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1. Ilenu yrioBbIX U3MEPEHUI

YriaoBbie HU3MCPCHUA HAa MCCTHOCTH MPECICAYIOT IBC OCHOBHLIC IICJIN.

1). [onyyenne nHPOPMALIUU HEOOXOUMOM /ISl COCTABICHHS KOHTYPHOTO
(cuTyalMOHHOTO) IJIaHa MECTHOCTH.

2). OnpenenieHue BBICOTHOTO TIOJI0KEHUSI MECTHBIX MTPEJIMETOB.

B cooTBercTBHM C MOCTaBIECHHBIMHU LEISAMH pa3pabOoTaH CHELHaTIbHBIA YIJIO-
MEpPHBIN PUOOP — TEOJIOJIUT, KOTOPBIA COAECPKUT ABA PA3IMUHbIX KPyra: rOpU30H-
TalbHBIA W BEPTUKAIbHBIA. B 3aBOACKUX YCIOBHSX IOJKHO OBITH OOECHEHYEHO
B3aMMHO NEPIEHINKYISPHOE MOJI0KEHUE UX TUIOCKOCTEM.

2. I[lpuHIMIBI U3MEPEHUS YIIIOB HA MECTHOCTHU

[TycTh Ha MECTHOCTH 3aKpeIICHBI TPU I'€OAC3UUYEeCKUX MyHKTa (CcM. puc.l).
Uepe3 AT TMyHKTH MOXHO €IMHCTBEHHBIM O0pa3oM IMPOBECTH HEKOTOPYIO Ha-
KJIOHHYIO TIJIOCKOCTh M M3MEPUTH IUIOCKUM YroJl MEXAY JIByMsI HANpPaBICHUSIMU.
Onnako M3MEpeHHasl BeJIMYMHA yria OyAeT HEAOCTaTouYHa JIsl JOCTHXKCHHS T10-
CTaBJICHHBIX IIEJIEH.

[Ipexnae Bcero, TpeOyercs 3HATH MPOCKIIMIO ATOTO yria Ha TOPU30HTATLHYIO
IJIOCKOCTh. MHaue, M3MEPEHUI0 TMOJICKUT JBYTPAHHBIM Yroid MEXIy OTBECHBIMU
IJIOCKOCTSIMH, KOTOPBIM MPUHAJIEKAT F€0Je3MUeCKUe MyHKThl. Taknue MIOCKOCTH B
reo/Ie3Ur HA3bIBAIOTCS KOJUIMMALMOHHBIMU. (DHU3MYECKH KOJUIMMALMOHHAS IUIOC-
KOCTh peajiu3yeTcs B MpuOOpe 3a CUET BpPAILEHUs 3PUTEITHHON TPpyOBl BOKPYT TOpH-
30HTAJILHOW OCU. Mepoll yKa3aHHOTO ABYT'PAHHOTO yrja CIYXKWT IIOCKUM TOPU30H-
TaJbHBIA YToJl, KOTOPBIM H3MepsieTcst cieayromuM obpazoM. C moMolpl0 OTBeca
IICHTpP TPaIyUPOBAHHOTO KPyra pa3MelaeTcsi HaJl BEPIIMHOW U3MepsIieMoro yria (cMm.
puc.la). II1oCKOCTh TPayMpPOBAHHOTO Kpyra MPUBOJUTCS B TOPU30HTAIBHOE TOJI0-
xeHue. HemoaBmkHas yacTh Kpyra HasbiBaeTcs JumMOoM. [logBurkHas dacth, KOTO-
pasi BpaiaeTcsi COBMECTHO CO 3pUTEIBHON TpyOOW BOKPYT BEpTHKAIbHONW OCH U He-
ceT Ha cebe AJIEeMEHTHl OTCUCTHOI'O YCTPOMCTBA, Ha3bIBaeTcs anmumanou. Ilo mkame
auMOa MOKHO HaOJIIOAaTh TOPU3OHTAIBHOE HAMPABICHUE KOJUTMMAIIMOHHON TIIOCKO-
CTH.

JIns onpeneneHusi BBICOTHOTO MOJIOKEHUS MPEAMETOB B KOJUIMMALIMOHHBIX
IJIOCKOCTSIX IOCIIEIOBATEIBbHO PACIIONAraercsl IIOCKOCTh BEPTUKAJIBHOIO Kpyra,
IIEHTP KOTOPOTO COBMEIIEH C TOPU30HTAIIBHOW OChIO BpalieHus Tpyosl. Ha BepTu-
KaJIbHOM KpyTe Bpalmaercs JuMO, a anuaaga ocTaeTcsl HemoaABMkHoM. [lo mikane
BEPTUKAILHOTO KPyra MO>XKHO HAOJIOaTh HAMPABICHUS BU3UPHOW OCH B BEPTH-
KaJIbHOU IUIOCKOCTH.



Takum 00pa3zoM, TeOAOIUT 00ecriedBaeT HAOIIOIEHUS IBYX HAIIPABJICHUN U3 He-
KOTOpPOM TOYKH MECTHOCTH.
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Puc. 1 Cxema u3MepeHus yrioB HA MECTHOCTHU

2.1 H3mepeHue ropu3OHTAIBHBIX YTJIOB

['eone3nveckoe MOHATHE TOPH3OHTAIBHOTO YIJIa OTIMYAETCS OT F€OMETpHYe-
CKoro. B reoMeTpuun TIOCKUH Yoyl 3TO MEHBIIIAs 9acTh TUIOCKOCTH MEXIY IBYMSI
Jy4amH, BBIXOSIIMMHE U3 OJTHOW TOYKH. TO eCTh 00J1acTh N3MEHEHUS TeOMETpHYe-
ckux yrioB oT 0 mo 180 rpamycos.

B reonesun yromn menecoobpa3Ho MOHUMATh, KaK MEpPY BpallleHus, 0e3 orpaHu-
YeHHs 00JaCTH U3MEHEHUS.

Ha mMectHOCTH, T/ie IPOU3BOAST YIJIOBBIE M3MEPEHHUSI, PA3IHUAIOT BEPX U HU3
VIV WHAYE TOBOPST HAIIPaBJICHUS 36HUTA U Haaupa. Ecim onpeneneHsl BEpX U HU3,
TO COOTBETCTBEHHO BO3HHMKAIOT MOHSITHUS «IIPABO» M «IeBO». HeTpyaHO 3aMeTHTh,
YTO MEXIY KOJJTMMAIMOHHBIMH TIOCKOCTSIMH CYIIECTBYIOT JIBa YIJia, KOTOPHIE B
CyMMe 00pa3yroT MOJHBIN KPYT.



BeliiTi 3 HEONIPEAEIEHHOCTH MOKHO JIBYMS ITyTSIMU.

o IlepBblii myTh COCTOUT B TOM, YTO YI'OJl CYMTAETCS OPUEHTHPOBAHHBIM IO Ha-
IIPABJICHUIO BPAILCHMS. 3a MOJ0KUTEIBHOE IPUHUMAETCSI HAIIPABIICHHE T10 Ya-
COBOM CTpeJIKE, €CJIM Ha yroji cMOTpeTh cBepxy. [Ipu pacnonoxxkenun HaoOIo-
JaTelis HaJl BEpUIMHOM M3MEpPSEMOro yria U JIMIOM K 00JacTH 3TOro yria, mo
JEeBYI0 PYKYy OylIeT MCXOJIHasg CTOpPOHAa yria, a Mo NpaBylo OyAeT KOHEYHas
CTOpOoHAa. B 3TOM cilyyae rOpHU30HTANBHBIM YTrOJ BBIYMCISAETCS IO IMPABUIIY:
«IIPaBO€ TOPU30HTAIBHOE HANPABICHUE MUHYC JIEBOEY.

o Bropoil myTh 3TO OPUEHTHPOBAHHME IO HAIPABICHHUIO TEOAOJUTHOIO XOJa.
[TonoXKUTENBHBIM CUUTAETCS 00XOJ KOHTYypa IO YacOBOM CTpEJKe, MO3TOMY,
KaK MpaBUIO, U3MEPSIIOTCS MpaBble M0 X0y TOPU30HTaNIbHbIE YIIIbL. [[7s Toro,

YTO Obl BHIYMCIIUTH 3HAYEHUE MPABOTO MO XO1Y FOPU30HTAIBLHOTO YIJia Cleay-
€T UCTOJIb30BaTh (M. prc.10) cooTHOIICHNE

TAac 3 — 3HaueHHE 3aJHCTO IT'OPU30OHTAJILHOT'O HAIIPABJICHU,
I1 — 3HaueHue MEPCIHCTO TOPU30OHTAJIbHOI'O HAITPABJICHUA.

Ecnu «3» okasbiBaercst MeHblie, yeM «I1», To nmpu BeIYHMCICHUHN yTriia K «3» clie-
ayet npubasisaTh 360 rpagycos.

2.2 H3mMmepenue BepTUKAIBHBIX YTIIOB

['eone3ndeckoe NOHATHE BEPTUKAIBHBIX YIJIOB MPUHLIHUIIMAIBHO OTIMYACTCS OT
r€OMETPUUYECKOI0 TOJIKOBaHUsA. B reomeTpun BEpTUKAIBHBIMU CUMTAIOTCS HAKPECT
JIe)KaIKME YIIIbl MEXAY JABYMs NEPECEKAIONIMMUCS IUIOCKOCTAMU. B reoxesun 310
YTJIBl MEXKy HAIIPaBJICHUSIMU B BEPTUKAIBHOU INIOCKOCTH.

CylecTByeT Ba MPUHIIMIIA OMPEISICHUS BEPTHKAIBHBIX YIIIoB (cM puc.1B).
N3mepenune 3eHUTHOTO PACCTOSHUSL «Z» — yTJIa B BEPTUKAJIbHOM MJIOCKOCTH

MEX]ly 3aJlaHHBIM HalpaBJIiCHUEM W HAlpaBJICHHEM 3CHHUTA. TaKoW MPHUHIUI WC-
MOJIb3YeTCA MPU TOYHBIX YIIIOBBIX M3MepeHusx. O0acTb M3MEHEHHs] 3€HUTHOTO
pacctostaust ot 0 To 180 rpamycoB. 3eHMTHOE PacCTOSHHE 3TO IUIOCKHIM YroJsl B
TPAIUIIMOHHOM T€OMETPUIECKOM MMOHUMAHHH.

N3mepenue yriia HaKkJIOHa «V» - YIJIa B BEPTHUKAJIbHON ITOCKOCTH MEXIY 3aJ1aH-
HBIM HANpaBICHUEM W JIMHUEW TOPU30HTA, KOTOpas JEKHUT B TOPU3OHTAIBHOU
IJIOCKOCTH. Vbl HAaKJIIOHa  CYHUTAIOTCS MOJIOKUTEIIbHBIMH, eciu



Ha0JII0/1aeMO€e HaIpaBJICHUE BBIIIE JIMHUM TOPU30HTA U COOTBETCTBEHHO OTpHIIa-
TeJIbHBIMU, eclii HiKe. O0acTh U3MEHEHUS yria HakiioHa -90° <v <90°.
VYTl HaKJIOHA U 3€HUTHBIEC PACCTOSHUS CBS3aHbI 3aBUCUMOCTBIO

v=00°z . (4.1)
HpI/I HU3MCPCHHUU BCPTUKAIBHBIX YIJIOB HCIIOJB3YIOTCA IMOHATHA MCCTO HYJIA U
MECTO 3€HUTA.

Mecto myns (MO) — 3TO OTCYeT IO IIKane BEPTUKAIBHOTO Kpyra B TOM Clydae,
KOI'/Ia BU3UpHAs OCh 3pUTENIbHON TpyObl ropusoHrtanbHa. Jns ompenenenuss MO
TEOJIOJIUT MPUBOJAAT B paboyee MOJOKEHUE U BBIOJIHAIOT BU3UPOBAaHUE Ha yjaa-
JIEHHYIO LIEJIb MPU JBYX NOJIOKEHUAX BEPTUKAIBHOrO Kpyra. CpaBHHBas OTCUETHI
10 BepPTUKAJIbHOMY Kpyry mpH kpyre jieBo (JI) u kpyre npaso (I1) onpenensror me-
CTO HyJISI M YroJl HaKJIOHA. B 3aBUCHMOCTH OT yCTpOMCTBA IIKaJIbl BEPTUKAIBHOTO
Kpyra MCIOJIb3YIOTCS pa3inuHble 3aBucumoctu s onpezaenenus MO. Ilocne omn-
penenenust MO nanHoro mpuOopa, M3MEpEHHE YITIOB HAKIOHA MOKHO MPOHU3BO-
JIUTh MIPU OJHOM ITOJIOKEHHHM BEPTUKAIBHOTO Kpyra, a TaKXe MPOU3BOJUTH C I1O-
MOILBIO TEOJ0JNUTA TEOMETPUIECKOE HUBEIUPOBAHUE.

3. Koncrpyknus teononura 4T3011

TeomouT UMeeT ABa Kpyra - BEPTUKAIbHBIN M TOPU30HTATbHBIH.
BepTukanbHbBIN 1 TOPH30HTAIBHBINA KPYTH COCTOST U3 JIMMOA U aJIu/Ia]Ibl.
JIum6 - pabouast mepa npubopa B BUAEC KpyroBou mikanel. [leHa nenenus mka-
ae1 1 rpagyc.

AJ'II/IIIa,ZIa — YHacCTb HpI/I60pa, PaCIIOJIOKECHHAsA COOCHO C JUMOOM U HECyliad
QJICMCHTBI OTCUCTHOI'O YCTPOfICTBa.

3putenbHas Tpyba — BU3MPHOE YCTPOMCTBO mMpubopa, cojeprkaiiee 0ObEKTUB,
OKYJISIp ¥ CETKY HUTEH.

Cerka nuteir ( puc.2a)- cUCTEMa MITPUXOB, PACIHOJIOKCHHBIX B IJIOCKOCTH
U300paKeHusl, 1aBaAeMOr0 OOBEKTUBOM 3pUTENBHOU TPYObl. OCHOBHBIC IITPUXH —
MITPUXHU CETKH HUTEU 3pUTENBHOU TPYOBI, MpeAHA3HAYCHHBIC UISI HABEICHUS TPY-
OBl B TOPH30HTAIBHON W BEPTHKAJIBHOM TUIOCKOCTSIX. buccekrop — nmBa mTpuxa
CETKU HUTEW HUCTIOIb3yeMble COBMECTHO JIJIsi HABEICHHS Ha BU3HPHYIO 11elb. [lepe-
KPECThE CETKH - TOYKA MEePEeCEUCHUs] OCHOBHBIX IITPUXOB CETKU HUTEH WIIM OCeil
3aMEHSIONUX UX OMCCEKTOpOB. JlalbHOMEpHBIC IITPUXU - IITPUXU CETKH HUTEH,
MPEIHA3HAYCHHBIE ISl ONIPEACIICHNS PACCTOSHUM 10 PEUKE.

[ToncraBka (Tperep) — HIDKHSSA 9acTh MPUOOPA, CIyXKaias JIsl €r0 YCTAHOBKH H
TOPU30HTUPOBAHUS.



Kononka — croiika, Hecyllas FOPU30HTAIBHYIO OCh IIpUOopa.

YpOBEHb — YCTPOWCTBO, CITy)Kallee sk ONpe/IeNCHHs OJI0KEHHs MPHOOopa 1
€ro OTJIETbHBIX y3J10B OTHOCUTEILHO OTBECHOU JIUHUMU.

Kommumaropusrit Bu3up (puc.l) npenHasHadeH 11 rpyOol HABOAKH Ha IEITb.
[Ipu monp30BaHUM BU3UPOM IJ1a3 JOJIKEH ObITh Ha paccTosiHuu 25...30 caHTUMET-
POB OT Hero. 3aKpenuTeNIbHbIe BUHTHI IPU 3TOM JIOJKHBI HAXOJUTHCS B OTKPEII-
JIEHHOM COCTOSIHUH.

TouHoe HaBeaeHUE 3PUTEIBLHON TPYOBl HA IPEAMET B TOPU3OHTAIIBHOM TIOCKO-
CTU OCYLIECTBIISICTCS HABOISAIIUM BUHTOM aJIUAabl IIOCIE €€ 3aKpeIUICHU,

B BEPTUKAIBHOU MJIOCKOCTU — HABOJSIIIIUM BUHTOM TPYOBI MTOCJIE€ 3aKPEIUICHUS CO-
OTBETCTBYIOIIMM BUHTOM. llepekpecTbe CeTKM HUTEW NOKHO OBITH CTPOrO CO-
BMEIIIEHO C LIEHTPOM BU3UPHOM 1esH. 3puTesibHasi Tpyoa 000MMH KOHIIAMHU Tepe-
BOJUTCSL 4epe3 3€HUT U (POKYCHUPYETCsl BpalleHueM Kpemaiabepbl . OKymsp ycrta-
HABJIMBACTCS MO TJ1a3y BpallleHUEM JUONTPUINHOTO KOJbIA 0 MOSBICHUS YETKOTO
U300pakKeHUs MTPUXOB CETKU HUTEH.

N3o0paxenue mTpuxoB u nudp o00UX KpyroB MepeaacTcs B MOJI€ 3pSHUS] MUK-
pockomna (puc.2,0), OKyJIsip KOTOPOr'0 YCTaHABJIMBAIOT IO IJ1a3y 10 MOSIBICHUS YeT-
KOT'0 M300paKeHHUS IIIKaJl BpallleHUueM JUONTPUMHOTrO Koibiia. [loBopoTom u

HAKJIOHOM 3CpKajla AOCTHUIaCTCA OINTUMAJIBHOC OCBCIICHHUC IIOJIAA 3pCHUA MHKPO-
CKoOIIa.

HaknagHoil ypoBeHb IpH TpyOe CIIyXHUT AJi YCTAaHOBKHA BU3HUPHOM OCU 3pH-
TEJIBHOU TPYOBl B TOPU30HTAIIBHOE MOJIOKEHUE MPU BBIMOJIHEHUU T€OMETPUUECKO-
IO HUBEJIMPOBAHUS.

[ItatuB (puc.2,B) CIIyXHT JJIs1 YCTAHOBKU TCOIOJMTA HAJ[ TOYKOH MECTHOCTH -
BEpIIMHON u3Mepsiemoro yria. Hoxxku 3 mraTuBa mapHUPHO COSAMHEHBI C TOJIOB-
kol 1. bonramu 2 perynupyercs ux BpallleHHe B IIapHUpax. BBICOTy mTaTuBa U3-

MEHSIOT BBIABH)KEHUEM HOXKEK, ITOCJIE YEro UX 3aKPEIUISIOT BUHTAMHU
4. HakOHEYHUKH HOXKEK YTIyOJISIOT B TPYHT, HAKMMasi HOTOM Ha UX YIIOPHI.

Teomonut ycTaHaBIMBAIOT Ha IJIOCKOCTh TOJOBKH M 3aKPEIUISIOT CTaHOBBIM
BUHTOM /. Ha Kprouok BHYTpH BUHTA MOJBEIINBAIOT HUTSHBIA OTBEC.

Jns ynobcTBa HAOMIOAEHUS MPEIMETOB, PACIOJIOKEHHBIX I10J yriaMu Oojiee
45 TpaycoB K TOPU3OHTY, U IIECHTPUPOBAHUS TEOMOIUTA HAJl TOYKOW C TIOMOIIBIO
3pUTENHHOU TPYyOBl MPUMEHSIOT OKYJISPHBIC HACAJKH, HaJ€BaeMble Ha OKYJSPBHI
3pUTEILHON TPYOBI W OTCYETHOTO MHKpockoma (puc.2r). OxyispHas HacaIka
MPECTaBIsACT COO0N MPHU3MY, U3MEHSIONIYIO HampaBieHue BU3HpHOW ocu Ha 80
rpaaycoB. [Ipu3ma 3akimrodeHa B onpaBy, CBOOOIHO Bpallaronryrocs B oooiime. Ha-
cajJika Ha 3pUTENBbHYI0 TpyOy CHaOKeHa OTKHIHBIM CBETO(PWIBTPOM JIJISi BH3UPO-
BaHus Ha ComHIe.



4. OCHOBHBIE TEXHOJIOTHYECKUE ONEPALIUU

HpaKTI/I‘IGCKOG OCBOCHHUEC TCOOAOJHMTA CJICAYCT Ha4YMHAaTb C OTACJIBbHBIX

TEXHOJIOTMYECKUX ONEpaLUil.

4.1

4.2

4.3

LlenTpupOoBaHUEe — COBMEIICHHE OCHOBHOM ocu npudopa (Z-Z, puc.2)
C BepIIMHON u3MepsieMoro yria. ['pyooe nieatpupoBanue (1o 5 Mm)
HUTSHBIM OTBECOM M TOYHOE onTuueckoM (1-2 mm).

BusupoBaHue Ha 11€J1b — 3TO COBMEILLEHUE BUSUPHOU OCU 3pUTEIILHON
TpyOBI C IIEHTPOM BU3UPHOM 1. Bu3nupoBaHue BHIMONTHIECTCS B 1B
neiictBus. ['pyboe BHU3MpOBaHHME MPOU3BOIUTCS C MOMOIIBIO
KOJITUMaTopHoro Busupa. I[locne Bu3MpoBaHHWS Ha IIeb
MPOU3BOUTCS 3aKPETIJICHHUE aji1a (bl TOPU30HTAIBLHOTO KpyTra U
TpyOBbI COOTBETCTBYIOIIMMHU BUHTaMH. M300paskeHne BUMPHOUN TeNn
doKycupyercsi Kpemanbepoil, a M300pa)keHHWEe CETKH HHUTEH
JUOINITPUUHBIM KOJIBIIOM OKYJIsipa. Bropoe AeicTBUEe — 3TO TOYHOE

HaBE/ICHHUE C TIOMOIIBbIO HABOISIIIIUX BUHTOB.
[Tpon3BoACTBO OTCUETOB MO IIKanaM npudopa. IIpowsBecTu orcuer
1O IIKaJIE 3TO 3HAYMT - OTPEACITUTh MOJOKEHUE HHACKCA (MHICKCOB)
OTHOCHUTEJBHO JIeJICHUH IIKabl. B MIKamoBhIX MUKPOCKONIAX UMEETCS
nBa nubO0 Tpu uWHAeKca. Tak, Hampumep, A HIKajIbl JUMOa
TOPU30HTAIBHOTO Kpyra 3T0 «0» MmKaibl anuaansl. Jis mkamsl sumoa
BEPTUKAJIBLHOTO Kpyra 3To «0» u «-0» mkansl anuaaasl. s mkanst
aNMUIaJILINHIECKCOM CIIY’)KUT TpaaycHoe neneHue numba. B
COOTBETCTBHHM C 3TUM MO IIKajaM Puc.2,6 MOXXHO IPOYHTATE.
I'opuzonTanehbeiii kKpyr 125 rpagycos 05,5 MUHYTHI.
Beprukaneubiii kpyr  Munyc 0 rpagycoB 26 MUHYT.

4.4TeomonuT (IUIOCKOCTh TOPU30HTATIBHOTO KPyTa) TOPU30HTHPYETCS 110

YPOBHIO BpAICHHEM ITOJbEMHBIX BUHTOB MTOJICTABKU. J[J1s1 3TOTO OChH
IWIAHIPUIECKOTO YPOBHS YCTAHABIMBACTCS MapajuieIbHO TUHUU
JIBYyX MOJIbEMHBIX BUHTOB. Bpaias mogbeMHbIe BUHTBI, HaBCTPEUy
JPYT IPYTY BBIBOJIAT MY3bIPEK B HYJBIYHKT. 3aTeM, Bparias mpuodop

BOKPYT BEpTHKaJIbHOU ocH, moBopauuBaioT Ha 90 rpamycoB k

VCXOJHOMY HaIlPaBJIEHUIO. [[€MCTBYS TPEThUM MOJABEMHBIM BUHTOM,
Iy3bIPEK YPOBHS BHOBb IPUBOJAT B HYJIBITYHKT. J[JIs1 KOHTpOIS Aeii-
CTBHSI MOYKHO MOBTOPUTH. KooparHanus AEMCTBUNA YIIPOCTUTCS, €CIIH
IIOMHHTB, YTO MY3bIPEK YPOBHS CIIEIYET M0 HAIIPABICHUIO IBUKCHUS
IIPABOr0 YKa3aTeJIbHOTO MAJIbIA PYKH NPU BPALLEHUH ITOABEMHBIX
BHUHTOB.
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5. IloBepku mpubopa

VY teononura pasiindaroT CJICAYIOIIUC OCHOBHLIC OCH.

-7 BEPTUKAJIbHASL OCh WJIM OCh BPAILICHUS AJIUAAbI
TOPU30HTAIBHOTO KPYTa.
T-T TOPU30HTAJIBHAS OCh WM OCh BPALIEHUS 3PUTEIIBHOU

TpyOBI MpuOOpa B BEPTUKAIBLHOM MIOCKOCTH.

V-V BU3UPHAs OCh, TO €CTh IIPsIMasi, COCIUHSIIONIAs 33 JHIO0
[VIaBHYIO TOYKY OOBEKTHBA 3PUTEIILHON TPYOBI C mepe-
KPECTUEM CETKU HUTEH.

U-u OCh WIMHAPHUYECKOTO YPOBHS, TO €CTh IPsMasi, IPOXO-
JS11as Yepe3 HyJIbIIYHKT YPOBHS U KacaTeJbHasl K Iyre
IIPOJIOJIBHOTO CEYEHHUSI aMITyJIbI.

B3anmHoe pacnosokeHue oceil TeoA0IUTa MO0 BO3AEHCTBUEM PA3JINYHBIX (aK-
TOPOB MOXET M3MeHsAThcsA. [IpoBepka B3aMMHOrO MOJOXKEHUS OCgd mpubopa u
npuBeeHre ux B Tpedyemoe coorBercTBre Ha3biBaeTcst [IOBEPKOMU.

Jlnist ycneniHoi padoThl ¢ MPUOOPOM BBITMOJHSIOT MATh OCHOBHBIX MTOBEPOK
5.1. [loBepka HWIMHAPUYECKOTO YPOBHS

Tpebyemoe ycnoBue. OCh HWIMHAPUYECKOTO YPOBHS TpHU ailuaaze
TOPU30HTAIBHOTO Kpyra JOJDKHA OBITh TIEPIIEHANKYIISIPHA OCHOBHOM
ocH npubdopa.

[IpoBepka ycnoBus. Cunutas ypoBeHb MOBEPEHHBIM, IPUBOJIST ILIOC-
KOCTh JMMOa B TOPU3OHTAJIBHOE MOJIOKEHHUE. Y CTAaHABIUBAIOT OCh
WIMHIPUYECKOTO YPOBHS MapaJljIeIbHO JMHUU JABYX MOJBEMHBIX
BUHTOB M BBIBOJSAT MYy3BIPEK YPOBHS B HYJBIIYHKT. 3aTeM, Bpaluas
npuOOp BOKPYT BEPTUKAIBbHON ocH, moBopaunBatoT Ha 180 rpamycos
K HCXOJTHOMY HAMPAaBICHUIO M TPOBEPSIOT TMOJOKEHHUE ITy3bIphKa
YPOBHH.

IMopsinok ucnpapsieHusi. JlelcTBys UCIIPAaBUTEIbHBIMU BUHTAMU IIUJIMHIPUYECKO-
ro ypOBHS, BO3BpallalOT IMY3bIPEK B CTOPOHY HYJBIIYHKTAa Ha IOJOBUHY AYTH
cMmenieHus. st KOHTpOJIst IEMCTBUS TOBTOPSIIOT.

5.2. TloBepka BU3HpHOW OCH (TIepBasi)

KoHTponb KoumMMaIinoHHON OIIHOKH.
Tpebyemoe ycnoBue. BusnupHas och 3pUTEIIBHON TPYOBI T0KHA OBITH TICPIICH-
JTUKYJISIPHA TOPU30HTAIIBHOM OCH BpAILICHUS.
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[IpoBepka ycnoBus. BpiOMparoT ynaneHHYI0, XOPOIIO Pa3IuYUMYIO
BU3UPHYIO LIE€JIb. BBINOJHAIOT BU3UPOBAHUE HA ATy LEIb IIPU ABYX
MOJIOKEHUAX BEPTUKAIBHOTO Kpyra. 3alMChbIBalOT OTCUYETHI MO TOpH-
3oHTanbHOMY Kpyry KJI u KII. Bennunna xoJmMMaimoHHOW OMIMOKH
BBIUHCIISIETCS B BUE

C = (KJI - KIT +umm — 180 )/12 . (1)

Ecnu BeIUHCIICHHOE 3HAUCHHWE KOJUTMMAIMOHHOW OINIMOKH IPEBBINIACT JIBOM-
HYIO TOYHOCTh CUUTBHIBAHMS, TO CIEAYET UCIPABUTH MOJIOKEHUE CETKH HUTEU
B TOPU30HTAJILHOM HAMPaBJICHUH.

HOpSII[OK HUCIIPABJICHUA. Breraucnstor PICHp&BJI@HHBIfI OTCHYCT II0 IIKAJIC T'OpHU-
30HTAJIBHOT'O Kpyra KIT*. C IIOMOIIBIO HABOJAIICTO BHMHTA aJlMAAaJAbl Ha IIKAJIC
TOPHU3OHTAJIBHOI'O Kpyra YCTAHABJIIMBACTCA I/ICHpaBHGHHblf/'I orcuer KIT*. Hepe-
KpECThC CCTKHU HUTEH IIpu 3TOM 3aliMET MOJIOXKEHHUE psaaoMm C BI/ISI/IpHOﬁ OCJIBIO.
ﬂeﬁCTByH TOPHU30OHTAJIbHBIMH HCIIPABUTCIIBHBIMW BUHTAMU CCTKHU HHTGfI, CO-
BMCIIAIOT IICPCKPECTHC CCTKU HUTEH C BPISI/IpHOﬁ O CJIbIO. I[JISI KOHTPOJIA BCC
HeﬁCTBHH ITOBTOPAROT.

5.3. . IloBepka BU3HMpHOI OcH (BTOpas)

KonTpone mecTa Hys.
MecTo HyJsl 3TO OTCYET IO IIKaje BEPTUKAIBLHOTO Kpyra B TOM CITy-
Jae, KorJa BU3UPHASI OCh 3pUTEIBHON TPYOBI TOPU30HTANIbHA, A TY3bI-
PEeK MUIMHIAPUIECKOTO YPOBHS HAXOAWTCS B HYJBITYHKTE. Tpebyemoe
yciioBue. MecTo HylIs JOIHKHO OBITh OJU3KO K HYITIO.

[IpoBepka ycioBusi. BeiOuparoT yaaleHHYIO, XOpOIIO Pa3InyuMYIO
1EIb. BBIMONHAIOT BUBMPOBAHUE HA ATy LIEJIb MPU JBYX MOJOKEHUAX
Kpyra. 3aMChIBalOT OTCYETHI IO LIKaJIEe BEPTUKAIBHOTO Kpyra. Bemnu-
Y1HA MECTa HYJIsl BRIYUCISETCS 10 (opMyIie

MO =(L+R)2 , (2).

rae L - ortcuer npu Kpyre ciesa,
R - orcuer npu kpyre crpasa,
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6. Cnocob npueMoB il U3MEPEHUSI TOPU3OHTAIBHBIX YIJIOB

Jlo Hayana Npon3BOACTBA U3MEPEHUI HA MECTHOCTH JIOJKHBI OBITh 3aKPETJICHbI
CIlelIMaJIbHBIMU 3HaKaMU BEpIIMHA U CTOPOHBI U3MeEpsAeMOro yria. B 3aBucumoctu
OT TIOJIO’KEHUS U3MEPAEMOro yria CTOPOHBI OyJIyT pa3auvarhbes, Kak JeBas U mpa-
Bast. Eciu Bce TpU IMyHKTA €CTh BEPLIMHBI TEOJOJUTHOIO X0/Aa, TO I U3MEpPEHU
MpaBbIX MO XOAY FOPU3OHTAJIBHBIX YIJIOB IpaBasi CTOpOHA OyJeT 3aJlHel, a JieBas
[IEpEeIHEN 110 XOY.

['opu3oHTaNbHBIE YINIBI U3MEPSIOT crocoboM mnpuemoB. Kaxablii mpuém co-
CTOUT M3 ABYX IOJIYIPUEMOB. ECIM rOpu30OHTaIBHBIEC YIIIbl U3MEPSIOTCS HE3aBU-
CUMO OT BEPTUKAJIBHBIX, TO JOITYCKAETCs BBIIOJHATH U3MEPEHUS IPU OAHOM IO-
JoxeHnu BepTukainbHOro kpyra (KJI), HO Ha pa3muyHBIX ydacTKax JIMMOa Topu-
30HTAJILHOIO Kpyra.

[Ipu npou3BOACTBE M3MEPEHUSI TOPU3OHTAIBHOIO yria CocoOOM MPHEMOB BbI-
MIOJIHSIOTCS CIIEAYIOLIHE ONIEpaLUH.

1. IlenTpupoBaHue, COBMEIIEHNE OCHOBHOM OCH MpUuOopa ¢ BEPIIMHON U3Me-
psieMoro yria.

2. T'opusonTtupoBanue (HUBEIUPOBAHNE) TOPHU30HTAIBHOIO Kpyra MpH IepPBOM
IIOJIOKEHHH JIMMOA.
3. BusupoBanue Ha mpaByro (3aHIO0) CTOPOHY H3MEPSIEMOr0 yria. l(;py6oe -
KOJUTMMATOPHBIM BU3UPOM, U TOYHOE - HABOISIIIUMU BUHTAMU TPYOHI.
4. TIpou3BOACTBO OTCUETA IO IIKAJIE TOPU3OHTAIBHOTO Kpyra C 3aIlChi0 pe-
3yJIbTaTa B KypHall yCTaHOBJCHHOH ¢GopMmbl (cMm. Tadm.1l). B oTmenapHOM
rpade KypHajia 0053aTeJIbHO COCTABIISIETCSl cXeMa HaOJI0ICHUA.

5. HaGmroneHue jeBoi cTopoHbl(MiepeHeii) n3MepsieMoro yria ¢ 3aruchbio B
KypHa.

6. 3aBepiieHue nmoxynpuemMa. BplyucieHneM 3HaAUCHUS U3MEPEHHOTO yIiia
B *p=3-11
Y 3aIIUCh €ro B )KypHaJ.

7. TlonroraBnuBaeTcsi BTOpoi monynpueM. OpHeHTHUpOBaHUE TUMOA TOPU30H-
TaJbHOTO KPyra U3MEHSETCS Ha HECKOJIBKO I'PagyCcOB C MOMOIIBIO PYKOATKU
nepeBojia 1umoba. Ecnu HeoOxomuMo TpyOa epeBOIUTCS Yepe3 3eHUT.

8. BeimousHsieTcst BTopoit nogyn]%HeM. [ToBTOpSAIOTCS OMEpaIyy Mo MyHKTaMm 3-6.

Beraucnsror 3Hayenue B “,=3-I1 1 3anMCBIBAIOT €ro B XKypHaJl.

9. Ecnu paznuune 3Ha4eHU# 171 IBYX MOJYIPHUEMOB HE TPEBBIIIACT JBONHOM

TOYHOCTH CUUTBIBAHUSA, TO U3 JABYX PE3YyJbTaTOB HAXOJUTCS CpeAHEE 3Haye-

HHUE, KOTOPOE M 3aIMCHIBACTCS B KypHAI.
10. Ecimm ycinoBue 11.9 He BBIITOTHEHO, TO BCS IMTPOBEASHHAS 10 . 3...9 paboTa
OpakyeTCs U KypHAII IepeUSPKUBACTCS .
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/. W3mepeHne BEpTUKAIBHBIX YIJIOB B TEOJOIUTHOM XOJI€

VYTibl HAKJIOHA JMHUN K TOPU30HTY (BEPTHKAIBHBIC YIJIbl) HEOOXOJAMMO 3HATh
JUTSL OTIPENETCHUS] TOPU3OHTANBHBIX MPOJIOKEHUI ATUX JIMHUM. 3amuch pe3ynbTa-
TOB HAOJIIOJICHHI MPOU3BOAMTCS B OTACIbHBIN KypHan (tadiuna 2). s mpous-
BOJICTBA M3MEPEHMI BU3HMpHAs LEIb 3aKpeIuIieTcsl Ha Bexe, Ha BbICOTE mpubopa.
OTy uHenb CiaenyeT UCIOJIb30BaTh I COBMELIEHUS C TOPU30HTAIBHOW HUTBIO.
BepTukanbHas HUTh WM OChb OMCCEKTOpa JOJIKHBI COBMELIATHCS C OCHOBAHHEM
BEXU. YTIJIbl HAaKJIOHA L€IecO00pa3sHO M3MEPATh COBMECTHO C I'OPU3OHTAIbHBIMU
YTJIaMH.

OTcueTsl MO mIKaje BCPTUKAJIBHOI'O KpyTa AJIA IMOJIOKCHUA KPYT CJICBA Lu JIIA
IMOJIOKCHUA KPYT CIIpaBa R MMPOU3BOIATCA COBMCCTHO C OTCUCTAMMU IO IIKAJIC T'O-
PU3OHTAJIBHOT'O KpyTra. KOHTpOJ'IB Ha CTAHIIMH BBIIOJIHACTCA 110 3aBCPUICHUTIO BCECT'O
nmpuema. Iloka3atenem KOHTPOJIA CIITYKUT MMOCTOAHCTBO MECTA HYJIA HpI/I60pa.

BTOpBIM MMOKAa3aTCJICM KOHTPOJIA HSMGPGHHﬁ BCPTHUKAJIBHBIX YTJIOB CIIYXXUT
CPaBHCHHC 3HAUCHUM YIJIOB HAKJIOHA JIMHUM B IMpsAMOM H O6paTHOM HaIlpaBJICHHN-
AaX.

CHG}IYCT OTMCTHUTDB, YTO TOYHOCTb U3MCPCHUA BCPTHUKAJIIBHBIX YIJIOB HCCKOJIBKO
HUIKC, YCM I'OPU30HTAJIbHBIX, KPOMC TOT'O, TOYHOCTH BBIYHCIICHUS ITOIIPABKH 3d HA-
KJIOH JIMHUH K TOPU30OHTY HC Tpe6yeT 3HAYUTEJILHOM TOYHOCTHU 4AprymcHTa. IToTto-
MY JOIIYCK IIPpU KOHTPOJIC PE3YJIbTATOB M3MCPCHUA BCPTHUKAJIBHBIX YITIOB MOJKCT
OBITh MEHEE JKCCTKHM, YCM IIPU KOHTPOJIC TOPU30HTAJIbHBIX.



16

Tabnuma 1
KYPHAI Ne 54 OT 201 .
M3MEPEHUS TOPU3OHTAIIBHBIX YTJIIOB CIIOCOOOM MPUEMOB
CTAHIIMA 2
Cxema HabIroAeHUH Touku OTcyets! IO M3mepeHHbII Cp. 3HaueHue
BU3UPOB. [ TrOp. Kpyry yroia B yria B
1-it nonynpuénm
3 1 121° 50"
o 116 © 45"
iy N 3 5 05" 0 .1
2 B \ 116 ~ 45,5
2-if nonynpuénm
1 3077 52" o 1
116 ~ 46
1 3 191° 06
Tabmuma 2
KYPHAII Ne 55 oT 201 r.
N3MCPCHUA YIJTIOB HAKJIOHA JIMHUHN
Craamus | Toukn OTCYETH IO BEpTUKATEHOMY Yron
xozna Kpyry MO HaKJIOHA
Kpyr neBo L Kpyrmpaso R JUHUN
2 1 6° 20! -6°215! 25" 69173
3 2934 2° 40" 3,0" -2°36,7"
MO o= 2,7"

8. U3mepeHue pacCTOSIHUI HUTSHBIM TabHOMEPOM

Cetka HUTEH 3pUTENBHON TPYObI CHAOXKEHA JAIIbHOMEPHBIMHU IITPUXAMH, KOTO-
pbIE TTO3BOJISIIOT MPOU3BOUTH U3MEPEHUE PACCTOSIHUSI OT BEPTUKAJIIBHOM OCHU IIPH-
O0opa 10 MIAIIeYHON PEeiKH, BEPTUKAIBHO YCTAaHOBJICHHOW HA MPOTHBOIIOJIOKHOM
KOHIIE U3MepsieMoi JnuHuU. JladbHOMEpHBIE IITPUXHU, B 3TOM ciiydae, OyAyT BbI-
MOJIHATH, POJIb UHAEKCOB JJIS IIKAJIbl PEUKH.

['opuzoHTaNBPHOE MPOJIOKEHUE , BHIPAXKECHHOE B METPaX, BBIYUCISAIOT MO (op-

MyJI€:
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D=n cos?v , M, (4)
rae n - KOJIMYECTBO CAaHTUMETPOBBIX JEIHUM PEUKU MEKIY
JTATbHOMEPHBIMU IITPUXAMU CETKH,
V=L-MO yron HakjIOHa BU3UPHON OCH MPUOOpa IPHU BU3UPOBAHUM HA PEii-

KY.

KoHTponem u3MmepeHus paccTOSSHUNH MOKET ObITh MOBTOPHOE H3MEpPEHHUE IO
KpacHOM 1iKajne peiiku, 1ubo u3MepeHue B JIBYX HaIpaBICHUSX — MPSIMOM U 00-
paTHOM.

TOYHOCTH M3MEPEHUS PACCTOSAHUKA HUTSIHBIM JAJbHOMEPOM HE3HAYMUTEIIbHA.
OTHOcHUTENBHAS MOTPENIHOCTh COCTABIISIET, KaK MPABWIO, OJHY TPEXCOTYIO 4acCTh
U3MEPSIEMOM JJIVHBI.

9. MH3mepeHue MpeBbIIICHUH CTOCOOOM TPUTOHOMETPUYECKOTO
HUBEJIMPOBAHUS

TpI/II‘OHOMCTpI/I‘{CCKOG HHUBCJINMPOBAHUC BBINIOJIHACTCA HAKJIIOHHBIM JIYYOM BU3U-
POBaHUA. HOBTOMy COCTaBHOM YaCThIO TAKOTO HUBCJIIMPOBAHUA, TO €CTh OIIPCACIIC-
HHUA BBICOTHOT'O ITOJIOXKCHUA IPpEAMCTA UIIX CaMOT0 Ha6HIOI[aTCJISI ABJIACTCA U3MC-
PCHHUC BCPTUKAJIBHBIX YIJIOB. Paccrosinue ot Ha6JIIOI[aTCJISI A0 IMpeaIMCETa IIPH 3TOM
MOJKCT U3MEPATHCA 3CMH€M€pHOﬁ JICHTOW WU pyneTKoﬁ y HUTAHBIM OAJIBHOMCPOM
0o ONIpCACIATHCA aHAJIUTHYCCKU, HAIIPUMCP B YIVIOBBIX 3dCCUKAX.

[Ipu ucnoap30BaHUM HUTSHOTO JaJIbHOMEPA MPEBBILICHUE MSTKH PEHKHU HaJl TOUYKOM CTOSHUS
HaOJI0JaTeNsl BBIYUCISIOT 10 opmyrie

h=0,5nsin2v+i- w , (5)

rze | - BbicoTa npuGopa, ropusontans- IO €CTh PACCTOSHUE OT TOYKH CTOSHUSA 110
HOU ocu npuodopa,

W - BpICOTa HaBelIEHMs, TO €CTh IJIMHA OTPE3Ka PEUKU OT €€ OCHOBAHUS
N0 IITPHXa COOTBETCTBYIOLIETO MOJYCYMME OTCYETOB II0 BEPXHEW WM HUXKHEU
JNaTbHOMEPHBIM HUTSIM CETKHU.

MoskHO 3aMeTUTh, uTo Gopmyia (5) 3HAYMTEIBLHO YIPOCTUTHCS, €CIIM BBHICOTY HaBe-
JICHUS IPUHATH PaBHOM BBICOTE Mpubopa. Hampumep, 10 u3MepeHus nepeBs3aTh JICHTOY-
KOM Ha pEHKE B COOTBETCTBYIOIIIEM MECTE.
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bubnuorpaduueckuii CIUCOK JTUTEPATYPHI

I'OCT 21830-76. ITpubops! reogesnyeckue. TepmMunsl u onpeneneHus. M.
1978 r.,c.25

T'OCT 23543-79. [Tpubops! reonesnueckue. OOIUE TEXHUIESCKHE TPEOOBAHUSI.
M.1980r., ¢.30

T'OCT 10529-86. Teononutsl. OBLIHE TEXHUYECKHE ycnoBusa. M.1987 r., ¢.28

Kitommun E.B., Kucenes M. ., Muxenes [I.111. u ap. Mmxenepuas reoaesus. M.2010

r., Beicmag mkoua, ¢.464
I'.T". Tloknax «IIpaktukym 1o reoae3nm» Axanemnpoekt, Tpukcr, 2011. - 470c.

Pw npoE

o

Bomnpocs! i1 caMornpoBepku

Kak xknaccuuuupyrorcst Te010IUThI IO TOYHOCTU U3MEPEHU I ?

B uem paznnune Mexy ONTUYECKUMU U MEXaHUYECKUMU TEOIOIUTAMMU ?
[lepeuucauth HaumMeHoBaHUE mo3uIuii Puc.1.

W3 yero cocToAT Kpyru Teoq0auTa’?

Kak ycTpoena ceTka Hutei?

HaznaueHue KoIMMaTOPHOTO BU3HPA.

[Tops10K TOYHOTO BU3UPOBAHUS Ha I11EJIb.

Urto noHUMaeTCs MO/ MoJIeM 3peHUs TPYObI?

HaznaueHnue mraTiBa U OKYyJISPHBIX HACAIOK.

10. YerpoiicTBo 1ikan Mukpockomna. [Ipor3BoIcTBO OTCUETOB.

11. Kak BBIMIOJIHUTH OPUEHTUPOBAHUE TUMOA TOPU3OHTAIBHOTO Kpyra?
12. YTo HYXHO c/IeNnaTh, €CU OTCYTCTBYET M300paXKE€HUE CETKU HUTEH ?

CoNoORwNE

13. o xaKkoi mpUYMHE OTCUETHI M0 IIKAJIe TOPU30HTAIBHOTO Kpyra OyayT HEeU3MeH-
HBIMH IIPY BU3UPOBAHUU Ha pa3/INuHbIE uenn”

14. B yem cOCTOUT CIOCOO MOBTOPEHUM MPU U3MEPEHUN TOPHU3OHTATBHBIX YT~
J0B?

15. HazHaueHne ypoBHS U TIOPSIOK €r0 MOBEPKH.

16. Uto Ha3BIBaCTCS TTOBEPKOM?

17. Kakue paznuuarot ocu y mpuodopa?

18. Kak BBIITOJHUTH TIOBEPKY BU3UPHOU OCH?

19. Kak BBITIOJTHUTH TOBEPKY HAKJIIOHA CETKH HUTEH ?

20. [lepeuncnuTh Ha3BaHUS TTOBEPOK.

21. TTops 0K IPUBECHHUS TEOI0INUTA B paboyee MOJOKECHUE [TPU H3MEPECHUH

TOPU3OHTAJILHOTO yTIJIA.

22. C KaKoM MeJIbI0 U3MEPSIOTCS TOPU3OHTAIBHBIC YTJIBI?

23. [locnenoBaTeIbHOCTh U3MEPEHHS TOPU30HTAIBHOTO yTJiia CIIOCOOOM Mpue-
MOB.

24. KoHTposb pabOThHI HA CTAHIINY MPU U3MEPEHUH TOPU30HTAIBHBIX YTIIOB.
25. UTo MOoKHO OBITH OTPAXKEHO B JKypHaJle U3MEPEHUS TOPU30HTATIBHBIX yT-
J0B?

26. CKOJTbKO MOKHO U3MEPUTH TOPU30HTATBHBIX YTIIOB C OJJHOW BEPIITU-
HBI TEOJOJIUTHOTO X0Aa? B 4eM cOCTOUT OTIMYne 3amicH pe3yabTaToB
HAOJTIOICHUA.

27. C KaKoi 1enblo U3MEPSIIOTCS BEPTUKAIBHBIE YTIIbI ?

28. KoHTpOJIh HAa CTAHIIUM MTPU U3MEPEHNUN BEPTUKAIBHBIX YTIIOB.

29. Nzmepenue npesbiieHnid. KOHTponb pe3ynbTaToB.

30. U3zmepenue paccrosiauii. KOHTpOIIb pe3ynbTaToB.
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