAPUYECKOro ypoBHs. CTyJ€HTaMH MCIPABICHUE HE BBIIOJIHAETCS, B BBIBOJE OTMEYAETCS O HEUC-
IIPaBHOCTU HUBEJINPA.
ITo oxoH4YaHMU PabOTHI TETPaIU MPEACTABIAIOTCA Ha MPOBEPKY M MOJAIMUCH MPETOAABATEINIO O
BBINOJIHEHHOHN paboTte. s ycremHo! 3amuThl paboThl pEeKOMEHAYETCs OTBETUTH Ha BOIIPOCHI.
KoHTpoIsIbHBIE BOITPOCHI
Kaxoe HuBenmpoBaHue Ha3bIBAETCS T€OMETPUUECKUM?
J1y1s1 uero Hy»KeH 2JIeBaIllMOHHBIA BUHT B HUBEIHpE?
HazoBute rmaBHOe yciioBUE HUBENIHPA.
Kak nmpuBoautcst HUBEIUp B pabodee nojoxkeHue?
B 4ém cyTh crioco6a HUBEIHPOBAHUS U3 CEPEAUHBIN?
HazoBure ocHoBHBIE yacTu HuBenupa H3 Ha cxeme.

N AR WD~

[IpakTrueckoe 3ansTue Ne7
Tema: Boruncnenue xypHajaa HUBEJIMPOBAHUS TPACCHI 110 pe3yIbTaTaM MOJIEBOTO TPACCUPOBAHUS
Lenv 3auamus:
Hayuutbcest 00pabaTbiBaTh *KypHal TEXHUYECKOTO HUBEIHUPOBAHHUS.
Obecneuennocms 3anamus: JKypHall HUBEIMPOBAHUS TPACCHI C OTCUETAMH.

COI[Cp)KaHI/IC MPAKTUYCCKOI'O 3aHATHA



1. BpIUMCIUTH NPEBBIIECHNS, ONPEIEIUTH CPEIHEE IIPEBHIICHAE HA CTAHIIUN.
2. BbUHCINATH OTMETKH MUKETHBIX TOUYEK, ITIOCOBBIX U TOUEK MOMEPEUHBIX MPOpUICH.
3. BBINONHUTH NOCTPAHUYHBIN KOHTPOJIb.

[Topsimok BeIoNHEHHUS PaOOTHI

JKypHas HuUBeIMpoOBaHUA CO CXEMOW TPACCHl U UCXOJHBIMU JIAHHBIMU I10 HUBEJIMPOBAHUIO BbI-
NaéTcsl KaKIOMY CTYICHTY Ul BBIIIOJHEHHs CaMOCTOATENIbHONW paboThl cryneHTa Ne 11 k 1aHHOMY
IIPAKTUYECKOMY 3aHATHIO.

Jlnisl BBINOJIHEHUsT pacu€THON yacTU paboThl Ha IMPAKTUYECKOM 3aHATUH Pa3pabOTaHO METOU-
gyeckoe nocobue 1no teme: «BpluMcieHue KypHajla HUBEJIUPOBAHMS, TOCTPOCHHUE MOJPOOHOT0 Mpo-
JOJBHOTO U MOTIEPEYHBIX MPOHUIICH TpacCh».

B mepBoii yacTu MeToAMYECKOro mocoOusi «BeruncieHne >xypHalla HUBEIMPOBAHUS TPACChI»
MOJIPOOHO M3TI0KEHO BBHIIIOJHEHUE JTAHHOM MPaKTHYECKOW pabOThl C OOBSICHEHUEM U TOPSIKOM BbI-
ITOJIHCHMUSL.

KoHTposbHbIE BOIPOCHI

Urto Ha3bIBaeTCS MUKETOM?

UTto Ha3bIBaeTCs CBA3YIOMICH TOUKON?

Kaxk BBIYMCIISIFOTCS OTMETKU MUKETHBIX TOYEK?

CKonbKO OTCUETOB OepETCS HA MPOMEKYTOUHYIO TOUKY?

[To xakoil popmyse BBIYUCIAIOTCS OTMETKU MPOMEKYTOUHBIX TOUEK?

AR e

Kakue Touku nepeaaroT OTMETKHU C OJHOW CTaHIIMU Ha APYTyIO?

[IpakTuueckoe 3anarue Ne§
Tema: CocraBieHue MoapoOHOTo MPOIOIBHOTO MPOQHIIS.
Lenv 3auamus:
[TproOpecT NpakTUYECKHE HABBIKM I1OCJIEAOBATEILHOCTH COCTAaBJIEHUS MOJAPOOHOro Mpo-
J0JBHOTO MPOdUIISL.
Obecneuennocmo 3anamusa: JKypHan HUBEIUPOBAHUS TPACChI C BBIYMCICHHBIMH OTMETKAMHU TOYEK.
Coneprxkanne MPaKTHIECKOTO 3aHITH
1. CoctaBuUTbh OAPOOHBIN MPOJOIBHBIN MPO(UIIE: BEIUEPTUTH NPOPUIIL YEPHON 3EMITH.
[Topsiok BeITONTHEHHS PAaOOTHI
JUjig BBITIOJIHEHUS 3a/1aHUs HA MPAKTUYECKOM 3aHSATHU U CaMOCTOSITENIbHOM paboThl pa3zpadoTa-
HO METOJIMYECKOe Tocobue K pacu€THo-Tpaduueckoit padore no teme: «IlocTpoeHne u MPOEKTUPO-
BaHUE MOJPOOHOI0 MPOJOIBHOIO M MOMEPEUHBIX MpOopuiIel COOpyKEHHs TMHEHHOTO THIa», aBTOP,
npenogaBatens reogesun CI'MKCull H.A. JloGanoBa.
1.CoctaBnenue nogpoOHOro MPOAOIBHOTO MPOdUIIs
[TocnenoBaTenbHOCTh COCTABICHUSI OJPOOHOTO MPOAOIBHOTO MPO(UIIS MOAPOOHO U3T0KEHO
B IU1aBe | BbIlIE YIOMSIHYTOTO METOIUYECKOT0 TTOCOOHUS.
Hanecenue npoekTHOW JIMHUY HA IPOQIITH M BEIYUCIICHUE TPOSKTHBIX TAHHBIX

[Topsimok BeIMOTHEHUS PaOOTHI

[opsiiox TpoBeeHMs] TPOSKTHON JIMHUU C ONPENIEICHUEM TOYEK MEepPEeIOMOB, BBIUHUCICHHUEM
YKIIOHOB U OTMETOK T10 HEH MPHUBEICHO B IJ1aBe 2 MOAMYHKTE 2.1 BBIIIE YIOMSHYTOTO METOINYECKO-
ro mocoowus.

BeImoniHeHueM BTOpOI Y4acTH 3aJaHusl ABJSCTCS 3anoiHeHue B rpade: «[IpoeKTHbIE TaHHBIC
CeTKH Tpo10JibHOTO Tpoduis rpad: «OTMeTka OPOBKU 3€MIITHOTO TOJOTHAa» U «YKIOH, %o / 1u-



Ha, M». Ha npoznonbsHOM npoguie moka3plBatoTcsi paboune OTMETKH U MOJIOKEHHE TOUEK HYJIEBBIX
MECT.
[TocnenoBaTenbHOCTD BBIMOJHEHHS PacyETHO-rpaUIeCcKNX YacTeld 3TOro 3aJaHus IPUBEIACHO
B MeToauueckoM nocobun: «IloctpoeHne u npoekTupoBaHue MOAPOOHOTO MPOJAOIBHOTO U TOIepey-
HBIX Npoduiel coopyKeHus TUHEHHOro TUMa», aBTop H.A. JlobaHOBa B r11aBe 2 nmoanyHkTe 2.2.
2.PacuéT 27€MEHTOB U IJIaBHBIX TOYEK KPHUBBIX BBIIIOJIHAETCS B COOTBETCTBMM C TaBOM 2.3
noanyHkra 2.3.1 BbllIe HA3BaHHOTO METOJUUYECKOro ocoous. OHM SIBJIAIOTCS JaHHBIMU AJIS IOCTPO-
€HMsI IU1aHa JIMHUM B rpade «[IpsimMble U KpUBbIE B IUIAHE» HA MPOJOJILHOM MPO(dUiIe U BBIITOJHEHUS
CaMOCTOATENIbHON paboThl cTyaeHTa Nel3.
KoHTpoJIbHBIE BOIIPOCHI
Kak 1 B Kakux eMHUIIaX TIOKa3bIBACTCS YKIIOH HA MPOJOIBHOM mpoduie?
[To xakoit popmyse BEIMUCISACTCS MPOSKTHAS OTMETKA MOCIIEAYIOMIEH JIMHAN?
UYro HazpIBaeTcs paboveld OTMETKOM M KaK OHA BBIYHCIISECTCS?
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Urto Ha3bIBaeTCs HYJIEBOM TOUKOU?

Pexomennyemas nureparypa
[lepeuenp yueOHbIX U3/1aHUMN, HMHTEPHET - PECYPCOB, IONOJHUTEIBHOMN JIUTEPATYpPHI:

OCHOBHBIE HCTOYHUKH:
1 KpaBuenko, FO. A. I'eonesus : yueonuk / FO.A. KpaBuenko. — Mocksa : UHOPA-M, 2022. — 344
c. — (Cpennee mpodeccronaibHoe obpazoBanue). - ISBN 978-5-16-013907-4. - Tekcr : 31EKTPOH-
ueIif. - URL: https://znanium.com/catalog/product/1860067 (nara oOpamenus: 12.06.2023). — Pexxum
JOCTyMA: 10 MOIUCKE.
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1/ T'upmiGepr, M. A. I'eone3us: 3a1a4HuK : yueOHoe nocodue / M. A. I'mpubepr. — Mocksa : UH-
®OPA-M, 2020. — 288 c¢. — (Bricmiee oopazoBanue: bakanaspuar). - ISBN 978-5-16-006350-8. -
Texcr : anexTponssIif. - URL: https://znanium.com/catalog/product/1039035 (nata oOpareHus:
12.06.2023). — PexxuM gocTyna: mo MoJIMUCKe.



